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Resolution analysis of MIMO SAR based on
generalized ambiguity function
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Abstract; In recent years, a new SAR concept based on Multi-Input Multi-Output ( MIMO) configuration has drawn much attention. Firstly,
a review was made about the development in the field under discussion. Then, the generalized ambiguity function of the conventional SAR into
MIMO SAR case was extended. Next, a detailed analysis shows that the resolution of MIMO SAR not only depends on the parameters of the
waveform and synthetic aperture length, but also depends on the array geometry of the multiple transmitters and multiple receivers. Simulations with

a variety of parameter combinations demonstrate the derivation and analysis.
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Fig.1 The imaging geometry of MIMO SAR

R R GRS ERER A E, 5 m A REA ST
M5 Rm A
sa(1) =VE/Mp, ()exp(i2nf,t)  (7)
Horrp, (1) FfETZ LS, EI,
R R SHE S B G, 2K BRI
R 5 BRI 3CH F JE LA A5 A



56 ]

JEL s, 45 T SO R K MIMO SAR 23 B "9

[ ptopiteena =" =" )
T, Cor U 7= M
S 7 R EREROREIER T, Jy RO IEIE .0
ST 2 I B, 055 5 B
St M ¢,y = 0.
XTI 5 55 n AR Lt e
2 1 AT S 555 2535 5N 4R S A
S A TR K

E(t3) = Y [, (0p, (05, (0 - 7,,) de

(9)
Hrp
o (13%) = RT,m<ls;x> :RR,n<ts;x> (10)
Ry, (t;5x) =[x —r (t,) -p,| (11)
Rp, (t;5x) = [lx =r,(2,) -q, (12)

HESHAPNT (a,, (x) EHE m NEHRL
G n MR PR Ty A, LSk RE S
PR i R B AL R e i R GG 45 ,p,, (X) B (m
— n) MR A ) HFRECR R 8L R B s
AT B A WO 4 G B A A RO R, B4
WA A 1) R R 25 A AU 55, I ¢, (%)
~ a(x),p,,(x) = p(x) W7,

TE R R SCH T8 A8 g — 2L VG P 0 25 5L B
SOy B B om A UG EC U8 K AR 0 N eR 5Lk
so (= 1), JITLAER n ASFEWSGHE IE X B T55 m A A5

o B VCJC R A i T 2R

Er,mn,(x’x()) = fa(x)p(x> :

[ st = 7, (0 152 1 = 7, () Jdide (13)

L5 SAR REE UM ECEAL 5 m A
FLIIRGE n A RAHAOBIRAT X BelToa 2
R

Xmu(x’x0>
M
= f Zsm'[l _Tm'n(x)]snt[t _Tinrx(x())]dl
m' =1
=X/1,mm(x,xo) +/\/C,mm’(x’x0) (14)
Horp
XA,mn(x’xO)

= [s.[t =7, () Iy [0 = 7,,(x) Jde - (15)

XC,nm(x,x())
M

= z fsm,[t = T (X) s [t —7,,(x,) ]dt

(16)
G927 B R OASERY] eR BSOR AT SCASR R 4K

A (14) FTOL, 55 n N H20GH B ] 3 2800 56
m A UG TC U8 A5 09 i 8 AT A3 i o 5 R HE 5
s, (1) FHVCRCAY(E 5 B Ao 6, A S i AR 5 AR B
MIE NG S HAHK .

P e S 2 1 e - S R UN R8T R SN R A
B G R FESRN , RGO A R A
G B, B
E(x,x)=Y Y fa(x)p(x))(mn(x,xo)dx

~[a(x)p(x) 3, Yo, (x5 dx (17)

AR, MIMO SAR FGE VT Fc ki it ok T Fir A ok
LA RN e R i, B

x(x,x,) = ‘ 2 ixnln(x,xo) ‘ (18)

iR CHICER[ 14 ] Hi 5 G RO R EUE

SCEAL, ABFEWF 80 4 IR # A7 TR B
ZE5 6

3 T XIEWEL

H530(T) RARIS) , 48 0 A BEUGEIE  T
S5 m AR R A R R
XA,mn(x7xO>

= [ pulty =7 ) 102 [ty = 70 () T (1)

cexpl - 2af,[7,,(x) - 7,,(x)) ] dede,
(19)
Hw, (1) AFMERE M = N =15, b
S 3t SAR BRI BEC
P BT FUE B, 20 (19) o] 2o Ay B g ek
e, B

XA,mn(x’xO)z ﬂ ‘Pm<f> ‘zexp( - j2"Tf7'd,mn)

cw, (t,)exp( - j21Tf;.Td,,m)dfdtx (20)
K P, (f), fel -B./2,B,/2] W m ARG S
A R B GT, = T (%) = 7, () A
(m = n) PWCRHEG PIINIEZE

HI T ANAFATE 58 42 IESS IR 4R, DL TE I8 i
i 2 RN AL B 5 R SHE S VR C B AR G i
AR S B OE A BAR O i, #2(T) FRA
A (16) , 1] 15

XC,mm’ (x ’xO )
M T2
= 2 J Com' ( Td,m'n ) exp( - Jzﬂﬁ‘Tfi,m’n ) dts
m=1,m#m' -T2

(21)
AR LN H A T R



- 80 - B BE K 2= 2 i

5535 &

HLF-, {8115 SAR R G55 55 M LU T o 7E SE PR
N TR LA T RE A K 15 5 LA S
HH BRI R BAR A KT, P LAE 5 2253 A Hh s 220
A S 6 R GE R

sz H bR 284 I (67 1) 5 3 0 R 200 1,
VLI IE 2% BRERTE ¢, = o, ZE W JRTF, BP
Td,mn ( t3X,%,) = Td,mn ( 13X,X,)

aTd,mn ( ts ;x ’xO)

< (1, -t,) +o(1))

at, 1= t,
(22)
R 5 HOTR— YT X0
7-(1,,”” A, (tsx,x,)
fom @>_ﬁﬂ§%ﬁﬁl (23)

Hrix & x —x, FZRHERx filx, E’J*ﬁﬁ%io Z
B%_U\U\J:E’Jmmiﬁ,ﬁii%@x&Tﬁujﬂ
Tam (13%,X,) = 7A'11,mn,(~;> +fd,mn<;) -1, (24)
MIMO SAR F4¢)" SCEOR s HAH G 73
FKmH
X4 (x,x0)
=22 JB;izP(f)zexp(-—j2ﬂ1?¢mn(§))df'

)

J’ T/2wa ( ts ) eXp( - j2Trf‘r [ 7A’[l,mn +fr1,mnts :I ) dts

= Zl Z,l gr,m<7/:d,mn(';) )ga,mn (fd,mn (;) )

Hirhg, (0) Flg, (¢) R RE S | P(f) |7 1
e HEL I 25 455 60 557 ) 38 S5 16 PR o, (2,) RO
e

2 R 2 [0] ] B /N T 75 5 54 5 i B B
I, W K L4 =2 W I 5 22 5 85 19 s B 185 1 R
B LU ZB AR B 7, (8) = 7,(X) 25 1
S, MIMO SAR B)" SCRE BR BT #2750 -

x(x,%,) = sinc (B,7,(x))sine(f,(X)T,) -

iﬂ 5:exp(—j2nfrd (X)) (26)

Ljﬂﬂ?ni’%fﬁ MIMO SAR #5H] p8 £ ] 7
R E it SAR ASUA] o R -5 HE AL S5 R 51 25 ] A5 A
PRE AR

4 (HEXE

B UEAS SCHE 7 B S AR, 23531 L Ao g
B MIMO SAR [ 31 ¥y Y @ I I3 7 - 25—, [+ °F
5112 MIMO SAR Z4¢, S MHE UL 51 70531
FH LA BRI ST E R, 4 ARG FI AR AL,
Wl 2 Ca) fros s 545 =, 0 A MIMO SAR R %8, &
SRS R o A A ] — A BB PE . KRR
FIRIFRIE LK ~ LT R E, h TRARTF 5
HYShaoEE AL TRZ B, B AN T
iAW A 245 FAT S ARUR () 9 I e , DR ke A
SO MR IRIE T, A 2 (b) 7R o

x exp( = 27f,7,, (X)) (25)
v oo 1 i W
— _’ X~

/Q \O\ [ X b N ]
" ‘ = “‘ ‘b ,’ \\ ,’ , \\
K T ! y
} ,_ ’ B _’_ ‘ \\Q d/ 0) b\._ rY o

oo o o e S

(a) (b)
X RHIRLE O Rk @ JERLIEF]

K2 Wikt MIMO SAR [4:51] 45
Fig.2 Two kinds of MIMO SAR array manifold

LERSIA 1S

FEES 1] (m)

K3 S—FLfTF 2 MIMO SAR BOH bk £
Fig.3 The GAF of MIMO SAR with the first array manifold

J7 A8 (m)
(=]

40 30 20 -0 0 10 20 30 40
#E B 16 (m)



56 ]

JEL s, 45 T SO R K MIMO SAR 23 B - 8L -

3 5 TR SS9 AR B O T
(1) MIMO SAR Ot R 5, e (5 ELAG R AT LA i
2 MIMO [ 31 K2 ] B 4 /INmE BR84S TR T 2
GLOT BB/ o0 BERFIE R R SAR M) e
oo sE , BIE S SE RS s LAR T L. [ 4 25

VA — kiR

20 ™ T

S, — 20

E iy
J7 {216 (m) -40 40 BB 1) (m)

T oA MIMO SAR FER e %, 24 MIMO [4:51) 8]
BRI , 25 (B ASAS ok K RS2, 0 B T
HIFES L B e o 10 MIMO SAR f 45431,
SCHR L L ] ook A 2T A2 ABA e 801 F S A 36 i
T4,

40

30

20+

75 {3z 1] (m)
'

=201 ]

-301

-40 . . . . .
40 30 -20 -10 0 10 20 30 40

FEES 9] (m)

B4 25 LR MIMO SAR M) R 5L
Fig.4 The GAF of MIMO SAR with the second array manifold

5 #Rig

RGLor BRI IS SAR R Z A HOARE bR
5 SAR AHEL, MIMO SAR 258 1 T 38 70
e nas (] oL, DN A% G2 14 B0 3 T8 70 M vk
SELLVER 20 2 R ] SAR B4r BEERE . T
RO 0 M i BB SAR R e 00 B PRI
BB BE AR AT L S M SAR R GE M AR TEBE
AT T MIMO SAR £ G215 5 Ak FH A 0 46
B BIAT ) SCRR s RO i i 4 3R 15
T MIMO SAR J™ SCHER ek B0 fiff i 2 ik K Bl
W HTRISE R AT 5T W], MIMO SAR 2 4873 HF 4
AT S BT 1947 58 M LR R, 38
5 RGO SR IE B VIAH G . AR S
WFFE IR 9 MIMO SAR 2 G [ 1) #4g 11 LA K 8
BT RAE T BIE LA, .

2 % 3Lk ( References )

[1] LiJ, Stoica P. MIMO radar with colocated antennas[ J]. IEEE
Signal Processing Magazine, 2007, 24(5) : 106 —114.

[2] Haimovich A M, Blum R S, Cimini L J. MIMO radar with
widely separated antennas [ J ]. IEEE Signal Processing
Magazine, 2008, 25(1) . 116 —129.

[3] Skolnik M. Radar handbook[ M ]. New York: McGraw Hill,
1990, Chapter 21.4.

[4] Cardillo G P. On the use of the gradient to determine bistatic
SAR resolution[ C]//Proceedings on Antennas and Propagation
Society International Symposium, 1990 032 —1035.

[5] Moccia A, Renga A. Spatial resolution of bistatic synthetic
aperture radar: impact of acquisition geometry on imaging

performance [ J ]. IEEE Transactions on Geoscience and

Remote Sensing, 2011, 49(10) ; 3487 —3503.

[6] Linnehan R, Brady D, Schindler J, et al. On the design of
SAR aperture using CRB[J]. IEEE Transactions on Aerospace
and Electronic Systems,2006, 43(1) ; 344 —355.

[7] Goodman N A, Stiles J] M. Resolution and synthetic aperture
characterization of sparse array radar[ J]. IEEE Transactions
on Aerospace and Electronic Systems, 2003, 39 (3 ). 921
-935.

[8] Woodward P M. Probability and information theory with
applications to radar [ M ]. Norwood, MA: Artech
House, 1980.

[9] Zeng T, Cherniakov M, Long T. Generalized approach to
resolution analysis in BSAR [ J]. IEEE Transaction on
Aerospace and Electronics Systems, 2005, 41(2) : 461 —474.

[10] Gao X, Zhang X L, Jun S. Resolution analysis of airborne
3 - D SAR via generalized ambiguity function[ C]//The 3rd
International Asia-Pacific Conference on Synthetic Aperture
Radar, 2011.1 -4.

(111 20, EA 7K, kKb B0 TR SAR Y1) o 85>

Brid]. 515854k ,2006,28(3) :512 -516.
LI Li, WANG Yanfei, ZHANG Bingchen. Ambiguity function
of formation flying satellites SAR system [ J ]. Journal of
Electronics & Information Technology, 2006, 28 (3);: 512 —
516. (in Chinese)

[12] Zhou W, Chen H W, Jiang W D, et al. Generalized
ambiguity function analysis of MIMO SAR[ C]//The 11th
International Conference on Signal Processing, Beijing,
China, 2012 1724 -1728.

[13] Daout F, Schmitt F, Ginolhac G, et al. Multistatic and
multiple frequency imaging resolution analysis - application to
GPS-based multistatic radar [ J ]. IEEE Transaction on
Aerospace and Electronics System, 2012, 48 (4). 3042
- 3057.

[14] Guey J C, Bell M R. Diversity waveform sets for delay-
Doppler imaging [ J ]. IEEE Transaction on Information
Theory, 1998, 44(4) . 1504 — 1522.



