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Abstract: This paper proposes an improved particle swarm algorithm based on population interaction to tackle spatio-
temporal uncertainty, complex constraint coupling, and dynamic adaptation in multi-UAV (Unmanned Aerial Vehicle) task
allocation for post-disaster rescue. A bi-objective optimization model quantifies rescue value as a time-varying interval func-
tion, integrating a penalty mechanism with range constraints to capture the environment’s dynamic and multidimensional
features. The proposed method departs from traditional centralized frameworks by introducing a main-auxiliary population
co-evolution architecture. A problem-oriented initialization strategy ensures high-quality initial solutions. Additionally, a du-
al modal update strategy driven by a learning library, combined with population interaction and local refinement search, bal-
ances convergence speed and population diversity. Experiments with 48 UAVs demonstrate a 11.8%~26.1% improvement
in the dual hypervolume metric compared to recent algorithms. Results confirms superior robustness, efficiency, and adapt-
ability, underscoring its theoretical and practical significance.
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PR FE PR . TEE 8(a) H, BEFRLL 0 S5 5, HIX (] 3k
I N[ £(%). (%) |5 B F Xu R iR & R
([A(%u,)fi (X, ) Jfo(Xu,) ). ol T B £ 76 L A

5 CXIRICE#E HVAE, B XA L. L, #7285k
B (19) 4 B DAV B 2. F8(b) hel i hS
A N BR A GBS ) AN L BR iR (B ) PS, 43901
TR H AV AE AN . 856 M 65 S 508 T R i
1 BR AR TV AE, G (0 X Bk 9 2 F &2 . DHV %
BT 0 S 2R IS T AR SO

DHV (u, )= HV(u7, r*)+ HV(u}, %) (19)

£,
I 2 i
——o | 7.
! 7!
| % /|
B x| 7z
78— N Q:_i:;”g’i,,,,
—_
T e
| |
| |
ur u VA
(a) RiFXu iy HbR2s 1
A .
G

(b) XFREA DAV {H
E8 Tt R A

4 {AEXL
4.1 ZHRRSHIZE

B UE T S A A FE 9N S T AT AL
(DL 3) , XA A6 A R 3 5 2047 T il R % Lb S0
HEAT 30 W SEE BT . R DHV (AR A P 46 45
DHV {H K, PERE 4T . E%ﬁ/%ﬁ%ﬁﬁ Wilcoxon

R B A KO 0.05. “--7 “++7 F“=" 20 Bl R
HF T LLEXT th%ﬁ?ﬁ&iﬁﬁ%ﬁ# )
*x3 HEEE
Yist Fig Fheh s UAV ¥
FEY R 1 (MS1) 12 3 4
FEIE 2 (MS2) 24 4 6
FEIE 3 (MS3) 48 8 12
A 1a (VS1a) 12 3 3
AR5 1b (VS1b) 12 3 5
AR5 2a (VS2a) 24 4 4
AR5 2b (VS2h) 24 4 8
A 5 3a (VS3a) 48 8 8
AR 55 3b (VS3b) 48 8 16

ARSCHrH R A LG IS R - Windows 11 L0V AR,
13th Intel(R) Core(TM) i9-13900HX 2.20 GHz.RAM 16 GB;
T R ERAE N MATLAB R2022b.



#0081

PRV WA« AN E PRI JE MU 5570 B B R S 5 OB TR 2685

4.2 KBERKSH
4.2.1 ST

PRI S A A S B AT IR, A F5 R A (B 1 K
JESHy, Fly,, BRI R e, R E R BRI, T4
FREERR 2 L 0 LA K E SR EEAC HLAR «.

(D) FIEA S HAE A

B, 43 I S50 o XA PERR 52, 45 5
T4~ . Lht=20 K Wilcoxon Tk FI A 56 3 v | 25 5 i
NGIEEEG R LR B S EE R
B R 2 3, r=20 IR RE AL . DI A B
il 5 5 E SE FATUR A B vk SR B
ZHEAE .

R4 B AFREMLER

Yk U Mean Std Wilcoxon
=5 2.74x10° 3.04x10° —
=10 2.72x10° 3.30x10° ~
MS1 =20 2.72x10° 3.61x10° ~
=40 2.71x10° 4.63x10° ++
7=60 2.70x10° 4.18x10° ++
=5 7.60x10° 2.93x10* ++
=10 7.66x10° 2.17x10* ~
MS2 =20 7.70x10° 3.54x10* ~
=40 7.65x10° 2.47x10* ++
=60 7.64x10° 2.44x10* ++
=5 7.60x10° 2.93x10* ++
=10 7.66x10° 2.17x10* ~
MS3 =20 7.70x10° 3.54x10* ~
=40 7.65%x10° 2.47x10* ++
=60 7.64x10° 2.44x10" ++

LR, K = Al b AR ROASE 22 1L 6 X B R M B 1
Mo, S5 SN R 5 TR . FREERLE A 80, 0=5/3 B ( A
50, B ARE 30)VE K Wilcoxon FEFIKS B0 JE vl . 25 e,
0=>5/3 W FILERR AR, ELAE 3 56 52 2% B 38 s A 4o
LS
F5 BEOREEEN LR

Yk 0L {H Mean Std Wilcoxon
6=5/3 2.72x10° 3.60x10° ~
MS1 6=1 2.71x10° 3.41x10° ~
6=3/5 2.69x10° 3.67x10° ++
0=5/3 7.70x10° 2.54x10* ~
MS2 0=1 7.56x10° 2.62x10* ++
6=3/5 7.43x10° 2.83%x10* ++
6=5/3 1.83x10° 7.86x10°* ~
MS3 6=1 1.75%10° 7.53x10* ++
6=3/5 1.74x10° 8.55x10* ++

(2) BERUFH O S 73 A

SRy S WE AR AR SO SR AR 7 ZE 2, 43 i Ge it 30
WS 1 f, I E (avg_f,) B AN HLAM 25 W 3% 18
(avg_sup) M J7 AN 2 B YIH (avg_unc) , LIPAE 42
BOS R 5200

MR 6 Frn , My, Al y, /NG RO i A (5 38 1 ol
JERAS | PR 25 T ANALEGE MR SRS S 2R 5 I as
LS5 2y, Ry, BRI f, R AR R 2% .

F6 By, My REREN AR

Sy, My, B L

MSI1 MS2 MS3
y,/y2:0.04/0.02 223.83 453.49 921.43
yl/yZZO.OZ/O.Ol 217.22 450.37 914.51
yl/y2=0.08/0.04 229.62 456.53 954.68

KT, Y e=0.33 0, Jo AL 48 XT3 TS0 /)N

TC NHU ) T B VR D 25 T8 Z2 W %, LA ke o 46 Ji o

S BRI B U 25 5 2 = 0.67 I, AMZA YR B I, BAYR

VI AT B D s 2 6= 0.99 I, JC AMLIE i 2R AN LA
£7 B ARREM AR

" an_Sllp
S e PUE
MS1 MS2 MS3
£=0.67 1.81 6.51 12.36
£=0.33 0.95 4.40 9.00
£=0.99 2.69 8.43 16.41

8 A LU AN [R] CAE X R 8- 25 A Wi 5 B2 AT
W2 B2 3 R Y CHIUE AT L D7 58 04 A 1 o T A
05 5 ot R e /0N 9 B AR 23 i B4R 5 S AN Bl E
B

®8 SHREBENLLER

avg_unc
SR A
MS1 MS2 MS3
(=0.67 70.05 70.12 114.00
¢=0.10 70.99 75.70 122.38
{=1.00 69.12 73.24 118.64

(A TERERR b

O TR E=AEHY R T oV EE s
S5 AR, AT LU HIC APLRE R RS AT 55 70 L . (e 5t
U B AL/ o fb . BB 2, BN
BT AN LARIIE D) 9 T8 2 . F 250 3 RUR AT 55 %
5, To BT AU D 25 YRS B #5198 4 Xk A AR
PR S, BRI
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(10)

Depot | .

5 ) 0
5 10 15 20 25 30 35 40 0 5 10 15

(a) EZIGF LTI 5

(b) FEIHF2 T IR

25 30 35 40 0 5 10 15 20 25 30 35 40 45 50

(e 3775 S W WS

9  PILPSO 7F —Fp g5t F AT 55 e r %

Sy 5 M T B Bk Ak B ik TR B (I A, B A O
MS3 375 . BEHC T = AU - 20 S Se % JE I TA] |
SRR E VLS PP A 00 P R 9B T = A
fifp /e EEAERERE AR L AYZR . b AR 55 0 BT AP LA
7% T NI AT 55 B B0 s o 2 A 6, B i TC B 4

ik .

M9 AT DL, 2% Al it 2 I AN [ 4 54 9% {05 1] - F 1]
DS A AR R o (0 AR, AT 55 S8 1 [8] 4 J 24
14.4% ; Wi (ELDIC G fifp e /M SRR AT, L B A FITESS (1] 3
s A AR IS FAR R IELLS , 70 AP A

®9 TEIFHRITHRAMEREIEIRITLL

TERETEAR P Ta] 16 e i UIRIERY s Yoyt it
SES5 SR ] (F,)/min 895.3 1024.7 955.1
ZRA BUARTETT (f) 1.85x10° 1.65%10° 1.71x10°
T NHLFH) AT 42 km 1452 1683 1586
155 S BL AP (1T 55 BObRifE22) 2.51 1.89 1.45

4.2.2 HRRICIS

Shy U6 UE JIT 4 R B A A AR R A 2
T RS . BT S SR ol A « AR | SRR
WAL BE (Abl-Init) | JRii BB B (Abl-Part) LA KIS T
2 ] JIE R BB R IG (Abl-Update). X0 E TR

BIESEC BB 0= 5/3 ; ERFP RS B0
F 0=20; ¥ Uf B BE LB Num =80; fix K 2% 18 Ik %L
G =200.

BERIZH BIRMENES R 0,=4.0,=2. 0,=1;
BB M BE H E Z%0y, = 0.04,y,=0.02; 3 i 52 i) &
B e=0.67; IR A A FEC=0.67.

A5 Abl-Init SR FH B8 AL 7 =X 28 B0 06 L O 5
PILPSO B9E7E 945t T AT x L, 255 L% 10. 45
T AR A =T, W 0 220 e B 2=
i1, PILPSO % Z 4 F Abl-Init, 35 3iF T 5] 85 5 7] 9] 46 1k

SR AT RN

(2)FE T2 2] FE (A S T R

S Abl-Update FREEARYR 43, 1 AT FE2C B 2% 2T HL
TR SRR . R ORIE S, Abl-Update FIEERL
Bk 80, PILPSO FERMFERIAA 50, FHF N 30. 3R 1145
7R Abl-Update 75T A 375 5t 113445 T PILPSO. $hil]E T
2] PR T SR M AR SRR A S B SR

(1) [ | S R ) 4d A SR s (3) JRy i B 3 S s
R0 XERE—HMLEER
- Abl-Init PILPSO HRESE T
B=i8 .

Mean Std Best Worst Mean Std Best Worst Wilcoxon He 51/ %
MS1 2.73x10° 3.70x10° | 2.79x10° 2.65%x10° 2.72x10° 3.92x10° 2.77x10° 2.64x10° ~ 0.4
MS2 | 7.38x10° 3.24x10* | 7.95x10° 6.56x10° 7.71x10° 2.94x10* | 8.20x10° 6.70x10° 4+ 42
MS3 1.70x10° 1.14x10° 1.88x10° 1.40x10° 1.79x10° 8.50x10* 2.02x10° 1.65%10° ++ 5.0
VSla | 3.02x10° 1.82x10* 3.40x10° 2.75%x10° 3.24x10° 7.73%10° 3.35x10° 3.13x10° ++ 6.8
VSib | 1.92x10° 2.12x10° 1.94x10° 1.86x10° 1.92x10° 1.99x10° 1.95x10° 1.88x10° = 0.1
VS2a | 7.67x10° 1.04x10° 9.31x10° 3.76x10° 7.88x10° 8.15x10* | 9.28x10° 6.06x10° ++ 2.7
VS2b | 5.23x10° 1.41x10* 5.59x10° 4.98x10° 5.30x10° 1.37x10* 5.58x10° 4.90x10° ~ 1.3
VS3a | 1.95x10° 4.20%x10° 2.57x10° 9.04x10° 2.22x10° 3.86x10° 2.79%10° 1.22x10° ++ 12.2
VS3b | 9.33%x10° 5.39x10* 1.04x10° 7.84%10° 9.67x10° 3.87x10* 1.07x10° 9.11x10° ++ 3.5




%8 1 et WG A 2 85 T T AN 5540 e (1) Fp a5 1 =0k FRERL 2687
F11 XBREOERMIEER
-~ Abl-Update PILPSO PERESE T
P8

Mean Std Best Worst Mean Std Best Worst Wilcoxon L A51/%
MS1 2.64%10° 3.27%x10° 2.68x10° 2.54%10° 2.72x10° 3.96x10° 2.77X10° 2.64%10° ++ 2.9
MS2 7.29x10° 3.08x10* 7.80x10° 6.42x10° 7.71x10° 2.94x10* 8.20x10° 6.70x10° ++ 5.4
MS3 1.63x10° 1.11x10° 1.97x10° 1.42x10° 1.79x10° 8.49%10* 2.02x10° 1.65x10° ++ 8.9
VSla | 3.03x10° 1.41x10* 3.32%x10° 2.79x10° 3.24%x10° 7.73%10° 3.35%10° 3.13%x10° ++ 6.4
VSIb | 1.85%x10° 3.15%10° 1.91x10° 1.80x10° 1.92x10° 1.99x10° 1.95x10° 1.88x10° ++ 3.6
VS2a | 6.76x10° 7.48x10* 8.20%x10° 5.61x10° 7.88x10° 8.15%x10* 9.28x10° 6.06x10° ++ 15.6
VS2b | 4.97x10° 1.81x10* 5.32x10° 4.69x10° 5.30x10° 1.37x10* 5.58x10° 4.90x10° ++ 6.2
VS3a | 1.92x10° 3.64%x10° 2.58x10° 1.25x10° 2.22x10° 3.86x10° 2.79%10° 1.22x10° ++ 13.5
VS3b | 8.56x10° 4.39x10* 9.38x10° 7.26x10° 9.67x10° 3.87x10* 1.07x10° 9.11x10° ++ 114

AR A% Abl-Part B B 1 JR 0 BB S . PR
EAE 95t FRYSEIR ST R MNR 12 /1%, Abl-Part /£ 2
B 245 T PILPSO B3k . & K ok, Jmy i B
TR AE AT BT Ay B il b a SBHEATH #EATE—2
A A i SR, X J5 SE% A0 A B AE T .

LRy 3% 10~36 12 0] A1, PILPSO S35 i B (A PE RE AR
THA = A AR JF B A Y 5 R n 8Tt
HE I B R o A PERE DL 3 . AT, = A B OR
W X B 12 P R R S WAL AR YK Sy« [) R | 5 AR D 0D 4 A
SR W 5 ) < Jm S B BT R g < T2 o PR R ORE T SR
W
4.2.3 IfLE3EL

A S K PILPSO 557 5 56 T 40 bn i 6iff 25 48 B i
R S Ak 39 (Adaptive Archive Update Cycle Indicator
Based Improved Evolutionary Algorithm, AAUC-IBEA)™* |
8 1= P [A] PSO B3 (Collaborative Communication PSO,
CCPSO)™ . £ H 45 43 A =0 A T % #f 5 1 (Mulit-
Objective Discrete Artificial Bee Colony, MODABC)™* |
A 2 PSO B (Step Learning PSO, SLPSO ) 7 1Y
BB (Ant Colony Optimization, ACO ) :25:52 5PpEEEAE

9 Mg RN H . Bk i S B0 gty 2R I ks
5. 135 T 6 FPAER DHV A, HEXE 40 An i
2 wAUE B 2ZH A Wilcoxon {H FIAG 36 45 B3k 47 T
b,

1 2% 13 [ 1, PILPSO S3A 7E 241 55 fl 2 X AHLEL
BN P A R A — B, e B AT S
o EA T R EE PR . AR VA A LG, PILPSO 7 44
TR AN GG S e Ty T R 2 |, A o 25 541K L i
B B4 . fE R 8375 (MS1) /b, PILPSO 5 MODABC .
SLPSO 2 B AR H bl ) 5 52 4+ FE$ 5, PILPSO (94
PRI BRARRS  1b Ab T B AL R A PR 3
MILHET

PILPSO B A AN A AT 55 it AL o AHLAES T 342
R R AP FRE PE RN = A%, 10 F PR, A R 3 I X SE PR
ToR . HAL S R T M85 | SRR AR IR TR
W H2 T T E 22 B I - in PR ie 84 5 g 38 B SR ek R
B (5 BT RCR 356 T 24 3 FE kL 58 SR s
R AR A 1 o e B 1 TR R A AT S B Y
e A RAOR.

R12 XEREZHMIWLER

- Abl-Part PILPSO PEREHE T}
Mean Std Best Worst Std Best Worst Wilcoxon | HAi1/%
MS1 2.69x10° 3.16x10° 2.76x10° 2.63x10° 2.72x10° 3.96x10° 2.77x10° 2.64x10° ++ 1.1
MS2 7.37x10° 3.74x10* 7.97x10° 6.37x10° 7.71x10° 2.94x10* 8.20x10° 6.70x10° ++ 4.4
MS3 1.67x10° 7.97x10* 1.79x10° 1.51x10° 1.79%10° 8.49x10* 2.02x10° 1.65x10° ++ 6.7
VSla | 3.22x10° 9.10x10° 3.37x10° 3.00x10° 3.24x10° 7.73x10° 3.35x10° 3.13x10° ~ 0.6
VSib | 1.90x10° 1.47x10° 1.94x10° 1.86x10° 1.92x10° 1.99x10° 1.95x10° 1.88x10° ++ 1.0
VS2a | 7.51x10° 8.76x10* 9.12x10° 5.60x10° 7.88x10° 8.15x10* 9.28x10° 6.06x10° ~ 4.7
VS2b 5.05%10° 1.30x10* 5.28x10° 4.76x10° 5.30%10° 1.37x10* 5.58x10° 4.90x10° ++ 4.7
VS3a 2.03x10° 4.49x10° 2.78x10° 1.07x10° 2.22x10° 3.86x10° 2.79%10° 1.22x10° B 8.6
VS3b | 9.02x10° 5.11x10* 9.98x10° 7.84x10° 9.67x10° 3.87x10* 1.07x10° 9.11x10° ++ 6.7




2688 A O S 2025 4F:
F13 IFLERWHER
ok FEG 5 112415514 TE AL FEY 5 2:24 115516 TT AL
Mean Std Best Worst Wilcoxon Mean Std Best Worst Wilcoxon
AAUC-IBEA | 2.63x10° | 5.13x10° | 2.75x10° | 2.48x10° ++ 6.91x10° | 3.85x10" | 7.62x10° | 6.07x10° ++
CCPSO 2.65x10° | 5.37x10° | 2.73x10° | 2.54x10° ++ 6.89x10° | 3.65x10* | 7.54x10° | 6.17x10° ++
MODABC 2.74x10° | 2.75x10° | 2.78x10° | 2.66x10° ~ 7.44x10° | 2.68x10* | 7.86x10° | 6.84x10° ++
SLPSO 2.71x10° | 4.81x10° | 2.77x10° | 2.52x10° = 7.22x10° | 4.59x10* | 7.86x10° | 6.29x10° ++
ACO 2.35x10° | 8.52x10° | 2.51x10° | 2.15x10° ++ 6.12x10° | 5.83x10* | 6.90x10° | 521x10° ++
PILPSO 2.72x10° | 3.96x10° | 2.77x10° | 2.64x10° ~ 7.71x10° | 2.94x10* | 8.20x10° | 6.70x10° ~
. F Y5 3484155112 TE AL
Sk Mean Std Best Worst Wilcoxon
AAUC-IBEA | 1.42x10° | 1.86x10° | 1.77x10° | 1.06x10° ++
CCPSO 1.51x10° | 8.22x10* | 1.68x10° | 1.32x10° ++
MODABC 1.68x10° | 1.20x10° | 1.94x10° | 1.47x10° ++
SLPSO 1.60x10° | 1.08x10° | 1.82x10° | 1.35%x10° ++
ACO 1.15x10° | 2.95x10° | 1.43x10° | 8.25x10° ++
PILPSO 1.79x10° | 8.49x10* | 2.02x10° | 1.65x10° ~
. ARG 12:124E 553 AN ARG 1b: 124855 /5 TR AL
Pk Mean Std Best Worst Wilcoxon Mean Std Best Worst Wilcoxon
AAUC-IBEA | 2.80x10° | 1.77x10* | 3.37x10° | 2.55x10° ++ 1.86x10° | 3.39x10° | 1.93x10° | 1.79x10° ++
CCPSO 291x10° | 1.38x10* | 3.14x10° | 2.66x10° ++ 1.88x10° | 3.53x10° | 1.95x10° | 1.78x10° -
MODABC 3.07x10° | 1.47x10" | 3.44x10° | 2.79x10° ++ 1.92x10° | 1.85x10° | 1.94x10° | 1.88x10° ~
SLPSO 2.96x10° | 2.04x10* | 3.43x10° | 2.68x10° ++ 1.89x10° | 2.22x10° | 1.93x10° | 1.82x10° -
ACO 2.55x10° | 2.15x10* | 2.98x10° | 2.23x10° ++ 1.73x10° | 5.31x10° | 1.84x10° | 1.63x10° ++
PILPSO 3.24x10° | 7.73x10° | 3.35x10° | 3.13x10° ~ 1.92x10° | 1.99x10° | 1.95x10° | 1.88x10° ~
, AR5 2a:24 AE 5514 TEAAL AERI 5 2b:24 (15518 TEAHL
ik Mean Std Best Worst Wilcoxon Mean Std Best Worst Wilcoxon
AAUC-IBEA | 4.87x10° | 1.58x10° | 7.24x10° | 1.51x10° ++ 4.74x10° | 3.08x10* | 5.59x10° | 4.22x10° ++
CCPSO 6.44x10° | 1.06x10° | 8.63x10° | 3.24x10° ++ 4.83x10° | 1.62x10* | 5.13x10° | 4.42x10° ++
MODABC 7.01x10° | 1.08x10° | 8.76x10° | 4.69x10° ++ 5.19x10° | 1.86x10* | 5.49x10° | 4.69x10° ++
SLPSO 6.11x10° | 1.62x10° | 8.60x10° | 1.50x10° ++ 4.95x10° | 2.08x10* | 5.38x10° | 4.50x10’° ++
ACO 4.33x10° | 2.05x10° | 6.81x10° | 2.12x10° ++ 4.45x10° | 4.12x10* | 5.05x10° | 3.81x10° ++
PILPSO 7.88x10° | 8.15x10* | 9.28x10° | 6.06x10° = 5.30x10° | 1.37x10* | 5.58x10° | 4.90x10° ~
. SRy 3a:48 4155 /8 T AML AEIR Y5 3b:48 1155116 TEAHL
Tk Mean Std Best Worst Wilcoxon Mean Std Best Worst Wilcoxon
AAUC-IBEA | 8.56x10° | 3.11x10° | 1.38x10° | 1.88x10’ ++ 7.82x10° | 6.79x10* | 9.04x10° | 6.67x10° ++
CCPSO 1.01x10° | 2.70x10° | 1.53x10° | 4.91x10° ++ 8.35x10° | 4.17x10" | 9.27x10° | 7.59x10° ++
MODABC 1.37x10° | 4.74x10° | 2.49x10° | 6.62x10° ++ 9.33x10° | 4.32x10* | 1.02x10° | 8.28x10° ++
SLPSO 1.01x10° | 4.15x10° | 1.99x10° | 2.34x10° ++ 9.01x10° | 5.87x10* | 1.02x10° | 7.84x10° ++
ACO 6.88x10° | 5.15x10° | 1.15x10° | 1.31x10° ++ 7.16x10° | 9.33x10* | 8.54x10° | 5.98x10° ++
PILPSO 2.22x10° | 3.86x10° | 2.79x10° | 1.22x10° = 9.67x10° | 3.87x10* | 1.07x10° | 9.11x10° ~
5 #XRiE KL Al ) | S R R R AL, 2
ASCISE T LS RO R 2y A pLge T BUARE JRILL 325 0 PR K 5 I Al i

REPRRAL S5 7 BE MDA . o, B 1 OB 5 £ B 3R
BT T ANEE BORS R 5 B R 07 1 R 25
BH AL TN L, Sr 1 3[Rl 4E 55 23 TiE
BRI BT XY SR T IR TR L T Y

DL SRS, LA SRR 52 A A5 B 3L =52 5 3 A 4
LA BERTE TSGR I 1 H RIEETH 8 A
FRPE . SCER A R BRSO T L RE R A R if
Hag R EBIEMRENE . Aok, Kt — 5% B
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