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Analysis of Choice Behavior of Road Users on the Freeway
Electronic Toll Collection System

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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T 48 3% # #°3% (Disaggregate Choice Model)™ f£ % {7 & #5% » & £ (5 * 30 4
it b0 B 3] 1960 % o iR ARG RIL G 5 IE B F R A 414 B
Wamer[1962]:8 * %4 B {8 5= £ (CATS)i & T » 4491 froa g2 241 (oo
FeEEEHF L E 2 o A REEFHG - McGillivray[1967]» 80} F & »c* 2
BEE > - AR E HEE ER 05N o Rassam et al.[1970]%-= ~ % & :f iR
B R 538 % E 05N o Charles River[1972] i B 2= )P ~ P e BHF L5 5
2RISR i 2 BAAR S iR e Ben-Akiva[1974] & B 48 42 B (4 H50 2. 2
W B Ewmdkp ~ pehd BERGERT > E 2 B EERNES
Koppelman[1975] /& * & 4 Fiefics’ KRl W@ iy 7 5 > 2 2 3830 F 950
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S ket Sdcd BIPIE 2L n T GEE I fo ik d BRI 2 oY 3R
Adriea o F|pant Sk v £ 7 2 (2.3)70 o

U, =U(z;, +5,)
_Vln(zln’ n)+€|n(zln’ n) (23)
:Vin+5in
#¢ --@Wnﬁ*é”%La G
. Il}rgﬁné‘fa{‘}g"% %—'—LZ fi—f;&_'f{'}’ o

Gl S s L WA T "#7—‘"!311 RSB T o do(R4) HrE o

Vin:Z XinBik (2.4)
k
He o X, 0 BREYFED S8Rk S

B, BAENTAEE S s dck 2 Sl -

BN E B EE S e de2S)5 |

P, =P, >0, VfeC j=i) 29

=PV, t&, 2V, +¢,,.VieC,, j=1)

in" = ¥ jn

EEEP L LT €7 b o AR RR 0 TR RN b B ALE A
;\‘4 ’ _&rv_f t:l-i—ii‘. M

lLFBEKe 5 2 2 4P F 2 K 35~ fe(Gumbel Distribution) » B ¥ ¥ % 58 £
¥ ;' (Multinomial Logit Model) -

2FBRe s PR BBy E A BT E D - 0 4% B 07 (Generalized Extreme
Value Model) -

3. BEe s PREFEAF BV HD S8 L L 58 (Multinomial Probit
Model) -

BEBEBNY > ®F L3 BF FLogit) s & /& v (Probit) i
VAN T EERAAR R EHEARBEBRLRY c AP

ok 3
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gVin
I:)in = Z ern (26)
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M- ARERENTE S REET AR

232 S$EKRFZE

()% = % 4 =¥ #i(Alternative Specific Constant)

S Hehd B P ch ot T e 5 Bedn TPETiE N AR L o RS
AT > 2 onr gl e 0 EiF }“&%I\#&F\ ©FF NBFES R
FTHIN-1B> BT HEPTIHHEEE A E 0

(Q)FiE & % 4 % Bc(Alternative Specific Variable)

RN e mef e 3 A +*“”Lr7§ HE S 2k

(3)% 4 % #c(Generic Variable)

PR BREHTIARFTEIRE RS LEER > BT
P dfe? A4 APk o TR 7
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REABEN SO REFF I Z o eMPE) T2 AP E ] T
=%~ Bo* P 0# (Maximum Likelihood Method) % o H @ 12 o< P B+ &
B> FlaBgddongdiid@l 3% % $1 4o— K (consistency) ~ F 2t

(efficiency) ~ “v & {4 (sufficiency) % > 35 5 FlEk F 2 3t E o

B A 2 P S BT A7 5 (275

um:ﬁnmm 2.7)

n=1 igCy
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AR ERE S k2 S
I BN EE T ES ZiLBT
fo=1> PIBHMAFEIEE T FE> i
=0 Hifs 535 (0therw1$e)°

-0 O

Bk PEME T E & RN N2 i S Bkl BRSO REES o d ¥ EcS
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i 3 #c (log-likelihood function ) A {6 £ FH B * e G- LL¥ % 77 5 (2.8)
P
N
LL(B) =) > f,In(R,) (2.8)
n=l1 ieC,
JVE - BRAE S - SO R R0 B %) (Local Minimum) & 4 <

|
V

—\

g om iz R H 2304%] (Global Minimum)st &+ & o 2% Sk SAEM L
- e Exrﬁx(Concave function) » T H W5 — rE- H& X fE o M 'Tn""““j—“ RCR LY S
B RFES o R R FEPEI S B LL SRS 2 FHE ST E RS 0 R
% » 2+ % — 3 ¥ 2 2 (Newton-Raphson Method) °

‘&

25



385N

BEAESLR OO R RIS ZRER NI RIAFEKELTHF -
BET R R R A T HER Sl S R R Lk R
[Ben-Akiva, M. and S. Lerman, 1985] :

(D#xire vt 35 #(Likelihood Ratio Index)

dOTHO i R RS RS R T A A AT AR *?? 2
B oeha A k3t H ] 2 1% i (Cofficient of Determination) ™ # #_#i ;% ehif &
(Goodness of Fit) » @ # = #£0272 ¥ 1138 — B it Aptk v KR B E AT
N E R SRR A R ED HET TRt dp iR 0 2 H G Tt 4y

#%p Hog & 529742 (2.10)5¢ ¢
» . LL(B)
ot =1 T (2.9)
, A LLB)
pl =1 T (2.10)

HY o LL0) : &3 F kiS5 CEqual Share) - i § ¥f
F P8 ar W egl o (QUAIESTE QLI
LL(c) = # ii*l%-p & H3% (Market Share) » 5 F &
ﬂlf P R E W B P S B iE
LL(3) © & & #7F %fic2 ST Sl i®
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Q) -7 S#icie Tt BTt ¥k T(The Asymptotic t Test)

B Y 6T RS SRR R F PR R SR D JRAT B L sk
2 BB YRTHE - FEREETEFHEFL - AT 0 FEZ tEA LGS (B

ERE0.10) & %196 (A E-KB0.05) T 5 B F o prfti 21 (2.12)8 & 7 -

W

\\\?{r

W

5 2.12)

v Var(Bk )

()5t S ite Tt #Eie vt T (Likelihood Ratio Test)

t=

BT R A B BB ITH B T @ PRI e LR A A

o+ &
® #50 ""L’F”ﬁ FHCE NI BB (TR T o

PRIV S PR e TR AFEATE E D ke w2 0 B 2k 5 (2.13)

Eﬁﬁ&£H%{ﬂw. € L(3) = &+ (2.13)
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wiry pE e RL(G) s 4 A

—2In )\ B+ # A PF 5 F 2 (chisquarel’ )~ fe 2 p d B 5 & & B3R H, 2 ']

Rz P o Th A RSSO REBE S & 2\ TS PRI SR T I
Y HiE R FIEG & B o

eIt f Tk BN P HuE o T

()% i F Fpeint 538 17 =-2(LLO) - LL@)) » & BR300 4 i
SHET 20 B pd RN R e ep -

()7 HibF F e s R =-2(LL©) - LLD)) » B 5 S f S &
CES T TREPSIIPE TEEYNE D SR S S e e
¥ fichen -

CRYCACELE R Sl S CAVELE A GG i S 2 S I R kR
oo r2ds BB BARHEES o QPR GRS V- B L PSS e Rk
BATICE RN E BT KRR - B AR A K B Rk
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Mz R #%(Loglt)%ﬂm;“ o8¢ GEVHE S iz =i > L SR GHER BTy

BEFS R 5 3 B R L -

B EHEN AF L ERTFE T Y L b d 3 0 Bhat[1995]3% 01 B 5
14 4% & #-7% (Heteroscedastic Extreme Valug model, HEV model)> d >t gt 5058 w35 3
AFF A RFAR A G WF W RGIE R E 2 XMA L] > 50 4o i
FEEES D S FRAREAM IR K LR g sl o R g e
SHEF AR R GE RV R B s It - BEHEEL
b3 Rk FREE S GEF LB v EE T fofise BERS %0 Bl
PRI T EFI R D PRTEFRDIN R ETEEE - FRHSFEF
MAmey EHN hfE a4 Bt IR R E RN o
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PR ARRE R - BP0 RFR I RE G A H P L
BeEEc A ZUMNLENNNL » fAm gz b « 78 « = Lfoffhn /64 ki@
PR REEREN AN RTINS RS SREFIIP S TR A D
ARSI ERE S RELF LA R I RN RN S A R ERA S B d
UMNLE_ f * s % 4 g2k # > #7172 UMNLX &> NNNL -

Koppelman and Wen[2000]48 % = $f e & %% #4055 (PCL) 1 2 H #H1L > % 7
TR SRt R RIAGILH o d S AR A A SHI R T A B

28



SEAFFARZAANAE AL N BRI T EA RBL Y RE AT HEY
N FEEEER L R A B EAE S VD ol B RES LTI S - R

¥
Fah 2 ppFREEERE > SufEd S RE G BN RE R
+

SHRHELRFHFNS > FRELFLSHELBEFRG G S E R4 o B
AR B e
S A [RS8 [P LA I 4 B ACE M R TR I AL R E
CN kA SRR RSB RELEE L T ARBEBER RIS E A
2RO ARI L ABFRFLRELLARAPHE T NELERL T
M2 mf EE (LT R 28 SR ag) LT RS E LR
B

WG MEE 2 R EBRET BIEE 2 A REFRGS R A A

= RERHEZBEGS kA RS RET M
B RGESET S L R E N 2B R FLAHEL R
TRENTREEY RS A EBERF MM AAERRES RN ET
PR E LR T RN SRS OREER T E L AN R IR SRR
o4 B 1K o

24 )&

ﬁ%”iiﬁ%éﬁ Gl R =S Uy /- S E ﬁ%?%ﬁfiﬁﬁ°ﬁﬂ

PRt A H BEERL 2 RIS o d AP A RIS EALR H TS
Tef @ B AT TR RER R AR BT TR g At
FOARA R T 0 R S - R IR R o

29



2% % H - (On Board Unit, OBU) ~ ¥ ] % *v(Road Side Unit, RSU) » {&:8 & L& 42
¢ TR~ PR AR RIE 5Wﬁ1£¢@

- 7 Z z vV ‘/ ’ 2 ,ﬁa F3

% GEL e F{ExE K ALE RFOT S
Wy g 2, ot b G A4
@’F‘: | hE P LT FRAS T RS

3
AP P FEE 0 FP ATk

ok i B HE T 4R & 72 EE W 3 iR (Dedicated Short Range
Communications, DSRC) 2 & §% % &% st 4 it (Vehicle Positioning System,

VPS) o & B BEEL PSR T G M R R < iR kR A S A

s ek OISMHz  ¢h i R AR W FSE p & % e 2 8 S F]Y 2 ETC
i itok 58GHz - P W8 ko @A B < e~ ® & 2 B3 {1304 ETC k5
FH B kst 23R L Tk $i(Global Position System, GPS)
B2 >3k 7 d 3 13 % %i(Global System for Mobile Communications, GSM)2_

frat smaEpd BEAT IR I REI FRD AL LR m’@
LR K

()% B eieid ;U (DSRC)Jc 4 5t

BB R T R kY e S B
AL B IO ] 8 e

ETIRS
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G
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5
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(2) 2§ Tk S(VPS) e §t k5o

AEFE 1" DSRC 0T 3 Jc g kst VPS e f h sedk * Ap 3 b e izt
H 58 o VPS ehA APEA A E 4 2 b A p kg E A Efﬁéﬁiﬁii
o E KRR AR RF R RS PP T UB RS BN REFE A
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(1)& p % &% H <~ (On-Board Unit, OBU)

ETIRS
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B nh 2 R 0 B ARy - BV RN AL o

(2.)8 Ry f#3% B = (Road-side Reader Unit)
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THICF kP B dmp § 4 4§ (Automatic Vehicle Classification, AVC)H
ARG RRA PR (£ phlicE ) kAN B g
oo RFETY B2 B RO R AR EH G p B D e RS A 5 (Automatic
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—BmL ) (w2 £ B F)
—BREE
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7 ™ H A 45 % $jis o 4% ([Electronic Toll Collection Market Analysis &Technology
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