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ABSTRACT: When a active sonar signal is transmitted and returned back from a target, it has been distorted by
various properties of acoustic channel such as multipath arrivals. And signals have been appeared to be different
form by target position and attitude. Therefore, we simulated the target echo signal using 3 dimensional target
model include reflects target features. In this paper, we develop components form of a simulated target model is
made up equally spaced highlight points, and each part of the target consists of shape function. We can simulate
a target echo signal and Target strength (TS) according to wave incident angle. To verify, we made small scale
target in kit form and we had got underwater target signal for comparing simulation result in water tank.
Keywords: Underwater target, 3 dimensional target modeling, Target echo signal, Highlight, Lab experiment
PACS numbers: 43.30. Gv, 43.30. Vh, 43.60. Bf
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Fig. 1. Components of a simulated target.
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Fig. 2. (a) 2D highlight position, (b) 3D highlight position.
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Fig. 3. Comparison of target echo signals for wave incident angle by simulated target signal without weighting values
(a) 2D target signal, (b) 3D target signal (Frequency: 200 kHz, Pulse Length: 0.1 ms).
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Fig. 4. Reduced experimental target.

(a) (b) (c)

Fig. 5. Unit shape parts of experimental target, (a)
bow, (b) astern part, (c) tower.
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Fig. 6. Geometry of each part of target (unit: mm)
(a) It is assembled form of body, bow and astern part,
(b) two shapes of tower.
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Fig. 7. Experimental and simulated configurations.
Experimental target is placed on a rotator.
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Table 1. Case of experiments.

Case Target form Target Component

Exp. 1 Cylindrical body

Exp. 2 Cylindrical body and Tower

Exp. 3 Cylindrical body and Tower

Exp. 4 (l_:b The whole of parts
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Fig. 8. Comparison of target echo signals for wave
incident angle in Exp. 2 (a) simulated signal, (b) measure-
ment signal.

Incident Angle (°)

4.8 5 5.2 54 5.6

(a)

180

90

Incident Angle (°)

48 5 5.2 54 56
Received Time (ms)

(b)

Fig. 9. Comparison of target echo signals for wave
incident angle in Exp. 3 (a) smulated signal, (b) measure-
ment signal.
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Fig. 10. Comparison of target echo signals for wave
incident angle in Exp. 4 (a) simulated signal, (b) measure—
ment signal.
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Fig. 12. Comparison of (a) simulated signal and (b) measurement signal when aspect angle 0°, 45° and 80° in Exp.
1 (Circle sign is an error signal).
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Fig. 13. Comparison of (a) simulated signal and (b) measurement signal when aspect angle 0°, 45° and 80° in
Exp. 4 (Circle sign is an error signal).
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Fig. 17. Measured and simulated target strength
according to wave incident angle in Exp. 1.
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Fig. 18. Measured and simulated target strength
according to wave incident angle in Exp. 2.
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Fig. 19. Measured and simulated target strength
according to wave incident angle in Exp. 3.
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Fig. 20. Measured and simulated target strength
according to wave incident angle in Exp. 4.
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