F15%6 5 1M IR AR (P ) Vol. 15No. 1
20262 H Journal of Radars Feb. 2026

ET WM E N EN S BEFERRRG T

A& FbmS % T KT HEL KkiE
(B HEXFEFTHEFER K 410073)

T FH0 IR IR AT IT 17 2 M B LT Ok S 302 H AR 73 9 DR XE LR AL AR BERA PR 19 A, 208 H — ik XL
W0 2% W13 [7] () 22 3 8 B TR BT AL AR 5, WS T — A SR OB e B A BRAE 2R . 58, OB HAREE A T
P2 (NEN), 3T B3 b 07 Z2 R0 FE AR AR TN 0 9 F AR Hok, ARAE H AR SR sl A B0 2R s BE Al T 1)
Z(AEN)BEA, ScHlsbs BN B s i o fhivhs foa, K ERSESAEATHEE v ERE R, 4SaIREEN
S S R AR R A TR " AE B AR . D NSNS 5 AR ) M T SU 0 WA, PR TT iR AE IERT AL
XS BE 5 S0 A LB R 55 5 H AR S BN RN 5 T AU R, 78 H AR BCR Al T L AR I8 2186.75%, A1 Al
TR ZAE R H brs 5 MR T0.2°, AR E 1 RTLRR & .

KA. ZIWEHRL; ZHAEDYE ATURE: XUNSEDE; SHhiT

FESES: TN957.52 XHERARIRED: A NEBRS: 2095-283X(2026)01-0196-19
DOIL: 10.12000/JR25121 CSTR: 32380.14.JR25121

SIAARTN: JA Sk, NI, XUAT, S5 T X000 2% Bk [R] 1Y) 20 3 18 B X mT A RUR OT VR (D). B IR AE R (Hh ET), 2026,
15(1): 196-214. doi: 10.12000/JR25121.

Reference format: ZHOU Zhuojie, LI Yueli, LIU Ke, et al. Multichannel radar forward-looking imaging method
based on dual-network cooperation[J]. Journal of Radars, 2026, 15(1): 196-214. doi: 10.12000/JR25121.

Multichannel Radar Forward-looking Imaging Method
Based on Dual-network Cooperation
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Changsha 410073, China)

Abstract: The challenge of distinguishing multiple targets and mitigating image blurry caused by Doppler
gradient disappearance in the forward-looking direction of moving platforms is addressed through a
multichannel radar forward-looking imaging method based on dual-network collaboration. The proposed method
establishes a hierarchical, cascaded, end-to-end processing framework. First, a target Numerical Estimation
Network (NEN) predicts the number of targets within the main lobe by analyzing the characteristics of the
echo covariance matrix. Then, according to the estimated target count, a pretrained Angle Estimation Network
(AEN) model is dynamically selected to determine the azimuth angles of the targets. Finally, target intensity
estimation and two-dimensional projection imaging are performed in combination with an improved iterative
adaptive algorithm. Simulation and experimental results demonstrate that, compared with conventional super-
resolution algorithms, the proposed method achieves more effective simultaneous estimation and accurate
reconstruction of parameters for both strong and weak targets in the forward-looking region. Specifically, it

attains 86.75% accuracy in target number estimation, while the root mean square error of angle estimation
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remains below 0.2° in two-target scenarios, significantly enhancing the quality of forward-looking imaging.

Key words: Multichannel radar; Distinguish multiple targets; Forward-looking imaging; Dual-network

collaboration; Parameter estimation
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Tab. 1 Simulation parameters of the forward-looking scanning radar
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Fig. 6 Performance comparison of target number estimation by different methods
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comparison experiment

FbRA 4 RS () U 353 (dB)
K=1 05 10
K=2 [-0.5, 1.5] [5, 15]
K=3 [-1.5, 0.5, 2.0] [1, 10, 19]
0.15 1.0

AU E S e HAR DR AR ARSE, B R (B Ik
JE 5 ML 20 dB, Zent FiAb B S SR A AN [F) Sk
AT A XS b o A G S A8 FH s kb A 10V 61
TAA ) 23838 AR T7 v, BE IR ah Sk B R ab 22
WAE LR35 B i BB, 7E B AR SN o
BRI A FE AN AR B 43 75l 1 B T DN 28 R 7E 4.4 715 45
B TR IDNN, CRNZ%, 2H i TDN-DNN
Rk 2% 5 TDN-CRN RN 25 4514, ENEN-AEN
PRI 25 EE R BEAT RAG AT B, 25 A8 (b)—FE8(f)
Fim o

BTk R G 25 AN 8 (b) B, AL G L ik
PRHTRAZ TC T2 (R — R A 1 24 H ARt AT 2%
rHE, AL B A H AR R E, SEULH
o (8] 86 2 EANIE A7 78 W 55 190 7 A6 1) B 0 %2
KI8(c) TAAZ i s G A H 2 1l 8 $2 1) 25 380 F |
FE, fE— @R B T Am s, {E1S H AR
TE AL FAF BB RA > 55, SR, BT TAARIEXY
W 75 R A R 22 ORI, R &5 R R AT =g
FIFHE N, BT H AR R RS 5O RN
F18(d) TDN-DNNZRIBE W £% 7E RHR A X S 1 J7
AL B ARA R B, ABAE IE AT T 7] X 38015 &%
PR K8(e) TDN-CRNZRIK ML FEASZIL T 5 H
BT AL 2 B, AH S HARTE T AL B A R,
HA ] WA 2 5 A . 0 KIS (f) PNEN-AENZ
E R 28 A B T R R SR T, B X I
M EPRIBEW P HREE AT NES, S ER
5 S [ R 5 1) A5 5 SR S5 4 AR AL /N [ LA o

B9 (a) 35 (1) A H ARB SO TR AN (1)
MPBE, Hbrl—BHARSHIZIE S AME0~20 dB, 252,
AT m BARI SRS T FA S HAsM I, SR
H G 45 R anEoFR .

& G5 B KR G S5 SR 9 (b) BT, AT LA 8%
B SHFRE ALV e JE, BAFEAN TH o B

RMSE (°

RMSE (°

f5WEEL (dB)

f5WEEE (dB)

{EHELE (dB)

-+ AEN 2% -+- CNN-LSTM M %% - DNN 4% o CRNM %%
(a) K=1 (b) K=2 (c) K=3

Kl 7 ANIE H RN EOR AL TFRMSERA 5 1 L AR i 2

Fig. 7 The variation curves of RMSE with signal-to-noise ratio estimated from different angles of the number of targets
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B E AR S B9 (c) NTAAZ EIE K% 45

BRI T JiAnm B EARX Sy, B H AR AT
VWFERCTE, BN THEE RAFE — B R E, B HGS
PRI R BN R E9(d) N TDN-DNNZR
W28 R SE A, TR RAR A5 R, AL IXIRGVE
WSS R H AR, EIERTRLX 3 H ARAE 7 7 ) b
PAIX 43, 3 Je R Dy 24 H A 8] B B0 H. 38 55 A8 R
W2 N MR R BR, S BURAAS 3 B ARECE A A B

PERR MG THE, SEMBUREE R El9(e) ATDN-CRN
TR AR A5 S, o5 H BRTERE 15 ) A5 3 1) | S
1FB)THBE, ABLE H bR E A 5 R
o FE9(f) INEN-AENZL KM 25 BAR 45 3%, HHEE
FHAMF T, NEN-AENZLIE 458 6 1 Rk 5
VIR A AS RS R AR 6 420 560 8 % 68 S B P s R 1K)
WoriRzE, IO AL TS, R AR E AR
BRER T



JE AR T X 45 W I ) 22 3 TE R A BT AR T 207

w1

1750 0

1740 bR H brs 08

1730 L & & 1) 0 ' .
1120 | 0.7
E A - - 0.6
= 10 agRe Hinle
E 1700 |t 0.5
= 1600 | 04
os

1680 1 Hpr17— Hir24 0.3

1660 | 01

1650

-15 -10 -5 0 5 10 15
Fhif (°)
(a) R4 2 HERA A
(a) Original point targets distribution

1750 0

1740 t :

1730 | 0.8
1120 ¢ 0.7
E 1710 | 0.6
E 1700 | 0.5
= 1600 | 0.4
os

1680 0.3

1670 0.2

1660 | 01

1650

15
Jibisi (°)
(c) TAAZ IR 54 5
(c) Multichannel imaging results using TAA

1750 0

1740 | @ 'R 'Q | ] :

1730 | @ e v M os
1m0 | 11107
g 1710 ) i 0.6
£ 1710 al ﬂ ﬂ @u [ "0‘ ) '
E 1700 t 11405
= 1600 | 1H 04
=y

1680 f @ w Py % Cy Tl o3

1670 | 1M 02

1660 | 10 0.

1650

-15 -10 -5 0 5 10 15
Tihish (°)
(e) TDN-CRNZL LM 2% (5 45
(e) Imaging results using TDN-CRN cascaded networks

1750 0
1740 : :
1730 Mm%@ h@"l I 0-8

17120 ‘ 0.7

E 1710 . 0.6

£ 1700 &3 @&b lp@ o 0.5

= 1690 0.4

os
1680 ! 0.3
1670 ) { ﬁ@'é o ff ' 0.2
1660 01
1650 '

-15 -10 -5 0 5 10 15
LA ()
(b) BBk ARG 4 R
(b) Monopulse forward-looking imaging results
1750 0
1740 ‘ , % , )
1730 [ '@Q,Wﬂu 0.8

1720 N 0.7

g 17 (. 0.6

E 1710 | 4 W%u@'m‘ o

£ 1700 | 0.5

1690 0.4

~ 1680 " W @ 0.3

| " ' :
1670 d N@’ : 0.2
1660 01
1650 ’

-15 -10 -5 0 5 10 15
TifLsi (°)
(d) TDN-DNNZE IR 46 pli A5 45 5
(d) Imaging results using TDN-DNN cascaded networks

1750 0o
1740 o :
1730 9 do g {0 0.8

17120 0.7

E 1710 X . 0.6

E 1700 F 4§ @ v 0.5

Lﬂg 1690 0.4
1680 N . . 0.3
ol b4 0.2
1660 o
1650 '

-15 -10 -5 0 5 10 15
Titi s (°)
(f) NEN-AENZZ B 28 f (5 45
(f) Imaging results using NEN-AEN cascaded networks

9 AFEIDh 3 = H AR LSRR L

Fig. 9 Comparison of forward-looking imaging performance of lattice targets with different power distribution
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Tab. 3 Quantitative evaluation results of V-shaped array

imaging scene simulation
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