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Remote Meeting System Using Hand Gesture and immersion in the virtual space

Takumi Negishi∗1, Jiro Tanaka∗2

Abstract – In most studies of remote meeting with virtual space, participants are
identified by displaying their real names or their faces. In this study, we focus on the
anonymity feature of the meeting. We developed a remote meeting system which main-
tains anonymity of the user, implemented using immersive head-mounted display and
hand tracking. Our system offers the user a sense of immersion in the conference room
that exists in the virtual space and it can apply the movement of the user’s head and finger
to the character avatar. Furthermore, using the network, we can share each participant’s
movement and voice in virtual space, and make it possible to perform a remote meeting
where participants remain anonymous. Our paper shows the significance of performing
an anonymity-based remote meeting system and discusses our contribution.
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͍ͭͯड़Δɻ࣮ݧʹ͋ͨΓਤ 7 ʹࣔͨ͠ 3 छྨͷ

ϔουϚܕख๏Λ༻ҙͨ͠ɻຊγεςϜೖ࡞ૢ

ϯτσΟεϓϨΠΛ༻͍ΔͨΊࢹೝͯ͠ૢ͢࡞Δඞཁ

ͷ͋ΔΩʔϘʔυϚεͳͲΛ༻͍Δ͜ͱෆద

ͩͱ͑ߟɺ·ͨδΣενϟΛ͏ߦʹ͋ͨΓσόΠεΛ

͑ߟͱ͏·ͯ͠͠ͱͦΕΛ્ͭ࣋͜ 3छྨͷख๏

Μͩɻख๏ࠐΓߜʹ 1ɺOculsuRiftΛλοϓ͢Δ͜

ͱʹΑͬͯΫϦοΫͱΈͳ͢ͷͰ͋Δɻө૾Ͱਖ਼

໘ʹর४͕͋ΓͦͷҐஔʹ͋ΔϘλϯʹΫϦοΫॲཧ

Λ͢ࢪɻख๏ 2صͷ্ʹ LeapMotionΛஔ͖ͦΕʹ

खΛ͔͟͢͜ͱͰԾۭؒʹखΛग़ͤ͞ݱΔɻ͜ͷ

खͷਓࠩ͠ࢦʹঢ়ͷΦϒδΣΫτ͕͍͓ͭͯΓ͜

ΕΛΧʔιϧͱ͢Δɻਤ 7ͷԼஈதԝͷΑ͏ʹϘλϯ

ʹͦΕΛҰఆؒ࣌ॏͶ͍ͯΔͱΫϦοΫͱΈͳ͢ɻख

๏ 2࣌ݱͰຊγεςϜͰ༻͍ΒΕ͍ͯΔख๏Ͱ͋

Δɻख๏ 3 OculusRiftͷલ໘ʹ LeapMotionΛͱ

Γ͚ͭͯਖ਼໘ʹखΛ͔͟͢͜ͱͰԾۭؒʹखΛग़

ΔɻखͷׂΫϦοΫํ๏ख๏ͤ͞ݱ 2ͱಉ͡Ͱ

͋Δɻ

ਤ 7 ্ஈࠨ:ख๏ 1 ্ஈதԝ:ख๏ 2 ্ஈӈ:ख๏
3
ԼஈͦΕͧΕͷख๏ʹରԠͨ͠ө૾ͷਤ

Ҏ্ 3छྨͷํ๏Λ༻͍ͯͦΕͧΕͦͷૢ࡞ͷਖ਼֬

ੑײ༺Λ͔֬ΊΔͨΊ࣮ݧΛͨͬߦɻඃऀݧ 9ਓ

(உੑ 7໊ঁੑ 2໊ɺ͍ͣΕίϯϐϡʔλʹ׳Ε

͠Μͩਓ)ʹλεΫΛͯͬߦΒͬͨɻඃऀݧʹ

Ұ͜ΕΒ 3छͷख๏ΛͦΕͧΕ࿅श͔ͯ͠ΒԾۭ

ؒʹଘ͢ࡏΔ ͷԾۭؒͷϝχϡʔΛબ͠ݸ10

ΒͬͯͬߦΔͱ͍͏λεΫΛ͢࡞ఆͷҐஔͱૢن

ͨɻͦͷλεΫؒ࣌ྃΛܭଌ͠ɺૢ࡞ʹਖ਼֬ੑΛٻ

Ίͨ߹ͷૣ͞Λ͔֬ΊΔɻ·ͨλεΫͷޙྃඃݧ

ऀʹײ༺ʹؔ͢ΔײΛΞϯέʔτʹॻ͍ͯΒ

͍ɺ࣮ࡍͷײ༺Λ͔֬Ίͨɻ

5. 2 ͷ݁Ռݧ࣮

ਤ 8ͦͷλεΫͷؒ࣌ྃΛάϥϑԽͨ͠ͷͰ

͋Δɻ ඃऀݧ 9ਓ͔ΒಘΒΕ࣮ͨ݁ݧՌͱͯ͠ɺλ

ਤ 8 λεΫؒ࣌ྃ (ඵ) ͷ֤ૢ࡞ख๏ʹ͓͚
Δฏۉ

εΫͷؒ࣌ྃͷฏۉख๏ 1͕ 47.454ඵɺख๏ 2

͕ 47.589ඵɺख๏ 3͕ 66.907ඵͰ͋ͬͨɻ·ͨλε

ΫΛͰ͖ͳ͔ͬͨඃऀݧ͍ͳ͔ͬͨɻฏۉͷ݁

ՌΛݟΔͱख๏ 1ͱख๏ 2ͷૣ͕͘͞͠ख๏ 3͕

͍Α͏ʹ͑ࢥΔ͕ɺಘΒΕͨσʔλʹରͯ͠ೋ܈ͷฏ

ʹ͕ࠩ͋Δ͔ۉ tݕఆΛͨͬߦॴɺख๏ 1ͱ 3Ͱ

༗ҙͰ͋Δ͕༗ҙࠩೝΊΒΕͣ (t(16)=2.07

, p=0.054ʼ 0.05)ɺख๏ 2ͱ 3ʹؔͯ͠ಉ༷Ͱ͋ͬ

ͨ (t(16)=1.867, p=.085ʼ 0.05)ɻ

ʹ͍ͭͯɺ·ͣख๏ײͷײ༺ 1ͰྗՃ͕ݮ

Θ͔Βͳ͍ɺ಄͝ͱඪʹ͚ͳ͚Ε͍͚ͳ͍ͨΊ

ݟଟ͕͘ݟ͔ͬͨ͠ɺͳͲͷωΨςΟϒͳҙ͕࡞ૢ

ΒΕͨɻ࣮ࡍʹ࿅शͷࡍɺ͕ࢲఆ͍ͯͨ͠ΑΓऑ͘

λοϓ͍ͯͨ͠ඃ͕ऀݧଟ͔ͬͨɻख๏ 2Ͱɺϙδ

ςΟϒͳҙݟͱͯ͠खΛ༻͍ͨૢ࡞ײతͰ͋ͬͨɺ

ਫ਼͕Α͘ૢ͕͠࡞͔ͬͨ͢ɺԞ͖ߦΛૢ࡞Ͱ͖Δ

ͷྑ͔ͬͨͱ͍͏ҙݟΛಘΔ͜ͱ͕Ͱ͖ͨɻͨͩ͠

ҰํͰૢ࡞Λ͢Δࡍʹ͕ർΕΔͱ͍͏ωΨςΟϒͳ

ҙݟಘͨɻख๏ 3ʹ͍ͭͯϙδςΟϒͳҙݟͱ͠

ͯख๏ 2ΑΓૢ͕࡞ײతͰ͋ͬͨͱ͍͏ҙݟΛಘ

ͨɻҰํͰਫ਼͕ѱ͔ͬͨɺૢ࡞ʹ͕ർΕΔͱ͍ͬ

ͨωΨςΟϒͳҙݟಘͨɻ



5. 3 ݁Ռ͔Βͷߟ

ฏۉୡ͕͍͕ؒ࣌༗ҙ͕ࠩೝΊΒΕͳ͔ͬͨ͜

ͱʹ͍ͭͯɺख๏ 3ͰτϥοΩϯάͷਫ਼ʹ͕

͋ͬͨͨΊͱ͑ߟΔɻLeapMotionʹΑΔखͷτϥο

Ωϯά֎ઢը૾͔ΒࢦΛೝࣝͯ͠͏ߦͷͰ͋

Δɻ͔͜͠͠ͷ࣌ਖ਼໘ʹରͯ͠ࢦΛ͚Δͱ͍͏ઃܭ

্ɺਤ 7 ͷ্ஈӈͷΑ͏ʹ LeapMotion ʹରͯ͠ࢦ

ͷํ͕ฏߦʹͳΓɺ͕ࢦखͷߕʹΑͬͯӅΕ͘͢

ͳͬͯ͠·͏ɻ͜ΕʹΑΓ݁Ռͱͯ͠τϥοΩϯάਫ਼

͕མͪͯ͠·͏͕͋ͬͨɻ࣮͕ࢦ͍͓ͯʹݧख

ͷߕʹӅΕͯ͠·͏ʹ͍ͨͮؾ 4ਓͷඃ͕ऀݧख

Λ LeapMotionʹରͯ͠ฏߦʹͳΒͳ͍Α͏ʹ͢Δ͜

ͱͰૢ࡞ΛεϜʔζʹऴ͓͑ͯΓɺखͷํ͕ฏߦʹ

ͳ͍ͬͯΔ··ૢͨ͠࡞ඃऀݧਫ਼ͷԼʹΑΓૢ

ɻ͜Ε͕͍ͨͯͬ·͔͔͕ͯͬؒ࣌͠ʹͰ·ྃͷ࡞

ฏۉʹ͕ࠩ͋Δ͕ɺ༗ҙ͕ࠩೝΊΒΕͳ͔ͬͨݪ

ҼͰ͋Δͱ͑ߟΔɻख๏ 3ͷ͜ͷΛղܾ͢Δʹ

ΞόλʔͷखͷͻΒʹΧʔιϧΛखʹਨʹͳΔΑ͏

ʹઃஔ͢Δ͜ͱͰɺखͷͻΒͰԡ͠ग़͢Α͏ʹΫϦο

Ϋ͢Δͱ͍͏ૢ࡞ख๏ʹม͑Δ͜ͱʹΑΓ LeapMo-

tionʹରͯ͠खͷ͖Λਨʹͯ͠ਫ਼ΛͳΔ͘ߴ

Ίͳ͕Βૢ࡞Λํ͏ߦ๏͕͑ߟΒΕΔɻ

ʹ͍ͭͯɺख๏ײͷײ༺ 1 Ͱૢ࡞ͷ͠ʹ͘

͞ͷײཱ͕ͬͨɻૢ͕͠࡞ʹ͍͕͘͜ͷ͜ͱλΠ

ϜʹӨ͍ͯ͠ڹͳ͍ཧ༝ͱͯ͠ɺλοϓͱ͍͏ૢ࡞

࠶࡞ૢ͏ߦΛ͔͔͕ͯؒ࣌͠Βͳ͍ͷͰଟগͷ

λοϓϛε͕͋ͬͯӨ͠ڹͳ͔ͬͨͱ͑ߟΔɻ·ͨ

ख๏ Ͱ͖ͨɺલ͕࡞తͳૢײ௨ͯ͠ڞ͍ͯͭʹ2,3

Ͱ͖Δ͜ͱΑ͔ͬͨɺͳͲͷϙ͕࡞ͷૢ͖ߦͷԞޙ

δςΟϒͳҙݟ͕ݟΒΕͨҰํͰ͕ർΕͨͱ͍͏ҙ

ॏͶͯؒ࣌ΒΕͨɻ͜ΕγεςϜͰҰఆݟଟ͕ݟ

͍ΔͱΫϦοΫͱΈͳ͢ͱ͍͏ख๏Λ༻͍͍ͯΔ͔Β

Ͱ͋Δͱ͑ߟΒΕΔɻதଜΒ [7] ࣮ݱͷେը໘ڥ

ʹ͓͚ΔڀݚͰɺϙΠϯλΛҰఆؒ࣌੩͢ࢭΔૢ࡞Λ

ΣΠςΟϯάͱݺশ͓ͯ͠ΓɺೝࣝͷϒϨʹΑΓҐ

ஔ͕ͣΕͯ͠·͏ܾ·͚ͬͨͩؒ࣌੩͍ͯ͠ࢭ

ͳ͚ΕͳΒͳ͍ͨΊબʹ͔͔͕ؒ࣌ΔͳͲͷ

ఠ͍ͯͨ͠ɻ·ͨɺ͜ΕΛղܾ͢ࢦΔՄੑΛ͖ى͕

ΔͨΊʹμϒϧΫϩογϯάͱ͍͏ରΛؒ࣌ʹ 2

ԣΔ͜ͱͰΫϦοΫͱΈͳ͢ख๏ΛఏҊ͍ͯͨ͠ɻ

ຊڀݚͰͷർΕͱ͍͏Λղܾ͢ΔͨΊʹμϒ

ϧΫϩογϯά͕༗ޮͰ͋ΔՄੑ͕͋Δɻ͔͠͠த

ଜΒͷڀݚͱҧ͍ຊڀݚͰखͷૢ࡞ͷׂͱͯ͠ࢿ

ྉͷૢ͚ͩ࡞Ͱͳ͘δΣενϟΛ͜͏ߦͱఆ͠

͍ͯΔͷͰδΣενϟͷࢿʹࡍྉͷ͖ͯ͠ى͕࡞ૢޡ

·͏Մੑ͋ΓɺऔΓೖΕΔʹ৻ॏͳ͕ߟඞཁ

Ͱ͋Δɻ

Ճ͑ͯख๏ 3Ͱ͍ͯݟΔํͱखΛར༻ͨ͠ೖྗ

ख๏͕࡞ૢ͍ͯͯͬ߹Έט͕ 2ΑΓײతͰ͋ͬͨͱ

͍͏ҙݟΛಘͨɻ͜Εख๏ 2ͱൺɺτϥοΩϯά

ൣғ͕ҟͳΔͨΊͰ͋Δͱ͑ߟΔɻख๏ 3Ͱ Ocu-

lusRiftͷਖ਼໘ʹରͯ͠ LeapMotion͕ઃஔ͞Ε͍ͯ

ΔͨΊτϥοΩϯάൣғ͕ OculusRiftͷҐஔͱ͖

ʹґଘ͠ɺͲͷํʹରͯ͠τϥοΩϯάͰ͖Δɺ

ҰํͰख๏ 2Ͱصͷ্ʹઃஔ͢ΔͨΊτϥοΩϯά

ൣғݶΒΕͯ͠·͏ɻ͜ͷͨΊྫ͑ख๏ 3ਅԣʹ

ରͯ͠खͷૢ࡞Λ͜͏ߦͱ͕Ͱ͖ɺ಄ͷಈ͖ͱखͷ

Ґஔ͕߹͍ͬͯΔͨΊߋʹײతͰ͋ͬͨͱ͍͏ҙݟ

Λಘͨͱ͍ͯ͑ߟΔɻख๏ 3ʹ͕ؔͯ͠ർΕΔ͜

ͱͱݱঢ়ͷγεςϜͰਫ਼͕͍͜ͱΛআ͚ϙδ

ςΟϒͳҙ͕ݟଟ͘ΛΊͨɻ

6. ؔ࿈ڀݚ

ຊڀݚͱಉ͘͡ԾۭؒͰͷԕִձٞγεςϜΛ

ຊͱͨ͠ڀݚʹDeanΒ [8]Βͷ͕͋ڀݚΔɻ͜Ε

σΟεϓϨΠͷલʹஔ͔Εͨ KinectΛ༻͍࣮ͯੈք

ͷϢʔβͷಈ͖ΛΞόλʔʹద༻͠ɺͦΕΛΠϯλʔ

ωοτΛհͨ͠ԾۭؒͰͷձٞͰɺ಄෦Λ࣮ࣸը૾

ʹͨ͠ਓؒͷϞσϧʹରͯ͠ద༻͢Δɻ·ͨϢʔβ

ͦͷԾۭؒͰͷձٞΛσΟεϓϨΠͰࢹௌ͢Δɻ

ຊڀݚͰɺσΟεϓϨΠΛ༻͍Δ͜ͱʹ͏಄෦ͷ

Մಈൣғͷ੍Λղܾ͍ͯ͠Δɻ͜ͷ੍ɺྫ͑

ԾۭؒͰਅԣʹ͍Δਓʹର͍ͯͨ͠͠߹ɺ

σΟεϓϨΠΛݟͳ͍ͱԾۭؒͷ༷͕ࢠΘ͔Βͳ͍

ͨΊඞવతʹσΟεϓϨΠΛΈΔ͜ͱ͕Ͱ͖Δ֯·

Ͱ͔͠಄Λಈ͔ͤͳ͍ͱ͍͏੍͕͋ΔɻຊڀݚͰ

ϔουϚϯτσΟεϓϨΠΛ༻͍ɺணͨ͠Ϣʔβ

͕Ͳ͜Λ͍͍ͯͯө૾͕ै͢ΔͨΊɺ͜ͷ

Λղܾ͢Δɻ

ҪΒ [9]ɺطଘͷϏσΦνϟοτʹ͓͍ͯ୭͕୭

ʹͯ͠ൃ͍ͯ͠Δ͔ೝࣝͰ͖ͳ͍ʹযΛ

ͯɺΧϝϥը૾͔ΒϢʔβͷإͷํΛผ͠ɺͦ

ͷํʹଘ͢ࡏΔԾۭؒதͷΞόλʔͷදࣔΛ֦େ

͢Δ͜ͱͰ୭ʹͯ͠ൃ͍ͯ͠Δ͔ΛೝࣝՄʹ

͢ΔγεςϜΛ։ൃͨ͠ɻຊڀݚಉ༷ͷʹର͠

ͯɺϢʔβͷ಄ͷํΛϔουϚϯτσΟεϓϨΠ

͔Βऔಘ͢Δ͜ͱͰऔΓΜͰ͍Δɻ

ຊγεςϜͱಉ༷ʹೖܕϔουϚϯτσΟεϓ

ϨΠΛ༻͍ͯͷԕִڠௐڀݚۀ࡞ʹ AmoresΒ [10]ͷ

ԉऀͷࢧͱऀۀ࡞Δɻ͕͋ڀݚ 2ਓʹ͔Εͯ͏γ

εςϜͰ͋Γɺ྆ऀΧϝϥ͕ઃஔ͞ΕͨϔουϚ

ϯτσΟεϓϨΠΛண͢Δɻө૾Λڞ༗͢Δ͜ͱͰ

քͱखࢹࣗΒͷऀۀ࡞ͷͰ͋Γɺ͏ߦΛۀ࡞ௐڠ

ͷಈ͖Λɺࢧԉऀखͷಈ͖ͷΈΛ͓͍ޓͷө૾ʹڞ

༗͢Δ͜ͱͰۀ࡞Λࢧԉ͢ΔɻຊڀݚͰεϥΠυ

ͷॻ͖ࠐΈʹΑΔڠௐۀ࡞Λ͏ߦɻ



·ͨຊڀݚͱಉ༷ͷγεςϜߏΛͭ࣋ͷʹ Lee

Β [11]ͷ͕ڀݚଘ͢ࡏΔɻ͜ΕOculusRiftʹ Leap-

MotionΛషΓ͚ɺͦΕΛ͔ͨ͠׆ήʔϜΛ։ൃ͠

ख๏࡞ͷૢڀݚͰ͋Δɻ͜ͷख๏ʹ͍ͭͯɺຊڀݚͨ

ͷ࣮ݧʹ͓͚Δ 1ͭͷબࢶͱͯ͠ߟࢀͱͨ͠ɻ

7. ݁

ຊߘͰɺಗ໊Ͱ͏ߦԕִձٞΛఆ͠ɺطଘͷԕ

ִձٞγεςϜΛར༻ͨ࣌͠ʹൃੜ͢ΔΛղܾ

͢ΔγεςϜΛఏҊɾ࣮ͨ͠ɻ

ɺఏҊͨ͠Ξϓϩʔޙͤͨ͞γεςϜΛޙࠓ

ν͕࣮ࡍʹ༗ޮͰ͋Δ͔ຊγεςϜΛ༻͍ͨඃऀݧ

ΔΞϯؔ͢ʹײ༺ͰγεςϜͷݧɻ࣮͏ߦΛݧ࣮

έʔτʹΑͬͯఆੑධՁΛ͍ߦɺ༗༻ੑΛ͢ূݕΔɻ

·ͨຊڀݚಗ໊ͷձٞΛରͱ͠γεςϜΛ։ൃ͠

͍ͯΔ͕ɺ໊࣮ʹ͓͍ͯࢿྉͷఏࣔԕִڠௐۀ࡞

ͷγεςϜ༗ޮͰ͋ΔՄੑ͕͋ΔͨΊͦΕΛ͔׆

ͨ͠৽ͨͳར༻ํ๏Λ͢ࡧΔɻ
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