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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)
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HLRIEEREX BT AT 4 2 agent R LAEE L, BN
UG — ML Fagent, 2570 AHUEERE AT Rl
G R\FLVEI E B0 A BRSO REAG AL T B RATE
TRFERAL T 71 781, 5 hRIRT, 75 2 R Re ik RGHESL
™ A LAAR HEUAV. B bR LI (5 B e 2 UAV
PRI 23 e T PRSI IR 75 5K ) R, SiE 22 R e Ak ]
(R AR S 2 L RIAAT ) B S A AT o0 2
agentf R HAT I HHZGE Ty 7 21 Re AR g
NFNNUERER O ez 5 kiR it 1A Rz,

DL 28 HE N RS R 2 agent B HER A
BRI A E BN BT R e, v I I B Re AR 1) A8 B
IR R I RS AL — AL 1E B 4%, XK
FRTC NAL R SR 2 SO SR FEIT R T — o R4
RO RGN T Zagent RGHIL .
BRATHE T EN R BRSPS, MR TC AN A
S HJagent, JFBCTE TN AT SRR T, DL
FERNE S TN IS 7K R E BVA: 675 % WG K3
B2 B B R B R X Ee 22 SCik[12] 2k T
WU AT LB E 20— H AR RN 5T, 4504
i 2 agent G0 I RAUETC AHUERREXS H 7772 7] LA
FEEAT] H R SRS H BB 4445 H
B, B R0 5 TS AW LER TR IR B [RDAH 47T, VR IR
LR EEREXS PURBOR, 1R T R TC AN VT HUAE ik
R, T REIRRY TR A S
2 KT Zagent 4 MK HALT ALAREXT

i Y 3K 2 4K HE 22 (The overall framework

of UAV swarm conflict based on multi-agent

system)
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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)
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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)
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4 KA T N HLEEBE XS PR 5K (Decision

making for large-scale UAV swarm conflict)
4.1 = & #1411 (Air combat situation assess-
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AN HPIREDL, FE AR :

advantage,  K;; > Krhresholds

Situation=q
disadvantage, K;; < Krhreshold,

(15)
Horb K threshola 278 UM &S At T E BIMA.

42 1E K& 47 AN & ¥t 1t (The design of combat
behavior-set)
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5 {iEEHI(Simulation example)

RIHIE R SR A 240, A8 SCH FIMATLAB
X 22 To NWLYIR R 25 R SRR A 34T 1 47 L AGAIE.

5.1 #JUE5%AF(Initial condition)

RIS BN T TE AN =B St 6 5
. W 7RI LT WLEESh A), B e AW T
A8 DT %3028 T AMLAE10 km18 kma+ 10 km 17455
Yy [, MR ANLISE E R 1 AR,

k1 RAMASHIKE
Table 1 Parameters of the UAV

S i Bt/ A

Vmax TMERIESE 150 m/s
Vmin TAHB/NEE 80 m/s

aup hnig 2% 1.1

Gdown R R 3L 0.9
Qmax BREFMAIEE  0.1rad/s
dmin T ML/ NEBE 100 m
Attackgistance  KATBGHIEE 2000 m
Winax TANAZRFE 1500 m

KThreshold %‘%'fﬁﬁ‘rﬁl'fﬁ 0.5
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5.2 {iE4% % (Simulation result)
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SR CLUR JURHLEh: 38T B2 B Ax . iz & H
Fr~ By B AR B & SR AL, XX I TE AMLEERE
PrER U FEEAT T B, AR SRR BE LS X B
AEE 4R,

K 4 SERER BT AN LUIZE
Fig. 4 Trajectory of UAV swarm conflict
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X3 NN UAFE S I E S P

K 5 XUTAAHE T AR
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

K7 d AR AR, 2, 3, 4, 590 B X REAT N TR SR AR
Action 1A, Ao, As, Ay, As, PAALR{E RO 3R BH
AN 7. B BT b AT A, 40515 R
T3 25 LBl FE R SRS G

L 15 AN B AT sk B e N
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BIEMEE: T 2 agent RGHI BT ABUERREN HT 1503

bR, M H AR, R 2 A B S A PPN,
(EHAH AU SEl B R AT N F AR, SRR B
FENS: SRR, RGBT B Z LT TE AL

BEAh, O T SRR AW U f 75 445 5 2 R X LAY
R, ARSCE LT AN TENNPE A ] S E AR
ERRNRENSE f T A T AL A (8BRS H U
AU B AL i PSR~ 22725 8] o i il 4T LA
A AT ABNURELRE P, AN 8] S AE
TR, REMCR R, IF BAED HoiRJa b Bos 24
5E, RITE MUY URRAAT B 70 2

K 8 T ML TEinl o P 2k

Fig. 8 Curve of average UAV space occupation value

BOFRIRIET AN BAT NIERR, E AN
HH B BRI TP TE ML B R/ NAR A 2. T LA
B AT ANURERM RN, T AHUE K IH e
REFEZ EBRRZ N.

B9 AL I AL SR R AR A i 2
Fig.9 Curve of the shortest distance between any two UAVs in
the swarm

R T BSIEXU R U [F] i Rl 5 7 S R RIS
T NHUEERERT L as B, 55 2 T AHLHR ) 2 dik et bt a2t
171500740 BEURIG I GE LT 45 R n B 10 7.

B0/ 45 2R B, MU TE AMLEERE P R
R, 7[R SE SRR T, MRS E 5E
AR (R EF, B 240075 #0 R FH 56 4 48 [R] 70 B [) S5 s B
HEAT15009% 723 B AR, W5 7 3R 738K, 4177 3k 1762
IR, GERTFE DT SR HER B LB 1 T

10 1500 KA ERIE 25 R Fiit

Fig. 10 The experiment statistic result from 1500 simulations

FH AT 0, X T 0 AHLEERE B[R]0 0 1 2 R e 55
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22 AT E A ARG 210 U SR B G LA
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WX 88 77 TE AN S L E 0 ) B AR, BeaARIN e/
A1 HOZ B A T Te AL B AR, 43 7 a7
HE4T 7 1007%. 500¢K 10007K+ 1500¢% iR, H4iit
R E R,

B 11 {4E 100, 500, 10008115007 RG4S F 481
Fig. 11 The experiment statistic result by conducting 100, 500,
1000 and 1500 runs of simulations
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6 45 (Conclusions)
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