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Abstract: In the ubiquitous computing environment, we believe that P2P-based context-aware application
utilizing sensor data is important. However, since sensors are not placed under the control of one specific
entity, it is difficult to retrieve appropriate information from the distributed sensors. In addition, when
the same queries are sent by different users, same processes for collecting sensor data are repeated. The
repetitive processing causes a load increase of sensors and network. In this paper, we propose a P2P-based
system for managing distributed sensor information, which treats sensor data based on those semantic. In
addition, we propose a method to create virtual sensors by real peer. The virtual sensor manages processed
data as a cache of real sensor data. We implemented the proposed system and method. Then we evaluated
the proposed virtual sensor placement method by simulations. By the simulation results, we confirmed that
proposed method achieve a context-aware application with reducing the amount of network traffic.
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Fig. 1 Example of context-aware service.
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Fig. 2 Construction of the layered management of sensors.
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Fig. 4 Structure of the implemented system.

Logical Layer Rule
[Point: (7M xAxis ?x)(?M yAxis ?y) ->
[rule0: (7?M Status SuitablePlace) <-

(?M GoodWeather True), (?M NotCrowded True)]
[rulel: (?M GoodWeather True) <- (?M tenki NotRain)]
[rule3: (7M GoodWeather True) <-

(?M tenki NotHumid), (?M tenki Cool)]

[rule4: (?M tenki NotHumid) <-
checkStatus(?x,?y,NotHumid)]
[rule5: (?M tenki NotRain) <-
checkStatus(?x,?y,NotRain)]
[rule6: (7M tenki Cool) <- checkStatus(?x,?y,Cool)]
[rule7: (?M NotCrowded True) <-
checkStatus(?x,?y,NotCrowded) ]

]

Abstract Layer Rule
[Point: (?M xAxis ?7x),(?M yAxis ?y) ->
[rule0: (?M status Cool) <-
getSensorData(temperatureSensor, 7x,?y,?data) ,
smaller(?data,20)],greater(?data, 15)
[rulel: (7M status NotRain) <-
getSensorData(rainSensor,?x,?y,?data),
smaller(?data,0)]
[rule2: (?M status NotHumid) <-
getSensorData(humidSensor, ?x, 7y, 7data),
smaller (?data,50)]
[rule3: (?M status NotCrowded) <-
getSensorData(personCountSensor, 7x, 7y, 7data) ,

smaller (?data,50)]

]

- /

X 5 Jena THEH$ %L —vfi

Fig. 5 Rules example for Jena.

Virtual Sensor, Abstract Virtual Sensor, Raw Sensor (Z
MUT 2. /2, INHOT— Y ¥ MESHIHREHE
L TOWIIEMAERIC LTnET 5. &512, Inference
Agent 1Z2—H D7 T )Tk LML E2 52k
TILETHL—Y 2y MT, LL & AL I2B ) 2 {#iEuE
2479, CoLE, ALICBW TRy F— 7 24T 5
FHRETIVIZOVWTE, BEMNEEC=AOTHN L %
5300k T MG L, KTHED O OHEEC
L MEFYCTHEEMEEFTRE L2, £72, Jena THEHAT 2
FEEOWEM (z,y) [T LV — VOB 2 5 1ZRT.
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Table 1 Simulation environment.
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FEND 7 1) OIRERIEZAT 57218, ZOFRIZEDS
TR Y %2ERT S, 2F), T—Fr507 I
xF g A MEEIBATHINT 2 DI2 kb v, FHZICHRES
NHWEL FofgbMnd s, K2 3Ia2b—2 32T
FZoa—Forx) L LT2000MHD Ry E—YFINER
252, Y U OFRHS R 2 BREICB VT, WL
Y BRI Y T = WICHET X v — V% Z
NENFHT 5., 2—=For7 ) IEX 2, X3 ITRLE
[ Suitable Place(x,y)] TV, AriEidt > FimH & FEkiC
HEERICTUE e, F72, REHIICBI A2 58EA vy -2
L, =507 )20 ET AR v F
AR EE N R EENE, 22T, —PERT
BALE CHBOIRE Y v OB RS E L 5546, H1E
O PP OB Ay =V PREENE. AP 3
L—2a rTld, 172100 L TEEDREE Y25
BB REBA, #EE T OIREE 1 A v b=V e L
TRl 5. £7, 72200 ET 208 229 E L
WA, 7T )IINET 5 720D Raw Sensor 7
SHEMORBEEIT) . 2 OH4134 Raw Sensor 2* 5 DIk
BiI1AvE—VELTEHITAZ L ET 2.

X 6 XMt o OFERMEHOZEIIZE L P Iey »
DEALERT. AYIal—3 a3 v TIIARFEL Om,
100m, 200m, 500m DHEICBWTEHlZfTo72. 22
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Fig. 6 Number of messages while the number of queries is

changed.
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Fig. 7 Rate of correct answers while the number of queries is

changed.
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