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Abstract: In order to mitigate the traffic congestion around
the off-ramp, the speed harmonization control method of main
line is proposed. Based on existing section-based speed
harmonization model, a lane-based speed harmonization model
was designed with factors of on-ramp and off-ramp. The
model can describe and forecast the traffic state, and give the
optimal speed on each lane with shortest travel time as well as

maximum total through traffic volume. Finally, the simulation
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system was developed to scientifically evaluate the

effectiveness of lane-based and section-based speed
harmonization model in different traffic demand situations.
The simulation results indicated that, speed harmonization
strategy is more adaptive for medium and high traffic flow
density. When traffic demand is high, both of lane-based
model and section-based model can reduce the vehicle average
delay compared to no control strategies, and in most cases,
the lane-based speed harmonization model is superior to the
section-based model, which is helpful to mitigate traffic

congestion and improve traffic safety.

Key words: urban expressway; speed harmonization; traffic
congestion in off-ramp; lane-based macroscopical dynamic

traffic flow model; traffic simulation
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Fig.1 Basic flow of the speed harmonization

control model
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Fig.2 Schematic diagram of the on-ramp

flows into each lane
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Fig.7 Traffic congestion spatio-temporal range of different control schemes under different traffic demands



912

M ¥F K % 2 m(E AR 2B

H46 %

SR

1]

[2]

£3]

[4]

[5]

[6]

[7]

GUNTHER G, COEYMANS ] E, MUNOZ J C, et al.
Mitigating freeway off-ramp congestion: a surface streets
coordinated approach [J]. Transportation Research Part C.
Emerging Technologies, 2012, 20(1). 112.

Dok, PREEE O R R AR D] W KERS
INEESFBE, 2013.

MA Jiping. Study on controlling strategy of off-ramp in
expressway[ D]. Xi’ an: Chang’ an University. School of
Highway, 2013.

WALLER S T, NG M, FERGUSON E,

harmonization and peak-period shoulder use to manage urban

et al. Speed

freeway congestion [ R ]. Texas: Texas Department of
Transportation, 2009.

TR, SRR, XEE, 55 SRR A BB TR A T AR R
FERISRRELT]. BEMRRFEEMR (TR, 2013(5): 1204.

LI Zhibin, JIN Maojing, LIU Pan, et al. Evaluation of impact
variable speed limits on improving traffic efficiency on
freeways[ J ]. Journal of Jilin University ( Engineering and
Technology Edition), 2013(5): 1204.

LI D, RANJITKAR P, CEDER A. A logic tree based algorithm
for variable speed limit controllers to manage recurrently
congested bottlenecks [ C]// Transportation Research Board
93rd Annual Meeting. Washington D C: Transportation
Research Board, 2014, 1-14.

YANG X, LINY, LU Y, et al. Optimal variable speed limit
control for real-time freeway congestions[J]. Procedia-Social
and Behavioral Sciences, 2013, 96 2362.

CARLSON R C, PAPAMICHAIL I, PAPAGEORGIOU M. Local
feedback-based mainstream traffic flow control on motorways

using variable speed limits [ J ]. IEEE Transactions on

L8]

L9l

[10]

[11]

[12]

[13]

[14]

Intelligent Transportation Systems, 2011, 12(4);: 1261.

ZHU F, UKKUSURI S V. Accounting for dynamic speed limit
control in a stochastic traffic environment: a reinforcement
learning approach [ J]. Transportation Research Part C;
Emerging technologies, 2014, 41(2). 30.

ZERRR, EEF, BALD, %, ETEENREIEOEFRGR
HIEIEMR)]. ZZBfERS%4, 2015, 33(4): 49.

WANG Zhongyu, CHEN Kexin,
empirical study for identifying traffic breakdown at bottlenecks
[J7. Journal of Transport Information and Safety, 2015, 33
4): 49.

LETTER C, ELEFTERIADOU L. An investigation of lane by

lane variable speed limit control using simulation [ CJ//

LI Xiaoging, et al. an

Transportation Research Board 94th Annual Meeting.
Washington D C: Transportation Research Board, 2015:1-18.
HEGYI A, DE SCHUTTER B, HELLENDOORN H. Model
predictive control for optimal coordination of ramp metering
and variable speed limits[J]. Transportation Research Part C.
Emerging Technologies, 2005, 13(3): 185.

BRI, P, 2 5 . 3T PR B R R | 5 T A A
[J]. ZlEmIREM, 2012, 12(1): 102.

CHEN Dachuan, SUN Jian,
predictive control model on urban expressway[J]. Journal of
Traffic and Transportation Engineering, 2012, 12(1). 102.
SUN R, HU J, XIE X, et al. Variable speed limit design to
relieve traffic congestion based on cooperative vehicle

LI Keping. Speed guidance

infrastructure system [ J ]. Procedia-Social and Behavioral
Sciences, 2014, 138: 427.

DER. B4 & H Matlab B)F 3 [(M]. dbst. Rl
H pRtL, 2010.
MA Changfeng.
programming [M]. Beijing: Science Press, 2010.

Optimization method and its Matlab





