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BE HN-—REMWITRHELEFL ETAGHECASHER TS AE T RAESAEETH
B arsHEitmEs i ElrRENKEE ERES WA ZIE (MIMO) BA T, # 7 H I
ZHEITR AT X — F R (HCRB) AR AR AELSBSEXT, % W di 578 3 s s AT
FHHAEH LA R G ELEMH REA R RAREENREEN. L5 HEZEIHEE
SHESN BN T RAGHEUE T REAFAGACRUARART BAALEF X, £RFHAMLE
PRERGRHOERT, Y \ER2UREN, 2THERSWAE AP RFEGHHEZM/E
T B fudi R L A

X oA AMES HAEY ReTHE — FR (HCRB) SHfhit

][l

1 3l

AR EHSHREHR LA L (multiple-input multiple-out, MIMO) IR G HELA—Fh
PR TR IA, Bk 7R AR ER IAME ANLEN #E MG AN B B 4 0], 2 T —AUE IR IR I 1. %76
R ENE R 2NN R T E I B &, B 2 R A R TE S RS A R, FEROY R
AN KBIRNEIL. A S T/ET MIMO #0442 (fully coherent, FC) #£30. JCHRE /G A
AR R L, S T B R L IR B AR R, [RGB e . [ Ah 3B S A S
B Z AR T REB T 0L EH P H BRI B A M B, (R B TE IR B O 51 & K s R AN 7
I ESE

BT B AR AV I S 22 FAH A 22 55 AH 25Ul SE A S AT HE. — Ok U, AN 22 F 2k A
=J71H: B, BT HARB & RITER SRR AN R S BN R AL RN S, AT 51 EEAR G 22 ok, BT
BT R AN ML AIRIE, K B AT A FA S AW an A A, AT S1EAALZE; )5, H& SR InEE
WA [E A R 22 SR A AL ZE . IR AL 225k B R4, FRIERGAN 2. FESRH I Z, MIMO &Ik
SRS OB R T2 E 12018 RE R 504 NS HIE S HAL TR, (2 = A EA R
[X 5] [10.11],

SIRR: R, 5KEI =, A, 5. 2 THAZ R A S EESHA T RARSIERE. FPERE: FERE, 2015, 45: 668-684,
doi: 10.1360/N112014-00049
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Figure 1 Distributed aperture coherent radar with general architecture

AT A S H L B IR A 51RO 2 223 (R, SCHR [5] 58 T FC BT i L E e LE
2% (output signal-to-noise ratio gain, oSNRg), fHAHERF AT 2. SCHR [6] /M4l T HRE RAK
JEPUIR. SCHR [7,8] BFFE 1 I TAI MR AL [ 22 RGE vt R Ar Z2 BREFEOR . SCHR (9] B 56HES: 1IN I 22 A0
FARLZEAG TF e RISE — P 5 (Cramer-Rao bound, CRB) FIZUf#, S8 5 fEAR BB (& 2K H Al T T EE T,
4517 oSNRg WM. STHR [10,11]) K5 5k b 4h R 2 2 kb, 170 1 M-S 8RR 2 RE Sk
RREH Ik E a] o &

SCHR [5,9~11] K RGARLLZ EBONHEER IS8, BIA T EMOLF D KRG HAER NGB
BRI, RGN Z TR FERAR, AT FE oSNRg A2 Pl A EEE T RAMM RS TS
Btk LA S AL PR SRR, 73 B I S 22 0 vH AU 25 10 BT [F) 20 R 22 F U k. BRI A B {5 S 56 3%
1, 2[RI HE B R W I, A SO 5 5 BT AE AR A5 8 bU SR 11 T BE S R4 B v PRV IR S8 222 £ TG B2 AN
oSNRg.

ARICER L HITT . 5 2 M AE MIMO 0N, E5ei@ st T RO RIS SR, AR5
S EE AR S Wi 3 — B HE (hybrid Cramer-Rao bound, HCRB) HIxU#. 28 3 #B4r1E FC
T, HEWEMS TS SR, RG-S oSNRg BN, HHF R R REEBECE AN, 55 4 35>
I BAE 7 BIIEA S S 18, 55 5 Hi A 4L

2 HEFBSHEITHREARAE — TR
2.1 MIMO #ER THESEE

wmE 1R, B K ADNRERE (T, ... Tr)~ L DMERWRE (Ry, ..., Ry) A—/NAEBE LA
B — &M NS A, £ MIMO BXF, R —HIEAE S, e i i UU R I8
BEMRSESTE BN —HIEZEHES su(t)(k=1,...,K), H [, |se®)?dt =1, T M
P 2 EARER, REME S H AL AT ERN 8,(t) = sp(t)el2FC-20)-ia% Jrh £ SR, Ap'L
AL YRR T, & FARSRE| NS YIIAAHAL [F5 R Z MR [FE R 2. @ URSHE 58 8 %N
B = \/f FSK(O)2Af/) [|Se(f)12df, Fort Sp(f) A si(t) FEERMNH, Hit—SEE&HIA R ES
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AR RN B. B AL A 1 FPERUHN = B AR, e tE U K808 ¢, W R, B0 H bx
[ 95 AR I S5 T s

K
r(t) = ngk(t — le)e—jQchTzk—j(QWfCAt}i.+Asa’Z)—j(anCAt{+A¢’{) +wi(f)
k=1

K
= Z Espy(t — g, )e IZIeTITIAGL—IAGT 4y (1), (1)
=1
X, AT FALY R Ry & NSRS NRIWIBAAHAL R R Z AN [ [F PR 2. € L Ayl =
LA, + A’y NRGHIRIAGLFIARE, Ap = 2nf.At] + Ay'] AR GBI R 5% 2.
BAR R GHALIRE R ZE AL I 8] [ A iR ZE AR AR AR R 2B R 2. e N T B Ry WIBRARAL HE I SE,
T = 7+ 77, Fed ot R 2508 T BIEAR HARE] Ry WARIEI SE. wi(t) N Ry FEACHIE S R
B wy () &7 (AR AN, HAERSSR ERIENE . 72N o2 MR A SR AET 78, &
BERGUL AR Z IR ML F & 340 A, ~ N(0,03,,), Ag] ~ N(0,03,,).
W Ty A1 Ry 23 iR AR 278 R, HoE X ¢ = gemi2mem NI (1) A5 N
K
ri(t) = €Y skt —m — Arf - Ar] e 2l (ATiA AT ZI A AR Ly (1), (2)

k=1
KNP RFIIEZE Ar] = 78 — 7}, BRI EZE A7) =77 — 7. WK Al = A7 = 0. TESRHPZE, N
I SEZE A TR, S (2) FIRA A R MR AL S, SRR AR T AE B TSR [5,9~11) A0 E2%
R, IR AR R (2), B URMSHRE AN

A=[AT, 47", (3)

Kb ()T WFHE; Aa = [ATT,&r, &7, Jorb € A0 &0 RN € INSERAIRERE, AT = [(ArH)T, (A7")T]T,
ATt = [A7L AT AT = [ATS, AT AL = (AR ARk AT AT

2.2 ERABHEUR (Fisher) R

AAHES A fIFH HORB. % A (R HSE MR Ay AEABENLIERRE A, WA T A 1)
FERTEAR T, JE3 o ATERIH AR 1hvar(A) > [T ()]s o Tu(A) A HIEA RHURES
BHERE (hybrid Fisher information matrix, HFIM),

Ju(A) = Jp(A) + Jr(A),
To(A) = ~Fa,a, {Eriara, {aValnp (e, 4]}, (4)
Tr(4) = ~Ea, 4, {Va[Valnp (4, [4)]}.

K vV ABEIEE, Inp(r|Ag, A) T Inp(A,|Ag) 53550 8008I0 ESCHE 0 LA 02 25000 0 500 2% 1 i
EERE. Jp(A) N Jr(A) 2 537~ I E 4 A 26 5015 B IR HE R X T A {5 2. HORB HFE 2
HFIM HJi%.

B HE R ER RSN 7 = [F1(t), ..., 7o (0)]F, WXHEALR R B FRoR oy 120

L
1
Inp(r|Ag, A,) x —— /
(7] Aqg, Ar) U;T

2
w

X 2
Ti(t)—¢& Z sE(t — le)e_p"fc”"e_j(Aw;ﬁ'AM) dt, (5)
k=1
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ZIER Inp(T|Ag, A,) 78 T FIREREL SIANFERE A) = [77,6g, &1, ATY, Hep 7 = [y, ... 7ok T.
TE X O F1 Ly 270N m x n B4 0 FI4 1 56FE, I, A1 82, 050N m x m 09547 R 4=
1 7R, MINEME LN SNRyy, = €2 /02, ZVHE, Jr(Ay) W RN

0 0
Tn(Ay) = (LE+2)x (LK +2) (LK;Q)X(LJrK) . (©)
Oimyx(rr+2)  1/oolinik)
Jp(Ay) AR AT RoR A
R. G
Jp(A1) = 2SNRy, , (7)
GT ¥

R, Re = am(f2 + BT B = [ 52l BB Re = LE/IEPD, Ra = [ %5 Fea =

1/‘€|2[_£51R][L11><K Klix1 | G=[F,¢ Foals Kb Fre =2nf. /| okl & R )

k(1) kxr

Foa=2nf. 101 ® Ik : ,

K(L)kxL
E— K/(Z)KXL = [OKX(lfl) 1K><1 0K><(L7l71) ], (29 y‘j Kronecker /El >{%‘ﬁ (6) ﬁi[] (7) /f—ﬁ)\ﬁ (4) ﬂ'/f%l‘

R, G

Ju(Ay) = 2SNR;,
GT %

R, = [ ool o Ra = Ra+ Mz, A =1/(20255NRn).

2.3 BHEZE{EITE) HCRB

SR I HCRB [ HCRB.., #AJ5 I 4 202 ) SR g IS0 R ) 48 22 (1) HCRB:
HCRBa-; Ml HCRB, . G (8) 8 HIFEFERE G 2 BY g
1 (RT - c:z”lc:T)_1 .

Jg(A) = SNTL

, 9)

X, “o” NEFIHEHS. B HCRB, = 1/(2SNRy) (R, — GX-'GT)~1. &ilH (B3 A)
CIES)
HCRB, = (I, ® X + 2, ®Y) / [87° (f? + %) SNRiy] , (10)

ﬁl:':l7 X = IK +GQK7 Y = bIK +C(LaKaL/7K/)‘QK7 ﬁ\:ﬁ'ﬂ a = f]%/(K/ - Kf]%)a b = f]%/(L/ - Lf}%)?
o(L,K,L',K') NRT LK, L' K' Wek%L, B L', K' 1 £ (€ X2 WM AL R4 aE =0k

HCRBA, = (V,+A7) HCRB, (VIAT)", (11)
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Reft, (VyrAr) BREHILIERE, b Art, Arr 55 7 SEXFR: Al = 23 (m — ), ArT —
LK (e — ). 830 (10) fOASR (11) A7

b+ 1/L)(ITg—1 + 2K .
HCRB,, (b+1/L)(Irc—1+ 25 1) (12)
. (a+1/K)Ip—1+ 21-1)
MITTHCR I SE 2 il T HCRB 7351 9
_ 1 1 Lf% _
HORBar = g e T (1 =) £ 2K 1)
_ 1 (e K  \ ,_
HCRBa,r = I2(f2 1 FOSNRy K (l—i— K(1f§)+>\) , 1=2,...,L.
= (13) AR F &5
(1) BT R (B I SEZ A7) HCRB — 3, HEE o3, B3 RMIHEK.
(2) % 0%, & T 0 B,
: _ 1 l A ideal _
Am HORBAr = o (7T ) SNR, L ChPars K=k "
: _ 1 i A ideal _
a%fgo HCRBA-; = (T SNRL K CRBATF, 1=2,....L.

MM (13) AlE—P K" N HCRBA,: = CRBigigl + ACRBar, HCRBa = CRBigi?l + ACRBa.;,
Hrp

1 2
ACRBA: = Lt k=2... K
CfBart = (s g sNRy, L=+ x " o )
2
ACRBA; ! I l=2,...,L.

T 4r? (f2+ %) SNRy, K (1— f2) + A’

CRBAS (2 CRBRs) AEHAR RPN IR (ki) €24 it CRB, 1l ACRBA,; (3 ACRBAL)
& H IR iR 72 S BN &
(3) H o3, T oo Y,

1 1

lim HCRB,,¢ = = CRBX . k=2,... K,

200 472 32SNR;, L
. U1 s e 16)
oéli?ooHCRBATlT ZME :CRBATLT’Z:277L

4R CRBY, (80 CRBY,,) & B A FAb SR AFAO R AT (i8iie) I AE 24 1 CRBI~1,
(4) % SNRin ﬁﬂ: o HTJ_) thNR;,,—}OO A= 07 ﬂ:[:

lim HCRBa, = CRBN, k=2,... K,

SNRiy—00 (17)
lim HCRBa,» = CRBYX,.,l=2,...,L.
SNRi, 00 ! !

30 (17) KB, BN SNRyy, WIARAH T Ab 7 O AR RE AR [R] 25 i A b BE 7 3C3RAT F IR SE 22 il 12 g
k.
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2.4 MIANGERREEHSES
RAE (13), LL HCRBA,¢ AW, HCRBA . FALEIXTECE AR R R (DB dB Dy #fir) ATk
NN
101log; (HCRBATi) = —x+ a1+ h(x) £ fu (), (18)
i, x = 101og,((SNRiy ), @y = —101log,o (4 L(f2 4 2)), h(x) = 10log;((L+qpX)/(L(1— f3)+qpX)),
Hepr g =1/(20%,), p = 1071/10. [FIHE, FR4ESC (14) A0 (16), 4§ CRBRSY 1 CRBY,, FALEI4H
AR 2 AT R OR N

feo(X) = —x + eu, (19)
foc(X) = —x + az, (20)

A ay = —101log; o (42 LS?).
EBIE A fu(X), feo(x) AT fuc(x) 23R (18), (19) AT (20) & 3, W

lim fH(X) = ch(X) iH;o fH(X) = fnc(X)'

, 1
X——00 X
WERR U (18), (19) A1 (20) AR, £ (%) = feo 0O +h00), £ (X) = Fac(X) +h(x) — (a2 —an). XK
N az—ay = 10log;o(1/(1=fz)), lim p¥=0, lim pX=oo0, L lim h(x) =as—a1, lm h(x)=0.
M 5E R AHIE.
ESURT X BSABIE ity B B i = arg(02a (00X = 0), X5 =
arg(feo(X) = frOGH), XiF = arg(fuc(x) = fur (0GR, B XH N Fr() B9 M1 B4 AT e,
X X AR 4 R N

X?ﬁid = —10log; (Lv 1- f]%,/Q> )

. mid
XY = X — 1010y (1+ LA/ [L (1 - f3) + ")), (21)
Xir = xio¥ + 101ogy (1/ (1= f2)) .

58 x B 9, gy A oxqy BISRT SNRy, MU =ANBIE AL, B ROACSR I AE 22, TR 73 S0l iE
fE SNRAM, SNRRY, F1 SNRY,. [FIHE, R (21) o L B4 K, W53 745 20065 R0 48 22 (1)
ZANBE R SNRRY, SNRASY I SNRY, M. T SO 456 5 BUARRE B AR I R 3L

3 tHSMEE
3.1 FC #{THIESER

FC 20N P R ECR AR E I, B Ak T IR IR 28 22 43 Sl % W A s A 1 8, AT S2 R SOUR 4
S, & UREEMGTHEAN A7 = (A7, ... 77T, At = (A, .. 78T GREE, T, KHES4E L
AR RIRN s, (t) = s(t + Adf)el?Hetti2nfeATi—iAL Ry B I 4 T AR AT L om N

K
r(t) =€ Z st — 11 — 07 — 57}2)e—j%fc(5T;§+5T{')—J’(wi+w?) +wy(t), (22)
k=1
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R, RIFI LR o) = Arl — A, BRI EEHIHEE 67 = A7 — Afp. AR orf =
by = 0. L ANRAHEE B2 AN

L K L
= gz Ze J(Ap]+Ag]) s (t =11 — 611 — o7) e 2 fe(Si+oT]) 4 Z wi(b). (23)
=1 k=1 =1
NG EWA S5 18, BRSO I ZE 22 Al TR 22 iR MBS (5] S 8 90 A or7 ~ N(0,03 ), 07 ~
N(0,0% ), H ok Fl o BRI A HX R HCRB.

3.2 oSNRg WY

HEFERI 5841 AR AL RIS SAE RS E S, EMKIEJE AT RN s(t) = sine(nBt) (|t < Tp),
Horbr B Ui 0E, T, JNKeh S8R, ToME R(t) HOUEET- D)3 Peo AIRoR A

= E[|[R(m11)]?]

L L K K * g
e 3y s ( o M)H(MﬁM))E s(o1f +om)s*(0my + 07} | | (24)
ot b L L @27 f[(87), =87 )+ (87, —oT)]

Lo Bt E, Peo WIHE— B RIRN

o = |eP
1+ (K = 1)ga(a) + (L — Dgaly) + (K — 1)(L = Dga(z) + (L — 1)(L = 2)(K — (K — 2)[g:(=)?
WK = 1)(K = 2)[|g1 () + (L = 1) fa(z,y)] + w*(L = 1)(L = 2)[|g1(y)|* + (K — 1) fa(z, y)]
+2w*(K = Dgi () + (L = 1) fs(z,y)] + 2w (L = 1)[g1(y) + (K — 1) fi(z,y)]
+20HL = (K = 1)[g1(2) + 91(x)g1(y) + (K — 2)g1 ()1 (2) + (L — 2)g1(y)g1(2)]

= |e)* P, (25)

R, w = e V2% o = w20% ., y = T0%,0, 2 = @+ y; gi(2) = E[s(674) cos(2nf.87)], oa(y) =

E[s(073) cos(2mf.073)], g1(2) = E[s(d75 + 674) cos(d73 +075)]; g2(2) = E(|s(675) ), g2(y) = E(|s(973)?),
92(2) = E(|s(073 +075)?); fi(x,y) = E[s(575)s(675 +073) cos(2mfc073)], fo(w,y) = Els(d75 +073)s(575 +
o7d) cos(6t5 — 675)], fa(z,y) = E[s(d73)s(675 + 6738) cos(27f.078)], fa(z,y E[ (075 + 678)s(678 +
678) cos(678 — o78)]. TEFRHHIAE, ¢:(0) = 1, gi(0) = 0 (i = 1,2), £;(0,0) = 1, fj(c0,00) = 0
(j=1,...,4).

iy M5 EE N SNRag = P/ (Lo2), Ml oSNRg A 7R N

SNRSS;,, = SNR,a/SNRy, = P/L. (26)

gain

¥ o% . o2 TR (26), MFRAE SNRE,, M LS. T CETCRERIB T, SNRE,, #9481
bt B (26) ATSLAT &S 18

(1) 0%, * SNRgoy, MM ABIAEPI I TH: Eid w BEHEFLW SNRE, s o3, WM G2l THIEE,
M TR FEN SNRSS;, -
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(2) Y 02, — 0, 0%, — 0 I,

: co _ 2 o 4 _ S Agp
Uiﬁlé%ﬁo (SNRSS,,) = K[1+w?(L+ K — 2) + w'(L — 1)(K — 1)] 2 SNRSY,, (27)

SNRLYE #& o3, MIERHL, FRIER M oSNRg. M RLMCE —ER, Mt oSNRg 2 H 0%, YUE.
(3) 4 UQAW — 0 i,

. A 2 ideal
Jim (SNRR,) = K2L £ SNRES, (28)
B SNRI Jy#i4H oSNRg. AR, SNRLG! HU5 R LA B A K.
(4) 2 02, — o0, 04, — 00 I,
. lim (SNR§g;,) = 1/L = SNRY, (29)

2
Op t 0007 » 00

P SNRyowt Ak oSNRg. {HAFHE AR, SNRYG: 5 0%, Tk
BTG (2), A RECEAEN: B RLRHL 2(Z = K + L) —5, Al SNR?, IEBIEK, WK
9 R A MO 2

Z z 2

AP a=1-2Z+4(Z2-2)/w?+1/w*. BIR K™ BT od, MR, H

lim K™* =27/3,

UAWHO
lim K™ =7 1.
ox, 00

3.3 oSNRg RIH{ERZ

g1(z) A go(x) HIZRENIETT 3T 205907

muﬁﬂwQ@aM%M%D=E(Z%;igﬁﬂwﬁ%2:g:;@ww@ﬁj, (52)

n=0 n'=0
g2(2) =B (|5 (0m4)[*) = E (Z (Q(ni)n (BT Z i (BT ) : (33)
n=0 ’=0

2 (32) A1 (33) AU T BN LA B AR RITERL. 2 = BN, g1 (x) B go(z) AT AMKR 2280
AL RAERTR, 2T Monte Carlo 7 5, A —Jombr 2 A AL URTR. Bk,

Q11 A(z,2), 0<z<ey,

o) = ’ (34)
pOlyVal(ng,(E), €g <x g ’yg,
Q21A(.’1772), 0<z<ey,

a2(w) = ’ (35)
polyval(Q22,2), €4 < & < 7g,
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X, gg M yy 2RO XIE T A S, Seip 73 Al 3 < 10720 1 3 x 10718, A(x, N) =
Lzt .. 2N Qu M Q HKMZR# I AXIRTE. Qi F1 Qoo NEMT (S5 HL 16 Fi) 2 T4
& ZF A&, H Monte Carlo SEIGHRAF. FIHE, g:(y) A gi(2) HATSRBIRIR.

5 gi(x) AR, fi(z,y) ZRT o My B ZHEREL EED fi(z,y) = [y, 2), falz,y) = fa2(y, ),
R RFERE fi(z,y) T fo(o,y) FFRIEREDET. 2 2 Ay RN, f1(2,y) 5L fo(z,y) AT KT
R, BI2ET Monte Carlo {5 B, FIH —iombh 2 B0 B AL, Bk,

A(z,2)TDj1A(y,2), 0 < z,y < ey,
A(2,5)TDjA(y,5), 5 < 2,y < 1y,
A(z,5)" Dj3A(y,5), ny <2,y <7,
fie,y) = { A(2,5)TDjuA(y,5), 0 <z <npmp <y<vp,  J=12 (36)
A(z,5)"Dj5A(y,5), 0 <y <np,np < <,
A(2,3)TDjsA(y,5), 0 <z <ep,ep <y <y,
A(x,5)TDj7A(y,3), 0 <y <ep,ep <z <y,

K, ep, np Ay 2HIDBIE X T S 2B B SR, S8 70 3 x 10721, 1.5 x 10714 Al
3x 1071, A REFEFE Dy A1 Dy AR R8BI A3kAS, D 2 ~ Dy PLA e w4 N 35 Monte
Carlo L4644,

TEIRHI R, gi(x) 8L f;(z,y) BRXT B A f. MR R (34)~(36) TS HLFRET
fe =10 MHz, 0.01f. < B < 0.1f, 345, #& X EREE K, 525 2 170 B REHERR UL & 2t

4 HEHGE

SEIG Ay NP Gy, BR300 B A B AR AR A T AR R ST B R A TR, DL R G SO
A THRE FE RS20 (5¢ T B2 SR 2E 22 () S B0 45 TR 5 R S I 28 Z2 R SRABL, AN B IR); 2 380 70 % B a3 Hr A
THEHEA T A BE KT oSNRg, LI RE ST oSNRg K52,

4.1 BEEGHITEERE

S 1 CRBRSY, CRBHA“le 5 HCRB,, WIEIE. ZHULHE K =6, L = 3, f. =10 MHz, 8 = 0.01..

B 2(a) ATHI, BEH oR, HI/DN, ANF SNRi, XFRZHT HORBA,; 35 CRBAS L. H1E 2(b)
AL, B SNRi, KUK, AF oX, XRZHT HCRBAL: $945 CRBY,, G@IT. i34 KL 9.3 N
GrbT—EL.

Bl 2(c) o T AEXTECEL A AR R, CRBR:Y, CRBY,, 5 HCRB,,y HIEITRAR. B 2(c) T
51, S TAERE 03,(0 < 0, < oo), FIEHT SNRy, MI=ANMIEA: SNRES, SNRRY il SNRI..
%4 SNRi, < SNRRY: 2 SNRy, > SNRY, i, SNRi, % HCRB,, HISZNAAEE FIEH; 2 SNRRY. <
SNRiy < SNRY, I}, 0%, X HCRBA,; HIHAEE FIEM. SNR;, BIE IR AET: HRAME .
155 AR A RO 86— €I, iR3E 0%, FITHE S RIfT SNRRY: Al SNRY,. 4 SNRy, > SNRY,,
FEF AL AN A T b B AR A5 10 B A 22 ik T 1k e Hele, (N R G R FE A B2, ARAH A 3 R 6 75 A 62 7]
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1400 - . . . 300 - —
(a) o (b) —— Ohg™®
Accurate synchronization, SNR; = —5(dB) . 2 _ 2
- - o o . < 04,=0.097
1200 L Inaccurate synchronization, SNR;;=—5(dB) .= | 250 R B
- — - Inaccurate synchronization, SNR; = —10(dB) - — 03,=0.0172
- - Accurate synchronization, SNR;,= —10(dB) — - ggq):o,oozsaﬂ
1000 + S E 200
5 ool R
E
& 600l 4
/
s
400 - Phd
200 - . .
-25 -20 -15 -10 -5
6%, (dB) SNR,;, (dB)

GAc (dB) (ns?)

— — 03,=0.002572
— 0,0

20 -10 0 10 20 30 40 50 60
SNR,, (dB)

T
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Parameter estimation and coherence performance of distributed
aperture coherent radar based on phase synchronization
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Abstract For distributed aperture coherent radar with a general architecture, a signal model for coherent pa-
rameter estimation and coherent processing based on system phase synchronization is proposed in this paper, and
the sensitivity of parameter estimation and coherent processing performance to synchronization errors is analyzed
in detail. A closed-form hybrid Cramer-Rao bound (HCRB) of the estimation of time delay difference is first
derived in multiple-input and multiple output (MIMO) work mode. Following this, in fully coherent work mode,
the analytical formula of output signal-to-noise ratio gain (0SNRg) is addressed, and a numerical solution of the
analytical formula is obtained by using high-order polynomial fitting. The principle of antenna configuration is
then studied. It is concluded that the estimation accuracy of time delay difference or coherent processing perfor-
mance is determined by both synchronization error and input SNR. Compared with existing methods, the method
based on phase synchronization can yield higher estimation accuracy of time delay differences and better coherent
processing performance, given the assumption that the phase synchronization error is small and the input SNR
is low.

Keywords distributed aperture, fully coherent, phase synchronization, hybrid Cramer-Rao bound (HCRB),
parameter estimation
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