54 w9

| emseri=gn

9% A Ak

J. Korea Inst. Intell. Transp. Syst.

oo
ol}lt
2

TOD AJ 7+

Optimize TOD Time-Division with Dynamic Time Warping Distance-based

Non-Hierarchical Cluster Analysis

R AT SR T AT R
* FAA ;OIS Weole $§3 A7
we SAAA : S Wejole S8} 2wg
o A BRREATY FADFATES B, AT
woe ZAR : VALFATY FHLFATRY A7

Jae-Yeon Hwang® - Minju Park** - Yongho Kim*** - Woojin Kang****
* Researcher, Univ. of Hannam
** Assistant Professor, Dept. of Big Data Application, Univ. of Hannam
*%% Chief Director, Research Fellow, Dept. of Metropolitan Transport, Korea Transport Institute
*%i% Researcher, Dept. of Metropolitan Transport, Korea Transport Institute

¥ Corresponding author : Minju Park, parkmj@hnu.kr

Vol.20 No.5(2021)

October, 2021
pp.113~129

pISSN 1738-0774

eISSN 2384-1729
https://doi.org/10.12815/kits.
2021.20.5.113

Received 14 July 2021
Revised 28 July 2021
Accepted 11 October 2021

(©) 2021. The Korea Institute of
Intelligent Transport Systems. All

rights reserved.

2 o

A2 S F49 BBUY 3} hEAZY AT YFOE BA o] BF E40) A
£502 27153 dtk B 3G 43 BB BAR A AR B2 Ade B}
el B9, Hlolg Ske] EEA w2 290 Fade] Ay Faw I gtk el
E2 292 9lSAE BBl Wslo] 12 A AT TOD ATHE} TOD AFHEGE Fa
Ao A5 ¢ Pko] Boolth ¥ A= H2e] TOD AT BEE 93] A%e
Az $H8 DEH = dolHol AL Holre #H B4 9 54 B 9
32U A gHAh A7 2L 95 BEH HolEE FH) SHEL BAste] Ao 2
5 29 AR FAR] A% A BT PHES AT o,
d4o) ; wEASAC], WE Avele, Top, #4 B4, 54 vl 9%

ABSTRACT

Recently, traffic congestion in the city is continuously increasing due to the expansion of the
living area centered in the metropolitan area and the concentration of population in large cities. New
road construction has become impossible due to the increase in land prices in downtown areas and
limited sites, and the importance of efficient data-based road operation is increasingly emerging. For
efficient road operation, it is essential to classify appropriate scenarios according to changes in traffic
conditions and to operate optimal signals for each scenario. In this study, the Dynamic Time Warping
model for cluster analysis of time series data was applied to traffic volume and speed data collected
at continuous intersections for optimal scenario classification. We propose a methodology for
composing an optimal signal operation scenario by analyzing the characteristics of the scenarios for
each data used for classification.

Key words : Traffic signal control, Signal scenario, TOD, Cluster analysis, Dynamic Time Warping
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S Ete g el 7iEh v ASH ZH2AS 286 TOD AlZI2E 2(Xs)

1.4

DR e

o2

ot 7

2 AT B AT Aojdl &8317] 93 TOD AZbE £33 s HHEEC]
and Faghri2005)= LG5 Al AAe AR 1H4& 248t ¥ 7 shue AW 5
(Dynamic Programming)Z} 13 173 W (Artificial Neural Networks)S B3l % e EF EAld tis] A
29 A3E HoF Adaptive Resonance Theory(ART)ZH= U3 AW TF+2E /gt o
22 9o Azt E HE8l e Aolrt A wex BEE IS AAse A7
o7t dojd Ae E8317] ofHE 7 UARL 71EY BEFHLE A
< Deep Learning?} 233l Al ATt

Jia et al.(2006) Genetic algorlthmg 7HEo 2 3k AlFA FHEAE TOD A7F £8o] 434 o=
A3 | HolH e T5E RS EH 0 Foly AV} UL T
delHo g AT + A '5}7(]”& 0131@ 7 U B2 A9 ol ol A e AEd Ao E
g 73 Bl dF& A F ok

Jeong et al. (2008)8 SHUARE 7|Fo 2 H] AT ] B4 T UFEH o2 AHEHE Kmeans T E
Ae g ke = e e 5% VISSIM 285 AR o 2
A8 2R T, £92¢ =2 B3 & QlE TOD Al B8-S Aokel] wat2e] AAS ZAaAZH oY
Z 2

Hake] 7HE 7127t w23 A

i

Lee et al.(2011)& TOD A7+ = enetic AlgorithmS | 9+3}]l Greedy Search W EU} T
U2 A34E Yeblth =3 A0 8-S 18s] &9 SHAA AAF R &8 4 & TOD At AE
& FEsE HEE AN

Lee et al.2011)2 K-means T3 #4]¢]] VPLUSKOZ}= MZ2 A EE &3] REFOZ2 #3 & B2
b 253 BEES AT 281 4380 ARE B9 wARe] uF BAS =4
Ao, T Ao e HHSE 93 F7HEA A7 Besta w3t
dutd oz HA3H TODY AHE B3] 913 3 B4 A5H 31 24
= Hl AEFH - B3 Genetic Algorithm¥} 72 Machine LearningS #8313t} G}Z]”J' i”él
HAslete WHd dig MEE WHol B asith

2. AH3lE TOD AlUE|R FEE Qo HE= LYE

olg et Wt £59 WEFS TUsA Hlwsly] YA BYS glelFHok sk T WS} velo) JEke
LA = MYATI7] Sl dlelE HitskData Scaling)E AHERAT. HlolH Atstoll= thfd ol
DA B =Rl A wFol 74 =2l wet AT A o] dATE EAT 4 AvaL ddel oA
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7+ 3HZ-Score Normalization)E AH&-3Hth. Z- A< A Fsl= dolE7F B 0, F
= RO E 7|E tlolH #olA AA Hits wF1, 27 UAE Yre 2e
njete, 402 F@sHH (1)3% Zth.(Jang, 2020)

Lo

Histogram of raw_data$speed Histogram of raw_data$traffic
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<Fig. 1> Histogram of speed data <Fig. 2> Histogram of traffic data
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2 &83 1S HojE 24
Ble 22 AAGE s duto)A] & BZQ 8AER FAL ATAL, EA)E
o & Wt £Euh, wEFo] Wi 2ok AEE gowps THE E
TR S gotdl 4 SA g fEe d2AAFTE A Eel ot o ARl gEske W
3k kol tlolEE Hal 3 ’\]7]'501 e 58S €0l dotstrlde ol
olglgk olEFS aAsty] flal ;M ARF AR VAl TFFE growps TESH] flE =
(Clustenng)—o— Fg8ta ok F 242 g A ARE Qlo] &AF HolHwe VAL RS &
opF XV]«] B F2 8 vk T 42 tiF HolHE 4 A2 o Ixles ‘701 &
a9
ol

I

N
AL

>

AL 205 ol Yol EAste Rl thaliAe T2YE AFdte SHAA o) e &
tolE &S ?Lff\lﬂ A4 HolEE AR PN 9Es ok ol ] 24 S Tl H%”i
SRJAES FAA712 v EHE 7R+ tlolHES #R o2 EF/3)(Lantz, 2020)

3) DTW(Dynamic Time Warping) 2&S &8t 22 2AM
DTW 222 AAE dlolE e FAIES
F=2 AYE 7|¥rSE Euclidean Distances &-&3 3 18 AYE T3t ﬂ, Euclidean Distance:= H|©]E]
ko) Aozt gA A, AMAIE TlolEle] A9 At T
DTW+ Euclidean Distance”} A|AIE HlolEol] &83}A] Fate RS /HAdstaa AAE tloleolA &
< o= T 1 AYE HAS A= WHOE, AAIE HolHel e dFE g =
2 o7} tE F AAE 1Y Agx HHo®m 7T Stk DTW €agFedA AAIE HolH 1 AF
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[

2 Pk AL ol )9 Zo] AHoHth(Lee et al, 2019)

ClDTW(Xa7 Yb) = :g;(_ £ a, b,
| JH= kel &5}

M Aol 29 eE AAshEA Y oA Fel wet ASH 3 ¥4 (Hierarchical Clustering)}
2 7% 2] (Non-Hierarchical Clustering) 0.2 TRat=d|, ¥l A2 #4 249 A9 oo #3
MRl kE ARl AR FH ok @t 39 Aae 2 ANE AR sHFel whet Aot @ol GebA]7] Wz
TS olHWE AANME 7 FasHA AEdth 2 e FHAY Q47 Bol ZFEA,
AR A 2lo] gle A9 7R Tl kE ol ARl nd 22 Ui o] AlFZOE AMEShE Zlo] ok
Z 0|t} (Lantz, 2020)

SHAIRE 3) 7 Zo] dukARl Y JNFE AAskE A thEe dHolHd At &k thEe] vlo|El e}
HEo] #39 MeE FEEsA AAY] Wiolth. I8 BE HolH 9 ofol] Foliikz] &y w9 JFE
A3 717] 918l Elbow MethodE # =04+ AME-FT

Elbow Method= T3 2] 71 k9] ko] Hslhd °ﬂ g 73 U] 524 <Fig. 3>7 Zo] #Fo] 5o

T5 A& F7Y, o|dAL <Fig. 4> Zo| o] soldTE AKA AT Ao R M, o] &
A3} o] Fd o] ojE A WM3lEE=AE =43} Elbow Method 719 SAAL A, o] 24 H49l kS
= Zlo] ohd, B4 S dol7kH Ayt A & oA kE e Zolth olye kE IYE Fo
Z Yehde u 253 2453 852351t} 3hed Elbow Method2kx 311, ©] k %S Elbow PointZtx 3} 2 2
o] 3 W% k&t Foh(Lantz, 2020)

Elbow Elbow

Point / Point

K K

<Fig. 3> Elbow point on homogeneity in cluster <Fig. 4> Elbow point for out-of-cluster heterogeneity
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1. HolE +7

2 =wolAe vl E 7] Al 54 71ke] w2 X% RSE(Road Side Equipment)E 2831t
RSE:= wakze] 248 AuHlo|fA DSRC 7]<o] §AE o] @7l T4lo] 7Hedt AW =, HipassE A8t
£ Ao 4=¥ OBUOn Board Unit)7} dld W AZ2E Ay wj RSE9F 541512 & T2 RSEZ} AXH
AAE A wo] T4 AEE 7158 F A 3 SRS S5 JRE s

<Fig. 5> Zo] i iy 2ellA shte] AaaFoes &F7E AGEigtin vA, A5
g, & S vAE)E 97 WRAE AF AT 1019 A5 wApze] AA8 RSEOl E3HEE 7742 4470
EAstAL, FAEE siFets 47he) W&l 4z 178y AR, @3 Fof TEFe dYdiz F BEE
ofmstal, A WIS F UgS ot

RSECIA 38 asF dHolH= OBUZE A Aol Art 357 wiel, 117] wxtzol 7ietE
AAske sbF Foto M wETHE A ARSI o] ARE VIEoR YR vlo]ARA &Y
A(AIMSUN)& 7=319 0, tiaAA A Algde d38 &5 g3 VDS(Vehicle Detection System)©ll Al =
A T AHE 7o R, AEHoAS T oF 3 2 Tt19d 8¢ 18U FEH 199 99 219)9] 10%

Ol BREE 2L B5Y, EHEE /5P dolgE Fsii

<Table 1> 3 & dlolH 9 T/ A, I8 HAE Yepdth g 7319 A AgS E7/37]
3A = FoAZ] dolEE 7dte 2 s F3ke] AZPE &4 J R Basit) o] & 913 <Table 3>3 o]
EE F A Hd 59 25 247 shie] dHE Wkl

<Table 1> Raw data Information <Table 2> Example of data before conversion
Variable Configuration Date Day |[Sec tion| Time speed traffic
Week 1 ~5 8.18 Sun 1 6:00 37.47 95
Date 19 8 .18 ~ 19 9 21 8.18 Sun 1 6:10 36.29 106
Day Monday ~ Sunday 8.18 | Sun 1 6:20 309 98
1 ~ 44 8.18 Sun 1 6:30 3245 125
(I ~ 22 : Main boulevard north-south
Section 1~ 11 North 12-22 : South <Table 3> Example of data after conversion
23 ~ 44 : Small boulevard east-west
23 ~ 33 : West, 34 ~ 44 : East) Date Day Time 1 2
Route SB, NB, EB, WB 818 | Sun 6:00 37.47 37.85
Time From 6:00 to 21:50 on a 10-minute units 8.18 Sun 6:10 36.29 38.68
Speed Average speed 8.18 Sun 6:20 309 36.14
Traffic Traffic 818 | Sun | 6:30 32.45 3693
Density Traffic density

118 RA=RITSYR|=EN| 4203, TI52(2021H 108)
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<Fig. 5> Daedeokdaero DSRC (RSE) location, direction, and major intersection

V. #4725}

¢

<Fig. 6>0|41¢} Zro] TOD Alvte] 9] AHg s Sl Y BE J39 £59 wFdF JEE 10
£ 32 AAE dolEH R WAt HH AAE £ 4L A8 ot 37HA] JEE HEeE B
2t} DTW Z2 2 Input Datas listSE| 2

FoIA Ak 0] A9 W S} LEFE A D7 O
W) Wge] B ST g3 LEF G VIR TRA U1 2 A5 AT 24 HolH S=

o mEF ol 242k 284 AT BT GEE WAL BB FAAA o) Aok vlst
Ak,

a) B &&=
b) AEF
o ATNEEE &= + LD
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S Efe) T 72| 7|6k ] AEN THEMS 83 TOD AT 3x5
MEB SB WE
3747 | 37.85 3994 | 46.72 246 | 4959 0&:00
Speed 3629 | 3868 | .. | 40.28 | 5066 2619 | 5096 | .. 06:10
309 | 36.14 46.93 | 5401 25.98 | 49.16 06:20
- a5 133 a7 33 23 50 0800
Trame  Tio6 | 125 32 | 27 20 | 48 06:20
98 116 39 37 26 45 06:30
<Fig. 6> Input data example
1. Elbow methodE &&st zXo| Z& i+ k
B =Re SRA FHHE HolHE 43l 8207 NS Y] 9% AHE Edstux
git). o] & $13l HolHE AT 21E0 2 ujdAzl AAE dolH = WEksta, WEs toleE &84l H
ATH #3 4 AdstAt v ATH 3 249 HAHstE 3 MFE T8 8 24k Alg
(Sum of squares error)< 283+ Elbow methodE AH&-3HTt.
<Fig. 7> W &% HolHE 7|Fo2 #49 A Jgzolt). vl AT vy £40] T84 3
oS EFTE AolA i FYT THOE BERAFA @] "ol o]E ®Beketaat 1003] wHE Ay
SFATE xF2 TR T, yEFS LA AlF FSSELE, 7R Al v LA AlF e vhE Al A
B Zhzhe] ol sl oA Al o] AA HHFS Yehd gholth Aoz ot AlF Feo o]FAd
e kS AVE o, <Fig. 7>3 22 AA7F Usith <Fig. 7>0A 23 AlF o] EojTe o] AA
3] ZasE AFS K 8 dojrls FE S =, Elbow pointe $Ho X3 82 & & Q1. o]& FHZ 9
A JfFE B
o 087Sum of Squares error for Speed
1.1e+08-
1.0e+08-
§Q.UE+07'
8.0e+07 -
7.0e+07-
4 12
The number of Clusters
<Fig. 7> Sum of squares error for speed
120 OIRTSYR =27 203, M52(2021H 10¥)
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Sum of Squares error for Traffic Sum of Squares error for Normalized Speed + Traffic
3250000~
8e+09-
3000000~
% 6e+09- %
2750000~
4e+09- \ 2500000- \
2250000~
4 8 12 4 8 12
The number of Clusters The number of Clusters
<Fig. 8> Sum of squares error for traffic <Fig. 9> Sum of squares error for normalized

speed, traffic
<Fig. 8>2 wF5F Ui #3 g 2 24 AF T JepH, <Fg 95 A8k o &5
wEF EAE AAE HAZT AAE oy 3¢ Aoyt  nFFe oA A o WAL MF A
Uehue, Atstd B S0k wEF ol 4 Al el Hake diHog AA e Elbow
methodE &3S W, <Fig. 8>3} <Fig. >A % HA o 3 JFe 24 Al ol FoEx Fo| TaH
= AR AE B

2.

A AT Alzts

HI

1) Heatmap A|Zt5}

o3 #4e AFE wWlwshy] a4 2d¥ ARt dFsks LRl e FUsHAl TEAFE
Heatmap 121 Z& 2&3th. 2ej2E AA 713 T wpAgt Fof sjdahe
7H 71 B oE Wit

<Fig. 10 ~ 12>°) ajFet= 37k 7 BF HF ARte] A4 54o] wigEo] 23S /T AL
T Atk B £571 99 <Fig. 10>3 <Fig. 12> AT Az ik 771 250 9lon), uHF Azt
(9:305-H 16:007FA)ell= o] WHEZQl WSyt Ad AS® yehdth dwbzog 3

@ 5 2R
© BY o} T AL TARE oA, B A OF SARE 0F sAo] talAE 23 Wk Fas

SEF IOE BHE <Fig. 11> T ASRT BA% FRoA T3 FH9 Aot gL Hel
Foh m@, wEPo] BYHE AT ATl T WL B WA I, AAHY FHo] A B F
4

A R JEdTh SRR, AT AL 2e FPOR BRs AT AN Bed 2E
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21:10-
20:00
18:50
17:40
16:30
15:20
14:10
13:00
11:50
10:40
9:30
8:20 jam—l
””ﬂ
5:00 " . ’ " . . .

Mon Tue Wed Thu Fi Sat Sun

<Fig. 10> Heatmap graph of speed data clustering results in 10-minute units

a) JF &&=
b) AEF
o A3 H@F &= + 15D

21:10
20:00
18:50
17:40
16:30
15:20
14:10 ——
13:00-

11:50-
10:40 -

[ S5 I < = R« ]

%:30 :
B:20 :
7:10 :
6:00_ 1 1 | i ] 600 ] ] ] [] ] [ ]
Mon Toe Wed Thu Fi Sat Sun Mon Tue Wed Thu Fri Sat Sun
<Fig. 11> Heatmap graph of traffic data clust ering <Fig. 12> Heatmap graph of normalized speed and
results in 10-minute units traffic data clustering results in 10 -minute
units

2) Time gap, =29 R34 H|m

2-1) Time gap

tlolE o] AZHE WSS 0% TR 5 108 T dHolHe #F EF AAE vlwstus s
<Fig. 13>, <Fig. 14> 30% @919 HolEE oA 713 3717 7% oM 2385

122 QA=ITSYL|=EN| 4203, TI52(2021H 108)



Sx{ Etel 9T 72| Jl8h 8| ASY PREMS B3 TOD AR HH5

53 A& Ern ) Aol vl #F 243 A3E Heatmap o 2 UERH AFolt), <Fig. 13>
308 9HE sl B £59 wEFOE 7 BAE 3 AR 108 HE AHE <Fig 12>9} ¥l
P& w oF Azt FH o] A&H o2 Wslel Ego] wwoll HA EATh o= 1029 &2 Algtel A9
WEFI Hg F57b 2529 WEr) AR, 308 GHE EHE u) A2 Wi} o= AE A
AeS YERAT <Fig. 14>% 30 D E 5T dHolHe 3 £4% 2342 Fd3} FUHe] T3]
38 e, B9 AT AR 474 g2 #HoZ BFES AR Yehdth = 08 EAL &2
A7 (07:00~09:30)91 = AIFMHEE 3719 T2 #3-& AANES ol RFFe] 57 Hi(Peak), 4
GAZ 39 #RoE EFES ST F Utk HIARMY HA AZER 3719 g2 F3E Al
Zt}

| -:? i
1
s e
i 0
: i -
50 3
Tonih 7:00

Mn Tue Wed Thw Fi Sat  Sun fon Tue Wed Thw Fi Sat  Sun
<Fig. 13> Heatmap graph of normalized speed and <Fig. 14> Heatmap graph of ftraffic data clustering
traffic data clustering results in 30-minute results in 30-minute units
units

22) #He| F54
A WA A F v Fo] o 2 B AHE Heamapo 2 UEMIT. BA 717E Fu
Heatmap© 2 UER) 7)ol = 7k Folth Bg5el 2250 24T & 3l7) 2ol £ho] a4 14=olx 2
51, HlolE ] 1zko] AA 97] Wi ztzhe] Fof

&

Jge w7 4k,

<Fig. 155 B3l 108 W wEF HolHE 2QUE o WMHHE S vas] 98 57 5
of deleel A 7 ade] 7 Az Te FHoE AFH 35S ek i&—‘iﬁi et 28
o BE A 2 FHOE AYBS sk, FFAL 5F F 4FE 2 THOE AW, YL s
F %3%% RS THOE BRI uslA 2 O TYOR ERASS JrlFk olF B 108 ©
9 dolEle] A% WY A, AT Az vl FHol YA FHHAT 1 99 AnEL TRl &

Aoz NEEe onw
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6~7 o’clock, 20~22 o’clock
10~16 o’clock

9~10 o’clock, 16~17 o’clock
7~8 o’clock
19~20 o’clock
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<Fig. 19> Overall Cluster properties for Traffic Data
<Table 5> Each cluster distribution
Cluster Distribution
1 53
2 39
3 323
4 357
5 171
6 50
7 57
8 50
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