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1.  ͡ Ί ʹ

ώτखΛ༷ͯͬʑͳۀ࡞Λ͜͏ߦͱ͕ՄͰ͋Δɽ

͜͜ͰɼগྸߴࢠԽͷਐߦʹͬͯɼώτ͕͍ͯͬߦΔۀ࡞

ΛϩϘοτͰସ͢Δ͜ͱʹର͢Δཁٻ૿ʑେ͖͘ͳͬ

͓ͯΓɼϩϘοτʹΑΓώτͱಉͳੑۀ࡞Λ࣮͢ݱΔ

͜ͱࣗಈӡసͳͲͱฒΜͰϩϘοτֶͷେ͖ͳڀݚ՝

ͷҰͭͱͳ͍ͬͯΔɽҰൠʹखͷग़ுॴͱݴΘΕͯ

͍ΔΑ͏ʹɼώτͷखͷػΛղ໌͢Δ͜ͱɼώτͷ

Λղ໌͢Δ͜ͱʹଞͳΒͳ͍ɽ͔͠͠ͳ͕Βɼώτ͕ͬߦ

͍ͯΔۀ࡞ΛϩϘοτͰସ͢ΔͨΊʹɼԿؾͳ͍ಈ࡞

ͷഎޙʹ͋ΔछʑͷજࡏతͳࣝΛཅʹهड़͠ͳͯ͘ͳ

Βͳ͍ͨΊɼϩϘοτͰಈ࡞ΛߦΘͤΑ͏ͱͯ͠ॳΊͯɼͦ

ͷࠔ͞ʹͮ͘͜ؾͱଟ͍ɽ

ຊߘɼNEDOੈ࣍ਓɾϩϘοτதٕ֩ज़։ൃ
ʹ͓͚ΔɼϩϘοτͷۀ࡞ಈ࡞ੜʹؔ͢ΔஶऀΒͷάϧʔ

ϓͷऔΓΈʹ͍ͭͯհ͢Δɽώτ͕खΛ༻͍ͯతʹ

ಉ༷ͳɼ͋Δ͍ྨʹڈͱ͕Ͱ͖Δͷɼա͜͏ߦΛۀ࡞

खͷͨ͜͠ىͼݺɼ͜͠ىͼݺԱΛهͨͬߦΛۀ࡞ͨ͠ࣅ

ಈ࡞ΛదԠతʹमਖ਼͢ΔϝΧχζϜʹىҼ͢Δͱ͑ߟɼϩ

Ϙοτͷಈ࡞ʹؔ͢ΔσʔλΛԿ͔ͷܗͰσʔλϕʔε

ʹੵ͠ɼඞཁͳͱ͖ʹμϯϩʔυ͢ΔϑϨʔϜϫʔΫ

Λߏங͍ͯ͠ΔɽFig. 1ʹࣔ͢Α͏ʹɼϩϘοτ͕୯७ͳ
ϐοΫɾΞϯυɾϓϨʔε͚ͩͰͳ͘ɼଟ༷ͳಈ࡞Λܭը

͢Δ͜ͱ͕Ͱ͖ΔΑ͏ʹɼώτͷۀ࡞ಈ࡞ϩϘοτࣔڭ

σʔλΛੵ͠ɼϩϘοτ࣌ۀ࡞ʹσʔλΛ͍߹Θͤɼ

ۀ࡞Δɽͦͯ͠ɼ͢ߦΛ࣮ۀ࡞ใΛऔಘ͢Δ͜ͱͰۀ࡞

ͷ൱ͳͲɼۀ࡞Λ࣮݁ͨ͠ߦՌͷϑΟʔυόοΫΛ͏ߦɽ

ຊߘͰɼ͜ͷϑϨʔϜϫʔΫʹ͓͚Δऔͷݱঢ়ʹ͍ͭ

ͯհ͢Δɽ

2. σʔλͷϑΥʔϚοτ

༷ʑͳঢ়گʹ͓͚Δɼۀ࡞ɼϩϘοτͷۀ࡞ಈ࡞ɼ࣋

ରͳͲʹؔ͢ΔσʔλΛੵ͢ΔͨΊͷϑΥʔϚοτɼ
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ਤ 1 σʔλϕʔεΛؚΉϩϘοτͷಈܭ࡞ը

ͳΒͼʹ͜ͷϑΥʔϚοτʹద߹ͨ͠σʔλΛੜͨ͠Γɼ

σʔλΛಡΈࠐΉͨΊͷιϑτΣΞπʔϧΛ࡞ͨ͠ [5]ɽ
Fig.2ʹࣔ͢Α͏ʹɼσʔλΛ࠶ར༻Մͳ·ͱ·Γͷ͋Δ
୯Ґͱͯ͠ͷʮಈ࡞ʯɼۀ࡞ఔૢ࡞ରͷମͱλεΫ

Λ࣮͢ݱΔͨΊͷಈྻ࡞݅Λද͢ʮλεΫʯɼͳΒͼʹ

ෳͷλεΫ͔Βߏ͞ΕΔҰ࿈ͷۀ࡞શମͰ͋Δʮۀ࡞ʯ

ͷ̏ߏͱͯ͑͠ߟɼͦ ΕͧΕͷ֊ʹରͯ͠YAMLܗ
ࣜͷσʔλϑΥʔϚοτΛఆٛ͠ɼChoreonoidΛϑϨʔ
ϜϫʔΫͱ͢ΔιϑτΣΞπʔϧΛߏஙͨ͠ɽ
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type: work
name: "AirplaneAssembly"
objective: "Assembly a toy airplane"
objects:

- toyAirplane.yaml
- driver.yaml

sequence: 
- insertPropellerBaseToBody.yaml
- assembleAirPlaneBodyParts.yaml
- …

type: task
name: "insertPropellerBaseToBody"
objective: "Insert a propeller base to a 

body part"
objects:

- propellerBase.yaml
- upperBody.yaml

sequence: 
- grasp***.yaml
- move+++.yaml
- insert###.yaml

type: action
name: "insert###"
objective: "Insert a propeller base to a 

body part“
operator:

type: robot
info: nextage.yaml

objects:
manipulatedObject: propellerBase.yaml
environmentObejct: upperBody.yaml

sequence: 
-

time: 0
pose: [x, y, z, r00, r01, r02, r10, r11, 

r12, r20, r21, r22]
manipulatedObject:
prehension: 

type: prehension
frame: [x, y, z, r00, r01, r02, r10, 

r11, r12, r20, r21, r22]
graspPoints: 

- [x, y, z] 
- [x, y, z] 
- [x, y, z]  

environmentObject:
prehension:

type: fix
…

ਤ 2 σʔλͷϑΥʔϚοτ

ɼ͜ͷϑΥʔϚοτʹैͬͯσʔλΛొ͠ɼੵʹ࣍

ͨ͠σʔλΛ GUI Ͱ֬ೝͨ͠ΓɼσʔλΛݺͯ͠ࡧݕͼ
ग़͢ػΛ࣮ͨ͠ιϑτΣΞΛߏஙͨ͠ɽ·ͨɼ֎෦

ϓϩάϥϜ͔Βݺͼग़͠Λ͜͏ߦΛఆͨ͠APIඋ͑Δ
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2 հݚɹాݪ ສɹҒҒ ϥϛϨεɾΠΫγΣϧ ลɹՆथࢁ ௰ɹಙੜ

͜ͱͱͨ͠ɽFig. 3ʹࣔ͢Α͏ʹɼຊιϑτΣΞͷΟ
ϯυಈࡧݕ࡞ΤϦΞ݁ࡧݕՌɼରλεΫͳͲ

༷ʑͳใΛදࣔ͢ΔΤϦΞΛ༗͍ͯ͠Δɽ·ͨɼ্هι

ϑτΣΞΛ֦ு͢ΔܗͰɼChoreonoidΛϑϨʔϜϫʔΫ
ͱͯ͠ߏங͍ͯ͠ΔɽҎ্ͷιϑτΣΞɼϑϦʔΣ

Ξͱͯ͠ެ։͢ΔͨΊͷ४උΛਐΊ͍ͯΔɽ

ਤ 3 σʔλͷొɾࡧݕΛ͏ߦιϑτΣΞ

3. ώτۀ࡞ಈ࡞ͷ֫ಘ

ͷ֫ಘ࡞ಈۀ࡞ɼσʔλͷੵΛ͢ΔͨΊʹɼώτͷʹ࣍

Λ͏ߦख๏ʹ͍ͭͯઆ໌͢Δ [1]ɽ͜͜Ͱɼۀ࡞ಈ࡞Λ֫
ಘ͢ΔͨΊʹɼώτͷۀ࡞ಈ࡞Λ্࣠ؒ࣌Ͱηάϝϯςʔ

γϣϯ্ͨ͠Ͱɼ͍ͯͬߦΔۀ࡞ͷछྨΛࣝผ͢Δɽ͜ͷ

ʹରͯ͠ɼώτ͕͍ͯ࣋͠ΔରͷใΛར༻͠

ͨख๏ΛఏҊ͍ͯ͠ΔɽFig. 4ɼͷ؝۩Λώτ͕
Έཱ͍ͯͯΔ༷Λ͍ࣔͯ͠ΔɽώτσʔλάϩʔϒΛ

ண͠ɼࢦͷؔઅ֯ΛಘΔ͜ͱ͕ՄͰ͋Δɽ·ͨɺͦ

ΕҎ֎ʹखटͷҐஔͱରͷҐஔΛಘ͍ͯΔɽྫ͑ɼ

ώτ͕࣋͢Δର͕Ϙϧτɼं ྠɼφοτͰ͋Εɼͦ

ΕͧΕʹରԠͨ͠ӅΕϚϧίϑϞσϧΛߏங͠ɼ͜ΕʹΑ

Γಈ࡞ͷࣝผΛ͏ߦɽ࣋ରͷใΛར༻͢Δ͜ͱͰɼ

ಈ࡞ͷόϦΤʔγϣϯΛߜΓࠐΉ͜ͱ͕Ͱ͖ɼೝࣝͷޭ

Λ্͛Δ͜ͱ͕ՄͰ͋Δɽͳ͓ɼ͜ͷΑ͏ʹͯ֫͠ಘ

Δͱ͍ͯͬߦͷҰ෦Λެ։͢ΔͨΊʹ४උΛ࡞ಈۀ࡞ͨ͠

͜ΖͰ͋Δɽ

pick insert screw

HMM HMM HMM
操作の閾値

Wheel NutBolt

ਤ 4 ࣮ԋʹͮ͘جώτͷۀ࡞ಈ࡞ͷ֫ಘ

·ͨɼώτͷۀ࡞ಈ࡞Λؒతʹ֫ಘ͢Δख๏ͱͯ͠ɼԾ

ڥͰཱۀ࡞Λ͏ߦख๏ʹ͍ͭͯڀݚΛ͍ͯͬߦ

Δ [4]ɽFig. ͷ༷Λࣔ͢ɽώτݧ࣮ʹ5 HMDΛண
͠ɼߋʹώτͷखΛঢ়ଶΛಘΔ͜ͱ͕Ͱ͖ΔΑ͏ʹHMDʹ
Leap Motion SensorΛऔΓ͚͍ͯΔɽࢦͱਓࠩ͠ࢦ

ͷڑʹԠͯ͡ԾڥͷϩϘοτʹऔΓ͚ͨάϦο

ύ͕։ด͢ΔΑ͏ʹ͠ɼߋʹώτͷͷಈ͖ʹԾڥ

ͷϩϘοτͷಈ͖͕ಉ͢ظΔΑ͏ʹͨ͠ɽ͜ΕʹΑΓԾ

ɽ͏ߦΈ͚Λͯ࣋͠ͷϩϘοτ͕ରΛڥ

·ͨɼԾڥͰಘΒΕͨใʹ͍ͯͮجɼϩϘοτ͕࣮

ɽ͏ߦΛۀ࡞ͰΈཱͯڥͷࡍ

͞Βʹɼۀ࡞ͷ୯ҐͰࣔڭσʔλΛ࠶ར༻Մʹ͢ΔΑ͏

ͳಈࣔڭ࡞ͷϑϨʔϜϫʔΫʹؔ͢Δڀݚ͍ͯͬߦΔ [3]ɽ

ਤ 5 ԾڥΛ༻͍ͨώτͷۀ࡞ಈ࡞ͷ֫ಘ

4. ϩϘοτۀ࡞ಈܭ࡞ը

ܭ࡞ಈۀ࡞ϩϘοτͷͮ͘جʹɼੵ͞Εͨσʔλʹ࣍

ըͷྫΛհ͢Δɽ·ͣɼҰͭͷϋϯυͰҰͭͷରΛ

࣋͢Δ࢟ͱͯ͠ଟ͘ͷͷΛԾఆ͢Δ͜ͱ͕Ͱ͖Δ͕ɼ

͜ΕΒͷΈ߹ΘͤʹԠͯ࢟࣋͡ΛσʔλϕʔεԽ͢

Δɽ͞ΒʹɼIKؔɼϩϘοτϋϯυͷϞσϧͳͲۀ࡞
ಈܭ࡞ըʹඞཁͳͷશͯΛMySQLʹΑΓϦϨʔγϣφ
ϧσʔλϕʔεͱ͠ɼϩϘοτͷۀ࡞ಈܭ࡞ըΛࡍ͏ߦʹ

͜ΕΒΛݺͼग़ͯ͠͏ϑϨʔϜϫʔΫΛߏஙͨ͠ [6] [7]ɽ
͜ͷख๏ͷ֓ཁΛ Fig. 6ʹࣔ͢ɽ
ͷσʔ࡞ಈۀ࡞ΔͨΊɼ͢ݱΛ࣮࡞ͳಈ༺ثɼΑΓʹ࣍

λϕʔεΛར༻͢Δ͜ͱΛ͑ߟΔɽ·ͣɼཱۀ࡞खॱΛ

ࣔ͢άϥϑߏʹ͓͍ͯɼۀ࡞ಈ࡞σʔλΛར༻͠ͳͯ͘

࣮ݱͰ͖ͳ͍ಈ͕࡞ଘ͢ࡏΔ߹ɼάϥϑͷΤοδͱ࡞

࡞ಈۀ࡞Δɽ͜ΕʹΑΓɼ͑ߟͱΛඥ͚ͮΔ͜ͱΛ࡞ಈۀ

يɼ֘͢ΔΤοδ͕ղʹࡍΔ͢ࡧըͰ͜ͷάϥϑΛ୳ܭ

ಓʹؚ·ΕΔͱۀ࡞ಈ࡞ͷσʔλ͕ݺͼग़͞Εɼ͜ͷσʔ

λʹ͍ͯͮجϩϘοτ͕ಈ͢࡞Δɽ͜ͷ༷Λ Fig. 7ʹࣔ
͢ɽ͜͜ͰɼωδΛకΊΔಈ࡞Λۀ࡞ಈ࡞ͷσʔλͱ͠

͓͖ͯ͑ͯɼϩϘοτ͕ωδΛకΊΔಈ࡞Λ࣮͢ߦΔࡍ

ʹɼۀ࡞ಈ࡞ͷσʔλΛར༻ͯ͠ϩϘοτ͕ಈ͍ͯ͠࡞Δɽ

ஙͯ͠ɼσʔλͷߏͷσʔλϕʔεΛ࡞ಈۀ࡞ɼʹ࣍

ʹݶΓ͕͋Δɽ͜͜Ͱɼະͷରʹରͯ͠ɼۀ࡞

ಈ࡞σʔλʹΞϊςʔγϣϯΛ্ͨͬߦͰɼઌʹड़ͨݕ

ͼग़͠ɼ͜ΕΛमਖ਼ݺσʔλΛͨ͠ࣅྨ͍ͯ༺πʔϧΛࡧ

͢Δ͜ͱͰϩϘοτʹద༻͢Δ [8]ɽ͜ͷमਖ਼Λద༻࣮ͨ͠
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σʔλϕʔεʹͮ͘جϩϘοτͷۀ࡞ಈܭ࡞ը 3

ਤ 6 σʔλϕʔεΛؚΉϩϘοτͷಈܭ࡞ը

(a) (b) (c)

(d) (e) (f) (g)

ਤ 7 ըͷྫܭۀ࡞σʔλΛ༻ཱ͍ͨ࡞ಈۀ࡞

ՌΛ݁ݧ Fig. 8ʹࣔ͢ɽ͜͜Ͱɼωδͷϐον͕͞
σʔۀ࡞σʔλʹੵ͍ͯ͠ΔͷͱҧͬͨωδΛɼۀ࡞

λΛमਖ਼͢Δ͜ͱͰద༻͍ͯ͠Δɽ

(a) (b)
ਤ 8 λεΫσʔλͷमਖ਼ͱ࠶ར༻

Λͦ࡞ͷσʔλϕʔεʹੵ͞Εͨಈ࡞ಈۀ࡞ɼʹޙ࠷

ͷ··ద༻ͯ͠ɼ෦ಉ࢜Ͱׯব͕ੜͯ͡ಈ͏͕࡞·͘

͍͔ͳ͍͜ͱ͕ఆ͞ΕΔɽͦ͜Ͱɼۀ࡞ಈ࡞σʔλΛར

༻ͨ͠ಈܭ࡞ըͷΈʹ͍ͭͯڀݚΛ͍ͯͬߦΔ [9]ɽ
Fig. 9ʹɼϩϘοτ͕ LܕࣈΛͨ͠ରΛ࣋͠ɼ͜
ΕΛ͍͕ڱ෦ʹૠೖ͢Δۀ࡞ͷ༷Λ͍ࣔͯ͠Δɽ

5. ͓ Θ Γ ʹ

ຊߘͰɼNEDOੈ࣍ਓɾϩϘοτதٕ֩ज़։ൃ
ʹ͓͚ΔɼϩϘοτͷۀ࡞ಈ࡞ੜʹؔ͢ΔஶऀΒͷάϧʔ

ϓͷऔΓΈʹ͍ͭͯհͨ͠ɽ͜͜ͰɼຊڀݚϘτϜ

ਤ 9 LܕࣈରͷΈ͚

ΞοϓతͳΞϓϩʔνͰϩϘοτͷదԠతͳۀ࡞ಈ࡞Λߏ

ஙͨ͠ɽ͜ͷΞϓϩʔνڧԽֶशͳͲͷػցֶश [10] [11]
Λ༻͍ͨۀ࡞ಈ࡞ੜͱରہΛ͢ΞϓϩʔνͰ͋Δɽڧ

ԽֶशʹΑΔΞϓϩʔνͱͷΛݟग़͢͜ͱڵຯਂ͍

՝Ͱ͋ΓɼڀݚࡏݱΛ͍ͯͬߦΔͱ͜ΖͰ͋Δɽ·ͨɼจ

ݙ [12]ͰɼώτͷΈ͞Λ࣮͢ݱΔͨΊͷϝΧχζϜʹ
ͷΈΛൃలڀݚΘΕ͍ͯΔɽຊߦͳղઆ͕ࡉৄ͍ͯͭ

ͤ͞ɼΑΓώτͷΈ͞ΛࣗવͳܗͰ࣮͢ݱΔΑ͏ͳۀ࡞

ಈܭ࡞ըͷΈʹ͍ͭͯɼߋͳΔ͕ڀݚඞཁͰ͋Δɽ

ँ ࣙ ຊڀݚɼڀݚཱࠃ։ൃ๏ਓ৽ΤωϧΪʔɾ࢈

ΘΕߦͱͯ͠ۀʢ̣̙̤̚ʣͷҕୗߏػज़૯߹։ൃٕۀ

͍ͯΔɽ
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