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 ─ │⁸Kinect 1≤ PCL2╩ ∫≡⁸ ─ ⸗♦ꜟ╩ ∆╢↓≤≢№

╢⁹Kinect ⱶכ◕│ ─ⱥꜙכⱴfi▬fi♃ⱨ▼כ☻♦Ᵽ▬☻≢№╢⅜⁸↓╣╩ ™≡

─ ╩ ∆ ╩ ∆╢⁹PCL Point Cloud Library │ ╩

╩╣↓ⱨ♩►◄▪ꜝ▬Ⱪꜝꜞ≢№╢⁹♁☻כ♁ⱪfiכ○─╘√╢∆ ™≡ ─

╩ ⇔⁸ ⌐ Ɽ♇♅≢ ↕╣√ ⸗♦ꜟ╩ ⇔√⁹ 

 ╕∏⁸Kinect ─ ╩ ∫√⁹ ≤ ─ ╩ ⌐ ╡ ↑⁸

╩ ⅔╟┘ ⇔⁸500mm ⅛╠ 4000mm ╣√ ⅛╠ ╩ ⇔√⁹

╩ ≤╖⌂⇔⁸ ↕╣√ ≤∕╣╠⌐ⱨ▫♥▫fi◓⇔√ ≤─ ╩

≤⇔≡ ⇔√⁹∕─ ⁸ ≤─ ⅜ ™╒≥ ─ ⅜ ↕ↄ⁸

1000mm ≢ɨ=2.5mm⁸2000mm ≢ɨ=7.5mm⁸3000mm ≢ɨ=15.0mm ⌐⌂∫√⁹╕

√⁸750mm ⅛╠ 3000mm ─ ≢№╣┌⁸ ─ ≤ ⌐╟╠∏⁸ ─

│╒╓ ∂≢№∫√⁹ 

 ™≢⁸PCL ╩ ™≡ ╩ ⇔⁸ ─ ⸗♦ꜞfi◓⅜ ≢№╢↓

≤╩ ⇔√⁹ ≤⇔≡ ↕ 76cm ─ⱪꜝ☻♅♇◒ ╩ ™√⁹Kinect ≢⁸∕╣╩

╗ 12─ ⅛╠ ╩ ™⁸12 ─ ╩ ∆╢⁹ ⇔√ ⅛╠ ╩

⇔⁸↕╠⌐⁸ ╣ ⁸☻ⱶכ☺fi◓⁸♄►fi◘fiⱪꜞfi◓⌂≥─ ╩ ℮⁹

⇔√ 12 ─ ╩ ∆╢ ↔≤⌐ ╦∑ ⇔⁸ ╩ ∆╢ ⌐

↕∑╢⁹ ∆╢ ╩ ╦∑∆╢√╘⌐⁸SAC-IA Sample Consensus Initial 

Alignment ─ ╦∑ ⁸ICP(Interative Closest Point) ▪ꜟ◗ꜞ☼ⱶ⌐╟∫≡

⌂ ╦∑╩ ℮⁹ ╦∑ ⁸MLS Moving  Least Squares ▪ꜟ◗ꜞ☼ⱶ≢

⌂╡ ─♄Ⱪꜟ►◊כꜟ╩ ∆╢⁹↓─ ╩ ╡ ∆↓≤≢⁸ ╩ ∆

╢ ╩ ≢⅝╢≤ ⅎ√⁹⇔⅛⇔⁸ ∆╢ ─ ╕≢│ ╦∑≢⅝√

⅜⁸∕╣╩ ⅎ╢ ╩ ⇔≡ ╦∑∆╢↓≤│ ≢№∫√⁹∕↓≢⁸ ⌐

⇔√ ─ ╩ ⌐ ╦∑∆╢ ≢│⁸ ─ ╩

≢ ⇔√⁹↓─╟℮⌐ ⇔√ ╩ ∆ ⌐♃כ♦ GPT Greedy projection 

Triangulation ≢ⱷ♇◦ꜙ╩ ⇔⁸ ⌂ ⸗♦ꜟ╩ ⇔√⁹ 

 

                                            
1  Kinect ḭ  Microsoft Corporation ּוֹף טּ Ḯ 

2 PCL │ 3 ╩♃כ♦ ≢▪◄►♩ⱨ♁☻כ♁ⱪfiכ○℮ BSDꜝ▬☿fi☻⌐≡ ↕╣≡™╢⁹ 
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1   

 ⸗♦ꜟ│⁸↕╕↨╕⌂ ╛ ⌂≥─ ─ ╩⁸◖fiⱧꜙכ♃≢

≡⇔≥♃כ♦ꜟ♃☺♦⌂ ⇔√╙─≢№╢⁹ ─ ╛ ─ ♦

◙▬fi№╢™│◕כⱶ◐ꜗꜝ◒♃⌂≥─ ⸗♦ꜟ╩◖fiⱧꜙכ♃≢ ∆╢ ╩

CAD╛ 3DCG≤╟┬⁹CAD╛ DCG─♁ⱨ♩│ ↄ ↕╣≡™╢⅜⁸∕─ │

≢⁸ ⌐ ╩ ≢⅝╢╟℮⌐⌂╢⌐│ ⅜ ≢№╢⁹∕─√╘⁸

╩ ⇔√╡ ∆╢↓≤│⁸ ⌂ ≤ ╩╙≈ ∞↑⅜ ⌂↓≤≢№

╢⁹ 

 ─ ⌐ ⇔≡⁸ ⁸ ⌂ D ⱪꜞfi♃⅜ ↕╣√⁹↓╣⌐ ∫≡⁸

⸗♦ꜟ─ ⅜ ⌐ ╕╢≤ ↕╣≡™╢⁹⇔⅛⇔⁸ ⸗♦ꜟ─

⌐│⁸CAD ♁ⱨ♩⌐ ∆╢↓≤╛ ─ ⌐ ∆╢ ⅜ ≢№╢⁹ ⸗♦

ꜟ╩♀꜡⅛╠ ⇔√╡ ∆╢↓≤│⁸⅛⌂╡ ⌂ ≢№╢≤ ⅎ╢⁹↓─ ╩

∆╢√╘⌐⁸∆≢⌐ ∆╢ ─ ╩◖Ⱨ⁸⇔כ∕╣╩ ⌐⁸ ⌂

⸗♦ꜟ╩ ה ∆╢≤™℮ ⅜ ⅎ╠╣╢⁹↓─ │ⱷ◌♬◌ꜟהꜞⱣכ

☻◄fi☺♬▪ꜞfi◓≤╟┌╣╢⁹↓─ │⁸ ─ ╩ ∆╢ ≤⁸ כ♦

♃╩ ⸗♦ꜟ⌐ ∆╢ ⁸─ ≈ ⅛╠ ↕╣╢⁹ 

 ─ ╩ ∆╢ │⁸ ⌐ ≤╟┌╣╢⁹∕─ ╩ ╪

∞ ╩ №╢™│ D ☻◐ꜗ♫≤╟┬⁹ D ☻◐ꜗ♫⌐│ ↄ─

ה ⅜ ∆╢⅜⁸∕─ ↄ│ ≢№╢⁹ ⁸ⱴ▬◒꜡♁ⱨ♩⅜◕כⱶ Xbox

─ⱥꜙכⱴfi▬fi♃ⱨ▼כ☻♦Ᵽ▬☻≤⇔≡ ⇔√ Kinect ╙⁸ ≤⇔≡│ D

☻◐ꜗ♫≢№╢⁹Kinect │ 3D ☻◐ꜗ♫≤⇔≡ ⌐ ≢№╢─≢⁸↓╣╩ⱷ◌♬◌

─╘√─◓fi☺♬▪ꜞfi◄☻כⱣꜞהꜟ ≤⇔≡ ∆╢↓≤⅜≢⅝╣┌ ⌂

↓≤≢№╢⁹ 

 ╩ ∆╢ D ☻◐ꜗ♫⅜ ∆╢ ⁸│♃כ♦ ─ ╩ ⌂

─ ⌐╟∫≡ ⇔√╙─≢№╢⁹ ≈ ≈─ │ ⌐ ⇔≡⅔╡⁸∕─╟

℮⌂ ─ ╩ №╢™│ⱳ▬fi♩◒ꜝ►♪≤╟┬⁹ │ ─

╩ ⌐ ╢╟⌐♩⁸CAD♁ⱨ♩╛3DCG♁ⱨ⅜╢№│≢♃כ♦ꜟ♃☺♦√⇔ כ♦

♃─ ╛ ⌐│ ↕⌂™⁹∕↓≢⁸ ≢▪◄►♩ⱨ♁─╠╣↓╩♃כ♦ ℮

↓≤⅜ ⌂ ⸗♦ꜟ⌐ ∆╢ ⅜№╢⁹ ⸗♦ꜟ─ ≤⇔≡⁸ⱳꜞ

◗fiⱤ♇♅≤Ɽꜝⱷכ♃ ⅜ ⌂╙─≢№╢⁹ ≢│⁸ Ɽ♇♅≢ ↕╣

√ ⸗♦ꜟ⌐ ∆╢↓≤╩ ≤∆╢⁹ 

 Kinect │ ╩♃כ♦ ∆╢ ≢№╢⅜⁸ ⌂ ╩♃כ♦ ∆

╢ │™╢№כ♄כ꜠כ◙כ꜠╛♄fi☺ⱨ□▬fi꜠◙כ꜠⁸≡⇔≥ LIDAR Light 
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Detection and Ranging ≤╟┌╣╢╙─⅜№╢⁹↓╣╠─ ─ │ ─

╛ ꜡Ⱳ♇♩─ ≢№╢⁹↓╣╠⌐ ∆╢↓≤╩ ☻כ♁ⱪfiכ○≡⇔≥

♁ⱨ♩►◄▪ PCL Point Cloud Library ⅜⁸2010 ⅛╠ ↕╣≡™√⁹ ∂

⌐ Kinect ⁸PCL≡∫╟⌐≥↓√╣↕☻כꜞꜞ⅜ ⌐│ Kinect ─▬fi♃ⱨ▼כ☻╛

⸗♦ꜞfi◓⌐ ⌂ ⅜ ↕╣≡⅝√⁹PCL │⁸ ⸗♦ꜞfi◓⌐ ⇔√ꜝ

▬Ⱪꜝꜞ≢│⌂™⅜⁸↓─ ─√╘⌐╙ ⌐ ⅜ ™╙─≢№╢⁹ 

 ↓─╟℮⌂ ⅛╠⁸Kinect ≤PCL╩ ™╢↓≤≢⁸ ⌂ ≢№╡⌂⅜╠ ⌂

─ ⸗♦ꜞfi◓◦☻♥ⱶ╩ ∆╢↓≤⅜ ≢№╢≤ ⅎ√⁹ ─

│⁸↓─▪▬♦▪╩ ∆╢↓≤≢№╢⁹ 
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2  PCL─  

2.1  PCL─  

 PCL Point Cloud Library │ 3 ╩♃כ♦ ≢▪◄►♩ⱨ♁☻כ♁ⱪfiכ○℮

№╢[1]⁹PCL ⌐│ⱨ▫ꜟ♃ꜞfi◓⁸ ☻▼ⱨכ◘⁸ fi⁸ꜛ◦כ꜠♩☻☺꜠⁸

⸗♦ꜟⱨ▫♇♥▫fi◓⁸☿◓ⱷfi♥כ◦ꜛfi ─▪ꜟ◗ꜞ☼ⱶ⅜ ╕╣≡™╢⁹PCL │

BSDꜝ▬☿fi☻≢ꜞꜞ⁸╡⅔≡╣↕☻כ ≢╙ ≢⅝╢ꜝ▬Ⱪꜝꜞ≢№╢⁹PCL│

∆╢ ─ ꜟכꜙ☺⸗⌐≥↔╡╕ ↕╣≡™╢⁹ 2.1 ⌐ ╩ꜟכꜙ☺⸗─≡ ∆⁹↓

⌐ꜟכꜙ☺⸗─╠╣ ╕╣╢ꜝ▬Ⱪꜝꜞ╩ ℮↓≤⌐╟∫≡⁸Kinect ≢ ⇔√

⌐♃כ♦ ⌂ ╩ ⅎ╢↓≤⅜ ≢№╢⁹ 

 ∆╢ ⌂▪ꜟ◗ꜞ☼ⱶ│⁸ ╣ ⁸ ╦∑⁸ ⌂ ╦∑⁸

☻ⱶכ☺fi◓⁸ⱳꜞ◗fiⱷ♇◦ꜙ ≢№╢⁹↓↓≢│⁸ ╣ ╛♄►fi◘fiⱪꜞfi

◓╩ ℮ⱨ▫ꜟ♃⸗☺ꜙ⁸ꜟכ ╦∑╩ ◗ꜞ⁸ⱳꜟכꜙ☺⸗fiꜛ◦כ꜠♩☻☺꜠℮

fiⱷ♇◦ꜙ⌐╟╢ ⸗♦ꜟ╩ ≡™≈⌐ꜟכꜙ☺⸗☻▬▼ⱨכ◘╢∆ ∆╢⁹ 

 

 

2. 1 PCL─⸗☺ꜙכꜟ 
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2.2  ⸗♦ꜞfi◓─√╘─  

2.2.1  ⱨ▫ꜟ♃⸗☺ꜙכꜟ 

 ╣ ⌐≈™≡ ∆╢⁹Kinect ≢ ⇔√ │⌐♃כ♦ ╣ ≤ⱡ▬☼

⅜ ╕╣╢⁹ ╣ │ ─ ⅛╠ ⅝ↄ ╣√ ─↓≤≢№╡⁸ ─

⅜∕─ ≤ ⌂ ≤⇔≡ ↕╣╢ ⌂≥⌐ ∆╢⁹ⱡ▬☼│ ─

⌐ ╦╢ ⌂ ─↓≤≢№╢⁹ⱡ▬☼│ ⌂ ╩ ∫≡⅔╡⁸ ≢

≢⅝╢↓≤⅜ ™⁹ ⌐♃כ♦ ╣ ⅜ ╕╣≡™╢≤⁸ ╦∑⌂≥─ ⅜

⇔ↄ⌂╢⁹∕↓≢⁸ ─ ≈≤⇔≡ ╣ ╩ ∆╢⁹↓╣⌐╟∫≡⁸ ─

⅛╠ ╣≡™╢ ╩♃כ♦ ∆╢↓≤⅜≢⅝╢⁹ 

 Ⱳ◒☿ꜟ◓ꜞ♇♪ⱨ▫ꜟ♃⌐≈™≡ ∆╢⁹Kinect │ ─ ⌐╟∫≡⁸640×480

─ ╩ ∆╢⁹ ─ ╩ ∆╢√╘⌐│⁸↓─ 10 ─ ╩ ℮

⅜№╢⁹Ɽ♁◖fi≢⁸↓╣∞↑─♦כ♃ ╩ ∆╢≤ ⌐ ⅜ ⅛∫≡⇔╕℮⁹

─ ╩ →╢√╘─♄►fi◘fiⱪꜞfi◓ ╩ √╘⌐⁸Ⱳ◒☿ꜟ◓ꜞ♇♪ⱨ▫ꜟ

♃╩ ∆╢⁹ ─ ╩ →╢↓≤≢⁸ ─ ╦∑ ⌂≥╩ ∆╢↓≤

⅜≢⅝╢⁹ 

 

2.2.2  ꜟכꜙ☺⸗fiꜛ◦כ꜠♩☻☺꜠ 

 Kinect ╩ ™≡⁸ ≈─ ─ ╩ ∆╢√╘⌐│⁸∕─ ╩ ─

⅛╠ ∆╢ ⅜№╢⁹ ─ ⅛╠ ⇔√ ⁸│≢╕╕─⧵⁸│♃כ♦

⅔ ™─ ⅜ ⇔ↄ⌂™√╘⁸ ≤⇔≡ ≈─ ─ ╩ ⇔≡™╢≤│

ⅎ⌂™⁹∕↓≢⁸╕∏ SAC-IA Sample Consensus Initial Alignment ╩ ™≡⁸

─ ╩♃כ♦ ↄ ╦∑↕∑╢⁹ 

╦∑─ ⁸ ⌂ ╦∑╩ ℮⁹PCL ≢│⁸ICP (Interative Closest 

Point) ▪ꜟ◗ꜞ☼ⱶ╩ ∫≡⁸3 ♃כ♦ ─ ⌂ ╦∑╩ ℮⁹↓─▪ꜟ

◗ꜞ☼ⱶ│⁸ ≈─ 3 ♃כ♦ ─ ⌂╡ ╩ ⇔ ╡ ⇔ ⌐╟∫≡⁸

⌐ ↑╢⁹↓─ ⁸ ⌂ ╦∑⌐ ™⅜№╢≤⁸ ⇔ↄ ∑∏⁸

╦∑⌐ ⅝⌂∏╣⅜ ∂╢⁹↓─☼꜠╩ ↄ∆√╘⌐│⁸ ╦∑╙№╢ ⁸

ↄ ℮ ⅜№╢⁹ 

 

2.2.3  ꜟכꜙ☺⸗☻▼ⱨכ◘ 

 MLS Moving Leas Squares ▪ꜟ◗ꜞ☼ⱶ│⁸ ⌐╟╢ ♦

─♃כ ≢№╢⁹↓╣│⁸ ─ ╩ ∆╢ ╩ ⇔⁸∕─ ─

⌐♃כ♦ ╩ ∆╢↓≤≢ⱡ▬☼╩ ∆╢⁹ ─ ⁸
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╦∑ ⌐ⱡ▬☼╩ ⇔⁸ ╩⌂╘╠⅛⌐∆╢↓≤⅜ ╕⇔™⁹MLS │ ╩ ∆╢

setSearchRadius ⌐ ╩ ∆╢↓≤≢⁸ⱡ▬☼ ⌐ ╩≈↑╢↓≤⅜≢⅝

╢⁹ ⅜ ⅝↑╣┌ ™ ⌐⌂╡⁸ ↕╣┌ ™ ⌐⌂╢⁹ 2.2│MLS ╩ ∆╢

≤ ⇔√ ─ ≢№╢⁹ 

 

    

2.2 MLS ⌐╟╢☻ⱶכ☺fi◓ ≤☻ⱶכ☺fi◓  

 

 GTP Greedy projection Triangulation ▪ꜟ◗ꜞ☼ⱶ╩ ™≡ⱷ♇◦ꜙ╩ ∆╢⁹↓

─▪ꜟ◗ꜞ☼ⱶ│⁸ⱷ♇◦ꜙ╩ ∆╢ ╩ꜞ☻♩⌐ ⇔⁸ⱷ♇◦ꜙ─ ⅜ ⌂

≤ ≤─ ╩ ℮⁹↓─ ╩ ╡ ∆↓≤⌐╟∫≡⁸ ⌐ⱷ♇◦ꜙ╩ ∆╢⁹

GTP │⁸ ≈─ ⁸│√╕⁸♃כ♦ ╦∑╩ ∫√ ╩♃כ♦ ⇔⁸ ↕

╣≡™⌂™ ⌐ ∆╢↓≤⅜ ≢№╢⁹ ⅜ ⌐ ╠⅛≢№╢ ╛⁸№╠⅛

∂╘☻ⱶכ☺fi◓ ╩ ∆╢↓≤⌐╟∫≡⁸ ─ ⌂™ⱷ♇◦ꜙ⅜ ≢⅝╢⁹ 
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3  Kinect ⌐╟╢ ─  

3.1  Kinect ─  

 Kinect ─ D ☿fi◘│⁸ ╩כ◙כ꜠ ≤∆╢ⱪ꜡☺▼◒♃≢ ─Ɽ♃כfi

╩ ⇔⁸ ⌐ ↕╣√Ɽ♃כfi╩ ◌ⱷꜝ≢ ∆╢⁹ 3.1 ⌐ ∆╟℮

⌐⁸Ɽ♃כfi ─ ─ ≤∕─ ╩≤╠ⅎ√◌ⱷꜝ ─ ╖ ⁸⅔╟┘

ⱪ꜡☺▼◒♃≤◌ⱷꜝ─ ╩ ™≡⁸∕─ ─ ⌂ ╩ ≢ ∆

╢⁹   

 

3.1 Kinect ⌐╟╢ ─  
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3.2  Kinect ─  

 Kinect ⌐│ ⅜ ∂╢⁹∕─ ╩ ⇔√⁹ ≤⇔≡ ≤ ─

╩ ™⁸ ╩ ⌐∆╢√╘⁸ ⌐ ↑√ ≢ ⇔√⁹╕√ ─ ╩

∆╢√╘⁸ ╡≤ ⇔≢ ⇔√⁹ ╩ 3.2⁸ 3.3⁸ 3.4⁸ 3.5⌐

∆⁹ 

 

   

3.2 1mה ה ╡  3.3 2mה ה ╡ 

   

3.4 3mה ה ╡  3.3 4mה ה ╡ 
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 Kinect ≢ ∆╢ ⁸ ⅜⅔⅔╗⌡ ⌐ ╢╟℮⌐ ∆╢⁹ ↔≤

⌐ ╩♃כ♦╢∆ ⇔╛∆ↄ∆╢√╘⌐⁸ ╩ ∆╢⁹∕─ │⁸4m

╣√ ≢ ⇔√ ─ ⅝↕⌐ ╦∑╢⁹ 3.6⁸ 3.7─╟℮⌐ ↄ ⇔√

⅜ ≢№╢⁹ ≢ ─ ⅝↕╩ ⅎ╢↓≤≢⁸ ╕≢─

⌐╟╠∏⁸ ↕╣╢ ─ ⅜╒╓ ∂⌐⌂╢⁹ ⇔√ ─♃כ♦ ╩ 3.8

∆⁹ 

  

   3. 6 1m≢─     3.7 4m≢─  

 

 

3.8 ⇔√ ─♃כ♦  

 

↓─ ⁸│♃כ♦ ⌐ ↑√ ─ ╩ ∆╢⁹⇔√⅜∫≡⁸ ⌐⌂

∫≡™╢≤ ↕╣╢⁹⇔⅛⇔⁸↓─ ╩ 90° ↕∑≡ ╩ ⅛╠ ∆╢≤⁸

3.9─╟℮⌐⁸5₩6─ ⅜ ∂≡™√⁹↓─ │Kinect ─ ⅝ ─ ⌐

∆╢╙─≢№╢≤ ⅎ√⁹ 
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3.9 ─ ╩♃כ♦ ⌐  

 

 ⅝ ─ ⌐ ∂╢ ≤⇔≡⁸ꜝfi♄ⱶ ≤ ⅜ ⅎ╠╣╢⁹╕∏

ꜝfi♄ⱶ ⌐≈™≡ ∆╢⁹ꜝfi♄ⱶ │⁸ ⅜ ─ ⅛╠ ⌂ ╩

≈ ⌂ ∞↑ ∆╢ ─↓≤≢№╢⁹ ⌐│ꜝfi♄ⱶ ⅜ ≢№╢⅛╠⁸

Kinect ─ ⅝ ⌐╙⌂╪╠⅛─ꜝfi♄ⱶ ⅜ ∂≡™╢⁹⇔⅛⇔ꜝfi♄ⱶ │

3.9─ ─ ╩ ∂╢╙─≢│⌂™⁹ 

│⁸ ─ ⅜ ─ ╩ ≈↓≤⌐╟╢╙─≢№╢⁹Kinect │

⅝ ─ ╩ 13bit ≢ ∆╢√╘⁸∕─ ⌐╟╡ ─ ⅜ ╘╠

╣≡⇔╕℮⁹ 3.1⌐1000mm─ ⌐№╢ ╩ ⇔√ ─♃כ♦ ╩ ∆⁹

⅝╩ ∆ z ⌐ ∆╢≤⁸1.0780001 ≤ 1.0810001─ ≈─ ⅜ ╣╢⁹⇔√⅜

∫≡⁸ ⅝ ─ ⅜ 3mm ⌐ ⇔≡⅔╡⁸ 3.9─ ─ ╙ 3mm

≤ ⅎ╠╣╢⁹ 

↓↓≢⁸ ─ ה ─ ⌐≈™≡╙ ∆╢⁹ ⇔≡™╢ Kinect ─

│ 640×480≢№╡⁸ │ 57°⁸ │ 43°≤⌂∫≡™╢⁹ 3.1⌐

∆ ⌐╟╢ ≢⁸ ⅜ 1000mm─ ─ 1 ─ │ 1.69mm≢№╢⁹

─ │ 1.64mm ≢№╢⁹ ≤ ⁸ ╩ ∫≡⁸↓─ ╩

⇔√ ╩ ⌐ ∆⁹ 

tan(57/2)=X/1000  

    X=1000×0.549 

    X=542.9mm  

542.9×2=1085.8 

1085.8/640=1.69mm 

tan(43/2)=X/1000  

    X=1000×0.3939 

    X=393.9mm  

393.9×2=787.8 

787.8/480=1.64mm 

⇔√⅜∫≡⁸1000mm ─ ⌐№╢ ╩ ⇔√ │⁸ ה ⌐⅔

╟∕ 1.6 1.7mm ─ ⅜≢⅝╢│∏≢№╢⁹ ⌐ ─♃כ♦ ╩ ⇔√≤↓╤⁸

⅜ 1000mm ─ ⌐ ⇔⁸ ה ⌐ 2mm ─ ⅜≢⅝≡™╢↓

≤╩ ⇔√⁹ 
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ה 3.1 ה╡ 1m ⌐ ∆╢ ─ ─  

X Y Z 

-0.06570667 

-0.063653335 

-0.061600003 

-0.059546668 

-0.057653338 

-0.055594292 

-0.05338667 

-0.051333334 

-0.049280003 

-0.047226667 

-0.045173336 

-0.043120001 

-0.041066669 

-0.039121907 

-0.037062861 

-0.034906667 

-0.032944765 

-0.030800002 

-0.028746668 

-0.026693335 

-0.024640001 

-0.022586668 

-0.020533334 

-0.018480001 

-0.016426668 
 

-0.073920004 

-0.073920004 

-0.073920004 

-0.073920004 

-0.074125722 

-0.074125722 

-0.073920004 

-0.073920004 

-0.073920004 

-0.073920004 

-0.073920004 

-0.073920004 

-0.073920004 

-0.074125722 

-0.074125722 

-0.073920004 

-0.074125722 

-0.073920004 

-0.073920004 

-0.073920004 

-0.073920004 

-0.073920004 

-0.073920004 

-0.073920004 

-0.073920004 
 

1.0780001 

1.0780001 

1.0780001 

1.0780001 

1.0810001 

1.0810001 

1.0780001 

1.0780001 

1.0780001 

1.0780001 

1.0780001 

1.0780001 

1.0780001 

1.0810001 

1.0810001 

1.0780001 

1.0810001 

1.0780001 

1.0780001 

1.0780001 

1.0780001 

1.0780001 

1.0780001 

1.0780001 

1.0780001 
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 ─ ⁸ ─ ⁸ ─ ™⌐╟╢ ─ ╩ ⇔√⁹ │

500mm⁸650mm⁸750mm⁸1000mm⁸2000mm⁸3000mm⁸4000mm⌐ ⇔√⁹ ⌐

╡ ↑√ ─ ⌐ ╩ⱨ▫♥▫fi◓⇔⁸ ↕╣√ ≤ ↕╣√ ─

╩ ≤⇔≡ ⇔√⁹ 3.10⌐⁸ ╩ ⁸ ╩ ─ ≤⇔

√◓ꜝⱨ╩ ∆⁹ ⅜ ⅝™╒≥ ⅜ ↄ⁸ ⅜ ↕™╒≥

⅜ ™⁹ ≤⇔≡ ╢≤⁸ ⅜ ™╒≥ ─ ⅜ ™⁹ 

 

3.10 ─ ⁸ ─ ⁸ ™⌐╟╢ ─  

 

╕∏⁸500mm ≤ 4000mm ⌐ ⇔≡⁸ ─♃כ♦ ⅜ ╡╟♃כ♦─ ⌂ↄ⌂∫≡

™√⁹∕╙∕╙Kinect │750mm 3500mm≢─ ╩ ⇔≡™╢⁹∕─√╘⁸750mm

⁸⅔╟┘3500mm ─ ≢ ∆╢≤⁸Kinect │ ⌐ ∆╢↓≤⅜ ⇔™≤

ⅎ╠╣╢⁹ 3.10─ 1000mm ⅛╠ 3000mm ─ ⌐⅔↑╢ ≈─ ╩ ∆╢

≤⁸∕╣╒≥ ⅜⌂™⁹↓─ ≢№╣┌⁸ ─ ≤ ─ ⅜ ⌐ ⅝⌂

╩ ⅎ⌂™↓≤⅜╦⅛╢⁹4000mm ⌐ ∆╢≤⁸ ⅜ ™ ≢ ╩

⇔≡™╢ ⌐⁸ ─ ≈─ ╟╡ ⅜ ↕™⁹↓─↓≤⅛╠⁸ ╕≢─

⅜ 4000mm ─ ⌐│⁸ ™ ≢ ™ ╩ ∆╢≤ ⅜ ↄ⌂╢≤ ⅎ

╢⁹ 
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 Kinect ≢ ⇔√ ⁸PCL⌐♃כ♦ ─ MSL ▪ꜟ◗ꜞ☼ⱶ╩ ⇔≡ⱡ▬☼╩ ⇔⁸

☻ⱶכ☺fi◓ ╩ ⇔√⁹ 3.9─ ◓fi☺כⱶ☻⌐♃כ♦ ╩ ⇔√ ╩

3.11⁸ 3.12⁸ 3.13⌐ ∆⁹↓╣╠─ ⅛╠⁸☻ⱶכ☺fi◓╩ ∆╢Ɽꜝⱷכ♃כ─

╩ ⅝ↄ∆╢↓≤⌐╟∫≡⁸ ╩ ⇔√ ⅜ ╠⅛⌐⌂╢↓≤⅜╦⅛╢⁹ 

 

 

3.11  1000mmה ה MSLה╡ ▪ꜟ◗ꜞ☼ⱶ Ɽꜝⱷכ♃ 0.01  

 

3.12 1000mmה ה MSLה╡ ▪ꜟ◗ꜞ☼ⱶ Ɽꜝⱷכ♃ 0.03  

 

3.13 1000mmה ה MSLה╡ ▪ꜟ◗ꜞ☼ⱶ Ɽꜝⱷכ♃ 0.06  

 

 1000mm ⌐ ™√ ™ ╩ ╡≢ ⇔√ ⌐≈™≡⁸ ╩☻ⱶכ☺fi◓

─Ɽꜝⱷ⁸♃כ ╩ ─ ≤⇔√◓ꜝⱨ╩ 3.14⌐ ∆⁹Ɽꜝⱷכ♃─ ⅜

0.2 ╕≢│⁸ ─ ⅜ 0.5⌐ ⇔⁸∕╣╩ ⅎ╢≤ ⅜╒≤╪≥

⇔⌂™⁹↓─ │⁸ ⌐♃כ♦ ─ ╖⅜ ∂≡™╢√╘≢№╢⁹ 3.13─╟

℮⌐ ↄ☻ⱶכ☺fi◓ ╩ ∆≤ ≤⇔≡ ╠⅛⌐⌂╢⅜⁸≥╣╒≥☻ⱶכ☺fi◓╩

╘≡╙ ⇔≡ ⌐│⌂╠⌂™⁹ ⌐☻ⱶכ☺fi◓╩ ⇔≡ ⇔√ ≤⁸ ⌐ⱨ

▫♥▫fi◓⇔√ ─ ⅜ ≢⅝⌂™ ≤⇔≡ ╢⁹ 

 ─ ╩◓fi☺כⱶ☻⌐♃כ♦ ⇔√ ╩ 3.15⌐ ∆⁹☻ⱶכ☺fi◓─Ɽꜝ

ⱷכ♃ │ 0.2≤⇔√⁹↓─╟℮⌐⁸Kinect ≢ │⌐♃כ♦√⇔ ⅜ ╕╣≡™

╢⅜⁸☻ⱶכ☺fi◓╩ ∆╢↓≤≢ ╩ ↕∑╢↓≤⅜≢⅝╢⁹ 
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3.14 ─ ≤☻ⱶכ☺fi◓Ɽꜝⱷכ♃─  

1000mmה ה MSLה╡ ▪ꜟ◗ꜞ☼ⱶ  

 

3.15 ☻ⱶכ☺fi◓╩ ∆╢↓≤⌐╟╢ ─  

1000mmה ה MSLה╡ ▪ꜟ◗ꜞ☼ⱶ─Ɽꜝⱷכ♃ 0.2  
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4 Kinect ≤ PCL╩ ™√⸗♦ꜞfi◓ 

 ≢⁸ D ⸗♦ꜟ╩ ∆╢√╘⌐ ∆╢ PCL ≡™≈⌐ꜟכꜙ☺⸗─ ⇔√⁹

↓↓≢│⁸ ╩ ∫≡⁸ ⌂ D ⸗♦ꜞfi◓─ ╩ ∆╢⁹ 

 

4.1  ⸗♦ꜞfi◓─  

 Kinect ≢ ╩ ⅛╠ ∆╢⁹ ─ ≢│ ─ ⇔⅛◌Ᵽכ≢⅝⌂™

√╘⁸ ─ ╩ 12 ⌐ ⇔≡ ∆╢⁹↓─≤⅝⁸ ╡ ℮ ≢─ ⌐

⌂ ╩ √∑╢⁹↓╣╠─ ⁸12≡∫╟⌐♃כ♦ ─ ╩♃כ♦ ∆

╢⁹ ⇔√ ╠⅛♃כ♦ ╩ ╡ ⅝⁸ⱷ▬fi≤⌂╢⸗♦ꜟ∞↑╩ ∆╢⁹

↓↓⅛╠ PCL ─ ╩ ∆╢⁹ ⌐ ─♃כ♦ ╣ ╩ ∆╢⁹ ⌐☻

ⱶכ☺fi◓ ╩ ℮⁹ ⌐Ⱳ◒☿ꜟ◓ꜞ♇♪ⱨ▫ꜟ♃ ≢ ─ ╩ ╠∆⁹

⌐ ╦∑╩ ™⁸ ╕⅛⌂ ╩ ╦∑╢⁹ ⌐ ╦∑╩ ℮⁹

⌐ ╦∑ ─ ◓fi☺כⱶ☻⌐♃כ♦ ≤Ⱳ◒☿ꜟ◓ꜞ♇♪ⱨ▫ꜟ♃╩ ∆

╢⁹ ⅛╠ ─ ╩ ∆╢ ⌐ ╡ ∆↓≤≢⁸ ⌐ ≠↑╢⁹ ⌐⁸

⇔√ ╦∑ ꜙ◦♇ⱳꜞ◗fiⱷ⌐♃כ♦─ ╩ ℮⁹ 

 

4.2  ─  

 ─ ≤⇔≡⁸ⱪꜝ☻♅♇◒ ─◘fi♃◒꜡כ☻ ╩ ™√⁹◘fi♃◒꜡כ☻ ╩

4.1⌐ ∆⁹◘fi♃◒꜡כ☻ │ 76cm⁸ 35cm─ ⅝↕≢№╢⁹◘fi♃◒꜡כ☻

╩ Kinect ≢ ⇔⁸ ╩♃כ♦ ∆╢⁹Kinect ≤◘fi♃◒꜡כ☻ ─

╩ 1m ⌐ ⇔√⁹Kinect │ כꜝ◌─4.1 ≤≤╙⌐⁸ 4.2 ─ ♃כ♦

╩ ∆╢⁹ 4.2 │ ⇔√ כꜝ◌⌐ ╩ ⇔√ ╩♃כ♦

⌂∫√ ⅛╠ ⇔√╙─≢№╢⁹ 

 

  

4.1 ◘fi♃◒꜡כ☻ כꜝ◌─   4.2 ◘fi♃◒꜡כ☻ ─  ♃כ♦
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4.3 ⌐♃כ♦  ∆╢  

 Kinect ≢ ∆╢ │⌐♃כ♦ ≤ ⅜ ╕╣╢⁹ ─⸗♦ꜞfi◓╩ ℮

√╘⌐⁸ ╩ ╡ ╢ ⅜№╢⁹ ╩♃כ♦─╖─ כꜝ◌⁸⌐╘√╢∆

╩ ∫≡ ╩ ╡ ↄ⁹ ⇔√ⱪ꜡◓ꜝⱶ│⁸◌ꜝכ ≢ⱴ►☻╩ ∫≡

≤ ─ ╩ ∆╢⁹ ╩ ╗ ╩ⱴ►☻≢ ⇔⁸∕↓╩ 4.3 ─╟℮⌐

≢ ╡≈┬∆⁹∕⇔≡⁸ ↄ ⇔√ ╩ ∆╢↓≤≢⁸ ╩ ╡ ↄ⁹ 

Kinect ⌐╟╢ ─ ≢│ ─ ─ ⇔⅛ ∆╢↓≤⅜≢⅝⌂™─≢⁸

⅛╠ ⇔√ ⅜♃כ♦ ≢№╢⁹ │⁸ ─ ╩ 30° ≢ ↕∑⌂

⅜╠ 12 ─ ╩ ⇔√⁹ 4.4⌐⁸∕╣╠⅛╠ ╩ ╡ ™√╙─╩ ∆⁹↓─ 12

─ ╩♃כ♦ ™≡ D ⸗♦ꜞfi◓╩ ℮⁹ 

 

 

4.3 ╩  
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(a)0     (b)30°    (c)60°    (d)90 

    

(e)120°    (f)150°    (g)180°    (h)210° 

    

(i)240°    (j)270°    (k)300°    (l ) 330° 

4.4 ╩ ╡ ™√◘fi♃◒꜡כ♦─☻כ♃ 

 


