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Review on UAV swarm task allocation technology
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Abstract: Task allocation is one of the most important technologies for the unmanned aerial vehicle (UAV)
swarm to effectively fulfill their combat mission. With the rapid development of UAV swarm technology and the
change of combat style, the field of combat missions of UAV swarm continues to expand, the scope of task
allocation continues to extend, and the scale and complexity of task allocation problems continue to increase,
which have posed new challenges for task allocation technology of the UAV swarm. This paper conducted a
throughout review of the current studies on the UAV swarm operation theories, task allocation modeling, task
pre-allocation and task reallocation algorithms, task allocation under joint application of heterogeneous
unmanned system. Several key questions of the UAV swarm task allocation problem, including generalized
modeling of the UAV swarm tasks, optimization of task pre-allocation algorithm for multi-task, optimization of
task reallocation algorithm for emergencies in limited time, and cooperative task allocation to large-scale
heterogeneous unmanned system under tight coupling of path planning are identified. On the basis of that, the
future development directions of the UAV swarm task allocation technology are discussed, which could provide
new research ideas and solutions for improving the solution quality and solution speed of UAV swarm task
allocation. This review has important reference significance for the comprehensive understanding of task
allocation technology of UAV swarm.
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Fig. 1 “4WI1H” relational graph of unmanned aerial vechtle
swarm task allocation
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Fig. 2 Task pre-allocation network framework of unmanned
aerial vehcile swarm based on GANs
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Fig. 3 Task reallocation framework of unmanned aerial
vechile swarm based on improved performance
impact algorithm in limited time

B X To AN HLGEREATE 55 73 BC RO S 25 XL R 5L T 2
JE R S I S IR 5 SR B S 0 AT X b SRATE 55 AT O A S
DAL R I ST NHILEE JEAT: 55 T 73 TC 0 125 SR Al e A1 oK g &2
% JEE 5 Sy 35 T S P BE S R 3 A A BRI ) R 3R AR TR A
HLAE AT 55 T 70 TIC 1) 250 D10 A 58 i S A D0 AL AR HROR R
T R 80 i TR H i 52 % B G A HILSE B AT 55 T 0 B )
WE .
3. HEERTAMRRAEIAREHRESSEER

(D RS TCN R G R4 BT 514k

b R 4 Bt 5 LA 5 4 0N &R G2 B IR AT 55 40 B 1Y
KB SRR . BAREE a0 )2 50 0 A S b R 4% 2 4
P iy AHAH ST TE AR W R BE SR TN R G R 5 S bR
LT LG A TR XTI SRR IE AR S 1

BEVF A B LR R AR A T T Y DI ] 3D 10 4 L 1l
TSR JCN ZGE AT LUAE S0 B0 R PR 58 o O £ 0 1 4
o S IR0 25 A1 R S DA 45 2R O LA Oy Bl 3
A VREAT 55 70 WO 7 58 - 3 58 57 MY JE N AR 8 1 38 1 52 BR 3R 5%
THIERLRE ST L R TE R G AR

(2) A Bk 2 Bip ) T B A B R R

TN 6 50 A 3 s B BB BE Ty 2T LT ik
DX I A5 AN AR (] i AT 55 47 75 22 55 L LA ) 7 2



+ 930 -

AR LS HETHA

%546 &

H ARG AT 55 0 L J7 12 2 LA R B S 5K

O 3 LR A S A4 TE N 3R GEAT: 55 73 B[] AL 14 A W g
AL AL S5 73 BL 7 i B2 2 IR AR A O R A 25 )2 0l
Ao R LR A A A TR B 20 R E B TR AT SR L R T 1)
55 20 BE P[RR AG OF 50 I U2 49 5 M B N F 65 19 PR BE 4
S B AR S A R A 22 E RO 2 T 1 AR B
R Bl LRI 5 4 1 0 S 4 T SF £ I ) A R B B )
BER - AE0  F [] Bl ) 5 2 () b o QA . LR R A 1
(F] P ) 2 AT 5 i St A 55 PG 75 58 1A Rk il 2 ) o 2 T M
KA A4 TN F2 58 2 A M PRAT AT 55 0 BE 7 58 19 T 2 A e

(3) HAIMEI TR THER RN KA FHIEANRE
PR IFAT 55 2 Bl d A

FHEC T FF JE N R G AT 55 23 BE » KA 53 M) TE N & 48
B I A 5523 BC 9 AR 95 LR OR R 2 P ) 56 R & ZR OF A 1
L 295 BUVE A % L 38 15 0 Hh 0 4% 278 AT 55 03 TE 2 B
AN P BEALYE I B . AR ST IAT 55 20 BE D v AN IS
T RS TEN Z G DN I 3R 75 42 1 2 R AR B3 ]
AT 55 73 Tie o 5K 1) w8 AR il 05 15

T HE AR B A RO 5 49 JC N AR 48 3 IR 55 0 T T
VAR - A S TE N B 78 K - 3R 82T 23l 25 18 A
AHAE B T EH A AR R LS N R AR RS RN
At AR TE NP 65 58 HL L S8 R A 16 B2 ) 5 PR AR e AT
SRA T W REEAT 9 (B P RMT 55 3 Bl o 48 BT BL7E Py [
55 70 e b (9 R AL B 549 B & L 5 M TS &R GERINE
% 3 ANJZ M 73 5 X TR TE Y- 0 BB A ) LG
S TCN R GRS BEAT 9 I E AL L K TE N HILAR XS &2 7%
ZAALIE S L .

FFHRBE 2 > ¥ S A4 o N 3 e oA X2 ) Sl 45 34
o T 3 R RO A2 A 3 O IR AT 55 2 TE DI 5 AR 500 A
IFFE S R IR T T A TR SR RE A R UL S 4 T N A 42 i ]
fE5 B EHA . HRRABE R EARGEREHELETS
H B REAE ST P2 TH A AR IR BT T R MU 53 4 JE N & 58 P )
55y PR B e RE .

TR R

A SCTE AHLER BEAE B B8 | JC A BLEE RF AL 55 43 IiE 1)
AU G AW TR AT 55 5 23 BC 03 A JC A HLAE BEAT 55
PSR A TN R G A I R AT 55 43 IE A D5 1 X
RKOPFEBURBEAT T 845 88 1 T B AHLEREAT 55 20 BE £ AR
I AT I W6 9 I B S 3 AT 55 20 Tie oo 8 2 il i 1 Al e A5
W AN TE A fF BT ) 24T 55 19 0 N HILAR BEAT: 55 19000 I d
DR A A BRI 8] R 187 1 2 A g 1R B B AN LA AR 55
Iy BTG AR ALK B AR W R MR A TSN RS
b TR AT 55 73 B0 45 5% B m) BT, 7 0 R Al b L S A% S8 DT I 1Y
AN TR BR S B FTE LS B AT 55 20 B BT BHLVE AN T B R K
JE 5 1] Sy B B TE AL AR BE AR 45 40 TC X AN W 8 A3 B 5
T8 TR TG N AILER B A AT 55 20 I R EE 2 B Y SR A D
o SR A o B2 A B A F 5 R B R A e i A L i E TR AL

GEREAL S5 0 BC B AR th B I % Se 2R BB 3 1 1) (] B 43
Je oK 1 R T A A A 2 R 9

[1] OTTO R P. Small unmanned aircraft systems (SUAS) flight
plan; 2016 — 2036 [ R]. Washington, DC: United States Air
Force, 2016.

[2] FACHEY K M, MILLER M ]J. Unmanned systems integrated
roadmap 2017 —2042[R]. Arlington Country: Office of the Sec-
retary of Defense, 2018.

[3] GTAMMARCO K, HUNT S, WHITCOMB C. An instructional
design reference mission for search and rescue operations[ R].
Monterey, California: Naval Postgraduate School, 2015.

[4] GILES C K. A framework for integrating the development of
swarm unmanned aerial system doctrine and design[ R]. Monterey,
California; Department of Systems Engineering Naval Postgrad-
uate School, 2017.

(5] fopk. Moae, . ias N T8 et 5 0 & ek [T].
fias 4k, 2021, 42(4); 525150.

LUXL, DU Z L, XU Y. Review on basic concept and applica-
tions for artificial intelligence in aviation[ J]. Acta Aeronautica et
Astronautica Sinica, 2021, 42(4) . 525150.

[6] ki, TWr 7, FEMEAL. Jo N CAT 25 42 B4 me O B R 23k
[J]. HFb223i, 2020, 46(2); 222 - 241,

DU Y H., XING L N, CAI Z Q. Survey on intelligent scheduling
technologies for unmanned flying craft clusters[J]. Acta Auto-
matica Sinica, 2020, 46(2) . 222 - 241.

L7] Bokhm, MALUE . 2%, TAPVERIIRH#ERERIT]. Mz

. 2020, 41(S1) . 723738.

JIAY N, TIAN S Y, LI Q. Development of unmanned aerial

vehicle swarms[ J]. Acta Aeronautica et Astronautica Sinica,

2020, 41(S1). 723738.

Bmfh, B TANUERME S MR T B RGRIT] RS

TS FHA, 2021, 43(1): 99 -111.

JIA G W, WANG ] F. Research review of UAV swarm mission

[8

[t}

planning method [ J ]. Systems Engineering and Electronics,
2021, 43(1).: 99 -111.
[9] ZHANG J, XING J H. Cooperative task assignment of multi-
UAV system[J]. Chinese Journal of Aeronautics, 2020, 33(11);
2825 - 2827.
[10] Mk, EAAE, TXH, & ERAETEAEHRALEA T
YR DGR AR LT, iz 2247, 2022, 43(10): 527570,
XIANG J W, DONG X W, DING W R, et al. Key technolo-
gies for autonomous cooperation of unmanned swarm systems in
complex environments[ J]. Acta Aeronautica et Astronautica
Sinica, 2022, 43(10) . 527570.

[11] KIM M H, LEE S, BAIK H. Response threshold model based
UAV search planning and task allocation[]J]. Journal of Intelli-
gent & Robotic Systems, 2014, 75(3/4); 625 — 640,

[12] ZHU Q. ZENG H B, ZHENG W, et al. Optimization of task

allocation and priority assignment in hard real-time distributed

systems[ J]. ACM Trans. on Embedded Computing Systems,



53 1 RESCEEAF - o NHLEE AT 55 0 L B R WF 7 255k - 931 -

2012, 11(4): 85.

[13] YAN P, TAN B. Evolutionary group theoretic tabu search ap-
proach to task allocation of autonomous unmanned aerial vehi-
cles[C] // Proc. of the IEEE International Conference on Control
and Automation, 2013; 687 —692.

[14] YOUNAS I. KAMRANI F, BASHIR M. et al. Efficient ge-
netic algorithms for optimal assignment of tasks to teams of
agents[ ] ]. Neurocomputing, 2018, 314; 409 —428.

[15] TRAkat, WR3L, LM CATSAE S MR HE AR EGGRLT] M=%
. 2014, 35(3): 593 —606.

SHEN L C, CHEN J, WANG N. Overview of air vehicle mis-
sion planning techniques[J]. Acta Aeronautica et Astronautica
Sinica, 2014, 35(3): 593 - 606.

[16] CAPITAN J. SPAAN M, MERINO L, et al. Decentralized
multi-robot cooperation with auctioned POMDPs[ J]. The Interna-
tional Journal of Robotics Research, 2013, 32(6): 650 - 671.

C17] Yok, IR ANL A PR B 507k M Jbat. HE
Toll Hi ikt . 2018.

SHEN L C. Theories and methods of autonomous cooperative
control for multiple UAVs[ M]. Beijing: National Defense In-
dustry Press, 2018.

[18] WANG Z, LIU L, LONG T, et al. Multi-UAV reconnaissance
task allocation for heterogeneous targets using an opposition-
based genetic algorithm with double-chromosome encoding[ ] ].
Chinese Journal of Aeronautics, 2018, 31(2): 339 — 350.

[19] X4 . 254, (R fE. 2% UCAV (T 5 43 ic /AL KK A 5
ELT] MR R CA AR » 2019, 49(1) . 88 - 92.
LIU Z. LI W. REN J C. Modeling of multi-base multi-UCAV
task allocation and its solving method[ J]. Journal of Southeast
University (Natural Science Edition), 2019, 49(1): 88 -92.

[20]JIAZY, YUJ Q, AI X L, et al. Cooperative multiple task
assignment problem with stochastic velocities and time windows
for heterogeneous unmanned aerial vehicles using a genetic
algorithm[ J]. Aerospace Science and Technology. 2018, 76
112 -125.

[21] XU G T, LIU L, TENG L, et al. Cooperative multiple task
assignment considering precedence constraints using multi-chro-
mosome encoded genetic algorithm [ C] // Proc. of the AIAA
Guidance, Navigation, and Control Conference, 2018.

[22] #RFBA, BTmfh, . 58 UAV 4B S K7 P AT 55 4
FeJr ], RELRSHEFHA, 2018, 40(9): 1986 - 1992.
LIN J C, JTIA G W, HOU Z X. Research on task assignment of
heterogeneous UAV formation in the anti-radar combat[J]. Sys-
tems Engineering and Electronics, 2018, 40(9). 1986 - 1992.

[23] kbaksK, sk, %L, 45, £ UCAV PpEE 55 5 B B R AL
FREFOERALT]. SR, 2012, 27(11): 1751 - 1755,
DU J Y, ZHANG F M, YANG J, et al. Cooperative task as-
signment for multiple UCAV using particle swarm optimization[ ] ].
Control and Decision, 2012, 27(11): 1751 = 1755.

[24] LIM W H, ISA N A M. Particle swarm optimization with dual-
level task allocation[ J]. Engineering Applications of Artificial
Intelligence, 2015, 38. 88 —110.

[25] KIM D Y, LEE J] W. Joint mission assignment and location

management for UAVs in mission critical flying ad hoc net-
works[ C] // Proc. of the International Conference on Informa-
tion and Communication Technology Convergence, 2018.

[26] skAFHL, HAE, kR, BT AEMBEE IR FRHAELNS

TAMLE FAT 55 2 B LT ] 54 5 sk 3, 2023, 38 (11):
3103 -3111.
ZHANG X Y, XIA S, ZHANG T. Adaptive genetic learning
particle swarm optimization based cooperative task allocation
for multi-UAVs[J]. Control and Decision, 2023, 38 (11);
3103 - 3111.

[27] T, &7, $dhbi, % 2T KnCMPSO 8k 19 S 6 A
PUBRR 24T 55 73 BT . A B dlt, 2023, 49(2): 399 - 414,
WANG F, HUANG Z L, HAN M C, et al. A knee point
based coevolution multi-objective particle swarm optimization
algorithm for heterogeneous UAV cooperative multi-task allo-
cation[ J]. Acta Automatica Sinica, 2023, 49(2): 399 —414.

[28] sk4z, Bk, B30, . JET 200 GWO 501 9 A 5 $1 58
TR ZTEANUE S BT s 224, 2023, 44(3): 327115,
ZHANG A, YANG M, BI W H, et al. Task allocation of hete-
rogeneous multi-UAVs in uncertain environment based on
multiple strategies GWO[J]. Acta Aeronautica et Astronautica
Sinica, 2023, 44(3): 327115.

[29] WANG Z H, ZHANG J L. A task allocation algorithm for a
swarm of unmanned aerial vehicles based on bionic wolf pack
method[J]. Knowledge-Based Systems, 2022, 250; 109072.

[30]J CHEN]J C, LING F Y, ZHANG Y, et al. Coverage path plan-
ning of heterogeneous unmanned aerial vehicles based on ant
colony system [ J]. Swarm and Evolutionary Computation,
2022, 69: 101005.

[31] ek, gL, T 40, 2NN = o R 54T 55 2 me T .
Bl S, 2013, 28(2): 274 - 278.

DI B, ZHOU R, DING Q X. Distributed coordinated heteroge-
neous task allocation for unmanned aerial vehicles[J]. Control
and Decision, 2013, 28(2): 274 - 278.

[32] W, HA, i, & T oA HEN L2 LA
AL amll]. FERS#HH . 2018, 47(3) . 341 - 346.

XU K, GONG H, QIN X L, et al. Multi-UAV task assignment
for grouped tasks based on distribution auction algorithm[ J]. Infor-
mation and Control, 2018, 47(3): 341 - 346.

[33] LUO L Z, CHAKRABORTY N, SYCARA K. Provably-good dis-
tributed algorithm for constrained multi-robot task assignment
for grouped tasks[J]. IEEE Trans. on Robotics, 2015, 31(1):
19 - 30.

[347 OH G, KIM Y, AHN J, et al. Market-based distributed task
assignment of multiple unmanned aerial vehicles for cooperative
timing mission[ J]. Journal of Aircraft, 2017, 54(6): 2298 —2310.

[35] LUO L Z, CHAKRABORTY N, SYCARA K. Distributed al-
gorithms for multirobot task assignment with task deadline con-
straints[ ] ]. IEEE Trans. on Automation Science and Engineer-
ing, 2015, 12(3). 876 — 888.

[36] B, =M, Xk % EEHFE 243 258 66 D [T 5 59
BeJ]. #Efl 5o, 2015, 30(11): 1999 - 2003.

YAN J, LI X M, LIU B. Multi-agents cooperative task alloca-



+ 932 -

AR LS HETHA

%546 &

tion with precedence constrains [ J ]. Control and Decision,
2015, 30(11): 1999 —2003.

[37] FU X W, WANG H, LI B, et al. An efficient sampling-based
algorithms using active learning and manifold learning for multiple
unmanned aerial vehicle task allocation under uncertainty[ J]. Sen-
sors, 2018, 18(8): 2645 —-2665.

[38] Rizmdh, MR, fRakih, 5. AL T 50 25 R i
BES Y BEL)]. R BIE S . 2020, 37(11) . 2413 - 2422.
TANGJ Y, LI X M, DAI]J J, et al. Coalition task allocation
of heterogeneous multiple agents with complex constraints[ ] ].
Control Theory &. Applications, 2020, 37(11): 2413 - 2422.

[39] GAO C, ZHEN Z Y, GONG H J. A self-organized search and
attack algorithm for multiple unmanned aerial vehicles [ ] ].
Aecrospace Science & Technology, 2016, 54: 229 — 240.

[40] ZHEN Z Y., XING D J, GAO C. Cooperative search-attack
mission planning for multi-UAV based on intelligent self-orga-
nized algorithm[J]. Aerospace Science and Technology, 2018,
76 402 -411.

[41] BRUTSCHY A, PINI G, PINCIROLI C, et al. Self-organized
task allocation to sequentially interdependent tasks in swarm
robotics[ J]. Autonomous Agents and Multi-Agent Systems,
2014, 28(1): 101 -125.

[42] SCHWARZROCK J. ZACARIAS I, BAZZAN A L. et al. Sol-
ving task allocation problem in multi unmanned aerial vehicles
systems using swarm intelligence[ J]. Engineering Applications
of Artificial Intelligence, 2018, 72: 10 - 20.

[43] ZABINSKA M, SOSNICKI T, TUREK W, et al. Robot task
allocation using signal propagation model[ J]. Prodedia Com-
puter Science, 2013, 18, 1505 -1514.

[44] 22, Beifpis, jRIS0E, 5. 05 KOREERM 17 0L AN

ERBBME S R ]]. K e 550, 2021, 38(11):
1855 —1862.
PENG Y L. DUAN H B, ZHANG D F. et al. Unmanned aerial
vehicle swarm dynamic mission planning inspired by cooperative
predation of wolf-pack[]J]. Control Theory &. Applications,
2021, 38(11): 1855 —-1862.

[45] BME, MR, #ige, . BT £ HAR MQABC 5135 1 JC A HL

WAL S5 LT ] AR R R = R CB A B 0 » 2016,
44(3) . 121 -126.
ZHAO H, LIM D, HAN T, et al. UAV cooperative task allo-
cation based on multi-objective MQABC algorithm[]J]. Journal
of Huazhong University of Science & Tecnology(Natural Sci-
ence Edition), 2016, 44(3): 121 - 126.

[46] SREFRE. RYes, Ak, 5. JET SEAD L5 Rk 29 dU iy by
R 454 it Jr i (0], Fl 5 oed, 2017, 32(9) . 1574 - 1582,
WU W N, GUAN Y Z, GUO ] F, et al. Research on coopera-
tive task assignmentmethod used to the mission SEAD with real
constraints[ ] ]. Control and Decision, 2017, 32(9) . 1574 — 1582.

[47] HUANG L W, QU H, ZUO L. Multi-type UAVs cooperative
task allocation under resource constraints[ J]. IEEE Access,
2018, 6. 17841 - 17850.

[48] ZHAO X Y, ZONG Q. TIAN B L, et al. Fast task allocation

for heterogeneous unmanned aerial vehicles through reinforce-

ment learning[ J]. Aerospace Science and Technology, 2019,
92: 588 —594.

[49] LIMC, LIU C B, LIK L, et al. Multi-task allocation with an
optimized quantum particle swarm method[J]. Applied Soft
Computing, 2020, 96: 106603.

[50] SONG B D, PARK H, PARK K. Toward flexible and persis-
tent UAV service: multi-period and multi-objective system de-
sign with task assignment for disaster management[J]. Expert
Systems with Applications, 2022, 206 117855.

[51JLIQY, LIMY, VO B Q, et al. An efficient algorithm for
task allocation with the budget constraint[ J]. Expert Systems
with Applications, 2022, 210. 118279.

[52] TIM B, ROBERT H K. Dynamic multi-task allocation for col-
laborative unmanned aircraft aystems[ C] // Proc. of the 52nd
Aerospace Sciences Meeting, 2014.

[53] JANG I, SHIN H S, TSOURDOS A. Anonymous hedonic game
for task allocation in a large-scale multiple agent system[]]. IEEE
Trans. on Robotics, 2018, 34(6): 1534 —1548.

[54] Spf, BIIRI, Fhdkie. B+ B ARG BT 410 R # i
E5 r LT s L)), B EIE S5 R . 2018, 35(4): 566 - 576.
WU W N, CUI NG, GUO J F. Distributed task assignment method
based on local information consensus and target estimation[ J ].
Control Theory &. Applications, 2018, 35(4): 566 — 576.

[55] TOLMIDIS A T, PETROU L. Multi-objective optimization for dy-
namic task allocation in a multi-robot system[]J]. Engineering Ap-
plications of Artificial Intelligence, 2013, 26(5). 1458 — 1468.

[56] LUO L. Z, CHAKRABORTY N, SYCARA K. Distributed al-
gorithms for multirobot task assignment with task deadline con-
straints[ J ]. IEEE Trans. on Automation Science And Engi-
neering, 2015, 12(3). 876 — 888.

[57]1 OH G, KIM Y, AHN J, et al. Market-based task assignment
for cooperative timing mission over networks with limited con-
nectivity[ C] // Proc. of the AIAA Guidance, Navigation, &
Control Conference, 2015.

[58] OH G, KIM Y, AHN J, et al. Market-based task assignment
for cooperative timing missions in dynamic environments[ ] ].
Journal of Intelligent &. Robotic Systems., 2017, 87. 97 - 123.

[597 #hobfe, PhICTE, E ), 4. J ] % 09 2 08 AL AT 55 4
B ifge )], B 50E 85, 2013, 35(8): 1983 - 1988.
LIN L, SUN Q B, WANG S G, et al. Research on time window
based coalition formation for multi-UAVs task assignment [ ] .
Journal of Electronics &. Information Technology , 2013, 35(8):
1983 - 1988.

[60] FU X M, ZHANG J, ZHANG L, et al. Coalition formation
among unmanned aerial vehicles for uncertain task allocation[ J].
Wireless Networks, 2019, 25: 367 —377.

[61] DAS G P, MCGINNITY T M, COLEMAN S A. Simultaneous
allocation of multiple tightly-coupled multi-robot tasks to coali-
tions of heterogeneous robots[ C] // Proc. of the IEEE Interna-
tional Conference on Robotics and Biomimetics, 2015.

[62] HUNT S, MENG Q G, HINDE C, et al. A consensus-based
grouping algorithm for multi-agent cooperative task allocation

with complex requirements[ J]. Cognitive Computation, 2014,



53 1 RESCEEAF - o NHLEE AT 55 0 L B R WF 7 255k © 933 -

6: 338 —350.

[63] JOHNSON L B, CHOI H L, PONDA S S, et al. Decentralized
task allocation using local information consistency assumption[ J].
Journal of Aerospace Information Systems, 2017, 14(2). 103 - 122.

[64] WU W N, CUIN G, SHAN W Z, et al. Distributed task allo-
cation for multiple heterogeneous UAVs based on consensus al-
gorithm and online cooperative strategy[J]. Aircraft Engineer-
ing and Aerospace Technology, 2018, 90(9). 1464 —1473.

[65] WU H S, LI H, XIAO R B, et al. Modeling and simulation of
dynamic ant colony’s labor division for task allocation of UAV
swarm[ ] ]. Physica A: Statistical Mechanics and its Applica-
tions, 2018, 491 127 —141.

[66] CHEN Y B, YANG D, YU J Q. Multi-UAV task assignment
with parameter and time-sensitive uncertainty using modified
two-part wolf pack search algorithm[J]. IEEE Trans. on Aero-
space and Electronic Systems, 2018, 56(6): 2853 — 2872.

[67] AMORIM J C, ALVES V, FREITAS E P. Assessing a
swarm-GAP based solution for the task allocation problem in
dynamic scenarios [ J ]. Expert Systems with Applications.,
2020, 152(19): 113437.

[68] LOPEZ V G. LEWISF L, WAN Y. et al. Solutions for mul-
tiagent pursuit-evasion games on communication graphs: finite-
time capture and asymptotic behaviors[J]. IEEE Trans. on Au-
tomatic Control, 2019, 65(5). 1911 -1923.

[69] KIM M H, BAIK H, LEE S. Resource welfare based task allo-
cation for UAV team with resource constraints[ J]. Journal of
Intelligent & Robotic Systems, 2015, 77(3/4): 611 - 627.

[70] #WWe . E4E, HICOF. MOHHET 2 T AP UE 5 3 255
L] RE TR S THOR, 2016, 38(4) . 828 - 835,
CUI Y N, REN J, DU W C. Time sensitive task dynamic alloca-
tion algorithm for multi-UAVs in battlefield environments[ J]. Sys-
tems Engineering and Electronics, 2016, 38(4). 828 - 835.

L710 PG BROET . AT, &5, T RRF M IE 51 R 3 &
R KAL) ] Sk, 2020, 35(5): 1052 -1062.
SUN P, CHEN G Y, ZHANG J Y, et al. Dynamic task plan
adjustment model and algorithm based on battlefield emergen-
cies[J]. Control and Decision, 2020, 35(5): 1052 — 1062.

[72] WANG L, GUO Q. Compression based distributed dynamic
task assignment algorithms for heterogeneous multiple un-
manned aerial vehicles[ C] // Proc. of the IEEE International
Conference on Robotics & Biominmetics, 2017.

L73] FF/NTL, S, bk, . EEER AR T £ AWAE S8R
ML), RETRS W THOR, 2018, 40(7): 1491 - 1497.
FU X W, FENG P, GAO X G, et al. Conflict resolution in
multi-UAV cooperative tasks assignment with communication
delay[J]. Systems Engineering and Electronics, 2018, 40(7)
1491 - 1497.

[74] MIAO Y F, ZHONG L, YIN Y F, et al. Research on dynamic
task allocation for multiple unmanned aerial vehicles [ ] ].
Transactions of the Institute of Measurement and Control.
2017, 39(4): 466 — 474,

[75] WANG BW, SUN Y J, LIU D X, et al. Social-aware UAV-

assisted mobile crowd sensing in stochastic and dynamic envi-

ronments for disaster reliefl networks[ J]. IEEE Trans. on Ve-
hicular Technology, 2020, 69(1): 1070 - 1074.

[76] BRBE. ™%, XU%0. . BG40 T 50 2 8 NHUE 55 2 B 7
BT, Wiz s 4, 2021, 42(8) . 525844,

CHEN P, YAN F, LIU Z, et al. Communication-constrained
task allocation of heterogeneous UAVs[]J]. Acta Aeronautica
et Astronautica Sinica, 2021, 42(8). 525844,

[77]J LIUC T, GUO Y, LI N, et al. Aol-minimal task assignment
and trajectory optimization in multi-UAV-assisted IoT net-
works[ ] ]. IEEE Internet of Things Journal, 2022, 9(21):
21777 - 21791,

[78] W%k, HiEE, @k, % ATHEENRHLZERIERGETS
SRR ML B3, 2022, 48(10) . 2416 - 2428.

JU K, MAO Z H, JIANG B, et al. Task allocation and reallo-
cation for heterogeneous multiagent systems based on potential
game[ J]. Acta Automatica Sinica, 2022, 48(10); 2416 — 2428.

[79] Spakud, FBLT A, BT%, 5. S I0 A R 50 W IR i G i B R
LERLT]. MR, 2020, 41(6): 686 - 696.

GUO J F, ZHENG H X, JIA T, et al. Summary of key tech-
nologies for heterogeneous unmanned system cooperative opera-
tions[ J]. Journal of Astronautics, 2020, 41(6);: 686 —696.

[80] BF U, BRVE, MFFIH. 55, =M T HPLE ARG EKZ B
R Ty 1], R e 5 A, 2022, 39(1): 48 -58.

HU Z F, CHEN Y, ZHENG X ], et al. Cooperative patrol
path planning method for air-ground heterogeneous robot sys-
tem[J]. Control Theory &. Applications, 2022, 39(1): 48 - 58.

(810 Jutwe, Bamms, W, & ZHEEHWFHEANREUR
BS54y k)], T4, 2023, 44(6): 1564 - 1575,
FANB Y, ZHAO G P, BO Y M, et al. Collaborative task alloca-
tion method for multi-target aerial-ground heterogeneous unmanned
system[ J]. Acta Armentarii, 2023, 44(6); 1564 — 1575.

[82] HA Q M., DEVILLE Y, PHAM Q D, et al. On the min-cost
traveling salesman problem with drone[ J]. Transportation Re-
search Part C; Emerging Technologies, 2018, 86: 597 —621.

[83] sW2¢ife, THUIZE, WRARIR, 5. “HFa — BRI X £

TNHIAE 55 s Re R s R MR L)), R LRI S %k,
2021, 41(4): 946 —961.
GUOXH, JIM]J, WENDS, et al. Task assignment and path
planning for distributed multiple unmanned aerial vehicles in the
“last mile” [J]. Systems Engineering-Theory &. Practice,
2021, 41(4): 946 - 961.

[84] BEEAR, MG, JRWEHS, 5. W F IR ASERBS YUl it k]
ML 5 05 B A4l 2022, 44(1) ;187 - 194,

HU Y L, WU P, YUAN X P, et al. Joint trajectory design for
unmanned marine cluster[ J]. Journal of Electronics & Infor-
mation Technology, 2022, 44(3): 187 - 194.

[85] BANFI J, MESSING A, KRONINGER C, et al. Hierarchical
planning for heterogeneous multi-robot routing problems via
learned subteam performance[ J]. IEEE Robotics and Automa-
tion Letters, 2022, 7(2): 4464 —4471.

[86] PFISTER F, CHAPURLAT V, HUCHARD M, et al. A pro-
posed meta-model for formalizing systems engineering know-

ledge, based on functional architectural patterns[]J]. Systems



+ 934 -

AR LS HETHA

%546 &

Engineering, 2012, 15(3): 321 - 331.

[87] PIRIOU P Y, FAURE J M, DELEUZE G. A meta-model to
support the integration of dependability concerns into systems
engineering processes: an example from power production[]J].
IEEE Systems Journal, 2016, 10(1): 15 - 24.

[88] W%t P, KEI, F2r, %. 3T IDEAS RYB G iR IE T AT ].
RHELRSHTHA, 2015, 37(1): 85-92,

TAN X S, ZHU G, WANG H. et al. Joint demonstration me-
ta-model based on IDEAS[]J]. Systems Engineering and Elec-
tronics, 2015, 37(1).: 85-92.

[89] EKIe, B2, AMLrpl, 55 JLFHM-2 BRI CAISR RS

e SR A S W r i [T]. R LRSS H THOR, 2016, 38(9):
2065 - 2071.
WANG Q L, WANG Z X, HE HY, et al. Modeling and ana-
lysis method to C4ISR system for efficiency requirements based
on fuzzy cloud model[J]. Systems Engineering and Electronics.,
2016, 38(9): 2065 —2071.

[90] 275, BET RE 0 MY 48 #4158 10 7R R &5 M WAl 7 ik BF 2 [ D,
MA: BAURAE. 2017,

LI]J. A study on capability-based methods for evaluating the
architecture of command and control system [ D]. Nanjing:
Nanjing University, 2017.

[91] SILVER D, HUANG A, MADDISON C, et al. Mastering the
game of Go with deep neural networks and tree search[J]. Na-
ture, 2016, 529(7587) . 484 —489.

[92] MNIH V, KAVUKCUOGLU K, SILVER D, et al. Human-
level control through deep reinforcement learning[ ]J]. Nature,
2015, 518(7540) . 529 - 533.

[93] LECUN Y, BENGIO Y, HINTON G. Deep learning[J]. Na-
ture, 2015, 521(7553): 436 —444.

[94] ko€, AP, HE. WEFEIMRGRI] FE5%MH,
2018, 47(4) . 385 —-397.

ZHANG R, L1 W P, MO T. Review of deep learning[J]. In-
formation and Control, 2018, 47(4). 385 -397.

[95] GOODFELLOW 1, POUGET-ABADIE J, MIRZA M, et al.
Generative adversarial networks[ J]. Communications of the
ACM, 2020, 63(11): 139 - 144.

[96] Edug, #jf, BN, &5, AR M4 GAN moF st
HREI]). Ak, 2017, 43(3). 321 -332.

WANG K F, GOU C, DUAN Y J, et al. Generative adversa-

rial networks: the state of the art and beyond[J]. Acta Auto-
matica Sinica, 2017, 43(3): 321 —332.

[971 YU L T, ZHANG W N, WANG J, et al. SeqGAN: sequence
generative adversarial nets with policy gradient[ C] // Proc. of
the 31st AAAI Conference on Artificial Intelligence, 2017
2852 - 2858.

[98] ZHAO W Q. MENG Q G, CHUNG P W. A heuristic distribu-
ted task allocation method for multivehicle multitask problems
and its application to search and rescue scenario[ J]. IEEE
Trans. on Cybernetics, 2016, 46(4) . 902 - 915.

[99] WHITBROOK A, MENG Q G, CHUNG P W. Reliable, dis-
tributed scheduling and rescheduling for time-critical, multia-
gent systems[ ] ]. IEEE Trans. on Automation Science and En-
gineering, 2018, 15(2). 732 - 747.

[100] TURNER J, MENG Q G. SCHAEFER G, et al. Distributed
task rescheduling with time constraints for the optimization of
total task allocations in a multirobot system[]]. IEEE Trans.
on Cybernetics, 2018, 48(9): 2583 —2597.

[101] TURNER J, MENG Q G, SCHAEFER G. Increasing alloca-
ted tasks with a time minimization algorithm for a search and
rescue scenariol C] / Proc. of the IEEE International Confe-
rence on Robotics & Automation, 2015.

[102] ZHANG A, YANG M, BI W H, et al. Distributed task allo-
cation with critical tasks and limited capacity[ J]. Robotica,
2021, 39(11). 2008 —2032.

[103] YANG M, BI W H, ZHANG A, et al. A distributed task re-
assignment method in dynamic environment for multi-UAV
system[]]. Applied Intelligence, 2022: 52(2): 1582 - 1601.

E&E T T

Bexx & (1986—) . B3 . RIWFSE 5L L 4 WS 5 Il o o AHLAEER

REAE 5 MR 5 Dok S 2 R GT A L L 5 AR PR

WEE (2001, Lo, W H WS A L FEIFGE D  O RATE A RE AT

% WA

B OC1996—) T PRI 1 3RS O ) R e A BLAE B TSR

WAL

B ORK1995—) o WL WE S A EEAT Iy ) R T AL REAE 55

SrBCHAR .

B ZA962—) I HE AL EEWES T I Dy — AR RE ok T 4

PSR BAR R A= AR TR,





