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Prediction of Divided Traffic Demands Based on Knowledge
Discovery at Expressway Toll Plaza

ABSTRACT

The tollbooths of a main motorway toll plaza are usually operated proactively responding to the variations of traffic demands of
two-type vehicles, i.e. cars and the other (heavy) vehicles, respectively. In this vein, it is one of key elements to forecast accurate traffic
volumes for the two vehicle types in advanced tollgate operation. Unfortunately, it is not easy for existing univariate short-term
prediction techniques to simultaneously generate the two-vehicle-type traffic demands in literature. These practical and academic
backgrounds make it one of attractive research topics in Intelligent Transportation System (ITS) forecasting area to forecast the future
traffic volumes of the two-type vehicles at an acceptable level of accuracy. In order to address the shortcomings of univariate short-term
prediction techniques, a Multiple In-and-Out (MIO) forecasting model to simultaneously generate the two-type traffic volumes is
introduced in this article. The MIO model based on a non-parametric approach is devised under the on-line access conditions of
large-scale historical data. In a feasible test with actual data, the proposed model outperformed Kalman filtering, one of a widely-used
univariate models, in terms of prediction accuracy in spite of multivariate prediction scheme.

Key words : K-nearest neighbors, Non-parametric approach, Multivariate in-and-out model, Forecasting divided traffic demands
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Y2 (tollgate, 03} TG)] EEAQ /He)E=
o] glo] Fa38F a4 F et Tl Xk
sl gk AR ch&2le] '] S5 2(tollbooth, o5}
TB) 7ol 23] ti7|ARE 7 2 dhae] 2gul e A7t
o] 2A%] FEEE mIAP] whzel] AEER TGE] T893 P84
otk TB 7Rl B2 02 (Bakg X33 s&ale) (58
2} o]9)e]) FAFFO 2 FHEE o] FFHT) o3 APt TB
TNl Qlof BMA HH= 58} FAFRke] ©@](short-term)
) wEolty weby S8} FARe] wEHE 8 7t
L] 9] oA sAle] diSE o Sl W] dSTEe §4
TB 7R#2-Gel 3lo] HA 84vle 5 shelth

oS AT Al dee] BEAE Haslslr) Sl wAE)
S qlom, oS RS A Esh] Skt RloRE TR d5RY
o] o}gaL Utk(Chang et al, 2012). 5, IE5HH] HF SH=
) el ERds Hoisk SEske 24 A e 5785t
7] $J5tot) 7S] T S5HEL (L] oY) A5E o]&3}
o] 2o vz 9 sy ghs Ll IE sARD B 7ol
Ao As(current) AFo] JEHASIE A21E o]83to] el el
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£ FA3%KYoon and Chang, 2014). 2} n53} 2o
THZ gEo] ek AP Al AT, T8 deEtE vhs aefet

Asfjel] B2k Frk(Vlahogianni et al.,
F8FA mdlgo ofgh ds) Jee] e
Zsk(state evolution)e]] thgt sjAinto 2 Zuf) Aefe] BShads
s asl7|olli= @AF $iE(Chang et al, 2012)& W]t oj2f3t
AF7E A% 78H4 2|29 A9} oS tide] e st
gk A1) SIS S5 o e tijh 5 SRt gk g
tlole] Al WAlE Aaks g ol8shs AR
(knowledge discovery) HHol|t) F7I=, IT7]&2] F43 &
93} TiEo] HZol] AL = e A= sk 28]
A2 FFe AP JHol digh 28 7Fsd ThEo]
8= 215 3 & HES 878k ri(Yoon
and Chang, 2014).

opdellx At 54 TB 7Rule-Fe] &3 Zuf, =k 79
AP ] dlS7IHe] A, 12l e AR S ge
At 874V alefsted, 2 dqtdiMe die=F o] Exts:
7|5ke 2 S8xjo} SApRke] A uEwRs Sl 53] SIg
thHEE 9-Z2(MIO, multiple input and output) XS A|AIS=
= 3} MIO B88 2% o]2{(k-nearest neighbors, ©]3} KNN)
718ke] dlo|g] T-53(data-driven) H]%<=3]F](non-parametric
regression, ©J&} NPR) S of83te] thé-d] AAIE A=}
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Fof WAl w57 Adeistol visk HHA Aaks
=) 1e)ar 7k KNN-NPR7[FF MIO 232
FejAzslol] grjEe] TS AAE o, mEe] FHEa
a3t JERiEs AR A58} siF AlZsldk] fA] =
e HigE o o]¥atmolth

MErde s=eaFgate] aFA4-A2E¢] Toll Collection
System (TCS)E &3f T AA 581} T nls AsE
olg3te] 28 73S k=Sl vl B0 2 wRIARI
A= d57He 2 de] o8-+ ZEIE]R)(Kalman filtering,
o} KF)7H34 vlastgon, /fidnde] A5d 45 A=
ZTHA KFET vl $5=3F A7 1ok S22 7idE MIO
dZrge Bl ApATSel TB /Hey] @ 14es %R

AojA] Ago] V53t oz suigck
2. J|IEQI &

B A7e IEER TG F/aese S8kt S
WEF ARE 83| TGO e 58419t T wedks
o&sp7] Sistelnk webr 7lestt a1 NPR7[EE of & e
I WEHF oS FHE Fol FHINES 3P, aT okl
A 23y d7e B3 =7 Vlahogianni et al.,
2004; Vlahogianni et al., 2014; Mori et al., 2015)Z Za1s}7]
vtk

gk Ao Feiist 3 =, el A (state reconstruction)
2 o802 HAE, Aol &2 gEZ(stochastic) o]
23} %x7] ZXEZ(initial deterministic) 2 E=(chaos) A} Ej¢]
o 7R & glek A k-ol% 3 KNNE 27] 248
ApRloles) 7|25, 2ol glo) SHaA Apejolee] 7)z3)e]
BAA A 2lel| 7]z8H= B8] F(parametric regression, ©|3}
PRYS} e Ao mol] ofzals] o) ahre] vl
2 B Oswald et al., 2000).

NPR-2 23|79 A EEE 71YsHA] & A (Oswald
et al,, 2000)0] ow], BeAA] ke WSS FesRe <Y
WH7ke] vjXE A Ageizlst BAle] Aol o] AEst 7se
Slt}(Yoon, 2011; Yoon and Chang, 2014). KNN-NPRL- o]2z}
o Uiz 3kAL] AhH A2ks 7Rk 2 JEE Al AR
uj2hr] E=(chaotic) = EAE(Mixed) “Fefel] gt v]A3
AAIE olEEA] 789, NPRE o 8apH mye] 7-x3p7} Bolat
t}(Robinson, 1983; Mulhern and Caprara, 1994). w2}4 NPR&
FA 2geollx] BAI7RE] AAIY &7 R e 2=t
(Disbro and Frame, 1989; Altman, 1992; Mulhern and Caprara,
1994). ©]3= NPR A7} o] 220 2 27] AR EA AJejo] 2o
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AT 7] W]t Yoon and Chang, 2014).

NPR7 |9k 55} oS0l At o= &R alE-Hel 9
ol Ale 2 Aol alE Rl SRR FREsie] AlpE R arzk
sk ohet Aok 1E)al TR 155 ol5(Yoon and Chang,
20140 #3t AF-E AlLfsh PR ATE A& e
of|Zof| FZ=]o)th Davis and Nihan (1991)& T7] wE-ako]
2] glo] KNNS Avfstgon, A2 0 Z(asymtotically)
ool Fedks Blvk E)al the-F o] Rtsel wijE
HeS thtsist 4e, dEEe T F IS dEEth
Smith and Demetsky (1997)}2 KNN7}F ol 28 ©1e] AJzhfolA]
AR RE Esteict 2ejar 259 $45<37%(Smith and
Demetsky, 1997)0l4] KNN2 Q154178 <] H|gto] o|52o]
SRS Btk 19001 NPRS: o83t b= a5 #159]
T =}t e olHAtRe] K oo & QlEte] 2§
7¥Fs/dE AAsRE Eeldink

20009 A= Wigk o]EAIEE o] 85 Hlald, A
ZgAH, 2ol s By 2 Sgw|Qir) Smith et al. (2002)
2 AR AR 23 skl A ARIMARE 7 NPR
S sl on, wEe] JHxishs 4424 P} E4
el 7Tl AJAstdt 2evh F HIHTE Tl g e A0
7F §lom, 3 NPRe| 8-S dwsiolth 12]al NPRe]
W F A sk ¢k o)EatE RRIARES AARERTE
g WhE ESerkR] FAE T Smith and Oswald, 2003). Clark
(2003)2 LWTF NPRS thH e (a6 4%, %) NPR 2o
2 Fgsioick

2010 o]F¢] d7+= e ARE o83 AR ¢S,
NPREFO| 7|, @& asw o508 SHIr). Chang
et al. (2012a)F TIEARIRE 4% U2k NPRS AAJBIIC.
1, Chang et al. (2012b)= TP TRsA )R NPRESS #|¢kst
%Itk Chang¥} £85¢] ¢37831= Smith et al. (2002)2] A}o}
2] NPRe] /d50] A ARIMARFET} 9573k Hlom,
W AlEle] AElshE gEFoler Rt = e EA4
7T e 1A SRR 78It 0% Yoon and Chang
(2014)= Jeso] S48 AEwAE wEae] & NPRE
g3k vurgo g Agd 53 st 2¥9l
KFeo} A ARIMAE <S4 E 98 4= §le 9, NPR2
el g WS 78 TFse LAalEdlA S &
WS Bk wep EE T B4 AdEle] B G5 9o
NPRE &gt tieh F shvelal dwstelth Zheng and Su
(2014)= g4 413 NPR¥} KFRES AABIoH, F 2Ezt
o] FeAlolE TA| gk Flo = veRtE: e T8 olEAE
& B85k pgkom, 158 A|58stE olgsle] 7l wE

i)

A8E AY AR A7) ko] AAGe] B Sl
54590} webd NPR} KFe) A5jolis mekaia] etk
Z7}2 Chang et al. (2010)7} Yoon (2011)2 S AL72]
T Ao 2 Ishk= AR ARE A 3(time-lag)&
SE317] 913 NPREFS 728815 0H, ta ki o=
ol BshL 78 7F5h 93t ol el BAREE et
Ak

7IEAT AFET, ks AREA sk A A
HE 5] Fge) ShE] AJeRct EE e Alman, 1992,
Mulhern and Caprara, 1994; Vlahogianni et al., 2006; Yoon
and Chang, 2014))] 7PieFe 2gkga] 7o) S5tk 1e)
3L NPRE E=0|25 7o & ah= 73t JdHo m, NPRej|A]
KNNE slofefe] YAl SJelel2e: 7pke 2 E5deje] ARt
2 Zskg sl Qlo] g7 IRk el Hlske] o]
ltiKarlsson and Yakowitz, 1987; Davis and Nihan, 1991).
wheb] Thk HEle] VAl the-F A8 o]§3F KNN-NPR
HAHE s oSl Qo] a7tk o Blste] 95k
Ji-o

Fee Hol Ao® HausEa glrk

3. gRE

H d7e] KNN-NPR7[8F thalE ek o= HPHELS 37)
LaCFHMHE, 2L A5 E T3EM, ol BTt
o] KNNANPR o2 Skl 2 Fabelck wiep 7 7-4020]

e 7le F 8 ] O daelse sk Pt

3.1 MEfHIE]

AR O 82 ALAR] Adeje] WstE oA AAI A EE
T/d817] Slete] depelE(state vector)E o831, # ¢dolx
A e = &8 (current), J3(input), 1)1 E2(output) )
HE 2 T3 @Y FHE (2, )= 515 (prediction point,
ofa} pt)2] o ARIH(t )M Fofxl lage] 7H(1) =, AAIEA
T ARMH(t—1+ 1)7FA] AR 28 (vt)E g g, /Al
2 Ael)g o183k Eq. (1) o] 28al vt =[1,2,...0] 2
ottt webx] 8 AJeaEe] 2R v xlolet o]t
F3keo] Q= . oF AR dEiekal = n7le] dEpEE
(z,) = j HA ZEEE Eq. (2)9F 2ol A JedE(a,,
JENR goJab, AJeuE]e] Qe .o FY3ITh

9k z ;0 ek EH B (0))= .8z 3] AFERE A
(d))o} 2;00 sdehz ARINE+ 1)9] vt A wgHg; (t+1))
2 AoJabn], Eq. 3)# 2k 28l x; F 2.9 7P fAke
IHe] 0; 5, KNN9| &2 AFepE 0eks 5 R0 =, ol
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Ot 52 (o) = Belalel, Bg. (@)sh ek FHE o
Feu wEas djzsh) 9 slEgiee) 919 gro ojgar

2, =g (£),q" (t—1)snq (t—1+1)] M
= [l¢:(£),q (= 1),q (t—1+1))]
[qz(t)aqz(t_l),...7qz(t_l+1)]
(0o (= 1) (t—1+1)]

;=g (), (t=1),mg (t—1+1)] o
= [(li(t)7Q}(t—1),...,ql( _]+1)]
(4,0 (= 1) oo (=1 +1)]
[q;f(t),q;f(t—l),...ﬂj( _]+1)]

=1, ¢'(t+1)] 5

= [du [t (t+1),¢(t+1),q (t+1)]]

0= [01,02, ,0,] 4)
= [ldyg' (t+ D] [dygs! (4 V)], ool gt (£ 41)]

3.2 74I-Ix|-

olgRlgox z o FARE x,;& BAEH 0 TE31] S1EIA
© ko 7,9 0] e A olgal Bk we
A8 AAal7) 913 24K determinant)7} el Elolol Fiek
27 JERE 71212) Minkowski distance (13, MD), 57
2 Fes AAAES A4S 5ol olgET,

£ d7elrs 2442 MDE #831=% 5hi, MDE L
A= g8 delA vk L, Azhs R7P Eq. (5)sh 2o,
m ={1,2,...,00 } o] o}#} Manhattan, Euclidean, ..., Maximum
Ag)2 Bk 2 7o) A%, m =22l Euclidean #z)E o83}

15 34, 9% 0,9 L AP0 B, @3 2 312
Euclidean JE|AElE 554 Aelo] Wzsly] o] 54
FHE 1 MS}XI oo arsak A ARt o] ele] wEe]
A8l 7490 HEsHChang et al., 2012a).

Z'-T ‘m 1/m (5)
dJ:(.TJ T) (6)
1/2
= E}J{J% t—8) =g (t—p)f
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KNN-NPR argjzo] ojgzts &S 59 o7} 754
1, 258 A e SIE o8Bl FAE: dSt
+ AkE Hi(straight average, o1&} SA)H (MDE ol83h= 73-9)
1/d; 2] 715 Ff(weighted average by inversed distance, ©]3}
WAID)o| F2 o] &5} SA: A Adejol gk ejapaxwe)
=3} v o g2A] 48kA 0 7 Askst WPHo x|k Al -SAME

< WK ¢ gl o] ik wh, WAIDE= 7834 oA,
Hop o] AR =, P_E} U AR 3Rl ek o pargd
< 2 < Sloke Aol vk AL Ve ate] @Jﬂr
SA AlFe] dS3trol] vlste] WAID Algo] 43 A= =
ATk Smith et al., 2002; Chang et al., 2010, 2012a,b; Yoon
and Chang, 2014). wWpy 2 9375= WAIDZ o}&3le] AJ(tH1)
oA vt WEFF ¢ (t+1)& S8R 3h, Eq. (7)) 29
0] ARt vl FA W ¢ (t+1), i€k 1/d,2
7V HeEch

Current state vector(x.)
:
Determinant function. d;=(x., x;)

j=1
A 4
Search j-th input state vectors(x;),
calculate d;, and select g v+ 1) 4—)
jE n,k/n— 0.0

b4

— T
— Iy

n-input state vectors(x,,) related toq,‘{t_(t_—l;L

Historical data

qj'-)t(t—l— 1] j=j+1

No and j<n

Update o; into the k-output vector list
3

1. Delete o; associated to dyq, from the list
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3. Search new d, 4, in the list
where, dpg=max{d;. dy, ... ,

o
Yes

Calculate qVt(t + 1), Vvt by Eq.(7)
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Fig. 1. Prediction Algorithm for Multiple Traffic Volumes
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3.4 KNN-NPR O|= 212|=

tlole F=3d KNN-NPR 2&e] 37 @47} AHou,
KNN-NPR <& dargjEo 2 Fagh £ 7o) KNN-NPR
el olExts VAR, E8 AJEpE(o) 75, oS
Igo g2 et ojEAts TS Folkl 1z oF AR
Eq. (6)= ol83le] ojeatgo] ool Q= B x;, jEn
gt 0,5 FE3ke WAoot E2 deplE|(o) TSI oAt
5 RS 53 FEE o, S 0] T digk FRE
(k0] 0,2 F355) ool FEiRE AglE 7IE2 R 7BAlsk=
Igole): wepr] B ol ek ofEls RRbgt S5 e
g 785 1abge] skasm, x oF 7R FARE RS a0l gk o7}
TEEY: S5 754 09} Eq. (72 o83te] e A
AEFS 98k Folth

4. J2THO| H R Tt

41 ME

KNN-NPREF-2 o]gizlgdl] Ul AJeixisle] sid tikg
of of&sht wep 2 AFtoMe AFAEEE AETGe] TCS
5 AARE o831, 20149 365Y B (BAF X3 583k
o} (584} o]Q)9)) T WEH AFE FE3IH e, IARE
o] AR Aol 54 TBY) 3lo] 2 theARkke aelsted]
1580 2 A5} wehd o]gatge] =7]+ 35,040[=365
) * 96(AE/ D)ok TE|L TEH olEAtE F 12¢ 269
o] 96 A= TR ] F7tol Agatiek. Al Hrh Y
292 52X 259 Jekdd) 279 Eg e Ak AFet
Fedo] Q7] whzol WHEZ] SjE TIFdS wikg- wtow], of= R
Qo] Ae3g7tel whe- Eelgk 2ol

B FE= SRy o] stebuly HA sk} oS A5H 7t
2 23] L3tk FE gt e x(Mean Absolute
Percentage Error(%), ©]8} MAPE)= sjehi|g FZsle} o=
57t A8, Eq. (8)3% Btk 714, =y, v, s A7
HEA], 5], B Jlgelnt dF A5t Ane g=e}
AFT AF 2 TS| 283tk YT A|3E= MAPES} Eq.
(9)¢] A5 xMean Absolute Error (th), ©|3} MAE)Z
Zg3lsiom, Al=)e A= Eq. (10)9] FiHEe] e <H(Relative
Percentage Error (%), ©]3} RPE)e] Z=¥x]<1 SDRPE (%)<}

Ao)(B=r, —y,)] EEAX] SDE (E olg3hsick

=z |$7‘_17‘|
MAPE(lZ—J % 100 ®)
Si=1
MAE= %Z |z, — vl ©)
i=1
Ti — Y
RPE= * 100 (10)

o 280 2= KF7]¥H(Kalman, 1960)2 X143}tk KFR
Fe wal Aol A 3 AUEL AN Te s
¥

I
3
:
g
=
%
=

&
Pl

SRl 13 2] ITS 2125l
A A WEAREE, S, ARE, FPARD 5]

S8 dy] olgEa gk

4.2 my1An}
421 %™ niejolg 2t 2A

Hlo]E] 753 KNN-NPR 28 &3] 2 912 AbejE|<]
71E BAE7] 1% lage] (D)7 T FegEie} fALS
IA e, S 48 dEpE ] TR kgko] ARl g ofok
gt} Fig. 2= ko 12] 2807 Alufe]2288=(kgk 1~40)>< (1 gk
1~7)]el cheh o e 967 Aol thigk MAPE ®3sl=ids
HoJFal Qitk dE0af FAL kgko] F7Fg] ue) Haae )
G w43 e, Ao x} JAS Hop Axfs] o)
7} S7Fhs EFHE Hela ok 7L =2, k=134
MAPE: 7.930 2 HAE Ho|1u Qth uleby 24 13} kzhe

11.00
£10.50

e

(=]

£ 10.00
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Fig. 2. Analysis of Optimal k-Value and Lag Size(!)
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29} 1307 Z¥7t sl ghvk Tejal [=2004 27 k39
Ao YoM o= o3t £0.1% ol =383k stk

kgke] S71el wig o5 i) Qalelel= rEeshs WA
FE ] bl AV Sk IFgA o E onfsh, o) aEeF
9] AHRIs} EE2o)7] Bk = Ba= A Al 7Rtk
Z7o]7]= 3 (Chang et al., 2012; Yoon and Chang, 2014).
72 FeRIsE EAolebd kgke] St uhel QA
FHAQAWIA] 7HAsst - s Erk o]2gh 749, NPRY] o=
Jeli= PR d3delel Ao r Y3l Davis and
Nihan, 1991).

4.2.2 Zat =M

ASRHEL o] ARI] AFei} el Adeoll = wekA] edar
f219ckr 7= A% wHA)(Reactive method, ©]3F RM)d)|
Hjgle] Haghe 95 s 7ok, ol A5REe] Ha
& 7T 20E WS F3lke
A, A B3 dSdE A F glon, ASE SN
A8 7Fsds T3 & gtk

Table 12 F7HAEE o} 835F T3 EA1E9E HofFal glom,
Elole el gewe} A%
ARE BFolr] s 57 Q1 KF Higl] 93t Adss Holal
Atk 2L 7pE o] KFe tigh Asdds 5-8xke] 45
2= 13% o, Ak B 53], KFe
785 WEF 0]

o dlSdso] B

rlo

Table 1. Summary of Analysis Results

VT Model Accuracy Reliability
MAPE MAE | SDRPE SDE

RM 8.57 57.01 12.77 74.79

KF 7.67 5239 11.30 66.53

Car KNN-NPR | 638 4521 9.43 57.52
Gain (%) | 16.80 13.72 16.54 57.52

RM 16.56 23.86 22.68 33.58
Heavy KF #2036 | *29.09 | *2920 | *4127
vehicle| KNN-NPR | 9.49 13.19 13.08 17.72
Gain (%) | 53.40 54.66 55.20 57.20

1) VT and KF stands for Vehicle Type and Kalman Filter.
2) RM stands for Reactive Method.

3) Gain of KNN-NPR is calculated to KF.

4) * means forecasting failure comparing to RM.
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Ak slg-e] dSole
T s HofFrh

Figs. 3 and 4= 583} w53 th3k KF2} KNN-NPRe]
d=A3= AAY E-X(time-series analysis, ©]3} TSA)E Ho
FaL glom, APAA 2hs(time-series data, o3} TSD)9] ¥
FA) A JERAL Itk ofefdt Y- T BEY 5% FARE
Al Vet T 0 )] B9 K AR R ds
23BN FEAE Holal 9lom, KNN-NPRe] 7-9- 5%
SAFASIWA S5 S Holal Qlok 53] w54 o] A&
Ao g YEhE (b)) 735 KFE AHle] Wads s
A AL FEY] G&SEHE Holal gtk HHH, KNN- NPR&
sfele] SRk 739 A mslEs e dSsiaL Jlow,
gielo] EAE A9 FTHH R S eAE Haslskal Ut

Figs. 5 and 62 Ao vho 5 ng-do] tigh KFe}
KNN-NPR¢] oS4TS TSAR HoFFal 3lom, TSDe] W5
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