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Figure 1 Example of a  natural texture image (left) and Gaussian  
noise image (right) that have similar power spectrum to the left image 
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ධຊ⏬ീࢆ࡞ᖹᆒ᫂ᗘࡢฟຊ⏬ീࡓࡋ࠺ࡑ㸪ࡵࡓࡿࢀ

ࡽࡀ࡞ࡋࡋ㸬ࡿࡁ࡛ࡀࡇࡿࡍ್⾲௦ࡍ♧ࢆᚩ≉ࡢ

ᑡᩘᏑᅾࡀฟຊⅬ࠸ࡿ㸪᫂ࡤࢀࡍ⏝᥇ࢆᖹᆒ್ࡲࡲࡢࡑ

࠸࡞ࡁูุ࡛ࡢࡿࡍከᩘᏑᅾࡀฟຊⅬ࠸㸪ᬯࡢࡿࡍ

ᚩ≉ࡢฟຊࢱࣝࣇࢆᖹᆒᖜ್ࡢ㸪ฟຊ⏬ീࡵࡓ

  㸬ࡿࡍ್
ධຊ⏬ീ୍ᯛࡁࡘ㸪ᅗ ࡓࡋ♧2 9ᙧ≧ࢆࢱࣝࣇࡢ

㐺⏝ࡵࡓࡿࡍ㸪ฟຊ⏬ീࡀ 9 ᯛᚓࡾ࡞ࡇࡿࢀࡽ㸪9 ࡘ

  㸬ࡿࢀࡽᚓࡀᚩ್≉ࡢ
ࡢ㡿ᇦࢱࣝࣇ㸪ࡣ࡛ࢱࣝࣇ㸪ᙧ≧㏻㐣ᆺࡽࡉ

ࡿࢀࡽ࠼ᤊࢆᙧ≧せ⣲࡞㸬↓ㄽ㸪ᚤᑠࡿ࠶ព࡛௵ࡣࡉࡁ

ࡀࡉࡁࡢ㡿ᇦࢱࣝࣇࡢࡇ㸪ࡎࡽ࡞ࡤࢀࡅ࡞࡛ࢬࢧ
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ᚋ㏙ࡿࡍᐇ㦂࡛ࡣ 5×5⏬⣲ࡽ 21×21⏬⣲ࡢ࡛ࡲ 5ẁ

㝵ࢆ⏝ࡓࡋ㸬ࡢࡇ⤖ᯝ㸪ᙧ≧㏻㐣ᆺ࡚ࡗࡼࢱࣝࣇ 9
✀㢮ࡢᚤᑠᙧ≧×5 ィࡢࢬࢧ 45 ✀㢮ࡢ≉ᚩ್ࢆ㸪୍ᯛ 
 㸬ࡿࡁ࡛ࡀࡇࡿᚓࡾࡼධຊ⏬ീࡢ

௨ୖࡾࡼ㸪ࡿ࠶ 1ᯛࡢᗋ⣲ᮦࡢ⏬ീࡾࡼ㸪ᚤᑠᙧ≧≉ᚩ

45 ✀㢮ࡢ≉ᚩ್ࢆᚓࡿ࡞ࡇࡿ㸬ࡽࢀࡇከᩘࡢ≉ᚩ್

ࡍ᭷ࢆ㛵┦㟼ᦶ᧿ಀᩘࡿ࠶ⓗ࡛┠ࡢ✲◊㸪ᮏࡽ୰ࡢ

 㸬ࡿࡍ㸪㑅ᢥࡋㄆ☜ࡾࡼᐇ㦂ࢆᚩ್≉ࡿ

4㸬ᑐ㇟⏬ീྲྀࡢᚓ 

ᑐ㇟ࡿࡍᗋ⣲ᮦࡣ㸪᪥ᮏᕤᴗᏛෆࡢᘓ≀ࡢ⣲ᮦ

ࡳࣕࢳࢫࢡࢸ࡞㸪୍ᵝ࠸࡞ࡋᏑᅾࡀࡳࡈࡸࢀởࡢᗋࡽ

 㸬ࡓࡋ㑅ᢥࢆ㸪 12⟠ᡤࡋ㇟ᙳᑐࢆᡤ⟠ࡿࡏ࡞
ᙳࡣᐇ㝿ࡢ㐠⏝⎔ቃࢆᐃࡋ㸪ྍ⬟࡞㝈ࢀࡑࡾ㏆

 㸬ࡓࡋࡇࡿࡍᐇࢆ㸰Ⅼࡢ㸪௨ୗࡵࡓࡿࡅ࡙
 (㸯) 㐠⏝㝿ࡢ࡚ࡋపࢺࢫࢥࢆᅗࡵࡓࡿ㸪ᙳ⏝

࡞Ᏻ౯ࡣᶵᮦࡿ࠸ USB ᑐ࡚ࡗࡼࢀࡑ㸪ࡋᦚ㍕ࢆ࣓ࣛ࢝

㇟ᗋ⏬ീྲྀࡢᚓ࠺⾜ࢆ㸬 
(㸰) 㐠⏝⎔ቃࢆᐃࡋ㸪㌴㍯㥑ືᆺࢺࢵ࣎ࣟࣥࢥ࣐ࡢ

ࡢᑐ㇟ᗋ⏬ീ࡛ࡇࡿࡍᦚ㍕ࢆ࣓ࣛ࢝ࢀࡇ㸪ࡋసᡂࢆ

ྲྀᚓ࠺⾜ࢆ㸬ᙳ㝿࡚ࡋసᡂࢆࢺࢵ࣎ࣟࣥࢥ࣐ࡓࡋ

ᅗ  㸬ࡍ♧4
 
 
 
 
 
 
 
 
 
 
 
 

ᅗ 4 ᙳ⏝ࢺࢵ࣎ࣟࣥࢥ࣐ 

Figure 4 Microcomputer robot for taking a picture 
 
ീࡓࢀࡉ⏬ീࡣᕥྑ㒊ศࢆษࡾྲྀࡾṇ᪉ᙧ≧ຍᕤ

࡛ୖࡓࡋ 256⏬⣲×256⏬⣲⦰ᑠ࠺⾜ࢆ㸬ᐇ㝿ࡢᙳ⎔

ቃ㏆࡙ࡵࡓࡿࡅ㸪᫂ᗘࡢࢺࢫࣛࢺࣥࢥࡸㄪᩚ࡞๓ฎ

  㸬࠸࡞ࢃ⾜ࡣ⌮

  

ᅗ 3 㯮ࡢࢱࣝࣇࡪࡘฟຊ 

Figure 3 Example of an output image of the Black-roof filter 
(right) and an input image (left) 

 

Black-line

White-line

Black-pepper Black-roof Black-snake Cliff 

White-pepper White-roof White-snake 
 

ᅗ 2 ᚤᑠᙧ≧≉ᚩ 

Figure 2 Minute  shape features 
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 ീࡣ㸪12 ✀㢮ࡢᗋࢆᑐ㇟ࢆ⏬ືᙳࡋ㸪ࢀࡒࢀࡑ

200 ᯛ㸪ィ 2400 ᯛࡢ⏬ീศゎࡓࡋ㸬ࣝࣉࣥࢧࢆࢀࡇ⏬

ീ࡚࠸⏝࡚ࡋᦶ᧿ಀᩘࡢ᥎ᐃᘧࢆᵓ⠏ࡿࡍ㸪  
ᙳࡾࡼ⏬ືࡓࡋᢳฟࡓࡋ 12 ✀㢮ࡢᗋ⏬ീࡢࢆᅗ 5

 ࡍ♧
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ࡿࡍᙳࢆ㸪ྛ⏬ീࡓࡲ American slip meter♫ࡢ

ASM 725 ࢆ㟼ᦶ᧿ಀᩘࡢᐇ㝿ࡿࡍᑐീ⏬ࡢࡑ࡚࠸⏝ࢆ

ᅗ 6 ࡣ㸬 ᐃࡃ࠾࡚ࡋᐃ ࠺ࡼࡍ♧ 10 ᅇ⾜࠸ᖹᆒ್

 㸬ࡓࡋᐃ್ ࢆ

5㸬᥎ᐃᘧࡢᵓ⠏ 

⏝ពࣝࣉࣥࢧࡓࡋ⏬ീࡽᚤᑠᙧ≧≉ᚩࢆᢳฟࡿࡍ㝿

ࢆࡉࡁࡢ㡿ᇦࢱࣝࣇ㸪ᐇ㝿 5x5㸪7x7㸪11x11㸪
15x15㸪21x21 ⏬⣲ࡢ 5 ࡾࡼࢀࡇ㸬ࡓࡋタᐃࢬࢧ 1
ᯛࡢධຊ⏬ീࡾࡓ࠶ 9 ᙧ≧✀㢮×5 㸪ྜィࡢࢬࢧ 45 ✀

㢮ࡢᙧ≧≉ᚩ್ࢆᚓࡿ㸬 
ㄝ᫂ኚᩘ㸪ࢆᚩ್≉ࡓࢀࡽᚓࡽീ⏬ࣝࣉࣥࢧࡽࢀࡇ

ᐇ㝿 ᐃࡓࢀࡉ㟼ᦶ᧿ಀᩘ್ࢆ┠ⓗኚᩘࡓࡋ㔜ᅇᖐ

ศᯒ࠸⾜ࢆ㸪㟼ᦶ᧿ಀᩘࡢ᥎ᐃᘧࡢᵓ⠏ࡓࡗ⾜ࢆ㸬㔜ᅇ

ᖐศᯒࡣ㸪F-in  F-outࡶࢆ ቑῶἲ[7]ࡓࡋタᐃ2.0
 㸬ࡓ࠸⏝ࢆ

ᦶ᧿ಀᩘࡢ᥎ᐃ㸪ྛᚤᑠᙧ≧≉ᚩࡀ᭷ຠ࠺㸪

㔜ᅇᖐศᯒࡓࡗ⾜ࢆ⤖ᯝ㸪᥎ᐃᘧᵓ⠏ࣝࣉࣥࢧࡓ࠸⏝

⏬ീᵓ⠏ࡓࢀࡉ᥎ᐃᘧࡢᙜ࡚ࡾࡲࡣලྜࡍ⾲ࢆỴᐃಀ

ᩘ R2ࡣ  㸬ࡓࡋ♧ࢆලྜࡾࡲࡣ࡚࠶࠸㸪㧗ࡾ࡞0.93
పࡣࡾࡼᐇ㦂⤖ᯝࡿࡼᙳ⎔ቃ࡞㸪⌮ⓗࡣ್ࡢࡇ

࡚ࡋ㐺ᛂయᙳື⛣㸪༑ศࡾ࠶⢭ᗘ࡛࠸㧗ࡢࡢࡶ࠸

  㸬ࡿศࡀࡇࡿ࠸

ࡿ࠸⏝᥎ᐃࡢᦶ᧿ಀᩘࢆᚤᑠᙧ≧≉ᚩ࡚ࡗࡼࢀࡇ

㸪༑ศ᥎ᐃࡶ࡚ࡃ࡞ࡋព⏝ࢆᙳ⎔ቃࡓࢀࡉ㝈ᐃ࡛ࡇ

ࡏ♧ࢆࡇࡿ࠶࡛⬟ྍࡀࡇࡿࡍᵓ⠏ࢆ᥎ᐃᘧ࡞⬟ྍࡀ

 㸬ࡓ
᭱⤊ⓗᚓࡓࢀࡽ᥎ᐃᘧࢆࢱ࣮࣓ࣛࣃࡢ⾲  㸬ࡍ♧1
 

⾲ 1 㔜ᅇᖐศᯒ⤖ᯝ 
TABLE 1  RESULT OF THE MULTIPLE LINEAR REGRESSION ANALYSIS 

 

ㄝ᫂ኚᩘྡ ೫ᅇᖐಀᩘ 㹄್ 
broof7 0.01247  36.6063  
bpepper21 -0.00254  39.2743  
cliff21 -0.00327  58.5555  
cliff5 0.00421  62.4621  
wline21 -0.00748  70.0095  
wroof11 -0.00449  18.0151  
bline7 0.00842  8.2283  
wpepper11 0.00749  44.7321  
broof11 0.00483  11.9517  
wroof7 -0.00500  10.9210  
wline11 0.01909  102.9489  
wline5 -0.01172  18.8993  
cliff15 0.00533  60.1757  
wroof21 -0.00336  25.9118  
wsnake7 -0.00829  7.8818  
bsnake5 0.01423  21.2869  
wsnake15 0.01051  19.6843  
cliff11 -0.00263  25.5330  
wline7 0.00617  3.2876  
wsnake11 -0.00925  9.6673  
bsnake21 0.00152  13.0034  
bline11 -0.00405  9.7339  
bsnake7 -0.00530  6.0521  
broof5 0.00683  15.1002  
wroof5 -0.00348  5.4574  
bpepper7 -0.00357  30.0319  
wsnake21 -0.00220  4.0089  
bline5 -0.00427  4.0259  
wpepper15 0.00143  2.7673  
ᐃᩘ㡯 0.49130    

 
⾲ 1 ࡀ᥋㢌Ꮠㄝ᫂ኚᩘྡ࡚࠸࠾ w ࡣ white㸪b ࡣ

blackࡍ♧ࢆ㸬⾲ 1 ᧿㸪㟼ᦶࡾࡼᘧ(1)ࡢ㸪ḟࡣせ⣲ྛࡢ

ಀᩘμࢆ᥎ᐃࡿࡍᘧࢆᵓ⠏࡛ࡿࡁ㸬ࡋࡔࡓαࡣ⦅ᅇᖐಀ

ᩘ㸪ξࡣㄝ᫂ኚᩘ್࡛ࡾ࠶㸪n ಶࡢㄝ᫂ኚᩘࡓࢀࡉ㑅ᢥࡣ

 㸬ࡿ࠶࡛ᩘ

μ=α0ξ0+α1ξ1+…+αnξn      ᘧ(1) 

᥎ᐃᘧ࡚࠸࠾㔜せᗘࡍ♧ࢆ F ࡿぢࢆ┠㡯࡞ࡁࡢ್

㸪wline ࡸ cliff ࢃࡀࡇࡿ࠸࡚ࡗ࡞್࡞㔜せ≉ࡀ

᧿ᦶ࡞࠺ࡼࡢพฝ࠸⣽ࡢ㸪⾲㠃ୖࡾࡼࡇࡢࡇ 㸬ࡿ

ಀᩘᙉ࠸ᙳ㡪ࢆࡿ࠼≉ᚩࢆᤊࡀࡇࡿ࠼ฟ᮶ࡓゝ

 㸬ࡿ࠼

 

ᅗ 5 12✀㢮ࡢᗋ⏬ീ 

Figure 5 12 kinds of sample image 

 

ᅗ 6  〇ᦶ᧿ಀᩘࡢ ᐃ 

Figure 6 Mesurment of coefficient of static friction. 
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6.1 ᥎ᐃᘧࡢ⢭ᗘ 

᥎ᐃᘧᵓ⠏࡚࠸࠾⏬ീᙳࡓࡗ⾜ࢆ 12 ⟠ᡤ࡚࠸࠾㸪

ᵓ⠏ࡓࢀࡉ᥎ᐃᘧ࡚࠸⏝ࢆ㟼ᦶ᧿ಀᩘࡢ᥎ᐃ࠸⾜ࢆ㸪ᐇ

㸬ᅗࡓࡗ⾜ࢆẚ㍑㟼ᦶ᧿ಀᩘࡓࢀࡉ   㸬ࡍ♧ࢆᯝ⤖7
 

 
᥎ᐃ್ᐇ ್ࡢ㔜┦㛵ಀᩘࡣ 0.95 㸪95%ಙ㢗ࡋ♧ࢆ

༊㛫࡛ࡢㄗᕪࡣ⣙±0.044ࡢ࡛ࡲ್ࡢ⢭ᗘ࡛᥎ᐃ࡛ࡇࡿࡁ

┦㔜ࡢ್ ᐇ㸪᥎ᐃ್ࡢ㸬ඛ⾜◊✲[8][9]ࡓࡗศࡀ

㛵ಀᩘࡀ 0.87㸪95㸣ಙ㢗༊㛫࡛ࡢㄗᕪࡓࡗ࠶±0.053࡛ࡀ

ࡿ࠸ฟ᮶࡚ࡀ᥎ᐃࡢ⢭ᗘ࡛࡞⬟ྍ⏝ᐇ㸪༑ศࡽࡇ

ࡽ⏬ືࢆᑐ㇟⏬ീࡣ࡛✲◊㸪ᮏࡣࢀࡇ㸬ࡿࢀࡽ࠼⪄

ྲྀᚓࡿࡍᡭἲࡵࡓࡓ࠸⏝ࢆ㸪㔞ࢆࣝࣉࣥࢧࡢᙳࡿࡍ

ࡢࡶࡓࡗࡀ⧄ୖྥࡢᯝ⢭ᗘ⤖ࡢࡑ㸪ࡾ࠶ᐜ࡛᫆ࡀࡇ

  㸬ࡿࢀࡽ࠼⪄
ࡀ㢮✀ࡢᗋ⏬ീࡣᐇ㦂࡛ࡢࡇ 12 ✀㢮ᑡ࠸࡞≧ἣ࡛⾜

㸪ࡾ࡞᥎ᐃᘧࡓࢀࡉㄪᩚᑡᩘ⣲ᮦࡽࢀࡑ㸪ࡵࡓࡓࡗ

᪂࡞ࡓ㏣ຍᗋ⣲ᮦᑐᛂࡿࡍవᆅࡀᑡࡍ♧ࢆࡇ࠸࡞㸬

ࢀࡍ㝈ᐃᗋ⣲ᮦࡓࡋ⏝㸪᥎ᐃᘧᵓ⠏ࡽࡀ࡞ࡋࡋ

ࡋ♧࡛ࡍࡣࡇࡿ࠶࡛⬟ྍࡀ⢭ᗘ࡛᥎ᐃ࠸ẚ㍑ⓗ㧗ࡤ

ࡓ࠼⪄ࢆᦚ㍕ࡢࢺࢵ࣎ࣟࡿ࠶ᐃ࡛ࡢᙜึࡣࢀࡇ㸬ࡓ

ሙྜ㸪ࡃࡓࡗࡲᮍ▱ࡢ⎔ቃୗࡢ㊊ࢆ㋃ࡳฟࡍ≧ἣ࡛ࡣ᥎

ᐃ࡛ࡢࡢࡶ࠸࡞ࡁ㸪ᒇෆ⎔ቃ࡞ᗋ⣲ᮦࡀ㝈ᐃ࠸࡚ࢀࡉ

ࡍࡾࡓࡗ࠶ቃ࡛⎔ࡢ▱᪤࡚ࡗࢺࢵ࣎ࣟࡢࡑ㸪ࡾࡓ

 㸬ࡿ࠶࡛ࡎࡣࡿࡁᥦ౪࡛ࢆ᥎ᐃࡘ❧༑ศᙺࡤࡽ࡞ࡿ

6.2 ᥎ᐃ㏿ᗘ᳨ࡢド 

ᐇ㝿ࡢ㐠⏝⎔ቃࢆᐃࡋ㸪࣓ࣛ࢝ཬࢆࢱ࣮ࣗࣆࣥࢥࡧ

⛣ືయᦚ㍕ࡢࡑ࡛ࣥࣛࣥ࢜,ࡋሙ࡛ᦶ᧿ಀᩘࡢ᥎ᐃࡀ

 㸬ࡓࡗ⾜ࢆホ౯ᐇ㦂ࡿࡍド᳨ࢆࡿ࠼⾜
ᐇ㦂ࡣᐇ㝿ࡢ㐠⏝⎔ቃࢆᐃࡋ㸪ື⏬ࡽᦶ᧿ಀᩘࡢ

᥎ᐃࡓࡗ⾜ࢆ㸬ࡢࡑ㝿㸪ฟ᮶ࡿ㝈࡞࣒ࢱࣝࣜࡾ᥎ᐃ

ࡋ♧⾲ࢆᦶ᧿ಀᩘࡓࡋ᥎ᐃࡽ⏬ືᖖ࠺ࡼࡿ࠼⾜ࡀ

ࡿࡍ⾜ᐇࢆ࣒ࣛࢢࣟࣉࡢࡑ㸪ࡋసᡂࢆ࣒ࣛࢢࣟࣉࡿࡅ⥆

ࡣࢱ࣮ࣗࣆࣥࢥࡢ⏝㸬ᐇ㦂ࡓࡗ⾜ࢆᐇ㦂࡚ࡗࡼࡇ

ASUS♫ࡢ Eee PC 901ࢆ᥇⏝࡚ࡋᐇ㦂ࡓࡗ⾜ࢆ㸬 
ᐇ㦂ࡢ⤖ᯝࡣ࡚ࡋ㸪ࡣ࡛࣒ࢸࢫࢩࡢࡇ㸯ᯛࡢ⏬ീࡢ

ฎ⌮⣙㸰㸮⛊⛬ᗘࡢ㛫ࡵࡓ࠺ࡲࡋ࡚ࡗࡀ㸪ࣜ

 㸬࠸ࡓࡀ࠸ゝࡣࡿ࠼⾜ࡀ᥎ᐃ࡞࣒ࢱࣝ

ࡢ࣒ࢬࣜࢦࣝࡸୖྥࡢ⬟ᛶࡢࢱ࣮ࣗࣆࣥࢥ㸪ࡋࡋ

ᙉ➼ࡢ࣒ࢸࢫࢩ࡚ࡗࡼ㧗㏿ࢆᅗࡣࡇࡿ༑ศྍ

ࢀฟ᮶ࡀࡇࡿࡍ⌧ᐇࢆᗘ㏿ࡢ⛬㸯㸮ಸ࠶㸪ࡾ࠶࡛⬟

 㸬ࡿ࠼ゝࡿ࠶࡛⬟ྍࡀᐇࡣ✲◊ᮏࡤ

7㸬ࡧࡍࡴ 

ᮏ◊✲࡛ࡣ㸪୍ࡀࣕࢳࢫࢡࢸᵝ࡛࠺ࡼࡿࡏ࡞ࡳࡿ࠶

ື⛣ࡢᐇ㝿ࢆᡭἲࡿࡍ᥎ᐃࢆ㟼ᦶ᧿ಀᩘࡢᗋ⣲ᮦ⾲㠃࡞

యᦚ㍕࡚ࡋホ౯ࡓࡗ⾜ࢆ㸬 
᥎ᐃࡿ࠸⏝ീ⏬ീࣕࢳࢫࢡࢸࡢ≉ᚩࡣ㸪9 ✀㢮ࡢᚤ

ᑠᙧ≧≉ᚩࢆᢳฟࡿࡍᙧ≧㏻㐣ᆺ࡚࠸⏝ࢆࢱࣝࣇᚓࡽ

ࡽീ⏬ࡢ㸪୍ᯛࡾ࠶ᖹᆒᖜ್࡛ࡢฟຊ⏬ീࡓࢀ 9
ᙧ≧×5ࡢࢬࢧ 45✀㢮ࡢ≉ᚩ್ྲྀࢆᚓࡓࡋ㸬  

12 ✀㢮ࡢᗋ⣲ᮦᑐࢆ⏬ື࡚ࡋᙳࡋ㸪ྛ 200 ᯛࡢ

ീ⏬ീศゎࡋ㸪ྜィ 2400ᯛ⤌ࡢ⏬ീࢆ࡚ࡗᐇ㦂ࢆ

㸪 45࡛ୖࡓࡋᐃ ࢆ㟼ᦶ᧿ಀᩘ㸬ᐇ㝿ࡓࡗ⾜ ✀㢮ࡢ≉

ᚩ್ࢆㄝ᫂ኚᩘ㸪ᐇ ್ࢆ┠ⓗኚᩘࡿࡍ㔜ᅇᖐศᯒࢆ

 㸬ࡓࡗ⾜ࢆᵓ⠏ࡢ㸪᥎ᐃᘧ࠸⾜
ᯝ㸪20⤖ࡢࡑ ✀㢮௨ୖࡢ≉ᚩࡀ㑅ᢥࢀࡉ㸪Ỵᐃಀᩘࡀ
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Figure 7 Regression Line for evaluate imaeges 
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