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⌧ᅾࡢ஧㊊Ṍ⾜ࣟࡣࢺࢵ࣎㊊⿬࡟ᅽຊࢆࢧࣥࢭ⏝ពࡍ

ࢭ㏿㌴ࡣ࡟ሙྜࡢࢺࢵ࣎㌴㍯ᆺࣟࡸ㌴᳔Ꮚࡓࡲ㸪࡝࡞ࡿ

⛣࡚࠸⏝ࢆ㥑ືࢱ࣮ࣔ࡝࡞ࢲ࣮ࢥ࢚࣮ࣥࣜࢱ࣮ࣟࡸࢧࣥ

ࡉ࡞ࡀᕤኵࡢࡵࡓࡿᚓࢆస≧ែືࡢࢺࢵ࣎ࣟ࡟㝿ࡿࡍື

␗ࡿࡍࡾࡓࡗ࡭ࡍࢆᗋࡀࢺࢵ࣎ࣟࡾࡼ࡟ࢀࡇ㸬ࡿ࠸࡚ࢀ

ᖖືసࡢ࡝࡞࠺⾜ࢆ▱᳨ࡢ⢭ᐦ࡞ไᚚࡿ࠸࡚ࡗ⾜ࢆ㸬 
㟼ᦶ᧿ಀᩘࡢᗋ࡚࠸࠾࡟➼సືࡢࢺࢵ࣎㸪ࣟࡵࡓࡢࡇ

࠸࡜㔜せ࡚࠸࠾࡟సไᚚືࡢ࡝࡞Ṍ⾜ไᚚࡣ࡜ࡇࡿᚓࢆ

㸪ࡃ࡞࡛ࡅࡔ᝟ሗࡢᡤ⟠ࡿࡍ㏆᥋࡟ࢺࢵ࣎ࣟࡶ࠿ࡋ㸬ࡿ࠼

㠀᥋ゐ࡛᥎ᐃࢆ࡝࡞ᦶ᧿ಀᩘࡢᗋࡢඛࡿࡍ⾜Ṍࡽ࠿ࢀࡇ

 㸬࠺ࢁ࠶࡛⏝᭷࡟ࡽࡉࡤࢀࡁ࡛ࡀ࡜ࡇࡿࡍ
౛ࡤ࠼㸪㠀᥋ゐ࡛ᵝ࡞ࠎ᥎ᐃ࠺⾜ࢆᡭἲࡣ࡚ࡋ࡜㸪࢝

ࣁࢺࢵ࡚࣎ࣟࡋฟ᳨ࢆែ≦ࣉࢵࣜࢫࡢయ≀࡚࠸⏝ࢆ࣓ࣛ

ࢆࢱ࣮ࢹᆅໃࡢ➼Ⱚࡸ㸪◁฼ࡸ[1]✲◊࠺⾜ࢆไᚚࡢࢻࣥ

᧜ᙳ⏬ീࡽ࠿᥎ᐃ[2]✲◊ࡿࡍ㸪᧜ᙳ⏬ീࡽ࠿㊰㠃ࡢ≧ែ

㠀ࢆ㸪ᦶ᧿ಀᩘࡀࡿ࠸࡚ࢀࡉ᱌⪄ࡀ➼[3]✲◊ࡿࡍ᥎ᐃࢆ

᥋ゐ࡛ ᐃࢆ࡜ࡇࡿࡍ┠ⓗࡓࡋ࡜ᡭἲࡣᥦ᱌࡞࠸࡚ࢀࡉ

 㸬࠸
ᮏ◊✲࡛ࡣ㸪ᒇෆ࡛ࢆື⛣ࡢࢺࢵ࣎ࣟࡢ᝿ᐃࡋ㸪ᒇෆ

࡛ẚ㍑ⓗከࡃぢཷ࣒࢘ࣜࣀࣜࡿࢀࡽࡅ㸪▼ᮦ㸪ᮌ┠࡝࡞

 㸬ࡿࡍ࡜ⓗ┠ࢆ᥎ᐃࡢᦶ᧿ಀᩘࡓࡋ࡜㇟ᑐࢆᗋ⣲ᮦࡢ
ᮏ◊✲࡛࡚࠸⏝ࢆ࣓ࣛ࢝ࡣ㸪㠀᥋ゐ࡛ࡢᗋࡢ㟼ᦶ᧿ಀ

᧜ࡢᗋ⣲ᮦ⾲㠃ࡿࢀࡽᚓࡾࡼ㸬᧜ീ⏬ീ࠺⾜ࢆ᥎ᐃࡢᩘ

ᙳ⏬ീࡾࡼᚓࡿࢀࡽ≉ᚩࡕ࠺ࡢ㸪ᦶ᧿ಀᩘࡢ኱࡟ࡉࡁ┦

㛵ࡣ࡚ࡋ࡜ࡢࡶ࡞࠺ࡑࡾ࠶ࡀ⾲㠃ࡢ⢒ࡉ≉ᚩࢀࡽ࠼⪄ࡀ

ࣕࢳࢫࢡࢸ㸪ࡾࢃ㛵࡟ࣕࢳࢫࢡࢸࡢ⣲ᮦ⾲㠃ࡣࢀࡇ㸬ࡿ

⏬ീ࡟ᑐࣕࢳࢫࢡࢸࡿࡍゎᯒᡭἲࡾࡼ࡟㸪≉ᚩ㔞࡚ࡋ࡜

ᢳฟࡿࡍ㸬ࡓࡲ㸪⾲㠃ࣕࢳࢫࢡࢸࡢ≉ᚩࡣከᩘࡢ✀㢮ࡀ

ᦶ᧿ಀᩘ࡟ᐇ㦂ⓗࡽ࠿୰ࡢᚩ್≉ࡢከᩘࡓࢀࡽ㸪ᚓࡾ࠶

ࢆ࡜ࡇࡿࡍ㑅ᢥ࡚࠸⏝ࢆ㔜ᅇᖐศᯒࢆᚩ್≉ࡿࡍㄝ᫂ࢆ

 㸬ࡿ࠼⪄

2 㸬ࣕࢳࢫࢡࢸ≉ᚩ࡟ᑐ᳨ࡿࡍウ 

㸪ࡣ࡟ࡢࡶ࡞௦⾲ⓗ࡚ࡋ࡜ゎᯒᡭἲࣕࢳࢫࢡࢸࡢ⯡୍

ᵓ㐀ⓗᡭἲ࡜⤫ィⓗᡭἲ㸪ࡓࡲ࿘Ἴᩘᡂศࢆศᯒࡿࡍᡭ

ἲ[5][4]ࡿ࠶ࡀ㸬  
࠼㸬౛࠸࡞࠼ᢅࡃࡲ࠺ࢆᙧ≧≉ᚩࡣᚑ᮶ᡭἲ࡛ࡢࡽࢀࡇ

ࡀせ⣲ࣕࢳࢫࢡࢸ࠸࠿ሙྜ㸪⣽ࡢࡅࡔ࿘Ἴᩘᡂศ≉ᚩࡤ

ከࡶ࡚ࡗ࠿ࢃࡀ࡜ࡇࡿ࠸࡚ࢀࡲྵࡃ㸪ᑤࡓࡗᙧ≧ࡴྵࢆ

㸬࠸࡞ࡁ࡛ࡣ࡜ࡇࡿࡍูุ࠿ࡢࡴྵࡃከࢆ≦ᙧ࠸୸࠿ࡢ

ࢀࡑ㸪࡚ࡋᑐ࡟ࣕࢳࢫࢡࢸ࡞࠺ࡼࡴྵࢆ㸪ᙧ≧≉ᚩࡓࡲ

ࡗࡲࡶࡽࡀ࡞ࡋ᭷ࢆࣝࢺࢡ࣌ࢫ࣮࣡ࣃࡓࡋ㢮ఝ࡚ࡵᴟ࡜

 ࡍᡂ⏕ࢆ㞧㡢⏬ീࢫ࢘࢞࡞࠺ࡼ࠸࡞ࡲྵࢆᙧ≧≉ᚩࡃࡓ
 

† ᪥ᮏᕤᴗ኱Ꮫ኱Ꮫ㝔ᕤᴗ◊✲⛉᝟ሗᕤᏛᑓᨷ 
‡ ᪥ᮏᕤᴗ኱ᏛᕤᏛ㒊๰㐀࣒ࢸࢫࢩᕤᏛ⛉ 
 

ᅗ)ࡿ࠶࡛⬟ྍ࡟㸪ᐜ᫆ࡣ࡜ࡇࡿ 1)㸬ࡢࡇⅬࡶࡽ࠿ᚤᑠ࡞

ᙧ≧≉ᚩࢆ㸪ࡢࡽࢀࡇゎᯒᡭἲ࡛ᢅࡀ࡜ࡇ࠺୙ྥࡇ࡞ࡁ

 㸬ࡿ࠶࡛࠿ࡽ᫂ࡀ࡜
୍᪉࡛ே㛫ࡢどぬࡢ༳㇟࡟ᑐࡣ࡚ࡋ㸪ࡓࡋ࠺ࡇᚤᑠ࡞

ᙧ≧≉ᚩࡣ኱࡞ࡁᙳ㡪ࢆᣢ[6]ࡿࢀࡽ࠼⪄࡜ࡘ㸬 
ᮏ◊✲ࡢᑐ㇟ࡣᗋ⣲ᮦ⾲㠃࡛ࡾ࠶㸪ேᕤⓗ࣮ࣥࢱࣃ࡞

㠃⾲ࡓࡲ㸬ࡴྵࢆᚩ≉ࣕࢳࢫࢡࢸ࡞↛⮬㸪ࡃ࡞ࡣ࡛ࡅࡔ

⢒ࡉ≉ᚩ࡚ࡋ࡜࿘Ἴᩘᡂศ࠸࡞ࡁ࡛⌧⾲࡛ࡅࡔ⾲㠃ୖ࡟

ᚤᑠ࡞ᙧ≧≉ᚩࡀ࡜ࡇࡴྵࢆ᝿ᐃࡿࢀࡉ㸬ᗋ⣲ᮦ⾲㠃ࡢ

≉ᚩࡕ࠺ࡢ㸪ᮏ◊✲࡛ࡢ┠ⓗ࡛ࡿ࠶㟼ᦶ᧿ಀᩘ್ࡢ࡜┦

㛵ࢆ᭷ࡿࡍ≉ᚩࡣᮍ▱࡛ࡾ࠶㸪౛ࡤ࠼࿘Ἴᩘᡂศ࡟ᖐ╔

㸪ࡤࢀ࠶࡛ࡢࡿࡁㄝ࡛᫂ࢆ㟼ᦶ᧿ಀᩘ࡛ࡅࡔᚩ≉ࡿࡁ࡛

࿘Ἴᩘᡂศ≉ᚩࢆࡅࡔᢳฟ࡚ࡋᦶ᧿ಀᩘࡢ᥎ᐃࢀ࠸⏝࡟

◊㸬ᮏ࠸࡞ࡣಖ㞀ࡿࡁㄝ࡛࡛᫂ࡅࡔࢀࡑࡋ࠿ࡋ㸬࠸ࡼࡤ

≦ᙧ࡞㸪ᚤᑠ࡟࠺ࡼࡿࡁ࡛⌧⾲ࢆᚩ≉ࡢࡃከࡾࡼࡣ࡛✲

≉ᚩࢆᢳฟ࡚ࡋ฼⏝ࡿࡍᡭἲࢆ᥇⏝ࡿࡍ㸬 

3㸬ࣕࢳࢫࢡࢸ≉ᚩࡢᢳฟ 

᧜ീ⏬ീࡽ࠿ᚤᑠ࡞ᙧ≧≉ᚩࢆᢳฟ࡟ࡵࡓࡿࡍᙧ≧㏻

㐣ᆺࡿ࠸⏝ࢆࢱࣝ࢕ࣇ㸬ᙧ≧㏻㐣ᆺࡣࢱࣝ࢕ࣇ㸪⮬↛࡞

ീ⏝㠀⏬ࡓࢀࡉ㛤Ⓨ࡟⏝ᚩᢳฟ≉ࡢࡽ࠿ീ⏬ࣕࢳࢫࢡࢸ

⥺ᙧࡿ࠶࡛⩌ࢱࣝ࢕ࣇ㸬ࣕࢳࢫࢡࢸ࡞↛⮬࠺࠸࡛ࡇࡇ⏬

ീࡣ࡜㸪࡛ୖࢱ࣮ࣗࣆࣥࢥᶵᲔⓗ࡟సᡂࡓࢀࡉ⏬ീ࡛ࡣ

ែ≦ࡓࡋ✚ሁࡀ∦ᑠࡢ࠿ఱࡣ࠸ࡿ࠶ᮌ┠㸪ࡸ┠㸪ᕸࡃ࡞

᧜ീࢆ(⩌)య≀ࡢ≦ᶍᵝ࡞ࠎᵝࡿࡍᏑᅾ࡟⏺㸪⌧ᐇୡ࡝࡞

 㸬ࡍᣦࢆീ⏬ࡓᚓ࡚ࡋ
ᅗ ᇶᮏᙧࣕࢳࢫࢡࢸ࠺ᢅࡾྲྀࡀࢱࣝ࢕ࣇᙧ≧㏻㐣ᆺ࡟2

≧せ⣲ࡍ♧ࢆ㸬ᇶᮏᙧ≧せ⣲ࡣ㸪ゅᙇࡓࡗᙧ≧ࠕࡢ㯮࠿

ࡗࡡࡃࡾࡀ㸪᭤ࠖ(line)ࢇࡏ㯮ࠕࡢ≦ᙧ࠸㸪⣽㛗ࠖ(roof)࡝

ࠖ(snake)ࡒࡳ㯮ࠕࡢ≦ᙧࡓ 㸪⢏≧ࠕࡢ㯮ࡪࡘ(pepper)ࠖ 㸪

᫂ᗘࡢẁࢇࡔࠕࡍ♧ࢆ(cliff) ࡢ≦ᙧࡓࡋ㸪᫂ᬯ཯㌿࡜ࠖ

ࡇ㸬ࡿ࠶࡛ࠖࡪࡘⓑࠕࠖࡒࡳⓑࠕࠖࢇࡏⓑࠕࠖ࡝࠿ⓑࠕ

ࣉࢫࢺࣥ࢖࣏ࡢࢱࣝ࢕ࣇീ⏝⥺ᙧ⏬ࡢᚑ᮶ࡣ≦ᙧࡢࡽࢀ

ྵ࡟ࡇࡑ㸪ࡋタᐃࢆ㡿ᇦࢱࣝ࢕ࣇࡿࡍᙜ┦࡟㡿ᇦࢻࢵࣞ

ูุࡾࡼ࡟⌮㠀⥺ᙧฎࡓ࠸⏝ࢆࡅࡔ⣲⏬࡞ᒁᡤⓗࡿࢀࡲ

  

ᅗ 1 㢮ఝࢆࣝࢺࢡ࣌ࢫ࣮࣡ࣃࡿࡍ᭷ࣕࢳࢫࢡࢸ࡞↛⮬ࡿࡍ⏬

ീࢫ࢘࢞࡜㞧㡢⏬ീࡢ౛ 

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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⏬ࡢ㡿ᇦෆࢱࣝ࢕ࣇ㸪ࡣ࡜⌮㠀⥺ᙧฎࡢ࡛ࡇࡇ㸬ࡿࢀࡉ

⣲ࢆ᫂ᬯࡢ㒊ศ࡟஧್໬ࡋ㸪ࡢࡑᙧ≧ࡢ≉ᚩࢱࣝ࢕ࣇࢆ

እ࿘㒊ࡢ࡬᥋ⅬࡢほⅬ࡛ศ㢮ࡿ࠶࡛࡜ࡇࡿࡍ㸬ゝ࠸᥮࠼

ࡋ࡜࣮ࣥࢱࣃࢆ㸪ᇶᮏᙧ≧せ⣲ࡣෆ㒊࡛ࢱࣝ࢕ࣇ㸪ࡤࢀ

≦㸬ᙧࡿࡍᢳฟ࡚ࡗࡼ࡟ࡁ⥆ᡭࡓࢀࡉ⩏㸪ᐃࡃ࡞ࡣ࡛࡚

㍤ᗘ᝟ሗࡢ⣲⏬ྛࡣ࡛ࡇࡇ㸪ࡵࡓࡿ࠸࡚ࡋ┠╔࡚࠸ࡘ࡟

 㸬࠸࡞࠸⏝ࡣ᝟ሗࡿࡍ㛵࡟㸪Ⰽ࠸⏝ࢆࡳࡢ
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ࡢ㡿ᇦෆࢱࣝ࢕ࣇ࡚ࡋ࡜౛ࢆࢱࣝ࢕ࣇ(pepper)ࠖࡪࡘࠕ

ືసࢆㄝ᫂ࡿࡍ㸬 
(㸯) ࢱࣝ࢕ࣇ㡿ᇦෆࡢᖹᆒ᫂ᗘ࡚࠸⏝ࢆ㡿ᇦෆࡢ⏬⣲

ࢆ 2್໬ࡋ㸪୰ᚰ⏬⣲ࡽ࠿ሬࡋࡪࡘࡾฎ⌮࠺⾜ࢆ㸬 
(㸰) ሬࡓࢀࡉࡪࡘࡾ㡿ᇦࡀ㸪ࢱࣝ࢕ࣇ㡿ᇦࡢእ࿘࡟㐩

 㸬ࡿࡍ⩏ᐃ࡜ࡿࡍᏑᅾࡀࡪࡘ࡟㸪୰ᚰࡤࢀࡅ࡞ࡋ
(㸱) ࡓࡗ࠶ࡀࡪࡘሙྜ㸪࠿ࡿ࠸࡚ࡋࡾࡁࡗࡣࡀࡪࡘ㸪

ሬࡓࢀࡉࡪࡘࡾ㡿ᇦࡢቃ⏺㒊ศࡿࡅ࠾࡟ᖹᆒ᫂ᗘᕪࢆィ

 㸬ࡿࡍฟຊ࡚ࡋ࡜ࠖࡉᙉࡢᚩ≉ࠕࢆࢀࡑ㸪ࡋ⟭
㡿ࢱࣝ࢕ࣇࡀ≦ᙧࡿࢀࡲྵ࡟࠺ࡼࡢࡇࡣᚩ≉ࠖࡪࡘࠕ

ᇦእ࿘࡟᥋ゐࡿࡍ⟠ᡤࡀ 0ಶࡿࡍูุࢆࡢࡶࡢ㸬࡟ࢀࡇᑐ

㸪1ࡋ ⟠ᡤ࡛እ࿘࡜᥋ゐࡸࠖ࡝࠿ࠕࡿࡍ 2 ⟠ᡤ࡛᥋ゐࡿࡍ

ࡀࠖࢇࡔࠕࡿࡍ᥋ゐ࡜ศ༙ࡢ㸪እ࿘㒊ࠖࡒࡳࠕࠖࢇࡏࠕ

ᐃ⩏ࡿࢀࡉ㸬 
ീ⏬ࢆ㡿ᇦࢱࣝ࢕ࣇ࡞࠺ࡼࡢࡇ㸪࡚ࡋᑐ࡟ධຊ⏬ീࡿ࠶

඲య࡟㉮ᰝ࡚ࡋィ⟬࠺⾜ࢆ㸬ࡢࢀࡒࢀࡑ఩⨨࡛ࣝ࢕ࣇࡢ

㍤ᗘ್࡟୰ᚰᗙᶆࢱࣝ࢕ࣇࡢ᫬ࡢࡑ㸪ࢆฟຊ್ࡢ㡿ᇦࢱ

ࣝ࢕ࣇࡪࡘ㸬㯮ࡿᚓࢆ㸪ฟຊ⏬ീ࡛࡜ࡇࡿࡍタᐃ࡚ࡋ࡜

ᅗࢆฟຊ౛ࡢࢱ ࠖࡪࡘࠕ࡟ᒁᡤⓗ࡟㸬ධຊ⏬ീ୰ࡍ♧࡟3

ࡣ㍤ᗘࡢ㸬Ⅼࡿࢀࡉ♧࡚ࡋ࡜Ⅼ࠸ⓑࡀᡤ⟠ࡿࢀࡉᐃุ࡜

 㸬ࡍ♧ࢆ࠸ᗘྜࡢࡉࡋࡽࡪࡘ
 
 
 
 
 
 
 
 
 
 
 

 
ධຊ⏬ീ୍ࡀᵝ࡜ࡔࣕࢳࢫࢡࢸ࡞ぢࡤࡏ࡞㸪ࡢ࡝㒊ศ

⏬ീࡾྲྀࢆฟࡶ࡚ࡋฟຊ್ࡢᖹᆒࡢ࡝࡞⤫ィ㔞ࡀᅛᐃࡉ

ධຊ⏬ീࢆ࡝࡞ᖹᆒ᫂ᗘࡢฟຊ⏬ീࡓࡋ࠺ࡑ㸪ࡵࡓࡿࢀ

ࡽࡀ࡞ࡋ࠿ࡋ㸬ࡿࡁ࡛ࡀ࡜ࡇࡿࡍ࡜್⾲௦ࡍ♧ࢆᚩ≉ࡢ

ᑡᩘᏑᅾࡀฟຊⅬ࠸ࡿ㸪᫂ࡤࢀࡍ⏝᥇ࢆᖹᆒ್ࡲࡲࡢࡑ

࠸࡞ࡁูุ࡛࠿ࡢࡿࡍከᩘᏑᅾࡀฟຊⅬ࠸㸪ᬯ࠿ࡢࡿࡍ

ᚩ≉ࡢฟຊࢱࣝ࢕ࣇࢆ஧஌ᖹᆒ᣺ᖜ್ࡢ㸪ฟຊ⏬ീࡵࡓ

  㸬ࡿࡍ࡜್
ධຊ⏬ീ୍ᯛࡁࡘ࡟㸪ᅗ ࡓࡋ♧࡟2 9ᙧ≧ࢆࢱࣝ࢕ࣇࡢ

㐺⏝ࡵࡓࡿࡍ㸪ฟຊ⏬ീࡀ 9 ᯛᚓࡾ࡞࡜࡜ࡇࡿࢀࡽ㸪9 ࡘ

  㸬ࡿࢀࡽᚓࡀᚩ್≉ࡢ
኱ࡢ㡿ᇦࢱࣝ࢕ࣇ㸪ࡣ࡛ࢱࣝ࢕ࣇ㸪ᙧ≧㏻㐣ᆺ࡟ࡽࡉ

ࡿࢀࡽ࠼ᤊࢆᙧ≧せ⣲࡞㸬↓ㄽ㸪ᚤᑠࡿ࠶ព࡛௵ࡣࡉࡁ

ࡀࡉࡁ኱ࡢ㡿ᇦࢱࣝ࢕ࣇࡢࡇ㸪ࡎࡽ࡞ࡤࢀࡅ࡞࡛ࢬ࢖ࢧ

ᢳฟࡿࡍᚤᑠᙧ≧≉ᚩࡍ♧ࢆࢬ࢖ࢧࡢ㸬ࡢࡇ㸪ᢳฟࢀࡉ

 㸬ࡿࡁ࡛ࡀ࡜ࡇࡿ࠼⪄࡜㢮✀ࡢᚩ≉ࡶࢬ࢖ࢧࡢ≦ᚤᑠᙧࡿ
ᚋ㏙ࡿࡍᐇ㦂࡛ࡣ 5×5⏬⣲ࡽ࠿ 21×21⏬⣲ࡢ࡛ࡲ 5ẁ

㝵ࢆ౑⏝ࡓࡋ㸬ࡢࡇ⤖ᯝ㸪ᙧ≧㏻㐣ᆺ࡚ࡗࡼ࡟ࢱࣝ࢕ࣇ 9
✀㢮ࡢᚤᑠᙧ≧×5 ィࡢࢬ࢖ࢧ 45 ✀㢮ࡢ≉ᚩ್ࢆ㸪୍ᯛ 
 㸬ࡿࡁ࡛ࡀ࡜ࡇࡿᚓࡾࡼධຊ⏬ീ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☜ࡾࡼ࡟ᐇ㦂ࢆᚩ್≉ࡿ

4㸬ᑐ㇟⏬ീྲྀࡢᚓ 

ᑐ㇟ࡿࡍ࡜ᗋ⣲ᮦࡣ㸪᪥ᮏᕤᴗ኱Ꮫෆࡢᘓ≀ࡢ⣲ᮦ࠿

ࡳ࡜ࣕࢳࢫࢡࢸ࡞㸪୍ᵝ࠸࡞ࡋᏑᅾࡀࡳࡈࡸࢀởࡢᗋࡽ

 㸬ࡓࡋ㑅ᢥࢆ㸪 12⟠ᡤࡋ࡜㇟᧜ᙳᑐࢆᡤ⟠ࡿࡏ࡞
᧜ᙳࡣᐇ㝿ࡢ㐠⏝⎔ቃࢆ᝿ᐃࡋ㸪ྍ⬟࡞㝈࡟ࢀࡑࡾ㏆

 㸬ࡓࡋ࡜࡜ࡇࡿࡍᐇ⿦ࢆ㸰Ⅼࡢ㸪௨ୗࡵࡓࡿࡅ࡙
 (㸯) 㐠⏝࡟㝿ࡢ࡚ࡋపࢺࢫࢥ໬ࢆᅗࡵࡓࡿ㸪᧜ᙳ࡟⏝

࡞Ᏻ౯ࡣᶵᮦࡿ࠸ USB ᑐ࡚ࡗࡼ࡟ࢀࡑ㸪ࡋᦚ㍕ࢆ࣓ࣛ࢝

㇟ᗋ⏬ീྲྀࡢᚓ࠺⾜ࢆ㸬 
(㸰) 㐠⏝⎔ቃࢆ᝿ᐃࡋ㸪㌴㍯㥑ືᆺࢺࢵ࣎ࣟࣥࢥ࢖࣐ࡢ

ࡢᑐ㇟ᗋ⏬ീ࡛࡜ࡇࡿࡍᦚ㍕ࢆ࣓ࣛ࢝࡟ࢀࡇ㸪ࡋసᡂࢆ

ྲྀᚓ࠺⾜ࢆ㸬᧜ᙳ࡟㝿࡚ࡋసᡂࢆࢺࢵ࣎ࣟࣥࢥ࢖࣐ࡓࡋ

ᅗ  㸬ࡍ♧࡟4
 
 
 
 
 
 
 
 
 
 
 
 

ᅗ 4 ᧜ᙳ⏝ࢺࢵ࣎ࣟࣥࢥ࢖࣐ 

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

࡛ୖࡓࡋ 256⏬⣲×256⏬⣲࡟⦰ᑠ࠺⾜ࢆ㸬ᐇ㝿ࡢ᧜ᙳ⎔

ቃ࡟㏆࡙ࡵࡓࡿࡅ㸪᫂ᗘࡢࢺࢫࣛࢺࣥࢥࡸㄪᩚ࡝࡞๓ฎ

  㸬࠸࡞ࢃ⾜ࡣ⌮

  

ᅗ 3 㯮ࡢࢱࣝ࢕ࣇࡪࡘฟຊ౛ 

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⏬

ീ࡚࠸⏝࡚ࡋ࡜ᦶ᧿ಀᩘࡢ᥎ᐃᘧࢆᵓ⠏ࡿࡍ㸪  
᧜ᙳࡾࡼ⏬ືࡓࡋᢳฟࡓࡋ 12 ✀㢮ࡢᗋ⏬ീࡢ౛ࢆᅗ 5

 ࡍ♧࡟
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
࡟᫬ࡿࡍ᧜ᙳࢆ㸪ྛ⏬ീࡓࡲ American slip meter♫ࡢ

ASM 725 ࢆ㟼ᦶ᧿ಀᩘࡢᐇ㝿ࡿࡍᑐ࡟ീ⏬ࡢࡑ࡚࠸⏝ࢆ

ᅗ 6 ࡣ㸬 ᐃࡃ࠾࡚ࡋᐃ ࡟࠺ࡼࡍ♧࡟ 10 ᅇ⾜࠸ᖹᆒ್

 㸬ࡓࡋ࡜ᐃ್ ࢆ

5㸬᥎ᐃᘧࡢᵓ⠏ 

⏝ពࣝࣉࣥࢧࡓࡋ⏬ീࡽ࠿ᚤᑠᙧ≧≉ᚩࢆᢳฟࡿࡍ㝿

ࢆࡉࡁ኱ࡢ㡿ᇦࢱࣝ࢕ࣇ࡟㸪ᐇ㝿࡟ 5x5㸪7x7㸪11x11㸪
15x15㸪21x21 ⏬⣲ࡢ 5 ࡾࡼ࡟ࢀࡇ㸬ࡓࡋタᐃ࡜ࢬ࢖ࢧ 1
ᯛࡢධຊ⏬ീࡾࡓ࠶ 9 ᙧ≧✀㢮×5 㸪ྜィࡢࢬ࢖ࢧ 45 ✀

㢮ࡢᙧ≧≉ᚩ್ࢆᚓࡿ㸬 
ㄝ᫂ኚᩘ㸪ࢆᚩ್≉ࡓࢀࡽᚓࡽ࠿ീ⏬ࣝ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-out࡟ࡶ࡜ࢆ ቑῶἲ[7]ࡓࡋタᐃ࡜2.0
 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⤖ᯝࡿࡼ࡟᧜ᙳ⎔ቃ࡞㸪⌮᝿ⓗࡣ್ࡢࡇ

࡚ࡋ㐺ᛂ࡟య᧜ᙳື⛣࡟㸪༑ศࡾ࠶⢭ᗘ࡛࠸㧗ࡢࡢࡶ࠸

  㸬ࡿ࠿ศࡀ࡜ࡇࡿ࠸

ࡿ࠸⏝࡟᥎ᐃࡢᦶ᧿ಀᩘࢆᚤᑠᙧ≧≉ᚩ࡚ࡗࡼ࡟ࢀࡇ

㸪༑ศ᥎ᐃࡶ࡚ࡃ࡞ࡋព⏝ࢆ᧜ᙳ⎔ቃࡓࢀࡉ㝈ᐃ࡛࡜ࡇ

ࡏ♧ࢆ࡜ࡇࡿ࠶࡛⬟ྍࡀ࡜ࡇࡿࡍᵓ⠏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Ꮠ࡟ㄝ᫂ኚᩘྡ࡚࠸࠾࡟ w ࡣ white㸪b ࡣ

blackࡍ♧ࢆ㸬⾲ 1 ᧿㸪㟼ᦶࡾࡼ࡟ᘧ(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࡞ࡁ኱ࡢ್

㸪wline࡜ ࡸ cliff ࠿ࢃࡀ࡜ࡇࡿ࠸࡚ࡗ࡞࡜್࡞㔜せ࡟≉ࡀ

᧿ᦶ࡞࠺ࡼࡢพฝ࠸࠿⣽ࡢ㸪⾲㠃ୖࡾࡼ࡟࡜ࡇࡢࡇ 㸬ࡿ

ಀᩘ࡟ᙉ࠸ᙳ㡪ࢆ୚ࡿ࠼≉ᚩࢆᤊࡀ࡜ࡇࡿ࠼ฟ᮶࡜ࡓ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
 

 
᥎ᐃ್࡜ᐇ ್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]ࡓࡗ࠿ศࡀ࡜

㛵ಀᩘࡀ 0.87㸪95㸣ಙ㢗༊㛫࡛ࡢㄗᕪࡓࡗ࠶±0.053࡛ࡀ

ࡿ࠸ฟ᮶࡚ࡀ᥎ᐃࡢ⢭ᗘ࡛࡞⬟ྍ⏝ᐇ࡟㸪༑ศࡽ࠿࡜ࡇ

ࡽ࠿⏬ືࢆᑐ㇟⏬ീࡣ࡛✲◊㸪ᮏࡣࢀࡇ㸬ࡿࢀࡽ࠼⪄࡜

ྲྀᚓࡿࡍᡭἲࡵࡓࡓ࠸⏝ࢆ㸪኱㔞ࢆࣝࣉࣥࢧࡢ᧜ᙳࡿࡍ

ࡢࡶࡓࡗࡀ⧄࡟ୖྥࡢᯝ⢭ᗘ⤖ࡢࡑ㸪ࡾ࠶ᐜ࡛᫆ࡀ࡜ࡇ

  㸬ࡿࢀࡽ࠼⪄࡜
ࡀ㢮✀ࡢᗋ⏬ീࡣᐇ㦂࡛ࡢࡇ 12 ✀㢮࡜ᑡ࠸࡞≧ἣ࡛⾜

㸪ࡾ࡞࡜᥎ᐃᘧࡓࢀࡉㄪᩚ࡟ᑡᩘ⣲ᮦࡽࢀࡑ㸪ࡵࡓࡓࡗ

᪂࡞ࡓ㏣ຍᗋ⣲ᮦ࡟ᑐᛂࡿࡍవᆅࡀᑡࡍ♧ࢆ࡜ࡇ࠸࡞㸬

ࢀࡍ㝈ᐃ࡟ᗋ⣲ᮦࡓࡋ⏝౑࡟㸪᥎ᐃᘧᵓ⠏ࡽࡀ࡞ࡋ࠿ࡋ

ࡋ♧࡟࡛ࡍࡣ࡜ࡇࡿ࠶࡛⬟ྍࡀ⢭ᗘ࡛᥎ᐃ࠸ẚ㍑ⓗ㧗ࡤ

ࡓ࠼⪄ࢆᦚ㍕ࡢ࡬ࢺࢵ࣎ࣟࡿ࠶᝿ᐃ࡛ࡢᙜึࡣࢀࡇ㸬ࡓ

ሙྜ㸪ࡃࡓࡗࡲᮍ▱ࡢ⎔ቃୗࡢ㊊ࢆ㋃ࡳฟࡍ≧ἣ࡛ࡣ᥎

ᐃ࡛ࡢࡢࡶ࠸࡞ࡁ㸪ᒇෆ⎔ቃ࡝࡞ᗋ⣲ᮦࡀ㝈ᐃ࠸࡚ࢀࡉ

ࡍࡾࡓࡗ࠶ቃ໬࡛⎔ࡢ▱᪤࡚ࡗ࡜࡟ࢺࢵ࣎ࣟࡢࡑ㸪ࡾࡓ

 㸬ࡿ࠶࡛ࡎࡣࡿࡁᥦ౪࡛ࢆ᥎ᐃࡘ❧࡟༑ศᙺࡤࡽ࡞ࡿ

6.2 ᥎ᐃ㏿ᗘ᳨ࡢド 

ᐇ㝿ࡢ㐠⏝⎔ቃࢆ᝿ᐃࡋ㸪࣓ࣛ࢝ཬࢆࢱ࣮ࣗࣆࣥࢥࡧ

⛣ືయ࡟ᦚ㍕ࡢࡑ࡛ࣥ࢖ࣛࣥ࢜,ࡋሙ࡛ᦶ᧿ಀᩘࡢ᥎ᐃࡀ

 㸬ࡓࡗ⾜ࢆホ౯ᐇ㦂ࡿࡍド᳨ࢆ࠿ࡿ࠼⾜
ᐇ㦂ࡣᐇ㝿ࡢ㐠⏝⎔ቃࢆ᝿ᐃࡋ㸪ື⏬ࡽ࠿ᦶ᧿ಀᩘࡢ

᥎ᐃࡓࡗ⾜ࢆ㸬ࡢࡑ㝿㸪ฟ᮶ࡿ㝈࡞࣒࢖ࢱࣝ࢔ࣜࡾ᥎ᐃ

ࡋ♧⾲ࢆᦶ᧿ಀᩘࡓࡋ᥎ᐃࡽ࠿⏬ື࡟ᖖ࡟࠺ࡼࡿ࠼⾜ࡀ

ࡿࡍ⾜ᐇࢆ࣒ࣛࢢࣟࣉࡢࡑ㸪ࡋసᡂࢆ࣒ࣛࢢࣟࣉࡿࡅ⥆

ࡣࢱ࣮ࣗࣆࣥࢥࡢ⏝㸬ᐇ㦂ࡓࡗ⾜ࢆᐇ㦂࡚ࡗࡼ࡟࡜ࡇ

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࠺ࡲࡋ࡚ࡗ࠿࠿ࡀ㸪ࣜ࢔

 㸬࠸ࡓࡀ࠸ゝࡣ࡜ࡿ࠼⾜ࡀ᥎ᐃ࡞࣒࢖ࢱࣝ

ࡢ࣒ࢬࣜࢦࣝ࢔ࡸୖྥࡢ⬟ᛶࡢࢱ࣮ࣗࣆࣥࢥ㸪ࡋ࠿ࡋ

ᙉ໬➼ࡢ࣒ࢸࢫࢩ࡚ࡗࡼ࡟㧗㏿໬ࢆᅗࡣ࡜ࡇࡿ༑ศྍ࡟

ࢀฟ᮶ࡀ࡜ࡇࡿࡍ⌧ᐇࢆᗘ㏿ࡢ⛬㸯㸮ಸ࡜࠶㸪ࡾ࠶࡛⬟

 㸬ࡿ࠼ゝ࡜ࡿ࠶࡛⬟ྍࡀᐇ⿦ࡣ✲◊ᮏࡤ

7㸬ࡧࡍࡴ 

ᮏ◊✲࡛ࡣ㸪୍ࡀࣕࢳࢫࢡࢸᵝ࡛࠺ࡼࡿࡏ࡞ࡳ࡜ࡿ࠶

ື⛣ࡢᐇ㝿ࢆᡭἲࡿࡍ᥎ᐃࢆ㟼ᦶ᧿ಀᩘࡢᗋ⣲ᮦ⾲㠃࡞

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

ᑠᙧ≧≉ᚩࢆᢳฟࡿࡍᙧ≧㏻㐣ᆺ࡚࠸⏝ࢆࢱࣝ࢕ࣇᚓࡽ

ࡽ࠿ീ⏬ࡢ㸪୍ᯛࡾ࠶஧஌ᖹᆒ᣺ᖜ್࡛ࡢฟຊ⏬ീࡓࢀ 9
ᙧ≧×5ࡢࢬ࢖ࢧ 45✀㢮ࡢ≉ᚩ್ྲྀࢆᚓࡓࡋ㸬  

12 ✀㢮ࡢᗋ⣲ᮦ࡟ᑐࢆ⏬ື࡚ࡋ᧜ᙳࡋ㸪ྛ 200 ᯛࡢ᧜

ീ⏬ീ࡜࡬ศゎࡋ㸪ྜィ 2400ᯛ⤌ࡢ⏬ീࢆ౑࡚ࡗᐇ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

࠸⏝ࢆ᥎ᐃᘧࡢࡇ㸬ࡓࡁ࡛ࡀ࡜ࡇࡿࡍᵓ⠏ࢆ᥎ᐃᘧࡢ0.93

࡚㸪ᐇ㝿ࢆ⏬ື࡟᧜ᙳࡽࡀ࡞ࡋᦶ᧿ಀᩘࢆ᥎ᐃࡿࡍホ౯

ᐇ㦂ࢁࡇ࡜ࡓࡗ⾜ࢆ㸪㔜┦㛵ࡀ 0.87 㸪95㸣ಙ㢗༊ࡋ♧ࢆ

㛫࡛±0.044࠺࠸࡜⢭ᗘ࡛㟼ᦶ᧿ಀᩘࢆ᥎ᐃྍࡀ࡜ࡇࡿࡍ

 㸬ࡓࡗ࠶࡛⬟
ᮏ◊✲࡛ࡣᑡࡶ࡜ࡃ࡞᪤▱ࡢᗋ⣲ᮦ࡟ᑐ࡚ࡋ༑ศㄪᩚ

᧿⢭ᗘ࡛㟼ᦶ࡞㸪༑ศᐇ⏝ⓗࡤࢀࡁព࡛⏝ࢆ᥎ᐃᘧࡓࡋ

ಀᩘࡢ᥎ᐃࡓࡏ♧ࢆ࡜ࡇࡿ࠶࡛⬟ྍࡀ㸬 
 

ㅰ㎡ 

ᮏ◊✲୍ࡢ㒊ࡣ᪥ᮏᕤᴗ኱Ꮫෆ≉ู◊✲㈝ࡢຓᡂࡼ࡟

 㸬ࡿ࠶࡛ࡢࡶࡿ
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Figure 7 Regression Line for evaluate imaeges 
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