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Investigation of Micro Activity Recognition Using 3D Point Cloud

ౢࡾ ༞ً †

Yuki Mishima

দҪ ஐҰ †

Tomokazu Matsui

দా ༟و †‡

Yuki Matsuda

ਡ๚ ത †‡

Hirohiko Suwa

҆ຊ Ұܚ †‡

Keiichi Yasumoto

1. ͡Ίʹ
ۙɼIoTٕज़ͷൃలʹΑΔڥͷεϚʔτԽʹ

͍ɼऀॅډͷߦಈೝࣝʹؔ͢ΔڀݚɾγεςϜ։ൃ͕

ΜʹߦΘΕ͍ͯΔɽՈఉͰͷੜߦ׆ಈΛೝࣝ͢Δ͜

ͱʹΑΓɼऀྸߴͷੜ׆ͷิॿ [1]ऀॅډͷੜ׆श׳

ʹԠͨ͡Ոిͷࣗಈ੍ޚ [2][3]ͱ͍ͬͨੜ׆ɾߦಈࢧԉ

ͷԠ༻͕ظͰ͖Δɽ

ಈΛೝࣝ͢ߦͷऀྸߴͷิॿͰɼ׆ͷੜऀྸߴ

Δ͜ͱͰɼసͳͲͷҟৗͳߦಈΛݕ͠ɼඇৗ࣌ͷਝ

ͳରԠ͕ՄͱͳΔɽ૯লͷௐࠪʹΑΔͱɼ2007

ʹ ͷޱҎ্ͷׂ߹͕શਓࡀ65 21%Λ͑ΔྸߴԽ

ࣾձͱͳͬͨɽ2022ࡏݱɼ65ࡀҎ্ਓޱ 3,621ສ

ਓͱͳΓɼ૯ਓޱʹΊΔׂ߹ 28.9ˋͱͳ͍ͬͯΔ

[4]ɽ͜ΕΒΛ౿·͑ΔͱޙࠓͷຊͷྸߴԽࣾձʹ͓͍

ͯɼऀྸߴͷਫ਼ਆతෛ୲ͷܰݮੜ׆ͷ࣭Λ্ͤ͞Δ

ͱ͍͏؍͔Βɼऀྸߴͷੜ׆Λิॿ͢Δ͜ͱɼΑΓ

ॏཁ͕૿ͯ͘͠Δͱ͑ߟΒΕΔɽ

Ոిͷࣗಈ੍ޚͰɼऀॅډͷߦಈʹ߹Θͤͯɼ͓෩

࿊ͷ౬Λ͔͢ɼΤΞίϯͷԹௐΛ͏ߦɼిؾΛ

౮·ͨফ౮͢Δͱ͍ͬͨ͜ͱ͕ՄͱͳΔɽ͜ΕʹΑ

ΓຊདྷͰ͋Εɼ͕ࣗऀॅډΒߦΘͳ͚ΕͳΒͳ͍ૢ

ͱ͕Ͱ͖ΔΑ͏ʹͳΓɼਫ਼ਆతͳΏ͜͏ߦʹΛࣗಈత࡞

ͱΓ͕ੜ·Εɼ݁Ռͱͯ͠ऀॅډͷੜ׆ͷ࣭ظ্͕

͞ΕΔɽ͜͜Ͱɼৗੜߦ׆ಈΛΑΓਖ਼֬ʹೝࣝ͢Δͨ

ΊʹɼΑΓߦ͍͔ࡉಈͰ͋ΔϚΠΫϩߦಈΛೝࣝ͢Δ

͜ͱ͕ॏཁͰ͋Δɽ

ಈೝࣝͷख๏ͱͯ͠ΧϝϥΛ༻͍Δͷ͕͋Δߦ [5]ɽ

͜ͷख๏ͰೝࣝͷͨΊʹಈըɾը૾ใΛ༻͍ΔͨΊ

ϓϥΠόγʔͷ৵ݒ͕೦͞ΕΔɽ·ͨɼਓҎ֎ͷ

ମʹΑΓΦΫϧʔδϣϯ͕ൃੜ͢Δͱ͍͏͕͋Δɽ

δϟΠϩηϯαՃηϯαͳͲͷΣΞϥϒϧηϯ

αΛ༻͍Δߦಈೝࣝख๏ [6]͕ఏҊ͞Ε͍ͯΔ͕ɼΣ

ΞϥϒϧηϯαΛৗʹண͠ͳ͚ΕͳΒͳ͍ͱ͍͏ख

͕͔͔ؒΔ͕͋ΔɽৼಈηϯαΛར༻ͨ͠ߦಈೝࣝ

ख๏ଟఏҊ͞Ε͍ͯΔɽSanΒ [7]ɼϨʔβʔυο

ϓϥʔৼಈηϯαʹΑΓηϯγϯάͨ͠ৼಈσʔλΛֶ

शσʔλͱͯ͠ɼػցֶशϞσϧʹΑΓղੳΛ͍ߦɼυ
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ϥΠϠʔγϟϫʔͳͲͷɼ18छྨͷߦಈΛೝࣝ͢Δ

γεςϜΛఏҊ͍ͯ͠ΔɽϨʔβʔυοϓϥʔৼಈηϯ

αΛఱҪͷ͋ΔҰʹઃஔ͢Δ͜ͱͰɼඍখͳৼಈͷଌ

ఆΛ͏ߦɽBondeΒ [8]ɼ্ͷ্ʹৼಈηϯαΛઃ

ஔ͠ɼपғͷߏͷৼಈ͔Βɼา͘λΠϐϯάɼ

͢ͳͲͷߦಈΛࣝผͨ͠ɽৼಈηϯαΛ༻͍ͨख๏ɼ

ΧϝϥͳͲͷϏδϣϯϕʔεͷख๏ʹൺͯɼΦΫϧʔ

δϣϯ͕ൃੜ͠ͳ͍ͱ͍͏ར͕͋Δɽ͔͠͠ҰํͰɼ

ମͱ৮͠ͳ͍ߦಈݪཧతʹ۠ผ͢Δ͜ͱ͕ෆՄ

Ͱ͋Δͱ͍͏͕͋Δɽ·ͨɼ͜ΕΒͷڀݚͰϚΠ

Ϋϩߦಈͷೝࣝʹ͍ͯͬࢸͳ͍ɽ

ͦ͜ͰຊڀݚͰɼLiDARηϯαʹΑͬͯηϯγϯά

͞ΕΔ 3DϙΠϯτΫϥυΛ༻͍ͯϓϥΠόγʔʹ

ɽ3DϙΠϯτΫϥυ͢ࢦಈೝࣝΛߦྀͨ͠ [9]ɼ

ରΛ ͷݩ࣍3 XYZ࠲ඪ্ͷͷू߹Ͱදͨ͠ͷ

Ͱ͋Δɽ3DϙΠϯτΫϥυ্ͰਓͱମͱͷҐ

ஔؔͷใΛѻ͏͜ͱ͕Ͱ͖Δɽͦͷɼैདྷͷಈըɾ

ը૾ʹΑΔߦಈೝࣝͷख๏ʹൺͯɼମΛྀͨ͠ߟॲ

ཧΛ͜͏ߦͱ͕Ͱ͖ΔͨΊɼΑΓਫ਼ͷߦ͍ߴಈೝࣝΛ

͞ΕΔɽظΔ͜ͱ͕͑ߦ

ຊγεςϜɼಸྑઌՊֶٕज़େֶӃେֶʹ͋Δε

ϚʔτϗʔϜʢҎԼɼNAISTεϚʔτϗʔϜʣʹߏ

ங͢Δɽ14ͷ LiDARηϯαΛ༻͍ͯ 3DϙΠϯτΫ

ϥυΛऩू͠ɼैདྷೝ͕͔ࣝͬͨ͠ৗతͳϚΠΫ

ϩߦಈೝࣝΛ͏ߦɽϚΠΫϩߦಈೝࣝʹΑΓɼΑΓ͔ࡉ

ཻ͍ͰͷߦಈΛѲ͢Δ͜ͱ͕Ͱ͖ɼҰ࿈ͷϚΠΫϩ

ɽ͢ࢦಈΛೝࣝ͢Δ͜ͱΛߦͳࡶಈ͔ΒΑΓෳߦ

2. ؔ࿈ڀݚ
ຊষͰɼʹ͓͚Δৗߦಈೝ͓ࣝΑͼϚΠΫϩ

Δɽ·ͨɼ3Dϙ͢؍͍֓ͯͭʹڀݚಈೝࣝʹؔ͢Δߦ

ΠϯτΫϥυ͓Αͼ 3DϙΠϯτΫϥυΛ༻͍ͨߦ

ಈೝࣝʹؔ͢Δطଘڀݚʹ͍ͭͯड़Δɽ

2.1 ʹ͓͚Δৗߦಈೝࣝ

BalliΒɼεϚʔτΥονʹ͞ࡌΕͨ࣠ࡾՃ

ηϯαʔɾδϟΠϩηϯαɾาܭɾ৺ഥηϯα͔ΒಘΒ

ΕΔσʔλΛɼओੳʹΑΔݮݩ࣍Λ্ͨͬߦͰ

RandomForestʹద༻͢Δ͜ͱʹΑΓɼʮา͘ʯɼʮ࠲Δʯɼ

ʮPCૢ࡞ʯɼʮ੩ࢭঢ়ଶʯɼʮ࠲ΔʯͳͲ 8छͷಈ࡞ͷࣝผʹ

͓͍ͯɼFͰ 0.985ͷਫ਼Λ͍ࣔͯ͠Δ [10]ɽCookΒ



͕ఏҊͨ͠ CASASɼޫྔηϯαɼؾԹηϯαɼϞʔ

γϣϯηϯαɼυΞηϯαͳͲ͔Βऔಘͨ͠σʔλΛ༻

͍ͯɼ10छͷߦಈΛฏۉͰ 0.581ͷਫ਼Ͱೝࣝ͢Δ͜ͱ

ʹޭ͍ͯ͠Δ [11]ɽSasakiΒՈిͷར༻ঢ়͔گΒߦ

ಈೝࣝΛ͏ߦख๏ΛఏҊ͠ɼ9छͷߦಈΛฏۉͰ 0.675

ͷਫ਼Ͱೝ͍ࣝͯ͠Δ [12]ɽMastuiΒ SALONͱݺ

ΕΔ PIRηϯαɼؾԹɾ࣪ɾ૽ԻͳͲ͕ܭଌՄͳ

ಈ͢ΔΞۦΑͬͯʹిൃڥηϯαɼυΞηϯαɼڥ

ϊςʔγϣϯ༻Ϙλϯɼσʔλऩूɾղੳ༻αʔό͔Β

ͳΔγεςϜΛఏҊ͠ɼʮೖཋʯɼʮ৯ࣄʯɼʮௐཧʯɼʮਭ

ʯͷ̐छͷߦಈೝࣝʹ͓͍ͯɼݱ࠶Ͱ 0.723ɼF

Ͱ 0.407ͷਫ਼Λୡ͍ͯ͠Δ [13]ɽ͜ΕΒͷڀݚͰ

Ұൠతͳৗߦಈͷೝࣝରͱ͍ͯ͠Δ͕ɼΑΓదͳ

ੜิ׆ॿՈి੍ޚͷͨΊʹɼΑΓߦ͍͔ࡉಈʢϚΠ

Ϋϩߦಈʣͷೝ͕ࣝඞཁͱ͑ߟΔɽ

2.2 ϚΠΫϩߦಈೝࣝʹؔ͢Δڀݚ

MichibataΒ [14]ɼCNNΛ༻͍ͯҰਓশࢹͰͷ

ಈըใ͔Βௐཧۀ࡞ʹ͓͚ΔϚΠΫϩߦಈೝࣝΛߦ

ͳͬͨɽௐཧۀ࡞ʮௐཧث۩ΛऔΓग़͢ʯɼʮ৯ࡐΛऔ

Γग़͢ʯɼʮચ͏ʯͳͲͷߦಈΛରͱ͍ͯ͠ΔɽMizu-

motoΒ [15]ɼਂΧϝϥ KinectV2Λ༻͍ͯɼௐཧ

ͳ͍ͬͯΔɽਂΧϝϥߦಈೝࣝΛߦதͷϚΠΫϩۀ࡞

ΑΓಘΒΕΔਂσʔλΛͱʹࢉग़ͨ֨͠ࠎใ͔

ΒɼௐཧऀͷΩονϯʹ͓͚Δ૬ରҐஔͳΒͼʹମͱ

ͱ֯Λಛྔͱ͍ͯ͠Δɽ͜ΕΒͷಛͷҐஔؔࢶ্

ྔΛϥϯμϜϑΥϨετͷֶश༻σʔλʹ༻͍Δ͜ͱ

ͰɼߦಈೝࣝΛߦͳ͍ͬͯΔɽΫϩεόϦσʔγϣϯΛ

༻͍ͯɼʮPICKUP foodstuffʯɼʮPICKUP toolʯɼʮPRE-

PROCESSING cutting slicingʯɼʮPREPROCESSING

poring powderingʯɼʮWASHINGʯͷ 5छྨͷௐཧۀ࡞

Λ 78%ͷਫ਼ͰྨՄͱͨ͠ɽ͔͠͠ɼ͜ΕΒͷϚΠ

Ϋϩߦಈௐཧݶʹۀ࡞ఆͨ͠ͷͰ͋ΓɼͦͷଞͷϚ

ΠΫϩߦಈʹؔͯ͠ͷݕ౼͞Ε͍ͯͳ͍ɽ

RaiΒ [16]ɼ֊ߏʹͨ͠ߦಈೝࣝͷ৽͍͠

ख๏͓Αͼ՝ʹऔΓΉͨΊͷσʔληοτΛఏҊ͠

͍ͯΔɽσʔληοτʹɼෳࢹ͔ΒࡱӨ͞ΕͨϚ

ϧνϞʔμϧͳใͱɼ֊తͳߦಈϥϕϧɾϚΠΫϩ

Λֶश͢Δ͜ͱߏಈͷ֊ߦಈϥϕϧؚ͕·ΕΔɽߦ

ʹΑΓɼߦಈೝࣝͷਫ਼্Λ͍ࣔͯ͠Δɽද 1ʹϚΠ

Ϋϩߦಈͷఆٛʹར༻ͨ͠಄ޠҰཡΛࣔ͢ɽ಄ޠͱ

Object໊Λ߹ΘͤΔ͜ͱͰϚΠΫϩߦಈͷఆٛΛͯ͠

͍Δɽຊߘʹ͓͚ΔϚΠΫϩߦಈͷೝࣝʹɼRaiΒͷ

ఏҊͨ͠ϚΠΫϩߦಈͷఆٛʹ͍ͯͮجɼ͍͔ͭ͘Λൈ

ਮͯ͠ѻ͏ɽ

ද 1: ϚΠΫϩߦಈͷఆٛʹར༻͢Δ಄ޠҰཡ
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2.3 3DϙΠϯτΫϥυΛ༻͍ͨߦಈೝࣝ

LiDARηϯαͷখܕԽɼՁ֨Խʹ͍ɼ3DϙΠϯ

τΫϥυͷ͕ڀݚΜʹͳ͍ͬͯΔɽCharlesΒ [17]

 3DϙΠϯτΫϥυʹਂֶशΛ༻͍ͯΦϒδΣΫ

τਪఆ͢Δख๏ΛఏҊ͍ͯ͠ΔɽLioΒ [18]ɼ3Dϙ

ΠϯτΫϥυʹ͓͚ΔϊΠζআڈͷΞϧΰϦζϜΛఏ

Ҋ͍ͯ͠Δɽ

3DϙΠϯτΫϥυΛ༻͍ͨߦಈೝࣝʹؔ͢Δڀݚ

ߦΘΕ͍ͯΔɽLiuΒ [19]ɼಈతͳ 3DϙΠϯτΫϥ

υγʔέϯεΛֶश͢ΔͨΊͷ৽͍͠χϡʔϥϧωο

τϫʔΫΞʔΩςΫνϟͰ͋ΔMeteorNetΛఏҊ͍ͯ͠

ΔɽMeteorNetΛ༻͍ͯߦಈೝࣝɼηϚϯςΟοΫηά

ϝϯςʔγϣϯɼγʔϯϑϩʔਪఆͳͲɼ༷ʑͳ 3Dೝࣝ

λεΫͰϕϯνϚʔΫΛߦͳ͍ͬͯΔɽߦಈೝࣝλεΫ

ͰɼਂϚοϓͰߏ͞Ε͍ͯΔMSRAction3Dσʔ

ληοτ [20]͔Β 3DϙΠϯτΫϥυΛߏங͠ɼಈత

ͳ 3DϙΠϯτΫϥυγʔέϯεΛMeteorNetʹֶश

͍ͤͯ͞Δɽͦͷ݁Ռɼ࠷େͰ 88.5%ͷೝࣝਫ਼Λಘͯ

͍Δɽ͜ͷ͜ͱ͔ΒMetorNetɼಈతͳ 3DϙΠϯτ

ΫϥυγʔέϯεΛ༻͍ͨߦಈೝࣝλεΫʹ͓͍ͯ༗

༻Ͱ͋Δͱ͑ߟΒΕΔɽ͔͠͠ɼMSRAction3Dσʔλ

ηοτͷ༰͕ɼʮjoggingʯ, ʮtennis swingʯ,ʮtennis

serveʯ,ʮgolf swingʯ,ʮpickup&throwʯ͔Βߏ͞

Ε͍ͯΔ͜ͱΛ౿·͑ΔͱɼϚΠΫϩߦಈʹର͢Δߦಈ

ೝࣝߦΘΕ͍ͯͳ͍ɽͦ͜ͰຊڀݚͰɼLiu Βͷఏ

Ҋͨ͠ MetorNet Λ༻͍ͯɼಈతͳ 3D ϙΠϯτΫϥ

υ͔ΒϚΠΫϩߦಈͷೝࣝΛ͜͏ߦͱΛݕ౼͢Δɽ

3. ఏҊγεςϜ
ຊষͰɼ3DϙΠϯτΫϥυΛ༻͍ͨϚΠΫϩߦ

ಈೝࣝγεςϜʹ͍ͭͯड़ΔɽLiDARηϯα͔Βη

ϯγϯά͞ΕΔਓͷ 3DϙΠϯτΫϥυΛੳ͠ɼ

ϚΠΫϩߦಈೝࣝΛ͜͏ߦͱΛతͱ͢Δɽ

3.1 ఏҊγεςϜͷྲྀΕ

NAISTεϚʔτϗʔϜʹઃஔ͞Ε͍ͯΔ LiDARη

ϯα͔ΒɼਓͷϚΠΫϩߦಈΛऔಘ͢ΔγεςϜͷྲྀ
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ΕΛҎԼʹࣔ͢ɽFogαʔόɼEdgeαʔόɼLiDARη

ϯα͔Βߏ͞ΕΔγεςϜΛਤ 1ʹࣔ͢ɽ

1. Fogαʔό͔Β֤EdgeαʔόΛىಈ͠ɼEdgeαʔ

όʹଓ͞Ε͍ͯΔ LiDARηϯαΑΓɼ֤ࢹͷ

3DϙΠϯτΫϥυΛऔಘ͢Δɽ

2. LiDAR ηϯαͷҐஔΛ্ྀͨ͠ߟͰɼ֤ࢹͷ

3DϙΠϯτΫϥυΛ Robot Operating System

(ROS)্ͰɼҰͭͷσʔλʹ౷߹͢Δɽਤ 3ʹ౷

߹͞ΕͨσʔλΛࣔ͢ɽ

3. 3DϙΠϯτΫϥυΛͻͱͳͼγεςϜͷٕज़Λ

༻͍ͯഎܠσʔλͱલܠσʔλʹ͚Δ͜ͱʹΑ

ΓɼલܠσʔλΛਓͷ 3DϙΠϯτΫϥυͱ

͢Δɽ

4. ਖ਼ղϥϕϧΛ༩ͨ͠લܠσʔλΛֶश༻σʔλ

ͱ͠ɼMeteorNetʹֶशͤ͞Δɽ

5. ֶशࡁΈϞσϧʹલܠσʔλΛೖྗ͢Δ͜ͱͰɼϚ

ΠΫϩߦಈͷਪఆΛ͏ߦɽ

ຊγεςϜʹΑͬͯೝࣝ͞ΕΔϚΠΫϩߦಈ͔Βɼߦಈ

ೝࣝΛΑΓཻ͍͔ࡉͰѻ͏͜ͱ͕Ͱ͖ΔɽͦͷͨΊɼ

ಉ͡ߦಈ͕ೝࣝ͞Εͨ߹Ͱɼߏ͞ΕΔϚΠΫϩߦ

ಈʹΑͬͯҟͳΔՈిͷ੍ޚαʔϏεఏ͕ڙՄͱͳ

ΓɼऀྸߴͷݟकΓՈి੍ޚͷԠ༻͕ظ͞ΕΔɽ

3.2 ϚΠΫϩߦಈͷఆٛ

Rai Β [16] ɼϚΠΫϩߦಈΛಈࢺͱΦϒδΣΫτ

ͷ͔ؔΒఆٛͨ͠ɽྫ͑ɼಈࢺͱͯ͠ʮholdingʯɼ

ʮtouchingʯɼʮwearingʯɼΦϒδΣΫτͱͯ͠ʮpenʯɼ

ʮdetergentʯɼʮappleʯ͕͋Δͱ͢Δɽ͜ΕΒͷ͔ؔΒ

ܭ߹ 9छྨͷϚΠΫϩߦಈ͕ఆٛ͞ΕΔɽຊڀݚͰɼ

RaiΒͷख๏ʹ͍ͯͮجϚΠΫϩߦಈΛఆٛ͢Δɽ
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ਤ 2: NAISTεϚʔτϗʔϜͷݟऔΓਤ͓Αͼ LiDAR

ηϯαͷઃஔՕॴ

3.3 3DϙΠϯτΫϥυऩूγεςϜ

3DϙΠϯτΫϥυऩूγεςϜɼಸྑઌՊֶ

ٕज़େֶӃେֶʹઃஔ͞ΕͨεϚʔτϗʔϜʹߏங

͍ͯ͠ΔɽNAISTεϚʔτϗʔϜͷݟऔΓਤ͓Αͼ

LiDARηϯαͷઃஔՕॴΛਤ 2ʹࣔ͢ɽNAISTεϚʔ

τϗʔϜʹɼؔݰʹ 2ɼચ໘ॴʹ 1ɼΩονϯʹ

2ɼϦϏϯάʹ 5ɼ৸ࣨʹ 4ͷܭ 14ͷ LiDAR

ηϯα͕ઃஔ͞Ε͍ͯΔɽͦͷͨΊɼࣨΛ͋ΒΏΔ֯

͔ΒཏతʹηϯγϯάΛ͢Δ͜ͱͰɼ͞·͟·ͳ

໘ͷϚΠΫϩߦಈΛऔಘ͢Δ͜ͱ͕Ͱ͖ΔɽຊڀݚͰ

LiDARηϯαͱͯ͠ਤ 5ʹࣔ͢RealSense L515Λ༻

͢Δɽ

3.4 ϚΠΫϩߦಈೝࣝϞσϧͷߏங

LiDARηϯαʹΑͬͯಘΒΕΔσʔλɼഎࠩܠʹ

ΑΓഎܠσʔλͱલܠσʔλʹ͚ΒΕΔɽલܠσʔλ

ʹɼਓͷ 3DϙΠϯτΫϥυͷใͷΈؚ͕·Ε

Δɽσʔλ LiDARηϯαʹΑͬͯஞ࣍తʹηϯγϯ

ά͞ΕΔͨΊɼਓͷߦಈલܠσʔλ্Ͱಈతͳ 3D

ϙΠϯτΫϥυγʔέϯεͱͯ͠ද͞ݱΕΔɽ͜ͷಈ

తͳ 3DϙΠϯτΫϥυγʔέϯεΛMeteorNetʹֶ

शͤ͞Δ͜ͱͰɼϚΠΫϩߦಈೝࣝϞσϧͷߏஙΛ͏ߦɽ

4. ༧උ࣮ݧ
4.1 ཁ֓ݧ࣮

ຊڀݚͰɼ3DϙΠϯτΫϥυΛ༻͍Δ͜ͱʹΑ

ΓϚΠΫϩߦಈͷೝࣝΛ͢ࢦɽͦͷͨΊʹɼ·ͣ Re-

alSenseΑΓηϯγϯά͞ΕΔਓؒͷؔઅͷҐஔ͔ΒϚ

ΠΫϩߦಈͷೝࣝΛ͏ߦɽηϯγϯά͞ΕΔؔઅͷҐஔ

Λֶशσʔλͱ͠ɼϥϯμϜϑΥϨετΛ༻͍ͯߦಈ

ͷྨ͓ΑͼධՁΛ͏ߦɽؔઅͷҐஔͷऔಘʹɼRe-

alSense L515ͱεέϧτϯτϥοΩϯάϛυϧΣΞͰ



ਤ 3: NAISTεϚʔτϗʔϜͷ 3DϙΠϯτΫϥυ

ਤ 4: Nuitrack SDKʹΑΔؔઅҐஔͷೝࣝͷྫ

͋Δ NUITRACK SDKΛ༻͍ΔɽNuitrack SDKΛ༻

͍ͯɼؔ અͷҐஔͷೝࣝ݁ՌΛਤ 4ʹࣔ͢ɽNUITRACK

SDKɼ1ඵؒʹؔઅҐஔΛ 30ϑϨʔϜͰه͕Ͱ͖

ΔɽNUITRACK SDKʹΑͬͯಘΒΕΔؔઅΛද 2ʹ

ࣔ͢ɽ

ຊ࣮ݧͰରͱ͢ΔߦಈɼҠಈͱεϚϗۀ࡞Ͱ͋Δɽ

ҠಈɼʮwalkʯɼʮstandʯɼʮsitʯɼεϚϗۀ࡞ɼʮtake

out smartphone/take outʯɼʮuse smartphone/useʯͱ͍

͏ϚΠΫϩߦಈ͔Βߏ͞Ε͍ͯΔͷͱ͢Δɽʮwalkʯ

ɼΧϝϥΛԣΔΑ͏ʹา͘ಈ࡞Ͱ͋Δɽʮstandʯ

Ҝ͔ࢠΒ্ཱ͕ͪΔಈ࡞Ͱ͋ΓɼʮsitʯҜ࠲ʹࢠΔಈ࡞

Ͱ͋Δɽʮtake outʯζϘϯͷϙέοτ͔ΒεϚϗΛऔ

Γग़͢ಈ࡞Ͱ͋ΓɼʮuseʯεϚϗΛεϫΠϓ͢Δಈ࡞

Ͱ͋Δɽ

ඃऀݧ 1 ໊ʢ20 உੑʣ͕ɼ4 छྨͷϚΠΫϩߦಈ

walkɼstand&sitɼtake out smartphone/take outɼuse

smartphone/useͷͦΕͧΕΛ 8ʙ10ؒ܁Γฦ͠ߦ

͍ RealSenseͰࡱӨ͠ɼ߹ܭ 4ηογϣϯʢ֤ϚΠΫϩ

ಈʹର͠ߦ 1ηογϣϯʣͷσʔλΛ࡞ͨ͠ɽͳ͓ɼ1

ճͷϚΠΫϩߦಈͷ͞ 0.6ඵ͔Β 2ඵͰ͋ͬͨɽࡱ

ਤ 5: Intel RealSense LiDAR Camera L515

ද 2: NUITRACK SDK্ͰѻΘΕΔؔઅͷҰཡ

head right shoulder

neck right elbow

torso right wrist

waist right hand

left collar left hip

left shoulder left knee

left elbow left ankle

left wrist right hip

left hand right knee

right collar right ankle

Өͨ͠σʔλ͔ΒɼNUITRACK SDKΛ༻͍ͯؔઅͷ

ҐஔΛऔಘͨ͠ɽ

͜ͷͱ͖ɼߦಈͷ։࢝ͱಉ࣌ʹಈըࡱӨΛ։࢝͠ɼλ

ΠϜελϯϓΛ༻͍֤ͯߦಈͷΞϊςʔγϣϯΛͨͬߦɽ

ೝࣝʹ༻͢Δσʔλαϯϓϧ 1ηογϣϯͷ֤ߦಈ

ͷத͔Β 1ඵཻͰऔΓग़ͨ͠ͷͰ͋Δɽಛྔɼ1

ඵؒͷϚΠΫϩߦಈʹ͓͚ΔؔઅͷҐஔͷ XYZ࠲ඪͷ

ฏۉɼ͓Αͼ 1ϑϨʔϜޙʹ͓͚Δ XYZ࠲ඪͷมԽྔ

ͷઈରͷ૯ͱͨ͠ɽ͜ΒΒͷಛྔΛϥϯμϜϑΥ

Ϩετʹֶशͤ͞ɼϚΠΫϩߦಈͷྨΛͨͬߦɽ͜ͷ

ɼ֤ؔઅͷҐஔͷ࣌ XYZ ඪɼtorso࠲ ͷ࠲ඪΛج

ͱ͢Δ૬ର࠲ඪͱͨ͠ɽ֤σʔλαϯϓϧͷৄࡉͱͯ͠

ɼʮwalkʯ͕ 135ɼʮstandʯ͕ 106ɼʮsitʯ͕ 107ɼ

ʮtake outʯ͕ 92ɼʮuseʯ͕ 135Ͱ͋Δɽ



ਤ 6: ϥϯμϜϑΥϨετʹΑΔ֤ߦಈʹ͓͚Δࠞಉྻߦ

ද 3: ϥϯμϜϑΥϨετʹΑΔ֤ߦಈͷྨਫ਼

walk stand sit take out use ฏۉ

F 1.00 0.90 0.91 0.98 0.99 0.956

4.2 Ռ݁ݧ࣮

֤ϚΠΫϩߦಈσʔλʹରͯ͠ɼϗʔϧυΞτ๏

ʹΑΓূݕΛͨͬߦɽϗʔϧυΞτ๏ͱσʔλશମ

ΛɼϞσϧΛ࡞ΔֶशσʔλͱɼϞσϧΛධՁ͢Δςε

τσʔλʹׂͯ͠ධՁΛํ͏ߦ๏Ͱ͋Δɽࠓճɼ֤

ηογϣϯΛલ 7ׂͱޙ 3ׂʹׂ͢Δ͜ͱʹΑΓɼ

ͦΕͧΕΛֶशσʔλͱςετσʔλͱͨ͠ɽϥϯμϜ

ϑΥϨετʹΑΔ֤ϚΠΫϩߦಈೝࣝͷࠞಉྻߦΛਤ 6

ʹɼFΛද 3ʹࣔ͢ɽ࣮ݧͷ݁ՌɼAccuracy 96ˋ

Ͱ͋Γɼ࠷ਫ਼ͷߦ͍ߴಈʮwalkʯɼ࠷ਫ਼͕

ಈʮstandʯͰ͋ͬͨɽߦ͍

4.3 ߟ

ຊ࣮ݧͰɼϗʔϧυΞτ๏ʹΑΔূݕΛͨͬߦɽ

ͦͷ݁Ռɼฏۉ F 95.6ˋɼAccuracy 96%ͱͳͬ

ͨɽ֤ߦಈͷσʔληοτɼඃ͕ऀݧҰਓ͔ͭɼҰͭ

ͷηογϣϯ͔ΒऔΓग़ͨ͠ͷͰ͋ΔɽͦͷͨΊɼ

͞·͟·ͳ໘Λఆͨ͠σʔληοτʹΑΔ࣮ݧΛߦ

͏͜ͱ͕Ͱ͖͍ͯͳ͍ɽ͜ΕΛ౿·͑Δͱɼڥਓ

ͷҧ͍ʹΑͬͯਫ਼͕͋ΔఔԼ͢ΔͱࢥΘΕΔɽ

5. ·ͱΊ
ຊߘͰɼ3DϙΠϯτΫϥυΛ༻͍ͨϚΠΫϩߦಈ

ಈͷೝߦΑΓɼϚΠΫϩʹݧɽ༧උ࣮ͨ͠౼ݕ͍ͯͭʹ

ࣝΛ֬ೝ͢ΔͨΊʹɼ·ͣਓͷؔઅͷҐஔΛϥϯμ

ϜϑΥϨετʹֶशͤ͞Δ͜ͱͰɼߦಈͷྨΛͨͬߦɽ

தͰɼεϚϗۀ࡞ͱҠಈͷߦಈʹ͓͚ΔϚΠΫϩߦಈ

ͷྨΛͨͬߦɽʮwalkʯɼʮstandʯɼʮsitʯɼʮtake outʯɼ

ʮuseʯͷ͍ͣΕͷঢ়ଶͰ͋Δ͔Λฏۉ F 95.6ˋͰਪ

ఆՄͰ͋Δ͜ͱΛࣔͨ͠ɽޙࠓɼ࣮ݧͷσʔληο

τͷ൚༻ੑΛߴΊΔͨΊʹඃऀݧͱηογϣϯΛ૿

͢ɼ·ͨɼ3DϙΠϯτΫϥυʹΑΔϚΠΫϩߦಈͷ

ೝࣝγεςϜͷߏஙΛ͏ߦ༧ఆͰ͋Δɽ

ँࣙ
ຊڀݚͷՌNICT ՝ 222ʮΠϧεײછର

ԉʹΑΔͷࢧ։ൃʯͷڀݚΔใ௨৴ٕज़ͷ͢ࢿʹࡦ

Ͱ͢ɽ
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Human activity recognition from smart watch sen-

sor data using a hybrid of principal component

analysis and random forest algorithm. Measure-

ment and Control, Vol. 52, No. 1-2, pp. 37–45,

2019.

[11] Diane J. Cook, Aaron S. Crandall, Brian L.

Thomas, and Narayanan C. Krishnan. CASAS: A

Smart Home in a Box. Computer, Vol. 46, No. 7,

pp. 62–69, 2013.

[12] Wataru Sasaki, Masashi Fujiwara, Hirohiko Suwa,

Manato Fujimoto, Yutaka Arakawa, Aki Kimura,

Tomoko Miki, and Keiichi Yasumoto. Daily Living

Activity Recognition through Time Series Analy-

sis of Data Obtained with ECHONET Lite Appli-

ances and Motion Sensors. JSAI Technical Report,

Type 2 SIG, Vol. 2018, No. SAI-031, p. 05, 03 2018.

[13] Tomokazu Matsui, Kosei Onishi, Shinya Misaki,

Manato Fujimoto, Hirohiko Suwa, and Keiichi Ya-

sumoto. SALON: Simplified Sensing System for

Activity of Daily Living in Ordinary Home. Sen-

sors, Vol. 20, No. 17, 2020.

[14] Shinya Michibata, Katsufumi Inoue, Michifumi

Yoshioka, and Atsushi Hashimoto. Cooking Activ-

ity Recognition in Egocentric Videos with a Hand

Mask Image Branch in the Multi-Stream CNN.

CEA ’20. Association for Computing Machinery,

2020. pp.1–6.

[15] Teruhiro Mizumoto, Alberto Fornaser, Hirohiko

Suwa, Keiichi Yasumoto, and Mariolino De Cecco.

Kinect-Based Micro-Behavior Sensing System for

Learning the Smart Assistance with Human Sub-

jects Inside Their Homes. 2018 Workshop on

Metrology for Industry 4.0 and IoT, 2018. pp.1-6.

[16] Jingwei Ji Rishi Desai K. Kozuka Shun Ishizaka

Nishant Rai, Haofeng Chen and Juan Car-

los Niebles E. Adeli. Home Action Genome:

Cooperative Compositional Action Understanding.

IEEE/CVF Conference on Computer Vision and

Pattern Recognition (CVPR), 11 May 2021.

[17] Charles Ruizhongtai Qi, Hao Su, Kaichun Mo, and

Leonidas J. Guibas. PointNet: Deep Learning on

Point Sets for 3D Classification and Segmentation.

IEEE/CVF Conference on Computer Vision and

Pattern Recognition (CVPR), 2017.

[18] Shitong Luo andWei Hu. Score-Based Point Cloud

Denoising. Proceedings of the IEEE/CVF Inter-

national Conference on Computer Vision (ICCV),

2021. 4583-4592.

[19] Xingyu Liu, Mengyuan Yan, and Jeannette Bohg.

MeteorNet: Deep Learning on Dynamic 3D Point

Cloud Sequences. IEEE/CVF International Con-

ference on Computer Vision (ICCV), 2019. 9245-

9254.

[20] Zhengyou Zhang Wanqing Li and Zicheng Liu. Ac-

tion recognitin based on a bag of 3d points. In

CVPR Wrkshops, 2010.


