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Structure and Operating Mode of Synthetic Aperture Laser
Imaging Ladar for Speckle Reduction

Liu Liren
(Key Laboratory of Space Lasercom and Testing Technology . Shanghai Institute of Optics and Fine Mechanics ,
Chinese Academy of Sciences, Shanghai 201800, China)

Abstract In a synthetic aperture imaging ladar (SAIL). the imaging quality is greatly degraded from the laser
speckle effect of diffused target. A systematic solution to reduce speckle is given, and thus the theoretic basis is
founded for the design of SAIL structure and operating mode. The speckle characteristics relating to the scale of
target resolution element, the wavelength change from laser chirp, the correlation of target surface and the uncertain
distribution of intensity at receiver plane are investigated. A complex coherence function of integrated speckle over
antenna aperture is defined, it is a convolution between the correlation of antenna profile and the complex correlation
factor of the speckle from a resolution element and its width is the possible length for aperture synthesizing. A design
principle for transmitter aperture, receiver aperture and used length for synthesizing is given to achieve a long
synthesizing length. And a fluctuation phenomenon of beat signal due to the speckle wandering caused by the chirp is
also discovered and analyzed. Then a sliding spotlight mode which has a magnification from the SAIL movement to the
beam scan is considered to effectively utilize the limited length of aperture synthesizing. A multi-channel transmitter/
receiver construction is proposed to enhance the detectability of speckled echo.

Key words synthetic aperture imaging ladar; laser speckle; speckle reduction; complex coherence function of integrated
speckle over aperture; phase history; multi-channel transmitter/receiver construction; sliding spotlight mode

OCIS codes 280.6730; 030.6140; 110.1650; 110.4190

Wim HE: 2011-06-12; W EMEMFHHEE: 2011-06-28
EEUR: HEARPFEIEAE(60907006) B ER .
FEB R XUSZ A (1942, B WP 5¢ 6 - o o A S U 20 DA 2 ) i B 062 J T RO BIF

E-mail: lirenliu@mail. shene. ac. cn

1028001-1



g

»g,
7

i

5 =

B AL A% % (SAIL) B J5 FE R [ T 1%
Wit AL TR A - 2 BB 0% 1 Iz B 15 AR A5 DK i 9 o %
R ME— 16 USSR T B R 0 B e 5
ORI R SN R T SR v S g 1 1 R A9 o e €
JEH B RS . 26 EAE 2002 4F S0 HL T J B 58
B S T AR SR T W WK 38 ' A 2 B WA A O
D5 1] JAS SR s T) R SR A3 DG E U ik O i 4
FHENINRS T — RGN LR SRR TS
WS RS Ak PR o TR 3 0 s D e A

SAIL J& F ¥t i o0 PE A% e b 8 45 32
) BB AR 5 e AT AE S5 U 5%
2 73R F AR SO OB AN T R
SATL P UG T i, W 250 LA

AR SCHRE T O OB R R (1 SATL B R I
ZERI T A FE  DBFIE T SAIL Hr B BUBE 76 B
FRSE VBLCBE G 1 40 A BOBEAE RE R B K A Fn |
PR A e S g R R BT UK AL RE
T OB E B B 7 1) RS B R s B E R B
BTG A R IR ST G O Y TR I e PR 2
JEHARHER U AR TR . DR BIFE T
IR R BB LR B S B M T R 8 & 2
RERALAR AH ¢ bR B H B3 43 98 50 o0 40 56 T 19 45
L, 3% A T oA B OLRE T 5 07 1) BRCBE 358 1% 4 A
1117 LA A8 FH T B 1) BB A . OB AL AR B4
Y 5 AT BB B T B st e SATL wl Sz BL R J5 47 17 4L
B R B MHOBE R K K 4 R I R 3% B
R e fLAE A K B B U RE % 3R A5 5 K L 12
AR . MR LA T RO RS AR B H R
AL bR FLAR A B B B B IR U . TR Rt m L & B
5 R WK K A A 7= 2 ) HCBRE B S 1) B St H kAR
RERUS E AT R BT B S RO /N F RE&R

1

JE AT L BRI R R R . 3D B ISCR B G R  $ 9E E
XF SATL %% 3l R i A R AE F 3 3 R B B
0 9 555 B R0 3 B L AR B BN, R A ) TR B
S0 BT R WX R RB S 77 LR FLAR B A 75 1 7 L
[ 23 [8] "R T ARAL AL . 4) R T 30 B G R 0 2
[ or TR BEAL I . B 1 T 2 WK/ 2 RS/ Z B diobl
(I EERE 25 T — X A JERH R 7 1 2R S AL 0 4 i
BIL ) 5 57 [ R A2 1 R %) 308 i - 3 ST T B — A B HL
7 H bR SR RE S 5 T AH 7] AR A5 7 5 114 D L 98 i 2
B R IAHNL B 451 . R BT o BT S T
SATL 4516 F1 T AE R X By B8 5L Al

SAIL B GE it FePE o Hr7E s 2 9 RUA 55 3 194
ROy 0 5 B AR DG R B 5 4 1 g i B 2R
HALCL 28 5 WA Bl IE RS

2 B AL O R TR A RO Y

P

AU R T S WOR G S 20
th 23 1) A A L6 T 146 72 A OB IORE. SATL
X F 1 5 5 AR (0 77 A 9 B T A A
B — A R 43 B 6 SR 437 - SATL 35 2% f
B AT G 0 P I 4B R 5K A0 3
SAIL BRI .
2.1 WML RE

— AR S HE STEA AL o 7 6] 4 2 e T
R R AP 1 BT . OB PR A
B 4 JCAERE B S 27 734 RS 30T B g BB
JEHE AN BB . S O304 4. 4.1
AL AR A AT BB [ PG |* I HOR S
R CHD SATL W24 HF 3050) ZEBELR 7 7 /6
sk A B RN

o

J

R](AJvAy) - <I>2

J JJ\P(EW/) ‘ 2exp[j %(SAIJr nAy)}deyill

D

]

J J\i’(s,q)\zdgdq {J}

—oo

] LU R SO BRI TR AR A RURE -5 IO 5L ) 568 5 O
M kBB A K, F5 B (D2 Z FE
O3 Je BRREOG 3R B U1 — AL A G I 7. S HUN U
H, X H, W75 18 35 2 HOM DR BOREDG 3 8 AH 5% e
Rt

, ., H.Ar ., HAy
2 2 x 2 y
R, (Ax,Ay) = (D) [1+smc 7 sin¢ =7 ]

RV 3998088 S, = AZ/H..S, = 2Z/H, , A
L P A5 S 249 B B2 AT AN Ay 2 3 — A e RO 8 Al —
A dme /N5 A — AN BB SR BT o nl LU S RO R 1

1028001-2



RUSEN B O ] F) A B FL AR O IR 78 3 Y 5 4 0 AR A 5K

illumination wavefront

receiving plane
resolution
lEelement
antenna
target

speckle

1 WOGHEE s B
Fig. 1 Diagram of laser speckles from the reflection of
a resolution element on target
— R SR S DR 4 8 R A [R] A A R S X
B S SAIL gy g I BAT — & M B o 2 fir
R X T HART B — N FIE 4> BE T AS. X
AS, TETEE T ERp Em BRSO AL AS, X
AS,cos 0 R LA ARLIA Sy 4TI IE 5 B oC AR TE 7 1
A R B HON e R R e SATL $2 Wi F iy

PR 7 12 58 B Dy
oz
SN Sy AS,cos O @

FELL ESP AT s a0 Ay 6 R T5 LI AR AR v s Ay sy A
B A s (D R HUREF B A K o B2
HEALAE T i SATL B A b i AR o Pt
BEAS SC o3 M 28 451 v 22 2R FAEJE FLAR T L 45 2R AR
B B B 2 Al fL A%

AN(AL)
beam
0 ASy
resolution
element
target

K2 HAR—ar PR 0 B R AR fb 7 A 0 R 67 4 B AR Ak
Fig. 2 Phase-delay variation from wavelength change

with a beam reflected from a resolution element

2.2 BT BB AR K 4R

FIRTHEZE T A B P RO SRR
HR G B — 20 2% P 78 A0 0T T O [l g B 1Y)
AEFERSZ MR X ) LU B AR B —A 20 BEE T b i
K AR A () B AR RS SR W 5 Can &l 2 Fs) . T H
P T AR COD AE — ™I B 7 1] 43 BE AT b 7 A AL
FRE R AL I KB N = 2AS, sin 6/, Bt i K A8
b A 77 A AR RS KRR
5 Asyiin 0

0
ARV 1A RS AT B8 7 A BIOE Y 98 2 18]

ANCAY) = AA. (3)

PRAGES

P 2 A A RS 1 2 A4S BORE ™ A= B 2 AB A 22 501 1Y)
e [ o ) 4 2
| AX| = A*/(2AS,sin ). (4
[FI R A1 0 7] DAt — 252 SEAE — > W WK K o 9 el
W R - P40 72 A 7= A ) RS V) 1 B 19 R o FsF 1) 22 £k
AT 0 o O B £25 o) JSC S5 9 238 R 174 W WK 3B Kty B
KA ==4AB/ f, =22/ (AS,sin O, FrLh R () A]
RLAE — AW WEK ik v oA 19 5 K mT RE 14 BRI AR S Sy
AN(E AL =TF 2. (5)
BIV7= e 2 AN PR B AR AL ZE B AT RAGA A 1 A4S P KA
0T e ™ AR HOE Y o B AR L D 2 S B P R
WK JE 309 P LA — o (— A JE D TR
2.3 BfRERHESFEHE
WOt RS B AR rURE 2R 1w R T RE AL 0
Tk T4 1) RO AR B WD b AR OB HOBE, B AR I B AN
(7] b, i 77 £ 9 T 90 HICBRE P9 A OGP 5 LIS B 33 4 1)
H ARG BRECR ¢ 2% SCHR13 %6 4. 5. 4 19 Al A1,
T B3 B 180 52 S 43 et ) B S5 1 B A DG R B

2
fa;{[l *exp(—%>}}f exp(—s3)
1 —exp(—d3)

exp

b

(6)
Aorfor HIE— LR T RER] 1/ e 192120 2
55 e LKV O 2 o A ORI A RS T 25 M AHES T
25 o) > 1 EF, BORERCS Y B A G sR B TE B K G
/N T IH — AL R AR O 42, A&l 3 fir k. SAIL
H A 0 AR 43 3 550 1T LAIA Sk 2 H bR 16 fe /N T 43 3¢
K BE I 4230 F T A € ELAR L FE B U L AT LA R
A 7 22 AR K R I H A T i 35 5 A 4 B R T RE
%ﬁ%#iﬁgﬁiﬁfﬁﬁﬁ%%mﬁmo HE— 2] PLAR

[

DN = O

JZUG)

0 T
r/r,
PE 3 B T ST ST 43 i 1 AT S 5 3 1 A G R B S
AN TS 2 of MIRR
Fig. 3 Relation of the autocorrelation function of the
scattering-reflecting field eliminating reflection
component from mirror surface for several values

of phase variance o}

1028001-3



2 i

FIE RS AE T B bR b A —> 40 BE A0 A= (1 ik ol o
IO A5 A A T 1 o 25 52 B 3COR Y F A eR A
G S 2 B AT AEAE T & .
2.4 BWIHRERNILE

T2 R 2k AR I IOBE AR 43 5 B B A 11 4 (L) il

BUBERUEE (S) 19 7R [l A AS ) 114 B 43 i B AR 3% 2% 2
MEL. S CHRI13045 4.6 W T 400 B0 2
TEAMAR T L>S 4R, REDRE R LB E
CAx) FE T BCBE R 1 S (8] 17 HL A 14 A % 0 A
5NN R A A

P(I, < 0.5¢I)) = P(I, > 0.5¢I)) = 0.5
P, =<I)) =P, =0) =0.5

{P(Io =) =1

L>S,Ax>L
LaS,Ax> L. (7
L<S,Ax>S

3 AR WCR R HORE AL AR By I

TR

TEG 2 REALAR W R 3 B 5 Bk O R 24
Wedgr . SAIL AP S A #EIRAN
A% )L

1)SAIL £ 75 i 18] 7% 3l b 42 050 5 19 I i 4 o1l 2
FHOLRE A5 4 15 22 /0 BB 19 B E Bl AR A A, iIX A
R IR LR B R E 5

2)7E B {5 5 B i A Hh 6 A WK 2 BCHK
PE#) 2 8] - [8] 42 Ak FLAh 2530050005 5 1 IR 1 A AH 32

REME 2 15 22 /0 I ] i £ 8 S0P A2 2 1k, 5 HORE iR R
B ol i B FAL AR G A B A G

TE SRR sh A i B2 3 1 B2 AH T eR Ok 3K
fiff LA [ A
3.1 AEBRWUXRLUNMILERIBERTREN

S0

e Hbr MR s R p(2.y) 5
MR REIEWI Cla,y) ZRIPFEAXR  HEEE Z
{18 S TR AT S T LA 3 B2 AT 1 3 40 A

D SN PSP DT e _ i im
By = Sesi et 400 ] [ [ppes]i Z@ 4 Jexp[—i it +ap Jdsdy. @

3 5 WA 5 ) USRS D T AT Bk (8) S — (3 A AL U (9 A S o s T D
) . SRR BB B, y) WAL FE K& 1R 363 5 1

a1w>:Jju%%%wﬁ+ﬁﬁEw¢ﬂxf—my—ﬁmw@

A RIB N

. IS O ) P e _im
Cla = [ (-5~ Z)p@men[i &+ o]~ Zetap Jdedy. ©

—oo

Forp (il BL A8 Ay

o(5L)- J‘JB(Q,B)exp[—-j%%(af#*ﬁﬁ)}daq& (10)

%XLﬁﬁ%ﬁi%%ﬁﬁﬁﬁﬂx%%WEL%%E@%%%%%X%DQ%4&FﬁMCu,

) R 2 TR AT 2 BB AR 1) L 5 R A% 5%

1

]A(AI,A‘)}) :/127

—oo

JHJKP(& s M >b(51 /i )/)% (Ez »7]2)[)* (52 ’Uz)eXP

j}{LZ[(Sl *52)2 + (7]1 - 772)21 X

.2
o0& — & 3/ U)GXP[*J é(ﬂ& +y17]1 — 28 7y2772)}d51d7]1d€2d772 s

il

]A(Af,Ay)::I<JJP(AI**a,Ay‘*ﬁ)BB(aﬁﬁda@% (11)

1028001-4



RUSEN BT BRI ] A L AR ORISR

14 285 1 i T AR

Horb 55 H AR B 5007 A 1 BORE R A SC 0 HORE S A G IR 1~y

P(2)- J J\p(é,q)\zexp[——J 22 (g 4 s Jdedy. (12)
bno2.2 Tk, HTE B A IR T A BB SR . T SO0 R R A B R & FLAR R B A G R B
BB(Ax.Ay) = JJ o(—5 —Z) exp{-j%%(Ax$4*Ayﬁ)}Edq, (13)
HyE R N RLTEER 2 £ .
PRt SO — b2 3 W R BBt LA AR 7 3 S AH T R Bk
JJP(Axgquy*ﬁ@BB(mthdﬂ
p(Ax.Ay) = ]"\J(A(g’?)y) == (14)
‘ JJIKaﬁ@BB(—a,—ﬁﬂdmm
— I ARG LT 0 M R&EORE R 0 5 A T R . A2 R IALIZ R B(a,y) =

rect(x/L)rect(y/L) JEHHWEES S LMD PR ILH p(a.y) = rect(a/AS Drect(y/AS') . Hi
AS’, = AS,cos 0, WAT 44 B 78 B2 BRI R & A B FL AR By B AR T R

Ax

[sinc < S

)

Az
L,

Ay
s’

Ay
L

) lsme(2) - wi(32)]

Y Y

(15)

a

S,

o

ol

L,

a)da]iﬂnc(

B

S@)tri<%i§)dﬁ

X S, = AZ/AS, .S, =2Z/AS, ik B L RLH
BEFLAR R0 S 52 A T R B0 T 8 Sy 6 {7 ) 2 a5
(B e /IMED Z 18] B 58 B (W) 1 H0BE &2 A0 56 1
I GEE N (W, = 22Z/AS,. . W., = 22Z/AS") Bl 2
FEHUBEFE 38 RUSE R 2R AL A% bR R 1 AH 56 pR 8K o8
KW, =2L, W, , =2L) Bl 25 RESALTESE .

B4 25 T AR TR) B8 B2 I AT K 2k A AH G R 8K
FELTE 43 B BT HOBE F A C R 190 —fb AR AR 1Y
H—fb— 4k R E TR &K

TRt K =W, /W, = L/S, NEH 0] LU A7 7E
I ERE

1) MRk [ A 5C R B T8 B I K HOBE B A O
e BEED K > 1k BB AR 0 3 2 A T R B0 58
JE I RES R = MR MW~ W,, B K
LAETRIE W, = 2L, ;

2) M E MG F T K T RK A MK
PR TE B K < 1B HORE AR 43 3 52 A 6 R B0 9
JE R BB A MO TR E B W o~ W ok 2 %

2 A AR PR SE BN T IO AN IS BRI LU BOBESEEBY W, = 20Z/AS,
ST He W R 1 42X T H A 3 B ST BORE P 4 R 3) MR E A A G oR £ T8 S R S AR G ¥
o sinc(x)*tri(x/5) sinc(x)*tri(x) 1.0 sinc(x/5)*tri(x)
Y@ . [® . ©
Bg 08 25 8508
g £ 0.6 £% 06
EE 06 & SE
°a = 0.4 o'g 04
Ty 04 g8 g8
Ne = g = g 0.2
g% 0.2 EE 0.2 EZ /\ /N,
Gt i
28 0 28 0 A HAA 2802 \/ Y
-0.2 : — v -0.4—— —
-20 -10 0 10 20 -20 -10 0 10 20 -20 -10 0 10 20

x

x

Bl 4 H—EAAR T A E— b — e KRB LA S EM TR KRR = AR g S
BB A BB Z ol 5:1(a), 1:1(b),1:5(c)

Fig. 4 Normalized 1D complex coherence functions of integrated speckle over aperture at the normalized coordinate.

The ratio of the width of antenna aperture triangular function to the width of speckle: (a) 5:1, (b)1:1 and (c) 1:5

1028001-5



2 i

A YA K ~ 1 i, BB R4 3% 52 M T R 800 58
JEUTRIAE T 2 5 R4 A AH S R BTE B 2 A5 HsE
AKX FIEE B W, ~ 2L, ~ 20Z/AS, .,

3.2 BUXZHMAERRIBERTERHNAT

F5 {7 [5) 0 BB 5 [6) A 1%

SATL B FE 25 ] BUAG R FH W k8Os 1) B 85 43 3%
SEHL L 7 A ) AR SR FH R 0 AR ) LA A BB
iz 1) Cae J5 ) f4) J A8t F AT LR B FLAR AR O3
Y AT R EGHIEAT 43 B AT X B ] DU % 8
D5 1] AR K B FLAR K d, N E AR T RO B
SRR SERE N D, = 22Z/d, » R L BAR 50 B B e R
FRAS, = d /28 SR LA A R
JEEXT 0O BB DG BE 58 B 1t Ry K (K << 1D, 31X
B BUG r BERTT R ST AS, = d. /2K = A1
BBER TN S, = 2KAZ/d, AR FLIE 58 %
N L, = Kred, s B4 H FA0 22 80500 J7 1) P o
B e TR, O T3 B A K b 2= Bl 11 42
WNIUR ] 2230 T8 SRR IR A5 A L TR G AR B2 AT
W R 2k AR T H bR 43 B SR IC BT 3 RS i ek

_ Kwd:
2K A2

SAIL SR T7 R BT — e 2R A 2L 85 K i 1
WIGBE P BOE & 0 A AR BN . B AR BRI & 1Y
JAR 53 A AH o PRI R & R TR 5F A 4%
P BT — [ Koo i O 1 PRIIE A 10 [l
BRI R AR K fl. FEXHE K% RT
— AT LA B K<<1. BORE R RT3 TR &
Rt s FLAR A R B O AR RCBE 9 J3E » AT A28 5 >
R OB BE D7 2R PR 18 & L AR B L SATL
Ab TR PR ORI DR S . R T K> 1, 4%
W R RTFRUBE R T i fL AR 5 K B —
TR T + T2 KA RUBE BRI B R Y
e R 4™ A UK 1 A AL AR K B AR R X T L
A DL R 5 L 1] B B A O3 B SR HEARA

PR T8] A 10 53 WA Wk 98 ' 1Y B S [ R
T T W K i G 119 3O 3 9 I A A T RE 7 A HUHE 1Y
75 (] [ 2 A A (5) 2nT 1 — A B A R Y
FI B 70 % 5007 WA WK Y1 L 7= A 8 1) RS T AR 8% 119
RPREO 2. %R FAEBE R vy #5I AT -4
PEARRLRS o KAH Ol 2722/ L) v, 76l B it 25 46
Ja AR T A — A RSB AL L R OR(E N

P... = 2AS, = 2AZ/L,. (17)

— BT W K A 98 AR A A — A AR 23 B R

TGN AN 22 5| AR S A A Y B A AR Ak S TR e AE — A U

(16)

Wk J 399 A A R AT 7 0O BIOE AT RE A I 1) A% B
THRES P BIER BB AL AR A 3 S 11 T R KK
A X T ROHE R BRI B 1) AR AR BB T P W0
R 5 B 18 KT R AR T i R AR ALAE U )
SR 5 RVRCH BICBE B2 A T D1 X N H s 2 B
FIT I AN FAME 5 1 58 BE WG o i T — A 5E
JE W = P+ X BE OL T 8 B IAE 5 14 4% 05 A AH
A2 P By AT LUWLEE 3] (1] 394 55 B2 AT RE A7 75 — 1 JH 40 1Y
AT 2R IR B B A e K RORE B L T K 2K
B 5 SR pR R0 R R AL A =0 oR B P AR
B AR W, > P BMESARUE 5 19 58 B N JEA
6 K2 A T [ 8 5 AE — 4 SR TN B 2

TE AR GE SR B Al L - 72 T7 37 1] 77 8 BB IR
R AR RE B ) T e RE K BEROR . [ 7E Ty
37 1) R 1 1) 24 B A BRI R AR RO FLAR B
Yy S R B S AT AE T ) - e AT IR

4 SAIL [ 8l R A A

U S AR AT DA AR SATL 8 5 B 35 AN []
FRE TR A T8 L RPN & 5 s L 7E SAIL B
s SAIL [ RHAHOE R e st . W R sh N
kWU SATL %80 o X 1 0% S BE 4 il BE B ko, Hovp
R=>0 S A 1] Y6 o e<<0 S B G s 43 L ik =
1 fafbh S AL k=0 fifb h AR,
UL [ k| =1 BF ol RUER /N SATL B 8l B B 4K 15 45
R D' SR B L figp R 3R 2050 7 3 s 1 26 /N Y
WA A K 6 B S B MR, SATL 14 % 7T RS 20 BE %5 B AL
T UK BE S 2 SR R B AL AR B0 1 S AH T R 4L
Yo WO LS HEHOER I TEE D, il 2 X R

EW, = D, (18)

117 78 2 B8 R 2 i SATL A4 4 £ B2 5 A B Y 4
IVREN: -]

(k—Dx
tan 0 = . (19)
Z
moving direction el
forward position

receivable region  peam scanning
from complex

correlation

moving position backward ‘

of optical SAR

5 1 Sh B R A

Fig. 5 Configuration for sliding spotlight mode

1028001-6



RUSEN B O ] F) A B FL AR O IR 78 3 Y 5 4 0 AR A 5K

T8 2l TR A HE T 67 [ 7 A= %) AR AL P R O
BoE  DUAE VR BEAT 5 0 LAk NI 6 BT DA SR A A A —
Wi AR R A, SAIL i & (o) B X+ H bR A
(s ) B BB A 2R 12 R
Lﬁ%zlﬁafkil)_inﬂYM’

20)
R AR H A5 22 42w b B2 o8 (ke — 2, cos 0
1) H bR s ORI A
o, (1) =

%yﬁ_éigﬁx_ﬁiﬁ‘*@fnﬂ}

5 R B SE B} explj2nZ, () /A 153 H s S AE K& 55
] b= A B S AL R A 2nZ, () /A + ¢, (2) s Bl

expligr (xs3) ] :exp[j 1(1_17,)2]exp<j 277(2>><

2 2

au>=4

2

2D

VA A
. L o k - 1 2 2
GXP[]AZ< k#711”4*y”>}(22>
o boint target
\ n|
0 A\ object plane
Z,(x) Z
6
moving direction @h)
X ¢ : 770
@y)  optical SAR

Pl 6 3Bt T A% 46 7 B D7 6r 1) AR 067 3 #2197 R R
Fig. 6 Diagram of the wavefront propagation for
generating the phase history in the azimuth direction
7 4% W 5 1) dy AR A 7 8 R R 1T (e B I
77 A [ AR B R SEE PR E 4T 4 WA TR 2 — YR IR 3z b
23 B AU H AR T H L e PE A LB A A Sh 2207

@ receiver 3 receiver 2
| .
transmitter
]
echo
receiver 4 receiver 1

transmitter 4

echo

1] B ST A B A R R T A Y
LR AR I R AR A AR A

expljgm (x,3) ] = exp[j AZL/Z(I—I,,)Z}X

exp(j 4TTrZ)exp[j A£Z<_2 %Ifl +2yf>} (23)
A UL ST RE 98 7 Ar R IUAR A by AR CF 5 —
) o oA FE R A 7 3 CE5 ) B 59 W 0K 5 5
B A B I DT 28 05 A0 26 000 7 AR R S AR 5
117 [ 5 AH AL CHf =390 78 J5 (o7 [n] D T 0 38 2R 48 5 it
B AREER.

5 ZRI 2l ZUAK I ZEES

M 2.4 75 43 A B Y IR R 2 1 /N T O R
JE R S8 KT 406 58 R /N T 20 5 1 HE R
R 50% . B SR T M A ) B O H0BE 7 2 A
TR WAE 5 i 2RI HE 5

P(M) = 1—0.5", (24)

B . P(1)=50%,P(2)=75%.,P(3)=87.5%,
P(4)=93.75% . A IR H 2 A~ B2 HL g 95 47 20 ie
o R DU ARE 25, U8 553 VR ' FRC BRE A 2 AT T Y6 R S 38 5 B
N T S ) 0 AR R A Y R, [ OO
PR 11 3 A 8 A R R BIF 5 R s T S S R 3 R
AT ] LU 7 R 0 A8 A 7 AR R A R I HIREAE
FEAS AL B0E B AR HUN 46 h T 40 BEE 0N X sk
Z R RSB 2 H bR B0 A 1R O B S R
DA R AL AT DL B iR A ERR

T g T — AP — & S A~ Hz 1
BLEY SR BT 7 58 5 SR P Y BE A (] B 2 /0 4
THEREFA . 7 (h) 25 17 P9 A 38 A 2 5 L
— LR SR BT 7 58 IO PR Y Ik PR R
PR G AN R O BB AL AR T — L
AN () Hsf 22 05 R Ak R A A [] 1) i S BT Ot o 20 7
— A5 AL [ SRR ] 28 P 0 D A

transmitter 3

(b)

receiver

 ad

transmitter 1

Bl 7 () —DPR—— DA STHL- PO R UL g SATL SRS 5 (b) PO K- A S S AL -— DR UL g SATL SR 454

Fig. 7 (a) A SAIL structure of one transmitter of one wavelength with four receivers; (b) a SAIL structure of

four transmitters of four wavelengths with a receiver
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