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1 ͱతܠഎڀݚ

खඳ͖ΞχϝͷΩϟϥΫλͷإͷಈ͖ɺMiyata et

al.[1]ͷੳ݁ՌͷΑ͏ʹɺزݩ࣍ࡾԿֶతʹҰ؏ͨ͠
Ө૾ͱҟͳΔඳըΛ͞ΕΔ͜ͱ͕ଟ͍ɻΞχϝʔ
λ͜ͷදݱΛݧܦଇͰशಘ͢Δ͜ͱ͕ଟ͘ɺମܥత
ͳֶशͷͨΊͷจݙڀݚগͳ͍ɻ
ຊख๏Ͱإͷ͖ͷมԽʹ͏إͷߏཁૉͷม
ը૾্ʹೖྗͨ͠إͷมԽΛΩϟϥΫλҐஔؔܗ
ಛ܈ͷҐஔใ͔ΒɺزԿֶతͳಛͱͯ͠ٻΊ
Δɻ͜ΕΒΛೖྗͱ͠ɺإͷ͖Λग़ྗͱ͢Δؔ܈
Λಋ͖ɺͦΕΒͷؔٯΛ༻͍ͯΩϟϥΫλͷإͷ
͖ͷมܗΛ͍ߦɺมܗͷ༷͔ࢠΒإඳը๏Λઆ໌͢Δɻ

2 σʔλ

ຊڀݚͰจݙ [2]Ͱ༻͍ͨΞχϝͷإը૾Λ༻͍
Δɻ֤ը૾ʹإͷߏཁૉͷॴΛهͨ͠ ͷݸ34
ಛͱإͷ͖φ = (φpitch,φyaw,φroll)͕खಈͰೖ
ྗ͞Ε͍ͯΔɻͯ͢ͷσʔλͷඑؒͷ࠲ඪΛ (0, 0)ɺ
එؒͱֺͷಛؒͷ͞Λ L(= 200)ͱ͢Δɻ
ΩϟϥΫλͷإͷߏཁૉͷܗҐஔΛઆ໌
͢Δಛͱͯ͠ɺҎԼͷಛΛಛ܈ p =

(p1x, p1y, p2x, p2y, . . . , p34x, p34y)͔ΒٻΊΔɻਤ 1ʹ
ԿಛͷఆٛΛࣔ͢ɻز
1 ಛ͔Β pix, piy ΛٻΊΔɻ2 ಛ͔Β

Lij,x, Lij,y, Lij , θijΛٻΊΔɻ3ಛ͔Βɺܗ֯ࡾ
PiPjPk ͷ໘ੵ, sgn(Lij − Ljk)
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Δɻ4ಛ͔Β Lkl,x
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Lij,y
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Lij
ΛٻΊΔɻ·ͨɺ

b
a Ͱද͢Α͏ͳ 2ઢͷ͞ͷൺΛҙຯ͢Δಛʹͭ
͍ͯɺlog(

∣∣ b
a

∣∣+ 1)ಛͱͯ͠ٻΊΔɻσʔλͷ
֤ಛͷฏۉ 0ɺࢄ 1ͱͳΔΑ͏ʹਖ਼نԽ͢Δɻ
͞໘ੵ͓ΑͼͦΕΒͷൺإͷߏཁૉͷେ͖
͞ͷઆ໌ʹରԠ͠ɺ֯ͦΕΒͷҐஔؔͷઆ໌ʹ
ରԠ͢Δɻ
إը૾ͷภΓΛͳͨ͘͢Ίʹɺإຖͷ͖ͷإ
ͷ͖ φyaw,2k = (2k)◦(0 ! k ! 30, k ∈ Z) ͷಛ
 vi,2k  −1◦ ! φpitch ! 1◦, (2k − 1)◦ ! φyaw !
(2k + 1)◦,−1◦ ! φroll ! 1◦ Λຬͨ͢إը૾ͷ i൪
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ͷಛͷฏۉͱ͢Δɻ

ਤ 1: Կಛͷఆٛز

3 ࡞ը૾ͷإͷมԽ͖ͨ͠ͷإ

3.1 ͷਪఆ͖ͷإ

͖ͷإখೋ๏Λ༻͍ͯɺi൪ͷಛ͔Βɺ࠷
ਪఆؔ fi(v)Λܾఆ͢Δɻಛͷͱإͷ͖ͷࢄ
ਤ͔Βଥͱ͑ߟΒΕɺ͔ͭɺҬͷൣғͰ୯ௐੑ
͕͋Γײతͳղऍ͕Մͳ (1)ʙ(4)ࣜΛ࠷খೋ๏
Λద༻͢Δؔͱ͢Δɻ

fi,1(v) =λ1v + λ2 (1)

fi,2(v) =
√

|λ1v + λ2| (2)

fi,3(v) =asin(λ1v + λ2)
180

π
(3)

fi,4(v) =acos(λ1v + λ2)
180

π
(4)

Ej(vi) = Σ(φyaw,2k − fi,j(vi,2k))2 Λ࠷খʹ͢Δ
λ1,λ2 Λ࠷খೋ๏Λ༻͍ͯͦΕͧΕٻΊɺfi(v) =

fi,j(v)(j = arg min
j

(Ej(vi))ͱ͢Δɻ

3.2 ߏ࠶ը૾ͷإ

͖ͷإ φyaw ͕ 0◦͔Β φyaw,G·ͰมԽ͢Δͱ͖
ͷإͷߏཁૉͷมܗΛإը૾ͷมԽ͔Βઆ໌͢Δͨ
Ίʹɺφj

yaw = j
N φyaw,G(1 ! j ! N)ͷإը૾ͷߏ࠶

Λ͏ߦɻE(vi)͕͖͍͠ T ΑΓখ͍͞M ͷಛݸ
ΛͦΕͧΕ f−1

m (φj
yaw)ʹैͬͯมԽͤ͞Δɻ

ਖ਼໘Λإ͍ͨը૾ I0ͷಛ܈ p0ͷಛϕΫτ
ϧΛ v(p0) = (v1(p0), v2(p0), . . . , vM (p0))ͱ͠ɺਖ਼໘
Λإ͍ͨը૾͔Β࡞͢ΔฏإۉͷಛϕΫτϧΛ
vͱ͢Δɻ
ը૾إ I0 ͷإͷಛΛอͭͭ࣋͠ɺإͷ͖Λม
Խͤ͞ΔͨΊʹɺಛϕΫτϧ vj = f−1(φj

yaw) +

(v(p0)− v)ͷإը૾ͷߏ࠶Λ͏ߦɻͨͩ͠ɺvj Λ
ຬͨ͢ಛ܈ pj ଘ͠ࡏͳ͍͜ͱ͕͋ΓಘΔͨΊɺ
దԽʹΑΓࣜ࠷ (5),(6)ͷΑ͏ʹؔࠩޡ E(pj)Λখ
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ද 1: ͷมԽ͖ͷإ
ॳإظը૾ 10◦ 20◦ 30◦ 40◦ 50◦ 60◦

ฏ
ۉ
إ

Aإ

Bإ

͘͢͞Δಛ܈ pj ͷ୳ࡧΛ͍ߦɺ࠷దղ p̂j Λಘ
Δɻ·ͨɺp̂0 = p0ͱ͠ɺp̂j Λ j + 1Ͱͷ୳ࡧͷॳظ
 pj+1 ͱ͢Δɻ

p̂j =arg min
pj

E(pj) (5)

E(pj) =∥v(pj)− vj∥22 + λ∥pj − p̂j−1∥22 (6)

୳݁ࡧՌΛ҆ఆͤ͞ΔͨΊࣜ (6)ͷୈೋ߲ಇ͘ɻͨ
ͩ͠ɺ0 < λ ≪ 1 Ͱ͋Γɺ∥v(pj) − vj∥22 ͱൺͯ
∥pj − p̂j−1∥22 ͷӨڹখ͍͞ɻ
pj ͷ୳ࡧʹ AdaBound[3]Λ༻͍Δɻͨͩ͠ɺ֤
ಛͷ x࠲ඪɺy࠲ඪͷߋ৽ྔʹɺ−1◦ ! φpitch !
1◦,−1◦ ! φyaw ! (2× 30 + 1)◦,−1◦ ! φroll ! 1◦ Λ
ຬͨ͢إը૾܈ͷͦΕͧΕͷඪ४ภࠩΛֻ͚Δɻ͜Ε
إΒ͍͠ಛͷ࠲ඪ܈ΛಘΔͨΊͷҠಈྔͷॏΈ
͚Ͱ͋Δɻ

4 ݁Ռ

͖͍͠ T = (6◦)2ҎԼͷಛʹ͍ͭͯɺإͷ͖
φyawΛ 0◦͔Β 60◦·Ͱ 121ஈ֊ͱ͠ɺإը૾Λ࡞͠
ͨɻද 1ʹॳإظը૾͓Αͼ φyaw = 10◦, 20◦, . . . , 60◦

ͷͱ͖ͷإը૾Λࣔ͢ɻ
ͷإۉͨ͠ฏ࡞ը૾͔Βإ͍ͨਖ਼໘Λߦ1
ͷมԽͰ͋Δɻ·ͨɺද͖ͷإ 1ͷ ɺ֤ߦ2,3
ηϧࠨԼʹࣔ͢ຊख๏ͰٻΊͨมԽޙͷಛ܈ͷ࠲
ඪͱɺը૾ฤूɾՃιϑτΣΞͰ͋Δ GIMPͷ
έʔδม͓ܗΑͼ֦େॖখػΛ༻͍ͯಛ͕܈ॏ
ͳΔΑ͏ʹਖ਼໘Λ͍ͨΞχϝإը૾ͷมܗΛͨͬߦ
݁ՌͰ͋Δɻ
ฏإۉʹಛͷ͍ۙإ A͚ͩͰͳ͘ɺإ Bʹ͓͍
ͯޱͷܗඑͷҐஔͳͲॳإظը૾ͷಛΛอ࣋͠
Λຊख๏ͰมԽͤ͞Δ͜ͱ͕Ͱ͖͍ͯΔ͖ͷإͭͭ
͜ͱ͕͔Δɻ
ਤ 2 ʹɺฏإۉͷإը૾Λ 20◦ ຖʹॏͶͨਤΛࣔ
͢ɻਤ 2தԝखલࣖͷ෦Λ֦େͨ͠ਤͰ͋Δɻख
લࣖͷҐஔ 0◦ ͔Β 40◦ ·Ͱը໘্ઢؒิܗʹۙ
͍ભҠΛ͍ͯ͠Δ͕ɺ40◦͔Β 60◦Ͱࣖͷ͕ܗมΘ

ਤ 2: ฏإۉͷإͷมԽͷي
ΓɺҐஔΑΓඑ͔ؒΒΕΔ͜ͱ͕Θ͔Δɻ·ͨɺ
खલͷ෦Λ֦େͨ͠ਤ 2ӈΑΓɺԣΛ͘ʹͭΕ
ͯखલͷܗࡉ͘ͳΔ͕ɺ20◦·Ͱͷܗେ
͖͕͞΄ͱΜͲมԽ͠ͳ͍͜ͱ͕Θ͔Γɺإͷ͖ͷ
มԽ࣌ʹɺͱࣖҟͳΔมԽͷํͰඳը͞Ε͍ͯ
Δ͜ͱ͕Θ͔Δɻ

5 ݁ͱޙࠓͷ՝

ຊڀݚͰإͷ͖ͷมԽʹ͏إͷߏཁૉͷม
ԿಛزΊΔٻΒ͔܈ͷมԽΛɺಛҐஔؔܗ
ͷ࿈ଓతͳมԽͰදͨ͠ݱɻ·ͨɺͦΕΒΛ༻͍ͨإ
ը૾ͷߏ࠶Λ͜͏ߦͱͰɺΩϟϥΫλͷإͷ͖ͷ
มܗΛͨͬߦɻ͜ͷมܗͷ༷͔ࢠΒɺΩϟϥΫλͷإ
ඳը๏ͷҰྫΛઆ໌ͨ͠ɻ
ͱ͕ͨ͠ɺΩϟ؟ΛओڀճҰൠతͳඳը๏ͷ୳ࠓ
ϥΫλ࡞ըελΠϧͷଟ༷ੑͷݸʑʹରԠ͢ΔͨΊ
ʹɺσʔλͷࣄલΫϥελϦϯά͕༗ޮͰ͋Δͱߟ
͑ΒΕΔɻ͜Εޙࠓͷ՝Ͱ͋Δɻ
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