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Abstract: Scanning radar angular super-resolution technology is based on the relationship between the target
and antenna pattern, and a deconvolution method is used to obtain angular resolution capabilities beyond the
real beam. Most current angular super-resolution methods are based on ideal distortion-free antenna patterns
and do not consider pattern changes in the actual process due to the influence of factors such as radar radome,
antenna measurement errors, and non-ideal platform motion. In practice, an antenna pattern often has

unknown errors, which can result in reduced target resolution and even false target generation. To address this
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problem, this paper proposes an angular super-resolution imaging method for airborne radar with unknown

antenna errors. First, based on the Total Least Square (TLS) criterion, this paper considers the effect of the

pattern error matrix and derive the corresponding objective function. Second, this paper employs the iterative

reweighted optimization method to solve the objective function by adopting an alternative iteration solution

idea. Finally, an adaptive parameter update method is introduced for algorithm hyperparameter selection. The

simulation and experimental results demonstrate that the proposed method can achieve super-resolution

reconstruction even in the presence of unknown antenna errors, promoting the robustness of the super-

resolution algorithm.

Key words: Scanning radar; Angular super-resolution; Unknown antenna pattern errors; Total least squares;
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Fig. 14 Two-dimensional area target processing results under large random errors (£=0.2)

4.2.2 FEEHRLETHEBRERMEENIE

FEAT T, 8B E AR 15 M LR IGAIE 32
JHERItERE, HT RSB S0 H R4 54.2. 191
i H AR 07 EARE o O 7 5 B PPAN T H b 6 E 4
R, BATELFEENIRZE S RERZS S T HE
GM (Entropy) SR Nl S An e, BRI N,
R W 7 % S R R

LT BB R R IR S, BB (5 e LE OB e
PIRITER) H AR B MERE A 2 R IR D ST S
FE ARG 4EPIEE R T i% . L2IEMETTE. IRN-

L1773%, FEAEWEEE>10 dBIY, ZASCHTR I TVELE
BB TS W%, U] 7 A

5 SEMIEIUE

ONSGE T SREVEAE SEB B H o (A R, AT
AT H AW R T IA RS, SIS B I
BEATAEEL. B8N R A e 2, WA A ) 1)
FEON10 mo TR X R G SHAR3FIR.

K119 (a) v e ik FH 8 2 AL B 10 S 0 3R 8]
B, BATAT AT RPN A S ) S R Rl R B A —



662 A AR (R0 B13%
3900 3900
3850 3850
. 3800 . 3800
E 3750 E 3750
% 3700 %:}_ ?T()(J
2/ 3650 3650
3600 3600
3550 3550
3500 3500
-10 -8 6 4 -2 0 2 4 6 8 10 -10 8 6 4 -2 0 2 4 6 8 10
JifLiE (°) JifiLlE (°)
(a) NS R m1 3 (b) HEANILIER Tk
(a) Noised real beam echo (b) Wiener inverse filtering method
3900 3900
3850 3850
3800 3800
E 3750 E 3750
T
i i
== ==y
3600 3600
3550 3550
3500 3500

-10-8 6 4 -2 0 2 4 6 8 10
JifiLiEr (°)
(c) L2iERL i
(c) L2 regularization method
3900
3850
3800
3750
3700
3650
3600
3550
3500

FEE M (m)

-10 8 6 4 -2 0

-10-8 6 -4 -2 0 2 4 6 8 10
Jifizal ()
(d) IRN-L1J7#%
(d) IRN-L1 method

2 4 6 8 10

JrficrE (%)
(e) ARSI TTE
(e) Proposed method
K 15 BRI+ BENLIRZ T 4k H AR BEEE R (v=1.2, £=0.1)

Fig. 15 Two-dimensional area target processing results under little broaden errors with random errors (y=1.2, £=0.1)

i, TiESHE. E19(b) MK 19(c) 537l 2 4 4 1% &
WS L20E WAL ik AL ER S5 5, AT DU BB A 7 vk
BRI TS, (HRM TR -am, mh
AR TEIEIX 2 B19(d) FRIRN-L1J7 3% b
PR, BRGNS AR, (HRZ R
ZERM, AR BRRTE T LAY R, TR AE s
FI19(e) AA IR 7 AL B 25 S, AR S v
PLsea s ik Bbs, BEAEEMRM SR, 45
ey S EHE A 3G HRAIE B T AR SC TR 7 VAR SE bR
I RE SR AR A6 G 7 i A B RR

6 %58

AR —FIARFIR LT 17 BHRZE 26 T B4 4
TR HITVE . HET BRI ZaReEN, A
PR JIEZ5 RS T 07 A EIR ZHORE I, S T A R
HAReREL IFRASAEIBUNEIL T HARRHCR
fifto mHBR T HBRS SEINEE AR BSR4
JIAE—RE WIRETT A IR ZE 26 T RESE DU H b
WA R . TR P57k, fEfERRE
>10 dBIY, RE—EFERE SRR R LT 1A R ZE SR
JETE MEMONREANZL isE, AT AL BAOR .



3 gk HAE: SR AR IROR AR Z T 1) ER ZE R MR H x4y 3% i U7 1% 663
3900 3900
3850 3850
3800 3800
E 3750 E 3750
E 3700 £ 3700
o e
& 3650 3650
3600 3600
3550 3550
3500 3500
-10 -8 6 4 -2 0 2 4 6 8 10 -10 -8 6 4 -2 0 2 4 6 8 10
JihirE (°) Jifrm (°)
(a) g SEJ8 3R [l (b) YEGNILIEDE J7i%
(a) Noised real beam echo (b) Wiener inverse filtering method
3900 3900
3850 3850
3800 3800
& 3750 E 3750
T 3700 E
= = 3700
3650 &= 3650
3600 3600
3550 3550
3500 3500
-10 -8 6 4 -2 0 2 4 6 8 10 -10 -8 6 4 -2 0 2 4 6 8 10
Jifir (%) Tifri (%)
(c) L21ENfLT7i% (d) IRN-L177#%:
(c) L2 regularization method (d) IRN-L1 method
3900
3850
3800
E 3750
E 3700
i
3650
3600
3550
3500
-10 -8 6 4 -2 0 2 4 6 8 10
JrfrE (°)
(e) ASCIRI T
(e) Proposed method
P 16 BRI+ BEBLIS % F ST F R R (=14, £=0.2)
Fig. 16 Two-dimensional area target processing results under large broaden errors with random errors (y=1.4, £=0.2)
1.8
16 F777me~e
~e_
1.4 ~~.
G- - — — _ o _ N
1.2 $<-
B 1.0 ¢---"ec-—-o o _g———o-—mmm
0.8 AN
o MR e
0.6 L20EtE >~
-e-JRN-L1 Te -
04 °° o R T
- - FrhdJrik
0.2
5 10 15 20 25 30

fEMELL (dB)

17 ANIRME M N PG00 Hh 2 18

Fig. 17 Image entropy curve chart under different

signal-to-noise ratios

18 ffi A & A BOL 2

Fig. 18 Corner reflector laying optical figure



664 TR (P IEX) #13%

* 3 AWBARGEY

Tab. 3 Scanning radar system parameters
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Fig. 19 Experiment data processing results
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