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Abstract: Signal-level cooperative detection based on multichannel observations is a pivotal technique in
distributed Multiple-Input Multiple-Output (MIMO) radar for probing targets via the joint processing of
multiple echo channels. However, such cooperative processing imposes substantial demands on computational
and communication resources. To address this challenge, moving target detection using distributed MIMO radar

with low-bit quantization in the presence of generalized Gaussian noise was investigated herein. In particular,
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the detectors were designed based on the Generalized Likelihood Ratio Test (GLRT) and the Generalized Rao

(G-Rao) test. The maximum likelihood of the target reflection coefficient and Doppler frequency is estimated

using the GLRT, whereas the G-Rao test directly constructs statistics based on a score function. These methods

avoid redundant parameter searches and effectively reduce computational complexity. A Dynamic Programming

(DP) algorithm was used to optimize the quantization threshold and improve the detection performance.

Experimental results demonstrate that the G-Rao test is more computationally efficient than the GLRT

method. In addition, threshold optimization considerably improves target detection performance compared with

a uniform quantization threshold, and DP exhibits lower computational complexity than existing algorithms,

such as Particle Swarm Optimization (PSOA).

Key words: Distributed MIMO radar; Low-bit quantization; Target detection; Generalized Rao (G-Rao) test;

Dynamic Programming (DP)

1 35I§

H2010 LK, 155 S5@E R AR FHHER) 1
RIE RGN ERAKRE, A HE 2 E TN
MEARHRFLE RS . Hd, 754 AMIMO
(Multiple-Input Multiple-Output) 8 i [ FHARE T
BRI, AR ZE S R U R L B 1
FARMEL . R G 3840 1 0 23 A 2R
SR R R 2 RTINS, T R R 45
RIEIE, AR EAH B ARRCSHE AL E] K HIIN
PRI G, 3 b L) SR A% G 2R 3 R IA AL A =)
B, NS BBEIAEE T 1) B ARRINSR AL 1 AT AT ik
FEH TR IEZE M, BUE 5 I E T Ak P E
MR R RS R U 4 3% (Analogue to Digital
Converter, ADC). A1, MIMOTIA R4St K H %
SRR E A B S A e iy 5 SR FH 1) v o PSR
Al LI € R C Yake S5 &/ €/ B R €717 T (S
G ABON SEINHE S AL B B3R TR K,
BE KR A v 1 R A4 B A 5 A0 % B 1 A i T 0
I AR R D L B ORIk I b & BRI R E RN
WL, M ORH FUAE T 2 STk A BLER AR 1
EAE—ENE, HTEERGEMETHEAMR, HiE
B TC BB AE B F TOVE SR A W A i T
AT 7 UK BT =5 st 0 i A P 0 00 5 40 7 R T A% i
B G H 0 ARBOX—FRE], KRR R R
AN} G5 T BEAT TALER 0, R FR SR A5 i 2
R H L 2 T, REEAN TS R B8 2R AT LR
B2, KEONE RV RE S I B R MR R
RERAE

VE M B AT R UK, 1R E AR
AT 4 SR AE TG 2 A B 25 ) 288 I8 AT T S 1k
el R AR o/ 43 A5 AMIMO 75 3 4538 1 A AR
KBTI, X AR B R A S T I 415 S IR EE B
JE48 1R, BRESEITHE B S A7 i R ORI 4R

BRI, AHAE ARG B2 . b TH o iR
KBRS W R . STRR[17) 42
T MR T R KAUR A T B L ELRE R AEMIM O & IA
B AR I, I A A R RE AL S H e
MEFFBCA Ml TE H bR A B 2 8 28, 456 Pifliit
LTRSS AR T RE, SRIR R B H S B THRG
B HMIMO B IA, [R50 25 PR T B 1 A
{E= AT S g hn 7B RSB AR . Rl
H, AT A AAMIMOTE I, SCHR[18]) 52 HE i1 HAR
ADCHMi 7B R Gkl 5 € A 77, Ak
BB IS IR A BT SR AME RS R, FEAR
{5 ML (Signal-to-Noise Ratio, SNR) T fa il V£ g&
Ik AL, (HE MR EAAEr /20 R 22 0E .
B0 1 B AR A AE AR AR M B SR AT T A AE A T
PEREAN R IR, “AARFIRL T 2 R R T, D
S ILAE KA B0HE B 5 D e 2 T) B A 1 1 e AT
Ho FETCLAL B 4515 T AL FAUR, Gaods NIk
TR SEIE MR AR R, LT 2 R R
AR EEAS 5 (Generalized Likelihood Ratio Test,
GLRT)fh&HESE, QIR FH Fisher s AR PRI
WEATIIR, SEI A IURER A4 R KA. SCHR[20]
BE— 0 R R T R PR, AR T BN PR IAEE T
(12 LLFFRaofl & KA & . Cheng® NPUIH [A)12
HEV7 R, Bt 7 EE BRI SRR RN 5 [ 2
FEARZS BN 2 LLRET™ L Rao (Generalized Rao,
G-Rao) kg A il &5 . 7E4 o =UMIMO 75 ik 4,
YangZ: NEFES| NRALEALZS, (#FHGLRTHAIRao
R B0 7 V2S5 45 5 B okl . 7E 23 A7 AMIMO
TSI, SCHR[22) 38 HE- T 2R G i T 1 R Tt
TR LR R AL AR, SCHR [23) 32 TR A H
SR T, R T AT RaoE U ) Bl A K
M, TGN 2 MRS, IR
G s PRI AT EEME . SCER[24) 38 HH T —Fh T X
J&y H B KA AL I 2% (Generalized Locally Most



152 TR (P IEX)

H15%

Powerful, GLMP), @& ZhisEib s, Haair:
RELTGLRT.

BEAh, FEAR R R A SIS B B, DAL
WEIHAFE P ARRE. B LR EESRUES
AT RN G PR S O B R T SN, A
— R ARG ) T 76 A M A% JB 4 50 B 05 5 Ab B
A B ge it e AT E AR, DL R
L i i fr ). EARVER M2, Wang® APOXTx
PRGN HEAT T RGVERI ECERETT,  ARATI7E e e
FHERT, 20t 7T BRI E IR LR a
(Quantize local Text statistics which are Linearly
Fused, QTLF). = EHSTH RIS (Quantize
local Text statistics which are Optimally Fused,
QTOF) L e B AL W AE 5 F a LRl & (Quantize
local Received signals which are Optimally Fused,
QROF) 3fh & ot livEfe. 45R%H, QROF
Ti RAEIRAG e LU B TS B3, MIQTOF 5 R#AE
EE R LU N AL, XA SRS I PR T
HEW B AHE . SR, AT T A v R R
SULAZH ORI b, T S
ZARFMSE(IETE . S5 R BB A il T S A A5
HRIRKSEbRg R, KA HE I DA A &AL
SRS I PEREDL 25 115 it — AR T

o3 A AMIMO TR A % OB AE T8 5 5 K
PRI AL R SRAG 23 1E) o3 4R M 2, T QROF S i i #
KPR £ B 2% 3 (el g b 0 SR AR 45 B U R &
Hbr i A5 B AAL S Z E 8 7)), Nigsh H br
kil 5 28 il TH SRt 1Al . BT AR A
SE AL ER IS FAE I QTOF 5, QROF BL4H J5
BEAAEEEE B RE B0, [FHAE “EHT
S RRIENE, BEARIE S (e S L v
A ) SEI R AL T IR B BV, NI ER THAS:
M. Bh4h, QROFIREE 1 I8 & i 7¢ 4
YePE, NS EEZL HArmER. Bl KBS Ak
RS TR 1 5RERE L . RS QROFXT [al % 95 2R AL
&, HEAEEEAE. B REHM ARG Y BN
JiT L, O B PR AR A T S
PERERI A AL, A ST FUIRHE T L SR e T

gL, BEARFAR TN A AMIMO ik ) 5./
Z IR R IIT R T —E R, (ERARRAFAE
LA Jay R A »

TG, HREHI R, RS B
g 2l i e B R R R, B R
HH IR AR R ARAR, R AN BE B e A2 2% () S B 156 10 5
B RA AL MBS, T A e i
RS HOT W o W (R0 B R (3 1 2

Fhoy A . FEHETHGRARPE . RS EIRT 212551
s, RN I R R AR, T X
BT REAEAG HE VL O IX L8 73 A1, DTN SRR R AR B
ZATHIU N P DR T R R

HR, FEZZHORFFAT T (FIanstxtizsh H s
Rl ) @, B bR IHEUN R B 3E S R A,
W 3k K F (1) GLR T 75 £ 0 2 A AR R0 2 8047 B R AU
AL TH (Maximum Likelihood Estimate, MLE),
H T XL BIMLER @i RiE X, 8% 7 2D
FAE A FERAT AR AR, X AMIG I TR
REE, A RERIWME IR EEA G BN R AR, 52
For 58 () HERF PR AT AR E

SR, A IEEHE /N 7€ (Least Squares,
LS)7ERY, B T B# (Gradient Descent, GD)P1LL &
P FEAAL 5V (Particle Swarm Optimization Al-
gorithm, PSOA)P2EELFp )5k, Hr, /b3
AR B AR TP BV EURR, B AR R
Guik N AERLE . BRIE T RO R Bk #, 1E
A 2 T BN R AR, USRSz b KR
Wi 2 . KRR VR (PSOA) A & —E M4
R, HHMERXN SO E (kT W
PERCE S ) BONEUR, D PN R Bl s AR A=, AHEL
2T, shE&HE](Dynamic Programming, DP) /7%
REf 7E B ER 2 [0 h AT 2 R AR SRR, N
T RUE SRS o) 8 1) 4 R B A A, DG HO&E %8 &4k
WEERRENRE RIS, FN, DP@EdId
e e B IS, A TR I,
Ak HDP T VLT 2 LURr TR AL Bt

BT ERERH, AT RE TR R 7
M AMIMOTEIEE3) H skl iEw 7L, 2otk
A4

Ho— AT WL 7 ) S o A AR
DA EE o7 4 VU e 3 e A0 55

HZ, KHG-Raoki ity @157 s Si it &,
M FHFisher s B PRI BR TCR S EIFEM, AT
AR IR .

=, RHDPJ K% LR E &I
R, 2 m AT R S SO FE
2 [E5EE

¥ 73 A AMIMO 75 A A 15 KON N A,
WAL T e =,y )T € R, ny =12, Ny, %
W5 A N A Bl Tern = (afyh )T e R
ny =1,2,-, Nyo GIELFTIR, REGE& K5 sk H
2 YEIA M (Linear Frequency Modulation, LFM)J#
T, AR ST 251N E ST AR A #2 A1) 46



14

FERFEEAR: 7 S T R 3 TR R B R 20 A sAMIMO TR 832 3 H w77 72 153

1 A3 A MIMO & LAEH 5t
Fig. 1 Operational scenarios of distributed MIMO radar
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