_|_ s ’ —_
AR BEHEFNAROEARIRILEF—HEIC
E9 428 - ZEA0ETM
R BREREEL - WBA FE2 - FHP O RS - KE B - L S
VESE  JURFB#E  KFEPE LB R Mt TR HE (T 615-8540 FUAR T VE L K AUER K5 FE)
E-mail:shiomi@trans.kuciv.kyoto-u.ac.jp
ZESE RERKFEAT KRR LR TS LRI (T 615-8540 FUAR T VE 1 X AR K FkE)
E-mail:shimamoto@trans.kuciv.kyoto-u.ac.jp
SIERB RUEORCEHEER  RRE IR (T 615-8540 HURR I PH AT TR R4 A)

E-mail:uno@trans.kuciv.kyoto-u.ac.jp
FERHTREER R 7K & FRER I 1 fi ik
E-mail: otqbb848@city.kyoto.jp

5JE£E  Beijing Transportation Research Center, China

YERH

E-mail:anjian@bjtrc.org.cn

ABFFETIE, BENZD D2 FIRRIAST & 5 WER DO AIAZEFIEIZ BV THAICBEE S THRWESY
W& B LT, SRR ST B O R BIRFRIE & EBIHEIE O BRI 4 5 79?@“%’.;. I HTY, 4, NZ,
HFERDIFEDOBIFERICH LT, MBI OEKOAELMISDEBHERZITY, BETOL
R E OFE, FREOHERNOZ A —HEELZREBL, EFEICHET2EBNEEL T 5.
IHIT, ENENOBE) D & OEBIR 0T A WRE 251, T4 %ZFMME(Free Modulus Magnitude Es-
timation) | B U T2 RIS & BRI & 35, ME OIELZ ik L72fER, N 2B IO TSEENT
FHBLOWE T ORBBEN LA D EEHTENEDD TRELFHEINTEY, £ N2ABHEITH
TEBENHAD LEFTEREDO TRESTHASNTND ZEBHLNE 5T,

Key Words : Travel Fatigue, Enegy Expenditure, Free Modulus Magnitude Estimation, Rank-logit

model

1. [FC®IC

BB~ DBELOE £ Y 23205 C, L AHASE@ED

RICHTANEBEIDPRE 2D, KDV
DIFBUZAT TR EE TIThbI TV D, ZRETO

AT Is 1 2 AHAZE D — B A LU BT Dt

i, Ry U7 OEFEMEOTHE D, BR2N S OB
2, TEREE P L PR PPONSRE R PP
BE9 D57 EahbEm Ea B L7 b OV, =
X —VHE DSBS OB ZEIR TH 5 &0 H
MABLELN TS 9. by ECIHBEM A%
HZTERY, SRITBENID DD E KRR EIEkd
FVBEIN TR S THENDORFT b MLETH D
ENZD.

— 5T, HERROREOCRRFHOFE, JEHETFOM
7R E DR FDOA L AD—R & 70D T L A FEIC
AU D WS ODMEET 5. T b OWFZE CldiEls
FrEEHRLE L TN, FBRIZESTHERBEOA R
AD—RN LD EEZ, Anetal "NE, HOPEE AR D

HIEOFMZRE LT, HABIOVNR, i PRk
DTNV —HEEZFHIIL, BEFEORTEICE LT
FRIRRHIL & BBIRFEE (=L —HE) ORRMEE
FRHOIZHR LTV D AR TIY, AnetalMTHo 728
BRI Z B INERRZ TV, IWE L= T—X &2 AT
9% 57 FEVZ BE 2 FHBIRET & B ERE O BRI 2 04T
THE LB, BEr—2 T OFBINIRIE R RE
T HDERNZDNWTET AN ETT .

AG LOWERIILL Fom@my Th s, £7, 1. 1280
TR & & BZab~<7=. 2. 2BV TIE An etal 2’
1T TR IR & ONTABIFE CIEMWITAT > 7ol 2
BROBFEIZOWTHAT 5. 3. IZBW TR —iH
%kﬁ%ﬁ@iﬁ%@%@:%ﬁmﬁﬂﬁ’%Té%&
PE T 5. BAZIZ, 412V TANZE T L ALK
%&%ﬁb,é&@&%&k@i&wa

2. RFEBRIEDT-HDIHEENRER

20100F7H1H”SLTHI19BE, 10H 20 H22 6 11



16
11
12
% 10
£ .
2 ¢
4
9
i)
18 19 20 21 922 93 24 95 96 27 €8 29 30
RE-
B s OFERONRR
F1 BELIBE T —A
7—ANo.| BEIZEFER 2 | aPHOEE| FAERN
[1-1) - ®mL
(1-2] fE5 (F18) iy 159
[1-3] ®mL
(1-4] &5 (BB LEY) pay 1093
[1-5] ®mL
(1-6] €5 (FEERTY) =Y 1093
[2-1] L
[2-2] INR hy& (72 L 404> ~45%
[2-3) SLfL Y
[3-1] L
[3-2] T 8% hy& (72 mL 3049
[3-3) SLfL Y
A 3B, 1HHEY 24 F 72013 340465 B34 048R

HE BRI ER AT, 728, 2010 4F 7 HIZ 30 4%
KHBNAT ST FEROT —#1L, Anetal. T L0 5T
TS, BHRE OMEROWNERIZEME 314, 2ot 12

£ THD. FEHONFIIH- NRTEY TH Y, 10 1%,

20 R0 EHRIE N OB D> DAL S LTV D
LWZD.

DX BYIRE IR LT, R NWORT X ) IaBEi
WFE, LB (AL SIAL) , OFEA S
T 12 OBEV 7 —AZFEL, FEBRrEITo7-. £HO
M OAEE) <, THY ] OREITHN 38keg OBH Y
EREHE L TEORBOBEIL TH bole. HEDOE
i — AR NS WL D, FnEhoBdEir—
AEATOTRRIREAE L D L0 Lie. $£72, ST

#BIZ, BBENV T — AR T E ORI A K U=,

EFEFER LW EE 0, bo b bRFER U7
—ADRIER 100 & LCEELTH Lo 14572
Y OFBRFTEREN AR, 72— NEERH S E
DT THIRRE Ch -7, 7B, IBFREPHSRT 57
b, BRI X0 K — A DO EMNEF I B D KD
Bl L7z

FEBRR, #RERE OTFEIZ POLAR £1:0> POLAR RS400sd
DHEHEEE L, 1 BT H O TD AL
7oA OV, i, B, RENORHINLH S
TR —REEENREHINS. &5, 10 H 20 A

14

12

10 |

SEIRIF—HEE (kcal/min)

[1-1] [1-2] [1-3] [1-4] [1-5] [1-6] [2-1] [2-2] [2-3] [3-1] [3-2] [3-3]
4r—2XNo.

X2 Blr—AZEDOTRIF BRI

100
90
80
70

50
40
30
20

10 [ | H
o o

[1-1] [1-2] [1-3] [1-4] [1-5] [1-6] [2-1] [2-2] [2-3] [3-1] [3-2] [3-3]
4r—ZANo.

B3 A=A Z L OB OTFREHIED /3

R EMHE

N5 11 A 3 BETOEBRICIBWTIE, 23A, HUFERIZ
BT A8E)/ 7 —AT iPod Touch (5 4 1HHA%) Z4RE D
MEDE IR L, MEEFT 7Y r—ya v
laccelgraph) ZECEh S, HIRD 3 HiH AT D I
FEAFI L. 2o OFHARESR %, FEHEAHRIT 5
T O OFBIIFREE L L THWE.

3. BRIRILF—HELRFEICET HERMSE
Farii

(1) EEPIZEL B ZRMEDHT

AR L7z & 912, B |35k T ICRe b9 &
U8 r— 2% 100 & LT, &7 —ADRSEE %[
BELTHHoTWDHR, FEINZRFHIECh 5 - iR
WCE o CRHMIAEER R/ 5 Z ENBEZ b, £ 2T,
DB 538F CH 7R o T HIBT R E A R o T s ola 1
% [Al— D REE G 5 7= D8R OIa/ Al AU b
THFEE LT, Stevens SS. WHNEE L7 FMME(Free
Modulus Magnitude Estimation)Z FAV C,  FTfifE 2 K9
%. FMME ([ZBWWCTHERE n O —R jIZEBT 5 EBRE
HfIE PRl XA F D & 9 Ice 5.

X o min{X, |i=12,--,12}
100 -min{X, |i=1,2,---,12}

)

727120, Xoldr—2 2B 2HdRE n OEZETH 5.
- 23 L O 3IZFNENAS T —A Z & DERLF—IH



BRI, FBIEHIE Phofiz~d. RIS HilE
ThHTRNV—HEEOMIERT 5 &, WHE%E ED
BEhchor—2 [13] BLO [14] TEHfER LY 25
IN—B B AUE, T5 3 — XA I AEDMND A — A LD
BEALMNIRENEWR D, F, NABLOM T EBE)
2B DV EOD), 25 /~—kF A Uik
LB A= A UEHETR—TH Y, P LU
BT ORI BT 525 L0 /SN2 Enbd
5. FT, HTFEES ZUOVSABENOZESS & i 0A g
HT2E, EmOSAIII> TRETA5E L0 bl
P—IHE BT FINIE L WD 0D, o TR
T DA X DRV —HE DK
FIRENTIR. —F, FRIEHIE PO g BT 5
&, DB IR EROZNE TR E
WEWz b, F7, ANABIUM TS EN 28T A R
DA, B LOVEEC T Y ORI 61T 52k
DR, Thobb, LV REAEFEERC DANAHE
LTW5. I, =R HE RO CIIZEN RS
TR o T2 S ARENES O RSB DR Mo /347 13N
ABENDIZ D S FIIE L CTERY, BRI T e o
T RN B\ CE O T TWD SR b,
PLEMD, S88 7 — A B CRBEIEcH D=
RNF—VHE B & BRI 543 872 - T
BY, FHIfiERio 188 L\ ABE O B
I & AR TEDLD TRE SFHIiSILTND Z &3

o7z,

Q 28Ty ETILERVW-EHRMRSE
DERASHT
Z 2 OIS RSB DRIl Py 2NN T —#
LLTH, Frrayy MEFIL VAR HWTERI
P57 & A BRI DOBRMEC DN T AT 9.
FrruYy NETMIBWT, #RE n Or—2A j
(ZXFT 20V OREEHED B TN Th D LK
ETIUE, #ERE n S JE12) 77— A DRI IR LT

F2 B —ABRET VOHEEER

SREAZH NSA—HE  TiE 5=

x1 (BBH=—) 4.733 6.671 *x*
x2 (FHs—) -0.897 -3.977 **
x3 (BELEYHFz—) -3.535 -2.476 *
x4 (BETYHI—) 0.273 0.631
x5 (INRFHEHFZI—) -3.377 -2.263 *
x6 (HhTERFEESI—) -2.855 —2.941 *%
x7 (/MDA — T EERDIEED) -0.009 -0.218
x8 (FEHILAZ—RFEDIEED) 0.014 0.378
x9 (RADEH—TEE LA -0.006 -0.217
x10 IMARIZERE 0.033 0.262
x11 ERINEEZAEEE 13.752 0.421
02 0.329
BIEF 02 0.287
=IETHAE -174.350
HUTILE 156

wHIRHE, *5EE

GHEFF 3D DAL DHERIZLL T O L IZEZ 6.

P(12,...3)= fi prCV“)
S ea,) ®

72120, Vp 3HEETRENT A—2 AT O
rrlcERENS.

V _Zﬁljn ijn (3)

L7e3>C, 1 DOIEFSTT—4% % J1 HOFRIRT
—HIHRLT, ENENEMNIRRT —H DL H I
BoHH Z Lok, @EOLEr Yy METLZ RN
TRERSAHAET HZ LN TES.

ATHEEFERZ T, % 0D X 135 =25 T, X
WEROGEIX 1, SIFEOBAIT0Z2ED, %05 Xl
T2 OFHEBIEESTIUT 1, sS4 LU 0% L b,
EIER . pHMEAS 0287 THY, T ETOBESEDET
NThHDHENZD., BT I —DPHEERIEEZE->TE
D, NA, HTFECTOBBEIOSEITEROIT D HRE X
Vb EBIZES I NS W EWR D, ET, X
—, BEE: B0 I —HEERAEE - TRY, Wik
B OBEOME 2 LD MBEDH HBEID & X2, T
TRHEIIRELS D EVZD., F, ARTIERVG
DO T ¥ I —TIEExE L > TRY, BEE 58
NI ORBEN LA CTERE T I NI N VN2 5.
PNAFEHA I —, HIUFEEREN I —(3 & bICHERAN
BLoTEY, R8I ETRR, T R
L BBENOFEAIG IR E L, T A—FD
filf% 7% & NATOBBIOIE D 3 EBIZRIEF T LY
KEWEWZ D, Znb0mANE, fifiTr Li2&EqHn
ProfER L —E L TWD. —F, BEHMOLHESART
T &\ o 7 B R B3 2 F B L~ T+

ICAETIH RS, 2 OB A 8
ERIES NN D,
4. BbhHYIc

AMFZE I, BENZDD D B IRIIAL &0 D TERDA
HESERENZ BN T BE SN TORWE IR
U, BYIRAPE ST ORBIIFEEE & FEIFREE OBIfRME
oM LTz, iricdiz 0, fE, SR, HUFEkO3FE
HOBENFEUC LT, ik K OEROR A A
DETRBEFERAATY, BB OO & gERE O b,
HREOERNO =RV —HEEZH L, =X
—HBEBENPRERDITEEFE L L L 12D L ORiED
TC, ETEICBET ARBINAREE S Lo, 61T, £
TNOBENZ & OFBNI7RE T E L HERE ICF:R, Zh
% FMME(Free Modulus Magnitude Estimation)|Z JE#E(L, L 7= fi5



P2 RIS L U, W OFE A0 L
ToRER, NAB LU PN B JOWE T o
AR & LD LML E R TE DO TREL
SN TERY, F7- ASAABENIH FEBENC L~
ETEHEDBRICEHI SN TND Z E BB E T
56_,£ﬁm&ﬁ FEDONEN AT EREZ T 7 ayy
NETZ X 0T LToRESR, BEhscBE L CiddEst
ST ERBEDI G B, £ BE RO ARR
NMEEE & o T SRR AR B D Fi X8I 700 57
BT TS 72 MR SN, TbD, B
BOBIHFIHE DR C DY, =L —1HESN
B P BRI L CERISINb S BRISINZ T, il
mgl%ﬁ<%@bfw5&%z%ﬂé IAHZZEDH
—EZKEDR EOT=DITIE, 5%, LIRS E
C%@%&iﬁgl%mﬁﬁézgﬂhészé *
72, AWFZECUUE UT-7 — & O#RE 1 3200% & b &
LTEY, VoD RHDZ EITEDR. 5%
EEVIEVEROV T AEIEEL, Z 2 CRELIE
R NEODER T HMERDH D E kD, BT,
BEET o r— Ml A T 570 8 LT, = /L¥—H
BEIIUD LT LY EAREZBE LoD, FIHEDR
TSRS OBHRICOW T 5 Z L 258 E L ThH
F5.

SEXRR

1. Yuval Hadas, Avishai (Avi) Ceder. Public Transit Network
Connectivity: Spatial-Based Performance Indicators. In The
89%th Annual Meeting of Transportation Research Board,
Washington, D.C. 2009.

2. Sean O’Sullivan, John Morrall. Walking distances to and from
light-rail transit stations, Transportation Research Record, 1996,
1538, pp. 131-138.

3. Tumquist M.A and Bowman, L.A. The Effects of Network
Structure on Reliability of Transit Service. Transportation Re-
search Part B, 1980, Vol.14, pp. 79-86.

4.  Bates,J., Polak J., Jones P, Cook A. The Valuation of Reliabili-
ty for Personal Travel. Transportation Research Part E, 2001,
Vol. 37, pp. 191-229.

5. Bowman LA, Tumquist M.A. Service Frequency, Schedule
Reliability and Passenger Wait Times at Transit Stops. Trans-
portation Research PartA, 1981, Vol. 15, No. 6, pp. 465-471.

6.  Tumquist, M.A. Strategies for Improving Bus Transit Service
Reliability. Transportation Research Record. 1982 Issue 818,
pp. 7-13.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Kittelson P. B.,, Quade K., Hunter-Zaworski K. M. Transit
Capacity and Quality of Service Manual, 2™ Edition. Washing-
ton, DC: Transportation Research Board, National Academy
Press, 2003.

Thomas J. Kimpel, James G Strathman, Kenneth J. Dueker.
Time Point-Level Analysis of Passenger Demand and Transit
Service Reliability. Center for Urban Studies, College of Urban
and Public Affairs, Portland State University, Portland, Oregon.
2002.

Daniel Csikos, Graham Currie. The Impact of Transit Reliabili-
ty on Wait Time — Insights from AFC Data. In 86" TRB Annual
Meeting CD-ROM. 2007.

Niels van Oort, Rob van Nes. Service Regularity Analysis for
Utban Transit Network Design. In 83° TRB Annual Meeting
CD-ROM, 2003, pp. 1-24.

Hounsell N.B., McLeod EN., Gardner K., Head J.R., Cook, D..
Headway-Based Bus Priority in London Using AVL.: First Re-
sults. In Proceedings of 10" International Conference on Road
Transport Information and Control, London, 2000, pp. 218
222.

Ben-Akiva M., SR. Lerman. Discrete Choice Analysis:
Theory and Application to Travel Demand. MIT Press, 1985.
Furth, P. G, Hemily, B. J., Muller, T. H. J., & Strathman, J. G
Using Archived AVL-APC Data to Improve Transit Perfor-
mance and Management. TCRP Report 113, Transportation
Research Board, 2006.

Thomas B. Reed. Reduction in the Burden of Waiting for Pub-
lic Transit Due to Real-Time Schedule Information: A Conjoint
Analysis Study. IEEE \ehicle Navigation and Information Sys-
tems Conference, 1995 Proceedings, pp. 83-89.

Richard H. Pratt. Traveler Response to Transportation System
Changes, Interim Handbook. TCRP Web Document 12,
Transportation Research Board, 1999.

Robert Kalbl, Drink Helbing. Energy laws in human travel

behavior. New Journal of Physics, 2003, Vol.5, pp. 48.1-48.12.
AnJ, Uno N, Yang X., Liu H., and Shiomi Y. Measurement
of Travel Fatigue: Objective Monitoring and Subjective Esti-
mation. Transportation Research Record, 2011, in press
Stevens S.S. : Introduction to its PerceptualNeural and Social
Prospects, Wiley, 1975

AEkibE—, BEATiRE, ZS@EfTEOT & T T



V7, B, pp117, 2002.

TRAVEL FATIGUE IN PUBLIC TRANSPORTATION: SUBJECTIVE AND
OBJECTIVE EVALUATIONS

Yasuhiro Shiomi, Hiroshi SHIMAMOTO, Nobuhiro UNO, Syuhei OHTA,
and Jian AN

Most of the public transportation planning has not paid attention to travel fatigue enough. Therefore,
this paper analyses the relationship between objective and subjective estimation of travel fatigue. For the
objective part, an experiment was designed to measure travelers’ energy expenditure rates using a heart
rate monitor while walking on level ground, going up and down stairs, and while riding on a bus and
subway. For the subjective part, free modulus magnitude estimation (FMME) was used to investigate
travelers’ subjective perceptions of fatigue while traveling. As a result of comparison of both of estima-
tion, it was revealed that travel fatigue during riding on a bus and a subway is estimated large compared
with during walking on level ground and going down stairs. It was also revealed that travel fatigue during
riding on bus is estimated large compared with riding on subway.



