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Preface

This special issue presents original research papers on Pattern
Recognition, Image and Document Analysis, and real word applications.
These papers were accepted to be presented at the first Mexican
Workshop on Pattern Recognition MWPR 2009. MWPR2009 was
created as a forum for exchanging scientific results and experiences, as
well as sharing new knowledge, and increasing the co-operation between
research groups in pattern recognition and related areas, in Mexico. This
first workshop was organized by the Computer Science Department of
the National Institute of Astrophysics, Optics and Electronics (INAOE)
and the Mexican Association for Computer Vision, Neural Computing
and Robotics (MACVNR). MWRP2009 was sponsored by the Research
and Advanced Studies Center campus Guadalajara (CINVESTAV-

GDL), and the Center for Computing Research of the National
Polytechnic Institute (CIC-IPN).

A total of 26 full papers were received for evaluation. Each submission
was reviewed by at least two independent members of the Editorial
Board of the volume. This volume contains revised versions of 18

papers, selected for publication after thorough evaluation. Thus the
acceptance rate was of 69%.

We cordially thank all people involved in the preparation of this volume.
In the first place, to the authors of the papers, whose contributions -
allowed the success of the MWPR2009. We also thank the members of
the Editorial Board of the volume and additional referees. The
submission, reviewing and selection process was supported for free by
the EasyChair system, www.EasyChair.org.

We hope this first edition of the Mexican Workshop on Pattern
Recognition become the starting point for a series of successful events
involving the Mexican Pattern Recognition Community.

Jesus Ariel Carrasco Ochoa November 2009
José Francisco Martinez Trinidad
Juan Humberto Sossa Azuela
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Robust Extrinsic Camera Calibration from
Trajectories in Human-Populated Environments

Guillermo Baqueiro and Jean-Bernard Hayet

Computer Science Group,
Centro de Investigacién en Matematicas (CIMAT, A.C.),
Guanajuato, Gto. 36240 México.
baqueiro, jbhayet@cimat .mx *

Abstract. This paper proposes a novel robust approach to perform
inter-camera and ground-camera calibration in_the context of visual
monitoring of human-populated areas. By supposing that the monitored
agents evolve on a single plane and that the cameras intrinsic parameters
are known, we use the image trajectories of moving objects as tracked
by standard trackers in a RANSAC paradigm to estimate the extrinsic
parameters of the different cameras. We illustrate the performance of our
algorithm on several challenging experimental setups.

1 Introduction

In spite of its spectacular development, video-surveillance is yet largely depend-
ing on human agents in charge of monitoring up to dozens of TV screens, which
may be responsible for negative detections. Recent years have seen the emergence
of automatic, computer-aided video-surveillance systems in the computer vision
community. Typically these systems use state-of-the-art tracking algorithms in
each camera in the network, and fusion techniques to recover 3D trajectories
of the moving objects in the scene [1]. Then, this information feeds pre-defined
or unusual event detection and may trigger alarms. An important element for a
widespread use of such systems is an automatic calibration algorithm that would
not require the costly intervention of an expert.

This article presents such an algorithm, that estimates the extrinsic param-
eters of different cameras involved in a surveillance network, i.e. the different
3D transformations between pairs of cameras and between each camera and the
reference plane. The assumptions we make are that (1) the targets are mov-
ing on a planar scene, which is a common setup in surveillance systems, (2)
we have an estimation of the intrinsic parameters of the cameras, and (3) the
cameras are static. An important characteristic of such camera networks is that
the viewpoints may be dramatically different from one camera to another, e.g.,
in the frames from two sequences of cameras at Fig. 1. In particular, this pre-
vents us from using traditional feature-based matching techniques based on locz.a.l
descriptors around interest points [2] for estimating the underlying geometric
transforms. Instead, in the vein of the seminal work of [3], we rely on the output
of motion detection and motion tracking to guess correspondences at the level
of motion blobs or motion tracks and to infer the corresponding geometry.

* This work was partially funded by CONCyTEG through its grant 09-02-K662-073.

© J. A. Carrasco-Ochoa, J. F. Martinez-Trinidad and H. Sossa (Eds.) "'q
Special Issue in Advances in Pattern Recognition ..
Research in Computing Science 44, 2009, pp. 3-10



4 G. Baqueiro and J. B. Hayet

Fig. 1. The typical input/output of our algorithm: we form correspondences (one color,
one-correspondence) among trajectories (from standard trackers) to compute robustly
the feet-to-feet homography H;; between the two views. These inlier trajlets (see Sec-
tion 3) correspond to the computations of homographies between camera 2 and 7 of
the PETS 2009 data (i.e., subfigures of the right column of Fig.3).

The organization of this paper is as follows: In Section 2, we highlight no-
ticeable related work in the literature; in Section 3, we describe our algorithm
for robust inter-camera homography estimation; in Section 4, we recover all the
extrinsic parameters from homographies and in Section 5 we comment results on
different setups; finally, Section 6 draws conclusions and introduces future work.

2 Related work and contributions

The seminal work of Lee and al. [3] uses the centroids of blobs extracted with
standard background subtraction techniques to perform homography fitting with
a least median square (LMS) approach, that is further refined in a second step.
Its main drawback is that the number of putative correspondences grows very
fast with the number of targets, so that the number of inliers for the LMS opti-
mization drops dramatically in proportion, making the algorithm unsuitable for
regularly crowded scenes. Obviously the dimension of the search space is reduced
drastically when, instead of motion detection blobs, one form the correspondences
from tracking sequences [4,5]. In [5], the authors present a RANSAC-like ap-
proach that performs non-uniform sampling in the set of putative sequences. It
sequentially tests homographies from two pairs of sequences (two pairs in each
video) and keeps the best homography but the likelihood functions that ponder
each sample are not clearly defined. The work in [4] is more general in a sense, as
it is extended to fundamental matrix estimation, and is also based on RANSAC,
but does not make particular distinction between samples to guide the consen-
sus to the most promising pairs of sequences. In another paradigm, the work
of [6] uses perspective invariants, namely the cross ratio of five points, to select
corresponding trajectories between video sequences. The algorithm also allows
to calibrate the time offset between cameras. However, in most situations, it is
quite difficult to isolate non-degenerate trajectories — i.e, sufficiently far from
straight lines — to compute stable cross-ratios, so that the possible applications
of this work are limited. A common inconvenient of the previous approaches
is that it uses tracking trajectories as they come from the tracking algorithm,
which causes problems of robustness in the case that the tracking fails — and that
the system is not aware of it. Among the most recent works in the area, the one
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of [7] is interesting as it also takes radial distortion into account. However, the
correspondences are determined on the base of control points manually selected
onto trajectories, which may make it more adapted for expert users.

In many situations, e.g. because of occlusions in crowded scenes, tracking
algorithms may be confounded and may assign a wrong identity to some tracked
object. This may be catastrophic for the estimation of scene geometry. Our
approach brings several contributions among which (1) robustness with respect
to the possible failures of the tracking algorithms and (2) more reliable guidance
of the optimization process to the correct geometry.

3 Robust inter-video homography estimation

3.1 Problem formulation

Fig. 2. Setup: Several cameras C; for 1 < i < N observe a planar scene laid on a plane
II. The inter-camera homographies between two cameras i and j are denoted by Hij,

while the camera-to-reference plane homographies from camera i to IT are denoted by
H;. Each camera has it own (shaded) scene coverage.

The problem setup and notations are detailed in Fig. 2: several cameras Cj,
1 < i < N, with different degrees of overlap, monitor a scene where people or
other mobile objects move. We suppose that this scene is laid on a reference plane
IT, which induces an homography between any pair of cameras (4, j) monitoring
the scene, i.e. if p; = (u;,v;)T is an image point in camera C;, projection of a
point P of the plane IT, and p; = (u;,v;)7 the projection of this same point on
camera Cj, then we have the classical relationship [8],

u hig b2 i\ (v
1 hij hig b5 ) \ 1

where ~ means that a relation of equality holds for any multiplication fac_tor
A > 0, so that Hj; has in fact only 8 degrees of freedom. The problem consists
in estimating these transforms, first, and, on a second step, the homographies
H; that maps points p; to the points they are the projection of, i.e. points P,

u RI p12 p13\ [ X
pi=|v|~HP=|hr2r||Y

, , (2)
1 B A2 RS )\ 1
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where P = (X.Y,0)7 are the coordinates of point P in a frame (X,Y, Z)
(depicted in Fig. 2) such that Z = 0 is the equation of /7. Traditional methods
estimate homographies H;; by searching for point correspondences (p;, p;) and
using them to solve the linear system directly induced by Eq. 1. As these corre-
spondences are extremely difficult to find with points and appearance whenever
the viewpoint changes strongly, we rely on tracks from video trackers.

Our algorithm can be summarized in: (1) collect trajectories in each
stream V; with a tracking algorithm, (2) pre-process the trajectories to elim-
inate potential ambiguities at occlusion points, we will refer to the trajectory
parts built in this way as trajlets, and (3) apply the RANSAC-like robust opti-
mization process with a likekihood-guided sampling process.

3.2 Collecting and pre-processing trajectories

As we want the algorithm to be robust w.r.t. the properties of the 2D tracker,
we apply any state-of-the art 2D tracker on our video streams and collect the
resulting tracks. Practically, we used different algorithms implemented in the
OpenCYV library. The result, for a video stream 7 of camera C;, is a set of trajec-
tories L; = {Igm) , m > 0}, encoding the position of one target centroid along
the time. The centroids are chosen because they are not as sensitive to noise as
the feet position. However, a consequence is that the computed homography will
correspond to a plane passing through target centraz'd.g (i.e., not IT). We denote
it as H;; and will see that H;; can be deduced from Hjj.

The second step forms what we call trajlets, i.e., pieces of trajectories that
are a priori not susceptible to be contaminated by occlusion errors from the
tracking algorithm. For all pairs of trajectories (lsm) ; IJ(-'")) for which some of the
points pi, ;s are close (at some timestamp t), we simply cut off the ambigu-
ous parts on a given time radius 8. This creates four sub-trajectories (¢rajlets)

(l§M)+, lSM)-: [.gn).'-r I_gn)—): such that,

li("') = z§""” U {Di,t—s--Pi,t45} U lgm)*',
5V = 17 U{pjems-prass} VT

Also, we smooth these trajectories by using local filtering based on Bezier
curves. The result of this processing is, again, for each video stream i, a — a
priori larger — set L} = {l‘("') , m > 0}, as illustrated by Fig. 1.

3.3 Robust homography estimation

The estimation of Hj; is done in a RANSAC-like scheme described in this section.
A priori, a candidate homography for explaining the two images from the same
scene can be derived from just one correspondence between a trajectory in i
and a trajectory in j, since it is entirely defined by 4 point correspondences [4,
6]. However, most of the trajlets appearing in usual video-surveillance contexts
are close to degenerate, i.e. linear. This is why we generate here the candidate
homographies from two trajlets correspondences instead of one. This, in turn, has
an inconvenient, since, if we have an order of magnitude of 7 trajlets appearing
at intersecting windows of time, then the probability for a sampled pair (4, j) to
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match is ;, and the one for two consecutwely sampled trajlets -1- Hence, the
number of samples needed in RANSAC to ensure (in expectatlon) that a correct
pair is sampled is quadratic in 7, which can be problematic with crowded scenes.
A solution is to avoid an uniform sampling process by assigning likelihood
values to all possible pair of trajectories, and by sampling the trajectories pairs
according to these values of likelihoods. We define them in the following way:

1
max(N; (™), N:(i§™))

p(™, 1) AE™, ),

where N; (lsm)) stands for the number of trajlets from L’ that have a time
overlap with trajectory lsm) (the value being defined as one if there is no time

overlap) and A(l(m) (")) measure the time overlap. These two terms (1) penalize
the sampling of trajectories that could result ambiguous to match (large N;
or N;) and (2) favor those trajectories with large overlap, which should improve
the homography computation by preferring larger sequences. Both criteria make
the required number of samples much lower than the aforementioned quadratic
term above. In practice, we need a few dozens iterations to get a pair of correctly
matched trajlets. The whole optimization process is described in Algorithm 1.

Algorithm 1 Homography computation between cameras C; and Cj

S«0
repeat
1. Sample a pair of trajlets (1™, l(")) according to the likelihoods p(I{™, I("))
2. Compute the candidate homography ™ from the correspondences between

all points of I{™ and l(“)) by using the classxcal DLT [8], and its inverse (A73™)~%.
3. For all trajlets pairs (l(") l(-")) compute the residual symmetric error €*(r, s):

1

2 fymn 2 fymny—1
é(r,s) = TEPTSl N AT prpe) A+ (e (T 2ps)--

(Pr-Pa)Glsr) xl?)

4. Identify in the residual matrix €2(r,s) elements that are (1) below a given
threshold and (2) minima on the line r and column s.
5. Sum in S the lengths of the trajectories corresponding to the identified elements.
6. 15> 85,8« S;Hy; « HZ™.
until a given proportion of trajectories from video streams V; and V; have been
explained by H;; or a given number of iterations have been done.
if Hi; explains a sufficient proportion of trajectories in V; and V; then
consider H;; as recovered
else
consider the two views as un-registered.
end if




8 G. Baqueiro and J. B. Hayet
4 Extrinsic parameters estimation

Homography decomposition. Once the homographies FI,-,- have been recov-
ered, we estimate extrinsic parameters, i.e. the parameters of the rigid 3D trans-
form between the two cameras acquiring video streams i and j. To this purpose,
we use the following decomposition of H;; (8],

f},‘j ~ K,-[dR + t‘nT]KJ-_l (3)

where the matrices K; are the intrinsic parameters of cameras i, supposed
known here, and where d,n give the equation of the plane (here, the centroids
plane) in camera i frame, i.e. its equation is nTQ = d, where Q are the coordi-
nates of 3D points in the camera i frame. Note that Eq. 3 is given only up to a
scale factor, that we will determine in a second time. We use Triggs’ algorithm
to determine the decomposition values [9]. It gives two possible pairs (R,t), one

of them being easily discardable.
Image plane to ground plane homography. From the image-to-image

homography and its decomposition, one recovers’ an homography to the cen-
troids plane, by deriving from the projection equation on camera Ci,

(wi, vi, l)T ~ Ki(dn + Qn-’-):

where Q,+ is the component of @ onto the centroids plane. By choosing a
base ey, e of vectors generating the centroids plane, for example e; = (1,0, 0)TA
n, and ez = €; A n, one derives in terms of the spatial coordinates on the — real
— centroids plane, (a, 8),

(u_,-, v, l)T ~ K; (31: €2, dn) (av B, l)Tl

i.e. H; = K; (e1,e2,dn) acts as an homography from the centroids plane to
the image plane in camera C;.

Scale recovery. As t and d are computed only up to a scale, we used some
knowledge about the scene to compute the scale factor, one option is to assume a
constant, fixed velocity for the object in the scene with median velocity, another
one to assume a half-height of one meter between people’s centroids and feet. In
our experiments, the second option gave better and much stabler results?. Once
the scale is recovered, one finally gets either a ground plane-to-image H; (as in
Eq. 2) or an image-to-image H;; induced by the ground plane IT (as in Eq. 1).
Most of the results below illustrate this second form. Note that for the moment
all the homographies are expressed in a different frame relative to I7.

5 Results

As mentioned before, this work has been implemented in C++ with the OpenCV
library. We tested our algorithm on the PETS [10] benchmark data, which pro-
vides different case studies, with eight video streams for each case, corresponding

! Up to a scale factor for d !
2 It seems that one problem in using velocity information is that the framerates of
most videos of the benchmark data are not constant.
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to different level of people density. For calibration purposes, we used the medium
density crowd dataset (S0), and give some results in Fig. 3. We depict three of
the computed homographies H;; (left) and their inverse (right) by warping the
image j onto the image plane i. It can be observed that most of the spottable
elements in /T (roads, lines) that appear in both views are mostly correctly
warped in the other view. The Fig. 1 gives the inliers trajlets that served to the
estimation of the homography of the last column (i.e. between views 2 and 7).
In addition of the three examples shown in Fig. 3, the algorithm can calibrate
15 of the possible 28 camera pairs, and we are still improving the algorithm to
get more homographies (in fact some of the cameras have too little overlap).

6 Conclusion

The external calibration algorithm we present in this paper exhibit several ad-
vantages over comparable algorithms in the literature: (1) by using pieces of tra-
Jectories adequately sub-divided and by assigning them likelihood values reflect-
ing a priori values for being matched unambiguously, it keeps the computational
complexity (driven by the number of iterations to perform in the RANSAC-like
process) reasonable; (2) the fact of not relying on the entire trajectories, but in-
stead in smaller parts, makes it much more robust to occlusions that occur with
2D tracking algorithms. We presented rectification results in some challenging
situations, where the viewpoint changes make nearly impossible to recover the
geometrical transform by traditional point correspondences techniques.

Our ongoing and future work focus in determining uncertainties on the dif-
ferent homographies we compute, and by using these uncertainties to (1) re-
optimize all homographies by using relationships of the form H;; = H;xHj; and
(2) track moving in objects in 3D, both in a probabilistic manner.
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Abstract. Corner detection is an important step in applications of object recognition,
scene recognition, and stereo vision, among many others. The purpose of this paper
1s to present a comer detection method for scene recognition in autonomous
navigation of mobile robots. The proposed method is based on thirty windows to
find possible comers. Some of the proposed windows are taken from fingerprint
recognition papers and other are derived in this paper. The set of windows are used
through a matching process to detect corners presented in the image under analysis.
Results of the proposed method yield better quantitative and qualitative results
compared with the Harris and SUSAN methods. These results can be used by a
pattern recognition system for scene recognition.

Keywords: Scene recognition, corner detection, robotics.

1 Introduction

Corner detection is used in areas such as robotics, medicine. In robotics, it is used for
data fusion, navigation, and scene recognition [1]. In medicine, it is applied for image
registration such as x-rays, ultrasounds, and medical diagnostics [2]. In other
applications, corner detection is used for object recognition, stereo vision, motion
detection, among many other usages [3] [4].

Corners are the features more abundant in images of the real world, in contrast to
straight lines [5]. For this reason, the use of corners is commonly found in tasks such as
image matching. One of the advantages that corners offer is that, if we have images of the
same scene, although taken from different perspectives, we will find almost the same
corners, which is a good feature for image registration. That in turn will provide
information for navigation of mobile robots. There are different definitions for what it is
considered a ‘corner’. F. Mokhtarian and R. Suomela, in [6], explain that the points of
corners in an image are defined as points where the contour of the image has its maximum
curvature. Juan Andrade-Cetto, in [7], mentions that corners are one of the most simple
features which can be extracted from an image, and define corners as those points in an
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image where there is change in the intensity in more than one direction. Krishnan
Rangarajan, et al. [8], describe a corner as the point of union of two or more straight lines.
In this paper, a corner is considered accordingly to the definition of Rangarajan. Based on
this consideration, the proposed method described in this paper locates comers based on

comner window analysis.
The paper is organized in the following sections. In Section 2, some of the more used

methods for corner detection are discussed. Section 3 provides a general glance of the
method proposed in this paper for corner detection. Sections 4 and 5 describe the main

steps of the corner detection method. Results and conclusions are presented in Section 6.

2 Corner detection methods

The methods for the detection of corners can be divided in two groups: those which
can accomplish the detection from the image in gray scale, and those which first detect
edges and then detect comners. Among the methods of the first group, the most mentioned
in the literature are the method of SUSAN [9] and the method of Harris [10]. The method
of SUSAN differentiates from other methods in that it does not compute the derivative of
the image under analysis and that it is not necessary to reduce the noise that could be
present in the image. It uses a circular mask which scans the whole image, comparing the
gray levels of the central pixel in the mask and the rest of the pixels inside the mask. All
the pixels with a gray level equal to the central pixel level are considered as part of the
same object. This area is called USAN (Univalue Segment Assimilating Nucleus). The
USAN area has a maximum value when the center is in a plain region of the image, a
mean value when it is on an edge, and a minimum value when it is on a corner.

The method of Harris is more sensitive to noise because it is based on the first
derivative of the image. However, it is invariant to rotation, translation and illumination,
which give it advantages over other methods. This method uses a window which scans the
image and determine sudden changes in gray levels which results from rotating the
window in several directions.

Among the second group of comner detectors, which use any method of edge detectors,
we can mention the one of X.C. He and N.H.C. Yung [11]. They use the method of
Canny and indicate the steps to follow for the detection of comers calculating the
curvature for each edge.

Other authors use windows for corner detection from edge images, such as K.
Rangarajan et al. [12]. In a similar way, G. Aguilar et al. [13] compare images of finger
prints for the identification of persons using 3x3 windows. On those, they propose
different bifurcations to be found, which we could call ‘corners’. W. F. Leung et al., [14]
use 23 windows of different bifurcations and 28 different windows of other type of
corners for their detection in the finger print image using neural networks. The method
described in this paper is based on the second group of corner detectors. Those which first
apply edge detection and then detect corners using windows over the edge image. The
next section explains the corner detection process developed in this paper.
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3 General Description of the Corner Detection Method

The process for comner detection is shown in Figure 1. The original image I(x,y)is
convolved with a Gaussian filter G to remove noise that could be present in the image,
yielding the image j,(x, y). A gradient operator and a threshold to determine the edges
are applied to the image 7 (x, y). These two operations correspond to the edge detection

using the method of Canny. The Canny method was used because it yielded better results
than the Sobel and other common edge operators. The resulting image I,(x,y) is

convolved (*) with 30 corner detection windows, w, of order 3x3, to detect the corners
present in the image. The resulting image I (x, y) contains the comers found.

Pt L T T,
>

t (;:i-_.na--ﬁ«_s--:m,.‘,,_ Gf-“ -
l I6xy) |-' L(xy) |-¢-

Fig. 1. Comner detection process.

4 Corner Detection Method
4.1 Corner detection windows

The papers from G. Aguilar [13], and W.F. Leung et al. [14], coincide in that there are
different types of bifurcations or comners, that we call them, Y's, V's, T's, L’s, and Xs,
accordingly to the form they take, as shown in Figure 2. Based on the similitude of these
corners with fingerprint marks it was decided to investigate the possibility of using a
unified theory between fingerprint recognition and scene recognition. Thus, from the
finger print recognition works, some windows were chosen to detect corners. These
selected windows plus other proposed in this paper make a set of 30 windows. Each

corner detection window, w, , is a 3X3 mask and some of their structures are illustrated in
Figure 3.
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Fig. 3 Proposed comer detection windows.

The set of w. windows is composed as follows. Windows w;, w,, w; and w,, are four
windows modified from the work of Leung at al. [14]. The modification consists on the
aggregation of one pixel because they try to find terminal points and in our case we look
for crossing lines. The extra pixel is darkened in these windows. Windows w; to w,, were
also taken from Leung. The windows w;; to w;, appear in Aguilar et al. [13]. The subset
Wy to wj, are windows proposed in this paper. The proposed windows were defined by
analysis of the comners usually found in the set of images considered in this work.

4.2 Corner detection

Corner detection is achieved through a windows matching process. The image is
scanned with the different comner detection windows w, , trying to match the window
comer shape with the edge pixels. Assuming a 3X3 neighborhood and two possible values
{ 0, 1} for each pixel, the number of permutations is 2° = 512. The values 2" for r=0,1,...,
8 can be considered as weighting values to generate a generic weight matrix 7, , starting
at p(1,-1) as shown in Figure 4.
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Fig. 4. Generic weight matrix, 7,,.

Using the generic weight matrix 7, each w, can be associated with an index window B;
T,:w.= B, Jor ¢,i=1,.,30 (6)
obtained by

B =w_x T ™
where the multiplication is an element by element multiplication and not a matrix
multiplication. In this way, each w,. window is related to a index window B,. In the same

way, each index window B; can be associated to a total weighting factor ¢; obtained by
equation (8).

a,=1+2b, . 8)

where the b, correspond to the weighting factor in B; Figure 5 illustrates the
computation of the index window B, and the total weighting factor ;s of the window
wzg. Once the main definition of the proposed methodology has been defined, the steps to
detect the corners are now described.

Corner detection of a scene is accomplished by the next steps. First convolve the
binary Canny result image J;(x,y) with the index matrix B;

I,(x,y)=1,(x,y)*B,+1 . ©)

This step yields the possible corners related to each corner window w,. The next step is
to decide which of the possible candidate pixels in each Iy(x,y) is a comer that
corresponds to w,. This process is realized scanning the I;(x,y) and assigning a pixel value
according to

1 p,(x,y)=¢
p.,(x,y)={ @ (10)
o otherwise
256 L3214 I
1" 1
0 0 e
55 b
Wis Tu BJJ a28=80

Fig. 5. Computation of the index window B, and the total weighting factor s of was.



16 M. I. Chacon-Murguia, C. P. Guerrero-Saucedo and R. Sandoval-Rodriguez

to produce a new set of images /.(xy)  where p,(x,y)el, (x,y) and
P.(x,) € I,(x,y). The value 1 indicates that the pixel p(x,y) is a comer of the type w..
This process ends up with 30 binary images that indicate the position of the different type
of corners. The final step consists on the union of the /,(x,y)images to produce the final
corners
30
Irc(x,y)= Ulgi(x,y) . (1n)

i=1
5 Results

The proposed method was tested in semi-artificial scenes as well as with a set of real
scenes. The purpose of using semi-artificial scenes is to obtain a correct performance
measure of the proposed method, which will be hard to compute in real (noisy) scenes.
These kind of images allows to compute false positives and false negatives detections in a
simpler form and to achieve an analysis of these cases. A semi-artificial image is a
simplified image extracted from a real scene. Figure 6 shows the semi-artificial version of
three scenes.

Results of the application of the proposed method to the scenarios are shown in Figure
7. The first figure indicates the corners to be detected and the second the detected corners
by the proposed method. There are 32 comers to detect in scene 1. The method detects 36
comners, therefore there are 4 false positive detections. The scene 2 contains 42 corners.
The method found 40 corners, and there are 2 false negatives comers. In the scene 3 the
method detected 61corners, 6 of them are false positives. These results yield 98.45% of
real corner detections, 7.75% of false positive detection, and 1.56% of false negatives.
The results of the Harris method using the same scenes are 96.9% of real corner
detections, 33.33% of false positive, and 3.1% of false negative. Comparison with the
SUSAN algorithm is not possible because it requires gray level information. A qualitative
comparison will be given over the original images later on.

g
1 |
U]
or. 3

Fig. 6. Semi-artificial scenes, 1, 2 and 3.
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Fig. 7. a) Comers to be detected and b) the corresponding detected comers by the proposed method

for scenes, 1, 2 and 3.

False negatives are mainly due to corners that do not match exactly to any w,. False
positives tend to appear as a consequence of multiple corner detections. This is because
more than one w. make a match with the image edge structure close to the corner. Figure
8 shows two multiple detection due in scene 1. Figure 8b illustrates the corner structures
that make a match with the ws, and w;, windows.

The final results commented in this work are related to the comparison of the proposed
method with the Harris and SUSAN methods applied in real scenes. Figure 9 show the
corners detected by Harris (a), SUSAN (b) and the proposed method (c).

Fig. 8. False positives in scene 1.

It can be observed that, in general, Harris and SUSAN tend to detect more corners than
the proposed method. However, the false positive rate is assumed to be very high, as
" proved with the semi-artificial images using the Harris method. Considering that corner
information is used for robot navigation, high rate on false positives may lead to
complicate more the scene recognition than the lack of some corners.

6 Conclusions

The proposed method has a better quantitative performance on semi-artificial scenes
than the Harris method; and a better qualitative performance, with real scene images, than
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the Harris and SUSAN methods. Scene recognition using features obtained from the
detected comers presents preliminary acceptable results in a neural network scene
recognition system like in [15]. The performance of this system is around 85% of correct
recognition considering 10 different scenes considering different distance and
orientations, four of them very alike, which makes the recognition harder. Future work
includes more feature extraction experimentation over the detected corners, and the design

of new scene recognition systems.

Fig. 9. Comer detection by a) Harris b) SUSAN and c) Proposed method.
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Abstract. The Light Transport Constancy (LTC) establishes that the
reflectance ratio obtained from two different illumination variations re-

mains constant for any given view of the observed scene. In [1], LTC was
proposed as a rank constraint for solving the correspondence problem in
multiple view stereo. In two-frame stereo, the simplest setting for LTC
requires only two illumination variations and a single light source. Un-
der this scenario, the rank constraint can be formulated through ratio
images and standard stereo algorithms be applied in order to obtain a
disparity map. Unfortunately, a ratio image may be subject to saturated
pixel values, which may diminish the quality of the disparity maps. To
overcome this problem, we introduce a post-processing operation based
on the slope angles related to the ratio values. Experiments show that the

new angular ratio images are more robust and deliver improved disparity
maps.

Key words: Light Transport Constancy, two-frame stereo, ratio images.

1 Introduction

Acquiring the three dimensional surface of objects is an important problem in
Computer Vision, since a 3D surface simplifies the modeling of the appearance
of the object. A 3D surface can be obtained using contact devices such as laser
scanners. Other possibilities imply information provided by one or more cameras.
This methodology is known as image-based 3D shape recovery. Although the
image-based approach is appealing, the nature of the image acquisition process
makes the input images prone to errors. In this sense, lighting manipulation
represents a way to posing constraints on image-based shape recovery techniques.
For instance, the intensity of the light can be regulated in order to obtain 3D
shape. This is the core idea of Light Fall-off Stereo (LFS)[7], where a number of
images is gathered from a stationary camera as the illumination source moves
away from the scene. Based on the inverse square law for light intensity, the
ratio images are directly related to scene depth from the perspective of the
light source. Controlling the geometric position of the light source represents a

* This work has been supported by Project Conacyt Ciencia Bsica 61593.
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different alternative to face the problem. The Photomnetric Stereo Method (PSM)
[6] is the classical technique dealing with this consideration. Here, a single camera
captures images while the direction of a light source moves around a fixed pose
object.

When more than one camera is required, binocular stereo (two-frame stereo)
is the image-based 3D shape recovery method with the simplest setting. Here,
only two cameras capturing a still scene are needed and the correspondence
problem is solved between the two views in order to obtain depth information.
Unfortunately, when Lambertian reflectance and color/brightness constancy are
not observed, the calculation of correspondences becomes a difficult task. In
binocular stereo, the manipulation of lighting has also been proposed. For ex-
ample, projective geometry laws may be applied if structured light patterns
are projected over the surface of the object [5]. This is normally done using a
projector, but colored laser rays can also be projected if more accurate results
are needed. Another approach based on lighting variations is the Helmholtz
stereopsis. This method allows matching of arbitrary Bidirectional Reflectance
Distribution Functions (BRDF) and uses the reflectance function reciprocity as
an invariant [8,9] . By collocating point light sources with each camera it is
possible to record reciprocal pairs using two different lighting conditions. Due to
reciprocity the reflected light to the cameras will be equal. This method, how-
ever, requires the light sources to be collocated with the optical center of each
camera.

Recently, the Light Transport Constancy (LTC) [1] has been proposed as
a correspondence clue in multiple-view stereo. LTC is used to formulate a rank
constraint matching cost when the scene is observed in several lighting variations
(i.e., changes in light intensity). LTC establishes that the reflectance ratio ob-
tained from two different illumination variations remains constant for any given
view of the observed scene. LT'C does not require the position of light sources to
be precisely calibrated or even known. In two-frame stereo, the simplest setting
requires only two illumination variations. Under this scenario, the rank con-
straint can be formulated through ratio images, and standard stereo algorithms
be applied in order to obtain a disparity map. Unfortunately, a ratio image may
be subject to saturated pixel values, noise and occlusions, which may diminish
the quality of the disparity maps. To overcome this problem, in this paper, we
introduce a post-processing operation based on the slope angles related to the
ratio values.

The paper is organized as follows: in Section 2, the LTC is introduced; in
Section 3, the use of angular measures for improving ratio images is explained;
experiments are presented in Section 4 and finally conclusions are described in
Section 5.

2 Light transport constancy

The Light Transport Constancy states that the percentage of light reflected by
a surface patch (the BRDF) remains constant for any given viewing direction of
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a static scene. Following the explanation in [1], let us call a particular point in
the scene z;. This point will reflect light to the cameras C; and C, according
to Ic,(z:) = L(z;)R(zi, L,C;), where I¢,(z;) is the reflected intensity in the
direction of C; from the point z;, L(z;) is the incident light intensity at point
z;, and R(z;, L, C;) is the reflectance function or BRDF at point z;, indexed by
the vectors in the direction of L and C;. The Lambertian assumption asserts that
the reflected light is equal in the directions of C; and Cs, i.e., the BRDF is shared
and R(z;, L,C;) = R(z;, L, C2). Thus we have I, (z;) = Ic,(z;). However this
relation will not in general hold for arbitrary (non-Lambertian) BRDFs. Light
transport constancy assumes that the surface reflectance function, R(z;, L, Cj),
remains constant under variable illumination. If we vary the lighting conditions,
so that the incident illumination varies by a factor of k(z;), then the observed
reflected light, Ic,(z;), will also vary by a factor of k(z;), as

Igy(:) = k(z:) L(z:) R(z:, L, Cj) 1)

Wang et al [1] have shown how LTC can be used in multiple-view stereo to
impose a rank constraint on the matrix

chvx IC':Vx ICmVL
Ieywv, Icyv, -+ Ic, v
Icv = ) . )

. (2)
Icyv, Icyv, -+~ Ic,.v,

where Ig,y, is the observed grayscale value by the jin camera under the kg
lighting variation. Note that, for the sake of simplicity, we have omitted the
notation (z;). However, each of the remaining equations in the paper is related
to a single pixel at position z;. The matrix with minimum rank is therefore
sought, i.e., if LTC is observed through the different camera viewing positions
and lighting variations, then the dimension of the column space of the matrix
Icy should be minimal. The rank constraint only holds when the number of
light sources is less than both the number of lighting variations and the number
of cameras. Then the rank of I¢cy is at most the number of light sources. Since
Icy will be corrupted with noise, it is impossible to calculate rank exactly. The
Singular Value Decomposition of oy may be used for rank approximation. A
matrix with most of their energy in the first few principal components is preferred
and moments can be used to approximate the notion of minimum rank, as

M=Y it/ 3 e, 3)

where o; are the singular values of Ioy. For multiple-view and multiple-lighting
stereo, the minimum score is used as matching cost.

3 Improved ratio‘Images and the two-frame case

Let us now consider the simplest setting for LTC-based stereo: a single light
source and two cameras. For each pixel in the left and right images, the intensities
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observed by the first lighting variation can be explained in terins of the intensities
observed by the second lighting variation, as Ic,v, = Ic,v,k1 and Iy, =
Ic,v, k2. Therefore the relation between lighting variations is given by the ratio:

IC;V; ICIVI
= =k, 4
Ie,vy Icyvika )

IC:V; IC:VI
= = ko. 5
Ic,ve  Icavika 2 (5)

The matrix of intensities, Jcy can be now defined as

— IC;V[ 1 IC:V: )
Tev = (Ic,v, » Icava ()

Note that LTC only holds if the second singular value of Icv is zero. This
means that the minimum rank of Igy is one (the number of light sources) if
and only if k; = k2. Minimizing the second singular value is therefore equivalent
to minimizing Eq. 3. The so-called ratio image is a function R(vy,vz,z;) = ki,
where v; and v, are two different lighting variations. The ratio image is only
defined for the two-frame/two lighting variations scenario and at most two ratio
images can be recorded for a given stereo image pair, as in Eq. 4 and Eq. 5. Note
how the minimization of Eq. 3 can also be carried out using a simple absolute
difference matching cost over the ratio image pair. In this sense, a wide variety of
two-frame stereo algorithms [2] provides many ways to calculate dense disparity
maps through ratio images.

Unlike the classical grayscale (or color) image pair which usually assumes
brightness/color constancy, the ratio images rely on the light transport constancy
and have proved to provide improved disparity maps [1]. For these reasons, Wang
et al. have pointed out the potential use of ratio images in the future as the most
feasible and robust way to approach the two-frame stereo problem. Using ratio
images for such a task may borrow ideas from the vast literature related to
two-frame stereo algorithms [2,4,3|. For example, from the the taxonomy of
Scharstein and Szelisky [2], different matching costs, aggregation support and
optimization approaches can be applied to add robustness'in the calculation of
dense disparity maps from ratio images.

In practice, unfortunately, the intensities of the pixels do not necessarily
observe k; = k2. This is due to several reasons, among which insufficient lighting
and a poor camera response are the most common. Moreover, in some regions
of the image, i.e., where specularities and edges occur, the ratio is likely to be
either a value close to zero or an overly saturated value, i.e., much greater than
100%. The unwanted effect of these pixel values can be reduced if the ratios are

redefined as:
ki =|tan"'(k1)|, Ky =|[tan"(k,)., (7)

where || is the absolute value. The angular data constrain the ratio values from
the interval [0,00) to the interval [0°,90°]. We can now define the new ratio as
R'(v1,v2,x;) = k; which will be referred to as the angular ratio image.
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Fig. 1. The general setting and the illumination variation. The left image shows
the general acquisition setting: the stereo camera, the desk lamp and the object. The
lamp was mounted on a rotating ruler on a tripod, so that rotations could be measured.

The right image shows a top-down sketch of the setting, where the degree of separation
between each camera shot can be seen.

4 Experiments

For image acquisition, a Bumblebee stereo camera, 9cm baseline was used. The
size of the grayscale images was 640 x 480 pixels. A halogen-bulb desk lamp was
mounted on a rotating ruler in order to capture illumination variations around
a range of 180°, with 20° increment as shown in Figure 1 (right). A picture of
the general setting is shown in Figure 1 (left).

Before the ratio values are converted into image values (grayscale) a nor-
malization operation has to be performed. Let R(v;,vs,z;) be the ratio values
obtained from a pair of left images with lighting variations (v;,v2) (the same
observations holds for its corresponding right pair), i.e., using Egs. 4 and 5. A
ratio image is stored after the following filter is applied:

ifk; 21

Ronz) = {1 oumecvive ®)

where 7 is a cut ratio value. Once the high values have been filtered, the final
image is generated from the normalized values:

R(vhvz,-'ﬂi). 9)
T

Note that, once Eq. 8 is applied, T becomes the maximum value of R(v1,v2,Z:)-
As far as angular ratio images are concerned, i.e. R'(vy,v2,%;), Eq. 8 is not
required, since Eq. 9 can be directly applied with 7 = 7/2 (radians). Once a
ratio (or angular ratio) image is generated, dense disparity maps are calculated
using the standard platform developed in [1]. The sum of absolute differences
(SAD) and the mean filter 9 x 9 window were respectively used as matching cost
and aggregation support parameters. The disparity maps were finally calculated
under the winner-takes-all (WTA) criteria.

R('U]_,UQ,.'B{) =
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Leftimage Right image Ratio image Angular ratio image

Fig. 2. Ratio images and angular ratio images. From top to bottom, the different
rows of the figure show the lighting variation pairs (—-60°,60°) and (—40°,40°). The
left-camera image, right-camera image, ratio image and angular ratio image are shown
row-wise.

Fig. 3. Varying 7 for ratio image generation. Normalization results for 7 = 3 and
7 = 5 are shown with lighting variations as depicted in the labels of the figure.

The experimental analysis commences with Figure 2, where the difference
between ratio and angular ratio images can be appreciated. From top to bottom,
the different rows of the figure show the lighting variation pairs (—60°,60°) and
(—40°,40°). The left-camera image, right-camera image, ratio image (7 = 1) and
angular ratio image are shown row-wise. Recall that the ratio and angular ratio
images are calculated for a single view (i.e., left or right camera images) and two
variations. From the figure, it is noticeable that the angular ratio images reveal
a more robust adjustment of values than the ratio images, where the cut value
has set the ratios to saturated values. This is a main problem in ratio image
generation, i.e., choosing an optimum cut value. This effect can be visualized in
Figure 3, where different values of 7 are applied to different lighting variations.
Again, a generalized optimum value of 7 is not clear, as the figure shows that
7 = 5 favors the ratio obtained from the pair (—60°,60°), but over-darkens the
ratio obtained from the pair (—40°,40°).

As far as disparity results are concerned, these are depicted in Figure 4. Here,
the first row presents disparity maps while the second row shows a line of interest
with constant y — azis along the disparity map. For visualization purposes, a
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Brightness constancy (-60°,60°) (~40°,40°) (~20°.20°)

Fig. 4. Disparity results on brightness constancy and angular ratio images.
The first row shows disparity maps, the second row shows a line of interest with constant
Y — azis along the disparity map.
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Fig.5. Additional scenes. The first row presents the kind of input images 'used,
the second row presents the obtained disparity maps. The third row presents a line of
interest.

mask has been applied for isolating the objects of interest from the background.
The first row presents results for brightness constancy, i.e., neither ratio nor
angular ratio images are used here. Instead, the usual grayscale image left /right
image pair is used as stereo input. The rest of the columns present results from
angular ratio images with lighting variation pairs of (—60°, 60°), (—40°, 4Q°) and
(—20°,20°). As expected, there is an improvement in disparity calcula.tl.on for
the angular ratio images over the brightness constancy, i.e., the disparities are
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Fig. 6. Results on a histogram-equalized ratio image. From left to right: equal-
ized ratio image, disparity map, line of interest along the disparity map.

located over more continuos regions. Interestingly, there is little difference be-
tween the results related to angular ratio images, which suggests the angles may
represent a robust way to obtain similar disparity maps through the different
lighting variations. Additional scenarios are presented in Figure 5, again, the
disparity results for the angular ratio images outperform those relying on the
brightness constancy assumption.Finally, we explore using histogram equaliza-
tion as an alternative adjustment function for ratio images and the outcome of
the experiment is shown in Figure 6. Here, a standard histogram equalization
operation was performed on the raw ratio image with variation (—60°, 60°). De-
spite the equalized ratio image look similar to its angular ratio image counterpart
(top right corner of Figure 2), the disparity results are rather different, favoring

again the use of angular ratio images.

5 Conclusions

A new way to define ratio images for LTC two-frame stereo has been presented.
The new angular ratio image does not require cut ratio values and suggests to
be robust to illumination variations. This facilitates experimenting with known
two-frame stereo algorithms under the LTC stereo setting. As future work, we
plan to study different aggregation and optimization methods on these images.
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Abstract. A method to estimate the relative depth of objects in an
underwater environment is presented. The method uses as a depth cue
the color of the objects without considering the degradation produced by
the scattering and attenuation factors. To establish a relationship of the
color intensity values, two images of the objects under different conditions
are needed. In our case, one image is taken outside the water and the
other underwater. For the preliminary experiments, we have generated
underwater images from non-aquatic images with known range maps.
We then apply our model to estimate the relative depth of the simulated
underwater image. To evaluate the performance of our method, we first

normalize both the resulting range map and ground truth range map
and compared them.

1 Introduction

As underwater applications are becoming more feasible by current technology,
the connection between depth perception and the actions to be taken in this
kind of environments is fundamental. A great number of research works have
focused on the development of underwater devices that autonomously can re-
collect, analyze and interpret information from this type of ecosystems. In this
trend, the use of vision systems for aquatic robots ([1], [2], [3]) has become cru-
cial for many underwater inspection and observation tasks. Unfortunately, the
physical properties of underwater environments impose severe limitations on the
quality of optical imaging due to the attenuation and scattering of light; and the
living organisms in water. Furthermore, the time of the day and cloudiness of
the sky have a great effect on the nature of the light available. Ambient light is
practically nonexistent after few meters of depth due to the rapid attenuation
of electromagnetic radiation underwater. The light undergoes scattering along
the line of sight. The result is an image that is color depleted, blurry and out
of focus. By 3m in depth there is almost no red light left from the sun. By 5m,
orange light is gone, by 10m most yellow is also gone. By the time one reaches
25m only blue light remains [4]. Since many of the above factors are constantly
changing, we cannot really know all the effects of water.

Some research works have proposed different ways to model the physical in-
teraction of light in water [5], [4], [7]. However, if we want to have a more realistic
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model, we need to take into account other factors, such as all possible interac-
tions of light sources with the objects; the analysis of the chemical components
present in water depending on its source (e.g., lakes, rivers, ocean or even artifi-
cial pools). Clearly, we are in front of a very complex situation, as many different
parameters (whose values are typically empirically assigned) need to be consi-
dered. In order to avoid this, it is common to assume aspects about the patterns
present in the images to be analyzed and also about the environment on which
they were captured. In this trend, some methods try to enhance visibility by de-
creasing the optical effects of scattering [6]. Another related application of such
models is the color correction of images [7], [8]. In general, by understanding
these models, we can be able to artificially generate images having an aquatic
appearance from images taken on the surface. This is useful to perform analysis
and recognition tasks on the patterns in the images and be able to estimate
depth information, which is our main interest.

In this work, color information is used as a depth cue. First, we use the model
proposed by Schechner and Karpel in [7] to artificially generate aquatic images.
Once we have two images from the same scene, but under different conditions,
we can estimate the relative depth information of each object in the underwater
scene. To achieve this, we propose a depth estimation model based on the ideas
presented in [6].

This paper is structured as follows. Section 2 presents the image formation
model for aquatic images. In Section 3, we describe our method to estimate
relative depth information from underwater images. Section 4 tests the proposed
method on different generated underwater images. Finally, in Section 5 we give
some conclusions and future directions.

2 The Image Formation Model for Underwater Images

The first step in the development of this work is to implement a simple model of
underwater image formation. The understanding of certain properties observed
in the aquatic images obtained from this model will help us to define an efficient
method for depth estimation of underwater scenes.

In the formation of underwater images two main sources of light are present;
the radiance of the objects in the environment and the ambient light. They both
give as a result the characteristic tones existing in photos taken underwater.

In general, the signal is composed by two components denominated direct
transmission and forward scattering. During the propagation of light rays coming
from the objects to the camera, part of the energy is lost due to the scattering
and the absortion. The component that represents these two factors is called
direct transmission and is given by

D= Lobjecte-ﬁz (1)

where f is the attenuation coefficient and Lopject is the radiance of the object.
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The component of forward scattering is similar to the direct transmission
component. However, the forward scattering component generates blurred ima-
ges given by the following convolution

F=Dxg, (2)

where D is given by Eq. (1) and g; is a point scattering function (PSF). The
PSF is parametrized by the distance z. For this reason, objects located at far
distances look blurrier than near objects. An example of a PSF is given by

9:= (" —eP)FYG,} and G, =e K= (3)

where K > 0 and + is a heuristic constant, 7~ is the Fourier inverse transform,
and w is the spatial frequency in the image plane.

Taking into account the direct transmission and the forward scattering, the

signal can be defined as S = D + F. And defining L:bf;f::iue as

Lo = Lopsect + Lobject * 9 (4)

we obtain that the signal is given by

§ = e PrLgiloe (5)

On the other hand, the second component of the model is given by the
backscattering that comes from the ambient illumination, from [7], the total
backscattering is given by

Boo(1 —eP%) (6)

Therefore, taking into account the signal and the backscattering, the total
irradiance of the image is given by

Il = § + B = e P L1504 Boo(1— e7#7) (7)

Using the model described by Eq. (7) we can obtain simulated aquatic ima-
ges by using an image taken on the surface and its associated range map. We
have implemented this model and show some examples. We use the Middlebury*
dataset in all our experiments. The original intensity images are depicted in the
left column of Figure 1 and in their right are the associated range images. Some
examples of the resulting aquatic images are shown in Figure 2 after applying
the model explained above with the following parameters: Bo, = [48,250,255)
and f = [0.4,0.0991,0.0348]. It can be noted that the images take a blue tone
which is characteristic of underwater images. Also, it can be noted the effect
that far objects look blurrier than near objects.

We will use this image formation model to simulate aquatic images and be
able to validate our depth estimation model, which is described next.

! http://cat.middlebury.edu/stereo/data.html



32

Fig. 1. Two examples of the original intensity images with their associate range images.

3 The Proposed Depth Estimation Model

Based on the comparative analysis carried out between the generated aquatic
images and real aquatic images, some simplifications can be made to define our
depth estimation model. The first simplification is that the forward scattering
does not affect in a considerable manner. This is reasonable when the underwater
illumination conditions also do not vary considerably in a given period of time.
Thus, the Eq. 7 can be simplified for each of the RGB channels and is given by

Ep = Iope™PR% 4 Ap(1 — e~Prd) (8)
Eg = Ioce_pcd + Ag(1 - e_p"d)
Ep = Ioge_ﬁad + Ag(l - e_ﬁad)

where I = [Iogr, Iog, Iop) represents the pixel values in the image taken outside
the water, B = [Br, B, BB] contains the degradation coefficients for each of the
color channels. An important aspect to note here is that the three degradation
coefficients are different, but they remain constant through all pixels in the
image. On the other hand, A = [Ag, Ag, AB] contains the color values of the
pixels that have an infinite distance to the camera. Therefore, considering the
total radiance of the image in the red channel, we have

Ep = Ap— (IOR - An)e_ﬂ"d
Ep— Ap = (Ior — Ap)e™Pr¢

Er-A

~Brd R— AR

e P, S 9
Ior — AR )
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Fig. 2. Simulated aquatic images after applying the image formation model to the
images in Figure 1. '

In similar way we can obtain the formulas for the green and blue channels:

e~fod _ Fe— A

" Iog - Ag (10)
Eg-A
-Bsd _ =B B
e —__—IOB e (11)

By dividing Eq. 9 and Eq. 10 and, considering that the value of B for each
color channel is different, we have that

R, = e-(ﬂn—ﬂa)d - (ER - AR)(IOG = AG)

(Ior — Ar)(Eg — Ag) (12)
And applying the natural logarithm to Eq. 12:
— (A _ _ .. [(Br— ARr)Ioc - AG)]
o) =—{Pn —ficlé= I [(Ion — ARr)(Eg - Ag) (13)

Now, if we calculate In(R; ) for two pixel points 7, j of the image and compute
their ratio, we can obtain the relative depth for the two points in the scene.

In(Ri) _ z (14)
In(R]) %

Therefore, the relative depths for all pixels in the aquatic image can be cal-
culated by knowing the intensity values (in the three color channels) of the non-
aquatic image. Given that the computation of Eq. 14 for one pixel can contain
certain level of perturbation, we made the model more robust by calculating

b(R) __ = (15)
Yo m(R) Yy

where Z;Z(’,v z; is an arbitrary constant that represents the sum of the distances
of all pixels in the image.
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An important aspect of the depth estimation method is that it obtains three
estimates for each pixel by calculating R; as the ratio between (9) and (10),
between (9) and (11), and also between (10) and (11), thus we have that

— p—(Br—BB)d _ (Er— AR)(IOB - AB) 18
S (Ior — Ar)(EB — Ag) (16)
Ry = e~Bo—pn)d _ (B~ Ag)(IoB — Ap) ()

(Ioc — Ac)(EB — AB)

4 Experimental Results

In this section, we present some of the experimental results obtained after using
our depth estimation model. We carried out several tests on different images by
assigning different values to the degradation coefficient and compare the results.
In Fig. 3 we show two different scenes with two different degradation coef-
ficients each. The first and third images in the left column are the generated
aquatic images after applying the image formation model with degradation co-
efficient 8 = [0.4,0.0991,0.0348] to the original images in Fig. 1. These images
correspond to Case I. Here, the maximum distance to an object in the image is
0.8m. The second and last images in the left column are the simulated images
when using 8 = [0.1,0.05,0.005] and corresponds to Case II. The middle column
shows the estimated range maps for each of the image at the left, after applying
our model. In order to evaluate the performance of our method, we compute the
histograms of the residual errors of the estimated depth values and ground truth
range after normalization. The corresponding error histograms are shown in the
third column, the z-axis represents the residual errors while the y-axis are the
number of pixels with same residual error. For Case I, the highest frequencies
are accumulated in the smallest residual errors, thus indicating a good result.
For Case II, it is more noticeable the color loss in the objects due to the high
degradation coefficient used. This is reflected in the histogram as there exist a
considerable amount of pixels whose residual errors are bigger than the previous
case. These pixels are located mainly in the background regions of the scenes.
From the results presented several important aspects can be noted. In prin-
ciple, we can see that in all cases, the estimated depth for images with lower
level of degradation is very close to the original value. Second, we can observe
that our model does not perform well when dealing with objects with texture in
their surface. On the other hand, we see that the positional relationship between
objects in the estimate scene, is quite similar to that of the original range image.
We can find some advantages by using our method. First, we do not require
the typically stereo vision system to estimate depth. This is particularly diffi-
cult in underwater images as corresponding features are difficult to match. Qur
method only needs to know a priori the color appearance of objects outside the
water. Then, together with its underwater version we can estimate the relative
depth information. While this restriction can be seen as a disadvantage, it is
important to mention that it actually depends on the final task to accomplish.
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Fig. 3. Experimental results for the depth estimation model. The input aquatic Lmag&s
are in the first column. The resulting depth maps in the second column and in th.e third,
the error histograms when compared to ground truth range maps (shown in Fig. 1.)
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In our case, previously known objects (landmarks) will be located in the under-
water environment to help a robot to autonomously navigate to a given goal.
Another advantage of the model is that having different values for the degra-
dation coefficients at each RGB channel, we can estimate three range maps for
one image and eliminate an important amount of the errors present when using
only one estimation. These calculations are simple and therefore the execution
time is short. This is particular important for real-time applications, especially
in underwater environments, where the camera cannot be fixed.

5 Conclusions

We present a method to estimate the relative depth of objects in aquatic images.
To evaluate the performance of our method different tests were carried out under
different scenarios. On one hand, an image formation model to simulate aquatic
images was implemented that reflects the three main factors affecting the light
propagation in this type of ecosystem. The photometric characteristics present
in the simulated aquatic images, after applying this model, are similar to those
observed in images taken underwater. On the other hand, we have developed a
depth estimation model based on the image formation model with some simpli-
fications, such as not taking into account the forward scattering present in real
aquatic images and considering the color intensity values as a depth cue. In gen-
eral, we obtain a good estimation of the relative depth of objects in underwater
scene, even when testing with images that include this effect. The results are
specially good in textureless objects, with few variation in the color intensities.
Future work involves using real underwater images to evaluate our model.
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Abstract:. In this work, we propose a novel way to use sensor fusion based on
DSmT approach, in order to track objects using mobile cameras. We use two kinds
of camera movements, namely, rectangular and circular movement, and we show
that camera movement is a very practical way to deal with partial occlusion. By
using accumulative evidence, our approach can detect objects in scenes even if
objects are partially occluded, tracking objects where static cameras can not.

Experimental results show that our proposal is better than approaches based on static
camera sensor fusion for object tracking.

Keywords: Dezert-Smarandache Theory, sensor fusion, mobile sensors.

1 Introduction

Surveillance task can be seen as the process of detecting objects of interest in a sequence
of photos (video); these objects can be in motion or they can be statics; if objects are in
motion, the task is to follow these objects in order to determine if the behavior or
movement of the object is of interest for the observer. Objects tracked are usually people
or vehicles; in the case of people, it could be interesting to detect if the person is making a
felony, for instance; in the case of automobiles, it would be interesting to determine if the
automobile is committing a traffic foul.

Usually, the surveillance of places is done with a sensor placed strategically, in such a
way, that the scene of interest is covered properly by the sensor. However, in many scenes
it is impossible to cover the whole field of interest with only one sensor. Therefore, it is
necessary to use multiple sensors placed properly [7].

In applications that use several sensors, information from one sensor is used to
combine and complement the information from other sensor [2]; There are several ways to
combine information from multiple sensors as Dempster-Shafer or Dezert-Smarandache
approaches [3]; in this work, we use the last one approach because it was proved that is
better than other ones, for working with uncertain information [3].

There exists another problem, it’s the one of object partial occlusion, it happens when
an object is placed between the target and the camera for a while, there are approaches to
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solve this problem that use a predictor to approximate the position of the object, however,
if the object has a non-predictable movement, the approximation will not be accurate.

In this work we propose an approach based on the cameras movement and in sensor
fusion to solve this problem, this approach helps to follow the object and to place it more
accurate on the scene.

2 Sensor Position and Movement

The sensors are placed in such way that they cover the same area viewed from different
places; in this way, they can have a different sight of the scene and contribute with their
information to the sensor fusion. We used two sensors to do our experiments; these
sensors were moved in two ways: rectangular and circular styles of movement. These
kinds of movement were selected not only for experimental proposes, but also for
analyzing different sources of evidence.

In Fig 1.a we show the first kind of movement used in this work (rectangular); in these
case the sensors move from side to side horizontally; the movement describes a straight
line and the sensors are moved with a regular speed.

The second kind of movement is in circular way; in this kind of movement the sensors
move around a point placed in the center of the scene. Fig. 1.b shows a scheme of this
movement.

It is important to mention that with mobile sensors, we can cover a wider Field Of
View (FOV), in opposition to the approaches where the sensors are static. The movements
are based on real life, when a person wants to see an object that is occluded by another
object; the person usually moves its head to be able to see the target; in the case of-
sensors, the approach is the same: we move the sensor to have a better FOV but we also
use the movement to deal with the problem of partial occlusion accumulating evidence
during movement of sensors for object tracking.

3 Object Movement Detection

The object movement in a sequence of images can be seen as the change of coordinates of
an object in the current image respect to the previous image. The movement detection is
an important step in many autonomous surveillance systems. In this work, we used two
different ways to detect object movement.
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3.1 Images difference

The most obvious method to detect changes in a sequence of images is to compare two
corresponding pixels to determine if they have the same gray value. In the simplest way, a
binary difference DPy(x,y) between two images F{(x,y,j) and F(x,,k) is obtained by:
1 if] Fxyj)-F(xy.k)>r
DPu(x.) )
0 otherwise
Where r is a threshold to be defined [6]. In the difference of images the pixels with
value 1 are considered as the result of the object movement.

TR ’ . <
A Object (s, Object
iy
Sensors Sensors
T -
Fig. 1.a) Horizontal sensor movement Fig. 1.b) Circular sensor movement

3.2 Size Filter

The result of the previous step is a binary image contaminated with noise; this noise is
due to small changes between images; to eliminate this noise, we used a size filter.
Simply, the pixels that do not belong to a minimum size group of connected pixels are
eliminated.

4 Belief Creation

4.1 Object Characteristics

After the movement detection, we calculate characteristics of the object in the images.
Namely: the vertical axis and the first and second statistical moments.

The vertical axis is calculated after the object is detected as [1]; vertical axis is
obtained from the outer rectangle (the smallest rectangle that rounds the object),
determining the line that crosses the rectangle from up to bottom exactly in the middle.
An example of the vertical axis is shown in the (Fig. 2).
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Fig 2. Outer rectan and vertical axis of an object.
Other side, the statistical moments are calculated as follows:

Mpq = ZZ xPyif(x,y) @
x Yy
The first and second statistical moments are mg, and m,, respectively.

4.2 Believes or Masses

A belief is a data that tells us the certainty of an object to exist in the image [3]; it can be
derived from any object characteristic. In this work, it has been done using the
characteristics mentioned above.

For the vertical axis, the whole image is partitioned in cells with 20x20 pixels in size.
Then believes are created according to the cells that the vertical axis crosses. It means that
if the vertical axis passes through three cells, then there are three believes. The number of
cells where the axis passes is the number of elements of the frame of discernment; this
frame will be used in the fusion step. The values of the elements in the frame are the
number of pixels that belong to the vertical axis in that cell.

For the case of moments, as we consider only two momentums, therefore there are only
two elements in the frame of discernment. The values of these elements are the values of
the moments.

Both cases, the vertical axis and the moments, are normalized so that the quantities of
their elements are equal to 1.

5 Sensor Fusion

5.1 Dezert-Smarandache Theory (DSmT)

In 2002 Jean Dezert and Florentin Smarandache proposed a novel Information Fusion
Model [3]; it is an evolution of the Dempster-Shafer model. The DSmT uses a frame of
discernment ©; this frame is a set of propositions @®=(6, 6,..., 6, }, that they are used to
carry out the information fusion, DSmT has three main characteristics:

¢ The evidence combination refutes the third logical principle; this principle
establishes that something “is or is not”. The DSmT does not require this
principle, therefore it can consider concepts related to the fuzzy logic.

e Itis proposed a new combination rule.
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e The elements from the frame of discernment are not necessarily exhaustive
and exclusive.
The model DSm considers that the frame of discemment is dynamic. In this case some

elements from © could be exclusive at a time, and they can not exist anymore at other
time; this model is known as the free model (Mf (®)) of the Dezert-Smarandache Model.

5.1.1 Classical DSm Combination Rule

When the free model Mf (®) is used, the combination rule used for a frame ® with k
elements is defined as in the equation (3):

m,, 1) (c)= Z ﬁm;(X() ¢)

X3 %3, Xx€D? =1
x‘nxzn—mk=|‘

6 Proposed Solution

The proposed solution has been implemented in a hardware/software prototype, it has
served to show the effectiveness of the approach in real situations, even when in some
experiments the scene is in a small scale; this does not gives less generality to the system,
minimum adjustments have to be done for cover any other scene

The scene included objects in movement (people, animals, cars, etc), as well as static
objects (trees, buildings, parked cars, etc), the system has operated in outdoor conditions.

In order to carry out camera movement, we used one template for each position of the
cameras.

6.1 Horizontal Movement

For the case of the horizontal movement of the camera, we use a sequence from PETS[5];
this sequence was taken with two cameras. The movement of the cameras is 5 pixels each
frame. The cameras move from left to right and vice versa. For each camera we took some
frames as templates in order to obtain the binary image. Once we have binary image, we
used a size filter to clean the image. The result of the filter is, in almost all the cases, the -
tracked object. Fig. 4 shows the i-th template and Fig. 5 shows the i-th frame; the Fig. 6
shows the difference between the template and the frame (binary image).

In the binary image, we found the vertical axis and built the frame of discernment as
explained in section 4.
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In order to carry out the sensor fusion, the two sensors used in the system have to give.
information; if one of the sensors does not, the information from the other sensor is used
as the output due to the inexistence of help from the other sensor.

Fig. 4. I-th template. ____ Fig. 5. I-th frame.
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Fig. 6. Binary image.

The sensor fusion is done with the two frames and the output is an array of values; we
take the largest value as the final output and the output tell us where the object is placed.
As we know where the object is, we can evaluate the final result.

6.1 Circular Movement

In order to prove that the system works in other kind of scenes, we made a device that
allows us to make a circular movement (Fig. 1.b). In this device, we placed two cameras
placed 1.5m from the center of the scene and they have 90° of separation between them. In
this experiment, we notice that the movement could serve to solve the problem of partial
occlusion of the object.

6.2 Sensor Movement as a Solution of Object Occlusion

Such as a people moves the head in order to see an object occluded, the cameras
movement of the sensors can be used to see an object that is partially occluded by another
object. Notice that as the sensor moves, it sees a different FOV; the movement helps the
sensor to see other interesting things; it is shown in table 1.

6.3 The Sensor Movement Increases the Evidence

The main difference between the work in [2] and our work is that the movement of the
sensors contributes to obtain a larger evidence of the object; as the sensor moves, we
make information fusion in each sensor; after 3 frames, the information that has been
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fusioned and accumulated in each sensor (accumulated evidence) is fusioned. The results

show that the fusion of the accumulated evidence is better than just the only fusion in each
frame.

Table 1. The movement of the cameras can be used to discover occluded objects.
Camera | Camera 2

=

e

g

P

6.4 Experimental Results

In the Table 2 we show that evidence grows with the accumulated fusion; it is due to the
movement of the sensors: when they move, they can see a lager part of the object. For the
time ¢ and 7+ in Table 2 there are no information in the accumulated evidence, this is
because the fusion between the sensors is not performed in these times; however in the
time 7+2 the evidence is larger than the single fusion in ¢, t+/ and 7+2.

Table 2. Results of the accumulated sensor fusion versus the single sensor fusion.

t t+ ] 1+2
Single Fusion [0.9106 0.0894] [0.9819 0.0181] [0.9106 0.0894]
Accumulated [0.000 0.000] [0.000 0.000} [0.9982 0.0018]
evidence (no sensor fusion) (no sensor fusion) (Fusion)

In table 3 the required time to calculate sensor fusion is shown. We can see that the
accumulated fusion takes more time than the simple fusion; however the results are better
with the accumulated fusion, respect to simple fusion.

We have compared the fusion based on DSmT versus an approach based on Bayesian
fusion; the results are that the DSmT is more accurate than the Bayesian fusion due to the
DSmT uses more information than the Bayesian approach. Figure 7(a) shows the regions
were the object is and Figure 7(b) shows the results between the DSmT (red) and the
Bayesian fusion (blue)
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Conclusions

We have shown a novel approach to make mobile sensor fusion. The obtained results
show that our proposal improves the evidence obtained respect to static sensors, due to the
accumulation of evidence in terms of previous scenes. This is of especial interest when the
objects are partially occluded respect to a fixed position of the sensors and therefore, the
evidence generated by the fusion is almost null or totally null. Allowing the sensors to
move, the system can discover partially or completely occluded objects, though they were
static respect to the plane sensed.
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Figure 7 (a) Real object positions Figure 7 (b) Object position reported by
DSmt (red) Bayesian fusion (blue)
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Abstract. Recently computational models of the visual cortex have be-

come more detailed, however, they do not include important aspects of
visual systems, in particular their property of not only propagating in-

formation bottom-up, but also top-down. They do not provide a clear -
theoretical understanding to analyze the advantages and limitations of

these models. We consider that the Bayesian framework will help in both

aspects, and propose an initial Bayesian approximation to a computa-

tional model of the visual cortex. The Bayesian model is hierarchical;

each stage is implemented as a set of Bayesian classifiers that emulate

the different types of cells in the original model. Experiments in object

detection with both models show similar results in terms of accuracy;

however the Bayesian model is about twice as fast. This Bayesian im-

plementation opens the door to a better understanding of these models,

and to a future representation as an integrated graphical model.

1 Introduction

Since the pioneering work of Hubel and Wiesel [?], there have been important
advances in the understanding and computational modeling of the visual cortex.
In particular, the model proposed by Serre, Poggio and others [?,?] has shown
impressive performance in several visual tasks such as object identification. How-
ever, biologically inspired models, in general, do not include important aspects
of natural visual systems, in particular their property of not only propagating
information bottom-up (from the image), but also top-down (to incorporate pre-
vious knowledge of the domain). Also, they do not provide a clear theoretical
understanding which will allow us to analyze in more depth the advantages and
limitations of these models.

In this paper we develop a Bayesian representation of the computational
model of the visual cortex based on [?]'. We consider that the Bayesian frame-
work will help in both aspects, a better theoretical understanding and a more
flexible implementation which can incorporate e priori knowledge.

The proposed model is based on a hierarchical representation, analogous to
the model of [?], composed of alternating layers of simple and complex cells.

1 We are not proposing a new biological model, but a Bayesian approximation of the
model of Serre, Poggio and others [?].
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In the Bavesian approximation, each cell is implemented as a naive Bayesian
classifier (NBC) which emulates the different types of cells. The combination of
these layers of Bayesian classifiers makes the complete model. Learning consists
of estimating the parameters of certain layers (the others are fixed by design)
based on positive and negative examples, and inference is basically done by
probability propagation at each layer. Although in the current implementation
inference is done separately at each layer, it is possible to integrate all the layers
in a single Bayesian network.

We compared both models in terms of accuracy and efficiency in object de-
tection, for different classes of objects in the Caltech-256 database [?]. The ex-
periments show similar results in terms of accuracy, but the Bayesian implemen-
tation is more than two times faster than the original one. We also evaluated
the robustness of both models in terms of rotation and scale, showing better
invariance to scale and less to rotation, which is consistent with the model of [?].

2 Models of the visual cortex

Since the work of Hubel and Wiesel [?], there have been important advances in
the understanding of the visual cortex [?,?,?]. Our work is inspired on model
of Serre and Poggio [?]. This model proposes layered structure similar to the
arguments presented by Hubel and Wiesel. One objective of this model is to
recognize objects in images based on a prior training analogous to the learning
process in primates. This model recognizes patches (image regions) which are
reduced increasingly in each layer until it reaches an object categorization stage
from several images. One category of objects is a set of objects that share similar
characteristics, such as cars. In this way, this model recognizes objects using a
model inspired on the visual cortex of primates. The main objective is to obtain
a better understanding of the primate’s (and human) visual system.

A computer implementation of the model of [?] has been developed. It is a
hierarchical model composed of alternating layers of simple and complex cells.
Each layer resembles certain types of neurons of the biological visual system. Its
implementation has two phases, training and testing. In its simplified version,
three layers are applied in the training phase: S1, C1 and S2. The S1 layer is
the application of a Gabor filters [?] in different directions and scales. The C1
layer receives the results of the previous layer and performs a set of Max filters.
Finally, in the S2 layer, patches are extracted from the sets of images generated
in the two previous layers. In test phase, the same layers S1 and C1 are applied
(Gabor filters and Max filters). In layer S2 the patches are evaluated to obtain a
similarity measure. The results are passed to Max filters and finally to a classifier
(Figure 77). Next we present a Bayesian approximation based on this model.
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Fig. 1. Block diagram of train/test phases of [?]. In S1 a set of Gabor filters, and in
C1 Max filters are applied, in the same way for both phases. In S2 the patches are
extracted for the train phase and evaluated for test images. A set of Max filters is
applied in C2 for the test phase only. Finally, in the classification layer the images are
divided into positive and negative using a nearest neighbor classifier.

3 Bayesian Model

3.1 Model Layers

The probabilistic approximation is based on the simplified model proposed by
Serre and Poggio [?]. This model has layers S1, C1, S2, C2 and a classification
layer. The probabilistic model proposed uses naive Bayesian classifiers (NBCs)
in order to emulate the different types of cells in each layer, and sustain the
properties of the computational model.

The model presents a hierarchical structure with the possibility of forming
a larger network. In the present approach, each layer is implemented as a set of
NBC’s. A general outline of the different layers, from the image to classification
is depicted in figure 7?. The main layers are the following: S1 (Gabor filters),
Cl (Max filters), S2 (Patches), C2 (Max filter) and Classification. In the next
subsections, each layer is described.

G G S C2 Max Filter

S2 Patches
SEeyofctd ©¢E© CeXe
G 0,0010/6)6
RO 00 CC C1 Max Filters

IS1 Gabor Filters

Fig. 2. General outline of the proposed probabilistic model. It has 5 layers. Layer C1
has 3 phases. The hierarchical structure of the model is composed of layers of NBCs
which can be integrated in a global network.
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S1 layer This layer contains a bank of Gabor filters as on the model of Serre
and Poggio [?]|. Neurons that correspond to S1 are sensitive to different edges of
an object in an image. A Gabor filter is a type of Gaussian filter which extracts
edge features at different orientations and scales |?]. A series of images generated
by a pair of scales are called a band, for all the orientations considered.

C1 Layer The C1 Layer performs three operations with each band generated
by the S1 layer. First, a Max filter is applied to each pair of images of a band
with the same orientation (but slightly different scale) to obtain the maximum of
the pair. In the second phase, a series of local maximums are calculated using a
sliding window, the number of locals maximums is the same that the image size
selected in the previous step. In the third phase of the C1 layer, a sub-sampling
that eliminates some maximums pixels is performed. In the proposed model, the
Max filter is implemented as a NBC, which provides flexibility to change the
parameters or extract information from different pixels. A NBC is defined by
a set of attributes and a class, assuming that the attributes are conditionally
independent given the class, this model considers the class and attributes as
discrete variables. A graphical representation of a NBC is illustrated in Figure
77-a. Each attribute has an associated table of conditional probability given the
class, and there is also an a priori class probability. An example of a conditional
probability table (CPT) is presented in Table 77. Thus, the Max filter is modeled
with a NBC, where the class defines the probability of finding 2 maximum among
a set of pixels. The attributes are pixels values, and for the local Max, in a certain
neighborhood (e.g., 3x3 pixels region). Probability calculation is given by Bayes
rule:

P(Maz|Cy,...Cp) =~ P(Maz)P(C)|Maxz)... P(Cp|Maxz), (1)

where Cy,...C,, are pixels in the edge image and Maz is class probability.
Each value P(Cy|Maxz) is given in proportion to the pixel intensity (for images
in grayscale). Dark pixels will have a low probability, while bright pixels will
have a high probability. Given that the class is binary, the counterpart of Maz
is named Min. It is proposed an increasing exponential probability function
for class Maz and a decreasing exponential probability function for class Min.
The sub-sampling is performed using also a NBC, illustrated in Figure ?7-b.
Pixels that do not provide meaningful information have a uniform probability
distribution. An example of the CPT for node A, is presented in Table ?7.

S2 Layer The S2 layer calculates a metric to estimate the similarity of an image
region of the training set, processed by C1 (called patch), with another region
of a test image considering a distance value. In the Bayesian model, the patch
similarity metric is based on the assignment of higher probability values when
the pixels in the patch and test region pixels are consistent. Given that a pixel
has a discrete and finite number of states, the probability for each state is given
by a normal distribution:
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Fig. 3. a) NBC for the Max local phase. Each node has the same CPT. b) An exam-

ple of the NBC for the sub-sampling phase. Only the A; node provides meaningful
information.

Table 1. Up Table: CPT for each attribute (C;) in Max NBC. Down Table: CPT for

the A; node of the sub sampling filter (figure ??-b). Both consider only 8 values as
pixels are discretized into 8 states.

Gray scale 1 2 3 4 5 6 7 8
Max  0.094 0.096 0.103 0.113 0.122 0.132 0.150 0.186
Min  0.185 0.181 0.166 0.148 0.129 0.111 0.074 0.003

Suby  .002 .034 .068 .102 .136 .170 .217 .269
Sub-  .228 .202 .173 .144 .115 .086 .046 .002

— 1 _L'“‘!‘:L- =)

= . \/2_“-3 2¢ ; (2)
where z,, represents a probability value that corresponds to each of the n states
that a pixel can have (8 gray levels), u is the value of the state that receives the
highest probability (corresponds to the training patch pixel value) and o is the
standard deviation. The formula should be applied to each pixel in each patch
extracted. The o value is obtained empirically; with a value of ¢ < 0.3 we ob-
tained a good performance. As the operation is carried out for every pixel of the
selected patch, the NBC has as many nodes as pixels in a patch. The evaluation
of this NBC with images regions generates a set of probabilities proportional to
the similarity values of the patch given in the original model.

C2 layer The C2 layer is composed of Max filters implemented also as NB.C.s.in
a similar way as the C1 layer. The goal is to recognize the highest probabilities

that correspond to the most similar patches. The outputs from layer S2 are
discretized before entering the C2 layer.

Classification The final stage is a classifier that determines the I.)rt?bapility of
the presence (+) or absence (-) of certain object in the image, and it is given by:

P(+|R) o P(+)P(Ry[+) ... P(Rn|+) (3)
P(-|R) « P(=)P(Ry|-)... P(Rnl|-), (4)
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where R represent a specific patch. P(Ry|+) and P(Ry|—) are the probabilities
given by a patch of the presence or absence of a class of object. The threshold
for categorizing an image (presence or absence of an object) after normalization

is set to 0.5.

4 Experiments and results
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Fig. 4. Examples of categories of images from the Caltech-256 collection.

In the experiments we compared empirically the original model and the
Bayesian approximation, and also evaluated the tolerance of both models to
different orientations and scales. For this we used the Caltech-256 collection [?],
which contains images for 256 object classes, of which we selected motorcycles,
faces, cars, animals, among others. Examples of some of the test images are pre-
sented in Figure 77. We used the MatLab implementation of the simplified model
provided by [?], and the Bayesian model was also implemented in MatLab.

4.1 Results

The comparison of the Bayesian model with the original one is performed using
equivalent parameters for both models, and the results are summarized in Table
??. The table shows the average recognition accuracy for different classes of
objects. The numbers in parentheses are the percentage of hits on the positive
and negative examples in the test sets. Approximately 100 to 400 images were
used in each test (50-200 for training and 50-200 for testing).

We tested with patches of different sizes, from 5x5 up to 16x16 pixels. Those
that obtain better results are patches of 10x10 pixels. The number of patches used
was varied from 10 patches up to 250. Smaller patches increase false positives
and the use of a few patches presented poor results. The results presented in the
tables consider 100 patches. The classification accuracy is slightly improved by
the use of more than 100 patches.

From the table we observe that the accuracy of both models is similar for all
types of objects, with no significant difference in average. Both models have a
slightly higher accuracy for the positive class.

Rotation Invariance We evaluated the tolerance of both models to changes
in orientation (see table ?7). Both models still have a good precision when the
change in orientation is less than 152, With higher changes, classification accu-
racy decreases in a significant way.



A Baycsian Approzimation of a Computational Model of the Visual Cortex al

Table 2. Recognition rates for the original and Bayesian models for different types of
objects in the Caltech-256 collection. In parentheses we show the classification accuracy

for the positive and negative subsets, and time for train and test phases.

[ | Bayesian model| Original model [Bayesian time|Original time]
motorcycle [90% (100+,81-) [ 89% (94+, 85-)| 17 min 36 min |
tire 72% (84+, 60-) | 71% (774, 64-) 8 min 17 min
faces  [85% (100+, 71-)|83% (1004, 66-)] 16 min 34 min
cars 81% (93+, 69-) [85% (100, 70-) 9 min 18 min
zebra  |85% (100+, 71-)| 83% (91+, 76-) | 11 min 23 min
similar faces|(92% (1004, 84-){99% (100+, 98-) 18 min 37 min

average |84% (96+, 72-) | 85% (92+, 76-)

Scale Invariance In a similar manner, we also evaluated the robustness of both
models to changes in scale (see table 7?). We find out that the results are better
if the scale is increased and both models are less robust to a reduction in scale.
Sizes smaller than 50% of the original images produce poor results. As one would
expect, changes in scale only affect the positive examples.

4.2 Analysis

From these experiments we observe that both models produce similar results in
terms of accuracy; comparable to other methods in the state of the art. The
quantization of the image (discretization) in the Bayesian implementation does
not affect the accuracy of the model. Also, both models have a higher tolerance to
changes in scale than changes in orientation, which is consistent with the model
of visual cortex. In terms of computation time, the Bayesian model registered in
average 2.5 seconds per image, and the original model 5 seconds.

Table 3. Classification accuracy for the motorcycle images with different orientation.

| | Bayesian model |Original model]
"motorcycle 0° [90% (100+, 81-)[89% (94+, 85-)|

[motorcycle 57 88% (96+, 81-) [89% (93+, 85-)]
[motorcycle 159 84% (87+, 81-) |83%_(_§1+, 85-)]

[motorcycle 90°] 59% (37+, 81-) [58% (30+, 85-)]

5 Conclusions

In this paper we develop a Bayesian representation of a computational model
of the visual cortex, based on a hierarchical representation composed of layers
of different cells; each cell is implemented as a NBC. Learning consists of esti-
mating the parameters of the NBCs for certain layers, and inference is done by
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Table 4. Classification accuracy for the face images with different scales.

| _| Bayesian model | Original model |
[similar faces[93% (100+, 86-)[99% (100+, 98-)]
[ faces 120% [ 92% (98+, 86-) [ 97% (96+, 98-) ]
[Toces 1507% | 90% (94, B6-) [94% (89, 95|

[ faces 80% [85% (84+, 86-) [ 92% (86+, 98-)
[ faces 50% [63% (40+, 86-) | 67% (36+, 98-) |

probability propagation at each layer. Although in the current implementation
inference is done separately at each layer, it is possible to integrate all the layers
in a single Bayesian network.

We compared our model and the original one in terms of accuracy and ef-
ficiency in object detection. The experiments show similar results in terms of
accuracy; however the Bayesian implementation is two times faster. We also
evaluated the robustness of both models in terms of rotation and scale invari-
ance, showing better invariance to scale.

Our main contribution is a Bayesian implementation of a model [?] of the
visual cortex that opens the door to an understanding of these models under a
Bayesian framework. For instance, we observe that certain types of cells are ap-
proximated by exponential distributions and others by normal distributions. Of
course more work is required at higher levels of description to obtain a complete
Bayesian interpretation of the bio-inspired models of the visual system. In the
future we expect to implement this model as a global Bayesian network which
will allow including prior knowledge via top-down propagation.
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Abstract. A camera is considered calibrated if the focal distance, principal point and
lens distortion parameters are known. The level of accuracy of the measurement of
these parameters has always been a fundamental factor in stereo metrology. In this
work we present a calibration algorithm for microscopic images where optical
aberrations degrade the accuracy of traditional methods. A linear refinement steep is
added to a state of art algorithm to improve the accuracy of the current methods.
Experimental results show the quantitative improvement of the proposed method in
a volume of inspection of 60x60x126 um using both, synthetic and real images.

Keywords: camera calibration, simplex method, linear optimization.

1 Introduction

Geometric camera calibration is a necessary prerequisite for recovering the 3D position
of a scene point when only its projection in two images captured from different viewpoint
location is known, in this case, each projection defines a ray in space and the intersection
of both rays is precisely the 3D point location.

The key idea behind calibration is to write the projection equations linking the known
coordinates of a set of 3D points and their image projections, and solve for the camera
parameters. This mean the determination of the projection matrix P which encompass
both, intrinsic and external pose parameters (camera’s position and rotation in the world
coordinate frame) modeling the image formation process. Usually, radial and pincushion
distortions are also modeled using additional parameters. In this stage, the estimated
parameters relate the 3D coordinates of a point of the scene, and the 2D coordinates of the
projected point of the image. However, when microscopic images are captured, lens
optical aberrations introduce additional image distortions which must be considered.
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Numerous methods for camera calibration have been developed, each one having its
pros and cons. Pioneer methods use 11 parameters to define the camera projection matrix
P and optimize a cost criterion to compute those parameters. Linear methods use linear
algebra tools to find and initial solution [1,2], Non-linear methods refine the solutions to
improve the estimate [3]. A recent linear method [4] based on the Gintic camera model
originally proposed in [2] models the image formation process using 16 parameters has
shown its superiority when considering microscopic images.

2 The Gintic Camera Model

The mapping between 3D space coordinates W = (X, Yn,Za), and 2D image locations
w = (Px, G S) in homogeneous coordinates are expressed using the Haralick Reduced
model proposed in [2] by

Px -
qy = R(w, $, %) (;n) ey
S

Zn

where w, ¢ and x are the rotation angles for the x,y and z axes respectively, then after
some algebraic substitutions by using a perspective camera model with a, and a, the
focal length in x and y axes respectively; k; and k, representing radial geometric
distortion of lens, and (up, vp), principal point in the image coordinates the following
expression can be derived: ,

- i 3
(1 +kard +hert +kard) (4 o) = 2 (i) @
where r2 is the distance of the pixel at (u,,v,) to the principal point in the image plane

given by:
2
rlzl = (uu - “p) + (- Vp)z (3)
Finally the two linear equations of the Gintic calibration model are:

a;Xp + byyn + ¢z, + dyu, +eupx + fiupy, + g1unz, +1=0 4
aXp + bayn + ¢z + davy + VX + Hv Y, + 8oVaZn +1 =10

Since each point imaged from the calibration pattern contributes in two linear
equafions, by stacking 2n linear equations a linear system can be constructed and solved
to bring an estimate of the camera projection parameters involved in the image formation
process.
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Thus, from'(3) and (4) it can be observed that 16 parameters are considered to model
the projective mapping of a single camera. Then, using linear algebra tools a solution can
be estimated when an over determined set of equations is known, see [1] for details.
However, due to image noise and image quantization, the initial estimate is prone to

limited accuracy we propose to add a second stage to improve the solution using the
Simplex method.

3 Gintic Camera Calibration Refinement

Given the initial linear solution we compute a refinement over the Gintic camera
parameters.

An error function is defined based on the measurement of the geometric distance in the
image plane.

3.1 Proposed Optimization Error Function

The error function called the reprojection error, considers the difference between the
measured image coordinates w; and the estimated image coordinates W; = PW; computed
using the W; 3D coordinates and the parameters of the Gintic camera model P.

We use the notation d = ||w;_W;||| to denote the Euclidean distance between the points

represented by w; and W;. Then, the total error for the set of points used in the calibration
process is:

2?:1“wl-ﬁ?1" | (6)

We use the simplex method introduced in [5] to minimize the error function (6). The
simplex method has the advantage that neither requires the derivative of the error function
nor the orthogonal condition needed by non linear optimization methods like least squares

(31

The algorithm starts with an initial basic feasible solution (bfs) and tests its optimality.
If some optimality condition is verified, then the algorithm terminates. Otherwise, the
algorithm identifies an adjacent bfs, with a better objective value. The optimality of this
new solution is tested again, and the entire scheme is repeated, until an optimal bfs is
found. Since every time a new bfs is identified the objective value is improved, and the set
of bfs’s is finite, it follows that the algorithm will terminate in a finite number of
iterations.
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Fig. 1. The graphic representation of the reprojection error.

4. Experiments

Synthetic and real images were used to evaluate the accuracy of the calibration method
proposed in this work (see figure 2). In the real setup we have captured four images of a
check board calibration pattern using a stereo imaging setup in a volume of inspection of
60x60x120 pm. Then, using only the closest and farther images, the imaging system is
calibrated. Ten additional images taken inside the volume of inspection where used to
evaluate the real accuracy of the proposed algorithm, detecting and matching corner
points and measuring the estimated 3D coordinates by triangulation [4].
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Fig.2. Virtual and real stereo image pair: (a) synthetic images, (b) real images.

The accuracy of the improved Gintic camera model is illustrated by figure 3. In 3-(a)
the accuracy of calibration method using synthetic images. Figure 3-(b) shows the
accuracy of the proposed method using real images. Note that the method allows accurate
measurements. Table 1 summarize the absolute difference in the calibration accuracy
using synthetic and real images (The standard deviation absolute difference is about
0.25wm, 0.37 pm, and 0.6 pm for x, y and z axis respectively).
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Tablel. The absolute difference of statistical variation for synthetic and real data

Comparative Results (All units in um)
X Mean | Y mean Zmean | X std Y std Z std

Synthetic | -1.87e-12 | 5.77e-14 | 3.44e-13 0.064 0.056 0.096

Microscope -0.02 -0.008 0.142 0.31 0.425 0.711
Absolute
Difference 0.02 0.008 0.142 0.24 0.369 0.614

STATISTICAL VARIATIONS FOR CAMERA CALIBRATION IN SYNTHETIC DATA
X inpm Yinpm Zinpm

. mean = 5J7e0U
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Fig. 3. Quantitative metrology accuracy evaluation. a) using synthetic images, b)
evaluation using real images.
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5. Conclusions

An improved calibration algorithm was presented; an initial estimate of the camera

parameters that model the image formation process using a linear method was first
presented. Then, a linear refinement using the Simplex method was derived to improve
the estimation of the Gintic camera parameters. The new method was evaluated using
synthetic and real images where an improvement of an order of magnitude was obtained.
In future work we plan to integrate a preprocessing stage to overcome some of the
limitations of the algorithm to take into account higher order optical aberrations in

microscopic images.
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Abstract. The task of Word Sense Disambiguation has as aim to identify the correct
sense of a word in a context. The resolution of the ambiguity is a complex and
useful task for many applications of natural language processing, for example: text
categorization, machine translation, restoration of accents and, in general, in
information retrieval. The process to accentuate words is also an ambiguity problem,
because many words within the Spanish Language that can be marked or not
depending on the context in which they are being used. This paper proposes a model
that allows to obtain a correct accentuation of words with diacritical accent based on

part of the speech tagging by means of the application of hybrid methods
(supervised and unsupervised algorithms).

1 Introduction

One of the most difficult tasks and that has reached great interest within the Natural
Language Processing (PLN), takes place when several senses or meanings are associated
with a word; this phenomenon of language is known as polysemy. The task of Word Sense
Disambiguation consists of identifying the correct sense of a word in a context [10]. The
problem of polysemy is closely related to the problem of the assignment of grammatical
categories, which consists of saying if a word is a verb, an article or a noun [6], depending
on the meaning that corresponds to that word in agreement to the context of the sentence.
The process of accentuate words is also a problem of ambiguation, because many \.\[ords
within the Spanish that they can be accentuated or not depending to different situations,
such as the context, the time of action of the sentences, etc. The diacritical accent allows
to distinguish words with identical form, that is, words written with the same letters, but
that belong to different grammatical categories.

The lack of accents marks in some words within the sentences, is due to problems of
ambiguation. The most common ambiguities in the accentuation of words are met
between the words with endings in “0”, as is the case of “completo” vs. “completé. They

©J. A. Carrasco-Ochoa, J. F. Martinez-Trinidad and H. Sossa (Eds.) "'q
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are the present and past tense, related to verbs with endings in “ar”. There are other
ambiguities purely semantic, including the nouns: “secretaria” ( Person who takes charge
writing the correspondence [8]) and “secretaria” (Section of an organization, institution or
company/[8]).

For this, we propose to develop a computer tool of semantic disambiguation for the
Spanish Language, designed for the correct accentuation of words in written texts. This
tool is based on the tagging of the sentences. For this goal, we have implemented a hybrid
method.

2 Model for tagging of words

The purpose of this work consists of determining if a word with ambiguity on accent has
to take an accent mark or has not, which is determined by the context in the one that word
is dealing, with help of the assigned tags. For this part, we use a Hidden Markov Model
(HMM).

The Models of Markov describe a process of probability which produces a sequence of
events or not observable symbols. They are called “hidden” because of a process of
underlying probability that is not observable, but it affects the sequence of observed
events [7].

A HMM is characterized by a 5-tupla (Q, V, m, A, B), where:

Q is the set of states of the model. Though the states remain hide, they are known
previously for the most of the practical applications. For the case of the labeling word,
every label would be a state. Generally all the states are connected in such a way that any
of them can be reached from any other one in an alone step. The states are labeled as {1,
2, ..., N}, and the current state in time ¢ is denoted as .. In the case of the labeling word,
we will not speak about the instants of time, but about the positions of every word inside
the sentence.

V is the set of the different events that can be observed in each of the states. Each of the
individual symbols that a state can emit is denoted as {v,v,,...,vy/}. In case of tagging
word, M is size of dictionary and every v, 1 <k <M, is a different word.

n={m },is distribution of probability of initial state. Therefore,

n; =P(g, =), m; =0, 1<i<N,
N 1)
i=

ZTEi=1

1
A = {ay}, is distribution of probability of transitions between states, that is to say,
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ay =P =jla-1 =0 =P(l), 1<ijsSN, 1<t<T,

2)
N
a"' =1, v i
=1
B={b{vs)}, is the distribution of probabilities of observable events, that is to say,
bj(vy) = P(or = vilq: = j) = P(vil)j),
()20, 1<j<N, 1<k<M, 1<t<T ®)

M
ij (vk) =1, Vi.
k=1

3  Description of proposed solution model.

The general model proposed for the solution of the problem is showed in figure 1. The
first task of the model is the lexical analysis, which consists of removing the accents of
the words in the sentence of entry, thinking that for the calculation of the parameters of
the model, words are needed without accents.

In addition, the lexical analyzer identifies and separates the signs of punctuation of the
words, and then it identifies if ambiguous words exist inside the sentence of entry to the
model and at the same time it indicates the position of every ambiguous word.

To identify the ambiguous words a comparison is done of each one of the words in the
sentences, relating them to the words with ambiguity in the dictionary, which was
constructed before.

For the phase of tagging in the model of solution (Fig. 1), we applying the modified
Viterbi Algorithm [14], since all the posible states are not considered, that is to say, all
the labels of the set of labels used, but only the most probable labels assigned to each of
the ambiguous words.

To calculate the parameters of Hidden Markov Model we conducted a supervised and not
supervised training (figure 2). For the phase of supervised training, we use the tagged
corpus CONLL, it is collection of news articles by the Agency of News EFE in the year
2000. The parameter’s model can be estimated by maximum likelihood, from the relative
frequencies of appearance of the events in the corpus.

The parameters in matrix A, matrix B, and vector 7, there were calculated taking the
words without accents, since this is determined by the tags.
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Fig. 1. Diagram of general model of solution proposed

For the matrix A, the probabilities of transition a;; of the equation 2, are obtained counting
how many transitions there are from state s; to state s;, and dividing by how many
transitions there are by state s;.

For the matrix B, the probabilities of emission, of the equation 3, are obtained counting
how many emissions of symbol (v;) are produced from state (s;), and dividing by how
many times that symbol has passed along by state s;.

Once we have the initial parameters of p (equation 1), we appy the algorithm Baum-
Welch [1], which increases the probability of the transitions between the states and his
symbols, so the probability is improved for the given sequence of observations.

3.1 Example applying the model

Considered the following sentence of entry:

"El jugo frio esta sobre Ia mesa"
In this sentence several words exist with diacritical accent, even to the beginning of the
same one. In this case t words travels until finding a non ambiguous word, “frio”. Once
opposing the first non ambiguous word, it is assigned the most probable Tag.
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After this, the label is assigned but probable t-1 from the already known tag (t) (fig.3),
until arriving to t=1.

l Baum-Welch Algorithm
Extraction of P(01g) = P(01i3)
sentences
Extraction of
Word-Tag Initial parameters u =
Extraction of P(Oli) = z‘ a0
sequence tags i=
COMPUTEOF B
[ commreors | "
e =
Bz Tl
' T — Compute £, (L1)
(e ] orrent
v
Compute
LAt A0}
Fig. 2. Supervised and not supervised training
fris adj_cal
fiofd  3d)_cal /\
o0 sust vbo_ind
a aoa2
jgoli1)  sust vbo_ind L/‘\
01201 20032 (1) det_art pron_per
02708 Q1973
Fig. 2. Allocation of tags

Obtained the first tag of the sentence (if it is the case), the calculation to obtain the tag of
the ambiguous words inside the sentence, it is realized only on the tags assigned manually
to these words. Table 1 shows the sentence with assigned tag.

Table 1. Result of tagging

El jugo frio esta | sobre | la mesa
—_ —— ;
article | noun | adj qua | verb | prep | article I noun

h
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After having the tags of each one of the words of the sentence, we decide if the
ambiguous words will have to or not to take accent, in agreement to our dictionary of
ambiguous tagged words (Table 2).

Table 2. Example of ambiguous words together with its tags

Ambigous word 'l'aE Word
El Article El
Pronoun El
Esta Det_dem Esta
Verb Estd
jugo Noun Jugo
Vbo ind Iugb

Finally, we do a comparison of the words of the sentence together with the assigned tag
and we determine if the word has to or not to take accent. Table 3 shows the result of our
example.

Table 3. Result of the example.

IEI Mo frio | estd |sobre |la | mesa

Besides accentuating the words with diacritical accent, the aim is to accentuate the words
that always are accentuated, that is to say those words that must take accent mark. For this
a database of accentuated words was realized.

4 Results

For the evaluation of the model, we met a collection of 63 texts of different contexts
(Sports, Science, Health, etc.) obtained from the digital newspaper "El Universal'", these
articles were evaluated by the model from complete phrases. Table 4 shows a summary of
the obtained results. Here we have:

Number of Text

Number of words for Text

Number of words with diacritical accent

Number of words with diacritical accent, without accent.

Number of words with diacritical accent, without accentuating.

Number of words with diacritical accent, with accent.

Number of words with diacritical accent, accentuated.

Number of words without diacritical accent

Number of words without diacritical accent, accentuated.

Voo & WK -

! http://www.eluniversal.com.mx/noticias.html
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Table 4. Summary of obtained results

1 2 3 4 5 6 7 8 9
1 164 26 26 26 0 0 12 12
7 166 24 22 22 2 2 14 8
10 214 30 26 26 4 3 22 21
19 376 S4 4% 49 5 3 26

24 1180 | 215 191 170 22 19 125 101
47 322 69 67 66 2 2 26

48 384 87 79 78 8 7 23

53 898 187 164 162 23 21 78 74
58 114 78 68 63 10 8 34

63 165 34 28 26 6 6 21 21

RESUL | 22883 | 4238 | 3769 | 3611 | 472 | 397 | 1721 | 1526

With this information we deduce that:

*
Ambiguous words = il =18.52%

22883

Besides these results, the information in the table 5 is evaluated using the metric of

efficiency and obtaining the percentages of Recall (r), Precision (p), Mistake (m),
Accuracy (a), and F,.

Table 5. Results

Based on Based on
accented words non-accented words
r=.7153 m = 0.0549 r=.9796
p=.8411 a=.945 p=.9580
f-measure = 7731 f-measure = 9687

In the first part of the table 5, we show the results obtained from the words accentuated by
our model, where the precision (number of words accentuated divided by the total number
of words with diacritical accent) takes 84.11% as a result.

We have identified that one of the problems is in the tagging of the word "el", due to the
fact that if the system finds this word at the beginning of the sentence, it assigns to the
word the tag of "personal pronoun" and accentuates it, nevertheless, also it can take the
tag of "article", in which case does not take accent. o
As we mentioned previously, this model also determines when a word with diacritical
accent must not take orthographic accent. The second part of the table 5 shows the results
obtained from the words that must not take orthographic accent, in this case the precision
(number of words that the model decide not to accentuate, divided by the total number of
words with diacritical accent) takes 95.8% as a result. .
Nevertheless, bearing in mind the result of accuracy (number of correct decisions done by
the model) is 94.5%, having a mistake of 5.49%.
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5 Conclusions

Tagging of words is a technique that can help to identify ambiguity in the accentuation
of words of a certain text and it can generate computational tools that can help to the
correct accentuation of texts in Spanish, being useful to make easier the writing of
documents in Spanish or to use it as an assistant to teach grammatical rules.
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Abstract. This article proposes a methodology to model dialogue acts (DA) from
part-of-speech (POS) annotations in practical dialogues in Mexican Spanish. An
example using empirical data is presented to illustrate this methodology. DA and
POS annotations were obtained from DIME, a spoken dialogue corpus in which
speakers perform tasks in a virtual environment on a collaborative basis. POS
structure is a key notion in this methodology. It is the POS tagging sequence for
particular instances of utterances. The models are produced as probability tables of
pairs of DA annotations and POS structures. Results show that a number of POS

structures are more frequently used by speakers to communicate particular DA

types. These patterns can be exploited to enhance systems for automatic recognition
of DA.

Keywords: spoken dialogue, dialogue act modeling, DAMSL, DIME-DAMSL, part
of speech.

1 Introduction

Practical dialogue, also known as task-oriented conversation, is that in which speakers
cooperate to achieve a common goal. This type of conversation is simpler than general
conversation because the number and complexity of its dialogue act (DA) types are less.
In addition, it is the typical conversation to be performed in automatic systems for
dialogue management. An advantage for computational purposes is that its analysis and
modeling can be better controlled on experimental conditions.
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The relation between DA type and POS in Spanish has been poorly investigated from
an empirical, computational, view. Therefore, this research aims to propose a
methodology to characterize its patterns in spoken dialogue corpora. Other motivation for
this methodology is to improve the performance of dialogue management systems by
taking advantage of a number of information sources from speech in addition to lexical

content.
This paper is organized as follows: section 2 describes a previous research in the area.

Section 3 comments theoretical and computational foundations of DA from the views of
DAMSL and DIME-DAMSL annotation schemes. Section 4 addresses part of speech
(POS) annotation. Section 5 describes a methodology for modeling DA from POS on an
empirical, statistical, basis; an example using data from the DIME corpus is explained.
Section 6 presents an overview of the DIME corpus and the data sample for the example.
Section 7 presents the example results. Finally, section 8 discusses the results and
suggests future research.

2 Previous Research in the Area

Instances of previous research with a similar approach are: [1], [2], [3], [4] and [5]. Most
of them address the problem for English specifically. Specific research for Spanish is
scarce, so this is a strong motivation for addressing the issue. [1] and others address the
problem on subsets of DA types only, e.g. [3] studies the specific domain of business-
appointment scheduling. Others use high complexity methods, such as Hidden Markov
Models. [2] uses statistical language models produced from word transcription or
automatic recognition. [4] presents a supervised adaptation method for dialog act tagging,
evaluating model adaptation for dialog act tagging by using out-of-domain data or models.
[5] explores the tasks of dialogue act segmentation and classification by employing simple
lexical and prosodic knowledge sources. [6] addresses the problem from the perspective
of intonational information in Spanish and it uses the same empirical resource that the
present research uses. Unlike most of previous work, the present research proposes a
methodology that creates models as probability tables on POS sequences and DA
annotation pairs.

3 Dialogue Act

Searle’s speech act is the production or emission of an utterance-instance under certain
conditions, and speech acts are the basic or minimum units of linguistic communication.
On this basis, DA is the characterization of a speech act within the context of a task-
oriented conversation. From a computational view, DA need to be represented so that they
can be analyzed within experimental conditions. Therefore, a number of DA
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representation schemes, construed by annotation tag sets and annotation rules, have been
proposed. A widely used scheme is DAMSL [7]. This research uses DIME-DAMSL [8], a
scheme that is based on DAMSL and that provides with high inter-annotator consistency.
DIME-DAMSL identifies two communication planes in DA: obligations and common
ground. Tables 1 and 2 present the tag set of DIME-DAMSL scheme. A compound tag
involves that an utterance communicates two or more DA simultaneously.

Table 1. Simple and compound tags for anrotation of obligations DA (from DIME-DAMSL).

info-request answer no-tag action-dir

commit info-request answer action-dir answer offer
info-request offer action-dir_offer

Obligations DA are those in which an obligation to perform an action or to provide
some piece of information is generated either on the listener or on the speaker.

Table 2. Simple and compound tags for annotation of common ground DA (from DIME-DAMSL).

no-tag accept affirm hold repeat-rephr

open-option accept-part reaffirm hold

_reject affirm_accept ack NUS (non-understanding signal)
_offer conv-open repeat-rephr reject-part conv-close

affirm-reject open-option_accept _offer accept hold repeat-rephr
affirm_maybe _affirm_hold offer accept affirm_conv-close
_affirm_accept_exclam _affirm_accept-part_exclam affirm correct affirm perform conv-close
hold NUS open-option reject perform reaffirm_complement
reaffirm_hold hold in task-management other

Common ground DA are those in which shared knowledge or beliefs are established or
re-established (agreement subplane). Also, these DA allow the dialogue participants to
manage the communication channel (understanding subplane).

Table 3. Tags for POS annotation (reproduced from [9]).

_Tag Description Tag _ Description Tag Description Tag Description
A Adjective AD  Demonstrative adjective C Conjunction N Noun
P  Pronoun PC  Clitic pronoun PI  Interrogative pronoun PR Relative pronoun
R Adverb RA Acceptation adverb RI  Interrogative adverb RN Nemqn n.dve:b
RR Relativeadverb § Preposition TD  Definite article 71  Indefinite article
vV  Verb VAM Modal auxiliary verb VC  Verb with clitic

4 Part of Speech (POS)

Part of speech (POS) is the characterization of a word according to the function that it
performs in an utterance. A POS annotation process is based on a POS tag se_t and
annotation rules that guide a human or automatic annotator to assign a label to a particular
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instance of a word in an utterance. A number of POS tag sets and annotation rules exist.
This research uses [9], which is reproduced in Table 3.

Table 4. POS structures and their frequencies in the dataset.

POS structure Frequency % (threshold=0.6%) Accum. %
RA 170 20.0 20.0
R VR 115 13.5 335
R 20 24 35.8
PD 14 1.6 375
RN 13 1.5 39.0
RIV CPCV 9 1.1 40.1
VTIN 7 0.8 40.9
RI VR 6 07 41.6

structures (each <= 0.6%) 497 584 100.0

Total 851

5 Methodology

The methodology proposed by this research to modeling DA from POS annotations is
based on correlation analyses of data sets from both DA and POS annotations in a spoken
dialogue corpus. Models are construed on a Pareto analysis basis and probability tables
and they can also be represented as classification trees.

POS structure is the basic notion in this methodology. POS structure is the complete
sequence of POS labels that are assigned to words in a particular utterance. The whole set
of POS structures and the probabilities of DA types for each POS structure in a corpus are
a simplified statistical language model of DA types obtained from that specific corpus.
Once POS annotations of the corpus are available, the basic steps to perform are:

Step 1. Creation of POS structures from POS label sequences: this involves
concatenating the POS labels of each utterance by inserting a character such as _
(underscore) or any other similar to produce one single string. For instance, a POS
sequence as R, ¥, R is transformed intoR_V R.

Step 2. Pareto analysis of POS structures: its purpose is to identify the most frequent
POS structures (see Table 4). This is needed to determine a threshold for discarding POS
structures with lowest frequencies. These structures might be useless for DA modeling
because they are associated to syntactic structures that are scarcely used by speakers. The
threshold can be determined by an empirical fine-tuning for specific applications. Every
POS structure with a relative frequency less than the threshold cannot be recognized by
the model; however, this behavior is useful because the recognition task can be focused on
the most frequent structures.

Step 3. Statistical analyses of DA for each of the most frequent POS structures for
obligations and for common ground tags (see Tables 5 and 6). Two separated analyses
(i.e. one for obligations and one for common ground) are needed because DIME-DAMSL
scheme assigns both an obligations and a common ground tag for every single utterance.
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In a real-world application, DA recognition can be supported by mapping a particular
POS structure to its most probable DA types on obligations and common ground.
Therefore, statistical analysis of these patterns is the core of a model. A threshold for
relative frequencies of DA tags that are associated to every POS structure is convenient to
disregard DA types that are not statistically significant in the dataset.

Table 5. Obligations tags of the most frequent POS structures.

POS structure % of dataset Obligations tag % of POS structure

(threshold=0.6) (threshold=30.0)

RA 20.0 answer 524

Other 47.6

R_V R 13.5 info-request 82.6

Other 17.4

R 24 no-tag 40.0

answer 35.0

Other 25.0

PD 1.6 info-request 714

Other 28.6

answer 53.8

RN 1.5 no-tag 30.8

Other 15.4

RIVCPCV 1.1 info-request 100.0

V.TIN 0.8 no-tag 429

Other 57.1

RI VR 0.7 info-request 100.0
Other structures (each <= 0.6%) 58.4

Step 4. Statistical analyses of the most frequent POS structures for each DA type. Like
analyses in step 3, two analyses (one for obligations and one for common ground tags) are
produced. The purpose is to identify the POS structures that occur most frequently for
each DA type. Usually, only a lower number of pairs of POS structure and DA type with
high percent for the pair exist in a corpus. The identification of these patterns is useful to
validate results from steps 2 and 3. See Table 7 for obligations. Also, a table for common
ground is available at the WWW!.

Step 5. Implementation of two DA recognition models (one for obligations and one for
common ground). Models can be implemented in a real-world dialogue management
system considering the following stages: 1) word-level automatic speech recognition that
parses words into POS, 2) POS tagging can then be transformed into POS structures, and
3) the DA tag with highest probability is assigned for the POS structure using the tables
previously computed. One tag is assigned for obligations and one for common ground.
Thresholds defined in steps 2, 3 and 4 involve that the recognition task is focused on the
most frequent DA types and POS structures. )

This methodology is illustrated by an example on a practical dialogue corpus that 1s
explained below.

1 http:/lwmv.unsis.edu.mx/~coria!mwpr__2009ltable_7__A.pdf
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Table 6. Common ground tags of the most frequent POS structures.

POS structure % of dataset Common ground tag % of POS structure
(threshold=0.6) (threshold=30.0)
RA 20.0 accept 94.1
Other 59
R VR 13.5 no-tag 86.1
- Other 6.2
R 24 accept 40.0
Other 60.0
PD 1.6 hold_repeat-rephr ~ 643
Other 35.7
RN 1.5 reject 46.2
Other 53.8
RIVCPCV 11 no-tag 55.6
B accept 333
Other 11.1
V.IIN 0.8 no-tag 429
- Other 57.1
RI V R 0 7 e ¥

Other structures (each <= 0.6%) 58.4

6 Empirical Resource

The DIME Corpus [10] is the empirical resource used in this research. An empirical
approach is preferable for DA modeling because it increases the model efficiency and
allows creating probabilistic, instead of deterministic, models. The DIME corpus contains
26 screen videos and audios of two-person practical dialogues. In each dialogue one
person plays the role of the computer System and his partner acts as the system User.
Videos contain the graphical status of a virtual scenario and graphical actions performed
by individuals on virtual pieces of furniture as they interact in a CAD (computer aided
design) software. The common goal for participants in every dialogue is to arrange pieces
of furniture in a virtual kitchen while satisfying a number of design specifications and
constraints. The corpus also contains orthographic, phonetic, POS and DA transcriptions,
among others. A sample containing 851 utterances from 12 dialogues is used for this
research. The sample includes the orthographic, POS and DA annotations of utterances.

7 Example Results

Results from an example to illustrate the methodology using data from the DIME corpus
are presented in Tables 4 to 7.

Data in Table 5 are ordered by POS structure percent (second column). Percents of DA
tags are ordered for each POS structure. A useful alternate ordering can be by percent of
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majority class of POS structure; ie. the pairs RI_V _C_PC_V with info-request and
RI_V_R with info-request would be the top 2, each with 100.0%, then R_V_R with info-
request with 82.6% would be third, etc. This way, the most significant patterns are easily
identified. Table 6 is similar, but its values for R/ ¥ _R do not satisfy the threshold. The
complete models, i.e. with no thresholds, are available at the WWW?2,

Table 7. Most frequent POS structures for obligations DA types.

Obligations tag Frequency % Most frequent % of obligs. tag
(single or compound) POS structure  (threshold=35.0)
info-request 262 308 R VR 36.3

Other 63.7
answer 213 250 RA 41.8
' Other 58.2
commit 34 4.0 RA 91.2

Other 8.8
info-request_answer 16 19 RVR 43.8

Other 56.2

8 Discussion and Future Research

A methodology for DA modeling from POS annotations has been presented. POS
structure, i.e. the sequence of POS tags from a particular utterance, is an important notion
in this methodology. Results from an empirical analysis show that a number of POS
structures are more frequently used by speakers to communicate specific DA types in
practical dialogues. Some examples of the most frequent pairs are: R4 for commits,
R _V R for info-requests, RN for reject-parts, etc.

Defining thresholds for the most frequent DA types and/or POS structures is a solution
to identify the most significant patterns. Therefore, this approach can focus the
recognition task on the DA types and/or the POS structures that have highest frequencies
in a training corpus.

The main contributions and significance of this research are: 1) results suggest that a
number of DA types are uttered using specific subsets of POS structures more frequently
than other structures and these patterns could be exploited to improve DA managements
systems, 2) the methodology is simple and it can be used on other languages _for
theoretical and practical purposes, 3) although patterns that are discovered from a specific
corpus cannot be used to improve general-purpose DA management systems, the
methodology can be useful on a domain-specific basis. Implementations for real-world
systems should use other additional sources from speech, such as intonation, cue words,
etc. to obtain higher accuracy rates, since only using POS structure of utterances does not
suffice.

2 See obligations and common ground models at htlpdlwww.unsis.edu.mxl-coria/mwpr_2009l
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Future research can address applying the methodology to implement and evaluate an

automatic recognition model for DA using standard evaluation metrics. Also, comparing
results to similar systems is needed. Implementation can be based on probability tables for
the pair patterns. In a later implementation, other models can include POS structure
information along with intonation and other sources. The models can be implemented in
decision trees, such as those created with classification and regression algorithms.

Acknowledgments. The authors thank the DIME Project team for their effort in
producing POS and DA annotations of the DIME Corpus.
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Abstract. Searching people on the Web is one of the most common ac-
tivities carried out by Internet users. However, search engine results are
usually generated without taking into account the inherent ambiguity
of people names. Homonymy is the state of one of a group of words of
sharing the same spelling and the same pronunciation but having differ-
ent meanings. In this paper we have focused our research on the task of
discriminating people that share the same name but have different oc-
cupation. We compare two different approaches for selecting features on
documents of homonyms from a supervised and unsupervised viewpoint.
We have used a high scalable clustering method based on fingerprinting
in order to discriminate a set of homonyms taken from a testbed corpus
used in one international competition. The proposed system performed
well in comparison with other results reported in literature.

1 Introduction

The homonym discrimination on the web is a task that requires a special atten-
tion by the natural language engineering community. Searching people in Inter-
net is one of the most common activities performed by the World Wide Web
users [1]. The main challenge consists on discriminating people with presence
in the Web that share the same name but have different occupation. In Figure
1 we can see a snapshot of Google! when searching people on the Web. The
results retrieved are neither considered in any way belonging to people nor to be
classified or clustered. This an undesirable behaviour of a wise search engine.

Spock.com? instead assumes by default that the user is searching people on
Internet and, therefore, it brings together all the results (people webpages) that
the system considers that share the same occupation (see Figure 2). In theory, an
information retrieval system which is able to recognize queries related to people
should have similar behaviour to the Spock system; otherwise, it should have a
google-like behaviour.

* This work has been partially supported by the CONACYT project #106625, as well
as by the PROMEP/103.5/09/4213 grant.

! http://www.google.com

2 http://www.spock.com
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The aim of this paper is to automatically discover the most salient features
for the classification of homonyins. We present a semi-supervised classification
method which relies the training phase on the WePS-1 collection [1], which
contains 49 ambiguous people names. We evaluate the obtained features on a
test dataset in order to see the performance obtained on this task. Moreover,
we report the performance of the classifier when using the WePS-2 collection,
which is a standard corpus used at the Web People Search Task [2] made up
of 30 ambiguous names of people, each name with a number of HTML pages
with information related with that people name. The complete description of
the evaluated corpus is given into detail in [2].

The classifier used on the experiments was constructed on the basis of a sys-
tem which relies its text retrieval techniques on hash functions [3]. In particular,
we have constructed a new vectorial coordinate system for the representation
of the original data and, thereafter, we calculate the distance of the vectorial
representation of each input dataset by means of a hash function.

We must take into account that the fingerprinting technique may allow in-
dexing and clasifying of documents in a one single step. Therefore, given the
huge amount of information available in Internet, we consider that an impor-
tant contribution of this research work consists of providing a very fast way of
classifying people names on the World Wide Web.

The evaluation of the experiments carried out show that the implemented
technique could have a positive impact in the analysis/indexing of huge volumes
of information. However, the feature set for all the documents in the WePS
framework needs to be further investigated.

The remainder of this document is structured as follows. In Section 2 we
describe the components of the implemented system. Section 3 describes into
detail the two feature selection techniques used in the experiments. The docu-
ment fingerprint technique used in the document indexing and clustering process
in the Web People Search framework is explained in Section 4. The experimental
results are discussed in Section 5, whereas the conclusions are given in Section

6.

2 Description of the implemented system

The system architecture follows the classical approach of supervised classification
(see Figure 3) and it comprises the following components:

Pre-processing: We have programmed two implementations in order to per-
form the HTML to text conversion. The first HTML to text converter was
programmed with Java, whereas the second was implemented with AWK.
No HTML tags nor url’s were considered in the text extraction.

Feature selection: The process of document feature selection is performed in
two steps as presented in Figure 4, and it is described in Section 3. In a brief,
all the categories of different people names are clustered in order to conf?rm
a general set of features which hopefully will describe a certain occupation.
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Document representation: We see each document as a vector of features and,
therefore, we may formally express the representation of each webpage as
follows.

d = [w(fr),w(fa) -+ w(fa)), (1)

where w(f;) is the weigth of the i-th feature recognized in the document d.

Indexing/clustering: The indexing process was carried out by using the for-
mula expressed in Equation (5). We used a specific threshold (¢) in order to
determine a range of hash-based values (documents) that should belong to
the same cluster. The overlapping of clusters was not considered but it may
be easily implemented.

. . Feature

Training Salaction
corpus

A

1

1

1

v

Test Classification Target
corpus Modlel | Category

Fig. 3. The classification approach.

3 Feature Selection Techniques

We have considered that each person webpage should be classified according
to the abilities of that person with respect to a specific occupation. Therefore,
we focus our investigation on discovering such features that identify the role
of a given person on his occupation. However, we do not expect that all the
occupations will be represented on the training corpus nor that each person will
completely describe the features of some occupation.
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Our approach extract the most salient features of each occupation. This pro-

cess is carried out within all the person webpages by means of the two following
feature selection techniques.

Entropy: We calculate the entropy (H) of each word (w;) within each clus-
ter/category for every person. Formally, given a cluster (occupation) of one
person Cj, which is made up of a document set ({dy,d2,--- ,dn}). The most
salient features of C; are those words w; that are obtained by Equation (2).

Features(Cj) = {wi|H(wi, C;) > B} (2)
with

H(wi, Cj) = p(wi, Cj) * log(p(w;, Cj)) (3)

where p(w;, C;) is the probability of word w; in cluster Cj, and B is a real
value which is used as a threshold, whose value range between cero and one.

Conditional probability: We selected those words that represent better each
category by using the conditional probability of word w; given the category
Cj, i.e., p(w;|C;). We sort these probabilities and, thereafter, we just selected
those that are above of a given threshold 7 (y € R and « € [0, 1]) as shown
in Equation (4).

Features(C;) = {wilp(wi|C;) > 7} (4)

Once the most salient features of each category are obtained, we cluster
these features in order to bring together all that features that belong to the
same occupation by using the K-Star clustering method [4]. In summary, given
the k categories we are using for extracting the most salient features, we firstly
extract k sets of features (one per category) and, thereafter, we consider merging
these feature sets by using a clustering method in order to get k' new feature
sets (k' < k). The complete process is presented in Figure 4.

4 Document Fingerprinting and classification

Document indexing based on fingerprinting is a powerful technology for simi-
larity search in huge volumes of documents. The goal is to provide a proper
hash function which quasi-uniquely identifies each document, so that the hash
collisions may be interpreted as similarity indication.

4.1 Document classification

Formally, given two documents d and dp, and the fingerprint of the tw? doF-
uments h(d;) and h(dz), respectively. We consider dy and dz to be e-similar iff
|h(dy) — h(d2)| < €.
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Fig. 4. The process of discovering general features for the homonymy descrimination
task.

4.2 Document fingerprinting

In the context of document indexing/clustering/retrieval a fingerprint h(d) of
a document d may be considered as a set of encoded substrings taken from d,
which serve to identify d uniquely. _

Defining the specific hash function to encode the substrings of the documents
is the main challenge of the fingerprinting technique. In particular, in the im-
plementation of the proposed Web People Search system we defined a small set
k of term-frequency vectors ({77,73,--- ,7¢}) (which are used as reference for a
new coordinate system) in order to be considered as the new reference for the
vectorial representation of each document of the WePS-2 collection. In Figure 5
we may see an overview of the proposed approach.

Formally, given a set of k reference vectors, {71, 73, , 74}, and the vectorial

representation of a document d (7). We defined the fingerprint of ? as shown
in equation (5).

k
nd)=S 7. (5)

i=]

The specific features used in the vectorial representation of the documents
are the ones explained in Section 3.
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Fig.5. The new vectorial coordinate system used on the implemented hash-based
function for fingerprinting.

5 Experimental results

Besides the evaluation of the WePS-2 collection, we performed a set of exper-
iments over the training and test dataset of the WePS-1 collection (see [1] for
a complete description of these datasets). The obtained results are presented in
Tables 1, 2 and 3, respectively.

In these tables we may see the following set of metrlts used to evaluate the
performance of the implemented system:

BEP: BCubed Precision

BER: BCubed Recall

FMeasure 0.5.BEP-BER: F-measure of B-Cubed P/R with alpha set to 0.5

FMeasure 0.2 BEP-BER: F-measure of B-Cubed P/R with alpha set to 0.2

P: Purity

IP: Inverse Purity

FMesure_0.5_P-IP: F-measure of Purity and Inverse Purity with alpha set to
0.5

FMeasure_0.2_P-IP: F-measure of Purity and Inverse Purity with alpha set to
0.2

For more details about the evaluation metrics please refer to [5]. The baselines
and the rationale for F-measures with alpha 0.2 are explained in the WePS-1
task description paper [1].

We have tested the two approaches that result from selecting features by using
entropy and conditional probability on each category. We may see (Tables 1, 2
and 3) that the implemented approaches obtained a performance comparable
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with two of the proposed baselines, ALLIN_ONE and ONE_IN_ONE, with a
document similarity threshold (¢) equal to 0.4.

Although, some of the implemented approaches obtained acceptable results in
comparison with the baselines, in the case of the WePS-1 test collection, we could
not outperform one of the proposed baselines. We consider that the expected
document distribution over the final clusters has played an important role on the
obtained results, since the presented algorithm of fingerprinting usually assumes
a uniform distribution of documents over the discovered clusters.

The evaluation of the experiments carried out shows that the implemented
technique could have a positive impact in the analysis/indexing of huge volumes
of information. However, the feature set for all the documents in the WePS
framework needs to be further investigated.

As future work, we would like to experiment on feature selection in order to
clearly benefit the construction of the reference vector set. We are considering
the use of other supervised classifiers in order to extract the most important
features of the WePS collection.

Finally, we would like to analyse the use of new hash-based functions and
new document representations which consider characteristics other than those
based on term frequencies.

Table 1. Evaluation of the WePS-2 test dataset.

FMeasure_0.5|FMeasure 0.5
run L BEP|BER| BEP-BER P-IP IP| P
ALL_IN_ONE_BASELINE |0.43| 1.0 0.53 0.67 1.0 [0.56
COMBINED.BASELINE (0.43| 1.0 0.52 0.87 1.0 [0.78
ONEIN.ONE_BASELINE| 1.0 (0.24 0.34 0.34 0.24| 1.0
Entropy 0,46] 0,9 0,54 0,65 0,94(0,57
Conditional probability 0.44]1.00 0.53 0.67 1.00{0.56

Table 2. Experimental results with the training dataset of the WePS-1 collection.

FMeasure_0.5|FMeasure 0.5
run BEP(BER| BEP-BER P-IP IP| P
ALLIN_ONE_BASELINE |0.54| 1.0 0.64 0.75 1.0 |0.65
ONE_IN_ONE_BASELINE| 1.0 |0.34 0.45 0.46 0.35( 1.0
COMBINED_BASELINE |0.48] 1.0 0.60 0.9 1.0 |0.82
Entropy 0.570.93 0.65 0.61 0.96/0.50
Conditional probability 0.54(0.99 0.65 0.61 1.00|0.48
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Table 3. Experimental results with the test dataset of the WePS-1 collection.

FMeasure_0.5|FMeasure_0.5
run BEP|BER| BEP-BER P-IP IP| P
ALLIN_.ONE_BASELINE |0.180.98 0.25 0.4 1.0 |0.29
COMBINED_BASELINE |0.17|0.99 0.24 0.78 1.0 |0.64
ONEIN_ONE_BASELINE| 1.0 {0.43 0.57 0.61 0.47| 1.0
Entropy 0.21]0.92 0.30 0.36 0.9610.25
Conditional probability 0.18]0.98 0.25 0.36 1.00]0.25

6 Conclusions

We implemented a hash-based function in order to uniquely identify each doc-
ument from a text collection in the framework of the Web People Search task.
The hash collisions were interpreted as similarity degree among the target doc-
uments. In this way, we constructed an algorithm which only takes into account
the local features of each document in order to index/cluster them. The experi-
mental results over the WePS-1 test and training datasets showed an acceptable
performance of the proposed algorithm. However, the proposed reference vector
for the fingerprinting-based model did not help too much when evaluating with
the WePS datasets. The proper construction of reference vectors for the auto-
matic and unsupervised classification of people names in the Web needs to be
further investigated.
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Abstract. Texture periodicity and texture element (texel) size are im-
portant characteristics for texture recognition and discrimination. In this
paper, an approach to determine both, texture periodicity and texel size,
is proposed. Our method is based on the entropy, a texture measure
computed from the Sum and Difference Histograms. The entropy value
is sensitive to histograms parameters and takes its lower value when the
parameters match with texel size or its integer multiples, in an specific
direction. We show the performance of our method by texture synthesis,
tiling a sample of the detected size and measuring the similarity between
the original image and the synthesized one, showing good results with
regular textures and texels with different shapes.

Key words: Texel Size, Texture Periodicity, Entropy, Texture Analysis,
Texture Synthesis.

1 Introduction

Texture analysis is an important issue in computer vision. Texture is a visual
property perceived in all objects around us. There is not a formal definition of
visual texture, but from the structural point of view, it is widely accepted to
define it as an image conformed by two components: a texture element (texel),
which is the fundamental micro-structure in generic natural images [14], and
its placement rules. The main task of structural analysis is to identify texels
and their placement rules, which can be related with texture periodicity. These
components are sought in order to obtain a compact description of the analyzed
texture, which could be used in applications of texture synthesis [2], high speed
image transmission, texture compression, among others. In the same way, the
texel can be used as reference in order to improve performance in classification
[5](8] and segmentation [12] tasks and achieve invariant texture analysis [6]. In
the case of natural textures it is not trivial to analyze periodicity since it is
reduced by variations in elements, like illumination changes, perspective defor-
mations, shape, and same stochastic nature of texture.

Coocurrence matrix (CM) proposed by Haralick [4] has been widely used to
detect periodicity exploiting its parametrization, and mainly using two statistics:
x? and & [11]. Other approaches have been proposed for the same task. Textural
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periodicity determination using a distance matching function has been proposed
by Oh et al. [10], improving time consumption in comparison with inertias from
the CM. Recently, Ahuja and Todorovic [1] have proposed the extraction of tex-
els in 2.1D natural textures, using segmentation trees. Grigorescu and Petkov (3],
estimate the minimum square window that corresponds with texel size of reg-
ular images based on the calculation of Renyi’s generalized entropies. Leu [7]
has proposed the use of the gradient field and an autocorrelation function to
determine the periodicity of a given texture. Nang and Pang [9] have proposed
the regularity analysis of texture with a regular bands (RB) method.

In this paper, texture periodicity and texel size are determinated using the
property of entropy calculated from the Sum and Difference Histograms (SDH)
proposed by Unser [13]. SDH has a free parameter, a relative displacement vector
(DV') which consists in two components, horizontal and vertical. When DV is
varied, an entropy function with respect to DV is obtained. When DV matches
with the texel size or an integer multiple, entropy function reaches local minima,
such behavior allows us to detect period and hence, the texel size. Moreover,
SDH present computational advantages over the CM in complexity and memory
consumption since SDH decrease in one order the CM memory storage. The
paper is structured as follows: Section 2 describes the calculation of SDH. Section
3 describes the proposed method to extract the periodicity and texel size. In
Section 4 the experimental setup is described and results for artificial and natural
textures with different randomness levels are presented in Section 5. Conclusions
and future work are given in Section 6. '

2 Sum and Difference Histogram

To obtain the SDH, let us define a texture image I(m,n) of M x N pixels
size, and K gray levels k = {0,1,..., K —1}. Let us consider a pixel localized in
coordinates (m,n) with intensity denoted as Im »n and a second pixel in a relative
position with intensity Im+d,, n+d,, where (dm,dn) is the relative displacement
vector (DV). Sum and difference, associated with the relative DV (dp,,d,), are
defined as:

Smn = Imn + Im+dm,ntdns (1)
d-m,n = Im,n = Im+dn,ntdn- (2)

Sum histogram h, and difference histogram h4 with displacement vector (dm, dy)
over the image domain D, are defined as: hy(7) = Card{(m,n) € D, spmn = i}
and hq4(j) = Card{(m,n) € D,dmn = j}. Normalized SDH are estimations of
the sum and difference probability functions P(7) and Py(5).

Different measures computed from the probability distributions have been
proposed to be used as textural information. In this work, the measure used is
the entropy, defined in Eq. 3.
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entropy = — Z Py(i) - log( Py (1)) — Zj P4(j) - log(Pu(4)). - (3)

3 Periodicity and Texel Size Determination

As was described previously, SDH are parameterized by a displacement vector
which is represented in cartesian coordinates as (dm, dn). Let us take the periodic
texture I(m,n) previously described, with dimensions of M x N pixels and
period Tp,, T}, in horizontal and vertical directions, respectively. Using SDH we
can obtain an entropy value E(d,d,) in function of the displacement vector
DV = dp,,dn. In a periodic texture, when DV matches the texture period (texel
size), or multiples of it, entropy function reaches a minimum value. This behavior
can be exploited in order to detect period for horizontal and vertical directions,
when one of the parameters is fixed to zero. When d, = 0, d,, takes values in
the range (2, &}, and when d,, = 0, d,,, is in the range of [2, M. The upper value
is proposed to assure at least two texels in the surface analyzed.

For example, an artificial and periodic texture with a square texel of 32 x 32
pixels size is presented in Fig. 1a. In Fig. 1b the entropy plots in both directions
horizontal (with the marker (0)) and vertical (with the marker (+)) are given.
We can see in this case, that the entropy function is the same in both directions,
since this is a square texel. We also can see, that the entropy plot is periodic
and has minima when DV matches with integer multiples of the texel size (e.g.,
32, 64, 96,...).
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Fig. 1. An artificial texture pattern (a) and its entropy function in bo.th directions (b).
A natural texture pattern (c) and its entropy function in both directions (d).

We can determine the texel size of an artificial texture pattern by finding the
first global minimum, but it is more difficult when a natural texture is analyzed.
Changes in texel shape and its placement rules reduce periodicity due to t1.1e
typical irregularities said before. Lets take the natural texture pattern shown in
Fig. 1c, whom texel size is approximately 33 x 33 pixels size. By analyzing this
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texture pattern with the same criteria, we obtain the entropy functions shown
in Fig. 1d. Although functions are not periodic, they still have local minima
when DV corresponds with the texel size. Including natural cases in the general
criteria, we can say that texel size is determined by the DV where the global
minimum from entropy functions is found.

4 Experimental Setup

To test the performance of our approach, we use 9 images: synthetic textures,
natural quasi-periodic textures and a natural stochastic texture. The image data
set (see Fig. 2) consists of an artificial texture and 8 images extracted from the
Brodatz album [?]. Take notice that although natural images are apparently
regular, a detailed inspection shows that the position rules vary, considering
them as quasi-periodic. Last image (D9), can be defined as stochastic since it

looks like 2D noise.

L b obbbdd
0 66 60b0ddd

1 660030004
06600000

1 666600004
1 666600004

Fig. 2. Data Set used in experiments.

Performance is evaluated by taking a sample from the original image and
using it in texture synthesis. Texture synthesis has been an important issue in
computer vision, used as a way to verify texture analysis methods among other
applications. The algorithm used in texture synthesis is tiling. Such algorithm
consists in tiling an image with specific dimensions where the tile is a sample
of a given texture. In this experiment, the tile is the sample taken from the
original image. In order to quantify similarity between the original image and
the synthetic image we use the Kolmogorov-Smirnov (KS) test defined in Eq. 4.
KS test has values in the range [0,1) so we can have an intuitive result where
zero is the value for two images that match exactly and one for two completely
different images, like an image completely white and other completely black.
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KS = maz|H, (k) — Ha(k)|, (4)

where H; and H, are the cumulative distribution functions of two histograms.

5 Experimental Results

Entropy functions were calculated for each image, their plots are presented in
Fig. 3, horizontal direction is presented with the mark (o) and vertical direction
is presented with the mark (+). Table 1 shows the results of texel size detection,
following the criterium that the texel size is found in the DV which corresponds
to the global minimum.

In this image set, we can find four different cases. First case is the artifi-
cial texture named Tex4. This image is periodic in both directions, so entropy
functions are periodic too. Since there are not a single global minimum, texel
is detected in the first global minimum. In natural textures, there are specific
cases, the first one is a quasi-periodic texture with square texel (e.g., D101). Its
entropy functions show some periodicity in both directions and the global mini-
mum in each direction matches with texel size. Another case is when there are
periodicities in both directions but not with the same period, this means that
the texel has a rectangular shape (e.g., D34, D52, D53, D65, D16). Last case
within natural textures, is when there is not apparent regularity or it is difficult
to describe a basic pattern and its position rules. This is the case of D9, where
entropy plots looks like noise, the global minimums are localized in a high DV,
hence the texel size tends to be big.

Table 1. Results in texel size determination and Kolmogorov-Smirnov test of synthe-
sized textures and original textures.

| Texture Texel KS Test “ Texture Texel KS Test |

Tex4 28 x28  0.000 D65 28 x 69 0.110
D102 38 x37 0.027 D16 7x43 0.044
D34 17x 41  0.284 D22 32 x 15 0.110
D052 59x32 0.284 D9 83x 109  0.052
D53 20x 14  0.247

In Fig. 4 the synthetic textures created from the texel detected are shown.
The synthesis algorithm consists in taking the first sample of the size detected
and repeating this sample in both horizontal and vertical direction through a
specific surface. Results of KS test are shown in Table 1. These values show
that the synthetic image is very similar to the original one with values lower
than 0.3. We can see that the synthetic texture of the image named as Tex4,
matches exactly with the original one obtaining a value of zero. Synthetic images
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Fig. 3. Entropy plots for each image in horizontal (o) and vertical (+) directions.
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corresponding with D101, D052, D16 and D9, exhibit good similarity values,
lower than 0.1, this is, images are similar in more that 90%. The highest value of
0.28 is obtained with the image D34. In general, due to natural irregularities of
texture, there are certain differences between the original and synthetic images.

As tiling algorithm is regular, there is an error that accumulates and propagates
through all the synthetic surface.
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Fig. 4. Synthesized textures by tiling detected texels. Compare with Fig. 2.

6 Conclusion

Periodicity and texel size detection are classic problems in structural texture
analysis. In this paper a method based on the property of entropy, calculated
from the SDH, to detect the texel size was proposed. Entropy is calculated as
a function of the DV in SDH. When DV matches texel size or its multiples,
the entropy function has local minima, but texel size is found in the DV where
the global minimum is found. Performance was evaluated qualitatively with tex-
ture synthesis by tiling, and quantitatively with the Kolmogorov-Smirnov test,
showing good results with periodic, quasi-periodic and stochastic textures.

The main advantage of this method over the based on the CM is the use of
the SDH that simplifies the computational complexity and memory storage. In
an image with K grey levels, the CM requires K x K memory locations, w.hale
the SDH only requires 2K — 1. Other advantage is the analysis in two directions

by fixing to zero a component of the DV. Doing so, we can detect different shapes .

of texels, accurately identifying a squared or rectangular texel.
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Abstract. Biometric verification systems employing images of the iris are claimed
to be extremely accurate. The iris biometrics features can be used on security
systems applications, due to their great advantages, such as variability, stability and
security. The speed and performance of an iris verification system is crucial. Thus
in this paper, efficient verification process for iris recognition with important
performance in feature extraction stage and high confidence is described. The
proposed system uses 1D Log-Gabor filter for texture analysis. Experimental tests
were performed using CASIA iris database.

Keywords: Iris, Recognition, biometrics.

1 Introduction

Iris recognition is one of important biometric recognition approach in a human
identification. Using only iris pattern information, it has a higher accuracy rate than other
biometric recognition methods such as face recognition, fingerprint recognition, voice
recognition, and hand geometry, noting that an iris has much pattern information and is
invariable through a lifetime [1-4]. Thus, iris recognition is in the limelight of security
applications. There are mainly two iris recognition prototypes that had been developed:
one by J. Daugman [1-2], and the other by W. Wildes [3]. Most of the commercial iris
recognition systems are based on these prototypes [4-7]. However, one of the most
successful commercial iris recognition systems is distributed by L1 identity solutions
(known before as Iridian Technologies) [5] and it uses algorithms patented by Daugman.

Eye images are captured by the system (Image Acquisition). Then, they are processed b.y
first detecting and segmenting the iris (Preprocessing). The iris region of the image is
warped (unrolled) to normalized rectangle. Features that represent the iris patterns are
extracted and a code (template) is generated (Encode Features). And finally, veriﬁca'tlon
is then achieved by matching the template against a gallery of templates using normalized
Hamming distance (Matching codes). .

The objective of this article is to describe an efficient verification process for iris
recognition with important performance in feature extraction stage and high confidence.
In this article the different concepts for every stage in an iris recognition system were
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developed in C language in order to verify the system performance and to validate the
chosen options for every stage. The Section 2 describes and analyzes each stage of the
system that has been implemented. The experiments and results will be presented in the
section 3. Finally conclusions will be drawn in section 4.

Fig. 1. How iris verification process work.

2 Iris Verification Process

2.1 Image Acquisition

One of the major challenges of automated iris verification system is to capture a high
quality image of the iris while remaining noninvasive to the human operator. Given that
the iris is a relatively small (1cm in diameter), dark object and that the people are very
sensitive about their eyes, this matter required careful engineering. The following points
should be concern: Desirable to acquire images of the iris with sufficient resolution and
sharpness to support verification. It is important to have good contrast in the interior iris
pattern without resorting to a level of illumination that annoys the subject. The images
should be well framed (i.e. centered). Noises in the acquired images should be eliminated
as much as possible.

2.2 Iris Localization

An eye image contains not only the iris region but also some unuseful parts, such as the
pupil, eyelids, sclera, and so on. For this reason, at first step, segmentation will be done to
localize and extract the iris region from the eye image. Iris localization is the detection of
the iris area between pupil and sclera (see Fig. 2.a). So we need to detect the upper and
lower boundaries of the iris and determine its inner and outer circles. The captured image
is a 2-D array (M x N) and is described as I(x, y) where the point (X, y) is the gray-level.
The first eye part to isolate is the pupil (dark circular area in an eye image, see Fig 2.b). It
is used to fix a region threshold to binarize the image I(x,y) to obtain an image Ig(x, y).
The image is scanned in the horizontal direction to find the longest chord which will be
the diameter of the pupil. The following equations are used to find the centre coordinates

[8]:
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X, ____x+_________Dm(2x,y) 1)
Yp=Y

Dia is the longest chord, and (x, y) is the start point of Dia.

The outer boundary of the iris is more difficult to detect because of the low contrast

between the two sides of the boundary. Canny edge detection is performed to create an

edge map to generate gradients information [9]. Circular Hough Transform which is

employed by Wildes [10], is used to detect the iris-sclera boundary to obtain a new centre

(Xs;ys) and radio r; .The linear Hough Transform [11] is used to detect and to isolate
eyelids and eyelashes.

Inner

Beuadary

2.3 Iris Normalization

The irises captured from the different people have different sizes. The size of the irises
from the same eye may change due to illumination variations, distance from the camera,
or other factors. At the same time, the iris and the pupil are non concentric. These factors
may affect the result of iris matching. In order to avoid these factors and achieve more
accurate verification, the normalization for iris images is implemented. In normalizations,
the iris circular region is transformed to a rectangular region with a fixed size. With the
boundaries detected, the iris region is normalized from Cartesian coordinates to polar
representation. This operation is done using the following operation:

I(x(r,8),y(r,80)) > I(r,0) (2)
with
x(r,0)=(1-r)x,(0)+rx,(6) and y(r,0)=(1-r)y,(6)+7y,(6)

The 7 is on the interval [0,1] and & is an angle [0,2z]. The I(x,y) is the region image,
(x,y) are the original Cartesian coordinates, (#,8) are the corresponding normalized

polar coordinates. The Xy, and Xy, are the coordinates of the iris ring along the 7
direction.
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Besides to generate the normalized iris image (iris template) is-necessary to generate
another image called “noise mask”. This mask indicates the regions of the normalized iris
where the pattern of the iris is obstructed by the eyelids, eyelashes, etc. The noise mask
has the same dimensions that the iris image, it is used in the comparison stage to avoid to
compares the obstructed regions.

2.4 Feature encoding

The iris has a particularly interesting structure and provides abundant texture information.
So, it is desirable to explore representation methods which can describe global and local
information in an iris. In this stage the iris features are obtained convolving the
-normalized iris pattern with a 1D Log-Gabor filters. Gabor Filters based methods have
been widely used as feature extractor in computer vision, especially for texture analysis
[12]. Gabor filters can serve as excellent band-pass filter for one-dimensional signals.
Daugman [1,15] used multi-scale Gabor wavelets to extract phase structure information of
the iris texture. However, Field [14] has examined that there is a disadvantage of the
Gabor Filter in which the even symmetric filter will have a DC component whenever the
bandwidth is larger than one octave. To overcome this disadvantage, another type of filter
is used known as Log-Gabor, which is Gaussian on a logarithmic scale, can be used to
produce zero DC components for any bandwidth. The Log-Gabor filters are obtained by
multiplying the radial and angular components together where each even and odd
symmetric pair of Log-Gabor filters comprises a complex Log-Gabor filter at one scale.
The frequency response of a Log-Gabor Filters is given as:
—(losUlfo))’J
G(/f) = e\ 2ios(s7 1)
Where f;, represents the central frequency, and B bandwidth of the filters.
The 1D Log-Gabor Filter is chosen to be the feature extractor of iris for the
implementation since 1D Log-Gabor Filters is an improved version of Gabor Filters. By
applying 1D Log-Gabor Filters, 2D normalized pattern is divided into a number of 1D
signals, and these 1D signals are convolved with 1D Gabor wavelet. The rows of the 2D
normalized pattern are taken as the 1D signal; each row corresponds to a circular ring on
the iris region. The angular direction is taken rather than the radial one, which
corresponds to columns of the normalized pattern, since maximum independence occurs
in the angular direction. To encode each row of the image (X vector), the discrete Fourier
transform (DFT) is applied to get vector Y (eq.4). Then vector Y and a 1-D log-Gabor
wavelet are multiplied to get the vector Z (eq.5). The 1D Log-Gabor function is defined
(eq.3), only one filter is used, with f, =12, and a bandwidth B = 0.5 [15]. Finally, using
the inverse DFT on the vector Z to get the vector D (eq.6).
N -;z.u-lxn-l)

h=2me 4)

€)
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N —J2r(k=1)(n-1)

D, = -1:—,22,‘ e W (6)
n=1

The output of the Gabor filter are complex numbers, where the phase angle at each output

point is quantized to two bits depending on the quadrant where this each element in the

complex plane. Thus for an image normalized with size (MxN) the resulting template is

of size (Mx2N). The template size with radial resolution of 128 pixels and angular

resolution of 256 pixels was chosen. These parameters generate an iris template that
contains 32768 bits of information.

2.5 Matching codes

Matching is a process to determine whether two iris templates are from the same
individual. To perform the matching process, we will attempt to measure the Hamming
Distance (HD) [1] between two iris templates. The Hamming distance between any two

equal length binary vectors is simply the number of bits positions in which they differ
divided by the length of the vectors.
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Fig. 3. Distributions of probability intra-class and inter-class in function to hamming distance.

Therefore, using the Hamming distance of two bit patterns, a decision can be made as to
whether the two patterns were generated from different irises or from the same one. Since
an individual iris region contains many features, each iris region will produce a bit-pattern
which is independent to that produced by another iris, and two iris codes produced from
the same iris will be highly correlated (intra-class comparisons). If two bits patterns are
completely independent, such as iris templates generated from different irises (mter-cla§s
comparisons), the Hamming distance between the two patterns should equal 0.5. This
occurs because independence implies the two bit patterns will be totally ranc!om, s0 there
is 0.5 chance of setting any bit to 1, and vice versa. Therefore, half of the bits will agree
and half will disagree between the two patterns. If two patterns are derived from the same
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iris, the Hamming distance between them will be close to 0.0, since they are highly
correlated and the bits should agree between the two iris codes. Although, in theory, two
iris templates generated from the same iris will have a Hamming distance of 0.0, in
practice this will not occur. Normalization is not perfect, and also there will be some
noise that goes undetected, so some variation will be present when comparing two intra-
class iris templates. The Hamming distance algorithm employed incorporates noise
masking (C(i,j)), so that only significant bits are used in calculating the Hamming
distance between two iris templates (A,B). Both iris mask (iris maskA, iris maskB) are
used in the calculation. The Hamming distance will be calculated using only the bits
generated from the true iris region given by the equation:

HD{(A,B)= > C( )Z(A('-J)XOFB(I,J)&C('sJ))

if maskA(i, j)=0 and maskB(i, j) =0,
Cc@N= {

otherwise

To make a recognition decision, a threshold X can be defined. If the obtained distance of
Hamming is minor who thresholds X, is decided that the compared codes were generated
by same eye, otherwise is decided that they were generated by different eyes. Both
distributions Inter-class and intra-class, generally, are overlapped. For that reason, the
area under the distribution Inter-class to the left of threshold X, represents the probability
of a false identification, whereas the area under the distribution intra-class to the right of
threshold X, represents the probability of a false rejection.

These measures are known as false acceptance rate (FAR) and false rejection rate (FRR),
the FAR is the probability that an unauthorized subject is incorrectly accepted by the
system whereas the FRR is the probability that an authorized subject is incorrectly
rejected. The distance for both distributions (“decidability”) can be calculate by equation
(8), this value can be used to optimize the parameters on log-Gabor filters

= — Ve~ Hinres| ®)
where

J"MM + O nTER /
Hperar Hovrer = the mean of the probability distributions
O pirrar @ vrer = Standard deviation of the probability distributions

3 Experiments

In.order to evaluate the iris verification algorithms, CASIA (The Chinese Academy of
Sc:en_oes Institute of Automation) iris image database is used [16]. This image database
contains 756 eye images from 108 different persons. The experiments were performed in
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C language on Pentium IV PC with 512 MB RAM and 1.8 GHz. The experiments were
obtained with verifications, evaluating genuine matching scores for all the possible
combinations (60 intra-class comparisons) and evaluating the impostor matching scores
for all the possible combinations (190 inter-class comparisons). The parameters
distributions obtained were Hpraa =182 0 pre, =.029 for Intra-class distribution and

Hperer =-4195 O prpa=.0534 for Inter-class distribution. The calculated distance

between the intra-class and the inter-class distribution was d=5.52732, and the portion
that overlaps between the intra-class and the inter-class was very small (see fig. 3). This
proves that the proposed features are highly discriminating. Acceptance Rate (FAR) and
False Rejection Rate (FRR) are the two critical measurements of system effectiveness.
The values of FAR and FRR were 0.182516% and 0.185026% respectively. The EER
(Equal Error Rate) was 0.202 %.The iris features (320 entries) were extracted with a
bandwidth of p= 0.5 with center wavelength ;=14 pixels.

The method described in this implementation locates the iris in the image based on edge
detection approach, whereas Daugman [1] makes use of a deformable model. In addition,
several tests were made to obtain the time of execution for each stage in the implemented
system. The average total execution time of a basic verification process not exceeds 500
ms, which is suitable for a recognition system.

The table 1 shows the comparative results of the time computation consumed by each
block of the iris verification algorithms of four methods. As we can see, the experimental
results have shown that the computational cost for Extraction features stage of our method
consumes less time than the other methods (12.6ms). The Log-Gabor filter produces an
uncorrelated and less redundant representation for iris texture compared with the ordinary
Gabor Filters. Now, we are working on more precisely in Iris localization optimization
(362.8 ms). Thus, we expect to further improve the performance of the current method.

Table 1. Time consuming for each stage of the different implemented systems

Operation Daugman Tiseeetall | Avilaetall | Wildes | Proposed
2] [17] [12] [10]
Iris localization 90 ms 250 ms -— 10seg | 362.8ms
Extraction 102 ms 188 ms 229.5 ms 12.6 ms
features

4 Conclusions and Perspectives

The work presented in this paper involves the implementation of all phases of an iris
recognition system. In order to verify the system performance and to validate the chosen
options for every stage, the iris recognition system was developed in C language. The
implemented algorithm uses iris information from both global and local iris data bass.
Each iris image is filtered with Log-Gabor filter and then a fixed length feature vector is
obtained. The evaluation of the system achieved high confidence identity verification
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based on iris texture using Log-Gabor transform; further efforts should be applied to
improve iris localization stage.
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Abstract. This paper introduces two new image-processing methods, the first
one determines if the picture appearing on a Personal ID -card is printed in
analogical or digital format. The second method determines if the digital photo
has a spatial resolution of 800 dots per inch (dpi) . Both methods are tested with
the IFE Voting ID-card, which is a “non-official” personal document used as the
main identification card in Mexico. Both methodologies were developed by
using morphological techniques to extract the useful characteristics by means of
a previously defined structure element according to the size on the photo in the
document. We tabulated the efficiency of these two methodologies after its use
in 30 different ID-cards, 10 out of them analogical and the remainder 20 having
digital photograph. All they were genuine ID-cards.

Keywords: Image processing; Photo printing-type; Spatial Resolution; Personal
ID documents.

1 Introduction

The Voter Registration Card with photograph is a document issued by the Federal
Electoral Institute (IFE-Instituto Federal Electoral), an autonomous agency in Mexico.
The Voter Registration Card is used to vote in Federal and State elections in Mexico. In
spite of the fact that this is a non-official document, it has become indispensable for
Mexicans because it is the only valid ID document issued to adult persons legally that
enables them to make bank and money transactions or get access to night clubs and buy
cigarettes and alcoholic beverages in the whole country. _

There are several locks or security means in the Voter Registration Card with
photograph (the “Card”) that have been introduced in its design in order to make difficult
its forgery [2]. The photograph printed on the Card is an object which has some features
incorporated by the IFE to make its forgery almost impossible.

In the Card the photograph may be printed in one of the following two ways:

© J. A. Carrasco-Ochoa, J. F. Martinez-Trinidad and H. Sossa (Eds) *'q
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analogically, with the photo obtained with a conventional Polaroid camera [3] and
digitally, as an image with an 800 dots per inch resolution. In order to confirm the
authenticity of the Card, a method to validate the kind of print (analog or digital) and the
spatial resolution used to print it in case it was digital, is proposed. The fact that the photo
was printed in analogical or digital way depends on the date the ID-card was emitted.

In a state-of-the-art review, it was found that to this date, there is no method to detect
the kind of print and to determine the spatial resolution of a digital image.

An analog image can be mathematically represented as a continuous range of values
indicating the position and intensity of different objects. The intensity can be represented
on a normalized scale from 0 to 1 with infinite divisions, and spatially with an infinite
number of two- dimensional coordinates. On the other hand, a digital image is restricted
in both its spatial coordinates and in its allowed intensities. Their positions and intensities
are represented by finite positive discrete values. The elements that make up a digital
image are called picture elements, or pixels.

2 Spatial Resolution

Intuitively, spatial resolution is a measure of the smallest discernible detail in an image.
Quantitatively, spatial resolution can be stated in a number of ways, with line pairs per
unit distance, and dots (pixels) per unit distance, these being among the most common
measures. Suppose that we make a chart with alternating black and white lines, each of W
width units (W can be less than 1). The width of a line pair is thus 2/, and there are 12W
line pairs per distance unit. For example, if the width of a line is 0.1mm, there are 5 line
pairs per distance unit (mm). A widely used definition of image resolution is “the largest
number of discernible line pairs per distance unit “(e. g., 100 line pairs per mm). “Dots
per distance unit” is a measure of image resolution used commonly in the printing and
publishing industry. In the U. S, this measure is usually expressed as dot per inch (dpi).
To give an idea of the difference in quality, newspapers are printed with a 75 dpi
resolution, magazines with 133 dpi, glossy brochures with 175 dpi, and some books with
2400 dpi.

3 Some Basic Morphological Concepts

One of the main applications of the morphological transformations is for removing objects
from an image by convolving a preselected structuring element having a given size, shape
and orientation and the entire image [7].

Particularly, the top-hat transformation of a gray-scale image f is defined, as the
original image f'minus its opening (Eq. 1). This transformation allows us to emphasize the
clearest zones of the image, so we can get the points where the ink has been printed.
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Thaatl)=f—(fod) (1)
Where (f o b) is called the morphological opening.

The opening of a set 4 by a structuring element B is denoted 4 o B and defined as
indicated in Eq.(2):

fob=(fOD)DD (2)
Thus, the opening 4 by B is the erosion of 4 by B, followed by the dilation of the result
by the same structuring element B. The erosion is defined as indicated in Eq. (3):

If ©bl(x,y) = mingpep{f(x+5,y + 1)} 3)
On the other hand, the dilation is defined as, Eq. (4):

If @bl(x,¥) = maxiper{f(x— 5,5 — 1)} 4)

4 Methodologies

During the analysis of the printed photograph it is necessary to take into account the
following::

¢ The kind of print (analog or digital) (Figure 1);

¢ Ifthe image is digital, the spatial resolution with which it was printed.

(a) S ERAEA
Fig. 1. Kinds of image: (a) digital (b) analog.
In order to find out the kind of print, basic morphological operators were applied to the

digital images represented by the photo in the Card. The following flowchart sh_ows the
procedure to find out whether the image printed on the Card is analog or digital (Fig. 2).
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Fig. 2. Flowchart to find out whether the image is analog or digital.

Firstly, a small area with a constant intensity of pale shades is identified in the scanned
photo located in the citizen’s Card. In our case, 75 x 75 pixels square area was used,
equivalent to a 1/16 inch square area in line with the given spatial resolution with which
the image was scanned (1200 dpi). An erosion with a 4 x 4 pixels square structure element
is applied to this small square area with a reference point at the center; then the resulting
image is dilated with the same structure element; finally the resulting image is subtracted
from the original image and thresholded by the Otsu method [6]. Once the final image is
obtained, the following features are checked:

e Ifthe dots are homogeneous in size;
o Ifthe printed dots appear to be continuous.

Checking that the dots are homogeneous in size is achieved by enclosing a part of the
image within an imaginary circle smaller in size than the original image. Afterward,
dilation with a 3 x 3 pixels square structural element with a reference point at the center
follows. The counting of black dots is started; if the amount of dots is smaller than a pre-
defined threshold, it may be stated that it is a digital photograph because the image shows
disjoint dots almost of the same size. This is due to the fact that in a digital image, ink is
organized in a more or less constant area dot arrangement. On the other hand, if the
resulting image shows dots with different sizes sometimes connected among them, we can
be sure that it is an analogical print, because it takes place through chemical processes
which prevent the formation of isolated dots.

An analog image appears in the Card as “printed” in a continuous way. In order to
check that the dots are continuously arranged and disjoint, the former image is reversed
and the connected components are labeled. If the number of colored label (objects) is few,
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this fact, together with the feature mentioned above, determines that the image is a digital
one.

Once the kind of image has been determined, if the image happened to be digital, the
next thing to do is to determine the spatial resolution with which it was printed. This
should be 800 dots per inch, as per the aforementioned security measure. Calculating the
spatial resolution is extremely important, because the Federal Electoral Institute imposed
this value due to the fact that having commercial printers to print images with this spatial
resolution would not be possible. The flowchart of the whole process to find out the
spatial resolution of the printed digital image is shown below (Fig. 3).

Define if printed image A small area with corstant Imﬁx)bw
Is analog or digital -—» intensity is obtaned »| through green channel
(a) ()] (©)
. Deductimages " Apply diation Apply erosion The B structure element is
o hx)-f(x) - e M'%()ﬂ@ﬂ e 9(*)(“)’0@ “ dﬂ;:”ﬂd '
@

' ' The characteristic of
The ks ckecked o
ey | |z | |
i (0] :

Fig. 3. Flowchart to find out the spatial resolution of the printed photograph.

An explanation of the whole process follows: Once the photograph is obtained, it is
determined whether the printed image is analog or digital by using the methodology
explained above, (). If the image is found to be digital, a small square window is cut out
from a pale area with more or less constant intensity, (b) with the size found through the
Eq. (5).

Window size = éSccmned Resolution (5)

where the window size is the area in pixels to be analyzed within the image.

The term 1/16 corresponds to the sixteenth part of an inch, which is the length of the
side that corresponds to the square area to be analyzed; the scanned resolution is the value
in pixels of the resolution with which the image to be analyzed was scanned. In our case,
thei images were scanned at 1200 dots per inch spatial resolution, it is important to know a
priori the scanned resolution from the i image in order to make the correct expenmentatlon
If the scanned resolution is unknown it is necessary to calculate it by using specific
algorithms or methodologies.
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Therefore:
Window Size = 1—16 (1200) (6)

So:
Window Size = 75 Pixels

After cutting the entire image the green channel of the color image is selected (c). Once
this is done, a cross-shaped structure element (d), whose size depends on the size of the
printing dot, is defined. The higher the spatial resolution of the printed photograph the
smaller each dot area of the printed image.

Then erosion is applied to the image (e) followed by dilation (f) with the same
structure element (Opening). After this step, the original image is extracted from the
resulting image (Top-hat), allowing us to see where there is more density of printed dots
(g)- In the next step the image is thresholded with the Otsu (h) method and the objects are
labeled to be able to obtain the characteristics of the resulting image (i); the number of
(colored) objects included in the labeled image is counted through Equation (7). These
colors are found experimentally with this empiric equation, with which we can get the
total number of objects avoiding the colors having similar values when they are counted.
The formula calculates different values without repetition, because the range of values is
wider than the calculated RGB average.

Color = 64(R + 25) + 16(G + 25) + 2(B + 25) 7

Finally, empirical Equation (8) is used to find out if the resolution corresponds to the
800 dots per inch expected in the selected image fragment, in order to be able to assert
that the whole photograph is genuine (j).

Resolution= 3/Points x %6- x 2 x

Scanned Resolution ( )
Printed Rssolution

Where the Number of Dots is given by the number of dots counted in the image. The
term 1/16 corresponds to one sixteenth of an inch, which is the size of the sides of the
square area being analyzed; 2 corresponds to the two dots, a white dot and a black one,
which unavoidably make-up the spatial resolution unit. The Scan Resolution refers to the
resolution with which the image was scanned and the Print Resolution is the resolution
with which the original digital image is supposed to have been printed.

In this case, the image was scanned with a 1200ppp resolution and the printed image
must be at 800 dpi in line according to the security measure with which the photograph
must have been printed to be considered as genuine. Therefore, the formula would be now
as follows:

Resolution= 3/Points » % *2 % ; 9)
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This becomes:

Resolution= 3i/Points x 48 (10)

Once the number of dots in the labeled binary image (previously thresholded by the
Otsu algorithm) has been calculated, the final spatial resolution that checks if the photo in
the Card was printed at 800 dots per inch is obtained through Eq. (10).

S Experiments and Results

In order to confirm the proposed method, several experiments with different Card models
were carried out. For this purpose, 30 Card images were used: 10 with analog photographs
and 20 with digital photographs printed with an 800 dpi resolution. All of them were
scanned at 1200 pixels per inch (ppi) by using an HP Scanjet 367Q scanner.

When we applied the first method to find out the kind of image printed on the Card,
the results shown in Table 1 were obtained. The results indicate that the method produces
a correct classification always in both kinds of prints.

Table 1. Classification results with the first methodology.

Printing type
Samples Analog  Digital
30 10 20

When we applied the second method, once we found that the photo printed on the Card
was digital, we had to find out if the space resolution of the print was 800 dpi. The results
shown in Table 2, show that there is a false negative, because the expected resolution was
not obtained due to the fact that when we made the cut, the image with a dark shade was
used.

Table 2. Classification results with the second methodology.

Resolution (dpi) ~ Number of objects

800 19
700 1
Total objects 20

In order to determine the efficiency and yield of both methodologies, me?suremen.ts
were taken with the Precision and Recall methods, having obtained the rgults Encluded in
Table 3, where we may see that in the first method a 100% efficiency is achieved for a
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correct classification of each of the analyzed objects. In the second method a 96.6%
efficiency is achieved.

Table 3. Efficiency of both developed methodologies.

Samples Correct Wrong sl

(Total) Classification Classification Coverage Recall Precision
Methodology 1 30 30 0 100%  100%  100%
Methodology 2 30 29 1 100% 96.6%  96.6%

6 Conclusion

The methodologies proposed herein allow the reliable and robust determination of the
kind of print of the photos included in the Mexican ID-Cards, and in case the print is
digital they allow verification of the fact that the spatial resolution corresponds to the one
established by the Federal Electoral Institute: 800 dpi. These methodologies based on the
top-hat morphological transformation, allows us to emphasize the interesting areas of the
image (printed points). The size of the window selected for analysis is empirically defined
through a formula. The size of the structure element plays a role in both methodologies,
because the higher the expected space resolution, the smaller the structure element
required. On the other hand the lower the resolution the larger the size of the structure
element. With the first method the efficiency was of 100% and with the second method an
efficiency of 96.6% was achieved. These results can be used, together the alphanumeric
data printed in the document and related to its proprietary, to decide if an ID-Card is

genuine or apocrypha.
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Abstract. Image registration is an important tool for clinical diagnosis and
treatment. Its objective is to find a geometrical transformation that allows the precise
alignment of two different images of the same anatomical scene so that their
information can be mutually enriched. The image registration method reported in
this paper establishes a correspondence between regions in the images based on their
form. The registration starts with a rigid alignment using affine transformations
followed by a non-rigid transformation based on a thin-plate spline. We registered
two MRI thoracic studies of a rabbit, and a set of MRI, PET and SPECT studies of a

human brain. Experimental results were evaluated using Mutual Information as
similarity criterion.

Keywords: Rigid and non-rigid image registration, thin-plate splines.

1 Introduction

Medical image registration is needed to compare or to integrate the information of
different images of the same anatomical scene. The images can present variations due to
changes in patient position, acquisition times, nature or calibration of the sensors (MR,
PET, etc.), anatomical functioning (breathing, digestion, etc.), evolution of pathologies, or
even because they were taken from different patients.

Image registration is the process of aligning two images, transforming one of them
(floating image), to maximize its similarity with respect to the other (reference image), so
that they can be related, compared and their information complemented.

Since registered images have a common reference frame, it becomes easier to monitor
subtle changes in size or intensity in anatomical structures. Other applications of image
registration are: To complement the information of multimodal images, to monitor
anatomical changes through time or though medical treatment, to identify lesions, to make
3D reconstructions, for use in computer assisted surgery or even in statistical studies [5]
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In fact, image registration has become an invaluable resource in biomedical research,
particularly in neurosciences, where multimodal imaging has substantially contributed to
the study of brain functioning [2].

Many image registration methods can be found in literature, with techniques varying,
depending on the application and image type [1], from surface analysis [10,14], to
evolutive computing [11,12] and neural networks [9]. The most popular methods are those
based on measures of similarity [3,4,5,6], on geometrical features [7,8], and on domain

transformations [13, 14, 15].

In this paper we present a non-rigid registration method based on geometrical features,
particularly forms, that can register single and multimodal images with good precision.
We show our results on two MRI axial studies of a rabbit’s thorax (Fig. 1) as wellason a
set of axial multimodal studies of a human brain. To evaluate our registration results we
used the Mutual Information [16,17] of the images based on Shannon’s entropy, before
and after registration to measure the increase in image similarity. The results are presented
in compact form using confidence intervals [20].

2 Method

The method reported in this paper uses a correspondence between the forms of regions in
the images. The method transforms the forms of the regions in the floating image to adjust
them to the forms of the regions in the reference image. The method consists of four
stages: Preprocessing, feature extraction, preliminary rigid registration and non-rigid
registration.

2.1 Preprocessing

Given the amount of noise present in the medical images that were used in the
experiments, it was necessary to improve their quality before undergoing registration.
Preprocessing of the images consisted of contrast enhancement, noise removal and edge
detection. The algorithms used are described in [18]. The images shown in this paper have
all been preprocessed.

2.2 Feature Extraction

After preprocessing, the method extracts the features that are common to the two images
to be registered, so that a common coordinate frame can be established for both of them.
The features used by the method are the exterior contour of the patient, the anatomical
center and the main direction of the images (Fig. 1).
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Exterior contour. To find the exterior contour of the images, these are first binarized to
identify the coordinates of the foreground pixels with value /(x,y)=1. From these pixels
we obtain the convex hull [32] using Graham'’s scanning algorithm [31]. The convex hull
can present discontinuities, so it was necessary to complete the information of the contour

represented by the convex hull using interpolation. We tried two different interpolation
methods:

Splines: All the pixels of the convex hull were interpolated with a natural spline [33].
Nearest Neighbors: Although the convex hull is a closed form, sometimes consecutive
pixels over it lie far away from each other in pixel space. This is the case of pixels over
the convex hull that border concave sections of the contour, since such concave sections
are far away from the convex hull. To better define the contour over such sections we
drew an imaginary line over the distant (but consecutive) pixels of the convex hull and
looked for the pixels of the binary image whose perpendicular distance to the imaginary
line was shortest. Just a few additional pixels need to be found in this way, since then a
new spline interpolation can be conducted over the pixels to complete the contour
information.

Both methods are used distinctively depending on the concavity of each section of the
contour: if the section is convex, interpolation with splines is used, if the section is
concave we used a nearest neighbor search.

Anatomical center. Once the exterior contour is found, the anatomical center is
calculated as the weighted average (ex, ey) of the coordinates of the contour.

Principal direction. By finding the principal direction of the reference and floating
images, a common orientation can be calculated for them. Depending on the images, the
methods to find the principal direction can vary considerably, from determining the
longest axis of the image contours, to looking for specific patterns in the represented
anatomy. Finding a common orientation for two very different images can be prone to
errors, and in the worst case, when the direction cannot be determined automatically, the
images can be annotated, or the principal direction determined interactively by a variety
of methods [9], until the optimal direction is found when the Mutual Information of the
registered images is maximized.

In our method, the longest axis of the contour was used as the principal direction of the
reference images. However, due to the circularity of the floating images and to their high
noise content, it was necessary to annotate them manually by clicking on the position of
the rabbit’s vertebrae in every image. The principal direction was then established as the
vector passing through the anatomical center of the images and through the position of the
vertebrae.

2.3 Preliminary Rigid Registration

Rigid registration is a necessary step to align the images based on their anatom%cal center
and principal direction. Rigid registration gives both images a common anatomical center
and a common principal direction as seen in Fig. 1, and it avoids unnecessary processing
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during non-rigid registration [1]. Rigid registration is carried out using a translation and a
rotation matrix [21].

2.4 Non-rigid Registration

For the non-rigid registration, a correspondence relationship has to be established
between the points that form the contour of the reference image Fg, and the points that
form the contour of the floating image Fg. There are various ways of establishing a
correspondence between the points of the two contours. A simple one consists of
associating every point along the reference contour with another point along the floating
contour following a given criteria. We use this approach as follows: Let p, be a point of Fx
and e the common anatomical center of both images after rigid registration. Let /; be the
line that passes through e and p; with equation: y = mx + b,.

)
Fig. 1. (a) Reference image after rigid alignment. (b) Floating image after rigid alignment.

To determine the exact point g; on Fg that corresponds to p; we look for the intersection
of /; and Fr (Fig. 3). We find the exact intersection point pi using a line-line intersection
strategy. The first line is /; and the second line is the line formed by two consecutive
points (x,,y,) (x,,1,¥;,) over F that intersects J; at a point (x,y) lying along the path
between (x; y;) and (x;.;, y.,). Since we are dealing with discrete images, it is possible
that g, does not exactly belong to the finite set of points in Fg in which case an
interpolation is necessary.

Thin-plate-spline Deformation. Thin-plate splines [22] are bivariate interpolation
functions based on physical principles that can be used to interpolate an arbitrary set of
coordinates (x,y,f{x,y)). These splines are a generalization of the natural cubic spline for
one dimension. They represent the minimal deformation that allows the coordinates of a
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metal sheet (x;y;) to adjust themselves to the new set of coordinate values (x;’, ;") that is
specified by the correspondence of contours. The idea is to model the floating image as a
metal sheet, and make the contour points in it adjust themselves exactly to their
corresponding points on the contour of the reference image. The rest of the pixel values
J(xy) in the floating image are interpolated to adjust them to the new coordinate values
specified by the correspondence. We must then find the function f{x,y) that minimizes:

(5] (] (5] - ;

Fig. 2. (a) Method used to determine the correspondence of points in both contours. The anatomical center is
represented by the middle X. The circles along the inner contour are the points that form the reference contour,
the X’s on the exterior contour are the points that form the floating contour. To find the points over the floating
contour that correspond to the points on the reference contour, a ray-line is traced from the common center that
passes through each point in the reference contour and intersects the floating contour. The exact intersection
point is found using a line-line intersection algorithm. The circle points along both contours are then associated
and will determine the deformation that the floating image will undergo. b) The correspondence method between
both contours is illustrated in two MR images of the rabbit.

commonly known as the energy deformation function of the thin-plate spline. This
function is minimized through the solution of a system of linear equations:

@)
f(x,y)=a,+a,x+a y+Za’.U¢‘ Xpy= J’Jl):

where: U(t)=r’log(r) @)

is the well known fundamental solution to the bi-harmonic equation 4°U = 0, that
satisfies the condition of minimum energy deformation, || indicates the length of a vector,
and the coefficients a a, a,, and ; are determined by the requirements of an exact
interpolation, such that by the proper choice of w;, f{x,y) maps the intensities of the pixels
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in the floating image from their original coordinate space to the coordinate space specified
by the correspondence of both images. Thin-plate splines provide a soft interpolation for
derivatives of any order, they do not require manual specification of parameters, they
offer a closed solution and a physical explanation of their energy function. By applying
the thin-plate spline deformation to the floating image, we assign the intensity values of
the pixels on its exterior contour, to the corresponding pixels on the exterior contour of
the reference image, carrying out a bivariate interpolation of all the other pixel values on
the floating image and applying them to their new positions on the reference image, to
obtain the desired registered image as shown in Fig. 3.

3 Experimental Results

We acquired two MR studies, each of 20 images of the thoracic region of a rabbit. The
first study was taken with the rabbit placed free in the scanner and using the full magnet
that is used to take studies of adult patients. The second study was taken with the rabbit
inside a smaller magnet usually used to take images of a hand or foot. The images had a
resolution of 512 x 512 and a spatial separation of less than a centimeter. The images of
the first study were established as reference images (Fig. 1a), and the images of the
second study were the floating images (Fig.1b).

In an attempt to obtain a quantitative evaluation of the registration results, we used
Mutual Information as a similarity measure of the registered images [23-30]. Statistically,
Mutual Information can be interpreted as the dependency measure between two sub
experiments X and Y, having two sampling subspaces S and S,.

SX = {xl,xZ,x3,...,xm

i 4
S)’ ={'Vl:y2:y3r"ayn} ( )

Fig. 3. Registered images.

' Wlth p(x) and p(y,) the probabilities of events x; and y; respectively. To evaluate the
similarity between the reference and the floating images, we consider the reference image,
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sub experiment X, and the floating image, sub experiment Y, and we define the sampling

snbspaces as the possible intensity values of the pixels in the images. Mutual information
is defined as:

I(X;Y)=H(Y)-H(Y| X) )
= H(X)+H(Y)-H(X,Y) ’

'ZZP("M’;) g[ P(x.7;) ]

i=l j=l x)p())

where H(Y) is Shannon’s entropy[17] of ¥, H(Y]X) is the entropy of ¥ given X, and
H(X.Y) is the joint entropy of X and Y.

When the images have minimum similarity, that is, when they are independent events,
the mutual information between I and If (reference and floating images) is minimal, and
when the images are completely dependent from each other, their mutual information is
maximal.

We present here the results of measuring the mutual information between pairs of
images in terms of 95% confidence intervals using the t-Student distribution [20] for three
cases: OMI (original mutual information of the images before registration) as I(Ig;Ig),
RMI (mutual information after registration) as I(Ig;Iz), and MMI (maximal mutual
information H(Ig). Note that MMI implies that both images are the same, meaning they
have no complimentary information, which is a non-desired outcome and is shown here
just for comparison. The results obtained are shown in Table 1 where it can be seen that,
for 95 out a 100 registered images, their mutual information increased from 0.0406 to
0.2519, and from 0.0546 to 0.2893, that is a 5-fold increase.

Tabla 1. 95% Confidence Intervals

Measurement Confidence Interval

I(xJe) P(0.0406<OMI<0.0546)=0.95
I(Tg,Ir) P(0.2519<RMI<0.2893)0.95
H(lr) P(0.9628<MMI<1.1370)=0.95

Although the conventional notation is to express confidence intervals in terms of
probabilities, the correct interpretation is that if an experiment were realized once and
again, in 95% of times, the value of mutual information would be between the limits of
the confidence interval for each case.

4 Analysis

Most image registration methods propose iterative searches throughout the method to
obtain the best registration parameters. In the method used in this paper, the parameters to
use are only those of the preprocessing stage plus the principal direction of the images.

The required preprocessing parameters are the size of the averaging filters, the degree of
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membership in the fuzzy logic algorithms, the noise removal and binarization threshold
values. The direction of the images can vary from 0° to 360°, and, if impossible to
determine automatically, it can be found through an iterated search where the direction
angle is varied in the floating image, until the best registration is achieved.

The variability of the parameters to achieve the best possible registration depends
largely on the amount of noise present in the images. Proof of this are the reference
images which are almost noise free and where the parameters were never changed, and
even if they were slightly modified, the results showed almost no variation. On the other
hand, for some of the very noisy floating images only a small set of parameter values
resulted in adequate registrations. These successful parameter values were determined
iteratively looking for registration results that provided the largest increase in mutual
information. Noise also makes the process of determining the direction of the images,
prone to error. And even the process of iteratively looking for parameter values can be
contaminated, especially since the mutual information criterion is not infallible.

Fig. 4. (a) MR reference image, (b-e) MR, MR, PET, SPECT floating images

We wanted to further test the flexibility of the reported method and its applicability to
other types of medical images, so we did an experiment on brain axial images. We
downloaded 5 multimodal brain studies (Fig.4): three MRIs, one SPECT and a PET. The
results of this image registration experiment are shown in Fig. 5.

Fig. 5. Registered images.

5 Conclusions

Experimental results show that the non-rigid registration method reported in this paper
can achieve high precision results while maintaining flexibility of application. As in all
image-processing tasks, noise is a big issue. The success of the image registration method
largely depends on the success with which noise is removed from the images. Noise is the
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main cause for parameters being manually or iteratively adjusted. Besides noise,
determining the principal direction of the images was the biggest challenge, and if some a-
priori information can be used to precisely determine it without manual intervention, then
the method becomes a good candidate for real time unsupervised registration.

Mutual information is a measure of similarity that, while not infallible, offers a solid
similarity measure that allows the user to choose the best registration results especially
when parameters must be determined iteratively.

Many areas in image processmg can complement the results of image registration.
Some examples are automatic image segmentation and classification, whose results can
then lead to very precise registrations [1]. Our future work is focused on adding more

specialized image processing tasks to the registration pipeline to increase its precision,
flexibility and applicability.
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Abstract. This work is focused on the recognition of team patterns
represented by different formations played by a soccer team during a
match. In the soccer domain, the recognition of formation patterns is
difficult due to the dynamic and real time conditions of the environment
as well as the multiple interactions among team mates. In this work,
some of these multiple interactions are modeled as relations represented
by a topological graph which is able to manage the dynamic changes
of structures. Thus, the topological graph serves to recognize apparent
changes of formations from real changes of them. The proposed model
has been tested with different teams in different matches of the Robocup
Simulation League. The results have shown that the model can recognize
the different main formations used by a team during a match even the
multiple changes of the players due to the dynamic nature of a match.

Key words: Pattern recognition, robotic soccer, formations, dynamic
behavior.

1 Introduction

Formations are the way a soccer team lines up its defense, midfield, and attack
line during 2 match. When talking about formations, defenders are listed first and
then midfielders and forwards. For example, a code 4:4:2 represents a formation
composed by four defenders, four midfielders, and two forwards. As in the real
soccer game the goalkeeper is not considered as part of the formation. Certainly,
the dynamic conditions of the soccer game difficult the task of building adequate
representations able to facilitate the recognition of formation patterns.

Usually, teams playing in strategic and organized ways search for respecting
predefined patterns or formations [5][8). The purpose of this work is the recogni-
tion of patterns represented by formations played by a team during a match. If
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the recognition task is performed on an opponent team, a soccer team can obtain
advantages over it [2]. Visser and colleagues [8] recognize formations of opponent
teams using neural networks. This work feeds the observed player positions into
a neural network and tries to classify them into a predefined set of formations.
If a classification can be done, the appropriate counter formation is looked up
and communicated to the players. Due to the fact that Visser does not represent
the multiple relations between players, so the neural network has a low level of
accuracy for some cases of soccer teams.

Riley and colleagues in [7] use a model to identify home areas’ of players to
recognize formations. A home area specifies the region of the field in which the
agent should generally be. Thus, they propose that identifying home areas, the
agents can infer a role in the team (defender, midfielder or forward players). A
drawback of this approach is that due to dynamic conditions of the world, the
player movements can generate such a wide range extending considerably the
home areas, which difficult the task of determining the role of a player, therefore
a correct formation.

Kuhlmann and colleagues [5] learn team formations similar to Riley and
Veloso [7], using home positions. They model the formation as a home position
(X,Y) and introduce a ball attraction vector (BX,BY) for each player. The X
and Y values are calculated as the average x and y coordinates of the observed
player during the course of the game. Values for BX and BY were handpicked for
each position and were found through brief experimentation. A weakness of this
work is that the home positions have to be adjusted, for some cases, manually.

It is presented in this work an efficient model to recognize patterns of forma-
tions based on a representation that takes into account multiple relations among
defender, midfielder and forward players. The test domain for this research is
simulated robotic soccer, specifically, the Soccer Server System [6], used in the
Robot World Cup Initiative [4], an international AI and robotics research ini-
tiative. The system is a rich multiagent environment including fully distributed
team agents in two different teams composed of eleven agents.

2 The Multiple Relation Model

The focus of this work is on teams that play following patterns of high level of
abstraction based on a distribution of zones named Defensive (D), Middle (M)
and Attack (A), as in classic soccer game. These patterns will be represented
as follows: D:M:A. Due to the dynamic conditions of the soccer game, the play-
ers are in constant movement and temporally breaking the alignment of players
belonging to a zone. To handle the constant changes without an expressive rep-
resentation of the relations between players can result in an inefficient way of
recognizing formations submitted to a dynamic environment. In the next sec-
tions it will be explained how the zones and the players belonging to them are
recognized.
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2.1 Recognition of Team Zones

As in human soccer domain the players in robotic soccer should tend to be orga-
nized [3]. That is, each player has a strategic position that defines its movement
range in the soccer field. The role of a player is quite related with a predefined
area within which an individual player can play basically in the field. Any be-
haviours of a player depend on its current role. According to the position of
the player, roles in robotic soccer can be divided into four types: goalkeeper,
defenders, midfielders and forwards. Different roles are associated with differ-
ent positions and different behaviours that players assume. However, due to the
dynamic changing conditions of a match, a defender could become a forward
temporarily as his team is trying to attack. As well, a forward could become a
defender temporarily when his team is being attacked. So the roles of a player
are dynamically changing and a player can have dynamic behaviours in a match.
Consequently, the recognition of formation patterns is difficult due to the dy-
namic and real time conditions of the environment. It is needed to determine,
first of all, the belonging of players to a specific zone. This first approach tells
us the clustering of players to a zone. In this work, the clustering algorithm, K-
means, is applied to meet this first stage. K-means works well on large data sets
due to its linear time complexity. K-means classifies a given data set through
a certain number of clusters (assume k clusters) fixed a priori. In this work,
=3 such that three zones will be defined: defensive, middle and attack zones
(D:M:A). From the log file (game film), the data from one team is extracted
and K-means is applied in each simulation cycle of the game. The positions of
each player, with respect to the x axis, are taken as the input of the clustering
algorithm and the output of clustering is the classification, according to their x
position, of all players of the team in the three clusters. Due to the continuously
moving of players, it is not feasible to conclude what players are in each zone of
a team from a single cycle only, a period of time should be considered.
Clustering algorithm is useful to determine the three zones of a team but it is
not able to represent the multiple relations between players of each zone. Given
that patterns of formations are based on relations that determine structures then
an additional model is crucial for the recognition of patterns of formations. Such
model has to be sufficiently robust in order to manage the constant positional
changes of players. The next section describes how a set of triangular sub-graphs
connected together, that uses as input the result of K-means algorithm, can be

used as an adequate representational model able to facilitate the recognition of
formation patterns.

2.2 Representation of multiple relations

A formation is represented by a set of relations between players. Thus, the rela-
tions represent the structure that supports a formation. So, a change of relations
between players entails a change of formation. It is needed at least the change
of one relation to transform one structur<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>