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Trend on Research and Development Relating to Information and Communication Technology in Railway Fields.

Mitsuyoshi FUKUDA

In various industrial fields, innovation of systems and improvement of business operations through the use of

information and communication technology, or so-called digital technology, have become urgent challenges. In

railway industries, decline in the working-age population as well as changes in behavior triggered by the

COVID-19 have led to stronger demands than ever before for labor and manpower savings and lower costs. To

accomplish these tasks, innovation in railway systems using digital technology is expected. This paper presents

recent research and development using digital technology, in terms of data analytics, sensing and recognition,

and information networks.
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Inspection Method of Track Facilities using Image Analysis of Images in Front of Trains

Nozomi NAGAMINE
Riho MAEDA

Yosuke TSUBOKAWA
So KATO

Wataru GODA
Kensuke ITOI

Appropriate maintenance of tracks is vital for the safe operation of railways. Properly managing track facilities

is necessary to prevent buckling of rails. Due to social backgrounds of a shortage of workers, a decrease in

skilled engineers, and a decrease in passenger income, inspection methods with a low-cost and no need of

experience are desired. Therefore, we have developed a method that estimates each image’s kilometers, rail gaps,

wooden sleeper deterioration, and ballast shape using only inexpensive camcorders. This paper describes the

outline of the method and its application results.
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Proposal for Transmission Media Usage Functions in Transmission Protocol for Railway System
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Currently, information utilized through a railway system is being collected in each section, such as rolling
stock section, civil engineering section and electricity section, which makes it difficult to share the information
beyond sections. Therefore, in a previous study, we proposed an integrated information network for sharing the
information of each section and basic functions of the communication protocol in this network. In this paper, we

present details of the transmission media usage function among them. Furthermore, we report the results of a

communication verification test using a router implementing the proposed functions.
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Evaluation Methods of Measures Against Delay based on Propagation Score and Affected Passengers

Taketoshi KUNIMATSU Aiko KUNISAKI

In recent years, train delay is one of the most serious problems in rail transportations in Japan. Although
timetable planners try to improve punctuality by modifying a current timetable, there are no clues as to increase
of trains or stations running time/ dwell time supplements should be increased. In this research, we developed an
evaluation method of train delay based on its propagation range. We also proposed an evaluation method from
the viewpoints of passengers. We applied these methods to the timetable change in existing rail lines and

confirmed that the proposed methods can pick up critical trains for which taking measures are effective for

%

improving overall punctuality of the railway lines.

F—T— 8 EREP N, ERE SREVRE), SEERRERIAH, S HIRR AR

1. FL®IC

WEAE, BRI BWT, FIBLREAH &, @R
WCHRAEL, ZOFIHICHERT S EHEE o T
%o FRIT, BEIERICEE 2 I EEE 21T o TW AT
X, HLERTOL FUSE L /BEEDS, [LEPH - R
BIZhz DT 5 &9 ZRRBFEEL WD, 2ok
I BINIIORIELL, £ OIREITEHERE 0T 5720,
BN RE R, M 508 DD,

PREHEE T, HrxOMITIRRZHRE, 5L, ¥
A X YIECTHRBR G 2T 25 0BEN KA 2 &
T, A YOBREN EICHD T 5, BFE, BATIRN
DHFHIIE, FICETER AT AICHA BRSNS E
BERIET — 7 PIEH SN TV B, FERIEBET — #1283
LREROGHTEL LT, —EMHOFI BRI
RHIUEEREIL, ¥4 YROFER V&2 HFEOT L [
fFEFA4YR] PMEHENRTWE, ZTRIZEY, B
WCEBIEREDPKEWEIT (FIHERRO RN F 721358
M) ZHBITRETH B LA L, BRI E IR
SR AN % SO JEHER % S 2 DR - Ry
Vo RBIEREDONED DO T, #1550
TS W DY D B, Tz, BRIV B THE
KENTBY, ZOFHEREIEZL Y, BRI ADNR
BHBEZT 120N, RENOFBORENPIRIC
sz WikEd $ 5,

ZIZTAMIZETIRE Y, BERETIIMS, BED [
KHiPR) CHEHL, B BEFTORED, IEHT 05 HL

* (RSO W A7 AR

B8R WF Y Vol.36, No.12, 2022

BUZHER L, BIEDKKE 7o 72070, WM IEOETE
(R L UCHET 2 P ME L7z, 2,
% { OFIHERBUTERIE 2 I 3TV BT, Rk
WRBEILMICIT T, IR OB 2 R0, RIS
N, 723D E VWD E R FITHEDINT WS,
WIS, HHEFHORIEICE D, HRNOEIZEH L) X
DENIRE O NEE TREBAR] & L CEHIGis 5 Tk
RS L 720 2L, BEISULIESE TS RE 2 ks 7 —
FRMBHL, SHRBEIZOWT, RISEBIEDED S 72354
DY FERRREE & HEREERL], B X OBED T4 L
72U H O IRk & HIREIE R 2R L, Fh
LERWKTAZ LT, ZEFTOFIEEEIC L) HIYERE]
HVENTREZHFEL, ANEZHEETEHDTH 5,
WL 722 200 %L, B M, B~
BT AR AAVE 2B 7 &, M OR L 5 3 RIS
WH L, HEELEEANRTAEN Lz, BEESREAN
BORE LFHE IR OFERROEHRE, 574X
VRS FI IR L2 25, HEFEHEL, Thb0
FIBERHUTBRIE S R A TR E L F 2 T2 &%
L7z E512, FAXWEIIBVT, INHOMHEHNIC
FRMWFD AT 2 RNETE 2 i LR, Sioa
5 L7-We 0, FEAEOREDS, 54 YUIE#Ick
KELH/NLIZZ L 2R L 726

DIF, 28T, BRI 51 B SR 5K 75 Ok
TEBMAFIEIC OV TCIRRS, REFEOH B, HEE
AT A 3 BT, EANBGHE TR 4 BTHRR5,
5ETIX, EBRBOYAVYRIE~NOBEHAEREZRL, 6
HCHmETEO L,

21



LN SRR R

2. FEEHE & XA EIETS

2.1 FIEEE

FIRLIRIE I — RIS, ANB g, 55 7 7 VI
W9 28T RED Lo RBUBGRIE L RIS X 2 Fk
BRI ORECS, WPk $ 0 SR L, TR HE IS4
§ BRI O/NRBLEIEIZ S E N Y, BB/
BORILICH LTI, 74 YSUERRICEN 57 4 VI At
GRAAMT 2HEOFENMEND 2 EH %\, REFIET
1E, S O/NEBERIEANOI FISE T D 0T FEERE T %0
NBIBGRIE L, JERIREIPI R T A5 0H 5.
FEEELT, MIDEHZ, HEHHEMEP DYVHEDRA
FIAEVEBEL, TOMR, FHRAXLEIZLY, HEnkk
MQOT D EBEINEDU A FHLBIET L7 — A0 D
bo ZOELMINHEORBIEL, BHEZHEETLRCTT
D OFFRACH W T AT H, FERDTH ML 5 HURRIE
MMRICHBIEAZFELAA, RE TOTEEVREBIZX
D, BHAO LRSI BELHER S TS, TLT,
LD RERIC LY, BB Q ITHEE, BMENEKL,
RNEZRRET 2 L) Ha@y gl b BESHER T 5. 20
F—ATiE, BERIZ2~55THHb00, P T
DO—YGRIED S 4 BEHFEE L T, B RS
50D X)) BRI OBREEW F KR 2 FT D721,
— UGB DL, FI2h 5 O LH I OHEAE
WCThH b,

17 18 19 20 21 22

B } } } -
e QE—MEE. ekl \ SHES PR ERET R
ERA —

(QFRAT BHARPDFIEZZNE D [ mumm RS A P5E IR
;\gﬁﬂ%ﬂomﬁuim‘éﬁ;ﬁfi&ﬁ

fRB 1%&%&@ ‘ N / p
) AN ,

- ) _/
@) BERT, BHRR~ D ) )y
EERSISEEN KR NN /)

i

g

i

P i)

ERD 1 T = N GBHEAD EYI=E
EEBEHR | @RgOTENELT o -, EEAHR
ERE [E) FUBRICEENER

®1 [REEROEER RIS

2.2 ERRETEFEFICE T DEEXR

BRIERS R OB L, WkFHHOHLFIZ X DITbNs
B, SR NEELTWS, ZOHHIE, OB
B, QEHOGH, @OMEDONE, O RAFEOHEE
®F A YLIEHORROMRED 5 BFEO¥EHE %, 2T
MEANPT) 72D TH b, FFIC@TIE [EDFIH - BRo 57
AX % EIERETIE, EEROBEDHT/INRY RN 2]
RS, HWTsZEhb, 2RI, HLEOR
Bk & SBL, VNI PRELRIZTTRL, BT
RBEORBIEO KBTI & Vo 7oiE D BB F 72,
SIS OMINE, BAc & 0 BOEMERLHI LA
B B EFT 720, LDEUEONINIET L L v,

22

|

a(ll

BUK, HYF P HLEATIRD 2 (B & Bl A L, #
O REDIGR % IS 5 2 & TREN K%
RELTBY, EBEOWREICLREDD S,

2.3 B&EmR

NGB IE R T A T ik, —EHINOBIED
2 BT 27074 v 2 ¥4 X2, BIEDEH
FERE A ANV — v THI S 2 9% B ERESRT
Wb, INHIE, BIEEEZO Y HORBEOHIE, @
R OGHT, O RERFOHEE, ©xF s DR FMGED
WINDPZZIET Do L L, ORROVEDOTIRIIE
T TiRE, T4b5, BUROEIEIRDL 2SR 1R 72
LIAT, [EZORHERRO T4 X & &) EHTRE
2 TR, 2 OETANOXEPIEN LT 2
L] ol FREFTO#EERLE U EICHE T AR
B ONWIEEN D 5, TN A, FIFHAL Tl
IEHER I NTB Y, BEEIZ X ) BRI AN DFRE A3
W Z T 72000, EEINRENZVIEEDL D 5,
—HT, BIEZXDRENDOZEEAGHMEE LT,
TR & OO RN X 2 8% GO THREDOHMT
i 2 HEY R, ICH—FF—2&2FJHL, B
B BIEDSE U 72 ks O AR AR RE IR ] C i b 512
L BEBEFET AP bRESATVE, 2hb
DOWFFEIE, BIEIC X 5528 %, FIE TR REOHL
THHL, SEZ AT 2REICEOBIEDEEN D 5
PSSV EDTH B, LA L, YHOFEET F—
FNE L ToOmEOFGTH Y, MHETTOFHELRD
JBILAHS, EORERBL 2R T, L@ KD
FOTRFIIT o TIREY, Thbh, LHOBIEERT
DH L, ETEELRNITTHET 2 OPRRN D, R
WRONREEFFEOFED? ) B ONL WIEEND 5,

2.4 WMROEH

Db 2, AW TIRR OB % G 72 3 3Pl T35
T 5o

- BUEH OFERUEIE T — ¥ 5> & 5 BRI FFAl T B8

- R ASE SR AEARD 2, T LS PR W]

- JEHE DY [ HEPH 2 HEHR T hE

- JEHE X 5 FE R O R AE A /N 2 HEHR T R

CHBMEIC X0 e R 2T TR R fER T R

3. EEOFEEFTMFE

3.1 BMEFEEDEAA

ARTETHE, RUEEDOMNMNZA & ORIER AT, B
HROFIHRIE DR/ R R D B B HIHFRERZ i 2 2
ERHMIC, BIEREIADY, BEDOPKHEPHOKE S
T [BE] L UCHEY 2 TR Tl s, Bk

% K WEER S Vol.36, No.12, 2022



LN SRR R

MiZix, »AHHIE - BRCAE U/ EDS, F—FHORD
BRURER, [l —BROBfGeHI 2 &2 & L 7= iz,
WL LTERT b BIAIE, K2R THEy, FfE
IM®BBRT 5 5 DREOM»IAEL, Ehh o 28
FFOFIERBUZ K LTV A AR, BEQOFERE
328 8 %%, —7F, BIDOFIHE OM @ B BT 7 47 DML
@WFAL, ENAMO 12 FHTCHE L L TW A HEAEIC
i, MEEZ 1205, COBE, BIEETIELR
DFHFHROE Y KREVL OO, BEETIEEDL Y DD
TiKE V. TbbBIEOWE, JRHPAC S % 8l
T, QX0 BHSARDEREICEREL 5.2 T\Wh,
T/, GEEOO R % Y L7236, OIS 28
TEAT OB IE DR R B DIcxt L, JBEQ % R L 723
&, @QUANC 12 fEFTOBREFRIHICRELZ L bh b,
L oT, BREROBEDEITE A RIS 3720
W21, BIEXNRZQOREANICERT S L0 b, OO
WCEMBLZHPMRNEEZONDL, 2O XHIT, HE
ORI LY, BEOWEKHPHEZERLT S LT,
FRIEXT SR SRR 2 BT 2 IS5 2 LA TE b,

PR ORI OEBE T, % OFIHREIC
BHEZ R STV LEI 2B LT, BEMNKEITT
X, ZOMFTETCTh WM OBED WET L7
W, BRAREROBIE 2 R0, ShEICLHEHEKD &n
AN BB, LA oT, FEEIHED HHEE
MEFFMNE, BN K OEBI B> 72 FETH DL E X 5.

[ S A AR e ET PR o SER A REBY |

28 FTIZ
. —0—00—
B

X2 EED [FEE] OEH

3.2 HEEOELFIE

WEEOBEHBTIHIUTOM) Thb, 7, W8
BAOGTH & 4 ¥ 77—, EFBET— 5 (FHIZBIT 5,
FHNH - ORI FIRIE A Gigk L7z b D) % a5
Do WIT, BHWREHIIOWT, HYZERHE LM
iz L2 TR 2L HA 2 ET 5. 72, K4
HOZRBIEEITIZDOWT, ZOIRMED ) K P % K
OB ETHET . FLT, WAHPHNOIRIEE T
BaHAo U T LI LKD), ZORERSPT O KIEE
Figik YHORBEL LCTHBT 5, k&I, s
Y OZHNE L BROAERE M F 723 TR & RIS, &0
g H O R ORIMEZ L L, IhE BB
DOHIfEE T 5, 22T, MEUEFTCTERIEDS AL T

B8R WF Y Vol.36, No.12, 2022

|

a(ll

HVHI, WRERETTEE 0L LTEHET %,

B, NFEHPL2WMAMISE, FITNMCE 54
YEANFEAHITIE, BEOWEMFEHALIKE 2D, B
FEOME D PRI L DMK E L &b, 4, P s
KD/ INRBORIE S KA HICTH B 720, + 5 7 VISR
L 72 K BB E Ry O 522 % 53D B DY) Tl & %
AoNB, —HT, bTTVIIBEA IR, T T3
AT 5720, B, EENRIINELOEED, R
BT b T TNHFE L7z H OERHRIE T — ¥ 24T
MAREPSBEILTLE) &, GMTRZANIZEAL
M BV MBELRET D, £2T, AWFZEIZBWV
T, FBEMIICHL, I 7VEETHEBENKEL
oo lzlr — AR EY ORI 2720, #H
DOFHE R OERN, P i3 Il 2 R T %,

3.3 EEDFEREEOFEFE

BBIEOW KL, UToOREIHESEHET S,
T, HAHBIEEFT O [TFRMoOBEEI] 1<, UR%ET
ERIEEDSE—, FxENLLEE e Ao SR IE ST A
HBHET, UGORILEEITR %2 [T O ¥ ET
ELTHET B, 22T [ MimloBsEmEr ] &, D
TOFBFICHTETELHENERT . BB T 1, FHR
BRAR Ot /N HE B O FERRAE AT S T2 b DT, F58
Pt Lo/ ERRRRE (PEEE) 1S, FERROEEREREIC X
LWL EXSENMKRLCRET S, BEIERLTWEY
HliE, BATHIEOFE T 7213388 %E, TARR,ICHE
FIBEAH) G 72 I3BET 5720 TH 5,

@ FILTEHT S, FIHOMEIZ R OB A

< MEEHI L MBS LR 1 O FE T

- MFFN OB RO, MERFERFTOET (M4
FIB )~ BeH R A £ T T S OBEOHR)
@B TS, FIEOURIEHI T OB A

- MK B oD YR BREN A5 e A O B T

< MEHIH O MR HR, KIS YERO R — AR H A
T %A O, YERBIER A ORI (555 HEIEHE
~3MHNHENHE F T T TN OEE D R)

C MEHIEOHRGSI O, MRS T O (Y%
FIBSEH ~ B H I F T T, SN OB EOHR)
@ FIER TS, B X M OFNH ORISR T O

- MTEHIEOR) AR, HHRXEICEAT 2R GEO
VRIS BN IT DR (M35 HLE) 25 ~ tef vl BT £
T T TUHNOLE D)

BIZIE, H212BWT, T, & 30& LT, BIEREHT
O FNHEIMDOBIRYE) OFEEHS55T, IMD CIHR
FIEREOBIEN 4 5 DHEI21E, OOBEN IM D C
BRAE R L7z & T 50 FERIS, BEUICBWT, #

23



LN SRR R

FeFIH 3M (IM & W — DM, IMIEH D 2 557412
) O BERFERFOBIEA 3 T OHEITIE, IMFHE
PEIMBEIT2H0T, TP T, L H/ASWV0,
OORIEAS 3M D B FUSICHER L7z L HET 5,

WIS, HBHIBIEFEIT S, BEO WL ET &
HE SN BT 2 IS0 2 8T, FETRER4T
OEBEE T %KD Do ZOFNEWRERBLEE T OHEE E
(i) ZIBEEFEAT i OW A LIFD, E () T&EhsD
RS, 4 H ORBER T i oW KR, T4bb,
WEEL D, ZLT, METHRARZ LI, @50k
LHIIBIT B EAT 1 OWRIEHEFTE O R IAiDs, i
OWBEOTRRIEL 25,

4. BEOHEANBFMFE

4.1 BMEFEANRODERS

RETIE, FIHEBIEIZ L 2EORESE, FIHHET
H B REOHE > HFHEIS 2 HIUT, BEDEEANZ
FHIY 5 FEIZOWTHlEND . HEAWLRER )L LT,
WENBTIE [BIE X ) HBRANDFE 25BN 7k
DNE] #HMT 5 3TOPBETIE, FIH L ROM
FEORIZLY, BIEOW NHPHOK S S Z3FH L T
b0 LU, BEFHEORIIRELR, EBITIREMA
DFEBNER > ZHhDBANTH Y, TORR, T
¥ 2 g O R OER D, IRMEO B L W HLEIE &
FHIRZE DT L A LW W EFH ORI T OF HLRIE 73]
SEICEF S, BRE RIS WIRF IR 2 B L 7B A 5
DVRIZENO R VIEYRH o720 IhEHE R, HE)
YL S TR RE 2 k% 7 — 2 2T 6 2 & T, %)
HOBIEIZ X BB T RE 2 e, HEFL, IRE O
B CRHIEIT 2 0%, WEANBDEZ I ThH b,

4.2 FHEANBOELEFIE

WEABOBENTIL, DTo@E)THs% LELR
F=& L LT, 32RO T - &, HEIGALES
THASWRE R IR 7 — & R M3 %0 IRET—5 1, o
Hret G H OB H TR, YR4HOR CRERENY 22 R IR
OH, —HHOF—5 %2 HET 5

$9, 32/ LFMKOFIAT, KoM gH
WL, BERSATORE L, EEEO W K EPE O E 21T
o WIZ, FRETFT—F LEIMFZ A Y F—5 ZFHL, K
CHNHRIE AT K F8 2 L e o 7251 B T B, RE 1
A1 AoFEFEHEE (DT [FHEofik]) 2Hes
5o HbET, M—ORET—%, B4 Y T—5 &,
SRR H OFERRIL T — & R LT, HEEREE)AE
LY H®, KE1LAN1LAOFEFEHREER (DT [%
WOFEM]D) ZHEET Do TOWRIZ, FIHEBEIZ LD,
HIERBN A DEN T IRE 2 T 5.

24

|

a(ll

BAKIIZIZ, BIRFIZOWT, FHEH T L ERiOR
MR L, FHE OO HWRBERZ X ) b EEO
Tk DFIAERFZN O T 2SI, H YO F 25 H5%
EL72hRE (LLTF TR BERS D L HET 5, Fl 213,
B3I2BWT, RISEESH T AIC, AR S P
IM IR L BEUCI2 ) k& P &, A B 5P 1M
W L, X512 BERCMEM 3M I FM 2 C BRI
IMBEQVHHETI2HEEEZ D HHTHRHNH,
P AM DB 5 5 DIZIEAFEA L, 5l 3M I IBIEASFE
L Zho2%a, REPIZBHRICEIE XY 558N
THET 5. — T THRE Q I, Tl IMILEBEL 2D
OO, BEIRTHEHMEIMIZFED I Z S, 3MICIZELES
HBELEho7z2 hb, CHITITNWOTFEED O
FNZHE LT D, TOXH BEAEITIE, il 1Mo
MEWC &) R, FEREYA UK, RE P
DADEYUL, FREQIEFU LW, LwHtlEs i,

Z D%, FRERILIRE %, WEICRROFEICLD
FIHRIEDERT & WIeff i 5. 21T, S HOKBLER
T & & ORI I 2 F B SRV T B B A5 R T R
Bafstl, ThaeUYHOREAKE LTHEELT %, &
#®iz, BB 7 A Y OKHIE & BROAG T 72358 %
G, BT H OB OTIELHILT 5,
22T, YBHEHTTERIESEEL TWRWHIE, BHO
MENEEONE LT 5,

f)% ‘5%; R&P (A—BER) : BIFFBIEHR
z \z EHE ABR10:005— i —BER10:055%
AER ST AR 0:0558— HhiE—-BER10:107%
REQ(A—CHR)  BIFE R &
BER st AR 10005 — % —BER 10057
BER10:1256—EH—CER10:15%
CER ABR10:05% —thiE—BER10:107%
REEB F8 o012 — B E—CIRI0 155

M3 REABELODDIEEBEREDRHE

4.3 FFEEECIEEERE O TTFE
i £ D )75 £ UL FRF5 O F BRI iy~ Dt i 1 1,
BREDOFTH OFEM, T 72IIEHOTMED, DTy —
2NN T BT Y o UL, FRE DS,
EHBRTORMKICET 75 — A2 E, BEEOY|HE
DIRIEITRK T2 L VI BHIZEDIC D DTH S,
CEHH ORI E FN D FHHEIZONWT, BHIRE A
I ZBED BEROGER S TYH, B L2234,
MEGHIH - BROFE R RIS Y REIRE & e fh T 50 7272
L, BHOMOFNEDREIZ L Y, FIE TR
7 K e AHNHUH L TIE, ST 247D v,
CERORMICE TN D FHHEIZONT, BHIRE A
I BED BEROER S TYH, BEDE L2234,
MEGHIE - BRO G I MRS 23S 5,

% K WEER S Vol.36, No.12, 2022



LN SRR R

5. ERIEADEMH

5.1 WREBROBIE

KRG DR, #NT I OFF2HIE,  HR il Pk o P
M, EEAELDSELT S NS B AE RIS, EEI TbR
727 A XYWIEDOHIE, FNENORBET — 7k L TH
BrL, RETHEOZYMEEFHEZMRIET %0

5.2 ERT—XEDPREMN

SRR 7 A4 Y YIER, WIEBRZFNZNOFE 5 A
Y7r—%&, FOW 17y BMOERRBLT — % 25
5o FERURIET — 13 1 5P AL CTHIBIE, FEIEIE % ik
L7cbDThb, 72, BEEORBIIH/z-TIE, #
HEAS 150 Dh S8 A L7250, BR, 25WE i & 721356 i %
BEEMFTE L, WEAROHRIIHz-TIE, HWERIC
15 PL R U CHIAS L iRE 25T L 5. 512, T
R EEROR/NEREEIREZ B T 2, 35 ICHET 5.

5.3 BfEAMVREICKDAFIER UERD

A XYOEHT 2 X G, WERFEOBER IR M
&5 A VRZIER LR R Z 4 1R T, IR VI,
WG OB HNH,  KEROIGRLE O T JL i I s U s
N, W EHFRIEBENE (04) FlEEZ, RVR
HITBEAS R EWHIEEZ L L, fkaidzohHoRER
2RI, AWM, £ OFIHRFUTIBTEN 2 I H3A:
LCTwb, —HT, ZOLKENTOIRELEZ R0 N
EHEDL72012, BAMIZ EOF BRI K E 1T ) 0D
B, BIE RO GO AL Z 155 DIFHEE L v,
—H93E, H4hoBLNO LD %, BIERISKE
VIR E 72 IR OFN A VI KA B L L ONR S Z
IREEZLNL, LHML, TNLDORILIZE K DT
WRHACBNWT, I THHTEHAELZEBIE T,
HRANORERTCIAE L 72 ROFRIEDS, WMk, IR L7224
RThHb, COWGE, BEFTH 2 HRIHNOEHT OIRLE
EIRHET A EH L LD, TORERKILETHLHE
FLNDFEHT OFRIE D IR IR IR 2 720, ZFEHTH
b0 TDEH %, BEOHEEEMBEZERL T, FEOR
WIS A R T T L 13 o TR WHEN A D %,

pxene N IANL. eTee w.vA'S)

ABR =D PN BN

2k N >)§\{</\\ i o AN ¢ - \\\\ o N

BER S > X .
‘ XX 7
CER - -
Xk R S S

Dax ; : X

A7 [ :

ERN S ¢ % ARG aad

GER BOAEORCTREL: [oE mnn B

ﬁg MED AT EEABERLTLS 0 I W R

T B

X4 BEEGMNEXAVYRICKDHH (KIEFD

B8R WF Y Vol.36, No.12, 2022

|

a(ll

5.4 HEEILLDZHHESR

WIZ, SRBEO T A YRIEF O T — 5 % H\v, %41
HREROEBE ORI 2 I U7z, S50E, KBRS
MOBBEINL, &I Y 2ERLAE (K5),

M4, M5k, BEEAHHETLILT, £DE
HERS T A &, MO EFTZIREE % I K S 2R3 W HLR B
BEBIHEER DL Z D bh b, FZ, X4 OFRAN
DOFEFTAS, B 5 THRECIFE SN, S OEIOEE
RIS E Y, BIEARME MR, FoWBLD &L,
% { O ORILA/, HICES LEZ NS,

AKX

ABR EQ

D \\ 4o > <’/ Z . N \’ ﬁ%" v
BER ) A% : BN N

A ?
CRR S
DEt K
FER s ’Aﬂi\@) Ll ER
off L
y 1 ; ] EmT L

AT o g imi wiR

K5 WEEGBNZIAVRICEZDH (KEAD

5.5 EEANRICKLZHHER

WRBHEDF A YRIER DT — 7 &, RO EH)
YL SRS SN RE T — 5 2V, FHIERERD
P ABOHRIEEZ SN Lz, K5, SBRIEE 05
BABIIGL, BftE 5L Y EERLZ (K6).

X4, X5 K6#xEETsE, EEANKO KKK
E7eHE, XEE, MEELD LS SICRENICR S,
BARBZIE, HIEEQ, FIHEG OB LR F BRI L=,
FIEQDOIHEFR A BEDOFEZ ViR, B, F
I TEa I N, 209 L, FIHOERIIDOWT
i, #RTEHOBRTH B FEREEOX L, FIHE
BEVDTHLEEZZONS, THIE, MMOBRE T
<, TOFHREBETOHED, @D EH L7
T, FBRZFET 5% OFIHOBEMREIZEDLD,
FBRA 5 FH S 5% { Ofck O HRYERE] 5 I O fFH 12
WD EEREL TS,

— T, HIHE@D A BRIERF IOV T, A BR— B IR,
F X CHANO—EHONRE O H 1 ERE 75 1% T 12 8]
o TWwb, 512, ZORMEDF BR— TR % 425
BHIEORBIEIZP I L, FER2S IS OFHIIfedy
%% ORZ O HYRFIAGRILICESS 2 LS, BEA
Bawml b HENTH 5o

INHDH L, FIHEOE@IE, ZOBKBO Y 1 YR
Y E D, RGHREROFERF A 5 & Gk L Tz,
L72h%C, 2B, HEARICLY, BHEHESLE
RV YN R B & & 2R L 72

25



>
“

AR W NED @ i
K N } iS#2
BER SR SRR AV G RN

CER
X

o 15 , R
EER PSR XNT ST X RLRIAT S TOY R RG] SRR hE §
FR e Y

& X R+ i
GER LXK = e A IETER I
HER T P2 ~ RN o e 2
18R = KRR, I =

X6 REAMEBMNEZLCVRICEZHH (BIEA)

5.6 DIERDEA VRERERADIER

M OGHAEREEE 2, WREMO T A YWERD
TERICBWT, DT oOBEMRAE SN, 9, 5l
HOIZDWTIE, TEREN 1T O MK C 0 IR AT A3 5 I
LD ENS, MBEHRANTOY A Y EREL, 15
BT TORBIEDEE X572 72, FIHIZOWT
1, A BUCHRET 5 BIEMROFI AR L 723612, T
WAL DHEOD A BISHEIRIE L R4\
L, ABR—-BERBEICIRMEICX D BESIER LR TWE
ED, ABROBERMOEHR L, ABR—BIRMICA
WG E I 2 EEA bz,

FAXYWIERZRICB TS, FH 1» HEOEFERE T —
yEAv, BEEOHRIELZFHL, BERffE 54
THEEELZS DK TIIRT, K4, X7 %Ky
&, FHEOBLUCQORBEIZIZIZFEL, Zhs0dl
HPLEN L TVWBIEDFE L TWA I &b h b,
I, BIERICKARRIRIEINEER D, —
T3, BIEEX A L TV ARWHIEGIZOWTIE, FREE
I T L0 H b, 2PORIENK->TED, CHYS
ETIEBEBINE~NOBE R D A 5N 5,

HB, ¥AYWIERICE, olaad T 0 v A EGE
WREOEEICLY, FIHRNIKRESCEL TV,
LA L&, BERRZ N L7 HEOB L 0@, &
WARFEROFIEGT, SIEROEERIAEAL S
el e, REFLEOZEE, wEANBIZI TS
NI ~NORBESF L, —BOMREDV D72 F2 5,
PEXY, BETEZHOIBENFEEROZLYE, 4
FAPEAERE S 7z,

AR 2 RO s
%/% g%g ?; FEQ 3 5% X proy

BER YA R SR oL

XS X

= EEH D ST
X - ; 3 R
CER 5
DER ¢ N N A
b4 o N3 » N PR
EER R ABOATILNTAFD LN HQ o B
R ST
oL e Ll L
¥ HEEIE>REED oy, M 1A

X7 EEEGMNEAIVRICKIDHH (KER)

26

6. £&H

ARUWFFeCl, SRBFHEEDS, FIHELTOERERN 1o
72D F A X WIEEIT B BB IR DK% R A
ORI ER e L T 5720, HEE, HEAKD 2
DOFIREL, ZNoz 0o TPERZRE L
WBEL, HARFORIEY, FO%, MEFORIEC
WHELTWD 0, BEDOWEKHFHAOKRKE S 2 KTIBIET,
JRAEEALC L B LR 3 WA & ISR S 5 L v 9,
FREFEE TOBIROBE KO R 2 ERmNITRT i
HCThib, —~HT, HENKIL EEELT -5z
WETF—% AL, BIEIZ XY BAYBRNOF|E IR A
HEURENBZRELT250THY, BIEICE->T
SR BRI HE ORI W E IS E T H B

RO, WEABL DI, EHBOBIET— 5 EH
L, A Y ERIELEDGRE & B L T A5 R BT
WMHENE ZE2MER LT, E5IT, ¥4 YSUEH DR
M7 — % LR, B REFTCBU) 5 BT
N L7222 LR CTE, REEREEARIC X 55
OFYYE, FRAEEHER L7z, 2B, RETHA LK
LA T D, B & BIRRASTRAT 3 2 #5Ti  diak BR A <2,
YoM e &, 3 o0BBTIRET 2 MM L
ZORYUEEEREEZMERAL TV,

SlE, BEOW ML FET 2Tk, FAHEO
BRI EFMiT 5 VI FEXHFEIEL, KA -
a0 FOPEFEREIZIN U, B RREOFHINIC
BRLZWEEZTWS, BANIZE, 74 YvEIUED
TERA BB O B T-05%0, I HLE IR O Jk %~ D f 2T
I HATHLFETH Do

X R

1) E-2GEE - BOEIC B 2 5 %o #EOH Y iz
WT, ZOEBUORTRHRIE WL 198 5, 2016

2) BIHME  EATERT — 2 IO S HIH OB, )
WPERVF AT 4 T, i, iR e 'L VY U RY
% A DICOMO2017, 2017

3) EPLSE, ERHUME MBIV — V& BRI R O
e, Pk 29 FEAFAEERATCE, 2017

4) RN, EIBUEE, SIS A Y o R T
B SR, Vol.21, No.4, pp.11-16, 2007

5) FHREE, kY, RFEHEL BIHME KRBE—H: %
R IC A — N &R U 7= 8k ik b B e o 2 8 4 o8 1AL
T2 LD HRLE R LT — Y X=X,
Vol.6, No.3, pp.187-196, 2013

6) BIREPR, ERFSE1, IR IREAN OB OB
2 X BH BRI T — & 58T F i, W D, Vol.142,
No.5, pp.418-427, 2022

B8 A& WY Vol.36, No.12, 2022



LN SRR R

5 58

|

a(ll

wA DR ENHE «Z R L IcEmERETEOBEBERTFE

T

‘[l.\ *
™

Automatic Calculation Method for Rolling Stock Assignment Considering Splitting and Combining of Train

Satoshi KATO

Railway operating companies are required to prepare rolling stock assignment for each timetable revision. In

some railway lines, splitting and combining of trains are often used to adjust transportation capacity flexibly.

However, these operations are labor-intensive and time-consuming, reduction in the number of splitting and

combining is desirable. In this paper, we propose a method for automatically creating rolling stock assignment

which reduces the number of splitting and combining of trains using a mathematical optimization technology.

Computational experimental results targeting real instances of several railway lines show that the proposed

method is effective in terms of evaluation criteria.
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Convenience Evaluation of Clock-face Local Railway Timetables

Takamasa SUZUKI

Takuya WATANABE

Daiki OKUDA Noriko FUKASAWA

This article aims to reveal convenience evaluation of clock-face (regular interval) timetable for local railways,

which provides periodic train services, we conducted a questionnaire survey to collect data on the evaluation of

timetables with varying number of trains or periodicity of train services. Using the collected data, a logistic

regression model was constructed to quantify the magnitude of the effect of such characteristics on the

convenience evaluation. The results obtained by the regression model revealed that both interval regularity and

hour-by-hour cyclicity improve passengers’ evaluation. This may lead to improving convenience of local railway

lines where additions of train services may be impractical.
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Evaluation Method for Implementation Effect of Disaster Countermeasures on a Freight Railway Network

Daiki OKUDA Takuya WATANABE
Takamasa SUZUKI

Shingo NAKAGAWA
Noriko FUKASAWA

We developed a method for evaluating the effectiveness of disaster countermeasure implementation using two
indexes: the amount of freight transported during the period when an interrupted section due to a natural disaster
exists in the freight railway network, and the costs of restoration work and keeping freight transportation during
the period, covered by the operator of the freight railway. The method aims to support decision-making of the
operator in planning and examination of disaster countermeasures. A case study applying the developed
evaluation method, showed that the method can provide appropriate evaluation results contributing to the

decision-making of the freight railway operator.
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Quantification of Relationship between Image of Urban Railway Services

and Residential Location Preference

Takuya WATANABE

Noriko FUKASAWA

Daiki OKUDA Takamasa SUZUKI

Railway operators are endeavoring to improve the people’s image of their services in order to gain more

residents nearby. However, there are no studies focusing on the relationship between image of railway services

and residential location preference in urban areas. In this study, a questionnaire survey on urban railways was

conducted. We applied factor analysis to the collected data, and aspects of the image were integrated into four

categories. Next, we developed a regression model to quantify the relationship between categories of image

aspects and residential location preference. The model enables railway operators to improve residential location

preference in terms of image of their services.
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