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Abstract

The majority of existing multi-UAV task allocation approaches under temporal-ordering-constrained
are based on the assumption of non-delay-tolerant task execution, which not only reduces the task
execution chances but also greatly limits the competition and collaboration flexibility among mul-
tiple UAVs, thereby affecting the task completion rate. To address this problem, this paper will pro-
pose a delay-tolerant and temporal-ordering-constrained task allocation method, then solve the
time-varying problem of task execution benefit related to delay tolerance. In this method, firstly, a
dynamic time window mechanism is designed to provide an elastic space for UAV task execution,
which allows UAVs to hover and wait for a task before its initial executable time and execute the
task after its expected deadline and the time-varying task execution benefit related to the dynamic
execution window is also defined; Secondly, a reinforcement learning model is constructed to guide
the task selection of UAVs, a matching factor between task and UAVs is defined, and a consensus
mechanism is provided to solve task selection conflicts between UAVs based on the matching factor,
the waiting and delay time of UAVs. Finally, the multi-agent deep deterministic policy gradient al-
gorithm is used to solve the reinforcement learning model. Experimental results show that, com-
pared with existing methods, the method proposed in this paper exhibits significant advantages in
terms of system benefit and task completion rate.
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Figure 1. Dynamic time window description diagram
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WS —A DDPG 5%, & — MR BEMRHEA — A S0 (actor) X 2% Rl — AN P A7 & e AR L 2 i o A
(critic) s . SR AL IIGR - e A BAT 7778, SRS 0 28 AR RE AR LIRS S, (1), %A ih Re s
1578 Re AR RAT 5 R TR i) B A B 25 AR BT o MBI 28 IO AE EAT AR A DI ZRBY B AT, K
X A BE AR SRS IR 2% 4 B E E TR 5, T I, actor, S actor (K. BT MADDPG #32 HIok
FR U BB AR A% (] R SR STAT 55 1, TE A ST R B A B A 2 (A1 B R, 76 B8 Blah F 25 R] Hod
SKH) argmax BN 2 2 e R BUE S HH A W SO0 2647, T2 A KA Gumbel-Softmax 175 %5k
13 BN BB AR BRI ALRFE -

K Gumbel-Softmax 77545 i B BN AE IR 20 A 1) 2 (0 SR IRAE 0 R BT

1) JEREPR LK n dE & v, A n AN IR 21434 Uniform (0,1) RIS FE A ¢ 6y, 6, 5

2) 31\ Gumbel :75 g, =—log(—log(e)),e ~Uniform(0,1) ;

3) it Softmax bRH1F B % AEMILFEM A, AKX Q0.

Hrf o NIEESE, % Softmax %L soft (IFERE. o Bk, At F85 04, «
N, LU 53 A [ T onehot (argmax (log + g, )) 45 . fEASCHY, SRR KR, AR
L)FR, TEVIZRWIHAAE PR IR B S B DA 98k 2R, B I 2R 00 EAT 38 BRI S B DS s R

exp[logq +0; j
T

y, = , i=1--n (20)
n loge + 0
t
T(t) = Tinit _?(Tinit ~ Tinal ) (21)

#F MADDPG 58k 2% ST AR R Bk in ke 1 pios.

Table 1. Reinforcement learning solution process

= 1 BILFE SRR
HiN: WAL SN R AR S N4 28 0 = (6,,6,,+,0, ) RMEM% S5 6 = (4.4, 0y )
i NAENRLEZE O, ¢
For f#41 e = 1—-E do
HEIAE, WAL . A TEMERER
KA B BRI RIAE I 0 = (0,,0,,-++,0y)
Fort=1-T do:
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XTI R 0, MR AT SRR AL BB 1E &, = 41, (0) + 1,
PATERGENME a=(a,a,,+,8y) » FEZBIME r=(r, 1,1 ) FUFHOWI o' = (0],05,---,0})
B AR L BB T (0,a,1,0) FEAH IS A1 GH D
M D HERFE IR B R R B
Foragenti=1to N:
B I 25 critic PZE, TSR REAAFK A0 (B 10X 2% 16 R AR«

E(Wi)=Ea,a,r,nr{Q”(o,avazy-~-,aN)—(n+yg“'(o',a;,a;,---,a'N>

aa:us(oj)) }
VIZRE B actor (4%, TSR RE 1A IR SRS D0 28 56 FEE {11«
Vo (#)=Eqp [Ve./“i (0)V, Q" (0.a,8,,,3, )|31':/‘i(°|):|

For agenti=1to N:
BB &R R AR 1Y actor M2 S8 6, « (1-1)6, +nAdam(d6))
SR AR REAA I critic %S4 ¢« (1-17)¢ +nAdam(dg)
End for
End for

6. SCIHERIS 54
6.1. ARMAESSHIRE

N T BAEASCEERIVERE, ASONTE ANLVEERER P AT 55 /0 Bl sl AT 05 BSE58, RGtH— AN AL
Bt Z TN ZA B sl 5%, BATS EERIWESIIE AT T 78 APl HAsE vk e,
T R Al BRI BRI A B ) 280 38 AT 55 5 AT 7 o, B e Bt S IE
D5 AE S B P () 20 8 AT 55 5 B 0 5 TR R L, 33k — 2D I0AIE T A SCRVE A e o AR SCsE 36 R A
python & 5 F1 pytorch V4% 2% 3] JESEB,  SRE6FT A CPU i Inter-i5-13490F, %4 NVIDIA GeForce TRX
4060 Ti. SEEH 0 MRS HN A 2.

Table 2. Experimental parameters
®2. KWEH

ZH (]
H brfE %16l zone 10 km x 10 km
(LG, T, M) TANEEE v [60 m/s, 70 m/s, 80 m/s]
AT RERE fc 0.2/s
B HEFE he 0.1/s
%%, 1 dife Ji(scout, attack) [4 m2/s, 6 m?/s]
fE45 118 value 200
S WA as 24 m2
TH AR K rate 0.1 m/s
i 1] 5 FE span 100's
I 1) 7 B A tp 20s

DOI: 10.12677/mo0s.2025.145408 481 5 1 A


https://doi.org/10.12677/mos.2025.145408

WRILm, s 5

BRAh,  FENUIGRE XA S, BEHILE 3.

Table 3. Hyper-parameters

#z3 BEY

ZH i1
IR q 0.002
[E i 2 56t replay_buffer 10000

HEVK K /IN batch_size 64

PR y 0.95

BB tau 0.01

IR init_temp 1

BB E final_temp 0.1

6.2. EIRWBEERE
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Figure 3. Convergence graphs at different learning rates
3. FRIF IR TR SE

N T VAL ZHO I S SR REARAM , SR P AN ) 1R 2 3] R I TE RS A SCRE WS A AR 8 P (K52
FESEIG Y, ASOWS IR E 2672, 2e7°,2e7, Hsh B ANLIECR N 3 (1 ZRMWIE TN 1 44T
RN 1 RERERTNAN), HIrrEEN 5.
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Hag S R 207 I, HRIRSUSCR BT -

TR ) 2R 2070 (R b, ALl 18 AN H AR NEERY, 4% 6 22T AN 9 22 ANLAT 12 22 AHLE
WERE IS . il 4 FioR, BEE WIZRFE0IIG N, 228 1% 80 hn i Ja T Rase KR, X i s
RO AR, RN FMEREE T ANUECR 8, XRRANTAN SRR Z, S [a] AT 55 1
SERAUR R, 45 )5 BT T 55 T DAAE IR 25 B2 9 A AR SE R, 80D T AT 55 58 R[], AT A 73 22 i (B
.
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Figure 4. Convergence graph under different numbers of UAVs

4. FRIZANEE T E

6.3. MBEELE
T IAEAR SCRVEIVERE, AL 12 22T AHL(4 ZR0T82 2T AFL. 4 4T AW 4 B35
TN AFEAE, A FIEER H AR, LLS AL 8] 40 38 AT 55 58 R N BEFe AR EA T 1R45 .
® HLATA[E] A A N T ANLEREHAT FES B B S HAT &G B A8 55 B 58 B 18]
PAT B FAESS B
5 5 TAT- 55 58 R )
® (T MR NENNERRIPITH LS EE S A B RS EER LLE

a5 5erm - BRI TP 23)

LA TE] 8038 = (22)
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N T BB G T A G BRE tp, ASSCH e 0 1 BIME tp X RS0 RE A0 .

K 5. & 6 Rl JEIR T AEAS A ShAS I 8] T BRE T Ak A0 e 1) 202 AT 45 S IR IR B, PR R Rl
HAE 20s &, Sl BRAL I (] Rk ME 55 58 R AN T RMBLAE 15 FIBIMEAE 25 s e X i T BRMEAE 155 1)
UL, T ANUUESS AT BISAVERT R 5, S BUN P 20 AT 55 B 50 BN RV BEAR B N, AT55 56 B3 A s 5
Rrf ) 8as N F%. BIMEAE 25 s T, BAMEME THORKMESPAT IR E, HSELANE 2 T 8T
THFE, AETFET 520 AAT 55 AT 55 S e A BRI )8 as T B BRMELTE 20 s B L 1, P T B S 551
(14 B 2 ()RR T PAAT PR SR 25 ), TR AT 25 5 B3R AR BT N ) 280 2 ARG AR

N T RIS 25 SR 2 WL AR R I, A SC LASCRR 1310 SR [210] o B b 4T LU %o U SRR ALpA
LU

® RSALNS [13]: %5 DUSAUR K BE I RAESE, SR AT 55 1R 8 S e APk T 55 0 42 SR ms S B

I 5 29 AT 55 14 T
® Q-learning + ACO [21]: # Q-learning A HIEAHLE &, A Q-learning Sk Inig ACO Hi%H)
WSO B4 R IR R AE )y, SEILIN PP 2 ST 55 1 7 i -
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Figure 5. Total unit time efficiency under different thresholds
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Figure 6. Task completion rate graph under different thresholds
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