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I 

 

Ἢ⅞ Ɫ ∂Ἢ⅞ ₤ ›П Џ ȲW ṓ

ᾼ ẃ ПϚⱢ ȴ Ҡ ẁ ᴶȳԏ

ẃ כ Ἢ⅞ ПӭᾼȴӐׁשṅᵓӣ ᴯ Ȳ ᴩ

Ἢ⅞ Ȳ иⱢ ᴶиέȳԏ иέȳ иέ Ἢ⅞

ҳ иȴ ᴶиέПѻ ЏᵂⱢ ѻ иέ ֵ п

ȷԏ иέ╥ Ӧ о Ӣ╓ (NDVI)Ἠ ╓ (GI)ẃи

Ӣ ȷ иέ╥ᵓӣᴊ ԚӢ (GLCM)МПṔ⇔ϡװ ᾎ

(ASM)ẃ᷄ ᶁ ȷ ∟Ȳ ᴶȳԏ ֥Ȳṳᵓӣ

Єדᴿᾎ(ML)ȳDempster-Shafer(DS)цќ═֣ (SVM)Ϯ Л֝

ᾼи ᾎȲ ֥ю ѿ ẞἪ⅞ Пӭᾼȴ 

Ὠכ ӱȲֵ п М ѻ ֥ ҏᾼֵ п

ѠᾎȲҠצ сп ғכ Ӕ ȴ Ἢ⅞ Ὠכ ᴕ

ѩȲѿד аⱢ Пи ⇔Ҡ ẞ 80%ѹ Kappa ⇔╓

ὑ 0.7ȷ ѿ Ɫ ȲӦ ᴕ Ὠכ ẃכȲꞋҠכғ

ẞ ᴕ МἪ⅞ Пᴯ ȴ 

ȸἪ⅞ ȳֵ п ȳ ѻ иέȴ 



II  

Abstract 

Building detection is important in building reconstruction and 

change detection. The major information contents in building detection 

are shape, spectrum and textual when images are employed. This study 

uses highly overlapped aerial images to perform building detection. 

Geometry analysis, spectrum analysis, textual analysis and classifications 

are the important parts in this study. Geometry analysis includes two 

major works, which are multiple image matching and multiple feature 

direction analysis. On the other hand, the Normalized Difference 

Vegetation Index (NDVI) or Greenness Index (GI) is used to separate 

vegetation from buildings. Besides, textual information can find the 

homogeneity area using Angular Second Moment (ASM) based on Gray 

Level Co-occurrence Matrix (GLCM). Final, we employ Maximum 

Likelihood (ML), Dempster-Shafer (DS) and Support Vector Machines 

(SVM) to perform classification using integrated data sets. 

The results show that multiple image matching with feature direction 

analysis and the proposed matching strategy can improve the matching 

successful rate accuracy. Compared with reference data, the accuracy are 

higher than 80%, and Kappa index value about 0.7 in pixel-based 

validation. For region-based, the building regions of all the tests data with 

three different classifiers are detected successfully. 

Keywords: Building detection, Multiple image matching, Feature 

direction analysis 
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ὑṛẞϠ ϚẘϠȲ֯ МҶЄ ᾼ Хד Ȳ Ϡ Ȳֵ

Ϸכ Ϡ ֵȴ ὑЛ֝ᾼ ןЛ֝ᾼצ ȲᴖМҶЄ ЁѤ

Џ ṆῈ ȲӔ╥Ϛ ╚ ֵᵀϷן ֵᾼϚ ֮Ѡȴ֯

ȲᵃӘ Л ᴞАᾼ ᾎ Ȳ ╥ ֯ ӴᾼѠ֣≈ᴕ

ҠѿḆ ȳҠѿḆּט ȴ ᶺᾼ╓  ṏ ᴔ Ȳ֯

ᾼד Ҕ Ȳ ᾼ ᴞА−ἅ Ҡѿ ẞ Ϛᴯֻᴔ Ȳ

Л ֯ ϱ ϠᶺӔ ᾼ῀ Ȳ֯ ∕Ϣ ᾬѿц Ṷ ᾼ

⇔ϱȲᴔ Ӑṝ ╥ ֻᾼṝ ȲϚ᾿ѿẃ ╥ᶺἬ ᾼẕ Ȳ

ᶺϢ ᾼ צȲכ ᾼ ȴ 

Ϛ ṛẃȲϷ ‍ ֵ ᵗ ᶺᾼϢȴ Ѐ ỗ ҭ

щаᴔ ╦ᴔ Ȳ Ϡᶺ ֵ ∂ Ȳṿᶺᾼ ѝḆҒᶙ ȴ

ᶺᾼ ϢȲ ᶺҠѿЛ Ȳזּ֦ ᵓᾼᶙכ ȴ Ϛ

ᾼ֝ᴴ Ȳ ᵑ╥Ὓ▄ȳ   цӞ ỠȲ ᵃ Ϛ ᵘϩȳ

иṹȲ ∟Ϛ Ȳ ᾼ− їȴ  Ờ ᾼ Ȳז ᵑ╥

 ц ỠȲ ᵃ Ϛ Ȳ ╥ҠѿṿᶺᾼׁשṅḆҒּט ȴ

ы Мїᾼᵗ ỜỜ Ȳ ╥ Ợ ╥Лֻ ≈ȴ

ᾼᵄᵄȲ ṟ Ϡȴ ∟Ȳ Ἤצᶺṝ ᶺцᶺ ᾼϢȴ
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1 

Ϛ  ›ṕ 

ṅשׁ 1.1 ӭᾼ 

Ϯ Ἢ⅞ ₤ ᾛᾼ ӣ֯Ὲ МȲ֝ Ϸ╥ӑẃП

ȴ∂ Ϯ Ἢ⅞ ₤ᾼ МȲ ∂ⱢẒ ѻ

Ḕ ȴ֯Ἢ⅞ ₤ ∂›Ȳ Ἢ⅞ ⱢϚ ЛҠἨ ПЏᵂȲẔ

ӭᾼ֯ὑ ҏἪ⅞ᾼ ᴯ ȴҫҵȲἪ⅞ ᴯ ֝ Ϸ╥

֯ МȲ ֥циέ а ПϚȲᵓӣ ҏПἪ⅞

Ἢ⅞ ₤ ֥Ȳṳ ӦϚṷᵒ Ȳ᷄ Ḃ Ἠ ∂ᾼἪ⅞Ȳѿ ẞ

Пӭᾼȴ 

֯ Є ᾼἪ⅞ Ȳṿӣֵа Л֝ᾼᶾ ᷄ҏ

Ἢ⅞ ṳ сᴞ о ⇔╥ Эᾼ ȴ ӣᾼ Ҕ╗Ὲ ԏ

ȴῺדẃȲԏ ᾼ ϩЛ ᾼ сȲῈ ԏ ᵓӣ

ᴩ ᾼ ȲẔ ⇔ Ȳᵀӂ έ⇔ ᵅȷᴖ ẓצ

ᾼӂ έ⇔ȳ ᾼԏ ц ȲѹӦὑ ᴯ ᶾ

Л ᾼ сȲ Ὲ Л֝ ҠЄ ᾼ ҒȲἬ∂ ҏ

ᴶ …Ϸ ẃ ᶙ Ȳ ᵓὑֵ п ȴ 

 

 



2 

֯ М ậҏҠ Пֵа Ȳ⁄ṿӣᵅכӐю

Ҡ כ Ἢ⅞Пӭ ȴ֯ ϱѻ ҠᵓӣᾼἪ⅞ ҔᵶἪ

⅞ᾼᶮᾭцԏ ᾼ ȴɔ ӣֵ п ∟П ⇔Ϯ

∂Ӵᾼ ֮ῶ ₤ҠḟứἪ⅞ᾼ ᴶ ԈȲҫϚѠ Ȳֵԏ

ẁ ᾼԏ ȲḆᵓὑἪ⅞ П ȴ 

ᵀ ᾼ п Ȳ ᵓӣ Ϛ п Ȳ֯ Ѡ֣᷄ Ԛ

ᴯ Ȳ ẞ ӂᴩὑ Ἠ Ȳ Ӣ ẒҠᾼ ȴ

ҫϚѠ Ȳ֯ ᴯЄП ȲֽἪ⅞ ȲҠ пכ в

ᾬЛϚ П ᶮȲ п ҷ Ἠ╥Ԛ ᴯ ȴӦὑ Э

ậ ὔȲ ṿӣЛ֝ ֵ Ṕᾼ ȲҠ

∂Ӵֵ Л֝Ѡ֣ᾼ ⱢּפạȲ п ὨᾼҠכ ἤȴҫҵȲ

Ҡᵓӣ ѻ Ѡ֣ ֥ ҏᾼֵ п ѠᾎȲv Ҡ ḟп

в ᾬЛϚ ПᾭᾓȲѿ п Пכғ ȴ 

ṅשȲӐׁױ֪ Ӧ ֵ п ṳиέЄ П ѻ

Ѡ֣ ֥ ҏᾼֵ п ѠᾎȲ Ӣ Ҡ ѹ ⇔П ∂Ӵ

֮ῶᾼ ᴶ ԈȲṳ ֥ ẁПԏ Ȳ ẞᴞ

о Ἢ⅞ Пӭᾼȴ 
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1.2 ѝ ֫  

Ἢ⅞ ₤ ∂ᾼЏᵂМȲ ԒӇ Ἢ⅞ Ȳԛ Б ậҏ

ПἪ⅞ ᴩἪ⅞ ₤ᾼ ∂Џᵂ[Rottensteiner and Briese, 2002]ȴ

֯Є ᾼ Ἢ⅞ МȲ ӣᾼ Ҕ╗Ὲ ԏ ȴῈ

ԏ ᵓӣ ᶾ Ȳṿ П ⇔ [Maas, 2002]Ȳᵀӂ

έ⇔ ᵅȷᴖ ᵶצ ᾼῈ έ⇔ȳ ᾼԏ ц

ȲѹҠᵓӣὁ ᾼ ᴶ ∂ӭ ПϮ [Rottensteiner 

and Briese, 2003]ȴ 

֯ Ἢ⅞ Ѡ Ȳ Ϣ[1998]ɔ ӣ᾿ ȳ и

έȳ ᶮ ȳӂᴩ ȳ ᾿ иέ ֢ ᾼ ֥иέ ᴩἪ

⅞ ᾼ ȷἨԒ Ἢ⅞ᶮᾭȲѿױ ҟ ֥ ȳԏ ц

ᶮᾭѿ Ἢ⅞ᴯ [Jin et al.,2005];ἨᵓӣЛ֝ᾼ ֥Л֝ᾼи

ᾎ иҏἪ⅞ᴯ Ȳֽ Єדᴿᾎ (Maximum Likelihood, ML) 

Dempster-Shafer(DS)и ᾎц Adaboost ᾎ [Khoshelham et al., 

2010]ȷᴖӐׁשṅ⁄╥ ֥Ϡ п ӢП ᴶ Ԉȳԏ

Ȳᵓӣи ПѠᾎ Ἢ⅞ ȴ 

ậⱢп П ЏᵂȲ ậҠиⱢ ȳ ȳ

ȲẔиᵑҠ҅ῶЛ֝ᾼἪ⅞ ȴ Ҡ ⱢἪ⅞П⅞Ṕ

[Suveg and Vosselman, 2004]ȷ Ҡ ⱢἪ⅞П Ȳṿӣ
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Canny ᾎ[Canny, 1986]Ҡѿצ ᾼ ậ ȷ Ҡ

ⱢἪ⅞П⅞ Ἠ ȲҠ Ӧ ȳ ֥ᴖכ[Baillard and 

Zisserman, 2000; Noronha and Nevatia, 2001]ȴӦὑӐׁשṅ ậ ѻ

Ѡ֣ ֵ֥ п сֵ п П ⇔Ȳ֪ ױ Ɫ

ậᾼ Ȳᵓӣ Ѡ֣᷄ҏ ѻ Ѡ֣Ȳṳ ϱᾼ

ᾘ ѻ Ѡ֣ ᴩֵ п ȴ 

п Пӭᾼ ╥ᴞ о ᷄ МПԚ Ȳᴖ п Є

Ẓצ ᾎȲϚⱢ п (Feature Based Matching, FBM)ȲϚⱢ

п (Area Based Matching, ABM)ȴ п ᶙצ ПҵѠᴯ

ȲẔ ᾎԒӦ М ậᴊ⇔ оὙ П Ȳ ᴖ П

Ȳ ṓᾼѠᾎֽȸѐ⇔Л (Scale-invariant feature 

transform, SIFT)[Lowe, 1999] ᶮᾭ п ᾎ (Shape matrix 

matching, SMM)[Flusser, 1992]ȷᴖ п Ẕ ᾎ╥ᵓӣ ᶝ

П аᴊ⇔ Ȳѩ ∕п ᾼד ἤȲ ṓᾼѠᾎֽȸ о

Фד ᾎ(Normalized correlation coefficient, NCC) Њϡ п ᾎ

(Least squares matching, LSM)Ȳ ᶙצ ПҵѠᴯ Ȳ⁄Ҡѿ Ӧ

ᴶᾼּפạ Ғп ᾼ ⇔ȴ 

ᾼ п Ȳ╥֯ Ϛ Ѡ֣ϱҟ᷄ Ԛ ᴯ Ȳᵀ

ẞ Ἠ ӂᴩὑ Ȳ Ӣ ẒҠᾼ Ȳ пכ
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ἨЛҠ ȴӦὑ Э ậ ὔȲ ṿӣЛ֝ Ṕᾼ

ֵ Ȳ Ҡ∂Ӵֵ Л֝Ѡ֣ᾼ ⱢּפạȲ п

ὨᾼҠכ∟ ἤȴ֪ױȲӐׁשṅᵓӣЛ֝ Ṕᾼֵ ȲӦ

ᾬῈ ҏ Ȳ П֮ ч᷾ ᴟ ϱ᷄ҏ ᴯ Ȳ

ԛḂ Ẕ Ȳ֝ ֥֢ ד … ẃᵒ Ӕ ἤȲ֝ Ϸ

֯ ϱ ứԚ ᾼᴯ [Otto and Chau, 1989]ȴ 

ҫϚѠ Ȳ֪Ɫ Ὲ ѱὁ П ᴯ Ὑ Ȳṿ ֯п

Ȳ Л ᾼ ȲֽἪ⅞ ȲҠ ắἪ⅞ Ἠ╥￼ ᾬ

Д Ȳ ד … ᵅȲп ғכ Ϸ ᵅȴ֪ױȲ п

ӭ Ὅ ֯ МἬצᴯ Ȳṳ᷄ Єד … Пᴯ Ȳ Ҡ

Ғп ғכ ȴᵀ ṿӣױѠהȲп ṿӣᾼп ЄȲӭ

Ὅ ᾼᴯ Ϸ ֵȲ╝ ד Єᾼ ȲϷד ȴ 

ṅשȲӐׁױ֪ ậԒ ứ Пѻ Ѡ֣ṳ ֵ֥ п ᾎ

(Central-Left-Right matching) [ ₨Ȳ1999]Ȳ п ӭ Ὅ ֯

МȳҿȳҢϮ Ѡ֣Ȳѿ юп ᾼ ц ӐȴҫҵȲᴕכ

Є Мᾼ ֯׀ Л֝ᾼѻ Ѡ Ȳ֣֪ ᴶֽױ ҏЛ֝

Ѡ֣ᾼ ѻ Ȳ֯שׁױṅМ╥ד ПЏᵂȴ 

Ἢ⅞ᾼ ꞋῺᴿⱢ ᶮ Ȳ⁄֯ ϱ Ҡѿ᷄ҏẒ

Ὼ₣᾿ᾼѻ Ѡ֣[ ᴹ Ȳ2010]Ȳᵓӣ ậП Ȳ Ӧ
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Hough [Hough, 1959]ᴟ Ὲ МȲṳ᷄ МṔ⇔ᾼ Ȳ

Ẓ ᾼṔ⇔ד פּ ϟϫ⇔ Ȳ⁄ᵒứױẒṔ⇔ⱢϚ ѻ

Ѡ֣ȴᵀ֯Є МȲҠ ẞֵ ᾼ ѻ Ȳᴖ

ὑḥצὙ ѻ Ѡ֣ᾼ Ȳ⁄ѿӔϫֿѠ֣ ᵂẔѻ Ѡ֣ṳ ∟

п ȴ 

ᵓӣп ∟ᾼ ȲҠѿ ẞϮ ᾼ ᴶ ȴҫϚѠ ȲҒϤ

ԏ Ȳ⁄Ҡצ ֮ иἪ⅞ Ӣ ȴᵓӣԏ иέȲ

֮ϱᾬ П Ѥ Ԍҟ Ȳ П ứϚ  Ȳ Њᾼ

ȷӼצ ֥ԏ ֵԏ Ȳ ӣԏ МῺּמҵ

ᾌ◕ ὑ Ѥ ᵒᵑ ὔП ἤȲ Ѥ ԏ М Ȳ’

Ἢ⅞ [Vogtle and Steinle, 2000]ȴ 

Ӧὑ ᾬ Ὼּמҵԏᾌ◕(NIR)ч Ȳᴖּמᴥᾌ◕(IR)

ᾬП ἬᵮןȲᵓӣױ ἤȲׁשᵒ ӢἬ֯Ȳᵛ о Ӣ

╓ (Normalized Difference Vegetation Index, NDVI)Ȳ ӣὑ Ӣ

П о[Lillesand and Kiefer, 2000]ȴᴕ ẞ ᾼṿӣȲ ᵓӣᾼ

έ Ὲ ȲҬמּצᴥᾌ◕(R)ȳ ᴥᾌ◕(G)ȳ ᴥᾌ◕(B)Ϯᾌ◕Ȳ

⁄Ҡṿӣ ╓ (Greenness Index, GI)҅ NDVIȴ 

    ҫҵȲ έ⇔ ẃ Ȳ М ц ᾼ ȲẂ

ֽ ԝѠ֣ȳ ȳЄЊцᶮᾭ Ȳ ╥ᵓὑи Ἢ⅞ᾼ ȴ ṷ
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ѻ ẃᴞ М Ὼ а ᾼῈ …Ȳֽȸ ⇔ȳӂ ⇔Ἠ

√֮ ᶝ ᾼ ἤȲϚ Ɫ (texture)[Gonzalez and 

Woods, 2002]ȴ ᾎ ᵓӣԏ и ֮Ἢ⅞ Ȳ Ӧ

иέᴕ Ὼ а ᾼ …Ȳ ᵂⱢẔМϚ ᵒ ПṼ ȴẔМϭѿ

ᾎⱢ ᾼᴊ ԚӢ (Gray Level Co-occurrence Matrix, 

GLCM)Ɫ ṿ ӣᾼѠᾎ[Weszka et al., 1976; Conners and Harlow, 

1980; Du Buf et al., 1990]ȴGLCMМȲ ṓᾼ ╓ װṔ⇔ϡצ

(Angular Second Moment, ASM)ȳ ѩ (Contrast, CON)ȳד ⇔

(Correlation, COR)ȳ (Entropy, ENT)ȳ֝ ⇔(Homogeneity, HOM)ȳ

Лדᴿ⇔(Dissimilarity, DIS) [Baraldi and Parmiggiani, 1995]ȲᴖẔМ

ϭѿASMȳCONȳENT HOMⱢ ṿӣᾼҳ ╓ [Jobanputra and 

Clausi, 2006; Marceau et al., 1990]ȴӐׁשṅӭᾼ╥ⱢϠ᷄ Ἢ⅞ Ȳᴕ

Ἢ⅞ ӢП ȲϚ ẃ ȲἪ⅞ ӢᶁлȴHOM ASM

ѻ ᾼӭᾼꞋ╥֯ ᷄ᶁ Ȳ ᶁлȲ⁄GLCM

М֯ Ṕ ϱȲẔ҃⁄ Ὼὑ0ȴѩ HOM ASMẒ ╓ ȲЛ֝ὑ

HOMȲASM ӦӂѠ Ȳṿ ᶁ ḆҒὙ ȴ֪ױȲӐׁש

ṅ Ṕ⇔ϡװ (ASM) ╓ ẃ᷄ ᶁ ȴ 

∟ȲӐׁשṅ Ӧи ПѠᾎȲ ֥ ᴶ ȳԏ

Ἢ⅞ ȴи ᾎЄ ҠиⱢẒЄ ȸ иה ‍
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иה ȴױẒ и ᾎ Єᾼ ᵑ֯ὑ╥ᵡצ (training data)

ᵗи ȴ Б῀ю ᵑᾼԏ иӁȲ⁄ҠṿӣϢЏ ᾼ

ᵂ ᴩ иה ȷ Ȳ⁄ṿӣ‍ иה Ȳ

ѿԏ ἤ ᴞ כ ȴŋӦὑӐׁשṅМҠ ҏ и ᵑ

Ȳ֪ױ ậ иה Ȳᵓӣю ᾼ ᴩᴞ ои ȴ

֯ иה МȲ ṓᾼѠᾎҔᵶӂᴩ и ᾎ(Parallel-Piped, BOX)ȳ

ᾎ (Minimum Distance to Mean, MDM)ȳ Єדᴿᾎ

(Maximum Likelihood, ML)[Duda et al., 2001]ȳDempster-Shafer(DS)и

ᾎ[Gordon and Shortliffe, 1984] ќ═֣ и ᾎ(Support Vector 

Machines, SVM) [Vapnik, 1995]ȴ 

ᾎ(MDM)ᴕ а ᵑӂᶁ П Ȳ █Ϛ а

ᵑӂᶁ Ȳ⁄ а и ẞױ ᵑȴẔ ȳᶶ

Ȳᵀ֪ӑᴕ ᵑ ᵑ ᾼ ⇔Ȳ╝ ₇ Ȳ

ὔи ȴ 

ӂᴩᾎ(BOX)ᵂᾎⱢ᷄ҏ ᴊ ᾼ Є Њ Ȳ ҏ Ȳ

ὑ█ ᵑ вП а Ȳ⁄ и ẞױ ᵑȴẔ ‍ ȳ

⇔ᶶȲᵀ כ Ȳṿ вᾼ ᾎ и ȴ 

Єדᴿᾎ(ML)Ṽ ᾼиӁȲ∂Ӵ ᴿ ẗ ₤ȴ

֯и Ȳᵒ а ὑ Ϛ ᵑᾼ Ȳ⁄ Пи Ɫ



9 

ȴŋẔ Ἐ ȲⱢ ṿӣПи ᾎȲѹד ὑ ᾎ(MDM)

ӂᴩᾎ(BOX) ⇔ [Lim, et al., 2003]ȴ 

Dempster-Shafer(DS)и ᾎẔ Ἐ Єדᴿᾎ(ML) ῺȲᵀẔ

ᵒ ᾼ ḆҒ ȴױи ᾎצẒ ᾼᵒ ⁄ȲиᵑⱢҠ‒

ԉ⇔(Belief) ֥ ἤ(Plausibility)ȴ ϱᾼ█Ϛ и Ɫ

A ᵑȲ⁄ױ ПҠ‒ԉ⇔(Belief)ῶӱⱢ Bel(A)ȲBel(A)҅ῶױ ὑ

A ᵑМП ЄЊȲᴖ֥ ἤ(Plausibility)Ɫρ "ÅÌ>ȲBel(Ã )̔

ῶױ и ὑЛ╥ A ᵑМᾼ ЄЊȲ ∟ԛ Ҡ‒ԉ⇔Ἠ

֥ ἤ Єᾼ ᵂױ и П ὨȴẔѻ ᾼ ╥ ₇

ЛֻȲ֯ ᴿ ẗ ₤иӁ− ȲҠѿ ẞד Єדᴿᾎ

(ML) ֻᾼ Ὠ[Khoshelham et al., 2010]ȴ 

ќ═֣ (SVM)и ᾎẔ Ἐ╥ᵓӣ ӂ (hyperplane)ȲṿЛ

֝ᾼ ֥и Ȳṳᶦ ӂ ֥ ֥ᾼ ꜜ(margin) Є

ֻȴ֪ױᵒ ᾼ ⁄Ɫ᷄ ЄҠ П ꜜ Ȳ ứ ӂ Пᴯ

Ȳ ԛṿӣ ӂ М и ᾼ и ȴ 

ѩ Л֝ᾼ иה ᾎȲ Єדᴿᾎ(ML)Ɫ ӣᾼи ᾎȲ

ѹד ὑ ᾎ(MDM) ӂᴩᾎ(BOX) ⇔ [Lim, et al., 

2003]ȷᴖDempster-Shafer(DS)и ᾎẔ Ἐ Єדᴿᾎ(ML) ῺȲ

ᵀẔᵒ ᾼ ḆҒ ȷќ═֣ (SVM)и ᾎ╥ᵓӣ ӂ
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(hyperplane)ṿЛ֝ᾼ ֥и ȲẔ Ἐ ᵂᾎὙ Ẕ҃и ᾎЛ֝ȴ

ṅשȲӐׁױ֪ Єדᴿᾎ(ML)ȳDempster-Shafer(DS)и ᾎ ќ

═֣ и ᾎ(SVM) ֥ю ᾼ ᴞ о Ἢ⅞ ȴ 

☼ṅשׁ 1.3  

ṅἬṿӣᾼשׁױ Ɫֵ Ṕ Ȳ֝ Ϸẓצ

έ⇔ ֵԏ П ἤȴᵓӣֵ ∂ӴϮ ᴶ Ȳṳ ֥

ẁᾼ ᴥ ц Ȳẃ ẞ Ἢ⅞ Пӭᾼȴׁשṅ☼ Ҡ

иⱢ › ȳ ᴶиέȳ Ӕ оȳԏ иέȳ иέ

ц Ἢ⅞ г иȴׁשṅ▐ ֽ 1.1Ἤӱȴ 

 

▐ṅשׁ 1.1   

Ӕ о 

ֵ  

(ҵѠᴯБ῀)  

 

›  

ᴶиέ 

ԏ иέ иέ 

Ἢ⅞  

Ἢ⅞  
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1.3.1. ›  

› ᾼЏᵂ ӭⱢЏᵂ ȴӦὑЛ֝ᾼἪ⅞ ⅞

ᾼ ⇔ כ Ἢ⅞ ᾼᵺ ⇔ȴἪ⅞ Њ Л ὔ

иҏ ᾼᴯ ȲϷ ὔ כ ᾼ ȲҫҵȲ ᾼ⅞

Ȳ ṿ ֯ п Ӣ ᾼ Ȳ֪ױȲ֯ Џᵂ

Ȳᴕ Ἢ⅞ П ȳ⅞ ᾼ ⇔Ȳиᵑ֯Л֝ᾼѻ

ϱ Л֝ᾼ ȴѻ ᾼ Ȳ⁄╥╚ МἪ⅞

Ὑ ѹ юᾼ ȴ 

1.3.2. ᴶиέ 

ᴶиέѻ Пӭᾼ֯ὑ∂Ӵ֮ῶᾼϮ Ȳṳ Ӧ П 

ᵒᵑ Ἢ⅞ ȴЏᵂ ӭⱢȸ( 1) ₤ ậȳ(2) ѻ и

έȳ(3)ֵ п ȳ(4)∂Ӵ ֮ῶ ₤(Digital Surface Model, 

DSM)ц(5) ⇔и ȴ 

ᴕ ẞϚ Ἢ⅞ẓצ ᶮ ᾼ ȲӐׁשṅᵓӣ Canny

ᾎ[Canny, 1986] ᴩ ᾼ ậȲᵓӣ ậҏП ₤ Ȳ

ᴩ ѻ иέȴ Ȳ ѻ Ѡ֣ ד ᾼ иᵑ ᴩֵ

п Ȳ∂Ӵֵ ПԚ …Ȳṳ ӦЛ֝ᾼѻ Ѡ֣

ḟứп ᾼѠ֣Ȳѿ сп ᾼכғ ⇔ȴ ∟Ȳᵓӣ

п ∟∂ӴП Ԛ …Ȳ ᴩῈ ›Ѡӻ Ȳ ậϮ Ȳ
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ѿ∂Ӵ ֮ῶ ₤(DSM)Ȳṳ ֥ ֮ᶮ ₤(Digital Elevation 

Model, DEM)   ᵒᵑ Ἢ⅞ ȴ 

1.3.3. Ӕ о 

Ӕ оПӭᾼ֯ὑ МП Ȳ ӦӔ оᾼ

ᴟᾬῈ ᶄ Ȳṿ ∟ Пԏ иέ иέȲҠѿ֯ᾬῈ ᴩȴ

Ḕױ ԒḟứᾬῈ ӂ ᶄ έ⇔ȲӦḕϚ ӂ ᴯ Ȳ DSM

Мậ ȴ ȲᵓӣױϮ ᶄ ֥Ԛ Ԉה ἤв Ѡ

Ȳὑה М ậᴥ ᾼ Ȳṳ ֫ᾬῈ ᶄ Мȴ 

1.3.4. ԏ иέ 

ԏ иέѻ ӭᾼ֯ὑ Ӣ Ȳ Ӧԏ иέП ὨҠ

Ӣ Ἢ⅞ иҏẃȴשׁױṅṼ ἬṿӣП ╥ᵡᵶצ

◕ҵԏᾌמּ Ȳẃ ṿӣᾼѠᾎⱢ о Ӣ╓ (NDVI)

Ἠ ╓ (GI)ȴ 

1.3.5. иέ 

ᴕ Ἢ⅞ ӢП ȲϚ ẃ ȲἪ⅞ ӢᶁлȲ֪ Ȳױ

Ḕױ ѻ Пӭᾼ֯ὑ Ӧ иέᴕ Ὼ а ᾼ …ẃ᷄

ᶁ ȴӐׁשṅᵓӣᴊ ԚӢ (Gray Level Co-occurrence Matrix, 

GLCM)МПṔ⇔ϡװ ᾎ(Angular Second Moment, ASM)ẃ᷄ ᶁ

Ȳṳӣױ ᵂⱢẔМϚ и П ȴ
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1.3.6. Ἢ⅞  

Ḕױ Пѻ ӭᾼⱢ ֥ ȳJԏ ц Ϯ Л֝ᾼ ẃ

Ἢ⅞ ȴӐׁשṅṿӣ Єדᴿᾎ(Maximum Likelihood, ML)ȳ 

Dempster-Shafer(DS)и ᾎцќ═֣ (Support Vector Machines, 

SVM)Ȳ ֥ю ᾼ ẃ Ἢ⅞ ᴯ Ȳṳ Њὑ 

ᾼ ҟ ȴ 

1.3.7. Ἢ⅞ Ὠכ ᴷ 

Ἢ⅞ Ὠכ ᴷȲиⱢѿ аⱢ (pixel-based) ѿ

Ɫ (region-based)ȴ›῏ᵓӣи ᴷᾎМᾼ ⇔(Overall 

Accuracy, OA)ȳӢ ῏ ⇔(Producer Accuracy, PA)ȳṿӣ῏ ⇔(User 

Accuracy, UA )ѿц kappa valueẃ ᴷἪ⅞ Ὠȷ∟῏⁄╥ѿἪכ

⅞ Ɫ аȲ▲כ Ἢ⅞ Ȳѿᵒ ПכὨȲ и П

Єὑ ᴕ ᾼϚҙȲױἪ⅞ Ɫ╥  ғȴכ

 

Ӑ ѝѻ ▐ иҳ ȴ Ϛ ЮȲᵛӐ Ȳ ṅשׁ

ӭᾼȲѝ ֫ ц ҏӐׁשṅἬṿӣПѠᾎ☼ ȴ ϡ Ȳׁשṅ

ѠᾎȲ ҏᵓӣֵ п Пᶾ Ȳ ֥ԏ

Ἢ⅞ ПѠᾎ в ȴ Ϯ ȲׁשṅכὨ иέȲЮ ṿӣП

ц Ȳ ӱ ὨȲṳכ Ὠכ ᴩиέȴ ҳ Ȳ

∂ Ȳ ṅПѠᾎȲשׁױ ᾼכὨ ҏ ∂ ȴ
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ϡ  ṅѠᾎשׁ 

Ӑ ὙׁשṅМἬṿӣПѠᾎȲׁשṅ☼ ֽ  2.1Ἤӱȴ

ṅѠᾎѻשׁ иⱢг иȲиᵑⱢȸ › ȳ ᴶиέȳ Ӕ

оȳԏ иέȳ иέц Ἢ⅞ ȴ 

 

☼ṅשׁ 2.1 

 
 

 
 
 

 
 
 
 

 
ᴶ 
и 
έ 
 
 
 
 
 
 
 
 
 
 

Ἢ 
 ⅞ 

   
 

 

 
 

Ӕ 
 

о 

 

 
 

и 
έ 

 

ԏ 
 

и 
έ 

› 
 
 

 

∂Ӵ ֮ῶ ₤

vvvu/₤ 

ֵ  

(ҵѠᴯБ῀)  

Џᵂ  

ѻ иέ 

ֵ п  

⇔и  

DSM 

⇔и  

Ӕ о 

Ӕ  

NDVI /GI DEM GLCM 

ԏ иέ  ᶁ  

и  

Ἢ⅞  

ѻ n ѻ 2 ѻ 1 

₤ ậ 

ȼ 
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› ЏᵂⱢȸ2.1Џᵂ ậȷ ᴶиέ иҔᵶȸ2.2

₤ ậȳ2.3 ѻ иέȳ2.4ֵ п ȳ2.5∂Ӵ ֮

ῶ ₤ц 2.7 ⇔и ȷ Ӕ оȳԏ иέȳ иέиᵑὑ 2.6

Ӕ оȳ2.8 ԏ иέц 2.9 иέ Ὑȷ Ἢ⅞

ЏᵂⱢȸ2.10и ȴѿϱѠᾎ и◕ Ὑȴ 

2.1 Џᵂ ậ 

Џᵂ ậⱢӐׁשṅП ϚḔ Ȳӭᾼ֯ὑḟứѻ цЏᵂ

ᴯ ȴѻ ᾼḟứѻ ᴕ Ẓ֪ ȸ ᴯЄЊ ȴӦ

ὑὁ Ṕ⇔ כ ᴯṿ Ҕᵶ ֵ Ȳ֯ п

Дכ Ȳ֪ ױ ᴯЊП Ȳ ᵂѻ ȷҫϚѠ Ȳ

Ӧὑ ᴩ ὁ ϱП Ȳ Л֝ȲⱢϠ ᵍ

Є Ἢ⅞ ЛὙ Ȳ֪ ױ Ϸ╥ ѻ П

Ṽ ȴ 

ḟứѻ ∟Ȳ֯ѻ ϱ Џᵂ ȲױḔ ᴕ Л֝ᾼ

Ἢ⅞ ⅞ ᾼ ⇔ẃḟứ Ἢ⅞ ᾼᵺ ⇔ȴἪ⅞

Њ Л ὔиҏ ᾼᴯ ȲϷ ὔ כ ᾼ Ȳҫ

ҵȲ ᾼ⅞ Ȳ ṿ ֯ п Ӣ ᾼ ȴ֪ Ȳױ

֯ Џᵂ Ȳᴕ Ἢ⅞ П ȳ⅞ ᾼ ⇔Ȳиᵑ֯Л

֝ᾼѻ ϱ Л֝ᵺ ⇔ᾼ ȴ 
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2.2 ₤ ậ 

ӐׁשṅПӭᾼ֯ὑ Ἢ⅞ᴯ Ȳ֪ױȲᴕ ẞϚ Ἢ⅞ẓצ

ᶮ ᾼ ȲӐׁשṅᵓӣ Canny ᾎȲ ᴩ ᾼ

ậȲṳᵓӣ ậҏП Ɫ ѻ Ѡ֣иέᾼṼ ȴ 

Canny ᾎ[Canny, 1986]ҠиⱢѿϯ Ḕ ȸ(1) ӂ

ᾌȳ(2) ⇔ ȳ(3) ȳц(4)   ᾎȴ ԒȲᵓ

ӣ ӂ ᾌ Мᾼ ҟ ȴ Ȳ ᴊ ⇔ᾼЄЊц

Ѡ Ȳ֣ ⇔Ѡ֣҅ῶ а֯ӂ ᴯ ϱᴊ ЄᾼѠ ȴ֣ ϮȲ

ᵓӣ ҏᾼ ⇔Ѡ֣ ᴩ ѿ ᵍ ậҏП ȴ

∟Ȳᵓӣ ᵅ  ẃḟứ а╥ᵡⱢ Ȳ а ⇔ ὑ

  Ȳ⁄ᵒứ╥ȷ ᵅὑᵅ  Ȳ⁄ᵒứᵡȷ ЮὑẒ῏П Ȳ⁄

ᴕ Ὼᾼ а╥ᵡⱢ ẃḟứȴ 

2.3 ѻ иέ 

ѻ иέѻ ᾼӭᾼ֯ὑ᷄ ₤ ᾼѠ Ȳ֣ Ӧױ

иέ∟П ѻ Ȳ ֥п ᾼѠ֣ȲҠѿ сп ᾼכғ

⇔ȴ 

ӦὑӐׁשṅӭᾼ֯ὑ Ἢ⅞ Ȳ֯Є МȲҠ Ҕᵶ

ϠֵѠ֣ᾼ ѻ Ȳ֪ױȲֽᴶ ҏЛ֝Ѡ֣ᾼἪ⅞ѻ Ȳ֯ױ

ד╥ṅМשׁ ПЏᵂȴᴖ ὑḥצὙ ѻ Ѡ֣ᾼ Ȳ⁄ᵒứ
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ױ Л╥Ἢ⅞ ȲṳѿӔϫֿѠ֣ ᵂẔѻ Ѡ֣ ∟ п ȴ

ѻ иέḔ МҔ╗ ѻ иέц и ȴ֯ Ӑ М Ṽ

ᶧ ᴩЮ ȴ 

2.3.1.ѻ Ѡ֣иέ 

Ἢ⅞ᾼ ꞋῺᴿⱢ ᶮ Ȳ ậҏП ╥֯Ἢ⅞

ϱȲ⁄ Ӧ Hough [Hough, 1959]ᴟ Ὲ МȲ Ҡѿ᷄ҏẒ

Ὼ₣᾿ᾼѻ Ѡ Ȳ֣ױѻ ᾼѠ֣╥ӣẃ Ɫֵ п

ᾼѠ֣ȴᴖ ὑḥצὙ ѻ Ѡ֣ᾼ Ȳ⁄ѿӔϫֿѠ֣ ᵂẔ

ѻ Ѡ֣ ∟ п ȴ☼ ֽ  2.2Ἤӱȴ 

 2.2 ѻ иέ☼  

NO 

YES 

ѻ Ѡ֣П  

 

Hough  

ѻ Ѡ֣1én 

Hough  1én 

 

>50% 

ѹ 

Ṕ⇔ד פּ 90ï 
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    ѻ иέѻ ╥ᵓӣ›ϚḔ Ἤ ậҏᾼ Ȳ Ӧ

Hough ᴟ Ὲ Мȴ Ȳ᷄ МṔ⇔ᾼ Ɏױ

Ӈ Єὑ ᾼ 50%ɏȲ ẒẒ ᾼṔ⇔ד פּ ϟϫ⇔ Ȳ

⁄ᵒứױẒṔ⇔ⱢϚ ѻ Ѡ֣ȴ᷄ẞϚ ѻ Ѡ֣∟ȲԛӦ Hough

Ὲ ᴟ Ὲ М᷄ ᾼ Ȳṳ ṷ ╚ ҏẃȴ

ᴖ ϯᾼ Ȳ⁄ԛϚװ ẞ HoughῈ ᷄ ѻ Ѡ֣ȴ᾿ẞ

∟ ϯᾼ Ȳ֯ HoughῈ МḥצὙ ᾼ ⱢѦȴᴖ

ṷ ϯᾼ Ȳ֪ⱢḥצὙ ᾼѻ Ѡ֣Ȳ⁄ Ẕ Ɫ ѻ Ѡ

֣ȲṳѿӔϫֿѠ֣ ᵂẔѻ Ѡ֣ ∟ п ȴ 

2.3.2. и  

Ḕױ Пӭᾼ֯ὑ Л֝ѻ Ѡ֣П и Ȳѿᵓ ὑ

Л֝ѻ Ѡ֣ ֵ п Ȳ сп Пכғ ⇔ȴ֯

ѻ иέḔ МȲ ᷄ẞϚ ѻ Ѡ֣∟ȲҠ Ӧ HoughῈ

ᴟ Ὲ ᷄ ᾼ ȴֽ  2.3ἬӱȲ ӦЛ֝ᾼ ѻ

Ѡ֣Ȳ᷄ẞ Ὲ М ᾼ Ȳѿ ẞ и Пӭᾼȴ 

 

ȸמּ Ϛѻ Ѡ֣ 

ד П  

ȸ ϡѻ Ѡ֣ 

ד П  

ȸ ѻ Ѡ֣ 

ד П  

 2.3 и ӱ
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2.4 ֵ п  

п ѻ ПӭᾼⱢᴞ о᷄ МԚ Ȳᴖ п Є

Ẓצ ᾎȲиᵑⱢ п п ȴ п Ӧ М ậ

ᴊ⇔ оὙ П Ȳ ᴖ П ȷᴖ п ᵓӣ

ᶝ П аᴊ⇔ Ȳѩ ∕п ᾼד ἤȲ ᶙצ ПҵѠ

ᴯ Ȳ⁄Ҡ ϚḔ Ӧ ᴶᾼּפạ Ғп ᾼ ⇔ȴӐׁשṅ

Пп Ѡה ậ п Ȳɔ ӣֵ ṔП ֵ ᶾ ᴩ

п ȴױḔ Ҕ╗п ⇔ ᴷȳ пה֥ ȳֵ п

ẃ сֵ п П ⇔ȴ 

2.4.1. п ⇔ ᴷ 

Ḕױ Пӭᾼ֯ὑᴷ п ᾼ ᴷ ᾼп

Ȳ ױ Њп Ȳ Ғп П ȴ ԒȲᵓӣԏ ᾎ

ậ֮ Ȳֽ  2.4 (a)Ἤӱȴ ȲӦԏ ᾎП Ȳ ᴷױ

Џᵂ П Ȳ п П Ȳֽ  2.4 (b)Ἤӱȴ 

  

(a) ԏ ᾎӱ  (b) п ᴷӱ  

 2.4 п ᴷ
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пה֥ .2.4.2  

ֵ֯ п МȲṼп ѠהЛ֝ȲЄ ҠиⱢᶧԝהп

пה֥ ȴᶧԝהп П ἘӦ Ὲ ҏ Ȳᵓӣ ἤ ч

Ԛ ᴯ ȷ пה֥ П ἘӦᾬῈ ҏ Ȳ ᷄ Ҡצ Пᾬ

Ὲ ᴯ Ȳṳч᷾ ᴟ МȲ᷄ ᾬ Ὲ ᴶϚ ἤẃ Ԛ

Ȳױ п ֪ Ἢ⅞֯ ϱᾼЛ֝ᾭᾓ[ ᴹ Ȳ2010]Ȳ

ѹ ֥ṿӣֵ֯ ϱȴ 

Ӑׁשṅᵓӣ пה֥ ᵂⱢֵ п П ї Ἐȴֽ  2.5 

ἬӱȲӦᾬῈ ҏ Ȳ ( P)П֮ ч᷾ ᴟ ϱ

᷄ҏ ᴯ Ȳԛ Ӧп П έ⇔(ȹZ)Ḃ Ẕ Ȳṳ

ѻ п ֢ п ϱПד … Ȳṳѿד

… Пӂᶁ ᵂⱢᵒ П ȴ 

 

пה֥ 2.5  ӱ
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Ẕ ױ ֝ד Ȳп ᾼד … Ɫ

Є Ȳ֪ױȲד … Пӂᶁ П ᴯ Ȳ ᵂ П

Ȳ֝ Ϸ֢֯ ϱ ứԚ ᾼᴯ Ȳֽ  2.6Ἤӱȴ 

 

ד 2.6  … ӱ  

ṅМпשׁ Пד … ╥ṿӣ оФד ᾎ(Normalized Cross 

Correlation, NCC)ᵂⱢ п Пדᴿἤ╓ ȴẔ ѻ п

п вᴊ ᾼד ἤȲ е2-1 הֽה Ἤӱȴ 

22 )()(

)()(

sstt

sstt

IIII

IIII
R

--

--
=

ɆɆɆɆ

ɆɆ

          

 2-1 ה

ẔМȸ 

R Ɫד …  

I t Ɫӭ МП аᴊ⇔  

I t Ɫӭ МП аӂᶁᴊ⇔  

I s Ɫ МП аᴊ⇔  

I s Ɫ МП аӂᶁᴊ⇔  
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2.4.3. ֵ п  

֪Ɫ Ὲ ѱ ᴩ ⇔ Ȳɑד ֪ ᷾ Ἤ ᾼכ ᴯ

Ὑ ȲἬѿ֯п ᾼ ȲҠ ắἪ⅞ Ἠ╥￼ ᾬД Ȳ

ד … п ᾼכғ ᵅȲֽ  2.7Ἤӱȴ 

 

 2.7 п ӱ  

п ӭ Ὅ ֯ МἬצᴯ Ȳṳ Ӧ ṷп Ȳ

᷄ Єד … Пᴯ Ȳ Ҡ Ғп ғכ Ȳֽ  2.8 Ἤӱȴ 

 

 2.8  3*3 ӭ Ὅᴯ ӱ  












































































































































