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Recentlyうwecanobtainvariousdataeasilybyａｈｉｇｈｐｅ韮
formanceofcomputerandthelntemet,Dataminingthat
extractedsignificantknowledgefromalargeamountofdata
becomepopular・Thetechniqueforapplyingdataminingto
textinformationsuchasWebpageisdevelopedrecently
thoughthｅｄａｔａｓtoredindatabaseswastargetedinnormal
datalmning､Inthelntemet,varioustimeseriesdatacanbe
obtained､Fbrinstance,theimagedataoftheweathersatel‐
liteandthedataofvarioussensorscanbeobtained､The

featureofthesedataiscontinuousdatainthetimeseries・

Thetechniqueswhichapplieddataminingfromdatabases
areusedfortimeseriesdata,butsometechniqueswere
improvedfortimeseriesdata・
Thedigitalmeasurementsofthetemperatureandhumid‐
ityｳetc・ｂｅｃｏｍｅpossible,andconnectingthesystemthat
acquiredthemeasureddataonthenetworkbecomespos‐
sible・However,therearemanymeasurementsystemswhich

arerichsystemsthatareusedsensorsonPCorwhichare
cheapmlcrocomputersystemsthatneedtoconstructa
specialnetworkforthesensornetwork､Weproposethe
sensornetworksystemusingthemicrocomputerboardthat
canconnecttothelntemet．'Ihisproposedsystemcan
acquireinfOrmationfromthesensorofthemicrocomputer
grouparrangedonthenetwork，andcanvlewcollected
infoTmationｏｎＷｅｂｂｒｏｗｓｅｒ・

InKES2006,'itwasshowntobeabletoconstructeasily
themicrocomputer，ssensornetworkwhichwascombined
microcomputermodules(MicroCube)andthedatabase
serverandtheWebapplicationserver・Thesystemthat
measuredtheroomtemperatureinschoolcampuswascon‐
structed,ｉｔｈａｓｒｕｎｆｏｒａｂｏｕｔｔｗｏｙｅａｒｓ,andtheeffective‐
nessisverified．

’Iheresearchofecopic2'3issimilartothisresearch,The
ecopicresearchhasaimedtheconstructionofecopicofthe

Abstractlnthispaper,weproposethesystemthatcom-
binesthesensornetworkwiththemaildeliverysystemto

constructthesystemthatobservesanenvironmentalchange
ofthebroile藍house.Ａsaresultofhearingoftheproducer，
theenvlronmentsystemneedstoabletobeobservedsome
broile藍houses,ｔｏｉｎｓｐｅｃｔｔｈｅｓｕｍｍａｒｙｄａｔａｆｒｏｍｔｈｅcel-

lularphone,ａｎｄｔｏｔｒａｎｓｍｉｔｔｈｅｗａｍｉｎｇｍａｉｌｉｎａｒapid
temperaturechange､Abasicpartofthesystemisasensor
networkbythesensormodulethatwedeveloped､Onlythe
sensormodulesareputintheeachbroile垂house,ａｎｄｔｈｅ
ｎｅｔｗｏｒｋｂｙｗｉｒｅｌｅｓｓＬＡＮｃｏｍｍunicationisconstructed，
becausethesystemneedstowatchoftwoormorebroile野
houses,anditisdifiiculttosetupalarge-scalesystematthe
broiler岩house､Thealways-connectedhigh-speedlntemetis
preferabletoaccumulate,toprocessdata,andtoofferitto
theuserinacomprehensiblefOrm・But,itisdifficulttobuild
always-connectedhigh-speedlntemetatthechickenfarm
whichisusedbyexperiment.'Ｉｈｅｓｅｒｖｅｒｉｓｓｅｔｕｐｉｎｔｈｅ
ｒｅｍｏｔｅｐｌａＣｅ,andweproposethesystemthatdeliversdata
fromthechickenfarmwithmail・Theverificationofthe

effectivenessoftheproposedsystemandtheproblemare
examinedbyactuallysettingupthesystemthatproposesit
inthebroⅡ“house,andoperatingit．
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CPUboardfOrbatteryoperation
Sameforgeneralpurpose(seeHg2）
SameforControⅡerAreaNetwork(CAN）

ExtensionboardfOrEthemetConnection(seeFig.3）
SameforCompactFlashslot
Sameforstoragedevices
Sameforanalog/digitalIO
Samefor4-portserialinterface
Sameforwirelesscommunicatioｎ
ＳａｍｅｆｏｒＰＣＭＣＩＡｓｌｏｔ
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ｎｂｌｅｌ･LineupoftheCPUandextensionboardsofmicrocube

１
１

ＢｏａｒｄＮａｍｅ Fbatures

TheMicroCubeisaboardcomputerandiscomposedof
severalstackableboards､9''0]Figurelisaphotoshowingone
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２．１０utlineofmicrocube

weatherobservingsystemthatcanmakeiteasilybyuser‘
Ourproposedsystemhasaimofimprovingtheextendibility
byusingMicroCubethatisgeneralitymodule．
’IherearealotofresearchesaboutMOTEwhichisthe

wirelesssensornetworkplathome，andmiddlewarethat
treatsthesensornetworkasadatabaseisresearched､4~6The

queryprocessingsystemcauedＴｉｎｙＤＢ７ｔｈａｔｍｎｓｏｎ
'IinyOS8whichiscompactOSforthewirelesssensorequip‐
ment(ＭOTE)wereproposed､Alotofsensornodesare
neededtoconstmctthesystemthatcoverstheentireuni‐

versitybythewirelesssensornetwork・Whenthesystem
thatcoversthecampusisconstructed,constructingitwith
smaUnumberofsensornodesinusingthewirednetwork
attheschoolbecomespossibleintheproposedsystem・
Inthispaper,weproposethesystemthatcombinesthe
sensornetworkwiththemaildeliverysystemtoconstruct
thesysteｍｔｈａｔｏｂｓervesanenvironmentalchangeofthe
broilerLhouse.Ａsaresultofhearingoftheproducer,the
environmentsystemneedstoabletobeobservedsome
broile垂houses,ｔｏｉｎｓｐｅｃｔｔｈｅｓｕｍｍａｒｙｄａｔａｆｒｏｍｔｈｅcel‐
lularphone,ａｎｄｔｏｔｒａｎｓｍｉｔｔｈｅｗａｍｉｎｇｍａｉｌｉｎａｒapid
temperaturechange､Thevenficationoftheeffectivenessof

theproposedsystemandtheproblemareexaminedby
actuanysettingupthesystemthatproposesitinthebroile野
house,andoperatingit・

Chapter2describesthesensormoduleusingMicro
Cube,Chapter3describesthecompositionofthesensor
netwoIkasserve形clUentsystem・Wedescribetheinstalla-
tionofMicroCube,theserverandtheclientandthetech-

niqueofcollectingandviewingdata､Chapter4describes
theproposedsensorsystemwithMicroCubeandmail

deliverysystem､Ｉｎｃｈａｐｔｅｒ５,wedescribeconstructionof
ourproposedsystem,ａｎｄdiscussabouttheproblemwhen
constructingsensornetwork,Section6describesconclusion
andenhancinginafUture．

ofthecombinationsofstackedMicroCube.'Ihespeciiica‐
tionsoftheCPUandextensionboardsareSummaTizedin

Thblel・ＩｔｈａｓａＣＰＵｂｏａｒｄｗｉｔｈａＲＥＮＥＳＡＳＨ８ＣＰＵ

ａｎｄａＴＣＰ/IPProtocolstack､Stackableboardscanvaryas
follows：EthernetLANboard，compactflashboard・
PCMCIAboard,serialboard(RS232CandRS422)andso
on.(someboardsshowninFigs､2,3).Sincethedifferent
combinationsofstackableboardsmakeaseamlessconnec‐

tionwiththesensors,userscanstructureanadhocsensor

networkveryeasilymogetsensorinformationthroughthe
lntemet,ＨＴｒＰｉｓａｌｓｏｅｍｐｌｏｙｅｄｓｏｔｈａｔｕｓｅｒｃａngetdata
viaastandardWebbrowser．

Fig.１．Photoofastackedmicrocube

TheMicroCubeusedinthesystemtogettheinformation
ofroomconditioniscomposedoftheH8/3069CPUboard，
ＬＡＮｂｏａｒｄ,andspecialsensorboard・Ｔｈｅspecialsensor
boardisutilizedtheboardusedoftheprogrammmgprac‐
ticeclassinFutureUniversity-Hakodate.('Ihesensorboard
isshownin]Fig.１）FutureUniversity-Hakodatehasthe
programmmgpracticeclasswiththemicrocomputerand
assemblerlanguage,ａｓ‘‘MediaArchitecturePracticell，'、
ThespecialboardfOrMicroCubewasdesignedfbrits
practiceclass,Thepushswitch,thethermallysensitiveresis‐
tor(temperaturesensor),andCdSsensor(opticalsensol）

２．２１nstrumentationofthepresentsystem

Inthissection,wedescribeproposedsensormodule．
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Fig.４．Sensorboard
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３NetworkconfigurationwithMicr0Cube

Ｃｕｂｅ Ｃｕｂｅ

ｗｅｒｅａｔｔａｃｈｅｄｏｎｔｈｉｓｂｏａｒｄａｓａｎｉｎｐut､Moreover,four

digitsseven-segmentsLEDandfourtwo-colorLEDwere
attachedasanoutput､Becauseanaccuratetemperature
measurementusingthethermallysensitiveresistorisdifii雪
cult,adigitalsensorisaddedinthisboardforourexperi‐
ment・Humiditycanbealsomeasuredinthisdigitalsensor‘
Onlythetemperaturedataisacquiredthisexperiment
thoughsomesensorsareattachedontheboard．'Ihe
exchangeandtheadditionofthesensorcanbeeasilydone
byexchangingthesensorboards(Fig.4)．

Thesensornetworkthatmeasuredtheroomtemperature

inschoolcampuswasconstructedbyusingthemicrocom‐
puterthatexplainedinChapter2､Ｆｉｇｕｒｅ５ｓｈｏｗｓｔｈｅｃｏｍ‐
positionoftheconstmctedsensornetworksystem､'1his

Tbconfirmthemeasurementdataeasily；themeasured

datawasdisplayedinseven-segmentsLED､Moreover,ｄａｔａ
ｃａｎｂｅｇｏｔｂｙＨＴＴＰｔｈｏｕｇｈｔｈｅｎｅｔwork・Whenonlyone
sensormoduleruns,theusercandisplayapresenttempera-
turewhentheuseraccessesitusingWebbrowser．

里

！ Fig.５．Networkconnguration

Fig.３．ＬＡＮｂｏａｒｄ
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血ｂｌｅ２･Softwareusedinthewebdatabaseserver

weakinthechangeofenvironment,andthesensornetwork
isneededinthechickenfarm

lnthispaper,weproposethesystemthatcombinesthe
sensornetworkwithamaildeliverysystemtoconstruct
thesystemthatobservesanenvironmentalchangeofthe
broile垂house・Asaresultofhearingoftheproducer,the
environmentsystemneedstoabletobeobservedsome
broile垂houses,ｔｏｉｎｓｐｅｃｔｔｈｅｓｕｍｍａｒｙｄａｔａｆｒｏｍｔｈｅcel‐
lularphone,ａｎｄｔｏｔｒａｎｓｍｉｔｔｈｅｗａｍｌｎｇｍａｉｌｉｎａｒapid
temperatureChange,Pigure6showsthecompositionofthe
constructedsensornetworksystemwithamaildelivery
system、

Abasicparｔｏｆｔｈｅｓｙｓｔｅｍｉｓａｓｅｎｓｏｒｎｅｔｗｏｒｋｂｙthe
sensormodulethatwedeveloped､Onlythesensormodules
areputintheeachbroile垂house,andthenetworkbywire‐
lessLANcommunicationisconstructed,becausethesystem
needstowatchoftwoormorebroile垂houses,anditisdifL

ficulttosetupalarge-scalesystematthebroile垂house・

Figure7showsthesensormodulewhichisputinaplastic
casefordust-proofandthedrip-proofTheserverisputon
theoffice・Itwasunderstoodthatthetransmissionpower
wasinsufficientinusualwirelessLANequipmentbecause
theofnceandthebroile趣ousehadthedistancｅ（over
80ｍ),thenweusedtheequipmentofwirelesｓＬＡＮｏｆ

ｌ
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Weapplytheknow-howofproposedsystemconstruction
tooperateofthesysteminafieldenvironment・Inthis
paper,wediscussanenvironmentalmonitoringsystemof

thebroile碓house､Itisnecessarytoobservethetempera‐
turechangeinthebroilel迄hｏｕｓｅｆＯｒａｂａｂｙｂｉｒｄｗｈｉｃｈｉｓ

OS

HrlP

Database

Softwarecodes

RedHatLinuxrelease9

Apache2､0.40
PostgreSQL732
Tbmcat5､Ｏ２８ａｎｄＰｅｒ1５８．０

４BmiIer-houseenvimnmentmonitoringsystemIIsing
sensornetworkandmaiIdeIiveⅣsystem

ＷｅｂＣｮｍｅｒａ

一三盛ニーー
networkconhgurationisusedforpersonalbuoysystemfor

hshery6''－１３
‘Iheusedsoftwareisshownbelow(see通ｂｌｅ２).‘Ihe
datastorepartisimplementedbyPerl,andthedatadisplay
partisimplementedbyJSR
ThefOllowingstepsshowsthestepsofthecollectionof
dataandthedisplaystoreddata．

Ｓｅｎｓｅｒｓ出師旨

Fig.７．Setupsensormodule

Fig.６．Networkconiigurationwithamaildeliverysystem

阜
一
》

輔鰯：…ー一瞬9W寅剰
(a）URLoftheserverisopenedfromaWebbrowser．
(b)JSPaccessesthedatabase．
(c)Necessarydataisacquiredfi･omthedatabase，
(d)Theresultisprocessedtothegraphanddisplayediton
abrowser．

’IheMicroCubearrangedinschoolisconnectedwith
campusnetwork(LAN).Thedataofeachsensormoduleis
acqＵｉｒｅｄｗｉｔｈｔｈｅｓｅｒｖｅｒｓｅｔｕｐｏｎｔｈｅｃａmpusnetworkat
regularintervals,andstoresinthedatabase､Inshoolexp配
iment,dataisacquiredfromthesensormoduleeveryten

minutes、TheacquireddataisprocessedwiththeWeb
applicationserversetuponthesameserver，ａndcan
bedisplayedfromWebbrowserｏｆＰＣｏｎｔｈｅｃａｍｐｕｓ
ｎｅｔｗｏｌｋ

Ａｔｆｉｒｓｔ,MicroCubeconnectedtocampusnetworkby
arrangingitintherouterbecausetherouterhadnotbeen
exceedeｄｉｎＬＡＮｏｆｔｈｅｍｉｃｒｏｃｕｂｅ・Afterwards,connect‐

ingMicroCubetothecampusnetworkevenifwemodified
theprogram,ａｎｄｔｈｅｒouterisnotsetupbecamepossible
sothattherouterwasexceeded．

】

リ

3.1Datastorage

可

(a)ThePerlscriptaccessestoURLofMicroCube．
(b)MicroCuberetumsthemeasurementresultbyHTML
fOrmat．

(c)HTMLisparsed,andnecessarydataispreservedinthe
databage．

Ｆ

ｊＥ,§

勘

可

”
3.2Ｄａｔａｂｒｏｗｓｅ
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Theverificationoftheeffectivenessoftheproposedsystem
andtheproblemareexaminedbyactuallysettingupthe
systemthatproposesitinthebroile垂house,andoperat-
ingit・
Intheexperiment,weconstructthebroile好houseenvi‐
ronmentmonitoringsystemwhichcontainsthesensor
modulesarrangedinthebroile野houses,sensornetworkto
bringtogethersensorinformationinthechickenfarmand

totransmitittotheserverbymail,andtheservertoinspect
fromthecellularphoneandtotransmitthewamingmail
aboutarapidtemperaturechange、
ThesystemthatexplainedinChapteｒ４ｗａｓａｃｔｕａlly
constructed・ＴｈｅsystemisconstructedinNovember,2007,
anditisrunningnow・
Somedatadisplayexamplesareshownasfbuows.(See
Hgs､10-11）Thedisplayedvolumeofinformationwas
decreasedfortheoutputforthecelluarphoneanditdevised
itasseeneasilybTheoutputoflistviewandgraphvieware
mutuallyswitched､Theelectricwavesituationofthecelluar
phonewasbad,thenitwasnotpossibletocommunicａｔｅｂｙ
ｔｈｅｃｅｌｌｕａｒｐｈｏｎｅｏｆａｐａｒｔｏｆｃareerintheoffice．
］Figurel2showsoneexampleoftemperatureoutput､Ｉｔ
ｗａｓａｂｌｅｔｏｂｅｃｏｎｆｉｒｍｅｄｔｈａｔｔｈｅｃhangelnarapidroom

temperaturefoｒａｓhorttimehadoccurredfromHg､１２with
considerablefrequency,Becauseitisdifncultinapresent
networkenvironmenttowamofthetemperaturechangein
ashorttime,ｉｔｈａｓｂｅｅｎｕｎｄｅｒｓｔｏｏｄｔｏｈａｖｅｔｏｉｎｃrease

networkconnectionstocorrespondtoarapidtemperature
changeinashorttime、
BecausedatａｂｅｇａｎｔｏｃｏⅡect,temperaturedataissched‐
uledtobeanalyzedinthefUture．

Ｊ
１

theserverforthetotalputontheremoteplace.'Iheaccu-
mulationdatacanbereferｒｅｄｔｏｂｙｐｕｔｔｉｎｇｔｈｅｓｅｒｖｅｒｏｎ
ｔｈｅｒｅmoteplaceregardlessofthecommunicationenvlron‐
mentoftheoffice､Becausetheserverwasputontheremote

place,ｉｔｉｓｐｏｓｓｉｂｌｅｔｈａｔｗａｍｉｎｇｔｏａｒａｐｉｄtemperature
changeslows.Inthisexperlment,weconsideredaboutpro‐
ducer'scommunicationfeeandtheeasinessoftheserver

installation．

.嘩癌””旬細争

腿１

５日《perimemtaIresuIts画と

Fig.８.WirelessLANequipmentwasabletobｅｕｓｅｄｔｏｓｅｔ
ｕｐｔｈｅＷｅｂｃａｍｅｒａ,ａｎｄｐｅｏｐｌｅｉｎｔｈｅｏｆｎｃｅｃａｎｃｏｎｉｉｒｍ
ｂabybirdsofthebroile吟house.'ＩｈｅＷｅｂｃａｍｅｒａｗａｓｓｅｔ
ｕｐａｓｓｈｏｗｎｉｎＨ9.9．
Thealways-connectedhigh-speedlntemetisPreferable
toaccumulate,toprocessdata,andtoofferittotheuserin
acomprehensibleform､But,itisdifficulttobuildalways弓
connectedhigh-speedlntemetatthechickenfarmwhichis
usedbyexperiment.'Ｉｈｅｓｅｒｖｅｒｉｓｓｅｔｕｐｉｎｔｈｅｒｅｍｏｔｅ
ｐｌａＣｅ,ａｎｄweproposethesystemthatdeliversdatafrom
thechickenfarmwithmail.‘Ihesensordataisaccumulated

inthｅｓｅｒｖｅｒｓｅｔｕｐintheofiiceeverylOminutes，and
transmittedtotheserverforthetotalwithmaileveryhour‘

Inthisexperiment,theserverconnectedtothelntemet
withthedialupaccesseverytime,Ｕｓｉｎｇｄｉａｌｕｐａｃｃｅｓｓａｎｄ
ｎｏｔｅＰＣａｓｏｆficeserver,itisabletobeconstructedthatthe

systemisabletotransmitmailwhenapowerfailurefora
shorttimeishappened・
Theaccumulationofdata，makingtheoutputforthe
ceⅡuarphone,andmakingthewamingmailaredoneｗｉｔｈ

'。

●１９

Fig.９．Setupweb-camera



吟
ナ
十
＋

broiler迄houses,toinspectthesummarydatafromthecel‐
lularphone,ａｎｄｔｏｔｒａｎｓｍｉｔｔｈｅｗａｍｉｎｇｍａｉｌｉｎａｒapid
temperaturechange,Abasicpartofthesystemisasensor
networkbythesensormodulethatwedeveloped,Onlythe
sensormodulesareputintheeaChbroilerhouse,andthe
networkbywirelessLANcommunicationisconstructed，
becausethesystemneedstowatchoftwoormorebroilel迄

houses,anditisdifiiculttosetupalarge-scalesystematthe
broilelLhouse.'Ihealways-connectedhigh-speedlntemetis
preferabletoaccumulate,toprocessdata,andtoofferitto
theuserinacomprehensibleform,But,itisdifficulttobuild
always-connectedhigh-speedlntemetatthechickenfarm
whichisusedbyexperiment､Ｔｈｅｓｅｒｖｅｒｉｓｓｅｔｕｐｉｎｔｈｅ
ｒｅｍｏｔｅｐｌａｃｅ,ａｎｄweproposethesystemthatdeliversdata
fromthechickenfarmwithmail・

Theverificationoftheeffectivenessoftheproposed
systemandtheproblemareexaminedbyactuaⅡysetting
upthesystemthatproposesitinthebroileEhouse，and
operatingit､Intheexperiment,weconstructthebroiler造
houseenvironmentmonitoringsystemwhichcontains
thesensormodulesarrangedinthebroiler造houses,sensor
networktobringtogethersensorinformationinthechicken
farmandtotransmitittotheserverbymail,andtheserver
toinspectfromthecellularphoneandtotransmitthe
wammgmailaboutarapidtemperaturechange・
Becausedatabegantocollect,temperaturedataissched‐
uledtobeanalyzedinthefUture,Intheanalysisofdata,it
isthoughtthatitispossibletorefertoatechniqueofthe
mnltiagentbase'4''5andananalyticaltechniqueoftheanaly‐
sisofthefixedpointobservationdata､'６
Whethertheoperationofalongtermcanbeendured
willbeexaminedinthefUture,Moreover,thetemperature
changewamingsystemthatdecreasesnetworkconnection
asmuchaspossibleisscheduledtobedeveloped．

画６

６ConcIusioI1

！ lnthispaper,weproposethesystemthatcombinesthe
sensornetworkwiththemaildeliverysystemtoconstruct
thesystemthatobservesanenvironmentalchangeofthe
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