
DEIM2020 G5-4(day2 p57)

ҙຯߏʹணͨ͠γʔϯάϥϑੜख๏ͷఏҊ

ཛྷ Ұथ† ख௩ ଠ††

† ஜେֶେֶӃਤॻؗใϝσΟΞڀݚՊ ˟ 305–8550 ҵͭ͘ݝࢢय़ 1-2

†† ஜେֶਤॻؗใϝσΟΞܥ ˟ 305–8550 ҵͭ͘ݝࢢय़ 1-2

E-mail: †s1821601@s.tsukuba.ac.jp, ††tezuka@slis.tsukuba.ac.jp

͋Β·͠ ґଘ͍ͯ͠ΔͨΊɼը૾͔Βೝࣝͨ͠ใΛग़དྷΔ͚ͩଟ͘औΓग़͘ڧʹͷγʔϯάϥϑੜը૾ࡏݱ

ͨ͠େͳάϥϑߏͱͳ͍ͬͯΔɽͦ͜ͰࢲɼγʔϯάϥϑͱΩϟϓγϣϯใΛ༻͍Δ͜ͱͰը૾ͷґଘΛ

ͳ͏ͨΊʹɼը૾ͷຊ࣭తͳใΛநग़͢ΔߦɽվྑΛͨ͑ߟΒ͠ɼγʔϯάϥϑͷվྑ͕Ͱ͖ΔͷͰͳ͍͔ͱݮ

ख๏ͱγʔϯάϥϑΛ؆ܿͳදݱʹ͢Δख๏ΛఏҊ͢Δɽ·ͨɼγʔϯάϥϑ୯७ͳ༗άϥϑͰͳ͍ͨΊɼվ

ྑΛධՁ͢ΔͨΊͷख๏͕ଘ͠ࡏͳ͍ɽͦͷͨΊɼγʔϯάϥϑͷվྑΛࣔͨ͢Ίͷख๏Λ৽ͨʹಋೖ͠ɼධՁ࣮ݧ

ͷ݁Ռͱڞʹࣔ͢ɽධՁ࣮ݧͷ݁ՌɼΑΓ؆ܿͳγʔϯάϥϑ͕ੜͰ͖ΔͱࢥΘΕΔ͜ͱΛࣔ͠ɼΑΓը૾༰Λ

ද͢γʔϯάϥϑΛ࡞͢Δ͜ͱ͕Ͱ͖ͨɽɹ

Ωʔϫʔυ γʔϯάϥϑɼը૾ཧղɼใཁɼάϥϑɼScene GraphɼGraph

1  ͡ Ί ʹ

ը૾༰Λೝࣝ͠ը૾ใΛߏతʹཧղ͢Δ͜ͱɼίϯ

ϐϡʔλϏδϣϯͷʹ͓͍ͯॏཁͳ՝ͱͳ͍ͬͯΔɽը

૾ใΛߏతʹཧղ͢Δͱɼը૾தʹࣔ͞Ε͍ͯΔମಉ

తʹஅͰ͖Δͷͱ֮ࢹମͷঢ়ଶͳͲΛɼਓ͕ؒͷؔ࢜

ಉʹཧղ͢Δͱ͍͏͜ͱͰ͋ΔɽຊߘͰը૾Λߏతʹཧ

ղ͢ΔͨΊɼը૾ΩϟϓγϣϯͱγʔϯάϥϑΛ༻͍Δɽ

ۙɼݯࢿࢉܭͷൃୡਂֶशͷग़ݱʹΑΓɼػցֶशΛ

༻͍༷ͨʑͳλεΫʹ͓͍ͯѹతͳՌ͕ݟΒΕΔɽը૾

ೝࣝͷʹߜΔͱɼγʔϯάϥϑ [1], [2], [4], [9]?[11]ɼը૾

Ωϟϓγϣϯੜ [6]?[8]ͳͲͷ͕͋ڀݚΔɽ

ը૾ΩϟϓγϣϯͱɼࣗવޠݴͰͷը૾ใͷจઆ໌ͷ

͜ͱͰ͋Δɽը૾ΩϟϓγϣϯੜͰओʹɼը૾Λೖྗͱ͠

ͯࣗવޠݴͷςΩετΛग़ྗ͢Δɽը૾ಛྔΛநग़͠ɼͦΕ

ΒΛೖྗͱͨ͠χϡʔϥϧωοτϫʔΫʹΑΓ୯ྻޠΛग़ྗ͠ɼ

ը૾ΩϟϓγϣϯΛੜ͢Δɽ

ը૾ΩϟϓγϣϯͷΑ͏ʹɼը૾ใΛผͷυϝΠϯͱͯ͠

ଊ͑Δख๏ͱͯ͠γʔϯάϥϑ͕͋Δɽγʔϯάϥϑͱɼը

૾தʹؚ·ΕΔମΛϊʔυͱͯͦ͠ΕΒͷؔੑΛΤοδͰ

ද͠ݱɼը૾ใΛߏతʹද͢ݱΔख๏Ͱ͋Δɽγʔϯάϥ

ϑੜͷଟ͘ɼը૾ใ͔ΒγʔϯάϥϑΛੜ͢ΔڀݚͰ

͋Δɽը૾ಛྔΛݩʹɼը૾ͷମʹ༩͞Εͨଐੑ

ମಉ࢜ͷؔ࿈ੑΛਪଌ͢Δ͜ͱͰγʔϯάϥϑΛੜ͢Δɽ

ͷγʔϯάϥϑੜͰɼ্Ͱड़ͨΑ͏ʹը૾ใࡏݱ

͔ΒߏΛཧղ͠Α͏ͱ͢Δ͕ڀݚ΄ͱΜͲͰ͋Δɽ͔͠͠ը

૾͔ΒಘΒΕͨใΛશͯάϥϑԽ͢ΔͨΊɼγʔϯάϥϑ

େʹͳͬͯ͠·͍ɼͦͷը૾ʹ͓͚Δॏཁͳཁૉ͕Կ͔Θ͔

Βͳ͘ͳͬͯ͠·͏ɽͦ͜Ͱࢲɼطଘͷγʔϯάϥϑͱը૾

ΩϟϓγϣϯΛ༻͍Δ͜ͱͰɼΑΓਫ਼ͷ͍ߴγʔϯάϥϑΛ

ੜ͢Δ͜ͱ͕Ͱ͖ΔͷͰͳ͍͔ͱͨ͑ߟɽਫ਼͕͍ߴͱɼ

ΑΓ؆ܿͳγʔϯάϥϑͰը૾ͷҙຯߏΛेʹද͢ݱΔ͜

ͱͰ͋Δɽ

ख๏ͱͯ͠ɼ·ͣը૾ͷຊ࣭తͳใநग़ΛఏҊ͢Δɽγʔ

ϯάϥϑʹ͓͍ͯɼଞͷը૾Ͱଟ͘ग़͍ͯ͠ݱΔ෦άϥϑ

ɼಛఆͷը૾ͷಛΛද͍ͯ͠ͳ͍ͱ͑ߟΒΕΔɽͦ͜Ͱɼ

ʹୡͨ͠෦άϥϑ֬ݱ࿅σʔληοτதͰҰఆҎ্ͷग़܇

Λআ͢Δ͜ͱͰɼΑΓຊ࣭తͳγʔϯάϥϑ͕ੜͰ͖Δͱ

͢ݱͳͬͨɽ·ͨɼಉҰը૾Ͱෳճग़ߦΛݧɼධՁ࣮͑ߟ

Δ෦άϥϑʹද͞ݱΕ͓ͯΓɼ͜͜ΛΑΓదͳ෦

άϥϑʹஔ͖͑Δ͜ͱͰ؆ܿͳදݱʹ͢Δ͜ͱ͕Ͱ͖Δͱߟ

͑ͨɽ

γʔϯάϥϑͷվྑਫ਼Λ্ࣔ͢Ͱɼ৽ͨͳධՁख๏ΛఏҊ

͢ΔɽγʔϯάϥϑɼҰൠతͳ༗άϥϑແάϥϑΑΓ

ใྔ͕ଟ͍ɽͦͷͨΊҰൠతͳάϥϑಉੑܕఆͰղ

͘͜ͱ͍͠ͷͰɼγʔϯάϥϑͷվྑਫ਼Λ֬ೝ͢ΔͨΊ

ͷ৽ͨͳධՁࢦඪΛಋೖͨ͠ɽ

ͯؔ͠ʹݧͷ݁Ռɼը૾ͷຊ࣭తͳใΛநग़͢Δ࣮ݧ࣮

ɼޮՌతͳ݁ՌΛࣔ͢͜ͱ͕ग़དྷͨɽଟͷը૾ʹͯ·

Δ෦άϥϑΛআ͢Δ͜ͱͰɼ֤γʔϯάϥϑʹը૾ͷಛ

ΛΑࣔͨ͘͠ຊ࣭తͳใ͕ͨͬͱ͑ߟΒΕΔɽಉҰγʔ

ϯάϥϑʹෳճग़͢ݱΔ෦άϥϑͷมܗʹ͍ͭͯɼਫ਼

ʹ͕ࠩݟΒΕͨɽ্ख͘มܗͰ͖ͨͱ͜Ζ͋Δ͕ɼ͋·Γ

Ͱ͖ͳ͍͜ͱͷํ͕ଟ͔ͬͨɽ͜ΕΩϟ͕͑ͨ͠ஔ͖ظ

ϓγϣϯʹؚ·Ε͍ͯΔใྔͷ͕ࠩىҼ͍ͯ͠Δͱ͑ߟΒΕ

ΔɽධՁ࣮ݧͷ݁ՌɼશମΛ௨ͯ͠ΈΔͱγʔϯάϥϑվྑ

͞Ε͍ͯΔ͜ͱΛࣔ͢͜ͱ͕Ͱ͖ͨɽ

2 ؔ ࿈ ݚ ڀ

2. 1 γʔϯάϥϑදݱ

γʔϯάϥϑͱɼը૾ͷҙຯใΛߏԽͨ͠දݱͷͻͱ

ͭͰ͋Δɽը૾ͷதͷମใɼମʹ༩͞Ε͍ͯΔଐੑ



ใɼମϖΞؒͷؔੑใΛάϥϑߏͰද͢ݱΔɽγʔϯ

άϥϑͱͯ͠ද͢ݱΔ͜ͱͰɼը૾தͷମಉ࢜ͷؔ࿈ੑΛ໌

ࣔతʹଊ͑Δ͜ͱ͕Ͱ͖Δɽ

γʔϯάϥϑత֬ʹը૾ͷҙຯใΛදݱͰ͖Δ͜ͱ͔Βɼ

ଟ͘ͷڀݚʹར༻͞Ε͍ͯΔɻྫ͑ɼදతͳͷͱ͠

ͯը૾࣭Ԡ [1]ը૾ࡧݕ [2]ɼͦͯ͠ը૾ੜ [4]ͳͲ͕ڍ

͛ΒΕΔɽ

TeneyΒ [1]ɼVQA(Visual Question Answering)ʹର͠

ͯγʔϯάϥϑΛޮՌతʹར༻͍ͯ͠ΔɽVQAͱɼը૾

༰ʹؔ͢ΔࣗવޠݴςΩετͷ࣭จʹରͯ͠ɼը૾ใΛ༻

͍Δ͜ͱͰղΛੜ͢ΔڀݚͰ͋ΔɽTeneyΒɼ࣭

จͷ୯ޠͷͭͳ͕Γͱը૾ͷ֤ମΛάϥϑߏͱͯ͠ଊ͑ɼ

ͦΕͧΕͷରԠؔΛֶशͤ͞Δ͜ͱͰޮՌతͳ݁ՌΛੜΜͩɽ

·ͨɼը૾ࡧݕͷʹ͓͍ͯ JhonsonΒ [2]͕ɼγʔϯ

άϥϑΛ༻͍Δ͜ͱͰ݁ࡧݕՌͷ্͕Մͳ͜ͱΛ͍ࣔͯ͠

ΔɽҰൠతʹը૾ࡧݕΛ͢ΔࡍʹɼٻΊ͍ͯΔը૾ͷಛΛ

త֬ʹࣔ͢͜ͱͰ༗༻ͳ݁ՌΛಘΔ͜ͱ͕Ͱ͖Δɽ͔͠͠ɼͰ

͖Δ͚ͩಛྔΛؚΊΑ͏ͱจষͳͲͷෳࡶͳใΛΫΤϦͱ

ͯ͠͠·͏ͱɼ͕ࣗٻΊ͍ͯΔը૾ͱ͔͚Εͨͷ·Ͱ

ؚ·Εͯ͠·͏ɽͦ͜Ͱ JhonsonΒɼը૾ใΛγʔϯάϥ

ϑͱͯ͠ଊ͑Δ͜ͱͰɼෳࡶͳΫΤϦʹରͯ͠త֬ͳ݁ՌΛ

ࣔ͢͜ͱ͕ग़དྷΔͷͰͳ͍͔ͱ͑ߟɼ݁Ռͱͯ͠༗༻ͳਫ਼

Λ͍ࣔͯ͠Δɽ

ը૾ੜͷͰɼJhonson Β [4] ͕γʔϯάϥϑΛ༻

͍͍ͯΔɽࣗવޠݴใ͔Βͷը૾ੜڀݚଘ͢ࡏΔ͕ɼ

StackGAN [5] ͳͲʹΑΔը૾ใΛઆ໌ͨ͠ςΩετ͔Βͷ

ը૾ੜ͕ҰൠతͰ͋Δɽ͔͠͠ JhonsonΒɼγʔϯάϥϑ

͔Βը૾Λੜ͢Δ͜ͱͰɼΑΓߴਫ਼͔࣮ͭݱతͳը૾Λੜ

Ͱ͖Δ͜ͱΛࣔͨ͠ɽ͜ͷ͜ͱ͔ΒɼςΩετΑΓγʔϯ

άϥϑͷํ͕ը૾ใΛత֬ʹද͢ݱΔ͜ͱ͕Ͱ͖Δͱ͑ݴΔɽ

2. 2 γʔϯάϥϑੜ

γʔϯάϥϑΛੜ͢Δख๏ൃୡ͖͍ͯͯ͠Δ [9]?[11]ɽ͠

͔͠ը૾Ωϟϓγϣϯੜͱൺֱ͢Δͱྔগͳ͘ɼ·ͩ·ͩ

ൃలͷՄੑ͕͍ͯͬΔͱ͑ߟΒΕΔɽ

ମೝࣝͷ߹ɼঢ়͍ͯࣅ͕گΔ 2ຕͷը૾Λݟ͚Δ͜ͱ

͍͠ɽྫ͑ɼʮਓʯͱʮഅʯ͕ ԣʹฒΜͰ͍Δը૾͕ 2ຕ͋

Δͱ͢ΔɽҰํਓ͕അʹΖ͏ͱ͍ͯ͠Δͱ͜ΖͰɼ͏Ұ

ํਓ͕അʹӤΛ৯͍ͤͯ͞Δͱ͜Ζͩͬͨͱͯ͠ɼମ

ೝࣝͷ݁Ռͱͯ͠ʮਓʯͱʮഅʯͱ͍͏ใ͔͠ಘΔ͜ͱ͕ग़

དྷͳ͍ɽͦ͜Ͱ XuΒ [9]ɼCNNͱ RPN(Region Proposal

Network) [3]ʹΑͬͯಘΒΕͨྖҬใ͔ΒάϥϑߏΛਪ

͢Δ͜ͱͰɼମؒͷؔΛΑΓ໌ࣔతʹࣔ͢͜ͱ͕Ͱ͖Δͱ

ɽͨ͑ߟ

γʔϯάϥϑͷੜʹ͓͍ͯॏཁͳͷɼਖ਼֬ʹମΛೝ

ࣝ͢Δ͜ͱͱɼମಉ࢜ͷؔੑΛਪଌ͢Δ͜ͱͰ͋ΔɽLi

Β [10]ը૾ಛΛநग़͢ΔࡍʹɼྖҬಛɼϑϨʔζಛɼ

ମಛΛͦΕͧΕநग़͢Δ͜ͱͰߴਫ਼ͳγʔϯάϥϑੜ

Λͨ͠ࢦɽMSDN(Multi-level Scene Description Network)

ͱݺΕΔख๏Ͱɼ༷ʑͳྖҬαΠζͰը૾ಛΛநग़͢Δ͜

ͱʹΑͬͯɼΑΓը૾Λཧղ͢Δ͜ͱ͕Ͱ͖Δͱ͍͏͜ͱΛࣔ

ͨ͠ɽ

ΑΓάϥϑߏʹযΛͯͨͷ YangΒ [11]ͷڀݚͰ͋

ΔɽYangΒγʔϯάϥϑΛ࡞͢Δࡍʹɼશͯͷೝࣝͨ͠

ମΛάϥϑͷϊʔυͱ͠ɼͦΕΒશͯʹରͯ͠ΤοδΛ݁Μ

ͩɽ͔ͦ͜Βମಉ࢜ͷؔ࿈Λֶश͠ɼ࠷ऴతʹؔ࿈ੑͷߴ

͍ϊʔυಉ࢜Λ݁Μͩγʔϯάϥϑ͕ੜ͞ΕΔɽYangΒ

ؔ࿈ΛٻΊɼͦͷ݁ՌʹԠͯ͡ΤοδͷΈΛΓऔ͍ͬͯͬ

ͨɽ͔͠͠ɼମͱͯ͠ೝࣝ͞Εͨͱͯ͠ɼը૾ใΛత֬

ʹද͢ͷʹඞཁͷͳ͍ϊʔυ͋Δͱ͑ߟΒΕΔɽͦ͜Ͱࢲɼ

ମಉ࢜ͷؔ࿈ͷ͍Τοδ͚ͩͰͳ͘ɼը૾ʹରͯ͠ͷ

ؔ࿈ͷ͍ϊʔυΓऔΔ͜ͱʹΑͬͯɼΑΓత֬ʹը૾

ใΛද͢͜ͱ͕ग़དྷΔͱͨ͑ߟɽ

3 γʔϯάϥϑ

3. 1 γʔϯάϥϑͱ

ຊڀݚͰɼը૾ͷҙຯใΛߏతʹཧղ͢ΔͨΊʹγʔ

ϯάϥϑΛ༻͍Δɽຊڀݚʹ͓͚ΔγʔϯάϥϑͰɼମ

ใΛ ObjectsɼମͷଐੑใΛ AttributesɼମϖΞؒͷؔ

Λੑ RelationshipsͰද͢ɽ

γʔϯάϥϑͷྫΛਤ 1ʹࣔ͢ɽਤͷӈଆʹࣔ͞Ε͍ͯΔͷ

͕ɼࠨͷը૾ʹରԠ͢ΔγʔϯάϥϑͷҰྫͰ͋Δɽ͜ͷྫͰ

ɼObjectsͱͯ͠ʮwomanʯʮbusʯʮtruckʯʮbicycleʯ͕ࣔ͞

Ε͍ͯΔɽʮwomanʯΛྫͱͯ͠ݟΔͱ Attributesɼҥͷ

৭Ͱ͋Δʮgreenʯʮblackʯ͕༩͞Ε͍ͯΔɽ·ͨObjects

ؒͷ Relationships ɼʮwomanʯͱʮbicycleʯΛ͍ͯ͛ܨΔ

ʮridingʯͳͲ͕͛ڍΒΕΔɽ

ਤ 1 γʔϯάϥϑͷྫ

ຊڀݚʹ͓͚ΔγʔϯάϥϑͷఆٛΛࣔ͢ɽຊߘͰɼγʔ

ϯάϥϑΛ G = (O,E) Ͱද͢ɽO άϥϑͷϊʔυΛද

͠ɼE ΤοδΛද͢ɽ͜͜Ͱ O ͱ Objects ͷू߹Ͱ͋

ΓɼO = {o1, o2, ..., on} ͱͳΔɽ·ͨɼE ͱ Objects ͷϖ

Ξಉ࢜Λ݁Ϳ Relationships ͷू߹Ͱ͋ΓɼRelationships 

Objects − Relationships − Objects ͷܗΛऔΔɽ͜ͷ Ob-

jectsؒͷ RelationshipsΛΘ͔Γ͘͢͢ΔͨΊɼObjects−
Relationships−ObjectsͷؔੑΛ head− edge− tailͱද

Δ͢ݱ [12]ɽͭ·Γγʔϯάϥϑ G ʹ͓͍ͯɼO  head ͱ

tailͷू߹Ͱ͋ΓɼE  edgeͷू߹Ͱ͋Δͱ͑ݴΔɽ

3. 1. 1 γʔϯάϥϑͷಛ

ຊઅͰɼγʔϯάϥϑͰͷදݱͷಛΛड़Δɽ



·ͣγʔϯάϥϑͷେ͖ͳಛɼ໊લͷࣔ͢௨Γը૾༰

ΛάϥϑߏͰද͢ͱ͍͏Ͱ͋Δɽਤ 2 Ͱɼਤ 1 ͷࠨʹ

ࣔͨ͠ը૾ʹର͢ΔγʔϯάϥϑͷҰ෦ͱɼγʔϯάϥϑʹࣔ

͞Ε͍ͯΔ෦ͷΈͷΩϟϓγϣϯΛ͍ࣔͯ͠ΔɽͦΕͧΕͷ

ObjectsɼAttributesɼRelationshipsͷ৭ɼγʔϯάϥϑͱ

ΩϟϓγϣϯͰରԠ͍ͯ͠Δɽ

ਤ 2 γʔϯάϥϑͱΩϟϓγϣϯͷൺֱ

ਤ 2ΛݟΔͱɼγʔϯάϥϑΑΓΩϟϓγϣϯͷํ͕͍͔ࡉ

ใ·Ͱ͍ࣔͯ͠ΔΑ͏ʹ͡ײΒΕΔɽ͔͠͠ɼ͜ΕΩϟϓ

γϣϯΛจষͰද͢ݱΔͱ͍͏߹্ɼγʔϯάϥϑ্ʹࡌ

ͤΔ͜ͱ͕ग़དྷͳ͔ͬͨใՃ͍ͯ͠ΔͨΊͰ͋Δɽ࣮ࡍ

ʹɼใྔ͞΄ͲมΘΒͣɼදํݱ๏ͷΈͷҧ͍ͱ͑ݴΔɽ

ใྔ͕มΘΒͳ͍ͱͯͬݴɼΩϟϓγϣϯࣗવޠݴͷจ

ষͰද͞ݱΕΔͨΊɼಉ͡ओ͕ޠԿݱΕͨΓɼObjectsؒ

ͷ͕ؔੑΘ͔Γʹ͔ͬͨ͘Γͱ͋Δɽରͯ͠γʔϯ

άϥϑɼෳࡶͳใΛ؆ܿͳߏʹ͢Δ͜ͱͰɼΩϟϓγϣ

ϯΑΓཧղ͍͢͠ͷͱͳ͍ͬͯΔɽ

ಛʹγʔϯάϥϑͷಛͱͯ͛͠ڍΒΕΔɼը૾ཧղͷ

༰қ͞Ͱ͋Δɽਤ 2ΛͯݟΒ͑ΔͱΘ͔Δ͕ɼΩϟϓγϣϯ

ͷํৄهʹࡉड़͞Ε͍ͯΔʹؔΘΒͣɼը૾Λ͔ු͍ࢥ

Δͱଟ༷ͳ͔ු͕ܠͿͷͰͳ͍ͩΖ͏͔ɽରͯ͠γʔϯά

ϥϑɼը૾ͷҙຯߏΛݩʹάϥϑͱͯ͠ද͞ݱΕ͍ͯΔͨ

Ίɼը૾༰Λਖ਼֬ʹهड़͢Δ͜ͱ͕Ͱ͖ΔͷͰ͋Δɽͭ·Γɼ

ը૾͔ΒγʔϯάϥϑΩϟϓγϣϯͷมಉఔͷ

ใྔΛͨͤͱͯ͠ɼγʔϯάϥϑΩϟϓγϣϯ͔Βը૾

༰ͷมʹେ͖ͳ͕ࠩग़ͯ͠·͏ͱ͑ݴΔɽ͜ͷ͕ɼ

γʔϯάϥϑͷҰ൪ͷಛͱͯ͛͠ڍΒΕΔɽ

3. 2 γʔϯάϥϑͷධՁख๏

γʔϯάϥϑΛվྑ͢Δ্Ͱਫ਼ͷධՁΛ͢Δඞཁ͕͋Δ͕ɼ

γʔϯάϥϑͷධՁʹఆ·ͬͨख๏͕ͳ͍ɽγʔϯάϥϑ

άϥϑߏͰ͋ΔͷͷɼҰൠతͳແάϥϑ༗άϥϑ

ΑΓใྔ͕ଟ͍ɽ༗άϥϑͱಉ༷ʹΤοδʹ͋Δϊʔ

υ͔Β͋Δϊʔυͷ͕͖͋ΓɼϊʔυʹՃ͑ͯΤοδʹ

ϥϕϧ͕༩͞Ε͍ͯΔɽ͜ΕͰҰൠతͳάϥϑಉੑܕఆ

ͳͲͰͷղܾ͍͠ɽ

άϥϑಉੑܕఆͱɼ2ͭͷάϥϑ͕ಉ͡ܗΛ͍ͯ͠

Δ͔Ͳ͏͔Λఆ͢Δͷ͜ͱͰ͋Δɽ͜ͷ߹ͷಉ͡ܗͱ

͍͏ͷɼ2ͭͷάϥϑ͕ಉͷϊʔυͱಉͷΤοδΛͪ࣋ɼ

શͯͷϊʔυ͕ಉҰͷͭͳ͕ΓํΛ͍ͯ͠Δঢ়ଶͷ͜ͱͰ͋Δɽ

άϥϑͷಉੑܕΛఆ͢Δͱ͕ͯྔࢉܭଟ͘ɼ࣮ݱత

ͳؒ࣌Ͱղ͘͜ͱ͍͠ɽ·ͨɼຊڀݚͰվྑͨ͠γʔϯ

άϥϑ͕ݩγʔϯάϥϑͱಉܕͰ͋Δඞཁͳ͍ͨΊɼผͷධ

Ձख๏Λಋೖ͢Δɽ

ຊڀݚͰɼγʔϯάϥϑͷվྑਫ਼ΛධՁ͢ΔͨΊʹɼ৽

ͨͳධՁख๏Λಋೖ͢Δɽຊڀݚͷతɼҙຯߏʹண͢

Δ͜ͱͰγʔϯάϥϑͷਫ਼Λ্͛Δ͜ͱͰ͋Δɽγʔϯάϥ

ϑͷਫ਼Λ্͛Δͱɼը૾͔ΒಘΒΕΔେͳใΛશͯά

ϥϑʹͯ͠͠·͏͜ͱ͔Βɼը૾ͷಛΛΑ͘ද͍ͯ͠Δཁૉ

ͷΈΛ؆ܿʹάϥϑʹ͢Δ͜ͱͰ͋Δɽ

ධՁख๏ͱͯ͠ɼ͍͔ͭ͘ͷཁૉΛΈ߹Θͤͨ૯߹తͳ

ධՁʹΑͬͯਫ਼ΛٻΊΔ͜ͱͱ͢Δɽ۩ମతʹγʔϯάϥ

ϑͷϊʔυͷɼΤοδͷɼ͋ Β͔͡Ίબͨ͠දObjects

͕աෆͳؚ͘·Ε͍ͯΔ͔ɼҎ্ͷ 3ʹΑͬͯධՁ͢Δɽ

͋Β͔͡Ίબͨ͠ද Objects ͱɼը૾༰Λ্ࣔ͢Ͱ

ΘΕΔࢥతʹॏཁͩͱ֮ࢹ Objects5ͭͱɼը૾ʹؚ·Εͯ

͍Δ͕ຊ࣭తͰͳ͍ Objects5ͭͰ͋Δɽը૾༰Λ্ࣔ͢

Ͱ֮ࢹతʹॏཁͩͱࢥΘΕΔ Objects5͕ͭͲΕ͚ͩγʔϯά

ϥϑʹؚ·Ε͍ͯΔ͔ͱɼը૾ʹؚ·Ε͍ͯΔ͕ຊ࣭తͰ

ͳ͍ Objects5͕ͭͲΕؚ͚ͩ·Ε͍ͯͳ͍͔ʹΑͬͯධՁ͢

Δɽ͜ΕΒ࠷Ͱ Objects͕ 10Ҏ্͋Δը૾Ͱ͔͠ධՁ

Ͱ͖ͳ͍ͨΊɼςετσʔληοτશͯͰͳ͘ɼςετσʔ

ληοτ͔Βબͨ͠ 100ͷը૾Λ͍ධՁ͢Δɽ·ͨɼਖ਼

ͳධՁΛߦͳ͏ͨΊɼ͜ΕΒධՁ࣮ݧͷલʹ͋Β͔͡Ίબ

͓ͯ͘͠ɽҎԼͷਤ 3ʹબͨ͠ ObjectsͷྫΛࣔ͢ɽϊʔυ

ͷͱΤοδͷɼͲͷఔγʔϯάϥϑ͕ຊ࣭తͳใ͔

ͭ؆ܿͳදݱʹͳ͔ͬͨΛධՁ͢ΔͨΊʹ༻͍Δɽ

ਤ 3 ධՁͷͨΊʹબͨ͠ Objects ͷྫ

4 ఏ Ҋ ख ๏

4. 1 ҙຯߏʹ͓͍ͯॏཁͰͳ͍Τοδͷআ

ը૾͔ΒಘΒΕΔಛʹɼը૾͕͍ࣔͯ͠ΔใΛత֬ʹ

ද͍ͯ͠Δಛͱɼը૾ͷҙຯΛ͑ߟΔ্Ͱͦ͜·ͰॏཁͰ

ͳ͍ಛ͕͋Δͱ͑ݴΔɽਤ 4ͷ௨Γɼࠨͷը૾ʹࣔ͞Εͨྖ

Ҭͱӈʹࣔ͞ΕͨྖҬΛൺֱ͢Δͱɼը૾ͷҙຯߏΛٻΊΔ

্Ͱࠨͷը૾͔ΒಘΒΕͨྖҬͷํ͕ॏཁͰ͋Δͱ͑ߟΒΕ

Δɽࠨͷը૾Ͱը૾தԝʹ͋ΔʮιϑΝʯΛɼӈͷը૾Ͱ

ʮιϑΝʯͷޙΖʹ͋ΔʮϥΠτʯʹྖҬ͕ࣔ͞Ε͍ͯΔɽ͜ͷ

ը૾ྫͷ߹ɼॏཁͳཁૉͱ͑ߟΒΕΔͷʮιϑΝʯʮςʔϒ



ϧʯʮ૭ʯʮ෦ʯͳͲ͕͛ڍΒΕΔɽͭ·ΓӈͰࣔ͞ΕͨྖҬ

ɼ࣮ࡍʹը૾ͷҙຯߏΛ͑ߟΔ্ͰॏཁͰͳ͍ཁૉͰ͋

Δͱ͑ߟΒΕΔɽͦ͜Ͱࢲɼ͜ͷΑ͏ͳը૾ͷҙຯߏʹ͓

͍ͯॏཁͰͳ͍ͱ͑ߟΒΕΔཁૉ͕ɼγʔϯάϥϑʹө͞

Εͳ͍Α͏ʹ͢Δ͜ͱΛͨ͠ࢦɽ

ਤ 4 ҙຯߏʹ͓͚Δॏཁͳը૾ྖҬ

͜ͷΑ͏ͳը૾ͷҙຯߏʹ͓͍ͯɼॏཁͰͳ͍ΤοδΛ

আ͢ΔʹͲ͏͢ΕΑ͍ͩΖ͏͔ɽࢲɼը૾͔Βೝࣝ͞Ε

ͨ ObjectsͱͦΕΒͷ Relationshipsʹ͓͍ͯɼଟͷը૾ʹ

͓͍ͯग़ݱසͷ͍ߴͷॏཁͰͳ͍ͷͰͳ͍͔ͱ͑ߟ

ͨɽ͞ΒʹɼͦΕΒͷग़֬ݱʹΑΔख๏ͷྨΛߦͳͬͨɽ

ਤ 5 ը૾͔ΒಘΒΕΔ head− edge− tail ϖΞͷྫ

4. 1. 1 ಉ֬࣌ʹΑΔॏཁͷ͍Τοδͷআ

ਤ 5ͰɼಉҰը૾͔ΒಘΒΕΔෳͷ head− edge− tail

ͷϖΞͷҰ෦Λྻ͍ͯ͠ڍΔɽ͜ͷਤΛݟΔͱΘ͔Δ௨Γɼ

head− edge− tail ͦͷը૾ͷಛΛ໌֬ʹද͢ϖΞ͋Ε

ɼଞͷը૾ʹ͓͚Δಉ͡Α͏ͳޫܠΛද͢ϖΞଘ͢ࡏΔɽ

ਤ 5ʹࣔ͞Ε͍ͯΔྫͰ͑ݴɼpillow − on − couchɼͨ

ͩ෦ʹιϑΝ͕ஔ͍ͯ͋Δ͚ͩͰͳ͘ɼιϑΝͷ্ʹປ

͕͋ΔΛ໌͍ࣔͯ͠Δɽ͜Εը૾ͷಛΛද͢ͱͯͬݴΑ

͍ͩΖ͏ɽ͔͠͠ɼରʹ couch − on − floor ͳͲը૾ͷ

ಛΛ্ࣔ͢Ͱɼ͋·ΓॏཁͰͳ͍ͷͰͳ͍͔ͱ͑ߟΒΕ

Δɽͦͷཧ༝ͱͯ͠ɼιϑΝͷใ͕ଞͰࣔ͞Ε͍ͯͨ߹

ιϑΝ͕চʹ͋Δͷવͱͯ͑͠ߟΒΕΔɼιϑΝ͕

͋Δը૾ͨ͘͞Μ͋ΔͷͰߋʹਂ͍ใͰͳ͍ͱҙຯ͕ͳ

͍ͳͲ͕͛ڍΒΕΔɽͭ·ΓࠓճͷྫͰ͏ݴͱɼଟͷը૾

ؚ͕·ΕͨσʔληοτͰͨ͑ߟ߹ couch − on − floor 

pillow − on− couchΑΓଟ͘ग़͍ͯ͠ݱΔͱ͑ߟΒΕΔɽ

͜ͷΑ͏ʹɼhead− edge− tail ͷใ͕શͯಉͩͬͨ͡

߹ͷΈͷग़ݱճΛɼ(head,edge,tail)ͷಉ֬࣌ʹΑΔग़ݱ

ճͱͯ͠ଊ͑Δ͜ͱ͕Ͱ͖Δɽಉ֬࣌ͱɼෳͷࣄ͕

ಉ͖ىʹ࣌Δ֬ͷ͜ͱͰ͋ΔɽX ͱ Y ͕ಉ͖ىʹ࣌Δ֬

ɼP (X,Y )Ͱࣔ͞ΕɼҎԼͷࣜ 1Ͱ͞ࢉܭΕΔɽ

P (X,Y ) = P (X)P (Y ) (1)

ͭ·Γɼhead− edge− tail ͷશͯͷཁૉ͕ಉ࣌͡ͷग़֬ݱ

ɼP (head, edge, tail)ͱͯ͠ଊ͑Δ͜ͱ͕Ͱ͖Δɽ

සͷଟ͍ݱग़͍ͯͮجʹ֬࣌࿅σʔλʹ͓͍ͯɼಉ܇

head− edge− tailͷϖΞΛςετσʔλͰআ͢Δ͜ͱͰɼ

ॏཁͳཁૉͷΈΛऔΓग़ͤΔͱͨ͑ߟɽϖΞΛআ͢Δͱ͍͏

−ɼheadۀ࡞ edge− tailΛશͯআ͢ΔͷͰͳ͘ɼedge

ͱ tailΛআ͢Δۀ࡞ͷ͜ͱͰ͋Δɽͭ·Γγʔϯάϥϑ্ʹ

 headͷΈ͕Γɼ͜ΕΛ܁Γฦ͢͜ͱͰɼؼ࠶తʹআ͠

͍ͯ͘ɽআΛߦͳ͏݅ࣜҎԼͷ௨ΓͰ͋Δɽ

D(t) =
∑

i∈I

∑

x∈E

τ(i)P (x, t) (2)

͜͜Ͱ I σʔληοτʹؚ·ΕΔը૾ͷ૯Ͱ͋Γɼτ(i)

 i൪ͷը૾ͷͭࡾͰ͋Δɽͭࡾͷग़ݱճΛγʔϯά

ϥϑ͝ͱʹՃ͠ࢉɼ͞Βʹσʔληοτதͷશͯͷը૾ʹର͠

ͯՃ͢ࢉΔ͜ͱͰɼશͯͷը૾ʹର͢Δͭࡾͷग़ݱසΛٻ

ΊΔɽͦͯ͠ɼग़ݱස͕ҙͷ C Λӽ͑ͨ߹আΛߦ

ͳ͏ɽ

4. 1. 2 ͖݅֬ʹΑΔॏཁͷ͍ߴϊʔυͷݕग़

4.1.1 Ͱಉ֬࣌ʹΑΔग़ݱසΛݩʹΤοδͷআΛߦ

ͳ͕ͬͨɼຊ߲Ͱ͖݅֬ʹΑΔϊʔυͷݕग़Λߦͳ͏ɽ

͖݅֬ͱɼ͋Δࣄ Y ࣄɼͦͷ݅ԼͰʹ͖࣌ͨى͕

 X Δ֬ͷ͜ͱͰ͋ΔɽP͖ى͕ (X|Y ) Ͱࣔ͞ΕɼҎԼͷ

ࣜ 3Ͱ͞ࢉܭΕΔɽ

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

P (Y )
(3)

4.1.1Ͱ head − edge − tail ͕શͯಉ͡߹Λಉ֬࣌ͱ

ͯ͠ଊ͑ͨɽಉ༷ʹͯ͠ɼ͋Δ head͔Β edge− tail͕ग़͢ݱ

Δ߹ɼhead− edge͔Β tail͕ग़͢ݱΔ߹Λ͖݅֬

ͱͯ͠ଊ͑Δ͜ͱ͕Ͱ͖Δͱͨ͑ߟɽ

ಉ֬࣌ʹΑΔग़ݱճͰɼશͯͷγʔϯάϥϑʹ͓͍

ͯ head − edge − tail ͕શͯಉҰͷ߹ͷग़ݱճΛ͑ͨɽ

ຊ߲Ͱಉ͡γʔϯάϥϑʹ͓͍ͯɼhead ͕ಉҰͷͷ͔Β

edge− tail͕ੜ͡Δ߹ͱɼhead−edge͕ಉҰͷͷ͔Β tail

͕ੜ͡Δ߹ΛɼͦΕͧΕҎԼͷࣜͰٻΊΔɽࣜ 4͕ɼhead͕

ಉҰͷͷ͔Β edge − tail ͷϖΞ͕ੜ͡Δ߹Ͱ͋Γɼࣜ 5

͕ɼhead − edge͕ಉҰͷͷ͔Β tail ͕ੜ͡Δ߹Ͱ͋Δɽ

͜͜Ͱ S γʔϯάϥϑʹؚ·ΕΔΤοδͷ૯Ͱ͋Δɽ

S∑
P ((edge− tail)|head) (4)

S∑
P (tail|head, edge) (5)

σʔληοτதͷଟͷγʔϯάϥϑʹෳճग़͍ͯ͠ݱΔ

ཁૉɼը૾ͷຊ࣭తͳಛΛࣔ͞ͳ͍ͱͨ͑ߟɽରʹɼݸʑ

ͷγʔϯάϥϑʹ͓͍ͯෳճग़͢ݱΔཁૉɼͦͷը૾ʹ͓



͍ͯॏཁͳಛΛද͍ͯ͠Δ͜ͱ͕ଟ͍ͱͨ͑ߟɽͦ͜Ͱɼ্

͍͓ͯʹߏͷࣜΛγʔϯάϥϑʹద༻͠ɼͦͷը૾ͷҙຯه

ॏཁͳཁૉΛݕग़͢Δɽ

4.1.1 Ͱಉ֬࣌ʹΑͬͯग़ݱճΛٻΊɼҰఆͷΛ

͑ͨ head− edge− tailͷϖΞશͯআͨ͠ɽຊ߲Ͱɼ

͖݅֬ʹΑΔग़ݱසʹΑΓ֤ϊʔυͷॏཁΛٻΊɼॏ

ཁ͕͍෦άϥϑΛআ͢Δ͜ͱͰɼ͞Βʹਫ਼Λ্͛Δ

͜ͱ͕Ͱ͖Δͱͨ͑ߟɽ

4. 2 ෳग़͢ݱΔཁૉͷݕ౼

4.1Ͱ౷ܭతख๏ʹண͠ɼଟྔͷσʔλʹ͓͍ͯग़ݱස

ͷ͍ߴ head − edge − tail ͷϖΞը૾ͷಛΛද͞ͳ͍

ͱ͑ߟɼͦͷϖΞΛআ͢Δ͜ͱͰਫ਼্Λͨ͠ࢦɽ·

ͨɼͻͱͭͷγʔϯάϥϑʹ͓͍ͯෳճग़͢ݱΔཁૉॏ

ཁͰ͋Δͱ͑ߟɼॏཁ͕͍෦άϥϑΛআ͢Δ͜ͱΛ

ఏҊͨ͠ɽຊઅͰɼͻͱͭͷγʔϯάϥϑͰෳճग़͢ݱΔ

head− edge− tailͷϖΞͷѻ͍ʹ͍ͭͯݕ౼Λߦͳ͏ɽ

ਤ 6 head− edge− tail ͷϖΞ͕ෳճग़͢ݱΔը૾ͷྫ

ਤ 6Ͱࣔ͢Α͏ʹɼը૾͔Βੜ͞Εͨγʔϯάϥϑʹɼ

ಉ͡ head − edge − tail ͷϖΞ͕ෳճग़͢ݱΔ͜ͱ͕͋Δɽ

͜ͷݱਤͷΑ͏ͳจ͕ࣈॻ͍ͯ͋Δ߹͚ͩͰͳ͘ɼͨ

͘͞Μͷݐ͕͍ࣸͬͯΔը૾ͳͲͷ߹ʹੜ͡Δ͜ͱ͕͋

Δɽ͔͠͠ਤΛݟΔͱΘ͔ΔΑ͏ʹɼ͜ΕͰੑͰ͋Δͨ

Ίɼਤ 6ͷԼͷΑ͏ʹͳΔͷ͕ཧతͰ͋Δͱ͑ߟΒΕΔɽ

ͦ͜Ͱࢲɼ͜ͷΑ͏ͳ՝Λղܾ͢ΔͨΊʹɼෳग़͠ݱ

ͨ head − edge − tail ͷϖΞΛ·ͱΊΔ͜ͱͰγʔϯάϥϑ

Λ؆ܿʹ͢Δ͜ͱ͕Ͱ͖Δͱͨ͑ߟɽͻͱͭͷγʔϯάϥϑͰ

head− edge− tail ͷϖΞ͕ෳճग़ͨ͠ݱ߹ɼͦΕΒΛ·

ͱΊɼhead Λม͢ܗΔ͜ͱͰ؆ܿͳγʔϯάϥϑʹ͢Δɽਤ

6ͷྫͰࣔ͢ͱɼletter − on− board͕ෳճग़͍ͯ͠ݱΔͷ

Ͱɼletters− on− boardͷΑ͏ʹ letter Λෳܗʹ͠ɼ·ͱ

ΊΔ͜ͱͰ؆ܿͳදݱʹ͢ΔɽheadͷมܗWord2Vecͷ୯

ͣ·ͳ͏ͨΊɼߦʹΑͬͯڑͱϨʔϕϯγϡλΠϯࣅྨޠ

Word2Vec [13] ͱϨʔϕϯγϡλΠϯڑʹ͍ͭͯઆ໌͢Δɽ

ଓ͚ͯෳग़͢ݱΔ෦άϥϑͷআख๏ʹ͍ͭͯઆ໌͢Δɽ

4. 2. 1 Word2VecͱϨʔϕϯγϡλΠϯڑʹΑΔྨࣅ

·ͣɼWord2Vec [13]ʹ͍ͭͯઆ໌͢ΔɽWord2Vecͱɼ؆

୯ʹ͏ݴͱ୯ޠΛϕΫτϧͱͯ͠ද͢ݱΔ͜ͱͰݩ࣍Λѹॖ͢

Δख๏ͷ͜ͱͰ͋ΔɽϕΫτϧͱͯ͠ද͢ݱΔ͜ͱͰɼ୯ޠͷ

ҙຯจ๏ͳͲΛଊ͑Δ͜ͱ͕Ͱ͖ΔΑ͏ʹͳΔɽWord2Vec

ͰɼϕΫτϧԽ͢ΔࡍʹࢄදݱΛ͜͏ͱͰݩ࣍Λѹॖ͢

Δ͜ͱ͕Ͱ͖Δɽ͜ΕΛ༻͍Δ͜ͱͰɼը૾ʹରԠ͢ΔΩϟϓ

γϣϯ͔Β࠷దͳྨࣅ୯ޠΛ͚ͭݟΔ͜ͱ͕Ͱ͖Δɽ

͔͠͠Word2VecʹΑΔྨࣅ୯ޠͰɼͦͷੑ্࣭ɼશ͘ٯ

ͷҙຯͰྨࣅ͕͘ߴͳͬͯ͠·͏ͱ͍͏͕͋Δɽͦ͜

ͰWord2VecʹՃ͑ɼϨʔϕϯγϡλΠϯڑΛଌΔ͜ͱͰ

Λղܾ͢Δɽ

ϨʔϕϯγϡλΠϯڑͱ୯ޠಉ࢜ͷྨࣅΛଌΔͰ

͋Γɼ͋Δจ͔ྻࣈΒతͷจྻࣈͷฤूڑͷ͜ͱͰ͋Δɽ

ฤूڑͱɼ͋Δจ͔ྻࣈΒతͷจྻࣈʹม͢ܗΔ·Ͱͷ

ճͷ͜ͱͰ͋ΔɽWord2VecͱϨʔϕϯγϡλΠϯܗখม࠷

Δɽ͚ͭݟΛޠ୯ࣅऴతͳྨ࠷ΛΈ߹Θͤɼڑ

4. 2. 2 ෳग़͢ݱΔ෦άϥϑͷू

ෳग़͢ݱΔ෦άϥϑͷআʹɼ্ Ͱઆ໌ͨ͠Word2Vec

ͱϨʔϕϯγϡλΠϯڑΛར༻͢Δɽ·֤ͣγʔϯάϥϑʹ

ରͯ͠ head − edge − tail ͷಉ࣌ग़ݱΛҎԼͷࣜ 6ͰٻΊɼ

ҰఆճҎ্ग़ͨ͠ݱ߹ʹ·ͱΊΔɽ

M(t, i) =
∑

x∈E

τ(i)P (x, t) (6)

֤γʔϯάϥϑͰCҎ্ͷग़ݱճͰ͋ͬͨ head−edge−
tailͷϖΞʹରͯ͠ɼ෦άϥϑΛ·ͱΊΔۀ࡞Λߦͳ͏ɽࣜ

7Λຬͨ͢߹ headΛม͠ܗɼຬͨ͞ͳ͍߹ headมܗ

ͤͣɼ෦άϥϑͷ·ͱΊ͚ͩߦͳ͏ɽࣜ 7ͰWord2Vecͱ

ϨʔϕϯγϡλΠϯڑΛΈ߹Θͤɼ࠷దͳྨࣅ୯ޠͷม

ͳ͍ͬͯΔɽߦΛܗ

͜͜ͰɼLD ͱϨʔϕϯγϡλΠϯڑΛٻΊΔؔͰ͋

ΓɼWV ͱWord2Vec ͰͷྨࣅΛٻΊΔؔͰ͋Δɽ·

ͨɼxʹҙͷ head͕ͯ·ΓɼtʹྨࣅΛٻΊΔର

Ͱ͋ΔಉҰγʔϯάϥϑͷ Objects͕ͯ·Δɽ

(LD(x, t) <= 3) ∧ (WV (x, t) > 0.4) (7)

ͦͷޙɼ·ͱΊͨ෦άϥϑΛݩͷॴʹஔ͢Δɽඞཁͳ

߹͜ΕΛؼ࠶తʹߦͳ͍ɼ؆ܿͳγʔϯάϥϑΛੜ͢Δɽ

5 ධ Ձ ࣮ ݧ

5. 1 σʔληοτ

ຊڀݚͰɼσʔληοτͱͯ͠ Krishna ΒʹΑͬͯ࡞

͞Εͨ Visual Genome [14] ͱ Lin ΒʹΑͬͯ࡞͞Εͨ

MSCOCO(Microsoft Common Objects in Context) [15]Λ

༻͢ΔɽͦΕͧΕͷσʔληοτͷಛʹ͍ͭͯड़ɼ࣮ݧલ

ͳ͏લॲཧʹ͍ͭͯઆ໌͢Δɽߦʹ

5. 1. 1 Visual Genome

Visual Genome [14] ɼ108,077 ຕͷը૾ؚ͕·Ε͓ͯΓɼ

֤ը૾ʹγʔϯάϥϑ͕༩͞Ε͍ͯΔσʔληοτͰ͋Δɽ

ͭ·Γ֤ը૾͝ͱʹɼը૾தʹؚ·ΕΔମ (Objects)ɼମ

ʹଐ͢Δଐੑ (Attributes)ɼ2ͭͷମϖΞؒͷؔੑ (Re-

lationships) ͕༩͞Ε͍ͯΔɽObjects ʹ֤ը૾தʹؚ·



ΕΔମ໊ͱମྖҬ͕ɼAttributesʹ֤ମຖʹ৭ܗঢ়

ͷଐੑใ͕ɼRelationships ʹମϖΞؒͷؔੑใ͕

ؚ·ΕΔɽಛఆͷখྖҬʹରͯ͠Ωϟϓγϣϯ͕༩͞Εͯ

͍Δ͕ɼը૾શମͷΩϟϓγϣϯ༩͞Ε͍ͯͳ͍ɽVisual

GenomeɼγʔϯάϥϑΛ༻͍Δ༻͍ͳ͍ʹؔΘΒͣɼଟ͘

ͷڀݚ [1], [9]?[11], [16]Ͱར༻͞Ε͍ͯΔσʔληοτͰ͋Δɽ

5. 1. 2 MSCOCO(Microsoft Common Objects in Con-

text)

MSCOCO [15]  Microsoft ʹΑͬͯఏ͞ڙΕɼ 330,000

ຕͷը૾ΛؚΈɼ֤ը૾ʹΩϟϓγϣϯ͕͍͍ͯΔσʔλ

ηοτͰ͋Δɽ֤ը૾ʹ͖ͭฏۉ 5 ͭͷΩϟϓγϣϯ͕༩

͞Εɼମ໊ͱମҐஔ͕ৄࡉʹࣔ͞Ε͍ͯΔɽը૾ʹରͯ͠

ମͷྖҬ͕ࣔ͞Εɼը૾ӈԼͷϘτϧͷΑ͏ͳখ͍͞ମ

ʹରԠ͍ͯ͠ΔɽͦͷͨΊɼ͜ͷσʔληοτଟ͘ͷը૾

ೝࣝ [17]ը૾Ωϟϓγϣϯੜ [8], [18]ͷڀݚʹར༻͞Εͯ

͍Δɽ

5. 1. 3 લ ॲ ཧ

ධՁ࣮ݧͰ༻͢Δσʔληοτͷલॲཧʹ͍ͭͯઆ໌͢Δɽ

֤ը૾ʹରͯ͠ɼγʔϯάϥϑͱΩϟϓγϣϯ͕༩͞Ε͍ͯ

ΔσʔληοτΛ༻͢ΔͨΊɼVisual GenomeͱMSCOCO

ΛՃ࡞ͯ͢͠Δɽ

Visual Genome ʹ֤ը૾ʹରͯ͠ ObjectsɼAttributesɼ

Relationshipsؚ͕·Εͨγʔϯάϥϑ͕༩͞Ε͍ͯΔ͕ɼը

૾શମʹରͯ͠ͷΩϟϓγϣϯ༩͞Ε͍ͯͳ͍ɽରʹɼ

MSCOCO ʹෳͷৄࡉͳΩϟϓγϣϯ͕༩͞Ε͍ͯΔ

͕ɼγʔϯάϥϑʹؚ·ΕΔใͳ͍ɽ͜ΕΒͷΛղܾ

͢ΔͨΊɼ2ͭͷσʔληοτΛ༻͍ͯ৽ͨͳσʔληοτΛ

͢Δɽ࡞

Visual Genome ͷ͍͔ͭ͘ͷը૾ɼFlickr [19] ͱ

MSCOCO ͔Βऩू͞Ε͍ͯΔɽͦ͜Ͱ Visual Genome ͱ

MSCOCOʹڞ௨͢Δը૾ͷΈΛ༻͢Δ͜ͱͱͨ͠ɽڞ௨ͷ

ը૾Λऩूͨ݁͠Ռɼ51,498 ຕͷը૾Λऩू͢Δ͜ͱ͕Ͱ͖

ͨɽ͜ΕΒͷը૾ʹɼγʔϯάϥϑͱฏۉ 5ͭͷΩϟϓγϣ

ϯ͕༩͞Ε͍ͯΔɽલॲཧͷ݁ՌΛҎԼͷද 1ʹࣔ͢ɽ

ද 1 લॲཧޙͷσʔληοτͷ༰

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 1ʹࣔ͢௨Γɼ܇࿅ը૾ͱςετը૾ʹ͍ͭͯɼશ 51,498

ຕͷ͏ͪ 7ׂͷ 36,048ຕΛ܇࿅ը૾ɼ3ׂͷ 15,450ຕΛςε

τը૾ͱͨ͠ɽҎ߱ɼ܇࿅ը૾Ͱ࣮ݧΛߦͳ͍ɼςετը૾

ͰධՁΛߦͳ͏ɽ·ͨը૾ຖʹͻͱͭͷγʔϯάϥϑ͕༩͞

Ε͍ͯΔ͜ͱ͔Βɼγʔϯάϥϑͷ༁ը૾ຕͱಉͰ͋

Δɽදͷʮϊʔυͷ૯ʯʹ ͍ࣔͯ͠Δͷ Visual Genomeʹ

ؚ·Ε͍ͯΔObjectsͱ AttributesͷใͰ͋ΓɼΛݟΔͱ

ը૾ 1ຕʹ͖ͭ 35ͷϊʔυใ͕༩͞Ε͍ͯΔ͜ͱ͕Θ

͔Δɽಉ༷ʹɼදͷʮΤοδͷ૯ʯΛݟΔͱ֤ը૾ʹ͖ͭ

21ͷΤοδใ͕༩͞Ε͍ͯΔ͜ͱ͕Θ͔Δɽ·ͨɼϢχʔ

Ϋͳϊʔυͷ૯ͱϢχʔΫͳΤοδͷ૯ͱ͍͏ͷɼͦΕ

ͧΕͷॏෳ͢ΔϊʔυͱΤοδΛআͨ͠૯ͷ͜ͱͰ͋Δɽ

5. 2 ຊ࣭తͳҙຯߏͷநग़

લॲཧΛߦͳͬͨσʔληοτΛݩʹͯ͠ɼຊ࣭తͳҙຯߏ

நग़͢ΔͨΊͷ࣮ݧΛߦͳ͏ɽຊઅͰɼ4.1Ͱࣔͨ͠ख๏

ͷ݁ՌΛࣔ͢ɽݧͳ͍ɼ࣮ߦΛݧ࣮͍ͯͮجʹ

લॲཧ͞Εͨσʔληοτʹ͓͍ͯɼγʔϯάϥϑG = (O,E)

ʹ͓͚Δ E ͷग़ݱසΛ֬ೝ͢Δɽ͜ͷۀ࡞܇࿅σʔληο

τʹ͓͍ͯͷΈߦͳ͍ɼ݁ՌΛྀͯ͠ߟςετσʔληοτʹ

өͤ͞ΔɽҎԼʹɼࣜ 2Λ܇࿅σʔληοτ 36,048ຕʹର

ͳͬͨ݁ՌΛࣔ͢ɽߦͯ͠

·ͣɼࣜ 2ʹ͓͍ͯ I ܇࿅ը૾ͷ૯Ͱ͋Δ 36,048ͱͳ

ΓɼE ݸʑͷγʔϯάϥϑຖͷ head − edge − tail ͷϖΞ

ͷͰ͋Δɽ࣮ࡍʹ head− edge− tailͷग़ݱසΛͨ͠ࢉܭ

݁Ռɼग़ݱճ͕ 5ճҎԼͷ head− edge− tail 247,931Ͱ

࿅σʔλʹؚ·ΕΔϢχʔΫͳΤοδͷ܇ 93.3ˋͰ͋ͬͨɽ

࿅σʔλͷதͰҰ൪ଟ͔ͬͨʮclouds܇ in skyʯͷग़ݱճ

4,438ճͰ͋Γɼ܇࿅σʔλͷதͰ head− edge− tail ͷग़

ճʹେ͖ͳ͕ࠩ͋Δ͜ͱ͕Θ͔Δɽݱ

ද 2 ग़ݱճ͕ଟ͍ head− edge− tail ͷྫ

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

ද 2ʹग़ݱճ͕ଟ͍ head− edge− tailͷྫΛࣔͨ͠ɽද

͔ΒΘ͔ΔΑ͏ʹɼ໌ Β͔ʹग़ݱճͷଟ͍ head− edge− tail

ɼը૾தͷഎܠʹͨΔΑ͏ͳɼը૾༰ʹ͋·Γ͕ؔͳ

͍ͱ͑ߟΒΕΔͷ͕ଟ͍ɽͦͷͨΊࢲɼ͋ΔҰఆͷΛ

͑ͨग़ݱճΛͭ࣋ head− edge− tailɼը૾ͷຊ࣭తͳҙ

ຯߏΛநग़͢Δ্Ͱඞཁ͕ͳ͍ͱͨ͑ߟɽ

ग़ݱճ͕ 5ճҎԼͷ head−edge−tail͕σʔλதͷ 93.3ˋ

ΛΊΔͱ͍͏݁Ռ͔ΒɼࠓճͷධՁ࣮ݧͰग़ݱճ 5 ճ

Λϕʔεͱ࣮ͯ͠ݧΛߦͳ͏͜ͱͱͨ͠ɽग़ݱճΛௐͨ݁

Ռɼग़ݱճ 10ճҎԼͰ 96.8ˋɼ100ճҎԼͰ 99.8ˋͱͳͬ

ͨͨΊɼධՁ࣮ݧͰग़ݱճ 6ճҎ্ͷͷΛআ͢Δ͜ͱ

Ͱेͩͱஅͨ͠ɽ

͞Βʹಉ֬࣌ʹΑΔग़ݱස͚ͩͰͳ͘ɼ͖݅֬

ʹΑΔग़ݱසʹ͍ͭͯ৮ΕΔɽhead− edge− tail ͷશͯ

͕ಉҰͷ߹ͷΈআΛߦͳ͓͏ͱ͕ͨ͠ɼ͜ΕͰͻͱͭͷ

γʔϯάϥϑͰ 6 ճҎ্ग़ͨ͠ݱϖΞɼগͷը૾Ͱෳ

ճग़ͨ͠ݱϖΞΛআͯ͠͠·͏͜ͱʹͳΔɽ͔͠͠ɼͦΕ

ΒՌͨͯ͠ຊ࣭తͰͳ͍ͱ͑ݴΔͩΖ͏͔ɽΉ͠Ζը૾ͷಛ

Λද͍ͯ͠ΔՄੑେ͖͍ͱ͑ߟΒΕΔɽͦ͜Ͱɼࣜ 4ͱ



ࣜ සݱɼ֤γʔϯάϥϑͷϊʔυͱΤοδͷग़͍ͯͮجʹ5

ΛٻΊɼΤοδଓ͕ 4 Ҏ্ͷϊʔυআΛߦͳΘͳ

͔ͬͨɽ

ຊઅͰߦͳ͏ධՁ࣮ݧͰɼ্Ͱࣔͨ͠আ͖͢ରΛς

ετσʔληοτʹରͯ͠ద༻͠ɼγʔϯάϥϑͷมԽΛ͔֬

ΊΔɽݩͷγʔϯάϥϑͱख๏ద༻ޙͷγʔϯάϥϑͷൺֱͷ

Ұ෦Λਤ 7ʹࣔ͢ɽશͯͷϊʔυͱΤοδΛͤࡌΔ͜ͱ͠

͍ͷͰɼมԽ͕͖ͨى෦ͷάϥϑΛࣔ͢ɽ

ਤ 7 ຊ࣭తͳҙຯߏͷநग़࣮ݧʹΑΓੜ͞Εͨγʔϯάϥϑͷ

ൺֱ

ਤ 7ͰγʔϯάϥϑͷҰ෦͔ͤ͠ࡌΔ͜ͱ͕Ͱ͖͍ͯͳ͍

͕ɼ͜͜Ͱࣔͨ͠ͷΛݟΔ͚ͩͰɼແବͳΤοδ͕আͰ

͖͍ͯΔ͜ͱ͕Θ͔ΔɽͪΖΜશ্͕ͯख͍͍ͬͯ͘ΔΘ͚

Ͱͳ͍͕ɼ࣮ࡍʹ݁ՌΛݟΔͱޮՌతʹ࡞༻͍ͯ͠Δͱ͑ߟ

ΒΕΔɽ

5. 3 ෳग़͢ݱΔཁૉͷධՁ

ͳ͏ɽ4.2Ͱࣔͨ͠ߦΛ౼ݕΔΤοδͷ͢ݱɼෳճग़ʹ࣍

ఏҊख๏ʹ͍ͯͮجɼෳճग़͢ݱΔ෦άϥϑʹ͍ͭͯͷ࣮

Λ͠ɼ݁ՌΛධՁ͢Δɽݧ

ࣜ ͳ͏ɽ·ͣςετσʔληοߦΛݧɼҎԼͷ࣮͍ͯͮجʹ6

τʹରͯ͠ɼγʔϯάϥϑʹෳग़͢ݱΔ head− edge− tail

ͷϖΞͷग़ݱճΛٻΊɼͦΕΒʹରͯ͠ఏҊख๏Λద༻͢Δɽ

෦άϥϑͷ headʹରͯ͠ɼWord2VecͱϨʔϕϯγϡλΠ

ϯڑΛΈ߹ΘͤɼରԠ͢ΔΩϟϓγϣϯ͔Β࠷ྨࣅͷ

Λൈ͖ग़͢ɽޠ୯͍ߴ

ਤ 8Ͱɼਤ 7ͱಉ༷ʹ݁ՌͷҰ෦Λࣔ͢ɽਤΛͯݟΘ͔

Δ௨Γɼ্ख͘ஔग़དྷͨͷͱग़དྷͳ͔ͬͨͷ͕ଘͨ͠ࡏɽ

ਤ 8 ෳग़͢ݱΔཁૉͷ·ͱΊ࣮ݧʹΑΓੜ͞Εͨγʔϯάϥϑ

ͷൺֱ

݁ՌΛ֬ೝͨ͠ͱ͜Ζɼboy girlͳͲͷ୯ޠ্ख͍͔ͣ͘ɼ

book  newspaper ͳͲൺֱత͍ߴਫ਼Λ͍ࣔͯͨ͠ɽboy

 girlɼͦΕͧΕͷෳܗͰ͋Δ boys girlsΑΓɼkid

 childͳͲͷํ͕ྨࣅ͕͘ߴͳ͍ͬͯͨɽ͔͠͠શମΛ௨

ͳ͔ͬͨɽ͜ΕWord2Vec͑ݴͱ͍ߴΔͱɼਫ਼͕ݟͯ͠

ʹΑΔྨࣅ͕ݪҼͰ͋Δͱ͑ߟΒΕΔɽ

Word2VecͰɼ୯ޠΛಉ͡ϕΫτϧۭؒʹຒΊࠐΈɼϕΫ

τϧಉ࢜ͷڑํʹΑͬͯྨࣅΛٻΊΔɽϕΫτϧۭؒ

ͷຒΊࠐΈɼ܇࿅σʔληοτʹؚ·ΕΔΩϟϓγϣϯΛ

Δ୯͍ͯࣅͳ͍ͬͯΔͨΊɼΩϟϓγϣϯ্Ͱ༻๏͕ߦ͍ͯ༺

ܗग़ྗ͞ΕΔɽ·ͨɼΩϟϓγϣϯ্ʹෳ͘ߴ͕ࣅྨޠ

ͱͯ͠ଘ͠ࡏͳ͍߹దͳ୯͕ޠଘ͠ࡏͳ͍߹ɼ্ख͘

ม͢ܗΔ͜ͱ͕ग़དྷͳ͔ͬͨɽͦͷͨΊɼஔ͖ͯ͑ࣗવͱ

ͳΔΑ͏ͳ୯ޠ্ख͍͔ͣ͘ɼஔ͖ͨ͑୯ޠΑΓෳܗ

ͷํ͕ࣗવͱͳΔ୯ޠ্ख͍ͬͨ͘ͱ͑ߟΒΕΔɽ

5. 4 ख๏ͷൺֱ݁Ռ

ͷ݁Ռʹ͍ͭͯड़Δɽ3.2Ͱࣔͨ͠ݧͰࣔͨ͠ධՁ࣮ه্

ධՁख๏Λݩʹɼબͨ͠ 100ͷը૾ʹ͍ͭͯ݁ՌΛൺֱ͠ɼ

ҎԼͷද 3ʹࣔ͢ɽݩͷγʔϯάϥϑΛ SGɼຊ࣭తͳҙຯߏ

ͷநग़ΛߦͳͬͨγʔϯάϥϑΛ SG − Eɼෳग़ͨ͠ݱ

෦άϥϑͷݕ౼ΛߦͳͬͨγʔϯάϥϑΛ SG − MɼͲͪ

Βద༻ͨ͠γʔϯάϥϑΛ SG − E − M ͱ͢Δɽpositive

Objectsଟ͍΄Ͳྑ͘ɼnegative Objectsগͳ͍΄Ͳ

ྑ͍݁ՌͱͳΔɽݩͷγʔϯάϥϑશͯͷ ObjectsΛؚΜͰ

͍ΔͨΊɼͲͪΒ࠷େͷ 5ͱͳ͍ͬͯΔɽ



ද 3 ධՁ࣮݁ݧՌʢฏۉΛͨ͠ࢉܭͷʣ

ϊʔυ Τοδ positive  negative 

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

6 ߟ 

ධՁ࣮ݧΛߦͳͬͨ݁Ռɼද 3ΛݟΔͱΘ͔Δ௨Γ SG-E-M

Ͱਫ਼্Λࣔ͢͜ͱ͕Ͱ͖ͨɽग़ݱසʹͮ͘جΤοδͷ

আʹ͓͍ͯɼෳࡶͳը૾ʹରͯ͠ಛʹ༗༻ੑΛࣔ͢͜ͱ͕

Ͱ͖͕ͨɼগͳ͍ମͰߏ͞Εͨ୯७ͳը૾Ͱɼਫ਼্

͕͋·ΓݟΒΕͳ͔ͬͨɽ͜Εɼଞͷը૾Ͱຊ࣭తͰͳ͍

෦͕ɼओཁͷཁૉͱͳ͍ͬͯΔ͜ͱ͔Β͖ͯ͠ى·ͬͨͱߟ

͑ΒΕΔɽ͔͠͠ɼݩʑγʔϯάϥϑෳࡶͳը૾༰Λɼ

ମಉ࢜ͷάϥϑߏͰද͢͜ͱͰཧղ͘͢͢͠Δͱ͍͏ಛ

͕͋ΔͨΊɼ͜ͷ͜ͱͰͳ͍ͱ͍ͯ͑ߟΔɽ·ͨɼಉ

আ͚ͩ͢Ͱͳ͖݅֬͘Λ༻͍Δ͜ͱʹΑΓɼ֬࣌

Δ͖Ͱͳ͍ϖΞΛ͜͢ͱ͕Ͱ͖ͨ݁Ռ͕ɼ͍͔ͭ͘ͷα

ϯϓϧͰݟΒΕͨɽ

ಉҰͷγʔϯάϥϑͰෳग़͢ݱΔ෦άϥϑͷݕ౼ʹͭ

͍ͯɼ୯ମͰ͋·Γ༗༻ੑΛࣔ͢͜ͱ͕Ͱ͖ͳ͔ͬͨɽݪ

Ҽͱͯ͠ɼΩϟϓγϣϯʹؚ·ΕΔޠኮͷใྔʹΑͬͯਫ਼

ʹ͕ࠩͰ͖ͯ͠·ͬͨͨΊͩͱ͑ߟΒΕΔɽΩϟϓγϣϯ্

͔Βྨࣅ୯ޠΛ͚ͭݟग़ͨ͢ΊɼΩϟϓγϣϯ্ʹଘ͠ࡏͳ

͍୯ޠʹஔ͖͑Δ͜ͱ͕Ͱ͖ͳ͍ɽͦͷͨΊɼྨࣅ୯ީޠ

ิ͕ᮢΛ͑ͣɼͨͩ·ͱΊΔ͚ͩͷάϥϑ͕ଟ͔ͬͨɽ͠

͔͠ɼෳग़͍ͯ͠ݱΔ෦άϥϑΛ·ͱΊΔ͜ͱͰɼ؆ܿͳ

γʔϯάϥϑͱͳΔ͜ͱࣔ͢͜ͱ͕Ͱ͖ͨɽ·ͨ nagative

ObjectsͷݮʹޮՌΛ͍ࣔͯͨ͠ɽ

ͷه্ 2 ΛΈ߹Θͤͨ݁Ռɼ؆͔ܿͭेͳใྔͷ

γʔϯάϥϑ͕ੜͰ͖Δ͜ͱΛࣔ͢͜ͱ͕Ͱ͖ͨɽ

ڍͷలͱͯ͠ɼγʔϯάϥϑ͔Βͷը૾ੜͳͲ͕ޙࠓ

͛ΒΕΔɽຊڀݚͰఏҊͨ͠ख๏Λ༻͍Δ͜ͱͰɼΑΓը૾

༰ʹ͍ۙγʔϯάϥϑΛੜ͢Δ͜ͱ͕Ͱ͖ͨɽ͜ͷ͜ͱΑΓɼ

ҰൠతͳγʔϯάϥϑΑΓ؆ܿͳදݱͱͳΓɼຊ࣭తͳը૾

Λੜ͢Δ͜ͱ͕Ͱ͖Δͱ͑ߟΒΕΔɽ

ँ ࣙ
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