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ABSTRACT

Path travel time based on departure time (PTTDP) is key information in advanced traveler information systems (ATIS). Despite the
necessity, forecasting PTTDP is still one of challenges which should be successfully conquered in the forecasting area of intelligent
transportation systems (ITS). To address this problem effectively, a methodology to dynamically predict PTTDP between motorway
interchanges is proposed in this paper. The method was developed based on the relationships between traffic demands at motorway
tollgates and PTTDPs between TGs in the motorway network. Two different data were used as the input of the model: traffic demand
data and path travel time data are collected by toll collection system (TCS) and dedicated short range communication (DSRC),
respectively. The proposed model was developed based on k-nearest neighbor, one of data mining techniques, in order for the real
applications of motorway information systems. In a feasible test with real-world data, the proposed method performed effectively by
means of prediction reliability and computational running time to the level of real application of current ATIS.
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Sat 8.19 543 7.68 5.12 6.61
Sun 2.45 4.04 6.63 423 4.34
Ave. 4.32 4.43 5.62 4.68 476

Mo
ok
N

gk A kg Aol mejelEabd S Fate] 29 o lom,
F717 02 7§4lo] 73l Smith et al., 2002; Chang et al.,
2012a,b; Yoon and Chang, 2014).

Table 2+ 848 QxHEA] AAE HofFal §low, 47) 57
Ae] A=l vt 5 B2} G B2EBARE] 4
QLA %)= Bt 47602 ViERAL vk Fade] eapt 7¢E
s a8a EQ o] 7 A YR itk o] g.e o]
EQut} gjdo] HElks] EAfsk= vhH, EQgde] sfjde €ad
of vlal oS Xkl Q7] whto 2 wekect WepdEs
k] oS QxR= 245~8.1974] )AL A lRke] @ xk=
3.07~7.68 2 YER} thagke] @2} o] AHEH T B
el o] tidlake] alg el Aol vlste] viuE
2 Py} ZFepr] wiEe 2 Ak SR SRR FAEe
&5 k= STRIAL A, Qo] RS 7B PRESARY
QAT V| ERaL Qlnk o) e R T A 2E A
Zre] A9 ARl WEEe] v whtelth

422 ANAYE EXM

Figs. 6-9= A1&-QP3RE, A&-tlizt 155 7H4 24AF Z4A]
7} 71E B2EWARY dSA9E Boal ltk Figs. 6~99014]
7A=2] 739+ T}t A 2t 2702 73 Casel: AFE—Rb,
Case2: QHd—A1E, Case3: A&, Cased: tizd—A&]elck

~ 55
=]
-8
E 50
g
3 45
z
=
g 40
=
=
s 35
a
30
25 —+Casel: actual -=Casel: predicted
*-Case2: actual -o-Case2: predicted
Y0 QL T T T TR T AT RTINS AT TS TITNAN
[ =330 8000030333000 03 334
eI
O—ANNTNOEROANOO—AINTNO-0ONO — AN
PR PR /b R PSPRPN RN
Time
120
~
=]
-8
5110
g
-5 100
°
= 90
B
=
= 80
=™
70
60 —+-Case3: actual -&-Case3: predicted
P
—*Case4: actual -©-Case4: predicted
TR YRR AT TN AT TN TN YT AT RATITNTICINI
50
0000000000000
A A AL A D
SHANARIFNIOEBAS AN F NSO ANS — Ny
MR RS b B PSPSEN RN
Time

Fig. 6. Time-Series Comparison: Monday

Vol.37 No.6 December 2017 1039



DSRC2} TCS HHZ o]&

~ 80
.g
E 70
£
= 60
E
s
g 50
=
3]
g 40
30
20 —Casel: actual -&-Casel: predicted
*-Case2: actual -o-Case2: predicted
R T T T T T T T T
= 0000000030000 =00003 =384
SRR
OS—=ANNTNOTRNOO—=ANTFTINO~0NO — AN
T ] O O O
Time
140
)
= 130
&
2 120
£
= 110
2
= 100
-]
§ 90
80
70
60 |- —-Case3: actual -=-Case3: predicted
*-Case4: actual -6-Case4: predicted
50 L L]
OO
OOOOOOOOOOOOOOOOOOOOOOOO
o-—z\lrrwm\ol\ooc\o—'(\lmvm\cl\ooc\o-—w\lw
T — O] O O O
Time
Fig. 7. Time-Series Comparison: Friday
~ 110
.g
g 100
a2
2 90
£
= 80
2
z 70
Z 60
£
A 50
40
30 e
20 —+-Casel: actual -=Casel: predicted
-*-Case2: actual -o-Case2: predicted
10 L DL
OO coocooo
OOOOOOOOOOOOOOOOOOOOOOOO
200
~
g
g 180
=2
Q
g 160
=
Elm
=120
£
A 100
80
60 —+-Case3: actual -&-Case3: predicted
—*-Case4: actual -e-Case4: predicted
A0 L T T T T
(= 0 0000000000003 "03 03030001
SRR
OS—=ANNTNOEROANOD—ANTFTNOS0ANO — AN
Tttt ettt — O] O O O
Time

(BBAARI] F
et JEe

R I

Fig. 8. Time-Series Comparison: Saturday

Aspl Z74 F 7

ate) 4T

1040 Journal of the Korean Society of Civil Engineers

an

Y2} Faedo] $55 vebte Ea el

~ 70
g
g
5 60
£
< 50
>
g
s 40
3]
Ay
30
20 - —
—Casel: actual -&Casel: predicted
*-Case2: actual -6-Case2: predicted
10 T T N RN R R T N NI AT R TR TN NI TN TN NL
I
LTI
SHAMFROCERAS HARF R ST LRSS =i
Time
_ 180
g
£ 160
Q
£ 140
°
E 120
=
= 100
a
80
60 —+-Case3: actual -5-Case3: predicted
—~*Case4: actual -e-Case4: predicted
40 L T L
(= =L 8 0000000000000 000301
SSSSSSSSSSSSSSSSSSSSSS3SS
S—=ANNTNOEROANOD—AINTFTNOS0ANOS — AN
Tttt et e et e — O] O O O
Time
Fig. 9. Time-Series Comparison: Sunday
o = 3 2 FH) =
8 v WY diSEfion BEE AR LAGR)w A
-] o =
2o Zlo2 PRk Teh} el SHI-AETte] EIA
5 BEEYNREE A5 BRI vlste] i 102 F=

9] zjolZ HolaL Qirk ol A& TGoA o TG7HA] 3t
WellA] Exto] F=7] Wie 2 ichdrh

Loyt Fade] M-ttt Ao RIte] FHARE HES

A VERAL Qo] @&k v A vERtaL QAR SRARI

H] Q3= =4 958 Ao 2 gckeic) ubH Aj8-9kAd7ke] Alopa]

T FHBARE W5 WA UERAL glom, o] fiAlZelA9)
AT 5l AR WE wise 2 gEch ko s He
AR MRS HE AL 4.76%2] FrellA] SE3IAL 9l
ok wfepr] & oA AXSE RS V1] TR H=E
FARE dlS71Ee] FAIE Hol a3 o8 tEA R gl g
BRSPS oS3l vkl dErk

ot

Slalis AR s “EuA
e R e
o) el ARH P27k BAARE o2 e(EH0 R Halshe
Aol BT WIS B2 5] dhiol) AP 1&wad
Z11E) BN} A ARBAARE oSl e 5 gl

(<3

Of
O:

Nl



ol
o
}dl

SHAPE Stk ol dEe] Iex] & o 1~6ARM| el o]
WEEE] st B34S SE3A] & aP7] wiEelth o]k
HARS F83p7] SJ8le] & dolrd= B8 4289} SYARE)
WA =EE2 YES T -5 B3 82| W e
BZEPARIY] MES o83t thre] TG A= Al thgh
LAY 71E SHARES dSdhe RAS ARk AlQk
2 oSE, shlE Has) o BE o] AjxE] gRjA]
At TR} T8 WSS AEEIICE wEbk] dale] Aks
Hejrsislola SAA0 g@Al 2 2-go] 7Fsd Ao = sk
t} = 2ake] DSRC s 5949 o)F AARE K534
7t ARZ 8L JANE sk o] o] DSRCS}F TCS
A= S]] EEuaL QA Qrk H TS o &2ole] gkt
+= Deep leaming7]9k0 2 XIsfa}aL Qluk - ogal57]vke]
Deep learning2 1341 HTR= W] xjs) Sof gjEidl2le)
71Q1gk}: ojfeh efu]ea] & Arelx] Tk BEe ok oS
HE2] Preprocess2 -89 4 31& Z o2 FekArh AE1
oA & w), K3 Deep learningo] @l E¢=7] 74A=
Holw o] ARto] 49 Ao g k) o) Deep learning
o] 7%, st o) ASIRiEE AARIHDE mE L2 7]
HRI2VEs 55 FalElof 3] whiolt) TEjaL ofgh Shikea)
2 Q3] #Al9] ITS HEATAIZFoN 976k hlralss
& 5T F gV whitolth weba E AtollA] Aljkd R e
71 ITS AlE3ersl] 2 HEAZAARN 83} 7k
gk frEsk gijk % shuekal Atk $71=, Deep learning
719k} $7) AR IS Aefol] WA B adkE
2 1, f+-%& 3 (phantom jam), 15-3ke] FE4E AlA]o]
o)A A&Ape = 18k E5} 55 Deep leaming 7[Ho] o5&
T S 7390l sty gPgRlkE = Ak ol#gk ek “Deep
learning®] <1 Aef AJee] BAEE S5 F AP e
Expe] ekl 27)7|= gk

T A EE &R 2419 wget DSRC 7 EANR
E /IR 8 252 v e AS5EL B} Rd
o2 et aeal $4 SE2HY 7PES A8shd Bt
THAR] Iels 55 5 S Ao dAvkEn) SR ARE
AR T A=) FE57) vhof Akme] AR A vepd
T Aok w1 TG S3ARES o]83te] F/4Ae
FAARRME sl 7MY A Zer) ok dekd

4

Mo o

g

Mo
ok
N

References

Chang, H. H., Lee, Y. L., Yoon, B. J. and Baek, S. G. (2012a).
“Dynamic Near-Term Traffic Flow Prediction: System-Oriented
Approach Based on Past Experiences.” IET Intelligent Transport
Systems, Vol. 6, No. 3, pp. 292-305.

Chang, H. H., Park, D. J., Lee, S. J., Lee, H. S. and Baek, S. G.
(2010). “Dynamic Multi-Interval Bus Travel Time Prediction using
Bus Transit Data.” Transportmetrica, Vol. 6, No. 1, pp. 19-38.

Chang, H. H., Park, D. J., Lee, Y. I. and Yoon, B. J. (2012b).
“Multiple Time Period Imputation Technique for Multiple Missing
Traffic Variables: Nonparametric Regression Approach.” Canadian
Journal of Civil Engineering, Vol. 39, pp. 448-459.

Davis, G. and Nihan, N. (1991). “Nonparametric Regression and
Short-Term Freeway Traffic Forecasting.” Journal of Transportation
Engineering, Vol. 117, No. 2, pp. 178-188.

Karlsson, M. and Yakowitz, S. (1987). “Rainfall-Runoff Forecasting
Methods, Old and New.” Stochastic Hydrology and Hydraulics,
Vol. 1, No. 4, pp. 303-318.

Mulhern, F. J. and Caprara, R. J. (1994). “A Nearest Neighbor Model
for Forecasting Market Response.” International Journal of
Forecasting, Vol. 10, No. 2, pp. 191-207.

Namkoong, S. (2005). “Progressive Interative Forward and Backward
(PIFAB) Search Method to Estimate Path-Travel Time on Freeways
Unsing Toll Collection System Data.” Journal of Korean Society
of Transportation, Vol. 20, No. 5, pp. 147-155 (in Korean).

Namkoong, S. and Noh, J. H. (1996). “Development of Optimal-
Path Finding System (X-PATH) using Search Space Reduction
Technique Based on Expert System.” Journal of Korean Society of
Transportation, Vol. 14, No. 1, pp. 51-67 (in Korean).

Oswald, R. K., Scherer, W. T. and Smith, B. (2000). “Traffic Flow
Forecasting using Approximate Nearest Neighbor Nonparametric
Regression.” 4 research project report for U.S. DOT University
transportation center.

Qi, Y. and Smith, B. L. (2004). “Identifying Nearest-Neighbors in a
Large-Scale Incident Data Archive.” Transportation Research
Report, 1879, pp. 89-98.

Robinson, P. (1983). “Nonparametric Estimators for Time Series.”
Journal of Time Series Analysis, Vol. 4, No 3, pp. 185-207.

Sim, S. W., Choi, K. C,, Lee, S. S. and Namkoong, S. (2013). “An
Expressway Path Travel Time Estimation using Hi-pass DSRC
Off-Line Travel Data.” Journal of Korean Society of
Transportation, Vol. 31, No. 3, pp. 45-54 (in Korean).

Smith, B. L., Williams, B. M. and Oswald, R. K. (2002). “‘Comparison of
Parametric and Nonparametric Models for Traffic Flow Forecasting,”
Transportation Research Part C, Vol. 10, No. 4, pp. 303-321.

Yoon, B. J. and Chang, H. H.(2014). “Potentialities of Data-Driven
Nonparametric Regression in Urban Signalized Traffic Flow
Forecasting.” Journal of Transportation Engineering, Online.

Vol.37 No.6 December 2017 1041





