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A Multi-target Detection Method for Distributed MIMO Radar
Based on Reinforcement Learning

WU Xijie LIU Tianpeng* LIU Yongxiang LIU Li
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Abstract: Reinforcement Learning (RL) is a critical approach for enabling cognitive radar target detection.
Existing studies primarily focus on detection methods for centralized Multiple-Input Multiple-Output (MIMO)
radar, which are limited to a single observation perspective. To address this issue, this paper proposes an RL-
based multi-target detection method for a distributed MIMO radar system that possesses waveform and spatial
diversity. The proposed method exploits spatial diversity to ensure robust target detection, while waveform
diversity is used to construct a Markov decision process. Specifically, the radar first perceives target attributes
through statistical signal detection techniques, then optimizes the transmit waveform accordingly, and
iteratively updates its understanding of the environmental context using accumulated experience. This cyclic

process gradually converges, yielding radar waveforms focused on target directions and achieving improved
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detection performance. To facilitate target localization, a maximization grid-based generalized likelihood ratio

test detector for multi-antenna configurations is derived, using regularly shaped grids as the cell under test. For

waveform optimization, two types of optimization problems, namely conventional and strong-target-limited

formulations, are developed, and their solutions are obtained using continuous convex approximation.

Simulation results across static and dynamic scenarios demonstrate that the proposed method can

autonomously perceive environmental context and achieve superior detection performance compared with

benchmark methods, particularly in weak target detection.

Key words: Distributed MIMO radar; Target detection; Reinforcement Learning (RL); Waveform diversity;
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Fig. 1 The schematic diagram of the distributed MIMO radar adopted in this paper
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Tab. 3 The final detection probabilities of proposed method
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Tab. 5 Description of dynamic scenario 1
Hbrdh 5 FrEel (5 € [1,30])(5MELE(dB) MrBe2 (5 € (30,, 60]){5ME:LL(dB) FrEe3 (5 € (60,100)){5MELE(dB) {7 (km)
H#r1 -6 -6 -11 (0, 43)
H 52 -6 -6 ~11 (20, 46)
H¥53 -11 -11 -6 (50, 43)
H 54 -11 -11 -6 (75, 42)
H¥55 \ -6 -11 (100, 42)
H 476 \ -11 -6 (120, 44)
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Fig. 15 Comparison of detection probability variation curves under dynamic scenario 1
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Tab. 6 The final detection probabilities in dynamic scenario 1

BBt WaRiA HFr1 H#r2 H 53 H 74 H 75 H 76
Jiik1 0.9964 0.9864 0.4592 0.5216
Fik2 0.9984 0.9936 0.3916 0.4104

BBl T3 0.9576 0.9052 0.2376 0.2448 \ \
Jiik4 0.6636 0.5628 0.0040 0.0004
75 0.2460 0.2268 0.0008 0.0016
Jikl 0.9928 0.9788 0.2540 0.3252 0.9520 0.4716
Jiik2 0.9956 0.9968 0.2000 0.2252 0.9904 0.3744

F B2 J71%:3 0.9324 0.8740 0.0868 0.1008 0.7804 0.3028
J7i%4 0.6824 0.5740 0.0040 0 0 0
J5i%5 0.2520 0.2092 0 0.0008 0.2144 0.0008
Tkl 0.3684 0.3528 0.8272 0.8844 0.4832 0.9784
J7i%2 0.2676 0.2776 0.8104 0.8316 0.4220 1.0000

B Bt3 T3 0.2068 0.1656 0.5032 0.6168 0.4516 0.9288
Jrik4 0.6644 0.5652 0.0140 0.0040 0.0052 0.0108
%5 0 0.0004 0.2296 0.2328 0.0008 0.2504

W “TREL57 SrRETERITIE . PrRTIVA (IO FARIR ) RUEIRTTE. BIERITT A,

Bt: 0E 4w ol e

PERE. s E K6 R, HHANEERE M
Hix, HAr1—4REME 2 53 E N8 dB, -9 dB,
~10 dB, 11 dB. X} bEJ7VE N SCHR [32] 772 (B T 8%
K AXAF P b o D SI2 B B4 B i T ) BA B SCRiR[ 7] R
(9~ T A N s (4K s i % E AR A B SR 3R 2R
Rk Re i B REMAEHIRZ ).

Z SR EIR,  3Fh 7 ik ARG I g R AR
e an EN TR, 18@%?%&7‘5&51@%[32,7]
T 2 1 4 i BASE I *%‘%@ G EH &I 2 (R 25
BIZE G-I a8 3. WA, FreiiifEY HJfZJEﬂ:
ﬁEIHTu%fﬂﬁx&#‘zﬁl X e R N RIE H bR
g, HHEE TR R R ETE N s, B
FRl—AfPEREZE T R B T A — B EM L. W2
XFECTTE,  SCRRT) T R 55 T B vk ) R A
KBTS FHH B3 R A ALAE S, SCHR[32] 7 ¥R
& RN P AR A Bk R O 2 A il 2 ) B Fx
S Z 5 AR FNVELE B AR AR R

4.3.3 FIHR3

ASOK A 2] 5N A AMIMO 5 15 % 0
SN AR B PR B R EA — S HIE % . A5IE
X, R T W TR S RCSIN R 3
Ss3. s EAA B, HAERFEAL,
RCOSE R F LI IR M Swerling T840 A, 3515 g
tt43-54-8 dB, -9 dB, -10 dB, 11 dB.

AT TR T 5 SR [16] TR 242 i CMIMO

RRNTTE, R TFROR B BN S B R

= 48 H#rd

g
<
6 P

S oyt =
= HAr1
S a2\ i

0 20 40 60 80
XAAFR (km)

100 120

+ WG FARALE o S5 A BRI E

16 BhEBRoREE

Fig. 16 Schematic diagram of dynamic scenario 2
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under dynamic scenario 2
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Tab. 7 Description of dynamic scenario 3

Hbrdh 5 P I5{E M E (dB) 7 (km)
H b1 -8 (6, 41)
H 452 -9 (36, 47)
H#53 -10 (75, 43)
F bR4 -11 (105, 45)
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Tab. 8 The final detection probabilities in dynamic scenario 3

Hirgu's Frediik  SCHR[16]777%  SCHR(16]) 7712 (JTCRCSINHR)

Fir1 0.6720 0.3634 0.7268
Hir2 0.6408 0.3006 0.5701
Hbr3 0.4420 0.2125 0.3689
Htrd 0.3308 0.1494 0.2150
RE2LE 0.5214 0.2565 0.4702
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