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Synthesizing evaluation and management methods of travel time variability for
urban transportation systems
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This study aims at comprehensive analysis of travel time variability for
various types of transportation modes. Firstly, we enhance studies on travel time variability and
establish the economic evaluations methods, prediction methods, and traffic management strategies.
Based on these individual study results, we secondly further synthesize the unified methodology for

trag@l time variability. Finally, we examine the proposed unified framework with actual case
studies.



B X C—19,. F—19—1, Z2—19,

1. WHIERRAA S M DT F

EEAL LB TR T, BTN E

VAT LGERK, $E, NAE)ICRBIT2BEO
M OEBR5M BT AR HEMD =
— ANEE STV D. FFIT, FRATRERIE RN,
Tebb, BEOEREOR LicT 5 =—
RNE, ZEFEROFERNC P LT REND
DEipoTWD., —RIZ, BV AT LDE
ek B X 2R MEAIE, fERFHHl ST
X 7R A A IR THER TE 20
RKEXITHDHZENBERMINTEY, T
m B0 EY AT LEASC R, LT,
D ORRFE M IZ BE T B AL~ D B0
NEFE-L>TND.

LaL, BEfFIFREEIT 5 &, N7+ —
VARV AL MR EERT D TN
T 7 a—T L e A RN A Bk T A IR
FHT T —F EnMT LHLHEER RN O
Lo TV, k5 T A E FE O
BITHTC B & > THAMI 22 REhXIE & A L7
ERTWheholzn 4572 L, RATHMEE
PRI AR A ZE O EREIT T4 Tid .
EENOEMER L AT ML > T SN S
AN B O RATRIEEMEEZ B 2 5 LTI,
BEGER - 5l - EHAOK T IEOR A
ERBRIEOE D MANKETHILIEEZ BN
L. L0, ERHER Y Bl B EIAT
DIV T & T HRAT IR MG TR 28 2 BRI RO 12 7
AR L, BISREal « GEAM - i H OS5 i H 3
HAITH> & T, MMREDEKRLER D Z &0
TEHEHEBLE.

2. WFEDOEM

ARFTE DR B AL, fERITAw TR
Wb T & A TR RS REIE O B G ead - 5
fili - AR D J7 16w & BRI L AR L,
TRAT IR NG B SE DR RAL &2 4T THE—1Y
RONTHL A RS D L ich D, ZDT
DO EBARRERBEIILL T LEBY TH 5.
OIATRFFE MO FEAN - EHA HIEO S 572
LA EBTPNIE R AZE, AR TEkiE, 22k
T 7 ANADOEK BARER 2t G T, kA -
SyHE SN ZE TS T & 2 RITR G
PEOFEAN L EHICEET 2028 % S HICRES
BT, T OB TIE, 720N, fhx
& AE/IMEDBLE NS Bl AT LEH S
EAEHSLSES.

@ Nk AT B 113 48 ME B 22 D IR R AL Bl 7 D 5%
o IR E COMRITRRIGEMEM T E, K
18T B REWT A I G5l - G - A O#LR
MNOLFEEL, FEORAERES EEZINT
ARRE 2 AFRRICEE B L7 BT, KR T2
DERUN U RN S a A

ORI ST F Al - EH HEOZ S - F
FHMEORGE :  EEORTTARLEY AT LD
FRATRERME R AR 2 5 & LT, RAT
BRI T — 2 W NSRBI T8N T — & & L
E£L, ZNHEQTHR(L LG - EH S

CK—19 (Hkm)

BB LAEbE O T2 L2BLT
HRRAEDZ G - AR ZBEET 5.

3. WMo Hik

B—A7 v 7T, FEHICKHIETH =D
O 7 T —7 (O T NIE KA E, OH#S T #k
W, @ZeHET 7 ANR) B L, RITREER
FHEMEORE - EH HFIEO S LR 5 EERIC
B fde. AT v 7T, oFrtgicxt
ST B Zo0H T 7 —7 ((a) Bi&Eak, (b)
FEAMG,  (c)dEH) Z Mk L, FRATHERE AT
ORI T H. BE=AT v
TIE, FEBSOFRATIRE R FE M ) R 2 % 5
W2, BAT v T TR LR - S RS
EOZYYE - HFRAMEZRGET 5. K&ICER
VURT U LERMEL, REEIRD LD S,
(= 1)

/%’—Xv‘—vj’:ﬁﬁﬁﬂﬁﬁﬁf%?ﬁ&ﬂ)ﬂ(ﬂﬁ-@mﬁ;‘i@é%ﬁ;é%ﬁt
OFRHNEE A @#TikE Q@EHET I AINR
PRITN—T les| ATIL—T les| AWINL—T
BA, £ K, EE a—xvh— AR, EH BB EE
I

I
| KERPE (RIA, RBK, EAIK, WEX)

q |

/

/%:7(7_"77’:ﬁﬁﬁﬂ#?&ﬁf??ﬁﬁﬁ%%‘i@%%tﬁ‘%ﬁﬂ@i&ﬁ —_—
(@RFRBI L—T

ommr— || #esme |\ Jommin—
BB BE HE va—vvp—
y
BEATYT RS SRS OLL BB —————
/|— ——————————— 2gE fH-——— — — — — — — =

b=y ‘ o a1 —Tvh— ERK
T T
1 KERFE(RIA, RBK, EHAIK, WEX) ]

( BIE: RS RIY LOBME, FREEOLYFLOELR )

X1 WFFEsl

R FIILL T O®Y TH 5.
B—AT v

OB PIE A2 18
- HO T PN IE B AR B 35 1T D HRA TR S R D
R REAT 15 O ST

« A X=X A (HP) 12 F65 < B IK 581
X AR WE S AT b OWESL

O Y7
cHHERERIED R v N U — 7 iR~ D
R 2 72O DA VAT MO

« FH A E IR EEDR L IS 381 5 S BB AL D
WA - OB

QZEWT 7 AN
BT 7 A S ATEREEI L OB 7
W55 BRI

< ZEWET 7 ANZOERHER B DT D O TE
ITE IR0 & EAL

ATy

(a) BB G0k 1f ~ HRA T B ] 43 A O Fill SR A e
W2 B L2k R A1k

c HENE - AZEmO Y > 7 R TR A )
il LTSNS CEHE L EAERED



Anti—Clockwise Looping Dynamics” DZE#E X
= X 5O,

DU R -EKRE VD, B DN
AL TR B AL 5 ik TIRe TS SR FR A ] oD B
PEDfE.

(b) 52 B 5FAif i ~ e (5 13 #EE OB F 0 & o F
KT HCE B LIoBRE

« AT IR B REE DA A AT T D720 D — i E
TAAER L ZORBIE & L TORRET B~
O A FTREME OFEEE L ATHE) - BT — & DU

LHREFOMENL.
(c) 22 36 38 I i ~ B O L B 5 5 15 & ol &
L7-fhRib

c RERET — % OFH % SFEICEW < A
=TT u—FIC LA @REL T A
HEE 7 i DIRRAL.

« FRATRERIME HEME 2 B8 L 72 8hAY Reliable
Routing PR D 4R 1.
cHERERANS RI2A T MERBZO
Bl 72 3 AT AAlE FE DR R AL ER,

BEAT T
(i), (i), (iii) BREFLIZERRIEHHAD
AR - UMERGEE, EBEROETNASE Y
AT BTET B AT IREREE s ) B E SR A& %t
G LT

4. TR

DHD T PN I 1 A2 3
< D€ 3k D FifeA TR G FEPE AR A 5 £ TV & 4k
L, EEOITEIZEYII KM LITEIE T
IWEAER RFE LTz, £, b T4 A Y
VA — BB ETC R T — 7Dy
Jr—42Rw, T—XE{LFEEZERAL,

TE I HRATRER O B B A B O B A S & X
) FH 2N REZE ] 3 iR HE C i A FE LS T AT HE

L7z

< JRAT IR [ e 00 5 A B S AT 2 HE E
HI-ODMET T u—F &S5 L,

FRATRERME MR O R TRIET VO 7 1
A T OB EIToT=. (K 2)

— 1,600 i i i

I
H Cost of Travel Time Variability |
m Cost of (Mean) Travel Time
|

'en

> 1,400 -

P
o N
o o
o O

800
600

N
o
o

200

Total Cost per Vehicle (Japanese

o

6 8 10 12 14 16 18 20 22
Time of Day (hour)

B 2 FRATRIAENER 5 = 2 b o5

< U7 O RIENRITRR 2 &8 L7 0P
BESIZEES < U R 7 [ABFRRR B HESE T L T Y
ALEREEL, ISR LI A~— 71
TV = avilFEE L £, 207

TV r—va R LTI LD FEESE
BRaiTVy, W ORERREHELEIZ T, HP
(2 X 2 BRI 5 0D 5 DS FRAT IRETR] 0D 7 FREME
NEBIZKEIND Z & DNFEIEIHER I
2. 51T, HP BIAL ARSI R LR ¥k
ZRBHICEWEBMRERI /e 2 b—
Ta BT AR RE A T2, (X 3)

HyperNav 1.0.9 MJU— hEAD

......

Hyperpath[Z&FEN B VETRT
ERRMNRSA /1 —ZiRIESND

. EHO FE B TT

o @ uvr
HEFEEsY BOIE
12:4

3 Reliable Routing 77"V ®DP3

O#F ke

< JRATRE S MM A G T T v & BT 72
JLER L, H22 EHBEE KT AZ @ U A fH 2R
T — & &AW ClEE O HREREZERINE T L
EHEE L=,

C BTTERE IS U DB MERERIE 2 RIS, fE
R BERAZE S KEOEAN) 2L - T, [FHEME:
M EEEDEBRERNEDORERET DO
MmEHER L7z,
cHEBLAET AL THOONRE A P a—1
VI T Ta—F E2PEE LT, #EkE ORTT
BERE M S I W TR L7z, BRI
X, REHiZEty P A~vAZ—F—2 LY
Bonl-BEHEOHRERERFLAICET S
Revealed Preference 5 —# & Day—to-Day @
FIEIEITEET — X A L, BIEIC X HiE
1THA Yo OTElE K ORI Z#) 2 58 L 7o
HBERGFLARINE T VAR L, B2 HER
BAB-. SHIT, ¥—ARXEZF 4L LT, #
BRICIEN S NG B RS AT NEDO LX)
RICEDUEMERORE ATV, FHEITIED
ZUMEETER LT,

- HARREIERIE IZ 1T D HIHERIE D 3 HT 21T 5
Z L AR, BREETT - BUSEHESEOEER]
B E TR S HE 2 EEMICTHMET 5 72
B, HEA buEEROER R 2 ) o
PL B TEST R/AE T — ¥ & W CHIHER R 5
DRI O R ot 21T - 72, BAR
BN, FIEEIR IR G B9 25 RFZ2 R0 7o e
FHOBM OEEZIT 5 LI, BIEAZBE L
T2 BNH D H58 J ORI 25 REZ O eS8 7 )V % 1
LT



@Y T 7 B AR

- WLZERIHE OEEET 7 ATENCEHR L,
BlHARE L @ EET — X Ik, T2
B A RATRE M E M EF e T v 2 B L,
B BT — X Z AW RAE 21T 7.
RN R BRIRIT, XA YD ORI
DEAAIIRICER LT, NAFHEOEBE
FAMERHmIC X3 DB DWW TERET — 4
FIITERL.

(a) BIGGLR

FRATE OFATRI A # O [FAF81 12 X 580
A MNEDORERTVONE TR T 2
TV AEE L, Stated Preference 7 —4#
ERWCTEOREAHG L
ATERRE F ORI EES W T REF 13K
TR O ARG LTV 5] &V 9 BRI
MEEEL, TORELESH L. Hinoth
X0, fEREMEREEOTZR &R DR %h A
DAL X - TEEE S EBHIHWT 2
Fe it S RS & RN 7 Bt RS & 0T
BEDRRENRIE SN D &L, RITRRIA )
MBOBERNELD Z EEHLMNZLE. &
Oz, BEFEHAERRZEL CHEBONZT —X
AW TEIESHT 21TV, WEHE DL N
B THDZ L, MEFREASBEUZEHL LW
TR Va— ) U BRI ERT AT A—
HATHY) 209D NN, T ANAEL D Z &, HITHE
M OMEFRER I A R ET A FOK) 1-8%
BRECTHLZEEZHLIZLT.

(b) B EERH A

Ty aT UYL & O E N
HAEH % & & U 7= AT B RS s o0 {8 2% 3T A
AT O 2O ORI O W TR Lz,
W22 R NV Ry 7TV E Rl
A NEEEHWTIREL, R Ry IR
EOMRN LB ZEE L ETEMNDF
8 Y R R O BB R & o35 2 & T,
AT R 28 Bh o0 #E 2 A0 PR UM A & 3 H L 7=
E5, REMNR HEOAFr Y 2—/La X
kB A RE U b CHLGR AT & BB AT &
1TV, (1) BIEREZIG OFE B EE 2> 51
& DA T VITV (BAAOE) & SVTTV 28
—ET 5 &, (1) WIZBIEREZIHF DR L
WVIEENE D DAERR S LD AR T VITV 8
SVITV Zi\RFHli+ 5 Z &R EEZHLMNITL
7.

(c) 22 imEH

C RGRIREEE ETHEO - RIERIZHESWN
T, AT DR H) 2 ) B8 C B O B TR T
— X AR LT DIV MRETTIRRE - RIRAT
R OFEHEZ HYY, = U 7 L)L Tl T
MR E T2 HiEERE L. B
WNOIRI T v —7 5 — X ~OiH&21T0, #H
W) - BRERAERSS, REHH oA ENMETE
PRI RIETHELZ S L, ETEO—ER
D4 - ARMEEZER L.

5. EARFELGRILF

CesSamse) (BF B3 1)

1. Chong Wei and Yasuo Asakura: A Bayesian
approach to traffic estimation 1in
stochastic user equilibrium networks,
Transportation Research Part C: Emerging
Technologies, Vol. 36, pp. 446-459, 2013.
(EHH)

2. Jiangshan Ma, Jan-Dirk Schmoecker,
Daisuke Fukuda: Faster hyperpath
generating algorithm for vehicle
navigation, Transportmetrica A: Transport

Science, Vol. 9(10), pp. 925-948, 2013.
(EFA)
3. KFEZ, &EARKE, oL, JEth

—P5: PEZERY AV AR EREE LT
ITREMME M O, EARFSGCEDS (+
ARFEE) , Vol. 70(5), pp. 1_589-1_596,
2014.  (EFEH)

4. Jiangshan Ma and Daisuke Fukuda: A
hyperpath—-based network generalized
extreme—value model for route choice
under uncertainties, Transportation

Research Part C: Emerging Technologies,
Vol. 59, pp. 19-31, 2015. (&FHAH)

5. Yu Xiao and Daisuke Fukuda: On the cost
of misperceived travel time variability,
Transportation Research Part A: Policy
and Practice, Vol. 75, pp. 96-112, 2015.
(EHH)

6. Schmoecker, J.-D., Sun, W., Liu, R.
and Fonzone, A.: Bus Bunching Along a

Corridor Served by Two Linee,
Transportation Research Part B:
Methodological, Vol. 93, pp. 300-317,
2016.  (&FiA)

7. Ge Qian and Daisuke Fukuda: Updating
origin—destination matrices with
aggregated data of GPS traces,

Transportation Research Part C: Emerging
Technologies, Vol. 69, pp. 291-312, 2016.
(EHH)

8. ENAKEEW, Ex R RT7T 40U T 11T
B U7z @ E B OB PN E B O R R Y5y
Mr, EARSESCE D3 (BARFHEZE), Vol. 72
(5), pp. I1_1311-1_1319, 2016. (&HFHAH)

9. Tatsuya Iwase, Yukihiro Tadokoro,
Daisuke Fukuda: Self-Fulfilling Signal of
an Endogenous State in Network Congestion
Games, Networks and Spatial Economics,
Vol. 17 (3), 889-909, 2017. (#HA)

10. #EHKEH, /KHOE#, WRET, HTHE
=, HgERK: Rk - BB e — T
ZHWE U7 LULTORATRRIE e ST
fii, +ARFSFHCHE DI(HAEFES), Vol.



73 (5), pp. I1_1105-1_1118, 2017. (&3
H)

(¥R (B 66 14)
1. Seiji Iwakura, Kotaro Kawamura, Ryuji
Tsunoda, Ikuto Takahashi: A Multi Agent
Simulation Model for Estimating Knock—on
Train Delays under High-Frequency Urban
Rail Operation, The 9th Conference of the
Eastern Asia Society for Transportation
Studies, Taipei, 2013

2. Jiangshan Ma and Daisuke Fukuda:
Hyperpath or shortest path: An evaluation
method and a case study with GPS probe
data, The 9th Conference of the Eastern
Asia Society for Transportation Studies,
Taipei, 2013

3. Yu Xiao and Daisuke Fukuda:
Identifying the distribution of value of
travel time with amonotonic nonparametric
estimator, The 2nd Symposium of the
European Association for Research in
Transportation, Stockholm, 2013

4. Achille Fonzone, Jan—-Dirk Schmoecker,
Fumitaka Kurauchi, Seham Hassan: Strategy
Choice in Transit Networks, The 9th
Conference of the Eastern Asia Society
for Transportation Studies, Taipei, 2013

5. Kashin Sugishita, Katsuya Sakai and
Yasuo Asakura: Vulnerability Assessment
for Cascading Failures in Interdependent
Networks, The 3rd Symposium of the
European Association for Research in
Transportation (hEART), Leeds, 2014.

6. Yasuo Asakura, Takahiko Kusakabe, Long
Xuan Nguyen and Takamasa Ushiki: Incident
Detection Methods wusing Probe Vehicles
with on—board GPS Equipment,
International Symposium of Transport
Simulation, Corsica, 2014.

7. Ge Qian and Fukuda:
Work/school-related Demand
Estimation from Aggregate Datasets, The
10th International Conference on
Transport Survey Methods, Leura, 2014.

Daisuke
Travel

8. Masanori Mizuguchi and Daisuke Fukuda:
Long—Term Time—Series Modeling of Traffic
Demand for Urban/Interurban Expressways
in Japan, The 20th Hong Kong Society for
Transportation Studies, Hong Kong, 2015

9. Jiangshan Ma and Daisuke Fukuda:
Finding Multiple Dissimilar Reliable
Routes in Linear Time Complexity under
Travel Time Uncertainties, TRB 94th
Annual Meeting, Washington DC, 2015

10. Seiji Iwakura, Wataru Kobayashi:

Agent—Based Model for Assessing
Techniques to Reduce Knock—on Urban Train
Delay, CECAR7 Conference, Hawaii, 2016

(ME] Gr3f)

1. fEEKEE, AR (P LS—8, Wa
FER (FR))) @38 #2218 O A5 fEEFEAf, = = 7
#f, 318 ~—<, 2014.

2. Fukuda, D., Ma, J., Yamada, K. and
Shinkai, N.: Tokyo: Simulating hyperpath—
based vehicle navigations and its impact
on travel time reliability, 8 pages, In
Andreas Horni, Kai Nagel, Kay W Axhausen

(eds.), The  Multi-Agent Transport
Simulation MATSim. London:  Ubiquity
Press., 2016.

3. Kurauchi, F. and Schmoecker, J.-D.
(eds.)Public Transport Planning with
Smart Card Data, Taylor & Francis, 261
pages, 2016

6. WFFTHHLAR

(1) #FEfR A

fmH Kl (FUKUDA, Daisuke)

WO TR - BREE - P T 520t - HEHER
WF7ed 25 1 70334539

(2) W7oy i

A FER (ASAKURA, Yasuo)

W TR - 815 - AP L3P - %
Wr7et 25 1 80144319

HA pE (IWAKURA, Seiji)
EU TR - TR - B
Wrze25 1 20223373

e e A FHE (SASAKI, Kuniaki)
WAL - B TR AR - 2%
WFFeE %5« 30242837

Va—wyh— YT AT Y
(SCHMOECKER, Jan-Dirk)
AR« Lagest - HEBH=
WIEEFE R - 70467017



