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Abstract: ग़͢Δख๏ΛఏҊͨ͠ɽશఱը૾಺ͰͷௗݕಈΛߦϨϯζʹΑΔશఱը૾͔Βௗͷ؟ڕ
ͷը૾͸খ͘͞ɼม͠ܗͳ͕ΒҠಈ͢ΔͨΊɼ෺ମ௥੻ख๏ͷద༻͸ࠔ೉Ͱ͋Δɽ·ͨɼ໦ͷࢬʹΑ
ΔΦΫϧʔδϣϯ΋ௗΛݕग़͢Δ͜ͱΛ೉͍ͯ͘͠͠ΔɽຊߘͰ͸ɼௗࣗମͷݕग़Ͱ͸ͳ͘ɼௗͷߦ
ಈʹͮ͘جը૾্ͷಈ͖ʢௗࣗମͷಈ͖ͱͱ΋ʹɼௗͷߦಈʹΑͬͯੜͨ͡໦ͷࢬͷ༳ΕʣͷΦϓ
ςΟΧϧϑϩʔΛݕग़͠ɼௗͷߦಈΛݕ஌͢Δ͜ͱΛ໨͍ͯ͠ࢦΔɽௗ͸ɼӋ͹͖ͨʹΑΔมܗΛ൐
͍ը૾಺ΛҠಈ͢ΔͨΊɼௗͷҠಈํ޲ͱ͸ҟͳΔΦϓςΟΧϧϑϩʔΛൃੜ͍ͤͯ͞Δɽͦͷͨ
Ίɼ୯७ʹΦϓςΟΧϧϑϩʔΛݕग़͢Δ͚ͩͰ͸ௗͷߦಈΛݕ஌Ͱ͖ͳ͍ɽ·ͨɼ෩ʹΑΔ໦ͷࢬ
ͷ༳ΕͱௗͷߦಈʹΑΔ໦ͷࢬͷ༳ΕΛ൑ผ͢Δඞཁ͕͋ΔɽఏҊख๏Ͱ͸ɼΦϓςΟΧϧϑϩʔͷ
ൃੜ͢ΔྖҬͷҠಈΛݕ஌͢Δ͜ͱʹΑΓɼ෩ʹΑΔ໦ͷ༳ΕʹΑͬͯੜ͡ΔΦϓςΟΧϧϑϩʔΛ
ഉআ͠ɼௗͷߦಈݕग़Λ͍ͯͬߦΔɽ

1 ͸͡Ίʹ

ௗͷੜଶ؍ଌ͸ɼௗྨֶͰͷ՝୊͚ͩͰͳ͘ɼڥ؀
อޢɼػۭߤͷ҆શ֬อͳͲɼ༷ʑͳ෼໺Ͱඞཁͱ͞
Ε͍ͯΔɽͦͷͨΊɼௗͷ໐͖੠΍ө૾Λه࿥͠ɼͦ
ͷௗͷڥ؀ݩ࣍ࡾதͰͷҐஔ΍छྨΛಛఆ͢Δ༷ʑͳ
ख๏͕։ൃ͞Ε͖ͯͨ [1, 2]ɽ
ը૾৘ใ͔ΒͷௗͷҐஔਪఆ͸ɼ෩ܠը૾಺Ͱͷௗ

͕খ͘͞ͳͬͯ͠·͏ͨΊɼݕग़͓Αͼछྨࣝผ͸؆୯
ͳ΋ͷͰ͸ͳ͔͕ͬͨɼ͔ͭزͷఏҊ͕ͳ͞Ε͍ͯΔɽ
Β͸ɼCNNڮ٢ (Convolutional Neural Network)ʹج
ͮ͘෩ྗൃిॴͰͷௗͷݕग़ํ๏ΛఏҊ͓ͯ͠Γ [4]ɼ
·ͨɼෳ਺ͷCNNߏ଄͔ΒಘΒΕΔਂ૚෺ମಛ௃Λ૊
Έ߹ΘͤΔ͜ͱͰ෩ܠγʔϯதͰখ͑͘͞ݟΔௗͷݕ
ग़ʹಛԽͨ͠ख๏΋ఏҊ͍ͯ͠Δ [5]ɽ໐͖੠ʹΑΔҐ
ஔਪఆ΋ఏҊ͞Ε͖͓ͯͯΓɼGaykΒ͸ɼ8ݸͷϚΠ
Ϋ͔Β੒ΔϚΠΫϩϗϯΞϨΠʹΑͬͯɼඈᠳ͢Δ౎
Δ͍ͯͬߦͷ໐͖੠ͷҐஔਪఆΛࢢ [3]ɽVemeyckenΒ
͸ɼ64ݸͷϚΠΫ͔Β੒ΔɼΑΓີߴ౓ͷϚΠΫϩϗ
ϯΞϨΠΛ༻͍ͯɼ൒ܘ 75̼ͷൣғͰͷௗͷ໐͖੠ͷ
ҐஔΛఆҐ͢Δ͜ͱʹ੒ޭͨ͠ [6]ɽ·ͨɼॅ୩Β͸ɼ8
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Λ༻͍ɼ̙̏ڥ؀ͰͷԻ੠ͱө૾ͷ྆ऀΛऩ࿥͠ɼ໐
͖੠ղੳͷͨΊͷιϑτ΢ΣΞHARKBird΋։ൃͯ͠
͍Δ [7]ɽ͔͠͠ɼ࣮ڥ؀Ͱऩ࿥͞ΕͨԻ੠σʔλʹ͸ɼ
௨ৗɼϊΠζ͕ଟؚ͘·ΕΔͨΊɼݕग़ਫ਼౓΁ͷӨڹ
೦͞ΕΔɽ઒੢Β͸ɼԻ੠৘ใʹΑΓେ·͔ͳҐݒ͕
ஔਪఆΛ͍ߦɼͦͷۙ๣ͷը૾৘ใʹΑΓௗݕग़Λߦ
͏ɼ2ͭͷϞμϦςΟΛ૊Έ߹Θͤͨख๏Λ։ൃ͠ɼਫ਼
౓্޲Λ໨͍ͯ͠ࢦΔ [8]ɽ͜ͷख๏Ͱ͸ɼέʔδ಺Ͱ
ͷύϊϥϚը૾಺͔ΒΞϊςʔγϣϯ͞Εͨௗͷֶश
σʔληοτΛߏங͓ͯ͠Γɼௗͷ͕࢟͑ݟΔڥ؀Ͱ
ͷ༗ޮੑ͕ࣔ͞Ε͍ͯΔɽ
ຊߘͰର৅ͱ͢Δը૾͸ɼઍ༿ࠤݝ૔ࢢ಺ʹઃ͚ͨ
ը૾Ͱ͋Γɼௗͷ͕࢟খ͍ͩ͞ٿϨϯζʹΑΔ൒؟ڕ
͚Ͱͳ͘ɼथ໦ʹΑΔӅΕ͕ੜ͓ͯ͡Γɼඞͣ͠΋ௗ
ͷ࢟Λଊ͑Δ͜ͱ͕ՄೳͰ͸ͳ͍ɽͦ͜Ͱɼը૾಺ʹ
ௗʹΑͬͯੜͨ͡ಈ͖ʢௗࣗମͷಈ͖ɼ͋Δ͍͸ɼௗ
ʹΑΔ໦ͷࢬͷಈ͖ʣΛଊ͑Δ͜ͱʹΑΓɼௗͷݕग़
ʹ୅͑Δख๏ΛఏҊ͢ΔɽຊఏҊख๏Ͱ͸ɼௗʹΑΔ
໦ͷࢬͷಈ͖ͱɼ෩ʹΑΔ໦ͷࢬͷಈ͖Λหผ͠ɼௗ
ʹΑΔಈ͖ͷΈΛநग़͢Δ͜ͱ͕ཁ఺ͱͳΔɽୈ 2અ
ʹͯຊߘͷର৅ͱ͢Δը૾σʔλʹ͍ͭͯͷ΂ɼୈ 3

અͰ͸ఏҊख๏ͷৄࡉΛड़΂Δɽୈ 4અʹ࣮ͯ݁ݧՌ
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ਤ 1: શఱը૾ͷྫ

ਤ 2: ͷಈ͖ʹΑΔΦϓςΟΧϧϑϩʔࢬ

ͷ֓ཁΛࣔ͠ɼୈ 5અͰ݁࿦ͱޙࠓͷ՝୊ʹ͍ͭͯड़
΂Δɽ

2 ը૾σʔλͷ֓ཁ

ຊߘͰ࢖༻ͨ͠ը૾σʔλ͸ɼ؟ڕϨϯζʹΑΔશఱ
ʢ൒ٿʣը૾Ͱ͋Γɼ೔ग़೔຅ͷલޙ 1࣌ؒɼͦͷଞ 1

࣌ؒ͝ͱʹ 10෼ͮͭ࿥ըͨ͠΋ͷͰɼಉ࣌ʹDACHO

ϚΠΫϩϗϯΞϨΠͰͷଟνϟϯωϧ࿥Ի΋͍ͯͬߦ
ΔɽΧϝϥ͸ 4͔ॴʹઃஔ͞Ε͓ͯΓɼ໦ͷଟ͍΋ͷɼ
ۭͷ઎ΊΔ໘ੵͷେ͖͍΋ͷͳͲɼͦΕͧΕҟͳΔ܏
ͷը૾͕ऩ࿥͞Ε͍ͯΔʢਤ޲ 1ʣɽ
ը૾ʹݱΕΔௗͷߦಈ͸ɼௗͷ࢟͸͋·Γͣ͑ݟ໦

ͷࢬΛ౉Δ΋ͷɼதۭΛඈͿ΋ͷʹେผ͢Δ͜ͱ͕Ͱ
͖Δɽ໦ͷࢬΛ౉Δ΋ͷ͸ௗͷ͕࢟΄ͱΜͲ͑ݟͳ͍
͕ɼௗͷಈ͖ʹ൐͍໦ͷ͕ࢬಈ͍͍ͯΔɽʢਤ 2ʣɽҰ
ํɼதۭΛඈͿௗ͸ɼը૾ͱͯ͠খ͘͞ɼม͠ܗͳ͕
ΒҠಈ͢ΔͨΊʢਤ 3ʣɼ෺ମݕग़ΞϧΰϦζϜΛద༻
͢Δ͜ͱ͸؆୯Ͱ͸ͳ͍ɽͦ͜Ͱɼը૾্ͷಈ͖ʢΦ
ϓςΟΧϧϑϩʔʣΛखֻ͔Γʹɼௗͷݕग़Λ͏ߦख
๏Λݕ౼ͨ͠ɽ

ਤ 3: தۭΛඈͿௗʹΑΔΦϓςΟΧϧϑϩʔ

ਤ 4: ΦϓςΟΧϧϑϩʔઈର஋ͷώʔτϚοϓ
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3 ΦϓςΟΧϧϑϩʔʹΑΔௗݕग़
ख๏

ຊߘͰର৅ͱͨ͠ը૾͸ɼݕग़ର৅ͱͳΔର৅͕খ
͘͞ɼ·ͨɼഎܠը૾ͷ෦෼ʹٸफ़ͳً౓ޯ഑ͱ͔ࡉ
͍ςΫενϟ͕͋ΔͨΊɼΦϓςΟΧϧϑϩʔͷయܕ
తͳख๏Ͱ͋Δ Lucas-Kanade๏ʢ[9]ʣͰ͸ɼॆ෼ͳ
ΦϓςΟΧϧϑϩʔΛݕग़͢Δ͜ͱ͕Ͱ͖ͳ͔ͬͨɽҰ
ํɼFarneback๏ʢ[10]ʣ๏ͰΦϓςΟΧϧϑϩʔΛٻ
Ί͕ͨɼ͍͔ࡉಈ͖΍มܗΛ΋ͱΒ͑ΔͨΊɼඈΜͰ͍
Δௗʹରͯ͠ௗશମͷಈ͖Ͱ͸ͳ͘ɼӋ͹͖ͨͳͲͷ
ը૾্ͰͷมܗʹΑΔΦϓςΟΧϧϑϩʔΛଊ͑ͯ͠
·͍ͬͯΔʢਤ 3ʣɽඈͿௗʹΑΔΦϓςΟΧϧϑϩʔ
͸ௗͷඈ޲ํߦΛࣔͯ͠͸͍ͳ͍͕ɼௗͷҠಈʹ൐͍
ΦϓςΟΧϧϑϩʔΛ࣋ͭྖҬ͕Ҡಈ͍ͯ͠Δɽͦ͜
ͰɼΦϓςΟΧϧϑϩʔΛ࣋ͭྖҬͷҠಈΛݕग़͢Δ
͜ͱʹΑͬͯɼௗͷݕग़Λ͏ߦʢਤ 4ʣɽ
ΦϓςΟΧϧϑϩʔʹΑΔௗݕग़Λࡍ͏ߦʹ՝୊ͱ

ͳΔͷ͸ɼ෩ͳͲʹΑΔ໦ͷಈ͖ʹΑͬͯੜ͡Δϑϩʔ
ͱௗʹΑͬͯੜ͡ΔϑϩʔͷหผΛࣄ͏ߦͰ͋Δɽௗ
ͷߦಈʹͮ͘جΦϓςΟΧϧϑϩʔͱ෩ʹΑΔ໦ͷࢬ
ͷ༳ΕͷΦϓςΟΧϧϑϩʔͷҧ͍͸ҎԼͷΑ͏ʹߟ
͑ΒΕΔɽ

• ௗͷ׆ಈʹͮ͘جΦϓςΟΧϧϑϩʔͷൃੜ͢Δ
ྖҬ͸ɼௗͷҠಈʹ൐͍Ҡಈ͢Δ

• ෩ʹΑΔ໦ͷࢬͷ༳Εʹͮ͘جΦϓςΟΧϧϑ
ϩʔ͸ɼ΄΅ಉ͡ҐஔͰੜ͡ɼҠಈൣғ͸͍ڱ

͜ΕʹΑΓɼ෩ʹΑͬͯੜ͡ΔΦϓςΟΧϧϑϩʔ͸ɼ
ͦͷൃੜ͢ΔྖҬ͕େ͖͘͸Ҡಈͤͣɼ௕͍࣌ؒଳͰ
͸ൣ͍ڱғΛҠಈ͍ͯ͠Δͱ͑ߟΒΕΔɽͦ͜Ͱɼۭ
ؒతʢը૾಺ʣͰͷεϜʔδϯάͱ࣌ؒํ޲ͰͷεϜʔ
δϯάΛ૊Έ߹ΘͤΔ͜ͱʹΑͬͯɼϑϩʔΛൃੜ͢
ΔྖҬͷҠಈ෯͸খ͘͞อͭ͜ͱ͕Ͱ͖Δɽ͜ΕʹΑ
ΓɼΦϓςΟΧϧϑϩʔΛൃੜ͢ΔྖҬ͕Ҡಈ͢Δ΋
ͷΛɼௗͷߦಈͱͯ͠ݕ஌Ͱ͖Δɽ
ఏҊख๏ͷखॱΛҎԼʹࣔ͢ (ਤ [5ʣɽͨͩ͠ɼ࣌

ࠁ t ͷϰΟσΦϑϨʔϜΛ vt ͱ͠ɼF ͸ΦϓςΟΧ
ϧϑϩʔΛٻΊΔؔ਺ʢຊߘͰ͸ Farneback๏Λ༻͍
ͨʣɼG(x, σs)͸ σsΛ෼ࢄͱͨ͠ೋ࣍ݩͷฏ׈Խؔ਺ɼ
G(s, σt)͸ภࠩ sʹରͯ͠ σtΛ෼ࢄͱͨ͠Ψ΢εؔ਺ɼ
B(x, δ)͸ δΛᮢ஋ͱͨ͠ೋ஋Խؔ਺ɼD(x,y)͸ϕΫ
τϧ xͱϕΫτϧ yͷཁૉؒͷڑ཭Λ૯౰ͨΓͰग़ྗ
͢Δؔ਺ͱ͢Δɽ

1. ࠁ࣌ tͰͷΦϓςΟΧϧϑϩʔ f t = F(vt)Λٻ
ΊΔ

2. ΦϓςΟΧϧϑϩʔͷઈର஋Λ෼ࢄ σsͷΨ΢ε
ؔ਺Ͱฏ׈Խ͢Δɿ gt = G(||f t||, σs)

3. ۭؒతʹฏ׈Խ͞ΕͨΦϓςΟΧϧϑϩʔ gt ʹ
ରͯ͠ɼ෼ࢄ σtͷΨ΢εॏΈͰҠಈฏۉΛͱΔɿ

ht =

t+s

i=t−s

G(s, σt)gi

4. ۭ࣌ؒతʹฏ׈Խ͞ΕͨΦϓςΟΧϧϑϩʔΛೋ
஋Խ͢Δ: bt = B(ht, δ)

5. ೋ஋ը૾தͷΦϓςΟΧϧϑϩʔͷଘ͢ࡏΔʢෳ
਺ͷʣྖҬͷॏ৺ΛٻΊΔɿ ct = C(bt)

6. 5ͰٻΊͨྖҬॏ৺ͱҰͭલͷϑϨʔϜͷྖҬॏ
৺ͱͷ૬ڑޓ཭ΛଌΔ: Dt = D(ct, ct−1)

7. ࠁ࣌ tͰͷྖҬॏ৺ cit͔Βͯݟɼ࣌ࠁ t−1ͷ࠷΋
͍ۙྖҬॏ৺ͱͷڑ཭Λ di

t ͱͯ͠ θl < di
t < θh

ͷ࣌ɼcit ΛɼௗʹΑͬͯੜͨ͡ΦϓςΟΧϧϑ
ϩʔྖҬͷॏ৺ͱ͢Δ

खॱ 4ͷೋ஋ԽʹΑΓɼΦϓςΟΧϧϑϩʔͷଘࡏ
͢ΔྖҬͱଘ͠ࡏͳ͍ྖҬͷɼը૾্Ͱͷ෼ׂ͕ߦΘ
ΕΔɽखॱ 5͔Β 7͸ɼखॱ 4ͰٻΊͨΦϓςΟΧϧϑ
ϩʔྖҬͷॏ৺ͷ௥੻Λ͍ͯͬߦΔɽଈͪɼ࣌ࠁ t− 1

ͱ࣌ࠁ tؒͰ࠷΋͍ۙϑϩʔྖҬಉ࢜ͷڑ཭ΛྖҬॏ৺
ͷҠಈྔͱ͑ߟɼҠಈྔ͕ θlΑΓখ͞ͳྖҬ͸ࢬͷ༳
ΕʹΑΔϑϩʔͰ͋Δͱ͠ɼθhΑΓ΋Ҡಈྔ͕େ͖ͳ
΋ͷ͸ରԠ͢ΔϑϩʔྖҬ͕ͳ͔ͬͨ΋ͷͱ͍ͯ͠Δɽ

4 Ռ݁ݧ࣮

෩͕͘ڧथ໦ͷಈ͖͕େ͖͍৔߹ͷݕग़݁ՌΛਤ 6

ʹࣔ͢ɽΦϓςΟΧϧϑϩʔݕग़Ͱ͸ɼ෩ʹΑΔ໦ͷ
ಈ͖ʹΑΔϑϩʔ͕ଟ਺ݕग़͞Ε͍ͯΔ͕ɼఏҊख๏
Ͱ͸ௗͷҠಈʹΑΔϑϩʔͷ෦෼ͷΈ͕ݕग़Ͱ͖͍ͯ
Δɽ͔͠͠ɼ࣌ؒํ޲ͷฏ׈ԽΛ͘޿औΓա͗ͨͨΊɼ
ௗͷҠಈ଎౓ʹରԠ͖͠Ε͍ͯͳ͍γʔέϯε͕ଘࡏ
ͨ͠ɽ
ਤ 7ʹɼௗͷ࢟͸ࢬʹӅΕ͍ͯΔ৔߹ͷɼௗʹΑΔ
ग़݁ՌΛࣔ͢ɽ͜ͷྫͰ͸ɼ෩ʹΑΔ໦ͷݕͷಈ͖ͷࢬ
ಈ͖͸΄ͱΜͲͳ͍ͨΊɼࢬͷಈ͖ʹΑΔϑϩʔΛݕ
ग़͢Δ͜ͱͰௗͷಈ͖ݕग़Λ͏ߦɽ͕ࢬ୯७ʹ༳Εͯ
͍Δ৔߹ͷϑϩʔ͸ௗͷಈ͖ͱͯ͠͸ݕग़͞Εͣɼࢬ
ͷ༳ΕΔྖҬʢϑϩʔͷੜ͡ΔྖҬʣ͕Ҡಈ͢Δ৔߹
ʹɼௗͷಈ͖ͱͯ͠ݕग़Ͱ͖͍ͯΔɽ

5 ݁࿦ͱޙࠓͷ՝୊

ຊߘͰ͸ɼ௿ղ૾౓ͰӅΕ͕සൃ͢Δը૾͔ΒɼΦ
ϓςΟΧϧϑϩʔΛखֻ͔ΓʹௗͷߦಈΛݕग़͢Δख
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ਤ 5: ௗͷಈ͖ݕग़ͷखॱ

ਤ 6: ෩ͷ͍ڧ৔߹ͷݕग़

ਤ 7: ௗʹΑΔࢬͷಈ͖Λݕग़
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๏ΛఏҊͨ͠ɽఏҊख๏Ͱͷ՝୊͸ɼഎܠͱͳΔ໦ͷ
෩ʹΑΔΦϓςΟΧϧϑϩʔͱɼௗͷߦಈʹΑͬͯੜ
ͨ͡ΦϓςΟΧϧϑϩʔΛหผ͢ΔࣄͰ͋ͬͨɽௗͷ
ಈʹΑͬͯੜ͡ΔΦϓςΟΧϧϑϩʔ͸ɼϑϩʔ͕ߦ
ੜ͡ΔྖҬ͕ௗͱͱ΋ʹҠಈ͢Δͷʹର͠ɼ෩ʹΑΔ
ΦϓςΟΧϧϑϩʔ͸ɼ΄΅ಉ͡ҐஔͰԟ෮͢Δɽ͜
ΕΛར༻͠ɼಘΒΕͨΦϓςΟΧϧϑϩʔը૾ʹۭ࣌
ؒతͳฏ׈ԽΛ͔͚Δ͜ͱͰɼ෩ʹΑΔΦϓςΟΧϧ
ϑϩʔΛഉআ͠ɼௗͷߦಈʹΑΔΦϓςΟΧϧϑϩʔ
ΛࣝผͰ͖ΔΑ͏ʹͳͬͨɽ
Խͷύϥϝʔλ׈ঢ়ɼۭؒతฏݱ σsɼ࣌ؒํ޲ͷฏ

Խύϥϝʔλ׈ σtɼೋ஋Խᮢ஋ δɼྖҬॏ৺ͷҠಈڑ
཭ʹର͢Δᮢ஋ θlɼθh͸ɼओʹ෩ʹΑΔը૾എܠͷಈ
͖ʹରͯ͠ௐ੔͕ඞཁͰ͋Δɽޙࠓͷ՝୊͸ɼ෩଎ͳ
Ͳͷڥ؀ʹదԠͨ͠ύϥϝʔλͷࣗಈௐ੔ɼॲཧͷޮ
཰Խ౳͕͑ߟΒΕΔɽ
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