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Abstract— 1t is still a challenging problem for tracking objects
in complex visual situations, such as an object is occluded or the
object's color features are wvery similar to its background.
Therefore, a novel visual tracking algorithm is proposed for
multiple cues fusion based on three common cues: color, target
position prediction and motion continuity in this paper. Color
feature is free of translation and rotation and robust to partial
occlusions and pose variations. Features of target position
prediction and motion continuity can handle the condition that
the color difference between the foreground and the background
is similar. Combining with CAMSHIFT (Continuously Adaptive
Mean Shift) technique, experimental results show that the
proposed visual tracking algorithm is more robust than
traditional single cue and gets better tracking effect than CMST
(Collaborative Mean Shift Tracking). Successful rates of the
proposed algorithm are 70% to 100% in 4 different complex
conditions.
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L INTRODUCTION

With the development of information technology and
mntelligent science, computer vision has been the front of IT and
high technology domam. Tt is a next problem how to use a
computer to comprehend more video information. Visual
analysis is important in HRI (Human Robot Interaction),
mtelligent control, virtual reality, image coding based on model,
content search of streaming media and so on. It is necessary
and urgent to study it.

Avidan et al. [1] regarded tracking as a binary
classification problem. It trained a weak classifier to
distinguish between object features and background features
by an online way. A strong classifier was used to compute a
confident image of a next frame. A peak value (a new position
of an object) was found by mean shift algorithm. Through
traming a weak classifier a strong classifiers was updated. It
made a tracker get more robust at low computation cost.
Reference [1] could track a target at many scenes mcluding a
camera motion or stillness, a gray image or an infrared image,
objects of different sizes. The tracking algorithm could handle
some occlusion: classification and marking technologies were
used to detect occlusion; a particle filter was used to overcome
occlusion. The algorithm didn't handle the occlusion of a long
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time and a large range. Its feature space didn't consider space
mformation.

For a non-rigid object Comaniciu et al. [2] proposed an
object expression and a locating way. A locating issue was
transformed to an issue of finding a local maximum nteresting
area. An object model and an object candidate area were
showed through a Bhattacharyya coefficient. It could handle
the condition that a camera moved, a target was partly
occluded and an object size was changed and so on. It was not
a tracking algorithm for a special task without combining with
prior knowledge for a special task.

Dawei et al. [3] proposed an adaptive feature selective way
mn a mean shift tracking framework. A most decisive feature
was chosen according to Bayesian error rate. A weight image
was constructed. Mean shift technology was used to track an
object. Tt supposed that Bayesian error rate of the selected
features obeys Gaussian distribution. Its application field was
limited. In tracking an object based on a kernel unchangeable
model and unfit scale were two main limit factors. Anbang et al.
[4] proposed a new tracking way based on a kernel for the two
factors. It combined scale estimation with updating an object
model. It was impacted by an object's scale and change of its
appearance. However, it was validated through trackmg a hand
and was lack of generality.

Nouar et al. [5] proposed a tracking algorithm based on a
two dimensional histogram of an image. The two color
channels were selected based on a denotation standard The
standard was a most suitable expression of tracking an object
and a least expression of meet background. It could track and
manage the target whose shape and light changed very large. Tt
only considered color cue and didn't consider other cues. If
color feature was similar between a target and background
tracking results wouldn't be very well.

Many researchers had studied a visual tracking algorithm
based on multi-cue [6-9]. A traditional wvisual tracking
algorithm based on a single cue didn't work well when
environment changed. Shortcoming of a tracking algorithm
based on color feature was that it would fail if color feature was
similar between mteresting objects and non-interesting objects
or other areas [10]. Wu et al. [6] proposed a visual tracking
algorithm based on cooperative study inference combined with
multi-cue. It used a sequential Monte Carlo way. Multi-cue
mncluded shape feature and color feature. Cooperative study



inference was that the inference in high dimension space could
be inferred through an iterative method from low dimension
space. However, it is complex.

To increase reliability of wvisual tracking Tao et al. [7]
proposed a dynamic Bayesian network way for multi-cue.
Multi-cue included color of skin, ellipse shape and face
detection. It combined multi-cue with concealed motion states.
Tao et al. [7] used approximate inference based on a particle to
estimate practice motion states. Simple linear Gaussian
distribution need not be hypothesized However, it only
adapted a tracking way of a face. Cheng et al. [8] proposed a
match way based on multi-cue of data fusion for a target
motion or light change. Multi-cue included color feature,
contour feature and target position prediction. Tt could adjust a
weight value of every cue. But it didn't consider a situation of
empty hole when bounder of a target was generated through
contour feature. It didn't give out how to get a threshold value.

In this paper a visual tracking algorithm based on
CAMSHIFT and multi-cue fusion for human motion analysis is
proposed. Liu et al. [9] proposed CMST (Collaborative Mean
Shift Tracking) algorithm. It combined color feature, position
feature and prediction feature. Tt could update a weight value of
every cue according to background. It used Mean Shift
technology and auxiliary objects. However, 1t supposed that a
model of background obeyed a single Gauss model and need
train video sequences without a motion target before. This
limited its application. Probability distribution of mean shift
technology was based on static distribution and was not
dynamically adjusted. The difference between [9] and our work
is that we need not suppose a background model and train
video sequences without a motion target before. We consider
color feature, feature of target position prediction and feature of
motion continuity and use CAMSHIFT technology and can
dynamically adjust its probability distribution.

other wvisual tracking algorithms,
especially their shortcoming Section III describes CMF
(Visual Tracking Algorithim Based on CAMSHIFT and
Multi-cue Fusion for Human Motion) algorithm based on
CAMSHIFT (Continuously Adaptive Mean Shift) and
multi-cue fusion. CMF algorithm, CAMSHIFT algorithm and
CMST algorithm are analyzed through experiments in section
IV. Results of experiments show that CMF algorithm is better
than other algorithms even if color feature is similar between
foreground and background. The whole paper is summarized
and directions of future research are pointed to in section'V .

Section II analyzes
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Fig.1 A visual tracking model of CMF algorithm
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1L CMF ALGORITHM

CMF algorithm mcludes color feature, feature of target

position prediction and feature of motion continuity, shown as
Fig. 1.

A.  Color feature

Color information is an important feature. It isn't impacted
by rotation. It is robust for partly occlusion and gesture change.
In this paper color feature acts as an important feature.
CAMSHIFT technology realizes tracking However, its
tracking window is unchangeable. This will limit the
management of appearance and occlusion. Tt needn't consider
the situation that some background areas are taken as a part of a
target and it can also realize tracking purpose.

A histogram uses m bins in this paper. There are » pixels.
Their position and corresponding values i the histogram are
1%} = e {Qu} w1 m Define a function, as in (1). The
function denotes the discrete area value corresponding to every
pixel. In a histogram, the uth color area corresponds to a value,
as n (2) and (3).
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In a color probability distributed mmage zero moment of a
window area 1s (4).
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One moment of a window area is (5) and (6). Coordinates
of a tracking point are (7) and (8).

B. Feature of target position prediction

This paper uses frame difference and computes difference
values of every point between a prior and a rear frame, then
judges which one is a moving point through setting a threshold
[10]. If the threshold 1s set through experience there is much
blindness. It will only adapt some special situations. Therefore
this paper uses Otsu algorithm to dynamically determine the
threshold F of frame difference [11] [12]. Basic idea of Otsu
algorithm is that an appropriate ¢ 1s found and makes scatter
moment be least in a class. Namely, the threshold puts an
mmage of frame difference partition two classes. Tt will make



the variance of the two divided classes be largest. In (9), 1
denotes pixels of foreground, 0 denotes pixels of background.
B {1 IO (t-2)>F @
0 IOI(ED)<F
Suppose that there are N gray values in an image of frame
difference. There are m; pixel points whose gray value is equal
to i. A threshold F puts an image of frame difference partition
two classes: M= [1, F] and 0= [F+1, N]. The probability that a
gray value is 7 is P, as in (10). The probability that a pixel
belongs to class M 1s Py, as in (11). The probability that a
pixel belongs to class  is Py, as m (12). The average value of

class M is g4, as n (13). The average value of class Q is £,
as in (14). The average value of an image of frame difference

is £, as in (15). The variance between class A and class

iso? ,asin (16). Fis set to make o? be largest.

m F
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C. Feature of motion confinuity

In a short time among frames there is strong continuity for a
target motion. The velocity of a target 1s considered to be
unchangeable [8] [13]. Velocity of a tracked target is estimated
through prior frames. A current position of a target is estimated
through prior frames.

X(t,row)= Xt-1, row) £ (Xyt-1,row)- X(t-2, row))
a7

Xt col) = X(t-1,col) £ (X(t-1,col) - X{t-2,col)) (18)

Suppose that X (¢, row) 1s row coordinate of current position
of a target at time £, as in (17). X(¢, col) is column coordinate of
current position of a target at time #, as in (18) and rows is the
largest row number and cols is the largest column number in an
mage. Considering the continuity of human motion a current
position is estimated through a linear predictor [14]. The
relation among X (¢, row) X (1, row) and X (£2, row) 1s
(19). The relation among X (£, col) + X (-1, col) and X (£-2,
col) 1s (20).

Xit row) € [4, min( B, rows) ] (19)
where A and B are defined as
A=max(X(t-1, row) - (X(t -1, row) - X(t-2,row)),1)

B=Xyt-1, row) +(Xyt-1, row) - X(t- 2, row))
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Xt col = [C D} (20)
where C and D are defined as
C=max(X(1 -1, col)- (X(t-1,col)- X{1- 2, col)), 1)
D= min(X(t-1,col) + (X(t-1,col) - X{t - 2, col)), cols)

Suppose that row width of a tracking window 1s width and
column width is length. Row coordinate of a target is (21) and
column coordinate of a target is (22). Namely a target is in the
rectangle area.

Vit row) € frmaxtX(1 row) - width, 1), min(X(t, row)+ width, rows)]  (21)
Yit col) € [maefX{t. col) - length, 1), mingXit, col) +length, cols)] (22)

D. Tracking algorithm based on multi-cue fusion

This paper uses color feature, feature of target position
prediction and feature of motion continuity. Even though a cue
fails the tracking algorithm still works well. This increases its
robustness.

Realizing steps of CMF algorithm are:

step 1: Set an interesting area I in a current image.

step 2. Set an initial position of a searching window and a
selected position or an interesting area 1s the tracked
target G.

Compute a probability distributed image M, of
color feature and set weight value of the probability

step 3:

image M;be a, .

step 4. Compute a probability distributed image A, of

feature of target position prediction and set weight

value of the probability image M be ¢, .

step 5: Compute a probability distributed image Ad; of

feature of motion continuity and set weight value of
the probability image AM; be @ .

Make a final probability distributed image M, as in
(23).

step 6:

Compute zero moment and one moment of a
window area in the probability distributed image, as
m (4), (5) and (6). Iterate CAMSHIFT algorithm
until the position coordinates don't evidently change
through (7) and (8) or maximum times is reached. T
18 maximum times.

step 7:

step 8: Compute an interesting area according to

coordinates of the tracked target again and put them
be an initial position and a tracking area of rear
frames and return step 7.

M=M,xa,+M,xa,+M,xa, (23)
where @, + a, + a,=1.

III. EXPERIMENT AND DISCUSSION

To validate CMF algorithm in this paper CMF algorithm
and CAMSHIFT algorithm and CMST algerithm are applied to



video sequence 1, video sequence 2, video sequence 3 and
video sequence 4, shown as Fig. 1. Setting 7=15,

a,=a,=a,=1/3. Arectangle of a tracking window is used in

this paper. The running condition of a tracking algorithm is
CPU (P4 2.8G), memory (512M), hard disk (80G), operating
system (windows XP), tool (Matlab7.1)

Video sequencel (180 frames) is the condition that
background and foreground are similar. In video sequence 2
(190 frames) target A and target B are tracked (target A is
occluded for a long time). There is not evident occlusion in
video sequence 3 (140 frames). A target 1s occluded for a short
time in video sequences 4 (150 frames). Resolution of video
sequence 1 is 320%256. Resolution of others is 640%512.

© (d

(M)A tracked target image (b) A probability image of color feature () A
probability image of feature of target position prediction (d) A probability
image of multi-cue fision

Fig. 2 Results of CMF (frame 96)

(c) (d)

(a) A tracked target image (b) A probability image of feature of motion
continuity (¢) A probability image of feature of target position prediction (d) A
probability image of multi-cue fusion

Fig. 3 Results of CMF (frame 121)
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For video sequence 1, results of CMF algorithm are Fig.
2-Fig. 3. When a target is occluded results are good, shown as
Fig. 2. When a cue (feature of target position prediction) fails
results of frame difference are 0. Tracking is realized according
to other cues, shown ag Fig. 3.

(a) An image (frame 25)

(a) An image (frame 96) (b) An image (frame 101)

(b) An image (frame 75)

Fig. 4 Results of CAMSHIFT

Fig. 4 is experimental results of CAMSHIFT algorithm
based on color feature. CAMSHIFT algorithm only considers
color feature. When foreground and background is similar
tracking results are not good. After frame 25 it can not track a
target.

(a) Frame 75 (b Frame 96

(c) Frame 101
Fig. 5 Results of CMST

Fig 5 is experimental results of CMST algorithm for video

sequence 1. Because it uses a background subtraction way to

get a target position and simulates background with a single
Gaussian model the results of tracking are not precise.

(a) Frame 60 (d) Frame 165

Fig. 6 Results of CMF

Fig. 6-Fig 8 are experimental results of 3 algonthms for
target A in video sequence 2. CMF algorithm works best.
When target A 1s occluded for a long time it still works well.
However, CAMSHIFT and CMST algorithms work badly.



(a) Frame 60 (b) Frame 120

(a) Frame 60 (d) Frame 165

Fig. 12 Results of CMF
Fig. 7 Results of CAMSHIFT el

(a) Frame 60 (d) Frame 165 - -

Fig. 8 Results of CMST (a) Frame 60 (b) Frame 120

(a) Frame 47 (b) Frame 60

Fig. 13 Results of CAMSHIFT

(a) Frame 60 (b) Frame 120
Fig. & Results of CMF Fig, 14 Results of CMST

Fig. 15-Fig. 17 are experimental results of 3 algorithms for
video sequence 4. CMF algorithm works best and CMST
algorithm works better for video sequence 4. When a target is
occluded the algorithms still work well. CAMSHIFT algorithm
fails when a target is occluded.

(a) Frame 47 (b) Frame 60

Fig. 10 Results of CAMSHIFT

(a) Frame 50 (b) Frame 140
Fig.15 Results of CMF

(a) Frame 47 (b) Frame 60

Fig. 11 Results of CMST

Fig. 9-Fig. 11 are experimental results of 3 algorithms for
target B in video sequence 2. CMF algorithm works best and
CMST algorithm works better for video sequence 2. When
target B is occluded the algorithms still work well. CAMSHIFT
algorithm fails when target B is occluded.

(a) Frame 50 (b) Frame 140

Fig.16 Results of CAMSHIFT
Fig. 12-Fig. 14 are experimental results of 3 algorithms for

video sequence 3. 3 algorithms all work well because a target

isn't obviously occluded.
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not high. Tt can reach requirement of real time. Next work 1s
that a dynamic system of cues selection should be designed.
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(a) Frame 50

(b) Frame 140

Fig. 17 Results of CMST

Table I denotes the comparison of tracking success rate of
3 algorithms. Suppose that it fails that a tracking window
mcludes other human targets or doesn't include a target n 1/2
of a tracking window. CMF algorithm works well in handling
occlusion, especially the condition that color of background
and foreground is similar.

Table I Comparison of tracking success rate of 3 algorithms
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