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Abstract: Aiming at the requirements of high tracking accuracy and strong robustness for the servo con-
trol system of anti-aircraft artillery, a control strategy for the artillery servo system based on an improved
particle swarm antlion optimization algorithm was proposed. Firstly, based on the establishment of the
artillery AC servo system model, analyzed the structure of the position controller; Secondly, the
improved antlion algorithm was used to optimize the position loop PI controller. In order to solve the prob-

lem that the diversity of antlions decreases in the late iteration of the algorithm and leads to local optimiza-
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tion, and to ensure the optimal parameters, the PSO algorithm and ALO algorithm were integrated,
using particle swarm optimization algorithm to update the antlion position, further updating the elitist stage
of the ant-lion algorithm, and introducing adaptive nonlinear decreasing inertia weight coefficients in the
particle swarm algorithm to enhance the algorithm’s local search ability in the later stage, introducing
dynamic proportion coefficients and nonlinear dynamic weights in the antlion algorithm to improve the algo-
rithm's global search ability; Finally, model and simulate in MATLAB/Simulink, and analyze the system
stability, tracking performance, and robustness under the action of each controller. The simulation results
show that the IPSO-ALO algorithm is the best for various performance indicators of PI control, with an
increase of 18.2% and 33.1% in adjustment time compared to IPSO and IALO, respectively. The
designed controller can achieve better response characteristics and tracking accuracy for the artillery servo
system, with strong anti-interference ability and strong robustness, proving the effectiveness of this
method.

Key words: anti-aircraft artillery; follower system; antlion algorithm; particle swarm optimization;
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Fig. 2 Block diagram of three closed-loop vector control strategy for AC servo system

2 HHAIIPSO-ALO &£
2.1 IPSO-ALO &%

ALO FRE A% O SEA AU 1 i R
B B 0 i A LR SR B 42 R S0, R L

BRI, ARSI S . BAREEOPIRITT

ER RS R GRAIVE SV EE L 2T Y i SN S v

WHEL T, 4 d, VLG =X (5) BENLY) 6 16 N A
B ST NS SO P 67 X

X,u=rand (b,— b))+ b, (5)

Krfe X, FRoR S ¢ 0 ol O e 4 B o 67



CEEE 215 1)

ST SOOI AL i) K MR B R GEERI TR (. 34 329

b b I3 IR R A AR BRI
ek L4 Bt L A 2 2 380 SO 53 B )52 e, XoF
X AR BT R A, ]
hi= Antlion; + I, (6)
ci= Antlion;+ ¢, @D
s 2 I3RS ¢ RN i AT W G 2% X T
) ERFY Antdion; 5 REAURTES j SO (32
B AR a3 R o e REARIN B ¢ R S R X [
1 R R
> 0 WP R HLE A o AR A ARG B S,
2 Y5 Yok 5 PR LA SR R e, 2 3 A T A A Oy g
WS Rt ML A R T 114 2P AR 2 3 O bt/ B

b
61:71, (8
b,
b“_T’ (9
1, 0<<r<<0. 1ty

A DA, 1= 10° X Zi £>>0. 1o

WE TR E A RLER T, o W e R
5B R L
0.1 << 1<20.511055
0.5 << =< 0.752 s,
w=4, 0.75 < 150.9 s (10
©="5, 0.9, << 1<<0.95,,
0.95 e << 1 =< Lnaxo

el R o B AL I R BRI A, Rt
Xof W 5 N i L o A Y

Xi,=
[O, cumsum(Zr([J — 1), cumsum <2r( 1) — 1),

w=2,

w=3,

w =206,

e c'umsum(Zr(Z”) — 1)},
(1D
s cumsum Ry FEAILITEE 2K 0 AT 7l B
KA AL () A BENL RS
TR BEALIEE PR IFTEA R AR, SR
2 CL2) XS B AL AE R4 T 0 — R Ab P
X = Z_i)_xci_hﬁ Dy aw
s oM a, 73 RS (EARR, 55 ¢ HE e
T [l %) e KB A B/ IMEL

Ml 50 g 2 V1A) S 5 TR 2 52 B A A8 SR e A o
E FR SO R Y i S 1R e PG ARG T O ) R
ey, B
R\ + R§
===,
s R IR 43 31 Ay i i B S 455 0 5 W 1 1
SO FORS S SO 2 SRS A7 B 5 Ane! 5 (IR
IEARET R 7 I A7
ISOMTAR B A SR MO A B ST R B e
IR GRS ek A7 R O 7, B
=y
Antlion,= Ant/ iff(Aanz'on,’-)>f(Anl,-’)o a4
R REREL (PSSO H T e SL Ltk In) @t
TEHESR R, 5 T8, R e A2
[l T ALO BEAEEAUS I, WS m A B A LI A
232 BINE T WOI) 5 FE LR, 25 S (SR B A Ry s
53V
%8 ALO . PSO MPLHR &, ASSCHR H—Fiets
ALO. PSO S & RIS, #5 PSORE I T
BN B AL IR, N — 20 30 ALO 53 4
B2 SO BE, dEf d mf BE AL i A ) ORG e
IO Ji) BB 1T B A R e L o A SR 43 il B % PSO
FEMALOSREIEAT T80, 7 PSOF L HFIA
2 1 A 2P 8 AR I A R A, SRR AR IS
WA R B8 B 1 5 78 ALO B IE 5] A SIS Hufil
FRECAEL AN S SAE , $Em ALO BIEM 2 /il
KEETT, BRI Fa AR e L i ] BB .

2.2 BEMIFLMEBEREENERBHSIA

4t PSO L AR A BRI BGEUE , (1
HIF WA S AR TR, RIS AR BUEAL
H o BRAMT 2RI R, (521 i e %
IR, AR AR AUE RN A TR R R, B
JE W SOH B AR 5y B RIS . AR A
a7 A A DR ISP AR R, A kA i
REr, ARZ A i Il (5P AN 2R BB R AR
S v ) oA Bk AR IS IR A R B A
5, TR R 1 33 ISR ARSI

ERRIVE| 2 ST RN iR N G

Ant! (13

flx))—fle
f‘af:(‘rag(‘ 7](;!?1“ ' ] e ( 15 )
W max s f ( If ) >f;1/vc'vragm

W min + ( Wmax — wm[n)



330 b R A s CASRBREROD

2024 455 3 1)

iﬁ:q:‘ H wmaxiﬁ] wmin%&ﬁﬂ@%jﬁx H?_‘X/J\Irﬁl@/%ﬁ7
EX wmax:O- 9, wmin:O~ 4; aécmguzzf(r?)/n ﬂ‘j
i=1

55 RUCGEACI BT AR T B B0 B s £ (2f) R
5 R UGEARES | FREE T o A BB AR
T8N A

A S AT LA Y, 5 2 BiRL T~ A8 1
NTFRL - 4 B AR A, U0 B s DR T, I
i A 2O R DA, s R i Rl , IR
IR, NEZ IR R, ok R R
JIE

2.3 BUEtEIBUImE AL

JE R ALO Sk AE 5 AR 9] 32 ZE AT o 4
R, BEEAL R R AL R E AR, T80
8 2 AP R 3 I 0 AT R [ 3 7 8 LA 22
A=~ , 25 5 iRk B A Rl it . oA T 42
1 ALO SR 2 iR R AE ST, 51 AZhZS LU R 4L
FIARZ M B A AL A

) SRR AR B 2 T 1) 2 O] i R 28 5
LI A B O A EAT T e, B

A
Aan}Z(O.S — 0.8 X T X rand(-))RfA +

(o.2+o.8 ><%>< mnd(-))R;, (16

Ao YT ACRE T o de Rk AUEL
rand (*) R 0~1Z [Al I REHLER

FRBGH AR SR T T AT A4S S hE
TIRVE IR IE A RE ST o BR AR M s i) B ML
A EE ORGSO ] i, AR SCR AR 2tk sh A
WU R 1 LB 54k, B AR B , s>
SR SO X W I AL AR Bl S i Ry

1A
wlzwstm(wmnwen‘l)X(T) ,  Aam

K : w(2)h HE WA 5 @ g FAE R i KAE
W eod AAE B R/ IME

ZE LTI, TEAR SCTALO G530 vh ) i s A7 g B
Bl

A
AntP/= 0.8o.8><T><mnd(-)>Rz+wz><R2:o
(18)
2.4 IPSO-ALO E%ikig

ARSCR T E  ALO B2 A W 16 S8 K

B 3l 22 G0 (%) 07 B 30 PLES i 2% 09 S 80T TR e M
fitt, FFEE A9 TPSO-ALO 5 W& DAL A fn vk 1
R, BRI 3 s

‘L&Eiﬁmg @ﬁﬁ]‘,\}z:ﬂt 3 | e | )

!

RS A SR Y RTEARCE L |
I FIEARUET . ISRV

BERLAI s AL K 85 1
XL./I

v

LTV, T R, ARSI W R T
WAL {3 A P!

!
22 B o7 R/ IO, B
WA & Antlion!

(PO BEUALUII: B Anttion), T BPHFLALIIL B R,

K3 IPSO-ALO S ILIHi I
Fig.3 IPSO-ALO algorithm flow chart

B¥e1: IPSO-ALO BRI SFME
t—Current iteration loop,
T—The max iters,
N—The number of ants and antlions
1) Wtd Ak - 8 =) BENLAT AR Ak R EO™ A O 5 X,
antlion=initialization(N,d, b,,b,)
ant=initialization(N,d, b,,b,)
2) 18 R FEVEEE : A frrae = [(2e] e |V SR 30E I0 132 R B30T 3500 0 Y
I
fitness=|(z+] e|)
sorted _ant=sorted(fitness)
elite_antlion=sorted ant(1,:)
3) AR B
while +<<T
for every ant i=1,2,---,N
Calculate proportion using roulette
ants walk around elite antlion using Eq.(11)
end for
update ant_position using Eq.(18)
for every antlion i=1,2,+-- N
update antlion using PSO
end for
update the elites library
end while



CEEE 215 1)

ST SOOI AL i) K MR B R GEERI TR (. 34 331

Bk 1, IPSO-ALO SRS B kRS e, T
T M WSRO (e A R N, DA (O BEHLPI IR ik
PRI RO X, o M frrar = [(2ole)) PR3
o7 JEE PR B BRI O (438 7 R OB XY A
I S A P SO A Ay A 5 O R, 3 3 5 485 I 1
H— FUONE R, 8 i 2 (18) B T I A3 B AP
R 155 0 5 S ) 35 7 (S, SR O A
Antlion!, W51 A PSO B35 %t w007 & vk — 2
oAk, I BRGSO B R B, MiAE
RIEARTREL T BT i LK D O A7 B, B R FREAR
A1 PTAEH 28 0 BAR S50

3 (hESH

AR TN KM A i B 7R G 1 4 o Rk
TIF5E ,, R IPSO-ALO B ik PIEEHI 8% .
TR AR  EE 0 A &k, AU MATLAB X528
AR R G T L

S K b 1) 22 Ge T {RUR 8] 8 T=0. 03 s, 5
FEAE 0" ~60°, e K25 1F BR R 1R 25 i [ — 2~
2 mrad, PUTHAILSEUNE 1 Fin. Tk shin
/=1 500 kg m’.

F1 KBRS

Tab.1 Parameters of permanent magnet synchronous motor

FEBH ZHH
i D)%/ kW 5.7
H55E 4/ (remin ) 2 500
554 /(Neom) 8
BB/ (kgem?) 0.003 6
HLBH/mQ 958
8/ mH 8.5
TR RERESE /W 0.182
REZEHE/V 353

PEFE TIPSO F L | IALO A M IPSO-ALO &
AT LA AT, DA 3R kA it Ze UL A 4D
FRR[ LA Y, TIPSO FITALO %92 By W S50 i 4 4%
hgete, HARE R B #kka A T R E i, 18
AH 2K — Be B[] P 3 B PR e AN A, R
IPSO-ALO AL Bl 5 2R Gt , Hap AR 1 FE A L
IPSO. IALO i 4%/, Bl 4 H %) IPSO-
ALO AT LAE Y, 55035 o i s i
F BB, fE e T WO 2 R, DI AR R T IS
B, KA T RIS

AU ARG S0, B 58 1 rad YRGS T
g i e . FRIEL S AT IPSOFE T 2%
(A B N BRI I i, IR 25K TALO F+il
i 857 B 7 VAT R I S, (LI 7 R AN, BT

PEFT IR IPSO-ALO 5l #8 JLF- o, 3
ik H AR B s R, 2T H AR,
TRIL T BAF R ERERE . AR SCRT R FH ) Matlab {5 B
AR A EE AR 11077, @ K ALY PWM
SREERIR A 10 kHz, S 3 E A K S H 80
15 B2 0T LUB H S B B i S

18

16 .
141] 3
12k |1®

—— IPSO-ALO
- = ‘1ALO
—-==1PSO

0 20 40 60 80 100
IEL
4 3FHETIRIY IS UL
Fig.4 TIterative curves of three algorithms

1.2

1.0} /

0.8} o

X 0.6F

AEE(°)

IPSO-ALO
0.4r
= = \IALO

02 e [PSO

0 0.5 1.0 1.5
i H)e/s

IR PRI B

Fig.5 System step response curve

2 N 3FEIL A AT L, Y KO H
b 8 R 1 rad B}, TPSO #2546 #5% (14 948 15 s 18] o
0.39 s, IR HR 6. 6%, TALO $5 il #% 1Y & 5 i
[ & 0.48s, IPSO-ALO = i #% ¥ 35 B 18] 4%
IPSO. IALO 2l #2877 18. 2%, 33. 1% ik
K, IPSO-ALO F kAR A i b 2 42 1l 32 Ge 45 I
PEREI BAR T 55 AP Rh B

2 FIEMERBIS IR H

Tab.2 Comparison of algorithm performance indicators

THEREFE AR IPSO IALO IPSO-ALO
K, 1.26 0.61 2.00
K, 4.74 6.27 8.48
AR/ Y 6.60 0 0
- FFtE] /s 0.32 0.65 0.41
PEAT T[] /s 0.39 0.48 0.32




332 b R A s CASRBREROD

2024 455 3 1)

NS B 7 A 0 S A RN R A T 43|k
RS, NARIE T — U P SO i b 5
i BT Sl PR e R I 9 A 20 A R A7 .
M6, 16 =0.4 sBIIA TGS, Hoke 3 Fhdas il
LR N 2, MR LAE 3R R Al
PLTE RISl , Hidr, IPSO-ALO #5 il #8178 ) P
T 0k 2 I o oy R, R R DA, SR B A —
AN IEFNFAAS, fE I st o r (3 B 5 2R 0
P L, i RGP IEHORES

1.2

0.4r - = IALO
——IPSO-ALO
—===IPSO

0 0.5 1.0 1:5
Fif [ale/s

6 THheE SR
Fig. 6 Response curve of interference signal

O 1T 38 2o B BR AN UE T TPSO-ALO Itk 1 Fifi
G RGN ERS N RE ), N T RIE RS 5
APERE, EFIIEAE K 0. 5 rad B 1TF 3245 54 M A
55 kAT RGAT B, AN 0. 4 Hz B, 52
65 JUT A5 110 1 5% BR P A ol 42 R IR 05 2 il £
K7 i 8 fras . B 8 Al A1, IPSO-ALO il
IR ZETEE N[ —1. 2 mrad, 1. 2 mrad |, 5515
RS B 2K . D B R B, AR CIPSO-ALO %
IR PUAE B4 ol i s EL A 2 DR 2 s i+
Yere 1o e

0.8

0.61

0.4

0.2

FREEN)

1 2 3 4 s 6 1 s
I/
K7 IERKERERTERE M2

Fig.7 The tracking performance curve of the sine

/s
8 IPSO-ALO BRI i 2k
Fig.8 The tracking error curve of IPSO-ALO

4 &5 ®

ARSCER X KM TR IR R SRR 7 B4 il g
T — RO (IPSO-ALO): . FIH PSO %
RS OB AL, R T PLESHIZS S B0
BN SR . TR, 78 ALO FRa | AShZs He B 250
FAELRAE S ASAEE , s 1 8k 0 Je il &K AE
SEEGEE R, IPSO-ALO 8555 T PT45 i i1 45
PEREFE AR i L, HORTEEI 0. 32 s, IPSO-ALO &
B Y I ] &% TIPSO . TALO 43 42 7+ 1 18. 2%,
33. 1%, A BA P 28 3HA5 T 5 4 i b7
FRPERERERG B, Pr e Jyog, BAHIF i E
P, AT LAk KR BE 3N FR G s R — Ao L

S

(1B, O, 0k, 55 B ARt TR R g A A |
PSR [T]. Aghikasdfk, 2013, 39(7): 943-962.
CHEN Jie, FANG Hao, XIN Bin, et al. Modeling,
optimization and control in ground-based digital
weapon systems [J]. Acta Automatica Sinica, 2013,
39(7): 943-962. (in Chinese)

(2 JBRT, Wilse, s, & . kw4 5 e
Bl 2l F Ge 8 Sy SRR AT AF ST LT ). R3S e,
2023, 42(20): 293-299.

CHEN Yu, XIE Mingliang, JING Xuwen, et al.

Dynamics simulation of a naval gun servo system con-

X

sidering gear meshing [J]. Journal of Vibration and
Shock, 2023, 42(20): 293-299. (in Chinese)

(3 1ARIME , Ay el ok . 5 T bR 24 S 2 A28 ] 19 A B 4 K
B S P R IE LT ). PEAE Tl K224, 2023,
41(4): 697-703.

HAO Kunpeng, YANG Guolai. Research on servo

control algorithm of large inertia gun based on fast ter-



CEEE 215 1)

BTN AR 4 JOBBE S R G ITE(E #4) 333

minal sliding mode control[J]. Journal of Northwestern
Polytechnical University, 2023, 41(4): 697-703. (in
Chinese)

(4 J#hl, Beshsk, BTG, % . ST Ul Z R0 PSO 5
PP R BN L REE A S S R AR IR 3
il 2020, 45(6): 56-61.

HAN Chao, DUAN Weiran, JIA Changzhi, et al.
Parameter optimization of gun follower system based on
improved multi-group PSO algorithm[J]. Fire Control
&. Command Control, 2020, 45(6): 56-61. (in Chinese)

[5 ] skmk, whaefl, sKa&m, 55 . KIEREsh R ge i 2
BRI FIELT]. KT ASME, 2022, 41(12): 91-94.
ZHANG Gaosheng, HAN Chongwei, ZHANG
Zhipeng, et al. Continuous sliding mode control algo-
rithm for gun servo system [J]. Ordnance Industry
Automation, 2022, 41(12): 91-94. (in Chinese)

[ 6 ] HEEIE, W25 . TCAMCE SR AP et [T].

JIE R SRR, 2023, 44(2): 52-57.
LEI Shuyao, PAN Jun. Active disturbance rejection
control design of speed loop for unmanned ground
vehicle gun [J]. Journal of Gun Launch &. Control,
2023, 44(2): 52-57. (in Chinese)

[7]ZHENG HQ, RUIX T, ZHANG J S, et al. Nonlin-
ear motor-mechanism coupling tank gun control sys-
tem based on adaptive radial basis function neural net-
work optimised computed torque control [J]. ISA
Transactions, 2022, 131: 222-235.

[ 8 ] &y, Shsedh, BXFR, &5 T B R 1

JUBESN RS EPRERIBIIEL) ] IR T2, 2015, 36(10):
1841-1846.
XUN Panpan, HAN Chongwei, ZHAO Yuhe, et al.
Research on robust control of gun servo system based
on quantitative feedback theory[J]. Acta Armamenta-
rii, 2015, 36(10): 1841-1846. (in Chinese)

(9 ] Eabl, wEW], BEERE, 45 . JET ASAPSO ) KMk

SRGRRIERIHMT]. LSRN, 2021, 48(4).
53-57.
WANG Jichao, LENG Yuming, QI Yanhui, et al.
Fuzzy control strategy of artillery servo system based
on ASAPSO[J]. Electric Machines &. Control Appli-
cation, 2021, 48(4): 53-57. (in Chinese)

[10] MIRJALILI S. The ant lion optimizer [J]. Advances
in Engineering Software, 2015, 83: 80-98.

(1] ERE, SR, 2=, 45 B TR st f i A
SERBBEREIST [T ] R SRR SE, 2009, 28(D):
85-87.

WANG Chunzhong, YANG Zhongguo, RONG Ming,

et al. Design of test instrument for stabilization accuracy
of tank gun control system using gyroscope[J]. Trans-
ducer and Microsystem Technologies, 2009, 28(1): 85-
87. (in Chinese)

(12] 25620, RSLZE, Wit . ek fe /N —Sfevk A7k ik [ A0

AL R LT ). WK, 2022, 12
(7): 107-110.
LI Xianggong, ZHU Lijun, CHEN Meng. Applica-
tion of improved least squares method in parameter
identification of permanent magnet synchronous motor
[J]. Internet of Things Technologies, 2022, 12(7) :
107-110. (in Chinese)

(18] Bk, ZEafh, BB, 5. 2T BRI
LQR R [ BREZFE R SEmE [T ], PRI TR 2244 CH AR
Rl 2023, 37(4): 27-38.

WANG Bolin, LI Yunwu, ZHAO Ying, et al. LQR
lateral tracking control strategy based on ALLO algorithm
[J]. Journal of Chongqing University of Technology
(Natural Science), 2023, 37(4): 27-38. (in Chinese)

[14] QING F, SHYANG J P, GANG Z D, et al. Multi-
strategy improved parallel antlion algorithm and
applied to feature selection [J]. Journal of Intelligent
Fuzzy Systems, 2022, 43(2): 2155-2166.

[15] SAMALA R K, KOTAPURI M R. Optimal alloca-
tion of distributed generations using hybrid technique
with fuzzy logic controller radial distribution system
[J]. SN Applied Sciences, 2020, 2(2): 191.

(16 ] fFAT 75, BB F8L, RO, 2% . BTt IBAS-PSO HyK
REL AL RIBESE LT ). ZHBHURS A S THoR,
2023(4): 120-124.

YUE Youun, SHAO Zigao, ZHAO Hui, et al.
Study on PMSM control based on improved IBAS-
PSO([J]. Modular Machine Tool &. Automatic Manu-
facturing Technique, 2023(4): 120-124. (in Chinese)

(17 ] 5k, BAEAR, RS, 55 . HIG Tent {RMHE R Y

WIS [T ], /R EE Tl R4, 2018, 50(5)
152-159.
ZHANG Zhenxing, YANG Rennong, FANG Yuhuan,
et al. Ant lion optimization algorithm based on self-
adaptive Tent chaos search[J]. Journal of Harbin Institute
of Technology, 2018, 50(5): 152-159. (in Chinese)

(18] XSk, AT, 20 . Lk SR ms Y 1 3 1y i 1 A 53
L] U 5 AT RE, 2020, 33(2): 121-132.
LIU Jingsen, HUO Yu, LI Yu. Preferred strategy
based self-adaptive ant lion optimization algorithm [J].
Pattern Recognition and Artificial Intelligence, 2020,
33(2): 121-132. (in Chinese)



