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Abstract: ຊߘϚΠΫϩϗϯΞϨΠࡌυϩʔϯ܈ʹΑΔෳԻݯΛͨ͏ߦΊɼυϩʔϯ
ஔ͓ΑͼϚΠΫϩϗϯΞϨΠஔͷ࠷దԽख๏ΛఏҊ͢ΔɽҰൠతʹϚΠΫϩϗϯΞϨΠɼ৴߸ॲ
ཧΛ௨ͯ͡ԻํݯΛਪఆͰ͖Δπʔϧͱͯ͠༻͍ΒΕ͍ͯΔɽϚΠΫϩϗϯΞϨΠͱ͢ࡌΔ͜
ͱͰɼυϩʔϯݱࡂͳͲͰॿ͚ΛݺͿਓͷ͕ࡧՄʹͳΓɼϚΠΫϩϗϯΞϨΠࡌυϩʔ
ϯ͕ෳ͋ΕͦͷҐஔΛਪఆɾͰ͖ΔΑ͏ʹͳΔɽ͔͠͠ɼϚΠΫϩϗϯΞϨΠࡌυϩʔ
ϯ܈ʹΑΔԻݯҐஔͷੑϚΠΫϩϗϯΞϨΠͷஔͷӨ͕ڹେ͖͘ɼͳΔ֤͘ϚΠΫϩ
ϗϯΞϨΠͷਪఆํಉ࢜ަ͠ɼ͔ͭϚΠΫϩϗϯΞϨΠ-Իؒݯͷڑখ͍͞ํ͕·͍͠ɽ
ͦ͜ͰɼຊߘͰԻݯҐஔͷͨΊͷϚΠΫϩϗϯΞϨΠͷஔ࠷దԽख๏ΛఏҊ͠ɼͦͷ༗ޮੑ
Λݕ౼͢ΔɽఏҊख๏γϛϡϨʔγϣϯΛ௨ͯ͡͞ূݕΕɼఏҊख๏͕ϚΠΫϩϗϯΞϨΠͷ
ਪఆํಉ࢜Λަʹ͚ۙͮͳ͕ΒԻݯͱͷڑେ͖͘͞ͳ͍ͨΒ͖͕ݟΒΕͨɽγϛϡϨʔ
γϣϯ্Ͱ͓Αͦ 10 m ΕͨԻݯ 2ͭʹରͯͦ͠ΕͧΕ 2.15 m, 0.65 m ͷ RMSE (Root Mean

Square Error) ͰͰ͖ͨ͜ͱΛ֬ೝͨ͠ɽ

1 ͡Ίʹ

ۙɼݱࡂʹ͓͚Δυϩʔϯͷظ͕༺׆͞Ε
͍ͯΔɽಛʹυϩʔϯ܈ͷ੍ٕޚज़্͕ͨ͜͠ͱʹ
ΑΓɼࡂϑΟʔϧυʹυϩʔϯ܈Λඋؒ࣌͠Ͱ
ϑΟʔϧυͷڥཧղΛਐΊΒΕΔ͜ͱ͕ظ͞ΕΔɽ
υϩʔϯௌ֮ͷจ຺ͰɼϚΠΫϩϗϯΞϨΠͱݺ
ΕΔௌ֮ηϯαΛ͢ࡌΔ͜ͱͰԻํݯΛਪఆ͠ɼנ
ʹຒΕͯࢹೝͮ͠Β͍ཁٹॿऀΛൃ͢ݟΔ͕ڀݚ
ใ͞ࠂΕ͍ͯΔ [1–3]ɽҎલʹզʑϚΠΫϩϗϯΞϨ
ΠΛͨ͠ࡌυϩʔϯ܈ʹΑΔҠಈԻݯҐஔʹͭ
͍ͯใͨ͠ࠂ [4,5]ɽෳϚΠΫϩϗϯΞϨΠΛ༻͍Δ
͜ͱͰಉλΠϛϯάͷํਪఆɾ֯ࡾଌྔ͕Մʹͳ
Γɼਪఆ͍ͨ͠Իيݯಓͷऩଋ͕ૣ͍ͱ͍͏ϝϦο
τ͕͋Δͱ͍͏ख๏Ͱ͋Δɽ͔͠͠ɼطଘڀݚͰυ
ϩʔϯͷҐஔʹؔ͢Δ͕ߟগͳ͘ɼ࣮ࡍʹυϩʔ
ϯͷஔʹΑͬͯ֯ࡾଌྔͷਫ਼͕མͪͨΓɼυϩʔ
ϯ͕Ի͔ݯΒԕ͗ͯ͢͠·͍Ի͕ݯ΄ͱΜͲฉ͖औΕ
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ͳ͔ͬͨΓ͢Δ͜ͱ͕͋ΔͨΊɼҠಈԻݯͷਫ਼
దԽෆՄܽͰ͋Δɽͦ͜Ͱɼ࠷υϩʔϯஔͷʹ্
զʑҎલʹ୯ಠҠಈԻݯͷͨΊͷυϩʔϯஔ
͓ΑͼϚΠΫϩϗϯΞϨΠஔͷ࠷దԽख๏ΛఏҊ͠
ͨɽຊߘͰɼຊख๏ΛෳԻݯͷʹ֦ு͠ɼ
γϛϡϨʔγϣϯΛ௨ͯͦ͡ͷ༗ޮੑΛݕ౼͢Δɽෳ
Իݯ͕୯ಠԻݯͱҟͳΔɼશͯͷϚΠ
ΫϩϗϯΞϨΠ͕શͯͷԻݯͷʹد༩Ͱ͖ͳ͍
Ͱ͋ΔɽҰൠతʹ୯ಠԻݯͷҐஔΛࡍ͏ߦɼ֤
ϚΠΫϩϗϯΞϨΠԻݯΛғΉΑ͏ʹҠಈ͢Δ͜ͱ
ͰɼԻ͔ݯΒΕա͗ͣɼυϩʔϯϊΠζͱͷ SNൺ
Λେ͖ͨ͘͠ঢ়ଶͰҐஔਪఆΛ͜͏ߦͱ͕Ͱ͖Δɽ͠
͔͠ɼෳԻݯΛ͢ΔࡍɼԻݯಉ͕࢜Ε͍ͯΔ
߹શͯͷϚΠΫϩϗϯΞϨΠ͕֤ԻݯΛฉ͖औΕ
ΔҐஔʹஔ͘͜ͱࠔͰ͋ΔɽͦͷͨΊɼ֤Իݯͷ
ʹ༻͍ΔϚΠΫϩϗϯΞϨΠͷใऔࣺબ͢
Δඞཁ͕͋Γɼฉ͖औΕΔϚΠΫϩϗϯΞϨΠ͚ͩͰ
ԻݯͱϚΠΫϩϗϯΞϨΠஔͷ࠷దԽΛ͑ߟΔ
ඞཁ͕͋Δɽͦ͜ͰຊߘͰɼ֤ϚΠΫϩϗϯΞϨΠ
͕֤ԻݯͷํΛਪఆͰ͖͔ͨͱ͍͏ʮ֬৴ʯͳΔ
มΛఆٛ͠ɼ͜ͷ֓೦ΛݩʹԻݯʹ༻͍ΔϚΠ
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ΫϩϗϯΞϨΠΛબ͠ɼͦͷஔΛ࠷దԽ͢Δɽ

2 ఏҊख๏

ෳϚΠΫϩϗϯΞϨΠΛ༻͍ͯԻݯҐஔΛߦ
͏߹ɼϚΠΫϩϗϯΞϨΠͷஔ͕ਫ਼ʹӨڹ
Λٴ΅͢Մੑ͕͋Δ [6]. ྫ͑ɼෳϚΠΫϩϗϯ
ΞϨΠͰԻํݯਪఆ͠ɼ֯ࡾଌྔతʹԻݯҐஔΛਪ
ఆ͢Δͱ͖ɼϚΠΫϩϗϯΞϨΠಉ࢜ͷํ͕Ի͔ݯ
Β͍ۙͯ͠ݟͱɼͦͷํʹԻݯҐஔਪఆ͕ࠩޡΓ
͘͢ͳΔ߹͕͋Δɽ·ͨɼϚΠΫϩϗϯΞϨΠΛ
υϩʔϯʹ͢ࡌΔ߹ɼৗʹυϩʔϯϊΠζ͕ϚΠ
ΫϩϗϯΞϨΠʹ͍ۙՕॴͰൃੜ͢ΔͨΊɼυϩʔϯ
͕Ի͔ݯΒΕΔ΄ͲɼԻݯͱͷ SNൺ͕ஶ͘͠
খ͘͞ͳΔڪΕ͕͋Δɽͦ͜ͰຊߘͰϚΠΫϩϗϯ
ΞϨΠΛͨ͠ࡌυϩʔϯ܈Λ༻͍ͨෳԻݯͷ
ੑΛ্͢Δ͘ɼυϩʔϯ܈ͷஔΛ࠷దԽ͢Δ
ΞϧΰϦζϜΛఏҊ͢Δɽ

2.1 ఏҊΞϧΰϦζϜ֓ཁ

ԻݯΛ͏ߦʹ͋ͨͬͯɼϚΠΫϩϗϯΞϨΠ
υϩʔϯ͕Nࡌ ɼԻ͕ݯ Sݸଘ͢ࡏΔγφϦΦ
Λ͑ߟΔɽҎޙɼi, j ∈ 1, . . . , N υϩʔϯʹ͞ࡌ
ΕͨϚΠΫϩϗϯΞϨΠͷΠϯσοΫεɼk ∈ 1, . . . , S
ԻݯͷΠϯσοΫεΛ͢ࢦɽఏҊख๏Ͱ֤υϩʔ
ϯ Algorithm 1ʹै͍Ҡಈ͢Δ͜ͱͰԻݯҐஔ
ͷ্ΛਤΔɽAlgorithm 1ΛจষԽͨ͠༰ҎԼ
ͷ௨ΓͰ͋Δɽ

0. มͷॳظԽ 2.5અΛࢀর

1. MUSIC๏Λ༻͍ͯԻํݯਪఆΛ͏ߦɽ

2. MUSICεϖΫτϧʹԠͯ͡ϚΠΫϩϗϯΞϨΠ
iͷԻݯ kʹର͢Δ֬৴ p(αi→k|z)Λࣜ (1)Α
Γ͢ࢉܭΔɽ֬৴ʹԠ֤ͯ͡ԻݯͷҐஔਪఆ
ʹͲͷϚΠΫϩϗϯΞϨΠ͕د༩͢Δ͔Λܾఆ
͢Δɽ

3. ਪఆํͱબͨ͠ϚΠΫϩϗϯΞϨΠ܈Λݩʹ
֤ԻݯʹରԠ͢ΔϚΠΫϩϗϯΞϨΠ܈ຖʹԻݯ
ҐஔΛ͏ߦɽ

4. ਪఆͨ͠ԻݯҐஔΛݩʹࣜ (5)Λ௨ͯ͡࠷దͳϚ
ΠΫϩϗϯΞϨΠஔΛ͠ࢉܭɼ֤υϩʔϯࢉ
ग़͞ΕͨҐஔʹҠಈ͢Δɽ

ଓ͘খઅ্هͷߦఔͷৄࡉΛઆ໌͢Δɽ

Algorithm 1 ఏҊΞϧΰϦζϜ (1λΠϜεςοϓ)
Require: x̂i,t

1: for i = 1, . . . , N do

2: di, P (φ, θ) ← MUSIC๏ [7] ʹΑΔਪఆํͱ
MUSICεϖΫτϧ

3: end for

4: for k = 1, . . . ,K do

5: Mk ← ∅
6: for i = 1, . . . , N do

7: p(αi→k|z)←ࣜ (1)

8: if p(αi→k|z) ≥ pthre then

9: Mk ʹ iΛՃ
10: end if

11: end for

12: ŝk,t ← Mk ʹؚ·ΕΔϚΠΫϩϗϯΞϨΠΛ༻
͍ͨMT-GSFT [4]ʹΑΔਪఆҐஔ

13: end for

14: xt+1 ←ࣜ (5)

2.2 Իํݯਪఆ͓ΑͼϚΠΫϩϗϯΞϨ
Πͷ֬৴ͷߋ৽

ҰൠʹෳϚΠΫϩϗϯΞϨΠΛ༻͍ͯԻݯҐஔΛ
ਪఆ͢Δ߹ɼෳϚΠΫϩϗϯΞϨΠͰԻํݯਪ
ఆΛ͍ߦɼ֯ࡾଌྔతʹԻݯҐஔΛਪఆ͢Δ͜ͱ͕ଟ
͍ɽຊߘͰԻํݯਪఆͷखஈͱͯ͠ɼMUSIC๏ [7]

ͱݺΕΔख๏Λ༻͍ͯԻݯҐஔਪఆΛ͏ߦɽMUSIC
๏ऩ͞ΕͨଟνϟωϧԻڹ৴߸ͷۭؒ૬ؔྻߦR

͕ுΔݻ༗ۭؒΛղੳ͢Δख๏Ͱ͋Γ, తԻݯͷ෦
ۭؒͱࡶԻ෦ۭؒͷަੑΛ༻͍ͯԻݯͷํҐɾ
.Λਪఆ͢Δख๏Ͱ͋Δ֯ڼ MUSIC๏ͰMUSICε
ϖΫτϧͱݺΕΔۭؒεϖΫτϧ P (φ, θ)Λࢉग़͠ɼ
εϖΫτϧ P ͷϐʔΫʹҐஔ͢ΔํҐ֯ φͱ֯ڼ θ

Λਪఆํͱ͢Δɽ͔͠͠ɼ͍ϑΟʔϧυͰԻݯҐ
ஔΛ͏ߦ߹ɼԕڑʹ͋ΔԻݯݮਰͯ͠͠·
͍શͯͷϚΠΫϩϗϯΞϨΠ͕ԕڑԻݯͷํਪఆ
Λ͑ߦΔͱݶΒͳ͍ɽͦͷͨΊԻݯҐஔΛ͏ߦ
͏ߦΛฉ͖औΕͨϚΠΫϩϗϯΞϨΠͷΈͰݯɼԻࡍ
͜ͱ͕·͍͠ɽຊߘͰϚΠΫϩϗϯΞϨΠͷʮ֬
৴ʯΛఆٛ͠ɼԻݯ kʹରͯ֬͠৴͕͍ߴϚΠΫ
ϩϗϯΞϨΠͷํਪఆ݁ՌͷΈΛ༻͍ͯԻݯҐஔ
Λ͏ߦɽϚΠΫϩϗϯΞϨΠ i͕Իݯ k Λ؍ଌ͢Δ
ΠϕϯτΛ αi→k ͱఆٛ͠ɼαi→k = 1Ͱ؍ଌ͕ޭɼ
αi→k = 0Ͱ؍ଌ͕ࣦഊͨ͠ͱఆٛ͢Δɽ͜ͷͱ͖ɼϚ
ΠΫϩϗϯΞϨΠ iͷԻݯ kʹର͢Δ֬৴ p(αi→k|z)
ࣜ (1)Ͱߋ৽͞ΕΔ֬Ͱఆٛ͞ΕΔɽ

p(αi→k|z) =
p(αi→k)p(z|αi→k)

p(αi→k)p(z|αi→k)
(1)
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͜͜Ͱɼz؍ଌΛද͠ɼ֬৴ p(αi→k|z)؍ଌ z͕
༩͑ΒΕͨͱ͖ϚΠΫϩϗϯΞϨΠ i͕Իݯ k Λ؍ଌ
Ͱ͖͍ͯΔ֬Ͱ͋Δɽࣄલ֬ p(αi→k)લλΠϜ
εςοϓͷ֬ޙࣄʹΑͬͯ༩͑ΒΕɼ p(z|αi→k)

ࣜ (2), (3)Ͱ͢ࢉܭΔɽ

p(z|αi→k) =






Pnorm(φi→k, θi→k) (αi→k = 1)

1

NφNθ
(αi→k = 0)

(2)

(3)

Pnorm(φ, θ)MUSICεϖΫτϧͷ૯͕ 1ʹͳΔΑ
͏ʹਖ਼نԽͨ͠MUSICεϖΫτϧͰ͋ΓɼNφ, Nθ
ͦΕͧΕMUSICεϖΫτϧΛ͢ࢉܭΔͱ͖ͷํҐ֯
Ϗϯɼ֯ڼϏϯͷͰ͋Δɽ·ͨɼ(φi→k, θi→k)Ϛ
ΠΫϩϗϯΞϨΠ i͔ΒͨݟԻݯ kͷํҐ֯ɼ֯ڼͰ
͋ΔͨΊɼPnorm(φi→k, θi→k)ϚΠΫϩϗϯΞϨΠ i

͔ΒͨݟԻݯ kͷਖ਼نԽMUSICεϖΫτϧʹ͋ͨΔɽ
Ұൠʹਖ਼͍͠ํਪఆ͕͑ߦΔ߹ɼMUSIC εϖΫ
τϧԻํݯʹϐʔΫΛཱͯΔͨΊɼPnorm(φ, θ)
αi→k = 1 ͷͱ͖ͷͱݟͳࣜ͠ (2) ͷΑ͏ʹ
ఆٛͨ͠ɽ·ͨɼԻݯ k͕ਖ਼͘͠؍ଌͰ͖ͳ͍߹ͷ
MUSICεϖΫτϧͷҰൠతͳͷܗଘ͠ࡏͳ͍ͨ
Ίɼαi→k = 0Ͱ͋Δ߹ͷMUSICεϖΫτϧ
͕શํʹ͓͍ͯಉͰ͋Δ߹ͷͱఆٛͨ͠ɽΑͬ
ͯɼϚΠΫϩϗϯΞϨΠ i͔ΒͨݟԻݯ kͷ֬৴ɼ
ϚΠΫϩϗϯΞϨΠ i͔ΒͨݟԻݯ k ͷํʹ͋ͨΔ
MUSICεϖΫτϧ͕ϐʔΫʹ͍ۙΛऔΔͱ͖ʹ૿Ճ
ͯ͠ 1ʹ͖ۙͮɼͦ͏Ͱͳ͍߹ݮগͯ͠ 0ʹۙͮ
͘ɽຊΞϧΰϦζϜͰ֬৴ p(αi→k|z)શϚΠΫ
ϩϗϯΞϨΠɾԻݯͷΈ߹Θͤʹରͯ͠͠ࢉܭɼ͜
ͷ֬৴ʹ͍ͯͮجԻݯ kͷҐஔʹ༻͍ΔϚΠΫ
ϩϗϯΞϨΠͷऔࣺબΛ͏ߦɽ۩ମతʹɼԻݯ k

ʹର͢ΔϚΠΫϩϗϯΞϨΠ iͷ֬৴ p(αi→k|x)͕
ᮢ pthreҎ্Ͱ͋Δ߹ɼͦͷϚΠΫϩϗϯΞϨΠ
ू߹Mk ⊆ {1, . . . ,N}ʹՃ͑ΒΕɼଓ͘ԻݯҐஔ
ͱϚΠΫϩϗϯΞϨΠஔͷ࠷దԽʹ༻͍ΒΕΔɽ

2.3 ԻݯҐஔ

લখઅͰٻΊͨϚΠΫϩϗϯΞϨΠू߹Mk Λ༻͍
ͯɼԻݯҐஔΛ͏ߦɽຊߘͰɼҎલզʑ͕ఏҊ
ͨ͠ԻݯҐஔMT-GSFT๏ [4]Λ༻͍ͯΛ
ΕͨෳϚΠΫ͞ࡌɽMT-GSFTυϩʔϯʹ͏ߦ
ϩϗϯΞϨΠʹΑΔԻݯҐஔͷͨΊʹఏҊ͞Εͨ
ख๏ͰɼυϩʔϯϊΠζͰԻํݯਪఆ͕େ͖͘ࢄ
͢ΔΑ͏ͳঢ়گԼͰ֎ΕͱͳΔΑ͏ͳ֯ࡾଌྔ
ͷӨڹΛ͑ΔͨΒ͖Λͭ࣋ɽ۩ମతʹෳϚΠ
ΫϩϗϯΞϨΠͷਪఆํʹΑΔ֯ࡾଌྔʹΑͬͯಘ
ΒΕͨ֯ࡾଌྔ܈Λ µ = {µ1, . . . ,µQ}ͱஔ͖ɼ͜

ΕΒͷ֯ࡾଌྔΛࣜ (4)ͷΑ͏ͳࠞ߹Ψεʹ
ஔ͖͑Δɽ

Q

q=1

1

Q
· N (µq,Σ) (4)

ͨͩ͠ɼN ΨεΛද͠ɼΣώϡʔϦεςΟο
ΫʹܾΊΔࢄఆͰ͋Δɽࣜ (4)ͰಘΒΕͨࠞ߹Ψ
εΛɼGaussian Sum Filter (GSF)ʹద༻͢Δ͜
ͱͰ͍ͨ͠ԻݯͷҐஔΛಘΒΕɼࠞ߹Ψε
ͷॏΈ͖ฏۉΛऔΔ͜ͱͰਪఆԻݯҐஔ ŝ͕ಘ
ΒΕΔɽҙ͖͢ɼԻݯ kʹ͍ͭͯMT-GSFT

๏ʹΑΔΛ͍͍ͨߦ߹ɼϚΠΫϩϗϯΞϨΠ
ू߹Mk ʹؚ·ΕͨϚΠΫϩϗϯΞϨΠͷํਪఆ݁
ՌͷΈΛ༻͍ͯ֯ࡾଌྔͷࢉܭΛ͏ߦͰ͋Δɽ

2.4 ϚΠΫϩϗϯΞϨΠஔͷ࠷దԽ
ຊߘͰ (i) ֤ϚΠΫϩϗϯΞϨΠਪఆํಉ͕࢜
ަʹ͖ۙͮɼ͔ͭ (ii) υϩʔϯ͕Իݯʹ͍ۙঢ়͕گɼ
ԻݯҐஔʹ༗ޮͰ͋Δͱ͍͏Ծఆͷͱɼࣜ (5)Λ
దͳϚΠΫϩϗϯ࠷খԽ͢Δ͜ͱͰ࠷͠ɼຊࣜΛߏ
ΞϨΠஔΛࢉग़͢Δɽ

argmin
xt+1

f(xt+1) + λgg(xt+1) + λhh(xt+1) (5)

s.t.zi ≥ zlim (6)

f(xt+1) =

S

k=1 {i,j}∈Mk (i=j)

(xi,t+1 − ŝk,t) (xj,t+1 − ŝk,t)

xi,t+1 − ŝk,t 2 xj,t+1 − ŝk,t 2
(7)

g(xt+1) =

S

k=1 i∈Mk

xi,t+1 − ŝk,t 2 (8)

h(xt+1) =

N

i=1

xi,t+1 − xi,t 2 (9)

͜͜Ͱɼxi,t ∈ R3ࠁ࣌ tʹ͓͚ΔϚΠΫϩϗϯΞϨ
Π iͷ ҐஔͰ͋Γɼxtݩ࣍3 = {x1, . . . ,xN}શϚΠ
ΫϩϗϯΞϨΠͷࠁ࣌ tʹ͓͚Δݩ࣍ࡾҐஔͷू߹Ͱ
͋ΔɽziϚΠΫϩϗϯΞϨΠ iͷ z࠲ඪɼzlim z࠲
ඪͷԼݶͰ͋Γɼࣜ (6)υϩʔϯ͕Իݯʹ͖ۙͮ͢
͗ͳ͍ͨΊͷ੍Ͱ͋Δɽ·ͨɼsk,t ∈ R3ࠁ࣌ tʹ
͓͚ΔԻݯ kͷ ҐஔͰ͋Δɽf(x)ݩ࣍3 2ͭͷϚΠ
ΫϩϗϯΞϨΠ͕ਖ਼͍͠ํΛਪఆͨ͠߹ͷ 2ຊͷ
ͷ૯Ͱ͋ΔɽΑͬͯɼཧݭϕΫτϧͷ֯ͷ༨ํ
తͳਪఆํಉ͕࢜ަԽ͢Δͱ f(x) 0ʹۙͮ͘
ͨΊɼf(x)ͷ࠷খԽʹΑͬͯਪఆํಉ͕࢜ަʹۙ
Ͱ͖Δɽg(x)Իظͷ੍͕ࢄଌྔͷ֯ࡾ͖ͮ
ͷ૯Ͱ͋Γɼg(x)ΛڑͱϚΠΫϩϗϯΞϨΠͷݯ
Λ͑ڑͱυϩʔϯͷݯখԽ͢Δ͜ͱʹΑͬͯԻ࠷
Δ͜ͱ͕Ͱ͖ɼڑݮਰʹΑΔ SNൺͷݮগΛ͑Δ
͜ͱ͕Ͱ͖Δɽh(x)લλΠϜεςοϓͷυϩʔϯҐ
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ஔͱࡏݱͷλΠϜεςοϓͷυϩʔϯҐஔͷڑΛ࠷
খԽ͢Δ͜ͱͰɼυϩʔϯ͕େ͖͘Ҡಈ͢Δ͜ͱΛ
͙ͨΒ͖Λͭ࣋ɽλg, λh ͦΕͧΕ g(x), h(x)ʹ͔
͔ΔͰ͋Δɽf(x)ͷେ͖ͯ͘ߴʑS ·NC2

·Ͱ͔͠औΒͳ͍Ұํɼg(x), h(x)υϩʔϯͱԻݯ
ͷڑυϩʔϯͷҠಈڑͷ૯ΛऔΔͨΊɼҰൠ
తʹ f(x) g(x), h(x) ΑΓஶ͘͠খ͘͞ͳΔ͜
ͱ͕ଟ͍ɽͦ͜Ͱɼ߲ಉ࢜ͷόϥϯεΛऔΔͨΊʹ
 λg, λhΛઃ͚͓ͯΓɼຊߘͷධՁγϛϡϨʔγϣϯ
Ͱ λg = 0.01, λh = 0.0001 ͱઃఆͨ͠ɽ·ͨɼຊߘ
ͰϚΠΫϩϗϯΞϨΠυϩʔϯ͔Βಥ͖ग़͍ͯΔ
Ε͍ͯΔ͜ͱΛఆ͓ͯ͠ΓɼͦͷͨΊϚ͞ࡌͰܗ
ΠΫϩϗϯΞϨΠͷํޙͰϓϩϖϥ͕υϩʔϯϊΠζ
Λൃ͢Δ͜ͱʹͳΔɽΑͬͯԻݯυϩʔϯͷํޙͰ
ͳ͘ɼυϩʔϯͷલํʹ͋Δ͜ͱ͕·͍͠ɽຊΞ
ϧΰϦζϜͰυϩʔϯͷ࢟ਪఆԻݯҐஔ ŝkΛ
͘Α͏ʹஔ͠ɼϚΠΫϩϗϯΞϨΠ i͕ෳԻݯʹ
ରͯ֬͠৴͕ᮢ pthreΛ͑Δ߹֘͢ΔԻݯ
Α͏ʹஔͨ͠ɽ͘Λํۉͷฏ܈

2.5 ॳظλΠϜεςοϓͷॲཧ

ͰطݯɼԻࡍΔ͢ߦͷΞϧΰϦζϜΛ࣮ه্
͋Δඞཁ͕͋Γɼ·ͨ֬৴ p(αi→k)ͷॳظ͕ඞཁ
ʹͳΔɽͦ͜ͰɼຊߘͰԻݯ SطͱԾఆ͠ɼ
֬৴ p(αi→k)ͷॳظશͯͷԻݯɾϚΠΫϩϗϯΞ
ϨΠͷϖΞʹஔ͍ͯ 0.5ͱઃఆ͢Δɽ·ͨɼMT-GSFT
Λ্͏ߦͰॳࣄظલΛઃఆ͢Δඞཁ͕͋Δ͕ɼຊ
ଌྔ֯ࡾग़ͨ͠ࢉͰશϚΠΫϩϗϯΞϨΠ͔Βߘ
Λ k-means ๏Ͱ SݸͷΫϥελʔʹׂ͠ɼ֤Ϋϥε
λʔͷॏ৺ΛฏۉɼΣgen ∈ R3 Λࢄͱͨ͠ਖ਼نཚ
ੜ͔ثΒ I ͷݸ Γग़͠ɼͦΕͧΕͷ࡞ͷΛݩ࣍3
Λฏͭ࣋ʹۉࢄ Σ0 ͷਖ਼نΛ߹ͨࠞ͠߹Ψ
εΛॳࣄظલʹ༻͍Δɽ

3 ධՁγϛϡϨʔγϣϯ

ఏҊख๏ʹΑΔϚΠΫϩϗϯΞϨΠஔͷ࠷దԽʹ
ΑͬͯෳԻݯͷҐஔ͕ՄʹͳΔ͔Λ͔֬ΊΔ
ͨΊɼγϛϡϨʔγϣϯΛ͍ߦɼͦͷ༗ޮੑΛݕ
ূͨ͠ɽ

3.1 γϛϡϨʔγϣϯઃఆ

ఏҊख๏ͷ༗ޮੑΛධՁ͢ΔͨΊɼఏҊख๏ΛMAT-
LAB্Ͱ࣮ͨ͠ɽຊγϛϡϨʔγϣϯͰԻݯ 1ͱ
Իݯ 2ͷ Λஔ͠ɼ6ͷυϩʔϯͰͦΕݯͷԻݸ2
ͧΕͷԻݯҐஔΛ͢Δ͜ͱΛ͑ߟΔɽʢਤ 1ʣҎԼ
ਤ 1ͰԁܗͷيΛඳ͘ԻݯΛԻݯ 1ɼܗ࢛֯ͷي

ਤ 1: ্͔ΒͨݟϑΟʔϧυਤɽ֤Իݯ࢛֯Ϛʔ
Χʔ͔ΒͰܭ࣌ճΓʹҠಈ͢Δɽҹɾ
ҹ֤ϚΠΫϩϗϯΞϨΠͷॳ࢟ظΛࣔ͢ɽ(MA=
ϚΠΫϩϗϯΞϨΠ)

ਤ 2: ܗٿ 16 ch ϚΠΫϩϗϯΞϨΠΛߏ͢ΔϚΠ
Ϋϩϗϯஔ

Λඳ͘ԻݯΛԻݯ 2ͱهड़͢Δɽਤ 1্͔Βͨݟ၆
ᛌਤͰ͋Δ͕ɼ࣮ࡍʹ ͓ͯͬߦͷҐஔΛݩ࣍3
Γɼ֤Իݯ͞ߴ z = 1.5 m ʹҐஔ͢Δɽ·ͨɼ֤υ
ϩʔϯͷॳظҐஔ z = 5ฏ໘Ͱ (x, y, z) = (4, 0, 5)

Λத৺ʹܘ 7 m ͷԁ্ހʹִؒʹஔ͖ɼ྆Իݯ
ΛғΉΑ͏ʹஔͨ͠ɽ֤υϩʔϯʹ 16chͷܗٿ
ϚΠΫϩϗϯΞϨΠ (ਤ 2) Λ 1 ͓ͣͭͯ͠ࡌΓɼ
24bitɼ16 kHzͰऩΛ͏ߦɽऩ T = 46ඵ͍ؒߦɼ
ରͰ͋ΔԻݯ T ඵ͔͚ؒͯਤͷઢͷيಓΛ
ͪΐ͏Ͳ 1प͢ΔΑ͏ʹਐΉɽԻݯ 1ͱԻݯ 2ͦΕ
ͧΕ 1000 Hz, 2000 Hz ͷਖ਼ݭΛઈ͑ͣग़ྗ͍ͯ͠
Δɽ·ͨɼຊγϛϡϨʔγϣϯڥΛ࣮ࡍͷ֎ڥ
ͱ͚ۙͮΔͨΊɼ֤ϚΠΫϩϗϯΞϨΠʹ༧Ίऩ
͞Εͨ 16 ch ͷυϩʔϯϊΠζΛՃ͓ͯ͠ΓɼԻݯ
৴߸ͱͷ SNൺ −35 dB ͱઃఆͨ͠ɽ֤υϩʔϯ
ࣜ (5)ͷߋ৽ଇʹै͍Ҡಈ͠ɼߋ৽ʹඞཁͳύϥϝʔ
λ λg = 0.01, λh = 0.0001, zlim = 4.79ͱઃఆͨ͠ɽ
ࣜ (5)ͷ࠷খԽͷࢉܭʹ๏Λ༻͍ͨɽԻํݯ
ਪఆʹMUSIC๏ [7]Λద༻͠ɼωL = 900 Hz ͔Β
ωH = 2100 Hz ͷؒͷ৴߸ΑΓํਪఆʹ༻͍Δۭؒ
εϖΫτϧΛํҐ֯ɾ֯ڼͱʹ 5ࠁΈͰࢉग़͢Δɽ
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ਤ 3: ԻݯҐஔ݁Ռ

3.2 ݁Ռɾߟ

ਤ 3 46ඵؒͷऩͷؒʹಘΒΕͨԻݯҐஔͷ
݁ՌͱϚΠΫϩϗϯΞϨΠஔͰ͋ΓɼఏҊख๏
྆Իݯͷيͷ֓ܗΛଊ͍͑ͯΔ͜ͱ͕͔Δɽ·ͨɼ
γϛϡϨʔγϣϯத൫ͰMA2, 3, 4, 5͕Իݯ 1Λ
ִؒͰғΜͰ͓ΓɼMA1, 4, 6͕Իݯ 2ΛִؒͰғΉ
Α͏ʹҠಈ͍ͯ͠Δ༷ݟ͕ࢠΒΕͨɽ͜Εࣜ (5)Λ௨
దԽʹΑͬͯɼ֤ϚΠΫϩϗϯΞϨΠͷਪఆํ࠷ͨ͡
ΘΕΔɽࢥަʹۙͮ͜͏ͱ͢Δ͔ΒͰ͋Δͱ͕࢜ಉ
·ͨɼ֤ϚΠΫϩϗϯΞϨΠͷ͞ߴৗ࣌ zlim = 4.79

m Ͱ͋Γɼ͔ͭ؍ଌͰ͖ΔԻݯͱ͓Αͦ 10 m લޙ
ͷڑΛอͱ͏͢Δಈ͖͕ݟΒΕ͓ͯΓɼࣜ (5)ͷ࠷ద
ԽΛ௨֤ͯ͡ϚΠΫϩϗϯΞϨΠ͕ਪఆํಉ࢜ͷ
ަੑΛकΓͭͭԻݯʹͳΔۙͮ͘͜͏ͱ͍ͯ͠Δ
ݯӐ͑ΔɽԻ͕ࢠ༷ 1ʢԁيಓʣͷRMSE (Root Mean
Square Error)  2.15 m, Իݯ 2ʢي࢛֯ಓʣͷRMSE
 0.65 m Ͱ͋ͬͨɽԻݯ 1ͷ RMSE͕ൺֱతେ͖͍
ͷɼਤ 3(f)ͰݟΒΕΔΑ͏ʹɼ݁Ռ͕Իݯ 2ͷ
ͰߘಓʹҾͬுΒΕͯ͠·͔ͬͨΒͰ͋Δɽຊي
͢ΔϑΟϧλʔಉڞ͕࢜௨͢ΔԻݯͷҐஔΛਪఆ͠
ͯ͠·ͬͨͱ͖ɼಉ͡ԻݯΛ͠ͳ͍Α͏ʹ͢Δॲ
ஔΛ͍ͯ͠ࢪͳ͍ͨΊɼਤ 3(f)ͷΑ͏ʹ͍ۙԻيݯಓ
ʹ݁Ռ͕υϦϑτͯ͠͠·͏ݱ͕͖ͨىͱ͑ߟ
ΒΕΔɽ࣮ࡍʹɼυϩʔϯ܈ʹผͷॳظஔΛ༩͑ͯ
γϛϡϨʔγϣϯͨ͠ͱ͖ɼ2ͭͷԻݯϑΟϧλʔ
͕ಉ͡ԻݯΛऴ࢝ͯ͠͠·͍ɼ6ͷυϩʔϯ͕

Իݯ 2͚ͩΛғΉέʔε͕ݟΒΕͨɽΑͬͯɼԻݯಉ
Λࠞಉ͠ͳݯ߹ʹϑΟϧλʔ͕Իͨͬد͕ۙ࢜
͍Α͏ͳॲஔͷඞཁੑ͕Ӑ͑ͨɽ
ਤ 4֤ϚΠΫϩϗϯΞϨΠͷԻݯʹର͢Δ֬৴

p(αi→k)ͷਪҠΛࣔͨ͠ͷͰ͋Δɽྫ͑ɼॳظҐ
ஔ͕Իݯ 1ʹۙ͘ɼԻݯ 2͔Βԕ͔ͬͨMA2, 3 Ի
ݯ 1ʹର͢Δ֬৴͕૿Ճ͠ɼԻݯ 2ʹର͢Δ֬৴
,ΒΕΔɽͦͷͨΊɼMA2ݟͨ͜͠ͱ͕ݱ͕ 3Իݯ
1ͷԻݯʹد༩͢Δ͜ͱʹूத͠ɼऴ࢝Իݯ 1ͷ
पғΛҠಈ͍ͯ͠Δ͜ͱ͕͔ΔɽԻݯ 2ͷʹ͓
͍ͯಉ༷ͷ͜ͱ͕MA1, ,ΒΕΔɽMA4ݟ͍ͯͭʹ6
5ʹ͍ͭͯɼॳظҐஔൺֱతԻݯ 1, 2ͷ྆ํʹۙ
͔ͬͨ͜ͱ͔Βɼ྆ํͷԻݯͷํΛਪఆͰ͖͍ͯͨ
͜ͱ͕֬ೝ͞ΕͨɽΑͬͯɼγϛϡϨʔγϣϯং൫ͷ
྆Իݯʹର͢Δ MA4, 5 ͷ֬৴ Pthre = 0.3Λ
͓͑ͯΓɼ྆Իݯͷʹد༩͍༷ͯͨ͠ݟ͕ࢠΒΕ
Δɽͨͩ͠ɼࣜ (5)ʹΑ֤ͬͯϚΠΫϩϗϯΞϨΠ
ਪఆํಉ͕࢜ަ͢ΔΑ͏ʹஔ͢Δ࡞༻͕ͨΒ
͖ɼϚΠΫϩϗϯΞϨΠಉ࢜ͷҐஔͳΔ͘ΕΔ
Α͏ʹҠಈ͢ΔΑ͏ʹͳΔɽͦͷͨΊɼMA4ৗʹԻ
ݯ 1ͱ 2ͷؒʹஔ྆͠ԻݯͷํਪఆʹΊΔҰํ
ͰɼMA5Իݯ 1͕͋ΔํҾͬுΒΕɼ͕ͯԻݯ
1ͷͷΈʹد༩͢ΔΑ͏ʹͳͬͨɽҎ্ΑΓɼࣜ
(1)ʹΑΔ֬৴ͷߋ৽Λ௨ͯ͡ɼ֤ϚΠΫϩϗϯΞϨ
Πͷ֬৴ԻݯΛฉ͖औΕΔʢ=Իݯʹۙ͘ SNൺ
͕େ͖͍ʣ߹্ঢ͠ɼͦ͏Ͱͳ͍߹ݮগ͢Δ
ҙਤ௨Γͷݟ͕ΒΕͨɽ·ͨɼఏҊΞϧΰϦζϜ

37



ਤ 4: ֤ϚΠΫϩϗϯΞϨΠͷ֤Իݯʹର͢Δ֬৴ͷਪҠ

ʹΑͬͯԻݯͷҐஔͱϚΠΫϩϗϯΞϨΠஔͷ
ϚΠΫϩϗϯ͍ߴର͢Δ֬৴͕ʹݯ৽ɼͦͷԻߋ
ΞϨΠͷΈʹΑͬͯߦΘΕ͍ͯΔ͜ͱ͕Ӑ͑Δɽ

4 ऴΘΓʹ

ຊߘͰɼϚΠΫϩϗϯΞϨΠࡌυϩʔϯ܈ʹΑ
ΔෳԻݯͷͷͨΊͷϚΠΫϩϗϯΞϨΠஔͷ
దԽΞϧΰϦζϜΛఏҊͨ͠ɽҰൠతʹෳϚΠΫ࠷
ϩϗϯΞϨΠͰԻݯҐஔΛਪఆ͢Δࡍʹɼ֤ϚΠΫϩ
ϗϯΞϨΠ͕ਪఆ͢ΔԻํݯಉ࢜ަͰ͋Δ͜ͱ
ฉ͖औΕΔΑ͏ʹϚ͕ݯԻʹ࣌ɼͦΕͱಉ͘͠·͕
ΠΫϩϗϯΞϨΠԻݯʹۙͮ͘͜ͱ͕·͍͠ɽ
͜ͷ 2݅Λຬͨͨ͢ΊʹධՁؔࣜ (5)Λߏங͠ɼυ
ϩʔϯ͓ΑͼϚΠΫϩϗϯΞϨΠஔΛܾఆ͢ΔΞϧ
ΰϦζϜΛఏҊͨ͠ɽ·ͨɼෳͷԻݯΛಉ࣌ʹฉ͖
औΕͳ͍ϚΠΫϩϗϯΞϨΠ͕ଘͯ͠ࡏਪఆ݁ՌΛ
ଛͳΘͳ͍Α͏ʹɼ֬৴ʢࣜ (1)ʣͱ͍͏֓೦Λಋ
ೖ͠ɼ֬৴ͷ͍ߴϚΠΫϩϗϯΞϨΠͷΈͰԻݯ
ɾϚΠΫϩϗϯΞϨΠஔͷ࠷దԽ͕͑ߦΔΑ͏ʹ͠
ͨɽఏҊΞϧΰϦζϜͷ༗ޮੑΛݕ౼͘͢γϛϡ
ϨʔγϣϯΛ͍ߦɼఏҊΞϧΰϦζϜ͕ෳԻݯͷ
Λ͑ߦΔέʔε͕֬ೝͰ͖ͨҰํɼԻݯಉ͍͕ۙ࢜
Δ͜ͱ͕֬ೝͰ͖ͨɽ·ͨɼ͜ى݁Ռͷࠞಉ͕ʹ࣌
MT-GSFTͷΑ͏ͳ֯ࡾଌྔΛ͏ߦख๏Ͱɼ1ͭͷ
Իݯʹ͖ͭϚΠΫϩϗϯΞϨΠ͕গͳ͘ͱ Ҏ্ݸ2

ඞཁͰ͋Γɼ్͠தͰ͋ΔԻݯΛฉ͖औΕΔϚ
ΠΫϩϗϯΞϨΠ͕ ҐஔݯԼͰԻگͳ͍ঢ়͔͠ݸ1
ΛܧଓͰ͖ΔΑ͏ͳɼઓུͷεΠονϯά͕
ͷॏͳ࢜ΊΒΕΔɽ·ͱΊΔͱɼϑΟϧλʔಉٻ
ΓͷղফͱԻݯΛͰ͖ΔϚΠΫϩϗϯΞϨΠ͕ 1

ͷΈʹͳ͕ͬͯଓ͚ΒΕΔख๏ͷεΠο
νϯά͕ޙࠓͷ՝Ͱ͋ΔɽՃ͑ͯɼԻݯͷൃੜͱফ
໓ͷݕଞͷԻݯख๏ʹ͍ͭͯ༗ޮͰ͋Δ͔
ͷূݕ՝ͷ 1ͭͰ͋Δɽ

ँࣙ

ຊڀݚ JSPS Պݚඅ JP19K12017, JP19KK0260

͓Αͼ JP20H00475 ͷॿΛड͚ͨɽ

ݙจߟࢀ

[1] K. Nakadai, M. Kumon, H. G. Okuno, K. Hoshiba,

M. Wakabayashi, K. Washizaki, T. Ishiki,

D. Gabriel, Y. Bando, T. Morito, R. Kojima,

and O. Sugiyama, “Development of microphone-

array-embedded uav for search and rescue task,”

in 2017 IEEE/RSJ International Conference on

Intelligent Robots and Systems (IROS), 2017, pp.

5985–5990.

38



[2] K. Hoshiba, K. Washizaki, M. Wakabayashi,

T. Ishiki, M. Kumon, Y. Bando, D. Gabriel,

K. Nakadai, and H. Okuno, “Design of uav-

embedded microphone array system for sound

source localization in outdoor environments,” Sen-

sors, vol. 17, no. 11, p. 2535, 2017.

[3] M. Wakabayashi, K. Washizaka, K. Hoshiba,

K. Nakadai, H. G. Okuno, and M. Kumon, “De-

sign and implementation of real-time visualiza-

tion of sound source positions by drone audition,”

in 2020 IEEE/SICE International Symposium on

System Integration (SII), 2020, pp. 814–819.

[4] T. Yamada, K. Itoyama, K. Nishida, and

K. Nakadai, “Sound source tracking by drones

with microphone arrays (forthcoming),” in Pro-

ceedings of 2020 IEEE/SICE International Sym-

posium on System Integration: 12-15 January

2020; Honolulu, 2020.

[5] ——, “Sound source tracking using integrated di-

rection likelihood for drones with microphone ar-

rays,” in 2020 IEEE/SICE International Sympo-

sium on System Integration (SII). IEEE, 2021,

pp. 394–399.

[6] ——, “Assessment of sound source tracking us-

ing multiple drones equipped with multiple micro-

phone arrays,” International journal of environ-

mental research and public health, vol. 18, no. 17,

p. 9039, 2021.

[7] R. Schmidt, “Multiple emitter location and sig-

nal parameter estimation,” IEEE Transactions on

Antennas and Propagation, vol. 34, no. 3, pp. 276–

280, 1986.

39


