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Array antenna fault detection method based on DE-GA algorithm
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Abstract; To improve the accuracy of fault detection in array antenna, an enhanced differential evolution-genetic algorithm ( DE-GA) is
proposed. This algorithm combines the advantages of genetic algorithm ( GA) and differential evolution ( DE) by employing a dual
crossover strategy to help individuals escape local optima. An adaptive weighting mechanism further optimizes offspring selection,
enhancing the algorithm’ s sensitivity and adaptability to fault conditions. Applied to array antenna fault detection, the DE-GA algorithm
models the array and optimizes its radiation pattern to match the known faulty pattern, allowing the faulty array’ s amplitude to be
estimated. Experiments show that compared with DE and GA, DE-GA reduces the fitness function value by 11. 15% and 12.90%, the
mean absolute error by 19. 36% and 23. 85% , the mean square error by 12. 90% and 11. 15% , and the maximum error by 12. 30% and
13.18%. This demonstrates higher accuracy and improved approximation capabilities. Additionally, the algorithm maintains excellent
stability with larger arrays, making it suitable for large-scale fault detection.

Keywords : array antenna; fault detection; DE-GA algorithm; dual crossover strategy; adaptive weighting

ARIETRIR Tk NS 2 A SR 5 G B
Fo RTIT, 52 2% ) R 1 PR 50 AR S R ) = EROR R Ay
JREATE S A s S BB R A7 AE 225 R D7 1) R L
UTARR BB R EAT oL A5 G — IR0 45 NI S5 ARSI L~ T8 A58 Tl T, DA ™™ 5 e K 2k

0 3l

[l

SR H . 2024-04-03 Received Date : 2024-04-03
* BATH  HRK ARFAEA (61971210) (i T4 B EAF 55T RI5 H (2022)/101300275) % 1)



- 34 - LSRR R e o

38 &

PEREFH AR i PRI, A 5l 5 e 5 R T A
A X DRtk o R PR L e

T 371 T2 3 3 A W0 A 1 B0 5 S b, IR AT
Sl 7 B9 SR TC Ul 5 4 S T 3 =2 T B G 2R AR
3 o SR A I DR R O RO, DA S R R ARG T AR
[OFSESEACE = PN il €% miz 2 Rl SO
FUNBFR A R UL R TC S B, o 1 /b i 7 A i
TIF5E A T4 6T F i 7 Ak B A 3k i ik
B A% A2 3 3 PR AR A 1) 2 %) P A 32 38 /I Y
B H . 7R s B BT T4 R 22
HIHOT BEL AR (random Fourier features, RFF)  BF
i A8 A7 4 & JE ™ 48 4k ( non-convex  optimization
NCO) LA L1/L2 ML S5 2R R | X 2677 2 A 4K
MR T B EMIR 2 8 Zis . SN
FEA ARG XF G2, 388 o A 07 15 25 R P ok ) 3 SR 4k I ) A
SR JE AR A ROR 5 22 0 [ PR DGl . AL 42
P T T 40 SR R AR 4 P R 2 2 S8 B T2 W
E A RS R 7 B ) 8 S 3 1A T AR R e L R T
A DA ST M6 AR O AT A VPR A A I A
DC T3 B s ( orthogonal matching pursuit, OMP ) #ll nint
7 48 B35 (bayesian compressive sensing, BCS) , 12
P AT R AL TT R SR A5 B, R X A B B A T 15 3]
Bt AR RS W .

BEAT N TR REH A R Jl e, Bk T8 B B30 125 110 g e
Ry ik AT B R, R s R R
1155 P2 26 1075 16 R 1 3R 22 1Y 2R 3 T2 W 7 i, R
JHAR SR ML 5 12 R $i v 00000 19 ME A 32 ) JF 42 118 DX [ 43
AT B X 24 1 5 SR il /0 A 35645 2 PR S i, RS
N, — PP TR BE 2 2] I B4 5 R Bl e A DU A 8 2% 4
Bk 2= 22 R 4% (residual neural network , ResNet) FHFF
T P50 A 15 e B A T 0 I B X R AR ] AR
BT AR I 18 BE 512 7 v, I8 iz FITE L
G ZAS WAL, 53 51145 i 2 5 AR 07 05 2., 15931
PEREILTS HUBLHY

PRI ISR 55 T PR 47 0K 2 3B A 00 1 280 %%
RAE N i i rp 75 B2 004 6 A 14 s 1) R BE 1
R T v X SRR & L (meta-heuristic algorithm,
MHA ) #5357 H BLTEBF 58 & B9 9L . Zainud-Deen 2 24
PRI HE5E9: (particle swarm optimization, PSO) , F F4£&
PEREG) R A BT 2 BRI FIAS 1, DA 330 i As
AR FAG TS BE . Zhao 25" 48 HY — R cak AR AR AL 57
% (grey wolf optimizer, GWO) , il i3 F| Fi logistic-tent XA
SN IR AL F R, e T A i R BE ) AN SO
Mitra 2520 $ 1 — i ) 2l 359 57 90 il R 288 Wl s A6 0 )y
25, R HIHEAC SRR UL AR , 75 B4PL5 32 55 o 1 4 25 7 1)
Pl 38 B AR SE A A, B 51 SR 4k 4l e i 2 22 H

P A, A% 0 3 T 12 () Ao Ak 4 8 3 B3 15 32 252 )
LGSR s X O AN ERE e WA 1114

T 20 A T B A IR L RS 00 1Y) 3550 23 R A
P AW FE HE B — Fh Rl & 22 43 354k ( differential evolution,
DE) 53 F13% 1% ( genetic algorithm , GA ) 57 1Y 22 4318t
1% ( differential evolution-genetic algorithm, DE-GA ) %%,
i F A DE-GA SE2 ik ia s iy m K, B35 27%
W5 1) DL SR 5 PN () 6 559 1) 161 55 5 o o
5 T} [ Z T 1Y) 22 5, S 4 B TT R 2 DR /)N S 30 I 5
7o 1ZT7IE AT LA 280 N6 2 2% A TR) R, I J o i
YR R

1 WS R

1.1 fRREE

DE 832 F1 GA S 3k 2 B0l A 4y b Al ad R A 8
RS R AL . DE Bk 7 A 31 3% 22 2500 AR Ak ) i
B, SR S8 i, RE A% o A A A B Sl HAE
fift s B E R AEOL T, DE Bk 2 2 AR B L E i
SR, ML R, GA B3R 1] 22 Fh 4 i SR s | RiE
% i R A 5 ORI 378 52 [P LA N R 25 A AR Ak ImD s, P it
KHMIAL R E @A T DE Bk Al GA B, DE BikK
S AR AE 1A DA E 7 B 4 S F G A A T IX 38
GA Bk 3 58 SORS S8R R 7 A Z 1, 5k
T IR AR S TR A BOR %, E s A AR
N SR FE N, S5 T DR 5 S R rh i 25 R sh &
TS XAUM B T Bk S, 52 5 T e 1 i
i, A A5 T 17 S BEAS DU ) E A % . DE-GA 3%
TAERME 1 PR,

1) RASEEPR 7 A FERP R BAG RR H  DE BE AT
HrERR kR, AR BEPLE RS 3 AN AR A
K a,b,c BE—ARAEME v, (1) Fis,

v = F e (" = x) (1)
o, 2wl 2 R RN BEALE U 3 A EOR
IR B o, REIRGASAK . F 22000 RS 51y
W&, Gen JEEARIREL,

2) YR X, JE AT A8 SCHRAE AR LI AN A w
F(2)F(3) WA w38 R LY AN AR B 4, B w AR
LTRSS IR IAT R B R A, 28 SRR
T 3 BE AL 58 XA, K AN SCAR A AR B 3 o 2 TR A A
A, S S R, B A Z B SE 4 A
WHSREGH AR TR IR A G, X — BRI AR
SRS ) J L SE B AR AT

u' =x'(1:p) +2°(p:N) (2)

u’ =x’(1:p) +a'(p:N) (3)
A p BAE (1:N) BEPLEERRRIAE XS, x' (1:p) BAE '



5113

FTF DE-GA 51k A BB 26 B BAs: i v - 35 -

( )

WS

R

| DEs
R

GAH: G R
SriER
L

K1 DE-GA Sk
Fig. 1 Flow chart of DE-GA algorithm

PR L (1:p) EEINMAEMER, ' (p:N) 2« Jefa
K ER (p:N) JEHEN IR

3) GRASELN e, A8 SRR A BEA LR A A i
LR X (4) FoR

w, =v,(rand(1) < CR) (4)
s rand (1) EXEINEIFENLEL, CR 2ZEFHR, v 2
RARABIAE,

5 A AR E R R NS | HAR B dR
PR w  BRUGEAUS  PEAL 1T B A AR Y 3 1
IFic s RIS NI fE
1.2 il SR RE

AL 5 A N ) A% 00 S 3 N7 PREL Fitness BYSK AR,
26, THE S 51 R L (R A5 DL 30 e 4 S 7 1 €] 5 52 o i e
RS 5 1)V 2z ] g R e 8 S BT e 28 A A AN R 5 /)
TACE BE, /N T HCE B, F 5 RS E S <07,
AN CREHARS IR 17, SRR TR AR 1R
2 AL R e S 7 1e) P 5 S o 5 I et S5 1 BT 2R A T
UL SRR 22, EAT FI b, AR 22N O, PR 21 1ij 4 57
LR PR 500, 8 M R MR LU #K i, i
WA B RS2 O™ B B A ) PR TSt A 7

2 WERNEEREIREFHHE

2.1 BFIIRLREFERE X
RS R LR R TR T B R ML BE PR AR 1 52 8 1

O ELFE 58 AR AL PR AR S L PSR DL RS, SEER v
SR FH I 3 R o 1l s R B , 76 MATLAB
o FHER B 51 AR e 8k, TEVBE R A LA B A — Ak il
R B A A e R R A T A
2.2 BEDIRGEPEH TR

HR D)Wk, €& XOTREN JTREIE d FIER
w0 DL DE-GA BE R e S50 (38 AR AR
SR ) DL LRGN A S,

IR 2) A R BR AR A A 20, AT U H S R eR 4L
RS W AT SHUE S % R s s 0

jo CheA X, sin(6) +ar, )

E(9)= izwne (5)

Kb, E(0) K7 0 5 F WS ITRE 0 %M—§~

%E‘Jﬁ”ﬁﬁ, N R i 2 TT AR, IW, 0 R

LHITHIYI S R E AR, kIR, A BIK, X, &
RKELHICHNLE , a, & n" REITCEWVITAFNL,

) M TR MBEA, X TFHER S B 2t
KR IEF Bk el FH A B 51 TR - 2k 50

N
jo Ched-X, sin(0) +ar, )
E(o)faulty = ane <6)
n=1

X E(0) 0, RFFEIRERIBAURER ) b, & n" K
2 BT I — PL Bl R BEASLEL , X Tl e o 2 X1
ARl R T AR,

AR 4) TN REIEAN, RIS KL B R 1 f AN
SR BRI A S 2 5 R e snT LA fag fk
N A 2 A BT B R 2 PR R IR R

M

Fitness = Y, | E(0) 1y, — E(0) | (7)
s Fitness 3240 RE s, POk M 0 Wl e 5 1E A X

ZI2ESE, M6 =—§$n ezgzrﬁm@ﬁzwm

YR 5) I, d AR ER 4) 1 B S O B
Kb/ IMA, 2 SCBIE, #E— DX e AR AT — 9
For, = (8) i,

N s .
E(6),,= Y AN(n) - b’ "™ (8)
n=1

K. E(0),, &35 Ed N1, AN(n) Fb’,
O3 AR R ZEFEFAR SN n™ W31 B TT 1) IE BB A (A

FEFARASIE 0 B 1, 43 51| 3875 i s B T Il e o
TG, EAAE /N T A, AR <07, 75 0], I
EA1”, MEZS R TG LA IR RN, R EA R

error = sum(abs(E(0) —E(8),,) ) (9)
Ao, sum R FNREL, abs ELAXHE PREL,

AHR b, BRZEE O, W/ MR IR PIALBR 4) |, EL#I R
LRI B IR iR 228 R O, A I 2 R 5 B, R ZR 11

sin(0) +a, D



- 36 - G R - C I T %38 4
:b:\/T\cl'Ilczr =8| 2 40 280 -
REASIN e A AN ] 2 iz s
ot 260 o, s MWL
i . ; e ZEAP-TRAESTYE
240
VBB TR
W EE
Pt E
140
N 0 20 40 60 80 100
HARUE/ K
FeplRasH | Y RARER T
“0” AR RIS B33 ik 2
T Fig.3 The optimization process of the three algorithms
N
FEFR i 4 (a) ~ (o) A SCH I H%E S DE 5% GA 3
TE R IR R R B 5 O 1] [ )45 it 2k 18] 4.(d) 24 Dolph-
Chebyshev 75 FH X I 28, BIVSE Rl e K 26 4 44 7 m) &,
ﬁﬁgﬁﬁ 4t AU 7R F IR, DE-GA 555 L4 th & JLF 5

K2 DE-GA B3k py i Feaei i fe K
Fig.2 Fault detection flow chart of the DE-GA algorithm

3 KBERSHT

FESCOE AT | E AR 2 4R USSR A A5 % 7 B
(BN, 2R K B A i 5 S P i e 22 ) 1) 25 S/l 3
PR AU S 2 B Aan & 3 7R, Al LA H, DE Bk Al
GA BIER S 2 76 1618 20 R LA G A8 194 TF 2%, 2
JE RIS, 7E 60 IR AA WS B R AR S . LS 51
DE-GA FiL ISR I W 42 7, 76 Th ik 3] GA B3k
B , ARk A0S BN, A Z5 R DE-GA &
AR R 144.899 1, Hk GA Bk w AL SN
163. 083 3, DE Bk i Ml »5 0 166. 354 8, HHIL AT LIFE
AR RS AR REE T DE BL 1 GA Hiik

—— PR R
--------- AL
_10,
o 20}
= J
& 0t
&
# 40t
-50
O 60 40 20 0 20 40 60 80
faE/0
(a) DER B

(a) DE algorithm

SPREsRILT—2, T DE 5 GA Bikpala g 5
FPRARANZER A, 3R 1WA A S Y 5 12
N £ A P i e B TC i 8 30T S5 P R 19 20, B W% vk
TS B Ty, 5 ek T A

F1 3MEENENER
Table 1 Detection of the three algorithms

Bk Al BT 4R
DE 2 3 AR 4" 7" 19" gy 3
GA 2m| \7(h R 14|h *ﬁ\(ﬂl“ 4(h \19|h ,%—Q@ 14(h
DE-GA 2nd \4(}1 \7111 5’%*\%{9‘” 191]1
N AN AN CL -

2 T EHB M 45 X R 22 (MAE) 3405 251R 2%
(RMSE) Flf KR 22 4Gk LB A Bk i 25 85, A
T BcdiE T, DE-GA 535 1) MAE H DE 5535 fIX
19.36% , It GA 4% 23. 85% ; DE-GA B RMSE [t

0r
— PRl

ol e BRAL AR

20 7

304 ’,"

4 %1 Rl F-/dB

40 H

-50

. L L L L L L L L M}
60 -80 -60 -40 -20 0 20 40 60 80

e

(b) GARL:
(b) GA algorithm




5113

HF DE-GA B 3L 1 B3 R 2R I B s ) ik - 37 -

—— PR
----- P R AR

K51 ¥ /dB

80 -60 -40 20 0 20 40 60 80
FBE0

(c) DE-GAKL¥:
(c) DE-GA algorithm

— SEprlhRE

K51 R F/dB

-60

-80 -60 -40 -20 0 20 40 60 80

bl 1
(d) R4
(d) Control group

K4 3 FhEZAIIE MLk X H Dolph-Chebyshev sk
Fig. 4 Fitting curves of the three algorithms and their Dolph-Chebyshev composite curves

DE 541K 12.90% , b GA F3:IK 11. 15% ; DE-GA 5k
M KR 2 b DE 55K 12.30%), b GA 5 % 1K
13. 18% , ¢ I, 4R A B IS4G 0 1y v %oF e DE B35 A
GA B /IN R BE 45050, AT L 4R 1 xob S 4 i s A T v e
bk,

®2 3ITEILMAEEER

Table 2 Performance indicators of the three algorithms

(%)
ik MAE RMSE KR
DE 19.36 12.90 12.30
GA 23.85 11.15 13.18

R T REATR S 50 () A SR M 7 Ak BHR RS R 31) R 211
e R S U SE TR E . 7E2S L SE g ¥ DE-GA &
DO T HAD 4 SRR, 5 oy 5 R
fhit A, A 12 BT KR 3] 28 BT K LA AL FR A% S Yk
J9 128.9854 ., 140.1904 ., 144.899 1, 159.4827 Fi
158.527 3, SN, B 6(a) ~ (d) Fimn 4 SR my

0

A ML LB 5 S PR AR S 7 ) 18] £5 b 5] B
JL, 2T DE-GA S35 A Bk I-H AR TH B 18 R f)
EARPETNIZACRE ST, DI HE M 1275 34 ) 2= 2 o0k

IR,
330 -

—— 127G

0k 167CkES

i e 207G RS

0T e 2475551

240

MEAE

=210

&

180 -

150

120 . , , , ,

0 20 40 60 80 100
EARRB/ K

K5 53K DE-GA ki fbid 72

Fig.5 The optimization process of five

antennas in the DE-GA algorithm

— SEBRE B

ol AR A A

20 F

30F /

B A-F/dB

.40 |

=50 F

|

F4: 31 R ¥ /dB

-60 L I L L f 1 L
-80 -60 -40 -20 O 20 40 60 80
FIEE/O
(a) 127GXF HL

(a) Comparison chart of 12 units

80 60 -40 20 0 20 40 60 80
a0
(b) 16763 L&

(b) Comparison chart of 16 units



. 38 - S 1[I I IV = 3 38 &
0 0
-10 -10
20 20
g g
N30 M- -30
i 3
2 40 & -0
-50 -50
-60 . L . : L 260 L . . . . .
80 60 -40 20 0 20 40 60 80 80 60 -40 20 0 20 40 60 80
10 /0
(c) 246X Hh & (d) 28763 L&

(c) Comparison chart of 24 units

(d) Comparison chart of 28 units

K6 4 KL&Zd DE-GA FELALE & ik

Fig. 6  Fitting curves of the four antennas optimized by the DE-GA algorithm

4 % i

-l

TEHE T REAY ROk B RO I 7 v v MR A
Jey BB B AR 2 B R ) 17 0, A 3 o7 {1 38—
AME, IR EUMERIEAT R Xk — R, A S fe
T M- Rk TR AR B AL Tk 1 383U
T ARIEACAC S @R S AU G AR L RE A T 22 3,
TRREZ RN, RN, 2220 AR A Y o BB T
U R W L 22 R BP0 E A U E A B R N el
Ak BHEE RIAL BRREIEE , $1 0 T RE RO BIR

gi b RS I DAL S R BB A T
B R RSO BEAG I i, 41 98 1 R 471 R 2k ke I A ) 52 A )
WA, MRS KL 1 S s B A I 48 T — A 3k
MFBL, AR IIBFFTETT PR N T R 51 K 2k
R RS 7 3%

S Hk
[ 1] ZAINUD-DEEN A S, MALHAT H A, BADWAY M M,

et al. Detection and correction of faulty patterns in four-
dimensional antenna linear array using particale swarm
optimization[ C]. Proceedings of the 38th National Radio
Science Conference (NRSC), 2021: 36-46.

LR, R, BROTR HET IWOA-SVM f i Ak
W2 W (0], 7R, 2022, 45(2):
159-165.

JIANGY Y, NIUM Y, CHEN W L. Circuit soft fault
diagnosis IWOA-SVM [ J]. Electronic
Measurement Technology, 2022, 45(2) . 159-165.
BRAE, TR — b RE T AR o I 9 B 51 R A
WMASIERAR [J]. B EOAR, 2022, 45(15)
84-89.

ZHAO J, SU R J. An adaptive correction technology for

array antennas based on carrier phase measurement [ J].

(2]

based  on

[3]

[4]

(5]

[6]

[7]

[8]

[9]

Electronic Measurement Technology, 2022, 45(15) . 84-89.
HIR SR 4x, R ED A5, T R 41 SR 2k e W e 17 R
EEEN TR [J]. AFlsEsEAR, 2021,
44(24) . 47-51.

MIAO J, DOU X Q, NIE H Y, et al. Interferometer
algorithm based on array antenna received response amplitude
correction [ J ]. Electronic Measurement Technology,
2021, 44(24) . 47-51.

k. — PR R R IR AR ZE AT ()], d
fRSEEHEA, 2024 (4): 39-42.

LI L. A method for calibrating amplitude and phase error
of phased array antenna [ J ]. Communications and
Information Technology, 2024(4) . 39-42.

N, AU, A0, AT 53 A1 1 B8l 9K 3l ik B 12
Wrag BT [J]. X Re R4, 2023, 44(8):
181-197.

LI CH, WU Y F, YANG SH. Research progress on data-
driven fault diagnosis with unbalanced distribution [ J].
Chinese Journal of Scientific Instrument, 2023, 44(8) .
181-197.

XIONG C, XIAO G B, HOU Y B, et al. A compressed
sensing-based element failure diagnosis method for
phased array antenna during beam steering [ J ]. IEEE
Antennas and Wireless
18(9) : 1756-1760.
JINY, LI HY, ZHANG D D, et al.

tracking combined with sample weights and adaptive

Propagation Letters, 2019,

Compressive

learning  factor[ J]. Concurrency
Practice & Experience, 2018, 30(23) ; e4398.
FAMORIJI O J, SHONGWE T. A recovery performance

study of compressive sensing methods on antenna array

and  Computation-

diagnosis from near-field measurements [ J]. Applied
Computational Electromagnetics Society Journal, 2021,

36(8) : 973-979.



5113

HF DE-GA B 3L 1 B3 R 2R I B s ) ik -39 .

[10]

[11]

[12]

(13]

[14]

[15]

[16]

(17]

(18]

[19]

T R, IR, 4. ST 0l 4E MUSIC 57
EWECHE S BIs MG (V] Bl S g
iz, 2022, 36(10) ; 157-165.

WEI Z H, CAI D X, YE X Y, et al. Angle of arrival
estimation of bluetooth signal based on improved 2D
MUSIC algorithm [J]. Journal of Electronic Measurement
and Instrumentation, 2022, 36(10) ; 157-165.
MIGLIORE M D. Array diagnosis from far-field data
using the theory of random partial fourier matrices [ J].
IEEE Antennas and Wireless Propagation Letters, 2013,
12, 745-748.

FUCHS B, LE COQ L. Excitation retrieval of microwave
linear arrays from phaseless far-field data [ J]. IEEE

Transactions on Antennas and Propagation, 2015,
63(2) . 748-754.
CEN Y, ZHANG L N, WANG K, et al. lterative

reweighted minimization for generalized norm/quasi-norm
difference regularized unconstrained nonlinear programming
[J]. IEEE Access, 2019, 7. 153102-153122.
3557 T SRk R O I B R 1) K 2k i e
SWiJiik (1], W Bk aE s 4], 2023, DOL: 10.
12265/j. cjors. 2023262.

WANG F F, LI K M, ZHANG Y R. Fault diagnosis
method of array antenna without phase measurement| J].
Chinese Journal of Radio Science, 2023, DOI; 10.
12265/j. cjors. 2023262.

AR T IRARIEANHAE R R ATTIZW i [D].
g PSR, 2021

XIONG C. Diagnosis method of failed unit of phased
array antenna based on compressed sensing [ D ].
Shanghai; Shanghai Jiao Tong University, 2021.

VPRENE. LT DU > 1) B ) R a2 W i 0
FE[D]. Fat: B AHRHLR ., 2022.

XU Y H. Research on fault diagnosis method of array
antenna based on Bayesian learning[ D]. Nanjing: Nanjing
University of Posts and Telecommunications, 2022.
. T AT 55 2 I 2 1Y 25 R I B DR 25 1 B
FeooizWi[ D] . R R, 2023.

GAO J P. Failure element diagnosis based on multi-task
neural network considering array error [ D ]. Chengdu;
University of Electronic Science and Technology of
China, 2023.

RS, TR ] B BB RS W T P58 [D].
HE: SRR, 2022,

ZHENG G L. Research on diagnostic method of array
antenna based on deep learning [ D ]. Yichang: China
Three Gorges University, 2022.

BIVHE. e B S IR EEE (D],

JRHR: LT RHER R, 2023

HU Y J. Research on fault diagnosis methods of array
element-level and sub-array-level planar arrays [ D ].
Chengdu; University of Electronic Science and Technology
of China, 2023.

MITRA S, CHATTERJEE S, CHATTERJEE S, et al.

Evolutionary algorithm-inspired binary sequence-based

[20]

hybrid fault detection method for nonuniformly excited

International Journal of RF and

linear antenna array[ J].
Microwave Computer-Aided Engineering, 2024, 2024(1) :
9976061.

ZHAO K X, LIU Y, HU K. Optimal pattern synthesis of
linear array antennas using the nonlinear chaotic grey wolf
algorithm[ J]. Electronics, 2023, 12(19) :4087.
EEE T

[21]

FELE , 1I7E 1993 4F 2003 4F Tl T
IRE S5 3 NN R TN B e e o DA 0 e 3 AN
2007 4F b 5t HE LR 2 AR A 1 o iy, B
NIL T TREBAR KRB, FEWFE 7 H
S A 1 2 A B B L i R B
PrEAE,

E-mail ; nanjc886@ sina. com

Nan Jingchang received his B. Sc. and M. Sc. degree both
from Liaoning Technical University of Posts and Telecommunications
in 2007, respectively. He is now a professor in Liaoning Technical
University. His main research interests include RF circuits and
devices, multimedia information coding and communication system
simulation.

WREE GEfEIE#) , 2022 45 F1L 7 L&
BRR G e, BRI T TAREHAR
REFRBEE A, FHZERFTET7 1) TR BE 2 )
SRETIREL S,

E-mail ; 2015653719@ qq. com

Chen Xin ( Corresponding author) received
his B. Sc. degree from Liaoning Technical University in 2022. He is
now a M. Sc. Candidate at Liaoning Technical University. His main
research interests include deep learning and array antennas.

FEIE 2022 A7 T 3 PR AL K 57 8% 0 o
BeBAef i BN IL T TR R R0
TG BT [ N TR |
Fypa2 HEBAIE TCL B IR L
E-mail ; yanjie099046@ qq. com

Yan Jie received her B. S. degree from
the School of Mobile Communication, Chongqging University of
Posts and Telecommunications in 2022. She is now a M. Sc.
candidate at Liaoning Technical University. Her main research
interests radio, networks ,

include cognitive heterogeneous

queuing theory, wireless resource allocation.



