The Korean Journal of Applied Statistics (2016) DOTI: http://dx.doi.org/10.5351/KJAS.2016.29.5.949
29(5), 949-960

Cluster analysis for highway speed according to

patterns and effects

Byungsoo Kim®?! - Soyoung An® - Jungmin Son® - Hyemi Park®

“Department of Statistics, Inje University

(Received May 30, 2016; Revised July 25, 2016; Accepted August 8, 2016)

Abstract

This paper uses all sections of highway data (VDS) for two years (Jan. 2014-Dec. 2015), with 15 minute
units. The first purpose of this study is to find clusters with similar patterns that appear repeatedly with
time variables of month, week and hour. The cluster analysis results indicate a variety of patterns of average
traffic speeds by time variables depending on the clusters; subsequently, these can be utilized to model for the
forecast of the speed at a specific time. The second purpose is to do cluster analysis for grouping sections
by effect nets that are closely related to each other. For the similarity measure we use cross-correlation
functions calculated after pre-whitening the speed of each section. The cluster analysis gets 19 clusters, and
sections within a cluster are geographically close. These results are expected to help to forecast a real-time
speed.
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Table 2.1. Summary statistics of whole highway sections speed

N Mean Median Star.ldérd Maximum Minimum Skewness
deviation
64,546,017 97.05 98.75 12.34 180.00 1.33 —2.08

Table 2.2. Summary statistics of mean speed by section

N Mean Median Sta?dérd Maximum Minimum Skewness
deviation
929 97.05 98.23 7.14 111.19 57.67 —1.04

mean speed

ot —max sd ----min sd
30

0 2 4 6 g8 10 12 14 16 18 20 22 24

hour

Figure 2.1. Mean speed of Seoul Ring highway(Jangsu IC-Songnae IC) and Incheon International Airport high-
way (Airport Nooji JC-New Airport TG) sections which have the maximum and minimum standard deviation
respectively.
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AAREGE 158 149 AA BHEE AR X 64,801,310740] 3L ©] & 0.39% 7 Aot

2.2. EMEEO| J|RE2N
Table 2.1 218]% 9297] F7Fe] AA| B o st 7| X EA otk g x+= —2.082 2501 2
208 X2 BFoArt. U2 18022 v & 3 Holed ZﬂV‘OJ*LH 2FHC-3elJC

T 59 4 J°ﬂ/\1 23A] 3023} 44] 308 Atolo] uF A|7tt)ol] B Qlon, e 13303
oAk el IFIC-H=IC 774e] 20151 39 30 24] 1520l #55 aiu} A ARt
o= Al ] % i}%% 2 & isich

Table 2.2 79 9297 77+e] HFETo| ot 7|2 EALO R T 1,048 229} HUigh



952 Byungsoo Kim, Soyoung An, Jungmin Son, Hyemi Park

102 102
100 100
98

96

mean speed
8 8
mean speed

94

92 92
90 90
1 2 3 4 5 8 7 8 9 10 11 12 Sat  Sun Mon  Tue  Wed  Thu Fi
(a) The change of mean speed by month (b) The change of mean speed by week
102
100
° 98
@
15}
o
- 96
[ =
@
15}
£ 94

92

90
0 2 4 6 8 10 12 14 16 18 20 22 24

(¢) The change of mean speed by hour

Figure 2.2. The change of mean speed of whole sections by (a) month, (b) week, and (c¢) hour.
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Table 3.1. Three-way ANOVA table for speed

Source of variation SS df MS F p-value
Month 2.75E407 11 2,499,904 27,789 <.0001
Week 26.50E+07 6 44,186,646 491,177 <.0001
Time 23.10E+07 95 2,431,005 27,023 <.0001
Month x Week 1.71E407 66 258,456 2,873 <.0001
Month x Time 7.64E+07 1,045 73,116 813 <.0001
Week x Time 8.29E4-07 570 145,516 1,618 <.0001
Month x Week x Time 2.55E407 6,270 4,061 45 <.0001

Error 581.00E+07 6.45E4-07 90

Total 654.00E+07 6.45E4-07
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Table 3.2. Cluster analysis summary

M Mean of
ean
Cluster Freq standard Highway Section of highway
spee
P deviation
Jungang S,Andong IC-Uiseong IC
1 617 99.38 8.11 Jungang Sillim IC- S.wonju IC
Nambhae W.Suncheon IC-Suncheon IC
Seohaean Iljik JC-Geumcheon IC
2 2 62.89 33.16 . .
Seoul Ring jangsu IC-Songnae I1C
Seoul Ring Pangyo JC-Cheonggye TG
3 38 87.22 18.64 Yeongdong Wolgot JC-Seochang JC
Honam E.Gwangju IC-Yongbong IC
Seoul Ring Goyang IC-Tongillo IC
4 233 94.92 9.24 Yongin-Seoul Geumgwang Underway N.-Geumgwang Underway S.
Yongin-Seoul W.Pangyo IC N.-unjung Tunnel S.
Yeongdong Dundae JC-Gunpo IC
5 36  83.57 16.83 2nd Gyeongin Namdong IC-Seochang JC
Seoul Ring Jonam JC-Sanbon IC
Daegu-Pohang  N.Yeongcheon IC-W.pohang IC
6 3 90.16 23.35 Daegu-Pohang  W.pohang IC-N.Yeongcheon IC
Seoul-Yangyang Misa IC-DeoksosampaelC
50
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Figure 3.1. Mean speed of the centering data by the clusters.
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Figure 3.2. Mean speed of the non-centering data by the clusters.
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Figure 4.1. Mean of the autocorrelation functions.

Table 4.1. Frequency of the maximum lags(k™)

Lag —4 -3 -2 -1 0 1 2 3 4 Total
N 37,003 30,209 48,339 154,731 321,548 154,731 48,339 30,209 37,003 862,112
% 4.29 3.50 5.61 17.95 37.30 17.95 5.61 3.50 4.29 100

Table 4.2. Summary to the maximum value of the cross-correlation function(pxy (k™))

N Mean Median Standard deviation Maximum Minimum Skewness
862,112 0.03 0.02 0.03 0.69 —0.06 6.34
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Table 4.3. Clustering results based on the maximum cross-correlation function

957

Cluster

Freq

Highway

Section of highway

Range of CCF

Gyeongbu

Guseo IC-Youngnak IC
Youngnak IC-Busan TG
Busan TG-Nopo IC

0.47-0.69

Yongin-Seoul

W.Pangyo IC N.-Unjung Tunnel S.
Unjung Tunnel N.-Geumto TG
Godeung IC-Simgok Tunnel S.
Simgok Tunnel S.-Simgok Tunnel N.

0.25-0.69

Muan-Gwangju

Donggwangsan TG-Seogwangsan 1C
Seogwangsan IC-Naju IC

0.67

Suncheon-Wanju

Namwon JC-N.Namwon IC
N.Namwon IC-Namwon JC

0.67

Muan-Gwangju

E.hampyeong IC-Munpyeong IC
Munpyeong IC-Naju IC

Naju IC-W.Gwangsan IC
W.Gwangsan IC-E.Gwangsan TG

0.25-0.65

Incheon
International
Airport

88 JC-Gimpo Airport IC

Gimpo Airport IC-Nooji JC

Gonghang Entrance IC-Gonghang New Town JC
Gonghang New Town JC-Sinbul IC

0.17-0.63

Gochang-Damyang

Jangseong Logistics IC-S.Gochang IC
S.Gochang IC-Gochang JC

0.62

ot

Dangjin-Daejeon

W.Sejong IC-Gongju IC
Gongju IC-Gongju JC
Gongju JC-W.Gongju JC
W.Gongju JC-Magoksa IC
Magoksa IC-Yugu IC

0.21-0.58

Yongin-Seoul

Simgok Tunnel N.-Simgok Tunnel S.
Segok Tunnel N.-Segok Tunnel S.

0.60

10

Incheon
International
Airport

Sinbul IC-Gonghang New Town JC
Gonghang New Town JC-Gonghang Entrance IC

0.60

11

Namhae

(Yeongam-Suncheon)

Dorong IC-Suncheonman IC
Suncheonman IC-S.Suncheon TG

0.60

12

Honam

Daedeok JC-Changpyeong IC
Changpyeong IC-Goseo JC

0.58

13

Dangjin-Daejeon

Yugu IC-Magoksa IC
Magoksa IC-W.Gongju JC
Gongju JC-Gongju IC
Gongju IC-W.Sejong IC

0.20-0.58

14

Gochang-Damyang

Gochang JC-S.Gochang IC
S.Gochang IC-Jangseong Logistics IC

15

Namhae

Sanin JC-Haman IC
Haman IC-Jangji IC
Jisu IC-Jinseong IC
Jinseong IC-Munsan IC

0.31-0.57

16

Honam

Goseo JC-Changpyeong IC
ChangpyeongTl Tl IC-Daedeok JC
Okgwa IC-Gokseong IC
Seokgok IC-Juam IC

0.14-0.57

17

Namhae

Sacheon IC-Jinju JC
Jinju JC-Jinju IC
Jinseong IC-Jisu IC
Jisu IC-Gunbuk IC

0.28-0.57

18

Dangjin-Daejeon

Godeok IC-Myeoncheon IC
Myeoncheon IC-Dangjin JC

19

88olympic

Goseo JC-Damyang JC
Damyang JC-Damyang IC

0.55
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