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Summary

Passengers of railways have a strong need for punctuality. Thus, it is one
of the most important missions of railway undertakings to decrease delays of trains.
However, it is not easy to decrease delays especially for railway lines where
congested trains are running frequently.

Tokyo Metro Subway Co., Ltd. (hereafter, Tokyo Metro) has been
accumulating historical train traffic records. The data contain arrival and departure
times of all the trains at all the stations and could be useful to quantitatively analyze
the situation of train operation in order to satisfy passengers’ desire for punctuality.
In this thesis, the author discusses how to establish effective delay reduction
measures from a total point of view based on the analysis of historical train traffic
records.

In Chapter 1, current situations of each line of Tokyo Metro are described.
Since 1990, frequency of trains has been increased to reduce the congestion. As
the result, there appeared a tendency that small delays began to occur very often
because headways became shorter. In this chapter, delay reduction measures which
have been performed in Tokyo Metro until now are explained and based on this,
the background and the aim of this thesis are clarified.

In Chapter 2, a mechanism of delay occurrence and propagation are
explained and issues to be settled to devise and realize more effective delay
reduction measures are proposed. It is also explained how we can obtain historical
train traffic records, which play a key role in this thesis. The findings in this chapter
are used as preconditions of the train traffic simulation of Chapter 5.

In Chapter 3, approaches to visualize the difference between the planned
and the actual times are discussed. Three kinds of visualization are introduced.
Results of evaluation conducted by practitioners are also introduced.

In Chapter 4, indices to evaluate the current situations of delays are
discussed. It is shown that analysis using ED, which is an index to evaluate the
increase of dwell times and ER, which i1s an index to evaluate the increase of
running times is helpful to quantitatively identify the point where delay reduction
measures should be applied.

In Chapter 5, a new idea called “difference of departure times” is
introduced. The difference of departure times means the time interval between the
departure time of a train from a station and the departure time of the previous train



from the next station. It is shown that the running time of the train is very well
estimated by using the difference of departure times. Using this idea, a simulation
algorithm which is very simple but works very fast with a high accuracy is
introduced.

In Chapter 6, a new approach to reducing the headway time by changing
the driving pattern of trains between stations is introduced. An interactive system
to produce a train performance curve which increases the buffer time between
trains is introduced.

In Chapter 7, results obtained by this research together with problems left
as future works are described.

In order to effectively promote delay reduction, it is by far the most
important to follow the “Plan-Do-Check-Act” cycle. In particular, to logically
construct the Plan phase is very important because this is helpful to let “Do, Check
and Act” phases work more effectively. As the result, it becomes possible to extend
more useful countermeasures for delay reduction. In this thesis, it is shown that the
visualization of delays, indices for delay reduction measures and train traffic
simulation which are described in Chapter 3, 4 and 5 respectively bear a role of
enhancement of the logics in the Plan phase and contribute to the whole PDCA
cycle. The approach to adopt a new driving patterns in order to reduce the headway
introduced in Chapter 6 is regarded as an ultimate measure to reduce delays in the
Act phase. By a combination of all these approaches, it was shown that analysis of
historical train traffic records constitutes the basics of the PDCA cycle for the delay
reduction from the total point of view.
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T D

Ksjy = RDij—PD;>0  eeeeeseenienennn (4.3)

(43)RDOEMHICH L T DI HEKHITHONWT, ZOFEAKEZK L LT, B
BT DA IYE R R &Y EDE (4.4 NEK Vv KRD D,

£, @AROKXMEZZ L TWDHINED R EZ, FFA BUS B3R 83 & =R
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Hea & 2T, HRLTHINEARSEEZ KELTUESHAXLVRDD,
fog = = e (4.5)

GHAKEVPUESHRXOEE L TEDE@.60)XE, RilckiT 5 HCEBEDIE
WEXRIRIEED, & 4T 5,

EDi=E_DL'I1ed ............ (4.6)

453 WEEEDEEXKIEE ER, : Exceeding running time

HEIRRFHOBIRIC L > TEBEEAZ IR S E D5 31E, @G.7)RNOKMEICHEYT
LHETH D, Lo T, HIEFFHOBEBIZET 2HEEX, G HXOFKMFEE2 b
LicHHT 5,

Kd(j) = RRij —PR; >0 e (4.7)

@G DROEXMEITH L T DI HEK I DOWT, TOIERKEEK, & LT, BRH
PCHB T D IER R A &Y EREZ U)X LKL VKR 5,

1 (& 1 (&
ER, = K—d{Z(RRU - PRL-)} = K—d{z Subij}
Jj=1 j=1

F2, GNDROEMHEN - LT 255 H O k3R % 38 dis IR {5 8 18 3 u,, & 4
F, @.9R Lk D,

Uer = == eeeeeeeeaeen (4_9)

37



FAE FHEETERET - ZOSHICESS BESREEORE L £ OFFM

48X L @HXDOFE L L TRkD74.10)=%, B i 2B T 208 ELEDIE
SEH RIEREER, & 4 AH i B,

ERi:E_RL'.Uer ............ (4.10)

454 EREBIEZEILR

@ 1) NEE Y ST HOX [ %2 ER [BIE 2L & AT 5,

ER; — ERjyqy >0  eeeeeennn (4.11)
oL, RilckBnwT, EEEABKE (BFTMKRKE) 2L ->Tn
HZ L TWD,

ER B A LS L7720 5 B8R E LTI, #lxiE, mER~OFBO-DIZE
SORBENEETHRNAETOND, 20X R (BRAELT5) T, HRA
BHERIZIKRBICIKTT S, 2L T, ZOKRDOER (BB &45%) TOREAK
WELRWEE, BB TIX, ACEE, WEEERIZEELZRVWEZD, A
ZDEREIEEIRE LTINS Z EITR D,

ER FIE 2B b SIcx LTid, MREEIEMNZ S5 T XETHDLEHEZADN
L, TOBEMIL, ERELEIT, BETDLEHEOHHELRAXME O LMo
X EHETOMER RS D720, BESRFTHRRKERDLIBRICHRT D &,
Z < OHNERLEFICK L TREREONRNAAD LD TH D,

EoT, EREEEMSICHELETIRICETHRAHEL, FaioXMIZKT
DRI EE RO TG, ROMRKMEZHFLZICHEFTT D L0, B
BV ENEMHTH D,

455 BEXMKREBEFRICEDI(AREMDREAE (ED/ER 7
) DIRE

ED/ER 34T & 1%, x #hiZ ED A, y #hiZ ERfEZ & 5 2 & TR X KE L
BATORE L RAIRIRRT vy VERBT 20 FETHL, K45 %
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ACTIRHET 5. £, EITE v

T — &6 EDfl, ERfHEZ &

v
L, 4.51Z/r9 K 912 ED ER C A (x1.71)
6% x,, ERfE%y,& LT ED

E, ERIEORE/ERE 7 T 7 D B

FicFwmy b5, 46D A - X

~D OFEBIILLT O L 95 7 E %k

ZFio,

TEIR A : RIS E O BRAS HRE I A K L7z 2 & CHEERFFM A R L TV 5 H
i3

fEEL B ¢ BT HIRFE A B OR L T D fE

fEIk C : AIAIH & OEERBIRAFE E o 72 2 & THEHEBREM A AL TV 5 H
i

fEIE D REE O 72 HE I

4.5 ED/ER % ¥ B M [

THIK A - B EHHIKC - D OBER L 225 ED OfE I, BRAS HEE R o 5 K AN R RE
WD —ATHDHDOT, F2EX 21 TV RBIEMNETOBEL LD,
PEHLA-C LHEIB-DOKER LD ER OfEIE, EEEERERHE OB KAREL 72
LHEZOMEERD, ZOMHEIE, BBEEFORRICH X2, ZiLE TOHFH
5, IR 10 MBENBRZIIRDEZEZTND,

xt o O NEN 1, ATET TR _7ZEHIC XV, ER [EIEE LS Z RES &
L, 2\WT, B A, B, COIEL T35,

ARICE DB DIR 4+ ZERIRRT vy Vv EXT D, KA
TOEENERIL, SEDRERET vy L OREENSHMT 5,

EBEOMEDONEF 2R ET DI H Tz - T, g9 5 E 1 OB O LIER 2 &
WA, —HFICHRETRI)ZLEEILTLLRS TRVWEARS D Z &,
RO EE RO N OB REERT L2 LRHERTHL EE X
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b Z &b, ED, EROfEZE S LT, MRTLI2MEZIMERRET 5, BAEH
i, 44 THWT DL, BUC LEZOEAOR B ® ED i, ER A3 I
m S EEMEML 2 @V Ll S 2B A5, U C @ ED M (RDg) % T 2 %
RaLbZ T, BLC® ERME (RR;;) 720 T7x<, B B ® ED i (RDg)),
ER fE (RDg)) M TFADFREMENEVRLEDOZ LEZERLT, FRETRIMW
ERET D,

4.6 EBEXNEHFBIZIZEDCEERKE T O
4.6.1 WRIFME T DHEFHE

R A b M, e ~MEME2ET T2 E (S 2 16.8km, 14 5RO
K Tho, RaBHEBHR, KRADAY Y =T CHAEBERZT
o THRY, W7y a RERAICIE, 1 RFMIC 27 RO FI#E % 2 4 15 B Rk
TEATL, BMHERITN 173% (EE-KZER) THDH, FEMBROELEL,
RHEXM TH LR ~KBIH TRESIERTL2MEMAH Y, KHITLIEIX
JUBE T~ R ET R, M~ EE A CHILREmM O & 5 ¥ Th - 7=,

462 FR2EE BEXMRERATOFBFARDETERLE
EEXER (KX TYv T 1DRE)

4.6(1)ITxt kAT ED M, [RXQ)IF %Ki ER i, [F X (3) it fii o
ED/ER M TH S, K 4.6(1)L 0, BEOHF T EDENHFHIZKE VDD
%, Hl—TH, KHET, JLET, X462)EY ERESMHEIHIZKEVD
X, R~ K HET O AR, PP ~JLE TR, KXRE~EEBARHTH
Do 22 L, KREAI~EEBRFRO ERENSRKE < 225 KL, #TiE L5
HFIZED b DT, i LR~ EAEEPEE T dH 2 72 I i 4l #1558

i

=

AHZTWDHTEOTHDLZ ENHBHLTWS,
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Exceeding average of Running time and

(2)%f K B ER fi

0:50
> 0:40 Ngatacho(4:_))
=
§ Omole-sando(3l)
g 030 -
% o ’,/’/ Aoyama-itctome 27)
‘€ 020 -
< .-
w Kudanshita(15)
0:10 -
itsukoshjmeeOtemachi_____---~ - T
_____ \
0:00 0:02 0:03 0:05 ‘0:07 0:09 0:10
ED(minutes:seconds)
(3)xt K Hii © ED/ER 43 #7
B 4.6 kR AT O HE 6t 3R Hi5 A

¥ 1 Exceeding rate of Running time
— Exceeding average of Running time

1 %
el ER(Before Measures H25.5) 80%

1 60%
1 40%

T 20%

100%

Exceeding rate of Running time

RPRENEANL & RPRIRAT v v BR21VICART, JRA A Ml

TERA OB 2T L TV D, Bl XK EITTH I,

] M Ok HETBR o %5 2 & e, £ 72,
ERBIEA{HEEHL WL A2 T, £ 4112,

T B~k HHE]

FT#MEZfM L TWDHKHEET, £ZEIT,

B SENEAL 13K H

0y, #£Z3E, Fl—TH, LWEF&RD, —FH T, £2E, FlU—THICO
WTIE, TOEZEDORTEH 5K HE TOXRENRZ GO 7 b TBRIEEIZ T

DDHZENLEELWEEBEZTZT2D,
DOXREFERST 52 &L Lz, 28, K4.63)D ED/ER 3 HTKIND (

BAE I,

RPN RZ D,

SRIBERT vy VTH D,
SR A FI—T H~KHEITHEEORKBITBR~OXER BRSO E, 5 55%0H
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M/l Te, HIZ, TORPITIY FIL—T H~ K BN H O JE & i
b/ D& WL,

KR B IR M~TLB TR R OTUB FERA~ DR LB T~ R ET ] D (5 5 &
fHELRL, LETROMERMFELZLEL, HOCEBEDOM/ N2 AT,
ZOMRICEY, FEM~NLETHOWURELEGM/NT 5 & 2WFFL

<
F 4.1 BIES R OB
ED/ER Analysis Area Measure Points Potential
A Nagatacho 45sec
Recovery changing section of ER
Omote-sando 31sec
Nagatacho 45sec
High Priority

Area A Omote-sando 31sec
Aoyama-itchome 27sec
Area_ B Kudanshita 15sec

Area C - -

463 FRL260FE EBEEXNKRAOFBMBROETEREEL
R (RARRATY T 2DRE)

KERAT v 71 FEhith OBIE R Z X 4.7(4)~(6)IZR~T, 4.7(1)~
)i, O DICR Lk R FEh AT O BE X REE (X 4.6) ThHDH,
o, 42L& L TEENRAMEZEDOFBIELOCIRIRRT ¥y VOENZE
R

XIRAT v 7 12w LI e T, REHMOBIEITRFICEES N, K
HET ISR RART vy v 40 & leode, £, 2IRMARHE L L TE
ZEIT-9F, HFl—THIZ-BH, HEIRET vy A BEAPLTND,
IhDH 2 WIS R, ER BIE B AU KK & U7 f R, BEJR R IE 23 U
Lic, £, HL—THIX, *KAT7Ty7 1 Ehitk b it 36 Dozt KRR
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Exceeding average of Running time and

Exceeding average of Dwell time and

ER(minutes:seconds)

ER(minutes:seconds)

ED(minutes:seconds)

FAE FHEETERET - ZOSHICESS BESREEORE L £ OFFM

TUVXAPFIELTVNDZ D, MRAT vy T 2L L THERE~KRBIE

M, RZE~FWLW—THHOESRMKE (E C) & Fh L7,

KR C: A ~KRSEM, RSE~FIL—THHM i X [H] D AF 5 3 i & B
L, WRELEZMENT 5, AIRIEFRT vy /sy, HER
BIIAT R b T REZERT DL & L,

100% - .
e Exceeding Rate of Acceptable Duel | time = = i Exceeding Rate of Acceptable Deel | time
4 Exceeding Average of Dwell time = ® = Exceeding Average of Dwell time
020 + e ED(Before Measures H25.5) 1 800 % gAOZZO et ED(After Measures ;H26.5)
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3 ;s
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@ © %)
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010 1 40% 5 gE
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v 0:00 0:00 L% 5 000
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e
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S
t
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80%

60%

40%
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0%

(3)xt 5K i @ ED/ER 43 #7 (6)%} K #% ® ED/ER 43 #T
X 4.7 HEAT v 7 1% ORIELKIEE

43

¢« g @ o £ g © = 8§ 8 2
@ o e o = @ > = £ 5 o = 5 S s H
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o E 5 @ [e) §:‘ 5
N N L VY
()X 5 B ED fi (M%K% D ED &
0:50 100% 0:50 100%
V e EXceeding rate of Running time QE) g e Exceeding rate of Running time
. 0:36 @— Exceeding average of Running time = @ . “—— Exceeding average of Running time
0:40 et = R( Before Measures H25.5) 80% g g 0:40 e ER( After Measures ;H26.5) 80%
l S g3
0:30 60% & ‘= 2 0:30 60%
4 5 S 8 o
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$¢ 22 2§ 88 55 £2¢ 3§85 E% 22 58S i} g% 25 &£ §3% 5: 82 g5 £% 3 =288
2e §% 2§ 5§ E3 S5 EQ E£2 22 g¢s 28 $¢ T2 S5E £S5 85 £0 g¢ £8 s¢f
55§ g5 §f Sy ¥ 2U 5 22 33 313 28 f& g5 2T 82 37 £9 53 3% 2%z
e} S IS z 2 20 2 L3 27 I ¥ 2z = 2 22 3 @
! E3 @& °s 3 v 5 N 55 29 &
og < t oF < T =
. N 1 2
(2)xt K 71 D ER fH (5)xt K % O ER i
0:50 0:30
0:40 Ngala20(43) =z Omote-sando(22)
=
- 3 0:20
Omote-sando(3l) s Q .
0:30 el & 17
® - £ - _
] Aoyama-itctome(27) 5 L Aoyama-ichome(14
0:20 S € el
el Elz: 0:10 =
010 T a5, =
' P e NagataghotS)~
itsukoshimge Otemachi_____-----~ P I S
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4.2 PBAEXR AT O IR LE R R R o b

(mimutes:seconds)

Before Measures H25.5 After Measures H26.5
ED ER Potential of ED ER Potential of ®-®
Measures effect Measures effect
@® @ @ @ ® ®
Omote-sando 0:05 0:26 0:31 0:03 0:19 0:22 -0:09
Aoyama-ithome 0:10 0:17 0:27 0:05 0:08 0:14 -0:13
Nagatacho 0:10 0:36 0:45 0:03 0:02 0:05 -0:40
Hanzomon 0:00 0:00 0:00 0:01 0:02 0:02 0:02
Kudanshita 0:06 0:09 0:15 0:01 0:01 0:02 -0:14
Jimbocho 0:00 0:00 0:00 0:00 0:00 0:00 -0:00
Otemachi 0:03 0:02 0:04 0:01 0:04 0:06 0:01
Mitsukoshimae 0:01 0:00 0:01 0:00 0:00 0:00 -0:01
Suitengumae 0:00 0:00 0:00 0:01 0:01 0:01 0:01

4.6.4 EIEXKOFTH

WA T v 71 FERATOEBIERD (FH), HRRAT v x iz LS50
TeHEEIRAE (AR, bR O BRAER () A 481 RT, Eiz, xR
AT T 2T HREEDOK Z K 4.9 (2R T,

T, HEEEBM, EITERBT 0 LHE ML EEOBESLKE D
EIEN S, JRDRRT vy v EZB LD LICE > TR, 48125
LTWbEBY, MRATy 71K, KHAETEROEI &, #HEZR-45
ol AEEOHRIZ-9W ThHole, FILE FROBIEEIX, #EX
F-60HDOLEZAEBEOMRIZ-TIW TH oo, WK A DOEMIC L DER~F
W—THEMORENREEZ RO & 25, FKHETSE-22 7ot #Es) R s
by, HEELEI EOBILEMEDRRE LN, JMEBIZOWTEH, M
ENETHOENEEZRD &, FRIRRT v VL EORBH - 72,

MEAT v T2 TEMLEME CICHOVWTIE, FIEAEDRERT v
WCEDSWEHEERBIE L FEOHRTHY, FRE L THER~K BT ZEE LT
XNREM LI CEEEZRINT 2R ETH LN,

— 7T, MORET~KFOR L VR FRTER OB ZE XN L7z, X 4.9 TlIshfe
BT ~K TR R VK FRTER OB 4E 1340 S BN L7, M ERAT £ TOFIE D it
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AE i

WWFES N LT, RFITIRO B CBEED, 0%~ KT 0] R O 3¢ & & AT (2
HEBEHEZ2RT S RoTLZENRREHEEIND,

Delay (minutes : seconds)

Delay (minutes:seconds)

3:00

2:00

1:00

0:00

3:00

2:00

1:00

0:00

-1:00

= Potential of Measure effect

— e=@mActual Delay_H25.5 4:00
e=@unFstimated delay .
@=» Actual Delay_H?26.5 J
+ 3:00
: + 2:00
LY e
1
1
0:45 1:00
I 0:15
M 0:00
g 8 g 2 5 P 2 kS & & g
3 S S g £ = g g = g g
& ¢ 2 <3 g 8 £ 5 z 2 £
g £ £ £ 2 = ° 3 2 %
o > = (%] £
2 = 3
>
X
X 4.8 XRAT v 7 1 ORRAEE & xR AT O B IE R
— = Potential of measure effect 4:00

e Actual Delay _H26.5
e=@me Fstimated delay
@=» Actual Delay H28.5 .

+ 3:00

+ 2:00
=+ 1:00
© .o ! o ot o] o = 5] <] © 000
: & = 5 &8 5§ £ 5 3§ 2 =
E : 5 £ 3 5 ° 3 2 3%
o S, = @ E
g = Z
>
X
X 4.9 KEAT v 72 ONRHEE & f KAl ORI
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s

4.6.5 REF
PEHRN D, BIEXIR O LBEENFEIEM S TS OO, kb3 E T O E X
BBRICE SV Tadhoc IZITRAPR TVWEONRERETHY, £/, P R2EE
WIZHET A2 Z EbfTebil T role, —F, RIEORKRENL, BETF
BIZED2HBELZHWS Z LICLY, BEdREE T XEEHHTORE, K
O, BIEX R ZFE L EBEONR L2 ERMICHET 52 DN ARRICR D & H
WrTEd, 2L, RoNTREERZRMITIEN L TEBERZ X
DANFEHIZATR O ZENABIZ R D EEZBND,
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FSE FIHEETEMET —FOoHICESL
FIEHETFTY I 2 —2a vy 7 A3 X AOBRE

ESE
FIEETEBEB T —2DORMICEDFHIEE
T aL—oa3r7I)d) XLDIRE

51 [FE®HIC

95 4 B CITBIER R 2 2 SR a0 HEME S 2 720D, BRIEXI R OB SCNANL OFIr, F LY,
KRN T 2 v VO EBIIHEE Z FTHE & T D BIE R DV T~ e, B IEXT
REIMEL T 72D, R EE L 7eHE0ORE, 20 553 F IR
WXL T, LVFEEMICHETE L2 BN ETH D,

RFETIE, MEOHHEETIERET —Z 2T, EERICE IV 5 5 EliEE RO
BUVVALREHE (BF 1 # 1.1.2 Tk, AR Z HAE L T IRINENEE T HE T
DOEFMZW D) R EDEEZHEL, FhEz v Ia b —ZITHIADLHEZ L5, S BIT,
EATIRET — 2 D, FIHGEIT, FRlEERE IR 2 Bl A i L, 230
VIab—va w2700 FRAERET L, BERMICIE, F—L 58I LT, B
BRCOSEATHIEL & D IR 78 &OERRIR ] & ORfRZ A L, vz W THIEO R
R 2 R ET Do ZAUT LD /ANELIUDS R AE LT RE OB HGE T 2 S WS E CHEET 5 2 &
DAL IR o T2 2 L R,

U, 52T, ¥Ialb—3 a3V EFMIOWTEHT 5, 5.3 HTIE, ZONHT
b L, BFEFEOMBREZEMRT 2, 54 HTIE, ZU0ORBERERRT L L
FHBE LT, HEHHECESHIHEEITS I 2L —va T3 AAERET
Do SSHETIE, BET NIV XLDOREEDHED S O liZ1T72Vy, 5.6 T TIFRUEX K
NROHEE~OMABIZEAFENT D, 5.7 HTIE, # 4 FOLMPARRICI T 5 BER RIS
WHT D22 TAYI L=y a T3 Y XAORANE L RAEEM 2 REET 5,

52 ESEDOREERXEMER
S FE S ERRIUCKT T D BIEX R O R A HEET H 72D, FIHE TV I 2 L—
a VU BNENR TR LD,
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FIEHETFTY I 2 —2a vy 7 A3 X AOBRE

FIHGEI T R = L—3 3 DT /UL, microscopic model & macroscopic model (2K
B X4 5%, microscopic model & 1%, FIHOE X 2 MHELFIZEBIT 2 WIKOESR) & HE X,
Newton OMEB)HFEIUTHES T, HFIIICEDOME LB L FHE TRO TV FRT
& 5323338 B DK % G| 2 ONLENSHEE TE D720, [FH5RMOEr, FIEF A ¥ DFf
A 7e a7 EICHW B LD, microscopic model 13X, FIEH OB & ZFEMICHEE FTRETH 5
EWVO RN D DN, DI TIE, BROZIGICT BT — 2 & i L huiEie
B &V D RER S 5, BRI, FIEOMRICBET 2540 (V) v F 2L 051K,
i, 7 U—MERe, BT YY), SO (R, Ad, HEHIBRE TR
&), BHO5M BEHORMNE, BURZRE) Thb, iz, FATHEIL, macroscopic
model X ¥ #EW,

macroscopic model | %, FIEDER~DEFE, RN DOFEHEEL A X FEL, b A
v NOEERANEHET L LA ET D, TR2D5, JIHEORM OZFENIZ >V TIE,
HEE x5 & L 72\, macroscopic model Cl, microscopic model THETH - 7= Knr>
LG DT D7 — ZIFTMETIT e <, FITHE S microscopic model XV #V Y, $kiEIZ
VWU, macroscopicmodel & LTiE, A b FU 7 HRERKERKETLITY XA
KoL FHRK BT, BERKE Db Tn5, A2 b RY 7R, EERo
R EILI LD E LTHOPTIES HWHNA TN D FATY, FIHETOFRNSHT 5
GraZlL, FIEORIE ERHEE A X R E LT, IRICAERREZRA N2 b & Z DL
GNENEZREL TNV ZETY I 2 b—1a 2772 9%, HRERKETIE, FIEOH|
HEHREDAXR N/ — R, /— FREIOKENERE 7 —27 &35 (M7 7 7 THH
FA X HREL, KBRS, — R0 bE ) — ROREREOEAZHHETHZ L
IR o THEE T2 THIT 2%, —MIZIE, FIEX A YITIAFEOERERFEAE L2 &
WO RMRIZBWNT, A XV MR 7 HFRIY EEICEET 22 LMo Tn5

ARV IR TR, BRERBEOWTIIZEN TS, FIHETO TRV T
WO DEEITEEERFE, BUFEEREHE, BVIARRRR (K 5.1 O Headway %~d, LA
T, AP TIIERE WV Y) O3FEHTHL, TOMEEK 51 IT7T, ok, K511
FRBED TN TN T A XIZKIT D b D TH LN, FEEND 28550, EARNRE 2
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FSE FIHEETEMET —FOoHICESL
FNHETS I 2b—2 a7 03 ) XLADOHRE

FHIERITTH 5,
Train interval
Headway
Scheduled Dwell time Buffer time
Minimum headway /
Station B /
Scheduled Departure time difference
< Scheduled
Running time

Station A

/ /

Traini-1 Traini

5.1 HIHGEATRE ORERRLE A

WINOFGRUTENTY, FHEZ - BERANL, ROXTRD b5,

FEHRFZ)= max (CHRLHIEOERZ+BUsdLRef, FHmFERez) (5.1)
BIERFZ= max GEATHIEOIEREZ] + Reld, 4a%8| 0% FIRFE R + iR, G
AHEREZD (5.2)

INHEORITBNT, BUSHERM & LT, BRIE BRI S HICH 50 LDED
B AT IAR R BE 2R RS B ] e/ NBRYS ERP[]), EEERIRR R & LT, &1 PRI
BB ERE O fe/ MERRRER] LHEELIE - HTORBEEATND 8, FEL
LTI, S/MNBWVIAREEE (X4 PIERICB W THWS S, &5l LA S D i
INOEISEG R A IMZ T D%®) BRHWGD,

PIEH R OGO T O, BAEFE DR ZRAICREL Ty Iab—a U aiiy
RN D, DT, Yeffi§ <& 7 — & LALPHEE D 57> 5 13, macroscopic model
AT ERNHEYITH D,

7272 L, macroscopic model (2519 D& HIH L LT, BLEDFHIHEITIZ I T 5 d#inky
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FSE FIHEETEMET —FOoHICESL
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[EICRERRAY, E 2L, FEHEEERRERH O R/ NBUVIARRE & —BL TV D0 E 9 1 d
e TNONR—HL TRV THIUE, I alb—a RIS, BELOERNE
LA THDH, £ITC, FIHEITEET — & 2 W T, BLEOSFEITICEH T SR
RERD & BRI RT3 2 TR R RET 247729 Z & & Lie, ZORERELI T Tk 5,

53 FIEETEREDDH

TR O 7212, §iT v ¥ 2 BRI 2 RO FHE T FEE O ST 21778 -
7o XGE LTEDIE, FULA b o TREMR BIEORIRXEZX 5.2 (277F) D 2017 49
H29 HEREH O T v > = i GEWFE TS 53 2 A5 9WES 43 2 5) OfEMN B«
R ERFWOFNEDT =42 Thbd, ZOHIE, TRE1957312, K53, K54 FOHKEYID
FIELAT2TK K0 b 12 RETOSIEIZ, PEHBERIZT2 79 30 BOBERFEEL, £D7
DI, TR 5 DRBREOEENRIEEL TND, WK NLINDOHTH D, £ORR%E,

¥ 5.3~[X 5.5 12”7,

5.2 THHMEHRIEX
[ 53~ 5.5 MHIRDBIDOND,
(1) EFROEERRFHEIE, BEEEERR LD b S 5IZEWEERH 5 (K53), i,
SUEERRFE I T ORMEZATEY, JIENEIE L TWS5HEICIE, R #ER
fix

¥
17729 ZLI2E - T, NIV bEWVETHEDNELRSND ZEDRHLH12DTH

ot RF

o

F7o, FEROERRRH Y, EEEERHEZ KE < ER> T 56055 (K
53), AU, TAEICHIHEDNEER S LTV DRI T, JefTHI O R EAERIE L 72
&, HheylEE, BROFATCEE BUEELE) Li-cob, BERET L Z L1k

%
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D, ZOBFE, BRIHTORGHE - MK - 45 HEREIC L D m TN A T, EEO % (]
RN R 2R H0E) 2R ORISR RDICBEIT R D Z LI XD,

4 5.3 1%, HTERE~79 AEEREIZIBWT, AGIKFIH (FH) 2Bk 4 (EERRE
IR L, SbHRLIZDIE AR27S FIE. (-t D 4 45 1 F) (Z DX SLYEE
HRFIX 2 53 SV CTH D) TholeZ xR LTEY, £/, LTE~ITERM T
1%, A739S B (BEHE) 2 DIEERL, AS1SFIEH (hkiy) 233540 (ZOXMO
SEERRIFHIX 2 7 S5 B TH D) THRRTHATLZ LR LTS, Zibiddk
(2, EEROEERRF I A AR IR 2 EEl> COW D ERFITH D,

500 — Running time} --@ - Kita-senju / Machiya
--@- Machiya/ Nishi-nippori 201
Scheduled running time (2:55) 3:40
(%2} . S o
S 4:00 \ ’.\ ',“N‘
e} - \ A
(8]
&
1)
]
>
= - . -
IS e
. @ ot : . 4
203 R 2:26 z4t Scheduled running time (2:05)
2:00 &
SE[EEcdsncgrsencggaciRER 8 S5S 3
L LCEELEICELCEICLCLCCC g A C I« «

Train Number

X 5.3 JEHRIFHE] D FEig

(2) EBEOWREL, 1ZERFIEIZONT, F/MNBVIARBFIL D K& <, 56k
ATV RNALND, HIC, W 5L TR L TR Z T2 &, Tk
PRI BAERN RSN 5K 5.4), T, BRHE LIS K o CTHATHIE & ORI
SBANDD = &R0, EBEOMRHIZFENEUCHE AT 5RO EFTHEEIC L - T
TR EOERFIZLLBEDTH S,
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Kita—senjuf

=== Actual headway === Dwell time @ — Train interval

3:00

(%2}
=]
o
o
D
b
(%]
D
8
>
£
1S

KSB2825d838548338¢8g58838588888¢4
N O KEENKESECRRENENENNENS O SN NNNOGRGTINQTRS QK
CICAACLCLCALCALECEILEICILCLACLLCLCLLC ECELCELC ICEICCCCL
Train Number
Scheduled train interval (2:05) Scheduled minimum headway (1:00)

(1) A& TR

MaChiya s Actual headway st Dwell time — @ - Train interval

minutes:secol
=
w
o

X
3
~
<
2:

05 Scheduled minimum headwav (1:15)

(2) HTEHBR
X1 5.4 ZIHERIEOFAE

Scheduled train interval (

(3) ERPIEMIE (b 2HNEDFE N DROFIFEOFE E TORM) 1%, FEHEHUS SRR
LIEERROTNCE L RoTWD, 2O END, RBHMIT, BEOZDICE
WOSENTNDZ ERbnd (¥ 54, 72k, JETER, BTEREROPTERIS dRF
Mix, TheTh, 605, 45 ThH5),

(4) SFEATHIEDOHPUFHERFHEPIED D &, BiFHIE DL DERE TOMHERRFH A K%,
7720, FoMiciE, SAMEFERHERY (K 55 13—6ITHhD), Znb DR
X, /LD BIZOWTHRETH - 72,
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230-- Machiya / Nishi-nippori}

2:00
. °

(0]

E_ ‘“w Y,

+ % 1:30 (R )

g5 o o

£ , °

% § 1:00 ') 29 o . @

€ * o

g 0:30 ° o
c5 o

S E ¢ ’
QE. .

S =-0:1p a0 0:00 0:10 0:20 0:30
X 3

-1:00

Exceeding Dwell time of Preceding train (mimutes:seconds)

X 5.5 @i &1 HL o BRAS B IS 3 % £ e 41 HE 0D T8 dis By fi]

INHDOZ EE, RETRELTND,

(1) WEOEmWY I 2 b—a r2EBT 57201201, KR, EERRHEIZ OV T,
SR TR SN D R/NBWIALKEH, EUEEEERFHE Tl <, BEICHBLT 5 HE
(B F/ NBUVIALREH, EER 25/ NEERH) 2R3 2 0ER3H 5,

(2) (5.2) i, Him LOR/METH 2 BEEEIFHRZ VTV L7280, FEHEID S
BHENKER L 725, bbb, BIERANE, TRE) 23722 FER L LTRE
SINDHZ &L D, —JH, M54006005 K518, EEORNRIE, HhBuViAs
R LD b REL, FLANTYIRREN, 22D, M5S0 bbns Loz, Bus
B & OB S0 MBS R o, 2o Z b, RRa E 2R & LTH
FEWA 2 RET 5 SR TIE, FIEGE T2 TERICTHIT 5 2 L3 L, 20w,
BIERZOHEEIZOWTIE, (5.2) RTEEITIEAe<, (5.2) R 2872 725K
WD END D,

54 BIABRCORERFMEICEDICHEETYIaL—YarvARK
541 BEXRMEZTA

ARFETIX, macroscopic model & V22 bR CTOHTIC K o TR S 7z [ % fig
RF 272012, WOBRGITHESHNHEHEITU I 2 Lb—a VR ERET D,
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O BUFHEEFHE, FERICOWTIE, HAREOHMICH 2 EITEET —F2 2 HWT,
BREHTHD EBZLNHEEZIET D,
@ (5.2) RizrboT, (53) KERET D,
BERZ =max  (JEATHIEOFEZ +RilR, 45450 J7 BRI
+ PAERA R, FREERZD O L (5.3)

FHN D FER O AR HOHUS BN [, BFhR L, EITEET — O mMD T ENTE
%D, o T, MBS U T, FIHE L CEIRR R, BUSHREN, RRoEHMIChZ5
FEET -2 EEREL, TOTFT—4%2bH L, TNODEERETSHZ L HLARETH D,
kD, K0 XM ERIZIILT, INOLDOEERETE S,

(53) XERETL2HERIT, KDOLBY THD,

X 5.6 lIZRT K HIZ, FATHIHE (Trainj-1) OB TOFUSHERFREINHE R L, BIEDFE
A LTSrG (GEEERCRT), %I (Trainj) 0 FEER 0D TERANRE ]| T A EE TR ]
FVbRES D, Zok, DRRP) IZEBLTEERFE (Zg, TSR &
5 OHEENFIRE CTH VL, HIERFM 2 F- 2 ER & L CRIERAZRET HZ LT X
> T, BIERRZ LD IEMEICTRITE 2[R ® 5,

7E, K5.6 NOBELFOEKRIE, UTOLEY THD,

RR;j : Bl j ORI i 124510 2 s i
RD;ij_qy = HIHLj-1 OB (1T 2 BRUSE HLRRH]
m, : IR

L RDig-ny | M

<

Station i / / /

xi]'
Between stations i >
Station i-1
. / . / RR;;
Train j-1 Train j « >
/ /

5.6 BRAS HLHE AT QU fF 5 38 s B ] oD 8 K
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542 FREGREOHE
AT OIS T, DIRPL) IS U 72 SRR & HEE 3 2 IEIC W TR L7z
(AT o=, K56 LRKETH D), FIHE ) O i 1231 2 EERFHRR; 1%, AT
T2 FNHL j-1 OB 2381 2 BUS HERFFIRD; ;1)\ B L TR T 2, FIEARR I i#is
INTHRY, 2o, BRFEEREED A ELO BRI W T, ZOfEiE, BRilZsiT 55
B j-1 DFERFZ 2 y1, BR-VICRIT DSNE j ORR 2 3 & LT, x5 =y, -y, (LT,
HIFERFHZE LW D) DORBUC 2 5,

RRj;= f(xi)) e (5.4)
IDZEIZONT, EITEET OB OHENFENE D DO SN
AT o0z, T ORER (—#) =2 5712587,
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(13)E = F BT~ 7RI

(14)FRY~ T AR [H

1 5.7 X AR A BRI o s A R ) A

4 5.7 DA NTET = 2T T O LB TH D,

(1) RFSREEHR - HOTA b TAEHRR

(2) % H 201749 HOW-H 4 HfE (K& 2EEEEN 2V B 5T 5 0L Lo
HEAFEA LT R, #2251 1R T)
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(3) XIGFERIHE  EITABMATBEIC R8T v v = 2 KEH
(4) XHBHIEALL : 52 AR/H

F 5.1 JEERIF VRS IS O T S EA T SR T — 4

Date Maximum Delay Article
3 minutes trouble occurred at 8:17 in
2017. 9. 5(TUE) 6°00”
Yoyogi-uehara
4 minutes trouble occurred at 7:37 in
2017.9.11(MON) 10°00”
Odakyu line
2017.9.19(TUE) 8247 2 minutes trouble occurred at 7:48 in
Nishi-nippori
2.5 minutes trouble occurred at 7:19 in
2017.9.29(FRI) 57007
Nishi-nippori

] 5.7 2 BHRIF RV RRIER & AT 5, BB H TR 25, HiEH I ERRIFHRR,; T,
TR~ JO AR & T OSBRI OEERRF F R 2 7R LT %,
& PXTE] O EERIFE RR P 2 L 9~ 5 &, i~ b TEM, AL TE~ITREZRED XL S I
R MR LT WX &, iRE~GEH, ESia~RIRH e £ o X5 IR
LS WK S D, £z, HRLRLTWIXRE T, @A —EOmE S, HIERY
(ZHERT D 88U 3 b D,
SERRIRFFEVRRE DS 2 0 X O 2 RIC R 2 BN, ROEY TH %,
< HBERRZER D DME LV /NS WG, BEHIHX, BT EORELZT 5 2 Le<
BRICEIZET D2 LN TE D, TDOD, ZORFOEIEERIE, FEA 7R i/ RS
=T 5,
< HBERIEN D DMEEZMA D &, BFIRIL, FATPHEORELZZ T TETTHZ L
2720, EITHE O TROREE LA T 5, 207w, HIERHZEIZHAI L T,
AP 2SR & <72 D,
- 2L, BUC X > THEL o) HREZBURSR R0, T o TElz LD
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EELO M L R 5720, EIREFF N RKRE S RDHESWE, BRICk - TR S,
X 5.7 75, BRI i O—EfEEk &SP RER OB R & 72 5 MM E %2, , —E

PO BRI % 1y & T DL, PAEEIFR 1o, 1 WORIZ K> THINTE 2,

X <= Xml'@ﬁ%ﬂ?,
T = Tmi ttreereee (5.5)
X; > X DI,

o) = QX d by e (5.6)

ZIT, a; s by 1F, BRRE ST 5% (ERRESRE LS Z LT D) T, K
571282 x>ty O ML T 22 TROLND, FTo, ry 13, B
D RGN 72 MBI A S 35, Thba;, by, 1y 1E, B THEBIZED BN D,
7o, BEME xp 13,

ELTHEEND,

4 5.7 70 53RO 7= TARHMA IR OEIRE R A L 52 1277, £ 521077 X9
2, BEICE>Ta, b DENRERLSTWND, a DERRKREWNI &1L, ZOHRMTII,
HBRFHZEN DT NIRELS RoTETH, BEERHARE BTS2 2B L T
Wo, i, BRI, PZL B3NSR TEY, SITHHEMEFE L TWHIHET
HZOBUCEEL TE DHUCB WV TIE, W ABRME IR RET D L, BUTITW =9,

B, SVWEEZHTZ N TE, ZOE, EiREEAKREL R E0RE
\ZHET D,
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#* 52 TAHBRASBRIE O AR AR5

. Running time of prescribed area | Coefficient | Constant Departure time difference
Between stations
(rm) (@) (b) (Xm)
Ayase / Kita-senju 174.6 0.97 71.72 106.06
Kita-senju / Machiya 169.1 1.10 67.71 92.17
Machiya / Nishi-nippori 122 1.03 70.51 49.99
Nishi-nippori / Semdagi 83.5 0.83 86.01 -3.02
Sendagi / Nezu 98.1 1.29 70.28 21.56
Nezu / Yushima 90.1 1.29 71.32 14.55
Yushima / Shin-ochanomizu 93.2 0.83 78.85 17.28
Shin-ochanomizu / Otemachi 105.3 1.04 77.96 26.28
Otemachi / Nijubashimae 77.2 0.85 89.27 -14.20
Nijubashimae / Hibiya 73.4 0.94 78.18 -5.08
Hibiya / Kasumigaseki 94.8 1.43 57.15 26.32
Kasumigaseki / Kokkai-gijidomae 73.6 1.05 83.80 -9.71
Kokkai-gijidomae / Akasaka 67.8 0.70 80.23 -17.75

543 2al—3arF7I)ILadY XL

REREIEICS EOLKEROT L TY ALTIE, Ak L 512, BIERAE (5.2) K
Lo THEIB LW, Zhz, (53) R2HWTREIERAZE N T2 L9 ITBEET S
ZLIE o T, KRETRET D HIEHRFHZED O EIERF M 2 HEE T 5 FIEICH £ O< U3
2 L— X OGN ATREIZ 72 D,

7o, DR R, R—PERE DS HLANE e L CHEIT T DN RN Z A YIZH LT,
—HRDOINEDHZ Y I 2 b—a URIEET L5, SHITHERT LY X4
IZEDV I aLb—FDERANFARETHD, ZOT7NTY ALERITFT,

DI aAL—R ALY

1. BRO TOHIE n (n=0, ..., N) OFREZ|—FI|EH n OFR 0 TOFAEF A

2. FIH 0 DR m (m=1, ..., M) OERZ|—FH 0 DB m T EFAERZ

3. FIHL 0 DER m (m=1, ..., M) DOIERFL|—FIH 0 DR m T D FEFEFEIFA]

4. for (m Z 12005 M E£T 19 2OH0T)

5 for (n % 1705 N ET1TOHLT)

6. FIH. n DR m DFERA

— max (BIHL n OB m OFHHIE RS,
HIH p-1 DB m OFERFZ] + BRm DOEFR,
FIEH n DER m-1 DFEEEZ] + FIHE n OB m— 1 2> 58 m £ TOF I EERFEE)

7. HIH n DI m DI
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— max (B 5. n D m OFFHEFERFA,
HIE n DR m OEFRFZ] + BUm T OFUE HIRFH])
8. endfor

9. endfor

S| n DERm—1~EBRm T TOFEEGFEEZFEHT 2B
1. x<BIE n-1 OB m OFEEFA] — FIE n OER m-1 OFREKFH

2. if (x <= ((BR m-1 2 5B m OIEFRRER - b,) / am)
return 5K m-1 7> S8R m O EHR ]

3. else return (a,*x+ bn)

ZOTNTY ANZ, VR a2 b—a URRETE O R OERDOFINEORRZ] & it
DINEDEEROERIFL D5 2 bivlz & &1, 5.1)X&(5.3) XNEM v LEH L722A
B, ZO%OFIEDOEIRDFREL L FIEL % RO TN, 728, am, ba 1L, A CTEA
LB R s Th 5,

ZoOTNTY AL, Bl “TEHOBODIRLOHETROITNLITY ALTHLDT,
BERBIEIZBWTUEThO T MR U A —F Y 700, KRN D DEL %
B L CED ) — RO REREOEZ 2 OFERET DLIENREL 72D, K0 &
WICEMEST S, ZOT7AIY XL, YU INAThERD, BEOERHEY 7 =T
FEADFEECRG THD, TOLEOFE7 v —iIgXZX 58 & LTRT, X 58(1)
ELTHERBEEZAY T LTRL, M58 LTy Ial—yar7u—%,RT,
Yalb—Yar7a—TCHREE LTORL TSRO BRE BRI 38 BE 798 T —
H AL, EEERERETR S22 ZHEA LTS, kel vYIalb—va xR
DI DOERDFEGEIE & ) DO FN O FERRFLN DN G- 2 HAVIZRFIZ, £ D% O HIEIT A2 >
Rab— M SFIRZFR L2, &SRO S 55 H.OFUS R S AAVELIZ K o TIED
Ttk I 2 b— b LIZWRRIZIE, %27 2 T O BUS R Z O 2R E L Tk
T ETHISARETH 5,
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b

AD(i+1)(j-1) AD(i4+1); AD(i 41 (j+1)
| N| I | I |
Simulated diagram, ! g . ! ! !
Stationi+1 R 4 /e Dl ATorsy Dlwns AT Dlienrnn
Scheduled diagram Xi+n)j X+ 1041
; <> <>
RRG+hi-1 RR(fi1); RRayfnn)
Simulated Section
‘ ADi(j-) ‘ ‘ ADjj-1 /‘ ADy; / ) ADigj+1y |
| = | f | | >l
Stationi ATz Dl Aoy DTy ATy o1, ATy DTyyun) /
f f
/’ Xi(j-1) Xij Xi(j+1)
<> |€<—>|
RRi ) RR; A
I APe-n6-v / AD(i-1); / AD(i-1)(j+1)
< I 1
Stationi-1 | “‘T(\,n(r—n DT(»—n;u—n‘ ) DTK:W‘ AT‘u—n)(m) DT(;U(M)
‘A Train j-1 ! ) Train j “L—A Train j+1 —‘ / /
Sa-n0-1 LI Si-ng+n)

1) vIzb—varZAYIT T A

l:l Historical train traffic records |:| Simulated reproduction
|
| L o
- . . X (i —
Delay of train j-1 at Station_i+1 (i+2)(J-1) P T / =123+

Xivz

T l Sarn-1)

|1 = PDTu+1)i-1"PTasy-1)

ATirnyg-n |2 APa+vg-v ] DTasng-1 RR(i42)(j-1)

Si+1yG-1

*+v)) = DTavnyg-1 ~ DTy

Del f train j ion_i
elay of train j at Station_i Xisny |

i

- DTy RRGi+1);

AT;; —AD;

Xigj+1) = DTij = DT-1ygjen

RRi—y

Delay of train j+1 at Staiom_i-1
Xi(j+1) [

T ) 8-+

—! = PDTq-1)g+1)-DT-1ygj+ny

—>

S-1y(j+1) ATa-nyg+ny [ ADa-ng+n) DTi—1y¢j+1) RRy(j41)

T 8-+

!

Q) Ial—varTu—

58 vIal—Yar7o—
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5.5 ZAMEDRELE

RET NI ANZL DV I 2 b—a UiER L, REEOETERKT
KV, BET LAY ZLOFEMEETET 5, BAEMICIE, RO 4HA
E¥al—va UREREHRT S,

@O BIEDFAE LBEROWRPL - BARMITIE, BB E 722 DL, EORRIEN A Uik 2 B

B2 L DIz

(Z2WNT, SR

M- 5T (B 3B X O D% ORERIEDEFRIRDL
@ —EfE (RETIE, 95H LT D) LLEDEBENA Uz FIE DA
@ REXMITI T 2B O KR 'O A G
@ IG5 X[E DA BROD 75 AT

72¥, WRXMENE, FRRLAER) DBIEN K & 72 DROWRDERE TOXHE &5,
el RE R A X 5.9~ 512 123, A Loy — 2%, FARERT, RKEBIEN S 5
FRETH-722017410 A 11 A TH D, TREM TIIRRELENFEETDHT, &7
BIBR FE 72 1T E S F T H D720, MRXMNL, BRI OREMER D & E i F AR
DRDIRERE T L LT,

©, @IZo\WTUE, 7u~xT 4 v 7 84z RT (M59(1), 2), 7ua~T 1y
7 A YENL, BEAA TR LIZYA YT, 22 TiE9s L EORIEDLE, Ah
RIZRDEICHE L, O, OIZOWNWTIE, 7u~T 4 v 7 XA YNNG, HDT
E—HLTWALHEWTX S, @, DIZHOWTIE, FRKERBIZEREORIE 279 (¥ 5.10
1), @)e ¥Ialb—varilbloTL, BEEIRHEREROEIE GEfAf), I XO%
R~ ER O O BRIE R R IE, 2O B OEFEE AV, v ab— 3 U
L U TR~ IRURH O IE iR H O R EOAFE (REE) 36 X OTRIEREI G RE L D
BIER (Fkf) ZHEd 5,
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9:00
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ET D FE, BIEXRONREWET D2 FIEICONTIRRTE R, —FH T, 2ETHEN
7o ZAVE TOBIER R FE L NTE R 7238 2 7ITHD GBIERRFIESZ OF I G, Xt
ROBRBILR OO METhH D, H 6 ETIE, ZILETHRFTINTNRNSTZF|EH
DIEELTEZLEET D 2 LI KD RBE R FIELZRE L, TOMREREET 5,

H % R8T /N OBIEIC KT U, $RBESHE T, BIEORAZLILT52 8, £,
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BIERETHD 45,
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FIHNBATE D HIGETHICHEAT 5 Z L 2358125 2 LIZ K o TBEVIARFE %2
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SAF, B OFE L OMEIER, Eii Lo DHEEHE, S TOEE LS OME, 'R
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REEEBRTHUNEND D,

ERE COFNEOER 1L L E D= F v — b FaigEisghsg (LU, @Rt & v,
—EINCT =T b\ D) LIRS, HEER#iE, BETCIRIEEA Lo Ta Y
2—ZEAVTER SN TB VY, F, EERL L TOv I ab—v 3 VNATRE
72 AT AH % OETHEMAMIZHO DAL TUN S 323338424388 175 L, 1BV VARKEH O
Ffia B L LT, bbod &5 Ze e S 2 Nk U C L2208 M I RE /iR 7 15 % 1
73U X LOREER, BLEOEHICK T 2R ROFMII OV TIZ I E TH
HEIN TN,

RETIE, FIEMBEORBEEKRT D E2HME LT, T OEMEARSIEZ Nk
L7c BT, 16k L g o 2RI OB HIEE R T 5 2 LIk o T, IBVIAL KRR A B
M T & 2 &K O RHHED BARAEE T AR T 2 2 AT L& BT 5, Ak D 15 72
ML DT D5 52BET HAMERD LT, NBIONAIZESL A BT 7T 47
VAT LEHANTH, KVAT ALY, HLHEEDOVI ab—va Lo T, EETIEE
(ZBIT D NI D DFaR A ST o 7o @R R 2 )3 2 e 2 AT 5, AOERE £
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Z OB, BT FMHICESWTHEEOERBHREZ L, ThoDhnbHie b D%
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6.2.1 FIEEITIZED Sl

PREICBWT, HRE0BRER EOERFS 2T 5720 0H#A0, 2L &
FHENDZ 2T Th D, BREZ WS Sh0XE (B2 < KH) IZXEY, £hEhoif
Z S KRNCIE, FRHZIE 1 D DOFNEDOBZFET D L 512 5, BEMIZE, ME<X
FOANY BIE S ERE L, £ D2 < KNP HEAFET DRI, B 542 7R (15
EBREWD) 12T 5, ZORE, FIRBURICH 006, FIHEN Z O < KIZHE
AL &9 & LESAITIE, ATS (Automatic Train Stop) & FEIEHN 5 45 (2 L » THHF T L
— X BN D,

BETIE, HRA a2 EhE OBESIET, ZOBX H 2 I bICBBRIETES
VAT LT D ATC (Automatic Train Control) Z3HWHAL TS B, FEARI 25 2 J7 &
LT, BAES KM I IR EBREREZRE L, FIHEOMEN TN LR 2RI
ATC 2L > THEWICT L—% 0303005, SEATHIBLICERE U2 RpISIE,  FFA Es  B
1L, ATC (T & > THATHIEDFAE LRV IS L0 BARVWMEICERE S, 182872 & DOy
ZARINIPIET D (KO FENEGT 5 &, FFREIREEN 0 = (FIEBUR 720, %
FEANENEREI TIFILE LT LE D 2 & bd D, TNEREFIE LTS, ok, FFAEER
P ER A ICRR S, EER T, Ui CTHIE EEIR T S,
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PRITAE ZIT KL D HEHIIRZ %9 (LT ORI THEER) . dEM#RIT, T EnoBi (¢
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fROBMEREZ LT H72DITNE, BUVIAARRKRZEM T2 Z L2725,
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EETEPRRA SN TWD, L, FESD XL 1T, FIHOBRIUEIZ T % e O EE N
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Mpbolled ETRRIND, £, FIFE1ICHOWTE, ZOMORELZEELT S Z
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