
೴࣓քܭଌΛ༻͍ͨΤΞίϯԻͷௌײҹ৅ਪఆͷࢼΈ

ʵൺֱ൑அΛ༻͍ͨҹ৅༧ଌϞσϧͷֶशʵ ∗

ˑ໼໺ɹഹʢਆށେ/࢈૯ݚʣɼୌޱ఩໵ɼ༗໦߁༤ʢਆށେʣɼ
ਆ୩ɹউʢʢגʣσϯιʔʣɼத઒੣࢘ʢઍ༿େ/࢈૯ݚʣ

1 ͸͡Ίʹ

৽ͨͳԻͷҹ৅ධՁͷख๏ͱͯ͠ɼ೴׆ಈܭଌʹ

ҹ৅ධՁͷํ๏͕ఏҊ͞Ε͍ͯΔͮ͘ج [1−3]ɽ͜Ε

Βͷख๏͸ɼैདྷͷ࣭໰ࢴ๏ͳͲͷ৺ཧతख๏ʹൺ

΂ͯɼ৺ཧతόΠΞεͷӨڹͷ௿ݮ΍ҙࣝԼͷҹ৅

ධՁͷՄೳੑͱ͍ͬͨϝϦοτΛ༗͍ͯ͠Δɽ

զʑ͸͜Ε·ͰɼΤΞίϯԻͷௌऔʹΑͬͯऒ͞ى

ΕΔҹ৅ͷධՁʹऔΓ૊ΜͰ͖ͨɽΤΞίϯԻʹ࣌

ؒมಈΛ༩͑ͨ৔߹ͷʠྋ͠͞ʡɼʠ޷·͠͞ʡͷҹ

৅ͱࣗൃ཯ಈͷ࣌ؒత҆ఆੑɼ͓ΑͼΤΞίϯԻௌ

औʹ൐͏ࣄ৅ؔ࿈ಉظʗ୤ಉظΛௐࠪ͠ɼҹ৅ͱ೴

ग़ͨ͠ݟಈͱͷؒʹ͍͔ͭ͘ͷ૬ؔΛ׆ [4,5]ɽ͜ΕΒ

ͷ஌ݟ͸ɼ೴׆ಈࢦඪΛ༻͍ͨҹ৅ධՁͷՄೳੑΛ

ࣔࠦ͢Δ΋ͷͰ͋Δ΋ͷͷɼಘΒΕͨҹ৅ͱ೴׆ಈ

ͱͷؒͷ૬ؔ͸େ͖͘ͳ͘ɼݱঢ়Ͱ͸͜ΕΒͷࢦඪʹ

ΑΔҹ৅ධՁ͸ࠔ೉Ͱ͋ΔͱݴΘ͟ΔΛ͑ͳ͍ɽ

ͦͷҰํͰɼճؼϞσϧΛ༻͍ͨΤΞίϯԻͷҹ

৅ධՁࢦඪͷߏஙɼ͓Αͼҹ৅ͱؔ࿈ͷ͋Δ೴׆ಈ

ͷநग़ʹ΋औΓ૊ΜͰ͖ͨ [6,7]ɽલߘ [7] Ͱ͸ɼΤΞ

ίϯԻௌऔ࣌ͷ೴࣓քͷ࣌ؒʵप೾਺ಛ௃͔Βɼඇ

ෛ஋ςϯιϧ෼ղʢNon-negative Tensor Factorization:
NTFʣʹΑͬͯɼ࣌ؒʵप೾਺ಛ௃ͷ࣋ͭଟ࣍ݩͷߏ
଄Λྀͨ͠ߟ௿࣍ݩͷಛ௃ྔΛநग़ͨ͠ɽ·ͨɼ͜ͷ

ಛ௃ྔͱҰରൺֱ๏ʹΑͬͯಘΒΕͨҹ৅ͷई౓஋

ͱରԠ͚ͮΔճؼϞσϧΛֶश͠ɼϞσϧͷධՁΛ

Λ֬ೝ͢ΔྻߦఈجɽNTFʹΑͬͯಘΒΕͨͨͬߦ
͜ͱʹΑͬͯɼҹ৅ͱؔ࿈͢Δ೴׆ಈͷநग़͕ظ଴͞

Εͨ΋ͷͷɼҹ৅ͱؔ࿈ͷ͍ߴಛఆͷ೴׆ಈ੒෼Λ

Βͳ͔ͬͨɽ·ͨɼҰରൺֱ൑அͷ༧ࢸ͸ʹ͍ͩ͢ݟ

ଌͷਖ਼ղ཰͸ 50%ఔ౓ʹա͗ͳ͔ͬͨɽ೴׆ಈࢦඪ
Λ༻͍ͨҹ৅ධՁࢦඪͷߏஙʹ͸ະͩଟ͘ͷ՝୊͕

Ε͍ͯΔɽ͞࢒

ຊߘͰ͸ɼΤΞίϯԻධՁͷͨΊͷ࣮༻తͳ೴׆

ಈࢦඪͷߏஙΛ໨తͱͯ͠ɼҹ৅༧ଌϞσϧͷվળΛ

ରͱͯ͠ఄࣔ͞ΕܹͨࢗΈͨɽࢼ 2ͭͷΤΞίϯԻ
ʹର͢Δ༏ྼͷ൑அΛҹ৅༧ଌϞσϧͷֶश࣌ʹߟ

ྀ͢Δ͜ͱʹΑͬͯɼҹ৅ͷ༧ଌͷਫ਼౓ΛվળͰ͖Δ

ͱ͑ߟΒΕΔɽલߘͱಉ༷ͷํ๏Ͱநग़͞Εͨಛ௃

ྔͱʠྋ͠͞ʡ͓ Αͼʠ޷·͠͞ʡʹ ؔ͢Δൺֱ൑அ

∗Learning of the predictive model for evaluation of auditory impressions induced by the HVAC sound using a paired-
comparative judgment. by YANO, Hajime (Kobe Univ./AIST), TAKIGUCHI, Tetsuya, ARIKI, Yasuo (Kobe Univ.),
KAMIYA, Masaru (DENSO Corp.), NAKAGAWA, Seiji (Chiba Univ./AIST).

Λ༻͍ͯɼൺֱ൑அΛྀͨ͠ߟαϙʔτϕΫλʔϚ

γϯʢSupport Vector Machine: SVMʣʹͮ͘جҹ৅
༧ଌϞσϧΛֶश͠ɼͦͷ༧ଌਫ਼౓ͷධՁΛͨͬߦɽ

2 ೴࣓քܭଌ࣮ݧ

2.1 Իܹࢗ

৐༻ं಺ͷӡసऀͷண࠲ҐஔʢϔουϨετ෇ۙʣͰ

༧ଌූ߸ԽʢLinearܗɼઢʹجଌ͞ΕͨΤΞίϯԻΛܭ
Predictive Coding: LPCʣʹΑͬͯεϖΫτϧแབྷΛ
நग़͢Δ͜ͱͰϞσϧԽ͞ΕͨΤΞίϯԻ [8]Λ༻͍

੒ͨ͠ɽ͜ͷϞσϧԻʹର͠ɼ࣌ؒมಈ࡞ԻΛܹࢗͯ

ͱͯ͠ਖ਼ݭ೾ʹΑΔৼ෯มௐΛ͠ࢪɼมௐप೾਺Λม

Խͤͯ͞ 7छྨͷܹࢗԻʢ0ʢมௐͳ͠ʣɼ0.2ɼ0.4ɼ
0.6ɼ0.8ɼ1.6ɼ3.2 HzʣΛ࡞੒ͨ͠ɽͳ͓ɼܹࢗԻͷ
࣋ଓ࣌ؒ͸ 5 sɼมௐ౓͸ Իѹ͸ܹࢗఆ͠ɼݻʹ0.15
ඃऀݧຖʹɼมௐप೾਺ 0 Hzʢมௐͳ͠ʣͷܹࢗԻ
ʠ͕͸͖ͬΓͱฉ͑͜ɼͳ͓͔ͭͪΐ͏Ͳྑ͍ͱ͡ײ

Δʡେ͖͞ʹઃఆͨ͠ɽ

2.2 ํ๏

ՃͷಉҙΛಘͨௌ݈֮ৗऀࢀݧ࣮ 8໊ʢஉੑ 6໊ɼ
ঁੑ 2 ໊ɼ21–24 Իௌऔܹ࣌ࢗͱ͠ɼऀݧʣΛඃࡀ
ͷ೴࣓քΛܭଌͨ͠ɽܹࢗԻ͸ɼ༧Ίඃ͝ऀݧͱʹ 7
ͭͷܹࢗԻʹର͢Δʠྋ͠͞ʡ͓ Αͼʠ޷·͠͞ʡͷ

ई౓஋ΛҰରൺֱ๏ʹΑͬͯௐࠪ͠ɼ֤ҹ৅ͷई౓

஋͕࠷େɼ࠷খͱͳΔܹࢗԻΛؚΉܭ 4ͭͷܹࢗԻ
Λબ୒ͨ͠ɽඃऀݧʹ 4ͭͷܹࢗͷ͏ͪ 2ͭͣͭΛ
࿈ଓతʹఄࣔ ʠ͠ྋ͠͞ʡɼʠ޷·͠͞ʡͷ֤ج४ʹ

͓͚Δ༏ྼΛධՁͤͨ͞ɽͳ͓ɼ೴࣓քܭଌ͸࣓ؾ

γʔϧυϧʔϜ಺Ͱ 122chશ಄ܕ೴࣓քܭଌγες
ϜʢNeuromag-122TMʣΛ༻͍ͯͨͬߦɽ

3 ಛ௃ྔநग़

3.1 ࣌ؒ-प೾਺ಛ௃

֤νϟωϧʹ͓͚Δޙࣔఄܹࢗ 0–5000 ms ͷ raw
dataʹର͠ɼ࿈ଓ΢ΣʔϒϨοτม׵Λ༻͍ͯ࣌ؒʵ
प೾਺ಛ௃Λநग़ͨ͠ɽ࣌ؒ৴߸Λ x(t)ͱ͢Δͱɼ࿈
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ଓ΢ΣʔϒϨοτม׵͸ҎԼͷΑ͏ʹද͞ΕΔɽ

C(a, b) =
1√
a

∫ ∞

−∞
x(t)ψ∗

(
−b− t

a

)
dt (1)

ψ(t) = π− 1
4 ejω0te−

t2

2 (2)

a͸ղੳ͢Δप೾਺ɼb͸ղੳ͢Δ࣌ࠁʹରԠ͢Δύ

ϥϝʔλͰ͋Δɽψ(t)͸΢ΣʔϒϨοτؔ਺ͰຊߘͰ

͸ෳૉϞϧϨʔ΢ΣʔϒϨοτΛ༻͍ͨɽຊߘͰ͸ɼ

ޙࣔఄܹࢗ 0–5000 msͷ۠ؒΛ 20 msຖɼ4–100 Hz
ͷ۠ؒΛ 1 Hzຖʹ΢ΣʔϒϨοτ܎਺Λͨ͠ࢉܭɽ

3.2 ඇෛ஋ςϯιϧ෼ղ

1ճͷࣔఄܹࢗʹରԠ͢Δଟνϟωϧͷ raw data͔
Βಘͨ࣌ؒʵप೾਺ಛ௃ྔ͸प೾਺ɼ࣌ؒɼνϟωϧ

ͷ 3ͭͷ࣍ݩΛ࣋ͭ 3֊ͷςϯιϧʢ3࣍ݩ഑ྻʣͰ
ද͞ݱΕΔɽ͢ͳΘͪɼඃऀݧ 1ਓ͋ͨΓͷ࣌ؒʵप
೾਺ಛ௃ྔ͸ɼߦࢼ਺ͷ࣍ݩΛՃ͑ͨ 4֊ͷςϯιϧ
Ͱද͞ݱΕΔɽຊߘͰ΋ɼલߘ [7]ͱಉ༷ʹඇෛ஋ς

ϯιϧ෼ղʢNon-negative Tensor Factorization: NTFʣ
[9−10]Λ༻͍ͯɼ࣌ؒʵप೾਺ಛ௃ྔ͔Βଟ࣍ݩͳߏ

଄Λྀͨ͠ߟ௿࣍ݩͷಛ௃ྔΛநग़ͨ͠ɽ

प೾਺ɼ࣌ؒɼνϟωϧɼߦࢼ਺ͷ࣍ݩΛ࣋ͭ 4֊
ͷςϯιϧɼX = {xi,j,k,l} ∈ RI×J×K×L

+ ɼʹର͢Δ

NTF͸ҎԼͷࣜͰද͞ΕΔɽ

X ≈
R∑

r=1

ar ◦ br ◦ cr ◦ tr (3)

͜͜ͰɼA = {ai,r} = [a1 . . .aR] ∈ RI×R
+ ɼB =

{bj,r} = [b1 . . . bR] ∈ RJ×R
+ ɼC = {ck,r} =

[c1 . . . cR] ∈ RK×R
+ ɼT = {tl,r} = [t1 . . . tR] ∈ RL×R

+

Ͱ͋Γɼͦ ΕͧΕඇෛͷཁૉΛ࣋ͭप೾਺ɼ࣌ ؒɼνϟ

ωϧɼߦࢼʹؔ͢ΔجఈྻߦͰ͋Δɽ·ͨɼʠ ◦ʡ͸ϕ
Ϋτϧͷ௚ੵΛද͢ɽςϯιϧX ͷ֤ཁૉ͸࣍ͷΑ

͏ʹද͞ΕΔɽ

xi,j,k,l ≈
R∑

r=1

ai,rbj,rck,rtl,r (4)

AɼBɼCɼTྻߦఈج ͸ɼࣜ (3)ͷࠨลͱӈลͷ
ࠩͷ FrobeniusϊϧϜΛ࠷খԽ͢Δ͜ͱʹΑͬͯٻΊ
ͨɽͳ͓ɼجఈྻߦͷεέʔϧͷ೚ҙੑ͔ΒɼAɼBɼ

Cͷ֤ྻϕΫτϧͷ L2ϊϧϜ͕ 1ʹͳΔΑ͏ʹਖ਼ن
Խͨ͠ɽ

ࣜ (3)ʹࣔͨ͠ NTF͸ɼςϯιϧX Λ Rݸͷप

೾਺ɼ࣌ؒɼνϟωϧͷ࣍ݩΛ࣋ͭ 3֊ͷϥϯΫ 1ς
ϯιϧ ar ◦ br ◦ cr ʹɼͦΕͧΕ܎਺ tl,r Λ৐ͯ͡଍

͠߹ΘͤͨϞσϧͱղऍͰ͖Δɽ֤ϥϯΫ 1ςϯι
ϧ͕ݸʑͷ೴׆ಈΛද͢ݱΔͱԾఆ͢Δͱɼجఈߦ

ྻ T ͷߦϕΫτϧ͕ͦΕΒͷڧ౓Λද͢ͱ͑ߟΒΕ

ΔɽRΛখ͘͞औΕ͹ɼςϯιϧX ͸গͳ͍਺ͷϥ

ϯΫ 1ςϯιϧͰද͞ݱΕΔɽຊڀݚͰ͸ɼجఈߦ
ྻ T ͷ֤ߦϕΫτϧΛ௿࣍ݩͷಛ௃ྔͱͯ͠༻͍ͨɽ

4 ҹ৅༧ଌϞσϧ

4.1 ൺֱ൑அΛྀͨ͠ߟϞσϧֶश

͋Δܹࢗ Aͷҹ৅ΛධՁͨ͠ࡍͷ೴׆ಈ͔Βநग़

ͨ͠ಛ௃ྔ xA͔ΒɼܹࢗAͷҹ৅ͷई౓஋ vAΛ༧

ଌ͢ΔϞσϧΛ vA = f(xA)ͱද͢ɽҎԼͰ͸ܹࢗ

AͱBΛൺֱͨ࣌͠ͷ༏ྼͷ൑அ͕ f(xA)ͱ f(xB)

ͷେখؔ܎ʹΑܾͬͯఆ͞ΕΔͱԾఆ͍ͯ͠Δɽ

લߘ [7]Ͱ͸ɼ೴׆ಈಛ௃ྔ͔Βҹ৅Λ༧ଌ͢ΔϞ

σϧ f ΛɼԠ౴ม਺ΛҰରൺֱ๏ͰಘͨΤΞίϯԻ

ͷҹ৅ͷई౓஋ɼઆ໌ม਺Λ೴׆ಈ͔Βநग़ͨ͠ಛ

௃ྔϕΫτϧͷ֤࣍ݩͱ͢ΔճؼϞσϧʹΑͬͯߏ

ஙͨ͠ɽ͔͠͠ͳ͕ΒɼҰରൺֱ൑அΛ܁Γฦ͠ཁٻ

͢ΔΑ͏ͳ৔߹ʹ͓͍ͯɼඞͣ͠΋ 1ͭͷܹࢗରʹ
ରͯ͠ৗʹಉ͡൑அ͕ͳ͞ΕΔΘ͚Ͱ͸ͳ͘ɼಛʹ൑

அͷ೉͍ܹࢗ͠ରͷ৔߹ɼ༏ྼͷ൑அ͕ೖΕସΘΔ

Մೳੑ͕͑ߟΒΕΔɽ೴׆ಈ͔Βநग़ͨ͠ಛ௃ྔͱ

Ұରൺֱ๏Ͱͨ͠ࢉܭҹ৅ͷई౓஋ΛରԠ෇͚Δͩ

͚ͷճؼϞσϧͰ͸ɼ͜ͷΑ͏ͳൺֱ൑அͷೖΕସ

ΘΓΛϞσϧԽ͢Δ͜ͱ͸ࠔ೉Ͱ͋Δͱ͑ߟΒΕΔɽ

ͦͷҰํͰൺֱ൑அΛֶश࣌ʹྀ͢ߟΔ͜ͱͰɼ൑

அͷೖΕସΘΓɼͭ·Γҹ৅ͷେখؔ܎ͷมԽʹ൐͏

೴׆ಈͷมԽΛଊ͑ɼΑΓਖ਼֬ͳҹ৅ͷ༧ଌ͕Մೳ

ʹͳΔͱ͑ߟΒΕΔɽ

i൪໨ʹఄࣔ͞ΕΔܹࢗର (Ai, Bi)ʹ͍ͭͯɼܹࢗ

AiͱܹࢗBiΛҰରൺֱͨ͠ࡍͷ൑அΛ yi ∈ {−1, 1}
ͱ͢Δɽͨͩ͠ɼAi ͷํ͕ྋ͍͠ʗ޷·͍͠ͱ൑அ

͞ΕΔ৔߹ 1ɼBi ͷ΄͏͕ྋ͍͠ʗ޷·͍͠ͱ൑அ

͞ΕΔ৔߹Λ −1 ͱ͢Δɽ·ͨɼܹࢗ Ai ͓Αͼࢗ

ܹBiௌऔ࣌ͷ೴׆ಈ͔Βநग़ͨ͠ಛ௃ྔΛͦΕͧΕ

xA
i ɼxB

i ͱ͢ΔͱɼֶशσʔλʹҰରൺֱ൑அΛຬ

ͨ͢Α͏ʹ༧ଌϞσϧ f Λֶश͢ΔͨΊʹ͸ɼ͢΂

ͯͷ iʹ͍ͭͯɼyi > 0 ⇔ f(xA
i ) > f(xB

i )ɼ·ͨ͸ɼ

yi < 0 ⇔ f(xA
i ) < f(xB

i )ɼͱ͍ͬͨ৚͕݅ຬͨ͞Ε

Δඞཁ͕͋ΔɽHerbrichΒʹΑͬͯɼ͜ͷ৚݅Λྀߟ
ͨ͠ SVMʹͨࣅ࿮૊ΈͷֶशΞϧΰϦζϜ͕ఏҊ͞
Ε͍ͯΔ [11]ɽຊڀݚͰ͸͜ΕΛར༻͠ɼΤΞίϯԻ

ͷҹ৅༧ଌϞσϧΛߏங͢Δɽ

ҹ৅༧ଌϞσϧΛઢܗϞσϧ f(x) = wTφ(x) + b

Ͱද͢ݱΔͱɼ༧ଌ͞ΕΔҹ৅ͷେখؔ܎ͱ࣮ࡍͷ

ൺֱ൑அ͕Ұக͢ΔͨΊͷ৚݅͸࣍ͷΑ͏ʹͳΔɽ

yiw
T (φ(xA

i )− φ(xB
i )) ≥ 1 (5)

ͨͩ͠ɼಛ௃ྔ xΛΑΓݩ࣍ߴͳۭؒ΁ࣸ૾ͨ͠ಛ

௃ྔΛ φ(x)ͱද͠ɼb͸όΠΞε߲Λද͍ͯ͠Δɽ
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͜ͷ৚݅Λຬͨͯ͠ɼSVMͷֶशͷΑ͏ʹϚʔδ
ϯ࠷େԽ͢ͳΘͪɼwTwΛ࠷খԽ͢ΔͨΊʹ͸ɼ࣍

ͷ໨తؔ਺ͷ࠷େԽ໰୊Λղ͚͹ྑ͍ɽ

L(α) =
l∑

i=1

αi −
1

2

l∑

i,j=1

αiαjyiyj < di,dj > (6)

di = φ(xA
i )− φ(xB

i )

ͨͩ͠ɼ< ·, · >͸಺ੵΛද͢΋ͷͱ͢Δɽ໨తؔ਺
΍ҹ৅ͷई౓஋ͷ༧ଌࣜʹ͸ɼಛ௃ྔͷۭؒݩ࣍ߴ

΁ͷࣸ૾͸಺ੵͷܗͰݱΕΔͨΊɼΧʔωϧτϦοΫ

Λ༻͍ͯ͢ࢉܭΔ͜ͱ͕Ͱ͖Δɽ

4.2 ධՁ࣮ݧ

ඃ͝ऀݧͱʹɼ೴࣓ք͔ΒΤΞίϯԻͷҹ৅Λ༧

ଌ͢ΔϞσϧΛɼैདྷͷճؼϞσϧ͓Αͼൺֱ൑அ

Λྀͨ͠ߟϞσϧΛ༻͍ͯߏஙͨ͠ɽ

·ͣɼ༧Ίܭଌσʔλ͝ͱʹෆྑͳνϟωϧΛআ͍

ͯ࣌ؒʵप೾਺ಛ௃Λޙͨ͠ࢉܭɼNTFΛ༻͍ͯ௿
ͷಛ௃ྔΛநग़ͨ͠ɽ·ͨɼ࣌ؒʵप೾਺ಛ௃ྔݩ࣍

ͷଟ࣍ߏݩ଄Λྀ͠ߟͳ͍৔߹ͱͯ͠ɼඇෛ஋ྻߦҼ

෼ղʢNon-negativeࢠ Matrix Factorization: NMFʣΛ
༻͍ͯ௿࣍ݩͷಛ௃ྔΛநग़ͨ͠ɽNMFʹΑΔಛ௃
ྔநग़͸ɼߦࢼຖʹಘΒΕΔप೾਺ɼ࣌ؒɼνϟωϧ

ͷ 3֊ͷςϯιϧΛϕΫτϧԽͨ͠΋ͷΛฒ΂ͯͰ
͖Δྻߦ V ∈ RIJK×L

+ ΛɼV ≈ WH ͱͳΔΑ͏ͳ

2ͭͷඇෛྻߦW ∈ RIJK×R
+ ɼH ∈ RR×L

+ ͷੵʹ

෼ղ͢Δ͜ͱʹΑͬͯͨͬߦɽ෼ղʹΑͬͯಘΒΕͨ

Hྻߦ ͷྻϕΫτϧΛऔΓग़͠ಛ௃ྔϕΫτϧͱ͠

ͨɽͳ͓ɼNTF͓ΑͼNMFͰநग़ͨ͠ಛ௃ྔϕΫτ
ϧͷ࣍ݩ਺͸͍ͣΕ΋ 50ͱͨ͠ɽ
࣍ʹɼNTF·ͨ͸NMFͰಘΒΕͨಛ௃ྔ͔ΒΤΞ
ίϯԻͷʠྋ͠͞ʡ͓ Αͼʠ޷·͠͞ʡͷҹ৅ͷධՁ

஋Λ༧ଌ͢ΔϞσϧΛֶशͨ͠ɽճؼϞσϧʹ͸α

ϙʔτϕΫλʔճؼ (Support Vector Regression: SVR)
Λ༻͍ͨɽԠ౴ม਺ͱ࣮ͯ͠ݧͰಘͨҰରൺֱ൑அ

͔Β ThurstoneͷҰରൺֱ๏ʢέʔεVʣΛ༻͍ͯܭ
ई౓ධՁ஋Λ༩͑ɼSVRͷΧʔωϧؔ਺ʹ͸ͨ͠ࢉ
Ψ΢γΞϯΧʔωϧΛ༻͍ͨɽ·ͨɼൺֱ൑அΛྀߟ

͢ΔϞσϧʹ͓͚ΔΧʔωϧؔ਺ʹ͸ɼઢܗΧʔω

ϧͱΨ΢γΞϯΧʔωϧΛ༻͍ͨɽ

4.3 ϞσϧͷධՁํ๏

ܹࢗ s ∈ {1, . . . , 4}Λؚ·ͳ͍ܹࢗରΛఄࣔͨ࣌͠
ͷ raw data͔Βநग़ͨ͠ಛ௃ྔͱɼҹ৅ͷई౓஋·
ͨ͸Ұରൺֱ൑அΛֶशσʔλͱ͠ɼܹࢗ sΛؚΉࢗ

ܹରΛఄࣔͨ͠ͱ͖ͷ raw data͔Βநग़ͨ͠ಛ௃ྔ
ͱɼҹ৅ͷई౓஋·ͨ͸Ұରൺֱ൑அΛςετσʔ

λͱͨ͠ɽNTF͓Αͼ NMFʹΑΔςετσʔλͷ
ಛ௃ྔநग़͸ɼͦΕͧΕֶशσʔλͷ෼ղʹΑͬͯಘ

ΒΕΔجఈྻߦAɼBɼCɼ͓ΑͼW Λςετσʔ

λΛ෼ղ͢Δࡍʹ༩͑ͯͨ͠ࢉܭɽ

ֶशͨ͠ҹ৅༧ଌϞσϧͷධՁ͸ɼ·ֶͣशσʔ

λ͔Βߏஙͨ͠ϞσϧΛ༻͍ͯɼςετσʔλͷಛ

௃ྔ͔ΒධՁई౓஋Λ༧ଌͨ͠ɽ࣍ʹɼܹࢗରͱରԠ

͢Δ 2ͭͷಛ௃ྔ͔Β༧ଌͨ͠ධՁई౓஋ͷࠩΛܭ
ࡍɼͦͷූ߸͔ΒҰରൺֱ൑அΛ༧ଌͨ͠ɽ࣮͠ࢉ

ʹ೴࣓քܭଌ࣮ݧʹ͓͍ͯಘΒΕͨൺֱ൑அͱɼ༧

ଌͨ͠ൺֱ൑அΛൺ΂ͯࢉग़ͨ͠ਖ਼ղ཰Λ͢΂ͯͷ s

ʹΘͨͬͯฏͨ͠ۉ΋ͷΛ࠷ऴతͳਖ਼ղ཰ͱͨ͠ɽ

4.4 ݁Ռɾ࡯ߟ

ඃ͝ऀݧͱʹߏஙͨ͠ҹ৅༧ଌϞσϧʹΑͬͯ༧

ଌ͠ ʠͨྋ͠͞ʡ͓ Αͼʠ޷·͠͞ʡʹ ؔ͢ΔҰରൺ

ֱ൑அͷਖ਼ղ཰ΛͦΕͧΕ Table 1ɼ2ʹࣔ͢ɽClosed
͸ֶशͨ͠ϞσϧͷධՁΛֶशσʔλͰͨͬߦ৔߹ɼ

Open͸ֶशͨ͠ϞσϧͷධՁΛςετσʔλͰͬߦ
ͨ৔߹Λද͍ͯ͠Δɽ

ධՁํ๏͕Openͷ৔߹ʹ͍ͭͯɼൺֱ൑அΛྀߟ
ͨ͠ϞσϧΛ༻͍ͨ৚݅શͯʹ͓͍ͯɼճؼϞσϧ

Λ༻͍ͨख๏ͷਖ਼ղ཰Λ্ճΔ݁Ռͱͳͬͨɽ·ͨɼ

ʠྋ͠͞ʡ͓ Αͼʠ޷·͠͞ʡͷ͍ͣΕͷධՁʹ͓͍

ͯ΋ɼಛ௃ྔநग़Λ NTFͰ͍ߦɼΧʔωϧؔ਺ʹΨ
΢γΞϯΧʔωϧΛ༻͍ͨ৔߹͕ɼҰରൺֱ൑அ༧

ଌͷਖ਼ղ཰͕࠷΋͔ͨͬߴɽ

ճؼϞσϧΛ༻͍ͯൺֱ൑அͷ༧ଌΛͨͬߦ৔߹ɼ

ʠྋ͠͞ʡͷධՁʹ͓͚Δඃऀݧ 4ɼ͓Αͼʠ޷·͠
͞ʡͷධՁʹ͓͚Δඃऀݧ 4ɼ6͕ ClosedɼOpenͱ
΋ʹଞͷඃऀݧͱൺֱͯ͠ਖ਼ղ཰͕௿͍݁Ռͱͳͬͯ

͍ΔɽClosedͷਖ਼ղ཰͕௿͍͜ͱ͸ɼֶशσʔλʹ
͓͚Δൺֱ൑அΛຬͨ͢Α͏ʹϞσϧֶ͕श͞Εͣɼ

ͷൺֱ൑அΛϞσϧԽ͢ΔͨΊͷ৚͕݅ຬͨ͞ࡍ࣮

Ε͍ͯͳ͍͜ͱΛද͍ͯ͠ΔɽͦͷҰํͰɼൺֱ൑அ

Λྀͨ͠ߟϞσϧͰ͸ͦΕΒͷඃऀݧͷਖ਼ղ཰͕ಛ

ʹେ্͖͓͍ͯ͘͠޲ΓɼϞσϧͷֶशͰൺֱ൑அΛ

ͱʹΑͬͯɼΑΓਖ਼֬ͳҹ৅ͷ༧ଌ͕Ͱྀ͖ͨ͜͠ߟ

ͨ͜ͱΛ͍ࣔͯ͠Δɽ

5 ·ͱΊ

ΤΞίϯԻௌऔ࣌ͷ೴࣓ք͔Βௌײҹ৅Λ༧ଌՄ

ೳͳɼΑΓਫ਼౓ͷ͍ߴϞσϧΛߏங͢ΔͨΊʹɼֶश

࣌ʹΤΞίϯԻʹର͢Δൺֱ൑அΛྀ͢ߟΔҹ৅༧

ଌϞσϧΛߏங͠ɼͦͷධՁΛͨͬߦɽ

೴࣓քͷ࣌ؒʵप೾਺ಛ௃͔Β NTF·ͨ͸ NMF
Λ༻͍ͯ௿࣍ݩͷಛ௃ྔΛநग़͠ɼͦͷಛ௃ྔ͔ΒҰ

ରൺֱ൑அΛ༧ଌͨ݁͠ՌɼճؼϞσϧΛ༻͍ͨै

དྷͷख๏ͱൺֱͯ͠ɼֶश࣌ʹൺֱ൑அΛྀͨ͠ߟ

ϞσϧʹΑΔൺֱ൑அ༧ଌͷਖ਼ղ཰্͕ͨ͠޲ɽ͜

- 541 -日本音響学会講演論文集 2017年3月



Table 1 Prediction accuracies of paired-comparative judgment on coolness [%].

NTF-Gaussian
(SVR)

NMF-Gaussian
(Proposed)

NTF-Linear
(Proposed)

NTF-Gaussian
(Proposed)

Sub. Closed Open Closed Open Closed Open Closed Open
1 79.9 54.3 88.3 56.3 56.8 60.2 76.7 56.8
2 78.8 55.6 81.6 56.0 58.1 58.1 100.0 51.1
3 82.5 54.6 100.0 49.6 50.6 50.6 99.0 55.6
4 35.3 35.1 100.0 57.9 42.7 42.7 100.0 57.9
5 69.0 56.8 99.6 55.5 58.4 58.4 74.7 56.7
6 55.8 55.8 83.2 60.4 50.3 43.5 77.2 59.4
7 54.7 57.6 100.0 57.5 44.1 44.1 100.0 57.5
8 53.8 52.4 79.0 54.2 71.3 71.3 75.5 53.2

Ave. 63.7 52.8 91.5 55.9 54.0 53.6 87.9 56.0

Table 2 Prediction accuracies of paired-comparative judgment on preference [%].

NTF-Gaussian
(SVR)

NMF-Gaussian
(Proposed)

NTF-Linear
(Proposed)

NTF-Gaussian
(Proposed)

Sub. Closed Open Closed Open Closed Open Closed Open
1 72.7 56.2 91.5 55.4 57.2 64.8 92.8 59.3
2 68.2 56.4 100.0 57.3 44.1 47.9 100.0 57.3
3 91.6 56.6 100.0 53.9 53.2 53.8 90.5 55.6
4 43.9 39.4 100.0 54.3 46.2 46.2 100.0 56.7
5 59.6 49.9 85.6 56.0 54.5 56.7 89.8 55.6
6 52.2 41.3 92.1 60.6 57.1 57.0 79.9 60.4
7 64.5 51.2 100.0 54.4 49.7 49.7 92.0 54.0
8 68.1 58.9 99.0 54.5 60.7 60.7 84.2 58.6

Ave. 65.1 51.3 96.0 55.8 52.8 54.6 91.1 57.2

ͷ݁Ռ͸ҹ৅༧ଌϞσϧͷֶश࣌ʹҰରൺֱ൑அΛ

Δ͜ͱͷ༗ޮੑΛ͍ࣔͯ͠Δɽྀ͢ߟ

͔͠͠ͳ͕Βɼ΄ͱΜͲͷඃऀݧʹ͍ͭͯͷҰର

ൺֱ൑அͷ༧ଌͷਖ਼ղ཰͸ ΒͣɼΤ͓ͯͬࢸʹ60%
ΞίϯԻͷҹ৅Λਖ਼֬ʹ༧ଌͰ͖͍ͯΔͱ͸͍ݴ೉

͍ɽΤΞίϯԻͷҹ৅ධՁͷͨΊͷ࣮༻తͳ೴׆ಈ

Δͱྀ͍ͬ͢ߟங͢ΔͨΊʹ͸ɼൺֱ൑அΛߏඪΛࢦ

ͨϞσϧͷվળ͚ͩͰͳ͘ɼಛ௃ྔநग़ख๏ͷվળ͕

ඞཁͰ͋Δͱ͑ߟΒΕΔɽ
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