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Terminal Evacuation Path Planning Considering Passengers Distribution
ZHU Si-ya, ZHANG Jian-gao, ZHU Pei, YUAN Jia, SHAO Quan”

(College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

[ Abstract] As a large transportation hub, airport terminals have complex structures, and the evacuation efficiency becomes extreme-
ly important when an emergency occurs. To improve the evacuation efficiency of the terminal building, an improved A * algorithm has
been proposed for selecting the optimal evacuation path based on the actual distribution of personnel. Firstly, the flow of personnel in
the terminal building was simulated, and data on the distribution of personnel was obtained. Then the time-varying distribution of per-
sonnel in each area was considered in the cost calculation of path selection. Finally, the A * algorithm was improved in terms of trav-
ersal methods, network weights, other factors, and congested paths were replanned to avoid congestion. The results indicate that con-
sidering the distribution of passengers in the terminal improves the evacuation paths at each node, which leads to shorter evacuation
time compared to traditional A * algorithm. It also allows for the avoidance of congested paths. This study can provide theoretical and
methodological support for the rapid evacuation of passengers in the terminal under emergencies.
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Fig. 1 Simplified schematic diagram of terminal structure
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Fig. 2 Topology of the terminal structure
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Fig. 3 Congestion path replaning flowchart
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Fig. 4 Personnel are randomly distributed with evacuation time

B A 55 A 225K, BRI BEAL 2 A 2 18]
AL PR PR R 22 e A, T AL 7E o i 1R A 2 A T AL A
B K N D3 43 A 0 R 355 53 A s B AL o A AN B
RN H S BRSNS 0 A B, TR G T i it i 4%
PEARES 2 SRR A% N 51 %% B A o A IS 7
3.2 MUEREBARSTH

A s R HRE AR — B 2] B 17 400 1 T B S
B, A T A A NN B sh AR AR, 2 B
TS , 5 24545 s 2] B4 A0 s 4% PN BN B3 40 A 1
BUECHE DLl R8N D3 7E B3R 2 14 0 A 76 AN ] B Bt
HRRZES, BRI iR % B A, S5
WU 5153 A — B A Fah S48 kb, I 52
BrAR L , 76 3150 PRI A48 T A o X g ol M A B 3] 3K
DA RN GY AR A% PN R 3t sl R AT AL, LA AR AS U i
TR0 s A4 AN D AT R

AR BRJGRAT AR IR 5 BRIk E AL
Ja A3 MM AR Bk O R TR T B8 O 3k Jf &
FEARRIA T2 S AR IO 7 2% i 8 TH M sl %, 760 LK
AR PR R AR A T BB

FH TS R BIE B 221 219 A BEESOAS 7], A i B AN
[ X BN 53 3 A A 25 5 AS ] B 2] 213k i BE %
R IR TAS [R], 4% i 4% 285 B Bl =2 A8 4k, T RE 3 B 4
Wnpr Bz A e, Bt R 2/ 1 h ARTE
2005 B 25 R 6 fras , N 53 Bl AT BE 2 18 5 78

B3k

AL

V WRTEED
A R

K5 BkhRE AR

Fig. 5 Aurrival passenger process

¥ fE M HE . www. stae. com. cn



2025,25(17)

ARSEHE | 45 < 25 TR 0 A1 B At RS B AR L 1 7273

AL A A 2 B IR i 2 i i gl A v R AT 2R S I
XA W WAL B1 h AR — X303 A AR 2
NG AR BLANTE 6 & 7 Frzs , ARk 220N B
RIS B W 22 5, 76 P e S T B A B 2
Srf WL 16 R — b 22 i B b A [R] ok % B AR Y
NGV A 252 5, ol 2 X A B A7 A 8] i A
225t , HETR 5 S B AR 5 BT
34 35

32 1 33
30

28 S

46 44 42 40 S

47 45 43 41

Bl6 st N b1 oA BALIAS

Fig. 6  Simulation results of terminal personnel distribution

(a) 150 sfjisiti Bk A B3 A5 R 43 Afi

26 24 22

25

(b) 245 sfjilitk N AR 4344

26 24 22

23 21

25 23 21

() 450 vtk N B 431

K7 ASTR]IS 200 sl i N BLAN ) A1
Fig. 7 The distribution of terminal personnel

varies at different time

4 PEREMRALSH

T AR % o0 A B SR GG A+ Bk
X} RS S AR AR AT DAl X BRSO MR AT
E/LTL\-E/IEO

X s 28 HL2% 5 i RO 38 1) 0 500 i BE e A 7
AL, AR AL AT JE X He A 8 AT 9 F s,
A B ek % A\ R A2 30 5% 32 5 S ID AL A%
B, HIZ BB N GO ARSI B, 1L 458 A =
BIIAZ BT T, R Z B RKE TA A G

Y B S B AT T BB £ e P 31-34-36 B BE, )23 i
LU B B3 3 P s v, DT 5 O R R G e X
RS A = RNt A + ByL BEAR BE R 45 L, mT Lk
A = BEXT N B R R Y 31-34-36 BT T
FHLikE B 3BE J5 A G 05 25 B B 4% B AR BN DR
B8R BT AR R T 0 R A AV E AT A ) 2 ik
> REE T AR SCBR R R T R R i R B B R
G B

X [ — 47 s B B N B % R 43 e A (R 9 PR
AT ZHEAT IR B AR TR, B AR 22 S & 10 BT
DL 25 5715 5 R 5], ek B R 4 A T 4R B AR 25-26-
28-30 1 25-27-29-32, i BEAE rf £ 35 T AH LB L
F1 3 8 29-32 74 a5 [H] 9 B AR 9% B 4 v (PRI bR 21 2
B BT 25 S5 SN B SR 25-26-28-
30 AR AR 25-27-29-32 4%, 4 13 s BffE], X
S TSR 20N [F] N B3 40 A7 2% B AN TR), S 300k
FRIEAT IS (] AN [R], XoF B P30 % A2 326 996 3 5% W), 122K
PESRL T DU i B B X WA R 2 1 BE AR B B

AR S 0 B X % B B8 IR Rk Y TR R RL
W PR ERAG T 26-28 57 AN R &
P&, LRI A IS AR e 11 B kot ) Y
A s IR L B AR IR BE ST 26-28 717 A5, BE#E 2729

K8 fLg A= SkEkie
Fig. 8 The traditional A * algorithm plans the path

B9 it A= Bk i As
Fig. 9 Improved A * algorithm for path planning

e‘:‘: §

Bl 10 25 51y s Ae itk
Fig. 10 Node 25 path optimization

¥ M k. www. stae. com. cn



B R 5 TR

7274 Science Technology and Engineering

2025,25(17)

BT e A o A e

Comparison of congestion path replaning

Fig. 11

TS AT, e A B Tk B AR AT T L S
A« IR T 14 s BYRE]

Xof NBCEE 22 097 A5 B8 e Ok R S Y R
BT FE a2 2 Bifzs . 6 AR 22 1074 o itk
) A s BT AR SE A s B0k 18 B 1) b AT 4R
Tt 3T BB A BT A« BIE AL
AR IR BSOS 22 1Y) B AR, N B3 I PRI A8 ) 2
Bt T s Sk ECE F

BT X 502 S [6) B8 vk B R ) 5 42 R A7 HLAA
SIHTANER 3 N, A5 BB AR K R (9 A% e AR R
R Dijkstra BIEXS B A = 7ERRAR LSRR %
JE I R L AR I B TR) TS R B AR B A T
TL5E1) Dijkstra FIE AL S A = 3k th T AR 0 1
PEAN[E], LEBR BN a] AR T

x2 REINZIA#E ST SREATE T
Table 2 Comparison of evacuation time of nodes with a

large number of people at the same time

T R4t A = it A ZMH
5 655 637 18
9 601 585 16
13 695 690 5
17 555 537 18
21 699 687 12
25 531 512 19

®3 TREGBREXLESHT

Table 3 Comparative analysis of specific paths of nodes

=R/ AL Az A IE]/s
Pk A 17 17-18-27-29-32-35-36-3940-73 537
B8 A = 17 17-18-27-29-32-31-34-36-3940-73 555

Dijkstra 17 17-18-27-29-32-31-34-36-3940-73 555

5 Zig

XA N 5L sh A T B IR R T —
Tl =25 5 T 315 % P il 2 I 4 43 A1 1 AR P A O Tk
ZEeuF

(1) 38 2 6 3 B 303K 2 N B AT Ok 37 A A A
L, FRIBOAR [ B 18] 45 5 B9 B A 1 o, b it
FU St R4S L 6 A28 0 A 2 £ T T s 5 52 B ) 580 S
R, SEGBARRE M L, AR SO B
() R IG T | BERSET X AL 3t M A A AS TR N B30 A 1

AT RE B RS AS , S BRI AL

(2) $2 B ROHE BT P 2% B AR L Y N B AT
00, P A AR e F , 07 0 H i RIS 1) B L |
FPRCR R R B AR, BE A, X DL A I3 A5, 3
VERENS R REALRES I DI, 254 iR AR R

(3) A SCHNUE HE 5 A ol R S B i B0, {HL 4 iy
SR MR AR R TR OUAL DR HOR BE
26 H R A HICST 1) P R DA . T B S0 A XX
— R PRV REIT #E— AR, J1oRAE 2 Jey s [l o < B
e AR ) i B AR A

2 % x #t

[1] Siever M, Valentino A, Suryaningrum K M, et al. Dijkstra’s algo-
rithm to find the nearest vaccine location[ J]. Procedia Computer
Science, 2023, 216, 5-12.

(2] AR, @R, w30, 5. BT Bt RO AR B s L g

ANERAMLT]. B R 5 TR, 2022, 22 (28):
12484-12490.
Zhou Jingdong, Gao Weizhou, Yang Wenguang, et al. Path plan-
ning of mobile robot based on improved ant colony algorithm[ J].
Science Technology and Engineering, 2022, 22 (28 ):
12484-12490.

[3] Zhang D, Luo R, Yin Y B, et al. Multi-objective path planning for
mobile robot in nuclear accident environment based on improved ant
colony optimization with modified A * [ J]. Nuclear Engineering
and Technology, 2023, 55(5) ; 1838-1854.

[4] AR, FiR. 2T BOE B R R 28 RE MR AR LRI BT 72

(1], EMRZ2AR (R ERRERR) , 2024, 42(4) ; 654-661.
Li Weidong, Wang Guanhan. Research on multi-agent path plan-
ning based on improved ant colony algorithm[ J]. Journal of Jilin
University ( Information Science Edition ), 2024, 42 (4 ).
654-661.

[5] WuZT, Dai]J Y, Jiang B P, et al. Robot path planning based on
artificial potential field with deterministic annealing[ J]. ISA Trans-
actions, 2023, 138 74-87.

[6] Maji S, Maity S, Giri D, et al. A multi-path delivery system with
random refusal against online booking using Type-2 fuzzy logic-
based fireworks algorithm[ J]. Decision Analytics Journal, 2023,
6: 100151.

[7] Sabri N A M, Basari A S H, Husin B, et al. The utilisation of
Dijkstra’s algorithm to assist evacuation route in higher and close
building [ J ]. Journal of Computer Science, 2015, 11 (2):
330-336.

(8] WRIREE, FWE. FETHGE Dijkstra 5% AHR R SO L8 25
MR T]. Bt E A, 2018, 41(20) ; 18-23.

Tan Yihao, Wang Yahui. Research on gas emergency simulation
drill based on improved Dijkstra algorithm[ J]. Modern Electronic
Technology, 2018, 41(20) . 18-23.

[9] Boriboonsomsin K, Barth M. Impacts of road grade on fuel con-
sumption and carbon dioxide emissions evidenced by use of ad-
vanced navigation systems [ J]. Transportation Research Record,
2009, 2139 21-30.

[10] LiJ, Zhang H X. Crowd evacuation simulation research based on

¥ fE M HE . www. stae. com. cn



2025,25(17)

ARSEHE | 45 < 25 TR 0 A1 B At RS B AR L 1

7275

[11]

[12]

[13]

[14]

[15]

[16]

improved reciprocal velocity obstacles (RVO) model with path
planning and emotion contagion[ J]. Transportation Research Re-
cord, 2022, 2676(3) : 740-757.

Liu LF, Zhang HJ, Zhan Y, et al. Intelligent optimization meth-
od for the evacuation routes of dense crowds on cruise ships[J].
Simulation Modelling Practice and Theory, 2022, 117, 102496.
Mok, HOCa, A, . JET U O EE 0 UK
HH R AL [T]. BE R TR, 2023, 23 (13):
5662-5669.

Chen Yonghong, Gan Wenjie, Wu Lei, et al. Fire evacuation
path planning of ancient building groups based on improved ant
colony algorithm[ J]. Science Technology and Engineering, 2023,
23(13): 5662-5669.

FWG, W, Xz, % Zighee HEA A = 5L3E M B2 3h
SR SHERFRG[T]. PEZ R, 2023, 33(11)
142-149.

Wang Li, Li Yumeng, Liu Yun, et al. Zighee coupled with A *
algorithm for evacuation path dynamic planning and indication sys-
tem[ J]. China Safety Science Journal, 2023, 33(11) ; 142-149.
RYE, TR, 2, 45 M REPEREALR KB i B % A
BHETEJ]. BHCAETR, 2019, 16(13) : 176-177, 179.
Song Yang, Zhang Xiao, Wang Ai, et al. Research on the safe
evacuation of personnel in the performance-based fire protection
design of terminal buildings[ J]. Science and Technology Innova-
tion News, 2019, 16(13) . 176-177, 179.

RPE, Brep, 220, 45 RAIMISAATEGE K RN G s
HAFFELT]. PREZ P22, 2018, 28(8) : 31-37.

Song Yang, Chen Shengao, Lan Sijie, et al. Simulation study on
fire evacuation of civil airport terminal[ J]. China Safety Science
Journal, 2018, 28(8) : 31-37.

SRIESC, INE, JRSH. SR T N AR T T ). B
SHARG TR, 2017, 17(35) : 156-162.

[17]

[19]

[21]

[22]

Zhang Peiwen, Sun Hong, Zhou Jiesong. Emergency evacuation
simulation in terminal departure hall[ J]. Science Technology and
Engineering, 2017, 17(35) : 156-162.

FrWE s, 230, XU, 25 AR I B AT A 09 AT ok 1
SEH)]. BHEEOR S TR, 2023, 23(7) : 3106-3114.

Qi Xiaoyun, Li Wenlei, Liu Jie. Emergency evacuation of termi-
nal building considering non-adaptive evacuation behavior[ J].
Science 2023, 23 (7):
3106-3114.

FEP5R, TE—NG. BT Dijkstra 575 A S 154 15 B L
[J]. IFHEHLRERGMHL, 2022, 31(1) ; 279-285.

Ren Shaogiang, Wang Yiming. Crowd feedback regulation evacua-

Technology and Engineering,

tion based on improved Dijkstra algorithm[ J]. Computer Systems
Application, 2022, 31(1): 279-285.

Nelson H E, Mowrer F M. SFPE handbook of fire protection engi-
neering[ M]. Boston: MA and National Fire Protection Associa-
tion, 1995.

XN, S ML o 58 e AR iR % ML A B F R [ D], R
e PERATY:, 2022,

Liu Jingrong. Research on emergency evacuation of passengers in
airport terminal[ D]. Tianjing; Civil Aviation University of China,
2022.

PINHE. 5T I 25 ) 45 9 AT i R 2 i il o HIC AR I D R O S
[D]. J73: hE A TR, 2023

Sun Wei. Research on optimal method of terminal departure pas-
senger evacuation based on time-varying network[ D]. Guanghan .
Civil Aviation Flight University of China, 2023.

RIEH. WU B IR N SB[ D). T E R
fL A AT B, 2022,

Yu Meijun. Research on emergency evacuation of passengers arri-
ving at the terminal[ D]. Guanghan Civil Aviation Flight Univer-
sity of China, 2022.

¥ fE M HE . www. stae. com. cn



