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Estimation of Hi-pass Traffic Dispersion Rates
to Determine The Optimal Location of Hi-pass Lanes at A Toll Plaza
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Abstract

Since the percentage of vehicles equipped with Hi-pass, an electronic toll collecting device, has increased rapidly, it is very
crucial to determine the optimal location of Hi-pass lanes at a toll plaza in terms of traffic control and operation. In this study,
the appropriateness of existing Hi-pass lanes of a toll plaza is evaluated considering its physical geometry and traffic
characteristics. A new evaluating criterion called “traffic dispersion rate” is developed in order to measure the level of traffic
spreading across the toll booth lanes at a toll plaza. Logistic regression models are constructed to estimate the relationship
between the traffic dispersion rate and its affecting variables. The model estimation results show that several variables including
Hi-pass lane traffic volume, length of toll plaza, entering/exiting taper lengths, and locations of Hi-pass lanes. The results also
suggest that traffic dispersion rate can be increased by adjusting the location of Hi-pass lanes. The study enables us to quantify
traffic dispersion rate which can be used to optimize the location and operation of Hi-pass lanes at toll plazas.
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* 3R @RER A}

= AR PTERLFA ERuFATSY $HATY
orx BAA © ofF R WEA B B
Sk E_/‘\_]_xix]_ o}_l,q]al—ﬁ E_E}\])\E‘ﬂ.:_ﬁ]—jq. er_:‘,:

t o] =S AASHN ST Y ISR S AFA T A DS wol FaE AT (NRF-2010-0029447 31 NRF-2010-0029451)
T OEREHSY ;20139 079 239
T =EAAY ;20139 07€ 30
T AANZAEL ;20133 082 129



V& 2o|A YW dlolgA wEFLS 20074
129 A= gpelgi AF A <F 507 A
2013\ 29 71F oF 129 E Z7tetglon, ol
2 o] &ELS AEER o] &ATFY 57.3% G
ol QITH1]. stoluiz~ Ut o]g-Fo] 2008

e gui7lE ZAelga, uEEE o] &xtEko)
57% ol’do] stolijaE o] &stal Q= AlFelA
&3 wFEF FAVF YIEE AWFQL sto| )
2 gl #g AHEF asith o]FolA stol
2~ 22 AA wjx] A= 7P T8 o)4re]
™, o] dlolfaatg2rt i UL EA 2
23] WX = A Fatd stoldf = AFE

AzWAol, 54 solslz F=o] 2t @Y
of Waste] 4P B 2 I BAY &

917] W]tk

71E A2 9HE ARy, T2 P
o8 9% 12 WS gHoE §y, AEY=
7} GAx9) e RAHE Fde| AR
fEsta ok 28y A o4d 2 =2 J)3rE
Fejol wet 2 dYP4E wE EAol 27| &
of o 2]l *@o] 2z BAEY, B35 &) w)
A o] Hgdvtel] e AHES sfoF & A1
olth, WA E dAdME nEFo] g F3 &

F slolafjA 2R
‘EF“O‘V‘H Hj -5 o]
g A dE q4RE
Fhartet i E s
o] o]&HA=TIE HIHE & U= ol
“WFF42HE(TDR: Traffic Dispersion Rate)"©] &
7HARE NEHAtE. TDRE sfo]dfjx 2t2H
A o] &ulFFE 27t F3 o, F stol =
ol sfolgj s AZo HEIHA HiET w

747k {3 o2 vhe o=, 19 7H7t

)
2 Sz A2 o FRIE HolE A

sols) 2 Aol

o]%s].v_ﬂ.ﬁ ZAgo g A

:0;
pz
i_,

X
_QL
_Q
)
X

01__

Oft
E
o

»
_>‘J_,

!

=2
I

ol
=

lokn

N

]_

Fm
o m

Jh
E T oi“u off oft I¥

o
i\

o
H
=)

WSS AEE ol FEE dehle Axol
o). =3 TDRY| JFS F= F2 Auuse, 93
d& B 2 Vlerx, AEY 927 54, 1%
574, AZuA 88 Sl AL F3 TDR
& FYshs 3FARYS ALt 53] TDRE
02 1AFel e} Aeghs 7Rl HER, 15 49
Z dke 2A2Y F4 FHo] JAHE AHEle
Aol b A4 Aoz Aol o5 A%
o £ A7Ads ol s A2 d5d wEH
S f=sty] s oiwd 290s 2o 8t
=7, 53] WA AAE oJ9A A oF sh=AE
g & e 24 =72 88 7HsE Aot

Bac(2011)& TEEZ ETC #o] ajoluj2 3}
£ o]&317] 98l AdEE WAARIAFE HA
ststr] Ak AZujA| Ho“ﬁ%% AbetAct 12
v A ol sl 7zt case vtk AAEHA S
£ A%t Fske WA o, ol FEFHoE A
AglstA= EatHtH2]. Emmanuel et al.(2005)
71 E4s o838t AR L FHTFAIZH
(Electronic Toll Collection System: ETCS) *}2<}
gt #3524 8534 (Manual Toll Collection) =t
2X A7 AEste we@Fe HEol a54i X
Y BAFAAY A FEe Ve TS
AAleter. Fejde] F§ “E-PASS” HIAE=R
ETC57} 953 e, ETCS 229 S/ 3
A9 A AMYugFs F7HA7A, olEs |
’E}O] E-PASS ERES S7M7Ie o2 43
S TH3]. Wong et al.2006)> ETCS 2 ShH3EA|
gantry QPR AX] 5ol toll plazadlA WFEE
7 kAo FEs FeAd tig dRE +4
‘:}. A2 A-TE vagh A3 A2 $ A2 HAE
< 23% P, AF3ee =
38% % Zaste ASZ YElITH4]. Polus and
Reshetnik(1997) 944 F4H 229 43
3

04

T

o] ArIZ: ST oleh S GuIET} Al G
e 7] o] 2R A7 2

to ©N o
r_l

o 8% 9P

Vol.12 No.4(2013. 8)

The Journal of The Korea Institute of Intelligent Transport Systems 23



asthn ANSEY A 07 A% A2 5,
Qi $54 23S A2 5 5L AAAGW)
X AL AE A ol §stel vlH £Y3

4% B3 AFHY A2 & T4 295

1 Lm0

R E ST £

“9—‘9-&7'0}3[41[‘

v LG K

Jo ot MO

© R o ff

Exg=

[l Y

K S T T e

oSy

11_]_1‘,), ﬂllﬂl:é\-ﬂ rEHU
m%}mm.ﬂ
Lﬂumoﬁz’H‘)kOQ
[ 1~>iroﬂ°lko‘1lio
HOUU?RULIH“(D
QRP>LO§,Z'—P
og;jg_]lm‘hnqn?_"
r:‘:—lﬂﬂ',l—;d’g

£® 3T SE

m > >

flo =
=
&
R
oft
ok
a3
Lo
2

Kuf
o2
e
ofk
=
lo
fo
ol

B 2

Ao !

of o

FHWA(2008) HiAdAE 1552
A ol w2 ETCS A&9 Hl |

£ FYtt 15T 94
g oHHNA HEe AAE e, <t
% ETCS A2 wjx]o] &8 4 e A=W
FFHGoNMY FF QA Aol e Mk
Zo g $3act. ETCS 22 x| HHoto
FPE O JYPh F=AE0)| ETCS A2E
ok 3, I&, 19 JdA4z &= E o
ZA o] A% ETCS A2E Jg4 H=3
220l AAsjof drial AAEIAL B3, =
R

FAHE, HEAAE 5 A A 2 F

oL
s
S

2
-,

ds) st AN, w2 ehl R A
& 9Ya A BANARE o)Foldor Brtu
Z39e). 53] ETCS 429 Qi £54 27

o
.
%
& Ame ERsse gelHom RAAG ¢
7
KN
=
—é—_]._

rx Mo oX

BN
ol
2

7). Horiguchi et al.((2009)= A]E# ©]
E3} near-miss #2402 ETCS AX|x27} o]y
@ 2F3 GRZEAN DS

T

A ASHATE ETCS XF2 vix] Weks AAshr] $3)

=

.
©

ol A& FAsE 71&E o] &3l Al
A& ook AEAT olFHHE o] &3}

ﬂ){_"
fil
ofN P & fu B
o
tilo
p‘L
—g rir
A f{%
L il
b
o
Ko
e
v
S
8
oy
2
i

A
N
Fo

AQOIT)E Bfols)2 o] 888 o
A B A7 24 A%

A ERIA G} ZE T A 1A AR
3
5

o%
tlo
=
ro

o

>

)

)

N

N

2

I

b1

o

e

ol

=

o

oo

B o

N oo N

4 M Lo ﬁw; fr

ot o o
flo o2 :

oo
i)
fu
X
=
I
ot
P,lt
[>

IN o2

1 ete.)

-

P

‘
==

0o e o ot % rlo o

N
ey
N
N
o
N
N
iy
rlo
pay
E & jo o —
BB
m

re
-
4
1%
9‘15
=&
>
>
oo
i to
<)
>
floi
b
fr

o

74kn/hr, FT
2 A3 o|AAYE

445m, 370mo]1 F+YE 280m
40z A, F4¢
A= ATH10].

3. 17 AN U e
ETCS zZ AHA 2 &9 #d £d 2 a4 &

[¢]
NE AE A, soldlz A2 ojHA WA -
et 99adl 2% 2 okdd 97d o

tlo o2

Fe oz

2 )57t whe), sholux o]
29 o]gFo] A WIS & &

Aok B3] A4 slolujx (2 AA 7FL, 3

2 A2 o8 wFEo] AHg Bkl fE

O 0 oo it o Mo o2

24 QARTSAR=EN

127, M42(2013H 88)



O
o
k>
ol
)
:l.:=|
[>
>
HU
£
i
ﬁ
ikl
ot
i
do
o
ol
=)
:l.:=|

}
Rall
o
El
ofm
Ao
>
MHo
4
0x

Heslel dg BEntE, 1222 gt 3

B9l Tl A2Wgo

o Hxde) BeH AFVE AT Aok
wepa sjolsle AE o gl AEo| 9

Q12 20 Wek oW W3S

1% AP W 27 JFE FE B

I
bl
# 247k 9, olel® 2k S0 45 BAT T

>,
b
i
N
&
k1
A
e
L
_>‘.1_1‘
(o,

—_
i
2
Q'L
=]
El
=
>
z
Pl
0z
L

- =

SAFoz AR HEHL 3
2 228 A] 7)Ee] s AES)
7V 71BAQ 5o AR £8 1A2E
olg| A~} Al A BTFOZH, o] TAL Hu 3
Hale Aot} weha] stolsj2 apZujx])o] A1
& 1AZ(HZ) Hipass AZE 7|Bo g AX
atal o]&-Fo| ZUIe wet Az 2 ) A
=2 g gtk 2 dPilM 7 9F

2
i
ol
o

12 Az o) AAU(L,, L)t #E
A%, 3 BEAYRAWE AR o2l 4R

R 2E ATE 9542 0Y 450

A2E 42 B A%, AFY AFE0) F4% A=
WEE A :
AzwgoR A3 AA WA AP FE b5

A= Aot spolgf & o] g-E0] 50%E Z2Ishd

A AEER F ko] stolua A}ak

wjo] sfolujx EAAIR] i LAY WA
o

Fh4& a5 o

o2
e
o
i
4
39,
)

2. 3 SO|MAXY uSEME

stolsf 2 teko] of2] 7| stol i ARE =
T O] EEE AR HiXE e Aol 7 o)
2R AZujA Y Aeltk. wgbA o]& A3 9l
8] TDRo|Zhs ARE /et o, ok (2 1)%

11z

TDR = ——— (1

114,
o}7]4, TDR = slo|sj a3 wEHat&
n = Spouj XES
7 = Sl sz ;9] o) §IE(T/A)
_ Sl AR wEE(dl/Al)

o w) AhFS 2 Dried7|A mE stolglx i3}
2o xe] mEH). o]at W47} oJHI 2ju]E 1A

Vol.12 No.4(2013. 8)

The Journal of The Korea Institute of Intelligent Transport Systems 25



Al
o2
>
=
=2
P,l
(o3
=
[>
El

Hﬂ
o
o
(O8]
8
=2
0
R
N

L
=
[t
X
M
9‘1«,
rir
M
o
jur]
z
o
Y
ruo(
pay
o
oo
H

3}z
e Eﬂl HM%E}‘?‘;, 10 747k
FAE el Ao, Az o] §HApt A% 4
Foll= 09 77 FA5 HEpd Aot

olg nE ]

slelgfj 2~ 2k27} 370, aFEFe] 300tH] 75
AzEz Zbz 200, 50WH, 50tH7b o] &-stohH

200 > 50 % 50 R .

VR OUROU PR =L ohok

100 < 100 100 05% AT wef 2

23 wEo| 1200, 100t, 80tHS) 7% TDRL
120 % 100 < 80 ‘

v 120x100x80 o001 mry mae 4
100 < 100 100 _096°1 AT FAel A7

ART Y 12 BEE Holr, o] 4&¥ TDRS

53l dgdoz fdHA Ak

TDR&

3. EX|AE 3|74

](loglstlc curve)
Ro| 53} o] 34 03} 1Atolo] EA
, B ol AR A 5

=
W9l AR AT 5 ] BEol

S Nk ok o
= rr _‘g 2 l"_>L
o 4T
e & 5
e
o
d
1-' FUIO
e
oo
gl',
K
D)
o
£
o
Ir
2

o %
2
=
tilo

>, ol

25
fr

g

skat, atolsfx ulE
Ag] 5 TDRel &k
WHEE st ZA2E 3
R°ﬂ FIFES FE o™ a%1o
Xy, Xo, v+, XaBFAL S}, 24
2)9F 2ol EPATh

oty

Z3},

g

4 ANt

[ Ht > o o
tlo
-
o

Hu}
b J
OA
1
>

T T ep(f, 5 X, B, Tt 5,X,)
)

A7, 5, : WA

X, k‘ﬂﬁﬂ‘é Ha

A7N (4 9T AFSA] A3 13 WL 3
® okdlel ANE (4 3)o] FAL el7lo] 2%
A3 A3 (4 47 FAAT oln) (4 HE
Quk AYIAAY £4A APuse e
4% 4 A Bk

s

1
TDR_ 1= eXp(ﬁ() +51‘Xl +52‘X2 + +ﬁk‘XL)

©)

—1) =6+ X + 5K, ++ B,

Q)

o

o H

2

ok

X

A

o>

i

— I

Ju

X

N

X

)

=

o

r =
e F o
i ot == of

Bl oo rE mu Jm of

o
ol

ol
o

{
2
&
2

¢

ML N oy
P oox o o
2
2y
o
L
T
12
o=,
ol
Ol
fd
30,
2
N
fru
)
)

26 VATV

127, M42(2013H 88)



W i
X
(O8]
(e}
e
X
—_
[e's]
>
r:l

A Hleld & = 1370
Y - 2TH)=14,04070 2 ?:_liHP_i %%6‘}%‘@.
stolgj~ AEW 1L

of
ol
It
M
e

I

42013 97 °ﬂ w}a} FFE Wi 2 Aol ne}
H TOR $2& ﬂéﬂ e T A s

N
N
el
-
FA
Am
0x
rE

ol
S
[>
)
i

LI IS
2 of
fl o

3,

N

riy

o2

ot

tlo

e rr

fo
ro,
o
fru
Ir
ro,
N

pacy

-

£

s

i)
Lo
of
e o}
o
)
9
i)
2

o
o
=2
rr
™
fru

& o

w2 oon i o

9

(

o rl
8 o o E
=
o

- oo
ol
v
rir
_>|’]_'4
ol
By
ot
_>|’]_'4
frtl
B
o

ft ™ o
ol

2

4
X0,
N

&

=2

o, =

b

Y

ic)

il

AN

s
fob B

| 52

ol

1o

QL

rir

iﬁ-&

=5

MN o

At

AL

< o o
=) i)
3R o

N (o}

B o
:f. o o
- m_w
of B4 me T

o wm

m

> ‘10
ol
K
£
™
_>|~l_,
fru
5
L
N
2
i)
B
El
oft

3) AIZHHA| /X B

TDRY 7M¢ & o T
stola| 2~ 22u|X] YAH45Y Aot
slolsfj 2~ AFZujA] 93]

'
PIN |
PN |
|~
PN |
o~
PIN |
-~H
PIN |
'
'

LEft- hand

(a8 1) slo|mAXIZ 2|%]
(Fig. 1) Location of Hi-pass lanes

Right-hand

afol a2
2 Us F 3
M8 s, ?J%‘?JEQM 74?47} EE7

u| X)) £3t
Itk = BAE gdgads A% 2o dho|vx
227} WEA] wjx| o] glth o] wiel B AT
/q% olg|gl sjojsjA 2ol hE YA HWEES
R 240 ALgatgTh stolalxtz =)

% < okl (4 5)9F 2o, P P 2
HJ"]———E AT 5 9l
_ A% ujA ¥ Spo] w2 2
D= TSRS A ®)

(O8 2) 28420 2|15 MH He
{Fig. 2) Definition of physical design variables of a toll
plaza

X o|
o

Vol.12 No.4(2013. 8)

The Journal of The Korea Institute of Intelligent Transport Systems 27



2. 2 3

RS #45te 2A2Y HARE 75e)
A VA HBE WrEFe) FRUAT B4
A, o2 S8 HARY TE Ao THwWs
TDR¥} 5§ WFE He] #AE 7hsdl & & 3
o, o]& 3 TDR 542 2213 #4432l
20 TG Uk ARBAE Yehie 4
Al (coefficient of correlation)= F H#F X, Y A}

o
B\
o
=

=
=
=
=

ofr

o
2

=)

=
o K
i\
ol
=y
=

S
=
= =
QJ
<
o

(o yo)©l FARE W, FHAT(r,,)E o
6)% 2k

L
=

L B i) PR ©)

719, Y FHBATE UE e r>0, 29
AHBATL QL W r<00]H, o] M §l
& W= 00] Fth TDRA A #A|(+ F35)ol
A WERE BN 4o, AYA, AEA,
stolgf2s AZu)A] HSHE Fo] =EFHIUOH,
o]9]o] F booth =9} ol 224, ol
AZ WA FHHE T UFEY] SHHETFES &
o) AHAAE JeRA TDRY JaAS7 4

HAHOZ 2 WFE AHEY, 3tojd2 booth
F(-0556), FHZ A2 5(-0449), stolFH A2 v
THH (04422 A T2 57 WG5S v A
Aoz AAAA7 =& Ao EHHglon,

I AEMAN Fo3 HAFLER &8 st 2y
o] T2 =YW4SER TDRY HmA AABAE
3

SRS RYL 1AHoE FFHE 14,0407

sample AA5E 8384 13T o] F T oA
2+E 7Fse TDR FA X9} ASX|7te] Aol7t &
o] BMAS= o] 4R A7 24770 E A & HF
Ao & 11563719 AEE ARREY] 23 FAEA
S ATz (A 7)Y EFS =&

1
TDR o ﬂo + ﬁl VH+ ﬂZLP+ ﬂSLer + 54[/01' (7)
+ﬂSB+ ﬁSHL+ﬂ7P.W+ ﬁSPR

, = Sholsls S A HIE

Lp
L,
Lor
B
f, = ol A5 24
P]li
Py = Bol2AtE $Hu A&

24 o 2 1709 BHY JULE o)
Jo.2 3ol TOR 23 4% A%E <E 153}
; :

o
o
<
2
a
@,
g
g
to
)
oo
ol
o
4t
=
S

(E 1) 2¥ 821

(Table 1) Model estimation results

Var. Coeff. ESr trc(l).r t-value | p-value
Const. | -2.8992 106 | -27.445 .000
Vi -.0006 .000 | -29.450 .000
L, -.0016 .000 | -27.491 .000
Z, -.0008 .000 -7.503 .000
L, -.0014 .000 | -14.839 .000
B -1122 .004 | -26.983 .000
H, 1.7294 .022 | 77.259 .000
Py, 5.9338 .092 | 64.356 .000
P, 3.8437 141 | 27222 .000

R? = 0.503, Number of sample = 1,563
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