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An Analysis, Application and Evaluation of User-ID Based
Automatic Toll Collection Systems for Transportation Services

MIKIO TANAKAT

For the purpose of an automatic toll collection system for transportation services, a user-ID
based system, which has some valuable merits compared with existing systems, is proposed. A
model to formulate the movement of users (passengers/vehicles) along a transportaion network
is proposed. In order to realize such a system efficiently, especially to reduce processing time
at exit nodes, a method of data replication and a method of data re-allocation of data over a
transportation network according to related entity in distributed communication systems are
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introduced. An analysis, application and evaluation of those methods are shown.
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Fig.1 Method of user carrying information.
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Fig.2 Method of transporter storing information.
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Fig.3 Extended model of transportation network and
movement of a user.
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Table 1 Data replication vs. data re-allocation.

F-sHMUERFR
EHF| - F—4s7 /7 2BH

F-sBHAER
c F—-YEE IR MM

N c T - Y EH AR
BH| - F—-IRBIRALIXR|-F—-F772KMH

CTF - EHARE X
En|F-sEBIREL cF -5 T e RE

RE D # o8

D IOMIOBERIIRBTH L. —F, T— 5 BE
FRlL, F—-y¥BRHPE—/ —FATI—-HVIZTb
NBHEY, H5REIHFTEL 00, it/ —F
WL TREL L 2HEIEL, COBOBEESY F
T — 7 REATOT =% 7 7 L AP HERICKRE
215, L, BE/BHOLELT -5 OFEFIL
HREEHRICHETNIEM, 5 Td5. ZOW
FROTLBHIHETZE, R1DEIHIWTED.
EMMICR, TS REEBOERFRRIT -4
N 2B EES RS, 41, JOHBOENOE
E,kﬁim,:xbﬁTu DR STHEFNR->TW
KeEzbNAE, —F, F— ¥ BEOERFRIIEE
%vb7w7@&mk%éw<,»®&mmﬁﬁ,k

EREIC BT B2 —F ID N— A DRSO FA & 5 3101

AR, IAMETIRED L > THERME LA LWL 5.

—fRENT— 5 T 7 e ARBMERO I ODT -5 5
BEBIEMELZEETHY, 77 AVEEMME (FAP:
File Allocation Problem) ¥ L T% { ORFFINI~24s
b5, BEOT 7 ANVEEBRBEORE, V7 ) AEHa
XF@ﬁ&#E%k&%.-ﬁ%kd%%ﬁﬁtkﬁ
L CHEHESHAICEVIEE, 2ROV T ) I %

ET LI L X, FOEH T A klﬁ—k*l *F’FFILTT%II

AGIE 7 Y N VX — A TH N S e

L&%gk#ﬂ%nfw%m.t&xiAM%NEF
OB TEHRILES ORBUTOHEICRoTLT U A
EEFAINCR S8 VI W|ENH 520, LhAL BT A
T AOBEIHHRESD Y, T -5 IBROATES

B (FAROF—FHIBROAR) &) ORERTSH
b, ¥z, BEBOT I BEBHFRNEIRBEL R -V
ERLT - S EFPHBERNERLL T, VAT A
IS FREENROB X ICERL TF— 9 2 ¥HLS
BEHZITI 77 ) r— a r~oO@EHTEEN
PEWEEZ LN,

4.2 T 2EHEEHXOEH

BEEHT L1233 Entity @ Entry (C 57— %
DEBEPEET S/ —F, TobbEBERELV (t,n)
X, 33EIC/RLZZEHIICL TROLNLEZ VDT
FEHER . P(t,n) ¥ BV TUTIORTHETHRET 5.
L OBRFEZLOPDBEZLLN, YATLLED
BRI & D, Entity ORI HBBRICEVEELZ RS
F 4y ZICHRELRRRBIC Lo TERIXL 2V R,
BEEBICLVEBE L ERETAI AT Iv okl
REVL OPAEZLLN, VAT LAABERIC X > TR
ATCE2HROHBOHY 5 505, —RRITIBLTITR
FTHAFIvrRERAMNTAMNE, BROEREEZLDS
na.

WETH 7 EERME . H[A][B][C] % HWwT
4 Entity @, &b (t,n) DFFEE : P(t,n) 13X
() TRDHOLN D, HLLD Exit BiZXK (8) TH5.
IR, B VICHEBEAEEL -BICBONS, &
L Entity ST 57— BROLy MR (FD /-
FRTT — 9 BSEFETEELHEE) k5.

K%l ¢ C, Entity 253584 v b7 — 7 RICHFFET
BLRER D E(t) WUTOR (9) &% 5.

t
E(t) = P(ti) )
1=0
18l (1/7—F, 1 BARRE) CERPEET S0

WWETHIAME 7 EFTNUE, BV (t,n) ICERE
Br FELEIC, 20EHNEIAL I Ct,n) 1T
PFeis (BBEEFELTH, FNLENC Entity 4%



3102

Exit 52 L CREFAEL L 55
TZXMEILUTERBD),

C(t,n) = E(t) (15)
BEVORBHERILTORTEIHE SRS, 2h
3, BV HELEBT AHEA0MBOKEE
(Boh by FFE/aAM) RRLTVS

B - P(t,n)/E(t) (16)
FEREOBESHEROKZI NI R IEICEE L T

ALY BLIE AT Y N O AT AL

DEBEFFHRET L. BEIN-ENVO Exit BO
BHFBLNLE Y YV ERTH B,

AT BT BERDL AR RS 4 1L OB
E, By IERTH Ay THEAOLNDLTHELIT, 2
Dby FERF/BOLNDL FT, BEENREOFVIEICR
ELI2e VDD X ORIY, BBIAM 2D,

Thabb, {t;,n;} v {t,n} YEEHRE =
Bn-P(t,n)/E@t)] OREVIFICY — M LZEFIE LT,

BWH BHI2DIZ,

J
hi <) 18 - P(t,ng))
j=0
EBE) %, BAD JERET S,
2O {t;,n;} (G =0~ J)H, HREBFELIL
&Y, TOEVEE, J+1 kb, BREBEOE
A b (EBRCHERT — S EBL1T) VBB
i) &, UTFE%5.

J
cost = Z E(tj)
=0

4.3 7 — 2 BEHAROREMN

ZOFRTH, METHENL, BV (t,n) OFE
K'P@n)%ﬁm?é(fxm (7).

B%) ¢t TO, 77— 5 BB node | N(t) IZEITFO &
ICRET 5.

D(n) =Y Bi-P

DEEZF/NNT DX I % n.

Fhbb, Exit REBOT 57 7L ADE, &H
Vo8 n (BHE) OFHME : D(n) BRAER S
I3% /—FiF—9BEE/ —FLT5.

Entity 7%, Kt~ (t+1) FIZ/ —F #4 T Exit
U720, 20 Exit MBIZEDRIT—IT7 7 LAD
ﬁmuyﬁﬁmtﬁwiatmﬁ?ézv%mwfu

(17)

(18)

(t,2) - In —1| (19)

Tehh, BEWMICT =87 7 AFTbNIEHE
FrbbHET— s 1 ) — K AL A, i
20TH5.

li = N@)| (20)

TBHALIR 2 SRR RS

July 1999

Entity 2%, B¥f ¢ ~ (¢t + 1) BT Exit L7z & 8%
L2Ha, ZOREY ¥ 7 BOMRE © r i, B3¢,
J—=F #n TOFEEER P EHVTUTELR 5,

r(t) =Y {8 P(t,i) i - N(t)[}

=0

Z o, WEf ¢ ~ (¢4 1) BITO Exit ERICHT
Z?ﬁhﬁﬁf»ﬂdﬂll //‘7%1‘ %; 5N 5

D IRV EY o e b Davio.

Entity 2%, (B[ 0 ~ co BIT) Exit L 72BDEH
)Y BOMRRE L R EEOEERRIL L, UTE
%5,

(21)

R= Z Z{ﬁi-m,i)wi—zv(tn} (22)

t=0 =0
rREFHET R LT, T BEHFROBOE
B Y 7 BOMFHED, {on}, {6} OBEELTK
¥5.

5. ¥ X7 LOEBESHE

5.1 BEEFTIDIINS A~ 2HE
BECRL AR 2 HEOSERSICEAL 2HE!

unnuuu

7BIERT. HBRIEIR2ICFD TERELRL-EH
BOMIRDOSERMETH D, WKROBREEH T 19 BR
PH%oTWa, 3ETRLAREBEEFVE, &
ORXCHEHT 5.

&/ —FOBEE (o}, BHEFE {8}, TH
BEPLRFTEICR 3 DL ICHESNS, B

K2 EHEXHEICBILERR (AR ETHAHEDKFTD
THEEY, FHESE (THEAR/IBEAR %
Table 2 Number/ratio of alighting passengers at X-line
in Tokyo metropolitan area.

AN |[BR CR D ® E KR F®R
FE M 0 765 456 9| 1881| 8709
- - % 0| 0.817| 0.487] o0.01| 2.01] 9.3
THERY o[ 0.008] 0.005{ 0.000{ 0.020]0.09

G R HER | IR J R K& LR MR

5715) 6536 6500{ 10542 960 27998 809
6.1 6.98 6.94| 11.25| 1.025| 29.89| 0.864
0.070/0.086{ 0.093| 0.167| 0.018f 0.543| 0.034

N R OR P R QR |RR SR a8t

691 16339 226 17817 268 3477[93668
0.74| 17.44 0.24 1.91 0.29 3.71 100
0.030| 0.738| 0.039| 0.323( 0.072( 1.000




Vol. 40 No. 7

®3 FEBROKERRTOBEE, BHEDH

Table 3 An example of {«, 3} in existing railways.
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Table 4 An example of ranked cells in data-replication
mechanism.

th(t

&
il
#
#

.W,MMMMMA
=

B PO U RO LT 3 b |
NSNS NN

hid
g

B e L e e T T P R
-

3
=

T 0D O o 00 OO D
NSNS NSAPNPNS NI BN

-

o cocooeooDS | o

~ cwwmumawro— | oy
NN NN AN S

N DO DIDO DO RO O B ED

D NP IS |~

~ BB 000000000000 | I
NONPAPNPNSNNSNINGN N

o cowoooooooo |y
O —OOOOO D

- coococoocoooD |~

© oococoococooo
BRI AN D W L
B L - LT puep— Y-
o cocoocococococooe | v
L == 1= )
DO O e BN mI T CO D et e
o ocoococococooo
O CHAWH—CODD
o oooocococoood
N MW ONL OO D
N S VIS D A T D
o wwRoooDoOS
W DD DERNI DD

o
o

00 s e e e | -
o oo ww

L, =

|

-

OCOOTOOOOOOOOOHKOOOOOOOOOOOOOO
OOOOOODOOOOOOOOOCOOOOOOOOOD
OOOOOOOOOOOOOOOOOOOOOOOOO
OCOOOOOOOOOOOOOCOOOOOOOOOO

o

OOOOCOOOOOOOOCTOOOOOOOOOCOOOOOO
COOOOOOOODOCTOOOCOOOODee e
OOCOOOTTOOOOOOOOCCTOOOB®OT
[Slslelalelalalelelelelelalalalalal 11 =
OOOOOOOOOOOOOOCRe®®O
[Slelalelelelatelatatetel 221112
OOOOTOOOOOOOOOOOOO
[e’s’slalel 1 2 2 1 1 2 2 1 1 2 Jol
[ololololololeleleloeloelolele)
OCOCOOOOTIOOOOOOOO

OCOOOOOOOOOOOO
PO OIO®OOOT
OCOCOOCOOOOOO
PROODPOSOOD

M7 VIVHEEELOLATY L (1)
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0.3-0.25h; <0.1  hr>0.8 (24)
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0~30, ELTHRHITTA. 8t L)%k, BEEREE
iz — bt Lzenk, #0ey bR, EHaAE
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Fig.9 Probability of numbers of passing links.
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B9 nkIicks. FHEAY V7 8%, 43 HNT
ORZIZE BT AL, 1012 557z,
ZDBEDF— Y EBEELLD, LAT Y 2R 10
2R 3. O HIE Entity 2P L Exit DI D 9 5
LT, @ HFERRATOT -y BEELLTH 5.
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ells where data is located (1).
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&5 FROTHEGZELWHAOBER, BEHFK
Table 5 {o;} {B:} in case of equalized alighting
passengers.

LiN AR B |[C®R DR |EXR |[F® |[GR
a( [0.750{0.708|0.706/0.703}0.700}0.696{0.692

B |0.000{0.042(0.044/0.047|0.050{0.054]0.058

LS HE® TEH |J® IK®W |L® IMR INK

a . |0.688({0.682[0.675/0.667/0.656(0.643/0.625
B 10.063(0.068|0.075|0.083{0.09410.107(0.125

Q €0

0 D ER 0o s
IS o

n W A

¥
b

n
a . |0.600{0.563[0.500(0.375{0.000

B« [0.150]0.18810.25070.375(0.750

Z/(N-1) (25)
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K (12) 25, TR n D Bi/(ou+Bi) &% 5
(22T, n=1~N-1).
Z/(N-1)/{Z - (n—1)Z/(N - 1)}
=1/(N —n) (26)
o HHEOFHERMIZRMTTRTELWEIRE
L, IhE Tm k35, K (14) 225,
Tm=1/(c; + B:) (27)
o FED2EH5,
Bn = 1/{Tm(N — n)} (n=1~N-=-1)
%8B, Bo=0 (28)
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Fig. 11 Layout of cell
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BEELVOL A7V (2)
where replica is distributed (2).
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Table 6 An example of biased number of alighting
passengers.

LN AR |BRR | CER DR |EXR |FER |GRR |HRR [ IR
TEHOK 0| 10} 10| 10| 10{200| 10| 10| 10

JER KSR [LER | MER | NSR [ OBR | PR | QMR |RMR |SHR
101250 10f 10| 10} 10} 10| 10| 10}147

RT NIV RELLBOBEER, Bl
Table 7 An example of {a} {8} when number of
alighting passengers is biased.

R AR |BR C® DR |ERR |[FR |GK
@ {0.75070.74010.740(0.740({0.74070.538|0.735

B+ {0.000;0.010(0.010(0.010}{0.010;0.212}0.015

®" H 8 I 8 JBR KR LER MK |NR
a ¢ [0.735[{0.735(0.734]/0.349]/0.715|/0.714|0.712

B |0.015(0.015;0.016(0.401(0.035{0.036|0.038

a [0.710(0.708/0.705/0.702]0.000

B« |0.040(0.04210.045/0.048]0.750
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