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Target tracking on image processing is required in many vision
applications such as industrial automation, human interface, robot
navigation, and so on. The tracking method for these vision
systems should be designed in consideration of change of the
motion of target and the environmental conditions by the time.
Moreover, the robustness for various noises and the real time
processing are demanded. Therefore, the stochastic analysis
according to time series is effective for the processing method of
the vision system and its methodologies have been examined in
various researches. In recent years, the Particle Filters is widely
known as an effective framework for the target tracking problems.
Since the state transition of non linear systems according with
non-Gaussian probability density function can be estimated by
Particle Filters and its procedure is simple, it has been applied to
various target tracking examples. However, only simple perceptual
cues such as color histogram or contour similarity are used for the
likelihood calculation and only simple dynamics model of the
target such as the random work model is employed for the
prediction procedure in these researches. Therefore, when the
number of particles is limited for real time execution, a serious
tracking accuracy decrease is caused. Thus, an idea of decreasing
the number of particles without an accuracy decrease is necessary
for application of the Particle Filters. On the other hand, the
Parametric Eigenspace Method has been widely known as an
appearance based image processing method. The Parametric
Eigenspace Method is a detection and posture estimation method
for 3D object using only one camera by using the dictionary
generated from appearance images changed into parametric by the
principal component analysis.

In this paper, we proposed a Parametric Eigenspace Method
embedded Particle Filters for simultaneously execution of
detection, posture estimation, and tracking of 3D targets. Because
the procedure of Parametric Eigenspace Method is executed only
as for the same frequency as the number of particles of Particle
Filters, image processing is more high-speed than conventional
Parametric Eigenspace Method. Moreover, since the posture of the
target can be estimated by Parametric Eigenspace Method, the
position of the moving target at the next time frame can be
estimated in high accuracy by the Particle Filters. As a result, the
particle can be concentrated on the moving direction of the target,

and the number of the particle can be saved without reduction of
tracking accuracy.

We conducted some experiments to verify the effectiveness of
the proposed method. An experimental result is shown in Fig.1. A
target (toy car) is moved to one direction with a robot arm at a
high speed. The red number in the lower left in the figure shows
the direction angle of the object, and the red rectangle shows the
position of the detected target. Moreover, the green particles had
high likelihood and survive in the next frame, and the black
particles with low likelihood were disappeared next frame. It was
found from these experiments that the processing speed was about
15 [fps], and high-speed processing had been achieved. Moreover,
even in the situation that conventional method failed in target
detection, posture estimation, and tracking, it was confirmed from
these experiments that these tasks were achieved and the particles
were arranged effectively by the proposed method.

(©) (d)

Fig. 1. Experimental results of detection, posture
estimation, and tracking by the proposed method
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In this paper, an appearance based image processing method is proposed for target detection, posture estimation, and tracking

of 3D objects by Parametric Eigenspace Method embedded particle filter. In this method, the computational cost of Parametric

Eigenspace Method and the tracking error can be greatly reduced by using the outputs of previous time and the preliminary

knowledge of dynamics of movement of targets for a particle filter. Namely, since the particles of the particle filter can be

generated in the direction where the object will be moved by using the posture estimated by Parametric Eigenspace Method for

the prediction model, the accuracy of the state estimation of the object can be improved without increasing the number of

particles. Therefore, the proposed method uses output result of Particle Filters and Parametric Eigenspace Method recursively and

mutually for fast simultaneous execution of detection, posture estimation, and tracking of the targets. Furthermore, we

demonstrate validity of our approach by several experiments.
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50 30
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500 295
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