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A Research Trends about Spatio-temporal Data Mining and
Visualization of Log Data*
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Abstract : Recently increasing the usage of mobile and web, the researches which are trying to draw a meaningful
information and knowledge in numerous different ways by analyzing the log data recorded in our daily life are
growing very fast. Many researchers have studied to explore the patterns and the meanings by visualizing the
log data in multi-dimensional ways because the log data generated from a number of sensors mounted on the
mobile device shall contains a temporal and spatial information. The goal of this study is searching a implication
and exploring the researches related to both data mining and visualization that analyze the log data which has
spatio-temporal information multi-dimensionally by research area and method.

Key Words : Log data, Spatio-temporal data mining, Visualization, Research trend
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-16-

Mafrur er al,, 2015)3hR= G- ThoFeh 9= S| 1 Qlct,
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SHE RIS 4= =S B3

HF] Fopoli= MERfet AR FhE AR E 5ol
ARIE o)F BRE 415101 ARt ekt fXIE 3
offi= A7t F& o]FofA|aL QJr}. Nakaya and Yano
(2010)=2003 19~2004 12L7HA] 415 W E Fo| &
2 HF Hlo[BE AsH o= A3} sto] T E] iRl
EA31 Lt GIS AZEH0]0] ‘ArcGIS' W GPS E&f7] A~
Eo]2l ‘GeoTime' &2 ARSI A8 Z(Space Time
path), 2831 Al 37 AU =34 (Space-time Kernel Density
Estimation) T} A|-57F 2705 A (Space-time Scan Statistics)
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dlojejutoligo] tgh kS A5 301 AR E] sfelo
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2 HE R8-S 3190t 3 19] UpERd Hie o]
FTREA, A, B, BERIE 14, 3R] 5]
EA o2 AM-EItHKoperski er al, 1996; Yang and
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« Apriori algorithm
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0] 718H2004)

« Binary decision tree
« Genetic programming

AgAe) 2dz
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Kim(2014)
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N9 A SR AT 1 9 40 A G 1R SAE T

Clustering

« Bayesian networks 2)5h3 2854 A~ 8 (SmarPhonebook) S A Min and Cho(2011)
il"ﬂ 712371 YE 2SS S P R MR FREE/IHEAS T &
o Spread clustering A E 7= 7| Y e SYAEHTY FOEH spreado]] 7] 23 S A8 W Park and Joo(2013)

‘i‘d% Al

« Grid clustering

2el 7)7) 20 $UEE 48R0 2 0HE Sa) A8 PO A HS WA

Montoliu and Gatica-Perez
(2010); Montoliu er al.(2013)

* DBSCAN clustering HHY2RE R EE o 7] 22 7185S o83t AR 71 AHE A i

; . = L2 0l 2] AH ar LiKamWa er a/,(2011)
algorithm 9] ] (context-awareness) S E8] 228 4= 9l A|AHS A
+ Kmears REATY G0 RS BAT TN ZEAT 2 % 1 E4E 24 P

« Density analysis
- Nearest neighbor
- Kernel analysis

RFA AEARY ALY, Folhd, EA =, 123 AFAL f-3 o) wh2 A A 23
7

AHE - £832014)

Web Uasge Mining ¢ AlH 2 HE AMgALe] A2 el AEoz A
navigation Ylﬂ?‘_% 01]—5,*—

o, A

Sujatha and Punithavalli(2012)

9 218 240l 7|23 Zel25Y

<ol

2 9 5o)4 A4 FE L 2.

247 F(2001)

Classification

NN =7le AREY] FEE Rt 2O Ho|H2RE A5 H 02 A4 4 9]

*«SVM g AT
o NN - data: call log, sms and Bluetooth proximity data Bogomolov er al (2013)
R -muldeRE 9 5 ok ) AREY Butd 2 58 & 5 Uk 95, 37HH9
Ame2) A AR, 177 3 A0 HHEAE B BEGS A5H0R 14

e AntE Zo2RE SYHL B 7|5, 94 Ad), 181 428 B4 SoR0E 94

" RGN =7 s AEH LG AEY A TR G RS AFHOZ RS 5 9lEA )
*RF AH Bogomolov er a/,(2014)
*«GMB

« Decision trees

- data: people activities (smartphones), weather conditions, personality traits

* SVMs
« Decision trees
« Nafve Bayes

oEE 0 2 e S5 ol E1 5 010l d o101 1314 FAS 4S5 A,
75T} A2 A BA, AT A A A & Bt o 7S Fol 1 2T vl
- data: contact list, call log, and SMS log, (and Facebook)

Min and Cho(2011)

« Correlation analysis
« Multiple regression

ANEEORRE ASAOE $2H A% E4T AVIEL §e9 7K 44529
S 2

Chittaranjan et a/.(2013)

» SVM classifier - data: GPS, call logs, and Bluetooth (SMS logs, Call logs, App logs, BT logs, Profile logs)
A A A2, A3 sMs 235 B3 S E A Y P Eo] 28 WFE St

* Naive bayes 288 5 U S. < SRS, AL A B A | & B4 5o} v FFE 5ok Ao Singh et a/,(2013)
2ot o 21& 5ol dE Zat =& S A
A& A3 549 B3 E7IE ERYA ojeuo] AR R H Aohd wETE T

« Floyd shortest path o o

« Density analysis

Hsta Helg EY TR E HUA2 49 57 5879 73 45T AEH 3
A2},

AZA 5(2010)

« Sequential pattern analysis

8 208 ol 1Sl 8l e e e % :

247] F(2001)

S B

Ay | ALYOP o5 (B0 S h ] 5 At e 4 A Aol 1 e Vi e (2008)
’ - Max_MOP DFS_MINES} 6] %7},
AT A
- MINE_NoP Maol5 AR AuE SAS Holz Yol ol SR A SR Al
- MovingSeqCreation AR A7E o 23H= A AEE A agarajan et al. (2009,
- AlIMOP
48] TPl E B4k YojA 71E Al E H7F AR 2 ARG HE Y FolA
* Regression analysis o BAE Hest7] 3 A9 Ao EY| A FAIZL, o] HIE Fofof R T A2 L A # Jun(2002)
Regression = Aok
Arlysis [+ 71 &5 ARA S ARERe) AHCHEA A9 T4, % AT e A% 8 50

AR
- ZoE7EA

2 BUAHER FHB42a] FHAAEAE 5

12 24,

S LEERRE

Eojo]

_hl_

299 - 44 E(2013)
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and Punithavalli, 2012)9x|i= ¥ 271 t|o]5| 25E A2}
O] SRS sl AR ANARS EStaL, it
RS 7R Do SeaEEth SAETE Ayt
+ v AR R A58kt 8k B47] 5
(2001) Stolil = Y ARSARES] W AR E AHRIS] TF
O AJok= Al (session) T 2HE FallA] AA|
O EAS TR 4= S eIk ofof theh 4
SIS v H7FT) AR AA EoKPark and Joo, 2013)
o= BRSHA BHE 71HE AL Slel S AEP
W& AR,
| == 2=}

T3 EAoA 53], 3H HRE 7R ElolE o A, 1L
2= ZHAEH(grid clustering), k-Bai(k-means) W, Z|
21 Ag](nearest neighbor), 7' ‘W= E-A(kernel density
analysis), DBSCAN €a12|% 5-& ARESo] 37H4” ¥
Ex= AT, Ui 5ol 7123248 ol shal qleHAgrawal
and Srikant, 1994), Montoliu er /. (2013)3} Montoliu and
Gatica-Perez(2010)t= HH}U25E] 3% A8} 2719}
ANAEE o) gsto] L] =(grid) 7]HE ERAE Yare]
T2 Mgt ARBAL QIR EE D50} so] MRE AR
(stay points) F3f HEE
ZJ2A 0 72 ALRO] POI (point of interest)E Sl &5FALE
Rl rie

o]A8H2004)> AFARL HloE o] GIs
AFARALE] 7 HA e} o]
ATt $7H] e kBt PSS Aol
HaAE sl kBt w8k Aol 719k =
B2EY 7[R o2 7oA 7h7ke: 3] HlofElEe sht
o] T e g Ferholth k-Het sk n7lo] Hlolels
k7o) FeiiE 2 feksh= A 0= 7F 50| 7P 7P7ke
Se|AE o] Lol Fie}, wEpA o] P E HlolHE H
SFAL 7129 tlofElE Sls5slo] A= Hlo[BE QAeh=
Aol -85tk wFARL 7 SR, AL 43
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2a00|E{e] AZ7ZH Hlo|Eotold & AlZfEr AsE
WY 2, 9, Feof, AR} A, 2 R, AeE, S5
A, BAOE, EM, AP, AR AR 5)S S E T
5] TS A= T S 2 A B EAfste] 7]
&39I} AR 7 8l(2014)= FFA] 14712] 5, 2013
18 19~129 31 97H4] IFAL A1z H|o [ S 08510
1= 9l AG R 7S AR TS

WFARE FA AT, SGRA], F=AA S 53712+
ko = Fstal, 3709] sl wsh <Re) AR 2
1] A-SARTEAYRRo] W2 AT

LiKamWa er al (2011)+= HH}o) 7|55 2(01 &AM
7|5, Mt AT, oH| Dot AL HIAIA], AR 715,
A ) A E W3} 5)E DBSCAN (Density Based
Spatial Clustering of Applications with Noise) &2} A}
Safol AkgAfe] o] B8 FelAesio] 7]iol 7t
A2 sheiskal 4 Qs B Apeleich

B2 B A (classificaton analysis)< 2435
HloJElE o830 B ThEolA
B9 Aok 245k 7ol HREs
oA S-&=AL =, et EAkE st
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<l g

‘_

)

N

¢

fi

jL ] = bl [} —u
W ok TheiUALL ek oS Rt 31200] ARES T
gt SZQIA] oPdAIE FHESRE U 5ol 8L lTke]

A1, 2011), 2oz 77 9 AT
X 30 947G B o BeEw oo, dEdoR
SVM (Support Vector Machines), RF (Random Forests) 55 7]
Hol 9)om NN (Neural Networks), 2JAFAA U decision
trees) YaLE}EI} S SR ARESICE

A3 E HlE] HAl(support vector machine, SVM)-2 714
Shs 20k % o 9l Q1A A4 S Slat A sy
Ldofn, 22 Lot 8l FAke ffel ARg Rt Wy e

H 2 ZHESEE (IPC: International Patent Classification)

Section Description
A |Commodities
B |Treatment manipulation, transportation
C  |Chemical, metallurgy
D |Textile, paper
E  |Fixed structure

e s}

Mechanical engineering, lighting, heating, weapon, explosive
Physics

@)

Electricity




2E(random forest) YE|&2 B7, 3]7] 24 5o A%
= oRARE Sl HH ) Ao 2 TR wPola] LAt o
0] A4 Er|2HE A&, R, 1L A5G &

X) % Tl ofSelo o = gtk
WY U AEYAS AT RopA muje) Zo

o] M 9 SMS 7|, 7ol B AR, ) Aw Bo}

Y wifi, EFF2, GPS 50258 H Tt 21 1
olgE 7l‘ﬂ—i O‘*P‘P‘Oﬂﬂ L77]“ ARFES] SEgroLt
it 2 A

Bh= C‘"‘;——,’{Bogomolov eta/,, 2013; 2014; Seneviratne eta/,,
2014), F= ANLE E0 2 HE] Ffolul AFE]R Q] BTt 4
S 245 AL E QI Muaremi er al., 2012), 0] A4
TEZA O SVM B57|HE ARSI, 7 dard EA o]
wek NN, RF, SRFAREE] S1elES sto] 21710] 3

1
81 2B, 4 58 BRI,

L=4e)

O

ALS)A A W A AL A3 ool Al mHlY] 271 7]
fﬂi} SMS 7%, EFEA, GPS, Hlo|A & 5) giojgHE
VM 257719 Qlof| SA1A 7 (AT, OS] AR A]) 1)

AAA E

??M waalol AMgRte] 42
3k % ,qza Q1A 187 Adle|| diat ) 0.8 A=A
E=3]ItK Chittaranjan, 2013), Singh eral. (2013) <
%mﬂ/\i% A8 A A Re Fobdsle)l 27712l
logs; SMS logs; and proximity data)2- Z3f 2151 oA
S AR AEAYES Baske 272 B8t 211
7124 Hoiak2jo |7 47119] mF(NumEvents, NumContacts,
InterationDiversity, EnagagementTop3) & E413} 5131, Al
S Al A A 0k 0] 5 e o
3, 2] o] £LA) WeAlo] U BRSS9t 2t
51 MO 7O Al A

EX(EFA, st A

o

R ECR LA LR (AT covn
1S3 AR kel 1305 £19]clapy, 244, 7
ol 217} 6905, 69%, T760] B T AL & 4= 9

o}, ok Fojlst 21715 7)o A1514 528 sfo]
70Q1 715} R &3gsol thek ol 58 AT 5 =
HoJFE Aolg} 3k 4= )t} Min and Cho(2011)-& RH}]
FogHE A8 BIAE WA A 718 5ol |
Ol SVM, AU, NB (Naive Bayes) alejE-S
Agsto] ARUA A B, ‘i}%“ AR T T A,

(3

13 ARk 2ol et B BRIt G 2ol
el ool oy 5 feie] SR] Seh A 7, 4,
113 Abal A el ket B A2 SISt 53],
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VM T2 76 o, U AR A, el 7}
/\]-Q;H TAE BFsler EgEglen F27]8F 2eo]
AA}WMTEPQP%Z* SLEI9INB QRS B9k A 3t

(Aew)S A= v|wskct
Eﬂﬂt AT A dlolEutold W] &3t

AJA|E glo]Ejuto] Y (time series data mining)-2 A7} HS}

of wet 7| =5t glo|Ej o] Sm|E Zlofl= IS Teh,
AAPEel A7 dlofE, SjAke] I viE Ho]
B, 2] o 2= A% Hlolg 5o et AIAE HlolE
oA 83t S Zh= o] T4 WS A A 24, A
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A AR I s ARSI
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=HollAl= ARt HlofElE B1H H|ofEjuto|id Ti= AlA
& tlofefutoldol] 2348 HA AT AERE 9lom,
Folli= AR FAlel arefgt nlold 7ol Alb]ar
et BHIE 5(2009)2 A5 UA A AMR) A|AFofA] 4=
= e AL dlofEle] B4 B4 el Alett
dlofe ufold 7S ARGSIITE. aLA0] X ARE- Ao
TR BRI Slel Wk s e A 8eilar, 33k
afod 71 ARgsR] AE 93t
ES AL 321 FH ufold 7[HE
QJaliA] CubeMiner 2417|455 AMES10] B = SAES
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SE AR EHRIol|A 2] F7] sl WS- Slel] AT wie of
olid 7| o83ttt vt AR o]t 512009)-
GIS W A5t uloly 7|4 o] 83 GIS 71 A =8 S5 uf
AR 718 ARFsITE, 7ok Sapat 2| 21e] el o
o[BS AMESLo] ‘GeolLifestyle & Al2tsl7] $1al] 4] 4
(k-means & AR S 8191L, A57HFE IR d(Cube
Miner? & AM)S B2l 71l E AH] Aol whE Al g2t
FE3SITt. oke] et A & Kk gl n|
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Dataset

=1, Al 22t HlolE oto|d (Bohlen, 2003)
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L Compieta er al (2007)2] At} o] 254 7|HE
(visual mining 3)< &3l 33 FEI= AlZtE}sto] Hlo|g
£ Hrp 7 0 2 ARl (IY 1), A e R o
Msto] BABIIA 3 AR ek

IV. 21do]e)e] A5t A|2vs; -

E2adolE &) Ale7H] A2k 1 2)= A1AEkE Fal b
oJE]8] SAE A4S 4= A= 715 ARS8l 1 Rtk Rinner,
2004). Miller(1991)= A|ZFA 2]t 7ol 7]Rkso] GIs2| 3
A FA7|HE D8slo] TNl g AR O] Al wids
Aoz FHsh= AA A 2Ee ZiESIItK L
d3). 7122 A 32HJ A (space-time cube) & HAl5}]
Al B 2 (space-time path), 4733} 531 n](station
and activity bunch), Al 37FZ2]E(space-time prism) 1} 2
2 Apeiste] SR Rsielct, AT ARk
= QRIEREo] Ao Z el w7 Hdel B 1= A

-

9\)1\

Antenna
comunication

Brain connectivity Surveillance video

a7 2, ClAst 422 £ZIE 230(0|E2] 3D J2H= FE=
AlZtskst Al (Rinner, 2004)
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Al o] 97 ARFERt 2] HEte
o], Al B &= AollA= ARt S0l A 2] ek 214
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A siFsiaL, 07104 HAlslE B e S ten]
2L ASIITH LR 3b). ARt eEE o 87 FsARE U
oA Al B = Adol] == AlE7HA J9IE Witk L
30,

AR 2Bl A O] Al ARt w7 A = 57 7 s St
(time as distance) 7l'\g 22 A{(Vasiliev, 1997), A|7tof] k2
7MQ19] o) 52 ATE Ul x, yE3 AR UEl= 2
502 3% 32 Sl 2 AE 4= ek ™ 4). Tk
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Demgar and Virrantaus (2010)+= HZH= Thofjx] 2] AfHlo]
o151 dlo]E|(AIS: Automatic Identification System)Z-
AREZ = e Al sl AdkGEof whE AlE 7t o
18 AT, 20084 15 Tz BHEH) IS ol
SDYE)R Tl A2kt B BElo] BAECY, B
5] o4 HloJElE 75 A1Q] space-time cube@} U&=
EA40] 371 space-time cube 2 AJZ2}8}AL, FEHS 7]
Soloith E3H 3R] o7 o) 5 A =E AlZEl6 0] 7]
2ol A melsl7] ol 2| olF sfElo| e
HE &4 AASekaL RS AT o Y Holsl
CHIH 5).

Fang and Lu(2011)= BIAIA FAE 2]90]37] 2.F d
OJE}E space-time cubeE F8f AZBSIAL 0] 5 #AT8I]
o} F 7IX9] HMH-LUR (Land Use Regression)i} HE7t
(spatial interpolation)-© 2 S} 59| 7] L H ()
ARIEE AJztstsh EkE S WA,

Ak Al ool A = 2o1E|o B o] ARSHA] Ak Al
Bt 50 Qltt. Garalsky er al(2004)= E7] Ao
Marmara S}jof| 4] 2% 2| 21 Space-time cubeE S| Al

Z1op3taL A H] sfElE 41313 Space-time cubes:

-

&

P

=

rd
&

rd e —
- = EEE -

b, AA% EERn)

J8 3. AIZEX|2|Ee] FRIKE (Miller, 2005)

12! 4, ArcPro2| Space—Time Cube

(http://desktop, arcgis. comven/arcmap/10, 3/tools/space-time-pattern-mining-toolbox/learnmorecreatecube, htm)
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T8 5, ({ZMo| 0|5 THEIZ 3DZ AlZStst Al
(DemS3ar and Virrantaus, 2010)

URIREL | |3012.1209

01.01.1976 [s00a 197

3 6. 47482t X|XIH|IO|ELS space—time cubeE ARSI
AZtslsh Ate| (Gatalsky et al, 2004)

oft

o
o

o B THAC R 7P7Re A ofa] |42 0= sk
JR1E TSI AJZRtat it T 62 19768~19997}
A Marmara(E17] A1) 2] Sof| 4] 2A§gt 2% glol¥] 10,550
A& Holgr, 7|24 0= X7 AR AR O= 914
FAIRE, o] Atollali= 211 Hhgell = Alg7H] sfido] Hd
4= 030N 7P T 3= I Sim eral (2013)-2 A
Al 9 2 eF AT ) AE Sl AR A7
7 (space-time scan statistic) 5 3D= A|Z3l5lo] &9
SR AR TElo] S43S Bielalry,

Nakaya and Yano(2010)+= 2003 1€9~2004 1297k

N

ol

O
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Dec, 2004

Wan, 2003

.-l"
Time
Northings
Eastings

32 7, 2003 124~2004 12277}X|Q] ADHX|7| HIO|EIZ Al
Z2t515t Atd| (Nakaya and Yano, 2010)

J8 8, WER Lfe| HE| SHAE LN IES AlZSIe Al
(Nakaya and Yano, 2010)

9] AmfR]7] HlolEl(1,8557D)E AlZEIsItHLE 7). 2D2}k
H]i5}e] 3DR 7} ZRIESS #Hso|E ofu]9li= Al 57t
A A QA7) o rhe TS AL, Add®
ZH(KDE) T} A7 F A7HEA|(Space-time scan statistics) S
Tl ARSI 0 R =2 U w o] SHAET AR 2Rl
SRict. E3h T17 87} o] 3DFH|] space-time cubeo]]
ShAg B 37k Sslo] R Yol 7t el
B9} mrlofn} SR AE Alo]of] A& wAlAQl WA S
e e 2 BRI
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Z¥SH3D geovisualization)+=-57H 98], Z7F TA L E
AES HojE 4 Sict. 2, BURH AR S M
= ofglfalr] 4A| AT 4= k= o] Qlck. 3xkde] ¥

ZHOTE & A2k i o] Al 271 E A (space-time
scan statistic)+= 21291 SHAE Q] PE o7 HEE,
FE ISR o) Etehe A2)A Apglo
SEict E thE 3Ol AEE A (space time cube)
= A ElolEE FrEo) R E3lsle] 3 5k= 21213} 7]
Z(Kristensson er al., 2009)0|H, A&7t Wi=(space time
density) o} 22 B 34 W SEATE HAS Bol A2
el WS Bolap ] 4 9lek
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A2 R AN R S QAR A 7| Sl 2]
B AT 4 QP A R3] 2oaolEE i
K3to] 710 oA FY Snlgl FuE wAskag 5
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