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Abstract

Recently, a variety of IoT data is collected by attaching geosensors to many vehicles that are on

the road. IoT data basically has time and space information and is composed of various data such as

temperature, humidity, fine dust, Co2, etc. Although a certain sensor data can be retrieved using

time, latitude and longitude, which are keys to the IoT data, advanced search engines for IoT data to

handle high-level user queries are still limited. There is also a problem with searching large amounts

of IoT data without generating indexes, which wastes a great deal of time through sequential scans.

In this paper, we propose a unified spatial index model that handles both grid and trajectory queries

using a cell-based space—filling curve method. also it presents a visualization method that helps user

grasp intuitively. The Trajectory query is to aggregate the traffic of the trajectory cells passed by

taxi on the road searched by the user. The grid query is to find the cells on the road searched by

the user and to aggregate the fine dust. Based on the generated spatial index, the user interface

quickly summarizes the trajectory and grid queries for specific road and all roads, and proposes a

Web-based prototype system that can be analyzed intuitively through road and heat map visualization.

» Keyword:

[. Introduction

loT(Internet of Things), Spatial Index, Query Processing, Data Visualization, Web System

Ab2 AE|Y(Internet of Things, IoT) 7|40] Walsken 4 ek S8R 215 A<l RFID, GPS, &5, F5A, vAwA
2} tpeket thkso] AR STEYlo] s 1 gltk. 2o whE v 5471 59 A2 4AM (Geosensor) & F-&sto] AN Abe
So] 7ok AFE dloJEE F5ehs Aotk Be o] e ElolHE FHAT 255, vAuA, olitsieka Fof g
HolHE BAste] AFEAA] F83 AU A AFd 5 9l7] AR HlolE HolE }-’F e AR Al 2 4R A
mjiol] AHE dlolele] S MY oA gtk A 22 B I AARIeR HojE o]l AAEn
* First Author: Jinju Han, Corresponding Author: Ryong Lee

*Jinju Han (jinjuhan7@kunsan.ac.kr), Dept. of Software Convergence Engineering, Kunsan National University
*Chul-Won Na (ncw0034@kunsan.ac.kr), Dept. of Software Convergence Engineering, Kunsan National University
*Dahee Lee (dahee@kunsan.ac.kr), Dept. of Software Convergence Engineering, Kunsan National University
*Do-Hoon Lee (dhlee7@kunsan.ac.kr), Dept. of Software Convergence Engineering, Kunsan National University
*Byung-Won On (bwon@kunsan.ac.kr), Dept. of Software Convergence Engineering, Kunsan National University

**Ryong Lee (ryonglee@Kkisti.re.kr),

Research Data Sharing Center,

Division of National Science and Technology

Data, Korea Institute of Science and Technology Information

**Min-Woo Park (pminwoo@Kkisti.re.kr),

Research Data Sharing Center,

Division of National Science and

Technology Data, Korea Institute of Science and Technology Information

**Sang-Hwan Lee (sanglee@kisti.re.kr),

Research Data Sharing Center,

Division of National Science and

Technology Data, Korea Institute of Science and Technology Information
* Received: 2019. 08. 14, Revised: 2019. 09. 05, Accepted: 2019. 09. 06.

* This work was supported by an R&D project,

‘Enabling a System for Sharing and Disseminating Research Data

(K-19-L01-C03) of Korea Institute of Science and Technology (KISTI), Korea.



84  Journal of The Korea Society of Computer and Information

AR RIEML gite]l 7]oldt 4 7)Ee A<l
SUoe 3oy dE 7ol IAHAAT, HZde g
A Aol aAA] dal dEEo] sk AHE HlolH
Aete] dgshel= Alrh Ak solvaL 9l
TP Az dHlolEell tigh Jdd A4 7] 4
th 7ol = 10T AlA e $- e ko] A B 3
olelE B A “é A
18 34 & d

AHE o Beked 2 v A g
Abe dlolEfe] 7] gkl AlRh, S5, BEE ol8el bl A
AR = AA

A & AARE 1 9] AR A o] e
st} 92 & **é T 1l tigte] F3
HA 5o kA A4S 7] feixle e AL 9
el 7] gow /\}%Eﬂolﬁ Aol B7bssirk w3 B
o] AHE dlofElellA] ARls AAEHA e HAEH & }x—*u
zh Qe webA A
TR = Hc}tH?} °ok9] AHE Hjo]EJol| 4] 3l= H]o]
4 Q1 5ol F sttt
b volE o] 2ol A AFF
L2 HES T tigh AHARe] o] d Al e w
7] flate] @ a7 A9 eSStk
A A o] BA] 18tell AlA RES AdA|ste] oF 1
FHE AR HlolEe] GPSE EHAEDS A4S B
= oldHRl A E waA A
33 A FA(s pace—fﬂhng curve) WS o] &aA =
of F3H ARlE FEet) EAEY e
gt =2 ?ﬂoﬂ BAZE AU EFAE]e] A
S A 2E= e ARAPEEA &
2o 3] AAshH E2o] AES Fa nAuA] sEE F

JEﬁﬂ |2ollx] 54 ==

EE

FFE

om
S

o
N

=2 8 S EY A4EE 9

d
ul AR SRS A9

e} 49 ok % 9l
2 Qo] Flolwt thest Pk

71 ATk HlasS ) ¥ ATE AHE Hele g urt

nA How AAsE B4 F 5 i SA ek

—|K—)' _11.(-[
.

Il

44 o
&

iy

tlo

o AHEARE] o] d Al Fe(EdAEL
Aefsl7] flaid A 71k F3F AE =40 e gl a3 A
A& TEste] wEA A
o AHEA FElE 24 o e ald AlA HlolHES
Hhgkehs Zlo] ofd &g ael= % EdAEE A delE
Q.oFsto] AR
o 54 ot A mxe] TR 9 vAA A

=
2 Add + Jd= 4 F4 d"AelAE FEea, ddE

RO YT 5 i A2e A0S FHte] 9 7
LR EE ASHS Aok
« ¥ ATE B AEE E20) EHE 9 oAuAS

%Poﬂ;ﬁ‘— xﬂo} Hlo}/]
xﬂ 37<P

=
e
i
et
i
o
9,
=
_O‘L
9
N
i
=
RUPS
:;
A

A Xﬂ 57‘P°1]*1L

[I. Related works

o] ollA= tsh= 71 olalE F7] AsiA & A<}
H] =gk —rxﬂ st #d A7E 7sdth B3 715 o

9Jr 1‘& s
dlo 1E1 5o 712AQ 2EY A2l A B-Trees
g 12k dojA e At Ed ow E-gEr) oE 5o
TS 12k H o] A g
AA Are] HoJE gk st #Elal= Zlo] ofyzt
, HEde 53 Zo] WrolA s ARETH
ee T2 AHEAE 558 Aort Egle] 7 v o
A ZoPH o) AlZF ghol] whet HHw o] AT whebA
Ego] Aol Sl AoE S| alxle= 239 ==Y
Rk ek ERe] go|uha gt g8 B ARE
Agzi) s Ego] gA% é«] Ju= Ty dlofe = AafA]
01 HE] Aol st def= 55 4= firk ool 12K He)HE]
ZE the 4ol ﬁ_fﬂ g171ol AH] 2 ol 4-8-8}7]

= TRUE ¢ T T2
[3]:> ZH7Fe] 4730 EHEM B+ Tree® &9, ojust &
Ao o] Huete fARE A1 diold Hghs whEA 7
A ¢ 9}1{% gk, kAR B+ Tree® Wl dlolE A%
XﬂZ}E] 7821(in-place update) H]-g-°] "¢~ =
%k o dlolHE wWEA A fg A9l Rds
e "ark ek [4]F RQMAT(Range Queries on
Multi-attribute Trajectories)ol] E&4 0.2 SHsl7] ¥3) of
% 54 A=Multi-attribute Trajectory)E &3l R-Tree
Aol L5 Aok}, At R-Treet: HIoJE7} A4 WA
A AA A Bounding Box)oll #=3g Hxlo] A Ez|e]
Y=g wEekal AlzAs ok 5] wiel] fAEg vl =
oA R-tree 7|¥ke] AejAe] 7|2 Y vlo|H7t F
de] el itk Eg]e] Foluta & E}E o] o}

5= dort 2 w7A] Ege] ==

T FES A4 dlolEl= wlg- T 9 ?:_19]7}
it A7t SR A 7 o[HlE] o

e
ofo r>~
_|_4

5
Lo (o
fgﬂ
! _>L
oﬁ
il
N
X
X
=
i,
o
i

rlo 4
BN

¥
oN
o = worle
‘_EL o
o

T

—
(@]
_.

i
>,
rulm 12 II

Ao}
%37]

i Eg

oft 2@

£ o g T
l-«lj

Sl
=2
ol



An Unified Spatial Index and Visualization Method for

the Trajectory and Grid Queries in Internet of Things

85

[ Road Data ]
Coordinates Extraction

¥

loT data preprocessing
and Trajectory Generation

Data
Preparation [

[
Mongo DB

ongiide | T gd

. 2

Trajectory Grid

Unified Spatial

Index through / n
a Cell-based - ] ; tﬁ--ﬁ_ﬁ
Approach Unified Spatial Index =
( User Query ‘ Aggregation and
Query ‘ Unified » summary of loT data
Processing /\\ Spatial Index in cells corresponding
to user queries
Road Road
Traffic Fine Dust
|
Specific Road - Visualization and
Web System ‘ Heat Map Analysis
[ Traffic by Road
All Roads }< ,:JJ
Fine Dust
Fig. 1. Flow Chart of the Proposed Model
Al 543 SRS WHEsfoketne, ol F&A 0w o] W A9 BE HojEd tis] e A4 volHE &t
Aae o }ioh st o vlaslol sk A4 dlold s dole] Sruk
(6] &Ae] & AlM dlo]HE o]gste] BAe] GPS  HaE & FH10].
EYAEZE 53t gAY o5 ARhS dS5dt) A [8,9,10]& ARE dlolEjol thak AH&AL FHelg WA Az
TAY £ 2 9d9(nearest neighbor) @ BIA] AE dlolg] & 4= gl Aelo] glvk. mE3F 7)Eol= vl sk Aelo] 9] o)
Aol Hel A @ A A 7ol gk [7]9] dHolE  Zel] o] =A< *F&Z} Helg At 2] A0S 5

Foe g dole s A Akl gAst A B
& wloleulel 2ol4] A1) glo] 1A A2l E AL Aol o
A ool U a3 TS A} EE (Ao ZxE=
QolEil o SoF i o] AL8HIE Aelol
fofo] a5 gok AeiAzre] Holx Halzk B4 of
2ol dabanh

[81€ 3541014 2010958 201341 Abelol] WA 70
el BA] BlelElE BAH 71O A5 8 A
S5 detagith, B3 A% 919 Bt wERS
of A2 EkE A (01 WA HolEe) GPSE
2 AZgkshc 1 A3t B
P4 gl dlolels] et
% 5EE & 5 Ut 3
Aol dolEu Bl

dofo] ol s Bl AR

>
=
m{n

o

Al LﬂE 4301]*1 g *Plxm A2 ofg] 7 AL of
o ARSALRAE Tk Aozt Al VES ] Hjold b
olZ Aglshs zHke o R A% Al dHole S 247}
o] Aoje] #Ao] H=AE AR H| W=

Aeolt}, 17

o
o gtk ¥ A= o]FA]l HlolEE A 7Hke] vl A
o] 4-8-5}] 94/\1 A dojEE E2 o] ujd
dAEe] 5l E2 o] delA %tﬁa gL AEAE A
o} EE}EW ThlEk A Auke] F7h S
Aol S 3}l Egﬂx—ﬂiag} 18 1:143]«]
of WA S 3 2= g} Wk Ao Eaek W HW]?*J]
FEE AUHOR u}%‘%‘ F e g 7 TREEY A2E

=)}
=
g THI] me AZE R HEWS o AZHA BHE
Z

AL, o1 Bal w2 FYF L v AWATE spetste] 1
%A T3 L vAEA A0 S I Aulse] B3-S F
% gk

[1l. The Proposed Scheme

Fig. 1& Ak Wieke] g 5olt), Al Salois BAss
) 318 vlolEeld A ol BAE ol ERE Ak
SJohll7] Sl = Helet Basit) WA £ dolee]

A AR} ) o] 2 o] RES FHeh Ul



86  Journal of The Korea Society of Computer and Information

Ao A] FRE AR BloHE oF 0.12mth A7 917] wie]
U8 dlolele] 2] HA4S A3 $ Al GPS EddERE
TEAACE AT OTAIE 2EE A FRE0E WAL 33
A& A (space—filling curve) W AHE FAM(Hilbert
curve)S o g8ix] =2 U 25k ErAlE] o] 7t AQls A
o} gk w2 gy njwx e A JAE 5] ¢ A
ZEASE Fgt v o R ] 7k ZREERY A 2~E 9

A AEeIAE F00e 53 kol ) el o 99
W o4 WA B U ARE B 5 Qw2 EPus)
A A S et ol Apes et A

T 9 AR AlRE RS HRE i

1. Data Preparation

1.1 Road Data Coordinates Extraction
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Fig. 3. QGIS Program for Coordinates Extraction
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Table Name Road Section [ Table ID_[Z KAIS TL SPRD_MANAGE] [
Table Description
No Column ID Column Name Type Byte NULL PK/FK__| Default [Reference Table Name|
1 XGEOMETRY. Space image information
2 SIG_CD (PK) City and county code VARCHAR2 5 PK
3 RDS MAN_NO (PK) | Road section serial number | NUMBER | 12 PK
4 RN Road name VARCHARZ| 80
5 RN_CD Road name code | VARCHARZ| 7
6 ENG RN Engish road name | VARCHAR? | 80
7 NTFC_DE Notice date VARCHARZ| 8
8 WOR_RD_CD Wi area road chssfe : | VARCHARZ | 10
9 ROA_CLS_SE n | VARCHAR2 2
10 RDS_DPN_SE on | VARCHAR2 1
1 RBP_CN the starting point VARCHAR2 80
12 REP_CN the last stop VARCHAR2 80
B ROAD 8T Road width NUMBER
[ ROAD LT Roadway Road NUMBER
i[5 BSIINT Basic interval VARCHAR2| 5
16 ALWNC_RESN Reason of Buyeo | VARCHARZ | 254
i7 ALWNC DE Grant date VARCHARZ| &
8 MVM_RES_CD Transfer reason code | VARCHAR2 | 10
19 MVMN_RESN Reasons for moving VARCHAR2 254
20 MVMN_DE Transfer date VARCHAR2 8
21 OPERT_DE Operation date VARCHAR2 14

Fig. 2. Road table definition
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Table 1. Daegu Road Data Example
Road RID Latitude Longitude
Gongwonsunhwan-ro 3147002 35.8527 | 128.561436
Gongwonsunhwan-ro 3147002 35.85242 | 128.560954
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Fig. 5. Gongwonsunhwan-ro's Coordinate Example

1.2 loT(Internet of Things) Data of Taxi
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Table 2. Daegu Taxi Data Example

ID Latitude Longitude | TaxiiD | PMIO | Datetime TID
2018-03-08

36823 35.8527 | 128.561436 | IK1016 22 15:91:30 1
2018-03-08

36828 | 35.85242 | 128.560954 | IK1016 19 15:91:50 1
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2. Proposed Method

2.1 Data Model
B ool A] Aokt HloE] BEle o] AR o]
R 7 %](cell)ol 2 & ¢
ARE F3 @%"61

OF=

)
o
i

o,

o

[\}

NG

>
o ro

2

r
O
e
i

i ol
o
=

Moo
R

b %oﬂ ﬂ%ﬁ& Ape} 1
d, }oﬂ A

e

g ). (e,
ALE T 4 90 £ A A
QA AER WFrolAl, oln) 2
=1 4] ) 7] A%

wx anet EAED HxE ot A el miA At

=

a d X

S2 Library

| collD: () (barby) (co ) (de )] |

b c

Fig. 7. Cell-based Approach

2.2 Unified Index Model
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2.3 Query Processing
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(2) Road Fine Dust Query Processing
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Fig. 14. Specific Road PM10 Query Processing

Fig. 152 A4 =2 2ol tigh Fg] Z2AYE =453
Zolet. A == Fele A MRS oje oz wol gitA] HA]
L] A E FEjgitt o & o] 2018-03-08 13:00 ~

2018-03-08 15:00 A4 Exe] B FEETolehs L84} )
27} S0l o zHzke] Eaale] ddsls AL Fho} 1= Q)
olA zh A ol vAEA sEE JAGT.

Road2Rld Rid2PM

10 | Daehak-ro 0 »

i | 38

=

Haedong-ro

Grid Index

cell9

Road Index

Fig. 15. All Roads PM10 Query Processing

V. Experimental Results

[e]

ol A= A %7301] &l Mesta, 438 Al #z
SH AIEE ) 7RE Z2EERS] Al2H"dd glste] A&t
1. Experiment Environment

1.1 System Specifications and Sof tware
Specifications
23S 913 AA| MB] 5 A28 AR Table 33 2t}

Table 3. System Specifications

System Specifications Purpose
CPU Intel(R) Xeon(R) CPU E5-2630 v3
@ 2.40GHz Server
RAM 23GB construction
HDD 1TB




90 Journal of The Korea Society of Computer and Information

Table 4. Software Specifications

Software Specifications Library Version
0S Ubuntu 16.04 64bit LTS
MongoDB MongoDB 2.6.10

Pandas 0.24.2
Pymongo 3.8.0
Python Python 3.5.2 S2sphere 0.25
Folium 0.9.1

Flask 1.0.2

HTML, HtmlI5 1.0.1 )

Javascript,CSS Jinja2 2.10 jQuery 1.11.3

A T2AA 2D 0 olg o)A FEE 98k AT EY o] A}
%L Table 49 7t} & Ay J}o]ai(python)g Alg-5}o]
A9l wlsh G R A7skE ?— Sk AR 7} Hofal o
< 4% A dolg7F 435 MongoDBellA] oF 1:d2] Al

fl

%4 dl°|EE  PymongoE EH Z3le] Axjg o AFRE
o}, T3 124 %9 vlo]EF32l Pandas®}t Googleol A 7i13Hst

S2sphere & AME3t 1E|E A4S gt
T3 HTML, JavaScript, jQuery, CSSE AFE-3lo] € 7]uk
ZREER] AR §A4 QIEH o) ~E FES Al A}
2 zro 23 AxE
(Coordinates)& ©]& § =3 Ax W= A& th2 A A17tst
ato] vERITE H oA o] mAWA] sEE ARH O R 5t
olsly] el =271 &3 g AR A8 tEA BAEY
SER #AS & 4 vk o] wf AlZkEE 918 Foliums ARE-
gk, mpA o g A9l wlw) 5 7)uke] {4 QlE # o] 27} b
olE]E 31 W] 3] Fe]M(Python) 7|9k 1 Zd =<l
FlaskE AH&-3H}.

1.2 Data Statistics
B AT 52 Indexe] 54 A& AHgalo] vAle] g3
& A%49) A5 Yr3ick Table 55 4 o8 $A

2]
olgfolt}, A P OLeveltE 30Level7bA] Utk FHuj
OLevel® WAL 85011012.19km?o]aL, A el FHi

30Level?] WA 0.74cn?olth, & A= Al Ha dol7}
°F 100mA % Hi= 16Level?] A& 28319t

HTAIE S8 YAEERE T dolEddA Al
o g7} ol E2E AuUZk=A oldl7] flEiAE T
Al 2o tigk ARV} Fesith

Table 5. S2 Index Cell Level

Average area Min, Max Length Cell Number
14Level 0.32km? 425m, 593m 6936
15Level 79172.67m? 221;;;] 27,743
16Level 19793.17m° 106m, 148m 110,974
17Level 4948.29m?2 53m, 74m 443,896
18Level 1237.07m> 27m, 37m 1,775,584
19Level 309.27m?2 13m, 19m 7,102,336

Ak kol A A3 AxY T2 vlolE= FEol 3k A
By} BE57) Wi QGIS T2 1 R T2 aguS £3)
A= FF 325 19k Table 6& 74 22 337}
=¥ =2 dojHe] At =2 /5= 4,007710] L,
ek e AA =2 A g 251,12470 o]t

Table 6. Road Data Statistics

Number of roadName Number of All road coordinates

4,007 251,124
Table7 £ Aol A& 8] AH-SH BA] vlojy &
Aotk W ®A] dHelHE F 18 BAR 77k

2017-06-03 14:00 ~ 2018-07-19 12:00 744 °F 1352t
FHE A delHE Al 219 g 770l o
10,000,00071¢] A4 HolE] S Al-&-&}3it).

Table 7. Taxi Data Statistics

Number of columns Number of rows Number of taxi_ids

7 10,024,307 18

2. Experimental Results

AT 4 7k ZREES] Al2"e A4 QIF o] ~E
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o= deteln Aug = ¥4 T & vk

2.1 Query Response Time Compar ison
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Fig. 16. Execution Time by Task Process
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Fig. 18. All Roads Query Response Time

2.2 Road Traffic in Daegu
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Fig. 19. Manual for Daegu Road Traffic Flow Web Page
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Fig. 20. Traffic Flow of Specific Road Query
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V. Conclusions
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