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Integrated optimization model of pedestrian-public
transit emergency evacuation
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Abstract: Aiming at emergent event in large-scale public, an integrated optimization model of
emergency evacuation was developed based on public transit. In the model, the problem of
emergency evacuation was summarized as a two-level optimization network including pedestrian
traffic flow and public transit network. The first-level framework guided evacuees from accident
sites (e. g. buildings) to designated pick-up points (e. g. bus stops). The second-level framework
properly dispatched and routed a fleet of buses at different transit depots to the pick-up points,
and transported evacuees to safe places finally. Integrated optimization model was tested and
verified by using a two-stage heuristic algorithm based on tabu search. Verification result
indicates that 8 buses are used for the evacuation of all 328 people in the network. The output
result of integrated optimization model is not sensitive to the change of weight assignment of
objective function, so the model has strong robustness. Comparing with the optimization
software of CPLEX, heuristic algorithm can get near optimum solution in 1 h, and the error

between near optimum solution and optimal solution is less than 15%. The interactions between
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evacuees distribution and bus route optimization are fully considered in the model. The pedestrian

traffic flow and the public transit network during evacuation process are concurrently optimized.

9 tabs, 5 figs, 21 refs.
Key words:

optimization model; tabu search

public transit; emergent event; emergency evacuation; pedestrian; integrated

Author resumes: PAN Shu-liang (1986-), male, doctoral student, +86-531-66680117, panshuliang (@
gmail. com; YU Jie (1979-), female, associate professor, PhD, +86-531-66680118, jie. yu@sdu. edu. cn.

0 3

TESR T R A 3L 5 B ik &5 3 R B 45 . A B
F R HRA —E M stk . — Bk A kK %
JIACAR AR T F A L A 2 2 TE AR 2 i RV 7 3
FEE I o AV B — I ]RSO N B
AR 22 e b RIHEAT A B3R 58 S B 2 D 5 K
F1 i (2 5 o L v [ % DRk i 2 36 37 i L S
JIr S figp DR ) S SR I AL, ) M B S U A Y
B FCAR 2 R LA/ 4 AR D g B R T 7E TS
NRFBUNRE TG AR O T BA R R, 52
(70 S DK /A R BN I VRSN B 7 B - '
I R A A R A o 5l T A R AR A R R R

[

AN T 5 RS B
B S /NG s 13 QLTRSS s | s o N

o BEFETTIE RT3k 2 i, L — ol 2 3k 28 3
T L 8 S 52 3 5 1 8 I T AT PR RO L B BY
A B T HL S & T 14 7 B SRS R BIF 5
A% B S O AT B sk . W
F Link-node 1 ELX} b 50 BLAZ (14 7 £ 58 38 B 10 48
HEAT T HAF SR s 2 KA A A TransCAD &5
TransModeler X5 F 58 & R = Ui I 2 38 38 6 K
) AT T 5 ELRF 98 S8 s Liu S5 0 & T — 145
B HEER I 5] AT/NAE N R RSY R
W 08 38 SR B A6 K 38 28 77 3K 5 Elmitiny 55 ) H
VISSIM {5 B PE X FPPAl T 5 SO SO AS ) (1 A 28
FH BT 5 s Naghawi 55 3 F 5838 fff HLPAL T £
A 52 T L 1 D 4%, 5 AR I L B TN 38 1 B S K
T ZREMEHE 5 32 TN B I T B8 B L {FL [R) IS A s
T S B e S B % BT 38 HE A B Y 3
It s Mastrogiannidou % %k F 24 3 58 3 5 % 7
WHA T — B8 UMW 0 B34 (VISTA) , R
R 3R A S5 S IF ) PN K 2 5 R T 3 3R 4 A OR O
GE T AR RO A2 Ay B A 2 e 5 — Rl ik 9T
J5 12 B F B AR AL SR A e A A L A8 il T 4
DL B AR A AL 1) JE, Perkins 2848 T — i %

TG AR L 7R 5 R F R IR 28 58 AR D g AL L
H AT 2 KNG CE AR NS R O 1 B 2 s 8
(ELRRC IR ) e A R 2 o 25 100 G 0 o U TG
RE U IOAT A B A B T R 0 X0, B AT RO B
A 2 B AEA BB Y 4R B R R Sayyady ##
SET A AR AR fr /0 B R Y A R T TR /MR
ZENTE A i ) 5 Sayyady 45 % SCRRL 10T
[ EAT TSR AR DT L . 48 ) — PR & s B 2 4
PR R T /N S B DI T 1 E
Margulis 8 HE N7 T —A> 70 % B R B8, 1 € 22
BN IR A i LA B N 5% 32 K DX I e % 31 2 4
DX B R LR s He SR BF5T T BEALAL AL A 7Y . o o
SNl G B AN NI R S T T
B 5 Chen 5 T AL F BT # 82l T — 424
ST i REXE N B3R A A UL RIS TN
1125 4 DX 2 650 3 9 g AR 5 Chan 211 T —
AT B B A 7 LA e T /N TR N B I A
EABE R BEA B AT 5] T 5 N 52 B 2k 48 E 1 R 4
S REAR = A R R s g g SR AT T T M
A L R TE S AL B L R Bl A L O 45
THRE SR ENT  EREM AR T HRKET
R A ZEHEAT B 2 A [ A

SR » LA L A 5 249 3t 57 A 6 A 45 A1 56 2 K0 i
BAE AR BRI AR N RGBS
1 e O SR 45 4 3 3 3 4 50 A B8 5 AR A
R ONSe % i B4 43 D B HE S R BUA L H G
RIOCR 2 B B SR 9T 2 i A i O B 3 A K
AR A S AR S 2 PP IR R 48 T A
I U SRR SRR R SR RN
DN BERUJZ 00 1 45 SRR AT AR 25 K 3 a5 B ik
DR MBS T 5 ), DL R T 3 4 o o
SN R B AR A TR AR LA R i
FIRAACKE T 785 % 08 T 47 N Ae 5] M A5 %
DAL B 38 A P 2 2 8] B A AP I8 B e T
ON B AR T IV A5 R A R R SR o A B PR R L
1o 2l 25 3 N A% B IR A R SR 2 A B KA T



% 3 HREF AAANRELFRRERMLALER 81
5 1 1 P56 W 5 5 2 O = SR 1 3

) ‘ 2.2 EERgE
1 ja SRk

2] 78 i 0 19 A R Z W

o T AR B 3 5 A 58 7 B K 7 B | X,

7 = wy { Y, — w S - (D
oAby IR A SO 5 ) B B 52 5 B W 20 2t 2 22y,
NN RRF L WL 1, 1 A4y B 3 A st D) D Y =1 ¢€ H, ()
S [ A B e R R [ A A reRpELU,
mjw,:ﬁ%.hﬁmmﬂmzm@ L R O oot HIY < H] -1 paCte 3
AR 2 4 R S SR B S s  a5
IARBAR RS KA AR EA T 2 Y= 25 Y =0 g€LUH, (D
1 rfn%:azraj E‘Jiféé)%o imzﬂa@ H 47 2 76 1T A »ET e T,

I 5 R B R 4% o 4 A A B R R N3 v, =1 gEL (6
T A VAN G R 2 O AR 4 L
95 1 2 L S A BB T 7 10 BEL S T 2.X, =D, 0
ARG RS, — B ARE ST RE X, <C, sEH (8
1R — S 2 O A B0 4 A S St 2 i TR
£ BN PUS % 1% 2 OR B . % 18 5% 22 2 Tm=Q @
Ti) FBL (%) L J2 ¥ s ] OB 3R R R — Aok 4 Tow < QY pEHULgEP (10)
I 50 A i 1 S AR L5 1 52, 31 S ST Yx =0 gen ab
BT 5 2 ) B i R A A e W0

Kb L WS A L WA s H TR

ol BRI A 5 2 RIS T NG L AR
P 4 i Fie i BIA A IXIRI AT 4R B4R

LS

«*“' l'lm_

Y

C oz CO REm QBEHEAYN —> T ASREE

B SUZ i RO 2%

Fig. 1 Two-level evacuation network
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Fig. 2 Flowchart of proposed heuristic algorithm
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Fig. 3 Numerical example results
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Fig. 4 Effect of weights on total evacuee numbers
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