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࡟ࡵࡌࡣ࡟ࡵࡌࡣ࡟ࡵࡌࡣ࡟ࡵࡌࡣ .1  

ᕤసᶵᲔࡸ་⒪ᶵჾࡢ࡝࡞ከᵝ࡞⿦⨨ࡣ࡟

Fig.1(a)࡞࠺ࡼࡢไᚚ┙ࡀ౑⏝ࡿ࠸࡚ࢀࡉ㸬ไᚚ┙

ࢲ࡜㸪㟁Ẽ㒊ရࡾࡲጞ࡟㸪㟁Ẽタィࡣ⛬〇㐀ᕤࡢ

⤖ࡿࡼ࡟➼ࡵ⥾ࢪࢿຍᕤ㸪ࢫࢿ࣮ࣁタ⨨㸪ࡢࢺࢡ

⥺㸪ࢫࢿ࣮ࣁ㓄⥺㸪᳨ᰝࡢ㡰ᗎ࡛⾜ࡿ࠸࡚ࢀࢃ㸬

࡛ࢇ㐍ࡣ໬ື⮬ࡢຍᕤࢫࢿ࣮ࣁ࡜㸪タィࡕ࠺ࡢࡇ

໬ື⮬ࡢ⛬㓄⥺ᕤࡧࡼ࠾⥺⤖ࡢࢫࢿ࣮ࣁ㸪ࡀࡿ࠸

࡜⥺⤖ࡢࢫࢿ࣮ࣁ㸪࡛ࡇࡑ㸬࠸࡞࠸࡚ࢀࡉ㐩ᡂࡣ

㓄⥺ᶵ⬟ࢆ᭷ࡿࡍไᚚ┙㓄⥺ࣟࡢࢺࢵ࣎㛤Ⓨࢆ

㸬ࡿ࠸࡚ࡗ⾜  

ᮏሗ࡛ࡣ㸪ࡢࡇ㛤Ⓨ࡟ᚲせࡓࢀࡉ࡜㒊ရ➼ࡢ఩

⨨᳨ฟᶵ⬟᳨࡜ᰝᶵ⬟ࡢᴫせࢆ㏙ࡿ࡭㸬఩⨨᳨ฟ

⨨఩✰ࢺࢡࢲࡓࡏྜࡳ⤌ࢆ࡝࡞ᢳฟࢪࢵ࢚㸪ࡣ࡛

᳨ฟ㸪ࢢࣥࢳࢵ࣐ࢺ࣮ࣞࣉࣥࢸ㸦௨ୗ㸪TM㸧࠾

≀⯡୍ࡧࡼ యㄆ㆑ ࡀ ࡞⬟ྍ HOG(Histgrams of 

Oriented Gradients)[1]ࢪࢿࡓ࠸⏝ࢆ఩⨨᳨ฟࡘ࡟

࡟㸪ྠᵝࡣ࡛⬟㸬᳨ᰝᶵࡿ࡭㏙࡚࠸ HOG ࠸⏝ࢆ

㸪TM࡜ᰝ᳨⥺⤖ࡓ ㏙࡚࠸ࡘ࡟ᢕᣢ᳨ᰝࡓ࠸⏝ࢆ

㸬ࡿ࡭  

 

2. ఩⨨᳨ฟᶵ⬟఩⨨᳨ฟᶵ⬟఩⨨᳨ฟᶵ⬟఩⨨᳨ฟᶵ⬟  

2.1.  

ࡣࢺࢡࢲ Fig.1(b)㸪 (c)࡟࠺ࡼࡢ㓄⥺࣮ࣁࡓࢀࡉ

ᖜ࡟㸪ഃ㠃ࡋ཰ᐜࢆࢫࢿ 20mm ⛬ᗘ࡜✰ࢺࢡࢲࡢ

࿧ࡿࢀࡤ㛤ཱྀ㒊ࡿ࠶ࡀ㸬ࢫࢿ࣮ࣁ࡟✰ࢺࢡࢲࡢࡇ

࡚ࡋ㏻ࢆ Fig.1(d)ࢫࢿ࣮ࣁ࡞࠺ࡼࡢ➃Ꮚࢆ㟁Ẽ㒊

ရࡿࡍ⥺⤖࡟㸬タィ㛗ࡢࢺࢡࢲࡓࡏࢃྜ࡟ษ᩿ࡣ

ᡭసᴗ࡛⾜ࡵࡓ࠺㸪ࡢ✰ࢺࢡࢲᶓ᪉ྥࡢ఩⨨ࡣỴ

⨨఩✰ࢺࢡࢲࡢࢀࡒࢀࡑ࡟㸪㓄⥺๓ࡎࡽ࠾࡚ࡗࡲ

ࡋ㏻✰ࡣ㸪┠ᶆ⢭ᗘ࠾࡞㸬ࡿ࠶ࡀᚲせࡿࡍฟ᳨ࢆ

ࣁࡿࡼ࡟᥋ゐࡢ࡜➃✰ࢺࢡࢲ࡜ࢫࢿ࣮ࣁࡢ㝿ࡢ

ࢆኚᙧ≉ᛶࡸᚄࢫࢿ࣮ࣁ㸪ࡵࡓࡄ㜵ࢆᦆയࢫࢿ࣮

⪃៖±1.00࡚ࡋmm 㸬ࡓࡋ࡜  

㛤Ⓨࡣ࡟ࢺࢵ࣎ࣟࡿ࠸࡚ࡋ㸪ࢻࣥࣁࡢࡑඛ➃࡟

CCD ┙ไᚚ࡚ࡌᛂ࡟㸪ᚲせࡾ࠾࡚ࡋ╔⿦ࢆ࣓ࣛ࢝

ෆࢆ᧜ീ࡛ࡿࡁ㸬ࢺࢡࢲ✰఩⨨᳨ฟ࡛ࡣ㸪ࣟࢵ࣎

ࢺ ࣁ ࣥ ࢻ ࡜ 㟁 Ẽ 㒊 ရ ࡢ ᖸ ΅ ࢆ 㑊 ࡅ ࡿ ࡓ ࡵ ࡟

Fig.2(a)ࡍ♧࡟᮲௳࡛ࢆࢺࢡࢲ᧜ീࡋ࡜࡜ࡇࡿࡍ

Duct 

(a)Overview 

ᅗ 1 ไᚚ┙ࡢᴫほ࡜ᵓᡂ  

(b)Inside of control board 

(c)Wire harness (d)Terminals 

Electronic parts 

Fig.1 Overview and constructure of control board. 

board 

Duct 
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ࢺࢡࢲࡾࡼ࡟ീ⏬ࡓࢀࡽ᮲௳࡛ᚓ࡞࠺ࡼࡢࡇ㸬ࡓ

✰఩⨨᳨ࢆฟࡵࡓࡿࡍ㸪௨ୗ࡞࠺ࡼࡢᡭἲࢆ⪃᱌

ࡓࡋ [2]㸬࠾࡞㸪Fig.2(b)࡟✰ࢺࢡࢲ࡟࠺ࡼࡢᑐࡋ

࡚㛤ཱྀ㒊࡛࠸࡞ᶞ⬡㠃ࢺࢡࢲࢆቨ࡜࿧ࡧ㸪ࢺࢡࢲ

㸬ࡪ࿧࡜ࢳࢵࣆ✰ࢺࢡࢲࢆ㛫㝸ࡢ✰  

ᢳฟ࣭཰⦰ฎ⌮࣭⢏Ꮚゎᯒࢪࢵ࢚①  

᧜ീࡓࡋ⏬ീ㸦Fig.2(c)㸧࡟ᑐࢪࢵ࢚࡚ࡋᢳฟࢆ

࠸⾜ 2 ್໬ࡓࡋᚋ㸪ࡢࢪࢵ࢚⭾ᙇฎ⌮࠺⾜ࢆ

㸦Fig.2(d)㸧㸬࡜✰ࢺࢡࢲቨࡀᫎࡿ୰ኸࢆṧୖ࡚ࡋ

ୗᕥྑࡓࡋࢡࢫ࣐ࢆ⏬ീࡢ㠀ࢪࢵ࢚㒊㸦ⓑⰍ㡿

ᇦ㸧࡟ᑐ࡚ࡋಶᩘ࡜㠃✚㸪㔜ᚰ఩⨨ࢆ⟬ฟࡓࡋᚋ㸪

ᚤᑠ㠃✚⢏Ꮚࢆ๐㝖ࡿࡍ㸦Fig.2(e)㸧㸬࡛ࡇࡇ㸪ṧ

ྍࡿ࠶ቨ࡛ࢺࢡࢲࡣ࠸ࡿ࠶✰ࢺࢡࢲࡣ⢏Ꮚࡓࡗ

⬟ᛶࡀ㧗ࡃ㸪ࢺࢡࢲࡘ࠿ቨࡢ⢏Ꮚࡢ᪉࡟⯡୍ࡀ㠃

㸬࠸ࡁ኱ࡀ✚  

⟭ィ࢔ࢥࢫ②  

ṧࡓࡗ n ಶࡢ⢏Ꮚࡕ࠺ࡢ㸪 i ✚㠃ࡢ⢏Ꮚࡢ┠␒

ࢆ s i㸪㔜ᚰࡢ x ᗙᶆࢆ x i ✰ࢺࢡࢲ㸪ࡓࡲ㸬ࡿࡍ࡜

ࢆࢳࢵࣆࡢ Ppixel 㠃࡞ࡁ୰࡛㸪኱ࡢ㸬⢏Ꮚࡿࡍ࡜

㸪xࡕᣢࢆ✚ i ࡀ Ppixel ⛬ᗘࡢ㛫㝸࡛୪ࡔࢇ⢏Ꮚ⩌

ࡓࡿࡍᢳฟࢆ⩌⢏Ꮚࡢࡇ㸬ࡿ࠶࡛ࡎࡣࡿࡍᏑᅾࡀ

㸪ࡵ j 㔜ᚰࡢ┠␒ x j ࡀ x i ࡽ࠿ P ࡢಸᩘᩚࡢ mP ࡔ

ࡣࡁ࡜ࡿ࠸࡚ࢀ㞳ࡅ 1 ࡜ࡿࢀࡎࡽ࠿ࡇࡑ㸪ࡾ࡞࡜

ṇつศᕸ࡛పୗࡿࡍ㔜ࡳ Wim(x j)ࢆᘧ (1)࡛୚ࡿ࠼㸬

ࡣ㸪σ࡛ࡇࡇ P ࡢ 1/8 㸪mࡋ࡜ ࡣ x i+mP ࡢീ⏬ࡀ

ᕥྑࢆ㉸࠸࡞࠼⠊ᅖࡿࡍ࡜ᩘᩚࡢ㸬ࡢࡇ㔜ࡳ

Wim(x j)ࢆ mࡾ࡜ࡀᚓࡿ⠊ᅖ࡚࠸࠾࡟඲࡚ࡢ⢏Ꮚ㠃

✚ s i ᘧࡋ࡜࢔ࢥࢫࢆ࿴ࡢࡢࡶࡓࡅ᥃࡟ ࡾࡼ࡟(2)

⟬ฟࡿࡍ㸬᭱ࡀ࢔ࢥࢫࡢࡇ኱ࡢ⢏Ꮚࡴྵࢆ⢏Ꮚ⩌

㸬ࡿࡍᙜ┦࡟ቨࢺࢡࢲࡀ  
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఩⨨᳨ฟ✰ࢺࢡࢲ③  

⟬ฟࡓࡋ Score i ࢆ㔜ᚰࡢ⢏Ꮚࡢ኱᭱ࡀ 1 ࢲࡢࡘ

ࡽ࠿ቨࢺࢡࢲࡢࡑ㸪ࡓࡲ㸬ࡿࡍ࡜㔜ᚰࡢቨࢺࢡ P

㸪࡟㸬᭱ᚋࡿࡍ࡜ቨࢺࢡࢲࡶ⨨఩ࡓࢀࡎ࡟ᕥྑࡅࡔ

㏆᥋ࡿࡍ 2 ✰ࢺࢡࢲࢆ୰Ⅼࡢ㔜ᚰࡢቨࢺࢡࢲࡢࡘ

ࡿࡍ࡜㔜ᚰࡢ (Fig.2(f))㸬  

௨ୖࢺࢡࢲ࡞࠺ࡼࡢ✰఩⨨᳨ฟᶵ⬟ࡢ⢭ᗘホ

౯ࡓࡗ⾜ࢆ㸬ୖࢪ࣮ࢸࢫ㸦⢭ᗘ 20μm㸧ࢺࢡࢲ࡟

㸪1.00mmࡁ⨨ࢆ ࢡࢲࡿࡍᑐ࡟㔞ື⛣ࢪ࣮ࢸࢫࡢ

ࢆᐃ ࡢᕪศࡢ఩⨨᳨ฟ✰ࢺ 60 ᅇヨ⾜ࡓࡋ㸬ࡑ

ࢆᯝ⤖ࡢ Fig.3 㸪ࡣ࡜ᕪศࡢ⨨ฟ఩᳨࠾࡞㸬ࡍ♧࡟

ࢆ࡜ࡇࡢᕪࡢ⨨ฟ఩᳨ࡿࡍᑐ࡟㔞ື⛣ࢪ࣮ࢸࢫ

㸪±0.14mm(3σ࡚ࡋ࡜㸬ホ౯⤖ᯝ࠺࠸ ࡇࡿᚓࢆ(

㸪┠ᶆ⢭ᗘ±1.00mmࡁ࡛ࡀ࡜ 㸬ࡓࡋ㐩ᡂࢆ  

2.2.  

ྛ㟁Ẽ㒊ရࡣ࡟⯡୍ࡣ㸪ไᚚ┙ࡢᇶᯈୖ࣮ࣞࡢ

㸪ᕥࡁ࡜ࡢࡇ㸬ࡿ࠸࡚ࢀࡉ⨨タ࡚ࡗࡼ࡟ேᡭ࡟ࣝ

ྑ᪉ྥ࡟ 50mmࡢ఩⨨ࡀࣞࢬチᐜ࡛ࡢࡿ࠸࡚ࢀࡉ㸪

☜ṇࢆ⨨఩ࢪࢿ㸪ࡣ࡟ࡵࡓ࠺⾜ࢆࡵ⥾ࢪࢿ࡛ື⮬

ࡎࡲ㸪࡛ࡇࡑ㸬࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡋฟ᳨࡟ TM ࢆ

ࡀ㸪Ἴ㛗ᇦࡣ࡛ࡇࡇ㸬ࡓࡋฟ᳨ࢆ⨨఩ࢪࢿ࡚࠸⏝

㉥Ⰽࡢ LED ↷᫂㸦ࢡࢵ࣐࢖♫ IDR-66/36R㸧࡜㉥

Ⰽ࣮ࢱࣝ࢕ࣇࢫࣃ㸦ࣥࣟࢺ࣮࣑ࣗ♫ R270㸧ࢆ⏝

㸪௨࠾࡞㸬ࡓࡗᅗࢆపῶࡢእ஘ගᙳ㡪࡛࡜ࡇࡿ࠸

ᅗ ฟ⤖ᯝ᳨ࡢ⨨఩ࢺࢡࢲ 3  

Fig.3 Evaluation result of detection of 

duct window position. 
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(b)Duct window and wall (a)Imaging condition 

(c)Input image 

(f)Detected result 
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ᅗ ฟᡭἲ᳨ࡢ⨨఩✰ࢺࢡࢲ 2  
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(e)Masked image 

Fig.2 Detection of duct window position. 
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㝆ࡢ⠇࡛ࡢ᧜ീ᮲௳ࡣ඲࡚㸪Fig.2(a)ྠ࡜ᵝ࡟㊥㞳

ࡣ 200mm ࡣ㸪᪉ྥࡀࡿ࠶࡛ 㸬ࡓࡋ࡜ୖ┿90°  

ᚲ࡟ࡵ⥾ࢪࢿ㸪ࡋ ᐇࢆ≦ᙧࡢࣂ࢖ࣛࢻ࡜ࢪࢿ

せࡿࢀࡉ࡜⢭ᗘࢆ⟬ฟࡓࡋ㸬ࡢࡑ⤖ᯝ㸪チᐜㄗᕪ

0.39mm±ࡣ ఩ࡢࢺࢵ࣎㸪ࣟࡾ࠿ࢃࡀ࡜ࡇࡿ࠶࡛

⨨Ỵࡵ⢭ᗘࢆ⪃៖࡚ࡋ㸪┠ᶆ⢭ᗘ±0.1ࢆmm Ỵ࡜

ᐃࡓࡋ㸬  

2.2.1. TM ฟᡭἲ᳨ฟᡭἲ᳨ฟᡭἲ᳨ฟᡭἲ᳨ࡓ࠸ࡓ࠸ࡓ࠸ࡓ࠸⏝⏝⏝⏝ࢆࢆࢆࢆ  

Fig.4 ࢆീ⏬ࡢ㒊ศࢪࢿࡽ࠿㒊ရ⏬ീ࡟࠺ࡼࡢ

ࣥࢸ㸪ࢆീ⏬ࡓࡅ࠿ࢆ࣮ࢱࣝ࢕ࣇ㸪෇ᙧࡋฟࡾྲྀ

⏬ࡓࢀࡽᚓ࡜ࢺ࣮ࣞࣉࣥࢸࡢࡇ㸬ࡓࡋ࡜ࢺ࣮ࣞࣉ

ീ࡛࡜ࡇࡿࡍࢢࣥࢳࢵ࣐ࢆ㸪ࢪࢿ఩⨨᳨ࢆฟࡿࡍ

㸬ࡓࡋ࡜࡜ࡇ  

௨ୖࡢ TM ࡋホ౯ࢆ఩⨨᳨ฟᡭἲࢪࢿࡓ࠸⏝ࢆ

㸪࡛ࡢࡿ࠸࡚ࢀࡉࡀ⌮ฎ࢟ࢵ㔠ᒓ࣓ࡣ㠃⾲ࢪࢿ㸬ࡓ

እ஘ග࡚ࡗࡼ࡟఩⨨⢭ᗘࡀຎ໬ࡿࡍᜍࡿ࠶ࡀࢀ㸬

እࢆ㸪ⓑⰍගࡵࡓࡿࡍホ౯ࢆᛶࢺࢫࣂ㸪࡛ࣟࡇࡑ

஘ග࡚ࡋ࡜୚ࢪࢿ࡚࠼఩⨨᳨ࡢฟᐇ㦂ࡓࡗ⾜ࢆ㸬

ᯝ㸪⤖ࡢࡑ  Fig.5 ࡜ࡿࡆୖࢆእ஘ග↷ᗘ࡟࠺ࡼࡢ

᳨ฟ఩⨨ࣞࢬࡢ㔞ࡣ኱ࡀࡿ࡞ࡃࡁ㸪እ஘ග↷ᗘࡀ

168lx ࡗ࠿ࢃࡀ࡜ࡇࡿࡁ㐩ᡂ࡛ࢆᶆ⢭ᗘ┠ࡣ࡛ࡲ

ࡢ㔠ᒓ〇࠸ࡍࡸࡋࡇ㉳ࢆࣥࣙࢩ࣮ࣞࣁ㸬௨ୖ㸪ࡓ

㸪168lxࡣ఩⨨᳨ฟ࡛ࢪࢿ ࢬᖹᆒࡿࡼ࡟እ஘ගࡢ

ࣞ㔞᭱ࡣ኱ 83μm ࡛㸪᳨ฟ⢭ᗘ (3σ ᖹᆒ±10ࡣ(

μm ±㸪┠ᶆ⢭ᗘࡾ࠶࡛ 0.1mm 㸬ࡓࡋ㐩ᡂࢆ

 

2.2.2. HOG ฟ᳨ฟ᳨ฟ᳨ฟᡭἲᡭἲᡭἲᡭἲ᳨ࡓ࠸ࡓ࠸ࡓ࠸ࡓ࠸⏝⏝⏝⏝ࢆࢆࢆࢆ  

㸪TMࡣ఩⨨᳨ฟ࡛ࢪࢿ ±ࡾࡼ࡟ᡭἲࡓ࠸⏝ࢆ

0.1mm ࢪࢿ㸪ࡣᡭἲ࡛ࡢࡇ㸪ࡀࡓࡋ㐩ᡂࢆ⢭ᗘࡢ

㸬ไᚚࡿ࠶ࡀᚲせࡿࡍព⏝ࢆࢺ࣮ࣞࣉࣥࢸ࡟࡜ࡈ

ࡑ㸪ࡾ࠾࡚ࢀࡽ࠸⏝ࡀ㟁Ẽ㒊ရ࡞ከ✀ከᵝࡣ࡟┙

㸪ࡓࡲ㸬ࡿ࠸࡚ࢀࢃ࠸࡜ࡿୖࡶ࡟༑୓ᩘࡣ㢮✀ࡢ

㸪㒊ရ࣓࣮ࡵࡓ࠸࡞࠸࡚ࢀࡉつ᱁໬ࡣ≦ᙧࡢࢪࢿ

ࡗࡼ㸬ࡿ࠸࡚ࢀࡽ࠸⏝ࡀࢪࢿࡢ≦ᙧ࡞ࠎᵝ࡟ẖ࢝

࡚㸪୍⯡≀యㄆ㆑ࢪࢿ࡚ࡗࡼ࡟఩⨨᳨ࢆฟࡇࡿࡍ

㸪HOGࡾ࠶ᡭἲ࡛࡞᭷ຠ࡟㠀ᖖࡣ࡜ ࡜ࡇࡿ࠸⏝ࢆ

㸪HOGࡓࡲ㸬ࡓࡋ࡜ 㸪㔠ࡾ࠶㡹೺࡛࡟᫂ኚ໬↷ࡣ

ᒓ〇᳨ࡢࢪࢿࡢฟࡣ࡟᭷฼࡛ࡿ࠶㸬୍᪉㸪HOG

ࡢࡇ㸬࠸࡞࠸࡚ࡋᑐᛂࡣ࡟ᅇ㌿࡜ኚ໬࣮ࣝࢣࢫࡣ

ࡀࢬ࢖ࢧࡢࢪࢿ㸪ࡣ࡚࠸ࡘ࡟ኚ໬࣮ࣝࢣࢫ㸪ࡕ࠺

φ3mm㹼5mm ࢆࢬ࢖ࢧࡢࡇ㸪࡛ࡢࡿࡁ㝈ᐃ࡛࡟ 4

ẁ㝵࡛Ꮫ⩦࡛࡜ࡇࡿࡍᑐᛂࡓࡋ㸬ࡓࡲ㸪ᅇ㌿ࡘ࡟

ࡇࡿࡍ⩦Ꮫࢆീ⏬ࢪࢿࡓࡏࡉᅇ㌿࡟㸪௵ពࡣ࡚࠸

࡚ࡋ࡜㸪Ꮫ⩦ἲ࠾࡞㸬ࡓࡋᑐᛂ࡛࡜ AdaBoost[3]

㸬ࡓ࠸⏝ࢆ  

HOG ࡚࠸⏝ࢆ Fig.6(a)㸪(b)ࢪࢿ࡞࠺ࡼࡢ⏬ീ࡜

⫼ᬒ⏬ീࡢ≉ᚩ㔞ࢆ⟬ฟࡋ㸪AdaBoost  㸪࡚࠸⏝ࢆ

2 ࡣࢪࢿ㸬ࡓࡗ⾜ࢆ⩦Ꮫ࡚࠸ࡘ࡟ࢫࣛࢡ 7200 ⏬ീ

ࡣᬒ⫼࡜ 1350 ⏬ീࡓ࠸⏝ࢆ㸬᳨ฟࡢ㝿ࡣฎ⌮᫬

㛫ࡵࡓࡢ⦰▷ࡢ㸪ࢪࢵ࢚ᢳฟࡓࡋ⏬ീ (Fig.6(c))ࢆ

Hough ኚ᥮ࡋ㸪ࡎࡲ෇ᙧࢆ᥈⣴࡚ࡋ (Fig.6(d))㸪ࡑ

㸬ࡓࡋ࡜࡜ࡇ࠺⾜ࢆฟ᳨ࢪࢿࡽ࠿࿘㎶ࡢ  

ホ౯ᐇ㦂࡚ࡋ࡜㸪↷᫂ࡢ᫂ࢆࡉࡿኚ໬࡚ࡏࡉ᧜

ീࡓࡋ⏬ീ࡟ᑐ࡚ࡋ෇ᙧ᥈⣴ࡓࡗ⾜ࢆᚋ㸪᳨ࢪࢿ

ฟࡓࡗ⾜ࢆ㸬㐺ษ࡞↷᫂ୗ࡛ࡢ෇ᙧ᥈⣴ࡢ⤖ᯝ࡛

(a)Screw images 

(b)Back ground images 

(c)Edge detection 

ᅗ 6 HOG ఩⨨᳨ฟࢪࢿࡓ࠸⏝ࢆ  

Fig.6 Detection of screw position using HOG. 

(d)Hough transformed image 

ᅗ సᡂࡢࢺ࣮ࣞࣉࣥࢸ 4  

 

(a)Initial image 

 

Fig.4 Matching template. 

 

(b)Screw 

 

(c)Round 

filter 

Fig.5 Positioning shift result  

affected by external light. 

ᅗ 5 እ஘ග↷ᗘ࡟ᑐ᳨ࡿࡍฟ఩⨨ࣞࢬ
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⋠⌧㸪෌ࡣ 99%㸪ㄗ᳨ฟ⋡ 㸪ࡓࡲ㸬ࡓࢀࡽᚓࡀ13%

⋠⌧㸪෌ࡣᯝ࡛⤖ࡢฟ᳨ࢪࢿ 87%㸪ㄗ᳨ฟ⋡ 7%

ࡢ㸪㟁Ẽ㒊ရࡽ࠿ᯝ⤖ࡢࡽࢀࡇ㸬ࡓࢀࡽᚓࡀ CAD

ࡿ࠸࡚ࡗ࠿ࢃࡢ఩⨨㛵ಀࡽ࠿ࢱ࣮ࢹ 4 ࢆࢪࢿࡢࡘ

1 ࡤࢀࡁ࡛࡟㇟ฟᑐ᳨࡚ࡋ࡜๛యࡢࡘ ᳨ࡢ98.7%

ฟ⋡࡛≉ᐃ࡛ࡓࡗ࠿ࢃࡀ࡜ࡇࡿࡁ㸬ࡋ࠿ࡋ㸪఩⨨

⢭ᗘࡀ┠ᶆ⢭ᗘࢆ‶㊊ࡵࡓ࠸࡞࠸࡚ࡋ㸪௒ᚋ᳨ฟ

㸬ࡍᣦ┠ࢆୖྥࡢ⢭ᗘ࡜⋠  

 

3. ᳨ᰝᶵ⬟᳨ᰝᶵ⬟᳨ᰝᶵ⬟᳨ᰝᶵ⬟  

3.1. HOG  

⤖⥺᳨ᰝࡵࡓ࠺⾜ࢆ㸪ࢪࢿ఩⨨᳨ฟྠ࡜ᵝ࡟

HOG ࡜ AdaBoost ࡢኻᩋ࡜ᡂຌࡢ⥺⤖㸪࡚࠸⏝ࢆ

㆑ูࡓࡗ⾜ࢆ㸬⤖⥺ࡓ࠼⤊ࢆ㒊ရࢪࢿࡢ఩⨨ࢆ᧜

ീ࡜ࡿࡍ Fig.7(a)ࡢ⏬ീࡀᚓࡿࢀࡽ㸬ࡽ࠿ࡇࡇ᪤

ࢆ࠿ࡿ࠸࡚ࢀࡉ⥺⤖ࡀࢫࢿ࣮ࣁ࡟⨨఩ࢪࢿࡢ▱

㆑ูࡿࡍ㸬Ꮫ⩦ࡣ࡟㸪Fig.7(b)࡞࠺ࡼࡢ⤖⥺≧ែࡢ

540 ⏬ീ࡜㠀⤖⥺≧ែࡢ 54 ⏬ീࡓ࠸⏝ࢆ㸬   

௨ୖ᳨ࡢᰝᡭἲࢆホ౯࡟ࡵࡓࡿࡍ㸪ୖグࡢᏛ⩦

⏝⏬ീࡢูࡣ࡜⏬ീ࡚࠸࠾࡟㸪ࢪࢿ఩⨨ࢆ୚࡚࠼

Fig.7(b)ྠ࡜ᵝ࡟⏬ീࢆษฟ࡚ࡋ㸪ࡢࡑ㆑ู⋡ࢆồ

ࢆ㠀⤖⥺≧ែ࡜㸪⤖⥺≧ែࡣ⋠㸪㆑ู࠾࡞㸬ࡓࡵ

ࡢࡑ㸬ࡿ࠶࡛⋠ࡢᖹᆒࡓࡋ㆑ูࡃࡋṇ࡟ࢀࡒࢀࡑ

⤖ᯝ㸪91.4%ࡢ㆑ู⋡ࢆᚓࡓ㸬Fig.7(c)࡟࠺ࡼࡢከ

ୗୖ࡟࠺ࡼࡢ㸪Fig.7(d)ࡀࡓࡁ㆑ู࡛ࡃࡋṇࡣࡃ 2

ẁࡘࡶࢆࢪࢿࡢ㒊ရ࡛ࡣ㸪ୗࡢẁࢆ⥺⤖ࡢ㛫㐪ࡗ

࡚㆑ูࡓࡗ࠶ࡀࡢࡶࡓࡋ (ᅗ୰ྑࡽ࠿ 2 ࢿࡢ┠␒

ࢪ )㸬௒ᚋࡣᏛ⩦ࢆࣝࣉࣥࢧቑࡋࡸ㸪ᘬࡁ⥆ࡁ⢭ᗘ

㸬ࡿᅗࢆୖྥ  

 

3.2. TM  

࡟௚ࡢ⥺⤖ࡵ⥾ࢪࢿࡢ㸪ୖ㏙ࡣ࡟⥺⤖ࢫࢿ࣮ࣁ

㕲㐨⏝ไᚚ┙ࣥࢺࢫ࢓ࣇࡣ࡛࡝࡞➃Ꮚࡓ࠸⏝ࢆ

ᕪࡋ㎸ࡳᘧࡿ࠸࡚ࢀࢃ⾜ࡀ⥺⤖ࡢ㸬ᕪࡋ㎸ࡳ⤖⥺

ᢕࢆᏊ➃࡛ࣉࣥࣛࢡࡢ➃ඛࢻࣥࣁࢺࢵ࣎㸪ࣟࡣ࡛

ᣢ࡚ࡋ㸪⤖⥺ඛ࡟ࢱࢡࢿࢥࡢᕪࡋ㎸ࡴ㸬ࡢࡇᕪࡋ

㎸ࡢ⥺⤖ࡳኻᩋࢆ㜵ࡣ࡟ࡵࡓࡄ㸪ࡿࡼ࡟ࣉࣥࣛࢡ

➃Ꮚᢕᣢࡀ㐺ษ᳨ࢆ࠿ࡓࢀࢃ⾜࡟ᰝࡀ࡜ࡇࡿࡍ

㔜せ࡛ࡿ࠶㸬   

ࡽ࠿ീ⏬ࡢ㸪ᢕᣢ≧ែ࡛ࡇࡑ Fig.8(a)ࣥࣛࢡࡢ

࡜㒊୍ࡢᕥྑࣉ Fig.8(b)ࡢ➃Ꮚ⏬ീࡾྲྀࢆฟࡋ㸪

ࡢែ≦ࡓࡋᢕᣢࢆᏊ➃࡟㸬ḟࡓࡋ࡜ࢺ࣮ࣞࣉࣥࢸ

⏬ീ࡟ᑐࡓࡋࢢࣥࢳࢵ࣐࡚ࡋᗙᶆ⤖ᯝࢆᚓࡿ

(Fig.8(c))㸬ࣉࣥࣛࢡᕥྑࡢ㊥㞳࡜➃Ꮚࡢ㊥㞳ࡼ࡟

 㸬ࡓࡋ࡜࡜ࡇ࠺⾜ࢆ㆑ูࡢኻᩋ࡜ᡂຌࡢ㸪ᢕᣢࡾ

௨ୖ࡞࠺ࡼࡢ TM ࡓ࠸⏝ࢆ 3 Ⅼ㛫㊥㞳ࡢࡽ࠿➃

Ꮚᢕᣢ᳨ᰝᶵ⬟ࡣ㸪㠀ᖖ࡟⡆᫆ࡀࡿ࠶࡛ࡢࡶ࡞㸪

㕲㐨⏝ࡢࢫࢿ࣮ࣁሙྜࡣ➃Ꮚࢆ 1 ࡿࡁ㝈ᐃ࡛࡟✀

 㸬ࡓࡁุ࡛᩿࡜࠸࡞ࡣၥ㢟࡟⋠㸪ᐇ⏝ୖ㆑ู࡛ࡢ

 

ࡵ࡜ࡲࡵ࡜ࡲࡵ࡜ࡲࡵ࡜ࡲ .4  

ไᚚ┙㓄⥺ࣟ࡟ࢺࢵ࣎ᚲせ࡞㒊ရ᳨ࡢฟ᳨࡜

ᰝᶵ⬟ࡢ㛤Ⓨࡓࡗ⾜ࢆ㸬㛤Ⓨࡣ࡟㸪୺ࣞࣉࣥࢸ࡟

ࡿࢀࡽ࠸⏝࡟యㄆ㆑≀⯡୍࡜ࢢࣥࢳࢵ࣐ࢺ࣮

HOG ࢆホ౯ᐇ㦂࡟ᶵ⬟ẖྛࡓࡋ㸬㛤Ⓨࡓࡋ⏝ᛂࢆ

㸬ࡓࡗ⾜ࢆẚ㍑ࡢ࡜㸪┠ᶆ⢭ᗘ࠸⾜   
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(a)Connected terminals 

(b)Positive 

and negative 

images 

(d)Failure case 

ᅗ 7 HOG ᰝ᳨⥺⤖ࡓ࠸⏝ࢆ  

Fig.7 Inspection of wiring harness connection 

using HOG. 

(c)Success case 

(a)Template of left and 

right side of clamp 

(c)Detected result 

ᅗ 8 ➃Ꮚᢕᣢ᳨ᰝ  

Fig.8 Inspection of clamp nipping using TM. 

(b)Template of terminal 
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