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1 ͸͡Ίʹ

ը૾෼ׂʹ͸༷ʑͳํ๏͕͋Δ͕ɼ༗ྗͳํ๏ͷҰͭʹɼ༗ݶ

ࠞ߹ϞσϧΛ༻͍ͨํ๏͕͋Δɽ͔͠͠ɼͦ ͷ࠷΋୯७ͳ༷ࣜͰ

͸ɼըૉͷҐஔ৘ใΛແ͢ࢹΔͨΊɼϊΠζΛଟؚ͘Ήը૾ʹ͓

͍ͯ෼ׂਫ਼౓͕ஶ͘͠௿Լ͢Δɽ͜ͷ໰୊Λܰ͢ݮΔํ๏ͱ͠

ͯɼըૉຖʹࠞ߹཰ͷҟͳΔ Spatially Variant Finite Mixture

Model(SVFMM)Λ༻͍Δํ๏͕ఏҊ͞Ε͍ͯΔ [1, 2]ɽ͜ͷํ

๏Ͱ͸ɼࠞ߹཰ʹۭؒ૬ؔΛࣄͭ࣋લ෼෍Λ༻͍Δ͜ͱͰըૉ

ͷۭؒ૬ؔΛ൓ө͍ͤͯ͞ΔɽຊڀݚͰ͸ɼSVFMMͷཁૉϞ

σϧͰ͋Δਖ਼ن෼෍ͷύϥϝʔλʹద੾ͳࣄલ෼෍Λ༩͑ɼը

ૉʹର͢Δϥϕϧ෇͚ͷํࣜΛม͢ߋΔ͜ͱͰಘΒΕΔɼΑΓ

ਫ਼౓ͳը૾෼ׂख๏ΛఏҊ͢Δɽߴ

2 SVFMM

ըૉ v ͷ஋ xv ͕

p(xv|Θ) =
C∑

c=1

πvcN(xv|µc,σ
2
c ) (1)

ʹै͏ͱԾఆ͢Δɽ͜͜ͰɼΘ = {πvc, µc,σ2
c |v = 1, ..., V, c =

1, ..., C} ͸ύϥϝʔλू߹Ͱ͋Δɽͳ͓ɼπvc ͸ըૉ v ͕Ϋϥ

ε c ʹଐ͢Δ֬཰Ͱ͋ΔɽN(xv|µc,σ2
c ) ͸ɼฏۉ µcɼ෼ࢄ σ2

c

ͷਖ਼ن෼෍ͷີ౓ؔ਺Ͱ͋Δɽ

2.1 EMΞϧΰϦζϜ

SVFMM ͷύϥϝʔλ͸ɼEM ΞϧΰϦζϜʹΑΔ MAP

(Maximum a posteriori)ਪఆʹΑΓֶश͞ΕΔɽ

·ͣɼըૉ v ͕ଐ͢ΔΫϥεΛࣔ͢ӅΕม਺

zvc =

{
1 ըૉ v ͕Ϋϥε cʹଐ͢Δ
0 ͦ͏Ͱͳ͍

(2)

Λఆٛ͢Δɽͦͯ͠ɼX = {xv|v = 1, ..., V }ɼZ = {zvc|v =

1, ..., V, c = 1, ..., C}ͱఆٛ͢Δͱɼ׬શσʔλ {X,Z}ʹର͢
Δ Θͷ໬౓͸

p(X,Z|Θ) =
V∏

v=1

C∏

c=1

{πvcN(xv|µc,σ
2
c )}zvc (3)

Ͱ͋Δɽ

ͦͯ͠ɼlog{p(X,Z|Θ)} ͷ Θ′ ͕༩͑ΒΕͨ৚݅෇͖ظ଴஋

Qlik(Θ|Θ′) =
V∑

v=1

C∑

c=1

E[zvc|Θ′][log(πvc) + log{N(xv|µc,σ
2
c )}]

(4)

† ՊڀݚେֶେֶӃ৘ใՊֶཱࢢౡ޿

Λఆٛ͢Δɽ͜͜ͰɼE[zvc|Θ′]͸ɼzvc ͷ Θ′ ͕༩͑ΒΕͨ৚݅

෇͖ظ଴஋Ͱ͋Γɼ

E[zvc|Θ′] =
π′
vcN(xv|µ′

c, (σ
′
c)

2)
∑C

l=1 π
′
vlN(xv|µ′

l, (σ
′
l)

2)
(5)

ͱͳΔɽ

ͦͯ͠ɼΘ ͷର਺֬ޙࣄ཰ͷ৚݅෇͖ظ଴஋

QMAP(Θ|Θ′) = Qlik(Θ|Θ′) + log{p(Π)} (6)

Λఆٛ͢Δɽ͜͜ͰɼΠ = {πvc|v = 1, . . . , V, c = 1, . . . , C} Ͱ
͋Γɼp(Π) ͸ Π ͷࣄલ෼෍Ͱ͋Δɽ[1,2] Ͱ͸ɼըૉͷۭؒ૬

ؔΛ൓өͤ͞ΔͨΊʹɼ͜ͷࣄલ෼෍Λ MRF Ͱఆ͍ٛͯ͠Δɽ

EMΞϧΰϦζϜͰ͸ɼࣜ (5)ΛධՁ͢Δ E-stepͱɼࣜ (6)Λ

Θ େԽ͢Δ࠷͍ͯͭʹ M-step Λަ܁ʹޓΓฦ͢ɽ

M-step Ͱ͸ɼࣜ (6) ͷ Θ ʹؔ͢Δ࠷େԽΛ͕͏ߦɼM =

{µc|c = 1, . . . , C} ͱ Σ = {σ2
c |c = 1, . . . , C} ʹؔ͢Δ࠷େԽ

͸ɼΠͱ͸ಠཱʹɼै དྷͷࠞ߹Ϟσϧͱಉ༷ʹղੳతʹ͜͏ߦͱ

͕Ͱ͖ΔɽM,Σ ʹؔͯ͠͸ɼ݁Ռతʹࣜ (4) ͷ࠷େԽͱͳΓɼ

໬ਪఆͱͳΔ࠷ [1, 2]ɽ

Π ʹؔ͢Δ࠷େԽ͸ɼ[2]Ͱ͸ޯ഑ࣹӨ๏Λ༻͍͍ͯΔ͕ɼ[1]

Ͱ͸ɼ
∂QMAP

∂πvc
= 0 (7)

͔ΒಘΒΕΔ ͍ͯ༺ը๏Λܭ࣍ఔࣜΛղ͖ɼೋํ࣍2 0 ≤ πvc ≤
1,
∑C

c=1 πvc = 1ͱ͍͏੍໿Λຬͨ͢ํ๏ΛఏҊ͠ɼͦΕʹΑΓ

෼ׂਫ਼౓্͕͢޲Δ͜ͱΛใ͍ͯ͠ࠂΔɽ

3 ఏҊख๏

3.1 લ෼෍ࣄ

ຊڀݚͰ͸ɼM,Σ લ෼෍Λઃఆ͠ɼͦΕΒʹ͍ͭͯ΋ࣄʹ

MAPਪఆΛ͏ߦɽࣄલ෼෍Λઃఆ͢ΔࣄͰɼM,Σ͕ෆద੾ͳ

஋ʹͳΔࣄΛ๷͛Δɽ

Π,M,Σ͕૬ޓʹಠཱͰ͋ΔͱԾఆ͠ɼΠͷࣄલ෼෍͸ [1, 2]

ͱಉ༷ʹ MRF ʹΑΓఆΊΔɽ

·ͨɼM ͷࣄલ෼෍͸

(m1, ...,mC+1) ∼ Dir(α1, ...,αC+1), (8)

µc =
C∑

c′=1

mc′ (9)

ͱఆΊΔɽ͜͜Ͱ Dir(α1, ...,αC+1) ͸σΟϦΫϨ෼෍Ͱ͋Δɽ

͜ͷࣄલ෼෍ͷԼͰ͸ࣗಈతʹ µ1 < µ2 < ... < µC ͱͳΔ͜ͱ

ʹ஫ҙ͞Ε͍ͨɽ
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·ͨɼΣͷࣄલ෼෍Λ

σ2
c

i.i.d∼ χ−2(ν, τ2) (10)

ͱ͢Δɽ͜͜Ͱɼχ−2(ν, τ2)͸ࣗ༝౓ νɼεέʔϧ τ2 ͷεέʔ

ϧ෇͖ٯΧΠೋ৐෼෍Ͱ͋Δɽ

ͦͯ͠ɼࣜ (6)Λ

QMAP(Θ|Θ′) = Qlik(Θ|Θ′) + log{p(Θ)}, (11)

p(Θ) = p(Π)p(M)p(Σ) (12)

ͷΑ͏ʹมͯ͠ߋɼM-stepʹ͓͍ͯࣜ (11)ͷ࠷େԽΛ͑ߟΔɽ

3.2 MAPਪఆ

ࣜ (11) Λ࠷େԽ͢Δ Θ Λ MAP ਪఆͰٻΊΔɽΠ ʹؔͯ͠

͸ɼ[1]ͱಉ͡ํ๏Λ༻͍Δɽ

M ʹؔͯ͠͸ɼ∂QMAP

∂µc
= 0͔ΒಘΒΕΔํఔ͕ࣜղੳతʹղ

͚ͳ͍ͷͰɼޯ഑

∂QMAP

∂µc
=

V∑

v=1

E[zvc|Θ′](xv − µc)

σ2
c

+
αc − 1

µc − µc−1
+

1− αc+1

µc+1 − µc

(13)

ʹΑΔ্ٸ࠷ঢ๏ΛͯͬߦM Λߋ৽͢Δɽ

Σʹؔͯ͠͸ɼ∂QMAP

∂σ2
c

= 0͔ΒಘΒΕΔ

σ2
c =

2
∑V

v=1 E[zvc|Θ′](xv − µc)2 + ντ2
∑V

v=1 E[zvc|Θ′] + ν + 2
(14)

Λ༻͍ͯߋ৽͢Δɽࣜ (14) ͸ M ʹґଘ͢ΔͷͰɼҰճͷ M-

stepͰɼM ͷ্ٸ࠷ঢ๏ʹΑΔߋ৽ͱ Σͷࣜ (14)ʹΑΔߋ৽

Λަޓʹ͋Δճ਺܁Γฦ͢ɽ

3.3 ϥϕϦϯά

ըૉ v ʹΫϥεΛϥϕϦϯά͢Δࡍɼ[1] Ͱ͸ɼE[zvc|Θ′] ͕

େͱͳΔΫϥεΛϥϕϦϯά͍ͯ͠Δɽ࠷

ఏҊख๏Ͱ͸ɼπvc େͱͳΔΫϥεΛϥϕϦϯά͢Δɽ࠷͕

πvc ͸ࣄલ෼෍ͷӨڹΛ௚઀ड͚ΔͷͰɼ෼ׂਫ਼౓্͕͢޲Δɽ

4 ݧ࣮

3 Ϋϥεͷ߹੒ը૾ʹରͯ͠ඪ४ภࠩ 0.1, 0.2, 0.3 ͷ 3 ஈ֊

ͷΨ΢γΞϯϊΠζΛՃ͑ͨը૾ΛɼͦΕͧΕ 100ຕੜ੒͢Δɽ

ͦͯ͠ɼੜ੒ͨ͠ϊΠζը૾Λ෼ׂ͢ΔࣄʹΑͬͯఏҊख๏ͷ

ਫ਼౓ΛධՁ͢ΔɽBlekasͷख๏ [1]ɼϥϕϦϯά͸ఏҊख๏ͱಉ

༷ʹͯ͠ɼͦͷଞ͸ [1]ͱಉ༷ʹͨ͠΋ͷ (ϥϕϦϯάͷΈ)ɼϥ

ϕϦϯά͸ [1]ͱಉ༷ʹͯ͠ɼͦͷଞ͸ఏҊख๏ͱಉ༷ʹͨ͠΋

ͷ ɼͦͯ͠ఏҊख๏ͷͦΕͧΕʹ͍ͭͯɼը૾(લ෼෍ͷΈࣄ)

100ຕͷฏۉਖ਼ղ཰ΛٻΊͨɽ݁ՌΛද 1ʹࣔ͢ɽ

ද 1 ΑΓɼఏҊख๏͸ϊΠζϨϕϧ͕ͯ͘ߴ΋ฏۉਖ਼ղ཰͕

ྑ͘ɼߴਫ਼౓Ͱ͋Δ͕ࣄ෼͔Δɽ·ͨɼʮࣄલ෼෍ͷΈʯ΋ϊΠ

ζϨϕϧ͕ͯ͘ߴ΋ฏۉਖ਼ղ཰͕ྑ͘ɼM,Σʹࣄલ෼෍Λઃఆ

͢ΔͱɼϊΠζʹରͯ͘͠ڧͳΔ͕ࣄ෼͔Δɽͦͯ͠ɼʮϥϕϦ

ϯάͷΈʯ͸ Blekasͷख๏ΑΓ΋ฏۉਖ਼ղ཰͕ྑ͘ɼఏҊख๏

ͷϥϕϦϯάํ๏͕෼ׂਫ਼౓Λ্ͤ͞޲Δ͕ࣄ෼͔Δɽ

ϊΠζը૾ͷ෼ׂ݁ՌΛਤ 1ʹࣔ͢ɽਤ 1Λͯݟ΋ɼఏҊख

๏͕ߴਫ਼౓Ͱ͋Δ͕ࣄ෼͔Δɽ

ද 1 ը૾ 100ຕͷฏۉਖ਼ղ཰ (%)

ϊΠζϨϕϧ 0.1 0.2 0.3

Blekasͷख๏ 98.26 85.27 65.34
ϥϕϦϯάͷΈ 99.57 98.50 85.50
લ෼෍ͷΈࣄ 99.53 98.10 96.69
ఏҊख๏ 99.46 98.55 97.98

ਤ 1 ϊΠζը૾ͷ෼ׂ݁Ռ

5 ·ͱΊ

SVFMMͷཁૉϞσϧͰ͋Δਖ਼ن෼෍ͷύϥϝʔλʹద੾ͳ

Δ͜͢ߋલ෼෍Λ༩͑ɼըૉʹର͢Δϥϕϧ෇͚ͷํࣜΛมࣄ

ͱͰಘΒΕΔɼΑΓߴਫ਼౓ͳը૾෼ׂख๏ΛఏҊ͠ɼϊΠζը

૾Λ෼ׂ͢Δ࣮ݧʹΑΓɼఏҊख๏͕ߴਫ਼౓Ͱ͋ΔࣄΛࣔͨ͠ɽ

ຊڀݚͰ͸ɼ༩͑ͨࣄલ෼෍ͷύϥϝʔλʹ͍ͭͯٞ࿦Ͱ͖ͳ

͔ͬͨͷͰɼޙࠓɼࣄલ෼෍ͷύϥϝʔλͷద੾ͳ஋ʹ͍ͭͯ

ௐࠪ͠ɼ෼ׂਫ਼౓Λ্͍ͨͤ͞޲ʹߋɽ
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