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Rao-Blackwellized ͍ͨ༺ϑΟϧλΛࢠཻ
खͷ3࢟ݩ࣍ख๏

ݪֿ ฏ1,a) ాத ར1,b)

֓ཁɿ୯Ұͷਂηϯα Kinect Λ༻͍ɼखͷ࢟Λ͢Δ৽ͨͳख๏ΛఏҊ͢ΔɽఏҊख๏ɼखͷ࢟

Λද͢ݱΔঢ়ଶม͕ൃؒ࣌ల͠ɼ֤ࠁ࣌ͷঢ়ଶมʹΑΓఆ·Δखͷ ঢ়Ϟσϧ͔Βਂը૾ܗݩ࣍3

ɽ͏ߦΛ࢟ϑΟϧλΛ༻͍ͨঢ়ଶਪఆʹΑΓखͷࢠɼཻ͖ͮجʹଌ͞ΕΔͱ͍͏ঢ়ଶۭؒϞσϧ؍͕

ؔɼखͷ࢟ϕΫτϧʹରͯ͠ϨϯμϦϯά͞ΕΔਂը૾ͱηϯα͔Βಘͨਂը૾ͱͷࠩޡ

ϕΫτϧ͚ͩͰͳ࢟͘ଈͨ͠ͷʹ͢ΔͨΊʹɼखͷʹ࣮ݱఆٛ͞ΕΔɽϞσϧԽΛΑΓ͍ͯͮجʹ

ͦͷؒ࣌ඍΛঢ়ଶมʹؚΊΔͷ͕·͍͕͠ɼࢉܭίετ͕૿Ճͯ͠͠·͏ͱ͍͏͕͋ΔɽఏҊ

ख๏Ͱɼؒ࣌ඍͷൃؒ࣌లʹؔ͢Δ෦ߏ͕ઢܗͰهड़͞ΕΔ͜ͱʹணͯ͠ Rao-Blackwellized

Δ͜ͱ͕Ͱ͖Δɽ্ͤ͞ίετͷ૿ՃͰͷਫ਼Λࢉܭͳ͔ۇϑΟϧλΛ༻͍Δɼ͜ΕʹΑΓɼࢠཻ

Ͱ͖ࢹίετ͕΄ͱΜͲແࢉܭಘΒΕͳ͔͕ͬͨɼՃͷڌΔࠜ࣋͢ࢧΛ্ͷ݁Ռɼਫ਼ͷݧ࣮

Δ΄Ͳখ͍͞ͷͰ͋Δ͜ͱ͕ࣔ͞Εͨɽ

1. ͡Ίʹ

ຊߘͰɼ୯ҰͷਂηϯαΛ༻͍ͯਓؒͷखͷ࢟Λ

ਪఆ͢Δ৽ͨͳख๏ΛఏҊ͢Δɽ݁Ռͱͯ͠ಘΒΕΔ࢟

ͷྻɼήʔϜίϯϐϡʔλͷૢ࡞ͱ͍ͬͨଟ͘ͷԠ༻

ྖҬʹ͓͍ͯώϡʔϚϯɾίϯϐϡʔλɾΠϯλϥΫγϣ

ϯͷ্ʹཱͯΔ͜ͱ͕Ͱ͖Δɽ͜ͷख๏ߴՁͳثػ

ෳࡶͳηοτΞοϓΛཁ͠ͳ͍ͨΊɼ࣮ؒ࣌ͰͷॲཧΛ

ୡͰ͖ΕɼҰൠͷফඅऀʹར༻ՄͱͳΔɽ

҆ՁͳثػΛ༻͍ͨखͷ࢟ਪఆ͕࣮ݱͰ͖Εɼʑ

ͷੜ׆ͷ࣭Λ্ͤ͞Δ͜ͱ͕Ͱ͖Δɽྫ͑ɼϏσΦ

ήʔϜΑΓࣗવͰܹతͳମݧΛఏ͠ڙɼίϯϐϡʔλ

͓دΓʹ͍͍͢ͷʹͳΔɽ͜ΕΒͷԠ༻ʹ

Αͬͯମݧͷ࣭Λ্ͤ͞ใ֨ࠩΛݮΒͨ͢Ίʹɼख

ͷ࢟ͷख๏࣮ؒ࣌ॲཧͰ͋Δඞཁ͕͋Γɼثػ

҆ՁͰͳ͚ΕͳΒͳ͍ɽ

खͷ࢟Λ࿈ଓతʹೝࣝ͢Δ͜ͱຊ࣭తʹࠔͰ͋Δ

͕ɼਂηϯαΛ͑͜ͷΑΓѻ͍͍͢ͷʹ

ͳΔɽਂը૾ 2 ͷ৭ը૾ͱൺֱͯ͠ݩ࣍ 3 ͷखݩ࣍

ͷߏʹ͍ͭͯͷใΛଟ͘༗͍ͯ͠ΔͨΊɼखͷީิͱ

ͷखͱͷҰக߹͍ΛΑΓਖ਼֬ʹධՁ͢Δ͜ͱ͕Ͱ͖࣮ݱ
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Δɽ͕ͨͬͯ͠ɼଟ͘ͷީิΛੜ͠ɼ࣮ݱͷखͱͦΕΒ

ͱͷҰக߹͍ΛධՁ͠ɼྑ࠷ͷͷΛબͿɼ͋Δ͍ಘ

ʹ͍ͨͮجॏΈ͖ฏۉΛऔΔ͜ͱͰ࢟Λਪఆ͢Δ͜

ͱ͕Ͱ͖Δɽ͜ͷ୯७ͳઓ্ུख͘ಈ͠࡞ɼఏҊख๏ͷ

Λ͍ͯ͠Δɽૅج

ຊߘͰɼखͷ࢟ͷྻΛ໌ࣔతʹϕΫτϧͷྻܥ࣌ͱ

Δ͚͓ʹྻܥ࣌ϑΟϧλΛ༻͍ͯਪఆ͢Δɽࢠͳ͠ɼཻݟ

࿈ଓతͳਪఆ͠͠ঢ়ଶۭؒϞσϧʹ͓͚ΔϑΟϧλ

Ϧϯάख๏ͰߦΘΕΔɽҙͷ֬Λͨͬ࣋ϞσϧΛ

ѻ͑ΔཻࢠϑΟϧλ [9]ͱͦͷมछɼखͷ࢟ਪఆʹ

ΘΕ͍ͯΔ [2], [6]ɽ͜ΕΒͷख๏ʹ͓͍ͯঢ়ଶۭؒϞσϧ

खͷ͚࢟ͩͰߏ͞Εͨঢ়ଶมΛ༻͍ͯఆٛ͞Εͯ

͍Δ͕ɼఏҊख๏Ͱɼ͜ΕʹՃ͑ͯ࢟ͷؒ࣌ඍΛঢ়

ଶมʹՃ͢Δɽ͜ͷํ๏ҰݟΑΓଟ͘ͷྔࢉܭΛඞ

ཁͱ͢ΔΑ͏ʹ͑ݟΔ͕ɼ࢟ͷؒ࣌ඍͷۭؒΛઢߏܗ

ͱͯ͠ߏங͠ɼRao-Blackwellized ϑΟϧλࢠཻ [10]Λ

ద༻͢Δ͜ͱͰɼͷʹཁ͢ΔՃͷྔࢉܭΛখ͞

͘Ͱ͖Δɽ͕ͨͬͯ͠ɼ͜ͷख๏࣮ݱͷखͷ࢟Λදݱ

͢ΔϞσϧͷਖ਼֬͞ΛߴΊɼ݁Ռͱͯ͠ɼΘ͔ͣͳՃί

ετͰͷਫ਼ΛߴΊΔ͜ͱ͕ظͰ͖Δɽ

2. ؔ࿈ڀݚ

σʔλάϩʔϒΛ༻͍ͨख๏ [3] ɼ௨ৗͷΧϝϥͱΧ

ϥʔάϩʔϒΛ༻͍ͨख๏ [12] ɼલઅͰड़ͨతʹ

ద͞ͳ͍ɽ͜ͷΑ͏ͳάϩʔϒϢʔβʔʹͱͬͯண͕
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x0 x1 · · · xt−1 xt

y1 · · · yt−1 yt

లൃؒ࣌

ଌ؍

ਤ 1 खͷ࢟ͷͨΊͷঢ়ଶۭؒϞσϧɽ্ஈͷϊʔυ

xt, t = 0, 1, 2, . . . खͷ࢟ͱͦͷؒ࣌ඍΛද͢ɽԼ

ஈͷϊʔυ yt, t = 1, 2, . . . ਂηϯαͰ؍ଌ͞ΕΔਂը

૾Λද͢ɽ

໘Ͱ͋ΓɼೖײΛ્͢ΔཁҼͱͳΔɽΧϝϥ͚ͩΛ

༻͍ͨख๏ [11] ɼࢦͷ৭͕Ұ༷Ͱ͋ΔͨΊखͷ࢟

ͷ͕աʹ͘͠ͳΓɼ࣮ ͷతʹ͙ͦΘͳ͍ɽؒ࣌

ҰํͰɼਂηϯαΛ༻͍ͨख๏࠷ॳͷֱਖ਼Λআ͚

ઃఆͷඞཁ͕ͳ͘ɼͦΕͰ͍ͯ ͷ๛͍ͯͭʹۭؒݩ࣍3

ͳใ͕ಘΒΕΔɽطଘͷਂηϯαߴՁͰ͕͋ͬͨɼ

KinectͦͷՁ֨ͷ͞ʹΑͬͯखͷ࢟ΛؚΊͨ

ίϯϐϡʔλϏδϣϯͷྖҬΛՃͤͨ͞ɽྫ͑ [7]ɼ

ʢ15HzʣͷॲཧͰਖ਼͔࣮֬ؒ࣌΅΄͍ͯ༺దԽΛ࠷܈ࢠཻ

ɽͨͬߦͳΛ݈ؤͭ

͔͠͠ͳ͕Βɼ[7]ͷΞϧΰϦζϜൃؒ࣌లͷใΛ΄

ͱΜͲར༻͍ͯ͠ͳ͍ͨΊɼखͷ͕ܹ࢟ٸʹมΘΒͳ

͍ঢ়گͰͷΈޮՌతʹಇ͘ɽૉૣ͘ಈ͘खΛ͢ΔͨΊ

ʹɼखͷ࢟ͷൃؒ࣌లΛ໌ࣔతʹѻ͏ඞཁ͕͋Δɽ

3. ఆٛ

ఏҊख๏Ͱɼ࢟ͷ͕ઢܗ෦ߏΛ͢Α͏ͳ

ঢ়ଶۭؒϞσʹ͓͍ͯखͷ࢟Λ͏ߦɽৄࡉʹೖΔલ

ʹɼຊઅͰͱมͷఆٛΛ͏ߦɽ

xt,yt ΛͦΕͧΕࠁ࣌ tʹ͓͚Δঢ়ଶมɼ؍ଌมͱ

͢Δɽxt खͷ࢟ͱͦͷؒ࣌ඍɼyt ਂը૾Ͱ͋

Δɽ͜ΕΒͷม͕ঢ়ଶۭؒΛߏ͢Δɼ͢ͳΘͪɼঢ়ଶ

ม͕֬ p(xt|xt−1) Ͱൃؒ࣌ల͠ɼyt ͕ xt ͔Β֬

p(y|xt) Ͱੜ͞ΕΔͷͱԾఆ͢Δɽ͜ΕΒͷؔੑΛ

ਤ 1 ʹࣔ͢ɽࠁ࣌ tʹ͓͚Δखͷ࢟ͱ xt Λɼਂ

ը૾ y1,y2, . . . ,yt ͕༩͑ΒΕͨͱͰਪఆ͢Δ͜ͱ͕

తͱͳΔɽ

Λநग़͢ߏ෦ܗͷϞσϧ͔ΒɼҎԼͷखॱͰઢه্

Δ͜ͱ͕Ͱ͖Δɽ·ͣɼxt Λඇઢܗͳ෦ xn
t ͱઢܗͳ෦

 xl
t ʹղ͢Δɽ͜ΕΒͦΕͧΕɼखͷ࢟ pt ͱͦͷ

ඍؒ࣌ d
dtpt ͱ͢Δɽ

xt :=

[
xn
t

xl
t

]
=

[
pt

d
dtpt

]
. (1)

͜͜ʹɼpt ɼ A.1Ͱఆٛ͢Δࠁ࣌ tʹ͓͚Δखͷ࢟

Λද͢ ͷϕΫτϧͰ͋Δɽ͜ΕʹՃ͑ͯɼมݩ࣍22

ؒͷґଘੑ֬ີؔ p(xn
t |xn

t−1,x
l
t−1), p(x

l
t|xl

t−1),

p(yt|xn
t )Ͱද͞ΕΔͷͱ͢Δɽ͜ΕΒͷؔੑΛਤ 2 ʹ

ࣔ͢ɽ࢟ͷͷྻ xl
t, t = 0, 1, . . . ଌʹͷӨ؍͕

xl
0 xl

1 · · · xl
t−1 xl

t

xn
0 xn

1 · · · xn
t−1 xn

t

y1 · · · yt−1 yt

ઢܗ෦ߏ

ਤ 2 खͷ࢟ͷͨΊͷઢܗ෦ߏΛͨͬ࣋ঢ়ଶۭؒϞσϧɽ

্ஈͷϊʔυ xl
t, t = 0, 1, 2, . . . खͷ࢟ͷΛද͠ɼத

ஈͷϊʔυ xn
t , t = 0, 1, 2, . . . खͷ࢟ΛɼԼஈͷϊʔυ

yt, t = 1, 2, . . . ؍ଌ͞ΕΔਂը૾Λද͢ɽ

Λ༩͍͑ͯͳ͍͜ͱ͕͔Δɽxnڹ
t ͷ xl

t−1 ʹର͢Δґ

ଘੑΛઢ͔ͭܗΨεతͰ͋Δ͢Δͱɼઢܗͳ෦ʹର͢

ΔΧϧϚϯϑΟϧλͱඇઢܗͳ෦ʹର͢ΔཻࢠϑΟϧλ

ͷΈ߹Θͤͯ Rao-BlackwellizedཻࢠϑΟϧλ [10] Λద

༻͢Δ͜ͱ͕Ͱ͖Δɽ

खͷ࢟ͱͦͷΛ͢ΔͨΊʹɼ্ड़ͷ֬

Λఆٛ͢Δඞཁ͕͋ΔɽఏҊख๏Ͱൃؒ࣌లʹ୯७ͳ

ઢܗมͱΨεͷࣜܗΛ༻͍ɼ؍ଌʹηϯαͷਂ

ը૾ͱϨϯμϦϯά͞Εͨਂը૾ͱͷࠩʹͮ͘جί

ετ͔ؔΒ͞ࢉܭΕΔΪϒεΛ༻͍Δɽίετؔ

ͱϑΟϧλϦϯάٕ๏ͦΕͧΕୈ 4 અͱୈ 5 અͰઆ໌

͢Δɽ

4. ίετؔͷࢉܭ

4.1 खͷ࢟ʹਂͮ͘جը૾ͷੜ

ຊߘͰɼਂը૾ yखͷ࢟ xʹΑΓܾఆ͞ΕΔਂ

ը૾ d(x) ʹϊΠζ͕ՃΘͬͨͷͱͯ͠ੜ͞ΕΔ

ͷͱ͢Δɽ

y = d(x) + e. (2)

͜ͷ֬Ϟσϧʹ͍ͯͮجɼ֤ࠁ࣌ʹ͓͍ͯϊΠζΛ

ؚΜͩਂը૾ y ͕ਂηϯα͔ΒಘΒΕΔͷͱ͢Δɽ

ຊߘͰਂηϯαͱͯ͠ Kinect Λ༻͍ΔͨΊɼy 

Y = 512 × 424 = 217088 ͷ࣮ϕΫτϧͰ͋Δɽ֤ཁݩ࣍

ૉΧϝϥ͔Β࠷͍ۙͷԞ͖ߦΛϛϦϝʔτϧ୯ҐͰ

ද͢ϐΫηϧͷͰ͋Δɽ

ਂը૾ੜͷաఔΛ OpenGLΛ༻͍ͯ͢ݱ࠶Δ͜ͱ

͕Ͱ͖ΔɽxΛखͷ࢟Λද͢ϕΫτϧͱ͢Δɽखͷϝο

γϡϞσϧ༧Ί༻ҙͯ͋͠Δͷͱ͢Δɽ͜ͷϝογϡ

ϞσϧΛ xͷʹ͖ͮجม͠ܗɼԾతͳΧϝϥΛ௨ͯ͠

ϨϯμϦϯά͢Δ͜ͱͰɼਂը૾ d(x)ΛಘΔɽ͜ͷਂ

ը૾ηϯαͰ؍ଌ͞Εͨͷͱಉ͡ݩ࣍Λͭ࣋ɽ

eͷ֬ີؔΛ໌ࣔతʹఆٛ͢Δ͜ͱආ͚ɼp(y|x)
ΛΪϒε

p(y|x) ∝ exp

[
−D(d(x),y)

σ

]
, (3)

c⃝ 2017 Information Processing Society of Japan 2

Vol.2017-CVIM-206 No.10
2017/3/10



ใॲཧֶձڀݚใࠂ
IPSJ SIG Technical Report

ਤ 3 खͷϝογϡϞσϧɽ

Ͱఆٛ͢Δɽ͜͜ʹɼD(·, ·)࣍અͰఆٛ͞ΕΔίετؔ
Ͱ͋Γɼσ > 0ը૾ʹؚ·ΕΔϊΠζͷେ͖͞Λද͢

ఆͰ͋Δɽࣜ (3)ɼd(x) ͱ y Είετ͍ͯࣅ͕

খ͘͞ͳΓɼ͕େ͖͘ͳΔͱ͍͏͜ͱΛҙຯ͍ͯ͠Δɽ

ϊΠζ e d(x)ʹґଘ͢Δ͜ͱʹҙ͢Δ.

ϝογϡϞσϧͷબͼํʹෳͷબ͕͋ࢶΔɽਖ਼֬

ͳϞσϧ [4] ࣮ࣸతͳਂը૾Λੜ͠ɼΑΓਖ਼֬ʹί

ετؔͷධՁΛ͑ߦΔɽ͔͠͠ɼϨϯμϦϯάʹଟ͘ͷ

Λཁ͢ΔɽҰํͰɼ୯७ͳϞσϧؒ࣌ [8] Πϯελϯε

ϨϯμϦϯάͷٕ๏Λ༻͍Δ͜ͱͰΑΓૉૣ͘ϨϯμϦϯ

άͰ͖Δ͕ɼਖ਼֬͞ʹ͚ܽΔɽຊདྷɼਂը૾ͷਖ਼֬͞Λ

ΔΑ͏ͳϝογϡϞσϧ͢ݮΛؒ࣌ΊɼϨϯμϦϯάߴ

Λઃ͢ܭΔඞཁ͕͋Δ͕ɼຊߘͰ͜ͷٞΛল͖ɼਤ 3

ʹࣔ͞ΕΔϝογϡϞσϧΛ༻͍Δɽ͜ͷϞσϧɼ3DϞ

σϦϯάιϑτΣΞͰ͋Δ BlenderΛ༻͍ͯઃͨ͠ܭɽ

4.2 Ұக߹͍ͷࢉܭ

̎ͭͷਂը૾ d(x) = [d1, . . . , dY ]T, y = [y1, . . . , yY ]T

͕༩͑ΒΕͱ͖ɼίετؔ D(d(x),y) ΛϐΫηϧຖͷ

ਂͷࠩҟʹ͍ͯͮجҎԼͷΑ͏ʹఆٛ͢Δɽ

D(d(x),y) =
1

|R|
∑

i∈R

min{|di − yi| , cmax}. (4)

͜͜ʹɼR ࢉܭʹ༻͍ΔϐΫηϧͷఴूࣈ߹Ͱ͋Γɼ

cmax > 0Ұக͠ͳ͍ϐΫηϧ͕શମͷίετʹӨڹΛ༩

͑͗͢ͳ͍Α͏ʹ͢ΔͨΊͷᮢͰ͋ΔɽRɼલࠁ࣌ͷ

खͷҐஔͷਪఆΛத৺ͱۣͨ͠ྖܗҬͷ͏ͪɼϨϯμϦ

ϯά͞Εͨը૾ d(x)ͷதͰ༗ޮͳϐΫηϧͱ͢Δɽࣜ (4)

ɼରϐΫηϧʹ͓͚Δਂͷࠩͷฏ͕ۉখ͚͞Ε 2

ͭͷਂը૾͕͍ͯࣅΔͱ͍͏͜ͱΛҙຯ͢Δɽ

5. ͷਪఆྻܥ࣌

5.1 ঢ়ଶۭؒϞσϧ

ঢ়ଶۭؒϞσϧɼӅΕมʹରԠ͢Δ؍ଌ͕͖݅

Ͱ༩͑ΒΕΔӅΕϚϧίϑϞσϧͰ͋Γ [1]ɼ͠͠

ҎԼͷࣜܗͰهड़͞ΕΔ [9]ɽ

x0 ∼ p(x0), (5)

x0 x1 · · · xt−1 xt

y1 · · · yt−1 yt

At−1

Ht

ਤ 4 ઢܗΨεͷঢ়ଶۭؒϞσϧɽ্ஈͷϊʔυxt, t = 0, 1, 2, . . .

ӅΕมͰ͋ΓɼԼஈͷϊʔυ yt, t = 1, 2, . . . ؍ଌม

Ͱ͋Δɽ

xt ∼ p(xt|xt−1), t = 1, 2, . . . (6)

yt ∼ p(xt), t = 1, 2, . . . . (7)

xt, t = 1, 2, . . . ൃؒ࣌ల͢ΔӅΕมͰ͋Γɼyt, t =

1, 2, . . . ͦΕΒʹରԠ͢Δ؍ଌͰ͋Δɽঢ়ଶۭؒϞσ

ϧʹ͓͚Δయܕతͳͷ 1 ͭɼ֤ࠁ࣌ t ʹ͓͍ͯɼ

y1:t := {y1, . . . ,yt}͔Β xt Λਪఆ͢Δ͜ͱͰ͋Δɽ

5.2 ΧϧϚϯϑΟϧλ

ΧϧϚϯϑΟϧλɼൃؒ࣌లͱ؍ଌͷϞσϧ͕ઢܗΨ

εͰ͋Δঢ়ଶۭؒ

xt = At−1xt−1 +wt−1,

yt = Htxt + et (8)

ʹ͓͚Δஞ࣍ਪఆͷʹର͠ดࣜܗͷղΛ༩͑Δ [9]ɽ͜

͜ʹɼࣄલΨε p(x0) = N (m0,P0) Ͱ͋Γɼ

At ભҠྻߦɼHt ؍ଌྻߦɼwt, et ҎԼͷʹै

͏ϊΠζͰ͋Δɽ

wt ∼ N (0,Qt), (9)

et ∼ N (0,Rt). (10)

͜ΕΛਤ 4ʹࣔ͢ɽ

ΧϧϚϯϑΟϧλ xt ͷޙࣄΛดࣜܗͰ༩͑Δɽ

p(xt|y1:t) = N (xt|mt,Pt). (11)

͜Εɼ֤ࠁ࣌ t = 1, 2, . . .ʹ͓͍ͯҎԼͷ 2εςοϓͰ

ΕΔɽ͞ࢉܭ

༧ଌεςοϓ

m−
t = At−1mt−1,

P−
t = At−1Pt−1A

T
t−1 +Qt−1. (12)

৽εςοϓߋ

vt = yt −Htm
−
t ,

St = HtP
−
t HT

t +Rt,

Kt = P−
t HT

t S
−1
t ,

mt = m−
t +Ktvt,

Pt = P−
t −KtStK

T
t . (13)

ݩ࣍ͷྻߦԋࢉͷΈͰߏ͞Ε͍ͯΔͨΊɼ͜ΕΒͷܭ

Βͳ͍ɽֻ͔͕ؒ࣌΄ͱΜͲʹࢉ
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5.3 ϑΟϧλࢠཻ

ඇΨεతͳঢ়ଶۭؒϞσͨ·ܗϑΟϧλඇઢࢠཻ

ϧʹ͓͍ͯӅΕมΛਪఆ͢Δ͜ͱ͕Ͱ͖Δख๏Ͱ͋

ΔɽN ܭʹϑΟϧλɼҎԼͷΑ͏ࢠཻ͍ͨ༺Λࢠͷཻݸ

ΕΔ͞ࢉ [9]ɽ

• ॳظ p(x0) ͔Β N αϯϓϧظͷॳݸ x(i)
0 , i =

1, . . . , N Λੜ͢Δɽ

x(i)
0 ∼ p(x0), i = 1, . . . , N. (14)

ॏΈΛ w(i)
0 = 1/N, i = 1, . . . , N ͱ͢Δɽ

• ࠁ֤࣌ t = 1, 2, . . .ʹ͓͍ͯҎԼΛ࣮͢ߦΔɽ

( 1 ) ༧Ίઃͨ͠ܭఏҊ

x(i)
t ∼ π(xt|x(i)

t−1,y1:t), i = 1, . . . , N. (15)

͔Βαϯϓϧ x(i)
t Λੜ͢Δɽ

( 2 ) ॏΈΛߋ৽͢Δɽ

w(i)
t ∝ w(i)

t−1

p(yt|x(i)
t )p(x(i)

t |x(i)
t−1)

π(x(i)
t |x(i)

t−1,y1:t)
,

i = 1, . . . , N. (16)

͕ 1ʹͳΔΑ͏ʹॏΈ w(i)
t , i = 1, . . . , N Λਖ਼

Խ͢Δɽن

( 3 ) xt ͷਪఆΛαϯϓϧͷॏΈฏۉͰ༩͑Δɽ

x̂t :=
N∑

i=1

w(i)
t x(i)

t . (17)

( 4 ) ϦαϯϓϦϯάΛ͏ߦɽ

( a ) ॏΈw(i)
t , i = 1, 2, . . . , N Λɼू ߹ {x(i)

t : i =

1, . . . , N}͔Βαϯϓϧఴࣈ iΛಘΔ֬ͱ

ղऍ͠ɼN α͍ݹͷαϯϓϧΛੜ͢Δɽݸ

ϯϓϧू߹Λ৽͍͠ͷʹஔ͖͑Δɽ

( b )ॏΈΛۉʹ w(i)
t = 1/N, i = 1, . . . , N ͱઃ

ఆ͢Δɽ

5.4 ઢܗ෦ߏΛͭ࣋ঢ়ଶۭؒϞσϧ

ঢ়ଶۭؒϞσϧʹઢܗͳ෦ߏΛՃ͢Δɽঢ়ଶม

Λඇઢܗͳ෦ͱઢܗͳ෦ͷ݁߹Ͱද͢ɽ

xt :=

[
xn
t

xl
t

]
. (18)

จݙ [10]Ͱఆٛ͞Ε͍ͯΔ 4ͭͷϞσϧͷ͏ͪɼܗ֯ࡾϞ

σϧͱݺΕΔϞσϧ 2Λ࠾༻͢Δɽ͜Εɼ࣍ͷ༷ʹఆ

ࣜԽ͞ΕΔɽ

xn
t = fn

t−1(x
n
t−1) + An

t−1(x
n
t−1)x

l
t−1 + wn

t−1,

xl
t = Al

t−1(x
n
t−1)x

l
t−1 + wl

t−1,

yn
t = ht(xn

t ) + Ct(xn
t )x

l
t + et.

(19)

͜͜ʹɼfn
t , ht ҙͷඇઢܗͳؔͰ͋ΓɼAn

t ,A
l
t,Ct

 xn
t ʹґଘ͢Δྻߦɼwn

t ,w
l
t, et ҎԼͷʹै͏ϊ

xl
0 xl

1 · · · xl
t−1 xl

t

xn
0 xn

1 · · · xn
t−1 xn

t

y1 · · · yt−1 yt

An
t−1

fn
t−1

Ct−1

ht

ਤ 5 ઢܗ෦ߏΛͭ࣋ঢ়ଶۭؒϞσϧɽ

ΠζͰ͋Δɽ

wn
t ∼ N (0,Qn

t ), (20)

wl
t ∼ N (0,Ql

t), (21)

et ∼ N (0,Rt). (22)

͜ͷϞσϧΛਤ 5 ʹࣔ͢ɽ

5.5 Rao-Blackwellized ϑΟϧλࢠཻ

Rao-BlackwellizedཻࢠϑΟϧλʢपลԽཻࢠϑΟϧλʣ

[10] ඇઢܗͳ෦ʹର͢ΔཻࢠϑΟϧλͱઢܗͳ෦ʹ

ର͢ΔΧϧϚϯϑΟϧλΛΈ߹Θͤͨख๏Ͱ͋ΔɽΧϧ

ϚϯϑΟϧλΛΈࠐΈؒ࣌ࢉܭΛ͢ݮΔ͜ͱͰɼཻࢠ

ϑΟϧλʹൺͯݩ࣍ߴͷঢ়ଶۭؒϞσϧΛѻ͏͜ͱ͕Ͱ

͖Δɽ

N ϑΟϧλɼࢠΛ༻͍ͨRao-Blackwellizedཻࢠͷཻݸ

ҎԼͷखॱͰ࣮͞ߦΕΔɽ

• ඇઢܗͳ෦ΛॳظԽ͢ΔɽNݸͷαϯϓϧxn,(i)
0 , i =

1, . . . , N Λࣄલ p(xn
0 )͔Βੜ͠ɼॏΈΛۉʹ

w(i)
0 = 1/N, i = 1, . . . , N ͱ͢Δɽ

• ઢܗͳ෦ΛॳظԽ͢ΔɽP0 ͱ xl
0 ͷॳظΛ༩͑ɼ

P (i)
0 = P0, x

l,(i)
0 = xl

0,i = 1, . . . , N ͱ͢Δɽ

• ࠁ֤࣌ t = 1, 2, . . .ʹ͓͍ͯҎԼΛ࣮͢ߦΔɽ

( 1 ) ඇઢܗͳ෦ͷαϯϓϧΛ xn,(i)
t , i = 1, . . . , N Λ

ఏҊ

xn,(i)
t ∼ π(xn

t |x
n,(i)
t−1 ,xl,(i)

t−1 ,P
(i),y1:t),

i = 1, . . . , N (23)

͔Βੜ͢Δɽ

( 2 ) ॏΈΛߋ৽͢Δɽ

w(i)
t ∝ w(i)

t−1

p(yt|xn,(i)
t )p(xn,(i)

t |xn,(i)
t−1 ,xl,(i)

t−1 ))

π(xn,(i)
t |xn,(i)

t−1 ,xl,(i)
t−1 ,P

(i),y1:t)
,

i = 1, . . . , N. (24)

ॏΈ w(i)
t , i = 1, . . . , N Λ͕ 1ʹͳΔΑ͏ʹਖ਼

Խ͢Δɽن

( 3 ) ઢܗͳ෦ʹର͢ΔΧϧϚϯϑΟϧλͷ༧ଌε

ςοϓΛ࣮͢ߦΔɽ
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zt = xn
t − fn

t−1, (25)

Nt−1 = An
t−1Pt−1(A

n
t−1)

T +Qn
t−1, (26)

Lt−1 = Al
t−1Pt−1(A

n
t−1)

TN−1
t−1, (27)

xl,−
t = Al

t−1x
l
t−1

+Lt−1(zt −An
t−1x

l
t−1), (28)

P−
t = Al

t−1Pt−1(A
l
t−1)

T +Ql
t−1

−Lt−1Nt−1L
T
t−1. (29)

͜͜ͰɼAn
t−1,A

l
t−1, f

n
t−1 ͷ xn

t−1 ʹର͢Δґଘ

ੑͱɼαϯϓϧఴࣈ iද্هলུ͍ͯ͠Δɽ

( 4 ) ઢܗͳ෦ʹର͢ΔΧϧϚϯϑΟϧλͷߋ৽ε

ςοϓΛ࣮͢ߦΔɽ

vt = yt − ht −Ctx
l,−
t , (30)

St = CtP
−
t CT

t +Rt, (31)

Kt = P−
t CT

t S
−1
t , (32)

xt = xl,−
t +Ktvt, (33)

Pt = P−
t −KtCtP

−
t . (34)

͜͜ͰɼCt,htͷ xn
t ʹର͢Δґଘੑͱɼαϯϓϧ

ఴࣈ iද্هলུ͍ͯ͠Δɽ

( 5 ) xn
t ͱ xl

tͷਪఆΛɼαϯϓϧͷॏΈ͖ฏۉͰ

༩͑Δɽ

x̂n
t :=

N∑

i=1

w(i)
t xn,(i)

t , (35)

x̂l
t :=

N∑

i=1

w(i)
t xl,(i)

t . (36)

( 6 ) ϦαϯϓϦϯάΛ͏ߦɽ

( a ) ॏΈ w(i)
t , i = 1, 2, . . . , N Λɼఴूࣈ߹

{(xn,(i)
t ,xl,(i)

t ,P (i)) : i = 1, . . . , N} ͔Βα
ϯϓϧఴࣈ iΛಘΔ֬ͱղऍ͠ɼN ͷαݸ

ϯϓϧΛੜ͢Δɽ͍ݹαϯϓϧू߹Λ৽͠

͍ͷʹஔ͖͑Δɽ

( b )ॏΈΛۉʹ w(i)
t = 1/N, i = 1, . . . , N ͱ

͢Δɽ

6. ख ͷ ࢟  ͱ   ʹ ର ͢ Δ Rao-
BlackwellizedཻࢠϑΟϧλ

ຊઅͰɼୈ 4અͱୈ 5અΛ౷߹͠ɼखͷ࢟ਪఆಛ༗ͷ

ఆࣜԽΛ͏ߦɽछʑͷؔͱ͕ྻߦɼͦΕͧΕ

fn
t (x

n
t ) = xn

t , (37)

hn
t (x

n
t ) = d(xn

t ), (38)

͓Αͼ

An
t (x

n
t ) = An = ∆TtI, (39)

Al
t(x

n
t ) = Al = I, (40)

Ct(x
n
t ) = O, (41)

Qn
t = ∆TtQ

n, (42)

Ql
t = ∆TtQ

l, (43)

Ͱ༩͑ΒΕΔͱ͢Δɽ͜͜ʹɼQn ͱ Ql ର֯ྻߦͰ͋

Δͱ͠ɼ∆Tt ࠁ࣌ tͱ t + 1ͷؒͷؒ࣌ͷ͞Ͱ͋Δͱ

͢ΔɽՃ͑ͯɼet ࠁ࣌ tʹ͓͚Δɼୈ 4અͰఆٛͨ͠ϊ

Πζ eͰ͋Δͱ͢Δɽ͜ΕΨεʹैΘͳ͍͕ɼࣜ

(22)ʹ͓͍ͯ e ͕Ψεʹै͏ͱ͍͏ԾఆʹΛ

ੜ͡ͳ͍ɽͱ͍͏ͷɼࣜ (32)ʹ͓͚Δ݅Ct(xn
t ) = O

͕ɼࣜ (31)ͷRtͷ xt͓Αͼ Ptʹର͢ΔӨڹΛଧͪফ͢

͔ΒͰ͋Δɽ͞ΒʹɼPt  xn
t ʹґଘ͠ͳ͍ͨΊɼ

Pt ͷαϯϓϧΛੜͯ͠ΧϧϚϯϑΟϧλΛ N ճద༻͢

Δඞཁͳ͍ɽ

͜ΕΒͷԾఆҎԼͷΑ͏ʹཁ͞ΕΔɽ

xn
t = xn

t−1 + ∆Tt−1xl
t−1 + wn

t−1,

xl
t = xl

t−1 + wl
t−1,

yn
t = d(xn

t ) + et.

(44)

͜͜ʹɼ

wn
t ∼ N (0,∆TtQ

n), (45)

wl
t ∼ N (0,∆TtQ

l), (46)

p(y|x) ∝ exp

[
−{D(d(x),y)}2

2σ2

]
, (47)

D(d(x),y) =
1

|R|
∑

i∈R

min{|di − y′i| , cmax}. (48)

͜ΕΒʹՃ͑ͯɼఏҊΛ

π(xn
t |x

n,(i)
t−1 ,xl,(i)

t−1 ,P ,y1:t)

= π(xn
t |x

n,(i)
t−1 ,xl,(i)

t−1 ) (49)

= p(xn
t |x

n,(i)
t−1 ,xl,(i)

t−1 ) (50)

= N (xn,(i)
t−1 +∆Tt−1x

l,(i)
t−1 ,∆Tt−1Q

n)

, i = 1, . . . , N (51)

ͱఆٛ͢Δɽ

͜ͷϞσϧʹର͢ΔɼN Λ༻͍ͨΞϧΰϦζϜࢠͷཻݸ

ҎԼͷΑ͏ʹ͞ࢉܭΕΔɽ

• ඇઢܗͳ෦ΛॳظԽ͢ΔɽNݸͷαϯϓϧxn,(i)
0 , i =

1, . . . , N Λॳظ p(xn
0 )͔Βੜ͠ɼॏΈΛ w(i)

0 =

1/N, i = 1, . . . , N ͱ͢Δɽ

• ઢܗͳ෦ΛॳظԽ͢ΔɽP0,xl
0 ͷॳظΛ༩͑ɼ

xl,(i)
0 = xl

0, i = 1, . . . , N ͱ͢Δɽ

• ࠁ֤࣌ t = 1, 2, . . .ʹ͓͍ͯҎԼΛ࣮͢ߦΔɽ

( 1 ) ඇઢܗͳ෦ͷαϯϓϧ xn,(i)
t , i = 1, . . . , N , Λɼ

ఏҊ

xn,(i)
t ∼ π(xn

t |x
n,(i)
t−1 ,xl,(i)

t−1 ), i = 1, . . . , N.(52)

͔Βੜ͢Δɽ
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( 2 ) ॏΈΛߋ৽͢Δɽ

w(i)
t

∝ w(i)
t−1

p(yt|xn,(i)
t )p(xn,(i)

t |xn,(i)
t−1 ,xl,(i)

t−1 )

π(xn
t |x

n,(i)
t−1 ,xl,(i)

t−1 ),
,(53)

= w(i)
t−1p(yt|xn,(i)

t ), i = 1, . . . , N. (54)

ॏΈͷ͕ 1ʹͳΔΑ͏ਖ਼نԽ͢Δɽ

( 3 ) ઢܗͳ෦ͷྻߦʹରͯ͠ΧϧϚϯϑΟϧλͷ༧

ଌεςοϓΛ࣮͢ߦΔɽ

Nt−1 = (∆Tt−1)
2Pt−1 +∆Tt−1Q

n, (55)

Lt−1 = Pt−1N
−1
t−1, (56)

P−
t = Pt−1 +∆Tt−1Q

l

−Lt−1Nt−1L
T
t−1. (57)

( 4 ) ઢܗͳ෦ͷϕΫτϧʹରͯ͠ΧϧϚϯϑΟϧλ

ͷ༧ଌεςοϓΛ࣮͢ߦΔɽ

z(i)
t = xn,(i)

t − xn,(i)
t−1 , (58)

xl,−,(i)
t = xl,(i)

t−1 +Lt−1(z
(i)
t −∆Tt−1x

l,(i)
t−1 ),

i = 1, . . . , N. (59)

( 5 ) ઢܗͳ෦ʹରͯ͠ΧϧϚϯϑΟϧλͷߋ৽ε

ςοϓΛ࣮͢ߦΔɽ

xl,(i)
t = xl,−,(i)

t , i = 1, . . . , N (60)

Pt = P−
t . (61)

( 6 ) xn
t ,x

l
tͷਪఆΛɼαϯϓϧͷॏΈฏۉͰ༩͑Δɽ

x̂n
t :=

N∑

i=1

w(i)
t xn,(i)

t , (62)

x̂l
t :=

N∑

i=1

w(i)
t xl,(i)

t . (63)

( 7 ) ϦαϯϓϦϯάΛ͏ߦɽ

( a ) ॏΈ w(i)
t , i = 1, 2, . . . , N Λɼఴूࣈ߹

{(xn,(i)
t ,xl,(i)

t ) : i = 1, . . . , N} ͔Βαϯϓ
ϧఴࣈ iΛಘΔ֬ͱղऍ͠ɼαϯϓϧΛੜ

͢Δɽ͍ݹαϯϓϧू߹Λ৽͍͠ͷʹஔ

Δɽ͖͑

( b )ॏΈΛ w(i)
t = 1/N, i = 1, . . . , N ͱ͢Δɽ

7. Ռ݁ݧ࣮

7.1 ͷ֓ཁݧ࣮

ఏҊख๏ͷίετؔɼάϥϑΟοΫεΧʔυ্ͷฒ

γεςϜͰ͋Δࢉܭྻ CUDAΛ༻͍࣮ͯͨ͠ɽՃ͑ͯɼ

ϝΠϯϝϞϦɾάϥϑΟοΫεϝϞϦؒͷσʔλసૹΛݮ

Βͨ͢ΊʹɼOpenGLͰϨϯμϦϯάͨ͠ਂը૾άϥ

ϑΟοΫεΧʔυ্Ͱ CUDAʹ͞ΕΔΑ͏ʹͨ͠ɽ

ਤ 6 ਓσʔλ Aʹର͢ΔཻࢠϑΟϧλͱ Rao-Blackwellizedཻ

(ࠨ)ϑΟϧλͷਪఆ݁Ռɽࢠ खटͷҐஔͷ y ඪɽ(ӈ)࠲ தࢦ

ͷୈ 2 ؔઅͷ x ࣠ʹ͍ͭͯͷ֯ɽ

GPU NVIDIA GeForce 980 TiΛ༻͍ͨɽ

खͷ࢟ख๏ͷੑධՁ 2छྨͷํ๏Ͱ͜͏ߦͱ

͕Ͱ͖Δɽ1ͭɼ༻ҙͨ͠खͷ࢟ϕΫτϧͷྻ͔Βੜ

ͨ͠ਂը૾Ληϯα͔ΒಘΒΕͨͷͱݟͳ͠ɼਪఆ

ͨ݁͠Ռͷ࢟Λݩͷ࢟ͱൺֱ͢Δͱ͍͏ํ๏Ͱ͋Δɽ

ରͷ࢟ͷྻͱͯ͠ɼϥϯμϜʹ͕࢟มԽ͢Δ

σʔλ Aͱɼ࢟ʹՃ͑ͯϥϯμϜʹมԽ͢Δσʔ

λ BΛ༻ҙͨ͠ɽ͜ΕΒͷ݁Ռୈ 7.2અͰࣔ͢ɽ

͏ 1 ͭͷํ๏ɼ࣮ࡍʹਂηϯα͔ΒಘΒΕ࣮ͨ

σʔλʹରͯ͠ख๏Λ࣮͢ߦΔͱ͍͏ͷͰ͋Δɽ੍

ͷධՁΛ͜͏ߦʹີݫͱͰ͖ͳ͍͕ɼΑΓײతʹੑ

ΛΔ͜ͱ͕Ͱ͖Δɽ͜ͷ݁Ռୈ 7.3અʹࣔ͢ɽ

྆ํͷ࣮ݧʹ͓͍ͯɼཻ ϑΟϧλͱRao-Blackwellizedࢠ

ϑΟϧλΛൺֱͨ͠ɽίετؔࢠཻ (4)ͷύϥϝʔλ

ҎԼͷΑ͏ʹ༩͑ͨɽ

σ = 0.02, (64)

cmax = 100 mm. (65)

ਂը૾ͷղ૾ (512, 424)ϐΫηϧͰ͋Γɼਂͷൺ

ֱʹ༻͍ΔϐΫηϧྖҬ Rͷେ͖͞ (128, 128) ͱͨ͠ɽ

7.2 ਓσʔλ

7.2.1 ਓσʔλA

1ͭͷରͰ͋Δखͷ࢟ͷྻ xn
t , t = 0, 1, . . .ɼ

Ψε

p(xn
t |xn

t−1) = N (xn
t−1,∆TtQ

n), t = 1, 2, . . . (66)

͔Βੜͨ͠ɽ͜Εɼઢܗͳཁૉ͕ͳ͍͜ͱΛআ͍ͯ

ࣜ (44)ͱಉҰͰ͋Δɽ͜ͷରͷใΛͨ࣋

ͳ͍ɽ

ϑΟϧλࢠཻ (PF)ͱ Rao-BlackwellizedཻࢠϑΟϧλ

(RBPF) ʹΑΔਪఆ݁Ռͷ͏ͪɼҰ෦ͷϕΫτϧཁૉͷ

มԽΛਤؒ࣌ 6 ʹࣔ͢ɽ͜ͷਪఆʹ͓͚Δύϥϝʔλɼ

∆Tt = 1/30, t = 0, 1, . . . ͓Αͼ N = 512 ͱͨ͠ɽ

ਤ ͳ͍খ͞ͳมಈʹରͯ͠ɼͨ࣋ΒɼͷใΛ͔ࠨ6

Ұ෦ͷ෦ҐͰ྆ख๏ͱ΄ͱΜͲਖ਼͍͠ਪఆ͕ಘΒΕͯ

͍Δ͜ͱ͕͔ΔɽҰํͰɼਤ 6ӈ͔Βɼผͷ෦Ґʹ͓͍

ͯ྆ख๏ͱ্ख͘Ͱ͖͍ͯͳ͍ɽ͞Βʹɼख๏ؒ
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ਤ 7 ਓσʔλ Bʹର͢ΔཻࢠϑΟϧλͱ Rao-Blackwellizedཻ

(ࠨ)ϑΟϧλͷਪఆ݁Ռɽࢠ खटͷҐஔͷ y ඪɽ(ӈ)࠲ खट

ͷҐஔͷ x ඪɽ࠲

ͷҧ͍ʹେ͖ͳಛ͕ݟΒΕͳ͍ɽ

7.2.2 ਓσʔλ B

2ͭͷରͰ͋Δखͷ࢟ͷྻ xn
t , t = 0, 1, . . .ɼ

Ψε

p(xn
t |xn

t−1,x
l
t−1) = N (xn

t−1 +∆Tt−1x
l
t−1,∆TtQ

n),

p(xl
t|xl

t−1) = N (xl
t−1,∆TtQ

l),

t = 1, 2, . . . (67)

͔Βੜͨ͠ɽ͜Εɼࣜ (44)ͱಉҰͰ͋Δɽ͜ͷର

ͷใΛͭ࣋ɽ

ϑΟϧλࢠཻ (PF)ͱ Rao-BlackwellizedཻࢠϑΟϧλ

(RBPF) ʹΑΔਪఆ݁Ռͷ͏ͪɼҰ෦ͷϕΫτϧཁૉͷ

มԽΛਤؒ࣌ 7 ʹࣔ͢ɽ͜ͷਪఆʹ͓͚Δύϥϝʔλɼ

σʔλ Aʹର͢Δ࣮ݧͱಉ͡ͷΛ༻ͨ͠ɽ

σʔλAʹର͢Δͷͱ΄ͱΜͲมΘΒՌਓ݁ݧ࣮

ͳ͔ͬͨɽਤ ͳ͍খ͞ͳมಈͨ࣋ΒɼͷใΛ͔ࠨ7

ʹରͯ͠ɼҰ෦ͷ෦ҐͰ྆ख๏ͱ΄ͱΜͲਖ਼͍͠ਪఆ

͕ಘΒΕ͍ͯΔ͜ͱ͕͔ΔɽҰํͰɼਤ 7ӈ͔Βɼผͷ

෦Ґʹ͓͍ͯ྆ख๏ͱ্ख͘Ͱ͖͍ͯͳ͍ɽ͞Β

ʹɼख๏ؒͷҧ͍ʹେ͖ͳಛݟΒΕͳ͔ͬͨɽ

7.3 Kinectͷ࣮σʔλ

ਂηϯα Kinect͔Βಘͨਂը૾ͷ࣮σʔλʹର͠

ͷִؒࠁ࣌ɽͨͬߦΛݧ࣮ͯ ∆Tt, t = 0, 1, . . . ͓Αͦ

1/30ඵͰ͋Δ͕ɼηϯαͷঢ়ଶΞϧΰϦζϜͷੑ

ʹΑͬͯมಈ͠ɼඇৗʹ͘ͳΔ߹͕͋Δɽ

ࢠཻ N = 512 ͷཻࢠϑΟϧλ͓Αͼ Rao-

Blackwellized ͍ͯͬߦΛ࢟ϑΟϧλͰखͷࢠཻ

Δ༷ࢠΛɼਤ 9ʹࣔ͢ɽେҬతͳखͷಈ࡞ͱɼࢦΛંΓۂ

͛Δಈ࡞ͷ 2छྨʹର࣮ͯ͠ݧΛͨͬߦɽ࢟ͷॳظ

ɼηϯαʹରͯ͠ը໘தԝͰखͷͻΒΛ͍͚ͯΔঢ়ଶ

ΛΨεͷฏۉͱͨ͠ɽ࢟ͷมԽͷॳظ

ฏۉ 0ͷΨεͰ༩͑ͨɽ

͍ͣΕͷಈ࡞ʹ͓͍ͯɼมԽ͕খ͚͞Ε྆ख๏

Ͱ͕Ͱ͖͕ͨɼਫ਼͘ߴͳ͔ͬͨɽ·ͨɼख๏ؒͰ

େ͖ͳࠩҟݟΒΕͳ͔ͬͨɽ

྆ख๏ͱਫ਼͕͘ߴͳ͔ͬͨݪҼͱͯ͠ɼલॲཧ͕ෆ

ॆͰ͋ΔՄੑ͕͑ߟΒΕΔɽ[7]Ͱηϯα͔ΒಘΒ

ਤ 8 ࣮σʔλʹର͢ΔཻࢠϑΟϧλͷਪఆ݁Ռɽ্ஈηϯα͔

Βಘͨਂը૾Λനࠇදͨ͠ݱͷͰ͋ΓɼԼஈਪఆ݁Ռͷ

ϨϯμϦϯάը૾ɽ(ࠨ) େҬతͳखͷಈ࡞ͷ݁Ռɽ(ӈ)

ͷ݁Ռɽ࡞Δಈ͛ۂΛંΓࢦ

ਤ 9 ࣮σʔλʹର͢Δ Rao-Blackwellized ϑΟϧλͷਪఆ݁ࢠཻ

Ռɽ্ஈηϯα͔Βಘͨਂը૾Λനࠇදͨ͠ݱͷͰ͋

ΓɼԼஈਪఆ݁ՌͷϨϯμϦϯάը૾ɽ(ࠨ) େҬతͳखͷ

ಈ࡞ͷ݁Ռɽ(ӈ) ͷ݁Ռɽ࡞Δಈ͛ۂΛંΓࢦ

Εͨਂը૾ʹ͓͍ͯखʹ֘͢ΔϐΫηϧྖҬΛࣄલʹ

ผ͠ɼਂใͱผʹɼ྆ը૾ͷϐΫηϧྖҬͷҰக

߹͍ίετؔʹΈࠐΜͰ͍ΔɽͦΕʹର͠ɼఏҊ

ख๏ͷίετؔͰɼϨϯμϦϯάͨ͠ը૾ͷखͷྖҬ

ʹؔ͢ΔਂͷฏۉΛ༻͍͍ͯΔ͚ͩͰɼྖҬͷҰக߹

͍Λྀ͍ͯ͠ߟͳ͍ɽͦͷ݁ՌɼཻࢠϑΟϧλͷछྨʹґ

Βͣਫ਼͕ෆॆͱͳΓɼ͕ࠩݱΕͳ͔ͬͨͷͱ͑ߟΒ

ΕΔɽ

7.4 ؒ࣌ߦ࣮

ϑΟϧλͷɼࢠϑΟϧλ͓ΑͼRao-Blackwellizedཻࢠཻ

1ϑϨʔϜ͋ͨΓͷؒ࣌ࢉܭͷฏۉΛਤ 10 ʹࣔ͢ɽཻࢠ

Ҏ֎ͷ࣮ݧઃఆୈ 7.2.2અͱಉ͡ͱͨ͠ɽ

݁Ռ͔ΒɼRao-BlackwellizedཻࢠϑΟϧλͰঢ়ଶม

ͷݩ͕࣍ 2ഒͰ͋ΔʹؔΘΒͣɼ྆ख๏ͷ࣮ؒ࣌ߦ

ʹ΄ͱΜͲ͕ࠩͳ͍͜ͱ͕͔Δɽ͜ͷ͜ͱ͔ΒɼRao-

BlackwellizedཻࢠϑΟϧλඞཁͱͳΔݯࢿࢉܭΛ૿

͢͜ͱͳ͘ɼΑΓෳࡶͳϞσϧΛѻ͏͜ͱ͕Ͱ͖Δͱ͑ݴ
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ਤ 10 ϑΟϧλͱࢠཻ Rao-Blackwellized ϑΟϧλͷɼ1ࢠཻ ϑ

ϨʔϜ͋ͨΓͷؒ࣌ࢉܭͷൺֱɽ

Δɽ͔͠͠ͳ͕Βɼ࣮ͷ࠷దԽ͕ෆॆͰ͋ΔͨΊࢉܭ

͕͘ɼηϯα͕ϑϨʔϜΛऔಘ͢Δִؒؒ࣌ΑΓ͍

ք͕͋ΔɽݶͰͷར༻ʹؒ࣌Λཁ͠ɼ࣮ؒ࣌ࢉܭ

8. ݁

ຊߘͰ୯Ұͷਂηϯα KinectΛ༻͍ͯਓؒͷखͷ

Λ͢Δ৽ͨͳख๏ΛఏҊͨ͠ɽఏҊख๏Ͱɼঢ়࢟

ଶม͕खͷ͚࢟ͩͰͳͦ͘ͷؒ࣌ඍΛؚΜͩঢ়ଶۭ

ؒϞσϧʹର͠ɼRao-BlackwellizedཻࢠϑΟϧλΛద༻

ͨ͠ɽ࣮݁ݧՌ͔Βɼਫ਼ͷ্Λ࣋͢ࢧΔࠜڌಘ

ΒΕͳ͔͕ͬͨɼՃͷࢉܭίετ͕΄ͱΜͲແࢹͰ͖Δ

΄Ͳখ͍͞ͷͰ͋Δ͜ͱ͕͔ͬͨɽਫ਼্͕͠

ͳ͔ͬͨݪҼͱͯ͠ɼίετؔͷઃ͕ܭෆదͰ͋ΔՄ

ੑ͕͛ڍΒΕΔɽ࣮༻ʹΔਫ਼ΛಘΔʹߋͳΔݕ౼

Λཁ͢Δ͕ɼݮؒ࣌ࢉܭʹ͓͍ͯ༗ޮੑΛࣔͨ͠ɽ
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A.1 खͷ࢟ϕΫτϧ

ͰߘͰ͋Δ͕ɼຊࡶඇৗʹෳ࢟ͷਓؒͷखͷࡍ࣮

 [5]ʹͳΒ͍ɼ22ݩ࣍ͷ࣮ϕΫτϧ p ∈ R22 Ͱύϥϝʔ

λԽ͢ΔɽϕΫτϧཁૉେҬతͳҐஔ (3ύϥϝʔλ)ɼ

େҬతͳճస (4ύϥϝʔλ)ɼ͓Αͼ֤ؔࢦઅͷ֯ (֤

ରͯ͠ʹࢦ 3ύϥϝʔλ) Λද͢ݱΔɽ؆୯ͷͨΊɼखͷ

εέʔϧ͑ߟͳ͍ɽؔࢦઅʹ͓͚Δ֯ɼ༧Ίఆٛ͠

ͨ࣠ʹର͢Δͷͱ͢Δɽ֤ࢦͷୈ 1ؔઅͷ֯ɼରԠ

͢Δୈ 2ؔઅͷ֯ͷͰ͋Δͱͯࣗ͠ಈతʹܾఆ͞Ε

Δͷͱ͢Δɽ

ਂηϯαӈख࠲ඪܥͷݪʹઃஔ͞Ε z Λํ࣠

Δͷͱ͍͍ͯΛΓɼखͷฏηϯαͷํ͓͍ͯ

͢Δɽ͜ͷͱ͖ɼखͷ࢟ϕΫτϧ p = [p1, . . . , p22]T Λ

ҎԼͷΑ͏ʹߏ͢Δɽ·ͣɼ(p1, p2, p3)ΛखटͷҐஔɼ

(p4, p5, p6, p7)Λखटͷճసݩ࢛ͱ͢ΔɽΓͷཁૉΛ

અͷ֯ʹׂΓͯΔɽp8ؔࢦ Λࢦୈ 3 ؔઅͷ x ࣠ɼ

p9, p10 ΛͦΕͧΕୈ 2ؔઅͷ x, z ࣠ͱ͢Δɽp11, p12 Λਓ

ୈࢦࠩ 3ؔઅͷͦΕͧΕ x, z ࣠ͱ͠ɼp13 Λୈ 2ؔઅͷ x

࣠ͱ͢Δɽଞͷཁૉதࢦɼༀࢦɼখࢦͷॱʹɼਓࠩࢦͱ

ಉ༷ʹׂͯ͠ΓͯΔɽ
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