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ABSTRACT 

This paper develops an analysis framework, which is based on various road 
users’ choice behaviors, to evaluate cost-benefit on the highway electronic toll 
collection (ETC) system. The analysis framework also helps to determine the 
appropriate number of ETC lanes in a toll plaza. In addition, the equilibrium 
number of vehicles utilizing the ETC lanes can also be investigated. In general, 
road users choose to use the ETC lanes to shorten the delay time spent getting 
through the toll plaza. However, based on the numerical example proposed in 
this paper, approximately 13.95� of the ETC equipped vehicles used the manual 
charge lanes when the ETC lanes have become crowded. This result implies that 
analysis on lane arrangement in toll plaza is quite crucial for planning ETC 
system. Compared to the 5 manual charge lanes, this paper has also found that 
4A1M (4 Automatic ETC VI lanes & 1 manual charge lane) is the optimal lane 
allocation under the condition of the permanent traffic flow, lanes numbers and 
tools. 

Key Words���� Electronic toll collection (ETC); Cost-benefit; Highway toll 
station 
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�0��������(Automatic Vehicle Identification2AVI) gh�����Q��

����gh�����Y(Toll Plaza)M������2b�����YM���v

(service capacity)2mu V���¡��¢��YMQ£��¤ (throughput)$-.¥2

¡��¢Q£��Y���¤�����ghM/0#�¦2j����/0#�%}g

h§¨l©ª«¬b¨O­®¯�°±�¦$N²2	f�%}xq�³2~�(´%}

ghM/0#^µ¦l.^¶­®¯·¸�¢Mµ¹¦º$ 

£»¼½µ¦¾¿ (\] Chang [2]
^Chang [3]

^Foote [4]
^Nielsten [5] ¶ Kanaan [6]) XÀ

Á AVI �ÂÃ��Q�gh�0	����b�����YM���v2Ä�¥Å¾¿

Ms��LÆÇ2	VWÈ�É�������Y2�����vÊË 600Ì 850�ÍÎ
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�Í��2j/0����DÏ� AVIghM��YÐ�����vb�Z�Ì 1,400�

ÍÎ�Í��$�Ñ�����YO\2ÒÑ��ÓOÔ��É��2���vË 3,000 

(600Õ5) �ÍÎ�Ì 4,250 (850Õ5) �ÍÎ�ÖÒ×����ØOÙÚ��������

�ÛÚÔ��É����MtÜ2Ýw���vb�Z�Ì 4,600 (2Õ1,400Þ3Õ600) �

ÍÎ�Ì 5,350 (2Õ1,400Þ3Õ850)2��Ë 53� Ì 26� M���v$ 

ßj2�0��������àßb�����YM���v2m V�áâb��

��ãQ£�������¤2²äåMTU�������tÜ¶�¥æç (On Board 

Equipment, OBE) �/0#�¦2Â&bèéOCêëìíîï 

1. Ò����æç�/0# �2ÝNVW����¤�ðI2/VW��Mñòóv�

�2�¥������M/0#ôZ[2N²/õöÚ���ãQ£M��¤ô~p�

�$ 

2. Ò����æçM/0#£�2j	����MtÜ÷�ø�ùö2úû������

Mñòüj�£�É����ÖÒýæ����� OBEM��b�þ�Ø®�É��

���2!�k�VX�������MQ£��¤ap�y�O	2NOô
sT�

ýæ AVIæçM/0�D���Q£M��¤$ 

N²2Ò
/ AVIæç��0T�!óMK�2~�?�����tÜ� AVIæç

M/0#2��Z�M��������¤2~�D����/0����æçM��/

0$-.¥2�¥����æçM/0#�0�¯Mæçl.^0�¯þ���Mµ¦·

¸¶��Yö����K�¦$ ?����M��2×Æ�M��%��YMö���

�v2jª	 ?Mæç��#C2�úûM���K@����$ 

�æ��­®¯XO���¸M�ñò�	þ���2Ý !�¥����æçM�

�	������ñò���É�����2b�ØdVW�É����Q�2Ý²��

X��îOÙì���
XñòÓµ?2�" Chang [3] �¾¿2 ����þ�O#�¸ 

(deterministic) �2Âw
Xñò×p	� /0����æçM
Xñò2j²�/0

#M��u p��X���$Ò��­®¯M��þ��O!Vø$%�2Ý~�if

þ��& (Choice Theory)2�?�s��æçþ������þ���O$ 

.¾¿'5	����Y��������M�0()Vl.K�*+Ms�=

>2�*+��������Ml.�K�2ub0�,-.�������/ MæÜ

¤v2�¶++��X��/0������M��¤$/0������ghM��0

K�b1d.2�nõ2u3Ol.K�s��-4$²12.2�ub5£678s�

F*+­®¯·¸5���Yö�K#���2��19¯:���������M_3

2�3O;�$.<'(.=>?�¶�@�ñòFÀÁ����æç/05���Y�

�K#�AUM��2�C×ÀÁ°�()�*+=>2)4�æçþ��̂���þ��̂

�PQ�K��¶�l.s���BÚ2�Ö<&u�æVCDM¤EF\ÀÁ.2�M

�0Ö!�ZB!��&�(G$ 
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.¾¿()�*+=>)*�æçþ��^���þ��^�PQ�K�¶�l.s

���BÚ2�$ 

1. æçþ�2�20�s�0�¯��¥����æç�þ��0�¯·¸^æçl.¶

��HI�NJ�¦º2�.��¥����æçM/0#$ 

2. ��þ�2�2Ýs�0�¯M��þ��O2��NJO
Xñò2Â&VW0�¯

 !ç�¥����æç2N²ÊD/0VW�É����$d�¥ÅÙ2�!�µ¦

¸2K" Luce [7] MÚ�þ��O (Individual Choice Behavior) �&2�0Mø$K0L

¤2b��ædVÚMø$L¤¶VÚ$#%�}�NFOÇ2N²2 %�}stO

P)MQRSTst (Standard Weibull Distribution) ��æ�2�0U�VWX2� 

(Nested Logit Model) b�CD%�}�YsZ[F��s�2Ò%�}O\�s]�

Ýb��0^V_2� (Probit Model) Fn´2O/YsZ[CD2b�æ$#%�}

OP)MQRSTst2²2�`OVWX2� (Logit Model)2^V_2��VWX

2�	a�¥u�bó��2c§³¯°d¥zE��¯Oe [8]
$	�ã2�þ0¥2

�¯§VfL¤�2+A�O�g2j³¯Ýd�Â�h¤OYs�¥z2 D�fL

¤�OÇ2~�c-�¤Es��i2N²	�ã�0¥�Ojk$	 Chang [3] 
�¾

¿&ZB2Ò�æ0�¯���þ��O%�}Ol�2Ý��þ�O#�¸2 ��

�����ñòÎ�VW�É�����2 �����þ��O2NO~�þ���

����ÖÒ�������ñòó�VW�É�����2Ý�msýÜ OBE��

�Ø/0�É����2Vn�Ùì�����
Xñòµ�Oo2@p§al�q0

�¯X��� (User Equilibrium)2²�rs;�����æç���u DdtuØ

h/0������jIJÂñò$ 

3. PQ�K2�20�#)��Yµ¦M���KL¤2'ÀÁ��tÜ��5����

KM��vu()0�¯µ¦MK0L¤$ 

4. l.s�2�2Ýs��0����æç���Y����Mµ¦l.}w2uZ� 

?M.xwQ¶y�z{C�zM�«x{$ 

�æ|}9_¯�¶0�¯Mo1·¸25£¥ÅBÚ2�MP¹302b�nõ!

�MX��L2uf�l.�K�s�Ö�C~VÀÁ2�����=>$ 

2.1 ���� 

��KL¤�	.<&0�s�¶vD���®ñò����v^/0#^¶��t

Ü¢M¦º$�CêB.<�/0���ï 

Yïæçþ�2Y = {� ETCæç (true)2� ETCæç (false)} = {t, f}Ö 
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Zï����2Z = {����2�É��} = {a, m}Ö 

yïæçþ��}w2 Yy ∈ Ö 

zï�����}w2 Zz ∈ Ö  

yQ ï�Í� OBE���¤ (�ÍÎ�)Ö 

zQ ï/0���� zM��¤ (�ÍÎ�)Ö 

zq ï���� zÐ���v (�ÍÎ�Í��)Ö 

)(Tqz ï���� z��¢ T��Y�k��¤Ö 

)(TCz ï���� z��¢ T��Y����¤Ö 

zL ï���� z����¤Ö 

Qïw��v (�ÍÎ�)2 maft QQQQQ +=+= Ö 

zd ï���� zMÐ��Ð�
Xñò�¢ (Î�Í�)Ö 

)(Td z ï���� z��¢ TMÐ��Ð�
Xñò�¢ (Î�Í�)Ö 

zD ï���� zMwñò�¢ (Î�)2 zzz QdD ×= Ö 

)(TDz ï���� z��¢ TMwñò�¢ (Î�)Ö 

zC ï�����!ó��# (�ÍÎ�Í��)Ö 

Tï�¢�$ 

���v^@�ñò^�¶����ÓOVW\0�*+��Y���KM��N

�2Murthy [9] 
�5���Y���Kf�vDMs�2�C��K2�s�×i0%¾

¿�2�$��YM��
Xñò�¢2º��OQ£%����z����¢2Â)*

�����¢�°±����¢2+A��]Cï 

��
Xñòï QQdQdd mmaa /)( ×+×=  (1) 

d(1)�&b}2
Xñò�¢O!ó��#���vML¤2VWb�0Cê��n

Aï 

(1)  Ð���vÎ�Ð��!ó��#�2�"Wayne [10] 
���&��ï 

Ð��
Xñò  )/( zzz qCld −=  (2) 

wñò  zzzz LqdD ××=  (3) 

(2)  Ð���vó�Ð��!ó��#�ï 

Ð��
Xñò  
)(

)()(
)( 00

Tq

dTTcdTTq
Td

z

z
t

z
t

z

∫∫ −
=  (4) 

Ò�k#���#ÓO\¤ zq � zC 2Ýï 
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Ð��
Xñò  
z

zz
z q

TCq
Td

2

)(
)(

×−
=  (5) 

wñò�¢  zzzz LqTdTD ××= )()(  (6) 

 ������k#ó�!ó��#�2�TU£�Näå2jÒ²ìäå��TU

�2Ý���ik���X���2���ñò�¢uM���\¤2²×��s���

�¸$VW������YM���k#ºø�¢hD2�������¢ ?j���

�	����v�äå2�0���&�b1d�H�8js�Âñò�¢$.¾¿�K

"³Å Chang [2]
^Chang [3]

^Foote [4]
^Nielsten [5] 

¶ Kanaan [6] 
µ¦¾¿�Ä�s�2	�0

¤E�\&×���8 (0-6 ¶ 14-24) M�k�v�æO 2,800 (�ÍÎ�) 2j	 6-10

M�8O ¥¥¡M���82�æÂ�k�vø�¢jl�¸��2Â¢|�8��k

��v��æ�]O 1¶£ 1�Ç (OCDs�2Ê��¥¤��)$ 

� 1  �������� 

� � �� (����) 

0-6 2,800 

6-10 2,800 + 800�(t − 6) 

10-12 6,000 

12-14 5,400 

14-24 2,800 

	
��
����� [2]�[3]�[4]�[5] � [6] ������� 

6000

5400

2800

6 1210 14 24

5200
�

�

�������	 �

9  

	 1  �����	 
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.2�M=>¥�¥Å��æíî2s�znø�8h�Míî2uª5£ (4) ��
/02¦�§��������É�����k#ó���#��î2VWab�2¥�

iF¦�²V #�ª��ø�¢h��Z[2¨;©Murthy���¾¿ [9]
$ 

2.2 ������ 

.¾¿&���M19¯l.)4xql.^9_l.¶ª«l.Ö0�¯l.)4

�¢ñò^����^�¶ýÜl.�NJ2Ì�1mopl.Ý§¬­®l.$|¯°

&Ml.}w¨;�O 2$ 

� 2  �
��
��� 

���� ���� � !" #$!" 

% & ' 1.(	�� 
2.&)�� 
3.*+�� 

Ia 
Oa 
Ma 

Im 
Om 
Mm 

, - ' 1../�� 
2.0123�� 
3.AVI45�� 

Da�Ve 
ea�Da�Pl 

Sa 

Dm�Ve 
em�Dm�Pl 

0 

6789 :;�� Ea Em 

	
��
���<=� 

 

2�&/0�����]Cï 

Ia or Imïxql. (±Í²Í��)2a = ������2m = �É����Ö 

Oa or Omï9_l. (±Í²Í��)Ö  

Ma or Mmïª«l. (±Í²Í��)Ö 

DaïÐ�/0�������ñò�¢ (Î�)Ö 

DmïÐ�/0�É�����ñò�¢ (Î�)Ö 

Veï�¢«E (±ÍÎ�)Ö 

eaï/0���������# (�[Í�Î�)Ö 

emï/0�É�������# (�[Í�Î�)Ö 

Plï��l. (±Í�[)Ö 

SaïAVIýÜl. (±)Ö 

Eaï/0�������1m­®l. (±Í²Í�)Ö 

Emï/0�É�����1m­®l. (±Í²Í�)$ 
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2.3 ��	
��
 

¦�������MæÜ20�¯u³ëÚ´µMþ�Z[ï 

(1) §¨tÜ OBEæç¶ 

(2) V·tÜ( OBEæç��2§¨þ�d������Q£¶ 

¥Åþ��Ob��0K0�&f�s�$d�%Ù}��þ��¢!�¸?M��

NJ (\]ïñò)22�=>]£ 2�Ç$ 

� A V I ��

y = t
� A V I ��

y = f

A V I ����	


z  = a
��
���	


z  = m
��
���	


z  = m

����

�

	
��

�

������	�

 

� 2  ETC �������	
 

��0�¯§¨ýt AVI æçMtçþ�NJ2	.¾¿Ms�2�&º��Â&

M�����¢^¹ýl.^­®¯�õ��#º»���·¸$Ì�����þ�M�

�NJ2	s�2�Ý��Â&�����¢^�#º»^��¤^�@��¢$²12

5�2��a�2OCD%�}�YsZ[2.¾¿�æK0L¤%�}��P)MQR

STst2Nj¼0U�VWX$#þ�2�$�CÀÁ/0�þ�2�2½e��2�

&/0���ï 

yS  ïþ�æç�� y�­®¯�¾¿� OBE/0� (À±)Ö 

yC  ïþ�æç�� y�­®¯²�õ (Á±Í²)Ö 

zT  ïþ����� z�­®¯-.@��¢ (s)Ö 

zL  ïþ����� z�����¤ (��¤)Ö 

zD  ïþ�������������¢ (Î�)Âwñò�¢ (Î�)Ö 

zyF  ïþ�������#º» (�)Ö 

yZ  ï/0æç y¯�D/0����� },{ maZt = 2 }{mZ f = Ö 

zY  ï/0���� z¯bD;��æçì¯ }{tYa = 2 },{ ftYm = $ 

Ã�¦æçþ��K0L¤�ÄEO yV 2��þ��K0�ÄEO zV 2Ù¯¸QM

K0�ÄEO yzV 2¥ÅÛ}�%�}s°O yε ^ zε ^¶ yzε 2�æ yε � yzε O�+P)2
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� zε � yzε ������	
��
��� Ben-Akiva�� [8] 
��������� yzU �� 

yzzyyzzyyz VVVU εεε +++++=     (7) 

�� yyy CKSKKV 3210 ++=  (8) 

   zzz LKTRKKV 5420 ++=   (9) 

    zyzyzyz FKDKVV 76 +==   (10) 

� (8)!(9)"#(10)$�% K2 ~ K7�&'�%(��)*� K10+,-./012

34%�5�6789%:;�<=�6>?�@�ABCD7E�F�G$HIJK 

(prepaid) )LMNOPQKRSTUIQK!,VW�%XY�Z[%\]��)89�

�>?W�^_%`a!baca%Ld�	efK20+,@� AVI/gQK%�5�6

789%:;�<=�6>?OPQKR%dh�ij�)89��>?@��kQKG

$Z%/lm�!/l%n`�opqr�	efstuvwxyz{|{}12QK~

��	
&(����� Chang [3] 
��������3�, 3<Vf��	 },{ ftYy =∈ �

},{ maZz =∈ �	
��H���W�� Vyt!Vyf!Vza!Vzm # Vzayt!Vzmyf!Vzayf!Vzmyf

��f 

� 3  ����� 

���� �� �� ����� 

AVI	
�� 
AVI�
�� 
����� 

− 
Sy 
Cy 

K10 
K2 
K3 

0.800 
–2.000  	
�� 

0.100 

	
���� 
������ 
 !"#$%&� 

− 
TRz 
Lz 

K20 
K4 
K5 

2.000 
−0.200  %&��  

0.500 

!"'(�� ()*) 
"+,- 

Dz 
Fzy 

K6 
K7 

−15.000./0�123�� 
0.300 

4$�� − µ  z = 0.40 µ  y = 0.40 

56789�:;�< Chang=>1:; [3] ?@A�B 
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y
yy

y
yy

VV

Yy

VV

e

e
yP

µ

µ

)(

)(

)(
′

′

′+

∈′

′+

∑
=    (11) 
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z
zyz

y

VV

zz
zy eV

µ

µ
)(

ln
1 +

∈
∑=′    (12) 

��(11)$% P(y) �����,V�4��@��%��������-12QK34�
@�� Pyt #z-34�@�� Pyf�)N�$��� yv ′ ��t���G ��%¡¢�
£¤�¥¦	e (§��¨©)�	
Nª«��34Z�¬¤Zª«�£¤¥¦	e zyv �

$� yv ′ ­�(8)!(9)"#(10)$���®�+�(12)$���®��¯��-12QK34

������ ytV ′ #z- AVI34������ yfV ′ f 

¤°����3 Var 0)( =yε ���"���� 

z
zz

z
zz

VV

Zz

VV

e

e
zP

µ

µ

)(

)(

)(
′

′

′+

∈′

′+

∑
=   (13)  

y
yzy

z

VV

Yy
yz eV

µ

µ
)(

ln
1 +

∈
∑=′   (14) 

��������	
��(13)
� P(z) �������������������
����� !������ Pza"#$ !������ Pzm�%&'
()* zv ′ �+
,-./01���2345�6789: (;�<=>)�9?&@A��BCD�E�

D@A�5�789: Vzy�
( zv ′ F+(8)G(9)H"(10)
6I�JKL*(14)
(��

JK��M�� !��6N�OI� zaV ′ "#$ !��6N�OI� zmV ′ P	�Q

(� yµ R zµ �WeibullJS�TI��+N�OI�UV�W(��P 

+(11)
"(13)
�HXY�Z4[B AVIBC y��\���]� !0
 z��

��^< 

yt

za

yt

za
zayt p

p

p

zaytPp
ytzaPP =

×
==

)(
)(    (15) 

_`abBcdefghi�jkl4[m AVIBC��\nop��� !���


H 1)( =zaytP ��H�Z(15)
�qrP 

yt

yfzm

yt

zmyf

yt

zayt

yt

za
zaytzmyt p

pp

p

pp

p

pp

p

p
pp

)()1()1(
11

−
=

−−−
=

−
=














−=−=  (16) 


( zaytp ��[4 AVIBC��\���� !��6���% zmytp ��[4 AVIB

C��\��#$ !��6��P 

s,Ht6Ju����� !���vwx���yz (qa) H"��{|#$ 
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!���vwx���yz (qm) JK� 

a

za
a L

PQ
q

×=    (17) 

m

zm
m L

PQ
q

×=    (18) 

},~[R]~[�t��BC��\I�JK�< 

ytt PQQ ×=    (19) 

yff PQQ ×=    (20) 

�(~[�t��BC����{|#$ !��6�\I4< 

zmyttm PQQ ×=    (21) 

�������� 
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(5) ª�¡¢��OP£¤QR 

\]^ÆSTUVÇ�®z²¡¢��OP
W��OPX×bc!����Ê�ã

fYmYXn&,½¾WZ[�
ETCOP\]��^_�³`aYb (Dedicated Short 

Range Communication, DSRC) OP,01³Ö3f��D8YbX�'��ÙcOP,

VPS (Vehicle Positioning System) OP,Ê� [11]
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F{4� ETC£¤QR
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bc���Ò 13�Ò 14.ÓW 

Ò 13�
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' 6  ()*+,�- 

���� ����	
 ����	
 
� 

������� Ia = 990,000 Im = 270,000 ����	
 

���� Oa = 195,000 Om = 105,000 ����	
 

���� Ma = 1,824,000 Mm = 300,000 ����	
 

������� Vt = 240 �� � 

!"#$% ea = 3.0 em = 5.0 &'�	 � 

"� Pl = 19.2 ��&' 

()*�� Sa = 1,200 ����	 

+,-./0�� Ea = 2,400 Em = 4,800 ����	 

�1234�56789 

 

1. ñ\bc 

ñ\bc�÷/01�ñ\ (C) Xñ\�& (CK)
Ê�(31)~(35)aãf=�Þ��Ý

ÞIJbcQ 

Cao = (Ia + Oa + Ma) × La (31) 

Cmo = (Im + Om + Mm) ×Lm (32) 

Catu = Sa × Qt  (33) 

C = Cao + Cmo + Catu (34) 

CK = C − ((Im + Om + Mm) × (La + Lm)) (35) 

a��ª[»[,Ùs*=�Þ�R�Þ¡/ÙsÁÂ�¿Q 
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(1) =�Þ��Q 

   a. ������ 

     CaoQ£�������,ñ\4 

     LaQ£�,������[W 

   b. ������ 

     CmoQ£�������,ñ\4 

     LmQ£�,������[W 

(2) �ÝÞ��Q 

     CatuQµ� AVI£¤,��'ñ\4 

     QtQµ� AVI£¤,�'[W 

!¢ª[£»8u 2.ÓW 

2. ×Nbc 

×Nbc�÷/01�×N (Bt)
Ê�(36)~(42)aãf�ÝÞ�¬�×NIJbcQ 

Cau = (Da × Vt + ea × Da × Pl) × Qa  (36) 

Cmu = (Dm × Vt + em × Dm × Pl) × Qm (37) 

Btu = (D0 × Vt + em × D0 × Pl) × Qhr − (Cau + Cmu) (38) 

Cas = Ea × Qa  (39) 

Cms = Em × Qm  (40) 

Bts = (Qhr × Em) − (Cas + Cms) (41) 

Bt = (Btu + Bts) × 24 × 365 (42) 

a��ª[»[,Ùs*R�Þ�� ¬�×N¡/ÙsÁÂ�¿Q 

 (1)  �ÝÞ��Q 

    a. ������ 

  CauQ�ÝÞ��������,ñ\4 

  DaQR�������,���P4 

  QaQ��������
�'[W 

    b. ������ 

  CmuQ�ÝÞ��������,ñ\4 

  DmQR�������,���P4 

  QmQ��������
�'[4 

  BtuQ�ÝÞ,�×N4 

  D0Q01¤�R�������,���P4 

  QhrQ"��#$01
�'[W 
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 (2) ¬�� ��Q 

  CasQR�������,�'¯°
¬�¥¦ñ\4 

  CmsQR�������,�'¯°
¬�¥¦ñ\4 

  BtsQ¬�� ,�×NW 

R���\�
 0-6�
�%&� 2,800�o��
S�
/ 5��������


£����a­��®pR
�%&³��³§�6±º��z�°ªG
S�¿¨{/

j�������
×N�& ( B) �ñ\�& ( C)
�u 7.ÓW 

' 7  (.����/*+�0123 

	
:) 
;<=> ∆ B 

(?@�) 
��=> ∆ C 

(?@�) 

1A4M* 254.38 173.62 

2A3M 315.78 183.91 

3A2M 374.72 194.77 

4A1M 431.18 207.79 

*AAB����	
CMAB����	
9 
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a�� Chang � Cheng [13] 
,]^
ÑÒ�89y��PXÝÏ��J�
���}v

a
�?dA|�Óo�01X×
o=va,Ê�|ÔW 

3. *�01Õ¹bc{ü
�Ö01
ghÕ¹�¡¢������01×Ø
��=Ù

Ú��£� (High Occupancy Vehicle Facilities)³l�Û��£�³X�%��n01

6
�{/��\va
ÜÝ��MIJX×
¶·W 

4. =mlÝ¡¢���OP�ÒÁ-Þ¹
�Ê��|�{/I(®ß8!�pF��à

�á01
âã
¨?(Ê�\]
Ñe
ó½¾pFñ\×Nbc
��
�Å�I

(®]^
äåW 

���� 

1. ��������	
��
������������������� !"#$��

������%&'()�%(*�+,-'(.&/0 

2. Chang, E. C., “Assessment of AVI Toll Collection Technology”, Transportation Planning 



��������	
��
�����������

�57� 

Journal, Vol. 20, No. 3, 1991, pp. 313-340. 

3. Chang, S. K. and Chang, H., “Cost-Benefit Analysis on Application of AVI Technologies to Toll 
Services”, Pacific Rim Transtech Conference and the ASCE Conference of Application of  
Advanced Technologies in Transportation Engineering, July 25-28, Seattle, U.S.A., 1992. 

4. Foote, R. S., “Projects for Non-Stop Toll Collection Using Automatic Vehicle Identification”, 
Traffic Quarterly, Vol. 35, No. 3, 1981, pp. 44-50. 

5. Nielsten, G. V., “ETTM: Effects on Capacity and Throughput”, ETTM Forum, Vol. l, No. l, 
1992. 

6. Kanaan, A. Y., “The Economic Effects of Implementing Electronic Toll Collection and Traffic 
Management Systems”, Presented at the 72nd Annual Meeting, Transportation Research Board, 
Washington, D.C., 1993. 

7. Luce, R. Duncan., Individual Choice Behavior: A Theoretical Analysis, New York, Wiley, 1959.  

8. Ben-Akiva, M. and Lerman, S. R., “Discrete Choice Analysis: Theory and Application to Travel 
Demand”, MIT Press, 1985. 

9. Murthy, A. S. N., et al., “A Case Study of Champlain Toll Station”, Canadian Journal of Civil 
Engineering, Vol. 14, No. 6, 1987, pp. 732-738. 

10. Wayne, L. Winston, Operations Research: Applications and Algorithms, Duxbury Press, Boston, 
1987, pp. 884-887. 

11. 123�45678�	
��
����9:;<=>!"#$�?@ABCDEFG

HIJKCL"#?MNOPQ"#RS�+,T'-.T/0 

12. Center for Urban Transportation Research, “Analysis of Automatic Vehicle Identification 
Technology and Its Potential Application on the Florida Turnpike”, Technical Report, University 
of South Florida, College of Engineering, Tampa, Florida, l990. 

13. Chang, S. K. and Cheng, C. C., “A Time-Varying Congestion Pricing Model for Optimization of 
Transportation Corridor”, Proceedings of the 82nd Annual Meeting of Transportation Research 
Board, January 12~16, 2003.  

 



������� � ! "� �#$� %&'! ( )�

�58� 

 


