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Abstract: Distributed radar with moving platforms can enhance the survivability and detection performance of
a system, however, it is difficult to equip these platforms with sufficient communication bandwidth to transmit
high-precision observed data, posing a great challenge to the high-performance detection of a distributed radar
system. Because low-bit quantization can effectively reduce the computation cost and resource consumption of

distributed radar systems, in this paper, we investigate the high-performance detection of multiple moving

WehsE: 2023-12-19; B EH: 2024-02-24; PIZEHIR: 2024-03-13

MEEEE: S kussoQueste.edu.cn *Corresponding Author: YI Wei, kusso@Questc.edu.cn

EEWH: ERAREHE4 (62231008, U19B2017), HJe @i AR L 45 9% L Tt 42 (ZY GX2020ZB029)

Foundation Items: The National Natural Science Foundation of China (62231008, U19B2017), The Fundamental Research Funds for the
Central Universities (ZYGX2020ZB029)

TifEESH: ZH  Corresponding Editor: LI Yang

©The Author(s) 2024. This is an open access article under the CC-BY 4.0 License
(https://creativecommons.org/licenses /by /4.0/)


http://radars.ie.ac.cn/CN/10.12000/JR23240
http://radars.ie.ac.cn/CN/10.12000/JR23240
http://radars.ie.ac.cn/CN/10.12000/JR23240
mailto:kusso@uestc.edu.cn
mailto:kusso@uestc.edu.cn

3

Wi s B 6 oA SN I8 R 408 H R R EURF RO Aol 530

585

targets using the distributed radar system on moving platforms by adopting the low-bit quantization strategy.
First, according to system resources, multipulse observed data of each node may be quantized with a low-bit
quantizer and the likelihood function relative to the quantizer and states of multiple targets are derived.
Subsequently, based on the convexity of the likelihood function relative to the unknown reflection coefficients, a
joint estimation algorithm is designed for the Doppler shifts and reflection coefficients. Then, a generalized
likelihood ratio test based multi-target detector is designed for detecting multiple targets in the surveillance
area with unknown states, and deriving the constant false alarm rate detection threshold. Finally, the optimal
low-bit quantizer is designed by deriving the asymptotic detection performance of the system, which effectively
improves the detection performance and ensures robustness. Simulation experiments are conducted to analyze
the detection and estimation performance of the proposed algorithm, thereby demonstrating the effectiveness of
the proposed algorithm for weak signals, and showing that the low-bit quantized data can achieve detection and
estimation performance close to that of the high-precision (16-bit quantization) data while consuming a
complementary 20% of the communication bandwidth. Besides, according to the simulated results, the two-bit
quantization strategy may be a trade-off between the detection performance and resource consumption of the

distributed radar system.

Key words: Distributed radar systems; Moving platforms; Targets detection; Low-bit quantization; Optimal

quantizer

1 3|5

I AL R G A AR IR A A St 1
XTI 14 7 4 30 R VR i 23 R e P I EZ N
THEERGE, LA TRIE LRG0,
AR R 18 B ST R (59 ) AL 23 A1 U A
RGUES AL e e, 38R R T R S AT
P, oA B RGEAT ARG R H AR A F U
R SR 5, 3k T ek 2D e R O A R i AR
(Radar Cross Section, RCS)N¥k 5| & 1) & FitERE
TEU TR AT H AR E) o SRR TR i R ST R
PR BE RO A G B A2 A o [ 5 Y R
BN LR H AR AE SERR R A R PR, SCHR[12,13]
oy 2 HARFIS) HARFEITRIE T, $27t 1 SEBr
Mo A R L R G R BE LS AT SEME . Bt
Ab, RRATRELRIE T 1A RGAE &S R I T T AR

FFRETT, AR IEHG A SN IE R GE AT R
FARBEELCE & M, DUEREE AR 8% TR
LBl RE R E, TP RGRSE AR

-6 oA IS RGUMEL T AL GelE 2 5 mi TR
ERGMMEREAS W1 FTR . REMEIT G
KL L RE B A A A 2 RO, A
B3 B BRI RO (0 FURE A 3R DL R AR B E <5
FBL RN B AR RN RIESE T R 4
MR S VE . BAh, Bt — B3R T R G RIER I
YERE, P& oA U IS R G0 Be A LAl (5 N 2%
e %5 S RGO AT REED, R TR A £

TE%DTE Qo WHEIT, ZRTHERG M3
U, P& o Bl AE R G DAC B R AR H il 98
M TG T AT 19 s 0 vtk P WL I 0ol 5 J % 22
Rl L,

DN IR, B SR TR

i 5 T I8 A e e B V- J— /3

G A X B R G o X

RFEiE
B H x

e WTR
BH e

K 1 30 G A N Ik R GUHE TR S0 2 19 I TE RS 2 n =

Fig. 1 Hlustration of the performance benefits of a distributed radar system adopting moving platforms compared to the fixed nodes
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Fig. 2 Schematic of low-bit quantization for distributed radar systems
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