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Abstract—CAMShift is a semi-automatic tracking algorithm,
which needs tracking target to be calibrated manually, and
can only track one single target at a time. Aiming at these
problems, this paper proposes a vehicle tracking approach
based on double difference method and CAMShift
algorithm. This approach can automatically calibrate
moving vehicles in traffic video and achieve multi-target
tracking by using a multi-tracker of CAMShift algorithm.
The experimental results show that the algorithm in this
paper can solve automatic multi-target tracking problem in
traffic video very good along with good stability.

Index Terms—-double difference, CAMShift, multi-target,
automatic tracking

|. INTRODUCTION

The research object of moving target is the video
image sequence. Compared with static single-frame
images, image sequences contain more information, so
effectively tracking interested target in video sequences is
an important issue in computer vision field [1] [2]. In
traffic video surveillance, real-time detection and multi-
moving vehicle tracking is the basis of intelligent
monitoring system, whose main task is to detect and track
moving vehicles in video sequences in real time and mark
it for further operations such as identification and
classification. Real-time detection of the moving vehicle
requires locating vehicles accurately and quickly without
manual calibration, and with as little system resources
consumption as possible, whose effect has a direct impact
on the subsequent part of the system. By doing research
on moving target detection and tracking in video
sequence of static scenes, this paper proposes a multi-
vehicle detection and tracking methods. Firstly, do
motion detection by means of double-difference method
in video sequences contained moving objects, then regard
the detected moving vehicles target as region of interest,
referred to as ROI, and finally use a CAMShift multi-
tracker to do multi-vehicle tracking, thereby overcoming
the defect of CAMShift algorithm.

Il. DouBLE DIFFERENCE METHOD

Moving target detection is a prerequisite of moving
targets tracking, but also the basic issues in computer
vision, using motion detection can obtain many kinds of
information of foreground objectives. The commonly
used methods of motion detection [3] are background
subtraction and frame difference method. Background
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subtraction obtains foreground by subtracting the
background image from the current video frame. The key
is how to obtain the original static background model;
and because the background often dynamically changes
with the light, movement and target in and out the scene,
it needs an efficient strategy to maintain and update the
background model. The commonly used strategy are
median filter method, mixed-Gaussian method and so on,
but they all have some shortcomings such as imprecise
initial background, maintaining and updating difficulties
of background model. While frame-difference method
makes the use of the difference between the two current
frames in video sequences or the difference between one
current frame and a certain frame prior to it to extract
motion region of a image, namely directly using the (t-
Dth frame of the video frame as a background frame to
the tth frame, so that it doesn’t require initial background,
but also avoid pace-time consumption of maintaining and
updating the background model.

This paper adopts an improved frame-difference
method: double difference method, also known as three-
difference method [4], whose basic idea is shown as
follow:

Difference image is obtained by absolute value
between corresponding pixels of two sequential frames.
Suppose {F,} is input image frames, so the nth difference

image is defined as:
Dn(i’j)= Fﬂ—l(i’ j)'Fn(i'j)‘ (1)
Where F,,(i, j) denotes the pixel value at (i, j) in the
(n-1)th frame, F, (i, j) denotes pixel value at (i, j) in the

nth frame, so the nth difference D, (i, j) is the absolute
value between pixel values at (i, j)in the (n-1)th frame
and nth frame.
In the definition of double-difference image, a flag
will be used, which is showed as follow:
flag =(D,.,(i.J)>T) A(D,(i,j)>T) 2
Where T is a given threshold. D,,,(i,j)>T denotes
that difference value of the (n+1)th frame is larger than
threshold T. D, (i, j)>T denotes that difference value of
the nth frame is larger than threshold T . Therefore, when
both difference values at coordinate (i,j) in two

consecutive difference images are larger than a given
threshold T, flag is 1.
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Thus, the double-difference image DD, is defined as
follow:

.. JLflag=1 3

DD”(I'J)_{O,others )

Where if flag=1, DD, (i, j)=1 denotes that both

difference value images has detected pixels whose
difference is larger than threshold T , and these points
compose of the moving target to be tracked. That is,
double-difference image is obtained by logical-and
between two consecutive difference image. Because
noise is not easy to repeat in two consecutive difference
images, double-difference method can suppress noise
better than general frame-difference method.

I1l. AUTOMATIC TRACKING OF MULTI-VEHICLES

A. CAMShift Algorithm

CAMShift (continuously adaptive mean-Shift) is an
extended motion tracking algorithm of Mean Shift
algorithm [5] to the continuous images sequence, which
is a non-parametric method based on the gradient of
dynamic distribution of probability density function. The
basic idea is to do Mean Shift operation to all the frames
in video sequence, use mass center and size of search
window obtained in previous frame as the initial value of
search window in the next frame, and achieve the target
tracking by iteration.

CAMShift algorithm mainly uses information of color
probability distribution of moving targets in video images
to achieve the tracking purpose [6] [7], which can
effectively solve objective deformation and objective
shelter problems with high computational efficiency.
RGB color space is quite sensitive to brightness change.
In order to reduce the impact of brightness change on
tracking, CAMShift algorithm converts the image from
RGB space to HSV space. Whereas in HSV space only
H-component can represent color information, so it must
calculate one-dimensional color histogram of H-
component in the HSV space, then convert the original
image into a color probability distribution image based
on the obtained histogram, and finally adopt Mean Shift
algorithm. The calculation process [8] is shown in Fig. 1:

Convert image Calculate 1D . .
from RGB space to | histogram of H- 1| Og;:;:iéﬁti%rr??;l?illgy
HSV space component g W
Calculate center . Use the result of previous
- M h -
L mass of objective —» ean .S ift —» fame as the initial search
- algorithm :
region window of next frame

Figure 1. CAMShift algorithm calculation process

CAMShift algorithm can do real-time tracking to target
of specific color, achieve very good tracking effect, and
effectively remove noise and interference from image
sequence.

B. Tracking Algorithm in This Paper

CAMShift algorithm use color probability models of
target to track, but CAMShift is a semi-automatic tracking
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method, whose initial tracking objective should be
manually calibrated, and just can track only one objective
rather than multi-target automatically at a time, which
makes its usefulness to be limited.

Aiming at these two problems, this paper firstly do real-
time detection of multi-vehicle moving in video by means
of double-difference method, also mark each ROI of
moving vehicle to solve the manual calibration problem,
and then start CAMShift tracker for each vehicles ROI
separately in order to overcome the shortcoming that
CAMShift algorithm can only track a single target at a
time. Each tracker in this algorithm is in charge of its
separate vehicle objective independently, and will no
longer work until the targets disappear. Algorithm flow
chart is shown in Fig. 2:

Detect multi-objective with
double-difference method,
determine initial search
window size and location

—

HSV Image

Look up color
histogram in process

Set process region at region
search window center
which is larger than Obtain color
search window probability
distribution

I

Use (x, y) as search
window center, 2*S*
as window size

S

Output (X, y), S, and
the angle of search
window

Find center of mass
within the search
window

Ly — -«

Move center of search
window to the mass center
according to total pixel
value S of window

Y N
Converged

Figure 2. Flow chart of tracking algorithm in this paper

The multi-vehicle tracking process in this paper is
described as follows:

1) Detect all the moving vehicles in video with
double-difference method, and make respective tracking
region and search window as the initial ROI and search
window.

2) Use CAMShift tracker to each tracking area
(search window) as follows:

a) Calculate zeroth moment and the first moment
in order to get mass center of search window

Mgy =222 1(xy) (4)
Mm:i;yw(x,y) )
Mm=22ylxl(x,y) (6)
Where I(x,y) is pixel probability value at

coordinate(x,y) , the variation range of x and yis in the

scope of search window. The zeroth moment denotes the
area of objective in the color probability distribution
images, so the search window size can be set as a function
of zeroth moment to adaptively adjust search window size
in the process of tracking.



b) Calculate the mass center of search window.
Suppose the coordinate of mass center is(x, y, ) :

K =28,y =22 ™

00 00
At the same time, calculate secondary moment on the
basis of a),b), obtain long-axis, short-axis and direction

of the target. The secondary moment is:

Mzozzzle(xvy) 8
Xy
Mozzzzyzl(xvy) (9)
Xy
My =22 91 (%) (10)
Xy
The direction of target is:
2[511 - Xc ycj
0 = Larctan © (11)
R
ZOO ‘ ZZO ‘
Where suppose
Z z z
a:£_le’b:i_xcyclczﬂ_yc2 (12)
ZOO ZOO ZOO

So the long axis | , short-axis w of tracking objective
can be presented as:

:\/(a+c)+.lb2+(a—c)2

5 (13)
W=\/(a+c)—\/1c;2+(a—c)2 (14)

c) Reset the size S of search window as the
function of color probability distribution of the above
search window.

d) Repeat a, b, ¢ steps until convergence (change of
mass center is less than a given threshold).

3) Repeat 1), 2) steps until the end of image sequence
IV. EXPERIMENTAL RESULTS AND ANALYSIS

A. Moving Vehicle Detection

Fig.3 shows the contrast effect of double difference
method and background subtraction.

In Fig. 3, (d) and (h) are the effect drawings by means
of double-difference method, showing that the double-
difference method has a good effect of detecting moving
target. We can find two vehicles appear in the upper right
corner in (d), that’s because before the 90th frame, there
is a car stopping for a while and start again immediately,
and result in a ghost appeared in foreground image.

Double difference method indeed has the limitation to
solve this problem, can’t eliminate ghost in real time; but
background subtraction method even with good
background model, it can’t achieve real-time ghost
elimination due to the restriction of model updating
coefficient (complete updating the current template needs
a certain amount of time and space consumption).
Therefore, the double-difference method with less time
and space of consumption has an advantage over
background subtraction method. In addition, double-
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difference method use only three sequential frames to
determine the foreground, while background subtraction
method use background model gained from a lot of
frames to determine foreground image, with slower
updating speed( due to different model updating
coefficient). In contrast, double-difference method has a
faster real-time updating speed.

(a)-(c) are respectively the 89th, 90th, 91st (d) is the 90th
foreground gained from the 89th, 90th, 91st by using double-
difference method (e)-(g) are respectively the 239th, 240th,
241st frame of video (h) Is the 240th foreground gained from
239th,240th,241st by using double-difference method

Figure 3. Contrast effect of double differenceMethod and
background subtraction

B. Moving Vehicle Tracking

General CAMShift can only track a single moving
target at a time, and must pre-calibrate a moving target
manually, initialize the search window of tracking target,
and then track the selected target. The process is shown
in Fig. 4:

After real-time detection of multi-target, the algorithm
start a vehicle CAMShift tracker to each detected moving
vehicle respectively, which can track every moving
vehicle independently, so that all moving vehicles can be
tracked well. Figure 5 shows the tracking process:



(d)

is the 90-th frame in the video sequence, (b) is manual
calibration of tracking target,
subsequent frames of the calibrated target in tracking process

(@

(c) (d) are respectively the

Figure 4. Single target tracking with single CAMShift Tracker

(c) @
(a)-(c) are respectively the 90-th,92-th,94-th frame of video
sequence (d)-(f) are the corresponding effect drawings of the
aforesaid frames.

Figure 5 Effect drawings of multi-target tracking with CAMShift
multi-tracker

In the tracking process of (d) - (f), the shape of mark
ellipses change continuously according to the search
window’s changing, but never leave the tracking vehicle.
With  double-difference  method and multi-tracker
CAMSNift, this paper can achieve good tracking effect of
real-time multi-vehicle tracking without manual
calibration.
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V. CONCLUSION AND FUTURE WORK

Real-time moving vehicle tracking is the basic subject
of Intelligent Transportation Surveillance and Control
System and requires auto-calibration, real-time tracking,
and minimal system consumption in practical application.
In this paper, a moving vehicle tracking method based on
double difference and CAMShift was proposed, to
overcome the shortcoming of algorithm CAMShift such
as manual calibration of tracking target and tracking a
single target at a time, realizing real-time multi-vehicles
tracking in traffic video. Experiments on the research of
video traffic have a good scalability, which is applied to
other occasions of multi-target tracking. In addition, how
to differentiate tracking targets with very similar color
histogram distribution, it will be the focus of future
research.
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