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1.  

1.1. ꜠ⱳכ♩─  

≢│ 2020 ⅛╠ Project PLATEAU╩ ⇔⁸☻ⱴכ♩◦♥▫─ ╩

│∂╘≤∆╢╕∟≠ↄ╡─♦☺♃ꜟ♩ꜝfi☻ⱨ◊כⱷכ◦ꜛfi╩ ∆╢√╘─ ⇔≥♃כ♦

≡⁸3D ⸗♦ꜟ─ ה ♃כ♦ⱪfiכ○ה ╩ ╘≡™╢⁹ 

꜠ⱳ⁸2022│♩כ ⌐ ∫√ AI ╩ ⇔√ LOD2 ─ꜟכ♠ ┘ OSS ─

╖⌐ ∆╢ ꜠ⱳ⁸╡№≢♩כ ─ꜟכ♠ ╛ ⁸

╩ ∆╢↓≤╩ ≤⇔≡™╢⁹ 

 

1.2.  

│⁸2022 ─₈╕∟≠ↄ╡─♦☺♃ꜟ♩ꜝfi☻ⱨ◊כⱷכ◦ꜛfi─ ⌐ ↑√ 3D

⸗♦ꜟ─ ─ ♃כ♦┘ ─ ⌐ ∆╢ ₉─℮∟⁸ ─ ⌐

≈™≡ ⇔√⁹ 

Â AI ╩ ⇔√ LOD2 ─ꜟכ♠ ┘ OSS  

 3D ⸗♦ꜟ LOD2╩ ⌐ ∆╢ ╩ ∆╢√╘⁸AI ╩ ⇔√ LOD2─

╩ꜟכ♠ ⇔√⁹ ⇔√ ─ ╩ ♃כ♦⁸╘√╢∆ ╩ כꜚ⌐

╩◓fiꜞ♃♬⸗כ◙ ∫√⁹╕√⁸ ⇔√ ╩ꜟכ♠ OSS≤⇔≡ Project - PLATEAU 

GitHub⌐ ⇔√⁹ 

 

1.3. ⱨ꜡כ 

 

 1- 1 ⱨ꜡כ 
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1.4.  

 ─ ╩  1- 1⁸  1- 2⌐ ∆⁹ 

 1- 1  

  

▪☺▪ LOD2 G AAS ☻כⱬה  ─  

ה ⁸ ─  

ꜟכ♠OSSה  

ה  

ה  

 KKC  OSS♠כꜟ╩ ™√ LOD2 ─  

   

   

AI ⌐ ∆╢  

 

 

 

 1- 2  
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 ꜟכꜙ☺◔☻ .1.5

 

 1-  ꜟכꜙ☺◔☻ 3
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2. LOD2 ─  

2.1. ⱬכ☻ ─  

─ ≢№╢▪☺▪ ≢│⁸ Ί◙כ꜠ ╩ ─☻כⱬꜟכꜟ√™ LOD2

⁸₈ⱬכ☻ ₉ ╩ ⇔≡™╢⁹ ≢│▬fiⱪ♇♩♦כ♃≤⇔≡╟╡

─ ╢№≢♃כ♦™ DSM ╩ ⇔≡™╢√╘⁸∕─ ╛ ⱳ▬fi♩╩ ™

∆√╘⁸╕∏ⱬכ☻ ⌐≈™≡ ╩ ∫√⁹ 

 

2.1.1.  ─  

≢ ◘fiⱪꜟ╩ 182 ⇔⁸ ≤⇔√⁹  2- 1⌐ ⇔√ ♃▬

ⱪ≢ ⇔√ ╩ ⇔√⁹ 

 

 2- 1 ⱬכ☻ ⌐⅔↑╢ ─  

 

 2- 1⌐ ↔≤─ ─ ╩ ∆⁹ 

 2- 1 ⱬכ☻ ⌐⅔↑╢ ↔≤─ ─  

  [ ]   [%]  

 20  11.0%  

 35  19.2%  

⌂⇔  20  11.0%  

№╡  36  19.8%  

 10  5.5%  

╣  6 3.3%  

 55  30.2%  
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2.1.2.  

⇔√ ◘fiⱪꜟ⌐≈™≡ⱬכ☻ ╩ ™≡ LOD2⸗♦ꜟ╩ ⇔⁸  2- 2⌐ ⇔√

≢ ⌐╟╢ ╩ ∫√⁹ 

 

 2- 2 ⱬכ☻ ⌐⅔↑╢  

  

A 3D⸗♦ꜟ⅜ ⇔ↄ⁸ ─ ⅜⌂™ 

B │ ⇔™⅜⁸1⁸2 ⌐ ⌂╢ 

C ⅜ ∫≡™╢ ╕√│ 3 ⌐ ⌂╢ 

D ─ ≤ ⅝ↄ ⌂╢⁸ ⅜ ∂≡™⌂™⁸ ⇔≡™╢  

 

LOD2⸗♦ꜟ─ ⌐⅔™≡│⁸₈3D ⸗♦ꜟ ─√╘─ ⱴ♬ꜙ▪ꜟ₉⌐ ╘√

─ ⱪ♇ꜝכⱣכ○ 60%⁸◘▬♩ꜝ♇ⱪ 30%⁸ 25cm ≤╟╡

™ ⱪ♇ꜝכⱣכ○ 80%⁸◘▬♩ꜝ♇ⱪ 60%⁸ 8cm ≢ ⇔√

─♃כ♦ ⌐≈™≡⸗♦ꜟ╩ ⇔√⁹╕√⁸ ♁ⱨ♩►▼▪≤ ∆╢√╘⁸ ♁ⱨ

♩►▼▪ Leica HxMap1 ( ⁸₈ ♁ⱨ♩₉)╩ ™√⸗♦ꜟ ╙ ∫√⁹ 

  

 
1 https://leica - geosystems.com/ja- jp/products/airborne - systems/software/leica - hxmap 

https://leica-geosystems.com/ja-jp/products/airborne-systems/software/leica-hxmap
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2.1.3.   

8cm─♦כ♃⅛╠ ⇔√⸗♦ꜟ─ ╩  2- 2⌐ ∆⁹ ⌐⅔™≡│⁸

ⱬכ☻ │ ♁ⱨ♩╟╡ ™ ≤⌂∫≡™╢⁹ ⁸ ⁸ ⌂≥

⌐⅔™≡│⁸ⱬכ☻ │ ♁ⱨ♩╟╡ ∫√ ≤⌂∫≡™╢⁹ 

  
(a)   (b)   

  
(c)  ⇔  (d)  ╡  

  
(e)   (f)  ╣  

 

 

(g)    

 2- 2 8cm♦כ♃⅛╠ ⇔√⸗♦ꜟ─   

 

Ẽⱬכ☻  

Ẽ ♁ⱨ♩►▼▪ 
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25cm─♦כ♃⅛╠ ⇔√⸗♦ꜟ─ ╩  2- 3⌐ ∆⁹25cm♦⁸│≢♃כ

─ │ ⇔ↄ ⇔≡™╢√╘⁸ⱬכ☻ ≢╙ ♁ⱨ♩≢╙ ↄ⌂™ ≤

⌂∫≡™╢⁹√∞⇔⁸ ⌐⅔™≡│⁸8cm♦כ♃≤ ∂╟℮⌐⁸ⱬכ☻ │ ♁ⱨ♩╟

╡ ™ ≤⌂∫≡™╢⁹ 

  
(h)   (i)   

  
(j)  ⇔  (k)  ╡  

  
(l)   (m) ╣  

 

 

(n)    

 2- 3 25cm♦כ♃⅛╠ ⇔√⸗♦ꜟ─  

  

 

Ẽⱬכ☻  

Ẽ ♁ⱨ♩►▼▪ 
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2.2.  

ⱬכ☻ ─ ╩ ╕ⅎ≡⁸ DSM ╩ ≤⇔√ LOD2

╩ ⇔√⁹ 

 2- 4⌐ ⇔√ LOD2 ─ ⱨ꜡כ╩ ∆⁹ ♃▬ⱪ─ ⌐≈™≡│⁸

─☻כⱬꜟכꜟ ─ ⅜ ↕╣√√╘⁸ⱬכ☻ ╩ ⇔√ ╩ ⇔√⁹ ♃▬

ⱪ─ ─☻כⱬꜟכꜟ⁸│≡™≈⌐ ≢│ ⅜№╢√╘⁸AI ╩ ⇔√ ─ ╛Ᵽ

כ♬◖ꜟ ╩ ╖ ╪∞ √⌂ ╩ ⇔√⁹⌂⅔⁸ⱷ▬fiⱨ꜡כ⌐⅔™≡ ≤ ─

╩ ↕∑╢√╘⌐⁸AI ⌐╟╢ ─ ╩ ⇔√⁹ 

LOD2 ─ ⌐≈™≡₈3.4.2 ⸗♦ꜟ ≡⌐₉ꜟכꜙ☺⸗ ∆╢⁹ 

 

 

 2- 4 LOD2 ─ ⱨ꜡כ 

 

2.2.1. ─ AI  

ꜟ♦⸗─ꜟכ♠  ≢│⁸ ─ ╩╙≤⌐ 2≈─ ⌂╢⸗♦ꜞfi◓ ⌐ ╡ ↑≡⸗

♦ꜟ ╩ ℮⁹ ≢│⁸AI╩ ∆╢↓≤⌐╟╡ ≢ ╕√│

⌐ ╩ ℮⁹ 

 AI ⌐│ ─ ResNet342╩ ™╢↓≤≤⇔√⁹ ≤│⁸ 1 ⌐

⇔≡∕╣⅜ ≢№╢⅛─ꜝⱬꜞfi◓╩ ℮╟℮⌂ ≢№╢⁹ ≢│⸗♦ꜞfi◓╩ ℮

⌐ ╩ ╡ ⇔⁸∕─ ⅜ ╕√│ ─ ─™∏╣⅛⌐ ∆╢

╟℮⌐ ResNet34╩ ↕∑╢↓≤≢ ─ ╩ ⇔√⁹AI ⸗♦ꜟ─ ⌐№√∫

 
2 Deep Residual Learning for Image Recognition https://arxiv.org/abs/1512.03385  

https://arxiv.org/abs/1512.03385
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≡│⁸ ≤⇔≡ ≢№╢↓≤⁸ ⌂ ─ ╩ ∆╢√╘⌐ ≤

─Ᵽꜝfi☻⅜ ™╙─╩ ⇔≡ ⇔√⁹ 

 ─ ⱨ꜡כ╩  2- 5⌐ ∆⁹ ⌐│ DSM ⅛╠ ⇔√ ≤ CityGML⌐

╕╣╢ LOD0 ( ⁸₈f ootprint ₉)╩ ™╢⁹ ◒꜡♇ⱪ ≢│⁸footprint ╩╙

≤⌐ ⅛╠ ≢ ╩ ╡ ∆⁹ ╡ ↕╣√ │ ResNet34⌐ ∆╢↓≤

≢⁸ ≢ ╩ ∆╢⁹ │ ⌐ ⇔≡ ╕√│ ─

≤⌂╢⁹ ⌂ ⱨ꜡כ│ 3.4.2. 3⌐ ∆⁹ 

 

 

 2- 5 ─ ⱨ꜡כ 
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ה  ─♃כ♦ │ ─ ≤ ─ ≤⇔√⁹ 

 ꜝⱬꜟ│ ≢ ⇔⁸ ─ │○ꜟ♁ ╕√│ DSM ⅛╠ ≢

∆╢↓≤⌐╟╡⁸ ⌐ ╕√│ ─™∏╣⅛─ꜝⱬꜟ ╡ ≡√⁹ ─

│ ⅜ ≢№╢≤ ≢⅝╢╙─ ─ ⌐⅛⅛╦╠∏ ≤⇔⁸ │↓

╣╩ √↕⌂™╙─≤⇔√⁹ ꜝⱬꜟ─ ╩  2- 6⌐ ∆⁹ 

 

 2- 6 ─ ꜝⱬꜟ ⁸  

 

 ─ ╩  2- 7⌐ ∆⁹ 

 

 2- 7  

 

 

 

 

 



 

14 

 

─≢♃כ♦ ─ ╩  2- 3⌐ ∆⁹ │ F1⁸Precision Recall │

≤⇔√⁹ │ ≢№╢⁹ 

Ὂρ ς
ὖὶὩὧὭίὭέὲϽὙὩὧὥὰὰ

ὖὶὩὧὭίὭέὲὙὩὧὥὰὰ
 

ὖὶὩὧὭίὭέὲ
Ὕὖ

Ὕὖ Ὂὖ
 

ὙὩὧὥὰὰ
Ὕὖ

Ὕὖ Ὂὔ
 

Ὕὖ4ÒÕÅ0ÏÓÉÔÉÖÅ⅜ ╩♃כ♦─ ≤  

Ὂὔ&ÁÌÓÅ.ÅÇÁÔÉÖÅ⅜ ≥-╩♃כ♦─  

Ὂὖ&ÁÌÓÅ0ÏÓÉÔÉÖÅ⅜-─♦כ♃╩ ≤  

Ὕὔ4ÒÕÅ.ÅÇÁÔÉÖÅ⅜-─♦כ♃╩-≤  

 

Precision │ ≤ ┌╣⁸◦☻♥ⱶ⅜ ⇔√ ─ ⇔™ ╩ ∆ ≢№╢⁹Recall

│ ≤ ♃כ♦⁸╣┌ ─℮∟≥╣∞↑⅜ ⇔ↄ ≢⅝√⅛╩ ∆ ≢№╢⁹F1│

≤ ─ ≢№╡⁸ ≈─ ╩ ╦∑√ ≢№╢⁹∕╣∙╣⁸1. 0⅜ ╙ ™

≢№╢⁹ 

 

 2- 3 / ⸗♦ꜟ  

 ♃כ♦

 ♃כ♦♩☻♥ ♃כ♦  

 11602 1331 

⸗♦ꜟ  

F1 0.790 

Precision  0.784 

Recall  0.796 
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2.2.2. ─ AI  

 2.2.1 ≢ ↕╣√ ─℮∟⁸ ⌐ ↕╣√ ⌐ ⇔≡ ─ ╩

℮⁹ ↕╣√ │ ≢⸗♦ꜟ╩ ∆╢≤⅝⌐ⱡכ♪ ≤◄♇☺ ≤⇔≡

↕╣╢⁹ 

 ╩ ∆╢ AI ⌐│ HEAT3╩ ⇔√⁹HEAT│ ─℮∟⅛╠ⱡכ♪─ ╩ ╡

⇔⁸ ─≈⌂⅜╡ ◄♇☺ ╩ ∆╢↓≤≢ ⇔™ⱡכ♪≤◄♇☺╩ ∆╢ AI≢

№╢⁹ ⅜ ™↓≤⁸ ⅜ ™↓≤╩ ⇔≡ HEAT╩ ⇔√⁹ 

 ─ ⱨ꜡כ╩  2- 8⌐ ∆⁹ │ 2.2.1 ≢ ≤ ↕╣√ ─ ≢

№╡⁸ │ HEAT⌐╟╡ ↕╣√ ─ⱡ⁹╢№≢☺♇◄≥♪כ ⌂ ⱨ꜡כ│ 3.4.2.5

⌐ ∆⁹ 

 

 2- 8 ─ ⱨ꜡כ 

ה  ─♃כ♦ │ ─ ≤⇔√⁹ 

 ꜝⱬꜟ│⁸ ─ⱡכ♪≤◄♇☺╩ ←╟℮⌐⇔≡⁸ ⌐ ⇔≡ ⌐╟╢ ╩

∫√⁹ ─ ꜝⱬꜟ ╩  2- 9⌐ ∆⁹ 

 

 

 
3 HEAT: Holistic Edge Attention Transformer for Structured Reconstruction  

https://heat - structured - reconstruction.github.io  

https://heat-structured-reconstruction.github.io/
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 2- 9 ─ ꜝⱬꜟ ⁸  

 

 ─ ╩  2- 10⌐ ∆⁹ ─≢♃כ♦ ╩  2- 4⌐ ∆⁹ 

 

 2- 10 ⱡ⁸♪כ ◄♇☺  
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 2- 4 ⸗♦ꜟ  

 ♃כ♦

 ♃כ♦♩☻♥ ♃כ♦  

◄ꜞ▪   

 5992 573 

⸗♦ꜟ  

    

F1 0.705 0.494 

Precision  0.762 0.543 

Recall  0.657 0.454 

 

2.2.3. Ᵽꜟ◖♬כ ─ AI  

  ─ ⌐│Ᵽꜟ◖♬כ╩ ╗╙─⅜№╢⁹Ᵽꜟ◖♬כ│ ⌐ ╟╡╙ ™≤ ⅎ

╠╣╢√╘⁸⸗♦ꜞfi◓ ⌐∕─ ╩ ↄ ╢ ⅜№╢⁹Ᵽꜟ◖♬כ ≢│

─℮∟⅛╠Ᵽꜟ◖♬כ ─ ╩ ℮⁹ 

 Ᵽꜟ◖♬כ ╩ ∆╢ AI ⌐│☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi ─ TransUNet4

╩ ⇔√⁹☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi ≤│⁸ ─ ≢ ─◒ꜝ☻⌐

∆╢↓≤≢⁸ ─ ≡─ ≢ ╩ ∆╢ ≢№╢⁹ ≢│ ⅛╠Ᵽꜟ◖

כ♬ ≤ Ᵽꜟ◖♬כ ⌐ ≢ ∆╢↓≤⌐╟╡⁸Ᵽꜟ◖♬כ ─ ╩ ℮⁹

AI ─ ⌐№√∫≡⁸ ⅜ ™↓≤⁸ ⅜ ™↓≤╩ ╕ⅎ≡ ⇔√⁹ 

 Ᵽꜟ◖♬כ ─ ⱨ꜡כ╩  2- 11⌐ ∆⁹ │ 2.2.1 ≢ ≤ ↕╣√ ─

≢№╡⁸ │ TransUNet⌐╟╡Ᵽꜟ◖♬כ ╩ ⌐ ⇔√ⱴ☻◒ ≢№╢⁹ ⌂

ⱨ꜡כ│ 3.4.2.5 ⌐ ∆⁹ 

 

 
4 TransUNet: Transformers Make Strong Encoders for Medical Image Segmentation 

https://arxiv.org/abs/2102.04306 4 

https://arxiv.org/abs/2102.04306
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 2- 11 Ᵽꜟ◖♬כ ─ ⱨ꜡כ 

 

 

ה ─♃כ♦ │ ─ ≤⇔√⁹ 

 ꜝⱬꜟ│⁸ ⅛╠Ᵽꜟ◖♬כ ╩ ╡≈┬∆╟℮⌐⇔≡⁸ ⌐ ⇔≡ ⌐╟╢

╩ ∫√⁹ 

 

 

 2- 12 Ᵽꜟ◖♬כ ─ ꜝⱬꜟ  
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Ᵽꜟ◖♬כ ─ ╩  2- 13⌐ ∆⁹ 

 

 2- 13 Ᵽꜟ◖♬כ  

 

כ♬◖ꜟⱣ─≢♃כ♦ ╩  2- 5⌐ ∆⁹ │ I oU≤⇔√⁹I oU│

⇔√ ≤ ≤─ ⌂╡ ™╩ ∆╢ ≢№╢⁹ 

 

 2- 14 IoU─  

 

 2- 5 Ᵽꜟ◖♬כ ─  

 ♃כ♦

 ♃כ♦♩☻♥ ♃כ♦  

◄ꜞ▪   

 6720 653 

⸗♦ꜟ  

IoU 0.6802 
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3. LOD2 ─ꜟכ♠  

3.1.  

3.1.1.  

◦☻♥ⱶ─ ╩ ⌐ ∆⁹ 

ʾ ◦☻♥ⱶ─ ⁸ ◖☻♩╩ ╠∆√╘⁸OSS╩ ⌐ ∆╢↓≤⁹ 

ʾ ◦☻♥ⱶ─ ╩ OSS≤⇔≡ ⇔⁸ ╩ ⌐כ◙כꜚ√╘ ↕╣╢√╘⁸

─ꜝ▬Ⱪꜝꜞ╛ OSS─╖ ∆╢↓≤⁹ 

3.1.2. ⁸  

₈3D ⸗♦ꜟ ─√╘─ ⱴ♬ꜙ▪ꜟ₉⌐ ╘╠╣√ ─ ╩ ╕ⅎ≡

◦☻♥ⱶ⌐ ∆╢ DSM │ ─ ╟╡ ↕╣√╙─╩ ∆╢⁹ 

ʾ :  25cm 

ʾ ○כⱣכꜝ♇ⱪ :  ֕60% 

ʾ ◘▬♪ꜝ♇ⱪ :  ֕30% 

3.1.3.  

◦☻♥ⱶ─ ⌂ ╩ ⌐ ∆⁹ 

ʾ DSM ╛ ♃כ♦ ╩ ≤⇔≡ LOD2 ─⸗♦ꜟ ╩ ™⁸

CityGML ⌐≡ ╩♃כ♦ ∆╢⁹ 

 

3.2. ◦☻♥ⱶ  

3.2.1. ◦☻♥ⱶ  

◦☻♥ⱶ ╩  3- 1⌐ ∆⁹ 

◦☻♥ⱶ│⁸ŋ CityGML ⁸o ⸗♦ꜟ ⁸ɔ ה◒♇▼♅ ⁸

ᵔ♥◒☻♅ꜗ ↑ ⁸ᵕCityGML ─ 5 ≈─ ⅛╠ ↕╣╢⁹ │ ⇔≡

™≡⁸ │♃כ♦√╣↕ ⌐ ↕╣╢⁹ 

◦☻♥ⱶ─ ⁸LOD1 GityGML⁸│⌐♃כ♦ ⁸ ⁸

⁸ DSM ⅜ ╕╣╢⁹ DSM │⁸SfM/ MVS♁ⱨ♩►▼▪⌐≡

⅛╠ ↕╣√╙─≤∆╢⁹⌂⅔⁸ ≤ │⁸ SfM/MVS♁ⱨ♩

►▼▪⅜ ⇔√╙─╩ ⌐≡ ↕╣√╙─≤∆╢⁹ 
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 3- 1◦☻♥ⱶ  

 

3.2.2. ◦☻♥ⱶ I/F 

3.2.2.1. I/F 

◦☻♥ⱶ─ ◦☻♥ⱶ≤─ I /F ⌐≈™≡ ∆╢⁹ 

 ▪▼►♩SfM/MVS♁ⱨ ה

⅛╠ DSM╩ ∆╢⁹╕√⁸ ◌ⱷꜝ─ ⁸

╩ ∆╢⁹⌂⅔⁸SfM/MVS♁ⱨ♩►▼▪⅜ ⇔√ ⁸

│⁸ ⌐≡ ⱨ◊כⱴ♇♩⌐ ∆╢⁹ 

≢│ SURE Aerial5♁ⱨ♩►▼▪╩ ⇔≡ DSM╩ ⇔√⁹ 

 

3.2.2.2. I/F 

◦☻♥ⱶ─ ꜟכꜙ☺⸗ ─ I /F ⌐≈™≡ ∆╢⁹ 

LOD2 ה (ꜟ▬□OBJⱨ)♃כ♦  

◦☻♥ⱶ≢│ OBJⱨ□▬ꜟ ─ LOD2 ⁸≢♃כ♦ ꜟכꜙ☺⸗ ♃כ♦─

╩ ℮⁹ 

 

 
5 https://www.nframes.com/products/sure - aerial/  

https://www.nframes.com/products/sure-aerial/
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 I/Fכ◙כꜚ .3.2.2.3

◦☻♥ⱶ─ │⁸◖ⱴfi♪ⱪ꜡fiⱪ♩⌐≡ ─◖ⱴfi♪╩ ⇔≡ ℮╙─≤∆╢⁹ 

> python AutoCreateLod2.py param.json  

AutoCreateLod2.py: ◦☻♥ⱶ─ Python ◖כ♪ 

param.json : Ɽꜝⱷכ♃ⱨ□▬ꜟ 

 

◦☻♥ⱶ⅜ ∆╢◦☻♥ⱶⱷ♇☿כ☺╩ ⌐ ∆╢⁹ 
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 3- 2 ꜡◓ (main_log.txt ⁸ )  

 

 

◦☻♥ⱶⱷ♇☿⁸│☺כ ≤ⱨ□▬ꜟ⌐ ∆╢⁹ 

ⱨ□▬ꜟ─ │⁸ Ɽꜝⱷכ♃ⱨ□▬ꜟ─ΓOutputLogFolderPathΔ≢ ⇔√ⱨ◊ꜟ♄

─Γoutputlog_YYYYMMDD_HHMMSSΔⱨ◊ꜟ♄⌐ ∆╢⁹ⱨ□▬ꜟ │ ─ ╡≢№╢⁹ 



 

24 

 

<ⱨ□▬ꜟ > 

LogFolder ( ΓOutputLogFolderPathΔ≢ ↕╣√ⱨ◊ꜟ♄)  

 ḷ outputlog_ 20221011_110120 (◦☻♥ⱶ ↔≤─ ⱨ◊ꜟ♄)  

   ḷ main_log.txt  

 

3.2.3.  

3.2.3.1. Ɫ⁸▪▼►♪כOS  

◦☻♥ⱶ─ ⁸⅔╟┘ ╩ ⌐ ∆⁹ 

:  

OS:   Microsoft Windows 10 /11  

CPU:   Intel Core i7  

Memory:   16GByte  

GPU  Nvidia RTX 2080  

GPU Memory8GByte  

 

:  

OS:   Microsoft Windows 10 /11  

CPU:   Intel Core i5  

Memory:   8GByte  

GPU  Nvidia  Quadro P620  

GPU Memory2GByte  
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3.2.3.2. ♁ⱨ♩►▼▪  

◦☻♥ⱶ─ │⁸Python(Ᵽכ☺ꜛfi 3.9)≢№╢⁹ 

⌐ ꜝ▬Ⱪꜝꜞ⌐ ╩ ∆⁹ 

 

 3- 1 ꜝ▬Ⱪꜝꜞ  

ꜝ▬Ⱪꜝꜞ  ꜝ▬☿fi☻  

alphashape MIT License ꜝ▬Ⱪꜝꜞ 

anytree  Apache 2.0 ꜝ▬Ⱪꜝꜞ 

autopep8 MIT License ◖כ♦▫fi◓ (PEP) כ♁⌐

╩♪כ◖☻ ∆╢ⱨ◊כ

ⱴ♇♃כꜝ▬Ⱪꜝꜞ 

coverage Apache 2.0 ◌Ᵽ꜠♇☺ ꜝ▬Ⱪꜝꜞ 

einops MIT License ꜝ▬Ⱪꜝꜞ 

f lake8 MIT License ꜝ▬Ⱪꜝꜞ 

jakteristics  BSD License ─ ꜝ▬Ⱪ

ꜝꜞ 

l aspy BSD 2- Clause License LASⱨ□▬ꜟ ꜝ▬Ⱪꜝꜞ 

l xml BSD 3- Clause License xml ꜝ▬Ⱪꜝꜞ 

matplotlib  Python Software 

Foundation License  

◓ꜝⱨ ꜝ▬Ⱪꜝꜞ 

MLCollections  Apache 2.0 ꜝ▬Ⱪꜝꜞ 

MultiScaleDeformableAttention  Apache 2.0 ꜝ▬Ⱪꜝꜞ 

NumPy BSD 3- Clause License  ꜝ▬Ⱪꜝꜞ 

Open3D MIT License  ꜝ▬Ⱪꜝꜞ 

opencv- python MIT License ꜝ▬Ⱪꜝꜞ 

opencv- contrib - python MIT License ꜝ▬Ⱪꜝꜞ 

Pytorch  BSD 3- Clause License  ꜝ▬Ⱪꜝꜞ 

plateaupy  MIT License CityGML ╖ ╖ꜝ▬Ⱪꜝꜞ 

PyMaxflow GNU General Public 

License version 3.0  

GraphCut ꜝ▬Ⱪꜝꜞ 

pyproj  MIT License ꜝ▬Ⱪꜝꜞ 

PuLP BSD License ꜝ▬Ⱪꜝꜞ 

scikit - learn  BSD 3- Clause License  ꜝ▬Ⱪꜝꜞ 

scipy  BSD 3- Clause License  ╛ ⁸ ה

⌂≥─ꜝ▬Ⱪꜝꜞ 

Shapely BSD 3- Clause License  ꜝ▬Ⱪꜝꜞ 

Torchvision  BSD 3- Clause Lisence ꜝ▬Ⱪꜝꜞ 
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 ☻כ◔☻כꜚ .3.2.4

◦☻♥ⱶ╩ ™√ LOD2 ⸗♦ꜟ ─ │ ─ ╡≢№╢⁹ 

(1) ─♃כ♦   

-3  ה 1 ◦☻♥ⱶ ⌐ ∆ ╡⁸SfM/MVS♁ⱨ♩►▼▪╩ ™≡ ( )⅛

╠ DSM ╩ ∆╢⁹ 

⁸√╕ ה ⌐≡ SfM/MVS♁ⱨ♩►▼▪⅜ ∆╢ ⁸ ╩

◦☻♥ⱶ─ ⱨ◊כⱴ♇♩⌐ ⌐♃כ♦√∫ ∆╢⁹ 

⌐♃כ♦ ה ⇔≡│⁸ ─ ◄ꜞ▪⌐ ∆╢ LOD1 CityGMLⱨ□▬ꜟ╩

∆╢ G ☿fi♃כ⅛╠♄►fi꜡כ♪∆╢ ⁹ 

 

(2)  Ɽꜝⱷכ♃ⱨ□▬ꜟ─  

⌐ⱶ♥☻◦ ה ∆╢ Ɽꜝⱷכ♃ⱨ□▬ꜟ╩ ∆╢⁹ 

Ɽꜝⱷכ♃ⱨ□▬ꜟ─ ⌐≈™≡│⁸₈3.5.1 Ɽꜝⱷ₉♃כ╩ ∆╢↓≤⁹ 

 

(3)  ◦☻♥ⱶ─  

≢(2) ה ⇔√Ɽꜝⱷכ♃ⱨ□▬ꜟ╩ ⇔≡⁸ ◦☻♥ⱶ╩ ∆╢⁹ 

⁸⅔╟┘⁸◦☻♥ⱶ ─◦☻♥ⱶⱷ♇☿כ☺─ ⌐≈™≡│⁸3.2.2.3

Iכ◙כꜚ / F╩ ∆╢↓≤⁹ 
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ꜟכꜙ☺⸗ .3.3  

3.3.1. CityGML  ꜟכꜙ☺⸗

3.3.1.1.  

CityGML ⱨ□▬ꜟ╩ ╖ ╖⁸ ◦☻♥ⱶ⌐ ⌂ ╩♃כ♦ ∆╢⁹ 

 

 ♃כ♦ .3.3.1.2

 3- 2⌐ CityGML ─ꜟכꜙ☺⸗ ─♃כ♦ ╩ ∆⁹ 

 3- 2 CityGML ─ꜟכꜙ☺⸗ ─♃כ♦  

No ♦כ♃    

1 CityGML

ⱨ□▬ꜟⱤ☻ 

Ɽꜝⱷכ♃ⱨ□▬ꜟ ¶ Ɽ ꜝ ⱷ כ ♃ ⱨ □ ▬ ꜟ ─

ΓCit yGMLFolderPathΔ◐כ ⅜ ∆╢

ⱨ◊ꜟ♄ ⌐ ∆╢ CityGMLⱨ□▬

ꜟ─Ɽ☻ 

 

 

 ♃כ♦ .3.3.1.3

 3- 3⌐ CityGML ─ꜟכꜙ☺⸗ ─♃כ♦ ╩ ∆⁹ 

 3- 3 CityGML ─ꜟכꜙ☺⸗ ─♃כ♦  

No ♦כ♃    

1  ⸗ ♦ ꜟ ⸗

 ꜟכꜙ☺

¶ ⱳꜞ◗fi╩ ∆ ꜞ☻♩ 

2 ID ◦☻♥ⱶ  ¶ ╩ ∆╢ ─ ID  

3 ꜡ ◓ ⱷ ♇

 ☺כ☿

CityGML ꜡◓ⱨ□

▬ꜟ 

¶ CityGML ─꜡◓ⱷ♇☿כ☺╩ ∆╢ 

¶ CityGML ⌐ ⇔√ כ☿♇ⱷכꜝ◄─

☺╩ ⌐ ∆╢ 

¶ ꜡◓ⱷ♇☿⁸│☺כ Ɽꜝⱷכ♃ⱨ□▬ꜟ

─ΓOutputLogFolderPathΔ≢ ⇔√ⱨ◊ꜟ

♄ ─Δoutputlog_YYYYMMDD_HHMMSSΓⱨ◊ꜟ

♄⌐ input_citygml _log.txt ≤⇔≡ ∆╢ 
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 3- 3 CityGML ꜡◓  

 

3.3.1.4.  

CityGML ⱨ□▬ꜟ╩ ╖ ╖⁸ ◦☻♥ⱶ⌐ ⌂ ╩♃כ♦ ∆╢⁹ ∆╢

│♃כ♦ ─ ╡≢№╢⁹ 

 ID ה

CityGMLⱨ□▬ꜟ─Γgml: idΔ♃◓╟╡ ∆╢⁹ 

  ה

CityGMLⱨ□▬ꜟ─ ─ 1⁸2─™∏╣⅛─♃◓╟╡ ∆╢⁹ 

1⁸bldg:lod0RoofEdge 

2⁸bldg:lod0FootPrint  

 

3.3.1.5.  

 3- 4⌐ CityGML ─ꜟכꜙ☺⸗ ─ ╩ ∆⁹ 

 

 3- 4 CityGML ─ꜟכꜙ☺⸗ ─  

No ◄ꜝכ    

1 ⱨ□▬ꜟ ╖ ╖◄

 כꜝ

CityGML ⱨ□▬ꜟ⅜ ⇔⌂

™ 

╩◓꜡כꜝ◄ ⇔⁸ ─

CityGMLⱨ□▬ꜟ─ ⌐

∆╢⁹ 

─♃כ♦ ᵑכꜝ◄♃כ♦ 2 ╖ ╖⌐ ╩◓꜡כꜝ◄  ⇔⁸

─ ╩ ∆╢⁹ 

─ ─ ╖ ╖ ╩

∆╢⁹ 
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3.3.2. ⸗♦ꜟ  ꜟכꜙ☺⸗

3.3.2.1.  

DSM ≤ CityGML ⅜ꜟכꜙ☺⸗ ⇔√ ╩♃כ♦ ⇔≡⁸LOD2

─ 3D⸗♦ꜟ─ ╩ ℮⁹ 

 

 ♃כ♦ .3.3.2.2

 3- 5⌐⸗♦ꜟ ─ꜟכꜙ☺⸗ ╩♃כ♦ ∆⁹ 

 

 3- 5 ⸗♦ꜟ ─ꜟכꜙ☺⸗ ─♃כ♦  

No ♦כ♃    

1 DSM  DSM

ⱨ□▬ꜟ 

¶ ⅛╠ SfM/MVS ⌐≡ ↕

╣√ DSM  ♃כ♦

¶ ⱨ□▬ꜟⱨ◊כⱴ♇♩│ l as ⱨ□▬ꜟ

≤∆╢(Ᵽכ☺ꜛfi│⁸1.2 1.4 ⌐

)  

¶ ─ ─ ↕╩ ─

⌐№╢ ╩♃כ♦ ⇔≡

∆╢ ⁸ DSM כ♦─

♃ │ ♃כ♦─ ╟╡

╡ ⅝⌂ ⅜≥↓╢№≢♃כ♦─

╕⇔™ 

2  CityGML ⸗

 ꜟכꜙ☺

¶ ⱳꜞ◗fi╩ ∆ ꜞ☻♩ 

 

 ♃כ♦ .3.3.2.3

 3- 6⌐⸗♦ꜟ ─ꜟכꜙ☺⸗ ╩♃כ♦ ∆⁹ 
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 3- 6 ⸗♦ꜟ ─ꜟכꜙ☺⸗ ─♃כ♦  

No ♦כ♃    

1 LOD2

ה◒♇▼♅ ♃כ♦

 ꜟכꜙ☺⸗

¶ ♥◒☻♅ꜗ⌂⇔ 3D⸗♦ꜟ♦כ♃ 

¶ ⸗♦ꜟ─ │ LOD2 ≤∆╢ 

¶ ⱨ□▬ꜟⱨ◊כⱴ♇♩│ OBJⱨ□▬ꜟ  

¶ ⌐≈⅝⁸ ≈─ OBJⱨ□▬ꜟ≤∆╢ 

2 ꜡◓ⱷ♇☿כ☺ ⸗♦ꜟ

꜡◓ⱨ□▬ꜟ 

¶ ⸗♦ꜟ ─꜡◓ⱷ♇☿כ☺╩ ∆╢ 

¶ ⸗♦ꜟ ⌐ ⇔√ כ☿♇ⱷכꜝ◄─

☺╩ ⌐ ∆╢ 

¶ ꜡◓ⱷ♇☿⁸│☺כ Ɽꜝⱷכ♃ⱨ□▬ꜟ─

ΓOutputLogFolderPathΔ≢ ⇔√ⱨ◊ꜟ♄

─Γoutputlog_YYYYMMDD_HHMMSSΔⱨ◊ꜟ♄

⌐ model_element_generation_log.txt ≤⇔≡

∆╢ 

 

 

 3- 4 ⸗♦ꜟ /꜡◓  

 

3.3.2.4.  

╕∏⁸ ╩♃כ♦ ⌐ ─♃כ♦ ╖ ╖╩ ℮⁹ ─ ╩ ∆╢√╘⌐

⌂ ─ ( )─ ≤⁸ ─ ↕╩ ∆╢√╘⌐ ⌂

─ ( )╩ ⇔⁸ ╩ ⌐ ─ ↕╩ ∆╢⁹ 

⌐⁸ ≤ ╩♃כ♦ ⌐ ⅜ ⅛ ─≥∟╠≢№╢⅛╩ ∆╢⁹

⁸│ꜟכꜙ☺⸗ ⅜ ─ ≤ ─ ≢⸗♦ꜟ─ ⅜ ⌂╢√╘

⅜ ≤⌂╢⁹ 

⌐⁸ ╩ ⌐∕╣∙╣─⸗♦ꜟ ╩ ™⁸ ⇔√⸗♦ꜟ╩ OBJⱨ□▬ꜟ⌐

∆╢⁹ 
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⌂⅔⁸⸗♦ꜟ─ ⌐ ⇔√ │⁸ ⸗♦ꜟ─ ╩ ⇔⁸ ─ ─⸗♦ꜟ ╩

∆╢⁹ 

 3- 5⌐ ⱨ꜡⁸╩כ  3- 7⌐ ─ ╩ ∆⁹ 

 

 

 3- 5 ⸗♦ꜟ / ⱨ꜡כ 

 

 3- 7 ⸗♦ꜟ ─  

No    

1  

─ ─ ≤

─ ↕

 

¶ DSM ⅛╠⁸ ─

╩ ∆╢ 

¶ DSM ⅛╠⁸ ─

╩ ⇔⁸ ⇔√ ╩ ⌐ ─

↕╩ ∆╢ 

2  /

 

¶ ─ ⅛╠⸗♦ꜟ ─

⅜ ⁸ ─≥∟╠≢№╢⅛ ∆╢ 

3   ¶ ─ ⅛╠ ╩ ∆╢ 

4  

 

¶ ↔≤⌐◒ꜝ☻♃ꜞfi◓⇔√ ╩ ⌐⁸

─ ╩ ∆╢ 

5  ⸗♦ꜟ

 

¶ ⇔√ ─ ⁸⅔╟┘⁸

╩ ⇔≡⁸⸗♦ꜟ─ ⁸ ⁸ ─

╩♃כ♦ ∆╢ 

6   ¶ ─ ⅛╠ ╩ ⇔⁸

╩⅔↓⌂℮ 

7  Ᵽꜟ◖♬כ

 

¶ ─ ⅛╠Ᵽꜟ◖♬כ ╩

⇔⁸Ᵽꜟ◖♬כ ╩ ∆╢ 
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8  ↕

 

¶ ─ ≤ ⅛╠ ─

↕╩ ∆╢ 

9  ⸗♦ꜟ

 

¶ ⇔√ ─ ⁸⅔╟┘⁸

╩ ⇔≡⁸⸗♦ꜟ─ ⁸ ⁸ ─

╩♃כ♦ ∆╢ 

10  OBJⱨ□▬ꜟ

 

¶ ⸗♦ꜟ─ ⁸ ⁸ ─ ╩♃כ♦ OBJ

ⱨ□▬ꜟ⌐ ∆╢ 

 

3.3.2.5.  

 3- 8⌐⸗♦ꜟ ─ꜟכꜙ☺⸗ ─ ╩ ∆⁹ 

 3- 8 ⸗♦ꜟ ─ꜟכꜙ☺⸗ ─  

No ◄ꜝכ    

1 ⱨ□▬ꜟ ╖ ᵑ DSMכꜝ◄╖ ─

ⱨ◊ꜟ♄Ɽ☻⅜ ⇔

⌂™ 

╩◓꜡כꜝ◄ כꜙ☺⸗⁸⇔

ꜟ─ ╩ ∆╢⁹ 

2 ⱨ□▬ꜟ ╖ ᵒ DSMכꜝ◄╖ ─

ⱨ◊ꜟ♄Ɽ☻ ⌐ las

ⱨ□▬ꜟ⅜ ⇔⌂™ 

╩◓꜡כꜝ◄ כꜙ☺⸗⁸⇔

ꜟ─ ╩ ∆╢⁹ 

⅜♃כ♦ ᵑכꜝ◄♃כ♦ 3

⇔⌂™ 

╩◓꜡כꜝ◄ כꜙ☺⸗⁸⇔

ꜟ─ ╩ ∆╢⁹ 

⌐♃כ♦ ᵒכꜝ◄♃כ♦ 4

∆╢ DSM

⅜♃כ♦ ⇔⌂™ 

─♃כ♦ ╩

╩◓꜡כꜝ◄⁸⇔ ∆

╢⁹ 

─ ─♃כ♦ ╩

∆╢⁹ 

─♃כ♦ ᵔכꜝ◄♃כ♦ 5

⌐ ∆╢

DSM ⅜♃כ♦

⇔⌂™ 

─♃כ♦ ╩

╩◓꜡כꜝ◄⁸⇔ ∆

╢⁹ 

─ ─♃כ♦ ╩

∆╢⁹ 

6 ⸗♦ꜟ ─♃כ♦ כꜝ◄ כꜝ◄ ╩

╩◓꜡כꜝ◄⁸⇔ ∆

╢⁹ 

─ ─♃כ♦ ╩

∆╢⁹ 
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ה◒♇▼♅ .3.3.3  ꜟכꜙ☺⸗

3.3.3.1.  

⸗♦ꜟ ≡⌐ꜟכꜙ☺⸗ ↕╣√ LOD2 ♦כ♃─ ⌐ ⇔≡⁸

╩ ™⁸ ─♃כ♦╛ ╩ ⇔≡ ╩ ℮⁹ 

 

 ♃כ♦ .3.3.3.2

 3- 9⌐ ה◒♇▼♅ ─ꜟכꜙ☺⸗ ─♃כ♦ ╩ ∆⁹ 

 3- ה◒♇▼♅ 9 ─ꜟכꜙ☺⸗ ─♃כ♦  

No ♦כ♃    

1 LOD2

 ♃כ♦

⸗♦ꜟ

 ꜟכꜙ☺⸗

¶ 1 ⌐≈⅝⁸1≈─ OBJⱨ□▬ꜟ⅜ ∆╢ 

¶ ⱨ□▬ꜟⱨ◊כⱴ♇♩│ OBJⱨ□▬ꜟ  

2 Ɽꜝⱷכ♃ Ɽꜝⱷכ

♃ⱨ□▬ꜟ 

¶ Ɽꜝⱷכ♃ⱨ□▬ꜟ─ΓPhaseConsistency Δ

⌐כ◐ ↕╣╢ 

 

 ♃כ♦ .3.3.3.3

 3- 10⌐ ה◒♇▼♅ ─ꜟכꜙ☺⸗ ─♃כ♦ ╩ ∆⁹ 

 3- ה◒♇▼♅ 10 ─ꜟכꜙ☺⸗ ─♃כ♦  

No ♦כ♃    

1 ╖ LOD2

 ♃כ♦

♥◒☻♅ꜗ

כꜙ☺⸗↑

ꜟ 

ה◒♇▼♅ ¶ ≡∫╟⌐ꜟכꜙ☺⸗

↕╣√  ♃כ♦

¶ 1 ⌐≈⅝⁸1≈─ OBJⱨ□▬ꜟ⅜ ∆╢ 

ⱨ□▬ꜟⱨ◊כⱴ♇♩│ OBJⱨ□▬ꜟ  

2 ꜡◓ⱷ♇☿כ☺ 

꜡ ◓

ⱨ□▬ꜟ 

ה◒♇▼♅ ¶ ─꜡◓ⱷ♇☿כ☺╩

∆╢ 

¶ ꜡◓ⱷ♇☿כ☺─ │ ⇔≡⁸Ᵽכ☺ꜛfi⌂

ꜟכꜙ☺⸗─≤ ⁸ ⌂ ─♃כ♦

⁸ ─◘ⱴꜞכ ─ 3 ≢№╢⁹ 

¶ ꜡◓ⱷ♇☿⁸│☺כ Ɽꜝⱷכ♃ⱨ□▬ꜟ─

ΓOutputLogFolderPathΔ≢ ⇔√ⱨ◊ꜟ♄

─Γoutputlog_YYYYMMDD_HHMMSSΔⱨ◊ꜟ♄⌐

check_phase_consistensy_log.txt ≤⇔≡ ∆

╢ 
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 3- 6 / ꜡◓  

 

3.3.3.4.  

╘⌐Ɽꜝⱷכ♃ⱨ□▬ꜟ─ ⌐ ∆╢ ╩ ╖ ╗ ╩ ∆╢⁹ ⌐

♃כ♦ ─ ╩ ℮⁹ │⁸OBJⱨ□▬ꜟ─ ⁸ / ⁸OBJ 

ⱨ□▬ꜟ─ ⁸ ⌐ ⅜№∫√ ─꜡◓ⱨ□▬ꜟ─ ≤∆╢⁹ ≡─

─♃כ♦ ⌐⁸ / ─ ─◘ⱴꜞכ╩꜡◓ ⇔≡ ∆╢(  3- 6)⁹ 

 

 3- 7 / ⱨ꜡כ 
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⅜ꜟכꜙ☺⸗ ∆╢ ≤ ─ ╩  3- 11⌐ ∆⁹ 

 

 3- 11 /  

No   ─  

1  ∆╢ ⇔√ ─

 

ה ╩ ∆╢⁹ 

2 ♁ꜞ♇♪  ∂≡™⌂™ ─ ה  ∂≡™⌂™ ─ ╩

∆╢⁹ 

3  

( ╖)  

⌐⌂∫≡™⌂™ ─

( ─ ─ ╖

≢ )  

ה ╩ ∆

╢⁹ 

4  

( )  

⌐⌂∫≡™⌂™ ─

( ╩ ⌐ ⇔

√ ─ ≢ )  

ה ╩ ∆

╢⁹ 

5 0ⱳꜞ◗fi ─ ⅜ 0─╙─╩ ╩ⱳꜞ◗fiה  ∆╢⁹ 

6 /  ─ ⁸

─  

ה ⁸ ─ ╩꜡◓

ⱨ□▬ꜟ⌐ ∆╢⁹ 

≡⌐ꜟ▬□ⱨ♃כⱤꜝⱷה

DeleteErrorObject ⅜ true 

⌐ ↕╣≡™╢ │⁸

∆╢ │♃כ♦ ↕

╣╢⁹ 

7  ─ ─ ─

 

ה ⁸ ─ ╩꜡◓

ⱨ□▬ꜟ⌐ ∆╢⁹ 

≡⌐ꜟ▬□ⱨ♃כⱤꜝⱷה

DeleteErrorObject ⅜ true 

⌐ ↕╣≡™╢ │⁸

∆╢ │♃כ♦ ↕

╣╢⁹ 
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3.3.3.5.  

 3- 12⌐ ה◒♇▼♅ ─ꜟכꜙ☺⸗ ─ ╩ ∆⁹ 

 3- ה◒♇▼♅ 12 ─ꜟכꜙ☺⸗ ─  

No ◄ꜝכ    

1 ⱨ□▬ꜟ ╖ ꜟ▬□ⱨ כꜝ◄╖ ╖ ╖

⌐  

╩◓꜡כꜝ◄ה ⇔⁸⸗

─ꜟכꜙ☺ ╩ ∆╢⁹ 

─♃כᵑ Ɽꜝⱷכꜝ◄♃כ♦ 2

⅜  

╩◓꜡כꜝ◄ה ⇔⁸⸗

─ꜟכꜙ☺ ╩ ∆╢⁹ 

─♃כ♦ ᵒכꜝ◄♃כ♦ 3  

OBJ ⱨ□▬ꜟ─ ╖

╖⌐  

ה ─♃כ♦

╩ ╩◓꜡כꜝ◄⁸⇔

∆╢⁹ 

ה ─ ─♃כ♦

╩ ∆╢⁹ 

ה 4 ה כꜝ◄ כꜝ◄ ─♃כ♦

╩ ╩◓꜡כꜝ◄⁸⇔

∆╢⁹ 

ה ─ ─♃כ♦

╩ ∆╢⁹ 

LOD2╖ כꜝ◄ 5

─♃כ♦ ⌐  

ה ─♃כ♦

╩ ╩◓꜡כꜝ◄⁸⇔

∆╢⁹ 

ה ─ ─♃כ♦

╩ ∆╢⁹ 

 

3.3.4. ♥◒☻♅ꜗ  ꜟכꜙ☺⸗↑

3.3.4.1.  

⅛╠ ⁸ ─♥◒☻♅ꜗ ╩ ⇔⁸LOD2 ⸗♦ꜟ⌐ ↑╢

╩ ℮⁹ 

 

 ♃כ♦ .3.3.4.2

 3- 13⌐♥◒☻♅ꜗ ─ꜟכꜙ☺⸗↑ ─♃כ♦ ╩ ∆⁹ 
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 3- 13 ♥◒☻♅ꜗ ─ꜟכꜙ☺⸗↑ ─♃כ♦  

No ♦כ♃    

 ♃כ♦ 1

( )  

ⱨ□▬ꜟ 

¶ ♥◒☻♅ꜗ ─  ╢⌂≥♃כ♦

¶ ⱨ□▬ꜟⱨ◊כⱴ♇♩│ TIFFⱨ□▬ꜟ  

2  Ɽ

ꜝ ⱷ כ ♃

ⱨ□▬ꜟ 

¶ ≤⌂╢ ─ ⅜ ↕╣≡™╢ 

¶ ⱨ□▬ꜟⱨ◊כⱴ♇♩│♥◐☻♩ⱨ□▬ꜟ  

3  Ɽ

ꜝ ⱷ כ ♃

ⱨ□▬ꜟ 

¶ ⌐ ⇔√ ◌ⱷꜝ⌐ ∆╢ ⅜

↕╣≡™╢ 

¶ ⱨ□▬ꜟⱨ◊כⱴ♇♩│♥◐☻♩ⱨ□▬ꜟ  

4 LOD2

 ♃כ♦

♥◒☻♅ꜗ

↑ ⸗

 ꜟכꜙ☺

ה◒♇▼♅ ¶ ⅜ꜟכꜙ☺⸗ ⇔√

 ♃כ♦

¶ 1 ⌐≈⅝⁸1≈─ OBJⱨ□▬ꜟ⅜ ∆╢ 

¶ ⱨ□▬ꜟⱨ◊כⱴ♇♩│ OBJⱨ□▬ꜟ  

5  Ɽ ꜝ

ⱷכ♃ⱨ□

▬ꜟ 

¶ ꞉כꜟ♪ ⅛╠◌ⱷꜝ ⌐ ∆╢ ⌐ ∆

╢ R─  

¶ 2 ─ ╩ ∆╢ 

¶ ⅜ 0─ │⁸Ὑ Ὑ ‫Ὑ ‰Ὑ ‖ 

¶ ⅜ 1─ │⁸Ὑ Ὑ ‖Ὑ ‰Ὑ ‫  

 

(1)  

 3- 14⌐ ─ ╩ ∆⁹ 

 3- 14 ─  

No  ID  

1 

 

X0 

ה ─◌ⱷꜝ─  2 Y0 

3 Z0 

4 

◌ⱷꜝ  

Omega ה ─◌ⱷꜝ─ ⅝ 

ɮ ─ ─ ◓fiꜞכ꜡  

ɫ ⌐ ≢ ⌂ ─ Ⱨ♇♅fi◓  

ɟ ─ ─ ◓fi▬כꜜ  

5 Phi 

6 Kappa 

 

(2)  

 3- 15⌐ ─ ╩ ∆⁹ 
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 3- 15 ─  

No ♦כ♃  ID  

1  FocalLength ◌ⱷꜝ─ ( mm)  

2 ▬ⱷכ☺☿fi◘

◘▬☼ 

ImageSize_x ▬ⱷכ☺☿fi◘◘▬☼( x,  y)  ─ ◘▬☼(mm)  

3 ImageSize_y 

4 1pixel ─◘▬☼ PixelSize_x  ◌ⱷꜝ─ 1pixel( x,  y)─ ◘▬☼(ɡm)  

5 PixelSize_y   

6 ◌ⱷꜝ  PrinciplePoint _x ◌ⱷꜝ─ ( x,  y) ( mm)  

7 PrinciplePoint_y  

 

 ♃כ♦ .3.3.4.3

 3- 16⌐♥◒☻♅ꜗ ─ꜟכꜙ☺⸗↑ ─♃כ♦ ╩ ∆⁹ 

 3- 16 ♥◒☻♅ꜗ ─ꜟכꜙ☺⸗↑ ─♃כ♦  

No ♦כ♃    

1 ♥◒☻♅ꜗ ⅝

LOD2

 ♃כ♦

CityGML ⸗

 ꜟכꜙ☺

¶ ♥◒☻♅ꜗ ↑⌐ ⇔√ │♥◒☻♅ꜗ

⅜ ↕╣≡™╢ 

¶ ⱨ□▬ꜟⱨ◊כⱴ♇♩│ OBJⱨ□▬ꜟ  

2 ⱴ♥ꜞ▪ꜟⱨ□

▬ꜟ 

CityGML ⸗

 ꜟכꜙ☺

¶ ♥◒☻♅ꜗ ─ⱨ□▬ꜟⱤ☻⅜ ↕╣≡™

╢ 

¶ ⱨ□▬ꜟⱨ◊כⱴ♇♩│MTLⱨ□▬ꜟ  

3 ♥◒☻♅ꜗ  CityGML ⸗

 ꜟכꜙ☺

≢ꜟכꜙ☺⸗ ¶ ⇔√♥◒☻♅ꜗ  

¶ 1 ⌐≈⅝⁸1ⱨ□▬ꜟ⅜ ↕╣╢ 

¶ ⱨ□▬ꜟⱨ◊כⱴ♇♩│ JPGⱨ□▬ꜟ  

4 ꜡◓ⱷ♇☿כ☺ ♥◒☻♅ꜗ

↑꜡◓ⱨ□▬ꜟ 

¶ ♥◒☻♅ꜗ ↑─꜡◓ⱷ♇☿כ☺╩ ∆╢ 

¶ ♥◒☻♅ꜗ ↑⌐ ⇔√ ♇ⱷכꜝ◄─

╩☺כ☿ ⌐ ∆╢ 

¶ ꜡◓ⱷ♇☿⁸│☺כ Ɽꜝⱷכ♃ⱨ□▬ꜟ─

ΓOutputLogFolderPathΔ≢ ⇔√ⱨ◊ꜟ♄

─Γoutputlog_YYYYMMDD_HHMMSSΔⱨ◊ꜟ♄

⌐ paste_texture _log.txt ≤⇔≡ ∆╢ 
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 3- 8 ♥◒☻♅ꜗ ↑꜡◓  

3.3.4.4.  

LOD2 ─ ⸗♦ꜟ⌐ ⇔⁸OBJⱨ□▬ꜟ ─ ≤ ─ ╩ ⌐⁸

⅔╟┘ ⅛╠ ⅜ ╕╣╢ ╩ ⇔⁸∕─ ─ ─

╩ ∆╢⁹ ╩ ⌐ ⅛╠ ╩ ╡ ⇔⁸ ═≡ ↑√ JPEG ╩♥◒☻

♅ꜗ ≤⇔≡ ╩ ℮⁹ ⇔√♥◒☻♅ꜗ ─ ─ │ OBJ ⱨ□▬ꜟ⌐ ⇔

≡ ╩ ℮⁹╕√ ≤⌂╢♥◒☻♅ꜗ ⁸♥◒☻♅ꜗ ─Ɽ☻ ╩ ⇔√ⱴ♥ꜞ▪

ꜟⱨ□▬ꜟ╩ ∆╢⁹ 

 

 3- 9♥◒☻♅ꜗ ↑  
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3.3.4.5.  

 3- 17⌐♥◒☻♅ꜗ ─ꜟכꜙ☺⸗↑ ─ ╩ ∆⁹ 

 3- 17 ♥◒☻♅ꜗ ─ꜟכꜙ☺⸗↑ ─  

No ◄ꜝכ    

♃כ♦ 1 ╖ ╣∏™─♃כ♦ כꜝ◄╖

⅛─ ╖ ╖⌐  

╩◓꜡כꜝ◄ כꜙ☺⸗⁸⇔

ꜟ─ ╩ ∆╢⁹ 

2 ♥◒☻♅ꜗ √⇔ כꜝ◄ ⌐

⌐ ∆╢

⅜⌂ↄ⁸♥◒☻♅ꜗ

⅜ ≢⅝⌂™ 

─♃כ♦ ╩

╩◓꜡כꜝ◄⇔ ∆╢⁹ 

─ ─♃כ♦ ╩

∆╢⁹ 
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3.3.5. CityGML  ꜟכꜙ☺⸗

3.3.5.1.  

LOD1 CityGML♦⁸⌐♃כ ╕≢─ ≢ ⇔√ LOD2 ♦כ♃╩ ⇔⁸LOD1 ≤ 

LOD2 ╩ ╗ CityGML ♦כ♃╩ ∆╢⁹ 

 

 ♃כ♦ .3.3.5.2

 3- 18⌐ CityGML ─ꜟכꜙ☺⸗ ─♃כ♦ ╩ ∆⁹ 

 3- 18  CityGML ─ꜟכꜙ☺⸗ ─♃כ♦  

No ♦כ♃    

1 CityGML

ⱨ□▬ꜟⱤ☻ 

Ɽ ꜝ

ⱷכ♃ⱨ□

▬ꜟ 

¶ Ɽꜝⱷכ♃ⱨ□▬ꜟ─ΓCit yGMLFolderPathΔ

≢כ◐ ∆╢ⱨ◊ꜟ♄ ⌐ ∆╢ CityGMLⱨ□

▬ꜟⱤ☻ 

2 LOD2

 ♃כ♦

♥◒☻♅ꜗ

↑ ⸗

 ꜟכꜙ☺

¶ ⱨ□▬ꜟⱨ◊כⱴ♇♩│ OBJⱨ□▬ꜟ  

3 LOD2

─♃כ♦

 

Ɽ ꜝ

ⱷכ♃ⱨ□

▬ꜟ 

¶ LOD2 ≢♃כ♦ ⇔≡™╢

─ (1 19─ )  

¶ LOD2 ╩♃כ♦ CityGML⌐ ∆╢ ⌐

℮⁸ ╩ ⌐ ∆╢

⌐⅔™≡ ∆╢ 

¶ Ɽꜝⱷכ♃ⱨ□▬ꜟ─ΓLasCoordinateSystemΔ

⌐כ◐ ↕╣╢ 
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 ♃כ♦ .3.3.5.3

 3- 19⌐ CityGML ─ꜟכꜙ☺⸗ ─♃כ♦ ╩ ∆⁹ 

 

 3- 19  CityGML ─ꜟכꜙ☺⸗ ─♃כ♦  

No ♦כ♃    

1 LOD2 CityGML CityGML

ⱨ□▬ꜟ 

¶ ↕╣√CityGML♦כ♃⌐LOD2 כ♦

♃╩  ♃כ♦√⇔

2 ꜡◓ⱷ♇☿כ☺ CityGML ꜡

◓ⱨ□▬ꜟ 

¶ CityGML ─꜡◓ⱷ♇☿כ☺╩ ∆╢ 

¶ CityGML ⌐ ⇔√ ☺כ☿♇ⱷכꜝ◄─

╩ ⌐ ∆╢ 

¶ ꜡◓ⱷ♇☿⁸│☺כ Ɽꜝⱷכ♃ⱨ□▬ꜟ─

ΓOutputLogFolderPathΔ≢ ⇔√ⱨ◊ꜟ♄

─Γoutputlog_YYYYMMDD_HHMMSSΔⱨ◊ꜟ♄

⌐ output_citygml _log.txt ≤⇔≡ ∆╢ 

 

 

 

 3- 10 CityGML ꜡◓  
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3.3.5.4.  

─ ╩  3- 11 ⌐ ∆⁹LOD2 ─ ⌐♃כ♦ ⇔⁸City GML ─ ⌐

⇔⁸CityGMLⱨ□▬ꜟ ─ LOD1 ♃כ♦ ─ ∂ ╩ ⇔≡ ╠╣√ ∂ ⌐

⇔√ ╩ ⇔⁸ ∆╢ ╩ ℮⁹ 

OBJⱨ□▬ꜟ⌐ ⇔≡№╢ │ ≤⌂∫≡™╢√╘⁸

⌐ ⇔≡⅛╠ CityGML⌐ ∆╢⁹ 

 

 3- 11 CityGML  

 

3.3.5.5.  

 3- 20⌐ CityGML ─ꜟכꜙ☺⸗ ─ ╩ ∆⁹ 

 

 3- 20  CityGML ─ꜟכꜙ☺⸗ ─  

No ◄ꜝכ    

♃כ♦ 1 ╖ ╖

 כꜝ◄

─⅛╣∏™─♃כ♦ ╖

╖⌐  

╩◓꜡כꜝ◄ כꜙ☺⸗⁸⇔

ꜟ─ ╩ ∆╢ 
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ꜟכꜙ☺⸗ .3.4  

3.4.1. CityGML  ꜟכꜙ☺⸗

3.4.1.1. CityGML  

CityGML ⱨ□▬ꜟ╩ ╖ ╖⁸ ◦☻♥ⱶ⌐ ⌂ ╩♃כ♦ ∆╢⁹ 

CityGMLⱨ□▬ꜟ─ ╖ p)☻כ♁ⱪfiכ○│⌐╖ lateaupy )╩ ∆╢⁹ 

 

 

 3- 12 CityGML ⱨ꜡כ 
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(1)  

1≈⌐ ⇔≡⁸CityGMLⱨ□▬ꜟ⅛╠ ∆╢ │ ─ ╡≢№╢⁹ 

 

 ̧ ID 

CityGMLⱨ□▬ꜟ─Γbldg:Building g ml: idΔ♃◓╟╡ ∆╢⁹ 

 

 ̧ LOD0  

─ 1⁸2─™∏╣⅛─♃◓╟╡ ∆╢⁹ 

1⁸Γbldg:lod0RoofEdgeΔ 

2⁸Γbldg:lod0FootPrintΔ 

 

 
 3- 13 l od0RoofEdge ♃◓  

 

 3- 14 lod0FootPrint  ♃◓  

 

 

(2) plateaupy  

CityGMLⱨ□▬ꜟ─ ╖ ╖⌐ plateaup y ╩ ≡⇔≥☻כ♁ⱪfiכ○⁸⅜╢∆ ↕╣≡™

╢╙─╩ ꜟכꜙ☺⸗ ↑⌐ ⇔≡ ∆╢⁹ 

plaeaupy≢│ ⁸LOD0 ꜞ☻♩─ ─╖╩ ∆╢ ≤⌂∫≡™╢⁹( ♃◓

gml:exterior )  ( №⅝─ )╩ ∆╢ │ exterior ─ ⌐ interior ╩ ♃◓

⌐ ∆╢ ⅜№╢⁹ 

─ plateaupy │ 2021/7/22 ≤∆╢⁹ 

 

 

 



 

46 

 

─ ╩ ⇔≡™╢⁹ 

¶ ⱨ□▬ꜟ ─ ╖ ╖⌐  

plparser.py( ◒ꜝ☻ plparser  _init__())  

CityGMLⱨ□▬ꜟ ╖ ╖╩ⱨ◊ꜟ♄ ⌐ ℮ 

CityGMLⱨ□▬ꜟ ╖ ╖╩ⱨ□▬ꜟ ⌐ ℮ 

 

¶ lod0FootPrint ─ ╖ ╖╩  

plbldg.py (◒ꜝ☻ Building  _init__())  

     plbldg.py( ◒ꜝ☻ plbldg  loadFile())  

lod0FootPrint ─ ╖ ╖  

 

¶ CityGMLⱨ□▬ꜟ ─  

CityGMLⱨ□▬ꜟ ⌐ ╩ ⇔ↄ ℮√╘⁸CityGMLⱨ□▬ꜟ ╖ ╖ ⌐

⁸ ╩ ∆╢⁹ 

 plo bj.py( ◒ꜝ☻ plobj  loadFile())  

 CityGMLⱨ□▬ꜟ ╖ ╖ ⌐ ⁸ ╩ ⇔≡ ╖ ╗ 

 

3.4.2. ⸗♦ꜟ  ꜟכꜙ☺⸗

3.4.2.1. LASⱨ□▬ꜟ─ ╖ ╖ 

LASⱨ□▬ꜟ─ ╖ ╖≢│⁸ ↕╣√ ≤ ∆╢ LASⱨ□▬ꜟ─ ╩

∆╢⁹⌂⅔⁸ ≤⇔≡Ɽꜝⱷכ♃ⱨ□▬ꜟ⌐ ↕╣≡™╢ DsmFolderPath ⌐ ∆╢ LAS

ⱨ□▬ꜟ─Ⱬ♇♄⌐▪◒☿☻⇔⁸ ≤ ∆╢ LASⱨ□▬ꜟ─ ╩ ℮⁹

╩♃כ♦ ∆╢ │⁸ ╖─ LASⱨ□▬ꜟ⅛╠ ≤ ∆╢ )♃כ♦

≤ RGB )╩ ∆╢⁹ 

LASⱨ□▬ꜟ─ ╖ ╖ ⌐ ─ ╙ ∑≡ ∆╢⁹( │⁸3.4.2.2  ╩

)  
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3.4.2.2.  

≢│⁸ ─ ─ ↕╩ ∆╢√╘⌐⁸ ─ ⌐№╢ ╩

⇔≡ ↕╩ ╘╢ ╩ ℮⁹⌂⅔⁸ │ ≤∆╢⁹ 

 

 

 3-15  

 

≢│ ─ ╩ ∆╢ ⅜№╢⅜⁸LASⱨ□▬ꜟ─ ╖ ╖ ⌐⅔™

≡╙⁸ ─ ( ⌐ ∆╢ ─ )╩ ℮√╘⁸LASⱨ□▬ꜟ ╖ ╖

⌐ ─ ╙ ∑≡ ∆╢⁹ 

⌐⁸LASⱨ□▬ꜟ ╖ ╖ ≤ ─ ⱨ꜡כ╩ ∆╢⁹ 

 

 3- 16 LASⱨ□▬ꜟ ╖ ╖ ≤  
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≢│⁸⸗♦ꜟ─ ─ ↕≤⇔≡ ∆╢ ─ ↕─ ⌐⁸

╩ ∆╢ ⌐ ∆╢ GraphCut ─ ─ ↕╩ ⇔≡™╢⁹ ⌐⁸ ╩ ∆⁹ 

 

ₒGraphCut ─ ↕─ ₓ 

1. ─ ╩ ⇔ ≤∆╢ 

2. ⅛╠ ↕≤ ↕╩ ∆╢ 

3. ─ ⁸ ↕ ⁸⅛≈⁸( ↕+ ↕)/2 ─ ↕╩ ≈ ╩

∆╢ 

4. ⇔√ ─ ↕⌐ ⇔≡ⱥ☻♩◓ꜝⱶ╩ ∆╢ 

bin ─ │ ─ ╡ 

ὦὭὲ
ÍÁØᾀί ÍÉÎᾀί πȢυ

ρȢπ
β │ ╡ ≡ 

ÂÉÎ
ς    ὦὭὲ ς

ὦὭὲ  ὩὰίὩ
 

ÚÓḊ σ≢ ⇔√ ─Ú ─  

5. ⱥ☻♩◓ꜝⱶ─ ╩ ™≡⁸GraphCut ─ ↕╩ ∆╢ 

ÈÅÉÇÈÔ
ὬὩὭὫὬὸ ὬὩὭὫὬὸ

ς
 

ὬὩὭὫὬὸ Ḋ ὦὭὲ─ ↕ 

ὬὩὭὫὬὸ Ḋ ὦὭὲ─ ⌐ ∆╢ὦὭὲ─ ↕ 

 

3.4.2.3.  

≢│⁸ ╩ ≤ ⌐ ∆╢⁹⌂⅔⁸ ⌐ ∆╢ DSM

│ 3.4.2.1 LASⱨ□▬ꜟ─ ╖ ╖≢ ⇔√ ⌐ ∆╢ ╩ ™╢⁹ 

 

(1) ─  

≢│ ╩♃כ♦─ ≤⇔≡ ∆╢√╘⁸ ⌐ ∆╢ DSM

╩ ⌐ ∆╢⁹↓─ ≢│⁸RGB ⅔╟┘⁸ ≢ꜟכ◔☻כ꜠◓╩↕ ⇔√

─ 2≈╩ ∆╢⁹╕√⁸ ─√╘⁸ ─ ─ ─ ⅜ ╩ ↄ

╟℮⌐ ↕∑╢⁹ 

⌐⁸ ─ⱨ꜡כ╩ ∆⁹ 
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 3- 17 ─  

 

(2) /  

─ / ─ │⁸ ⸗♦ꜟ─ ResNet34╩ ⇔≡ ℮⁹ ╖⸗♦

ꜟ│⁸ ≤ ≢ ⇔√ ╩♃כ♦ ™≡ ⇔√╙─╩ ∆╢⁹ 

⌂⅔⁸ ≤⇔≡ ⸗♦ꜞfi◓≢ ∆╢ ⸗♦ꜟ─ ◘▬☼ ╩ ⅎ╢

│ ≤∆╢⁹ 20m ─ ⌐ ╕╠⌂™ ⅜ ∆╢⁹ 

⌐ / ─ ─ⱨ꜡כ╩ ∆⁹ 

 

 3- 18 /  
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3.4.2.4. ─⸗♦ꜟ  

/ ≢ ≤ ↕╣√ ─ 3D⸗♦ꜟ ⌐≈™≡ ∆╢⁹ 

─ ─⸗♦ꜟ │⁸ ─ ⅛╠⌂╢⁹ 

1.  

¶ ─ ╩ ↔≤⌐ ∆╢ 

2. ─ ─  

¶ ↔≤─ ⌐ ⇔≡ ─ ╩ ⇔⁸ ─ ╩ ℮ 

3. ⸗♦ꜟ ─  

¶ 2 ─ ─ ⁸ ≤⁸ ─ ↕⅔╟┘ ─ ↕

╩ ⌐⁸3 ─⸗♦ꜟ ( ⁸ ⁸ )─ ╩ ∆╢ 

4. OBJ ⱨ□▬ꜟ  

¶ ⇔√⸗♦ꜟ ─ ╩ OBJ ⱨ□▬ꜟ⌐ ∆╢ 

 

 

 3- 19 ─ ─⸗♦ꜟ  

 

(1)  

≢│⁸ ─ ( )⅛╠ ↔≤─ ╩ ∆╢√╘

⌐⁸ ╩ ↔≤⌐◒ꜝ☻♃ꜞfi◓∆╢ ╩ ℮⁹ 

╕∏⁸ ─∕╣∙╣─ ⌐ ⇔≡⁸ (verticality) ╩ ⇔⁸ ⅜

─ ( ⌐ ∆╢ )╩ ∆╢⁹ 

⌐ ⇔√ ⌐ ⇔≡⁸ ↕(z )⌐╟╢◒ꜝ☻♃ꜞfi◓⁸ ─ ⌐╟╢◒ꜝ☻♃ꜞfi

◓⁸ ╟╢◒ꜝ☻♃ꜞfi◓╩ ℮⁹ ↕⌐╟╢◒ꜝ☻♃ꜞfi◓╟╡╙ ─◒ꜝ☻♃ꜞ

fi◓ ≢│⁸ ─ ─◒ꜝ☻♃⌐ ⇔≡◒ꜝ☻♃ꜞfi◓ ╩ ℮⁹ 

∕⇔≡⁸◒ꜝ☻♃ꜞfi◓ ⅛╠ ⌐ ∆╢◒ꜝ☻♃─╖╩ ⇔⁸

⌐ ∆╢ ( )╩ ∆╢⁹ ⇔√◒ꜝ☻♃⌐ ⇔≡⁸◒ꜝ☻♃ ─ ↕

⅜ ↄ⁸ ⌂◒ꜝ☻♃ ╩ⱴכ☺⇔≡ ≤∆╢⁹ 
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⌐⁸ ╢╟⌐⁸GraphCut≡⇔⌐♪כ◦╩ ╩ ™ ⅛╠

─ ╩ ∆╢⁹ ⇔√ ─ ─ ↕─ ╩ ─ ↕≤∆╢⁹ 

 

 3- 20 ⸗♦ꜞfi◓  
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 3- 21 ⸗♦ꜞfi◓ ─ ─  

 

(2) ─ ─  

≢◒ꜝ☻♃ꜞfi◓⇔√ ↔≤─ ⅛╠⁸ ─ ╩ ≤ ╩

℮⁹ 

⌐ ⱨ꜡כ╩ ∆⁹ 

 

 3- 22 ⸗♦ꜞfi◓ ─ ─  
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 3- 23 ⸗♦ꜞfi◓ ─ ─ ─  

 

─ ─ ≢│⁸ ⌐ ↔≤⌐◒ꜝ☻♃ꜞfi◓⇔√ ⌐ ⇔≡

MBR(Minimum Bounding Rectangle)╩ ™⁸ ─ ╕⅛⌂ ╩ ∆╢⁹⌂⅔⁸↓─ ≢

℮ MBR│ ⌐ ⌐ ∆╢ ╩ ∆╢ ≢│⌂ↄ⁸ ⌐ ╩

⇔⁸ ─ ╩ ⇔√ ╩ ∆╢ ≢№╢⁹ ⌐⁸MBR ─ⱨ꜡כ╩ ∆

╢⁹ 

 

 

 3- 24 ⸗♦ꜞfi◓ MBR  
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 3- 25 ⸗♦ꜞfi◓ MBR ⱨ꜡כ 

 

MBR ⱨ꜡כ ≢ ℮ ♃▬ⱪ─ ⌐≈™≡│⁸ ⌐ ∆╟℮⌐ ⌐

∆╢ ─ ⅛╠⁸5 ─ ♃▬ⱪ⌐ ∆╢⁹ 
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 3- 26 ⸗♦ꜞfi◓ ♃▬ⱪ 

 

MBR ≢ ⇔√ ─ │ ↔≤⌐ ╩ ⇔≡™╢√╘⁸ ─ ⅜

─ ⌐ ⇔≡™╢ ╛⁸ ⌐ ⅜│╖ ⇔≡™╢ ⅜№╢⁹

⁸⅔╟┘⁸ ≤ ≤─ ╩ ≈√╘⌐⁸ ─ ─ ╩ ℮⁹ 

─ │⁸ ( ≢ ⌐ ╡ ≡⅜↕╣≡™⌂™ )╩

∆╢√╘─ ≤⁸ ≢ ⇔≡™╢ ╛ ⌐│╖ ⇔≡™╢ ╩ ∆

╢ ⅛╠⌂╢⁹ 

⌐⁸ ─ ⱨ꜡כ╩ ∆╢⁹ 
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 3- 27 ⸗♦ꜞfi◓ ─  
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(3) ⸗♦ꜟ ─  

∆╢ ⸗♦ꜟ─⸗♦ꜟ │⁸ ⅜ ╡╩ ≤⇔⁸ ⅜ ╡╩

≤∆╢⁹╕√⁸⸗♦ꜟ─ ⅜ ≤⌂╢╟℮⌐⸗♦ꜟ ╩ ∆╢⁹ 

 

 

 3- 28 ⸗♦ꜟ─  

 

⸗♦ꜟ ─ │⁸ ⇔≡⸗♦ꜟ ─ ⁸ ─ ⁸ ─ ⁸ ─ ⁸

⅛╠⌂╢⁹ ⌐⸗♦ꜟ ─ⱨ꜡כ╩ ∆⁹ 

 

 3- 29 ⸗♦ꜞfi◓ ⸗♦ꜟ ─  
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ᵑ ⸗♦ꜟ ─  

⸗♦ꜟ ─ ⌐№√╡⁸ ─ ≤ ─ ─ ╩ ℮⁹╕√⁸

⌐ ∆╢ ─ ◓ꜝⱨ─ ╩⸗♦ꜟ ─ ≢ ℮⁹ 

─ ≢│⁸ ─ ─ ⌂∏╣╩ ∆╢√╘⌐ ⌐№╢ ╩

ⱴכ☺∆╢ ≤⁸ ─ ─ ╩ ℮⁹ 

 

 

 3- 30 ⸗♦ꜞfi◓ ─  
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⌂⅔⁸ ─ ─ ≤ ┼─ │ ─ ╩ ™╢⁹ 

 

 

 3- 31 ⸗♦ꜞfi◓ ─ ─ ≤  
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⌐⁸⸗♦ꜟ ─ ≢ ℮ ─ⱨ꜡כ╩ ∆╢⁹ 

 

 3- 32 ⸗♦ꜞfi◓ ⸗♦ꜟ ─  
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⸗♦ꜟ ─ ≢ ℮ ─ ≢ ⇔√ │ ─

≢ ∆╢⁹╕√⁸≥─ ⌐╙ ↕╣≡™⌂™ ⅛╠ ⇔√ │⁸ ╩

∆╢ ⌐ ∆╢⁹ 

 

ᵒ ─  

─ ─ ≢ ╠╣√ ─ 2D ⌐ ↕ ╩ ∆╢↓≤≢⁸

╩ ∆╢⁹⌂⅔⁸ ─ ─ ─ ╩ ╗ │⁸ ─ ╩ ╢

╟℮⌐ ╩ ∆╢ ⅜№╢⁹↓╣│⁸ ⅜♩♇ⱴכ◊ⱨ♃כ♦ OBJ─√╘ ⌐ ─

╩ ≢⅝⌂™√╘≢№╢⁹ 

 

 3- 33 ⸗♦ꜞfi◓ ─◖fi☿ⱪ♩ 

 
 3- 34 ⸗♦ꜞfi◓ ╩ ╗ ─ ─  
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⌐ ─ⱨ꜡כ╩ ∆╢⁹ 

 

 3- 35 ⸗♦ꜞfi◓ ─  

 

ᵓ ─  

─ ╩ ∆╢√╘⌐⁸ ─ ≤⸗♦ꜟ ≢ ⇔√ ╩

⇔≡ ◓ꜝⱨ╩ ∆╢⁹ ◓ꜝⱨ╩ ∆╢ ⌐⁸ ─ │ ( ⅜

╡)⁸ │ ( ⅜ ╡)⌐⌂╢╟℮⌐◓ꜝⱨ╩ ∆╢≤⁸ ╩ ∆

╢ ⅜ ◄♇☺≤⇔≡ ╣╢⁹ 

⇔√ ◄♇☺╩ ⌐⁸ ≤⌂╢ (╕√│⁸ )╩ ⇔⁸2≈─ ─ ↕╩

─ ≤ ─ ↕≤⇔≡ ╩ ∆╢⁹ 
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 3- 36 ⸗♦ꜞfi◓ ─◖fi☿ⱪ♩ 

 

─ ─ │⁸ ─ ⅜ z ╩ ↄ╟℮⌐ ╩ ⇔√ ⌐⁸ ─ ⅜

╡⌐⌂╢╟℮⌐ ─ ╩ ∆╢⁹ 

─ ─ ⅔╟┘⁸ ─ ─ ⌐≈™≡ ⌐ ∆⁹ 

 

 3- 37 ⸗♦ꜞfi◓ ─ ─  

 

 3- 38 ⸗♦ꜞfi◓ ─  


























































































































































