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1  ─ ≤  

1- 1  

1- 1- 1 ≤⌂╢  

2020 ─ ꜟꜝ♩כꜙ♬Ⱳfiכ◌╢╟⌐ ⌐ ╕╡⁸ ⌐⅔™≡╙⁸

╛ ─ ⌐ ⅎ≡⁸ⱴ♥ꜞ▪ꜟꜞ◘▬◒ꜟ╛◔Ⱶ◌ꜟꜞ◘▬◒ꜟ⌂≥⌐╟╢ ─

⅜☼כ♬ ╕∫≡™╢⁹ ⌐⁸ⱪꜝ☻♅♇◒ ─ │ ⌐ ↄ⁸₈ⱪꜝ☻♅♇◒⌐ ╢

─ ⌐ ∆╢ ₉─ 2021 6 ╩ ≡⁸3R ⌐⅔↑╢ⱪꜝ☻♅♇◒ ─

⇔╛⁸ ─ ⅜↕╠⌐ ╘╠╣≡™╢⁹ ⅎ≡⁸ │⁸ ה

2021 9 ⌐⅔™≡⁸ ⁸ ─ ⅜ ╖⁸ ™ ⅜ ↕╣╢ ≢⁸♦☺♃

ꜟ ⌐╟╡ ◦☻♥ⱶ─ ה ╩ ∂≡⁸₈ ◦☻♥ⱶ─ ה

₉╩ ╢↓≤─ ╩ ⇔≡™╢⁹↓╣╕≢⁸ ≢│⁸ ─ ↕⁸

─ ⌂≥─ ⅛╠♦☺♃ꜟ ⅜ ╪≢⅔╠∏⁸AI ╛ IoT ─ ⌐╟╢ ─ ╛⁸ √⌂ⱦ

☺Ⱡ☻⸗♦ꜟ ⁸∆⌂╦∟DX ⅜ ↄ ╘╠╣≡™╢⁹ ⅎ≡⁸ ◖꜡♫►▬ꜟ☻─ ⌐

™ ⌐⅔↑╢ ה ⌐☼כ♬ ⅜⅛⅛∫≡™╢⁹ 

↓╣╠─ ×DX─ ⌐ ↑≡⁸ ─ ⌐╟╢ꜞ◘▬◒ꜟ ─ ≤

™∫√ ∞↑≢⌂ↄ⁸ ╠╙ ⅝ ╪∞ √⌂ ╖╛╟╡ ⌐ ꜞ◘▬◒ꜟ⇔

╛∆™ ─ ⌂ ⅜ ≤⌂╢ ⅜ ╘╠╣≡™╢⁹ 

 

1- 1- 2 ─  

─ ⌐│⁸ ┘ ─ ⅜ ≢№╢⁹

≢│⁸ ─ ╛ꜞ◘▬◒ꜟ ╩ ⇔⁸↔╖ ─ ⅜ ≢№╡⁸ ≢│⁸

⅛╠─ ╛☼כ♬ ╩ ⇔√ ≤ꜞ◘▬◒ꜟ ─ ╩ ╢↓≤⅜ ≢№╢⁹↓─

╟℮⌐ ה ─ ≤ ⌐╟╡⁸◘ⱪꜝ▬♅▼כfi ─↕╠⌂╢ꜞ◘▬◒ꜟ ─

⅜ ≢⅝╢⁹ 

↓╣╕≢ ╠│⁸ ⌐⅔↑╢ ⌐ ∆╢√╘⌐⁸ ─

─ ꜝ▬fi⌐⅔™≡ ─ ╩ AI ⌐╟╡꜡Ⱳ♇♩≢ ∆╢ₐ ꜡Ⱳ♇

♩ₑ─ ╩ ∫≡⅝√  1- 1 ⁹↓─꜡Ⱳ♇♩│⁸ ꜝ▬fi⌐◌ⱷꜝ╩ ⇔⁸◌ⱷꜝ⌐≡

↕╣√ ─ ⅛╠⁸ ─ ╩ AI⌐╟╡ ⇔⁸꜡Ⱳ♇♩▪כⱶ⌐╟╡

╩Ⱨ♇◒▪♇ⱪ∆╢╙─≢№╡⁸ ⌐ ╢ ╩ ⇔⁸⅛≈⁸ ─ ─ ╩

∆╙─≢№╢⁹ 

 

  
 1- 1 ⇔≡™╢ ꜡Ⱳ♇♩ 

 

≢│⁸↓╣╠─ ╩ ⇔⁸ ≤ ⌐⅔↑╢ ≤⇔≡⁸ ה ─

꜡Ⱳ♇♩⌐╟╢ ─ ╩ ∆═ↄ 2 ≈─ ╩ⱴכ♥─ ⇔√⁹

≢│⁸ ≤ ⇔⁸ ה ─ ─╙≤≢⁸ ╩ ╕ⅎ√ כ♬⌂ꜟ▪ꜞ─

☼⌐ ∂≡⁸꜡Ⱳ♇♩♁ꜞꜙכ◦ꜛfi─ ה ╩ ℮  1- 2 ⁹ 



 

2 
 

 

 1- 2 ─ ⌐ ↑√ ⱴכ♥╢╟⌐  

 

ⱴכ♥ 1 ≢ ∆╢ ꜡Ⱳ♇♩─ ה  

┘ ⱦꜟ ─ : 3,000 │⁸ ≢ ╛

⌐ ≠ↄ↔╖─ ⁸ ⅜≤⌂ꜟ◒▬◘ꜞה ╘╠╣≡™╢⅜⁸ ↄ│ ה ⌐≤≥╕

∫≡⅔╡⁸ ⌂ꜞ◘▬◒ꜟ─ ⌐╙ ⅜ ╠╣╢⁹≤╡╦↑⁸ ⌐ꜟ◒▬◘ꜞה ⌂ⱦꜟ⁸

⌐⅔™≡╙⁸♦ⱬ꜡♇Ɽכ⌐╟╢♥♫fi♩ ↑─ ─ꜟ◒▬◘ꜞה ⁸ꜞ◘▬◒ꜟⱴ♬ꜙ

▪ꜟ ╛ Ⱳ♇◒☻─ ⁸ ─ ─♩כꜟꜟ◒▬◘ꜞ ⌂≥─ ⌂ ╩ ∂

≡⁸ ⁸ ┘ ─ ↔╖─ꜞ◘▬◒ꜟ⅜⌂↕╣≡™╢⁹ ⁸♥♫fi♩─ ┼─ ⅜

⌐ↄ™ ⌐≈™≡│⁸ ↄ∏╛ ↔╖ ≤ ⅜╠╛ ⌂≥─ ⱪ

ꜝ☻♅♇◒ ⁸ ₈ ⱪꜝ₉≤™℮⁹ ⅜ ↕╣╢↓≤⅜ ™⁹∕╣╠│⁸

☻ⱷfi♥♫fiה ⅜ ≢ ⱪꜝ≤ ⌐ ∑↨╢╩ ∏⁸╕√⁸ ╣√ ⅜╠⅜ ╢↓

≤≢ ⱪꜝ─ꜞ◘▬◒ꜟ⌐╙ ╩ ╓∆↓≤⌐⌂╢  1- 3 ⁹ 

∟⌂╖⌐⁸ ⁸ ⁸ ⌂≥─ 3 ≢│⁸ ⅜ 8 9 ╩ ╘╢√╘⁸

⌂ ⌐ ↑≡⁸ ─ꜞ◘▬◒ꜟ⅜ ≤⌂∫≡™╢⁹ ⌐⁸ ─

™ №√╡─ꜞ◘▬◒ꜟ ─ ⁸ ─ ⌐⅔↑╢ ↔

╖─ ╩ ╕ⅎ╣┌⁸ ⱪꜝ─ꜞ◘▬◒ꜟ─ ⌐╟╢ ↔╖─ │ ≤╙ ⌂

 ⱴ≤⌂╢⁹כ♥

 

  
─≢♪כꜘ ⁸ ─  

 1- 3 ⌂≥⌐⅔↑╢  

 

↓╣╠─ ╩ ∆╢√╘⌐⁸  1- 4⌐ ∆╟℮⌐ ╛○ⱨ▫☻⌂≥─Ᵽ♇◒ꜘכ♪≢

∆╢ ꜡Ⱳ♇♩╩ ∆╢⁹Ᵽ♇◒ꜘכ♪≢ ∆╢↓≤⅛╠⁸◖fiⱤ◒♩≢№╡⁸⅛≈⁸

ה ה ⌐ ╣≡⅔╡⁸♥♫fi♩⅛╠ ∟ ╕╣↔╖╩ ─ ≢ ⇔√─∟⁸ ⌐ ⁸

☼ ˢ ˣ ☼ ˢ ˣ

ԁ ʾ▀

▀
ˢὺ ˣ

ἷ Ộ☼
НАϼб˔Ж

˻▀ Ộּי˼
ФжзЂϱϼи☼

ᴦ
̞ Ԑ Ṁ

ὺ ᾝ ˻▀ Ộּי˼
ḧ ☼

₤› ṏ ︣
̞ ת

1 ᾝ ᶨ ᵫ

2 Ặ ἷ ᵫ
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ⱪꜝ⁸ ⁸ ⌂≥─ ╩ ⌐꜡Ⱳ♇♩⅜ⱪꜝ☻♅♇◒⁸ ⌂≥╩◌ⱷꜝ≢

⇔ ∆╢↓≤≢⁸ ─ ╩ ⇔⌂⅜╠ꜞ◘▬◒ꜟ ─ ╩ ∆╙─≢№╢⁹ 

 

 
 1- ⱴכ♥ 4 1 ≢ ∆╢ ꜡Ⱳ♇♩─▬ⱷכ☺ 

 

ⱴכ♥ 2 ⱥ♩ ꜡Ⱳ♇♩─ ה  

│⁸⅜╣⅝⁸ ⁸ ↄ∏⌂≥─ ≢№╡⁸ ה↕⅝ ⅜ ⁸ ↔≤⌐

⅜ ⌂╢ ⌂≥⅜ ⇔⁸ ⌐│ ─ ╙№╢≤™℮ ⅜№╢⁹ ⁸

≢│⁸ ⁸ ⁸ ╩ ╖ ╦∑≡⁸│∂╘⌐ ╛ ┘

ꜞ◘▬◒ꜟ ╩ ⁸ ⌐╟╡ ⁸ ⁸ ⌐ ↑╠╣⁸ ↔≤─ ⌐ ∂

הꜟ◒▬◘ꜞ√ ⅜↕╣≡™╢  1- 5 ⁹ 

 

  
(a) ─                            (b) ─  

 1- 5 ─ ─  

 

ⱪꜝ⌐ ⇔≡│⁸Ⱪꜟ⁸♩כ◦כ ⁸ ה ⁸ ◒꜡☻⁸ ♃▬ꜟ ⅜№╢⁹∕╣╠│⁸

⁸ ≤⇔≡ ₁⌂ ⁸ ⁸⅛≈ ─ ╙ ™ ⁸ ⱦ♬ꜟ ⅜ ↄ⁸ꜞ

◘▬◒ꜟ⌐ ↑≡│ ⱦ ─ ⅜ ≤⌂∫≡™╢  1- 6 ⁹ 

ⱪꜝ ─ ─ │⁸ ─ ⌐⅔™≡⁸ ☿fi◘כ ⅜ ™╠╣╢↓

≤╙№╢⅜⁸ ╣⁸ ⁸ ⌂≥┼─ ⌐ ⅜№╡⁸ ─ ⱦ ⌐Ᵽꜝ♠◐⅜ ™

↓≤⅛╠⁸ ⱦ ╩ ⌐⁸ ⌐╟╢ ─ ⅜ ™⁹ 

 

  
(a) ─                            (b) ─ⱬכꜟ 

 1- 6 ⱪꜝ─ ─  

ГЗрЕA

ГЗрЕB

ГЗрЕC

Ộ☼ χНАϼб˔Жπ
ᴶ βϥ кЩАЕἇ›τ₯ΥΚϥ

‰ ӡ ∙χᵕ
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∕↓≢⁸ ≢│⁸ ⱪꜝ─ꜞ◘▬◒ꜟ ⌐ ↑≡⁸ ─ ╩ ≢⅝╢

╩╙∫√ ꜡Ⱳ♇♩╩ ∆╢⁹⌂⅔⁸ ≤⌂╢ ꜝ▬fi≢│⁸ ─

─ ⁸ ─ ⁸↕╠⌐│ ⇔⁸ ↔≤─ ⌐ ∂√ ⌂ꜞ◘▬◒ꜟ⅜

╘╠╣╢⅜⁸ ─ ⌐≡∆═≡╩ ∆╢↓≤│ ≢№╢↓≤⅜ ↕╣╢⁹∕─√╘⁸

⌐╟╢ ꜡Ⱳ♇♩⌐╟╢ ╩ ∑√⁸∕╣∙╣⅜ ≢ ∆╢ⱥ♩ ꜡

Ⱳ♇♩╩ ◖fi☿ⱪ♩≤∆╢  1- 7 ⁹ 

 

 

 1- 7 ⱥ♩ ꜡Ⱳ♇♩─▬ⱷכ☺ 

 

1- 1- 3 ⌂  

≢│⁸2 ─╣∙╣⧵ⱴכ♥─≈ ⌐ ∫√꜡Ⱳ♇♩◦☻♥ⱶ╩ ⇔⁸ ⱨ▫כꜟ♪≢─

╩ ℮↓≤≤∆╢⅜⁸↓─↓≤⌐╟╡ ─ ⅜ ≢⅝╢⁹ 

ⱴכ♥ 1 ≢│⁸ ─ ≢─ ⌐╟╡⁸ │ ↔╖≤⇔≡ ↕╣≡⅝√╙─⅛╠⁸

ⱪꜝ☻♅♇◒╛ ╩ ⇔⁸ꜞ◘▬◒ꜟ ≤⇔≡─ ─ ⅜ ≢⅝╢⁹╕√⁸꜡

Ⱳ♇♩─ ⌐ ⇔≡⁸ ─ ⁸ꜞ◘▬◒ꜟ ─ ⁸ ⌐⅛⅛╢

⌂≥─ ≤ ╠⇔╦∑√ ≢⁸ ╩ ∆╢⁹ 

ⱴכ♥ 2 ≢│⁸ ─ ⌐⅔™≡◖fi◒ꜞכ♩ ╛ ⅜ ™ ⱪꜝ ─

─ ⅜ ≢⅝╢⁹ ⌐≈™≡│⁸ꜞ◘▬◒ꜟ ─ ╛ ╛ ≤™∫√

⌐⅛⅛╢ ⌐ ℮ ⅜ ≢⅝╢⁹╕√⁸ +AI ꜡Ⱳ♇♩ ⌐≈™≡│⁸

⌂ ≤⌂╢⁹∕─√╘⁸ ─ ╩ ╕ⅎ√ ╛ ≤─

╩ ╕ⅎ√ ┼─ ⌂≥ ◦☻♥ⱶ─ ⇔≤ ⌐ ╘╢ ⅜№╢⁹ 

╕√⁸ ≢ ⇔≡™╢ ⱨ▫כꜟ♪╛ ⌐╙ ⅜☻כ◔⌂₁ ⅎ╠ⅎ╢⁹∕─

√╘⁸ⱴכ◔♇♩ ☼כ♬╛ ╩ ⇔⁸ ⌐╟╢ ╩ ╕ⅎ≡ ꜟ◒▬◘ꜞה

─ ה ╩ ∆╢ ꜡Ⱳ♇♩─ ⌐ ↑√◦♫ꜞ○ ╩ ⱪכ○⁸⌐╙≥≥℮

fi▬ⱡⱬכ◦ꜛfi ─▪ⱪ꜡כ♅≢ ╩ ∆╢√╘─ ╩ ∆╢⁹↓╣╠─ ╩

┼ⱨ▫כ♪Ᵽ♇◒∆╢↓≤⅜ ≤⌂╢⁹ 

  

⌠Ộּיρ αжϱрτ ϐẶ ἷкЩАЕ

ת Ϭᾁ βϥΊᶘ Ṑ

РϬḯϚФжχϙת
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1- הⱶכ◐☻─ 2 ╣ 

1- 2- 1 ≤ ה ≤≢ ∆╢  

 ̧ ╛○ⱨ▫☻⌂≥─ ─Ᵽ♇◒ꜘכ♪≢ ╩ ℮ₐ ≢ ∆╢

꜡Ⱳ♇♩ₑ─ ה 2 ⌂╠┘⌐ⱨ▫כꜟ♪ 3  

 ̧ ─ ─ ꜝ▬fi⌐≡ ╩ ∆╢ₐⱥ♩ ꜡Ⱳ♇♩ₑ─ ה

2 ⌂╠┘⌐ⱨ▫כꜟ♪ 3  

 ̧ ꜡Ⱳ♇♩─ ה ╩ ℮ ⌂ ⌐ ↑≡│⁸ ≤─ ⅜ ≤⌂╢⁹∕↓

≢⁸ ─ ≢⁸ ▬▪▬▪כ▬פֿ ⅜ ⇔≡ ℮⁹ 

β™∏╣╙ ⌂ⱨ▫⁸│♪ꜟכ ⅔╟┘ ≢ ╩ ⁸ ─℮ⅎ ∆╢⁹ 

β ꜡Ⱳ♇♩◦☻♥ⱶ│⁸2 ⌐ ה ╩ ⇔⁸3 ⌐│⁸ ╩ ™≈≈ⱨ▫כꜟ♪

╩ ℮⁹ 

 

╠╣√ ─ ⌐ ≠ↄ⁸ ꜡Ⱳ♇♩╩│∂╘≤∆╢ ─ כⱪfi▬ⱡⱬכ○╩

◦ꜛfi ─▪ⱪ꜡כ♅≢ ∆╢ ╖╩ ∆╢⁹ ⌐ ∆╟℮⌐⁸▪ⱪ꜡כ♅─ ≤⇔≡│⁸

ᵑ ꜡Ⱳ♇♩∕─╙─ ה ─◘ⱪꜝ▬ꜘ⁸כᵒ ─ ⱪꜝfi♩ה

─◄fi☺♬▪ꜞfi◓הⱷ⁸כ◌כᵓ ─ ╩ כⱡⱵ◖◄כꜝꜙ◐כ◘⁸≡⇔ ─ ─

╩ ≤∆╢ ꜡Ⱳ♇♩ ─ כ◙כꜚ ⌐ ↕╣╢⁹ 

 

 

 1- 8 ─  

 

1- 2- 2 ─ ⌐ ≤⌂╢ ה 6  

 ̧ ┘ ⌐⅔↑╢ ╩ ℮↓≤⅜≢⅝╢꜡Ⱳ♇♩ ⌐ ⌂ ─

 

 ̧ ⱨ▫כꜟ♪≤⌂╢ ┘ ─ ─ ╩☼כ♬┘ ╕ⅎ√ ─

≤∕─  

 ̧ ꜟ◒▬◘ꜞה ⌐⅔↑╢꜡Ⱳ♇♩ ─ ∕─ ─ ⌐≈™≡─  

 ̧∕─ ─ ╩ ∆╢√╘⌐ ⌂  

 

 

 

 

 ▬▪▬▪כ▬פֿ

 

fiꜛ◦כⱪfi▬ⱡⱬכ○ ▪ⱪ꜡כ♅ 

 

─  

 כ◌כⱪꜝfi♩ⱷה

꜡Ⱳ♇♩ ─  

כ◙כꜚ ⁸

ꜞ◘▬◒ꜟ  

 

 

꜡Ⱳ♇♩ ─ 

◘ⱪꜝ▬ꜘכ 

◌ⱷꜝ☿fi◘כ  
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 1- 1 ≢ ∆╢ ─  

    

 ─  1 R4  2 R5  3 R6  

 

 ̧ ─

ꜝ▬fi╩

≤⇔√

AI ⱪ

꜡☺▼◒♩ 

 ̧ ⱨ▫כꜟ♪

─

☼כ♬⁸  

 ̧ ∆╢꜡Ⱳ♇

♩─  

 ̧ ─  

 ̧꜡Ⱳ♇♩─  

1. ≢

∆╢ ꜡Ⱳ♇

♩─  

2.ⱥ♩

꜡Ⱳ♇♩─  

 ̧ ꜡Ⱳ♇

♩─ ⌐

↑√ 2ⱨ

♪ꜟכ▫  

 ̧ ╩ ╕

ⅎ√꜡Ⱳ♇♩─

 

 ̧ ─ ┼

─  

 ̧ ꜡Ⱳ♇

♩─ 2

ⱨ▫כꜟ♪  

 

ⱪfi▬ⱡⱬכ○̧   

fiꜛ◦כ ▪ⱪ

╢╟⌐♅כ꜡

 

ⱪfi▬ⱡⱬכ○̧ 

fiꜛ◦כ ▪ⱪ

╢╟⌐♅כ꜡
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2  ┘ ⌐⅔↑╢ ╩ ℮↓≤⅜≢⅝╢꜡Ⱳ♇♩ ⌐ ⌂

─  

⌐⅔↑╢ ─ ╩  2- 1⌐ ∆⁹ 

 

 2- 1 ┘ ⌐⅔↑╢ ╩ ℮↓≤⅜≢⅝╢ 

   ꜡Ⱳ♇♩ ⌐ ⌂ ─ ⌐ ╢  

ה      

2- 1  

◌ⱷꜝ◦☻♥ⱶ─

 

╩ ⌐⁸

─ ≤

╩ ∆╢◌ⱷ

ꜝ◦☻♥ⱶ─

╩ ℮⁹ 

RGB⁸3D⁸LiDAR

☿fi◘כ ─

╩ ⇔⁸◖fiⱬ

ꜘ ─ ─

◦☻♥ⱶ╩ ∆

╢⁹ 

─

╛⁸∕─ ╩

╕ⅎ≡ iDs ◌ⱷ

ꜝ ◌ⱷ

ꜝ 3D☻♥꜠○

◌ⱷꜝ ╩ ⇔

√⁹ 

∆╢

⁸◖fiⱬꜘ

⁸ ⌐ ∂

≡⁸

⁸ ╢↕ ╩

℮ ⅜№╢⁹ 

2- 2  

AI ⸗♦

ꜟ─  

AI ⸗♦ꜟ─

─ ╩

™⁸AI ⸗♦

ꜟ─ ╩ ℮⁹ 

⌐⁸

─

─⸗♦ꜟ─ ╩

℮⁹ 

Yolo7╩ ™≡

⁸

─ ⌐⁸AI

⸗♦ꜟ╩ ⇔

√⁹ 

∆╢

⁸◖fiⱬꜘ

⁸ ⌐ ∂

≡ ─ ™⸗

♦ꜟ Ɽꜝⱷכ♃

─ ╩

℮ ⅜№╢⁹ 

2- 3  

꜡Ⱳ♇♩◓ꜞ♇Ɽ

─כ  

⁸

ↄ∏╩ ≤⇔√

◓ꜞ♇

Ɽכ ╩ ∆

╢⁹ 

─ ⌐

∂√◘◒◦ꜛfi⁸

◓ꜞ♇Ɽכ╩

∆╢⁹ 

⁸ ╣⁸

╣ ╩ ⇔√◦

☻♥ⱶ╩ ⇔

√⁹ 

∆╢

⁸◖fiⱬꜘ

⁸ ⌐ ∂

≡

ⱳ▬fi♩⁸

╩ ℮

⅜№╢⁹ 

2 4 

꜡Ⱳ♇♩ ◦☻

♥ⱶ─  

꜡Ⱳ♇♩ ⌐

↑√◦☻♥ⱶ ┘

Ɫכ♪►▼▪

─ ╩ ℮⁹ 

Ɽꜝ꜠ꜟꜞfi◒꜡

Ⱳ♇♩─ ╩

╕ⅎ√ ⱳ▬fi

♩≤ ⅎ ─

╩ ∫√⁹ 

⌐ AI⁸

⅜ ⌂╢

⁸ ⌐ ∂

√꜡Ⱳ♇♩ ⅜

≤⌂╢⁹ 

∆╢

⁸◖fiⱬꜘ

⁸ ⌐ ∂

≡ ⁸

⁸ ⁸ ⁸

╩ ℮ ⅜

№╢⁹ 
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2- 1 ◌ⱷꜝ◦☻♥ⱶ─  

⌐ ™╢◌ⱷꜝ◦☻♥ⱶ⌐│⁸RGB◌ⱷꜝ⁸3D◌ⱷꜝ⁸LiDAR☿fi◘כ─ 3 ╡⅜№╡⁸  

2- 2⌐ ∆≤⅔╡⁸∕╣∙╣ ⅜ ⌂╢⁹ 

│⁸ ─ ⅜ ≢⁸ ─ AI ≤─ ⅜ ™ RGB◌ⱷꜝ╩

⇔≡ ╩ ℮╙─≤⇔√⁹ 

 

 2- 2 ⌐ ™╢◌ⱷꜝ◦☻♥ⱶ─  

 RGB◌ⱷꜝ 

◌ⱷꜝ  

D◌ⱷꜝ 

☻♥꜠○◌ⱷꜝ  

LiDAR☿fi◘כ 

⌐ꜟ☿◒Ⱨ ה  RGB

╩ ≈ 2D ◓ꜞ♇♪

♃כ♦ ╩ ⁹ 

AI ה │⁸ ⌐ ה

ה☺♇◄ ה ─Ɽ

╩fiכ♃ ∆╢⁹ 

2 ה ≈─ RGB◌ⱷꜝ╩

⇔⁸ ─ ─ ⅛

╠ ⅝╩ ∆╢⁹ 

│♃כ♦ ה 2D ≢│

⌂ↄ⁸₈ ⱴ♇ⱪ₉╕

√│₈ ⱴ♇ⱪ₉⁹ 

─ ה ≢ ⅜ ⌂

╢⁹ 

꜠ ה כ◙כ ╩ ⇔⁸

─ ≢ ╩

∆╢⁹ 

₈│♃כ♦ ה ₉

≢⁸3D X,Y,Z ⅜

╠╣╢⁹ 

⌐ ה ∆╢ 3D

 ⁹♃כ♦

ⱷꜞ♇

♩ 

─ ה ⅜

 

 ♩☻◖ ה

─ ה AI ≤

─ ⅜ ™ 

╩ ה

ה  

  ה

╢™≡™ ה ─

⌐╙ ™ 

⌂ ה ╩

± cm mm  

╛ ה ≢╙ ⌐

 

╛ ה ─ 3Dⱴ

♇Ⱨfi◓⅜  

♦ⱷꜞ

♇♩ 

│ ה

≢⅝⌂™ 

─ ה ╩ ↑╛∆

™⁹ ╛ │  

⌂ ה ⁸ │

 

⌂ ה ⌐│

™ ◖☻♩⅜  

ה ה ⌐│ ™

●ꜝ☻⁸  

  ה

─♃כ♦ ה ▪ꜟ◗

ꜞ☼ⱶ⅜  

⅜ ה ⅝™ 

 

RGB◌ⱷꜝ╩ ™√ ≢│⁸ ─ ─ ╩ ∆╢√╘⌐ ⌂ ≤⁸ⱨ꜠כⱶ

⅜☻Ᵽꜝfi─♩כ꜠ ≤⌂╢⁹ ⁸◖fiⱬꜘ ─ ╩ ℮꜡Ⱳ♇♩ⱦ☺ꜛfi≤⇔≡ ╩ ℮⌐

№√╡⁸ ─ ╩ ⌐ ╘≈≈⁸ ⌂ ≢Ⱪ꜠─⌂™ ╩ ∆╢√╘⁸ ⅛≈

⌂ ⅜≢⅝╢ ™ ≤ⱨ꜠כⱶ꜠כ♩╩ ⌐ ╩ ∫√⁹ 

 

 2- 3 ─ ≤ ⅎ  

  

─√╘─Ⱨ◒☿

ꜟ  

RGB◌ⱷꜝ≢│⁸ Ⱨ◒☿ꜟ│ Red,Green,Blue ⇔⅛ √⌂™

√╘⁸ ⌂ ⅜⌂™≤ ↕⌂ ─ ⅜≢⅝⌂™⁹ 

⅛™ ─ ╩

∆╢√╘─  

Ⱨ◒☿ꜟ№√╡─ ─ ⅜ ⇔⁸ ⅜ ∆

╢⁹ 

─◘▬☼≤ ─

 

◌ⱷꜝ≤ ─ ⅜ ™ ⁸ ≢⌂™≤ ─ ╩ ⌐

≢⅝⌂™⁹ 
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 2- 4 ⱨ꜠כⱶ꜠כ♩─ ≤ ⅎ  

  

⌂ ≢─  ◖fiⱬꜘ ╩ ╣╢ ─ ╩ ⇔ↄ ∆╢√╘⌐│ ⌂ⱨ꜠

⅜♩כ꜠ⱶכ ⁹ 

─כꜝfiⱩꜛ◦כ⸗  ╟╡ ↄ─ⱨ꜠כⱶ╩ ⇔⁸Ⱪ꜠─ ⌂™◒ꜞ▪⌂ ─ ⌐

│⁸ ™ⱨ꜠כⱶ꜠כ♩⅜ ⁹ ⱨ꜠כⱶ꜠⁸│≢♩כ

⌐⅔™≡Ⱪ꜠⌐ ⅜╡ ™⁹ 

ꜞ▪ꜟ♃▬ⱶ ─  ⌂ↄ ╩ ∆╢⌐│⁸ ⱨ꜠כⱶ꜠כ♩⅜ ≤⌂╢⁹ 

 

⌂⅔⁸RGB◌ⱷꜝ─☻Ɑ♇◒│⁸ ⅛╠ ╩ ∫√⁹ 

 

─ⱳ▬fi♩ ⱦfi⁸ ⱦfi⁸⅔╟┘ ⱦfi─ ╩ ⌐ ⌂☻Ɑ♇◒

─ ╩ ∫√⁹ 

     ◖fiⱬꜘ ─ Ⱪꜝ♇◒ ⌐╟╡⁸ ⱦfi⅜ ⱦfi≤ ⅎ╛∆™↓≤

⅜╦⅛∫√⁹◖fiⱬꜘ─ ╙ ⌂ ≤⌂╢⁹ 

 

 1.2MP 24fpsה

 5.01MP 24fpsה

5.01MP 98fpsה  

 

 

 

 

 

 

 

 

 

 

 

 2- 1 ◌ⱷꜝ☻Ɑ♇◒ 

 

 
 2- 2 ┘╪─ ─  

 



 

10 
 

AI │⁸ ⱡ▬☼⅜ ≤⌂╢⁹∕─√╘⁸ ₁⌂ ⁸ ⁸ ⁸ ⌂≥ ─ ⁸ ⁸

─ ⁸ ה ⌂≥⁸ ●ꜝ☻⁸ⱪꜝ☻♅♇◒⁸ ⁸ ⌂≥ ╛ ╩ ╗ ⌂

≢♩♇☿♃כ♦ AI╩ ↕∑╢ ⅜№╢⁹ 

⌂⅔⁸◖fiⱬꜘⱡ▬☼─ │⁸RGB◌ⱷꜝ≢│ ╛ ⌐ ⅜№╢↓≤⅛╠ ≢⅝

⌂™⁹◖fiⱬꜘⱡ▬☼─ ⌐│⁸☻♥꜠○◌ⱷꜝ ZED◌ⱷꜝ ≤ AI ─ ╖ ╦∑≢ ∆╢ ⅜

№╢⁹ 

⌐╟╢◖fiⱬ▪ⱬꜟ♩ⱡ▬☼─ │⁸₈ ╛ ⌂≥─ ₉╩ ⇔⁸◖fi

ⱬ▪ⱬꜟ♩╩ ⅛╠ ⇔⁸ ─╖╩ ∆ ⅜№╢⁹⌂⅔⁸∕─ ╙◌ⱷꜝ─ ╛ ⁸

╣─ ⁸∕─ ─ ⌐╟╡ ╩ ↑╢ ╙№╢√╘⁸ ⌐ ∂≡⁸ ⌂

╩ ⇔⁸ ⌐ ∂≡ AI ⱬכ☻─ ╙ ∆╢⌂≥⅜ ≤⌂╢ 

ᵑ ◌ⱷꜝ ╩ ⇔≡⁸◖fiⱬ▪ⱬꜟ♩⅜ ⅎ⌂ↄ⌂╢ ╩  

ᵒ RGB ╩ 3D♦כ♃⌐ ╦∑╢ x⁸y⁸z⁸R⁸G⁸B  

ᵓ 3Dⱳ▬fi♩◒ꜝ►♪♦כ♃╩ 2D⌐ ∆╢ 

 

 
 2- 3 3Dⱳ▬fi♩◒ꜝ►♪─ ה ╩  

 
 2- 4 ⱳ▬fi♩◒ꜝ►♪╩ ⌐ ─ ⅝╩  

 

 2- 5 ≤ ─  

  ⱷꜞ♇♩ ♦ⱷꜞ♇♩ 

 ⌂ ╩ ⇔⁸

⇔ↄ ↕╣√

─╖╩ ∆╢  

─ ⌐ ↄ⁸

⌂ ⅎ┌ ⇔

╣╢◖fiⱬ▪ ⌐╙

 

╩ ∆╢ ⅜

№╡⁸ ◖☻♩⅜

™⁹ ╛ ⌐ ╩

↑╢↓≤⅜№╢ 

 ╩ ⌐ ⇔⁸

─ ╢↕ ─Ⱨ

◒☿ꜟ─╖╩ ≤⇔

≡ ∆╢  

⅜ ↄ⁸◦fiⱪꜟ

⌂ ≢  

╛ ─ ╩ ↑

╛∆ↄ⁸ ≤ ─

◖fi♩ꜝ☻♩⅜│∫⅝

╡⇔≡™⌂™≤

⅜ ⅎ╢ 
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 2- 6 ◌ⱷꜝ ⌐ ℮ ─  

  

≤◕▬fi─  ⌂ ╩ ⇔⁸ ≤ ─◖fi♩ꜝ☻♩╩  

─♩ꜟfiⱬ▪ⱬ◖ ♪כⱧ☻כ♃♇ꜗ◦ ⅝⅜ ™ ⁸ ─כ♃♇ꜗ◦

≢⁸Ⱪ꜠⅜ ╡⁸ ╛ ─ ⅜  

─  ⇔√ ⌐╟╡⁸ ─ ╩ ⌐ ⅎ⁸

╩  

 

⌐│⁸◌ⱷꜝꜚ♬♇♩⌐Ᵽfi♦▫fi◓Ⱳ♇◒☻ ╩ ∆╢≤⁸ ⌐ ─ ↕ ╩

∆ ╩ ⇔√⁹ 

 

 

 2- 5 ↕  

 

╕√⁸◖fiⱬꜘ⌐№╢ⱡ▬☼ ⁸◐☼⁸ ╣ ╩ ∆╢√╘⌐⁸LiDAR╩ ™≡ 3D ╩

⇔⁸◖fiⱬꜘ cm╩◌♇♩∆╢↓≤⅜ ≢⅝√⁹ β │∑∏  

 

 

 2- 6 ◖fiⱬꜘ─ ◌♇♩ 

 

─ 3D◌ⱷꜝ≢│⁸ ≤ ⅜ ⇔⌂™ ⅜ ™⁹∕─√╘⁸RGB◌ⱷꜝ≤ LiDAR╩

⇔√ ─◌ⱷꜝ☿fi◘כ─ ╩ ∫√⁹RGB♦כ♃⅔╟┘ ▬♃ꜟ▪ꜞ╩♃כ♦↕

ⱶ⌐ ∆╢↓≤⅜ ≢№╡⁸ ↕ ╩ ≤∆╢◦☻♥ⱶ⌐ ⇔≡™╢≤ ⅎ╠╣╢⁹ β

⇔⁸ ─ ⅜ ™√╘⁸ │∑∏  
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 2- 7  RGB◌ⱷꜝ≤ LiDAR◌ⱷꜝ─ ╖ ╦∑ 

 

 

 

 2- 8 ☻♥꜠○◌ⱷꜝ─ ↕  
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2- 2 AI ⸗♦ꜟ─  

⅔╟┘ ─ ╩ ∆╢√╘⌐│⁸ ╩ ⌐ ∆╢↓≤⅜

≢№╢⁹∕↓≢⁸◌ⱷꜝ─ ╩ꜞ▪ꜟ♃▬ⱶ≢ ⇔⁸ ∆╢ AI ⸗♦ꜟ─ ╩

℮⁹ 

◌ⱷꜝ⅛╠─ ╩ ⇔≡⁸ ─ ┘ ╩ ⌐ ⇔⁸ ┼ ╩

∆╢ ╩ ∆╢⁹ ≤ ∂◖fiⱬꜘ ╩ ≢ ⇔⁸ ─♃כ♦ ╩ ℮⁹ 

↕╠⌐⁸ ⅜♃כ♦√⇔ ⅛≥℮⅛╩ ≢ ⇔⁸AI ⅜ ⌐ꜝⱬꜞfi◓≢⅝≡™╢⅛ ⅛╩

∆╢⁹∕─ ⁸ ╩ ∂≡⁸⸗♦ꜟ─ ─ ╩ ℮⁹ 

⅜ ⌐ ⇔⌂™ ⌐│⁸ ⌐ ∂≡⁸ ─♃כ♦ ╩ ⅎ⁸ ╩

╖╢⁹ 

AI ⸗♦ꜟ─ ─ ╣│⁸ ─╟℮⌐⌂╢⁹ 

ᵑ AI ⸗♦ꜟ─  

ᵒ ♦כ♃☿♇♩─  

ה ⇔√™ Ɑ♇♩Ⱳ♩ꜟ⁸ ⁸ ┘╪⌂≥ ─ ╩ ╘╢⁹ 

¶  or ♦כ♃☿♇♩╩  

¶ ⌂ ╡⁸↕╕↨╕⌂ ה ─ ≢ ∆╢⁹ 

▪ⱡ♥כ◦ꜛfi ꜝⱬꜟ ↑ ╩ ℮⁹ ⌐│⁸ ─ ⌐ꜝⱬꜟ≤Ᵽ►fi♦▫fi◓

Ⱳ♇◒☻╩ ↑╢⁹ 

ᵓ AI ⸗♦ꜟ─  

╩ ™⁸ ╩ ∆╢⁹ ⌐ ≢♅▼♇◒ⱳ▬fi♩╩ ⇔⁸ⱬ☻♩⸗♦ꜟ─

╩ ℮⁹ 

ᵔ ≤♅ꜙכ♬fi◓ 

─ ≤⇔≡⁸ ─ mAP/ mean Average Precision ╛◒ꜝ☻ ─ ╩

⇔⁸ ╩ ℮⁹ 

 

 2- 7 ⅜ ⌂ ─  

  

⅜♃כ♦.1 ⌂™ ╩ ה ה ⌂≥  

2. ⅜ ∆⅞╢ ∞↑╩ ╛∆ or ╩  

3.◒ꜝ☻─Ᵽꜝfi☻ ◒ꜝ☻ ╩ ⌐∆╢ or ╖╩  

4.⸗♦ꜟ⅜ ∆⅞╢ AI ⸗♦ꜟ─Ᵽכ☺ꜛfi╩▪♇ⱪ◓꜠כ♪∆╢ 

 

(1) AI⸗♦ꜟ 

│⁸ᵑ ─ ╩ ╘⁸ᵒ ≤ ─ ╩ ⌐ ⇔⁸ᵓ

─ ⌐ ╕╣╢ ─ ╩ ⇔⁸ ╩ ⇔≡ ⇔√ ╩╙≤⌐ ╩ ∆

╢╙─≢№╢⁹꜡Ⱳ♇♩ ╩ ℮ ⌐ ⌂ ╩ √∆↓≤⌐⌂╢⅜⁸ ⱪ꜡☿☻⅜ ↄ⁸

╕≢⌐ ╩ ∆╢⁹ 
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 2- 9 AI ◦☻♥ⱶ─  

 

AI ─ ⌐│⁸  2- 8 ∆╟℮⌐ ₁≢№╢⅜⁸ │ⱬꜟ♩◖fiⱬꜘ ╩ ╣╢

╩ ⌐⁸ ≢ ╩ ⌂ ≢ ◓fi♬כꜝⱪכ▫♦⁸╘√╢∆⌐℮╟℮

╩ ∆╢╙─≤⇔√⁹ 

 

 2- 8 AI ─  

   

 

◄♇☺  (Sobel, Canny)  ─ ╩  

ⱬכ☻ (SIFT, SURF, ORB) ─ ╩  

ⱥ☻♩◓ꜝⱶה  ╩  

 

◘ⱳכ♩ⱬ◒♃כⱴ◦fi (SVM) ╩ ∫≡  

ꜝfi♄ⱶⱨ◊꜠☻♩ (RF) ─  

k  (k - NN) ⱬכ☻≢  

ⱪכ▫♦

fi♬כꜝ

◓ 

╖ ≢ (CNN) ◒כⱠ♇♩꞉ꜟꜝכꜙ♬╖  

 (YOLO, Faster R- CNN) ─ ╩  

☿◓ⱷfi♥כ◦ꜛfi (U- Net, Mask 

R- CNN) 
Ⱨ◒☿ꜟ ─  

ⱴꜟ♅⸗

 ꜟ♄כ
+♥◐☻♩ (CLIP, BLIP)  

♥◐☻♩≤ ╩

↑╢ 

 

◓fi♬כꜝⱪכ▫♦⁸⌐╠↕ ⌐⅔™≡⁸ ─₈ ₉⌐ ⇔≡ AI ⸗♦ꜟ─ ╩

℮⁹ 

⌂⅔⁸ ─ │⁸  2- 9⌐ ∆≤⅔╡ 4 №╢⁹ 

⌐⁸  ( AP) ─⸗♦ꜟ│ ◖☻♩⅜ ↄ⁸ ╙ ⱨ⅜№╢⁹○♪כ꜠♩℮™≥™

∕─√╘⁸ ─ⱳ▬fi♩≤⇔≡│⁸ ─╟℮⌐ ╦╣≡™╢⁹ 

¶ ꜞ▪ꜟ♃▬ⱶ ⅜ ⌂╠ ќ YOLO (, AP │╛╛ ╘)  

¶ ╩ ∆╢⌂╠ ќ Faster R- CNN, Mask R- CNN ( │ ™)  

¶ Ᵽꜝfi☻╩ ╡√™⌂╠ ќ EfficientDet 

─ ⁸ ─ ╩ꜞ▪ꜟ♃▬ⱶ⌐ ∆╢ ⌐│⁸YOLO You Only Look Once ⅜

╕⇔™≤ ⅎ√⁹YOLO│⁸♬ꜙכꜝꜟⱠ♇♩꞉כ◒╩ ⇔⁸ ≢↑∞╢∆♩כfiⱳ▬╩♃כ♦

̗

ᵊ ӡ ᾁ ẉ Ⱳ “ם ῈṐ

Ὣᴮ

Pet

Can

Can

Rock

Pet

Pet

Wood

ЊҘ їҘ

RGB ϑ (x, y, width, height, )
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⌐ ╕╣╢ ─ ╩ ≢⅝╢╟℮⌐⌂╡⁸╟╡ ≢ ╩ ≢⅝╢⁹ כꜙ♬⁸│

ꜝꜟⱠ♇♩꞉כ◒╩ ⇔√ ⅜⇔╛∆™╟℮⌐ ╩ ⌐ꜞ◘▬☼ ╩ ™⁸Ᵽ►fi♦▫

fi◓Ⱳ♇◒☻─ ╩╙≤⌐⁸ ─ ╩ ⇔⁸∕╣∙╣─ ⅜ ∆╢ ╩ ⇔⌂⅜╠

╩ ℮ ≢№╢⁹ 

 

 2- 9 ⌐ ◓fi♬כꜝⱪכ▫♦╢  

 ⌂   mAP  ⱷꜞ♇♩ ♦ⱷꜞ♇♩ 

YOLO  (ꜞ▪ꜟ

♃▬ⱶ )  

1 ─ CNN ≢

Ᵽ►fi♦▫fi◓

Ⱳ♇◒☻≤◒ꜝ

☻╩  

50-

55 
5- 10ms 

⅜

ↄ⁸ꜞ▪ꜟ

♃▬ⱶ

 

⅜╛╛

™ ( ⌐

↕™ )  

Efficient  

Det 

≤

─Ᵽꜝfi☻

╩  

─◘▬☼⌐

⌂ↄ

⌐  

52-

57 
20- 50ms ─Ᵽꜝfi☻

⅜ ™ 

YOLO╟╡

⅜ ⇔

™ 

Faster  

R- CNN 

─

ה

 

╩

∆╢  

55-

60 
100- 200ms 

⁸

─

⅜  

⅜

ↄ⁸

⅜ ™ 

Mask 

R- CNN 

─

╩ ⌐

∆╢

№╡ 

☿◓

ⱷfi♥כ◦ꜛfi 

55-

60 
150- 250ms 

↔≤─

⅜  

⅜

ↄ⁸

⅜ ™ 

mAP ⁹ ⸗♦ꜟ─ ╩ ∆ ≢⁸ ™╒≥ ⅜ ™⁹ V100 

Batch 1 Inference Time ⅜ ↕™╒≥ ≢⁸ꜞ▪ꜟ♃▬ⱶ ⌐ ╣╢⁹ 

 

─ ⁸ ─ precision ╩ ∆╢ ─ (inference) ⌐≈™≡⁸

4 │ YOLOv7⅜ ╙ ™√╘⁸ ≢│ YOLOv7─⸗♦ꜟ╩ ⇔⁸ ╩

⇔√⁹ 

¶ ◌ⱷꜝ ╩ ⇔⁸ ─ ┘ ╩ ⌐ ⇔⁸ ┼ ─ ╩

℮⁹ 

⁸│♃כ♦ ¶ ╘⌐ ⌐≡⁸AI ⅜ ⌐ꜝⱬꜞfi◓≢⅝≡™╢⅛ ⅛╩ ∆╢⁹∕─ ⁸

╩ ∂≡⁸⸗♦ꜟ─ ─ ╩ ℮⁹ ⅜ ⌐ ⇔⌂™ ⌐│⁸

─♃כ♦ ╩ ⅎ⁸ ⇔ ╩ ╖√⁹ 

¶ │⁸ ─ ╩ ∆╢ ─ ⌐ ─ ™ YOLOv7 ╩ ⇔≡ ∫√⁹

⁸ ╣√ ⁸ ⅜ ─ ⅜№╢⁹ ⇔⁸ⱡ▬☼─ ⌐ ⅜ ≤⌂╢⁹ 

 

 2- 10 ⇔√  ♃כ♦

 

ⱦ♦○ 6  

ⱨ꜠כⱶ  1 out of 30 

─ ╡ ╡ a.  Height 480px from (0, 480px) -  (Original height 1080px)  

b.  Width 640px from (200, 640px) Έ (Original width 1920px)  

ꜝⱬꜞfi◓ a. ◓fi♬כ꜠♩   Έ 3100  

b.   Έ 400  

♥☻♩ⱦ♦○ 2  
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 2- 10 ─  

 
 2- 11 Ᵽ►fi♥▫fi◓Ⱳ♇◒☻─  

 

 

 2- 12 ⸗♦ꜟ─  

ₒ  

ᵑAP ( Average Precision) │⁸ ╛ ⸗♦ꜟ─ ╩ ╢ ≢№╡⁸AP⅜

™╒≥⁸ ה ─ ⅜ ™↓≤╩ ∆⁹ 

AP─  

1.  Precision  = ⇔ↄ ↕╣√  / ⸗♦ꜟ⅜ ⇔√ ─  

2.  Recall  = ⇔ↄ ↕╣√  / ⌐ ∆╢ ─  

3.  Precision - Recall ╩ ⇔⁸∕─ AUC ╩ ╘╢ ќ AP 
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AP  

¶ AP@IoU=0.5 ќ ⌐⁸IoU (Intersection over Union) ⅜ 0.5 ─╙─╩ ≤╖⌂∆⁹ 

¶ AP@IoU=0.75 ќ IoU ⅜ 0.75 ≢ ⁹╟╡ ⇔™ ⁹ 

¶ mAP (mean Average Precision) ќ ─◒ꜝ☻⌐ ∆╢ AP ─ ⁹ 

ᵒ V100 Batch 1 Inference Time (ms) ( , ms) │⁸NVIDIA Tesla V100 GPU ╩ ⇔√ ⌐⁸1

─ Batch Size = 1 ╩ ∆╢─⌐⅛⅛╢ ╩ ∆⁹ 

¶ ₈Batch 1₉ ќ 1≈─ ♃כ♦─ ╩ ⇔√≤⅝─ ⁹ 

¶ ₈Inference Time (ms) ₉ ќ ⸗♦ꜟ⅜ ה ╩ ℮─⌐⅛⅛╢ Ⱶꜞ ⁹ 

¶ ₈V100₉ ќ ⌐ ╦╣╢ NVIDIA Tesla V100 GPU כ♃fi☿♃כ♦ ↑ GPU ⁹ 

V100≢ ∆╢  

¶ V100│⁸ ↄ─ ╛ ≢ ⌂ⱬfi♅ⱴכ◒≤⇔≡ ↕╣≡™╢⁹ 

¶ ─ GPU A100, RTX 4090⌂≥ ≤ ∆╢ ─ ≤⇔≡ ≢⅝╢⁹ 

¶ ⸗♦ꜟ─ ╩ ⌐ ∆╢√╘⁹ 

 

⌂⅔⁸ ↔≤─ ⌐≈™≡ ∆╢≤⁸  2- 11⌐ ∆≤⅔╡⁸ │ ⅜

™√╘⁸ ⌐⅔™≡│⁸ ╩ ℮ ⅜№╢⁹ 

 

 2- 11 ↔≤─  

 
─

 
∆═⅝  

ᵑ  

Ɑ♇♩Ⱳ♩ꜟ⁸ ⁸┘╪

ה ☻◒♇Ⱶה  

 
⌂ Ɑ♇♩Ⱳ♩ꜟ ╛ ─ ה

┘╪ ╩ ∆╢ №╡ 

ᵒ  

ↄ∏⁸◖fi◒ꜞכ♩  
 

ה ─┌╠≈⅝⅜ ⅝™⁸ ╣╛ ⅜№

╢√╘ ⌂ ⸗♦ꜟ≢│ ⇔™ 

 

─◖fiⱬꜘ╩ ™≡⁸ ⁸ ─ ⌐⁸

╩♃כ♦ ⇔⁸YOLOv7╩ ™≡ AI ⸗♦ꜟ╩ ⇔√⁹ 

AI⸗♦ꜟ│⁸ ∆╢ ─♩♇☿♃כ♦─ ╩ ⇔≡⅔ↄ ⅜№╢⁹YOLO─♦כ♃☿♇♩

─ │⁸ ⌂ↄ ≢⅝╢⁹↕╠⌐⁸YOLO◦ꜞ⁸│☼כ  2- 12⌐ ∆≤⅔╡⁸ꜞ▪ꜟ♃▬ⱶ

─ ≢ ™ ≤ ╩ ⇔ ↑≡⅔╡⁸ ╙ ™⁹ 

│♩♇☿♃כ♦⌐ ¶ ™ ∑╢ 

YOLOv8 │Ᵽ►fi♦▫fi◓Ⱳ♇◒☻ ⅝─ ╩♃כ♦ ∆╢√╘⁸ⱨ◊כⱴ♇♩╩ ∆

╣┌ ≢♩♇☿♃כ♦∂ ⌂╢⸗♦ꜟ╩ ⁹ 

¶ √∞⇔⁸ ─ ╛▪ⱡ♥כ◦ꜛfi ⅜ ⌂╢⅜⁸ ╩ꜟכ♠ ⅎ┌ ⌐

╩♃כ♦⁸╘√╢№≢ ∆╢ │⌂™⁹ 

 

 2- 12 YOLO⸗♦ꜟ─  

AI ⸗♦ꜟ YOLOv5 YOLOv7 YOLOv8 

☻כꜞꜞ  2020 6  2022 7  2023 1  

⌂ PyTorch ה   

⌂ ה  

─☼▬◘ꜟ♦⸗ ה

 

─ꜗ♅◒♥◐כ▪ ה

 

◓fi♬כ꜠♩™⇔ ה

 

─ ה  

─ ה  

כꜞⱨכ◌fi▪ ה  

◒☻♃⌂ ה  
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YOLOv│⁸ ⁸ ╣√ ⁸ ⅜ ⌂≥─ ⅜№╢⁹ 

⁸ⱡ▬☼⅜ ⇔╛∆™↓≤⅜ ≢№╢⁹ 

 

Å YOLOv╩ ⇔⁸ ╩ pt ⱨ□▬ꜟ≢ ∆╢⁹ 

Å pt ⱨ□▬ꜟ⅛╠Ᵽ►fi♦▫fi◓Ⱳ♇◒☻ ╩ ⇔⁸X⁸Y ╩ ⇔≡꜡Ⱳ♇♩⌐

∆╢⁹ 

 

 
 2- 13 ─⇔ↄ╖ 

 

╕√⁸▪ⱡ♥כ◦ꜛfi ─ ♃כ♦⁸╛ ─ ╙ ≤⌂╢⁹ 

▪ⱡ♥כ◦ꜛfi │⁸ ─ ⅜⁸≥↓⌐ ⅜№╢⅛ ≤ꜝⱬꜟ ╩ ─♃כ♦╢∆

⅝ ⁹YOLO╢⌂≥ꜟכꜟ─ txt ה │⁸ ⅛≈◦fiⱪꜟ≢№╢⁹ 

♃כ♦⁸⌐╠↕ ♩♇☿♃כ♦⁸≡⇔≥ ꜟⱬꜝה ─ ─ꜟכꜟ ⅜ ≤⌂╢⁹

ה ה ╩ ╡ ∆ ≢⁸ ─ ╛▪ⱡ♥כ◦ꜛfi─ ⌂≥⅜ ⌐ ⇔╕∆⁹↓

─≤⅝⁸ ↕╣≡™⌂™≤ ∆╢↓≤⌐⌂╡⁸⅛≈⁸ ⌐ ⅜ √╡∆╢⁹ ⌂ ≤

╩ ┬↓≤≢⁸ ─⸗♦ꜟ ⅜☻ⱶ⁸╛≥↓╢⅝≢⌐☼כ ה ה ╩

⌐ ╘╢↓≤⅜≢⅝╢⁹ 

 

ᵑ ⌐ ∆╢ AI⸗♦ꜟ─  
Deep Learning ⸗♦ꜟ  Yolo7 

♃כ♦   600  
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 2- 14 Ᵽ►fi♦▫fi◓Ⱳ♇◒☻  

 

 

 2- 15  
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ᵒ ⌐ ∆╢ AI⸗♦ꜟ─  

Deep Learning ⸗♦ꜟ  Yolo7 

♃כ♦   27,000  

 

 

 2- 16 Ᵽ►fi♦▫fi◓Ⱳ♇◒☻  

 

 

 2- 17  
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(2) ⸗♦ꜟ─  

╩♃כ♦ ™≡⁸ ╩◓fi♬כ꜠♩─ꜟ♦⸗ ™⁸ ─ ╩ ∫√⁹ 

ⱪ꜡♩♃▬ⱪ─⸗♦ꜟ≤⇔≡⁸ ⌂ │⁸ 81.36 mAP ≤⌂∫√⁹ 

 

β♩꜠כ♬fi◓      ⌐ ⌐ꜟ♦⸗◓fi♬כꜝⱪכ▫♦√⇔ ♃כ♦ ꜝⱬꜞfi

◓ ╖─ ♃כ♦ ╩ ╖ ╖⁸ ↕∑╢↓≤⁹ 

β ◓fi♬כ꜠♩─ꜟ♦⸗ ╩♃כ♦ ™≡Ɽ♁◖fi⌐ ⅎ↕∑╢ Ᵽ►fi♦▫fi◓Ⱳ♇◒

☻ ─ ≢Ɽ♁◖fi╩♃כ♦◓ⱬꜞfiꜝה ╖ ╪≢ ∆╢

↓≤╩Ɽ♁◖fi⅜ ∆╢↓≤⁹ 

 

 2- 13 ⇔√⸗♦ꜟ≤  

 
 

     
 2- 18 ─  

 

 

 2- 14  

Rock Wood PET Can mAP 

97.23% 86.65% 43.19% 98.54% 81.36% 

 

(3)⸗♦ꜟ─ ─  ◓fi♬כꜙ♅ה

⇔√⸗♦ꜟ⌐≈™≡⁸ ─ ≢ ╩ ℮⁹ 

≤ ─ ⌐╟╡⁸ ╩ TP ⅛ FP ⌐ ↑╢⁹ ─Ⱳ♇◒☻

⅜ ground- truth ─Ⱳ♇◒☻─ IOU⅜ ┘ ⅜ ⇔™ │⁸TP≤ ↕╣⁸

⌂╢ ⌐│ FP≤ ↕╣╢⁹ │ ⌂ ≤─ ⌐╟∫≡⁸ ⌐ ↑╠╣╢⁹

⅜ TP≤ FP─ │⁸꜡Ⱳ♇♩─Ⱨ♇◐fi◓ ≤⌂╢⁹ 

Yolo Model Accuracy 

YoloV7 Small Accuracy 55- 65% 

YoloV7 Medium Accuracy 68- 75% 

YoloV7 Large Accuracy 80- 92% 

a.  Best confidence threshold 0.55  

b.  Image size Έ 640 

c.  Batch Size Έ 20 

d.  Time Required: 20 Hours for 500 epochs  
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 2- 19 ─  

 

 2- 15 ─  

  

True False 

⌂  

(ground- truth)  

True True Positive (TP)  False Negative (FN)  

False False Positive (FP)  True Negative (TN)  

 

◒ꜝ☻ ─ Recall ≤ Precision ╩ ∆╢⁹Recall ≤ Precision ⅛╠ ◒ꜝ

☻─ AP ╩ ∆╢⁹Recall ╩ 0.1 ─ ≢ ⌂ Precision ╩≤∫≡ ╩ ∆╢≤⁸

AP ⅜ ╠╣╢ ◒ꜝ☻─ AP ─ ╩ ∆╢≤⁸mAP⅜ ╠╣╢⁹ ─ ╩

⌐ ∆⁹ 

 

 

 

 

            

 2- 20 AP ─  

 

√⇔◓fi♬כ꜠♩ ─⸗♦ꜟ⌐ ⇔≡⁸ ⌐ ≠⅝⁸⸗♦ꜟ─ ─ ╩ ℮⁹ 

∕─ ╩ ∆╢ ⅜№╢ ⁸◄ⱳ♇◒ ─Ɽꜝⱷכ♃─ ⁸╕√│ ╩

⇔⁸ ╩◓fi♬כ꜠♩ ℮⁹↓─╟℮⌂ ╩ ╡ ∆↓≤⌐╟╡⁸ ⌐ ∆╢╕≢

╩◓fi♬כꜙ♅ ℮⁹ 

 

Bottle
Bottle

TP FP FN TN
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 2- 21 240◄ⱳ♇◒≢─  

 

β◄ⱳ♇◒ ─♃כ♦ ╩ ↕∑╢↓≤⁹ ≢│⁸ ↄ─◄ⱳ♇◒╙ ╡

∆ ⅜№╢⅜⁸℮╕ↄ ↕∑╢⌐│⁸ ∆⅞∏ ⌂∆⅞⌂™◄ⱳ♇◒ ─ ⅜

≤⌂╢⁹ 

 

2- 3 ꜡Ⱳ♇♩◓ꜞ♇Ɽכ─  

꜡Ⱳ♇♩◓ꜞ♇Ɽ⁸│כ ╩ ™≡ ╩ ™ →╢₈◘◒◦ꜛfi₉≤⁸ ╩≈⅛╖ ╢

₈◓ꜞ♇Ɽ₉כ─ ⅜№╢⁹ 

 

 

 2- 22 ꜡Ⱳ♇♩◓ꜞ♇Ɽכ─  

 

  



 

24 
 

 2- 16  2 ─⇔ↄ╖≤ⱷꜞ♇♩⁸♦ⱷꜞ♇♩ 

 ◘◒◦ꜛfi  ◓ꜞ♇Ɽכ  

⇔ↄ╖ ╩ ⇔⁸ ◘◒◦ꜛfi◌♇

ⱪ ╩ ⇔≡ ─ ⌐ ╩ ↕∑

╢↓≤≢⁸ ╩ ⇔ ∆╢  

◄▪◦ꜞfi♄⁸כ כ⸗Ⱳכ◘⁸♃כ⸗

♃⌂≥╩ ⇔⁸ ╛Ɽ♇♪≢ ╩ ╪

≢ ∆╢  

ⱷꜞ♇♩ ה ─ ⅜ ™ 

⅜☺כⱷ♄─ ה ⌂™ 

⅜ ה  

⌂♩◒fiⱤ◖≢ ה ⅜  

⌂ ה ─ ╩ ⅎ╢ 

⌂ ה ⅜  

⌐ ה ⇔⌐ↄ™ 

⅜ ה  

♦ⱷꜞ♇

♩ 

╢⅝≢ ה ⅜ ╠╣╢ 

⅜ ה  

╘ ה ⌐  

─ ה  

⌐ ה ∂√ ⅜  

⌐ ה ⅜⅛⅛╢ 

⅜ ה ⌐⌂╢↓≤⅜№╢ 

⅜ ה ⇔╛∆™ 

≤◓ꜞ♇Ɽכ╩ ╖ ╦∑√Ɫ▬Ⱪꜞ♇♪ ╙№╢⁹ 

  

⌂⅔⁸2 ─ │⁸  2- 17⌐ ∆╟℮⌐⌂╢⁹ 

 

 2- 17  2 ─  

 ◘◒◦ꜛfi  ◓ꜞ♇Ɽכ  

⅜ ה  ≢⁸ ⇔╛∆™╙─ 

≢ ה ⅜№╢╙─ 

⅜ ה ⇔≡™╢╙─ ⇔⌐ↄ™  

⅜ ה ≢╙⇔∫⅛╡ ╘╢╙─ 

™ↄ⌐⇔ ה ה ⌂ ─╙─ 

╛─╙╢№⅜↕ ה ™╙─ 

⅝⌂

 

─╙─ ה ☻ⱳfi☺⁸ ⁸ ↄ

∏⁸ ⌂≥  

─╙╢⅞∆↕ ה ⅜ ⇔≠╠

™  

─╙╢⅞∆ ה ≢│ ⅎ╠╣⌂™  

⅜ ה ≢ ⇔╛∆™╙─ ←⌐

╚←⌐╚∆╢ⱦ♬כꜟ ⌂≥  

≡ↄ ה ╣╛∆™╙─ ⁸ꜝ♇ⱪ

ⱨ▫ꜟⱶ  

⌐ꜝⱣꜝⱣ ה ╠┌∫√ ↕⌂◗Ⱶ 

⅜ ה ⌐ ™╙─ 

─╕≤

╘ 

≢╠ ה ─№╢ ⁸ⱪꜝ☻♅♇◒⁸●

ꜝ☻⌂≥ ⌂ ╩ ≈  

≤⌂♩כ◦◒♇♅☻ꜝ⁸ⱪꜟכfiⱲ♄ ה

⌂╙─  

ⱪ⁸♇ꜝ◒☻ ה ⱪꜝ☻♅♇◒⁸

⌂≥ ⅜ ⌂╙─  

Ⱶ◗⁸ ה ⁸ ⌂≥ ╠⅛ↄ ∆

╢╙─  

⁸ ה ─ ⌂≥ ⅜№╢

╙─  

 

(1)◘◒◦ꜛfi ◓ꜞ♇Ɽכ ─  

  ◘◒◦ꜛfi│⁸ ─ ≢ ╩ ∫√⁹ 

ᵑ ◘◒◦ꜛfi│⁸2023 3 ⌐⁸ ─☻Ⱨכ♪▪♇ⱪ╩ ⌐ ╩ ⇔√⁹ 

ᵒ │⁸ ╩ ⇔√╙──⁸ ⅜ ≢ ∫√ ≢№╡⁸⅛≈⁸●ꜝ☻─

⅜ ╣≡ ™ ╕╣╢ ╙№╢ ╩ ∆╢ ⅜№∫√√╘⁸ⱬfi♅ꜙꜞ☻♃▬ꜟ─

▬fiꜝ▬fi ╩ ∆╢↓≤≤⇔√⁹ 
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ₒ ─ ₓ 

ה ╩ ≤∆╢ ⁸ ⌐ ↕╣⌂™◄▪◖fiⱪ꜠♇◘⁸כⱪꜝ☻ Vacuum 

Generator─ ╩ ∆╢ ⅜№╢⁹ 

 

 

 

 

 

 

 

 

 

 

 2- 23 Ⱨ♇◐fi◓♥☻♩─  

 

ᵓ ∆╢ ⌐╟∫≡╙⁸ ⅜ ⌂╢↓≤⅛╠⁸ ─ ⌐♥☻♩╩ ™⁸ ╕⇔™

─ ╙ ∫√⁹ ⅎ┌⁸┘╪─ ╛⁸ ─ ≢ ᵑ⁸ᵓ⁸ᵔ ⌐⁸

╣ ⌐╟╢ ─ ⅜ ↕╣╢ ⁸꞉כ◒─ ╛ ה ⌐╟∫≡

⅜ ⌂╢⁹ 

│⁸ ᵑ ᵔ ⁸ Ɽ♇♪⁸ 0.4MPa ⁸ -

80kPa ≢№╢⁹ 

 

 

 

 

 

 

 2- 24 ⌐╟╢  

 2- ☻כ◔ 18 ─

 

ᵔ ─ ⁸6cm─ ≢⅝╢ⱣⱠ ↑─◘◒◦ꜛfi╩ ™╢↓≤≤⇔√⅜⁸●ꜝ☻

─ ╛⁸ ⌐ ℮♪꜡♇ⱪ○ⱨ☻♥כ◦ꜛfi≢─ ⅜℮╕ↄ≢⅝⌂™ ⅜№

∫√↓≤⅛╠⁸ⱴ▬◒꜡ ⱣꜟⱩ╩ ╗⁸ ⌂ⱬfi♅ꜙꜞ☻♃▬ꜟ─ ╩ ™≡

∆╢↓≤≤⇔√⁹ 

ᵕ ◘◒◦ꜛfi─ ≤ │⁸Ɑ♇♩Ⱳ♩ꜟ⁸▪ꜟⱵ ⁸●ꜝ☻ ⌐ ⇔≡ ⌐ ╙ ⌂

◘◒◦ꜛfi╩ ∆╢↓≤≤⇔√⁹Ⱳ♩ꜟ─ ╛⁸ ─ ┼─ ≤⇔≡⁸◓ꜞ♇Ɽ

─כ ─ ╣╩ ╛⁸꜡Ⱳ♇♩ ─ ─●ꜝ☻ 77% ╩

≤∆ ─ ╩ ∫√⁹ 
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ᵖ ⌂ ─ ⁸ ⌂ ◓ꜞ♇Ɽ⁸10≥כcm─☻♩꜡כ◒╩ ⌐∆╢ ◓

ꜞ♇Ɽכⱱꜟ♄כ╩ ⇔⁸꜡Ⱳ♇♩ ─ ╙ 85%≢ ⌐ ≢⅝╢╟℮⌐⌂∫√⁹∕─

⁸≈┬╣√Ɑ♇♩Ⱳ♩ꜟ╛▪ꜟⱵ ─Ⱨ♇◐fi◓╙≢⅝╢↓≤≤⌂∫√⁹ 

 

 

 

 

 

 

 

 

 

 

       2- 25 ◘◒◦ꜛfi─         2- 26 ◘◒◦ꜛfi─  

 

(2)◓ꜞ♇Ɽכ כⱤ♇ꜞ◓♃כ◄ꜙ♅◒▪ ─  

 ◓ꜞ♇Ɽ⁸│כ ─ ≢ ╩ ∫√⁹ 

ᵑ ◓ꜞ♇Ɽ⁸│כ╟╡ ⅝⌂ ≤⁸ ─ ⌂≥⌐╙ ⅎ ╢ ╩ ⇔≡ ⅜

≤⌂╢⁹ 

ᵒ │∂╘⌐⁸ ⅛╠ ╕≢─ ⅜◒כ꜡♩☻ 6cm─ ╩כ♃כ◄ꜙ♅◒▪ ⇔√◓ꜞ

♇Ɽכ╩ ⇔√⁹ 

ᵓ ◓ꜞ♇Ɽכ─ │⁸3Dⱪꜞfi♩↕╣√►꜠♃fi₈ⱨ▫fi●₉כ╩ ⇔√⅜⁸ ─◘▬☼

≤ (ⱧꜝⱵ♇♪─╟℮⌂ ╩⇔√ ╛ ⌂◄♇☺ ─ )─ ⁸ ∆╢ ⅜№∫√

↓≤⅛╠⁸ ─ ╩ ⇔≡ ⇔⁸ ⌐ ╘╢╟℮⌐ ⇔√⁹  

ᵔ ╕√⁸ ╡ ⇔ ╩ ╖⁸ ™ →╢↓≤≢ ∂√╒↓╡⌐╟╡⁸ ─ ⅜ ⇔⁸

℮╕ↄ ≢⅝⌂™ ╩ ╕ⅎ≡⁸◗ⱶ ─ ╩ ™≡►꜠♃fi◓ꜞ♇Ɽכ─ ⌐ⱨ

▫♇♩∆╢╟℮⌐ ↕∑╢↓≤⌐╟╡⁸◓ꜞ♇ⱪ ─ ⌐ ┘≈™√⁹ 

ᵕ ⌂⅔⁸ ⌐≈™≡╙⁸╟╡ ⇔√╙─⌐ ⇔⁸ ╢ ⅜ ╘≤⌂╢╟℮ ⇔√⁹ 

ᵖ ⌐│⁸ ⅝⌂ ╙ ◒כ꜡♩☻℮╟╢⅝≢ 8cm─ ─◓ꜞ♇Ɽכ╩ ⇔⁸

⅜◓ꜞ♇ⱪⱨ▫fi●כ⌐ⱨ▫♇♩∆╢ ╩ ™⁸◓ꜞ♇Ɽכⱨ▫fi●כ─ ⌐ ™ ⅜

╕╢─╩ ⅞⁸◓ꜞ♇ⱪ ─ ╩ ∫√⁹ 

 

 

 

 

 

 

 

 

 

 2- 27 ◓ꜞ♇Ɽכ─       2- 28 ◓ꜞ♇Ɽכ─ ◌Ᵽכ№╡  
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 2- 29 ◓ꜞ♇Ɽכ─  

 

 
 2- 30 ◓ꜞ♇Ɽכ─  

 

 2- 31 ◓ꜞ♇Ɽכ─  
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2- 4 ꜡Ⱳ♇♩ ◦☻♥ⱶ─  
≢│⁸Ɽꜝ꜠ꜟꜞfi◒꜡Ⱳ♇♩─ ╩ ⌐⁸◖fiⱪ꜠♇◘כ ┘ ◓ꜞ♇Ɽכ │⁸

◘◒◦ꜛfi╩ ⇔⁸  2- 32 ⌐ ∆Ɫכ♪►▼▪─ ╩ ⇔√⁹  

X ⁸Y ⁸Z ⁸ɝ ┘◓ꜞ♇Ɽכ─ ◦☻♥ⱶ│⁸ROS ꜡Ⱳ♇♩ ─♁ⱨ♩►▼▪ⱪꜝ♇♩

ⱨ◊כⱶ ╩ ™≡⁸ ─╟℮⌐⁸ ╩ ⱡכ♪ ┘ ⌐ ╡ ╡╩ ℮⁹ 

 

a.  ◌ⱷꜝ─ ╖ ╡─ⱡכ♪ 

◌ⱷꜝ⅛╠ ⌐ⱨ꜠כⱶ╩ ╖ ∫≡⁸ ☼▬◘ꜞ─♃כ♦ ⇔√ ⁸ ∆╢⁹ 

b.  ─ⱡכ♪ 

a.≢ ↕╣√ⱨ꜠כⱶ⌐≡⁸ ╩ ∫√ ⁸ ╩ ∆╢⁹ 

c.  Ⱨ♇◒▪♇ⱪ ─ⱡכ♪ 

b.≢ ↕╣√ ╩─╙╢⅝≢ⱶ⅜Ⱨ♇◒▪♇ⱪכ▪≢ ⇔≡⁸Ⱨ♇◒▪♇ⱪ▪▬♥ⱶ≤

⇔≡ ∆╢⁹ 

d.  ꜡Ⱳ♇♩ ◒ꜝ▬▪fi♩─ⱡכ♪ 

c.≢ ↕╣√Ⱨ♇◒▪♇ⱪ▪▬♥ⱶ╩ ╕ⅎ≡⁸꜡Ⱳ♇♩ ⅜כⱣכ◘ ↑╢ ≢№╢─╩

⇔√ ≢⁸ Ⱨ♇◒▪♇ⱪ⌐כⱣכ◘ ╩ ∆⁹ 

e.  ꜡Ⱳ♇♩  ♪כⱡ─כⱣכ◘

d.⅛╠─Ⱨ♇◒▪♇ⱪ ╩ ⁸꜡Ⱳ♇♩▪כⱶ╩ ⅛⇔ ╘╢⁹ │ ⇔™ ╩

∆╢⁹ 

 

 

 2- 32 Ɫכ♪►▼▪─  



 

29 
 

 
 2- 33 ∆╢꜡Ⱳ♇♩─  

 

Ⱨ♇◒▪♇ⱪ♥☻♩כꜙ♅ה♬fi◓│⁸◌ⱷꜝ─ ≤ ─ ⁸◖fiⱬꜘ≤◌ⱷꜝ─ ◦☻♥

ⱶ─ ⁸ ╩ ⇔√ ╩ ⅜ⱶכ▪⁸≡ ∆╢ ⁸ ┘Ⱨ♇◒▪♇

ⱪ─ ╩ ⇔⁸ Ɽꜝⱷכ♃╩ ⇔⁸◦☻♥ⱶ─♅ꜙכ♬fi◓╩ ℮⁹ 

꜡Ⱳ♇♩─ ╩ ∆╢√╘⌐⁸ ≢ ⅛⌂↑╣┌⌂╠⌂™⅜⁸ ⅜ ∂√ ⁸ ⅜

≢№╢─⅛ ≢⅝⌂↑╣┌⌂╠⌂™⁹ 

╩ ⇔⁸≥─╟℮⌂ ╩≤╣┌╟™─⅛⌐≈™≡⁸ ⅎ⁸ ∆╢ ⅜№╢⁹

─Ⱨ♇◒▪♇ⱪ⌐⅔™≡╙⁸ ☿fi♅⁸ ─∏╣⅜ ∂╢ │⁸♁ⱨ♩►▼▪ ┘Ɫכ♪►▼

▪ ⌐╦√╡⁸ ─ ⅜ ⅎ╠╣╢⁹ ⅎ┌⁸♁ⱨ♩ ⌐ ⇔≡│⁸ ⁸ Ɫכ♪►▼▪

─ ⁸◦☻♥ⱶ ⅜№╡⁸Ɫכ♪ ⌐ ⇔≡│⁸◓ꜞ♇Ɽ⁸כ꜡Ⱳ♇♩⁸◌ⱷꜝ⁸ PC ⅜№

╡⁸ ≤⇔≡│⁸ ─ ⁸♁ⱨ♩►▼▪─Ᵽ◓⁸Ɫכ♪►▼▪─ ⁸ ⁸ ↄ─

⅜ ⅎ╠╣╢⁹ ╩ ∆╢√╘⌐│⁸ ─ ⁸♥☻♩╩ ⌡╢⁹ 

⁸Ɽꜝ꜠ꜟꜞfi◒꜡Ⱳ♇♩╩ ∆╢↓≤⌐╟╡⁸ ─ ╩ ╕ⅎ√◦☻♥ⱶ ⅜

≤⌂╢⁹ 

 2- 19 Ɽꜝ꜠ꜟꜞfi◒꜡Ⱳ♇♩─ ≤  

  

1.  ꜡Ⱳ♇♩Ɫfi♪─ XYZ ╩ ⌐ ⅛∆↓≤ 

2.  ≢─ ╩ ∆╢↓≤ 

3.  ╩ ℮ ─ ∆⁸ ∆╢ ─  

4.  ╛ ╩ ⇔☻ⱶכ☼⌂ ╣╩  

5.  ─ ⌂ ⅝╩ ╠⅛⌐ ℮ 

 

 2- 20 ⌐ ≤⌂╢꜡Ⱳ♇♩  

   ≤⌂╢꜡Ⱳ♇♩  

1.  ◘◒◦ꜛfi ⁸ ⁸  ⁸ ⌂ ╘⁸  

2.  

ↄ∏  

◓ꜞ♇Ɽ⁸╡№ כ ⁸  ⌂ ⁸ ◒ꜟ♩ה ⁸
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3  ≢ ∆╢ ◦☻♥ⱶה꜡Ⱳ♇♩─  

⌐⅔↑╢ ─ ╩  3- 1⌐ ∆⁹ 

 

 3- 1 ≢ ∆╢ ◦☻♥ⱶה꜡Ⱳ♇♩─ ⌐ ╢ ─  

ה      

3- 1  

ⱨ▫כꜟ

♪≤⌂╢

─ ─

כ♬┘

☼╩ ╕ⅎ

√⁸ ∆═

⅝꜡Ⱳ♇♩

─  

ⱦꜟ⁸

╩ ⌐⁸

─

≤ ╩ ╕

ⅎ≡⁸꜡Ⱳ♇♩─

≥☼כ♬

╩ ∆

╢⁹ 

ᵑ ⱦꜟ⁸

─

≤

─  

ᵒ꜡Ⱳ♇♩◦☻♥

ⱶ─ ≤

─  

ᵓ꜡Ⱳ♇♩ ─

≤

─╕≤╘ 

ⱦꜟ ◌ ⁸

◌ ─

ⱥ▪ꜞfi◓ ╩

╕ⅎ≡⁸Ᵽ♇◒

♪כꜘ ⌐⅔↑╢

◖fiⱤ◒♩⌂

─ ꜡

Ⱳ♇♩╩

≤⇔√⁹ 

Ᵽ♇◒

♪כꜘ ⌐ ∂

√꜡Ⱳ♇♩

╛⁸ ☻Ɑכ☻

≢─ ─

⅜ ≤⌂╢⁹ 

3- 2  

꜡

Ⱳ♇♩─  

─

꜡Ⱳ♇♩⌐╟╢

♃☻◒

╩ ∆╢ⱨꜞכ

♩◖fi♩꜡כꜟ◦

☻♥ⱶ

─ ─

≤∕─ ⁸

⌂╠┘⌐

⌐ ↑√ ╩

℮⁹ 

ᵑLiDAR─ ╛

꜡Ⱳ♇♩─ ⌐

╦╠∏ 1≈─

≢♃כ♦

⅛╩ ∆╢⁹  

ⱨꜞכ♩◖fi♩

─ⱶ♥☻◦ꜟכ꜡

─ ≤

⌐╟╡⁸

⌐ ↑√

╩ ∆╢⁹ 

ᵑ ⌐│ 1≈

─ ≢ ꜡

Ⱳ♇♩─ ⅜

≢№╢↓≤╩

⇔√⁹  

◐ꜗfiⱤ☻

≢─ ╛

⁸

─ ⌂≥

╩ ⇔ ─

─ ╩

⌐⇔√⁹ 

≡∫╟⌐LiDARה

│⁸ ─▪ꜟ◗

ꜞ☼ⱶ─ ⅜

≢№╢⁹ 

╖↔ה ⁸◖fi♥

♫╛☿fi◘כ ≤

⇔√ ╩

╖ ⌡≡™ↄ

⅜№╢⁹ 

3- 3  

◖fiⱤ◒♩

ꜚ♬♇♩

─  

꜡Ⱳ♇♩ꜚ♬♇♩

◦☻♥ⱶ─

⁸ ◦☻♥ⱶ

┘⁸

╩ ∂≡⁸ⱪ꜡

♩♃▬ⱪ⸗♦ꜟ╩

⇔⁸ ─

╩ ≤∆

╢⁹ 

ᵑ ꜚ♬♇

♩─  

ᵒ ⌐⅔↑╢

 

ᵓ ─ ⌐

↑√◦♫ꜞ○ 

◦☻♥ⱶ│⁸ꜟכ

ⱪꜝ▬fi◖fiⱬꜘ

⌐╟╢◖fiⱤ◒♩

4m 2.5m

↕ 2.1m ⁹ 

╩☼כ♬ ╕

ⅎ≡

☿♃כ♦─

♇♩⌐ LMM

ⱴꜟ♅⸗כ♄ꜟ

⸗♦ꜟ ╩ ⇔

√ ⁸ⱨ□

▬fi♅ꜙכ♬fi◓

─ ◦☻♥ⱶ

╩ ╡ ╣⁸

╖╩ ⇔√⁹ 

85

90 ─ ⌐

↑√ ─╒

⅛⁸ ⌐☼כ♬

∂√ ₁⌂꜡Ⱳ

♇♩ ─

⁸24h

─ ⅜

≢№╢⁹ 
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3- 1 ⱨ▫כꜟ♪≤⌂╢ ─ ─ ╩☼כ♬┘ ╕ⅎ√⁸ ∆═⅝꜡Ⱳ♇♩─

─  

3- 1- 1 ⱦꜟה ⌐⅔↑╢ ≤ ─  

≤⇔≡⁸ ⱦꜟ⁸ ╩ ⌐⁸ ⱥ▪ꜞfi◓╩ ™⁸ ─ ≤ ⌂

≥⌐≈™≡ ╩ ℮⁹ 

ⱥ▪ꜞfi◓│⁸ ♦ⱬ꜡♇Ɽכ─ ─╙≤≢⁸ ⱦꜟ 2◌ ⁸ 2◌ ≢ ∫√⁹

╕√⁸ ≤╙⁸ ⅜ ⌂╡⁸Ᵽ♇◒ꜘכ♪ ┘ ה ⅜ ⌂╢√

╘⁸ ─ⱥ▪ꜞfi◓≤⇔≡⁸ ⌐⅔↑╢ ─ ┘ ┼─ ╩ ∫√⁹ 

 

 3- 2 ⱥ▪ꜞfi◓ ꜞ☻♩ R  

    כꜞ◗♥◌

 

ⱦꜟ 

Aⱦꜟ 7/5  9/30⁸10/24 ─  

Bⱦꜟ 9/13  

Cⱦꜟ 7/5  × ◄ꜞ▪─ ─√╘  

 D  7/28 9/26 ─  

E  7/27  

 F  8/10  

G  8/23  

 

 3- 3 ─ ⁸Ᵽ♇◒ꜘכ♪ ─  

ה  כꜞ◗♥◌  Ᵽ♇◒ꜘכ♪  

 

ⱦꜟ 

Aⱦꜟ H  F  

Bⱦꜟ H ⁸  F  

Cⱦꜟ H ─╖ ⁸  G  

 D  H  F  

E  H ⁸  I  

 

(1) ⱦꜟ⌐⅔↑╢ ─  

ᵑAⱦꜟ 

ⱦꜟ⌐⅔↑╢ ─ │⁸ ─╟℮⌐⌂╢⁹ 

 ̧ ♥♫fi♩ ⁸ ⱨ꜡꞉─♩▬꜠⁸ ⁸ 9 ה

16 ⅛╠ ⁹ 

 

 ̧ ⁸ H ⅜ ⁹23 7 ⁸5 13

≢⁸2 3ⱨ꜡꞉/ ─ ≤ ╩ ⁹ 

 ̧ ה ⁸ ╖⁹ 

 

 ̧ ⁸ ─╖ ≢ ─ ≢⁸ ⌐ ╘≡ 1 ×5

╩ ⁹ 1 3 ⅜ ⁹ 

 ̧ │⁸ ⁸ ⅜ ⁹ 

─₈ ⅜╠₉╩⁸ ⌐  

Ɑ♇♩Ⱳ♩ꜟ⁸ ⁸ⱦfi │⁸  

─₈ ⱪꜝ₉│⁸ ⌐  

ה  

 ̧ │⁸ ⌐ ⁹F ⅜ ╩ ™⁸ ⁹ 
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 3- 1 ─ ╣ Aⱦꜟ  

 

 

 3- 2 ⌐⅔↑╢ ─ Aⱦꜟ  

 

ה ⌐⅔↑╢ ≤  

 ̧ ─ │⁸ ≤ ⌂╠⌂™ ⌐ ⁹ ⌐≡⁸ 1 ⁸ ∟ ─

≢ ╩ ⁹ 

 ̧ │⁸ ⇔™ ⁸ ה ─ ╩ ⌐  

 ̧◖꜡♫ ◐♇♩│⁸ ≤⇔≡ BOX  
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 3- 4 ─ ꜟכꜙ☺◔☻ Aⱦꜟ  

 
 

 

 
 3- 3 ⱦꜟ⌐⅔↑╢ Aⱦꜟ  
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 3- 4 ⱦꜟ⌐⅔↑╢ Aⱦꜟ  

 

ᵒBⱦꜟ 

 ̧ ♥♫fi♩ ⁸ ⱨ꜡꞉─♩▬꜠⁸ ⁸ 34 ה

18 ⅛╠ ⁹ 

 

 ̧ ⁸ H ⅜ ⁹ 

 ̧ ה ⁸ ╖⁹ 

 

 ̧ ⁸ ─╖ ≢ ─ ≢⁸Ᵽ♇◒ꜘכ♪─ ≢ ╩ ⁹ 

 ̧ │⁸ ⁸ ⅜ ⁹ 

─₈ ⅜╠₉─ ↔╖⁸ ה⇔┌╡ ⁸ ⱪꜝ⌐ ⇔≡  

Ɑ♇♩Ⱳ♩ꜟ⁸ ⁸ⱦfi │⁸  

─₈ ⱪꜝ₉│⁸ ⌐  

ה  

 ̧ │⁸ ⌐ ⁹F ⅜ ╩ ™⁸ ⁹ 
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 3- 5 ─ ╣ Bⱦꜟ  

 

 

 

 3- 6 ⌐⅔↑╢ ─ Bⱦꜟ  
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 3- 5 ─ ꜟכꜙ☺◔☻ ⱦꜟ  

 

 

(2) ⌐⅔↑╢ ─  

ᵑD  

 ̧ ↔╖ ⁸♩▬꜠↔╖⁸⅛↕ ⁸ 320 ה 50 ⅛╠

⁹ 

 

 ̧ H ⁸ ⅜ ⁹14 ⁸17 ⁸19 ─ 3 ⁹5

1 ≢ ≤ ╩ ⁹ 

 ̧ ה ⁸ ╖⁹ 

 

 ̧ ─╖ ⌐ ╘≡ 15 ×3 5 ×3 ╩ ⁹ 

 ̧ │⁸ ─ 3ה ⅜ ⁹ 

ה ─ ╩⁸ ⁹ ⁸ ↔╖⁸ ↔╖ ╩  

│⁸Ɑ♇♩Ⱳ♩ꜟ⁸┘╪⁸ ⌐ 3  

ה  

 ̧ │⁸ ⌐ ⁹I ⅜ ╩ ™⁸ ⁹ 
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 3- 7 ─ ╣  

 

 

 

 3- 8 ─  



 

38 
 

 
 3- 9 ─  

 

 

 ̧ ─ │⁸ 3 13⁸16⁸19 ⁸ 5 ⇔≡™╢⁹ 

 ̧ ─ │⁸2 ⁸ 30 ╩ ∆╢⁹ 

 ̧ ─ │ 2 ⁸ 15 3 ╩ ∆╢⁹↓─℮∟⁸ ─ 3 │ 6

╩ ╘╢⁹ 

 

 

 ̧ ┘ ≢│⁸ 13.5 / ⁸ 22.5 / ─ ⅜ ╦╣≡™╢⁹ 

 ̧ ─ 3 │⁸ 2.7h/ ⁸ 4.5h/ ─ ⅜ ╦╣≡™╢⁹ 

 

 3- 6 ⌐⅔↑╢ ─  

  ═   

ᵑ  
2 / ×30 /

×3 ×3 5 /  

540 9h  

900 15h  

3  

13,16,19  

5  

13,16,19  

ᵒ  
2 / ×15 /

×3 ×3 5 /  

270 ( 4.5h)  

450 7.5h  

 

 

ᵓ  

 
ᵑ ᵒ 

810 13.5h  

1350 22.5h  

 

 

ᵔ  

─ 3 /┘

╪⁸ ⁸Ɑ♇♩Ⱳ♩ꜟ  

ᵒ×60  

162 2.7h  

270 4.5h  
 

 

 

 

 

 

 

 

 



 

39 
 

 

 3- 10 ⌐⅔↑╢  

 

ᵒE  

 ̧ ↔╖ ⁸♩▬꜠↔╖⁸⅛↕ ⁸ 91 ה 42 ⅛╠

⁹ 

 

 ̧ H ⅜ ⁹ 3 ⁸ 1 ⁹6 2

3 4 5 ≢ ≤ ╩ ⁹ 

 ̧ ה ⁸ ╖⁹ 

 

 ̧ ─╖ ⌐ ╘≡ ╩ ℮⁹ 

 ̧ │⁸ ─ 3 ⅜ ⁹ 

ה ─ ╩⁸ ⁹ ⁸ ↔╖⁸ ↔╖ ╩  

│⁸Ɑ♇♩Ⱳ♩ꜟ⁸┘╪⁸ ⌐ 3  

ה  

 ̧ │⁸ ⌐ ⁹F ⅜ ╩ ™⁸ ⁹ 
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 3- 11 ─ ╣  

 

 

 3- 12 ─ ≤  

 

(3) ⌐⅔↑╢ 2◌  

 ̧ ⱦꜟה ─ │⁸ 4 ─◦▼▪⅜ ⌐ ™⁹ 

 ̧ │⁸ ↔╖ ⱪꜝ ⁸ ⁸ ⅜ ≢⁸ ↔╖⁸ ↔╖⁸ │

⁹ 
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 3- 13 ⌐⅔↑╢ 2◌  

 

 ̧ ⱪꜝ ─ ─ │⁸ ↔╖⁸ ↄ∏⁸ ⅜ ╕╣≡⌂™↓≤⅜

⁹ 

 ̧ RPF ≤⇔≡─ ─ ⁸ ↔╖⁸ ↄ∏─ │ ⌂⇔⁹ 

 

 

 3- 14 ⌐⅔↑╢ ⱪꜝ ─  
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 3- 15 ⱪꜝ ─ 2  

 

( 4) ⌐ ∆╢ ─╕≤╘ 

⌐ ∆╢ ─╕≤╘│⁸ ─╟℮⌐⌂╢⁹ 

 

ᵑ ה ─♥♫fi♩⅛╠─ │⁸ ⱦꜟה ─ ≢⁸♥♫fi♩ ╠₈

₉⁸₈ Ᵽ♇◒ꜘכ♪┼─ ₉⁸₈ ₉⁸₈ ─ ≢─ ₉⁸₈

⌐╟╢ ₉⅜↕╣≡⅔╡⁸ⱦꜟ ⌐⅔↑╢ ⁸ ─ ⌐ ≠

ↄ ⅜⌂↕╣≡™╢⁹ 

’ ♥♫fi♩⌐⅔↑╢ ה │№╢╙──⁸ ┼─ │╒╓⌂™ ⁸

⌐ ∆╢ │ ⁹ 

ᵒ ♩fi♫♥ה ⁸ ─↔╖─₈ ₉⌐│⁸ ∆╢ ה │

↕╣≡⅔╠∏⁸╕√⁸ ─ ↄ⅜⁸↔╖┼─ ╩ ⇔√™≤ ⅎ≡™╢⌐╙⅛

⅛╦╠∏⁸ꜞ◘▬◒ꜟ ─ ⅛╠₈ ₉─ ⅜ ╦╣≡™╢⁹ 

ᵓ₈ ₉│⁸Ᵽ♇◒ꜘכ♪ │ ה ⅝ ⌂≥─ ⅝☻Ɑכ☻ ⌐⅔™

≡⁸ ⌐ ─ ≢⁸ ∟ ─☻♃▬ꜟ≢ ╦╣≡™╢ ⅜№╢⁹⌂⅔⁸₈

₉─ │⁸ ♩fi♫♥ה ⌐⅔↑╢ ─ ⁸ ⌐ ⅜⌂™

≢╙⁸ⱦꜟ♦▫fi◓↔≤⌐ ⌐╟╢₈ ₉─ ╟╡ ⌐ ⅜ ⌂╢

⅜№╢⁹ ⌐⁸ ↔╖─ ™ ╩ ⅝⁸ ↔╖ ⁸ ╡ ה ⁸ ↄ∏

╩ ∆╢ ⅜ ⌂╢⁹ 

ᵔⱣ♇◒ꜘכ♪⌐⅔↑╢ ה │⁸ ⌂ ─ ─ ╩ ⇔√☻Ɑכ

☻─ ⌂ ╛⁸ ה ⌐╟╢ ╩ ⌐⁸ ↔⅛ה

⁸ │Ɽ♇◌כ ⁸ Ⱳ♦▫ ⅜ ≤⌂∫≡™╢⁹ ⁸ ⌂╢ ꜟכ꜡ⱶכ▪⁸╛

─ ⌂≥╙ ╠╣╢╙──⁸ ─ ⇔⌂≥⌐≈™≡│⁸₈ ─ ₉─ ⅜

≢⁸♥♫fi♩⌐╟╢ ╩ ╘⁸ ⌐│ ⇔≢⅝⌂™⁹ 

ᵕ ╩ ⌐ ╡⁸ ⁸ ⅛╠ ⇔╩ ℮↓≤⌐≈™≡⁸

⅜ ∞≤ ╦╣╢ │⁸ ─ ⅜ ⅎ╠╣╢⁹ 
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₈̧ ↔╖₉─ ─ ’ ↔╖─ ⌂ ╡ ™⌐ ∆╢  

 ̧ ⌐ ∆╢ ─↔╖ ─ ’↔╖ ≢ ─ 3 ⅜≢⅝╣┌

  

⌐ ╢ 9/22 ╟╡  

 ̧♥♫fi♩⅛╠─↔╖─ ⌐≈™≡⁸ ⌂ │ 25 13 ─╖≢№╡⁸75 │

⌐ ↕╣≡™⌂™ │ ⌐№╢⁹ 

 ̧ Ᵽ♇◒ꜘכ♪⌐ ⌐⁸ 80 fi☻♃♇ⱨ⌐╟╢₈כꜞ◒≢ ₉⅜ ↕╣≡

™╢⁹ 

’ ▪fi◔כ♩ ╟╡  

─ ⌐≈™≡│⁸ ◖꜡♫ │⁸ ╩ ⌐ 3 :Ɑ♇♩

Ⱳ♩ꜟ⁸┘╪⁸ ⅜ ™⁹ ↔╖⁸ ⱪꜝ─ ─ ╡/ᵑ ↔╖ќ ↔

╖┼─ ⁸ᵒ ↔╖╩ ⅝⁸ ↔╖⁸ ╡ ⁸ ⱪꜝ↔≤⌐ ⌐ ⌐≈™≡

│⁸ │ ↕╣≡™⌂™⁹ 

 

 3- 16 ⌐ ╢  

 

 3- 7 ♃▬ⱪ ⌐╖√ ─ ≤  

♃▬ⱪ   

ⱦꜟ Ẽ ─♥♫fi♩│⁸ ╩ ∆╢

⅜№╢ ─√╘⁸ ₁─ ─ ה

│ ⁹ 

Ẽ ↔╖⅜ ™⅜⁸ ה╖↔ ↔╖─

╛⁸ ↔╖─ ⅜ ⁹

ќ ┼─↔╖ │  

Ẽ↔╖─ │⁸ ─ ≢№╡⁸ ↔

≤⌐ ⅜ ⌂╢⁹↔╖ ─☻ⱦכ◘ ≤

─ ╙№╢√╘⁸ ₁⌐ ⅜ ⌂╢⁹ 

Ẽ ה │⁸ ⁸ ה ─

─√╘⁸ ⅜ ⁹ ⌐

│⁸ ∟ ╡╛⁸ ≢  

Â ◖꜡♫ ⁸ ↔≤⌐

─ ⌐ ⅜ 

Â  

Â ⌂™⁹ ↔╖ ⁸

─ ╩ ╢

⁹ 

Â ה ─↔╖─

≢☻כ◔─≤╪≥╒⅜ ≢№

╢⅜⁸↔╖ │↔╖

⌐ ╕╣≡™⌂™⁹ 

β▪fi◔כ♩: ─ 8 ≢ ☻

♃♇ⱨ⅜ ╩  

 Ẽ │⁸↔╖ ⅜ 3 ⁸ ⁸

⇔⅛⌂™√╘⁸ │ ⌐

≤⌂╢⁹ 

Ẽ ה │⁸ ⁸ ה

─√╘⁸ ⅜ ⁹ │ 10

─√╘ ╙ ⁹╕√⁸ ⌐│⁸

∟ ╡╛ ≢ ⁹  

Â ─ │⁸

─ ↑ ╣ ⌐ ╦∑√

⅜ ≤⌂╢ ⅜№╢⁹ 

Â ─↔╖ ≡ ─ │

⁹ 

β▪fi◔כ♩ : H ⅜ J ♦ⱬ꜡♇Ɽכ ─ ≢─ ╩  
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 3- 8 ─ ≤ ─╕≤╘ 

♃▬ⱪ ─    

ⱦꜟ Ẽ ♥♫fi♩ ┘

─ ↔╖│⁸ ⱪꜝ⁸ ↔

╖⁸ ╩ ╡ ∆⁹ ⱪ

ꜝ⁸ ↔╖│ ↔╖⌐ ⁹

↔╖─ ™⅜ ™  

Ẽ ↔╖│⁸ ╩ ╡

∆⁹ 

Ẽ │⁸Ɑ♇♩Ⱳ♩ꜟ⁸┘

╪⁸ ─ 3 ╩ ∆╢⁹ 

β ↔╖│⁸ ─

↔╖ ⁸ ╡ ה ה ⁸

ⱪꜝ⌐ 3 ∆╢ №╡⁹ 

Ẽ │⁸ ה

Ᵽ♇◒ꜘכ♪─

☻Ɑ⁸≢☻כ ה∟

ה╖⅜╚⇔ ╦╡

≢ ╦╣⁸

⅜ ™⁹ 

Ẽ◖꜡♫ ◐♇♩─

 

Ẽ │⁸1 /ⱨ

꜡꞉ ≥↔ⱶכ♅≢

⌐ 3ⱨ꜡꞉ ╩

⇔≡™╢⁹ 

 

Ẽ♥♫fi♩ ה

│⁸Ᵽ♇◒ꜘכ

♪≢─ ⌂

⇔⁹ 

Ẽ ’Ɽ♇◌כ

⁸ Ⱳ♦▫  

 

 Ẽ ─ ⁸ ⅛╠

╩ ╡ ⇔⁸ ה

⌐╕≤╘≡ ⁹ 

Ẽ ⁸ │⁸Ɑ

♇♩Ⱳ♩ꜟ⁸┘╪⁸ ⌐ ⇔≡

⁹ 

Ẽ │⁸

─ ☻Ɑ⁸≢☻כ

╖⅜╚⇔ה∟

≢ ╦╣⁸

⅜ ™⁹ 

Ẽ │⁸3

5

/ × ⁸

ⱷfiⱣכ⌐≡ ╡

⇔ ↕╣╢⁹ 

Ẽ ─↔╖ │⁸

₈ ↔╖₉₈

↔╖₉₈ ₉

─ 3 ⇔⅛⌂™√

╘⁸ ─ 3

│ ⁹ 

Ẽ ’Ɽ♇◌כ

⁸ Ⱳ♦▫  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

45 
 

3- 1- 2 ꜡Ⱳ♇♩◦☻♥ⱶ─ ≤  

ⱦꜟ⁸ ⌐⅔↑╢ ┘ ─ ╩ ╕ⅎ≡⁸꜡Ⱳ♇♩◦☻♥ⱶ─

≤⇔≡ ⅎ╠╣╢ ⌐≈™≡─ ╩ ∫√⁹ 

 

 3- 9 ꜡Ⱳ♇♩◦☻♥ⱶ─ ≤  

 ─   ⱴכ♥╢╣↕ 

ה

ⱦꜟ 

ᵑ ⁸ ─

↔╖ ─ ⱪꜝ⁸

↔╖⌂≥─ ⅜

↔╖ ─ ─

 

ᵒ ה ↔╖ ─

─ ⅜ ⁹ 

ᵑ ↔╖ ─ ⱪꜝ⁸

↔╖─ ה

↔╖┼─  

ᵒ ─ ⁸

⁸  

ᵑ ꜡Ⱳ♇♩

◦☻♥ⱶ ⁸

⅜ ↄ ≢│

⌐ ≢⅝⌂™⁹

─ ⇔⌂≥

⅛╠─ ⅜

⁹ 

ᵒ  

ה

 

ᵑ ─ ↔╖

│ Ɑ♇♩Ⱳ

♩ꜟ⁸┘╪⁸ ↕╣

≡⅔╡ ⅜ ⁹ 

ᵒ ─ ↔╖ ─

ⱪꜝ ─ ⅜

⁹ 

ᵑ ─ ─

⁸3 ⁸

 

ᵒ ↔╖ ─ ⱪꜝ

─ ה ↔╖

┼─  

ᵑ ♬כ☼≢№╢↓

≤⁸╕√⁸ ╩

╘ ⱨ▼כ☼≢─

⅜  

ᵒ ⅜ ↄ ≢│

⌐ ≢⅝⌂™⁹ 

 ᵑ ⁸ ─

↔╖ ─ ⱪꜝ⁸

↔╖⌂≥─ ⅜

⁹ ↔╖ ─

─  

ᵒ ה ↔╖ ─

─ ⅜ ⁹ 

ᵑ ↔╖ ─ ⱪꜝ⁸

↔╖─ ה

↔╖┼─  

ᵒ ─ ⁸3

⁸  

ᵑ ⅜ ≢⁸꜡Ⱳ♇

♩ ─ ⅜

™⁹ 

ᵒ ꜡Ⱳ♇♩

◦☻♥ⱶ ⁸

⅜ ↄ ≢│

⌐ ≢⅝⌂™⁹

─ ⇔⌂≥

⅛╠─ ⅜

⁹ 

─ ─ ≢⁸ ╛⁸ √⌂ ⅜ ∆╢√╘⁸3 ≤⇔√⁹ 
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 3- 10 ─ ⌐ ⇔√ ─ ≥☼כ♬  

 ╢╟⌐♩♇ⱪꜝ ꜡Ⱳ ☻כ◔

 

ה  ꜡Ⱳ♇♩ ─ 

 

↔╖ ─ⱪꜝ☻

♅♇◒⁸ ↔╖─

 

⌐  

ⱪꜝ⁸ ⱪ

ꜝ

│  

↔╖╩

⇔⁸↔╖ ─ⱪ

ꜝ☻♅♇◒╩

⇔⁸ ה

 

⁸◖

fi♥♫ ─

⁸

╩ ⇔√

◦☻♥ⱶ  

ⱪꜝ─

─ ⌐

↑√ ⅜

 

↔╖⁸ ↔╖

─ ─

 

Ɑ♇

♩Ⱳ♩ꜟ  

↔╖⁸

↔╖╩ ⇔⁸

↔╖ ⌐

Ɑ♇♩Ⱳ♩

ꜟ⁸┘╪⁸

╩  

 

 

 

ⱪꜝ⅜⁸

╩ ℮↓

≤≢ ⌐

№╡ 

↔╖

ⱪꜝ ─ ↔╖⁸

╡ ה ⁸ ╖

⁸ ⱪ

ꜝ ╗ ─

 

ⱪꜝ

╖ ⁸

ⱨ♃⁸ ╡

╖ⱪꜝ  

꜡Ⱳ♇♩ │

ⱪꜝ

╩ ⇔⁸ ↔

╖ ─ │꜡

Ⱳ♇♩≢│≢⅝

⌂™⁹  

꜡Ⱳ♇♩ │

 

꜡Ⱳ♇♩ │

 

─

─ 3 Ɑ♇♩

Ⱳ♩ꜟ⁸┘╪⁸  

Ɑ♇

♩Ⱳ♩ꜟ  

╩Ɑ♇

♩Ⱳ♩ꜟ⁸┘

╪⁸ ─ 3

⌐  

╩

⇔√ ◦☻♥

ⱶ  

◖fiⱤ◒♩⌂ꜚ

♬♇♩⅜  

 

 ̧ ─ ⁸ ⱪꜝ⁸ ↔╖─ ↔╖ќ ↔╖┼─ ─┼☼כ♬─

│⁸ ⱦꜟ⁸ ≢╙ ↕╣≡™╢⅜⁸ ⅜ ↄ⁸ ─ ─ כ▪

ⱶ꜡כꜟ ⅜ ⌐ ╓∆ ⌂≥╩ ∆╢≤⁸ ⌐ ℮ ⅜ ™⁹ 

 

─ ⌐╟╢ 3 Ɑ♇♩Ⱳ♩ꜟ⁸┘╪⁸ │⁸ ⌐ ⌐⅔™≡ ─

≤⌂╢√╘⁸ │☼כ♬ ™⁹ ⇔⁸ ☻Ɑ⁸☻כ ⌂≥─ ╩ ℮ ⅜№╢⁹ 
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 3- ≥☼כ♬ 11 ─╕≤╘ 

  ☼כ♬  

ᵑ ↔

ה╖ ↔

╖─  

ה ⅜ ⌂₈ ⱪ

ꜝ₉⁸₈ ↔╖₉⁸₈

₉╩ ⌐⁸

⌐╟╢ ╩ ≢

∆╢⁹ 

β ↔╖ ─ ↔╖

│  

ה ⱦꜟ⌐⅔↑╢ ↔

╖ ⁸ ↔╖

: ⱪꜝ⁸ ↔╖ ⁸

─ ─

│⁸ ⌐≡ 80 ─

≢  

ה ⁸ ≢╙

 

ה ↔╖⁸ ↔╖ ─

√╘ ⅜ ⅝™⁹

☻כⱭ☻ה

 

ה ≢│⁸Ɽ♇◌

כ ⁸ Ⱳ♦▫ ⅜ ↕

╣≡⅔╡ ─ ─

⌂≥ ⅜ ≤⌂

╢⁹ ⌐│ ≢⅝⌂

™  

ᵒ

─ 3  

ה ─ ╩

⌐⁸ ⌐╟╢Ɑ♇♩

Ⱳ♩ꜟ⁸┘╪⁸ ┼─

╩ ≢ ∆╢⁹ 

ה ⌐⁸ ≢│⁸

─ │⁸ ∏

⌐╟╢ ⅜

≢⁸ │ ™⁹

⇔⁸ ⌐ ╘╢

─ │ ↕

™  

ה ≤⇔≡⁸ ⅜

 

ה ⌐ ☻Ɑכ☻

│⁸ ─  

ה ⌐ ╢

─ ⁸

⌐│ ┘≈⅛⌂™  

 

⌐≈™≡│⁸₈ ₉⌐ ╢ ≥ⱴכ♥─ │ ─≤⅔╡≢№╢⁹ 

ᵑ ─ ⱪꜝה ↄ∏─ ⌐╟╢ ─  

─ ⁸ ≢│ ─ ⁸ ─ ⇔⌐ ℮ ⁸ ─

│ ╠╣╢╙──⁸ ─ ⌂◦☻♥ⱶ ╛⁸ ⌐╟╢ ⱪꜝ ─ꜞ◘▬◒ꜟ ─

─ ╩ ℮√╘⁸ ─ ╩ ─ ≢⁸꜡Ⱳ♇♩◦☻♥ⱶ ⁸꜡Ⱳ

╢╟⌐ⱶכ▪♩♇ ─ ╛⁸ ─ ─ ⌐ ℮ ─ ╩ ℮⁹ 

 ̧ ─ ⌐╟╡⁸ ↔╖ ─₈ ⱪꜝ₉⁸₈ ↔╖₉ќ ↔╖─ ⇔⁸

⅜⌂™╙─ ⅜ ⁹ ↔╖─ ⌐ ↑≡ ⱪꜝ ─ ꜟ◒▬◘ꜞה

─ │ ⅝™⁹ 

 ̧ ↔╖│ ╙ ⅜ ™ ⁸ ⌐│ ╩ ™⁸ ─ Ᵽꜝ ⌐ ℮

’◖fi♥♫ ─ ⇔⁸◖fi♥♫ ☻Ɑכ☻─ ⁸ ⌐

℮ ⅜ ⅝™⁹∕─√╘⁸꜡Ⱳ♇♩─ ╛⁸ ─ ⇔⌐╟╢ ─

╩ ℮⁹ 

 

 3- 17 ─ ⱪꜝה ↄ∏─ ─▬ⱷכ☺ 
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ᵒ ─◖fiⱤ◒♩⌂ ◦☻♥ⱶ 

─ ─ ⌐ ╦╠∏⁸ ⅛╠ ∆╢ │Ɑ♇♩Ⱳ♩ꜟ⁸┘╪⁸

─ 3 ─ ╩ ⌐╟╡ ╦╣≡™╢↓≤⅛╠⁸↓─ ⌐ ↑≡⁸◖fiⱤ◒♩⌂ꜚ♬♇♩

⅜ ╘╠╣≡™╢⁹ 

 ̧ ≤⇔≡ ─ ─ ↔╖⅜ ’ │  

 ̧ ─≢ꜟⱩכ♥ ⌐╟╡⁸ ─ ⅜  

 

 

 3- 18 ─◖fiⱤ◒♩⌂ ─▬ⱷכ☺ 

 

 3- 12 ◘▬♪─ⱷꜞ♇♩ 

♃▬♩ꜟ  ─ⱷꜞ♇♩  

ⱪꜝ ─

◦☻♥

ⱶ─  

ⱦꜟ⌐⅔

↑╢

ⱶ♥☻◦ה

─ ה  

Ẽ ™≈⌐כꜞ◗♥◌─

≡⁸ ⌂ ⅛╠─ ⅜≢⅝╢⁹ 

β₈ ₉ ─╖≢│⁸ ⌐ ╠⌂™⁹ 

Ẽ ⱪꜝ ─ ⌂ KPI ─ ⌐ ⇔℮

╢ 

ẼAIה꜡Ⱳ♥▫◒☻╩ ™√ ─ ╖⌐╟

╢ ה ─ │⁸♥♫fi♩┼─▪Ⱨכ

ꜟ⌐╙ ∆╢⁹ 

כꜞ◗♥◌

⌐⅔↑╢ ⇔

™

≤⁸

─ ⌂

─ ⅜

≤⌂╢⁹ 

◖fiⱤ◒♩

ꜚ♬♇♩

─ ≤  

⌐⅔

↑╢꜡Ⱳ♇♩

─  

Ẽ ⌐⅔™≡⁸ ─ ╩ ╘

╢ ─ ⌐ ∆╢⁹ 

β כ ═ 2.7h⁸

4.5h  

ẼAIה꜡Ⱳ♥▫◒☻╩ ™√ ⌂ ╖╩

∂≡ ┼─▪Ⱨכꜟ⌐ ∆╢⁹ 

β↔╖ ─ ⇔ ⌐ ∑√

─ ≢│⁸ ⌐ ┘≈⅛⌂™⁹ 

─

≤⁸ ⌐

⅔↑╢

─ ─

☻Ɑכ☻─

⅜ ≤

⌂╢⁹ 
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3- 1- 3 ꜡Ⱳ♇♩ ─ ≤ ─╕≤╘ 

⌐⅔↑╢ ─ ⁸ ⌐ ↑≡⁸₈ ⱦꜟ₉⁸₈ ₉╩ ⌐⁸

4⅛ ─ⱥ▪ꜞfi◓ ╩ ™⁸ ⁸ ה ⁸ ה ─ ⱨ▼כ☼⌐⅔↑╢

╩ ™⁸ ∆═⅝꜡Ⱳ♇♩─♥כⱴ⌐≈™≡ ⇔√⁹ 

 

(1) ⱪꜝ ─ ◦☻♥ⱶ─   

╠⅛☼כ♬ ↕╣√ ⱪꜝ ─ ◦☻♥ⱶ─▪ⱪ꜡כ♅≤⇔≡ ⌂ ╩ ⇔√⁹

↓╣╠─℮∟⁸↔╖ ה ╩ ℮ ꜡Ⱳ♇♩╩ ≡⇔≥≈≥└─ⱴכ♥ ↑√⁹

∕╣ ⌐ⱴכ♥─ ⇔≡│⁸ 6 ⌐ ─ ≡⇔≥ⱴכ♥ ⇔√⁹ 

 

 3- 13 ⱪꜝ ─ ◦☻♥ⱶ─♥כⱴ 

◌♥◗ꜞ

 כ

ⱷ♬

 כꜙ

     

 

─  

⅜

╠  

 

Ừ -  

╩ ╘⁸ ⅜

╠│ ≤⇔≡ ⁹

∕─ ⁸ │ ↔╖

⁸ ╡ │ ≤⇔

≡ ∆╢⁹ 

♥♫fi

♩ -

≢ ↔╖

β │×  

↔╖ ─

 

 

 

-  ủ 

┘╪⁸ ⁸Ɑ♇♩Ⱳ♩ꜟ

─ 3 ⅜≢⅝╢

┘ ⌐  

│

─√╘ ⅜

 

↔╖

─  

 

◦☻

♥ⱶ 
Ừ ủ 

ה ╩ ⌐⁸

≢↔╖ ⅜≢⅝╢

◦☻♥ⱶ 

Ᵽ♇◒ꜘכ♪≢

─  

ה

 

↔╖ ─

 

☻ⱴכ♩

↔╖  Ừ ủ 

↔╖ ─↔╖ ╩

⇔⁸ ⌂ ╩

∆╢ 

↔╖ ⅜ ↄ⌂

╢≤ ⁸

↔╖  

↔╖─

 

 

꜡Ⱳ♇

♩ Ừ ỏ 

ה ⁸ ה

╩ ≤⇔√

꜡Ⱳ♇♩ 

↔╖⁸ Ⱳכꜟ ─

 

♩כꜟ

─  

ה

 

ⱪꜝ─

ꜞ◘▬◒

ꜟ  

 

Ừ ỏ 

ⱪꜝ ─MR⁸

CR 

─ ⱪꜝ PE ─

MR⁸CR 

:ⱪꜝⱤ꜠♇

♩  

:Ɑ꜠♇♩
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  3- 19 ⱪꜝ ─ ◦☻♥ⱶ─ ▬ⱷכ☺ 

 

(2)◖fiⱤ◒♩ ꜚ♬♇♩─ ≤  

◖fiⱤ◒♩ ꜚ♬♇♩─ ≤ │⁸ ─ ⅜ ─

╩ ╘╢₈ ₉╩ ⌐⁸ ┘ ╩ ℮⁹ 

│⁸꜡Ⱳ♇♩─ ╩ ⱴ≢№╢⁹כ♥╢∆ ≤⇔≡ ≥ⱴכ♥╢↑⅔⌐

↑⁸ ⱨ▫כꜟ♪≢─ ╩ ℮⁹ 

 

 

 3- 20◖fiⱤ◒♩ ꜚ♬♇♩─ ≤ ▬ⱷכ☺ 
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3- 2 ꜡Ⱳ♇♩─  

↓╣╕≢ ─↔╖ ◦☻♥ⱶ≤─ ╩ ⇔⁸ ה ⌐ ↑√ ─ ה

◦☻♥ⱶ ╩ ∫≡⅝√⁹ ⌐│⁸ ∆╢ ↔╖ ─ ה ╩ ╢▪♃♇

♅ⱷfi♩⁸☿fi◘כ ה ╩ ⇔√☻ⱴכ♩↔╖ ⅔╟┘∕╣╩ ה ∆╢⸗☺

ꜟכꜙ ⸗ⱦꜞ♥▫◦☻♥ⱶ ₈ ꜡Ⱳ♇♩₉≤™℮⁹ ╩ ≤ ↑⁸↓╣╠

─ ╩ ₁⌂ⱨ▫כꜟ♪─↔╖ ╩ ⌐╟╡ ™⁸ ⇔√ ╩◦☻♥ⱶ≤⇔≡

∆╢ ╩ ∫≡⅝√⁹∕─ ⁸↔╖─ ה ⌐ ⅎ≡ ─ ⌂≥ ₁⌂ ╩ ⇔√

꜡Ⱳ♇♩⌐╟╡⁸ ─ ™ ⁸ ┼☼כ♬ ≢⅝╢↓≤⅜ ↕╣╢

≤≤╙⌐⁸◦ꜛ♇Ⱨfi◓⸗כ♥╛ꜟכⱴⱤכ◒⌂≥─ ╩ ╦⌂™ ⌐⅔↑╢ⱦ☺Ⱡ☻

⅜ ⱴכ◔♇♩≤⇔≡ ⌂↓≤⅜╦⅛∫√⁹ 

≢⁸ ─ ≤⇔≡│⁸ ─ꜝ☻♩꞉fiⱴ▬ꜟ─ ─ ⁸ ⌐╟╢

꜡Ⱳ♇♩─ ⁸ ┼─ ⌂≥⅜ ≤⇔≡ ↕╣√⁹ ≢│⁸ ─ ꜡Ⱳ♇

♩╩ ∆╢ⱨꜞכ♩◖fi♩꜡כꜟ◦☻♥ⱶ─ ─ ≤∕─ ⁸⌂╠┘⌐ ⌐ ↑√

╩ ℮⁹ 

 

3- 2- 1 ⌐ ↑√  

(1) ꜡Ⱳ♇♩⌐≈™≡ 

≢ ∆╢꜡Ⱳ♇♩│⁸LiDAR⅔╟┘ 3D◌ⱷꜝ⌐╟╡ ⅜ ≢№╢⁹ ⌐│

╩ ⇔≡⅔╡⁸↔╖ ⌂≥─ ≢↔╖ ─ ╩ ∆╢ ─ ╩

≢ ╖ ╡⁸ ≢ ⌐ ⇔≡ ה ╩ ℮↓≤⅜≢⅝╢⁹ 

 

 3- 14 ꜡Ⱳ♇♩─  

 

 

 3- 21 ꜡Ⱳ♇♩─  

810ú 650ú 1200

147.2kg

:0.1m/sec Ḳ0.5m/sec Ḳ0.7m/sec

IPx3 

350Nṕ 2deg 150kg 
Ṗ

Ü100deg

597kWh(24V) ú2

LiDAR GNSS
3D

Ṗ
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╕√⁸ ꜡Ⱳ♇♩│⁸ ⌐ ⌂ ⁸꜡Ⱳ♇♩ ⁸◦☻♥ⱶ ╩ ⅎ√◦

☻♥ⱶ╩ ⇔≡™╢⁹ ≢│⁸ ⌐╟╢ ≢─ LiDAR⅛╠─ ╩╙≤⌐ 3

╩ ∆╢⁹∕─ ⁸ ⇔√ ╩ 2 ⌐ ⅝ ⅎ⁸ ◄ꜞ▪╛ ⁸ ╩ꜟכꜟ

∆╢ ╩ ⇔≡™╢⁹꜡Ⱳ♇♩ ≤⇔≡⁸ ◦♫ꜞ○─ ה ─╒⅛⌐⁸

─꜡Ⱳ♇♩─ ╩☻♃כ♥☻⁸ ∆╢↓≤⅜≢⅝╢⁹ 

 

 

 3- 22 ◦☻♥ⱶ ≤  

 

◦☻♥ⱶ│꜡Ⱳ♇♩─ ⁸╡⅔≡╣↕ꜟכ♩☻fi▬⌐כⱣכ◘ꜟ◌כ꜡─ ⌐

╟╡ ─ PC⅛╠ ⇔≡ ∆╢⁹ │⁸LTE ⌐ ⅎ≡⁸ ─ ™ ≢│ WiFi

ⱷכ♩ꜟ ≢─ ╙ ≢№╢⁹╕√⁸꜡Ⱳ♇♩⅜ ╩ ∆╢

⌐№√╡⁸ ⁸꜡Ⱳ♇♩⌐ ⇔√☿fi◘כ ╩╙≤⌐ ╩ ∫≡™╢⅜⁸

⌐╟╢ GNSS GPS ⌐╟╢ ╩ ∫≡™╢⁹ 

 

 

 
 3- 23 LTE⌐╟╢ ─   3- 24 ─  

  

3- 2- 2 LiDAR─  

⇔√ ꜡Ⱳ♇♩│⁸Velodyne ─ LiDAR╩ ⇔≡⅔╡⁸↓╣╩ ™≡ ⌂

⅔╟┘ ╩ ⇔≡™╢⁹LiDAR⅛╠ ⁸⌐≥╙╩♃כ♦√⇔ ─ ╩ꜞ▪ꜟ♃▬ⱶ

≢ ⇔⁸ ⅛≈ ⌂ ╩ ℮↓≤⅜ ≢№╢⁹⇔⅛⇔⁸ ─◦☻♥ⱶ│ ─ LiDAR⅔

ḱ
ḱ
ḱ

ḱ
ḱ
ḱ
ḱ
ḱ
ḱ ︡ ḭ

ḱ
ḱ
ḱ ḭ
ḱ

ḱ ṕLTE VPN Ṗ
ḱ ṇ
ḱ ṇ ṇ ḭ ṇ



 

53 
 

╟┘꜡Ⱳ♇♩⌐ ⇔≡™╢√╘⁸ ⌂╢ LiDAR╛꜡Ⱳ♇♩╩ ∆╢ ⌐│ ⌂◦☻♥ⱶ ⅜

≤⌂╢⁹↓─╟℮⌂▪ⱪ꜡כ♅│ ─ ⅛╠╙ ≢№╡⁸╕√ ─ ╙ ⌂╦

╣╢⁹⇔√⅜∫≡⁸ ⌂ ╩ ⅎ√ ⌂ ◦☻♥ⱶ─ ⅜ ╘╠╣╢⁹╕√⁸

─ ⌐ ™⁸ │↕╕↨╕⌂ⱷכ◌כ⅛╠ ⌂ LiDAR⅜ ↕╣╢↓≤⅜ ↕╣╢⁹

꜡Ⱳ♇♩ ╙⁸ ─ ⅛╠ ⅝ↄ ∆╢ ⅜№╢⁹ ⌂╢꜡Ⱳ♇♩╩ ⌐

╙☼כ♬╢∆ ∆╢≤ ⅎ╠╣╢⁹↓─╟℮⌂ ⌐ ∆╢√╘⌐│⁸LiDAR╛꜡Ⱳ♇♩─

⌐ ⇔⌂™ ⌂◦☻♥ⱶ─ ⅜ ≢№╢⁹ 

≢│⁸ ─ LiDAR⅔╟┘꜡Ⱳ♇♩─ ⌐ ⇔≡⁸ ⇔√ ◦☻♥ⱶ⅜≥─

⅛╩ ∆╢⁹ ⌐│⁸ ⌂╢ LiDAR⅛╠─♦כ♃╩╙≤⌐ ─ ◦☻♥ⱶ─

⅜ ⌂ↄ ≢⅝╢⅛⁸1 ≈─꜡Ⱳ♇♩≢ ⇔√ ╩╙≤⌐ ─ LiDAR╩ ⇔√꜡Ⱳ♇

♩≢ ⅜ ⅛⁸LiDAR─ ╩ ⅎ≡╙ ∂◦☻♥ⱶ≢ ⅜ ⅛╩ ∆╢⁹ 

  

(1) ≤  

≤│ ⌂╢ 3 ─ LiDAR╩ ⇔√⁹LiDAR│⁸  3- 15⌐ ∆ ╟╡╙♅ꜗfiⱠꜟ

─ ™ ─╙─⁸ ⁸ ⅜ ⌂╢╙─╩ ⇔≡™╢⁹ ─ ™│⁸

velodyne ⁸Ouster ⁸Hesai ─ LiDAR│⁸ⱷ◌♬◌ꜟ LiDAR≢ ♅ꜗfiⱠꜟⱬכ☻─

╡ ⇔Ɽ♃כfi≢ ─ ╩ ℮─⌐ ⇔≡⁸Livox ♩כ♥☻♪♇ꜞ♁│ ⌐╟╢ ╡ ⇔

Ɽ♃כfi≢ ─ ╩ ℮╙─≢№╢⁹╕√⁸꜡Ⱳ♇♩─ ⌂ ╩ ⇔⁸LiDAR─

╩ ─ 775mm⌐ ⅎ≡⁸1000mm─ 2Ɽ♃כfi≢ ∆╢⁹ 

 

 

 3- 15 ╩ ℮ LiDAR 

 

 

  

ᵑ  

≢ ⇔≡™╢ ▪ꜟ◗ꜞ☼ⱶ╩ ⇔≡ ╩♩כꜟ ⇔⁸ ⌂ↄ

⅜ ∆╢⅛≥℮⅛╩ ∆╢⁹ ≤ ™ ≢─☿fi◘כ♦כ♃╩ 3 ∏≈

╩♃כ♦─⧵⁸⇔ ™≡ ╩ ™⁸ ⁸╣∏─♃כ♦ ≤─ ╩ ∆╢⁹ 
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ᵒ  

≢ ⇔≡™╢ ▪ꜟ◗ꜞ☼ⱶ╩ ⇔≡⁸ ╩♩כꜟ ⇔⁸

⅜ ∑∏⌐ ∆╢⅛╩ ∆╢⁹ │⁸ ≤ ─ⱴ♇♅fi◓─ ╩ ∆

ⱴ♇♅fi◓◄ꜝכ≢ ╩ ℮⁹ⱴ♇♅fi◓⌐ ™╢ │ ─ LiDAR Velodyne ≢

⇔√ ╩ ∆╢⁹╕√⁸LiDAR─ ↕╩ 755mm≤ ™ 1000mm─ ↕─

≈─Ɽ♃כfi≢ ∆╢⁹ 

ᵓ  

≢ ⇔≡™╢ ▪ꜟ◗ꜞ☼ⱶ╩ ⇔≡⁸ ╩♩כꜟ ⇔⁸

ה ⅜ ⌂ↄ ∆╢⅛╩ ∆╢⁹ 

ᵔ  

╩ ↕∑∏⌐⁸ ⌐ ⌂↔╖ ─fiꜛ◦כ♥☻ ─ ╩ ∆╢▪ꜟ

◗ꜞ☼ⱶ⌐╟╡ ⌂ↄ ∆╢⅛ ∆╢⁹ ╩ 2.5m↔╖ ╠⅛fiꜛ◦כ♥☻ ⇔⁸5

↕∑∏⌐ ⇔√ ╩♃כ♦ ™≡ ∆╢⁹ ≢ ⌂ ⌐ ⇔≡ ╩

℮⁹ │⁸ ─ ≤∕─ ⁸ ─ │ 1≈ ╩ ∆╢⁹ 

  

│⁸ ◐ꜗfiⱤ☻─ ╩ ⇔ LiDAR♦כ♃╩ ∆╢⁹ ⌐│⁸

LiDAR │ ≤ ∂ ─◦☻♥ⱶ╩ ⇔⁸LiDAR─ ↕ ™╩☿♇♩≢⅝╢꜡Ⱳ♇♩╩

™╢⁹LiDAR ↕│ ⌐ ∂ 775mm≤⁸1000mm─ 2Ɽ♃כfi≤∆╢⁹√∞⇔⁸Livox ╩

∆╢ │⁸ ─ ─√╘⁸ ╩ ↕⌐ ∆╢↓≤⅛╠⁸Livox │ ─ ⁸

⅜ ∂╢⁹ 

 

  

 3- 25 ╩ ℮  ♩כꜟ
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 3- 16 LiDAR─ ↕ ™─  

↕ LiDAR ↕ 775mm LiDAR ↕ 1000mm 

▬ⱷכ

☺ 

  

Livox

─

─

 

  

↕ LiDAR ↕ 775mm LiDAR ↕ 1000mm 

Livox

─
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(2) ⌐≈™≡ 

ᵑ ─  

LiDAR≢─ ╩ ⇔√ ⁸Ouster≤Hesai─ LiDAR│⁸LiDAR ↕ ™≢№∫≡╙

⌂ↄ ╩ ∆╢↓≤⅜≢⅝√⁹√∞⇔⁸LiDAR─ ↕⅜ ™╒≥⁸XY ≢─∏╣⅜

⅝ↄ⌂∫≡™╢↓≤⅜╦⅛╢⁹↓╣│⁸LiDAR─ ⅜ ™↓≤≢ ─ ⌂≥⌐╟╡ ⁸

⌂╠┘⌐ⱡ▬☼⅜ ⌐⌂╢↓≤⅛╠ ↕╣╢ ⅜ 3 ∕╣∙╣≢∏╣⅜ ⅝ↄ⌂

╢≤ ⅎ╠ⅎ╢⁹Livox ⌐≈™≡│⁸LiDAR─ ↕ ™─ │ ≢№∫√⅜⁸≥─ ↕⌐⅔™

≡╙ ⅜☻כ◔™⌂⅝≢⅜ 1 ∏≈ ⇔√⁹1≈│⁸ ↕─≤⅝⌐ ⅝ↄ ⅜∏╣

≡⇔╕℮ ⅜ ↓∫≡™╢⁹↓╣│⁸ ⌐ ⇔╛∆™ ה ╩

⇔≡™╢ ⁸≈╕╡ ⅜⌂™╟℮⌂ ⌐⁸☻◐ꜗfi♦כ♃≤◘Ⱪⱴ♇ⱪ ─Ⱶ☻ⱴ♇♅

fi◓⅜ ⇔≡ ⅝ↄ ⅜∏╣≡™╢≤ ⅎ╠╣╢⁹↓╣│⁸Livox ─ Ouster

90mהLivox 40m ╛ FOV ⌂≥⅜ ⇔≡™╢≤ ⅎ╠╣╢⁹╙℮ ≈│⁸LiDAR─

↕⅜ ™ ♩כ♃☻⁸│⌐ ꜟכ◗≥ ⅜ⱪכꜟ─ ∂⌂™ ⅜ ⇔√⁹↓╣╠╙⁸

≤ ─ ≤ ⅎ╠╣╢⁹ 

  

 3- 17 LiDAR─ XY ⁸3  

 LiDAR ↕ 775mm LiDAR ↕ 1000mm 

Ouster 

  

Hesai 

  

Livox  
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⌐⁸ LiDAR─ ≤─ ╩ ∫√⁹XY ─ ≢│⁸≥─ LiDAR╙ ⌡ כꜟ

♩⌐ ™ ╩ ∫≡™╢⅜⁸Ouster ─ ⅜♩כꜟ ╙ ⅜ ™↓≤⅜ ≢⅝╢⁹Z

─ ≤─ ⌐⅔™≡╙ ⌐ Ouster ⅜ ╙ ⅜ ™↓≤⅜ ≢⅝√⁹↓╣│⁸

Ouster ─ LiDAR│ ⅜ ™↓≤⁸♅ꜗfiⱠꜟ ⅜ ™√╘≢№╢≤ ⅎ╠╣╢⁹↓─╟

℮⌐⁸3≈─LiDAR─ ⌐≈™≡│⁸Ouster ⅜ ╙ ⅜ ↄ⁸ ™≢Hesai⁸Livox

⌐≈™≡│ ⅜ ↓╡℮╢ ≢│ ⌐╟∫≡ ∆╢↓≤⅜╦⅛∫√⁹ 

 

 3- 26 LiDAR─ XY Ousterה Hesaiה Livox  

  

 

 3- 27 LiDAR─ Z ─ ≤ Ousterה Hesaiה Livox  

   

ᵒ ─  

─ Velodyne ─ LiDAR╩ ™≡ ⇔√ ╩╙≤⌐⁸ ↕ ™─ 3≈─ ─

LiDAR⌐╟╡ ╩ ⇔√⁹∕─ ⁸™∏╣─ ↕ ™─ LiDAR╩ ™≡╙
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∆╢↓≤⌂ↄ ⅜ ≢⅝√⁹ⱴ♇♅fi◓ │⁸Livox ⅜ ╙ ™ ≤⌂∫√

⅜⁸ ⅝⌂ │⌂™꜠ⱬꜟ≤ ⅎ╠╣╢⁹ 

 

 3- 28 LiDAR≢─ Ouster⁸ Hesai⁸ Livox  

  

ᵓ ─  

─ ▪ꜟ◗ꜞ☼ⱶ╩ ™≡⁸ ≢⅝⌂™ ⌂─⅛⁸ ⌂ ⌂─

⅛╩ ≢⅝╢⅛ ⇔√⁹∕─ ⁸Ouster≤ Hesai│⁸ ≤ ─ ⅜♃כ♦─

↕╣╢√╘ ⇔ↄ ה ≢⅝╢↓≤⅜ ≢⅝√⁹ ≢⁸Livox │ 

 3- 29⌐ ∆╟℮⌐ ╩ ≤ ⅜ ↄ ∆╢↓≤⅜ ≢⅝√⁹Ɽꜝⱷכ♃─

™ ╖≢ ∆╢ ╖│№╢≤ ⅎ╠╣╢⅜⁸ ≤ ─ ≢ ↕∑╢√╘⌐│ⱪ

꜡◓ꜝⱶ─ ╩ ℮ ⅜№╢ ⅜№╢↓≤⅜╦⅛∫√⁹LiDAR─ ↕⌐╟∫≡ ⅝⌂

─ ™│╖╠╣⌂⅛∫√⁹ 

 3- 29 LiDAR─  

 

 ᵔ ─  

꜡Ⱳ♇♩│⁸☻♥כ◦ꜛfi⌐ ╡ ↑√ ╕≢─ ╛ ╩ ∆╢▪ꜟ◗ꜞ☼ⱶ

⌐╟╡⁸ ─√╘─ ╩ ℮⁹ ≢│⁸▪ꜟ◗ꜞ☼ⱶ⌐╟╢ ⌐ ⌂

╕≢─ 2.5m ⁸╕√ ⌐ ⇔≡ ─ 1 ╩ ⇔√⁹ 
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 3- 30 ─ ▬ⱷכ☺ 

  

LiDAR⌐╟╡ ⇔√ ⁸Ouster │ ╩ⱪכ♥ ↕∑╢≤ ⅜ ↄ ↕╣╢⁸

Hesai│ ≤ ─ ⁸Livox │ ♃כ♦ ring ─ ⅜ ♃כ♦╘√╢⌂ ring

─ ⅜℮╕ↄ ⇔≡™⌂™↓≤⅜ ↕╣√⁹╕√⁸Ouster ≤ Livox │⁸candidate

⅜ ↕╣√ ה ─ │↔╖ ⅜fiꜛ◦כ♥☻ 1 ≈─√╘ ™ ⅜ ╕⇔™

⅜ ⅝ↄ⌂∫≡™╢√╘⁸ ─▪ꜟ◗ꜞ☼ⱶ─ ⅜ ⌐⌂╢↓≤⅜ ↕╣╢⁹ 

 

 3- 31 LiDAR─ ╕≢─ ≤  

 

 3- 32 LiDAR⌐╟╢ ─  

   

─ ╟╡⁸ouster │⁸♅ꜗfiⱠꜟ ⅜ ™√╘ ≢ ╙ ⅜ ™ ╩

╠╣√⅜⁸ ⌐ ⇔≡│ ─ ⅜ ≢№╢⁹Hesai │⁸ ≤╟ↄ √

≢№╢√╘⁸≥─ ≢╙ ⌂ↄ ≢⅝╢ ≢№∫√⁹Livox │⁸ ⅜ ─

LiDAR≤ ⌂╢√╘ ╛ ≢│℮╕ↄ ⇔⌂™≤™℮ ⅜ ╠╣⁸

│ⱪ꜡◓ꜝⱶ─ ⁸ ⌐ ⇔≡│ ─ ⅜ ≢№╢↓≤⅜╦⅛∫√⁹╕












































































































































































































































































































































































