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# # 4970369021 : MAJOR ELECTRICAL ENGINEERING
KEYWORDS: REAL TIME OBJECT TRACKING / MEAN SHIFT ALGORITHM / CAMERA CONTROL

NONTARAT BUMRUNGKIAT: CONTINUOUS PERSON TRACKING ACROSS
MULTIPLE CAMERAS USING COLOR AND MOTION. ADVISOR: ASST. PROF.
SUPAVADEE ARAMVITH, Ph.D., CO-ADVISOR : ASST. PROF. THANARAT
CHALIDABHONGSE, Ph.D., 114 pp.

The real time object tracking is used in many applications such as video
surveillance, human machine interfaces, robot tracking, and intelligent transportation
systems. These applications need good object detection and tracking methods.
However, there are still some difficulties in tracking such as the cases where there are
changes in background, view point, or illumination especially when using multiple
cameras. This thesis proposed a framework for handover method in continuously
tracking a person of interest across cooperative pan-tilt-zoom cameras (PTZ Camera).
The algorithm here is called the mean shift algorithm. Most tracking algorithms use only
one cue (such as color). The color features are not always discriminative enough for
target localization because illumination or viewpoints tend to change. Moreover the
background may be of a color similar to that of the target. The system, the continuous
person tracking across cooperative PTZ cameras by mean shift tracking that using color
and shape histogram to be feature distributions. Color and shape distributions of
interested person are used to register the target person across cameras. For first
camera, we select interested person for tracking using skin color, cloth color and
boundary of body. To handover tracking process among two cameras, the second
camera receives color and shape cues of a target person from the first camera and
using linear color calibration to help with handover process. Our experimental results
demonstrate color and shape feature in mean shift algorithm is capable for continuously
and accurately track the target person across cameras.

Department : Electrical Engineering ... Student’s Signature
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2.6 n1sdszaANKUILLY (Density Estimation)
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2.6.2 AalsznauANUUILUULLLGTE (The naive estimator)
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1 & xX—s
VP (x)=— > Vk 2.30
> (x) nhZ ( p ] (2.30)
T
e Vk(x):(ak(x),ak(x),...,ak(x)j WAy k(x) Ae Heridumasiua
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VP
normalizeVP (x) = ”—(x)

(2.34)
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Density estimate
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Chulalongkorn University
Bangkok 10330 Thailand
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ABSTRACT

This paper proposes a framework for handover
method with camera color calibration for continuously
detecting and tracking a person of interest across
cooperative pan-tilt-zoom (PTZ) cameras. Multiple Color
distribution of person is used to register the target person
across cameras. For each camera, the human face is
detected, segmented, and tracked using motion and skin
color cues. To handover the detection and tracking process
among two cameras, the second camera receives color cues
of a target person from the first camera. To achieve the
color matching across the different radiometric
characteristic cameras with different viewpoints, linear
color calibration is proposed to help with handover process.
Our experimental results demonstrate color calibration
helps reduce color mismatch between two cameras and the
system is capable for continuously and accurately track the
target person across cameras.

Keywords: Color Calibration, Multi-Camera system,
tracking, handover.

1. INTRODUCTION

With increasing processor power and dropping cost
of cameras, more attention has been given to develop a real
time smart surveillance system. In general, processes in
surveillance system can be divided into three main
functions: human detection, human tracking and human
identification or recognition. In the past, most of the
systems were based on a static single camera. Recently,
more researchers have been interested in employing
multiple active cameras for detecting, tracking, and
recognizing people such as the works presented in [1,2,3].
By using active or PTZ cameras, we are able to enlarge the
coverage area of the surveillance as well as zoom into the

detected target to obtain finer resolution for further analysis.

The work presented in [1] was a wide area surveillance
system using three cooperative cameras that can detect,
zoom, and track two human targets which the system
process on only stationary camera and using background
subtraction method to find position parameters and then

send its to controlling the PTZ camera. The works in [2]
and [3] used four cameras in which two are assigned as
fixed stereo camera to estimate face positions and the other
two are assigned as active camera for detection and
tracking.

Some surveillance system such as the works presented
in [4, 5] continuously track person across multiple cameras
by handover the tracked person from one camera to another
camera. The work in [4] proposed a continuous tracking
within and across stationary and PTZ cameras. They use
motion and color models for registering the object between
overlapping camera view. The works in [5] use a
homographic relation mapping between overlapping static
cameras to transfer a target object point from one camera to
another. This work also can track multiple objects within
camera view.

The work in [6,7] propose tracking multiple people in
a multi-camera system which can be divided into two part:
the first part is tracking multiple people in a single camera
they using motion detection and ellipse algorithm to detect
a new person in surveillance area. And then in the second
part is tracking multiple people in a multi - cameras they
use template matching and ellipse matching to track the
person.

The color-based approaches base the matching
essentially on the color of the tracks, as in [8] where a
color space invariant to illumination changes is proposed
and using histogram-based information at regions and
blobs are exploited to solve match tracks.

The major problem of such systems that need to
handover the tracked objects between cameras is the color
mismatch due to dissimilar radiometric characteristics of
the cameras. Recently the work in [9-10] presented the
approaches for color calibration problem using the pixel
mapping techniques. They found the pixel mapping
function by minimum cost path of the correlation matrix of
color histogram between 2 cameras under various lighting.

And the work in[11] proposed color calibration
techniques for multi-cameras system using variation
parameters, This  variation parameters purpose the
differences in absolute colors measured in the response of
each camera are modeled by a simple multiplicative factor
in each of color RGB channel measurements and an



additive offset parameter.

The aim of our work is to develop a real-time
surveillance system for uncontrolled indoor environments
such as in typical offices, labs, apartments, etc. In this
paper, we extend our work [12] by proposing a framework
for handover method with camera color calibration for
continuously detecting and tracking a person of interest
across cooperative PTZ cameras. We employ color and
motion information of the tracked person in doing
handover between the two neighbor cameras. To achieve
the color matching across the different radiometric
characteristic cameras with different viewpoints, we
proposed a method that employs linear color calibration.
Color correlation transform matrix between a pair of color
sets from the two cameras is computed using linear
regression method. The experimental result showed that the
proposed system successes in person detection and tracking
in uncontrolled background, and the system is capable of
continuously track the target person across cameras.

This paper is organized as follows. In Section 2, the
overall system is proposed and described. Section 3
presents our proposed algorithm for person detection and
tracking. In Section 4, the algorithms for person analysis,
color calibration, and cooperative person tracking across
cameras are presented. Experimental results are presented
in Section 5. Section 6 concludes the paper.

2. SYSTEM OVERVIEW

CAMERA1 CAMERA2

Figure 1 Cameras set up.

Fig. 1 shows our system setup. We connect two
SONY EVI-D100 PTZ cameras to a PC and use them to

detect and track the target person from different viewpoints.

The two cameras are distantly separated and have
non-overlapped viewpoint.

The overall architecture is shown in Figure 2. Both
cameras simultaneously process the same algorithm. First,
the face blob is detected and located using motion and skin
color cues. The location of the facial blob is used to
calculate pan, tilt and zoom variables for the camera to
follow the moving target. In person analysis section, color
features of interested target person, i.e., cloth, skin, and
hair, are extracted. The processing of each camera must
depend on a status of the system that can be divided into 2
cases. First case: If no person is detected in both cameras,
both cameras still continuously perform normal detection
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and tracking. Second case: if the system detects a target
person in any camera, the characteristics of that person will
be collected and sent to another camera for the purpose of
continuously detect and track the same target person. To
enhance the tracking process across cameras, color
calibration technique which is further described in Section
4 is integrated into the system. Thus, our system can track
and follow a target person effectively throughout all
reachable cameras view.

3. PERSON DETECTION AND TRACKING
3.1 Person detection

In order to detect and segment the face blob from
video obtaining from a moving camera, the simple
background subtraction techniques do not work.  Thus,
we have to find other visual cues that can detect and
localize face with the changing viewpoints. For this
research, we employ motion detection to detect moving
target silhouette. Then, we apply skin color detection over
the detected region to obtain face blob. We then segment
the head silhouette by fitting an ellipse.

Pan, Tilt, Zoom
Parameters

Camera 1

Parameters
Camera 22

Person Detection
and Tracking

Person Detection
and Tracking [ = pe—————————

r |
: Co-operative :
: Process :
I 1

Color Check Color |/
Calibration Person Calibration

Person Analysis Person Analysis

Camera Control Camera Control

Figure 2 System diagram.

Motion detection technique that we employ in this
research is frame differencing due to its computational
efficiency. The technique detects any moving pixels by
comparing colors of the pixel between consecutive frames.
However, the simple frame differencing yields only the
boundaries, not the silhouette, of the moving regions. To
fix this drawback, we add pixels that horizontally lie
between two moving boundaries. The final moving target’s
segmented silhouette is shown in Fig. 3.

To model skin color, we employ method similar to
the ones proposed in [13] which model the skin color in
YCbCr color space. During learning period, the skin color
is modeled with elliptical function on CbCr space, see Eq.
(1). The Y component is discarded to allow the system
invariant to brightness variation,

Pan, Tilt, Zoom
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(x afx) b bf_v)z . W
,where X and y are transformed Cb and Cr
components, ¢, and ¢, are shifted center of ellipse,
a and b are major and minor axis of the ellipse. We
perform skin color detection over the moving target blob
that detected from the previous step only. This could
reduce a lot of non-skin background noise.
To segment the head region, we fit an elliptical
boundary to the segmented blob. The output segmentation
includes face and hair regions.

Skin color detection

[Motion detection|

() (b)

Figure 3 Result of face detection (a) input image (b)
motion and skin detected result

3.2 Person tracking

To track the target face, the face detection step is
performed over one frame and then is used as a seed to
predict face position in the next frame. Because the camera
can move and that changes viewpoint, we divide tracking
algorithm into 2 cases. First is the case of normal tracking
where camera orientation is not changed. The face
boundary of the previous frame is expanded both
horizontally and vertically and serves as a searching
window for the current frame.

The second is the case when camera moves and the
viewpoint changes. For this case, base on our camera
control algorithm that tries to align the tracked face area in
the center of the picture, the new searching window will be
set at the center of image.

3.3 Camera control

To keep the moving target in the camera’s field of
view, pan, tilt and zoom variables are computed and used
as parameters to control the motion of the camera. To
find pan angle () and tilt angle (¢ ), we calculate those
angles using ratio of pixel-based distance change and
degree-based distance change, see Eq.(2) and Eq.(3),

_ Dl,[fx _ x_f - xcemer (2)
¢ _ Dl.ﬁ‘y _ yf - y('enter (3)
ﬂ)’ ﬂy

,where Diff, and Diff, are distance between center of
the face blob (xf,y f) and the center of image
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(xm,e,, ymm,,) in horizontal and vertical direction
respectively. S, and f, are values of pixel distance
change when camera moves by 1 degree in horizontal (pan)
and vertical (tilt) directions.

4. COOPERATIVE PERSON TRACKING
ACROSS CAMERAS

After blob of target person has been identified, color
features of interested target person, i.e., cloth, skin, and
hair, are extracted. The characteristics of that person thus
will be collected and sent to another camera for the
purpose of continuously detect and track the same target
person. To enhance the tracking process across cameras as
there exists color mismatch problem across cameras,
simple color calibration technique is proposed and is
integrated into the cooperative person tracking system.

4.1 Person analysis

To hand-off the detection and tracking process
between two cameras, the second camera needs to receive
some information of a target person from the first camera.
We choose color characteristic of the target human to be a
cue for hand-off process because it provides a prominent
feature for a non-rigid object tracking.

Color characteristic of our interested target person
can be divided in 3 main regions: cloth region, skin region
(include face and hands) and hair region. Thus, we propose
an appearance-based model using a multiple color
distribution for representing any target person.

4.2 Color calibration

To achieve the color matching across the different
radiometric  characteristic = cameras with different
viewpoints, we proposed a method that employs linear
color calibration. Color correlation transform matrix
between a pair of color sets from the two cameras is
computed using linear regression method.

Figure 4 Color checker board used in color calibration

To calibrate the cameras, we use a color checker
board shown in Fig.4. A color checker board has 24
reference colors covering the major color palettes in RGB
color space. The setup is shown in Fig.5. We adjust the
cameras’ positions and put the color checker board so that
the checker board appears in both cameras’ field of views.
The images of the checker board are captured by both
cameras. In this work, we use the RGB color space due to
its being widely accepted as simple and useful probabilistic



models. Then the color correlation transformation matrix
between the two cameras is computed according to Eqgs.

@ -0.

Camera 1

a

Camera 2

Figure 5 Color calibration setup

Let C! (Eq. 4) and C? (Eq. 5) be the 24x4 color matrices of
the 24 RGB colors taken from checker board images of the
camera 1 and camera 2 respectively.
[ct] [R' R R.L. R.]
o -|C| |G G G G A
c |7 |8 B B. B, )
R
[c2] [R® R? R:.. R%|
c? o Ce|_|G! G Gi.. Gy
C;| |B' B} Bj. B,
1 11 L. 1

®)

where R“; G“; B; are the red, green, and blue matrices of the
color region i for camera c. Each metrix is 4 x n where n
is the number of pixels in the color region i of the checker
board.

T

Color1 _ Cameral _ pixel _1

RColorl _ Cameral _ pixel _2

R = (6)

R

Colorl _ Cameral _ pixel _n nxt

R T
Color2 _ Cameral _ pixel _1

RColor 2 _Cameral _ pixel _2

Ry=| ™, ™

R

Color2 _Cameral _ pixel _n Jnxt

Then we can apply linear regression to obtain a color
correlation transformation matrix that can be used to
convert color of one camera to the color of the other
camera. Let Wis the corresponding regression coefficient
of the color of camera 2 to the color of camera 1. We
obtain

C'=wcC* 8)
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Then, the W can be obtained from inversed matrix analysis.
W =('c* ycc?y! ©)

The color correlation transformation matrix, W, will be
used to transform color from one camera to the color of
another camera while we are performing the tracked person
handover across the cameras.

4.3 Cooperative Person Tracking Across
Cameras using Color Calibration

For tracking the target person across two cooperative
cameras, we obtain the color characteristic described in the
previous section to identify the target. For the first time
that the target person moves into one camera viewpoint, the
color characteristic of that successfully detected target
person will be collected and accumulated in our system
profile. Those characteristics are the mean and variance of
cloth, skin and hair color distributions, i.e., [E,o]m
[E.cly,, and [E,ol,,, . respectively. If the target
person moves out of this camera, the overall mean and
variance of each color characteristics are then calculated
and sent to another camera. For registering the previous
target to the second camera, we compare the color
characteristics of an incoming person to those that are sent
from the first camera, as shown in Eqs.(10)-(12),

‘ [Ein ]clmh - [E ref ]cloth < Tc (10)
| [Ein ]skin - [Eref ]skin < Ts (1 1)
‘ [Ein ]hair - [E ref ]hair < Th (12)

,where E (E R, E G,E B ) represents the mean of color
vectors in RGB color space, E;, is a mean of color vector
of the incoming frame at the second camera, E,, is an
average mean of color vector which calculated from the
reference camera (first detected camera). The comparison
process is taken in all defined color regions. Thus, there are
3 thresholds, i.e., 7. , 7, and <7, for cloth, skin and
hair color regions, respectively, to determine the target
person at the second camera.

S. EXPERIMENTAL RESULTS

We test our proposed system on a Pentium 4 2.8 GHz
PC running Windows XP. The two SONY EVI-D100 PTZ
cameras are connected to the system. Distance between
both cameras is about 1 meter. The experiments are done in
two parts.  The first one is to verify the effectiveness of
applying color calibration to enhance color matching
between two cameras.  The second one is to show the
tracking performance improvement of our proposed
handover system integrated with color calibration
technique.



For the first experimental case, the color checker
board was used as an input image to camera 1 and 2
viewpoint, respectively, as stated in Section 4.2. The input
images are shown in Fig. 7(a), and 7(b), respectively, for
camera 1 and 2. Color mismatch among two cameras is
obvious when observed closely. We collect pixel values in
RGB color space from each 24-color region. Through the
process explained in Section 4.2, we can determine the
color correlation transform matrix, as shown in Eq. (9),
which will be used to transform the corresponding colors
from camera 2 to match with the colors from camera 1.
Fig. 7 shows the calibrated images from camera 2. Table 1
shows the value of mean squared error (MSE) of the tested
image from camera 1 and 2, before and after applying color
calibration. Note that the MSE after color calibration is
significantly decreased yielding the closer color matching
for camera 1 and 2.

For the second experimental case, we employed the
color calibration and color correction as described in
Section 4.2 into our person tracking system. This is very
crucial to the system because the cameras handover the
tracked person using color and motion correlations. The
experimental result shown in Table 2 demonstrates that
with the color calibration/correction, the target color
correlation can be improved. Fig. 9 shows the some
snapshots of the videos from both cameras while the
system was tracking a target.

(a) (b)

Figure 7 (a) input image from camera 1 (b) show input
from camera 2

Figure 8 Calibrated image from camera 2
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Table 1 MSE reduction of test image before and after color
calibration

COLOR (Befnl': 1(?S;Eibl'are\) {Aftel'}(l?zﬁbmte)

1. DARK SKIN 8.67 1.67
2. LIGHT SKIN 305.67 1.67
3. BLUE SKY 993.67 1.67
4. FOLIAGE 463.33 1.67
5. BLUE FLOWER 2127.33 0.67
6. BLUISH GREEN 1.67 0.67
7. ORANGE 37.67 0.67
8. PURPLISH BLUE 279 0.33
9. MODERATE RED 425 0.33
10. PURPLE 283.67 0.67
11. YELLOWGREEN 530.67 1

12.0RANGE YELOW 1165.33 0.67
13. RED 353.67 0

14. GREEN 142 0.67
15. BLUE 75.67 0.67
16. YELLOW 439.33 0.67
17. MAGENTA 339.67 0.67
18. CYAN 630.33 0.33
19. WHITE 50.67 0.33
20. NEUTRAL 8 138 0

21. NEUTRAL 6.5 217 12.33
22.NEUTRAL 5 46 2

23.NEUTRAL 3.5 7.33 0.33
24. BLACK 0.67 0.67

Table 2 MSE reduction of tracking images before and after
color calibration

Object MSE MSE
(before calibration) (after calibration)

Yellow Cloth 22.0 144

White Cloth 17.96 217

Skin Color 6.26 6.11

Hair Color 50.9 399

Figure 9 Some snapshots of the videos from the two
cameras showing the handover moment.



5. CONCLUSIONS

We have presented a real-time system for
continuously detect and track a person across cooperative
pan-tilt-zoom active cameras. To handover the detection
and tracking process among two cameras, the second
camera receives color cues of a target person from the first
camera. To achieve the color matching across the different
radiometric  characteristic =~ cameras with  different
viewpoints, linear color calibration is proposed to help with
handover process. The experimental results confirm color
calibration helps reduce color mismatch between two
cameras and the system is capable for continuously and
accurately track the target person across cameras.
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ABSTRACT

This paper proposed a framework for handover method
in continuously tracking a person of interest across
cooperative pan-tilt-zoom (PTZ) cameras. The algorithm
here is base on a robust non-parametric technique for
climbing density gradients to find the peak of probability
distributions called the mean shift algorithm. Most tracking
algorithms use only one cue (such as color). The color
features are not always discriminative enough for target
localization because illumination or viewpoints tend to
change. Moreover the background may be of a color similar
to that of the target. In our proposed system, the continuous
person tracking across cooperative PTZ cameras by mean
shift tracking that using color and shape histogram to be
feature distributions. Color and shape distributions of
interested person are used to register the target person across
cameras. For first camera, we select interested person for
tracking using skin color, cloth color and boundary of body.
To handover tracking process among two cameras, the
second camera receives color and shape cues of a target
person from the first camera and using linear color
calibration to help with handover process. Our experimental
results demonstrate color and shape feature in mean shift
algorithm is capable for continuously and accurately track
the target person across cameras.

Keywords: Tracking, Handover, Mean shift algorithm,
color calibration.

1. INTRODUCTION

The real time object tracking is used in many
applications such as video surveillance, human machine
interfaces,  robot tracking, and intelligent transportation
systems. These applications need good object detection and
tracking methods which have been progressed in recent
years. However, there are still some difficulties in tracking
such as the cases where there are changes in background,
view point, or illumination especially when using multiple
cameras.

The object tracking in dynamic scene is a typical
non-rigid vision tracking problem. The difficulty of the
problem with moving cameras is that the environment is
changing and the illumination may vary, which will cause
the change of the color in the camera view. Appearance-base
methods have been investigated for solving this tracking
problem. Most appearance-base tracking approaches are
based on some kind of representations of image appearance.
Target and localization are robust and more efficient for
tracker. In this paper, we focus on the problem of tracking
an individual person with cooperative PTZ cameras when
viewpoint of camera during a long tracking tends to change.

Some surveillance system such as the works presented
in [1, 2] continuously track person across multiple cameras
by handover the tracked person from one camera to another
camera. The work in [1] proposed a continuous tracking
within and across stationary and PTZ cameras. They use
motion and color models for registering the object between
overlapping camera view. The works in [2] use a
homographic relation mapping between overlapping static
cameras to transfer a target object point from one camera to
another. This work also can track multiple objects within
camera view. Some systems employ two cameras with one
providing a fixed wide view and second Pan-Tilt-Zoom to
acquire large face image for tracking such as [3]. The work
in [4] proposed the process of building a surveillance system
with multiple PTZ cameras installed within an indoor
laboratory. The system demonstrated multiple PTZ
cameras can hand over tracked target to each other.

Most tracking algorithms fall into two categories. The
first category is probabilistic methods. These methods view
the tracking algorithm as a state solving problem under the
Bayesian framework, model uncertainty and propagate the
conditional densities through the tracking process. The
representative methods are Kalman filter and its derivatives,
Condensation [5], particle filter [6], etc. The second
category is deterministic methods. These methods compare a
model with current frame and find out the most probable
region. Mean Shift [7][8] fall into this category.

The mean shift algorithm has success in object
tracking due to its simplicity and robustness. It finds local



minimum of a similarity measure between the color
histogram of model and the candidates in the image. The
mean shift algorithm is based on appearance model. Color
histogram is the most popular feature that has been used to
represent the appearance of the target. But color of an object
depends on illumination, viewpoint of camera during a long
tracking (important when use PTZ cameras system). Thus
the single histogram feature is not always discriminative
enough. The wok in [9] presents object tracking from
multiple stationary and moving cameras using color
distribution as the main cue for tracking object across views.
Since color information can be easily biased by several
factor such as illumination, shadow, and appearance change
or difference camera setup, color cue may be not very
reliable for tracking moving object. Some other works such
as the work in [10] proposed multi-feature tracking approach
for adaptive real-time object tracking using a stationary
camera. In this paper, we propose a tracking method that
employ both color and shape features to improve accuracy
of the tracker especially when tracking objects under
changes in illumination and viewpoints.

The paper is organized as follows. Section 2 we
introduce our system overview. In Section 3, we explain
how to extract the color and shape features to represent the
target. Section 4 discusses the person tracking method. And
then discusses person analysis in cooperative process and
control both camera in Section 5 and 6 respectively. We
experiment the performance of the proposed method in
Section 7. This paper is concluded in Section 8.

2. SYSTEM OVERVIEW

*ﬂ ~CAMERA 1 CAMERA 2
[

| g /'g\
i 1 // i#\\
—-—-—--Moving path— - — - — - — - — - —

Figure 1 Cameras set up

Fig. 1 shows our system setup. We connect two SONY
EVI-D100 PTZ cameras to a PC and use them to track the
person from different viewpoints. The two cameras are
distantly separated and have non-overlapped viewpoint.

Overall architecture is shown in Fig. 2. Both cameras
simultaneously run the same algorithm. First, for each video
frame, the raw input image is processed to construct a color
probability distribution image via color histogram model.
Also, the derivatives in x and y directions of the image is
calculated to find shape cue that is represented by
orientation histogram of the target person being tracked.

In person tracking step, we employ mean shift algorithm
using color and shape features of target person. The location
of the target person is use for continuously tracking and also
used to calculate pan-tilt variables for the camera control in
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following the moving target. In order to continuously track
the same target person across different cameras, we also
calibrate color using color calibration matrix between two
cameras to solve the color mismatch problem. This will be
described in details in Section 5. By using color and shape
features for tracking, our system can track and follow the
target effectively throughout all reachable cameras’ view.

: Camera 1 Camera 2

Feature Extraction

Person Tracking

Person Analysis

Camera Control P

||

Camera Control

Figure 2 System diagram

3. FEATURE EXTRACTION

Fig. 3 show block diagram of feature extraction
process which is composed of two sub-processes, that is
finding color and shape features for using in mean shift
tracking process.

3.1 Color Probability Distribution

In many person tracking processes, color distributions
are used as target representation because of its independence
from non-rigidity, scaling and partial occlusions. In order to
track color objects in a video scene, a probability
distribution image of the desired color (cloth and/or skin
color) in the video scene must be created. In this paper, we
use hue histogram to represent color of the target because of
its brightness invariance. The color distributions of the target
and candidate are respectively calculated. =~ The evaluating
the similarity of two color distributions is done using the
Bhattacharyya distance.

3.2 The Orientation Histogram of Shape

In this work, we represent shape feature of the target
using an orientation histogram. It is done by calculating
image pixel derivatives in x and y directions. We use a
standard Sobel masks (S and Sy ), as shown in Eq.(1)-(3),
because of its simplicity and efficiently computed for real
time applications.

M (x,y)=S8_*I(x,y) ey
M (x,y)=S8 *1(x,y)
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Figure 3 Block diagram of feature extraction process

3. PERSON TRACKING

The mean shift algorithm operates on probability
distributions. To track interested person in video frame
sequences, the color image data has to be represent as a
probability distribution; we use color and shape histogram to
accomplish feature distributions derived from video image
sequences changed over time. Block diagram of mean shift
algorithm is shown in Fig. 4.

The mean shift algorithm is a tracking method that
finds the mode of the probability distributions of sample
data without any assumptions about the priori distribution.
This algorithm avoids choosing a distribution of model and
estimating its distribution parameters.

There are several researches have been working on
object tracking using mean shift algorithm such [8-9]. The
basic mean shift tracking algorithm assumes that the target
object has to separate sufficiently from background, but this
assumption is not always true especially when tracking is
carried out in dynamic backgrounds, e.g., surveillance with a
moving camera.

The mean shift tracking finds the location
corresponding to the target in the current frame based on the

p={p®W1
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appearance of the target. Therefore, a similarity measure is
needed between the distributions of an interested region in
the current frame and the target model. A popular measure
between two distributions is the Bhattacharyya distance
considering discrete densities such as two feature (color and
shape) histogram and the
coefficient is calculated by

plp.ql= i Vg )

bin=1
The larger p is, the more similar the distributions are.
For two identical histograms we obtain p = 1, indicating a
perfect match. As distance between two distributions, the
measure can be defined as

d=\1-plp.q] ©)

which d is the Bhattacharyya distance. The tracking
algorithm is to recursively compute of an offset value from
the current location Y, to a new location Y, according to
the mean shift vector Yy, is calculated by using

S Yo =%
;‘xiwig( h j

N= (6)
: zw‘g ( Yo =X j
= h

when

S sl -k] O

w, = ———0|h(x,)-b,

u=1 p( )(yO)

and
g(x)=-k'(x) (®)

The person tracking algorithm is shown in Fig 4.
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Find center of mass

within the search window

2

Center of search window
at the center of mass

Use (x,y) to set
Search window center
Location (x,y)
Person tracking : Mean Shift Algorithm

Person analysis
And Camera control

Figure 4 Block diagram of Person tracking with mean shift
algorithm



5. PERSON MODEL AND COOPERATIVE
TRACKING ACROSS CAMERAS

5.1 Person model

In tracking handover between two cameras, the second
camera needs to receive some information of the tracked
target from the first camera. As we use color and shape
distributions of the target person in tracking, we must
handover these distributions in hand-off process.

The color characteristic of tracked target person can be
divided into 2 main regions: cloth and skin regions, while
the shape characteristic is represented by x and y gradients
in tracked region.

5.2 Camera color calibration

To achieve the color matching across the different
radiometric characteristic cameras with different viewpoints,
we proposed a method that employs linear color calibration.
Color correlation transform matrix between a pair of color
sets from the two cameras is computed using linear
regression method.

To calibrate the cameras, we use a color checker
board. A color checker board has 24 reference colors
covering the major color palettes in RGB color space. The
setup is shown in Fig.5. We adjust the cameras’ positions
and put the color checker board so that the checker board
appears in both cameras’ field of views. The images of the
checker board are captured by both cameras. In this work,
we use the RGB color space due to its being widely accepted
as simple and useful probabilistic models. Then the color
correlation transformation matrix between the two cameras
is computed according to Egs. (10) — (12).

(@) (b)
Figure 5 (a) show input image from camera 1 (b) show
input image from camera 2

400
2 1 (k)
V= (10)
400
> 15 (k)
=T (11)
400
PR
T (12)
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Let RIS (Eq. 4), Gs (Eq. 5) and Bs (Eq. 5) be average
color information from each camera in R, G and B channel
respectively. And superscript C be number of camera in
system, subscript N be number of reference color from
checker board and k be pixel of the image.

[R' R .. R,]
G G .. G

S I (13)
1 2 24
11 11
R R .. R,

C2_G12 G .. G, (14)
B B .. B,
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Let C' (Eq. 7) and C? (Eq. 8) be the 24x4 color matrices of
the 24 RGB colors taken from checker board images of the
camera | and camera 2 respectively. Then we can apply
linear regression to obtain a color correlation transformation
matrix that can be used to convert color of one camera to the
color of the other camera. Let W is the corresponding
regression coefficient of the color of camera 2 to the color of
camera 1. We obtain

C' =WC* (15)

Then, the W can be obtained from inversed matrix analysis.
The color correlation transformation matrix, W, will be used
to transform color from one camera to the color of another
camera while we are performing the tracked person
handover across the cameras.

6. CAMERA CONTROL

To keep the moving target in the camera’s field of
view, pan, tilt and zoom variables are computed and used as
parameters to control the motion of the camera. To find
pan angle () and tilt angle (¢ ), we calculate those angles
using ratio of pixel-based distance change and degree-based
distance change, see Eq.(16) and Eq.(17),

_ Dl‘ﬁ‘x _ xf - x('enter (16)
B, B,

¢: Dl‘[f) — yf _.YCent(’r (17)
B, B,

where Diff, and Diff, are distance between center of the
interested region (x f,yf) and the center of image in
(Xcenrers Yeenrer ) horizontal — and  vertical ~ direction
respectively. S, and f, are values of pixel distance
change when camera moves by 1 degree in horizontal (pan)
and vertical (tilt) directions.



7. EXPERIMENTAL RESULTS

We tested our proposed system on a Pentium 4 2.8
GHz PC running Windows XP. The two SONY EVI-D100
PTZ cameras are connected to the system. Distance between
both cameras is about 1 meter. The experiment is to show
the tracking performance of our proposed handover system
when integrating shape cue is feature in mean shift tracking
algorithm.

Fig. 6 shows person tracking result when using color
and shape mean shift algorithm. Fig.6(a) is an input image,
and Fig6(b) is the tracked result. Histograms shown in
Fig.6(c)-(e) are color histogram, shape histogram, and the
concatenation of them respectively.

I .(b).
(d) (e)
Figure 6 (a) Input image (b) Tracked result (c) 32-bin color

histogram (d) 8-bin shape histogram (e) Concatenate
histogram

(il)
(©)

Fig. 7-9 demonstrate tracking comparisons of mean
shift tracking using color only versus using color and shape
in various scenarios.  Fig.7 shows an outdoor scene where
a person walking in a straight trajectory under constant
illumination condition, both trackers yielded good results.
In Fig.8, a person is walking indoor and there is a brightness
change happened in the image sequence. Under
illumination change condition, it apparently shows that the
color and shape tracker performed better than the color only
tracker. For the sequence in Fig.9, we tried some scenarios
where there is change in shape of the target. Fig.9(a) shows
a sequence when a person change walking direction, and
Fig.9(b) shows a sequence when a person abruptly sits down
while walking. We found that both trackers work well.
These assure us that by incorporating shape information to
the color information helps improving accuracy of tracking.

Fig. 10 shows some snapshots of the tracked videos
from the two cameras. It illustrates the handover result
using color and shape cues in mean shift tracking algorithm.

8. CONCLUSIONS
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We have presented a real-time system for continuously
track a person across cooperative pan-tilt-zoom cameras. To
handover the tracking process among two cameras, the
second camera receives color cue and shape cue of a target
person from the first camera. To achieve the mean shift
algorithm tracking across the different radiometric
characteristic cameras with different view point, our system
uses color calibration to help with handover process. The
experimental results confirm using color and shape cues
helps reduce color mismatch between two cameras and the
system is capable for continuously and accurately track the
target person across cameras successfully.

Figure 7 Tracking result using only color cue (top) versus
using both color and shape cues (bottom) on an outdoor
sequence with constant motion and illumination.

Figure 8 Tracking result using only color cue (top) versus
using both color and shape cues (bottom) on an indoor
sequence with changing illumination.

(a)

(b)
Figure 9 Tracking results using only color cue (top) versus
using both color and shape cues (bottom) on two indoor
sequences with changing motion direction (which makes
target’s  silhouette shape changed) under constant



illumination.

Camera 1 Camera 2

1.

Normal View

2.
The target person enters
the first camera’s view.

3.
The target person go along
in first’s camera view

4.
First camera tracks a
target.

5.
Same person walks into the
second camera’s view

6.
The target person go along
in second’s camera view

7.
Continuous tracking for
the target.

8.
Continuous tracking for
the target.

Figure 11 Some snapshots of the videos from the two
cameras showing the handover moment. Using color and
shape cue
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