o] AH Y A 2AA YIEYZ Hlole] &&3< 7

o] AA A2 YED HolEe] E&A 1 B BE AT FEso] AxH

=2 o]= R=3"
W #AYE g vESlo] Al=H
A Middleware System for Efficient Acquisition and Management of
Heterogeneous Geosensor Networks Data

%

A+ ol & =

Min Soo Kim  Chung Ho Lee

oF H AR AXNAR g FRY INARE FFF AL ARE 4 FH
z - o Edllo] M ARt A4l
A UMESR SN SRR yA] EE&AA TS QA% vhdd A Ee] AN oH, <)
&7 91 Geosensor Web 7]1&% AorE ek 74144
oA 2] iR &&4 7 OpenAPIQ] A
A4S F2E 3 u-GIS S84
AAR AAA HEJAES AAEE
AaAd F Ade AAA YESA v
AE| o] 25 o] &3te] o]dZl A2

Q
He} In-network Alolel A A s}sle] 4

-
o
=
I
ES

PR

il we JpEE AdE = gtk ol 2 = =
u-GIS Al=ge] 7 FAelA Les= AR 2 8-S A
E9olE Attt . Akd vlEdol= SWES &4 S
AA ARE 3 A |

e}

W 5 A oFe w4 UENZe 47 we Bod A4S ANT + e ES A
ootk oR, LR FE XE SE 94 A3 ARE FHSE AA4E A0 ddsa 33
Ansl gl BAANE AN BN F A Prototyped ARFozH ALH vEslole] g
He Azatnd d

Abstract Recently, there has been much interest in the middleware that can smoothly acquire
and analyze Geosensor information which includes sensor readings, location, and its surrounding
spatial information. In relation to development of the middleware, researchers have proposed
various algorithms for energy-efficient information filtering in Geosensor networks and have
proposed Geosensor web technologies which can efficiently mash up sensor readings with spatial
information on the web, also. The filtering algorithms and Geosensor Web technologies have
contributions on energy-efficiency and OpenAPI, however the algorithms and technologies could
not support easy and rapid development of u-GIS applications that need various Geosensor
networks. Therefore, we propose a new Geosensor network middleware that can dramatically
reduce the time and cost required for development of u-GIS applications that integrate
heterogeneous Geosensor networks. The proposed middleware has several merits of being capable
of acquiring heterogeneous Geosensor information using the standard SWE and an extended SQL,
optimally performing various attribute and spatial operators, and easily integrating various
Geosensor networks. Finally, we clarify our middleware’s distinguished features by developing a
prototype that can monitor environmental information in realtime using spatial information and
various sensor readings of temperature, humidity, illumination, imagery, and location.
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Qols wojFa g, SQLOExpr() el Al
&2 Ao ol A€t #2169
SQLWhere() TZell= ARFAQl Bl AL o]9]q
E 3 A9 AgE 9 ALt 9ol T
3|, F7AAAR 2= OGC Simple Feature AF%F
2] “Within, Contains, Overlaps, Intersects, Touch,
Disjoint, Crosses, Equals”7} 948 7}sslH, 22
& WKT(Well Known Text)Z ©]-&3lo] 3%
th 2o, el 9-132 AREAE AR VI 5
Qbol] %= w9l F 9], e A7 T2 X AlA
ARG F71H o2 Fhste F713< dogE 49

s gl

1: SQLSelect() :

2:  [‘EVENT ON” SQLOrExpr()]

3: “SELECT” SQLSelectColumn()

4: (LOOKAHEAD(2) “” SQLSelectColumn())*

5:  “FROM” SQLTableList()

6:  [SQLWhere()] [SQLGroupBy()] [SQLPeriodAndLifetime()]
7: SQLOrExpr() :

9: SQLPeriodandLifetime() :

10: (“PERIOD” <INTEGER> [SQLTimeUnit()]
11:  “FOR” <INTEGER> [SQLTimeUnit()])
12: SQLTimeUnit() :

13: (“SECOND” | “MINUTE” | “HOUR")

29 1. SQL-G Grammar 89F

a9 2% SQL-GE o3t ALAA AHARE
FH8hE e Ao dAlE B 17 2004
Hol(1)& F714¢l A7, “B<temperature<3s”
27L& WS ANw=E=9 <d temperature,
humidity> AHRE v 10 F7|2 2477 <
Aok 22+ oME do2 D7} 291 ‘ﬂ’ﬂ»‘t
o “temperature=40"2] oJHIE WAl Ao,
AR =29 <id, humidity, temperature, location>
ARE uf & F7]2 308 ¢ FHI 2e3)
Hhe ¥ do)=z, F9(3)2 WHERE Aol 9
A 5 A 948 99 el E2FH= =9
<temperature, humidity, location> B3R E 335}
), doj(d)e At Be F ASAIA UEL A d
skl 7} A AlA UESL A &ile AAN=EE
Atole] A7t 30mE olate] 3 “Ahumidity>60" <}
B.co>8" A& WSSt A== B(A B9 id
humidity, co, location RRZE <FHIT} I
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MIN, MAX, COUNT®] 7 #Hej& A s, 2
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Al ARE Fhs8aL Ak
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(1) SELECT id, temperature, humidity FROM GSN
WHERE (temperature >= 25 AND temperature <= 35)
PERIOD 10 MINUTE FOR 24 HOUR
(2) EVENT ON(temperature >= 40 AND id = 2 )
SELECT id, humidity, temperature, location FROM GSN
PERIOD 1 MINUTE FOR 30 MINUTE
(3) SELECT temperature, humidity, location FROM GSN
WHERE WITHIN(/ocation, MULTIPOLYGON
((10 10, 10 40, 40 40, 40 10, 10 10),
(40 40, 40 70, 70 70, 70 40, 40 40)))
(4) SELECT A.id, A.humidity, A.location, B.id, B.co, B.location
FROM GSN1 AS A, GSN2 AS B
WHERE DISTANCE(A.locatioin, B.location) < 30
AND A.humidity > 60 AND B.co > 8
(5) SELECT nodePurpose, MIN(temperature),
MAX(temperature), AVG(temperature), SUM(temperature),
COUNT (temperature) FROM 10000
GROUP BY nodePurpose
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SELECT id, CO, CO2, loc
FROM GSN1, GSN2, GSN3, GSN4
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WHERE CO2 > 10 AND CO2 < 30 AND
WITHIN(/oc, RECTANGLE(10, 10, 100, 100))
PERIOD 5 MINUTE FOR 2 HOUR

2™ HEHI

uery Plan
Capability Query
*Query ID: 1 Qrl
«Query Type: Periodic
-Opersor ST (0) WY | Lol 00, O e 0
- Erat o A Adperiitor 3 < 3
: ;tf["i""tl'i:\’;‘“;'l“_iré ‘D':J‘; ) Within (loc, Rectangle(10,10, 100,100))
i = Period: 5 Minute, Lifetime: 2 Hour
2
Ab = Query ID: 1 ors
B * Columns: id, OO, COy, loc
K| = Operator % (0) » = Operators: CO, = 101 CO, < 3007
-] * Spatial Operator =3 (0) Within (loc, Rectangle{ 10,10, 100,100))
9] |+ Periodic Ha| =% (x)
=]
* Query ID: | ors
»Operator =8 (0) B | - Columns: id, €O, CO,, loc
= Spatial Operator 5 (X) * Operators: CO,>10 N CO,=<30
*Periodic Fo| 8 (X)
-
GSNG = Query ID: 1 QP4
= Operatc uriﬂ" (X) . = Columns: id, OO, OOy, loc

= Spatial Operator =% (X)
* Periodic We| =% (X)

% 3. A AlA UES T oA
Capability & 312’ Query Plan 44

1% 39 GSN1 2ol AM=E7) vl adith,
st i F71H< AoE A
AgeE QP1Y Zo] RE A4S s}
Query Plan¢] A7d¥ o] AA A AF=H A
th GSN2& 7141 deols AT 5 gVl
ol QP29 #o] Hlu H F7HALTHS E s}
Query Plan®] A4 =o] A A A5E™, QP20
EFE A 23 F1HA HeolE A HES A
1591018 A7t QP 7142 ~AZHE &
sto] ettt GSN3+= QP39 Zo] HlmAR-E:
E35HE Query Plano] A ¥ o] A oA &y
a1, v Fkdsl g F71H4Q1 de] 2L A
AA NESA vEdole] AWt Fddi). £
2, GSN4E wsed] RE AAARES $H9
Query Plan AAoA A=, vlwdAst, &7k
b #7140 Aoje A AA YEYA nE o]
A7 R AGARE o] &8t AF FAS
GSN19] 9, AAMA AR gigh dite] 25
In-networkol| A e =] 7] wjiTof] AMHE 7Fx o]

™~

rr

o=
ok
=

of 3fi= Aue o] AA FoEA Ha, o= <
ato] FdSAl mlge Fgo]l A4 Eol=s A
S 7 Tk oo M8, GSN49| Ae¢E EE
AN ARE Mz s ok atr] el
AeAl Bge) el A Srkska, A Aol

Aol +3 2 BYE @ WS

Ao Az 95

A YEYASY dqUA &8
7hA 3L Atk

HE gds 5—3] ol E Holx X
24X YESDI} olME Al Sl Y A,
olflE WA wolw X oMM ARE Auje] A

St HARE, 2¥A] e Afddle AelA F7]
Moz oMES z‘ﬂﬂé}ﬂ ﬁ & Query Plang #|

ol

1: <?xml version="1.0" encoding="UTF-8"?>

2: <geosensorNetworks xmins="http://ugis/gsn/metadata">
3: <geosensorNetwork gsnID="GSN1">

4: <feature operatable="false" eventable="false"

5: periodicable="false" aggregatable="false"

6: spatialable="false" queryCount="1" gsnMode="pull"/>
7.  <nodeSet>

8: <node id="100" name="Node 100" x="100" y="100"/>
9: <node id="101" name="Node 101" x="150" y="150"/>
10: <node id="102" name="Node 102" x="200" y="200"/>
11:  </nodeSet>

12:  <sensorSet>

13: <sensor id="1" name="nodePurpose" type="string"/>
14: <sensor id="2" name="temperature" type="float"/>
15: <sensor id="3" name="moisture" type="float"/>

16: <sensor id="4" name="pressure" type="float"/>

17: <sensor id="5" name="position" type="double"

18: type2="double"/>

19:  </sensorSet>

20: </geosensorNetwork>

21: <geosensorNetwork gsnIiD="GSN2">

22: <feature operatable="false" eventable="false"

23: periodicable="false" aggregatable="false"

24: spatialable="false” queryCount="1" gsnMode="pull"/>
25:  <nodeSet>

26: <node id="200" name="Node 200" x="50" y="50"/>
27: <node id="201" name="Node 201" x="75" y="75"/>
28:  <node id="202" name="Node 202" x="100" y="100"/>
29:  </nodeSet>

30: <sensorSet>

31: <sensor id="1" name="purpose" type="string"/>

32: <sensor id="2" name="temperature" type="float"/>
33: <sensor id="3" name="humidity" type="float"/>

34: <sensor id="4" name="pressure" type="float"/>

35: <sensor id="5" name="location" type="double"

36: type2="double"/>

37:  </sensorSet>

38: </geosensorNetwork>

39: </geosensorNetworks>

1% 4. XML 7|5k} A AlM U ES S mlebg R

goz2 AQAA YEHZ vEAIE Query
Plan /ol Qa3 A9 A4 VIES A Capability
AEE 7 49 Zo] XML 7|¥ke] wetd B e
g3t k. 1% 414 2] 3-20-2 A QA1A ]
E9IA GSNI, #91 21-382 GSN29| HEAHRE
Aol stk GSNIelA #kel 4-69] <feature>
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H1E HH GSN1-2 v Hoperatable), o9l E
(eventable), F7]14<Ql A (periodic), FAALF
(aggregatable), “12]1l ¥7+<12k(spatialable)S 4

P sEo] gled & 4 Ak £ GSNI HE

9= AR A2 *M AR 572 238 o
W ARE AlTehs pull BACR FAES o
Atk 2 =EelA Al Ul% glolE= pull %4 ol
¢lo] push W2Ae] AAM HESAE AT F
A=, push B4 AREAR] Ao AM AR 43
27 gl A A HES AV nEdz 3
HE x£AH 02 pushdtes WAS 9ujgitg. el
7-11°14= GSNIol 235 o] = A==
# MEpgRE w2 D, °F, 7] ANHRE A
ot glon, 2¢l 12-1991M+= 2+ ==t 37
3t 4= Q)= AlA ZPo U3 WEIARE =E2A

(nodePurpose), <% (temperature), w=(moisture),
et (pressure), $1X (location) ZR7F AS& Ao
stal gtk o]y A oMM UEYA HERHREE
s s Fate]l A 4, F7F A7 7hsst
=3

3.3 71t MM HESZ 7[8 X28M FE $F

B = A YEA rlEdols F N
a44<l A MEYZE AR 9
g WA ew aFskete] 7HY eSS A6

}o

a, A TP UEAAZRE A4l ARE
FHE F A 7S AwstaL vk ol g TH
AeAlX VEAIE F A ol Aedd vE

AaRRY A8} dats A4 dPe FEe]
T E, A ol| e /b vl A0 st
of Ao AMAH UL AW SQL-GI vhrd
AoE 24 & il Ak dE So, b =
92t 19 0] WEARE o) Gate] haas] T
ol 7hsdtd], 1¥ 5= GSN13F GSN29| HES
AE §3 VirtualGSN19] 71 A 24014 Y ES
2 eAlE BolEth o71A, #3272
VirtualGSN1¢] 7Hd A2 A4 VEYHAE A st
I de=d, 29l 4-95 GSNIA 3 7Hesh &
%= (temperature), < %=(moisture), $I3](position)=
temperature_view, moisture_view, location_view=
g5t glor 29l 10-15+ GSN2oA =3 7}
T3 X(temperature), <+ =(humidity), %X

(location) & temperature_view, moisture_view,

: #1204

A135.(2012. 02)

location_view®= wjg3}aL gt} o]o] AlERE=
VirtualGSN19] temperature_view, moisture_view,

location_view<] 714 /‘ﬂ/ﬂ A9 ARE T

],

Al 24 & ) Gtk o
9o AT Aske v

GSN1¥ GSN29| &= % 91X AHE 37
13 M A UE
st JEE AMS 4

R

3t
3ato] AE 4 sdedl, 2kl 16-262 GSN1Z}
GSN2oll ko] 242} moisture>309] Bl A 2

WITHIN®| &7t 55 A-&3te] 7Hd A AlA
dEdas Yeks PEe molFn ok
olg]gt 7Md A AlA HES A 7wre] HejA g
£ uel oldHel Aedd degas weg
W FAY 4AL AUe MRS FEHoR
B3kl BT 4 e AHE AT 5 th
2 =i AAA UESA vESelE ol
7 Ao MEYAE 28402 #Aglste] WA,
AA D 37 ARg S A% V)5S Ae
3tk Eog O¥ 62 19 55 B3t AAH
VirtualGSN1 Ho] &2 T4 A& HoETt
1: <?xml version="1.0" encoding="UTF-8"?>
2: <viewSet xmins="http://ugis/gsn/metadata">
3: <view viewName="VirtualGSN1">
4:  <viewColumn gsnID="GSN1" column="temperature"
5 viewColumnName="temperature_view"/>
6:  <viewColumn gsnID="GSN1" column="moisture"
7: viewColumnName="moisture_view"/>
8:  <viewColumn gsnID="GSN1" column="position"
9: viewColumnName="location_view"/>
10:  <viewColumn gsnID="GSN2" column="temperature"
11: viewColumnName="temperature_view"/>
12:  <viewColumn gsnID="GSN2" column="humidity"
13: viewColumnName="moisture_view"/>
14:  <viewColumn gsnID="GSN2" column="location"
15: viewColumnName="location_view"/>
16:  <operator gsnlD="GSN1" opType="1" column="moisture"
17: operator=">" operand="30" relation="and"/>
18:  <operator gsnID="GSN2" opType="2" column="location"
19: operator="WITHIN" operand="POLYGON"
20: relation="noop">
21: <spatialOperand x="30" y="30"/>
22: <spatialOperand x="30" y="90"/>
23: <spatialOperand x="90" y="90"/>
24: <spatialOperand x="90" y="30"/>
25: <spatialOperand x="30" y="30"/>
26:  </operator>
27 <[view>
28: </viewSet>

% 5. 7HE ALAA vESS 74 oA
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GSN1

ID | nodcPurpose | temperature| moisture | pressure osition
100 Traffic 20 35 20 (100,100}
101 | Enviromment 23 32 23 (1501500
GSN2 L

D purpese  |temperature| humidity | Pressure | location
200 Traffic 19 40 20 (50,50}
201|  Traffic 21 36 23 (75.75)

+ GENL.temperature, GEN2.temperature = temperature_view

* GSNL.moisture, GSN2. v < molsture_view

+ GSN1.position, GSN2.lecation = location_view

* Operator: GSN1.moisture> 30

= Spatial Operator: WITHIN (GSN2 Jocation, POLYGON (30 340,
3090,90 90, 90 30,30 30))

VirtualGSN1 '

j11] | lemperature view I:Illl.l]b1lll'|.‘ view location_view
100 20 35 (100,100)
101 23 32 (150,150)
200 | 19 a0 (50,50)
201 21 36 (75,75)
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