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1 ͡Ίʹ

ը૾ׂʹ༷ʑͳํ๏͕͋Δ͕ɼ༗ྗͳํ๏ͷҰͭʹɼ༗ݶ

ࠞ߹ϞσϧΛ༻͍ͨํ๏͕͋Δɽ͔͠͠ɼͦ ͷ࠷୯७ͳ༷ࣜͰ

ɼըૉͷҐஔใΛແ͢ࢹΔͨΊɼϊΠζΛଟؚ͘Ήը૾ʹ͓

ׂ͍ͯਫ਼͕ஶ͘͠Լ͢Δɽ͜ͷΛܰ͢ݮΔํ๏ͱ͠

ͯɼըૉຖʹࠞ߹ͷҟͳΔ Spatially Variant Finite Mixture

Model(SVFMM)Λ༻͍Δํ๏͕ఏҊ͞Ε͍ͯΔ [1, 2]ɽ͜ͷํ

๏Ͱɼࠞ߹ʹۭؒ૬ؔΛࣄͭ࣋લΛ༻͍Δ͜ͱͰըૉ

ͷۭؒ૬ؔΛө͍ͤͯ͞ΔɽຊڀݚͰɼSVFMMͷཁૉϞ

σϧͰ͋Δਖ਼نͷύϥϝʔλʹదͳࣄલΛ༩͑ɼը

ૉʹର͢Δϥϕϧ͚ͷํࣜΛม͢ߋΔ͜ͱͰಘΒΕΔɼΑΓ

ਫ਼ͳը૾ׂख๏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 ʹଐ͢Δ֬Ͱ͋ΔɽN(xv|µc,σ2
c ) ɼฏۉ µcɼࢄ σ2

c

ͷਖ਼نͷີؔͰ͋Δɽ

2.1 EMΞϧΰϦζϜ

SVFMM ͷύϥϝʔλɼEM 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}ͱఆٛ͢Δͱɼશσʔλ {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′ ͕༩͑ΒΕ͖ͨ݅ظ

Qlik(Θ|Θ′) =
V∑

v=1

C∑

c=1

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

(4)

† ՊڀݚେֶେֶӃใՊֶཱࢢౡ

Λఆٛ͢Δɽ͜͜ͰɼE[zvc|Θ′]ɼzvc ͷ Θ′ ͕༩͑ΒΕͨ݅

͖ظͰ͋Γɼ

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 ͷର֬ޙࣄͷ͖݅ظ

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

Λఆٛ͢Δɽ͜͜ͰɼΠ = {πvc|v = 1, . . . , V, c = 1, . . . , C} Ͱ
͋Γɼp(Π)  Π ͷࣄલͰ͋Δɽ[1,2] Ͱɼըૉͷۭؒ૬

ؔΛөͤ͞ΔͨΊʹɼ͜ͷࣄલΛ MRF Ͱఆ͍ٛͯ͠Δɽ

EMΞϧΰϦζϜͰɼࣜ (5)ΛධՁ͢Δ E-stepͱɼࣜ (6)Λ

Θ େԽ͢Δ࠷͍ͯͭʹ M-step Λަ܁ʹޓΓฦ͢ɽ

M-step Ͱɼࣜ (6) ͷ Θ ʹؔ͢Δ࠷େԽΛ͕͏ߦɼM =

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

ɼΠͱಠཱʹɼै དྷͷࠞ߹Ϟσϧͱಉ༷ʹղੳతʹ͜͏ߦͱ

͕Ͱ͖ΔɽM,Σ ʹؔͯ͠ɼ݁Ռతʹࣜ (4) ͷ࠷େԽͱͳΓɼ

ਪఆͱͳΔ࠷ [1, 2]ɽ

Π ʹؔ͢Δ࠷େԽɼ[2]ͰޯࣹӨ๏Λ༻͍͍ͯΔ͕ɼ[1]

Ͱɼ
∂QMAP

∂πvc
= 0 (7)

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

c=1 πvc = 1ͱ͍͏੍Λຬͨ͢ํ๏ΛఏҊ͠ɼͦΕʹΑΓ

ׂਫ਼্͕͢Δ͜ͱΛใ͍ͯ͠ࠂΔɽ

3 ఏҊख๏

3.1 લࣄ

ຊڀݚͰɼM,Σ લΛઃఆ͠ɼͦΕΒʹ͍ͭͯࣄʹ

MAPਪఆΛ͏ߦɽࣄલΛઃఆ͢ΔࣄͰɼM,Σ͕ෆదͳ

ʹͳΔࣄΛ͛Δɽ

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) σΟϦΫϨͰ͋Δɽ

͜ͷࣄલͷԼͰࣗಈతʹ µ1 < µ2 < ... < µC ͱͳΔ͜ͱ

ʹҙ͞Ε͍ͨɽ
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·ͨɼΣͷࣄલΛ

σ2
c

i.i.d∼ χ−2(ν, τ2) (10)

ͱ͢Δɽ͜͜Ͱɼχ−2(ν, τ2)ࣗ༝ νɼεέʔϧ τ2 ͷεέʔ

ϧ͖ٯΧΠೋͰ͋Δɽ

ͦͯ͠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 ʹؔͯ͠ɼ∂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

Σʹؔͯ͠ɼ∂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] ͰɼE[zvc|Θ′] ͕

େͱͳΔΫϥεΛϥϕϦϯά͍ͯ͠Δɽ࠷

ఏҊख๏Ͱɼπvc େͱͳΔΫϥεΛϥϕϦϯά͢Δɽ࠷͕

πvc ࣄલͷӨڹΛड͚ΔͷͰɼׂਫ਼্͕͢Δɽ

4 ݧ࣮

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

ͷΨγΞϯϊΠζΛՃ͑ͨը૾ΛɼͦΕͧΕ 100ຕੜ͢Δɽ

ͦͯ͠ɼੜͨ͠ϊΠζը૾Λׂ͢ΔࣄʹΑͬͯఏҊख๏ͷ

ਫ਼ΛධՁ͢ΔɽBlekasͷख๏ [1]ɼϥϕϦϯάఏҊख๏ͱಉ

༷ʹͯ͠ɼͦͷଞ [1]ͱಉ༷ʹͨ͠ͷ (ϥϕϦϯάͷΈ)ɼϥ

ϕϦϯά [1]ͱಉ༷ʹͯ͠ɼͦͷଞఏҊख๏ͱಉ༷ʹͨ͠

ͷ ɼͦͯ͠ఏҊख๏ͷͦΕͧΕʹ͍ͭͯɼը૾(લͷΈࣄ)

100ຕͷฏۉਖ਼ղΛٻΊͨɽ݁ՌΛද 1ʹࣔ͢ɽ

ද 1 ΑΓɼఏҊख๏ϊΠζϨϕϧ͕ͯ͘ߴฏۉਖ਼ղ͕

ྑ͘ɼߴਫ਼Ͱ͋Δ͕ࣄ͔Δɽ·ͨɼʮࣄલͷΈʯϊΠ

ζϨϕϧ͕ͯ͘ߴฏۉਖ਼ղ͕ྑ͘ɼM,ΣʹࣄલΛઃఆ

͢ΔͱɼϊΠζʹରͯ͘͠ڧͳΔ͕ࣄ͔Δɽͦͯ͠ɼʮϥϕϦ

ϯάͷΈʯ Blekasͷख๏ΑΓฏۉਖ਼ղ͕ྑ͘ɼఏҊख๏

ͷϥϕϦϯάํ๏ׂ͕ਫ਼Λ্ͤ͞Δ͕ࣄ͔Δɽ

ϊΠζը૾ͷׂ݁ՌΛਤ 1ʹࣔ͢ɽਤ 1ΛͯݟɼఏҊख

๏͕ߴਫ਼Ͱ͋Δ͕ࣄ͔Δɽ

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
લͷΈࣄ 99.53 98.10 96.69
ఏҊख๏ 99.46 98.55 97.98

ਤ 1 ϊΠζը૾ͷׂ݁Ռ

5 ·ͱΊ

SVFMMͷཁૉϞσϧͰ͋Δਖ਼نͷύϥϝʔλʹదͳ

Δ͜͢ߋલΛ༩͑ɼըૉʹର͢Δϥϕϧ͚ͷํࣜΛมࣄ

ͱͰಘΒΕΔɼΑΓߴਫ਼ͳը૾ׂख๏ΛఏҊ͠ɼϊΠζը

૾Λׂ͢Δ࣮ݧʹΑΓɼఏҊख๏͕ߴਫ਼Ͱ͋ΔࣄΛࣔͨ͠ɽ

ຊڀݚͰɼ༩͑ͨࣄલͷύϥϝʔλʹ͍ͭͯٞͰ͖ͳ

͔ͬͨͷͰɼޙࠓɼࣄલͷύϥϝʔλͷదͳʹ͍ͭͯ

ௐࠪ͠ɼׂਫ਼Λ্͍ͨͤ͞ʹߋɽ

ݙจߟࢀ

[1] K. Blekas, A. Likas, N. P. Galatsanos, and I. E. Lagaris. A

spatially constrained mixture model for image segmenta-

tion. IEEE Transactions on Neural Networks, 16(2):494–

498, 2005.

[2] S. Sanjay-Gopal and Thomas J. Hebert. Bayesian pixel

classification using spatially variant finite mixtures and

the generalized em algorithm. IEEE Transactions on Im-

age Processing, 7(7):1014–1028, 1998.

FIT2013（第 12 回情報科学技術フォーラム）

Copyright © 2013 by Information Processing Society of Japan and
The Institute of Electronics, Information and Communication Engineers
All rights reserved.

 184

第3分冊


