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Abstract: Taking a forward-looking sonar as the spatial center, it lacks the recognition
capability for different objects that at the same range and the same horizontal angle, but
different vertical angle. When the target moves toward the spatial location that satisfied
the conditions mentioned above, the echoes of the target and the obstacle are overlapped,
which causes the acoustic aliasing phenomenon. This study focuses on underwater moving
target tracking using forward-looking sonar image sequences. In the aspect of target
contour iteration between frames, the strategy of controlling the inner particles using the
shape prior, and the feasibility of mapping the distance between particles and the shape
prior to particles weight are discussed. The moving information of the interested target
and the energy flow are used to judge the happening and disappearing of the acoustic
aliasing. The tracking models are dynamically changed, so as to estimate the moving
status of the underwater target. Experiments of looking forward situation are designed
and tested, and the results show that compare with conventional methods, the proposed
method can deal with acoustic aliasing felicitously and it has robustness in simple
obstacle or simple underwater background. This study contributes to improving the
intellectualization of underwater robot vision.
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1. INTRODUCTION

Objects are easily occluded in the underwater environment. When the target moves
toward an obstacle, and the spatial relation between the target and the obstacle satisfies a
certain location situation to the observing forward-looking sonar, the echoes from the
target and the obstacle are overlapped. This happens a lot in underwater environment, and
what happens most is that the target and the obstacle are at the same range and the same
horizontal angle, but different vertical angle to the sonar.

To supervise the trajectory of underwater targets, intelligent vision processing of the
forward-looking sonar is necessary [1]. However, satisfied sonar images cannot be easily
obtained [2, 3]. When occlusion happens, it is more difficult to distinguish the target from
the obstacle [4]. The spatial relation of object and the obstacle satisfies the situation
mentioned above, and the imaging result is shown in Fig. 2(c). As shown in Fig. 1-2, no
obvious differences can be seen in Fig. 2(b) and Fig. 2(c), and the difference image Fig.
2(d) does not equal to the difference between Fig. 2(c) and Fig. 2(a). Centricity is not
enough to describe target when echo signal was submerged or weakened.

T
(a) (b)
Fig. 1 Photos of the object and the obstacle (a) the object; (b) the obstacle

(©)

(a) (b) (d)
Fig. 2 Sonar images. (a) the target, (b) the occlude, (c) thetarget isinvisible, (d) the
difference of (c) and (b)

The contour describer [5] contributes to maintain the estimation to the current state [6-
12]. Contour tracking [13-16] utilizes contour describer with [13, 15, 16] or without [14]
association with filtering technique. Level set function [17-22], which was introduced into
computer vision firstly by Malladi et al. [17] is an effective method of obtaining contour
describer. Level set method is able to represent contours against topological changes using
iterations in image domain [18]. Maria Lianantonakis actualized sidescan sonar image
segmentation using level set function [19]. Four-phase piecewise constant model was used
by Wang [20] to extract contours of object-highlight and shadow regions but with high
computation cost. Li proposed LBF (Local Binary Fitting) energy model [21] in 2007,
which localized Chan-Vese model [5, 22] by LBF energy with a kernel function. As
further research of LBF, a strict local binary fitting energy was used to segment sonar
images selectively by changing the initial contour [23].
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2. METHODS

In the proposed method, the Euclidean distance between targets is calculated and used
to occlusion detection and occlusion accomplished detection when target is going into and
going out of the occlusion area respectively. The proposed method maintains target
statement estimate and transmit the tracking model by modeling the occlusion area. A new
model for the obstacle will be automatically created when occlusion happened, and the
tracking target turns to be the obstacle.

At the same time, the created new model will be joined to the joint model, but the
statement transition keeps the same. Tracking target turns to be the prior one after the
occlusion factor judging that the occlusion is accomplished, and the unnecessary model
will be ignored.

In a word, the moving information of the interested target and the energy flow are used
to judge the happening and disappearing of the acoustic aliasing. The tracking models are
dynamically changed, so as to estimate the moving status of the underwater target.

3. EXPERIMENTS AND ANALYSIS

Experiments of looking forward situation are designed, as shown in Fig. 3. The
feasibility of constraining contour tracking using level set evolution between temporal
adjacent frames is validated by real sonar images taken by a dual-frequency identification
sonar (DIDSON), which is placed 2 meter under the water surface in a reverberation tank.
Target and its sonar image are shown in Fig. 1(a) and Fig. 2(a).
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Fig. 3 Experiment setup

Fig. 4 Original images (fromthe left to the right: the 431, 460", 490", and 520" frame)
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(@)

Fig. 7 Particle weight change of the proposed method: (a) x axis, (b) y axis

The imaging results are shown in Fig. 4. The obstacle is hung 9 m in front of the sonar
in the tank, with a fixed depth of 2.2 m. The target is hung 1.8m under the water surface

and moves in a line in front of the sonar from 10 m to 9 m.
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4. CONCLUSION

Experiments results show that compare with conventional methods, the proposed
method can deal with acoustic aliasing felicitously and it has robustness in simple obstacle
or simple underwater background. This study contributes to improving the
intellectualization of underwater robot vision.
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