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G B LA A 0 B A X AL B 09 % & BT 4 (Back propagation, BP)Ab 8 W 4 5F R & A& i 4740
Y, JF 5T P &k 69 F ok it 45 Bk 4R 1L BP(Genetic algorithm BP, GABP) 4% 2 W % F & #4718 &
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Optimizing 5G Antenna Arrays Based on Improved GABP Algorithm

HOU Dacheng', ZHANG Haoyu', LIN Yifan®, ZHANG Wanxiang'

(1. School of Information Engineering, Zhejiang Ocean University, Zhoushan 316022, China; 2. School of Marine Engineering
Equipment, Zhejiang Ocean University, Zhoushan 316022, China)

Abstract: To speed up the antenna modeling and optimization, this paper conducts a modeling study for
antenna parameter optimization by the commercially available antenna design software. Firstly, the back
propagation (BP) neural networks are optimized by several commonly-used heuristic algorithms, and used
to improve the antenna parameters. These parameters are compared and the best one is the one optimized
by genetic algorithm BP (GABP). Secondly, the adaptive algorithm and simulated annealing algorithm is
used to optimize GABP. Finally, the minimum error of the adaptive GABP algorithm for antenna
parameter optimization is verified by simulation tests. The study provides a new method for antenna
optimization in antenna design software with less errors. It has higher prediction accuracy and much faster
fitting speed. The feasibility of this algorithm 1s also demonstrated by experimental comparison.

Key words: heuristic algorithm; simulated annealing algorithm; self adaptive; antenna array
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AR R L RS AT L3k 31 BN R 238 AN 1) 9 5 S5 0 L (E 2 DR 4R R ARDRE BN R R AT S 80 A i 72
o (8 I ] A 5 o A% G R R S A R 2 S8 — BEAFTE IS A7 I R o P B L R 22
AR B NS )R, O 1 il D R G U B ek 48 3k — ) 30, B AF N DK il 22 1 28 iy T A R 2k it
2 N g AR R LA e v A AR IR A RE ), E BN R AR A U R e B A
W 28 SR AT DR AR N 25 S5 30 2 1 30— A AR 1% IR0 2 55 A8 0 R i A\ 380 i 28 1) D 2 AU J gl 2 o
B — N T 22 5 B o SCHER (41 5R FH B0 )23 B2 1 e 23 N A 448 00 2% 3 v 2880 70 v S 1 4% 9 (Ree-
silient back propagation, RPROP )83k EAT I 45, Xt 43 JE W R 28 AT e . 4 MLTH 45 1 56 L AR e
P R DA T Ry 8 S5, B 5 455 1) 2 5ORN SR s 1) 08 B0, 27 5 i K3k o B RN S S50k 2 7 A 8 A 1 31 T
S M TR P LA T S G R o SCHR (6 1R FH 38t 12 530 0 O A 181 & 7 B 1) fg AR {67 8 42 T 8 R 8 B 38 45
SCHR [ 7 13 3 35 % B 0 R 28 T 46 R 45 6 X UL AE R AT 0Tt o SCHR [ 8 14 36 T IR B2 2% ~J I 28 R Ay 11y
BRI 22 2 BN HL(Deep multi-layer perceptron, DMLP) F T LA A a7 Kk o

A% SCE eI ot R A R G B (Genetic algorithm, GA) ki FBEE 3 (Particle
swarm optimization, PSO) | JFk 4 48 2 B 1 (Sparrow search algorithm, SSA) K4 448 & =" (Beetle
antennae search, BAS) ) Ak )5 1 BP #ift 45 0 26 S0k | M e et e D0 10 — Rb B30 o K X 30 o 1 S AR 5
P HEAT ek 38 6 b pR A T 1O N R AT O AR Y A N R 35 A% 307 (Grouping adaptive genetic
algorithm back propagation, GAGABP) FE 8138 B 2 20 Ak B BE48LIE 38t 1% 5 15 ( Genetic algorithm
simulated annealing, GASA) , i 245t —Fh IR TN K 4k S, S 505 2= /N Bk .
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1 REEEILASE T (f=2.595 Hz)
Table 1 Specific geometrical parameters of antenna [ (f=2. 595 Hz) mm
28 H ZH fH ZH fE
basel _y 12 feed line_up 2.2 L, 4
base2 _y 6 feed line _down 3.2 W, 0.3
W, 1 feed z 32 feed cir_out 2
G, 0.2 feed via2via_leng 3.1 feed _cir_in 1.1
feed T _wid 1 cor_I1 3 basel _y _start 5.2
feed T _leng 3.3 feed line wid 0.5 copper_thick (4 FJE R ) 0.035
2 115.6  |sub_height(PCBHIWEREE)  0.73
(P H PCB i 1) & %) 2.89 sub _size(PCB #z () R ~F) 64

AR R FH Y top )2 Al bottom )2 1 PCB #i 2k H [A] RS [ 44 5, Rk | 3R S 80000 24~ PCB RS i 47
V. R IR M ZRE WS EER L B T B @ 0 f &6 58 8l 5G M % 2.515~2.675 GHz Bt i

300

g A= h——éﬁﬁfwzﬂx%}mﬁ 1] s—

f %_20 o T \\\\‘ i -
copper_strick = 0.035 mm , H: i 2 5 2 R 5 75 2 ::%(5) i TS
L o R s = R 3
WE, AR, B K basel yMBH w0 0
base2_y f /v, AT L o % 28 T4 A4 450 R 3 L “S15 2,540 2.560 2.58;)(/2(.}%200 2.620 2.640 2.660 2.675

PR 1 AR Y SI 36
fifhdk.

FH =4k 3 1% 35 07 BLEA CST R i
X AR SCT A FH B 5G X FR B R AT BT 5
Pl ARz RER I S FEvE i 20 BL25 R, NI A el S
/NF—10 dB B}, 47 9638 7E 2.515~2.675 GHz, MK 438
Al AE 1, S, il L K S 7E 2,515 GHz il 2.675 GHz WP 5
£ %, HAG e 2.515~2.675 GHz, %54k T — 10 dB F ,J& T
AN G R . B 5 ok K2k b R DL K 3 25 45 R R A
H R1 5 1 K 2kt 3 (BT DL B 1 25 45 R o R B AT DU AR R 46
{4 B S5 5 1o g e L < Bl ) L B 2% R 7.091 dBi.
1.2 IE3 WA Dipole #5 $t B R & fEFI 4 BY

ARSI ) RS B A T8 5 REAL N, i TH8 4R
LY B MG R, ROF AR K, P I 5 2 FR R AT Ak, il

i F basel _y il base2 _y 2 ik

Sy ZHUBFE MBS, RS W 6 B w8 102 5
MR 2/

HE 6.7 B A SCHY IE 32 W) Dipole 48 £ 7Y K 28 1 371 2 18
ZRANFE 2R .

v EDE i 8 AR A i e b AT i L LR G

3 21 LA H ,basel _y fll base2 y Z50#l & 4 T 281k,
KR T ARG, PR ot FH ok s ) AR S Bl A A A S 0 B E
ZH

B4 KL S, ik h 2 H a5 R

Fig.4 Simulation results of S, characteristic curve of the

antenna

farfield(f=2.6)[1]
Type Farfield

Approximation enabled (kR >>1)

Component  Abs

Output Gain

Frequency 2.6 GHz

Rad.Effic. —0.08637 dB

Tot.Effic. —0.1652 dB

Gain 7.091 dBi

5 REIEG E DL 3 25 45 3L W
Fig.5 Antenna far-field plot and gain results
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Fig.7 Diagram of the rest of the Dipole pointer antenna array
type antenna array

F2 REEINEEILMSEI (f=2.595 Hz)

Table 2 Specific geometrical parameters of the antenna array I (f=2.595 Hz) mm
S 8 S 8 S i
basel _y 12.3 feed line_up 2.2 L, 4
base2 _y 5.95 feed line_down 3.2 w, 0.3
w. 1 feed z 32 feed _cir_out 2
G, 0.2 feed via2via_leng 3.1 feed cir_in 1.1
feed T wid 1 cor 11 3 basel y start 5.2
feed T _leng 3.3 feed line wid 0.5 copper_thick(4] F'JE )  0.035
A 115.6 PCB # 1) J5 J& 0.73
(P PCB A b (8] v ) 2.89 PCB # Ay R~ 64
P8 A B R R b P L B 2 4 R R s 0 ]
R mE S DE L S h 2R S, ik 8] o -
A% S AE 2.515 GHz M1 2.675 GHz #y b A5, H 347 ""3‘5’ \ /
\ B i i \ /i
10dB A 48515 2540 2560 2.580 2.600 2620 2640 2660 2.675
B9 i 7s  RERTE I B LA K g g5 45 5 . v L f/ GHz
B A KL 5 I T ) Ry e ) 2 T 3 AR KIS R S R HE 20y 45
WHNE T 11.91 dBi, Fig.8 Simulation results of S,, characteristic curve of the

antenna

1.3 BEIRESHEHMK

AR SO R 2 B 3 A 1 X K 28 2% basel _y Fll base2 _y DL KA R
AT . basel yZHGEHIN[12.2  12.3] mm, B 34MA .
base2 yZHGERE M[5.94 5.96] mm, B 3AME ., SRERE N
[2.515 2.675] Hz,Ht1 001, —3L4 8 008 Z& & dhs , i it iX
8 008 Z K i 1E M I LB Hhe , SR J5 M basel y i 12.3 mm, base2 y
%05.95 mm, UK SRS (2,515 2.675) Ho, 130 A BE | Pswse o |

Component

Gain

A8 D I K de , AT g AT 32 53 i AR 2 A R i i 5 4l 4 Py 260Gtz

2 fRUEE - 3
P9 oKL IL 37 I LK 5 45 2R R
i I L BP M2 W 4 Bk AR AL IS B BP M2 Fig9  Far field diagram of the array anten-

#% %1 (Genetic algorithm back propagation, GABP) \#i T HE & na and the gain results

Rad Effic. -0.06748 dB
Tot.Effic. -0.4796 dB
Gain 11.91 dBi
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AL AL BP 4 W 45 5 7% (Particle swarm optimization back prop- WANE B R
agation, PSOBP) | Jfk 4 18 2 35 1 Ak 19 BP #f 28 19 45 53 1% (Spar-
row search algorithm back propagation, SSABP) L K K 4= 2 58 1k I
1k 1) BP #t 25 W 4% % 1 (Beetle antennae search back propagation,
BASBP) , MM 8 45 500 i (9 AL 500k o

AR A S 56 9 R L [ 9 S 40, i A8 1 34> IR i 42 4 T At
SRR 2 1 28 3k (2 X input )+ 1, DT A5 21 Bt 2 >80k 7 i
EAECH 1, JF HoR A Sigmoid pRECETE o AR TR B 15
F [ 10 B 19 BP #2245 )22 . 110 BPHhze A=

i o BLSC{E A BP .GABP .PSOBO .SSABP L) & BASBP flifk Fig.10  BP neural network layers
TR AT B X LY, A5 R SR 3 B 11 .

W/
A\ 4

%3 BEREEIILER -10
Table 3 Comparison results of heuristic algorithms 150 09
20+
A R, RMSE g
S5t
BP 0.950 9 17.626 2 “ O b
[ — GABPZT‘JTW%
. —— PSOBPiiill
GABP 0.997 7 3.8490 I ““”ﬁﬂ% '
“— BASBPTiill
PSOBP 0.997 3 4.160 8 -40 L - L L
2.50 2.54 2.58 2.62 2.66
SSABP 0.993 9 6.231 6 Bipeaueicy | aklz
K11 Ja & Uk i ]
BASBP 0.996 9 4.4477

Fig.11 Comparison chart of heuristic algorithms

M F 31 R,(R-Square) I E ZECK A , GABP MRUR B 5 47 19, I GABP fedi il 1, 1 BP 5k 1
R,fc/No R 2 937 MR 22 (Root mean squared error, RMSE) K& , GABP i 22 fc /N, T BP #1222
R ATLVE M, GABP B0 T HUl A KL BE 5 S80I . I R 75 257 GABP 559k A7 sl

M 1L AT LA B 20 a3 10 GABP [l 2 W) 46 {8 21 45 SRO(E — FLAR A5 30T 5 (i SE PR AL, 1 BP
T A A5 5 e 22, PR G AT L BH 3 2 0 AR 557 Sk AL Ak BP ol 4 X 286 1% JEL B2 TE 6 7, A5 SR il L
GABP SR X LM AL T P e 0 Jr 2, B e 42 TR T 22X GABP Sk 47 itk AT 45 H T3 5 77
MR LR B9 S 800 7 o

3 HENBEEERMLLE BPH#EKLE

i bSO B R LR R, GABP Bk X T K 4R S RO 2 B R A, B R Ok 3R
GABP B i itk — AL R 5T, DT 560 UE 50036 A K 2k 2 B0 i e e fb vk .

i LR K AE AL GABP S 3E 5 [ & I A& 45tk UE 0 GABP 53 3k A1 B S (R 6 He AT 45 i i
vk . GASABP 2 ad B R k3L X GABP B AL B (A OO0 A AT 45 20— 24k . GAGABP
JE A o B GABP B i 38 X (Crossover) 48 2 A48 55 (Mutation ) A8 28 A H [ 3E N7 A8 £k A T 4 #f
I BB P — 7 i

SR I 7 (R X — B, T 14 0 B8 S I p FNAE ST B oo SRR OREIE IO R A LA 4K,
WIS/ po BN poo VAN A B 35 0 2 A 25 T AR A SF- 20385 7 38 (L, U0/ AR FHBREAA (IR 1) o B e MRS
AR B4 35 7 B (R AV T FE AR SF- 359 3 107 B8 {8, A AR FH AR = 19 o 1 o

ASCRN ) GAGABP B BE AR FF TR Z AR, ARIE T GA Bk e st o @it =0 (1, 2) X p,
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Fig.12 GAGARBP algorithm flow chart
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4 GAGABPE &3t X & STl 4 #r

i GAGABP 579 X K £k 14 51| 2 80 basel _y Ml base2 _y LA KA R 450 4L o basel .y S HL Bl K
[12.2  12.3]Jmm, BOHH 34ME . base2 y ZHGEHIH[5.94  5.96 Imm, BCHH 3AME . SAE I [ 2.515
2.675] Hz, B 1 001 MA . — 3L 8 008 44 , 3 i iX 8 008 4% B4l 7 4 Il 25 B 4l , 4R )5 Bl basel _y
12.3 mm,base2_y 4 5.95 mm, 8% /B[ 2.515 2.675]Hz, B 1304 5d /A Mk K dis . i /5 i 19 S,

BE S GABP Sk AL 5 89 S, R L i .
XF i GABP LAk o i #2248 . GAGABP

x4 RUEEWHEGABPERE

Table 4 Results of GABP improved by optimisation

G A B ot 22 1) 245 55 TR0 A7 T X LE L 495 2R 0 e

F4 13RS

M % 4 1 R, (R-square) Ik & R Bk &,
GAGABP W3R B i 09, IRy GABP fie % it
1. MFE4H9 RMSE K& ,GAGABP iR Z /.

XA Z500T LIS A GAGABP £ B X F
T A L6 B 5 1) 2 850 et i o PRk nT LA 56 3
ok [ IE N AL B A AR S Y BP Bl 48 I 4% R i
AR RLESHWAL .

M 13 0] LLE W, S A HE 20 €2 9O A9 il 2 AR
1 GAGABP, )\ ¥t 2 45 o8 — T 4B bb 5 58 i i (0
M2 R R A S BRME, NS5 R AT LLE H , GAGABP &
e X JLA AR D7 vk e e U O . DRI B R Sk ]
LIt GAGABP 46 8 325 % A% K 4R A Ak v Bk e -
5 ZRIB

AR SCRER ST 1 B K ZR T R T K 2R S R
A P 3 4 0] A RE AT A AT 1 S E LA R Y
i K B E AL B BP #2445 X K 2k 2 501518
b, B T Ak B AR 1 — RS GABP 3k R R

algorithms
A R, RMSE
GABP 0.997 7 3.8490
GAGABP 0.999 4 1.920 8
GASABP 0.994 8 5.764 4
1o T

o GABPHiill{&
T e GAGABPTlIE

—— GASABPTlIE
,20 -
o
_30 L

1

0 1 1 l 1
2.50 2.54 2.58 2.62 2.66
Frequency / GHz
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Fig.13 Comparison of prediction results of improved

GABP models by optimization algorithms
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