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Analysis of Choice Behavior of Road Users on the Freeway
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Student : Chia-Shen Tsai Advisor: Dr. Cherng-Chwan Hwang

Institute of Traffic and Transportation
National Chiao Tung University

Abstract

Traffic congestion frequently occurs in the freeway toll station areas during the rush
hours, under existing fare collection system, which not only increase travel time of road
users, but also reduce overall level of service of the freeway system. In order to improve
these disadvantages, electronic toll collection (ETC) system is being established and will be
operated soon. According to the implementation plan, both frequency-based electronic toll
collection and existing manual operation will be adopted for the initial stage, and then fully
automatic distance-based toll collection scheme will replace all the manual operation.
However, the success of the ETC plan heavily depends on the road users’ acceptance of
installation of On Board Unit (OBU). Therefore, it is worth while to explore the

characteristics of choice behavior of road users in this regard.

This study begins with an overall review of the developments of ETC system both inside
and outside the country, choice alternatives for both stage of development is then proposed
on the basis of ETC operator’s plan. A two-stage questionnaire survey is conducted to
collect relevant data of road users’ choice behavior, using the stated preference method. The
surveyed data are analyzed, and being used to calibrate discrete choice models. Finally,
sensitivity analysis of main factors is performed to estimate the effect on choice behavior
under different scenarios. In addition, several marketing strategies of ETC operator are also

evaluated using the choice model.

Drivers of passenger cars are selected as the scope of this study. The alternatives of
frequency-based stage include equipping OBU and non-equipping OBU; the alternatives of
distance-based stage include equipping OBU and renting OBU. The result shows that during
the frequency-based stage, factors including the safety of OBU, the time saved by ETC user,
the price of OBU, the life span of OBU, the frequency of driving on the freeway, the income
and education level of the traveler, have significant influence on the choice behavior. On the

il



other hand, during the distance-based stage, factors including the price, the rent or the
deposit, the life span of OBU, the frequency of driving on the freeway, and the income of
the traveler significantly affect the choice behavior. The results of this study can provide

many useful information for ETC operator and the related government agencies.

Keywords: Electronic Toll Collection, On Board Unit, Stated Preference, Logit Models
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I 1 1% % $07" (Disaggregate Choice Model) ™™ £ 5 {7 & #°3% » & L (h* »v 2
gt B3] 1960 E S R-RARF RILGRE R F R 4R
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.2 BKe 5 2 ¥ 4pF 2 B 35~ fe(Gumbel Distribution) » | ¥ ¥ § 58 £
¥ ;' (Multinomial Logit Model) °

2FBRe s PR BBy E A BT E D - 1 4% E 07 (Generalized Extreme
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3. BRe s PREFEAF ) BV H D 538 % 58 (Multinomial Probit
Model) -

e BPHERELNY O REF LD BE FLogit) BN & iR v (Probit) i
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()% 3% = % 4 2% #(Alternative Specific Constant)
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=%~ B * P 0# (Maximum Likelihood Method) % o # @ 12 &% $2027% B+
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i 3 #ec (log-likelihood function ) #A {6 £ FH B x e G H i@ LL¥ % 77 5 (2.8)
P
N
LL(B) =D > f,In(R,) (2.8)
n=l1 ieC,
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—\

B0 @ o A H 2 IR4E | (Global Minimum) &+ & o e 3% Sl SAHFEP ;2

“ﬁ

- e Exyﬁy:(Concave function) » T H &5 - rE- &~ fF o g 'T%qj’“ SRR LY S
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[Ben-Akiva, M. and S. Lerman, 1985] :

(D#x i vt 35 #(Likelihood Ratio Index)

TS R PR RS E R S 0 B - AR e 4e E RGRR 2 AR R
B X k3t E &) %1% #ic(Cofficient of Determination) 1 #& F_fi- ;% 4§ & B
(Goodness of Fit) » @ & = #0272 7 1355 - BREo0tdpih - 7 % RFg B F 10
FEE AR TR A ET H g FRintdpik e’ 0 B H ik Fopint 4y

#%p Hog & 529742 (2.10)5¢ ¢
» . LL(B)
pr=1 o (2.9)
» ., LL(B)
pl=1 o (2.10)
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LL(c) = # iiﬁé*’ﬁ Z ;8 (Market Share) » 5 F 2
ql’é i%#’ K#ﬁ’tm i’ﬂi’}‘“fui\iﬁﬁcm ;
LL(F) : & 7 7% %8z i Sk iE ;
LL(0) < LL(c) < LL(B)
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ek d Rt R T A B FIA D R ARAL T A2 BN Y 2
SRR RH) § 50 B AR BB TG B S enprint B R 2
& A4r(2.11)58 fr 7

(LL(3)—K]

POK SRR Bk

et

26



Q) -7 S#icie Tt BriT t ¥k T(The Asymptotic t Test)

FHEHIE Y 9T S BRI R ¢ TR TSI [ R AT R AR
2 BE PR TEF - FHRELTEFREFR - KA T Sl tEA 165 (B
¥oK®0.10) &+ 301.96 (B EF-KE0.05) T 5 B FE o bt L (212)8 & 7 o

B (2.12)

v Var(Bk )

()5 S iite Tt #Eie vt fe T (Likelihood Ratio Test)

BT T AHE - BB SR TR R R A PRI R B

o+ &
5t ""L’F”ﬁ FHCE NN S BciE (TR T o

PEOL AR R PR e T L AASTE B N ki w0 2 B A L (2.13)

\ o Gl & R H g @ RL(J) B~ 2.13)
b BT R LGS B ‘

—2In\ T kAP 5+ 3 (chisquare, )~ e H p d B 5 & & B H 2 "4

gk o Tpd RS XIS dk Bl B 2\ TS PRI B3R T A
A AT RS m R B o

PO R TG B E RS P SuE e
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SHEE 500 B pd B EATH R Sl dkp -
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2 §@p B Rk Si(Automatic Vehicle Identification, AVI) 7 *+ & §®id i 2§

PR g LT AJE 0 RS Y A AHITA e e TR NE R
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— & fmphdc (22 fmik)
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—FREE
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Cronbach 0=0.852
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