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Obstacle Avoidance and Simulation of Carrier-Based Aircraft on the Deck of
Aircraft Carrier

Abstract

Abstract: A predictive depth deterministic policy gradient (PDDPG) algorithm is proposed by combining
the least squares method with deep deterministic policy gradient(DDPG) for the problems of strong
randomness, poor real-time performance, and slow planning speed by obstacle avoidance on aircraft
carrier deck. The short-term trajectory of dynamic obstacles on the deck is predicted by the least square
method. DDPG is used to provide agents with the ability to learn and make decisions in continuous space
by the short-term trajectory of dynamic obstacles. The reward function is set based on the artificial
potential field to improve the convergence speed and accuracy of the algorithm. A high dynamic complex
scene of aircraft carrier deck is constructed using unity 3D to simulate experiments of obstacle avoidance
method. The experimental results show that the method can accurately realize the hybrid obstacle
avoidance of carrier aircraft on the aircraft carrier deck, and the accuracy is improved by 7% ~ 30%
compared with other methods. Compared with deep Q network (DQN), the path length and turning angle
are reduced by 100 units and 4000~4500 respectively.

Keywords
path planning, obstacle avoidance, least square method, artificial potential field, DDPG(deep deterministic
policy gradient)

Authors
Junxiao Xue, Xiangyan Kong, Bowei Dong, Hao Tao, Haiyang Guan, Lei Shi, and Mingliang Xu

Recommended Citation

Junxiao Xue, Xiangyan Kong, Bowei Dong, Hao Tao, Haiyang Guan, Lei Shi, Mingliang Xu. Obstacle
Avoidance and Simulation of Carrier-Based Aircraft on the Deck of Aircraft Carrier[J]. Journal of System
Simulation, 2023, 35(3): 592-603.

This paper is available in Journal of System Simulation: https://dc-china-simulation.researchcommons.org/journal/
vol35/iss3/13


https://dc-china-simulation.researchcommons.org/journal/vol35/iss3/13
https://dc-china-simulation.researchcommons.org/journal/vol35/iss3/13

Xue et al.: Obstacle Avoidance and Simulation of Carrier-Based Aircraft on th

#3555 34 RO E#MO Vol. 35 No. 3
2023 43 A Journal of System Simulation Mar. 2023

P BE F AR AL BT TR 58 R 4

1 a2 1% ST . 3 Y IR ) 1 = 2
(1. FPR: P22 4B, TR KB 4500025 2. AR THEHLS N TR RSP, W AN 450001;
3. W ERARET STy, Wb G 430064)

WE: A PR EALBAIUR S BT AR, FoT £, AR EEREFRA, 4om )=k
% 5 DDPG(deep deterministic policy gradient) f 7% 4% i —# PDDPG(predictive depth deterministic
policy gradient) ¥-i% . 7% 7 & FIH & s = F & FRNA A FAR L 59 7 2 A3 6942 Bi$hi%. DDPG #R4E
) S [BEF A 6942 H AT 59 7 GENR IR B £ 48 5[] B 5 ] Fa e KATH 095 Ty . A TFALH R E R
ThFE, FR 5 Ao [E J A GG Sk A E A FE, AL Unity SDME T MEF RS DS I L=,
HATMBARAS B S5 L 53, R R AV, PDDPG A R 43 5 ILALE F 4 L AL AL RA
W, HieF kA, EHE ERST 7%~30%. 5 DQN(deep Q network)Af bk, #4412 K JE fadt
B RAEESABY T 100 A FA45 42 400°~450°,

RKegia. sk, REeERE, RDZRE ALHY; DDPG

25 TP391.9 SCHERbRERS: A YEHT: 1004-731X(2023)03-0592-12

DOLI: 10.16182/j.issn1004731x.joss.21-1145

5| &R BEAmE, FLAEME, S, 25 TR IR AR LI TR A 8RR 0 B[], R G5 4], 2023, 35(3): 592-603.

Reference format: Xue Junxiao, Kong Xiangyan, Dong Bowei, et al. Obstacle Avoidance and Simulation of Carrier-Based
Aircraft on the Deck of Aircraft Carrier[J]. Journal of System Simulation, 2023, 35(3): 592-603.

Obstacle Avoidance and Simulation of Carrier-Based Aircraft on the
Deck of Aircraft Carrier

Xue Junxiao', Kong Xiangyanl*, Dong Boweiz, Tao Hao3, Guan Haiyangz, Shi Lei', Xu Mingliang2

(1. School of Cyber Science and Engineering, Zhengzhou University, Zhengzhou 450002, China; 2. School of Computer and Artificial Intelligence,
Zhengzhou University, Zhengzhou 450001, China; 3. China Ship Research and Design Center, Wuhan 430064, China)

Abstract: A predictive depth deterministic policy gradient (PDDPG) algorithm is proposed by combining the
least squares method with deep deterministic policy gradient(DDPG) for the problems of strong randomness,
poor real-time performance, and slow planning speed by obstacle avoidance on aircraft carrier deck. The
short-term trajectory of dynamic obstacles on the deck is predicted by the least square method. DDPG is used
to provide agents with the ability to learn and make decisions in continuous space by the short-term
trajectory of dynamic obstacles. The reward function is set based on the artificial potential field to improve
the convergence speed and accuracy of the algorithm. A high dynamic complex scene of aircraft carrier deck
is constructed using unity 3D to simulate experiments of obstacle avoidance method. The experimental results
show that the method can accurately realize the hybrid obstacle avoidance of carrier aircraft on the aircraft

carrier deck, and the accuracy is improved by 7% ~ 30% compared with other methods. Compared with deep

Q network (DQN), the path length and turning angle are reduced by 100 units and 400°~450° respectively.

ks H: 2021-11-09 B HE: 2022-01-18
HEEWH: EHEK AR EES(62036010, 61972362); Vi F 4 H AR K 4:(202300410378); i) B 44 iy 46 18 o 4| T BUM 5 7771
(22020GGJIS014)

BofFE. BEANR(1982-), U3, BIEER, L, BTV AT, B, E-mail: xuejx@zzu.edu.cn
BEE : FLEEHE(1996-), &, WL, AFFTT7 R 2] . B4R K. E-mail: m15537229290@163.com

Published by Journal of System Simulation, 2023



Journal of System Simulation, Vol. 35 [2023], Iss. 3, Art. 13

35 4555 3
2023 £ 3 H

BEXIDE, S5 SUURE VR _E BRI AR A T R A4

Vol. 35 No. 3
Mar. 2023

Keywords: path planning; obstacle avoidance; least square method; artificial potential field; DDPG(deep

deterministic policy gradient)

i

0 5

PR TR EA RSN TAERSEH, F
R — 2% MR SR 26 S50 JO Al fiE Hh 38 T B A B 4
(I IE B BR AT . MUBEF AR AR 7, 1R L fE ke
¥, R R AN TR
WETEE NS, #EmEK. —HIHERIR, &
T RAN T A B )4 2 A R A

AR 2 BRI RS B iz O D&, K
Hh 3l 15 RS ARy 2 A A vy 208 e A 1 = T B AR AT
CRE SRR B E EEOR IR AR o MLECHL NI
g, MR, Ay, 51T, R RAER S ST
ZHRAEMURE MR B e i, S RE EAUAAALEL, fikk
R & — N m R s fa ey 5, f£—
He b #I AR F 20 000 m” 23 18] A B T LB,
BEHAN R EFHLCL LS FE R ATk
FRAR - A B AR A 2 LSS DR B A, HAR L X e A
FEIR o B A HIA [ e R, B2 (AT
B2 BN EAE RS2 RIS B A« A-Hl-
M7 RN, MR REE H TP A#
KRB ZLR,  PRAE AT RE B AU 2L S 12 R K
TAER e P e, 75 BB AR BN |
Wl MEZANEEREITRBEETE. 585
T YRR AR 1) AN TR A, M BE FE AR B AL
(1) 2 A2 FRI AN 75 225 R LRI RS FE RN 380%, 3k
B RN m . S B S W BRI YA
L PR G e [ 8

1 MRIfE

FEIX—H5r, or i Ak G AR LRI B0
R RE 17 A B A R VR RS T iR A 2 ST B R AR AN
RIFE . MG R SRS i A L B )
BRI i, HAE R RS S, M .
BRI R R T EMNAT N, BT

o B TN R USR5 BRI 5 3R b
HUTLAE R SRHLUR RIEFBE IR, 4 6T
HE AR

1.1 f£aBAMR &L

FUAE G g A2 AR B0k 2 B R T B B2
RPN 4l 0 C-space™™, Dijkstra™, A*7%%, it
KT R RS RGN\ T 345",
BRIEAR R BEHUR R D* AT DU TR vk 3h A5 SRS
(L 2 1] 80, EL N T 3839 5 32 TE 2 A e S 0 i/
BRI 3, T PR PR 2R AT 77 v B SR e
PR, AHSE BT B RE SIS SN B, B
REUCRLI ) B8 AT 45 REA —FE, T HBAER K,
AP E R ZE . fE DT, R M)
ATESR, MBS MARNR, Kl R R E AR,
RS S B R E. Fit, BARRERE
MUNEZERGSHD . GER A, HRE
VR ICE AL PR AS PR T )R v R, T LY
SRR ZE .

1.2 FReidEHiE

KA BB R FE 2 B R T BT N
GAIE ST NG = 07 SN T o - R NI i1 = A7 S
ORI — B R TR AL B R I MR
BEVE, ZITEZ R R TR N ME B R TR
RHIAT N, FESIRAT AE B8 A2 R s R LA 1) R
FIAT AR, A B AN U ISR A 1) B8 A% 5 SO AR AR 7]
L ff 23 ) o R B ARV A2 — oo o 440 5 B o
AT MBI R EE, 27 E e bIa e — 4
BENUR 7 (BENLAR), SNk AR B s, &
B kAR A, R E I EREEHAS “HRE” SR
HrE e AR B — Flod i B B AR AR
MRELMBRTTE, ZIER T EN s H,
oV T 0 P SR A I R e e R R AL A ) R A T ) e £
IR X RSl SRR E AR

http: // www.china-simulation.com

*+ 593 .

https://dc-china-simulation.researchcommons.org/journal/vol35/iss3/13
DOI: 10.16182/j.issn1004731x.joss.21-1145



Xue et al.: Obstacle Avoidance and Simulation of Carrier-Based Aircraft on th

H35 B3 M
2023 £ 3 H

AP iRy, A SR A AL S,
HRENE R SRS B A A A B RE A5
TR G, B REE R H R AR H AR

EMRFIEEDHBN R R, HIURSoE

= [12]
o

e
1.3 3BT

SR A2 3T T R R TS AL IR S B 5 3R
s 3k AT AR ELAE O SR R BOOR R A 85 AR
Q-learning” T LAY I Sk it we T A ML 3 S0
5. SCHR[16]KF Q-learning " FH & 45 31 6 25 ik
IR AR . BEAR Q-learning & - PA L34
855, fH PR A VRIS 25 ) KOR N, AR M TR
B R A 2 T ARSI E X B QME . 2013 4F
DeepMind #& tH 1 ¥ & Q M 4% (deep Q network,
DQN), HIREE S SI9UE Q REUR TR 1 4EE 5 M )
A, 2 J5 DQN AR 2 273 N ] T A Mkl . il
o {5 F {8 #9 % DQN(double DQN, DDQN)"™,
SCRR[1913R M T —Fh 7 IR IR I Q M £ IR Se 42 5 ]
RS & W = 4ERR AR AR 7. SCRR[20142 H 1 —
PR B Q 0 4% Rl i/ R kAR 45 & IY) PDQN
(parameterized DQN) 5772 . B 28 VR B Q W 4% i 2
(AR 1 FR) o 52 o HE (R R, AELAT AN e it 8
MIahE . SCHR[21]48 1 3 JE 1 5E 1 S g o6
(deep deterministic policy gradient, DDPG)%.i% 5k 5k
PE L EM S, {5 DDPG BiEXN T =34
o T 5 ) AR R AE FE M SOR g, R
R 17

NfER L TR, ARSCHR T — R as A
TARR RIS E MR MR FE SR IR L . ARSI
FE TR T

(1) B H— Pl S0 ¢ B2 M M S o R R
(predictive depth deterministic policy gradient,
PDDPG), A T35 37 (B Al b5y 53 568 L 2
MU InHE = AR 5 B AR BT 2 R %, KRR
e 1 A ERATLTR A R AN B A2 LRI 7 VK280

(2) RHE HARH I s 5MEE R, X H AR

RGN

Journal of System Simulation

Vol. 35 No. 3
Mar. 2023

HIARRBPL AT T, FRAR T BB E
(3) L5 45 K W], PDDPG 5 DQN. A2C
(advantage actor critic) 1 DDPG %5 5775 #H LU 75 44 &
EE T 7%~30%, {EBASAC RN A AR PR
Bir E A ECRIET .

2 AT
2.1 GFEM

TE FEARCRE B v, g B RS 4 23 S 2 RN B 2 it
Y, FFREALE . A E R E R A,
PEMVIN TR BENLAE o MRARHLAOAE 25 2 #R B — 26 N
i R B H b s i B ) TRl AT
2.1.1 R&EZ 0

RS 25 1) 2 8 LA HLAE T 3R 2 W IRAS [ 1 58
R T MERNUVEAL RS B, S
RFENE . IR A3 A 1L PR S50R 25 A0 000 2R B0k
A, RN s@):{s', ut)}o

F IR BOIRES o & i A A5 P b 0 p g
YIRTH bR s SR BRI K R, RN

S dl) @l dly ) e (e dl )

X d,, d, , NN A FTALE 5 H AR R AR
PAAFR ERBE B ZAERE R S, (), (2)
PR dy . dg,, RSN AT A B 5 5 S S
VITERE . AR EIBE RS ZAE SRR S LG,
HK3), @FR.

t

X,—X

t _ e
dl =" )
t

VeV

de.y_ H (2)
x —x'

t  _ oi

oi, x W (3)
Vo=V

t _ ol P

doi,}’_ H s 1_1727“'71/1 (4)

b (r, ,) N EHBR A AR () ) AL

SR B AR (x ) A AN DR 0 A

FRy i= 1,20 oans R H SS9 BR A5 R 5
TR ER AR A5 A 16 24 3 2R B A5 B S T

http: // www.china-simulation.com

594 -

Published by Journal of System Simulation, 2023



Journal of System Simulation, Vol. 35 [2023], Iss. 3, Art. 13

35 4555 3
2023 %3 H

TAL B AT H AR RO B RE AL LB S2 R . FIEI A
BORES u@) Rom N

WO: gy oo dgny ) (g o Aoy )+ Ad g 0 Ao )}
Relv dl, L dl, AR TR B 5 A
PUERE . AR L ABE B ZE PR h ) i B,
X(B), (O)FIR:

1
e

t _ o)
djy.= " (5)
t+1 t
t _ ya'j _y
dly,= =" 6)
K je L2, ms (xyy yiy,) N ERHS RIS
AL o

2.1.2 FfEAER
FIR AR AL 1) B0 1 2 1) 2R 7~ AR AL AR 4 R A5 2 )
PO BEPAT BN . KEMER B E N 4 (X, Y).
XA Y 23 B ALLE x A1y 75 18)_ERESh B ES -
X=40x, Y=40y, x,ye(-1,1) (7)
A H: x,y I DDPG H Actor 2% 1) % H
2.1.3 LR
TR TE SR A 2 2] 10 2 J5h oR 40 - Vil 8 B AR
HUCRIAT Ao ST E 1 B 1A B SR Ve 9 e A i &
BBV IR RE . 52 B A S0 R
o R BV U VR AR R 2B, U S AT
%, BB A R ERR. H2, IRk
WEE A FH 1 4056 Bt DA Bh R R pk % o . DRtk
P 6% SR U SIOH B AR, O L RE A2 T B
FEGARZE . fEASCH, ¥ AN LA ARG
1B A3 0t AR LHE SR RO 51 ) 51N 2 il i £ 1)
Bt WE 4R A OHFS 20
QBEfG FF 11205 OREHE2L ;. @FIX B AR .
H bR 51 7 100 52 5l R O AR 8 H bR s AL
PR B 1. T R E A,
s 713t Jo5 . B RSS2 s Hok B
WA(8)~(10) i :
Di.=lp'pil
D;:1=|pt+lp;+l|

<

[VEV%

o oy

o

(8)

BEXIDE, S5 SUURE VR _E BRI AR A T R A4

Vol. 35 No. 3
Mar. 2023
t t+1
L, L<D;,—D;,
_ t _ nt+l t _ pnt+l
rl_ Di,e Di,e ’ 1<D1’,e Di,e <L (9)

I, 0<D! —-Di'<li
-1, —I<D},-D!'<0
r=1Di.=Di'. —L<Di -Dii'<-l  (10)
-L, D! -Dii'<-L
K pl pt AR R+ LI R AL B A
br: p N EAR SR E AR DL, DA e A
1IN ZI AL S H bSO M PR RS . 24 DY —
DI S ORS, MRNE r HTHE O FTR: 4D -
DI <Oy, BEME # MR A0 TR, Ly 1
=1, =Ly e E R R

BTG 7 1) 2 il R 502 AR AR B i 0 R 2 L
AR B R, FAFR RS
5o BERG 712 ek s B (1 D)~(16) 7 :

D§,0j={|ptp;j||j= 17 27 Tt n} (11)
D ={p" Py =12, n}
Dio' :{|ptpf)' Hk: 17 2’ 7m}
t’+f t+1 kt+1 (12)
Di,o'k:{lp Pok ”k: 1’ 2’ am}
ry+H, H<D., -D.
ry={r+D},,=Di,!, h<D},-Di'<H (13)
ry+h, 0<D, —Di <h

r,—h, —h<D! —-D'*'<0

i,oj i,0f

t t+1 t t+1
ry= r2+Di,oj_Di,oj’ _H<Di,oj_Di,oj <—h (14)
t t+1
r,-H. D;,—D;,;<-H
t t+1
ry+H, H<D;,—D;

_ t t+1 t t+1
ry=1r,+D}  —Di*h. h<D},—Di\<H (15)

t t+1
rya+h, 0< Di,o‘k_Di,o'kSh

ry=h, —h<D! D!, <0
ry= 172+ D; =Dy —H<D; =Dy <=h(16)
ry=H, Diy=Diy<-H
Rebie pl p0 ple pl M BIAALERNL. WA
FHAE A0 e+ 1 I 20 AL B AR s plys ply! 23R
BN BRBFYILE ¢ F 1+ 1 I Z B PN B AR s D

DY I o 41 I AR 5 o A B R 2 1

i,oj

http: // www.china-simulation.com

* 595

https://dc-china-simulation.researchcommons.org/journal/vol35/iss3/13
DOI: 10.16182/j.issn1004731x.joss.21-1145



Xue et al.: Obstacle Avoidance and Simulation of Carrier-Based Aircraft on th

35455 3 M
2023 £ 3 H

WEEE: D' DILAY BN R 1 AR LS
NS E 2 R EE R . BT SRS
YNBSS YREE N2 A, B 2 n %
L B R . 4 DY, — D >0
KA ry B0 K (13) BT s i—'lDioj—Dg;jl<O
i, AREE r, KR4 PR . R BB AL
A2l 2 RGP0 ) 2R i e ) i S 3K (15), (16) B
No H, hy —h, —HZ 5l 9 A R EBRFIR IR .
lE 1 24 il A 48 ML AR5 BB ) A 2 Al 43
ERREE. B LR, H3D<di, ry=-50.
D={p'p =1, 2, m, m+1,--,m+n}
X A AN 2 A8 p AL ¢ 15
2B B AR pl, AR R — ARG ¢ 5 2 1) AL
BAR.

K1 RS
Fig. 1 Collision state

F35 H AR 2 a2 48 ILEL RS H A5 s
R RE . Zp'=pif, r=200. HHp R
LA B AR, pl 3R HARhL B RS

L LPTIR, R P AT RE S A A 2R i R R T
BSR4 BRI B2 ME . S E

R=A -1+, 1y+Ay-134+4,-1, (17)
e A Ay Ay A N AR B AL .

2.2 BIEHELEH
2.2.1 BTN

PO TINAE 55 5 EARYE B AR 25 50 B0 TS24
WEAREFE, W% H AR AR K AT B 34T 19
WMo T AR RS, R R/ — ik
T A& FRAF AR KB Ao R . W 2 fros, B/

RGN

Journal of System Simulation

Vol. 35 No. 3
Mar. 2023

T IE B TN AR R B 1B A BOR S s B A A
/NI N SRS AR (0 JA RN AR
(D3 PP ™) - (s Py P OME S N
JE I A /s e I T AR A v B Y Bl AR RS A I
MBI () ={p N, pht Nt e pt N @it )
A FEASY B T NE y(e) 24 BT AR ER AL AL B E 5
TR BLRES w(r)e FEFE TP BDIRA w(e) 175 11
WBUIRZS s"ME N EDIRES 5(0)-
2.2.2 FEiEHF

SRS S R AR 2 S E IR . 2 B
TRy BRI s 2 xR N IR T AR R, TR
FEHLIE I T RO TR SRS w() NGRS, R
s(t) ¥ )\ DDPG F T M 48 AT &, it A 0L 22
PATENE ax(x,y), T x iy 43 5 RN AL EALLE x F1
y A LR IEE R . MENLATEESE, #RibIR

BeRaS 15" {(d; . d,, ). (dy - dy ). Ay, 0 dyy )}
AN A A, oy d it ) (i d oy )
B AS RGP0 0 7 ST X ={(pl, pith Y
(D3 P05 ™) (D oo™ BTN
XEVEL S (il g2 L pleN eyt pre2
PN () P e PN RN RS 2

Br. 85, H3DBREGWI P L P
N G TR AL e SR A5 0T 1 T 2R B 0K 3 wer1)
{(d(?ll x? dcg'Jrl{ y )’ (d(§‘+21 x? d¢§'+2{ » )’ t (dcg'tri x° d(ft;, y )}’ ZE
R LA BRRES s RO BOIRAS w(e+ DAFH
B IR BOIR S s+ D {s™ ', u+ D)o B 55K

(@), a,, r,, st+ D) FAEELI M
223 EBH

DDPG & 2 - AC HE 42 % DQN 5L ¥ & .
EORE 7 DOQN [ RN 28 25 /i I 2 30 B . (H 5
DQN (18 5 35 A7l , DDPG % F %58 357 (0 5 5k
B H bR LG . B Actor Al Critic P E& ), M&
Bo v SRAE NS MR FEA, SR E AR AT H
br QME, V5 Critic W45 (45 2% 58 £ £09), W=k
(18), (19)Fr7x. [T, i8It SR me A B 1 7 v o
Actor (%%, 1z0(20) s :

http: // www.china-simulation.com

* 596 ¢

Published by Journal of System Simulation, 2023



Journal of System Simulation, Vol. 35 [2023], Iss. 3, Art. 13

2535 B 3 W Vol. 35 No. 3
202343 A BEIe, 5 FRUR_E A 28R ML ) A5 R 5 A 17 Mar. 2023
D™ l Ot arse1) |
= @u(t) (L@ :
T DI N
E ®s(r+1) LN TN
@s(1) ‘ | @xp T

i E]E:‘:Mgg E v v H ﬁzlﬁjé@ v E

i @a’ ;

HAPRRL% | -—av PR |

®0) | ro 4 @0(a")

B EH T | BFEH |

R )
o 250 9
B2 Sk
Fig.2 Framework of algorithm
R, (1) B AE R, Egsd, wE T INShSRES
PR AW ). 7y (A ) MR 15 A A .
1 N
LO%)= 3 20~ Qs @ 09)7 (19)
t

N
V, SNV, O, a0V, u(s|0")  (20)
t

B, S BCE R 2 A HAR M 4 24
0“F169, nsREDFTR:

09 =709 +(1 - 7)0¢

0" = 10" +(1 —7)0" W3 B
A o TR T Fig. 3 Scene 1

3 PEAHTERIE

AL VL3 T CUDA 9.0 ¥R J& 2 > HE 22 Al
Tensorflow 1.14.0 #]H Unity 3D #4745 . &84T
55 M Intel i7 870 OK /S 4% 3.7 GHZ F 45, GPU Ny
GeForce RTX 2070 SUPER .

31 BREE B4 2

EOH ARG T T 2ARRARS R, WS Fig.4  Soene 2
MAPR, MR L, EENRNEETD 3, mEyeE
0 A5 R (S C R (LR 90 B P e 2 At
PRI AR, 3R] — 2% R K] AR A (TR
By 5 ) O Bl B 4. AE R LoR, 1 5 ANE)
RS AR . T Wil BT A

21

RS 70 B A BRGNS BEAG . HAR
FRES YA AR E . S B
TR BN o B A BRSP4 75 AR L A8 55 HO AR

http: // www.china-simulation.com

* 597«

https://dc-china-simulation.researchcommons.org/journal/vol35/iss3/13
DOI: 10.16182/j.issn1004731x.joss.21-1145



Xue et al.: Obstacle Avoidance and Simulation of Carrier-Based Aircraft on th

35455 3 M
2023 43 H

BOHL,  HOPRS7E i I 7 25 A0 I 3 25 22 [ e e
HMBNLAEAE 5538 I FORZS N IR I 302, 1 e
BEAT AR I FORZS N i # 5 . BRIARI a3 B
P ShAS BN AR SR . S HBTAAE S5
i, EALE EREATEL, SERUE, BhASIEL
B BILA= RSCHT R TR 2 25 0 B (A 55 R

3.2 fiESHT

Xy BIR 2 N B B RE AR RN Bh A
BYIEL. e s, 6FiR, BeIAEFZhE G
W13 53] R WE AN S (IR AL 2 R HIH R 5331 el W
BRMGEELERR. HOMBNIERREFSREGY.
K5, 6 i HE ) 7B a KR SN SR AL i
AV R B 5 Ay TR Y B b~f FIEL 6 by
T7 RER - BF b~ 73 3l F R 25 5 b B Bh A B4
TEMEMLBE A SR E . BS, 6t
IR R RN a BRI IRSR IS AL E, SRR
2 EIR R RIS IR B AL E . SR
FFR IS N B 7S BRI AT B B SR R
SRR SR RIZE 0.000 96~0.011 0 s 22 [H]

K5 510t
Fig. 5 Trajectory diagram of Scene 1

- -
- -
-

¥

L™

Ko w528tk
Fig. 6 Trajectory diagram of Scene 2

ARG H R

Journal of System Simulation

Vol. 35 No. 3
Mar. 2023

MBHEPAT D BifERoR 120 W 535
1AL E s, AL a R A3 A AT B S 42 R 2
FEHEAR A BMBHLarER 38, WA TITE
i, KIS Eb R 1, 2R A
B s, ML a KB IL T M sh & 530
SRERGY) d R ERERE, LB a 755 5 25 AT Bk
WEN ARG d EhE. Qi 6 375t 2 IHLIE K e
e AL a K BLFEEAGY) b Al e BN a
JEEE, AR a 17 22K T 1 3l DAk Skl 1 2 12
SRR, e IFHHTRMENL a5EIL H br.

3.4 PROTTEARAIN L SRVE R BET

N T PRUEAR SCENVEE K B B R4 e
TREFELm R, 8 BN 2h 7 B s P ok 1% &
ZARE R, R BAEKE. P2
B “P3%E 2 # X 4/ J7 1R DDPG, DQN Al
A2C HEAT UL
3.4.1 XHLEEE

DQN FI| F #1282 I £ A0 Q R A= iU A A 1Y)
QfH, [FIEF5I NZ 56t H R F WU 245 45 #4 4E 3R 55
WHITR . A2CHENACTILIIY &, RAMHAE
H 77 2R VT 5K X 445 (1) & 4 ] R of # 2 3) 1E
MRS, AT 7 10X 2 0 410 24 iR 50 100 R 28 I 2%
S8, BT AC SE P LRI UL SIGE FE 1
PHAT & 19X 248 1) B T B T PP K W 2 A% 88 1 S 4L
FIt DAEEA BEAAAEME SR 9/,  DQN SR UM
BN, BIRBCONRRE, (HIGVEMEE SR .
DeepMind 7£ 3 (11 2 fith B4 7 DDPG ik, &
TR B T DQN FIZ 56 [ i LA K [ 72 Q 2%, SR WL
U 24 S ), A5 P S s I 4% L o e ek s A

N S AN TRE N, 4R A B [ 1 S
S8 O IRE R LA k% . T DON A fgdk
M A, B oK DQN Y 3h 1 7 (A BB
A={a,, ay. a, a}o HH, a, ay ap a, 73R
ARMEEHLA By AR WA RGBSR .
7 FoAth 2 AN 20 4 23 [ A1 PDDPG R B — 3

http: // www.china-simulation.com

* 508

Published by Journal of System Simulation, 2023



Journal of System Simulation, Vol. 35 [2023], Iss. 3, Art. 13

B35 EE 3 Vol. 35 No. 3
2023 43 A [ R SR VOl wh = s INE OB e id k= Mar. 2023
3.5 AR % FLIASSE . 1T A2C I DQN B K B 3R AL
v N %'_L" 7 o #\,
35.1 W% HAaCH e RZE. MR 1MESHIR,

2, ARPELERIHER R 4T P N B, A PDDPG

3 S TAE=N SR EVE I HERR 2
HAEHE T 2 M s A R AR AR A . R AL 2 . LT LA 510,91,

F PR, BEHUEE 100 4LER R 5751, 7
Y11, PDDPG -1 2% 0.98, DDPG A P
DOQN 53573 5124 0.92. 0.90. 117 A2C 9% [ e fff

Table 1 Accuracy

i 75 g Bat2
L AE A 0.67. 5 DQN. A2C I DDPG Al Sk I T
Ve 27 =i DQN 0.90 0.90
PDDPG R 70 I3 H0 7 0.8, 0.31 410.6. 411 o o6 oos
K75 1 HERZ TR, DDPG A PDDPG [ #ER R DDPG 0.92 0.82
#B T LLIAE] 100%, {HPDDPG A% 100% HIIR EidR PDDPG 0.98 0.91
1r 1.
T e [ I h
5 0.6 % 0.6 '
= &=
%04 I
0:2 0.2
"% 4 ¢ 8§ 10 12 14 16 0 s 10 15 20 25
<10 Al &> 1074
(a) DQN (b) A2C

o
>
=)
>

TR
HERR

(]
~
(]
~

1- wwwm

5 10 15 20 5 10 15 20
[B] & 107 [B] & <107
(c) DDPG (d) PDDPG

K7 sl
Fig. 7 Accuracy of Scene 1
3.5.2 FIREE
I 1) 2 A B A 4 b B ) 2 )RR .
W 935 1 h 4 MELE R R E PR, |t

A2C SVEAMEUC S, P38 2 il A8 I RE AR 2 7E 100
oA, i Ho At B L R e AL 2 150, a0 & 9~10 i
7~, FT PDDPG, DDPG #1344 il i 55 A Fa

http: // www.china-simulation.com

* 599 .

https://dc-china-simulation.researchcommons.org/journal/vol35/iss3/13
DOI: 10.16182/j.issn1004731x.joss.21-1145



Xue et al.: Obstacle Avoidance and Simulation of Carrier-Based Aircraft on th

35455 3 M
2023 43 H

&, B DDPG 7E V& A F il (015 1 F 2 =) 80 R
# . DQN # PDDPG fF 2 2 il {5 # #4 52 1E 150
i 45, 1M PDDPG E A E & Hfa e . Xt &4

1r

RGN

Journal of System Simulation

Vol. 35 No. 3
Mar. 2023

.y, PDDPG )22 b8 & = Ho e A e
M EA AR I BUR

[

MN e
5 06
z
=04
02 U
L 5 10 15 20
[Al & <107
(b) A2C
| U
0.8
506
=
£ 04l
02
L 5 10 15 20 25
[B] & <107
(d) PDDPG

(SEI7/5 PR 1 ES
Fig. 8 Accuracy of Scene 2

O&WwMVWMWWWﬂMNMA
+§§[_ 0.6 I
g
04
02
0 1 1 1 1 J
5 10 15 20 25
[\ &x10™
(a) DON
1 2,
O'S'MWWMW
5 06
=
04
02
0 5 10 15 20 25
[B] & 107
(c) DDPG
200;
125}

RRZE 4N
3

_25.

1000546 & 10 12 14 16 18
Hx10°6
(a) DQN

200

125,

50

REZESTILEN

024 6 8 10 12 14 16 18
Hx1076
(b) A2C

http: // www.china-simulation.com

* 600

Published by Journal of System Simulation, 2023



Journal of System Simulation, Vol. 35 [2023], Iss. 3, Art. 13

2535 B 3 W

Vol. 35 No. 3
202343 A [ R SR VOl wh = s INE OB e id k= Mar. 2023
200¢ 200r
125} 125+
o o
= =
K 50r ¥ 500
" 5y
=25 =25
1000324 —% 8§ 10 12 14 16 18 046 8 10 12 14 16 18
Hx10°¢ Hx107
(c) DDPG (d) PDDPG
Ko 51 B E
Fig. 9 Average reward value of Scene 1
200 200
125 125
Fu o
= =
A 50 ® 50
oy w
-25 =25
046 8 10 12 14 16 18 024 6 8 10 12 14 16 18
Hx10°¢ Ax107°
(a) DON (b) A2C
200¢ 200
125} 125+
o o
= =
K50t 50
w w
=25} =25
~100——F——— o Ll 10—
0 2 4 6 8 10 12 14 16 18 0 2 4 6 g8 10 12 14 16 18
$x10°¢ Hx107°
(¢c) DDPG (d) PDDPG

K10 3732 P2 e

Fig. 10 Average reward value of Scene 2

http: // www.china-simulation.com

* 601

https://dc-china-simulation.researchcommons.org/journal/vol35/iss3/13
DOI: 10.16182/j.issn1004731x.joss.21-1145



Xue et al.: Obstacle Avoidance and Simulation of Carrier-Based Aircraft on th

H35 B3 M
2023 £ 3 H

3.53 FHBRAEKEMFESHAE

FEMUEE AR b, R3] — 2P M B AL BUX
e AR AN T LAYk /> BE R FE, 445 R R K B[]
ifi HIE T DASR AT 55 R BRI . R B & A
HIR R B AR K P B A . nEk 2
KIFR, R UG E 2 P AR EE T 5
KEM P MEEEAR, X4 mEL,
A2C. DDPG #1 PDDPG ¥ kil (¥ i 42 K J& Fl-F- 35 %
AR AL BT DQN HBEANHE B B zh 1,
DQN F 1R B 4% 191 2 B A0 K B i 1K AP 1
Rl S PN

*2 CPHBRIEKE
Table 2 Average path length

RGN

Journal of System Simulation

ik ! 32
DQN 43822 465.45
A2C 352.60 324.16
DDPG 328.97 320.61
PDDPG 328.95 315.68

R3PS

Table 3 Average turning angle ©)
% 7759 75=w)
DQN 586.73 522.62
A2C 142.03 158.00
DDPG 139.96 134.28
PDDPG 139.80 132.58

4 45

AR BE T —Fh % T DDPG Rl /N 3 ik
H A MR L PDDPG, 5k S TIRE ik
SR RN AN PR S e T DA R /N e R T A
73, NHTEEAHE NS R/ ZIESLI
T AR BESYPOE TN, KORFEC T R
WE M, AR TR EEES ST
I PRI USC SR S, iz K RE ) 255 . DDPG i
FH T A e SR AS 23 (B IR )/, % 1) R EE 75
Sy s AT RAERIERIE, 1EFE Unity3D 3k
Xof AR - AL B AR BRI 3, FEXT 243
s B BR AR AN B S BRSO AT T .

Vol. 35 No. 3
Mar. 2023

i K], 5 DDPG, DQN Al A2C 5 E LML,
PDDPG fEHE 5 EFE s T 7%~30%; 5 DQN AHLL,
PDDPG 1 #% 1% K J& AL 25 ff1 B2 J7 181 73 s> 1
100 > FLA7 AT 400°~450°,

EEPE N

(1] AESbE, RIS, 2Rk, &5 T (v T 25 B L 7 S5 RAR

2 B RE A BRI FUHERE (0], THSE LA B e it 5
BT 2 244), 2021, 33(10): 1475-1485.
Xue Junxiao, Xu Mingliang, Li Yafei, et al. Research
Progress of Multi-agent Technology for Aircraft Carrier
Electronic Display Panel[J]. Journal of Computer Aided
Design and Graphics, 2021, 33(10): 1475-1485.

[2] Wang J, Meng M Q H. Optimal Path Planning Using
Generalized Voronoi Graph and Multiple Potential
Functions[J]. IEEE Transactions on Industrial Electronics
(S0278-0046), 2020, 67(12): 10621-10630.

[3] Dang T, Mascarich F, Khattak S, et al. Graph-Based Path
Planning for Autonomous Robotic Exploration in
Subterranean  Environments[C]// 2019  IEEE/RSJ
International Conference on Intelligent Robots and
Systems (IROS). China: IEEE, 2019: 3105-3112.

[4] DIJKSTRA E W. A Note on Two Problems in Connexion
with Graphs[J]. Numerische Mathematik (S0299-599X),
1959, 1(1): 2569-271.

[5] Hart P E, Nilsson N J, Raphael B. A Formal Basis for
The Heuristic Determination of Minimum Cost Paths[J].
Acm Sigart Bulletin (S0029-599X), 1972, 4(2): 28-29.

[6] Hwang Y K, Ahuja N. A Potential Field Approach to Path
Planning[J]. IEEE Transactions on Robotics and
Automation (S1070-9932) 1992, 8(1): 23-32.

[7] Bruce J, Veloso M M. Real-Time Randomized Path
Planning for Robot Navigation[C]// Robot Soccer World
Cup. Lausanne, Switzerland: Springer; 2002: 288-295.

[8] Stentz A. Intelligent Unmanned Ground Vehicles[M].
Germany: Springer, 1997: 203-220.

[9] Dorigo M, Gambardella L M. Ant Colony System: A
Cooperative Learning Approach to the Traveling
Salesman Problem[J]. IEEE Trans on Evolutionary
Computation (S1089-778X), 1997, 1(1): 53-66.

[10] Li G, Chou W. Path Planning for Mobile Robot Using
Self-adaptive Learning Particle Swarm Optimization[J].
Science China Information Sciences (S1674-733X),
2018, 61(5): 052204.

[11] Katoch S, Chauhan S S, Kumar V. A Review on Genetic
Algorithm: Past, Present, and Future[J]. Multimedia Tools
and Applications (S1380-7501), 2021, 80(5): 8091-8126.

[12] Zhang H, Lin W, Chen A. Path Planning for the Mobile

http: // www.china-simulation.com

* 602 ¢

Published by Journal of System Simulation, 2023

1



Journal of System Simulation, Vol. 35 [2023], Iss. 3, Art. 13

35 4555 3
2023 %3 H

RERSIIE, A UTREF AR L AR EAL VR A e A )7

Vol. 35 No. 3
Mar. 2023

Robot: A Review[J]. Symmetry (S2073-8994), 2018, 10
(10): 450.

[13] Sutton R S, Barto A G. Reinforcement Learning: An
Introduction[M]. England: MIT press, 2018.

[14] Yan C, Xiang X. A Path Planning Algorithm for UAV
Based on Improved Q-learning[C]/ 2nd International
Conference on Robotics and Automation Sciences
(ICRAS).Wuhan, China: IEEE, 2018: 1-5.

[15] Bouhamed O, Ghazzai H, Besbes H, et al. Q-learning
Based Routing Scheduling for a Multi-task Autonomous
Agent[C]// 2019 IEEE 62nd International Midwest
Symposium on Circuits and Systems (MWSCAS). USA:
IEEE, 2019: 634-637.

[16] Sichkar V N. Reinforcement Learning Algorithms in
Global Path Planning for Mobile Robot[C]/ 2019
International Conference on Industrial Engineering,
Applications and Manufacturing (ICIEAM). Sochi,
Russia: IEEE, 2019: 1-5.

[17] Watkins C J, Dayan P. Q-learning[J]. Machine Learning
(S0885-6125), 1992 (3/4): 279-292.

[18] Mohit Sewak. Deep Reinforcement Learning[M].
Germany: Springer, 2019: 95-108.

[19] Sun Yushan, Ran Xiangrui, Zhang Guocheng, et al. AUV
3D Path Planning Based on the Improved Hierarchical
Deep Q Network[J]. Journal of Marine Science and
Engineering (S2077-1312), 2020, 8(2): 145.

[20] BEF e, FLARAE, FORRIH, &5, JE TIRBEDRAL 5 ST AL AR

ML Bl & 36t B 755 (0], T SEALA Bh it 5 R 22 4
(S1003-9775), 2021, 33(7): 1102-1112.
Xue Junxiao, Kong Xiangyan, Guo Yibo, et al. Dynamic
Obstacle Avoidance Method for Carrier Aircraft Based
on Deep Reinforcement Learning[J]. Journal of
Computer Aided Design and Graphics (S1003-9775),
2021, 33(7): 1102-1112.

[21] Zhang Xi, Liu Youbo, Duan Jiajun, et al. DDPG-based
Multi-agent Framework for SVC Tuning in Urban Power
Grid with Renewable Energy Resources[J]. IEEE
Transactions on Power Systems (S1558-0679), 2021, 36
(6): 5465-5475.

http: // www.china-simulation.com

* 603 ¢

https://dc-china-simulation.researchcommons.org/journal/vol35/iss3/13
DOI: 10.16182/j.issn1004731x.joss.21-1145

12



	Obstacle Avoidance and Simulation of Carrier-Based Aircraft on the Deck of Aircraft Carrier
	Obstacle Avoidance and Simulation of Carrier-Based Aircraft on the Deck of Aircraft Carrier
	Abstract
	Keywords
	Authors
	Recommended Citation

	/var/tmp/StampPDF/_ElwyxJarN/tmp.1688100843.pdf.7rIN1

