B X ERS.1672-5328(2013)02-0073-10

WHEE 115 E282013F3 A
Urban Transport of China, Vol.11, No.2, March 2013

BT RN S E NS EH HTRSS

Analysis of Travel Energy Expenditure Based on Subjective Perception and Objective Measurement

T g, #hHIE, BMHRZF

(IR AR ZH L, L5 100073)

An Jian, Sun Mingzheng, Guo Jifu

(Beijing Transportation Research Center, Beijing 100073, China)

BE: BAFEEAY BT BN EE— ah TRV EGENE
75 ik, BRI KIS TR, A A R R ) 38 77 K69 IR 5
KFEF. AR BATIRY BATRT WA F8, RERRHFILT H474 £
SPALBT 1) A 69 BIUAR AL AR FL AT AT o7 0 TIEZ R B wARZ 18
BAE TG B ATIR 7 09 IR Z, It B BN AR AT, R B
™, BARATH T XN RE LS RERE . F ARNTARELF ARG AR
BEYA, LEIRRERE TR ZZAEERE £, R, IR %
Bortk RVAILT T Ao bl T A BIEATRBI AT, 25 RE, £ B 7 KNk 4k
AP ARG AT B ATH P AR AR L T R ATR AL,
Abstract: Comfort of trip is one of the contributing factors to travel mode
choice. However, there lacks a reasonable quantitative evaluation approach in
literature to properly and rigorously reflect the variation in different travel
modes with respect to their level of service. This paper aims to gauge the trav-
el fatigue using both objective monitoring and subjective estimation. For the
objective part, an experiment is designed to measure travelers’ energy expendi-
ture rates using a heart rate monitor while walking on level ground, going up
and down stairs, and taking bus and subway. For the subjective part, free mod-
ulus magnitude estimation is used to investigate travelers’ subjective percep-
tions of fatigue while traveling. Results show that the energy expenditure rate
is sensitive not only to travel mode but also to posture, load of personal belong-
ings, and occupancy. Significant differences are found between the objectively
measured energy expenditure and the travelers’ subjective perception. Case
studies in Zhongshan and Beijing show that the impact of travel fatigue on a
traveler’s mode choice behavior is as significant as that of travel time.
KA B TAZ AT KRR AL, B AR R AR I
Keywords: traffic engineering; travel fatigue; energy expenditure; free modu-
lus magnitude estimation
RE XS U1 XHERARIRAD : A
WisHER: 2012-10-25
EeT B AR OAAFAELZN 2T EMAFHRIMEEAL212F% 1 2
SRR B AR B IR A AR K RIS A7 (71241007)
EEE T &2 (1982—), B, AR E A AL L, 220 @ i
/38 A %, E-mail:Marlin_tree@163.com

05l

BHEEZXBRER—
PMAANAEEFEBER . HE
A—H—RBER G, REHh
MAZRIELSIEN TR
TEENEEBNTAE
B PLEFEET E IR .
&, RBTR. EERS
EXEBRRNEBANSE;
HFNZHER T AL HLIASH
MY RAE. H2RR. S
RIEF. ZRGH, AH
TABR—RIREEMTE
L, BDASINTIRER
EERPHBETERBER
mEEAENEIEEES O
AR G— SR EARRI,

HITEFERTHEKRE
SIRFEB G RIMNATEF Mt
EFE—MEANT AT
B, ZEEFHTERER
MEREMNT EEBMNRE
TRPpEF-RIE=EE
TER, FAETEXNNE
NEGXEMBATER. X—
BRRULEEEA. Hl. HiE
BERMHNTAMALER



74

WHE F 1135 280 20134F3

Bo AMEFNFERAHSEURAEA.
. RE=FRHUARAMBEEERT, RE
BERMMAES DA TEERRGNN . K&
S HITHHFOEERE,

FFEE R RREMZBITNR S AR 5K
FHERER, BRICHE ZEN, BEATR
EREMMBRAFRABR, BULIZIERERX
MRIP—EEHFTEHEEARNER, HREFHEN
B, ARETERPANER DR FREX
—EAENL, ERMTHRELZ-SERIRRZE
AREHFENRRER. I, EEALIRFE
HAXREREMRAR, A= EEHR AR S
FAREFTA, MEBEAATBHTSRA
M T THENOIERINES, BHEBTH
REFFWMINAARTBRSRE, FAAH
TBRS RENERENREREERMKE,

HoEAEHTEREPFERMEREASREE
AR AN EBRG IR FEH: T, T
(IPEETEATRETHREMEAEERNE
XA “HITTANEENE . ARTRERBR
Giep, R, BT HITHFE. HiTE
B, HITREMETY R RET MR ER
SBHTEFTERENGREOCERAR. HA6E
ERERE—EREN, HTERSRIES. B
BAEEFRZ. WHTERS, ERFELZ M HT
TRNFMHT, Z—RBIXEFRLRBREEEES
HEEEFET R, MEFEARN. FENHTH
R, SMATRMOLLEEBRF AR RSN ERTET,
2 &t X TR 12 R Z [B 2 8B AT A A 1 47

8, WA, BERRITERSHITEIND BAR
BA~ENE. BURFTERFEUENHTH
FEENDERR,

il

| EEHFNETE SRR

‘_|

1.1 {ReEBFENE 7 E451R

AT R B ARIE . NERGEEFE, L
TERRZFEEXRR T EMERENTE, 2M
AEARAEBTENE. ZIRESEIHIME. A
HRERNXR, BEEAFETARKE: DiTH
MEE; RIBRAEZX, BFKERILER. BZR
A& R ERBAE=FMRN; SORENE; 4)EE
REE BT FRAEITTNEE; 5)WARCKIE;
OIS B Fizah A= MRE ). H
F, BIRMAEREEINME. BWME. HH
KEEFPRRE S, SRUEEMNENRZ. EHIT
HAGZHNFE, MENMAEETSENMR
BELHE, HHEEST. RESETEHEEER.
BIPEREEFENE AL TR 1,

FE20HL 60 R, XE[3-4]HME = H
2 M #% B (Linear Model) #1 %t %1 %4 M 45 &Y
(Log-linear Model) 3k #i4 / R 5 K 88 JHFE Z [8] A9
xR, MEfE, XERSINHIXENOEREIREL M
BlEAERI, OESEHENGKEERES
BIFH&EMRETR; XER6IMIAY, TEDEEREEHE
FEHNBLT, mERNMEXREANBRE, BE
FEBFEMBR, X—XkEZFHEWML M., Xk
[713R B3 $n2 ME E Q3 & A BE VB FE S0 R A9 5%

EE

W = wisie
EE=t

W zxioe

P 515 5irERitr

7 mwnans ANt )d R

1 BIZRBITARILIE

Fig.1 Comparison of travel plans between origins and destinations
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Tab.1 Comparison of various energy expenditure methods
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Fig.2 Energy expenditure rates of the 12 BASs in the experiment
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Fig.3 Discrepancies between the PFR and EER of the 12 BASs
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Fig.4 Comparison of PFR under crowded
and non-crowded occupancy conditions
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Tab.5 Estimation of total travel energy expenditure in Zhongshan (2009)

e REEIHFE/ T
tEHg:]I ;E ?&Eg/@) N . RWARIE AR (R
Bl fREE S%EEXE  BHE FREE S%EEXE  BHE  FREE IS%EEXE
@ 429 340 213 [32.6,35.3] 56.7 38.4 [43.3,70.1] 90.5 560 [70.9, 110.0]
. @) 0.79 233 135 [22.4,24.2] 51.7 257 [42.7, 60.6] 543 270 [44.8, 63.7]
?§] ® 937 189 133 [18.0,19.7] 50.1 30.6 [39.4, 60.7] 342 274 [24.7, 43.8]
% ®@ 53.10  16.0 9.40 [15.4,16.6] 325 12.2 [28.2,36.8] 330 131 [28.4,37.6]
® 1250  16.0 9.60 [15.5,16.7] 73.6 37.6 [60.5, 86.7] 73.6 376 [60.5, 86.7]
® 1945 133 9.50 [12.7,13.0] 54.1 28.1 [44.3, 63.9] 612 318 [50.1, 72.3]
@ 567 456 275 [36.0, 55.2] 82.0 542 [63.1,100.9] 1264 775 [99.4, 153.5]
4 @) 052 272 16.7 [21.4,33.0] 50.1 30.6 [39.4, 60.7] 524 348 [40.3, 64.6]
b ® 1377 154 10.8 [11.6,19.2] 29.2 19.4 [22.4,36.0] 206 203 [22.5,36.6]
iﬁ ® 56.93 124 3.9 [10.3, 14.4] 225 112 [18.6,26.4] 230 118 [18.9,27.1]
17 ® 739 145 72 [12.0, 17.0] 58.3 29.0 [48.2, 68.4] 584 290 [48.3, 68.5]
® 1618 115 13.8 [06.7,16.3] 39.1 46.8 [22.8, 55.4] 442 530 [25.8, 62.7]
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Fig.5 Relationship between travel mode split and

travel time/pessimistically estimated travel energy
expenditure in Zhongshan
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Fig.6 Energy expenditure and time consumption
of different travel modes in Beijing
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