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A Study of the Fee of the Electric Toll Collection on Freeway and Influence
of drivers’ behavior

student : Yao-Chun Wang Advisors : Dr. Jiuh-Biing Sheu

Institute of Traffic and Transportation
National Chiao Tung University

Absert

The toll areas of freeway have being the traffic bottlenecks. Electronic Toll Collection,
however, which used artificial intelligence automatic toll collection of modern
communicating and information technology, is just the right system to improve the situation.
ETC can not only increase the efficiency of driving, but make use of the theory of road
pricing, which makes the fee due to live situation of roads, to change drivers' behavior and
improve the traffic congestion in peak time. As a result, drivers' behavior and fee will influent
each other, so the study is used to proceed constructing model by Bi-level programming
approach. Insides, the drivers' behavior. model belongs to lower level, then making fee model
belongs upper level. After constructing medel-done, use sensitivity analysis information to
treat as lower level for constraints of upper level to solve. The heuristic algorithms is based on
LeBlanc's to solve lower level and bringslower solution into upper level to solve Bi-level
programming. In addition, the study focusion Tucheng and Sanying interchanges substitute
roads and proceeds single analysis. according® to high-demand, meddle-demand and
low-demand of origin-destination proceeding scenario analysis in order to realize which the
best fee and drivers' behavior of route choices in the three situations.

Key words: ETC -~ Bi-level programming approach ~ fee ~ drivers’ behavior
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(2.12)

0’2 < 0C,\V,)
oTE T2 oTy; i

] a

dC (V) oV,
z aT P'J

pij ™ pij

Z alga sa
d (2.1D)5 ri’iwguz;f‘% o

2
0’z >0
oT2

Py

(2.13)

KR P ARHZ 5 T, [endhid ie(Oonvex Punction) » & H &l & (- 1y i) %+

HE S pesici@ & & o
1 # Lagrange % #c# #:(2. 8) 7@ 27 7]255% >

ninL1,,4)-2(1,)+ £ (ZTJ (2.14)

'EXﬁ';:L:"f’Jﬁ}u‘fE_jf;\ :
E_T ZTDUZO (2.15)

B dficld ] B2 REMBE LT, » FIT, >0 0 &b | ERF 4 2T, =0

BT, >03 AT > 4oB] 2.3 #75F

=4

>0 (2.16)

CoT
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m @B 2.3B)F ok EFEA AT, >0
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2.3 Bk &F 2R3
AL ARDP O F PR G RREERY LR S R
,um.% BB REF L2 FEEITEr e TP e T R e
# ¥ #4172 (Bi-level Programming Approach) %% & o # # 1+ k& B* 42 (Upper
Level) % i B 2§ A 48 > ™ & B 42 (Lower Level) 3 2 4p /%R 4% » & B =< #ic
B3] R AT e o

BER =% 8 LB K AL (Bi-level Programming) » ¥ 87 & BA-KF - 20k
S A B A FyE f(xy) B9 x A BARE Ry 5T
B AR i R R A B R AT A T AT

(UP) max F (X, y) (2.26)

st. xeX (2.27)

29 ywd TR (LP)RA] AL
(LP) min f(x,y) (2.28)

st. yeY (2.29)

ARG A S ERE AR - R P EAREAI S B R x RETA
AR F R R FxF e o RATHAR S Hye - BRWS Fx
beasin g - o B T T R R A 0 R
- AR T PR BRI A 0 P AR F AT A
AR A AR R ET R R a2 e P RSk

F(x,y)d <1t o

R = B8 ) g 4 4o 1 (Bials and Karwan, 1984; Wen and Hsu, 1991)

AR K &G B F rf s B (lierarchical Structure) e
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AEeREIH B BARE =2 AR o

4. & K =L R 3L 3% (External Effect) € £ 378 58 p RSk v (7

o

~=
Y
HY
=3

BEABERERYI R o F kTR e 7 225 (Non-linear) " 343
¥ > Yang and Yagar(1994)# * 7 Az B &~ #7 A #_ (Sensitivity Analysis Based,
SAB)iw B i2 R Rj2 b B = R AL L AR EFRT - FERRET E e 7 2RAPE
#1578 pF > Bl¥ 1% Suwansirikul(1987)2 Friesz(1990)#7# d! crtsffra f3 5 i

(Equilibrium Decomposition Optimization, EDO):# & j# % #f% o

2.4 .
AR R B R R RO <R A R R B g SR

oo B R R ALY Y R v - ':ﬂw“ﬁx"‘“i%ﬂfi‘ﬁi:i“ @ TR

FAER] G - B2l infiest o JE B iE SR %ﬁmﬁ,‘*%ﬁmﬁﬁﬁﬁ’j

i
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B BcE RG] kdd F - @ ipand it Bt A AR Y o R Y F T
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RICGERZ NPT b RFEH 5 273 TH GG FEFLE R
g,ﬁ%%@%@ﬁﬁo

3. 178§ oA it

BN LB o FARRARAT O ) REBRS RH F
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B2 PHRT AL ZAEAS A WEHF T B I i AP TR R &AL E
*ABo] R Ml s B 2 PR RS -
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DES S SRR IR T3 I XN EF SRR TR

A
N
max F (u,Vv) :iN
FZ
R =2 uveh, (3.1
acA”
FzN = zvg‘t;\‘ (VN
acA

26



B  RN AR o A e B R EE AR R AR R T 0 T

IR

BB - Rk PRATREFIN R SAAE S A Thy) auni g2 T ek

PR Flpt % F At d s iR #S PR A kS S b RN p RS e

s.t.
u;\l Zumin (3 2)
ud <u,,, (3.3)
E
u. =— 3.4
min M ( )
uy >0 (3.5)
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R FRAES FQON AT FE CRREI AT P T o e F Y

PR ABRG ST R 2R L

)
&

R E G A R R s AR FiE
» H

z

FEEE AEE - ML B A AR S H Y

TRRS BE AR TR A ERAA LR FT o ERE § Ao iE
AERERD . Pl e RSl 6 R Rl E 3R S N AR o ARG

&&lTﬁﬁﬁﬁﬁﬁﬁﬁg

j\ m7—fé]a}>3_ F*' i’lfgf%-?y:\‘c’—ré]%-?—}\"f"a/”‘“ﬁ:ﬂ

{w
e
P

i B2

yﬂa

27



FooEAWHLEK TG ERRY F TR R 2T I E DR T g
P BT Rl AR S a IRk i o AT T B2 R

;iﬁ %“‘kf‘f%kﬂ\,;\ﬁxl

P ’f%—:lrﬁ;( .

in fN = "aNKN N\d
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Ko (vy) = aty (v') + A, +uzh,

S.L.
ZT“a = (3.7
EZTW = (3.8)
Th 20 (3.9
vl <C, (3.10)
He (3.1~ B8 58 T 4050 > (3.9)3% 5 284 L4158 » (3.10) 5"
PERIS 0 RARATE R T AREF R T
pE R AMERFEF R G A PRFF SRR E A R 5
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KKT % 2 5 2L e 23R 382 B i f3 e B 15 12 o
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B b A SR 0 RN G - B R b A Sk I EARACT

z ZTua -

28



aVN
f—
oT>

ija

=1

; r}:a;lﬁﬁzm‘%x\f’rﬂ,\ﬂ&g““*’/ﬁﬁmj\g%tmﬁ,ﬂ_gi\gét,E]

dK ) (v)
dv

a

>0

B e £ T AR A 4

= Z KN (v)dv]
aTuI: ua J-
N N
-3 r K @)dv | Yo
aT,,a
N ¥ » 2 28 ,,N , 3 4 b @ ok 8VN
f ,—:.\'\Li‘mhg_vaiiiy&’ 71?5’[’,5.—}11,{3_,,,1 am:}ﬁ,‘t
ija
=K' (v2)
aVN
mﬁ‘
. aTN —ZK ()
ja a

Boep S B T R R PR A boT

o*fN oK N (vl dK N (v ), ov)
AT N2 _z N :Z N 20
oT. a aT”a a dV 8T

ija ija

BT P ARSoB fN A TN 2 Sl Tt - 2ha )

=
i
e

HEjSagrcisa A o

29

I
s
N

A

L



BT RS LA S BRED 28 FEFR - ARG R A N Sl
(Lagrange Function) » ¥ 7| d1H KKT i i » e pd 5 7 3 {43 » B leep &
EEA o FEEEARACT

fﬁi’:‘;{*ﬁf'?a\lig“&f%iﬁﬁﬁﬁﬁﬂiﬁﬁrﬁi‘gﬁ v Pt

B ’}%—E)ﬁﬁ'{:
min f(v):z.[ova K,(v)dv=> K,v, =K'V (3.11)
L
V =GT (3.12)
P—BT (3.13)
T>0 (3.14)
CcC>V (3.15)

#(3.12)58 o p RS e (B BRTET R Rk o U S e T

POk
minT™(G'K) (3.16)
PR 5N
P—BT (3.17)
T>0 (3.18)
C>V (3.19)

H S fheT

L(T,4,7,7)=T"(G"K)+ A/ (P-BT)-z"(C-GT)-»'T (3.20)
2P A,y s~ f#c 2 KKT(Karush-Kuhn-Tucker conditions) i i 4- ™
V.L=G'K-B" A +G'¢c" -y =0 (3.2D)

y T =0 (3.22)
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H ¢
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