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ୈ1ষ ͸͡Ίʹ

ը૾಺༰Λೝࣝ͠ը૾৘ใΛߏ଄తʹཧղ͢Δ͜ͱ͸ɼίϯϐϡʔλϏδϣϯͷ෼໺ʹ
͓͍ͯॏཁͳ՝୊ͱͳ͍ͬͯΔɽը૾৘ใΛߏ଄తʹཧղ͢Δͱ͍͏ͷ͸ɼը૾தʹࣔ͞
Ε͍ͯΔ෺ମಉ࢜ͷؔ܎΍෺ମͷঢ়ଶͳͲΛɼਓ͕֮ؒࢹతʹ൑அͰ͖Δͷͱಉ౳ʹཧղ
͢Δͱ͍͏͜ͱͰ͋ΔɽຊߘͰ͸ը૾Λߏ଄తʹཧղ͢ΔͨΊɼը૾Ωϟϓγϣϯͱγʔ
ϯάϥϑΛ༻͍ΔɽΩϟϓγϣϯͱγʔϯάϥϑʹ͍ͭͯ͸ޙड़͢ΔɽຊষͰ͸ɼۙ೥ͷ
ը૾ೝࣝʹؔ͢Δڀݚʹ৮Εͭͭɼڀݚͷ֓ཁʹ͍ͭͯड़΂Δɽ
ۙ೥ɼݯࢿࢉܭͷൃୡ΍ਂ૚ֶशͷग़ݱʹΑΓɼػցֶशΛ༻͍༷ͨʑͳλεΫʹ͓͍

ͯେ͖ͳਐา͕ݟΒΕΔɽը૾ೝࣝͷ෼໺ʹߜΔͱɼ෺ମݕग़ [1, 2, 3, 4]΍γʔϯάϥϑ
[5, 6, 7, 16, 17, 18]ɼը૾Ωϟϓγϣϯੜ੒ [11, 12, 14]ͳͲͷ͕͋ڀݚΔɽ͜ΕΒͷڀݚ͸
ͲΕ΋ը૾ͷཧղΛ໨͢ࢦ಺༰ͱͳ͍ͬͯΔɽ෺ମݕग़͸ɼը૾৘ใ͔Βಛ௃ྔΛநग़͠ɼ
ը૾தͷ෺ମΧςΰϦ΍෺ମҐஔͳͲΛಛఆ͢Δ෼໺Ͱ͋Δɽը૾Ωϟϓγϣϯੜ੒ͱγʔ
ϯάϥϑʹؔͯ͠͸ޙड़͢Δ͕ɼ֓ཁΛड़΂ΔͱɼͲͪΒ΋ը૾৘ใΛݩʹͯ͠ҙຯߏ଄Λ
ࣗવޠݴͰग़ྗ͢Δɽ
ը૾Ωϟϓγϣϯͱ͸ɼࣗ વޠݴͰͷը૾৘ใͷ୹จઆ໌ͷ͜ͱͰ͋Δɽը૾Ωϟϓγϣ

ϯΛੜ੒͢Δ͜ͱΛը૾Ωϟϓγϣϯੜ੒ͱ͍ݴɼ͞ڀݚ͘޿Ε͍ͯΔɽը૾Ωϟϓγϣ
ϯੜ੒Ͱ͸ओʹɼը૾Λೖྗͱͯࣗ͠વޠݴͷςΩετΛग़ྗ͢Δɽը૾ಛ௃ྔΛநग़͠ɼ
ͦΕΒΛೖྗͱͨ͠χϡʔϥϧωοτϫʔΫʹΑΓ୯ྻޠΛग़ྗ͠ɼը૾ΩϟϓγϣϯΛ
ੜ੒͢Δɽ
ը૾ΩϟϓγϣϯͷΑ͏ʹɼը૾৘ใΛผͷυϝΠϯͱͯ͠ଊ͑Δख๏ͱͯ͠γʔϯά

ϥϑ͕͋Δɽγʔϯάϥϑͱ͸ɼը૾தʹؚ·ΕΔ෺ମΛϊʔυͱͯͦ͠ΕΒͷؔੑ܎Λ
ΤοδͰද͠ݱɼը૾৘ใΛߏ଄తʹද͢ݱΔख๏Ͱ͋Δɽ·ͨɼγʔϯάϥϑͷੜ੒Λߦ
ͳ͏ڀݚ෼໺͕γʔϯάϥϑੜ੒Ͱ͋Δɽγʔϯάϥϑੜ੒ͷ෼໺Ͱ͸ɼଟ͘ͷڀݚͰը
૾৘ใͷΈ͔Βγʔϯάϥϑ͕ੜ੒͞ΕΔɽը૾ಛ௃ྔΛݩʹɼը૾಺ͷ෺ମʹ෇༩͞Ε
ͨଐੑ΍෺ମಉ࢜ͷؔ࿈ੑΛਪଌ͢Δ͜ͱͰγʔϯάϥϑΛੜ੒͢Δɽը૾Ωϟϓγϣϯ
ͱൺֱ͢Δͱɼը૾৘ใΛςΩετͱͯ͠ग़ྗ͍ͯ͠ͳ͍෼ɼը૾಺༰ΛཧղͰ͖͍ͯͳ
͍Α͏ʹ͡ײΔ͔΋͠Εͳ͍ɽ͔͠͠ɼ෺ମಉ࢜ͷؔੑ܎Λάϥϑͱͯ͠ද͢ݱΔ͜ͱͰɼ
ςΩετදݱΑΓ΋ը૾಺༰Λ໌֬ʹද͢ݱΔ͜ͱ͕Ͱ͖Δͱ͍ͯ͑ߟΔɽ
଄Λཧղ͠Α͏ͱ͢ߏͷγʔϯάϥϑੜ੒Ͱ͸ɼ্Ͱ΋ड़΂ͨΑ͏ʹը૾৘ใ͔Βࡏݱ

Δ͕ڀݚ΄ͱΜͲͰ͋Δɽ͔͠͠ը૾͔ΒಘΒΕͨ৘ใΛશͯάϥϑԽ͢ΔͨΊɼγʔϯ
άϥϑ͸๲େʹͳͬͯ͠·͍ɼͦͷը૾ʹ͓͚Δॏཁͳཁૉ͕Կ͔Θ͔Βͳ͘ͳͬͯ͠·
͏ɽ๲େͳγʔϯάϥϑͷྫΛਤ 1.1ʹࣔ͢ɽ
·ͨγʔϯάϥϑͷར༻๏ͱͯ͠ɼը૾ͷҙຯߏ଄ཧղ΍ը૾ੜ੒ͳͲ͕͛ڍΒΕΔ͕ɼ

͜ΕΒ΋ෳࡶͳγʔϯάϥϑͰ͸ޮՌతʹར༻͢Δ͜ͱ͕Ͱ͖ͳ͍ɽͦ͜Ͱɼطଘͷγʔ
ϯάϥϑͱը૾ΩϟϓγϣϯΛ༻͍Δ͜ͱͰɼΑΓਫ਼౓ͷ͍ߴγʔϯάϥϑΛੜ੒͢Δ͜
ͱΛ໨ͨ͠ࢦɽਫ਼౓͕͍ߴͱ͍͏ͷ͸ɼΑΓ؆ܿͳγʔϯάϥϑͰը૾ͷҙຯߏ଄Λे෼
ʹද͢ݱΔ͜ͱ͕Ͱ͖Δ͜ͱΛද͢ɽ
͜ΕΛࣔͨ͢Ίɼೋͭͷख๏ΛఏҊ͢Δɽ·ͣɼը૾ͷຊ࣭తͳ৘ใநग़Ͱ͋Δɽγʔϯ

άϥϑʹ͓͍ͯɼଞͷը૾Ͱ΋ଟ͘ग़͍ͯ͠ݱΔ෦෼άϥϑ͸ɼಛఆͷը૾ͷಛ௃Λදͯ͠
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ਤ 1.1: ը૾ʹؚ·ΕΔγʔϯάϥϑͷ෦෼৘ใͷྫΛࣔ͢ɽը૾ʹ͋ͯ͠هΔ S ͸ɼ֤ը૾ʹදࣔ

ͯ͋͠Δγʔϯάϥϑͷ෦෼৘ใͷ਺Ͱ͋Δɽ

͍ͳ͍ͱ͑ߟΒΕΔɽͦ͜Ͱɼ܇࿅σʔληοτதͰҰఆҎ্ͷग़֬ݱ཰ʹୡͨ͠෦෼ά
ϥϑΛ࡟আ͢Δ͜ͱͰɼΑΓຊ࣭తͳγʔϯάϥϑ͕ੜ੒Ͱ͖Δͱ͑ߟɼධՁ࣮ݧΛߦͳͬ
ͨɽ࣍ʹɼෳ਺ग़͢ݱΔ෦෼άϥϑͷू໿Ͱ͋Δɽ·ͨɼಉҰը૾಺Ͱෳ਺ճग़͢ݱΔ෦
෼άϥϑ͸৑௕ʹද͞ݱΕ͓ͯΓɼ͜͜ΛΑΓద੾ͳ෦෼άϥϑʹஔ͖͑׵Δ͜ͱͰ؆ܿ
ͳදݱʹ͢Δ͜ͱ͕Ͱ͖Δͱͨ͑ߟɽ
γʔϯάϥϑͷվྑਫ਼౓Λ্ࣔ͢Ͱɼ৽ͨͳධՁख๏ΛఏҊ͢Δɽγʔϯάϥϑ͸ɼҰ

ൠతͳ༗޲άϥϑ΍ແ޲άϥϑΑΓ΋৘ใྔ͕ଟ͍ɽͦͷͨΊҰൠతͳάϥϑಉੑܕ൑ఆ
໰୊Ͱղ͘͜ͱ͸೉͍͠ͷͰɼγʔϯάϥϑͷվྑਫ਼౓Λ֬ೝ͢ΔͨΊͷ৽ͨͳධՁࢦඪ
Λಋೖͨ͠ɽ
͸ɼޮՌతͳ݁ՌΛࣔ͢͜ͱ͕ͯؔ͠ʹݧͷ݁Ռɼը૾ͷຊ࣭తͳ৘ใΛநग़͢Δ࣮ݧ࣮

ग़དྷͨɽଟ਺ͷը૾ʹ౰ͯ͸·Δ෦෼άϥϑΛ࡟আ͢Δ͜ͱͰɼ֤γʔϯάϥϑʹ͸ը૾
ͷಛ௃ΛΑࣔͨ͘͠ຊ࣭తͳ৘ใ͕ͨͬ࢒ͱ͑ߟΒΕΔɽಉҰγʔϯάϥϑ಺ʹෳ਺ճग़
Ͱ͖ͨͱ͜Ζ΋͋ܗΒΕͨɽ্ख͘มݟ͕ࠩʹ͸ɼਫ਼౓͍ͯͭʹܗΔ෦෼άϥϑͷม͢ݱ
Δ͕ɼ͋·Γظ଴ͨ͠ஔ͖͕͑׵Ͱ͖ͳ͍͜ͱͷํ͕ଟ͔ͬͨɽ͜Ε͸Ωϟϓγϣϯʹؚ
·Ε͍ͯΔ৘ใྔͷ͕ࠩىҼ͍ͯ͠Δͱ͑ߟΒΕΔɽධՁ࣮ݧͷ݁ՌɼશମΛ௨ͯ͠ΈΔ
ͱγʔϯάϥϑ͸վྑ͞Ε͍ͯΔ͜ͱΛࣔ͢͜ͱ͕Ͱ͖ͨɽ
ຊߘͷߏ੒ͱͯ͠͸ୈ 2ষͰؔ࿈ڀݚʹ͍ͭͯड़΂ɼୈ 3ষͰ͸ຊڀݚͰ͏࢖γʔϯάϥ

ϑʹ͍ͭͯઆ໌͢Δɽୈ 4ষͰఏҊख๏ʹ͍ͭͯड़΂ɼୈ 5ষͰఏҊख๏Λࣔͨ͢Ίʹߦ
ͳͬͨධՁ࣮ݧʹ͍ͭͯड़΂Δɽୈ 6ষͰ͸ධՁ࣮ݧͷ݁ՌΛ͠࡯ߟɼୈ 7ষͰ·ͱΊͱ
͢Δɽ
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ୈ2ষ ؔ࿈ڀݚ

ຊষͰ͸ɼຊڀݚͷؔ࿈ڀݚʹ͍ͭͯड़΂Δɽۙ೥ଟ͘ߦͳΘΕ͍ͯΔίϯϐϡʔλϏ
δϣϯ෼໺ͷڀݚͷதͰ΋ɼγʔϯάϥϑͱը૾Ωϟϓγϣϯʹয఺Λ౰ͯઆ໌͢Δɽ͜Ε
Β͸ɼͲΕ΋ը૾಺༰Λߏ଄తʹද͠ݱɼਓؒʹͱͬͯཧղ͠΍͘͢͢ΔࢼΈͰ͋Δɽγʔ
ϯάϥϑදݱɼը૾Ωϟϓγϣϯੜ੒ɼγʔϯάϥϑੜ੒ͷॱʹड़΂Δɽ

2.1 γʔϯάϥϑදݱ

γʔϯάϥϑͱ͸ɼը૾ͷҙຯ৘ใΛߏ଄Խͨ͠දݱͷͻͱͭͰ͋Δɽը૾ͷதͷ෺ମ
৘ใɼ෺ମʹ෇༩͞Ε͍ͯΔଐੑ৘ใɼ෺ମϖΞؒͷؔੑ܎৘ใΛάϥϑߏ଄Ͱද͢ݱΔɽ
γʔϯάϥϑͱͯ͠ද͢ݱΔ͜ͱͰɼը૾தͷ෺ମಉ࢜ͷؔ࿈ੑΛ໌ࣔతʹଊ͑Δ͜ͱ͕
Ͱ͖Δɽ
γʔϯάϥϑ͸త֬ʹը૾ͷҙຯ৘ใΛදݱͰ͖Δ͜ͱ͔Βɼଟ͘ͷڀݚ෼໺ʹར༻͞

Ε͍ͯΔɽྫ͑͹ɼ୅දతͳ΋ͷͱͯ͠ը૾࣭໰Ԡ౴ [5]΍ը૾ࡧݕ [6]ɼͦͯ͠ը૾ੜ੒ [7]
ͳͲ͕͛ڍΒΕΔɽ

TeneyΒ [5]͸ɼVQA(Visual Question Answering)ʹରͯ͠γʔϯάϥϑΛޮՌతʹར༻
͍ͯ͠ΔɽVQAͱ͸ɼը૾಺༰ʹؔ͢ΔࣗવޠݴςΩετͷ࣭໰จʹରͯ͠ɼը૾৘ใΛ
༻͍Δ͜ͱͰղ౴Λੜ੒͢Δڀݚ෼໺Ͱ͋ΔɽTeneyΒ͸ɼ࣭໰จͷ୯ޠͷͭͳ͕Γͱը૾
ͷ֤෺ମΛάϥϑߏ଄ͱͯ͠ଊ͑ɼͦΕͧΕͷରԠؔ܎Λֶशͤ͞Δ͜ͱͰޮՌతͳ݁Ռ
ΛੜΜͩɽ
·ͨɼը૾ࡧݕͷ෼໺ʹ͓͍ͯ͸ JhonsonΒ [6]͕ɼγʔϯάϥϑΛ༻͍Δ͜ͱͰ݁ࡧݕ

Ռͷ্͕޲Մೳͳ͜ͱΛ͍ࣔͯ͠ΔɽҰൠతʹը૾ࡧݕΛ͢Δࡍʹ͸ɼٻΊ͍ͯΔը૾ͷ
ಛ௃Λత֬ʹࣔ͢͜ͱͰ༗༻ͳ݁ՌΛಘΔ͜ͱ͕Ͱ͖Δɽ͔͠͠ɼͰ͖Δ͚ͩಛ௃ྔΛؚ
ΊΑ͏ͱจষͳͲͷෳࡶͳ৘ใΛΫΤϦͱͯ͠͠·͏ͱɼٻΊ͍ͯΔը૾ͱ͸͔͚཭Εͨ
΋ͷ·Ͱؚ·Εͯ͠·͏ɽͦ͜Ͱ JhonsonΒ͸ɼը૾৘ใΛγʔϯάϥϑͱͯ͠ଊ͑Δ͜
ͱͰɼෳࡶͳΫΤϦʹରͯ͠΋త֬ͳ݁ՌΛࣔ͢͜ͱ͕ग़དྷΔͷͰ͸ͳ͍͔ͱ͑ߟɼ݁Ռͱ
ͯ͠༗༻ͳਫ਼౓Λ͍ࣔͯ͠Δɽ
ը૾ੜ੒ͷ෼໺Ͱ͸ɼJhonsonΒ [7]͕γʔϯάϥϑΛ༻͍͍ͯΔɽࣗવޠݴ৘ใ͔Βͷ

ը૾ੜ੒ڀݚ͸ଘ͢ࡏΔ͕ɼStackGAN[8]ͳͲʹΑΔը૾৘ใΛઆ໌ͨ͠ςΩετ͔Βͷ
ը૾ੜ੒͕ҰൠతͰ͋Δɽ͔͠͠ JhonsonΒ͸ɼγʔϯάϥϑ͔Βը૾Λੜ੒͢Δ͜ͱͰɼ
ΑΓߴਫ਼౓͔࣮ͭݱతͳը૾Λੜ੒Ͱ͖Δ͜ͱΛࣔͨ͠ɽ͜ͷ͜ͱ͔ΒɼςΩετΑΓ΋
γʔϯάϥϑͷํ͕ը૾৘ใΛత֬ʹද͢ݱΔ͜ͱ͕Ͱ͖Δͱ͑ݴΔɽ

2.2 ը૾Ωϟϓγϣϯੜ੒

ը૾Ωϟϓγϣϯͱ͸ɼγʔϯάϥϑͱಉ༷ʹը૾ͷҙຯ৘ใΛද͢ݱΔํ๏ͷͻͱͭ
Ͱ͋Δɽը૾ΩϟϓγϣϯͰ͸ը૾಺༰ΛࣗવޠݴͷςΩετͱͯ͠ද͢ݱΔɽը૾ͷҙ
ຯ৘ใΛද͢ݱΔखஈͱͯ͠͸ը૾Ωϟϓγϣϯੜ੒͕ҰൠతͰ͋ΓɼγʔϯάϥϑΑΓ
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΋ଟ͘ͷߦ͕ڀݚͳΘΕ͍ͯΔɽͦͷͨΊɼը૾ͷҙຯ৘ใΛཧղ͢Δखஈͱͯ͠ͷը૾
Ωϟϓγϣϯʹ͸৮ΕΔඞཁ͕͋Δͱ͑ߟɼຊઅͰ͸ը૾Ωϟϓγϣϯੜ੒ʹؔ͢Δڀݚ
ʹ͍ͭͯड़΂Δɽ
ը૾Ωϟϓγϣϯੜ੒ʹؔ͢Δڀݚʹ͸௕͍ྺ࢙͕͋Γɼ͜͜਺೥Ͱ͸ڻҟతͳਐาΛݟ

͍ͤͯΔɽਐาΛ͑ࢧΔཁҼͱͯ͛͠ڍΒΕΔͷ͕ਂ૚ֶशͰ͋ΔɽͦΕΒͷڀݚʹ͓͍
ͯఏҊ͞Ε͍ͯΔख๏Ͱ͸ɼҰൠతʹ CNN(Convolutional Neural Network)[9]Λͯͬ࢖ը
૾ಛ௃Λநग़͠ɼRNN(Reccurent Neural Network)[10]Λͯͬ࢖ςΩετΛੜ੒͢ΔɽCNN
΋RNN΋ਂ૚ֶशΛ༻͍ͨख๏Ͱ͋Γɼը૾ೝࣝ΍ࣗવޠݴॲཧʹؔ͢ΔҎલͷख๏ͱൺ
ਫ਼౓Λ͍ࣔͯ͠Δɽ͍ߴֱͯ͠

VinyalsΒ [11]ʹΑΔڀݚͰ͸ɼը૾Ωϟϓγϣϯੜ੒ͷ୅දతͳख๏Ͱ͋ΔCNNͱRNN
Λ࢖༻ͨ͠ख๏Λ༻͍͍ͯΔɽCNNͰநग़ͨ͠ը૾ಛ௃Λ RNNʹೖྗ͢Δ͜ͱͰɼը૾
৘ใΛࣗવޠݴͷςΩετͱͯ͠ग़ྗ͢Δɽ

CNNͰը૾ಛ௃Λநग़͢Δࡍʹ͸ը૾ΛۉҰͷάϦουʹ෼͚Δͷ͕Ұൠత͕ͩɼAn-
dersonΒ [12]͸ɼ෺ମʹয఺Λ౰ͯಛ௃நग़Λ͢Δ͜ͱΛఏҊͨ͠ɽ෺ମͳͲͷಛ௃తͳ
ྖҬʹয఺Λ౰ͯΔ͜ͱͰɼAttention[13]ͱݺ͹ΕΔޮ͕ߏػࢉܭՌతʹಇ͘ɽ͜Ε͸ɼ෺
ମʹண໨ͯͦ͠ΕΒͷؔੑ܎Λߏ଄తʹද͢γʔϯάϥϑͱ͍ͯࣅΔɽAndersonΒͷڀݚ
Ͱ͸ݸʑͷྖҬ͝ͱͷϥϕϧ͸ར༻͍ͯ͠ͳ͍͕ɼ͜ΕΒͷϥϕϧΛར༻͢Δ͜ͱͰγʔ
ϯάϥϑ͸࡞੒͞ΕΔɽ
·ͨۙ೥Ͱ͸ɼࢣڭͳֶ͠शʹΑΔը૾Ωϟϓγϣϯੜ੒ͷڀݚ [14]΋͞Ε͍ͯΔɽFeng

ΒͷڀݚͰ͸ɼը૾ͱΩϟϓγϣϯͷϖΞσʔληοτΛඞཁͱͤͣɼGAN(Generative
Adversarial Network)[15]ͷΑ͏ʹੜ੒ثͱࣝผثΛར༻ͯ͠ΩϟϓγϣϯΛੜ੒͢Δɽڭ
ͳֶ͠शͰ͸ɼΩϟϓγϣϯΛੜ੒͢Δ্Ͱը૾શମΑΓ΋ಛ௃తͳ෺ମͷ৘ใ͕ॏཁࢣ
ͱͳΔͨΊɼਫ਼౓ͷ͍ߴΩϟϓγϣϯΛੜ੒͢Δʹ͸෺ମಉ࢜ͷؔ࿈ੑΛҙࣝ͢Δ͜ͱ͕
ॏཁͱͳΔɽ

2.3 γʔϯάϥϑੜ੒

ը૾Ωϟϓγϣϯͱಉ༷ʹɼγʔϯάϥϑΛੜ੒͢Δख๏΋ൃୡ͖͍ͯͯ͠Δ [16, 17, 18]ɽ
͔͠͠ը૾Ωϟϓγϣϯੜ੒ͱൺֱ͢Δͱྔ͸গͳ͘ɼ·ͩ·ͩൃలͷՄೳੑ͕͍ͯͬ࢒
Δͱ͑ߟΒΕΔɽ
෺ମೝࣝͷ৔߹ɼঢ়͍ͯࣅ͕گΔ 2ຕͷը૾Λݟ෼͚Δ͜ͱ͸೉͍͠ɽྫ͑͹ɼʮਓʯͱ

ʮഅʯ͕ԣʹฒΜͰ͍Δը૾͕ 2ຕ͋Δͱ͢ΔɽҰํ͸ਓ͕അʹ৐Ζ͏ͱ͍ͯ͠Δͱ͜ΖͰɼ
΋͏Ұํ͸ਓ͕അʹӤΛ৯΂͍ͤͯ͞Δͱ͜Ζͩͬͨͱͯ͠΋ɼ෺ମೝࣝͷ݁Ռͱͯ͠͸
ʮਓʯͱʮഅʯͱ͍͏৘ใ͔͠ಘΔ͜ͱ͕ग़དྷͳ͍ɽͦ͜ͰXuΒ [16]͸ɼCNNͱRPN(Region
Proposal Network)[3]ʹΑͬͯಘΒΕͨྖҬ৘ใ͔Βάϥϑߏ଄Λਪ࿦͢Δ͜ͱͰɼ෺ମؒ
ͷؔ܎ΛΑΓ໌ࣔతʹࣔ͢͜ͱ͕Ͱ͖Δͱͨ͑ߟɽ
γʔϯάϥϑͷੜ੒ʹ͓͍ͯॏཁͳͷ͸ɼਖ਼֬ʹ෺ମΛೝࣝ͢Δ͜ͱͱɼ෺ମಉ࢜ͷؔ܎

ੑΛਪଌ͢Δ͜ͱͰ͋ΔɽLiΒ [17]͸ը૾ಛ௃Λநग़͢Δࡍʹɼྖ Ҭಛ௃ɼϑϨʔζಛ௃ɼ෺
ମಛ௃ΛͦΕͧΕநग़͢Δ͜ͱͰߴਫ਼౓ͳγʔϯάϥϑੜ੒Λ໨ͨ͠ࢦɽMSDN(Multi-level
Scene Description Network)ͱݺ͹ΕΔख๏Ͱɼ༷ʑͳྖҬαΠζͰը૾ಛ௃Λநग़͢Δ͜
ͱʹΑͬͯɼΑΓը૾Λཧղ͢Δ͜ͱ͕Ͱ͖Δͱ͍͏͜ͱΛࣔͨ͠ɽ
ΑΓάϥϑߏ଄ʹয఺Λ౰ͯͨͷ͸ YangΒ [18]ͷڀݚͰ͋ΔɽYangΒ͸γʔϯάϥϑ

Λ࡞੒͢Δࡍʹɼશͯͷೝࣝͨ͠෺ମΛάϥϑͷϊʔυͱ͠ɼͦΕΒશͯʹରͯ͠ΤοδΛ
݁Μͩɽ͔ͦ͜Β෺ମಉ࢜ͷؔ࿈౓Λֶश͠ɼ࠷ऴతʹؔ࿈ੑͷ͍ߴϊʔυಉ࢜Λ݁Μͩ
γʔϯάϥϑ͕ੜ੒͞ΕΔɽYangΒ͸ؔ࿈౓ΛٻΊɼͦͷ݁ՌʹԠͯ͡ΤοδͷΈΛ੾Γ
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औ͍ͬͯͬͨɽ͔͠͠ɼ෺ମͱͯ͠ೝࣝ͞Εͨͱͯ͠΋ɼը૾৘ใΛత֬ʹද͢ͷʹඞཁ
ͷͳ͍ϊʔυ΋͋Δͱ͑ߟΒΕΔɽͦ͜Ͱɼ෺ମಉ࢜ͷؔ࿈౓ͷ௿͍Τοδ͚ͩͰ͸ͳ͘ɼ
ը૾ʹରͯ͠ͷؔ࿈౓ͷ௿͍ϊʔυ΋੾ΓऔΔ͜ͱʹΑͬͯɼΑΓత֬ʹը૾৘ใΛද͢
͜ͱΛ໨͢ࢦɽ
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ୈ3ষ γʔϯάϥϑ

ຊষͰ͸ɼຊ࢖͍͓ͯʹڀݚ༻͢Δγʔϯάϥϑʹ͍ͭͯड़΂Δɽγʔϯάϥϑͷಛ௃
ͱͱ΋ʹɼຊڀݚͰఏҊ͢ΔγʔϯάϥϑͷධՁख๏ʹ͍ͭͯ΋આ໌͢Δɽ

3.1 γʔϯάϥϑͱ͸

ຊڀݚͰ͸ɼը૾ͷҙຯ৘ใΛߏ଄తʹཧղ͢ΔͨΊʹγʔϯάϥϑΛ༻͍Δɽຊڀݚ
ʹ͓͚ΔγʔϯάϥϑͰ͸ɼ෺ମ৘ใΛObjectsɼ෺ମͷଐੑ৘ใΛAttributesɼ෺ମϖΞ
ؒͷؔੑ܎Λ RelationshipsͰද͢ɽ
γʔϯάϥϑͷྫΛਤ 3.1ʹࣔ͢ɽਤͷӈଆʹࣔ͞Ε͍ͯΔͷ͕ɼࠨͷը૾ʹରԠ͢Δ

γʔϯάϥϑͷҰྫͰ͋Δɽ͜ͷྫͰ͸ɼObjectsͱ͠ ʮͯwomanʯʮbusʯʮtruckʯʮbicycleʯ
͕ࣔ͞Ε͍ͯΔɽʮwomanʯΛྫͱͯ͠ݟΔͱ Attributes͸ɼҥ෰ͷ৭Ͱ͋Δʮgreenʯ΍
ʮblackʯ͕෇༩͞Ε͍ͯΔɽ·ͨObjectsؒͷRelationships͸ɼʮwomanʯͱʮbicycleʯΛ
ΒΕΔɽ͛ڍΔʮridingʯͳͲ͕͍ͯ͛ܨ

ਤ 3.1: ੒͞ΕͨγʔϯάϥϑͷҰྫͰ͋Δɽը૾͔Β෺ମ࡞ʑͷը૾Ͱ͋Γɼӈ͕ը૾͔Βݩ͕ࠨ
Λೝࣝ͠ɼͦΕͧΕͷؔੑ܎ͱ෺ମͷଐੑΛάϥϑߏ଄Ͱද͍ͯ͠ݱΔɽਤͷγʔϯάϥϑͰ͸ɼೝ

ࣝ͞Εͨ෺ମ৘ใͰ͋Δ ObjectsΛ੨৭ɼ෺ମͷଐੑ৘ใͰ͋Δ AttributesΛԫ৭ɼ෺ମಉ࢜ͷؔ
Ͱ͋Δੑ܎ RelationshipsΛ੺৭Ͱ͍ࣔͯ͠Δɽ

ຊڀݚʹ͓͚ΔγʔϯάϥϑͷఆٛΛࣔ͢ɽຊߘͰ͸ɼγʔϯάϥϑΛG = (O, E)Ͱද
͢ɽO͸άϥϑͷϊʔυΛද͠ɼE͸ΤοδΛද͢ɽ͜͜ͰOͱ͸Objectsͷू߹Ͱ͋Γɼ
O = {o1, o2, ..., on}ͱͳΔɽ·ͨɼE ͱ͸ ObjectsͷϖΞಉ࢜Λ݁Ϳ Relationshipsͷू߹
Ͱ͋ΓɼRelationships͸Objects − Relationships − ObjectsͷܗΛऔΔɽ͜ͷObjectsؒ
ͷRelationshipsΛΘ͔Γ΍͘͢͢ΔͨΊɼObjects − Relationships − Objectsͷؔੑ܎Λ
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head − edge − tailͱද͢ݱΔ [19]ɽͭ·ΓγʔϯάϥϑGʹ͓͍ͯɼO͸ headͱ tailͷ
ू߹Ͱ͋ΓɼE͸ edgeͷू߹Ͱ͋Δͱ͑ݴΔɽ

3.2 γʔϯάϥϑͷಛ௃

ຊઅͰ͸ɼγʔϯάϥϑͰͷදݱͷಛ௃Λड़΂Δɽ
·ͣγʔϯάϥϑͷେ͖ͳಛ௃͸ɼ໊લͷࣔ͢௨Γը૾಺༰Λάϥϑߏ଄Ͱද͢ͱ͍͏఺

Ͱ͋Δɽਤ 3.2Ͱ͸ɼਤ 3.1ͷࠨʹࣔͨ͠ը૾ʹର͢ΔγʔϯάϥϑͷҰ෦ͱɼγʔϯάϥ
ϑʹࣔ͞Ε͍ͯΔ෦෼ͷΈͷΩϟϓγϣϯΛ͍ࣔͯ͠ΔɽͦΕͧΕͷObjectsɼAttributesɼ
Relationshipsͷ৭͸ɼγʔϯάϥϑͱΩϟϓγϣϯͰରԠ͍ͯ͠Δɽ

ਤ 3.2: ಉ͡ը૾ʹର͢ΔγʔϯάϥϑͱΩϟϓγϣϯͷൺֱΛࣔ͢ɽࠨଆ͕γʔϯάϥϑͰɼӈଆ
͕ΩϟϓγϣϯͰ͋Δɽγʔϯάϥϑ͸Ұ෦͚ͩΛऔΓग़͠ɼΩϟϓγϣϯ͸γʔϯάϥϑʹରԠ͠

͍ͯΔ෦෼Λൈ͖ग़͍ͯ͠ΔɽObjectsɼAttributesɼRelationships͸ͦΕͧΕ੨৭ɼԫ৭ɼ੺৭Ͱ
৭෇͚͞Εɼ͜ͷ৭͸γʔϯάϥϑͱΩϟϓγϣϯͰରԠ͍ͯ͠Δɽ

ਤ 3.2ΛݟΔͱɼγʔϯάϥϑΑΓΩϟϓγϣϯͷํ͕͍͔ࡉ৘ใ·Ͱ͍ࣔͯ͠ΔΑ͏ʹ
Δͱ͍͏౎߹্ɼγʔϯάϥϑ্͢ݱΒΕΔɽ͔͠͠ɼ͜Ε͸ΩϟϓγϣϯΛจষͰද͡ײ
ʹ͸ͤࡌΔ͜ͱ͕ग़དྷͳ͔ͬͨ৘ใ΋෇Ճ͍ͯ͠ΔͨΊͰ͋Δɽ࣮ࡍʹ͸ɼ৘ใྔ͸͞΄
ͲมΘΒͣɼදํݱ๏ͷΈͷҧ͍ͱ͑ݴΔɽ৘ใྔ͕มΘΒͳ͍ͱͯͬݴ΋ɼΩϟϓγϣϯ
͸ࣗવޠݴͷจষͰද͞ݱΕΔͨΊɼಉ͡ओ͕ޠԿ౓΋ݱΕͨΓɼObjectsؒͷ͕ؔੑ܎Θ
͔Γʹ͔ͬͨ͘Γͱ໰୊఺΋͋Δɽରͯ͠γʔϯάϥϑ͸ɼෳࡶͳ৘ใΛ؆ܿͳߏ଄ʹ͢
Δ͜ͱͰɼΩϟϓγϣϯΑΓཧղ͠΍͍͢΋ͷͱͳ͍ͬͯΔɽ
ಛʹγʔϯάϥϑͷಛ௃ͱͯ͛͠ڍΒΕΔ఺͸ɼը૾ཧղͷ༰қ͞Ͱ͋Δɽਤ 3.2Λͯݟ

΋Β͑ΔͱΘ͔Δ͕ɼΩϟϓγϣϯͷํ͸ৄهʹࡉड़͞Ε͍ͯΔʹ΋ؔΘΒͣɼը૾Λ͍ࢥ
ු͔΂Δͱଟ༷ͳ৘͔ු͕ܠͿͷͰ͸ͳ͍ͩΖ͏͔ɽରͯ͠γʔϯάϥϑ͸ɼը૾ͷҙຯ
ड़͢Δ͜ͱ͕Ͱ͖ΔͷهʹΕ͍ͯΔͨΊɼը૾಺༰Λਖ਼֬͞ݱάϥϑͱͯ͠දʹݩ଄Λߏ
Ͱ͋Δɽͭ·Γɼը૾͔Βγʔϯάϥϑ΍Ωϟϓγϣϯ΁ͷม׵͸ಉఔ౓ͷ৘ใྔΛͤ࢒
ͨͱͯ͠΋ɼγʔϯάϥϑ΍Ωϟϓγϣϯ͔Βը૾಺༰΁ͷม׵ʹ͸େ͖ͳ͕ࠩग़ͯ͠·
͏ͱ͑ݴΔɽ͜ͷ఺͕ɼγʔϯάϥϑͷҰ൪ͷಛ௃ͱͯ͛͠ڍΒΕΔɽ
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3.3 γʔϯάϥϑͷධՁख๏

3.3.1 άϥϑߏ଄ͷධՁ

γʔϯάϥϑΛվྑ͢Δ্Ͱਫ਼౓ͷධՁΛ͢Δඞཁ͕͋Δ͕ɼγʔϯάϥϑͷධՁʹ͸
ఆ·ͬͨख๏͕ͳ͍ɽγʔϯάϥϑ͸άϥϑߏ଄Ͱ͸͋Δ΋ͷͷɼҰൠతͳແ޲άϥϑ΍
༗޲άϥϑΑΓ΋৘ใྔ͕ଟ͍ɽ༗޲άϥϑͱಉ༷ʹΤοδʹ͸͋Δϊʔυ͔Β͋Δϊʔ
υ΁ͷ͕͖͋޲ΓɼϊʔυʹՃ͑ͯΤοδʹ΋ϥϕϧ͕෇༩͞Ε͍ͯΔɽ͜ΕͰ͸Ұൠత
ͳάϥϑಉੑܕ൑ఆ໰୊ͳͲͰͷղܾ͸೉͍͠ɽ

ਤ 3.3: άϥϑಉੑܕ൑ఆ໰୊ͷྫΛࣔ͢ɽ͜ͷάϥϑ Gͱάϥϑ G′ ͸ಉܕͰ͋Δͱ͑ݴΔɽ͜Ε

Β͸ಉ਺ͷϊʔυͱಉ਺ͷΤοδΛ࣋ͪɼͲΕ΋ಉҰͷͭͳ͕ΓํΛ͍ͯ͠ΔɽάϥϑಉੑܕΛ൑ఆ

͢Δ໰୊͸ͱͯ΋͕ྔࢉܭଟ͘ɼղ͘ͷ͕೉͍͠ɽ

ਤ 3.3ʹࣔ͢Α͏ʹɼάϥϑಉੑܕ൑ఆ໰୊ͱ͸ɼೋͭͷάϥϑ͕ಉ͡ܗΛ͍ͯ͠Δ͔Ͳ
͏͔Λ൑ఆ͢Δ໰୊ͷ͜ͱͰ͋Δɽ͜ͷ৔߹ͷಉ͡ܗͱ͍͏ͷ͸ɼ2ͭͷάϥϑ͕ಉ਺ͷ
ϊʔυͱಉ਺ͷΤοδΛ࣋ͪɼશͯͷϊʔυ͕ಉҰͷͭͳ͕ΓํΛ͍ͯ͠Δঢ়ଶͷ͜ͱͰ
͋ΔɽάϥϑͷಉੑܕΛ൑ఆ͢Δ໰୊͸ͱͯ΋͕ྔࢉܭଟ͘ɼ࣮ݱతͳ࣌ؒͰղ͘͜ͱ͸
೉͍͠ɽ·ͨɼຊڀݚͰ͸վྑͨ͠γʔϯάϥϑ͕ݩγʔϯάϥϑͱಉܕͰ͋Δඞཁ͸ͳ
͍ͨΊɼผͷධՁख๏Λಋೖ͢Δɽ

3.3.2 ຊڀݚͰͷγʔϯάϥϑධՁख๏

ຊڀݚͰ͸ɼγʔϯάϥϑͷվྑਫ਼౓ΛධՁ͢ΔͨΊʹɼ৽ͨͳධՁख๏Λಋೖ͢Δɽຊ
଄ʹண໨͢Δ͜ͱͰγʔϯάϥϑͷਫ਼౓Λ্͛Δ͜ͱͰ͋Δɽγʔߏͷ໨త͸ɼҙຯڀݚ
ϯάϥϑͷਫ਼౓Λ্͛Δͱ͸ɼը૾͔ΒಘΒΕΔ๲େͳ৘ใΛશͯάϥϑʹͯ͠͠·͏͜
ͱ͔Βɼը૾ͷಛ௃ΛΑ͘ද͍ͯ͠ΔཁૉͷΈΛ؆ܿʹάϥϑʹ͢Δ͜ͱͰ͋Δɽ
ධՁख๏ͱͯ͠͸ɼ͍͔ͭ͘ͷཁૉΛ૊Έ߹Θͤͨ૯߹తͳධՁʹΑͬͯਫ਼౓ΛٻΊΔ

͜ͱͱ͢Δɽ۩ମతʹ͸γʔϯάϥϑͷϊʔυͷ਺ɼΤοδͷ਺ɼ͋Β͔͡Ίબ୒ͨ͠୅ද
Objects͕աෆ଍ͳؚ͘·Ε͍ͯΔ͔ɼҎ্ͷ 3఺ʹΑͬͯධՁ͢Δɽ͋Β͔͡Ίબ୒ͨ͠
୅දObjectsͱ͸ɼը૾಺༰Λ্ࣔ͢Ͱ֮ࢹతʹॏཁͩͱࢥΘΕΔObjects 5ͭͱɼը૾ʹ
͸ؚ·Ε͍ͯΔ͕ຊ࣭తͰ͸ͳ͍Objects 5ͭͰ͋Δɽ͜ΕΒͷObjectsʹ͍ͭͯ͸ɼҰൠ
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తʹॏཁͩͱ͑ߟΒΕΔ΋ͷΛɼຊߘͰ͸બ୒ͨ͠ɽը૾಺༰Λ্ࣔ͢Ͱ֮ࢹతʹॏཁͩ
ͱࢥΘΕΔObjects 5͕ͭͲΕ͚ͩγʔϯάϥϑʹؚ·Ε͍ͯΔ͔ͱɼը૾ʹ͸ؚ·Ε͍ͯ
Δ͕ຊ࣭తͰ͸ͳ͍Objects 5͕ͭͲΕؚ͚ͩ·Ε͍ͯͳ͍͔ʹΑͬͯධՁ͢Δɽ͜ΕΒ͸
௿Ͱ΋Objects͕࠷ 10Ҏ্͋Δը૾Ͱ͔͠ධՁͰ͖ͳ͍ͨΊɼςετσʔληοτશͯͰ
͸ͳ͘ɼςετσʔληοτ͔Βબ୒ͨ͠ 100ͷը૾Λ͍࢖ධՁ͢Δɽ·ͨɼਖ਼౰ͳධՁ
Λߦͳ͏ͨΊɼ͜ΕΒ͸ධՁ࣮ݧͷલʹ͋Β͔͡Ίબ୒͓ͯ͘͠ɽҎԼͷਤ 3.4ʹબ୒ͨ͠
ObjectsͷྫΛࣔ͢ɽϊʔυͷ਺ͱΤοδͷ਺͸ɼͲͷఔ౓γʔϯάϥϑ͕ຊ࣭తͳ৘ใ͔
ͭ؆ܿͳදݱʹͳ͔ͬͨΛධՁ͢ΔͨΊʹ༻͍Δɽ

ਤ 3.4: ධՁͷͨΊʹબ୒ͨ͠ ObjectsͷྫΛࣔ͢ɽimage͸ର৅ͷը૾ɼpositive͸ը૾ͷಛ௃Λ

Α͘ද͢ Objectsɼnegative͸ը૾ʹ͸ؚ·Ε͍ͯΔ͕ຊ࣭తͰ͸ͳ͍ ObjectsͰ͋Δɽ
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ୈ4ষ ఏҊख๏

4.1 ֓ཁ

ຊڀݚͰ͸ɼγʔϯάϥϑͱΩϟϓγϣϯ৘ใΛ༻͍Δ͜ͱͰɼΑΓྑ͍γʔϯάϥϑΛ
ੜ੒͢Δ͜ͱΛ໨͢ࢦɽຊষͰ͸γʔϯάϥϑΛվྑ͢ΔͨΊͷख๏ΛఏҊ͢Δɽ4.2Ͱ͸
౷ܭతͳ؍఺ʹΑΓը૾ͷҙຯߏ଄ʹ͓͍ͯॏཁͳΤοδΛۃݟΊΔɽ4.3Ͱ͸৑௕తͳද
Δɽ͜Ε͢ʹݱͳͬͯ͠·͏γʔϯάϥϑΛɼΩϟϓγϣϯΛ༻͍Δ͜ͱͰ؆ܿͳදʹݱ
ΒΛߦͳ͏͜ͱͰɼը૾ͷҙຯߏ଄Λද͢ݱΔͷʹ؆͔ܿͭे෼ͳγʔϯάϥϑΛੜ੒Ͱ
͖Δͱͨ͑ߟɽ

4.2 ҙຯߏ଄ʹ͓͍ͯॏཁͰͳ͍Τοδͷ࡟আ

ը૾͔ΒಘΒΕΔಛ௃ʹ͸ɼը૾͕͍ࣔͯ͠Δ৘ใΛత֬ʹද͍ͯ͠Δಛ௃ͱɼը૾ͷҙ
ຯΛ͑ߟΔ্Ͱͦ͜·ͰॏཁͰ͸ͳ͍ಛ௃͕͋Δͱ͑ݴΔɽਤ 4.1ͷ௨Γɼࠨͷը૾ʹࣔ͞
ΕͨྖҬͱӈʹࣔ͞ΕͨྖҬΛൺֱ͢Δͱɼը૾ͷҙຯߏ଄ΛٻΊΔ্Ͱ͸ࠨͷը૾͔Βಘ
ΒΕͨྖҬͷํ͕ॏཁͰ͋Δͱ͑ߟΒΕΔɽࠨͷը૾Ͱ͸ը૾தԝʹ͋ΔʮιϑΝʯΛɼӈ
ͷը૾Ͱ͸ʮιϑΝʯͷޙΖʹ͋ΔʮϥΠτʯʹྖҬ͕ࣔ͞Ε͍ͯΔɽ͜ͷը૾ྫͷ৔߹ɼ
ॏཁͳཁૉͱ͑ߟΒΕΔͷ͸ʮιϑΝʯʮςʔϒϧʯʮ૭ʯʮ෦԰ʯͳͲ͕͛ڍΒΕΔɽͭ·
ΓӈͰࣔ͞ΕͨྖҬ͸ɼ࣮ࡍʹը૾ͷҙຯߏ଄Λ͑ߟΔ্ͰॏཁͰ͸ͳ͍ཁૉͰ͋Δͱߟ
͑ΒΕΔɽͦ͜Ͱɼ͜ͷΑ͏ͳը૾ͷҙຯߏ଄ʹ͓͍ͯॏཁͰ͸ͳ͍ͱ͑ߟΒΕΔཁૉ͕ɼ
γʔϯάϥϑʹ൓ө͞Εͳ͍Α͏ʹ͢Δ͜ͱΛ໨ͨ͠ࢦɽ

ਤ 4.1: ҙຯߏ଄ʹ͓͚Δॏཁͳը૾ྖҬͷҰྫΛࣔ͢ɽಉ͡ը૾ʹରͯ͠Ͱ΋ɼয఺Λ౰͍ͯͯΔ
෺ମͷҧ͍ʹΑͬͯɼը૾৘ใͷҙຯߏ଄͸มԽͯ͘͠Δɽࠨ͸ը૾தԝʹ͋ΔʮιϑΝʯʹྖҬ͕

ࣔ͞Ε͍ͯͯɼӈ͸ޙΖʹ͋ΔʮϥΠτʯʹྖҬ͕ࣔ͞Ε͍ͯΔɽ͜ͷը૾ͷҙຯߏ଄Λ࣌ͨ͑ߟɼ

ॏཁͱͳΔͷ͸ࠨͷʮιϑΝʯͰ͋Δͱ͑ߟΒΕΔɽ
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͜ͷΑ͏ͳը૾ͷҙຯߏ଄ʹ͓͍ͯɼॏཁͰͳ͍ΤοδΛ࡟আ͢Δʹ͸Ͳ͏͢Ε͹Α͍ͩ
Ζ͏͔ɽ͜ͷ໰୊Λղܾ͢Δʹ͸ɼը૾͔Βೝࣝ͞Εͨ ObjectsͱͦΕΒͷ Relationships
ʹ͓͍ͯɼଟ਺ͷը૾ʹ͓͍ͯग़ݱස౓ͷ͍ߴ΋ͷ͸ॏཁͰ͸ͳ͍ͷͰ͸ͳ͍͔ͱ͑ߟΒ
ΕΔɽ͞ΒʹɼͦΕΒͷग़֬ݱ཰ʹΑΔख๏ͷ෼ྨΛߦͳͬͨɽ

ਤ 4.2: ը૾͔ΒಘΒΕΔ head − edge − tailͭࡾ૊ͷҰྫɽಉҰͷObjects͸ಉ৭Ͱࣔ͠ɼObjects
ؒͷӈ͖޲໼ҹ͸RelationshipsΛද͢ɽͭ·ΓObjects͕ϊʔυɼRelationships͕Τοδͷάϥϑ
଄ͱͳ͍ͬͯΔɽߏ

4.2.1 ಉ࣌֬཰ʹΑΔॏཁ౓ͷ௿͍Τοδͷ࡟আ

ਤ 4.2Ͱ͸ɼಉҰը૾͔ΒಘΒΕΔෳ਺ͷ head − edge − tailͷͭࡾ૊ͷҰ෦Λྻͯ͠ڍ
͍Δɽ͜ͷਤΛݟΔͱΘ͔Δ௨Γɼhead − edge − tail͸ͦͷը૾ͷಛ௃Λ໌֬ʹදͭ͢ࡾ
૊΋͋Ε͹ɼଞͷը૾ʹ͓͚Δಉ͡Α͏ͳޫܠΛදͭ͢ࡾ૊΋ଘ͢ࡏΔɽਤ 4.2ʹࣔ͞Ε
͍ͯΔྫͰ͑ݴ͹ɼpillow − on − couch͸ɼͨͩ෦԰ʹιϑΝ͕ஔ͍ͯ͋Δ͚ͩͰ͸ͳ͘ɼ
ιϑΝͷ্ʹ͸ປ͕͋Δ఺Λ໌͍ࣔͯ͠Δɽ͜Ε͸ը૾ͷಛ௃Λද͢ͱͯͬݴΑ͍ͩΖ͏ɽ
͔͠͠ɼ൓ରʹ couch − on − floorͳͲ͸ը૾ͷಛ௃Λ্ࣔ͢Ͱɼ͋·ΓॏཁͰ͸ͳ͍ͷͰ
͸ͳ͍͔ͱ͑ߟΒΕΔɽͦͷཧ༝ͱͯ͠͸ɼιϑΝͷ৘ใ͕ଞͰࣔ͞Ε͍ͯͨ৔߹ιϑΝ
͕চʹ͋Δͷ͸౰વͱͯ͑͠ߟΒΕΔ఺΍ɼιϑΝ͕͋Δը૾͸ͨ͘͞Μ͋ΔͷͰߋʹਂ
͍৘ใͰͳ͍ͱҙຯ͕ͳ͍఺ͳͲ͕͛ڍΒΕΔɽͭ·ΓࠓճͷྫͰ͏ݴͱɼଟ਺ͷը૾͕
ؚ·ΕͨσʔληοτͰͨ͑ߟ৔߹ couch − on − floor͸ pillow − on − couchΑΓଟ͘ग़
ΒΕΔɽ͑ߟΔͱ͍ͯ͠ݱ
͜ͷΑ͏ʹɼhead−edge−tailͷ৘ใ͕શͯಉͩͬͨ͡৔߹ͷΈͷग़ݱճ਺Λɼ(head,edge,tail)

ͷಉ࣌֬཰ʹΑΔग़ݱճ਺ͱͯ͠ଊ͑Δ͜ͱ͕Ͱ͖Δɽಉ࣌֬཰ͱ͸ɼෳ਺ͷࣄ৅͕ಉ࣌
Δ֬཰ͷ͜ͱͰ͋ΔɽX͖ىʹ ͱ Y ͕ಉ࣌ʹ͖ىΔ֬཰͸ɼP (X, Y )Ͱࣔ͞ΕɼҎԼͷࣜ
Ͱ͞ࢉܭΕΔɽ

P (X, Y ) = P (X)P (Y ) (4.1)
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ͭ·Γɼhead − edge − tailͷશͯͷཁૉ͕ಉ࣌͡ͷग़֬ݱ཰͸ɼP (head, edge, tail)ͱ͠
ͯଊ͑Δ͜ͱ͕Ͱ͖Δɽ
ස౓ͷଟ͍ݱग़͍ͯͮجʹ࿅σʔλʹ͓͍ͯɼಉ࣌֬཰܇ head − edge − tailͷͭࡾ૊Λ

ςετσʔλͰ͸࡟আ͢Δ͜ͱͰɼॏཁͳཁૉͷΈΛऔΓग़ͤΔͱ͑ߟΒΕΔɽͭࡾ૊Λ
͸ɼheadۀ࡞আ͢Δͱ͍͏࡟ − edge − tailΛશͯ࡟আ͢ΔͷͰ͸ͳ͘ɼedgeͱ tailΛ࡟আ
͢Δۀ࡞ͷ͜ͱͰ͋Δɽͭ·Γγʔϯάϥϑ্ʹ͸ headͷΈ͕࢒Γɼ͜ΕΛ܁Γฦ͢͜ͱ
Ͱɼؼ࠶తʹ࡟আ͍ͯ͘͠ɽ࡟আΛߦͳ͏৚݅ࣜ͸ҎԼͷ௨ΓͰ͋Δɽ

∑

i∈I

∑

x∈E

τ(i)P (x, t) > C (4.2)

I ͸σʔληοτʹؚ·ΕΔը૾ͷ૯਺Ͱ͋Γɼτ(i)͸Ұͭͷը૾ʹؚ·ΕΔ E ͷ૯਺
Ͱ͋ΔɽE ͷग़ݱճ਺Λγʔϯάϥϑ͝ͱʹՃ͠ࢉɼ͞Βʹσʔληοτதͷશͯͷը૾
ʹରͯ͠Ճ͢ࢉΔ͜ͱͰɼશͯͷը૾ʹର͢Δ Eͷग़ݱස౓ΛٻΊΔɽͦͯ͠ɼग़ݱස౓
͕೚ҙͷ஋ C Λӽ͑ͨ৔߹࡟আΛߦͳ͏ɽ

4.2.2 ৚݅෇͖֬཰ʹΑΔॏཁ౓ͷ͍ߴϊʔυͷݕग़

4.2.1Ͱ͸ಉ࣌֬཰ʹΑΔग़ݱස౓ΛݩʹΤοδͷ࡟আΛߦͳ͕ͬͨɼຊ߲Ͱ͸৚݅෇͖
֬཰ʹΑΔϊʔυͷݕग़Λߦͳ͏ɽ৚݅෇͖֬཰ͱ͸ɼ͋Δࣄ৅ Y ɼͦͷ৚ʹ͖࣌ͨى͕
݅ԼͰࣄ৅X Δ֬཰ͷ͜ͱͰ͋ΔɽP͖ى͕ (X|Y )Ͱࣔ͞ΕɼҎԼͷࣜͰ͞ࢉܭΕΔɽ

P (X|Y ) = P (X, Y )
P (Y ) (4.3)

4.2.1Ͱ͸ head − edge − tail͕શͯಉ͡৔߹Λಉ࣌֬཰ͱͯ͠ଊ͑ͨɽಉ༷ʹͯ͠ɼ͋Δ
head͔Β edge − tail͕ग़͢ݱΔ৔߹΍ɼhead − edge͔Β tail͕ग़͢ݱΔ৔߹Λ৚݅෇͖
֬཰ͱͯ͠ଊ͑Δɽ
ಉ࣌֬཰ʹΑΔग़ݱճ਺Ͱ͸ɼશͯͷγʔϯάϥϑʹ͓͍ͯ head − edge − tail͕શͯಉ

Ұͷ৔߹ͷग़ݱճ਺Λ਺͑Δɽຊ߲Ͱ͸ಉ͡γʔϯάϥϑ iʹ͓͍ͯɼhead͕ಉҰͷ΋ͷ
͔Β edge − tail͕ੜ͡Δ৔߹ͱɼhead − edge͕ಉҰͷ΋ͷ͔Β tail͕ੜ͡Δ৔߹ΛɼͦΕ
ͧΕҎԼͷࣜͰٻΊΔɽࣜ 4.4͕ɼhead͕ಉҰͷ΋ͷ͔Β edge − tailͷͭࡾ૊͕ੜ͡Δ৔
߹Ͱ͋Γɼࣜ 4.5͕ɼhead − edge͕ಉҰͷ΋ͷ͔Β tail͕ੜ͡Δ৔߹Ͱ͋Δɽ͜͜Ͱ S͸
γʔϯάϥϑʹؚ·ΕΔΤοδͷ૯਺Ͱ͋Δɽ

∑

x∈E

τ(i)P ((edge − tail)|head) (4.4)
∑

x∈E

τ(i)P (tail|(head − edge)) (4.5)

σʔληοτதͷଟ਺ͷγʔϯάϥϑʹෳ਺ճग़͍ͯ͠ݱΔཁૉ͸ɼը૾ͷຊ࣭తͳಛ
௃Λࣔ͞ͳ͍ͱ͑ߟΒΕΔɽ൓ରʹɼݸʑͷγʔϯάϥϑʹ͓͍ͯෳ਺ճग़͢ݱΔཁૉ͸ɼ
ͦͷը૾ʹ͓͍ͯॏཁͳಛ௃Λද͍ͯ͠Δ͜ͱ͕ଟ͍ͱ͑ߟΒΕΔɽͦ͜Ͱɼ্هͷࣜΛ
γʔϯάϥϑʹద༻͠ɼͦͷը૾ͷҙຯߏ଄ʹ͓͍ͯॏཁͳཁૉΛݕग़͢Δɽ

4.2.1Ͱ͸ಉ࣌֬཰ʹΑͬͯग़ݱճ਺ΛٻΊɼҰఆͷ஋Λ௒͑ͨ head − edge − tailͷͭࡾ
૊͸શͯ࡟আͨ͠ɽຊ߲Ͱ͸ɼ৚݅෇͖֬཰ʹΑΔग़ݱස౓ʹΑΓ֤ϊʔυͷॏཁ౓Λٻ
Ίɼॏཁ౓͕௿͍෦෼άϥϑΛ࡟আ͢Δ͜ͱͰɼ͞Βʹਫ਼౓Λ্͛Δ͜ͱΛ໨͢ࢦɽ
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4.3 ෳ਺ग़͢ݱΔཁૉͷݕ౼

4.2Ͱ͸౷ܭతख๏ʹண໨͠ɼଟྔͷσʔλʹ͓͍ͯग़ݱස౓ͷ͍ߴ head − edge − tail

ͷͭࡾ૊͸ը૾ͷಛ௃Λද͞ͳ͍ͱ͑ߟɼͦͷͭࡾ૊Λ࡟আ͢Δ͜ͱͰਫ਼౓্޲Λ໨͠ࢦ
ͨɽ·ͨɼͻͱͭͷγʔϯάϥϑʹ͓͍ͯෳ਺ճग़͢ݱΔཁૉ͸ॏཁͰ͋Δͱ͑ߟɼॏཁ౓
͕௿͍෦෼άϥϑΛ࡟আ͢Δ͜ͱΛఏҊͨ͠ɽຊઅͰ͸ɼͻͱͭͷγʔϯάϥϑͰෳ਺ճ
ग़͢ݱΔ head − edge − tailͷͭࡾ૊ͷѻ͍ʹ͍ͭͯݕ౼Λߦͳ͏ɽ

ਤ 4.3: ͻͱͭͷγʔϯάϥϑʹ͓͍ͯ head − edge − tailͷͭࡾ૊͕ෳ਺ճग़͢ݱΔը૾ͷྫΛࣔ

͢ɽ্͕ݱঢ়໰୊ͷ͋Δੜ੒͞ΕͨγʔϯάϥϑͰ͋Δɽຊདྷ͸Ұจͭͣࣈೝࣝ͢ΔͷͰ͸ͳ͘ɼจ

ͱͯ͠ೝࣝ͢Δ͜ͱͰҙຯΛཧղ͢Δ͜ͱ͕Ͱ͖ΔɽԼͷΑ͏ͳγʔϯάϥϑʹͳͬͯ͘ΕΔྻࣈ

ͷ͕ཧ૝Ͱ͋Δɽ

ਤ 4.3Ͱࣔ͢Α͏ʹɼը૾͔Βੜ੒͞Εͨγʔϯάϥϑʹ͸ɼಉ͡ head − edge − tailͷ
ॻ͍ͯ͋Δ৔߹͚ͩͰ͕ࣈ৅͸ਤͷΑ͏ͳจݱΔ͜ͱ͕͋Δɽ͜ͷ͢ݱ૊͕ෳ਺ճग़ͭࡾ
͸ͳ͘ɼͨ͘͞Μͷݐ෺͕͍ࣸͬͯΔը૾ͳͲͷ৔߹ʹ΋ੜ͡Δ͜ͱ͕͋Δɽ͔͠͠ਤΛ
ΔͱΘ͔ΔΑ͏ʹɼ͜ΕͰ͸৑௕ੑͰ͋ΔͨΊɼਤݟ 4.3ͷԼͷΑ͏ʹͳΔͷ͕ཧ૝తͰ͋
Δͱ͑ߟΒΕΔɽ
ͦ͜Ͱɼ͜ͷΑ͏ͳ՝୊Λղܾ͢ΔͨΊʹɼෳ਺ग़ͨ͠ݱ head − edge − tailͷͭࡾ૊Λ

·ͱΊΔ͜ͱͰγʔϯάϥϑΛ؆ܿʹ͢Δ͜ͱ͕Ͱ͖Δͱਪଌͨ͠ɽͻͱͭͷγʔϯάϥ
ϑͰ head − edge − tailͷͭࡾ૊͕ෳ਺ճग़ͨ͠ݱ৔߹ɼͦΕΒΛ·ͱΊɼheadΛม͢ܗ
Δ͜ͱͰ؆ܿͳγʔϯάϥϑʹ͢Δɽਤ 4.3ͷྫͰࣔ͢ͱɼletter − on − board͕ෳ਺ճग़
ΔͷͰɼletters͍ͯ͠ݱ − on − boardͷΑ͏ʹ letterΛෳ਺ܗʹ͠ɼ·ͱΊΔ͜ͱͰ؆ܿ
ͳදݱʹ͢Δɽheadͷมܗ͸Word2Vecͷ୯ࣅྨޠ౓ͱϨʔϕϯγϡλΠϯڑ཭ʹΑͬͯ
཭ʹ͍ͭͯઆ໌͢Δɽଓ͚ͯෳ਺ڑͳ͏ͨΊɼ·ͣWord2Vec[20]ͱϨʔϕϯγϡλΠϯߦ
ग़͢ݱΔ෦෼άϥϑͷ࡟আख๏ʹ͍ͭͯઆ໌͢Δɽ
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4.3.1 Word2VecͱϨʔϕϯγϡλΠϯڑ཭ʹΑΔ୯ޠͷྨࣅ౓

·ͣɼWord2Vec[20]ʹ͍ͭͯઆ໌͢ΔɽWord2Vecͱ͸ɼ؆୯ʹ͏ݴͱ୯ޠΛϕΫτϧ
ͱͯ͠ද͢ݱΔ͜ͱͰ࣍ݩΛѹॖ͢Δख๏ͷ͜ͱͰ͋ΔɽϕΫτϧͱͯ͠ද͢ݱΔ͜ͱͰɼ
୯ޠͷҙຯ΍จ๏ͳͲΛଊ͑Δ͜ͱ͕Ͱ͖ΔΑ͏ʹͳΔɽWord2VecͰ͸ɼϕΫτϧԽ͢Δ
Λѹॖ͢Δ͜ͱ͕Ͱ͖ΔɽݩͱͰ࣍͜͏࢖Λݱදࢄ෼ʹࡍ

ਤ 4.4: Word2VecͷΠϝʔδΛදͨ͠ਤΛࣔ͢ɽ͕ࠨ୯ޠͷೖྗྫͰ͋Γɼӈ͕ೖྗ͞Εͨ୯͕ޠ
ຒΊࠐ·ΕͨϕΫτϧۭؒͷΠϝʔδͰ͋Δɽmanͱmenɼwomanͱ women͸ͦΕͧΕಉҰͷ

཭΋͍ۙɽ·ͨಉ༷ʹmanͱڑΛ࣋ͪɼੑ޲ํ womanɼmenͱ women΋ಉҰͷํੑ޲Λ࣋ͬͯ

͍Δ͕ɼͪ͜Β͸্ͷϖΞΑΓ΋͕ؔੑ܎ԕ͍͜ͱ͔Βɼڑ཭Λ཭ͯ͠ද͍ͯ͠ݱΔɽ͜Ε͸͋͘·

ͰΠϝʔδͰ͋Γɼ࣮ࡍͷϕΫτϧۭؒʹ͓͍ͯɼਤͷΑ͏ʹຒΊࠐ·Ε͍ͯΔ༁Ͱ͸ͳ͍ɽ

ਤ 4.4ʹWord2VecͷΠϝʔδΛͤࡌΔɽҰ൪ࠨଆʹ͍ࣔͯ͠Δͷ͕ɼೖྗ͞Εͨ୯ޠͷ
ྫͰ͋Δɽ୯ྻޠΛWord2VecͷχϡʔϥϧωοτϫʔΫʹೖྗ͢ΔͱɼҰ൪ӈଆʹࣔͯ͠
͍ΔΑ͏ʹಉ͡ϕΫτϧۭؒʹຒΊࠐ·ΕΔɽਤ 4.4͸ΠϝʔδͰ͋Δ͕ɼಉۭؒ͡ʹຒΊ
ΒΕͨ୯ޠ͸ɼͨࣅҙຯ΍จ๏ʹΑͬͯಉ͡ํੑ޲΍͍ۙڑ཭ʹදΕΔɽਤʹࣔͨ͠୯ޠ
ྫΛ༻͍ͯઆ໌͢Δͱɼmanͱmenɼwomanͱ women͸ͦΕͧΕಉҰͷํੑ޲Λ࣋ͪɼ
཭΋͍ۙɽ·ͨಉ༷ʹɼmanͱڑ womanɼmenͱ women΋ಉҰͷํੑ޲Λ͍࣋ͬͯΔɽ
͔͠͠ɼͪ͜Β͸ઌ΄Ͳͷؔ܎ΑΓ΋ڑ཭͕཭Ε͍ͯͯɼ͜Ε͸ઌ΄ͲΑΓ΋͕ؔੑ܎ԕ͍
͜ͱΛද͍ͯ͠Δɽ͜ΕΛ༻͍Δ͜ͱͰɼը૾ʹରԠ͢ΔΩϟϓγϣϯ͔Β࠷దͳྨࣅ୯
Δ͜ͱ͕Ͱ͖Δɽ͚ͭݟΛޠ
͔͠͠Word2VecʹΑΔྨࣅ୯ޠͰ͸ɼͦͷੑ্࣭ɼશ͘ٯͷҙຯͰ΋ྨࣅ౓͕͘ߴͳͬ

ͯ͠·͏ͱ͍͏໰୊͕͋Δɽͦ͜ͰWord2VecʹՃ͑ɼϨʔϕϯγϡλΠϯڑ཭ΛଌΔ͜
ͱͰ໰୊Λղܾ͢Δɽ
ϨʔϕϯγϡλΠϯڑ཭ͱ͸୯ޠಉ࢜ͷྨࣅ౓ΛଌΔ਺஋Ͱ͋Γɼ͋Δจ͔ྻࣈΒ໨తͷ

จྻࣈ΁ͷฤूڑ཭ͷ͜ͱͰ͋Δɽฤूڑ཭ͱ͸ɼ͋Δจ͔ྻࣈΒ໨తͷจྻࣈʹม͢ܗ
Δ·Ͱͷ࠷খมܗճ਺ͷ͜ͱͰ͋ΔɽWord2VecͱϨʔϕϯγϡλΠϯڑ཭Λ૊Έ߹Θͤɼ
Δɽ͚ͭݟΛޠ୯ࣅऴతͳྨ࠷
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4.3.2 ෳ਺ग़͢ݱΔ෦෼άϥϑͷू໿

ෳ਺ग़͢ݱΔ෦෼άϥϑͷ࡟আʹ͸ɼ্Ͱઆ໌ͨ͠Word2VecͱϨʔϕϯγϡλΠϯڑ཭
Λར༻͢Δɽ·֤ͣγʔϯάϥϑʹରͯ͠ head − edge − tailͷಉ࣌ग़ݱ਺ΛҎԼͷࣜ 4.6
ͰٻΊɼҰఆճ਺Ҏ্ग़ͨ͠ݱ৔߹ʹ·ͱΊΔɽ

∑

x∈E

τ(i)P (x, t) > C (4.6)

͜͜ͰC͸೚ҙͷ஋ͱ͢Δɽ֤γʔϯάϥϑ iͷதͰCҎ্ͷग़ݱճ਺Ͱ͋ͬͨ head −
edge − tailͷͭࡾ૊ʹରͯ͠ɼ෦෼άϥϑΛ·ͱΊΔɽࣜ 4.7Λຬͨ͢৔߹ headΛม͠ܗɼ
ຬͨ͞ͳ͍৔߹͸ head͸มͣͤܗɼ෦෼άϥϑͷ·ͱΊ͚ͩߦͳ͏ɽࣜ 4.7Ͱ͸Word2Vec
ͱϨʔϕϯγϡλΠϯڑ཭Λ૊Έ߹Θͤɼ࠷దͳྨࣅ୯ޠ΁ͷมܗΛߦͳ͍ͬͯΔɽ
͜͜ͰɼLDͱ͸ϨʔϕϯγϡλΠϯڑ཭ΛٻΊΔؔ਺Ͱ͋ΓɼWV ͱ͸Word2VecͰͷ

ΊΔؔ਺Ͱ͋Δɽ·ͨɼxʹ͸೚ҙͷٻ౓Λࣅྨ head͕౰ͯ͸·Γɼtʹ͸ྨࣅ౓ΛٻΊΔ
ର৅Ͱ͋ΔಉҰγʔϯάϥϑ಺ͷObjects͕౰ͯ͸·Δɽ

(LD(x, t) ≤ 3) ∧ (WV (x, t) > 0.4) (4.7)

ͦͷޙɼ·ͱΊͨ෦෼άϥϑΛݩͷ৔ॴʹஔ͢׵Δɽඞཁͳ৔߹͜ΕΛؼ࠶తʹߦͳ͍ɼ
؆ܿͳγʔϯάϥϑΛੜ੒͢Δɽ
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ୈ5ষ ධՁ࣮ݧ

5.1 ֓ཁ

ຊষͰ͸ɼఏҊख๏ΛධՁ͢Δ࣮ݧʹ͍ͭͯड़΂ΔɽධՁ࣮ݧͰ͸ɼ࣮ࡍʹఏҊख๏ʹ
Δσʔλ͍༺ʹݧγʔϯάϥϑΛੜ੒͠ɼϕʔεϥΠϯͱൺֱ͢Δɽ·ͣධՁ࣮͍ͯͮج
ηοτͱɼͦΕΒʹߦͳ͏લॲཧʹ͍ͭͯઆ໌͢Δɽ࣍ʹɼఏҊख๏ΛධՁ͢ΔͨΊʹߦ
ͳ࣮ͬͨݧͷ಺༰ʹ͍ͭͯड़΂Δɽ݁ݧ࣮ʹޙ࠷Ռʹ͍ͭͯ·ͱΊΔɽ

5.2 σʔληοτ

ຊڀݚͰ͸ɼσʔληοτͱͯ͠KrishnaΒʹΑͬͯ࡞੒͞ΕͨVisual Genome[21]ͱLin
ΒʹΑͬͯ࡞੒͞ΕͨMSCOCO(Microsoft Common Objects in Context)[22]Λ࢖༻͢Δɽ
ͦΕͧΕͷσʔληοτͷಛ௃ʹ͍ͭͯड़΂ɼ࣮ݧલʹߦͳ͏લॲཧʹ͍ͭͯઆ໌͢Δɽ

ਤ 5.1: Visual Genomeσʔληοτʹؚ·ΕΔը૾ͷҰྫΛࣔ͢ɽ෺ମ৘ใ͕ۣܗͰࣔ͞Εɼۣܗ
Ͱғ·ΕͨখྖҬຖʹΩϟϓγϣϯ͕෇༩͞Ε͍ͯΔɽݟ΍͢͞ͷͨΊɼσʔληοτͰࣔ͞Εۣͨ

ͷ͏ͪܗ 5ͭΛද͍ࣔͯ͠Δɽ
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5.2.1 Visual Genome

Visual Genome[21]͸ɼ108,077ຕͷը૾ؚ͕·Ε͓ͯΓɼ֤ ը૾ʹγʔϯάϥϑ͕෇༩͞
Ε͍ͯΔσʔληοτͰ͋Δɽͭ·Γ֤ը૾͝ͱʹɼը૾தʹؚ·ΕΔ෺ମ (Objects)ɼ෺
ମʹ෇ଐ͢Δଐੑ (Attributes)ɼ2ͭͷ෺ମϖΞؒͷؔੑ܎ (Relationships)͕෇༩͞Ε͍ͯ
ΔɽObjectsʹ͸֤ը૾தʹؚ·ΕΔ෺ମ໊ͱ෺ମྖҬ͕ɼAttributesʹ͸֤෺ମຖʹ৭΍
৘ใؚ͕·ΕΔɽ·ͨਤੑ܎ঢ়ͷଐੑ৘ใ͕ɼRelationshipsʹ͸෺ମϖΞؒͷؔܗ 5.1ʹࣔ
͢௨ΓɼಛఆͷখྖҬʹରͯ͠Ωϟϓγϣϯ͕෇༩͞Ε͍ͯΔ͕ɼը૾શମͷΩϟϓγϣϯ
͸෇༩͞Ε͍ͯͳ͍ɽVisual Genome͸ɼγʔϯάϥϑΛ༻͍Δ༻͍ͳ͍ʹؔΘΒͣɼଟ
͘ͷڀݚ [5, 16, 17, 18, 23]Ͱར༻͞Ε͍ͯΔσʔληοτͰ͋Δɽ

ਤ 5.2: MSCOCOσʔληοτʹؚ·ΕΔը૾ͷҰྫΛࣔ͢ɽݩ͕ࠨը૾Ͱɼӈ͸෺ମྖҬ͕ࣔ͞
Εͨը૾Ͱ͋Δɽը૾ͷಛ௃ͱͳΔΑ͏ͳେ͖͍෺ମ͚ͩͰ͸ͳ͘ɼը૾ӈԼͷখ͍͞Ϙτϧʹ΋ྖ

Ҭ͕ࣔ͞Ε͍ͯΔɽ·ͨ෺ମྖҬ͚ͩͰ͸ͳ͘ɼ෺ମ໊΋ৄهʹࡉड़͞Ε͍ͯΔɽը૾ͷԼʹ͋Δς

Ωετ͸ը૾ʹର͢ΔΩϟϓγϣϯͰ͋Γɼ֤ը૾ʹରͯ͠ฏۉ 5ͭ෇༩͞Ε͍ͯΔɽ

5.2.2 MSCOCO(Microsoft Common Objects in Context)

MSCOCO[22]͸MicrosoftʹΑͬͯఏ͞ڙΕɼ໿ 330,000ຕͷը૾ΛؚΈɼ֤ը૾ʹΩϟ
ϓγϣϯ͕෇͍͍ͯΔσʔληοτͰ͋Δɽ֤ը૾ʹ͖ͭฏۉ 5ͭͷΩϟϓγϣϯ͕෇༩
͞Εɼ෺ମ໊ͱ෺ମҐஔ͕ৄࡉʹࣔ͞Ε͍ͯΔɽ·ͨਤ 5.2ʹࣔ͢௨Γɼը૾ʹରͯ͠෺ମ
ͷྖҬ͕ࣔ͞Εɼը૾ӈԼͷϘτϧͷΑ͏ͳখ͍͞෺ମʹ΋ରԠ͍ͯ͠ΔɽͦͷͨΊɼ͜
ͷσʔληοτ͸ଟ͘ͷը૾ೝࣝ [24]΍ը૾Ωϟϓγϣϯੜ੒ [14, 25]ͷڀݚʹར༻͞Εͯ
͍Δɽ
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5.2.3 લॲཧ

ධՁ࣮ݧͰ࢖༻͢Δσʔληοτͷલॲཧʹ͍ͭͯઆ໌͢Δɽ֤ը૾ʹରͯ͠ɼγʔϯ
άϥϑͱΩϟϓγϣϯ͕෇༩͞Ε͍ͯΔσʔληοτΛ࢖༻͢ΔͨΊɼVisual Genomeͱ
MSCOCOΛՃ࡞ͯ͠޻੒͢Δɽ

Visual Genomeʹ͸֤ը૾ʹରͯ͠ObjectsɼAttributesɼRelationshipsؚ͕·Εͨγʔ
ϯάϥϑ͕෇༩͞Ε͍ͯΔ͕ɼը૾શମʹରͯ͠ͷΩϟϓγϣϯ͸෇༩͞Ε͍ͯͳ͍ɽ൓
ରʹɼMSCOCOʹ͸ෳ਺ͷৄࡉͳΩϟϓγϣϯ͕෇༩͞Ε͍ͯΔ͕ɼγʔϯάϥϑʹؚ·
ΕΔ৘ใ͸ͳ͍ɽ͜ΕΒͷ໰୊Λղܾ͢ΔͨΊɼ2ͭͷσʔληοτΛ༻͍ͯ৽ͨͳσʔλ
ηοτΛ࡞੒͢Δɽ

Visual Genome಺ͷ͍͔ͭ͘ͷը૾͸ɼFlickr[26]ͱMSCOCO͔Βऩू͞Ε͍ͯΔɽͦ
͜Ͱ Visual GenomeͱMSCOCOʹڞ௨͢Δը૾ͷΈΛ࢖༻͢Δ͜ͱͱͨ͠ɽڞ௨ͷը૾
Λऩूͨ݁͠Ռɼ51,498ຕͷը૾Λऩू͢Δ͜ͱ͕Ͱ͖ͨɽ͜ΕΒͷը૾ʹ͸ɼγʔϯά
ϥϑͱฏۉ 5ͭͷΩϟϓγϣϯ͕෇༩͞Ε͍ͯΔɽલॲཧͷ݁ՌΛҎԼͷද 5.1ʹࣔ͢ɽ

ද 5.1: લॲཧޙͷσʔληοτͷ಺༰
શͯ ࿅܇ ςετ

ը૾ຕ਺ 51,498 36,048 15,450
γʔϯάϥϑͷ૯਺ 51,498 36,048 15,450
ϊʔυͷ૯਺ 1,813,241 1,269,347 543,894
Τοδͷ૯਺ 1,110,813 777,126 333,687

ϢχʔΫͳϊʔυͷ૯਺ - 48,879 27,427
ϢχʔΫͳΤοδͷ૯਺ - 265,780 132,799

ද 5.1ʹࣔ͢௨Γɼ܇࿅ը૾ͱςετը૾ʹ͍ͭͯ͸ɼશ 51,498ຕͷ͏ͪ 7ׂͷ 36,048ຕ
Λ܇࿅ը૾ɼ3ׂͷ 15,450ຕΛςετը૾ͱͨ͠ɽҎ߱͸ɼ܇࿅ը૾Ͱ࣮ݧΛߦͳ͍ɼςετ
ը૾ͰධՁΛߦͳ͏ɽ·ͨը૾ຖʹͻͱͭͷγʔϯάϥϑ͕෇༩͞Ε͍ͯΔ͜ͱ͔Βɼγʔ
ϯάϥϑͷ಺༁΋ը૾ຕ਺ͱಉ౳Ͱ͋Δɽදͷʮϊʔυͷ૯਺ʯʹ͍ࣔͯ͠Δͷ͸ Visual
Genomeʹؚ·Ε͍ͯΔObjectsͱAttributesͷ৘ใͰ͋Γɼ஋ΛݟΔͱը૾ 1ຕʹ͖ͭ໿
35ͷϊʔυ৘ใ͕෇༩͞Ε͍ͯΔ͜ͱ͕Θ͔Δɽಉ༷ʹɼදͷʮΤοδͷ૯਺ʯΛݟΔͱ
֤ը૾ʹ͖ͭ໿ 21ͷΤοδ৘ใ͕෇༩͞Ε͍ͯΔ͜ͱ͕Θ͔Δɽ·ͨɼϢχʔΫͳϊʔυ
ͷ૯਺ͱϢχʔΫͳΤοδͷ૯਺ͱ͍͏ͷ͸ɼͦΕͧΕͷॏෳ͢ΔϊʔυͱΤοδΛ࡟আ
ͨ͠૯਺ͷ͜ͱͰ͋Δɽ

5.3 ຊ࣭తͳҙຯߏ଄ͷநग़

લॲཧΛߦͳͬͨσʔληοτΛݩʹͯ͠ɼຊ࣭తͳҙຯߏ଄நग़͢ΔͨΊͷ࣮ݧΛߦ
ͳ͏ɽຊઅͰ͸ɼ4.3Ͱࣔͨ͠ख๏ʹݧ࣮͍ͯͮجΛߦͳ͍ɼ࣮ݧͷ݁ՌΛࣔ͢ɽ
લॲཧ͞Εͨσʔληοτʹ͓͍ͯɼγʔϯάϥϑG = (O, E)ʹ͓͚ΔEͷग़ݱස౓Λ

֬ೝ͢Δɽ͜ͷۀ࡞͸܇࿅σʔληοτʹ͓͍ͯͷΈߦͳ͍ɼ݁ՌΛྀͯ͠ߟςετσʔ
ληοτʹ൓өͤ͞ΔɽҎԼʹɼࣜ 4.2Λ܇࿅σʔληοτ 36,048ຕʹରͯ͠ߦͳͬͨ݁
ՌΛࣔ͢ɽ
·ͣɼࣜ 4.2ʹ͓͍ͯN ͸܇࿅ը૾ͷ૯਺Ͱ͋Δ 36,048ͱͳΓɼS͸ݸʑͷγʔϯάϥ

ϑຖͷ head − edge − tailͷͭࡾ૊ͷ਺Ͱ͋Δɽ࣮ࡍʹ head − edge − tailͷग़ݱස౓Λܭ
ճ਺͕ݱՌɼग़݁ͨ͠ࢉ 5ճҎԼͷ head − edge − tail͸ 247,931Ͱ܇࿅σʔλʹؚ·ΕΔ
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ද 5.2: ग़ݱճ਺͕ଟ͍ head − edge − tailͷྫ

head − edge − tail ग़ݱճ਺

clouds in sky 4,438
window on building 3,536
man wearing shirt 3,107

sign on pole 1,144
window on train 1,144

ϢχʔΫͳΤοδ਺ͷ 93.3ˋͰ͋ͬͨɽ܇࿅σʔλͷதͰҰ൪ଟ͔ͬͨʮclouds in skyʯ
ͷग़ݱճ਺͸ 4,438ճͰ͋Γɼ܇࿅σʔλͷதͰ΋ head − edge − tailͷग़ݱճ਺ʹ͸େ͖
ͳ͕ࠩ͋Δ͜ͱ͕Θ͔Δɽ
ද 5.2ʹग़ݱճ਺͕ଟ͍ head − edge − tailͷྫΛࣔͨ͠ɽද͔ΒΘ͔ΔΑ͏ʹɼ໌Β͔

ʹग़ݱճ਺ͷଟ͍ head − edge − tail͸ɼը૾தͷഎܠʹ౰ͨΔΑ͏ͳɼը૾಺༰ʹ͋·Γ
ճ਺Λ࣋ݱ͸ɼ͋ΔҰఆͷ஋Λ௒͑ͨग़ࢲΒΕΔ΋ͷ͕ଟ͍ɽͦͷͨΊ͑ߟͳ͍ͱ͕܎ؔ
ͭ head − edge − tail͸ɼը૾ͷຊ࣭తͳҙຯߏ଄Λநग़͢Δ্Ͱඞཁ͕ͳ͍ͱͨ͑ߟɽ
ग़ݱճ਺͕ 5ճҎԼͷ head − edge − tail͕σʔλதͷ 93.3ˋΛ઎ΊΔͱ͍͏݁Ռ͔Βɼ

ճ਺ݱͰ͸ग़ݧճͷධՁ࣮ࠓ 5ճΛϕʔεͱ࣮ͯ͠ݧΛߦͳ͏͜ͱͱͨ͠ɽग़ݱճ਺Λௐ
΂ͨ݁Ռɼग़ݱճ਺ 10ճҎԼͰ 96.8ˋɼ100ճҎԼͰ 99.8ˋͱͳͬͨͨΊɼධՁ࣮ݧͰ͸
ग़ݱճ਺ 6ճҎ্ͷ΋ͷΛ࡟আ͢Δ͜ͱͰे෼ͩͱ൑அͨ͠ɽͦ͜Ͱɼࠓճͷ৔߹Ͱ͸ࣜ
4.2ͷ C ͸ 6ͱ͢Δɽ
͞Βʹಉ࣌֬཰ʹΑΔग़ݱස౓͚ͩͰ͸ͳ͘ɼ৚݅෇͖֬཰ʹΑΔग़ݱස౓ʹ͍ͭͯ΋

৮ΕΔɽhead − edge − tailͷશ͕ͯಉҰͷ৔߹ͷΈ࡟আΛߦͳ͓͏ͱ͕ͨ͠ɼ͜ΕͰ͸ͻ
ͱͭͷγʔϯάϥϑ಺Ͱ 6ճҎ্ग़ͭࡾͨ͠ݱ૊΍ɼগ਺ͷը૾Ͱෳ਺ճग़ͭࡾͨ͠ݱ૊
Λ࡟আͯ͠͠·͏͜ͱʹͳΔɽ͔͠͠ɼͦΕΒ͸Ռͨͯ͠ຊ࣭తͰͳ͍ͱ͑ݴΔͩΖ͏͔ɽ
Ή͠Ζը૾ͷಛ௃Λද͍ͯ͠ΔՄೳੑ΋େ͖͍ͱ͑ߟΒΕΔɽͦ͜Ͱɼࣜ 4.4ͱࣜ جʹ4.5
͍ͮͯɼ֤γʔϯάϥϑ಺ͷϊʔυͱΤοδͷग़ݱස౓ΛٻΊɼΤοδ઀ଓ਺͕ 4Ҏ্ͷ
ϊʔυ͸࡟আΛߦͳΘͳ͔ͬͨɽ
ຊઅͰߦͳ͏ධՁ࣮ݧͰ͸ɼ্Ͱࣔͨ͠࡟আ͢΂͖ର৅Λςετσʔληοτʹରͯ͠

ద༻͠ɼγʔϯάϥϑͷมԽΛ͔֬ΊΔɽݩͷγʔϯάϥϑͱख๏ద༻ޙͷγʔϯάϥϑ
ͷൺֱͷҰ෦Λਤ 5.3ʹࣔ͢ɽશͯͷϊʔυͱΤοδΛͤࡌΔ͜ͱ͸೉͍͠ͷͰɼมԽ͕ى
͖ͨ෦෼ͷάϥϑΛࣔ͢ɽ
ਤ 5.3Ͱ͸γʔϯάϥϑͷҰ෦͔ͤ͠ࡌΔ͜ͱ͕Ͱ͖͍ͯͳ͍͕ɼ͜͜Ͱࣔͨ͠΋ͷΛݟ

Δ͚ͩͰ΋ɼແବͳΤοδ͕࡟আͰ͖͍ͯΔ͜ͱ͕Θ͔Δɽ΋ͪΖΜશ্͕ͯख͍ͬͯ͘
͍ΔΘ͚Ͱ͸ͳ͍͕ɼ࣮ࡍʹ݁ՌΛݟΔͱޮՌతʹ࡞༻͍ͯ͠Δͱ͑ߟΒΕΔɽ

5.4 ෳ਺ग़͢ݱΔཁૉͷධՁ

࣍ʹɼෳ਺ճग़͢ݱΔΤοδͷݕ౼Λߦͳ͏ɽ4.3Ͱࣔͨ͠ఏҊख๏ʹ͍ͯͮجɼෳ਺ճ
ग़͢ݱΔ෦෼άϥϑʹ͍ͭͯͷ࣮ݧΛ͠ɼ݁ՌΛධՁ͢Δɽ
ࣜ 4.6ʹ͓͍ͯCͷ஋Λ 2ͱ͠ɼҎԼͷ࣮ݧΛߦͳ͏ɽ·ͣςετσʔληοτʹରͯ͠ɼ

γʔϯάϥϑ಺ʹෳ਺ग़͢ݱΔ head−edge− tailͷͭࡾ૊ͷग़ݱճ਺ΛٻΊɼͦ ΕΒʹର͠
ͯఏҊख๏Λద༻͢Δɽ෦෼άϥϑͷ headʹରͯ͠ɼWord2VecͱϨʔϕϯγϡλΠϯڑ
཭Λ૊Έ߹ΘͤɼରԠ͢ΔΩϟϓγϣϯ͔Β࠷΋ྨࣅ౓ͷ͍ߴ୯ޠΛൈ͖ग़͢ɽWord2Vec
ͷֶश͸ɼશͯͷσʔληοτதͷը૾ʹରԠ͢ΔΩϟϓγϣϯΛ༻͍ͯߦͳͬͨɽ
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ਤ 5.4Ͱ͸ɼਤ 5.3ͱಉ༷ʹ݁ՌͷҰ෦Λࣔ͢ɽਤΛͯݟ΋Θ͔Δ௨Γɼ্ख͘ஔ׵ग़དྷ
ͨ΋ͷͱग़དྷͳ͔ͬͨ΋ͷ͕ଘͨ͠ࡏɽ݁ՌΛ֬ೝͨ͠ͱ͜Ζɼboy΍ girlͳͲͷ୯ޠ͸্
ख͍͔ͣ͘ɼbook΍ newspaperͳͲ͸ൺֱత͍ߴਫ਼౓Λ͍ࣔͯͨ͠ɽboy΍ girl͸ɼͦΕ
ͧΕͷෳ਺ܗͰ͋Δ boys΍ girlsΑΓ΋ɼkid΍ childͳͲͷํ͕ྨࣅ౓͕͘ߴͳ͍ͬͯͨɽ
͔͠͠શମΛ௨ͯ͠ݟΔͱɼਫ਼౓͕͍ߴͱ͸͑ݴͳ͔ͬͨɽ͜Ε͸Word2VecʹΑΔྨࣅ
౓͕ݪҼͰ͋Δͱ͑ߟΒΕΔɽ

Word2VecͰ͸ɼ୯ޠΛಉ͡ϕΫτϧۭؒʹຒΊࠐΈɼϕΫτϧಉ࢜ͷڑ཭΍ํ޲ʹΑͬ
࿅σʔληοτʹؚ·ΕΔΩϟϓγϣ܇Έ͸ɼࠐΊΔɽϕΫτϧۭؒ΁ͷຒΊٻ౓Λࣅྨͯ
ϯΛ༻͍ͯߦͳ͍ͬͯΔͨΊɼΩϟϓγϣϯ্Ͱ༻๏͕͍ͯࣅΔ୯ޠ͸ྨࣅ౓͕͘ߴग़ྗ
͞ΕΔɽ·ͨɼΩϟϓγϣϯ্ʹෳ਺ܗͱͯ͠ଘ͠ࡏͳ͍৔߹΍ద੾ͳ୯͕ޠଘ͠ࡏͳ͍
৔߹ɼ্ख͘ม͢ܗΔ͜ͱ͕ग़དྷͳ͔ͬͨɽͦͷͨΊɼஔ͖ͯ͑׵΋ࣗવͱͳΔΑ͏ͳ୯ޠ
͸্ख͍͔ͣ͘ɼஔ͖ͨ͑׵୯ޠΑΓ΋ෳ਺ܗͷํ͕ࣗવͱͳΔ୯ޠ͸্ख͍ͬͨ͘ͱߟ
͑ΒΕΔɽ

5.5 ख๏ͷൺֱ݁Ռ

ɼબ୒ͨ͠ʹݩͷ݁Ռʹ͍ͭͯड़΂Δɽ3.3Ͱࣔͨ͠ධՁख๏ΛݧͰࣔͨ͠ධՁ࣮ه্ 100
ͷը૾ʹ͍ͭͯ݁ՌΛൺֱ͠ɼҎԼͷද 5.3ʹࣔ͢ɽݩͷγʔϯάϥϑΛ SGɼຊ࣭తͳҙຯ
ͳͬͨγʔϯάϥϑΛߦ଄ͷநग़Λߏ SG − Eɼෳ਺ग़ͨ͠ݱ෦෼άϥϑͷݕ౼Λߦͳͬͨ
γʔϯάϥϑΛ SG − MɼͲͪΒ΋ద༻ͨ͠γʔϯάϥϑΛ SG − E − M ͱ͢Δɽpositive
Objects਺͸ଟ͍΄Ͳྑ͘ɼnegative Objects਺͸গͳ͍΄Ͳྑ͍݁ՌͱͳΔɽݩͷγʔϯ
άϥϑ͸શͯͷObjectsΛؚΜͰ͍ΔͨΊɼͲͪΒ΋࠷େ஋ͷ 5ͱͳ͍ͬͯΔɽ

ද 5.3: ධՁ࣮݁ݧՌ

ฏۉϊʔυ਺ ฏۉΤοδ਺
ฏۉ positive Objects਺

(Max:5,Min:0)
ฏۉ negative Objects਺

(Max:5,Min:0)
SG 35 21 5 5

SG-E 26.3 14.5 4.7 2.0
SG-M 30.1 18.2 4.9 3.8

SG-E-M 22.1 12.2 4.7 1.4
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ਤ 5.3: ͷγʔϯάϥϑͱɼ৽ͨʹੜ੒ͨ͠γʔϯάϥϑΛൺֱͨ͠ɽObjectsΛ੨৭ɼAttributesݩ
Λԫ৭ɼRelationshipsΛ੺৭Ͱ͍ࣔͯ͠ΔɽઢΛڥʹɼ্ʹࣔͨ͠ 3ͭ͸্ख͘վળ͞Εͨγʔϯ
άϥϑͰ͋ΓɼҰ൪Լ͸ຊ࣭తͳ৘ใ·Ͱ࡟আ͞Εͯ͠·ͬͨγʔϯάϥϑͰ͋Δɽ্ͷ 3ͭ͸ͦ
ΕͧΕը૾ͷຊ࣭Ͱ͸ͳ͍෦෼άϥϑ͕࡟আ͞Ε͍ͯΔ͕ɼҰ൪Լ͸ը૾ʹ͓͚Δॏཁͳཁૉ͕ࣦ

ΘΕͯ͠·͍ͬͯΔΑ͏ʹ͡ײΒΕΔɽख๏ద༻ޙͷγʔϯάϥϑͰ͸ɼՖ͕͋Δ͜ͱ͕Θ͔Δ͕ɼ

ͨͩՖ͕͋Δ͚ͩͰՖළʹೖ͍ͬͯΔ͔͕Θ͔Βͳ͍ɽ

21



ਤ 5.4: ෳ਺ग़͢ݱΔཁૉͷ·ͱΊ࣮ݧʹΑΓੜ੒͞ΕͨγʔϯάϥϑͷൺֱΛࣔ͢ɽݩ͕ྻࠨͷը
૾ɼதԝྻ͕ख๏ద༻લͷγʔϯάϥϑͷҰ෦ɼӈྻ͕ख๏ద༻ޙͷγʔϯάϥϑͷҰ෦Ͱ͋Δɽத

ԝྻͷγʔϯάϥϑ͸ɼຊདྷਤͰ͍ࣔͯ͠Δ΋ͷͱಉ༷ͷͭࡾ૊͕ෳ਺͋Δ͕ɼ͜͜Ͱ͸ݟ΍͢͞ͷ

ͨΊͻͱͭͷΈ͍ͯͤࡌΔɽObjectsΛ੨৭ɼRelationshipsΛ੺৭Ͱࣔ͠ɼมߦ͕ߋͳΘΕͨϊʔ
υ͸Θ͔Γ΍͢͞ͷͨΊᒵ৭ͱͨ͠ɽ
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ୈ6ষ ࡯ߟ

ධՁ࣮ݧΛߦͳͬͨ݁Ռɼද 5.3ΛݟΔͱΘ͔Δ௨Γ SG-E-MͰਫ਼౓্޲Λࣔ͢͜ͱ͕Ͱ
͖ͨɽग़ݱස౓ʹͮ͘جΤοδͷ࡟আʹ͓͍ͯ͸ɼෳࡶͳը૾ʹରͯ͠͸ಛʹ༗༻ੑΛࣔ
͢͜ͱ͕Ͱ͖͕ͨɼগͳ͍෺ମͰߏ੒͞Εͨ୯७ͳը૾Ͱ͸ɼਫ਼౓্͕͋޲·ΓݟΒΕͳ
͔ͬͨɽ͜Ε͸ɼଞͷը૾Ͱ͸ຊ࣭తͰͳ͍෦෼͕ɼओཁͷཁૉͱͳ͍ͬͯΔ͜ͱ͔Β͖ى
ͯ͠·ͬͨͱ͑ߟΒΕΔɽ͔͠͠ɼݩʑγʔϯάϥϑ͸ෳࡶͳը૾಺༰Λɼ෺ମಉ࢜ͷάϥ
ϑߏ଄Ͱද͢͜ͱͰཧղ͠΍͘͢͢Δͱ͍͏ಛ௃͕͋ΔͨΊɼ͜ͷ͜ͱ͸໰୊Ͱ͸ͳ͍ͱ
আ͢Δ΂͖࡟Δɽ·ͨɼಉ࣌֬཰͚ͩͰ͸ͳ͘৚݅෇͖֬཰Λ༻͍Δ͜ͱʹΑΓɼ͍ͯ͑ߟ
Ͱ͸ͳ͍ͭࡾ૊Λ͜͢࢒ͱ͕Ͱ͖ͨ݁Ռ͕ɼ͍͔ͭ͘ͷαϯϓϧͰݟΒΕͨɽ
ಉҰͷγʔϯάϥϑ಺Ͱෳ਺ग़͢ݱΔ෦෼άϥϑͷݕ౼ʹ͍ͭͯ͸ɼ୯ମͰ͸͋·Γ༗

༻ੑΛࣔ͢͜ͱ͕Ͱ͖ͳ͔ͬͨɽݪҼͱͯ͠͸ɼΩϟϓγϣϯʹؚ·ΕΔޠኮͷ৘ใྔʹ
Αͬͯਫ਼౓ʹ͕ࠩͰ͖ͯ͠·ͬͨͨΊͩͱ͑ߟΒΕΔɽΩϟϓγϣϯ্͔Βྨࣅ୯ޠΛݟ
͚ͭग़ͨ͢ΊɼΩϟϓγϣϯ্ʹଘ͠ࡏͳ͍୯ޠʹ͸ஔ͖͑׵Δ͜ͱ͕Ͱ͖ͳ͍ɽͦͷͨ
Ίɼྨࣅ୯ᮢ͕ิީޠ஋Λ௒͑ͣɼͨͩ·ͱΊΔ͚ͩͷάϥϑ͕ଟ͔ͬͨɽ͔͠͠ɼෳ਺ग़
Δ෦෼άϥϑΛ·ͱΊΔ͜ͱͰɼ؆ܿͳγʔϯάϥϑͱͳΔ͜ͱ͸ࣔ͢͜ͱ͕Ͱ͍ͯ͠ݱ
͖ͨɽ·ͨ nagative Objectsͷݮ࡟ʹ΋ޮՌΛ͍ࣔͯͨ͠ɽ
ͷه্ 2఺Λ૊Έ߹Θͤͨ݁Ռɼ؆͔ܿͭे෼ͳ৘ใྔͷγʔϯάϥϑ͕ੜ੒Ͱ͖Δ͜

ͱΛࣔ͢͜ͱ͕Ͱ͖ͨɽ
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ୈ7ষ ͓ΘΓʹ

ຊڀݚͰ͸ɼҙຯߏ଄ʹ͍ͨͮجγʔϯάϥϑੜ੒ख๏ͷఏҊΛߦͳͬͨɽγʔϯάϥ
ϑͷઆ໌͔ΒೖΓɼը૾ΩϟϓγϣϯͱͷൺֱΛߦͳ͍ɼࡏݱͷγʔϯάϥϑੜ੒͸ը૾৘
ใΛৄࡉʹࣔͦ͏ͱ͗͢͠Δ͜ͱͰɼγʔϯάϥϑ͕ڊେʹͳΓɼ֮ࢹతʹཧղͮ͠Β͘
ͳͬͯ͠·͏ͱ͍͏՝୊఺Λࣔͨ͠ɽͦ͜Ͱɼݩͷγʔϯάϥϑͱ౷ܭ৘ใΛ༻͍Δ͜ͱ
Ͱɼը૾ͷ಺༰ΛΑΓਖ਼֬ʹࣔͤΔͷͰ͸ͳ͍͔ͱਪଌͨ͠ɽ·ͨɼ৑௕ͳ෦෼άϥϑΛਖ਼
͢͜ͱͰɼάϥϑ৘ใΛ؆ܿʹͰ͖ΔͷͰ͸ͳ͍͔ͱਪଌͨ͠ɽ

2ͭͷ՝୊఺Λղܾ͢ΔͨΊʹɼͦΕͧΕͷఏҊख๏Λࣔͨ͠ɽͻͱͭ͸ɼ܇࿅σʔλ
ηοτͷ౷ܭ৘ใΛݩʹͯ͠ɼෆཁͳ෦෼άϥϑΛ࡟আ͢Δͱ͍͏ख๏Ͱ͋Δɽ΋͏ͻͱ
ͭ͸ɼ୯ޠͷྨੑࣅΛ༻͍Δ͜ͱͰɼෳ਺ճग़ͯ͘Δ෦෼άϥϑͷ৘ใΛ·ͱΊΔͱ͍͏ख
๏Ͱ͋ΔɽఏҊख๏Λࣔͨ͢ΊͷධՁ࣮ݧΛߦͳͬͨ݁ՌΛࣔ͠ɼ༗༻ੑΛࣔ͢͜ͱ͕Ͱ
͖ͨɽ
ͰఏҊ͠ڀݚΒΕΔɽຊ͛ڍͷల๬ͱͯ͠͸ɼγʔϯάϥϑ͔Βͷը૾ੜ੒ͳͲ͕ޙࠓ

ͨख๏Λ༻͍Δ͜ͱͰɼΑΓը૾಺༰ʹ͍ۙγʔϯάϥϑΛੜ੒͢Δ͜ͱ͕Ͱ͖ͨɽ͜ͷ
͜ͱΑΓɼҰൠతͳγʔϯάϥϑΑΓ΋؆ܿͳදݱͱͳΓɼຊ࣭తͳը૾Λੜ੒͢Δ͜ͱ͕
Ͱ͖Δͱ͑ߟΒΕΔɽ

24



ँࣙ

ຊڀݚΛਐΊΔʹ͋ͨΓɼ਺ʑͷ͝ࢦಋΛ௖͖·ͨ͠ஜ೾େֶਤॻؗ৘ใϝσΟΞܥख
௩ଠ࿠।ڭतʹ৺ΑΓ͍ͨ͠ँײ·͢ɽ·ͨɼਏ͍࣌ʹ͑ࢧʹͳͬͯͩͬͨ͘͞શͯͷօ
ɽ͢·͍ͨ͠ँײʹ༷
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