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֓ཁ: ͜Ε·ͰʹɼଟࢦணܕͷٵҾ৮֮σΟεϓϨΠΛఏҊ͠ɼࢦઌൽෘͷతͳٵҾѹܹ

ʹΑͬͯߗೈײଟํͷྗ͕֮ੜ͢ىΔ͜ͱΛ࣮ݧతʹ͖ࣔͯͨ͠ɽຊߘͰɼۭؒతʹߴղ૾ͳ

໘ঢ়ѹ֮Λఏࣔ͢ΔணٵܕҾ৮֮σΟεϓϨΠΛ࣮͢ݱΔͨΊɼٵҾ܈ޱͷ͓ܘޱΑͼڑؒޱ͕ੜ

Ҿٵ͕େ͖͘ͳΔʹͭΕͯɼೋڑؒޱҾٵͷ݁ՌɼݧΛௐࠪͨ͠ɽ࣮ڹӨ͢΅ٴʹΔ໘ঢ়ѹ֮͢ى

қ͍͠ىখ͍͞΄Ͳ໘ঢ়ѹ֮Λੜ͕ܘޱҾٵΕͨɽ·ͨɼ͕ࣔ͞Λ໘ঢ়ѹ֮ͱ֮͘͠ͳΔܹ

ʹͱͷτϨʔυΦϑͷؔڧܹಘΒΕͨɽࠂԼ͢ΔͱͷใڧΕͨͷͷɼ͕֮ࣔ͞

͍ͭͯޙࠓͷ͕ٞඞཁͰ͋Δɽ࣮ݧʹ༻͍ͨઃܭཁૉͷൣғͰɼ͓ܘޱΑͼڑؒޱΛͦΕͧΕ

1.7 mm͓Αͼ 1.1 mmͱ͢Δ͜ͱͰۭؒతʹߴղ૾ͳ໘ঢ়ѹ֮ఏ͕ࣔՄͱͳΔ͜ͱ͕ࣔ͞Εͨɽ

Ωʔϫʔυɿ ɼѹ֮ɼ৮֮σΟεϓϨΠܹɼࢦҾѹɼଟٵ

1. ॹݴ
ώτɼଟࢦΛ༻͍ͯΈͳମϋϯυϦϯάΛ࣮͢ݱ

Δͱಉ࣌ʹɼ࣋ରʹՃΘΔྗ (େ͖͞ํ)͓Αͼ

ײ࣭ࡐ Λհ͍֮ͯͯ͠͠Δɽ͜ࢦΛଟ(ײࡲຎײೈߗ)

ͷΑ͏ͳଟ༷ͳ֮ײใͷҰ෦͕ͯ͘͢͠ӡಈੜɾ

ڥ༩͢Δ͜ͱ૾ʹ͘ͳ͍ɽͭ·Γɼԕִدʹըܭ

Ծڥʹ͓͚Δߴਫ਼ࡉͳମૢ࡞ͷ࣮ݱʹɼଟ༷ͳ

ఏࣔՄͳ৮֮σΟεϓϨΠ͓Αͼఏࣔख๏ʹࢦΛଟ֮ײ

ͷߏங͕େ͖͘د༩͢ΔͱਪଌͰ͖Δɽ

͜Ε·Ͱʹɼࢦઌͷྗ֮ఏࣔʹؔͯ͠ɼൽෘมܗͳͲ

ͷൽෘܹ֮ײʹΑͬͯٙࣅతͳྗ֮Λఏࣔ͢Δࢦઌண

Ε͍ͯΔ͞ࠂͷ৮֮σΟεϓϨΠ͕ଟ͘ใܕ [1, 2, 3]ɽେ

͖͞ํΛؚΉྗ֮ͷఏࣔʹ͓͍ͯɼਂ෦͚ܹ֮ͩײͰ

ͳ͘ൽෘܹ֮ײد༩͢Δʹண͍ͯ͠Δɽ·ͨɼଟ༷

ͳײ࣭ࡐͷͻͱͭͰ͋Δߗೈײͷఏࣔʹؔͯ͠ɼࢦෲͱର

ͷؒͷ৮໘ੵ͓Αͼ৮໘ͷѹྗͷ͕ؔॏ

ཁͳׂΛࣔ͠ [4, 5, 6]ɼணܕͷ৮֮σΟεϓϨΠʹΑͬ

͋ΔྫڀݚΛఏࣔͨ͠ײೈߗͯ [7]ɽ͔͠͠ɼଟࣗ༝ͷ

ྗͷେ͖͞ͱํɼߗೈײͳͲͷײ࣭ࡐͷෳ߹తͳఏࣔΛ

ங͞Ε͍ͯͳ͍ɽߏΔ৮֮σΟεϓϨΠ͢ݱ࣮

ͦ͜ͰɼஶऀΒ͜Ε·ͰʹɼٵҾѹܹ [8, 9] Λ༻͍

ͯɼࢦෲΛతʹܹ͢Δணܕͷ৮֮σΟεϓϨΠΛ

։ൃ͠ɼଟࣗ༝ͷྗ͓Αͼߗೈײͷෳ߹తͳఏ͕ࣔՄ

Ͱ͋Δ͜ͱΛ࣮ݧతʹࣔͨ͠ [10, 11] (ਤ 1.)ɽ

ணٵܕҾ৮֮σΟεϓϨΠͷॏཁͳઃܭཁૉͱͯ͠ɼࢦ
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ਤ 1: ணٵܕҾ৮֮σΟεϓϨΠʹΑΔଟํͷྗͱߗೈ
ͷෳ߹ఏࣔײ

ෲʹ͢ΔٵҾ܈ޱͷ͓ܘޱΑͼڑؒޱ͕͋ΔɽٵҾޱ

͢ܭΛઃ܈ޱղ૾ͳߴʹΛेখ͘͞͠ɼۭؒతڑؒ

Δ͜ͱͰɼѹ܈Ͱͳ͘໘ঢ়ͷѹ͕֮ੜ͢ىΔͱظͰ

͖Δɽ·ͨɼ͜ͷؔٵ͕ҾܘޱʹӨ͞ڹΕΔՄੑଘ

ޱΑͼ͓ܘޱͷ܈ޱҾٵෲʹ͢ΔࢦͰɼߘΔɽຊ͢ࡏ

Λௐࠪ͢Δ͜ͱͰɼڹӨ͢΅ٴʹΔ໘ঢ়ѹ֮͢ى͕ੜڑؒ

ணٵܕҾ৮֮σΟεϓϨΠͷઃܭཁૉΛ࠷దԽ͢Δɽ
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(a) Experimental condition (b)  Suction plate. Colored  
 holes are suction areas.

Hole diameter

Force sensor

Suction plate

Gap between holes

‘1’
or

‘2’
or

(c)  Questionnaire

ਤ 2: ڥݧ࣮

2. ணٵܕҾѹ৮֮σΟεϓϨΠ
Fig.1ʹɼ͜Ε·ͰʹஶऀΒ͕։ൃͨ͠ٵҾѹ৮֮σΟε

ϓϨΠ [10, 11] Λࣔ͢ɽ͜ΕΒͷઌڀݚߦͰͷٵҾ͓ܘޱ

ΑͼٵҾڑؒޱͦΕͧΕ 1.7 mm͓Αͼ 1.1 mmͰ͋ͬ

ͨɽࢦෲʹ৮͢Δ෦γϦίϯΰϜʹΑͬͯ࡞͢Δ

͜ͱͰࢦෲͱٵҾ܈ޱͷؒͰͷۭؾ࿙ΕΛճආ͢Δɽ

͜ͷ৮֮σΟεϓϨΠɼࢦઌൽෘͷٵҾѹܹΛൽ

ෘԡ͠ࠐΈํͷѹ֮ͱ֮͢ࡨΔݱ [8]Λར༻͍ͯ͠Δɽ

͜ͷݱ֮ࡨͰɼҰఆܘޱҎԼͷ͔݀ΒࢦઌൽෘΛٵҾ

ͨ͠߹ɼώτঢ়ͷମͰԡ͠ࠐ·ΕΔѹ֮ΛಘΔɽ͜

ͷݱͷݪཧɼൽෘʹଘ͢ࡏΔػցड༰ثͷ͏ͪɼ੩

తมܗʹӶහʹԠ͢Δϝϧέϧখମ͕มܗͷํʹΑΒ

ͣେ͖͞ͷΈΛݕग़͢Δͱ͍͏ಛੑʹىҼ͢Δͱ͑ߟΒΕ

͍ͯΔɽ

తͳٵҾѹܹʹΑͬͯ৮໘ੵͷҧ͍Λදͨ͠ݱ

ͱͯ͠ɼAraiΒͷ৮֮σΟεϓϨΠ͕͋Δྫڀݚ [12]ɽ͜

ͷσΟεϓϨΠͰɼϦχΞΞΫνϡΤʔλΛซ༻͢Δ͜ͱ

ͰࢦෲͷͤΜஅมܗΛٖ͍ͯ͠ΔɽஶऀΒͷσΟεϓϨ

ΠͰɼ࣮ࡍͷͤΜஅมܗఏࣔͤͣɼతͳٵҾѹ

ܹΛ༻͍ͯͤΜஅมىʹܗҼ͢ΔۭؒతͳภΓΛٖ͢Δ

͜ͱͰٙࣅతͳͤΜஅํͷྗͷఏࣔΛ࣮͍ͯ͠ݱΔ [10]ɽ

3. ख๏ɿٵҾ͓ܘޱΑͼڑؒޱ͕໘ঢ়ѹ֮ʹٴ΅

͢Өڹͷௐࠪ

3.1 ڥݧ࣮

Λਤࢠઌͷ༷ࢦͷ࣌ݧ࣮ 2.(a)ʹࣔ͢ɽෳͷٵҾޱΛ༗

͢ΔٵҾஔ͕ࢦෲʹ͢Δɽԡ͚͠ྗʹΑΔᮢ֮ײ

ͷมԽΛආ͚ΔͨΊɼٵҾஔͷԼʹྗ֮ηϯαΛஔ͢

ΔɽٵҾஔʹ݁߹͞ΕͨγϦίϯνϡʔϒϨΪϡϨʔ

λʹଓ͞ΕɼϨΪϡϨʔλͷిྩࢦѹΛ੍͢ޚΔ͜ͱ

ͰٵҾ͔ޱΒͷѹྗΛ੍͢ޚΔɽ

3.1.1 Ҿஔٵ

Ҿஔͷ֓ཁ্໘ਤΛਤٵ 2.(b) ʹࣔ͢ɽٵҾஔɼ

ਤ 2.(b) தͰ৭͚͞Ε࢛ͨՕॴͷٵҾ෦ͱɼଟͷԜԁ

பܗঢ়ͷඇٵҾ෦Ͱߏ͞ΕΔɽ࢛ՕॴͷٵҾ෦ɼೋݸ

ද 1: ͷΈ߹ΘͤڑؒޱΑͼ͓ܘޱҾٵ͍ͨ༺ʹݧ࣮

(Hole diameter, Gap between holes) [mm]

(1.5, 1.1), (1.5, 1.7), (1.5, 2.3),

(1.7, 1.1), (1.7, 1.7), (1.7, 2.3),

(1.9, 1.1), (1.9, 1.7), (1.9, 2.3),

ͷԁٵܗҾ͕ޱ෦ͰۭࣨؾΛڞ༗͢Δͷʢॎɾԣஔ

֤ҰՕॴʣͱɼԁٵܗҾ͕ޱฏߦઢͰ݁߹͞Εؙͨ֯ํ

Λ༗͢Δͷʢॎɾԣஔ֤ҰՕॴʣͰ͋ΔɽԁޱҾٵͷܗ

ݸͱೋܗ͕ेখ͍͞߹ɼؙ֯ํڑؒޱͷޱҾٵܗ

ͷԁܗͷ͕֮͘͠ͳΓɼڑؒޱ͕େ͖͍߹ɼ2छͷ

֮ʹࠩҟ͕ੜ͡қ͍ͱਪଌ͢Δɽ·ͨɼ͜ΕΒͷؔ

ҾٵΛࢦՃऀ͕ࢀΒΕΔɽ͑ߟड͚Δ͜ͱ͕ڹͷӨܘޱ

ஔͷ্ʹஔ͘ܗʹࡍঢ়Λஅ͢Δ͜ͱΛආ͚ΔͨΊɼٵ

Ҿ෦ஔͷΈ߹Θͤ 2छ༻ҙͨ͠ɽ࣮ٵ͍ͨ༺ʹݧҾ

ͷΈ߹ΘͤΛදڑؒޱΑͼ͓ܘޱ 1ʹࣔ͢ɽ

3.2 Ճऀࢀ

ੜֶࢠͷஉࣨڀݚՃऀஶऀΒͷࢀݧ࣮ 3໊Ͱ͋Δɽશ

ͯͷࢀՃऀɼইՐইͳͲΛࢦʹ༗͓ͯ͠Βͣɼ·ͨɼ࣮

ͷతΛΒ͞Ε͍ͯͳ͍ɽݧ

3.3 खॱ

͡ΊʹɼٵҾஔͷ্ʹࢦΛஔ͖ྗ֮ηϯαͷ͕ 1–

3 NʹೖΔΑ͏ʹௐ͢Δɽͦͷޙɼ࢛ՕॴͷٵҾޱͷ͍ͣ

Ε͔͔Β͕ܹఏࣔ͞ΕΔɽٵҾѹܹͱͯ͠εςοϓঢ়ͷ

ܹΛ༻͍ΔɽҰఆѹͷܹ (1 s)͕ఏࣔ͞Εͨޙɼେؾѹ

ʹ։์ (1 s)͢Δͱ͍͏ 2 sͷ͕ܹɼࢀՃऀ͕ճ͢Δ·

Ͱɼ܁Γฦ͞ΕΔɽճ߲ɼਤ 2.(c)ʹࣔ͢Α͏ʹɼ

ͷ͏͍ͪͣΕͰ͋ͬܗͷԁݸͱೋܗঢ়ؙ͕֯ํܗ֮ͨ͠

ͨͷ͔ͱ͍͏߲ͰΔɽ͜ΕΛҰߦࢼͱ͠ɼ࢛ՕॴͷٵҾ

෦͝ͱʹ͢ࢪ࣮ߦࢼࡾΔɽ12͕ߦࢼऴྃͨ͠ޙɼٵҾܘޱ

ڑؒޱͷҟͳΔٵҾஔʹऔΓ͑Δɽ12ߦࢼͷٵҾ

ҾஔͷఏࣔॱϥϯμϜͰ͋ΔɽTableٵΑͼ͓ܹ 1ͷ

Έ߹Θͤ͝ͱʹ 2छͷٵҾஔΛ࣮ݧʹ༻͍ͨͨΊɼ

Έ߹Θͤ͝ͱʹ Δɽ͢ࢪΛ࣮ߦࢼ24

4. ݁Ռ
ਖ਼Λ Fig. 4.ʹࣔ͢ɽຊߘͰɼ࣮ࢀݧՃऀ͕ 3໊

ͱগͳ͍ͨΊɼฏۉͷਖ਼ʹซͤͯࢀՃऀ͝ͱͷਖ਼

Λࣔ͢ɽ

͕େ͖͘ͳΔʹͭΕͯɼਖ਼ڑؒޱʹؔͯ͠ɼڑؒޱҾٵ

͕͘ߴͳΔ͕ࣔ͞Εͨɽ͜Εɼڑؒޱ͕ 2.3 mm

ͷΑ͏ʹେ͖͍߹ɼೋͰͷٵҾܹΛ໘ঢ়ͷѹ֮ͱ۠

ผ͠қ͍ͱ͍͏͜ͱΛද͍ͯ͠Δɽڑؒޱʹؔ͢Δࡾ

݅ͷதͰɼٵҾڑؒޱ͕ 1.1 mmͷ݅Ͱɼۭ͍ؒߴղ

૾ͷ໘ঢ়ѹ֮ఏ͕࣮ࣔݱͰ͖͍ͯΔɽ

খ͍͞΄Ͳɼਖ਼͍͕ܘޱɼͯؔ͠ʹܘޱҾٵ

Λ໘ঢ়ͷѹ֮ͱ͍֮͢͜͠ͱܹҾٵΓɼೋ͕͋
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1.9 mm

1.7 mm

1.5 mm

1.9 mm

1.7 mm

1.5 mm 0.54 0.58 0.42

0.46 0.54 0.67

0.50 0.79 0.96

0.54 0.71 0.83

0.71 0.79 0.96

0.79 0.79 0.92

0.58 0.64 0.65

0.57 0.64 0.81

0.64 0.76 0.89

0.67 0.62 0.71

0.54 0.58 0.79

0.62 0.71 0.79

0.4

0.5

0.6

0.7

0.8

0.9

1.0

(a) Participant A (b) Participant B

(d) Mean value(c) Participant C

H
o
le

 d
ia

m
et

er

1.1
mm

1.7
mm

2.3
mm

1.1
mm

1.7
mm

2.3
mm

Gap between holes

ਤ 3: ೋٵҾܹͱ໘ঢ়ٵҾܹͷหผ՝ʹ͓͚Δਖ਼


͕ࣔ͞Εͨɽ͔͠͠ɼ͕ܘޱ 1.5 mmͷ݅Ͱɼଟ͘ͷࢀ

ՃऀΑΓɼڧܹ͕খ͍͞ͱ͍͏ใࠂΛಘ͍ͯΔɽڧͷ

େ͖ͳྗ֮ఏࣔΛ࣮͢ݱΔͨΊʹɼٵҾܘޱΛେ͖͘͢

Δඞཁ͕͋Δͱ͑ߟΒΕΔɽఏࣔՄͳ֮ྗͷൣғσΟ

εϓϨΠΛઃ͢ܭΔ্ͰͷॏཁͳཁૉͷҰͭͰ͋Δ͕ɼ͜

ͷʹؔ͢Δৄࡉͳٞʹɼ֮ྗͷଌఆ͕ඞཁͰ͋Δɽ

5. ݴ݁
ۭؒతʹߴղ૾ͳ໘ঢ়ѹ֮Λఏࣔ͢ΔணٵܕҾ৮֮

σΟεϓϨΠΛ࣮͢ݱΔͨΊɼٵҾ܈ޱͷ͓ܘޱΑͼڑؒޱ

͕໘ঢ়ѹ֮ʹٴ΅͢ӨڹΛௐࠪͨ͠ɽٵҾڑؒޱ͕େ

͖͘ͳΔʹͭΕͯɼೋͷٵҾܹΛ໘ঢ়ٵҾܹͱหผ

͢Δ͕֬͘ߴͳΓɼೋٵҾܹΛ໘ঢ়ѹ֮ͱ֮͠

͍ͱ͍͏͕ࣔ͞Εͨɽ·ͨɼٵҾ͕ܘޱখ͍͞΄Ͳ໘

ঢ়ܹͱ 2ٵҾѹܹΛ۠ผ͠ʹ͍͕ͨͬ͋͘ͷ

ͷɼ֮ڧͱͷτϨʔυΦϑ͕ࣔࠦ͞Εɼ֮ྗͷଌఆΛ

ઃ͍ͨ༺ʹݧͰͷ࣮ߘͷ͕ٞඞཁͰ͋Δɽຊޙࠓͨ͑ަ

ΛͦΕͧΕڑؒޱΑͼ͓ܘޱཁૉͷൣғͰɼܭ 1.7 mm

͓Αͼ 1.1mmͱ͢Δ͜ͱͰۭؒతʹߴղ૾ͳ໘ঢ়ͷѹ֮

ΛఏࣔՄͱͳΔ͜ͱ͕ࣔ͞Εͨɽ

ँࣙ

ຊڀݚͷҰ෦ ImPACTϓϩάϥϜʮλϑɾϩϘςΟΫεɾ

νϟϨϯδʯ͓Αͼ JSPSՊݚඅ JP18H01401, JP18K13722

ͷॿΛड͚ͨɽ

ݙจߟࢀ

[1] K. Minamizawa, H. Kajimoto, N. Kawakami, and

S. Tachi, “Wearable haptic display to present gravity sen-

sation,” The Proceedings of the Second Joint EuroHaptics

Conference and Symposium on Haptic Interfaces for Vir-

tual Environment and Teleoperator Systems, pp. 133–138,

2007.

[2] D. Prattichizzo, F. Chinello, C. Pacchierotti, and

M. Malvezzi, “Towards wearability in fingertip haptics:

a 3-dof wearable device for cutaneous force feedback,”

IEEE Transactions on Haptics, vol. 6, no. 4, pp. 506–516,

2013.

[3] F. Chinello, M. Malvezzi, C. Pacchierotti, and D. Prat-

tichizzo, “Design and development of a 3rrs wearable fin-

gertip cutaneous device,” in Advanced Intelligent Mecha-

tronics (AIM), 2015 IEEE International Conference on.

IEEE, 2015, pp. 293–298.

[4] T. Kitazawa, F. Kimura, and A. Yamamoto, “Multi-digit

softness: development of a tactile display to render soft-

ness feeling on multiple fingers,” in International Confer-

ence on Human Haptic Sensing and Touch Enabled Com-

puter Applications. Springer, 2014, pp. 215–222.

[5] K. Fujita and H. Ohmori, “A new softness display inter-

face by dynamic fingertip contact area control,” in 5th

World Multiconference on Systemics, Cybernetics and In-

formatics, 2001, pp. 78–82.

[6] M. Bianchi and A. Serio, “Design and characterization

of a fabric-based softness display,” IEEE transactions on

haptics, vol. 8, no. 2, pp. 152–163, 2015.

[7] M. Bianchi, E. Battaglia, M. Poggiani, S. Ciotti, and

A. Bicchi, “A wearable fabric-based display for haptic

multi-cue delivery,” in Haptics Symposium (HAPTICS),

2016 IEEE. IEEE, 2016, pp. 277–283.

[8] Y. Makino, N. Asamura, and H. Shinoda, “A cutaneous

feeling display using suction pressure,” in SICE 2003 An-

nual Conference, vol. 3. IEEE, 2003, pp. 2931–2934.

[9] L. B. Porquis, M. Konyo, and S. Tadokoro, “Enhancement

of human force perception by multi-point tactile stimu-

lation,” in Intelligent Robots and Systems (IROS), 2011

IEEE/RSJ International Conference on. IEEE, 2011, pp.

3488–3493.

[10] Ӭޫ,ࠛཅխ࢘, andాॴ་, Ҿѹྗٵෲʹ͓͚Δࢦ“

ͷ੍ۭؒͮ͘جʹޚଟࢦணܕ৮֮σΟεϓϨΠ-

ଟࣗ༝ͷํ֮ͷূݕ-,” inୈ 22ճόʔνϟϧϦ

ΞϦςΟֶձେձจू, 2017, pp. 1D4–05.

[11] ——, ͮجʹޚ੍ۭؒ࣌Ҿѹྗͷٵෲʹ͓͚Δࢦ“

͘ଟࢦணܕ৮֮σΟεϓϨΠ- Ҿ໘ੵ͓Αͼѹྗٵ

ͷ੍ޚʹΑΔߗೈײఏࣔख๏-,” inୈ 18ճܭଌࣗಈ੍

,ԋձߨձγεςϜΠϯςάϨʔγϣϯ෦ֶޚ 2017,

pp. 1B1–14.

[12] F. Arai, H. Morita, G. Kwon, T. Fukuda, and H. Mat-

suura, “Tactile display which presents shear deformation

on human finger,” in Robotics and Automation, 2001. Pro-

ceedings 2001 ICRA. IEEE International Conference on,

vol. 3. IEEE, 2001, pp. 2486–2491.

12A-2

��2�1��௪චˢƪ˓˵˽˼ʴ˼˘ʵӌ҇ - 12A-2�-


