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Abstract

We propose an global color model based method for tracking motions of multiple human using a networked multiple-camera
system in intelligent space as a human-robot coexistent system. An intelligent space is a space where many intelligent devices,
such as computers and sensors(color CCD cameras for example), are distributed. Human beings can be a part of intelligent space
as well. One of the main goals of intelligent space is to assist humans and to do different services for them. In order to be
capable of doing that, intelligent space must be able to do different human related tasks. One of them is to identify and track
multiple objects seamlessly. In the environment where many camera modules are distributed on network, it is important to
identify object in order to track it, because different cameras may be needed as object moves throughout the space and
intelligent space should determine the appropriate one. This paper describes appearance based unknown object tracking with the
distributed vision system in intelligent space. First, we discuss how object color information is obtained and how the color
appearance based model is constructed from this data. Then, we discuss the global color model based on the local color
information. The process of learning within global model and the experimental results are also presented.
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1. Introduction tributed vision system in the iSpace is described. First, dis-
tributed vision system in the iSpace will be explained. Next,
color appearance based object tracking, which is currently pos-
sible in the iSpace only, will be proposed. Then, this paper
will show how to obtain color information of the objects, and
how to achieve the correspondence among different cameras
by using the object global color models.

An intensive research has been going on in the field of in-
telligent space in recent years [1][2]. An intelligent space is
the space where many intelligent devices, such as computers
and sensors, are distributed. The environment is said to be in-
telligent, because of the cooperation of many intelligent
devices. We proposed "Intelligent Space (iSpace)" [3][4] in or-
der to achieve a human-centered services by accelerating the
physical and psychological interaction between humans and
environments. Color CCD cameras with processing and net- DIND1 -~ - _ DINDn
working capability, are distributed inthe iSpace. Therefore they ~ A
are called "DINDs (Distributed Intelligent Network Devices)".
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The construction of Intelligent Space is shown in Fig.l. 4 Comprehersion €27
DINDs record the position and behavior of both humans and
robots in the iSpace. DINDs are capable of mutual Non Dhyml } < @
communication. The position of humans and mobile robots in service Physical Service
iSpace based on the information gathered by DINDs has been g,  Agent
studied before. The most common approaches are color marker Human 0 4 (Roba)

Space 'G

tracking [5], human behavior recognition[6] and mobile robot
control in iSpace[7]. Fig. 1. concept of Intelligent Space

The iSpace has to track the objects without failureand to
get the location of objects by DINDs seamlessly for these
services. Seamless tracking and localization of objects must be
achieved in order that the iSpace works properly. In this pa-
per, color appearance based object representation for the dis-

2. Multi-Vision system in Intelligent Space

2.1 Multi-Camera Multi-Object Tracking

We have to solve the multiple-camera multiple-object track-
ing problem for the wide area sensing in the iSpace. There
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are two major problems concerning multiple camera multi-
ple-object tracking system. One is the traditional corre-
spondence problem from frame to frame over time. The other
is the correspondence problem among different camera mod-
ules in order to achieve seamless tracking and location
estimation. The later problem is called the consistent-labeling
problem[8]. There are several approaches to solve this prob-
lem in recent papers.

These approaches include feature matching[9], location in-
formation{10], [11], and alignment approach[12]. If all cam-
eras are calibrated in advance, consistent labeling can be es-
tablished by projecting the location of each object in the
world coordinate system. Alignment approaches rely on recov-
ering the geometric transformation between the cameras.
However, it is difficult for these approaches to establish con-
sistent label without overlapping of the monitoring areas
among different cameras.

Feature matching approaches whether based on the color or
notare the simplest scheme to establish consistent labeling,
However, color feature matching is not reliable when the dis-
parity is large in location and orientation. For example, if a
person is wearing a shirt that has different colors on front and
back, simple color matching among different cameras doesn't
work. On the other hand, color information is useful for rec-
ognition and identification of objects in the interpersonal
communication. If color representation, that absorbs the differ-
ences among different cameras and includes the color appear-
ance model of all round the object, is achieved, color in-
formation is also useful for object identification in the com-
munication among different camera modules.

2.2 Cooperation of DINDs

It is desired that each object model is effective for coopera-
tion of the DINDs. Here cooperation of the DINDs means the
processing that each DIND exchange the information about the
objects in each monitoring area for the other DIND. Then,
correspondence of the object among different DINDs must be
achieved by using the effective object model. Literatures[10],
[11] are representative of researches aiming at objects tracking
by cooperation of multiple cameras.
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Fig. 2. Cooperation Level of Distributed Cameras

In these examples, the method of image recognition that

40

March 2006

each camera performs independently is comparatively low
level. Object information for cooperation of multiple cameras
is also simple. Object position only or typical color is used as
the object information. The task is achieved by designing the
complicated algorithm for cooperation of cameras. There is a
trade-off between the level of object information and the com-
plexity of relationship among different cameras as shown
Fig.2. We simplify the cooperation framework by constructing
the detailed object models in the vision system of the
Intelligent Space. The simplified cooperation framework raises
the scalability such as the addition of the other DINDs.

2.3 Color Appearance based Object Tracking

When the identification of objects and cooperation of the
DINDs are taken into consideration as described above, what
kind of object model is concretely desirable? We propose the
object model to make the identification for the same object
from the color information obtained in different DINDs. F1g 3
shows this concept.

Séam less OB;ects Tracking
by Cooperation of DINDs

_J0bect Wentification
based on Cobr Appearance

l

The color histograms of an extracted objects are used for the
appearance-based identification. The object representation based
on the color histogram is relatively stable against deformation
and occlusion [13]. Compared with the contour and so on, color
histogram of the object stays largely unchanged against the var-
ious images that are captured by the distributed cameras. The
object representation using color histogram is suitable for ap-
pearance-based correspondence of multiple objects seamlessly in
wide area. It is difficult to realize the correspondence among
different cameras using the simple color histogram measured
from one direction. On the other hand, color histogram repre-
senting the current appearance is needed for color region track-
ing in one camera image. Two kinds of object models are de-
fined as follows to satisfy these requirements.

Fig. 3. Color Appearance based Seamless Tracking

e Local Color Model

Local Color Model is used for object tracking and object
segmentation under the occlusion in one camera image. It is
updated according to the appearance of the object every
frame.
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* Global Color Model

Global Color Model means the object appearance model for
matching among camera modules. It includes the information
of the local color models in several postures of the object.

Whole system of seamless labeling and tracking is shown
in Fig. 4. The system is separated by three parts: Object
Finding process, Object Tracking process, and Global model
learning process.

3. Acquisition of object information

3.1 Object Finding Process

Object finding process is the process to find the new mov-
ing objects in the monitoring area of the camera module. The
local color models of new objects are also acquired.
Background subtraction is simple and efficient to find the new
moving objects in fixed camera image. This background sub-
traction uses the background model updated from frame to
frame adaptively. In Intelligent Space, this background sub-
traction works well since the lights and the floor are con-
figured as reducing the effects of the shadow and lighting
condition. The candidate regions of moving objects are ex-
tracted after the dilation, erosion, and clustering to the binary
image separated from captured image by comparison with the
background image. The small object region is removed as the
noise.

The

{x}=1, -, % is the pixel locations in the region extracted

initial local color model is defined as follows.
as the object. The function b associates to the pixel at loca-
tion x; the index &(x; of its bin in the quantized feature
space. Feature space is represented by two-dimensional nor-
malized color space, eg. r=R/(R+G+B), g=G/
(R+ G+ B). The component p,, «=1, -, m of the feature
vector p in the object is then computed as

pu=—}1 ;n:la[b(x,-)——u] 1

where ¢ is the Kronecker delta function.

Since the region extracted by background subtraction is un-
stable, several sets of p are required for each object in order
to stabilize the initial local color model. There is also a prob-
ability that multiple objects are found simultaneously. The set
of p should be clustered to some categories by the online
clustering algorithm. It is decided whether obtained feature
vector p belongs to any existing clusters or a new cluster is
generated. The number of existing cluster is N at that time.
At first, the similarity between feature vector p and each ref-
erence vector 7, of cluster is calculated to decide nearest
neighbor cluster by Eq.(2). p; , denotes j-th object at the cur-
rent time ¢

S 7a t)=gmin(P,;1, ) (2)

It is assumed that ¢ represents the adequate cluster, and it
is computed as

_[arg mZXS(ij_tvr,',) for S(ﬁj,t»rk,t) > T (

o= 3)
N+1

otherwise

where, T is the threshold to evaluate the similarity be-
tween feature vectors.

The reference vector of each cluster is updated by Eq.(4).
Updated vector is used as the reference vector at the next
time ¢+1. a is the leaming coefficient.

Vk,t+1=Vk.t“'aack{pi.t_rk,t} 4)

When the vectors beyond the threshold are gathered in one
cluster, object candidate which corresponds with this cluster is
treated as the target object. The tracking process for each tar-
get object runs at that time. The reference vector 7, , of each

cluster is treated as the local color model [ ; .
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Fig. 5. Object Finding Process

Figure 6 shows the clustering result of the feature vectors
obtained in a given time, when three objects exist in the space
as shown in the left picture of Fig. 6. In this figure, only two
dimensions are selected from all dimensions of the feature
space in order to visualize the distribution of the feature vec-
tors effectively. Three clusters are found in the right figure.
Each cluster corresponds to the new object. Feature vectors at
points distant from clusters are ignored as noise or measure-
ment error. 7 in Eq.(3) effects the: number and the size of
clusters. T is decided from some experiments empirically. In
this clustering, the reference point of each cluster is treated as
the initial local color model. Stable initial color model can be
obtained from this process.

0 005 01 015 02 025 03 035 04 045
Vector component {X-axis}

Fig. 6. Clustering Result for Object Finding

3.2 Mean Shift Tracking Process

Tracking process works for tracking of object region recog-
nized in the object finding process. Tracking process receives
the local color model, initial location and size of bounding
box from the object finding process.

Recently, the tracking system based on mean shift algo-
rithm is reported that it is suitable for the color region track-
ing[14]. In this system, weighted mean shift is used for multi-
ple color region tracking. An integrated method mean shift
and Kalman filter[15] has been proposed in the previous
studies. It has proven to be efficient and relatively robust to
the rapid movement of the object. In addition, this method has
been compensated the weakness of mean shift tracker with
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kalman filter. However, in case that the movement of a target
is changed suddenly by collision with obstacles such a human,
floor, and so on, the tracker loses the target object and there
are few chances to recover.

By adding changes to this algorithm, we were able to deal
with the above problem. Proposed new algorithm exploits col-
or histograms which represent the target feature. The object
representation based on the color histogram is relatively stable
against deformation and occlusion as mentioned previously.
The dissimilarity between these histograms is expressed by a
metric based on the Bhattacharyya distance. This measure has
shown the benefit to achieve stable and efficient tracking in
our research. In order to localize the target object, the Mean
Shift Tracking Procedure(MSTP) with the Kalman filter appli-
cation is used. In our research, we added feedback loop after
the mean shift procedure as shown in Fig.7. Details of this al-
gorithm are given by our previous paper[16].
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Fig. 7. Tracking process based on mean shift

4. Global model for object identification

4.1 Global Color Model

The global model means an object model for matching of
objects measured by the different camera modules as men-
tioned above. Global model learning process runs when the
occlusion among the objects doesn't happen in the tracking
process. The global model is produced from local color model
which has been measured since the object finding process
started. This model should cancel the effects of the object
posture, scaling or the direction of measurement by cameras
for matching between the different camera modules. At first, it
is decided whether the global model is leamned, based on ob-
jects conditions such as overlapping and approaching. This
condition is decided by evaluating the distance between the
bounding boxes.

The local color model can be configured every frame in
tracking process. For example, the back of tracked human is
captured in Fig. 9. The set of the local model includes the
color appearances that change according to the posture of the
object. If the color appearances of all round the object are in-
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cluded in the object model, it is useful for consistent labeling
from the view of different cameras. It is not reasonable to
store all local color models to each object in terms of the
memory size. Global color model requires the effective repre-
sentation from all local color models. The theory of
Eigenspace Method, which is excellent in compression of large
amount of image data and calculation of the correlation
among images, is reported in {17]. Eigenspace method is ap-
plied to configuration of the global color model from a lot of
local color models. Fig. 8 shows the details of this process.

Eigenvectors

TFracked Object Regions

o
¢ 2 £ ¢ & ¢ &

Locat Color Models

Gt Calor Mokl

Fig. 8. Global Model Learning Process
Global color model g, of the object O, at time ¢ is ac-
quired as follows. The covariance matrix of local color models
is computed as,

Q=E{(I,~ D(1,~ D7} )

where [, is the set of the local color models obtained un-

til ¢ and 7 is the mean vector for 1,. The local color mod-

el 1, is represented as,

L=[1P 15  ("T (6)

Frame 1 Frame 2

d eigenvectors e e, -, ey (A1> DA > >2,) are
determined by solving eigenvalues problem:

"

The d-dimensional subspace spanned by these 4 ei-
genvectors corresponding to ¢ large eigenvalues is called the

Are,=Q e,.

cigenspace. By ignoring the small eigenvalues, dimension of
the local color model data is reduced. The cumulative pro-
portion of eigenvalues in Eq.(8) is evaluated in order to de-
termine the effective dimension.

®)

Then, one local color model is projected onto the eigen-
space by

zk,t:[el,"'red]T L, ©)

z; ;1s a point that the local model /, , at ¢ is mapped

to the eigenspace. The local models to each object can be rep-
resented as a manifold in the eigenspace. This manifold in-
cludes the local color models changing according to the pos-

ture of the object. Global color model

this manifold.

g, is represented as

4.2 Global Model Learning Process

Figure 9 shows the relationship between the acquisition of
object information, which includes the object finding process
and tracking process, and the process for leaning the global
color models. This global model learning process is also in-
cluded in the DIND. As we have said above, local color mod-
els of each object are acquired in every frame that occlusion
between objects isn't found. Because the local color models
are updated depending on the appearance of the object,
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changed color models can be obtained in each image frame.
The set of these local color models is stored into the global
color model learning process. Eigenvalues and eigenvectors for
the set of the local models of each object are calculated in-
dividually in this process.

5. Experiments

We implemented the proposed method to represent walking
human position, used a global color model to tracking the top
positions of each person and implemented a MSTP proposed
in section III. Also, tracking experiments in which our method
coped with the sudden change of the object movement were
performed. Figure 11 demonstrates a typical eigenvector of
three walking humans in a convoy, where the global color
models of position are shown.

frame 120
Fig. 10. Human tracking results

frame 140

Figure 12 shows the routes of three humans tracking,
respectively. Objects, three humans, were tracked by the track-
ing process which was performed independently with the other
process. In Fig. 13, the global color model obtained in the
different camera is compared with the tracked humans as
shown in Fig. 12. A lot of local color models are projected
onto the eigenspace spanned by three eigenvectors.

The global model is represented as the data sets of the lo-
cal models compressed in this case. The cumulative proportion
of eigenvalues in Eq.(8) and the threshold generally set to 0.8
or 0.9 to determine the effective dimension. This model can

represent the change of the color appearance of the tracked
human. Although the local color models change according to
the difference of the camera, correspondence among cameras
can be evaluated by the comparison of the manifold shape.
The global models by camera2 and camera3 are in process of
the complete global model.
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6. Conclusion

iSpace using network-based-visions techniques provide
promising ways to human-computer interaction through under-
standing human and object movements from visual data. An
important step in achieving this goal is the robust and accu-
rate tracking of the moving objects such as walking human
and mobile agents. However, cluttered backgrounds, unknown
lighting conditions and multiple moving objects make the
tracking tasks challenging. This paper mainly concentrated on
global color model based on the local color information for
the objects tracking by addressing these difficulties.

Also, this paper presents a representation of global color
model based on the proposed Mean Shift Tracking
Process(MSTP), in which the structure of the tracking process
could be construct with Kalman filter. Then, the local color
model and the global color model was proposed based on ex-
tracting the objects by background subtraction and creating
color histogram. The application of this model achieves the
robust tracking of multiple objects seamlessly among different
cameras. In the experiments, the comparison method of the
global models obtained by different cameras will be described.
Effectiveness of the global model for seamless tracking will
be also evaluated quantitatively. Integrating discriminant analy-
sis and the Kalman framework, the proposed MSTP algorithm
offers a means to relax the assumption of probabilistic struc-
tures of data distribution. In addition, the proposed global col-
or based algorithm is able to tracking a good color space
automatically. Some promising color-based tracking results
were also achieved by the MSTP approach.

One of the future research directions of the global clolor
model is to explore the nonlinear case of probabilistic
methods. In addition, the convergence and stability analysis
should be studied in the future work. Currently, the con-
fidence level is an important parameter in the transduction to
control the size of labeled set. It needs further studies.
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