27 5 Vol.27, No.5
2008 10 Technical Acoustics Oct., 2008

CS

’ ’ ’
( s 100190)

. , (O] (Chirp Scaling)
, (&) o

FFT o
CS o
; ; ;CS
. TB556 A : 1000-3630(2008)-05-0636-06

A multiple-receiver synthetic aperture sonar CS
imaging algorithm

LIU Wei, ZHANG Chun-hua, LIU Ji-yuan, LIU Xing-hua
(Institute of Acoustics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Because of non-uniform sampling on azimuth direction, the standard frequency imaging
algorithm like CS can’t be directly applied to multiple-receiver synthetic aperture imaging. A multiple-
receiver synthetic aperture sonar imaging CS algorithm is brought out. The algorithm makes use of two
characteristics of multiple-receiver synthetic aperture system, that is, equidistant deployment of physical
element arrays and uniform velocity. Based on that, the azimuth direction non-uniform Fourier transform
is divided into several uniform Fourier transforms, which can use FFT. Imaging Result shows that the
method can be applied to multiple-receiver synthetic aperture imaging and maintains the high computing
efficiency of standard CS algorithm.

Key words: synthetic aperture sonar; multiple-receiver; non-uniform sample; CS (chirp scaling) algorithm

o ’

1 (Fast Fourier Transform, FFT)
, ( CS.OMEGA-
(Synthetic Aperture Sonar, SAS) K ) ,
Sh
:2007-10-12; :2008-01-12 °
863 (2007AA091101) ,
(1980), , , ,

o

,E-mail:ll_wei_1980@hotmail.com



5 cs 637
(Displaced Phase Center Algorithm, DPCA)'? , o
CS (Chirp Scaling Algorithm, CS) 2 , ,
(Range Cell Migration Compensation, ,
RCMC)
31 , 2.2 CS
FFT ; CS (
, FFT, FFT IFFT ), 3 o
CS . CS o
2 CS
2.1
) T, R, TR
C o
N ATZ |TTA|+|TM|_2|TCA| N
r ,Ar o
Ar IRT
, 3 CS
5 Fig.3 Steps of CS algorithm
CS :
>Y
(1) s(t,m)
s S(T’f'r])57
M WS o
(2) S(7,f)
my, Si=S-my,
I S 2]
mai(7’, f,)= exp%JwK[Dm’ ) LJ(=")% (1)
Y = 2R+ 1Ry - 2B (2
1 D ey VBl s ()
Fig.1 Equivalent phase center K
K= (3)
_ cRf}?
ce e ee 0020202020200 ° Z_Zv%3D3(fn,v) (4)
2 D :\/1_% 5
Fig.2 Phase centers of multiple-receiver array (fm 1)) 4U%2 ( )



2008

638
(1)~(5) Ry , P, M=
;R ;€ iJfo NP, Xi,
;U ;K o ﬁ
(3) Sy , le‘ S A 9
F k = ie —j k stb
Sz(ﬁ-,‘fn),f; . ( ) i:of Xp( J’IT S ) ( )
(4 ) SZ My t1=t (.Z'L) =:L‘1~,tmef, tm@f y
S5=8,-ms, AJ.‘Q o N ,
Mmo=exp (J ’ITD<Kf 2 v>ff)>< tw@f ’ f:s= l/twef
exp (T s 1R (6) N 10
9 S5 N Ntmq-
(5) S;
S4(T9fq) o
6) S my  SeSiems, F(k)= Zﬁexm 2T ) (11)
Mm;=exp(j 4“Rf°DC<f’U) )x (11)
N1
exp (3™ Eu [ 1-D(f,, v) ][ BB 1) (7) Flk)= Y. Fy(k) (12)
C D(fn’ ) q=0
(7) Ss
o 2wk
F,(k)=exp(—j=+ N qna.)xG,(k)
’m P -
’ 1
G, (k)= (1) exp (= Not)
(Differential RCMC); ms ’ pz o PTr ) EXPRR) Pl
(Bulk RCMC); 9o(PMpt) =f e g =S (@R D)
2.3 , (12) 9) G, (k) , Gu(k)
» 94(P1y1) , 94 (P1y1)
(XXX XXX X X X X X J +]. g
SooS000000do Gy(k) FFT o i
F(k) (12) N,
XX XXX YY Y Y Y % lofeXeReXeXeXeRe) P  FFT, fi F(k)
4 o
Fig.4 Non-uniform sampling on azimuth direction of 24 CS
multiple-receiver array Cs
4 , 1) ’
FFT, 2.3
’ N, P  FFT , 2.2
FFT CS . , (12)
o , FFT
N, e ’
v, prt, ’ ’
d,, ’ :
nd=gIL n 1=p7‘tX/U (8) (1) ’ ‘ﬁlo
d, " d, 2)  f; N, , Yo



639
(3) FFT 9y G, 1
Table 1 The simulati t
(4) (12) Fk). 'able e simulation parameters
(5) ,
100kHz 0.16m
0.01s 11
30kHz 1.8m/s
600kHz 27.28m
| 0.16m 0.25s
roee
5 9(PM) =
Fig.5 Signal g,(pn,.) 3
5 ’ gq (pnprt ) n]iﬂ ’ 4
gq(pnpﬂ> hq(”) ’
n, ort /s n=pn, ot
e (13)
’ PPyt 31 315 32 325 33
Gq hq(n ) FFT o hfl(n ) /m
FFT NP, 6 cs
n G Fig.6 Imaging result of single-receiver CS algorithm
‘prt o ’ q
9, (P)=9,(P1n) (14)
[4] .
H,(k)=G,(k)=G, (mod(k,P)) (15)
mod G/ (k) 9,/ (p)
JH(k)  hy(n) o
(15) G, (k) G,/ (k)
, G/ (k) P FFT,
G,(k)
31 31.5 32 32.5 33
/m
7 CS
Fig.7 Imaging result of multiple-receiver CS algorithm
CS CS
’ o Na
B ]- o s
, CS o7 CS
i . . 7 :
(1) CS (2)
CS ) o 8
o 6 CS 9(a) 7



2008

640
1.9 T
0 & | \ -
[\ @ Mn ‘ oo ML
N / \ E g //U\// ¥ /‘0\ iy “‘\W\ |
| g . \[ \ \ | n
107 [ } ‘V/ V‘ " H “ \! \/\o" \\// \ J/ \ H\ "
o | VOVINCY VT
< -156 | Vo I
< | \ A - /
| | | / \ 1.7 !
20 | . 0 10 20 30 40
| | 1/
|
25t A [ m
\ H I /\
/\ \ A BRI 10
-30 | ((\ | \( ‘\“ | v { \’ \ r ‘ /\ . Fig.10 Non-uniform velocity
31.9 32 32.1 32.2
/m
8
Fig.8 Point target response on range direction g
0 0
/ N
-10 // \\ n .‘
20 \ 12.15 X 12.24
[ D 3 ! Y: -3
@ 30 [ @
S 40 [ =
| \\ 10 315 32 32.5
50 ’ ‘
[\ \ /m
60}/ M
70 \‘/ \J \\‘ x ‘/\‘ -15 11
80 ‘J ‘ ‘ H‘ \“‘ ’\ ‘ ‘ ‘ Fig.11 Imaging result with non-uniform velocity
115 12 125 13 12 122 124
/m /m ol |
(a) (b) A1
9 ot
Fig.9 Point target response on azimuth direction 207 b |
m / | \
S [ !
) o 401+ | W\ b
60 1’ /‘;//\\\/K // \ /JJ \\,/\/\\ ! \\ q
( —SdB , \ //\ ‘\/ ‘: . J’ “t \“\ ‘/\, \ "/\\\ /\\\/7\
). 9(b) ,3dB ol M v A
11 115 12 125 13 135
9cm , 8cm , /
m
( 12
0.0448cm) , R Fig.12 Impact of non-uniform velocity on azimuth imaging
(3) o
CS , CS
; 12,
CS , o (4)
( +0.1m/s), 10 , CS
o 11 ; ( 13 )
’ 9 CS ) 14 o CS
o b ]‘2 b



CS 641

5
TN Cs
o
" ’?‘ﬁg‘ FFT |
WA ) Cs
;3’2‘&%#z’4’ O
Wi
o g‘g‘f%r g
13
Fig.13 Cylinder target
0
1 ’
5 CS
3 o , CS
E
4 s
5 o
6
7
3 [1] Hayden J Callow. Signal processing for synthetic aperture
sonar image enhancement[D]. University of Canter-bury,
9 Christchurch, New Zealand. 2003, 4: 32-34.
[2] Andrea Bellettini, Marc A. Pinto. Theoretical accuracy of
80 82 84 86 y 88 synthetic aperture sonar micronavigation using a displaced
14 m phasecenter antenna[J]. IEEE Journal of Oceanic Engin-
Fig.14 Imaging result of cylinder target eenng(SO364—9959), 2002, 27(4): 780-_78_9' .
[3] Tan G. Cumming, Frank H. Wong. Digital processing of
synthetic aperture radar data[M]. Boston: Artech House,
4 2002, 283-319.

[4] Alan V. Oppenheim, Ronald W. Schafer, John R. Buck.
Discrete-time signal processing (2nd edition) [M]. Prentice
Hall, February, 1999, 510-530.



