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1. ͸ ͡ Ί ʹ

ώτ͸खΛ༷ͯͬ࢖ʑͳۀ࡞Λ͜͏ߦͱ͕ՄೳͰ͋Δɽ

͜͜ͰɼগྸߴࢠԽͷਐߦʹ൐ͬͯɼώτ͕͍ͯͬߦΔۀ࡞

ΛϩϘοτͰ୅ସ͢Δ͜ͱʹର͢Δཁٻ͸૿ʑେ͖͘ͳͬ

͓ͯΓɼϩϘοτʹΑΓώτͱಉ౳ͳੑۀ࡞ೳΛ࣮͢ݱΔ

͜ͱ͸ࣗಈӡసͳͲͱฒΜͰϩϘοτֶ޻ͷେ͖ͳڀݚ՝

୊ͷҰͭͱͳ͍ͬͯΔɽҰൠʹख͸೴ͷग़ுॴͱݴΘΕͯ

͍ΔΑ͏ʹɼώτͷखͷػೳΛղ໌͢Δ͜ͱ͸ɼώτͷ஌ೳ

Λղ໌͢Δ͜ͱʹଞͳΒͳ͍ɽ͔͠͠ͳ͕Βɼώτ͕ͬߦ

͍ͯΔۀ࡞ΛϩϘοτͰ୅ସ͢ΔͨΊʹ͸ɼԿؾͳ͍ಈ࡞

ͷഎޙʹ͋Δछʑͷજࡏతͳ஌ࣝΛཅʹهड़͠ͳͯ͘͸ͳ

Βͳ͍ͨΊɼϩϘοτͰಈ࡞ΛߦΘͤΑ͏ͱͯ͠ॳΊͯɼͦ

ͷࠔ೉͞ʹͮ͘͜ؾͱ΋ଟ͍ɽ

ຊߘ͸ɼNEDO࣍ੈ୅ਓ޻஌ೳɾϩϘοτதٕ֩ज़։ൃ
ʹ͓͚ΔɼϩϘοτͷۀ࡞ಈ࡞ੜ੒ʹؔ͢ΔஶऀΒͷάϧʔ

ϓͷऔΓ૊Έʹ͍ͭͯ঺հ͢Δɽώτ͕खΛ༻͍ͯ஌తʹ

ಉ༷ͳɼ͋Δ͍͸ྨʹڈͱ͕Ͱ͖Δͷ͸ɼա͜͏ߦΛۀ࡞

खͷͨ͜͠ىͼݺɼ͜͠ىͼݺԱΛهͨͬߦΛۀ࡞ͨ͠ࣅ

ಈ࡞ΛదԠతʹमਖ਼͢ΔϝΧχζϜʹىҼ͢Δͱ͑ߟɼϩ

Ϙοτͷಈ࡞ʹؔ͢ΔσʔλΛԿ౳͔ͷܗͰσʔλϕʔε

ʹ஝ੵ͠ɼඞཁͳͱ͖ʹμ΢ϯϩʔυ͢ΔϑϨʔϜϫʔΫ

Λߏங͍ͯ͠ΔɽFig. 1ʹࣔ͢Α͏ʹɼϩϘοτ͕୯७ͳ
ϐοΫɾΞϯυɾϓϨʔε͚ͩͰͳ͘ɼଟ༷ͳಈ࡞Λܭը

͢Δ͜ͱ͕Ͱ͖ΔΑ͏ʹɼώτͷۀ࡞ಈ࡞΍ϩϘοτࣔڭ

σʔλΛ஝ੵ͠ɼϩϘοτ͸࣌ۀ࡞ʹσʔλΛ໰͍߹Θͤɼ

ۀ࡞Δɽͦͯ͠ɼ͢ߦΛ࣮ۀ࡞৘ใΛऔಘ͢Δ͜ͱͰۀ࡞

ͷ੒൱ͳͲɼۀ࡞Λ࣮݁ͨ͠ߦՌͷϑΟʔυόοΫΛ͏ߦɽ

ຊߘͰ͸ɼ͜ͷϑϨʔϜϫʔΫʹ͓͚Δऔ૊ͷݱঢ়ʹ͍ͭ

ͯ঺հ͢Δɽ

2. σʔλͷϑΥʔϚοτ

༷ʑͳঢ়گʹ͓͚Δɼۀ࡞ɼϩϘοτͷۀ࡞ಈ࡞ɼ೺࣋

ର৅෺ͳͲʹؔ͢ΔσʔλΛ஝ੵ͢ΔͨΊͷϑΥʔϚοτɼ

ड෇ߘݪ
Ωʔϫʔυɿ
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ਤ 1 σʔλϕʔεΛؚΉϩϘοτͷಈܭ࡞ը

ͳΒͼʹ͜ͷϑΥʔϚοτʹద߹ͨ͠σʔλΛੜ੒ͨ͠Γɼ

σʔλΛಡΈࠐΉͨΊͷιϑτ΢ΣΞπʔϧΛ࡞੒ͨ͠ [5]ɽ
Fig.2ʹࣔ͢Α͏ʹɼσʔλΛ࠶ར༻Մೳͳ·ͱ·Γͷ͋Δ
୯Ґͱͯ͠ͷʮಈ࡞ʯɼ޻ۀ࡞ఔ΍ૢ࡞ର৅ͷ෺ମͱλεΫ

Λ࣮͢ݱΔͨΊͷಈྻ࡞΍৚݅Λද͢ʮλεΫʯɼͳΒͼʹ

ෳ਺ͷλεΫ͔Βߏ੒͞ΕΔҰ࿈ͷۀ࡞શମͰ͋Δʮۀ࡞ʯ

ͷ̏૚ߏ଄ͱͯ͑͠ߟɼͦ ΕͧΕͷ֊૚ʹରͯ͠YAMLܗ
ࣜͷσʔλϑΥʔϚοτΛఆٛ͠ɼChoreonoidΛϑϨʔ
ϜϫʔΫͱ͢Διϑτ΢ΣΞπʔϧΛߏஙͨ͠ɽ

2

タ
ス
ク

動
作

作
業

… … …
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移動
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移動

挿入

移動

工具の把持
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ネジ締め
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移動

挿入

部品の把持

移動

嵌め合わせ

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

࣍ʹɼ͜ͷϑΥʔϚοτʹैͬͯσʔλΛొ࿥͠ɼ஝ੵ

ͨ͠σʔλΛ GUI Ͱ֬ೝͨ͠ΓɼσʔλΛݺͯ͠ࡧݕͼ
ग़͢ػೳΛ࣮૷ͨ͠ιϑτ΢ΣΞΛߏஙͨ͠ɽ·ͨɼ֎෦

ϓϩάϥϜ͔Βݺͼग़͠Λ͜͏ߦΛ૝ఆͨ͠API΋උ͑Δ
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2 հݚɹాݪ ສɹҒҒ ϥϛϨεɾΠΫγΣϧ ໺ลɹՆथࢁ ௰ɹಙੜ

͜ͱͱͨ͠ɽFig. 3ʹࣔ͢Α͏ʹɼຊιϑτ΢ΣΞͷ΢Ο
ϯυ΢͸ಈࡧݕ࡞ΤϦΞ΍݁ࡧݕՌɼର৅෺΍λεΫͳͲ

༷ʑͳ৘ใΛදࣔ͢ΔΤϦΞΛ༗͍ͯ͠Δɽ·ͨɼ্هι

ϑτ΢ΣΞΛ֦ு͢ΔܗͰɼChoreonoidΛϑϨʔϜϫʔΫ
ͱͯ͠ߏங͍ͯ͠ΔɽҎ্ͷιϑτ΢ΣΞ͸ɼϑϦʔ΢Σ

Ξͱͯ͠ެ։͢ΔͨΊͷ४උΛਐΊ͍ͯΔɽ

ਤ 3 σʔλͷొ࿥ɾࡧݕΛ͏ߦιϑτ΢ΣΞ

3. ώτۀ࡞ಈ࡞ͷ֫ಘ

࣍ʹɼσʔλͷ஝ੵΛ͢ΔͨΊʹɼώτͷۀ࡞ಈ࡞ͷ֫ಘ

Λ͏ߦख๏ʹ͍ͭͯઆ໌͢Δ [1]ɽ͜͜Ͱ͸ɼۀ࡞ಈ࡞Λ֫
ಘ͢ΔͨΊʹɼώτͷۀ࡞ಈ࡞Λ্࣌ؒ࣠Ͱηάϝϯςʔ

γϣϯ্ͨ͠Ͱɼ͍ͯͬߦΔۀ࡞ͷछྨΛࣝผ͢Δɽ͜ͷ

໰୊ʹରͯ͠ɼώτ͕೺͍࣋ͯ͠Δର৅෺ͷ৘ใΛར༻͠

ͨख๏ΛఏҊ͍ͯ͠ΔɽFig. 4͸ɼ໦੡ͷ؝۩Λώτ͕૊
Έཱ͍ͯͯΔ໛༷Λ͍ࣔͯ͠Δɽώτ͸σʔλάϩʔϒΛ

૷ண͠ɼࢦͷؔઅ֯౓ΛಘΔ͜ͱ͕ՄೳͰ͋Δɽ·ͨɺͦ

ΕҎ֎ʹ΋खटͷҐஔͱର৅෺ͷҐஔΛಘ͍ͯΔɽྫ͑͹ɼ

ώτ͕೺࣋͢Δର৅෺͕Ϙϧτɼं ྠɼφοτͰ͋Ε͹ɼͦ

ΕͧΕʹରԠͨ͠ӅΕϚϧίϑϞσϧΛߏங͠ɼ͜ΕʹΑ

Γಈ࡞ͷࣝผΛ͏ߦɽ೺࣋ର৅෺ͷ৘ใΛར༻͢Δ͜ͱͰɼ

ಈ࡞ͷόϦΤʔγϣϯΛߜΓࠐΉ͜ͱ͕Ͱ͖ɼೝࣝͷ੒ޭ

཰Λ্͛Δ͜ͱ͕ՄೳͰ͋Δɽͳ͓ɼ͜ͷΑ͏ʹͯ֫͠ಘ

Δͱ͍ͯͬߦͷҰ෦Λެ։͢ΔͨΊʹ४උΛ࡞ಈۀ࡞ͨ͠

͜ΖͰ͋Δɽ

pick insert screw

HMM HMM HMM
操作の閾値

Wheel NutBolt

ਤ 4 ࣮ԋʹͮ͘جώτͷۀ࡞ಈ࡞ͷ֫ಘ

·ͨɼώτͷۀ࡞ಈ࡞Λؒ઀తʹ֫ಘ͢Δख๏ͱͯ͠ɼԾ

૝ڥ؀಺Ͱ૊ཱۀ࡞Λ͏ߦख๏ʹ͍ͭͯ΋ڀݚΛ͍ͯͬߦ

Δ [4]ɽFig. ͷ໛༷Λࣔ͢ɽώτ͸ݧ࣮ʹ5 HMDΛ૷ண
͠ɼߋʹώτͷखΛঢ়ଶΛಘΔ͜ͱ͕Ͱ͖ΔΑ͏ʹHMDʹ
Leap Motion SensorΛऔΓ෇͚͍ͯΔɽ਌ࢦͱਓࠩ͠ࢦ

ͷڑ཭ʹԠͯ͡Ծ૝ڥ؀಺ͷϩϘοτʹऔΓ෇͚ͨάϦο

ύ͕։ด͢ΔΑ͏ʹ͠ɼߋʹώτͷ࿹ͷಈ͖ʹԾ૝ڥ؀಺

ͷϩϘοτͷಈ͖͕ಉ͢ظΔΑ͏ʹͨ͠ɽ͜ΕʹΑΓԾ૝

ɽ͏ߦ಺ͷ૒࿹ϩϘοτ͕ର৅෺Λ೺࣋ͯ͠૊Έ෇͚Λڥ؀

·ͨɼԾ૝ڥ؀ͰಘΒΕͨ৘ใʹ͍ͯͮجɼϩϘοτ͕࣮

ɽ͏ߦΛۀ࡞Ͱ૊Έཱͯڥͷ؀ࡍ

͞Βʹɼۀ࡞ͷ୯ҐͰࣔڭσʔλΛ࠶ར༻Մೳʹ͢ΔΑ͏

ͳಈࣔڭ࡞ͷϑϨʔϜϫʔΫʹؔ͢Δڀݚ΋͍ͯͬߦΔ [3]ɽ

ਤ 5 Ծ૝ڥ؀Λ༻͍ͨώτͷۀ࡞ಈ࡞ͷ֫ಘ

4. ϩϘοτۀ࡞ಈܭ࡞ը

࣍ʹɼ஝ੵ͞Εͨσʔλʹͮ͘جϩϘοτͷۀ࡞ಈܭ࡞

ըͷྫΛ঺հ͢Δɽ·ͣɼҰͭͷϋϯυͰҰͭͷର৅෺Λ

೺࣋͢Δ࢟੎ͱͯ͠ଟ͘ͷ΋ͷΛԾఆ͢Δ͜ͱ͕Ͱ͖Δ͕ɼ

͜ΕΒͷ૊Έ߹ΘͤʹԠͯ͡೺࣋࢟੎ΛσʔλϕʔεԽ͢

Δɽ͞ΒʹɼIKؔ਺ɼϩϘοτ΍ϋϯυͷϞσϧͳͲۀ࡞
ಈܭ࡞ըʹඞཁͳ΋ͷશͯΛMySQLʹΑΓϦϨʔγϣφ
ϧσʔλϕʔεͱ͠ɼϩϘοτͷۀ࡞ಈܭ࡞ըΛࡍ͏ߦʹ

͜ΕΒΛݺͼग़ͯ͠͏࢖ϑϨʔϜϫʔΫΛߏஙͨ͠ [6] [7]ɽ
͜ͷख๏ͷ֓ཁΛ Fig. 6ʹࣔ͢ɽ
࣍ʹɼΑΓث༻ͳಈ࡞Λ࣮͢ݱΔͨΊɼۀ࡞ಈ࡞ͷσʔ

λϕʔεΛར༻͢Δ͜ͱΛ͑ߟΔɽ·ͣɼ૊ཱۀ࡞खॱΛ

ࣔ͢άϥϑߏ଄ʹ͓͍ͯɼۀ࡞ಈ࡞σʔλΛར༻͠ͳͯ͘

͸࣮ݱͰ͖ͳ͍ಈ͕࡞ଘ͢ࡏΔ৔߹ɼάϥϑͷΤοδͱ࡞

࡞ಈۀ࡞Δɽ͜ΕʹΑΓɼ͑ߟͱΛඥ͚ͮΔ͜ͱΛ࡞ಈۀ

يɼ֘౰͢ΔΤοδ͕ղʹࡍΔ͢ࡧըͰ͜ͷάϥϑΛ୳ܭ

ಓʹؚ·ΕΔͱۀ࡞ಈ࡞ͷσʔλ͕ݺͼग़͞Εɼ͜ͷσʔ

λʹ͍ͯͮجϩϘοτ͕ಈ͢࡞Δɽ͜ͷ໛༷Λ Fig. 7ʹࣔ
͢ɽ͜͜Ͱ͸ɼωδΛకΊΔಈ࡞Λۀ࡞ಈ࡞ͷσʔλͱ͠

ͯ஝͓͖͑ͯɼϩϘοτ͕ωδΛకΊΔಈ࡞Λ࣮͢ߦΔࡍ

ʹɼۀ࡞ಈ࡞ͷσʔλΛར༻ͯ͠ϩϘοτ͕ಈ͍ͯ͠࡞Δɽ

࣍ʹɼۀ࡞ಈ࡞ͷσʔλϕʔεΛߏஙͯ͠΋ɼσʔλͷ

਺ʹ͸ݶΓ͕͋Δɽ͜͜Ͱɼະ஌ͷର৅෺ʹରͯ͠ɼۀ࡞

ಈ࡞σʔλʹΞϊςʔγϣϯΛ্ͨͬߦͰɼઌʹड़΂ͨݕ

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. 8ʹࣔ͢ɽ͜͜Ͱ͸ɼωδͷϐον΍௕͕͞
σʔۀ࡞σʔλʹ஝ੵ͍ͯ͠Δ΋ͷͱҧͬͨωδΛɼۀ࡞

λΛमਖ਼͢Δ͜ͱͰద༻͍ͯ͠Δɽ

(a) (b)
ਤ 8 λεΫσʔλͷमਖ਼ͱ࠶ར༻

Λͦ࡞ͷσʔλϕʔεʹ஝ੵ͞Εͨಈ࡞ಈۀ࡞ɼʹޙ࠷

ͷ··ద༻ͯ͠΋ɼ෦඼ಉ࢜Ͱׯব͕ੜͯ͡ಈ͏͕࡞·͘

͍͔ͳ͍͜ͱ͕૝ఆ͞ΕΔɽͦ͜Ͱɼۀ࡞ಈ࡞σʔλΛར

༻ͨ͠ಈܭ࡞ըͷ࿮૊Έʹ͍ͭͯ΋ڀݚΛ͍ͯͬߦΔ [9]ɽ
Fig. 9ʹ͸ɼϩϘοτ͕ LܕࣈΛͨ͠ର৅෺Λ೺࣋͠ɼ͜
ΕΛ͍͕ڱ෦ʹૠೖ͢Δۀ࡞ͷ໛༷Λ͍ࣔͯ͠Δɽ

5. ͓ Θ Γ ʹ

ຊߘͰ͸ɼNEDO࣍ੈ୅ਓ޻஌ೳɾϩϘοτதٕ֩ज़։ൃ
ʹ͓͚ΔɼϩϘοτͷۀ࡞ಈ࡞ੜ੒ʹؔ͢ΔஶऀΒͷάϧʔ

ϓͷऔΓ૊Έʹ͍ͭͯ঺հͨ͠ɽ͜͜Ͱɼຊڀݚ͸ϘτϜ

ਤ 9 Lܕࣈର৅෺ͷ૊Έ෇͚

ΞοϓతͳΞϓϩʔνͰϩϘοτͷదԠతͳۀ࡞ಈ࡞Λߏ

ஙͨ͠ɽ͜ͷΞϓϩʔν͸ڧԽֶशͳͲͷػցֶश [10] [11]
Λ༻͍ͨۀ࡞ಈ࡞ੜ੒ͱରہΛ੒͢ΞϓϩʔνͰ͋Δɽڧ

ԽֶशʹΑΔΞϓϩʔνͱͷ઀఺Λݟग़͢͜ͱ͸ڵຯਂ͍

՝୊Ͱ͋ΓɼڀݚࡏݱΛ͍ͯͬߦΔͱ͜ΖͰ͋Δɽ·ͨɼจ

ݙ [12]Ͱ͸ɼώτͷ޼Έ͞Λ࣮͢ݱΔͨΊͷϝΧχζϜʹ
ͷ࿮૊ΈΛൃలڀݚΘΕ͍ͯΔɽຊߦͳղઆ͕ࡉৄ͍ͯͭ

ͤ͞ɼΑΓώτͷ޼Έ͞ΛࣗવͳܗͰ࣮͢ݱΔΑ͏ͳۀ࡞

ಈܭ࡞ըͷ࿮૊Έʹ͍ͭͯɼߋͳΔ͕ڀݚඞཁͰ͋Δɽ

ँ ࣙ ຊڀݚ͸ɼڀݚཱࠃ։ൃ๏ਓ৽ΤωϧΪʔɾ࢈

ΘΕߦ຿ͱͯ͠ۀʢ̣̙̤̚ʣͷҕୗߏػज़૯߹։ൃٕۀ

͍ͯΔɽ
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