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

tained from microphone and distance sensor.
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Fig. 2 Worker State tested using the Prototype Module.
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ͯ PCͰυΩϡϝϯτͷ࡞੒ɼWebͷӾཡɼςϨϏձٞʹ

ΑΔձٞͳͲΛ͏ߦ΄͔ɼ෦԰ͷग़ೖΓ΍ɼPCΛ࢖Θͣʹ

Δঢ়͍ͯͬߦͳͲΛۀ࡞ͨͬ࢖Λ۩޻΍ه΁ͷචࢴͰ্ص
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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࡞ʹ࣌ճ͸ɼಉࠓऩूͨ͠ɽؒ࣌

ʹΧϝϥ΋ઃஔ͍ͯ͠Δɽࠓճͷ࣮ݧͰ͸ɼϚΠΫϩϑΥ

ϯͱڑ཭ηϯαͷαϯϓϦϯάप೾਺͸ 7[KHz]Ͱ͋Δɽ

4.3 Ռ݁ݧ࣮

ϓϩτλΠϓϞδϡʔϧͰऩूͨ͠ϚΠΫϩϑΥϯͱڑ

཭ηϯαͷσʔλ͔Βͨ͠ࢉܭಛ௃ྔΛਤ 4,5ʹࣔ͢ɽ͜

ΕΒͷσʔλΛಛ௃ྔͱͯ͠ɼk-means๏ʹΑΓΫϥελ

Ϧϯά෼ੳΛͨͬߦɽऀۀ࡞ͷঢ়ଶͱΫϥελϦϯά෼ੳ

ͨ݁͠Ռʹରͯ͠ɼ1෼͝ͱʹώετάϥϜΛ݁ͨ͠ࢉܭ

ՌΛਤ 6ʹࣔ͢ɽࠓճɼಉࡱʹ࣌Өͨ͠ϏσΦө૾͔Β࡞

ͷ࣍ͷঢ়ଶΛ֬ೝ͠ऀۀ 6ͭͷϥϕϧ෇͚Λͨͬߦɽ

a.཭੮͠෦԰ʹ͍ͳ͍ঢ়ଶ

b.཭੮͍ͯ͠Δ͕සൟʹ෦԰Λग़ೖΓ͍ͯ͠Δঢ়ଶ

c.Web౳ΛӾཡ͠੩͔ʹ্صͰۀ࡞Λ͍ͯ͠Δঢ়ଶ

d.ΩʔϘʔυ౳Λ্ص͍࢖ͰԻͷग़Δۀ࡞Λ͍ͯ͠Δঢ়ଶ

e.ਓ͕ൃ࿩͠ձٞ౳Λ͍ͯ͠Δঢ়ଶ

f.ͦͷଞͷଞͷಈ࡞

ਤ 4,5ΑΓɼ্صͷۀ࡞ʹ͓͍ͯɼձٞͰൃ࿩͍ͯ͠Δ

Ի΍ɼΩʔϘʔυ౳ͷૢ࡞Λͯ͠Ի͕ϚΠΫϩϑΥϯͰऔ

ಘ͞Ε͍ͯΔ͜ͱ͕Θ͔Δɽ·ͨɼص͕ऀۀ࡞ͷ෇ۙʹ͸

͍ͳ͍͕ɼ෦԰ͷग़ೖΓ౳ͷԻ͕औಘͰ͖͍ͯΔ͜ͱ͕֬

ೝ͞Εͨɽ

ਤ 6ΑΓɼʮaɽ཭੮͠෦԰ʹ͍ͳ͍ঢ়ଶʯɼʮbɽ཭੮͠

͍ͯΔ͕සൟʹ෦԰Λग़ೖΓ͍ͯ͠Δঢ়ଶʯ͸ɼ͢΂ͯ 1

ͷΫϥελʹ෼ྨ͞Ε͍ͯΔɽʮcɽWeb౳ΛӾཡ͠੩͔ʹ

ص͍࢖Λ͍ͯ͠Δঢ়ଶʯɼʮdɽΩʔϘʔυ౳Λۀ࡞Ͱ্ص

্ͰԻͷग़Δۀ࡞Λ͍ͯ͠Δঢ়ଶʯ͸ɼ10ɼ11ͷΫϥελ

ʹ෼ྨ͞ΕΔස౓͕͘ߴ 2ͭͷঢ়ଶΛ۠ผ͢Δ͜ͱ͕೉͠

͍ɽʮeɽਓ͕ൃ࿩͠ձٞ౳Λ͍ͯ͠Δঢ়ଶʯ͸ɼ10ɼ11Α

Γ΋ 4ɼ5ʹ෼ྨ͞Ε͍ͯΔස౓͕͍ؒ࣌ߴଳ͕ଟ͍ɽ

5. ࡯ߟ

Ռ͔Βɼʮaɽ཭੮͠෦԰ʹ͍ͳ͍ঢ়ଶʯɼ݁ݧճͷ࣮ࠓ

ʮbɽ཭੮͍ͯ͠Δ͕සൟʹ෦԰Λग़ೖΓ͍ͯ͠Δঢ়ଶʯ͸ɼ

a,bͷ 2ͭͷঢ়ଶΛ۠ผ͢Δ͜ͱ͸Ͱ͖ͳ͔͕ͬͨɼc,d,e

ͷଞͷঢ়ଶͱ໌֬ʹ۠ผ͞Ε͍ͯͨɽڑ཭ηϯαͷ஋͕େ

͖͘ҟͳΔͨΊɼ͜ ͷ 2ͭͷঢ়ଶ͸۠ผ͠΍͍͢ɽҰํͰɼ

ʮeɽਓ͕ൃ࿩͠ձٞ౳Λ͍ͯ͠Δঢ়ଶʯ͸ɼ10ɼ11ΑΓ΋

4ɼ5ʹ෼ྨ͞Ε͍ͯΔස౓͕͍ؒ࣌ߴଳ͕ଟ͘ɼϚΠΫϩ

ϑΥϯͰऔಘͨ͠ਓͷൃ࿩ͷ༗ແͳͲͷಛ௃͕ɼऀۀ࡞ͷ

ঢ়ଶͷ෼཭ʹد༩͍ͯ͠ΔՄೳੑ͕ࣔࠦ͞ΕΔɽҰํͰɼ

4,5,10,11ʹ͸ɼͦΕͧΕऀۀ࡞ͷঢ়ଶ͕ෳ਺ؚ·Ε͓ͯ

Γɼ࣌ݱ఺Ͱ͸ ʹͱͳΔͨΊɼ͞Βূݕͷσʔλͷؒ࣌2

௕ؒ࣌ͷσʔλΛऔಘ্ͨ͠Ͱਫ਼౓ͷূݕΛ͍͍ͨߦɽ·

ͨɼԻͷσʔλͷप೾਺੒෼ͷ෼෍ʢਤ 4ʣΑΓɼଞͷ࣌

ؒଳͷԻͱձٞதͱͷؒͰ 1kHz෇ۙͷ੒෼ͷҧ͍͸ݟΒ

ΕΔ͕ɼΑΓݦஶͳಛ௃ྔͷநग़Λ͜͏ߦͱͰɼऀۀ࡞ͷ

෼ྨ͕ΑΓਫ਼౓ྑ͑͘ߦΔͱ͍ͯ͑ߟΔɽऀۀ࡞ͷঢ়ଶΛ

൓өͨ͠ಛ௃Λݕ౼͠ɼಛ௃ྔͷநग़ํ๏ͳͲ΋ݕ౼ͨ͠

͍ɽ·ͨɼۙ೥ɼখܕͰ҆Ձͳ༷ʑͳηϯα͕͞ൢࢢΕͯ

͓Γɼऀۀ࡞ͷۀ࡞Λ൓өͨ͠෺ཧྔΛۃݟΊ্ͨͰɼ৽

ͨͳηϯαͱͷ૊Έ߹ΘͤͳͲ΋ݕ౼͢Δɽ

͍ͨ༺ʹճΫϥελϦϯά෼ੳࠓ k-means๏͸ɼҎલͷ

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

γϯϓϧͰ͕ྔࢉܭগͳ͍ख๏Ͱ͋ΔɽηϯαϞδϡʔϧ

಺Ͱ࢖༻͍ͯ͠Δ Raspberry PiͳͲͷখػࢉܭܕͰࢉܭ

Ͱ͖ΔՄೳੑ͕͋ΔɽηϯαͰऔಘ͢Δ৘ใ͸୹ؒ࣌Ͱ͸

ͦΕ΄Ͳେ͖͘ͳ͍͕ɼ௕ؒ࣌औಘ͢Δ͜ͱͰେ͖ͳ৘ใ

ͱͳΔɽ෼ྨ͞Εͨޙͷঢ়ଶͷΈΛ௨৴͢ΔΑ͏ʹ͢Ε͹

௨৴͢Δσʔλྔͷେ෯ͳ͕ݮ࡟ՄೳͱͳΔɽ·ͨɼԻ੠

σʔλͳͲ͸ձ࿩ͷ಺༰ͳͲ΋ؚ·ΕΔՄೳੑ͕͋ΔͨΊɼ

ϓϥΠϕʔτͳ৘ใͷڞ༗΋཈੍Ͱ͖ΔՄೳੑ͕͋Δɽࠓ

ɼର৅ͱ͍ͯ͠Δঢ়ଶͷਪఆʹରͯ͠ɼSOMͱͷΫϥޙ

ελϦϯάਫ਼౓ͷൺֱͳͲΛ͍ߦɼ࢖༻͢Δ෼ੳख๏Λܾ

ఆ͍͖͍ͯͨ͠ɽ

ຊ࣮ݧͰ͸ɼʮaɽ཭੮͠෦԰ʹ͍ͳ͍ঢ়ଶʯɼʮbɽ཭੮͠

͍ͯΔ͕සൟʹ෦԰Λग़ೖΓ͍ͯ͠Δঢ়ଶʯɼʮcɽWeb౳

ΛӾཡ͠੩͔ʹ্صͰۀ࡞Λ͍ͯ͠Δঢ়ଶʯɼʮdɽΩʔϘʔ

υ౳Λ্ص͍࢖ͰԻͷग़Δۀ࡞Λ͍ͯ͠Δঢ়ଶʯɼʮeɽਓ

͕ൃ࿩͠ձٞ౳Λ͍ͯ͠Δঢ়ଶʯͷঢ়ଶͱηϯασʔλͷ

Ϋϥελ෼ੳͱͷൺֱΛͨͬߦɽςϨϫʔΫΛࡍͨͬߦɼ
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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 ϚΠΫϩϑΥϯͷσʔλͱ୹ؒ࣌ FFT ͷ݁Ռ

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

ਤ 5 ͷ݁Ռۉ཭ηϯασʔλͷҠಈฏڑ

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

͍ͨɽaͷঢ়ଶʹ͍ͭͯ͸ɼ௕ؒ࣌͜ͷঢ়ଶ͕ؒ࣌ۀ࡞ͷ

தͰଓ͘Α͏Ͱ͋Ε͹ɼ؅ཧऀ͸ऀۀ࡞ͷෆࡏɼۀ࡞ͷத

அΛೝࣝͰ͖Δɽۀ࡞Λ؅ཧ؂ಜ͢Δཱ৔ͷਓͱͷؒͰ͸

ॏཁͳ৘ใͱͳΔɽbͷঢ়ଶ͸ɼص෇ۙʹ͸͍ͳ͍͕Ի͕

͢ΔΑ͏ͳ৔ॴʹډΔঢ়ଶͳͷͰɼ෇ۙʹ͍͕ऀۀ࡞Δ͜
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ͱ͕֬ೝͰ͖Δɽۀ࡞಺༰ʹΑͬͯ͸ɼ্صͰ͸ͳ͘෦԰

ͷ͍޿৔ॴͳͲͰۀ࡞͏ߦ΋͋ΔͱࢥΘΕΔͨΊɼbͷঢ়

ଶ΋ࣝผͰ͖Δ͜ͱ͸༗༻Ͱ͋Δɽࠓճͷ࣮ݧͰ͸ɼaͱ

bͷঢ়ଶ͕෼ྨͰ͖͍ͯͳ͍ͨΊɼݪҼΛݕ౼͠ɼޙࠓͷ

ਫ਼౓ͷ্޲ΛਐΊ͍͖͍ͯͨ

cͷঢ়ଶ͸ɼ্صʹೖΔ͕͋·ΓԻ͕͠ͳ͍ঢ়ଶͰ͋Γɼ

௨ৗۀ຿தͰ͋Ε͹Web౳Λ͢܎ؔͯͬ࢖Δ৘ใΛ୳͠

͍ͯΔঢ়گ΍ɼۀ຿ʹؔ࿈͢Δࢿྉ΍ϝʔϧ౳ΛӾཡͯ͠

͍Δঢ়ଶͱ͑ߟΒΕΔɽͦͷҰํͰɼeͷΩʔϘʔυ౳ͷ

ଧݤͷԻ͕͍ͯ͠Δঢ়ଶ͸ɼࢿྉͷ࡞੒ɼϝʔϧͷ࡞੒ɼ

ιʔείʔυͷ࡞੒ͳͲ͍ͯͬߦΔঢ়ଶͱ͑ߟΒΕΔɽ̲

ͷঢ়ଶ͕௕͘ଓ͍͍ͯΔΑ͏Ͱ͋Ε͹ɼeͷঢ়ଶ΍ɼdͷ

ձٞதͷঢ়ଶͳͲͱൺֱ͢Δͱɼԕִ͔ΒͷׂΓࠐΈͳͲ

͕͠΍͍͢ঢ়ଶͱ͍ͯ͑ߟΔɽ

ɼ͜ΕΒͷ֤ঢ়ଶͱςϨϫʔΫʹ͓͚Δ༗༻ੑͳͲޙࠓ

Λ͠ূݕɼ֎෦͔ΒͷׂΓࠐΈ΍͢͞ͳͲ͕࣮ࡍͷڠௐ࡞

ͳͲΛݧͷ࣮޲༩͢Δ͔ͳͲΛධՁ͢ΔͨΊɼ૒ํدʹۀ

༧ఆͰ͋Δɽ͍ͯͬ͘ߦ

6. ͓ΘΓʹ

ਓͷൃ࿩ͳͲ΋ूԻՄೳͳϚΠΫϩϑΥϯͱڑ཭ηϯα

Λ૊Έ߹ΘͤͨϓϩτλΠϓϞδϡʔϧΛ։ൃͨ͠ɽϓϩ

τλΠϓϞδϡʔϧΛ༻͍ͯ 2 Λݧͷσʔλऩू࣮ؒ࣌

݁ͨͬߦɽऩूͨ͠σʔλͷΫϥελϦϯά෼ੳΛͨͬߦ

Ռɼ্صͷۀ࡞͸ɼձٞதͱͦͷଞͷۀ࡞Λ෼ྨͰ͖ΔՄ

ೳੑ͕͋Δ͜ͱ͸ࣔ͞Εͨɽ͔͠͠ɼਪఆਫ਼౓Λ্ͤ͞޲

ΔͨΊʹ͸ɼಛ௃ྔͷநग़ํ๏΍ɼ࢖༻͢ΔηϯαͳͲͷ

վྑ͸ඞཁͱ͍ͯ͑ߟΔɽ෼ྨख๏ʹ͸ɼ͕ྔࢉܭগͳ͘ɼ

σʔλ΋ෆཁͳࢣڭ k-means๏͕ద༻Ͱ͖Δ͜ͱ͕֬ೝͰ

͖ͨɽޙࠓ͸ɼηϯαϞδϡʔϧ಺Ͱͷ෼ྨॲཧͳͲΛ࣮

૷͢Δ͜ͱͰɼԕִ஍ؒͰͷঢ়ଶڞ༗ͳͲͷޮՌͳͲΛධ

Ձ͍͖͍ͯͨ͠ͱ͍ͯ͑ߟΔɽ
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