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͋Β·͠ ຊߘͰɼϥϯΫԻݯϞσϧͱεύʔεॏաఔʹͮ͘جωετܕϕΠζࠞ߹ɾҼࢠϞσϧΛ༻͍ͨ

ϚϧννϟωϧԻݯ๏ʹ͍ͭͯड़ΔɽैདྷͷԻݯͰɼԻݯϞσϧʹରͯ͠ϥϯΫੑΛԾఆ͠ҼࢠϞ

σϧΛ༻͍ͨϞσϧԽΛ͏ߦඇෛྻߦҼࢠղॏաఔʹ͓͍ͯԻݯͷεύʔεੑΛԾఆࠞ͠߹Ϟσϧʹͮج

ͨ͠߹ϞσϧͱॏաఔΛ౷ݯ๏ͳͲ͕͋ͬͨɽఏҊ๏Ͱ͜ͷԻݯपΫϥελϦϯάʹΑΔԻ͍ؒ࣌ͨ

ϞσϧԽʹΑΓԻݯΛ͏ߦɽ·ͨɼҼࢠϞσϧͱࠞ߹Ϟσϧͷؔੑʹண͠ɼԻݯϞσϧͱॏաఔͷͦΕ

ͧΕʹର͠ҼࢠϞσϧͱࠞ߹ϞσϧʹΑΔϞσϧԽΛ͜͏ߦͱͰෳͷ๏ΛఏҊ͢Δɽ

Ωʔϫʔυ ϚϧννϟωϧԻݯɼؒ࣌पΫϥελϦϯάɼજࡏతσΟϦΫϨ๏ɼඇෛྻߦҼࢠղ

1.  ͡ Ί ʹ

ϚΠΫϩϗϯΞϨΠΛ༻͍ͨϚϧννϟωϧԻݯʹ͓

͍ͯɼ͜Ε·Ͱʹଟ͘ͷख๏͕ఏҊ͞Ε͖ͯͨɽ͘༻͍ΒΕ

͍ͯΔख๏ͷ͏ͪͷҰͭʹɼಠཱੳ (ICA) [1]͕͋Δɽ
ICA ֤Իݯͷ౷ܭతͳಠཱੑΛԾఆ͢Δ͜ͱʹΑΓࠞ߹ߦ
ྻͷྻߦٯͰ͋ΔྻߦΛਪఆ͠ɼΛ͏ߦɽ͜ͷ ICA
ΛͱʹಠཱϕΫτϧੳ (IVA) [2] FastICA [3] ͳͲͷ͞
·͟·ͳख๏͕ఏҊ͞Ε͍ͯΔ͕ɼ͜ΕΒͷख๏ڞ௨ͯ͠

ϚΠΫ͕ԻݯΑΓগͳ͍ྼܾఆ݅ͰͰ͖ͳ͍ͱ

͍͏͕͋Δɽ

͜Εʹର͠ɼྼܾఆ݅Ͱ͕Մͳख๏ͱͯؒ࣌͠ɾ

पΫϥελϦϯάʹͮ͘جԻݯ๏͕ண͞Ε͍ͯ

Δ [4–9]ɽ͜ͷΞϓϩʔνͰɼ֤ԻݯεϖΫτϩάϥϜ͕࣌
ؒɾपྖҬͰεύʔεͰ͋ΔͱԾఆ͢Δ͜ͱͰɼࠞ߹Իε

ϖΫτϩάϥϜͷ֤ؒ࣌ɾपϏϯʹ͓͚Δ؍ଌͦΕͧ

Ε͍ͣΕ͔ҰͭͷԻݯ͕؍ଌ͞ΕͨͷͰ͋ΔͱΈ

ͳ͢ɽ͜ΕʹΑΓɼԻͷॏաఔ͕ࠞ߹ϞσϧʹΑΓද͞Ε

Δɽ͜ͷࠞ߹ϞσϧΛਪఆ͢ΔͨΊɼϚΠΫؒͷԻͷҐ૬ࠩ

ͱύϫʔࠩΛಛྔͱͯ͠༻͍ͨࠞ߹ϫτιϯͷΫϥε

λϦϯά [5–7]֤ϚΠΫͰͷԻͷҐ૬ͱύϫʔΛಛྔͱ͠
ͯ༻͍ͨࠞ߹ΨεͷΫϥελϦϯά [9, 10] ʹΑΔ
๏͕ఏҊ͞Ε͍ͯΔɽ͜ΕΒͷΫϥελϦϯάͦΕͧΕͷ

ΘΕΔͨΊύʔϛϡςʔߦʹपϏϯͰͦΕͧΕಠཱؒ࣌

γϣϯ͕ൃੜ͢Δ͕ɼେ௩Β [9]જࡏతσΟϦΫϨ
๏ (LDA)Λ༻͍֤ͯؒ࣌पϏϯΛ֤ԻݯʹׂΓͯͨ͋
ͱɼͦΕΒͷԻݯΛ͞Βʹ͍ͣΕ͔ͷํʹׂΓͯΔ͜ͱ

Ͱ͜ͷύʔϛϡςʔγϣϯΛղܾͨ͠ɽ

·ͨɼ୯νϟωϧԻݯͷͨΊͷख๏ͱͯ͠ඇෛྻߦҼ

ղࢠ (NMF) ݯΘΕ͍ͯΔɽ୯νϟωϧԻ͕͘[11]
ͰϚΠΫؒͷҐ૬ࠩͳͲͷۭؒతͳใΛ༻͍Δ͜ͱ͕Ͱ͖

ͳ͍ͨΊɼNMFͰԻݯͷϥϯΫੑΛԾఆ͢Δ͜ͱͰԻݯ
Λߏ͢ΔҼࢠΛਪఆ͠ɼԻݯΛ͏ߦɽ۩ମతʹɼԻݯ

ଌ؍ΒΔͱ͠ɼ͔ࢠఈͱΞΫςΟϕʔγϣϯͷೋͭͷҼج͕

ͷύϫʔεϖΫτϩάϥϜΛجఈྻߦͱΞΫςΟϕʔγϣϯߦ

ྻͷੵʹΑΓۙ͢ࣅΔɽ͜ͷΑ͏ͳҼࢠղʹΑΔϞσϧΛ

ҼࢠϞσϧͱݺͿɽ·ͨɼ͜ͷ NMFΛϚϧννϟωϧԻݯ
ͷͨΊʹ֦ுͨ͠Ϛϧννϟωϧ NMF (MNMF) [12]ఏ
Ҋ͞Ε͍ͯΔɽMNMFͰ؍ଌεϖΫτϩάϥϜΛجఈྻߦ
ͱΞΫςΟϕʔγϣϯྻߦͱۭؒಛྔʹղ͢ΔɽMNMF
ۭؒಛྔҼࢠղʹΑΓਪఆ͢ΔͨΊɼԻݯϞσϧɾॏ

աఔ͕ͱʹҼࢠϞσϧʹΑΓϞσϧԽ͞Εͨख๏Ͱ͋Δɽ

ຊߘͰɼԻͷॏաఔͱԻݯϞσϧΛ౷߹ͨ͠Ϟσϧʹ

ΑΓԻݯΛ͏ߦɽ·ͨɼैདྷ๏Ͱॏաఔ͕ࠞ߹Ϟσ

ϧͰҼࢠϞσϧͰϞσϧԽ͞Ε͍ͯͨ͜ͱ͔Βɼͦͷೋ

ͭͷϞσϧԽͷؔੑʹண͠ɼԻݯϞσϧʹ͓͍ͯࠞ߹

ϞσϧͱҼࢠϞσϧͷೋͭͷϞσϧԽΛͨͬߦɽͭ·ΓɼҼ

पϏؒ࣌ύϫʔεϖΫτϩάϥϜͷ֤ݯϞσϧͰԻࢠ

ϯ͕ෳͷجఈͱΞΫςΟϕʔγϣϯͷੵͷͰද͞Ε͕ͨɼ

ࠞ߹ϞσϧͰ֤ؒ࣌पϏϯΛ͍ͣΕ͔ҰͭͷجఈͱΞ

ΫςΟϕʔγϣϯͷੵʹΑΓද͢ɽ͜ͷΑ͏ʹɼຊߘͰॏ

աఔɾԻݯϞσϧʹରͯ͠ɼࠞ߹ϞσϧɾҼࢠϞσϧͷͦΕ

ͧΕͷϞσϧԽΛ͜͏ߦͱͰɼͦΕΒͷΈ߹ΘͤʹΑΓෳ

ͷԻݯ๏Λ࣮ͨ͠ݱɽ۩ମతʹɼਤ 1ʹࣔ͢Α͏ʹɼ
ҼࢠϞσϧͰԻݯͷύϫʔεϖΫτϩάϥϜ͕جఈͱΞΫ

ςΟϕʔγϣϯͷੵͷ͔ΒΓɼ؍ଌεϖΫτϩάϥϜ
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(b) ॏաఔ

ਤ 1 ఏҊ๏ͷੜϞσϧɽԻݯϞσϧͰ֤ԻݯͷύϫʔεϖΫτ

ϩάϥϜ͕جఈɾΞΫςΟϕʔγϣϯ (ɾϚεΫ)ʹΑΓߏ͞
ΕΔɽॏաఔͰࠞ߹ԻεϖΫτϩάϥϜ͕ԻݯεϖΫτϩ

άϥϜɾୡؔ (ɾϚεΫ)ʹΑΓߏ͞ΕΔɽԻݯϞσϧɾ
ॏաఔͱʹࠞ߹ϞσϧͰϚεΫʹΑΓͲΕ͔Ұͭͷجఈɼ

͘͠Ի͕ݯબ͞ΕΔ͕ɼҼࢠϞσϧͰϚεΫͳ͘͢

ͯͷجఈɼ͘͠Ի͕ݯ༻͞ΕΔɽ

ԻݯεϖΫτϩάϥϜͱୡ͔ؔΒੜ͞ΕΔͱ͢Δɽࠞ

߹ϞσϧͰԻݯͷύϫʔεϖΫτϩάϥϜ͕ϚεΫʹΑͬ

ͯબ͞ΕͨجఈͱΞΫςΟϕʔγϣϯ͔ΒΓɼ؍ଌεϖ

ΫτϩάϥϜϚεΫʹΑͬͯબ͞ΕͨԻݯεϖΫτϩά

ϥϜͱୡ͔ؔΒੜ͞ΕΔͱ͢ΔɽఏҊ๏Ͱࠞ߹Ϟσ

ϧʹ LDAɼҼࢠϞσϧʹ NMFͷΈΛ༻͍ͯΪϒε
αϯϓϦϯάʹΑΓԻݯΛ͏ߦɽ

2. Ϟ σ ϧ Խ

ఏҊ๏ͰɼԻͷॏաఔͱ֤ԻݯͷԻݯϞσϧΛྀ͢ߟΔ

͜ͱͰԻݯΛ͏ߦɽϞσϧԽʹ NMFͷΑ͏ͳҼࢠϞσ
ϧͱ LDAͷΑ͏ͳࠞ߹Ϟσϧͷೋ௨Γͷํ๏͕͋ΔɽຊষͰ
ॏաఔͱԻݯϞσϧͷͦΕͧΕʹରͯ͜͠ΕΒͷೋ௨Γ

ͷϞσϧԽΛํ͏ߦ๏ʹ͍ͭͯड़ΔɽͦΕΒͷΈ߹Θͤ

ʹΑΓɼද 1ʹࣔ͢Α͏ʹԻݯϞσϧ-ॏաఔΛҼࢠ-ࠞ߹Ϟ
σϧɼࠞ߹-ࠞ߹Ϟσϧɼࠞ߹-ҼࢠϞσϧɼҼࢠ-ҼࢠϞσϧͰ
ͦΕͧΕϞσϧԽͨ͠ NMF-LDAɼLDA-LDAɼLDA-NMFɼ
NMF-NMFʹ͍ͭͯड़Δɽ

2. 1   ઃ ఆ

·ͣɼ୯ҰͷԻݯΛ؍ଌͨ࣌͠ͷ؍ଌϞσϧʹ͍ͭͯड़

ΔɽఏҊ๏Ͱྖؒ࣌Ҭͷ৴߸ʹରͯؒ࣌͠ϑʔϦΤม

 (STFT)Λ͜͏ߦͱʹΑΓಘΒΕΔؒ࣌पྖҬͷ৴߸
ʹରͯ͠ϞσϧԽΛ͏ߦɽ·ͣ K ΛMݯͷԻݸ ͷϚΠΫݸ

Λ༻͍ͯԻ͢Δͱ͠ɼࠁ࣌ tɼप f Ͱͷࠞ߹Իͷ؍ଌ

xtf ͱԻݯ৴߸ ytf ΛҎԼͷΑ͏ʹఆٛ͢Δɽ

xtf = [xtf1, · · · , xtfM ]T ∈ CM (1)

ytf = [ytf1, · · · , ytfK ]T ∈ CK (2)

ද 1 ϞσϧԽํ๏ͷΈ߹Θͤ❳❳❳❳❳❳❳❳❳❳❳ԻݯϞσϧ

ॏաఔ
ࠞ߹Ϟσϧ ҼࢠϞσϧ

ࠞ߹Ϟσϧ LDA-LDA LDA-NMF
ҼࢠϞσϧ NMF-LDA NMF-NMF

͜ͷͱ͖पྖҬͰͷॠࠞ࣌߹ΛԾఆ͢ΔͱɼԻݯ kͷΈΛ

ଌεϖΫτϧ؍ଌͨ͠ͱ͖ͷ؍ xtfk ҎԼͷΑ͏ʹද͞ΕΔɽ

xtfk = afk · ytfk (3)

ͨͩ͠ɼafk प f ͰͷԻݯ k ͷୡؔͰ͋Δɽ͜͜

Ͱɼytfk ͷΑ͏ͳෳૉΨεʹै͏ͱ͢Δɽ͕࣍

ytfk ∼ NC(0,λtfk) (4)

λtfk = E[y2
tfk]ࠁ࣌ tɼप f ͰͷԻݯ kͷύϫʔΛද͢ɽ

͜ͷͱ͖Իݯ kͷΈΛ؍ଌͨ͠ͱ͖ͷ؍ଌ xtfk ࣍ͷΑ͏ͳ

ෳૉΨεʹै͏ɽ

xtfk ∼ NC(0,λtfkG−1
fk ) (5)

͜͜ͰɼG−1
fk प f ͰͷԻݯ k ͷۭؒ૬ؔྻߦͰ͋Γɼ

G−1
fk = afkaH

fk Ͱ͋Δɽͨͩ͠ ∗H ΤϧϛʔτڞΛࣔ͢ɽ

2. 2 ॏ  ա ఔ

ຊઅͰԻͷॏաఔʹରͯ͠ҼࢠϞσϧͱࠞ߹ϞσϧΛ

༻͍ͯϞσϧԽΛ͏ߦɽ

2. 2. 1 ҼࢠϞσϧ

ࠞ߹Իͷ؍ଌ͕֤Ի͝ݯͱͷ؍ଌͷʹ͍͠ͱ͢Δͱ

ࣜ (3)ΑΓɼࠞ߹Իͷ؍ଌࣜ࣍Ͱ༩͑ΒΕΔɽ

xtf =
K∑

k=1

xtfk =
K∑

k=1

afk · ytfk (6)

͜ͷͱ͖ɼࣜ (5)ɼ(6)ͱΨεͷՃ๏ੑʹΑΓࠞ߹Իͷ؍ଌ
࣍ͷΑ͏ͳෳૉΨεʹै͏ͱ͞ΕΔɽ

xtf | λ, S, G ∼ NC

(
0,

K∑

k=1

λtfkG−1
fk

)
(7)

͜͜Ͱɼۭؒ૬ؔྻߦԻݯͷछྨͰͳ͘Իݯͷํʹґଘ

͢ΔͨΊɼԻ͝ݯͱͷۭؒ૬ؔྻߦ Gfk Λํ͝ͱͷۭؒ૬

ྻߦؔ Gfd ͷॏΈ͖Λ༻͍ͯද͢ɽ͜ͷͱ͖ɼํ dͷ

Իݯ kͷॏΈΛ rkd ͱ͢Δͱࣜ (7)࣍ͷΑ͏ʹද͞ΕΔɽ

xtf | λ, S, G ∼ NC

(
0,

K∑

k=1

D∑

d=1

λtfkrkdG−1
fd

)
(8)

2. 2. 2 ࠞ߹Ϟσϧ

ԻݯεϖΫτϩάϥϜ͕εύʔεͰ͋Δɼ͢ͳΘͪɼ֤࣌

ؒपϏϯʹ͓͍ͯ؍ଌ͞ΕΔԻߴʑҰͭͰ͋Δͱ͠ɼ

ͦͷͱ͖ͷࠞ߹Իͷ؍ଌϞσϧʹ͍ͭͯ͑ߟΔɽ·֤ͣ࣌

ؒपϏϯʹ͓͍ͯ؍ଌ͞ΕΔԻݯΛࣔͨ͢ΊͷมΛ

ztf = [ztf1, · · · , ztfK ]T ͱ͢Δɽͨͩ͠ɼztf  1 of K දݱͷ

ϕΫτϧͰ͋ΓɼԻݯ k͕؍ଌ͞ΕΔͱ͖ ztfk = 1ͱͳΓɼ
ͦΕҎ֎ͷͱ͖ 0ͱͳΔɽ͜ͷͱ͖ɼ؍ଌ xtf ࣜ࣍Ͱ༩

͑ΒΕΔɽ

— 2 —



xtf =
K∏

k=1

x
ztfk

tfk =
K∏

k=1

(afk · ytfk)ztfk (9)

ࣜ (5)ɼ(9)ΑΓɼ؍ଌ࣍ͷʹ͕ͨͬͯ͠ੜ͞ΕΔɽ

xtf ∼
K∏

k=1

NC(0,λtfkG−1
fk )ztfk (10)

͜͜Ͱɼۭؒ૬ؔྻߦԻݯͷछྨͰͳ͘Իݯͷํʹґ

ଘ͢ΔͨΊɼۭؒ૬ؔྻߦ Gfk ΛԻ͝ݯͱʹಠཱͳมͰ

ͳ͘ɼํ͝ͱʹಠཱͳม Gfd ͱͯ͑͠ߟΔɽ͜ͷͱ͖ɼ

ࣜ (10)Իݯ k ͷํΛࣔ͢ϕΫτϧ sk = [sk1, · · · , skD]T

Λ༻͍Δͱ࣍ͷΑ͏ʹද͞ΕΔɽ

xtf ∼
K∏

k=1

D∏

d=1

NC(0,λtfkG−1
fd )ztfkskd (11)

ͨͩ͠ɼsk  1 of DදݱͷϕΫτϧͰ͋ΓɼԻݯ k͕ํ d

ʹ͋Δͱ͖ skd = 1ɼͦΕҎ֎ͷͱ͖ 0ͱͳΔɽ
2. 3 ԻݯϞσϧ

ຊઅͰԻݯ kͷύϫʔ λtfk ʹରͯ͠ҼࢠϞσϧͱࠞ߹Ϟ

σϧΛ༻͍ͯϞσϧԽΛ͏ߦɽ

2. 3. 1 ҼࢠϞσϧ

Իݯ kͷύϫʔεϖΫτϩάϥϜ λtfk ͕ϥϯΫੑΛͭ࣋

ͱԾఆ͢ΔͱɼύϫʔεϖΫτϩάϥϜجఈεϖΫτϧwklf

ͱΞΫςΟϕʔγϣϯ hklt ͷੵͷͰද͞ݱΕΔɽ͜ͷجఈ

εϖΫτϧͱΞΫςΟϕʔγϣϯͦΕͧΕ֤جఈͷप

తಛͱͦͷجఈͷ֤͝ࠁ࣌ͱͷԻͷେ͖͞Λࣔ͢ɽجఈͷ

Λ Lͱ͢ΔͱύϫʔεϖΫτϩάϥϜࣜ࣍Ͱද͞ΕΔɽ

λtfk =
∑

l

wklf hklt (12)

2. 3. 2 ࠞ߹Ϟσϧ

ࠞ߹ϞσϧͰҼࢠϞσϧͷΑ͏ʹجఈεϖΫτϧ wklf ͱ

ΞΫςΟϕʔγϣϯ hklt Λ༻͍ͯύϫʔεϖΫτϩάϥϜ

λtfk Λද͢ݱΔɽͨͩ͠ɼࠞ߹ϞσϧͰશͯͷجఈͷͰ

ύϫʔΛද͢ݱΔͷʹର͠ɼఏҊ๏Ͱ֤ؒ࣌पϏϯ͝

ͱʹҰͭͷجఈ l′ Λબ͢Δ͜ͱʹΑΓύϫʔ λtfk Λ

λtfk = wkl′f hkl′t (13)

ͱද͢ɽͦͷجఈΛબ͢ΔͨΊͷมΛ utfk =
[utfk1, · · · , utfkL]T ͱ͢Δɽͨͩ͠ɼutfk  1 of L දݱͷ

ϕΫτϧͰ͋Γɼجఈ l͕༻͍ΒΕΔͱ͖ utfkl = 1ɼͦΕ
Ҏ֎ͷͱ͖ 0ͱͳΔɽ

2. 4 ֤Ϟσϧͷؔ

ຊষͰɼԻݯϞσϧ-ॏաఔΛҼࢠ-ࠞ߹Ϟσϧɼࠞ߹-
ࠞ߹ϞσϧɼҼࢠ-ҼࢠϞσϧɼࠞ߹-ҼࢠϞσϧͰͦΕͧΕϞ
σϧԽͨ͠ NMF-LDAɼLDA-LDAɼNMF-NMFɼLDA-NMF
ͷ؍ଌϞσϧʹ͍ͭͯड़Δɽ

2. 4. 1 NMF-LDA
NMF-LDAॏաఔ͕ࠞ߹ϞσϧɼԻݯϞσϧ͕ҼࢠϞ
σϧͳͷͰࣜ (8)ɼ(13)ΑΓؔ࣍ͷΑ͏ʹͳΔɽ

xtf | W ,H, Z, S, G

∼
∏

k,d

NC

(
0,
∑

l

wklf hkltG
−1
fd

)ztfkskd

(14)

2. 4. 2 LDA-LDA
LDA-LDAॏաఔ͕ࠞ߹ϞσϧɼԻݯϞσϧ͕ࠞ߹Ϟσ

ϧͳͷͰࣜ (11)ɼ(13)ΑΓؔ࣍ͷΑ͏ʹͳΔɽ

xtf | W ,H, Z, S, U , G

∼
∏

k,d,l

NC
(
0, wklf hkltG

−1
fd

)ztfkskdutfkl (15)

2. 4. 3 NMF-NMF
NMF-NMFॏաఔ͕ҼࢠϞσϧɼԻݯϞσϧ͕ҼࢠϞ

σϧͳͷͰࣜ (8)ɼ(12)ΑΓؔ࣍ͷΑ͏ʹͳΔɽ

xtf | W ,H, R, G

∼ NC

(
0,
∑

k,d,l

wklf hkltrkdG−1
fd

)
(16)

2. 4. 4 LDA-NMF
LDA-NMFॏաఔ͕ࠞ߹ϞσϧɼԻݯϞσϧ͕ҼࢠϞ

σϧͳͷͰࣜ (11)ɼ(12)ΑΓؔ࣍ͷΑ͏ʹͳΔɽ

xtf | W ,H, R, G

∼
∏

l

NC

(
0,
∑

k,d

wklf hkltrkdG−1
fd

)utfkl

(17)

͔͠͠ɼ͜ͷϞσϧͰԻݯ k ʹؔ͢ΔύϥϝʔλΨε

ͷࢄύϥϝʔλͱͯ͠ҼࢠղʹΑΓਪఆ͞ΕΔ͖

Ͱ͋Δ͕ɼجఈͷબΛ͏ߦ utfkl ͕ࠞ߹Ψεʹ͓͚Δ

Λબ͢Δύϥϝʔλͱͯ͠ଘ͍ͯ͠ࡏΔɽ͜ΕʹΑΓɼ

utfkl ҼࢠղͰਪఆ͢Δ͜ͱ͕Ͱ͖ͳ͍ͨΊ͜ͷϞσϧ

Խํ๏Ͱ LDA-NMFΛ࣮͢ݱΔ͜ͱ͕Ͱ͖ͳ͍ɽ
2. 5 ܭલͷઃࣄ

ఏҊ๏Ͱࣜ (14)–(17)ͷύϥϝʔλʹର͠ɼͧΕͧΕద
ͳࣄલΛ༩͑Δ͜ͱͰਪΛ͏ߦɽ·ͣɼztfɼskɼutfk

ΫϥελϦϯάʹΑΔਪΛͨ͏ߦΊʹΧςΰϦΧϧ

͔Βੜ͞ΕΔͱ͢Δɽ

ztf | πt ∼ Categorical(πt) (18)

sk | φ ∼ Categorical(φ) (19)

utfk | ψtk ∼ Categorical(ψtk) (20)

͜͜ͰɼϋΠύʔύϥϝʔλ πtɼφɼψtk ؍ଌʹґଘͯ͠ม

ಈ͢ΔͨΊਪΛඞཁͱ͢Δɽ͕ͨͬͯ͠ πtɼφɼψtk Χς

ΰϦΧϧͱڞͳσΟϦΫϨ͔Βੜ͞ΕΔͱ͢Δɽ

πt ∼ Dirichlet(aπ0 1K) (21)

φ ∼ Dirichlet(aφ0 1D) (22)

ψtk ∼ Dirichlet(aψ0 1L) (23)

͜͜Ͱɼ1N ཁૉ͕શͯ 1ͷ N ∗ͷϕΫτϧͱ͠ɼaݩ࣍
0 

ϋΠύʔύϥϝʔλͱ͢Δɽ·ͨɼۭؒ૬ؔྻߦ Gfdɼجఈ

wklfɼΞΫςΟϕʔγϣϯ hkltɼॏΈ rkd ࣜ (14)–(17)ͱڞ

— 3 —



ʹͳΔΑ͏ʹࣄલͱͯ࣍͠ͷΑ͏ͳΛ༩͑Δɽ

Gfd ∼ WC(ν, G0
fd) (24)

wklf ∼ Gamma(aw
0 , bw

0 ) (25)

hklt ∼ Gamma(ah
0 , bh

0 ) (26)

rkd ∼ Gamma(ar
0, br

0) (27)

͜͜Ͱɼνɼa∗
0ɼb∗

0 ϋΠύʔύϥϝʔλͰ͋ΓɼWC ෳૉ

Ογϟʔτ (ࢀর) ͱ͢Δɽ
2. 6 Իͷੜ

֤Իݯ৴߸ɼॏաఔ͕ҼࢠϞσϧͷͱ͖Ϛϧννϟ

ωϧWiener ϑΟϧλɼࠞ߹Ϟσϧͷͱ͖ؒ࣌पϚε
ΩϯάʹΑΓ෮͢ݩΔ͜ͱ͕Ͱ͖ΔɽϚϧννϟωϧWiener
ϑΟϧλͰԻݯ kͷ৴߸ xk

tf ҎԼͷࣜʹΑΓ෮͞ݩΕΔɽ

xk
tf = YtfkY −1

tf xtf (28)

ͨͩ͠ɼYtfk =
∑

d,l
wklf hkltrkdG−1

fdɼYtf =
∑

k
YtfkͰ͋Δɽ

͝ํݯपྖҬͰԻؒ࣌पϚεΩϯάͰɼؒ࣌

ͱʹϚεΫΛਪఆ͢Δ͜ͱʹΑΓԻΛੜ͢ΔɽΪϒ

εαϯϓϦϯάͰ i ճͷߦࢼʹΑΓಘΒΕΔαϯϓϧΛ

W (i), H(i), G(i), Z(i), S(i), (U (i))ͱ͢Δͱɼࠁ࣌ tप f Ͱ

ͷԻํݯ dʹର͢ΔϚεΫMd
tf ࣍ͷΑ͏ʹͳΔɽ

Md
tf = 1

I

I∑

i=1

K∑

k=1

z(i)
tfks(i)

kd (29)

͜ͷϚεΫΛ༻͍Δͱํ dͷԻݯͷ৴߸ xd
tf 

xd
tf = Md

tf xtf (30)

ʹΑΓ෮͞ݩΕΔɽ

3. ਪ 

ఏҊ๏Ͱɼ؍ଌσʔλू߹X ʹର͢Δͯ͢ͷύϥϝʔ

λͷޙࣄ p(G, W , H, (Z, S, R, U ,π,φ,ψ)|X)Λ࠷େͱ͢
ΔύϥϝʔλΛٻΊΔ͜ͱΛඪͱ͢Δɽͨͩ͠ɼ͜ΕΒͷ

ύϥϝʔλΛղੳతʹٻΊΔ͜ͱࠔͳͷͰɼఏҊ๏Ͱ

͜ΕΒͷύϥϝʔλΛΪϒεαϯϓϦϯάʹΑΓٻΊΔ͜ͱ

ͱ͢Δɽͨͩ͠ɼఏҊ๏Ͱ πɼφɼψੵফڈΛ͍ߦɼ

Γͷύϥϝʔλ Θ = {G, W , H, (Z, S, R, U)} ΛٻΊΔ͜ͱ
ͱ͢ΔɽΪϒεαϯϓϦϯάͰͦΕͧΕͷύϥϝʔλͷࣄ

Γฦ܁͔ΒαϯϓϦϯάΛޙࣄΊɼͦΕΒͷٻΛޙ

͢͜ͱʹΑΓਪఆΛ͏ߦɽ

3. 1 NMF-LDAͷߋ৽
NMF-LDAͰGfdɼztf , sk ͱࣄલͷੵʹΑΓ

ಘΒΕΔҎԼͷޙࣄ͔Βαϯϓϧ͢Δ͜ͱʹΑΓߋ৽͞

ΕΔɽ

Gfd | X, Θ¬Gfd ∼ WC(ν′
fd, G′

fd) (31)

ztf | X, Θ¬ztf ∼ Categorical(π′
tf ) (32)

sk | X, Θ¬sk ∼ Categorical(φ′
k) (33)

͜͜ͰɼΘ¬∗ Θ͔Β ∗ͷཁૉͷΈΛআ͍ͨू߹ͱ͢Δɽ·

ͨɼϋΠύʔύϥϝʔλ ν′
fdɼG′

fdɼπ
′
tfɼφ

′
k࣍ͷΑ͏ʹͳΔɽ

ν′
fd = ν +

∑

t,k

ztfkskd (34)

G′−1
fd = (G0

fd)−1 +
∑

t,k

xtf xtf
H

∑
l
wklf hklt

ztfkskd (35)

π′
tfk =

∏

d

{∣∣∣∣
Gfd∑

l
wklf hklt

∣∣∣∣ exp
(

−
xH

tf Gfdxtf∑
l
wklf hklt

)}skd

× (aπ0 + n¬tf
tk ) (36)

φ′
kd =

∏

t,f

{∣∣∣∣
Gfd∑

l
wklf hklt

∣∣∣∣ exp
(

−
xH

tf Gfdxtf∑
l
wklf hklt

)}ztfk

× (aφ0 + c¬k
d ) (37)

͜͜Ͱɼn¬tf
tk ࠁ࣌ tप f ͰͷαϯϓϧΛআ͍ͯɼࠁ࣌ t

ʹ͓͍ͯԻݯ kʹׂΓͯΒΕͨؒ࣌पϏϯͷΛද͠ɼ

c¬k
d Իݯ k Λআ͍ͯํ dʹׂΓͯΒΕͨԻݯͷΛද

͢ɽ·ͨɼntkl ࠁ࣌ tʹ͓͍ͯԻݯ kɼجఈ lʹׂΓͯΒ

Εͨؒ࣌पϏϯͷΛࣔ͠ɼn¬tfk
tkl  ntkl ͔Βࠁ࣌ tप

 f ͰԻݯ kʹׂΓͯΒΕͨཁૉΛআ͍ͨͷͰ͋Δɽ

wklf ͱ hklt ޙࣄ͔ΒαϯϓϧΛಘΔ͜ͱ͠

͍ͨΊɼิॿؔ๏Λ༻͍ͯಘΒΕΔԼ͔ݶΒαϯϓϦϯά

Λ͏ߦɽͨͩ͠ɼ͜ͷԼݶิॿมʹ͍ͭͯ࠷େԽͨ͠ͱ

͖ɼͱͷରͱҰக͢Δɽ·ͣɼରࣜ࣍Ͱ༩͑

ΒΕΔɽ

log p(X | W , H, G, Z, S) c=

∑

t,f,k,d

ztfkskd

(
−M log

∣∣∣∣∣
∑

l

wklf hklt

∣∣∣∣∣−
xH

tf Gfdxtf∑
l
wklf hklt

)

(38)

͜ͷରʹର͠ςΠϥʔల։ͱ JensenͷෆࣜΛ༻͍ͯ
ԼݶΛ͢ࢉܭΔ [13]ɽ·ͣҰ࣍ͷςΠϥʔల։ʹΑΓɼತؔ
 f(y) = − log y ͷԼݶҎԼͷΑ͏ʹ͞ࢉܭΕΔɽ

− log y >= − logα+ 1 − y
α

(39)

α ิॿมͰ͋Γɼ߸ α = y ͷͱཱ͖͢Δɽ࣍ʹ

JensenͷෆࣜʹΑΓɼԜؔ g(y) = − 1
y ʹର࣍͠ͷෆࣜ

ཱ͕͢Δɽ

− 1∑
k

yk

>= −
∑

k

β2
k

1
yk

(40)

βk  βk >= 0͔ͭ
∑

k
βk = 1Λຬͨ͢ิॿมͰ͋Γɼ߸

 βk = yk(
∑

k
yk)−1 ͷͱཱ͖͢Δɽ

͜ΕΒͷೋͭͷෆࣜʹΑΓରͷԼݶࣜ࣍ʹΑΓ

ΊΒΕΔɽٻ

log p(X | W , H,G, Z, S)
c
>=

∑

t,f,k,d

ztfkskd

(
−M

(
log |αtf | − 1 +

∑
l
wklf hklt

αtf

)

−xH
tf Gfdxtf

∑

l

βtfl

wklf hklt

)
(41)
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͜͜Ͱɼαtf ͱ βtfl ิॿมͰ͋Γɼ࣍ͷࣜΛຬͨ͢ͱ͖

߸ཱ͕͢Δɽ

αtf =
∑

l

wklf hklt (42)

βtfl = wklf hklt

(
∑

l

wklf hklt

)−1

(43)

wklf ͱ hklt ࣜ (25)ɼ(26)ɼ(41)ͷੵʹΑΓಘΒΕΔ࣍ͷ
͔Βαϯϓϧ͞ΕΔɽ

wkfl | X, Θ¬wklf ∼ GIG(γw
klf , ρw

kfl, τ
w
kfl) (44)

hklt | X, Θ¬hklt ∼ GIG(γh
klt, ρ

h
klt, τ

h
klt) (45)

͜͜ͰɼGIGҰൠԽٯΨε (ࢀর)Λࣔ͢ɽ·ͨɼ
ϋΠύʔύϥϝʔλ γ∗

∗ɼρ
∗
∗ɼτ

∗
∗ ࣍ͷΑ͏ʹͳΔɽ

γw
klf = aw

0 (46)

ρw
klf = bw

0 +
∑

t,d

Mhklt

αtfk
(47)

τw
klf =

∑

t,d

tr(Xtf Gfd)
β2

tfkl

hklt
(48)

γh
klt = ah

0 (49)

ρh
klt = bh

0 +
∑

f,d

Mwklf

αtfk
(50)

τh
klt =

∑

f,d

tr(Xtf Gfd)
β2

tfkl

wklf
(51)

3. 2 LDA-LDAͷߋ৽
LDA-LDAͰͯ͢ͷύϥϝʔλ͕ɼؔͱࣄલ
ͷੵʹΑΓಘΒΕΔޙࣄ͔Βαϯϓϧ͢Δ͜ͱ͕ՄͰ

͋Δɽޙࣄ࣍ͷΑ͏ʹఆΊΒΕΔɽ

Gfd | X, Θ¬Gfd ∼ WC(ν′
fd, G′

fd) (52)

ztf | X, Θ¬ztf ∼ Categorical(π′
tf ) (53)

sk | X, Θ¬sk ∼ Categorical(φ′
k) (54)

utfkl | X, Θ¬utfkl ∼ Categorical(ψ′
tfk) (55)

wklf | X, Θ¬wklf ∼ GIG(γw
klf , ρw

klf , τw
klf ) (56)

hklt | X, Θ¬hklt ∼ GIG(γh
klt, ρ

h
klt, τ

h
klt) (57)

͜͜ͰɼϋΠύʔύϥϝʔλ ν′
fdɼG′

fdɼπ
′
tfɼφ

′
kɼψɼγ

∗ɼρ∗ɼ

τ ∗ ࣍ͷΑ͏ʹͳΔɽ

ν′
fd = ν +

∑

t,k

ztfkskd (58)

G′−1
fd = (G0

fd)−1 +
∑

t,k,l

xtf xtf
H

wklf hklt
ztfkskdutfkl (59)

π′
tfk =

∏

d,l

{∣∣∣∣
Gfd

wklf hklt

∣∣∣∣ exp
(

−
xH

tf Gfdxtf

wklf hklt

)}skdutfkl

× (aπ0 + n¬tf
tk ) (60)

φ′
kd =

∏

t,f,l

{∣∣∣∣
Gfd

wklf hklt

∣∣∣∣ exp
(

−
xH

tf Gfdxtf

wklf hklt

)}ztfkutfkl

× (aφ0 + c¬k
d ) (61)

ψ′
tfkl =

∏

d

{∣∣∣∣
Gfd

wklf hklt

∣∣∣∣ exp
(

−
xH

tf Gfdxtf

wklf hklt

)}ztfkskd

× (aψ0 + n¬tfk
tkl ) (62)

γw
klf = aw

0 − Mnfkl (63)

ρw
klf = bw

0 (64)

τw
klf =

∑

t,d

xtf Gfdxtf

hklt
ztfkskdutfkl (65)

γh
klt = ah

0 − Mntkl (66)

ρh
klt = bh

0 (67)

τh
klt =

∑

f,d

xtf Gfdxtf

wklf
ztfkskdutfkl (68)

͜͜Ͱɼnfkl प f ʹ͓͍ͯԻݯ kɼجఈ lʹׂΓͯΒ

Εͨؒ࣌पϏϯͷΛࣔ͢ɽ

3. 3 NMF-NMFͷߋ৽
NMF-NMFͰͲͷύϥϝʔλޙࣄ͔Βαϯϓ

ϧΛಘΔ͜ͱ͍ͨ͠Ίɼิॿؔ๏Λ༻͍ͯಘΒΕΔԼ

ɽͨͩ͠ɼ͜ͷิॿؔิॿม͏ߦΒαϯϓϦϯάΛ͔ݶ

ʹ͍ͭͯ࠷େԽͨ͠ͱ͖ɼͱͷରͱҰக͢Δɽ·

ͣɼରࣜ࣍Ͱ༩͑ΒΕΔɽ

log p(X|W , H, R,G) c=
∑

tf

(
− log |Ytf | − tr(Xtf Y −1

tf )
)

(69)

͜͜Ͱɼ Xtf = xH
tf xtfɼYtfkld = wklf hkltrkdG−1

fdɼYtf =
∑

kld
Ytfkld ͱͨ͠ɽࣜ (69)ͷԼݶΛٻΊΔͨΊʹೋͭͷෆ

ࣜΛ༻͍Δ [14]ɽ·ͣɼଟมྔͷತؔ f(Y ) = − log |Y |
(Y ≽ 0 ∈ CM×M ) ʹରͯ͠Ұ࣍ͷଟมྔͷςΠϥʔల։Λ༻
͍Δͱ࣍ͷෆ͕ࣜಘΒΕΔɽ

− log |Y | >= − log |Ω| − tr(Ω−1Y ) + M (70)

߸ Ω = Z ͷͱཱ͖͢Δɽ࣍ʹɼԜؔ g(Y ) =
−tr(Y −1A) ʹରͯ࣍͠ͷෆ͕ࣜΓཱͭɽ

−tr

((
K∑

k=1

Yk

)−1

A

)
>= −

K∑

k=1

tr
(
Y −1

k ΦkAΦH
k

)
(71)

͜͜Ͱ {Φk}K
k=1ิॿมͰ͋Γɼ

∑
k

Φk = I Λຬͨ͢ɽ·

ͨɼ߸ Φk = Zk(
∑

k′ Zk′ )−1 ͷͱཱ͖͢Δɽ

ෆࣜ (70)ɼ(71)Λ༻͍Δͱର (ࣜ (69))ͷԼݶ࣍
ͷΑ͏ʹٻΊΒΕΔɽ

log p(X|W , H, S, G)
c
>=
∑

tf

(
−tr

(
Ytf Ω−1

tf

)
− log |Ωtf | + M

)

−
∑

tfkld

tr
(
Y −1

tfkldΦtfkldXtf Φtfkld

)
(72)
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͜͜Ͱɼิॿม Ωtf ͱ Φtfkld Λຬͨ͢ͱ͖߸͕͕ࣜ࣍

ཱ͢Δɽ

Ωtf = Ytf (73)

Φtfkld = YtfkldY −1
tf (74)

wklfɼhkltɼskdɼGfd ࣜ (24)–(27)ɼ(72)ͷੵʹΑΓಘΒ
ΕΔ࣍ͷ͔Βαϯϓϧ͞ΕΔɽ

wklf | X, Θ¬wklf ∼ GIG(γw
klf , ρw

klf , τw
klf ) (75)

hklt | X, Θ¬hklt ∼ GIG(γh
klt, ρ

h
klt, τ

h
klt) (76)

rkd | X, Θ¬rkd ∼ GIG(γr
kd, ρr

kd, τr
kd) (77)

Gfd | X, Θ¬Gfd ∼ MGIGC(ν0, Rfd, Ufd) (78)

͜͜ͰɼMGIGC  complex matrix generalized inverse Gaus-
sian (ࢀর)Λࣔ͢ɽ͜͜ͰɼϋΠύʔύϥϝʔλ γ∗

∗ɼρ
∗
∗ɼ

τ∗
∗ɼRfdɼUfd ࣍ͷΑ͏ʹఆΊΒΕΔɽ

γw
klf = aw

0 (79)

ρw
klf = bw

0 +
∑

td

hkltrkdtr(G−1
fd Ω−1

tf ) (80)

τw
klf =

∑

td

h−1
kltr

−1
kd tr (GfdΦtfkldXtf Φtfkld) (81)

γh
klt = ah

0 (82)

ρh
klt = bh

0 +
∑

fd

wklf rkdtr(G−1
fd Ω−1

tf ) (83)

τh
klt =

∑

fd

w−1
klf r−1

kd tr (GfdΦtfkldXtf Φtfkld) (84)

γr
klf = ar

0 (85)

ρr
kd = br

0 +
∑

tfl

wklf hklttr(G−1
fd Ω−1

tf ) (86)

τr
kd =

∑

tfl

w−1
klf h−1

klttr (GfdΦtfkldXtf Φtfkld) (87)

Rfd = (G0
fd)−1 +

∑

tkl

w−1
klf h−1

kltr
−1
kd ΦtfkldXtf Φtfkld (88)

Ufd =
∑

tkl

wklf hkltrkdΩ−1
tf (89)

4. ධ Ձ ࣮ ݧ

ఏҊ๏ͷੑΛධՁ͢ΔͨΊɼγϛϡϨʔγϣϯʹΑΓ

ࠞ߹ͨ͠ԻΛ༻͍࣮ͨݧΛͨͬߦɽൺֱख๏ͱͯ͠ɼIVA [15]ɼ
Ϛϧννϟωϧ NMF (MNMF) [12]ɼԻݯϞσϧΛεύʔε
ͱۭؒ͠Ϟσϧʹ LDAΛ༻͍ͨ๏ (LDA) [9]Λ༻͍ͨɽ
·ͨɼLDAͰԻݯͷಉ࣌ਪఆ͕͏ߦɼ݅Λରʹ͢
ΔͨΊԻݯطͱͨ͠ɽ

4. 1 ࣮ ݧ  ݅

ਤ 2ʹԻݯͱϚΠΫͷஔΛࣔ͢ɽؒ࣌ڹ 400 ms ͷΠ
ϯύϧεԠΛ༻͍ͯ 3ԻݯΛࠞ߹ͨ͠ԻΛ༻͍ͨɽϚΠ
Ϋ 4ͱͨ͠ɽࠞ߹ԻʹɼԻͷΈͷࠞ߹ԻͱԻָͷΈ
ͷࠞ߹ԻɼԻͱԻָͷࠞ߹ԻΛͦΕͧΕ 10 ͠༺ͭͣݸ
ͨɽ༻͍ΔԻָͱԻ SISEC [16] ͱ JNAS ͷԻૉόϥϯ

100 

0

28 

8080

1

2

3

4

ਤ 2 ϚΠΫஔ

εจ [17]͔Βબͨ͠ɽαϯϓϦϯάप 16 kHz ͱ͠ɼ
STFTͰ૭෯ 512ͷϋϛϯά૭Λγϑτ෯ 256Ͱ༻ͨ͠ɽ
ఈج L = 20 ͱ͠ɼϋΠύʔύϥϝʔλɼν = M + 1ɼ
aπ0 = aφ0 = 10ɼaψ0 = aw

0 = ah
0 = ar

0 = bw
0 = bh

0 = br
0 = 1 ͱ͠

ͨɽ·ͨɼG0
fd = (afdaH

fd + 0.01 × I)−1 ͱ͠ɼafd ʹແڹ

ࣨͰ 5◦ ִؒͰԻͨ͠ΠϯύϧεԠΛ༻͍ͨɽΪϒεαϯ

ϓϦϯάͷߦࢼճ 200ճͱ͠ɼ͡Ίͷ 180ճ burn-in
ͱͯ͠٫ͨ͠غɽධՁईͱͯ͠ɼSignal-to-distortion ra-
tio (SDR)ɼSignal-to-inference ratio (SIR)ɼSignal-to-artificial
ratio (SAR)Λ༻͍ͨɽSDR૯߹తͳੑɼSIRత
ԻҎ֎ͷԻͷআੑڈɼSARԻͷΈͷগͳ͞Λද͢
ईͰ͋Δɽ

4. 2 ࣮ ݧ ݁ Ռ

ද 2ɼ3ɼ4ʹ࣮݁ݧՌΛࣔ͢ɽͦΕͧΕͷ݅ʹ͓͍ͯ࠷
͕େ͖͘ͳͬͨͷΛଠࣈͰࣔͨ͠ɽSIR LDA-LDA
Λ͕ࣔͨ͠ɼSDRͱੑ͍ߴ࠷͕ SAR NMF-NMF͕࠷
ੑ͍ߴΛࣔͨ͠ɽ·ͨɼఏҊ๏Ͱࣄલͷύϥϝʔλ

ͱͯ͠༻͢ΔϚΠΫϩϗϯΞϨΠͷΠϯύϧεԠΛඞཁ

ͱ͢Δ͕ɼແࣨڹͰԻͨ͠ΠϯύϧεԠΛ༻͍ͯڹ

ؒ࣌ 400msͷڥԼͰͷࠞ߹Իͷ͕Ͱ͖ͨ͜ͱ͔Βɼະ
ͷڥԼʹ͓͍ͯ༻͢ΔϚΠΫϩϗϯΞϨΠ͕ಉ͡Ͱ

͋ΕఏҊ๏ʹΑΓԻݯ͕ՄͰ͋Δͱ͑ߟΒΕΔɽ

5. ͓ Θ Γ ʹ

ຊߘͰɼԻݯϞσϧɾॏաఔͷͦΕͧΕʹରͯ͠ɼҼࢠ

Ϟσϧͱࠞ߹ϞσϧΛ༻͍ͨϞσϧԽΛ͜͏ߦͱͰෳͷԻ

๏ݯ๏ΛఏҊͨ͠ɽͦΕͧΕͷϞσϧԽʹΑΔԻݯ

Λൺֱ͢ΔͱɼSDRɼSARͷ؍ͰԻݯϞσϧͱॏաఔ
ߴੑ͕࠷ϞσϧʹΑΓϞσϧԽ͞Εͨख๏͕ࢠҼʹڞ͕

͘ɼSIRͷ؍ͰԻݯϞσϧͱॏաఔ͕ڞʹࠞ߹Ϟσϧ
ͰϞσϧԽ͞Εͨख๏͕࠷ੑ͕͍͜ߴͱΛ֬ೝͨ͠ɽͨ

ͩ͠ɼԻݯϞσϧ͕ࠞ߹Ϟσϧɼॏաఔ͕ҼࢠϞσϧͰϞσ

ϧԽ͞Εͨख๏·࣮ͩݱͰ͖͓ͯΒͣɼޙࠓͦͷϞσϧ

ԽΛํ͏ߦ๏ʹ͍ͭͯ͑ߟΔඞཁ͕͋Δɽ

 

ෳૉΟγϟʔτͱҰൠԽٯΨεͷ֬ີؔ

ҎԼͷͱ͓ΓͰ͋Δɽ

WC(G|ν, G0) = |G|ν−M exp(−tr(G(G0)−1))
|G0|νπM(M−1)/2

∏M−1
m=0 Γ(ν − m)

(A·1)

— 6 —



ද 2 ԻָʹΑΔධՁ

SDR SIR SAR
IVA 0.3 dB 4.9 dB 5.7 dB

MNMF 1.0 dB 6.2 dB 6.7 dB
LDA 0.7 dB 7.4 dB 4.1 dB

NMF-LDA 0.5 dB 8.7 dB 3.2 dB
LDA-LDA 0.7 dB 8.7 dB 3.3 dB
NMF-NMF 3.2 dB 8.1 dB 7.5 dB

ද 3 ԻʹΑΔධՁ

SDR SIR SAR
IVA 3.4 dB 7.5 dB 7.1 dB

MNMF 4.8 dB 10.0 dB 7.7 dB
LDA 5.5 dB 15.1 dB 6.3 dB

NMF-LDA 4.2 dB 14.0 dB 5.2 dB
LDA-LDA 5.8 dB 17.0 dB 6.3 dB
NMF-NMF 6.0 dB 12.6 dB 7.5 dB

ද 4 Իָ + ԻʹΑΔධՁ
SDR SIR SAR

IVA 0.1 dB 5.3 dB 5.3 dB
MNMF 1.8 dB 8.6 dB 6.1 dB

LDA 2.4 dB 11.5 dB 4.5 dB
NMF-LDA 1.1 dB 9.8 dB 4.1 dB
LDA-LDA 2.8 dB 14.2 dB 3.9 dB
NMF-NMF 4.9 dB 13.0 dB 6.6 dB

GIG(y|γ, ρ, τ) = exp{(γ − 1) log y − ρy − τ/y}ργ/2

2τγ/2Kγ(2√
ρτ) (A·2)

ͨͩ͠ Kγ ୈ 2छมܗϕοηϧؔͰ͋Δɽ·ͨɼMGIGC

ͷ֬ີؔҎԼͷൺྫࣜͰද͞ΕΔɽ

MGIGC(X|γ, R, U) ∝ |X|γ−M exp{−tr(RX + UX−1)}
(A·3)

ँࣙ ຊڀݚͷҰ෦ɼJSPS Պݚඅ 24220006ɼ15K12063 ͷࢧԉΛड͚ͨɽ
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