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1 ळᝓ
ஜߙϷశԺ̾ᄯࣲ߿᧙ڠᖌԨ᧙ᄫಕᄉ

ᮖ͔ܲڙϷᄉ༡སశߙᏪ۲̅ஜځௐζোḼࠃ

۪ᜁࣸคᆐቂ֖ःၸḼ࠾Ф௦ᩝ༮྆ད̾Ԣ༡༪

ϸѬҟڏฉጯေྲढ़ᄊ༢ཧ࠵एᮨᓤࡇ۳̆ܳ

ࡁ໋͂ 1ē ر 2ēᗦ ဇ 1ē2
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BAI Xiaojing, LU Gang, YAN Yong. Flame image segmentation using multiscale color and wavelet-based texture

features. Computer Engineering and Applications, 2017, 539213-219.

AbstractAccurate and reliable segmentation of flame images are crucial in vision based monitoring and characterization

of flames. It is, however, difficult to maintain the segmentation accuracy while achieving fast processing time due to the

impact of the background noise in the images and the variation of operation conditions. To improve the quality of the image

segmentation, a flame image segmentation method is proposed based on Multiscale Color and Wavelet- based Textures

ḸMCWTḹof the images. By combining the color and texture features, a characteristic matrix is built and then compressed

using a local mean method. The outer contour of the flame image under the compressed scale is detected by a cluster tech-

nique. Subsequently, the flame edge region under the original scale is determined, following that, the characteristic matrix

of the edge region is constructed and classified, and finally, the flame image segmentation is achieved. Flame images cap-

tured from an industrial-scale coal-firedtest rig under different operation conditions are segmented to evaluate the proposed

method. The test results demonstrate that the performance of segmenting flame images of the proposed method is superior

to other traditional methods. It also has been found that the proposed method performs more effectively in segmenting the

flame images with Gaussian and pepper and salt noise.

Key wordsflame image; image segmentation; color feature; texture feature; wavelet transform

 ᜶ݥىדᄩ२ճݮဟᆓюԅ௷౮Љಥדᄷྑ。শ൸ͼރ௷౮ࣣٝԅູēઔྻලನਁᆠݥ

ىדമէۤᅹ௲էďݥއူڴࠒىדყಬݥ࠭ࠄёէĐԅ༓ௐ。ඔѻྡྷᄵݮဟտѤէཞౄඋჸۤ໌

ϏีसඋჸďMCWTĐԅํ՜ݥֺ֥ىדēဈဟඔݥغىדԅᄩ२ۤമէ。ݥۦࠒཞౄඋჸ

Ψၘ௲ՇݥགൊѤէٔ。့ݥЉགൊѤէჴࠩགൊωѺϤࡧჴēճඋჸࡧඋჸߙٲϏีसඋჸ໌ރ

ၐಳѤէݥΨၘ့ωݥߙٲΨၘ့උჸࡧჴēࠩ ྡྷϤىדԄӾᅹ௲ݥڴࠒىד。ϰဈֺ֥؞ճ੶

ٝྜਟ௷౮ಬིশઝϢල௷౮ࣣٝຏԅݥࠩىדēωူҎහֺ֥ىדճΑ。ಬིڴࠒζੜူୣҎහד

བྷߨഎႎಒۤغပۃēωயୣճဟىדԅݥᅹ௲யࣙമԙಬຣϢල௷౮ࣣٝຏٗٴອΑēඔѻֺ֥ટֺ֥ى

ႎಒԅݥ՛ပٗۚԅىד໒ڴ。
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ᮖ۪[1-2]ǌ۲̅༡སڎϷᄉᒬҮጆፑʶᓉ༡ས

ྱड़ζোѻ߿ᄫಕ࿃খḼФ˖༡སӜ۪˝С᪃

ᰠ˧ʶǌ༡སӜ۪௦ڎϷူܪశ࠱ᄫಕ༡ས

ˀᐿᤈᛠѫҞḼФፆ౦ᄯଋॕֽ༡སྱड़ᄉଡԨ֖ᄫ

ಕ࿃খᄉខѾǌᬣᅋᒬҮӐశᄉଡᰳḼࠃڙᬄဖܑԢ

˧ःၸ˖ḼԺ᭤ᄉ༮ᒙ྆དᒬҮశᭉය˶ᬣˉࢹ

ʼӣḼځᄢᅕ༡སӜ۪ኪกᄉᆐቂӠѫॸ᜵ǌ

͛ፑᄉ༡སӜ۪ខѾழก˝ϘกḼԀᤤԨॆᄉϘ

ࠪ༡སڎϷᤈᛠѫҞḼཨᏪ༡སܬఽᄉҮখྱব̾Ԣ྆

དࢹхᄉԪӐ˝ѫҞϘᄉᤤԨࣛʶ߿ᄉڇᬱǌၿ

Ḽ͔ ܲᆐቂᒰҦ̅ࠃဗ༡སӜ۪ᒬҮខѾ֖[3]ǌ

ဗథ༡སӜ۪ᒬҮខѾழก˞᜵˝༡ས̜ऎζ

োՋᄉᎅኪกᏧѫҞኪกࠃဗ༡སڎ

ϷѫҞǌΒݟḼ[4]ଡѢ˿ʶሗ۲̅Sobelᎅኪ

ᄉ༡སᎅᒬҮశǌ[5]ࠪனѫణܷዜᫍழߔ

กḸOtsuḹᤈᛠஇᤈḼଡѢʶሗ۲̅இᤈனѫOtsuกᄉࢿ

ϷѫҞኪกǌ[6]ଡѢ˿ʶሗ۲̅Չڎᣀ༡སٿ

Փऩবஜ्ߥখߥᄉ༡སڎϷᎅழกḼ[7-8]

᧓ၸ۲̅னѫχஜ̓ԡ྄֖ᚃᏅ͕Ӑᄉ༡སڎϷϘ

ᤤԨழก̾ΦఝэᆷڠѫҞ༡སڎϷǌཨᏪḼၿ̅༡ས

ᣢ࠰ͺၸḼᦉѫ༮ᒙᐿХథᣖᰳᄉ̜ऎǌڙѫҞ˖Ḽ

ᤇ̎ழก̨Ꮵᘼ˿༡སᣢ̜࠰ऎζোḼࣲ లᏥᘼ༡སጮ

ူྱड़ḼॡᬱэᆷڠӜѫХథᣖᰳ̜ऎᄉᐿ֖༡སǌ

˝˿ଡᰳ༡སڎϷѫҞᄉэᆷऎḼ[9]ଡѢ˿

ʶሗፆՋڎϷ༥ऎϘഴዹC-MeansḸFCMḹኪกˀڎϷ

ጮူዣዿऎྱड़ᄉڎϷѫҞழกḼѽၸҪቓᒬᄰСጆஜ

ᛪड़ڎϷ˖༡སӜˀྫྷӜڙጮူዣዿऎழ᭦ᄉࢿऩḼ

ࠪ FCMᐐዜᄉፆ౦ᬭ࡚ऎᅽᤈᛠԜഴዹӐᤁኪḼ̯

Ꮺࠃဗ༡སڎϷѫҞǌ[10]ፆՋᮧᓣྱड़ˀጮူ

ྱड़ѫҞ༡སڎϷࣲԨ३˿эᆷᄉѫҞፆ౦ǌ̾ʼ

ፆՋጮူྱड़ᄉ༡སӜ۪ழกڙԓࡆݼऎʽࠪ

థϷገᤈᛠူܪḼځ༡སڎϷѫҞᣖ˝Ᏹௐǌڙ༡ས

᧓ᬶር˖Ḽ̋ ˿ᖌ३ఝҪຌఀᄉ༡སڎϷḼᖌԨఝ˗

ࠜᄉ༡སጹᓫྱड़Ḽ༡སڎϷज़ज़ᣖܷǌࢹڙˉःၸ

˖Ḽ̋ ϷڎௐḼ᜵යэᆷѫҞ༡སࠃဗ༡སᄉࠃ˿

ᄉՎௐᤆᭉХథᣖঋᄉᤳऎḼဗథፆՋጮူྱड़ᄉ༡ས

Ϸก໗ᡛѫҞᤳڎᣖܷᄉ༡སࠩࡆϷѫҞழกࠪڎ

ऎᭉයǌФ̴۲̅ᮧᓣጮူྱड़ᄉڎϷѫҞழกՎಧ

ᅋ᧗̅ଡᰳڎϷѫҞᄉэᆷऎ[11-12]Ḽࣲ లᏥᘼѫҞᤳऎḼ

กᄯଋၸ̅ࠪࠃௐব᜵යᣖᰳᄉ༡སڎϷѫҞ˖ǌ

ఴଡѢʶሗ۲̅ܲࡆऎᮧᓣԢ࠴จጮူྱड़

ḸMultiscale Color and Wavelet-based TexturesḼMCWTḹ

ᄉᄢᅕ༡སڎϷѫҞழกḼፆՋᮧᓣˀጮူྱड़Ḽܲڙ

ϷѫҞḼ̯ڎဗ༡སࠃऎʽࡆ Ꮺଡᰳ༡སڎϷѫҞᄉэ

ᆷऎԢᤳऎǌ˖ଡԨYCbCrᓣऎቆᫍᮧᓣྱड़̾Ԣ࠴

จጮူྱड़Ḽౝतԓࡆݼऎ༡སڎϷྱड़ᅽṋࠪ Ф᧓

ၸࡌᦉڨϘกᤈᛠԌ᎕Ḽ् Ԍ᎕ࡆऎྱड़ᅽḼ᧓ၸ

K-MeansࠪԌ᎕ྱड़ᅽᤈᛠѫҞࣲФᎅḼԌ᎕

ࡆݼऎᎅӜ۪ṋౝᤴԓࡆݼӜ۪Ѷ˝ԓڙऎᎅࡆ

ऎᎅӜ۪ྱड़ᅽḼв᧓ၸK-MeansᤈᛠѫҞḼՋ

ࣲѫҞፆ౦Ḽ̯ Ꮺ३ҁణጻ༡སڎϷѫҞፆ౦Ḽ̋ эᆷ

ଡԨ༡ས᭦ሤǋͮ Ꮅኍྱड़֖༡སᒬҮᄢଡΘγᬩǌ

2 ༢ཧྲढ़ଢԩ
ᄰࠪ̅༥ऎڎϷḼॐᓣ༡སڎϷӉդఝ˗ࠜᄉ༡ས

ྱड़ζোḼ˄ ௬դథጮူζোǌࠪ̅ॐᓣጮူڎϷᏪ

ᝒḼФྱड़ଠᤗᑞҦᄉڭݝᄯଋфڎ˿߿ϷᄉణጻѫҞ

ፆ౦ḼՎௐଡԨڎϷᄉᮧᓣྱड़֖ጮူྱड़Ժ̾థଡ

ӣڎϷѫҞᄉ᧙ [12]ḼځḼՎௐଡԨ༡སᮧᓣྱड़ζ

ো֖ጮူྱड़ζোǌ

2.1 ᮨᓤྲढ़
᧓ၸϷጆፑ᧓ᬶᄉॐᓣ༡སڎϷʶᓉ˝RGBڎ

ϷǌRGBڎϷၸ̅ڎϷᄉ௬ᇧḼͭ RǋGǋBᮧᓣጷ

ХథᣖᰳᄉᄰСব˄RGBᓣऎቆࣲᫍʿ̼ᛪᄽࠃᄉᮧ

ᓣࢿѾḼࣲ ʿၸ̅ᮧᓣྱड़ଡԨǌڎڙϷူܪ˖Ḽʁ ᓉ

YUVǋHISǋLabݟϷᣀӐҁФ̴ᓣऎቆᫍḼΒڎRGB࠱

ኍḼඇ˓ᓣऎቆᫍᦏХథФᒬᢵᄉ͕ᎤཁǌڙYCbCrᓣ

ऎቆᫍ˖ḼФᮧᓣѫ᧙ᫍᄉᄰСবᣖ࠴ḼԺ̾థᛪड़

༡སྱड़[13]ḼځᆐቂଡԨYCbCrᓣऎቆᫍ༡སᮧᓣྱ

ड़Ḽڎݟ 1ᇧǌRGBᓣऎቆᫍᣀӐ˝YCbCrᓣऎቆᫍ

ᄉХͳᛪय˝Ṋ
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ᅈᅉᅏ
ᅈᅉᅏ
Ḹ1ḹ

2.2 ጯေྲढ़
ጮူԥ˿ᄫಕྫྷͳᄉᮧᓣ/༥ऎԪӐǌణ࣡ᄉጮ

ူଡԨழก˝ᅽழกḼФ˞᜵ᄫᄉ௦ᖌԨڎϷКࡌ༥

ऎፑྱߥड़[14]ǌܰḼ˶ ࣡۲̅ፆౝ֖ഴۋᄉጮူ

ଡԨழกḼᏪᤇˏሗழก˞᜵ၸ̅ጮူХథᄰСবԢ

ழՓবᄉᄫಕڎϷ[14]ǌ࠴จԪ૰ᑞܴγڎϷζোڙѫ

ᝌር˖థ૮ܾ֖жͷḼᜁࣸคၸ̅ڎϷጮူྱड़ଡ

Ԩ֖ѫҞ˖[15]ǌࠪ༡སڎϷឬḼҮখবᣖुḼ˄ థڌ

จԪ૰ଡԨФጮူྱड़ǌ࠴̅᧓ၸځᄉጮူፆౝḼ߿

ऎѥஜࡆจѥஜிԢФᄰःᄉ࠴จԪ૰௦ၸ࠴

ζՁѫᝌ˝ʿՎᮟࣛζՁḼԺ̾ѽၸൣ̓᪪Ϸ໙ݼԓ࠱

1ڏ RGB༢ཧڏϸԣХࠫऄᄊYCbCrቇᫎڏϸ
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จ٧ LḸͯḹ֖ HḸᰳḹ໙จࠃဗ[16]ǌ៊ 2DḸ̃

፤ḹ࠴จѫᝌ࠱ࡂ L֖ H ໙จ٧පࣰͺၸ̅ԓڎݼϷ I Ḽ
्ጆஜᅽ ILǋIH Ḽв࠱ L֖ H ໙จۆ٧ᄯͺၸ
̅ IL֖ IH ḼᤈᏪ्ڎߔ I LLǋI LHǋIHL֖ IHH ǌФ˖Ḽ
I LL̼ᛪԓڎݼϷᄉ۲ڎϷḼI LH ֖ IHL֖ IHH ѫѾ˝
Фපࣰǋቡᄯ֖ࠪᝇழՓᄉጹᓫζোǌ

ԓݼ༡སڎϷ Iܷ࠴˝ M ᆠN Ḽlᄿiᅀᄿiᅔ ᅇᅃᅈᅃᅉᅃȚᅃ
Nl ᅄ ᅈᅀḼhᄿiᅀᄿiᅔ ᅇᅃᅈᅃᅉᅃȚᅃNh ᅄ ᅈᅀѫѾ˝֖ͯᰳ໙
จ٧ᄉᑡуֽःḼФ˖ḼNl ֖ NhѫѾ˝֖ͯᰳ໙

จ٧ᄉ᫁ऎǌ᧓ၸФࠪڎϷ໙จḼ

I Lxy = ᅈNl
ɼ
i = ᅇ

Nl - ᅈ

lᄿiᅀIᅲᄿx + i - ᅈᅀᆄᆆᅻM ᅴᄿy - ᅈᅀ Ḹ2ḹ

I Hxy = ᅈNh
ɼ
j = ᅇ

Nh - ᅈ

hᄿ jᅀIᅲᄿx + j - ᅈᅀᆄᆆᅻM ᅴᄿy - ᅈᅀ Ḹ3ḹ

Ф˖Ḽxᅔ ᅇᅃᅉᅃᅋᅃȚᅃMḼyᅔ ᅇᅃᅈᅃᅉᅃȚᅃNǌв໙จḼ
३ҁṊ

I LHxy = ᅈNh
ɼ
j = ᅇ

Nh - ᅈ

hᄿ jᅀI Lᄿxᅆᅉ - ᅈᅀᅲᄿy + i - ᅈᅀᆄᆆᅻN ᅴ Ḹ4ḹ

I HLxy = ᅈNl
ɼ
i = ᅇ

Nl - ᅈ

lᄿiᅀI Hᄿxᅆᅉ - ᅈᅀᅲᄿy + i - ᅈᅀᆄᆆᅻN ᅴ Ḹ5ḹ

I HHxy = ᅈNh
ɼ
j = ᅇ

Nh - ᅈ

hᄿ jᅀI Hᄿxᅆᅉ - ᅈᅀᅲᄿy + i - ᅈᅀᆄᆆᅻN ᅴ Ḹ6ḹ

Ф˖Ḽxᅔ ᅇᅃᅉᅃᅋᅃȚᅃMḼyᅔ ᅇᅃᅉᅃᅋᅃȚᅃNǌ࠴จ໙จ٧
ᄉᤤԨڙʶ߿ርऎʼ͗ॕֽጮူྱड़ᄉଡԨ֖ѫҞ

ၸᄉௐᫍǌDaubechies࠴จХథൣ̓বǋጊஂব֖ͯܬ

ఽবḼ˄ ФᤳऎᣖঋḼځḼ̋ ˿γኪᤳऎ֖ଡԨྱ

ड़ᄉథবḼڙ༡སڎϷѫҞ˖ᤤԨ db1࠴จǌڎ 1˖

༡སڎϷࠪःᄉ࠴จѫᝌ2ڎݟڎߔᇧǌ

ḼӉդ࣊ᄉՉ˓ᮟ᥊ᄉᑞ᧙ѫڎϷ˝ԓڎจጹᓫ࠴

˿ʿՎழՓʼᄉጮူζোḼځଡԨጹᓫڎߔᄉᑞ᧙ͺ

˝ጮူྱड़[17]ḼԀ

T Γ
xy = ᅈ
ᄿᅉw+ ᅈᅀᅉ ɼi = x -w

x +w

ɼ
j = y -w

y +w

|| I Γ
ij Ḹ7ḹ

Ф˖ḼΓᅔᅲLHᅃHLᅃHHᅴḼw ˝ᤤસቓࠔḼԀඇኪ
ᑞ᧙ᤤԨᄉϷገࠔڰऎǌ

Ϸඇ˓Ϸገᄉྱड़ᅹ᧙˝Фࠪःᄉᮧᓣྱड़֖ڎ

ඇ˓ᝇऎᄉ࠴จጮူྱड़ϘḼѶڎϷϷገཁ ᄿxᅃyᅀࠪः
ᄉྱड़ᅹ᧙Ժ̾ᛪड़˝Ṋ

fxy =ᅲYxy ,Cbxy ,Crxy ,T LH
xy ,T HL

xy ,T HH
xy ᅴ Ḹ8ḹ

ѶڎϷྱड़ᅽ F Ժ̾ᛪᇧ˝Ṋ

F =

é

ë

ê

ê

ê
êê
ê

ù

û

ú

ú

ú
úú
ú

fᅈᅈ fᅈᅉ ፼ fᅈN

fᅉᅈ fᅉᅉ ፼ fᅉN

፻ ፻ ፻
fMᅈ fMᅉ ፼ fMN

Ḹ9ḹ

3 ϸѬҟڏएᮨᓤጯေ༢ཧࡇܳ

3.1 ϸѬҟڏ
࣡᧓ၸѫዜኪกࠪ༡སڎϷᤈᛠѫҞḼཨᏪѫዜ

ኪกᄉᏱௐᬣϷገཁஜܘ᫁ǌ˝˿ଡӣኪᤳऎḼଡѢ

ʶሗܲࡆऎ༡སڎϷѫҞழกǌᯪЎḼࠪ Ϸྱड़ᅽڎ

ᤈᛠԌ᎕Ḽ̋ ֽॕܥԺᑞ๖ᬓ٩ࡉϷᄉՎௐڎ᎕Ԍڙ˿

ࣲ˄γ႐ڎϷࡌᦉྱड़Ḽᆐቂ᧓ၸࡌᦉڨϘᄉழกࠪྱ

ड़ᅽᤈᛠԌ᎕ṋཨՐḼ᧓ၸѫዜኪกᖌԨԌ᎕ࡆऎ༡

སӜࣲ۪ФᎅṋణՐḼԌ᎕ࡆऎ༡སᎅᤈ

ʶФڙԓࡆݼऎӜ۪ḼౝतᎅӜ۪ྱड़ᅽࣲ

ᤈʶḼ̯ Ꮺ३ҁԓࡆݼऎ༡སӜ۪ڎϷǌఴХ

ͳኪกึር3ڎݟᇧǌ

ᮧᓣԢጮူଡԨ ༡སӜ۪

༡སڎϷ

ᮧᓣྱड़

ጮူྱड़

ྱ
ड़
ଡ
Ԩ

ౝतྱड़ᅽ

ྱड़ᅽԌ᎕

ᎅӜ۪

ѹݼᐐዜ˖ॶ

ᎅӜ۪ྱ
ड़ᅽౝत

༡སӜ۪

ᎅӜ۪ѫҞ

3ڏ ڏϸѬҟืሮڏएᮨᓤጯေྲढ़ᄊᄣᅖ༢ཧࡇܳ

2ڏ ࠫऄ̆1ڏᄊ༢ཧڏϸ࠵ฉѬᝍڏߕ
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ԓݼ༡སڎϷܷ࠴˝ M ᆠN ḼѶФྱड़ᅽ˝
M ᆠN ᆠDḼФ˖ D˝ᤤԨྱड़˓ஜǌڙයԌ᎕ྱड़ᅽ
ௐḼ̾ ᄰᄉˏ˓᧓ಧཁᄉᡯሎ˝ᫍᡯḼ࠱ԓྱड़ᅽ

ѫʶ˓˓ᄉڰߔḼԌ᎕Րྱड़ᅽᄉЊገԨᄰःߔ

˝ߔځ᎕ϘǌኍඊԌڨЊገᄉڰ d ḼѶ᧓ಧᫍᬥ˝
ᅈᅆd ḼԌ᎕Րྱड़ᅽܷ࠴˝ MNDᅆdᅉḼѶፂࡌᦉڨ
Ϙ᎕࠴ՐᄉڎϷྱड़ᅽ Bᛪᇧ˝Ṋ

Β =

é

ë

ê

ê

ê
êê
ê

ù

û

ú

ú

ú
úú
ú

bᅈᅈ bᅈᅉ ፼ bᅈNd

bᅉᅈ bᅉᅉ ፼ bᅉNd

፻ ፻ ፻
bMdᅈ bMdᅉ ፼ bMNdᅉ

Ḹ10ḹ

Ф˖ḼɱxɷᅲᅈᅃᅉᅃȚᅃMdᅴ ḼyɷᅲᅈᅃᅉᅃȚᅃNdᅴ Ḽbxy =

dᅉɼ
i, j

fijḼᄿxᅄ ᅈᅀᅆdᅂ ᅈʲ iʲ xᅆd Ḽᄿyᅄ ᅈᅀᅆdᅂ ᅈʲ jʲ yᅆd ǌ

ˀФ̴ѫዜኪกᄰඊḼK-MeansኪกኪᤳऎঋḼ

˄ୱͺኤӬ[18]Ḽځఴᆐቂ᧓ၸK-Meansኪก࠱Ԍ᎕ྱ

ड़ᅽѫዜḼڙԌ᎕ࡆऎྱड़ቆᫍᤈᛠѹѫҞḼФ

ᎅཁࠪःԓڎݼϷӜ۪Ѷ˝ᎅӜ۪ǌK-Meansก᧓

ၸ k ˓ᐐዜ˖ॶࠪᄫಕಧఴᤈᛠѫዜǌѶణ࠴Ӑᄫ
ಕѥஜԺ̾ᛪᇧ˝Ṋ

JK =ɼ
k = ᅈ

K

ɼ
xyɷCk

N Nbxy -mk
ᅉ

Ḹ11ḹ

Ф˖Ḽbxy ˝Ԍ᎕ࡆऎྱड़ᅽḼmk = ɼ
xyɷCk

bxy nk ˝ዜ

Ckᄉ˖ॶḼnk˝ CkዜᄉಧఴཁஜǌK-Meansѫዜኪก

ᭉ᜵ᣤЙѫዜஜḼڙ༡སڎϷѫҞ˖Ḽѫዜஜᄫ˝߿ڌ

˓ஜḼԀᐿˀ༡སӜ۪ˏዜǌځḼф߿ФѫҞ౦

ᄉ˞᜵˝ѹݼᐐዜ˖ॶᄉᤤԨǌ˝˿ђ࠵ᤕ̼ஜḼࣲ

ҪѫዜэᆷऎḼᯪЎᬣᤤԨʶ˓ཁͺ˝ኃʶዜѹܘ˄

ᐐዜ˖ॶḼвᤤԨྱड़ᅽ˖ᡯሎФణᤉᄉཁͺ˝ኃݼ

̃ѹݼᐐዜ˖ॶḼڙ۲ᆨʼᤈᛠᤕ̼ᐐዜǌ

ऎቆࡆ᎕ԌߔဗѹѫҞՐḼѽၸᎅኪࠃ

ᫍ̃ϘڎϷᎅḼࣲ ᎅӜ۪Ḽౝतͮ߿ऎቆᫍࡆݼԓڙ

ྱड़ᅽḼᤈᛠʽʶѫҞǌ etxy ḼtᅔᅲᅈᅃᅉᅃȚᅃT ᅴḼ
˝Ԍ᎕ࡆऎቆᫍ˖ҁᄉᎅཁḼT ˝Ԍ᎕ࡆऎቆ
ᫍҁᄉᎅཁ˓ஜǌѶФࠪःԓݼቆᫍ˖

ᎅӜ۪˝ F t
xyḼᎅӜ۪ྱड़ᅽ˝Ṋ

F t
xy ᅔ

é

ë

ê

ê
êê

ù

û

ú

ú
úú

fxy ፼ fxᄿy + ᅈ/d - ᅈᅀ

፻ ፻
fᄿx + ᅈ/d - ᅈᅀy ፼ fᄿx + ᅈ/d - ᅈᅀᄿy + ᅈ/d - ᅈᅀ

Ḹ12ḹ

˝˿ዴᆷᎅཁ˄γҁᄉᎅХథᤋ

፝বḼڙԓࡆݼऎౝᤴᎅӜ۪ྱड़ᅽḼԀय़Ӝ

۪ྱड़ᅽ Fᇝ e˅ᅲFᇝ ᅈᅃFᇝ ᅉᅃǝᅃFᇝ tᅃǝᅃFᇝ Tᅴ ḼФ˖ Fᇝ t˅
ᅲF t - ᅈᅃF tᅃF t + ᅈᅴǌ

в᧓ၸK-MeansᤈᛠѫҞḼ̋ ˿ଡӣኪᤳऎḼ

ђ࠵K-Meansᤕ̼ஜḼ᧓ၸѹᎅᐐዜ३ҁ

ᄉᐐዜ˖ॶ˝ࡌᦉᎅѹݼᐐዜ˖ॶḼ̯ Ꮺঋᤳэᆷѫ

Ҟ༡སᎅḼՋࣲѫҞӜ۪ḼᤈᏪ३ҁԓࡆݼऎ༡སѫ

Ҟፆ౦ǌఴଡѢᄉMCWTѫҞழกḼᭉ༡སྱड़

ᄉЎᰍζো̾Ԣ̠˝༡ས࿃х߿ុஞԟஜḼ̯

ᏪҁᄢᅕѫҞᄉᄫᄉǌ

3.2 ካขᝠካ᧚Ѭౢ
K-MeansኪกᏱௐ ᅲOᄿMNDkᅀᅴ ˀڎϷϷገཁஜ

MNǋྱ ड़ᅽ፤ஜ Dǋѫዜஜ kյጲবᄰС[19]Ḽځڎ

Ϸܷ࠴ᄯଋॕֽҁᐐዜኪกௐᫍǌᆐቂ˖ྱड़ᅽ፤

ஜ˝6Ḽѫዜஜ˝2ѫዜǌܷࠪ̅࠴˝ M ᆠN -ḼФKྞڎ
MeansѫዜᏱௐ OᄿᅈᅉMN ᅀ Ḽࠪ Ԍ᎕ߔځ˝ d ᄉྱड़ᅽ
ḼᐐዜᏱௐ˝ OᄿᅈᅉMNdᅉᅀǌణܷᎅᅽᄉܷ࠴˝
ᅊᅆdᅉḼѶФణܷᐐዜௐᫍ˝ OᄿᅊᅍTᅆdᅉᅀḼФ˖ḼT ˝Ԍ
ऎѫҞኪกᏱௐࡆܲځऎቆᫍᎅӜ۪ཁ˓ஜḼࡆ᎕

˝ OᄿᅈᅉMNdᅉᅀ ᅂOᄿᅊᅍTᅆdᅉᅀǌ OᄿᅊᅍTᅆdᅉᅀ ᤉ ࠴ ̅

OᄿᅈᅉMNdᅉᅀḼФௐᫍԺܷܷ̾᎕ᆀǌځḼఴଡѢழ
ก̯ʻ˓ழ᭦ଡӣ༡སڎϷᎅᤳऎṊࠪ ༡སྱड़

ᅽᤈᛠԌ᎕Ḽܷ ܷђ࠵ѫҞᤕ̼ኪ᧙ṋڙዴᆷᎅ

ѫҞር˖Ḽ᧓ၸᖌ३ᄉᐐዜ˖ॶ˝ѹݼᐐዜ˖ॶḼ̯

Ꮺђ࠵ᤕ̼ஜṋ༡སᎅӜ۪ᅽཁஜᣖ࠴Ḽ̯ Ꮺܷ

ܷᓫጝ˿༡སѫҞௐᫍǌ

4 ᰎፇ౧ࠄ
ᰍᄉᤁᛠဖܑ˝Winࠃ 8ୱͺጆፑḼ̼ ᆉᄉᎃដᤁ

ᛠဖܑ˝Matlab2015ǌ᧓ၸ༡སϷጆፑ[20]ࢹ౼ڙˉ྆

དࠃᰍ༮Ю᧓ᬶ३ҁᄉRGB༡སڎϷḸ512˝ࠩࡆϷገ×

640ϷገḹᰍఴଡѢழกࠪʿՎ྆དࢹхʽ༡ས

ϷѫҞᄉ౦ڎ ᄿdᅔ ᅇᅅᅉᅌᅃwᅔ ᅊᅀ Ḽࣲ ˀ͛ፑ᧓ၸ༥ऎ

Ϸͺ˝ᣤЙᄉOtsu[21]ǋK-Means[18]Ԣڎ FCM[22]ழกᤈᛠ

ࠪඊḼФ˖FCMᄉፆ౦ణܷᬭ࡚ऎԓѶᆷ߿ǌ

4.1 ༢ཧڏϸѬҟፇ౧
ڎݟ 4ᇧḼ̯ ʿՎʶ᮲᧙ḸԀڙ˝ҁԾΙࢺ

18%ǋ20%Ԣ22%ḹ̔ ᄉ༡སڎϷǋOtsuϘѫҞፆ౦ǋK-

MeansѫҞፆ౦ǋFCMѫҞፆ౦֖ఴଡѢᄉMCWT

ழกѫҞፆ౦ǌ̯ڎ 4˖Ժ̾ᄹѢḼၿ̅༮ᒙᐿХథ

ᣖᰳᄉ̜ऎḼ༡ས̜ऎѫ࣊ʿڨӈḼOtsuϘกᤤԨ

ᄉϘᣖܷḼกэᆷѫҞᦉѫᣖఌᄉ྆དӜ۪ǌK-

Meansก౦̅ݝOtsuϘกḼͭ ௦ၿ̅༡སᦉѫӜ۪

̜ऎᣖͯḼ࠭ ᒰᦉѫ༡སӜ۪ᜁѫҞ˝ᐿḼځᏪѢဗ

วḼ̯ߗ˿ Ꮺᬋͯ˿ѫҞᄉэᆷবḼᙉཨԺ̾ᤈʶ᧓

ၸڎϷူܪశ܌ᛩߗวḼͭ ူܪϷڎ˿Ҫܘܰᮨ˶

ᭉᄉௐᫍǌFCMѫҞፆ౦ˀK-MeansᄰͪḼ˄ Ѣဗ˿

ᦉѫᐿѫҞ˝༡སᄉ᫇ᮤǌఴଡѢMCWTழก࠱

Ꮵᘼ˿ᮧᓣྱड़ᄉՎௐ˶Ꮵᘼ˿༡སᄉጮူྱड़Ḽ̯ڙ

ᏪᥗБ˿༡སӜ۪̜ऎᣖͯᏧ༮ᒙᐿ̜ऎᰳࠪ

ϷᄉѫҞэᆷऎḼѫҞڎ˿ϷѫҞᤴᄉॕֽḼଡᰳڎ

౦௬̅ݝOtsuǋK-Means֖FCMѫҞழกǌ
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ϷᄉᖌԨǋ͛ڎ༡སڙ ᣤ֖ူܪር˖Ḽၿ̅༮ᒙ

ဖܑǋڎϷ͛ᣤጆፑ̾ԢᄰবᑞᄉॕֽḼ༡སڎϷ͗

̖ၶܥ٩ǌ͛ڙፑڎϷѫҞር˖ḼᯪЎ᜵ࠪդڎܥ٩

Ϸᤈᛠᬋူܪ٩ḼՠѶֽॕ͗ܥ٩ѫҞፆ౦ᄉэᆷবǌ

˝˿ᰍఴழกࠪڎܥ٩ϷᄉѫҞ౦ḼѫѾࠪդథ

ᄡܥ٩Ḹࠚܥ٩ऎ˝ 0.02ḹ֖ ᰳலܥ٩ḸڨϘ˝ 0ழࢿ

˝0.001ḹᄉ༡སڎϷᤈᛠѫҞࠃᰍࣲඊᣖѫҞፆ౦ǌ

ڎ 5˝OtsuǋK-MeansǋFCM̾ԢఴᄉMCWTழ

กࠪդథᄡܥ٩ᄉ༡སڎϷѫҞፆ౦ǌၿڎ 5Ժ̾

ᄹѢḼOtsuழกࠪᄡܥ٩ᣖ˝ஏਕḼФѫҞፆ౦ԩҁ

௬ॕֽǌK-Means֖ FCM˶႔ॱԩҁᄡॕܥ٩

ֽǌܰḼԺ̾ԦဗᤇˏሗѫҞழกڎϷʼᦏѢဗ˿

௬ᄉߗวǌMCWT᧓ၸ˿ࡌᦉڨϘᤈᛠԌ᎕Ḽ̯ Ꮺڙ

ѹѫҞௐђܥ٩˿࠵ᄉॕֽḼࣲ จጮူྱड़ፂ࠴˄

ड़ྱࠪܥ٩˿ᦉ྄ᄉኪḼᤈʶં҃ࡌจԪ૰ˀ࠴˿

ᄉॕֽḼځᏪФʿԩᄡܥ٩ᄉॕֽǌڎ 6˝OtsuǋK-

MeansǋFCM̾ԢMCWTழกࠪդథᰳலڎܥ٩Ϸᄉ

ѫҞፆ౦ǌၿڎ 6Ժ̾ᄹѢḼˀ ᄡܥ٩ʿՎḼᰳ ல٩

ϷᄉᬱڎҪ˿эᆷѫҞܘ௬ॕֽ༡སႌӜ۪Ḽܥ

ऎǌOtsuǋK-Means̾ԢFCMᄉѫҞፆ౦௬ԩҁᰳல

ఝҪː᧗ḼᏪֽॕܥФᎅᦉͮԩ٩࠾ᄉॕֽḼܥ٩

MCWTழกѶథԩҁ௬ॕֽǌၿḼˀ ͛ፑ

ழกᄰඊḼఴଡѢᄉMCWTழกࠪڎܥ٩ϷХథᓡ

ᄉѫҞবᑞǌݝ

4.2 Ѭҟፇ౧ក͉
ᄢᅕ༡སڎϷѫҞ௦˝˿࠱ஜߙϷశःၸ

̅༡སᒬҮǌ˝˿ᆷγѫҞኪกᄉԺ᭤বḼࠪ ᄢ

ᅕڎϷѫҞశᄉᰍ͈Ӡѫ᧗᜵ǌࠃᰍ᧓ၸ PRI
ḸProbabilistic Rand IndexḹǋVOIḸVariation Of Informationḹǋ

GCEḸGlobal Consistency Errorḹ̾ ԢBDEḸBoundary Dis-

placement Errorḹ[11]̯ʿՎᝇऎࠪѫҞፆ౦ᤈᛠѫౡ͈ǌ

PRI ௦ፑ٧ѫҞ֖̠ࢹѫҞ˧ᫍʶᒰᄉϷገӳஞ

ḸaḹԓڎݼϷ ḸbḹOtsu ḸcḹK-Means ḸdḹFCM ḸeḹMCWT

ʶ᮲Ṋ18%

ʶ᮲Ṋ20%

ʶ᮲Ṋ22%

5ڏ ᄢ٪ܦ༢ཧڏϸԣѬҟፇ౧

ʶ᮲Ṋ18%

ʶ᮲Ṋ20%

ʶ᮲Ṋ22%

ḸaḹԓڎݼϷ ḸbḹOtsu ḸcḹK-Means ḸdḹFCM ḸeḹMCWT

4ڏ ˀՏࢺцʾ༢ཧڏϸԣѬҟፇ౧
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˓Ϸገ˓ஜᄉඊညṋVOI ၸ᧙ˏ˓ѫҞڎϷ˧ᫍ
ᄉᡯሎḼᛪᇧѫҞڎϷᄰ̠ࠪࢹѫҞᄉᬣবṋGCEၸ
᧙ѫҞڎϷᄰ̠ࠪ̅ࢹѫҞڎϷᄉʶᒰবṋBDE
Ѷ᧙ˏ˓ѫҞڎϷᄉᎅࣰڨឧࢿḼФ߿˦ᄉឧࢿ˝

ᒬҮѫҞᎅʼ౼Ϸገҁ̠ࢹѫҞڎϷణᤂᄉϷገ˧

ᫍᄉᡯሎǌ᧙Ӑፆ౦˖ PRI ϘᡔܷḼVOIǋGCE ̾Ԣ
BDE Ϙᡔ࠴ḼᛪᇧᄢᅕѫҞፆ౦ˀ̠ࢹѫҞፆ౦ᡔ
ଋᤂḼѫҞ౦ᡔݝǌ

˝˿᧙Ӑ͈ѫҞፆ౦ḼᬣᤤԨʿՎʶ᮲᧙ᄉ

10ࣧ༡སڎϷḸԀ 3×10=30ࣧ༡སḹḼѫѾ᧓ၸOtsuǋK-

MeansǋFCM̾ԢMCWTࠪ 30ࣧ༡སڎϷᤈᛠѫҞḼ

ኪඇሗѫҞழกᄉ PRIǋVOIǋGCE ֖ BDE ᄉڨϘˀ

ಕэ̾ࢿԢѫҞ༡སڎϷᭉௐᫍḼ̯ Ꮺ̯ࠆᝇऎ

͈ѫҞኪกবᑞǌ

ϘڨʿՎѫҞழกѫҞፆ౦ᄉ᧙Ӑ͈ૈಕ˝7ڎ

Ԣಕэࢿǌၿ7ڎԺ̾ᄹѢḼࠪ ̅ԓݼ༡སڎϷḼMCWT

௬͕̅OtsuǋK-Means̾ԢFCMǌҪڨᮉૈಕʼٽڙ

Йܥ٩ՐḼՉሗѫҞழกڨԩҁʿՎርऎᄉॕֽḼФ˖

Otsu֖K-MeansழกᄉՉᮉ͈ૈಕ௬ԩҁᄡ٩

-Otsu֖K̅࠴ֽॕܥᄉॕֽḼFCMԩ٩ܥல٩ᰳ֖ܥ

MeansḼཨᏪФѫҞ͈ፆ౦ࣲʿူਆǌᏪMCWTԩҁ

ᄉॕֽణ࠴ḼФݼጻγᣖݝᄉѫҞፆ౦ǌ

ᛪ 1˝OtsuǋK-MeansǋFCM̾ԢMCWTڙѫҞ 30

ࣧ༡སڎϷௐᭉᄉణܷௐᫍǋణ࠴ௐᫍ̾Ԣࣰڨௐ

ḸaḹԓڎݼϷ ḸbḹOtsu ḸcḹK-Means ḸdḹFCM ḸeḹMCWT

ʶ᮲Ṋ18%

ʶ᮲Ṋ20%

ʶ᮲Ṋ22%

6ڏ ᰴள٪ܦ༢ཧڏϸԣѬҟፇ౧
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ᫍǌ̯ᛪ˖ᄹѢḼOtsuѫҞௐᫍణᆀḼཨᏪФѫҞэᆷ

ညͯḼʿ ᑞܴ˝༡སᄢଡΘԺ᭤ᄉζোḼMCWTᄰ

ࠪ̅K-Meansௐᫍᣖ᫁Ḽͭ ФѫҞэᆷညԢሶ߿ব௬

͕̅K-MeansḼ˄ ФѫҞௐᫍ௬̅࠴ FCMᭉௐᫍǌ

γѫҞэᆷညᄉ۲ᆨʼγᣖڙᬄःၸ˖Ḽᭉ᜵ࠃڙ

ᆀᄉௐᫍḼMCWTᣖڠݝ໗ᡛ˿ःၸ˖ࠪэᆷည֖ѫ

Ҟௐᫍˏழ᭦ᄉᭉයǌ

5 ፇ
ఴଡѢ˿ʶሗ۲̅ᮧᓣˀጮူྱड़ᄉܲࡆऎ༡

སڎϷᄢᅕѫҞழกǌឞழกፆՋ˿༡སڎϷᄉᮧ

ᓣˀ࠴จጮူྱड़Ḽ᧓ၸܲࡆऎѫҞழกḼэᆷᏪঋᤳ

ϘڨᦉࡌϷѫҞǌᯪЎࠪྱड़ᅽ᧓ၸڎဗ༡སࠃڠ

กᤈᛠԌ᎕ḼڙԌ᎕ࡆऎᤈᛠѫҞ֖ᎅḼᤈᏪڙ

ԓྱݼड़ᅽቆᫍ༡སᎅӜ۪Ḽ᧗ౝྱड़ᅽḼ

вᤈᛠѫҞࣲ˄ՋࣲѫҞӜ۪ǌఴଡѢழกڙଡ

ϷѫҞэᆷऎᄉՎௐγѫҞᤳऎǌѽၸఴଡڎᰳ

Ѣழกࠪڙ౼྆དࠃᰍ༮᧓ᬶҁᄉ༡སڎϷᤈᛠѫҞ

ᰍḼࣲࠃ ኪፆ౦ˀOtsuǋK-Means̾Ԣ࠱ FCMѫҞழ

กᤈᛠࠪඊǌࠪඊፆ౦ᛪMCWTѫҞழกХథᣖᰳ

ᄉэᆷব֖ሶ߿বḼࣲ ˄ԩᄡᰳ֖ܥ٩லֽॕܥ٩ᣖ

ḼХథᣖुᄉԺ᭤বḼ̋࠴ ᧙ᛥ᧙༡ས्࿃ǋܷ߿ ǋͮ࠴

Ꮅኍ༡སԟஜଡΘ˿γᬩḼ̯ Ꮺଡᰳ༡སᒬҮᄢᄉԺ
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᛫1 ካขѬҟ༢ཧڏϸਫ਼ᭊᫎࠫඋ

ௐᫍ

ణܷ

ణ࠴

ڨࣰ

Otsu

0.003

0.002

0.002

K-Means

0.903

0.217

0.456

FCM

6.786

2.238

3.750

MCWT

2.195

1.280

1.640
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