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Optimal Acoustic Search Path Planning for a SONAR System
Based on Genetic Algorithm

by

Jung-Hong Cho

Department of Ocean Development Engineering

Graduate School of Korea Maritime University

Abstract

When a searcher detects the target using sonar dmplicated ocean
environments, the calculation of the optimal sorsmarch track is an important
influence on the effectiveness of sonar and humesources. In addition, because
the ladder search method in general use is inéljtivnot the optimal search
method, the development of a search path planningthad with improved
performance and reduced search time is an imporesgarch focus.

The optimal search path problem can be treated aseaach-effort-allocation
problem, which assumes that the effort can be aibmt arbitrarily over the search
space within the achievable path by the sonar glatf The search path can be
modeled by either the discrete-search-path problehich assumes that the searcher
and target move in discrete space and time, orcthdinuous-search-path problem,
which assumes that they must follow realizable gdth continuous space and time.

Recently, DelBalzo[1] developed a calculation mdtHor the continuous-search-path

- Vil —



problem based on the combination of the genetiordlgn(GA) and the detection
range.

In this study, GA is used in non-homogeneous ando&opic environments to
nearly optimize the sonar search track[6], and Biaye statistics allow
amalgamation of the individual detection probapilinto a Cumulative Detection

Probability (CDP, P, for the search path[5], which is the Measure Of

Effectiveness (MOE) for that path against a distitm of targets[4]. The
optimization metric for the search path is the eardCcDP during a fixed time
period[6].

As for the path, the discrete-search-path and tbatiruous-search-path is
employed, but the search step is fixed in lengtd &me. The movement direction
of the searcher is used as the gene of GA, whicanméhat each gene is only
composed of one set of real numbeéfs, representing the direction of movement,
so that0 < 6 <360. In addition, due to the process of evolution tigspring of
each generation contain a wide variety of candidps#ths for perturbing some
aspects of the trial solution. Crossover is accishptl by exchanging the genes
between the initial and final segments of the twarepts. The perturbation and
elimination of the nodes are implemented as partthef mutation. In addition to
crossover and mutation, a bank of genes repregergggments of various search
movements is used as a part of the process of tewolu

Lagrangian and Eulerian approaches are used toriloesthe particle motion
for the modeling of the moving target distributiofinally, we concentrate on the
tactical advantage of using multiple searchers refjastationary and evasive targets
in a simple environment.

We present a simple example to illustrate, via rautation, that the developed
algorithm, OASPP(Optimal Acoustic Search Path Rlagn produces the optimal

search path for the case when the intuitive salugaists.
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Probability of successful attack

Time from localization to attack

Probability of counterdetection versus lateral range
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Table 5.2 Statistical results after 50-time repetition

It Mean Mean Mean Total
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Figure 6.12 Sound speed profile in winter
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Table 6.1 The information of the searchers

Items sonar 1 sonar 2 sonar 3
T3 5kHz 400Hz 1kHz
=& 5m 100m 100m

FOM 60 75 65

Searcher position=(55,35), Look direction= 60.0 Searcher positlon=(55, 35), Look direction=240.0

| % 1 '
’ﬁ I ‘H‘I “ ,u’ll ’m 70
g A ' { Al 0

10
Range(km)

15 20

Figure 6.14 The results of the propagation model as a function of look direction
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Searcher position=(95,93), Look direction=240.0

2 4 6 8 10 12 14 16 18 20
Range(km)

Figure 6.15 The results of the propagation model for sonar #1

Searcher position=(95,95), Look direction=240.0
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Figure 6.16 The results of the propagation model for sonar #2

Searcher position=(93,93), Look direction=240.0
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Figure 6.17 The results of the propagation model for sonar #3
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Figure 6.18 P, as a function of range for sonar #1
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Figure 6.19 P, as a function of range for sonar #2
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Figure 6.20 P, as a function of range for sonar #3
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Figure 6.21 DR distribution in search space for sonar #1
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Figure 6.22 DR distribution in search space for sonar #2
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Figure 6.23 DR distribution in search space for sonar #3
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Generation # 30, Search time # 0.3hour, Fit=0.0223 Generation # 30, Search time # 3.0hour, Fit=0.1647
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Generation # 30, Search time # 11.0hour, Fit=0.5617 Generation # 30, Search time # 15.0hour, Fit=0.7436
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Figure 6.25 Optimal search path for the multiple SONAR system as a

function of detection time
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Figure 6.27 Optimal search path for the multiple SONAR system as a

function of detection time
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