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ਂυϥϜේࣄલʹͮ͘ج
ΈࠐΈඇෛྻߦҼࢠղΛ༻͍ͨυϥϜ࠾ේ

্ాॢ1,a) ࣲా݈ଠ1,b) ా༤հ1,c) (d,1྄ݟۋ தଜӫଠ1,e) ٢ҪՂ1,f)

֓ཁɿຊߘͰɼϙϐϡϥʔԻָԻڹ৴߸͔Β͋Β͔͡Ί͞ΕͨυϥϜԻڹ৴߸ʹରͯ͠ɼϏʔτ࣌
Ͱ͋Δͱ͍͏લఏͷͱͰɼόευϥϜɾεωΞυϥϜɾϋΠϋοτͷָේΛਪఆ͢Δࣗಈυϥط͕ࠁ

Ϝ࠾ේʹ͍ͭͯड़Δɽओͳैདྷ๏ͷҰͭʹɼΈࠐΈඇෛྻߦҼࢠղʢNMFDʣΛ༻͍֤ͯࠁ࣌Ͱ
ͷΞΫςΟϕʔγϣϯΛਪఆͨ͠ޙɼᮢॲཧΛ͜͏ߦͱͰυϥϜේΛਪఆ͢Δํ๏͕ΒΕ͍ͯΔɽ͠

͔͠ɼ͜ͷख๏Ͱਪఆ͞ΕΔυϥϜේɼԻָతʹෆࣗવͱͳΔ͜ͱΛආ͚ΒΕͳ͔ͬͨɽ͜ͷΛղ

ܾ͢ΔͨΊɼυϥϜԻڹ৴߸ͷৼ෯εϖΫτϩάϥϜʹରͯ͠υϥϜේͷΛධՁ͢Δ NMFDʹͮ͘ج
ԻڹϞσϧͱɼυϥϜේͷԻָతͳଥੑΛධՁ͢ΔਂޠݴϞσϧΛ౷߹ͨ͠౷ҰతͳϕΠζϞσϧΛ

ఏҊ͢ΔɽυϥϜේʹର͢ΔਂޠݴϞσϧɼϚϧίϑϞσϧͳͲͷैདྷͷ֬ϞσϧΑΓ͍ߴදྗݱ

ͱ൚ԽྗΛͪ࣋ɼطଘͷυϥϜේ͔Βมࣗූݾ߸ԽثͷΈͰࢣڭͳֶ͠शΛ͢Δ͜ͱ͕Ͱ͖Δɽ

υϥϜԻڹ৴߸͕༩͑ΒΕͨͱ͖ɼ͜ͷ౷ҰతͳϕΠζϞσϧͱΪϒεαϯϓϦϯάΛ༻͍ͯυϥϜේΛ

ਪఆ͢Δ͜ͱ͕Ͱ͖Δɽ࣮ݧʹΑΓɼਂޠݴϞσϧͷಋೖʹΑΓ࠾ේਫ਼্͕ঢ͠ɺਪఆ͞ΕΔָේͷ

Իָతͳࣗવ͕͞վળ͢Δ͜ͱΛ֬ೝͨ͠ɽ

Ωʔϫʔυɿࣗಈ࠾ේɼυϥϜ࠾ේɼޠݴϞσϧɼඇෛྻߦҼࢠղɼมࣗූݾ߸Խث

1. ͡Ίʹ

υϥϜࣗಈ࠾ේɼԻָใࡧݕʢMIRʣͷͰϙϐϡ
ϥʔԻָͷ࠾ේ՝ͱͯ͠Μʹ͞ڀݚΕ͖ͯͨ [1]ɽ࠾
ේରͰ͋ΔυϥϜָثʹϑϩΞλϜɼϩʔλϜɼϋΠ

λϜɼϥΠυγϯόϧɼΫϥογϡγϯόϧͱ͍ͬͨͷ

ؚ͕·Ε͍ͯΔ͕ɼ͜Ε·ͰͷڀݚͰओʹɼόευϥ

ϜɼεωΞυϥϜɼϋΠϋοτͷ ͷΈ͕ରͱͳͬث3ָ

͍ͯΔɽ͜ͷཧ༝ɼ͜ΕΒ ϙϐϡϥʔԻָͷϦ͕ث3ָ

ζϜͷόοΫϘʔϯͱͯ͠ػ͍ͯ͠Δ͔ΒͰ͋ΔɽԻָ

ࣗಈ࠾ේͷैདྷڀݚͰԻߴΛָͭثͷΦϯηοτͱΦ

ϑηοτΛද͢ݱΔϐΞϊϩʔϧͷਪఆ͕ඪͱͳ͍ͬͯ

Δɽ͜Εʹରͯ͠ɼυϥϜࣗಈ࠾ේͷैདྷڀݚͰυϥϜ

ΔυϥϜϩʔϧͷਪఆ͕ඪͱ͢ݱͷΦϯηοτΛදثָ

ͳ͍ͬͯΔɽ͕ͨͬͯ͠υϥϜࣗಈ࠾ේͷʹɼυϥ

ϜͷΦϯηοτ͕ࠁ࣌υϥϜָේ্ͷͲͷഥʹ͋ͨΔ͔Λ

Δ͜ͱ͕ඞཁ͢ɼυϥϜϩʔϧΛυϥϜේʹมͯ͠ࢉܭ
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ͱͳΔɽ͜ͷΑ͏ͳϓϩηεԻָࣗಈ࠾ේͰϦζϜ࠾

ේͱݺΕ͍ͯΔ [2, 3]͕ɼυϥϜࣗಈ࠾ේͷʹ͓͍
ͯ͞ڀݚΕ͍ͯΔྫࣄ΄ͱΜͲଘ͠ࡏͳ͍ɽ

υϥϜࣗಈ࠾ේͰɼඇෛྻߦҼࢠղʢNMFʣ͕Α
͘༻͍ΒΕ͍ͯΔɽ͜ΕɼυϥϜԻͷৼ෯εϖΫτϩά

ϥϜΛυϥϜָثͷݸͷجఈεϖΫτϧͱͦΕͧΕͷ

ΞΫςΟϕʔγϣͭ࣋ใΛؒ࣌ఈεϖΫτϧʹର͢Δج

ϯͷੵྻߦʹղ͢ΔͷͰ͋Δ [4–6]ɽNMFԻָࣗಈ
࠾ේʹΑ͘༻͍ΒΕ͍ͯΔͷͰ͋ΓɼಛʹυϥϜࣗಈ࠾

ේʹద͍ͯ͠Δɽ͜ͷཧ༝ɼυϥϜԻʹগͷυϥ

ϜָثʹΑΔ༷ʑͳυϥϜָثͷΈ߹Θͤύλʔϯͱͦ

ΕΒͷԻྔ͕܁Γฦؚ͠·Ε͓ͯΓɼυϥϜԻͷৼ෯εϖ

ΫτϩάϥϜϐΞϊͳͲͷԻߴͷ͋ΔָثԻͷৼ෯εϖ

ΫτϩάϥϜΑΓɼϥϯΫྻߦͱͯۙ͠͠ࣅ͍͔͢

ΒͰ͋Δɽ͔͠͠ɼͦΕͧΕͷυϥϜָثԻͷԻڹಛྔ

جఈεϖΫτϧͰશʹද͢ݱΔ͜ͱ͕Ͱ͖ͳ͍ͷͰɼ

Smaragdis [7] NMFΛΈࠐΈԋࢉʹ֦ுͨ͠ΈࠐΈ
ඇෛྻߦҼࢠղʢNMFDʣΛఏҊͨ͠ɽNMFDυϥ
ϜԻͷৼ෯εϖΫτϩάϥϜΛجఈεϖΫτϩάϥϜͷॏ

ෳΛͨ͠ڐύονϫʔΫͱͯۙ͢͠ࣅΔख๏Ͱ͋Δɽ൴Β

υϥϜָثͷΦϯηοτࠁ࣌Λݕग़͢ΔͨΊʹɼ؆୯ͳ

ϐʔΫϐοΩϯάͱᮢΛઃఆ͠ɼͦΕΒΛɼਪఆͨ͠Ξ
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ΫςΟϕʔγϣϯʹద༻ͨ͠ɽ͜ͷΑ͏ͳޙॲཧΛආ͚Δ

ͨΊʹɼLiangΒ [8]ϕʔλաఔ NMFʢBP-NMFʣΛఏ
Ҋͨ͠ɽ͜ΕೋมʢϚεΫʣΛಋೖ͢Δ͜ͱʹΑͬ

Δ͔͠ͳ͍͔Λ͢ࡏଘʹࠁ࣌ఈίϯϙʔωϯτ͕ͦͷجͯ

ද͢ݱΔख๏Ͱ͋Δɽ

NMFͦͷ֦ுϞσϧ୯७ͳ࠾ේਫ਼ͷ໘Ͱ༗Ͱ
͋Δ͕ɼ͠͠ɼԻָతʹෆࣗવͳυϥϜϩʔϧ͕ਪఆ

͞ΕΔɽ͜ΕΛճආ͢ΔͨΊɼυϥϜύλʔϯͷࣙॻΛͭ

͘ΓɼυϥϜৼ෯εϖΫτϩάϥϜͷηάϝϯτΛύλʔ

ϯࣙॻͷొύλʔϯͷ͍ͣΕ͔ʹΧςΰϥΠζ͢Δख๏

͕ఏҊ͞Ε͍ͯΔ [9]ɽ͔͜͠͠ͷख๏ɼύλʔϯࣙॻʹ
ొ͞Ε͍ͯͳ͍υϥϜύλʔϯΛѻ͏͜ͱͰ͖ͳ͔ͬ

ͨɽۙ࠷ɼؼ࠶తχϡʔϥϧωοτϫʔΫʢRNNʣΛ༻
͍ͯɼυϥϜԻͷεϖΫτϩάϥϜ͔ΒυϥϜϩʔϧ

Λਪఆ͢ΔΑ͏ʹ͋ࢣڭΓֶशΛख๏͕ఏҊ͞Εɼਪఆਫ਼

͕େ্͖͍ͯ͘͠Δ [10,11]ɽ͔͠͠ɼԻָతʹෆࣗવ
ͳָේΛਪఆͯ͠͠·͏͜ͱΛආ͚ΒΕ͍ͯͳ͍ɽͳͥ

ͳΒɼRNNͰυϥϜָثͷࠞ߹Իͷؒ࣌తͳμΠφϛ
ΫεΛֶश͍ͯ͠Δ͕ɼ͜ΕΒؒ࣌ϑϨʔϜ୯ҐͰֶश

͞Ε͓ͯΓɼϏʔτ୯ҐͰද͞ݱΕΔυϥϜේʹ͍ͭͯͷ

Ε͍ͯͳ͍ͨΊͰ͋Δɽྀ͕͞ߟ

͜ΕΒͷ७ਮͳԻڹϞσϧʹΑΔݶքΛճආ͢ΔͨΊɼ

ָේ্Ͱఆٛ͞ΕΔԻָޠݴϞσϧΛಋೖ͢Δɽ͜ͷΑ͏

ͳޠݴϞσϧۙɼԻָࣗಈ࠾ේͷͰ༻͍ΒΕ͍ͯ

Δ [12–14]ɽྻܥ࣌ʹΑΔґଘؔΛͨͬ࣋ԻූΛද͢ݱ
Δجຊతͳख๏ͱͯ͠ɼϚϧίϑϞσϧӅΕϚϧίϑϞ

σϧʢHMMʣ͕ΘΕ͍ͯΔ [13]ɽ͔͜͠͠ΕΒͷϞσ
ϧͷදྗݱݶΒΕ͓ͯΓɼ·ͨɼؒ࣌ͷྻܥґଘੑΛ

ѻ͏ͱɼϚϧίϑϞσϧࠔ͕ࢉܭͱͳΔଘ͠ࡏ

ͨɽRNNʹޠݴͮ͘جϞσϧɼۙɼָේͷؒ࣌ʹ·
͕ͨΔґଘؔΛֶश͢ΔͨΊʹɼϐΞϊϩʔϧ͔Βָේ

Λਪఆ͢ΔࡍʹɼNMFͷΑ͏ͳϥϯΫۙࣅʹΑΔԻڹ
Ϟσϧͱͱʹ༻͍ΒΕ͍ͯͨ [14]ɽࢄγϯϘϧͰఆٛ
͞ΕͨޠݴϞσϧͱ࿈ଓͳมͰఆٛ͞ΕͨԻڹϞσϧΛ

ଇతʹ౷߹͢Δ͜ͱɼະղܾͷͱͳ͍ͬͯΔɽݪ

ຊߘͰɼϏʔτࠁ࣌ʢ16Իූ୯Ґʣͱখઅ͕࢝·Δ

༧Ί༩͑ΒΕ͍ͯΔͱԾఆ্ͨ͠Ͱʢ͜ΕΒϏʔ͕ࠁ࣌

ττϥοΩϯάख๏ʹΑΓਪఆͰ͖Δ [15]ʣɼDNNʹͮج
Ϟσϧͱޠݴ͘ NMFDʹͮ͘جԻڹϞσϧΛ౷߹ͨ͠ϕ
ΠζϞσϧʢਤ 1ʣʹ͍ͨͮجυϥϜࣗಈ࠾ේͷ৽ͨͳख
๏ΛఏҊ͢ΔɽԻڹϞσϧͰυϥϜԻͷεϖΫτϩάϥ

Ϝʹର͢ΔυϥϜේʢϏʔτ୯ҐͷೋมʣͷΛධ

Ձ͠ɼޠݴϞσϧͰυϥϜේͷࣄલ֬ʢԻָతଥੑʣ

ΛධՁ͢ΔɽυϥϜԻͷԻڹతՃ๏ੑ NMFDʹͮ͘ج
ઢܗϞσϧʹΑͬͯදݱͰ͖Δ͕ɼυϥϜේͷจ๏తߏ

ෳࡶͰ͋Γɼ៛ີʹද͢ݱΔ͜ͱ͍͠ɽ͕ͨͬͯ͠ɼ

զʑυϥϜύλʔϯσʔλ͔Βࢣڭͳֶ͠शͷख๏Ͱ͋

Δมࣗූݾ߸ԽثʢVAEʣ[16]ͷΈΛ༻͍ͯɼ1খ
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ਤ 1 DNNʹͮ͘جυϥϜේϞσϧͱ NMFDʹͮ͘جԻڹϞσϧΛ
౷߹ͨ͠υϥϜύʔτৼ෯εϖΫτϩάϥϜͷ֊తੜϞσ

ϧɽHHɼSDɼBDͦΕͧΕϋΠϋοτɼεωΞυϥϜɼόε
υϥϜΛද͢ɽ

અͷυϥϜύλʔϯͷੜϞσϧͱજࡏతͳಛදݱΛֶ

शͨ͠ɽ؍ଌͱͯ͠υϥϜԻͷεϖΫτϩάϥϜ͕༩͑Β

ΕΔͱɼυϥϜේ 1খઅͷυϥϜύλʔϯ͕࿈ଓͨ͠ͷ

ͱԻڹϞσϧͱޠݴϞσϧͷͯ͢ͷม͕Ϊϒεαϯϓ

Ϧϯάʹ͍ͯͮجਪఆͰ͖Δɽ

ຊڀݚͷॏཁͳ෦ɼϕΠζֶशͷ౷ܭతΈͱਂ

ֶशͷදྗݱͱͷ౷߹Ͱ͋ΔɽຊڀݚɼυϥϜࣗಈ࠾

ේʹྗڧͳਂੜϞσϧΛ༻͍ΔॳΊͯͷࢼΈͰ͋Γɼ

͜ͷख๏ҰൠతͳԻָࣗಈ࠾ේʹԠ༻Ͱ͖ΔɽఏҊ͢

ΔਂϕΠζΞϓϩʔνͷओͳརɼEnd-to-EndֶशͰ
ඞཁͰ͋ͬͨԻڹ৴߸ͱਖ਼ղσʔλͷϖΞσʔλΛඞཁ

ͱͤͣɼطଘָۂͰ༻͍ΒΕ͍ͯΔେྔͷυϥϜේσʔ

λ [17]ʹΑͬͯޠݴϞσϧֶ͕शͰ͖Δ͜ͱͰ͋Δɽ

2. ఏҊ๏

ຊষͰɼϙϐϡϥʔԻָͷԻڹ৴߸͔Βநग़ͨ͠υϥ

ϜύʔτԻڹ৴߸͔ΒυϥϜේΛਪఆ͢Δख๏Λड़Δɽ

2.1 ઃఆ

ຊߘͰѻ͏υϥϜࣗಈ࠾ේΛҎԼͰఆٛ͢Δɽ

ೖྗ: υϥϜύʔτԻڹ৴߸ͷৼ෯εϖΫτϩϒϥϜ
X ∈ RF×T

+ ͱ 16Իූ୯ҐͷϏʔτؒ࣌ͱখઅઢใ
ग़ྗ: υϥϜේɹ S ∈ {0, 1}K×R.

͜͜ͰɼF पϏϯɼT ؒ࣌ϑϨʔϜɼK = 3

υϥϜͷָثʢόευϥϜɼεωΞυϥϜɼϋΠϋο

τʣɼR؍ଌ৴߸ʹ͓͚ΔϏʔτͰ͋ΔɽೖྗͱͳΔԻ

৴߸ڹ HPSS [18]ʹΑͬͯ͋Β͔͡Ί͞Ε͓ͯΓɼ
ଧָثԻͷΈͰߏ͞ΕΔͱԾఆ͢Δɽೋม Skr ɼ

υϥϜ k͕ r൪ͷϏʔτͰΦϯηοτΛ͔ͭ࣋Ͳ͏͔Λ

ද͠ɼখઅ୯ҐͷυϥϜύλʔϯʹׂͰ͖Δɽ
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2.2 ϞσϧͷఆࣜԽ

DNNʹͮ͘ج SͷޠݴϞσϧͱ NMFDʹͮ͘ج Xͷ

ԻڹϞσϧΛ౷߹͠ɼৼ෯εϖΫτϩάϥϜ Xͷ֊త

ੜϞσϧΛఆࣜԽ͢Δʢਤ 1ʣɽ
2.2.1 NMFDʹͮ͘جԻڹϞσϧʢָේʣ
ৼ෯εϖΫτϩάϥϜ X ɼجఈεϖΫτϩάϥ

Ϝ W ∈ R(K+1)×F×M
+ ɼΞΫςΟϕʔγϣϯϕΫτϧ

H ∈ R(K+1)×T
+ ɼೋϚεΫ S ∈ {0, 1}K×R Λ༻͍ͯ࣍

ࣜͰۙࣅͰ͖Δɽ

Xft ≈ Yft
def
=

M∑

m=1

K∑

k=0

Yftkm (1)

͜͜ͰɼYftkm ࣜ࣍Ͱ༩͑ΒΕΔɽ
{

Yftkm = WkfmHk,t−mSk,r(t−m) (k ≥ 1)

Yft0m = W0fmH0,t−m

(2)

͜͜ͰɼM ͦΕͧΕͷجఈεϖΫτϩάϥϜͷ࣌ͭ࣋

ؒϑϨʔϜͰ͋Γɼ{Wkfm}Ff=1 (k ≥ 1)υϥϜ kͷϑ

ϨʔϜmʹ͓͚ΔجఈεϖΫτϧͰ͋Δɽ·ͨɼr(t)࣌

ؒϑϨʔϜ t͕ॴଐ͢ΔϏʔτͷҐஔΛද͢ɽՃͷجఈ

εϖΫτϩάϥϜW0fmͱͦͷΞΫςΟϕʔγϣϯϕΫτ

ϧH0tΛಋೖ͢Δɽ͜ΕΒೖྗ͞ΕͨυϥϜԻʹؚ·Ε

ΔࡶԻΛද͢ݱΔɽࣜ (1)ͷۙࠩޡࣅΛධՁ͢ΔͨΊ
ʹɼKL-NMF [19]ͱಉ༷ʹɼKullback-LeiblerʢKLʣμΠ
όʔδΣϯεΛ༻͍Δɽ֬తͳݟʹཱͯɼKLμΠ
όʔδΣϯεͷ࠷খԽࣜ (3)ͷϙΞιϯͷ࠷େԽͱ
ՁͰ͋Δɽ

Xft ∼ Poisson(Yft) (3)

ϕΠζϞσϧͱͯ͠ͰఆࣜԽ͢ΔͨΊɼҎԼͷΑ͏ʹW

ͷࣄલʹϙΞιϯͷڞࣄલͰ͋ΔΨϯϚ

Λ༻͍Δɽ
{

Wkfm ∼ Gamma(akfm, bkfm) (k ≥ 1)

W0fm ∼ Gamma(a0, b0)
(4)

͜͜ͰGamma(a∗, b∗)ܗঢ় a∗ͱٯई b∗Λ࣋

ͭΨϯϚΛද͠ɼa∗ ͱ b∗ ϋΠύʔύϥϝʔλͰ͋

Δɽಉ༷ʹɼHͷࣄલʹΨϯϚΛ༻͍Δɽ
{

Hkt ∼ Gamma(ck, dk) (k ≥ 1)

H0t ∼ Gamma(c0, d0)
(5)

͜͜Ͱ ckɼdkɼc0ɼd0 ϋΠύʔύϥϝʔλͰ͋Δɽ

2.2.2 DNNʹޠݴͮ͘جϞσϧʢָේࣄલʣ
ೋϚεΫ SҎԼͷϕϧψʔΠʹΑ֤ͬͯཁૉ͕

ಠཱʹੜ͞ΕΔͱԾఆ͢Δɽ

Skr ∼ Bernoulli(πkr) (6)

͜͜Ͱɼπkr υϥϜ k͕ r൪ͷϏʔτʹΦϯηοτΛ

Ͱ͋Δɽࣜ֬ͭ࣋ (6)υϥϜͱখઅ୯ҐͰॻ͖͠ɼ
Ͱ͖ΔɽݱͰදࣜ࣍

si ∼ Bernoulli(πi) (7)

͜͜Ͱ si ͱ πi ͦΕͧΕɼ16K ͷೋϕΫτϧͱ࣮ݩ࣍

ϕΫτϧͰ͋Γɼখઅ i (0 ≤ i ≤ I − 1)ʹؚ·ΕΔ Skr

ͱ πkr Ͱߏ͞ΕΔɽఏҊ๏ͷ֩ɼπiΛਂੜϞσϧ

Ͱද͢ݱΔ͜ͱʹ͋Δɽ

zi ∼ N (0, 1) (8)

πi = DNNθ(zi) (9)

͜͜ͰɼDNNθ θΛύϥϝʔλʹͭඇઢؔܗͰ͋Γɼ

zi Λ πi ʹม͢Δɽzi খઅ iͰͷ V มͰࡏͷજݩ࣍

͋Δɽ؆୯ͷͨΊɼbar(r) = ⌊ r
16⌋ΛϏʔτ r ͕ॴଐ͢Δ

খઅΛදؔ͢ͱ͠ɼtatum(r) = r mod 16ΛϏʔτ r͕

খઅͷͲͷҐஔͷϏʔτͰ͋Δ͔Λදؔ͢ͱ͢Δɽָ

ේͷࣄલ pθ(S) pθ(S|Z)p(Z)ʹΑͬͯ༩͑ΒΕΔੜ
ϞσϧΛજࡏม ZͰपลԽ͢Δ͜ͱͰಘΒΕΔɽ

2.3 ָේࣄલͷֶश

ਂָේࣄલ pθ(S)Λ͢ࢉܭΔͨΊɼطଘυϥϜύ

λʔϯ SΛ༻͍ͯมࣗූݾ߸ԽثʢVAEʣΛࢣڭͳֶ͠
श͢ΔɽզʑͷඪɼDNNύϥϝʔλ θΛ pθ(S)Ͱද͞

ΕΔΛ࠷େԽ͢ΔΑ͏ʹਪఆ͢Δ͜ͱͰ͋Δɽ͔͠͠

pθ(S)ͷతͳ࠷େԽࠔͰ͋ΔͨΊɼpθ(S)ͷԼݶ

Λ࠷େԽ͢Δ͜ͱͰ log pθ(S)Λؒతʹ࠷େԽ͢Δɽ۩

ମతʹɼҙͷ q(Z)Λಋೖ͠ɼΠΤϯηϯͷෆ

ࣜΛ༻͍Δ͜ͱͰɼมԼݶΛಋग़͢Δɽ

log pθ(S) ≥ −KL[q(Z)|p(Z)] + Eq[log pθ(S|Z)] (10)

q(Z)ͷΘΓʹɼೝࣝϞσϧ qφ(Z|S)Λύϥϝʔλ φΛ༻

Ͱఆٛ͢Δɽ͍ࣜ࣍ͯ

qφ(Z|S) =
I−1∏

i=0

N (zi|µφ(si),σ
2
φ(si)) (11)

͜͜Ͱ µφ ͱ σ2
φ ͦΕͧΕɼೖྗͱग़ྗ͕ V ͱݩ࣍ 16K

ͷݩ࣍ DNNʹΑͬͯఆٛ͞ΕΔඇઢؔܗͰ͋Δɽ͞Β
ʹ log pθ(S)ͷԼݶࣜ࣍Ͱॻ͘͜ͱ͕Ͱ͖Δɽ

log pθ(S)

≥ 1

2

∑

i,v

(
1 + logσ2

φ,v(si)− µ2
φ,v(si)− σ2

φ,v(si)
)

+
∑

k,r

Eq[Skr log πkr + (1− Skr) log(1− πkr)] (12)

͜͜Ͱ µ2
φ,v(si) µ2

φ(si)ͷ v൪ͷݩ࣍Ͱ͋Δɽσ2
φ,v(si)

ಉ༷Ͱ͋Δɽࣜ (12) θ ͱ φͷؔͰ͋ΔɽͳͥͳΒ

π ࣜ (9)Ͱطʹఆٛ͞Ε͍ͯΔ͔ΒͰ͋Δɽθ ͱ φͱ

ʹࣜ (12)Ͱ༩͑ΒΕΔԼݶΛ Adam [20]ͳͲͷ֬తޯ
߱Լ๏Ͱ࠷େԽ͢Δ͜ͱʹΑΓಉ࠷ʹ࣌దԽ͞ΕΔɽ
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ਤ 2 υϥϜύλʔϯʹର͢Δ VAEɽ

2.4 ࢉܭͷޙࣄ

ଌσʔλͱͯ͠؍ X͕༩͑ΒΕͨͱ͖ɼզʑͷඪ

ޙࣄ p(W,H,S,Z|X)Λ͢ࢉܭΔ͜ͱͰ͋Δɽ͔͠͠

͜ͷޙࣄղੳతͳࠔ͕ࢉܭͳͨΊɼΪϒεαϯϓ

ϦϯάΛ༻͍ͯWɼHɼSɼZΛަޓʹαϯϓϦϯά͢Δɽ

2.4.1 υϥϜේͷߋ৽
ԻڹϞσϧʹؚ·ΕΔWͱHͱޠݴϞσϧʹؚ·ΕΔ

ZΛ༻͍ͯɼೋม SΛαϯϓϧ͢Δɽ

Skr ∼ Bernoulli

(
P1
kr

P0
kr + P1

kr

)
(13)

P0
kr ∝ (1− πkr) p(X|W,H,S¬(kr), Skr = 0) (14)

P1
kr ∝ πkr p(X|W,H,S¬(kr), Skr = 1) (15)

͜͜Ͱɼࣜ (14)ࣜ (15)ͷୈҰ߲ͱୈೋ߲ͦΕͧΕޠݴ
Ϟσϧͷࣄલ֬ͱԻڹΛද͢ɽS¬(kr)  S͔Β Skr

Λআ͍ͨ෦ू߹Λද͠ɼπ  Zʹґଘ͢Δɽࣜ (14)ͱ
ࣜ (15)ͷ߲ࣜ࣍Ͱ༩͑ΒΕΔɽ

p(X|W,H,S¬(kr), Skr = 0)

=
∏

t∈{r(t)=r}

∏

f

(
Y ¬k
ft +

∑

m

WkfmHk,t−m

)Xft

· exp
{
−
∑

m

WkfmHk,t−m

}
(16)

p(X|W,H,S¬(kr), Skr = 1)

=
∏

t∈{r(t)=r}

∏

f

(
Y ¬k
ft

)Xft (17)

͜͜ͰɼY ¬k
ft ࣜ࣍Ͱ༩͑ΒΕΔɽ

Y ¬k
ft =

∑

l ̸=k

∑

m

Yftkm (k ≥ 1) (18)

2.4.2 NMFDʹͮ͘جԻڹϞσϧͷߋ৽
ೋม SΛؚΉϕΠζ NMFDʹؚ·ΕΔWɼHɼS

ͷαϯϓϦϯάɼBP-NMF [8]ͱݺΕΔೋมϕΠ
ζ NMFͷΪϒεαϯϓϦϯάख๏Λ֦ுͨ͠ख๏ʹΑΓ
αϯϓϦϯά͢Δɽ۩ମతʹɼHͱ S͕༩͑ΒΕͨঢ়ଶ

ͰͷWͷαϯϓϦϯάࣜ࣍Ͱ༩͑ΒΕΔɽ

Wkfm ∼ Gamma(âkfm, b̂kfm) (19)
{

âkfm =
∑

t Xftλftkm + akfm (k ≥ 1)

â0fm =
∑

t Xftλft0m + a0
(20)

{
b̂kfm =

∑
t Hk,t−mSk,t−m + bkfm (k ≥ 1)

b̂0fm =
∑

t H0,t−m + b0
(21)

͜͜Ͱɼλftkm ิॿมͰ͋Γɼࣜ࣍Ͱ༩͑ΒΕΔɽ

λftkm =
Yftkm

Yft
(22)

ಉ༷ʹɼWͱ S͕༩͑ΒΕͨঢ়ଶͰɼHͷαϯϓϦϯά

Λ͏ߦɽ

Hkt ∼ Gamma(ĉkt, d̂kt) (23)
{

ĉkt =
∑

f,m Xftλf,t+m,km + ck (k ≥ 1)

ĉ0t =
∑

f,m Xftλf,t+m,0m + c0
(24)

{
d̂kt =

∑
f,m WkfmSkt + dk (k ≥ 1)

d̂0t =
∑

f,m W0fm + d0
(25)

2.4.3 DNNʹޠݴͮ͘جϞσϧͷߋ৽
જࡏม Zͷޙࣄͷղੳతͳಋग़ࠔͰ͋Δͨ

ΊɼϝτϩϙϦεɾϔΠεςΟϯάε๏ʹΑͬͯ ZΛߋ৽

͢ΔɽఏҊม z∗i ͦΕͧΕͷখઅ i͝ͱʹࣜ࣍ͷΨ

εʹΑΔϥϯμϜΥʔΫʹΑͬͯੜ͞ΕΔɽ

z∗i ∼ q(z∗i |zi) = N (zi, 0.1) (26)

ఏҊม z∗i ࣜ࣍ͷडཧ az∗
i |zi
ʹΑͬͯ࣍ճ෮࣌ͷ

zi ͱͯ͠डཧ͞ΕΔɽ

az∗
i |zi

= min

⎛

⎝1,
p(z∗i )

p(zi)

∏

k,r∈{bar(r)=i}

p(Skr|z∗i )
p(Skr|zi)

⎞

⎠ (27)

దͳ ZΛਪఆ͢ΔͨΊɼϝτϩϙϦεɾϔΠεςΟϯά

ε๏ͷॳظͱͯ͠ɼਪఆͨ͠ SͱೝࣝϞσϧ qφ(Z|S)͔
ΒαϯϓϦϯάͨ͠ ZΛ༻͍Δɽ

3. ධՁ࣮ݧ

3.1 ઃఆݧ࣮

ɼRWCϙϐϡϥʔԻָσʔλϕʔεʹݧ࣮ [21]ͷԻ
৴߸ΛϞϊϥϧ৴߸ʹมڹɽ͜ΕΒͷԻͨ͠༺৴߸Λڹ

ɼ30ඵ͝ͱͷηάϝϯτʹׂͨ͠ɽධՁʹʹޙͨ͠
։࢝ 30ඵ͔Β։࢝ 60ඵ·Ͱͷ 30ඵؒΛ༻͍ͨɽσʔλ

ϕʔεͷ ͍ͨ༺ʹͷத͔ΒɼධՁۂ100 30ඵؒͷͳ͔ʹό

ευϥϜɼεωΞυϥϜɼϋΠϋοτ͕ͦΕͧΕগͳ͘ͱ

 1ճԋ͞Ε͍ͯΔ ɽ16Իූ୯Ґͷͨ͠༺Λۂ64

Ϗʔτؒ࣌ใͱখઅઢใΞϊςʔγϣϯσʔλ [22]
Λ༻ͨ͠ɽϏʔτࠁ࣌Ξϊςʔγϣϯͱͯ͠༩͑ΒΕ

ͨͷΛ 0.03ඵૣ͍ํʹγϑτͤ͞ɼυϥϜԻͷ࣮ࡍͷ

Φϯηοτࠁ࣌ͱϏʔτࠁ࣌ͱͷΘ͔ͣͳͣΕΛٵऩͨ͠ɽ
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RWC ϙϐϡϥʔԻָσʔλϕʔεͷͯ͢ͷۂ
44.1kHzͰαϯϓϦϯά͞Ε͍ͯΔɽ͜ΕΒͷԻڹ৴߸͔
Βؒ࣌ϑʔϦΤมʢSTFTʣΛ༻͍ͯෳૉεϖΫτϩά
ϥϜΛͨ͠ࢉܭɽ͜ͷࡍɼ૭ؔϋϯ૭Λ༻͍ɼ૭෯

2048αϯϓϧɼγϑτ 441αϯϓϧʢ10ϛϦඵʣͱ

ͨ͠ɽͦͷޙɼHPSS [18]Λ༻͍ͯυϥϜԻͷৼ෯εϖΫ
τϩάϥϜΛͨ͠ɽ֤ͦۂΕͧΕͷৼ෯εϖΫτϩά

ϥϜɼશཁૉͷฏ͕ۉ 1ͱͳΔΑ͏ʹਖ਼نԽͨ͠ɽ

ϋΠύʔύϥϝʔλ akfmɼbkfm (k ≥ 1)Λܾఆ͢Δͨ

ΊʹɼRWCָثԻσʔλϕʔε [23]͔ΒόευϥϜɼε
ωΞυϥϜɼϋΠϋοτͦΕͧΕͷָثԻΛ༻͍ͨɽͦΕ

ͧΕͷָثԻৼ෯εϖΫτϩάϥϜʹ্هͷ௨Γྨੑࣅ

͕͋Γɼ֤υϥϜָثʹ͓͍ͯσʔλϕʔεͷָ֘ث

ԻΛ࿈݁ͤͨ͞ৼ෯εϖΫτϩάϥϜΛ࡞͠ɼ1جఈʹ

ΑΔNMFDΛద༻ͤͯ͞ಘͨجఈεϖΫτϩάϥϜΛɼͦ
ͷָثͷςϯϓϨʔτεϖΫτϩάϥϜͱͨ͠ɽ͜ͷΑ͏

ʹͯ͠ಘΒΕͨςϯϓϨʔτεϖΫτϩάϥϜΛฏۉͱ͠

ͯɼࢄΛ 0.01ͱͳΔΑ͏ͳΨϯϚͷύϥϝʔλΛ

ϋΠύʔύϥϝʔλ akfmɼbkfm (k ≥ 1)ͱܾͯ͠ఆͨ͠ɽ

ଞͷWͱΞΫςΟϕʔγϣϯϕΫτϧHͷࣄલͷϋ

ΠύʔύϥϝʔλҎԼͷΑ͏ʹઃఆͨ͠ɽa0fm = 0.05ɼ

b0fm = 50.0ɼc0 = 50.0ɼd0 = 50.0ɼck = 1.0ɼdk = 50.0ɽ

VAEωοτϫʔΫͷֶशʹɼϏʔτϧζຊͷϙϐϡ
ϥʔԻָͷυϥϜේ͔Βಘͨ 41474খઅΛ༻ͨ͠ɽ͜Ε

Βͷσʔλςετσʔλͱॏෳ͍ͯ͠ͳ͍ɽجఈεϖΫ

τϩάϥϜͷϑϨʔϜM = 20ͱ͠ɼજࡏม zi ͷ

ݩ࣍ V = 4ͱͨ͠ɽ

υϥϜࣗಈ࠾ේͷੑҎԼͰఆٛ͞ΕΔద߹ɼݱ࠶

ɼFʹΑͬͯଌఆͨ͠ɽ

P =
Nc

Ne
, R =

Nc

Ng
, F =

2RP
R+ P (28)

͜͜Ͱ NeɼNgɼNc ͦΕͧΕਪఆ݁ՌͷԻූɼਖ਼ղ

σʔλͷԻූɼਖ਼ղͨ͠ԻූͰ͋ΔɽͦΕͧΕͷָث

k (≥ 1)ʹ͍ͭͯɼΦϯηοτ t∗ Λɼਪఆͨ͠มHͱ S

͔ΒҎԼͷ݅ʹԊ͏Α͏ʹݕग़ͨ͠ɽ

Hkt∗Skt∗ ≥ 0.3 ·max
t

{HktSkt} (29)

Hkt∗Skt∗ = max
t∗−5≤t≤t∗+5

{HktSkt} (30)

͜ͷͱ͖ɼਪఆͨ͠Φϯηοτͱਖ਼ղσʔλͷΦϯηοτ

ͷ͕ࠩࠁ࣌ 50ϛϦඵҎͳΒɼਖ਼ղͰ͋Δͱͨ͠ɽ

3.2 Ռ݁ݧ࣮

ՌΛද݁ݧ࣮ 1ʹࣔ͢ɽεωΞυϥϜͱϋΠϋοτʹؔ
ͯ͠ɼఏҊ๏ͯ͢ͷࢦඪͰ NMFDΛ্ճͬͨɽόε
υϥϜʹؔͯ͠ɼݱ࠶͕ NMFDΑΓΘ͔ͣʹѱԽ͠
ͨͷͷɼFಉఔͱͳͬͨɽ࠾ේྫΛਤ 3ʹࣔ͢ɼ
εωΞυϥϜʹؔͯ͠ɼNMFDʢԻڹϞσϧʣͷΈͰਪఆ

ख๏ ύʔτ P(%) R(%) F(%) ɹ

HH 79.4 60.9 69.0
NMFD SD 63.2 63.6 63.4

BD 82.3 80.2 81.2

HH 80.9 61.4 69.8
VAE-NMFD SD 67.6 65.4 66.5

BD 83.0 79.4 81.2

ද 1 RWCϙϐϡϥʔԻָσʔλϕʔεͰͷυϥϜࣗಈ࠾ේͷ݁Ռɽ
HHɼSDɼBD ͦΕͧΕϋΠϋοτɼεωΞυϥϜɼόευ
ϥϜΛද͢ɽ
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ਤ 3 NMFDͱ VAE-NMFDͷͦΕͧΕʹΑͬͯਪఆ͞ΕͨυϥϜේ
ͷྫɽVAE-NMFD ͰΞΫςΟϕʔγϣϯϚεΫΛద༻͠
ͨ͋ͱͷͷͰ͋Δɽ

ͨ݁͠ՌʹɼԻָతʹෆࣗવͳϦζϜύλʔϯؚ͕·Ε

͍ͯͨʢͨͱ͑ޙ࠷ͷখઅʣɽҰํɼఏҊ๏Ͱࣗવ

ͳ࠾ේ݁Ռ͕ಘΒΕͨɽ͜ͷ͜ͱ͔ΒɼDNNʹݴͮ͘ج
Ϟσϧͱޠ NMFDʹͮ͘جԻڹϞσϧΛ౷߹͢Δ͜ͱͰɼ
্͢ේਫ਼͕վળ͢Δ͚ͩͰͳ͘ɼԻָతͳࣗવ͞࠾

Δ͜ͱ͕֬ೝͰ͖ͨɽ

4. ͓ΘΓʹ

ຊߘͰɼNMFDʹͮ͘جԻڹϞσϧͱ VAEʹͮ͘ج
ਂੜϞσϧΛ֬తʹ౷߹ͨ͠υϥϜͷࣗಈ࠾ේख๏

ΛఏҊͨ͠ɽຊख๏ɼޠݴϞσϧΛָේσʔλͷΈ͔Β

ֶश͢Δ͜ͱ͕Ͱ͖ɼDNNʹͮ͘جඪ४తͳ End-to-End
ֶशͰඞཁͱ͞ΕΔྻܥ࣌ͷϖΞσʔλΛඞཁͱ͠ͳ͍ɽ

Ͱɼָݧ࣮ ේͷਂੜϞσϧΛ༻͍Δ͜ͱͰ,Իָతʹ
ࣗવͳָේ͕ਪఆ͞ΕΔ͜ͱ͕֬ೝͰ͖ͨɽޙࠓɼ[24]
ͷΑ͏ʹɼఏҊ๏ͱϏʔτࠁ࣌ɾখઅઢࠁ࣌ͷݕग़ख๏Λ

Έ߹ΘͤɼυϥϜේͱϏʔτࠁ࣌Λಉ࣌ʹਪఆ͢Δ͜ͱ

ʹऔΓΈ͍ͨɽ·ͨυϥϜύλʔϯͷྻܥ࣌ͷґଘؔ

܁Γฦ͠ߏΛද͠ݱɼVAEΛྻܥ࣌Ͱؼ࠶తʹѻ͏͜
ͱ༗ޮͰ͋Δͱ͑ߟΒΕΔɽ

ँࣙ ຊڀݚͷҰ෦ JST ACCEL No. JPMJAC1602ɼՊ
.අNoݚ 26700020ɼ16H01744ɼ16J05486ͷࢧԉΛड͚ͨɽ
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