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Abstract

Corresponding MIMO radar signal models are established according to the modality of signal pro-
cessing in parameter estimation and detection, based on which the working patterns of MIMO ra-
dar can be classified as coherent processing and non-coherent processing. On this foundation, the
performances of estimation and detection are analyzed in detail, primarily focusing on the differ-
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ence of two models, which support the conclusion of the rule for configuring transmitters and re-
ceiver is provided based on the analysis of effect to performance. The simulation results show the
effectiveness of the proposed algorithms by quantitatively analyzing the main factors affecting the
capability of forensics.
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1. 518

VE A TR IA 1482, MIMO (MIMO: Multiple Input Multiple Output) & iE B A #E 2 A, —H2
SR T TG . AT MIMO T IAK A KEIBERCE , R B A& f Y e, wnnFl
FH 723 0] 73 B3 5 SR R B A R A A TR RE[L], BT R ANFLERAMRIET W, BAH
KT S0 AHRARX T F X MIMO FIAT S, Tk EER H FESIE 5 A B G, Tosesl
7 oA MIMO 55 38 3845 5 B0 e i R HE £ [ 2] [3]

T34 2 MIMO A S8l i 8, Lehigh K%/ R.S. Blum. H. Godrich UL Q. He & BB 5%
T A MIMO & IEM TR H bR 2 A0 17 i [4], Xt 7iz3€ - 2 54(CRB: Cramer Rao Bound). #flZk
PETE M fiti B A0 L ARTKS 2 5] -1~ (GDOP: Geometric Dilution of Precision)i#E47 | 70 #. J. Li 7EL LAl FHE S
AT T AR TR A TH CRB, IR T S8 T ISR R [5],  45-& i KSR (ML: Maximum
Likelihood) fti i+ 03 o] DASE LA U 1F, AR2 SO P ESEUS T N AR, BHERVCEC I e, X JF
g4, Ak, Youssef Fayad 45 &3 FE i1 1) CRB, 07 1 At 5 st TS5l M BE e mae], 5k
WRANZE 22 i ) 38 A i A RO Y SR AL SEILEC & S8 v, s 7 FLAGIE 7 33 5040l A AE A5 X
AT AT A, BRI WS RASUE S5 1R i A — 7] [8]. B ARKSI— ELAR 2
34 MIMO A AU E a, X TAOC TARERI, HAs vk S ek B A [F, M s e TR T
MIMO T IA AT 1] 3. JEAEF MIMO 853 PRSI 1] B3 T W 9 K Bk, — AN H AR 1A 5 1l S AR O
] RE[8], — N2 B Ak I T 115 e L R AT 1) B, RIS [RDEE H H b (RS 5 S e LU AN A [9] . 3% B3 S5 4R H
—Fp MIMO Hikfl &0 GLRT Al 25 [10], B EMR P& AR AN SH0) S 2% 8 50 F I B AR ) @ 5k
Sk B L MR TR ) GLRT K 28 5 A F-HLEk MIMO F5i%, #2H T MIMO-GLRT il #8[11], {EAG M
AR T RSB IAEL, bR ZE OB S, ARG bR,

AFETAFE R EAMAE, HEFH MIMO B 1A AH T AL ERFIFEA T A FE P Fh TAERE R E A, o
B T AR T 54T B AR S S 8GO rERE, #5300 T AR5 5047 BRI A [R] A A7k 7 2 DA B SR sl H500] 14
RERIEZNA, WRIUE T MIMO ik AHEC T A% T IA N B 4% H AR R I BA — @ s s HAERE— 7048 B tHEERT,
AT LB AH TS EUs T ERE, JRRR T8 B A2 .

2. 9% MIMO FixpyE @R
AR MIMO 518 - B AR E, WK 1 AR
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Figure 1. Configuration of distributed MIMO radar and target
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Xo =% Yo) o KBRS AEIE T s, () 25 q DESHARUR G, #58 | ERs R i = =5

CEZVSF

i ()= VE/Ms, (t_fli )pl?( +ng (t) @
A P;i :éﬁ eXp(—jZTC fe (Tli )) ’ Hz’l?( :[\/(X; X )2 +(y; —Yq )2 +\/(XIr —X )2 +(YIr Y )2 j/c ORI
AR AT .

T SR A DR R B P ) Q AR L PO A, ST T 0 H el
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ke e N EN SRS IRGVAE
N (1) ={E/Maoys, (t—7, )+ (t) #)
Xhoy =30 ol -
BRI, 58 | AR Rl B S B ) 1B A5 5 2o BT RS slion A5 5 TR &, Bl

M
r(t)=E/M kZ;O',kSk (t—zy )+n (1) 3)
TR & K FTEIEAR LIRSS, W A 5 AT ILRCIER: . B, vlidN:
Y| :J.Sl*(t)rl(t)dt:\/E/M“l tW, (4)

Xy, :[Y|1v"':y"v| ]T +Sy (t) :[Sl(t_TI1)1"'lSM (t—T|M )]T , Hepw, by, AL HAMERECR b ORIE | EE
REFE, DR T A [ 8 T 3547 TG P 308 30k ) P SR FH AS R PRI B 4E , DA 75 UG T 8 48 P i HE 0 B ) B3 5% o
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y=H,,E/Mo+w (5)
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w=[w] w, - wh | e B ew HEM, wRAEBSEE S, Bw~CN(0,6%1). o hiH#R

RCS Fih s
TS5 AR =10, Ny | FIFRIER, AT, XA AL o, , AR
BRI AR RN:
r(t)=yE/MHs(t)+n (6)
-
A H=| | Bt
vy - O

Hit, g6 LRPRERR, EXENE SHATILERE G, B3 ly flw RRER GRS

M, UUCHD SRR A:
y=Hl,01/E/Mvec(H)+w @

SReh vec (+) A RS R B 1981 161 B

HEERERZ, ST MIMO BESHSTFRIVCHC R, SLBbr LRt fE A se gl iy, B
EMTFFRULE A ESZR BrSE. S THRNmS, AT RN, #7800, BEAeERNHE 2
SER T VLEC RS, HAE SR (T) iR
3. 9% MIMO B A TIEER

MIMO FiAR BNEAEARRE LM Frl e A AT B M TRE, HSEM TS HAssER, Fiks
HERIEFERT SRR . MBERERE L. BEHRAEZY B BN, THABRARLES T AR H AR
RTEEN, HNAS[F B IE R Bl i SRR AR BT, Bl: MIMO 518 TAEEIRME T M Hir
N HAME R B S H AR, BT A R T F— HARE R E N, SR EFMHA R, SEiEfREIR
MR EREME, RERFEN LIRSS B0 RIEERT S IR ZE . MRS HEATAME, DA & 5@1E 1 =l
WEAGWAETE, Bl: MIMO &1k T/EAEM TR,
3.1. MIMO BiAH& i EaE

EFx o A2t MIMO FIA IS EUG T8, B aTrIst st T BRI B MR, S S
AT CRB, FF3:T CRB 3t il LAt B ik Sk sl L 2

1) JEMF MIMO FHiE

Q. He Z5[4145 T HEAH AL BRI H AR FEAh TH 045 S48, R

M
n(t)=>.JE/MS,s, (t—7, )exp(j2nf,t)+n, (t) (8)
k=1
A, n, () FRBBOmB N EE S0 S, B E RN o2, f, NEZ W, 2 BRALE (x,y)
G (v, ) B AET AT, G SRS RS AR MU R, #0500 2NM + 2 4E (5 i
0, B10={v,,V, Cons oo S G |+ IR SUR A B0 1 =, (t), -y ()]
T RIS RO ME r, HBR%EREACHN f (r]0). BTSN e, HEod
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B 1S B RIS 5 PR eR 5
1N 2
Inf(rie)=——=>[|r

O, 121

dt+C 9

| (1)-VE/M kZ;é/u(Sk (t—= Jexp(j2nf,t)

CRB £ &A1 J71% % (MSE: Mean Square Error)ffJtriEz —. #£5 CRB |, 752457589 #UK
4 ELBE(FIM: Fisher Information Matrix), 3(0)=E {V, In 1 (r|0)[V, In (r[6)]"} . i CRB HAy FIM
W, B Cope =[3(0)] -

PR 20 0 (Chain rule), SERHAEFERIAREGE B, I L AA MR FI LR IR0 2x 2 50 eIERE, B S0
BB o I A, T C R

(10)

H -1 CRBV L]
Cte =(UDU" —UGL™ (UG)™) =| ~ ™

« CRB,
y

K HEREMEAE M ZANSERE, BInEEEK. R, BAERRIEEE., Bk R
K. BOGEBRMEE BRI, RSG5 DL BR TR 238 8 ek o iSO ek i H RN B A

2) T MIMO Fix

A. De Maio Z5[3]#F ¢ T #HF MIMO ik BAGTH1E SRR, B,

M
t)=> JE/MSs, (t—7, )exp(—j2n f.z, )+n, (t) (11)
k=1
R TN RATE SR, RS0 WIEALE . BRI, 0=[xy.C0ln] - BT HERLE
W] I 4E 7, 5%, AFAEERIEN, FIM T2 J(0) = 0y /00 3 (w)(ow/d8)" :
HF AR RIS g OGS T, B R B, 10 f (r | y) FRA:
f(r|\|1)ocexp{ ZZJ

o, 12

r(t)-E/M ;gsk (t—7, )exp(-j2nf.z,)

dt} (12)

458 FIM BJE L, g Bl y AZ R FIM #2208

A \Y%
I(y)=| " } (13)
W3 o
NM 47 f SNR _glm gre
KA, =8’ SNR(f2+4°)1, ©, =SNR—Z1, V=— P | fEMREE SON
|§| |§| _gim gre

SNR:‘JE/MQ"Z/G,?, AL B =] (S (1) df /[ [S(F)df . WONES W
B TS H b R B AR E 2 BB, F7R N CRB, = Cgpg (L1),CRB, =Cpg (2,2) » Hl: Cepg
H BN A LR AT 2% 2 P BB C R

CRB, J
Cx.,=| e CRB

FENNPERE RS (] A, 24 SNR 295 K, ML i35 )5 iR Zrl i felis # CRB. ML fhit2s v %R
5

(14)
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0,, = arg{meax{ln f(r] 9)}} (15)

3.2. MIMO EiXH) BFre& g

A MIMO B 3 PR Wl 5 4% 495 7 S W R AR AR DX AE T2 A% 0 1A AF 428 B 1 R 2H ) 7 3K (netted
radar) & @A T15 S AL, S R T A RN 2R R IR A I E RE, T2 Al MIMO ik E 282
RS A, S48 73 1A) 73 AR 1 ok o5 H A e ar 1 e

1) JEMF MIMO FHik

E. Fishler 5[2]45 th 1 AEAHF AL M 1 78 43 G i B0

Lo
T=y y=Z|yi| (16)
Kby, BIFE Yy KIS | NrE, SRR3R G BNk, B

1
Ho:T ~ EUVZ\/ZZZMN

(7)
1 E
H T~ E(G\i +VJI§MN
LRI R Sk R RS AR 26 43 0l R 7
2 2
P = P(T > 7/Ho): [ZZMN 2 O_Z) QZZQMN [G_};j

- _ 2y
Py = P(T 27/H1)—QZ§MN (O’vzv(l+SNR/M )J
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2) T MIMO Fix
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ML, B (1) = JE/MEs, (t=7, )+ (t) > TS | st Bk 20 6 a9 T w4

() = JEM S 85, (t—7, )+, (1) (20)
Reft py, = Coxp(=j2nt, (n)) . ¢ ~CN(0.1) . DLALHENG, el s i, .
Y =VE/M Ly +W (21)

xf BRI EALSREL,  HE— DR AR Bk b, B

) JEY

= 22
f(y/H,) ™ K (22)

K n, 5 k 5 WIEE TR F . "R gt EAR:
T :| MN 1| (23)
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Figure 2. CRB of parameters estimation of distributed MIMO radar
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Figure 3. The Detection of distributed MIMO radar and phased array radar
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