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Query Processing System for Multi-Dimensional Data
in Sensor Networks

Kk *okk sokkok

ZIX}
(=N}

71X

2o
oo (=R}

e

0

M
02t
ol

A
L ’

Sk

Jang-Soo Kim, Jeong-Joon Kim , Young-Gon Kim , Chang-Hoon Lee

2 2 H GeoSensor #&o] F71ol ek T3k A dolEs e 2349l doleh: mEHoR Hels] A%
Al Ael Azglo] s AHm ek AW 71E A Az AZWES A A dolEst 2t )
ofe Aefel] 91 wlolEl Bela} AAE AQSA 9] Wizel olsh e A HeleE Aelslel vFalh
Wb, ¥ RS oled A4 WEQIA Bk deled medos s skl Aol A AsuS L
Sk o B =Re Aueles Bo ¥ Axdel £84S A%, £UA L Muel A% 5o A%
Hrhe el 71E AsgsETh el $4ue dFHdr.

Abstract As technologies related to sensor network are currently emerging and the use of GeoSensor is increasing along
with the development of IoT technology, spatial query processing systems to efficiently process spatial sensor data
are being actively studied. However, existing spatial query processing systems do not support a spatial-temporal
data type and a spatial-temporal operator for processing spatial-temporal sensor data. Therefore, they are inadequate
for processing spatial-temporal sensor data like GeoSensor. Accordingly, this paper developed a spatial-temporal
query processing system, for efficient spatial-temporal query processing of spatial-temporal sensor data in a sensor
network. Lastly, this paper verified the utility of System through a scenario, and proved that this system’s
performance is better than existing systems through performance assessment of performance time and memory usage.
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1. Spatial TinyDB

USN(Ubiquitous Sensor Network) 2HE o)A u-GIS,
u-LBS, u-Learning, u-City, u-2%, uv-5% Sy ##
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Table 1. Spatial Data Type

ahe ¥

Data Type Example
point point(10 10)
lineString lineString(10 10, 20 20, 30 40)
polygon polygon(10 10, 10 20, 20 20, 20 15, 10 10)
polyhedralSurface(10 10, 10 20, 20 20, 20 10, 10
polyhedralSurface )" 20 10, 40 20, 20 20, 20 10)
multiPoint multiPoint(10 10, 20 20)
multiLineString  |multiLineString((10 10, 20 20), (15 15, 30 15))
multiPolygon multiPolygon((10 10, 10 20, 20 20, 20 15, 10 10),
(60 60, 70 70, 80 60, 60 60))

F 19014 B npe} 2ol 2319 7t dloE} ElQjo =
+ point, lineString, polygon, polyhedralSurface, multiPoint,
mtﬂtiLineStﬁng, multiPolygon 5-2] dlo]e} B} T1E

2 gkt 25 AA wEoA e AE 9
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¥ 2. Spatial TinyDB HAtX}
Table 2. Operator of Spatial TinyDB

Operator
Equals, Disjoint, Touches, Within, Overlaps,
Crosses, Intersects, Contains
Distances, Intersection, Difference, Union,
Buffer, ConvexHull
Trajectory Operator |Enters, Insides, Leaves, Meets, Passes

Operator Type

Relation perator

Analysis Operator
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2. SE TikiriDB

AlA ES AN A 221 F7F dlolH d & A3t
7] $13lA TikiDBE g3l SE TikiiDBE 7f4ts}
At SE TikirDBE TikiiDBol OGCelA #|Al ek
“Simple Features Specification for SQL” T3 HAE o}
2+ diojet B9 AiAtE dFE AEeth & 32

SE TikinDBAIA Al&sl= Axkale] £HE HolZt).

H 3. SE TikiriDB At}
Table 3. Operator of SE TikiriDB

Operator

Distance

Explain
Distance(geometry A, geometry B) : Double
* Boolean
Boolean

Disjoint(geometry A, geometry B)
Contains(geometry A, geometry B) :
Within(geometry A, geometry B)

Disjoint
Contains
Within

: Boolean

¥ 394 B vle} Z2o] Distance QA= & A
A At Be] #3F 72 vkl i, Disjoint SRR
7+ A Ast B7} FH o R EMXI =R AR5
Zl’ i}

- 140 -



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 17, No. 1, pp.139—144, Feb. 28, 2017. pISSN 2289-0238, elSSN 2289-0246

I KA M7 2 23

B =fol| M 793k STTinyDBE AlX UIEY A
AL o8 74 3, 1%, 71, AL S BEE o
Fet Mul=E AlFst] H a4 TinyDBE #H7ste] tf
A AlA dolels &g o2 AHeshs do| A Al
2o}, 1 12 & =704 AR STTinyDBe] 4

— s ———
T o— S AR e >
< o O~ e s’ —e
< ~ = - T e W
Sensor Node

Muilti-Di ional Query Pr

Filturivng Mantie. [l Mosimiey Muauks Extended
Component

Added

—
Component [l

Tiny OS

a3 1. AA" AxE
Fig. 1. Architecture of System

a9 1014 Bz vle} 2] STTinyDBE dlo|gl 541
AL, dlolet 2E9 A}, vk dlofel #ejAt, <
EiﬁﬂOli ezl A At BeRkE A
22 B AR RE Ho)g Yk

Zelg EF/E SAske 4o 24

7} AA 2o A A Zejo] HE A Hol
fAaZgo] nER FAHC
A A= AR G gl Ao

a7 How &g dole] ﬂ*ﬂ =EE S #eEdt
= A Be 2E, Y 9

A& de)dhs dlolet %i%‘—/?ﬂ Lk

£
rlr
r‘—>':'4
>
b
I5
e
=
offt

B2 TAE
dole 2EY Az doE HHT ) #dglol
AEE O AA HlolElR 3 oY Kats Fol
7] A8l T o3t 2AE Hgste] dEYshs 2
By A BE, o /o s 1t WRe 28 =
ol7] YA MR E FHT F UEE sk R

7 # RER AT

gag golel #EA= OGC “Simple Features
Specification for SQL” #2] 224¢l 53t dlofel B¢
S 7|Wko® sk vkl dlelel By &5, TinyDBellA]

At 4 4R vk 2719 w9 S(Mapping
Rule)o] Wt thate &4 02 wa A wsksis vy

270} A8 wER PAR.

Tkl 1ak FelAE AIzE Ak Al s AR
AR Axkar Ag LE, oAb Al it AEE
QI A7 AN ArAE A g BE, ol Fske AlA
=r9] o]F WS AHahs AlEzt A4 Akl A
BEZ FA4H

AEA ZUE g An|ze] oigt 7 Alveles E
Aol o)et Z557E A BAE SlslA A 10002 ol
7H7h AN E Habste] Ao f Haz A AL
3} AFZ ARE R Aol & 42 7MY Al
QoA AgEE A2 BojFEth
H 4, Holo

Table 4. Example of Query

Query

Type Example

SELECT nodeid, temp, stLoc FROM sensors

WHERE stEnters(stMultiPolygon(stPolygon(tPeriod(201
5/05/01 00:00:00, 2015/05/01 23:59:59), 0 600, 0 900, 400 90
query 110, 400 600, 0 600), stPolygon(tPeriod(2015/05/01 00:00:00,
2015/05/01 23:59:59), 50 0, 500 300, 900 300, 900 0, 500 0)),
stLoc) AND temp > 40

SAMPLE PERIOD 1024

SELECT nodeid, temp, stLoc FROM sensors

WHERE stLeaves(stMultiPolygon(stPolygon(tPeriod(201
5/05/01 00:00:00, 2015/05/01 23:59:59), 0 600, 0 900, 400 90
Query 2|0, 400 600, 0 600), stPolygon(tPeriod(2015/05/01 00:00:00,
2015/05/01 23:59:59), 50 0, 500 300, 900 300, 900 0, 500 0)),
stLoc) AND temp > 40

SAMPLE PERIOD 1024
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[SELECT nodeid, temp, stLoc FROM sensors
HERE i

00:00:00, 2015/05/01 23:59:59), 0 600, 0 900, 400 900, 400 600, 0 600),
stPolygon(tPeriod(2015/05/01 00:00:00, 2015/05/01 23:59:59), 500 0, 50 300, 800 300, 900, 500 0, sLoc) AND temp > 40
ISAMPLE PERIOD 1024
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Fig. 2. Screen of Query 1
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ELECT nodeid, temp, stLoc FROM sensors
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719 3& Fef 20 W= HAle Al AlETH A
BE BojFrh ZA9 af WME F 39 100, 8% S5
7F AR (stPolygon(tPeriod(2015/05/01 00:00:00, 2015/06/01
23:59:59), 0 600, 0 900, 400 900, 400 600, 0 600)) HEE &
27} A2A|(stPolygon(tPeriod(01505/01 00:00:00, 20150501
23:59:59), 50 0, 500 300, 900 300, 900 0, 500 0)) Fro.&
Holuls AAE 7He-d] Al&o] 40°CE 2743 AL &
4 itk

B =oA 7jedk STTinyDBS AJeiAl ZUE &
AlE] Qo Agsto] HFFo =N B Al 2~glo] AlA U
EQ A Tk A4 dlolel Hel Art dasdt &

& ol fr&shA 28R 4 YES Bl

V. &

o

£

B =foA sidel STTinyDBel t3k A% B/

Qe Alz=dl oA 7]&et 73 ES vlge R Al
A s A A Al wlolek B4 571, HH e
=1 55 geflE R dAgste] Aeg vtk 5
= 4% 27hE S8 449 setve g HelEh

H 5. H4€grt o2tolg
Table 5. Parameter for Performance evaluation

Parameter Value
o ot 100,20, 40, 00
Nugznulzer; i 20, 40, 60, 80
Pegeor?e:;ﬁ?r?ta 128ms
g;lrigiln(i Period of Filtering 1024ms

SELECT nodeid, time, X, y
FROM sensors
TinyD |WHERE time >= “2015/04/01 09:00:00”
B |AND time <= “2015/04/01 12:00:00”
AND x >= 0 AND x <= 400 AND y >= 0 AND
y <= 400
SELECT nodeid, time, loc
FROM sensors
WHERE time >= “2015/04/01 09:00:00”
AND time <= “2015/04/01 12:00:00”
AND contains(polygon(0 0, 0 400, 400 400, 400 0,
0 0), loc)
SELECT nodeid, stloc
FROM sensors
WHERE stContains(stPolygon(tPeriod(2015/04/01
09:00:00, 2015/04/01 12:00:00), 0 0, 0 400, 400 400,
400 0, 0 0), stLoc)
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Fig. 4. Execution Time by Sensor Node Number
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