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Game Task Assignment Algorithm for Heterogeneous UAVs

ZHANG Chun, WU Yongjiang, WANG Xuemei

( School of Computer Science,School of Software,School of Cyberspace Security ,Nanjing University of Posts and Telecommunications ,Nanjing 210023,
China)

Abstract ; Task allocation of multiple heterogeneous UAVs is an important issue in the collaborative work of UAV swarms. Especially
in airspace environments with complex tasks and limited resources,how to quickly find an efficient and stable task allocation solution
is a key challenge. This paper proposes a multi-UAV task allocation algorithm based on task screening, preference calculation and sta-
ble matching theory. First, through the task area screening mechanism , potential UAV candidate sets are screened according to task re-
quirements and airspace environment, thereby effectively reducing the computational complexity and improving the allocation efficien-
cy. Subsequently, the UAV preference calculation formula is used to preliminarily allocate UAVs to each task area,and the rationality
and stability of the initial allocation are ensured based on the Gale-Shapley stable matching theory. In the alliance formation stage, the
Shapley value is used to dynamically optimize the alliance revenue, and the overall revenue of the alliance is improved by removing
UAYVs with low marginal contributions,and the removed UAVs are secondary allocated to maximize the task completion rate. Experi-
mental results show that compared with random algorithms and auction algorithms, the proposed method has significant advantages in
computational efficiency, distribution benefits and distribution structure stability. It can efficiently adapt to larger-scale dynamic task
scenarios while maintaining a stable alliance structure. Moreover, it reduces the number of alliance iterations and shortens the algo-
rithm’s runtime compared to marginal benefit algorithms. The total benefit distribution achieves more than 90% of the optimal alliance
benefits. Furthermore, it surpasses random marginal benefit algorithms and outperforms auction algorithms in large-scale data allocation
tasks.

Keywords : heterogeneous UAV cluster;task assignment;stable matching theory;alliance structure ; Gale-Shapley algorithm
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JEHIE S 51ty Shapley {8, DIV A4484 T ANLIERE S o f)
k. SIS FAREE D OTE B SR B R, 3% 11
NERFIE Uy 25514 ~ 5525 WSHRA 2 Wi
HOTE AL RS AL, 8o FETE ABLRRAR F 91 o 0V AR 42 953
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Table 3 Stable matching allocation algorithm based on

preference calculation

"k 2. BT WA RE IR %

L. B3 1 BIMARES U Tw

2. FOR item=1:U,,

3 FIRR () HEREF Y (%, R) , BEREFFF)
4. Yitzm = { Yl [ Yt} /7t %ﬁiﬁm'fi%ﬁ

5. ﬁﬁ Titzm = ma‘x( Yitzm) ’ El] uitzm_’Titzm H
6

7

8

. END
. FOR item=1.T,,
- FIURSR(I3) T ST BB B A Wi
9. FRAKX(14) HRFAABETTERE;
10.  FRK(20) HEEREER) shapley [H1L 5751
1. @(Upe) = 1o(u) ,0(u;) o 0(u,) 5
12. WDl R KAV IMAR BT, s € Upe —
Ulisure 3/ RBIEREAMFIR
13. END
4. /73 RBAHLE KA
15. WHILE U, =P
16.  FEEBERAN 4, € Upigyes
17. FARMEFAIEERRLS T = max(Y, O Ty, ) /A

EEERBENES
18.  WHIE Y,%d
19. FIRA(19) 18R S(T7)
20. IF (S(T})=8(T;)
21. FIRR(24) EFHEFERYE C);
22. BREAK;
23. END IF
24. END
25. END

2.4 Gale-Shapley %2 ILEC iy 4 47 FIiE BA

EH. FEEMIGHLRRE S, RS 5ENRTFIRE
FEREHY , AR 4 BMEZE 23— ICER AN R AR AR BB T, B2
SEVCEE A R AR E .

W BRRAENTENNES U, = {uy, 0, FIES
EE T, ={r, r.} BFEAVFLSHRES B WRETF]
RIATHF , MBI Gale-Shapley B 13 B REHR B — M SE T
Bt M. TR M 355 2 LT 55k

D EHEEXNWFE, DAFETEBR: P, (r;) >P,
(re) P, (u;) >P, (u).

2) BRI u, MEMESF r; HIEEERAR.

INTEEFHREMT , REIKATRE.

AR (9) W, E LT ARG 5 B, TAVIERE
W EFEE T, B—RE , RBIFF R IREF 3B HEF 31
. idn, EAN A& m EE SR HEFRLRER. £ 5%
BRRER , AL RTIR R P B MM T ABLIE Hy UG L X
%, MIFLRENEE XRAEFHEARETFRMER, A
ST S 22 BT B0 BT VCHAS. BN Ok, RS HEFE RO SR T M B
f* T Gale-Shapley 5z TR BB EHE.

ERAR(13) HH Y82 BB E R, IR KRB AR
(14) Al REREWBAS, DA ST RN RS B
BHAREANTAVLE S ARG P 5 F i 2t BT, Bk
B ILAR B AR PR R 5 A SR IB Y2 5 F R
R, SRS NEETAN. AERIESFEETR

T A% B R R R AL AR AL, IR IF S EAR
FABLEY LA, B AT 72 BELEE X B O

EEREFEFRARNBLT  BEESMESF N
AR S SR UC AL , B4 (R UCBC7E TR 3R R TR IS RE.
BMES r, BRI BT, MR B EBESFHRE RS
(r) BRI EANES. MEEXBAROBILT 56
LAR IR AL 2R B R M B AL X A& Gale-Shapley
HERERBA, IMES BEEERMNOT AN HiESMER
/NS BOTE AR R AN A 2 IR EAS, B AR 25 IR TC A BLRR
BEHOE. BF, HEXNERTANET RSB, #— 5
AL S STRABZ B B UCES. S RBARIE T BMEZE{E 555
BARPSHT , CRIKRBBRSTRE.

Bt , 78 0 — DL PE SN BR AR RY TB DL T, A0
A2 0 ADLICIE 1838 40 Mo 3 s A7 FE R B DL IL 4544

3 HEXBMEES

FERSCHIX 34 , 4 B A s g 5™ (AG) , b
DLt Brsias B ek ™ (Maiginal _Utility ) 70 7 3CH2 Hi 59 B
i E YA E ILAESE ¥ (Optimize ) SR A% T AAL B FIAE 5543+ BL
HIFIRR. R T HR SR R S S E B, KR A3
BRI T TR :

FTEE LA EA AMD Ryzen 5 4600H 4bFE 25 F1 8GB
PWFFRY PC AL 3B 4T, AR B B VT DA B /DA IR R 1Y
THERR SIERIETE S EAY B R P58 AL 55 4B B ARt
B RE W, I KR & 4 B, T RE R EREE
R RERBE M. BT A SCIH97E Python 3 SR T HEAT, A T
NumPy  SciPy 1 Pandas SR U BUE T B ¥R AL R, X
FRA B SR R R E

BESHE . R REE (AG) B E TR AHRE
WH 10 K, B—BIHLPES 5T AV AR SRR f 6k
FIFEATHRER VC B ; BEAL 32 B 3 22 35 1 (Marginal_Utility ) ) 5
RERR BB 500 K, UHRE LB TS RRESF 4T
MR AL, 5B S EM R R P ER 0.5, 751
REBSEN 0.2, B T4 A1 555k B A1 P U BURI AL 5 1
AL S5 AT HOA ST A

FTIEE R, RITEZRHICR T ERESEK
SRR B SRR IR, T Ee A T AR BE R KR
GERERW, AR BNBHABEREZ N GR THBET AR
BRI TERNES S EMENEREN S EER.

ERIREEIE A A FEFIT T 3 BB BN
FARMERERIE THRR, BRSO TS BREE. K
2RI R R S5 H R B BB B IR MR RE. SRR AR R
1,3 MR RTEAF BRI T WRBA AR, L HERX
MESRREES AP, ARV AEBEERATHERD
.

SRR MRS EI T E,3 FEEE DR
BT RRMBAEIL. AT, BB RNELE T, A TR H A
HRALIE B (Optimize) 7E A 45 58 BRI 22 F TR LS, BEB T
AR A SR FREANME, AR A BB S 2
B aR . R T REE B, AR RETEE R B &
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ERREF RS ERCR. HR, RS IUR R PR B
HEREEMESSESEEN M ERER LRERE
s, AT W B IR R BR A5 M R R B B, RERG AR IHE S5k R
AR EN, BAME WA WER XA BT RIMESPITHE
AR, AP A 7R AT 55 0 DS R PP X R BR 4
MBS , Tl RS R AR 5 PATRE .

SGELBER, AR B MAE R EBRRAENTA
UL S5 Blrh R T B WE B, AMU7EE ERBEIR,
mE7RSRE SR ERE MR ERE T AR A B E
P

ERABRAEFKIZHE 3 NMFTELBEE AN Bir T,
~ T, 10 BBEAM wy ~ upy S AFER K. L5 HARTE
MHUARBIRR MR 4 1R S Pin , BB R P ETA T AL

TERITAE 5 R ST AT
x4 TANSH
Table 4 UAYV parameters

UAv g B fB\km  ERNE
1 (1.9,3.0,3.2) 1.1 16 0.7
2 (1.7,3.4,3.5) 1.0 15 0.92
3 (2.8,3.2,3.0) 1.4 25 0.55
4 (3.3,3.1,3.4) 1.5 26 0.8
5 (3.0,3.4,3.3) 1.2 24 0.97
6 (4.0,3.3,3.2) 1.6 21 0.78
7 (4.2,3.7,3.4) 1.0 20 0.8
8 (3.9,3.3,3.7) 1.6 22 0.85
9 (3.8,3.2,3.8) 1.4 20 0.9
10 (3.6,3.0,3.9) 1.3 23 0.8

mize ik, BTES R, EANSHEREANREETH
AR5 Rgr o3 BL & TR BR Ok , 7R 2R B AT DR B SRR A B
EREW 2R Y 90% DA . BRER S5 AR AR B A0, ia AT I [] A+
bt Maiginal B E /D B KMEHE RN RESFRAE
HHRR.

Comparison of Coalition
Formation Algorithms

"

S
g é 80
% % 60 — Optimize Assignments
£ 40 --— Marginal Utility
B 20ry ¢ . Auiction Algorithm
o4& , . 0 0 0, 0
0 2 4 6 8 10 12
Number of Structural Changes

B4 HEEfTElREEh
Fig.4 Changes in total revenue from algorithm operation
RO MR T 4 HIR 3 MERE EREANMES BinSs
BT BITRI B R. A B RPIRAM AL %5 20 B 45 RxH L
BIEADUFFNR :C; = {u,ust ,C, = {uy,u,t ,Cy = {ug,us}
3 FE SR B4 B R 118. 75,123. 69,70. 93. A& 4 1]
IR 3 MRS MBCE R B H £ 5,14,4. Rk
BRER A BC B 45— UL T B 4 B 3 R X B S HY
BAGEL. HPEAEST, T, T, AR i SR E LA

®6 HEWMBARRE
Table 6 Initial distribution alliance of the algorithm

R4 PTANBERSBERRTANEZ L FE T T
TAERER, BN B S TR T AMIEHR T/ TMATHEE
B, B AHUE B S $ R T ANLIHE 55 Hb S0 458 BELAR 1) 38 L
BB RS PEFBSPFAEF BN ETAERNESFX
BT BRI 52 R B IE L. RS 3 Fm X R
PR AT BT ANLER B B KR 2R B TR B2 44, B
BEE RS BNIRE TR E RE. AERSHFRAESHE
IR EPAENZRTAYIE.

=5 fEFEIRSH

Table 5 Task target parameters

Task B 58 £ =58
1 (2.0,3.0,3.0) 35 5 3
2 (3.0,3.2,3.2) 45 8 4
3 (4.2,3.4,3.3) 42 4

& 4y 3 MERE ERSET R BB E, TR
HHTAE B SRR B A EL AL PR R A EL , R X R AL & AR R
R ARIBRER 2, SECR AR KRR A R RE
MES L EB AR AN, FEUE SRR ERAR, BT
DIBEWREEA R, Todk o R 28 B9 AE %5 50 B S E A R AL
BIABRER , A F RN G 1E. APR B 7/ MR
SIS FREBRIIRMER, BRIREER, EFRESH
PRE U R R A U SR 3 INFFIA  RA. IR RS
FEBRHYE S 2 B TAER B MR R, AF TR 8
AHLE SR 38 7 70 B2 % 35355 B9 3 25 28 K. 2R SCHR H Y Opti-

A % CESERL) il
1 {1,2,4,5,6,7,8,9,10} —-18.38
Optimize 2 {24 18.53
3 - 0
1 {4,5} 27.8
Maiginal 2 {3,6,7,8,10} 12.96
3 {1,2,94 30.20
1 - 0
Auction 2 - 0
3 - 0

RT BERENHRE
Table 7 Final distribution alliance of the algorithm

A £% Bk ] e

1 {4,5) 29.32

Optimize 2 3,8} 47.30
3 16,7} 42.13

1 {1,5} 35.83

Maiginal 2 (3.4} 47.25
3 16,8} 40.61

1 {1 11.75

Auction 2 {3} 15.81
3 16,7} 42.07

ACH IR 2 BRGNS AR 2 B 45 T, TR 4 A e R 1 0L
TLET P ou, TAHERT wy TAYLTE T, B ug TAYEE
KT wy TAWLE T o, EABERT u, TAL REE
R TEANZEEEER 27, RAZEANA G HEKE
TP RS Y AT S s A Al 2 R B — MR F Y
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B 5 B EE R E T SR EIETE 20 iE17/E B F3ME
HHERHK, BR T 3 MERESEIRELUEART AN
FMES BARLLAI T B B 0L 7T LR AR RSB E T
MHLBIAE 55 53 BL A R B ABVAMES BARELAIAE 3: 1 0 2: 1 Y
UL T A LBk, BENLI R385 k ( Maiginal ) 78 BEHL Bk
BRANEHRERE LS, YR A SR E R TR S
AR . X RIE AR B B S REHR T, T LA S
MESERERREZ BN SIS R BB KRBT E T
HERNRBSHERX T ESHEEANMRIFAEE. &
500 SRR E TR E ERBREN LR, 500
WEAEENRREILRE, BSBARRRN, I AR E 5
AL EERES , FEUE SR T AN SEER R .

Revenue Comparison Chart
with Multiple Data
optimize
8 800" 1 maiginal
Y 600F mauction

O
400

0 U25-T5 U40-T10 U90-T30 U120-T60
UAV-Task

BlS ZREAEBITWER X E
Fig.5 Comparison of operation income of multi-data algorithm
RS PHEIERET EMEEE 20 KETENTFHE
HEBHK, AHT 3 MEEESHIEETT THBREEHK
R BFBATE . RGP DB A SR R E
S EN I, BRI K ER BN TR, ZHRERE

RS 3 FEHRSHENRSER
Table 8 Multi-data test results of three algorithms

B HeXF R BERE B} [E)/s
U25-T5 7 0.31
L U40-T10 22 1.37
Optimize
U90-T30 31 3.67
U120-T60 43 4.61
U25-T15 261.89 0.31
. U40-T10 54 6.31
Maiginal
U90-T30 61 12.27
U120-T60 105 29.34
U25-T5 8 0.27
. U40-T10 10 1.38
Auction
U90-T30 22 1.91
U120-T60 38 2.66

R, A R B B T R AN R 45
Hyrb SR TR 4. Maiginal S 5% /I T AN LR E2 R &
R gR ,AE S5 ABSRR , TR R BB . Auction Btk BA 375
SECRES BIE W B —E RS RE , Hub iRk R

4 F g

ZICH W ST ANUE 5 20 B P B BR BR TR AR R AT, 32
T —FhgE A5 I Bt R T AR E LR ELe B AL B
% BRI AEF XK EILH , BE RS TEANSESH
VRS BRI HR TS 2B B KRR ; 5 B Shap-

ley {E XK ER W 48 B SO AR A, AL TERER VI AR, HF 76
FEAHLEGESRER T W2t 50 FHE R . B R SES
EJB TS INEN T AN B LR, B R RS
BRBUR R, FRIMEMEN S LRE R RHER
. XRGRRY, SHENEE IR EEMLL, Rk ES
P B R LA A R iR GEf R etk B3 B I B AL S BR
BEHE R E , BR B K BOR B k18 A7 I TR A ot Bk
TH B D, MR XS R AT DL SRSy BEER B W 28 B 90%
DAk, 2E R USSR B B0 20 L AE 55 7P LU BE AL PR3 38 3 vk
HEAENLERELR.

KRBT I AR K 45 SR I RN Tr 5, —THE
SRS RS BEM S B RE R AR R
HRFXRER, DR REEERESRETRERE. ik
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