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A Study on the Operation Boundary of Ramp Metering System
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Abstract

The ramp metering strategy is one of the effective ways to solve the freeway traffic congestion in peak time periods. The
study was initiated with assurance that the traffic conditions of ramp and mainline that mitigate the congestion would exist. Under
the moderate traffic volume levels, ramp metering is expected to improve the quality of freeway operation. To derive a range of
traffic condition, three operation strategies(Do nothing, ramp metering, minimum ramp control) were set up and the ALINEA
algorithm was implemented with microscopic traffic simulator “VISSIM”. The volumes of mainline and ramp are key parameters
for the simulation scenarios. Measures of effectiveness for the study include mainline density and average vehicle speed.
Operation boundaries in terms of traffic volume were proposed for operating ramp metering strategy. The results show that under
the proposed traffic conditions the ramp metering was more successful to increase average vehicle speeds. Traffic controls under
the operation boundaries of traffic levels give significant effects for density and average vehicle speed. The outcomes of this
study would be useful to improve the performance of ramp metering strategies.
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(Table 1) Developments of freeway ramp metering systems
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(Table 2) Level of service for freeway basic
section and ramp

9 & (pepkmpl
) & 5= (pepkmpl)
7| B THEAD) a4z
A <6 <6
B <10 <12
C <14 <17
D <19 <2
E <28 >22
F >28 S x5

(£ 3) M AZ2F0f| mME J|E DS Mu[AFE
(Table 3) Base volume and level of service by
number of freeway lanes

BA 25 | 71F asFA) | Mz FE

2 2,650 (1,325/3+=) D

3 4250 (1,417/3+2) D

4 5,850 (1,463/3+2) D

5 7,450 (1,490/2+2) D

6 9.050 (1,508/2+=) D
H 2 5 FES T2 A B2 9 aFgxddd
A AAHZ Muls FES FASEA E24 A2
of AT e AHE AFFo] FHstelet 7Y
He 5FES Judie Aoz AYAe 9
71E dAsted TS vAe LAR B 4tk
MUl FFS A ~F 2 FE AAEE u%
Fol| e T2 o] o] Al 27l tste] Ao 3}
ek dubF o g n&ER BH MHXA FF
S EUEE aRHEE o]&ste wdsith <E 2>
of B&EET 7B AFARY U] WE A
25ZS AAF A <E 3>olE BA Fzsd] g2
7NE WEFY Mulx FEE AAEAL B AT
HE Hrd FFEEE HrANEE AFsu
UEE o] g3t MulagEd 144 9998 &
Zaled AMEEAY Bee YT o 9
€ A5 g vEiy 1452 B o
A SHA G5 AFTe] AYE U § Qe
NFolth =2 A Muls 30 o) ddz o
Al RS SRHEE o83t d4dZe 7|ET

M10F, M2=2(2011H 48))



2 A2siA Ao

3. =9 Mo 2HIIE

9]0l AAo] L9r)FEL AuRW nZo
“Ramp Management and Control Handbook™ol] ¥4+
L8 IEHEER YA} A& VFo] &, WF

&, AhaLe ol ofs 24 =Hu9l.

1T

o WEEF O] HEA] &7} 48knyh o] T3E
» B10] wEF] 1,200 ~ 1,500 THAYARE Q) T2

WEFL <¥ 459} 2o z}fu A9 ﬂ%%hﬂ
900 ~ 1200t)/A1 & ZFeh= Aeole IPAAE
AN S o) FQE A AFF 7] F7He] %%61

ﬂilﬂ‘ﬂok %E}. ulEe dfElEy FolM =
Ao} &

2~ FFLOS)S

c a8 Igo] Fd Pzol vla) B A%

c@E Fe] OFE £AE, AL, B
A, £EA7)F o2 Qg HwkEZF F3o]
24T A5

sz} FRY A FF A2 wEFo] 2,100
WA o A

o 24 wEF tgk 71E0l SFHE A5

o > O =
. Ag4Ale] +999 25 AT
w949

1. TN HE 2Hdd9 HH

SRR IR
B AT NE BA) Ak £%0] A, Bol1
F74e] Agap] ANHR =AM AYHY @
EOI:}J::_ \1:%-;(] OJ—o}_ E}ﬂoﬂ = 0:161:2. u];‘(];(] ok
$oln AQAole AA 8] BPaG AA

% 9Tk EF LOS F ol N 2
7ke] ol Y& A3 Aol Fao] ol
o g AAelE AA & F e dele

(F 4) =9l Zvts usx
(Table 4) Possible entry volume for number of
ramp lanes (E 5) ZIQN0] 2% «dof MA
(Table 5) Ramp operation by level of service in
AdA=Z | AYbs A9 &% freeway
Aes |wsF iy T (/D)
240~900 | 1t) QSY=4) 900 i Eackils
1 20 o1 Mul& 2 A, B Aol E48
207200 gy | H100T1200 AWz 5% C, D, B Aol Be
2 400~1,700 | 10/=2/2 | 1,600~1,700 AH|2 $F F A HAi 3t

Vol.10 No.2(2011. 4)

The Journal of The Korea Institute of Intelligent Transport Systems 13



ofodod Mo

oo™ Eo

o3

%
re

__r!.

F 4 “H% E——} ﬂ%‘j’oko] I Ay e 7 &%
& dold FUE olr] =29 /)5S thtu 97
2@ geolEz AFAYL HAxsallol Bt
QAL BAe BEF] F71H0) Bl
A%EE AR TRl 1Y A5H nEFS
Hagstel nEEE LAY EF F4e dgeke
A2 ovign

(3
oyt W o
o % org
ot

i

XN,
oo IN &2 o L mx
I O A e v

N e oox

ool

Lo
e
X
U
=

q

NoxR R
im&r{m
ok rp
4o 2
BN
rr
ofj
(@)}

g
m&—u

2 A
e
e 2 i
ROHOS
(98]

2 M
i

4
4%
o 2
ot

9
e

IkmZ AAsH o
NP2t d28=H=

59 570 o

U
2
o
Hu
fru
4z
)

A

N

Skm

=2

o

191 Aole] 2571

oft ofr rx

! ol of #

12 L

Of
RN E

(RN

¢

El o

o

do do xo
o ol

-

o

R

SA7F 0%, FAF] W& 5%, EY 5% E F
s

10%2 FREEE A0

AJAAE AAE7] st B A2HEE
2m AA7] 370, 9AEE 5m AA7] 1S A
Hom ZJA o] WHS ALINEA ¢aElE5S H&
ato] B8 35T ALINEAZ 5L 1991
A M.Papageorgiou®]l 2J3l 12t Ao} &g
FO2 1&EF FFFY FFelA ST AH

N Foltt.

&5 ol&std M &S ZAse day
MEEES A A vEE

FolA 49

Aigol os) 28HH, =34
(Kn) %3 2% 7 --8-(Target Occupancy)S dHb# o
2 Z¥7ZF 10~100 vph, 13~25%< WS 7FATh
Papageorgiou(1997)[1]9] ATollA ZAdFiS

70

vph, SXHFEE 18%2 AT wf Ao ARy}
AT2(2006)[10-1118  AF, Z3A
(2008)[5]¢] ATFANME o]g} Te S 2‘#%0}04

ciQOJ7’

BASGT & AN 2

5
Ao AAgoz AL 5 0401::1’ 7} §q_

o wet AHRe =23t

AAE AEGolA L =7
AAY, FHEY
3l

ol &9 7124A

488 gol

(E 6) AlEefold =A
(Table 6) Simulation study conditions

g = = 2
A2 E 3.5m
24 A% 3212
225
AZ= 2=
A= .
wagel | Aqy e [ o120
3} : 2,500m
ARd4d=
2101 1,000m
Ll 2,000 ~ 5,000 th/A]
=uE Y
dd= 300 ~ 900 /Al
A& 100km/h (34} : 10km/h)
dE= 1
Astes 50km/h (&2} : 10km/h)
=&t 90%
A3 H] . 10%
A
W2 5%, EY 5%)
R Wied Car-Following Model 99
o 65] ledemann (ar-Fo OW]Ilg C!
Target Occupancy 0.18
kr 70
Aoy | NMinimum 240
21 Metering Rate
Maximum
Metering Rate 200
Green Interval(sec) 2.0

14 PA=TSYULY=EN|

M10F, M2=2(2011H 48))



gl
o
e
<2
Al
o
Il
ot
Rl
Il
I}
Ho
o
02
12
nx
0x
=2
il
o
2
-

3. ALzl T4 F&o] 5000tH/A] & W= A wFZFo] 700th/A
. I 0 BY&w Z71Fo] 27 vebuith
24461 AlEGold 2AEL Jwog wEH MH|2 o HAAT WA 4EH Az
oﬂ H}E} X?:] Xﬂ(ﬂ'o’] ‘1‘%037]"5‘ ogg‘lj% u‘j_—%a‘]— 7]_ A, B O] U:H\_ ﬁo X‘“(ﬂ7]— %E—é& '6‘]—131, }‘iﬂ]—/—\—
7] st BEX wEZHLS 2,000, 2,500, 3

4,000, 4,500, 5,000 Th/AE, 219] WE =L 300, 500,
700, 900]:]']/}\]i /\—I;Q 0}0:1 1‘]‘4"2]9— :I'L}B]—S]'%iqi }\1]:]]/\ AZO] F7]‘ 5]1—4_
AgA] 4 A F2 o] EA319, B4 . e

AR VESNZ) Mulz 5
AR 1RO 2 AT owE zAs Foo} o

=

MNP
o
ss]
ox
u}
=
k1

A
F ol 2,500th/A101a, I A%
V. AsdAle] £97bsdd 23 24 gl se00ta0ln, A wEFo] 300-90
A, BAREY 3500 o), AG TG
A3 AY wsF s v 24 Avge 300, 500412 AS AQAol7} Bag Row B
S sl AER APA FALIS EEWT ygan o arze vy gRRe wEYe
A% EHARE Ue, BTEEL ARIAE D 2o 25000 st 9 Aol w7
E5F AWEEE AAARL 8D WS WA g2 2g a9} 1 Qe AYAC wae,
o1 FYFEAS gl SHORL AUV Y 9o 99 A28 Pz el TASSAn:
BT DU A ALE AEHAE <V 1> py Do ae meae] sro] 320004 Hg
Bogol BH ARV BH AR AW [ w e emmel Aus szo] 10 A
Ao F B4 202 GRE AYANE SIIAE  § opgm qEea A8 AL ol 10§ O
sk glem FAHIG B4 WEH o ygi gegn, mew ) AEs 5ol
2000-30008H%] & ¥ B AQ0S00H B yann waxge sl 4 A b @ e
o WS Ws} Fol B A RN O B Lol ot wwe g Aoe seed e
A AEE ofFl sk AdEel =T AIRE - 401 moa gge 2ag A9 w5 ol
Aebh Mg 99 Ry HoHE AR AL oy oonyagh HE A9 49 2 4 Aok ol
shate] 2l AdR) MRS HEAAFEAN o ng gmn dnme Aus £2E 108 C,
of Hdg Ao AT BUTLOR AN E [ p o ymuon yegm @4 94 DS EY
© Bk wEdel S/ A% AW LR oo aqael Heg meeor s A
d3e) Bbh gasEA AACE ABARE o L so 4oo0At U ASee
PR He EERn UGN A8 Mawor g s egze el se] o] F AHe
Hasan(002)2]9) 179} Quhal Hpolck e
ATEEE AYANE LD AAL AR 0 o 400y S AGLE D2 a A
AN A BT AR o} 15%9 AVER oo bl =i amo gou olgel BT
7F e ALR <Oy 2>9F o] YEETh E3, 2T} 50kmAlolE B nXE ARl vebgc
2y wEgs A9 w22 we A o el wae ge dds = 2 2 4
=7hHE ARG 4 ATl 200000 D Sne) guias sz0] B} H ARE A2 o
HE ] A S AVE R ASE E o) gy maed 2oE < 13 < 8ol A
AEgtert B EFel 300094, 40005 g9y o) ojgata WAl £ s 3
Qe A wEFel 004 U WA, BA @

S <3 3>9 AAEA.

Vol.10 No.2(2011. 4) The Journal of The Korea Institute of Intelligent Transport Systems 15



2

RYURO| Fe M Al MY 2R Mol B 47

(|

24 S S 2,0000H/A 2H SAWNEZ 3,0000H/Al
AEED G EEE I ER EE=CS TR R = MR TOE ASE WS 52 HOH "GEE HMoE
CH/km CH/km
60 60 1
50 50
40 40
30 30
20 20
0 | 0 e |
300 500 700 900 300 500 700 900
ik X E et HYuEse
hiks Et‘ SA WS 4,000C4/AI 24 S NS 5,0000H/A
AR MOT AL WOIT USRS WOIH 16155 M0IT A2 HHE A2 HHS 96125 MOE 9525 Mo
CH/km CH/kmn
60 60
50 -1 50
10 40
30 30
20 20
10 10
o L . | . .
300 500 700 900 300 500 700 900
T E 2 oW e
(ag 1) Mo Mg M/Fo| U iz}
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100 100
80 80 1
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Hoynsat Hepse

(g 2) TUMo M8 M/Fo| EYHKE Hs)
(Fig. 2> Travel speed before and after ramp metering
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(Table 7) Results of measures of effectiveness(Density)

&4 A 2A AR 24 R Z]4=z ES] A 2
EY | wEF - | eqan
@A) | @Ay | AR | Aol | Aol | AolE | AolA | AolFE | Aot | Aeix | P
300 6(A) | 6(A |10B |10B | 6QA) | 6QA) | 7B | 7 ®) 0 Aol EFg
500 6(A) |6 |130©|13©O|10®B |10B|9B |9® 0 Aol B
2000 700 6(A) | 6QA) |15M |15D)|14(@©) |14 (@© |11 () | 11 (O 0 Aol £ZQ
900 6(A) | 6(A |18M) | 18D |19M) |19D) |13 |14@©C) | -8 Aol BEFg
300 8B | 8(B) |14 | 14O | 6@A | 6QA) |10B |10®B | O Aol B
500 8MB) | 8B |[17M | 17D |10® | 10B) | 12 (C) | 12 (C 0 Aol £Z8
230 700 | 8®B) | 8(B) |[20(B) |20(® |14©) | 150 |14© |14© | 0 Aol BAg
900 8M) | 8B |2® | 22 ® | 19D |30@® |16D) |17M | -6 Aol Ha
300 | 11(©)|10B) |19M) | 19D |[5A) | 6QA) |[14© |14(@C | 0 Aol o
500 [11(C)|11(© |22@® |2® [10©) |130© |16D |16MD | 0 Aol Bea
3000 700 11(C)|11(C) |24 @E) | 23®) |15D) | 59 E) | 18 D) | 21 (B) | - 17 Aol Ha
900 | 14(C) |11 (C) |[25(B) [24(®B) |56 ® |79E® |23 ® |23 ® | 0 Aol o
300 |20(B) [20(B) [25®) |24 ® | 54 |[13© |21 ® |21® | 0 Aol Bea
500 28 () |22 (E) | 26 B) | 26 (B) | 10 B) | 66 (B) | 25 (E) | 26 (E) | - 4 Aol Ha
0 700 [ 36 @F) |22 () | 26(E) | 26@E |21 D) | 0E |[29F |27 ® | 7 A9} Hx3
900 |40 (F) |21 (B) | 25 () | 26 (B) | 65 () |107 (B)| 35 (F) | 27 B) | 24 | A%} HAxs}
300 35(F) | 33@F |26@ |26E | 50A) [34E |29F | 29 @ 0 A9 HAa3)
500 |42@® |35@F [27® [26E |10B) |88E |20 |30 | -3 | A4 H23
0 700 |48 (F) | 35(F) | 26 () |26 () | 14 (C) [104 B) | 34 (F) [ 33 ® | 3 FACI e B
900 52(F) | 35@F [25@®) | 27®) | 57 ® |112 E)| 39 F | 34 © 13 A9 Ha3}
300 [36@® |34® |26E® |27 [5QA) |26 |90 300 | -3 | 34 A28
500 [43(F) |36F |[27(6) |26® [10B |B® |2E |36 | -2 | 3 A2
0 700 |49 (F) | 36 (F) | 26 (B) | 27 (E) | 14 (C) | 108 (B) | 34 (F) | 34 B | 0 29 Ha3)
900 |50® |35® [25® [27® | 65® |1I5@® 390 |34 @® | 13 | A9 H23
300 |36 | 34F) [27® |[26® | 5(A) |31 ® |[30F | 29F | 3 FACI e B
500 43@F [M4® [276® 276 |10B |9%E |32F |33F | -3 | A4 323
00 700 | 50® | 35@F [26@) [27 (@) | 14(©) |[10E) |34 @ |34 F | 0 A9} Hx3}
900 |51 (F) |36 (F) |26(E) |27 (® | 65@C) |14 E®) |40 F |34 ® | 15 | 3 A3}
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(Table 8) Results of measures of effectiveness(Average speed)

24 A BY ARR BA sy A= HEY 2 N
LIS W e fs = qu_
wEF | uTHF
RGN I T I T . - N . . T I A
300 100.5 100.5 714 70.2 502 50.3 82.6 82 -1
500 100.5 100.5 61.3 60.9 49.4 49.1 75.7 75.5 0
2,000
700 100.5 100.5 57.0 572 48.8 4382 719 719 0
900 100.4 100.5 538 53.6 47.6 46.4 68.8 68.5 0
300 99.6 99.6 63.4 63.3 50.2 49.8 78.7 78.7 0
500 99.4 99.4 56.5 56.3 494 475 3.7 734 0
2,500
700 99.1 99.0 52.6 529 438.8 45.1 70.2 70 0
900 98.8 99.0 49.6 50.0 47.6 30.0 673 65.3 -3
300 89.9 90.9 56.3 554 502 44.1 713 71.1 0
500 89.3 89.8 50.5 50.9 493 37.1 67 66.6 -1
3,000
700 74.6 882 4383 50.1 46.6 104 589 62.6 6
900 66.9 883 47.0 479 143 83 514 61 16
300 55.1 54.8 475 485 50.2 23.1 51.1 50.4 -1
500 393 514 453 46.0 493 6.2 429 46.2 7
3,500
700 28.5 50.0 454 45.5 321 4.8 37 45.1 18
900 255 543 46.8 455 11.6 3.6 344 473 27
300 320 34.8 453 459 502 8.6 393 392 0
500 259 322 449 45.7 493 4.0 36.8 374 2
4,000
700 212 329 46.0 46.0 20.1 32 34 379 10
900 19.0 322 46.7 435 142 29 32 36.4 12
300 31.1 334 46.3 444 50.2 9.1 39.3 37.8 -4
500 249 319 45.0 46.6 493 3.8 36.4 377 3
4,500
700 20.5 322 453 45.0 45.7 29 35 372 6
900 20.0 327 46.9 44.0 11.6 2.6 322 37 13
300 312 335 44.7 46.4 50.2 9.5 38.6 38.8 1
500 249 334 443 442 493 34 36.1 373 3
5,000
700 202 327 459 44.8 47.5 2.8 354 374 5
900 194 31.8 46.6 449 12.0 2.7 31.9 37 14

18 QUZTSYR=2TY TI103, 2220114 49)
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