H36 % 45 M bR % e B R Vol.36 No.5
202645 H China  Safety Science Journal May 2 0 2 6

RS AR o R VA AF. R AL T 8 X 2 T AL Ol V05 L5 [ )] h 2 2R 44, 2026,36(5)
56-63.

5| F#&3K : Zhang Xuefeng, Tang Jingjing, Jiang Jun, et al. Simulation study on Multi-UAV leak source detection in large and medium-
sized chemical plant areas[ J]. China Safety Science Journal, 2026, 36(5) : 56-63.

AP THER ST AN KRG ERR

REE e, BRET, T E o, Ko
(1 2RI A AR 5 HOR ¥, 280 B #10) 24300052 ZH T K ¥ %
Hemy A AL T H T ¥l 24300053 4R R & R G IR B, B 4R PR 244000)

PEDKS X937 NERFRAGES : A DOI : 10. 16265/ . cnki. issn1003—-3033. 2026. 05. 1091
BERE : ZHBH BT ERTNET B ( TZIQR007-2023) ; ZHERE R FHFTHE (20224H050290) ; L
ABYBTHREIETE (2025zyxwixalk076) ,

[ ZE] WHIAFAMIRBERALRKENARAEMFEA, AHDELAN(UAV) 2 |4
Wi EER, R —MET LRIt FARMEEL(MSPSO) KRR EM T &, B4, %KL
AW 5L FRaz 20 3 A2 o % B 0 4 32 IR ], 4 Ao 2 P2 oY 45 R SR e B O\ AL T AR AR AL B R (PSO) |, Tl B,
RFEANTRE RR 204 B XA E A g R AN E RSP0 ATRAS; A, R\
RIRBY 3R, IS R EE K FIAXNEEE Mk T AN ERLTE, R, VBT AN
NIRRT W R R385 G AR K AL G R T AN Rk b e s B LA H
AT HERX=EGERG, EFTEGRF NN S BB EEENEE, FREA. XFRE
ty 25T MSPSO 9 3 i IR 2 £ 7 3 B % B e dR sk E ROIR i B AL R T B B LR E R % i
Ao AL T4 B X i IR € GL ey E 5K,

[@A] AFACTESR;, TAN(UAV); BFHHMELE(PSO); BRREM; 3

o

Simulation study on Multi-UAV leak source detection in large and

medium-sized chemical plant areas

Zhang Xuefeng', Tang Jingjing’, Jiang Jun’, Chen Di'

(1 School of Computer Science and Technology, Anhui University of Technology, Ma’anshan
Anhui 243000, China; 2 Department of Asset and Laboratory Management, Anhui University of
Technology, Ma’anshan Anhui 243000, China; 3 Tongling Nonferrous Metals Co., Ltd.,
Tongling Anhui 244000, China)

Abstract: In order to address frequent hazardous gas leaks in large and medium-sized chemical plant
areas, this study proposes a leak source localization method based on a multi-strategy improved PSO

(MSPSO ) algorithm, leveraging the collaborative capabilities of a small number of UAVs. First,
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considering the physical constraints UAVs face during actual movement, an acceleration control strategy
was integrated into PSO algorithm. Simultaneously, the chemical plant area was divided into distinct zones
to more accurately simulate the UAVs” flight states during the search process. Second, an upwind search
strategy was introduced based on diffusion characteristics of leak sources, utilizing wind direction
information to accelerate the search process. Third, to prevent UAVs from getting stuck in pseudo-leak
sources, Cauchy mutation perturbations and simulated annealing mechanisms were employed to enhance
the UAVs~ ability to escape local optima. Finally, a three-dimensional simulation environment for large
and medium-sized chemical plant areas was established to compare and analyze the performance of various
swarm intelligence algorithms in simulated scenarios. The results indicate that MSPSO exhibits faster

convergence and higher localization success rates, with performance better meeting the leakage source

localization requirements of large-to-medium-scale chemical plant areas.
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