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CA-SIR Model Based Congestion Propagation of Expressway in Accident Scenario

YAO Jiao® , BAO Yu-jie, LI Jun-jie
(School of Business, University of Shanghai for Science and Technology, Shanghai 20093, China)

Abstract; In order to investigate the influence of traffic accident on the congestion propagation on
expressway, the epidemic propagation SIR model is combined with cellular automata (CA) for the complexity
of its computational solution in a microscopic dynamic way considering the characteristics of expressway
accidents and the influence range, etc. Taking one-way three-lane for example, assuming that the accident
occupies 4 cells of the leftmost lane, the dynamic process of congestion propagation of subsequent vehicles is
simulated. For the 2 key parameters of the model ( congestion propagation rate and congestion recovery rate ) ,
the quantified formulas are set up mainly through the lane changing probability and braking probability of the
vehicles on expressway, and eventually the definite relationship among the 3 factors is obtained. The related
simulation result shows that (1) compared with the traditional SIR model, the proposed CA-SIR model can
reflect the lane closure after accident earlier and better match the actual situation due to the consideration of
CA discretization when the maximum number of congested vehicles is kept similar; (2) according to the

related congestion occurrence diagram, when the braking probability increases, the congestion caused by
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accident occurs earlier and dissipates later, and the scale of the congestion is larger and the length of the

affected section is longer; (3) when the probability of lane changing decreases, there is no significant

influence on the maximum vehicle queue length and the overall travel time, but the influence of congestion

caused by vehicles arriving at the accident area occurs earlier and the number of vehicles affected by

congestion is larger. Therefore, after the occurrence of traffic accident on expressway, traffic accident

information should be released as quickly as possible through roadside traffic broadcasting, intelligent

networked vehicles, vehicle-infrastructure cooperation and other technical means to guide vehicles to change

lane ahead of time and to reduce the braking probability, so as to reduce the scale and duration of congestion

affected by the accident.

Key words: traffic engineering; congestion propagation; CA-SIR model; expressway; brake probability;

lane changing probability
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Fig. 3 Simulation diagram of vehicle’ s lane changing behavior

2.2.4 SIREESHHTE

Aoy NERGET LIRS S B 52 i 1l Ry AR
BIWMR, H Ay, 270 3 1 WrYIERIE,
Aoy BRG] 2 G0 2250 52 (477 B2 e A G
Wit RGN ESI SR P, SIEEE P, 1
AR B S A E AL REREAE A, o HUHBOR IR
RGP E W Z R SR P, 5 TE R
P e PEIIOR . BOEMEREMER A, AN

A, = A %8

20 X eipchangex

P (4)

brake

A, A FEHEERRAS ;. & WAk
Ky WEA=0.75, §=2 pew/s, HEIEME RN =1 s,

Moy HERGAEIBARZS o B POIRZS 1 3l B 4 3%
IR AR R IMERE, Hope, B—DTE0 2 1 AW
FEGE, 5 A, HIERL, pe, BRDRZEIRG A
[ SR Py, SHIEWAR P, BISZ0W 43
S, HAEBERERZ ARG Z G IR P, S
AL P, BISZI B, 1B I I R4CR 8 B
B, BOEWEMAE n, MAR:

Mca = ~ (5)

20 x e’P change X Phrake



5 4 1]

Wk A%, AF. SCEFHCFEET CA-SIR BT & d A H T A3 175

X, w AR MR, WE n=0.4,
3 #HEMHESH

AHESE i o R — R B A #E CA-SIR 5
R OR ek F 5 A B 5 ) 4f SIR RS R BE AT X
A3 3] CA-SIR RS FE R E o A B 5 28 = i
)RR P R S, T B E S M 45 AN B ) )
AP FT R, BRI A R, E—4, @
1 BT CA-SIR #5278 %) 38 [ i) 25 (&1 45 AN () il 20 Ak
RP, GHGEMER P, B, 18R A
PR R A A TR B G I B A AR B T i s AR
PR, R4 /0N S5 5 s ) A B B ASE N 2 15 ]
PEAUERTATPEAR A
3.1 HBEMESH

L CA-SIR FERINE = 2258 /oy A\ 6 7 A Y 52 38
Fle R i B AT O LS, 5 004G SIR B
LA, 1SEIE S AR AL FHEDIR S A5 1
XTG4, o SIR BEAVHCE 43 A =0. 1,
IR A = 0. 03; CA-SIR A5 51 S50 h 1l 3h HE %
Py .=0.3, B P, =0.9, 50 A ] 1Y
SRR 5=2(pew/s) . XS EMREET 2
RS A Y 22 S Ak /s, SR T Ll B e R
TGRS A

HRAEE 4 rf i B8 R R HE , FERC R 4 B B
KA ey [ Bepy , CA-SIR #5551 5 SIR A6 5 hiy
PAES A2 7%, BB, MEREIE BB B
MBI AL B, CA-SIR A7 b b F i BFIR A 10 %2
TACEL AR A = 1 SIR AREAY 2 ASBY BB 4 Sl T
460% F1 113% , X J&H MFE CA-SIR LA ih 255 32 38
FHO 1 45 B 38 B R o s Bt AT T B, BT AR Y
MG AR IR, E A R UG I B Y
KIFE W EOE R R AR, Bk, w2k,
CA-SIR HEAUAHAL SIR A% Yo #63 BU X T A\ #% 7 AE
AR LB, T RE R B PRI L
200 —A— CA-SIRHHLL 24
160 —O— SIRIHLL 44
120

80

L L L L L L >
80 100 120 140 160 180 200 220

I 15 1] B /s

B4 CA-SIR #EE 5 SIR #3 hifHF EHBI T L 5 4

Fig. 4 Comparative analysis of congested vehicles
between CA-SIR model and SIR model

ER P

}
0 20 40 60

3.2 EFSEABRETUHHEST
TH IS 23 A Ak A8 78 B (R AR A6 T 3 AT 44T g
PRS2 B, B A0 SR A AR B RS Bl b BT
27 R I ORI AT B
ESRAEE T, BEARARR R AT I FE B, Ak bR
R A Z A & B s AT e, Qi s R,
e 52 AICHIZE 4 55 ool = A4 T aC S,
220
200 +

80 100
O @ mpym
(a) Pprake=0.3

=50 40" 080" Too
BE /0 H
(b) Porake=0.5
BlS Pau=0.9 HHEHRZ=E
Fig. 5 Spatio-temporal diagrams of vehicle location
when P, =0.9

it MATLAB f05 ST & B, 4 sh Ak 3
R, ZEE B AR BA AT, G0 — B
o BB P HOIR DL, A8 38 AR 1 I BE
TCR; TG0 R 3 0 8 A5 L R S i /0N,
S A 3 Y (A Y8 B R, B OE i B A R R
P,,.=0.3, HHMHE P, =09 FATFEEH, H
K5 (a) Fros, BT 4058058 R FIAM 43 10 B
JIT LA 205 B0 B [ ] B O AN R X 500, R AR (] B
FLANARTR], e et 0 440 52 380 2 38 = 5507 52 0 6



e %

176 N

ST = 5 540 %

NS KOS5 P A W B A A R
PRI RIS, A R R HE BN 1 S e AE
55105 s B, FEAHHERAZSE 12 A ochuks, WWELS (a)
PR S D 2% R0 188 1) ST 2k e LA [ I 806 o7 1 67 5 R
B2, TR AR, YT A a2 4 X
WUR, YIS XA RIS, B MRS Bl ] 2
R 215 s, GRS R B A R R HE A B
K5 AR ST SIR AL YL ifsi Al 5 CA-SIR R8I i
KA G550 e AR ]

MR SRR P, HOmE] 0.5, HALSEOREE
AAERE, 1HES5 (b) .

XTELE S (a) HES (b) REMIRAL, HTHl
SMEARIG N, A v R A A7 B 5 38 S A
TR A, 34 32 50 L 5 Bl AL T 20 A R 0 52
BN RE, WES (b) ZTF A
BRI REN , e e Bl 0 4250 i T8 R 28 5
WCRAE XS, i AR J7 225 3l 7 A i/ BUAE B
RO AR A, 1024 )5 22 4240 3] 3K 28 3 = il IX B
e R G, Z R REALE Sh R s, 7F
H65s B (K5 (b) 5@ A 1) 552X N Y B
Z1), PR 55 A Toh il e El s, HES 130 s
BF (5 (b) e @M m Se g s 1), i
SRR A1 BT R E,  FL S X
THHEL M 3 AN A5 TR S A o7 Ak i A 1 B 4 3
65 s, IBATHIE]Z)R 270 s,

YHRERERE P, FEIRE) 0.5, HABSEURFEA
A, HHORA TR RE S EWE 6 ik, Bl 5 (b)
5K 6 (b) "2 FRB A0S o 5 3R e AT Ak A7 F)
PHLE 52 M R G5 AR EE 5w (R B2

AUEH, R 6 (a) W, % 100 s B 440k
BAIR A, s2mi 2R 12 A oohuts, WE6 (a) HIEE
(D75 BB {018 1) S22 K LA ) S22 % o7 1) 46 8 TS 221
AR F 2N 215 s, 5B 5 (a) XFLE
B, MHE MR KT, 450 5 I HE B B Ty 1 D
N RAT A (] 9 TG B 8 X5 (E 2 A 2] 18 i
X3R5 T A PR e S T R R A AnAESS 40
JCMIAL, 5 (a) T4 40 s AW KX ARIEEm, &l
6 (a) T7E5 29 s @iz 3| 4w, WES (a)
6 (a) "SI AR ) SEL TR RS 21

A3, 72’6 (b) h, 5560 s 1) (K6 (b)
FREE QAR ) SR X I A I 2 4l T T i
Tt B PSR O 2 A S B, 5 150 s B (&l 6
(b) SR [ ST R Z]) RSP
MEA TR, B AR A A v i 3 B4

220,
200 [

0 20 40 60 80 100
2 e —
OEE%/EH’@

(a) Pbrake=0-3

FRES /T
(b) Pprake=0.5

B 6 Pu.=0.5HEHR=E
Fig. 6 Spatio-temporal diagrams of vehicle location when
Pchange = 0' 5

90 s, BITHIEZ N 270 s, 5K 5 (b) XA
B, Y E MR R ARET, 4200 A R AR T B R L B ]
JETIX G, P e BB GG AL, (H 520 = A
Af I L S5 RS AR, R A5 Ak Y B R 2 (]
WK F) 150% ., £E 5 (b) 5K 6 (b) BIHARIE
HEFR, PHEE 7™ A= 70 FBlN 9) 25 Je B /D 10 B 4k 1
RS0 N FE 30T I A il O R £

HRYE VA4 Ar vl 0, 24 58 38 =5 50> A o R
Zil)5, BEE G R A I R s E S S
WHEI R, ISR P, BIHE 02 i Al B0 e Sk
F/NURAE ) RIS A TR R
PIEW FGG R, s KHEATE K, BIAf L
JITia 17 (A R AR B] e B K

BB P, T BRI AR AKIB AT R]
AT, (A2 S EAHE A R — 0 & H R
Az, NIRRT R )
SR)EES R IRIN IS AN iz oy A L E R



5 4 1]

e, A

ST HE T CA-SIR B BY A g 2N B 5544 1 177

AR EIRAIETE AT RIIA 7 e 3 A2 0 R A
Ja, DL A ) R REIRI A B
FISEHOAR T-Be, Sl REPR M & Al A0 (5 B, 4%
) S 308 G i 528 I R A R O AR DG S
G4 ATHE , s W SR, U R SR i
S AT MU MR S ]

4 g

T TR R B B A AL R R S 5 % ULk SIR
BOARUR AL, & S LA A5 1 0 el 72 5 1% i 19 A% 46
BRI, AW T =43 A B R A
A3 T P 2 AR i B UL T i A B AL
PuibiRl fERI IR g rh, 3E O S S T A e
R S S A 3 ) B AL R SRR %, 155
T CA-SIR " CHESEL, IFE X AR5 S5
PERE BRI 7E 2SI F T 00 B B AT A B 4
i [ A AR R 220 A SR I B

12 FH CA-SIR SRASHDUBIF Y o 3/ 1% 1) 40 33 % 126 20
%, AT LLEERAL ST SIR A% Y A5 7 B G oy Jr i R 1Y)
AR, EUHE A A S B X 52 3 B AT AL
T I T [ S AR AL AR T 6 AR R A R
EULTE BT LT i 0 A AL B O AR BT R AR, SRk
CA-SIR KHSEW AT AT,

R L b R e R Bl VR S o] U
il SRR 5 e TE A 2 Y T T, A e s i
WORAE R, DT AR G it S T BE R A S 25 i 28
L Bl E R 1 T R AR e A A
AR/ N 2 550 o ) 4P B RS AR 2 i

SE 3k

References:

[1] OROSZ G, WILSON R E, SZALAI R, et al. Exciting
Traffic Jams: Nonlinear Phenomena Behind Traffic Jam
Formation on Highways [ J ].
Statistical, Nonlinear, and Soft Matter Physics, 2009, 80
(4). 1-12.

[2] WU J]J, GAO Z Y, SUN H J. Simulation of Traffic
Congestion with SIR Model [J]. Modern Physics Letters
B, 2004, 18 (30). 1537-1542.

[3] kR, BRE, RI7, % BRI SCGEMEHME L
RSt SIS B [J]. ssdliskmitse, 2015, 1 (6):
20-25.

ZHANG Jun-feng, MA Chang-xi,

Physical Review E:

WU Fang,

et al.

Improved SIS Model of Congestion Propagation of Complex

Urban Traffic Network [J]. Transport Research, 2015, 1
(6): 20-25.

JH, ZEDFER, TIORSE, AF. SCEIE S IUE (R B ACH.
{EREEN 124507 [J]. MRS BBl 24, 2017, 19
(10) ; 1279-1286.

ZHOU Yan, LI Yan-xi, JIANG Rong-gui, et al. Dynamic
Analysis  of Interactive Transmission of Warning
Information and Traffic Congestion [ J]. Journal of Geo-
information Science, 2017, 19 (10) . 1279-1286.
SRIET, kAR FET SEIR A5 L 1% O i AR BE A 12 A%
& [J]. B8R 5 T, 2020, 20 (8): 3356-
3361.

ZHANG Zhao-ning, ZHANG Jia. Large-scale Flight Delays
Propagation Based on SEIR Model [ J ].
Technology and Engineering, 2020, 20 (8) . 3356-3361.
ZER S, B, WAL JET SIR MBS T %
BB ST [T]. KiEsCE RoE524R, 2019, 40 (3):
7-11.

ZUO Zhong-yi, WANG Ying-ying, BAO Yun. Research

Science

on Roadside Violation Behavior Propagation Model Based
on SIR [J]. Journal of Dalian Jiaotong University, 2019,
40 (3). 7-11.

BETE, XA, XUPE. T SIR #5540 42 0 b o5 A% 9% 15 B
Whe [1]. &8sk, 2017, 39 (7): 60-65, 84.
YIN Yong, LIU Jie, LIU Qing. Simulation Research of
Station Delay Propagation Based on SIR Model [J]. China
Transportation Review, 2017, 39 (7). 60-65, 84.
BeAR, XU, AR Sl A T A R R A I 2% 4
PHEREWI [J]. AR ESE R E2 M (HARR
RR), 2014, 27 (2). 83-86.

LUO Chen, LIU Lan, NIU Long-fei. The Research on the
Network Congestion for Large Passenger Flow of Urban
Rail Transit [ J ].
University ( Natural Science) , 2014, 27 (2). 83-86.
PELLIS L, FERGUSON N M, FRASER C. The

Journal of Shijiazhuang Tiedao

Relationship between Real-time and Discrete-generation
Models  of Spread [ J ].
Biosciences, 2008, 216 (1) . 63-70.

PEREZ-RECHE F J, LUDLAM J J, TARASKIN S N, et

Epidemic Mathematical

al. Synergy in Spreading Processes: From Exploitative to
Explorative Foraging Strategies [ J]. Physical Review
Letters, 2011, 106 (21). 218701.

FU L B, SONG W G, LU W, et al. Simulation of
Emotional Contagion Using Modified SIR Model: A
Cellular Automaton Approach [J]. Physica A Statistical

Mechanics and Its Applications, 2014, 405; 380-391.



178 VAN~ S S S 54 540
[12] =@, shmee. ZHEEHIZ T SIR 15 4 R Y [15] MU R, YAMAMOTO T. An Analysis on Mixed Traffic
T A SALE EAWESE [T]. T &R T K24k, Flow of Conventional Passenger Cars and Microcars Using
2018, 35 (5): 51-59. a Cellular Automata Model [ J]. Procedia-Social &
ZHENG San-qiang, HAN Xiao-zhuo. A Simulation of Behavioral Sciences, 2012, 43, 457-465.
Cellular Automata Based on the SIR Infectious Disease Model [16] iy, TR, 2, & FHEWEmW T AT =
with Multifactorial Constraints [ J]. Journal of Guangdong EHEERZBEBRGE [J]. hWEZ2R %2R,
University of Technology, 2018, 35 (5) . 51-59. 2021, 31 (3): 112-120.

[13] Z0Z, EAEF, REEE. ETOl AP ERREEL JI Hao, WANG Yong-dong, LI Pei, et al. Traffic Flow
FEMEFIOT R (1], 7Tl RE¥2M (BRR Simulation of Urban Three-lane Road Considering Influence
2FRR) , 2020, 40 (5): 290-295. of Accident Vehicle [ J]. China Safety Science Journal,
LI Xuan, TONG Bai-li, WU Xiao-bing. Simulation Model 2021, 31 (3): 112-120.
of Infectious Disease Transmission and Control Based on [17] X0EE, SS9, 2BMS. LT ICAE A shHLAY S s 8 R
Cellular Automata [ J]. Journal of Liaoning University of HUGE [J]. MRCEBT R¥%M (AR ﬂ'%ﬁﬁ) y
Technology ( Natural Science Edition), 2020, 40 (5). 2017, 18 (3). 285-288.

290-295. LIU Xia, HU Kai, GONG Peng. Simulation of Accident

[14] AT, HEFE, . % ESE TR 2K SIR-CA 5 Traffic Flow Model Based on Cellular Automata [ J].

fEHERRL ()], HEVEAR SRR, 2011, 21 (8).:
250-253.

REN Huan, JIANG Guo-ping, HU Hai-hong. A SIR-CA
Model for Epidemic Propagation Considering Traffic Flow
[J]. Computer Technology and Development, 2011, 21
(8): 250-253.

Journal of PLA University of Science and Technology
(Natural Science Edition) , 2017, 18 (3) . 285-288.

ZENGJ W, QIAN Y S, MI P F, et al. Freeway Traffic
Flow Cellular Automata Model Based on Mean Velocity
Feedback [J].
Applications, 2021, 562 (15). 125387.

Physica A Statistical Mechanics and its



