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Unmanned aerial vehicles swarm conflict based on multi-agent system

LUO De-linf, ZHANG Hai-yang, XIE Rong-zeng, WU Shun-xiang
(School of Aerospace Engineering, Xiamen University, Xiamen Fujian 361005, China)

Abstract: The multi-agent system theory is employed to build the maneuvering decision-making model for large-scale
unmanned aerial vehicle (UAV) swarm conflict. In this model, each UAV in the swarm is regarded as one independent
agent. With the establishment of UAV motion equation, individual behavior set and action criterion, each UAV keeps
on interacting with its neighboring environment and the UAV swarm conflict outcome emerges eventually from such a
process. Simulation experiments are conducted using MATLAB and the results demonstrate the effectiveness of the built

decision-making model for UAV swarm conflict.
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1 5|5 (Introduction)

Bl & Wt 2= R 19 & &, J& A ML (unmanned aerial
vehicle, UAV) 5 {5 BUAIC BR « L3N R 35 DL K Be il 1
SR AN AT R TSR A BRI T
REENER CHPATHE. Wi BT HSEESH
fE55. AH T BB T AHUBATAE S R R RE 77 1 = B
P, 23 BT PT HR HA AE R T 52 B I B A ke R
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PR B LML Candr SR WO SRS AT A IR
O AL B AR RS, FEREF I AN UK EE 5350
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BHLE R ERAT A R T 2 LA /AT A IR IR
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BIEMEE: T 2 agent RGHI BT ABUERREN HT 1499

FEFMISCHE D X SR 2 agent RG T KT AN
HLRIEEREX P AT 45 2 agent R LAEESL, B EN
UG — DML Fagent, 2570 AHUEERE AT &l
I \SLVEI E B0 A AT BERG AN R AS AL T B AT
TRFERAL T 7178, 5 HERIRT, 75 2 R Re ik RGHESL
™ A LA HEUAV. B bR 8L I (5 B e 2 UAV
PR 23 e T PRSI 75 5K ) B, Si2E 22 8 e Ak ]
(R AR FE 22 LRI AT ) B S A AT o0 2
agentf R HAT I HHZURE Ty 7 2T Re ) AR g
NTNNUERER ez 5 kiR it 1 Rudiz.

DL 2% HE N RS R A 2 agent @B HER A
BRI O E RO BT R St v I I B Be AR 1) A8 BLA
IR R I RS AL — AL 1E B 4%, XK
FRTC AR SRS SO SR FETT R T — o R4
WA 12 RGN T Zagent RAGHIEIL . K
ABVPAL TR SO IS, B MR TS AU 9t
S HJagent, FEWTE 1 AHN AT NSRRI IR ITVE, PALL
SRST KIS TC AR HORERY, 15 38 1 56 B o AHLAE
B2 B B R B R, X EE 22 SCik[12] 2 T
WU LB E 2 06— H AR RN 5T, 4504
i 2 agent G0 IR TE AHLERREXS H1 772 0] LA
FEEAT] H R SR HH BB 445 H
b, B R0 € TS AW UER TR IR B (R4, VR IR
FHJEEREXSPIROR, 1-TH K TC AN VEETE X HUAE ik
R, RSB T I B A R
2 T Hagent 5 MK BT ANLIERERS

i Y 3K & 4K HE 22 (The overall framework

of UAV swarm conflict based on multi-agent

system)

£ T Z A agentf) RGE AT AN — R A B &R
g, H R Fagent[[] (P [FFIAH BLARAEVE, €045 P
WENR . BAR. B BRI SR 51T 4. B agent—
PR T L BN R AT 9, RO BN B R R,
FICAL T ) R PR B 02055, A AP R 2 e R AT A SR A
PR AEEL 2R TCVoR AR, I R AE S AR R AT D SE D e
REAL S HI4T 0y, MRTAI 21~ agent [A] AOIE S H 8 — A
Zagentik R4, XA EEN T IR HSagent ) =) IR
P, T HAZ FAEAE T LA ORIT A agent 3RS R BA5 B AN
B2, BEAMEE AR FAK AT FAR FLZH 2R o0 R BRI R
Gt RIS R AR 4k e e

AR T Zagent RGN T, SEIL T 402X
FIERRERT BT S, T 2 agent RGEHITC ANUERE
X HLR T SARREZ A B TR, o AHLEEREXS Bk o5
RAKHEZE | 2 agent RG> AWELE: LEN
multi-agents)=, H 2 MH BRI Ragentid i, 3
FESEI M ARagent (8] 15 B A H; N JE 9 Kagent
HIRE R, o AHLN KA AT PR B L LGS E

BT ZRA VPN, MR DAL 25 Rk BRI AT AR,
FOTFEE N HATHLB AT AR, SEILERALR XS Bt
MR, T Zagent R Gt L JE 45 AN KRagent 2 [A] [
&R AR, KALREWERE S SR T AR
BTN, WIBTTFEILH R HURAR.

Bl 1 Zagent RGEEREATHUEMAHELL
Fig. 1 The overall framework of UAV swarm conflict based

on multi-agent system

3 T AVLERK L agent & it (Multi-agent
design for UAV swarm)
3.1 /MK agent i 34 & (Individual agent motion
model)
T ANLHIE BIPIRES T a0 B2 s AL B 5
TR,

2.

Kl 2 T AblagentizaRA R
Fig. 2 Motion state diagram for UAV agent
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Fig. 3 The movement of UAV in two-dimensional plane
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3.2 AgenttE(Agent collaboration)

Zagent RGUHE N — MY R FH A a1 52
ARG, M BRI A Z 25— MRS &
agent/A) {1 5Z FAARKASFL J= BOMLIIAE 2., T AV 42 =)
B, AgentMATEEIEE(E 5 UME, WTSEI RS E
AR ThBE. A2 R RRTC ANV BT ISR HEIREL
AT NAFETNHLR SR 1.

TN REAT RR T INNAEB B R, &
B AR HLTT IR FES AT . A SCRBR AL T
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B AEer ARFOR T

Py = L > B (13)

n—1 j=1 and j#i

nFIRTNNUEEL, P, Ron B35 ZET AHLAM 1 AR
TR B ALDR.

TN 73 AT NRARFETE AN B R R R
DN 3E G BT 73 ACATLTED F P A/ S R A i SR ) —
FERAP e B, FTARAI N T3537i55E.
4 KA T N HLEEBE XS PR 5K (Decision

making for large-scale UAV swarm conflict)
4.1 =& #1411 (Air combat situation assess-

ment)
FH T A SCHE RS A LR BERT TR /G
IAUMEREIS 76 4 —FF, #OT R A B L35 s 2530 2
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BIEMEE: T 2 agent RGHI BT ABUERREN HT 1501

AN HPIREDL, FE AR :

advantage,  K;; > Krhresholds

Situation=q
disadvantage, K;; < Krhreshold,

15)
Hor K threshola 278 UM At 11 E BIMA.

42 1E K& 47 AN & ¥t 1t (The design of combat
behavior-set)
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b) TMNE EHLR IR EF 22 A FE 55, APA, A
T

¢) Bt BARTE AN, B BERE AR KT TE ML,

AT EEAT NI

Action; = {A1, Ay, A3, Ay, As },
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b, AyREIGE B bR, AR SHRRML.

4.3 Agent 1T N ¥R 3K J7 % (Agent behavioral deci-
sion methods)
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5 {iEH](Simulation example)

SR TZ R SRAR Y (G 251, A SCH HHMATLAB
X} 22 To NHLH F) 2 R SRR AL AT 1 )7 FLIE.

5.1 #UE5%AF (Initial condition)

PR SR BN T e AL B Y 67 2
. BETTRMBN LT BN IA), 3 TE ANILEE AT
28 W7 %3058 T AHLTE 10 km18 kmx10 km /%
W AL, AT NSO B W 1 R,

k1 RAMAHIKE
Table 1 Parameters of the UAV

ZH i QTN XA

Vmax TNERIELE 150 m/s
Umin TEN LR/ NEE 80 m/s

aup Tk 2% 1.1

Adown R R 3N 0.9
Qmax BRFFAIEE  0.1rad/s
dmin T ML/ NEBE 100 m
Attackgistance  KATBGHIEES 2000 m
Winax TANAERRFE 1500 m

KThreshold %%'fﬁﬁ‘l‘iﬂ'fﬁ 0.5
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5.2 fiE4% % (Simulation result)

R T BUEAR ST A R, FEXS B R L0 XU
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AW CUR JURALED: &, Bk B A, i & B
b~ By B AR B & SR AL, XU T AMLEERE
PrERPUE FEEAT T B, AR R BE N LS X B
AEE 4R,

5000 K,

K 4 SERE BT AN LUIZE
Fig. 4 Trajectory of UAV swarm conflict
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Fig. 5 The evolution of survival numbers for both sides of
UAV swarm
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Fig. 6 The survival situation of the UAVs
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Fig. 7 The behavior decision-making process of the UAV's
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BIEMEE: T 2 agent RGHI BT ABUERREN HT 1503

bR, M H AR, FENEIZ A B AP,
(EH A AN SEl B R AT 9 F AR, RSRAE B
TENS: SR AL, EFHET B Z LT TE AL
BEAh, O T S IETE AW J 75 4 5 2 R B AN
R, ARSCE LT AN TENNPE A ] S B AR
ERNAENS B 1 FT A AN A R BRI 5P LR
AU E AL i BI85 8] o P i il 42T LA
A AT ANURELRE P, AN 8] S AE
TR, REMCR R, IF AR HoiRJa b Bk 214
5E, BITC ANIWURERCA HELE 2 4R
50 : :
4.5
4.0
35
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EE 2
K 8 Te ML FEinl o P 2k

Fig. 8 Curve of average UAV space occupation value
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Fig.9 Curve of the shortest distance between any two UAVs in

the swarm
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%y A
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1 2
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Fig. 10 The experiment statistic result from 1500 simulations
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M RIS S A k.

T BRIE R T, W 2407 0 Bl [R5 2R S
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HEAT 7 1007%. 500¢K+ 10007K+ 15004k ik, H4iit
R E R,

1.0 T T T T T

0.8 \/\

0.6 —
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02f . -a=--""""7 ~.
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UTE=RY €
Kl 11 13100, 500, 1000F1 15007 iR E0 25 R ge it
Fig. 11 The experiment statistic result by conducting 100, 500,
1000 and 1500 runs of simulations

KIRAETE N HLEERE B R0 000 25 ik pe S b, E R
SRS R IREE N, 248 ANLPEREAH [ I, 35 7 SREUAS 3¢
() 77 35, 477 % F SCRR[12109 77325, 10097 %5 R A 4L,
W77 IR MES3 VR, LT 73R IELT ¥k, 5007 25 B, 157
SRIE3STIR, LI 73R ME 1137, 10007k 25 AR AL, T 753k
JEQ12UK, 21 J7 3K HE88YK, 15007K 4 ik #% U, W J7 3k
WE13149%, 205 3R 1869k, /B 11 ] &, W57 HI 3R ik
EL I TES0% i A4, i K41 77 1120%. %48 1145 it
B 5SCHR121AH HE, A S0 3E T Zagent R GE Y
KA TE NHLEEFERT P ok 5 77 72 B B R i e 345 A0
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6 45 (Conclusions)

ARSCHEALHIFE T 2 agent 1925 G LIk SRAR T, B8
A WO AE KRR TG N LA T XS T P A5 HS P 7 25 5%
YR, TC AHUVEETEF T AN LA RE RS AR HE S i (1) 2
GRS, AT ST T, HHEAT X ST R
18 F AR SR TV RE A8 T AL R AL 2 o B it 2
HYR I K XS PURE D, T B SEIG R B Tz AN
ATATHEAAG R
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