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Target tracking algorithm is a key technical problem ig ompute ield, and
the existing algorithms are mainly based on the stationary*¢amera plat herefore, a
real-time tracking algorithm for moving target ba dynamic itoring video is
proposed in this article. Firstly, the feature points @ r eneW| g to the influence
of the moving target on the light streams; secondly,*t€ light str: method is adopted to
estimate the global motion of the camera; fina@@he motio ation of the particle filter
is modified according to the global mQtiQ imation r and meanwhile the color
histogram is selected as the characterj h\ del of arget, thus to track the moving
target. The experiment result show; %the Iter algorithm can rapidly and
accurately track the moving;t& ing cam otion process to meet the real-time
nt

requirement, and has excell ess.,, %
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1. Introducti \\ \&
As a kay teghhical

tracking am is

surveillance, robot

in the computer version field, the video based target
applied to pattern recognition, artificial intelligence, video
tion, etc. [1-3] Common target tracking algorithms mainly
include mean-shi rithm [4], particle filter algorithm [5], etc., wherein the particle
filter algorithm@effectively solve the nonlinearity problem and the non-Gaussian

problem wnipersatly existing in target tracking, thus to be adopted by many scholars. The
existing racking algorithms are mainly based on the stationary vision platforms,
but nitoring cameras in actual monitoring environments are in motion state, such

orne and vehicle-mounted monitoring devices. Additionally, the electronic image
%ization technology [6-8] is discussed in many literatures, and the tracking algorithm
based on electronic image stabilization [9] is discussed in a few literatures, but the image
stabilization process and the tracking process are divided in such algorithm, thus causing
the following unavoidable disadvantages: the image stabilization process inevitably
causes the loss of the video image information; the separated implementation of the image
stabilization process and the tracking process can cause time delay, so the real-time
requirement cannot be met; the most important disadvantage is that we cannot obtain the
tracking result in the original video.
Based on the above analysis, in order to solve the problems in existing algorithms, a
real-time tracking algorithm for moving target based on dynamic monitoring video is
proposed in this article. Firstly, the feature points are selected; secondly, the light stream

ISSN: 1975-0080 IJMUE
Copyright © 2016 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.9 (2016)

method is adopted to estimate the global motion to obtain the translational motion
component and the rotational motion component of the camera; finally, the motion
equation of the particle filter is modified according to the global motion estimation result,
and meanwhile the color histogram is selected as the feature model of the target in order
to track the moving target in a real-time manner during camera motion process. In order
to verify the algorithm performance, we select multiple groups of test videos for the
experiment. The experiment result shows that the proposed algorithm can rapidly and
accurately track the moving target during camera motion process to meet the real-time
requirement, and has excellent practical value.

2. Global Motion Estimation

2.1. Feature Point Selection
<

Accuracy and real-time performance shall be considered for the feature poin ew
of the image, and the angular point of each frame of the image is usually selec the
feature point in traditional image stabilization algorithm. The most u used
i€ refers to

two maximum eigenvalues, namely: at least two_t with different
directions substantially exist around this point. Ho, hec pording problems will
be brought during the process of searching the ang®la#point f&\s frame of the image:
the real-time performance will be very pooQQen marethan 300 angular points are
needed and combined with the light stream

Relevant experiment proves that it is porta@}sperse the feature points into
the whole image during the image stallidization \ an to judge whether the feature
point is an angular point. Enlight by the i&&s abilization algorithm based on the
block matching, we select on every pixels in each frame of the image as a
feature point. The advantag uniformi cting the feature points are as follows:

these feature points can realize excell ealstime performance and can well represent the

global motion; the glo ion can curately estimated through screening the local
*

motion vector. \\ %
in QT

ranslational Component Estimation of Camera

2.2. Featur t'Screen

In order alyze éhence of the moving target on the light stream, we firstly
suppose that the ca stationary. If the coordinate of the i feature point Pi(t) in the
camera coordin em at time t is [x(t), y;(t).z(t)], then the coordinate of this
feature point in‘theimage plane is as follows:

& el 500226 o

Q above formula, A is an coefficient related to camera resolution and focal length.
e displacement of this feature point in the camera coordinate system

isdx (t), dy; (t),dz(t), then the light in the image plane is as follows:

[du.(t) dv. (t
()= i( )’ i( )]
dt dt

—}L z, (t)dx; (1) /dt—x; (t)dz, (t) /ct {x z,(t)dy, (t)/dt—y, (t)dz, (t)/dt 2

z (1) z,(t)

158 Copyright © 2016 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.9 (2016)

According to Formula (2), the influence of the moving target on the light stream is
related to the speed and DOF (Depth of Field) of the moving target. When the time
interval is very short, we can regard the speed is fixed; the smaller DOF of the moving
target has larger influence on the light stream. As shown in Figure 1, target A with large
DOF is basically consistent with the background light stream, but target B with small
DOF is inconsistent with the background light stream, so we need to completely remove
the feature points inconsistent with the background light stream and then adopt the
statistical method to estimate the global motion.

)

Figure 1. ngl\ fLéam ation Result
2.3. Estimation of Rotatlon"; \(%amera

The coordlnate of@ - featur int P in the camera coordinate system

|s[ the ¢ ate of this feature point in the world coordinate
system is assu be unch d,"and after rotational and translational shifts of the
camera, th, feature poth( +1)|n the camera coordinate system at
timet+1is c anged +1 y,( ) i( +1)]. Then, the following formula can be
obtained:

t+1),y, (t+1),z (t+D]
(Q [_X(HY(,”_Z(:)]T .

\k = R (1) *[%, (1), ¥; (), 2, (O] + Ty (1)
In th e formula, R3*3(t)andT3*1(t) respectively represent the rotation matrix and
t@ation matrix of the camera at time t. Formula (1) is put into Formula (3) to obtain
ine model of the camera as follows:
u(t+1) Rylt) Ralt) Ru®)][uld)] [T*W)

)
i) - Z(t()l) ) Ral) R W00 @
i ) Ral) Rl 2 | |70

The camera rotation out of the image plane is ignored, and the simplified 2-D affine
model can be obtained as follows:

e M e
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Without considering the sudden change of DOF, the following condition can be met:

z,(t) _
z,(t+1)
If the rotation angle of the camera at time t is&, (t) then the rotation matrix can be

written as follows:
{Rn(t) Rlz(t)}[cos(@(t)) —sin(ﬁi(t))}
Ra(t) Ry(t)] [sin(6(t) cos(e(t))
The above formula is put into Formula (5) to obtain the following formula:

g Sk b W W

In Formula (6), the translation matrix[‘rX TY ]T of the camera has been OW]’
previous section; if the coordinates of the feature p0|nt in the image plane ?Tand
time t+1 are known, then the rotation matrix at time t can be estlmated

(6)

3. Tracking Algorithm for Moving Target B %(llter

3.1. Problem Modeling O \

The subject idea of the particle filter is t@pt one of weighted particles to
describe the posterior probability distribu ccordm@jonte Carlo theory, when
there are enough particles, this group oh@hted cles can accurately describe the

posterior probability distribution an arti at this moment is the optimal
Bayesian estimation. In the targe | g task |t|0ns of the moving target can be
n thé state space. Actually, the purpose of

regarded as the discrete-time proces
the target tracking is to es the t te X, in the observed sequence Y, with

noises.
Yin = 1¥ii =1 ,, sume% known observed values, and p( |yln) shall be
et and the distribution p( _1|yln_l)at time n-1 is

finally solved. I p@
known, th@ ior prol@ﬁ distribution at time n can be obtained according to the

system mo
( n|y].'n-l)= I p(xn|yn—1) p(xn—1|y:l.'n-1)dxn—l (8)

After the n@served value Y, at time n is obtained, the posterior probability
distributign Ean obtained through Bayesian formula distraction distribution:

PY, | X,)P(X, | Yins)
P In/ — .
O O D) = ) ®)

ifficult to adopt Bayesian filter to find the posterior probability, and Monte Carlo
d is adopted in common engineering application. Specifically, one group of

weighted particles {x:‘a):‘ }:zlare used to represent the posterior probability p(Xn|ytn),

wherein {a);” m=1..., }represents the weight values of the particles.

P(X, | Vi) = D @S (X —Xi0) (10)

The recurrence equation of the normalized weight values @) is as follows:
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o plyaxmplxxe,)
a)n Oca)n_l E(erln g?n—liyl'n) (11)

~ yxn)is the proposal distribution. The main idea of

In the above formula, E(X:]

Monte Carlo method is to adopt one group of samples following a certain probability
distribution to replace the above probability distribution. In fact, the probability
distribution calculation is only an intermediate step for target tracking, and since the
samples following the probability distribution are obtained, the target position can be
directly estimated according to the samples, without the need to calculate the specific
probability distribution. In this way, the expected state density can be regarded as the
estimation for the actual state:

(12)

>

E[x ] 10, X
It can be proven that when N— is true, X, will converge in mean value t?MI
d

posterior probability distribution of p(xn|ykn). Meanwhile, the re-samplin@ shall
c

be adopted to avoid particle weight degeneracy pro pgecifi opy the
particles with large weight values and remove the partj h s% ght values to

solve such problem.
R O v

3.2. Quadratic Regression Motion Model

In actual tracking task, we adopt the i global n\% information obtained in
previous section to improve the partlcl |ng al Specifically, the quadratic
auto-regression model is adopted as d the motion model is modified
according to the global motion est If We he position of the moving target in
the image plane as the arlabl the state variable at time n
is x(n)=[u,(k),v,(k)] . Firsth} the otlon estimation obtained thereby is

converted into the correc@valueAk& target in the image plane:
’ —sin (6, (k T*(k
\Q} ) s, 1m0 o
1K) cos(@ (k) | [TV(k)
The mo‘motlo is as follows:
Xy 1y — & (% +A, =% )+ A (X, +A, +A,,, — & )+Bw (14)

In the above fo x is the mean value of all particles, and Bw is the random noise of

the system. In odified motion model, the influence caused by camera motion is
removed %L:gh article position adjustment, thus to avoid the tracking failure caused by

camera 6

: @)r Histogram Distribution Model

e color histogram of RGB color space is adopted to describe the moving target.
Specifically, R, G and B channels are quantized into 16 levels, and the histogram is
divided into 16X16X16 bins. If u={1, 2, ..., m}is set and the particles including the
target is given in the initial frame, then the statistical histogram distribution model of the

target can be obtained as§ = quzl,_“,m , Wherein the color probability density of the position

is as follows:
Jﬁ[b (15)
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In the above formula, Y, is the central position of the initial target, and K (-)is the kernel

function, wherein this kernel function can ensure that the pixel farther away from the
particle center has smaller weight value, thus to improve the robustness of the model; C is

a normalizing parameter for »_ 1, G, =1.

In each frame after the initial frame, the area that may include the target is regarded as
a candidate area and the central coordinate thereof is y. Then, the candidate target area,
namely the statistical histogram distribution model of the particles, is:

ﬁ(Y) = {ﬁu (Y)}uﬂmm , Wherein the color probability density of the position is as follows:

L=CY K Y j&[b )-u] (16)

Bhattacharyya distance between the candidate target area P (y) and the t
area( is as follows: ?*
d(y)=+1-p[p(y) ql CQ (17)
Then, we establish the observation likelihood model §N @
1
p(ya[x,)= \\’ (18)

VZﬂG

4. Experiment Result and Analy§|

In order to verify the performance 0 eal |ng algorithm for moving target
based on dynamic monitoring V|de %w riment video for the experiment.
nt

The experiment environment o mpleme n of the proposed algorithm is as
follows: windows 7 operatmgk , Visual.stydio 2010 and opencv2.3 as the software
platform, Intel(R) Core(TM)i the computer configuration. The target
tracking result of the expgrient vide hown in Figure 2, wherein the red box in the
figure represents the g resultyof proposed algorithm, the white box represents

the tracking resul traditio rticle filter algorithm and the yellow box represents
ift algorithm. According to the experiment results,

the tracking re the me
during ca tion pr(zis, he proposed algorithm is obviously superior to other
algorithms aspec@ uracy and robustness.

162 Copyright © 2016 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.9 (2016)

Figure 2. Comparison of Tracking Results of Different Algorithms

The target tracking position err or curve of the experiment video is as show

3, wherein the red line represents the proposed algorithm, the green line r the
traditional particle filter tracking algorithm and the yellow line represents n-shift
motion

algorithm. According to the tracking position error curve\dusing t
process, the tracking error of the proposed algorithm is sly smalger ghan those of
other two algorithms.

O
¥,

100

Teacking Enot on X suis
*
$

'Qs Tracking, Position Error (b) X-axis Tracking Position Error
9

ure 3 ng Error Results of Different Algorithms

5, Conclusm@

The targét=location algorithm based on dynamic monitoring video proposed in this

article ot only conquer the disadvantages of separating the image stabilization
proc d the tracking process, but also capture the target tracking result in original
@ ideo, without any loss of the video image information. Meanwhile, the proposed

ithm has low algorithm complexity and satisfactory robustness. The experiment

result shows that the proposed algorithm has excellent real-time performance.
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