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Abstract

With the advent of the big data era, the interest in the development of land using traffic data
has increased significantly. However, the current research on traffic big data lingers around
organizing or calibrating the data only. In this research, a novel method for discovering the
hidden values within the traffic data through data mining is proposed. Considering the fact that
traffic data and network structures have similarities, network analysis algorithms are used to
find valuable information in the actual traffic volume data. The PageRank and HITS algorithms
are then employed to find the centralities. While conventional methods present centralities
based on uncomplicated traffic volume data, the proposed method provides more reasonable
centrality locations through network analysis. Since the centrality locations that we have found
carry detailed spatiotemporal characteristics, such information can be used as an objective basis
for making policy decisions.
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ME

21A17] AlAIRE Aol oA 71E S E A9 W3l A S EZE, & wSA w4 Hlojy 75
Hom day sle =E53t /e vhzet s # & e S HLR S IR HiF
531 ek (Ann, 2011). 3, 71, AL, 757152 ol-w= Agdo] g H I kAo S ﬁ/‘l A&

] ]\—1

o
20 2 wigto] we}, F7PERIS 918 £A] B7ke] F ool Skt it v

o

A o]sfistal o] & A Hof Htgsts A2 =7 S f1Rt B4}l ypol=tal & 4 Qitk

o]} T2 W stof| Hghso] Sojugto M =7 A St 9 ] AHd @S FHE AT F4H Y| AL HA
3]S 425k 9ot gl EA el 2| gubA-S 95t A o 2 Ao 9t} o] ML Trickle-Down effecto]]
75t} A o= o] & Ao BARI e 24 A GiE FHO R SHAteh= S Wttt shAIT A
= =HI= A5 Ztohd AR o2 A H 2] 9] Ao F3I5HA UehubA] AV 1 2 S ake] Aot
S ZAZH IS 4= qlok 0|9 22 ZAIE moky A7 S Rt 7P E g o] 7] flofA
= SHIE AA mjeto] TRO]-E]'(Arndt et al., 1983).

)

AN ARG 9] -2 F molotes 2R ER S7HE Hlo|HH|o|A(KTDB) 9] 3z 7§54 wsdo] 7Hd &
o] 8|11 Qlrh. o]= RARFTI7F YR o] 1E 4-8.9] ¥Rt QS WEA TAA|5tA] 1 #al ofy 2}, H|-8o]
HepsHA A8 Hokes @S A4 a2 ek (Yoon, 2015).
D& 2 9FgAoA £-E]= 2= Q) TCS (Toll Collection System) HlOoJH & I&EE2 FUAE o] 83 LE
2] M/ A& @54 HRE % xdlotal 9loenzg AA O/D (Origin/Destination) FEE Al-5-alF+= A
At w24 E-8712]7} ofF &t TS, TCS Hlolg & 7|&e) EAlsks 8845 &850l 1Y E9= tlolHE
Fst7] wioll KTDB HlojEle] H|ol & 22 H|-g 02 W& 4-8°] H3lE Hrt §A o= A2|d 4 qlrh
TCS "ol Wakdo] e waZdeol tiet AR S FP4, A= gl glom, 11 271 IE Y g7
o 2 stolm A FLxolrt QIEYl hu|o]2] o] FS U E T #4415 all T2t ulolxvt 54 99 A=
o|Z] 7to] TAIE A5t 5o A77F st (Page et al., 1999; Kleinberg et al., 1999). 714 djmd o2 1=
AMMZI ] SAIQ] PageRank Yal2|&-2 o]2|3t HER A AZEE of-&all TAlol dHA Fake] et 715
A& Fofste WAook ARt 25 7H wE ol E of fuo] 2] o] £A7H-& o]-8-5tof, 2| Ujo] FAA] &

Yol A7) e I 54 et 52 BATORA TE R FHOR St FEALL AN Bast9)
o
=

A}
A

SHAIRE 7]1E2] TCS dlole] 24 752 o] Hlol8E &80l &2 AH 5 ouE 27| Hotes F2 W53
71 ‘&5l KTDB "lo|el7} 7HA = Al S Hehole H| AFS-E At (Kim et al,, 2012). mEbA, & AtollM =

HET 45 &85t s 54 49T 4 e ARE ANt LA ik e e oz 38 5+ e 4
HOPO W& &5l LA 372 ol = Y= A E=2A O] 715 AAISHL, B Yo7t il 571 43S A4 oh=
ol o] H= A EY s Holazt gtk

Matein

A BAAR LS I 1 E) AT F I SHOR RS 4 ik 3 A TE Hole 282 9]
3 dlo]e] &0 T Aol T WAL %

. Clo[EjL =0 el A
KTDB glo]e] 2] RHAIE S53517] 91l TCS Hlol8& &850 aE 542 mhefotarat ot A7) Aot 7]& 4
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EZAME 53] o]F0]2]= KTDB Hlole] 2] EA3} TCS dlo]g], SA41d|o]g 72 glgo|g7} 7Hx = &

otal, AR g olelof gt vlelo]g &8 {ek-E A A5k e (Yoon, 2015). E g A= AIZHE 7154 o
S Ao StEst] Q1o TCS HiolE & &-8oto] ATt E 7154 wsedS 153 A7 it o] el
A AA 53715 AR TCS "o B & o]&sto] 715 a5 Al AT &= Al 245 Fol 14 sttt
(Gleich, 2015).

F5E TCS Hlo]HE o]-gsto] aF=ataate] O/DE F=otaat gt A7F et o] AtolAls A& ==
sl A4 &= )= TCS HlofE 9] @aHg HA = S Aot S-S £3/F9 /NP 22 FHoto] 2|
ZFO/DE FE51t) 281 o] A3E SA9E, KTDB tlo]&| ¢} v wste] Avto] HgA-S HESIATHPark et
al., 2013).

4g v

2. FIpA| R0 2t A+

A FE Z-85t Freight VillagesE B71517] 913t 7152 AAGE A4=0] . o] 52 HI&, & 7HsA4,
FEah 9 wE AT HEA S st 3 A= Sl AT 7% AlAsHATH(Yildirim et al,
2014; Meidute, 2017).

AAA B7} o d B EHHo|EE o]R5o] B BE AXZH A7} Qlth 1 E w5 Tlo]EE o]-&5}o]
FHEA A AT 3 EA2 ARSI o2 fIsl eF= 72 (FOR), o= 2E=(FDR)o|2h= A &E A A5}
3 KTDBOA AlE8HE 318 O/D A28 ol gstel ti21912] o} 2219 49 & EASAHKim et al,
2012).

YEL T B4 55t 2|9 44 A B3lshe= 9] A7t ik 319 Atglelile WES A0 A4S vt
W71 918t 21321 Closeness centrality, Betweenness centrality, Straightness centrality, Information centrality S
o]-g5to] MU 20] WwEESS utefste] A|A glof] &-8-5HAtHCrucitti et al., 2006).

Y E |3 Eofo| A AME-E] = HI7IA| B2 53 PageRank 7| B2 Hofojl A 85|11 I}, 1 o2 2]
Al ATAIES 1Hst, HE9] T3S Holi= BookRank, =72 HEE &85l =252 T84S ¥4l
CiteRank, EQIEo] 2-85to] AR2]4 YEQA O] 35 Yol TwitterRank50] AH(Gleich, 2015). SH4]
PageRank® TElo]Elo] %47 Atel gick

2 e oo

A=
1. TCS GH|0|g]

& A BAAREA dHERFANA AT ' ISR 3 A A A2 E
2RI TCS HlolH & ARSI TCSE 24 Y20l A Ho] 2= L wETF 54, 8
5 Ao R AAlE 0] S E A TE A2lste AlLde Eett A
&, 18709 4] FhaolA - w AL ok shAIRE 74 =
T JEI} A FE HA] efotA 2 FFelME A I

U G0l A&z ¢ HH 8548 290 [efell wE=Fo] EAsHA] =t w2t
A RS2 AeEE FAO|EAM B2 2EF0l e AAE H7)He £AVF Ak A7 F2
HASAE FHdaE FAIC ot} FACE WANEEZ 2 AR s = 7|02, FA] FAioA Edohe A
ol W2 AAH 7I5H k. sPA AMS M 2o Hofrte Aol BF AAEHL & 4 Atk (Park
etal,, 2013). o]4 9 QIR & 2ot P H EA0|EC] 739 wFol thet A3 FHEE AWl Aok mhehA 2
AFolME UALEE 2| M= EA01ES] w52 A eJstA.
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Table 1. TCS Data (examples)

Date Origin Destination Type 1 Type 2 Type 3 Type 4 Type 5 Total
20150620 101 101 47 2 6 0 0 55
20150620 101 102 3852 249 8 15 185 3152
20150620 101 103 14113 389 1010 40 46 15598
20150620 101 104 44 1 1 0 2 28
20150620 101 105 3740 82 43 26 15 3906
20150620 101 106 5086 333 491 67 81 6058
20150620 101 107 3674 64 385 40 17 4180
20150620 101 108 6230 80 466 38 13 6827
20150620 101 109 23 0 1 0 0 24
20150620 101 110 683 6 6 4 3 702
20150620 101 111 1196 17 251 3 5 1472

Table 2. Vehicle type of TCS data

Type Example
Type 1 Passenger car, Van under 16 passenger, Truck less than 2.5 tons
Type 2 Van 17-32 passenger, Truck 2.5-5.5t
Type 3 Van 33 or more passenger, Truck 5.5-10t
Type 4 Truck 10-20t
Type 5 Truck over 20t
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Figure 3. Analysis process

PageRank 7123 AXLE 919) YIEATE ekl B3 A & Folshsct,
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1
d=A|: ?)
1

ol d WlEE o]-§3te, i o4 j & wEFol &2 & &E2 Equation 33 Zo] Al & Qlrt.

D,. =diag(d)
(3)
P=D1'4

P. transition matrix

Qa7 LA} e EAQ] FRES YEhfE HEE 2t 51, 75 AHZ R AL 5= 9k

p(t+1) _ PTp(t)

™= lim pm (4)

t—0c0
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o
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A= 27
Ho L2 0 2 Markov Chaing Z-&5t

prob(p* ™) = prob(p" 1 pV) « prob(p®) )

prob(p V[ p*) = P

wrEbA p HE 9] 27]71S o]ef o] = A2 priore]l thet FAEI} glvk= A2 7R A Zr}, whebA vhA]
o 2 39t ¢ WEl = ZF A wiFe] MEE &8, B S8 E YepdHotY & 4= Qlot. skt Markov Chain

S H-g5}17] flali A= Perron—Frobenius Theorem] Al 7F2] Z71-& Th=Efof g},

Perron—Frobenius Theorem

1) Transition matrix has non—negative elements and rows sum up to one.
2) Network should be strongly connected.

3) Network should be aperiodic.

2 WA 27 transition matrix®] A lo] oo BEHTH T AR AL BE G4 7Ho] mEFo] ZAf5)
of gttt Z-& oJu|gtet. kxR TCS HlolHE A’ A3t Faligtel] 3le Fdaso] theE Aol = Fdas
ol WEHES 7HA AL QA ehth= Aol ERIEH I Al 9\ 2742 GPAaTol dFA QI wEo] EAISHA] Pot

TR
of eitt= S BT SHARE Al HiA 22 B4t wE HEYGIAA dofd 7sAde] olEteiH, 2 AtollA]
-8t TCS H|oTE oM 1= #] ettt
= Aot A WA 2712 BE TCS wlolE o] st
< 9 235 W=EA717] AAsiM A elsiin. Mz

P=(-a)P+Si i (0<a<1) ©)

o
o,
1o
rr
o

= JAAE Atolo FEESH &3-S 5= wEFo] AL 7S Aot} o] gh &+
27 517)= & Zlo|t}, Rk, FAA 0 7 HAHsR] ke sHHolck WA 7|&H 02 588 Sute] gl
FS 2 A4-5h0 2 SHHA Markov chaing 7F=5H] sh7] 98l 22 0.01=2 A4 s}t

PageRank (?'i]—_lal—ﬁ_% FHAE melste Hole 2 dare|EolA|et, AdE SAHA7FF83t o|f& ddst
+ dlell= AdskA] g2 & E]zo]")r w2hA PageRank dare|Eo] 49E TEAR A 852 8ol AN HE
o] HITS (Hypertext Induced Topics Search) &112]&-& -85t Origin¥}t Destination®f] ¥3F 2| 2& ot 2}
5t tH(Kleinberg, 1999; Ding et al., 2002; Yan et al., 2011; Chakrabarti et al., 1999). ¢itfotd Origin¥t
DestinationC. 2 7|52 LHslo] mjelst= A8 ER7|A]9} e F o449 %E,_oﬂ x5l §) 295 AER
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°f PageRank& -85t} f2 A& H4-E 7€ 2 SHAE st A 24459 e D 2771729 <
474, 2) FRAEI] Q134 T mprafo g 3) AbdekR|ete] QIS o VS Hrksirh

3 {  meorwon-gun \I

s O Pon S ,f} Industrial
Wipsong s Kipsong

= Chuncheon \1 O ico e Chuncheon \ o complex

N = Paiu Uijsongtu T Gangneuns

Ganghwa-gu?

T —

Ganghwa-galr

Taahaik

Jécheon

Mimpyeongsi

South=Korea
Tt 1

Murmpeangsi y

dor
Soutthorea o
i

Figure 4. PageRank result

Table 3. PageRank result

Ranking PageRank PageRank Score
1 West Seoul 0.020727178
2 Daedong 0.018926117
3 Jangan 0.015195577
4 Gunja 0.015047566
5 East Seoul 0.014651436
6 West Siheung 0.013782256
7 Gimhae Pusan 0.012559866
8 Seoul 0.01250466
9 West Pyeongtaek 0.011873466
10 Garak 0.011741296

PageRank& 2]-8-7t 23} Figure 4o A2} o] AL, /712 2|2l Q2] Ao 2 2 SHA7F ot
o= it 59] A LollAE BE e, FAT 28 24 A2 2412 1C2] A1 29 ghol Etrt. 11 vl =

Sich. 52571 4(CD) o4 o4HCD, 4
ICD J2)3 FFICD &A= 24 1C2] A gro] ske. vhA|ato 2 AJex oAt Sz At G 917

S AFAEA] 2A 1C] A& gho] &9kt ol e BE o] AR oftr A 24 ICo] A& gho] &9k
A, oA s AT DA], Aot Ad A, At dDA] e il 2419 IC A& gho] 7] vehd Ae &t
il

tietnEsts|?|, A 353 A 6=, 20173 12 533
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Figure 6. Incoming - leaving traffic volume (Yeongnam region)

Table 4. Incoming - Leaving Traffic Volume table (Yeongnam region)

Ranking Incoming # of incoming vehicle Leaving # of leaving vehicle
1 Daedong 149618 Daedong 150477
2 Garak 75040 Garak 79217
3 Garak?2 69156 Garak?2 69982
4 West Pusan 67172 West Pusan 59700
5 West Daegu 60534 West Daegu 55694
6 Yangsan 56252 Yangsan 54809
7 Cheongnyang 55110 Cheongnyang 54079
8 Mulgeum 54385 Mulgeum 51023
9 Pusan 43849 Gyeongsan 50160
10 Gyeongsan 41400 Pusan 44381
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Figure 7. HITS algorithm result (Yeongnam region)

Table 5. HITS algorithm result table (Yeongnam region)

Ranking Origin Origin score Destination Destination Score
1 Gyeongju 0.001965 Daedong 0.001493
2 Pohang 0.001577 Gyeongju 0.000759
3 Garak 0.001561 Garak2 0.000674
4 Chirwon 0.001187 West Daegu 0.000650
5 West Pusan 0.001103 Gyeongsan 0.000579
6 Yeongcheon 0.000929 Yeongcheon 0.000487
7 Cheongnyang 0.000866 Chirwon 0.000455
8 West Daegu 0.000746 North Daegu 0.000411
9 Hyeonpung 0.000506 South Gumi 0.000402
10 Gyeongsan 0.000505 Pohang 0.000399
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Figure 8. Incoming - leaving traffic volume (Honam region)

Table 6. Incoming - Leaving Traffic Volume table (Honam region)

Ranking Incoming # of incoming vehicle Leaving # of leaving vehicle
1 Mokpo 35644 Gwangyang 40335
2 East Gwangju 33033 Mokpo 39468
3 Gwangyang 31672 Gwangju 36820
4 Gwangju 30507 East Gwangju 33168
5 Jeonju 27934 Jeonju 30678
6 North Gwangju 27402 Jinwol 24667
7 Jinwol 25597 East Suncheon 24103
8 Okgok 25163 North Gwangju 23928
9 Tksan 24867 Tksan 23834
10 South Suncheon 23815 South Suncheon 23532
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Figure 9. HITS algorithm result (Honam region)
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Table 7. HITS algorithm result table (Honam region)

Ranking Origin Origin score Destination Destination Score
1 Gunsan 0.003533554 Gunsan 0.000924301
2 Mokpo 0.000827641 Gwangju 0.000641501
3 Gwangcheon 0.00079675 Gwangcheon 0.000315953
4 Seocheon 0.000747336 East Gunsan 0.000284037
5 Gwangju 0.000733097 Jangseong Logistics 0.000210700
6 East Gunsan 0.000450640 Mokpo 0.000197479
7 North Gwangju 0.000420958 Okgok 0.000193876
8 Jangseong Logistics 0.000407529 Gwangyang 0.000191221
9 Buan 0.000379597 Jeonju 0.000172518
10 Muchangpo 0.000246497 Seocheon 0.000143842
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Figure 10. Incoming - leaving traffic volume (Gyeonggi region)
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Table 8. Incoming - Leaving Traffic Volume table (Gyeonggi region)

Article

Ranking Incoming # of incoming vehicle Leaving # of leaving vehicle
1 West Seoul 131550 Gunja 156883
2 Gunja 128641 West Seoul 111521
3 East Seoul 95818 West Pyeongtaek 97895
4 West Pyeongtaek 79213 East Seoul 92296
5 Sintanjin 76597 West Ansan 90895
6 West Ansan 55725 Seoul 70519
7 Songak 55374 Sintanjin 54471
8 Seoul 55185 Songak 52981
9 South Anseong 54676 North Cheonan 49032
10 Bugok 45878 South Cheongju 47473
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Figure 11. HITS algorithm result (Gyeonggi region)

Table 9. HITS algorithm result table (Gyeonggi region)

Ranking Origin Origin score Destination Destination Score
1 West Pyeongtaek 0.014273 West Seoul 0.006778
2 Songak 0.013334 West Pyeongtaek 0.003581
3 Cheongbuk 0.008781 Songak 0.003267
4 Pyeongtaek 0.004843 Seoul 0.002757
5 Dangjin 0.003988 West Anseong 0.001995
6 South Anseong 0.003469 Cheongbuk 0.001683
7 Songtan 0.00302 Seosan 0.00168
8 Seosan 0.002153 Pyeongtaek 0.001647
9 Sintanjin 0.001925 Gunja 0.001476
10 North Cheonan 0.001885 North Cheonan 0.001247
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Figure 12. Change between weekends and weekdays (Yeongnam region)
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