Fa5k F 1Y A # X
2024 4 2 A

JOURNAL OF DALIAN JIAOTONG UNIVERSITY

X ¥ ¥ # Vol.45 No. 1

Feb. 2024

XEHE:1673-9590(2024) 01-0020-06

ETF CIR #E R gy b 8k i st 40 #r

4,
/1
(FARERFE R

REFENA

WEHIEFR, LW HE 330013)

i B v ARG s, R A A 2 T Cox—Ingersoll—Ross ( CIR ) F Y fr) 20t 5#L 1 415
PRo DALSRANER Al g 0d G iad CIR AR RUARADUHC A 00 P 3t 25 O RIS B0 AL ) I 3 AT 8 L I e
BAKEWIE. HAh, THEZ Al F R RS LA LR M A TE SR . WFTER I IR SR AR PR BE
0 52 e AR B0 i B B S A A 5 v I At ) B AT B Bl B B R AL s e v Y R A
B BRI AR 5 22 42 0l 9 2 D S g v i R0 U 2 ol 19 L B TR O T 22 42l 140 0 O A
TE LR /INBR U 2l ) TRV B B0 Ut e R T S B 3 RO TR)  L

KRR LB 5 CIR ALY 5 stk
SCERARIRED ;A

S ] 3 1) el 5 3 ot ] 0 T A AR, B 2
HCARIE 7 1432 1 2R 495 1 R R ok R IR AL SR B
Ko EWAMEFE DM EACH RGEVERETEZ F
sl I A b YK e HT T A e B Y
5%, [ N ARG, 1 AN E ST 1 st AR A
B AHRIB RS — B R i

A XBPER E X, Bruneau S IR T 4T
) B G BEAE  , DA R B R R
B 2% T 61 26 10 TR 45 A 0 O 1 gl 2 (3 %)
B 2 B T AR L, PR B 438 2 4 8 43 T AL = A4
T, X — 5 SRR R = T . BRI 4h,
Pimm' ™ Ay B0 5 A ek PR 20 1 25 27 2
FIF R E A R, I E NI A E
(2011) PR BEET] 43R 4R” | BIICAYM: AT Sk |
HRPCPE AN S . AT 2 B A0 B B9 E SO
[5] , (EL R SRy B LA AT I By 5, B
MR — A R HAR TR ST s A sl
JEHEAR . IR CRIHAE i 22 i
F 28 R G RT g e

MBS0 A B G Bk B BF S, Nogal
S LT B AR TV 00 TR, 4 %
KRB AS 2K S G 50 5 A L A B IR 2%
fig, Jf o SCHR [ 4] b iy e SO . Mur-

%5 H 89 :2023-02-24

DOI: 10. 13291/j. cnki. djdxac. 2024. 01. 003

vay SO R B 43 3 R LB L2 A P A
WAL REST 4 D8R, HH7E P 149 1 2 55 e A0 W
PS4 T, e T PTEAE 4 86 L1
PS5 G P PR S TR A S 1 365 o7 L 4
P, T 2R Ge i BT A B AR LS P I S RE T
Lima 2 435 SCk [ 5 ] i3tk S, R A 0-U i
TRAEIIE SOk — K AR R 10 % 78 AL I 40 Wk
B AL, BB A AR R R R &
TAFA . Zhou 21 £ B S K T R, 1 %
VIR 3 7 TS I 2 4 BT 72 ik 2 W 1Y
2 AT, 5 00 ) B ) 725 A 1 A 6 2
e AR AL B R . Adjetey %5 A3 HT
T USR] S AN R I A b, 1 B0
Jr BT B I i 2R G R, IR 34 B R
A VT A 2R G0k . Stamos 451! Sy f A A% 3
KA (EWE) T 3532 51 9 4% 1 B | LA Wi AE 4%
T2 7 K2 18] 14 6 7% o IR o, SR JH = 2
FERIITE:, B EWE &AM EWE SEIRITAL L K
A2 7 PR E
ASCRASCHRL S ] etk i R 3ERE, R A CIR
RRRIRELIL) %A 75 3 2 U0 F 378 00 5 % A
ARSI ER TR T R 0-U 3 AL 2 it
PSRRI , BRI A T HE— i

BEETA LA ADII H (22YJ17) 5 L7 50 B1F L 10098 4001 H (YC2022-5561)
E—1EE B EM(1973—) , %, 4% . E-mail :1423907384@ qq. com



%1 H HEH,F ET CIR EA WK E R 21
1 ZimHEHRAE 9 _ zi (w = X)X - X, + Aa(X, —p) |
L1 CIR &8 da =1 X,o

BVCAERS B B — FOBLEE  FL e 7
ST P , 20 1 2 0 B 2 I e — A R R K ol Xy — X+ A;"(X' nL2ARPS
MK, BIER KT, ZER T F LT CIR W= L 2
BRI S e AR, B AR AR L B LI X =X+ BaX =) 1* 1
FRF 1) P 6 3 P e, O LB o A 7 3 do AX,o’ 7
PEVT 356 , 7 7 9 52 0 S0 W f 29 16 35 /KT (9)

B PR B IE H KB
dX, =a(u - X,)dt + o /X, dW, (1)
dW, = /di - ¢ (2)
s X, R AR A ¢ Kt Sl 4 3 BRI
o TR R U R R R B R o N
TAEIE T 0] BRI A W, S T [R] ¢ /Y
MZE) 5 @ A IRMARIEIE 70 A1 B FEHLEL
CIR Y S e 1 2% i 70 J5 300 1 1 6 A 2 1
TEATE MBI R T, IED IS s 8OR <L &
AIRES N B o AL R A s 3h 24
W, AT LU R A0 E AT R 5 P sh RS 5
o SO TR N B IR K w ORI,
BRI, FARXS T 1 H KPR BOR, fe 2
No SEBR BB AN S — BN Es D, X k%
A1 HhA T SR B s B B AR I R A K
I, CIR AR AR 3 o (RIS ) it T % It
A 25 1E 5 ACE BRI BUE AR . 55 o e (0,
1), 24 o i T O I, 2B %000 1) 18 KPR )
ARG 2 o BT T 1 I, R IR AR,
FIFX 45, s AN R 4l 22 [RL R T HE AR
1.2 #EESHMEIT
Wt 2315 ], CIR BB )56 B WE 32 9% 32 R
BRI A Bl M IE S A3 A, PRI, CTR A3 1) o) %
IR REFT AR A

= X+l -a ?
InL(6) = 21 [—%111(2171)) —(2[)>]
(3)
a=X, +alp-X)A (4)
b=0"XA (5)
A=ty — (6)

A o NIEATIIE; b HIES A7
25 n ABAUE T IIREG A NIfEE

ARTOR IR KA IR AL 11 CIR SRS 58, F H]
XHRBLIR BB B X o« e A o SR A 22, w1
GEIE

e o2 (T) ~ K (9) F T, IR AR
TR S o w M o,

CIR &7 LU0 EL AT AL , (H 7 22 K
AT AR 2 1) -2 5 AR i T E e, 25
A BEHLRR T, AT LAY 2 MK 2 BORE W] AL (18
1) o stk ot 16 58 — I 4 % 3t PR AIC 3l 52 i i i
IR AT T KB AR AL, JH i 2 it 2 e 1 5
R o BEF I EIHER, Y3l Z#E B, &g
1] T I e U B LR 7K T — i AR Y
SRR PR TR o AR, [RIER, S0 EhiE R E
1 T IEH 7K AR R AR AN

=
a8
= 3950+

3900}

3850
0 3 10 15 20

FF fe] / R

1 SHEE

2 EBISH

2.1 ZFahEimEtt

AR SCH S 1 0 At LA RS B i gk D 1], AR
2021 ARSI, Y B T M Bk AT = FRim B A%, 70 R M
BRulio M 2021 4 1A ~7 A S Gl gkl f
e A AIUETT LRI AT E . o i H o &
T BNAT A TEE I AL B, 3 8wt BAE T H
AR R o B2 AT AT, A 80% B 4 il RE S 7E 1R
ZERVHEE WA R, N TP 25 P
TAE, 2ol R PR 5 B LB R
Bkt H i 9 ANl BEAT UL . R T BRI
TR ILIE 2,



22 A % X @& kK ¥ ¥ # %45 %
— 1, KT S R b3 1 B B 7S L 3K 8 0. 78,
P "’”"’ FWBTALZ P03 vh iy J5 B8 TR IR B 28 1 K
L 3 s MRS S G, (00 0. 37, W F i
5 ‘“‘*——]“ ansaas - A BETE A I AL RS fi 25 155 /K F- 5 [R) I, ok
; L JE i ) Sh At f R, R R 2 s R
3 ST A AR ZL . MR 152 2 S 2 i e 5fe
sh._ S, A 2 WSS U 1 R S B TG
 { = BB R A . EASTE B, KL %
b BN LYy EYI RGPS (H RS Z AR R,
B2 mdEamitiskinih s FI AT B B i S U . T2
B3 ERT 9 N E e m N e i, R R IR R DL PR A R A 3
WA 0y G R (5) ~ R (T) Al cr IRRACE
BRI o o, BRI 1. A 1]
KITER N ST
o0 10000 T "
ssoolll. M ul"llﬁf‘ Jﬂu'« | 100000 mm L o ]] M"IH MMW i
eI s VOO ) <A
49000 50 100 150 200 6 0000 50 100 150 200 30000 50 100 150 200
< EFETN PN KA
m 5600 12 000 7000
§ 4600 i W\ M 10 uou “ ” V p 6000 “ml\ WW llu! f"ﬂ W} J* h
Eﬁﬁnww | J’ .M 8000‘WI] 1|l W' N 5000 ‘WN)D | 'I “”
2 600 6 000 4000
0 50 150 200 0 200 0 50 100 150 200
2000 bl 3500 TR 6 500 i
5
1400 ‘| 23000 T ” 3500} “LUUN M'U 'IM\ be,n W
1 200 2000 25000
0 50 100 150 200 0 5 200 0 50 100 150 200
i [ /
B3 mEHPERREE
x1 FHERENESR
Hi K it ¥fH IR F-HJIRE /% P
1 KT 0.78 6747 7.73 8.89 0.12
2 bR E 0.37 108 222 37.39 11.97 0.36
3 patRyili| 0.76 4792 7.24 9.99 0.16
4 A 0.70 4124 9.16 14.30 0.30
5 SRR AR 0.73 9 100 12.53 12.58 0.16
6 TR 0.64 5679 8.06 9.93 0.20
7 b 0.78 1709 3.00 6.88 0.59
8 it 0. 74 2736 3.77 6.93 0.98
9 =i 0.53 3697 6.83 10.55 0.77




=

%1 RE T, T CIR AL B9 4k R 9 1 A 23

VAT GE 3t oAy 511 A7 A [) 2 J0 s 0 A ok
i, ZRCT B REAL UL 40 N 4 Al 2
2R o AR, FPE A e 5 AR A B 1 K F 1Y
PRAGERI ; 25 o AHTRIIN , e Sh 0 OR & iRt A8 1k
MR ZN

2750
o gmateitatebeet et
|'lI :‘?{q, /?"a/
< o\ A S
— | \ II || )
i W/ #
& 2650 |7/ /
s | [#
: \ [/
L ool |V —=—a=0.74, 6=2.00
- A4 o 0=0.74, 0=3.77
—— =030, ¢=3.77
ﬂ L i " "
2'500 5 10 15 20
RIEIES

4 BYTHEREL

A SCEFRHEA 2k, £ B Matlab S FEEL ISR
| 2% s AR B R T

OWHRAFERIZE: o u Ml o

@ IS S50 B )25 R de BB
Hyn,

QEXFERSE:MEEW Xy = Xy +
alp =Xy = dt + o /X, dW,

@A IEE . dW = /de - N(0,1),

OB i REW X, = X o

OELZD~G, B + 1, ,n K&,

B LA 2 55 B A3 A s (ECDF ) il &
LG, WK 5. 454 1B S Bl Of AR 4 =X
(8) HABIUE W5 PR R -3 22, A
AL SR ZETE 20% DAY, Had ik K-S kg0, 12
PME 5L PREEA M G (P > 0.05), Eik
TR RIIE T % W B s R S A HE
AR,

1.0 -
08

w 0.6

(]

2
0.4
02| — SRR
0 - : - - - B
2000 3000 4000 5000 6000 7000 8000 9000

e Mt/ N

(a) 154 1.3 Fnli

1.0
0.8}
w 0.6}
o]
2
04+
0.2+ — SEPRFR
0 - - - B
0l _— " . . .
40000 60000 80000 100000 120 000 140 000 160 000
B3 TN
(b) 1542 %k
1.0 -
0.8 No.5
w 0.6
a
b
0.4
0.2 — BRI
- - B &R
0 d
0 2000 4000 6000 800010000 1200014 000
E ST
(c) 252k 4~6 ik
1.0¢
0.8
w 06
=
@
=04
0.2 — s bRE i
, - - - B
ol A . . . .
1000 2000 3000 4000 5000 6000 7000

Tk MR/ N
(d) 354 7~9 %3
5 BREWRMS M EY(ECDF) Lk
18X -Y

|
E = — . 100%
n; Y. ¢

AP n SRR A B RRG X, 25§ RARY
B Y R | RASEPRE R o
2.2 FiREERIES T

T B P 2 A G ol 1k il AR R L AN
it CIR AR 9 A% 0l 1 3 AL, HF
RIEN 10.95% ., [FlFEHE, ATA DL M 20 75 4 o
I o AR 22 70 3l 2 A PR 5 LAl (1 R AR
AREBIF RV R WA A B2 4
ol B R S P R R A AR I B SE R L
PRME T

(10)



24 A % X #B K ¥ F R 545 %
DIFSE 9 AU F PAPELL K H b ok 0551 - won
VLR S B s @ BRECK WL 0, TR A4 050l 903 I
B I U R B HG o 5K WA g g0
P EE @), L ERAI gow L. .
LR GO A S R LA 5 033
6. MIEL 6 AN, 4 L TEAR G , B R 08 w030
SRR, 2B R S, o2 T
SR LA 5 5 2 % 3 4 2 B, A 9 020, I
A2 DL T % UL 0. 45, 1 2 Lt TN
AL Ay 1 Ak R T 3l ) 0 O R 2 0. 37, G T Ho A 7T BERSNERESRNEREEXER
FUEFLE P 0. 71,
o 3 &g
08 o of% (1) it CIR B A5 B % i 7 S0
o s I T A FRpB Sl i 72, PR3 2 20% LAY
% - (2) UG bR B T B 2
306 P B FEUCHRAL B 1E H K P8 9 ER , %
®oos MR R AL 47
e (3) ASCOFFE S e 6] 3 1 5 A

03 04 05 06 07 08
I R A
B6 ZHFHERSFRATRFHENEEXR

O 2l R AR S R N A P 5
ZAIE R 9 AN 3l 19 5 L e 40 R DR 2 il AN
ARl R R OR BTt R A Al , R 8
AT /NE LA o AR AR N R
8 AN/INEUL Al I B A AR N — B, 5
Ja B A ELAT /N T RO SR o A 2 (B 1R
BAEPIRB RPN o HFRBITEOT , WhePiE
IUPS /38

ZHUE/NERF R PE R R WA T,
P Al /N B B L HAE « = 0.2 1,
Z I B R B R A (LA AT D IR T
ANECUR T )G B AR R, W5 T B R R
(0 F2 AR T, (675 22 42l 2 T P ) T /N B
Al BB A 5 /0N U A ok A O S
0.5 I, Z 4 sl BIR BEREAR AL LB T iR %
Tl (LR R o) A 30, FE s 0L, 2 %
B SRR AR B ORI Ao B VR R
T B W BE o = 0. 8 B, Z WK I B ERE &
TR BT R, 5 o = 0.2 WA, 2%
S BV AL /N B U G il S, U SR AT
JITHER

o =

FEIED 0. 71, WS R EI{E N 7. 29, B K i
SR R | I 2l ARG A 5 Lk SRl 1 Dy e
ol B RAHE N 0. 37, W gh Ry 37.39, HAK
AR BB R R IR . 2R A S H TR
SIS L B — T U R SRR BRI, B2 R A
Tl T, N TR A

S 230k
[ 1]HOSSEINI S, BARKER K, RAMIREZ J E. A review of
definitions and measures of system resilience[ J]. Relia-

bility Engineering & System Safety, 2016, 145. 47-61.

[ 2]BESINOVIC N. Resilience in railway transport systems :
a literature review and research agendal[]].
Reviews, 2020, 40(4) . 457-478.

(3T, Phidtis, ki, 5. JEHASHE RS )
Wt REGALT ], Al fE 5% 4, 2014, 32(3):
87-93.

[4]BRUNEAU M, CHANG S E, EGUCHI R T, et al. A

framework to quantitatively assess and enhance the seis-

Transport

mic resilience of communities[ J]. Earthquake Spectra,
2003, 19(4) . 733-752.

[5]PIMM S L. The complexity and stability of ecosystems
[J]. Nature, 1984, 307, 321-326.

[6]ZHANG D M, DU F, HUANG H W, et al. Resiliency as-
sessment of urban rail transit networks: Shanghai metro as

an example[ J |. Safety Science, 2018, 106; 230-243.



18

EH, % ET CIR B AU 4k 5 3 1 A 25

[7]NOGAL M, OCONNOR A, CAULFIELD B, et al. Re-
silience of traffic networks: from perturbation to recovery
via a dynamic restricted equilibrium model[ J]. Reliabil-
ity Engineering & System Safety, 2016, 156, 84-96.

[8]MURRAY P M. A comparison of transportation network
resilience under simulated system optimum and user equi-
librium conditions| C ]//Proceedings of the 2006 Winter
Simulation Conference. Monterey; IEEE, 2006. 1398 —
1405.

[9] LIMA M, MEDDA F. A new measure of resilience: an
application to the london underground[ J]. Transportation
Research Part A Policy and Practice, 2015, 81, 35-46.

[10]JZHOU Y F, LIZ H, MENG Y Y, et al. Analyzing spa-

tio—temporal impacts of extreme rainfall events on metro
ridership characteristics[ J]. Physica A Statistical Me-
chanics and its Applications, 2021, 577, 126053.

[11]ADJETEY K, BIRREGAH B, CHATELET E, et al. A
model to quantify the resilience of mass railway trans-
portation systems[ J]. Reliability Engineering & System
Safety, 2016, 153; 1-14.

[12]STAMOS I, MITSAKIS E, SALANOVA J, et al. Im-
pact assessment of extreme weather events on transport
networks: a data—driven approach[ J]. Transportation
Research Part D: Transport and Environment, 2015,
34. 168-178.

[13]@FIAR. CIR BRI R Bl e 28l it 52 [ D .
i RHESGE R, 2015,

(141885557, BT, VA R CIR A58 2 BORe vl iy il R
Wk [T]. seit 515 1832 ,2015,30(9) :3-7.
[ISTZMAL. mCRAE CIR R0 9 o 2 1 2 5l i

[D]. 774 PU K=, 2023.

Resilience Analysis of Metro Passenger Flow Based on CIR Model

XU Yuping, HOU Mingchao
(School of Transportation Engineering, East China Jiaotong University, Nanchang 330013, China)

Abstract : To quantify the resilience of the subway system, a passenger flow resilience index is proposed based

on the Cox—Ingersoll—Ross model. The passenger flow resilience is used to describe how fast flow that has

been displaced from equilibrium returns to it. The CIR model is used to simulate the fluctuating behavior of in-

coming and outgoing passengers at single or multiple stations in the short term. In addition, the study discus-

ses the intrinsic correlation between the passenger flow resilience of multiple stations and their component sta-

tions. The study shows that the passenger flow resilience index can quantitatively describe the recovery process

of the passenger flow after the disturbance, and the passenger flow of intermediate stations has the characteris-

tics of low fluctuation and high resilience. The interchange stations has the characteristics of high fluctuation

and low resilience, and the passenger flow resilience of multiple stations is positively correlated with the resili-

ence of its large passenger flow stations, while the passenger flow resilience of multiple stations is influenced

by the resilience of its small passenger flow stations with three different cases.

Keywords : rail transit; CIR model; flow resilience



