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1 ͸͡Ίʹ

शऀͷͨΊͷൃԻτϨʔχϯֶֶޠ΍ऀ֐Իোߏ
άʹ͓͍ͯɺൃ࿩ऀͷௐԻӡಈΛఏࣔ͢Δ͜ͱʹΑͬ
ͯτϨʔχϯά͕ΑΓޮՌతʹͳΔ͜ͱ͕ใ͞ࠂΕ
͍ͯΔ [1][2]ɻ͔͠͠ɺௐԻӡಈ৘ใΛಘΔͨΊʹ͸
ಛผͳௐԻ؍ଌγεςϜ͕ඞཁͱͳΓɺͦͷଌఆίε
τ͕ௐԻӡಈ৘ใΛར༻͢Δ্Ͱେ͖ͳো֐ͱͳͬͯ
͍Δɻͦ͜ͰɺௐԻ؍ଌγεςϜΛ༻͍ͣʹԻڹ৘ใ
͔ΒௐԻӡಈΛਪఆ͢Δख๏͕ݕ౼͞Ε͍ͯΔ [3]ɻ
Ի੠͔ΒௐԻӡಈΛਪఆ͢Δख๏ͱͯ͠ɺԻ੠–ௐ
ԻӡಈύϥϨϧσʔλͱ౷ܭతख๏ʹΑͬͯԻ੠–ௐ
Իӡಈͷؔ܎ΛϞσϧԽ͠ɺԻ੠–ௐԻม׵Λ͏ߦख
๏͕ݕ౼͞Ε͍ͯΔ [4]ɻ͔͠͠ɺಛఆͷൃ࿩ऀͷύ
ϥϨϧσʔλʹΑͬͯߏங͞Εͨม׵Ϟσϧ͸࿩ऀ
ґଘϞσϧͱͳΓɺϞσϧ࿩ऀҎ֎ͷԻ੠Λೖྗͱ͠
ͨ৔߹ɺม׵ਫ਼౓͕௿Լ͢Δͱ͍͏໰୊͕͋Δɻ
ઌڀݚߦ [4]Ͱ༻͍ΒΕͨ౷ܭతมٕ׵ज़͸ɼຊདྷ
࿩ऀੑͷม׵Λ໨తͱͯ͠ߏங͞Εͨ΋ͷͰ͋Δɻͦ
͜ͰɺຊߘͰ͸ɺ࿩ऀม׵ʹΑͬͯɺೖྗԻ੠ΛϞσ
ϧ࿩ऀʹ͚ۙͮΔ͜ͱͰɺม׵Ϟσϧͷ࿩ऀґଘੑ
ͷ؇࿨ΛࢼΈͨɻ

2 ࿩ऀม׵Ի੠Λର৅ͱͨ͠GMMʹΑ
ΔԻ੠-ௐԻϚοϐϯά๏

2.1 ࿩ऀม׵ͱԻ੠ʔௐԻӡಈม׵ͷ౷߹

ɺಛఆ࿩ऀʢҎԼϞσϧ࿩ऀʣͷԻ੠–ௐԻӡಈࠓ
ͷύϥϨϧσʔλ͔ΒԻ੠–ௐԻม׵Ϟσϧ͕ߏங͞
Ε͍ͯΔ৔߹Λ͑ߟΔɻຊڀݚͰ͸ɺϞσϧ࿩ऀҎ֎
ͷ࿩ऀͱϞσϧ࿩ऀͱͷԻ੠ͷύϥϨϧσʔλ͕ଘ
߹ͷ౷׵ͱԻ੠–ௐԻม׵Δ৚݅ͷ΋ͱɺ࿩ऀม͢ࡏ
Λ͏ߦɻຊߘͰ͸ɺ1) Ϟσϧ࿩ऀ΁ͷ࿩ऀม׵ͱԻ
੠–ௐԻม׵ΛଟஈͰద༻͠࿈݁͢Δม׵ख๏ʢ࿈݁
Ϟσϧʣͱɺ2) Ϟσϧ࿩ऀͷಛ௃ྔۭؒͷ֬཰෼෍
Λڞ༗͢ΔࣄͰɺผͷൃ࿩ऀͷԻ੠ΛௐԻӡಈʹ௚
઀ม͢׵Δख๏ʢ෼෍ڞ༗Ϟσϧʣͷ 2ͭʹ͍ͭͯ
Δɻ͢౼ݕ

2.2 ࿈݁Ϟσϧ

࿩ऀม׵ͱԻ੠-ௐԻม׵ΛଟஈͰద༻͠࿈݁͢Δม
Ϟ׵Λผʑͷม׵ͱ࿩ऀม׵ख๏Ͱ͸ɺԻ੠-ௐԻม׵
σϧͱͯͦ͠ΕͧΕߏங͢Δɻࠓɺൃ࿩ऀͷԻ੠ಛ௃
ྔΛx(s)ɺϞσϧ࿩ऀͷԻ੠ಛ௃ྔٴͼௐԻӡಈಛ௃
ྔΛ y(s)ɺy(a) ͱ͠ɺύϥϨϧσʔλ͔Βߏ੒͞ΕΔ
݁߹ϕΫτϧz(xy) = [x,y]͓Αͼz(sa) = [y(s),y(a)]

ͷ֬཰ີ౓ΛҎԼͷೋͭͷࠞ߹Ψ΢ε෼෍ʢGMMʣ
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͜͜Ͱɺλ͸ϞσϧύϥϝʔλɺN (·;µ,Σ)͸ɺฏۉ
ϕΫτϧ µɺ෼ڞࢄ෼ྻߦࢄΣͰද͞ΕΔਖ਼ن෼෍
Ͱ͋Δɻ·ͨɺM,N ͸ਖ਼ن෼෍ͷࠞ߹਺ɺα,β͸֤
ࠞ߹੒෼ͷॏΈύϥϝʔλͰ͋Δɻ
ൃ࿩ऀͷԻ੠ΛௐԻӡಈʹม͢׵Δ৔߹͸ɺ·ͣɺ
ൃ࿩ऀͷԻ੠ͱ࿩ऀม׵ϞσϧΛ༻͍ͯɺҎԼͷࣜ
ʹैͬͯ࿩ऀม׵Ի੠ ŷ(s) ΛٻΊΔɻ

ŷ(s) = argmax
y(s)

P (y(s)|x(s);λ(xy)) (5)

͜ͷ ŷ(s) ͸ɺൃ࿩ऀͷԻ੠ΛϞσϧ࿩ऀͷԻ੠ʹม
Ի੠ΛԻ੠–ௐԻ׵΋ͷͰ͋Δɻ࣍ʹɺ͜ͷมͨ͠׵
ม׵Ϟσϧͷೖྗͱͯ͠ɺҎԼͷࣜʹैͬͯௐԻӡಈ
ʹม͢׵Δɻ

ŷ(a) = argmax
y(a)

P (y(a)|ŷ(s);λ(sa)) (6)

͜ͷख๏Ͱ͸ɺൃ࿩ऀͷԻ੠ʹରͯ͠ɺԻ੠ม׵ͱԻ
੠-ௐԻӡಈม׵ͱ͍͏̎ͭͷม͕׵ଟஈʹ࡞༻͢Δ
͜ͱʹͳΔɻ

2.3 ෼෍ڞ༗Ϟσϧ

࿩ऀม׵ͱԻ੠-ௐԻม׵Λ౷߹͠ɺҰͭͷม׵Ϟ
σϧͱͯ͠ߏங͢Δ͜ͱʹΑͬͯɺ࿩ऀม׵Ի੠Λܦ
༝ͤͣʹɺൃ࿩ऀͷԻ੠ΛௐԻӡಈ΁ͱม͢׵Δख
๏Λݕ౼͢Δɻ
࿈݁Ϟσϧʹ͓͍ͯɺࣜ (1),(2)Ͱද͞ΕΔ 2ͭͷ
Ϟσϧͷ֬཰෼෍͸ͱ΋ʹɺ෦෼ۭؒͱͯ͠Ϟσϧ
࿩ऀͷԻ੠ಛ௃ྔͷۭؒΛ༗͢Δɻ͜ͷͱ͖ɺ͜ΕΒ
ͷ෦෼ۭ͕ؒڞ௨ͷϞσϧʹΑͬͯද͞Ε͍ͯΔͱ
༗ʣɺ֤ࠞ߹੒෼ʹ͓͚ΔϞσϧڞͰʢ෼෍ࣄΔ͑ߟ
࿩ऀͷԻ੠ಛ௃ྔͷฏۉϕΫτϧͱ෼ڞࢄ෼ྻߦࢄ
ΛͦΕͧΕಉҰͷ΋ͷͱݟͳ͢͜ͱ͕Ͱ͖Δ [5]ɻͦ
ͯ͠ɺϞσϧ࿩ऀͷԻ੠ಛ௃ྔΛपลԽ͢Δ͜ͱͰɺ
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ൃ࿩ऀͷԻ੠ΛௐԻӡಈʹ௚઀ม͢׵ΔϞσϧΛߏ
ங͢Δ͜ͱ͕ՄೳʹͳΔɻ
ൃ࿩ऀͷԻ੠ಛ௃ྔ͕༩͑ΒΕͨͱ͖ͷɺௐԻӡ
ಈ͸ҎԼͷΑ͏ʹද͞ΕΔɻ

ŷ(a) = argmax
y(a)

P (y(a)|x(s);λ) (7)

্ࣜΛɺࠞ߹੒෼mٴͼɺϞσϧ࿩ऀͷԻ੠ಛ௃ྔ
y(s) ʹ͍ͭͯల։͢Δͱɺ

ŷ(a) = argmax
y(a)

P (y(a)|x(s)) (8)

= argmax
y(a)

M∑

m=1

P (m|x(s))× ɹɹ

∫

Y(s)

P (y(a)|y(s),m)P (y(s)|x(s),m)dy(s) (9)

ͱͳΔɻy(s) ʹ͍ͭͯશੵ෼Λ͜͏ߦͱͰɺ

ŷ(a)= argmax
y(a)

M∑

m=1

P (m|x(s))N (y(a)|Em,Dm) (10)

ΛಘΔɻ͜͜Ͱɺ

Em = µ(a)
m +Σ′

m(x(s) − µ(x)
m ) (11)

Dm = Σ(a,a)
m −Σ′

mΣ(x,x)
m Σ′

m
T

(12)

Σ′
m = Σ(a,s)

m Σ(y,y)−1

m Σ(y,x)
m (13)

Ͱ͋Δɻࣜʢ10)Λมࣜ׵ͱ͢Δ͜ͱͰɺ࿩ऀม׵Ի
੠Λܦ༝ͤͣʹೖྗԻ੠ΛௐԻӡಈʹม͢׵Δ͜ͱ
͕Ͱ͖ɺதؒͷϞσϧͷӨ͕ࣜڹ (13) ͷܗͰهड़͞
Ε͍ͯΔ͜ͱ͕Θ͔Δɻ

3 ݧ࣮

3.1 ৚݅ݧ࣮

ຊ࣮ݧͰ͸ɺMOCHAσʔλϕʔε [6]Λ༻͍֤ͯ
ม׵ϞσϧΛߏஙͨ͠ɻσʔλϕʔεʹ͸ɺஉঁ֤
໊̍ͣͭͷԻ੠–ௐԻӡಈύϥϨϧσʔλ͕ऩ࿥͞Ε
͍ͯΔɻௐԻӡಈσʔλ͸ɺਖ਼த໼ঢ়໘্ͷԼલࣃ
ʢLI)ɾ্Լͷޱ৶ʢULɾLLʣɾઉ্ͷࡾ఺ʢTTɾTDɾ
TBʣͷܭ 7఺ͷଌఆ఺ʹؔ͢Δ̎࣍ݩҐஔ৘ใͰ͋
ΔɻԻ੠ಛ௃ྔͱௐԻӡಈಛ௃ྔ͸ɺจݙ [1]ͱಉ༷
Ίͨɻٻʹ
σʔλϕʔεͷஉੑ࿩ऀΛϞσϧ࿩ऀɺঁੑ࿩ऀΛ
ൃ࿩ऀͱͯ͠࿈݁Ϟσϧͱ౷߹ϞσϧΛߏங͠ɺԻ੠-

ௐԻϚοϐϯάΛͨͬߦɻ͞ΒʹɺൺֱͷͨΊʹɺஉ
ੑ࿩ऀͷԻ੠–ௐԻม׵ϞσϧΛߏங͠ɺஉੑ࿩ऀͷ
Ի੠Λೖྗͨ͠৔߹ (ҎԼ reference)ͷௐԻӡಈٴͼɺ
ঁੑ࿩ऀͷԻ੠Λ௚઀ೖྗͨ͠৔߹ʢҎԼ baseline)

ͷௐԻӡಈΛٻΊͨɻ֤ϞσϧͷֶशͱධՁ͸ɺσʔ
λϕʔε಺ͷൃ࿩ʹରͯ͠ɺ1/5 cross-validationΛ
༻͍ͨɻ

Fig. 1 RMSE of each measurement point

3.2 ݁Ռ

࣮ଌ͞Εͨஉੑ࿩ऀͷௐԻӡಈΛਖ਼ղσʔλͱ͠
ͯɺ֤ख๏ͰಘΒΕͨௐԻӡಈͷਪఆࠩޡΛٻΊͨ
݁ՌΛ Fig.1ʹࣔ͢ɻਪఆࠩޡ͸ɺશൃ࿩ʹର͢Δೋ
৐ฏۉฏํࠜࠩޡʢRMSE)ͱ͠ɺ֤ଌఆ఺ͷਫฏํ
ग़ͨ͠ɻࢉ͍ͯͭʹ(ʢ*-y޲ʢ*-x)͓Αͼਨ௚ํ޲
Fig.1ͷ referenceʹ஫໨͢Δͱɺઉ্ͷଌఆ఺ʹର
͢Δਪఆ͕ࠩޡଞͷଌఆ఺ͱൺ΂ͯେ͖͘ɺbaseline

ͷਪఆਫ਼౓ͷѱԽͷ౓߹͍΋େ͖͍ɻ͜ͷΑ͏ͳଌఆ
఺Ͱ͸ɺೋͭͷఏҊख๏ͷͲͪΒʹ͓͍ͯ΋ baseline

ͱൺ΂ɺਪఆਫ਼౓͕େ͖͘վળ͞Ε͍ͯΔɻ͜ͷ͜ͱ
͔Βɺ࿩ऀม׵Λར༻͢Δ͜ͱͰม׵Ϟσϧͷ࿩ऀ
ґଘੑ͕؇࿨͞ΕΔ͜ͱ͕Θ͔Δɻ
ೋͭͷఏҊख๏Λൺֱͨ͠৔߹ɺશଌఆ఺ʹ͓͚
Δਪఆࠩޡͷฏۉ (Ave.)ʹ͓͍ͯɺ෼෍ڞ༗Ϟσϧ
͕࿈݁ϞσϧΑΓ΋ɺ 0.14 mm্ճ͍ͬͯΔɻ͜Ε
͸ɺೖྗԻ੠͔Β࿩ऀม׵Ի੠Λܦ༝ͤͣʹௐԻӡ
ಈ΁௚઀ม͢׵Δ͜ͱͰɺଟஈͷม׵ʹΑΔࠩޡͷ
஝ੵ͕ආ͚ΒΕͨ݁Ռͩͱ͑ߟΒΕΔɻ

4 ͓ΘΓʹ

ຊߘͰ͸ɺԻ੠-ௐԻϚοϐϯάʹ͓͚Δ࿩ऀґଘ
ੑͷ؇࿨ͷͨΊʹɺ࿩ऀม׵Λར༻ͨ͠ม׵Ϟσϧ
Λݕ౼ͨ͠ɻͦͷ݁Ռɺ౷߹ϞσϧΛ༻͍Δ͜ͱͰɺ
ൃ࿩ऀͱϞσϧ࿩ऀͷෆҰகʹΑΔਪఆਫ਼౓ͷѱԽ
ΛܰݮͰ͖Δ͜ͱ͕ࣔ͞Εͨɻ
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