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Abstract

Korea Expressway Corporation has been utilizing vehicles equipped with dedicated short range communication
(DSRC) based on-board equipment (OBE) for collecting path travel times. A path based method (PBM) estimates
the path travel time using probe vehicles traveling whole links on the path, so it is not always possible to obtain
sufficient samples for calculating path travel time in the DSRC system. Having this problem in utilizing DSRC for
travel time information, this study attempted to estimate path travel time with the help of a link based method
(LBM) and examined whether the LBM can be used for obtaining reliable path travel times. Some comparisons
were made and identified that the MAPE difference between the LBM and the PBM estimates are less than 3%,
signaling that LBM can be used as a proxy for PBM in case of sparse sample conditions. Some limitations and a
future research agenda have also been proposed.

DSRCe] 98 542 Fg Foldon), AT dxERFAR: DSRC 7|Whe] stolsf A 2)1S w7 WA 7
o] $-83ted wRrIA =TI YAFYPARI V- FH 0] AREIANE FEe d8sta stk 7-FHE B
A Bol ARBYNTS FHsHe A=A (PBM: Path-based Method)e $HEES7L 21, Fopato] ¢l

BY ARBIANNE HET 5 gle A devh, F271EA(LBM: Link-based Method)S A 413HAtt
AR b HAD Aol 4 9l Ex|Ao] 9ot B A slo]d) 2~ DSRC A2 EAL 1d n&
Aoz JdEoict. LBMZ} PBMS| 22582t Bl S A=si%a, 1
[¢]

1 S o
Y r—lﬂ e

EE BREPNT 7Y 2Y Nde 5 =
7+ MAPEZ} 3% o= Welstth ]Ei ¢ Atz = 9 LBME S3 A4 e Aredrts F4E —’F 3
Aoz ekt ofzte] dAs} AT ol the A= AAskAT

r&
o?L‘

Key Words

DSRC, LBM, Path Travel Time, PBM, Probe Link Travel Time
DSRC, 37|12, ZFR2FPAZE, B 27192, Probe® 252 A17E

* . Corresponding Author Received 16 January 2013, Accepted 20 March 2013
artmania@ajou.ac.kr, Phone: +82-31-219-2541, Fax: +82-31-219-2965

© Korean Society of Transportation
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

thetwSets x| M31H 3%, 20134 62 45



Article An Expressway Path Travel Time Estimation Using Hi-pass DSRC Off-Line Travel Data

. M2

1. 9ol HE ¥ =5

AFeAt SEUTE ] F7ste] 20129 12€ 7]
TO 2 1,887%9] Aol FEEHUCH, T 3d
BAZ & o AT 519 A= Freka ot o)y
o AFak St wet uEER 9 A o] St
3lo] 20124 9¥ @A RIA=A S 23] 3170 A
3,734kme] 1&EE27} fEE o] 29 = k=2
U wEre b me mwe A4 - e 59 ¥
F9 = @AV Jem 2 19909 FE ol +=
AWeE 83t 7|E T2AMS] Y8 ES T
sete AFIAEAAE EYEHNL dRER2IdAe
1993 1&EEZWEHAYA LT TFEHS AR dAl
T AEER AA 2 FEI] 4 T U

AR EEZFA DEERWEAA 2R A5 P
VDS (Vehicle Detection System)$ TCS (Toll
Collection System)& &3l o]Folx|x 3it} VDS

s
=

b magske BAge] Ak elel wish FHAAA
TCS AR A4 G942 20D AYe] T FYd
o EAalol ARE £ 4+ ded 3 dolh U
2o} AZAR (Time lagle] 2], 22k =24 7%
o FYATE FHE & gort APo] 08T ARE

A5 dAast] Ha T2 FAA =
7009k o]} BgE slolsj~eE7](OBE: On-board
Equipment, ©]3} OBE)E& Z2H2 $831= dA=HE
541(DSRC: Dedicated Short Range Communication,
o3t DSRC) 71¥ke] stolsj = mBEA BA|~8S 2974
A, 3,587km 1kl 9047 =¥ (RSE: Roadside
Equipment, ©]3} RSE)E 1 3.9km @2 153}
k20124 9¢ 718,

oje} 22 dlolu| & wEHHA| 282 DSRCE ©]&

3] OBUS RSEQ B4 %4 3% OBU ID,
RSE A7, 248 59 ARQl dtolsj2 DSRC A
825 7|tew s, F ARt L OBU IDE 7}
2 #eke] RSE 41412
AFTYPANE A= ¢ vk 3 7R BYPAIRE
S L FoJoy HrE

2] RSE9 $4l¥ OBU ID9] #A&E 8 4% 39
Apgro] 71-F4el| ek A=27pA] et 4 ¢

ek, ol#e A& & o sto|si2 DSRC A= 7
BEPNL dF AR AAE o] &3 A Yo R
BAREINTE FEe ARI|IWHA(PBM: Path
based Method, ©]s} PBM)# HZ53A 7S o] &3}
o 4k&3sE Y3794 (LBM: Link based Method,
3 LBM) 3 2o] theket Wi s AEd 4 glovt

[¢]

ne

o

o5 WAl A2 WA B AFE A ool
A7) ere 3goltt

FYREG} 32T B9l PBMOE 34 7
2EPAA) PR} U AT SRR
23 At FFwsh BolAe BAG Aok w

SYA|te] PBMOR AHEd Aot FAdsioh 2o

e SYEESTE Aol ARFYAS PHEot Bof
Ax BAE H2E F 9] vhRelth. gebd B Az
A % ] A2ERA RE Sa LBMS] A=
FYAZ 5 1S e AE SHow Gt
2. 17 Wy g el

2 are

Ukt 22 AR Agdn, ¢ g
of ATARIE HES F ArS A F 45
-t TR e AR F s8AkE
24old] w2 slo]sf2~ DSRC AFwo] FRFEF (X
)& 42 &8l PBMe LBM®| A4 7Fsd< 4
itk PBM# LBMO.2 2Hd 253t vl S
&3l LBM] Het=s 2Asta, e ta%S 5ol
ol TN SAHCE B oFE TASIIL, vHA
stog ATAIE Helota 5 IAE AT
AR = ol dA7F 2FE 0] )17 Wizl o3

1) A=A A5l &4 FIAY 3 #AA AT, FH=2FAL 2006.12

2) ©AAEF2(DSRC) & o] &3te] sto|s byl e} =i AFx] o

46

= 58 #3E ARE 2

)

Journal of Korean Society of Transportation Vol.31 No.3 June 2013



SHIM, Sangwoo * CHOI, Keechoo * LEE, Sangsoo - NAMKOONG, Seong J. Article

1. B3 o7 AR

Quiroga C. and Bullock D. (1998), Choi K. and Shin
C. (1998)+= GPSS} GISE o]83lod 4=4l¥ GPS &
W E o]&3l BHuatRe WA A nAZEHA TS
7o T F =57t AREAE o] 83 BN A
= WHES AAIBI Y. 3 Shim S. and Choi K.
(2006)= GPS Probes] ®avFadolEe f3< 74&
3la 53] Al AARG =A EFHRE A Fsh=

15 AABAT o) & dldsty] Y3l vr1dEaE
AT T FHs FZAEYAL F4 714

i

[¢]

Yoshikazu et al. (2000)- TCS tlo|E1E& &-g3}oq 3
HujyH oz u&E2 AP FH5% e o
2 AR Y Bt glo] oM HA A8 e
Aol ot BA e Ao deo] FUsA YERIT
= /s AAR 7] WEed wdsel F45A |
skebe 7ol A-8317] ol A7F Utk

Chen M. and Chien S. (2001)-2 AlE&lold< 53
% LBM PBM 78 2513 o] 83te] T
EE2 BYATME o Sohe ATFE FI8Ien, 1
T} F Hpaef atole 34| ot PBME ZH2EaAI7E
o] g8 wj AIwr} thh £ AoE T

Kang J. and Namkoong S. (2002)-2 TCS Ho|H&
7IWke & TCS dlo|ee] 47 AAL4 2 733}
3, ol& vge g BE AAY BEE o] gdt] 53
A 3 28-S N e, Lee E. and Kim J.
(2002)& A544A719] e TCS A=E QAR
2 3= AFAAEE o838t ARAAS meld AA

T

Aete 282 AAEIATE Xie et al.

o my I o

9 g3 ARy S B3l TP

WA BEo] )37 o HlE
Sesitka AAlskIth. Wei C. and Lee Y. (2007)2
ANN (Artificial Neural Network)S 7[9ke2 GPS Z&

o = =] =
< Fgsiia, gl

thetwSets x| M31H 3%, 20134 62

o

B2 ARAA], Fs 55 Tt 1EER
PAHE FH3e BIFL ArEeH, BYHEE
MAPE (Mean Absolute Percen tage Error)7} 20% o[
2 434 e aBHEE Aste A= UEyith

Zhang X. and Rice J. (2003)2 Z2H 531|711} |
AR BYAIZre] APYAAE Bl 3| S 51
SIS FH319.2M, Rice J. and Zwet E. (2004) &
wEFge] A WslelA Fe A5 dAle ¥
1203 el BN Aleldle AFHAV doke A
& /Mo g IS Bl FYARME ST
Chen et al. (2004)& olgAtae] A 2EPAI 1M
X7t (Instantaneous Travel time) < AEAAZS
o] g3ted AR FYAS FA ATt

Thomas R. and Robert M. (2003)E Phoenix #]%<]
[-17 77k tigk VDS9| oAl FaATHE o] &3t
EANAE VIR FTAATIA VDS B3AE 9
FA gt ARGYPAS AEAL 2B FYAE
I Hudd o olHAEE el A& At o F
< Zo= eyt

Namkoong S. (2005) TCS tlo|gle] A7} =
A1 o] 83le] PIFAB (Progressive Iterative
Forward and Backward) ¥¢1E|&s 7/Ndsle] =
BAAE A= e AAE duglEe A2 U
EAshe BE Izt B dolgrt e &
BEQS wiwt BYPAIZE F o] rhsdh BT AR
7} FweA &g A5 P gaiM e AbEe] o3
A7} 9tk Lee H. and Jeon K. (2009)+& FAIAl
3} BP9l Aol S W~ HE] (Balance Factor)
2 93l o5 PIFAB gue|Eo 283 7wt
= AT

Kim et al. (2006)= AVI (Automatic Vehicle
Identification) AEE o]-g3dl] ZAZEYPAIZI] 4A|
2 FErH tiate] ATttt FEAA7E AT
YA FHole FH oA AlztA o] dAYsl=t
ol YA Zolo] YF& wormz AR weHrhs g
34 H2 ZPNE T8 o] LAt Hople
A A8FATE

Oliver D. and Nour-Eddin E. (2006)& 91373F
ETCS (Electronic Toll Collection System) Blo[E1E 0|4
slo] AT AT SIS FHH o =X
o] AT B3Po] Zhe A G A= o] ¢} 22 WPl 7t

e A7) o] thgl BAllzA el A g

fu ol

>~

47



Article An Expressway Path Travel Time Estimation Using Hi-pass DSRC Off-Line Travel Data

717 2, BT AN Al AR U2 A-ET

I o] @Al it &S ﬂﬁf} ] Ei“‘;}
Soriguera et al. (2007)+=

ZofA gl TRt "440}01 TCS X}

ou} BTN A2 el s &

4 FAdn AN WA A ASA 0@ 2

slas gaiglon, g7 4 A 73

% 2} St 19 dglon a2l 4o
$ BT BN Mg Hstel shtel

(¢}
B F
o

E
E']E vebd 5 gle SA7F Yeh
Yu J. (2008)2 VDS®| AAZMIF} AVIS] @ARkg

B85 sl A 4 RIS JNLsiEE
VDSE &3 239 wxzzte] ¢aEPr e uas
S A (AVI EYAIZH-VDS ¢ 5PA1709] 3hE &
o, AR A E FHT AVIE 33 }OM
o] 7Fedt EAE S ds] A3l BA ARE V]
o 2 a3 A AE Ball T4t

Jintanakul et al. (2008)= AZ47} 2& 21
tolg& o] &dte] nEHEER Pt FPAIHREE 4
317] A3l ATA HolAt EFEES JTEG L, Al
Eelold +AS Bl ARRIH 7 30 A Y
AZVEEZF A frAletAl dERRT

Sun et al. (2008)& AFEPAIZT A1F
3lo] BYPAIRME 3 ]"— ‘% HE AR A,
u]_;]]_e?_ E/\]oﬂ ]
Piecewise Truncated Quadratlc ez EMglo g
A AR JeAe] mi e AR YT

Pu et al. (2008)= W29} Uyt 2pge] &
Age] #AG AN M BAFRE o] &3k AT
EEB"] 5 WHELE WolRt /S AlQFER L,
AlEdel A 4 éﬂr AF 7IHE B FHE FAA
Zro] Ut WSS & wedshs AR ‘/}F/P’LE} L2
gt Pu et al. (200

-

)
rr
=z
[>
;|
= 2
T
o,
fo
23
Iy
>

Lj—sé?«': O] Bto] B9} dnkae] 4474] @ag}.g_ &3
TINH S5 BT

Ban et al. (2010)2 ol¥ztae] M5BT &
I Aol £EYPAIZE el ztold FepHE A 8-e
w3 olE xR Y] HARFYA S FAkste] H2EPAITE
S FHsnh.

ul

2. A £5

71 A7 AE 27} Chen M. and Chien S. (2001)°]
FAHE A7Z Fapekgl ot AA] AR} obd A Beo]
A BN g 7o AAstRa, 1 22 PBMO]
LBMe] Hla) & o A8kt 2elsh 24 e Ao
Uehth, tiise] Az 24 dAjs 7.4
o Wg SPAIL ARE Fe® o] Folx= PBMe]
Y gD G olgARS] AREALe
HAAZ ol &g ﬂﬁ’%”% 53l FHote Aot ®
3 )RR 929 I AAZ EFAzte] ¥ TCS
A5E o] &3t07] Wzl IC ©9¢] FAFPAE °f
£3 LBME H-83l0] o2 A7 1oy nd=
& FY54978 e ol A7) el TCS A& ©
G A AS I Wert sow, Awal i g vt
Bajolo} sp7] Wo] Be Azte] aslo] Ago] o
2 EA7E et W stelg 2~ DSRC Ata= PBM#
LBM®] =&t F40] F 7FsahH, RSEZ]
SIS 7o g SfuE RSEOﬂ EA7F vkl TCS
kg HlE 25 24 s AiiH o s 2 AR ol
A W F WAL F) AR A%E v apas)
of sto]sf 22 DSRC A&l A3t = At 74

HeEs e 287t ok

—

M
Al

. ol0|Z{A DSRC Xtz =

MHI

TEeEA
iT
| T

1. Sl0JIHA DSRC AtZ O|AX| HIA

sto]dl 2~ DSRC AHRE steldjAatdr| S 2t 2p
g 7o g SN, AR slolsiAthiy|E A
& e AFL s8R W, 4 58 ninke] gEateln)
28 BN vwehr] Y8l AEA Mg TG54
IC(sk8) W) T2t Wof 584} FaArte] A=
£ 23 2 Figure 13} Zo] A& Folsl Yelth

ol WMAHEARR Q3 A AldE Wias F3Y
AlZkel Wsyt 34 ¢kout s8ake FAWse| wet
B Wg7E A7) wEelt}. o] g o2 £ AT
e $EAE gz B8 33

S8AE LR stz 973 FPAIZEY Aol
7} 2 oA Ee] EAltER B AFAe Al TCS
oA H&staL e MADE °]83d °]E A AL

Journal of Korean Society of Transportation Vol.31 No.3 June 2013



SHIM, Sangwoo * CHOI, Keechoo * LEE, Sangsoo - NAMKOONG, Seong J. Article

Travel time [sec)

Depal + Car mBus

Figure 1. Comparison travel time: car vs. bus
w2 (1) 2ok
Z“JAD: ‘Iz _"Emed| (1)

MAD
MAD= aXmedian|z; —x

med |

oJ7|1X, MAD : FYARAA
ZMAD D] 9@ zgk
z, WA dolH
wea - xTICTEL Al SRk

o 1 2AF(1.4826)

x

2. 5l0|I{A DSRC Atz FEEET 24

PBMCZ ARZFYAIZLE AHEe7] SelMe HAR
E5E wEstojof gt °]°ﬂ 2 L?oﬂﬂ% Chen M.
and Chien S. (2000), Lee J. (2002)2] Al
A A4H 5AA ﬁiﬁ@ﬁa ZF%E} om, 2(2)%
2k, B AFdME A &exE 5%, AE4E 95%
£ Agst] AFA M- #1telA 3€ 59 10
A ARE 7|We 2 HARESFTE AP 27 13.40/5
U1 e oz vepgth

)] o)
{@{5}“} (2)

A7IM, n 1 HARES
ro L AlESE
R b S F R i B
poo BRG] FEEPazt
oy A2

thetwSets x| M31H 3%, 20134 62

Table 1. The number of probes by the length of path

Section Length # of probes

(km) (veh/5 min)
Seoul TG—Suwon 1C 10.9 56
Seoul TG—Giheong IC 16.1 44
Seoul TG—0Osan IC 25.1 30
Seoul TG—Anseong IC 43.2 16
Seoul TG—Cheonan IC 63.2 8
Seoul TG—Daejeon IC 131.2 2
® Seoul TG ,l"

Map not to scale
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Figure 2. The number of probes by paths
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Table 2. The number of probes by sections

Section # of probes
(veh/5 min)
Seoul TG—Suwon IC 56
Suwon IC—Giheong IC 57
Giheong IC—Giheung-Dongtan IC 47
Giheung-Dongtan IC—0Osan IC 42
Osan IC—Anseong IC 32
Anseong IC—Cheonan IC 42
Cheonan IC—Mokcheon 1C 23
Mokcheon IC—Cheongju IC 22
Cheongju IC—Cheongwon IC 17
Cheongwon IC—Sintanjin IC 29
Sintanjin IC—Daejeon IC 16
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Table 3. Estimation error of LBM

Table 4. Result of paired T-test on section

27t Length | # of | MAE | MAPE Paired D f
- (km) | Link | (%) (%) Section Differences t ffegéggn? P-value
Suwon IC—Seoul TG 10.9 4 3.7 0.7 Mean | SE
Giheong IC—Suwon IC 5.2 2 19.0 3.3 Seoul TG
Osan IC—Giheong IC 9.0 6 8.6 2.4 - Suwon IC 1.19 1062 | 1.92 107 0.06
Anseong IC—0Osan IC 18.1 4 8.9 1.5 Suwon IC
. 1451 2.8 |-0.52| 107 0.61
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Figure 4. Path travel time wusing PBM and LBM
(Giheong IC — Suwon IC)
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