REAL TIME OBJECT TRACKING ALGORITHM

B. A. Zalesky, E. N. Seredin

United Institute of Informatics Problems of the NAS Belarus
Minsk, Belarus
E-mail: zalesky@newman.bas-net.by

A description of fast realization of the object tracking algorithm is presented. It
is designed to track objects via a video camcorder mounted on an aircraft. The algo-
rithm is based on a comparison of the correlation between the object image and re-
gions of the current video frame together with analysis of inter-frame information.
The video card programming technology CUDA has been used to provide real time
computations on a standard PC. Also, the special robust version of the Kalman filter
was developed to make the algorithm more stable. Tests showed applicability of the
algorithm for solving tasks of the object tracking.
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Introduction

In recent years, object tracking algorithms and technologies have been widespread to
solve various problems in society, such as protection of the environment, change detection,
cartography, navigation etc.

The problem of object tracking is understood as follows. The object is selected on the
current frame of video sequence made from the board of the aircraft by the non-stabilized
camcorder. The task is to find automatically this object in subsequent frames in real or qu-
asi real time. The formulated task is now among most popular problems of image
processing. A huge number of articles on the subject contain variety different methods and
algorithms designed to solve it. Many of them are successfully applied in practice. Differ-
ent techniques have been exploited to solve the problem. Among them are histogram, key
point, optical flow, correlation, active contours and other methods [1, 2, 3, 4, 5, 6]. Overall
difficulty for all current approaches is the small available run-time, which is limited by mil-
liseconds needed for one shot. Usually it is in the range between 25 and 40 milliseconds.
Some known reliable and accurate algorithms cannot be executed in such a short time.

Until recently, it can be said about correlation algorithms, which are ones of the most
reliable and accurate but rather time consuming. A direct calculation of position of the
tracked object in one video-frame of the standard size (without taking into account any
prior information about its location) requires a few minutes of a modern PC processor.
Even use of special fast computations such as the Fast Fourier Transform and SSE instruc-
tions has not made possible real time execution of correlation algorithms.

However, situation changed after appearance of the parallel computing platform CUDA
and a new generation of video cards providing opportunities of working with 3D textures.
Two these things allowed real time computations of correlation algorithms. In the paper re-
sults of such computations are presented together with comparison of the correlation ap-
proach to the task of object tracking with several other known approaches.

Moreover, the robust version of the Kalman filter has been included in the designed al-
gorithm to increase stability of tracking.



In Section 2 brief description of the developed algorithmic approach is done. Section 3
contains the outlines of the designed program realization. Results of experiments are also
placed in Section 3.

Brief description of tracking algorithm

After preliminary testing of several known approaches to the task of tracking objects
in video sequences frames made by a non-stabilized camcorder it was decided to try real
time realization of a few types of correlation algorithms.

To start with let us denote by I —mxn gray scale either RGB image with pixels

p=(x,y) and brightness | or color (I, 15 ,,l5,). Frame of the video-sequence at time
t is denoted by |, .

As usual, tracking process begins with selection of an object of interest. So, O, (Py;)
means sub-image of the initial frame 1, of the square form and size k xk, k <min(m,n)
with the center in pixel p,,;, which contains the object to track. Square k xk sub-images of

the current frame |, rotated by an angle a are denoted as O,(p,), where p means the

center of O, with respect to |,. For simplicity, we do not consider here a scaling pyramid

since according to our experience it is sufficient either not to use scaling at all or consider
only two nearest levels of the pyramid.

Two types of correlation were used to estimate position of the tracked object. They
are the standard non-normalized correlation (called in mathematical statistics covariance)
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where O, and O, (p, ) are mean values of images O, and O,(p,a), and the Pearson cor-
relation

) - r(p, o)
rz(p,oc) = rz(OO,Ot(p,Ot)) - SSQ(Oo)SSQ(Ot(p’a)) ,

where SSQ(I) is the standard deviation of brightness (or color) of the image 1.

The estimators of the current position p, of the tracked object at time t are
P, =arg max,, , 1(p,a) and p,, =arg max, , 1,(p, o).

Maximum is taken over all pixel of | and all allowable angles « . These estimators are well
known not only in image processing, and therefore their use cannot be a surprise.

The novelty of the result is in the fast realization of the estimators that made possible
computation of r, or r, in real time mode (details its fast program realization are placed in
Section 3). It is also in exploiting a robust version of the linear Kalman filter, which makes
tracking process more stable and accurate in comparison with application of the classic its
version. Description of the Kalman filter can be found in many articles and books [7]. Very
briefly, the principle of operation of the filter can be represented by two equations
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X =%+ K (- HX),
where X is called forecasting, X'is the resulting estimate, and Y, is input data. Forms of
matrices F_,,K, and H, is given in all details in [7]. The filter was exploited to stabilize
the estimators f;,,i =1,2. Therefore, P,, would have been used as input of the filter, i.e.
for the classic version of the filter it should be Yy, = f)i,t. However, such choice generate
significant error when the estimator p;, found false position of the tracked object in some
frame 1. Thus, for some previously fixed square S(X_,) of pixels with the center in pixel
X, we check whether P,, getsto S(X_,) and set the input of the filter
ofhe 1 heestic)
X otherwise

Besides that, for some previously fixes integer N,, we count how many successive esti-
mates P;, turned out S(X7). As soon as number these critical solutions becomes greater
then N, we start initialization of a new Kalman estimator in the following way. For some
another previously fixed integer N;, we set X" = p;, and check, when number successive
estimates P, turned in squares S(X’) and only after this number becomes greater than

N;, the real Kalman estimator is started.

Detailes of program realization and experiments

Correlation type algorithms are one the most accurate tools to solve object tracking
tasks. However, application of those algorithms till now has been limited due to the high
computational cost required for their execution. For instance, finding the object of interest
in a video sequence frame with help of direct realization of the Pearson correlation for PC
CPU takes more than one minute. In order to overcome this difficulty NVIDIA's parallel
computing architecture has been exploited. It enabled dramatic increases in computing per-
formance by harnessing the power of the GPU.

Calculation of correlations has been optimized for the video card architecture Fermi
that is now available in all last GPU of NVIDEA. To accelerate execution time all 6 types
of the GPU memory were used together with the specially developed approach to parallel
GPU computations. It enabled realization of the object tracking in real time mode for
grayscale videos and almost real time computations for RGB videos of the standard size
(that are 640x480 pixels). So, to find the object of interest in a gray scale frame the de-
signed program realization needs less 30 millisecond.
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Fig. 1. Examples of results of object tracking for videos made by the HDV video camera Sony HVR-
HDZ1000E: a — manual object detection; b — d — object found by implemented algorithm

The developed approach to the formulated above object tracking task has been com-
pared with tracking techniques, which are based on comparison of histograms of the
oriented gradient and a few schemes of the texture analysis. The offered solution showed
visibly more accurate results especially in the case of noisy video sequences. So, for in-
stance, for a noisy video sequence made by the non-stabilized camcorder mounted on board
the aircraft the object of interest was found in 97 % of frames by non-normalized correla-
tion, and only 62 % by normalized one; simple two pixel texture analysis allowed founding
the object in 74% of frames; the mean square difference gave only 32 % of correct res-
ponses.

Application of Gauss, median and other filters have not given improvements because of
non-stationary noise and distortions of video frames. Use of the corrections of brightness and
contrast also has not improved reliability of the object tracking. Actually, the used standard
preprocessing algorithms improved solutions for some frames but worsen for others.

In the future we plan investigation of fast recognition methods in order to increase
probability of detection of frame background.

Conclution

A fast realization of the object tracking algorithm is presented. It allows real time
tracking of objects observed by a non-stabilized camcorder installed on board the aircraft.
Application of the Pearson and non-normalized correlations provided the most accurate



tracking results in comparison with a few simple texture methods. Novelty of the offered
realization consists in highly parallel computation of the correlation with help of the pro-
gramming technology CUDA, which enable real time mode. Besides, the robust modifica-
tion of the Kalman filter improved tracking stability. Experiments showed the correlation
measure of image proximity together with robust modification of the Kalman filter provide
reliable real time solution of the task.
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