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1 ཁ֓ڀݚ
ࣗ཯ඈܕߦυϩʔϯ͸ɼ༗ਓϔϦίϓλʔ΍༗ਓඈߦ

Ͱ͖ࢭͷՄೳੑΛ๷֐ඃ࣍ɼೋ͘ߴಈੑ͕ػൺ΂ͯʹػ
Δ౳ͷར఺͔Βɼٹ֐ࡂॿ࣌ͷࢧԉ׆ಈ΍৘ใऩूͳͲ
ʹ͓͍ͯ෯ظ͕༺׆͍޿଴͞Ε͍ͯΔɽ͔͠͠ɼͦͷͨ
Ίʹ͸ߴਫ਼౓ͳਓ෺ࣗಈݕग़ɾਓ෺ࣗಈೝࣝػೳΛͭ࣋
͜ͱ͕ඞཁͰ͋Δ͕ɼ্ۭʢ၆ᛌࢹ఺ʣ͔Βͷਓ෺ೝࣝ
͸༰қͰ͸ͳ͘ɼࡏݱɼ͕ڀݚਐΊΒΕ͍ͯΔɽ [1]
Ұํɼը૾ೝࣝɾݕग़ʹ͓͍ͯɼConvolution Nearul

NetwarkʢҎԼɼCNNʣ͸͢Ͱʹ͔ܽ͢͜ͱͷͰ͖ͳ͍
ख๏Ͱ͋Δɽ͜ͷख๏͸ɼΫϥε෼ྨͷ໰୊ʹ͓͍ͯɼ
ਓ͕ؒ໢ཏͰ͖ͳ͍ଟ਺ͷֶशύϥϝʔλΛ੍͢ޚΔ͜
ͱͰ 1000ΫϥεҎ্Λ෼ྨͰ͖Δͱ͍͏൚༻ੑΛͭ࣋ɽ
͔͠͠ɼ͜ͷଟ਺ͷֶशύϥϝʔλͷௐ੔ͷࠔ೉͞ɼ෼
ͷநग़ಛ௃͕ෆ໌ྎͱ͍͏͜ͱ͕՝୊ͱͯ͋͛࣌͠ྨ
ΒΕΔɽ͜ΕΒͷ໰୊Λղܾ͢ΔͨΊʹɼFelixΒ͸৞
ΈࠐΈ૚ͱͯ͠ LBPʢLocal Binray PattarnʣΛར༻ͨ͠
Local Binary Convolution Nearul NetwarkʢҎԼɼLBCNNʣ
ΛఏҊ͍ͯ͠Δɽ[3]
զʑ͸ɼLBPͷಛ௃ͱͯ͠Τοδ৘ใͷڧௐͱ໌౓ෆ

มੑΛͭ࣋͜ͱʹ஫໨͠ɼ၆ᛌࢹ఺͔Βͷਓ෺ݕग़໰୊
ʹରͯ͠ LBCNN͸௨ৗͷ CNNΑΓ΋༗ޮͰ͋ΔՄೳ
ੑ͕͋Δͱͨ͑ߟɽ
ͦ͜ͰɼຊڀݚͰ͸ INRIA Parson Dataset Λ༻͍ͯ

LBCNNͱ CNNͷ 2ͭͷख๏ͷਫ਼౓ൺֱΛ͍ߦਓ෺ݕ
ग़ʹର͢ΔੑೳΛ݁ͨ͠ূݕՌΛใ͢ࠂΔɽຊڀݚͷ࠷
ऴ໨ඪ͸ɼ၆ᛌࢹ఺͔Βͷ৽͍͠ਓ෺ݕग़ख๏ΛఏҊ
͠ɼࣗ཯ඈܕߦυϩʔϯͷੑೳ্޲ΛਤΔ͜ͱʹ͋Δɽ

2 ؔ࿈ڀݚ

CNN͸ֶशύϥϝʔλͷ๲େ͔͞ΒɼϞσϧͷࢉܭ
ྔΛ͢ݮ࡟Δߦ͕ڀݚΘΕ͍ͯΔɽ[4]ͦͷதͰɼFelix
Β͸ LBPϑΟϧλΛ৞ΈࠐΈ૚ͱͯ͠׆༻͢Δ LBCNN
ΛఏҊͨ͠ɽ͜ͷ LBCNNͱ CNNͷ৞ΈࠐΈ૚ͷॲཧ
ͷҧ͍Λਤ 2ʹࣔ͢ɽਤ 2ͷ্෦෼͕ LBCNNʹΑΔ৞
ΈࠐΈͷॲཧͰɼԼ෦෼͕ CNNͷ৞ΈࠐΈॲཧͷྫͰ
͋ΔɽXl ͸Ұͭલͷ૚ͷಛ௃ϚοϓΛ͓ࣔͯ͠ΓɼXl+1
͸࣍૚ͷಛ௃ϚοϓΛ͍ࣔͯ͠Δɽ
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ਤ 1 LBCNNͱ CNNͷ৞ΈࠐΈ૚ͷҧ͍
1ʣ ߈ઐֶ޻Պ৘ใڀݚֶ޻େֶେֶӃཧٿླྀ
2ʣ Պ஌ೳ৘ใγεςϜڀݚֶ޻େֶେֶӃཧٿླྀ
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ਤ 2 ൺֱ͢ΔϞσϧͷߏ଄

͜ͷਤ 2ΑΓɼLBCNN͸ಛ௃Ϛοϓʹରͯ͠લॲཧ
ͱͯ͠ LBPϑΟϧλΛద༻ͨ͠ͱଊ͑Δ͜ͱ͕Ͱ͖Δɽ
LBP͸Τοδ৘ใͷڧௐͱ໌౓ෆมੑΛͭ࣋ಛ௃ྔͰ
͋Δɽͦ͜ͰɼຊڀݚͰ͸ LBCNN ͸͜ͷ 2 ͭͷಛ௃
Λอֶͭͭ࣋͠श͕Մೳ͔Λௐࠪ͢Δɽͦͯ͠ɼϨε
Ωϡʔυϩʔϯ΁Ԡ༻͢ΔͨΊʹɼਓ෺ೝࣝʹରͯ͠
CNNΑΓ΋༗ޮੑ͕͋Δ͔ൺֱূݕΛ͏ߦɽ

3 ൺֱ࣮ݧ
ຊڀݚͰ͸ɼINRIA Person DatasetΛ༻͍ͯ 2ͭͷ໰୊
Λ͢ূݕΔɽୈҰͷ໰୊͸ɼʮLBPϑΟϧλͷܗঢ়ڧௐ
ʹΑΓɼਓͷܗঢ়Λ೺Ѳ͠΍͍͢ɽͦͷͨΊɼਓͷೝࣝ
ͷਫ਼౓͕͘ߴͳΔɽʯͰ͋Γɼୈೋͷ໰୊͸ɼʮLBPϑΟ
ϧλͷ໌౓ෆมੑʹΑΓɼCNNΑΓ΋໌౓ʹ͕ੑ݈ؤ
͋ΔʯͰ͋Δɽ
·ͣɼୈҰͷ໰୊ʹରͯ͠͸ɼCNNͱ LBCNNͷਓ෺
ೝࣝͷ൚༻ੑΛൺֱ͢ূݕΔ͜ͱͰධՁ͢ΔɽධՁํ๏
ͱͯ͠ɼ4෼ׂަࠩݕఆΛ༻͍ͯ accuracyͷൺֱΛͬߦ
ͨɽ͜ΕʹΑΓɼೝࣝਫ਼౓ΛධՁ͢Δ.
ୈೋͷ໰୊ʹରͯ͠͸ɼϗʔϧυΞ΢τ๏Λ࠾༻͠ɼ
ςετσʔλͷΈ໌౓Λมಈͤͨ͞σʔλΛ࡞੒ͯ͠ɼ
ͦΕʹର͢Δ accuracyͷൺֱΛͨͬߦɽ͜ΕʹΑΓ໌౓
ʹର͢Δੑ݈ؤΛධՁ͢Δ.
ຊڀݚͰൺֱͨ͠Ϟσϧͷߏ଄Λਤ 2ʹࣔ͢ɽਤ 2ͷ
ଆ͸ࠨ LBCNNͷϞσϧͰ͋Γɼӈଆ͸ CNNͷϞσϧ
Ͱ͋Δɽ྆ํͷϞσϧ͸ɼதԝͷϒϩοΫ෦Λ 4 ճಉ
͡ॲཧΛ܁Γฦ͢ɽ࣮૷ʹ͸ɼϑϨʔϜϫʔΫͱͯ͠
pytorchΛ࢖༻ͨ͠ɽ
ͦͯ͠ɼֶशͷ৚݅͸ɼbatch size਺͸ 16ɼೖྗαΠ
ζΛ 224x224αΠζɼֶशճ਺͸ 50epochɼؔࠩޡ਺ʹ
͸ަࠩΤϯτϩϐʔؔ਺Λ࢖༻ͨ͠ɽ·ͨɼ࠷దԽؔ਺
͸֬཰తޯ഑߱Լ๏ʢSGDʣΛબ୒͠ɼֶश཰͸ 0.01ͱ
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ද 1 ݧ࣮ 1:̐෼ׂަࠩݕఆʹ͓͚Δ accuracy
nަࠩ໨ LBCNN CNN Alexnetʢߟࢀʣ

n = 1 0.998 0.998 0.984
n = 2 0.950 0.789 0.981
n = 3 0.975 0.994 0.961
n = 4 0.948 0.924 0.979
mean 0.968 0.926 0.976

γ = 0.1 γ = 0.2 γ = 0.4 γ = 0.8 γ = 1.6 γ = 3.2 γ = 6.4

ਤ 3 ݧ࣮ 2:ΨϯϚิਖ਼Ͱ໌౓Λௐઅͨ͠ը૾

ͨ͠ɽ

4 ࡯ߟՌͱ݁ݧ࣮

4.1 ݧ࣮ 1:ਓͷೝࣝਫ਼౓ʹ͍ͭͯ
͸͡Ίʹɼද 1ʹ INRIA Person Datasetʹ͓͚Δ̐෼

ఆͷ݁ՌΛࣔ͢ɽදݕࠩަׂ 1͸ɼࠨଆ͕ LBCNNɼਅ
Μத͕ CNN ͷ֤ަࠩ࣌ͷ accuracy Λද͍ͯ͠Δɽ·
ͨɼࠨଆʹߟࢀσʔλͱͯ͠ AlexnetʹΑΔֶश݁Ռ΋
ࣔ͢ɽͦͯ͠ɼޙ࠷ͷ߲̍໨͕ަࠩݕఆͷ݁Ռʢ֤ަࠩ
໨͸ɼ߲͍ߴ΋ਫ਼౓ͷ࠷஋ʣΛ͍ࣔͯ͠Δɽۉఆͷฏݕ
ଠࣈͰڧௐͨ͠ɽ
ަࠩ݁Ռͱͯ͠ɼLBCNNͷํ͕ CNNΑΓ΋ɼਫ਼౓͕

ఆݕͱ͕෼͔ͬͨɽ͔͠͠ɼAlexnet͕ަ͍ࠩ͜ߴ0.042
ͷ݁Ռ͕ 0.978ͱ࠷΋͍ߴɽ
͜ͷ͜ͱ͔ΒɼLBCNN͕ਓೝࣝʹର͢Δ༗ޮੑ͸͋

Δʹ͸͋Δ͕ɼΑ͘νϡʔχϯά͞ΕͨϞσϧͷํ͕
INRIA Person Datasetʹର݈ͯ͠ؤͰ͋Δɽ

4.2 ݧ࣮ 2:໌౓ෆมੑʹ͍ͭͯ
͸͡Ίʹɼςετσʔλʹલॲཧͱͯ͠ΨϯϚิਖ਼Λ

ɽύϥϝʔλ͸ͨ͠ࢪ γ = [0.1, 0.2, 0.4, 0.8, 1.6, 3.2, 6.4]
ͱͯ͠ςετσʔλͷ֦ுΛͨͬߦɽαϯϓϧը૾Λਤ
3ʹࣔ͢ɽ
ධՁͱͯ͠͸ɼϗʔϧυΞ΢τ๏Λ࠾༻͠ɼද 2 ʹ

ֶशऴྃޙͷςετσʔλʹର͢Δ accuracyͷ݁ՌΛ
ࣔ͢ɽ͞Βʹɼਤ 4ʹ epoch͝ͱͷ accuracyɼਤ 5ʹ͸
epoch͝ͱͷ lossΛࣔ͢ɽͲͪΒͷਤ΋੺৭͕ LBCNNɼ
྘৭͕ CNNɼԫ৭͕ Alexnetͷ݁ՌΛද͍ͯ͠Δɽਤ 4
ͷۂઢ͸ɼ༗ޮੑΛࠩผԽ͢ΔͨΊʹɼaccuracyͷมԽ
Λଟ߲ࣜͰۙۂͨ͠ࣅઢͰ͋Δɽ
ද 2 ΑΓɼLBCNN ͕ 0.962ɼCNN ͕ 0.872 Ͱ͋Γɼ

LBCNN ͷํ͕ਫ਼౓͕͍͜ߴͱ͕෼͔Δɽͦͯ͠ɼ
Alexnet͸ 0.710ͱ࠷΋௿͍ਫ਼౓ͱͳͬͨɽ
ਤ 4ʹࣔ͢ accuracyͷมԽͰ΋ɼLBCNNֶ͕शͷ࢝

·Γ͔ΒऴΘΓ·ͰͲͷख๏ΑΓ΋͍ߴɽAlexnetʹؔ
ͯ͠͸ɼ25epoch໨͔Β accuracy͕ݮগ͍ͯ͠Δ͜ͱ͕
Θ͔Δɽ͜Ε͸ɼਤ 5ʹࣔ͢ lossͷมԽͱরΒ͠߹Θͤ
Δͱɼ25epoch໨Ҏ߱ɼτϨʔχϯάσʔλʹରͯ͠࠷

ද 2 ݧ࣮ 2:accuracyͷ݁Ռ
Ϟσϧ LBCNN CNN Alexnet
accuracy 0.967 0.872 0.710

ਤ 4 ݧ࣮ 2:֤ΤϙοΫͷ accuracyͷมԽ

ਤ 5 ݧ࣮ 2:֤Ϟσϧͷֶशۂઢ

దԽ͞ΕͨͨΊɼ΋ͱ΋ͱରԠ͍ͯ͠ͳ͍ςετσʔλ
ʹରͯ͠աֶश͕ൃੜͨ͠ͱ͑ߟΒΕΔɽͭ·Γɼτ
Ϩʔχϯάσʔλͱςετσʔλ͕ґଘ͍ͯ͠Δͱ͑ߟ
Δ͜ͱ͕Ͱ͖Δɽ
ҰํɼLBCNNͱ CNNͷํ͸ۙۂࣅઢͰΈΔͱɼσʔ
λಉ͕࢜ґଘ͍ͯ͠ͳ͍ɽͦͷͨΊɼ໌౓΁ͷෆมੑΛ
อ͍ͯ࣋͠Δͱ͑ߟΔ͜ͱ͕Ͱ͖Δɽ
ؔ͠ʹͷ݁Ռ͔ΒɼLBCNN͸ਓೝࣝݧճͷൺֱ࣮ࠓ
ͯ͸ଞͷख๏ͱൺ΂ͯ༗ޮੑ͸ࣔͤͳ͔͕ͬͨɼ໌౓ʹ
ର͢ΔෆมੑΛͭ࣋͜ͱ͕Θ͔ͬͨɽ

5 ·ͱΊ
ຊڀݚ͸ɼϨεΩϡʔυϩʔϯ΁ͷԠ༻ʹ͚ͯ޲ɼ

LBCNN ͱ CNN ͷਓ෺ೝࣝਫ਼౓ʹ͍ͭͯൺֱূݕΛ
ͷ݁ՌɼLBCNNͷਓ෺ೝࣝʹର͢Δ༗ޮݧɽ࣮ͨͬߦ
ੑΛे෼ʹࣔ͢͜ͱ͕Ͱ͖ͳ͔ͬͨɽ͔͠͠ɼ໌౓ʹର
͢ΔෆมੑΛͭ࣋͜ͱ͕ࣔࠦͰ͖ͨɽ
ͷ՝୊͸ɼ͜ͷޙࠓ LBCNNΛਓݕग़ʹରͯ͠΋Ԡ༻
͢Δ͜ͱ͕͛ڍΒΕΔɽ
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