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ABSTRACT Nuclear accidents, although unpredictable and devastating, can be mitigated through well-formulated
evacuation plans. An efficient evacuation of residents from hazardous zones to safer locations can be ensured
through such plans. To address the vehicle path planning challenge under nuclear accidents, this paper proposes a
method based on the hybrid ant colony algorithm (HACO). Cumulative radiation dose is used as a key assessment
metric. Initially, a model estimating the average time for evacuating a route within a given time window is designed
using a fuzzy network. In addition, a time-varying dynamic radiation dose model is proposed by incorporating the
cumulative radiation dose calculation. The ant colony algorithm's iterative process is enhanced by the incorporation
of the simulated annealing algorithm, while the heuristic approach of A* algorithm is employed for neighborhood
searches. This integration results in an enhanced capacity for global optimization of the algorithm. For refining the
local search capabilities of the algorithm, Pareto ordering is implemented. Additionally, the pheromone update
method of the ACO algorithm is adjusted to account for the impact of distance on pheromone increments. Upon
employing the HACO algorithm, simulation results indicate a 31% improvement in average convergence value and
30% boost in stability over the conventional ACO algorithm. These enhancements are instrumental in fortifying the

planning of evacuation routes in the event of nuclear accidents.
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e f(n) AHIEE T B0 AT AT 5 RS AT
g dose (n) R NHIUETT s B A 47747 U B /s B
BRI h_dose(n) s WAIAT T jU B2 1 B
FHAR IR

B i B G\ A* BN AR 52 (1) e AR Oy
Chrom=La,b,...,n], SUHAN TR R EL D IRUTT

IR BEHLA G FEIE (1, size (Chrom) ) Z|H]
I num, F& Chrom 73 K chrom, 1 chrom, »

HPR2: LL Chrom | num+1 /> G AM AL, 1k
AT AR AL iR MA A6 Kt
SO N FEAE, AN /AN B T AR AR — AN R
12715 15 Node

060601-8



AR5 4 JE TR A WO S A% B 2 A A O A2 )

A PR3 2 Node N s #H %A T — AT
R, SHAEIS . A BB B 4210 N chrom,
g5 & chrom, & AR AL J5 1 #% 12 Chrom'= [ chrom,

chrom,'].
23 RAENBEESE

IR ZHWIE . R E R RERIREG,,,
WA Eom, FERBKRHE T o, BHEEKAH
T B, WIIEE BRI o, (1), TEIRIKEN,

WIR2: JE RN, =N, + 1,

W3 MR ACO FEME R R AER T

WIRA FEERSR. BT T A IR 2R

YRS FIWTIEISANAR ko2 A 3k 5 BT 19 R
B k<m, MIBKHERIPE3, {WHATHIEG.

HIR6: FERR T ERATILNERAL route.

WU T W rand>0.5, 7E route 5| N\ SA Fl
ook AR IR R 7, Hottrand 5 [0, 1] KB
B

ARG ALSRA G R B £ 7% 2K route AT H FR
PRAUAH

HIR9: 1T H route ) RAGRS A E MR,

y/km“ @ Assembly point @ Placement site *Accident site

FA B AR SRR 77 RS B R 5 M3 T 53T .
WI10: 5N, >G, AERmBER, &
NG S22 SR IFEE LR 2,

3 (MESREGRDH

12 R X 0 s R R IX . AR R
Fa¥E 0S5 o AN TR A% R Sl B L 1) s R A R R
MG =4 G LA A E . 455821, &%
YIA% H A IA Rk e B s L, R T
— Pk H R LB A5, W S BT . TEELS
H, A RARERRESORAEM, Wik T 3 NMES
MM BEMIAZE SME, BET S EIER
AIEAT BB, RN AA KRR R RS [F) B A 1T A BT A (1)
P o KT A% i B HAORSEAN 18 AT B ) AR 40 A 2%
R AR RN 2 303 i B (30~50 k/h) it 5245 31

ARF R E IR BUE O, 2% T4
By A% 0 1) KSR B A HE SO A% 2 R
N 1.30x107 Bq, G AF 1 29 0G% 2 m/s, B 5
LT HIREE N 0.6 MeV, yHFZRAER N 0.3 MeV,
AT, FHAR AR T 5 8P R i F
AFR N (20,2000, 454 §2.2 HHH B LA A R0 B AR
AV EITFEAR, {5 BT Matlab #4015 B 5
ZIF SIS AL, W 6 Fan, BEAARR AT Sk
FNRAER &) A FIALE AR
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Fig.5 Schematic diagram of road network structure around a nuclear power station
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Fig. 6 Distribution of radiation dose (color online)

NIAIE HACO Sk A 2, RS A 5%
B AL AR AE [R] — I 8] B P i A, OF HRIE AN
EE RN E, R ARG RIS K R 5] A2 ACO

R R 7 A HIEIL N ACO_Pareto, 451 A
SA FI A*Fh & 5 BE ) ACO 517%10 N ACO_SA_A*,
B IINAS [F) S 1 5955 B 4T 20 IR, S50 45 1

FET . AR, RSN T AR S R -3 MK TR,

K1 FIANARFIHEE R EEEE R RAFIBNEERE R0 RE R 48~ K E K 98)

Tablel Cumulative dose and distance of evacuation path after introducing different strategies
(Gathering 48-Settlement sites 98)

5% Algorithms Dose_best/Dis Dose_worst/Dis Mean_dose Std_dose

ACO 3.66x107°/1 750 5.76x107°/2 116 5.00x10” 7.62x107"°
ACO_Pareto 5.44x107°/1 734 5.68x107°/1 440 5.52x10” 1.86x107"°
ACO_SA_A* 5.06x107°/1 734 5.44x107°/1 734 5.21x10” 2.02x107"°
HACO 3.63x107/1 720 5.44x107/1 734 4.40x10 8.46x107"

®2 SINRNRISE)EREER N RPGIRMEE SR AT EE R 22~ZE K 98)

Table 2 Cumulative dose and distance of evacuation path after introducing different strategies
(Gathering 22-Settlement sites 98)

% Algorithms Dose_best/Dis Dose_worst/Dis Mean_dose Std_dose

ACO 5.12x107/2 584 8.22x107/2 926 6.43x10” 1.03x10”
ACO_Pareto 5.12x107/2 584 5.74x107°/2 628 5.42x107 2.56x107"°
ACO_SA_A* 3.63x107°/1 746 5.68x107°/2 048 2.38x10” 7.84x107"°
HACO 3.63x107°/1 746 5.44x107°/2 109 4.03x10” 7.04x107"°
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K3 FINAFIHEE R R RAAFIB NS 45 R0 RE R 28~ K E K 98)

Table 3 Cumulative dose and distance of evacuation path after introducing different strategies
(Gathering 28-Settlement sites 98)

5% Algorithms Dose_best/Dis Dose_worst/Dis Mean_dose Std_dose
ACO 5.12x107°/1 280 1.10x107%/1 416 7.90x10” 1.89x10”
ACO_Pareto 5.12x107°/1 280 7.49x107°/1 378 5.70x10” 9.17x107"°
ACO_SA _A* 3.66x107°/1 167 7.79x107°/1 349 5.47x107 1.33x107"°
HACO 3.66x107/1 167 5.68x107/1 983 4.35%107° 8.70x107"
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Fig.7 Evacuation path of ACO and HACO at different starting points and assembly point (color online)
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