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Mental Focus Estimation Using the Spatio-temporal
Correlation between Visual Saliency and Eye Movements

Ryo Yonetani,†1 Hiroaki Kawashima,†1

Takatsugu Hirayama†1,∗1 and Takashi Matsuyama†1

The spatio-temporal correlation analysis between visual saliency and eye
movements is presented for estimation of mental focus toward videos. We
extract spatio-temporal dynamics patterns of saliency areas from the videos,
which we refer to as saliency-dynamics patterns, and evaluate eye movements
based on their correlation with the saliency-dynamics patterns in view. Ex-
perimental results using TV commercials demonstrate the effectiveness of the
proposed method for the mental-focus estimation.
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1. ͸ ͡ Ί ʹ

ʮ໨͸৺ͷڸʯͱݴΘΕΔΑ͏ʹɼਓؒͷ໨͸͠͹͠͹ͦͷ࣌ͷ৺తঢ়ଶΛө͢ɽզʑਓ

ؒ͸ɼ૬खͷ໨ͷಈ͖ʢࢹઢӡಈʣʹΑͬͯɼͦͷ૬ख͕ԿΛ͍ͯݟΔ͔͚ͩͰͳ͘ɼͲ͏

͍͏ঢ়ଶʹ͋Δ͔ʢͨͱ͑͹ूத͍ͯ͠Δ͔ʣΛ஌Δ͜ͱ͕Ͱ͖Δɽ͜ͷΑ͏ͳࢹઢӡಈͱ

৺తঢ়ଶͷؔ܎͸ɼ͘ݹΑΓೝ஌৺ཧֶɼਆܦੜཧֶ෼໺ͳͲͰ͞ڀݚΕ͖ͯͨ1)2)ɽ͔͠

͠ͳ͕Βɼͦ͜ͰಘΒΕͨ஌ݟ͸جຊతʹਓ޻తڥ؀ʹ͓͚Δ΋ͷͰ͋Γɼ࣮ੈքʹ͓͚Δ

ਓؒͷৼΔ෣͍ʹؔͯ͠͸ະͩ໌Β͔Ͱͳ͍͜ͱ͕ଟ͍ɽҰํɼηϯγϯάٕज़ͷൃୡʹΑ

Γɼ࣮ڥ؀ʹ͓͚Δඇ߆ଋɾඇ઀৮Ͱͷࢹઢܭଌ͕࣮͞ݱΕ͍ͯΔ3)ɽզʑ͸͜ͷΑ͏ͳٕ

ज़ΛԠ༻͠ɼʮ໨͸৺ͷڸʯͷγεςϜԽ—ࢹઢӡಈͷ࣮ܭڥ؀ଌʹͮ͘ج৺తঢ়ଶਪఆͷ

ख๏ཱ֬ʹऔΓ૊ΜͰ͍Δɽ

ઢӡಈ͕ࢹ೉͞ͱͯ͠ɼਓ͕ؒ͋Δ৺తঢ়ଶʹ͋Δͱ͖ʹͦͷࠔઢӡಈղੳʹ͓͚Δࢹ

ඞͣ͠΋ಉ͡ৼΔ෣͍ͱͳΒͳ͍͜ͱ͕͛ڍΒΕΔɽ͜Ε͸ɼਓؒͷ৘ใॲཧ੍͕ޚॲཧ

ʢcontrolled processingʣͱࣗಈॲཧʢautomatic processingʣʹ෼ྨ͞ΕΔ4) ͜ͱ͔Β΋

෼͔ΔΑ͏ʹɼࢹઢӡಈʹ͸ਓؒͷ৺తঢ়ଶʹͮ͘جӡಈʢ಺Ҽੑࢹઢӡಈ; endogenous

eye movementsʣ͚ͩͰͳ͘ɼ֎ڥ؀ʹ͓͚Δܹ֮ࢗࢹʹ༠͞ىΕΔӡಈʢ֎Ҽੑࢹઢӡ

ಈ; exogenous eye movementsʣ͕ଘ͠ࡏɼ؍ଌ͞ΕΔࢹઢӡಈʹ͸྆ऀ͕ࠞ͢ࡏΔͨΊͰ

͋Δɽ͕ͨͬͯ͠৺తঢ়ଶΛਪఆ͢ΔͨΊʹ͸ɼࢹઢӡಈͷΈͳΒͣɼࢹઢӡಈ͕ͭ࣋μΠ

φϛΫεʢࢹઢμΠφϛΫεʣͱͦͷࢹքʹөΔର৅෺͕ͭ࣋μΠφϛΫεʢର৅μΠφ

ϛΫεʣؒͷؔੑ܎Λྀ͢ߟΔඞཁ͕͋Δɽͨͱ͑͹ΠϯλϥΫςΟϒγεςϜߏஙͷڀݚ

ʹ͓͍ͯ͸ɼఏࣔίϯςϯπ͔ΒϢʔβͷࢹର৅Λݕग़͠ɼࢹର৅΁ͷ஫5ؒ࣌ࢹ) ΍ෳ਺

ର৅ͷ஫ࢹॱং6)ɼର৅ͷಈతͳ੾ΓସΘΓʹର͢Δ൓Ԡજ7࣌) ͳͲΛಛ௃ͱͯ͠நग़͠ɼ

Ϣʔβͷ৺తঢ়ଶਪఆΛ͍ͯͬߦΔɽ·ͨӡసڥ؀Λѻ͏ڀݚͰ͸ɼࢹઢӡಈͱं֎ڥ؀ͷ

૬ؔੑ͕͠͹͠͹ղੳର৅ͱͳΔ8)9)ɽ۩ମతʹ͸ɼoptical flow΍ো֐෺ɼඪࣝɼาऀߦ

ೝٕࣝज़Λ༻͍ͯं֎͔ڥ؀Βݦஶੑͷ͍ߴ෺ମΛݕग़͠ɼࢹઢํ޲ͱ෺ମҐஔͱͷ૬͔ؔ

Βӡసखͷ஫ҙঢ়ଶΛਪఆ͍ͯ͠Δɽ

Ҏ্ͷؔ࿈ڀݚ͸ɼجຊతʹʮਓ͕ؒԿΛɼͲͷΑ͏ʹ͍ͯݟΔ͔ʯΛѻ͓ͬͯΓɼࢹର

৅ʹ͚޲ΒΕͨਓؒͷ৺తঢ়ଶΛɼͦͷࢹઢӡಈʹ͍ͯͮجղੳ͢ΔڀݚͰ͋Δɽ͑׵͍ݴ

Ε͹ɼࢹઢμΠφϛΫεͱର৅μΠφϛΫεͷؔੑ܎ΛʮࢹઢΛج४ͱͯ͠ʯଊ͑ͨڀݚͰ

͋Δͱ͑ݴΔɽҰํͰɼҰൠʹਓؒͷࢹքʹ͸ෳ਺෺ମ͕ଘ͠ࡏɼͦΕͧΕ͕ਓؒͷࢹର৅

ީิͱͯ͠ԿΒ͔ͷ֮ࢹతݦஶੑΛͨͭ࣋Ίɼ͋Δࢹର৅ʹࢹઢ͕͚޲ΒΕΔͱ͍͏ݱ৅
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͸ɼࢹର৅͚ͩͰͳͦ͘ͷपғͷ෺ମ͕ͭ࣋ಛੑʹ΋Ө͞ڹΕΔɽ͜Ε͸ɼ৺తঢ়ଶΛѻ͏

ʹ͋ͨͬͯʮਓؒͷࢹքதʹԿ͕ଘ͠ࡏɼͲͷΑ͏ʹݟΒΕ͍ͯΔ͔ʯͱ͍͏ʮର৅Λج४

ͱͯ͠ʯଊ͑ͨؔੑ܎΋ಉ༷ʹॏཁͰ͋Δ͜ͱΛ͍ࣔࠦͯ͠Δɽ

ຊڀݚͰ͸ɼ͜ͷΑ͏ͳର৅Λج४ͱͨ͠ର৅μΠφϛΫε—ࢹઢμΠφϛΫεͷؔ܎

ੑʹண໨͠ɼର৅μΠφϛΫεʹࢹ͍ͨͮجઢμΠφϛΫεͷղੳɼ৺తঢ়ଶͷਪఆΛߦ

͏ɽಛʹຊߘͰ͸ɼϢʔβ͕ TV ίϚʔγϟϧͱ͍ͬͨҰൠͷө૾Λࢹௌ͢Δঢ়گΛઃఆ

͠ɼର৅μΠφϛΫεͱͯ͠ө૾͕ͭ࣋μΠφϛΫεΛѻ͏ͱͱ΋ʹɼࢹௌதͷө૾ʹର͢

ΔϢʔβͷूதঢ়ଶΛਪఆ͢Δɽ

2. ө૾ͷݦஶੑมಈͱࢹઢӡಈͷۭؒ࣌૬ؔ෼ੳʹू͍ͨͮجதঢ়ଶਪఆ

2.1 ө૾ɾࢹઢμΠφϛΫεͱूதঢ়ଶ

σΟεϓϨΠʹ TV ίϚʔγϟϧͱ͍ͬͨҰൠͷө૾͕ఏࣔ͞ΕɼϢʔβ͕ͦΕΛࢹௌ

͍ͯ͠Δঢ়گΛ૝ఆ͢Δɽ·ͨɼσΟεϓϨΠԼʹ͸ࢹઢܭଌ૷ஔ͕ઃஔ͞Εɼඇ߆ଋɾඇ

઀৮ͷঢ়ଶͰϢʔβͷࢹઢӡಈʢσΟεϓϨΠ্ͷ஫ࢹ఺ྻܥʣΛਫ਼౓ྑ͘ܭଌͰ͖Δ΋ͷ

ͱ͢Δɽ͜ͷͱ͖ɼϢʔβ͕ࢹௌө૾ʹରͯ͠ͲΕ͚ͩ஫ҙΛ͍͚ͯ޲Δ͔ͱ͍͏஫ҙͷఔ

౓Λूதͷ͞ߴͱͯ͠ఆٛ͠ɼूதͷ͞ߴ͸਺ஈ֊ʹྔࢠԽͰ͖Δ΋ͷͱԾఆ͢Δɽूதঢ়

ଶਪఆͱ͸ɼө૾͓Αͼ؍ଌ͞ΕΔࢹઢӡಈʹ͍ͯͮجɼͦͷө૾ʹର͢ΔϢʔβͷूதͷ

தɾ௿ूதΛ൑ผ͢Δʣ໰୊Ͱ͋ΔɽूߴΛਪఆ͢Δʢͨͱ͑͹ɼ͞ߴ

1ষͰड़΂ͨ௨Γɼ؍ଌ͞ΕΔࢹઢӡಈʹ͸৺తঢ়ଶʹͮ͘ج಺Ҽੑӡಈͱ֎ڥ؀ͷ֮ࢹ

ઢӡಈͷෆ࣮֬ੑ͸ɼҎԼࢹҼ͢ΔىʹΔɽ͜ͷ͜ͱ͢ࡏΕΔ֎Ҽੑӡಈ͕ࠞ͞ى༠ʹܹࢗ

ʹࣔ͢ 2छྨͷ໰୊ͱͯ͠ଊ͑Δ͜ͱ͕Ͱ͖Δɽ

(A) ಉ͡ूதঢ়ଶͰ͋ͬͯ΋ɼө૾μΠφϛΫεʹΑͬͯࢹઢμΠφϛΫε͸ҟͳΔɽ

(B) ಉ͡ө૾μΠφϛΫεͰ͋ͬͯ΋ɼूதঢ়ଶʹΑͬͯࢹઢμΠφϛΫε͸ҟͳΔɽ

(A)Λղܾ͢Δʹ͋ͨͬͯ͸ʮਓؒͷࢹքதʹԿ͕ଘ͢ࡏΔ͔ʯʹண໨͠ɼө૾தʹ͓͍ͯ

ɼ͓ΑͼͦΕΒͷμΠφϛΫεΛநग़ɾղੳ͢Δඞཁ͕͋Δɽ1܈ΒΕ͏Δର৅͚޲ઢ͕ࢹ

ষͰؔͨ͛ڍ࿈ڀݚʹ͓͍ͯɼ͜ͷΑ͏ͳର৅܈͸͋Β͔͡ΊखಈͰɼ͋Δ͍͸෺ମೝٕࣝ

ज़Λ༻͍ͯώϡʔϦεςΟοΫʹݕग़͞ΕΔɽ͔͠͠ͳ͕ΒҰൠͷө૾Λѻ͏ຊڀݚʹ͓͍

ͯɼ্ड़ͷख๏ʹΑͬͯө૾த͔Βର৅Λ͢΂ͯݕग़͢Δ͜ͱ͸ࠔ೉Ͱ͋Δɽ͜Εʹରͯ͠ɼ

ը૾ͷ֤ըૉ͕֮ࢹͭ࣋త஫ҙͷ͖޲΍͢͞ʢݦஶ౓ʣΛ͢ࢉܭΔϞσϧͱͯ͠ɼSaliency

map10) ͕஌ΒΕ͍ͯΔɽຊڀݚͰ͸͜ͷ Saliency mapΛ༻͍ͯɼө૾தʹग़͢ݱΔର৅

ʹؔ͢ΔಛఆͷώϡʔϦεςΟΫεΛ༻͍Δ͜ͱͳ͘ɼର৅ྖҬͱͯ͠ࢹઢͷ͖޲΍͍͢ݦ

(a) Saliency dynamics analysis

(b) Eye movement analysis
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ਤ 1 ఏҊख๏ͷ֓ཁ

ஶྖҬΛநग़͢Δɽͦͯ͜͠ΕΒͷݦஶྖҬͷಈ͖΍ը໘தʹଘ͢ࡏΔྖҬ਺ͷมԽͱ͍ͬ

ͨμΠφϛΫεʢݦஶੑมಈʣΛ͍͔ͭ͘ͷύλʔϯʹ෼ྨ͢Δ͜ͱΛࢼΈΔɽ

Ұํ (B) ͷ໰୊ʹΑΓɼ͜ͷΑ͏ʹө૾͔Β֬ఆతʹಘΒΕͨݦஶੑมಈύλʔϯʹର

ͯ͠ɼࢹઢӡಈ͸Ұҙʹఆ·Βͳ͍ɽ͔͠͠ͳ͕Β͜ͷࢹઢӡಈͷҧ͍͕ͦ͜ɼूதঢ়ଶΛ

ʹஶੑมಈύλʔϯ͕ͲͷΑ͏ݦͰ͸ʮ͜ΕΒڀݚΒΕΔɽͦ͜Ͱຊ͑ߟඪͱͳΔͱࢦࣔ͢

ઢӡಈࢹੜ͠͏Δൃ͍ͯͮجʹஶੑมಈύλʔϯͱͷ૬ؔੑݦΒΕ͍ͯΔ͔ʯʹண໨͠ɼݟ

Λ͍͔ͭ͘ͷλΠϓʹ෼ྨɼͦͯ͠ࢹઢӡಈͷλΠϓ͝ͱʹҟͳΔج४Ͱूதঢ়ଶΛࣔ͢

ಛ௃ͷநग़ɾ౷ܭతֶशΛ͏ߦɽ͜ΕʹΑΓɼ৽ͨʹ؍ଌ͞Εͨө૾ͱࢹઢӡಈͷ૊ʹର͠

ͯɼ͋Δݦ͍͓ͯʹؒ۠࣌ஶੑมಈύλʔϯΛಉఆ͢Δ͜ͱͰɼͦͷύλʔϯʹ͍ͯͮجద

੾ͳج४Ͱࢹઢӡಈ͔Βूதঢ়ଶΛਪఆ͢Δ͜ͱ͕ՄೳͱͳΔɽ

2.2 ఏҊख๏ʹ͓͚Δूதঢ়ଶਪఆͷ֓ཁ

ਤ 1ʹఏҊख๏ͷ֓ཁΛࣔ͢ɽਤ 1(a)ͷΑ͏ʹɼఏҊख๏Ͱ͸·ͣ Saliency flowͱݺ

͹ΕΔݦஶྖҬͷۭؒ࣌ϘϦϡʔϜ S = {S(1), . . . , S(L)} Λநग़͢Δɽݦஶੑมಈͷղੳ
Ͱ͸ɼ͜ΕΒ Saliency flow͕৫Γͳ͢ಈ͖ͷύλʔϯʹண໨͢Δɽ۩ମతʹ͸·ͣɼS ͷ
ॏ৺ྻܥ C = {C(1), . . . , C(L)}Λ༻͍ɼSaliency flowʹ͓͚Δಈ͖ͷঢ়ଶʢϞʔυʣΛղ
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ੳ͢Δ͜ͱͰɼS ΛϞʔυྻܥM = {M (1), . . . ,M (L)}ʹ෼અԽ͢Δɽͦͯ͠MΛ΋ͱ

ʹɼ͋Δؒ۠࣌ʹଘ͢ࡏΔ Saliency flowͷ਺͓ΑͼͦΕΒͷϞʔυΛ͍͔ͭ͘ͷύλʔϯ

ʹ෼ྨ͠ɼݦஶੑมಈΛύλʔϯྻܥ P = (p1, . . . , pN )ͱͯ͠ද͢ݱΔʢ3ষʣɽ

ઢӡಈղੳʢਤࢹͮͭ͘ 1(b)ʣͰ͸ɼ·ͣ஫ࢹ఺ྻܥX Λ S ͱর߹͢Δ͜ͱʹΑΓɼ஫
Ε͍ͯΔ͞ࢹ Saliency flowʢҎԼͰ͸୯ʹ஫ࢹϑϩʔͱݺͿʣͷ IDͱ஫͔ؒ۠࣌ࢹΒͳ

Δྻܥ G = (< g1, τ1 >, . . . , < gK , τK >)ΛಘΔɽͦͯ͠ɼ֤ؒ۠࣌ τk ʹ͓͚ΔX ͷ෦

෼ྻܥΛ஫ࢹϑϩʔͷϞʔυͱͷ૬ؔʹ͔͍͍ͭͯͮ͘جͷࢹઢӡಈͷλΠϓʹ෼ྨ͠ɼࢹ

ઢӡಈྻܥ X(1), X(1,2), X(2), . . . Λ֫ಘ͢Δɽूதঢ়ଶਪఆͰ͸ɼ͜ͷࢹઢӡಈλΠϓ͝

ͱʹҟͳΔج४Ͱಛ௃நग़Λ͏ߦɽ͜͜Ͱݦஶੑมಈύλʔϯ pn ∈ P ʹண໨͢Δͱɼؚ·

ΕΔ Saliency flowͷ਺΍ͦΕΒͷϞʔυʹ͍ͯͮجɼͦΕͧΕʹରͯ͠ͲͷλΠϓͷࢹઢ

ӡಈ͕؍ଌ͞Ε͏Δ͔Λ༧ଌͰ͖ΔɽఏҊख๏Ͱ͸͜ΕΛ΋ͱʹɼมಈύλʔϯͦΕͧΕʹ

͍ͭͯɼ؍ଌ͞Ε͏Δࢹઢӡಈͷಛ௃Λ૊Έ߹Θͤͨಛ௃ηοτΛूதঢ়ଶͷࣝผϞσϧͱ

ֶͯ͠श͢Δɽͦͯ͠ɼ৽ͨʹ؍ଌ͞Εͨө૾ͱࢹઢӡಈͷ૊ʹରͯ͠ɼө૾͔Βಉఆ͞Ε

ΔݦஶੑมಈύλʔϯʹΑͬͯࣝผϞσϧΛ੾Γସ͑ͳ͕Βɼूதঢ়ଶΛਪఆ͢Δʢ4ষʣɽ

3. ஶੑมಈͷղੳݦ

3.1 Saliency flowͷநग़

ө૾ʹ͸ɼਓؒͷࢹઢΛҾ͖͚ͭΔݦஶྖҬ͕ଘ͢ࡏΔɽຊڀݚͰ͸ Saliency map10) ͱ

ஶྖҬΛநग़͢ΔɽSaliencyݦϞσϧΛ༻͍ͯɼө૾த͔Β͜ͷࢉܭ͹ΕΔݺ map͸֮ࢹ

త஫ҙͷࢉܭϞσϧͰ͋Γɼೖྗө૾͔Β໌౓ɼ৭ࠩɼΤοδํ޲ͱ͍ͬͨૅجతը૾ಛ௃

ྔͷίϯτϥετΛෳ਺εέʔϧͰநग़͠ɼ୯Ұͷݦஶ౓ը૾ʢSaliency mapʣʹ౷߹͢

ΔɽݦஶྖҬͷநग़ʹ͋ͨͬͯ͸·ͣɼೖྗը૾ it ΑΓ Saliency map ît Λ͠ࢉܭɼ֤ϐ

Ϋηϧ c ∈ N2 ஶ౓ݦ͍ͯͭʹ ît(c)ΛಘΔ
⋆1ɽ͞Βʹɽ֤ ît ʹରͯ͠ݦஶ౓ πs Ͱͷᮢ஋

ॲཧΛ͍ߦɼᮢ஋Ҏ্ͷݦஶ౓Λͭ࣋ϐΫηϧΛ 8ۙ๣ͰϥϕϦϯά͢Δ͜ͱʹΑͬͯɼݦ

ஶྖҬू߹ St =
{
s(t,1), . . . , s(t,Nt)

}
Λநग़͢Δʢਤ 2ʣɽ

2ষͰड़΂ͨΑ͏ʹɼຊڀݚͰ͸ݦஶྖҬͷۭؒ࣌ϘϦϡʔϜΛ Saliency flowͱͯ͠ந

ग़͢Δɽ͜͜Ͱ͸ Saliency flow Λɼۭؒ࣌తʹ࿈ଓͨ͠ෳ਺ݦஶྖҬ͕୯࿈݁ͨ͠ʢྖ

Ҭͷ෼ذ΍ซ߹Λؚ·ͳ͍ʣۭؒ࣌ϘϦϡʔϜͱͯ͠ఆٛ͢Δɽө૾ʹ͸͠͹͠͹ෳ਺ͷ

Saliency flowؚ͕·ΕΔ͜ͱΛྀ͠ߟɼ͜͜Ͱ͸֤ϑϩʔʹରͯ͠ IDΛ༩͑Δ΋ͷͱ͢

⋆1 Saliency map ͷࢉܭʹ͸ɼSaliency Toolbox11) Λ༻͍ͨɽ

Input image Saliency map Salient regions

ਤ 2 ஶྖҬͷநग़ɽྖҬநग़ʹ͋ͨͬͯͷᮢ஋͸ݦ πs = 0.2 ͱͨ͠ɽ

Δɽ۩ମతʹ͸·ͣɼ֤ݦஶྖҬ s(t,n) ʹରͯ͠ɼҎԼͷखଓ͖ʹΑΓ ID l(t,n) Λ༩͑Δɽ

(1) ߹ஶྖҬूݦલͷࠁ࣌1 St−1 ͷ͏ͪɼs(t,n) ͱಉҰྖҬΛڞ༗͢Δ෦෼ू߹ Ŝt−1 Λߟ

͑ΔɽŜt−1 ͷཁૉ਺ʹ͖ͮجɼҎԼͷ (1a)∼(1c)ͷ͏͍ͪͣΕ͔Λ͏ߦɽ

(1a)ཁૉ਺͕ 0ͷ৔߹ɼs(t,n) ͸ Saliency flowͷ࢝఺Ͱ͋Γɼl(t,n) ʹ͸৽ͨͳ ID൪

߸ΛׂΓ౰ͯΔɽ

(1b)ཁૉ਺͕ 1 ͷ৔߹ɼs(t,n) ͸ s(t−1,m) ∈ Ŝt−1 ͱಉҰͷ Saliency flow Λߏ੒͢Δ

ྖҬͰ͋Γɼl(t−1,m) Λܧঝ͢Δɽ

(1c)ཁૉ਺͕ 2Ҏ্ͷ৔߹ɼs(t.n) ͸ෳ਺ϑϩʔ͕ซ߹͢ΔྖҬͰ͋Δɽ͜͜Ͱ͸ Ŝt−1

ͷ͏ͪॏ৺͕ s(t,n) ͷॏ৺ʹ࠷΋͍ۙྖҬ s(t−1,m̂)ͷ ID l(t−1,m̂) Λܧঝ͢Δɽ

(2) ༩͑ΒΕͨ l(t,n) ʹ͍ͭͯɼSt ͷଞྖҬʹ༩͑ΒΕͨ IDͱͷॏෳΛௐ΂Δɽ΋͠ l(t,n)

ͱಉҰͷ IDΛྖͭ࣋Ҭ͕طʹଘ͢ࡏΔ৔߹ɼs(t,n) ͸ࠁ࣌ tʹ͓͍ͯ෼ذΛൃੜ͢Δ

ϑϩʔͷҰ୺Ͱ͋ΔͨΊɼ͜͜Ͱ͸ l(t,n) ʹରͯ͠৽͍͠ ID൪߸Λ࠶౓ׂΓ౰ͯΔɽ

͜ͷΑ͏ʹͯ͠ɼશͯͷ s(t,n) ʹରͯ͠ ID l(t,n) ∈ {1, . . . , L}ʢL ͸࠷େ ID ൪߸ʣ͕

༩͑ΒΕΔɽID l Λͭ࣋ Saliency flow S(l) ͸ɼಉ͘͡ ID l Λݦͭ࣋ஶྖҬͷू߹

S(l) !
{
s(t,n) | l(t,n) = l

}
ʹΑͬͯߏ੒͞ΕΔɽ·ͨҎԼͰ͸ɼS(l) ͕ఆٛ͞ΕΔ۠࣌

ؒΛ [bl, el]ͱද͢΋ͷͱ͢Δɽ

3.2 ஶੑมಈͷϞσϧԽͱղੳݦ

Saliency flowू߹ S =
{
S(1), . . . , S(L)

}
ؚ͕ΉݦஶੑมಈΛϞσϧԽ͢ΔɽS ͷ֤ཁૉ

͸ɼͦͷॏ৺Ґஔ΍ܗঢ়ɼݦஶ౓ͷؒ࣌มԽύλʔϯΛ಺แ͢ΔɽͦͷதͰ΋ಛʹྖҬͷಈ

͖ʢ͜͜Ͱ͸ॏ৺ҐஔͷมԽʣ͸ɼݦஶ౓ࢉܭͷͨΊͷಛ௃ͱͯ͠΋͠͹͠͹ண໨͞ΕΔॏ

ཁͳಛ௃Ͱ͋Δ12)ɽ͕ͨͬͯ͠ Saliency flowͷಈ͖͸ࣗ਎ͷ༠໨౓߹͍ʹӨ͠ڹɼ·ͨͦ

ΕΏ͑ͦͷϑϩʔΛ஫͢ࢹΔࢹઢμΠφϛΫεʹ΋ӨڹΛ༩͑Δ͜ͱ͕ظ଴͞ΕΔɽ

ͦ͜Ͱ͜͜Ͱ͸ɼલઅͰಘΒΕͨ Saliency flow͔Βಈ͖ಛ௃Λநग़͠ɼಈ͖ͷঢ়ଶʢҎ
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ਤ 3 :ஶੑมಈͷղੳɽ্ஈݦ ֤ Saliency flow ͷॏ৺ҐஔͷมԽʢॎ࣠͸ը૾্ࠨΛݪ఺ʹͱͬͨॏ৺Ґஔͷϊ

ϧϜʣɼதஈ: ֤ Saliency flow ͷϞʔυʢ੺: ಈతঢ়ଶɼᒵ: ੩తঢ়ଶʣɼԼஈ: :ஶੑมಈύλʔϯʢSSݦ

Single Static, SD: Single Dynamic, MS: Multi Static, MSD: Multi Static/Dynamic, MD: Multi

Dynamicʣɽ֤ύϥϝʔλ͸ πc = 2◦/sɼωd = 2◦ɼws = 0.1 secɼωp = 0.5 sec ʹઃఆͨ͠ɽ

ԼͰ͸ϞʔυͱݺͿʣͷྻܥʹΑͬͯ S(l) ͷμΠφϛΫεΛද͢ݱΔͱͱ΋ʹɼS ؚ͕Ή
Δʢਤ͢ݱΔϞʔυͷ૊Έ߹ΘͤʹΑͬͯද͢ىڞ͍͓ͯʹؒ۠࣌ஶੑมಈΛɼ͋Δݦ 3ʣɽ

ͳ͓ҎԼͰ͸ɼS(l) ͔ΒಘΒΕΔॏ৺ྻܥΛ C(l) ͱද͢ʢਤ 3্ஈʣɽ

Saliency flowͷ෼અԽ

ຊڀݚͰ͸Ϟʔυͱͯ͠ɼ୯७ʹ md: Saliency flow ͕ಈ͖Λͭ࣋ঢ়ଶɼms: Saliency

flow͕੩͢ࢭΔঢ়ଶͷ 2छྨΛ͑ߟΔɽ͜͜Ͱ͸Ϟʔυm ∈ {md,ms}͕ఆٛ͞Εͨ͋Δ
ؒ۠࣌ τ Λ < m, τ >ͱද͢ݱΔ΋ͷͱ͠ɼSaliency flow S(l) ͷॏ৺ྻܥ C(l) ΛϞʔυܥ

ྻM (l) = (< m(l)
1 , τ (l)

1 >, . . . , < m(l)
Nl

, τ (l)
Nl

>) (
∑

n
τ (l)
n = el − bl + 1)ʹ෼અԽ͢Δʢਤ 3

தஈʣɽ·ͣɼC(l) ͷ଎౓ʢ޲ํؒ࣌ͷҰ֊ඍ෼஋ʣϊϧϜʹରͯ͠ᮢ஋ πc Λ༩͑ɼᮢ஋

Ҏ্ͷ۠ؒʹmdɼᮢ஋ະຬͷ۠ؒʹms ΛׂΓ౰ͯΔ͜ͱͰɼେ·͔ͳ෼અԽҐஔΛܾఆ

͢Δɽ࣍ʹms ͕༩͑ΒΕͨؒ۠࣌ τ (l)
n ͷ͏ͪɼ۠ؒ௕͕ᮢ஋ ws ΑΓখ͞ͳ΋ͷΛྡ઀͢

Δmd ۠ؒͱซ߹͢Δɽ·ͨɼmd ͕༩͑ΒΕͨؒ۠࣌ τ (l)
n ͷ͏ͪɼτ (l)

n தͷಈ͖ͷৼ෯͕

Ұఆ஋ wd ΑΓখ͞ͳ΋ͷΛྡ઀͢Δms ۠ؒͱซ߹͢Δɽͦͯ͠ɼซ߹ޙͷϞʔυ—۠࣌

ΛɼվΊͯMྻܥؒ (l) = (< m(l)
1 , τ (l)

1 >, . . . , < m(l)
Nl

, τ (l)
Nl

>)ͱͯ͠ఆٛ͢Δɽ

ஶੑมಈͷύλʔϯ෼ྨݦ

ஶੑมಈ͸ɼSaliencyݦ flow S = {S(1), . . . , S(L)}͕৫Γͳ͢ಈ͖ͷύλʔϯͰ͋Δɽ͍ ·

S(l)ͷಈ͖৘ใͱͯ͠ɼϞʔυྻܥM (l)͕ಘΒΕ͍ͯΔɽ͜ ͜Ͱ͸M = {M (1), . . . ,M (L)}
ʹ͓͍ͯಉ͢ىڞʹؒ۠࣌ΔϞʔυͷ૊Έ߹Θͤʹண໨͠ɼݦஶੑมಈΛ͍͔ͭ͘ͷύλʔ

ϯʹ෼ྨ͢ΔɽಛʹຊڀݚͰ͸ɼ؆୯Խ͞ΕͨҎԼͷ 5ύλʔϯΛ૝ఆ͢Δɽ

Single Static (SS) ୯Ұͷ੩తঢ়ଶϑϩʔ͕ଘ͢ࡏΔɽ

Single Dynamics (SD) ୯Ұͷಈతঢ়ଶϑϩʔ͕ଘ͢ࡏΔɽ

Multi Static (MS) ෳ਺ͷ੩తঢ়ଶϑϩʔ͕ଘ͢ࡏΔɽ

Multi Static/Dynamics (MSD) ੩తɾಈతঢ়ଶͷࠞͨ͠ࡏෳ਺ͷϑϩʔ͕ଘ͢ࡏΔɽ

Multi Dynamic (MD) ෳ਺ͷಈతঢ়ଶϑϩʔ͕ଘ͢ࡏΔɽ

͜ΕΒͷύλʔϯΛ༻͍ͯɼMΛύλʔϯྻܥͱͯ͠ද͢ݱΔ͜ͱΛ͑ߟΔɽ·ͣɼ͋Δϑ

ϨʔϜʹଘ͢ࡏΔ Saliency flowͷ਺͓ΑͼͦΕΒͷϞʔυʹ͍ͯͮجɼMΛ෼અԽ͢Δɽ

ͦͯ͠ɼ෼અԽ͞Ε֤ͨؒ۠࣌ʹ͍ͭͯɼͦͷ۠ؒ௕͕ᮢ஋ wp ΑΓখ͞ͳ΋ͷΛྡ઀۠ؒ

ʹซ߹͢Δɽ͜ͷΑ͏ʹͯ͠ɼݦஶੑมಈύλʔϯ͔ΒͳΔྻܥ P = (p1, . . . , pN ) (pn ∈
{SS, SD,MS,MSD,MD})͕ಘΒΕΔʢਤ 3Լஈʣɽ

4. ઢӡಈͷղੳͱूதঢ়ଶͷਪఆࢹ

4.1 ઢӡಈࢹஶੑมಈύλʔϯͱݦ

ຊষͰ͸ɼલষͰಘΒΕͨݦஶੑมಈύλʔϯ͓Αͼݸʑͷ Saliency flowͷμΠφϛΫ

εʹ͍ͯͮجɼࢹઢӡಈΛ෼ྨɼͦͯ͠ूதঢ়ଶͷਪఆΛ͏ߦɽSaliency flowʹ͚޲ΒΕ

μΠφϛΫεʹΑ͍͔ͬͯͭ͘ʹ෼ྨ͞ΕΔɽͨͱ͑͹ɼͭ࣋ઢӡಈ͸ɼͦͷϑϩʔ͕ࢹͨ

ಈ͍͍ͯΔର৅Λۛຯ͢Δ৔߹ʹ͸׈ಈੑٿ؟ӡಈʢsmooth eye pursuitʣ͕ൃੜ͢ΔҰํ

Ͱɼ੩͍ͯ͠ࢭΔର৅Λ஫͢ࢹΔ৔߹ʹ͸ࢹݻӡಈʢfixationʣ͕ൃੜ͢Δɽ·ͨ 1ষͰड़

΂ͨΑ͏ʹɼࢹઢӡಈʹ͸಺Ҽੑӡಈͱ֎Ҽੑӡಈͷ 2छྨ͕ଘ͠ࡏɼಛʹ஫ࢹϑϩʔͷ੾

Γସ͑ͷࡍʹൃੜ͢Δিಈੑٿ؟ӡಈʢsaccadeʣ͸ɼࢹௌऀࣗΒ஫ࢹϑϩʔΛ੾Γସ͑Δ

಺Ҽੑӡಈͱɼϑϩʔͷग़ݱ΍੩తঢ়ଶ͔Βಈతঢ়ଶ΁ͷϞʔυભҠʢ͜ΕΒΛ·ͱΊͯɼ

ҎԼͰ͸ΠϕϯτͱݺͿʣʹ༠͞ىΕΔ֎Ҽੑӡಈʹ෼ྨͰ͖Δɽ

ͦ͜ͰຊڀݚͰ͸ɼө૾ࢹௌதͷࢹઢӡಈͱͯ͠੩ࢭର৅ͷۛຯʢFixation scan; FSʣɼ

ಈతର৅ͷۛຯʢPursuit scan; PSʣɼҙਤతର৅੾Γସ͑ʢEndogenous target change;

NCʣɼ֎Ҽతର৅੾Γସ͑ʢExogenous target change; XCʣΛ૝ఆ͢ΔɽҎԼͰ͸·ͣɼ

஫ࢹϑϩʔ͕ͭ࣋Ϟʔυ΍Πϕϯτͱͷ૬ؔੑʹ͖ͮجɼࢹઢσʔλʢσΟεϓϨΠ্ͷ஫
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ද 1 ઢӡಈλΠϓʢ1,2ࢹଌ͞Ε͏Δ؍ஶੑมಈύλʔϯͱݦ ྻ໨ʣ͓Αͼಛ௃ηοτʢ3 ྻ໨ʣɽ

Saliency-dynamics pattern p Observable eye movements feature set ep

Single Static (SS) FS {efs1, efs2}

Single Dynamic (SD) PS {eps1, eps2}

Multi Static (MS) FS, NC, XC {efs1, efs2, enc, exc}

Multi Static/Dynamic (MSD) FS, PS, NC, XC {efs1, efs2, eps1, eps2, enc, exc}

Multi Dynamic (MD) PS, NC, XC {eps1, eps2, enc, exc}

ઢӡಈλΠϓΛಉఆ͢Δͱͱ΋ʹɼूதঢ়ଶΛࣔ͢ಛ௃Λநग़͢Δɽࢹʣʹ্ड़ͷྻܥ఺ࢹ

ҰํͰ͜ΕΒͷࢹઢӡಈಛ௃ͷৼΔ෣͍͸ɼ஫ࢹϑϩʔ͕ଘ͢ࡏΔݦஶੑมಈύλʔϯ

ʹΑͬͯ΋ҟͳΔ͜ͱ͕༧૝͞ΕΔɽݦஶੑΛѻ͏͏͑Ͱɼର৅ͷಈ͖͸ͦͷର৅ͷݦஶ

౓ΛڧΊΔಛ௃ͱͯ͠͠͹͠͹༻͍ΒΕΔ12)ɽ͕ͨͬͯ͠ɼ੩తঢ়ଶͷϑϩʔͱಈతঢ়ଶ

ͷϑϩʔ͕ࠞ͢ࡏΔݦஶੑมಈύλʔϯʢMulti Static/DynamicʣͰ͸ɼಈతϑϩʔ΁ͷ

ϑࢹઢӡಈ͕཈੍͞ΕΔՄೳੑ͕͋Δɽ·ͨ஫ࢹઢӡಈ͕༏ҐͱͳΓɼ੩తϑϩʔ΁ͷࢹ

ϩʔͷ੾Γସ͑ӡಈ͸ɼෳ਺ϑϩʔ͕ଘ͢ࡏΔݦஶੑมಈύλʔϯʢMulti Static, Multi

Static/Dynamic, Multi Dynamicʣʹ͓͍ͯͷΈൃੜ͢Δɽ

ͦ͜Ͱ͜͜Ͱ͸֤ݦஶੑมಈύλʔϯʹରͯ͠ɼද 1ͷΑ͏ʹൃੜ͠͏ΔࢹઢӡಈλΠ

ϓΛ੔ཧ͠ɼ͔ͦ͜ΒಘΒΕΔࢹઢӡಈಛ௃Λ૊Έ߹Θͤͨಛ௃ηοτΛߏங͢Δɽͨͱ͑

͹Multi Staticʹର͢Δࢹઢӡಈͱͯ͠͸ FS, NC, XC͕͑ߟΒΕΔͨΊɼFS, NC, XC

͔ΒಘΒΕΔಛ௃Λ૊Έ߹Θͤͨ΋ͷΛಛ௃ηοτͱ͢Δɽ͜ͷΑ͏ͳಛ௃ηοτΛɼ֤ݦ

ஶੑมಈύλʔϯʹ͍ͭͯूதঢ়ଶͷࣝผϞσϧͱֶͯ͠श͓ͯ͘͠ɽ͜ΕʹΑΓɼ͍ͬͨ

Μݦஶੑมಈύλʔϯ͕͋Δؒ۠࣌Ͱಉఆ͞ΕΔ͜ͱͰɼͦͷύλʔϯʹԠͯ͡ద੾ͳࣝผ

ϞσϧΛద༻ͯ͠ूதঢ়ଶΛਪఆ͢Δ͜ͱ͕ՄೳʹͳΔɽ

4.2 ઢӡಈλΠϓͷಉఆࢹ

͍ͮجʹϑϩʔͷϞʔυࢹઢσʔλΛ஫ࢹʹઢӡಈλΠϓͷಉఆʹ͋ͨͬͯɼ͸͡Ίࢹ

ͯ෼અԽ͢Δɽࠁ࣌ tʹ͓͚ΔσΟεϓϨΠ্ͷ஫ࢹ఺Λ xt ∈ N2 ͱද͢ɽ͍·ɼࢹઢܭ

ଌ૷ஔʹΑͬͯɼσΟεϓϨΠ্ͷ஫ࢹ఺ྻܥX = (x1, x2 . . . ઢσʔλͱͯ͠ಘΒࢹ͕(

Ε͍ͯΔ΋ͷͱ͢Δɽ·ͣɼX ্ʹଘ͢ࡏΔ Saliency flow ͷ IDΛௐ΂Δ͜ͱͰɼX Α

Γ஫ࢹϑϩʔྻܥ G = (< g1, τ1 >, . . . , < gK , τK >), gk ∈ {1, . . . L, ζ, η}ΛಘΔɽͨͩ͠ɼ
஫ࢹϑϩʔ ID͕ gk Ͱ͋Δؒ۠࣌ τk Λ < gk, τk >ͱද͠ɼζ, η ͸ͦΕͧΕɼ஫ࢹ఺্ʹ

Saliency flow͕ଘ͠ࡏͳ͍ঢ়ଶɼॠ͖ͳͲʹΑΓ஫ࢹ఺͕؍ଌͰ͖ͳ͍ঢ়ଶΛ͢ࢦɽ࣍ʹɼ

ؒ۠࣌ < gk, τk > ʹ͓͚Δ஫ࢹϑϩʔ gk (/∈ ζ, η) ͷϞʔυʹ͖ͮجɼ͜ΕΛϞʔυྻܥ

(< mk1 , τ
′
k1

>, . . . , < mkM , τ ′
kM

>)΁ͱ͞Βʹ෼અԽ͢Δɽޙ࠷ʹɼ֤ཁૉʹΠϯσΫε

Λ༩͑ͳ͓͢͜ͱͰɼશମͷϞʔυྻܥ G′ = (< m1, τ
′
1 >, . . . , < mK′ , τ ′

K′ >)ΛಘΔɽͳ

͓͜͜Ͱɼؒ۠࣌ τ ′
k ͷ࢝఺ɼऴ఺Λ [bk, ek]ͱද͢΋ͷͱ͢Δɽ

͍ͭͮͯɼ஫ࢹ఺ྻܥ X ͷ͏ͪɼ[bk, ek] ʹఆٛ͞ΕΔ෦෼ྻܥΛ X(k) ! (xt | t ∈
[bk, ek])ɼ[ek−1, bk]ʹఆٛ͞ΕΔ෦෼ྻܥΛ X(k−1,k) ! (xt | t ∈ [ek−1, bk])ͱද͢΋ͷͱ

͠ɼ͜ΕΒͷ෼અԽ͞Εͨ෦෼ྻܥʹର֤ͯ͠ࢹઢӡಈλΠϓΛಉఆ͢Δɽ·ͣ FS, PSʹͭ

͍ͯɼ͜ΕΒ͸ఆৗతͳࢹઢӡಈͰ͋ΓɼX(k)ʹରͯͦ͠ͷ͍ͣΕ͔͕ಉఆ͞ΕΔɽ۩ମత

ʹ͸ؒ۠࣌ [bk, ek]ʹ͓͚ΔϞʔυmk ɼmk͖ͮجʹ = msͷͱ͖ʹ͸ FSɼmk = mdͷͱ

͖ PS͕X(k) ʹରͯ͠ಉఆ͞ΕΔɽҰํͰ NC, XC͸ա౉తͳࢹઢӡಈͰ͋ΓɼX(k−1,k)

ʹରͯͦ͠ͷ͍ͣΕ͔͕ಉఆ͞ΕΔɽલઅͰड़΂ͨΑ͏ʹɼ྆ࢹઢӡಈ͸ͦΕͧΕ಺Ҽੑɼ

֎ҼੑͷӡಈͰ͋ΔͨΊɼ஫ࢹϑϩʔʹ͓͚ΔΠϕϯτʢϑϩʔͷग़ݱ΍੩తঢ়ଶ͔Βಈత

ঢ়ଶ΁ͷϞʔυભҠʣͱͷಉظͷఔ౓ʹΑͬͯ྆ऀΛ൑ผ͢Δɽ۩ମతʹ͸ɼX(k−1,k) த

ʹ͓͍ͯ৽ͨͳϑϩʔʹ஫͕ࢹҠಈͨ͠ࠁ࣌ bk ͱɼͦͷ஫ࢹϑϩʔʹ͓͍ͯΠϕϯτ͕ൃ

ੜͨ͠ࠁ࣌ͷ͏ͪ bk ͔Β࠷΋͍ۙ΋ͷ T (≤ bk)Λൺֱ͢Δɽ͜͜Ͱ͸ɼ֎Ҽੑ saccadeͷ

જ࣌ʢlatencyʣϵʹண໨͠ʢจݙ 13)ΑΓ ϵ͸ 0.2secఔ౓ʣɼbk − T < ϵͷͱ͖ X(k−1,k)

ʹ͸ XCΛɼͦΕҎ֎ͷ৔߹ NCΛಉఆ͢Δɽ

Ҏ্ͷΑ͏ʹͯ͠ɼXΑΓࢹઢӡಈλΠϓͷಉఆ͞Εͨ஫ࢹ఺ྻܥ (X(1), X(1,2), X(2), . . . ,

X(K−1,K), X(K)), X(k) ∈ {FS,PS}, X(k−1,k) ∈ {NC,XC}͕ಘΒΕΔʢਤ 4ʣɽ

4.3 ઢӡಈ͔Βͷಛ௃நग़ͱूதঢ়ଶਪఆࢹ

ूதঢ়ଶ͕ࢹઢμΠφϛΫεʹӨڹΛ༩͑ΔՄೳੑΛྀ͠ߟɼҎԼͷಛ௃நग़Λ͑ߟΔɽ

੩ࢭର৅ͷۛຯʢFSʣ ੩ࢭର৅ʹର͢Δۛຯ͸ɼͦͷର৅͕͋Δఔ౓ͷେ͖͞Λͭ࣋৔

߹ɼ͋Δ఺ͷ஫ࢹ (fixationʣͱ஫ࢹ఺ҠಈʢsaccadeʣΑΓߏ੒͞ΕΔɽͦ͜Ͱ·ͣɼ

FSͷಉఆ͞Εͨ஫ࢹ఺ྻܥX(k) ! (xt | t ∈ [bk, ek])ʹ͍ͭͯɼͦͷ଎౓੒෼ Ẋ(k) ʹ

ରͯ͠஋ πv ʹΑΔᮢ஋ॲཧΛ͜͏ߦͱͰɼsaccadeΛؚΉʢᮢ஋Ҏ্ͷ଎౓Ͱͷӡಈ

ΛؚΉʣूؒ۠࣌߹ {O(k)
1 , . . . , O(k)

Nv
}ΛಘΔɽ͜ΕΛ༻͍ɼsaccadeͷҠಈ௕ฏ͓ۉΑ

ͼͦͷස౓Λಛ௃ efs1, efs2 ͱͯ͠ҎԼͷΑ͏ʹநग़͢Δɽ

efs1 =
1
Nv

Nv∑

v=1

1√
av

(
max

(i,j)∈O
(k)
v

(||xi − xj ||)

)
, efs2 =

Nv

ek − bk + 1
(1)

ͨͩ͠ saccadeͷҠಈ௕͸஫ࢹϑϩʔྖҬͷ໘ੵʹґଘ͢Δͱ͑ߟΒΕΔͨΊɼefs1 ͸

ͦͷ஫ࢹϑϩʔ໘ੵ av Λ༻͍ͯਖ਼نԽ͞ΕΔ΋ͷͱ͢Δɽ·ͨ πv ʹ͍ͭͯ͸ fixation
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ਤ 4 ઢӡಈλΠϓͷಉఆɽ(a)ࢹ ஫ࢹର৅ͷಉఆɼ(b) Ϟʔυʹͮ͘ج෼અԽɼ(c) ઢӡಈλΠϓͷಉఆɽࢹ

Λݕͯͬޡग़͠ͳ͍Α͏ɼ5ষͰ͸࣮ݧతʹ 8◦/secʹઃఆͨ͠ɽ

ಈతର৅ͷۛຯʢPSʣ ಈతର৅ͷۛຯ͸ɼର৅ͷ௥੻ʢsmooth eye pursuitʣ͓Αͼ஫

੒͞ΕΔɽҎԼͰ͸ߏ఺ҠಈʢsaccadeʣΑΓࢹ X(k) ͷ଎౓੒෼ʢ޲ํؒ࣌΁ͷ̍֊

ඍ෼ʣΛ Ẋ(k) ! (ẋt | t ∈ [bk, ek)) ͱද͢ɽ·ͣ pursuit Λද͢ಛ௃ͱͯ͠ɼẋt ʹ

͓͚Δର৅ӡಈํ޲੒෼ ẋt cos θtʢࠁ࣌ t ʹ͓͚Δର৅ͷӡಈ଎౓Λ ċt ͱͨ͠ͱ͖ɼ

cos θt =
ẋt·ċt

||ẋt||||ċt||ʣΛநग़͠ɼͦΕͱ ċt ͱͷൺΛؒ࣌ฏͯ͠ۉ eps1 ͱ͢Δɽ

eps1 =
1

ek − bk

∑

t∈[bk,ek)

||ẋt|| cos θt
||ċt||

(2)

ͦͯ͠ saccadeΛද͢ಛ௃ͱͯ͠ɼẋt ͷ͏ͪର৅ӡಈํ޲ͱͷ௚ަ੒෼Λநग़͠ɼ࣌

ؒฏͨ͠ۉ΋ͷΛ eps2 ͱ͢Δɽ

eps2 =
1

ek − bk

∑

t∈[bk,ek)

|||ẋt|| sin θt| (3)

ҙਤతର৅੾Γସ͑ʢNCʣ NC͸ saccadeͷΈʹΑΓߏ੒͞Ε͍ͯΔͨΊɼFSͱಉ༷

ʹͦͷൃੜස౓ʹண໨͢Δɽ͜ͷൃੜස౓͸ը໘தͷϑϩʔ਺ʹґଘ͢Δͱ͑ߟΒΕΔ

ͨΊɼ͜͜Ͱ͸ݦஶੑมಈύλʔϯதͷ NCൃੜස౓ΛɼͦͷύλʔϯΛߏ੒͢Δϑ

ϩʔ਺ʹΑΓਖ਼نԽͨ͠΋ͷΛಛ௃ enc ͱ͢Δɽ͢ͳΘͪɼF Δύ͢ࡏͷϑϩʔ͕ଘݸ

λʔϯʢ۠ؒ௕ LʣதͰ K ճͷ NC͕؍ଌ͞Εͨͱ͖ɼenc = K/(L · F )ͱ͢Δɽ

֎Ҽతର৅੾Γସ͑ʢXCʣ લઅͰड़΂ͨΑ͏ʹɼXCͱ NC͸௚ۙͷΠϕϯτͱͷؒ࣌

ࠩʹΑͬͯಛ௃͚ͮΒΕΔɽͦ ͜Ͱ͜͜Ͱ͸ɼݦஶੑมಈύλʔϯதʹ͓͍ͯKճͷXC

ଌ͞ΕΔ৔߹ɼͦ؍͕ ΕΒͷฏۉજ࣌ʢલઅʹ͓͚Δ bk−T ͷฏۉ஋
∑K

k=1
(bk−T )/Kʣ

Λಛ௃ exc ͱͯ͠ఆΊΔɽ

Ҏ্ͷಛ௃Λɼݦஶੑมಈύλʔϯ pʹରͯ͠؍ଌ͞Ε͏Δࢹઢӡಈʹ͍ͯͮج૊Έ߹Θ

ͤΔ͜ͱͰɼಛ௃ηοτ ep ΛಘΔɽͨͱ͑͹ p͕Multi Staticͷ৔߹ɼFSɼNCɼXCΑ

Γநग़͞ΕΔಛ௃Λ૊Έ߹ΘͤΔ͜ͱͰɼep = {efs1, efs2, enc, exc}ͱͳΔʢͦͷଞͷಛ௃
ηοτʹ͍ͭͯ͸ද ,রʣɽͳ͓͜͜ͰɼFSࢀ1 PS͸ݦஶੑมಈύλʔϯ͕ఆٛ͞ΕΔ۠

ؒதʹෳ਺ଘ͢ࡏΔՄೳੑ͕͋Δɽ͜ͷͱ͖ ep ͷ౰֘ཁૉʹ͸ɼͦͷ۠ؒʹ͓͚Δಛ௃ྔ

ͷฏۉ஋Λ༩͑Δ΋ͷͱ͢Δɽ

ूதঢ়ଶͷਪఆʹ͋ͨͬͯɼෳ਺ͷूதঢ়ଶ͕ R = {R1, . . . , RN}ͱද͞ΕΔ΋ͷͱ͢
Δɽ͜ͷͱ͖ɼ֤ݦஶੑมಈύλʔϯ pʹରͯࣝ͠ผϞσϧ P (ep | R)Λֶश͓ͯ͘͠ɽͦ

ͯ͠ɼಉҰͷύλʔϯʹΑͬͯఆٛ͞Εͨ۠ؒʹ͓͍ͯ৽ͨʹ֫ಘ͞Εͨಛ௃ηοτ e∗
p ʹ

ରͯ͠ɼҎԼΛղ͘͜ͱͰͦͷ۠ؒʹ͓͚Δूதঢ়ଶ R̂Λਪఆ͢Δɽ

R̂ = argmax
R

P (R|ep = e∗
p) ∝ argmax

R
P (ep = e∗

p|R)P (R) (4)

ͨͩ͜͜͠Ͱ͸ɼ؆୯ͷͨΊ P (R)ʹ͸ແ৘ใࣄલ෼෍ͱͯ͠ఆ਺Λ༩͑Δ΋ͷͱ͢Δɽ

5. ࣮ ݧ

5.1 ͷ֓ཁݧ࣮

ఏҊख๏ͷੑೳΛɼධՁ࣮ݧΛ௨ͯ֬͠ೝ͢Δɽө૾ίϯςϯπʹ͸ 12 छྨͷ TV ί

ϚʔγϟϧΛ༻͍ͨɽTVίϚʔγϟϧ͸ຊདྷࢹௌऀͷ஫ҙΛҾ͖෇͚ΔσβΠϯ͕੡ऀ࡞

ʹΑͬͯͳ͞Ε͓ͯΓɼө૾தΑΓ໌շͳݦஶྖҬ͕༰қʹநग़Ͱ͖Δ͜ͱ͕ظ଴͞ΕΔɽ

ຊධՁ࣮ݧͰ͸ൺֱత؆୯Խ͞Εͨ໰୊ͱͯ͠ɼूߴதͱ௿ूதͷ 2ঢ়ଶͷ൑ผΛࢼΈ

Δɽ10໊ͷඃऀݧʢ͍ͣΕ΋ 20ʙ30୅ͷஉঁʣ͸ɼҎԼͷ 2৚݅Ͱө૾ࢹௌΛͨͬߦɽ

৚݅ 1 ඃऀݧ͸ө૾Λࢹௌ͠ɼͦͷޙө૾ʹؔ͢Δ؆୯ͳΞϯέʔτʹճ౴͢Δɽ

৚݅ 2 ඃऀݧ͸ө૾Λࢹௌͭͭ͠ɼผͷλεΫʢ͜͜Ͱ͸҉ࢉʣΛ਱͢ߦΔɽ

͜ΕΒͷ 2৚݅͸ͦΕͧΕө૾ࢹௌʹର͢Δूߴதɼ௿ूதঢ়ଶʹରԠ͢Δɽ࣮ݧ͸ɼө૾

ηοτ Aʢ12छྨͷө૾ίϯςϯπͷ͏ͪ 6छʣ—৚݅ 1ɼө૾ηοτ Bʢ࢒Γ 6छʣ—
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৚݅ 2ɼө૾ηοτ B—৚݅ 1ɼө૾ηοτ A—৚݅ 2 ͷॱʹͨͬߦɽͳ͓ɼө૾ηοτ

ͷ૊Έ߹Θͤ͸ɼඃऀݧʹΑͬͯม͍͑ͯΔɽඃऀݧ͸σΟεϓϨΠ⋆1લʹண੮͠ʢσΟε

ϓϨΠͱඃؒऀݧͷڑ཭͸͓Αͦ 1mʣɼө૾Λࢹௌͨ͠ɽσΟεϓϨΠԼʹ͸ࢹઢܭଌ૷

ஔ⋆2Λઃஔ͠ɼඃऀݧͷࢹઢΛܭଌͨ͠ɽͦͷࡍඃऀݧʹ͸ɼ৚݅ʹؔΘΒͣՄೳͳݶΓ

σΟεϓϨΠํࢹʹ޲ઢΛ͚޲ΔΑ͏ͨࣔ͠ڭɽ

5.2 ूதঢ়ଶͷਪఆ

֫ಘ͞Εͨσʔλʢ10໊ ×12ө૾ ×2৚݅ ͍ͯͭʹɼ֤ूதঢ়ଶߦࢼ240= ʣߦࢼ120

ʹରͯ͠ɼ͜͜Ͱ͸ Leave one out๏Λ༻͍ͯਪఆਫ਼౓ΛධՁ͢Δɽਤ 5ʙ9ʹɼ֫ಘσʔ

λΑΓߏ੒͞ΕΔ૬ରස౓෼෍Λࣔ͢ʢਤͰ͸σʔλʹରͯ͠ઢܗ൑ผ෼ੳΛద༻͠ɼ൑ผ

ؔ਺ʹΑͬͯҰݩ࣍ʹ౤Өͨ͠΋ͷΛ͍ࣔͯ͠ΔʣɽධՁʹ͋ͨͬͯ͸σʔλΑΓ Λߦࢼ1

औΓআ͖ɼ࢒ΓͷσʔλΛ༻͍֤ͯݦஶੑมಈύλʔϯʹର͢Δࢹઢಛ௃ηοτͷ৚݅෇֬

཰ີ౓෼෍Λֶश͢Δɽ͜ͷࡍɼ܇࿅σʔλʹΑΓߏ੒͞ΕΔ૬ରස౓෼෍ʹରͯ͠Ճࢉε

ϜʔδϯάΛ͜͏ߦͱʹΑΔิؒΛ͏ߦɽͦͯ͠ɼऔΓআ͍ͨσʔλΛςετσʔλͱͯ͠

༻͍ɼूதঢ়ଶΛਖ਼͘͠൑ผͰ͖Δ͔ΛධՁ͢Δɽ͜ΕΛςετσʔλΛऔΓସ͑ͭͭશ

σʔλʹ͍͍ͭͯߦɼ֤ݦஶੑมಈύλʔϯʹର͢Δฏۉਪఆਫ਼౓Λࢉग़ͨ͠ɽ

ද 2ʹਪఆ݁ՌΛࣔ͢ɽຊڀݚͰ͸ϕʔεϥΠϯख๏ͱͯ͠ɼҎԼͷ 2छྨΛ༻͍ͨɽ

Duration ͷؒ࣌Δ͢ࢹஶྖҬΛ஫ݦɼ͍͓ͯʹؒ۠࣌ஶੑมಈύλʔϯ͕ఆٛ͞ΕΔݦ

ׂ߹Λಛ௃ͱͯ͠༻͍Δɽ

PERCLOS ͷׂؒ࣌ɼᛐ͕ด͍ͯ͡Δ͍͓ͯʹؒ۠࣌ஶੑมಈύλʔϯ͕ఆٛ͞ΕΔݦ

߹Λಛ௃ͱͯ͠༻͍Δ⋆3ɽཪΛฦͤ͹ɼݦஶྖҬ͓ΑͼඇݦஶྖҬΛ஫͢ࢹΔؒ࣌ͷׂ

߹Λѻ͍ͬͯΔɽ

ද 2 ͔Β෼͔ΔΑ͏ʹɼఏҊख๏Λ༻͍Δ͜ͱͰɼ͍ͣΕͷݦஶੑมಈύλʔϯʹ͓͍

ͯ΋ϕʔεϥΠϯख๏ͱൺֱͯ͠ਪఆਫ਼౓͕վળ͞Ε͍ͯΔɽ͜ͷ͜ͱΑΓɼఏҊख๏ʹ͓

·ઢղੳख๏Λ੾Γସ͑Δ͜ͱͷ༗༻ੑ͕֬ೝͰ͖Δɽࢹʹஶੑมಈύλʔϯ͝ͱݦ͍ͯ

ͨఏҊख๏Ͱ͸ɼFS΍ PSͱ͍ͬͨఆৗతࢹઢӡಈͷධՁʹ͋ͨͬͯ಺෦ͷ saccade΍ϑ

ϩʔӡಈ଎౓ͱͷಉظͷఔ౓ͱ͍ͬͨμΠφϛΫεʹண໨͍ͯ͠Δ͜ͱ͔ΒɼϕʔεϥΠ

ϯख๏ͰѻΘΕ͍ͯΔʮԿΛ͍ͯݟΔ͔ʯͱ͍͏৘ใ͚ͩͰͳ͘ɼʮͲͷΑ͏ʹ͍ͯݟΔ͔ʯ

ͱ͍͏৘ใ͕ॏཁͰ͋Δ͜ͱ͕ࣔࠦ͞ΕΔɽ

⋆1 MITSUBISHI Diamondcrysta RDT262WH, 25.5 inch, W550 mm/H344 mm.

⋆2 Tobii X60 Eye Tracker. ಄෦ͷҠಈՄೳͳൣғ͸ 400×220×300mm.

⋆3 ͳ͓͜͜Ͱ͸ɼࢹઢܭଌ૷ஔʹΑͬͯࢹઢ͕֫ಘͰ͖ͳ͍۠ؒΛɼᛐ͕ด͍ͯ͡Δ۠ؒͱͯ͠ѻͬͨɽ
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ਤ 8 ֫ಘ͞Εͨ૬ରස౓෼෍ʢMSDʣɽ

ఏҊख๏Ͱ͸ɼݦஶྖҬʹର͚ͯ͠޲ΒΕͨࢹઢӡಈʹ͍ͭͯͷΈ෼ྨɼಛ௃நग़Λͬߦ

͍ͯΔɽͦͷҰํͰɼݦஶྖҬ΁ͷ஫ؒ࣌ࢹͷΈΛಛ௃ͱͯ͠ѻ͏ DurationΑΓݦஶྖҬ

͓ΑͼඇݦஶྖҬ΁ͷ஫ؒ࣌ࢹΛѻ͏ PERCLOSͷํ͕ߴਫ਼౓Ͱ͋Δ͜ͱ͔Βɼඇݦஶྖ

Ҭʹର͢Δࢹઢӡಈ΋ूதঢ়ଶΛਪఆ͢Δ͏͑ͰॏཁͰ͋Δ͜ͱ͕ࣔࠦ͞ΕΔɽຊڀݚͰ͸

ઢࢹʹࡍΓɼ࣮͓ͯͬߦఆ஋ʹΑΔ୯७ͳᮢ஋ॲཧΛݻͯͬͨ͋ʹஶྖҬͷ൑ผݦஶɼඇݦ

ஶ౓ͷώετάϥݦ͸ޙࠓஶྖҬʹ൑ผ͞Ε͍ͯΔՄೳੑ͕͋Δɽݦ΍͍͢Օॴ͕ඇ͖޲͕

ϜΛྀ͠ߟదԠతʹᮢ஋ॲཧΛ͏ߦɼྖإҬͳͲώϡʔϦεςΟοΫʹࢹઢ͕͖޲΍͍͢ྖ
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ਤ 9 ֫ಘ͞Εͨ૬ରස౓෼෍ʢMDʣɽ

ද 2 .தɾ௿ूதঢ়ଶͷਪఆ݁Ռूߴ SS, SD, MS,

MSD, MD͸มಈύλʔϯʹର͢Δਪఆਫ਼౓ɼAv-

erage͸ͦͷฏۉΛࣔ͢. Duration͓Αͼ PER-

CLOS ͸ϕʔεϥΠϯख๏ͷਪఆਫ਼౓Λࣔ͢ɽ

Duration PERCLOS

53.8 % 65.0%

SS SD MS

66.9 % 75.0 % 78.8 %

MSD MD Average

81.5 % 76.3 % 78.2 %

Ҭͷநग़Λ૊ΈࠐΉ14) ͳͲɼΑΓৄࡉͳݦஶྖҬநग़Λݕ౼͢Δɽ

6. ݁ ࿦

ຊڀݚͰ͸ɼࢹઢӡಈͷ࣮ܭڥ؀ଌʹͮ͘جਓؒͷ৺తঢ়ଶਪఆͷҰͭͱͯ͠ɼө૾ࢹௌ

جஶੑΛݦͭ࣋ௌऀͷूதঢ়ଶਪఆख๏ΛఏҊͨ͠ɽఏҊख๏Ͱ͸ɼө૾͕ࢹΔ͚͓ʹ࣌

४ͱͨ͠ݦஶੑมಈ—ࢹઢμΠφϛΫεͷ૬ੑ܎ؔޓʹண໨͠ɼݦஶੑมಈͷύλʔϯʹ

ΓɼTVίϚʔγϟϧΛ༻͍ͨධՁ࣮͓ͯͬߦઢӡಈͷ෼ྨɼूதঢ়ଶͷ൑ผΛࢹ͍ͯͮج

ʹஶੑ͕දΕݦͱ͍ͬͨܠɼͦͷ༗༻ੑΛ֬ೝͨ͠ɽ͔͠͠ҰํͰɼฏୱͳࣗવ෩ͯܦΛݧ

͍͘ө૾΍ࡶ౿Λө͢Α͏ͳݦஶੑ͕ඇৗʹଟ͘ݱΕΔө૾ͳͲ͸ɼಛఆͷྖҬʹࢹઢ͕

ू·Γʹ͘͘ͳΔ͜ͱ͕༧૝͞ΕΔɽ͜ͷΑ͏ͳঢ়گͰ͸ݦஶੑΛج४ͱ͢ΔͷͰ͸ͳ͘ɼ

͍ͯͬ࣋Δର৅͕ͲͷΑ͏ͳμΠφϛΫεΛ͍͚ͯ޲ઢΛࢹ४ͱ͠ɼʮਓ͕ؒجઢӡಈΛࢹ

Δ͔ʯΛৄࡉʹධՁ͢Δඞཁ͕͋Δͱ͑ߟΒΕΔɽޙࠓ͸ 5ষͰड़΂ͨ՝୊ͱͱ΋ʹɼө૾

μΠφϛΫεͱࢹઢμΠφϛΫεؒͷؔੑ܎ͷΑΓৄࡉͳղੳʹऔΓ૊Ήɽ

ँࣙ ຊڀݚͷҰ෦͸ɼՊֶڀݚඅิॿۚ 18049046ͷิॿΛड͚ͯͨͬߦɽ
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