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order to reveal the
traffic

expressways, a car-following model based on the data-

Abstract: In
characteristics  of

operational
flow on underground
driven method was proposed by using the high-precision
vehicle trajectory data obtained by driving simulator, and

was calibrated and verified. First, the driving simulation
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experiment was conducted according to the scenario
model of the east section of the North Cross Passage in
Shanghai to obtain the car-following data. Next, the
support vector regression (SVR) method was selected to
establish the car-following model, into which the driving
behavior constraints were introduced. Finally, the
improved SVR-based car-following model was calibrated
and verified by using the experimental data. The results
show that the support-vector-regression-based car-
following model considering driving behavior constraints
can well describe the -car-following behavior on
underground expressways. The model possesses a great
transplantability, which has a high accuracy on other
underground expressways. The car-following model
proposed in this paper can quantitatively analyze the
interaction of vehicles on underground expressways, and

provide the basis for traffic simulation and risk research.
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Fig.1 Driving simulator
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Fig. 2 SVR-based car-following model
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Tab. 4 Error results of training set

. MAE/ RMSE/
LS| EV
(kmh™) (km-h™ 1)
SVRCF 0.975 0. 146 0.219 0. 983
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Tab. 5 Error results of validation set
TR MAE/(kmh 1) RMSE/(km-h™1)
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Tab. 6 Error results of training set of similar

models
HEETE MAE/(km-h™!) RMSE/(km-h™1)
SVR 0.205 0.293
BPNN 0.197 0.271
A
4 Z5ig

AR SCTE J 45 BRA R AR AR F 5 20 i 1) Sl I
BEXT M PR B T — g | A AT R £ AR
() S 1) it (10 (SVR) ZE 40 SRS AR 7Y | Il bk
T T8 7R B2 LD SO B A T T AR S IR, %
BRI HE T SVR A2 4 B 9th AR 7Y v X6 SE R 25 3 A 7oK
BB R L, 9778 T 42400 PR Gt A AR 7 b T PR 5 45
T A28 i o T B FH P , Sk T PR 56 1) ) A
AR 17 RS oE 3 48E 1T JEA

A 328 B0 S 6 3R AT A J L I A AT 1) 4
TR 6T SVR Bl iR g SR I A T b e, 152 Y
YA JTiR%2E K 0. 219 AT BT 224 0. 975, %1l
BRAI IR 2230/, FLGHAR Sk (R fi Bt Aty IeAh,
FHACHE A A T8 R A A T 50 E A5 3 1 34
JriR2EHR 0. 369, FRABIALEA AT R AR M, X T HAh
TR ) A A R B A TR RIS

TEASCH, i FAWRE R IEA B, AR RE AR N
FI T 22 B b 8 R XY () AT A A M T — 2
BGUE o BUAR , AR SCIE A 2 GRS A0L S 56 7 O vk X
BRI T AR 2 5 K0E , 7] B84 i T 3250 iy BR A g
R e bR T8 B A . Bl B R AR
HE—25 & e, R R St 04 7 i AR B A B L S Y
SR T [ FICHE X A TR R AT A et , T AR S
A Hb R T R 0 AT R O BRSAE R A R, DT A5 3 B



W5 5 1

2205, A5 LT HAR IR IR T T DAL BRI AT AR A 669

S

BB R RE AR

T

& STk LA -

K207 ST ARG IR SCH T S Bk
RIZ BT k30T IBSURE
PR fls : PRAEDR IR, LB HE 5
N - SR E I

st SRR

S 3k
(1] WS, BREL, 30, % . 05U K RS B S AR B

[3]

AL R T 5E [T]. scilis f R o TR S (R L, 2018, 18
(5): 211.

HU Liwei, CHEN Zheng, ZHANG Ting, et al. Driver’ s
dynamic decision car-following model and speed limit in plateau
extra-long tunnel [J]. Journal of Transportation Systems
Engineering and Information Technology, 2018, 18(5): 211.
YEUNG J S, WONG Y D. The effect of road tunnel
environment on car following behaviour [J]. Accident Analysis
and Prevention, 2014,70:100.

GIPPS P G. A behavioral car-following model for computer
simulation ~ [J].  Transportation — Research  Part B:
Methodological,, 1981, 15 (2): 105.

HELLY W. Simulation of bottlenecks in single-lane traffic flow
[C]//Proceedings of Symposium on Theory of Traffic Flow.
New York: General Motors Research Laboratories, 1959:
207-238.

WIEDEMANN R. Simulation of road traffic flow [R].
Karlsruhe: University of Karlsruhe, 1974.

CREMER M, LUDWIG J. A fast simulation model for traffic
flow on the basis of boolean operations [J]. Mathematics and
Computers in Simulation, 1986, 28(4):297.

KIKUCHI S, CHAKROBORTY P. Car-following model
based on fuzzy inference system [J]. Transportation Research
Record, 1992(1365) : 82.

KEHTARNAVAZ N, GROSWOLD N, MILLER K, et al.

A transportable neural-network approach to autonomous vehicle

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

following [J]. IEEE Transactions on Vehicular Technology,
1998, 47(2): 694.

HE 7Z, ZHENG L., GUAN W. A simple nonparametric car-
following model driven by field data [J].
Research Part B: Methodological, 2015,80: 185.

Weit, skAF, UBEHE, A5 ARSI AT T BERE [T ]. £cii
A TR, 2019,19(5) : 125.

YANG Longhai, ZHANG Chun, QIU Xiaoyun,
Research progress on car-following models [J].
Traffic and Transportation Engineering, 2019,19(5) :125.
T, 4 AR T A I R BT ). o A
2£4%,2012,25(1) : 115.

WANG Dianhai, JIN Sheng. Review and outlook of modeling
of car following behavior [J]. China Journal of Highway and
Transport, 2012,25(1):115.

SRE T, IRLEN, YRV AT RIAR AT B2 BB A
WRFELT ] AT R A4 (B SRR , 2020, 48(6) : 847,
ZHANG Yanning, GUO Zhongyin, LI Zhenjiang. Driving

simulator validation study under car-following condition [J].

Transportation

et al.

Journal of

Journal of Tongji University (Natural Science) , 2020, 48
(6):847.

XUFH . S AT A HE UL 521 5 L T H T 1 B A H B
IRHAET G E RV D] i WP, 2014,

LIU Yang. Research on urban underground expressway
entrance driving characteristics and safety design based on
driving simulator [ D ]. Shanghai: Tongji University, 2014.
LEBLANC D J, BAO S, SAYER J R, et al. Longitudinal
driving behavior with integrated crash-warning system [J].
Transportation Research Record: Journal of the Transportation
Research Board, 2013(2365): 17.

CHONG L., ABBAS M, MEDINA F A, et al. A rule-based
neural network approach to model driver naturalistic behavior in
traffic [J].
Technologies, 2013, 32: 207.

CORTES C , VAPNIK V. Support-vector networks [J].
Machine Learning, 1995,20(3):273.

WEI D, LIU H. Analysis of asymmetric driving behavior using

Transportation Research Part C: Emerging

a self-learning approach [J]. Transportation Research Part B:
Methodological, 2013,47:1.



