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Integrated Traffic Management Strategy on Expressways
Using Mainline Metering and Ramp Metering
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Abstract

This research proposed integrated expressway traffic management strategy using ramp metering and toll mainline metering.
This research suggested a traffic signal optimization model for integrated operation of ramp and mainline metering based on
Demand-Capacity Model that is used to optimize allowable input volume for ramp metering in FREQ model. The objective
function of this model is sectional throughput volume maximization, and this model can calculate optimal signal timings for
mainline metering and ramp metering. This study conducted an effectiveness analysis of integrated metering strategy using
PARAMICS and its APL It targeted Seoul’s Outer Ring Expressway between Gimpo and Siheung toll gate. As a simulation
result, integrated operation of mainline and ramp metering provided more smooth traffic flow, and throughput volume of mainline
increased to 14% in congested section. In addition, a queue of 400 meter was formed at metering point of toll gate. This
research checked that integrated traffic management strategy facilitates more efficient traffic operation of mainline and ramp from
diffused traffic congestion.

Key words : Integrated traffic management, Ramp metering, Mainline metering, FREQ, Demand-Capacity model
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(Table 1) Definition and Object of Integrated Management in Traffic Management Manuals

Manuals & studies

Definition of integrated traffic management

Integration object

Traffic Control System Handbook [11]

Integrated operation of traffic management techniques
(example: ramp metering and arterial signal control)

Corridor Management [13]

Integrated operation of roadway elements
(example: highway, bridge, tunnel)

Space & section

Freeway Corridor Management [12]

Integrated operation of traffic management systems
(example: traffic information dissemination and monitering system)

Center system

Sustainable Traffic Management [9]

Integration between roadway agency
(example: expressway and signalized arterial)

Organization

Integrated Traffic Management [14]

Integration of mode, route and drive choices
(example: traffic information dissemination and ramp metering)

Process
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@ Alternative 1 (IC and JC ramp metering)

Nooji Gyeyang Seowoon Jungdong Songnae Jangsoo Siheung ~Siheung
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(Table 2) Optimization Result of Integrated Metering Volume

Metei i h
. Traffic management - " cteimg volume (vph)
Scenario techniques Gimpo Nooji Gyeyang Seowoon | Jungdong Songnae
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Current conditions IC ramp meting 6,729 162 1,799 2,693 1,436 809
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@ Current conditions(simulation result)
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(Fig. 5) A

nalysis Result of Mainline Speed According to Integrated Traffic Management

metering)

Vol.12 No.2(2013. 4)

The Journal of The Korea Institute of Intelligent Transport Systems 7



mjo

o83 n&rz StusHel Mat

=

= — [Bay |

AQHE EF ML AL U BF 19% 77
A% 2%E v B4 nEHde 59 9
ZolgY g 99 ol B 8% FEAA AR
2 A9 A9 HEaEY 27 £%E FAY >
gor, ALy A9 g8t ek
SREEPEREEX RN SRR 3
aEHeo] o BHY T FASEE B4
stoll wER, AFIHE <18 59 2ol FHoIA
AE8FE A o7l Re] wastel BAY B
FUSEE Digh £EL UEidlth dzrE
gho] A A

TN AT daE o] %ﬁﬁl
81kph 7HA] 7 =W, gt 204 = &

FaEY 2F4 FFF AEEgez OJE?H 8
AAAZHE E838)] 73kph S YERAATE

=
2
Az s APt vt 1oqE A
=
Z4s
X
=

b oo

3 2,000
£
g 1,600
oo
£
g 1,200
3
£
® 800 4 — —
<
i)
c
2 400 4 -
3
=1
£
g o -
Gimpo Nooji yeyang d g
Toll Gate Ic Ic Ic Ic Ic
W Current condition M Alternative 1 Alternative 2
IC ramp metering IC & JC ramp metering IC & JC ramp metering

Toll metering

@ Queue Length

nEE A 7| E Y F- <28 6>
Ao} ol dZoM e AF E AolA HEH]
FYEI A Fodh, FAR Qg tir]Hol
Ao 1.8km FE7HA WAV I Qi) oijk 2¢] A9
2488 wFF Skl wet Ao di7|dEo]
°F 1.0km FE7bA 7HAsiH, EXRER o] o]FXA]
= AEQFA S 400m =2 7ol &
Attt ol IEERE BA QFA40AM A
Jd d7IE FE BA] BANA 9 ze] o7
g Ao WEg a9E YEa J5S HAF
o, AAAHY] AT Tk A8 djn] oiet 2
oA 30% ©]¢ AR AHE YESAH

D4ER BYREBYE AT AN 99

3

J

= 11—
2 a3= <ay
oo ITE s A 2= 0
= 8,000
o
>
T
£
= 6,000 -
‘©
£
=
)
g 4,000 1 —
3
]
>
5 2,000 4 —
-
<
)
3
e
< 0 -
=
Gimpo Nooji yeyang
Toll Gate Jc Ic Jc Ic Ic
M Current condition M Alternative 1 Alternative 2
IC ramp metering IC & JC ramp metering IC& JC ramp metering

Toll metering

@ Throughput Volume

(agl ) EgtuEnz|o = 7|32 3 EnfnEzle] EAM AD}
(Fig. 6> Analysis Result of Queue and Throughput According to Integrated Traffic Management

o Upstream of
congested section

8,000
'§.6,700 +0 vph
T Alt.2
£ Curren
. 4,000
A 83kph
€ 2,000
£

1]

0 40 80 120 160 200 240 280
Density(vpk)

8,000
o. 6,600

5 500
4,000

2,000

Traffic volume(

0

9 Congested section

Downstream of
congested section

0

8,000
Alt2¢. 41,100 vph 2 N +800 vph
N 2 6,400 A\
"%, Current 1] AN
*x \x:’\&\ g 5,600 Current ™
N 2 4,000 N
N ] \
ph N z 4kph N\
S £ 2,000 \\
38kph b 6kph
0
40 80 120 160 200 240 280 0 40 80 120 160 200 240 280
Density(vpk) Density(vpk)

Gi!po Nooji Gyeyang Seoweoen Jungdong Songnae Jangsoo Siheung Sih!ung

Toll Gate J< Ic

(ag 7) sguslof Mg us-2r 2

JC

Ic

Hlo| B Zo}

(o} 1c (o} Toll Gate

(Fig. 7> Analysis Result of Flow-Density Relation According to Integrated Traffic Management

8 URTSR=ET|

127, TH22(2013H 48)



AP AFR AYAE 1A APANE
A%} Yot BT 5UF FRuEF L S22
ERi, A sFse 2w AgelAE B
Wl SYEES] ANS GA FRuEF T A
2% oF 10008 o3l F7HEsE k3 gk
ot AFAE AY 2 A APlN BEoz
A3 FRAEF Asbh WAE) RO §HL
2% AMSEA 233 9t 43e dEin g
olm FA A% AFRAHE AT o s00r) o]
el ERmEF AAEHE Yehlo] DEES F
o BN FAmEFe ANEAE hehhgick
V. 2 &
$37]

Aol NE AR AFH 02 )
=Y BAREYL of

Lt

op

frorot

) !

A& Fhusd M A& o]
H AAAS olf7l FHaL Y& Active Traffic
Management, Integrated Traffic Management2} = &S
Zolatn, weA 7Y 7] TP T3l FAl
o AS520w &ty g Mkl sfggitt
£ d7llMe FREQAIAM HZU|HY A3t A}
4% Demand-Capacity 28-S A3l Edu|H
P FEuE S FEF7] AT HA vEH
ATAIRE AREF S AR, A&o]dwd
et s AlEdold E4dME 249 As
AE Faste] Fzuely G5 AEA] dibv] £
e BAMNLZ A FZ] g7 EE NAAA
=] B Bo 883 9] 7ts
skt

A A FHuFHY EFS
&3 HA vlg =
o wet YA Gl 1PHow WHEEH
bell 2-8-o] 7hsslH, AEER WES
&L glojofrt at= Te] Sl
ojol] % A7Ex FxmEy ZAvHy TR
Bl A8A4E =] HsiME sk AAFER
L4 ARFY wera WEed nE AR rlE

# ASAIRE HZ3E LYo s do] aHTh

R
al
i

o
-

o

)
i
o
% O,

iz

)
2 ru
o T

nr =
¢

o
w)
et
il
4t =

e T2
L_u__tm dr dlo Jp

)

[1] Statics Korea, E-National Indicator: The Status
of Expressway(2013), Retrieved Jan., 30, 2013,
from http://www.index.go.kr/egams/stts/jsp/potal/
stts/PO_STTS_IdxMain.jsp?idx_cd=1209.

[2] The Korea Transport Institute, 2008 Traffic
Congestion Costs:  Estimation and Trend
Analysis, 2010.

[3] Korea Expressway Corporation, Expressway

—_

Congestion Improvement Measures  for
Client-Focused Management, 2011.

[4] Korea Expressway Corporation, User-Sympathetic
Congestion Improvement, 2011.

[5] Federal Highway Administration, Freeway
Management Handbook, 1997.

[6] Federal Highway Administration, Freeway

Management and Operations Handbook, 2003.

[7] Korea Expressway Corporation, Development of
Subsystem Coordination and Application Method
for Integrated Expressway Traffic Management,
2012.

[8] Mott MacDonald, M42 ATM Monitoring and
Evaluation, 2009.

[9] Rijkseaterstaat, Sustainable Traffic Management

Handbook, 2003.

[10] Virginia DOT, I-66 Active Traffic Management
(ATM) System, 2011.

[11] Federal Highway Administration., Traffic
Control Systems Handbook, 1996.

[12] Transportation Research Board, Freeway
Corridor Management, NCHRP Synthesis of
Highway Practice 177, 1992.

[13] Transportation Research Board, Corridor
Management, NCHRP  Synthesis of Highway
Practice 289, 2000.

[14] Stoelhorst, H.J. and Middleham, F., “State of the
art of regional traffic management planning in the
Netherlands”,  Presented at 1Ith IFAC

Vol.12 No.2(2013. 4)

The Journal of The Korea Institute of Intelligent Transport Systems 9



SMoen =

(]

Symposium control in
systems, Nederlands, Aug, 2006.

[15] Ogawa, M.J., Arlow, AJ., Meekums, R.J., Self,
S., “M42  Active Traffic
Management  Monitoring and  Evaluation:
Results from Hard Shoulder Running up to 60

Sth IET(Institution

and  Technology)  Conference,
Manchester, UK, July, 2010.

[16] Grant, D., “M42 active traffic management pilot

on transportation

and Unwin, P.

mph”,  Presented at

Engineering

project”, Presented at the 87th Annual Meeting
of the Transportation Research  Board,
Washington, D.C., Jan, 2008.

[17] Sisiopiku, V.P., and Cavusoglu, O., “Operational

Impacts from Managed Lanes Implementation
in Birmingham”, Presented at ITE 2008 Annual
Meeting and Exhibit, San Francisco, CA, Aug,
2008.

Chase, “Maximizing
Motorway Capacity Through Hard Shoulder
The

Transportation Journal, vol. 2, pp.7-18, 2008.
[19] Highway Agency, Active Traffic Management
(ATM) Project M42 Junctions 3A-7, 2004.

Olyott, S.C,,
Control ~ System  for
Reducing Congestion Through Innovation”,
Presented at the 12th ITS World Congress, San
Francisco, CA, Nov, 2005.

[21] Federal Highway Administration, Active Traffic
Management: The Next Step in Congestion

[18] P. and Avineri, E.,

Running: UK  Perspective”, Open

[20] “Active Traffic Management

English Motorways.

Management, 2007.

[22] Havinoviski, G.N., “Active Traffic Management
Around the World: Lessons for Virginia”,
Presented at ITS Virginia Annual Conference,
Richmond, VA, May, 2011.

[23] DeGaspari, M., Jin P.J., Wall W.J., and Walton
CM. “Effect of Active Traffic Management on
Travel Time Reliability: Case Study of I-5 in
Seattle” Presented at the 92th Annual Meeting
of the Board,

Transportation ~ Research

Washington, D.C., Jan, 2013.

[24] Sripathi, HK., “Active Traffic Management and
Integrated Corridor Management: Concept to
Reality in Virginia”, Presented at the 92th
Annual Meeting of the Transportation Research
Board, Washington, D.C., Jan, 2013.

Francis, C. “I-66 Active Traffic Management
Initiative”, Presented at ITS Virginia Annual
Conference, May, 2011.

[26] Haboian, AK., Freeway management strategies,

[25]

Executive Summary, Parsons Brinckerhoff, 1993.
MacCalden, M.S.,
Francisco-Oakland Bay Bridge, To Optimize

Traffic Flow, 1985.
[28] Saita, K., Fumitaka, K., Masashi, O., and Takehiko,
D., “Establishment of HEROINE Hanshin

Expressway Real-time Observation-based &

[27] Metering  The San

Integrated Network Evaluator”, Presented at
the 9th ITS World Congress, Chicago, IL, Oct,
2002.
Takehiko, Y., Okushima, M., Uno, N., and
Daito, T., “Evaluation of On Ramp Metering
Hanshin  Expressway Using Traffic
simulator (HEROINE)”, Presented at 9th ITS
World Congress, Chicago, Oct, 2002.
Im, JW, Yoon, J.Y., LEE, EE, and Kim
KM, “A Study of Expressway Tollbooth
Metering Effect”, The Journal of the Korea
Institute of Intelligent Transportation Systems,
vol. 10, no. 4, pp.1-10, Aug, 2011.
[31] Institute of Transportation Studies, FREQSPE:
A Freeway Corridor Simulation and Ramp

[29]

on

(30]

Metering Optimization Model, University of
California, Berkeley, 1985.

10 RA=TSYR|==T|

127, TH22(2013H 48)



‘ WA )

A 9 A (Jeong, Youngje)

2011 3€ ~ & A MEAHUNTN wEFE AFus
2011 29 e alEE st} Hhat

2006 29 : ASAIHEt Y wEF 8k AAt

e-mail : sleepl08 @hanmail.net

A=A : 02-2210-2671

72 9 #F (Kim, Youngchan)

1996 ~ @ A ASAEAN S wEFEH wg
1996 : HAWSw wEFH us

1993 : T2EMAFHS] A7 A7

1991 : wE/NEATY AT

1990 : Texas A&M University 53-8t} HA}
e-mail : yckimm@uos.ac.kr

A : 02-2210-2768

o] & 2 (Lee, Seungjun)

20033 7¥ ~ A : IFEEFA EEUEATY AJATY
2002 8¢ : MEAHUE N EAFEH BN aEF 8 HF)
1998'd 2¢€ : A&disty EEFET AN aEEE M)

e-mail : samuellee @ex.co.kr
A=A 1 031-371-3427

Vol.12 No.2(2013. 4) The Journal of The Korea Institute of Intelligent Transport Systems 11



