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Earthquakes Insights and Predictions in
Mexico Using Machine Learning

Adolfo Bustillos, Carmen Santiago, Gustavo Rubin

Benemérita Universidad Autonoma de Puebla,
Facultad de Ciencias de la Computacion,
Mexico

juadolfob@gmail.com, {marycarmen.santiago,

gustavo.rubin}@correo.buap.mx

Abstract. Earthquake prediction is a challenging area of research and modest
efforts have been made using machine learning for this application. In this work,
seismic characteristics are calculated using seismological concepts, such as the
Gutenberg-Richter law, rate of seismic change, anticipation frequency, release of
seismic energy, and total recurrence time. With this, an Artificial Neural Network
(ANN) classification model was built using sliding windows (as opposed to
fixated sets of windows seen in another studies) to calculate its instances that
were then resampled as a measure to counter the unbalanced data for the purpose
of obtaining earthquake predictions; the model predicts more seismic events
above a threshold without significantly sacrificing the metrics.

Keywords: Earthquake prediction, machine learning, neural network.

1 Introduction

Like many natural disasters, the earthquake causes many damages, economic and
human losses and injuries [1]. That is why one of the most ambitious objectives of
seismology is the prediction of earthquakes in the short term. In the mid-1970s,
seismologists were confident that short-term earthquake prediction would be achieved
in a short period of time. This confidence arose in part as a result of the first successful
prediction of a major earthquake, the 1975 M7.4 Haicheng earthquake in China. Due
to this prediction, an alert was issued within the 24-hour period before the main shock,
probably preventing a greater number of casualties than the 1,328 deaths that actually
occurred from this event. However, the impossibility of predicting another devastating
earthquake 18 months later The 1976 Tangshan earthquake M7.8 was a major setback
for the earthquake prediction effort. The victims of this earthquake number in the
hundreds of thousands [2]. Lomnitz provides a summary of these events, as well as
other successes and failures in earthquake prediction [3].

Earthquake prediction is not a task expected to be solved soon, but efforts of
improving the methodology such as the ones in this study and those in the related
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literature make the task closer to reality. In this study a new approach to calculate
seismic indicators from a catalog is presented, with sliding windows (this approach is
based on the fixed window approach that other studies use) hoping this will improve
sensitivity and the quantity of instances, and it in addition gives solutions to the problem
of unbalanced data. The always improving of seismic networks has permitted a huge
amount of data, and thus has renewed hope that earthquake forecasting could be a
feasible task, if combined with the improving of forecasting methods.

In Section 2 Related Literature and the seismic precursors using in them will be
discussed, then in Section 3 the process of preparing the catalog and insights about
mexican region will be described, in Section 4 there will be further details on seismic
indicators and how they were computed in this research, at Section 5 multiple models
of prediction, its performance and description of them will be presented, and at the end
in the Conclusion Section the results will be discussed.

2 Related Literature

In the literature, there are different research methodologies, indicators and seismic
precursors that have been used together with Machine Learning (ML) techniques for
seismic analysis. These methodologies assume that there are variations in seismic
precursors during pre-earthquake, and that there are patterns in these variations.

In 2007 and 2009, two important papers that complement each other were published
by A. Panakkat and H. Adeli, first in [20] they formulated the prediction problem as a
classification task, this attempted to predict the magnitude of the largest seismic event
in a time window and a predefined region in the next month. They proposed eight of
the so-called seismicity indicators: mathematically calculated characteristics, which
can be used to assess the seismic potential of a region [16]. And later in [27] the same
authors proposed the architecture of a probabilistic neural network (PNN) as a solution
for the same problem that was formulated in [16] where they used the same set of
seismicity indicators as input data for the network training. The model was tested with
data from the Southern California seismic zone and yielded good prediction accuracies
for events of magnitude 4.5 to 6.0. However, PNN did not work satisfactorily for
earthquakes of magnitudes greater than 6.0.

In 2013 the article [21] was published, it used an ANN model to predict the
magnitude of the earthquake in an interval or limited by a threshold during the next five
days. The application of statistical tests and experiments showed the higher success rate
of this method than other machine learning classifiers at the time [18]. The system is
designed to provide two types of predictions: a) the probability of an earthquake
occurring greater than a threshold magnitude in five days and b) the probability of a
seismic event occurring within a predefined magnitude range [25].

In this study, new seismic parameters were defined based on Bath's law and Omori-
Utsu's law, which describe the relationships between the main shock and aftershocks,
according to their magnitude and frequency of occurrence, respectively.

In 2018, adding to the earthquake prediction problem, the earthquake prediction
system (EPS) called EP-GP Boost was described in article [14]. This system is a
classifier based on a combination of genetic programming (GP) and a boost algorithm
called AdaBoost. A total of 50 features were calculated. The study of the applicability

Research in Computing Science 150(11), 2021 8 ISSN 1870-4069
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Fig. 1. Catalog perspective in Mexico, before 1974 the catalog is incomplete for magnitudes m*
> = 3.9, the gaps in variance, zeros and outliers in “b-value” are caused by lack of data. The
variance graph is according to the magnitudes of the year, and the b-value graph describes the
frequency of the earthquake size distribution based on the Gutenberg-Richter law.

of EP-GP Boost was carried out using data from previously used seismic zones, namely
Chile, Hindukush and southern California. Experiments have shown outstanding
performance in all three observed regions, both in terms of a low false alarm rate.

The best results were obtained for the Southern California region due to the
completeness and quality of the corresponding earthquake catalog. However, the results
for all regions show an improvement compared to previous studies [16, 18, 23].

Later the same year, [16] was written by the same authors as [14]. In this article,
Asim et al. also used the approach for the use of seismicity indicators proposed in [14].
This time, 60 seismic parameters were calculated using various seismology concepts.
As in their previous research, the authors intend to predict earthquakes of magnitude
equal to or greater than 5.0 over the next 15 days. The system is a combination of
different machine learning algorithms, and in each step, an algorithm uses the
knowledge gained through learning from a previous one. They made use of mRMR,
SVR, HNN and an EPSO for the same regions as [14]; it gave better results in
the metrics.

In the region of Mexico there are project proposals of earthquake prediction using
ML as [26] where random forest and deep learning models were proposed; also other
damage prediction and modeling studies.

3 Earthquake Catalog Preparation

This data used in this study is based on earthquake catalogs. The catalogs were
downloaded from the SSN (Servicio Nacional Sismologico) using the period from
January 1900 to May 2021, the catalog contains 204806 seismic events.; They are
available publicly, after discarding irrelevant columns and eliminating events with
incomplete information as part of the cleaning and preprocessing we were left with

ISSN 1870-4069 9 Research in Computing Science 150(11), 2021
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Fig. 3. Gutenberg-Richter Law applied in Mexico, starting in 1974 for ;™ = 3.9 with a = 8.326
and b = 0.998, it is calculated using the method of “linear least square regression” (Isq).

204806 seismic events and with their Date, Magnitude, Latitude and
Longitude features.

3.1 Mexico Catalog Overview

The magnitude of completeness is defined as the lowest magnitude in which all
earthquakes are successfully detected within a region and time period [5, 6], it is
essential to analyze the seismicity of a region [6]. The magnitude of completeness
varies in time and space and depends on many factors that affect the detection capacity
of a seismological network, such as: the density and distribution of seismic stations, the
type of instrumentation used, the efficiency of informing data from stations to the

processing center, earthquake detection practices and procedures, among others [6, 7,
8, 9].

Research in Computing Science 150(11), 2021 10 ISSN 1870-4069
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s

Fig. 4. Catalog division by KNN in function to its geometry, and selection of regions.

To satisfy the completeness of a region, the geometric extension is delimited, a
temporal threshold and a cut-off magnitude is defined, the events that occurred below
the thresholds and outside the boundaries of the region will not be used for the analysis,
if the the catalog contains all the seismic events that occurred in a region, of magnitudes
greater than or equal to as of a certain date, then the catalog is considered to
be complete.

The seismic catalog of Mexico is probably complete for m™ = 7.7 as of 1846, m™>
=7.0 as of 1856 and m™> = 4.3 as of 1969 [10]. But the quality of the catalog increases
dramatically from 1974, as shown in Fig. 1 and completeness is satisfied with m™> =
4.1, as shown in Fig. 2. This is the minimum date we will use to analyze the Mexico
seismic catalog. The Gutenberg-Richter law describes the frequency of the earthquake
size distribution [11], the law is described with the following expression:

logioN = a — bM | (D

where g represents the total seismicity rate of the region, b is the relative distribution of
the size of earthquakes and Nis the number of earthquakes [12]. High b values mean a
predominance of small earthquakes; conversely, a low b-value means that large
earthquakes dominate smaller earthquakes.

Variations in the b-values both spatially and temporally are generally considered as
clues for the precursors of large earthquakes [13]. To determine the cut-off magnitude
in this study, “b-slope analysis” was used, the number of events for each magnitude are
counted and the point where the curve deviates from the exponential behavior is
selected, this is called the cut-off magnitude m* and only events greater than or equal to
this magnitude are considered for the analysis. When applying this analysis in the
Mexican catalog for events from 1974 onwards, the resulting cut-off magnitude is m*
> =3.09.

When applying the Gutenberg-Richter law in the Mexican catalog for m* >=3.9 from
1974, a value for a = 8.326 and b = 0.998 resulted, it is visualized in Fig. 3.

ISSN 1870-4069 11 Research in Computing Science 150(11), 2021
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3.2 Geometric Extension of Catalog

The geometric extension of the catalog is from latitude 33.5 to 10.3 and longitude -
120.5 to -85.5, that is, it only contains events within these limits, it covers the entire
Mexican territory and the events are shown in Fig. 4, which is too extensive compared
to other regions of analysis in related literature such as [14, 15, 16].

To select a smaller region, the catalog was separated into two parts using the KNN
algorithm according to its geometry. Fig. 4, this measure also increases the correlation
of the data; After a longitude and latitude range was arbitrarily selected to formalize the
space of the analysis region, this facilitates replications of the analysis and comparison
with other analyzes.

The resulting division between the northwest region and the southern region is
consistent with the boundaries of the interacting tectonic plates in Mexico. The
northwest region is represented in Fig. 4 in the upper part. covers the North Pacific,
Gulf of California and Northwest Mexico, this encompasses longitudes from 120 to -
104 and latitudes from 33.25 to 22.25, it contains 12,184 events where a=7.313 and b
=0.988, and the adjacent plates are the North American Plate and the Pacific Plate. The
southern region is represented in Fig. 4 in the lower part, it encompasses the tropical
south Pacific and the west, center and southeast of Mexico, this encompasses longitudes
from -110.25 to -87.5 and latitudes from 22.25 to 13, it contains 192622 events where
a = 8.221 and b=0.987 and the adjoining plates are the North American Plate, Rivera
Plate, Cocos Plate and Caribbean Plate.

3.3 Temporal Extension of the Catalog

The model is sensitive to the frequency with which events are reported, so it is
necessary that the frequency of each year is similar. The largest number of reported
events are in the most recent years (its general catalog quality also increases), and they
become regular frequencies after 2010 for the northwest region and after 2017 for the
southern regions as seen in Fig. 5.

For the Northwest region 2010 was used for the cutoff year, as quality improves for
more recent dates, resulting in higher concentration and quality of events, and for the
southern region, 2017 was used as the limit year, as of 2010 the frequency of reported
events increases but until 2017 the frequency of events stops growing and stabilizes, in
addition, the largest number of events with a greater quality is concentrated here.

3.4 Cut-Off Magnitude

The cutoff magnitude corresponds to the minimum magnitude in the catalog above
which the earthquake catalog is considered complete, that is, there are no missing
seismic events, and it has to be calculated for each region and time range. The value of
the magnitude of cut depends on the integrity of the catalog, which itself depends on
the instrumentation. Better instrumentation in a region leads to better catalog integrity
with a low cutoff magnitude.

To evaluate the cut-off magnitude of this catalog we used an analysis of the
Gutenberg-Richter curve [17]. The point where the curve deviates from the exponential

Research in Computing Science 150(11), 2021 12 ISSN 1870-4069
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Fig. 5. Minimum year analysis for the northwest region on the left side and for the southern region
on the right side.

behavior is selected as the cutoff quantity. All events below the cut-off magnitude are
discarded and are not used in the analysis.

The magnitudes of earthquakes and frequencies of occurrences of a region are
plotted as shown in figure Fig. 6. In the left sub-figure of each figure the red line marks
the selected cut-off magnitude, in both northwest regions and south, with cut-off
magnitude, m*™> = 3.9.

The resulting curves after cutting are shown in the right sub-figure of each figure;
they follow an exponential behavior, which ensures that each catalog is complete at its
respective cutting magnitude.

4 Calculation of Seismic Parameters

Indicators are the most important part of a classification problem [16]. Two types of
indicators are calculated, parametric and non-parametric indicators that in several cases
have multiple values based on different variations of a parameter, these relationships
are called indicators or seismic parameters, the relationships that are used in this model
are the geophysical and seismological parameters relevant for the prediction of
earthquakes available in contemporary literature, these criteria are taken in order to
retain the maximum information available on the internal geological state of the soil.

Time series prediction can be framed as a supervised learning problem. A sliding or
moving window is a technique used to frame a set of time series data.

To calculate the metrics for this model, a multivariate of size n x 2 moving window
that looks at the date and magnitude of each catalog event slides through the catalog
events and pulls subsets of the catalog of size n x 2 at all positions in the window. The
resulting ' — n + 1 subsets will be subsets of size n x 2, where F is the total number
of events in the catalog.

The indicators are calculated for each subset generated, this results in £/ —n + 1
subsets of size 1 x I where I is the number of indicators and labels (which are the
indicators to be predicted) calculated.

The model will use the indicators to predict the labels, in this study the target
parameters are called labels, which are the indicators that are sought to be predicted. To
calculate the indicators and labels of new seismic events, it is not necessary to wait for
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Fig. 6. Analysis of the Gutenberg-Richter curve for the northwestern region on the upper side
and for the southern region on the lower side.

other new n events to occur, since the new J events and the latest n-j events can be used.
In this study, the earthquake prediction problem is modeled as a binary classification
problem, which seeks to predict whether a seismic event greater than or equal to the
magnitude m will occur in the next d days. When using classification, the result is one
class, among a limited number of classes.

With classes we refer to arbitrary categories according to the type of problem, in this
study the classes are class 1 and class 0, if the model predicts that a seismic event greater
than 772 will occur in the next d days the class will be 1, otherwise If the model predicts
that a seismic event of magnitude greater than m will not occur in the next d days then
the class will be 0. Although this classifier model can be trained to predict different
magnitudes, there are models that use “Hybrid Machine Learning” techniques to predict
the magnitude [18].

4.1 Parameters and Definitions

There are four parameters that must be determined to calculate the seismic indicators
that the model is going to use.

First the parameter n is the window size, it describes the number of window events,
the selected value is arbitrary and can be adjusted to obtain better results, normally in
the related literature it is between 50 and 100, the size selected in this study is 100; The
parameter m is the Magnitude threshold, this is the magnitude that will function as a
threshold for classification, and several parameters and labels depend on this variable,
the value normally used is between 5 and 6, the magnitude selected in this study is 5.5
(accommodating ourselves to the definition of a magnitude of "great earthquake" of
[25]), we can't choose a very high value because the precision decreases in high
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Fig. 7. It shows the structure of the prediction model. There are different variations of the model,
where the Resampling stage is not used or is replaced by a Weighting stage, these variations are
explained later.

magnitudes [25]; The parameter d, is days ahead, this value can change depending on
how many days ahead you want to predict the next seismic event, the value normally
used is between 7 and 15, the value chosen in this study is 14. And the parameter dj, is
days behind, the value normally used is 7, it is used to calculate the seismic indicators,
the value chosen in this study is 7.

4.2 Indicators

The indicators used here are all those proposed in [20] and [21], plus a selection of the
indicators proposed in [14] and [16].

The selected indicators are: date T; this is the date of the first seismic event of the
window where T; is the date of the i-th event of the window; Last date T,, last day of
the window; Time elapsed Tg between the first and the last T; of a window proposed in
[20]; Events Time Difference Mean u proposed in [20]; Standard deviation of the mean
of the difference in elapsed time between events ¢ [20]; Value a and b calculated
numerically proposed in [20] using two different methods, one method represents linear
least squares regression (Isq), and the other represents Maximum Maximum (mlk) as
proposed in [14][16]; Mean magnitude M,,.., proposed in [20]; Max Magnitude
M0 observea Proposed in [20]; Expected Magnitude My, qy expectea Proposed in [20];
Magnitude Deficit AM proposed in [20]; Standard Deviation of the b-value ob
proposed in [21]; Mean Square Deviation 1 proposed in [20]; Square Root Rate of

Energy dE % proposed in [20], if the release of energy stops, the phenomenon is known
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Table 1. Result of the evaluation metrics.

Métricas Baseline Weighted Resampled
TP 2043 2695 3000
FP 455 1617 946
N 8221 7059 7730
FN 2170 1518 1213
Accuracy 0.79 0.75 0.83
Precision 0.81 0.62 0.76
Recall 0.48 0.63 0.71
F1 score 0.60 0.63 0.73
NPV 0.79 0.82 0.86
R score 0.43 0.45 0.60
MCC 0.51 0.45 0.61
FPR 0.94 0.81 0.89

as quiescence, which can be a precursor to a large seismic event [16]; Seismic Rate
Change B [ proposed in [10]; Seismic Rate Change Z 3z proposed in [19] but the
mathematical expression used is in [28]; Maximum Magnitude in the last d days x6
prior to the last window event proposed in [21] ;and the Probability of event greater
than m x7 proposed in [21].

Every indicator that made use of a and b values as parameters has two variations,
one using a;qq and bs, values and the other using d,n and by, variation, there are 23
seismic indicators calculated in total.

4.3 Labels

It is still very ambitious to use this type of analysis to predict a magnitude (ie y1), in
this study it is analyzed whether a magnitude is above or below a threshold magnitude
(ie y2), y2 is 1 if the magnitude is above the threshold and 0 if the magnitude is below
the threshold.

The precision of the analysis is lower with high magnitudes, since it is more difficult
to predict events with higher magnitudes.

The proposed label is y2 but we calculate first y1 the Maximum magnitude in the
next d days is calculated, this when T €T, Tn+d,) and d,=
days to look ahead; and then use y1 to calculate y2 the occurrence event greater
than m is calculated using the equation 2:

1 ifyl >=
Yo = L @)
0 ifyl<m

5 Results

To make the prediction, a neural network was used and the 23 calculated indicators
were introduced. The structure of the model can be seen in Fig. 7.
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Fig. 8. The AUC curves on the left and the PRC curves on the right of the different models.

5.1 Neural Network

In this model, a sequential neural network was used. The neural network consists of
two dense layers (deeply connected, meaning that each neuron in the dense layer
receives information from all the neurons in its previous layer) with 23 neurons each
hidden with “relu” activation, and one output layer with one neuron and sigmoid
activation. There are 552 parameters for the first two layers and 24 for the third, adding
up to a total of 1128 parameters.

To train a model on unbalanced data, it is fitted with a lot size large enough to ensure
that each lot has a decent chance of containing some positive samples. Class 1 samples
are called positive samples and class 0 samples are negative samples.

5.2 Metrics

Model performance was measured using the test sample obtained from 30% of the data,
and training was performed on the training sample obtained from 70% of the data (20%
of this sample was also used for validation), with the metrics, TP, FP, TN, FN, Accuracy,
Precision, Recall, False Positive Ratio (FPR), Negative Predictive Value (NPV), MCC,
F1 score and R score, Area Under the Curve (AUC), Precision Recall Area (PRC).

It is often possible to calibrate the parameters of a model and improve the results of
one metric at the expense of another. The model has 3 variations that outperform each
other in different metrics. Those models performed better on different metrics. The
metrics of the models are shown in Table 1 and the models are explained later.

The purpose of analyzing the results through these mentioned metrics is that each
performance metric highlights a certain aspect of the results. Therefore, the purpose is
to highlight all the merits and demerits of the results obtained through the different
variations of the proposed prediction models.

In the Baseline model the indicators are entered without modification, and there are
no special parameters for the model. All models were trained using 200 epochs.

In the Weighted model the indicators are introduced without modifying, but in the
model the weight parameter is added so that classes 1 and 0 have different weight when
classifying. The objective is to identify earthquakes above the threshold, but according
to the Gutenberg—Richter law we will not find many of those class 1 samples compared
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to those of class 0, for this reason we must give more statistical value to class 1. With
these Class weights, accuracy, and precision are lower because there are more FP, but
recall and AUC are higher because the model also found more TP.

Despite having a lower precision, this model has a higher recall (and identifies more
earthquakes above the threshold). To calculate the weights for the class 0 it was used
the expression weight_0 = (1/neg) * (total/2.0) resulting in a weight value of 0.74,
and for class 1 the following weight_1 = (1/pos) * (total/2.0) resulting in a weight
value of 1.54 In the Resampled model the indicators are modified, and the parameters
were also modified.

The approach is related to the previous one, but instead of calculating weights for
each class, a resampling of the data set is performed on the minority class and thus
balancing the data set, the result will be approximately 50% of data class 1 and 50 %
of data class 0. The number of steps per epoch was modified, this is the number of
batches needed to see each negative example once. With this, instead of class 1 data
being displayed in one batch with a large weight, it is displayed in many different
batches with a small weight. This smoother gradient signal makes training the
model easier.

The PRC and AUC curves of every model and their variations can be seen in Fig. 8.

Metrics from different studies are not directly comparable, in contrast to other
studies here we use a sliding window of a fixed size to calculate the instances that will
be introduced to the model, other studies divide the dataset in chunks of a fixed size to
calculate the instances, this results in almost as half as instances and less sensitivity to
the indicator changes.

Facing the problem as a classification problem using time series and a sliding
window, is the model proposed, and treating it also as a problem with unbalanced data
gave better results after using the weighted model and in greater degree the resampled
model, in comparison to the baseline model.

There are downsides from using the resampling model, first it takes more time and
memory to train, second as it resamples the data, it runs the risk of having an
overfitting problem.

6 Conclusion

In this interdisciplinary analysis, earthquake prediction has been performed through the
interaction of earthquake precursors and computational Machine Learning techniques.
The Resampled model with a performance from 0.60 to 0.89 in different metrics, is the
most suitable model for this type of prediction since it predicts more seismic events
above the threshold without significantly sacrificing the other metrics, giving the most
desirable results of all three models.

The performance of the resampled model in the company of using sliding windows
made this comparable with that of other techniques in the other studies. In the future
more progress will have been made and more data will be available, machine learning
has proved to be very useful in many fields, and many efforts are being made to
adequate the use of machine learning for earthquake prediction.
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Abstract. Cardiovascular diseases (CVD) are responsible for the majority of
deaths in the world, approximately 30%; which makes it important to estimate
the risk of developing cardiovascular disease in order to prevent and reduce this
index. The main purpose of this work is to evaluate the performance of different
algorithms to select which of them is the most appropriate to estimate
cardiovascular risk. The present work presents the comparison of the estimators
developed through decision trees, Naive Bayes algorithm, a vector support
machine (SVM) and a Neural Network composed of six inputs, 8 hidden layers
and an output to estimate Cardiovascular Risk; considering seven risk factors as
input and three types of risk as output: high, intermediate, and low. The confusion
matrix of each implemented algorithm shows the precision of each of the models,
taking as a reference the cardiovascular risk stratification by means of the
Framingham function, allowing to establish the degree of error of each one of
them. The analysis of the results allows us to observe that the performance of the
multilayer perceptron was below the Decision Tree and the Naive Bayes
Algorithm, which provide very similar results. Therefore, decision trees are a
good choice to determine the level of cardiovascular risk. Efficiently estimating
cardiovascular risk will allow health centers to establish strategies to reduce this
factor in their attended population.

Keywords: Decision trees, Framingham table, vector support machine, naive
Bayes, neural network.

1 Introduction

The World Health Organization (WHO) defines Cardiovascular Disease (CVD) as all
those conditions that generate disorders of the heart and blood vessels, including:
coronary heart disease, which is described as a disease of the blood vessels that supply
the heart muscle. Also included are cerebrovascular diseases: diseases of the blood
vessels supplying the brain; peripheral arteriopathies: diseases of the blood vessels;
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Table 1. Risk of the Cardiovascular Event in a period of 10 years.

Risk level 10-year risk estimate Years of possible cardiovascular event
percentage.
Under <15% Older than 7 years
Intermediate 15-20% Over 4 years
High >20% Less than 5 years
| Regression and time series
Discriminant analysis
Bayesian methods. Business Data
| Pregeme Understanding uncers.ancmg\
= Data
Declalon trees: Preparation
Neura Networks (— 3
— Deployment "
Ciustenng and Segmentaton Mogeling
— k ,_J
Descriptive Association and dependency Evaluation
Techniques e
Expiocatory anayysis
Dimension reduction

Fig. 1. a) Classification of Data Mining techniques, b) Phases of the CRISP-DM Methodology
(GBD 2015 Risk Factors Collaborators., 2018).

rheumatic heart disease, congenital heart disease caused by malformations of the heart
present from birth, adding to deep vein thrombosis and pulmonary emboli, which can
detach (emboli) and lodge in the vessels of the heart and lungs [1].

In Mexico, it is estimated that CVD represents 20% of all deaths in adults. According
to the National Institute of Statistics and Geography (INEGI), in 2016 136,342 deaths
were reported due to heart disease, an increase of 7,611 deaths compared to 2015.
Causes of death include ischemic heart disease, cerebrovascular diseases, hypertensive,
among others [2].

The assessment of cardiovascular risks has generated various studies, since 2015 the
Federal Government provided the "Risk Factors Questionnaire" to be used as an
instrument to determine cardiovascular risk based on the risk stratification of the
Framingham table. This work aims to verify if the decision trees generate better results
for the Cardiovascular Risk Estimation.

2 Problematic

On September 25, 2015, the document entitled "Transforming Our World: the 2030
Agenda for Sustainable Development" was developed, adopted by member countries
of the United Nations, including Mexico, and one of the objectives of this document is
to develop strategies to prevent Non-Communicable Diseases, like CVD [3].

The study entity has historical records of more than 10 years, information
concentrated in the Micro diagnosis certificates of its population. However, it does not
have an information analysis tool that allows it to estimate or quantify morbidity, as
well as mortality caused by cardiovascular diseases.

In addition to the above, the Health Institution does not have a model that allows it
to estimate the risk of developing cardiovascular diseases in the population it serves.
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Table 2. Description of Phases: CRISP-DM Methodology.

Phase Description

Business It brings together the tasks of understanding the objectives and

understanding requirements of the project from a business or institutional perspective, in
order to turn them into technical objectives and a project plan[11].

Understanding It includes the initial collection of data, with the aim of establishing a first

the Data contact with the problem[12].
Data It consists of some tasks such as data selection by choosing a subset of
Preparation the data collected in the previous stage. Cleaning the data, preparing them

for the modeling phase, either by applying normalization techniques,
discretization of numerical fields, treatment of null values, among
others [13].

Modeling It is suggested to make a comparison of the modeling techniques that are
most appropriate to solve the problem[14].

Evaluation The model is evaluated based on compliance with the success criteria of
the problem, review the process followed taking into account the results
obtained[15].

Implementation  This task takes the results of the evaluation and concludes a strategy for
its implementation[15].

Likewise, it lacks the level of correlation that exists between the different risk factors
that influence the development of this type of disease.

When prevention campaigns are started, the population is not fully captured, since
the exhaustive analysis of data and risk factors for everyone is omitted, which generates
an imprecise report of the population vulnerable to said diseases.

3 Theoretical Framework

The classic Framingham function estimates the risk of suffering an event in the next 10
years, considering death of coronary origin, non-fatal acute myocardial infarction,
stable angina, or unstable angina (coronary insufficiency) as an event. The National
Cholesterol Education Program in its latest document Adult Treatment Panel III (ATP-
IIT) has modified this function to exclusively calculate the risk of so-called "hard"
events, that is, non-fatal acute myocardial infarction and coronary death, excluding
diabetics from this estimate by considering them directly at high risk. [4, 5].

Derived from the above, Table 1 summarizes the risks studied for cardiovascular
events, the "Very High" risk level is not considered since it is included within the high
risk, all these risks belong to the stratification based on Framingham table that is used
in the Health Sector through the Clinical Practice Guide: Detection and Stratification
of Cardiovascular risk factors [6].

The "Risk Factors Questionnaire" consists of the following variables to detect risk
factors: Diabetes, Glycemia, Arterial Hypertension, Cancer (Colorectal, pulmonary,
Oral, Gastric), cardiovascular diseases (heart disease, embolism, and hypertension), for
the present study, those shown in Tablel are taken. The applications commonly
developed with predictive analytics are predicting risks, predicting activation of new
clients, predicting sales, among others. This type of analysis is characterized by
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Table 3. Risk factors used in the models.

Risk factor Neural Network Naive bayes Decision trees

Age

Diastolic pressure

Systolic pressure

Diabetes

Hypertension

KPR PR < | 4
KPR < | 4
PR R A

Inheritance |

Table 4. Cardiovascular risk probabilities using Bayes' theorem.

Risk factor Risk of cardiovascular disease (RECYV)
Age P(RECV|E)
Diastolic pressure P(RECV|E n Pd)
Systolic pressure P(RECV|E n Pd N Ps)
Diabetes P(RECVIEnPdNnPsnD)
Hypertension P(RECV|E n Pd n Ps N D N Hip)
Inheritance P(RECVIENPdNPsNDNHipnN Her)

Table 5. Review of variables in various cardiovascular risk stratification tables.

Variables Identification card SCORE Framingham PCE
Microdiagnosis
Age
Sex
Cholesterol level Only valued people * *
Pressure N . .
Systolic mmg Only valued people
Smoking * * * ¥
Diabetes * * * *
Diet * * * *
Physical activity * * * *
Weight * * * *

requiring a training set, which is made up of a data log. Discrete prediction and
continuous prediction tasks can be performed in predictive analytics [7].

Within data mining, classifiers can obtain the incidence of cardiovascular events.
Bayesian classifiers allow to classify discrete and limited events (independent
variables) in a certain number of classes by defining a statistical function for each class.
In Fig. 1a, the graph is showing its classification. Bayesian networks are a probabilistic
model by means of which it is feasible to construct a graph between the causes of an
event (independent variables) and its consequences (dependent variables) [8].

4 Methodological Framework

There are several methodologies that provide a series of steps to follow in order to carry
out a proper implementation of data mining. According to polls published in
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KDnuggets [9], the most used methodologies are CRISP-DM (Cross Industry Standard
Process for Data Mining), SEMMA, KDD and Catalyst. This information can be
consulted in the link https://www.kdnuggets.com/2014/10/c risp-dm-top-methodology-
analytics-data-mining-data-science-projects.html.

The CRISP-DM is a free distribution methodology that can work with any tool to
develop any project, it structures the life cycle of a Data Mining project, its phases
described in Table 2, interact with each other iteratively during the development of the
project as shown in Fig. 1b designed in a neutral way to the tool used for the
development of the project [10].

5 Methodological Development

5.1 Business Understanding or Understanding

The Framingham table works with nine risk factors as well as other risk stratification
tables such as the Systematic Coronary Risk Evaluation (SCORE) that measures the
risk of mortality due to cardiovascular disease at 10 years in a European population
aged 40 to 65 years [16], the present study focuses on the first table and on the practice
of clinical guidelines for cardiovascular risk stratification.

5.2 Understanding the Data

Nine risk factors that are presented in Table 3 were considered, three characteristics
were discarded in the first place, a non-modifiable factor such as sex and two
modifiable factors which are weight, smoking and physical activity. The risk factors
that were not considered have a close relationship with those that were used as
characteristics, in the case of the risk factor "weight" it is linked to systolic and diastolic
pressure, as well as hypertension and diabetes.

5.3 Data Preparation

For the model to work optimally, the data must be standardized complying with the
characteristics, three categories High, Intermediate and Low are established as output,
from inputs six characteristics are taken containing a total of 248 records, the input data
as well as the output are shown in Table 5 and Fig 2.

5.4 Modeling

The Neural network architecture consists of 6 inputs, 1 hidden layer with 8 neurons and
three outputs as shown in Fig. 2a.

5.4.1 Neural Network

The essential characteristics of a neural network are the nodes (organized in layers), the
network architecture, which describes the connection between the nodes, and the
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tension

Fig. 2. a) Neural Network Architecture.

Table 6. Partial sample of the data entered the models (Hered. Mean Hereditary and Hyper.
Hypertension).

TARGET AGE GLUCOSE PD PS HERED. HYPER.
HIGH 47 101 134 81 0 1
LOW 56 98 126 86 0 0
INTERMEDIATE 66 113 115 80 0 0
LOW 35 97 122 83 0 0

algorithm used to find the values of the network parameters (weights). [17] The layers
of a network can be: a) To begin with, made up of neurons that introduce the six risk
factors, no processing is performed in these neurons, b) Hidden made up of neurons
whose inputs come from the previous layer and c¢) Output, formed by neuron that
indicates the level of risk.

The optimization method used is Adam, which only requires first-order gradients
with low memory requirements. The method calculates the individual adaptive learning
rates for different parameters from the estimates of the first and second moment of the
gradients; the name Adam is derived from the adaptive estimation of the moment [18].
The Orange Datamining software (version 3.26.0) was used as a data analysis tool. The
Fig 3, shows the widgets used to work with the models.

5.4.2 Naive Bayes Algorithm

The proposed model uses the Naive Bayes algorithm based on age, then other factors,
generating the probability of suffering from cardiovascular diseases. The following
table shows the probabilities obtained. Where: P (RECV | E) = Probability of cardiovascular
risk-taking Age as a risk factor. P (RECV | E/)Pd) = Probability of cardiovascular risk-taking
Age and diastolic pressure as risk factors. P (RECV | E/1Pd/[]Ps) = Probability of cardiovascular
risk-taking Age, distolic pressure and systolic pressure as risk factors. P (RECV | E/MPd(IPs/1D)
= Probability of cardiovascular risk-taking Age, diastolic pressure, systolic pressure and Diabetes
as arisk factor. P (RECV'| E/1Pd/] Ps/1D/1Hip) = Probability of cardiovascular risk-taking Age,
diastolic pressure, systolic pressure, Diabetes and Hypertension as a risk factor. P (RECV |

Research in Computing Science 150(11), 2021 26 ISSN 1870-4069



Evaluation of Models for Estimating Cardiovascular Risk based on the Framingham Table

)

CONFUSION
MATRIX
EVALUATION RESULTS
a
TEST
AND EVALUATION

SCORE u:suns\<|
ROC
ANALYSIS

Fig 3. The RN configuration handles 8 hidden layers with logistic activation function and Adam
algorithm with a maximum of 200 iterations.
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Fig. 4. a) Tree Architecture.

E7Pd/IPs/1D/1Hip1Her) = Probability of cardiovascular risk-taking Age, diastolic pressure,
systolic pressure, Diabetes, Hypertension and Heredity as a risk factor.

5.4.3 Classification Trees

Classification trees, which are an alternative to more classical statistical techniques,
such as multiple regression, ANOVA analysis, logistic regression, discriminant
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Fig. 6. Confusion matrix (misclassified is shown in a darker tone).
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Fig. 7. Analysis of ROC Curves of the models: a) High Risk, b) Low Risk. ¢) ROC Curve
Analysis of Intermediate risk models.

Table7. Model results.
Model * AUC Classification Accuracy Precision Specificity
Naive bayes 0.977 0.976 0.976 0.961
Neural Networt 0.944 0.843 0.745 0.907
SVM 0.943 0.875 0.871 0.930
Tree 0.955 0.980 0.980 0.961

* AUC = Area under ROC curve

analysis, and survival models. (Classification trees also seem to obtain better predictive
rates than the rest of data mining techniques when mostly categorical information is
used [19].

The configuration for SVM is Cost: 1.0, Regression Loss Epsilon 0.10, Kernel:
Sigmoid ang Iteration Limit: 100. The parameters for the tree are Limit the maximal
tree depth to: 100, Stop when majority reaches: 95 and Min. number of instances in
leaves: 2.

5.4.4 Support Vector Machines

This model uses the technique of support vector machines (SVM), to make hyperplanes
that divide the population between usual and unusual (in our study low, intermediate
and high risk), from the training population, with which it is achieved classify the
validation population [20].
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6 Results

The data that were treated for this study were from 248 patients corresponding to a
section of the studied Health Center. The configuration chosen with respect to the SVM
is shown in Table 4, as it is observed the cost was chosen of 1 and the loss of 0.10.
Access to training data is here!.

The perceptron did not correctly identify the level of Intermediate Risk as seen in
the confusion matrix Fig. 6, in such a way that it only worked on two levels of Risk:
low and high, that is, its classification precision is 0.843 as seen in the data in Fig. 6.

The general results are shown in the table 6, in which the performance of the models
is compared. A more global way of knowing the quality of the test in the full spectrum
of cut-off points is using ROC curves (receiver operating characteristics), which
constitute a fundamental and unifying tool in the evaluation process, see Fig. 7 [21].
The analysis had as parameters: Default threshold (0.5) point. Show performance line: FP Cost:
500, FN Cost: 500 and Prior probability: 66%.

From the above data, Table 6 is generated where the analysis of the ROC curves is
interpreted numerically as well as the classification matrix corresponding to each
model. The result of Analysis by means of the ROC curves shows that the trees generate
better results.

7 Conclusions

Based on the results of the confusion matrices, it is concluded that the decision trees
are the most suitable for estimating cardiovascular risk, followed by the Naive Bayes
algorithm and the one with the lowest performance was the SVM. The efficient
estimation of cardiovascular risk will allow health centers to establish strategies to
reduce both this index and the mortality index in their attended population due to the
development of cardiovascular disease.
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Abstract. The climatic variables in protected agriculture are essential factors for
the plant growth and, in general, of the entire crop. A good forecast of variables
such as the internal temperature could help farmers to prevent losses in the
harvest. In the present paper, the temperature forecast inside a greenhouse is
obtained by implementing Deep Learning tools. The topology used for the
temperature forecast was Recurrent Neural Networks (RNN) with Long-Short
Term Memory (LSTM) algorithm. It is a type of neural network known to be
suitable for processing time-series data. The analysis is performed with the many
to one configuration for three input elements and one output element. The metrics
used for the data analysis and validation (RMSE, MAE, R?, and Ce); it was
observed that they significantly improve when the internal temperature is
incorporated as part of the input elements in the combinations for forecasting.
The results obtained with the RNN-LSTM provide RMSE values less than 0.30
and R? greater than 0.90, with a forecast interval of one hour into the future for
Internal Temperature. It is shown that the LSTM algorithm within the RNN is an
effective tool for a good forecast in time series, significantly helping the forecast
of climatic variables in protected agriculture.

Keywords: RNN-LSTM, temperature prediction, deep learning.

1 Introduction

A good of climatic variables is essential for outstanding management in agriculture,
either in the open air or in greenhouses. Therefore, a correct action that helps the
observation and reasonable interpretation of the variables is through monitoring [1].

In the fourth industrial revolution, digital technology is made from integrating data
and the connection of resources, creating an efficient and sustainable.
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It has a presence in the agricultural world by implementing Intelligent components,
creating interconnection of systems and machines. Its main objective is to have better
production systems through the adaptability of monitoring and control systems,
increasing the efficiency of production systems, fundamentally by optimizing energy
consumption, machinery automatic control, water usage, fertilizers, and phytosanitary
products, giving rise to what has been called Precision Agriculture [29]. Agriculture
4.0 uses technologies such as the Internet of Things, Big Data, Artificial Intelligence,
Embedded Systems, Cloud Computing, Remote Sensing, among others, part
of Industry 4.0.

Applications of these technologies can significantly improve the efficiency of
agricultural activities [24, 25, 26]. Low-cost sensors and actuators can now connect to
network platforms and upload their data to a remote database where Big Data analysis
can occur. These network platforms aim to optimize the production efficiency,
increasing quality, minimizing environmental impacts, and reducing the use of
resources such as energy, water, and other consumables [27, 28] conducted a survey on
the application of Big Data to agriculture.

They have pointed out that Big Data is now used to provide farmers with predictive
insights in agricultural operations and operational decisions in real-time from
monitoring by implementing artificial intelligence as a prediction system. Miranda et
al. [4] mention the great importance of carrying out effective monitoring of the
climatological variables of interest. In the present investigation, monitoring is carried
out considering the variables of most significant interest for the study to make an
efficient prediction of the internal temperature, to anticipate the appearance of possible
problems in the culture [5].

The monitoring carried out in this research is carried out using advanced
computational tools and since, in present investigations, strategies have been carried
out through Artificial Intelligence (Al) to detect levels of interest in the behavior of the
variables, guaranteeing the control and efficiency in crop productivity. [6]. Recurrent
Neural Networks (RNN) are one of the Al topologies that have been used in recent
years with acceptable results for the prediction of time series. RNN functions accurately
as an identifier of trends for data and patterns are suitable for forecasting applications
such as Deep Learning (DL) [2].

Jha et al. [8] show the RNN supplemented with the Long-Short Term Memory
(LSTM) algorithm as predictors with levels of reliable precision if fed with a significant
set of variables of interest for the prediction of time series in forecasting models for
greenhouses. Jung et. al [9] as well as Hongkang et. al [10] propose models based on
RNN with LSTM (RNN-LSTM) algorithms [11]. Gharghory [11] uses metrics such as
the Root Mean Square Error (RMSE), Mean Absolute Error (MAE), and the coefficient
of variance to evaluate the prediction precision of an RNN-LSTM model and compare
it to other models [3].

In this study, an approach to forecasting the internal temperature of a greenhouse is
developed using external and internal climate data captured for a given period by a
weather station and sensors connected to it.

Different RNN-LSTM structures configured through hyperparameters of interest
were trained and tested with collected data. All RNN-LSTM were evaluated with
metrics suggested in [11] and compared with different forecast approaches to assess the
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goodness and suitability of this approach for the greenhouse internal
temperature forecasting.

The LSTM algorithm has a significant advantage in expanding the memory capacity
of the neural network. This characteristic leads to keeping a vast set of background data
as a reference for the forecasting system. Keeping a large amount of data can
significantly impact the accuracy of the prediction, reducing the RMSE and MAE to
0.5 and 0.004, respectively [2].

2 Related Works

Numerous investigations have been carried out with the objective of forecasting
temperature, humidity, solar radiation, and other variables within protected
environments such as greenhouses. All these are to determine the growth behavior of
the crop [9]. There are several forecasting models.

However, in recent years’ predictors based on Artificial Neural Networks have
gained importance due to the range of tools provided by Machine Learning and the
structures of algorithms. Dae-Hyun et al. [9] show comparisons between different
structures considering various learning algorithms for the time series prediction.
Abdulkarim et al. [11] show the advantage of the RNN, which can feedback the neuron
output signal to the same neuron in the next time step.

The metrics usually used to assess LSTM prediction performance are the mean
square error (MSE), the mean absolute error (MAE), the mean absolute percentage error
(MAPE), the square root of the mean square error (RMSE), and the Nash-Sutcliffe
coefficient of efficiency (NSCE) [9, 11]. The LSTM algorithm has a significant
advantage in expanding the memory capacity of the neural network. This characteristic
leads to keeping a vast set of background data as a reference for the forecasting system.
Keeping a large amount of data can significantly impact the accuracy of the prediction,
reducing the RMSE and MAE to 0.5 and 0.004, respectively [2]. Singh [16] implements
the RNN-LSTM to work with time series to forecast the Temperature and Relative
Humidity inside a greenhouse.

For the temperature model, the metrics implemented for its validation were the
MAE, RMSE, and R?, obtaining MAE values of 0.488 for the temperature forecast,
guaranteeing that the reliability of the forecast is within £1°C. The RMSE obtained is
0.865, and the coefficient of determination R? is 0.953, which indicates that the general
dispersion is small and does not cause a significant error with the observed temperature.

The RNN-LSTM training datasets can be selected in two ways. One way can be with
90% of the data sequence and the remaining 10% for testing and validation of the
network. The other way is with 80% of the data sequence for training and the remaining
20% for network testing and validation. All the data must be normalized [3].

3 Methodology

The present research work presents new contributions for forecasting the green-house
internal temperature using RNN and Deep Learning, using the Long Short-Term
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Table 1. Climate Variables considered for this study.

Nomenclature Climate Variable Units
Ti Internal Temperature °C
To External Temperature °C
Ho External Humidity %
Hi Internal Humidity %
Di Dew Point %
Rs Solar Radiation W/m?

Fig. 1. Davis Vantage Pro 2 Weather Station.

RNN LSTM |

'y t

Fig 2. Data flow at time step t, Copyright 2020 by MathWorks Inc.

Memory (LSTM) algorithm as the one presented by Hochreiter and Schmidhuber in
1997 [17].

The data collection of the climatic variables was carried out inside (Internal
Temperature and Relative Humidity) and outside (External Relative Humidity, Solar
Radiation, Outdoor Temperature, Wind Direction, and Wind Speed) a greenhouse
(Table 1), using a Davis Vantage Pro2 meteorological station (Fig.1).

The greenhouse has a curved roof (165m2in area, 27.5 m long, 6 m wide) and plastic
cover. It is traditionally used without any climate control equipment inside and relies
only on natural ventilation.

The greenhouse is in the Mezquitera Sur, Juchipila, Zacatecas, Mexico. The data
collection was carried out from July 12, 2020, to November 6, 2020, with a 5-minute
sampling time for all the climatic variables of interest. A total of 33,696 samples were
recorded for training and testing of the RNN-LSTM.

The RNN-LSTM topology is based on a generalization of the feedforward neural
network that has internal memory. RNN is recurrent at the neuron level as the neuron
output is calculated using the current inputs and its previous output. The RNN considers
the current inputs and the output that it has learned from the before deciding.
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Table 2. Components of the data flow over time t.

Nomenclature Definition Formula
i Input Gate iy = o(Wix; + Rihi_q + b;)
fi Forgate Gate fe = o(Wpxe + Rehy_y + by)
C; Cell C = tanh(VI{qxt + Rghy_q + bg)
candidate
0; Ouput Gate 0 = c(Wyxy + Rohye_1 + by)

Table 3. Hyperparameter settings sets.

Parameter Value1l Value2 Value3 Value4 ValueS Value 6 Value7
Input Size 3 3 3 3 3 3 3
Number of Rsponses 1 1 1 1 1 1 1
Hidden Units 2 2 1 1 1 1 1
Number of Epochs 200 250 300 300 300 350 300
Mini Batch Size 720 650 620 620 620 800 700
Gradient Threshold 0.9 0.5 0.6 0.8 0.9 0.6 0.7
Learning Rate 0.02 0.1 0.001  0.005 0.001 0.002  0.005
Learn Rate Schedule 150 200 200 125 125 120 200
Learn Rate drop Factor 0.5 0.2 0.2 0.2 0.2 0.3 0.5

Number of hiden units 100 200 250 250 300 350 400

The ADAM algorithm was adopted to make the calculation of the LSTM network
more efficient. The architecture of the RNN-LSTM is observed in Fig. 2. The behavior
of the data flow over time t is shown in Table 2.
where ¢ is the sigmoid activation function for the entry, forgetting, and exit gates
respectively, the activation function tanh for the candidate gate, W the vector of
weights for the entry, forgetting, and exit gates respectively, the function activation
tanh for the candidate gate, R is the vector of recurring weights for the entry, forgetting,
candidate and exit gates, ht-1 is the output of the previous cell and b is the bias vector
for the entry gates, oblivion, candidate and exit respectively. The most important things
to consider when training and testing Neural Networks containing the LSTM algorithm
are hyperparameters. These can affect its precision and performance [18, 19, 9, 20].

In Table 3, all the hyperparameters to be considered are shown. For this type of
network, the most important are:

—  Learning rate,
—  Number of units of the hidden layer and,
—  Mini Batch Size [14].

The number of units in the hidden layer will influence the adjustment effect. If the
Mini batch size is too small, the training data will be challenging to converge, leading
to a mismatch. Many consulted papers start with a high learning rate and lower it as the
training goes on. We noted that the learning rate is very dependent on the network
architecture. If the learning rate is too large, the required memory will increase
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Table 4. Metrics for the evaluation of the efficiency of the RNN-LSTM.

Evaluation RMSE Cesr
Very Good <0.30 >0.91
Good 0.30-0.40 0.84-0.91
Acceptable 0.40-0.50 0.75-0.84
No Acceptable >0.50 <0.75

significantly [11]. The experimental environment consisted of an Intel (R) Core (TM)
15-9300H2.40 GHz quad-core processor with a 16 GB memory. The operating system
was Windows 10 64-bit; the programming was carried out in MATLAB software.

The various structures were obtained from the hyperparameters variation. Table 3
shows the different hyperparameter settings used for this work. The criteria for
evaluating the goodness and suitability of the network based on the fit are shown
in Table 4 [21]. The MAE is used to reflect prediction errors, and its range is
[0, +o0). When the predicted and observed values are identical, the MAE is zero,
indicating a perfect model. Significant errors lead to high MAE values [22].

Other metrics to consider in the analysis to check the goodness of the network are
the coefficient of determination (R?) and the Coefficient of efficiency (C.g) that help
determine the closeness of the predicted data with the observed data. Both coefficients
range is [0, 1], [9, 21]. The number of combinations made was obtained from five
variables of interest; the internal temperature was excluded, in arrays of 3 input
elements through formula 1:

n!

TR

(6]
where:

n = Total climatic variables considered.

r = Number of variables considered for each arrangement.

From this, a total of 10 combinations were obtained to perform the tests with the
RNN-LSTM. The metrics analyzed were the Mean Square Error (RMSE), the Absolute
Mean Error (MAE) [3], and the Determination Coefficient (R?) [23].

Later, seeking to improve the prediction results for the internal temperature (T;), the
five inputs combinations with best RMSE and C,¢ were selected, and one input variable
in each combination was substituted with the internal temperature, generating new
input combinations.

The RNN-LSTM was trained and tested with the 80-20 arrangement, 80%training
data, and 20% test data. The metrics analyzed were the Mean Square Error (RMSE),
the Absolute Mean Error (MAE) [3], and the Determination Coefficient (R?) [23].

4 Results

The best results for the RNN-LSTM training and testing were achieved with the
hyperparameters set shown in column Value 4 of Table 3. These results were validated
using the metrics shown in Table 5 and Table 6. The RMSE values shown in Table 5
have a range from 0.30027 to 5.5629.Fig. 3a, shows the forecast vs. actual value of an
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Table 5. Sequence of input-output variables (Many to one).

put Secuence RMSE MAE R? Cery
Hi-Id-Rs 0.3003 0.0095 0.9994 0.9
Hi-1d-To 0.3128 0.0123 0.9993 0.9
Hi-Id-Ho 0.3966 0.0099 0.9989 0.9
Id-Rs-Ho 1.4368 0.0471 0.9857 0.9
Hi-Ho-To 1.8531 0.0451 0.9762 0.9
Id-Ho-To 3.3477 0.0721 0.9223 0.9
Hi-To-Rs 3.4352 0.0783 0.9182 0.9
Id-Rs-To 4.2746 0.0730 0.8734 0.8
Ho-To-Rs 5.3143 0.0853 0.8043 0.8
Hi-Rs-Ho 5.5629 0.3228 0.7856 0.7

Table 6. Comparison of data obtained in the different training sequences (Many to one).

Input Secuence RMSE MAE R? Cefs
Hi-Id-Ti 0.1493 0.00407 0.9998 0.9998
Ho-To-Ti 0.1876 0.0077 0.9998 0.9998
Hi-Ti-To 0.2081 0.0075 0.9997 0.9997
Hi-Ho-Ti 0.2118 0.0059 0.9997 0.9997
1d-Rs-Ti 0.2507 0.0127 0.9996 0.9996
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Fig. 3. Behavior curves of the temperature forecast first sequence of input variables.

RNN-LSTM with 0.3 RMSE, while Fig. 3b, shows the forecast vs. actual value of an
RNN-LSTM with 5.5629RMSE. As for the MAE values from 0.0095 to 0.32. For
theR2coefficient, the range of values was 0.7856 to 0.9994, and C,¢ values from 0.9994
to 0.7970. Subsequently, a new training pattern for the RNN-LSTM using the internal
temperature (7;) within the input sequence as shown in the following Table 6 was tried
out. The results obtained had RMSE values from 0.14931 to 0.2507, MAE values from
0.00407 to 0.0127, and R?up to 0.9998, and C,g under to 0.2507, which presents a solid
test forecast relationship.
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Table 7. Comparison of parameters obtained.

Implemented model RMSE MAE R? Cefr
Hi-Id-Ti 0.1493 0.00407 0.9998 0.9998
Ho-To-Ti 0.1876 0.0077 0.9998 0.9998
Hi-Ti-To 0.2081 0.0075 0.9997 0.9997
Hi-Ho-Ti 0.2118 0.0059 0.9997 0.9997
Id-Rs-Ti 0.2507 0.0127 0.9996 0.9996
[32] (RNN) 1.7963 1.3431 - -
[32] (LSTM) 1.8044 1.3521 - -
[32] (EEMD-LSTM) 0.7098 0.5336 - -
[33] (RNN) 0.865 0.488 0.953 -
[31] (MLP-BPP) 0.711 0.558 0.980 -
[30] (CFD) 2.3518 2.0312 - -
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Fig. 4. Behavior curves of the temperature forecast, second sequence of input variables.

The forecast graphs (Fig. 4a and Fig. 4b) show the similarities and slight differences
between forecast and actual values. The prediction model makes forecasts very close
to the observed values. From the metrics obtained, it was observed that the five
sequences that contain T; yielded good forecast results of the greenhouse internal
temperature. In Table 7 a comparison of statistical metrics between this work and others
found in the literature for the same application is shown.

5 Conclusions

The obtained results show that the combination of RNN-LSTM algorithms and a good
selection of input variables can yield outstanding forecasting results. Metrics values
such as RMSE = 0.1493 and C, = 0.9998 were obtained, which are considered by the
literature as very good for the behavior of the RNN with LSTM algorithm. It is also
observed that the predicted values and the observed values are very close.

This is corroborated by the values of the coefficient of determination R? with results
0f 0.9998, and the MAE = 0.00407. These metrics values were achieved thanks to the
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relationship that exists between the internal dew (Id), internal relative humidity (Hi),
and the internal temperature (Ti)variables in the greenhouse.

The applied model of RNN-LSTM has proven to be a tool that generates a clear
interpretation of the training data. With a somewhat limited amount of data of 33,696,
80% of the data was enough to provide a model with excellent metrics when forecasting
the greenhouse’s internal temperature.

Future work is considered to make other prediction models using alternative ANN
topologies such as Convolutional Neural Networks with Long-Short Term Memory
algorithm (CNN-LSTM) and Support Vector Regression (SVR). This work will allow
a fair comparison for these topologies when they are applied to this application.
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Abstract. One of the reasons why Industry 4.0 is a reality is the development of
quality Software that allows the interconnectivity and management of the devices
we use. To ensure quality in the software, it is necessary that it be released with
the least number of failures. For this, it is necessary that the software tests cover
all possible paths extensively and it is for this reason that approaches such as
combinatorial tests arise. This type of test seeks to generate test cases for the
detection of failures. This Systematic Literature Review (SLR) compiles the
optimization techniques, approaches, areas of opportunity and application of
combinatorial tests. In this SLR, 82 primary studies were identified, based on the
Kitchenham and Charters guide, where it is observed that the most frequent
application of this type of test is the web, although most of the studies only
propose improvements without any specific domain. Also, the most widely used
approaches are IPOG and its variants. Finally, the most mentioned opportunity
area was the improvement of results and algorithms.

Palabras clave: Combinatorial testing, optimization, systematic literature
review, quality software.

1 Introduction

In recent years, the need for high-quality software has increased. This is due to the fact
that all current devices and those generated in Industry 4.0 require Software that is less
prone to failures, and that quality does not impact human and economic resources. This
quality is ensured when the Software is thoroughly tested before it is released.

The activities carried out in the development of a software project are divided into
processes, such as requirements, design, construction, testing, configuration
management, among others [1], being the testing stage the interest of this document.
Since depending on the system and the defect sought, it is the type of testing technique
that will be used [2]. With the interest in combinatorial tests, this paper presents a
Systematic Literature Review (SLR) focused on the categorization of current research.

The aim is to find techniques to design combinatorial tests that can be used for future
research areas. This work is aimed at researchers to find niches of opportunity in this
area. Other beneficiaries will be students and developers, especially those in the testing
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Table 1. Research questions.

Quesition Motivation
Q1.- What are the applications of To know where the combinatorial tests have
combinatorial test? currently been applied.

Q2.- Which optimization techniques To identify proposals for the Artificial Intelligence
have been proposed to generate optimization area in the generation of combinatorial
combinatorial test cases? test cases.

To present proposals for areas of research
opportunity on the subject of combinatorial test
design.

Q3.- What areas of opportunity are there
for the research community?

Table 2. Identified keywords and synonyms.

Concept Synonyms
g(s)trinnbgmatorlal Combinatorial test, combinatorial interaction testing, pairwise testing
Automation Automated, automatized
Optimization Optimize, optimized
Algorithm Approach, strategy, method

area. The first will get an insight into a topic that has been little covered, and developers
in the industry will get a starting or improvement point for their current testing. The
work will use a systematic method to extract and analyze the works on the topic.

The aim of this Systematic Literature Review is to present the state of the use of
Artificial Intelligence in the design of combinatorial tests to ensure the quality of the
software. This is to discuss the most promising approaches and, in the future, generate
lines of research in the area.

This paper is organized as follows: Section II presents the background and related
work of reviews on the subject. Section III exposes the method followed to carry out
the SLR. Section IV describes the final results. Finally, Section V draws conclusions.

2 Background and Related Work

Combinatorial tests are a method that can detect defects that other types of tests cannot
(for example, random tests or equivalence partition tests), since the defect can be found
in the combination of parameters. In addition, they reduce the number of tests, therefore
reducing costs [3]. These tests are of the black box type, therefore, to carry them out,
test cases are created that receive inputs to a functionality and as a result provide an
output. Combinatorial tests can be from two to T variables. Combinatorial tests have
also been called as combinatorial tests in pairs, which are those of two variables, and
tests of combinatorial interaction.

All combinations can be represented by a covering array (CA). The CA is a
mathematical object in which all combinations of a parameter are covered at least once
[4]. These can be created with the help of tools, which change depending on the
algorithm on which they are based. There are different types of algorithms, among those
based on Artificial Intelligence (Al) are optimization algorithms. Al has sought to
reduce the human error that is always present in any system, therefore, it is not
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Table 3. Inclusion Criteria.

IC  Description
1 Studies published between the years 2015 to 2021

2 Studies written in English

The title and / or abstract give indications that at least one research question will be
answered

4 The full text answers at least one research question

Table 4. Exclusion Criteria.

EC Description

It is a summary, workshop, opinion piece, presentation, book or technical report.

Do not have access to the full text

It is a duplicate research

AW [N ==

The full text answers at least one research question

surprising that this discipline collaborates with Software Engineering (SE). According
to a study [5], the use of Al algorithms in the SE testing phase has been investigated
since 1970 and mostly in black box testing, of which combinatorial testing is a part.

The oldest review on the subject found dates from 2014 [6] and it took the topic of
combinatorial testing as part of Software Product Line testing strategies. Other review
[7], collected the algorithms and tools from 1991 to 2014, but is not strict in following
a method.

The only Systematic Mapping found [8] has as main focus combinatorial tests with
application in SPL. A Systematic Literature Review from 2017 [9] talks about
combinatorial tests in general, mentioning tools and limitations, but it is the one that
has its method with less detail of all the reviews.

The SLR found [10] describes the combinatorial tests that have handling of
restrictions, which are also mentioned in the present work, but not limited to these.

3 Research Method

To carry out this review, the method proposed in [11] by Kitchenham and Charters was
performed, which is a guide used in Software Engineering to carry out Systematic
Literature Reviews (SLR). This section describes the steps defined in [11].

3.1 Research Questions

Table 1 shows the research questions with their motivation, to guide this process.

3.2 Search Strategy and Data Sources

The automated search strategy was used to collect the information. For this, keywords

were identified, which were taken from the research questions and similar terms, as
shown in Table 2.
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Fig. 2. Number of primary studies per application of combinatorial tests.

With these terms, 5 search strings were created and they were validated with the
precision and recall criteria, which have been used in Systematic Reviews of Software
Engineering [12]. The results of these metrics for each of the 5 search strings can be
found in Appendix A'.

The selection of sources was based on [11] and [12], two guides for conducting
systematic reviews of Software Engineering. Following these, the following
repositories were selected: SpringerLink, IEEE Xplore, ScienceDirect and ACM
Digital Library.

33 Selection Criteria

For the selection of primary studies, inclusion and exclusion criteria were established,
which can be seen in Table 3 and 4.

1 Appendix A. Search String metrics: https://drive.google.com/file/d/1B_7ZuBOEFYNzbYm
tQwWAZt1 SWhGk0ZA9R/view?usp=sharing

Research in Computing Science 150(11), 2021 46 ISSN 1870-4069



Optimization of Combinatorial Software Testing: A Systematic Literature Review

Table 5. Application of inclusion and exclusion criteria by stage.

Database First Results Stage 1 Stage 2 Stage 3
ACM Digital Library 400 228 30 17
IEEE Xplore 360 177 44 35
ScienceDirect 420 183 15 14
SpringerLink 433 168 22 16
Total 1613 756 111 82

Table 6. Quality assessment criteria.

NC Criteria
Is the study research-based (not just a report based on “lessons learned” or opinion)?

Is there an explanation of the objectives of the research?

Is there a description of the context in which the research was carried out?

Does the research design speak to the research objectives?

Did the sample of data used have a description?

Was the information collected in a way that spoke to the research problem?

Was the information analysis rigorous?

Is there an explanation for the findings?

|0 [ I[N | |W|N|—

Is the study of value for research or practice?

34 Selection Procedure

The selection process is made up of the following stages:

— Stage 1. Primary studies are filtered according to IC1 and IC2 and studies
are removed according to EC1.

— Stage 2. The primary studies are filtered according to the IC3 and the
primary studies are removed according to the IC2 and EC3.

—  Stage 3. Primary studies are filtered according to IC4.

First, the automated search was executed in the four repositories, being 1613 the
works found, as can be seen in Table 5. After that, the inclusion and exclusion criteria
were applied stage by stage, reducing the studies in SpringerLink by 95.75%, in IEEE
Xplore by 90.28%, in ScienceDirect by 96.67% and in ACM Digital Library
by 96.08%.

3.5  Quality Assessment

The criteria to assess the quality of the primary studies were obtained from a systematic
review used and accepted in the Software Engineering community [13]. The criteria are
in the form of a questionary. The selected criteria are shown in Table 6. Each question
is answered with “yes” or “no” (rated as 1 or 0 respectively). So that each study can
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Fig. 3. Algorithms most used in combinatorial testing.

have a final score from 0 (which means very poor) to 9 (which means very good). The
quality score of the selected works can be seen in a freely accessible spreadsheet [14].

4 Results

In Fig. 1 the primary studies that passed the selection process are shown. It was found
that three digital libraries have been a decrease in the combinatorial test research. Each
of the research questions is answered in summary below.

4.1 QI1: What are the Applications of Combinatorial Test?

As can be seen in Fig. 2, seven main applications of combinatorial tests were identified
in the last 6 years. All studies whose approach to performing combinatorial tests did
not have a specific application domain were pooled. In the “Other” category, the
domains that were only present in a primary study were grouped.

4.2  Q2: Which Optimization Techniques Have Been Proposed to Generate
Combinatorial Test Cases?

From all the studies, 54 papers answered this question, which represent 66% of the total
number of studies selected. These mention around 50 optimization algorithms, all with
a varied level of detail. Even with this variation, we organize them into the original
algorithms, those that were based on an existing one to improve it as it is shown in
Table 7 and those that use another algorithm as part of their own process, as can be seen
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Table 7. Algorithms based in other optimization algorithms.

Base Algorithm Proposed Algorithm

ABC PhABC

AETG System Prow

BSA EBSA

Cuckoo Search LCS

D-construction RIPOG

FPA AFPA

Genetic GS, HOA, PGAS

Greedy approach Budgeted greedy, DICOT, FIPO, HILP, HINLP, IncLing, IPOG,
IPOG-F, IPOG-F2, OTAT, PROW, PTC, TTR

IPO IPOG, IPOG-D, IPOG-F, IPOG-F2, UIPO

IPOG RIPOG

IPOG-C IPOG-CNeg

IPOG-D RIPOG

OTAT EBSA, FS, FWA, OTAT with constraint, PROW

PSO MOPSO, SITG

Simulated annealing AFSO

Tabu search CATS

Table 8. Algorithms used with another optimization algorithm.

Base Algorithm Proposed Algorithm
Ant Colony UIPO

ExtendCA AFSO

FPA FIPO, PCFHH
Greedy Search PCFHH

in Table 8. The detail of each algorithm per paper and its reference can be seen in
Appendix B2.

As can be seen in Fig. 3, the most used algorithm was In-Parameter-Order-General
(IPOGQG) since ACTS, the most used tool, uses this algorithm and variations. The most
used algorithm from the original algorithms is the Genetic Algorithm (GA), the second
is Cuckoo search and the others were only used once.

Most of the original algorithms are bioinspired. Cuckoo search, Bat algorithm (BAT)
and Whale Optimization Algorithm (WOA) are algorithms inspired by animal
behaviors, Simulated Annealing in the process of heat treatment of metal, Teaching
Learning Based Optimization (TLBO) in school teaching and Particle Swarm
Optimization (PSO) in social behavior.

2 Appendix B. Algorithms by paper: https:/drive.google.com/file/d/19qJ8PsWntCOToq73-
SIryjuMq-RF6PL3/view?usp=sharing
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Fig. 4. Percentage of opportunity areas mentioned in the studies.

4.3  Q3.- What Areas of Opportunity are There for the Research Community?

The 9 areas of opportunity mentioned in the studies are shown in Fig. 4. One of the
most mentioned was improving the performance of algorithms, although this type of
test is known to give optimal results in its performance. It is wanted to decrease the size
of the test set [15] or improve search efficiency in a large set of test cases [16]. The
possibility exists of achieving this by parallelizing the algorithm [17]. Later, the
majority mentioned the increase in coverage of variables. This in combinatorial tests in
pairs [18], 3-variables [19] and one of 6-variables [20].

Another interest is adding constraint handling. Many of the tools of the last years do
not implement any method for this [21]. Therefore, it is the intention to apply them in
well-known algorithms [22] or in algorithms that have only just been introduced to
combinatorial tests [23]. It also seeks to complement or combine an algorithm with
some other to improve the results [24], but they want to incorporate more to refine
the algorithm.

Also, testing the algorithm in big problems is mentioned. The goal would be to scale
to very large problems and find smaller sets of tests than in your current results [25].
The sixth most mentioned is to integrate machine-learning to the algorithm. This could
help test generation by learning from previously generated test sets [22].

5 Conclusions and Future Work

This work took an approach that few works have taken and, unlike those that have, the
method proposed in [11] was detailed and followed. With this, the reproducibility of
the results is possible. In addition, the results of the extraction and quality evaluation
are online and available to all public. As a result, the algorithms that have been applied
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to generate the combinations of test cases have been compiled. These algorithms are
the basis for combinatorial tests, which are applied in a wide variety of fields such as
web, security, mobile devices and others, which shows that it is an active area, current,
but above all, a useful area to ensure the quality of software of any kind.

In this study, it was observed that the most widely used approaches are IPOG and its
variants, bioinspired approaches and classic approaches such as Simulated Annealing
and Greedy search. Therefore, it can be seen that although there is a growing interest
in bioinspired algorithms, some other metaheuristics have contributed much knowledge
in this area of Software Engineering.

Finally, the most mentioned opportunity area was the improvement of results and
algorithms. This is important since based on the proposed approaches, you can explore
and experiment with others to compare the results. Nevertheless, the greater coverage
and handling of restrictions are also highlighted. Therefore, it is seen that there is still
a lot of research to be done in this field and with the help of new optimization strategies,
it is sought to ensure the quality of the software, which is fundamental in Industry 4.0.

As future work it is proposed to explore the comparison of bioinspired algorithms
with other metaheuristics (such as simulated annealing). Also explore local search
methods to get better coverage in test cases.
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Abstract. In recent years, machine-learning methods have gained prominence
when used as a tool for data analysis in different areas such as the economy. This
article presents the result of the data analysis of the retail trade in Mexico and the
industrial branches that comprise it. For the data analysis, unsupervised learning
was used, specifically clustering based on the K-means, through which it was
possible to organize clusters with information on the characteristics of the
different industrial branches of the retail trade. As a result, it was possible to
identify that this sector, the source of many jobs, subsists in the midst of an
aggressive, demanding market, with insufficient access to update its technology
and complex administrative procedures.

Keywords: Machine learning, clustering, k-means, economics, retail trade.

1 Introduction

The use of information as a source of knowledge is not only limited to understand what
the data represents, but also generates value in any area it is applied, which is essential
in the context of the actual, globalized world. Thus, because of this constant and
necessary search to make total utilization of knowledge, Artificial Intelligence, applied
in Industry 4.0, benefits the society in the process of digital transformation, mainly
driven by machine learning and deep learning [1].

Knowledge in economics is built on the analysis of information derived from the
economic activity of a country [2]. From the categorization of economic activity,
economic sectors emerge as pillars of growth and development [3] [4]. Therefore,
within the economic context in which Mexico develops, a knowledge-based economy
is necessary, with machine learning being an important pillar in the push towards the
fourth industrial revolution, which has led to the application of data analysis algorithms
in order to build an efficient and quality economic system.

In this sense, given this growing need for data analysis in the economic field, the use
of machine learning, as a support tool for advanced data analytics, is important [5] [6],
since it offers a wide variety of algorithms, among which are supervised, unsupervised,
deep, reinforcement, and mixed, currently achieving an important position in response
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to the extensive digitization and storage of data. On the other side, current machine
learning is not only changing the way a product is produced, marketed and sold, but is
also part of the study of economic growth, determined by the increase in
productivity and income of a country [7, 8].

This study establishes the basis for analyzing economic development, measured
based on improvements in the living conditions of the population. There is no doubt
that the development of new products and companies, with unprecedented levels of
automation and robotization, can transversally transform the economy and the labor
market. Thus, to understand how trade is directly associated with people quality of life,
it is worthwhile to focus efforts on the analysis of one of the economic sectors that
have a predominant impact on the Mexican economy, this is, retail trade; which is
the economic activity defined by the individual sale of goods and services directly
to final consumers [9].

This activity (by its nature) is a component of the supply chain in view to its model
focused on the sale between the company and the consumer. This type of trade is a
fundamental sector in Mexico, since, in terms of gross domestic product (GDP), tertiary
activities had an annual percentage structure of 60%, corresponding to 2020, within
which 9.2% corresponds to trade retail [10, 11]. In addition to the above,
misinformation on the demeanor of economic activity not only leads people and
companies to mismanage their business but encourages disinterest in establishing
measures or laws that benefit the retail trade [12].

Consequently, this paper aims to show insight about retail trade in Mexico, which
represents a field of opportunity, through an analysis, based on machine learning, since,
moreover to its considerable percentage share with respect to GDP, it also concentrates
a large population that finds, in this sector, a source of employment. The document is
organized as follows, Section 2 presents the antecedents of economics as social science,
some of the contributions of machine learning in the economy, discuss its applications,
the use of algorithms and related work are also presented. Section 3 describes the
method established as a proposed solution. Section 4 presents the results obtained,
based on an example of application, and Section 5 summarizes some conclusions and
future work.

2 Background
2.1 Retail Trade

Retail trade is defined by economic units, within which are several establishments that
are under the control of a proprietary entity, permanently established and delimited by
fixed facilities [10, 13]. Furthermore, these economic units are located at different
geographical levels. For example, country, state, municipality, and locality, where they
perform the task of enabling activities of buying and selling merchandise, or providing
services, regardless of whether they have mercantile purposes [6] [15]. This group
includes micro-businesses and small and medium-sized enterprises (SMEs) [14]. At
present, the SME sector is one of the most vulnerable since, like any business, they
require correct management of their financial income.
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These incomes depend, largely, on proper financial management, which many SMEs
lack. According to the Development Center for Business Competitiveness, 75% of
SMEs close their operations just two years after being created. Moreover, the National
Institute of Geography and Statistics (INEGI, by its acronym in Spanish) denotes that
the new businesses in Mexico only live on average 7.7 years [16].

Conventionally, the study of economic growth is based on the analysis of indicators
such as GDP, thanks to which the significant share of retail trade in the Mexican
economy is notable. Although GDP is not a sufficient indicator to determine the
economic growth of the country, it is one of the most important, since a rise in this
indicator could easily translate into an increase in employment. In addition, the
occupation and employment indicators provide relevant information in this area.

2.2 Economic Indicators

Concerning the employed population by size in the economic unit, the employment and
occupation indicators establish that 20.1 million people are employed in micro-
businesses, 7.5 million in small businesses, and 5.2 million in medium sized businesses.

This information is representative since it has a coverage of 63.9% (84556) of the
dwellings in the National Survey of Occupation and Employment (ENOE, by its
acronym in Spanish) [17]. Among the organizations that provide information on the
activities, economic indicators, and the labor market include:

— The National Survey of Occupation and Employment, which is the primary source
of information on the labor market. It provides monthly and quarterly data on the
labor force, occupation, labor informality, underemployment, and unemployment
[18]. In 2020, they disseminated the occupational characteristics of the population
aged 15 years and over, along with demographic and economic variables for the
analysis of the labor force.

— The Annual Trade Survey (EAC, by its acronym in Spanish), which provides
information on commercial activities and provides a frequent statistical overview
that contributes to the decision-making of the different productive sectors of the
country [19]. The Annual Trade Survey is based on the Monthly Survey on
Commercial Companies (EMEC, by its acronym in Spanish), whose main purpose
is to generate statistical information.

— The World Trade Organization (WTO) is the only international organization, of
which Mexico is a member, which deals with the rules that govern trade between
countries. Its aim is to ensure that commercial exchanges take place in a fluid,
predictable and free manner [20]. One of his recent publications was 'Helping
MSMES Navigate the Covid-19 Crisis', which explains how SMEs have been
affected by the COVID-19 pandemic.

2.3 Clustering Based Machine Learning

Machine learning consists of a set of algorithms for data-driven analysis, which allow
establishing models, from the data of examples or experiences, to train machines
(computers) and learn from them [8] [21]. Within machine learning, unsupervised
methods are algorithms that base their training process on a previously defined,
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labelless data set. That is, no target or class value is known, either categorical or

numeric. Therefore, these methods do not require human intervention [22].

The main applications of unsupervised learning are related to data clustering, where
the objective is to find clusters with similar elements, in such a way that the internal
elements of a cluster have a high similarity, and are different (dissimilar) with elements
of others clusters [23]. There are two main types of clustering algorithms [24]:

1. Hierarchical, which produce a hierarchical organization of the elements that make
up the data set, thus enabling different levels of clustering.

2. Partitional, which generate clusters of elements that do not correspond to any type of
hierarchical organization. These algorithms are based on the distance
between elements.

Partitional algorithms assume a priori knowledge of the number of clusters into
which the data set must be divided, that is, they arrive at a division that
optimizes a predefined criterion [25]. Among the algorithms that use this type of
clustering highlights K-means, whose main idea is to define k centroids (one for each
cluster) and then take each element (a record) from the database and place it in the
nearest centroid cluster.

The centroid is a point that occupies the middle position in a cluster. The next step
is to recalculate the centroid of each cluster and redistribute all elements according to
the nearest centroid. The process is repeated until there are no longer changes in the
clusters formed [24]. In addition, in K-means the elbow method is used, with different
configurations of k, to obtain an approximation to the adequate number of clusters [26].

2.4 Related Work

In recent years, in Mexico, trade is the object of study due to its importance, not only
in the national and international economy but also because of its impact on the Mexican
population. In this sense, the analysis of retail trade is essential for the benefit of
understanding the development and economic growth of a certain region over the years.

This type of analysis can be achieved based on the observation of similarities, trends,
and behaviors, for which machine learning algorithms are useful, some works related
to data grouping and partitioning algorithms in economics are:

— Data mining and machine learning in the retail business: developing efficiencies for
better customer retention [6] presented an analysis of retail marketing and discussed
the application of data mining and machine learning techniques. Within the
methodology, the use of K-means as a tool for the identification of incomplete data
points stands out.

This algorithm, together with another one for predicting customer interest and
pattern mining techniques, made it possible to identify purchase patterns from
user records.

— P2V-MAP: Mapping of market structures for large retail assortments [15], where
market structures were analyzed through advances in natural language processing
and machine learning. The approach used made it possible to compare data
dimensionality reduction techniques, which show a contribution to the market
analysis. In addition, the use of machine learning algorithms is proposed to propose
solutions in problems related to the structures of the retail market.
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— Machine learning for enterprises: Applications, algorithm selection, and challenges
[4], in this work the importance of machine learning applied to companies, is
exposed, with the aim of promoting their technological development, and thus
reducing costs of products and services. In addition, the use of methods and
challenges in the application of machine learning algorithms for grouping,
classification, and forecasting were analyzed. As well as the increase in the
implementation of machine learning tools and algorithms in companies to increase
their potential.

— Sustainability of SMEs in the Competition: A Systemic Review on Technological
Challenges and SME Performance [27], in this paper the importance of SMEs as an
engine of economic development was discussed, described the challenges they face,
and reviewed the need for technological progress to drive innovation in the economy
and the positive effects it has on production levels and economic growth. In addition,
the adoption of information technologies as a means to face competitive challenges
in SMEs was exposed.

Due to the growing need to increase research focused on the Mexican economy,
based on machine learning, it is important to include, in the solutions, algorithms and
varied approaches for understanding trade retail. The purpose is to identify evidence in
the form of patterns from the data, with which various informed and thoughtful
analyzes can be carried out on the current situation of retail trade and its impact on
the national economy.

3 Method

The method defined for the analysis of the behavior of retail trade in Mexico was
divided into four stages: a) data acquisition, b) exploratory data analysis, c) selection
of variables, and d) algorithmic application.

3.1 Data Acquisition

The analyzed data were obtained from the Annual Trade Survey. This survey is based
upon the economic units from the National Statistical Framework of Economic Units
(MENUE, by its acronym in Spanish), supplied by the Mexican Business Statistical
Registry (RENEM, by its acronym in Spanish) with referenced design variables [28].

The data source corresponds to open data available through the official website of
the INEGI' , which is made up of data matrices on prime economic indicators of
commercial activity by sector, subsector, and branch of economic activity at the
national level. The global information is made up of 40 branches of economic activity
and is made up of 2134549 businesses in the commercial sector. Of these, 18 branches
belong to the wholesale trade (comprising 126933 business) and 22 to the retail
trade (comprising 2007616 business), being, the latter, and the object of study in this
research work.

Furthermore, the North American Industrial determines the variables used
Classification System, which allows us to create clusters systematically, always under

! www.inegi.org.mx/app/descarga/ficha.html?tit=110334&ag=0& f=csv
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Table 1. Aggregation levels of economic activities by sector, subsector, and industrial branch.

Code Levels of aggregation

4611 Retail trade of groceries and food products

4612 Retail trade of beverages, ice, and tobacco

4621 Retail trade in self-service stores

4622 Retail trade in department stores

4631 Retail trade of textile products, except apparel

4632 Retail trade of clothing, costume jewelry, and clothing accessories
4633 Retail trade of footwear

4641 Retail trade of health care items

4651 Retail trade of perfumery and jewelry

4652 Retail trade of entertainment articles

4653 Retail trade of stationery, books, magazines, and newspapers
4659 Retail trade of pets, gifts, religious articles, disposables, handicrafts, and other

articles for personal use
4661 Retail trade of household furniture and other household goods

4662 Retail trade of furniture, computer equipment and accessories, telephones, and
others communication devices

4663 Retail sale of articles for interior decoration

4664 Retail trade of used goods

4671 Retail trade of hardware, plumbing, and glassware

4681 Retail trade of cars and trucks

4682 Retail trade of parts and spare parts for automobiles, vans, and trucks

4683 Retail trade of motorcycles and other motor vehicles

4684 Retail trade of fuels, oils, and lubricating grease

4691 Retail trade exclusively through the Internet, and printed catalogs, television,

and similar

the same logic, which helps to avoid controversies and errors of interpretation [29].
Further, within the retail trade, the stratification by a number of workers in each
company according to INEGI is defined as [30]: 1) micro (up to 10 people), ii) small
(11 to 30 people), and iii) medium (31 to 100 people).

3.2 Exploratory Data Analysis

The analysis period was from 2016 to 2019, since in 2020 the final figures were
published as part of the 2019 Economic Censuses. In this sense, an exploratory analysis
was initially carried out on the data set, which was useful to know the data and
understand its main characteristics. Thus, based on data exploration, it was observed
that the data structure is made up of 61 variables that represent economic activities.

The data recorded are non-negative numbers, which were grouped into number of
establishments, number of people, and thousands of pesos (national currency). Also,
there are no null values. It was also observed that there are no out-of-range values.
Table 1 shows the levels of aggregation, where the first two digits correspond to the
sector (46), the first three digits to the subsector, and the four digits as a whole to the
branch of economic activity.

The degree of linear relationship between pairs of variables was also measured. This
information was structured in a correlation matrix, finding mostly a weak relationship
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between the variables. However, those variables that presented a certain relationship
were those belonging to the same economic activity. In addition, it was necessary to
carry out a selection of variables. This selection allowed focusing the analysis on the
significant variables of different economic activities of the retail trade.

3.3 Feature Selection

From each of the 22 retail trade branches, shown in Table 1, a set of 58 variables was
obtained, from which categorical variables were filtered, and the year was discarded
because it inherently already represents a clustering of data, which is to be avoided,
since the objective is to obtain a segmentation that combines all the variables through
the measurement of similarities between the available elements. In this sense, the
selected variables offer information on the following categories:

1. Stratum of the business: micro, small or medium.
2. Types of establishments: auxiliary or commercial (number of establishments).
3. Dependent and non-dependent personnel: women and men (number of people).

The other selected variables represent different significant activities of the retail
trade, such as: a) consumption of goods and services; b) taxes on the activity; c) net
sales; and d) fixed assets. These financial activities represent the set of operations that
are executed in the supply and demand market, whose path is the acquisition of income
and the realization of expenses.

3.4 Algorithm Application

For the cluster analysis, the K-means algorithm was used due to its functionality and
efficiency characteristics, where through a method, such as the Elbow, it is possible to
define the appropriate number of clusters into which the data vectors should be divided
(elements), which make up the data set.

Furthermore, through this algorithm optimization problem are dealt with, in which
the elements are distributed in K clusters so that the sum of the internal variances of all
of them is as low as possible. Thus, in order to find similarities in the different
branches of retail trade, the algorithm was implemented in Python, in such a way
that clusters were generated based on the following process of assigning elements
and updating centroids:

Start: centroids chosen during each iteration were established randomly for the
formation of clusters.

1. Assignment: each data point (vector) was assigned to its nearest centroid.

2. Update: the average of all assigned points in the cluster was calculated to set the
new centroid.

3. Repeat: steps 2 and 3 were repeated iteratively until the centroids no
longer changed.

The elements were assigned employing the minimum distances, measured through
the Euclidean distance, between each element and the centroids, achieving thus, a high
intra-cluster similarity and low inter-cluster similarity. The equation of the Euclidean
distance is as follows:
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Fig. 1. Elbow method for identifying the adequate number of clusters.

dist(p,c) = (D

where, p = {p1, ..., pn} are the elements of the data set and ¢ = {cy, ..., ck} corresponds
to the centroids. Therefore, by virtue of the need for a priori knowledge about the
adequate number of clusters, a range of k configurations was established for the
implementation of the algorithm.

This range allowed the algorithm to be run iteratively to obtain the clusters.
Subsequently, based on the resulting categorization, the sum of the squared error (SSE)
between each element of the formed cluster and its closest centroid was calculated. This
SSE estimate was for each configuration of k based on the following equation:

k k
SSE = ;dist(pi.ci) =3 D - @)

k=1 p;€Cx

Since this is a measure of error, the goal of K-means is to try to minimize this value.
This measurement of error is used to carry out the elbow method, in which a curve is
drawn with the values obtained from SSE to find an inflection point (elbow), through
which the optimal number of clusters to be analyzed is established. Figure 1 shows the
layout of this curve, in which it is observed that the elbow effect suddenly changes its
orientation in k equal to 5.

4 Results

From the results obtained, a differentiated segmentation was observed for the
evaluation period (2016-2019). Thus, based on the internal similarities of the clusters
and the values of their centroids, Table 2 shows a summary of their most significant
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characteristics, determined by the aspects in which each cluster stands out for having
greater or lesser participation in the retail trade activities; stratum (micro, small and
medium-sized business), types of establishments and personnel (dependent and non-
dependent); and consumption, taxes, sales and fixed assets.

Cluster 1 is distinguished by having the least amount of money directed to the tax
payment levied on commercial activity, and specific taxes on the products sold. Also
characterized by the lack of control and tax burden. A case is the businesses that sell
through the Internet, which, despite the increase in the consumption of products and
services through digital platforms, the payment of their taxes is still low. This causes
an impact on tax collection, generating administrative and control weaknesses.
According to the economic study carried out by the OECD, tax revenues in this branch
continue to be low and fiscal policy has a lower redistributive impact.

This causes an impact on tax collection, generating administrative and control
weaknesses for the payment of taxes. Contrary to the previous cluster, Cluster 2 is
characterized by allocating the largest amount of resources to consumption, tax
payments, sales, and fixed assets. This behavior is because the retail trade, for example,
in self-service stores, it stands out for having a higher productivity and more efficient
distribution of products. Cluster 3 stands out for being made up of the grocery and food
retail trade, as one of the most common industrial branches in Mexican society, where
competition is local.

In addition, this type of commerce consists mainly of micro-businesses, since they
have fewer barriers thanks to the behavior of consumers, who go to the stores closest
to their home to obtain better prices, greater variety, or another benefit. Cluster 4 has
differences between the industrial branches that comprise it, since they do not follow
the same trend throughout the period analyzed.

This may be due to the fact that these branches have undergone a process of
transformation in recent years, for example, the retail trade of hardware stores and glass
items has presented significant declines with respect to foreign investment. For its part,
Cluster 5 is characterized by having increased participation of small and medium-
sized businesses.

This is important because, during 2020, the same trend continued according to the
information provided by Data Mexico, there was an in-crease of 15.1% in small
businesses and 10.6% in medium businesses, this compared to the previous year (2019).
Meanwhile, the micro businesses continued with a fall of 2.45%.

Regarding the participation in the different financial items and activities, it was
observed that Cluster 1, unlike Cluster 2, is the one with the most industrial branches
and that they have lower participation in all financial activities. This confirms the
characteristics mentioned in the background section regarding SMEs and how they
survive in the midst of an aggressive and demanding market.

It was also observed that clusters 3 and 5 have greater participation in the three strata
(micro, small and medium business), compared to clusters 1, 2, and 4. On the other
side, in the conformation of the five clusters, there are industrial branches that have
participated in more than one cluster, such as:

1. Retail trade of the furniture, computer equipment, and accessories, telephones, and
other communication devices,
2. Retail trade of parts and spare parts for automobiles, vans, and trucks; and
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Table 2. Summary of the clusters obtained.

Cluster Characteristics

Industrial branch

— Beverages, ice, and tobacco | Textile products, except apparel | Clothing, costume jewelry and clothing
accessories | Footwear | Perfumery and jewelry articles | Entertainment articles | Stationery, books, magazines,
and newspapers | Pets, gifts, religious articles, disposables, handicrafts and other articles for personal use |
Household furniture and other household goods | Furniture, computer equipment and accessories, telephones,
and other communication devices (2016 and 2017) | Interior decorating articles | Used goods | Parts and spare
parts for automobiles, vans, and trucks (2016 and 2017) | Motorcycles and other motor vehicles | Retail trade
exclusively through the Internet, and printed catalogs, television and similar.

dent

and d dent)

P

Stratum, types of establishments and personnel (dep
1 — The lowest number of small and medium-sized companies.

— The lowest number of auxiliary establishments.

— The lowest number of dependent personnel (men) and non-dependent personnel (men and women).

Consumption, taxes, sales, and fixed assets

— The lowest consumption of merchandise, materials, raw and auxiliary materials.

— The lowest number of taxes levied on the activity and specific to the products.

— The lowest net sales of merchandise, manufactured products, services rendered, rental of movable and
immovable property.

— The lowest purchase and sale of machinery and production equipment, real estate, transportation units and
equipment, computer and peripheral equipment, furniture, office equipment, and other fixed assets.

Industrial branch

— Retail trade in department stores.

dent

and d dent)

P

Stratum, types of establishments and personnel (dep
— The greatest participation of non-dependent personnel (men and women).

Consumption, taxes, sales, and fixed assets
2 — The biggest amount of money for consumption of merchandise, fuels and lubricants, electrical energy,

containers, and packaging; payments for the rental of movable and immovable property, personnel non-
dependent, advertising, and communication services.

— The highest number of specific taxes on products.

— The highest net sale of merchandise, manufactured products, income from services rendered, rental of
movable and immovable property.

— The greatest purchase and sale of machinery and production equipment, real estate, computer and peripheral
equipment, furniture, office equipment, and other fixed assets.

Industrial branch

— Groceries and food products | Hardware, plumbing, and glassware products (2018 and 2019).

Stratum, types of establishments and personnel (dependent and dependent)
— The greatest number of micro-companies.
— The greatest number of auxiliary and commercial establishments.

3 — The greatest number of dependent personnel (men and women).
Consumption, taxes, sales, and fixed assets
— The greatest number of materials consumed for services rendered, raw and auxiliary materials.
— The greatest number of taxes levied on the activity.
— The lowest consignment and commission income.
Industrial branch
— Retail trade in department stores | Health care items | Hardware, plumbing and glassware products (2016 and
2017) | Cars and trucks | Furniture, computer equipment and accessories, telephones and other communication
devices (2018 and 2019) | Parts and spare parts for automobiles, vans, and trucks (2018 and 2019).
4 Stratum, types of establishments and personnel (dependent and dependent)
— The lowest number of small companies.
Consumption, taxes, sales, and fixed assets
— The greatest consignment and commission income.
Industrial branch
— Retail trade of fuels, oils and lubricating grease.
Stratum, types of establishments and personnel (dependent and dependent)
5 — The greatest participation of small and medium-sized companies.

— The lowest number of commercial establishments.
— The lowest number of dependent personnel (women).

Consumption, taxes, sales, and fixed assets
— The greatest purchase and sale of transportation units and equipment.
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3. Retail trade of hardware and glass items. This behavior is due to the years of
analysis, from 2016 to 2019, associated with the 22 branches of the retail trade.

Consequently, it is possible to observe that the different trends that prevailed over
the years, in the different industrial branches, are a reflection of the economic activity
of the country and its industrial sectors. Activities such as imports directly affect
merchants' suppliers. On the other hand, foreign investment in different industrial
sectors also has a direct impact on retail businesses.

Sectors such as manufacturing industries, food and beverage preparation, wholesale
trade, real estate services, construction, mining, agriculture, animal husbandry and
exploitation, forestry, fishing, and hunting; as well as generation, transmission,
distribution, and commercialization of electrical energy, supply of water and natural
gas through pipelines to the final consumer (in this case for use in economic
units dedicated to retail trade), have a great impact on the items analyzed for
each industrial branch.

Certainly, it is important to analyze the market in which the retail trade operates from
the point of view of the consumer and how its decisions affect the retailer. The results
obtained provide the basis for understanding the power that the consumer has within
commerce in Mexico. For example, today supermarkets have displaced retailers,
causing consumers to prefer supermarkets instead of small businesses.

This is due to the ability of large companies to offer lower prices and offer a huge
variety of products. These characteristics have led some retailers out of business. To
avoid business closures, the participation of retail businesses in tax regimes should
be promoted.

For example, the Ministry of Finance and Public Credit, together with the Tax
Administration Service, must continue with the incorporation of SMEs to the Tax
Incorporation Regime (RIF), to obtain benefits, such as discounts on income tax (ISR),
deduction of payments, issuance of electronic invoicing, social security, financing or
credits. However, pro-retail policies for many entrepreneurs are partial solutions,
causing them to fail or survive in the midst of an aggressive and demanding market.

5 Conclusions

The retail trade has experienced risks and difficulties over the years that impede its
development and growth. Since this type of trade is an important part of the economic
and social stability of a country, it is essential to understand its behavior, which, hand
in hand with specialized machine learning algorithms, is possible to do so. The
importance of data in economics is useful for the development of social impact studies
that provide relevant information. Under this idea, working with open data from the
retail trade represented a significant challenge, since key variables were identified for
obtaining useful results on the population dedicated to the retail trade.

In line with the above, it is essential to highlight the importance of retail trade within
the Mexican economy, considering that it is the sector to which many SMEs are
dedicated and, in terms of GDP, it is the source of numerous jobs. However, it is also
struggling to survive in the market. These SMEs subsist in the midst of the vulnerability
of their businesses since they lack financial management, which does not allow them
to develop within a demanding market. They also do not have the resources to update
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their technology. From the foregoing, the need for policies to benefit workers dedicated
to the retail trade without requiring complex administrative procedures is derived.

The incorporation of retail businesses into tax regimes is a solution that seeks the
protection and well-being of workers in any eventuality. However, it is a complex
activity to manage for most workers, so focusing efforts to promote support programs
for micro, small and medium-sized businesses is essential for their growth and
economic development. On the other side, in order to identify strengths, weaknesses,
opportunities, threats and even risks that the retail trade faces, the use of machine
learning algorithms becomes essential, since they provide a way to the resolution of
specific problems. For this reason, the application of the K-means clustering algorithm
allowed a better understanding of the behavior of the retail trade.

Undoubtedly, making use of clustering algorithms proved to be a powerful tool for
observing the dynamism over the years of the trade sector, thus confirming the
importance of applying machine learning as a support tool in data analytics in the field
of economics and, with this, to know the growth economic of Mexico. It was observed
that the retail trade has experienced risks and difficulties that impede its development
and growth, therefore, measures must be established to guarantee support plans,
regardless of their size; provide guidance on the shortage of skilled labor; advise on
subsistence in the sector after the crisis due to the COVID-19 pandemic; and diversify
sales channels, especially by helping small physical retailers sell online.

As future work, it is intended to make a new analysis with updated information to
enrich the results obtained. This may be important due to the behavior of the COVID-
19 pandemic and its impact on the retail trade, which, according to sources consulted,
registered a significant drop, compared to months prior to said pandemic. In addition,
it would be relevant to focus efforts on the visualization of results through visual
resources such as graphics, maps or a graphical interface aimed at interested users and
thus contribute to decision-making, or information analysis in this area.
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Abstract. In this work, an algorithm towards automatic feet measurements
extraction for personalized footwear design is presented. The algorithm performs
orientation, localization and semantic segmentation of a point cloud produced by
a 3D feet scan system. The algorithm input instance is a point cloud from a 3D
scan of a user standing on their feet on a flat surface. The outputs are two point
clouds; each one is a segmentation of the user’s left and right foot with its own
coordinate system. The algorithm implementation is done with the point cloud
library Open3D. It combines linear programming and techniques from Machine
Learning such as RANSAC and DBSCAN together with the point cloud
processing algorithm Screened Surface Poisson Reconstruction to process the
localization and segmentation of the foot. The proposed method contributes to
the extraction of anthropometric measures of the feet in order to be able to build
personalized footwear, which is ongoing research.

Keywords: Point cloud, semantic segmentation, localization,
footwear customization.

1 Introduction

Technologies available for specialized users, with time will reach the maturity required
for mass consumption. Such an actual case is the light detection and ranging (LiDAR)
sensors which was popularized after the DARPA urban challenge competition on self-
driving cars [1]. Today, this technology is embedded into higher end tablets and
smartphones produced by the company Apple®.

The LiDAR and cameras on these devices produce an RGB-D image, which is a
regular image with a distance value for each pixel. Several RGB-D images can be
processed to create a 3D scan of a scene in a process known as scene registration [2]. It
is expected that this technology will improve the experience of online stores as users
will be able to scan its whole body or parts of it and get the proper size for every product
they buy online [3].
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Fig. 1. Typical input point cloud from the feet scan process. For the Multi View shape
representation around 60 photographs of the feet are taken; then the photographs are processed
to change from Multi View to point cloud shape representation. The icons around the feet
represent the position and orientation of the camera for each photograph taken.

Unfortunately, current footwear mass production provide a proper fit to 90% of
customers with 3 shoe widths per length [4], so there exists an important percentage of
the population that uses wrong sized shoes, which can produce foot deformities and
decrease life quality over time. The present work proposes a method to do semantic
segmentation of the feet scan of a person in standing position.

The method produces a point cloud and a coordinate system for each foot, so it will
be possible to further process it to extract anthropometric measures such as the ones
described in [5] to design personalized footwear. The outline of this work is as follow:
in section two, the input instance expected for the algorithm is described. Section three
presents the floor segmentation and initial alignment of the Z axis. Section four
describes the foot clustering and removal of foot noise. Finally, in section five the
creation of the new coordinate system for each foot is introduced.

2 Data

The algorithm requires as input a point cloud X, such that each point x € X belongs to
the Euclidean space R3. Even tough the point cloud might have color information for
each point; this data is deliberately ignored, as it would require us to consider aspects
like different skin tones and floor color for the segmentation.

The point clouds used for this study are obtained from Multi View 3D object
representation [6], which consists of around 60 photographs of the subject to scan. Each
photograph is processed through the photogrammetry software COLMAP [7, 8] to
transform them from Multi View to Point Cloud shape representation.
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Fig. 2. Point cloud after removal of all points identified to belong to the floor’s plane and
alignment of the floor to the Z-axis with its direction pointing upward from the floor. The red
arrow represents the X-axis, the green arrow the Y-axis and the blue arrow the Z-axis.

Fig. 3. Points of the two largest clusters found by DBSCAN (without points from the
noise cluster).

This method assigns an arbitrary coordinate system to the point cloud, which is
dimensionless; the cardinality of the point cloud is in the order of hundreds of thousands
of points. The 3D feet scan must comply with the following characteristics:

— The person at time of the 3D scan must be standing on a flat surface
(knee above heel).

—  The scan must cover at least 1/2 of the knee height and up to half meter.
—  The scan must have at least one square meter of floor.

—  The scan must not have points below the floor.
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—  Feet must be free of strong amputations.

— Foot must have a separation of at least 15 cm between them.

3 Floor Segmentation and Z Axis Alignment

The first step towards foot localization is to identify the points that belong to the floor.
Those points lie over a plane, which needs to be characterized to align it to the Z-axis.
We also need to ensure that the positive Z-axis direction point upward from the floor.

3.1 Floor Segmentation

From Figure 1 we can see that we could do the floor segmentation based on color data.
We could choose blue points and classify them as floor, but such strategy would fail
with other floor colors. We could also do the segmentation based on skin color, but this
would have the same weakness as people around the world have different skin tones.

As we want to create a robust algorithm for the segmentation, the strategy is to
identify every point that belongs to the floor through the use of the Random Sample
Consensus (RANSAC) [9] plane segmentation algorithm implemented on the Open3D
library [10].

RANSAC takes three aleatory points from the point cloud to define a plane, then
counts the inlier points (those closer than a threshold to the plane) and repeats this
process several times. The set of points from the plane with more inlier points is
used to find the plane such that the summed squared distances from the plane to all
points is minimized.

The fitted plane is returned as (a, b, ¢, d) such that for each inlier point (x,y, z) we
have (ax + by + cz + d = 0). The algorithm also returns a list of indices of the inlier
points. RANSAC algorithm requires three arguments: the maximum distance (6) a
point can have to an estimated plane to be considered an inlier, the number of points
(n,) that are randomly sampled to estimate a plane, and the number of times (n,) a
random plane is sampled and verified.

A worst case scenario is used to quantify the probability that RANSAC will find the
floor plane; we define a box with the biggest foot dimensions found in the Mondopoint
scale [11] and the maximum height of the scan. The box surface but the face touching
the floor represents the area of the foot. To compute the area of the feet A, we have:

Ager = 2210 + 2wh + w), (1)

where l =32 c¢cm, w = 12.2cm and h = 50 cm, 50 Age, = 9,620 cm?, we have the
minimum floor area which is Ag., = 10,000 cm?. We define a Binomial Random
Variable to calculate the probability P that RANSAC will choose three points from the
floor to define a plane:

Py = (Z) p*(1—p)" ¥, )

!
(Z) a (nn— KV 3
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Fig. 4. Mesh for one foot displayed with a shader where violet indicates low point
density and yellow high point density.

where p is the probability of choosing a point from the floor and is calculated by:

Aﬂoor

=t )
Aﬂoor + Afeet

p

And we want to calculate the probability of three successes in three trials
(n =3, k=3). Performing computation with the previous parameters give
p =0.51 and P; = 0.132. As RANSAC repeats this process, by The Central Limit
Theorem we can approximate the distribution of planes found from floor points with a
normal density function with parameters u=np and o= \/ﬁ where
n=n, p=Fandq=1-F.

For this work n, = 1,000, therefore, we have that RANSAC will find a mean u =
132 of different planes from points of the floor with a standard deviation of o = 10.7.
Therefore, RANSAC with a probability higher than 99.7% will chose the best floor
plane from more than 100 plane samples from the floor.

3.2 Z Axis Alignment

The equation of the floor plane is used to rotate the point cloud such that its normal
vector is parallel to the Z-axis; then a translation transformation is applied to the point
cloud such that the center of the floor’s inlier points is translated to the origin of the
coordinate system.

The center of the point cloud must be between the floor and the knee of the user, so
if the Z coordinate of the point cloud center has a negative value, then the point cloud
is rotated 180° around the X-axis; otherwise, it is left in its current configuration.

Finally, all floor’s inlier points are removed from the point cloud. Figure 2 shows
the point cloud once this process ends with the coordinate system’s Z-axis pointing
upward from the floor and the XY plane aligned to the floor plane.
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4 Foot Clustering

From Figure 2 we can see that not all floor points are removed, therefore, further
processing is required. The algorithm chosen is Density-Based Spatial Clustering of
Applications with Noise (DBSCAN) implemented in Open3D. DBSCAN is a recursive
algorithm that starts with an arbitrary point and counts the number of points at a
distance lower than a threshold (eps), if the quantity is more than the minimum of points
required to form a cluster, then a cluster is created; then close clusters are merged.

The algorithm returns for each point either its cluster label or that it is classified as
noise, in Figure 3 we can observe the two largest clusters found. DBSCAN requires
two parameters: eps, which defines the maximum distance between neighbors in a
cluster and min points, which defines the minimum number of inlier points required to
form a cluster.

4.1 Foot Noise Removal

To filter the noise around both foots, the Screened Poisson Surface Reconstruction
(SPSR) is used. SPSR produces watertight surfaces from oriented point sets by (1)
transforming the oriented point samples into a continuous vector field in 3D, (2) finding
a scalar function whose gradients best match the vector field, and (3) extracting the
appropriate isosurface [12]. The surface has different densities as the algorithm
will also create triangles in areas of low point density, and even extrapolates into some
areas without points.

The input point cloud to SPSR must have normal vectors, Figure 4 shows the
resulting mesh with a shader where normalized point densities of the mesh are
displayed with pseudo color, where yellow indicates high point density, orange
midpoint density, and violet low point density.

The area under the foot clearly does not have supporting points. SPSR requires
parameter depth, with high values the final mesh will have more details, lower values
produce smoother surfaces. In Figure 5 we can observe the mesh without low density
triangles inside an Axis Aligned Bounding Box (AABB) which serves as guide to find
the proper coordinate system in further steps.

5 Foot Alignment to the Coordinate System

From Figure 5 we can observe that every AABB edges are parallel to one of the axes
of the coordinate system. To find a coordinate system for each foot, some properties of
the AABB will be used:

1  An AABB encloses all vertices in the input mesh with the lowest possible volume.
2 Each AABB face normal vector is parallel to some axis of the coordinate system.

First, as explained in Section 3, we know that the Z axis is parallel to the floor’s
plane normal vector, and its direction is pointing upward from the floor. Now, we will
find the Z-axis rotation for each foot that minimizes the length of the AABB along the
X-axis using linear programming; the rotation search space is [0, ]. The minimization
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Fig. 5. Resulting mesh after removal of low-density triangles inside the AABB.

algorithm used is a modified version of [13] implemented in SciPy library [14]. The
returned angles found are used to rotate each foot model around the Z-axis.

5.1 Select of the AABB Face to be Aligned to the XZ Plane

We want to position the foot such that the direction from heel to toes points towards
the positive Y direction. Linear programming does not guarantee this, it just aligns the
foot in the X and the Y-axes, but the solution found might be in the wrong direction, as
seen in the foot on the right of Figure 6. The next algorithm is used to identify if the
foot needs to be rotated to properly be aligned to the Y-axis.

1 The input instance is the point cloud cluster of one foot rotated as the linear
programming output.

2 Select the two vertices of the AABB of the cluster’s high-density foot mesh with
lower X value and higher Z value.

3 Count the points inside a radius of length r from each vertex selected, where 1 is
the width of the AABB.

4 Choose vertex with higher points.

5  If the vertex selected is the one with higher Y coordinate, then rotate the foot by
180° around the Z-axis.

5.2 Translation of the Foot to the Origin

At this point, we have both feet properly aligned to the Z and the Y-axes, but we still
need to translate them to the origin of the coordinate system.
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Fig. 6. Each foot mesh is rotated by angle found through linear programming. Notice that both
foot lengths and widths are aligned to the Y-axis and the X-axis respectively.

Fig. 7. Foot aligned to the coordinate system.

To do this, we use the AABB vertex with lower X, Y and Z values as anchor point
of the foot and move it to the coordinate (0,0,0) and then move it half of the X width in
the negative direction along the X axis. The resulting aligned foot point cloud is shown
in Figure 7.

5.3 Discussion

The method presented in this work has the objective to do localization, orientation and
semantic segmentation of the point cloud of the feet of a person. The evaluation at this
stage is qualitative, as the photogrammetry method to recover the 3D shape
produces a dimensionless point cloud; further work is required to produce a 3D shape
that recovers dimension.

Future development will require creating a database of several point clouds with
labels of each point to measure the precision and recall of the segmentation
method. Nevertheless, the presented method is an important step towards the extraction
of anthropometric measurements of a person’s feet, which is a requirement to design
personalized footwear.
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The method to define the final precision of the anthropometric measurements is in
evaluation; the two options being considered are based on Machine Learning theory
and variance propagation.

The Machine Learning approach requires capturing a set of data, labeling it and
defining a loss function so the error can be measured with enough confidence to state
that the method generalizes properly.

The variance propagation requires to measure the error at each step of the process so
an estimate of the variance of the final measurements can be calculated. As stated
before, this is work in progress.

6 Conclusion

In this work, an algorithm to do point cloud segmentation and localization of foot has
been presented. As first step the RANSAC algorithm to identify floor points is used
and the Z axis is aligned to the plane of the floor; next with the DBSCAN algorithm
most floor noise is filtered and both feet are clustered; to remove noise from the foot
the SPSR algorithm is used; through linear programming the foot is aligned to the Y
axis and with radius search the face of the AABB closer to the heel is detected and the
correct direction in the Y axis is set. Finally, the foot shape representation is moved
properly to the origin of the coordinate system.

As future work, the point cloud will be in meters so the length and width of the foot
can be known, as well as other measurements required to find the proper footwear for
a given user.
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Abstract: Plant stress phenotyping consists of identification, classification,
quantification, and prediction (ICQP) in crop stress. There are several approaches
to plant stress identification. However, most of these approaches are based on the
use of expert employees or invasive techniques. In general, expert employees
have a good performance on different plants, but this alternative requires
sufficient staff in order to guarantee quality crops. On the other hand, invasive
techniques need the dismemberment of the leaves. To address this problem, an
alternative is to process an image seeking to interpret areas of the images where
the plant geometry may be observed, thus removing the qualified labor
dependency or the crop dismemberment, but adding the challenge of having to
interpret images ambiguities correctly. Motivated by the latter, we propose a new
CNN-Superpixel approach for plant stress phenotyping. This strategy combines
the abstraction power of deep learning and the information that provides the plant
geometry. For that, our methodology has three steps. First, the plant recognition
step provides the segmentation, location, and delimitation of the crop. Second,
we propose a leaf detection analysis to classify and locate the boundaries between
the different leaves. Finally, we use a depth sensor and the pinhole camera model
to extract a 3D reconstruction.

Keywords: Plant geometry understanding, plant stress phenotyping, CNN,
superpixel, deep learning.

1 Introduction

Phenotype is the observable characteristics or traits of an organism that are produced
by the interaction of the genotype (the genetic constitution of an organism) and the
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environment ! . Understanding these processes that span plant’s lifetime in a
permanently changing environment is essential for the advancement of basic plant
science [22]. Plant phenotyping is an important tool to address and understand plant
environment interaction and its translation into application in crop management
practices [27]. Abiotic stress includes factors such as drought, flood, salinity, radiation,
high and low temperatures, among others.

Meanwhile, in biotic stress, pathogens such as bacteria, fungi, yeasts, worms
(nematodes) are considered. Current approaches for accurate classification of biotic and
abiotic stresses in crop research and production are predominantly visual and require
specialized training. However, these techniques are subject to subjectivity and the
experience of the people who perform them. In addition, the availability of visual
signals allows the identification of types of stress, but these visual signals do not
coincide with the symptoms determined by experts [8]. Recently, high-throughput
stress phenotyping techniques have been introduced that rely primarily on remote
sensing or imaging.

They are able to directly measure morphological traits, but measure physiological
parameters mainly indirectly. Plant stress phenotyping is divided into four broad
categories, the so-called ICQP paradigm, the acronym represents Identification,
Classification, Quantification and Prediction. These four categories naturally fall into a
continuum of feature extraction where increasingly more information is inferred from
a given image [25].

Depending on the data acquisition devices, Plant Stress Phenotyping can be carried
out in two ways: Aerial and Ground Based Sensing. The rapid development of image-
based phenotyping methods based on ground-operating devices or Unmanned Aerial
Vehicles (UAV) has increased our ability to evaluate traits of interestfor crop breeding
in the field [10].

Studies on plant stress include those on drought stress [4], heat stress [26], salt stress
[14], nutrient deficiency [18] and and biotic stress [8].

Conventional plant stress identification and classification have invariably relied on
human experts identifying visual symptoms as a means of categorization [9]. According
to Naik ez al. [17], current methods for phenotypically measuring are completely visual
and labor-intensive.

Naik and his collaborators reported that visual scoring is the simplest, subjective
measurement that requires relatively less labor. However, it has reduced accuracy if the
evaluation is made in diverse environments and by different raters [24]. Today,
determination of crop stress factors using visible symptoms is still often a manual and
complex task predominantly carried out by trained and experienced individuals, such
as agronomists, crop scientists and plant pathologists [12].

The manual process is laborious, time-consuming and not always reproducible due
to the inherently subjective nature of manual ratings, experience and interpretation [8].
It should be noted that the experience over the years is an invaluable resource. Thus,
human experts can incorporate their knowledge into automated processes to improve
the efficiency of these types of systems.

In the last decades, several sensors and computer vision tools have been developed
and became pivotal for quantifying plant traits with increasing throughput and accuracy

! https://www.merriam-webster.com/dictionary/phenotype

Research in Computing Science 150(11), 2021 78 ISSN 1870-4069



3D Plant Geometry Understanding Using a CNN-Superpixel Approach

me ™, - »
\uPtrm\Ll um e Leaf detection % “‘
\ K -

Inpul image —L r

3D model
Plant recognition Depth image

Fig. 1. Block diagram of the proposed methodology.

[22]. Computer vision is a non-contact and non-destructive sensing technology that
enables multi-dimensional sensing capabilities [6].

This technology can be used to extract information from a targeted object including
morphological (size, shape, texture), spectral (colour, temperature, moisture), and
temporal data (growth rate, development,dynamic change of spectral and
morphological states) [11]. For commercial production systems, it is more
advantageous to develop a real-time plant canopy health, growth and quality monitoring
system with multi-sensor platforms.

This can be achieved by a sensing system equipped with a multisensor platform
moving over the canopy and ultimately using plants as ‘sensors’ to communicate their
true status and needs [11].

Unlike conventional methods, optical imaging is advanced to measure changes
caused by abiotic or biotic stressors in the plant physiology rapidly and without contact.
In general, the common imaging technologies have been employed for detecting the
crop stress, including digital, fluorescence, thermography, LIght Detection and
Ranging(LIDAR), multispectral and hyperspectral imaging techniques [7].

Remote sensing phenotyping methods are non-destructive and non-invasive
approaches [23], based mostly on the information provided by visible/near-infrared
radiation reflected (or transmitted) and far-infrared(thermal) radiation emitted by the
crop. Remote sensing techniques maybe deployed in situ screening for a wide range of
breeding objectives,including yield potential, adaptation to abiotic (water stress,
extreme temperatures, salinity) and biotic (susceptibility to pests and diseases) limiting
conditions, and even quality traits [1].

Another way to measure the state of health or stress of a plant is by using laboratory
techniques such as Kjeldahl method [3], a method developed for determining the
nitrogen contents in organic and inorganic objects.

For example, this method was applied in [28] to measure the total nitrogen content
in samples of rice plants. Kjeldahl method is the most accurate and also the most time-
consuming method [19]. Also, it is invasive method since its use implies the destruction
of the samples. However, it is useful in investigations where a baseline is required.
Thus, it is possible to measure the efficiency of a non-invasive method such as remote-
sensing technology.In recent work, there is significant progress in crop stress diagnosis
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Fig. 2. (a) RGB image; (b) Semantic image.

using machine learning [2]. This was achieved via learning algorithms that learn the
relationship between visual appearance and plant stress phenotyping.

Unlike the other trends (using expert employees or invasive techniques), this
approach analyzes the plant without qualified labor dependency or the crop
dismemberment, but adding the challenge of having to interpret images
ambiguities correctly.

Water stress is one of the main causes of death in plants, it occurs in plants in
response to a low water environment, where the transpiration rate exceeds the intake of
water. The problem of identifying stress in plants has been extensively studied.
However, the studies carried out use two-dimensional information to classify the state
of a plant, posing the problem of having to extract additional information, with a range
of possibilities to obtain better stress analysis results. Other works carry out stress
analysis with three-dimensional models for the extraction of the plant, but use rotating
tables or a set of images of different poses for its reconstruction.

To address this problem, the contribution of our work is a methodology for the
extraction of a 3D model from a single image, this strategy combines the power of
abstraction of deep learning and the information provided by the geometry of the plant.
For this, we consider 2D and 3D information to predict the effect of water stress on
growth caused by deficit of water and nutrients. Section 2 presents the proposed
methodology carried out for the extraction of the 3D model and the experiments carried
out, in section 3 presents the results for the evaluation of the proposed method. Finally,
the results are discussed in section 4.

2 Proposed Methodology

Our methodology has three steps. First, the plant recognition step provides the
segmentation, location, and delimitation of the crop. Second, we propose a leaf
detection analysis to classify and locate the boundaries between the different leaves.
Finally, we use a depth sensor and the pinhole camera model to extract the 3D pose.
The schematic representation of the proposal is shown in Figure 1.

2.1 Input Image

We denote the RGB input image as I,. We divide the image I,, into a grid ©. The grid
® consists of sections ©,,, where w denotes the w-th section in O, and each 0,,
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section has a patch 9, . A patch 9, is a finite set of pixels 9,4 = {x1,..., %y},
Yy, € O, where ¢ and w are the abscissa and ordinate from the © grid, respectively.
Pixel p,,,, is a pixel within the patch 9, .

2.2 Plant Recognition

We use a CNN architecture to segment the pixels with a semantic of crop elements.
This CNN learns two labels on crops (plant v! and no-plant v?). Although the no-plant
label does not correspond to a plant element; we use this label since we need to remove
it for the next steps.

2.2.1 Training Set

In the training set of semantic segmentation, we use the "Eschikon Plant Stress
Phenotyping Dataset" [13]. This dataset has spatiotemporal-spectral data pertaining to
sugarbeet crop growth under no, drought, fertilizer, and weed stress conditions over
two months. To obtain the training set, we divide the images of the datasets with labels
(plant v! and no-plant v?) in RGB images of 32x32 pixels. For example, we can
obtain 630 small sections (32X32 pixels) using an image (1920x 1080 pixels).

2.2.2 CNN for Semantic Segmentation

The input of the CNN is an RGB section ®° with a size of 32x32 pixels. In this case,
we train the YOLOv4 network to learn two labels of crops (plant v! and no-plant v?).
Also, our program uses a sliding window with a sweep of one pixel [20]. For that, this
program analyzes RGB sections of 32x32 pixels. The CNN paints the central pixel
Py,w Of the analyzed RGB section (32%32 pixels). For that, the CNN paints the central
pixel p, ,, of the analyzed RGB section 9,4, with green color if it has a plant label
v! (See Figure 2.6). On the other hand, the CNN paints the central pixel Pyw of the
analyzed RGB section 9, ,, with black color if it has a no-plant label v2.

2.3 Superpixel Image

We denote the superpixel image as I;. For the superpixel image I, we use the SLIC
superpixel approach [19]. The purpose was to classify and locate the boundaries
between the different sheets, this algorithm grouped pixels based on their similarity in
color and proximity in the image plane. Where 1; denotes the i™" superpixel in an
image I;. Given an RGB image, it is first converted to the LAB color space to group
pixels based on their color similarity and proximity in the image plane, improving
discrimination between foreground and background sheets.

This algorithm takes as input a desired number of super pixels K of approximately
the same size that is used to segment the input image with super pixels.

For the superpixel approach, we use the following parameters: desired number of
superpixels = 999, number of pixel-level iterations = 9, and shape smoothing term = 5.
The value of K depends on the type of images being worked on, considering the number
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Table 1. Confusion matrix dataset strawberry.

Predicted label
Plant No-plant
True label
Plant
45,845 4,155
No-plant
2,522 47,478

of objects that exist in the image, a high number of superpixels is used, in this way the
algorithm allows to better locate the edges of the sheets.

The assignment and update steps are repeated until the error converges [5], but we
found that 9 iterations are sufficient for the images and using K = 999, greater
visualization of details is highlighted.

2.4 Leaf Detection

We use the Hough transform for the leaf detection step. We implement Hough
transform to find circles in an image. For that, the Eq. 1 provides the mathematical
representation of the circle. Where (a, b) is the center of the circle, and r is the radius
in a fixed point (x,y). In this case, the Hough transform locates circles into the
superpixel edge of our semantic segmentation. Finally, the detected circles are the
leaves of the plant:

(x—a)®’+ (y—b)? =72 (1)

2.5 Depth Image

Nowadays, depth-sensing technologies are widely used to scan environments or
simplify challenging tasks such as object detection, pose estimation, visual tracking,
among others. In this work, we use a Kinect sensor to obtain the plant depth
information. For that, we denoted the depth image as D,. For the Kinect, we use the
following parameters: image resolution= 640 X 480, frames per second = 12, and
maximum depth = 4 meters.

2.6 3D Model Analysis

We use the basic pinhole model to extract the 3D model. This model considers the
projection of a point P(X,Y,Z) in space to a point p(x,y) in the image plane. The
relative size of an object in the image depends on the image plane distance Z and the
focal length f. The focal length f is the distance between the camera center C,
(camera lens center) to the image plane. The optical center or principal point O, is the
origin of coordinates in the image plane, but in practice, it may not be. By similar
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triangles, one quickly computes that the point P(X,Y,Z) is mapped to the point
p(fX/Z,fY/Z, f) on the image plane.

We use the pinhole model with the image plane information and the depth of the
sensor to compute the 3D recovery in crops. In our extraction, we convert the
information in meters. For that, we divided the scale factor k with the maximum RGB
value (255) and multiplied by a depth z (Subsubsection 2.5). The scale factor k is the
maximum depth of the Kinect sensor (Subsubsection 2.5). For example, considering a
maximum depth k of 4 meters and a depth estimation z of 128 in grayscale, Z is
approximately 2 meters. The Eq. 2-4 compute the coordinates (X,Y,Z) of a point in
the space:

_k-z 2)
T
_xZ 3)
X = 7 X
y-Z )
Y =—.
f

Finally, using the 3D plant model, we calculate the 3D centroid of the detected leaves
(Subsubsection 2.4). This centroid provides a 3D compact representation of the leaf. For that,
we use a simplification of the intensity centroid. This simplification of intensity centroid
obtains the central point by 3D leaf extracted. Defining the moments as:

. = )
m g = Z XPyazo,

XY,z

where j denotes the j™ 3D leaf extracted, and w is the number of pixel projections

by leaf. On the other hand, (p,q, g) are the orders of the moment m{,_q'g (we use an
order of 0 or 1). Finally, we determined the intensity centroid as:
J j j 6
ci = <m1,0,0 My1,0 m0,0,1> ©
Y
m0,0,0 m0,0,0 m0,0,0

2.7 Crop Irrigation and Fertigation

The experiment and acclimatization of the plants was carried out in a prototype built
with a drip irrigation system with average conditions of temperature of 20 ° C and
relative humidity of 60%. The prototype automatically controls 4 12v water pumps with
a power of 19 watts and a current of 1A, and 2 incandescent lamps of 150 watts through
a mobile application. The lamps were turned on daily from 6:00 a.m. to 6:00 p.m. and
the pumps were activated at 8:00 p.m. Twelve strawberry plants organized in four
groups called A, B, C and D, each with 3 plants, were placed in the prototype. Groups
A and B were used to simulate stress conditions due to lack of water, while C and D
were used to simulate stress conditions due to lack of nutrients. Group A was watered
with a dose of 250 ml of water and group B with 150 ml of water every 2 days.
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Table 1. Semantic segmentation evaluation.

N. images Dataset sugarbeet Dataset strawberry
Precision Recall F1-score Precision Recall F1-score

15,000 0.75 0.78 0.76 0.80 0.85 0.82
20,000 0.78 0.80 0.78 0.85 0.91 0.87
25,000 0.83 0.85 0.83 0.90 0.93 0.91
30,000 0.85 0.90 0.87 0.91 0.93 0.91
40,000 0.88 0.93 0.90 0.91 0.94 0.92
50,000 0.91 0.94 0.92 0.93 0.95 0.93

14

Nutrients
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) §1z
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Fig. 3. (a) Water stress grid ; (b) Nutrient stress grid.
Table 2. 3D model evaluation.

RMS(x) RMS(y) RMS(z) Average

0.013416 0.029814 0.007843 0.03697

The plants of group C were watered with 250 ml of water and a 17% nutrient mixture
(nitrogen, phosphorus and potassium) and the plants of group D were watered only with
250 ml of water.

In the works related to water stress in plants, the observation period of the
experiments is concluded when the plant shows symptoms of wilting causing
discoloration or dryness in the leaves, in this way the loss of the studied crop is avoided
[15]. Therefore, our observation period for both experiments was 15 days, since in later
days the plants showed wilting.

To collect the images in color (RGB) and depth, a Kinect sensor placed at a distance

of 90 cm above the foliage of the plants was used. The capture of images was carried
out during the 15 days at 1:00 p.m. due to the lighting conditions.

A daily image was taken of a total of 12 plants, this because the plant's reaction to
stress took at least one day, in this way 180 images were obtained with a resolution of
640x480 pixels.
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3 Results

The problem was addressed as a binary classification problem (plant and no-plant
classes), the positive class was plant. Binary classifier predicts the instances of the test
set as positive or negative and produces four outcomes: True Positive (TP), True
Negative (TN), False Negative (FN) and False Positive (FP). Table 1 shows the results
obtained in each prediction made by CNN training with 50,000 sections of 32x32 pixels
in each class. It is observed that the network correctly predicted 45,845 sections, 92%
of the total of the plant class, as parts that corresponded to the leaf and 47,478 sections,
95% of the total of the non-plant class, were correctly detected.

We use two different datasets to evaluate semantic segmentation ("Eschikon Plant
Stress Phenotyping" dataset [13] and a proposed dataset). The proposed dataset was
obtained from strawberry plants with 180 images with a resolution of 640x480 pixels.
Table 2 shows the result of training the network with different amounts of images.

In it, the metrics are compared according to the recognition and segmentation
obtained by CNN in the image sets, obtaining better results with ours. Experiments with
50,000 images showed the highest segmentation and detection precision in the leaves
of the plant.

Figure 3 two different graphs are observed that show the behavior of the groups of
plants from the applied irrigation, these heights were obtained from the 3D model.
Figure 3 a) shows the heights of the plants watered with water in 2 different doses (250
ml and 150 ml) are shown.

The height of the leaves is measured relative to the ground. The better the plant is
watered, the more the height of the leaves increases. This can be observed in the group
that was watered with the 250 ml dose, the height remains constant or increases up to
2 centimeters, but its height never decreases.

Figure 3 b) shows a comparison of heights between a group of plants irrigated with
nutrients and another group irrigated only with water, both groups with 250 ml.

It is observed that the height increases as a function of the soil as the days go by
when a plant is watered with enough nutrients that help the plant to grow. By irrigating
the plants only with water, they maintain their normal development, however the height
of their leaves is maintained or even decreased.

The mean square error (RMS) determines how much the actual data differs from the
predictions made by a model. Table 3 shows the RMS obtained by comparing the
centroids (X, Y, Z) of the ground truth with respect to the centroids (X, Y, Z) of
the CNN.

4 Conclusions

In this work, we have introduced a new CNN-Superpixel approach for 3D plant
geometry understanding. Our strategy was to divide and simplify the 3D plant
extraction process.

This strategy combines the abstraction power of deep learning and the information
that provides crop geometry. For that, our methodology has three steps. First, the plant
recognition step provides the segmentation, location, and delimitation of the crop.
Second, we propose a leaf detection analysis to classify and locate the boundaries
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between the different leaves. Third, we use a depth sensor and the pinhole camera
model to extract a 3D reconstruction.

The quantitative experiments were conformed of the plant recognition (semantic
segmentation) and its 3D extraction. In the recognition evaluation, we used two datasets
that provide different crops ("Eschikon Plant Stress Phenotyping" dataset [?] and a
proposed dataset). For that, we analyzed two labels of crops (plant and no-plant).

For example, our plant segmentation had an average recall of 0.945, i.e.,
considering the ground-truth, we recognized 94.5%. On the other hand, the plant
segmentation had an average precision of 0.92, i.e., considering the semantic
segmentation, we segmented 92.0% correctly. The segmentation is fundamental since
the plant recognition is proportional to the precision of 3D extraction on the (X,Y) axis
of the 3D model.

Finally, for the 3D plant extraction evaluation, we use our proposed dataset. We used
the RMS error for the quantitative evaluation.

The Mean Square Error (RMS) determines how much the actual data differs from
the predictions made by a model. For that, we compared the centroids (X,Y,Z) ofeach
leaf in the 3D model of the ground truth with our centroids (X,Y, Z).

In this experiment, we have an average RMS error (Z) 0f0.007843, i.e., an error of
0.007 centimeters in 4 meters. On the other hand, considering the coordinates (X,Y,Z)
in the extraction, we had an average RMS (X,Y,Z) 0f0.03697.
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Abstract. In this work, we propose a 3D convolutional neural network (CNN)
for positron emission tomography (PET) image enhancement as an application
of the artificial intelligence (Al) in the area of health. Our proposed network
manages to increase the number of counts in the PET sinograms, thus, positively
influencing the final quality of the reconstructed image. The enhanced sinogram,
obtained by the network, is reconstructed using the ordered subset expectation
maximization (OSEM) algorithm. The results show that the proposed network is
able to increase the PSNR by 6% on average and the contrast almost twice.

Keywords: Positron emission tomography, convolutional neural network,
sinogram, image enhancement.

1 Introduction

Industry 4.0 is changing the way medical devices are produced and delivered. Artificial
intelligence (Al) has become a key element of this industry and it is knocking down
barriers and forcing to assess the way the traditional work is done. In the medical area,
the Al trends and solutions are transforming the medical imaging field to improve
the diagnosis process [1].

Medical imaging is the set of techniques used to inspect the human body, with the
objective of diagnosing, monitoring, or treating medical conditions [2]. Positron
emission tomography (PET) is a technique to acquire images representative of the
metabolic activity of the body. At the beginning of the PET scan, the patient is injected
with a small dose of radioactive material called radiotracer.

For a cancer study, the radiotracer used is fluorodeoxyglucose (£”¥). This substance
decays by a neutrino and a positron (beta+) with a lifetime of about 109 minutes. Each
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Fig. 1. Representation of (a) two LORs where two and one events have happened respectively
and (b) resulting 2D sinogram with the events stored.

positron annihilates with an electron, producing two photons of high energy, traveling
in opposite directions. This is known as coincidence or event. Each event is counted
upon reaching the scanner's detectors within a time window. The point of annihilation
is ideally located on a straight line connecting a pair of detectors.

This line is known as the line of response (LOR) [3]. Reconstruction can be
performed using filtered back projection methods or iterative methods. In a PET study,
the time is reduced, not all the events are counted as true coincidences, but they can
also be random or scattered coincidences. In the last two cases, the coincidence detected
by each of the detectors comes from different LORs.

Randoms are one of the main sources of degradation of the image, since they
introduce noise, making difficult the quantification. Also, the acquisition time is
reduced, resulting in noisy and low resolution images [2, 3]. The Poisson noise affects
the image quality negatively, influencing the detectability of lesions and the medical
diagnoses. It is the current interest of the PET community to find methods to recover
and preserve the important information in the images. In this paper, we present an
application of the Al in the health area.

Our proposal consists of a three-dimensional (3D) CNN to improve the PET
sinogram, demonstrating that it is feasible and important to retrieve information
between slices, but also intra slices. The paper is organized as follows. In section 2, the
recent related works are presented. Section 3 presents the main concepts related to the
topic and the proposed method. In section 4, we show the results of the experimentation
and, finally in Section 5, conclusions are presented.

2 Related Work

A set of techniques have been proposed to solve the problem of poor quality in PET
images. Conventional approaches include processing algorithms [4, 5], anatomically
guided [6], and magnetic resonance imaging (MRI) guided algorithms with partial
volume correction [7]. Although these methods try to minimize noise, loss of spatial
resolution is still observed. The algorithms of artificial intelligence have been included
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in the area of medical image reconstruction and enhancement. Most of the works focus
on the reconstructed images.

They propose to use trained networks with pairs of low resolution and high
resolution images [8,9]. The high-resolution images are obtained from an acquisition
with a modern ultra-high definition scanner, and degraded to obtain the low-resolution
version. Other authors incorporate into the network training, anatomical information
obtained from a computed tomography (CT) or MRI scanner [10, 11], arguing that this
information is useful for estimating a more robust model and higher quality images.

Recent studies have focused their efforts on improving the sinogram instead of the
reconstructed image. For example, in [12], the authors use Monte Carlo simulations
and CNN to recover improved 2D sinograms from the low-resolution originals
produced by simulated tomographs with large and small crystals.

2.1  The Importance of the Third Dimension

With the increase in computing power, some researchers have explored the possibility
of addressing the problem of the low resolution of PET images in a three-dimensional
way using deep learning systems.

For example, in [13], a 3D variant of the U-Net network is proposed to improve
reconstructed images, reducing noise in PET images of the brain and chest. We think
that in the domain of the sinogram is possible to obtain advantages if the sinogram is
processed as a volume instead of sequential two-dimensional (2D) slices.

Despite the more common view of sinograms, as 2D slices, however, in PET, the
acquired sinogram are volumes. Sinograms are three-dimensional structures, where not
only the intra slice information (x, y, axes) is important but also the inter slices
information (z-axis). In this work, we propose a 3D CNN to improve the quality of the
acquired 3D sinograms.

3  Materials and Methods

This section presents the main methods and concepts related to PET tomography.
Terms related to CNNs are also explained, as well as the 3D CNN proposed in this
work is detailed.

3.1 PET Sinograms

A 2D sinogram is a matrix whose axes correspond to the angles (o) versus the
orthogonal distances (S) of the orthogonal lines from the center of the tomograph to the
LOR. Figure 1(b) shows a 2D sinogram with two events from the LORs shown in
Figure 1(a).

In this case, on one of the LORs, at an angle (a), occurred two events and on the
LOR at an angle (a2) occurred one event. The number of possible angles is determined
by the number of crystals per ring and the number of possible distances.

Also, this number depends on the number of crystals, and the transaxial field of view
of the scanner [2,3]. Figure 2(a) shows a scanner with the arrow pointing to the axial
axis. Figure 2(b) shows the acquisition of 2D sinograms. In this case, the events whose
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Fig. 2. Events acquisition from (a) a tomograph, (b) acquisition of 2D sinograms (one sinogram
per ring detector), (c) acquisition of a 3D sinogram (only one volume), (d) 2D sinogram and (e)
3D sinogram.

LORs occur in the same axial plane of each detector ring are recorded in different 2D
slices. Figure 2(c) shows that the events detected by crystals, from different rings, are
stored in volumetric files, also called 3D sinograms.

This implies a substantial increase in the size and in the reconstruction time. The
quality of reconstructed images is higher, due to the greater amount of information
available. All the information detected in a 3D acquisition is stored in a 3D sinogram,
where each corresponds to a 2D sinogram. Figures 2(d) and 2(e) shows the
representation of 2D and 3D sinograms respectively.

3.2  PET Ordered Subset Expectation Maximization Algorithm

The maximum likelihood expectation-maximization algorithm (MLEM) was
introduced in the field of image reconstruction in [14]. A variant of the MLEM method
is the ordered subset expectation-maximization algorithm (OSEM) [15]. This method
groups the PET scanner detectors into subsets to perform the processing of each subset
in iterations, doing one subset at a time. OSEM reduces the reconstruction time relative
to MLEM.

33 Scanner MicroPET FOCUS 220

We simulated the MicroPET FOCUS 220 preclinical scanner using the Gamos software
[16] to perform the experiments. The scanner consists of four detector rings: each ring
is made up of 42 detector blocks. Each detector block is composed of a matrix of 12 x
12 LSO crystals with dimensions of 1.5 mm x 1.5 mm X 10.0 mm. Its axial field of
view is 7.6 cm and its transaxial field of view is 19 cm [17]. So that, one can acquire a
3D sinogram of size 252 x 287 x 2304.

34 Convolutional Filters

The convolution filters are two-dimensional or three-dimensional matrices to perform
the convolution operation on the image to extract different characteristics. Typically,
they are of size 3 X 3 or 5 x 5. The filter moves through the image from left to right,
and from top to bottom, and in the case of 3D, from front to back, advancing a certain
number of steps known as a stride.
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Fig. 3. Proposed 3D CNN.

Table 1. Resulting hyperparameters after tuning the proposed 3D CNN.
Parameter Value
Loss function Mean Squared Error

(MSE)
Optimization algorithm Adam
Learning rate 0.0003
Batch size 128
Epochs 200
Size of filters in the input layer 9x9x9
Size of filters in the mapping layer 3x3x3
Size of filters in the transpose convolution layer 5x5x5
Number of filters in the input layer 32
Number of filters in the mapping layer size 16
Number of filters in the transpose convolution layer 1

35 Convolutional Neural Networks

A CNN is a deep learning algorithm that can incorporate an input image, assign
importance (weights and learnable biases) to various aspects or objects in the image
and differentiate one from another, among other activities.

The preprocessing required in a CNN is much less compared to other classification
algorithms. While in primitive methods, the filters are designed by hand, with enough
training, CNNs can learn these filters.

Also, a CNN can capture spatial and temporal dependencies in an image through the
application of filters.The architecture is better suited to the image data set due to the
reduction in the number of parameters involved and the reuse of weights [18].

3.6 Deconvolution

Deconvolution is the inverse operation of convolution. It is used to recover data
degraded by a physical process modeled as a convolution. If the degraded signal and
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Fig. 4. Simulated phantom of dimensions (a) 5 mm, 10 mm and 20 mm in diameter and 6 cm in
length and (b) 1 mm, 2 mm, and 5 mm in diameter and 6 cm in length.
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Fig. 5. MIPs of the transversal view of the simulated phantom with three cylinders of 5 mm, 10
mm and 20 mm in diameter. (a) LC (PSNR=26.33 dB, C=1.1680), (b) enhanced (PSNR=32.01
dB, C=2.5014) and (c) ground truth phantoms. Middle slice from the 3D (d) LC sinogram, (e)
recovered sinogram from the proposed 3D CNN and (f) ground truth sinogram.

the system are known, it is possible to find the original signal by a deconvolution
operation [19].

3.7 Dataset

High counts (HC) and low counts (LC) sinograms are generated to train the network.
Five phantoms were simulated for the generation of the sinograms, containing spheres
with diameters ranging from 0.5mm to Smm. The spheres are randomly distributed
within the simulated phantoms, so that the sinograms obtained contain enough useful
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Fig. 6. MIPs of the transversal view of the simulated phantom with three cylinders of 1 mm, 2
mm and 5 mm in diameter. (a) LC (PSNR=25.12 dB, C=1.1521), (b) enhanced (PSNR=27.23
dB, C=2.4072) and (c) ground truth phantoms. Middle slice from the 3D (d) LC sinogram, (e)
recovered sinogram from the proposed 3D CNN and (f) ground truth sinogram.

information for training. The LC sinogram is generated with 10 million events, of which
only effective PET events are, about 5%.

One hundred million events were generated in the phantom to obtain the HC
sinograms of which only 5% are true events. For network training, we extract 3D
patches of size 32 x 32 x 32, selected randomly from the pairs of LC and HC sinograms.
Our training set contains 15250 LC-HC patch pairs, while our validation set consists of
5000 patch pairs.

3.8 Proposed 3D CNN for PET Sinogram Enhancement

Figure 3 shows the diagram of the 3D CNN proposed to improve low resolution
sinograms. The network has three layers. The input layer extracts the characteristics of
the low-resolution sinograms, the mapping layer performs the mapping between the
low resolution and high-resolution features, and the third layer or transpose convolution
(deconvolution) layer performs the final reconstruction.

The input layer consists of 32 filters of size 9 x 9 x 9, with the ReLU [20]. The
mapping layer has 16 filters of 3 x 3 x 3, with ReLU. The third layer has one filter of
5 x5 x5, with a linear activation function. Table 1 shows the hyperparameters adjusted
by using the grid search method for the proposed 3D CNN. The proposed network has
three layers only. Therefore, it is feasible and more efficient to tune the
hyperparameters by the grid search method [21, 22].
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4 Experiments

In this section, we present the methodology of evaluation and discuss the experimental
results. We simulated six rods of 1 mm, 2 mm, 5 mm, 10 mm and 20 mm using the
scanner MicroPET FOCUS 220. To examine the performance, we utilized the metrics
peak signal to noise ratio (PSNR) and contrast (C) according to [23].

In our case, contrast indicates the difference between the lesions and the background
in the image. If the difference is large, the lesions are more distinguishable.

4.1 Methodology of Evaluation

The maximum intensity projection (MIP) of the transversal views was used to obtain
the quantitative results. A series of case studies were tested to verify the efficiency of
the proposed method. In each experiment, the original low quality phantom was
simulated with 500 thousand events and its corresponding ground-truth with 10 million
events. For the simulation of the test phantoms, the Gamos software [16] was used. The
OSEM algorithm [15] was used for the reconstruction.

4.2  Experimental Results

Figure 4(a) shows a phantom with three cylinders of 5 mm, 10 mm, and 20 mm in
diameter and 6 cm in length, respectively. Figure 4(b) shows a phantom with three
cylinders of 1 mm, 2 mm, and 5 mm in diameter and 6 cm in length. Both phantoms
filled with F’¢ were used to acquire 3D sinograms for testing. Figure 5 shows the MIPs
of the reconstructed images with OSEM from three cylinders of 5 mm, 10 mm, and 20
mm in diameter and their corresponding sinograms.

Figure 6 shows the MIPs of the reconstructed images with OSEM from three
cylinders of 1 mm, 2 mm, and 5 mm in diameter and their corresponding sinograms.
The proposed network increases the number of counts and the contrast, which
positively affects the visualization. For example, Figure 7 (a) shows the MIPs of Figure
5. In this case, the proposed CNN recovers the Smm rod. Figure 7 (b) shows the MIPs
of Figure 6. In this case, the proposed CNN also recovers the 1mm rod.

The results obtained in the experiments allow us to affirm that the proposed method
applied to the PET sinograms, in three dimensions, permits to increase the contrast of
the rods in the reconstructed images.

A better definition of the limits between the area containing the radiotracer and the
background area is achieved. Figures 5(a to c¢) and 6(a to c) visually show that when
the LC sinograms are processed by our method, valuable information is recovered when
reconstructed.

For example, in Figure 6(b), it is possible to observe how the proposed method
recovers the intermediate lesion of 2mm in diameter, when it was originally almost
invisible Figure 6(a). Table 2 compares the PSNR and contrast after recovering the low
count phantom and the enhanced phantom. Notice that our network results (bold values)
increase the PSNR by 6% on average and the contrast almost twice. Figures 5(d to f)
and 6(d to f) clearly shows how the proposed method manages to recover effective
counts in the sinograms, while the LC sinograms (Figures 5(d) and 6(d)) contain little
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Fig. 7. Horizontal profiles of the (a) Figure 5 for the MIP of the phantom of dimensions 5 mm,
10 mm, and 20 mm in diameter and (b) Figure 6 for the MIP of the phantom of dimensions 1
mm, 2 mm, and 5 mm in diameter.

Table 2. Summary of results.

LC phantom Enhanced phantom
Case study | PSNR 26.33 dB 32.01 dB
Contrast 1.1680 2.5014
Case study 2 PSNR 25.12dB 27.23 dB
Contrast 1.1521 2.4072

Note: Bold values indicate the best results.

information, after being processed by our method, useful information is recovered for
reconstruction (Figures 5(e) and 6(e)).

5 Conclusions

In this article, we presented an application of the Al in the health area. A 3D CNN was
proposed to enhance sinograms of PET images.

Sinograms with a high number of counts and their corresponding sinograms with
few counts were generated 32 x 32 x32 patches were extracted from both pairs of
sinograms to form the training sets. An analysis of the profiles obtained from the MIP
of the reconstructed images is carried out.

The results show that the proposed network can increase the number of counts in the
sinogram, which positively influences the quality of the images. Our method
demonstrates the importance of treating the sinogram as a three-dimensional structure
to consider the intra-slice information.

The main advantages are the improvement of the 3D sinograms and the 3D CNN
architecture with three layers only. However, the main drawback is that the method
needs to be trained first, so that it is computationally expensive and time-consuming.
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Abstract. Stereotypical motor movements (SMM) are behaviors typically found
in children with autism spectrum disorder (ASM). They consist of repetitive
movements such as hand flapping, body rocking, and finger flicking.
Automatically monitoring and recognizing these movements in a way that is
reliable and efficient over time could provide important information that would
improve our understanding and contribute to an intervention strategy around a
central ASM symptom. This paper proposes a model based on deep-learning
techniques for automatically classifying video-recorded SMMs, which are
present in children with ASM. For obtaining spatial information, the YOLOv2
object-detection architecture is used, in which each video frame is processed and
converted into a new abstract representation of 13 x 13 x 1024 descriptors, which
are then input into a Recurrent Convolutional Network to find temporal
information and classify the actions. The proposed architecture is trained by the
SSDB skill-assessment dataset, composed of low-quality videos in uncontrolled
environments in which children with ASM are performing SMMs. To
compensate for the disadvantage of having a low number of examples, we
propose doing a pretraining with the HMDBS51 dataset, which has actions with a
movement dynamic similar to the proposed actions.

Keywords: Autism, deep learning, HAR.

1 Introduction

Autism spectrum disorder (ASM) is a neurodevelopmental disorder characterized by
diagnostic criteria that include significant problems in communication and social
interaction; limited patterns of behavior, interests, or activities; and repetitive
movements called stereotypical motor movements (SMM) [1, 2]. The most frequent
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SMMs include repetitive movements such as body rocking and complex hand-and-
finger movements [3].

The skill-assessment process of children with ASM generally involves asking them
to perform certain actions by giving them a set of instructions and monitoring their
responses as they happen. Interviews with specialists, behavioral observations, and
parental reports are needed.

This process involves carrying out work-intensive tasks such as recording the
observations of their action responses to a set of stimuli over long periods of time
[4]. The automatic, reliable, and efficient detection and monitoring of SMMs over time
could provide benefits not only for diagnosing autistic children, but also for a better
understanding of and accounting for diverse elements in developing an intervention
strategy for a central ASM symptom [5, 6].

To confront this challenge, deep learning (DL) techniques for human action
recognition (HAR) by processing video frames allow for the automatization of many
SSM-monitoring tasks in ASM therapy, making the diagnosis of autism easier. In this
paper, we propose a model based on deep learning techniques for the automatic
detection of SMMs in children with ASM (see Fig. 1).

We evaluate their performance using the open-access dataset SSDB [7], which is
composed of videos compiled from public-access websites posted by parents or
caregivers that were filmed in unregulated settings, and thus may have obstructions,
poor lighting, and a smaller number of each example type. To compensate for the fact
that the lack of data may affect the model is learning, we propose pretraining the
network with the HMDBS51 dataset [8], from which we had to choose action categories
that had similar movements to the SSDB categories.

One contribution of this paper is its evaluation of the performance of the YOLOv2
architecture, which was originally proposed to detect objects, in its adaptation to the
task of the recognition of actions performed over time, using the cascade setting with a
Convolutional Long Short-Term Memory (ConvLSTM) Network.

Using YOLOvV2, each video frame is converted into a new, more complex
representation of descriptors with dimensions of 13 x 13 x 1024, which provides spatial
information. These are then input into the ConvLSTM, which will allow temporal
information to be extracted for the classification of actions with a Fully Connected (FC)
layer. We propose using a ConvLSTM to avoid the problem of flattening input data and
losing spatial information that could be important for classifying actions.

2 Related Papers

Video human action recognition is one of the main challenges for the field of computer
vision. HAR has had an important impact on applications for children with ASM, as
indicated in the paper by Zunino et al., in which hand movements are analyzed while
performing the actions of picking up, placing, pouring out, and passing a bottle [9]. The
tests showed that children can be classified into groups based on whether they had ASM
or not. Using the VGG-16 network in cascade with an LSTM, an accuracy rate of
82% is achieved.

Using the same dataset, Tian et al. [10] and Sun et al. [11] report an improvement in
accuracy, with 87.17% and 95.2%, respectively. To detect typical and stereotypical
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Fig. 1. Model for recognizing SMMs in children with ASM.
Table 1. Pairing of actions from the SSDB and HMDB51 datasets.
SSDB HMDBS51
Action Train Eval Action Train Eval
Arm Flapping 45 11 Clap 76 20
Head Banging 23 6 Brush Hair 72 20
Spinning 28 5 Turn 191 48

actions in children with ASM, Silva et al. [12] use the Intel RealSense camera and the
SDK Nuitrack to detect and extract the coordinates of the body’s joints.

A CNN classifies the different behavioral patterns and obtains an average accuracy
of 92.6 percent in the test data. In their paper, Pandey et al. address the problem of
action recognition on SSDB dataset classes and a real-world autism dataset.

For the training, the guided weak supervision (GWS) technique was proposed, in
which dataset classes are matched through output vectors using the posterior likelihood
maximization principle [13].

The YOLOV2 network has shown a high level of performance in the detection of
objects, which is why it is a reliable architecture for the task of extracting spatial
information. In connecting it in cascade to ConvLSTM, as is shown in Fig. 1, a
temporal information-processing model is added.

This collaborative architecture for spatiotemporal processing should provide an
efficient model for the task of action recognition for children with ASM. Because few

ISSN 1870-4069 103 Research in Computing Science 150(11), 2021



Magdiel Garcia-Juérez, José Anibal Arias-Aguilar, Alberto Elias Petrilli-Barcel6

Arm Flapping Clap

Head Banging

Spinning Turn

Fig. 2. Examples of actions in the SSDB (left) and HMDBS51 (right) datasets.
Table 2. Hyperparameters for the ConvLSTM.

Hyperparameter Value
Dropout 25%
Learning rate 10-4
Loss function Cross entropy
Timestep 20 units
Optimizer Gradient descent

data are available for training, we have here adopted the methodology proposed by
Pandey to compensate for this lack.

Pandey’s methodology consists in pretraining the model using an alternate dataset
with actions that are similar to the target-action movements. With this pairing of
actions, the goal is for the network to learn from actions as similar as possible to the
target actions during the pretraining.
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Fig. 4. ConvLSTM-FC’s error (left) and accuracy (right) with the HMDBS51 dataset.

3 Background

In this section, we discuss the general features of the architectures used for this paper.

3.1 YOLOv2

YOLOV2 addresses object detection as a regression problem in which a single neural
network predicts each object’s bounding box (BB), and class probabilities are obtained
directly from the image to be evaluated [14]. Fig. 1 shows a general diagram of
YOLOV2’s architecture within the dotted oval.

It is chiefly made up of convolutional layers with batch normalization, which help
regularize the model. The input consists of images whose dimensions are 416 x 416,
which are divided into S x S cells, where every cell predicts B bounding boxes, which
define the frame containing an object, and C class probabilities for every BB. Thus, the
output vector size for each image is defined as:

SXSx(Bx(5+C)). 1)
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Fig. 5. ConvLSTM-FC error (left) and accuracy (right) with the SSDB dataset.

Table 3. Loss and accuracy in the ConvLSTM-FC training with the HMDBS!1 and
SSDB datasets.

Loss Accuracy

Train Eval Train Eval
HMDBS51 0.1 0.35 98 % 88 %
SSDB 0.5 0.45 90% 85 %

The previous version does not have a location-prediction restriction, which makes
the early training iterations unstable. For YOLOv2, an Anchor Box (AB) approach was
adopted. Anchor Boxes consist of a predefined set of BBs that are better adjusted to the
desired objects and that are calculated by the K-means clustering method.

Instead of predicting the BB coordinates relative to the entire image, coordinates are
predicted relative to the location of the cell that contains the bounding box. This limits
values to between 0 and 1, for which reason the o(.) logistic activation function is used
to restrict the network predictions to this range. In this way, the final BBs are
recovered through:

by = a(ty) + cx, 2

b, = a(ty) + ¢y, 3)

b, = pyetv, “4)

by, = ppetr, 5)

P(Object) x IoU(b, Object) = a(ty), 6)

where the terms t,, are the normalized BB center predictions with respect to the cell
that contains it, t,, ,, are the normalized width and height predictions with respect to an
AB, ¢y, represent the coordinates of the cell that contains the upper left corner of the
prediction, and p,, ,, are the AB’s dimensions.

Finally, t, is the confidence of having found an object, which is defined as the
probability that an object exists multiplied by the Intersection over the Union of the
object’s BB against the label.
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Table 4. Model comparison of HAR performance with the SSDB dataset.

Model Accuracy
ECO [16] 80.1 %
R(2+1)D [17] 88.3 %
YOLOV2-ConvLSTM 90 %
TSM [18] 90.5 %
I3D+GWS+DR [13] 95.7 %

3.2 LSTM Convolutional Networks

Recurrent Neural Networks (RNN) are a type of artificial neural network that,
because of their architecture, allow for sequential-data processing. An RNN can be
abstracted as though it had multiple copies of itself, with each copy processing the input
data in an instant of time ¢ and sharing the information with its successor through a
cycle called time step (timeStep), which is repeated N times. The RNN model’s output
equation in time step ¢ is described as:

he = gWypxe + Whphe—1 + bp), @)
Zy = g(Whzhe + by), (®

where h, € RY is the hidden state with N hidden units, determined by the value input
in network x; in time step ¢ and the previous state’s vector h;_; in time step t — 1. The
network’s response to input x; in time step t is defined as z;.

The matrices W correspond to the network’s weights and b is a bias vector. The
nonlinear activation function g(.) is commonly defined as sigmoid or
hyperbolic tangent.

The LSTM networks improve upon the RNN and avoid the vanishing gradient
problem, thanks to the fact that they are able to remember more information in
configurations with long periods of time. Generally, LSTM networks adapt well to
applications where input data are one-dimensional vectors.

Nevertheless, in applications where the data are n-dimensional, they must be
flattened, resulting in the loss of information on spatial correlations during the
repetitions. This problem can be addressed if we use LSTM (ConvLSTM)
convolutional networks [15]. The representation of the ConvLSTM in a time step ¢
given an input x; and the hidden state h,_, is given by:

it = oWy ® x¢+ Wpi @ hemr + Wy © e+ by), 9
fi= oWy @ x¢ + Wiy ® heoqg + Wy © ceq + by ), (10)
0= Wy & ¢+ Wye ® hy_y+ W O ¢+ by), (11)
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gt = tanh(ch ® Xt + th ® ht—l + bc )a (12)
=ft Oce1+ i O G (13)
hy = o O tanh(cy). (14)

In addition to unit h;, the ConvLSTM includes the following: an input gate i;, a gate
for forgetting information from earlier states f;, an output gate o, an input modulation
gate g, and a memory cell ¢;, which stores information from previous states.

The output gate o, learns how much is transferred from the memory cell to the
hidden state. The symbol @ represents the convolutional operation, © is the vector
product, and o(.) represents the activation function. In the dotted box in Fig. 1, a
representation of the basic ConvLSTM unit is shown.

4 Proposed Method

The model proposed for the automatic recognition of the actions of children with ASM
by video makes use of DL techniques. A diagram showing the elements that make up
the model can be seen in Fig. 1.

The YOLOV2 network in cascade is used with the ConvLSTM-FC network to find
a function that assigns input video V; = {v;, v, ..., v} with a length of T frames to the
corresponding label Y € R¢, where C is the number of output classes.

Spatial information is sought in phase 1, and thus each frame of video sequence V;,
is processed using YOLOv 2 to obtain a new representation X;, = {xy,%,, ..., X7}
corresponding to the features map of the penultimate layer, and having a dimension of
13 x 13 x 1024,

This new representation is used in phase 2 during the training of the ConvLSTM,
during which the images’ time order and long-range dependencies in the modelling of
human actions are recorded. The ConvLSTM output can be defined as hg;grpy =
ConvLSTM (x.1,), and the classification result in the FC layer output is given as y;, =
softmax(hepsry)-
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5 Training

The ConvLSTM training is done using the HMDBS51 dataset for 100 epochs, and then
using the SSDB dataset for the same number of epochs. The mechanism for pairing the
HMDB51 and SSDB classes consists in choosing the classes in which the actions are
visually similar to the target actions. Table 1 shows the pairing and number of elements
per class for training and evaluation. The image resolution varies in each example, with
a maximum of 320 x 240 pixels.

In some SSDB videos, it happens that an action is repeated at different moments in
the video, or an action might appear that does not correspond to its label. To stop the
model from receiving videos in which actions appear that do not belong to the label,
the video fragment in which such an action appears was cut out.

In this way, we were able to increase the number of examples from 75 to 113. Some
examples of actions from both of the datasets that were used are shown below in Fig.
2, in which very dynamic settings, as well as poor lighting, can be seen.

Due to limitations in computational resources, the new video-frame representations
are done offline.Each video of the datasets is processed by the YOLOv2 architecture
with the model’s original weights, and their new representation is recovered from the
penultimate layer of the network, having a dimension of 13 x 13 x 1024.

These new representations are used for training the ConvLSTM-FC network. Table
2 shows the ConvLSTM-FC hyperparameters used during the training.

The computer used has an Intel Xeon 3.5 GHz x 8 processor, 48 GB of RAM
memory, and two GeForce RTX 2080 Ti graphics cards with 11 GB of memory each.
The open-access TensorFlow v1.6 libraries and the Python 3.0 programming language
are run in the Ubuntu 18 operating system.

6 Results

To determine the best option for the timeSteps value in the ConvLSTM network,
different tests were run to evaluate the best configuration. Fig. 3 shows the model’s
performance with a configuration of 30, 20, and 10.

One can see that with a configuration in which timeSteps=20, the network performs
best. For both datasets, the cost and accuracy functions are monitored during the
ConvLSTM-FC network training. Fig. 4 shows the action-classification performance
with the HMDBS1 dataset, taking into account that only the actions mentioned in Table
1 were used.

Once the network has learned to classify actions that are similar to the target actions,
training the network with the SSDB dataset begins in order to refine the knowledge.
Fig. 5 shows the network’s performance during the training, in which we see less
learning stability, especially in the validation data.

The results shown for the cost and accuracy functions in the figures above are
summarized in Table 3. In the case of training with the SSDB dataset, the model shows
a better performance and is slightly more stable between epochs 90-95. For this reason,
the number of epochs is used as a point of reference for evaluating the model.

One way of representing the model’s classification performance is by using a
confusion matrix. Fig. 6 shows the results with the HMDB51 and SSDB evaluation
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data. Table 4 shows a comparison of different models for HAR in their performance
with the SSDB dataset. Results with training data are taken into account for
this comparison.

7  Conclusions

For this study, a model based on deep learning techniques was implemented for the
classification of the actions of children with ASM by video. The experimental tests
show that the model made up of the YOLOV2 network in cascade with the ConvLSTM
obtains a result within the acceptable range for the state of the art.

Using video frames processed by the YOLOvV2 architecture helps the ConvLSTM-
FC network in its task of classifying SMM actions. In spite of the fact that the model
commits a higher rate of errors with SSDB than with HMDBS51, it shows a favorable
response in accuracy both with training and evaluation data.

Upon comparing the results obtained with other HAR models using the SSDB
dataset, we see that the model proposed here maintains an acceptable range for the state
of the art. For future research, we suggest using this model and modifying the cost
function for the task of human action localization, which consists of determining the
moment in the video in which a human action begins or ends.

For this problem, we suggest considering not just confidence and class probabilities,
but also the percentage of the action performed in each frame and considering a new
labelling, as well as the incorporation of attention mechanisms in the video frames.
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Abstract. Faced with the imminent high fatal cyclist-car accident rate in the
Guadalajara Metropolitan Area in recent years, it is necessary to implement
mechanisms to improve the safety of cyclist mobility. This research analyzes the
principal factors and patterns that cause cyclist-car accidents at intersections in
the Guadalajara Metropolitan Area through machine learning algorithms and
statistical methods. The data show that the most dangerous intersection consists
of one main street and a street. As well the type of vehicle most involved in
accidents with cyclists is public transport. The analysis shows that factors such
as the speed limit and the lack of traffic lights increase the risk on some roads. It
was also found that public transport is hazardous in Street-street type orthogonal
intersections. Also, private vehicles are the leading cause of accidents in non-
orthogonal intersections consists of one main street and a street where one road
involved has three or more lanes.

Keywords. Fatal cyclist-car accidents, intersections, sustainable mobility,
statistical analysis, artificial intelligence, pattern recognition, smart city.

1 Introduction

One of the premises of a smart city is generating clean and sustainable mobility where
the citizens can move in an agile and safe way. Cyclist mobility can be part of one
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solution in clean mobility improvement. In the Guadalajara Metropolitan Area (GMA),
the governmental and academic authorities are working to transform mobility into
smart and sustainable mobility. The city of Guadalajara has more than 100km of bike
paths [1], the same ones that are growing. Also, the government, academia, and industry
are creating mechanisms to promote bicycle mobility; one of them is the IoP (Internet
of People) Jalisco [2]. According to the World Health Organization, bikers are part of
the most vulnerable sector of the public via [3].

Therefore, bikers have a high possibility to die or suffer serious harm to their health
in a traffic accident. There are three different scenarios for cyclist accidents. A single-
bicycle accident, when a cyclist falls or crashes with an object [4]. Bicycle-bicycle
accidents [5], and cyclist-car accidents [6].

This work focuses on cyclist-car accidents because those are the most reported and
dangerous incidents for the cyclist's community [6, 7]. Despite the continuous growth
of cycling infrastructure in the GMA, the biker community has many fatal accidents
year by year. The average of lost lives was 23 per year from 2009 to 2019 [8].

Furthermore, when it seemed that the accident rate tended to decrease, the year 2019
compared with 2018 presented an increase of 53.8% of deaths [9] (see Fig. 1). This
paper reviews the cyclist-car accident literature, emphasizing the intersections of streets
and entrances and exits of car parks and shops.

Since, from different cities globally, the crossroads and intersections are the most
frequent places for cyclist-car accidents [6] [7] [10], the main driver of this work is to
find factors and patterns with a high impact on GMA fatal cyclist-car accidents
at intersections.

We propose, based on historical data, identifying possible factors and accident
patterns with three goals. First, to help the government decide better how to allocate
their resources to improve the overall safety for citizens moving on bicycles. Second,
provide simple but valuable information to citizens to increase their awareness
of where patterns of accidents are part of their trip. Third, the possibility of deciding
where to place internet of things objects in dangerous crossroads to mitigate as
accidents as possible.

This work is organized in the following sections: section two discusses the literature
found on bicycle accidents in cities, and the different approaches, datasets used,
and results.

Section three relates the GMA problem, explains the primary data to use, and
proposes an analysis with contingency tables and correspondence and clustering
machine learning algorithms to identify the most common incidents. Section four
discusses the approach and found results. Finally, section five concludes and presents
the following steps on this work.

2 Literature Review

In a study that the UDV (German Insurers Accident Research) realized, 407 cyclist-car
accidents were analyzed [6]. The work shows that when the car travels straight ahead
or turns left or right, and the bicycle is coming from the right or left, the car's average
speed is 19 km/h to 23 km/h. When the bicycle moves in the same direction before the
impact, the average speed is 51 km/h. It can seem that accidents in which the cyclist is
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Fig. 1. Death of cyclists on public roads from the year 2009 to 2019 [8].

coming from the right or left usually occur at the entrances or exits of properties or
parking lots and intersections of streets.

The accidents were caused for different reasons like vision obstacles or breaking the
rules of the road. In Denmark, different bicycle facility layouts in signalized
intersections were studied to compare their safety based on 80 hours of video recording
for each intersection [11]. The results show that the collision risk is proportional to the
traffic intensity. The risk situations occur in the most significant proportion when the
driver turns to his right.

The safer layouts increase the distance between the road and the bike path, and car
drivers must brake before turning. That situation allows drivers to see the cyclists with
more time and a better angle vision. A study analyzed 3350 cyclist-car crashes from
New York City to determine the relationship between intersection angle, street width,
and accident severity [10]. Approximately 60% of crashes occurred in an intersection,
and the rest in a non-intersection part of the street. The intersections with angle
orthogonal (85<x<95 grades) are safer than no orthogonal intersections (0<x<85 or
95<x<175 grades).

In a no orthogonal intersection, the visual angle is lower, and drivers and cyclists
have less time to react and evicted a collision. The streets that have bicycle facilities
had more than 50% fewer accidents. Also, the analysis showed that the accidents where
a heavy truck or a public transport unit are involved result in a more severe injury
compare with small vehicles. Street width was not significant in the severity, but the
accidents at night have a significantly higher risk. In the Thomas Richter and Janina
Sachs research [12], 873 cyclist-car accidents with turning vehicles and cyclists driving
straight ahead were studied.

A third of the accidents correspond to vehicles that turn left, while two parts with a
right turn. Three out of every 4 of these accidents occur at intersections with traffic
lights. Also, one in 10 turning accidents between vehicles and cyclists happened with
the participation of trucks. In the same study with video-recording monitoring, the
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Table 1. Structure of database records [8].

variable class
Sex M
F
Type of vehicle Public transport
Private car
Truck
Unidentified
Age 0-19
20-39
40-59
60+
Unidentified
Number of lanes per direction lc
2¢
3¢+
Speed limit 30km/h
50km/h
60km/h
80km/H
Number of directions Is
2s
Number of entrances and exits 3e

Cycling infrastructure Yes

Public transport routes Yes

Orthogonal intersection Yes

Roundabout Yes

Traftic light intersection Yes
No

Type of intersection Main street-main street
Main street-street
Street-street

situation that creates most conflicts is when a vehicle starts to drive after the red light,
and a cyclist passes through the intersection without stopping. A German Federal
Highway Research Institute study analyzed 120 accidents between right-turning trucks
and straight driving cyclists [13].

Accidents at crossings and intersections between right-turning trucks and cyclists
that move straight are particularly severe if the cyclist is hit and, consequently, overrun.
Even though this type of accident is not frequent at intersections, 1 in 10 accidents
represents a death.

In this kind of accident, bicycles travel at less than 20 km/h in 80% of accidents, and
the trucks travel at less than 30 km/h in 90% of the cases. Bicycles and trucks do not
change their speed at the time of the crash. Another study [14] indicates that this type
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Fig. 2. The intersection is orthogonal when the street angle is between 85 and 95 degrees, and
otherwise, the intersection is non-orthogonal. The left side of the figure shows orthogonal
intersections, while the right side contains non-orthogonal intersections [9].

of accident occurs mainly at signposted intersections and roundabouts in urban areas.
Within urban areas, roundabouts are a type of intersections of particular interest.

For example, a ten-year analysis of reported crashes from 2001 to 2011 in New
Zealand showed that cyclists are involved in 28% of roundabout crashes [15].
Furthermore, in an analysis of cyclist risk carried out in Great Britain (2657 individuals
were injured at an intersection), roundabouts are the type of intercession with the
highest risk index [16]. The factors with the most significant impact on risk in
roundabouts were vehicle speed and the streets' width and importance. Also, in a study
carried out in the cities of Vancouver and Toronto, where 211 crashes between
motorized vehicles and bicycles were analyzed, it confirmed that roundabouts are the
type of intersection with the highest risk [17].

In this work, the relevant variables were: the speed of motorized vehicles (more than
30 km/h the risk increases), traffic flow (the more significant the flow of traffic of both
vehicles and cyclists increases the risk), the diameter of roundabouts (the smaller the
diameter, the greater the risk), the cycling infrastructure (obstacles that separate cyclists
from vehicles reduce the chance) and the downward slope of the street on which the
driver reaches the intersection.

Finally, an analysis carried out on accidents from 2004 to 2016 about roundabouts
in Russia found that the number of exits from a roundabout is highly relevant to the
probability that a cyclist suffers an accident with a motorized vehicle [18]. That
situation is explained by a higher concentration of conflict points and a relationship
with an unfavorable geometry, especially in small roundabouts.

The most common high-risk behavior among bicyclists and motor vehicle drivers at
intersections is to ignore red lights or stop signs.

Indeed, cyclists tend to invade other public road areas such as the pedestrian zone to
prioritize crossing and thus avoid the red light [19].

ISSN 1870-4069 117 Research in Computing Science 150(11), 2021



Ramon A. Brisefio, Rocio Maciel Arellano, Edgar Cossio, et al.

Find factors and patterns
Find factors Find patterns.

Descriptive Contingency

statistics tables
analysis analvsiz

Caorrespondence
analysiz

Y

Cluster analysis

Significani
incidence?,

Factors and patterns

5

Fig. 2. Diagram of the methodology.

3 Fatal Cyclist-Car Accidents at Intersections Analysis from the
Guadalajara Metropolitan Area

From January 2009 to Jun 2021, the White Bicycle organization registered 274 deaths
of cyclists in the Guadalajara Metropolitan Area [8]. Two hundred thirty-nine records
were identified as a cyclist-car accident, six as falls, two collisions with objects, and 27
where the cause is unknown.

Of the 239 fatal cyclist-car accidents, 56 occurred on a stretch without intersections,
five times the location was not identified, and 179 at an intersection. For the analysis,
179 cyclist-car accidents at intersections were used.

The Fatal cyclist-car accidents database initially contains the variables of Sex, Type
of road, Age, Type of vehicle, and Location of the accident site.

Then, to obtain the most significant number of variables found in the literature
review, the street view of Google maps and the map of the Moovit platform were used
for each location. With these tools, the variables Number of lanes per direction, Speed
limit and Number of directions of the most significant road involved, and the Number
of entrances and exits in each intersection were added.

In addition, the binary variables of the Presence of cycling infrastructure, Presence
of public transport routes, Orthogonal intersection (Fig. 2 explains orthogonal
intercessions), Roundabout, and Traffic light intersection were also added.
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Fig. 3. The blue mosaic shows that there were more accidents than expected between classes no
and 1c, while the pink mosaic shows that fewer accidents than expected were found between the
same classes. The relationship of these three classes can show that traffic lights influence the
number of accidents on one-lane streets per direction.

Finally, the variable Type of road that describes only one road involved in the
intersection was modified to express two roads and was called "Type of intersection."
Table 1 shows the structure of the database records.

3.1 Methodology

In order to find factors and patterns, the data analysis includes four different techniques.
First, a descriptive statistical analysis highlights the main characteristics of fatal
accidents at intersections from the GMA. Then a contingency table with Pearson's
standardized residual calculation analysis is performed to find relations between the
different classes of each combination of two variables. Descriptive statistics analysis
and the relationships found in the contingency tables can reveal essential factors of the
GMA accidents between cyclists and motorized vehicles.

In the contingency tables, if a class is present in a greater or lesser quantity than
expected, it may be a triggering factor in accidents. For example, suppose in the
contingency table between the variables Speed limit and Number of lanes per direction,
there are more accidents than expected in the 80 k/m class. In that case, this may mean
that the speed limit is a factor that affects the occurrence of fatal accidents with cyclists.
In the end, correspondence analysis and a clustering algorithm are executed to identify
associations between factors.

With correspondence analysis, it is possible to identify strong associations between
classes. Subsequently, the presence of said associations in the centroids of the clusters
is sought to formulate possible patterns.

To recognize an association of factors as a pattern, this association must show the
presence of a phenomenon. Once defining an association of different classes as a
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Fig. 4. Correspondence analysis between the Type of vehicle and Type of intersection variables.
The red points represent the classes of the variable Type of intersection, and the blue points the
classes of the variable Type of vehicle. In the figure, it is possible to see the closeness between
the class’s Private vehicle and the Main street-street type intersection.

Table 2. Centroids of the variables that present variation in the simple K-means of 2 clusters.

Attribute Cluster 0 Cluster 1
Number of records 119 60

Type of vehicle Private car Public transport
Number of lanes per direction 3ct+ Ic

Orthogonal intersection No Yes

Traffic light intersection Yes No

Type of intersection Main street- street Street-street

pattern, it is corroborated that the pattern found has at least a 20% higher incidence than
any other combination of classes of the variables involved. For example, suppose it
is found that Public transport is mainly dangerous in intersections type Main street-
street without-traffic light.

In that case, it must be verified that the number of accidents of this combination is
at least 20% greater than that of a Private car or a Truck in the Main street-street
without-traffic lights type of intersection. The above is in order to find patterns with
significant incidence. Fig. 2 shows the process of the methodology.

3.2 Descriptive Statistics Analysis

The descriptive statistics analysis observed that 163 (91.06%) victims are male, and 16
(8.94%) are female [8]. In contrast to what was mentioned in [15, 16, 17], roundabouts
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Table 3. Centroids of the variables that present variation in the simple K-means of 3 clusters.

Attribute Cluster 0 Cluster 1 Cluster 2
Number of records 86 34 59

Type of vehicle Public transport Public transport  Private car
Number of lanes per direction ~ 3c+ lc 3¢+

Orthogonal intersection Yes Yes No

Traffic light intersection Yes No No

Entrances and exits 4e 4e 3e

Type of intersection Main street-street  Street-street Main street- street

are not the most dangerous type of intersection speaking about fatal cyclist-car
accidents for the GMA. Because of the 179 incidents, only 7, equivalent to 3.91%,
occurred in a roundabout. Furthermore, it was found that, in contrast to [18], increasing
the number of entrances and exits from an intersection does not increase the risk of a
fatal cyclist-car accident.

The predominant number of entrances and exits at intersections was 4 with an
occurrence of 56.42%, followed by 3 with 39.66%, intersections with five or more
entrances and exits had an event of 3.91%. On the other hand, it cannot assure that the
existence of cycle lanes reduces the number of accidents, as mentioned in [12].
However, the records show that 91.06% of fatal accidents occurred at intersections
without bicycle infrastructure.

As mentioned in [10], fatal accidents involving public transport and trucks are more
frequent than accidents with small vehicles for the GMA. Accidents with public
transport and trucks represent 56.43%.

Thus, public transport is the enemy number one for cyclists with 42.46% of
incidents, followed by private cars with 40.78%. Similar to that mentioned in [16], the
importance of the streets is of great impact since only 25.14% of the recorded
intersections do not contain main roads.

The most common intersection consists of one main street and a street, present in
50.84% of the occasions. In addition, 99% of the intersections with at least one main
street have public transport routes, and 98% are two-way traffic. Also, the number
of lanes per street increases according to the importance of the streets in the
intersection. It is detected that cyclists between the ages of 20 and 39 are most
vulnerable to fatal accidents.

3.3 Contingency Tables Analysis

Contingency tables with Pearson's standardized residual calculation were used to
identify the events that occur to a greater or lesser extent than expected. A relationship
between two classes can show a causal factor in the increase or decrease of accidents,
while a relationship of more than two classes of two variables can reflect the existence
of a causal phenomenon.

The following deviations were found in the contingency table for each combination
of two variables Using Orange software [20]. With a standardized Pearson residual of
3.3, 11.9 more accidents than expected were found in intersections where one street has
a speed limit of 80 k/h and three or more lanes per direction. With a Pearson
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standardized residual of -3.0, 11.9 fewer accidents than expected were found at
intersections with traffic lights where the streets have one lane per direction.

Otherwise, with a standardized Pearson residual of 2.7, 12.1 more accidents than
expected were found in intersections without traffic lights where the streets have one
lane per direction (see figure 3). With a standardized Pearson residual of 8.0, 23.9 more
accidents were found than expected in the type of intersection Street-street of one lane
per direction.

With a standardized Pearson residual of 3.2, 6.5 more accidents than expected were
found in the type of intersection Main street-main street, where the arteries'
speed limitis 80 k/m. With a standardized Pearson residual of 6.3, 15.7 more
accidents than expected were found in the type of intersection Street-street where the
streets are one way.

3.4 Correspondence Analysis

For principal component analysis, the unsupervised visual correspondence analysis of
Orange software was used. Correspondence analysis shows the existence of a
relationship between classes of two or more variables. The relationship is represented
in the form of visual proximity with coordinates of the cartesian plane.

As a result, the following most significant proximity between classes is observed:
Private car of the Type of vehicle variable and 3e of the Number of entrances and exits
variable; Public transport of the Type of vehicle variable and 4e of the Number of
entrances and exits variable; Private car of the variable Type of vehicle and Main street-
street of the variable Type of intersection (see in figure 4); 2c of the variable Number
of lanes and Yes of the variable Presence of public transport routes; 1c and 2¢ of the
variable Number of lanes with Yes of the variable Orthogonal intersection; 3c+ of the
variable Number of lanes with No of the variable Orthogonal intersection; Yes of the
variable Presence of public transport routes with 2s of the variable Number of
directions; Yes of the variable Orthogonal intersection with 4e of the Number of
entrances and exits variable; No of the variable Orthogonal intersection with 3e of the
Number of entrances and exits variable.

3.5 Cluster Analysis

Finally, a couple of grouping was made with the simple k-means unsupervised
algorithm of the Weka software. It was chosen to work with 2 and 3 clusters since most
of the variables involved are nominal categorical of two or three classes. With this, it
was possible to observe how the factors of each variable are distributed and associated
in the centroids of the clusters. Statistical results of the distribution and centroids of the
variables with variation are shown in Tables 2 and 3.

4 Results and Discussion

Based on the descriptive statistics analysis, the analysis with contingency tables, the
correlational analysis, and the cluster analysis, the following patterns and principal
factors could be found:
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1. The closeness in the correspondence analysis between the classes Private car and
the Main street-street, three or more lanes with non-orthogonal and the presence
of these four classes as centroids in cluster 0 of the grouping in two clusters and
cluster 2 of the grouping in 3 clusters indicate that: in the type of intersection
Main street-street non-orthogonal where a road has three or more lanes per
direction, the private car is the main one causing fatal accidents with cyclists.

2. In the grouping in 2 and 3 clusters, the classes' Public transport, Orthogonal
intersection, type of intersection Street-street, and one lane per direction are
centroids of a cluster for each grouping. In addition, in the correspondence
analysis, the class two lanes and the presence of public transport show closeness,
which indicates that: Public transportation is the most dangerous vehicle for
cyclists who circulate at orthogonal Street-street intersections with one and two
lanes per direction.

3. By finding more accidents than expected in intersections with one-lane streets
without traffic lights and fewer accidents than expected in intersections with one-
lane streets with traffic lights, and the presence of classes one lane and
intersection without traffic lights as centroids in clusters 1 of the grouping in two
clusters and cluster 1 in the grouping in 3 clusters indicates that: The presence of
traffic lights at intersections where the streets have one lane per direction reduces
the risk of a fatal accident when riding a bicycle.

4. More accidents than expected were found in Main street-main street intersections
and roads with three or more lanes with a speed limit of 80 km/h.. Thus, the above
tells us that intersections type Main street-main street and the intersections where
at least one road has three o more lanes are more dangerous at a speed limit of
80 k/h.

5. The high incidence of 3 and 4 entrances and exits could explain drivers do not
reduce their speed at intersections with few points of conflict, an event that, on
the contrary, occur in roundabouts. Therefore, although roundabouts have a high
number of conflict points, they have little presence of fatal cyclist-car accidents.

5 Concluding Remarks and Future Work

The descriptive statistics analysis shows that the type of intersection with the highest
risk of a fatal accident is formed by one main street and a street. Public transport is the
kind of vehicle most involved in fatal accidents with cyclists.

Also, the following patterns could be found: in the intersection main street-street
non-orthogonal where a road has three or more lanes per direction the private vehicle
is the main one causing fatal accidents with cyclists; public transportation shows to be
a vehicle hazardous for cyclists who circulate at street-street orthogonal intersections
with one and two lanes per direction; the presence of traffic lights at intersections where
the streets have one lane per direction reduces the risk of a fatal accident when riding a
bicycle; roads with a higher speed limit increase the risk of a cyclist-car fatal accident
at intersection type main street-main street and the intersections where at least one road
has three o more lanes.

In future work, the analysis will be extended to include variables such as the traffic
index and the flow of cyclists and include new techniques such as the market basket
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analysis. In addition, it will seek to classify the intersections of a polygon in the GMA
based on the risk of suffering a fatal cyclist-car accident.
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Abstract. Industry 4.0 has changed the way businesses and organizations
operate. Faced with this change, organizations must identify the technologies that
best meet their needs in order to invest in them, especially in the way of
developing software products that meet the needs that this revolution involves.
Component-Based Software Engineering (CBSE) seeks reusing to define,
implement, and compose weakly coupled software components in systems. This
research proposes to carry out a Systematic Mapping Study (SMS), based on the
Kitchenham and Charters guide, to associate Artificial Intelligence (Al)
approaches to CBSE problems. In this SMS, 38 primary studies were selected.
From these studies, it was observed that Artificial Intelligence has supported to
CBSE through 16 algorithms and 17 Al techniques, highlighting optimization
techniques such as Evolutionary Algorithms. On the other hand, 28 problems
were found within 14 CBSE activities where the activity most addressed by Al
has been Software Reliability.

Keywords: Artificial intelligence, component-based software engineering,
systematic mapping study, optimization.

1 Introduction

Industry 4.0 is identified by the emergence of new technologies such as Robotics,
Analytics, Artificial Intelligence (AI), Nanotechnology and the Internet of Things
(IoT), among others. However, all these areas converge in the need for software
development that computes and manages the data that is generated every day.

Recently, Software development has seen in Component-Based Software
Engineering (CBSE) an opportunity to reduce software development times and
therefore release and delivery times. CBSE is “an approach that proposes the
development and evolution of a software system through the selection and composition
of components" [1].

In addition, CBSE is known to be a specialized way of creating software from
existing components, allowing the reuse of previously used components, where these
components are selected for use. On the other hand, Artificial Intelligence (Al) is a very
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broad field that began shortly after the Second World War. Throughout history, Al has
followed four approaches: systems that think like humans, systems that think rationally,
systems that act like humans, and systems that act rationally [2].

The Software Engineering and Artificial Intelligence disciplines have collaborated
with each other in various areas, such as Requirements Classification [3], Requirements
Prioritization [4], Component-Based Software Engineering [5], among others. There
are Artificial Intelligence techniques that are used to solve some of the problems
currently present in the different activities of Component-Based Software Engineering.

The applications of Al techniques in CBSE have shown successful results [6, 7, 8]
or at least, raise proposals for future research [9, 10]. However, the literature
indicates that Component-Based Software Engineering has problems that, although
there are proposals to solve them, have not been fully resolved. Performing a
manual search, no research papers have been found that succinctly cover all the
applications of Al techniques for solving the problems that exist within Component-
Based Software Engineering.

This is important since researchers currently have difficulty obtaining information
from the Al techniques used in CBSE, so this work will provide a reliable source of
information for them. The Systematic Mapping Study (SMS) will allow knowing the
current state of Artificial Intelligence applications in Component-Based Software
Engineering. In addition, it will benefit researchers, to strengthen the domain of the
subject with the applications, the result of said applications, problems addressed, and
proposals and solutions found.

This in order to facilitate the creation of research works in this area and the
development of innovative contributions. This paper is organized as follows: Section 2
presents the background and related work. In Section 3, the method followed to carry
out this SMS is described. Section 4 presents the final results. Finally, Section 5 draws
conclusions and defines future work.

2 Background and Related Work

In the manual search of related works, and according to the authors' knowledge, only a
paper was found as a systematic mapping study related to the subject. In 2018, Diwaker
et al. [11] carried out a research where they made a list of all the applications of
techniques and algorithms of the Soft Computing category belonging to
Artificial Intelligence on different problems (mainly the prediction of software
reliability) found within the Software Reliability activity pertaining to Component-
Based Software Engineering.

The list of the soft computing techniques found were “Genetic Algorithm (GA),
Neural-Network (NN), Fuzzy Logic, Support Vector Machine (SVM), Ant Colony
Optimization (ACO), Particle Swarm Optimization (PSO), and Artificial Bee Colony
(ABC)” [11] (only soft computing).

The research covered the needs, the area of opportunity that exists, as well as the
difficulties and problems it presents, and the problems that have already been addressed
in Software Reliability. This text describes the techniques and algorithms that have
been used in Software Reliability, approached from Soft Computing. Finally, the
importance of activities within the CBSE was exposed.
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Table 1. Keywords.

Concept Keywords

Component-Based Software Engineering, Component Based
Software Engineering, Component-Based Software, Component
Based Software

Component-Based
Software Engineering

Artificial Intelligence  Artificial Intelligence, methodology, algorithm, technique

Table 1. Inclusion criteria.

IC Description

IC1  The paper published from 2011 to May 2021 will be included

IC2  The paper that is written in English will be included.

The paper that in the title or abstract includes at least two key search concepts will be

I3 included.

The article that after reading the abstract gives the impression that it solves the

IC4 research questions will be included.

3 Research Method

To carry out this research work, the guidelines for Systematic Literature Reviews (SLR)
in Software Engineering, which were proposed by Kitchenham & Charters [12], were
used as a guide. Although this guide is focused on SLR, it was decided to carry out a
Systematic Mapping Study (SMS) to relate Artificial Intelligence techniques with
CBSE problems as shown in the research questions. The method is presented in two
stages: planning and execution.

3.1 Planning

Research Questions. The research questions (RQs) relating to this SMS are:

— RQ1: What are the Artificial Intelligence techniques that have been reported in the
research of the CBSE area?

— RQ2: What have been the results in the applications of these techniques?

The motivation of RQ1 is to present the current state of Al algorithms and techniques
applications at the CBSE. On the part of the RQ2, the motivation is to present the results
of the applications of Al techniques and algorithms on the activities and problems of
the CBSE to identify areas of opportunity.

Search strategy. An automated search was performed, searching for the primary
studies among the resulting papers that demonstrated the selected information sources.
All of this was done from a defined search string.

Keywords. Once the research questions were defined, the keywords were defined as
shown in Table 1. The words "Artificial intelligence" and "Component-based software
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Table 3. Exclusion criteria.

EC Description

EC1  Papers that are not available will be excluded.

Papers that are only available in the form of slides, posters, books and technical

EC2  ports will be excluded.

EC3  Papers with duplicate research will be excluded.

Phase 1 Phase 2 Phase 3 Phase 4
*IC1 «IC2 *CI3 *EC3
*EC1 <EC2 *CI4

Fig. 1. Primary studies selection process.

engineering”" were located as the most important terms for this research. Similar or
related terms were added for each search keyword. The terms Al and CBSE were not
included since not all authors use these abbreviations.

Search string. The keywords allowed the creation of the search string that was used in
this investigation. After trying different chains of remaining as follows:

("Component-Based Software Engineering” OR "Component-Based Software" OR
"Component Based Software" OR "Component Based Software Engineering") AND
("Artificial Intelligence" OR "Methodology" OR "Algorithm" OR "Technique")

Information sources. The information sources used for the search and selection of
primary studies were four databases, being digital libraries: IEEE Xplore, ACM Digital
Library, ScienceDirect and SpringerLink. These information sources were selected
because they are repositories of articles from the computer science area and
related disciplines.

Primary study selection criteria. Table 2 and Table 3 show the inclusion and
exclusion criteria used to select the primary studies.

Primary study selection procedure. The phases that were applied to the resulting
papers in the automated search for the selection of primary studies are found in Fig. 1.

Quality assessment. The quality evaluation was considered feasible to avoid threats to
the quality of the information obtained as results of this research. For this point, the
quality evaluation criteria were defined to have a quantifiable and objective result
shown in Table 4.

These criteria are made up of eight questions applicable to each paper selected as the
primary study, where 1 point will be given if it meets the criterion quality assessment
or 0 if not compliant. The decision was made to select the papers that have a minimum
of five points for use in this research. In this way we affirm that the articles used in this
research are reliable and of quality.
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Table 2. Quality evaluation criteria.

ID  Question

1 Are the objectives of the paper described?

2 Does the study mention papers or proposals already published?

In the related work section, does the study mention at least 3 papers that have been
published up to five years before publication?

Does the study use public datasets?

Is the methodology used described in the study?

Was the research process adequately documented in the study?

Do the results prove the achievement of the objectives?

0| Q[N |n b

Are the conclusions of the study clear?

™\ ( N\
(Phase1 ) (Phase2 ) [Phase3 (Phase4 | g:gi‘vvl::ﬁ?ng
* IEEE « IEEE « IEEE * IEEE « [EEE
Xplore: 108 Xplore: 101 Xplore: 36 Xplore: 15 Xplore: 3 Total
+ ACM + ACM * ACM * ACM +« ACM
Digital Digital Digital Digital Digital * Papers
Library: 535 Library: 533 Library: 8 Library: 3 Library: 0 selected as
* Science * Science * Science * Science « Science primary
Direct: 145 Direct: 134 Direct: 9 Direct: 4 Direct: 1 studies: 38
* Springer * SpringerLin * Springer * Springer - Springer
Link: 383 k: 297 Link: 16 Link: 7 Link: 5
\o_Total: 1171/ N\ Total: 1065/ N\ Total: 69 _J N\ Total: 29 _J \. Total; 9 )

Fig. 2. Primary studies selection phases.

Data extraction. The template shown in Table 5 shows the data extracted from each
primary study. Two types of data were extracted from each primary study and deemed
necessary to answer the research questions.

The first seven data correspond to the details of the publication and the last two data
are directly linked to RQ1 and RQ2, these data can answer both research questions.

3.2 Execution

The search string applied in the information sources yielded a total of 6,452 papers. As
shown in Fig. 2, after applying all the phases of the selection process for primary
studies, a result of 29 papers was obtained. Once the papers resulting from the selection
procedure of primary studies shown in Fig. 1 were obtained, Backward Snowballing
was applied to each of them, giving a result of 9 papers. Finally, a total of 38 papers
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Table 5. Data extraction template.

Kind of data Data extracted
Title
Authors
Year

Publication details Source

Publication type

Reference
Abstract
Al technique used

Context - -
CBSE activity and problematic addressed

2021 0
2020 1
2019 2

2 2018 1

g 2017 2

g 2016 7

b= 2015 6

S 2014 7

< 2013 3

& 2012 4
2011 5

0 1 2 3 4 5 6 7

Number of primary study

Fig. 3. Number of papers per year publication.

selected as primary studies were obtained. The detail of these 38 primary studies is
presented in Appendix A'.

4 Results

Of a total of 6,452 papers that emerged from the application of the search string in the
four information sources, only 38 papers were selected as primary studies. In Fig. 3, a
trend can be seen by researchers in the publication of papers where CBSE is addressed
using Al techniques in the years 2014 to 2016.

Only in these three years were published 20 of the 38. To answer the research
questions, a Thematic Synthesis Process was followed. Thirty-eight papers were
selected as primary studies.

! Appendix A. 38 primary studies:

https://drive.google.com/file/d/1NqalAs5cclthHPov3Zdx4M3thxYjh6Sm/view?usp=sharing
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Incremental Algorithms =
Text mining =
Cluster Analysis 3
Neural Networks 3
Heuristics 4
Automata 4
Collective Intelligence 5
Hybrids 8
Fuzzy Logic 8
Evolutionary Algorithms 12

0 1 2 3 4 5 6 7 8 9 10 11 12
Frequency of use

Identified Al categories

Fig. 4. Classification of Al algorithms and techniques.

Software Component Maintenance
Dynamic Adaptation
Software Reengineering
Software Reconfiguration
Software Architectures
Software Verification
Software Testing
Integration and Software Specification
Component Integration
Software Quality Assurance
Software Architecture Design 8
Software Reliability 10
Selection of Software Components 10
Reuse of Software Components 11

0 1 2 3 4 5 6 7 8 9 10 11

Frequency of Al algorithms and techniques used

G Gt G Qg g g gy

Identified CBSE activities

Fig. 5. CBSE activities and boarding frequency.

In these papers, 16 algorithms and 17 Al techniques were found to address different
problems within the activities of the CBSE. The contributions of the Al on the CBSE
were classified by categories.

To achieve this, techniques and algorithms that belonged to the same family were
grouped as Fuzzy Inference System (FIS) and Fuzzy Formal Concept Analysis (FCA).

Both techniques were classified in Fuzzy Logic. To cite another example,
Evolutionary Algorithms such as Strength Pareto Evolutionary Algorithm (SPEA2) and
S-Metric  Selection Evolutionary Multiobjective Algorithm (SMS-EMOA), as
well as the rest of the evolutionary algorithms were classified in the same
category. This classification can be seen in Fig. 4. Furthermore, the frequency of use of
each of these categories on the CBSE can be seen. Regarding the problems and
activities of the CBSE.

Within the primary studies 14 CBSE activities were found that were addressed using
Al algorithms and techniques. Fig. 5 shows the activities found and the frequency of
the Al approach. In Fig. 6, the problems within the identified activities are exposed. A
trend is shown by researchers in the Reuse of Software Components approach, being
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Software Component Maintenance
Dynamic Adaptation

Software Reengineering

Software Reconfiguration

Software Architectures

Software Verification

Software Testing

Integration and Software Specification

Component Integration

= 4 = 4 24 24 = 4 = =

Software Quality Assurance

Identified CBSE activities

Software Architecture Design 3
Software Reliability 3
Selection of Software Components 5
Reuse of Software Components 7
0 1 2 3 4 5 6 7

CBSE problematics found in CBSE activities

Fig. 6. Problematics found in CBSE activities.

the activity, most approached with proposals aimed at solving 7 problems. In response
to RQ1, the use of 16 algorithms and 17 Al techniques on different issues within the
activities of the CBSE was found.

We can expose the use of Genetic Algorithms (GA) which reported four approaches
to solve different problems of the CBSE. Adaptive Neuro-Fuzzy Inference System
(ANFIS), like GA reported four approximations. Finally, Fuzzy Logic (FL) with three
proposals, together with GA and ANFIS add up to just over 33% of the proposals to
solve problems or optimize CBSE activities.

This analysis demonstrates the variety of Al algorithms and techniques that have
been reported in the current state of applications in the CBSE area, since the two
techniques and the aforementioned algorithm were the most used by researchers in this
research work.

As shown in Fig. 7. Evolutionary Algorithms (EA) were the most common
algorithms for the approach to software reliability and the selection of the software
component. However, in this category it is also proposed to address Software Testing
and Software Architectures. In this way, Algorithms of evolution proves to be the
category with flexibility in the contributions of Al on CBSE.

On the other hand, Text Mining and Incremental Algorithm only reported a
contribution to address the activities of the CBSE, these being Integration and
Specification of Software and Selection of Software Components respectively. Based
on the results obtained from the Systematic Mapping Study and to respond to the RQ?2,
38 studies are reported that address the CBSE through Al to address different activities
and problems of this.

Each of the studies clearly describes its objectives and concisely explains the
approach to a CBSE activity through a solution proposal, as well as other previously
published studies to take them as a reference or compare them with their solution
proposals. However, not all the selected primary studies mention updated articles
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Fig. 7. Frequency of approach of Al on CBSE.

(taking as updated papers those papers published up to five years before the publication
of the primary study) for comparison.

Selected primary studies use specific datasets, but not all datasets used are public or
freely accessible. On the other hand, the selected primary studies describe the proposed
methodology textually, graphically and concisely for a greater understanding of the
reader. They also adequately address the proposal research process in each of them.

5 Conclusions and Future Work

A Systematic Mapping Study (SMS) was carried out to answer two research questions,
applying the method proposed in [12] in four sources of information, where 38 articles
selected as primary studies reported contributions on CBSE using Al techniques and
algorithms. Once the results of this research work have been analyzed, classified and
compared, it can be noted that there is a great tendency for researchers in CBSE to use
Evolutionary Algorithms, Fuzzy Logic techniques, as well as algorithms and heuristic
techniques to address problems pertaining to the different activities of Component-
Based Software Engineering.

In addition, this research shows that the CBSE activities most addressed by Artificial
Intelligence are: Component Reuse, Component Selection, and Software Reliability.
The results obtained indicate that Artificial Intelligence addressed Component-Based
Software Engineering 38 times through 16 algorithms and 17 Al techniques, solving
28 problems found within 14 CBSE activities.

In this work, it was shown that Artificial Intelligence and Software Engineering,
specifically the area of Component-Based Software Engineering. Al supports several
activities in the CBSE area, such as the choice of the best component, reliability
estimation models, text mining, among others, which benefit in better reuse, less
expensive and more accurate.

So, there is a lot of research to be done in this field in collaboration between areas,
to ensure faster and more agile software development, as well as high quality, which is

ISSN 1870-4069 135 Research in Computing Science 150(11), 2021



Bruno A. Lépez-Lujan, Angel J. Sanchez-Garcia, Karen Cortés-Verdin

fundamental in Industry 4.0. As future work, it is proposed to explore different
optimization approaches to compare the results with those provided in the primary
studies. This is because although they are addressed problems, they are not
solved problems.
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Abstract. Data from a robotic arm for palletizing of the Universal Robots (UR)
brand was analyzed, which at the time of the experiment did not have an
intelligent preventive maintenance system. Experiments were carried out with
Machine Learning algorithms like Support Vector Machine (SVM), Gradient
Boosting Machine (GBM) and Acrtificial Neural Network (ANN), as well as with
ensembles of them. According to the evaluation metrics obtained, the ensemble
of various algorithms turned out to be the tool for practical use that offers the best
results towards the preventive diagnosis of robotic arms for palletizing.

Keywords:  Machine  learning, data  analysis, robotic  arms,
preventive maintenance.

1 Introduction

The inclusion of systems with artificial intelligence for preventive maintenance in
robotic systems, becomes a very useful tool for the prevention of economic losses,
reduction of downtime of equipment and improvement of the quality of life of operators
of these systems, by avoiding accidents due to failures that could have been
prevented. An example of the above appears within the manufacturing industry in the
United States, which in 2016 reported an expense of 50 billion dollars, just in
maintenance and repairs [1].

Within this context are the robotic arms for palletizing of the brand Universal Robots
(UR, Fig. 1.), which work cooperatively with operators of packaging and palletizing
plants. Despite the fact that brands such as Omron, ABB and KUKA already have
preventive maintenance systems implemented in their robotic arm systems, Universal
Robots does not have this alternative yet, which creates an area of opportunity to look
for solutions to this problem!. By continuously analyzing data from these robots while
they are in operation, an intelligent preventive diagnostic system is able to identify

1 Consulted on July 25, 2021 at https://www.universal-robots.com/
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Fig. 1. Robotic arm of the brand Universal Robots.

f(X)=142X;-X,=0 f(X) = 142X1+3X,-X3=0

Fig. 2. Visual representation of hyperplanes in two and three dimensions using the SVM
algorithm (Boehmke, 2020).

trends in the operation of these devices, with the help of Machine Learning algorithms
and their ensembles. In addition to that, beyond this study for a particular opportunity
in a specific brand, comes the interest to explore the use of Machine Learning
algorithms on failure diagnostics, topic that can be translated to other fields of science
and engineering. The most recent literature related to the practical use of Machine
Learning algorithms in industrial preventive maintenance was studied in order to find
a solution to this problem.

Based on the above, the algorithms of Support Vector Machines (SVM, Fig. 2.),
Gradient Boosting Machines (GBM, Fig. 3.) and Artificial Neural Networks (Fig. 4.),
in addition to their assemblies, were proposed to use in this experiment in order to avoid
over-training in the models and to be able to obtain more reliable comparative results
[2-9]. The first step to the experiment was to preprocess the data obtained from the
robotic arms; then, this preprocessed data was fed into the respective algorithms and
ensembles following the methodology proposed in the figures 7 and 8. Finally, the
results were statistically compared in order to point out the best results.

1.1 Hypothesis

From the processing of the information obtained from robotic arms for palletizing
through various Machine Learning algorithms, it is possible to develop an intelligent
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Fig. 3. Visual representation of the training of a GBM algorithm (Géron, 2019).

Fig. 4. Visual representation of an artificial neural network (Géron, 2019).

preventive diagnosis system for these devices.

1.2 Objectives

2

Compare at least three Machine Learning algorithms for their application in data
science with information from robotic arms for palletizing.

Study the packages proposed to aid in the application of the algorithms.

Perform the analysis and pretreatment of data obtained from robotic arms
for palletizing.

Implement data mining for use with Machine Learning.

Analyze and apply machine-learning meta-algorithms, in addition to at least three
metrics for the evaluation of algorithms in the prediction and classification of
failures in robotic arms for palletizing.

Compare the results obtained with the applied algorithms.

Data Preprocessing

The robot's user interface (Fig. 5.) offers a historical report of its operation that is
displayed in seven columns: Timestamp, Date, Time, Error Source (12 possibilities),
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UR Log Viewer Version: 1.2.0.0
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Fig. 5. Screenshot of the UR report visualization tool user interface.

Error Code (79 possibilities), Error Category (3 possibilities) and Description. By
extracting the data from said interface, a text file (Fig. 6.) is obtained with the historical
report of the robotic arm operation.

The resultant data set contained 21800 observations, to form an historical report of
the robot’s operation until its definitive failure. In order to consider preventive
maintenance for a robotic system such as this robot, there must be considerations about
the error messages and their relationships with the sources of the errors, and
their categories.

Therefore, it was very important for this experiment to work with relevant
information and preprocess the data to avoid using null values or empty strings that
could alter the necessary predictions for a system to be of used as preventive
maintenance to avoid failures and time out of service.

2.1 Tools Used for the Experiments

The experiments were carried out with the programming languages R? and Python® on
the platforms R Studio* and Google Colaboratory’, with the intention of comparing the
results using tools that are freely available for their use by any other researcher. Within
the previously mentioned development environments, the packages and libraries e1071,
gbm, neuralnet, Scikit-Learn and AutoML were used for these experiments.

2.2 Experimentation Procedure

The following images (Figures 7 and 8) show a flow diagram of the experimentation
process to follow. It is very important to emphasize that this is an iterative process in
which the preprocessing of the data plays a fundamental role. This is because if an

Available at: https://www.r-project.org/

Available at: https://www.python.org/

Available at: https://www.rstudio.com/

Available at: https://colab.research.google.com/notebooks/intro.ipynb

[T T VR Y
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Fig. 6. Screenshot of the data offered by the historical report of the robot in a text file.
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Fig. 7. Flow diagram of the experimentation process (1).

algorithm is fed with irrelevant data such as empty values, the results offered by this
Machine Learning system will not be relevant either.

3 Comparative Analysis of Results

The five common metrics used to evaluate the results of the SVM (R, €1071), Gradient
Boosting Machine (R, gbm), RNA - Multilayer Perceptron (R, neuralnet) and Ensemble
(Stack) - SVR, GBR and MLP (Python, Scikit-Learn) models, are as follows:
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Fig. 8. Flow diagram of the experimentation process (2).

—  Mean absolute percentage error (MAPE),

—  Root mean squared logarithmic error (MSLE),
—  Mean absolute error (MAE),

—  Mean square error (MSE),

—  Root mean square error (RMSE).

In the case of the experiment carried out with the AutoML ensemble algorithm —
including StackedEnsemble, XGBoost, GBM, DRF, DeepLearning and XRT (Python,
H20), the three metrics in common with the other experiments are as follows:

—  Mean absolute error (MAE),
—  Mean square error (MSE),
—  Root mean square error (RMSE).

It is important to emphasize that when using each of the errors described above as
evaluation metrics for a regression model (as has been done in this case), the objective
is that the value of the error obtained is as close to zero as possible. On the other hand,
a value that is away from zero denotes a greater error in the predicted values.

With the intention of standardizing the performance metrics for this model, a
comparative table (Table 1) was created in order to consolidate and compare the results,
following the example provided by Borja-Robalino et. al. in 2020. In addition to this
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Table 1. Comparison of evaluation metrics returned by the analyzed algorithms.

Model MAPE MSLE MAE MSE RMSE
SVM (R, ¢1071) 0.0231 0.0077 0.0451 0.07349 0.2711
Boosting (R, gbm) 0.0889 Inf 0.1059 0.24652 0.4965

RNA Multilayer
Perceptron 0.9444 0.1919 1.1857 103.304 10.1639
(R, neuralnet)

Ensemble - SVR,
GBR and MLP

0.0006 0.0001 0.0001 0.00183 0.04282
(Python,
Scikit-Learn)
AutoML
(Python, H20) N/A N/A 0.0011 0.00065 0.00065

previous step, a graph (Fig. 9.) was also created as a visual support to identify the
difference in the obtained errors, in order to meet the objectives of this experiment.

4 Conclusions and Future Work
4.1 Conclusions

Machine Learning algorithms in ensembles have returned better results for this
experiment than the use of algorithms independently. Despite not returning the best
results in all of the analyzed metrics, the model developed with AutoML is much easier
to generate than the model developed with Scikit-Learn from independent models.

The model generated with AutoML is able to return evaluation metrics in a simpler
way compared to the other models, since it shows a set of them automatically, while in
the other experiments, the metrics had to be explicitly required one by one. Due to the
performance of the model generated from an ensemble of Machine Learning algorithms
with H20's AutoML tool, its practical use in an intelligent preventive maintenance
system has been positively validated.

4.2 Future Work

The model generated during this experiment from the use of H20O's open-source tool
AutoML has the possibility of being hosted within an online platform or within
a desktop application. For this reason, with a little extra work it is possible to
develop an intelligent preventive maintenance system for the robotic arms of the
brand Universal Robots.
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Fig. 9. Comparative graph of the errors obtained in the evaluation metrics of each used algorithm.

In the same way, the development of this work opens the door to the possibility of
applying the methodology for data preprocessing and the use of the algorithm
assemblies that were shown in this document with data from robotic arms of other
brands. The key point with respect to the above will be to properly identify the
information offered by other robotic arms and the adaptation of the proposed
methodology, for later use within an intelligent system that includes the ensembles of
Machine Learning algorithms used in this work.
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Abstract. This writing presents an architecture proposal designed to implement
a control loop in a mobile-wheeled under-actuated inverted pendulum system,
using spiking neural networks, linear quadratic regulator control technique, and
a neural framework that allows us to define the neuron ensembles specification
to represent specific control signals.

Keywords: Robotics, neural networks, spiking neural networks, machine
learning, neurorobotics, neurocomputing.

1 Introduction

4.0 Industry has brought a massive proliferation of sensors and data acquisition devices
for monitoring and analysis purposes. This situation has escalated quickly, as the
amount of recollected data overpasses any computation and storage capacities needed
to provide information solutions that allow intelligent decision-making using Big Data
process techniques. Storing all the information is not feasible anymore, so new analysis
techniques have appeared, such as artificial neural networks, which have proven to be
very useful in online learning scenarios.

Spiking neural networks (SNN), also known as artificial third-generation neural
networks, intend to emulate biological plausibility, physical, chemical, and
biological mechanisms, allowing computation and Hebbian learning to occur
in biological living systems. These models have optimal characteristics for hardware
implementation [1, 2].

It promises enormous parallel computing capacity and low energetic usage, enabling
feasible online learning platforms to implement size and power restriction applications,
such as robotics. Neurorobotics [3, 4] is a discipline that takes as a challenge to
design control mechanisms, hardware, and implementation techniques for robotic
applications. These agents adapt their behavior up to changes in themselves or the
environment dynamics.

This situation can be seen in biological systems with growing limbs or holding a
heavy object, alien to its composition, or perhaps, aging, which modifies friction in arm
or leg joints. One of the most evident obstacles in neurorobotics development is the
shortage of physical platforms for neuromorphic computation. However, there are
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Fig. 1. 2D MWIP model, extracted from [17].

simulation platforms that allow designing the neural structures needed for
future implementations.

Some efforts such as Human Brain Project [5], which has a neurorobotics platform
[6], allow to simulate a brain or physical body and explore how to control movement,
stimuli reaction and learn from a virtual or real environment. Another platform,
primarily focused on SNN implementation, is called Nengo [7-9], a tool that allows to
build and design SNNs architectures. It is quite flexible, as the user can define its
neural models, its own learning rules, optimization methods, reuse of subnetworks, data
input, and even has libraries for exporting these models to neuromorphic hardware
or FPGA implementations.

As a small tour in literature, in [10], an adaptive control method proposed in [11] is
used, allowing them to control a three-link arm in simulation, using a spiking neural
network structure designed to estimate the inverse jacobian dynamics. Here, authors
name part of their proposed neural network as their biological counterpart to match
specific tasks made by natural brains. In [12], control of a simulated robotic arm,
without path planning, is achieved using SNNs and motor primitives. In [13], a
biologically inspired spiking neural network (SNN) for soft-grasping to control a
robotic hand, used for robots interacting with objects shaped for humans, is presented.

Finally, in [14], a hardware adaptive control implementation of a Kinova Jaco
robotic arm using the Loihi platform [15] is introduced. These three examples have
something in common; these are complete actuated systems. In this work, an
implementation of a linear quadratic regulator (LQR) strategy using SNN is presented
as an introductory example of how Nengo and SNN can be used for
under-actuated systems, showing which obstacles must be tackled to perform precise
control signal representation.

The Mobile Wheeled Inverted Pendulum (MWIP) is an easily controllable system
for a human with a bit of practice but a challenge in control theory.

Although some of these under-actuated systems show controllability under
linearization around a certain equilibrium point, the control tasks entitle arbitrary output
reference trajectory tracking, taking the system state away from the equilibrium point,
thus overcoming a traditional obstacle to linearization-based control of nonlinear
systems [16].
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This document is organized as follows. Section 2 describes the MWIP dynamics and
the LQR control technique used for controlling the system. Section 3 describes which
methodology was used to create an SNN structure to represent the LQR controller and
shows its implementation in Nengo software simulation. Section 4 shows the
configuration parameter for the simulation and its results. Finally, section 5 is used for
conclusions and proposed future work.

2 Dynamics and Control Strategy of the Robotic System
2.1 Dynamic Model of the System

Fig. 1 shows the graphical representation of the MWIP (Mobile Wheeled Inverted
Pendulum). Here, x,,y, are the wheel coordinates, x;,y, are the mass center
coordinates of the bar, « is the plane's angle inclination, m;, m,, stand for the bar and
the wheel's mass, respectively, I, I,, are the moments of inertia from the bar and the
wheel, L is the bar's length, r is the radius of the wheel, and 6,,, 8;, are the states of
the system, which stand for the rotation angle of the wheel, and the bar's inclination,
in that order.

The robotic system corresponds to a second-order underactuated system [18].
Starting from the modeling dynamics using Euler-Lagrange technique in [17], setting
o = 0 leads to a system with the following depiction:

M(q@)g = C(q,q,w), (1)

where: M (+) is the inertia matrix, C(-) groups the coriolis, gravity, and control terms,
and the extended form of this equation is:

((mb +my)r?+1, myLrcos(6,) ) <9w> _ <u + mylLr 9'5 sin(eb)> 5
myLr cos(8,) myL? + I, G, —u+myg L sin(6,) /) @
Here, u is the control signal. It is worth mentioning the motor is mounted in the hub
that connects the wheel and bar, so the used torque is the same but in the opposite
direction. To obtain the accelerations of the system, we rewrite eq. (2) as:

Gg=M@™? c(qg . 3)

Both second-order differential equations can be represented in four first-order
equations, this is, rewriting the system in a space state manner, such as X =
£(q,4,w). Setting x = [x;, X, X3, %4] = [8,,,0,,0), 0], the system can be linearized
in its equilibrium states 6, = 0,, = 8, = 0, which is equivalent to a pendulum in an
upright position. Therefore, the linearized system results in the form X = Ax + Bu with
the matrices 4, B given by:
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Fig. 2. SNN structure proposed for the control simulation.
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With:

z = Iy, + I, L*my, + Iymyr? + [,m,,r% + L*m,m,, 72 (6)

It can be easily shown that the system is fully controllable and observable.
2.2 Linear Quadratic Regulator (LQR)

The goal then is to move the vector state x from an initial condition to a desired
vector x,4. Finding a control law u = —K,.(x — x4) for the MWIP system, which moves
the closed-loop eigenvalues of the system as far as required on the left half of the
complex plane, in order to achieve optimal control, is a task of optimization.

Choosing over stable eigenvalues might cause the system to overreact to small
perturbations or noise or require high control signals, which might overpass the
actuator's capacity. On the other side, choosing eigenvalues as close as possible to the
right half in the complex plane might result in long stabilization times and small control
signals, leading to instability.

The Linear Quadratic Regulator [19] (LQR hereinafter) consists in to deliver a full-
state feedback control method that minimizes the following cost function:
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output

Fig. 3. Spike-based sparse coding. A reconstruction of the signal is obtained from combining
filtered spike trains together, and spikes are timed to make the reconstruction accurate. Extracted
from [26].

input

MM

reconstruction

Table 1. MWIP model parameters used for simulation.

Parameter Value
L 1[kg]
My 2[kg]
1.2[m]

0.25[m]

Ly 10[N/m]

Iy 10[N/m]

Jj@©) = (fw(x —x)"TQlx —xg) + uTRu> dt. 4)
0

The function in (4) pictures a balance between the energetic cost of an effective state
regulation, which is intended to be minimized, and a quicker control response, which
is intended to be fast.

These objectives are regulated by Q = QT = 0 and R = RT > 0 respectively, and
they can be selected as wished to prioritize control objectives. As bigger is @, it will
move the system to the desired vector state as soon as possible. As big as R might be,
lower control signals will be the priority, while J = gLrg x(t) =0.

As J(+) is a quadratic function, there exists an analytic solution for control weights
in K, given by:

K, = R"!BP, &)
where P is the Ricatti's algebraic equation solution:
PA+ APT — PBR™'BTP +Q = 0. (6)

In order to solve eq. (6) there are several software-implemented methods [20, 21],
which start from a known 4, B for a ¥ = f(q, g, u) system dynamics.
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Fig. 5. Evolution of error signal for each state, simulating the proposed SNN structure.

3 Neural Network Simulation

In order to design and implement the neural network, the principles developed in Neural
Engineering Framework (NEF) [27, 28] are used. NEF can be seen as a 'neural
compiler' that guarantees an optimal global approximation of the defined dynamic
equations by the user-defined groups of neurons called ensembles. Given a signal, it is
possible to use a nonlinear encoding matrix E to parse it into a spike domain.

Then, recover an approximation of the original signal through a linear decoding
matrix D, obtaining then the synaptic weights W = ED for the ensemble. Once
connected, the resulting network approximates the ideal signal according to neural
heterogeneity, stochasticity, and connectivity, affecting its performance.

This is called Spike-based sparse coding, and it can be seen in Fig. 3 [26] Fig. 2
shows the implemented SNN using the simulation software Nengo [22], which provides
libraries for define and connect ensembles, which once connected between them,
Nengo will find the appropriate synaptic weights using a learning rule (such as STDP)
to represent any stimuli value proportioned, and represent it on the next ensemble.

This is achieved using the methodology described in NEF and BCM theory [23,24],
which describes how synaptic plasticity on cortical neurons is stabilized by the average
postsynaptic activity. All the neurons in this proposed model use Leaky Integrate and
Fire (LIF) [25] model for its representation.
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Fig. 6. Evolution of control signal for each state (Up, simple control loop simulation without
SNN, down, simulating the proposed SNN structure).

As part of the encoding, each ensemble can encode a signal from a minimum to a
maximum value. Nengo allows the user to modify this parameter in the ensemble
construction, in order to define the represented function domain. This domain is called
radius. By default, this radius is set between [-1, 1].

However, as soon we reset to a bigger domain, the number of neurons in the
ensemble needs to be implemented. If this is not the case, the output signal will lose
resolution, creating noisy output signals. A small radius then implies better
precision. Up next, each of the elements of the proposed structure in Fig. 2 is described:

— Reference: A small function that returns the desired vector state x;.

—  Cerebellum: 1000x4 neuron ensemble, which encodes the state from the MWIP.
Radius (-10, 10). Similarly called like this as [10].

—  Error:100 X 4 neuron ensemble encodes the signal reference and computes the
difference between the actual and the reference vector state. Radius (-3.1416,
3.1416).

— Control U: 1000 X 4 neuron ensemble, which computes the control signal for
each state variable. Range (-350,350).

—  MWIP Animation: Node used for MWIP simulation, with one control input (u)
and four outputs (0,,,0,,, 0,6, ).

The ensemble's radius was selected according to the function domain for each state

variable represented. Nevertheless, some states such as angular velocities 0,,, 6, have
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virtually open domains, while in practice, these are limited. Another example is the
computed control signal. Appropriate radii were selected to achieve the maximal values
required for the given initial conditions.

4 Simulation Scenario
4.1 Simulation Parameters

In order to evaluate the architecture performance, the MWIP starts from an initial state
x; = [4,0,0.1,0], with a desired vector state x; = [6,0,0,0]. Table 1 shows the MWIP
model parameters used and g = 9.81m/s?. For the control loop, u = —K(x — x,),
setting Q = [ and R = 0.001, the matrix K = [—-100, —323.3434, —542.0927,
—541.08], using the described methods in [20, 21]. The simulation period has a
duration of ¢ = 20s with a step integration of 1 ms.

4.2 Results

Fig. 4 shows the MWIP space state evolution. We can see the initial values evolve
towards the desired vector state successfully, with a smooth transition and finishing
with a relatively small error, as shown in Fig. 5. It is worth mentioning the stochastic
and noisy nature of the control signals (See Fig. 6), due to spike-based sparse coding,
oscillate but achieve to represent the desired control signal.

5 Conclusions and Future Work

During the development of this work, a neural architecture based in a biologically
plausible model can be used to emulate system dynamics and control implementation.
It has been shown how to declare control structures and implement them successfully
in under-actuated robotic systems. It is shown that a correct radius specification for
each ensemble reflects the precision of its output control signal.

However, while this control strategy reaches a desired vector state, the produced
control signals seem to be noisy and stochastic. It reminds those produced by control
strategies such as sliding modes [17]. While noise added by the neural dynamics might
be problematic, it adds a small value, avoiding singular matrices during encoding and
decoding processes used in NEF [7].

This also might be beneficial to prevent an overfitting case. We consider possible
future works, like a Ka/man filter implementation in SNN networks for signal cleaning,
or online dynamics estimation of the plant to compute the control signal, exploring
other control techniques such as ADRC [29] for unknown plant dynamics and its
possible neuromorphic implementation in FPGA or ASIC devices.
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Abstract. In the present investigation, a genetic algorithm was developed with a
support vector machine as an aptitude function. This algorithm has the purpose
of searching vector sub-spaces of features that improve the authorship attribution.
This method reduces dimensionality, improves classification, and identifies
which are the most significant features to differentiate between authors. To
determine the author, it is necessary to analyze linguistic features or textual
features that allow us to find the author's writing style. In the experiments carried
out, it is observed that the results obtained are satisfactory, where they proposed
six types of samples, of which three were balanced and three were imbalanced,
where the samples of size five improved the accuracy by 14.0%, in the sample of
size 10 the accuracy is improved by 5.3% and in the sample size 10:20 the
accuracy is improved by 6.15%.

Keywords: Genetic algorithm, selection of features, support vector machine.

1 Introduction

At present, authorship analysis has become a major problem in many areas; among
them, information retrieval, computational linguistics, and forensic linguistics. A great
diversity of corpus has been created, covering different contexts such as; emails,
journalistic notes, literary works, and social networks [1, 2, 3, 4, 5, 6]. The authorship
attribution consists of identifying the author of a text within a set of candidates through
their textual features that allow differentiating the writing style of an author [7, 8]. The
computational problem of authorship attribution has been addressed mainly through the
classification of texts [1, 8, 9, 10, 11].
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In [12], it is shown that every classification task tends to have many features that can
be relevant, irrelevant, and redundant. Irrelevant and redundant features degrade the
performance of a classifier. This is sensitive to the selection of its features. When
making the selection of features, the performance of the classifier is optimized [13],
[14]. The lexical features mainly used in authorship attribution are the bag of words
and n-grams models. Others found within the lexicons are the original words and the
empty words, the count of the length of the sentences or the number of words in the
text, etc. [15, 16, 17, 18].

The main advantage of these features is domain and context independence except in
languages such as Chinese. These types of features do not require any processing to

obtain them or the application of pre-processing for their analysis. The selection of
features is intended to eliminate irrelevant, redundant features. For the selection of
features, filter methods (statistical) and wrapper methods (learning) have been
implemented. This makes it possible to eliminate unnecessary features and improve the
classification [19]. The filter method selects the features utilizing a relevance criterion.
This criterion can be the measure of distance or dependence.

The filter methods evaluate the features independently concerning the classes of the
training set. The wrapper method selects subsets of features from a classifier. The
criteria for selection are according to the learning algorithm, mainly search algorithms
are implemented [19, 20, 21, 22]. When characterizing a text with the n-gram model,
the dimensionality of the features is very high, within this set there are relevant,
irrelevant, and redundant features [12].

To choose the relevant features of an author, a genetic algorithm was implemented
as a method of selection of features, which has as its main objective the search for
optimal vector subspaces, which allows improving the classification [23]. In the present
investigation, they were obtained better results in three out of six samples and
competitive results in the other samples compared with one of the works most
referenced by the state of the art present in [11].

2 Related Works

Genetic algorithms are considered meta-heuristic methods, which mimic the process of
natural selection proposed by Darwin. These adaptive methods arise with the need to
find solutions to problems in a complex search space. The individuals with the
best performance will have the possibility of being selected to pass to the next
generation and reproduce these are considered possible solutions to a particular
problem [24, 25, 26, 27].

In the literature review, different works have been found for the selection of features,
one of them is presented in [23], where they implement a genetic algorithm and the k-
closest neighbor’s classifier; select the most significant words (features) to improve
accuracy in the authorship of science fiction texts. Where the dimensionality to be
treated is lower compared to the analysis of n-grams at the character level. The corpus
used consisted of 503 science fiction text files in English with 17 authors, using 350 for
the training phase and 153 for validation.

However, in the literature review for the text classification task, better results are
observed by implementing a support vector machine. Another work is presented in [ 14],
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where he implements a genetic algorithm with a support vector machine, used for the
selection of the most significant features, applied to the detection of cancer with good
results. The dimensionality of the features to be selected is lower and the classes are
two (it has cancer and it does not have cancer), these considerably reduce the number
of features obtaining good results with only nine features.

The corpus consisted of 200 images for training and 77 for validation, the results
obtained exceed 70% accuracy. The parameters used for his genetic algorithm were
roulette selection, two-point crossing, Gaussian mutation, with a population of 100
individuals, and 10 generations with a mutation probability of 0.01%.

On the other hand, in [28] they implement a genetic algorithm for the selection of
features, it mentions that an important part within the classification of texts is the
selection of features, this type of problem seeks to optimize the process of selection of
features, due to this need to implement a genetic algorithm, this type of method allows
finding the best solutions to particular problems.

In this work they implement a genetic algorithm that meets the following conditions;
the set of features chosen by the algorithm had to represent the category of texts, the
aptitude of the individuals was evaluated individually to ensure optimal similarity
between individuals, the dimension of the vector of features had to be the smallest
possible size, for its evaluation used cosine similarity metrics using an elitist selection
operator, generating a random population of 100 individuals and 400 generations, with
a mutation rate of 0.005%.

The Corpus consisted of 1200 documents from the SOGU laboratory, of which 800
were used for training and 400 for validation, taking into account 8 categories, the
results obtained show that the genetic algorithm obtains an accuracy of 84.25%, this
indicates that by using genetic algorithms for the selection of features, it is possible to
select the representative ones without affecting the performance of the classifier, which
in this case was Naive Bayes.

3 Method and Materials

According to the literature review, in the present investigation, a genetic algorithm was
developed with a support vector machine as an aptitude function that allows selecting
the most significant features using the lexical features (model of n-grams at character
level) applied to the authorship attribution task to improve the classification. As
observed in the state of the art, the learning method that obtains the best results in the
classification is the support vector machine [11, 29].

The feature selection method that has been implemented in particular for the C10
corpus is the most frequent term filter method. This type of method selects the features
according to a relevance measurement, this selection is carried out empirically.
However, the wrapper methods do not perform the selection empirically, they consider
the entire possible set of solutions. The best subsets of features are selected from
supervised learning.

The proposed method for the selection of features consists of the development of
three stages.

1. Development of a text classification method.
2. Genetic algorithm for the selection of features.
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Table 1. Genetic algorithm parameters.

Poblation size Selection Cross Bitwise mutation Elitism
T Deterministic Uniform at o
100 individuals Tournament 0% 0.01% 3

3. Evaluation of the features obtained with the genetic algorithm.

Text classification method: the method to be implemented consists of the following
stages [31]:

—  Data acquisition: the data set used in this research is available on the PAN website
(https://pan.webis.de/) this corpus is used for the detection of plagiarism and
currently also the authorship identification. The C10 corpus is used for the task of
authorship attribution in different works of literature.

— Data analysis and labeling: In this stage, the features extraction process is carried
out for each author's document. Later they are represented by the vector model.

—  Construction of features and weighting: Boolean or binary weighting assigns a
value of one when the term is present and a zero in the absence of the value,
assigning these values in the vector representation [31, 32].

— Selection and projection of features: In the implementation with the genetic
algorithm no method of selection of features is used, and for the evaluation of the
features those obtained by the genetic algorithm are used.

— Training of a classification model: The learning method used is a support vector
machine using a linear kernel, the parameter C equal to one. The support vector
machine in the genetic algorithm is trained with the features of each of the authors,
generating a model that allows an evaluation to be carried out.

— Evaluation of the solution: The metric used is accuracy, it is defined in terms of
true positives (TP), False positives (FP), True negatives (TN), and False negatives
(FN) as shown below [29].

TP+TN
- Accuracy=————.
TP+TN+FP+FN

3.1 Selection of Features with the Genetic Algorithm

For the selection of features with the genetic algorithm, only the training documents
are used, these are divided into a new set of training and validation, to be able to carry
out the evaluation with the support vector machine. The representation used for
individuals is a binary encoding, where when the value of the gene is one the feature is
considered, on the other hand, if the value is zero it is discarded.

Rewriting the documents with the features to be used so that the individual can be
evaluated with the support vector machine using the accuracy metric to
know the individual's aptitude.

The operators used by the genetic algorithm are described below, these were
determined according to the analysis presented in the experimentation section:
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Fig. 1. Results of genetic operators.

3.2 Evaluation of the Features

The evaluation was carried out on the set of features considered the most significant by
the genetic algorithm, starting from the fittest individual. The process that is carried out
for the evaluation is as follows:

1. The training and validation documents are featured with the 3-gram model.

2. Boolean weighting and vector representation are performed with the features
selected by the genetic algorithm.

3. The support vector machine training is performed.

4. From the model generated with the support vector machine, the validation
documents are evaluated with the accuracy metric.
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Fig. 2. Analysis of Balanced and Imbalanced samples.

4 Experimentation

The corpus used in the experimentation is the C10 corpus. An analysis of the different
operators is required for a genetic algorithm with binary coding since the genetic
algorithm implemented in the present investigation has an average of 5,000 genes as
explained in the method each individual is a text classification process, which generates
a high computational cost. Fig. 1 shows an analysis to determine the best operators for
the genetic algorithm.

For the experimentation, the following parameters of the genetic algorithm were
considered. Genetic operators; selection operator: roulette, deterministic and
probabilistic tournament, crossover operator: uniform with 80%, the mutation operator
has a probability of 0.01%. The experimentation to determine the appropriate
parameters was carried out with a sample of size 10 from Corpus C10.

a. Analysis with the roulette operator, from 100 to 300 individuals with
200 generations.

For the first experiment, the following population sizes were considered; 100, 150,
200, 250, and 300 individuals (IND). As can be seen in Fig. 1a, the evolution process
is slower in larger populations than in smaller populations, this is due to the fact that in
smaller populations the individuals with better aptitude tend to be selected more
frequently, but it is also observed in Fig. 1a shows that the genetic algorithm with this
selection operator requires a greater number of generations.

b. Analysis with the deterministic tournament operator, from 100 to 300 individuals
with 200 generations.
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Fig. 3. Proposed method versus the state of the art.

For the second experiment, the following population sizes were considered; 100,
150, 200, 250, and 300 individuals (IND). As can be seen in Fig. 1b, the process of
evolution is faster, requires fewer generations, and the greater the number of individuals
in the population, the better results are obtained, because in larger populations the
individuals with better aptitude tend

To be selected more frequently, according to the experimentation carried out, it is
better to have more individuals than to have more generations with this operator, the
computational cost is lower when the number of individuals is increased compared to
the increase in generations.

c. Analysis with the probabilistic tournament operator, from 100 to 300 individuals
with 200 generations. For the third experiment, the following population sizes were
considered; 100, 150, 200, 250, and 300 individuals (IND). As can be seen in Fig.
1c, the smaller the

population, the better the evolution. With older populations, evolution is gradual, but
it requires a greater number of generations and a greater number of individuals, which
would imply a high computational cost.

d. Deterministic tournament operator analysis, from 500 to 1000 individuals with
100 generations.

Based on the previous experimentation, it was determined that the selection operator
for the present investigation is a deterministic tournament, it presents a better behavior,
and it requires a smaller number of generations.

As shown in Fig. 1d, the more individuals the population has, the better the
evolution, for this reason, it was determined to use 100 generations with 1000
individuals in the experiments.
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e. Selection of features with a genetic algorithm and vector support machine as a
fitness function in the C10 corpus.

The results obtained from the present investigation are compared with the results of
[11] for balanced and imbalanced samples.

As can be seen in Fig. 2, the best results were obtained in two out of three samples,
this indicates that the genetic algorithm with a support vector machine as an aptitude
function is a good method for the selection of features; in the 5 sample the accuracy is
improved by 14.0%, and in the 10 sample the accuracy is improved by 5.3%.

However, in the 50 sample, the proposed method is exceeded by 3.48%. As can be
seen in Fig. 2, better results were obtained in one of the samples, in the 10:20 sample,
the accuracy is improved by 6.15%.

However, in samples 2:10 and 5:10, the proposed method is exceeded by 7% and
1.7% respectively; the method with imbalanced samples requires that the training
sample be larger in order to improve the performance of the classifier.

As can be seen in Fig. 3, the proposed method is compared with other methods used
for authorship attribution, such as the proposal in [33] that performs the construction of
syntactic graphs, in [29] uses a representation of n-grams of words with Doc2vec, in
[34] implements the 15 most referenced works about the authorship attribution task to
replicate the methods and analyze whether the methods are replicable.

5 Conclusions

The selection of features does impact the performance of the classifier as shown in Fig.
2a and 2b. In balanced samples, better results are obtained in two of the three samples,
improving the accuracy by 5.3% in the 10:10 sample. and 14.0% in the 5:5 sample.

In the imbalanced samples, better results are obtained in one of the three samples,
improving the accuracy by 5.65% in the 10:20 sample, when changing the method of
selection of features, better results are obtained in three of the six established samples.

The proposed method selects the features by means of a learning method.

According to the experimentation carried out in the present investigation, the
following conclusions of the implemented method are determined:

— A genetic algorithm and support vector machine as a fitness function allows
selecting a relevant set of features.

— Table two shows the results obtained with the validation documents where it is
observed that the method proposed in this research obtains competitive results with
the state of the art.

The main contribution of this work is the development of a feature extraction method
for the authorship attribution task with a genetic algorithm that implements support
vector machine as an aptitude function, this method can be implemented in different
language processing tasks natural to reduce dimensionality, improve classification, and
identify which are the most significant features.

From the present investigation, an area of opportunity arises with the implementation
of'a micro heuristic that allows reducing the computational cost of the genetic algorithm
as a method for the selection of features.
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Abstract. The aim of evolutionary vision is to address typical problems of
artificial vision through techniques whose principles are based on the theory
of biological evolution. This allows us to consider the visual problem as a
goal-oriented vision problem. Although the current automatic approaches are
widely used in diverse recognition tasks, these are unable to explain how the
knowledge to solve the problem is derived. In this paper, we use an evolutionary
vision technique called brain programming (BP) to extract the knowledge used
for the classification task. This model allows us to know how the knowledge
to solve the leukemia images classification problem is derived. In addition,
we present two variants focused on transferring knowledge to improve the
classification. Results show that classification on leukemia images is achieved
successfully from the solutions obtained by the proposed variants.

Keywords: Evolutionary vision, leukemia type classification,
knowledge transfer.

1 Introduction

Leukemia is a cancer of the early blood-forming cells that is among the top 10 types
of cancer more frequent in the world. Its diagnosis requires of information derived
from several modalities, including morphology, cell phenotyping, cytochemistry,
cytogenetics, and molecular genetics. Particularly, the morphological analysis requires
a manual microscopic examination that is time-consuming and is prone to
human error [4, 10].
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To overcome the limitations of the manual analysis, several computational methods
have been proposed following both, handcraft and automatic approaches. A handcraft
approach utilizes conventional image processing and machine learning techniques, in
which properties as the shape, color, and the distribution of some elements in the image
are meaningful details for the recognition task [1,2]. The knowledge derived from this
approach can be used for the development of explainable learning models.

On the other hand, although the automatic approaches such as the convolutional
neural networks have shown satisfactory results in leukemia images recognition, these
are not driven by human reasoning, and they are computationally expensive, which is a
clear drawback [7]. In this regard, the evolutionary computing techniques as the genetic
programming offer an important advantage because use a trees-based representation
that can automatically perform feature extraction, feature derivation, feature selection,
and classification. Nevertheless, the classification task is a challenging problem due to
issues such as low classification accuracy and a long training time.

For this reason, the reuse of learned knowledge is helpful to address these
limitations as is suggested in [3,6]. In this paper, we use an evolutionary insight
paradigm as a baseline method to address the leukemia classification problem and show
that knowledge extraction and transfer are useful for improving classification accuracy
even when the reused knowledge comes from classes other than those under study. In
the next section, we recall the theoretical concepts. Section 3 presents the proposed
methodology. In Section 4, experiments and results are shown. Conclusions are drawn
in Section 5.

2 Materials and Methods

In this work, the recognition problem is addressed using a model of evolutionary
computer vision named brain programming (BP) as the baseline method. The BP uses
the genetic programming (GP) to discover a set of evolutionary visual operators (EVOs)
that are included within a structure named artificial visual cortex (AVC) [9].

We introduce the image recognition problem from the standpoint of data modelling.
A minimization problem requires finding a solution L,,,;,, € S such that f (L) is
a global minimum on S, L5, € S ¢ f(Lpmin) < f(L). In GP for a recognition
problem, the purpose is to find a function that satisfies the task of data modelling. Thus,
image recognition is defined as:

y = min(f(x,F, T, a)), (D

where the dataset is given by (x,y), F denotes the set of functions, T represents the
terminal set, and a describes the parameters used for tuning the algorithm. Thus, we
require a feature extraction method and a suitable criterion C for minimization. The
methodology requires the definition of two parts: 1) the AVC is the algorithm in charge
of feature extraction, and 2) BP is the algorithm used to tune (F, T, a) for each visual
operator into the AVC. We use a multilayer perceptron (MLP) as the classifier to learn
a mapping f(x) where the descriptors x; are associated with labels y,. In this work, we
address the given problem as a multiclass classification task.
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Fig. 1. Flowchart of the first stage of AVC.

Hence, it is assumed that in the minimization problem, the variables
((x,y),F,T,a,C) are related in such a way that the objective is to associate
the descriptors and the labels. Since the function is the base for understanding
the transformations of the scene, then an image I is considered as the graph
of a function [9].

2.1 Artificial Visual Cortex

The AVC is a hierarchical model that reproduces some aspects of the human visual
cortex. First, a set of visual functions is defined according to the problem, and then each
layer of the artificial visual cortex computes the mathematical operations pertaining to
these functions. A representation of the object of interest is created from the image’s
visual features. This representation consists of salient points in the image to generate
a descriptor used for classification. Figure 1 shows the first stage performed by the
AVC. The AVC is composed of two stages. In the first stage, the features that describe
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the object are acquired and transformed, whereas in the second phase, the descriptor
obtained in the previous stage is used to classify the object.

The input of the AVC is an RGB image I, and multiple colour channels are
considered to create the set I.oior = {Ir, 1y, Ip, Ic, Im, Iy, It, In, Is, I,, }, where the
elements refer to the colour components of the RGB, HSV, and CMYK colour spaces.
Later, each EVO is applied separately to generate a visual map (VM) to emphasize
features based on orientation, color, and shape.

The EVOs are specialized functions evolved from a set of image operators
such as color opponency or Gabor filters that, according to the knowledge from
neuroscience-based on the way these functions are obtained in the biological visual
cortex of the brain. In this way, the evolutionary process uses a set of functions and
terminals to generate the operators for each dimension.

The dimensions d are the feature types used by the AVC, in this work we use
the dimensions of orientation, color, shape, and intensity. This last, is the only one
that performs a constant operator due to it only transforms the input color image into
an intensity image. Thus, VM; = (I, + I, + I)/3. Where I, I , and I, are the
color components of the RGB color model. The next step is to compute a centre
surrounding process. First, the scale-invariant features are extracted and stored in a
conspicuity map (CM).

The CM is calculated as the difference between the different scales that are obtained
through a pyramid of 9 levels: PJ = {PJ=9 P7=! P7=2 .. PJ=%} A Gaussian
smoothing filter is used on each VM to calculate each pyramid. This produces an image
that is half the size of the input map. The process is repeated 8 times to obtain the 9-level
pyramid. In the next step, the differences with respect to each pyramid level in PJ are
calculated using (2) as follows:

2=P§_{2J+1—Pﬂjg%l, )

where j = 1,2..6. Each level of P7 is normalized and scaled to the dimensionality of
the VM using polynomial interpolation. Finally, the six levels are combined into a single
map with a summation operation. As a result, a CM is obtained for each dimension.
The second stage of the AVC is description and classification. Here, a map is built to
highlighting the most salient features from the CMs. For this, a mental map (MM) is
built from the CMs using (3), where d is the dimensionality and & is the cardinality of
the set £V Opsps. The MMs occupy the fourth position of the tree onward:

k
MM, = Z EV O, (CMy). (3)

i=1

Once the MMs are obtained and concatenated with the remainder of the syntactic
trees, the generated program is applied to each image. The n highest values are used to
define the descriptor vector ¥ for each image. The next step is to train a classifier using
the feature vectors. In this work, an MLP is trained to create a model f(x) that maps a
set of descriptor vectors X; to their corresponding labels y,, satisfying (1).
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Fig. 2. Baseline method.

3 The Proposed Methodology

The Brain programming is the baseline method that we use to search for a set
of mathematical expressions inspired on the functionality of specialized tissues in
the brain in order to solve the classification problem. The evolutionary process of
BP begins with a randomized initial generation. In this way, a set of initialization
variables are defined, such as the population size, sizes of solutions or individuals, and
crossing-mutation probabilities.

An individual represents a computer program written with a set of syntactic trees
included in hierarchical structures. These individuals contain four kinds of functions
that are defined in previous research by[9], one for each visual operator (VO). Each
individual is encoded in a multitree representation. A variable number of syntactic trees,
ranging from four to 10, compose each individual. The individuals are evaluated for
each AVC performed, and a classifier determines their fitness for each generation.

Selection, crossover, and mutation processes are performed according the individual
representation as suggested in [9], thus we consider that the whole individual is a
chromosome, and each EVO within this is a gene. Finally, the stopping conditions are:
(a) the algorithm reaches a maximum number of generations, or (b) the algorithm fitness
reaches an optimal value; this means, all images are correctly classified. Fig. 2 presents
the general scheme of the proposed approach.

Although in evolutionary computation it is common the use random sources to start
the evolution, we propose to adapt the baseline method described above, in a similar
way as in [8] to discover the best solutions for the classification task. To achieve this, we
built a testbed with three experiments. In all experiments, we use the baseline method
to classify the leukemia images M2, M3, M4, and M5. The first experiment uses only
the line base method, whereas the second experiment uses the best solutions from the
first experiment as the initial population.

ISSN 1870-4069 171 Research in Computing Science 150(11), 2021



Rocio Ochoa-Montiel, Gustavo Olague, Humberto Sossa

Fig. 3. Types of acute myelocytic leukemia.

For the third experiment, in the first step, we use the baseline method to classify
three different types of leukemia L1, L2, and L3. From the best solutions of this step, is
created the initial population for the third experiment.

4 Experiments and Results

The implementation is carried out on a computer with an Intel i9-7900X, 64 GB of
RAM, the Windows10 operating system, and MATLAB. Parameters initialization is as
follow: population size 30, generations 30, method ramped half and half for generating
of population, crossover rate 0.4, roulette wheel selection, mutation 0.1, tree max
depth 50 levels, and a maximum length of genes 10. From the diagram in Figure
2, the evolutionary loop starts by computing the fitness of each AVC obtained from
each individual using an MLP to calculate the classification rate using the training T
and validation V sets.

The MLP has one intermediate layer with 50 neurons. Later, a set of AVCs is
selected using roulette-wheel selection, and the best AVC is used for further processing.
The new individual is created from the selected AVC by applying a crossover or
mutation operation, as in [9]. The conditions to stop are (1) when the classification
rate is equal to 100% or when (2) the number of generations reaches N = 30.

The dataset used is composed of 868 bone marrow smear color images from four
subtypes of acute myeloid leukemia (AML): M2, M3, M4, and M5. We use 217 images
per class, Fig. 3 shows a sample for each class. Image acquisition is performed by
employing an optical microscope with a magnification of 1250 times and a camera
coupled to the microscope. The images size is 1280 x 1024 pixels, which are resized to
256 x 320 pixels using bicubic interpolation.

For the experiments, we divide the dataset into three parts: a training set T, a
validation set V, and testing set A. Each new individual is estimated by the classification
error rate with the MLP from the best classifier model B of the k-folds. To select the
best-performing solution, we test B on the validation set V. Later, we select one solution
with the best validation error as the (near-) optimal feature descriptor, which is used for
the model evaluation.

4.1 Results

From the proposed methodology, in order to assessment the model we test the best
solution on the test A set using five-fold cross-validation. The average of the five test
accuracies is the classification result.
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Table 1. Results of classification.

Standard evolution Evolution from Evolution from
of four classes E1 four known classes E2 three unknown classes E3
Run  Val. accuracy Test accuracy Val. accuracy Test accuracy Val. accuracy Test accuracy
MLP Random forest MLP Random forest MLP Random forest
1 77.31 72.67 75.82 81.92 76.34 79.49 78.84 79.38 82.04
2 73.46 66.07 69.71 83.84 80.31 81.16 77.69 70.05 73.76
3 72.69 72.24 74.15 84.61 79.83 80.71 76.92 74.01 78.08
4 81.92 77.36 79.96 81.53 7791 79.99 78.84 70.50 69.32
5 80.00 73.25 76.53 83.07 72.18 75.76 77.69 76.77 80.35
6 71.92 68.90 72.14 81.92 76.92 79.83 - - -
7 78.07 75.35 76.93 81.92 78.15 79.68 - - -
8 75.38 72.08 74.22 81.92 75.36 79.89 - - -
Average 76.34 72.23 74.93 82.59 77.13 79.57 77.99 74.14 76.71
o +3.59  £3.51 +3.13 +1.12  £2.60 +1.63 +0.83  £4.01 +5.16
s)e‘:::;j 0 0 0 0 0 1 0 0 0
Critical
value Z 2.12 2.12 2.12 2.12 2.12 2.12 1.71 1.71 1.71

We repeat this process ten times and, the overall classification result is the
accuracies’ average of these repetitions. To make a more robust evaluation, we
performed the independent test using two classifiers: an MLP and a random forest.
Table 1 shows the results of the model evaluation. Seeing the results, we confirm the
advantage of applying the best solutions discovered in previous experiments, despite
using solutions from unknown leukemia types for the classification problem.

We consider the Grubbs statistical method for outlier detection [5].We run the
experiments using Grubbs’ test from the results of every experiment, with a significance
level of 0.05 (two-sided). Values of average, standard deviation, outliers detected, and
critical value Z are reported in Table 1. According to the results, there are no outliers,
except in the experiment E2. Nevertheless, this is not significant because only one
outlier was detected. In view of the best solutions are obtained by using the best
individuals as the initial population using only the baseline method, we selected the
best solution from run two to show the behavior during the evolutionary process.

The validation accuracy of this solution is 83.84%, and the test accuracy is 81.16%
using random forest. This is a competitive result since the content of the images is
visually similar. The fitness evolution, the average, standard deviation, and the best
fitness thus far along the run are shown in Fig. 4 (a). Furthermore, in order to quantify
the solution complexity we use the depth and the number of nodes. In this way, the Fig.
4 (b)-(c) depicts that the discovered solution has low complexity because the number of
nodes and depth of trees decreases as the generations progress.

On the other hand, the properties of descriptor generated by the best solution in Fig.
4 (d) illustrate the range of descriptor values for this solution. The descriptor vector
given by the AVC is a numerical vector of length 200. Since we use a balanced data set
with the following percentages for each set: 30% for set T, 30% for set V, and 40% for
set A; thus, set A contains 348 images.
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Table 2. Structure of best solutions.

No. Exp. EVO, EVO. EVO; EVOnm,
MM, = +/D,(CMy)
El  log(K) 52 s MM3 = Du(Da(Da(Da(Da (D2 (CMa))))))

MMy = CMa/ (D, (D2 (CM.))
MM, = D,(CM,)
B2 log(K) S2 round(S) MMs = Dy(Dy(Do(Do(Do(Da(CMa)))))
MMs = CM,/(D2(Ds(CM,)))

MM, = Half(Go—1(Gy1(CMa)))
MM; = Go—1 (CMy)
GU:1(GU:1(CMd)) * Go:1(CMd)

i = ¥ Go1(Gomt (CMy))

Opp—y (Irgp) *
Opb—y(lrgb)

E3  Go1(S)

Then, in Fig. 4 (d) the indices of images 1...87 correspond to class M2, and so on for
classes M3, M4, and M5. Clearly, the descriptor values show the differences between
the categories, which in some cases could be evaluated with simple techniques instead
of using a classifier. Finally, in Table 2 we show the structure of the best solutions for
each experiment. From these results, it is worth to note that the solutions can be read
and are susceptible to simplifying.

In addition, as expected, experiments E1 and E2 give similar solutions due to the
similarity of the images used in both cases. From results, we can see that the use of the
best solutions from previous experiments like in E2 and E3, is useful to improve the
classification results. Furthermore, the model used as baseline technique allows us to
know how knowledge is derived to obtain the best solution.
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This is a significant advantage, since experts need to recognize leukemia types
from the characteristics of an image, as well as to know the process for learning to
recognize them. Although we do not find a similar approach to our proposal, we provide
experiments with a convolutional neural network for comparison. The network structure
consists of four convolutional and max-pooling layers with 4, 8, 16, and 32 filters,
respectively. Data augmentation is used on the training set, which includes horizontal
and vertical reflexion.

Five-fold cross-validation is used to assess the training performance, which is
stopped when the validation loss does not decrease for 20 epochs. Later, the net best
model from the five-fold validation is selected and used with the test set. To evaluate
the global classification performance, we repeat the experiment eight times, from which
accuracy of 86.85% =+ 5.88 (mean =+ s.d., runs=8) is obtained. From the results, it is
worth noting that although the CNN achieves higher performance on the classification
task, a critical problem is the lack of information about the learning process.

5 Conclusions

This paper presents an evolutionary vision model named brain programing, as a baseline
method to solve the problem of leukemia recognition. An important advantage of this
model is its capability for explaining how the knowledge to solve the problem is derived,
which opens the possibility of answer the question: What is the visual task for?

Since a hierarchical structure and a functional composition perform the visual
extraction and description, then the evolutionary cycle discovers the functions
embedded in this structure. In two of the experiments shown, we use the best set
of solutions from previous experiments as the initial population for a new set of
experiments. The results showed that knowledge transfer through these good solutions
improves the classification rate despite the fact that the solutions used as the initial
population correspond to different types of leukemia from those to be classified.

Thus, it is to note that the use of knowledge transfer can improve the classification
performance on the complex image classification task, in both similar domains and
different domains. Due to the recognition problem requires a clear explanation to better
understand the studied subject, the presented model can be helpful in the medical area
for the recognition of diverse pathologies. Finally, future work from these results is to
widen the number of different domains for knowledge transfer and address the issue of
explainability in this knowledge transfer.
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Abstract. In the biological area, the short reproductive cycle in rodents is
useful because it allows analyzing electrophysiological properties, behaviors,
or drugs effects, through the changes observed during this period. This cycle
is composed of 4 stages, in which the classification is determined by vaginal
cytology. Although automatic approaches have been used for the recognition of
these stages, they are computationally expensive and require a great number of
images for adequate performance. In this work, we study the effect of contrast
enhancement on the images classification of the reproductive cycle named estrous
cycle. We use a dataset of 344 images and four classical contrast enhancement
methods. We extract texture features and use four classifiers to evaluate the
impact of the contrast enhancement methods. From the results, we find that the
contrast enhancement methods that do not emphasize strongly some regions in
the images show higher classification results than those yes do it. Furthermore,
features extracted manually overcome the classification rate concerning the
features extracted automatically with a standard convolutional neural network.

Keywords: Contrast enhancement, classification, estrous cycle.
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1 Introduction

Artificial vision has a wide variety of applications in diverse fields like surveillance,
security or medicine [5, 7]. In Biology, the analysis of rodent tissues is especially useful
to study physiological processes due to these are carrying on short periods. Particularly,
reproduction is an ideal process for researching changes along a cycle, such as fertility
rates, effects of treatments, or environmental diverse conditions, among others [13, 10].
The reproductive cycle in rodents named the estrous cycle is formed by four phases:
proestrus P, estrus E, metestrus M, and diestrus D.

Knowledge of these stages is important for interpretations of female animals’ data,
whereas their identification is through the observation of cells in vaginal smears where
properties like type, number, shape, size, and proportion of cells are evaluated [2,4].
Nevertheless, the recognition of estrous cycle stages by a human expert takes a long
time, and the evaluations are frequently subjective due to differences of skill of the
examiners. We assume this is one of the main reasons why the automatic recognition
problem has been poorly addressed, since the amount of correctly labeled data is critical
for the good performance of these approaches.

In this regard, [9] presents a quantitative method for assessing Estrous cycle stages.
However, the method focuses on showing trends between diverse cell types in each
stage. On the other hand, authors in [12] propose software that enables more efficient
cycle stage data analysis and pattern visualization, while in [8] the visual classification
of the estrous cycle images is addressed by using support vector machines, multilayer
perceptron networks, and convolutional neural networks.

On the other hand, [14] proposes the deep learning-based classification of the
estrous cycle, considering only three stages of the cycle. In this work, for the first
time we evaluate some classical contrast enhancement methods on the classification
of estrous cycle images. It is important to mention that our objective is to know the
impact of these methods, and not to exceed the classification rate of previous works [8,
14]. In the next section, the materials and methods are described. Section 3 presents the
proposed methodology. In section 4, experiments and results are shown. Conclusions
are included in section 5.

2 Materials and Methods

2.1 Contrast Enhancement Methods

The simplest kinds of image processing are point methods, where each output
pixel value depends on an input pixel value; including some globally recovered
information or parameters. Common techniques of image enhancement as histogram
equalization (HE), adaptive histogram equalization (AHE), and local saturation (LS)
are in this category.

We decided to use these because the aim is to enhance details over small or regular
areas in the images [15]. HE enhances the contrast of images by transforming the
values in an intensity image so that the histogram of the output image approximately
matches a specified histogram, uniform distribution by default. Whereas, AHE performs
contrast-limited adaptive histogram equalization.
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Fig. 1. Representative cells of the stages of reproductive cycle in rats. Images in each row depict
the each cycle stage: row 1-stage P, row 2-stage E, row 3-stage M and row 4-stage D.

Unlike HE, it operates on small data regions (tiles) rather than the entire
image. Each tile’s contrast is enhanced so that the histogram of each output region
approximately matches the specified histogram, typically a uniform distribution. The
contrast enhancement can be limited to avoid amplifying the noise which might be
present in the image. On the other hand, LS increases the image contrast by mapping
the values of the input intensity image to new values, hence n% of the data is saturated
at low and high intensities of the input data.

Furthermore, we use an automatic contrast enhancement (ACE) proposed in
previous work [11], which enhances the contrast on local areas through a histogram
approximation using differential evolution. An advantage of this method is the
possibility of defining in which areas of the image we want to contrast enhancement.
Thus, clearer or darker regions (C'r or Dr) can be selected for the enhancement.

2.2 Classifiers

The most of classifiers used in machine learning require features extracted previously
in a manual or semi-automatic way. Classifiers as multilayer perceptron (MLP),
random forest (RF), and the smooth dendrite morphological neurons (SDMN) are of
this type. The firsts are known for their good performance in diverse applications,
whereas the SDMN is a last generation net recently proposed by [6] that has a
good generalization capacity.
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(a) Grayscale (b) Band R (c)Band G (d) Band B

Fig. 2. Images of bands R, G, B. Each row depict a cycle stage: row 1-stage P, row 2-stage E, row
3-stage M and row 4-stage D.

On the other hand, the convolutional neural networks (CNNs) are the approaches
most representative of automatic classification due to they automatically extract features
and perform classification. These models do not need previous image processing or
explicit feature extraction. Instead, they use the image to find adequate descriptors for
image classification. Thus, it is assumed that the learning occurs by using the position
of patterns directly from the input image data exclusively, without considering previous
knowledge about this.

3 The Proposed Methodology

In this work we use a balanced dataset of 344 images with 86 for each stage of the
estrous cycle. Images were acquired with an optical microscope using a magnification
of 400X and a camera Logitech C170. These images are in .jpg format with a resolution
of 100 x 90. Fig. 1 presents images RGB for each stage. From the dataset, we use the
G band images because this shows better contrast concerning the R and B bands, as is
shown in Fig. 2.
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Fig. 3. General flowchart of the proposed methodology.

First, we apply the contrast enhancement methods mentioned in the previous
section. In addition, we consider images without applying the contrast enhancement
to compare. After that, textural features based on the gray level co-occurrence matrix
(GLCM) are extracted. These features are used by the classifiers MLP, RF, and SDMN
to know the advantages of the contrast enhancement methods in image classification.
On the other hand, to compare with an automatic classification method, we use a
standard CNN. We assessment the classification performance for each image class P,
E, M, and D, which depict the four phases of the estrous cycle. In this way, to test
the classifiers MLP, RF, and SDMN we use textural features since the images are in
grayscale; whereas CNN uses the images directly. Fig. 3 shows the general flowchart of
the proposed methodology.

4 Experiments and Results

The experiments were performed on a CPU Intel Core i9- 7900X, 64GB RAM,
Windows10 Enterprise Edition operating system, graphics processing unit (GPU)
GeForceGTX 1080, and MATLAB.

4.1 Datasets

Datasets used in the experiments are built applying the contrast enhancement methods
ACE (C'r, and Dr), HE, AHE, and LS from section 2. ACE was implemented according
to [11], and the methods remainder are computed with the functions histeq, adapthisteq,
and imadjust, respectivetly from the image processing toolbox of Matlab.
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(a) Stage D (b) Stage E (c) Stage M (d) Stage D
Fig. 4. Images of datasets used. Row 1. Band G, row 2. ACE (Cr), row 3. ACE (Dr), row 4. HE,
row 5. AHE, and row 6. LS.

Additionally, a dataset is built from the images of band G without applying contrast
enhancement. In this way, we obtain six datasets for the experiments. Fig. 4 shows the
images obtained from the methods applied.
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Table 1. Results of classification.

SDMN MLP RF CNN
Method Accuracy (%) s.d Accuracy (%) s.d Accuracy (%) s.d Accuracy (%) s.d
Band G 62.50 +3.55 69.23 +4.04 64.42 +2.82 68.27 +4.26

AHE 68.33 +4.88 70.19 +3.91 61.54 +1.78 62.50 +7.74
HE 61.67 +3.01 53.85 +3.04 55.77 +2.43 49.04 +9.27
LS 69.17 +5.18 67.31 +2.80 69.23 +3.43 58.65 +5.04

ACE (Dr) 69.17 +4.90 63.46 +1.50 61.54 +2.87 48.08 +5.64
ACE (Cr) 71.25 +4.49 67.31 +3.71 61.54 +2.02 48.08 +8.19
Average 67.02 +4.34 65.23 +3.17 62.34 +2.56 55.77 +6.69
Min 61.67 +3.01 53.85 +1.5 55.77 +1.78 48.08 +4.26
Max 71.25 +5.18 70.19 +4.04 69.23 +3.43 68.27 +9.27

4.2 Feature Extraction and Classification

The textural features for the tests with MLP, RF, and SDMN are computed from the gray
level-co-occurrence using eight gray levels. Because the GLCM probabilities represent
the conditional joint probabilities of all pairwise combinations of gray levels in the
spatial windows of interest given the parameters interpixel distance (d) an orientation
(9), we adjust § = 1, and 6 = {0,45,90,135,180}. We use seven shift-invariant
features suggested by [3]: uniformity, entropy, dissimilarity, inverse difference, inverse
difference moment, and correlation. These features are computed for each value of 6.

Later, we average the four interpixel orientations for each feature, thus we obtain
seven features for each image. These features are used independently by each classifier.
For the MLP, we consider one hidden layer with 50 neurons and the activation
function traingdx from the Matlab toolbox. RF was initialized with 500 trees and the
classification is performed by majority vote as in [1]. Finally, SDMN was used with
the parameters suggested in [6]. For the experiments with the CNN, we use a structure
composed by four convolutional and max-pooling layers.

The feature maps are flattened and reduced to an output of size four. Data
augmentation is used on the training set. The augmentation operations include
horizontal and vertical reflexion. Accordingly, we have the addition of a random number
of augmented images to the training set in each epoch. The number of filters in the four
convolutional layers are 4, 8, 16, and 32. The training process is stopped when the
validation loss does not decrease for 20 epochs. In all experiments, we use 50% of data
for training, 20% for validation, and the remainder for testing.

Five-fold cross-validation is used to assess the training performance, and the best
net model from the five-fold validation is selected and used with the test set to assess
the net performance. To evaluate the global classification performance, we repeat the
experiment ten times. Results of classification experiments for the datasets—Band G,
AHE, HE, LS, ACE(Dr), ACE(Cr)— are presented in Table 1. Note that results in
ACE(Cr) reached the best performance.
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Fig. 5. Confusion matrix of the best solution. Row1: stage P, Row2: stage E, Row3: stage M,
Row#4: stage D.

In general the methods in which the output image does not tend to binarization
are adequate for classifying when texturales features are used. On the other hand, the
average by classifier shows that classifiers with better performace are SDMN and MLP,
whereas the worst performance is achieved by the CNN.

Furthermore, we show in Fig. 5 the confusion matrix for the best solution (this
is, accuracy=71.25 for SDMN in Table 1). We observed that the stage P is the best
recognized, while the stage E obtains poor classification results. Regard CNN, the
features are automatically extracted by the net, and the contrast enhancement methods
are not useful for classifying, as we can see Table 1. Finally, it is to note that method
HE shows poor performance in all tests.

5 Conclusions

This work proposes for the first time the use of contrast enhancement methods for
classifying the four stages in the reproductive cycle on rodents. The methodology
proposed is inspired by previous works, in which the main objective is to improve
the classification rate. Although this aim is important, in this work we focus on
knowing the impact of classical contrast enhancement methods for the estrous
cycle image classification.

From the results, we suggest that using contrast enhancement methods is useful
when features are extracted manually to be used by classifiers. While for the automatic
classifiers these methods are not useful. In a future work, we like to improve the
classification rate, and to evaluate another automatic classification methods.
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Abstract. Machine learning systems allow solving a wide variety of problems
present both in industry and in everyday life. The increasing available information
has made possible the training of these models and reaches a precision that
surpasses the performance of a human being when carrying out the same task.
However, the large amount of information necessary to carry out the training
task of these models is not always available or difficult to obtain. That is why
several methods are used to increase that information from existing training
data; these methods are called data augmentation methods. The use of data
augmentation techniques allows increment artificially the numbers of samples
of a small training dataset, improving the performance of a machine learning
model in tasks for which the information available is limited. This paper presents
a novel data augmentation technique based on explainable artificial intelligence,
where new training samples are created from the explanations generated using the
explainability method described in [1]. This method generates explanations based
on the classification of useful regions found in an image. Using this method, we
can improve the model performance and its accuracy on the test dataset.

Keywords: XAI CNN, data augmentation,explainability, machine learning.

1 Introduction

Data augmentation is a widely used technique to artificially create new samples
information from a small training dataset. This data augmentation is done to obtain
a greater range of features and information to feed the models we will use, for example,
a CNN (Convolutional Neural Network) that is used for image classification or object
recognition tasks. In order to obtain this new augmented dataset, talking about images,
several techniques could be applied; some of the most common is based on changing
the positioning or the color of the image.

Some of these techniques are: horizontal and vertical shift augmentation (HVA),
horizontal and vertical flip augmentation (HVF), random rotation augmentation (RRA),
random brightness augmentation (RBA), and random zoom augmentation (RZA).
Machine learning models provide solutions to many problems with high precision, but
this precision is could due to the quality of information available.
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Fig. 1. Generation of the visual explanation of the prediction of an image classifier model. (A)
Original image, (B) Set of Candidate regions, (C) Set of useful regions (D) Visual explanation.

However, some cases do not have much information, and the available data is
limited, or it is not so easy to obtain; such is the case of the analysis of medical
images [2]. Then, it is beneficial for these cases to apply data augmentation techniques.
New data augmentation techniques have emerged to solve the problem of having small
training dataset. Such is the case of the work described in [3] where they present a new
technique based on randomly cutting out regions of four different images and putting
them together to form a new image.

This new image will be part of the training dataset, and its label will be
proportionally composed of the classes to which the cropped images belong. In [4]
a technique called Smart Augmentation is described, which is based on creating a new
neural network that learns how to generate new data during the training process of the
base model. Another interesting technique is the one described in [5], which uses a set
of functions to combine different input images to create a new image. This new image
has an unrealistic appearance for a human being; however, according to the results
presented by the authors, this technique generates good results for increasing data.

More recent work is that described in [6], where a technique is proposed that is
based on randomly selecting a rectangular region of the image and erasing its pixels
with random values during the training process. The author reports that with his
methodology a reasonable improvement was obtained in the detection of objects as well
as in the identification of people. In [7]a data augmentation method is proposed based
on producing new information using the explanations generated by applying various
existing explainability methods. Its objective is to try to align the predictions obtained
from a model with the explanations resulting from the applied explanatory method.

2 Data Augmentation

Data Augmentation methods seek to artificially increase the original training dataset
by applying different transformations to this data. In [8] two categories are described
that encompass this type of transformation: geometric and photometric. Geometric
transformations refer to those that alter the geometry of the image, moving each of its
pixels in a new direction. On the other hand, the photometric or color transformations
refer to those that alter the value of the RGB channels by changing each pixel value
(r,g,b) to anew value (1, ¢, b’) according to the predefined heuristics [8].
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Fig.2. Example of augmented data generated by applying the explainability method for
Figure 1(A).

The data augmentation technique seeks to improve the performance of an image
classifier where the amount of information in the training dataset is small. One of the
problems with a small dataset is that the model does not generalize adequately for data
from the test and validation set, and it is easy that presents a model overfitting problem.
With the use of data augmentation, it is possible to reduce this overfitting [9].

Data augmentation is not the only one used to reduce the overfitting of a model.
There are other techniques such as Dropout, Batch normalization, Transfer Learning,
and Pretraining. However, unlike these techniques, data augmentation deals directly
with the root of the problem, that is, the lack of data in the training dataset, as
is show in [2].

3 Explainable Artificial Intelligence XAI

Today, machine learning models and deep learning models are widely used to solve
complex problems and automate processes, both in industry and everyday life. These
models reach surprising levels of precision and good performance, which have often
exceeded the results obtained by a human being. The fact that they generate such good
results can lead to some mistrust in them since, generally, these models are treated
as a black box, of which only the inputs and outputs obtained when processing the
information provided are known.

Because these models are used in critical areas such as medicine, medical care,
autonomous vehicle management, credit approval, legal and justice issues, etc... , the
need arose to create techniques that generate confidence in these models and the results
they generate. These techniques are used in order to know the reason for their decisions
and how they arrive at such precise results.

They are included in the so-called Explainable Artificial Intelligence (XAI) that
arises from satisfying this need and seeks to generate methods that allow understanding
the predictions of AI models as well as trying to justify their decisions. There are many
explanation techniques that, when are applied to the models, allow us to understand the
reason for their results. These methods can be used on different types of data, including
images. The methods that provide a visual explanation of the prediction denote areas of
the image regions that are of interest to the model when carrying out its prediction so
that the explanation can be easily observed.
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Fig. 4. Training accuracy with and without data augmentation XAlI.

In the present work, a new Data Augmentation technique based on XAl is proposed.
The augmented data is obtained from the results of the explanations obtained with a
explainability method based on the classification of useful regions of an image. The
implementation details of the proposed explainability technique are described in [1].

4 Proposed Method

The explainability method [1] in which this paper is based is used for image classifiers
and obtains the visual explanation of the prediction of an image classifier model by
identifying some regions of the input image (Figure 1(A)) that turn out to be most
important for the prediction of the model, called useful regions.
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Table 1. Results on the test dataset with and without data augmentation XAl

Model Training ACC Validation ACC Testing ACC AUC
CNN 0.9278 0.7700 0.6000 0.786
XAI 0.9789 0.7800 0.6500 0.8371

AUC
101 — CNN (area = 0.786) _
—:= XAl (area = 0.831) = L
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0.2 1
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Fig. 5. Curves ROC comparison.

These regions are later statistically categorized, as significant, relevant, or futile and
highlighted with green, yellow, and red colors, respectively, to get a visual explanation.
The significant regions are marked in green, as can be seen in Figure 1(D). To obtain
this explanation, the first thing that is done is a selective search for regions in the input
image in order to obtain a set of candidate regions as show in Figure 1(B), so-called
because it is not yet known whether they are important to the classifier.

For this reason, each of the regions of this set of candidate regions is evaluated
with the classifier and subsequently subjected to statistical analysis to select the
really important regions, which are called useful regions which are denoted in Figure
1(C). Finally, this set of useful regions is categorized and colored according to their
importance in significant, relevant, or futile, as we can see in Figure 1(D). With this,
the level of importance that each of these regions represents for the classifier model is
denoted at the time of carrying out its prediction.

The details of this process are described in our work cited in [1]. Figure 1 shows the
hole process to obtain a visual explanation for an image, using a Cat vs Dog classifier.
The proposed Data Augmentation technique is based on this explainability method [1]
and consists of adding to the original training dataset all those regions categorized as
significant (black regions in Figure 1(D)) that result from the explanation obtained for
each of the data in the training dataset that were correctly classified by the model.
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Fig. 6. Training error data augmentation methods comparison.
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Fig.7. Training Accuracy data augmentation methods comparison.

Figure 2 shows data that belongs to the augmented dataset generated by applying
the explainability method to the original 100 x 100 pixels image. Then the created new
samples are the regions identified with the explanation of the training dataset predictions
and using the significant regions, it can be ensured that relevant information will be
provided to the model, increasing the performance and accuracy of the model.

5 Results and Discussion

In the present work, we use the dataset Dogs vs. Cats that was taken from Kaggle [10],
which contains a total of 25,000 images for the training dataset and 12,500 images for
the test dataset. However, only a subset of 1000(100x100 pixels) images was taken from
the total, in order to simulate a very small dataset.
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Table 2. Comparison between the accuracies of the different methods.

Model Training ACC  Validation ACC  Testing ACC  AUC

XAI 0.9789 0.7800 0.6500 0.831
HVA 0.6467 0.6900 0.6600 0.707
HVF 0.6289 0.6600 0.6200 0.685
RRA 0.6589 0.7000 0.6250 0.714
BRA 0.9644 0.8000 0.6450 0.846
RZA 0.7256 0.7800 0.6700 0.798
AUC
1.0 I
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Fig. 8. AUC comparison.

Throughout this work, we use a CNN model with Adam Optimization and
categorical_crossentropy as the loss function. From the 1000 images of the new small
dataset, 90% are used for training and 10% for validation. Another different set of
200 images from the remaining 24000 from the original training dataset will be
used for testing.

5.1 Data Augmentation XAI Based Method

After much effort, the best result we could get with our CNN model was accuracy
of 0.9278 for training and 0.77 for validation, and using data augmentation with XAI
as describe before we get an accuracy of 0.98 for training and 0.78 for validation. A
comparison between the loss and accuracy evolution in training with and without data
augmentation using XAl is shown in Figures 3 and 4. When we compare Figures 3
and 4, and according to the accuracy of the best model obtained, the data augmentation
method using XAI proposed here slightly improves the model and its training.
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Furthermore, if we use the AUC of the ROC curve as shown in Figure 5, the
model trained used data augmentation is a better model, and it will be chosen in a real
production environment where even 0.01 of improvement could make a difference. A
better improvement is evident when we compare the results over the test dataset where
the XAI method for data augmentation shows better accuracy as is shown in Table 1.

5.2 XAI Method Versus Known Methods

It is fair and necessary to compare the method against others commonly used.
To do this, we use five different commonly used methods, horizontal and vertical
shift augmentation HVA, horizontal and vertical flip augmentation HVF, random
rotation augmentation RRA, random brightness augmentation RBA and random zoom
augmentation RZA. In Figure 6, a comparison of the training error is shown where
we can observe that the XAI method error is always lower than the others, and in
Figure 7, we compare the training accuracy curve where the XAI method is also
better. When we compare the AUC for the different methods, we found that the model
created with the XAl method is one of the best methods, as shown in Figure 8. Table 2
shows a comparison between the accuracies obtained of the different methods of data
augmentation on the different datasets.

6 Conclusions and Future Work

It was proven in this work that our proposed method for data augmentation based
on XAl is efficient to obtain a better performance for the model than the one that is
achieved without increasing data, this is without causing overfitting or reduction in the
accuracy; it was also compared with other methods already known, demonstrating be
one of the most outstanding. Our method can also be used in conjunction with any of the
methods mentioned above to obtain better results, which will be left for future works.
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Abstract. This study presents the method and the result of a Systematic
Literature Review to identify UML diagrams classified in a process of reusing
software design artifacts, and the image characteristics used for the classification
task. Twenty-one studies were selected and analyzed. In these studies, 3 types of
UML diagrams, 2 types of feature approaches, and 8 classifiers were identified.
As results, it was obtained that the classified UML diagrams were class diagram,
sequence diagram and component diagram. The two approaches found are the
predictive characteristics and the rules approach. The classifiers with the highest
performance were decision tree J48, Logistic regression, Decision tables, K-
Nearest Neighbor (K-NN), Random Forest, Bagging, Support Vector Machine
(SVM) and Naive Bayes.

Keywords: Classification, UML diagram, systematic literature review, software
design, features.

1 Introduction

In this new revolution called Industry 4.0, software plays an important role, since it is
the way in which all devices interact. Software Design is one of the most important
stages in Software Engineering. This stage is characterized by the development of UML
diagrams, which are the guide for developers when programming allowing to save time
and effort. Just as there is code reuse, a UML diagram of one system or parts of it can
be used for the redesign of another system.

Few companies and software designers use UML diagram image repositories to
review previous work and be able to reuse those diagrams. Many times, when terms
like "UML diagrams" in browsers are searched, search engines show many erroneous
results because they search by tags and not by image content. To solve this, there are
the UML diagram image classifiers that recognize if the image contains a UML diagram
or not. There are some proposals for UML diagram classifiers. For example, in [1] a
classifier for class diagrams is presented.

In this classifier, 23 characteristics and 6 classification algorithms were used, among
which decision tree J48, logistic regression, decision tables, Random Forest, Support
Vector Machine (SVM), and REP tree were found. They report a 96% accuracy rate on

pp. 197-205; rec. 2021-08-04; acc. 2021-09-15 197 Research in Computing Science 150(11), 2021



Juan Carlos Suarez Hernandez, Angel J. Sanchez-Garcia, Oscar Alonso-Ramirez

Table 1. Research questions.

Question Motivation
Q1. - What UML diagrams have been To know the different UML diagrams
classified using images? classified in the literature

Q2. - What image characteristics have been
used to classify class diagrams, sequence
diagrams, and communication diagrams?
Q3. - What algorithms are used to classify
class diagrams, sequence diagrams, and
communication diagrams?

To know the characteristics of the images
used to classify UML diagrams

To know the algorithms used to classify
images that contain UML diagrams

Table 2. Identified keywords and related terms.

Concept Related terms
UML diagram

Image

Classification Categorization
Characteristic Attribute, Feature
Algorithm

Class diagram

Sequence diagram

Communication Diagram

images that were class diagrams and 91% on images that were not class diagrams.
Another example is [2], where authors present a tool, which classifies UML diagrams
without considering the characteristics of diagrams.

They use the analysis of grayscale histogram, color histogram, number of straight
lines and rectangles among others. Such tool has to have a 95 % accuracy analyzing
large sets of images reporting less than 1 second per image. This paper is organized as
follows: Section II presents the method followed to carry out the Systematic Literature
Reviews (SLR). Section III describes the results. Finally, Section IV draws conclusions
and exposes the future work.

2 Research Method

To carry out this review, the method proposed in [3] by Kitchenham and Charters was
followed, which is a guide used in SE to carry out SLR. This SLR was conducted in
three phases: planning, execution of the search and report. The elements of the guide
taken in each phase are presented in this section.

2.1 Planning Phase

This phase consists of the following stages: research questions, search strategy,
selection of primary studies criteria and quality assessment. Next, each of the phases
will be addressed.
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Table 3. Search string proposed.

String Recall Prec. %R %P

Classification AND image AND algorithms AND ("UML

diagrams" OR "Class diagrams" OR "Sequence diagrams" OR 0.0015  0.25 0.15%  25%

"Communication diagrams")

Image AND ("UML diagrams" OR "Class diagrams" OR

"Sequence diagrams" OR "Communication diagrams")

Slassiﬁcatiop AND '('”UM% diagram§“ QR ”Class dia"grams" OR 00005 05 005%  50%
Sequence diagrams" OR "Communication diagrams")

Classification AND Algorithms AND ("UML diagrams" OR

"Class diagrams' OR "Sequence diagrams" OR 0.0009 0.5 0.09% 50%

"Communication diagrams'")

0.0005 0.5 0.05%  50%

Table 4. Inclusion criteria.

Data Base Description

IEEE Xplore www.ieee.org

Springer Link WWW.springer.com
ACM Digital Library dl-acm.org

Science Direct www.sciencedirect.com

Research Questions

Table 1 shows the research questions with their motivation to identify classified
diagrams, image features, and algorithms in UML diagram classification process.

Search Terms

Table 2 shows the keywords and related terms. This search is limited and focused only
on certain UML diagrams that are shown in Table 2, since these are the most used
diagrams in the software industry.

Search String

With these search terms obtained from the research questions, four different search
string were created. A set of papers was selected through a manual search regarding the
classification of UML diagrams from different databases.

Once the possible search strings were proposed, the precision and recall were
evaluated, the results of which are shown in Table 3. As a result, when observing the
precision and recall of each of the options, it was concluded that the best string is the
last one in Table 3 (bold).

Search Strategy

The repositories selected for the search can be seen in Table 3. This is due the access
and for containing computer and engineering papers. For the selection of
primary studies, inclusion and exclusion criteria were established, which can be seen
in Table 5 and 6.

Selection Procedure

The selection process is made up of the following stages:
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Table 5. Inclusion criteria.

IC Description

1 Studies published between the years 2011 to 2021

Studies written in English

3 The title and / or abstract have at least two search terms.

Table 6. Exclusion criteria.

EC Description

1 Do not have access to the full text

It is a summary, workshop, opinion piece, presentation, book or technical report

3 It is a duplicate research

Table 7. Quality assessment criteria.

ID Criteria

QAC1 Does the paper have the objectives of the study established?

QAC2 Is the research process used defined?

QAC3 Are the references less than 5 years from the publication of the paper?

QAC4 Is the methodology used described in detail?

QACS5 Is the main objective achieved?

—  Stage 1. Primary studies are filtered according to ICI1.

—  Stage 2. The primary studies are removed according to the ECI and EC2.

—  Stage 3. The primary studies are filtered according to the ICI2 and IC3 and the
primary studies are removed according to the EC3.

Quality Assessment

Table 7 shows the format for the quality assessment, which contains 5 questions that
are answered with "yes" or "no" (rated as 1 or 0 respectively). So that each study can
have a final score from 0, which means very poor, to 5, which means very good.

2.2 Execution

In this section, the process of executing the SLR will be commented, talking about the
selection of studies, the quality evaluation. As it can be seen in Table 8, the papers were
reduced as the selection stages of primary studies were applied.

When performing stage 3, it was observed that only 21 primary studies were
preserved. Table 9 shows the selected papers by data source. Figure 1 shows that only
5 papers obtained a score of 4, the other 16 papers had ratings between 2 and 3.

3 Results

The answers to the questions proposed in the planning phase will be presented below.
In Fig. 2, the primary studies that passed the selection process are shown. By year of
publication. It can be seen that there is a growing trend in the analysis of software design
diagrams for their classification from the year 2016.
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Table 8. Selection process.

Source Search Stage 1 Stage 2 Stage 3

IEEE Xplore 10 9 9 9

ACM Digital Library 972 533 439 10

SpringerLink 3229 2019 232 2
Table 9. Primary studies by Source.

Source Primary studies

IEEE Explorer [17[4] [5116] [7][8][9][10] [11]

ACM Digital Library [21[12] [13] [14] [15] [16] [17] [18][19] [20]

SpringerLink [21][22]

@ B R
'S w @

&

Frequency of primary studies

Frequency of primary studies

0 I B
1 2 3 L]

Score

0
2010 012 2014 2016 2018 2020 2022

Year

Fig. 1. Scores of quality assessment. Fig. 2. Primary studies by year of publication.

3.1 Ql1.- What UML Diagrams Have Been Classified Using Images

Because of the analysis of the selected papers in the SRL, which resulted in the
following more classified diagrams:

— Class diagram

—  Component diagram

— Diagram of sequence

As a result, they obtained 95% detection in class diagrams and 91% in non-class
diagrams. In [2], authors propose an 8-rule approach to classify class and component
diagrams. This approach provided 95% effectiveness classifying UML diagrams,
making the best approaches so far.

3.2 Q3. - What Algorithms are Used to Classify Class Diagrams, Sequence
Diagrams, and Communication Diagrams?

The algorithms used for classification in this topic are the following: J48 Decision Tree,
Logistic Regression, Decision Tables, Random Forest, Support Vector Machine
(SVM), REP Tree, OneR, Naive Bayes, RBF Network, K-Nearest Neighbor (with one
and five neighbors), Decision Stump, Random tree and Bagging.
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Software design diagrams

m Class diagram

m Sequence diagram

s Component diagram

Fig. 3. Reported software design diagrams.

Table 10. Features found in primary studies.

Features in [1]

Features in [2]

Rectangles portion of images, percentage

Number of gray shades

Rectangles size variation, ratio

Number of color shades

Rectangles distribution, percentage

Number of vertical / horizontal segments.

Rectangles connections, percentage

Total number of vertical / horizontal
segments at least 30 pixels long

Rectangles dividing lines, percentage

Number of horizontal segments at least 30
pixels long

Rectangles horizontally / vertically aligned,
ratio

Number of vertical segments at least 30
pixels long

Average horizontal / vertical line size, ratio

Number of rectangles

Parent rectangles in parent rectangles,
percentage

Number of main rectangles (not included in
other rectangles)

Rectangles in rectangles, percentage

Rectangles height-width ratio

Geometrical shapes portion of image

Lines connecting geometrical shapes, ratio

Noise, percentage

Colour frequency, percentage

As it can be seen in Fig. 4, the most used algorithms are Decision Tables and the J48
Decision Tree with three appearances, followed by Logistic Regression, Naive Bayes,

OneR and REP Tree with two appearances each.

We must emphasize that, although they are the most used algorithms, they do not
necessarily have the best results. Not much detail is given about the selection of the
algorithms, more detail is given about the performance they had with the

selected features.
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Fig. 4. Classification approaches identified.

4 Conclusions and Future Work

In this work, a Systematic Literature Review on the task of classifying software design
diagrams saved in image format was performed and it was based on the method
proposed in [3], where the following artifacts were obtained: the search string, the
inclusion and exclusion criteria, and the data extraction and quality assessment.

The UML diagrams, when performing the analysis to the data extraction artifacts,
the most classified UML diagrams were class diagrams, sequence diagrams and
component diagrams.

The best-performing characteristics described by Ho-Quang in [1], as well as
Moreno's rule features [2], which will be used together with the UML diagram
classification algorithms, to measure performance with the different approaches in our
future work.

The classification algorithms such as J48 decision tree, Logistic regression, Decision
tables, K-NN (with one neighbor), Random Forest, Bagging, Support Vector Machine,
and Naive Bayes were the best at classifying UML diagram images as reported in [1].

However, we decided to select the following for the next stage of the reception work:
J48 decision tree, Logistic regression and SVM. This because they show better results
in this review.

Finally, as future work it is intended to extend the functionalities of the work
proposed in [2], using a combination of reported algorithms and extending the number
of classes in: Class Diagram, Component Diagram, Sequence Diagram and
another Diagram.
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Abstract. Artificial intelligence and IoT based technologies have
generated new opportunities to prevent and identify failures in equipment
or machines of all kinds, such as predictive maintenance. This paper
presents an implementation of an IoT platform that shows the telemetry
of equipment through temperature sensors, magnetic sensors, actuators
and voltage detection, which allows the application of statistical and
linear regression formulas to analyze the behavior and prediction in the
reception of information from the electronic device to the IoT platform.

Keywords: IoT, Sensors, telemetry, linear  regression,
predictive maintenance.

1 Introduction

The Internet of Things (IoT) has revolutionized telemetry as it facilitates the remote
monitoring of equipment to observe the behavior of electronic devices in sending alerts
to a control center that allows visualization through a web platform [1], in order to
supervise that the operation is safe and efficient.

The 0T is increasingly used in the industry and the benefits it offers to companies
is increasing justifying the investment required for the implementation of an IoT
system, as it guarantees an improvement in the management of resources [2], however,
this leads to the maintenance of such devices. There are different types of maintenance;
these are classified into three types: corrective, preventive and predictive.

At the beginning, only the term corrective or reactive maintenance was used, which
consists of repairing failures as they occur, however over time industries realized the
advantage of early detection of a severe failure or the early change of a component with
high potential for failure in machines, which gave way to preventive maintenance,
which is based on conducting periodic inspections to anticipate the failure and finally
periodic monitoring through inspections led to the development of predictive
maintenance [3].
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Predictive maintenance is based on constantly analyzing the data generated by the
equipment to anticipate any possible failure or problem before it occurs, avoiding
production downtime and extra costs [4].

The way it is carried out is by defining the normal parameters in which it should
operate, and then detecting or predicting alterations or lags in the devices that indicate
a possible problem in the system, so the process to define the predictive maintenance
of a piece of equipment or device can be subdivided into three stages [5]:

1  The identification and evaluation of maintenance needs.
2 Prioritization of these needs.
3 Formulation of a predictive maintenance program.

Predictive maintenance has been applied to different branches and different
techniques have been used for the identification and evaluation of maintenance needs,
below, different application models are listed:

1 Fleet management project reporting to the central database where the general
details of those equipment are revealed. This research mentions that critical
attention should be paid to this area of IoT application so that
predictive/preventive maintenance can be performed on equipment and
machinery to avoid delays and reduce the adverse effects of carbon emissions to
people and the environment [6].

2 Efficient sensor fault management system in IoT smart environments during the
operational phase of a building. For effective predictive maintenance planning,
machine-learning techniques can be integrated into the workflow, developed to
efficiently predict the future condition of individual IoT components, such as
data loggers and sensors [7].

3 Prototype that acts as an accessible and interactive option for energy
consumption monitoring through BIM (Building Information Modeling), which
contributed to predictive maintenance and facilitates the understanding of the
condition and performance of building systems [8].

There are techniques that contribute to the prediction of the behavior of a variable
such as biased regression or linear regression that seeks to calculate a straight line
through the prediction, measuring the error with respect to the sample taken
[9]. Through the IoT platform can be collected data and really useful information about
the environment and the conditions in which the equipment is, however, also gives us
information about the state of the modules that make up the device to
achieve predict failures [10].

Therefore, in the proposed project it was determined the development of an IoT
platform to receive, store and display telemetry, as for the machine it is necessary to
collect data through sensors. This information is very important because it will provide
the traceability or historial with which samples are taken from blocks of information
and with it to apply statistical models to know the efficiency in the requests. The same
sample used previously will be used to apply the linear regression method to predict
the behavior in the reception of requests.
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Fig. 1. Structure of the Dash Board of the IoT platform. [Own creation].

2  Methodology

The development of the IoT platform has a visual part that allows the user to access the
information in a simple way; a panel of modules, divided into sections, separates
the data:

1 Machine telemetry history.
2 Samples collected for the use of statistical methods.

3 Samples for prediction by applying regression method lines and obtaining the
prediction data.

In the telemetry part of the equipment, the following data will be obtained: Gate
detection, voltage supply, Temperature and Actuators. In the statistics part, the
following data will be obtained from the request analysis: Correlation, Arithmetic
Mean, Median, Mode and Standard Deviation. In the linear regression part, the
prediction will be obtained and the Mean Absolute Error (MAE), the Mean Squared
Error (MSE) and the Median Absolute Error (MedAE) will be calculated to check the
quality of the prediction. The dashboard diagram includes subdivisions for each
module, as shown in image 1.

2.1 Software Description

For the implementation of the IoT platform, we used the Laravel Framework that allows
the use of a refined and expressive syntax to create code in a simple object-oriented
way [11], this implementation is based on Model-View-Controller (MVC) technology
and has a high compatibility for the use of composer packages.
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Fig. 2. IoT platform architecture diagram [Own elaboration].
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Fig. 3. Diagram of components for the IoT platform [Own elaboration].

In this development it was decided to use the NGINX web server applying a client
server type architecture, so for this service the HTTPS communication protocol is used
in requests with get() and post() methods for both the visual part of the platform as well
as in the rest api.

The telemetry information is sent by the device to the server and then stored in a
Maria DB database. This set of configurations is implemented in web services and is
known as LEMP SERVER or LAMP SERVER, commonly used for the development
of web platforms and in this particular case to develop the IoT platform [12].

2.2 IoT System Architecture

Within the web platform there are two services; the first one is the communication
where the Client information is displayed (Client Query Modules in Platform) and the
second one is the ERB Card communication (ERB Card Query Modules API).
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Fig. 4. Class diagram of the IoT platform [Own elaboration].
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Fig. 5. Door status detector [Own elaboration].

The services pass from the web platform to the database and together they allow
saving or querying the information inside the IoT server as shown in image 2. The
functionality of the two services mentioned above follows the same pattern. Image 3
shows how the database is related to the model.

The model communicates with the controllers and these in turn communicate with
the view, this addressing is triggered by the queries generated either from the user or
from the card.

The database has 7 tables, as shown in the class diagram in image 4, which are related
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Fig. 7. Status of actuators [Own elaboration]

to each other in order to give integrity to the data of the IoT platform, the relationship
of the tables has a unique id and in turn an id foreign.

2.3 Telemetry of the Equipment

Telemetry is a technology that allows the remote measurement of physical variables of
a device through data that are transferred to a server [13]. This telemetry was performed
by means of wireless communication through get and post requests containing the
information of’

Door status detector: the equipment has two front doors and two rear doors, which
must be kept closed, unless the detection of the opening of any of the doors is
registered in the device, this is possible through the use of a magnetic sensor that
allows the presence or absence of a high pulse to detect that the door is open or a
low pulse to detect that the door is closed. On the platform, the detection of the
status of the doors is shown as in image 5.

Voltage detection: the equipment must feed 3 subsystems, which are door power
supply, temperature sensors and actuators. Therefore, if no faults are found in any
of them, they should be powered all the time. In the platform, voltage detection is
shown as in image 6.

Temperature: the equipment has 4 temperature sensors; these are distributed inside
the equipment. The regular temperatures that the equipment supports are from 0
degrees Celsius to 35 degrees Celsius, however, it can reach 65 degrees Celsius
and continue working, but from 65.1 degrees Celsius the temperature is considered
too high and could cause damage. The graph of the temperature ranges is shown in
image 7.
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Fig. 8. Temperature graph [Own elaboration].

Actuators: the units have 4 actuators that are distributed inside the unit. Depending
on the equipment, the actuators can be in an open or closed state. On the platform,
the detection of the actuator status is shown as in image 8.

2.4 Analysis of Requests

The sending of requests from the equipment to the IoT platform will take 10 minutes;
however, there are possible problems that may cause packets not to be sent [14,18], the
following is a description of the possible causes:

Outdated information: if a sensor takes longer than usual, it may delay the sending
of requests.

Slow loading: if the loading takes longer than normal, the server will reject the
connection and you will have to try again.

Interruption in uploads: Due to the slowness, requests may be completely
interrupted, taking longer than normal, which will result in the rejection of
the request.

Connection closure: if a connection closure occurs, the equipment will try to
recreate the connection and try again.

Incomplete information: if the information in the get or post request is incomplete,
the reception will be rejected and the team will reassemble the information to retry
the request.

Damaged hardware. If there is a physical problem in the hardware that handles
network traffic, it is very likely that packet loss will occur.

Hardware capacity (bottlenecks).

In the analysis of requests, the application of mathematical concepts is contemplated

to obtain metrics that help us to understand the data [15], such as:
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—  Correlation: this metric reflects the measure of association between the number of
requests and the time elapsed between them; a correlation close to zero is sought,
since it is expected that the values of the samples do not have an increasing or
decreasing behavior.

— Standard deviation: is the most common measure of dispersion, indicating how
scattered the data are around the mean. A standard deviation value higher than the
mean indicates a greater dispersion of the data, implying that the sample values are
not similar. In this case the standard deviation will be used to establish a reference
value for estimating the overall time variation between requests. For this project,
an acceptable standard deviation is considered when the standard deviation is less
than 10, taking into account the value should be in 600 with tolerance of +10.

—  Arithmetic mean: it is used as an indicator when the distribution of the sample is
normal, which means that it contains a low number of very distant values, which
is the ideal.

— Median: it is the midpoint of the sample and indicates the central tendency.

—  Mode: is the value that occurs most frequently in the sample and is used along with
the mean and median to provide a general characterization of the distribution of
the sample data.

If it is considered that the requests are repetitive in a period of time of every 10
minutes which is equivalent to 600 seconds. For this reason, in the ideal case for the
project, the arithmetic mean, median and mean should be close to 600, since, if the data
are symmetrical, then the mean and median should be similar.

2.5 Linear Regression for Prediction

The prediction or linear regression model is one of the methods used to predict a desired
value from a sample [16], in this case it will be used to represent the relationship
between the number of the position of the requests and the time that has elapsed
between one and another. The model is expressed in a logical-mathematical form and
allows to make predictions of the values where the time that has elapsed between one
request and another will be taken, starting from the number of the next position of
the request.

It is possible to apply the above-mentioned algorithm since there is a linearity in the
input data because each request received is expected to have an approximate time of
600 seconds between one request and another, which is equivalent to a request every
10 minutes. The equation used by the linear regression model for training is given by:

y=A+BxX, (1)

The least squares method consists of minimizing the sum of the squares of the errors:

e = ) =9 e)

n
i=1 i=1
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Fig. 9. Status of temperature sensors [Own elaboration].

That is, the sum of the squares of the differences between the actual observed values
(y;) and the estimated values (3,). Regression metrics are used to measure the
performance of some regression mode and for this project, they are:

—  Mean Absolute Error (MAE) will serve to quantify the accuracy of the prediction
by comparing the estimated value against the value that is estimated. It is
considered a good prediction if it is less than 7 since that represents an error of
1.2% over the desired amount (600), which implies that it is a negligible error.

— Mean Squared Error (MSE) evaluates the quality of the predictions in terms of
their variation and the degree of bias, for the purposes of this project it is sought to
be less than 41 which represents a negligible error of less than 1.2% over the
desired amount (600).

—  Median Absolute Error (MedAE) as well as the Mean Absolute Error is considered
a good prediction if it is less than 7 since that represents an error of 1.2% over the
desired amount (600), which implies that it is a negligible error.

3 Results

The experimentation was carried out under certain conditions that allowed the veracity
of the results:

—  The conditions of the cloud server were optimal.
—  The machines have power supply.
— The machines were free of external agents that could cause failures.

—  The internet service was stable for uploading and downloading requests from the
machine to the server.

ISSN 1870-4069 215 Research in Computing Science 150(11), 2021



Francisco Javier Flores Zermefio, Edgar Gonzalo Cossio Franco

Fig. 10. Status of voltage sensors, gates and actuators [Own elaboration].

Table 1. Petition analysis [Own elaboration].

. Average . Standard

ID Correlation Ari thmgtic Median Mode Deviation
1 0.057291 602 600 605 6.187339
2 0.116996 598 600 602 5.521691
3 -0.083445 595.5 600 595 5.919587
4 -0.096358 600 600 609 6.114546

3.1 Telemetry of the Equipment

The temperature of the equipment is within the desired parameters, which indicates that
they are operating at the appropriate temperatures as shown in image 9. As for the
voltage detection, the three sensors are on status, as well as the doors and actuators of
the equipment are closed as shown in image 10.

3.2 Analysis of the Requests

Four samples were analyzed, each one with 144 requests, these are equivalent to 24
hours or the equivalent of one day of requests in which it is observed that the arithmetic
mean, median and mode are close to 600, which implies that the data are symmetrical,
it is also observed that the correlation is close to 0 which indicates that it does not have
an increasing or decreasing trend, the standard deviation is within acceptable
parameters as can be seen in image 11.

3.3 Prediction of Request Failures

For the demonstration of this project and through the use of 4 samples, each one of 144
requests equivalent to one day, these samples were from consecutive days and the
prediction of the following day was generated, the start and end time was taken, and the
difference and the total time of the samples were obtained, as shown in image 12.

Research in Computing Science 150(11), 2021 216 ISSN 1870-4069



Intelligent 10T Platform for Prediction of Failuresin the Reception of Equipment Telemetry Requests

Table 2. Prediction of request failures [Own elaboration].

Id Elements Start time Final time Total Difference
Time

1 144 2021-07-24 13:38:12  2021-07-25 13:39:35 86483 83

2 144 2021-07-25 13:36:15  2021-07-26 13:38:28 86533 133

3 144 2021-07-26 13:36:12  2021-07-27 13:30:46 86074 -326

4 144 2021-07-27 13:37:09  2021-07-28 13:32:02 86093 -307

Table 3. Details of the prediction of the request [Own elaboration].

Pass  Differ Mean Median Mean
Sample  Start time End time . . absolute  absolute squared
time time
error error error

20210724 20210724
! 1338:12 134812 000 0 54514 5 38.0347

2021-07-25  2021-07-25
2 133615 13:46:15 600 0 4.6458 4 30.9375

20210726 2021-07-26
3 1336:12 134611 O 1 5.1597 5 35.7569

2021-07-27  2021-07-27
4 13:37:09 13:47:08 599 1 5.3125 5 39.0764

To review the generated metrics, access the sample details, in this case a table was
generated with the information of sample number, start time, end time, pass time, Difer
time, Mean absolute error, Median absolute error, Mean squared error, as shown in
image 13. As shown in Figure 13, the Mean absolute error is less than 7, the Median
absolute error is less than 7 and the Mean squared error is less than 41, which implies
that the errors are less than 1.2% taking as a reference the expected value of 600,
so the predictions obtained are within the acceptable parameters, generating an
acceptable prediction.

4 Conclusions

Using an IoT platform is essential to centralize the information collected from the
equipment, in such telemetry is important to establish what data needs to be collected,
such as the time of receipt of the request and the time that exists between them.

Another important point to take into account is to manage the traceability of the
telemetry generating a history, if this information is performed a statistical analysis and
a predictive method [17], it can generate valuable information, in this case focused on
the reception of requests and thus determined the functionality between the equipment
and the IoT platform.

The results obtained show that the development of the IoT platform for the
equipment was favorable, demonstrating that it is possible to predict failures in the
reception of requests, this helps to schedule maintenance visits to the equipment,
preventing possible failures that require equipment replacement and thus avoiding an
increase in costs.
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Abstract. This paper describes the development of a hybrid system under a
client-server architecture of multi-Tiers and logical multilayers, development
with Nodejs-Express-Angular with Object Relational Mapping and Data Transfer
Object with MariaDB. Generally, tracking systems with Global Navigation
Satellite System technology are slow without a base architecture and adequate
development tools and require an internet connection in some of their stages. The
results showed its functionality in different situations applied in problems of
aeronautic and terrestrial tracking, guaranteeing a projection of personalized
geodetic maps and OpenStreetMap in an agile way, efficient, and secure
communication in real-time. The proposed architecture allows native
development, integration of new modules, and cross-platform implementation in
an easy way. Nowadays, hybrid (air and land) tactical are applied in military and
medical communications with tracking in real-time, public or private security of
objects and people. The hybrid system can be applied in the syndemic problem,
which has caused millions of deaths.

Keywords: Geodesic system, tracking, communication offline.

1 Introduction

Currently, the public safety communications and tactical applications have used the
hybrid aerial and terrestrial communication systems because they are fast deployment
and large coverage capabilities [1]. For two decades there has been the need to track
objects, people, and robots to maintain communication between organizations,
centralized and remote control. This allows coordinating different activities in a safe
way avoiding the intrusion in the transmitted information [2, 3, 4, 5].

The lack of monitoring during the transfer of a patient by aircraft or terrestrial, the
need to provide medical assistance in real-time without an internet connection are
frequent problems in the medical area. In addition, the objects tracking (germicidal
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Table 1. a) EDLP-SMS Interpretation. b) TCLP Example.

T-Hello User text message, _
everybody "Hello everybody" Sender UseID =10
Predefined message, Addressee User-Controller-ID=01
X-1 "All good”, Position date 01-abr-2020
) addressed to the —— —
controller Position time 13:00:01 (UTC)
Latitude 20.12345 ° North
N-2 Controller message, Longitude 90.12345 ° West
operation authorization Altitude 7.000 ft
notification ;
Speed 123 knot
User message, Azimuth: 45 ° with re§pect
" to geographic north
S-1- Roquest for Message Open text
. : " X
ROBOTL20 authorlzatl.on . g p
To start operation with
invoice "User20" Message sent Hello everybody
Table 2. Encrypted DLP-SMS format.
Attribute Label No. Chars Format
1 Sender 2 99
ID 2 Addressee 2 99
3 UTC 12 AAMMDDhhmmss
4 Latitude 8 +ggddddd
Object-Geoposition 5 Longitude 9 -gggddddd
(G-User) 6 Elevation 5 99999
7 Speed 3 999
8 Azimuth 3 999
Tactical Chat 9 mel:{slgfng 2 X
Link Pack TCLP
ink Package ( ) 10 Message 76 Hello everybody
sent

robots, ambulances, medicine, and so on), the operation, the permanent communication
with its operators, and compliance with mandatory health procedures to reduce
infections during syndemic problems are challenges that must be solved in the
hospitals. Merrill Singer (1990) defines the syndemic as a set of epidemics with
implications at the biological and social levels. The syndemic is a consequence of the
social type, which is spread in the world by a virus (COVID-19).

The aim of this paper is to propose a model with multilayer client-server architecture
used to develop a multiplatform geodetic application to track the tactical operations of
a transport fleet, aircraft, objects, and so on; give technical support and make decisions
during the execution of its operations by means of secure data link communication
(GSM / GPRS / GPS). Development with Nodejs-Express-Angular with Object
Relational Mapping (TypeORM) and Data Transfer Object (DTO) with MariaDB.
Telecommunications and cryptography have been an integral part of information
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Fig. 2 Tiers and Layers generals of the application.

security, avoiding the intrusion and reception of unwanted or malicious messages [0,
7, 8].

2 Background

In recent years, portable tracking systems, geographic information (GIS), or
commercial graphical interfaces [9] have been developed to facilitate the collection,
visualization of data on a map [10, 11] and the patterns analysis [ 12] of objects or people
for decision-making. Geographical information [13] is used through digital cartography
and recovered from physical sensors such as: Global Navigation Satellite System
(GNSS), GPS [2, 14, 15, 16]. GPS digital mapping and geodetics enable geographic
data processing and are essential for ground and aerial remote sensing applications.
GPS is a space-based radio-navigation system of the United States of America that
provides reliable, free, and uninterrupted positioning, navigation, and chronometry
services to civil users around the world. It is supported by absolute precision and
reliability [17].

China began exploring telemedicine services in the 1980’s. Recently, some
researchers have developed telemetric systems with Global System for Mobile
Communications (GSM) controlled remotely in an encrypted way through SMS [7, 8,
9] and applications Web. This has become a standardized infrastructure for remote
monitoring [24, 25].

Related lightweight cryptographic hash functions of the United States National
Security Agency and published by the National Institute of Standards and Technology
(NIST) provide security on devices with limited resources.
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Table 3. TCLP format.

Kind of message TCLP
Free text[T] [T-'menssage']. Example: T- Hello everybody
"X-"+ key. Example: + [X-1]: all very well
Predefined message [X] + [X-2]: Process started
+[X-3]: ...

"N" + Event: + [N-0]: operating
+ [N-1]: Reject
Operation notification [N] + [N-2-'id_Operation']: authorized
+ [N-3]: Started
+ [N-4]: Finished
+ [N-5]: Canceled

"S" + Request. Example: + [S-0]: Request of status
+ [S-1-'Folio of Operation']: Request authorization to
start operation

Send Operation Request [S]

Table 4. Required Disk Space of ECW and Tiles Geomaps.

Geomap ECW (KB) Tiles (KB) Zoom
HP 24,874 131,404,089 7
LP 21,504 134,078,092 7

Relief 431,530 3,285,341,.642 10

Hash algorithms are among the most widespread cryptographic primitives and are
currently used in multiple cryptographic schemes and security protocols. They
guarantee the integrity and authenticity of the data to achieve a higher level of security.

Boriani and colleagues [26], used the SHA-256 and SHA-512 algorithms with the
round pipe technique and obtained a higher yield per cut of 57% and 17%, respectively
in comparison to other implementations. S. L. a. K. Shin [16] used SHA-512, which is
based on a 32-bit data path. The result is an efficient implementation that can use in
IoT security applications. Also, Rote and Selvakumar [27], the authors implemented
the SHA-252 hash function in different FPGA families to compare the performance
metrics such as area, memory, latency, and clock frequency. This allows a selection of
the most suitable FPGA for an application and the implementation of SHA-256 and
SHA-512 algorithms.

A decade ago, the N-Tier architecture of physical distribution and n-layers of logical
distribution with reusable modules and components emerged in software engineering.
Telemetry is a technology that allows the remote measurement of physical quantities
and the sending of the information to the operator. This information relates to the data
necessary to maintain control of all computer equipment. The operator would be aware
of any irregularity or problem that may arise, responding quickly to any mishap,
reducing the probability of loss of information or damage to hardware.

Currently, communication can be established from a control center with any portable
module to send or receive information and give instructions to operate remotely. In
addition, the design and creation of complex systems with maximum scalability,
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©100210518153125 +1074983 -0990148307380000314
0100210518153315 +1974983 -@990148207381000314 -
0100210518153415 +1974982 -@990148207383000314 -
0100210518153819 +1976058 -0989797608657099093 -T -Route start

0100210518154650 +1977832 -0988317409057042131 -T -Heading to Santamaria Ajoloapan
0100210518154750 +1977493 -0988273608811001113 -T -Heading to San Cristobal

T -hello
T
T
T
T

0100210518155158 +1980363 -0988247508687098065 -T -Heading to Santa Maria México
T
T
T
T

-Operation start

0100210518155209 +1980559 -0988201708637092071 -T -First stop
0100210518155817 +1980644 -0988017408363081013 -T -Second stop
-in path

~Fourth stop

0100210518160251 +1980798 -0987976808392079014 -
0100210518160626 +1981431 -0987962008199000027 -
0100210518161242 +1977898 -0987327508214033267
0100210518163142 +1982360 -0989015808655112257 -T -Fifth stop
0100210518163242 +1981381 -@989308108612109246 -T -Heading to san Pablo

Latitude Longitude Altitude Speed TrackTrue Time UTC  Satellite
19.533.902 -99.202.227 7253 0.22  102.2 181312.9 5
19.533.908 -99.202.226 7253 0.25  102.2 181313.9 5
19.533.994 -99.202.263 7281 2.49 0.8 181320.0 6
19.534.049 -99.202.315 7308  3.34  270.8 181327.0 7
19.534.144 -99.202.500 7378 0.03  282.3 181338.0 8
19.534.168 -99.202.533 7394  @.58  282.3 181352.1 11
19.535.872 -99.201.157 7421 22.29 94.4  181545.3 12
19.535.276 -99.191.453 7421 8.25  97.2  181734.0 13
19.535.270 -99.191.411 7421 8.45  97.9  181735.1 13
19.535.265 -99.191.368 7420 10.14 97.6  181736.1 13
19.517.191 -99.143.325 7377 24.61 198.3  182749.0 15
19.516.088 -99.143.443 7370 1.98 155 182806.2 15

Fig. 3. a) EDLP-SMS obtained from DT, b) data obtained from Garmin Glo.

reliability, high performance, and integration are required for different
applications [17].

On the other hand, the outbreak of the SARS-CoV-2 pandemic has disrupted health,
social and economic systems worldwide, giving rise to urgent needs for technical
solutions, thus emerging various robotic platforms with an intelligent and autonomous
control system [18, 19]. The germicidal SARS-CoV-2 robot used in this project has a
real-time tactical communication module and cryptography to ensure bidirectional
communication. It has an integrated geodetic web viewer that can monitor a fleet of
robots from any device (desktop or mobile) regardless of the S.O. (Windows, Linux,
Android). The type of architecture used in this work is another share. The germicidal
SARS-CoV-2 robots usually use commercial software and hardware.

3  Proposed Model

The embedded system is shown in Fig. 1. The principal modules are:

Tactical Communication and Geolocation System (TCGS). It is built with N-Layers
for the sub-modules: a) Viewer Interface. - Shows static layer (base map) and dynamic
layer (base map load with markers and routes in real time). b) Tactical chat interface.
- it communicates with the data tier or server Tier, starts a service to consult user data,
manages EDLP-Json of free or predefined text and sends it to the DT. ¢) Encryption
performs the EDLP-Json encryption process with the Hash252 algorithm to avoid
intrusions in the client Tier.

Encrypted Data Link System (EDLS). The EDLS has Data Transceiver (DT). have
Middleware with technology GNSS and Encrypted, was built on Arduino ATmega328P
or Raspberry Pi3 B + 32GB (DT), a data transmission module with GSM / GPRS / GPS
technology and antenna (SIM80OL and SIM80SL, respectively). Its function is to send
Encrypted Data Link Package (EDLP-SMS) to georeferenced positions and establish
secure communication between DT-Transmitter (DT-T) and DT-Receiver (DT-R). The
connection of the DT components is serial with AT commands. The transmission and
reception pins (TXD, RXD) are used in a crossway of both circuits and a cellular
protocol SIM card, both selected by high sensitivity level (-108dBm, 23dBm).
Furthermore, has personalized cryptogram and use 256 bits with standard NMEA-0183.
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3.1 Architecture Server-Client with Multi-Layer and Multi-Tier

The embedded system was built with four tiers, and each has N logical layers (Fig. 2).

Client Tier. The web application will work on GNU / Linux, and Microsoft Windows;
it must be able to authenticate the operator, object, and controller. In addition, it will
display the geomaps with relevant information (latitude, longitude, altitude, UTC, and
so on) and route of operation in real time. It will Manage operations and data link
communication through a tactical chat to provide technical support and make
operational decisions.

Web Server Tier. To build a TCGS with the proposed model architecture we require
n logical layers to develop API and services, we required: Linux, Nodejs-Express-
Angular (Backend, Frontend; respectively), Leaflet plugin to interact with raster and
vector maps with EPSG coordinate systems: 4326 and TERMUX: a terminal emulator
for Android, it is used to execute Linux commands and install the application
on mobiles.

The selection of the tools required a deep analysis on the different map processors:
Geoserver, Mapserver, Mapwingis, Luciad, and so on; geographic viewers: Arcmap,
Leaflet, Carto.js, D3, Google Maps, Cesium, Node.js, Turf.js, Mapwingis, Luciad,
GDAL Python, and so on; and plugins to display dynamic maps in the web browser:
Open Layers and Leaflet.

Data Tier. It builds and manages DB with a persistence engine using MariaDB through
Object-Relational mapping (TypeORM) and Data Transfer Object (DTO). These tools
guarantee database migration in an easy way. Furthermore, we have local map hosting.

Server Tier. Configured with Apache Tomcat to host and manage geomaps in Tiles
format at different scales and zoom levels. If they are not in the tiles format, they are
preprocessed with Maptiler. It can be hosted on a microprocessor, PC, server or mobile.

Table 2 shows the criteria of the cryptogram “ID / Robot-Position / TCLP” for the
security of the data output. The SMS sends 140 characters, and the proposal sends the
Encrypted Data Link Package (EDLP) of 45 and 76 chars for predefined or free text
messages. Example: EDLP-SMS = "1001201201130001 + 2012345-
090123450700013045T-Hello everybody", see Table 1.

ID (1-3) first block with user identifier Sender-Addressee, 100 user’s max; UTC.

G-User (4-8) Latitude: North/South & 7 digits: degrees (0-90), tenths of a degree
(0.00001-0.99999)/0.1 arcseconds=3m. Longitude: East/West & 8 digits: degrees (0-
180), tenths of a degree / 0.00001 degrees approximately 1m. Altitude: Maximum
99999 ft=30480m, Speed: Maximum 999 knots=1850 km/h. Azimuth: Range 1-360°.

TCLP (9-10) identifies operation geodata, the type of data message sent: a)
personalized. - Maximum 76 chars, b) predefined. - they use a key, and they will be
hosted in the DB local.

La Table shows the structure of the instructions, operation trace, open message
unencrypted or predefined messages. The latter is technical content and just sends
a key.
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Alt = 696ft

Fig. 4. Visualizer of base geomaps a) with one route b) more of the one route.

Finally, the crypto.js library was used in DLP-Json to continue maintaining the
security at the client layer of the data received from the DT-R or DT-T (EDLP-SMS)
to the viewer.

4 Results

The proposed EDLS guarantees to send / receive EDLP-SMS, with enough space to send
open text messages. The DT allow to generate DLP-SMS of different waypoints and
routes (Fig. 3a), the SIM808L module had less data loss, better performance and
communication compared to SIM80OL and commercial devices such as Garmin Glo
(Fig. 3b).

The TCGS visualizes vectorial geomaps (S0KT, 100KT, 250KT, 500KT, 1MKT,
and so on) with geodetic data offline (Fig. 4b) in an easy way. It was compared with an
application that works on Windows 8.1, Tomcat 9, Java, Nodejs, MySQL, GDAL and
GeoServer 2.0.8 as a geomaps web Server; It process maps in high compression ratio
format, Enhanced Compression Wavelet (ECW), these pre-processed by the Mexican
Air Force, Table 4 shows the used hard disk space.
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Fig. 5. Tracking of the germicidal Robot.

Unfortunately, the exchange of base layers is very slow, and it crashes when
interchanging the dynamic layers or does several processes at a time (Fig. 4a). The
proposal is configured on a microcomputer, PC, server or mobile and only requires
enough space to host the same base maps in tiles to speed up the work of the
cartographic server.

The dynamic maps are successfully graphed, it supports more of one route at the
same time, uses custom markers, and can use the tactical chat, all this operates in
real- time.

The architecture is validated by installing the application on a HUAWEI Android
8.0 Tablet, 32GB, 256GB; We only require TERMUX and APT package manager for
an easy configuration and installation. Also, functionality tests were carried out with
waypoints and tracking obtained from an aircraft, achieving its tracking and
communication from the control tower in real-time without internet (Fig. 4b).

The same architecture a germicidal robotic platform of the SARS-Cov-2 was
integrated, complementing its functionality, supported by OpenStreetMaps. The
embedded system allows remote control of the robot, manages, monitors the operations
carried out, and provides technical support to the operator in case of failures through
tactical chat (Fig. 5).
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5 Conclusions and Future Work

This paper achievement the goal and we develop a by using tools opensource, client-
server architecture with N-tiler and N-layer, it was developed with innovative tools of
high-performance, easy-maintenance, lightweight, robust, and scalable. Furthermore, it
solves medical and tactical communication problems (air and land) and tracking of
fleets of robots, aircraft, transport, and so on in real time without internet connection,
all through GNSS technology. The EDLS achieve to secure, control, encrypt, and
guaranteed the predefined or open text EDLP-SMS and permit to send / receive a single
packet avoiding the loss or intrusion of this. Also, it maintains security at the client
level by using the Hash-512 algorithm and can be installed on any device with GNU /
Linux, and Microsoft Windows.

The TCGS was integrate and proof in military aircraft and had good performance.
In attention to COVID-19 syndemic to social level, we prevent the spread of the
coronavirus, by mean of integration of the TCGS to germicidal robot to track its
operation when it to work in hospitals, education institutions, industry, and so on.

The future works it is intended to use the app modules in other projects in any aspect
independently, this is possible due to the paradigm of the tools used. On the DT side, it
is intended to build a hybrid transceiver (GPS, Radiofrecuency, and Iridium) that
always guarantees communication.
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Resumen. El proceso educativo tradicional ha dejado de lado aspectos
importantes como la forma en cémo aprenden los estudiantes. Por otro lado, la
pandemia debido al COVID-19 ha venido a acelerar la incorporacion de las TIC
al proceso de E-A sin embargo la instruccion mediante materiales en linea aun
deja mucho que desear sobre los verdaderos aprendizajes de los estudiantes. En
el articulo se propone una metodologia para un modelo instruccional que permite
ofrecer recursos para el proceso E-A de estudiantes que se adecuan a la forma en
coémo aprenden, considerando las inteligencias multiples y técnicas de IA para
medirlas, asi como el modelo ASSURE. El resultado es un modelo instruccional
inteligente que ha permitido hoy contar con una serie de recursos adecuados para
mejorar el rendimiento de los estudiantes de la materia de Metodologia de la
Programacion de Facultad de Ciencias de la Computacion.

Palabras Clave: E-Learning, modelo instruccional, inteligencias multiples,
modelo ASSURE, plataformas en linea, inteligencia artificial.

Methodology for an Instructional Design based on
Multiple Intelligences and Al

Abstract. The traditional educational process has ignored important aspects such
as the way that the students learn. On the other hand, the pandemic due to
COVID-19 has accelerated the incorporation of ICTs into the E-A process,
however, instruction through online materials is unsatisfactory when we talk
about the true learning of students. The article proposes a methodology for an
instructional model that offers resources for the E-A process of students that are
adapted to the way that they learn, considering multiple intelligences and Al
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techniques to measure them, as well as the ASSURE model. The result is an
intelligent instructional model that has allowed to have a series of adequate
resources to improve the performance of students of the subject of Programming
Methodology of the Faculty of Computer Science.

Keywords: E-Learning, instructional model, multiple intelligences, ASSURE
model, online platforms, artificial intelligence.

1. Introduccion

Al hablar de educacion es necesario que tengamos en cuenta que los estudiantes son
los que toman el papel principal y la educacion no solo debe de tratarse de lo que el
alumno es capaz de memorizar o puede hacer, también debe de estar centrada en como
el estudiante es capaz de recibir el conocimiento, ;qué puede hacer con dicho
conocimiento?, ;como esto le afecta a la sociedad? y ;como le afecta o beneficia
asimismo?, por lo tanto se establece lo siguiente: “la educacion debe contribuir al
desarrollo global de cada persona”, sin duda, para lograr alcanzar este objetivo se deben
de considerar muchos aspectos para poder tener una educacion centrada en el
estudiante, algunos de estos aspectos son [1]:

—  El alumno necesita un orientador, un tutor y/o un docente.
—  Foros donde puede apoyarse para la mejora de su conocimiento.
— Elusodelas TIC's.

—  Programas y servicios donde pueda incrementar y poner a prueba
su conocimiento.

Si bien es importante considerar estos aspectos, también es importante saber como
es que el modelo educativo que se ha utilizado hasta ahora es tan plural y esto ha
afectado a los estudiantes.

Es claro que, si un estudiante no obtiene los conocimientos suficientes en un sistema
de aprendizaje secuencial, en un futuro cuando se vea en la necesidad de utilizar sus
conocimientos previos es muy posible que falle, o sea muy dificil para él obtener
buenos resultados.

Esto se puede dar puesto que en un sistema educativo en el que 40 alumnos o mas
comparten un profesor, es muy evidente, que en dicha situacion se presente una amplia
gama de habilidades y muy poco tiempo para tener o llevar a cabo un enfoque
personalizado [2]. Retomando un poco este ultimo aspecto y centrandose en las
diferencias de como aprenden los estudiantes se debe considerar la teoria de las
inteligencias multiples que son las que cada individuo desarrolla y que van de la mano
de como aprende.

La teoria de las Inteligencias Multiples (IM) fue desarrollada por Howard Gardner
en el afio 1983 y se basa en la idea de que no existe una tnica inteligencia, sino que
ésta tiene multiples facetas que deben ser cultivadas en las aulas.

Asi, el autor identifica ocho tipos de inteligencia diferentes (lingiiistica, logico-
matematica, visual-espacial, musical, kinestésica, interpersonal, intrapersonal y
naturalista). [3] Vea la tabla 1. Ante esto, las IM se define como: “un potencial
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Tabla 1. Definicion de las 8 Inteligencias Multiples de Howard Gardner.

Inteligencia Descripcién

Tienen la capacidad de usar palabras de manera efectiva, ya sea mediante
la escritura o de manera oral, por lo tanto, todas aquellas habilidades que
tienen que ver con la redaccion, y usos del lenguaje son realmente el
fuerte de esta inteligencia.

Es el conocimiento de si mismo y la habilidad para adaptar las maneras
Intrapersonales de actuar a partir de ese conocimiento, se debe de tener una imagen
precisa de uno mismo.

Es la capacidad de percibir y establecer distinciones en los estados de
animo, las intenciones, las motivaciones, y los sentimientos de otras
personas, son sensibles a las expresiones, los gestos y la voz, son buenas
sus habilidades para responder de manera afectiva.

Es aquella que tiene la capacidad para usar los nimeros, entiende bien
los esquemas y relaciones logicas, las afirmaciones y las proposiciones,
se desarrollan de una manera exitosa categorizando, clasificando y
generando célculos.

Tienen capacidad para usar su cuerpo para expresarse, tienen facilidad
Corporal-Kinéticao  para producir y transformar cosas, también tienen algunas habilidades
Kinestésica fisicas como la coordinacion, equilibrio, destreza y percepcion de
medidas.

Es la capacidad de percibir sonidos y formas musicales, tienen
sensibilidad al ritmo, tonos, melodias.

Tienen la habilidad para percibir el mundo visual, espacial, tienen
Visual sensibilidad a la temperatura, formas, espacios, relaciones entre los
elementos, capacidades visuales y representacion grafica.

Tienen habilidades para la comprension de la naturaleza, también sus
habilidades para la observacion, comprension de hipotesis.

Lingiiistas

Interpersonales

Loégico matematica

Auditiva o Musical

Naturalista

psicobioldgico para procesar informacion que se puede activar en un marco cultural
para resolver problemas o crear productos que tienen valor para una cultura”.

Si analizamos éstas, observamos la importancia que se otorga al contexto como
potenciador de las capacidades de las personas. Gardner no niega el componente
genético, pero insiste en que las inteligencias se pueden activar o inhibir en funcion de
las oportunidades que se le ofrecen o se le dejan de ofrecer a un sujeto en cuestion.

Estas oportunidades dependen del ambiente, la educacion y la cultura, de aqui la
trascendencia de la escuela, la familia y la sociedad en general para que todos los
individuos puedan desarrollar al méximo sus capacidades intelectuales.

Considerando la relevancia que la escuela tiene en el proceso educativo y formativo
de las personas, resulta evidente que los docentes deben buscar la mejor manera de
favorecer el desarrollo integral de sus alumnos. Y no cabe duda de que el hecho de
trabajar las IM puede ser una buena estrategia a la hora de potenciar las capacidades de
cada uno [4]. Por la parte tecnologica, revisemos que apoyos se tienen para
la educacion.

Inicialmente hablaremos de IBM EDUCATION el cual nos presenta una tecnologia
cognitiva la cual ayuda a que profesores y estudiantes mejoren sus resultados, desde el
jardin de nifios hasta el primer empleo. Con las soluciones y servicios de IBM
EDUCATION, se puede personalizar el aprendizaje, aumentar la capacidad de
investigacion y optimizar las operaciones.
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Al conectar estos servicios a sistemas cognitivos (como IBM Watson), crearan un
gran avance para la industria, que beneficiara tanto a los profesionales de la educacion
como a los estudiantes [5].

Los sistemas cognitivos emplean inteligencia artificial (IA) y aprendizaje
automatico (Machine Learning), por lo que son fundamentalmente diferentes de las
computadoras que les precedieron. Mientras los equipos tradicionales deben ser
programados por los seres humanos para llevar a cabo tareas especificas, los sistemas
cognitivos aprenden de sus interacciones con los datos y los seres humanos, siendo
capaces, en cierto sentido, de programarse a si mismos para llevar a cabo nuevas tareas.
En esta era cognitiva, las computadoras se adaptaran a la gente.

Ellas interactian con nosotros en formas que son mas ‘“humanas” [6]. Las
modalidades educativas a distancia (EaD) y virtuales, que aprovechan el advenimiento
de los dispositivos electrénicos los cuales son cada vez mas poderosos y versatiles,
junto con el incremento de la capacidad de almacenamiento, organizaciéon y
recuperacion de datos a menor costo, estan permitiendo la adopcién de los sistemas de
educacion basados en la Web, sistemas e-Learning (del inglés electronic Learning,
aprendizaje electronico) o Entornos Virtuales de Aprendizaje (EVA).

Los EVA consisten en una coleccion de herramientas informaticas integradas que
facilitan la administracion del aprendizaje en linea, generando un mecanismo de
entrega, seguimiento del estudiante, evaluacion y acceso a los recursos [7]. Los
entornos virtuales tienen la gran ventaja de que registran todas las acciones de los
usuarios, generando grandes cantidades de datos, que procesandolos permiten realizar
el seguimiento del proceso de ensefianza aprendizaje [6].

Estos sistemas brindan informacién de como son usados, de esta manera, permite el
estudio de los datos para hacer correcciones, o permitirles a los usuarios una mejor
experiencia en el futuro, asi como al profesor le puede ayudar a conocer las debilidades
y fortalezas de sus alumnos.

Con el enfoque de la personalizacion del conocimiento y priorizar la manera en como
aprende el estudiante, se retoma el analisis de la generacion de los contenidos que se
le muestran al estudiante.

En el modelo ASSURE se incorporan los eventos de instruccion de Robert Gagné
para asegurar el uso efectivo de los medios en la instruccion, este modelo tiene sus
raices teodricas en el constructivismo, partiendo de las caracteristicas concretas del
estudiante, sus estilos de aprendizaje y fomentando la participacién activa y
comprometida del estudiante. ASSURE presenta seis fases o procedimientos [8]:

—  Analizar las caracteristicas del estudiante: nivel de estudios, edad, caracteristicas
sociales, fisicas, etc. Asi como conocimientos previos, habilidades y actitudes.

—  Establecimiento de objetivos de aprendizaje determinando los resultados que los
estudiantes deben alcanzar al realizar el curso, indicando el grado en que
seran conseguidos.

—  Seleccién de estrategias, tecnologias, medios y materiales, mas apropiado, mas
adecuados y que serviran de apoyo a los estudiantes para el logro de los objetivos.

—  Organizar y desarrollar el escenario de aprendizaje que propicie el aprendizaje,
utilizando los medios y materiales seleccionados anteriormente.
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—  Se requiere la participacion de los estudiantes mediante estrategias activas
y cooperativas.

—  Evaluacion y revision de la implementacion y resultados del aprendizaje. Llevara
a la reflexion sobre el mismo y a el disefio instruccional para mejoras que
redunden en una mayor calidad de la accion formativa.

2. Metodologia

El Modelo ASSURE nos permite realizar un planteamiento de un modelo
instruccional cuya implementacion nos requirio realizar una investigacion en distintas
plataformas donde actualmente se imparten cursos de diferentes niveles educativos, asi
como de diferentes areas, sobre la manera de estructurar los contenidos.

2.1. Analisis de plataformas de e-learning

En el analisis de las plataformas se revisaron cuatro, producto de un sondeo en donde
resultaron las mas usadas para la capacitacion en cursos de T1I online por estudiantes de
la Facultad de Ciencias de la Computacion, las cuales son COURSERA, UDEMY,
Tutellus y Platzi. Al realizar este andlisis se identificaron los siguientes puntos clave
sobre la estructura de los cursos:

—  Introduccioén al curso.

—  Material tedrico de cada tema- ejemplos practicos de dicho material.
—  Practicas para realizar, dichas practicas no se evaluan.

—  Evaluacién de cada material, evaluacion de todo el contenido.

En la mayoria de los casos el material esta centrado en 4 puntos principales, los
cuales constan de un video introductorio, en el cual se presenta el contenido que se
mostrard al alumno, cuales se esperan que sean los conocimientos adquiridos, posterior
al material de introduccién se muestra material tedrico de cada tema, en algunas
plataformas se incluyen ejemplos al ver el material teérico, y en algunas otras se
muestran ejemplos en un tercer material, el cual retoma algunos puntos a manera de
ejemplo, después de ver cierta cantidad de contenido se plantean practicas, éstas pueden
ser a modo de tareas, que si bien no tienen una calificacion, se pueden subir a la
plataforma para que sean revisadas por otros estudiantes los cuales pueden dejar algin
comentario para enriquecer su aprendizaje, estas practicas también se pueden tomar
desde una perspectiva de seguimiento, es decir, el profesor implementa dicha practica
y el estudiante va siguiendo las instrucciones, esto solo para algunas plataformas.

Finalmente hablamos de la evaluacién la cual en su mayoria constan de preguntas
de opcidon multiple y son realmente cortas puesto que no superan los 10 reactivos, estas
evaluaciones se realizan al término de un tema, o al término de un bloque establecido
de temas.
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2.2. Propuesta del modelo para la creacion del material

Considerando los 4 puntos clave del analisis de las plataformas y tomando en cuenta
el modelo ASSURE, sin olvidar que el estudiante es el elemento principal en el tema
de educacion, se definen los siguientes elementos que conforman la propuesta del
modelo instruccional.

—  Material tedrico.
—  Ejemplos.
—  Evaluaciones.

Y es que si bien, el modelo educativo que se ha seguido hasta ahora no es del todo
idoneo para todos los estudiantes, con esta propuesta se pretende que el material
educativo que se presente se adapte a la manera en la que los estudiantes aprenden.

Para la creacion del material teodrico inicialmente se considera la evaluacion de la
inteligencia del estudiante con el objetivo de obtener algunas de las caracteristicas del
tipo de aprendizaje mas idoneo para €l (vea el Apéndice), como indica el modelo
ASSURE la cual nos indica analizar como el estudiante aprende, dicho planteamiento
serd nuestro punto de partida para el seguimiento a su aprendizaje, el modelo ASSURE
resalta que hay que tener en cuenta los objetivos que se pretenden que alcance el
estudiante, esto se tiene en cuenta ya que los materiales creados tienen como objetivo
cumplir con el contenido del temario de la materia “Metodologia de la Programacion”.

La seleccion de estrategias que se emplearon en la conformacion del material estan
basadas en algunas de las caracteristicas mas relevantes de cada inteligencia, asi como
que cada persona no solo maneja una sola inteligencia, sino varias de ellas, finalmente
la evaluacion de cada una de nuestras estrategias es el punto que nos ayuda a saber si
el conocimiento aprendido hasta el momento de la evaluacion ha sido exitoso y, en caso
de que el estudiante no tenga resultados exitosos se provee aplicarle mas preguntas
enfocadas a su tipo de inteligencia para asi reafirmar que el contenido que le ha sido
proporcionado sea el correcto o en su caso analizar la efectividad de éste.

Dicho lo anterior, los materiales se clasificaron en tres grupos atendiendo a las
distintas inteligencias y a las caracteristicas de éstas.

—  Enel grupo 1, tenemos a las inteligencias lingiiista, intrapersonal e interpersonal,
éstas se caracterizan por tener una mayor facilidad con la lectura, asi como con la
extraccion o analisis de informacién, por lo que se les asocié con un material
tedrico a manera de lectura cuidando que la extension sea suficiente.

—  Encel grupo 2, tenemos a las inteligencias musical, visual y naturalista, las cuales
tienen mayor habilidad para extraer informacion a través de materiales visuales
como diagramas, videos, peliculas, etc., y habilidades auditivas, por lo que se les
asocié con un material tedrico a manera de video, para que tanto musicales,
naturalistas como visuales pudieran obtener el conocimiento.

—  Encel grupo 3, tenemos a las inteligencias kinestésica y 10gico matematica, a estos
tipos de inteligencias les proporcionamos informacion a manera de diagramas,
puesto que ambas inteligencias tienen grandes habilidades para la
experimentacion y el analisis de problemas.
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Test Inteligencias
Mdltiples

Fig. 1 Propuesta de Modelo de Disefio Instruccional.

Tabla 2. Asignacion de cada material tedrico correspondiente con cada inteligencia.

Inteligencia Material
Lingiiistas Lectura
Intrapersonales Lectura
Interpersonales Lectura
Logico matematica Esquema o diagrama
Kinestésica Esquema o diagrama
Auditiva Video
Visual Video
Naturalista Video

2.3. Modelo de disefo instruccional

El modelo de disefio instruccional que se propone si bien ha sido el resultado de
considerar las caracteristicas y fases propias del modelo ASSURE y del analisis de la
estructura de contenido en plataformas de ensefianza, se requiere que inicialmente se
realice un test de inteligencias multiples al usuario y con lo cual obtendremos
informacion sobre como el alumno aprende “... capacidad especifica de entrada:
conocimientos previos, habilidades y actitudes” y “...los medios que serian mas
adecuados para aprender: texto, imagenes, video, audio, y multimedia”, que
corresponden a las fase 1 y 3 del modelo ASSURE. Vea Figura 1. Posterior a dicho
test, se inicia con la presentacion de los contenidos 1. material tedrico, 2. Ejemplos y
3. Evaluaciones, en el formato que requieren sus inteligencias mas desarrolladas.

2.4. Creacion del material educativo

Para la construccion del contenido de un curso/asignatura usando el modelo
propuesto, primero se realizé una divisién de los temas con apoyo de un docente del
area quién cuenta con experiencia impartiendo la asignatura, por lo cual todos los temas
que engloba el curso de la materia Metodologia de la Programacion fueron divididos
en secciones, con el fin de otorgar gradualmente un material al estudiante y ademas se
comprenda las relaciones entre los distintos conceptos de los temas.
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Tabla 3. Material elaborado.

No. Formato de material
12 Videos formato mp4
11 Diagramas
11 Bancos de preguntas. Con 10 preguntas c/u
04

Distribucion estandar
Distribucion estandar
Orden 4

Porcentaje de estudiantes
o o
N w
N N

°
-
s

INTRAPERSONAL MUSICAL NATURALISTA. KINESTESICO.
0 T T T T T T
LINGUISTICA INTERPERSONAL VISUAL LOGICO

INTELIGENCIAS
Fig. 2 Resultados del primer test de inteligencias multiples.

Los contenidos tedricos se crearon en diversos formatos a decir: videos,
diagramas/esquemas y materiales de lectura. Este material se generd considerando las
inteligencias multiples y los grupos definidos en 2.2, por lo que en la tabla 2 se muestra
la asociacion de cada material a las inteligencias.

Es importante mencionar que se disefiaron 3 distintos formatos de materiales teéricos
y se cuidd que todos tuvieran el mismo contenido, por lo tanto, un alumno sin importar
el formato del material tedrico que se le presente sera capaz de responder igual que un
alumno que aprende con un material de un formato distinto. Dentro del modelo propuesto
se considera la evaluacion, que corresponde a la fase 6 del modelo ASSURE,
evaluacion del aprendizaje.

Ademas, ésta es tomada en cuenta en todas las plataformas analizadas por lo cual se
considerd incorporar evaluaciones pequefias (2 o 3 reactivos) y su realizacion de
manera continua en nuestro modelo, de esta manera y posterior a un material teorico y
ejemplos, se realiza una evaluacion que permite monitorear dos cosas 1. El aprendizaje
del estudiante (si ha aprendido) 2. Evaluar el contenido del tema con via de mejoras.

Para esta evaluacion se construyeron bancos de preguntas, cada banco cuenta con 10
reactivos esperando aplicar reactivos distintos al alumno en caso de fallar en una
evaluacion. Todos los reactivos cuentan con 4 incisos y el alumno debera de revisar
con detalle para dar una respuesta correcta.

Finalmente, hay que comentar que resultado de esta metodologia planteada y modelo
de disefio instruccional propuesto le resumimos que, se generaron los materiales
listados en la tabla 3 correspondientes a la unidad 1 de la materia propuesta.
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7 Test aplicados a Metodologia de la Programacion
102

92 4

87 4 ]

82 4

72

PORCENTAJE DE ESTUDIANTES

67 T T

TEST APLICADOS

Fig. 3 Resultados de la aplicacion de 7 Test de inteligencias multiples para el maximo “Visual”
de la figura 2.

2.5. Determinacion de la inteligencia preferente

Inicialmente se aplica una encuesta breve basada en el Test de Inteligencias
Multiples, arbitrariamente se seleccionan 2 preguntas de cada inteligencia y se aplica a
cada estudiante de una muestra de 15 estudiantes, a partir de la informacion que nos
brindan, tenemos la grafica de la figura 2, en la cual hemos utilizado una distribucion
normal y una regresion polinomial de orden 4, la cual nos genera el mayor indice de
correlacion con lo cual tenemos un modelo para determinar las probabilidades de la
poblacion de estudiantes en el caso de la primera aplicacion.

De acuerdo a los resultados de la figura 2 se aplican materiales a los estudiantes con
las inteligencias que tienen mayores porcentajes para ellos, aunque la distribucion
normal para el grupo de estudiantes muestra un maximo para el segundo grupo de
inteligencias, se aplica nuevamente en la segunda etapa una vez que el grupo de
estudiantes ha concluido la primera actividad y asi sucesivamente, con lo cual
obtenemos que la probabilidad de estudiantes aumenta alrededor de la inteligencia
preferente para el grupo, como se observa en la figura 3, donde nuevamente se
utilizaron tanto la distribucién normal, como la regresion polinomial de orden 4.

3. Conclusiones y trabajos futuros

En este trabajo enfocamos al estudiante como el actor principal en el proceso
ensefianza-aprendizaje, identificando sus inteligencias multiples y proveyendo de
material de aprendizaje adecuado por lo que se espera que tenga una mejor experiencia
de aprendizaje y un mayor grado de aprovechamiento en la materia de Metodologia de
la Programacion.

Adicionalmente con ello podremos abrir paso a nuevas oportunidades tanto
educativas como profesionales, mejorando sus habilidades ya que cada alumno tiene
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una forma de aprender y que probablemente no es la que habia utilizado, y por lo tanto
los alumnos seran beneficiados al tener una educacion dindmica y personalizada.

Se esperan las primeras pruebas de ésta metodologia en una plataforma propietaria
y con ello procesar las evaluaciones que nos ayude a identificar areas de oportunidad
en el modelo y la metodologia propuestas, asi como la retroalimentacion de la
metodologia y el proceso de optimizacion en los recursos didacticos generados.
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Anexo: Test de inteligencias multiples

Inteligencia lingiiistica

(los libros son muy importantes para mi?

(Oigo las palabras en mi mente antes de leer, hablar o escribirlas?

(Me aportan mas la radio o unas cintas grabada que la television o las peliculas?

(Me gustan los juegos de palabras como el Scrabble, el Anagrams o el Password?

(Me gusta entretenerme o entretener a los demas con trabalenguas, rimas absurdas
o0 juegos de palabras?

(En ocasiones, algunas personas me piden que les explique el significado de las
palabras que utilizo (escritas u orales)?

(En el colegio asimilaba mejor la lengua y la literatura, las ciencias sociales y la
historia que las matematicas y las ciencias naturales?

(Aprender a hablar o leer otra lengua (inglés, francés o aleman, por ejemplo) me
resulta relativamente sencillo?

(Mi conversacion incluye referencias frecuentes a datos que he leido
o escuchado?

(Recientemente he escrito algo de lo que estoy especialmente orgulloso o que me
ha aportado el reconocimiento de los demas?

Inteligencia 16gico-matematica

[ Soy capaz de calcular operaciones mentalmente sin esfuerzo?
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(Las matematicas y/o las ciencias figuraban entre mis asignaturas favoritas en
el colegio?

(Me gustan los juegos o los acertijos que requieren un pensamiento logico?

(Me gusta realizar pequefios experimentos del tipo «;Qué pasard si...?» (por
ejemplo, «;Qué pasara si duplico la cantidad de agua semanal para regar el rosal?»)?

(Mi mente busca patrones, regularidad o secuencias logicas en las cosas?

(Me interesan los avances cientificos?

(Creo que casi todo tiene una explicacion racional?

(En ocasiones pienso en conceptos claros, abstractos, sin palabras ni imagenes?

(Me gusta detectar defectos logicos en las cosas que la gente dice y hace en casa
y en el trabajo? ;Me siento mas comodo cuando las cosas estan medidas,
categorizadas, analizadas o cuantificadas de algin modo?

Inteligencia visual-espacial

(Cuando cierro los ojos percibo imagenes visuales claras?

(Soy sensible al color?

(Habitualmente utilizo una cadmara de fotos o una videocamara para captar lo que
veo a mi alrededor?

(Me gustan los rompecabezas, los laberintos y demads juegos visuales?

(Por la noche tengo suefios muy intensos?

(En general, soy capaz de orientarme en un lugar desconocido?

(Me gusta dibujar o garabatear?

(En el colegio me costaba menos la geometria que el algebra?

(Puedo imaginar sin ningun esfuerzo el aspecto que tendrian las cosas vistas
desde arriba?

(Prefiero el material de lectura con muchas ilustraciones?

Inteligencia musical

(Tengo una voz agradable?

(Percibo cuando una nota musical esta desafinada?

(Siempre estoy escuchando musica: radio, discos, casetes o compactos?

(Toco un instrumento musical?

(Sin la musica, mi vida seria mas triste?

(En ocasiones, cuando voy por la calle, me sorprendo cantando mentalmente la
musica de un anuncio de television o alguna otra melodia?

(Puedo seguir facilmente el ritmo de un tema musical con un instrumento
de percusion?

(Conozco las melodias de numerosas canciones o piezas musicales?

(Con so6lo escuchar una seleccion musical una o dos veces, ya soy capaz de
reproducirla con bastante acierto?

(Acostumbro a producir sonidos ritmicos con golpecitos o a cantar melodias
mientras estoy trabajando, estudiando o aprendiendo algo nuevo?

Inteligencia intrapersonal

(Habitualmente dedico tiempo a meditar, reflexionar o pensar en cuestiones
importantes de la vida?

(He asistido a sesiones de asesoramiento o a seminarios de crecimiento personal
para aprender a conocerme mas?
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(Soy capaz de afrontar los contratiempos con fuerza moral?

(Tengo una aficion especial o una actividad que guardo para mi?

(Tengo algunos objetivos vitales importantes en los que pienso de
forma habitual?

(Mantengo una vision realista de mis puntos fuertes y débiles (confirmados
mediante feedback de otras fuentes)?

(Preferiria pasar un fin de semana solo en una cabafia, en el bosque, que en un
lugar turistico de lujo lleno de gente?

(Me considero una persona con mucha fuerza de voluntad o independiente?

(Escribo un diario personal en el que recojo los pensamientos relacionados con
mi vida interior? ;Soy un trabajador autbnomo o he pensado muy seriamente en la
posibilidad de poner en marcha mi propio negocio?

Inteligencia interpersonal

(Soy del tipo de personas a las que los demas piden opinidn y consejo en el trabajo
o en el vecindario?

(Prefiero los deportes de equipo, como el badminton, el voleibol o el softball, a
los deportes solitarios, como la natacion o el jogging?

(Cuando tengo un problema, tiendo a buscar la ayuda de otra persona en lugar de
intentar resolverlo por mi mismo?

(Tengo al menos tres amigos intimos?

(Me gustan mas los juegos sociales, como el Monopoly o las cartas, que las
actividades que se realizan en solitario, como los videojuegos?

(Disfruto con el reto que supone ensefiar a otra persona, o grupos de personas, lo
que sé hacer?

(Me considero un lider (o los demas me dicen que lo soy)?

(Me siento comodo entre una multitud?

(Me gusta participar en actividades sociales relacionadas con mi trabajo, con la
parroquia o con la comunidad?

(Prefiero pasar una tarde en una fiesta animada que solo en casa?

Inteligencia kinestésica

(Practico al menos un deporte o algln tipo de actividad fisica de forma regular?

(Me cuesta permanecer quieto durante mucho tiempo?

(Me gusta trabajar con las manos en actividades concretas como coser, tejer,
tallar, carpinteria o construccion de maquetas?

(En general, las mejores ideas se me ocurren cuando estoy paseando o corriendo,
o mientras realizo alguna actividad fisica?

(Me gusta pasar mi tiempo de ocio al aire libre?

(Acostumbro a gesticular mucho o a utilizar otras formas de lenguaje corporal
cuando hablo con alguien?

(Necesito tocar las cosas para saber mas sobre ellas?

(Me gustan las atracciones fuertes y las experiencias fisicas emocionantes?

(Creo que soy una persona con una buena coordinacion?

(No me basta con leer informacioén o ver un video sobre una nueva actividad:
necesito practicarla?
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Resumen. Pruebas de Software, es un 4rea de conocimiento de la Ingenierfa de
Software que aborda aspectos vinculados con la mejora de la calidad, en el
contexto del proceso. El presente estudio tiene como objetivo ofrecer una vision
general de la investigacion desarrollada en la Gltima década, con base en las
peguntas de investigacion formuladas, con la intencion de identificar areas de
oportunidad para continuar con estudios primarios o secundarios en tematicas
especificas. Se realizd un Estudio de Mapeo Sistematico mediante el cual se
seleccionaron 123 estudios primarios, los cuales fueron analizados para
identificar la frecuencia y el tipo de investigaciones realizadas en la Gltima
década; el estudio plantea el analisis de aspectos como la innovacion en cuanto a
técnicas de prueba, la frecuencia en las que los estudios mencionan las estrategias
y niveles de prueba, asi como los mecanismos de evaluacion utilizados en el
contexto de la investigacion empirica. Los hallazgos indican una amplia variedad
de factores de calidad analizados, de manera que las técnicas y estrategias varfan
dependiendo del tipo de software, el area al que se aplica, entre otros factores. El
estudio realizado permiti6 concluir que la investigacion en el ambito de pruebas
del software es alin vigente en el contexto de la Ingenierfa de Software, por lo
que resulta pertinente continuar la investigacion en tematicas especificas
mediante estudios tanto primarios, como secundarios.

Palabras clave: Calidad del software, pruebas del software,
validacion, verificacion.

Research on Software Testing Techniques and
Strategies: A Systematic Mapping Study
over the Last Decade

Abstract. Software Testing is an area of knowledge of Software Engineering
that addresses aspects related to quality improvement, in the context of the
process. The objective of this study is to offer an overview of the research
developed in the last decade, based on the research questions formulated, with
the intention of identifying areas of opportunity to continue with primary or
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secondary studies on specific topics. A Systematic Mapping Study was carried
out through which 123 primary studies were selected, which were analyzed to
identify the frequency and type of research carried out in the last decade; The
study proposes the analysis of aspects such as innovation in terms of testing
techniques, the frequency with which studies mention testing strategies and
levels, as well as the evaluation mechanisms used in the context of empirical
research. The findings indicate a wide variety of quality factors analyzed, so that
the techniques and strategies vary depending on the type of software, the area to
which it is applied, among other factors. The study carried out allowed us to
conclude that research in the field of software testing is still valid in the context
of Software Engineering, so it is pertinent to continue research on specific topics
through both primary and secondary studies.

Keywords: Software quality, software testing, validation, verification.

1. Introduccion

La Ingenieria de Software (IS) dispone desde hace casi un par de décadas, de un
cuerpo de conocimientos reconocido por académicos y profesionistas vinculados con
la disciplina; la parte medular de la misma integra diez areas de conocimiento
relacionadas con los procesos de desarrollo y de gestion del software, las cuales fueron
documentadas en 2004 [1] y actualizadas en 2014 [2]. Una de las areas de desarrollo
directamente vinculadas con el proceso de mejora a la calidad del software, es la de
Pruebas de Software; en este sentido, encontrar un proceso de desarrollo software que
satisfaga las necesidades reales del cliente y con ello generar software de mejor calidad,
ha sido uno de los objetivos de la IS desde el momento de su concepcion como
disciplina, para ello, los cuestionamientos: (1) ;Como saber si el producto construido
funciona correctamente? y (2) ;Como saber si el producto corresponde a lo que el
cliente necesitaba? Han tratado de ser atendidos con la investigacion vinculada a las
técnicas y/o estrategias para verificacion y validacion del software [3].

De acuerdo con [4] el proceso pruebas tiene como objetivo directo el revelar defectos
en el software, y de manera indirecta medir el grado de calidad que posee, con respecto
a un conjunto de atributos seleccionados. Una primera postura sobre las pruebas del
software establece que estas representan un proceso de verificacion dinamica de los
comportamientos esperados del software, en funcion de un conjunto de casos
seleccionados [2], y con ello, la no adecuacion de dichos comportamientos generaria
fallos en el sistema.

Una segunda postura un tanto mas flexible considera que hay muchas formas de
evaluar, o en su caso, probar un sistema sin requerir ejecutarlo [5]; por ejemplo, las
revisiones son un tipo de técnica de prueba que se puede usar para verificar la calidad
de un artefacto de software, como puede ser un documento de especificacion de
requisitos o un listado de codigo; dicha técnica permite identificar problemas o faltas
en dichos artefactos. Ambas posturas, tanto la del analisis dindmico, como la del
estatico, representan maneras de dar respuesta al primer cuestionamiento antes citado.

Por otro lado, el segundo cuestionamiento que involucra al cliente, es de caracter
mas subjetivo, y se vincula con el proceso de validacion del software, dicho proceso es
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definido como aquel que se encarga de la evaluacion del software durante o al final del
ciclo de desarrollo, para determinar si satisface los requisitos especificados y acordados
con el cliente [6].

Durante mucho tiempo se afirmaba que realizar pruebas al software era una actividad
que debia ocurrir al final del proceso de desarrollo, no obstante, esta perspectiva ha
cambiado en las ultimas décadas, en virtud de que se ha demostrado que el realizar
pruebas en etapas tempranas del desarrollo evita encontrar defectos en el software al
momento de su entrega, permitiendo asi, desarrollar un software de mejor calidad.

En relaciéon con el enfoque abordado por la estrategia de prueba, existen dos
maneras: (1) Conociendo el funcionamiento interno del software, se pueden disefar y
ejecutar pruebas para asegurar que las operaciones internas se realicen de acuerdo con
las especificaciones y que todos los componentes internos se hayan ejercitado
adecuadamente; y (2) Conociendo la funcion especificada para la que se ha disefiado el
software, se pueden disefiar y ejecutar pruebas que demuestren que cada funcion es
completamente operativa, al mismo tiempo que se identifican fallos en cada funcion.

En el primer enfoque las pruebas requieren una vista interna del software y son
conocidas como pruebas de caja blanca; mientras que el segundo, las pruebas tienen
una vision externa y son conocidas como pruebas de caja negra [7].

Asi mismo, en cuanto al nivel de la prueba, es posible distinguir cuatro niveles en
funcion del objeto de prueba: (1) pruebas unitarias, (2) pruebas de integracion, (3)
pruebas del sistema y algin tipo de (4) pruebas de aceptacion [8]. Es importante
mencionar que tanto las pruebas de caja negra, como las de caja blanca, pueden
clasificarse con base en lo que evaluan, dividiéndose asi en pruebas funcionales y
no funcionales.

Por un lado, tenemos las pruebas funcionales que han sido mencionado
anteriormente (unitarias, integracion, sistema y aceptacion) y, por otro, tenemos las
pruebas no funcionales que evaltan cierto tipo de comportamiento en el software como
la compatibilidad, seguridad, estrés, usabilidad, rendimiento, entre otros.

Como se ha mencionado anteriormente, el proceso de realizacion de pruebas de
software se realiza con el objetivo de asegurar la calidad del producto final, y es por
ello que esta actividad considera un conjunto de factores de calidad [9] que deben
evaluarse como la usabilidad, mantenibilidad, seguridad, portabilidad, eficiencia,
capacidad de prueba, flexibilidad, fiabilidad, robusticidad, por mencionar algunas. La
evaluacion de dichos factores pretende verificar que el software a entregar no solo
cumpla con la parte funcional acordada, sino también, con aquellos requisitos no
funcionales acordados con los clientes.

Con la intencion de explorar areas de oportunidad para continuar la investigacion en
el area de Pruebas del Software, los autores se plantearon el desarrollo de un estudio
secundario —un mapeo sistematico de literatura— para identificar y clasificar las
principales caracteristicas de la investigacion realizada en el area de pruebas de
software en la ultima década; se acordd analizar estudios primarios publicados entre
2010 y 2021, con la intencion de actualizar en cierta medida el estado del arte
estructurado en el Swebok [1, 2], pero sobre todo, evaluar la pertinencia de continuar
la investigacion con un estudio primario, o incluso secundario sobre algiin topico
particular —una revision sistematica de literatura.

En la siguiente seccion se describe la metodologia utilizada para la realizacion del
estudio reportado; la seccion tres presenta las tareas desarrolladas para el planeamiento
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del estudio; en la seccion cuatro se citan las tareas realizadas para la obtencion de los
123 estudios primarios finalmente seleccionados; la quinta seccion da respuesta a las
preguntas de investigacion que conducen el estudio; finalmente, en la Gltima seccion se
hace un analisis de la informacion recopilada y se reflexiona en torno al propodsito
planteado para el estudio.

2. Metodologia

Con el proposito de recopilar resultados empiricos publicados a lo largo de los
ultimos afios en el area de pruebas del software, y con ello caracterizar la investigacion
realizada, se optd por realizar un Mapeo Sistematico de Literatura, conocido también
como Estudio de Mapeo (EM); dicho tipo de estudio secundario tiene como objetivo,
explorar y proporcionar una vision global sobre un drea de investigacion, lo que permite
identificar nichos de oportunidad para estudios primarios, o en su caso, estudios
secundarios mas especificos, como pudiera ser una revision sistematica de literatura;
de acuerdo con [10] en los EM es comun clasificar los hallazgos obtenidos segun algiin
esquema de clasificacion predefinido.

Para el desarrollo del presente estudio se utilizd como referencia la guia propuesta
en [11] en la cual se establecen las siguientes tareas:

1 Formulacion de las preguntas de investigacion: El objetivo principal de los
EM es proporcionar una descripcion general de un area de investigacion e
identificar la cantidad, tipo de investigacion y resultados disponibles dentro
de ella.

2 Busqueda de estudios primarios: Los estudios primarios se identifican
mediante el uso de cadenas de busqueda en Bases de Datos cientificas o
navegando manualmente a través de actas de conferencias o publicaciones
de revistas relevantes.

3 Seleccion de articulos relevantes: Se aplican un conjunto de criterios de
inclusion y exclusion para determinar la elegibilidad de los articulos
primarios que seran analizados.

4 Definicién de un esquema de clasificacion: Los investigadores revisan los
resumenes y buscan palabras clave y conceptos que permitan identificar un
esquema de clasificacion.

5 Extraccion de datos y elaboracion del reporte: Cuando se tiene el esquema
de clasificacion, los articulos relevantes se clasifican en el esquema, es decir,
se lleva a cabo la extraccion de datos reales y se procede con analisis de los
resultados, presentando las frecuencias de las publicaciones para cada
categoria, lo anterior hace posible ver qué categorias se han enfatizado en
investigaciones anteriores y, por lo tanto, identificar brechas y posibilidades
para investigaciones futuras.
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Tabla 1. Categorias identificadas para el analisis de los estudios primarios seleccionados.

Aspecto Categoria

PI02. Innovacion. Nuevo, Mejora, Existente.

PI03. Estrategia de prueba. Caja Negra, Caja Blanca, Mixto.

PI03. Nivel de la prueba. Unitaria, Integracion, Sistema, Aceptacion.

PI04. Mecanismo de validacion. Caso de Estudio, Experimento, Analisis Comparativo.
PI05. Contexto. Industria, Academia.

3. Planeacion del estudio

La revision del estado del arte plasmada en el SWEBOK vy el analisis de algunos
materiales considerados como referencias obligadas para el area de pruebas del
software [4, 5, 9], permitieron acumular informacion suficiente para la formulacion de
las preguntas de investigacion.

3.1. Preguntas de investigacion

Las preguntas de investigacion que guiaron la realizacion del estudio son:

— PIO1 (Cual es la distribucion en la ultima década de los estudios
primarios publicados sobre pruebas del software?

— PI02 ;Cuales son los niveles de prueba del software abordados por los
estudios primarios en la ultima década?

—  PIO3 ;Qué tipo de pruebas de software han sido las mas reportadas en la
ultima década?

— PI04 ;Cudles son los factores de calidad que se han evaluado en el
software durante la tlltima década?

— PIO5 ;Cudles son las caracteristicas de las estrategias utilizadas en las
pruebas de software que han sido reportadas en la Gltima década?

—  PI06 ;Cuales han sido los métodos de validacion utilizados en la ltima
década por los estudios primarios vinculados con el area de pruebas
del software?

— PIO7 (En qué contexto han sido desarrollados los estudios primarios
vinculados con el area de pruebas del software durante Ia
ultima década?

La revision del estado del arte, el andlisis de algunos materiales considerados como
literatura gris para el area de pruebas del software, y la formulacion de las preguntas de
investigacion, sirvieron de base para la realizacion de un analisis PICOC [12] del area
bajo estudio, dicho andlisis permitié identificar un conjunto aspectos clave para asistir
en el analisis posterior de los estudios seleccionados.

— Poblacion: Software.
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Tabla 2. Proceso de seleccion de estudios primarios.

BD Fase 1 Fase 2 Fase 3
Google 105 95 82
Scholar
1IEEE 44 41 41
Xplore
Total 123

— Intervencién: Técnicas o Estrategias de prueba del Software.
—  Comparacion: Calidad del Software.
— Resultados: Mejoramiento del desempefio y rendimiento del software.

—  Contexto: Industria o Academia.

Con el andlisis PICOC y las preguntas de investigacion formuladas, se identificaron
posibles categorias que permitiesen al investigador clasificar la informacion resultante
del analisis de los estudios primarios que resulten seleccionados (ver Tabla 1).

3.2. Bases de datos

De acuerdo con el objetivo de la investigacion propuesta, para el Mapeo Sistematico
se seleccionaron las siguientes Bases de Datos (BD):

— Google Scholar: una BD de articulos académicos (de una amplia gama de
fuentes, pero principalmente articulos de revistas, actas de congresos, informes
técnicos y disertaciones) sin restricciones de idioma, revistas o geograficas, lo
cual permite acceder a literatura que no estd disponible en otras BD. Si bien
dicha base de datos no asegura la disponibilidad de los textos de los articulos,
en el caso de nuestro estudio, es suficiente el acceso a los resumenes de
los mismos.

— IEEE Xplore: una BD de investigacion académica en las areas de Ciencias de la
Computacion, Ingenieria Eléctrica y Electronica. Si bien los articulos de esta
BD son de acceso restringido, los resimenes son de libre acceso.

3.3. Cadena de bisqueda

Con base en los resultados obtenidos con la metodologia PICOC, se elaboro la
siguiente cadena genérica de bisqueda para realizar el rastreo:

(“software testing” AND “software development”) AND “testing software”

La cadena fue configurada en funcion de los repositorios considerados; las cadenas
de busqueda resultantes permitieron realizar un rastreo en los repositorios de Google
Scholar e IEEE Xplore para obtener informacion de los Gltimos 10 afios con respecto a
las pruebas de software de manera mas precisa; dichas cadenas fueron:

Google Scholar: allintitle: Sofiware AND Testing AND (Types OR Techniques
OR Strategies).

IEEE Xplore: ("Document Title":Software Testing) AND (("Abstract": Techniques)
OR ("Abstract": Types) OR ("Abstract":Strategies)).
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Fig. 1. Frecuencia de estudios seleccionados por afio de publicacion.
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Fig. 2. Numero de estudios primarios seleccionados de acuerdo con el criterio de nivel
de prueba.

34. Criterios de inclusion y exclusion

Para filtrar la busqueda y reducir los resultados unicamente a aquellos documentos
relevantes para el objeto de investigacion planteado, el cual permitiese dar respuesta a
las preguntas de investigacion, se definieron y utilizaron algunos criterios de inclusion
y exclusion; estos criterios permitieron obtener una mejor organizacion de los
resultados obtenidos en las busquedas realizadas en este estudio.

Criterios de Inclusion:

— Publicaciones entre 2010 y 2021.

— Articulos publicados en revistas.

— Articulos con titulos y resumenes en idioma inglés.
Criterios de Exclusion:

— Articulos de difusion.

— Articulos duplicados.

ISSN 1870-4069 251 Researchin Computing Science 150(11), 2021



Naomi Garcia, Julio C. Diaz, Radl A. Aguilar

Tabla 3. Estudios primarios seleccionados de acuerdo al tipo de prueba reportado.

Nombre #
Adaptativas 1
de Automatizacion 13
de Concurrencia 1
de Regresion 5
Escalabilidad 1
Estrés

Mantenibilidad 2
No Especifica 14
Rendimiento 73
Seguridad 6
Usabilidad 5

4. Ejecucion del estudio

El estudio reportado fue realizado durante el mes de julio de 2021, en dicho estudio
se filtraron los resultados recuperados de las busquedas en los repositorios de Google
Scholar e IEEE Xplore para excluir aquellos resultados que no estén alineados con los
objetivos del mapeo sistematico de acuerdo con las tres fases definidas para el estudio:

— Fase 1: Aplicacion de la cadena de busqueda en las BD seleccionadas.

— Fase 2: Aplicacion de los criterios de inclusion al conjunto de estudios
obtenidos en la fase 1.

— Fase 3: Aplicacion de los criterios de exclusion al conjunto de estudios
obtenidos en la fase 2.

La tabla 2 presenta el numero de estudios obtenidos al final de cada fase del proceso
de seleccion.

Durante las fases anteriormente mencionadas, se descartaron un total de 26 articulos
de ambas bases de datos, esto porque algunos no estaban relacionados con el tema de
pruebas de software, no se apegaban a los criterios mencionados o estaban en otro
idioma desde su descripcion. Asi pues, se obtuvo un total de 123 articulos reportados
que estan directamente relacionados con las pruebas de software en la ultima década,
esto incluyendo investigaciones sobre su importancia e innovacion en el area, asi como
experimentos y estudios de caso tanto en el &mbito industrial como en el académico.
De cada estudio seleccionado se extrajo informacion con base en el esquema de
clasificacion predefinido, analizando de manera minuciosa el resumen de cada uno de
los articulos seleccionados, lo anterior, en virtud del objetivo y tiempo disponible
para el estudio.
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5. Resultados

A continuacion, se plantean los resultados obtenidos del analisis de los 123 estudios
primarios seleccionados de las dos bases de datos, 82 de Google Scholar [13]-[94] y 41
de IEEE Xplore [95]-[135]. Resulta importante mencionar que se observé que buena
parte de estudios analizados no proporcionaban informacién de manera tan detallada
como para clasificarlos en una de las categorias identificadas, por lo que en algunos
casos como los niveles y estrategias de prueba, se incluyd la categoria de
“No Especifica”.

PI01 ;Cudl es la distribucion en la ultima década de los estudios primarios
publicados sobre pruebas del software?

La figura 1 ilustra el nimero de publicaciones realizadas por afio en la Gltima década;
como puede observarse, en la primera mitad de la década hubo una tendencia creciente
de publicaciones, no obstante —con excepcion de 2019— en los ultimos cinco afios, la
tendencia cambio a decreciente, aunque es claro que 2020 y 2021 han sido afios atipicos
en todas las actividades del ser humano —y la investigacion no ha ido la excepcion—
debido a la pandemia del COVID-19.

PI02 ;Cudles son los niveles de prueba del software abordados por los estudios
primarios en la ultima década?

De acuerdo con las categorias consideradas (Unitarias, Integracion, del Sistema, de
Aceptacion), se obtuvo un total de treinta y ocho articulos que se orientaban a la
investigacion de pruebas del sistema, mientras que unicamente doce se orientaban a
pruebas de integracion, siete a unitarias y cuatro al nivel de pruebas de aceptacion (ver
figura 2). Resulta importante destacar la mayoria de los estudios analizados (62) fueron
ubicados en la categoria de “No Especifica” dado a que en el resumen del articulo no
se proporcionaba la clasificacion de manera especifica.

PI03 ;Qué tipo de pruebas de software han sido las mdas reportadas en la
ultima década?

Como puede observarse en la tabla 3, a pesar de que la gran mayoria de los articulos
reportados fueron clasificados como pruebas de software que se orientan al rendimiento
del mismo, existen otros que estan clasificados dentro de la categoria de pruebas
automatizadas que en su mayoria son mejoras o propuestas nuevas; por otro lado, existe
un subconjunto de estudios primarios reportan otro tipo de pruebas, aunque en
menor nimero.

PI104 ;Cudles son los factores de calidad que se han evaluado en el software durante
la ultima década?
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Fig. 3. Estudios primarios seleccionados de acuerdo con el factor de calidad abordado.
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Fig. 4. Estudios primarios seleccionados de acuerdo con la estrategia de prueba seleccionada.

En relacion con los factores o criterios de calidad identificados, la figura 3 ilustra la
distribucion por factor de calidad identificado en el estudio, por cada uno del ciento
veinte y tres. Es importante mencionar que en al menos diez articulos inicamente se
selecciond un factor de calidad, mientras que en el resto era comiin ver mas de un
criterio de calidad y combinar algunos como la seguridad, capacidad de prueba,
robusticidad y eficiencia. Asi pues, los factores con mayor numero de menciones, como
puede observarse en la figura, fueron la eficiencia y la capacidad de prueba, mientras
que la portabilidad y robusticidad fueron factores poco evaluados a lo largo de los
articulos analizados.

Cabe destacar que el aspecto de la calidad en las pruebas denota la importancia y
preocupacion que existe con respecto a los aspectos de software que mas se ven
afectados por la falta de pruebas, investigacion e innovacioén en el campo, asi pues,
como se observa en la figura, la mayoria de los estudios caen dentro de aspectos como
la eficiencia, capacidad de prueba, fiabilidad y mantenibilidad; estas categorias podrian
ser consideradas como primordiales para asegurar la calidad del software, lo cual
confirma lo que anteriormente se pensaba con respecto a la preocupacion que existe por
asegurar dicha calidad en los productos en la ultima década.

PI05 ;Cudles son las caracteristicas de las estrategias utilizadas en las pruebas de
software que han sido reportadas en la ultima década?

Con el analisis de los estudios secundarios, se obtuvo que treinta y tres de los
resultados aplicaban una estrategia de prueba mixta que incluia el uso de estrategias de
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Fig. 5. Numero de estudios primarios seleccionados de acuerdo con el nivel de
innovacion documentado.
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Fig. 6. Frecuencia en los Métodos de validacion utilizados por los estudios
primarios seleccionados.

B Académico
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Fig. 7. Estudios primarios en funcion del contexto del estudio.

caja blanca y de caja negra, mientras que doce resultados reportaron aplicar estrategias
de caja negra y once de caja blanca (Véase la figura 4).

Cabe destacar que sesenta y siete articulos no lograron clasificarse dado que no se
mencionaba de manera explicita el tipo de estrategia de prueba seleccionado.

Por su parte, en relacion con el nivel de innovacion de la técnica, la figura 5 ilustra
los resultados del analisis a los estudios seleccionados; se pudo contabilizar que setenta
y seis de los articulos se enfocaron en técnicas o metodologias ya existentes, treinta y
uno en mejoras y quince en nuevas propuestas para el area de pruebas.

Unicamente uno de los articulos no logré ser clasificado, sin embargo, se pudo
observar que los pocos articulos con técnicas “nuevas” se comenzaron a volver mas
constantes a partir del 2015.
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PI06 ;Cudles han sido los métodos de validacion utilizados en la ultima década por
los estudios primarios vinculados con el area de pruebas del sofiware?

De andlisis a los ciento veintitrés estudios seleccionados se pudo contabilizar los dos
métodos de validacion recurridos son los estudios de caso (73%) y los experimentos
(29%), dos de los métodos de investigacion empirica mas citados en la literatura [136].

De igual forma, se hallaron cuatro articulos considerados analisis comparativos, el
cual es un método de investigacion que permite, como su nombre lo dice, una técnica
o metodologia con otra. Asi pues, la figura 6 ilustra la informacion antes reportada.

PI07 ;{En qué contexto han sido desarrollados los estudios primarios vinculados con
el area de pruebas del software durante la ultima década?

En relacion con el contexto en el que se realizaron los estudios primarios
seleccionados, se pudo observar que la mayoria se desarrolla en el ambito industrial (86
articulos), no obstante, un alto porcentaje de éstos hacia hincapié en la investigacion
con respecto al ambito de pruebas sin importar el contexto como tal (No Especificado:
22) y solo quince trabajos se reportan en el ambito académico (ver figura 7).

Finalmente, es importante también mencionar que se obtuvieron pocos estudios de
aplicacion de pruebas de software en sistemas reales o experimentos aplicados al area
industrial en software latente, lo cual es un indicador de que atn en la ultima década
todavia no se profundiza en la investigacion de pruebas de software en general, sobre
todo para sistemas que requieren niveles altos de calidad o seguridad.

6. Conclusiones y trabajos futuros

Los Estudios de Mapeo son estudios con un alcance amplio, dado que su principal
objetivo es presentar una vision global sobre un tema de interés e identificar la cantidad
y tipo de investigacion y resultados disponibles sobre el mismo. Con el estudio
realizado en el ambito de la Ingenieria de Software, en particular sobre el area de
Pruebas de Software, se pudo observar que existe un bajo porcentaje de investigacion
en la que se proponen técnicas nuevas, sin embargo, la investigacion se ha mantenido
constante —aunque con altibajos— a lo largo de la ultima década.

Del analisis de los estudios primarios seleccionados se pudo identificar que las
técnicas de tipo funcional son las mas analizadas y que los aspectos de eficiencia y
capacidad de prueba, son los criterios de calidad a los que se le ha prestado mayor
atencion. En cuanto a las estrategias de prueba, nos llamo la atencién el uso de
esquemas mixtos, es decir, una combinacion de pruebas de caja blanca y de caja negra.
Por otro lado, un aspecto que despertd nuestra curiosidad fue que la mayoria de los
tipos de prueba fueron dirigidas al rendimiento del producto, pero también se centraban
en técnicas no tan usadas que son importantes como las pruebas automatizadas.

En cuanto a los métodos de investigacion empirica utilizados, pudimos observar que
los estudios de caso, asi como los experimentos, son los mas recurridos. Finalmente, en
cuanto al contexto en el que se realizaron los estudios, en esta muestra de 123 trabajos
seleccionados, el industrial fue en el que se ubicaron la mayoria de los
estudios analizados.

Otro de los hallazgos interesantes, es que se identificaron algunos estudios
relacionados con dominios que cominmente no se mencionan en la gran mayoria de
los estudios sobre pruebas de software, nos referimos a estudios en el ambito de
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pruebas en sistemas embebidos, pruebas de seguridad en sistemas de aviacion o en
microprocesadores y pruebas en aplicaciones moviles; dichos articulos llamaron la
atencion de los autores ya que, aunque no todos buscaban innovar en alguna técnica o
estrategia, analizaban temas que no son comunes en el area de pruebas y por tanto
pudieran ser nichos de oportunidad para la investigacion en el area de las pruebas
del software.

Resulta importante destacar también, que en la actualidad, los sistemas software
comienzan a abordar problematicas diferentes a las que fueron abordadas en el siglo
pasado, las soluciones comienzan a incorporar técnicas de inteligencia artificial,
abordan grandes volumenes de datos, y requieren de mejores esquemas de seguridad;
por tanto, requieren de técnicas novedosas de prueba para evaluar y asegurar la calidad
de los mismos.

Finalmente, los autores consideran que en el ambito de las pruebas de software,
existen problematicas que pueden abordarse por primera vez en un futuro mediato, por
lo que resulta un area de oportunidad para continuar con un estudio primario, como es
estudio tipo encuesta propuesto en [137] en torno a evaluar la madurez de las practicas
de prueba; o en su caso, con un estudio secundario de mayor especificidad, como podria
ser una revision sistemdtica de literatura sobre las caracteristicas de las pruebas de
software que incorporan técnicas de Inteligencia Artificial.
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Resumen. La depresion es un problema de importancia publica que ahora se
prioriza en muchas agendas de atencion médica con el objetivo de prevenir
futuros suicidios. Esto tiene un impacto devastador no sélo por la tragica
pérdida de vidas, sino también por los familiares y amigos en duelo. Las
investigaciones de cada pais revelan una reduccion del bienestar fisico y
mental, por ello la propuesta presentada en este articulo pretende detectar el
sentimiento de enunciados de texto mencionados en redes sociales. En
particular, nosotros examinamos los tuits mediante un clasificador bayesiano y
maquinas de soporte vectorial lo que nos permite dar un paso hacia adelante
para identificar el estado de salud emocional.

Palabras clave: Redes sociales, depresion, aprendizaje automatico.

Machine Learning for the Detection
of Depression in Social Networks

Abstract. Depression is a problem of public importance that is now prioritized
in many health care agendas with the goal of preventing future suicides. This
has a devastating impact not only for the tragic loss of life, but also for
bereaved family and friends. The investigations of each country reveal a
reduction in physical and mental well-being, for this reason the proposal
presented in this article aims to detect the feeling of text statements mentioned
in social networks. In particular, we examine the tweets using a Bayesian
classifier and support vector machines, which allows us to take a step forward
to identify the state of emotional health.

Keywords: Social networks, depression, machine learning.

1. Introduccion

Hoy en dia, el mundo esta viviendo momentos de transformaciones, la vida diaria
ha tenido un giro de 360 grados en donde el protagonista ha sido una cepa viral
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denominada SARS-CoV-2, que ha causado hasta el dia un poco mas de cuatro
millones de muertes. Mas alla de las consecuencias econdmicas, el confinamiento
social suele ser una experiencia desagradable, que puede llevar a distintos estresores
que generen afecciones de la salud mental [1].

Debido a que esta situacion es nueva y se encuentra en plena expansion, es atn
prematuro estimar las consecuencias emocionales del brote epidémico. Sin embargo,
las investigaciones realizadas en [2,3] apuntan a que el miedo a lo desconocido y la
incertidumbre pueden llevar a evolucionar distintas enfermedades de salud mental
como: los trastornos de estrés, ansiedad, depresion, somatizacién y conductas que
degeneran en aumento de consumo de alcohol, tabaco y otras substancias nocivas para
la salud [4].

En particular, se espera que las personas con enfermedades cronicas presenten
niveles mas altos de sintomas psicologicos [5]. También las personas mayores se
pronostican que sean psicologicamente mas vulnerables que los jovenes en esta crisis
[6]. Este proyecto surge debido a la gran problematica sobre casos de suicidio en
nuestro pais en jovenes [7, 8, 9] por ello se decide desarrollar una herramienta que sea
capaz de alertar sobre posibles casos y que permita evitarlos.

1.1. La depresion y la inteligencia artificial

Cabe destacar que, en México, se encontrd que adultos jovenes (es decir, entre 15y
25 anos) presentan ideas suicidas y muestran mayores estados depresivos, es decir, la
depresion aparece en el 67.3% de quienes han intentado suicidarse y en el 81.1% de
quienes manifiestan ideas suicidas [10]. Y las personas con enfermedades mentales
tienden a revelar su condicion mental en las redes sociales, como una forma de
alivio [11].

Sin embargo, la investigacion sobre el aprovechamiento de redes sociales para
comprender trastornos de la salud del comportamiento aun estd en su infancia. En
Katikalapudi et al. [12] analizaron patrones de actividad web de estudiantes
universitarios que podrian indicar depresion. De manera similar, en Katie et al. [13]
demostraron que las actualizaciones de estado en Facebook podrian revelar sintomas
de episodios depresivos.

Aunque algunas diferencias han sido observadas, como que los usuarios
deprimidos usan con mas frecuencia pronombres en primera persona [14] asi como
palabras de emociones negativas e ira. Por ello, la depresion ha sido asociada al uso
de marcadores lingiiisticos tales como el uso elevado de pronombres de
primera persona.

Muchos otros estudios del lenguaje y la depresion se han limitado a entornos
clinicos, y, por lo tanto, a analizar discursos espontaneos o ensayos escritos. En esa
direccion, algunas investigaciones [15, 16] propusieron metodologias innovadoras
para recopilar contenidos textuales compartidos por personas diagnosticadas con
depresion. Sin embargo, no hay colecciones disponibles publicamente.

Esto se debe a que a menudo el texto se extrae de sitios de redes sociales, como
Twitter o Facebook que no permiten la redistribucion [17]. De ahi que estos estudios
previos, nos impulsen a la deteccion de la depresion en las redes sociales como primer
paso contra el suicidio. El punto central de los estudios de la salud mental en redes
sociales ha sido, tradicionalmente, llevado a cabo mediante el uso de encuestas. En
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donde el niimero de usuarios estd limitado por aquellos que puedan completar la
encuesta. Por ejemplo, en Choudhury et al. [18] solicito a los usuarios de Twitter que
hicieran la Escala de Depresion del Centro de Estudios Epidemiologicos (CES-D) y
compartieran su perfil al publico.

Este tipo de estudios ha producido datos de alta calidad, sin embargo, esta limitado
en tamafio y alcance. Por ello, en esta investigacion examinaremos la depresion
considerando muestras obtenidas automaticamente, de grandes cantidades de datos de
Twitter. El Internet ha permitido seguir la evolucion del lenguaje y nos esta
proporcionando un medio muy accesible para que las personas expresen sus
sentimientos de forma anénima.

De ahi que, nosotros hemos adaptado el método en Coppersmith et al. [15] para la
construccion de este conjunto de datos en espafiol, procederemos a identificar auto
expresiones de diagnosticos de enfermedades mentales y aprovechamos estos
mensajes para construir nuestro conjunto de datos.

1.2. Analisis de sentimientos

Entre las distintas plataformas de redes sociales, Twitter ha experimentado una
adopcion particularmente generalizada de usuarios; es una plataforma de
microblogueo donde los usuarios crean tuits que se transmiten a sus seguidores o que
son enviados a otro usuario.

A partir del 2016, Twitter tiene mas de 313 millones de usuarios [19], y junto con
este tremendo crecimiento, Twitter también ha sido objeto de muchas investigaciones
de analisis de sentimientos (SA), ya que los tuits a menudo expresan la opinion de un
usuario sobre un tema de interés. La palabra sentimiento se refiere a una forma de
pensar (opinion) o sentir (emocion) sobre algo [20].

Originalmente, el SA aparecio con la inteligencia de negocios [21, 23], pero se ha
extendido a otras areas como la politica [23, 24], medicina [25], educacion [26],
recomendaciones [27, 28], deteccion de plagios [29], influencia en las noticias [30],
deteccion del engaiio [31, 32], deteccion de ironias [33], clasificacion de cuentas [34],
entre otras.

En particular, el SA es un tema destacado de investigacion en el campo de la
lingiiistica computacional. Las tareas incluyen la clasificacion de la polaridad de
sentimiento expresado en el texto (por ejemplo, positivo, negativo y neutral),
identificacion del objetivo/tema de sentimiento e identificacién del sentimiento por
varios aspectos de un tema.

El problema de clasificacion de la polaridad de sentimiento es a menudo modelado
como bidireccional (positivo/negativo) o tridireccional (positivo/negativo/neutral)
[35]. Es importante resaltar que esta tarea de deteccion y clasificacion no es sencilla,
en primer lugar, debido a que los tuits son mensajes cortos en donde los indicadores
de depresion suelen manifestarse de forma muy sutil.

A pesar de ello, algunos trabajos recientes han reportado resultados alentadores en
la deteccion de usuarios que padecen de depresion, pero ain se requieren mas
estudios [36,37].

En  nuestra investigacion, modelaremos de  manera  bidireccional
(positivo/negativo); dejando para un proximo trabajo, evaluar mas intensidades del
sentimiento de depresion: fuertes positivos, fuertes negativos, leves positivos, y leves
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Tabla 1. Expresiones regulares para la deteccion de tuits.

Palabra Expresion regular

Depresion (depresi[a-z]+)

Deprimido (deprimi[a-z]+)
((problema[s]|disturbio(s))

Frases *(mental|psicologico(s)|psiquiatrico(s)))

asociadas (quiero) * (morirjmorir[a-z]+)

(todo(s))*(dia(s)*(trist[a-z] + problema(s))

S ; Remover [ Remover Derivar
Texto | m—d :Izgrrgs wp | SIMDOIOS | weeb|  P2IODIAS | s | palabras
P (URL's, #) vacias

Fig. 1. Escenario del pre-procesamiento de tuits.

negativos. Detectar el sentimiento de las frases es una tarea complicada, por ejemplo:
‘la vida es como el jazz, mejor si es improvisada’; el sentimiento de la opinién es
positiva porque la palabra ‘vida’ implica algo bueno.

Sin embargo, la misma palabra en otro contexto, como se muestra en el siguiente
enunciado: ‘mi vida no tiene sentido’, implica un sentimiento negativo — es malo
porque la negacion reduce lo positivo de la palabra ‘vida’. Entonces el problema
implica el uso del lenguaje, lo cual es un problema muy complejo y vasto.

2. Desarrollo
Para darle solucion a este problema se propuso un modelo de tres fases.
2.1. Fase de recoleccion

Durante esta fase, se tomo ventaja de la gran cantidad de datos proporcionados por
Twitter. El método de recoleccion se basa en dos pasos principales: primero, los tuits
se filtran mediante expresiones regulares posteriormente son clasificados: en
negativos y positivos.

Para adquirir los tuits para este estudio, desarrollamos una aplicacion que utiliza la
API de blsqueda de Twitter [38]. Para filtrar los tuits que no estan escritos en
espailol, utilizamos la biblioteca de deteccion de idiomas disponible gratuitamente
[39]. Esta libreria se basa en filtros bayesianos y tiene una precision de 0.99 en la
deteccion de los 53 idiomas que admite.

Los tuits se adquirieron durante 210 dias (del 01 de diciembre del 2020 al 01 de
julio del 2021), produciendo conjuntos de datos con aproximadamente 4000 tuits para
espaifiol. Para generar el conjunto de datos de tuits con rasgos depresivos, nosotros
consideramos tuits de personas que declararon haber sido diagnosticados con la
enfermedad de la depresion.

En la Tabla 1, se muestran las expresiones regulares usadas para detectar a las
personas que hacen referencia de la depresion en sus tuits; pero el principal objetivo
es encontrar personas que hagan una declaracion directa y abierta de que fueron
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diagnosticados con la enfermedad de la depresion. Posteriormente, se procede a
extraer los tuits de la lista de las personas que aseveraron, por medio de un tuit, tener
dicha enfermedad.

2.2. Fase de preprocesamiento

El preprocesamiento de datos es un paso, a menudo, descuidado pero importante en
el proceso. Implica técnicas para transformar los datos sin procesar en un formato mas
comprensible. Las principales son limpieza del dato, integracion de datos,
transformacion de datos y reduccion de datos.

Como podemos ver la Figura 1, nuestro mecanismo de preprocesamiento incluye:

a) Separar palabras del texto,

b) Eliminaciéon de niimeros y URLs que involucra un efecto sobre nuestro
analisis, pero si reduce el ruido y nuestra eficiencia [40],

c¢) Eliminacion de palabras vacias como articulos, pronombres, y
preposiciones [41],

d) Derivacion de las palabras, el cual se utiliza para transformar diferentes
formas de palabras en una forma raiz estandar [42].

En esta fase, ademas de estas técnicas incorporamos un paso de ponderacion
mediante el algoritmo Term Frequency-Inverse Document (TF-IDF). El TF-IDF
refleja la importancia de una palabra en un documento; y este nivel de importancia se
incrementa cuando la palabra aparece muchas veces, al punto que podemos
determinar temas de tendencia [43].

La Frecuencia de Términos (TF) es la frecuencia con la que las palabras aparecen
en un documento. Para un término t; en un documento, podemos formularlo de la
siguiente manera:

Tfij=nij ey

En (1), tenemos que n; es el numero de ocurrencias de cada palabra t;i en el
documento d;. Por otro lado, la Frecuencia del Documento Invertido (IDF) mide la
importancia general de una palabra en un documento. La podemos formular de la
siguiente forma:

idf; = log (D/df;) 2

En (2), tenemos que D es el niimero total de documentos de texto y dfi es un
nimero de documentos el cual contiene el termino t; por lo menos una vez.
Finalmente, tenemos que TF-IDF es una combinacion de TF y de IDF, la formula
quedaria asi:

Tf-idfi; = tfiy x idf . ®)
2.3. Fase de Identificacion/Clasificacion
El algoritmo de clasificacion basado en maquinas de soporte vectorial (SVM) es
una maquina de aprendizaje supervisado, que requiere de datos de entrenamiento y

datos de prueba. Consiste en encontrar un hiperplano 6ptimo como la funciéon que
separa dos clases de datos.
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Fig. 2. Flujo del proceso de clasificacion de rasgos depresivos.

La clasificacion con menor error es la que se consigue con el hiperplano que
maximiza el margen, esto es, cuya distancia entre el plano y los vectores soporte, sea
la mayor posible. A pesar de su sencillez ha demostrado ser un algoritmo robusto y
que generaliza bien en problemas de la vida real [44-48].

3. Resultados

El método propuesto, realiza una clasificacion e identificacion de tuits que nos
permite tener una visualizacion precisa y directa, se puede determinar si la frase que
fue extraida de Twitter tiene sentido de depresion o no y asi poder ayudar a la persona
que se requiera. En la Figura 2, podemos visualizar el problema de analizar los
mensajes posteados en Twitter en términos de los sentimientos que estos
mensajes expresan.

En donde primero nos dimos a la tarea de etiquetar un conjunto de tuits en espafiol
obtenidos bajo la metodologia descrita. Adicional, cuando etiquetamos es importante
considerar la presencia de la negacion, debido a que la negacion juega un papel muy
importante en la deteccion de la polaridad de un mensaje (positivos se hacen
negativos y viceversa).

Esta clasificacion no es una tarea trivial y una de las caracteristicas de Twitter es
que es un tipo de comunicacion informal, y con limitaciones de longitud. Esto lo hace
diferente a otras investigaciones previas de analisis de sentimientos de textos
convencionales. En la Tabla 2 se muestra las diez palabras con mayor frecuencia
positivas y negativas respectivamente. Cabe resaltar que la palabra ‘vida’ aparece
tanto en el lado de positivas como en el de negativas, mas adelante, en la Tabla 3
explicamos el cambio de la polaridad.

Como parte de las limitaciones que tiene el presente trabajo es que, falta hacer mas
estudios para reducir la dispersion en donde podriamos aplicar técnicas de suavizado
semantico entre otras [49].

Los resultados obtenidos por el clasificador bayesiano y las maquinas de soporte
vectorial, se compararon mediante las siguientes métricas: exactitud, precision y
sensibilidad donde:

—  Exactitud es una medida en porcentaje que se calcula de la siguiente forma:

Exactitud = (Tp + Tn) / (Tp+Tn+Fn+Fp). 4)
— Sensibilidad positiva (5) y sensibilidad negativa (6) es el ratio de sensibilidad

y es calculada de la siguiente forma:
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Tabla 2. Listado de las palabras con mayor frecuencia.

Positivas Negativas
vida vida
feliz solo(a)
mejor mal
contento mierda
mundo nadie
ganar triste
amor llorar
trabajo dormir
esfuerzo sentir
positivo tiempo

— La precision positiva (7) y la precision negativa (8) es el ratio de precision y se
calcula de la siguiente forma:

Precision p = Tp/(Tp+Fp), @)

Precision n = Tn/(Fn+Tn). (8)

En la Tabla 3, se presentan cuatro tuits extraidos del conjunto de datos; podemos
observar que la negacion juega un papel muy importante en la deteccion de la
polaridad de una frase (positivos se hacen negativos y viceversa), ademas de la
negacion se tiene que considerar adjetivos que acompafian al sustantivo y que
cambian su cualidad.

Sensibilidadp = Tp / (Tp + Fn), (5)

Sensibilidad n = Tn / (Fp + Tn). (6)

4. Conclusiones

En la Tabla 4 se muestra la comparacion del desempefio entre el clasificador
bayesiano y las maquinas de soporte vectorial respectivamente en términos de
precision y sensibilidad. De manera similar, la Tabla 5 muestra el desempeiio de los
clasificadores en términos de exactitud.

La tendencia creciente de la depresion y del suicidio son un grave problema de
salud publica. Sin duda, este es un problema que el sistema de salud mexicano debe
enfrentar de manera urgente, por un lado, debe considerar que el pais se encuentra en
una etapa de incertidumbre econémica (derivado de la actual pandemia), y por otro
lado, que existen necesidades de atencion de salud mental.
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Tabla 3. Fragmentos de tuits extraidos del conjunto de datos.

Tuits Clase
La vida es como el jazz, mejor si es ..

. . Positiva
improvisada

La magia es creer en ti mismo Positiva
La vida es una mierda Negativa
La vida no tiene sentido Negativa

Tabla 4. Métricas de desempefio.

Métricas %
Sensibilidad positiva 84
Sensibilidad negativa 84
Precision positiva 87
Precision negativa 84

Tabla 5. Comparacion de exactitud.

Métodos %

Clasificador bayesiano 84

Maquinas de soporte

vectorial 86

Nuestro método propuesto puede ser una base para mas estudios de computacion
social y abre las puertas a futuras investigaciones sobre algoritmos de IA que hagan
uso de otros datos de entrenamiento del tipo multifactorial y multinivel, como lo son
las variables sociales, econdmicas y politicas.

Con el fin de explorar la salud mental, la idea central de la presente investigacion
parte del principio de clasificar un texto como positivo o negativo mediante
algoritmos de IA.

Como primer paso, se describe una metodologia con la que se genera un conjunto
de datos en espafiol y con ello, se establecen algunos pasos esenciales para la
clasificacion de rasgos depresivos.

Nosotros hemos aplicado el clasificador bayesiano y el clasificador de maquinas de
soporte vectorial para la clasificacion de textos con rasgos depresivos obteniendo muy
buenos resultados. En futuros trabajos, procederemos a incrementar el tamafio del
conjunto de datos mediante la metodologia descrita, analizaremos diferentes técnicas
para la representacion de textos, por ejemplo, incorporaremos una reduccion de
dimensionalidad mediante un modelo de bolsa de palabras (BOW).

También podriamos combinar nuestros algoritmos con informacion de tipo
multimodal que ofrece una nueva dimension a los analisis tradicionales sobre texto,
en donde podriamos tomar diferentes modalidades como datos visuales, de audio,
entre otros [50-52]. Asi como combinarla con otras técnicas de aprendizaje profundo
mediante arquitecturas jerarquicas para incrementar la escalabilidad e incrementar la
precision de nuestro método [53, 54].
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Resumen. Una de las enfermedades mas importantes a nivel mundial en salud
publica es la Diabetes Mellitus (DM), ya que esta es una de las enfermedades no
transmisibles mas severa, frecuente y con diversas complicaciones cronicas. En
este documento proponemos un método para detectar los factores de riesgo mas
comunes en pacientes que padecen la enfermedad conocida como diabetes
mellitus tipo II, a través del analisis de componentes principales. Posteriormente
comprobamos los resultados utilizando estos factores como caracteristicas, por
medio del algoritmo J48 mejorando los resultados de la clasificacion. De acuerdo
a los resultados experimentales se obtiene un 86.9% de precision, la cual es una
mejora en comparacion con trabajos relacionados.

Palabras clave: Aprendizaje automatico, PCA, treej48, clasificacion.

Classification of Type II Diabetes Mellitus
Detecting Risk Factors in a Data Set

Abstract. One of the most important diseases worldwide in public health is
Diabetes Mellitus (DM), since this is one of the most severe and frequent non-
communicable diseases with various chronic complications. In this document we
propose a method to detect the most common risk factors in patients suffering
from the disease known as type I diabetes mellitus, through principal component
analysis. Later we check the results using these factors as characteristics, by
means of the J48 algorithm, improving the classification results. According to the
experimental results, 86.9% accuracy is obtained, which is an improvement
compared to related works.

Keywords: Machine learning, PCA, treej48, classification.

1. Introduccion

En el campo médico el diagnostico es la parte mas critica al momento de tratar a una
persona, ya que el médico utiliza sus conocimientos para detectar ciertos patrones en el
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comportamiento o estudios médicos de un paciente y llegar a una conclusion que se
traduce en el tratamiento o medicacion. Entre la amplia gama de enfermedades, la
Diabetes Mellitus (DM) y sus variantes son considerados severos por las diversas
complicaciones cronicas y requiere la atencion de diferentes especialistas para el
tratamiento de una persona.

Existen dos variantes de la DM, tipo I y tipo II. La méas comtin es la Diabetes Mellitus
tipo I (DMT?2), la cual es una enfermedad en la que el organismo no genera suficiente
insulina para procesar la glucosa en la sangre dejando mucho de este material
circulando en el sistema sanguineo. En México se atribuye el 11.8% de muertes desde
el 2005 [1] y un 63% como causa de muerte principal de enfermedades cronicas a nivel
mundial en el 2015 [2].

El propdsito de este trabajo es la deteccion de factores de riesgo que pueden originar
la DMT2, a partir del analisis de componentes principales en un conjunto de
expedientes clinicos. Posteriormente se aplica un algoritmo de aprendizaje automatico
para corroborar que esos factores contribuyen en la deteccion de DMT?2, al mejorar la
precision en los resultados experimentales.

El articulo esta distribuido en cuatro secciones. En la seccion 2 se presentan los
trabajos relacionados con esta investigacion. En la seccion 3 se incluye una breve
explicacion a la metodologia, algoritmos y métricas utilizadas. En la seccion 4 se
presentan los resultados experimentales y finalmente se incluyen las conclusiones del
trabajo realizado.

2. Trabajos relacionados

A continuacion, se describen algunos trabajos relacionados con el uso de algoritmos
de aprendizaje automatico.

En el trabajo presentado por AlJarullah et al. [3] se utilizan arboles de decision con
un conjunto de datos enfocado en mujeres para la deteccion de la diabetes. Este trabajo
esta presentado en dos etapas, la primera que consiste en mejorar los datos con un pre-
procesamiento de datos aplicando métodos como garbage in, garbage out utilizados
generalmente en proyectos de mineria de datos, eliminando instancias del conjunto
de datos.

La segunda etapa consiste en el uso del nuevo conjunto de datos para generar un
arbol de clasificacion usando el algoritmo TreeJ48, mostrando la matriz de confusion
para calcular métricas como precision, exactitud y Fi. Al tener menos informacion
irrelevante se genera un modelo de prediccion mas exacto, lo cual logré subir la
precision a un 78.17%. Demostrando que el pre-procesamiento de datos mejora la
clasificacion de instancias del conjunto de datos.

Los autores del trabajo [4] proponen varios algoritmos utilizados en la rama de
mineria de datos como: SMO (Sequential Minimal Optimization), random forest, tree
J48 y Naive Bayes para comparar el rendimiento de los algoritmos de clasificacion y
poder determinar que algoritmo posee una mayor exactitud al realizar el diagnostico.

Los autores aplican métodos para la limpieza de los datos no requeridos para el
estudio, asi mismo los autores interpretan los datos faltantes del conjunto de datos. Para
la evaluacion de los algoritmos utilizan el método conocido como Cross-validation
junto a las métricas precision, exactitud y Fi, en donde dividen su conjunto de datos
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con una relacion 50:50. Los autores mencionan que la relacion que utiliza para su
conjunto de datos no es ideal, ya que para este tipo de evaluaciones es mejor seccionar
en tres partes el conjunto de datos. En los resultados y conclusiones del trabajo nos hace
la mencién de la exactitud del algoritmo J48, llegando en el mejor de los casos al
73.82% de exactitud al clasificar.

En el 2015 los autores del trabajo [5] presentaron una comparacion entre diferentes
algoritmos de mineria de datos utilizando un conjunto de datos llamado Pima Indians
Diabetes Dataset. El cual consiste de 768 registros con ocho atributos (edad, insulina,
presion, entre otros) y un campo para clasificar (positivo y negativo).

Los algoritmos utilizados en el trabajo son: arboles de decision J48, Naive Bayes y
RBF (Radial Basis Function), donde utilizan tres métricas de evaluacion (precision,
exhaustividad y F;) para medir el resultado de la clasificacion. En el trabajo la precision
mas alta fue del algoritmo J48 con un 77.1% en promedio, pero con una clasificacion
de instancias menor al algoritmo de Naive Bayes.

Mencionan los atributos del conjunto, pero no muestran algiin tipo de tratamiento de
datos. El conjunto de datos fue dividido para realizar el entrenamiento y evaluacion,
contando con una cantidad aproximada de 230 registros para la evaluacion.

En el 2017 Yamilé et al. [2] realizaron un estudio transversal con disefio muestral
aleatorio, para detectar la prevalencia de enfermedades cronicas no trasmisibles y sus
factores de riesgo. El trabajo utilizd un total de 2085 registros de personas entre 14
municipios, de diferentes edades (32-56 afos) utilizando variables como: sexo, edad,
perimetro abdominal, glucosa, insulina, triglicéridos, colesterol, entre otros.

Con el uso de medias y desviacion estandar para generalizar los atributos presentaron
las tablas a varios expertos del campo para diagnosticar cada registro. Llegando a la
conclusion que a mayor edad (> 50 aproximadamente) se producen cambios
hormonales y metabolicos que afectan a varios sistemas. Consecuentemente,
desarrollando intolerancia a la glucosa, DMT2 y obesidad abdominal.

En el afio 2018 Orlando A. Chan et al. [6] presentaron una investigacion realizada
sobre un conjunto de datos de 768 pacientes, donde todos los registros son basados en
mujeres para la deteccion de diabetes gestacional, mencionan que dichos atributos en
el conjunto de datos son de alta importancia para la deteccion de DMT?2.

Algunas de las variables consideradas son: glucosa, insulina, presion sanguinea y
edad. El objetivo final de los autores fue crear un sistema experto para detectar diabetes
a partir de los atributos seleccionados del conjunto de datos utilizando algoritmos de
clasificacion proporcionadas por la herramienta WEKA y BigML.

Los autores utilizan como clasificador arboles de decisién y obtienen un 70% de
precision en la clasificacion de pacientes que no presentan DMT2, un 63% para los que
si presentan y un 73.83% de exactitud.-En este trabajo realizaremos un tratamiento de
datos faltantes a un conjunto de datos con el fin de utilizarlos en mejorar la clasificacion
usando el algoritmo J48.

Posteriormente se eliminan atributos no relevantes del conjunto utilizando analisis
de componentes principales (PCA) y se realiza una comparativa de los resultados, para
demostrar que es factible el uso de tratamiento de datos y la reduccion de términos con
PCA sin perder exactitud en la clasificacion.
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3. Metodologia

El proyecto se divide en cuatro etapas que se resumen a continuacion.
3.1. Extraccion de datos y analisis de datos

Para esta seccion se presenta el conjunto de datos conocido como Pima Indians
Diabetes Dataset, el cual es utilizado en articulos dentro de la secciéon de trabajos
relacionados. Este conjunto es una recopilacion de datos clinicos de mujeres con
ascendencia hindi.

Este conjunto de datos sera utilizado para la extraccion de factores de riesgo, el
procedimiento utilizado se compone de tres fases: La primera fase es la recopilacion
del conjunto de datos, deteccion de datos anormales y analisis de dichos datos. La
segunda fase es explicada en la siguiente seccion y en la fase final se hace uso de un
analisis de componentes principales con el objetivo de determinar los factores de riesgo
con mayor relevancia para llevar a cabo una clasificacion.

3.2. Pre-Procesamiento

Con la finalidad de evitar una clasificacion pobre que sacrifique la exactitud o
precision de nuestros resultados, el pre-procesamiento de datos es utilizado para
eliminar atributos no relevantes, descartando la variedad de estos mismos, ya que los
algoritmos empiezan a clasificar errobneamente al tener una gran cantidad de atributos
no relevantes dentro de la informacion recopilada.

Una propuesta muy recurrida de aplicar un pre-procesamiento, es tomar en cuenta
los registros completos de datos completos, pero esto provocaria la omisiéon de muchos
datos y no proporcionaria una buena clasificacion.

Una mejor propuesta para esta fase es la sustitucion por media, la cual funciona
calculando el promedio de cada atributo y remplazando a los datos faltantes,
dependiendo del atributo que clasifica al registro. Para la aplicacion de esta fase se hace
uso del lenguaje de programacion Python el cual nos ofrece varias herramientas para
manipular grandes cantidades de datos de manera eficiente para concluir en un archivo
separado por comas (csv) donde se guardaran los nuevos datos.

3.3. Algoritmos de clasificacion

El objetivo de la implementacion de los algoritmos de clasificacion es descubrir que
atributos son los encargados de realizar la clasificacion de los datos para comparar estos
atributos con los resultados de PCA y determinar una lista de atributos principales
proveniente de los factores de riesgo.

Algunos algoritmos de clasificacion utilizados mas frecuentemente son: SVM
(Support Vector Machine) [ 7], Random Forest [§], Arboles de decision J48 [9] y Naive
Bayes [10]. Una vez obtenido los factores de riesgos mas relevantes del conjunto de
datos se realizara nuevamente la clasificacion del conjunto de datos para ver si existe
una mejora en su clasificacion con menor cantidad de atributos.
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Tabla 1. Descripcion del conjunto de datos.

Atributo Descripcion Min-Max
Embarazos Cantidad de embarazos 0-17
Glucosa Concentracion de glucosa en plasma a dos 0-199
horas en una prueba de tolerancia a la glu-
cosa oral
Presion sanguinea  Presion arterial diastolica (mm Hg) 0-122
Grosor de la piel Espesor del pliegue cutaneo del triceps (mm)  0-99
Insulina Insulina sérica de 2 horas (mu U / ml) 0-846
IMC Indice de Masa Corporal (Kg/m?) 0-67.1
i Funcion de arbol genealdgico de la diabetes  0.08-2.42
Edad Edad en afios 21.81
Resultado Resultado del paciente a la enfermedad de 0-1
diabetes
3.4. Evaluacion

La evaluacion se puede realizar de dos formas diferentes. La primera consiste en el
uso de métricas de evaluacion para medir los resultados obtenidos de la clasificacion.
La segunda consiste en utilizar un experto en el campo, el cual se encargara de revisar
los estudios del paciente y dar el veredicto si la clasificacion es correcta.

Para la evaluacion es necesario tener presente la matriz de confusion generada por
los algoritmos de clasificacion, la cual nos compara la prediccion de las clases con los
resultados etiquetados, resultando en cuatro métricas [11]:

Precision: Es el nimero de casos relevantes recuperados entre el nimero de casos
recuperados (ver Ecuacion 1).

Exhaustividad: El cual nos informa sobre la capacidad para identificar nuevos
registros usando el modelo matematico generado (ver Ecuacién 2).

Exactitud: Mide el porcentaje de casos que el modelo ha acertado o clasificado
correctamente (ver Ecuacion 3).

Fi: Es utilizado para combinar las medidas de precision y exhaustividad en un
solo valor (ver Ecuacion 4):

s VP
Precision = ——, @
VP+FP

.. VP 2

Exhaustividad = ——, @
VP+FN

, VP+VN 3

Exactitud= ————— ®)
VP+VN+FP+FN

. Precisién-Exhaustividad (4')

F1=

Precisiéon+Exhaustividad’

donde:

Verdaderos positivos (VP): Son resultados positivos clasificados correctamente.

Verdaderos negativos (VN): Son resultados negativos clasificados como positivos.

Falsos positivos (FP): Son resultados negativos clasificados como positivos.

Falsos negativos (FN): Son resultados negativos clasificados correctamente.
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Tabla 1. Resultados experimentales.

Resultados Dates Completos Tratamiento de Tratamiento de

datas datos + PCA
Correctamente cla- =
sificaid 567 1] 668
Incorrectamente
clasificedo 20 102 100
Error absolute ey y
forinitadis) 31.358% 16.58% 16.41%
Precision 63.24% 22.42% 831.537%
Exhaustividad 30.70% T78.73% 77.61%
Exactitud 73.83% 26.72% 86.95%
F; 61.42% 20.53% 80.62%

El objetivo de la evaluacion es de medir la eficiencia del modelo creado en registros
nuevos. Esta eficiencia es medida en porcentajes que pueden variar dependiendo del
conjunto de datos utilizado.

4. Resultados

En esta seccion se presenta el conjunto de datos utilizados en los experimentos y los
resultados obtenidos.

4.1. Conjunto de datos

El conjunto de datos utilizado en el estado del arte estd basado en mediciones
medicas provenientes del Instituto Nacional de Diabetes y Enfermedades Digestivas y
Renales, donde el objetivo es predecir si un paciente tiene diabetes o no basandose en
determinadas medidas de un diagnéstico. En particular, todos los pacientes en este
conjunto de datos son mujeres de al menos 21 afios y de ascendencia hindu, con un total
de 500 registros no diabéticos y 268 diabéticos; también conocida como Pima Indians
Diabetes Dataset [12].

En la Tabla 1 se describe el conjunto de datos que incluye ocho atributos y un
resultado que indica si el paciente padece diabetes (clase 1) o no (clase 0).

4.2. Resultados experimentales

Antes de tratar los datos se realiza una ejecucion del algoritmo de clasificacion
Treej48, para obtener las métricas de clasificacion antes de cualquier modificacion al
conjunto de datos. Una vez realizado la clasificacion se aplica el pre-procesamiento de
los datos y se ejecuta nuevamente una ejecucion del clasificador, dando dos conjuntos
de datos extras para la comparacion de los resultados al reducir los atributos.

Para aplicar la compresion de datos (PCA) se hace uso de la herramienta Pandas del
lenguaje Python, el cual nos proporciona un DataFrame que representa una estructura
ordenada de los datos y podemos crear arreglos de una manera mas sencilla a partir de
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Pregnancies Glucose BloodPressure SkinThickness Insuling BMI DiabetesPedigreeFunction Age Outcome

I

] 6 148 72 35 169.5 33.6 0.627 50 1:
L 1 85 66 29 102.5  26.6 0.351 31 0

2 8 183 64 32 169.5 23.3 0.672 32 .
| 3 1 89 66 23 94 | 28.1 0.167 21 0

4 1] 137 40 35 168 43.1 2,288 33 1

Fig. 1. Orden del archivo CSV.

Fig. 2. Ejecucion de algoritmo de reduccion de términos.

100 varianza explicada acumulada
® Varianza individual explicada
80

60

40 A

Ratio de Varianza Explicada

204

T T T T T T
Pregnancies Glucose BP ST Insulin BMI DPF Age
Componentes Principales

Fig. 2. Resultado final del algoritmo PCA.

un c¢sv [13]. El archivo es ordenado respetando una unica regla, la etiqueta clasificadora
(Outcome) debe ser la ultima columna del archivo como se muestra en la Fig. 1.

Una vez que el archivo fichero cumpla con esa tinica regla sera la entrada en un
script de Python, donde se realizard la ejecucion del algoritmo de andlisis de
componentes principales. También se solicitan datos como: Columna de inicio,
columna final y los encabezados para la ejecucion de los algoritmos. Posteriormente el
script muestra una salida con la ponderacion de cada atributo (ver Fig. 2).

En la Fig. 3 se puede ver que el algoritmo PCA utiliza la varianza explicada para
representar la importancia de cada atributo dentro del conjunto utilizado y la varianza
acumulada, la cual es la suma de cada columna, la cual al final siempre tiene que ser
100%. Los datos con mayor porcentaje son los atributos de embarazos y la glucosa,
representado un 50% de la varianza dentro del conjunto de datos, aproximadamente.
Los siguientes atributos a tomar en cuanta: edad, la funcion de arbol genealogico de la
diabetes, indice de masa corporal e Insulina a con la finalidad de lograr un 90% de
representacion de los datos. Dejando a la presion arterial y grosor de la piel un 10%
de representacion.

Para llevar a cabo la clasificacion del conjunto de datos se hace uso de la herramienta
WEKA, ya que esta nos da una gran gama de algoritmos utilizados en el entorno de
mineria de datos, los cuales utilizan algoritmos de clasificacion [14].

En las columnas de la Tabla 2, se presentan los resultados obtenidos por cada
conjunto de datos usando validacion cruzada de 10 folds, en donde la primera columna
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Tabla 2. Comparativa de clasificacion y métricas.

Exhaus-

Tratamiento  Fuente Precision . e Exactitud 131
tividad

Ninguno [6] 63.24% 59.70% 73.83% 61.42%
Desconocido [3] 78.60% 77.20% NR 77.10%
Fageooes s 8242%  78.73%  $6.72%  $0.53%
miento

Pre-procesa- - a F6 ET & 5
miento = PCA Propia 83.87% 17.61% 86.98% 80.62%

(datos completos) es el conjunto de datos sin retirar ningin atributo; la segunda
columna (tratamiento de datos) representa el conjunto de datos tratando usando
sustitucion por media y la ultima columna representa el andlisis de componentes
principales sobre el conjunto de datos con tratamiento de datos y retirando atributos
con el es analisis de PCA.

Como se puede ver en la Tabla 2, el aumento en los datos correctamente clasificados
con tratamiento de datos (99 instancias) es un indicativo de una mejora en la
clasificacion del conjunto de datos utilizado que se aprecia en el incremento en la
precision, exactitud y F1.

Al comparar los resultados de las columnas tres y cuatro se observa que el
incremento es minimo (solo 2 instancias), pero demuestra que los atributos eliminados
(grosor de piel y presion sanguinea), quienes dieron un bajo porcentaje reportado en el
analisis de componentes principales realizado con anterioridad (>10%) no representan
importancia al momento de utilizar el algoritmo de clasificacion.

La Tabla 3 nos da una vista de los resultados en donde la primera columna se
presentan la fuente, y las columnas restantes corresponde a cada métrica explicada con
anterioridad. Se puede observar que la diferencia en las métricas reportadas por los
autores del trabajo [6] y las presentadas en este trabajo existe un aumento en cada
métrica con un tratamiento de datos basado en promedios, llegando a tener una
precision del 82.42% y una exactitud del 86.72%.

Mientras que la reduccion de dos atributos en el conjunto de datos ayudd
significativamente a mejorar la precision llegando a un 83.87% y la exactitud al
86.98%. Mostrando que los atributos eliminados no tenian relevancia para la
clasificacion.

5. Conclusiones

El uso del algoritmo PCA, que es de suma importancia en el campo de la mineria de
datos, permitié reducir la cantidad de atributos utilizados en la clasificacion. Esto
provocd una ejecucion mas rapida dado que hay una cantidad menor de informacion en
el conjunto de datos. Los resultados experimentales muestran una mejora en los
resultados de las métricas de exactitud (86.92%), precision (83.87%) y F1 (80.62%);
en un total de 668 registros.

Al utilizar los algoritmos de clasificacion con un pre-procesamiento de datos
podemos ser capaces de ver que atributos son relevantes al momento de realizar una
clasificacion, pero al comprimir los datos después de tratar la informacion nos permite
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eliminar atributos sin perder confianza en el modelo generado, logrando el 86.98%
de exactitud.

El usar un tratamiento de datos ayuda a mejorar la clasificacion del algoritmo por si
solo en la mayoria de los casos, en este trabajo se utiliz6 un método simple para tratar
datos no validos, dejando la posibilidad de utilizar diferentes métodos como & vecinos
mas proximos o realizar discretizacion de datos para mejorar aun mas la clasificacion.

Las mejoras no simplemente se encuentran en el tratamiento de datos, sino que
también aplican a los algoritmos de clasificacion, en donde métodos mas avanzados
como son las redes neuronales o clasificadores ingenuos como Naive Bayes pueden
aumentar la precision de registros correctamente clasificados, ya que algunos se basan
en reglas establecidas por el conjunto de datos sacando conclusiones de los resultados.
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Resumen: Los sistemas de asistencia a estacionamientos basados en vision por
computadora, cada vez son empleados con mayor frecuencia, para el
mejoramiento del transito vehicular en el 4area urbana. Estos sistemas
proporcionan informacion de la disponibilidad de un estacionamiento, ademas,
contribuyen a tener una mejor organizacion en el mismo y a reducir el tiempo de
busqueda de un espacio disponible a los usuarios. El principal reto de estos
sistemas se debe a la variacion de iluminacion que suele ocurrir durante el dia,
ya que puede presentarse una disminucion de iluminacion debido a efectos de
sombra, o bien, incrementos a causa del sol, ademas de éstos, se pueden presentar
otros inconvenientes, como variacion de tonalidad en los autos, o la oclusién
entre los mismos. En este trabajo se propone un método para la deteccion de
lugares disponibles en un estacionamiento, en el cual se emplea un procedimiento
para la ubicacion semiautomatica de regiones de interés (ROI). Se utilizo el
modelo de interseccion cortical (ICM) para la extraccion de caracteristicas, el
analisis de componentes principales (PCA) para reduccion de caracteristicas y el
perceptron multicapa para la etapa de clasificacion. El método propuesto presentd
el 90% de efectividad en la deteccion, presentando baja susceptibilidad a los
cambios de iluminacion.

Palabras clave: Aprendizaje, deteccion, lugares de estacionamiento, firma, ROL

Detection of Available Places in a Parking Lot

Abstract. Parking assistance systems based on computer vision are used more
and more frequently to improve vehicular traffic in urban areas. These systems
provide information on the availability of a parking lot, in addition, they
contribute to having a better organization in it and to reducing the search time for
an available space for users. The main challenge of these systems is due to the
variation in lighting that usually occurs during the day, since there may be a
decrease in lighting due to shadow effects, or increases due to the sun, in addition
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to these, there may be other inconveniences, such as variation of tonality in the
cars, or the occlusion between them. In this work, a method for the detection of
available spaces in a parking lot is proposed, in which a procedure for the semi-
automatic location of regions of interest (ROI) is used. Cortical Intersection
Model (ICM) was used for feature extraction, Principal Component Analysis
(PCA) for feature reduction, and multilayer perceptron for the classification
stage. The proposed method presented 90% effectiveness in detection, presenting
low susceptibility to lighting changes.

Keywords: Learning, detection, parking spots, signature, ROIL.

1. Introduccion

La deteccion de lugares disponibles en estacionamientos basados en vision por
computadora, presentan diversas dificultades, para lograr una adecuada deteccion.
Algunas de éstas, corresponden a los cambios de iluminacién que ocurren a lo largo del
dia, efectos de sombra, diferentes tonalidades de color que pueden presentar los
automoviles, oclusion entre los objetos de interés, ademas de otros. La deteccion de
lugares disponibles en estacionamientos es cominmente empleada en los sistemas de
asistencia a estacionamientos, los cuales proporcionan informaciéon a los usuarios
acerca de la disponibilidad de un estacionamiento, ademas, contribuyen a mejorar el
flujo vehicular y la organizaciéon dentro del mismo.

Algunos trabajos propuestos en el estado del arte para la deteccion de lugares
disponibles en estacionamientos, basan su operacion en la deteccion de automoviles,
como en [1], donde se propone un método para obtener las caracteristicas de imagenes
de autos, mediante el histograma de gradientes orientados (HOG), y para llevar a cabo
la deteccion de éstos, emplea maquinas de vectores de soporte (SVM); el mismo
enfoque se da en [2], donde se propone un método basado en la resta del fondo, y
posteriormente la segmentacion de la imagen resultante, usando la red neuronal pulso-
acoplada (PCNN), para asi llevar a cabo la deteccion de los autos.

Por otro lado, se encuentran los métodos que emplean la deteccion de bordes y
esquinas, los cuales corresponden a las marcas que delimitan los espacios de
estacionamiento, como es el caso de [3], el cual emplea el detector de esquinas
de Harris.

También se encuentran los métodos que basan su operacion en la ubicacion de
regiones de interés (ROI), éstos normalmente indican de forma manual las coordenadas
de cada ROI en la imagen, como en [4], donde una vez generadas las ROI, aplica la
resta del fondo a cada una de éstas, y para el reconocimiento de los objetos, se extrae
el HOG, detector de esquinas mediante la transformada de caracteristicas invariantes
(SIFT) y métricas de los espacios de color YUV, HSV y YCrCb; en [5], de igual manera
se aplica la ubicacion de ROI sefialando sus coordenadas manualmente, y para la
deteccion de lugares disponibles, aplica un umbralado a cada ROI.

Meétodos recientes para la deteccion de lugares disponibles en estacionamientos,
llevan a cabo el uso de redes neuronales convolucionales (CNN), como en [6], donde
se emplea la CNN para generar el bounding boxing en los automoviles; en [7] se emplea
la CNN, para la extraccion de caracteristicas, y para clasificacion se hace uso de SVM.
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Estos trabajos presentan algunas ventajas para ciertos casos, pero también, son
susceptibles a inconvenientes. Por ejemplo, en [1], [2], [4] y [7], se presenta un bajo
rendimiento ante la presencia de sombras y variacion de iluminacion. Por otro lado, en
[5], se tiene una respuesta mejor a cambios de iluminacion, sin embargo, éste
unicamente fue probado a escala. En [6], se present6 una baja efectividad, debido a que
se utilizé un conjunto de datos limitado, y el trabajo presentado en [3], demanda que
las lineas delimitadoras de los espacios de estacionamiento se encuentren
uniformemente remarcadas.

En este trabajo se propone un método para la deteccion de lugares disponibles en un
estacionamiento, en el cual se emplea un procedimiento para la ubicacion
semiautomatica de ROI, por otro lado, para el reconocimiento de los objetos, se hace
uso de la firma, que genera la red ICM, para la cual, se propone el valor de sus
parametros. Ademas, se lleva a cabo la reduccion de caracteristicas, mediante el PCA
y para la clasificacion de éstas, se hace uso de la red MLP.

El método propuesto se evaludé con un conjunto de 210 iméagenes con cuatro tomas
diferentes de topologias de estacionamiento, y se implement6 en una Raspberry Pi 4.
Se obtuvo una efectividad del 90% y un tiempo promedio de ejecucion de 2 segundos.

2. Método propuesto

La propuesta del método consiste de los siguientes cuatro pasos: generacion de
regiones de interés (ROI), extraccion de caracteristicas, reduccion de dimensionalidad
y deteccion. A continuacion, se presenta mas a detalle cada uno de estos pasos.

2.1. Generacion de regiones de interés (ROI)

En este primer paso, se generan las zonas donde se encuentran los lugares de
estacionamiento. En algunos trabajos, como en [4] y [5], se lleva a cabo esta etapa,
indicando las coordenadas de cada una dentro de la imagen, demandando tiempo
importante para esta tarea.

Con el objetivo de disminuir el tiempo de ubicacién de ROI, se opt6d por llevar a
cabo la localizacion de éstas de manera semiautomatica, de tal forma que, unicamente
se requiera indicar la cantidad lugares de estacionamiento para ciertas zonas en
la imagen.

De acuerdo con la distribucion de los lugares de estacionamiento en el conjunto de
imagenes utilizado para este trabajo, se identificaron dos zonas (superior e inferior), en
las cuales se ubican los espacios de estacionamiento, éstas se presentan en la figura 1.

Partiendo de la distribucion presentada en la figura 1, se disefi6 un método para
generar las ROI de forma semiautomatica, en el cual Gnicamente se debe indicar la
cantidad de lugares de estacionamiento que se encuentran en cada zona, considerando
que la camara de captura no cambie de posicion.

Este método consiste, primeramente, en dividir la imagen en tres filas, como se
presenta en el inciso (a) de la figura 2, las cuales se denominan: fila superior, intermedia
e inferior. La altura de las filas superior e inferior corresponde al tamafio en alto del
espacio de estacionamiento, mientras que la fila intermedia es el area restante y no
es considerada.
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Fig .1. Representacion de distribucion de lugares de estacionamiento en el conjunto de imagenes.
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Fig. 2. Localizacion de regiones de interés; (a) generacion de filas; (b) generacion de recuadros
(bounding boxing).

Region a no considerar
Lugares en

fila superior

Lugares en
fila inferior

Fig. 3. Resultados de aplicar el método propuesto para la localizacion de ROL

En seguida, las filas superior e inferior son divididas en columnas, de acuerdo al
numero de espacios de estacionamiento que se considere pueden ser contenidos dentro
de cada fila, de tal manera que, cada columna pueda generar un recuadro que contenga
un espacio de estacionamiento.

Como resultado, se presenta la imagen del inciso (b) de la figura 2, donde la fila
inferior se ha dividido en cuatro columnas y la superior en siete, ya que, con esto, se
logra contener un lugar de estacionamiento en cada recuadro generado.

El nimero de columnas a dividir es el parametro que permite generar las ROI, y éste
es establecido de acuerdo al tipo de toma con la que se esté trabajando.

Una vez hecho lo anterior, dependiendo de la topologia del estacionamiento, se
puede presentar una region que no se debe considerar, como se muestra en el inciso (a)
de la figura 3, donde el recuadro en color rojo corresponde a la entrada del
estacionamiento, por lo tanto, los recuadros generados dentro de esta region no deben
ser tomados en cuenta.
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Para esto, se establecido un parametro, el cual indica si se deben ignorar algunos
recuadros generados en cada fila de estacionamientos, que para el caso de la imagen
del inciso (a) de la figura 3, se establece que los primeros tres recuadros (de izquierda
a derecha), de la fila superior se deben saltar, obteniendo como resultado la imagen del
inciso (b) de la figura 3, la cual muestra las regiones de interés generadas.

2.2. Extraccion de caracteristicas

En este paso, por cada ROI generada, se lleva a cabo la extraccion de la firma (G[n])
producida por la red ICM, y a su vez, es almacenada en el vector de caracteristicas a.
La red ICM es un modelo simplificado de la red neuronal pulso-acoplada (PCNN) [8,
9], este tipo de red neuronal es ampliamente utilizada en el procesamiento digital de
imagenes, como en: segmentacion [10], reduccion de ruido [11], deteccion de bordes
[12], extraccion de caracteristicas [13], entre otras aplicaciones.

En las ecuaciones (1), (2) y (3), se presenta el modelo de red ICM, las cuales
corresponden respectivamente a, el potencial interno (), umbral dinamico (0) y salida
(Y), para una neurona i, j, donde S es la imagen de entrada y ¥ la matriz de pesos sin
‘apticos con tamarfio k, /. Para el correcto funcionamiento de la ICM, se requiere del
ajuste de los parametros f, g y /.

La extraccion de caracteristicas con la red ICM, en general para una PCNN, se lleva
a cabo mediante la obtencion de la firma (G[#]), ésta cuantifica la cantidad de neuronas
activadas por cada pulso generado durante su operacion, y se expresa por la
ecuacion (4). Se llevaron a cabo una seriec de pruebas con diferentes valores de
parametros, donde se concluyd que es posible obtener un patrén de firma adecuado,
con una cantidad de 50 pulsos, empleando el valor de los parametros: f=0,1; g =0,8;
h =20; y Wcomo se presenta en la ecuacion (5). La firma de las ROI, es generada
tomando en cuenta los canales r, g y b, de la imagen:

Fij [n] = fF” [TL — 1] ~+ Z Wijlekl [n — 1} + S”‘ (1)
kl
Oyln] = gbjln— 1] + h¥j{n—1], @)
Y[n] — {1 St fFij[n] > gij[T:’-]: (3)
0 en caso contrario,

G[n] = %;;Y;;[n], 4)

0,25 0,5 0,25

W = 0,5 0 0,5
(0,25 0,50, 5) (5)

2.3. Reduccion de dimensionalidad
Una vez que se ha generado el vector a, éste contendra un total de 50 componentes,

los cuales son normalizados a valores entre cero y uno, mediante la ecuacion (6),
generando asi, el vector normalizado @,.m. Posteriormente se aplica la reduccion de
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Fig. 4. Tomas correspondientes a las cuatro topologias de estacionamiento empleadas para la
evaluacion del método propuesto.

Fig. 5. Resultado de ubicacion de regiones de interés.

dimensionalidad a dos componentes (C1 y C2), mediante el PCA [14], obteniendo el
vector x, representado en la ecuacion (7):

_ a
Anorm = max(a), (6)
x=[C1,C2]. ™

2.4. Deteccion

Finalmente, para realizar la deteccion de los lugares disponibles, se lleva a cabo la
clasificacion del vector x, el cual es introducido a una red perceptron multicapa (MLP)
previamente entrenada [15], donde la salida de la red es enviada a una funcion de
activacion softmax [16], la cual es representada por la ecuacion (8):

Algoritmo 1: Algoritmo propuesto para la deteccion espacios disponibles en un
estacionamiento.

Input: /e

Result: Imagen con ubicacion de los espacios disponibles y ocupados /-
1 Ubicar las regiones de interés (ROI) en Igp;

2 for cada ROI do

3 Generar firma G[n] — a;
4 Generar gnorm Y reducer a dos componentes — x;
5 Clasificar x Mediante lared MLP — o;
6 if o[0, 1]> 80 then
7 Marcar ROI como ocupado;
8 end
9 if o[1, 0] > 80 then
10 | Marcar ROI como disponible;
11 end
12 end
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(2) (b) © (d)

Fig. 6. Resultados de extraccion de la firma G[n].

Gln]

@ (b)

Fig. 7. Conjunto de firmas obtenidas de las imagenes de aprendizaje; (a) firmas generadas por
espacios disponibles; (b) firmas generadas por espacios ocupados.

ek
U(yk.):m,kzl,...,c. ®)
donde o corresponde a la salida de la red, dado en porcentaje de reconocimiento; y es
la salida de una neurona en la capa de salida; k corresponde a la neurona actual y c a la
cantidad de neuronas en la capa de salida.

Se estableci6 la etiqueta [1,0] para identificar a la ROI que corresponda a espacios
disponibles, y [0,1] para ocupados. Donde la ROI serd marcada como ocupada o
disponible, si la salida de la red es mayor al 80%. En el algoritmo 2.1, se presentan el
método propuesto para este trabajo.

3. Resultados

La intencion de este trabajo es implementarlo en un estacionamiento, sin embargo,
debido a la situacién que se ha vivido por la pandemia, ésto no fue posible. Por lo
anterior, se llevaron a cabo pruebas experimentales con 300 imagenes, las cuales
contienen cuatro tomas de estacionamientos con topologias distintas (ver figura 4). Se
utilizaron para la etapa de entrenamiento, un total de 90 imagenes, y las 210 restantes
para evaluacion.

A continuacion, se presentan los resultados de la ubicacion de ROI, extraccion de
caracteristicas, reduccion de componentes, etapa de aprendizaje y evaluacion del
método propuesto.
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Fig. 8. Resultados de reduccion de componentes y aprendizaje del clasificador MLP.

Tabla 1. Resultados obtenidos por el método propuesto y en trabajos del estado del arte.

Autores Wahyono Tatulea Bibi Suhr Banerjee Acharya Propuesto
[1] 41 5] [3] [6] [7]
Muestras de 2,656 106,192 200 134 2,000 504,139 2,009
evaluacion
Efectividad (%) 98.7 94.41 98 95 712 98.2 90
T. ejecucion (segs) - - - - - 2 2

Vel. de CPU (GHz) - -

L‘.Ilci‘

11

a) b) ©) d)

Fig. 9. Resultados de la implementacion del algoritmo propuesto en la tarjeta Raspberry pi 4.

3.1. Obtencion de regiones de interés

En la figura 5, se muestra el resultado obtenido del método propuesto de ubicacion

de regiones de interés, para cada topologia de estacionamiento, donde son resaltadas en
color rojo las ROI generadas.

3.2. Extraccion de firma (G[n])

En la figura 6, se presentan los resultados de la extraccion de la firma, donde la
imagen del inciso (a), corresponde a un espacio disponible y la grafica del inciso (b)
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presenta su firma, por otro lado, la imagen del inciso (c) presenta un espacio ocupado
por un automovil, y la grafica del inciso (d) indica su firma respectiva.

De acuerdo con las 90 imagenes utilizadas para la etapa de aprendizaje, se generaron
un total de 940 muestras, de las cuales 498 pertenecen a espacios ocupados y 456 son
de espacios disponibles. En las graficas de la figura 7, se presenta el total de firmas
recabadas de las imagenes de entrenamiento, donde el inciso (a) muestra el total de
firmas obtenidas por imagenes de lugares disponibles, mientras que el inciso (b)
presenta el total de firmas obtenidas por lugares ocupados.

3.3. Reduccion de componentes y aprendizaje

Partiendo del conjunto de firmas generado por las imagenes de aprendizaje, se llevo
a cabo la reduccion de dimensionalidad de éstos, a dos componentes, mediante el
método PCA, el resultado se presenta en la grafica del inciso (a) de la figura 8.

Posteriormente, este conjunto de muestras se utilizd para el entrenamiento del
clasificador MLP, el cual se configur6 a una arquitectura piramidal, estableciendo dos
capas ocultas, con once neuronas en la primera capa, nueve en la segunda y dos
neuronas en la capa de salida, conectadas a una funcidon de activacion softmax. El
entrenamiento del clasificador se llevo a cabo mediante el algoritmo backpropagation.

En la grafica del inciso (b) de la figura 8, se presenta el decremento del error obtenido
durante la etapa de aprendizaje del MLP.

3.4. Resultados de deteccion

Para la etapa de evaluacion se utiliz6 un conjunto de 210 imagenes con cuatro
topologias de estacionamiento diferentes. El algoritmo 2.1, fue implementado en
lenguaje Python, el cual se ejecuté mediante una interfaz de usuario en la tarjeta
Raspberry Pi 4, que cuenta con un procesador Quad Core Cortex-A72 con velocidad de
1.5 GHz y 4 GB de memoria RAM.

Se evalu6 la velocidad de ejecucion, asi como, la efectividad, representada en la
ecuacion (9), donde FN corresponde a los falsos negativos, V' P a los verdaderos
positivos y M es el nimero de muestras:

FN+VP
Mmoo . ®

En la tabla 1 se presentan los resultados obtenidos de la evaluacion del método
propuesto, en conjunto con los alcanzados por otros autores, en trabajos similares. Cabe
mencionar que, en las métricas de tiempo de ejecucion y velocidad de CPU, algunos
autores no incluyeron esta informacion, por tal motivo, se ha dejado un espacio vacio
en la tabla.

Ademas, en la figura 9, se muestran los resultados de la implementacion del
algoritmo en la tarjeta Raspberry Pi 4, donde son enmarcados en color verde los lugares
disponibles y en rojo los ocupados.

Los resultados obtenidos, presentan una efectividad del 90%, el cual es 18% mas, al
alcanzado en [6], sin embargo, los trabajos [1, 5, 7], presentan aproximadamente una
efectividad 8% mayor al obtenido por el método propuesto, mientras que, los trabajos
[4, 3], presentan una efectividad del 5% mas, al alcanzado.

efectividad =
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Por otro lado, se obtuvo un promedio en velocidad de ejecucion por imagen de 2
segundos, este resultado, es similar al generado en [7], el cual obtuvo un 8.2% mas de
efectividad que el algoritmo propuesto, sin embargo, éste utilizo 1 GHz mas en
velocidad de CPU.

4. Conclusiones y trabajo futuro

En este trabajo se ha presentado un método para la deteccion de lugares disponibles
en un estacionamiento, el cual plantea la ubicacion de ROI de manera semiautomatica,
considerando cuatro topologias de estacionamiento distintas, por otro lado, se proponen
los valores de los pardmetros de la red ICM, para emplearla en la extraccion
de caracteristicas.

Bajo el método propuesto los resultados obtenidos presentan una efectividad del
90%, lo cual demuestra que es ligeramente robusto, presentando una baja sensibilidad
a los cambios de iluminacion, asi como, a los efectos de sombra. Sin embargo, se
presenta una diferencia de efectividad entre 5% y 8% menos, en otros trabajos del
estado del arte.

Por otro lado, considerando la cantidad de imagenes empleadas, el trabajo propuesto,
presentd resultados favorables, a pesar de contar un conjunto limitado de imagenes, en
comparacion con otros trabajos como lo son: [1, 4, 5, 6, 7].

Como trabajo futuro, se propone generar de manera automatica las ROI a través del
analisis de imagenes. Para mejorar la efectividad del algoritmo se propone, aumentar
el conjunto de imagenes de estacionamientos, agregar una etapa de preprocesamiento
en las ROI, para resaltar sus caracteristicas.
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Abstract. This paper presents the control of the position of a Segway robot
through a feedback of the state vector. We demonstrate that using this simple
linear approach the Segway personal transportation can be stabilized. The
approximate linearization is used in the nonlinear model for the design of the
control law, advantages such as the easy implementation in an embedded system
and the low calculation cost in processors has motivated choosing this approach.
To validate the design of the control law, three parameters have been taken into
account: settlement time, ability to reject external disturbances, and
trajectory tracking.

Keywords. Segway, linear control, ESP32, robot operating system (ROS), full
state feedback control.

1 Introduction

Mobile robotics is one of the sciences that has received attention in the industrial-
academic and social fields. This is due in large part to the development of embedded
computing systems, microelectromechanical systems MEMS sensors, devices with
high energy storage and operating systems. Mobile robots have a wide niche of
applications: tracking and transfer of objects, evasion of obstacles, cooperative
environments, analysis and inspection, exploration of remote areas to mention some. In
particular, land mobile robots are the research objective in this work.

These robots can be divided mainly by the mechanisms they use to move, generally
divide them into wheels, tracks and legs. The simplest case of mobile robots is wheeled
robots. Wheeled robots comprise one or more driven wheels and have optional passive
or caster wheels and possibly steered wheels. The arrangement of the driven, passive
and steered wheels gives different configurations of land mobile robots.

Today, balancing robots have gained popularity with the introduction of the
commercial Segway vehicle. These robots have the ability to balance on their two
wheels, making them excellent personal electric transport. Due to their great
maneuverability, these robots allow people to be transported over short distances with
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Fig. 1. Two-wheeled self-balancing.

a moderate speed, navigate over confined spaces indoors and outdoors, turn on their
axis and in sharp corners, in addition to going through small unevennesses.

The physical balancing robot is an inverted pendulum with two independently driven
motors, to allow for balancing, as well as driving straight and turning [1].

The balancing robot has two independent fixed motors to drive the wheels at each
end, unlike the differential robots, the balancing robot lacks passive wheels, also the
bar and the person on board makes the stabilization of the system more complicated.

In [3] linear LQR control is designed, it is implemented on an embedded FPGA-
based system. The results show indoor experimental tests mounting stable robot
control. In [4] a linear LQR control and an ISMC are designed, the mathematical model
is based on the inverted pendulum on a mobile platform, the comparison between both
algorithms is performed in simulation. In [5] a control based on a geometric PID is
designed. This approach ensures almost global locally exponential stability of the
upright motion of the Segway. The effectiveness of the control law is demonstrated
through simulations against uncertainties.

In [6] a Segway with multidirectional shock absorbers between the vehicle motors
and the main user platform are designed. The control scheme implemented is a PID
controller when the vehicle is moving. Also, when the Segway is stationary, the PID
controller ensures the smooth balancing of the vehicle. The state equations found from
the mathematical modelling of the vehicle were used in MATLAB to calculate the
optimum compensation constant values for the controller.

On the other hand, in [7] an optimal control method for the nonlinear system of
Segway PT is proposed for reduces energy consumption and enhance the response
speed of the system instead of classic PID controller. The controller showed the balance
between speed response and control cost and the rejection of disturbance. Finally, in
[8] a linear LQR control is implemented to control the Segway by adjusting parameters
of controller gain. The results focus on the control algorithm which can adapt controller
gain by driver weight.

The paper is structured as follows. In section 2 some mathematical preliminaries
used along the document are presented, also the presentation of the model of the
Segway Robot. In section 3 presents the control law design based on state feedback. In
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Fig. 2. Low-cost prototype of the inverted pendulum robot.

the 4 the simulation results are present which show the effectiveness of the proposed
algorithm. In section 5 some conclusions and future work are presented.

2 Two-Wheeled Self-Balancing System Model

The segway robot model that we present is based on the inverted pendulum principle.
The dynamics of the inverted pendulum has been the basis for bipedal robots, primary
space propellers, and attitude control of small satellites.

The basic movements of the robot, driving forward-backward movement, driving si-
deways movement and rotate on its own axis.The forward-backward movement is
achieved when the speed of both motors are increased or decreased by the same amount.

The sideways movement is achieved when the speed of the left motor is increased,
while the speed of the right is decreased and vice versa. The rotate on its own axis is
achieved when the speed of both motors are increased in the opposite direction.

The embedded system is composed of a 32-bit dual core ESP32 microcontroller with
a 240 MHz clock frequency. This chip contains wireless communication modules such
as WiFi and Bluetooth. The actuation system is made up of two - 5 V permanent magnet
direct current motors.

The power system has a 1000 mAh 2s Zippy Lipo Battery, an MPU-6050 inertial
unit and a L298N H-bridge as the power stage. Selecting the following variables (&, @)
and using the Euler-Lagrange formalism, the dynamics that describe the physics of the
vehicle is obtained. The nonlinear model of the inverted pendulum is can be
modeled as:

(m+ M)#% + (mlcos0)d = —C;% + (mlsin6)62 +u, €))

(mlcos0)i + (J + mi?)d = —C,0 + (mglsin ), 2

ISSN 1870-4069 301 Research in Computing Science 150(11), 2021



Victoria Gutiérrez-Vicente, Juan Diaz-Téllez, Jaime Estevez-Carreon, et al.

g 5 O
IMU H Wy s wy w
> 1 H
> ] PiD
Eod “1 X Feedback | U | conrol _’><—’ E
v . Control allocation ’ iy E
':Q £l l’ System —}><~} PID L
a1 ™ o a,,| s
Right wy !
@, Wy

Fig. 3. Block diagram of the Segway control system.

where the state variables are defined as the displacement of the mobile x, the
speed of the mobile as %, as well as the angular displacement of the bar and the
rider 6 and its angular velocity 6.

The variable u represents the force that pushes the system in order to control it,
therefore they are the signals from the motors.The constants J is the moment of
inertia with respect to the center of gravity ofthe pendulum, / represents the
length of the bar to the center of mass, M is the mass of the base of the Segway,
m is the mass of the bar and the human, and grepresents gravity. The constants
C1 and C; represent the coefficients of frictionof the rotary movement of the
pendulum and of the linear movement of the base.For the mathematical control
model, some restrictions have been considered:

— The center of gravity of the bar is at its geometric center.

— The coefficients of friction of the rotary movement of the pendulum
and the linear movement of the base are negligible.

— The angular displacement 8 is very small.
The Segway model for the design of the control algorithm is:

-m212g0+(J+ml®)u

¥ = leormi)u 3)

A

é _ (M+m)(mAgl€)—mlu‘ (4_)
where A = (M +m)(J +ml?) —m?l% Selecting as state variable x; = x,

x, = X, x3 = 0 and x, = §. Consider the equilibrium point of this system in the
upright vertical position:

[x1 x5 x3 x4]7 = [x4 0 0 0]7 further u = 0, 5)
. X2
x.l (J+ml®H)u—m212gx,
X2| _ A
x.3 - Xa ' (6)

x'4 l—mlu+(M:m)mglx3J

The approximate linearization of the system at the equilibrium point is:
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For the mathematical control model, some restrictions have been considered:
— The center of gravity of the bar is at its geometric center.

— The coefficients of friction of the rotary movement of the pendulum and
thelinear movement of the base are negligible.

2.1 Propulsor M odel

The system includes a brushless DC motor, ESC and propellers. First, givena
constant voltage by the LIPO battery, the ESC generate an average voltage
signal which is a function of the pulse width modulation PWM signal which
will make the motor achieve steady-state speed. The above can be modeled as:

Wss = Cro + wy, (8)

where Cy is a constant that depends on the battery voltage and the ESC, o is
PWM signal with a value between 1000 and 2000 indicate the duty cycles, and w,,
is the angular speed which the motor reaches once the motor initializes. Because
the motor needs some time to achieve the steady state speed (g, a second
equation is generated to model the dynamic response. Generally, the dynamics
of a brushless DC motor can be simplified as a first order equation:

1
w= Tms+1W55' €)

Combining the Equations 9 and 8 get the complete propulsor model:

1
w = m(CRO’ +wy (10)

3 Full State Feedback Control

The strategy to follow is to design a linear control law based on the state feedback
for the lineal system eq. (7), so that it stabilizes the state variables to zero. Once
the linear system has stabilized, the linear control law is applied tothe nonlinear
system eq. (1) and eq. (2). This would ensure that the system is operating at its
equilibrium point.

We verify that the linear system is controllable:

det(C) = det([B: AB: A2B: A3B]) # 0, (11)
We propose the following control law:

u= _klxl_kzxz - k3X3 - k4X4, (12)
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Propose that the linearized closed-loop system have its poles located at the
roots of the following desired polynomial:

pa(s) = (s + a)?(s? + 2{w,s + w2). (13)

where { is the damping factor and w, is the undamped natural frequency
corresponding to the pair of complex conjugated poles generating the second
degree factor. Solving the system of equations:

2.2 Control Motor

Efficient BLDC motor speed control is required for the Segway robot. A quick
and smooth response will produce high performance in position control. We
assume that the angular speed of the brushless direct current motor is w,
furthermore these motors use high frequency pulse width modulation (PWM)
to control the motor voltage. The control objective is to design each motor a
PWM signal command, such that glrglo|wd (t) —w(t)| = 0. We propose a PID

control to minimize the error signal w = w,(t) — w(t):
o =k,W+k; [W+kqW. (14)

The angular speed of the motors w can be obtained from the encoder, Cg
and w,, are obtained through experimentation.

4 Simulation

The figure 3 shows the block diagram of the system. The system has two main
sensors, an Inertial Measurement Unit (IMU) and an encoder on each BLDC
motor. The IMU sensor estimates the angle 6 using a built-in Kalman filter and
the angular velocity 6. The encoders provide information on the angular speed of
the wheel, with the angular speed we can calculate the position x and the speed
of the base x. The four state variables are fed back to the control algorithm and
it is calculated u.

The control allocation block allows the control signal to be converted into
the required angular velocity w; s and w, s for the motors. Lastly, a PID is
necessary to ensure the desired angular velocity. The choiceof w,, and { is
made to set the rise time of the system.

Typically ¢ is chosen as 0.707, in order to achieve a damped response, w,, is

chosenas 12 = rad/ s. The figures show the evolution of state variables of the non-
linear system controlled by the feedback law based on approximate linearization
in different conditions.The parameters for the simulation of the system are
M = 0.43, m = 0.16,1 = 0.25,] = 0.0043,g = 9.81 The vector values K =
[k1k,ksk,]T, is obtained by solving the system of equations that is obtained by
equating the coefficients of the desired polynomial term by term, k 1=-
195.71,k 2=-78.28,k 3=-192.42 k 4=-36.05. In he figures 4, 5, 6 and 7 we try to
reproduce the forward-backward command with the inclination of the bar by
0=23"0, that is to say that propose X 6=[0 0 20 O]*T as equilibrium point for the
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Fig. 4. Forward-backward movement, x evolution.

Fig. 5. Forward-backward movement, X evolution.

Fig. 6. Forward-backward movement, 6 evolution.

Fig. 7. Forward-backward movement, 6 evolution.

following initial conditions x(0)=[0 0 0 0]*T. As we can see in the images when
tilting the bar by an angle 0, the base tries to compensate the bar to its vertical
position, therefore its movement is towards forward.
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Fig. 8. Hover movement, x evolution.

Fig. 9. Hover movement, x evolution.

[\\ ]

Fig. 10. Hover movement, 6 evolution.

T T T T T

Fig. 11. Hover movement, § evolution.
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The figures 8, 9, 10 and 11 show a hover movement while the robot bar is
disturbed. The initial system condition is x(0) = [0 0 35 0]7.

The figure 10 shows the position of the bar with an initial condition at 35°
can see how the bar stabilizes at zero due to the movement of the base see figure
8. Stabilization time is approximately 2.5 seconds, which is an excellent time for
these systems.

5 Conclusions

It should be emphasized that the linearized system-based design applied to the
nonlinear system at least around its equilibrium point may not stabilize the
system if the disturbances move away from the equilibrium point, however, due
to the nature of the Segway robot (small angles) the linear control law proposed
by state feedback is stable enough for the stability of said robot. The design,
instrumentation and implementation of the embedded system will represent a
great challenge, an ARM microcontroller with an SBC is proposed for the
embedded control system.
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Summary. Food related degenerative diseases levels have increased dramatically
in the last decades. Food and diet guidelines promoted by governments and health
agencies haven't had the desired effect on reversing these trends. One of the
principal explanations is that guidelines are hard to follow and are unclear. Deep
Learning algorithms can help to make easier for people to follow dietary
guidelines using technology available to them. In this work, a first approach is
proposed to solve an early stage of the entire scope of the problem which is the
estimation of calories and nutrients in food based on their image.

Keywords: Food classification, image classification, deep learning.

1 Introduction

Calorie counting is one of the two major components in almost all issued health
guidelines. Research has shown that restricting calories helps reduce weight and
increase health markers such as blood pressure, insulin resistance, cholesterol levels,
liver health, etc. [1]. The other major component is nutrient density of food, it is well
known that the body needs certain nutrients (vitamins, minerals, and fiber) and macro-
nutrients (proteins, carbs, and fats) to be healthy and that these nutrients and macro-
nutrients are only available in food and can't be obtain elsewhere [2].

Following the major components of guidelines; a diet, is composed by a
recommended number of calories based on age, gender, current weight, and activity.
Also, by several levels of micro and macro nutrients, measured in grams, milligrams or
micro-grams depending on the nutrient.

For example, a 25-year-old male with average activity of 30 minutes a day could
need a diet of 2500 calories, 1 gram of protein per kilo of body weight, 30 grams of
carbs, 10 milligrams of zinc, 30 milligrams of manganese, etc.

With that target in mind there are countless ways to achieve those levels and it is
very easy to overpass those limits calorie-wise and be in the low side nutrient-wise. To
stick to the recommended, the person should first know the composition of a lot of food,
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Table 1. Datasets used.

Images Classes Original Size Size after
treatment
Food 101 101,000 101 512 x 384 224 x 224
ECUSTD 2,987 20 816 x 551 224 x 224

Fig. 1. ECUSTD Data base examples. From left to right from top to bottom: apple, banana,
bread, bun, donut, egg, lemon, mango, pear, kiwi, plum, sachiman, orange, mix. Source:
compiled by the authors based on ECUSTD Database.

Fig. 2. Food 101 Data base examples. From left to right from top to bottom: baklava, beef tartare,
Caesar salad, ceviche, deviled eggs, filet mignon, fried rice, hamburger, pizza. Source: compiled
by the authors based on Food 101 Database.

and secondly, they should know exactly the amount they're eating, both aspects are
difficult and impractical in a modern lifestyle.

If only there was a way to easily recognize, access and measure food composition
without weight it or search for it would mean a major step for achieving better public
health around the globe. In this work we believe that computer vision paired with deep
learning algorithms can achieve just that by just taking a photo with a cell phone or the
like of the food that it's about to be eaten.

2 State of the Art

Currently there aren't many works on the subject in question; however, tech giant
Google have already started to research and develop in this matter with its leading
scientist Kevin Murphy. They already have developed Im2calories an app that can
count calories from a low-resolution photo taken with a cellphone of a dish [3], it only
works in 30 percent of the cases, but they are improving it with people inputs since
2015. The model is not open to the public but is based on a convolutional
neural network.
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Fig 3. VGG16 Architecture [11].

Table 2. GoogLeNet Architecture [10].

Operator Input
Convl 3x224x224
Pooll 64x112x112
Conv2 64 x 56 x 56
Pool2 192 x 56 x 56

Inception3a 192 x 28 x 28
Inception3b 256 x 28 x 28
Pool3 480 x 28 x 28
Inceptionda 480x 14x 14
Inception4b 512x 14x 14
Inceptiondc 512x14x 14
Inceptiondd 512x14x 14
InceptionSe 512x14x 14
Pool4 832x14x 14
InceptionSa 832x7x7
InceptionSb 832x7x7
Pool5 1024 x7x7
Fc 1024 x 1x1
prob 1000

Yanchao Liang and Jianhua Li from the East China University of Science and
Technology in 2017 [4], created the ECUSTD database composed of 2987 images of
20 categories of food, also they introduced a CNN architecture for image classification
and segmentation of food to estimate food calories. In their work results varied greatly,
they predicted the weight of the food following a process of object recognition, image
segmentation and image classification.

The best accuracies were for simple foods such as an orange with a mean error of
0.7%, plum with -2.1% and lemon with mean error of -2.8%. Other simple foods such
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as apple, grape and banana had large mean errors: -18.7%, 33.5% and
28.8% respectively.

Simon Mezgec and Barbara Seljak from the Information and Communication
Technologies department of the University of Slovenia developed in 2017 the NutriNet
a CNN architecture that they claim to have 94 percent accuracy in some food datasets
(classification only) [5].

Xioweng Wu et. al. from the Living Analytics Research Center of the University of
Singapore, compiled a database (FoodSegl03) of 9490 images with 154 classes and
segmentation masks [6].

Additionally, they proposed a multimodal pre-training approach called ReLeM
which equips the model with semantic knowledge. They performed three segmentation
experiments: Dilated Convolution based, Feature Pyramid based, and Vision
Transformed based. The base and the models they proposed are intended to function as
a point of reference for future work.

We can conclude from the works cited above and some others not mentioned that
the problem of food recognition is challenging due to the nature of food items. Foods
are deformable objects, which makes the process of defining their structure difficult.
Furthermore, some foods types can have high intra-class and low inter-class variance.
It seems that a deep learning approach can be very promising in the field of food
image recognition.

None of the works reviewed so far have tried to estimate nutritional value on top of
calorie estimation so it seems that there is a lot of room for improvement and the
problem cannot be considered solved yet.

3 Methodology

The objective of this work is to develop a first approach for the complex problem of
food composition estimation based on computer vision and deep learning. The problem
is complex, and it requires two main treatments that need to be combined. The first one
is pure image classification [7] (classifying foods based on the entire image they appear
on), the second is object recognition and segmentation (segmenting different food items
in the same image) [8].

In this work we focus on image classification only, we believe that the correct
identification of food type is the first step for an accurate food composition
estimation later.

Given the promising results of other works and the fact that convolutional neural
networks are used to solve complex problems [9], we decided to test well known CNN's
architectures in food data sets in order to get a grasp on food image classification.

We mainly used two datasets: The Food 101 dataset formed by 101,000 images of
101 food classes gather by Bossard et al. for their work in Mining Discriminative
components with random forests. The dishes presented in this dataset can be as simple
as an apple pie or complex as a Caesar salad.

Research in Computing Science 150(11), 2021 312 ISSN 1870-4069



A First Approach to Food Composition Estimation as an Image Classification Problem

Table 3. MobileNet Architecture [12].

Operator Input

Conv /s2 3x224x224
Conv dw / sl 32x112x 112
Conv /sl 32x112x112
Conv dw / s2 64x112x 112
Conv /sl 64 x 56 X 56
Conv dw / sl 128 x 56 x 56
Conv /sl 128 x 56 x 56
Conv dw / s2 128 x 56 x 56
Conv /sl 128 x 28 x 28
Conv dw / sl 256 x 28 x 28
Conv /sl 256 x 28 x 28
Conv dw / s2 256 x 28 x 28
Conv /sl 256x 14 x 14
5 x (Conv dw /s1, Conv /sl) 512x 14x 14
Conv dw / s2 512x 14x 14

Conv /sl 512x7x7
Conv dw / s2 1024 x7x7
Conv /sl 1024x7x7
Avg Pool /sl 1024 x7x7
FC /sl 1024 x 1x 1

Softmax / sl 1000

The other dataset we used is the ECUSTD dataset gather by Yanchao Liang and
Jianhua Li from the East China University of Science and Technology. This dataset is
formed by 2987 images of 20 classes of food, the classes are simple as apple, banana,
grapes, mango, doughnut, etc. There is only one class labeled as mix which include two
foods from two different classes. Images in both datasets were treated to fit the size 224
x 224 pixels which is the size used in the most popular CNN architectures built for the
ImageNet Challenge.

The treatment used to resize the images was a bi-cubic interpolation over a 4x4 pixel
neighborhood. The language used was Python with cv2 library. We choose 3
architectures to test food classification: MobileNet, GoogLeNet and VGG16. The
decision behind testing GoogLeNet seems obvious; the model has the lowest count of
parameters of the modern architectures paired with great accuracy obtained in the
ImageNet challenge. On the other hand, we choose the VGG16 model due to the
simplicity and elegance of the architecture combined with its low error.

AlexNet and ZFNet were left aside due to the high number of parameters in the
model together with a higher error-rate. ResNet model was left aside too, this time the
decision was since the model has 152 layers, and the size of the images is difficult to
fit to the model therefore we should have used the ResNet18 model instead which has
lower accuracy than Googl.eNet and VGG16.

GoogLeNet and VGG16 were the 1st and 2nd places respectively in the ImageNet
Large Scale Visual Recognition Challenge in 2014. GoogLeNet has 22 layers and VGG
16 has 19 layers. Both architectures are big and slow to train, but fast to use in
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Table 4. Comparison of ImageNet champions and runner ups. Source: Compiled by the authors
based on the results of the ImageNet Challenge.

Year CNN Developed Place Top-5 No. of
by Error parameters
Rate
1998 LeNet Yann Le 60
Cunn et al thousand
2012 AlexNet Alex 18t 15.3% 60 million
Krizhenvsky
et al.
2013 ZFNet Matthew 18t 14.8% 60 million

Zeiler et al

2014 GoogLeNet Google I 6.67% 4 million
2014 VGG16 Simonyan 2nd 7.3% 138
and million
Zisserman
2015 ResNet Kaiming He ™ 3.6% 60 million

predictions once the training is over. Table 4 shows a comparison of several champions
of the ImageNet challenge and their characteristics.

MobileNet was also chosen to test the accuracy of the classification task. The
MobileNet it's part of a family of MobileNets designed also by Google to effectively
maximize accuracy while being mindful of the restricted resources for an on-device or
embedded application.

MobileNets are small, low-latency, low-power models parameterized to meet the
resource constraints of a variety of use cases. They can be built upon for classification,
detection, embeddings, and segmentation.

MobileNet architecture uses depth-wise convolutions (Conv dw), where each filter
channel is used only at one input channel.

We made some changes in the fully connected layers of all three architectures before
training them with the food images datasets. For VGG16 we changed the number of
neurons in the fully connected layers, originally the architecture has 3 fully connected
layers of 4096 neurons each and a final output of 1000. We changed the number of
neurons to 512 for the 3 final layers and the final output was changed to 20 for the
ECUSTD training and to 101 for the Food 101 training.

For the GoogLeNet and MobileNet we changed the number of neurons in the final
output layer in order to match the number of categories in both databases. The 3
architectures were trained on both datasets, for the ECUSTD dataset we used two
techniques for the training: transfer learning and full learning.

Given that the Food 101 data set is considerably larger it was only tested with
transfer learning. The transfer learning technique applied in this work was to freeze the
convolutional layers of the network with the weights trained with the ImageNet dataset
and only train the fully connected layers for 100 epochs. The full training technique
trains all layers including the convolution layers with the selected dataset for
100 epochs.
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Table 5. Results — ECUSTD (in Colab).

Model Transfer Epochs Optimizer Validation Acce. Time
Learning
GoogLeNet True 100 Adam S folds 99.56 lh
GoogLeNet True 100 SGD 5 folds 9943  45m
GoogLeNet False 100 Adam 5 folds 99.6 1.7h
VGG16 True 100 Adam 5 folds 10.4 1.25h
VGG16 False 100 Adam 5 folds 5.01 2h
MobileNet True 100 Adam 5 folds 99.76 40m
MobileNet False 100 Adam 5 folds 99.63 15h

Table 6. Results — Food 101 (in Buap Ser).

Model Transf Epochs Optimizer Validation Acc. Time
Learning

GoogL Net True 100 Adam 5 folds 63.08 12h

VGG16 True 100 Adam 5 folds 18.14 24h

Mobileet True 100 Adam 5 folds 66.3 14h

The Loss function used in all experiments was Cross Entropy Loss Function, the
Adam Step optimizer was use in most of the experiments except for one where
Stochastic Gradient Descent was used. The validation method used was a 5-fold
cross validation.The experiments were carried on using python's library Pytorch and
run in Google's colaboratory and BUAP's server.

4 Results

Tables 5 and 6 shows the results of the different experiments performed. From the
results in tables 5 and 6 it can be seen that for the ECUSTD dataset a very good accuracy
can be obtained with transfer learning in two of the three architectures with relative low
training times. VGG16 had the lowest accuracy with both transfer learning and without
it, it's important to point out that VGG16 is the model with more parameters to optimize
and that's why the training times are the largest in general.

MobileNet and GoogLeNet didn't improved the accuracy a lot by making a full
training without transfer learning. For the Food 101 data set the highest accuracy
achieved was obtained with GoogLeNet, second and very close was the MobileNet.
VGG16 as with the other dataset failed to do a decent classification.

We can conclude that food classification using transfer learning and well-known
CNN architectures can be satisfactory achieved in cases where the foods classes are
simple and isolated in an image, for example, images of fruits.

In the other hand, when complex dishes are taken into consideration the recognition
drops dramatically, however, a 60% accuracy for complex dishes without any kind of
prior segmentation or object detection reflects a positive result, because it means that
with proper segmentation and detection algorithms, accuracy can improve a lot.

5 Conclusions

Further experiments need to be carried out with the VGG16 architecture, because the
default experiments achieved a very low accuracy, changes in the fully connected
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layers, epochs, optimizer, and kernel sizes can be tested in order to see if the accuracy
can increase. The results of the experiments confirm our assumption that this approach
can be a first step for a full food composition process.

Next steps could include object detection and segmentation algorithms paired with
the image classification methods mentioned above. Furthermore, even though a lot of
improvements have been done in Deep Learning with CNN algorithms, for food
composition estimation exists a real challenge to construct a model that can classify
food correctly, one of the major setbacks is that there are not many datasets on the
subject, many of them are small or they represent small classes of food.

Also, many food dishes have irregular shapes and wide color ranges, and that
represents a very complex problem to solve even today with the most robust of
architectures. Future work can focus too on obtaining datasets of regional foods, as we
believe also that regional foods images can increase the accuracy in any model trying
to classify dishes of a given country diet.
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Resumen. Este articulo propone un método de reconocimiento de placas
vehiculares usando el modelo de interseccion cortical con conexiones nulas
(ICMNI) para la localizacion de los caracteres y un perceptron multicapa (MLP)
de una sola capa oculta para su clasificacion por separado. En contraste a otros
trabajos reportados, este algoritmo excluye el proceso de localizacion de la placa
y el preprocesamiento de la imagen permitiendo reducir el tiempo de
procesamiento, ademéas de aumentar la tasa de reconocimiento en imagenes
donde los niveles de intensidad no son homogéneos. Para el entrenamiento se
cre6 un dataset con 6,600 caracteres considerando unicamente 10 nimeros y 23
letras. Se llevaron a cabo pruebas del algoritmo propuesto en un conjunto de 660
imagenes traseras y frontales de automoviles obtenidas de diversos sitios web
compatibles con el formato asignado al estado de Puebla generando como
resultado una tasa de reconocimiento del 96.2%.

Palabras clave: Mexican license plate recognition, intersecting cortical model,
pulse coupled neural network, multilayer perceptron.

Localization and Recognition of Car License
Plates Using Neural Networks

Abstract. This article proposes a vehicle license plate recognition method using
the null-connected cortical intersection model (ICMNI) for character localization
and a single hidden layer multilayer perceptron (MLP) for their separate
classification. In contrast to other reported works, this algorithm excludes the
plaque localization process and the image preprocessing, allowing to reduce the
processing time, as well as increasing the recognition rate in images where the
intensity levels are not homogeneous. For training, a dataset with 6,600
characters was created considering only 10 numbers and 23 letters. Tests of the
proposed algorithm were carried out on a set of 660 rear and front images of
automobiles obtained from various websites compatible with the format assigned
to the state of Puebla, generating as a result a recognition rate of 96.2%.

Keywords: Mexican license plate recognition, intersecting cortical model,
pulse coupled neural network, multilayer perceptron.
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1. Introduccion

Los Sistemas de reconocimiento de matriculas han sido estudiados a nivel mundial
a través de multiples aplicaciones (que van desde el cobro automatizado de
estacionamientos [1] hasta sistemas de vigilancia [2]), cada uno con sus propias
restricciones por las necesidades a cubrir en su disefio contemplando factores como:
cambios de iluminacion, resolucion y posicion de la camara, oclusion, deterioro de las
matriculas y el mas importante, la tipografia de cada pais. Este es el motivo de que cada
metodologia sea independiente y se limite a ciertas condiciones y fondos para evitar un
bajo desempefio en imagenes con altas variaciones.

Actualmente es posible identificar dos enfoques en este tipo de sistemas, los de una
sola etapa y los multietapa [3]. Los primeros se basan fundamentalmente en algoritmos
de aprendizaje profundo (también conocido como deep learning) conformados por
redes neuronales artificiales que emplean la deteccion de objetos en extensas bases de
datos donde se requiere ciertos niveles de abstraccion para localizar y clasificar
las imagenes.

Entre las redes pre-entrenadas mas populares se encuentran las convolucionales
como Single-Shot Detector (SSD), You Only Look Once (YOLO), Region Based
Convolutional Neural Networks (R-CNN) y sus versiones optimizadas [4-7]. En el
segundo enfoque se crean tres subprocesos: localizacion de la placa, segmentacion y
reconocimiento de los caracteres, los cuales involucran diferentes técnicas de
procesamiento de imagenes y clasificadores tales como redes probabilisticas [8],
correlacion (template matching) [9], K-Means [10], y k-nearest neighbors (k-NN) [11].
Por lo general, la eleccion de cada técnica depende de los recursos disponibles y de la
tasa final de reconocimiento que cada subproceso afiade a la etapa anterior.

En este trabajo se presenta un algoritmo para el reconocimiento de matriculas de
automoviles basado en el modelo de interseccion cortical con conexiones nulas para el
proceso de segmentacion cuya efectividad recae en la condicion de activacion continua
de cada neurona para la asignacion de los parametros y un perceptrén multicapa de una
sola capa oculta para la clasificacion de los caracteres.

Este articulo estd organizado de la siguiente manera: en la seccion 2 se presentan los
fundamentos de las técnicas empleadas, en la seccion 3 se muestra el método propuesto
a detalle para el reconocimiento de placas vehiculares, en la seccion 4 se muestran los
resultados experimentales y su comparacion con otras técnicas actuales y finalmente
las conclusiones se mencionan en la seccion 5.

2. Marco teorico
2.1. ICM con conexiones nulas

Una red pulso acoplada (PCNN, Pulse Coupled Neural Network) es un tipo de red
neuronal que clasifica los pixeles por sus niveles de intensidad generando una secuencia
de imagenes binarias a partir de una sola imagen de entrada sin necesidad de una etapa
de entrenamiento, razon por la cual ha sido aplicada a la segmentacion, codificacion,
fusion y extraccion de caracteristicas de imagenes [12-15], siendo una técnica poco
explorada para la segmentacion de matriculas vehiculares.
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El modelo de interseccion cortical (ICM, [Intersecting Cortical Model) es una
variante de una PCNN disefiada para reducir el costo computacional eliminando
algunos parametros de ajuste del modelo original. En cada iteracion la intensidad de los
pixeles que conforman la imagen a procesar es introducida a la red a través de una sefal
conocida como Feeding F, la cual se compara con un umbral dindmico £ para generar
los pulsos de salida Y representados por » imagenes binarias:

Fl-j(n) = fFU(Tl— 1)+SU+ Zkl Wijlekl(n— 1), (1)
E;j(n) = gEjj(n—1)+hY;(n—1), )
vym={y Y v ©)

, en caso contrario.

El comportamiento anteriormente definido puede ser descrito por las ecuaciones (1)-
(3), donde los subindices (i,j) representan la posicion de cada neurona y (k,/) la de sus
neuronas vecinas, W;jy; es una funcion asociada a la conexion entre neuronas, f el factor
de decaimiento de la sefial Feeding, g la constante de decaimiento para el umbral
dindmico y / un potenciador de activacion. Pese a esta modificacion, en la practica los
parametros involucrados en este modelo computacional continian limitando su
rendimiento ocasionando que surjan distintas estrategias de optimizacion [16-18], es
ahi donde surge el término “conexiones nulas” [19] que mas alld de realizar una
eleccion automatica de los parametros de ajuste lo que se busca es reducir al minimo el
nimero de variables eliminando la influencia de los vecinos de cada neurona,
simplificando atin mas el modelo original de una red pulso acoplada a través de las
ecuaciones (4)-(6):

F(n) =fF(n-1) +S, 4
Em)=gEMm-1)+hY(@-1), (5)
Y@) ={{) o ETE ©)

Entre los aportes mas destacados se encuentras los de Jin, X. et al. [20], quienes
demostraron que la informacion de este tipo de red emite puede ser analizada por la
condicion de activacion continua de cada neurona, lo que permite restringir los
parametros al satisfacer la ecuacion (7):

-7
S>hi=5 @)
donde S representa la imagen de entrada y £, g y / los valores de ajuste.
2.2. Perceptron multicapa
Un perceptron multicapa (MLP, Multilayer perceptron) es un tipo de red neuronal
artificial que se caracteriza por tener en su configuracion al menos una capa de entrada,

una capa oculta y una capa de salida conformada por dos o mas neuronas conectadas
entre si.
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Fig. 1. Proceso de filtrado de objetos en una (a) imagen binaria (b) por area, (c) dimensiones y
relacion de aspecto, (d) forma geométrica y longitud y (e) segmentacion utilizando la red ICMNI
para definir los caracteres.

X1 h1 Y1

A

20x45

Fig. 2. Arquitectura inicial del perceptron multicapa.

Durante el proceso conocido como feedforward o “propagacion hacia adelante” cada
neurona recibe como entrada las salidas de todas las neuronas de la capa anterior para
poder obtener una salida (en este proceso se realiza una sumatoria ponderada de todos
los datos y se aplica una funcién de activacion generalmente del tipo sigmoide [21])
que dependiendo del tipo de analisis que se realice, se podra interpretar para resolver
problemas de regresion o de clasificacion binaria/multiclase.

El entrenamiento se puede llevar a cabo mediante la retropropagacion del error
(backpropagation) entre capas a través del descenso del gradiente [22] para que los
pesos se actualicen en funcion del aporte en que han contribuido a ese error y como
funcion de coste global se suele utilizar el error cuadratico medio, que representa la
suma de los errores resultantes de la diferencia entre la salida ideal y la salida de la red.

Generalmente no se alcanza un error absolutamente igual a cero, pero se puede
definir un limite de error cercano a ese valor o un numero de iteraciones maximas
también conocidas como épocas.

3. Método propuesto
3.1. Localizacién y segmentacion de los caracteres

El algoritmo que realiza el proceso de localizacion esta basado en la red ICMNI para
binarizar la imagen de entrada de acuerdo con lo siguiente:

1. Estandarizar las dimensiones de todas las imagenes (S) y convertirlas a escala de
grises para su posterior manipulacion.
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Fig. 3. Ejemplos del conjunto de entrenamiento.

2. Normalizar entre 0 y 1 los niveles de intensidad de S. Esto se logra dividiendo el
valor de cada pixel entre el maximo nivel de intensidad dentro de la imagen.

3. Inicializar los valores de Y, F y E en cero con las dimensiones de S.

4. Definir los parametros de la red condicionados por la ecuacion (7) y sumar la
constante obtenida a la imagen normalizada.

5. De acuerdo con el comportamiento de la red establecer un nimero maximo
de iteraciones.

6. Almacenar los pulsos de salida para analizarlos y verificar que todas las neuronas
se activen al menos una vez (estadistica de disparo).

7. Al término de las N iteraciones aplicar el operador union a los pulsos obtenidos
para generar una sola imagen de salida.

Extraccion de las regiones de interés. Para ubicar los caracteres dentro de la
imagen se realizé una serie de filtrado de objetos (véase la Fig.1) utilizando como
referencia caracteristicas geométricas [23]. Primero eliminando el area mas grande
correspondiente al vehiculo empleando la técnica de componentes conectados y
después limitando las dimensiones y la relacion de aspecto de los posibles candidatos
con bounding boxing.

Posteriormente a los objetos resultantes se les aplico el operador dilatacion para
extraer los caracteres que pudieran haber sido descartados en la etapa anterior utilizando
como estructura de referencia una matriz de 1x25.

Tras obtener la region de la Fig.1(d), se filtraron nuevamente los objetos de la zona
tomando como referencia la imagen binaria original para eliminar los guiones entre
caracteres y por fin aislar cada digito y letra utilizando una vez mas el operador
dilatacion con una nueva estructura de referencia de 50x1. Por ultimo, se empled la red
ICMNI en los caracteres por separado para facilitar el proceso de reconocimiento.

3.2. Reconocimiento de la matricula

Para la eleccion de la arquitectura del MLP (Fig.2) se realizaron diversas pruebas
del algoritmo desarrollado en el lenguaje de programacion de Python considerando una
sola capa oculta, 900 neuronas de entrada correspondientes al total de pixeles de la
imagen binaria y 33 neuronas de salida que representan el niumero de clases posibles.

Para ingresar las muestras a la red, primero se categoriz6 cada imagen en carpetas
segun el nimero o letra que representaba (0,1,2,3, etc.), después se convirtieron a escala
de grises normalizando los valores entre 0 y 1 y, por tltimo, se manipularon como
vector para afiadirlos a una matriz que definiria el conjunto de entrenamiento y
validacion. El entrenamiento se llevo a cabo por los siguientes pasos:

1. Revolver aleatoriamente el conjunto de muestras y destinar 1/5 parte al set
de validacion.

2. Asociar todos los vectores de entrada con su salida deseada {x;, y;} utilizando la
codificacion one hot.
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3. Asignar valores aleatorios pequefios a los pesos {w}.
4. Definir una tasa de aprendizaje {n} y un momento {a}.
5. Para cada muestra de entrenamiento obtener la salida de la red:

n
ai = Z WnXp; Yrear = h(ai). ®
i=1

6. Evaluar el error cuadratico medio:
1
ECM = ¥ 2 * (Videal — Yreal) Z, €C))

7. Calcular el incremento parcial de los pesos utilizando el descenso del gradiente y la
regla de la cadena:

VE=—= — 2 —, (10)

wh = an dal own ab
8. Actualizar los pesos de la capa de salida:
wo =wh+ a(wo —wo) — 1 - a?fo' (12)
Actualizar los pesos de la capa oculta:
wh = wh + a(wh—wh)—n-;v—Eh. (13)

9. Obtener el minimo coste global y definir un nimero maximo de épocas.

Al finalizar este proceso, para asignar etiquetas a nuevas muestras solo resta obtener la
salida de la red con la ecuacioén (8) utilizando los pesos actualizados.

4. Resultados
4.1. Dataset

En virtud de la inexistencia de una base de datos con caracteristicas mexicanas
disponible al ptblico, se cred un dataset a partir de imagenes frontales y traseras de
automoviles capturadas en video a través de un teléfono celular con una resolucion de
13 megapixeles bajo diversas condiciones de iluminacién por la hora del dia a la que
fueron tomadas.

En total, se logro reunir 730 imagenes las cuales solo se utilizaron para segmentar
los caracteres y afadirlos al conjunto de entrenamiento del MLP. En la Fig.3 se
muestran algunos ejemplos de los caracteres utilizados para el entrenamiento. El dataset

Research in Computing Science 150(11), 2021 322 ISSN 1870-4069



Localizacién y reconocimiento de matriculas de automdviles utilizando redes neuronales

() (f) (e)

Fig. 4. Resultados del proceso de segmentacion utilizando el método propuesto.
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Fig. 5. Evaluacion del error de aprendizaje en funcion de las épocas.

incluye los digitos del 0 al 9 y las letras mayusculas del alfabeto latino de la Aala Z
excluyendo lal, N, O yla Q.

Para evaluar la metodologia propuesta, se cred6 otro dataset con caracteristicas
similares al primero para evitar mostrarle al algoritmo ejemplos que sirvieron para su
aprendizaje. Esta nueva base de datos esta conformada por 660 imagenes provenientes
de diversos sitios web y al igual que el anterior el formato es compatible al asignado al
estado de Puebla.

Aumento de datos. Debido al balanceo de las clases, del conjunto de datos destinado
solo se pudieron seleccionar 100 ejemplos por etiqueta, lo cual afecto el entrenamiento
del MLP disminuyendo el porcentaje de aciertos. Por esta razon se resolvido mejorar la
robustez del algoritmo empleando la técnica de dilatacion utilizando la estructura de
referencia de la ecuacion (14) sobre los 3,300 ejemplos para duplicar la cantidad

de muestras:
0 1 0
(1 1 1). (14)
0 1 0
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Tabla 1. Resumen de las pruebas de entrenamiento al cambiar los parametros.

Tasa de - Prediccion correcta (%) .
. . Neurona Moment Epoca " - — Tiemp
aprendizaj s ocultas o s Entrenamient Validacié ECM
e 0 n
22 imagenes x 33 clases, total: 726, validacion: 145
0,001 .
0,3 50 0,5 10,000 100,0 77,931 1 3 min
0,3 50 0,5 30000 100,0 83,448 0’(())00 8 min
0,000 .
0,3 50 0,5 50,000 100,0 79,310 o l6min
100 imagenes x 33 clases, total: 3300, validacion: 660
0.009
0,1 180 0,2 30,000 99,8106 95,4545 2 57 min
200 imagenes x 33 clases, total: 6600, validacion: 1320
0.001
0,5 250 0,5 30,000 99,981 98,0303 3 2h

Resultados de la localizacién y segmentacion

A través de una serie de pruebas se lograron determinar los parametros que satisfacen
la condicién de activacion continua (ecuacion 15), siendo f=0.85,g=0.5yh =15 los
valores que a su vez permiten visualizar en algun pulso la matricula durante el proceso
de segmentacion:

S>hﬁ:15£:4.5. (15)
1-g 0.5

Sumar 4.5 a la imagen normalizada ademas de activar todas las neuronas
secuencialmente, también permite determinar el nimero maximo de iteraciones, dado
que a partir de cierta iteracion la red comienza a repetir los patrones de salida.

Como se observa en la Fig.4, la implementacion de la metodologia muestra ser
efectiva en imagenes que son variantes entre si respecto a los niveles de intensidad que
la conforman, ya sea por la textura o el ruido implicito. Durante el entrenamiento del
MLP se probaron diferentes parametros respetando la arquitectura que ya habia sido
determinada en la seccion 3.2.

De la Tabla 1 se deduce que el aumento de épocas aumenta considerablemente el
porcentaje de aciertos y el nimero de neuronas esta ligado a la cantidad de datos que
estén disponibles. El tiempo reportado corresponde a la ejecucion del script
implementado en el lenguaje de Python utilizando el entorno de desarrollo de Spyder
con un procesador Intel i7 y 8GB de memoria RAM. La tasa de aprendizaje se fijo
considerando el comportamiento de la Fig.5 evaluando el decremento del error
cuadratico medio y el aumento del porcentaje de aciertos para descartar un subajuste o
sobreentrenamiento del MLP.

La métrica utilizada para evaluar la metodologia en el conjunto de 660 imagenes se
obtuvo dividiendo el nimero de matriculas que se clasificaron correctamente por el
total de muestras de prueba multiplicado por 100, dando como resultado un 96.2% de
precision. Solo se tomaron como validas las placas donde todos los caracteres habian
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Tabla 2. Comparacion entre técnicas existentes de reconocimiento de placas y el propuesto.

Técnicas principales YOLOV2 + RPN + R-CNN + K-means + ICMNI
y referencias SVM [5] R-CNN [6] CTC[7] CNN [10] +MLP
Aio 2018 2018 2020 2020 2021
Entrenamiento 8,776 10,873 2,700k 43,615 6,600
Validacién 5,850 472 300 16,185 660
Variacién en distancia v X v X v
Perspectiva frontal v X X v v
Loc. placa (%) 94.23 89.12% 93.7 94.8 100
Rec. caracteres (%) 99.2 99.1 98.9 98.1 96.2
Plataforma NVIDIA Ge Intel Xeon PCi5 16 PCi7,
& procesador Force 12GB E5-2680v4 GBRAM 8GB
DDR5X - NVIDIA Python, RAM,
DRAM Tesla k80 Tensorflow Python,

PyTesseract Spyder

sido correctamente etiquetados. En este punto cabe denotar que la red ICMNI facilitd
en gran medida la localizacion de los caracteres alfanuméricos, es por ello que se logrd
alcanzar un 100% en la etapa de segmentacion.

La Tabla 2 muestra una comparacion de rendimiento entre métodos de
reconocimiento de sistemas vehiculares reportados por diferentes autores y el que se
propone en este articulo, ademas de incluir las caracteristicas de los datasets utilizados.
Como se observa, las técnicas de aprendizaje profundo necesitan grandes cantidades de
datos durante el entrenamiento para alcanzar un elevado porcentaje de precision al
clasificar los caracteres, siendo altamente recomendables por ser relativamente
insensibles a valores con ruido.

Sin embargo, atn existe apertura a otro tipo de técnicas dado que en la mayoria de
los casos se consideran dependientes del hardware. El algoritmo propuesto logra estar
al nivel de una red convolucional en imagenes que presentan variacion en distancia sin
incidir en placas sumamente borrosas y considerando unicamente una perspectiva
frontal, por lo que puede utilizarse en aplicaciones que no son tan demandantes como
lo son las identificaciones vehiculares multiples [7].

En comparacion a los otros autores, se logré alcanzar un 100% en la localizacion de
la placa al aprovechar que la red ICMNI activa las neuronas segun el umbral dptimo
durante el proceso de binarizacion. Esta propiedad permiti6é obtener una segmentacion
mas robusta en todo el dataset utilizando los mismos parametros para todas las
imagenes sin necesidad de agregar algun filtro (lineal o no lineal) para reducir el
impacto del ruido o un espacio de color para aumentar el contraste, procesos que forman
parte del preprocesamiento que se suele afiadir en la etapa de localizacion de la placa.

También se alcanzé un porcentaje de reconocimiento de caracteres cercano a las
otras contribuciones, por lo que se infiere que este valor puede mejorar aumentando el
numero de ejemplos para entrenar la red neuronal.

5. Conclusiones

De acuerdo con los resultados obtenidos, la metodologia propuesta presenta un buen
desempeiio en imagenes donde los niveles de intensidad no son homogéneos, siendo
util en casos donde la localizacion de los caracteres se ve afectado por cierto tipo de
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sombras o por cambios bruscos de iluminacion, sin embargo, es susceptible a la
distancia de captura y la inclinacion de la placa.

Este enfoque basado en la localizacion de la matricula y no de la placa sirve como
alternativa en casos donde no existe un color primario predominante en la zona de la
placa que permita aislarla con facilidad o cuando el valor del umbral es variante en
todas las imagenes. El proceso de reconocimiento no se ve limitado a un nimero
determinado de caracteres por lo que podria utilizarse en imagenes que incluyan otro
tipo de vehiculos, como autobuses o motocicletas fijando un rango de distancia de
captura y un grado de inclinacion adecuado para este sistema.

Para trabajos futuros se considera ajustar la matricula a un solo perfil para incluir en
el dataset de prueba imagenes rotadas o con perspectiva lateral para aumentar el
desempeiio del algoritmo en otro tipo de escenarios, reduciendo a su vez
las restricciones.
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Resumen. En el presente trabajo se presenta un sistema para el monitoreo de
temperatura y humedad, basado en un microcontrolador con un stack WiFi, que
envia la informacion de sensores a un MQTT. Mediante una aplicacion moévil
desarrollada nativamente para Android, se realiza la lectura de la informacion
alojada en la nube mediante un protocolo MQTT y se despliegan graficas de
monitoreo en tiempo-real, asi como el historial de mediciones. Se probo el
esquema propuesto en un ambiente de vivero simulado y los resultados muestran
que la aplicacion nativa desarrollada permite la lectura y visualizacién de los
datos sin problemas. Esta aplicacion podria ser de utilidad en todos los procesos
que requieran el monitoreo continuo de temperatura y humedad, como en
procesos de almacenamiento de productos agricolas, comida 'y
productos farmacéuticos.

Palabras Clave: Aplicacion movil, MQTT, internet de las cosas,
microcontrolador, DHT22.

Remote Temperature and Humidity
Monitoring System Using Mobile Devices and IOT

Abstract. In the present work, a system for monitoring temperature and humidity
is presented, based on a microcontroller with a WiFi stack, which sends
information from sensors to an MQTT. Through a mobile application developed
natively for Android, the information stored in the cloud is read using an MQTT
protocol and real-time monitoring graphs are displayed, as well as the
measurement history. The proposed scheme was tested in a simulated nursery
environment and the results show that the developed native application allows
the reading and visualization of the data without problems. This application could
be useful in all processes that require continuous monitoring of temperature and
humidity, such as storage processes for agricultural products, food
and pharmaceuticals.

Keywords:  Mobile  application, = MQTT, internet of  things,
microcontroller, DHT22.
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1. Introduccion

Los avances tecnologicos en el campo del internet de las cosas (IoT, por sus siglas
en inglés) hacen posible controlar y monitorear en cualquier parte del mundo,
ambientes y equipos. Actualmente, existen varias alternativas de domotica para realizar
dicha actividad que permiten reducir la intervencion del usuario incluso reducirla casi
por completo. Estos avances se han acelerado en la ultima década y sus costos se han
reducido tanto, que hoy en dia es posible acceder a esta tecnologia con muy poco dinero.

El IoT es un concepto que existe desde 1999 y fue propuesto por Kevin Ashton.
Desde la expansion masiva del Internet en 1995, hasta el dia de hoy, las conexiones no
han dejado de incrementarse y globalizarse.

Al principio solo se podia acceder a Internet desde una computadora, pero hoy en
dia, gracias al aumento de ancho de banda de la red y la accesibilidad de nuevas
tecnologias de computacion mas baratas y eficientes, es posible que dispositivos no
computarizados o que simplemente que no fueron disefiados para que se puedan
conectar a otros dispositivos, como los electrodomésticos, ahora pueden ser utilizados
y monitoreados en forma remota. A esto se le conoce como IoT [1, 2].

El monitoreo remoto de temperatura y humedad es importante en diversas areas,
como la agricola [3, 4], la farmacéutica [5, 6] o la alimentaria [7, 8]. Con la tecnologia
actual es posible realizar este monitoreo con diversos dispositivos y diversas
tecnologias de recoleccion y visualizacion de informacion.

Un trabajo relacionado con el sistema propuesto en este articulo es el de [9], donde
los autores proponen un sistema basado en IoT para el monitoreo de temperatura usando
un sensor no invasivo. Proponen también el desarrollo de una aplicaciéon movil usando
un protocolo de envio de datos y una base de datos no especificada.

Otro trabajo relacionado se puede encontrar en [10], donde los autores desarrollan
una aplicacion movil basada en hardware y software abiertos para el monitoreo de la
cadena de frio en el transporte y almacenaje de comida. En este trabajo, al igual que en
el propuesto, se utiliza la plataforma en la nube de ThingSpeak para el almacenaje y
visualizacion de la informacion enviada por los sensores.

En este trabajo se propone una alternativa al uso de plataformas para la visualizacion
de informacion adquirida en sistemas de IoT en la forma de una aplicacion nativa
desarrollada en el sistema operativo Android, la cual permite visualizar la informacion
adquirida por sensores de temperatura y humedad, en conjunto con un microcontrolador
con un stack WiFi integrado, que envian informacion a una plataforma de almacenaje
y gestion de datos en la nube.

Esta aplicacion forma parte de un sistema completo de IoT para el monitoreo de la
humedad y temperatura, el cual puede ser aplicado a refrigeradores, cuartos frios,
viveros, y cualquier drea donde sea necesario vigilar estos dos parametros.

Por ejemplo, en el sector de salud se puede aprovechar esta tecnologia para mantener
los medicamentos con una humedad y temperatura adecuadas para su conservacion,
evitando mermas en medicamentos. En la agricultura, se podria usar para controlar de
forma continua la humedad y la temperatura en silos de almacenamiento.

El sistema propuesto esta basado en un microcontrolador Arduino, el cual, con ayuda
de un chip ESP8266, envia los datos adquiridos por un sensor de temperatura y
humedad a un broker, disponible gratuitamente en internet, en donde pueden ser leidos
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por dispositivos Android utilizando el protocolo Message Queuing Telemetry
Transport (MQTT), y presentados en forma de graficas a los usuarios.

2. Materiales y métodos
2.1. Interfaz de programacion de aplicaciones (API)

En la actualidad, cuando se desarrollan aplicaciones, sin importar el contexto, se
hace uso de APIs (Interfaces de Programacion de Aplicaciones, por sus siglas en
inglés), las cuales facilitan el proceso de disefio y desarrollo de la aplicacion movil.
Una API es un software que permite que las aplicaciones se comuniquen entre si.

Es un conjunto de funciones que permiten a las aplicaciones acceder a datos e
interactuar con componentes de software externos, sistemas operativos o
microservicios. Una API pasa una solicitud de un usuario a un sistema y le devuelve la
respuesta del sistema. Esto permite a los desarrolladores extraer datos de diferentes
formas y para diversos propositos, dependiendo de la funcionalidad que se
requiera [11].

2.2. Protocolo MQTT

Es un protocolo de transporte de mensajes entre el cliente y un servidor el cual esta
basado en publicaciones y suscripciones, es creado por IBM con el proposito de
recolectar informacion, es un protocolo utilizado para el intercambio de mensajes entre
dispositivos que trabajan con IoT, permite la conectividad Maquina a Maquina
(Machine to Machine por sus siglas en inglés M2M) e [oT. Este protocolo de mensajeria
ligera la cual es esquematizado en base a un servidor broker con la funcionalidad de
publicacion — suscripcion que se emplea sobre el protocolo TCP/IP [12, 13].

2.3. Servidor MQTT (Broker)

Un servidor MQTT se encarga de administrar el protocolo, el flujo de los mensajes
de cada nodo de un sensor, ademas del estado del servicio. En el mercado existen
distintas formas de software y proveedores que implementan el servidor MQTT, como
por ejemplo Google Cloud, Thingspeak o Mosquitto. En el sistema propuesto se usé
ThingSpeak como el servidor MQTT, debido a que la interfaz de lectura y escritura de
datos a la plataforma es amigable. ThingSpeak tiene soporte de la empresa Mathworks.
ThingSpeak es un aplicacion y API de IoT que permite almacenar y obtener datos de
IoT mediante protocolos de internet como el HTTP y MQTT, a través de
peticiones web.

2.4. Sensores de temperatura’humedad empleados
En este trabajo se emplearon dos diferentes sensores de temperatura/humedad. El
primero fue el DHT-11, el cual integra un sensor capacitivo que mide la humedad, y un

termistor para medir la temperatura. El segundo fue el sensor DHT-22, cuyo
funcionamiento es similar al DHT-11, pero tiene mayor resolucion y puede ser
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Fig. 1. Diagrama de bloques de los componentes del sistema.

Fig. 2. Sensor DHT22 conectado al NodeCMU.

alimentado a 3.3V. El DHT-11 tiene una exactitud de +2°C, mientras que el DHT-22
cuenta con una exactitud de +0.5°C.

El sistema propuesto involucra los siguientes componentes de hardware:
—  Una fuente de alimentacion,
— Un sensor DHT22,
—  Una tarjeta microcontroladora NodeMCU,

— Un punto de acceso a internet. Este es un requerimiento obligatorio del proyecto,
ya que los datos son enviados via WiFi.

—  Un teléfono inteligente.
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Tabla 1. Resultados de sensado de temperatura y humedad.

Temperatura Humedad
28.4 42.1
28.4 44.1
Habitacion
Climatizada 28.5 43.1
28.6 42.9
28.6 43.9
30.6 76.1
31.6 53.0
Maceta de Jardin 31.5 543
31.6 534
31.7 54.1

Ajustes

https://api.thingspeak.com/
JBFR3PIJMX71ZS990
1279648
ED74YF11FUBXXZYM

OA378LZCGEIFONX1

GUARDAR

(a) Pantalla de (b) Pantalla de temperatura (c) Pantalla de humedad
configuracion

Fig. 3. Pantallas de a la aplicacion de monitoreo.

Para el desarrollo de la interfaz nativa en Android se usaron las siguientes
herramientas de software:

— Android Studio.
—  Arduino IDE.
— Biblioteca DHT.

— Biblioteca MPAndroidChart. Esta biblioteca permite mostrar de forma facil y
personalizable grandes conjuntos de datos en forma de graficas [14].
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Fig. 4. Graficas de temperatura y humedad a partir de los datos enviados por el sensor hacia
el servidor.

B tisensor20 - now

Temperatura

jAlertal El ultime valor de la temperatura supera al
maximo,

Humedad
£ Android Sewp LV

Finish setting up your sdk_gphone_x86 °
Copy your dala, set wallpaper, and more

jAlerta! El ultimo valor de la humedad supera el maximo.

Manage Clear all

(a) Alerta de Temperatura (b) Alerta de Humedad

Fig. 5. Ejemplos de alertas recibidas mediante la aplicacion desarrollada.

Fig. 6. Monitorizacion de la humedad de una planta.

— Biblioteca CircleProgress. Esta biblioteca permite la creacién de graficas de
pastel para representar un porcentaje [15].

— Retrofit. Es un cliente REST para aplicaciones Android.

—  Broker de mensajeria. Para el desarrollo del proyecto se evaluaron los siguientes
brokers: Google Cloud, Microsoft Azure IoT Suite, IBM Watson loT Platform,
AWS IoT Platform y Thingspeak. Después de evaluar estos brokers, se optd por
utilizar Thingspeak, debido a que la interfaz de lectura y escritura de datos a la
plataforma en la nube es de facil uso y el limite de datos en la version de prueba
es suficiente para las pruebas realizadas.
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3. Sistema propuesto

El sistema de monitoreo propuesto obtiene las lecturas de los sensores en tiempo
real, y que estos datos sean visibles por un usuario final mediante una aplicacion movil.
Para lograr este objetivo, un microcontrolador lee continuamente datos de los sensores
y los envia continuamente a través de internet. El broker de mensajeria concentra los
datos de los sensores, y continuamente envia los datos hacia la aplicacion movil suscrita
a los canales disponibles en el broker.

El usuario configura la aplicacién mévil para establecer los umbrales de las lecturas
que para el dominio particular representan valores fuera de rango. Una vez configurada
la alerta, al registrarse una lectura fuera del rango, una notificacion es desplegada en
todos los dispositivos donde la aplicacion haya sido instalada, independientemente si
la aplicacion esta abierta o no. La aplicacion permite al usuario desplegar graficas del
comportamiento de la temperatura y humedad a lo largo del tiempo. En la figura 1, se
muestran los componentes del sistema previamente descritos.

3.1. Sensores de temperatura/humedad empleados

El sensor DHT22, es un sensor que requiere de una alimentacion de 3.3 a 6 Volts,
ademas de una salida de tierra. Este sensor tiene un precio bastante accesible ademas
de ser muy eficiente con respecto a la lectura de datos y con un rango mayor de
precision que su antecesor (el DHT11).

Por otro lado, el NodeMCU esta integrado por varios pines de salida de 3.3 Volts lo
suficiente para mantener un buen funcionamiento en relacion con el sensor y varios
pines de tierra GDN, de esta forma el microcontrolador puede realizar la lectura de
temperatura y humedad, sin embargo, para llevar a cabo dicha tarea es necesario
conectar el sensor a uno de los pines de entrada y salida del NodeMCU. La conexion
correcta entre el sensor y el NodeCMU se muestra en la figura 2.

3.2. Diseiio y desarrollo de aplicacion mévil de monitoreo remoto

La aplicacion propuesta fue disefiada para incluir multiples pestafias para una mejor
organizacion. Esta aplicacion emplea el protocolo MQTT (Message Queue Telemetry
Transport), el cual es un protocolo disefiado especificamente para las aplicaciones IoT
como la descrita en este articulo.

El protocolo MQTT funciona mediante publicaciones y suscripciones a un tema
(modelo), mediante un Broker que gestiona las publicaciones y suscripciones. En la
primera pestaila (mostrada en la figura 3(a)), el usuario configura los datos de la
conexion al servidor para la adquisicion de los datos. En esta pestafia es posible
configurar la cantidad de datos que seran visualizados.

En las figuras 3(b) y 3(c), se muestran diferentes pestafias de la aplicacion que
incluyen la tltima medicion y una grafica de lineas mostrando el histdrico de los datos
de temperatura y humedad. Se muestran dos graficas diferentes en cada una de las
pestafias mostradas.

— La grafica circular es utilizada para representar de forma coloreada el porcentaje
entre un rango minimo y maximo usados para el control de la temperatura o la
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humedad. Para obtener esta grafica se realiza una simple operacion matematica
la cual nos dara como resultado el porcentaje el cual se le enviara a un objeto de
la clase ArcProgress, al igual que la grafica de lineas debe pasar por todos los
procesos desde la creacion en la vista de la aplicacion hasta ser referenciado, la
unica diferencia es que este solo requiere un valor entero el cual sera el porcentaje
a colorear y se podra visualizar en su centro.

— La gréafica de lineas es desplegada usando el conjunto de datos obtenido por
retrofit y la libreria MQTT, y vaciando los datos hacia un objeto Dataset.

4. Resultados

Con respecto al Broker de mensajeria, se configuro la conexion del microcontrolador
con el servidor, de tal forma que fue posible la visualizacién en el servidor de las
lecturas reportadas por el sensor.

Se procedid a verificar que los datos sean visibles en el servidor y en la aplicacion
desarrollada. Para esto, se utilizaron las graficas predefinidas para el muestreo de los
datos en el sitio Thingspeak para el proyecto creado para la aplicacion, como las
mostradas en la figura 4.

La aplicacion desarrollada fue probada en varios dispositivos con diferentes
versiones del sistema operativo Android. La version mas antigua en la que el sistema
fue probado es la version 5.0, también se probo en las versiones 6.0, 7.0, 8.0 y la version
mas reciente disponible al momento de probar el sistema (Android 11.0).

Para efectos de envio de notificaciones, el usuario puede configurar el lapso de
tiempo y la frecuencia para el envio de una o varias alertas estas se manifiestan en forma
de mensaje y una alerta de sonido y vibracion del dispositivo, los mensajes se mostraran
en el apartado de notificaciones del dispositivo.

En la figura 5 se muestran dos ejemplos de estas notificaciones en dispositivos
diferentes, donde para la temperatura se muestra la figura 5(a) y para la humedad se
muestra la figura 5(b).

Finalmente, se hicieron mediciones en dos diferentes escenarios: una habitacion
climatizada y una maceta de jardin. Las mediciones obtenidas se muestran en la tabla
1. Estas pruebas permitieron simular las condiciones necesarias para un par de
escenarios mas realistas: monitorear de manera remota las condiciones de humedad y
temperatura de un invernadero, y monitorear la temperatura de refrigeradores con
aplicacion en agricultura y salud.

En la figura 6, se muestra el sensor montado en una maceta, de donde se obtuvieron
las lecturas reportadas en la tabla.

5. Conclusiones y trabajo futuro

Con base a las pruebas realizadas, fue posible corroborar que el sistema realiza las
funciones para las cuales fue disefiado: la medicion de temperatura y de humedad. Para
validar el sistema propuesto, se verificaron dos posibles escenarios: el monitoreo
remoto de refrigeradores y la deteccion de los niveles de humedad en un huerto remoto.
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La aplicacion movil es capaz de mostrar informacion que alerta al usuario acerca de
anomalias en las lecturas, incluyendo la configuracion de la aplicacion para desplegar
al usuario notificaciones informando de estas anomalias.

Ademas, la aplicacion despliega el historico de las mediciones obtenidas en forma
gréfica, lo cual permite al encargado del monitoreo tener un panorama mas amplio de
las variaciones en las mediciones.

Algunas mejoras que pueden realizarse consisten en el aumento del nimero de
sensores, mejorar la interfaz grafica y optimizar la conectividad y la obtencion de datos
de los sensores.
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Resumen. El Covid-19 nos ha obligado a emprender acciones de proteccion para
evitar el contagio, una de éstas es el uso de mascarillas. El reconocimiento facial
(RF) tiene sus bases desde 1883, gracias a su estudio se tienen técnicas que se
basan en modelos y apariencias. El RF requiere de tres etapas: a) Deteccion del
rostro en una imagen, b) extraccion de las caracteristicas y c) identificacion y/o
verificacion. En este trabajo se presenta la metodologia para llevar a cabo a través
del RF, la deteccion de la mascarilla en el rostro. Se presentan los primeros
resultados favorables a partir de los cuales se proponen las bases para un proceso
de optimizacion que busca realizar la identificacion del uso correcto de
la mascarilla.

Palabras clave: COVID-19, reconocimiento facial, deteccion mascarilla.

Methodology for Mask Detection Using
Machine Learning

Abstract. Covid-19 has forced us to take protective actions to avoid contagion,
one of these is the use of masks. Facial recognition (RF) has its foundations since
1883, thanks to its study there are techniques that are based on models and
appearances. RF requires three stages: a) Face detection in an image, b) feature
extraction, and c) identification and/or verification. This paper presents the
methodology to carry out, through RF, the detection of the mask on the face. The
first favorable results are presented, from which the bases for an optimization
process that seeks to identify the correct use of the mask are proposed.

Keywords: COVID-19, facial recognition, mask detection.

pp. 339-350; rec. 2021-08-17; acc. 2021-10-11 339 Research in Computing Science 150(11), 2021



Ma. del Carmen Santiago, Ana C. Zenteno, Yeiny Romero, Judith Pérez, Gustavo T. Rubin, et al.
1. Introduccion

En el ultimo afio la sociedad ha sufrido un fuerte cambio en la forma de relacionarnos
y de vivir nuestras vidas diarias. Esto ocasionado por la pandemia de COVID-19 donde
la principal problematica ha sido la rapida propagacion del virus. La situacion nos
obligd a aislarnos para evitar el contagio. Sin embargo, algunas personas como son los
médicos corren un alto riesgo de contagio al estar expuestos al virus constantemente
realizando sus trabajos, en muchos casos sin proteccion alguna. [1].

El reconocimiento facial es una tecnologia que se encarga de identificar a un sujeto
de forma no invasiva, con la ayuda de una camara, esta tecnologia se ha desarrollado
con rapidez. Fue Alphonse Bertillon en 1883 quien sent6 las bases del sistema de
reconocimiento facial, usaba como base un sin nimero de medidas antropométricas
como: la distancia entre los ojos, la simetria o los diferentes rasgos faciales de un
individuo. Este sistema es una tendencia en el &mbito forense e incluso ha llegado al
punto de tener opinion en la corte de justicia para determinar la inocencia de una
persona con antecedentes penales. Su uso para reconocer personas puede agilizar el
control de accesos a edificios corporativos y gubernamentales.

Esta tecnologia se ha utilizado incluso para identificar criminales conocidos o
sospechosos y en el ambito socio econdmico, las empresas pueden analizar el rostro de
los clientes para adaptar estrategias de marketing. Pero esta tecnologia también enfrenta
serios problemas de privacidad, ya que puede ser utilizada para rastrear a los individuos
a través de sus comunidades, incluso por el mundo.

Los avances del reconocimiento facial parten del estudio de la biometria y ésta
sumada a la tecnologia, da como resultado la toma de medidas y el analisis de datos
biologicos como el ADN, la huella dactilar, el iris y la voz. Asi nacen los sistemas de
reconocimiento facial, que toma sus decisiones de identificacion con la ayuda de las
caracteristicas personales (fotografias y videos) de cada persona y plasmandolo en una
imagen digital que puede ser reconocida o verificada de forma automatizada mediante
un ordenador.

2. Estado del arte

En el proceso de reconocimiento facial se utilizan algoritmos para el procesamiento
de iméagenes donde se analizan cientos de rostros y se utiliza un mapeo facial que capta
al rededor de100 expresiones faciales, todas tienen una medida de 50 x 50 pixeles de
ancho y alto, por lo que el costo computacional aumenta [2].

Hay dos familias de técnicas de reconocimiento facial: técnicas basadas en la
apariencia y técnicas basadas en modelos. Vea la figura 1.

2.1. Reconocimiento facial

Los sistemas basados en la apariencia se utilizan directamente sobre las imagenes,
sin hacer uso de modelos 3D, cada imagen se representa como un punto en un
subespacio vectorial para clasificar, para ello es necesario entrenar previamente el
sistema que se utilizara con imagenes de diferentes rostros, con diferentes vistas. Por
otro lado, los sistemas basados en modelos intentan construir un modelo lo mas
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Fig. 1. Técnicas de reconocimiento facial. [3].

descriptivo posible de la cara humana, lo que permite detectar con precision las
variaciones faciales.

Estos sistemas tratan de obtener caracteristicas biométricas de las imagenes para
realizar el reconocimiento, el algoritmo sabe con anticipacion el objeto que ha de
representar y lo que intenta hacer es que corresponda el rostro real con el modelo. El
proceso usado consiste en a) Construccion del modelo, b) Aplicacion del modelo a la
imagen de prueba y c) Uso de parametros del modelo ajustado para calcular la similitud
entre la imagen de prueba y las imagenes de referencia para realizar el reconocimiento.

Independientemente de la técnica utilizada para la solucion, el RF requiere de tres
etapas: a) Deteccion del rostro en una imagen, b) extraccion de las caracteristicas y c¢)
identificacion y/o verificacion [5].

La deteccion del rostro implica encontrar las areas dentro de una imagen que
contiene un rostro. Basicamente se trata de descartar todo lo que sea fondo y asi obtener
la ubicacidn y tamaio exacto de la cara esto se puede lograr por medio de clasificacion
de patrones utilizando redes neuronales artificiales (perceptron multicapa). La
extraccion de las caracteristicas es la obtencion de propiedades o parametros
particulares de cada rostro para luego poder ser clasificados.

El reconocimiento consiste en clasificar las caracteristicas extraidas de cada rostro,
para esto existen tres aproximaciones basadas en: a) concepto de similaridad, b)
aproximacion probabilista y ¢) optimizacion de criterio error.

Las aproximaciones basadas en el concepto de similaridad son las mas simples e
intuitivas, los patrones similares son asignados a la misma clase, se establece una
métrica que define la similaridad y luego se clasifica por medio de plantillas 0 minima
distancia usando uno o varios prototipos de clase.

La técnica de eigenfaces aplica la regla del vecino mas cercano, utilizando como
métrica la distancia Euclidea. En el enfoque probabilistico, se utilizan los conceptos de
la teoria de la decision estadistica para establecer los bordes de decision de las
diferentes clases. Se asume que las caracteristicas, que representan a un patrén, tienen
una funcién de densidad de probabilidad condicionada a la clase. Las reglas de decision
mas conocidas: Bayes y la regla de maxima probabilidad.

La tercera aproximacion se basa en construir los bordes de decision optimizando
algiin criterio de error. Las redes neuronales son entrenadas con un algoritmo de
entrenamiento a partir de un conjunto de datos (perceptron multicapa). [3, 4].
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2.2. Reportes de reconocimiento facial

En el Sistema de INTERPOL de Reconocimiento Facial (IFRS) se almacenan las
imagenes faciales enviadas por mas de 179 paises, lo que la convierte en una base de
datos policial de ambito mundial unica. Combinado con un software automatizado de
identificacion biométrica, este sistema es capaz de identificar a una persona o de
comprobar su identidad mediante la comparacion y el andlisis de los modelos, formas
y proporciones de sus rasgos y contornos faciales [6].

En la Universidad Técnica del Norte los estudiantes de la FICA (Facultad de
Ingenieria en Ciencias Aplicadas) desarrollaron un prototipo que permite identificar
sujetos conocidos (registrado en la base de datos) y no conocidos. Se usaron CNNs
(Redes Neuronales convolucionales), y herramientas como un smartphone y una
camara de video vigilancia en tiempo real [7].

Un reporte sobre el disefio de un sistema de reconocimiento de rostros, aplicando
inteligencia y vision artificial, usa un modelo para generar y establecer puntos de interés
en el rostro, con el fin de entrenar una red neuronal, que permita identificar
caracteristicas faciales, para el reconocimiento y clasificacion de sujetos. Se utilizo el
algoritmo ASM (Active Shape Model — Modelo de Formas Activas) el cual genera un
modelo de patrones y caracteristicas que se pretenden determinar [8].

En el articulo Redes neuronales artificiales para el control de acceso basado en
reconocimiento facial, se gener6 un prototipo de reconocimiento facial, utilizando un
método basado en caracteristicas geométricas. Primero obtuvieron los patrones del
rostro de los usuarios para generar y construir las redes neuronales, cada determinado
tiempo se obtienen variaciones de patrones del rostro de un usuario [9].

En [10] se generd un disefio de un sistema de deteccion de intrusos y control de
acceso mediado por modelos biométricos e inteligencia artificial. Se utiliz6 como base
el algoritmo de deteccion de rostros implementado por Geitgey, Deep Learning y vision
computacional, apoyado sobre OpenCV. Convierte la imagen de entrada a escala de
grises (0 - 255), se aplican los descriptores HOG, los cuales evaltian cada uno de los
pixeles presentes en la imagen y determinan su gradiente con respecto a su entorno,
para a partir de alli se realiza la cuantificacioén de los elementos.

En [3] se realizan pruebas con los métodos de reconocimiento facial, principalmente
PCA, DCT y LPP usando bases de datos publicas para el analisis y desarrollo de las
pruebas y obtencion de resultados. El uso de estos métodos requiere un nimero de
componentes para trabajar e identificar, para que estos métodos tengan el mejor
rendimiento, en cada prueba se determind que el nimero de componentes a utilizar
segun el método es: 55 para PCA, 80 para DCT y 40 para LPP, y se puede decir que el
método mas consistente y que ofrece un mayor indice de identificacion correcta es LPP.

3. Metodologia

Para llevar a cabo la deteccion del uso correcto del cubrebocas, se realizan las
siguientes etapas en el sistema desarrollado: Deteccion de rostros en imagenes,
clasificacion de rostros, entrenamiento y reconocimiento facial. Una vez que se genera
esta secuencia se puede aplicar a diferentes objetivos, como por ejemplo identificador
de emociones, reconocimiento de accesorios, como lentes, cubrebocas, etc.
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3.1. Deteccion de rostros

El programa para llevar a cabo el reconocimiento o deteccidon de rostros se lleva a
cabo con las librerias de OpenCV cv2 y os. Lo que realiza el programa es primero
declarar la ruta donde se encuentran las imagenes en una variable llamada imagesPath
y la creacion de una carpeta llamada “Rostros encontrados”.

Para el proceso de la deteccion de los rostros se utilizo el dataset proveniente dentro
del mismo OpenCV conocido como “haarcascade frontalface default.xml”.

Finamente inicializamos un contador y creamos un ciclo for que realizara la lectura
de las imagenes con imread(), para convertirla a escala de grises. Esto nos permitira
comparar la imagen con el data set y determinar si coincide para cada imagen dentro
del directorio de imagesPathList.

Posteriormente creamos la variable faces la cual recibiré la informacion de la funcion
faceClassif.detectMultiScale() dentro de la cual tenemos gray que es la imagen
convertida a escala de grises, el factor de escala y el numero de deteccion que puede
haber cerca una con otras.

Para los rostros que detecte el programa dentro de la variable faces se dibujara un
rectangulo en su rostro respectivo cv2. Rectangles () con la imagen de entrada, las
medidas del rectangulo que en este caso seran las coordenadas x & y donde se
encuentren los rostros, el color y el tipo de borde que tendra que en este caso es -1 que
significa que sera toda la figura.

Finalmente, los rostros encontrados se guardaran con la funcion cv2.imwrite() en la
ruta especificada dentro del parametro que es ['Rostros encontrados/rostro {}.jpg'.
format(count), rostro] donde {} sera el contador que lleve el proceso de rostros
del codigo:

import cv2

import os

imagesPath = "C:/Users/vioro/Downloads/DELFIN_PROJECT/4. Codigos/
3 _Deteccion de rostros/Directorio de muestras"

imagesPathList = os.listdir (imagesPath)

print ('ImagesPathList= ', imagesPathList )

if not os.path.exists('Rostros encontrados'):
print ('Carpeta creada: Rostros encontrados')
os.makedirs ('Rostros encontrados')
faceClassif =
cv2.CascadeClassifier (cv2.data.haarcascades+'haarcascade_frontalface
_default.xml")
count = 0
for imageName in imagesPathList:
#print (' ImagenName= ', imageName)
image = cv2.imread(imagesPath+'/'+imageName)
#cv2.imshow ('Imagen', image)
imageAux = image.copy ()
gray = cv2.cvtColor (image, cv2.COLOR_BGR2GRAY)
faces = faceClassif.detectMultiScale(gray, 1.1, 5)
for (x,y,w,h) in faces:
cv2.rectangle (image, (x,y), (x+w,y+h), (128,0,255),2)
cv2.rectangle (image, (10,5), (450,25), (255,255,255),-1)
cv2.rectangle (image, (10,5), (450,25), (255,255,255),-1)
cv2.putText (image, 'Presione R, para alamacenar los rostros
encontrados', (10,20), 2, 0.5,(128,0,255),1,cv2.LINE AA)
cv2.imshow ('image', image)
cv2.waitKey (0)
k = cv2.waitKey(0)
if k == ord('R'")
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one R, poro olomoacenar los rosiros enconirodos

Fig.2. Programa para deteccion de rostros.

for (x,y,w,h) in faces:

rostro = imageAux[y:y+h,x:x+w]
rostro = cv2.resize(rostro, (150,150), interpolati

on=cv2.INTER CUBIC)
#cv2.imshow ('rostro', rostro)
#cv2.waitKey (0)
cv2.imwrite ('Rostros encontrados/rostro_{).

jpg'.format (count), rostro)
count = count +1

elif k == 27:
break
cv2.destroyAllWindows ()

3.2. Clasificacion de rostros

Para iniciar el reconocimiento facial por medio de vision artificial realizamos 3
programas; Clasificador Rostros.py para crear nuestra data set que se utilizara y que
proviene practicamente del programa de deteccion de rostros anterior, el
Entrenamiento.py para entrenar a la computadora y pueda identificar a la persona y por
ultimo Reconocimiento Facial py para la deteccion final.

El programa Clasificador Rostros.py lo utilizaremos para que la camara detecte a
un usuario y lo almacene en una carpeta con su ID o identificador que en este caso es
el nombre.

Utilizando ademas de las librerias cv2 y os utilizamos imutils. Primero, declaramos
el nombre de la persona que queremos identificar en personalName. Ahora
establecemos la ruta de la carpeta donde estaran todas las personas a identificar y una
nueva variable llamada personPath que sera la ruta establecida en dataPath y el nombre
almacenado en personName.

Capturamos la informacion de la cdmara dentro de la variable cap e inicializamos la
variable faceClassif que utilizara el dataset para el reconocimiento de los rostros de
haarcascades que antes se explico.

Inicializamos el contador y con un ciclo while almacenamos la informacién de video
dentro de la variable frame, la cual se modificara con la funcion de imutils para cambiar
el tamafio del video y la conversion a escala de grises. Ahora utilizando el mismo
codigo del programa anterior para deteccion de rostros:

import cv2
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import os
import imutils
personName = 'Rodri'
dataPath = 'C:/Users/vioro/Downloads/DELFIN_PROJECT/4.
Codigos/Directorio de muestras II/Data’
personPath = dataPath + '/' + personName
if not os.path.exists (personPath):
print ('Carpeta creada: ',personPath)
os.makedirs (personPath)
cap = cv2.VideoCapture (0,cv2.CAP_DSHOW)
faceClassif =
cv2.CascadeClassifier (cv2.data.haarcascades+'haarcascade_frontalface
_default.xml")

count = 0
while True:
ret, frame = cap.read()
if ret == False: break
frame = imutils.resize(frame, width=640)
gray = cv2.cvtColor (frame, cv2.COLOR_BGR2GRAY)
auxFrame = frame.copy ()

faces = faceClassif.detectMultiScale(gray,1.3,5)
for (x,y,w,h) in faces:
cv2.rectangle (frame, (x,y), (x+w,y+h), (0,255,0),2)
rostro = auxFrame[y:y+h, x:x+w]
rostro = cv2.resize(rostro, (150,150),interpolatio
n=cv2.INTER_CUBIC)
cv2.imwrite (personPath + '/rotro {}.jpg'.format (c
ount),rostro)
count = count + 1
cv2.imshow ('frame', frame)
k = cv2.waitKey (1)
if k == 27 or count >= 500:
break
cap.release ()
cv2.destroyAllWindows ()

3.3. Entrenamiento de rostros

Ahora pasamos al programa de Entrenamiento.py que se encarga del entrenamiento
de la vision artificial para la deteccion del usuario. En este programa tendremos 3
métodos distintos; Eigen Face, Fisher Face y LBPH Face.

Antes de continuar explicaremos un poco los métodos:

—  El método de Eigen Faces emplea el método PCA (Principal Component
Analysis), donde la idea principal es que un conjunto de datos de alta
dimension a menudo se describe mediante variables correlacionadas y,
por lo tanto, solo unas pocas dimensiones significativas explican la mayor
parte de la informacion.

—  El método de Fisher Faces Este método es una mejora del anterior.

El método LBPH (Histogramas de Patrones Binarios Locales) presenta mejoras
respecto a los métodos anteriores, ya que es mas robusto ante cambios de iluminacion.
Ademas, dentro de la documentacion de OpenCV la idea es no mirar la imagen
completa como un vector de alta dimension, sino describir solo las caracteristicas
locales de un objeto.

Es importante considerar que en cualquiera de los 3 métodos anteriores las imagenes
de entrenamiento como de prediccion deben estar en escala de grises, ademas de que
en el método Eigenfaces se requiere que las imagenes de entrenamiento y prueba sean
del mismo tamatfio.
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Enseguida se muestran los 3 programas mencionados:

ENTRENAMIENTO 1 (Eigen Face)

face_recognizer = cv2.face.EigenFaceRecognizer_create ()
print ("Procesando informacion...")

face recognizer.train(facesData, np.array(labels))

face recognizer.write('modeloEigenFace.xml')

print ("Proceso finalizado...")

cv2.destroyAllWindows ()

ENTRENAMIENTO 2 (Fisher Face)

face_recognizer = cv2.face.FisherFaceRecognizer create()
print ("Procesando informacion...")
face_recognizer.train(facesData, np.array(labels))
face_recognizer.write('modeloFisherFace.xml"')

print ("Proceso finalizado...")

cv2.destroyAllWindows ()

ENTRENAMIENTO 3 (LBPH Face)

face_recognizer = cv2.face.LBPHFaceRecognizer create()
print ("Procesando informacion...")
face_recognizer.train(facesData, np.array (labels))
face_recognizer.write ('modeloLBPHFace.xml')

print ("Proceso finalizado...")

cv2.destroyAllWindows ()

3.4. Reconocimiento facial

En este proceso ahora se explica el programa de reconocimiento, ya que tenemos el
archivo entrenado que detectard a la persona podemos explicar el ultimo codigo
(Reconocimiento_Facial py).

Inicializamos la  variable de face recognizer con la funcion de
cv2.face.FisherFaceRecognizer create() y proseguimos a abrir el archivo entrenado
xml con la funcion de fase recognizer.read() con el nombre del archivo xml generado
del programa anterior y empezamos a almacenar el video de la camara en la variable
cap, en seguida inicializamos la variable faceClassif que nos ayudara a identificar el
rostro con el dataset de haarcascades. Continuamos con un ciclo while para la variable
frame, con un cambio de escala. Iniciaclizamos la variable de la cara llamada faces con
faceClassif.detectMultiScale (gray, 1.3,5) que detectara el rostro del video a escala de
grises con un con sus parametros establecidos para la deteccion.

Finalmente para cada faces obtenida mediante la funcion for la variable auxFrame
pasara a la variable rostro con una reposicionamiento y un re-escalamiento a 150x150
pixeles con una interpolacion simple cubica con la funcidén antes explicada de
cv2.resize(), con las imagenes generadas en el primer programa de deteccion y el video
entrante utilizamos la funcion fase recognizer.preditc() con la variable rostro dentro
de su paréntesis para comparar las imagenes y buscar una coincidencia, si existe una o
no se guardara en una variable llamad resultado en forma de un valor numérico. Aunque
se pueden utilizar las 3 opciones de los métodos, utilizaremos el método de Fisher Face
para comparar los resultados. Creamos una condicion if para resultado comparado
con 500:

face_recognizer = cv2.face.EigenFaceRecognizer create()
face_recognizer.read('modeloEigenFace.xml')

cap = cv2.VideoCapture (0,cv2.CAP_DSHOW)

faceClassif =

cv2.CascadeClassifier (cv2.data.haarcascades+'haarcascade_frontalface

_default.xml")
while True:
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ret, frame = cap.read()
if ret == False:break
gray = cv2.cvtColor (frame, cv2.COLOR_BGR2GRAY)
auxFrame =gray.copy (
faces = faceClassif.detectMultiScale(gray, 1.3,5)
for (x,y,w,h) in faces:
rostro = auxFrame[y:y+h, :x+w]
rostro = cv2.resize(rostro, (150,150),interpolation =
cv2.INTER_CUBIC)

result = face_recognizer.predict (rostro)
cv2.putText
(frame, '{}'.format (result), (x,y+5),1,1.3, (0,255,120),1,cv2.LINE_AA)

# EigenFaces
if result[l] < 500:
color 0 (0,255,120) if LABELS results [0]
else:
cv2.putText (frame, 'Desconocido’, (x,y-
20),2,0.8,(0,0,255),1,cv2.LINE_AR)
cv2.rectangle (frame, (x,y), (x+w,y+h), (0,0,255)
2)
cv2.imshow ('Video', frame)
k = cv2.waitKey (1)
if k== 27:
break
cap.release ()
cv2.destroyAllWindows ()

3.5. Deteccion de mascarilla

Ahora para la variable de deteccion que es mp_face detection utilizaremos una
funcion de la libreria media pipe que es mp.solutions.face_detection.

Definiremos un arreglo llamado labels los cuales tendra los nombres de las carpeteas
con las imagenes de dataset que son Con_Mascarilla y Sin_Mascarilla e inicializamos
la variable que reconocera este dataset que es face mask con cv2.face.LBPHFace
Recognizer create() y face _mask.read("face_mask _model.xml") que es el método
utilizado y el archivo generado, posteriormente dentro de la funcion
mp_face_detection.FaceDetection() aplicamos un valor de confianza que sera 0.5 para
la variable face detection.

Guardamos la informacion de la imagen del video de la camara con frame.shape en
dos variables que se llamaran height y width que almacenara el tamaiio del video,
inicializamos la variable llama results que obtendra su resultado de la funcion
face_detection.process(frame_rgb) que detectara si existe alguna coincidencia del
video entrante convertido a RGB con la informacion entrenada en la carpeta data del
dataset. Utilizando un condicional if para definir que si el results.detections tiene
coincidencias  obtendrd las coordenadas del rostro con la  funcion
detection.location_data.relative  bounding box.[variable a pedir] *[ancho o alto
(height o width)].

Finalmente se utilizara la funcion face mask.predict() para la variable fase image
para detectar si existe alguna coincidencia positiva, este resultado lo guardara en la
variable result. Los resultados solo podran ser dos: “Con_mascarilla” o
“Sin_mascarilla” que fue como se entreno al programa.

mp_face_detection = mp.solutions.face_detection
#mp_drawing = mp.solutions.drawing utils

LABELS = ["Con_Mascarilla", "Sin_Mascarilla"]
face_mask = cv2.face.LBPHFaceRecognizer_create()
face_mask.read("face_mask model.xml")

ISSN 1870-4069 347 Research in Computing Science 150(11), 2021



Ma. del Carmen Santiago, Ana C. Zenteno, Yeiny Romero, Judith Pérez, Gustavo T. Rubin, et al.

cap = cv2.VideoCapture (0,cv2.CAP_DSHOW)

with mp_face_detection.FaceDetection (min_detection_confidence=0.5
as face_detection:

while True:

ret, frame = cap.read()

if

ret == False: break

frame= cv2.flip (frame, 1)

height, width, _ = frame. shape

frame_rgb = cv2.cvtColor (frame, cv2.COLOR_BGR2RGB)

results = face detection.process (frame_rgb)

resultados

if

xmin = int
(detection
ymin = int
(detection

results.detections is not None:

for detection in results.detections:

.location_data.relative_bounding_ box.xmin*width)

.location_data.relative_bounding_box.ymin*height)

Dibujo de los

= int (detection.location_data.relative bounding box.width*width)

w
h = int
(

detection.location_data.relative_bounding box.height*height)

#cv2.rectangle (frame, (xmin, ymin), (xmin + w ,ymin + h), (0,200,120),2)

face_image
face_image

face_image

if xmin < 0 and ymin < 0:

continue

= frame [ymin: ymin + h , xmin : xmin + w]

= cv2.cvtColor(face_image, cv2.COLOR_BGR2GRAY)

= cv2.resize (face_image, (72,72),

interpolation=cv2.INTER CUBIC)

#cv2.imshow ('Zoom', face image)

result = face mask.predict (face_image)

#cv2.putText (frame,'{}'.format (result), (xmin ,ymin
+5),1,1.3,(250,250,250),1,cv2.LINE_AA)

if result[l] < 150:

color = (0, 255,120) if LABELS[result[0]]

"Con_Mascarilla" else (0, 0, 250)

cv2.putText (frame, '{}'.format (LABELS[result[0]]), (xmin,

2, 1, color,1,cv2.LINE_ARA)

cv2.rectangle (frame, (xmin,ymin), (xmin+w, ymin+h),color,?2)

cv2.imshow ('Video', frame)

k
if

= cv2.waitKey(1l) & OxFF

k == 27:
break

cap.release ()

cv2.destroyAllWindows ()
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Fig. 3. Resultados del programa para la deteccion de la mascarilla.

En la figura 3 se muestran los resultados del programa para la deteccion de
la mascarilla.

4. Resultados

En el caso del tiempo de entrenamiento para dos personas fue de aproximadamente
50 segundos aproximadamente con los primeros 2 métodos y de 25 segundos para el
ultimo método con un procesador AMD A-10 7860k (quad core a 4.0 GHz) y 16 RAM
DDR3 1600MHz. Pero al incluir a una tercera persona los tiempos aumentaron a 5
minutos para los 2 dos métodos y a 1 minuto para el Gltimo método.

En cuanto a los resultados obtenidos por los 3 métodos utilizados el tercero de LBPH
funciono de mejor manera siendo mas estable demas de ser mas rapido y fluido en
comparacion con los otros dos. Tanto el EigenFaces como Fisher Faces presentaban
algunos falsos positivos mientas el otro no La precision depende mucho de la
iluminacion que se tenga en la habitacion y que refleja al usuario pen en general se
obtuvieron resultados satisfactorios.

El resultado es muy satisfactorio y estable, ademas al haber utilizado un dataset ya
hecho con muchas muestras con diferentes propiedades fisicas podemos utilizar el
programa con cualquier persona y de igual manera funcionara correctamente.
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Resumen. En el presente trabajo se integran en una plataforma de bajo costo los
diferentes subsistemas satelitales concluyendo la implementacion y pruebas de
funcionamiento. Una de las principales tareas es reportar la informacion
proporcionada por los sensores que miden las variables ambientales en tiempo
real, tales como la presion, altura, temperatura y humedad, de manera simultanea
la informacion de la trayectoria que toma durante el ascenso y descenso de estos
sistemas considerando una elevacion minima de 1000m con un dispositivo
externo. El objetivo del diseflo de este prototipo es ahorrar tiempo en la
elaboracion de prototipos espaciales educativos, en donde por este medio podran
verificar que sensores utilizar, observar el disefio electronico, el
microcontrolador, las plataformas y la programacion utilizada para el desarrollo
de prototipos futuros que ayuden al analisis de los datos atmosféricos. Sin
embargo, también se pretende aportar en otras disciplinas con los diferentes
subsistemas creados en el prototipo los cuales pueden tener
diferentes aplicaciones.

Palabras clave: Subsistemas, satelital, sensores, ambiental, variables,
programacion, implementacion, plataforma.
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Monitoring of atmospheric variables
and remote sensing

Abstract. In the present work, the different satellite subsystems are integrated
into a low-cost platform, concluding the implementation and performance tests.
One of the main tasks is to report the information provided by the sensors that
measure environmental variables in real time, such as pressure, height,
temperature and humidity, simultaneously with information on the trajectory it
takes during the ascent and descent of these systems considering a minimum
elevation of 1000m with an external device. The objective of the design of this
prototype is to save time in the elaboration of educational spatial prototypes,
where by this means they will be able to verify which sensors to use, observe the
electronic design, the microcontroller, the platforms and the programming used
for the development of future prototypes that assist in the analysis of atmospheric
data. However, it is also intended to contribute to other disciplines with the
different subsystems created in the prototype, which may have
different applications.

Keywords: Subsystems, satellite, sensors, environmental, variables,
programming, implementation, platform.

1. Introduccion

El uso de plataformas anfitrionas con sensores como parte de un sistema conformado
por elementos que representan los subsistemas satelitales cada vez mas intensivos en
datos, impulsan la necesidad de una capacidad de enlace descendente de gastos de
mayor velocidad y eficiencia energética.

Los CubeSats, el estandar dominante para los nanosatélites, tienen un tamafio, peso
y potencia limitados, lo que dificulta la instalacion de antenas de radiofrecuencia (RF)
de alta ganancia. Esto empuja a la mayoria de las misiones de CubeSat con necesidades
de alta velocidad de datos a utilizar estaciones terrestres con grandes aperturas de alta
ganancia (diametros de plato que oscilan entre 5 y 20 m).

También existen desafios regulatorios para obtener licencias de RF con un ancho de
banda sustancial para misiones CubeSat; incluso la gestion de las numerosas solicitudes
de licencias de ancho de banda estrecho se ha convertido en un problema. Una
alternativa a las comunicaciones de RF tradicionales es deseable para CubeSats.

Actualmente las cosas han cambiado, ya que conforme ha avanzado la tecnologia, y
la estandarizacion, ha bajado el costo de los componentes utilizados para este tipo de
misiones, dando oportunidad a estudiantes y empresas que con un menor presupuesto
tienen el alcance de realizar sus propias investigaciones [1].

Una alternativa que ha ayudado a realizar misiones espaciales, sobre todo a los
estudiantes, son los llamados Cubesat, se trata de sistemas que representan los
elementos que componen un satélite de pequefias dimensiones, son mas baratos en
cuanto a materiales, su construccion y sus lanzamientos [2]. Debido a sus caracteristicas
como su peso, su geometria y carga util, estos dispositivos suelen ser menos complejos
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que los satélites comerciales. Sin embargo, eso no los exime de tener un gran potencial
y un gran alcance dentro de las investigaciones [4].

Este proyecto se enfoca en realizar un prototipo de un nanosatélite con un
presupuesto bajo que tenga la capacidad de comunicacién bidireccional con un centro
de control en el cual se puedan monitorear algunas variables de la atmodsfera. Se puedan
analizar las variables y gestionar los datos obtenidos. A través de esta informacion se
podria obtener un analisis concreto acerca de algunas variables atmosféricas.

Para lograr este cometido, primero se tendrd que seleccionar y probar cada uno de
los elementos, integrarlos con un microcontrolador para obtener el conjunto de
variables que se requieren, para posteriormente realizar la comunicacion bidireccional
del prototipo con una estacion que tenga acceso en tiempo real de los datos que se
quieren obtener. Finalmente, se obtendran resultados de su capacidad en la obtencion
de datos, visualizacion de los graficos de los datos obtenidos, tiempo de transmision
y costos.

2. Marco teorico

Subsistemas que conforman los satélites “Un satélite esta dividido principalmente
en dos partes, la plataforma y la carga 1til, la carga 1til es la encargada de realizar la
mision del satélite y la plataforma es la encargada de darle soporte al funcionamiento
del satélite, como energia, posicionamiento, comunicaciones, trabajo a determinados
niveles de temperatura, entre otros.

De este modo la plataforma, es el conjunto de subsistemas que dependen uno del
otro para lograr el correcto funcionamiento del satélite” [7]. El subsistema de control
de orientacion es un sistema muy importante para el satélite, consta de componentes
que le ayudan a corregir su posicion, en dado caso de que alguna antena no esté
apuntando para el lugar correcto.

Esta correccion se realiza mediante propulsores utilizando un sensor giroscopio
como referencia o un GPS. El satélite puede corregir su posicion mediante algoritmos
preestablecidos, el cual le da un alto grado de autonomia.

Para el subsistema de energia estd constituido por paneles solares como la fuente
principal de energia, ademas de que cuenta con baterias que almacenan la energia que
se obtiene de los paneles y sirven para dara inicio a las operaciones un instante después
de ser lanzado del vehiculo que lo transporta antes de que los paneles solares empiecen
a alimentar al satélite.

Las baterias reabastecen cuando no hay suficientes rayos del sol para alimentar todo
el satélite. En el caso del subsistema de telemetria se da a conocer el estado de los
demas subsistemas, en donde mediante sensores se miden variables vitales del satélite
como es: voltaje, corriente, temperatura, presion, entre otras variables mas. Estas
mediciones se envian a través de canal de comunicacion espacial para informar a la
base lo que ocurre con el satélite.

Otro de los subsistemas a considerar es el de telemetria y comando, este nos permite
mandar instrucciones desde la base de control a los subsistemas del satélite, a través de
una linea de comunicacion, las instrucciones son codificadas para que solo la base tenga
el control del satélite y ninglin otro equipo pueda acceder al control del satélite.
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TREPNNTETQAMN
A

fdefine SSID_PASSWORD "PassWordSat"

$define USERNAME "Usuario_sat"
$define DEVICE_ID "prototipo"”
= ne DEVICE_CREDENTIAL "163928"

Fig. 3. Lineas de codigo de configuracion de usuario, ID del dispositivo, credenciales del
dispositivo y la configuracion de la red.
thing["dht22"] >> [] (pson& out) {
= a = dht.readTemperature();
v();

bmp . x 0

0:
bmp . readAltitude (1013.25);

AcX;
= AcY;
= gps. tion.lat();
= gps.l ation.lng();

Fig. 4. Lineas de codigo de la configuracion de envio de variables a la plataforma.

Router
" (CD)
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o O oxEe Protocolo Internet Protocolo ) Protocolo
e Tce/ip Tcp/ip  "Servidor HTTP Pantalla
Satélite

-Plataforma loT

Fig. 5. Esquema de interaccion de protocolos para la trasferencia de datos.

En cuanto al subsistema de control térmico podemos decir que controla las
temperaturas dentro de la nave, para que los componentes y sistemas trabajen en dptimo
funcionamiento, ya que las temperaturas pueden ser muy extremas en el espacio
exterior, sobre todo cuando hay eclipse o cuando los rayos del sol no pegan
directamente al satélite. Para el control térmico, se emplean conductores de calor,
radiadores y calefactores eléctricos.

3. Estado del arte

Los modelos denominados CanSats se han utilizado principalmente en los niveles
de educacion superior y especialidad, utilizando una amplia variedad de hardware y
software, con algunos intentos de estandarizacion a través de “kits” [2, 3, 4]. Esto
debido a una notable falta de material educativo que pueda ser utilizado para crear
clases donde pueda aprovecharse esta tecnologia, pues los modelos reales implican
electronica de grado espacial con costos que sobrepasan las posibilidades de los
centros educativos.

Los cubesat en su presentacion de simuladores de mesa, asi como los modelos reales
puestos en orbita como lo fue el AztechSat-1 se han utilizado principalmente a nivel
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Fig. 6. Simulacion de adquisicion de datos a través de Proteus y la salida en la terminal
virtual.

Fig. 7. Integracion del circuito.

universitario teniendo una variada participacion de disciplinas las cuales en mayor o
menor grado estan relacionadas con la tecnologia espacial. Por su lado los cansats
pueden incluso cubrir un sector mas amplio en los niveles educativos que pueden
empezar a nivel de media y media superior.

Los satélites en general poseen una estructura similar y con los cansats. Se pretende
reproducir el funcionamiento de éstos subsistemas, sin embargo, las tecnologias que se
utilizan son variadas esto basicamente dependiendo de los objetivos o misiones. Es
importante mencionar que las aplicaciones de éstos subsistemas pueden extrapolarse a
otras areas, quienes pueden aprovechar ésta tecnologia tanto en la parte de sensado
como de transmision y almacenamiento de datos.

El dispositivo que se presenta proporciona la capacidad de medir in situ diferentes
variables atmosféricas, las cuales son integradas en el dispositivo, documentando en
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Fig. 8. Prototipo armado en funcionamiento.

tiempo real los pardmetros obtenidos con un volumen considerable de datos
almacenados para su manipulacion y bajo costo. Se realiza una descripcion de los
diferentes elementos utilizados en el dispositivo y el disefio del mismo tomando en
cuenta los requisitos de medicion. Los resultados presentados ilustran la calidad de los
datos proporcionados por las mediciones realizadas de manera simultanea.

4. Desarrollo

Los componentes son piezas fundamentales dentro de cada dispositivo y es
importante seleccionar minuciosamente cada uno de ellos. En el caso de los sensores,
puede variar el rango de medicion o el voltaje de operacion entre un sensor y otro,
motivo por el cual, se verifica cada una de las caracteristicas de los elementos que se
van a integrar. Enumerando a continuacion algunas de las caracteristicas de los
componentes a utilizar en este prototipo.

4.1. Sensor GY-521 MPU6050

Tiene todo lo necesario para medir movimiento en 6 grados de libertad, combinando
un giroscopio de 3 ejes y un acelerémetro de 3 ejes. Trabaja con un voltaje de operacion
de 3 a5 V. Puede medir las aceleraciones en los rangos de 2g/4g/8g/16g, ademas cuenta
con giroscopio, cuyos rangos son: 250Grad/Seg, 500Grad/Seg, 1000Grad/Seg,
2000Grad/Seg, con sensibilidad de giroscopio de 131 LSBs/dps, interface de 12C,
conversor AD de 16 bits (salida digital). Sus dimensiones son de 19x15x5 mm y tiene
un peso de 15 gramos.

4.2. Camara ESP32 CAM moédulo

Esta camara opera con un voltaje de 5 volts, cuenta con médulo de wi-fi 802.11b/g/n,
con un tipo de camara OV2640 2MP, cuenta con CPU de 32 bits de doble nucleo de
baja potencia, frecuencia principal de 240 MHz, potencia informatica de hasta 600
DMIPS, velocidad de reloj de hasta 160 MHz. Incorpora SRAM 520 Kb, 4AMPSRAM
externa, soporta interfaces UART/SPI/I2C/PWM/ADC/DAC, soporta camaras
0V2640/0V7670, flash incorporado, soporta tarjetas TF micro SD (maximo 4 GB),
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Fig. 9. Pantalla de visualizacién de las variables atmosféricas humedad, temperatura,
presion barométrica, altitud, nivel en el eje x y y, medicion del giroscopio, sin unidades.

Fig. 10. Pantalla de visualizaciéon que muestra el comportamiento de las variables,
temperatura, altitud, presion, humedad y nivel del prototipo con respecto al tiempo y la
ubicacion en tiempo real.

compatible con modos de operacion STA/AP/STA+AP, con antena PCB, cuenta con
conectores u.FL y FPC. Sus dimensiones son de 27x40.5x4.5 mm y tiene un peso de
20 gramos. En la figura se muestra el aspecto fisico del sensor con sus entradas y salidas
del mismo.

5. Prueba de funcionamiento de componentes

Se realizaron las pruebas con los sensores a traves del gestor del IDE de Arduino,
verificando la funcionalidad de cada uno de los sensores, considerando que en el
prototipo final se utilizara el microcontrolador ESP32.

5.1. Programacion

Una vez integrada la programacion se carg6 el codigo de todos los sensores en el
microcontrolador ESP32, para corroborar el correcto funcionamiento del codigo los
datos obtenidos de esta prueba se mostraban en la consola del IDE de Arduino.

Para programar el codigo de la comunicacion se configurd la red wifi y los
parametros como el nombre del usuario, ID del dispositivo y credenciales para la
comunicacion con la plataforma IoT Thinger.io, como se muestra en la figura 3.

Después de unir el cédigo de comunicacion con el codigo que integran los sensores,
se agrega el codigo que indica que datos se envian, como se muestra en la figura 4.
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Fig. 11. Muestra el comportamiento del eje x y eje y con respecto al tiempo, cuando el
prototipo se encuentra nivelado.

Fig. 12. Muestra el comportamiento del eje x y eje y con respecto al tiempo, cuando el
prototipo ha sufrido alguna inclinacion.

5.2. Comunicacion

Se configura el dashboard con la opcion From Device Resource, para indicar que la
fuente del valor viene de un dispositivo, el nombre del dispositivo, el nombre del grupo
de variables, la variable y el tiempo con el cual se estaria actualizando la informacion.

En la figura 5 se muestra como interactuan los protocolos de comunicacion, el
protocolo I12C fue utilizado para obtener los datos del sensor giroscopio y del sensor
BMP280, y el protocolo UART se utilizd para obtener los datos del sensor GPS. Una
vez recopilados los datos en el microcontrolador se utilizé el protocolo TCP/IP para
mandar todos estos datos a través de internet a la plataforma IoT,

Thinger.io, y posteriormente se utilizé el protocolo HTTP para mostrar los datos a
través de grafico mejor conocidos como dashboards

6. Resultados

En la figura 6 se muestra el resultado del circuito de la simulacién en el software
Proteus, en donde se puede observar el sensor de temperatura, médulo de GPS y al
sensor de presion y altura conectados de manera virtual a un microcontrolador Arduino
UNO, que a su vez estd conectada a una terminal virtual para mostrar los datos
obtenidos de los sensores.
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o=

Fig. 13. Base de datos con los registros de las variables obtenidos a través de los sensores.

Fig. 14. Continuacion de la base de datos obtenida de la plataforma Thinge.io.

En la figura 7 se muestra el esquema resultante del circuito del prototipo, realizando
la integracion de los componentes, respetando las entradas de los protocolos de
comunicacion como fue el caso de los sensores BMP280, GY-521 MPU6050 y el
modulo de GPS. Todo el circuito fue alimentado con 3.3 volts que son los valores de
desempeio del microcontrolador ESP32.

En la figura 8 se muestra la integracion de los componentes para realizar las pruebas.
En lo que respecta a la velocidad de la comunicacion se obtuvieron resultados muy
favorables, sobre todo con la rapidez y fluidez en la transmision de los datos del
microcontrolador con la plataforma Thinger.io, realizamos una prueba, la cual consistia
en cronometrar el tiempo en que tardaba en encenderse el led, accionando el boton
desde los graficos, y se obtuvo un tiempo de 0.40 segundos con una velocidad de carga
y descarga en internet de 5.03 Mpbs y 8.66 Mbps respectivamente, por lo que la latencia
puede variar dependiendo la velocidad del internet.

En la figura 9 se observa graficamente el resultado de las variables interactuando en
tiempo real con las opciones monitoreo y estadistica, en el primer caso se muestra la
variable de Humedad obtenida por el sensor DHT22, con la unidad de porcentaje en un
grafico llamado Gauge, a un lado se encuentra la variable de temperatura obtenida por
el sensor DHT?22, con la unidad de centigrados en un grafico llamado Tachometer, en
el cual se configuraron alarmas en el color del grafico de acuerdo a un rango en la escala
establecido, también se muestra la variable de temperatura obtenida por el sensor
BMP280, con la unidad de centigrados en un grafico llamado Gauge también con
alarmas, enseguida la variable de presion proveniente del sensor BMP280 con la unidad
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bar en un grafico llamado Progressbar, finalmente la variable altitud obtenida por el
sensor BMP280, en metros y en un grafico llamado Tachometer, se muestran las
variables de nivel del eje X y eje y, las cuales no tienen ninguna unidad en unos graficos
llamados Text/Value, los cuales cuentan con tres alarmas, cambian de color, verde o
rojo dependiendo si estd o no equilibrado el eje respectivo.

La figura 10 muestra las Estadisticas que genera la plataforma, en donde se puede
ver el comportamiento de las variables de temperatura, altitud, presion, humedad y
nivel en los ejes X y Y, con respecto al tiempo, las cuales se van registrando
graficamente cada 5 segundos, asi como la ubicacion en tiempo real a través de un
mapa, gracias a las coordenadas de latitud y longitud obtenidas del médulo de GPS.

En la figura 11 se puede observar el comportamiento del eje X y eje y con respecto
al tiempo, cuando los dos ejes se encuentran nivelados, se puede apreciar que la grafica
se mantiene estable en comparacion con la figura 12 la cual muestra cuando el eje X y
ejey, tienen alguna inclinacién o movimiento, se ve como los puntos graficados sufren
un cambio significativo. Por lo que este tipo de graficas son ideales para identificar
cualquier anomalia que suceda en el prototipo.

Las figuras 11 y 12 muestran los resultados de la base de datos, que en este caso se
programo para almacenar los datos de todas las variables cada minuto la cual solo puede
tener 100 registros almacenados y posteriormente se va eliminando el ultimo. En la
figura 13 se muestra la base de datos con 8 columnas etiquetadas como Date para la
fecha y hora, enseguida las correspondientes a las variables Altitud, Angulo x, Angulo
y, Humedad, Latitud, Longitud y Presion. Finalmente, en la figura 14 se muestra la
continuidad de la base de datos en las columnas con el nombre de las variables faltantes,
las cuales son las dos variables de Temperatura obtenidas.

Se compararon las mediciones de los sensores en el prototipo fisico con las que se
midieron en la plataforma obteniéndose precisiones menores al 0.05%.

7. Conclusiones

Se puede hacer las siguientes conculsiones.

1. En este prototipo se integraron diferentes subsistemas electronicos, que permitieron

recopilar la informacion de variables atmosféricas en tiempo real a una altura de mil
metros sobre el nivel del mar para simular una mision satelital de comunicacion y
percepcion remota.

. Se disefid un prototipo con los subsistemas minimos requeridos considerando las
limitaciones en peso, dimensiones, transmision de informacién y la creacion de las bases
de datos a través del software Proteus y la plataforma Thinger.io que sirvieron de apoyo
para integrar dichas soluciones.

. Se establecieron las variables atmosféricas que se miden en el prototipo, en donde se
determind que las variables de temperatura, humedad, altura, localizacion y el nivel en
los ejes X y Y son indispensables para vigilar el comportamiento de la atmdsfera.

. Se selecciono6 el microcontrolador ESP32, se debido a que tiene integrado un médulo
wifi, ademas de que es compatible con la IDE de Arduino y sobre todo porque es
compatible con la plataforma de IoT que se eligi6 para realizar la comunicacion.
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Se configur6 la comunicacion entre los diferentes protocolos de comunicaciones que los
diferentes subsistemas requerian.

Se selecciond la plataforma Thinger.io para una comunicacion y visualizacion de los
datos obtenidos en tiempo real, asi como también el almacenamiento en la base de datos
que la misma plataforma proporciona.

. Este prototipo electronico se convierte en una herramienta util, no solo para el sector

aeroespacial sino para multiples areas en donde se les puede obtener aplicaciones para el
monitoreo de diferentes variables, ocupando como base informacion expuesta en este
documento las cuales facilita una alternativa mas clara de telemetria.
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