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৞ΈࠐΈχϡʔϥϧωοτϫʔΫͱఢରతֶशʹͮ͘ج
ϝϩσΟิ׬ͷݕ౼

தଜ ޫ༎1,a) ೳ੎ ོ1 ઍ༿ ༞໻1 ҏ౻ জଇ1

֓ཁɿຊߘͰ͸ɼ෦෼తʹܽଛͤͨ͞ϝϩσΟΛࣗવͳ͔ͨͪͰิ͢׬Δ໰୊Λѻ͏ɽϝϩσΟͷิ׬͸ɼ
ଘͷϝϩσΟͷ෦෼తͳฤू΍ط 2ͭͷϝϩσΟͷ઀ଓͱ͍ͬͨ༻్΁ར༻͕ظ଴͞ΕΔɽܽଛͨ͠৘ใ

Λิ͢׬Δٕज़ͱͯ͠͸ɼը૾ͷ͋ΔྖҬΛܽଛͤ͞ɼͦͷ෦෼Λࣗવʹิ͢׬Δը૾ิ͞ڀݚ͕׬Εͯ

͓Γɼۙ೥Ͱ͸χϡʔϥϧωοτϫʔΫʹΑͬͯߴ඼࣭ͳը૾ิ׬Λ࣮͢ݱΔख๏͕ఏҊ͞Ε͍ͯΔɽͦ

͜ͰຊڀݚͰ͸ɼχϡʔϥϧωοτϫʔΫʹͮ͘جը૾ิ׬ΛԠ༻ͨ͠ϝϩσΟͷิؒख๏Λݕ౼͢Δɽ

۩ମతʹ͸ɼҰఆ௕ͷϝϩσΟΛը૾ͱͯ͠ද͠ݱɼ͜ΕΛ༻͍ͯը૾ิ׬ωοτϫʔΫΛֶश͢Δɽิ

੒͞Εɼఢରతֶशͷ࿮૊ΈͰֶश͞ΕΔɽఢରతֶशͰ͸ɼຊߏΈ૚ͰࠐωοτϫʔΫ͸શ૚͕৞Έ׬

෺ͷϝϩσΟͱิ͞׬ΕͨϝϩσΟΛݟ෼͚ΔࣝผωοτϫʔΫΛಉ࣌ʹֶशͤ͞ɼิ׬ωοτϫʔΫ͸

͜ΕΛͩ·ͤΔΑ͏ʹֶशΛ͜͏ߦͱͰɼΑΓࣗવͳิ݁׬Ռ͕ಘΒΕΔͱظ଴͞ΕΔɽ·ͨɼֶश࣌ͷ

ิॿ৘ใͱͯ͠ɼָۂͷίʔυͷ৘ใΛೖྗ͢Δ͜ͱ΋ݕ౼͢Δɽ

ΩʔϫʔυɿϝϩσΟิ׬ɼࣗಈۂ࡞ɼ৞ΈࠐΈχϡʔϥϧωοτϫʔΫɼఢରతֶश

1. ͸͡Ίʹ

ө૾࡞඼΍ήʔϜͷBGMɼςʔϚιϯάͱͯ͠ͷར༻ͳ

Ͳɼ৽͕ۂָنඞཁ͞ΕΔ͜ͱ͸ଟ͍͕ɼͦ ΕΛඞཁͱ͢Δ

ਓ͕ऀݧܦۂ࡞Ͱ͋Δͱ͸ݶΒͳ͍ɽ͔͠͠ɼԻָݧܦ΍

ۂָͨͬ͋ʹ్༺Έ΍޷ͳ͍ਓ͕ࣗ਎ͷͨ࣋ͷٕज़Λۂ࡞

Λ࡞Δͷ͸೉͘͠ɼָۂͷ࡞੒Λࢧԉ͢ΔγεςϜͷधཁ

͕͋Δɽ͜ΕΛ࣮͢ݱΔٕज़ͷҰͭͱͯ͠ɼࣗಈۂ࡞γε

ςϜͷ͕͋ڀݚΔɽࣗಈۂ࡞γεςϜ͸ɼϢʔβͷೖྗΛ

΋ͱʹָۂΛࣗಈͰੜ੒͢ΔγεςϜͰ͋Γɼ͜ Ε·Ͱɼ֬

཰Ϟσϧʹ͍ͨͮج Orpheus[1]ɼLong Short-Term Mem-

oryʹ͍ͨͮج Performance RNN[2]ɼDeep Convolutional

Generative Adversarial Networkʹ͍ͨͮجMidiNet[3]ͱ

͍ͬͨख๏͕ఏҊ͞Ε͖ͯͨɽ

͜ΕΒͷख๏ͷଟ͘͸Վࢺ΍δϟϯϧͱ͍ͬͨ৘ใɼԻ

ͷଟ͞౳ͷύϥϝʔλ΍ϊΠζϕΫτϧͳͲͷೖྗΛ΋ͱ

ͳ͍ਓ͕ಛఆͨ࣋ज़Λٕۂ࡞Λੜ੒͢ΔɽҰํͰɼۂָʹ

ͷطଘָͨࣅʹۂงғؾͷۂΛ࡞Γ͍ͨͱ͖ɼͦͷָۂΛ

ϕʔεʹۂΛੜ੒͢Δख๏͕༗༻Ͱ͋Δͱ͑ߟΒΕΔɽͦ

͜ͰຊڀݚͰ͸ɼ෦෼తʹܽଛָͤͨ͞ۂͷϝϩσΟΛࣗ

વͳܗͰิ͢׬ΔɼϝϩσΟิ׬Λݕ౼͢ΔɽϝϩσΟิ

ݱͷฤूΛ࣮ۂଘָطΑΓʹ׬͸ɼϝϩσΟͷܽଛͱิ׬

1 ౦๺େֶ
a) kosuke.nakamura@spcom.ecei.tohoku.ac.jp

͢Δɽ·ͨɼָۂͷઌ಄͔Βஞ࣍తʹܽଛͱิ׬Λ܁Γฦ

͢͜ͱͰɼطଘָۂΛ΋ͱʹɼಉ͡ߏ੒΍ίʔυਐߦΛ࣋

ʑ໦ࠤΒΕΔɽ͑ߟΛ৽ͨʹੜ੒͢Δ͜ͱ͕ग़དྷΔͱۂͭ

Β͸ɼχϡʔϥϧωοτϫʔΫΛ༻͍ͯ ͷ࿈ଓͨ͠ݸ12

Իූͷ͏ͪதԝͷ 4ͭͷԻූͷԻߴΛ༧ଌ͢ΔϝϩσΟͷ

ωοτϫʔΫΛఏҊͨ͠׬ิ [4]ɽ͜ͷख๏Ͱ͸ೖྗ૚ͷ

֤ϊʔυʹԻූͷԻߴΛ༩͑ΔͨΊɼ༧ଌ͞ΕΔͷ͸Իߴ

ͷΈͰɼϦζϜ͸ݩͷϝϩσΟͷ΋ͷ͔͠࢖༻Ͱ͖ͳ͍ͱ

͍͏໰୊͕͋ͬͨɽ

ҰํͰɼܽଛͨ͠৘ใΛิ͢׬Δٕज़ͱͯ͠͸ɼը૾ͷ

Ұ෦͕࡟আ͞ΕͨΓܽམͨ͠৔߹ʹɼͦͷ෦෼Λࣗવʹิ

Ε͓ͯΓɼۙ೥Ͱ͸χϡʔϥϧ͞ڀݚ͕׬Δը૾ิ͢׬

ωοτϫʔΫʹΑͬͯߴ඼࣭ͳը૾ิ׬Λ࣮͢ݱΔख๏͕

ఏҊ͞Ε͍ͯΔɽIizukaΒ͸ɼ৞ΈࠐΈχϡʔϥϧωοτ

ϫʔΫʢCNN: Convolutional Neural NetworkʣʹΑΔը

׬ωοτϫʔΫͱɼը૾શମͷେҬతͳ੔߹ੑɼิ׬ิ૾

ྖҬपลͷہॴతͳ੔߹ੑΛݟΔ 2ͭͷࣝผωοτϫʔΫ

ʹΑΔఢରతֶशʹΑΓඇৗʹࣗવͳը૾ิ͕׬ग़དྷΔख

๏ΛఏҊ͍ͯ͠Δ [5]ɽը૾ද͞ݱΕͨϝϩσΟΛ͜ͷख

๏ʹΑΓิ͢׬Δ͜ͱͰɼԻ͚ͩߴͰͳ͘ɼϦζϜ΋ྀߟ

ͨ͠ϝϩσΟͷิ׬Λ͜͏ߦͱ͕Ͱ͖Δͱ͑ߟΒΕΔɽ

ຊڀݚͰ͸ɼԻ͚ͩߴͰͳ͘ϦζϜ΋ྀͨ͠ߟϝϩσΟ

ݙΔҝʹɼจ͢ݱΛ࣮׬ิ [5]ΛԠ༻͠ɼϝϩσΟΛը૾
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ਤ 1 ϝϩσΟը૾ͷྫɽ্ͷָේΛมͨ͠׵΋ͷ͕Լͷը૾Ͱɼ఺

ઢ͕খઅઢʹରԠ͢Δɽݟ΍͢͞ͷͨΊനࠇΛ൓సͯ͋͠Δ

ͱͯ͠ද͢ݱΔ͜ͱͰɼը૾ิ׬ͷ࿮૊ΈʹΑΔϝϩσΟ

Δɽ͢౼ݕΛ׬ิ

Ҏ߱Ͱ͸ɼ·ͣୈ 2અͰɼϝϩσΟͱίʔυΛը૾ͱ͠

ͯද͢ݱΔํ๏ͱͦΕΛ༻͍ͯ࡞੒ͨ͠σʔληοτʹͭ

͍ͯઆ໌͢Δɽ࣍ʹୈ 3અͰ͸ิ׬Λ͏ߦωοτϫʔΫͱ

ͦͷֶशํ๏ʹ͍ͭͯड़΂Δɽୈ 4અͰ͸ֶशͨ͠ωοτ

ϫʔΫʹΑΓϝϩσΟิ׬Λ͍ߦɼͦͷ݁ՌΛ͢࡯ߟΔɽ

2. ϝϩσΟͱίʔυͷը૾දݱ

ຊઅͰ͸ɼը૾ิ׬ΛԠ༻ͨ͠ϝϩσΟิ׬ʹඞཁͳɼ

ϝϩσΟͱίʔυͷը૾දݱʹ͍ͭͯઆ໌͢Δɽ·ֶͨश

σʔληοτʹ͍ͭͯ΋આ໌͢Δɽͨ͠༺࢖ʹ

2.1 ϝϩσΟͷը૾දݱ

ը૾ิ׬ͷ࿮૊ΈΛ༻͍ͯϝϩσΟิ׬Λ࣮͢ݱΔͨΊ

ʹɼϝϩσΟΛҰຕͷը૾ͱͯ͠ද͢ݱΔඞཁ͕͋Δɽຊ

த͔ΒϝϩσΟΛҰఆͷ௕͞Ͱ੾Γग़͠ɼۂͰ͸ɼָڀݚ

͜ΕΒΛը૾ʹมͨ͠׵΋ͷΛิ͢׬Δɽ

ϝϩσΟͷը૾΁ͷม׵͸ɼҎԼͷΑ͏ʹͨͬߦɽը૾

ͷॎํ޲ΛԻߴʹɼԣํ޲Λഥɾؒ࣌ʹରԠͤ͞ɼָේ্

ͰԻ͕ଘ͢ࡏΔҐஔʹରԠͨ͠ϐΫηϧ͸നͰɼͦΕҎ֎

ͷϐΫηϧ͸ࠇͰృΓͭͿ͢ɽ͜ΕʹΑΓɼϝϩσΟΛϐ

Ξϊϩʔϧঢ়ͷനࠇͷը૾ͱͯ͠ද͢͜ͱ͕Ͱ͖ΔɽҎԼ

Ͱ͸͜ͷը૾ΛϝϩσΟը૾ͱݺͿɽωοτϫʔΫʹೖྗ

͢Δࡍʹ͸ɼന͍෦෼͕ 1ɼ͍ࠇ෦෼͕ 0ͷ஋Λྻߦͭ࣋

ͱͯ͠ѻΘΕΔɽͨͩ͠ɼຊߘͰ͸ݟ΍͢͞ͷҝʹനࠇΛ

൓సͤͨ͞ը૾ΛͤࡌΔɽॎํ޲ͷ 1ϐΫηϧ͸൒Իʹ૬

౰͠ɼը૾ͷ࠷ԼߦΛ࠷௿Իͱ্ͯ͠ͷϐΫηϧ΄Ͳ͍ߴ

ԻʹରԠ͢Δɽ࣮ݧʹ༻͍ͨϝϩσΟͷ࠷௿Իͱߴ࠷Ի͕

ؚ·ΕΔ C2͔Β B6·Ͱͷ 5ΦΫλʔϒΛදݱग़དྷΔΑ

͏ʹɼը૾ͷ͞ߴ͸ 60ʢ5ΦΫλʔϒ×12൒ԻʣϐΫηϧ

ͱͨ͠ɽ1ຕͷը૾ͱͯ͠ද͞ΕΔϝϩσΟͷ௕͞͸ 4খ

અͱ͠ɼ4෼Իූ 1ͭͷ௕͞Λ 24ϐΫηϧͱͨ͠ɽ͜Ε

͸ɼ32෼Իූͱ 3࿈ූͷ௕͞ΛදݱͰ͖ΔΑ͏ʹܾఆ͠

ͨɽର৅ͱ͢ΔۂΛ 4/4ഥݶʹࢠఆ͢Δ͜ͱͰɼը૾ͷ෯

Λ 24× 4× 4 = 384ͱͨ͠ɽ͜ͷํ๏Ͱมͨ͠׵ը૾ͱݩ

ͷϝϩσΟͷྫΛਤ 1ʹࣔ͢ɽ

2.2 ίʔυͷը૾දݱ

ϝϩσΟิ׬Λࡍ͏ߦɼରԠ͢ΔখઅͷίʔυਐߦΛೖ

ਤ 2 C ϝδϟʔίʔυͷը૾දݱ

ྗʹՃ͑Δ͜ͱͰɼิ͞׬ΕΔϝϩσΠͷԻߴΛܾఆ͢Δ

ɽϝϩσΟը૾ͱಉͨ͑ߟೳ͢Δͱػͷิॿ৘ใͱͯ͠ࡍ

͡αΠζͷը૾ͱͯ͠ද͢ݱΔ͜ͱͰɼϝϩσΟͱίʔυ

ͷ৘ใΛը૾ͷνϟϯωϧํ޲ʹॏͶΔ͚ͩͰωοτϫʔ

Ϋʹಉ࣌ʹೖྗ͢Δ͜ͱ͕Ͱ͖Δɽ

ίʔυͷը૾΁ͷม׵͸ɼجຊతʹ͸લઅͰड़΂ͨϝϩ

σΟͷը૾Խͱಉ͡ϧʔϧͷ΋ͱͰ͏ߦɽ֤ഥʹ͓͍ͯɼ

ίʔυͷߏ੒ԻʹରԠ͢ΔߦΛશͯͷΦΫλʔϒʹ͍ͭͯ

ന͘ృΔɽਤ 2͸ CϝδϟʔίʔυΛද͢ը૾ͷҰ෦Λ

͍ࣔͯ͠ΔɽCϝδϟʔίʔυͷߏ੒Ի͸ CɼEɼGͷ 3

ͭͰ͋Δɽਤதͷۣܗͷ࠷Լ෦͕ CͳͷͰɼ͜ͷߦ͸ന

͘ృΒΕΔɽ1্͕ߦΔ͝ͱʹԻ͕ߴ൒Ի্͕͍ͣͭͬͯ

͖ɼEɼGʹରԠ͢Δߦ΋ന͘ృΒΕΔɽԼ͔Β ໨͸ߦ13

1ΦΫλʔϒ্ͷ CͰ͋Γɼ͜͜΋ന͘ృΔɽ͜ͷΑ͏ʹ

ͯ͠ը૾ͷ্୺·ͰରԠ͢ΔߦΛന͘ృΔ͜ͱͰɼίʔυ

Λද͢ݱΔ͜ͱ͕Ͱ͖Δɽ͜ͷख๏ʹΑΓίʔυΛද͢ݱ

Δ͜ͱͰɼωοτϫʔΫ͕ίʔυߏ੒ԻͱϝϩσΟͷؒͷ

଴͞ΕΔɽظΛΑΓద੾ʹֶशͰ͖Δͱ܎ؔ

2.3 σʔληοτ

ωοτϫʔΫͷֶश༻ɼධՁ༻ͷσʔληοτΛߏங͠

ͨɽมݩ׵ͱͳΔϝϩσΟʹ͸ɼࣜגձࣾΠϯλʔωο

τ*1ͰऔΓѻΘΕ͍ͯΔɼ೔ຊͷϙοϓεΛத৺ͱͨ͠

ͷσʔλΛ༻͍ͨɽϝϩσΟ͸શͯۂͷϘʔΧϧָۂ288

୯ટ཯Ͱ͋Δɽσʔλ͸ςΩετΠϕϯτͱͯ͠ίʔυਐ

MIDIσʔλͰɼMuseScore2*2Λ༻͍ͯҰͭ࣋ͷ৘ใΛߦ

౓ָේσʔλͰ͋ΔMusicXMLࣜܗʹม্ͨ͠׵Ͱը૾

΁มͨ͠׵ɽϝϩσΟͷ੾Γग़͠͸ɼ4খઅͷ௕͞ͷ૭Λ

1খઅͣͭγϑτ͠ͳ͕Β͍ߦɼ؆୯ԽͷͨΊશؚ͕ූٳ

·ΕΔΑ͏ͳ 4খઅ͸੾Γग़ͣ͞ʹͱ͹ͨ͠ɽ͜ΕʹΑΓ

23,392ຕͷϝϩσΟը૾Λಘͨɽ·ͨɼ͜ΕΒͷϝϩσΟ

ը૾ʹରԠ͢Δίʔυը૾΋࡞੒ͨ͠ɽ͜ΕΒΛֶशσʔ

λ 20,041૊ʢϝϩσΟը૾ 1ຕͱରԠ͢Δίʔυը૾ 1ຕ

ͷ૊ʣͱධՁσʔλ 3,351૊ʹ෼͚ͨɽσʔλΛ෼͚Δࡍ

ʹ͸ɼֶशσʔλͱධՁσʔλʹಉҰͷָ͔ۂΒಘΒΕͨ

ϝϩσΟը૾ؚ͕·Εͳ͍Α͏ʹ෼ׂͨ͠ɽ·ͨɼશͯͷ

ϝϩσΟͱίʔυΛɼݩͷ͕ۂ௕ௐͰ͋Ε͹ϋ௕ௐʹɼݩ

ͷ͕ۂ୹ௐͰ͋Ε͹Π୹ௐʹҠௐͨ͠ɽ

*1 https://www3.ssw.co.jp/dl_data
*2 https://musescore.org
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3. ϝϩσΟิ׬ωοτϫʔΫ

͜͜Ͱ͸ɼຊڀݚͰϝϩσΟิ׬ʹ༻͍ΔωοτϫʔΫ

ͷߏ଄ͱɼͦͷֶशํ๏ʹ͍ͭͯड़΂Δɽ

3.1 ଄ߏ

ωοτϫʔΫʹ͸ɼจݙ [5]ͷը૾ิ׬ωοτϫʔΫͱ

ಉ༷ͷߏ଄Λ༻͍ͨɽਤ 3ʹɼωοτϫʔΫͷߏ଄Λද͢

ུ֓ਤΛࣔ͢ɽิ׬ωοτϫʔΫʹ͸ɼϝϩσΟը૾ͱɼ

ͦͷϝϩσΟʹରԠͨ͠ίʔυը૾ɼٴͼิ׬ର৅ྖҬΛ

ࣔ͢ϚεΫը૾ʢ0:ิ׬ର৅ྖҬ֎ɼ1:ิ׬ର৅ྖҬʣ͕ೖ

ྗ͞ΕΔɽϝϩσΟը૾͸ิ׬ର৅ྖҬΛσʔληοτશ

ମͷϐΫηϧͷ஋ͷฏۉ஋ͰృΓͭͿ͞ΕΔɽิ׬ωοτ

ϫʔΫ͸ɼ௨ৗͷ convolution૚ͱ dilated convolution૚

͓Αͼ deconvolution૚͔ΒͳΔɽdilated convolution૚

͸ϑΟϧλΛద༻͢ΔϐΫηϧΛ dilationͷ஋͝ͱʹબ୒

͢Δ͜ͱͰΑΓൣ޿ғͷಛ௃Λநग़͢Δ͜ͱ͕Ͱ͖Δ৞Έ

Έ૚ࠐ [6]Ͱ͋Δɽdeconvolution૚͸ϑΟϧλͷγϑτ෯

Λ̍ະຬͷ෼਺ͱ͢Δ͜ͱͰ௨ৗͷ convolutionͱ͸ٯʹ

ಛ௃ϚοϓͷαΠζΛେ͖͘͢ΔΞοϓαϯϓϦϯάΛߦ

͏ [7]ɽग़ྗ૚Ҏ֎ͷશͯͷ૚ͷޙஈʹੑ׆Խؔ਺ͱͯ͠

Rectified Linear UnitʢReLUʣؔ਺Λɼग़ྗ૚ͷੑ׆Խؔ

਺ʹ͸ sigmoidؔ਺Λ༻͍ͨɽิ׬ωοτϫʔΫ͸ิ݁׬

Ռͱͯ͠ 1νϟϯωϧͷը૾Λग़ྗ͢Δɽ͜ͷը૾ͷิ׬

ର৅Ͱͳ͍ྖҬΛೖྗͷը૾ʹஔ͖͑׵ɼ͜ΕΛ࠷ऴతͳ

Ռͱ͢Δɽ݁׬ิ

ࣝผωοτϫʔΫʹ͸͜ͷิ͞׬Εͨը૾͔ϚεΫલͷ

ϝϩσΟը૾ɼͦΕʹՃ͑ͯରԠ͢Δίʔυը૾͕ೖྗ͞

ΕΔɽࣝผωοτϫʔΫ͸େҬࣝผωοτϫʔΫͱہॴࣝ

ผωοτϫʔΫͷ̎ͭͷωοτϫʔΫ͔ΒͳΓɼͦΕͧΕ

ը૾શମͷ੔߹ੑɼิ׬ର৅ྖҬपลͷ੔߹ੑΛධՁ͢

ΔɽେҬࣝผωοτϫʔΫʹ͸ը૾શମΛೖྗ͠ɼہॴࣝ

ผωοτϫʔΫʹ͸ิ׬ର৅ͱͳͬͨྖҬͷΈΛ੾Γऔͬ

ͯೖྗ͢Δɽίʔυͷ৘ใ΋͜ͷྖҬʹ߹Θͤͯ੾Γऔͬ

ͯೖྗ͞ΕΔɽຊ෺ͷը૾ΛہॴࣝผωοτϫʔΫʹೖྗ

͢Δ৔߹͸ɼಉ༷ͷαΠζͷྖҬΛϥϯμϜʹ੾Γऔͬͯ

ೖྗ͢Δɽ2ͭͷωοτϫʔΫͷग़ྗ͸શ݁߹૚ʹΑͬͯ

·ͱΊΒΕɼsigmoidؔ਺Λ௨ͯ͠ೖྗ͞Εͨը૾͕ຊ෺

ͷը૾Ͱ͋Δ֬཰Λग़ྗ͢Δɽ

֤૚ͷग़ྗνϟϯωϧ਺ɼϑΟϧλαΠζɼετϥΠυ

෯͸จݙ [5]ʹͳΒ͍ද 1ɼද 2ʹࣔ͢Α͏ʹઃఆͨ͠ɽ

2ͭͷࣝผωοτϫʔΫ͸ɼදதͷશ݁߹૚ͷग़ྗΛ࿈݁

Βʹશ݁߹૚ʹΑͬͯ͞ʹޙͨ͠ 1ͭͷεΧϥʔ஋Λग़ྗ

͢Δɽ

3.2 ֶश

ωοτϫʔΫͷֶश͸ɼఢରతֶशͷ࿮૊ΈΛ༻͍ͯߦ

ΘΕΔɽจݙ [5]ʹ͓͍ͯɼิ׬ωοτϫʔΫͷֶश͸ɼ2

ද 1 .଄ɽconvߏωοτϫʔΫͷ׬ิ ͸௨ৗͷ৞ΈࠐΈ૚Λɼ

dilated͸ dilated convolution૚Λɼdeconv.͸ deconvolu-

tion ૚Λද͢

Type Filter Dilation Stride Outputs

conv. 5 × 5 1 1 × 1 64

conv. 3 × 3 1 2 × 2 128

conv. 3 × 3 1 1 × 1 128

conv. 3 × 3 1 2 × 2 256

conv. 3 × 3 1 1 × 1 256

conv. 3 × 3 1 1 × 1 256

dilated 3 × 3 2 1 × 1 256

dilated 3 × 3 4 1 × 1 256

dilated 3 × 3 8 1 × 1 256

dilated 3 × 3 16 1 × 1 256

conv. 3 × 3 1 1 × 1 256

conv. 3 × 3 1 1 × 1 256

deconv. 4 × 4 1 1/2 × 1/2 128

conv. 3 × 3 1 1 × 1 128

deconv. 3 × 3 1 1/2 × 1/2 64

conv. 3 × 3 1 1 × 1 32

output 3 × 3 1 1 × 1 1

ද 2 ࣝผωοτϫʔΫͷߏ଄ɽconv. ͸௨ৗͷ৞ΈࠐΈ૚Λɼ

FC ͸શ݁߹૚Λࣔ͢ɽ

େҬࣝผωοτϫʔΫ

Type Filter Stride Outputs

conv. 5 × 5 2 × 2 64

conv. 5 × 5 2 × 2 128

conv. 5 × 5 2 × 2 128

conv. 5 × 5 2 × 2 256

conv. 5 × 5 2 × 2 512

conv. 5 × 5 2 × 2 512

conv. 5 × 5 2 × 2 512

FC – – 1024

ॴࣝผωοτϫʔΫہ

Type Filter Stride Outputs

conv. 5 × 5 2 × 2 64

conv. 5 × 5 2 × 2 128

conv. 5 × 5 2 × 2 128

conv. 5 × 5 2 × 2 256

conv. 5 × 5 2 × 2 512

conv. 5 × 5 2 × 2 512

FC – – 1024

ͭͷଛࣦؔ਺Λ૊Έ߹ΘͤͨଛࣦΛ࠷খԽ͢ΔΑ͏ʹߦΘ

ΕΔɽҰͭ͸ิ݁׬Ռͱೖྗը૾ͷɼิ׬ର৅ྖҬʹॏΈ

෇͚͞ΕͨMeasn Squared ErrorʢMSEʣ[8]ͰɼԼࣜͰද

͞ΕΔɽ

L(x,y,mc) = ||mc ⊙ (C (x,y,mc)− x)||2 (1)

͜͜ͰɼC(x,y,mc)͸ೖྗϝϩσΟը૾ xͱίʔυը૾

yɼ͜ ΕΒͱಉαΠζͷϚεΫը૾mcΛิ׬ωοτϫʔΫ

ʹೖྗͨ࣌͠ͷग़ྗͰ͋ΔɽϝϩσΟը૾ xͷ࠲ඪ (i, j)

ʢ0 ≤ i ≤ 383, 0 ≤ j ≤ 59ʣͷཁૉ xij ∈ {0, 1}͸ɼϝϩσΟ
ඪ࠲͕ (i, j)ʹରԠ͢ΔഥɾԻߴͰ໐͍ͬͯΕ͹ xij = 1ɼ

໐͍ͬͯͳ͚Ε͹ xij = 0ͷ஋ΛͱΔɽy ͸ͦͷഥͰ໐ͬ

c⃝ 2018 Information Processing Society of Japan 3

Vol.2018-MUS-120 No.12
2018/8/22



৘ใॲཧֶձڀݚใࠂ
IPSJ SIG Technical Report

ਤ 3 ωοτϫʔΫͷߏ଄

͍ͯΔίʔυͷߏ੒Իʹ͋ͨΔԻߴʹରԠ͢Δ࠲ඪͷཁૉ

͕ 1ɼͦΕҎ֎͕ 0ͱͳΔɽϚεΫը૾mc ͸ิ׬ର৅ྖ

Ҭ಺ͷཁૉ͸ 1ΛɼͦΕҎ֎͸ 0ͷ஋ΛͱΔɽ·ͨ⊙͸ཁ
ૉ୯ҐͰͷੵΛද͠ɼ|| · ||͸ϢʔΫϦουϊϧϜΛද͢ɽ
΋͏Ұͭ͸ɼԼࣜͰද͞ΕΔ GAN loss[9]Ͱ͋Δɽ

logD(x,y,md)

+ log (1−D (C (x,y,mc) ,y,mc))
(2)

͜͜Ͱɼmd͸ิ׬ର৅ྖҬ͕mcͱಉ͡େ͖͞ͷϚεΫը

૾ͰϚεΫͷҐஔ͸ϥϯμϜʹܾఆ͞ΕΔɽD(x,y,md)

͸ࣝผωοτϫʔΫͷग़ྗΛද͢ɽ͜ͷ஋͕େ͖͍΄Ͳࣝ

ผωοτϫʔΫ͸ը૾Λਖ਼ࣝ͘͠ผͰ͖͍ͯΔ͜ͱΛࣔ

͢ɽิ׬ωοτϫʔΫ͸͜ͷ஋Λ࠷খԽ͢ΔΑ͏ʹɼࣝผ

ωοτϫʔΫ͸࠷େԽ͢ΔΑ͏ʹֶश͞ΕΔɽ

2ͭͷଛࣦؔ਺Λ૊Έ߹Θͤͨଛࣦؔ਺͸ɼॏΈ܎਺ α

Λ༻͍ͯɼ

L(x,y,mc) + logD(x,y,md)

+ α log (1−D (C (x,y,mc) ,y,mc))
(3)

ͱॻ͔ΕΔɽ݁ہɼิ׬ωοτϫʔΫͱࣝผωοτϫʔΫ

͸ͦΕͧΕɼ͜ͷؔ਺Λ࠷খԽɼ࠷େԽ͢ΔΑ͏ʹ࠷దԽ

͞ΕΔɽ࠷దԽͷख๏ʹ͸ ADADELTA[10]Λ༻͍Δɽ

·ͨɼֶशͷ҆ఆԽͷͨΊɼఢରతֶशΛ͏ߦલʹɼ·

ͣ TC ΤϙοΫ͚ͩMSEͷΈΛଛࣦؔ਺ͱͯ͠ิ׬ωο

τϫʔΫΛ୯ಠͰֶशͤ͞Δɽ࣍ʹ TD ΤϙοΫ͚ͩ͜ͷ

ࣝʹωοτϫʔΫͷग़ྗͱຊ෺ͷը૾Λࣝผ͢ΔΑ͏׬ิ

ผωοτϫʔΫΛ୯ಠͰֶशͤ͞Δɽͦͷޙɼࣜ (3)ͷଛ

ࣦؔ਺Λ༻͍ͯఢରతֶशΛ T ΤϙοΫ͏ߦ [5]ɽ

͞Βʹɼֶश࣌ʹࣝผωοτϫʔΫʹ༩͑Δࣝผ݁Ռͷ

ਖ਼ղϥϕϧΛِ෺ͷը૾ʹରͯ͠ 0ɼຊ෺ͷը૾ʹରͯ͠

1 − β (0 < β ≪ 1)ͱ͢Δ͜ͱͰਖ਼ଇԽͷޮՌ͕͋Δͱ͞

ΕΔ One-sided label smoothing[11][12]Λ༻͍ͨɽ͜Εʹ

ΑΓɼࣝผωοτϫʔΫ͕࠷େԽ͢Δࣜ (2)͸ҎԼͷΑ͏

ʹͳΔɽ

(1− β) logD(x,y,md) + β log (1−D (x,y,md))

+ log (1−D (C (x,y,mc) ,y,mc))
(4)

ද 3 ֶश৚݅

ϛχόοναΠζ 20 ΤϙοΫ਺ (TC) 40

α 0.0004 ΤϙοΫ਺ (TD) 20

β 0.1 ΤϙοΫ਺ (T ) 40

4. ݧ࣮

ຊઅͰ͸ɼ2અͰઆ໌ͨ͠σʔληοτΛ༻͍ͯωοτ

ϫʔΫΛֶश͠ɼϝϩσΟิ׬Λ݁ͨͬߦՌͱͦΕʹର͢

Δ࡯ߟΛड़΂Δɽ

4.1 ৚݅ݧ࣮

ֶश͸࣍ͷΑ͏ͳ৚݅ͰͨͬߦɽϝϩσΟը૾͸ೖྗ࣌

ʹ 2খઅ໨͔ 3খઅ໨ΛϥϯμϜʹܽଛͤ͞Δɽܽଛͤ͞

ΔྖҬͷαΠζ͸ 1খઅ෼ʹ͋ͨΔ 60× 96ͱͳΔɽิ׬

ωοτϫʔΫͷग़ྗΛہॴࣝผωοτϫʔΫʹೖྗ͢Δࡍ

ʹ͸ɼ͜ͷิ׬ର৅ྖҬʹ͋ͨΔ෦෼Λ੾Γऔͬͯೖྗ͢

Δɽֶश͸Ұఆͷ਺ͷೖྗͷޙʹύϥϝʔλΛߋ৽͢Δϛ

χόονֶशʹΑͬͯͨͬߦɽද 3ʹϛχόοναΠζɼ

ΤϙοΫ਺ɼॏΈ܎਺ αٴͼ One-sided label smoothing

ͷࣜ (4)ͷ β ͷ஋Λࣔ͢ɽ·ͨɼิॿ৘ใͱͯ͠ͷίʔυ

ը૾ͷ༗ޮੑͷ༗ແΛ֬ೝ͢ΔͨΊʹɼίʔυը૾Λ༻͍

Δ৔߹ͱ༻͍ͳ͍৔߹ͷ֤৚݅Ͱֶशɾิ׬Λͨͬߦɽ

4.2 Ռ݁׬ิ

4.2.1 ఆੑతධՁ

ਤ 4ʹɼΫϩʔζυͳೖྗʹର͢Δ֤৚݅Ͱͷิ݁׬Ռ

Λ 2ྫࣔ͢ɽਤதͷ w/o chord, w/ chord͸ͦΕͧΕίʔ

υΛೖྗͱͯ͠༩͑ͳ͍৔߹ͱ༩͑Δ৔߹Λද͢ɽ·ͨ

MSEɼGAN͸ͦΕͧΕMSEͷΈΛଛࣦؔ਺ͱͯ͠ TC Τ

ϙοΫֶ͚ͩशͨ͠ޙͷิ׬ωοτϫʔΫͱɼఢରతֶश

ՌΛද͢ɽਤ݁׬ωοτϫʔΫͷิ׬ͷิޙ 4ͷMSEͷ

ΈͰֶशͨ͠Ϟσϧͷิ݁׬ՌΛݟΔͱɼίʔυͷ༗ແʹ

ؔΘΒͣɼೖྗը૾ʹ݁ͨࣅՌΛग़ྗͰ͖͍ͯΔ͜ͱ͕֬

ೝͰ͖ΔɽίʔυΛ༩͑ͨ৔߹ͷఢରతֶशޙͷϞσϧͷ

Ռ΋ɼೖྗ͞ΕͨϝϩσΟը૾ʹ͍ۙϝϩσΟΛग़݁׬ิ

ྗͰ͖͍ͯΔ͕ɼਤ 4தͷ 2ͭͷྫ΋ؚΊͨଟ͘ͷ݁Ռʹ

͓͍ͯɼิྖ׬ҬશମʹϊΠζͷΑ͏ͳ΋ͷ͕ݱΕͨɽ·
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ਤ 4 Ϋϩʔζυͳೖྗʹର͢Δิ݁׬Ռͷྫɽݟ΍͢͞ͷͨΊന

ର৅ྖҬɽྻ͕ͦΕ׬Λ൓సͯ͋͠ΔɽInputͷ੺࿮಺͕ิࠇ

ͧΕಉҰͷೖྗʹର͢Δग़ྗΛࣔ͢

!"#$%

&'()*+,)-.,/0

123)*+,)-.,/0

&'()*+)-.,/0

123)*+)-.,/0

ਤ 5 Φʔϓϯͳೖྗʹର͢Δิ݁׬Ռͷྫɽݟ΍͢͞ͷͨΊനࠇ

Λ൓సͯ͋͠ΔɽInputͷ੺࿮಺͕ิ׬ର৅ྖҬɽྻ͕ͦΕͧ

ΕಉҰͷೖྗʹର͢Δग़ྗΛࣔ͢

ͨɼίʔυΛ༩͑ͳ͍৔߹ɼԻΛҰͭ΋ग़ྗ͠ͳ͍Α͏ͳ

ՌͱͳΔ৔߹͕΄ͱΜͲͰ͋ͬͨɽ͜͏ͨ͜͠ͱ͔݁׬ิ

ΒɼωοτϫʔΫ͸ 4খઅͷϝϩσΟͷߏ଄Λ೺Ѳ͢Δ͜

ͱ͸Ͱ͖͍ͯΔ͕ɼఢରతֶश্͕ख͘ػೳ͍ͯ͠ͳ͍ͱ

਺܎ΒΕɼॏΈ͑ߟ α ΍ิ׬ωοτϫʔΫͱࣝผωοτ

ϫʔΫͷνϟϯωϧ਺ͳͲͷύϥϝʔλͷݕ౼͕ඞཁͩͱ

ΒΕΔɽ͑ߟ

ਤ 5ʹɼධՁσʔλΛೖྗͨ͠ͱ͖ͷɼ֤৚݅Ͱͷิ׬

݁ՌΛ 2ྫࣔ͢ɽิ݁׬ՌΛݟΔͱɼίʔυΛ༻͍ͳ͍ఢ

ରతֶशޙͷϞσϧΛআ͖ɼ͍ͣΕ΋ઢ͕͔͢Εɼͪ͗Ε

͕ͪͳը૾Λग़ྗ͍ͯ͠Δ͕ɼԻ͑ݴͯؔ͠ʹߴ͹ɼೖྗ

ը૾ʹൺֱత͍ۙҐஔʹઢ͕ग़ྗ͞Ε͍ͯΔɽΫϩʔζυ

ͳೖྗʹରͯ͠͸ਖ਼ղʹ͍ۙิ͕׬Ͱ͖͍ͯͨ͜ͱ͔Βɼ

ωοτϫʔΫ͕աֶश͍ͯ͠Δͱ͑ߟΒΕΔɽ͕ͨͬ͠

ͯɼωοτϫʔΫͷύϥϝʔλ਺ΛߜΔ౳ͷํࡦʹΑΓɼ

ωοτϫʔΫ͕൚Խ͢Δֶश৚݅Λݕ౼͢Δඞཁ͕͋Δͱ

ΒΕΔɽ͑ߟ

4.2.2 ఆྔతධՁ

લ߲Ͱ͸֤৚݅ʹ͓͍ͯิ݁׬ՌΛ͠࡯؍ɼఆੑతͳධ

ՁΛ͕ͨͬߦɼਖ਼ղσʔλʹඇৗʹ͍ۙͨݟ໨ͷิ͕׬ͳ

͞Εͨ৚݅Λআ͖ɼ࣮ࡍʹग़ྗ͞ΕͨϝϩσΟͷଥ౰ੑΛ

൑அ͢Δ͜ͱ͸೉͍͠ɽͦ͜Ͱɼิ݁׬Ռͷଥ౰ੑΛఆྔ

తʹධՁ͢ΔࢦඪͷҰͭͱͯ͠ɼग़ྗ͞ΕͨϝϩσΟͷԻ

͕ίʔυͷߏ੒Իʹؚ·Ε͍ͯΔׂ߹Λ͠ࢉܭɼ֤৚݅͝

ͱʹൺֱͨ͠ɽϝϩσΟʹ࢖༻͞ΕΔԻͱίʔυͷؒʹ͸

૬ޓґଘతͳ͕ؔ͋܎Δͱ͑ߟΒΕɼϝϩσΟͷԻͱͯ͠

ίʔυͷߏ੒Իʹؚ·ΕΔԻ͕࢖༻͞ΕΔ͜ͱ΋ଟ͍ɽ͠

͕ͨͬͯ͜ͷׂ߹͸ɼωοτϫʔΫ͕ϝϩσΟʹ࢖༻Ͱ͖

ΔԻߴʹ͍ͭͯͲͷఔ౓ֶशͰ͖͔ͨΛਤΔ໨҆ʹͳΔͱ

ΒΕΔɽ͑ߟ

ϝϩσΟͷ͏ͪίʔυͷߏ੒Ի্ʹஔ͔Εͨ΋ͷͷׂ߹

͸ɼϝϩσΟը૾ xɼίʔυը૾ yɼϚεΫը૾mʹର͠

ͯɼԼࣜͰ͞ࢉܭΕΔɽ

R(x,y,m) =

∑
i,j xij × yij ×mij∑

i,j xij ×mij
(5)

R(x,y,m)͸ɼେ͖͍΄Ͳิ׬ର৅ྖҬͷϝϩσΟʹ࢖Θ

Ε͍ͯΔԻ͕ίʔυͷߏ੒ԻͰ͋Δ͜ͱ͕ଟ͍͜ͱΛࣔ

͢ɽωοτϫʔΫ͕ίʔυͷ৘ใΛ͔ͯ͠׆ϝϩσΟͷิ

Ռͷը૾ʹର͢Δ͜ͷ஋͕ɼ݁׬ΛͰ͖͍ͯΔ৔߹ɼิ׬

ຊ෺ͷը૾ʹର͢Δ஋ͱ͍ۙ෼෍ʹͳΔͱ͑ߟΒΕΔɽͳ

͓ɼิ׬ωοτϫʔΫ͕ग़ྗ͢Δը૾͸ɼಉҰࠁ࣌ʹෳ਺

ͷԻߴʹରԠ͢ΔϐΫηϧʹ஋Λͭ࣋͜ͱ͕͋Δ͕ɼίʔ

υߏ੒Ի্ʹԻΛग़ྗ͠Α͏ͱ͢Δ౓߹͍ΛධՁ͢Δҙຯ

Ͱɼ͜ΕΒ͸ͦͷ··ʹͯͨ͠͠ࢉܭɽ

ਤ 6ʹɼֶशσʔλΛೖྗͨ͠ͱ͖ɼิ݁׬Ռͷϝϩ

σΟ͕ίʔυߏ੒Իʹؚ·Ε͍ͯΔׂ߹ͷώετάϥϜΛ

ࣔ͢ɽԣ࣠͸ R(x,y,m)ɼॎ࣠͸౓਺Λࣔ͢ɽ֤ਤதͰ੨

৭Ͱࣔ͞Ε͍ͯΔͷ͸ɼֶशσʔλதͷ֤ϝϩσΟʹର͠

ͯɼิ׬ର৅ྖҬͱಉ͡ྖҬͷϝϩσΟͷԻ͕ίʔυߏ੒

Իʹ৐͍ͬͯΔׂ߹ͷώετάϥϜͰ͋Δɽਤ 6ͷ (a)ͱ

(c)ΛΈΔͱɼิ׬ωοτϫʔΫͷΈͰͷֶशޙͷϞσϧ

ͷώετάϥϜ͸ɼίʔυͷ༗ແʹΑΒͣຊ෺ͷը૾ͷ΋

ͷʹ͍ۙɽ͜Ε͸લ߲ͰΫϩʔζυͳೖྗʹରͯ͠͸ਖ਼֬

ͳը૾͕ग़ྗ͞Ε͍ͯΔ͜ͱΛ൓ө͍ͯ͠Δɽ͜Εʹର͠

ͯɼ(b)ͱ (d)ΛݟΔͱɼఢରతֶशޙͷϞσϧͷώετ

άϥϜ͸ຊ෺ͷը૾ͷ΋ͷͱେ͖͘ҟͳΔɽಛʹίʔυΛ

ೖྗ͠ͳ͍৔߹Ͱ͸ɼશମͷ൒෼͕ۙ͘ 0͔Β 0.05ͱ͍͏

஋Λͱ͍ͬͯΔɽ͜Ε͸લ߲Ͱ֬ೝ͞ΕͨΑ͏ʹɼ͜ͷ৚

݅ʹ͓͍ͯɼิ׬ωοτϫʔΫ͕ର৅ྖҬΛશͯූٳͱ͠

Δ͜ͱ͕ଟ͍ͨΊͰ͋Δɽ͢׬ิͯ

ਤ 7ʹɼධՁσʔλΛೖྗͨ͠ͱ͖ɼิ݁׬Ռͷϝϩ

σΟ͕ίʔυߏ੒Իʹؚ·Ε͍ͯΔׂ߹ͷώετάϥϜ

Λࣔ͢ɽਤ 7(a)ΛݟΔͱɼิ݁׬ՌͷώετάϥϜ͸ධ

ՁσʔλͷώετάϥϜͱେ͖͘ҟͳΔࢁΛඳ͍͍ͯΔɽ

ίʔυΛ෇༩ֶͯ͠शͨ͠ (c)Ͱ͸ɼิ݁׬Ռͷώετά

ϥϜͱධՁσʔλͷώετάϥϜ͍͕֓ۙܗ΋ͷͱͳͬͯ
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(a) MSE w/o chord (b) GAN w/o chord

(c) MSE w/ chord (d) GAN w/ chord

ਤ 6 Ϋϩʔζυͳೖྗʹର͢Δิ݁׬ՌͷϝϩσΟ͕ίʔυߏ੒

ԻͰ͋Δׂ߹ͷώετάϥϜɽԣ͕࣠ R(x,y,m)ɼॎ͕࣠౓

਺Λࣔ͢ʢcompleted:ิ݁׬ՌͷώετάϥϜɼoriginal:ֶश

σʔλͷώετάϥϜʣ

(a) MSE w/o chord (b) GAN w/o chord

(c) MSE w/ chord (d) GAN w/ chord

ਤ 7 Φʔϓϯͳೖྗʹର͢Δิ݁׬ՌͷϝϩσΟ͕ίʔυߏ੒ԻͰ

͋Δׂ߹ͷώετάϥϜɽԣ͕࣠ R(x,y,m)ɼॎ͕࣠౓਺Λ

ࣔ͢ʢcompleted:ิ݁׬ՌͷώετάϥϜɼoriginal:ධՁσʔ

λͷώετάϥϜʣ

͍Δɽ͜ͷ͜ͱ͔Βɼਤ 5Ͱ͸ɼิ݁׬ՌͷϝϩσΟ͸୹

ͪ͗͘Ε͕ͪͰࣗવͳͨݟ໨Ͱ͸ͳ͔͕ͬͨɼԻߴʹؔ͠

͹ൺֱతଥ౰ͳҐஔʹϝϩσΟΛग़ྗ͍ͯ͠Δͱ͍͑ݴͯ

͑Δɽਤ 7(b)͸ਤ 6(b)ͱಉ༷ɼͦ΋ͦ΋ิ݁׬Ռͱ͠

ͯग़ྗ͢ΔԻ͕ඇৗʹগͳ͍ͨΊʹɼධՁσʔλʹର͢Δ

ώετάϥϜͱେ͖͘ҟͳͬͨܗͱͳ͍ͬͯΔɽ

ίʔυը૾ͷ༗ແͰൺֱ͢Δͱɼ΄ͱΜͲͷ৚݅ʹ͓͍

ͯίʔυΛ༩͑Δ৔߹ͷํ͕ຊ෺ͷσʔλͷώετάϥϜ

ͱͳΔ͜ͱ͔Βɼίʔυͷ৘ใΛ༩͑Δ͜ͱͷ༗ܗ͍ۙʹ

ޮੑΛ֬ೝͰ͖ͨͱ͍͑Δɽ

5. ·ͱΊ

ϝϩσΟͱίʔυΛը૾ͱͯ͠ද͠ݱɼCNNͱఢରత

ֶशʹͮ͘جը૾ิ׬Λద༻͢Δ͜ͱͰܽଛͤͨ͞ϝϩ

σΟΛิ͢׬ΔγεςϜΛఏҊͨ͠ɽิ݁׬Ռ͔Βɼωο

τϫʔΫ͸Ϋϩʔζυͳೖྗʹରͯ͠͸ଥ౰ͳิ׬Λ͑ߦ

Δ͜ͱ͕֬ೝͰ͖ͨɽ·ͨɼίʔυͷ৘ใΛ༩͑Δ͜ͱͷ

༗ޮੑΛ֬ೝͨ͠ɽҰํͰɼΦʔϓϯͳೖྗʹରͯ͠͸ਖ਼

ೳ͓ͯ͠ػͳ͍͜ͱɼఢରతֶश্͕ख͑͘ߦΛ׬ิ͘͠

Βͣิ׬ͷ඼࣭͕ྼԽͯ͠͠·͏͜ͱ͕֬ೝ͞Εͨɽ

ͷ՝୊ͱͯ͠͸ɼఢରతֶशͷ҆ఆԽͱωοτϫʔޙࠓ

Ϋͷ൚ԽΛ໨ͨ͠ࢦϋΠύʔύϥϝʔλͷݕ౼΍ɼิ݁׬

Ռʹଟ༷ੑΛͤͨ࣋ΔͨΊͷख๏ͷݕ౼ͳͲ͕͛ڍΒΕΔɽ

ݙจߟࢀ

[1] ɼ੢ຊ୎໵ɼ࢘৻޲ɼถྛ༟Ұ࿠ɼञܒɹ࠺ɹ֮ɼதࢁਂ
খ໺ॱوɼࠧեࢁໜथɿOrpheus: Վࢺͷӆ཯ʹ͍ͨͮج
ࣗಈۂ࡞γεςϜɼ৘ใॲཧֶձڀݚใࠂɼ Vol. 2008,
No. 78 (2008-MUS-076), pp. 179–184 (2008).

[2] Simon, I. and Oore, S.: Performance RNN: Generating
Music with Expressive Timing and Dynamics, https:
//magenta.tensorflow.org/performance-rnn (2017).

[3] Yang, L.-C., Chou, S.-Y. and Yang, Y.-H.: MidiNet:
A Convolutional Generative Adversarial Network for
Symbolic-domain Music Generation using 1D and 2D
Conditions, arXiv preprint arXiv:1703.10847 (2017).

[4] ɼฏҪୢయɿϝϩσΟͷࣗಈิؒݾҪ୓ࡔɼࡊʑ໦ਅࠤ
ʹΑΔϝϩσΟฤूख๏ͷݕ౼ɼ৘ใॲཧֶձڀݚใࠂɼ
Vol. 2018-SLP-122, No. 24, pp. 1–4 (2018).

[5] Iizuka, S., Simo-Serra, E. and Ishikawa, H.: Globally and
Locally Consistent Image Completion, ACM Transac-
tions on Graphics (Proc. of SIGGRAPH 2017), Vol. 36,
No. 4, pp. 107:1–107:14 (2017).

[6] Yu, F. and Koltun, V.: Multi-Scale Context Ag-
gregation by Dilated Convolutions, arXiv preprint
arXiv:1511.07122 (2015).

[7] Long, J., Shelhamer, E. and Darrell, T.: Fully Convolu-
tional Networks for Semantic Segmentation, Proc. IEEE
Conference on Computer Vision and Pattern Recogni-
tion, pp. 3431–3440 (2015).

[8] Pathak, D., Krahenbuhl, P., Donahue, J., Darrell, T. and
Efros, A. A.: Context encoders: Feature learning by in-
painting, Proc. IEEE Conference on Computer Vision
and Pattern Recognition, pp. 2536–2544 (2016).

[9] Goodfellow, I., Pouget-Abadie, J., Mirza, M., Xu, B.,
Warde-Farley, D., Ozair, S., Courville, A. and Bengio,
Y.: Generative Adversarial Nets, Advances in Neural
Information Processing Systems 27, Curran Associates,
Inc., pp. 2672–2680 (2014).

[10] Zeiler, M. D.: ADADELTA: An Adaptive Learning Rate
Method, arXiv preprint arXiv:1212.5701 (2012).

[11] Salimans, T., Goodfellow, I., Zaremba, W., Cheung, V.,
Radford, A., Chen, X. and Chen, X.: Improved Tech-
niques for Training GANs, Advances in Neural Infor-
mation Processing Systems 29, Curran Associates, Inc.,
pp. 2234–2242 (2016).

[12] Goodfellow, I.: NIPS 2016 Tutorial: Generative Adver-
sarial Networks (2017).

c⃝ 2018 Information Processing Society of Japan 6

Vol.2018-MUS-120 No.12
2018/8/22


