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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.
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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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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 DPJA(x,y) between two images F(x,yj) and F(x,y,k) is obtained by:
1 if| F(x,yj)-F(x,y,k)>r

DPJk(x,y)
이 otherwise

(1)

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.

Object Object

Sensors Sensors

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 rectangle and vertical axis of an object.
Other side, the statistical moments are calculated as follows:

Mpe={ x"yf(x.y)
ху

The first and second statistical moments are mo0 and mo1 respectively.

4.2 Believes or Masses

(2)

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 discernnent; 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 O; this frame is a set of propositions ={ 01, 02,..., On}, 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.

• It is proposed a new combination rule.
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•The elements from the frame of discernment are not necessarily exhaustive
and exclusive.

The model DSm considers that the frame of discernment 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 (0)) of  the Dezert-Smarandache Model.

5.1.1 Classical DSm Combination Rule

When the free model Mf (O) is used, the combination rule used for a frame with k

elements is defined as in the equation (3):
k

) Σ Πm(Χ
エッズ&ED t=1
xx...x=A

(3)

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.

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 1 Camera 2

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 1+1 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 1+2 the evidence is larger than the single fusion in t, t+1 and 1+2.

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

t 1+1 1+2

Single Fusion [0.9106 0.0894] [0.9819 0.0181]
Accumulated [0.000 0.000]

(no sensor fusion)
[0.000 0.000]

(no sensor fusion)

[0.9106 0.0894]

[0.9982 0.0018]
(Fusion)evidence

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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7 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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