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An Intelligent Service Middleware Using Ontology and
Rule in Ubiquitous Sensor Network Environments
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Abstract

There are some of the studies on sensor middleware. However the standard middleware has not
yvet been defined. Especially, this paper focuses on the processing an intelligent service of the main
functions of middleware. Several applications in the sensor network environment support not only
monitoring  services, but also sensor-based context-awareness and intelligent services based on
sensors. However, the previous studies about USN middleware only mentioned the need for
intelligent service and did not discuss the architecture and method for supporting the intelligent
service in detail. Therefore this paper designs a USN middleware for providing intelligent services
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and proposes the method for processing the services.

For this purpose, this paper proposes the

Sensor-Service ontology to define the concept of services and sensors for USN applications and the

relationship between them. The

Sensor-Service ontology

is used to infer high-level information

from low-level information. To apply a variety of environmental context to intelligent services, the

paper uses the rule-based reasoning. This

paper implements

the proposed intelligent service

middleware as a prototype and then shows that the middleware can be used for a variety of USN

applications through the performance evaluation.
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Table 1. Rule for Reasoning the Threshold Value of
Smoke Meters in a Smoking Room

JESS Rule

(defrlle ThresholdValueOfSmokeMIinSmokingRoom
(Service BuildingFire)
(needsDevice Smokeleter)
(Location SmokingRoom)
=> (assert (SmokeMeterThreshold value)))
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Table 2. Rules for the Building Fire and the Room Situation
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Table 3. Services and Sensor Device for Evaluation

JESS Rule for the Fire Detecting of the BuildingA

(defrule TheFireDetectingServicefor TheBuildingA
(Service BuildingFire)

(SmokeMeter (Value ?Smoke_Value)
(Thermometer (Value ?Thermo_Value))
(Hygrometer (Value ?Hygro_Value))

(Location MeetingRoom)
(SmokingRoom (Room06))

(test (> ?Smoke_Value 50) (> ?Themo_Value 70) (<
?Hygro_Vaue 50))
=> (assert (currentSituation ?Result)))

JESS Rule for the Room situation

(defrule TheRoomSituationBasedOnMoisture
(Hygrometer (Value ?Hygro_Value))
(SmokingRoom (Roon06)
(hasFireSprinklers TRUE))
(test (< ?Hygro_Value 20))
=> (assert (cumentSituation ?Result)))
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Core Sensor Device (Context Info)
Additional Sensor Device (Context Info)
Building SmokeMeter, Thermometer (Location)

Fire Hurmidity, Barometer, llumination, Sound,
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SmokeMeter (Location, Date)
Mountain Thermometer, Color_Temperature, Humidlty,

Fire Altitude, CCR, Anemoscope, Anemometer
(Time, Forestinfo)
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Fig. 6. Ontology-Based Reasoning times



FHAB L AM HENT BFH LEZAS} 74 ol 8T A Al vlEd o] 155

Al e
3000

——100facts —#-200facts ~-300 facts
2500 +———

400 facts 500 facts

g
g

4

.\
\\

R4

217, 1A TR 20| 3 AlZt
Fig. 7. Rule-Based Reasoning times

T2 F29 dE9e FHRule)H AFd(Factoltt 12

22 B =RdAe 3 75 F29] AT HrHE sk
2ol &5 100714 1,0007071A] 100704 S7FAI71EA
135S etk AR Mg 2ERA FE g3 F
8 BE AREC] HR1 A5 7P 100704141 50071
7HA] 100704 FEste] Aes B7h g FERIE FES

=) =
 glo] BF

AL, o)z} FE] YA AMulie] Fl
T AR ol GEHR] AT WS HACHE o)
TS B3l she] s 1 sl s 97kl Aus
Btk <T¥ oA B & e AXE 77 7§ 32
Al oL AR e] ol Hlﬂlo}ocl ks 2E = 5 3
T 500708 ARdel oF 200079 TrEe A8 B
+, vlxele] dA M9 Yol 23E Bl avEs
olfd B, 58] Bl wet 7 Tk FE WS

£ e

B% ARSI A DefsioRd Held
VI. 22

£ ERaE GEAES A4 VEDD DR A5

A2 A3 9% e AL olE 1% PlE)

o2 AT 533 AN W= FlEslolold A5

A2 HS) A% PEe TAHOE ngom, 35

712 B8 FEAS Btk E3 SS-LEZAE Hosly
o] FFNA A5d Mul~E IWs) sla thsl 57

o] A5y Aulzs} o]Fe AM HEHZ 4 Aleldl]

TAE ARt oo A 72 7wk 2 HE 01%6}04
7} g-89] vkt Aol ARke F2d| wdsly] g
He AkE 2 =7 Ade 4 T dAyHy Qe
A HEYA B9 S0 RES 93 FUABE ALS

2 Zol, frlAES dxA0, Ad 2, Akl dY 5%

2o A ZE A ANIAE AQE] AT 48 A2
M BT 5 AL Aol

A BN AT Qe T T FE PRE A2
o A 88 ALgA) Sl vzl gela FHEE A}
S33L k. e} G5 SGelut Al s, = [19]
o o] FHoE W AN WENL) 4L 7ol

Hrgety] A% S Agretel FEdl I AFelth

mt
et

=

[1] E. Boullet, M Feblowitz, Z Liu, A. Ranganathan
A Riabov, and F. YeA, "Semantics-based Middleware
for Utilizing Heterogeneous Sensor Networks,” Proc.
DCOSS 2007, USA, pp.174-183, June 2007.

[2] T. S. Lopez, and D. Y. Kim "A Context Middleware
Based on Sensor and RFID Information,” Proc.
PerComW'07, USA, pp.331-336, March 2007.

[3] A Sashima, Y. Inoue, and K  Kurumatani
"Spatio-Temporal Sensor Data Management for
Context-Aware ~ Services,” Proc. ADPUC 2006,
Australia, pp.4-9, November 2006.

[41 SS. Yau, and F. Karim, "Context-Sensitive
Middleware for Real-time Software In Ubiquitous
Computing ~ Environments,” Proc.  ISORC 2006,
Korea, pp.163-170, April 2001.

5] E J. Ko, H J. Lee and J. W. Lee, "Ontology-
Based Context Modeling and Reasoning for
U-HedlthCare,” IEICE Transactions on Information
and Systems, VolEX-D, no8  pp.1262-1270,
August 2007.

(6] Y. B. Kim, M. Kim, and Y. ]J. Lee, "COSMOS: a
middleware platform for sensor networks and a
u-healthcare service,” Proc. SAC 08 Brazl, pp.
512-513, March, 2008,

[71 M Kim, J. W. Lee, Y. J. Lee, and J. C. Ryou,
"COSMOS A Middleware for Integrated Data
Processing over Heterogeneous Sensor Networks,”
ETRI journal, vol30, nob, pp6%-706, October
2008.

[8] C. Hemann and W. Dargie, "Senceives A Middleware
for a Wireless Sensor Network,” Proc. AINA 2008,



156 B FEINIRE @ 3fCaE(2010. 10

Japan, pp.612-619, March 2008.

91 K Aberer, M. Hauswirth, and A. Salehi’A
middleware for fast and flexible sensor network
deployment,” Proc. 32nd VLDB, Korea, pp.1199-
1202, September 2006.

[10] Y. Obashi, T. Kokogawa, Y. Zheng, H. Chen, H
Mineno, and T. Mizuno, "A Meta-Data-Based
Data Aggregation Scheme in Clustering Wireless
Sensor Network,” Proc. KES 2007, pp.477-433,
September 2007.

[11]1 D. Ballari, M. Wachowiczz and M. A M
Callejo, "Metadata behind the Interoperability
of Wireless Sensor Networks,” Sensors, Vol9,
no.5, pp.3635-3651, May 2009.

[12] S. Avancha, C. Patel, and A. Joshi, "Ontology-
driven Adaptive Sensor Networks,” Proc. Mobi
Quitous 2004, USA, pp.194-202, August 2004

[13] R Jurdak, C. V. Lopes, and P. Baldi "A Frame
work for Modeling Sensor Networks,” Proc.
OOPSLA'(M, Canada, pp.1=5, October 2004.

(141 M. Eid, R Liscano, and A. E. Saddik, "A
Universal Ontology for Sensor Networks Data,”
Proc. CIMSA 2007, Italy, pp.59-62, June 2007.

[15] DJ. Russomanno, C. Kothari and O. Thomas,
"Building a sensor ontology: A practical approach
leveraging ISO and OGC models” Proc. IC-
AI2005, UAS, pp.637-643, June 2006.

[16] JENA2: A Semantic Web Framework,

" http.// Jena.sourcelorge.net”".

[17]1 JESS, the Rule Engine for the JavaTM Platform,
" http.y herzberg.ca.sandiagov/jess’”.

[18] OGC Sensor Model Language, OpenGIS Standard
2007.

" http:/ /' www.opengeospatial.org/ standards/sens
orml'.

19] %5, A o3z, "Ax HESZ AN 27}
olgiel HoJE o] &3 FE&AQ TA oS Fe2ET
7Y, AR, Al 139, Al 75, 39148
20083 12¢€.

SN |
ot & o
o002 Fteista AFEe)
A
o007 it AFE e
) 29

fez]
=)
209~ @A - Frehska FE 7
AAle] EATY
WAEOR: A, FEAILH,
XML, XQuery, Ontology,
2 ElofEHlols, I
B S, SHEAE

2x 2

1814 Pt 19 sl
ENEES

19964 : Rt st}
ERES

20041~ 002 : STk AR

PajRof: AMIER 38, XML,
XQuery, HloJEfH]o]2~
Al I EA|2E]



