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δϡʔϧΛ༻͠ɼ2ؒ࣌ͷσʔλऩू࣮ݧΛͨͬߦɽऩूͨ͠σʔλΛ k-means๏ʹΑΓΫϥελϦϯ

άੳΛ͍ߦɼ͕ऀۀ࡞ςϨϏձٞΛ͍ͯ͠Δঢ়ଶɼ্صͷۀ࡞ɼ੮தͳͲͷঢ়ଶΛྨ͢ΔੑΛ

ɽͨ͠ূݕ

ΩʔϫʔυɿςϨϫʔΫɼIoTɼk-means๏ɼΞΣΞωεࢧԉ

A Trial of Worker’s State Estimation on Teleworking
using Ambient Sensors

Iso Kazuyuki1,a) Yuizono Takaya1,b)

Abstract: An estimation method that uses both microphone and distance sensors is presented in this re-
search. A prototype of the ambient sensor method that uses a combination of a microphone and a distance
sensor was developed and tested. During the 2-hours test, a user works at a desk, and may leave the room.
k-means clustering method was applied to the data obtained from both the sensors to classify physical states
of the remote worker: talking in video conference, writing or key typing on a desk, and leaving a seat, etc.
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1. ͡Ίʹ

ۙɼब࿑ܗଶ͕ଟ༷Խ͠ɼςϨϫʔΫʹର͢Δ͕

ू·Γͭͭ͋ΔɽҰํɼଳҬωοτϫʔΫͱ SNSαʔ

ϏεͷීٴʹΑΓɼԕִʹ͍Δਓಉ࢜ͷڠௐ͕ۀ࡞؆୯

͍ɼࣗϦϞʔτΦϑΟεͳͲΛ͕ڥͰ͖Δݱ࣮ʹ

ௐͯ͠ಇ͘͜ͱ͕༰қʹͰ͖ΔΑ͏ʹͳ͖ͬͯڠͯͬ

ͨɽ͔͠͠ɼΕͨਓಉ࢜ʹ͓͍ͯɼಉۭؒ͡Ͱಇ͍͍ͯ

ͨͱ͖؆୯ʹͰ͖͍ͯͨ૬खͷࠩړڭͷѲɼසൟ
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͕Γʹ͘͘ͳΔ͜ͱͳใަ͔ࡉΘΕ͍ͯͨߦʹ

ͰɼಥવɼిͳͲͰׂΓࠐΈΛͯ͠͠·ͬͨΓɼ૬खͷ

࡞ͳͲ͕Θ͔Βͳ͘ͳΔͳͲɼಉ͡ॴͰگͷਐঢ়ۀ࡞

Δ͜ͱ͕Ͱ͖ͳ͘ͳΓɼ͑ߦʹΕͨΓલ͍ͯͬߦ͕ۀ

ੜ͢Δɽൃ͕گਐ·ͳ͍ঢ়ʹԁ͕ۀ࡞ௐڠ

ԕִۀ࡞ʹ͓͚ΔΞΣΞωεࢧԉʹ͍ͭͯɼଟ͘ͷ

Ε͍ͯΔ͞ࠂใ͕ڀݚ [1], [2], [3], [4]ɽ·ͨɼখػࢉܭܕ

ͱ༷ʑͳηϯα͕ثػωοτϫʔΫͰଓ͢Δ͜ͱ͕Մ

ʹͳΓɼऀۀ࡞ͷपลͷঢ়گΛѲ͢ΔͨΊʹɼ༷ʑͳ

ใΛऔಘ͢Δ͜ͱ͕Մʹͳ͖ͬͯͨɽͦ͜Ͱɼզʑɼ

͜ΕΒͷ IoTٕज़Λ׆༻͠ɼऀۀ࡞ͷঢ়ଶΛਪఆ͢Δ͜

ͱͰɼԕִʹ͍Δਓಉ͍ޓ͕࢜ʹ૬खͷঢ়ڞگ༗Ͱ͖ΔΞ

ΣΞωεࢧԉͷڀݚʹऔΓΜͰ͍Δɽԕִʹ͍Δۀ࡞
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ऀ͕ɼۀ࡞ॴʹ͍Δ༷ࢠɼͲͷΑ͏ͳۀ࡞Λ͍ͯ͠Δ

ͷ͔ͳͲΛਪఆ͢Δ͜ͱΛ͍ͯ͠ࢦΔɽԕִʹډΔਓಉ

ΛѲ͢Δ͜ࢠͷ༷ۀ୯ʹ͔͚ͨ͠Γɼ؆ʹ͍ޓ͕࢜

ͱ͕Ͱ͖ΔΑ͏ʹͳΔ͜ͱͰɼςϨϫʔΫΛࢧԉͰ͖Δͱ

Δɽ͍ͯ͑ߟ

ҰํͰɼςϨϫʔΫࣗͳͲͰ͏ߦ߹͕͋Δɽ͜ͷ

Α͏ͳ߹ʹɼϓϥΠόγʔʹର͢Δྀ͕ඞཁͰ͋

Δɽऀۀ࡞ͷपลʹऀۀ࡞ͷՈͳͲ͕ଘͨ͠ࡏΓɼϓϥ

Πϕʔτͳۭ͕ؒଘ͢ࡏΔ͜ͱ͕͋ΔͨΊɼΧϝϥΛઃ

ஔ͢Δͱɼ͓ऀۀ࡞ΑͼɼͦͷՈɼৗʹԕִ͔Βࢹ

͞Ε͍ͯΔΑ͏ͳঢ়ଶͱͳΓɼऀۀ࡞ͷ৺ཧతͳෛ୲͕େ

͖͍ͱ͑ߟΒΕΔɽςϨϫʔΫΛ͏ߦॴͱͯ͠ɼࣗͳ

ͲΛ༻͢Δ͜ͱΛྀ͠ߟɼؒ࣌ۀ࡞Ҏ֎ϓϥΠϕʔτ

ͳۭؒͰ͋Δ͜ͱΛલఏͱͨ͠γεςϜઃ͕ܭඞཁͰ͋Δ

ͱ͍ͯ͑ߟΔɽ

ͦ͜ͰɼզʑɼڥʹηϯαΛຒΊࠐΈͳ͕Βɼ࡞

ͷঢ়ଶΛਪఆͰ͖Δγऀۀ࡞Ͱܗෛ୲͕͔͔Βͳ͍ʹऀۀ

εςϜͷ։ൃΛ͍ͯ͠ࢦΔɽ

2. ؔ࿈ڀݚ

ैདྷΑΓɼਓͷঢ়ଶΛਪఆ͢Δٕज़͕ଟ͘ఏҊ͞Εͯ

͍ΔɽຊߘͰɼਓͷঢ়ଶΛਪఆ͢Δख๏ͱͯ͠ɼ࣍ͷ 3

ͭʹྨʢʮਓͷपลʹ͋ΔηϯαΛ༻͍Δख๏ʯɼʮਓʹη

ϯαΛண͠ঢ়ଶΛΔख๏ʯɼʮਓ͕༻͢Δػࢉܭͷ

Δɽ͑ߟϩά͔Βਪఆ͢Δख๏ʯʣͯ͠࡞ૢ

ਓͷपลʹ͋Δηϯα༻͍Δख๏:

ηϯαΛઃஔ͠ɼ͔ͦ͜Βऔಘ͢Δใʹۭؒۀ࡞

͔Βɼऀۀ࡞ͷঢ়ଶΛਪఆ͢Δ͜ͱ͕ՄͰ͋Δɽ

KennedyΒ [5]ɼڥʹઃஔͨ͠ϚΠΫϩϑΥϯ͔

Βऀۀ࡞ͷঢ়ଶΛਪఆ͍ͯ͠Δɽͨͩ͠ɼऀۀ࡞ಉ࢜

ͷձͷ༰͔Βঢ়ଶΛਪఆ͢ΔͨΊɼձΛ͍ͯ͠

ͳ͍ͱ͖ͷঢ়گΛਪఆ͢Δख๏͕ඞཁͰ͋ΔɽOtsuka

Β [6] ɼΧϝϥΛ༻͍ͯऀۀ࡞ͷঢ়ଶΛऔಘ͍ͯ͠

ΔɽΧϝϥ͔Βऀۀ࡞ͷ࢟ɼදͳͲऔಘ͢Δ

͜ͱ͕Ͱ͖ɼ༷ʑͳใΛऔಘ͢Δ͜ͱ͕Ͱ͖Δɽ͠

͔͠ɼϓϥΠϕʔτͳۭؒͱͳΔࣗͷΧϝϥͷ

ઃஔɼઃஔ͢ΔॴʹॅΜͰ͍Δਓͷ৺ཧతͳෛ୲

͕େ͖͍ɽࣗΛ׆༻͢ΔςϨϫʔΫʹ͓͍ͯɼ

ςϨϏిͳͲΛ༻͍ͯ͠Δ࣌Ҏ֎Χϝϥͷར༻

੍͍ྑ͕ํͨ͠ݶɽLaputΒ [7]ɼՈఉʹઃஔ

ͨ͠ෳͷηϯαΛΈ߹Θͤͨ 1 ͭͷϞδϡʔϧ

ͰɼՈͷதͷՈిͷಈ͖ɼஆਫಓͷར༻ͷঢ়گ

ͳͲɼ༷ʑͳঢ়گΛࣝผ͢Δख๏ΛఏҊ͍ͯ͠ΔɽΧ

ϝϥͷར༻ͤͣɼϓϥΠόγʔʹྀͨ͠ઃܭͱ

͍ͯ͠Δɽ͜ͷݟɼڠௐۀ࡞ʹ͓͚ΔΞΣΞω

εࢧԉʹԠ༻Մͱ͑ߟΒΕΔɽ

ਓʹηϯαΛண͠ঢ়ଶΛΔख๏:

MuraoΒ [8]ɼऀۀ࡞ʹηϯαΛண͢Δख๏Λఏ

Ҋ͍ͯ͠Δɽऀۀ࡞ʹணͨ͠ՃηϯαͳͲ͔Β

ใΛऔಘ͠ɼऀۀ࡞ͷঢ়ଶਪఆΛ͍ͯͬߦΔɽηϯ

αͱݸऀۀ࡞ਓΛ݁ͼ͚ͭΔ͜ͱ͕ՄͰ͋Γɼۀ࡞

ۭؒʹෳͷਓ͕ଘ͢ࡏΔ߹ʹ͓͍ͯɼ֤ۀ࡞

ऀͷঢ়ଶΛࣝผ͢Δ͜ͱ͕༰қͰ͋Δɽ͔͠͠ɼઐ༻

ͷΣΞηϯαͳͲಋೖ͢Δͷʹίετ͕͔͔

Γɼਖ਼֬ͳใΛऔಘ͢ΔͨΊʹɼ͕ऀۀ࡞ਖ਼֬ʹ

ண͠ͳ͚ΕͳΒͳ͍ͳͲɼऀۀ࡞ͷෛ୲͋Δɽ

:ϩά͔Βਪఆ͢Δख๏࡞ͷૢػࢉܭ

ϩά࡞Δύιίϯαʔόͷૢ͍ͯ͠༺͕ऀۀ࡞

͔Βऀۀ࡞ͷঢ়ଶΛผ͢Δํ๏͕͋ΔɽHashimoto

Β [9] ɼύιίϯͷૢ࡞ϩά͔Βԕִʹ͍Δۀ࡞

ऀͷঢ়ଶΛਪఆ͠ɼऀۀ࡞ͷঢ়ଶΛڞ༗͢Δख๏Λఏ

Ҋ͍ͯ͠Δɽ্ػࢉܭͷݶʹۀ࡞ఆͯ͑͠ߟΔͱɼਖ਼

ͳใΛऔಘ͢Δ͜ͱ͕Ͱ͖ޮՌతͳํ๏ࡉৄ͔ͭ֬

Ͱ͋Δɽ͔͠͠ɼऀۀ࡞ͷ͕ۀ࡞ύιίϯʹݶఆ͞

ΕɼͦΕҎ֎ͷۀ࡞Λ͍ͯ͠Δঢ়گਪఆ͢Δ͜ͱ

Ͱ͖ͳ͍ɽύιίϯΛ༻͍ͯ͠ͳ͍ͱ͖ͷঢ়ଶΛਪ

ఆ͢Δख๏͕ผʹඞཁͱͳΔɽ·ͨɼۙɼۀاͷ

ใηΩϡϦςΟͷରԠ͕ߦʹີݫΘΕΔΑ͏ʹ

ͳ͖͍ͬͯͯΔɽPCͷૢ࡞ϩάͳͲΛతʹΞΫ

ηε͢Δͱɼར༻தͷΞϓϦέʔγϣϯ͚ͩͰͳ͘ɼ

Ͱѻ͍ͬͯΔใͳͲతʹΞΫηεͰ͖Δۀ࡞

Մੑ͋ΓɼωοτϫʔΫΛհͯ͠ڞ༗͢Δ߹ʹ

ɼใηΩϡϦςΟͷྀΛͨ͠γεςϜઃ͕ܭ

ΊΒΕΔɽٻ

3. ఏҊख๏

ຊڀݚͰɼձٞதͷਓͷൃ͢ΔԻͱͱʹɼਓͷಈ

͖ͷಈ͖ͳͲʹΑΔৼಈԻͳͲαϯϓϦϯά͢ΔϚ

ΠΫϩϑΥϯͱηϯαपลͷਓͷ༗ແͳͲΛݕग़͢ΔͨΊ

ͷڑηϯαͷσʔλ͔Βऀۀ࡞ͷঢ়ଶΛਪఆ͢Δख๏

ΛఏҊ͢Δɽ͜ΕΒͷηϯαɼখܕͰ͋Γɼ෦ͷ༷ʑ

ͳҐஔʹஔ͕Մͳͱ͍ͯ͑ߟΔɽηϯαಉׯ͕࢜ব

͢Δ͜ͱͳ͍ͨΊɼηϯαΛෳஔ͢Δ͜ͱ༰қͰ

͋Γɼ෦ͷதʹ͋ΔՈ۩ͳͲͷஔʹӨ͞ڹΕΔ͜ͱͳ

ͷঢ়ଶΛऔಘ͢Δ͜ͱ͕ՄͰ͋Δɽ·ͨɼϚΠऀۀ࡞͘

ΫϩϑΥϯͰԻΛαϯϓϦϯά͢Δࡍͷपɼऀۀ࡞

ͷঢ়ଶΛਪఆਫ਼Λ֬ೝ͠ͳ͕ΒɼՄͳݶΓαϯϓϦϯ

άϨʔτΛԼ͛Δݕ౼Λ͍ͯ͠ΔɽαϯϓϦϯάϨʔτΛ

Լ͛Δ͜ͱͰɼԻ໌ྎʹฉ͖औΓʹ͘͘ͳΓɼϓϥΠ

όγʔྀͨ͠ઃ͕ܭՄͱͳΔͱͱʹɼηϯαϞ

δϡʔϧͷੑࢉܭ͑͘Δ͜ͱ͕Ͱ͖Δɽ

ϚΠΫϩϑΥϯͱڑηϯαͰऔಘͨ͠σʔλɼΫϥ
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time[sec]

500

shifting 

feature quantity of microphone data

window
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microphone data

distance sensor data

movin average

k-means

feature quantity of 
distance sensor data

ਤ 1 ϚΠΫϩϑΥϯͱɼڑηϯα͔Βͷಛྔͷํࢉܭ๏

Fig. 1 Method of calculating feature quantity using data ob-

tained from microphone and distance sensor.

ελϦϯάੳΛ͍ࣗߦಈతʹྨ͢ΔɽΫϥελϦϯά

ੳೖྗ͢Δࡍͷಛྔͷํࢉܭ๏Λਤ 1ʹࣔ͢ɽϚΠ

ΫϩϑΥϯͰऩूͨ͠Իؒ࣌ϑʔϦΤมΛ͍ߦಛ

ྔͱ͍ͯ͠Δɽڑηϯαͷσʔλɼؒ࣌ฏۉΛͱΓɼ

ಛྔͱ͍ͯ͠Δɽ

ຊڀݚͰɼΫϥελϦϯάੳͷख๏ͱͯ͠ɼk-means

๏Λ༻͍ͨɽk-means๏ࢣڭσʔλΛ༻͍ͳ͍Ϋϥελ

Ϧϯάख๏Ͱ͋ΓɼγϯϓϧͳΞϧΰϦζϜͰ͋ΔͨΊɼ

কདྷతʹখܕͷ IoTثػͰੳՄͱ͍ͯ͑ߟΔɽ·

ͨɼςϨϫʔΫʹ͓͚Δڥۀ࡞ɼ͍͕ऀۀ࡞Δॴͦ

ΕͧΕͰେ͖͘ҟͳΔͨΊɼࢣڭσʔλͷ࡞Λͤͣʹɼ

ͦͷڥͰΫϥελϦϯάੳΛ͍ߦɼϞσϧ࡞Ͱ͖Δ

ख๏Λબͨ͠ɽ

距離センサ マイクロフォン

Arduino

Raspberry Pi

距離センサ

マイクロフォンArduinoRaspberry Pi
A/D
変換

制御および
データ蓄積

ਤ 2 ͷঢ়ଶΛਪఆ͢ΔͨΊͷηϯαͷϓϩτλΠϓऀۀ࡞

Fig. 2 Worker State tested using the Prototype Module.

4. ݧ࣮

4.1 ϓϩτλΠϓͷ։ൃ

զʑৼಈηϯαͱڑηϯα༻͍ͯɼ্صͷۀ࡞ঢ়ଶ

Λࣝผ͢Δख๏ͷఏҊΛ͍ͯͬߦΔ [10]ɽৼಈηϯαͱڑ

ηϯα͔Β্صͷۀ࡞ͷঢ়ଶͳͲΛྨͰ͖Δ͜ͱΛ֬

ೝ͍ͯ͠ΔɽຊڀݚͰɼҎલʹ࡞ͨ͠ϓϩτλΠϓͷ

ৼಈηϯα෦ΛϚΠΫϩϑΥϯվྑͨ͠ϓϩτλΠϓ

Λ։ൃͨ͠ʢਤ 2ʣɽ

ϚΠΫϩϑΥϯͱڑηϯαͷσʔλɼAruduinoͷ

A/DมΛ༻͠ɼಉͯ͠ظαϯϓϦϯάΛ͏ߦͷैདྷ

௨ΓͰ͋ΔɽArduinoͰऔಘͨ͠σʔλɼϓϩτλΠϓ

ηϯαʹΈ߹Θͤͨ Raspberry Piసૹ͠ੵ͞ΕΔɽ

ճɼੵ͞ΕͨσʔλɼPCͰΫϥελϦϯάੳΛࠓ

ɽ͏ߦ

4.2 ๏ํݧ࣮

ɼਤݧ࣮ 3 ͷΑ͏ͳ෦ͰͨͬߦɽϓϩτλΠϓϞ

δϡʔϧɼ্صʹઃஔ͍ͯ͠Δɽ͕ऀۀ࡞ɼҜͬ࠲ʹࢠ

ͯ PCͰυΩϡϝϯτͷ࡞ɼWebͷӾཡɼςϨϏձٞʹ

ΑΔձٞͳͲΛ͏ߦ΄͔ɼ෦ͷग़ೖΓɼPCΛΘͣʹ

Δঢ়͍ͯͬߦͳͲΛۀ࡞ͨͬΛ۩هͷචࢴͰ্ص
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door

desk

camera

bookshelfbookshelf

PC

prototype
sensor

chair

ਤ 3 ॴۀ࡞ͷ༺ݧ࣮

Fig. 3 a trial room

ɼϓϩτλΠϓϞδϡʔϧͷηϯασʔλΛ͍͓ͯʹگ 2

͢ΔͨΊهΛࢠͷ༷ۀ࡞ʹ࣌ճɼಉࠓऩूͨ͠ɽؒ࣌

ʹΧϝϥઃஔ͍ͯ͠Δɽࠓճͷ࣮ݧͰɼϚΠΫϩϑΥ

ϯͱڑηϯαͷαϯϓϦϯάप 7[KHz]Ͱ͋Δɽ

4.3 Ռ݁ݧ࣮

ϓϩτλΠϓϞδϡʔϧͰऩूͨ͠ϚΠΫϩϑΥϯͱڑ

ηϯαͷσʔλ͔Βͨ͠ࢉܭಛྔΛਤ 4,5ʹࣔ͢ɽ͜

ΕΒͷσʔλΛಛྔͱͯ͠ɼk-means๏ʹΑΓΫϥελ

ϦϯάੳΛͨͬߦɽऀۀ࡞ͷঢ়ଶͱΫϥελϦϯάੳ

ͨ݁͠Ռʹରͯ͠ɼ1͝ͱʹώετάϥϜΛ݁ͨ͠ࢉܭ

ՌΛਤ 6ʹࣔ͢ɽࠓճɼಉࡱʹ࣌Өͨ͠ϏσΦө૾͔Β࡞

ͷ࣍ͷঢ়ଶΛ֬ೝ͠ऀۀ 6ͭͷϥϕϧ͚Λͨͬߦɽ

a.੮͠෦ʹ͍ͳ͍ঢ়ଶ

b.੮͍ͯ͠Δ͕සൟʹ෦Λग़ೖΓ͍ͯ͠Δঢ়ଶ

c.WebΛӾཡ͠੩͔ʹ্صͰۀ࡞Λ͍ͯ͠Δঢ়ଶ

d.ΩʔϘʔυΛ্ص͍ͰԻͷग़Δۀ࡞Λ͍ͯ͠Δঢ়ଶ

e.ਓ͕ൃ͠ձٞΛ͍ͯ͠Δঢ়ଶ

f.ͦͷଞͷଞͷಈ࡞

ਤ 4,5ΑΓɼ্صͷۀ࡞ʹ͓͍ͯɼձٞͰൃ͍ͯ͠Δ

ԻɼΩʔϘʔυͷૢ࡞Λͯ͠Ի͕ϚΠΫϩϑΥϯͰऔ

ಘ͞Ε͍ͯΔ͜ͱ͕Θ͔Δɽ·ͨɼص͕ऀۀ࡞ͷۙʹ

͍ͳ͍͕ɼ෦ͷग़ೖΓͷԻ͕औಘͰ͖͍ͯΔ͜ͱ͕֬

ೝ͞Εͨɽ

ਤ 6ΑΓɼʮaɽ੮͠෦ʹ͍ͳ͍ঢ়ଶʯɼʮbɽ੮͠

͍ͯΔ͕සൟʹ෦Λग़ೖΓ͍ͯ͠Δঢ়ଶʯɼͯ͢ 1

ͷΫϥελʹྨ͞Ε͍ͯΔɽʮcɽWebΛӾཡ͠੩͔ʹ

ص͍Λ͍ͯ͠Δঢ়ଶʯɼʮdɽΩʔϘʔυΛۀ࡞Ͱ্ص

্ͰԻͷग़Δۀ࡞Λ͍ͯ͠Δঢ়ଶʯɼ10ɼ11ͷΫϥελ

ʹྨ͞ΕΔස͕͘ߴ 2ͭͷঢ়ଶΛ۠ผ͢Δ͜ͱ͕͠

͍ɽʮeɽਓ͕ൃ͠ձٞΛ͍ͯ͠Δঢ়ଶʯɼ10ɼ11Α

Γ 4ɼ5ʹྨ͞Ε͍ͯΔස͕͍ؒ࣌ߴଳ͕ଟ͍ɽ

5. ߟ

Ռ͔Βɼʮaɽ੮͠෦ʹ͍ͳ͍ঢ়ଶʯɼ݁ݧճͷ࣮ࠓ

ʮbɽ੮͍ͯ͠Δ͕සൟʹ෦Λग़ೖΓ͍ͯ͠Δঢ়ଶʯɼ

a,bͷ 2ͭͷঢ়ଶΛ۠ผ͢Δ͜ͱͰ͖ͳ͔͕ͬͨɼc,d,e

ͷଞͷঢ়ଶͱ໌֬ʹ۠ผ͞Ε͍ͯͨɽڑηϯαͷ͕େ

͖͘ҟͳΔͨΊɼ͜ ͷ 2ͭͷঢ়ଶ۠ผ͍͢͠ɽҰํͰɼ

ʮeɽਓ͕ൃ͠ձٞΛ͍ͯ͠Δঢ়ଶʯɼ10ɼ11ΑΓ

4ɼ5ʹྨ͞Ε͍ͯΔස͕͍ؒ࣌ߴଳ͕ଟ͘ɼϚΠΫϩ

ϑΥϯͰऔಘͨ͠ਓͷൃͷ༗ແͳͲͷಛ͕ɼऀۀ࡞ͷ

ঢ়ଶͷʹد༩͍ͯ͠ΔՄੑ͕ࣔࠦ͞ΕΔɽҰํͰɼ

4,5,10,11ʹɼͦΕͧΕऀۀ࡞ͷঢ়ଶ͕ෳؚ·Ε͓ͯ

Γɼ࣌ݱͰ ʹͱͳΔͨΊɼ͞Βূݕͷσʔλͷؒ࣌2

ؒ࣌ͷσʔλΛऔಘ্ͨ͠Ͱਫ਼ͷূݕΛ͍͍ͨߦɽ·

ͨɼԻͷσʔλͷपͷʢਤ 4ʣΑΓɼଞͷ࣌

ؒଳͷԻͱձٞதͱͷؒͰ 1kHzۙͷͷҧ͍ݟΒ

ΕΔ͕ɼΑΓݦஶͳಛྔͷநग़Λ͜͏ߦͱͰɼऀۀ࡞ͷ

ྨ͕ΑΓਫ਼ྑ͑͘ߦΔͱ͍ͯ͑ߟΔɽऀۀ࡞ͷঢ়ଶΛ

өͨ͠ಛΛݕ౼͠ɼಛྔͷநग़ํ๏ͳͲݕ౼ͨ͠

͍ɽ·ͨɼۙɼখܕͰ҆Ձͳ༷ʑͳηϯα͕͞ൢࢢΕͯ

͓Γɼऀۀ࡞ͷۀ࡞Λөͨ͠ཧྔΛۃݟΊ্ͨͰɼ৽

ͨͳηϯαͱͷΈ߹ΘͤͳͲݕ౼͢Δɽ

͍ͨ༺ʹճΫϥελϦϯάੳࠓ k-means๏ɼҎલͷ

ڀݚ [10]Ͱ༻ͨ͠ self-organizing map (SOM)ͱൺֱ͠ɼ

γϯϓϧͰ͕ྔࢉܭগͳ͍ख๏Ͱ͋ΔɽηϯαϞδϡʔϧ

Ͱ༻͍ͯ͠Δ Raspberry PiͳͲͷখػࢉܭܕͰࢉܭ

Ͱ͖ΔՄੑ͕͋ΔɽηϯαͰऔಘ͢Δใؒ࣌Ͱ

ͦΕ΄Ͳେ͖͘ͳ͍͕ɼؒ࣌औಘ͢Δ͜ͱͰେ͖ͳใ

ͱͳΔɽྨ͞Εͨޙͷঢ়ଶͷΈΛ௨৴͢ΔΑ͏ʹ͢Ε

௨৴͢Δσʔλྔͷେ෯ͳ͕ݮՄͱͳΔɽ·ͨɼԻ

σʔλͳͲձͷ༰ͳͲؚ·ΕΔՄੑ͕͋ΔͨΊɼ

ϓϥΠϕʔτͳใͷڞ༗੍Ͱ͖ΔՄੑ͕͋Δɽࠓ

ɼରͱ͍ͯ͠Δঢ়ଶͷਪఆʹରͯ͠ɼSOMͱͷΫϥޙ

ελϦϯάਫ਼ͷൺֱͳͲΛ͍ߦɼ༻͢Δੳख๏Λܾ

ఆ͍͖͍ͯͨ͠ɽ

ຊ࣮ݧͰɼʮaɽ੮͠෦ʹ͍ͳ͍ঢ়ଶʯɼʮbɽ੮͠

͍ͯΔ͕සൟʹ෦Λग़ೖΓ͍ͯ͠Δঢ়ଶʯɼʮcɽWeb

ΛӾཡ͠੩͔ʹ্صͰۀ࡞Λ͍ͯ͠Δঢ়ଶʯɼʮdɽΩʔϘʔ

υΛ্ص͍ͰԻͷग़Δۀ࡞Λ͍ͯ͠Δঢ়ଶʯɼʮeɽਓ

͕ൃ͠ձٞΛ͍ͯ͠Δঢ়ଶʯͷঢ়ଶͱηϯασʔλͷ

ΫϥελੳͱͷൺֱΛͨͬߦɽςϨϫʔΫΛࡍͨͬߦɼ
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会議中の音声等の成分

ドアの開閉音の成分

部屋の出入りによる音の成分

キーボードの打鍵等の机上の音

ਤ 4 ϚΠΫϩϑΥϯͷσʔλͱؒ࣌ FFT ͷ݁Ռ

Fig. 4 Results of a short-time Fourier transform of the sound

ਤ 5 ͷ݁ՌۉηϯασʔλͷҠಈฏڑ

Fig. 5 Moving average of the distance sensor.
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a.

b.

c.

d.

e.

f.

(i)

(ii)

ਤ 6 (i):k-means ๏ͰΫϥελϦϯάͨ݁͠ՌΛ 1 ຖͷώετάϥϜΛऔͬͨ݁Ռ.

(ii): ͷঢ়ଶऀۀ࡞ଳͷ֤ؒ࣌

Fig. 6 (i): Cluster number histogram of k-means method.

(ii): Worker states.

͜ΕΒͷঢ়ଶͷڞ༗͕ͲͷΑ͏ʹར༻Ͱ͖Δ͔Λͯ͑ߟΈ

͍ͨɽaͷঢ়ଶʹ͍ͭͯɼؒ࣌͜ͷঢ়ଶ͕ؒ࣌ۀ࡞ͷ

தͰଓ͘Α͏Ͱ͋Εɼཧऀऀۀ࡞ͷෆࡏɼۀ࡞ͷத

அΛೝࣝͰ͖Δɽۀ࡞Λཧಜ͢ΔཱͷਓͱͷؒͰ

ॏཁͳใͱͳΔɽbͷঢ়ଶɼصۙʹ͍ͳ͍͕Ի͕

͢ΔΑ͏ͳॴʹډΔঢ়ଶͳͷͰɼۙʹ͍͕ऀۀ࡞Δ͜
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ͱ͕֬ೝͰ͖Δɽۀ࡞༰ʹΑͬͯɼ্صͰͳ͘෦

ͷ͍ॴͳͲͰۀ࡞͏ߦ͋ΔͱࢥΘΕΔͨΊɼbͷঢ়

ଶࣝผͰ͖Δ͜ͱ༗༻Ͱ͋Δɽࠓճͷ࣮ݧͰɼaͱ

bͷঢ়ଶ͕ྨͰ͖͍ͯͳ͍ͨΊɼݪҼΛݕ౼͠ɼޙࠓͷ

ਫ਼ͷ্ΛਐΊ͍͖͍ͯͨ

cͷঢ়ଶɼ্صʹೖΔ͕͋·ΓԻ͕͠ͳ͍ঢ়ଶͰ͋Γɼ

௨ৗۀதͰ͋ΕWebΛؔͯͬ͢ΔใΛ୳͠

͍ͯΔঢ়گɼۀʹؔ࿈͢ΔࢿྉϝʔϧΛӾཡͯ͠

͍Δঢ়ଶͱ͑ߟΒΕΔɽͦͷҰํͰɼeͷΩʔϘʔυͷ

ଧݤͷԻ͕͍ͯ͠Δঢ়ଶɼࢿྉͷ࡞ɼϝʔϧͷ࡞ɼ

ιʔείʔυͷ࡞ͳͲ͍ͯͬߦΔঢ়ଶͱ͑ߟΒΕΔɽ̲

ͷঢ়ଶ͕͘ଓ͍͍ͯΔΑ͏Ͱ͋Εɼeͷঢ়ଶɼdͷ

ձٞதͷঢ়ଶͳͲͱൺֱ͢Δͱɼԕִ͔ΒͷׂΓࠐΈͳͲ

͕͍͢͠ঢ়ଶͱ͍ͯ͑ߟΔɽ

ɼ͜ΕΒͷ֤ঢ়ଶͱςϨϫʔΫʹ͓͚Δ༗༻ੑͳͲޙࠓ

Λ͠ূݕɼ֎෦͔ΒͷׂΓࠐΈ͢͞ͳͲ͕࣮ࡍͷڠௐ࡞

ͳͲΛݧͷ࣮༩͢Δ͔ͳͲΛධՁ͢ΔͨΊɼํدʹۀ

༧ఆͰ͋Δɽ͍ͯͬ͘ߦ

6. ͓ΘΓʹ

ਓͷൃͳͲूԻՄͳϚΠΫϩϑΥϯͱڑηϯα

ΛΈ߹ΘͤͨϓϩτλΠϓϞδϡʔϧΛ։ൃͨ͠ɽϓϩ

τλΠϓϞδϡʔϧΛ༻͍ͯ 2 Λݧͷσʔλऩू࣮ؒ࣌

݁ͨͬߦɽऩूͨ͠σʔλͷΫϥελϦϯάੳΛͨͬߦ

Ռɼ্صͷۀ࡞ɼձٞதͱͦͷଞͷۀ࡞ΛྨͰ͖ΔՄ

ੑ͕͋Δ͜ͱࣔ͞Εͨɽ͔͠͠ɼਪఆਫ਼Λ্ͤ͞

ΔͨΊʹɼಛྔͷநग़ํ๏ɼ༻͢ΔηϯαͳͲͷ

վྑඞཁͱ͍ͯ͑ߟΔɽྨख๏ʹɼ͕ྔࢉܭগͳ͘ɼ

σʔλෆཁͳࢣڭ k-means๏͕ద༻Ͱ͖Δ͜ͱ͕֬ೝͰ

͖ͨɽޙࠓɼηϯαϞδϡʔϧͰͷྨॲཧͳͲΛ࣮

͢Δ͜ͱͰɼԕִؒͰͷঢ়ଶڞ༗ͳͲͷޮՌͳͲΛධ

Ձ͍͖͍ͯͨ͠ͱ͍ͯ͑ߟΔɽ
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