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SCAT PASRAT AR L.
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PRI R SR AT R AR BB ORI AR b 8 B2 i) RV AR Ay 15 70 7] L B R B R R L 7, I — o

2495



BBk GIRE BN IRINEIN S wrprs

UL (F,5,A,9,0, R,~) %7, Hoft F 3o IR E RIS S, BREARIOBORIL N 367, § o a ik
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KA S = (51,50, 50}, 51 € S FRAHT ¢ BATRETARIO A IR, FLARSK, ALAET IR
S RRATT R SN A T84 5, = (14, Py, Forb 1y JERER T ¢ MLELR DT 7 (0 (R R L 42, P,
R 2T e DAL 3 5 0 e

EME A=Ay x Ay x - x Ay FoR RIS I, 0y = af x a? x - x af P& LA
W ¢ AL FRBESENIE, JOR o € A, FomMUaRbL £, PR fr o i 4 0 (il
B, MUERHL 1, 47 16 NEh{E, SR SR B B p € P. BSAUEHL £, CLA5EFT T
(B S T, WA X S

SUIE O = Oy x Oy x - x O T HEIRIEL R MO, 7ERT1] ¢ B, BLBLHL £, MO0 AEL
W A ZIE of = (b, P) € O, Forbt o FoIN ) ¢ MU f, WS AT HIBRREAE AL, pp
R SE R (R, P, TR tEM T ¢+ 1 I AL £, R P BOAR B (4. PRI,
A ALARBLIBE S EIE ap MATRIRE s,p0, HOUIUERL Qoplar, sesr) THELEBLABN ¢ + 1 1
BRI SR PBALIUE 01 = {0} 1,001, 0N 1}, VER, SRR RUNAIELE, YIZH BAR
SRBLEE SR A 07,

R R FoR R S IR TR IR 5. A DU AL BH LB e PR 1504 1A,
B4 AR AR (1), H5 S SR o = #64, ALARBL IR BN I B 42050 « AN LR AR Bt By T ph 5
SRR S 223,

=i o] (2)
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Figure 1 (Color online) Human-machine collaborative multi-agent task planning framework
NITRTREN
4 FIIEMIR

4.1 HCMTPF REIEL

Z R AR S AT L 2 2 B REMCIRAS BAT W IR AR 5% 2. (2 2 B REAR 9 A 27 51 W,
B 5 R B R BN, AT DR A 7 [ 4 RN 2 [ 4 Pt i . SR PR R G T8 190 5l U8
REIIRR 2 UK, ARG 2R 2 o BR R, B EERII . I, ARt T
—Ff ANHLH [E] 1 22 2 BE AT 55 LRI SR AEZE HCMTPF (human-machine collaborative multi-agent task
planning framework), SKARHA% 482 B REAARSK TR R AR T 1 1AL

HCMTPF I EALHGE /R P48 Rt . VR 45 X 28 B H AN LIZ BB IR e g piie, s 1 o, 3
HH R e A IO 8 AL AT 5 D) 8 A U T WM 2 8 R ARG 27 5 QMIX 200 S50 St R fR L 9 BA
AR bR P52 I . A AT AL R e A% A B A 2 v ik A Gt 2 0 B A s 2 S SR Rl i e 2122
T AR PO 4 LR AR LR BA Mt U, SR8 AL L e o T 465 1 T
PSRRI, PR A, A (A B X, S5 256 MO LA G 22 0 D B 4
|24 B4,

FER REAR M g R h SR REAR LS — DR REAR IS, RS S — A ol X =
(op,ap_y), Fe op Ml ap | 73 ERIRISTA] ¢ IREHL £, B2 SOULIIEL AN TR) ¢ — 1 AL ATL RO ol (L e 6.
SRIG, BURZ L P 2 2 N FT T E]Z GRU 4RG3 B 7e M 2% 1230 TR 505 4t [a] ¢ AL
fo BRI R EL, B Qp (&7, ap), T JREEMEIACH, Horh & = {ag, o, a}, 08, ..., af_y, 0f } RARMLEK
BL fr RT3 SRS AN 3 S UL A 124),

FE BRI IR B R AL ey, O T O0A R RE AR B 2 o SRR 7 58, ACistit 7 — M aefa 5 A

2497



BBk GIRE BN IRINEIN S wrprs

RS 5H I RF LTI 2. H (o) TR NHISENE, NKS 5HERGRE WA o, 187 FM
G AL R LRI AL, alman € A NN TFIUEN—FIBELFA: 1(af™™), Fm ANHKS 5 &R 6
TR B ERRIIE af™™ RAWHRE TTIET, AN IERFERSE ar:

a; = I(a?miX) . a];uman 4 (1 _ I(a?miX)) . a?mix7 (5)

o gpuman R ANKS HHIRFIEE, of ™™ FORB BERMAERIE. # 1(af™™) = 1 FmM
AR PRFEANRS HH TR S, [(af™™) = 0 Fon MEMLE B0 0 rh S8R K7 &
TIAEATARBE S s b €. AEUIZRIIE], QRN LIE FE o A0 AE P RAR B[ BN LT 5, &
SORF L AE R B AR BN 55 70 A PR b R BEALUL L, PRAUEARE R SRR SRIE W $AT. 5K (5) P, 24
NEZ 5 H R FET TG I, B AL ke 8 At AR S & i) 12627,

MRE ML AR 5 201 0 A AIAEER, SRBIRAE SRR ) BHE B, HFAERE R n i N2 505
AR, TR SR SRS ST, H T AN SRS AR RE AR SRS (R e S AR Al A2 [F] — e X op, ASOR &
gﬁfﬁéﬂiﬁﬁ(j‘j C = (St,Ot,at,Tt,0t+1,at+1,l(a?mix)) %B%A%Tﬁ%éﬁ%@%%%%ﬁe%éﬁﬁ, ;H\:EP 1
PRI 7> NRHEHE 5 B R R Sems A7 ik e B, RO NI 2 b X U B M i — it iR oo 4]
®={G,C, ..., Cu}, BREKRENRRMAKITHEEN Orn, AFHRRLRITTHESN Pro—ni—u,-

A P2 R B TR G 2% (200 FITER I 2% 1281 20 HUHs 22 0 RE AR 10 20 BRI HEAT 48 — 21, IR
ANERPREHIBEE, fEmbiiring. B, s BN EROT R Qr (¢, ap) 1EFIN, 25
WE s MENEHBNE S, BB AR LI EZIE ar BIBUT R Quon (&4, ar), WIEK (6) PR, R, A3
CLEVETRY 7, A d ML DA 58 BAE M BRI 18], e KA BRI BA LRI S AR 0T BB Q7 (€7, af).

argmax,: Q; (&, a;)
arg max Qrot (&, ar) = : : (6)

argmax,x QF (&, ar")

FEPAT R FCLRE T, B RERARYE R 70 WIAE o, V155 H A (0= R 200 pR B, ARk ade i i xh
8L R B O R AL QP (&7, af) THEIRE SIERI BT BB Quot (&1, ar). N T IRIFIELS BIAE 50 B8
Quor (&0, ar) 5 A RETREDERUT BB QU(€r, ap) I—BUHE, SO Quon (&1, a0) B QPP al) Z 115
FRIM AL, Q1R B

0Q+ot (ft, at)
0Q (&1 at)

ARSCAR BRI TR 3, NS 538 SR 4 % R BORT RS e AR SR25 SR A 40 K R g, R Lhman
A pamix - 627 pi X HH L —HEEGEY MO IMA R R ¢ F TR SR R, WA

> 0. (7)

My
Lhuman(g) — Z [(ytot _ Qtot(ﬁta a?uman, St 9))2]7 (8)
m=1
. M2 .
LX(0) = > (4" = Quot (&, af™™, 5150))%], (9)

m=1
Horp 0 ZORBE RN ZHL, o't = ry + ymaxa, , Quot (Se41, argr, se41;07) R EHSHUN H AR,
0~ 52 A bR S 2 04291 O 1 RUEAE LAY ZR 35T IR hr 3 BEHLIR 2R SRS S (E A& KR KRG BN ER
AR ZE S, ASCIRAE R (8) AT (9), K e &5 2K B HE LI R

1

. 1 :
L(a) — MLqmlx + Ethuman . I(a?rnl>()7 (10)
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Hot w RAE K T, RonFE 27 S IR h S0 AR 3 UL L. A SO NSRAT TR Bt 17—
Foft B & 73 BE AL 40 T

wzv-{ max [exp(Qtot(et,atvst;e)—Qm(gt,a?"“",st;e)),u—1}, (1)

(&+,at,8t)EB
Horb X BB/NT 1 S, B MR, k25 2 RIR. N\ KRG BIE SR IR e m, N
Z: 5% TP ER S BEZ bG8 IR NPT L B IE N2 BB 2, max(-) BREUDRIE | BVER

MR NKS 5E “RIF SRR, exp() TBEEREUCRN GRS 5ERT BRI aifE
RIS

4.2 FEBY)IZ%

Hrp NG REE 1 R, B, PRI E RER M4 A7 SO RPRES S8 (FEILER 5 7).
BRSNS X7, SIS Q7 (€7, at) (B8 4~T 4T). WERMBALLR A BN 1E o™
TERNFN N TG SR, RGN (5), HTARS E5ERETHR S, R&KE AR ENRRNE
af™™ WK FEE apumen ENKEEE ap, IF ST HRRRBIEK. HCMTPF K24 1
BTk B RS BAFEER AT B (58 8~11 1T). MEIZEAFIb KA M A5 04,
WA (10), S Adam HRALEs B S A3 BB R BRI 48 AR & M5 IS8 (35 13 A1 14 47). H
RS EL 0 R RS SHIN— D EIAR, [5G d MRIKE 0 FD Ik (5 15~17 1T), S50
BRI SHL 0, FT MLBHLE SR AL AR L RS, B0 A AAPAT B B, AR 25 B SR KA
28 Ry B A S B DR P 41, B A OB 52 i R Bl

H3% 1 HCMTPF training

Input: Initialize agent network parameters 0, experience buffer B, weight parameter A, the discount factor v, the maximum

training episode number K, and the number of agents N;
while k = 1, K do
Observe the initial global state s and local observations o;
while t = 1,7 do
while agent n =1, N do

Calculate a}! = argmax Q7 (£, ay);
end while

Collect the joint action atqmix = {a},a?,...,al};

1:

2

3

4

5: Input agent network X', and select RL action a}';
6

7

8

9 Compute the joint action of human-machine cooperative decision by (5);

10: Calculate team reward r; for action a+ and update environment;

11: Store transition tuple (st, 0, at,Tt, St41,0t41, I(a?mix)) into replay buffer B;
12: end while

13: Sample a batch of empirical tuples ¢ with the number of M from buffer B;

14: Update agent network using (10);

15: if x mod d then

16: Update the parameters of the target network 6~ = 0;

17: end if

18: end while

Output: Agent network parameters 6, (n=1,2,..., N).
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Figure 2 (Color online) Simulation environment for carrier aircraft support operations. (a) Working environment on
deck; (b) human conflict intervention interface
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LR A R EMAFAERBIR R, RELR R Z AT . 5 1 Bir BeRon 36 ALE LUK 2L Al
7, 5 2 B BRI ARSI L SE I VR ST SS A R, A A HPIAR B IREEL T8, 55 3 B BERs
HUES & AT AL A

FEINGRIT B, MLBURRE R dl i & SRS (14 ORbe ARl 33 WL A B F AR ) J= B UL o, A4
JERA s, SePRORIEREAL. 35 B etk B EIRRIEFE R RIS L S BOM B A0 R, NKZ HE R
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Table 1 Details of support operations

Task Execution time (min) Available stations
1 2 ALL
T2 3 ALL
T3 4 {p1, P4, 5, D6, P8, P9, P10, P11, P12, P15}
T4 3 {p2, p3, pa, P5, P6; P8, P9, P12, P15, P16}
75 5 ALL
T6 1 {p3, p4, p5, P6, P7, P9, P11, P12, P13, P15}
T7 6 {p1, P3, Pa, D5, P8, P9, P10, P12, P13, P14, P16}
T8 4 {p1, p2, p3, P4, Ps5, P7, Ps, P10, P13, P14, P15, P16}
T9 2 ALL
T10 4 {p1, p2, P3, P6, P7, P10, P12, P13, P14, P15}
T11 1 {p1, P2, P3, D5, D6, P9, P10, P11, P12}
T12 5 {ps, p4, P, P8, P9, P10, P11, P15}
T13 7 ALL
T4 8 ALL
Ti5 2 {p1, P2, P4, P6, D7, P9, P10, P12, P14, P16}
Stage 1 Stage 2 Stage 3

L}

. Tasks that require equipment
D Tasks that do not require equipment

3 (MEHRFE) HERFEELKER R

Figure 3 (Color online) Job dependency in the simulation environment

Core(TM) i9-11900 CPU, 64 G iz47 A7, #.5K GPU (GeForce RTX 3060, .47 12 G), Windows 10
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FEASCHI ARG FIALE] B, NSRBI s A s RIFE R AR T S 510 %, BHIASE
A LUEHZ 5RAZ 58T N T IRITAELERR S UEOS B I ZRACER AP RERIRZIR, AR A
Z5H (Bernoulli) 73413 N SHi T B REA RS FAF AT I, 5 NSRLPrdn S/ B IR A MR R
A p, BUANRZ 5, 1 NERRRE R AT T H R RS IBER N 1 — p. B BEARIE R AR
T, ASCR NSESCPrte B VR SR IR B E Y 25%, 45%, 85%, TRFUAN R NG T Eont
B E AT R R M.
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Figure 4 (Color online) Comparison of rewards for carrier aircraft formation using different algorithms. (a) Environment
of four carrier aircraft; (b) environment of eight carrier aircraft; (c¢) environment of twelve carrier aircraft
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Figure 5 (Color online) Comparison of formation decision success rates of different algorithms. (a) Environment of four

carrier aircraft; (b) environment of eight carrier aircraft; (c) environment of twelve carrier aircraft
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Table 2 Cumulative training time

VDN (s) QMIX (s) IGM-DA (s)
- 31087 26755 15784
+HUMAN 25480 22322 11450
————— 17.5 Human participation rate 85%
20001 Human participation rate 45%
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3 5
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8 3
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1400 Human participation rate 25% 254 A LA NP~
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Figure 8 (Color online) Carrier aircraft formation Figure 9 (Color online) Average number of human guides

rewards with different human participation rates
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Figure 10 (Color online) Comparison of different learning rates of HCMTPF. (a) Environment of four carrier aircraft;
(b) environment of eight carrier aircraft; (c) environment of twelve carrier aircraft
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Figure 11 (Color online) Completion time comparison of different algorithms for carrier aircraft support operations.
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Table 3 Average completion time of carrier aircraft support operations

VDN (min) QMIX (min) IGM-DA (min)
- 28.40 27.82 27.76
+HUMAN 28.12 27.49 26.72

Mb v R PR i o B AR AL PR B VR ML BT 75 PRI R R TR A, S B BEAR 1Y B = (B A1 IS
SARA IR, Y5 R GER SRmg /N 4% D3] 7 LT B MG 26 I ) e fE R 51 S mes, Rk 2
PEREC AaE I IR, Hidr, % 3 o QMIX+HUMAN J5 7RIS HCMTPF A7,

6 REERE

AU/ M 58 LB ML OR Bl S TR D F AR, #5E T— Fh AL [R] 0 22 8 e A TR J3E R SRAE 2,
SEHL T MREHL e R R R U R e, A LML O B 11 Ml i 5 i) gk G 0 i RN 5 ZR AR
A RE, SRR AT PATIIZRHEZE, il ik 116 502 8 RERHEZR 3R Bg ARG e 2 20l
SRMENCSIOS SRy B B DR TR . HLOk, AR SCHA S T — e A 2 1 AL ) £ 22 88 e A A oL e Z ke A
2R, ARG T ORBE VRV R B SR SRR 1 22 ST OR. dm, KA HSEIR 45 Rk W, 5 AR S b
HCMTPF SRR Ty 7 56U AHLE FRIALHEIE 22 3 Ge fA s A 25 5 Sk i bk, ASSCHE S v
B PEGE T AETR SV SRR O HER To R, SRTIAE RS Ak trh, N BRI TR 3R 0T 252 B3

2507



i

TR LB LOR IR AR AL R R 5T

=
=

V TEEE R AR, TTRE S PR A A ZE 5, BN BRHI3R TR R SRR A g

RO AL, ARARKE 3G BRI TEAN A DR 2 R M R AL b () e 358 [ .

S

1

10

11

12

13

14

15

16

17

2508

Wan B, Han W, Sun X C, et al. Carrier-based aircraft departure scheduling optimization based on CE-PF algorithm.
J Beihang Univ, 2022, 48: 771-785 [Ji£%, ¥4k, FTHE, 5. 5T CE-PF SUE RSN 3% 0 BEAR AL i . b 50
BRR KR, 2022, 48: 771-785]

Liu A, Liu K. Research progress on scheduling problems of carrier-based aircraft support operations. System Eng Theor
Prac, 2017, 37: 49-60 [XI%H, X 5. AREALARFIE AL U8 B i BT ALk . RS TR 5528, 2017, 37: 49-60)
Wang X, Liu J, Su X C, et al. A review on carrier aircraft dispatch path planning and control on deck. Chin J
Aeronautics, 2020, 33: 3039-3057

Wu J, Dai M Q, Wang J J, et al. Aircraft carrier based aircraft support operation scheduling based on Apprenticeship
algorithm. Chin J Ship Res, 2021, 17: 1-10 [R¥, 8, TRA, 55 3T 22486 BT RS AR RS E L
B AR E AR AT, 2021, 17: 1-10)]

Meng Y K, Wang Z, Fan J L. Research on scheduling optimization of uncertain carrier aircraft support based on tabu
algorithm. J Syst Simu, 2021, 33: 2363-2371 [##z¥l, TIE, JEINF]. 3T 25 5 EVEST AN & MM ARAL ARRS 1 R
PRALHEFE. R G HAEHR, 2021, 33: 2363-2371]

LiYF, WuQS, XuM L, et al. Real-time scheduling for carrier-borne aircraft support operations: a reinforcement
learning approach. Sci Sin Inform, 2021, 51: 247-262 [$ﬂfﬁ, SRR, AR5, 5. BT S P EA LR B AR
b S EE EE. REREE 5 BB, 2021, 51: 247-262]

Su X C, Wu H, Cui R W, et al. Joint optimization method for carrier-based aircraft fleet sortie support personnel
configuration and scheduling based on marginal-ABC algorithm. J Beihang Univ, 2020, 46: 2056—2068 [ﬁ*ﬁﬁﬁ, {H1H,
B, & BTl - NTEREVENMENIE s RN RICE - WERSIRATNE. JE s i R R
243, 2020, 46: 2056-2068)]

LiuY J, Wan B, Su X C, et al. Shipborne aircraft landing scheduling based on TABC algorithm. Control Decision, 2021,
37: 1810-1818 [(XIEA, Ji L%, JhbTid, 5. 2T 1ABC FIEMIMEMLE M E. #6505, 2022, 37: 1810-1818]
Liu J, Han W, Li J, et al. Integration design of sortie scheduling for carrier aircrafts based on hybrid flexible flowshop.
IEEE Syst J, 2020, 14: 1503-1511

Peng K M, Lin F, Chen B M. Online schedule for autonomy of multiple unmanned aerial vehicles. Sci China Inf Sci,
2017, 60: 072203

Liu B, Zhang X P, Wang R, et al. Decision algorithm for cooperative multi-target attack in air combat based on
combinatorial auction. Acta Aeronaut ET Astronaut Sin, 2010, 31: 1433-1444 [XU/&, TkiESF, T, &5 A THEN
SEMT A2 B AR 2 R SR AR, s S44), 2010, 31: 1433-1444)

Yu W, Liu C H, Ye Y, et al. Human-drone collaborative spatial crowdsourcing by memory-augmented and distributed
multi-agent deep reinforcement learning. In: Proceedings of the 38th International Conference on Data Engineering,
2022. 459-471

Li M, Qin Z, Jiao Y, et al. Efficient ridesharing order dispatching with mean field multi-agent reinforcement learning.
In: Proceedings of the World Wide Web Conference, 2019. 983-994

Lowe R, Wu Y, Tamar A, et al. Multi-agent actor-critic for mixed cooperative-competitive environments. In: Proc-
eedings of the 16th Conference on Autonomous Agents and Multiagent Systems, 2017. 6379-6390

Wei C Q, Chen C L, Wang B R. Study of aircraft support scheduling of wavily launching aircraft on carrier. Control
Eng China, 2012, 19: 108-115 [BL &4, &R, TORI. 70 B SN2 ORI R 7T, #5851 L2, 2012, 19:
108-115]

Han W, Liu Z X, Su X C, et al. Deck path planning algorithm of carrier-based on heuristic and optimal control.
Systems Eng Electron, 2023, 45: 1098-1110 [#h4E, X FZ, T, 5. 454 a8 K 25 I b 2 i) i AL b A AR B 42
MRNEE. R TS THIR, 2023, 45: 1098-1110]

Wan B, Su X C, Guo F, et al. A study for proactive robust scheduling of aircraft carrier flight deck operations with
uncertain activity durations. Acta Aeronaut ET Astronaut Sin, 2019, 40: 1000-6893 [/ f%, HHTHE, FRHL, . A
TEPE TR AR L A AR S T . 125 24, 2019, 40: 1000-6893]



HERBYEERE B3 E H 124

18

19

20

21
22

23

24

25

26

27

28

29
30

31

32

Shi W, Huang H L, Cheng G Q, et al. Research on multi-aircraft cooperative air combat method based on deep
reinforcement learning. Acta Automat Sin, 2021, 47: 1610-1623 [5/51%, ﬁ'félj?fi %%%*17 & ETREmbEIInM %
BUP A 2 RO 0 7. B3k, 2021, 47: 1610-1623]

Liu Z, Chen B, Zhou H, et al. MAPPER: multi-agent path planning with evolutionary reinforcement learning in
mixed dynamic environments. In: Proceedings of International Conference on Intelligent Robots and Systems, 2020.
11748-11754

Tabish R, Mikayel S, Christian S, et al. QMIX: monotonic value function factorisation for deep multi-agent
reinforcement learning. In: Proceedings of the 35th International Conference on Machine Learning, 2018. 4292-4301
Wang J, Guo B, Chen L. Human-in-the-loop machine learning: a macro-micro perspective. 2022. ArXiv:2202.10564
Amir O, Kamar E, Kolobov A, et al. Interactive teaching strategies for agent training. In: Proceedings of the 25th
International Joint Conference on Artificial Intelligence, 2016. 804-811

Chen C, Zhuo R, Ren J. Gated recurrent neural network with sentimental relations for sentiment classification. Inf
Sci, 2019, 502: 268-278

Sunehag P, Lever G, Gruslys A, et al. Value-decomposition networks for cooperative multi-agent learning. In: Proc-
eedings of the 17th International Conference on Autonomous Agents and MultiAgent Systems, 2018. 2085-2087

Wu J, Huang Z, Huang W, et al. Prioritized experience-based reinforcement learning with human guidance for
autonomous driving. IEEE Trans Neural Netw Learn Syst, 2022. doi: 10.1109/TNNLS.2022.3177685

Chai C, Cao L, Li G, et al. Human-in-the-loop outlier detection. In: Proceedings of the International Conference on
Management of Data, 2020. 19-33

Yang J, Zhao X, Fan J, et al. A human-in-the-loop approach to social behavioral targeting. In: Proceedings of the
37th International Conference on Data Engineering, 2021. 277-288

David H, Andrew M D, Le Q V. HyperNetworks. In: Proceedings of the 5th International Conference on Learning
Representations, 2017

Mnih V, Kavukcuoglu K, Silver D, et al. Playing atari with deep reinforcement learning. 2013. ArXiv:1312.5602

Wu J, Huang Z, Huang C, et al. Human-in-the-loop deep reinforcement learning with application to autonomous
driving. 2021. ArXiv:2104.07246

Kingma D P, Ba J. Adam: a method for stochastic optimization. In: Proceedings of the 3rd International Conference
on Learning Representations, 2015. 1-13

Hong Y, Jin Y, Tang Y. Rethinking individual global max in cooperative multi-agent reinforcement learning. In: Proc-

eedings of Advances in Neural Information Processing Systems, 2022

2509



BBk GIRE BN IRINEIN S wrprs

Human-machine collaborative decision-making for carrier
aircraft support operations

Yafei LI'23, Lei GAO', Hongjie HAO', Yuanyuan JIN23 Ke WANG!23 & Mingliang XU12:3

1. School of Computer and Artificial Intelligence, Zhengzhou University, Zhengzhou 450001, China;

2. Engineering Research Center of Intelligent Swarm Systems, Ministry of Education, Zhengzhou 450001, China;
3. National Supercomputing Center in Zhengzhou, Zhengzhou 450001, China

* Corresponding author. E-mail: iexumingliang@zzu.edu.cn

Abstract The carrier aircraft support operation is an essential part of an aircraft carrier’s aviation support
system. Its scheduling efficiency not only affects the sortie rate of carrier aircraft but also severely restricts
the operational effectiveness of the aircraft carrier. In a dynamic deck operation environment with multiple
carrier aircraft, the scheduling efficiency must be improved by safely and efficiently allocating support resources
and minimizing the time overhead caused by conflicting resource allocation. Existing heuristics and machine
learning-based scheduling strategies have shortcomings, such as large computational size, poor robustness, and
low training efficiency. Therefore, in this paper, we model the scheduling problem of a carrier aircraft support
operation as a sequential decision-making problem for distributed multi-agent cooperative control. Specifically, we
propose a novel framework, HCMTPF (human-machine collaborative multi-agent task planning framework), which
effectively improves the learning efficiency of the task planning model. Furthermore, an adaptive task assignment
method based on the credibility of human decision-making is proposed, further improving the independent
exploration ability of agents and the use rate of human guidance experience. Through sufficient simulation
experiments, the obvious advantages of our proposed method over comparative methods are verified in computing
performance, learning efficiency, and robustness.

Keywords carrier aircraft, human-machine collaboration, deep reinforcement learning, task allocation, resource
allocation
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