Joumal of the Korean Society of Civil Engineers ISSN 1015-6348 (Print)

Vol. 34, No. 6: 1873-1879/ December, 2014 ISSN 2287-934X (Online)
DOI: http://dx.doi.org/10.12652/Ksce.2014.34.6.1873 www.kscejournal.or.kr
Transportation Engineering 3o

KNN 21121

ok | O¥x | x|g|Z¥kk | 7| A F[kkkk
NZR* - MARH - 57|75 . U4

fuio

220t TATT SUAR! OIS

—_ O/

Shin, Kangwon*, Shim, Sangwoo**, Choi, Keechoo***, Kim, Soohee****

Expressway Travel Time Prediction Using K-Nearest
Neighborhood

ABSTRACT

There are various methodologies to forecast the travel time using real-time data but the K-nearest neighborhood (KNN) method in
general is regarded as the most one in forecasting when there are enough historical data. The objective of this study is to evaluate
applicability of KNN method. In this study, real-time and historical data of toll collection system (TCS) traffic flow and the dedicated short
range communication (DSRC) link travel time, and the historical path travel time data are used as input data for KNN approach. The
proposed method investigates the path travel time which is the nearest to TCS traffic flow and DSRC link travel time from real-time and
historical data, then it calculates the predicted path travel time using weight average method. The results show that accuracy increased
when weighted value of DSRC link travel time increases. Moreover the trend of forecasted and real travel times are similar. In addition,
the error in forecasted travel time could be further reduced when more historical data could be available in the future database.
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X2

AR ARE WIS DA S 7P E T B AT P A3 3Ao]Hujo]Esh FRehThA B 2o ujs) K Hrjegel
(K-Nearest Neighbors)e] 487t $-5ahmz 2 Aol ool gt 48 Wy £2 9 7454 W7he 8402 drh & A7
KNNs] )8 2522 TCS 35 % 5 DSRC 71H5 ) A1zke] AR5 317 o)A, = ARE o] &8 BHgshleh. SR o2
= TCS 35 % 5 DSRC 7:7H5 a8 AIke] ANk A= sl A1 AREPAEE G5 F o hEastel A&k, d2 718e 4
3 23 DSRC TRE A AKES] 7H A7k 37F4-8 At Z71sh910m], o= 41K 1’533} W5l DSRC FXRs A Akl 2 vk
7) whiolck, el TCS 35 3 7Iko 2 8 3 o4 Hehee] sjol7h 214) gfon], wls Fo| = fA18 Liehgte). olefa At 2
5 g Pe] A EA R F2E B S AZeA TS aE Ao s

201 : K H o2 o]%, TCS as &, DSRC 7384 13L, 7153, B 253 ARL o=

2 Mo

& o o

LME

FEe ST wEl E2E A -3EE I S W] AR Q] FUldlMe 1990t V)& ERAEY] $9EES
Sisksl] Y8l Fles 83 ATHuEAA =97 tEo] AR A EAHEE AFsH] ARBIALE S =2 FARE 19931

* A3 AN =48k 2u4: (Kyungsung University - kangwon@ks.ac.kr)
** 3] - WA} o} F e TOD W A&7Fs A 2% A7AlE a4 (Corresponding Author - Ajou Ulnversity - artmania@ajou.ac.kr)
*ex W3] - olFtiskal wEAAEF 8 w4 (Ajou University - keechoo@ajou.ac.kr)
wRkk B 2FAF E20EATY AYATY (Expressway & Transportation Research Institute - sooheek@ex.co.kr)
Received July 29, 2014/ revised August 25, 2014/ accepted October 14, 2014

Copyright © 2014 by the Korean Society of Civil Engineers
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.




IEEZWFARAEN] 5 o]F HARE FPRE AlE3]
ARFIAAL, AR aE gL AlEl s BPEA717] $fEl 2012
HA -85 A (Dedicated Short Range Communication, ©]&}
DSRCY& 283} slolal g g BAARLE F530th Lefut
AARE BEARE ARS ARe] P8 S ek gl
REo)7] wEl] Al-g3HA S5 dte] wistel] e} o]8- Ao
AEE FYAREL A A3gE FYARE] 2lol7} WAYsHAl Hrk
O]& Qlel &R W H o thigh o} 8A}ES] WSk B AlEE
Al ABlEIL Q= B n g SR AlFol thgk F Aol
SoiEAL itk

SRR TARE SR 7|Rlo] B oA RS Ade|
23 OASIS (Operation Analysis & Supportive Information
System)2= o] HAFEA|2EE 2008 dHH T-538te] Pkl
gJom, OASISe] TCS (Toll Collection System) AF&Z 283}
T8 EAAE, FAL 22 i, oA, 35, B3, Ad9)ol thigk
FUARE 712 THYARES AR DRIR oE31e] Al3he akgo
BHAGAIZRLS -odskal Qlok e akEel| Al s k=
AAY 2ol xj4=5Ekslel ARIMA (Autoregressive integrated
moving average)E ©]83}7] wjEo] AAIZt 255 vHgs}A|
F3laL glow, 1 Axt Fasee] sAe) AJoldt - et
HolA]= A o] AgstaL k.

olof] B AFollxi= AARE AFE E83t vkt A7 AEE
HAEs}L, TCS¢F DSRC A=E 7|9ke 2 AATE AA5E 285t
IEER FYPARE o5 H-eh IHES TEhs 2le 542

2 §h, 1 PHe v 2

- 1EA: A8 AT A AR

- 2EHl: HETG~HAIC 771e] TCS9} DSRC A=E o8-8}
], KNN (K-Nearest Neighborhood) 538 &

- 3 CS 2Y A3 S

- A AE F S A I A

2. U A1 A

2.1 2 g AE
AARE AEE o83 FYARE dF 7THE A, SRS,
ZAgE", KNN & gt 97} 3= ick
Kang and Namkoong (2002)& TCS A& 7¥ke] mEw} 2417
W 28 Lee and Kim (2002)& A|A7X])71¢] al%3} TCS
A8E 4 AEE 3= AT4VEH, Wei and Lee (2007)2
GPS =28 gl AHHAY], faAts 55 e AsaAw

Kim and Jang (2013} &% 2 DSRC A& 71¥ke] Q13a4w

7

o

1874 Journal of the Korean Society of Civil Engineers

B MEER BRI ol

2 olg3le) mETE FPARIL IS5k Xie et al. (2004)9}
Innamaa (2005)= ZHAEE} EAR A& 0] FIPARE o=
S $J8] g2 F8-319.0 1, Jeong and Rilett (2004)=
NTAEES o83te] M ERARES o 538131AL, Lee (2009)
+ FeizEE Y ASAEES Agsle] Blze] HART )
ARES d53elth

Zhang and Rice (2003)3} Rice and Zwet (2004)= A
FPrREL g AR Alo]e] APEAE 7RO R & Bl
E3 EAES ¢1E51$9a Yu (2008) VDS (Vehicle Detection
System)9} AVI (Automatic Vehicle Identification) o]Zz}5
7Ieke] el AE Bl FAIEE IS53kSTE Ban et al.
(2010)2 oJHA}Re] <FEBARE 3t TR HEEHART
9] zjolel gk SepElE 3714082 FgskaL o5 whdste]
RAREPAREE STk

Lee et al. (2002)= Z 28}k 7|uke] 22 S Vgt =2
ANTENYS B8] YIBPARLS Zskn, w9 o
T=2] FYAIFS o &3=1] Oh et al. (2003)2 VDS =}
7]3k Jang et al. (2004)= AVI 212 7]ule] Zullelele e-gat
ATk Lee et al. (2005)= ZREE|R} Hlol] g3tV o83t
5] SPARE o= 28-S /Eslin) Chen et al. (2012)=
SVM (Support Vector Machine)} ZWHIE|-S o]8-3}e] BRT
(Bus Rapid Transit) x}e] S kS dlSaRit)

Smith and Demetsky (1997), Lam et al. (2006), Lim and
Lee (2011)= nE&F 55 918 KNN HE o831 omH,
You and Kim (20002 KNN ¥Hol] GIS (Geographic Information
Systems)¢} Machine Learning 7|5 2-83ke] A7IAI =29
S3P TS dI=SIIT) Park et al. (2006)2} Lim et al. (2013}
KNN #PHE o]83fe] Bio] F3 AR} ARl=es] SARES
&k

0]¢]¢ll Mehmet and Nikolas (2013} HET7} 3R], w53
ol W 245 &, A1 SRS 7Nk R ofgatget AARE
250 §3s Fl BHH YRS A5Gk

A

22 MK ES

FYARY S ddste] vkt G I E 0 41
o] 79 35 #Hgo] wihy- it whe] glom, 3l9nd
tre] B 7R, AR S idstelof stk EA1%e
ATk wHA KNNeJ 739- ojefsh s et 4= 9lom], =3
T = dole7t S B 2ol w3 Hehwert -5
Zdo] Atk Smith et al., 2002; Nigovski et al., 2005). &3}
FERTARE 61 Heo] AR o]HREE OASISOX B
s glo] KNN & Agstod] A% 942 wask ok

\

Mo oH

=

I~



o
N
N

i
Z.‘
>
>

7I1E elrte HARE B o]HE AR E-8ste] KNN&
Agstdetl, a&ER9] 75 DSRC 73 R} tlEo]
TCSE S &Y Aeds 71 F Aorn= oyt
FES 1 Ia7) Qlrk ofd] £ ok A AR
S 7Wro 2 & TCS w53} DSRC TXEEPART AFES 7]uke.
2 KNNE o183t BARE o5 WHES E53ll A871s73s
A El=g

3. KNN J|dto] SHARZt IS

3.1 KNN 72 72X o 92 xj=

KNN 23 AARto 2 ke el dejsh 713
FARE 3 of2hE ] B W] Jehg AREo 2 vlarsiol
FAkeE olsEel)e] ARFWARS NEHTele] A2
ARG FgRRE T2E /AT Ik olelt mRe) T8 wefst
of B GHFoRs AARE 2559 vIER 3 253 e
2, 3 2559EE BEEAARE RS} T ARE o185t

Input pattern and interval
of predicted day (T)

Search the past congestion | Define nearest neighbor group
status matrix (real time vs. past congestion status)

Select the pattern day
equal to predicted day

) Search the past path travel time
Select the historical data under of nearest neighbor group

the same condition of real-time
congestion status matrix (L, E)

Define real-time congestion status
(Embedding size: E)

Create real-time
congestion status matrix

Caleulate the path travel time applied

Create past congestion ; ; ;
P & weights the similarity of nearest

status matrix (g, )

(Q,‘ ) | neighbor group.
F«.\imam\ arity of
the past congestion status matrix | —————————| End
(Euclidean distance)
Fig. 1. Flow Chart of KNN Method

Date | Day | Holiday | Interval I Seoul I Suwon ‘ Giheung I Osan

110108 6 1 33 160 44 4 26
110108 6 1 34 136 54 3 15
110108 6 1 35 119 42 1 12
110108 6 1 36 119 58 7 10
110108 6 1 37 139 33 4 16
110108 6 1 38 150 45 5 18
110108 6 1 39 143 35 7 18
110108 6 1 40 124 33 5 11
110108 6 1 41 111 38 7 17
110108 6 1 42 119 38 12 12
110108 6 1 43 129 40 3 20
110108 , , Real-time TCS 131 54 7 1
110108 Flow Status Matrix 144 31 3 20
110108 (E=10) 143 34 2 16
110108 v s “r 99 49 10 12
110108 6 1 48 97 40 4 19
110108 6 1 49 117 42 7 13
110108+ Prediction Interval 119 52 8 17
110108 6 1 51 104 50 2 27
110108 6 1 52 109 45 5 17

Fig. 2. Real-time TCS Flow Status Matrix and Embedding Size
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Table 1. Result by Applied KNN Method on Seoul TG~ Osan IC

RMSE (Min)
Day

w=1.0 w=0.8 w=0

Mon 3.6 3.5 23
The, Wed, Thu 2.5 2.8 2.0
Fri 2.6 2.5 1.7

Sat 3.5 4.5 2.1

Sun 2.4 2.3 1.6
Average 29 3.1 1.9

Table 2. Result by Applied KNN Method on Seoul TG~ Cheongju IC

RMSE (Min)

Day
w=1.0 w=0.8 w=0
Mon 5.5 5.6 3.8
The, Wed, Thu 5.1 5.6 44
Fri 39 3.8 29
Sat 8.3 10.6 6.3
Sun 5.8 5.7 3.9
Average 5.7 6.3 43

Table 3. Result by Applied KNN Method on Seoul TG~ Daejeon IC

Day RMSE (Min)

w=1.0 w=0.8 w=0

Mon 5.7 5.7 4.1

The, Wed, Thu 5.6 5.5 4.8
Fri 42 3.8 3.1

Sat 8.9 11.4 6.9

Sun 6.2 6.0 42
Average 6.1 6.5 4.6
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Fig. 3. Predicted Result on Seoul TG~ Daejeon IC (Jan 14" 2011)
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Fig. 4. Predicted Result on Seoul TG ~ Daejeon IC (Mar 28M2011)

B

N
N
o
&
ok

46} 2t} o]F B o= Ao 4 A5 Xkl jlon,
o A FRAIREe] Wst Folel fARHAl YRt

70 W gk B TCS w53} DSRC P75~k
o] oS 7RI B9 2] ol ARSEH
BFET APt A vhERke, TCS arEadhs AMShe 79
X} DSRC 7REEPARNS: ARE-EH 7-9-2] RMSEZ} T 2H|
et o= DSRC 7REs81REe] AARE Alge S3te] S5
I FLHA olHA = TSP B ARFYARE 3]
o] FoIR)i= vhd AARE TCS WS ae] S7 4253
AREe] S3to] SLEHA WskelA] e7] WiiE] Ao = wckErt
sl TCS GRS 3l o= Ffso] YA 7] wiiol
Z1ES) akEo] of= o 2 SRR & & ghs Wk opet
Figs. 5 and 63} o] 3R] TCS &4 arsado] he] =53
SR S MR arEEe] FAllE d2E
AREE Zpe7t & 7] wikEotk

2011 19~697k4) KNN 7]ute] o2 wels} &) s

Path Travel Speed (km/h)
B 100 120
. L L

60

40

0 1000 2000 3000

TCS Inflow (Vehicles/5min)

Fig. 5. Relation of TCS Inflow and Path Travel Speed (Seoul TG~
Daejeon IC)

Path Travel Speed (km/h)
80 100 120

60

40

T T T
0 1000 2000 3000

TCS Outflow (Vehicles/5min)

Fig. 6. Relation of TCS Outflow and Path Travel Speed (Seoul TG~
Daejeon IC)
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Table 4. Comparison Result by Prediction Model on Seoul TG~

Daejeon IC
Method MAPE (%)
ARIMA 245
Exponential Smoothing 26.7
KNN 7.0

FAF algo| A E oA 2831l 9l AAIE BH(ARIMA,
AFHER) ] dlE @)= w3k A= Table 49} o] KNN
7]ke] djErEe] AAlERG ] S0 2j vlE] ZA] eRdTh
o= &3t uje} o] AAIGE o] AR JREE A= Whegs)
2] F3l7) wiigelt). olgfet AvE & o % fAMIS whest
T A& volEmol2T) F U] SXE A dEaks s s
Aoz ek

5. 22 3 LA

e

A= TCS¢} DSRC A}85E 7[REC 2 AR s 2835t
T2 TR d5e] st HEES EEe 2e 5o
. ORI oS 7o dig AT HE ARE Tke.
}eko 2 KNN 7[5ke] d&3s AAadaL, oldl] gt
251tk KNN 7|9ke] ol & 23 8 Afus

3)S wkf3l 4= 9l TCS wE-#s} DSRC 8353}
3L, AR 2 ARIES] Hisk fAMSS fEEld]
& B3l AbEstsink fEEvRE APt 7 2k 2ol
AL 5% olUiE dS Al 8 HulEgol] &
Aol 0|5 He3 T2 A= vt 2ok
A, EQYe] €5 2} SR Q) FEET FE| &5
27F O] 3H, daYe] oF expt Egdd vlE) 2A vt
sl W] o7} 54 Fejo] WA ol 5o ulewwt
2Jo|7} §i7] o] Ueht Ao g sieke) w3k TCS wrsak]
7FsA7E 0.89] B9-E & of HT oS APt AETG~2HC
318, A&TG~FFIC 635, ATG~UAIC 655802 A=2
o7t STVEFE dEeapt SUVekE AoR Vet

A, A A 29E E o fEEt At #erE
A& A= FHashe A0 =2 VERtET] ol A el 7Y
AR #A J3e 7o 2 &3t &4 Qe AE vtk

A, DSRC T8RRI thgh 7Vsx7} 5715 G5
2R FHAshe Zlo 2 vERLeH, o= TCS 1lg3e] 79 shie]
TCS Z-=5) &) 2719 A2ERET=( 7 FH el
A== 2 @R} Folgt A FEte] dF5 A &8E F V]
ool Tk

1
I
i

f
&
Ky

L
fo Rk
o

ok

Mo 1o > g
)
& o r:i%\i
'JOr
z5 1
o o
e

>,

T

ru

1878 Journal of the Korean Society of Civil Engineers

B MEER BRI ol

A, EA| Px=2F A} WG HAE o] AAERHT} H]a
gk A3 KNN 7|5ke] o ZH3 9] o Z0ap} iz o= 1A
ERkom, o]= KNN 7]9ke] o SR o] AAGRH e v]s)
AARE 3RS Z 9rgE ¢ 7] otk

ol#]gl Ax= E wj KNN 7|¥ke] q&2ndgs 883 3¢
A FAARE WHsE Fol9} fAlet GS5FRARE FAE
glom, 3F FAPIS TR = QlE HjojElo|l2v) & ¢] 34
79 dEeaiE vl 7S Ao g et TJeu B dTolA
TCS 1535} DSRC THEYARES o]831e] KNN 7[Rk
1= 23S AasiiAet o] = TCS wEake] 7S wapH(Aa),
sked) X2 wEHes gofd § fle A o= g O/Ds}
&Y wEte] BAS Bl AMESH HEPE v ofE Hst
a7} glek w3k TCS w53} DSRC 7753317k 7150
gk e AR o] Folom R HA 9| TS AE ANEshe
ueh e Fesi) virjEko 2 Alar B! FAF 52 HjgkE:

S g A 8 A G el diak F7119)

& 7

e Al B el A e ),
HloT 5t 20120 gl 2] Ao = St
the] A]91g ukol $=3JE(NRF-2010-0029446).

2 = URhalEss] A|703] Shadins)(2014.2.21)04]
dE WS gEdste] 24dd AdUTh

References

Ban, X. J., Li, Y., Skabardonis, A. and Margulici, J. D. (2010).
“Performance evaluation of travel-time estimation methods for
real-time traffic applications.” J. of Intell. Transp. Syst., Vol. 14,
No. 2, pp. 54-67.

Chen, X., Gong, H. and Wang, J. (2012). “BRT vehicle travel time
prediction based on SVM and kalman filter.” J. of Transp. Syst.
Eng. and Inf. Technol., Vol. 12, No. 4, pp. 29-34.

Innamaa, S. (2005). “Short-term prediction of travel time using
neural networks on an interurban highway.” Transp., Vol. 32, No.
6, pp. 649-669.

Jeong, R. and Rilett, L. R. (2004). “Bus arrival time prediction
using artificial neural network model.” Proc. of the 7th Int. IEEE
Conf- on Intell. Transp. Syst., Washington D.C., USA, pp. 988-993.

Kang, J. and Namkoong, S. (2002). “Development of the freeway
operating time prediction model using toll collection system
data.” J. of Korean Soc. Transp., Vol. 20, No. 4, pp. 151-162 (in
Korean).

Kim, H. and Jang, K. (2013). “Short-term prediction of travel time



A - A

using DSRC on highway.” J. of the Korean Soc. Civil Eng., Vol.
33, No. 6, pp. 2465-2471 (in Korean).

Lam, W. H. K., Tang, Y. F., Chan, K. S. and Tam, M. L. (2006).
“Short-term hourly traffic forecasts using Hong Kong annual
traffic census.” Transp., Vol. 33, No. 3, pp. 291-310.

Lee, C., Park, J. and Kho, S. (2002). “Prediction of path travel time
using kalman filter.” J. of the Korean Soc. Civil Eng., Vol. 22,
No. 5-D, pp. 871-880 (in Korean).

Lee, E. and Kim, J. (2002). “Development of a freeway travel time
forecasting model for long distance section with due regard to
time-lag.” J. Korean Soc. Transp., Vol. 20, No. 4, pp. 51-61 (in
Korean).

Lee, Y. (2009). “Freeway travel time forecasting using artificial
neural networks with cluster method.” 12th Int. Conf. on Inf.
Fusion, Seattle, USA, pp. 1331-1338.

Lee, Y., Kim, S. and Youn, J. (2005). “Multi-step ahead link travel
time prediction using data fusion.” J. Korean Soc. Transp., Vol.
23, No. 4, pp. 71-79 (in Korean).

Lim, S. and Lee, C. (2011), “Data fusion algorithm improves travel
time predictions.” [ET Intell. Transp. Syst., Vol. 5, No. 4, pp.
302-309.

Lim, S., Lee, H., Park, S. and Heo, T. (2013). “A study of travel
time prediction using k-nearest neighborhood method.” The
Korean J. of Applied Statistics, Vol. 26, No. 5, pp. 835-845 (in
Korean).

Mehmet, Y. and Nikolas, G. (2013). “Experienced travel time
prediction for congested freeways.” Transp. Res. Part B, Vol. 53,
pp. 45-63.

Nigovski, D., Nishiuma, N., Goto, Y. and Kumazawa, H. (2005).
“Univariate short-term prediction of road travel time.” Proc. of
the 8th IEEE Conf. on Intell. Transp. Syst., Vienna, Austria, pp.

b

7% - 4]
1074-1079.

Oh, S., Kim, M. and Baek, Y. (2003). “Development of a freeway
travel time estimating and forecasting model using traffic volume.”
J. of Korean Soc. Transp., Vol. 21, No. 5, pp. 83-95 (in Korean).

Park, S., Jeong, Y. and Kim, C. (2006). “Development and evaluation
of real-time travel time forecasting model: Nonparametric Regression
Analysis for the Seoul Transit System.” J. of Korean Soc. Transp.,
Vol. 24, No. 1, pp. 109-120 (in Korean).

Rice, J. and Zwet, V. E. (2004). “A simple and effective method for
predicting travel times on freeways.” IEEE trans. on Intell.
Transp. Syst., Vol. 5, No. 3, pp. 200-207.

Smith, B. and Demetsky, M. (1997). “Traffic flow forecasting:
Comparison of Modeling Approaches.” J. of Transp. Eng., Vol.
123, No. 4, pp. 261-266.

Smith, B., Williams, B. and Oswald, K. (2002). “Comparison of
parametric and non parametric models for traftic flow forecasting.”
Transp. Res. Part C, Vol. 10, No. 4, pp. 303-321.

Wei, C. H. and Lee, Y. (2007). “Development of freeway travel
time forecasting models by integrating different sources of traffic
data.” JEEE Trans. Veh. Technol., Vol. 56, No. 6I1, pp. 3682-3694.

Xie, C., Cheu, R. and Lee, D. (2004). “Improving arterial link travel
time estimation by data fusion.” Proc. of 84th TRB Annual
Meeting, Washington D.C., USA.

You, J. and Kim, T. (2000). “Development and evaluation of a
hybrid travel time forecasting model.” Transp. Res. Part C, Vol.
8, No. 1-6, pp. 231-256.

Yu, J. (2008). “Real-time travel time estimation model using point-
based and link-based data.” J. of Korean Soc. Road Eng., Vol. 10,
No. 1, pp. 155-164 (in Korean).

Zhang, X. and Rice, J. (2003). “Short-term travel time prediction.”
Transp. Res. Part C, Vol. 11, No. 3-4, pp. 187-210.

Vol.34 No.6 December 2014 1879





