
Convolutional Neural NetworksʹΑΔମͷඍখৼಈ͔ΒͷԻ෮ݩ ∗

ˑࢪཅฏ, ୌޱ, ༗߁༤ (ਆށେ)

1 ͡Ίʹ

ԻۭؒΛഔମͷѹྗͷมಈͱͯ͠Θͬͯ
͓Γɼମʹিಥ͢Δͱͦͷද໘ʹඍখͳৼಈΛ
ͰൃڑɽԻʹ༝དྷ͢Δମͷৼಈԕ͢͜ى
ੜͨ͠Իͷऔಘʹ༻͍ΒΕɼࢹ҆શอো
ͳͲͷͰͷԠ༻͕ظ͞ΕΔɽྫ͑ɼϨʔ
βʔޫΛରͷମʹরࣹ͠ɼࣹޫͷυοϓ
ϥʔޮՌΛར༻ͯ͠ମͷৼಈΛଌఆ͢ΔϨʔ
βʔυοϓϥʔৼಈܭ [1]Λ༻͍ͯԻΛ෮͢ݩ
ΔϨʔβʔϚΠΫϩϑΥϯ͕ఏҊ͞Ε͍ͯΔɽ·
ͨɼϋΠεϐʔυΧϝϥͰମͷৼಈΛଊ͑ɼͦ
ͷө૾ʹॲཧΛՃ͑Δ͜ͱͰԻΛ෮͢ݩΔख
๏ [2]ఏҊ͞Ε͍ͯΔɽ͜ͷख๏ϨʔβʔϚ
ΠΫϩϑΥϯͱൺֱ͢ΔͱɼϨʔβʔޫηϯα
ͳͲͷՃஔΛඞཁͱͤͣɼରͷମͷࣹ
ੑ࣭ͳͲʹؔ͢Δ੍গͳ͍ͱ͍ͬͨར͕
͋Δɽ·ͨɼจݙ [3]ͰϋΠεϐʔυΧϝϥʹ
ΑΔମͷৼಈө૾͔Βͦͷମͷ࣭ࡐΛਪఆ
͢Δڀݚ͓ͯͬߦΓɼମৼಈͷ৽ͨͳ
ͷԠ༻ͷՄੑΛ͍ࣔͯ͠Δɽ
ө૾͔ΒผͷϝσΟΞม͢Δڀݚͱͯ͠ɼ

৶ը૾͔ΒςΩετใΛਪఆ͢Δ Lip Read-

ing [4]ɼମΛͰୟ͘ө૾ͳͲ͔ΒԻΛ
ਪఆ͢ΔVisually Indicated Sounds [5]ͳͲ͕͋
Δɽ͜ΕΒχϡʔϥϧωοτϫʔΫΛ༻͍ͨม
Δχϡʔϥ͚͓ʹΓɼϝσΟΞม͓ͯͬߦΛ
ϧωοτϫʔΫͷ༗༻ੑΛࣔͨ͠ͱ͍͑Δɽ
ຊڀݚɼମͷඍখৼಈΛଊ͑ͨө૾͔Βಛ

ྔΛநग़͢ΔࡍʹɼConvolutional Neural Net-

worksɹ (CNN)ʹΑΔֶशΛ͜͏ߦͱͰΑΓਫ਼
ͷ͍ߴԻ෮ݩΛ͜͏ߦͱΛతͱ͍ͯ͠Δɽ

2 Ի෮ݩ

2.1 ैདྷख๏

จݙ [2]Ͱɼcomplex steerable pyramid [6]

ʹΑΔಛྔநग़Λ͍ͯͬߦΔɽ͜ΕʹΑΓө૾
ͷ֤ϑϨʔϜεέʔϧ rɼΦϦΤϯςʔγϣϯ
θ͝ͱʹΣʔϒϨοτม͞ΕΔɽ֤Σʔϒ
Ϩοτը૾தͷ࠲ඪ xʹର͠ɼৼ෯A(r, θ,x)

∗Recovering sound from small vibration of an object based on Convolutional Neural Networks by
Yohei FUSE, Tetsuya TAKIGUCHI, Yasuo ARIKI (Kobe University)

ͱҐ૬ φ(r, θ,x)Λ༻͍ͯ

A(r, θ,x)eiφ(r,θ,x) (1)

ͱද͞ΕΔɽࠁ࣌ tͷϑϨʔϜͷ֤ΣʔϒϨ
οτ͝ͱʹॳࠁ࣌ظ t0 ͷϑϨʔϜͱͷҐ૬ࠩ
φv(r, θ,x, t)ΛٻΊΔɽ

φv(r, θ,x, t) = φ(r, θ,x, t)− φ(r, θ,x, t0) (2)

֤ΣʔϒϨοτ͝ͱͷҠಈྔৼ෯ͷ 2ͱ
Ґ૬ࠩͷੵͰද͞Εɼͦͷ૯ΛશମͷҠಈྔ
Φ(r, θ, t)ͱ͢Δɽ

Φ(r, θ, t) =
∑

x

A(r, θ,x, t)2φ(r, θ,x, t) (3)

ฒͨͷΛ෮ʹํؒ࣌ΊΒΕͨҠಈྔΛٻ
Իͱ͢Δɽ·ͨɼϊΠζॲཧͱͯ͠όλϫʔݩ
εϑΟϧλʹΑΔφΠΩετपͷ 1/20 ҎԼ
ͷपͷΧοτͱɼSpectral Subtraction [7]
Իڧௐ [8] ΘΕ͍ͯΔɽߦ͕
จݙ [9]Ͱɼ෩ʹΑΔ༳ΕΧϝϥࣗͷৼ

ಈͳͲͷ֎తཁҼʹΑΔେ͖ͳมಈ͕ੜͨ͡
߹ʹମͷඍখৼಈΛଊ͑Δख๏͕ఏҊ͞Εͯ
͍Δɽ͜ͷख๏Ͱɼࠁ࣌ tͷϑϨʔϜʹର͠ɼ
લͷࠁ࣌ t− 1ͷϑϨʔϜͱͷҐ૬ࠩΛͱΔɽ

φv(r, θ,x, t) = φ(r, θ,x, t)−φ(r, θ,x, t− 1) (4)

ࠁ࣌ tʹ͓͚ΔશମͷҠಈྔΛաڈͷҠಈྔͷ૯
ͱ͢Δ͜ͱͰɼେ͖ͳมಈͷӨڹΛݮΒͯ͠
͍Δɽ

Φ(r, θ, t) = Φ(r, θ, t) + Φ(r, θ, t− 1) (5)

2.2 ఏҊख๏

ମͷඍখৼಈ͔ΒԻม͢Δχϡʔϥϧ
ωοτϫʔΫϞσϧΛ Fig. 1ʹࣔ͢ɽCNNΛ 2

ॏͶɼޙ࠷ʹશ݁߹ΛॏͶͨܗʹͳ͍ͬͯΔɽ
ೖྗ 32 ʷ 32 pixelͷେ͖͞ͷάϨʔεέʔϧ
ө૾ͱ͠ɼԻͷ FFTύϫʔεϖΫτϧΛࢣڭ
৴߸ͱ͢Δɽ
લॲཧͱͯ͠ɼө૾ͷ 256ϑϨʔϜΛ 1ϒϩο

Ϋͱͯ͠γϑτ෯ 128ͰΓग़͢ɽͦͷ 1ϒϩο
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Ϋ Xn = [Xn,1, Xn,2, ..., Xn,256]Λ 1ճͷೖྗͱ
͢Δɽֶश࣌ϒϩοΫʹରԠ͢ΔԻͷ 256

αϯϓϧͷ 129 ݩ࣍ FFT ύϫʔεϖΫτϧ
Yn = [yn,1, yn,2, ..., yn,129]Λ༻͍Δɽ֤σʔλʹ
ର͠ɼೖྗ֤ϐΫηϧͷݩ࣍ؒ࣌ͷฏۉΛ 0ʹ
͠ɼݩ࣍ؒ࣌ͷ͕ࢄը૾ྖҬͰ࠷େͷͷͰ
ׂΔͱ͍͏ਖ਼نԽΛͨͬߦɽࢣڭ৴߸εϖΫτ
ϩάϥϜશମͰฏۉ 0ɼࢄ 1ͷඪ४ԽΛͨͬߦɽ

X̃ijt =
Xijt − X̄ij

max
i,j

σXij

(6)

Ỹnf =
Ynf − Ȳ

σY
(7)

X̄ijɼσXij X ͷ֤ϐΫηϧͷݩ࣍ؒ࣌ʹର
͢ΔฏۉɼࢄͰ͋ΔɽȲɼσY  Y ͷฏۉɼ
ɼnؒ࣌ඪɼt࠲Ͱ͋Δɽiɼjը૾தͷࢄ
ϒϩοΫͷ൪߸ɼf पΛද͢ɽ
ΈࠐΈͷ 1ͷೖྗνϟωϧΛө૾ϑ

ϨʔϜͱ͢Δ͜ͱͰؒ࣌ͱۭؒͷσʔλΛಉ࣌
ʹΈࠐΜͰ͍Δɽ͢ΔϐΫηϧʹର͠ɼͦ
ͷपลͷϐΫηϧͷಉ࣌ʹॲཧ͢Δ͜ͱͰɼ
1ͭͷϐΫηϧͷมԽͷΈΛݟΔͱ͖ΑΓྑ͍
ಛྔ͕ಘΒΕΔ͜ͱΛظ͍ͯ͠Δɽ͞Βʹ
ΈࠐΈΛॏͶಛྔΛѹॖ͢Δ͜ͱʹΑΓɼ
ϊΠζʹϩόετʹͳΔͱ༧͞ΕΔɽ2ͷ
ΈࠐΈΛ௨ͨ͠ޙɼը૾ྖҬશମͷฏۉΛͱ
ΓಛྔϕΫτϧͱ͢ΔɽಛྔϕΫτϧΛશ
݁߹ʹ௨ͨ͠ͷΛϞσϧͷग़ྗͱ͢Δɽ
ΈࠐΈͷνϟωϧୈ 1ɼ2ʹ͍ͭͯͦ
ΕͧΕ 512, 128ͱͨ͠ɽΈࠐΈϑΟϧλͷେ
͖͞શͯ 3 ʷ 3ͱͨ͠ɽΈࠐΈͷੑ׆Խ
ؔ 1ʹઈରɼ2ʹReluΛ༻͍ͨɽ
શ݁߹ͷग़ྗઢੑ׆ܗͱͨ͠ɽ
ճͷϞσϧͰө૾தͷৼಈͦͷͷʹࠓ

͢Δඞཁ͕͋Δɽਖ਼نԽʹΑΓೖྗਖ਼ෛͷ
ΛͱΓɼωοτϫʔΫ෦Ͱਖ਼ෛͷΛͱΔ
ͱ͑ߟΒΕΔ͕ɼಛྔͷը૾શମͷฏۉΛͱ
Δہʹࡍॴ৴߸ಉ࢜Ͱଧͪফ͠߹ͬͯ͠·͏Մ
ੑ͕͑ߟΒΕΔɽͦ͜ͰɼωοτϫʔΫ෦Ͱ
ઈରΛͱΔॲཧΛՃ͑Δ͜ͱͰ֤ہॴ৴߸ͷ
Λଗ͑ΒΕΔ͜ͱΛظͨ͠ɽ
ө૾σʔλʹର͠CNNΛ༻͍ͯಛྔΛநग़

͢Δ͜ͱ [10]ͳͲߦಈೝࣝͷͰߦΘΕ
͓ͯΓɼࠓճͷϞσϧߏஙͷߟࢀʹͨ͠ɽ

Fig. 1 ମͷඍখৼಈΛԻͷύϫʔεϖΫτ
ϧʹม͢ΔχϡʔϥϧωοτϫʔΫϞσϧ

3 ݧ࣮

3.1 ݅ݧ࣮

cifar10σʔληοτதͷ200छྨͷը૾͔Βγ
ϛϡϨʔγϣϯө૾Λ࡞ֶ͠शσʔληοτͱ
ͨ͠ (Fig.6)ɽcifar10ɼAlex KrizhevskyΒʹ
ΑΓඋ͞Εͨϥϕϧ͖ը૾σʔληοτ [11]

Ͱ͋ΓɼҰൠମೝࣝλεΫʹ༻͍ΒΕΔɽ
͍ͨ༺ʹ࡞৴߸ʹɼө૾ࢣڭ sinԻ͔ݯ

Βੜͨ͠ύϫʔεϖΫτϧΛ༻ͨ͠ɽৼಈ
ͷपेೋฏۉͷ A3 (220 Hz)͔Β A5

(880Hz)ͷ 25छྨɼৼಈํ্Լํͱࠨӈ
ͷํ 2छྨΛ༻ҙͨ͠ɽΫϩʔζυςετ͓Α
ͼɼϋΠεϐʔυΧϝϥͰࡱӨͨ͠՛ࢠͷแ
ͷө૾ (Fig. 7)Λ༻͍ͨςετΛͨͬߦɽಘΒΕ
ͨग़ྗύϫʔεϖΫτϧ͔ΒGriffin/Lim๏ [12]

ʹΑΓܗΛ෮͢ݩΔɽ
ө૾ͱԻͷαϯϓϦϯάपͨ͠༺ʹݧ࣮

ͲͪΒ 2200 HzͰ͋Δɽ
γϛϡϨʔγϣϯө૾ɼݩͱͳΔը૾ͷ֤ϐ

ΫηϧΛԻݯͷ֤αϯϓϧͷৼ෯ʹ߹Θͤͯ
Ҡಈͤ͞Δ͜ͱͰ࡞ͨ͠ɽ1ϐΫηϧະຬͷม
ಈޙͷ֤ϐΫηϧͷपลϐΫηϧͷͷՃ
ॏฏۉΛͱΔ͜ͱͰͨ͠ࢉܭɽࠓճ࠷େৼ෯
Λ 0.25ʹϥϯμϜͳࠩޡ (ʶ 10%)ΛՃ͑ͨͷ
ͱ͕ͨ͠ɼೖྗʹݩ࣍ؒ࣌ʹର͢Δਖ਼نԽΛ
ͳ͘ͳΔɽڹΊɼө૾ؒͷৼ෯ͷࠩͷӨͨ͏ߦ

3.2 Ռ݁ݧ࣮

Fig. 2ʹΫϩʔζυςετͷ݁ՌΛࣔ͢ɽ্ஈ
Իͷݩɼӈ͕ैདྷख๏ʹΑΔ෮ݯͷԻݩ͕ࠨ
εϖΫτϧɼதஈɼԼஈఏҊख๏ʹΑΓਪఆ͞
Εͨ݁ՌͰ͋Δɽimage1ɼ2ͦΕͧΕҟͳΔը
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Fig. 2 sin 440 Hzͷ෮݁ݩՌ

૾͔Β࡞ͨ͠ө૾ʹର͢Δग़ྗͰ͋Δɽ0͓Α
ͼ 90ͦΕͧΕ্ԼํɼࠨӈํͷৼಈͰ͋
Δ͜ͱΛද͍ͯ͠ΔɽFig. 2ʹࣔͨ͠ྫҎ֎Ͱ
ҟͳΔը૾ɼҟͳΔपʹରͯ͠ਖ਼ղʹ͍ۙ
ग़ྗ͕ಘΒΕͨɽ͞Βʹଟ͘ͷछྨͷը૾͔Β
ͳΔֶशσʔληοτΛ༻͍Δ͜ͱͰɼະͷը
૾ʹର͢ΔԠΑ͘ͳΔ͜ͱ͕༧͞ΕΔɽ
ը૾ 200छྨɼप 25छྨɼৼಈํ 2छ

ྨͰ߹ܭ ͷө૾ʹର͢Δग़ྗͱɼͦΕݸ10,000
ͧΕͷਖ਼ղͷԻͷεϖΫτϧΛඪ४Խͨ͠
ͷͷϢʔΫϦουڑΛ͠ࢉܭɼը૾͝ͱʹฏۉ
ΛͱͬͨͷΛ Fig. 3ʹࣔ͢ɽ·ͨɼप͝
ͱʹฏۉΛͱͬͨͷΛ Fig. 4ʹࣔ͢ɽը૾͝
ͱͷڑΛݟΔͱɼۃʹେ͖ͳڑΛͱΔग़
ྗ͕ෳݟΒΕ, ͮ͠ݩͷϞσϧͰԻΛ෮ࡏݱ
Β͍ը૾͕ଘ͢ࡏΔ͜ͱ͕͔ΔɽຊڀݚͰɼ
ະͷը૾ΛؚΉ͋ΒΏΔը૾ͷৼಈө૾ʹର
ͯ͠ԻΛ෮͢ݩΔ͜ͱΛతͱ͢ΔͨΊɼֶश
σʔληοτΛݟ͢ඞཁ͕͋Δɽ
Fig. 5ʹϋΠεϐʔυө૾Λ༻͍ͨςετͷ

݁ՌΛࣔ͢ɽ্͔ΒɼԻݯͷεϖΫτϧɼvisual

microphone[2]͔ΒಘΒΕͨԻͷεϖΫτϧɼఏ
Ҋख๏ͷग़ྗͰ͋ΔɽԻݯͱͯ͠ɼsinʹΑΔ
Λ༻͍ͨɽैདྷ๏εέʔϧۂָ 2ɼΦϦΤϯ
ςʔγϣϯ 2ͱͯ͠෮ͨ͠ݩԻͷεϖΫτϧ
Ͱ͋Δɽ
ఏҊख๏Ͱ͔ͳΓϊΠζ͕େ͖͍͕ɼΘͣ

͔Ͱ͋Δ͕ɼະͷը૾ʹରͯؒ࣌͠ಛ
ྔ͕ଊ͑ΒΕ͍ͯΔ͜ͱ͕֬ೝͰ͖ͨɽγϛϡ
Ϩʔγϣϯө૾Λ༻ֶ͍ͨशʹΑΓɼ࣮ࡍʹϋΠ
εϐʔυΧϝϥͰࡱӨ͞Εͨө૾ͷৼಈ͕ଊ͑
ΒΕͨ͜ͱ͔ΒɼγϛϡϨʔγϣϯө૾ͷֶश

Fig. 3 ԻݯͷεϖΫτϧͱఏҊख๏ͷग़ྗͱͷ
ϢʔΫϦουڑ (ը૾)

Fig. 4 ԻݯͷεϖΫτϧͱఏҊख๏ͷग़ྗͱͷ
ϢʔΫϦουڑ (प)

σʔλͱͯ͠ͷ༗༻ੑ͕ࣔ͞Εͨɽ
ֶशσʔλʹೖ͍ͬͯͳ͍पଳͷৼಈ

ʹରͯ͠΄ͱΜͲԠ͕ͳ͍ɽ͜ͷֶ
शσʔλͷৼಈपͷछྨΛ૿͢͜ͱͰղ
ܾ͢Δͱ͑ߟΒΕΔɽ

4 ͓ΘΓʹ

ճɼମͷৼಈΛCNNʹΑΓֶश͠Իࠓ
Λ෮͢ݩΔख๏ΛఏҊͨ͠ɽγϛϡϨʔγϣϯ
ө૾Λ༻ֶ͍ͨशʹΑΓ࣮ࡍͷϋΠεϐʔυΧ
ϝϥͷө૾͔ΒԻΛ෮͢ݩΔ͜ͱ͕Ͱ͖͕ͨɼ
ঢ়Ͱ·ͩϊΠζ͕େ͖͍ɽ͔͠͠ɼը૾ͷݱ
ҧ͍ʹΑΒͣৼಈͷಛྔ͕ಘΒΕΔ͜ͱ͕֬
ೝͰ͖ͨͨΊɼύϥϝʔλௐ࣍ୈͰΑΓྑ͍
ग़ྗ͕ಘΒΕΔΑ͏ʹͳΔͱ͑ߟΒΕΔɽ·ͨɼ
ΊɼॏΈͨͨͬߦΛݧ࣮ʹલֶशΛͤͣࣄճࠓ
ͷॳظʹؔ͢Δݕ౼ඞཁͰ͋Δɽ
ɼCNNޙࠓ ͷ૯ϑΟϧλͷݕ౼ɼ

LSTM (Long Short Term Memory)ͳͲผͷϞ
σϧΛ༻ֶ͍ͨशɼֶशσʔληοτͷαΠζ
छྨͷݕ౼ͳͲΛ͍ߦɼԻ෮ݩͷਫ਼Λߴ
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Fig. 5 ϋΠεϐʔυө૾͔ΒͷԻͷ෮݁ݩՌ
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