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A spatial scattering model for underwater acoustic
moving target imaging

FENG Jie, LIU De-zhu, ZENG Feng
(The Third Research Institute of China Electronics Technology Group Corporation, Beijing 100015, China )

Abstract: A spatial scattering model is proposed for analyzing the echo reflected by a moving target and comprehending
the signal’s production in underwater acoustic imaging, and the signals of the “T” pattern imaging sonar are simulated
by the spatial scattering model. Analysis shows the validity of the spatial scattering model. Based on the spatial scattering
model, sphere target in different conditions are imaged by FFT beam forming method and the performance is analyzed.
Results show the effects of underwater acoustic target’s size, distance, and especially target moving on imaging.
Above-mentioned work finishes the simulation of the “T” pattern array’s imaging, so the spatial scattering model is

supplied as a theoretical tool and a simulation method for signal researching and imaging sonar developing.
Key words: spatial scattering model; underwater acoustic imaging; FFT beam forming method
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Fig.1 Space Doppler scattering of round-trip route
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Fig.2 The scattering geometry relationship of “T” pattern array
HpEtit =t T MEETE m RAHE 2 SE) . 4
fE T AEALRRIN, DL RV, Bahi HArfAoTt p &
SEAE T AT RO o Rt I 27K PR 2 B 4
WeBETT n iRz p BCh K% HARIRRRAS
7, TRAT R AUROL:
t =t {||p—m—rpm|| } [p-n-ry (12)
C C
A py my n RO py BSHEREEIC m
A n AT O AL E IR v, 2 BIRRIEIROR
SR AT R PP S RN A S e BB e m i
RIS s ¢ AR I ()R] A2
t 5ty ZIHRAR:
u t u R
t, =t - Fop (c\;/iv mL)( to) (Vzvnpl)J( —t) (13)

p ~mp p ~np

b, A, 7053 fr 5 WO R T BUN R0 p
AU T RSP IG m R n R o, Rlu,, 53931
R NI SC m AT n BIEUNARIC p E@ﬁum
==

PASR(13) W ERl, 45 S, (t—t) & “T” BT
m AR S, WA PR OG p X EEIC n BT
55 S, (t-t,) E’Jirﬁﬁﬂj

u, c+V -u. T

S, (t-t))=S { b T to)_T_—c VTR p}(m)

P ”P p “np
RIS AR B T m AT n A H RS U AT p ig
25 S 2 A5 BB S e U o i SRR
IS N ARG, AR B i 1] 3
R(A) AL ST FESI BT M AR T T A
S HBORIESAEE s H AR LI P ASEUH 4
JCH R B A, AR (14) R T A

Rn(At)i Ane”’mi] A

s [C+Vp Upp At e CHV U np} (15)

c-V, U, c c-V,u, ¢



306 PR

2014 4

I At=t—t,, A, 5 ¢, KM FEITT m ERSHE S
I SINRBIR IR EERARGL, A5 ¢, WJEiE 3 H bx
FIURATT p X BETCHMUE 5 5 LN IR BRI S FIAR A o

WA FTEARFAT /K N g8 HAx, 1
FIHZ(15), 5T LA LR85 i Bl A — 2
(AL BE o FLAARI 25 (RO RS AT [ 3o 7 L) 55
PRI R 3 R,

S, (1) R, (1)
H, () >

Sﬂh ('f] RH-, (I)
- H!’: (1) -

I

Sn*u Ul H (f) Rn.\' (1)
Pp

3 M T AR SE B 5 ) B

Fig.3 The realization of space scattering model
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Fig.4 The contribution of target for signal
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Fig.5 The simulated signals for underwater acoustic imaging
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Fig.6 The “T” pattern array and 3-D imaging
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Fig.7 The typical slice image of sphere target
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Fig.8 The slice image when the radius of the sphere is 0.3m
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Fig.9 The slice image when the distance of the sphere is 15m
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