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A Study of User Characteristics for Electronic Toll Collection System in Taiwan.

Student * Yi-Ju, Shen Advisor : Jin-Yuan, Wang

Department of Transportation Technology and Management

National Chiao Tung University

Abstract

Electronic Toll Collection (ETC) system can significantly reduce the queue occurred in
front of the highway toll stations which is one of the causes of traffic jam.The success of ETC
heavily rely on the amount of on-board-unit (OBU) installations. The purpose of this research
is to examine the characteristics of users and non-users of ETC. The findings of this research
can be used to promote the OBU installation rate.

The survival analysis is proposed for this study considering three variable classifications,
which are vehicle characteristic variables; social-economic variables and trip characteristic
variables to analysis. The result of this study showed that the average waiting time of the
OBU installation is 1133 days. “We alsofind that the main ETC user group is civil servants,
people with professional occupations (such as lawyers and technicians), domestic vehicles

owners, young people, or long-distance travelers.

Keywords : Electronic Toll Collection, Survival Analysis
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(1) P %dpF BRAF2 AT - (F3.12 A B
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(3) BRI THEN %L - (B 3.12 E B
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W PR SE B T2 R4~ feddic (cumulative distribution function )
2B F PN e B Ar T
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m I BHAT IS ARFTREFF AT 285 i s dlk
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SE=PrT > th=1-F@) = [ f(ydx, vt 20 (3.2)

e dliks - EARROxEY S = Lm0 =0 &

AT g FRIEEZFTFEDTBEE > 4038 (3.3)977 ¢

w=E(rY = [ tf(thdt = [ SCe)dt

(3.3)
FH PG W RS > TETE RAPEE S b g b

- B tEt+ A 2PN - FA 2 Ik ol o FE) &7 0 doit

(3.4)77 :

dF (&l GE (L) \ Fr(faTai+4L) .
f{f) =7 TE - = ft'mﬁ_.}-i it =, 'vrf' o ﬂ

(3.4)

bl A P EE TR T S 4 R S
(hazard function ) < Ap 3> 15 7% S Bl h » 5% Solicdp 0L T B 5

SPER TS (T =2 t) B BRAET - @l (FAL) = T4 peahh % o
q}ﬁw“%ﬁzi* BALEEApTE o Rl BTV BER T R AR S

Fie S 3 E I o e Sl (3.5)9T T -

PitaT=t+ 4Tt} _ ()

= =5 Y20 (3.5)

h(f) = Eflmii_ﬁ_,g.

d 38337 F Ll ==8(t) > BGSH7T #E#L :

_-fl:ﬁ:l — ds':ﬁ:lfﬁlﬁ df-llgl:ﬁ:l ,
h(f‘) _EI/FI - _Eu’ﬂ —_— — - J\;?".E. E ﬂ (36)
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3.2

I B()dx = —InE(t)

= 3(t) = exp (— [, R(X)dxLVE 2 0 (3.7)
PIBE APF Rt 2 5 2 A iy 7 ©
£} =h(£)S() = (e} exp( - [ RGxYdx ), Ve 2 0 (3.8)
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BRERZ T3 5 B g7 B0 AM 2 BB &7
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Fh - mRPTAE 0L00. 0060w, (e dd (Bl ¥ SR
2D end pepE R (t,) RRAFERF (C) > F BHE L T EREEE 4 R
PR AF AT ER I RAER - 4 5K Uptk:

LEHEE |

V=min (.G} & =
o =min (Gl 0 & {gﬁ?fﬂ:ﬁh%.ﬂc_}

kSRRt e ST R TR H 4 4 gk ¢ g B e
PFRFRL ty =t ity »onateAilic d5 A RTdc B
kEd=n on, » wt] B3 ARTR "G B d, & et P4 RTant oo

Wy 5 [Eete g 0P RILA S Bl =0, — &, — w, o P35 Sl 3

43 (3.9) 47

St} = PriT =) = RElr ¢4 1)

PrT ="54) Pr(T &) PriT = 2}
= % K e K e—
PriT =t Prirmat—1) PriT = 1)
Ly — d; y Thgog — €y Ty — €y
T on Ty ny
d; 3.9
-1 (-3 °
Thys
LTI

3.3 Cox & v\ I & iy 550

B2z 3EEFFEXALRGFF NPT FELATTTEY g
B AT TS AR G AR MBI ok 2 5 B S
38 0 RI¥ @ * dp 84 fz(Exponential distribution) F G4 fie(Weibull
distribution) 2 ¥ # ¥ i 4 fe (Lognormal distribution) % fie ;% 4] - e §_
WF AP a2 St e fy o Flpt v 1 * Cox F b 5 B g 50

( proportional hazard model ) % 24§33 7% #-3" © Cox Model 2 & & # # F
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A2 i Sl A A bleh o A AR R Sl s AHT 0 SR R
FFRLEDRF > 3 ELFHTta 24 R0 o

Cox &b & & ' #-37% (proportional hazard model ) 2 3] 7 434 (3.10) :
FOELT = hg(E) x @limafidi (3.10)

L v . . P g% .y
Cox BT A 5/ 3Mip o Ry(t) 2 eSi=f% » 29 k(1) fL5 A
B ' 5 (baseline hazard rate ) » i ¥ i3V # 2 g T hg(1) = WA

fie 5 ¥ - IR0 5 gg?ﬂr@-‘xf X EWERLEE [ PSR CTESL RS L2k = o

v

3Rz e 7 A Bl o o7 Cox $07% 5 2 #cBic3] (semi-parametric

Cox H-3% 2. $o#ede iz @ % & = PEiz;2 (Maximum Likelihood Method,
MLE) it {7z » # $2is s B ( Likelihood function ) 434 (3.11)#77%

3 4 1=5,
LB hy) = n}‘:if(tﬁ?{:) : 5(t5|??,:) ' (3.11)
B g5 s Gl B AE S Ak pl S(elx) T

A

) Bi v y o = bt o ot N " :
Al Flple) 3 AR ST F G=0 RIS LRSS

I=G:, | = 1
ﬁ::) TR F. Vi

PR Mg Y o = 9 v f
% prE 2 O N S A f(E;|?§';:[':i 1> ELE_;
“f]"}"ﬁiﬁ!)’ﬁrﬁ?};% °

BRSSP ¥ I £t (Hazard Ratio, HR) kv 3 * b &
AP A B RME O ER e F 0 HR 2 2 0 4e s (3.12) 4

T -
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i“t:ﬂ?ﬁla‘ hgitle — o' {x1—23) (3.12)
hitleg)  hgitleF X2

Fargth Sz W BB ARt R > N A Sl BB %
FPEXTIMERORER R R K= T 0 F X REH - H
o Rl % RCh R H e At S

mitlX=x—~1) _ ngft)xefofii+l)

e — = ek 3.13
Rit|X=x) hgit)xefesfiix] (3.13)

Pl efs 1 PFo A7 X B4 - H oo 2 pch g g4 Ry

el PO RIA T X RBBe- Him o 4 pThg K

34 2P HER
e F[16]555 o iz 2 Cox it i ETF HOAI B > 1% - e T
fag *ho FFE AR FIII i 2 “*'F)»P\ SRCCR e S
PNR LR BRRLER TN BP0 R EHEET

BENT 2B

1. % % if B~ (Forward Selection Procedure ) :

- B HCE Y m AR AF BT 0 Eh e~ Bl e
AEHEZRPE o FNher - BIEESEKR B2 ERF L2
Pl B BRI R E 2R - RS- e 1]
A g ARSI o

-

2. w (8% P2 (Backward Selection Procedure ) :
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Analysis of Maximum Likelihood Estimates
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Analysis of Maximum Likelihood Estimates
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Analysis of Maximum Likelihood Estimates
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