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Abstract of Master’s Thesis of Academic Year 2016

Wearable Haptic Augmentation System

based on Skin Vibration

Category: Science / Engineering

Summary

Aids such as eyeglasses and hearing aids can support our daily life. Technology

advancement can enhance human ability. In this paper, we propose wearable

haptic augmentation system which is HapticAid similar to eyeglasses and haering

aids. HapticAid can argument haptic sensation based on skin vibration sensor

from finger tip, provide the haptic feedback on the wrist.We envision three ap-

plication areas with the HapticAid system: enhance, i.e., amplify and enhance

haptic sensations; enchant. i.e., experience new haptic feedback when interacting

with passive objects; and empathise, i.e., communication of haptic experiences

that allows connecting and empathising with others’ haptic sensations.

Keywords:

Haptics, Augmented Haptics, Wearble Device, Augmented Human, Embodied

Media
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ୈ1ষ

ং 

ຊষͰɼͪͨࢲͷͷճΓʹ͋Δମ֮ײΛิ௲͢ΔϞϊΛհ͢Δɽิ

௲͢Δ͚ͩڀݚͰͳ͘ɼࡏݱ·ͰʹऔΓ·Ε͍ͯΔ֮ײΛ֦ு͢Δ͜ͱʹؔ͢

ΔϞϊΛհ͠ɼຊڀݚͷϞνϕʔγϣϯɼతɼ՝ઃఆΛड़ɼຊจͷߏ

Λࣔ͢ɽ

1.1. ମͷิ௲

ࣃΔɽྫ͑ɼ͍ͯ͠׆ਓؒɼٕज़ʹΑͬͯࣗͷମΛิͬͯੜͪͨࢲ

ʹͳͬͯ͠·͏ͱྍ࣏ͷͨΊʹࣃΛΔඞཁ͋Δɽ͕ࣃΕͨ··Ͱ৯Λ

৯ͯ͠·͏ͱɼͦͷࣃʹ͕ࣃͰ͖ͯ͠·͏ͨΊɼੜࢧʹ׆োΛ͖ͨ͢ɽࡏݱ

ͷࣃՊٕज़Ͱɼࣃͨͬͷ෦ʹϨδϯۚɼۜɼηϥϛοΫͱ͍ͬͨϞϊΛ

٧ΊͯࣃΛิ͍ɼෆࣗ༝͕ͳ͍ੜ׆ΛՄʹ͍ͯ͠Δɽಉ༷ʹɼख͕ܽଛ͠

ͯ͠·ͬͨ߹ɼٛखٛΛʹ͚ͭΔ͜ͱʹΑͬͯɼ݈ৗऀͱมΘΒͳ͍

ੜ׆ΛૹΔ͜ͱ͕ՄʹͳΓͭͭ͋Δɽৗʹ༹͚ࠐΉΑ͏ͳମΛิ௲͢Δσ

όΠεͷීٴɼͪͨࢲͷੜ׆ͷҰ෦Λ๛͔ʹ͢ΔՄੑΛେ͍ʹൿΊ͍ͯΔɽ

1.2. ͷิ௲ͱ֦ு֮ײ

·֮͞ײΛ௨ͯ͠ੈքΛೝ͓ࣝͯ͠ΓɼͦΕͧΕͷ֮ײʹମɼಛͪͨࢲ

͟·ͳཁҼͰਰͨΓɼܽଛΛͨ͠Γ͢Δɽͪͨࢲͷৗͷதʹɼͦͷ֮ײΛิ

͏σόΠε͕ଘ͍ͯ͠ࡏΔɽදతͳϞϊͱͯ͠ڸ؟ิௌثͰ͋Δ (ਤ 1.1ɼ

1.2)ɽڸ؟ྗࢹΛɼิௌثௌ֮Λิ௲͢Δ͜ͱ͕Ͱ͖Δɽ͜͜Ͱ͍͏ิ௲ͱ
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ং  1.2 ͷิ௲ͱ֦ு֮ײ

ਤ 1.1: ڸ؟

ਤ 1.2: ิௌث

ϚΠφεʹͳͬͯ͠·֮ͬͨײྗΛ݈ৗऀͱ͘͢͠Δ͜ͱͰ͋Δɽ͜ͷ

Α͏ʹڸ؟ิௌثৗੜࠐ༹͚ʹ׆Ή΄Ͳͷิ௲͢ΔϞϊʹͳΓͭͭ͋Δɽ

ʹͨͩิ௲͢Δ͚ͩͰͳ͘ɼମΛ֦ு͢ΔͨΊͷσόΠεثิௌڸ؟

ͳΓͭͭ͋ΔɽͦͷҰྫ͕ڸ؟ʹใٕज़ΛՃͨ͠ Google Glass [1] JINS

MEME [2]Ͱ͋Δɽ͜ΕΒͷσόΠεɼ௨ৗͷڸ؟ͷػʹՃ͑ͯɼڸ؟ͷย

۱ʹσΟεϓϨΠͱͯ͠ใΛఏࣔిےҐ͔ΒࣗͷମใΛऔಘ͢Δ͜ͱ

͕ՄͰ͋Δɽ͕ͨͬͯ͠ɼڸ؟ิௌث֮ײͷิ௲͢Δ͚ͩͰͳ͘ɼମΛ

֦ு͢ΔͨΊͷσόΠεʹͳΓͭͭ͋Δɽ

͜͜ͰຊจͰɼ֦ ு૿ڧ (Enhancement)ɼม༰ (Enchantment)ɼڞ༗ (Em-

pathy)ؚ͕·Ε͍ͯΔͱఆٛ͢Δɽ૿ڧ (Enhancement)Ͱɼ֮ײΛθϩ͔Βϓ

ϥεʹ͢Δ͜ͱͰ͋Δɽม༰ (Enchantment)ͰɼಘΒΕ֮ͨײΛม͑Δ͜ͱͰ

͋Δɽڞ༗ (Empathy)ͰɼಘΒΕ֮ͨײΛଞऀͱڞ༗͢Δ͜ͱͰ͋Δɽ৴߸Ͱ

ྫ͑Εɼৼ෯มԽ͕૿ڧɼपมௐ͕ม༰ɼ৴߸ͷೖΕସ͕͑ڞ༗Ͱ͋Δɽ͜

ΕΒͷํ͑ߟΛ·ͱΊͨΠϝʔδΛਤ 1.3ʹࣔ͢ɽ

ͱ͍ͬͨͷͰ͋Δɽ͜ΕΒڸඍݦڸ؟ڸɼԕڧΔ૿͚͓ʹ֮ࢹ

ਓؒͷͦͦͷྗͰݟΔ͜ͱ͕Ͱ͖ͳ͍Α͏ͳԕ͍ͷখ͍͞ͷΛΈ

Δ͜ͱ͕Ͱ͖Δɽ֮ࢹʹ͓͚Δม༰ɼ৭͚ͷਓͷڸ؟ [3]Ͱ͋Δɽਓ͕ؒ

ΔੈքΛม͑Δ͜ͱʹΑͬͯਓؒͷྗҎ্ͷ͜ͱ͕Ͱ͖ͨΓɼ৭ͷํͷ͑ݟ
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ং  1.2 ͷิ௲ͱ֦ு֮ײ

増強

Enhancement

変容

Enchantment

共有

Empathy

元信号

Sensory Signal

拡張

Augmentation
ਤ 1.3: ֦ுͷΠϝʔδਤ

༗ͰɼࣗڞΔΑ͏ͨ͠Γ͢Δ͜ͱͰ͋Δɽ͑ݟʹΛ݈ৗऀͱಉ͡Α͏ํ͑ݟ

ͷࢹͱଞऀͷࢹΛೖΕସ͑ͨΓڞ༗ͨ͠ΓͰ͖Δ Parallel Eyes [4]ͷ։ൃ

ϫʔΫγϣοϓ͕ߦΘΕ͍ͯΔɽௌ֮ʹ͓͍ͯಉ༷ʹิ௲͚ͩͰͳ͘ɼ֦ு͢

Δ͜ͱ͕Ͱ͖ΔΑ͏ʹͳ͖͍ͬͯͯΔɽ૿ڧʹ͓͍ͯɼิௌثूԻ͕͛͋ث

ΒΕΔɽิௌثɼݸʑਓͷࣖʹύʔιφϥΠζɼ͜͜Ͱฉ͑͜ʹ͍͘प

ଳҬΛ૿෯ͯ͠ɼฉ͑͜ʹ͔ͬͨ͘ԻΛฉ͑͜ΔΑ͏ʹͰ͖Δɽ

ͷΑ͏ͳσόΠεγεςϜ͕ثิௌڸ؟ௌ֮ͱಉ༷ʹɼ৮͓͚֮Δ֮ࢹ

ৗͷதʹ༹͚ࠐΉ͜ͱ͕Ͱ͖Εɼ৮֮ײΛ૿͠ڧɼ৬ਓͷણࡉͳࢦઌͷ֮ײΛ

ಘΔ͜ͱ͕Ͱ͖Δɽ·ͨɼͨͩิ௲͢Δ͚ͩͰͳ͘ɼ֦ு͢Δ͜ͱ͕Ͱ͖Εɼ

ΦϯϥΠϯγϣοϐϯάͰΠϯςϦΞͷ৮Γ৺͕Θ͔ΔΑ͏ͳΔͣͰ͋Δɽ
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ং  1.3 ຊڀݚͷత

1.3. ຊڀݚͷత

͜ͷΑ͏ʹ֮ࢹௌ֮Ͱɼิ௲ͷΈͳΒ֦ͣுͷڀݚɼ։ൃ͕ਐΜͰ͍Δɽͦ

͜ͰຊจͰɼ֮ࢹௌ֮ʹଓ͍ͯɼਓͷࢦઌͷ৮֮ɼ৮ײΛίϯτϩʔϧ͢

ΔγεςϜΛఏҊ͢Δɽ

৮֮ɼ৮ײΛίϯτϩʔϧ͢Δ͜ͱɼͦΕΒΛ֦ு͢Δ͜ͱͰ͋Γɼ֦ுʹ

ɼ૿ڧɼม༰ɼڞ༗͢Δ͜ͱؚ͕·Ε͍ͯΔͱ͑ߟΒΕΔɽͦΕΒͷମݧɼܦ

Λݧ 1ͭͷσόΠεͰͰ͖ΔΑ͏ʹͳΕɼࢦઌͷ͕֮ײऑ͍ਓͷ৮֮ײΛճ෮

ͤͨ͞ΓɼϞϊͷ৮Γ৺Λม͑ͯ৽͍͠ମݧݧܦΛఏͨ͠ڙΓɼΠϯς

ϦΞͷ৮Γ৺Λڞ༗͕ՄʹͳΔɽຊจͰɼڸ؟ิௌثͷΑ͏ʹৗʹ

Λίϯτϩʔϧ͢Δ͜ͱΛతͱ͢Δɽ֮ײΈɼ৮ࠐ༹͚

1.4. ຊจͷߏ

ୈ 1ষͰɼͷճΓʹ͋ΔମΛิ௲͢ΔϞϊͷ͔Β֮ࢹௌ֮ʹؔ͢Δ

ิ௲ɼ֦ு͢ΔϞϊΛհͨ͠ɽͦͯ͠ࡏݱऔΓ·Ε͍ͯΔ֤֮ײʹ͓͚Δ֦

ுʹؔ͢Δڀݚʹ͍ͭͯड़ͨɽୈ 2ষͰɼώτͷ৮֮ɼ৮ײʹ͍ͭͯͦΕΒʹ

͓͚Δ֦ுͷཁૉͰ͋Δ૿ڧɼม༰ɼڞ༗ʹؔ͢ΔڀݚΛࣔ͠ɼຊจͷཱͪҐ

ஔݙߩΛࣔ͢ɽୈ 3ষͰɼຊจͰఏҊ͢ΔγεςϜͷઃܭཁ݅ίϯηϓ

τʹ͍ͭͯड़Δɽଓ͍ͯɼୈ 4ষͰ࣮ࡍʹϓϩτλΠϓΛ࣮͠ɼϓϩτλ

ΠϓʹΑͬͯࢦઌͷ৮ײΛͲΕ͚ͩ૿ڧ (Enhancement)ͤ͞ΒΕΔ͔Λͨ͠ূݕɽ

ϓϩτλΠϓ͔ΒΣΞϥϒϧͳγεςϜΛ࣮͠ɼλονύωϧͷ৮Γ৺Λ

ม༰ (Enchantment)͢Δݧ࣮ূݕͱHMDͱγεςϜΛ༻͍ͯɼڞ༗ (Empathy)

Λ͢Δݧ࣮ূݕΛͨͬߦɽݧ࣮ূݕΛ௨ͯ͠ຊγεςϜͷ༗ޮੑΛ֬ೝͨ͠ɽଓ

͍ͯɼຊڀݚʹ͓͚ΔߟΛࣔ͠ɼޙ࠷ʹຊจͷ݁Λࣔ͢ɽ
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ୈ2ষ

ؔ ࿈ ݚ ڀ

ຊষͰɼਓͷ৮֮ɼ৮͍ͯͭײड़ͨޙʹɼ֦ுͷ 3ͭͷཁૉͰ͋Δ૿ڧɼม

༰ɼڞ༗ͷ৮֮ɼ৮ײʹؔ͢ΔڀݚΛࣔ͢ɽؔ࿈͔ڀݚΒຊڀݚͷҐஔ͚ͱߩ

Λࣔ͢ɽݙ

2.1. ώτͷ৮֮ͱ৮ײ

ຊจͰɼ৮֮ͱ৮ײͱ৮֮ײΛ͚ͯٞ͢ΔɽຊจͰ༻͢Δʮ৮֮ʯ

ͷҙຯɼൽෘ֮ײͱಉٛͰ͋Γɼൽෘ্ͰԿΒ͔ͷཧతͳมԽ͕࣮͜ىʹࡍ

Δ͜ͱ͕ੜ͡Δ֮ײͰ͋Δɽ۩ମతʹѹ֮ɼৼಈ֮ɼ͢Γ֮ɼԹ֮ɼ௧֮

͕͋͛ΒΕΔɽʮ৮ײʯͱɼ৮֮Λ༩͑ΔϞϊɼମʢ৺తʣΠϝʔδͷ 3ͭΛ

ཁૉͱ͠ɼ͜ΕΒ͕͢ىשΔ৮ʹ·ͭΘΔෳ߹֮ײͱͯ͠ఆٛ͢Δɽʮ৮֮ײʯͱ

ɼຊจͰఆٛͨ͠ʮ৮֮ʯͱʮ৮ײʯͷͲͪΒؚ͕·Ε͍ͯΔ֮ײͱͯ͠

ຊจͰ༻͢Δɽຊจʹ͓͍ͯɼ৮֮ײΛίϯτϩʔϧ͢Δͱɼࢦઌͷ

༗͢Δ͜ͱؚ͕·ΕͯڞΔ͜ͱ৮Γ৺Λม͑Δ͜ͱɼͤ͞ڧΛճ෮ɼ૿֮ײ

͍Δɽ

ຊઅͰɼώτͷ৮֮ड༰ثΛઆ໌͠ɼ৮֮ͱ৮ײʹ͍ͭͯड़Δɽಛʹ৮ײ

ͷײಈత֮Ͱ͋ΔΞΫςΟϒλονʹ͍ͭͯड़ɼਓ͕৮ΔϞϊΛߦҝ

ͷॏཁੑΛࣔ͢ɽ
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ؔ ࿈ ݚ ڀ 2.1 ώτͷ৮֮ͱ৮ײ

2.1.1 ৮֮ड༰ث

৮֮ड༰ثൽෘԼʹଘ͍ͯ͠ࡏΔɽࢦઌΛ͡Ίͱͨ͠ແໟൽෘ෦ʹɼܗ

େ͖͞ஔ͕ҟͳΔෳͷ৮֮ड༰͕ثຒΊࠐ·Ε͍ͯΔɽ

ओʹ৮֮ड༰ثɼେผͯ͠ 4ͭʹྨ͞ΕΔ [5]ɽ

• ϚΠεφʔখମ: ϚΠεφʔখମਅൽೕ಄ʹଘ͍ͯ͠ࡏΔପԁ্ٿͷड

༰ثͰ͋Δɽ͜Εड༰ثͷ৺͕දൽԼ෦ͷجఈͱ݁߹͓ͯ͠Γɼࢦ

Լʹ 2ྻʹฒΜͰ͍Δɽ

• ϝϧέϧখମ: ϝϧέϧখମϝϧέϧࡉ๔ͱϝϧέϧ൫ͷෳ߹ମͰ͋Γɼ

ਅൽجఈͷਂ࠷෦ʹଘ͍ͯ͠ࡏΔɽ

• ύνχখମ: ύνχখମൽԼ৫ɼਅൽͷਂʹଘ͢ࡏΔཛܕͷड༰ث

Ͱ͋Δɽແਆࡧ࣠ܦΛऔΓ֪͘רͱෳͷʹ͔ΒแΈࠐΉ֎ൽ͔Βͳ

Γɼ͜ΕΒͷؒʹӷମΛؚΜͰ͍Δɽ

• ϧϑΟχখମ: ϧϑΟχখମਅൽͷਂ෦ʹଘ͢ࡏΔถཻͷΑ͏ͳܗΛ

ͨ͠ड༰ثͰ͋Δɽ࣠ํʹରͯ͠ൽෘ໘͕ฏߦͰ͋Δ͕ಛͰ͋Δɽ

ൽෘ͕ԣํʹม͢ܗΔͱΠϯύϧεͷ৴߸Λग़ྗ͢Δɽ

͜ΕΒͷ৮֮ड༰ثͷಛੑΛ·ͱΊͨͷΛද 2.1ʹࣔ͢ɽൽෘද໘ʹରͯ͠ৼ

ಈܹΛՃ͑ͨͱ͖ͷৼಈݕग़ᮢͷࣜਤΛ 2.1ʹࣔ͢ɽ͜͜Ͱৼಈᮢͱɼ

Ճ͑ͨৼಈܹͷৼ෯͕ͦΕҎ্Ͱ͋Εɼ֤ड༰͕ثΠϯύϧε৴߸Λग़ྗ͢

Δ࠷খৼಈৼ෯Ͱ͋Δɽਤ 2.1ΑΓɼपΛมԽͤͯ͞ϝϧέϧখମͷৼಈ

ᮢϑϥοτͰ͋Γ΄ͱΜͲมԽ͠ͳ͍ɽϚΠεφʔখମͰɼ 10 HzҎԼ

ͷपൣғͰɼप͕ 10ഒʹͳΔͱৼಈݕग़ᮢ 1/10ʹԼ͢Δɽ͜Ε

͕͍ࣔͯ͠Δ͜ͱɼϚΠεφʔখମ 10 HzͷৼಈมҐʹରͯ͠හײͰ͋

Δɽύνχখମৼಈݕग़ᮢपͱݮʹܹٸʹڞগ͢Δɽಛʹ 100 ʵ 300

HzఔͰۃখͱͳΔɽ100 HzҎԼͷपଳҬͰৼಈՃৼ෯ͷᮢ͕

ϑϥοτͰ͋Δ͜ͱΛ͍ࣔͯ͠Δɽ
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ؔ ࿈ ݚ ڀ 2.1 ώτͷ৮֮ͱ৮ײ

ද 2.1: ֤ड༰ثͷड༰ͱԠੑͱେ͖͞

Receptors Type Receptive Field Adaption Size

Meissner corpuscle FA I (RA I) Small Fast L = 20 - 150µm, D = 40 - 70 µm

Merkel’s discs SA I Small Slow D = 7 µm, T = 1µm

Pacinian corpuscle FA II (RA II, PC) Large Very fast L = 0.3 mm, D = 0.2 - 0.7 mm

Ruffini endings SA II Large Slow L = 0.5 - 2 mm, D = 0.2 mm

ਤ 2.1: ֤ड༰ثʹ͓͚Δपᮢͷάϥϑ (ώτͷࢦෲ෦ͱ৮֮ड༰ثͷߏͱػ [5]͔Β

ൈਮ)

2.1.2 ΞΫςΟϒλον

ࢯଜؠ [6]ɼಈత৮֮ɼΞΫςΟϒλονͱɼखͰࣗ༝ʹ৮Δ͜ͱʹΑͬ

ͯੜ͡Δ֮ͷ͜ͱͩͱड़͍ͯΔɽGibson [7]डಈతʹ༩͑ΒΕΔܹ֮

ͷෆࣗવ͞Λࢦఠ͍ͯ͠Δɽ·ͨɼಈతʹ৮ΕΔ͜ͱͰநԽ͞ΕͨରΛൽ

ෘද໘Ͱ͡ײɼ͕ܹ֮͞Ε͍ͯΔମͰͳ͘ରʹ͏͔ͱ͍͏Ͱɼड

ಈతͳܹͱಈతͳܹҧ͏֮ײͰ͋Δͱओு͍ͯ͠ΔɽಈతʹखͰ֎ք

Λ୳͢ࡧΔͱ͖ʹɼൽෘද໘ͷ৮͚֮ͩͰͳ͘ɼखͷಈ͖ʹΑΓਂ෦ʹ͋Δے

ɼᡲɼؔઅͱ͍ͬͨਂ෦ड༰ثڵฃ͢ΔɽΞΫςΟϒλονʹΑͬͯੜ͡Δ
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ؔ ࿈ ݚ ڀ 2.2 ৮֮ײʹ͓͚Δิ௲

৮ײɼࣗͷମ͕ܹ͞Ε͍ͯΔͱ͍͏֮ײͰͳ͘ɼ৮Ε͍ͯΔରΛ

֮͢Δͱ͍͏ମݧͰ͋Δɽ·ͨɼͦͷ৮Ε͍ͯΔମ͕͋࣠ؒ࣌ʹݧΕݧܦʹͳ

ΔɽΞΫςΟϒλονʹɼಈతΞΫςΟϒλονͱ੩తΞΫςΟϒλον͕ଘ

Ͱ͋Δɽ੩త֮ײҝʹΑͬͯಘΒΕΔߦࡧΔɽಈతΞΫςΟϒλονɼ୳͢ࡏ

ΞΫςΟϒλονɼରΛ͍ͯ࣋͠Δ߹ʹಘΒΕΔ֮ײͰ͋Δɽମͷࣝ

ผܗঢ়ೝࣝʹ͓͍ͯɼΞΫςΟϒλον୳ࡧͷޮ͕ྑ͍ͱݴΘΕ͍ͯΔɽͦ

ͷྗ্ͷཧ༝ͱͯ͠ɼਂ෦֮ؔײ༩͕͋͛ΒΕΔɽ·ͨɼૈ͞ݕग़ͷ࣮ݧ

ʹ͓͍ͯɼΞΫςΟϒλονͰͳ͍ͷʹൺͯಈతΞΫςΟϒλονͰ͋Δ

ํ͕ૈ͞ͷݕग़ͷᮢ͕ఔͰ͋ΔͱݴΘΕ͍ͯΔɽ͜ΕΒͷཧ༝ͱͯ͠ɼ

ΞΫςΟϒλονͰମಈؚ͕࡞·Εͨಈ࡞ʹԠ͡Δχϡʔϩϯ͕ଟ͍ͨΊͱ

ʹײΒΕ͍ͯΔɽ͕ͨͬͯ͠ɼΞΫςΟϒλον͕Ͱ͖Δͱ͍͏͜ͱɼ৮͑ߟ

͓͚ΔମݧݧܦΛͭ͘ΔͨΊʹॏཁͳཁૉͱ͑ߟΒΕΔɽ

2.2. ৮֮ײʹ͓͚Δิ௲

ײΕͧΕͷͦʹ׆Γɼৗͷੜ͕͋ࠪݕɼௌྗࠪݕྗࢹௌ֮ͦΕͧΕ֮ࢹ

ΛଌײʹΔɽ৮֮ಉ༷͍ͯͬߦΛࠪݕʹোΛ͖ͨ͞ͳ͍͔ௐΔͨΊࢧ͕֮

ఆ͢Δํ๏͕͋Δɽ͔͘ݹΒߦΘΕ͍ͯΔํ๏ͱͯ͠৮ 2ᮢͷଌఆ͕͋͛Β

ΕΔɽจݙ [8]Ͱɼ৮ 2ᮢൽෘ্ͷ 2Λܹ͠ɼͦΕ͕ 2ʹ͡ײΔݶք

ͷ͜ͱͱड़ΒΕ͍ͯΔɽ͜ͷ৮ 2ᮢ৮֮ͷײͷ 1ͭͰ͋Γɼ֮ࢹௌ

֮ͱಉ༷ʹྸʹΑͬͯԼ͢ΔͱݴΘΕ͍ͯΔɽ͜ͷྸʹΑΔײԼΛਤ

2.2ʹࣔ͢ɽ

৮֮ՃྸҎ֎ʹԼ͢ΔཁҼ͕͋Δɽදతͳྫͱͯ͠ଔத [9]Ͱ͋Δɽ

ଔதʹͳͬͯ͠·͏ͱମੑ͕֮ײຑᙺͯ͠͠·͏͜ͱ͕͋Δɽ͜ͷମੑ֮ײΛ

ճ෮ͤ͞ΔΞϓϩʔνͱͯ͠৮͕֮༻͍ΒΕ͍ͯΔɽηϧϑλον [10]ͱݺΕ

Δɼຑᙺ͍ͯ͠ΔΛຑᙺ͍ͯ͠ͳ͍ํͷखͰͰΔͱମอ͕֮ײ࣋վળ͞Ε

ΔɽEnders [11]ΒखखटʹϗϫΠτϊΠζΛఏࣔͨ͠ͱ͜ΖɼଔதͰຑᙺ

Λ͍ͯ͠ΔɽSchaechterࠂͷใڀݚઌͷ৮͕֮ճ෮͢Δͱ͍͏ࢦͨͬ·ͯ͠͠ [12]

Β৮͕֮ճ෮͢Δ͜ͱ͕Ͱ͖Δͱɼख͕ಈ͘Α͏ʹͳΔͱ͍͏ใࠂΛ͍ͯ͠ΔɽҎ
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ؔ ࿈ ݚ ڀ 2.2 ৮֮ײʹ͓͚Δิ௲

ਤ 2.2: ମͷ 13ͷൽෘ෦ҐͰଌఆͨ͠৮ 2ᮢͱྸʹΑΔײԼ (৮ײೝࣝϝΧχζϜͱԠ༻

ٕज़ [8]͔Βൈਮ)

্ͷΑ͏ʹɼ৮֮Λิ௲͢ΔΞϓϩʔνͷߦ͕ڀݚΘΕ͍ͯΔɽ
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ؔ ࿈ ݚ ڀ 2.3 ৮֮ײʹ͓͚Δ૿ڧ (Enhancement)ͷڀݚ

2.3. ৮֮ײʹ͓͚Δ૿ڧ (Enhancement)ͷڀݚ

৮֮ײΛิ௲͢Δ͚ͩͰͳ͘ɼ৮֮ײΛ૿͢ڧΔ͜ͱ͕Ͱ͖Εɼຊདྷ֮Ͱ

͖ͳ͍Α͏ͳඍখͳ৮Γ৺ͷมԽΛ֮͢Δ͜ͱ͕Ͱ͖ΔɽͦͷΑ͏ʹ৮֮ײ

Λ૿͢ڧΔγεςϜͰ࠷γϯϓϧͳϞϊ͕৮֮ίϯλΫτϨϯζ [13](ਤ 2.3)Ͱ

͋ΔɽγʔτʹϐϯΞϨΠ͕ฒΜͰ͓Γɼͦͷ্ʹࢦΛஔ͖ɼମද໘ΛͰΔ

ͱຊདྷਓ͕֮ؒ͢Δͷ͕ࠔͳඍখͳԜತͷผΛՄ͍ͯ͠Δɽͯ͜ͷݪཧ

Λར༻ͨ͠γϯϓϧͳߏػͰ͋Γɼंମͷইͷݕग़ͱ͍ͬͨۀ࢈ͷԠ༻Λߟ

͍͑ͯΔɽҩྍͷͰ৮֮ײΛ૿͢ڧΔ͜ͱ͕Ͱ͖ΕɼපؾʹͳΓ͏Δ͜͠

ΓΛݕग़͢Δ͜ͱ͕Ͱ͖ΔɽTanakaΒࣹԻΛ༻͍ͨηϯαͱ৮֮ϑΟʔυ

όοΫ͢ΔΞΫνϡΤʔλΛ༻͍ͯෲڸߢखज़ԼͰ͜͠ΓΛݕग़͢ΔγεςϜ [14]

PolyVinylidene DiFluoride(PVDF)Ληϯαʹͨ͠γεςϜ [15]ΛఏҊ͍ͯ͠

Δ (ਤ 2.4)ɽ৮֮ײΛ૿͢ڧΔγεςϜ͕ணܕͰ͋ΕɼٛखͷΑ͏ͳγεςϜ

ʹண͠ɼମද໘ͷςΫενϟΛࣝผ͢Δ͜ͱ͕Ͱ͖ΔɽͦΕΛԠ༻ٛ͠खʹ

ηϯαΛ͚ͭͯମද໘ͷςΫενϟΛݕग़͠ɼͦͷ৴߸ΛϑΟʔυόοΫ͢Δ

͜ͱͰͦΕΒͷςΫενϟΛࣝผ͢ΔγεςϜ [16]͕։ൃ͞Ε͍ͯΔɽ৮֮ײΛ

Virtual RealityAugmented RealityͷͰద༻͢ΕɼVR্ۭؒͰ৮Γ৺

ͷݱ࠶ੈ࣮ݱքʹରͯ͠৽͍͠ใΛՃ͢Δ͜ͱ͕Ͱ͖ΔɽిܹؾʹΑͬ

ͯମͷ৮Γ৺Λ͢ݱ࠶Δ SmartTouch [17]ϖϯܕͷσόΠεʹΑͬͯྗ֮

Λఏࣔ͢Δ SmartTool [18]௺ʹৼಈࢠͱޫݕग़ثΛͨ͠ࡌ SmartFinger [19]

ͷߦ͕ڀݚΘΕ͖ͯͨɽ

ੜͷࢦͷ֮ײΛ૿͢ڧΔ͜ͱ͕Ͱ͖ΔͱɼσόΠεΛ࣋͢Δ͜ͱ͕Մʹͳ

ΔɽੜͷࢦઌΛ૿͢ڧΔΞϓϩʔνͱͯ͠खटखʹϗϫΠτϊΠζΛ༩͑ͯ৮

ΔγεςϜ͢ڧΛ૿֮ײ Ε͓ͯΓɼLakshminarayananΒͦͷखͷ͞ڀݚ͕[20]

Ͳ͜ͷ෦ҐʹϗϫΠτϊΠζΛఏࣔ͢Δͱ৮ײͷ૿͕ڧ༗ޮͳͷ͔Λௐͨɽͦ

ͯ͠Kurita [21]ΒϗϫΠτϊΠζͷखटʹఏࣔͭͭ͠ɼଞͷϞϊΛͯ࣋͠৮

Λ͍ͯ͠ΔɽڀݚΛڧͷ૿֮ײ
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ؔ ࿈ ݚ ڀ 2.4 ৮֮ײʹ͓͚Δม༰ (Enchantment)ͷڀݚ

ਤ 2.3: ৮֮ίϯλΫτϨϯζ ( [13]͔Βൈਮ)

ਤ 2.4: Lump Detection ( [14]͔Βൈਮ)

2.4. ৮֮ײʹ͓͚Δม༰ (Enchantment)ͷڀݚ

৮֮ײΛม͑Δ͜ͱɼม༰ͤ͞Δ͜ͱɼຊདྷͰ͋Εମද໘ͷςΫενϟΛ

ม͑ͳ͚Ε͍͚ͳ͍ͨΊɼͦΕ༰қͳ͜ͱͰͳ͍ɽม༰͢Δ͜ͱ͕Ͱ͖Ε

ɼͦ͜ʹଘ͠ࡏͳ͍ͣͷςΫενϟײʹΑͬͯΠϯλϑΣʔεͷิॿʹͳΔɽ

STIMTAC [22](ਤ2.5)ϐΤκϕʔεͷৼಈࢠʹΑͬͯৼಈ৮֮ʹ͓͚ΔߴपΛ

ఏࣔͯ͠ɼࢦઌʹ༩͑Δຎࡲ৮ײΛม͑ɼମσόΠεͱΠϯλϥΫγϣϯΛ

Մʹ͍ͯ͠ΔɽຎࡲΛ༩͑ΔͷͰͳ͘ɼϓϩδΣΫλͱϑϧϨϯδৼಈࢠΛ

Λม͑ΔDiminishedײΛม͑Δ͜ͱͰ৮ࡲͷମͷຎࡍ࣮ͯ͠༺ Hapticss [23](ਤ

2.6)ͷߦ͕ڀݚΘΕ͍ͯΔɽৼಈʹΑͬͯ৮ײΛม͑ΔͷͰͳ͘ɼλϒϨοτ

্ͷλονύωϧʹిؾΛଳిͤ͞Δ͜ͱͰ৮ײΛ༩͑ΔTeslaTouch [24]ͦΕ

ΛϓϩάϥϚϒϧʹͨ͠REVEL [25]͞·͟·Ϟϊʹରͯ͠৮ײΛ༩͑Δ͜ͱ

͕Մʹͳ͍ͬͯΔɽ৮֮Λ༩͑ͣʹ֮ࢹใʹΑͬͯλϒϨοτ্ͷλο

νύωϧ্Ͱ͕ࢦ·ΔͰઇͷதΛา͍͍ͯΔ֮ײΛ༩͑ΔYubi-Toko [26]͕։ൃ

͞Ε͍ͯΔɽ

৮ײΛ༩͑ΔͷͰͳ͘ɼ͢ࢉݮΔ͜ͱม༰ͷҰ෦Ͱ͋Δɽʹಛఆͷप

ͷৼಈܹΛ༩͑ͯɼͦͷपʹΑͬͯࢦઌͷ͕֮ײϚεΩϯά͞ΕΔ

Frequency-specific masking effect [27]ͷڀݚߦΘΕ͍ͯΔɽ
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ؔ ࿈ ݚ ڀ 2.5 ৮֮ײʹ͓͚Δڞ༗ (Empathy)ͷڀݚ

ਤ 2.5: STIMTAC ( [22]͔Βൈਮ)

ਤ 2.6: Diminished Haptics ( [23]͔Βൈਮ)

2.5. ৮֮ײʹ͓͚Δڞ༗ (Empathy)ͷڀݚ

৮ײΛڞ༗͢Δ͜ͱ͕Ͱ͖ΕɼΠϯςϦΞͷ৮Γ৺ΛΦϯϥΠϯͰ͔

ΔΑ͏ʹͳΔɽ৮ײΛԻڹ৴߸ͱͯ͠ଊ͑ΕɼίϯλΫτϚΠΫϩϑΥϯͰ৮ײ

Λऔಘ͠ɼهɼ࠶ੜΛ͜͏ߦͱ͕ՄʹͳΓɼ৮ײΛڞ༗͢Δ͜ͱ͕ՄʹͳΔɽɽ

ͦͷΑ͏ʹ৮ײΛԻڹ৴߸ͱͯ͠औಘ͍ͯ͠ΔڀݚTECHTILE toolkit [28](ਤ

2.7) StereoHaptics [29]͕͋Δɽͦͷ৮ײͷϓϥοτϑΥʔϜͱͯ͠࡞ڞ༗

͢ΔͨΊʹ৮ײΛίϐʔΞϯυϖʔετ͢Δ͜ͱ͕ՄͳTouchCast [30]ͷ։ൃɾ

ΔͨΊ͢ࡧݕใΛײ৴߸ʹΑΔ৮ڹΘΕ͍ͯΔɽ͜ΕΒͷಘΒΕͨԻߦ͕ڀݚ

ͷγεςϜͱͯ͠ TWECH [31](ਤ 2.8)͕͋Δɽ͜Ε৮ײΛԻڹ৴߸ͯ͠औѻ

͍ɼχϡʔϥϧωοτϫʔΫΛ༻ͯ͠৮ײͷࡧݕΛՄʹ͍ͯ͠Δɽ৮ײͷڞ

༗ΛεϙʔπʹԠ༻ͤͨ͞ͷ͕ SMASH [32]Ͱ͋Δɽ͞·͟·ͳεϙʔπͰಘΒ

ΕΔ৮ײΛऔͬखͷΑ͏ͳখ͍͞σόΠεʹৼಈΛ༩͑Δ͜ͱͰεϙʔπͷڞ༗
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ؔ ࿈ ݚ ڀ 2.5 ৮֮ײʹ͓͚Δڞ༗ (Empathy)ͷڀݚ

ΛՄʹ͍ͯ͠ΔɽTamaki [33]ΒNishida [34]ΒిܹؾʹΑͬͯ৮ײ

ମಈ࡞ͷڞ༗ͷ͍ͯ͠ڀݚΔɽ

ਤ 2.7: TECHTILE toolkit ( [28]͔Βൈਮ) ਤ 2.8: Twech ( [31]͔Βൈਮ)
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ؔ ࿈ ݚ ڀ 2.6 ຊষͷ·ͱΊ

2.6. ຊষͷ·ͱΊ

ຊষͰɼ৮֮ײͷड༰ثΞΫςΟϒλονʹ͍ͭͯड़ͨɽ৮֮ײΛίϯ

τϩʔϧ͢Δ͜ͱɼ֦ு͢Δ͜ͱΛͦΕͧΕ૿ڧ (Enhancement)ɼม༰ (Enchant-

ment)ɼڞ༗ (Empathy)ͷ 3ͭͷཁૉʹղͯ͠ઌڀݚߦΛࣔͨ͠ɽ૿ڧʹ͓͍ͯ

ɼσόΠεӽ͠ͷ૿ڧͰ͋ΔͨΊɼଞͷϞϊΛ࣋͢ΔࣗͷࢦઌΛ͜͏

ͱ͕ࠔͰ͋ΔɽࢦઌΛ૿͢ڧΔखटʹϗϫΠτϊΠζΛఏࣔγεςϜͰɼৗ

ʹৼಈ͕ఏࣔ͞Εɼମʹ৮Εͨͱ͖͚ͩʹৼಈ͕ఏࣔ͞ΕΔΘ͚Ͱͳ͍ɽ৮Δ

ରͱΠϯλϥΫγϣϯͰ͖ͣɼఏࣔͤ͞Δৼಈ৮ײใͰ͋ΔΘ͚Ͱͳ͍ɽ

ม༰ʹ͓͍ͯɼৼಈిܹؾΛ༻ͨ͠γεςϜେنͰ͋ΔͨΊɼΣ

Ξϥϒϧ͔ͭϞόΠϧͳγεςϜʹͳ͍ͬͯͳ͍ɽڞ༗ʹ͓͍ͯɼ֤ڀݚͰ

ͳ͍ɽҎ্ͷ͜ͱ͔ΒɼΞػม༰ͷڧ૿ʹ༗͢Δ͜ͱ͕Ͱ͖Δ͕ɼ͜Εڞ

ΫςΟϒλονଞͷϞϊΛ࣋͢Δ͜ͱ͕Ͱ͖ɼࢦઌ͕༻ՄͰΣΞϥϒ

ϧ͔ͭϞόΠϧͳ৮֮ײΛίϯτϩʔϧɼ֦ு͢ΔγεςϜͷڀݚະͩߦΘΕ

͍ͯͳ͍ɽ࣍ষͰɼΞΫςΟϒλονɼࣗͷੜͷࢦઌΛ༻ՄͰΣΞϥ

ϒϧ͔ͭϞόΠϧͳ৮֮ײΛίϯτϩʔϧɼ֦ு͢ΔγεςϜͷఏҊΛ͏ߦɽ

14



ୈ3ষ

ΣΞϥϒϧͳ৮֦ײுγεςϜͷ

ఏҊ

ຊষͰɼΣΞϥϒϧͳ৮֦ײுγεςϜͷඪΛड़ɼఏҊख๏ͷઃܭཁ

ड़ɼΣʹޙ࠷ΛߏͼίϯηϓτΛड़ΔɽఏҊख๏ͷཧతͳγεςϜٴ݅

Ξϥϒϧͳ৮֦ײுγεςϜΛߏ͢Δɽ

3.1. ΣΞϥϒϧͳ৮֦ײுγεςϜͷίϯηϓτ

ಉ༷ʹ֮Λίϯτϩʔϧ͢Δ͜ͱ͕͍͓ͯʹ֮ײͷΑ͏ʹ৮ثิௌڸ؟

Ͱ͖Εɼຊདྷ͕֮Ͱ͖ͳ͍Α͏ͳඍখͳইΛ֮Ͱ͖ΔΑ͏ʹͳͬͨΓɼ

ԽʹΑͬͯਰ͑ͯ͠·ͬͨ৮֮ײΛճ෮ͤ͞Δ͜ͱ͕Ͱ͖ͨΓɼ͋Δ͍ͷप

Γʹ͋ΔϞϊʹ৮ΔମݧΛΑΓ͘͢ߴΔ͜ͱ͕Ͱ͖ΔΑ͏ʹͳΔɽ

ैདྷͷ৮֦ײு͢ΔγεςϜɼσόΠεΛհͨ͠ϞϊͰ͋ΔͨΊ࣋ͱ͍ͬ

ͨखͷ௨ৗͷૢ࡞Λ્ʹͣͤ༻͢Δͷ͕ࠔͰ͋ͬͨɽ֬ڞ໐ʹΑΔ৮֮

Λ֦ு͢ΔγεςϜ͕ఏҊ͞Ε͍ͯΔ͕ɼͦͷखʹϑΟʔυόοΫ͢Δ৴߸ࣗ

ͷൽෘ༝དྷͷৼಈͰͳ͍ɽ৮ײΛ֦ுͤ͞ΔγεςϜσόΠεͷଟ͘ɼγ

εςϜ͕େنʹͳͬͯ͠·͏ͨΊɼΣΞϥϒϧͰ͋Γͳ͕Βγϯϓϧͳσό

ΠεఏҊ͞Ε͍ͯͳ͍ɽ

ఏҊ͢Δίϯηϓτ֮ࢹʹ͓͚Δڸ؟ௌ֮ʹ͓͚ΔิௌثͷΑ͏ʹৗੜ

Λ֦ு͢ΔγεςϜͰ͋Δɽ͠ɼ͜ͷΑ͏ͳγες֮ײΉΑ͏ͳ৮ࠐ༹͚ʹ׆

ϜΛ࣮͠ੜ׆ͷதʹ༹͚ࠐ·ͤΔ͜ͱ͕Ͱ͖Εɼྫ͑ɼԽʹΑͬͯਰ͑

ͯ͠·ͬͨ৮֮ײଔதʹΑΔମੑ֮ײʹຑᙺ͕ੜͯ͡͠·ͬͨํͷ৮֮ײΛ
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 Σ Ξ ϥ ϒ ϧ ͳ ৮ ײ ֦ ு γ ε ς Ϝ ͷ ఏ Ҋ 3.2 ఏҊख๏

ճ෮ɼࢦઌ͕ણࡉͳࢦઌͷ֮ײΛͨͬ࣋৬ਓʹ͔͠Ͱ͖ͳ͍͜ͱ͕Ͱ͖ΔΑ͏

ʹͳΔͣͰ͋Δɽ·ͨɼ৮֮ײΛճ෮ͤ͞Δ͜ͱɼ૿͢ڧΔ͜ͱ͚ͩͰͳ͘ɼ

৮Γ৺Λม͑Δ͜ͱͰʑͷதͰ৮ΔମݧɼݧܦΛมԽͤ͞Δ͜ͱ৮Γ৺

ͷڞ༗ΛΠϯλʔωοτӽ͠ͰͰ͖ΔΑ͏ʹͳΔͣͰ͋Δɽࡏݱͷ SNS(Social

Networking Service)ͰɼಈըͷΑ͏ʹ֮ࢹͱௌ֮ͷڞ༗͕͞Ε͍ͯΔɽຊγε

ςϜ͕ৗͷதͰ༻͞ΕΕɼ৮ײͷڞ༗͕ۙʹͳΓɼ؆୯ʹ৮ײͷڞ༗͕

ՄʹͳΔɽ

͜ΕΒΛୡ͢ΔͨΊʹຊจͰɼΣΞϥϒϧͳ৮֦ײுγεςϜͱͯ͠

HapticAidΛఏҊ͢ΔɽHapticAidΣΞϥϒϧ͔ͭϞόΠϧͰ͋Γͳ͕Βɼ

ৗͷதʹ༻Ͱ͖ΔΑ͏ͳγϯϓϧͳγεςϜͰ͋Δඞཁ͕͋Δɽ۩ମతͳઃܭ

ཁ݅࣍અͰड़Δɽ

3.2. ఏҊख๏

৮֮ײΛίϯτϩʔϧ͢Δ͜ͱ͕Ͱ͖ΕɼγεςϜΛ௨ͯ͠৮֮ײΛ্͞

ͤɼຊདྷ֮Ͱ͖ͳ͍Α͏ͳඍখͳইΛ֮Ͱ͖ΔΑ͏ʹͳͬͨΓɼͷճΓʹ͋

ΔϞϊͷ৮֮ײΛม༰ͤ͞ɼ৮ΔମݧΛΑΓָ͘͠Ͱ͖ͨΓ͢ΔɽͦΕ͚ͩͳ͘ɼ

औಘͨ͠৮ײใΛฤू͠ɼଞͷσόΠεʹԠ༻Ͱ͖ɼΠϯλʔωοτӽ͠Ͱ

ΠϯςϦΞͷΑ͏ͳ৮Γ৺͕ॏཁͰ͋ΔϞϊͷ৮֮ײΛڞ༗Ͱ͖ΔͣͰ͋Δɽ

ઌڀݚߦͰɼΣΞϥϒϧ͔ͭϞόΠϧͰ͋Γͳ͕Βɼ࣋ΞΫςΟϒλον

Λ્͠ͳ͍γεςϜఏҊ͞Ε͍ͯͳ͍ɽͦ͜ͰຊจͰఏҊ͢ΔHapticAid

γεςϜҎԼͷཁ݅Λຬͨ͢ඞཁ͕͋Δɽ

• ɼΞΫςΟϒλοͣͤΛ્࡞ૢ࣋Δ͜ͱ͕Ͱ͖ɼಓ۩ͷ͢༺ઌΛࢦ

ν͕Մͳ͜ͱ

• ΣΞϥϒϧ͔ͭϞόΠϧͰৗͷதʹ༹͚ࠐΉΑ͏ͳγεςϜͰ͋Δ͜ͱ

• ৮֮ײΛ૿ͨ͠ڧΓɼม༰ͨ͠Γɼڞ༗ͨ͠Γͱ͍ͬͨɼ৮֮ײͷίϯτ

ϩʔϧ͢Δ͜ͱ͕HapticAidͷγεςϜͰͰ͖Δ͜ͱ
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 Σ Ξ ϥ ϒ ϧ ͳ ৮ ײ ֦ ு γ ε ς Ϝ ͷ ఏ Ҋ 3.3 γεςϜઃܭ

͜ΕΒͷγεςϜཁ݅Λຬͨͨ͢ΊʹɼࢦઌΞΫςΟϒλον͕Մͳηϯ

αʹΑͬͯ৮ײใΛऔಘ͢Δඞཁ͕͋Δɽ·ͨɼγεςϜཁ݅ʹࢦઌͰಘΒ

Εͨ৮ײใΛ৴߸ॲཧʹΑͬͯ૿෯มௐΛ͍ߦ৮֮ײͷίϯτϩʔϧΛՄ

ʹ͢Δඞཁ͕͋ΔɽࢦઌͰऔಘͨ͠৮ײ৴߸ΛखटʹϑΟʔυόοΫ͢Δ͜ͱʹ

Αͬͯɼ৮֮ײΛίϯτϩʔϧ͢ΔΞϓϩʔνΛ͏ߦɽຊγεςϜͷίϯηϓτ

Λਤ 3.1ʹࣔ͢ɽ

ਤ 3.1: ఏҊख๏

3.3. γεςϜઃܭ

ຊઅͰɼఏҊ͢ΔΣΞϥϒϧͳ৮֦ײுγεςϜͰ͋ΔHapticAidͷγε

ςϜઃܭΛड़Δɽ͡ΊʹγεςϜͷجຊઃܭΛड़ɼೖྗηϯαͷઃܭɼग़

ྗΞΫνϡΤʔλͷઃܭΛड़ɼ֤ೖग़ྗͰඞཁͱ͞ΕΔཁ݅Λࣔ͢ɽଓ͍ͯɼ֦

ுͰ͋Δ૿ڧɼม༰ɼڞ༗ΛͲͷΑ͏ʹ࣮͢ݱΔͷ͔Λड़͍ͯ͘ɽ

3.3.1 ܭຊઃج

HapticAidࢦʹՃΘ͍ͬͯΔ৮ײΛऔಘ͠ɼͦͷऔಘͨ͠৮ײใΛ৴߸ॲ

ཧΛ͍ߦɼࣗͷମͷ෦ҐʹϑΟʔυόοΫ͢ΔγεςϜͰ͋ΔɽຊγεςϜ
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 Σ Ξ ϥ ϒ ϧ ͳ ৮ ײ ֦ ு γ ε ς Ϝ ͷ ఏ Ҋ 3.3 γεςϜઃܭ

ͷίϯηϓτΛਤ 3.1ʹࣔ͢ɽHapticAidେผͯ͠ 3ͭͷϞδϡʔϧʹׂ͢Δ

͜ͱ͕Ͱ͖Δɽ֤ϞδϡʔϧࢦઌʹՃΘ͍ͬͯΔ৮ײΛऔಘ͢ΔͨΊͷηϯαɼ

ͦͷऔಘͨ͠৮ײใʹରͯ͠৴߸ॲཧΛ͢Δϓϩηοαɼ৴߸ॲཧΛͨ͠ޙʹ

ϑΟʔυόοΫ͢ΔΞΫνϡΤʔλͰ͋Δɽ

3.3.2 ೖྗηϯαͷઃܭ

৮ײใΛऔಘ͢Δηϯαʹ͞·͟·ͳϞϊ͕͋ΔɽTECHTILE toolkit [28]

TWECH [31]ίϯλΫτϚΠΫΛ༻ͯ͠ɼͦͷऔಘͨ͠Իڹ৴߸Λ৮ײ

ใͱͯ͠༻͍ͯ͠Δɽ͔͠͠ɼίϯλΫτϚΠΫͰڥԻΛগͳ͔Βͣऔಘ

ͯ͠͠·͏ͨΊɼͦΕ͕৮ײใͷϊΠζʹͳͬͯ͠·͏͜ͱࢦʹ͚ͭͯ͠·

͏ͱ৮ΕΔରͱϚΠΫ͕ׯবͯ͠͠·͏ͱ͍͏͕͋ΔɽຊγεςϜͰɼ

Εͳ͍͜ͱ͕ॏཁͰ͋Δ͜ͱ͔Βɼൽෘৼಈηϯ͞ΞΫςΟϒλονΛ્࣋

α [35]Λબͨ͠ɽൽෘৼಈηϯαPolyvinylidene Difluoride(PVDF)Λ༻͠

ͨηϯαͰ͋ΓɼൽෘͰੜ͡ΔඍখͳมԽɼ͢ͳΘͪࢦઌͰੜ͡ΔൽෘৼಈΛݕ

ग़Ͱ͖ɼࢦͷୈೋؔઅɼୈؔࡾઅʹ͚͖ͯͭר༻͢Δ͜ͱ͕Ͱ͖Δɽൽෘৼಈ

ηϯαɼ৮ΕΔରͱηϯα͕ׯব͠ͳ͍ͨΊɼΞΫςΟϒλονΛ્͠ͳ

͍ͱ͍͏ಛΛ͍ͯͬ࣋ΔɽຊγεςϜͰɼࢦઌͰऔಘͰ͖ΔԻڹ৴߸Λ৮ײ

ใͱ͠ɼͦͷԻڹ৴߸ൽෘৼಈηϯα͔Βऔಘ͢Δ͜ͱͰɼΞΫςΟϒλο

νΛՄʹͭͭ͠ڥԻͱ͍ͬͨϊΠζΛऔಘͤͣʹ৮ײใΛऔಘ͢Δ͜ͱ͕

ՄͰ͋ΔɽൽෘৼಈηϯαΛਤ 3.2ʹࣔ͢ɽ

3.3.3 ग़ྗΞΫνϡΤʔλͷઃܭ

HapticAidऔಘͨ͠৮ײใΛࣗͷମʹϑΟʔυόοΫ͢Δͱ͍͏ߏ

Ͱ͋Δɽ͜͜ͰɼϑΟʔυόοΫ͢Δ෦Ґखटʹઃఆͨ͠ɽઌڀݚߦͰ͋Δ֬

ڞ໐Λ༻͍ͨγεςϜ [11] [36] [20]ͰɼࢦखɼखटʹৼಈܹΛ༩͍͑ͯ

ΔɽຊγεςϜಉ༷ʹखͷपลͰ͋Δखटʹ৮ײใΛఏࣔ͢Δɽखटʹ͓͍

ͯ৮͢ڧ૿ײΔઌ͕͋ڀݚߦΔͨΊɼ৮ڧ૿ײͷޮՌ͕ग़ΔՄੑ͕͋ΔͨΊ

Ͱ͋Δɽ·ͨɼऔಘͨ͠৮ײใΛϑΟʔυόοΫ͢ΔγεςϜͰ͋ΔͨΊɼೖ
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 Σ Ξ ϥ ϒ ϧ ͳ ৮ ײ ֦ ு γ ε ς Ϝ ͷ ఏ Ҋ 3.3 γεςϜઃܭ

ਤ 3.2: ൽෘৼಈηϯα

ྗ͢Δηϯα͔ΒΕ͍ͯΔ͜ͱ͕ϋϦϯάࢭͷ؍͔Β·͍͠ɽܭ࣌

Λʹ͚ͭΔश͕͋׳Δਓ͍Δ͜ͱ͕ຊγεςϜͰखटʹ৮ײϑΟʔυόοΫΛ

༩͑Δཧ༝Ͱ͋Δɽ

ຊγεςϜΣΞϥϒϧͰ͋Δ͜ͱ͕ඞཁ݅Ͱ͋ΓɼखटʹϑΟʔυόοΫ

͢Δ͜ͱ͔Βܭ࣌αΠζͷΞΫνϡΤʔλΛ༻͢Δඞཁ͕͋Δɽ·ͨɼ৮ײ

ใऔѻ͕༰қͳԻڹ৴߸Λ༻͢Δ͜ͱ͕·͍͠ɽৼಈϞʔλͷΑ͏ͳप

Ԡ͕ͳ͍ϞʔλͰઃܭཁ݅Λຬͨ͢͜ͱ͕Ͱ͖ͳ͍ɽͦ͜Ͱ༻͢ΔΞ

ΫνϡΤʔλϘΠείΠϧܕʹબఆͨ͠ɽϘΠείΠϧܕͷΞΫνϡΤʔλɼ

Ԡੑ͕ૣ͘पʹΑͬͯ͞·͟·ͳ৮ײΛఏࣔ͢Δ͜ͱ͕ՄͰ͋Δɽಛʹ

৮֮ʹ͓͚Δύνχখମ͕ৼಈܹͷ 100 ʵ 300 HzͰԠ͢ΔͨΊɼ͜ͷप

ଳΛग़ྗͰ͖Δඞཁ͕͋ΔɽҎ্ͷ͜ͱΛ౿·͑ɼࠓճ༻͢ΔΞΫνϡΤʔ

λɼForcereactor Hybrid Type(Ξϧϓεిؾ)Λબఆͨ͠ɽ͜ͷΞΫνϡΤʔλ
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 Σ Ξ ϥ ϒ ϧ ͳ ৮ ײ ֦ ு γ ε ς Ϝ ͷ ఏ Ҋ 3.3 γεςϜઃܭ

v v

Band-pass filter

t t

ਤ 3.3: ͷΠϝʔδਤڧ૿

ɼܭ࣌ʹऩ·ΔαΠζͰ͋Γͳ͕ΒɼϘΠείΠϧܕΞΫνϡΤʔλͰ͋Δ

ͷͰɼৼಈϞʔλͷΑ͏ʹ୯ҰͷৼಈͰͳ͘෯͍ৼಈΛఏࣔ͢Δ͜ͱ͕Մ

Ͱ͋Δɽ

3.3.4 ڧ૿ (Enhancement)ͷ࣮ํݱ๏

৮֮ײΛ૿͢ڧΔํ๏ɼऔಘͨ͠৮ײใͷৼ෯Λ૿͠ɼఏࣔ͢Δ͜ͱͰ

͋Δɽྫ͑ɼͨͩৼ෯Λ૿෯͢Δ͚ͩͰͳ͘ɼߴϑʔϦΤม (FFT)ʹ͓

͚ΔύϫʔεϖΫτϧʹ͓͍ͯɼ͋Δಛఆͷपଳ͚ͩΛόϯυύεϑΟϧλ

ʹΑͬͯڧௐ͢Δ͜ͱ͕Ͱ͖Εɼྫ͑ಛఆͷςΫενϟΛͨͬ࣋ૉࡐΛͭݟ

͚͘͢ͳΔɽͦΕ͚ͩͰͳ͘ɼٯʹςΫενϟͷಛఆͷपଳ͚ͩΛԼ͛Δ

͜ͱʹΑͬͯผͷςΫενϟͱͷίϯτϥετΛڧௐͤ͞৮ײΛ૿͢ڧΔ͜ͱ͕

ՄʹͳΔɽ͜ͷ૿ڧͷΠϝʔδਤΛਤ 3.3ʹࣔ͢ɽ
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 Σ Ξ ϥ ϒ ϧ ͳ ৮ ײ ֦ ு γ ε ς Ϝ ͷ ఏ Ҋ 3.3 γεςϜઃܭ

3.3.5 ม༰ (Enchantment)ͷ࣮ํݱ๏

ԻΛมԽͤ͞ΔޮՌԻ (Sound effect)͕͋ΔΑ͏ʹɼ৮ײɼ৮֮ʹ͓͍ͯ৮Γ

৺ΛมԽͤ͞Δ͜ͱޮՌ৮ (Haptic effect)Λ৮Δରʹରͯ͠Ͱ͖Εɼ

ͷճΓʹ͋ΔϞϊʹରͯ͠৽͍͠ମݧɼ͋Δ͍ݧܦΛ༩͑Δ͜ͱ͕ՄʹͳΔɽ

৮֮ײΛม༰ͤ͞Δ͜ͱ৮Γ৺Λม͑Δ͜ͱͰ͋Δɽ͔͠͠ɼ৮Δର

ମͦͷͷͷܗঢ়ΛมԽͤͨ͞Γɼܗঢ়ΛมԽͤͨ͞Γ͢Δ͜ͱ༰қͰͳ͍ɽ

ͦ͜Ͱɼऔಘͨ͠৮ײใʹ৴߸ॲཧΛՃ͑ͯɼͦͷ৮ײΛࣗͷ෦Ґʹఏࣔ͢

Δ͜ͱ͕Ͱ͖Ε৮Γ৺Λม͑Δ͜ͱ͕Ͱ͖Δɽྫ͑ɼऔಘ৴߸ʹରͯ͠ม

ௐ͢Δ͜ͱ͕Ͱ͖Εɼ৮ײΛม͑Δ͜ͱ͕Ͱ͖Δɽม༰ͷΠϝʔδਤΛਤ 3.4

ʹࣔ͢ɽఏҊ͢ΔγεςϜͰԻڹ৴߸ɼ͢ͳΘͪৼಈʹΑΔ৮ײఏࣔσόΠε

Ͱ͋Δ͜ͱ͔Βɼૈ͞ͱॊΒ͔͞Λද͢ݱΔ͜ͱʹযΛͯΔɽ৴߸ॲཧʹ͓

͚Δૈ͞ͱɼৼ෯Λ૿෯ͤ͞Δ͚ͩͰͳ͘ɼܗΛۣܗʹ͢Δ͜ͱʹΑͬͯ

ද͕ݱՄʹͳΔɽͦ͜Ͱɼૈ͞Λද͢ݱΔ৴߸ॲཧʹDistortionͱݺΕΔ

৴߸ॲཧΛ͏ߦɽDistortionऔಘͨ͠ܗʹରͯ͠ɼsinܗͷ৴߸Λۣܗʹ

มԽͤ͞Δ͜ͱʹΑͬͯૈ͞Λڧௐ͢ΔɽॊΒ͔͞Λ৴߸ॲཧͰද͢ݱΔͨΊʹ

ɼؒ࣌৳ॖʹΑΔදݱʹΑͬͯॊΒ͔͞Λఏࣔ͢Δɽ৮ΔରʹλοϓΛ͢Δ

ͱɼΠϯύϧεͳܗΛऔಘͰ͖ΔɽॊΒ͔͍ମʹରͯ͠λοϓ͢ΔͱɼΠϯ

ύϧεͳ͕ܗঃʑʹݮਰ͍ͯ͘͠ܗʹͳΔɽͦ͜Ͱɼ৴߸ॲཧͰReverbͱ

ਰ͢ΔΑ͏ʹ৴߸ॲཧΛݮʹΛঃʑܗɼΠϯύϧεͷ͍ߦΕΔ৴߸ॲཧΛݺ

Δɽ͢ݱΛ࣮ݱͱʹΑͬͯॊΒ͔͞ͷද͜͏ߦ

3.3.6 ༗ڞ (Empathy)ͷ࣮ํݱ๏

৮֮ײΛڞ༗͢Δ͜ͱɼ৮Γ৺Λهͨ͠Γ࠶ੜͰ͖ͨΓɼϦΞϧλΠϜ

Ͱૹड৴͕Ͱ͖ͨΓ͢Δඞཁ͕͋Δɽ৮Γ৺Λڞ༗͢ΔͨΊʹແઢٕज़Ͱ͋

ΔWIFI Bluetooth͕ඞཁͰ͋Δɽ·ͨɼهͨ͠Γ࠶ੜͨ͠Γ͢ΔͨΊͷϓ

ϥοτϑΥʔϜͰ͋Δඞཁ͕͋Δɽͦ͜ͰγεςϜʹ͜ΕΒͷػΛೖΕ͓ͯ

͘ඞཁ͕͋Δɽ৮֮ײͷڞ༗ͷΠϝʔδਤΛਤ 3.5ʹࣔ͢ɽ
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 Σ Ξ ϥ ϒ ϧ ͳ ৮ ײ ֦ ு γ ε ς Ϝ ͷ ఏ Ҋ 3.4 γεςϜߏ

t t

v v

Modulation

ਤ 3.4: ม༰ͷΠϝʔδਤ

3.4. γεςϜߏ

Ҏ্ͷ͜ͱΛ౿·͑γεςϜߏΛ͏ߦɽೖྗ͢ΔηϯαʹൽෘৼಈηϯαΛ

༻͍Δɽ·ͨɼ৮ײΛίϯτϩʔϧ͢ΔͨΊͷγεςϜΛHaptic Control Engine

ͱ໊͚ɼ͜ΕϞόΠϧϓϥοτϑΥʔϜͰ͋ΔܞଳΛ༻͢Δɽܞଳ

Λ༻͢ΕɼWIFIBluetoothͱ͍ͬͨແઢͷػ͕༻ՄʹͳΓɼϞό

Πϧ͔ͭΣΞϥϒϧ͕ՄʹͳΔɽ͜ͷܞଳͷέʔεʹύϫʔΞϯϓΛೖ

ΕɼΞΫνϡΤʔλΛۦಈͰ͖ΔΑ͏ʹ͢Δɽ͜ͷΞΫνϡΤʔλࢦखटͱ

ͳΔΑ͏ʹ͢ΔͨΊWearableʹܗ·͟·͞ Haptic Actuatorsͱ໊͚ɼγεςϜ

ͷߏਤΛ 3.6ʹࣔ͢ɽ
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 Σ Ξ ϥ ϒ ϧ ͳ ৮ ײ ֦ ு γ ε ς Ϝ ͷ ఏ Ҋ 3.5 Haptic Control Engineͷ UI

v

t

v

t

ਤ 3.5: ༗ͷΠϝʔδਤڞ

3.5. Haptic Control EngineͷUI

ຊγεςϜͰɼ৮ײ৴߸ΛԻڹ৴߸ͱͯ͠ଊ͍͑ͯΔͨΊɼ૿ڧʹ͓͚Δඞ

ཁͳ৴߸ॲཧόϯυύεϑΟϧλ͕ҰྫͰ͋ΔɽόϯυύεϑΟϧλΛૢ͢࡞Δ

ͨΊʹɼৼ෯ɼத৺पɼબΛૢ͢࡞Δඞཁ͕͋Δɽ͜ΕΒͷύϥϝʔλ

Λ؆୯ʹૢ͢࡞ΔͨΊʹɼຊγεςϜͰ֤ύϥϝʔλʹରͯ͠εϥΠμʔόʔ

Λ༻͍ͯૢ͢࡞ΔΑ͏ʹઃܭΛ͏ߦɽԻڹ৴߸Λॲཧ͢ΔάϥϑΟοΫΠίϥΠ

βͷΑ͏ͳͨݟʹ͢Δ͜ͱͰײతʹૢ͢࡞Δ͜ͱΛՄʹ͢Δɽ
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 Σ Ξ ϥ ϒ ϧ ͳ ৮ ײ ֦ ு γ ε ς Ϝ ͷ ఏ Ҋ 3.6 ຊষͷ·ͱΊ

v

t

Haptic
Sensor

+Pre-amplifier

Haptic
Control
Engine

Wearable
Haptic
Actuators

ਤ 3.6: γεςϜߏਤ

3.6. ຊষͷ·ͱΊ

ຊষͰɼγεςϜͷઃܭཁ݅Λड़ɼ֤ϞδϡʔϧͰ͋Δೖྗͷηϯαɼग़

ྗͷΞΫνϡΤʔλͷઃܭཁ݅Λड़ͨɽ·ͨɼ֦ுͰ͋Δ૿ڧɼม༰ɼڞ༗ͷ

Λࣔͨ͠ɽߏΔͨΊͷHapticAidγεςϜ͢ݱΕΒΛ࣮͜ʹޙ๏Λड़ͨํݱ࣮
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ୈ4ষ

HapticAidͷ࣮ͱධՁ

ຊষͰɼୈ 3ষͰ࡞ͨ͠γεςϜΛݩʹΣΞϥϒϧ͔ͭϞόΠϧͳγε

ςϜͱ࣮ͯ͠Λͨͬߦɽඪͱ͢ΔγεςϜΛड़ͨޙʹɼ۩ମతͳγεςϜ

ઃܭΛࣔ͢ɽͦͯ͠ɼઃͨ͠ܭγεςϜͷలࣔΛͨͬߦɽ

4.1. HapticAidϑΝʔετϓϩτλΠϓ

HapticAidΛ࣮͢ΔͨΊʹϑΝʔετϓϩτλΠϓΛ։ൃͨ͠ɽຊઅͰɼ

ϑΝʔετϓϩτλΠϓͷ࡞ࢼͱͦͷධՁ࣮ݧΛड़Δɽ

4.2. ϑΝʔετϓϩτλΠϓͷඪ

HapticAidʹɼ֦ுͰ͋Δ૿ڧ (Enhancement)ɼม༰ (Enchantment)ɼڞ༗

(Empathy)ͷཁૉ͕ඞཁͰ͋Δɽ͡Ίʹ֦ுͷ 1ͭͰ͋Δ૿ڧΛ࣮͢ݱΔͨΊ

ͷγεςϜΛ࣮͢ΔɽԻڹ৴߸ʹ৴߸ॲཧΛ͏ߦͱগͳ͔ΒͣԆ͕ੜ͡Δɽಛ

ʹ৮֮ײͰɼ͜ͷԆʹΑ֮ͬͯײʹӨڹΛٴ΅͍ͨ͢͠ΊɼྗۃԆ͕গͳ

͍ํ͕ྑ͍ɽͦ͜Ͱɼ·ͣϑΝʔετϓϩτλΠϓͰɼ৴߸ॲཧʹίϯϐϡʔλ

Λ༻͍ΔͷͰͳ͘ɼϋʔυΣΞͰ͋ΔΠίϥΠβΛ༻͍Δ͜ͱʹͨ͠ɽϑΝʔ

ετϓϩτλΠϓͰɼϋʔυΣΞͰHapticAidΛߏங͠ɼ৮֮ײΛ૿ͤ͞ڧ

Δ͜ͱΛඪͱ͢Δɽ
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H a p t i c A i d ͷ ࣮  ͱ ධ Ձ 4.3 ࡞ࢼ

4.3. ࡞ࢼ

ϑΝʔετϓϩτλΠϓͷγεςϜߏਤΛਤ 3ʹࣔ͢ɽϑΝʔετϓϩτλ

ΠϓͰҎԼͷϞϊΛ༻͢Δɽ

• Wearable Skin Vibration Sensor: ใΛऔಘ͢ΔηײઌʹՃΘ͍ͬͯΔ৮ࢦ

ϯαͰ͋Δ PVDFϑΟϧϜΛ༻͍ͨൽෘৼಈηϯα [35]Ͱ͋Δɽਤ 4.1ʹ

ࣔ͢Α͏ʹɼຊηϯαࢦͷதઅ෦ʹ PVDFϑΟϧϜΛ͚͖ͭרɼൽෘͰ

ੜͨ͡ඍখͳมԽɼ͢ͳΘͪৼಈΛݕग़͢Δ͜ͱ͕Ͱ͖Δɽ·ͨɼैདྷͷ৮

ใΛऔಘ͢Δηϯαͷײ 1ͭͰ͋ΔίϯλΫτϚΠΫͱେ͖͘ͳΔͱ͠

ͯɼࢦઌٴͼ৮ΕΔରͱׯব͠ͳ͍͜ͱͱڥԻͱ͍ͬͨϊΠζΛऔ

ಘͤͣ৮ײใͰ͋ΔൽෘৼಈΛऔಘͰ͖Δͱ͍͏ಛΛ͍ͯͬ࣋Δɽ

• Pre-amplifier: ೖྗ͢Δൽෘৼಈηϯα͕औಘͰ͖Δ࠷େిѹ͕ 20mV Ͱ

͋ΔͨΊɼύϫʔΞϯϓΠίϥΠβʹೖྗ͢ΔʹෆेͰ͋Δɽͦ

͜ͰࠓճPVDFϑΟϧϜ༻ͷϓϦΞϯϓͰ͋ΔPIEZO LAB AMPLIFIER

Λ༻͍Δ͜ͱʹͨ͠ɽ

• Frequency filter: ಘΒΕͨ৮ײใʹରͯ͠ɼࠓճ৴߸ॲཧΛͨ͏ߦΊɼ

άϥϑΟοΫΠίϥΠβʹΑͬͯपϑΟϧλΛߏͨ͠ɽ͜ͷपϑΟ

ϧλɼൽෘৼಈηϯαͷಛੑʹΑͬͯपྖҬ͕ݕ͘ڧग़͞ΕΔɽͦ

͜Ͱ 250 HzपลͰϩʔΧοτ͠ɼ250 ʵ 1000 HzͰήΠϯΛ্͛ɼΞΫ

νϡΤʔλ͔Βఏࣔ͞ΕΔৼಈΛ࣮ࡍʹಘΒΕΔ৮ײʹ͚͍ۙͮͯΔɽ

• TECHTILE amplifier: पϑΟϧλʹΑͬͯ৮ײใΛ৴߸ॲཧͨ͠ޙ

ʹTECHTILE toolkit [28]ͷTECHTILEΞϯϓʹೖྗͯ͠ΞΫνϡΤʔλ

Λৼಈͤ͞ΔɽTECHTILEΞϯϓύνχখମ͕Ԡ͢Δ 100 ʵ 300 Hz

ͷपଳҬΛڧௐͯ͠ग़ྗͰ͖ΔύϫʔΞϯϓͰ͋Δɽ

• Augmented Haptic Wristband: ຊγεςϜΛΣΞϥϒϧͳγεςϜͱͯ͠

ʹ͢ΔͨΊߏ 4.1ʹࣔ͢Α͏ͳ 3DϓϦϯλ (Stratasys uPrint)ʹΑͬͯҹ

Ͱ͋ΔForcereactorࢠৼಈܕΕͨᝑମʹϘΠείΠϧ͞ Hybrid Type(Ξϧ

ϓεిؾ)Λଂ͠ɼγϦίϯόϯυ (Moff Band)ʹຒΊࠐΜͩAugmented

26



H a p t i c A i d ͷ ࣮  ͱ ධ Ձ 4.4 ڧ૿ (Enhancement)ͷূݕ

Pre-amplifier

Frequency
filter

TECHTILE
amplifier

Wearable Skin Vibration Sensor

Augmented Haptic Wristband

ਤ 4.1: ϑΝʔετϓϩτλΠϓͷγεςϜߏਤ

Haptic WristbandΛ։ൃͨ͠ɽຊσόΠεɼೖྗ͞Εͨ৮ײใΛखट

ʹఏࣔͰ͖Δɽ·ͨɼࣗͷࢦઌ͔Βऔಘ͞ΕΔ৴߸Λࣗʹৼಈܹͱ͠

ͯఏࣔ͢ΔͨΊɼઃܭཁ݅Ͱࣔͨ͠Α͏ʹखटʹఏ͍ࣔͯ͠Δɽ

4.4. ڧ૿ (Enhancement)ͷূݕ

ຊઅͰɼ৮ײͷ૿ڧ (Enhancement)ͷݧ࣮ূݕΛͨͬߦɽݧ࣮ূݕʹɼࢴ

͢ΓΛ༻͍ͨૈ͞หผ࣮ݧͱݧࢼยݕग़Λ༻ͨ͠ɽ

4.4.1 ૈ͞หผ࣮ݧ

͢ࢴுʹରͯ͠༗ޮ͕൱͔ධՁ͢ΔͨΊʹɼ֦ײͨ͠ϓϩτλΠϓ͕৮࡞

Γͷૈ͞หผͷ৺ཧ࣮ݧΛ͍ߦɼγεςϜΛʹ͚ͭΔ͜ͱͰࢦઌͷ্͕֮ײ

͢Δ͔൱͔ΛධՁͨ͠ɽ
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H a p t i c A i d ͷ ࣮  ͱ ධ Ձ 4.4 ڧ૿ (Enhancement)ͷূݕ
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ਤ 4.2: पϑΟϧλ

4.4.2 ૈ͞หผ࣮ํݧ๏

ຊ࣮ݧͰҎԼͷ 2݅Λൺֱ͢Δɽ

• Null condition: ຊ݅ͰɼγεςϜΛʹ͚ͭΔ͕Կ৮ײϑΟʔυόο

ΫΛ༩͑ͳ͍ঢ়ଶɽ͢ͳΘͪγεςϜ͕OFFͷঢ়ଶͰ͋Δɽ

• Augmented condition: ຊ݅Ͱɼखटʹࢦઌ͔ΒಘΒΕͨൽෘৼಈΛ૿

෯ͨ͠৴߸ΛखटʹϑΟʔυόοΫ͢Δɽ͜ͷͱ͖ɼपϑΟϧλɼ30

- 250 [Hz]ΛϩʔΧοτ͍ͯ͠Δɽจݙ [35]ΑΓɼൽෘͷൖपಛੑͷ

Δɽ͜ͷͱ͖ͷάϥϑΟοΫΠίϥΠβʹΑ͍ͯ͠༺ʹ͍ۙͷΛؔٯ

ΔઃఆΛਤ 4.2ʹࣔ͢ɽ

ຊ࣮ݧͰ߃ৗ๏Λར༻͢Δɽ࣮ࢀݧՃऀ 5ਓͰશһ 20Ͱ͋Δɽඪ४ܹ

ʹɼࢴ͢Γͷ 240൪Λ༻ͨ͠ɽൺֱܹʹɼ120ɼ150ɼ180ɼ240ɼ320ɼ

28



H a p t i c A i d ͷ ࣮  ͱ ධ Ձ 4.4 ڧ૿ (Enhancement)ͷূݕ

ਤ 4.3: ࢠͷ༷ݧ࣮

400ɼ600൪Λ༻ͨ͠ɽ࣮ࢀݧՃऀ͡Ίʹ 1ճͷࢴ͢ΓΛ 2ճͰΔ͜

ͱ͕Ͱ͖Δɽ࣍ʹಉ༷ʹ 2ճͷࢴ͢ΓΛͰΔɽ͜ͷͱ͖ɼ࣮ࢀݧՃऀ 1

ճͱ 2ճͷͲͪΒ͕Β͔Ͱ͔͋ͬͨΛճ͢Δɽඪ४ܹࢴ͢Γͷ൪

߸ݻఆͰ 1ճͱ 2ճͷͲͪΒ͔ʹϥϯμϜʹఏࣔ͞ΕΔɽඪ४ܹࢴ

͢Γͷ൪߸ϥϯμϜͰ 1ճͱ 2ճͷܹఏࣔϥϯμϜͰ͋Δɽຊ࣮ݧ֤

ɼ֤ܹɼ7ͭͷߦࢼ͢Γʹରͯ͠ɼ10ࢴ 2݅Ͱܭ ՃऀࢀݧΛ֤࣮ߦࢼ140

ݧɽຊ࣮ͨͬߦʹ 30ͷ࣮ݧͰ͋Δɽ·ͨɼຊ࣮ݧͷશͯʹ͓͍ͯɼ࣮ࢀݧ

ՃऀϗϫΠτϊΠζΛྲྀͨ͠ϊΠζΩϟϯηϦϯάϔουΛʹண͚ɼΞΠϚ

εΫʹண͚ɼ֮ࢹͱௌ֮ͷใΛःஅ͞Ε͍ͯΔɽຊ࣮ݧͷ༷ࢠΛਤ 4.3ʹ

ࣔ͢ɽ
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H a p t i c A i d ͷ ࣮  ͱ ධ Ձ 4.4 ڧ૿ (Enhancement)ͷূݕ

4.4.3 ૈ͞หผ࣮݁ݧՌ

ૈ͞หผ࣮ݧͷ݁Ռʹ͓͚Δ 75%difference LimenΛද 4.1ʹࣔ͠ɼͦͷ֤ਤ

4.4ɼ4.5ɼ4.6ɼ4.7ɼ4.8ʹࣔ͠ɼ࣮݁ݧՌͷฏۉΛਤ 4.9ʹࣔ͢ɽૈ͞หผͷฏ

Ͱ΄ͱΜͲγεςϜͳ͠ͱ͋ΓͰ΄ͱΜͲಉ͡Ͱ͋Δ͕ɼଟগγεςϜۉ

͋Γͷํ͕৮্͍͕֮ͯ͠ײΔ ( ՃऀࢀݧΒΕΔɽ·ͨɼ֤࣮ݟ͕(5%

ͷ݁ՌΛΈͯΈΔͱɼ༧Ίੜͷࢦͷ֮ײͰ݁Ռ͕ྑ͍ਓɼͦΕҎ্৮͕֮ײ

্ͤͣɼࢀݧ࣮ʹٯՃऀʹ༩͍͑ͯΔ৮ײϑΟʔυόοΫ͕ϊΠζʹͳ͍ͬͯΔ

Մੑ͕͋ΔɽҰํͰɼຊ࣮ݧʹ͓͍ͯ৮͕֮͋ײ·Γ͘ߴͳ͍ͱஅͰ͖Δਤ

4.4ɼ4.8ͷ࣮݁ݧՌʹ͓͍ͯ৮্͍͕֮ͯ͠ײΔɽ͕ͨͬͯ͠ɼຊ࣮ݧʹ͓

͍ͯɼ৮͘ߴ͕֮ײͳ͍ਓʹຊγεςϜΛద༻͢Δͱ৮্͕֮͢ײΔ͕

ಘΒΕͨͱ͑ߟΒΕΔɽ

ද 4.1: 75%difference Limen

Participants Null Augmented

A 68 54

B 61 63

C 53 67

D 57 61

E 59 47

Average 63 61

4.4.4 ݧग़࣮ݕยݧࢼ

ຊγεςϜʹ৮֮ײΛ૿ͤ͞ڧΔޮՌ͕͋Δ͔Λ͔֬ΊΔͨΊʹɼྗࢹௌྗ

ɼࠪݕ৮ྗͨͬߦͰڀݚҊͨ͠ɽຊߟΛݧ૬͢Δ࣮ʹࠪݕͷΑ͏ʹɼ৮ྗࠪݕ

ͰϑΣϧτද໘ΛͰɼࢦਓ͕ࠩ͠ऀݧยΛϑΣϧτγʔτͷԼʹஔ͖ɼඃݧࢼ

ϑΣϧτγʔτԼʹӅ͞ΕͨݧࢼยΛݕग़͢Δͱ͍͏ͷʹͨ͠ɽຊධՁ࣮ݧͰ
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ਤ 4.4: Ռ݁ݧ࣮ A
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ਤ 4.5: Ռ݁ݧ࣮ B
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ਤ 4.6: Ռ݁ݧ࣮ C
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ਤ 4.7: Ռ݁ݧ࣮ D

ɼຊγεςϜΛʹ͚ͭΔ͜ͱͰɼධՁ࣮ݧʹ͓͍ͯɼݧࢼยͷݕग़্͕͕

ΓɼγεςϜ͕৮֮ײͷ֦ுɾճ෮ʹ༻Ͱ͖ΔͷͰͳ͍͔ͱ͍͏ԾઆΛཱͯΔɽ

4.4.5 ๏ํݧ࣮

ຊ࣮ݧ࣮ͨ͠༺ʹݧ༻۩Λਤ 4.11ʹࣔ͢ɽϑΣϧτγʔτ (ްΈ 3mm)ͷԼʹ

ʹϙϦϓϩϐϨϯͷγʔτ ( 0.01mm)͕షΓ͚ΒΕ͓ͯΓɼͦͷԼʹݧࢼย

Λஔ͢ΔɽϑΣϧτʹ 3 ʷ 3ͷάϦου (ͦΕͧΕ 50mm ʷ 70mm)͕ςʔ

ϓʹΑͬͯඳ͔Ε͍ͯΔɽݧࢼยͷްΈ 0.02mmִؒͰ 0.16mm͔Β 0.40mmɼ
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ਤ 4.8: Ռ݁ݧ࣮ E
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▲ Null condition
■ Augmentation
    condition

ਤ 4.9: ۉՌฏ݁ݧ࣮

ܘ 20mmͰ͋Δɽ·ͨɼݧࢼย 3DϓϦϯλ (Objet260 Connex 3ɼܗղ

૾XɼY͕࣠ 42µmɼZ͕࣠ 16µm)Λ༻͍ͯͨ͠ܗɽγεςϜʹΑΔ৮ײ

֦ுΛ֬ೝ͢ΔͨΊɼҎԼͷ 3ͭͷ݅ΛධՁ͢Δɽ

• Null condition: ຊ݅ͰɼඃऀݧԿʹ͚ͭͣʹ࣮ݧΛͨͬߦɽ

• White noise condition: ຊ݅ͰɼඃऀݧHapticAidγεςϜΛൽෘৼ

ಈηϯαΛ͚ͭͣɼAugmented haptic wristbandΛʹ͚ͭͨɽͦͯ͠ɼϗ

ϫΠτϊΠζΛखटʹఏࣔͨ͠ঢ়ଶͰ࣮ݧΛͨͬߦɽ

• Augmented condition: ຊ݅ͰɼඃऀݧHapticAidγεςϜΛʹͭ

ʹใʹલड़ͨ͠Α͏ײɽ͜ͷͱ͖ɼ৮ͨͬߦΛݧ࣮͚ͯ 250HzपลͰ

ϩʔΧοτ͠ɼ250 - 1000HzήΠϯΛ্͛ͨ৴߸ॲཧΛͨͬߦɽ͜ͷϑΟ

ϧλͷपଳલड़ͷपϑΟϧλͱಉ༷ʹൽෘৼಈൖʹ͍ͯͮجબ

ͨ͠ɽ

ຊڀݚͰఏҊ͢Δ৮ྗࠪݕͷϑϩʔΛਤ 4.10ʹࣔ͢ɽ͡Ίʹ֤ඃऀݧʹର͠

ͯੜͷࢦͷ৮ྗࠪݕΛͨͬߦɽ͡Ίʹੜͷࢦͷ৮ྗࠪݕΛ͜͏ߦͱͰɼͦͷ৮

ݧࢼ൱͔Λଌఆ͢Δ͜ͱ͕Ͱ͖Δɽ্͔͕֮ͨ͠ײγεςϜʹΑͬͯ৮͕֮ײ

ยΛ 9ͭͷηϧͷ͍ͣΕ͔ʹϥϯμϜͰஔͨ͠ɽඃऀݧݧࢼย͕Ͳ͜ʹ͋Δ

͔ͦΕͧΕͷϑΣϧτද໘Λ֤ηϧຖճͰͨɽ9ͭηϧΛ 2प৮ͬͯճΛ
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H a p t i c A i d ͷ ࣮  ͱ ධ Ձ 4.4 ڧ૿ (Enhancement)ͷূݕ

͍༺ยΛݧࢼยΑΓബ͍ݧࢼग़Ͱ͖ΕͦͷݕยΛݧࢼ͕ऀݧɽ͠ɼඃͨͬߦ

ͯಉ༷ͷ࣮ݧΛͨͬߦɽඃ͕ऀݧಉ͡ݧࢼยΛ 2ճݕग़Ͱ͖ͳ͔ͬͨݧࢼยΛ࣮

ยͱͨ͠ɽݧࢼΔ͢༺ʹݧ

ยΛݧࢼɽͨͬߦΛݧɼγεςϜͷධՁ࣮ʹ࣍ 9ͭͷηϧͷ͍ͣΕ͔ʹϥϯμϜ

Ͱஔͨ͠ɽ͜͜Ͱඃऀݧ֤ηϧΛճɼ9ͭͷηϧΛ 2प৮Δ͜ͱ͕Ͱ͖Δɽ

ͦͷޙɼݧࢼย͕ 9ͭͷηϧͷ͏ͪͲ͜ʹஔ͞Ε͍ͯΔ͔ճͨ͠ɽ֤ඃऀݧ

 ɼ݅ߦࢼ10 (Null condition, White noise condition, Augmented condition)ɼ

ܭ ग़Λࣜݕɽ͜ͷͱ͖ɼ֤݅ʹ͓͚ΔͨͬߦΛߦࢼ30 (4.2)ʹࣔ͢ɽ

ग़ݕ =
γʔτͷԼʹ͋ΔݧࢼยͷॴΛͯͨճ

ճߦࢼ (10ճ)
(4.1)

ຊ࣮ݧͰɼඃऀݧ 1ਓ͋ͨΓ 30ͷ࣮ݧͰ͋ΓɼඃऀݧϗϫΠτϊΠζ

Λྲྀͨ͠ϊΠζΩϟϯηϦϯάϔουϑΥϯʹ͚ͭɼௌ֮ใΛःஅͨ͠ঢ়ଶ

Ͱ࣮ݧΛͨͬߦɽຊ࣮ݧͷ༷ࢠΛਤ 4.12ʹࣔ͢ɽ
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開始 

試験片の配置 

検出 

試験片の決定 

薄い試験片 

10試行 

検出 

Yes 

試験片の配置 
No 

No 
Yes 

試験片の配置 

検出 

No 

次の条件 
Yes 

ਤ 4.10: ϑϩʔνϟʔτ
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H a p t i c A i d ͷ ࣮  ͱ ධ Ձ 4.4 ڧ૿ (Enhancement)ͷূݕ

Polypropynene 0.01mm

Felt 3mm

Tip 0.16 - 0.40mm

ਤ 4.11: ยݧࢼΔγʔτͱ͢༺ʹݧ࣮

ਤ 4.12: ࢠͷ༷ݧ࣮

4.4.6 Ռ݁ݧग़࣮ݕยݧࢼ

ද 4.2ʹ֤݅ʹ͓͚Δඃऀݧ 10ਓͷ࣮݁ݧՌΛࣔ͠ɼͦͷ࣮݁ݧՌΛฏۉԽ

ͨ݁͠ՌΛਤ 4.13ʹࣔ͢ɽ͜ͷਤͰɼॎ࣠ݕग़ɼԣ֤࣠݅Λ͍ࣔͯ͠
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H a p t i c A i d ͷ ࣮  ͱ ධ Ձ 4.4 ڧ૿ (Enhancement)ͷূݕ

Δɽ͜ͷͱ͖ͷຊ࣮ݧΛͨͬߦඃ͔ऀݧΒࣗ༝ճΛಘͨɽඃऀݧ 7ਓ͕γες

ϜΛ༻ͯ͠৮͕͢ؾ্͕͕֮ͨͬײΔͱճΛಘͨɽAugmented conditionͱ

White noise conditionͷͱ͖ʹಘΒΕͨҙݟΛද 4.3ʹࣔ͢ɽ

ද 4.2: ඃऀݧ 10ਓʹ͓͚Δମݕग़ͷ݁Ռ

ඃऀݧ (tips) Null White noise Augmented

P1 (0.18mm) 0.2 0.5 0.6

P2 (0.18mm) 0.5 0.5 0.8

P3 (0.20mm) 0.3 0.5 0.4

P4 (0.16mm) 0.4 0.6 0.6

P5 (0.18mm) 0.4 0.6 0.7

P6 (0.20mm) 0.6 0.6 0.8

P7 (0.28mm) 0.5 0.8 0.9

P8 (0.16mm) 0.5 0.5 0.5

P9 (0.18mm) 0.5 0.5 0.3

P10 (0.18mm) 0.2 0.4 0.4

ฏۉ 0.41 0.55 0.60

ຊ࣮݁ݧՌʹର͠ɼOne way repeated measures ANOVAΛ༻͍ͯղੳΛͬߦ

ͨͱ͜Ζɼ౷ܭత༗ҙࠩ (F (2, 18) = 8.21, p = 0.0029)͕ೝΊΒΕͨͨΊɼHolm

ͷิਖ਼Λ༻͍ͨ paired t-testʹΑΔଟॏൺֱΛͨͬߦɽͦͷ݁ՌɼNull condition

ͱWhite noise conditionͷؒʹ౷ܭత༗ҙࠩ (p < 0.05)͕ಘΒΕͨɽಉ༷ʹɼ

Null conditionͱ Augmented conditionؒʹ౷ܭత༗ҙࠩ (p < 0.05)͕ಘΒΕ

ͨɽWhite noise conditionͱAugmented conditionͷؒʹ౷ܭత༗ҙࠩͳ͔ͬ

ͨ (p = 0.30)ɽ͕ͨͬͯ͠ɼຊ࣮ݧͰɼఏҊख๏ैདྷख๏Ͱ͋ΔWhite noise

Λखटʹఏࣔ͢Δͷͱಉఔͷ݁Ռ͕ಘΒΕͨɽ
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Null White noise Augmented
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P < 0.05 *

ਤ 4.13: Ռ݁ݧ࣮

4.5. ߟ

ධՁ࣮ݧʹ͓͍ͯɼඃऀݧͷ৮֮ײ Null conditionͱൺֱͨ͠߹ɼWhite

noise conditionɼAugmented conditionͱ͖ʹ౷ܭత༗ҙ͕ࠩಘΒΕͨɽWhite

noise conditionͷͱ͖ʹɼ৮্͕֮ͨ͠ײཧ༝ɼSeo et al. [20]ͱ Lakshmi-

narayanan et al. [36]ͷจʹͯใ͞ࠂΕ͍ͯΔΑ͏ʹɼखटʹৼಈܹΛ༩͑

Δ͜ͱͰ৮֮ײʹ֬ڞ໐͕ൃੜ͠ɼࢦͷ֮ͷᮢ͕Լ͕ͬͨͨΊͩͱ͑ߟΒ

ΕΔɽ

·ͨɼAugmented conditionʹ͓͍ͯɼඪ४͕ࠩޡେ͖͍ཧ༝ͱͯ͑͠ߟΒΕ

Δ͜ͱɼͰํͷҧ͍ʹΑΔͷ͑ߟΒΕΔɽݸʑਓͷͰํʹΑͬͯࢦઌͰ

ಘΒΕΔ৮ײใ͕ҟͳΔͱɼಘΒΕΔ৮ײϑΟʔυόοΫ͕ҟͳΓɼ৮ײϑΟʔ
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ද 4.3: ݟͰಘΒΕͨҙݧग़࣮ݕยݧࢼ

Condition ಘΒΕͨҙݟ

Augmented ඍখͳԜತ͕ଞͷ݅ͱൺͯΑΓݧࢼยʹΑΔްΈʹΑ

ΔԜತͷ༗ແ͕Θ͔Δ͕ͨ͠ؾɽ

Augmented खटͷৼಈఏࣔͱࢦઌͷ৮͕ײಉͩ࣌ͱݧࢼย͕͋ΔҐ

ஔ͕ΘͣબͰ͖Δɽ

Augmented ย͕ͳ͍Ґஔ͕໌֬ʹͳΔɽݧࢼ

White noise όϯυ͔Βఏࣔ͞ΕΔৼಈ్͕ܹத͔Βͳ͘ͳ͕ͬͨؾ

ͨ͠ɽ

White noise ϊΠζ͕ఏࣔ͞Ε͍ͯΔͱݧࢼย͕Ͳ͜ʹ͋Δͷ͔ࠞཚ͢

Δɽ

υόοΫࣗମ͕֮ʹ͓͚ΔࡶԻʹͳͬͯ͠·͏ਓ͕͍ΔͨΊɼඪ४͕ࠩޡେ͖

͘ͳͬͨͱ͑ߟΒΕΔɽධՁ࣮ݧʹ͓͍ͯɼͰํΛنఆ͢Δ͜ͱͰΑΓ৮֮ײ

ΔՄੑ͕͋Δɽ্͕͢

3.3અͷϢʔβϑΟʔυόοΫ͔ΒඃऀݧɼWhite noise conditionΑΓAug-

mented conditionͷํ͕ϙδςΟϒͳҙ͕ݟಘΒΕͨɽ͜ΕϗϫΠτϊΠζΛ

खटʹఏ͍ࣔͯ͠Δ߹ɼৗʹ৮ײϑΟʔυόοΫ͕༩͑ΒΕͯ͠·͍ɼखट

ఏࣔ͞ΕΔ৮ײϑΟʔυόοΫͱମಈ࡞ͱͷղʹΑͬͯҧײΛͨͭ࣋Ίͩ

ͱ͑ߟΒΕΔɽ͜ͷΛؑΈΔʹɼຊγεςϜϦΞϧλΠϜͰ৮ײϑΟʔυόο

Ϋ͢ΔͨΊɼϢʔβʹͱͬͯ༗ޮͳઃ͕ܭͰ͖͍ͯΔͱ͑ߟΒΕΔɽ

Augmented conditionͷ݅Ͱ৮্͕֮ͨ͠ײཧ༝ͱͯ͠ɼ৮͢ڧ૿͕֮ײΔ

पϑΟϧλʹΑΔ৴߸ॲཧ͕ 1ͭͷݪҼͩͱ͑ߟΒΕΔɽࠓճߏͨ͠प

ϑΟϧλɼจݙ [35]Ͱใ͞ࠂΕ͍ͯΔৼಈൖৼಈͷؔٯʹ͍ۙͷͰ͋Δɽ

ࣗʹೖྗ͞ΕΔػցܹʹ͍ۙৼಈ͕ೖྗ͞Εɼࢦઌͱ͍ۙൽෘৼಈ͕ϑΟʔ

υόοΫΛఏࣔ͢ΔखटۙͰൃੜ͍ͯ͠Δͱ͑ߟΒΕΔɽ·ͨɼจݙ [37]Α

Γɼύνχখମۭؒՙॏͷಛੑ͕͋Γɼৼಈܹͷ໘ੵ্͕͕Δͱײ͕૿͢ڧ

Δ͜ͱ͔Βɼೖྗ͍ͯ͠ΔൽෘৼಈʹΑΓࢦઌͷ৮͕֮૿͍ͯ͠ڧΔͱड़ΒΕ
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͍ͯΔɽ͜ͷ͜ͱ͔Βɼखट͔ۙΒࢦઌʹৼಈ͕ൖ͍ͯ͠ΔͨΊ૿͍ͯ͠ڧ

ΔՄੑ͕͋ΔɽγεςϜɼ֮ࢹใͱ৮ײใ͕ಉ͞ظΕखटʹ৮ײϑΟʔ

υόοΫ͞ΕΔɽ͢ͳΘͪɼମಈ͕ࣗ࡞ࣗͷೝࣝͱҰக͍ͯ͠ΔͨΊɼ৮

ΒΕΔɽ͑ߟΔͷͰͳ͍͔ͱ্͍͕֮ͯ͠ײ

ຊγεςϜɼόϯυͷҐஔΛਤ 4.1ͷΑ͏ʹखटؔઅͷखઌଆͱ͍ͯ͠Δɽ͜

Ε༧උ࣮ݧͷ͔ݟΒɼखटؔઅͷલޙͰൺֱͨ͠ͱ͜Ζɼखઌଆʹணͨ͠

߹όϯυ͔Βఏࣔ͞ΕΔ৮ࢦ͕ײઌଆʹఆҐ͠ɼࢦઌͷ৮͞ڧ૿͕֮ײΕͨ

Α͏ʹͨ͡ײΒΕͨΊͰ͋ΔɽͦͷҰํͰɼલଆʹணͨ͠߹ࢦઌͷ৮ײ

֮ͱόϯυ͔Βఏࣔ͞ΕΔ৮ײͱผʑͷϞϊ͡ײΒΕͨɽ͜Εखटؔઅʹ͓͍

ͯɼόϯυ͔Βग़ྗ͞ΕΔৼಈܹͷൖ͕खटؔઅʹΑͬͯःஅ͞Εͯ͠·ͬ

ͨͷͱ͑ߟΒΕΔɽಉ༷ʹࢦΛͯ͛ۂͰͯ͠·͏ͱखटͷৼಈܹͱࢦͰ৮

Ε͍ͯΔૉࡐͷ৮͕ײৼಈൖͷःஅʹΑͬͯ৮Δରͷ͕ײ࣭ࡐҟͳͬͯ͡ײ

ͯ͠·͏ͨΊɼखͷߕͱ͕ࢦઢͷΑ͏ʹ৳ͨ͠Α͏ʹ৮ͬͨํ͕૿͞ڧΕ

͍͢ͱ͑ߟΒΕΔɽ·ͨɼͰํΛҰఆʹͰ͖Δͱ͍͏͋Δɽ

4.6. ϞόΠϧϓϥοτϑΥʔϜΛ༻͍ͨHapticAid

ϑΝʔετϓϩτλΠϓʹΑͬͯ৮ڧ૿͕֮ײͰ͖Δ͜ͱΛ֬ೝͨͨ͠ΊɼΣ

ΞϥϒϧͳγεςϜΛߏ͠ɼม༰ (Enchantment)ͱڞ༗ (Empathy)͕ՄͰ͋

ΔHapticAidΛߏ͠ɼ࡞ࢼΛͨͬߦɽ

4.6.1 ϞόΠϧϓϥοτϑΥʔϜΛ༻͍ͨHapticAidͷඪ

HapticAidΛΣΞϥϒϧͳγεςϜΛ࣮͢ݱΔͨΊʹຊγεςϜͰɼiOSσ

όΠεͰ͋Δ iPod TouchΛ༻ͨ͠ɽiPodλονύωϧͷϢʔβΠϯλʔϑΣ

ΠεΛ༻͢Δ͜ͱ͕Ͱ͖Δ͜ͱ iPodͰ৴߸ॲཧ͕Ͱ͖ΔɽϞόΠϧϓϥο

τϑΥʔϜͰ͋Δ iOSΛͨ͠ࡌ iPodͰ৴߸ॲཧ͢Δ͜ͱ͕Ͱ͖ΕɼϑΝʔ

ετϓϩτλΠϓͰͨ͠࡞ࢼΑ͏ͳେنͳάϥϑΟοΫΠίϥΠβΛ༻͠ͳ

Ͱ͖ΔɽຊγεςϜͰ༺Ίͱͨ͠ແઢϞδϡʔϧΛ࢝Ή্ʹɼWIFIΛࡁͯ͘
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ɼ৮֮ײͷม༰ͱڞ༗ΛՄͭͭ͠ɼΣΞϥϒϧͳHapticAidͷ։ൃΛඪ

ͱ͢Δɽ

4.6.2 ϞόΠϧϓϥοτϑΥʔϜΛ༻͍ͨHapticAidͷ࡞ࢼ

ຊγεςϜΣΞϥϒϧʹ͢Δඞཁ͕͋ΔɽγεςϜΛ͍͘͢͢ΔͨΊ

ʹɽͦ͜Ͱී͍ͯ͠ٴΔϞόΠϧϓϥοτϑΥʔϜͷ 1ͭͰ͋Δ iOSΛ༻ͨ͠ɽ

৮ײʹରͯ͠৴߸ॲཧΛͤࢪΔΑ͏ʹ͢Δɽ·ͨɼΣΞϥϒϧʹ͢ΔͨΊʹɼ

όοςϦʔͰۦಈͤ͞Δɽ͕ͨͬͯ͠ɼϑΝʔετϓϩτλΠϓ͔Βվྑ͢Δඞ

ཁ͕͋ΔͷϓϦΞϯϓͱपϑΟϧλͱΞΫνϡΤʔλΛৼಈͤ͞ΔͨΊͷ

ύϫʔΞϯϓͰ͋Δɽ৽ͨʹ࣮͢Δ͜ͱͱͯ͠ɼϑΝʔετϓϩτλΠϓͰ

༻͍ͯͨ͠ൽෘৼಈηϯα༻ͷϓϦΞϯϓ͕େ͖͍ͨΊɼখܕͷൽෘৼಈηϯα

༻ͷϓϦΞϯϓͷ࣮ͱ TECHTILEΞϯϓͷΑ͏ͳ༗ઢͷిݯΛඞཁͱ͢ΔΞ

ϯϓͰͳ͘ɼϞόΠϧԽΛͨ͏ߦΊͷ iPod༻ͷύϫʔΞϯϓέʔεͷ࣮ͱά

ϥϑΟοΫΠίϥΠβʹมΘΔ iPodͰՄͳ৴߸ॲཧͷ࣮͕͋͛ΒΕΔɽ

4.6.3 ൽෘৼಈηϯα༻ͷϓϦΞϯϓͷ࣮

ൽෘৼಈηϯαPVDFϕʔεͷηϯαͰ͋ΔͨΊɼऔಘͰ͖Δ৴߸20mVp−p

ఔ͋ΓɼAnalog Digital Converterʹೖྗ͢ΔʹඍখͰ͋Δɽͦ͜Ͱɼൽෘৼ

ಈηϯαͷϓϦΞϯϓΛ࣮ͨ͠ɽ

ຊϓϦΞϯϓͰ༻ͨ͠OPAmp INA126ͱ͍͏ܭଌΞϯϓͰ͋Δɽ࡞͠

ͨϓϦΞϯϓͷճ࿏ਤΛਤ 4.18ʹࣔ͢ɽϓϦΞϯϓͷ૿෯ҎԼͷ͔ࣜΒఆٛ

͞ΕΔɽ

૿෯G = 5 +
80kЊ
RG

[−] (4.2)

ͦ͜ͰࠓճɼRG = 1.2k Њͱઃఆ͠ɹɼ૿෯ 72ഒͱͨ͠ɽ72ഒͰ

͋Δͱ 1.4Vp−pͱͳΓɼൽෘৼಈηϯαͷ͍ϨϯδʹରԠ͢Δ͜ͱ͕Ͱ͖Δɽ

Rin = 1M Њʹ͠ɼೖྗΠϯϐʔμϯεΛ͘ߴઃఆ͠ɼඍऑͳ৴߸Ͱ͋Δൽෘৼ
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5. GND4. 

IN
A

1
2

6

1. 

2. Vin -

3. Vin +

8. 

7.

6. Output

TLE2426

BATT 12V

RG = 1.2 kΩ

Rin = 1 MΩ

ਤ 4.14: ϓϦΞϯϓͷճ࿏ਤ

ಈηϯα͔ΒͷిѹΛऔಘ͍ͯ͘͢͠͠Δɽ࣮ࡍઢਤΛਤ 4.15ɼϓϦΞϯϓ

ͷ֖ͱϓϦΞϯϓέʔεຊମͷਤΛͦΕͧΕਤ 4.16ɼ4.17ʹࣔ͠ɼຊମΛਤ 4.18

ʹࣔ͢ɽ

4.6.4 HapticAidύϫʔΞϯϓͱέʔεͷ࣮

ϑΝʔετϓϩτλΠϓͰɼTECHTILEΞϯϓΛ༻͍͕ͯͨ͠ɼTECHTILE

ΞϯϓͰϞόΠϧԽ͕Ͱ͖ͳ͍ͨΊ৽ͨͳΞϯϓΛͭ͘Δ͜ͱ͕ඞཁͳΔɽHap-

ticAidͷύϫʔΞϯϓʹɼSONY SRS-X1ͱ͍͏খܕεϐʔΧʔΞϯϓΛղ

େग़ྗ͕࠷Δɽ͜ͷΞϯϓ͢༺ͯ͠ 5W Ͱ͋ΔͨΊɼΞΫνϡΤʔλΛৼಈ

ͤ͞Δʹॆͳग़ྗΛ͍ͯͬ࣋Δ͜ͱͱϦνϜΠΦϯόοςϦʔʹΑͬͯۦ

ಈ͍ͯ͠ΔͨΊϞόΠϧͳΞϯϓͰ͋Δ͜ͱ͔ΒબఆΛͨ͠ɽ͜ͷΞϯϓΛղ

͢Δͱ෦ͷج൘ͱεϐʔΧʔΛಘΒΕΔɽ͜ͷεϐʔΧʔϢχοτΛऔΓ֎͠

͜͜ʹΞΫνϡΤʔλΛࠩ͠ࠐΉ͜ͱͰΞΫνϡΤʔλΛৼಈͤ͞Δɽ

iPodʹͷΠϠϗϯδϟοΫ Ͱ͋Γɼ͜ͷϚΠΫೖྗʹൽෘৼಈηϯα͔ۃ4

Βऔಘͨ͠৮ײใΛೖྗ͢Δɽ௨ৗɼͦͷ··ൽෘৼಈηϯαΛͯ͠ࢦೖྗ
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ਤ 4.15: ϓϦΞϯϓͷ࣮ମઢਤ

ਤ 4.16: ϓϦΞϯϓͷέʔεͷ֖ ਤ 4.17: ϓϦΞϯϓͷέʔε
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ਤ 4.18: ൽෘৼಈηϯα༻ϓϦΞϯϓ

͢Δ͜ͱͰ͖ͳ͍ɽͦͷཧ༝ iPodʹΠϠϗϯϚΠΫΛࣗಈͰݕग़͢Δͨ

Ίͷ FET͕͞ࡌΕ͍ͯΔͨΊͰ͋Δɽ͕ͨͬͯ͠ɼ͜ͷ FETʹϚΠΫ͕ೖྗ

͞Εͨͱޡೝࣝͤ͞Δඞཁ͕͋ΔɽࠓճΠϠϗϯδϟοΫͷϚΠΫΠϯͷՕॴ

ʹ 1.2kЊͷ߅Λγϣʔτͤͯ͞ηϯαΛೝࣝ͢ΔΑ͏ʹͨ͠ɽ

HapticAidͷύϫʔΞϯϓέʔεΛ 3D CADͰ࡞ (4.19)͠ɼ͜ΕΛ 3DϓϦ

ϯλͰҹΛͨͬߦɽ

֤δϟοΫΛέʔεʹऔΓ͚ΜͩΛͯͬߦͨ͠HapticAidͷύϫʔΞ

ϯϓͷέʔεΛਤ 4.20ʹࣔ͢ɽຊγεςϜͷύϫʔΞϯϓɼSONY SRSʵX1

Λղ͠ɼඞཁͳ෦͚ͩΛ༻͠ɼHapticAidͷγεςϜʹద༻͍ͯ͠Δɽ
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ਤ 4.19: HapticAidύϫʔΞϯϓέʔεͷ 3DϞσϧ

4.6.5 Haptic Contorl Engine

औಘͨ͠৮ײใʹରͯ͠৴߸ॲཧΛͨ͏ߦΊͷ iOSͷΞϓϦΛ։ൃͨ͠ɽά

ϥϑΟΧϧͰ୯७ͳ৴߸ॲཧΛ͍ߦ͍͢ Pure DataΛ༻͢Δɽ·ͨɼiOSΞ

ϓϦͷMobMuPlat iOSͱ Android্Ͱ Pure DataΛΒͤΔ͜ͱ͕Ͱ͖Δɽ

ճɼMobMuPlatͱࠓ Pure Dataͷ 2ͭΛϕʔε৮ײ৴߸ॲཧΤϯδϯͰ͋Δ

Haptic Control EngineΛ։ൃͨ͠ɽHaptic Control EngineΛਤ 4.23ʹࣔ͢ɽHap-

tic Control EngineɼόϯυύεϑΟϧλΛ͡Ίͱ֤ͨ͠पϑΟϧλ͕

ೖ͍ͬͯΔɽը໘ͷਤΛ 4.21ʹࣔ͢ɽ͜ͷͱ͖ͷϑΟϧλ͕ૢ࡞Ͱ͖Δͷɼৼ

෯ (Amplitude)ɼத৺प (Center Frequency)ɼڞৼͷQ(Quality Factor)Ͱ͋

Δɽ͜ͷͱ͖ͷόϯυύεϑΟϧλͷ֓ཁΛਤ 4.22ʹࣔ͢ɽ
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ਤ 4.20: HapticAidύϫʔΞϯϓέʔε

Haptic Effectͱͯ͠ Distortionͱ Reverb͕༻Ͱ͖ΔɽDistortionͱ Reverb

ͷܗΛਤ 4.244.25Λࣔ͢ɽ

Distortion: औಘ͞Εͨ৮ײ৴߸Λۣܗʹมͯ͠ग़ྗͯ͠ɼखटʹ৮ײϑΟʔ

υόοΫΛ༩͑ͯମͷ৮Γ৺Λม͑Δɽ৮Γ৺ʹϝϦϋϦ͕Ͱ͖ΔͨΊɼΑ

Γମ͕βϥβϥʹ͡ײ͘͢ͳΔɽ

Reverb: औಘ͞Εͨ৮ײ৴߸ʹରͯ͠ԆΛ༩͑ɼ৮Γ৺Λม͑Δɽ৮Γ৺

ʹॊΒ͔͞Λఏࣔ͢Δ͜ͱ͕Ͱ͖Δɽ
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ਤ 4.21: EnhancementϑΟϧλʹ͓͚Δը໘

4.6.6 Wearable Haptic Actuators

ϑΝʔετϓϩτλΠϓͰ࡞ͨ͠Augmented Haptic WristʹՃ͑ɼ৮ײͷڞ

༗Λ͢ΔͨΊͷࢦઐ༻ͷΞΫνϡΤʔλΛ࡞ͨ͠ɽΞΫνϡΤʔλʹ iPhone

6SͰ༻͞Ε͍ͯΔTaptic EngineΛ༻͍ͯ͠Δɽ͜ΕΒΣΞϥϒϧͳΞΫ

νϡΤʔλΛ·ͱΊͯWearable Haptic Actuatorͱ͠ɼਤ 4.26ʹࣔ͢ɽ

ຊষͰઃͨ͠ܭγεςϜͷ֎؍Λਤ 4.27ʹࣔ͢ɽલষͰ࡞ͨ͠γεςϜͱಉ

༷ʹHaptic SensorʹൽෘৼಈηϯαΛ༻͍͍ͯΔɽຊγεςϜͷಛɼiOS

Λ༻ͨ͠σόΠεͰ͋ΔͰ͋Δɽਤʹࣔ͢Α͏ʹ iOSͷδϟοΫࢠʹ 1 k

Њͷ߅ΛೖΕΔͱɼiOSίϯσϯαϚΠΫ͕ଓ͞Εͨͱஅ͠ɼ֎෦ϚΠ

ΫͷೖྗΛड͚͚ΔΑ͏ʹΑ͏ʹͳΔɽϚΠΫࢠʹίϯσϯαϚΠΫ༻ͷ

ϓϥάΠϯύϫʔͷిѹͷෛՙ͕͔͔͍ͬͯΔɽൽෘৼಈηϯαPVDFϕʔε

Ͱ͋Δ͜ͱ͔ΒɼϓϥάΠϯύϫʔෆඞཁͰ͋Δɽ͕ͨͬͯ͠ɼೖྗδϟοΫ

ʹରͯ͠ྻʹੵίϯσϯαΛૠೖͯ͠ɼϓϥάΠϯύϫʔͷྻిѹΛΧο

τ͍ͯ͠Δɽ
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H a p t i c A i d ͷ ࣮  ͱ ධ Ձ 4.6 ϞόΠϧϓϥοτϑΥʔϜΛ༻͍ͨ HapticAid

f

v

Center frequency

Quality factor

Amplitude

ਤ 4.22: όϯυύεϑΟϧλʹ͓͚Δ֤ύϥϝʔλ

4.6.7 ม༰ (Enchantment)ͷূݕ

EnchantmentͷূݕΛ͢ΔͨΊʹɼHaptic Control EngineʹΠϯετʔϧ͞Ε

ͨReverbϑΟϧλΛϢʔβదͨ͠ύϥϝʔλʹม͑ͯΒ͍ɼεϚʔτϑΥϯ
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H a p t i c A i d ͷ ࣮  ͱ ධ Ձ 4.6 ϞόΠϧϓϥοτϑΥʔϜΛ༻͍ͨ HapticAid

ਤ 4.23: Haptic Control Engine

ਤ 4.24: Distortion (্: ೖྗܗɼԼ: ग़ྗܗ) ਤ 4.25: Reverb (্: ೖྗܗɼԼ: ग़ྗܗ)
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H a p t i c A i d ͷ ࣮  ͱ ධ Ձ 4.6 ϞόΠϧϓϥοτϑΥʔϜΛ༻͍ͨ HapticAid

ਤ 4.26: Wearable Haptic Actuators

ΞϓϦΛૢͯ͠࡞Βͬͨɽͦͷ༷ࢠΛਤ 4.28ʹࣔ͢ɽ

ΞϓϦ্ͷΩϟϥΫλʔ͕δϟϯϓ͢ΔͱɼHaptic Control EngineʹΑͬͯΰ

ϜͬΆ͍৮͕ײखटʹఏࣔ͞Εɼ௨ৗʹΞϓϦΛϓϨΠ͢ΔΑΓָ͘͠ϓϨΠ

͍ͯ͠ΔΑ͏ʹͨ͑ɽ
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H a p t i c A i d ͷ ࣮  ͱ ධ Ձ 4.6 ϞόΠϧϓϥοτϑΥʔϜΛ༻͍ͨ HapticAid

ਤ 4.27: γεςϜͷ֎؍

4.6.8 ༗ڞ (Empathy)ͷূݕ

EmpathyͷূݕΛ͢ΔͨΊʹɼ৮ڞײ༗͕Ͱ͖Δ͔Λͨ͠ূݕɽϢʔβAͱ

Bͷ 2ਓͰ͋ΓɼϢʔβAൽෘৼಈηϯαΛࢦઌʹ͚༷ͭͯʑͳςΫενϟΛ

ใΛɼͦͷͱ͖ͷө૾ΛײΛͰ৮ࡐૉͨͬ࣋ ใΛϢʔβB֮ࢹΧϝϥͰ؟2

ʹૹΔɽϢʔβBࢦઌʹΞΫνϡΤʔλͱ಄ʹHMDΛʹண͚ͯΒ͏ɽϢʔ

βA͔ΒૹΒΕ͖ͯͨ৮ײใͱ֮ࢹใΛࢦઌͱHMDʹఏࣔ͢Δɽ͜ͷͱ͖ɼ

ϢʔβBͷࢦઌૉࡐද໘͕ϚοτͳΞΫϦϧ൘ΛͰͯΒͬͨɽͦͷͱ͖ͷ

Λਤࢠͷ༷ূݕ 4.29ʹࣔ͢ɽ

ϢʔβB͔ΒɼͨͩৼಈΛΞΫνϡΤʔλͰड͚͍ͯΔ͚ͩͩͱ͋·Γ৮ײ

ͷڞ༗͕Ͱ͖ͨ͡ײ͠ͳ͍ͱҙ͕ݟಘΒΕͨɽ͔͠͠ɼHMD্ʹөͬͨखͷ

ಈ͖ͱࣗͷखͷମಈ࡞ΛҰகͤ͞Δͱɼ৮͍ͬͯΔ͞ڧ૿͕͡ײΕ͕ͨ͠ؾ

ͨͱ͍͏ҙ͕ݟಘΒΕͨɽ͜͜ͰɼϥόʔόϯυΠϧʔδϣϯʹ͍ۙݱ͕ੜ

͍ͯ͡ΔՄੑ͕͋ΓɼHMD্ʹөͬͨख͕ࣗͷखͱ֮͢ࡨΔՄੑ͕͋Δ

͜ͱ͕ࣔࠦ͞Εͨɽ
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H a p t i c A i d ͷ ࣮  ͱ ධ Ձ 4.7 σϞϯετϨʔγϣϯ

ਤ 4.28: Enchantmentͷূݕ

4.7. σϞϯετϨʔγϣϯ

ձٞͰ͋ΔAsiaHapticsࡍࠃHqpticAidΛʹࡍ࣮ 2016ͱSIGGRAPH Asia 2016

Emerging TechnologiesʹలࣔΛͨ͠ɽAsiaHaptics 2016 11݄ 29 - 12݄ 1

ͷ 3ؒɼSIGGRAPH Asia 12݄ 6 - 12݄ 8ͷ 3ؒలࣔΛͨͬߦɽମ

ऀݧ 10͔Β 50ఔͰ͋ͬͨɽAsiaHapticsͰ 50ਓఔɼSIGGRAPH

AsiaͰ 200ਓఔͷਓʹHapticAidΛʹ͚ͭͯΒ͍σϞΛͨͬߦɽ

AsiaHapticsͰɼHapticAidΛʹ͚͍͖ͭͯͨͩɼͦͷޙʹਤ 4.30ʹࣔ͢Α

͏ͳςΫενϟΛ͍ͯͬ࣋ΔϚςϦΞϧΛ৮͍͍ͬͯͨͩͨɽಛʹද໘͕ૈ͘ݻ

͍Ϟϊʹରͯ͠ɼඇৗʹԠ͕ྑ͘ɼ৮͕֮ײ·ΔͰ૿͞ڧΕ͍ͯΔ͔ͷΑ͏ͳ

ମ͢ݧΔํ͕΄ͱΜͲ͋ͬͨɽͦͯ͠ɼHapticAidͷύϥϝʔλΛମࣗऀݧͰ

͍ͯ͠Δ༷࡞Β͏͜ͱʹΑͬͯࣗʹదͨ͠ύϥϝʔλΛͦͷͰͯ͠࡞ૢ

ಘΒΕͨɽ͕ࢠ

SIGGRAPH AsiaͰςΫενϟΛͨͬ࣋ૉࡐɼϘλϯλοϓ͕Ͱ͖Δૉࡐɼ

จࣈΛॻ͚Δૉࡐɼৗͷதʹ͋ΔΑ͏ͳ͵͍͙ΔΈίοϓͱ͍ͬͨૉࡐΛฒ
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H a p t i c A i d ͷ ࣮  ͱ ධ Ձ 4.7 σϞϯετϨʔγϣϯ

ਤ 4.29: Empathyͷূݕ

ɼͦΕͧΕىঝస݁ͷॱʹஔͨ͠ɽͦͷ༷ࢠΛਤ 4.31ʹࣔ͢ɽσϞͷྲྀΕͱ

ͯ͠ɼॳΊʹγεςϜͷ༗ແʹΑͬͯ৮Δମ͕ݧมԽ͢Δ͜ͱΛମ͍ͨͯ͠ݧ

ͩͨ͘Ίʹɼ͞·͟·ͳςΫενϟΛͨͬ࣋ૉࡐΛ৮͍ͬͯͨͩ͘ɽ࣍ʹɼ৮Δͩ

͚Ͱͳ͘ϘλϯΛλοϓͨ͠ΓΫϦοΫͨ͠Γͱ͍ͬͨಈ࡞ϖϯΛͯ࣋͠จ

ޙࠓΛ৮Δ͜ͱͰɼࡐৗʹ͋ΔΑ͏ͳૉʹޙ࠷Λॻ͍ͨͩ͘͘ɽࣈ HapticAid

͕ৗʹ༹͚ࠐΜͰ͍ͬͨΒͲͷΑ͏ʹੜ͕׆มΘΔͷ͔૾ͯ͠Β͑ΔΑ͏

ͳσϞలࣔʹͨ͠ɽ

ॳΊʹςΫενϟΛ͍ૈͨͬ࣋ૉࡐΛHapticAidͷిݯΛͬͯΒͬͨঢ়ଶ

Ͱ৮͍͖ͬͯͨͩɼͦͷޙɼిݯΛೖΕͯ৮͍͍ͬͯͨͩͨɽిݯΛೖΕͯ৮ͬ

ͨॠؒʹɼʡAmaging!ʡʡOh my godʡͱ͍͍ͬͨͨڻΑ͏ͳݴ༿Λൃ͠ɼଟ͘ͷ
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H a p t i c A i d ͷ ࣮  ͱ ධ Ձ 4.7 σϞϯετϨʔγϣϯ

ਤ 4.30: AsiaHapticsͷలࣔͷ༷ࢠ

ਓ͕γεςϜΛ͚ͭͨॠؒʹসإʹͳ͍ͬͯͨɽ·ͨɼ৮Δମָ͕͘͠ݧͳͬͨ

ͨΊɼ࠷ॳʹ৮ͬͨૉࡐҎ֎ʹ৮Γͩͨ͠ɽHapticAidΛʹ͚ͭͯ৮Δ͜ͱ

͕໘നͨ͘͡ײମऀݧɼHapticAidΛʹண͚ͨ··Ҡಈ͠ɼଞͷૉࡐॴʹ

Λॻ͍ͨΓ͍ͯͨ͠ɽ͵͍͙ΔΈͱͷΠϯࣈɼϘλϯΛԿԡͨ͠Γɼจ͖ߦ

λϥΫγϣϯΛ͢Δମऀݧଟ͍ͨ͘ɽͦͷதͰମऀݧऴ࢝সإͰͦͷ֤ʑͷ

ૉࡐΛ৮͍ͬͯͨɽதʹ͜Εൃച͍ͯ͠ΔͷʁͲ͜ͰߪೖͰ͖Δͷʁۀاͳ

ͷʁͱ͍ͬͨ·ΔͰͱצҧ͍͢Δਓଟ͍ͨ͘ɽSIGGRAPH Asiaͷ Student

Volunteer(SV)ͰಛʹਓؾͰ͋Γɼଟ͘ͷ SV͕HapticAidͷίϯηϓτγε

ςϜߏʹڵຯ͍ͨͯͬ࣋ɽͦͷ༷ࢠΛਤ 4.32ɼ4.33ɼ4.34ʹͦΕͧΕࣔ͢ɽ

ҰํͰɼHapticAidϑΟʔυόοΫγεςϜͰ͋ΔͨΊɼϋϦϯάΛͯ͠
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H a p t i c A i d ͷ ࣮  ͱ ධ Ձ 4.7 σϞϯετϨʔγϣϯ

ਤ 4.31: SIGGRAPH Asia E-tech 2016ʹ͓͚Δలࣔํ๏

͠·͏͜ͱ͕͋Δɽಛʹঁੑखट͕ඇৗʹํ͍ࡉɼೖྗͷ৴߸Λखटͱηϯ

αͷؒͰແݶϑΟʔυόοΫͯ͠͠·͍ϋϦϯάͯ͠͠·͏͜ͱ͕͋ͬͨɽͦ

ͷ߹ମ͋ऀݧΔ͍లࣔऀ͕ύϥϝʔλΛૢ͢࡞Δ͜ͱͰղܾͨ͠ɽ

͕ͨͬͯ͠ɼHapticAidΛʹ͚ͭΔ͜ͱͰɼମऀݧʹରͯ͠৮֮ײΛ্͢

ΔΑ͏ͳମݧ৮֮ײΛίϯτϩʔϧ͢ΔΑ͏ͳମݧΛ༩͑Δ͜ͱ͕Ͱ͖ͨɽ߹

Ͱܭ 6ؒͷσϞలࣔʹ͑ΒΕΔੑٱΛ͍ͯͬ࣋Δ͜ͱͱצҧ͍͢Δ

Α͏ͳγεςϜͰ͋Δͱ͑ߟΒΕΔɽҎ্ͷ͜ͱ͔ΒɼHapticAidΣΞϥϒ

ϧ͔ͭϞόΠϧͳ৮֮ײΛ֦ு͢ΔγεςϜͰ͋Δͱ͑ݴΔɽ
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H a p t i c A i d ͷ ࣮  ͱ ධ Ձ 4.8 ɼ੍ɼ֦ுੑߟ

ਤ 4.32: SIGGRAPH Asia E-tech 2016ʹ͓͚Δలࣔͷ༷ࢠ

4.8. ɼ੍ɼ֦ுੑߟ

HapticAidࢦઌͰಘΒΕͨ৮֮ײΛखटϑΟʔυόοΫ͢Δͱ͍͏γεςϜ

͚ͭʹઌʹൽෘৼಈηϯαɼΞΫνϡΤʔλखटʹࢦΊɼͨͨͬߦΛߏ

Δͱ͍͏ελΠϧΛऔ͍ͬͯΔɽ͔͠͠ɼHapticAid iPodͷΠϠϗϯδϟοΫ

ͷϚΠΫʹ૬͢Δ෦ʹηϯαͷΛೖྗ͍ͯ͠ΔͷͰɼൽෘৼಈηϯαҎ֎

ͷΞφϩάग़ྗΛ͢ΔηϯαͷೖྗΛड͚͚Δɽৼಈ৮ײʹ͓͚Δೖྗηϯα

ͰΑ͘༻͞ΕΔίϯλΫτϚΠΫՃηϯα༻͢Δ͜ͱ͕Ͱ͖Δɽ·ͨɼ

ϑΥτμΠΦʔυͷΑ͏ͳޫʹԠ͢Δηϯα༻͢Δ͜ͱ͕Ͱ͖ΔͨΊɼད

؟ 3DσΟεϓϨΠͱΈ߹ΘͤΔ͜ͱͰɼཱମө૾ʹ৮Γ৺ΛՃͤ͞Δ͜

ͱ͕ՄͰ͋ΔɽHaptic Control Engineʹೖྗ͢ΔηϯαʹΑͬͯɼͦͷη
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H a p t i c A i d ͷ ࣮  ͱ ධ Ձ 4.9 ຊষͷ·ͱΊ

ਤ 4.33: SIGGRAPH Asia E-tech 2016ʹ͓͚Δ

లࣔͷ༷ࢠ 1

ਤ 4.34: SIGGRAPH Asia E-tech 2016ʹ͓͚Δ

లࣔͷ༷ࢠ 2

ϯαʹΑͬͯδΣενϟೝ͕ࣝՄʹͳΓɼ৮ײΛ֦ு͢Δ͚ͩͰͳ͘ɼHuman

Conputer Interactionͱͯ͠༻Ͱ͖Δɽ

ग़ྗಉ༷ʹ 5 WҎԼͷΞΫνϡΤʔλΛ༻͢Δ͜ͱ͕Ͱ͖ΔͨΊɼΞΫ

νϡΤʔλΛࢦʹ͚ͭͨΓɼମશʹϑΟʔυόοΫ͢Δͱ͍ͬͨ͞·͟·ͳ

Δ͜ͱ͕Ͱ͖ΔɽHaptic͢༺ʹ్༺ Control EngineʹWIFIͱBluetooth͕

͞ࡌΕ͍ͯΔͨΊɼͷճΓʹ͋ΔϞϊʹΠϯλʔωοτӽ͠Ͱ৮ײΛ༩͑Δ

Internet of Haptics͕ՄʹͳΔɽInternet of Haptics͕࣮͞Εͨࣾձʹ͓͍ͯɼ

HapticAid৮ײͱମੑΛͨͬ࣋ϝσΟΞͱͳΓɼৗͷதʹ৽͍͠৮ײΛ௨

ͨ͠ମݧͷఏڙͰ͖Δɽ

4.9. ຊষͷ·ͱΊ

ຊষͰɼॳΊʹHapticAidʹ৮֮ײΛ্ͤ͞Δػ͕͋Δ͔ௐΔͨΊʹ

ϑΝʔετϓϩτλΠϓΛͭ͘Γɼૈ͞หผ࣮ݧͱݧࢼยݕग़࣮ݧΛ͍ߦɼHapti-

cAidʹ৮֮ײΛ্ͤ͞ΔޮՌ͕͋Δ͜ͱΛ֬ೝͨ͠ɽϑΝʔετϓϩτλΠϓ

͔Βୈ 3ষͰࣔͨ͠ઃܭཁ݅Λຬͨͨ͢ΊʹϞόΠϧϓϥοτϑΥʔϜΛ༻͍ͨ

HapticAidΛ։ൃͨ͠ɽͦͷHapticAidΛσϞలࣔͱͯ͠AsiaHaptics 2016ɼSIG-

GRAPH Asia E-tech 2016ʹͯσϞలࣔΛͨͬߦɽࠓʹޙ࠷ճ։ൃͨ͠HapticAid
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H a p t i c A i d ͷ ࣮  ͱ ධ Ձ 4.9 ຊষͷ·ͱΊ

ͷ ScalabilityΛࣔ͢͜ͱͰHapticAid͕ՄͳԠ༻Λࣔͨ͠ɽ
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ୈ5ষ

݁ 

ୈ 1ষͰɼ֮ࢹௌ֮ʹ͓͚Δิ௲ͷϞϊ͔ΒࡏݱऔΓ·Ε͍ͯΔ֦ுͷ

ٕज़ʹ͍ͭͯࣔ͠ɼ৮֮ɼ৮֮ʹ͓͚Δ֦ு͢ΔඞཁੑॏཁੑΛࣔ͢͜ͱͰຊ

ͷతΛࣔͨ͠ɽڀݚ

ୈ 2ষͰɼώτͷ৮֮ͱ৮ײͷػΛड़ͨޙʹɼࡏݱࠓ·ͰऔΓ·Εͯ

͍Δ৮֮ײΛิ௲͢ΔڀݚΛհͨ͠ɽิ௲͢Δ͚ͩͰͳ͘ɼ֦ுΛ 3ͭͷཁૉ

Ͱ͋Δ૿ڧ (Enhancement)ɼม༰ (Enchantment)ɼڞ༗ (Empathy)ʹղ͠ɼͦ

ͷ֤ʑͷࢹ͔ΒڀݚΛհͨ͠ɽͦͯ͠ɼຊྖڀݚ͏ߦ͕ڀݚҬΛࣔͨ͠ɽ

ୈ 3ষͰɼΣΞϥϒϧͳ৮֦ײுγεςϜͰ͋ΔHapticAidͷίϯηϓτͱ

ίϯηϓτʹͳͬͨաఔΛࣔ͠ɼHapticAidʹඞཁͳγεςϜઃܭΛͨͬߦɽ·ͨɼ

HapticAid৮ײΛ֦ு͢ΔͨΊɼͦͷ֦ுͷཁૉͰ͋Δ૿ڧ (Enhancement)ɼม

༰ (Enchantment)ɼڞ༗ (Empathy)ͷ࣮ํݱ๏Λड़ͨɽ

ୈ 4ষͰɼॳΊʹHapticAidͷίϯηϓτͰ͋ΔࢦઌͰॴಘͨ͠৮ײใΛ

खटʹϑΟʔυ͢Δ͜ͱͰɼ৮্͕֮͢ײΔ͔Λ֬ೝ͢ΔͨΊɼϑΝʔετϓ

ϩτλΠϓΛͭ͘ΓɼͦΕΛૈ͞หผ࣮͓ݧΑͼݧࢼยݕग़࣮ݧΛ༻͍ͯɼ૿ڧ

(Enhancement)ͷݧ࣮ূݕΛͨͬߦɽͦͷ݁Ռɼࢦઌͷ৮ײใΛखटʹϑΟʔ

υόοΫ͢Δ͜ͱͰ৮্͕֮͢ײΔ͜ͱΛ֬ೝ͢Δ͜ͱ͕Ͱ͖ͨɽୈ 3ষͰࣔ͠

ͨઃܭཁ݅Λຬͨ͢γεςϜΛϞόΠϧϓϥοτϑΥʔϜΛ༻͍ͨHapticAidͱ

࣮ͯͨ͠͠ɽHapticAidΛ༻ͯ͠ɼεϚʔτϑΥϯΞϓϦʹ৮ײϑΟʔυόο

ΫΛ༩͑ม༰ (Enchantment)ͷݧ࣮ূݕΛͨͬߦͱ͜Ζɼ௨ৗʹήʔϜΛϓϨΠ

͢ΔΑΓָ͘͠ͳΔͱ͍͏ҙݟΛΒͬͨɽHMDͱHapticAidΛ༻ͯ͠ɼࢹ

͓֮Αͼௌ֮Λڞ༗͢ΔγεςϜΛ࣮͠ɼڞ༗ (Empathy)ͷݧ࣮ূݕΛͨͬߦɽ

ͦͷ݁ՌɼHMD্ʹөͬͨखͱମಈ࡞ΛҰகͤ͞ΔͱɼHMD্ʹөͬͨख͕
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݁ 

ࣗͷखʹ͡ײΒΕΔΑ͏ͳ֮ײΛಘΔͱ͍͏ݟΛಘͨɽͦͯ͠HapticAidΛ

AsiaHaptics 2016͓Αͼ SIGGRAPH Asia 2016Emerging Technologiesʹͯలࣔ

Λͨͬߦɽͦͷ݁ՌɼHapticAidΛʹ͚ͭͨଟ͘ͷํ͕৮֮ײΛ্ͨ͠Α͏

Λ͍͍ͨͩͨɽҎ্ͷ͜ͱ͔ΒɼHapticAidΣΞϥϒϧݟΑ͏ͳҙͨ͡ײʹ

͔ͭϞόΠϧͳ৮ײΛίϯτϩʔϧɼ֦ு͢ΔγεςϜͰ͋Δͱ͑ݴΔɽ

ຊจͰɼ৮֮ײΛ֦ு͢ΔHapticAidͷίϯηϓτͰ͋Δ৮ײΛ֦ு͢Δ

͜ͱΛγεςϜͰ࣮͢Δ͜ͱ͕Ͱ͖ͨͱ͑ݴΔɽޙࠓͷలͱͯ͠ɼHapticAid

ɼ֮ײઌͷࢦΉΑ͏ʹͳΕɼԽʹΑͬͯਰ͑ͨࠐ༹͚ʹ׆ৗੜʹࡍ࣮͕

ମੑ͕֮ײຑᙺͨ͠ํʹϦϋϏϦςʔγϣϯγεςϜͯ͠༻͢Δ͜ͱ͕Ͱ͖Δɽ

ͨͩ৮֮ײΛճ෮ͤ͞Δ͚ͩͰͳ͘ɼ৮Δରʹରͯͦ͠Εઐ༻ͷϑΟϧλ৴

߸ॲཧΛՃ͑Δ͜ͱͰɼंମͷইͷൃݟͱ͍ͬͨैདྷ·Ͱ৬ਓ͕ख͕͚͍ͯͨ࡞

༗ڞɼม༰ͱޙࠓͳ͍ਓͰՄʹͳΔɽ͍ͯͬ࣋ઌΛࢦͳࡉͷΑ͏ʹણ͕ͦۀ

ͷίϯςϯπͷ࡞ͱͦΕΒΛΠϯλʔωοτͰ༻͢Δ͜ͱ͕Ͱ͖Δϓϥοτ

ϑΥʔϜ͕ඞཁʹͳΔɽͦͷϓϥοτϑΥʔϜͱHapticAid͕͋Εɼ৮ײใ

ͷهɼ࠶ੜɼฤू͕ՄʹͳΔͨΊɼྫ͑ɼΦϯϥΠϯγϣοϐϯάʹ͓͍ͯ

ΠϯςϦΞͱ͍ͬͨ৮Γ৺͕ॏཁʹͳΔ໘Ͱɼ৮Γ৺ͷڞ༗͕Մʹ

ͳΔɽ·ͨɼలࣔʹ͓͍ͯɼঁੑͰಛʹखट͕͍ࡉਓʹϋϦϯάͯ͠͠·͏

ͱ͍͏͜ͱ͕͋ͬͨͨΊɼʹ͚ͭΔγεςϜΛϑϨΩγϒϧʹ͠ɼϑΟϧλΛ

ύʔιφϥΠζ͢Δ͜ͱͰڸ؟ิௌثͱಉ͡Α͏ʹݸʑਓʹదԠͨ͠HapticAid

Λͭ͘Δඞཁ͕͋Δɽݸʑਓʹద༻͠ɼΠϯλʔωοτͱ͕ͨͬܨHapticAidʹ

Αͬͯ৮ײମੑΛͨͬ࣋ϝσΟΞͱͳΓɼੜ׆ʹ৽͍͠ମݧΛఏ͢ڙΔ͜ͱ

͕Ͱ͖ΔΑ͏ʹͳΔɽ
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ձֶࡍ 5ճɼಛڐ 1ຊͱ͍͏ՌΛग़͢͜ͱ͕Ͱ͖·ͨ͠ɽڀݚʹ͓͚Δଟ͘ͷ
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ਓڭतʹਂ͍ͨ͘͠ँײ·͢ɽٛߨʹ͓͍ͯɼΤεϊάϥϑΟʔʹ͍ͨͮجσ

βΠϯߟࢥΛ௨ͯ͠ίϯηϓτͷͭ͘Γํमࢦಋʹ͓͍ͯจͷॻ͖ํΛ͝

ಋ͍͖ͨͩ·ͨ͠ɽΤϯδχΞͱҧ͏ΞϓϩʔνΛʹ͚ͭΒΕͨ͜ͱࣗࢦ

ͷޙࠓͷثྐʹͳΔͱ͍ࢥ·͢ɽ
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ಛॿ͍ͨ͠ँײʹڭ·͢ɽֶࡍࠃձʹจΛ͢ߘΔࡍʹଟ͘ͷαϙʔτΛ͠

͍͖ͯͨͩ·ͨ͠ɽຊڀݚΛڞಉͰݹ໊ͨͬߦۀେֶͷాத༝ߒ।ڭतʹɼ

Λଟ͍ͨͩ͘ݴΔٞɼΞυόΠεɼॿ͚͓ʹڀݚͰඞཁͳηϯαͷ։ൃڀݚ

͖·ͨ͠ɽ৺͔Β͍ͨ͠ँײ·͢ɽຊڀݚΛධՁ͢ΔͨΊͷ࣮ܭݧը࣮ํݧ๏

ͷॿݴΛԼͬͨ͞ Embodied Media Project Researcherͷ୩ਖ਼࢙͞Μʹਂ͘

ɽ͢·͍ͨ͠ँײ

Realityࢲ Media Projectͱ Embodied Media ProjectͷͲͪΒʹॴଐ͢Δ

͜ͱ͕Ͱ͖·ͨ͠ɽಛʹ Embodied MediaͷઌഐͰ͋ΔՖޫએঘ͞Μʹɼʑ

ͷڀݚͷٞଞѪͷͳ͍ɼҰॹʹ৯ͨͬߦʹࣄΓɼڀݚੜ׆Λαϙʔτͯ͠

ͩͬͨ͘͞Γ͠·ͨ͠ɽEmbodied Media Projectͷࠤʑஐ͞Μͱɼ͕ۤࢲ

खͱ͢Δᝑମͷ࡞ʹ͍ͩͯ͘͞͠ྗڠ·ͨ͠ɽPlay Projectͷ༗അढ़͞Μʹ
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