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A Method for Coordinated Controlling Vehicles in Expressway Merge Area in
Connected Vehicles Environment and Evaluation
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Abstract: Merge area on expressway is the area with more accidents, and the technology of the connected
vehicles provided an effective way to improve the safety of the merge area. A new method for coordinated
controlling vehicles in merge area in connected vehicle environment is proposed. First, the potential safety
hazard in merge area is analyzed. Second, the time range of ramp truck reaches the merge area is calculated
according to the characteristics of freight vehicles. Using the same time range as the constraint, the speed
range of main road vehicle reaches the merge area is calculated. Selecting the optimal main road vehicle
speed in term of safety and efficiency, the main road vehicle is warned to avoid the possible conflict area. At
last, the V2V communication module is developed by using the simulation software Vissim, and the effect of
safety coordinated control is evaluated in aspects of safety and traffic efficiency.
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Fig. 1 Schematic diagram of vehicle conflict

points in merge area
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Fig.2 Vehicle location in merge area in connected

vehicles environment
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Fig.3 Comparison of vehicle queue lengths



104 /NI I

ST 5

533 %

2.3 BITRERITM
2.3.1 BREXFEFHFHEE

P4 JEAE 1500 s IFEFEREIN, 44010 10 m
DAL DX B B - 2 RSP 2 5 I Ao Al LA
B, B RS, 7EME 100 m &b, | T
AL N A E, S ECE R X R R R
25 km/h 7245, 7EME 100 m i, A PR S]H-F4
LIS /NN 1 7) 3 o LN (R GBI K ST O B U v
ARGUR AU RTE RS, A DX BRSP4 42 5
1 38.3% o X ULIA LI 4% 5 A REIWUR 1E A = B 19 155
O, ABUEIN T A XA 22 e KR, A I X B
AL A, DRI 32 e 0 A T3 BRI 32
AR A DX 9 2 X5 3 DX 4
PEAT PR 0 A — A B mT LA A% i 2 < il 4]
SERER, e U DG B A E A TR

§g [ o T

~ ot =
é 50 F
= 40§
%m-
& 20F
B 0t

0

0 20 40 60 80 100 120 140 160
K& /m
E4 ERXBRIEAFESHILR
Fig. 4 Comparison of average velocity distributions in

merge area

2.3.2 FiFKiEITREAYIEME
PE 5 SR st I B3 A 4 30 20 0 R = 85 20 4 )
BRRATHS ] 50 A0 o A6 X 3 % 25 4 38 4 7 sF |) [ 3 42
S A TN E) 43 A T R PEA SR E R R )
5 ) 38 4 T B [0 A0 98 A Wb R 4 o] ) 3 A7 B ) AH B
AEAEAK, A B B 2 K 600 m PN A
PR@ATH S T 0.4% , WiE 5 (b) Fis. 1
AL S S A 3 F2 % 672 m Ay I 3 2 95 119 38 47 o) ) £
K PP o A5 2 e A B, Al A ] S 2 ik
DT36.5% S (a) NG DX AT AR A T

L 40 30 mw
=30 =
= =20
&2 TE i j\:;-[10 > CP
= 10 Pk LR = 15 Pkl
QJ 400 800 1200 00 400 800 1200
A 1H) Bt /s BEIE

(a) 2 BB LA A I [h) L (b) BRI 17 I 8] LA

B S ZFHEITHELLR

Fig.5 Comparison of vehicle travel time

Ji 161 415 m K S5 A 0 FITAT 22 ek A B ] A -
AT I VPR 25 L AR T AR E % 4 P o
g6, XHEBE AT T UM, (PR 0 e
TR E 538 A7 MRS A O AT B, ST
IR B, TR T 16.19% , 4 T
AT, $ERTmATRCR.

3 #Hit

AT XE AR 3230 2 4 5 WA R R B 4
FEA T D IR A R, 3207 VR X P A s )
AR, FERCEE R, X AR AT R T
o DTEVEUT I, B B 4 SR Y i X 5E
ARG 2R 5y AR 0, i B il
FYRCRAN R 5 DRI 42 ) SR A 28 4 v L X 2 4
IR, ANELBCA R 0 38 % R AT AR, i L
P VIATRE /. SR M RE R LR B E S
AU DX AE 2 A, I R X A A HE A A5 B R
HR83.5% , M H AW X 4 F 4 A7 s B3R T
38.3% , HEHNF-XIID 16, 1% W@ AT N E], KOKER
i I B AEA TR

ARTTIESEAT A I X IE A58 25 R AT B B A
PR, TR o D A ) 5 5 A D
— RO, TR T AR PE T SRR AR R 4 i 3
TRk o A SR I P T A L S U
DX A S 5 T A R — B, DA IE AR
DX AR A IR IR o LR o 2R 2 BB 5 X 3
R, R A5 nh R AR B R] B RE 3K, X A
MEEATRCR A — W, T2 AP 22 15 51 3%
e 7ok, HA KRB St A G X A1 o
&, Pk E P T I R AR B Y
BRI, AR (BER) FEXERE
AL T — B RN

SE 3k

References :

[1] BERTINI R L, MALIK S, Observed Dynamic Traffic
Features on a Freeway Section with Merges and Diverges
[J]. Transportation Research Record, 2004, 1867 25 —35.

(2] mdF, IR, SBAEED. 5% 425 X A A 4
PERE I [T]. WP AR, 2005,
33 (6): 763 -767.
GAO  Jian-ping, LIU Ben-min, GUO Zhong-yin.
Influence of Heavy Vehicles on Traffic Safety of Freeways
[J]. Journal of Tongji University; Natural Science

Edition, 2005, 33 (6): 763 -767.



559

ERME, A GRHRRIEREE T Y R85 X DR P ) 05 v SO EY

105

(3]

[5]

[9]

WANG Yun-peng, E Wen-juan, TANG Wen-zhong, et al.
Automated On-ramp Merging Control Algorithm Based on
Internet-connected Vehicles [ J]. IET Intelligent Transport
Systems, 2013, 7 (4). 371 - 379.

FUKUTOME I, MOSKOWITZ K. Traffic Behavior and On-
ramp Design [ J]. Highway Research Board Bulletin,
1960, 235. 38 -72.

PAPAGEORGIOU M, KOTSIALOS A. Freeway Ramp
IEEE Transactions on

2002, 3 (4):

Metering: An Overview [ ] ].
Intelligent
271 -281.
FARAE, ORI, RATEE, AT A H )Y Rk
AWEWMX L ePUEERTE (V] AR EREE,
2012, 29 (#%1). 50 -56.

WANG Dong-zhu, SONG Xiang-hui, ZHU Shu-shan, et
Method Based on Vehicle-

Transportation ~ Systems,

al. Merging Assistance
infrastructure Cooperative Technology [ J]. Journal of
Highway and Transportation Research and Development,
2012, 29 (S1): 50 -56.

Japanese Road Bureau. Introduction of Japanese Smartway
2007 [ EB/OL]. [ 2007-05-22 ].
go. jp/road/ ITS/ Smartway/ SW2007/ SMARTWAY2007
PublicRoadTest. pdf.

SAKAI K. Progress of the Smartway [ EB/OL]. [2010-
09-29 ].
20Presentations/ Japan% 20-% 20Sakai. ppt.
Hitachi, Ltd.

http: //www. mlit.

http: //www. connectedvehicle. org/Summit%

Merging Assistance System [ EB/OL ].

(B85 91 1)

[12]

[13]

MG, KWL, B8, SE. W b R E TR
W2 e e (V] A Jise 5 TR, 2010,
29 (8): 1690 —1696.

LI Peng-fei, ZHANG Ding-li, ZHAO Yong, et al. Study
of Mechanical Characteristics of Secondary Lining of Large-
section Loess Tunnel [ J]. Chinese Journal of Rock
Mechanics and Engineering, 2010, 29 (8). 1690 -
1696.

B, WA, BUIREE, 5. sk ORI B
WEIE Uk BRI AL [J]. A4y, 2011,
32 (3). 843 —848.

LU Jun-fu, WANG Ming-nian, JIA Yuan-yuan, et al.
Research on Construction Time of Secondary Lining of
Large Section Loess Tunnel for High — speed Railway [J].
Rock and Soil Mechanics, 2011, 32 (3). 843 —848.

[10]

(11]

(12]

[13]

[14]

[2011-08-03]. http; //www. hitachi. co. jp/en/products/
its/product/services/2104412_ 45061. html.

U. S. Department of Transportation. Intelligent Transportation
Systems ( ITS) Strategic Plan Background and Process
[EB/OL]. [2012-03-03 ].

com/ larya/intelligent-transportation-systems-its-strategic-

http: // www. slideserve.

plan-background-and-process.

Federal Highway Administration (FHWA). Efficient and
Safe Merging Solutions [ EB/OL]. (2009-05-02) [2014-09-
297]. http: // www. fhwa. dot. gov/advancedresearch/pubs/
14045/14045. pdf.

SCARINCI R, HEYDECKER B. Control Concepts for
Facilitating Motorway On-ramp Merging Using Intelligent
Vehicles [ J ]. Transport Reviews, 2014, 34 (6):
775-797.

SACHS T, THIMANN K V. A Merging Control Algorithm
Based on Inter-vehicle Communication [ C ] // IEEE/
IEE]J/JSAI
Transportation Systems.
783 -787.
PUEBOOBPAPHAN R, LIU F, VAN AREM B. The

Impacts of a Communication based Merging Assistant on

Intelligent
IEEE, 1999.

International ~ Conference on

Tokyo, Japan:

Traffic Flows of Manual and Equipped Vehicles at an On-
ramp Using Traffic Flow Simulation [ C ] //13th
International IEEE Annual Conference on Intelligent
Transportation Systems. Madeira Island, Portugal: IEEE,

2010, 1468 —1473.

[14]

[15]

Pifi, KWL, ERGE, . mEKEKREEY .
L BT (1] A0 s 5 TRk, 2011,
30 (#2). 3377-3385.

FANG Qian, ZHANG Ding-li, WANG Yi-yuan, et al.
Study of Contact Pressure between Primary Lining and
Secondary Lining for Tunnels of Passenger Dedicated Lines
[J]. Chinese Journal of Rock Mechanics and Engineering,
2011, 30 (S2). 3377 -3385.

BT, WRA, mete, GF. B R AR IE R Z
Ty PR MG AT (1], v 2 A 4, 2004, 17
(1): 70 -73.

ZHAO Zhan-chang, XIE Yong-li, YANG Xiao-hua, et al.
Observation Research on the Mechanical Characteristic of
Highway Tunnel Lining in Loess [ J]. China Journal of
Highway and Transport, 2004, 17 (1). 70 -73.



