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1   

 ─  

╛Ᵽ▬◒ ≢│ ╩ ∆ ≤

™∫√ │ ─ ⌂ ≢№╢⅜⁸ ⅜ №╢™│ ⌂ ⌐

↕╣≡™⌂™√╘⁸ ⌐ ↕╣≡™╢╙─⅜ ™⁹ ╛ ─ ⌐│

≤⇔≡ ⅜ ⇔≡⅔╡⁸ ─ ─ →≤⌂∫≡™╢⁹ 

⌐ ≢│⁸ ≤⇔≡─ ⌐ ↕╣╢ │ ⇔≡™╢⁹2021⌐

↕╣√₈ 2 ₉1)≢│ ⅜ ●☻ ⌐╟╢ ─ ⁸

─ ⁸ ─ ─ ⌐ ∆╢ ≢№╢≤ ↕╣≡™╢⁹╕√⁸ 

╛ ≢─ ─ ─☻ⱦכ◘ꜟ◒▬◘▪▼◦╛ ⌐╟╡ ⅜╟╡

⌂ ≤⌂∫≡⅔╡⁸ ▬fiⱨꜝ─ ╙ ⌐ ╘╠╣≡™╢⁹ 

≢⁸ │ ⌐╦√∫≡ ⅜ ╘╠╣≡™╢ ≤⇔≡ ∫≡™╢⁹

│ ─ ╩ →╢↓≤∞↑≢⌂ↄ⁸ ─ ╩ ⌡╢ ≤⇔≡ ↕╣≡™╢⁹

─ ⌐ ⇔≡│ ⅜₈ ─ ─№╡ ⌐ ∆╢●▬♪ꜝ▬

fi 2 ₉2)⌐⅔™≡ ─ ╛∕╣⌐ ∆╢ ⌐╟╢ ╩ ⇔≡™╢⁹

↓╣╕≢─ │ ─ ⅜ ⅛∫√√╘⁸ ─ │ ⌐ ╦

╣≡™√⁹↓╣⌐╟╡ ─ ↄ│ ╩ ∆╢ ⅜ ╠╣⁸ ─

│ ⇔√⁹⇔⅛⇔⁸ ⌐ ⅜№╢ ≢╙ ⅜ ⁸╛☻כ◔╢™≡⇔

≢│⌂™ ⌐ ⅜ ⅜☻כ◔╢∆ ↕╣≡⅔╡⁸ ≤

⌐☼כ♬─ ⅜№╢↓≤⅜℮⅛⅜ⅎ╢⁹↓╣╠─ ─ │ ™ ╛ ≢⁸

─ ⌐ ↑√ ─ ⅜ ╘╠╣≡™⌂™↓≤⅜ ≤⌂∫≡™╢⁹

⅜ 2021⌐ ⇔√₈ ─ ≤ ⌐ ∆╢ ₉3)≢│ ─

╩ ℮ │ ⌐ ∆╢ ⅜ ↄ⌂╡⁸ ⅛╠ ╣√ ╛ ≢

№∫≡╙ ─ ∆╢ ─ ╩ ↑╢ ⅜№╢≤ ⇔≡™╢⁹↓─╟℮⌐ ∂

≢№∫≡╙⁸ ╛ ⌐╟∫≡ ─ ⅜ ⌂╡⁸∕╣⌐╟╡ ⌂

─ │ ⌂╢⁹∕─√╘⁸ ─√╘─ ─ ╛

─ ⅜ ≤⌂∫≡™╢⁹ 

↓─╟℮⌐ ─ ─ ┘ ╩ ⌐ ∆╢√╘⌐│⁸ ─ ⁸

⁸ ⁸ ⁸∆⌂╦∟ ╩ ∆╢ ⅜№

╢⅜⁸ ─ ⌐ ∫≡™╢⁹ 

↕≡⁸ ≢│⁸▬fiⱨꜝ ꜟ♃☺♦≥♃כ♦⁸≡™⅔⌐ ╩ ⇔⁸ ─

ה ה ◖☻♩ ⌂≥╩ ╡⁸ ה ≢ ⅛⌂ ╩ ∆╢√╘⌐⁸▬fiⱨꜝ

─ DX4)╩ ⇔≡™╢⁹╕√⁸ ⌐⅔™≡│⁸ ⌐ ⇔≡ ה ⌂

╩ ∆╢≤≤╙⌐⁸ ⌂ ╩☻ⱦכ◘ ∆╢↓≤⅜ ≢⁸ ≢☻ⱴכ

♩⌂ ◦☻♥ⱶ┼─ ⌐ ↑≡⁸♦☺♃ꜟ ╛ ─ ⌐╟╢ ╛

⅝─ ה ╩ ⇔⁸ ◦☻♥ⱶ─ DX5)⅜ ↕╣≡™╢⁹ ◦☻♥ⱶ─ DX

≢│⁸ ⌐╟╢ ⌂≥─ AI ⌐╟╢⁸Ɽ♩꜡כ◌ꜟכ ⌐ ∆╢◌ⱷ
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ꜝ ⅛╠ ─ ─ ╛⁸CCTV◌ⱷꜝ ⅛╠ ─ ╛

─ ה ⌂≥╩ ╖≡™╢⁹∕↓≢⁸ ≢╙ ה ─√╘

─ DX│ ↕╣╢═⅝≢№╢⁹ 

 

 

 1-1 ─ ∕─  

 

 

 1-2 ─ ∕─  

 



 

 

 

3 

 

 

 1-3 ─ ∕─  

 

 ─  

─ │⁸ ⌐⅔↑╢ ─ ≤ ─ ─ ╩

╠⅛⌐⇔⁸ ⌂ ╩ ⌐∆╢↓≤≢№╢⁹ 

∕─√╘ ≢│⁸ ⌐╟╢ ╩⁸ ⌐ №╢™│ ↕╣√

─ ⌐ ∆╢⁹∕╣⌐╟╡⁸ ─ ⌐ ╠⌂™⁸ ─ ™ ↕╣√

─ ⅜ ⌐⌂╢⁹↓─╟℮⌂ ─ ⌐ ⅎ ⁸ ⅜

⌐ ≢⅝╢◦☻♥ⱶ╩ ⇔⁸↓─ ╩ ™╢↓≤⌐╟╡⁸ ─ ⌐ ה

↕╣√ ─ ╩ ∆╢↓≤╩ ≤∆╢⁹ 

↕╠⌐⁸ ⅛╠ ─ ╩ ⇔⁸ ─ ╛ ─

⌐ ≠™≡ ─ ╩ ∆╢⁹∕─ ╩ ∆╢↓≤≢⁸ ⌐⅔↑╢

─ ╩ ⇔⁸∕╣⌐ ⇔√ ─ ⌐ ∆╢↓≤╩ ∆⁹ 

 

 ─  

─ │ ─ ╡≢№╢  

1 ≢│ ─ ≤ ╩ ⇔√⁹ 

2 ≢│ ⌐ ∆╢ ╩꜠ⱦꜙכ⇔√℮ⅎ≢⁸ ─ ↑╩ ═╢⁹ 

3 ≢│ ─ ─√╘⌐ ∫√ ─ ⌐≈™≡╕≤╘╢⁹ 

4 ≢│ ∆╢ ⸗♦ꜟ⌐≈™≡ ∆╢⁹ 

5 ≢│ ⸗♦ꜟ⌐╟╢ ≤∕─ ⌐≈™≡ ═╢⁹ 

6 ≢│ ─ ⌐≈™≡ ∆╢⁹ 

7 ≢│ ⌐≈™≡ ╩ ℮⁹ 

8 ≢│ ⌐≈™≡╕≤╘⁸ ─ ⌐≈™≡ ═╢⁹ 
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2  ─꜠ⱦꜙכ≤ ─ ↑  

 ─꜠ⱦꜙכ  

≢│⁸ ╩ ⇔√ ⌐ ⇔ ⌐╟╢ ╩ ™≡⁸ ─

╩ ∆╢─⅜ ≢№╢⁹↓↓≢│⁸ ─ ⌐ ∆╢ ╛⁸

⌐ ∆╢ ⌐≈™≡ ∆╢⁹╕√⁸ ⌐╟╢ ─ ⇔√ ≤

⌐ ∆╢ ⌐≈™≡ ∆╢⁹ 

 

 ⌐ ∆╢  

6 )│ ⌐ ⇔≡ ™ ⌐ ∆╢ ─ ⌐ ∆╢▪fi◔כ♩╩ ∆╢

≤≤╙⌐⁸ ─ ⌐ ∆╢ ╡ ╖╩ ⇔√⁹ ™ ⌐╟╢ ⌐

⇔≡ ⅜ ∂≡™╢≤ ⇔√─│ 3 ─ ╛ ─ ⌂ ╩ ⌐ 101

─ ∞∫√⁹⇔⅛⇔⁸ ⅜ ∂≡™╢≤⇔√ ─ ⅜ ™ ⌐╟╢

─ ╩ ⇔≡⅔╠∏⁸ ™ ⌐╟╢ ─ ╛∕╣╩ ∆╢↓≤⅜

⌐⌂╢╟℮⌂ ╩ ∫≡™╢ ╙ 37 ≢№∫√⁹ ™ ⌐╟╢

⌐ ↑√ ≤⇔≡│ ─ ⅜ⱷ▬fi≤⌂∫≡⅔╡ ╛ ≢│

─ ⅜ ⌐ ↑√ ≤⌂∫≡™╢↓≤⅜╦⅛∫√⁹ 

╠7 )│ ⌐≈™≡ ─ ─ ∑≤ ─

⌐≈™≡ ╩ ∫√⁹ ─ ≢ ╦╣√ ─ ≤ ─ ─

ꜟⱠכ◌⌐≥╙╩ ╩ ⇔⁸ ─ ⅜Ⱨכ◒≤⌂╢ ╩ ⇔√⁹╕√⁸

╩ ™≡ ─ ─ ∑╩ ꜟⱠכ◌⁸╡╟⌐╣↓⁹√⇔⌐⅛╠

⅛╠ ╠╣√ ⅜ ↄ⌂╢ ─ ⌐ ─ ↄ⌂╢ ╩╙≈ ╩ ≈

↑╢↓≤⅜ ⌐⌂∫√⁹ 

 

 ⌐ ∆╢  

╠8 )│ ─ ⌐ ∆╢ ╩ ∆╢√╘⌐⁸▪fi◔כ♩ ╩ ⇔≡

─ ™ ╛ ─ ╩⸗♦ꜟ ⇔√⁹╕√⁸ ─ ⌐╟╢

⌐ ∆╢ ╩ ⇔≡ ⌐≈™≡╙⸗♦ꜟ ⇔√⁹

™ ─ ⌐≤∫≡│ ─ ─ ⅜ ↄ⁸ ™ ─ ⌐

⇔≡ ─ ™ ╩ ∆╢ ⅜№╢↓≤⅜ ⅛∫√⁹ 

╠9 )│ ╛ ⌐ ─ ╩▪fi◔כ♩⇔≡ ≤∕─ ─

⌐≈™≡ ═√⁹ ─ ⌐≈™≡ ╩ ╘⁸ ⁸

⁸ ≤ ╛ ─ ╩ ⇔√⁹∕─ ↕╣√ ─ ╩

→√ ⌐│ ≤≤╙⌐ ⅜ ∆╢↓≤⅜╦⅛∫√⁹↓╣⌐ ⇔≡

╩ →╢ │ ⅜ ╡⁸ ⅜ ∆╢↓≤⅜╦⅛∫√⁹ 

╠10)│ ─ ⌐ ∆╢ ─ ≤ ╩ ⇔√

─ ⸗♦ꜟ╩ ⇔√⁹2012⅛╠ 2014⌐⅛↑≡ ─ ─ ≤

─ ─ ╩ ∫√⁹↓─ ⅛╠ ─ ─ ⌂ ╩ ╠
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⅛⌐⇔√⁹╕√⁸ ─ ⸗♦ꜟ≤ ⸗♦ꜟ─ ╩ ™⁸

◦Ⱶꜙ꜠כ◦ꜛfi╩ ∫√⁹ ◦Ⱶꜙ꜠כ◦ꜛfi⅛╠ ╩ ⇔⁸ ⌂

─ ╩ ∫√⁹∕─ ↕╣√ │ ╟╡╙ ⌂ↄ≡ ™↓≤╩ ⇔√⁹

≢ ⌐ ─ ™ │ ⅜ ─ ≤⌂╡⁸ ∆╢ ⅜№╢↓≤

⅜╦⅛∫√⁹ 

╠11)│ ⌂ ╩ ≤⇔≡ ≢ ─ ⌂≥╩ ⇔√ꜞ

─♩♇꜠ⱨכ ≤◖Ⱶꜙ♬◔כ♃כ⌐╟╢ ◖Ⱶꜙ♬◔כ◦ꜛfi╩ ♇꜠ⱨכꜞ⁹√∫

♩─ ╩ ∫√ │ ⌐⅔™≡ ≢─ ⅜ ╠╣√⁹╕√⁸

◖Ⱶꜙ♬◔כ◦ꜛfi╩ ↑√ ─℮∟⁸25%─ │ ╩ ⇔√⁹

↓╣⌐╟╡⁸ ◄ꜞ▪≢─ ⌐ ↑≡ ─♩♇꜠ⱨכꜞ─≢ ╛◖Ⱶꜙ♬◔

─fiꜛ◦כ ⅜ ≢№╢ ⅜ ↕╣√⁹ 

 

 ⌐ ∆╢  

╠12)│ ⌐ ∆╢ ⅜ ∆╢ ⌐ ⇔≡ꜝfi◒ ↑╩ ™ ⇔√ ⌐⅔™

≡ꜝfi◒ ⌐ ─ ╩ ∫√⁹ ↔≤⌐ ─ ╩ ≤⇔≡ ⇔

≡ ─ ≤─ ⌐≈™≡ ⇔√⁹↓─ │ ─ ™ ─ ⅛╠

╩ ⅎ╢ ╩ ⌐ ∆╢↓≤⅜ ⌐⌂∫≡™╢⁹ ≤ ─ ⌐ ─

⅜ ╘╠╣╢ ≢│ ─ ╛ ─ ⌐╟╢ ─ ╩ ╠∆

╡ ╖⅜ ╩ ╡ ↄ↓≤⅜≢⅝╢ ⅜≢⅝╢⁹↓─╟℮⌐ ╩ ⌐ ⇔

≡ ⌐ ╡ ╗↓≤⅜ ⌐╟∫≡ ≤⌂∫√⁹ 

╠13)│Ɽכ♁fi♩ꜞ♇ⱪ ⌐⅔™≡₈ ה ⌐ ₉≤⇔≡ ⅜

↕╣√╙─╩ ≤⇔≡ ⇔√⁹ ─ ≤Ɽכ♁fi♩ꜞ♇ⱪ ╠⅛♃כ♦

↕╣√ ╩ ⅜fiכ♂⁸╤↓≥√⇔ ⌂╢ ╛ ⅜ ⌂╢ ⅛╠ ⌂ ⅜≢⅝

⌂⅛∫√╙──⁸Ɽכ♁fi♩ꜞ♇ⱪ ╠⅛♃כ♦ ╛♩ꜞ♇ⱪ♅▼כfi─ ⅜

⌐⌂╢↓≤╩ ⇔√⁹ 

 

 ⌐╟╢ ╩ ™√ ─ ⌐ ∆╢  

╠14)│⁸ ⌂ ╛ ⸗♦ꜟ─ ┼─ ╩ ≤⇔≡ ╩

∫√⁹ ╩ ∆╢ ⸗♦ꜟ≤⇔≡ ─ ≢№╢ YOLOv3 ─ ⸗♦ꜟ╩

™⁸ ─ ╩ ∆╢ ⸗♦ꜟ≤⇔≡ ─ ─ VGG19 ≢ ⁸ ⇔⁸

≤ ─ ה ⅜ ⅛╢ ╩ ⇔√⁹ ╩

™≡ ≢ ⇔√ ⌐ ╩ ™ ↔≤─ ╩ ⇔⁸

╩ ⇔√⁹∕─ ⁸ ─ ╛ ⸗♦ꜟ╩ ™√ ≢╙⁸ ⌐╟

∫≡│ ™ ≢ ∆╢↓≤⅜≢⅝⁸ ┼─ ⅜№╢↓≤⅜ ↕╣√⁹  

╠15)│⁸ ≤ ╩ ≢⅝╢╟℮⌐∆╢─╩ ≤⇔≡⁸

╩ ℮▪ꜟ◗ꜞ☼ⱶ─ ≤ ╩ ∫√⁹▪ꜟ◗ꜞ☼ⱶ─ │⁸ ─ ⅛╠

⇔√ ─ ⌐ ⇔⁸ⱨ□▬fi♅ꜙכ♬fi◓╩ ∫√ YOLOv2 ╩ ™≡⁸
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⌐ ─ ╩⇔⁸ ⅜ ╘≡ ⌐ ∫√ ⌐ ─ ╩ ⇔⁸

ⱨ꜠כⱶ─ ─ BBox ─ ⌂╡╩ ⌐ ⅛ ⇔⁸ ╩ ╢╕≢ ╩

∆╢≤™∫√╙─≢№╢⁹ ≢│⁸ ⇔√▪ꜟ◗ꜞ☼ⱶ╩ ™≡⁸ ⌐ ╩

⇔√ ⌐ ⇔⁸ ≤ ─ ─ ╩ ∫√⁹∕─ ⁸ ☺כꜟ◒○─

ꜛfi─⌂™ ⌂ ≢─ ⌐⅔™≡⁸ ≤ ─ ⅜ ⅎ╢↓≤

⅜ ╠⅛⌐⌂∫√⁹ 

╠16)│⁸ ≤ ╩ ≢⅝╢╟℮⌐∆╢─╩ ≤⇔≡⁸↓

╣╕≢⌐ⱨ□▬fi♅ꜙכ♬fi◓⇔√ YOLOv2 ╩ ™≡ ╩ ℮▪ꜟ◗ꜞ☼ⱶ─ ≤

╩ ∫√⁹↓─ ≢│⁸YOLOv2 ─ ⇔™Ᵽכ☺ꜛfi≢№╢ YOLOv3 ╩ ™≡

─ ≤ ─ ╩ ℮ ╩ ∫√⁹∕─ ⁸YOLOv3 ╩ ™

╛ ─ ─ ⅜ ╠╣√⁹ 

♪▲ꜟⱣ♪ꜝⱢ╠17)│⁸ ─ ⌂ Web ◌ⱷꜝ╩ ⌐ ╡ ↑⁸ ⅛╠ ⇔√

╩ ∆╢↓≤≢ ╩ ℮ ╩ ⇔≡™╢⁹ ≢│⁸ ⇔≡™╢

╩♩ꜝ♇◐fi◓⇔⁸ ⌐ ─ ╩∆╢ ⌐≈™≡ ⇔√⁹◦☻♥ⱶ

│⁸ ⅛╠ ⌂ Web◌ⱷꜝ≢ ↕╣√ ⌐ YOLOv3 ≢ ╩ ™ ─

╩ ℮⁹ ↕╣√ ⌐ ⇔≡⁸ⱴꜟ♅○Ⱪ☺▼◒♩♩ꜝ♇◐fi◓╩ ™ ─ ⅝╩

⇔⁸ ╩ ™⁸ ─ ID ╡ ≡╩ ℮⁹ ⌐Ᵽ►fi♦▫fi◓Ⱳ♇◒☻─ ⅜ ╩

⇔√ ◌►fi♩⇔⁸♩ꜝ♇◐fi◓♦כ♃⅛╠ ╠╣╢ ─ ⌐╟╡ ╩

∆╢⁹╕√⁸♩ꜝ♇◐fi◓ ─√╘ ╩ ⇔⁸ID ─ ╡ ≡╩ ℮ ⌐⁸ⱴ♇

♅fi◓ ─Ᵽ►fi♦▫fi◓Ⱳ♇◒☻≤◌ꜟⱴfiⱨ▫ꜟ♃כ⅜ ⇔√ ⅜ ╩ ⅎ√

⌐ ∆╢⁹ ⌐↓─◦☻♥ⱶ╩ ™≡ ╩ ∫√⁹∕─ ⁸

⌐╟╡ ⅜ ↕╣♩ꜝ♇◐fi◓ ⇔≡™╢↓≤╛ YOLO ≢ ↕╣≡™⌂™ ⅜№╢

↓≤⅜ ↕╣√⁹ 

╠18)│⁸ ─ ╩ ⌐╟╢ ∆╢ ⁸ ⸗♦ꜟ─

⅜ ⌐ ∆╢⅛ ╩ ∫√⁹COCO ♦כ♃╛ ⌐ ⇔√ ⌂≥╩ ⇔≡♦

≢♩♇☿♃כ♦─╣∙╣⧵⁸⇔ 6 ♩♇☿♃כ ↕∑√ YOLOv4-tiny ⸗♦ꜟ⌐ ⇔

≡ ≢ ⇔√ ╩ ™√ ─ ╩ ∫√⁹∕─ ⁸ ─ ⌐№╡

╢ ╩ ╩♩♇☿♃כ♦√⇔⌐ ∆╢≤ ⅜ ╠╣√↓≤⁸ ⌐ ™╢

│ 1 ◒ꜝ☻№√╡ 3,000 ≢ ≢№╢↓≤⁸ ה ⌐ ─◒ꜝ☻╩

⇔√ ≤ ─◒ꜝ☻≢ ↕∑√ ╩ ═╢≤◒ꜝ☻╩ ⇔≡╙ ⅜ ⇔√≤│

ⅎ⌂™↓≤⅜ ╠⅛⌐⌂∫√⁹ 

 

 ⌐╟╢ ╩ ™√ ⌐ ∆╢  

╠19)│⁸ ⌐⅔↑╢ⱦ♦○ ⌐╟╢ ⌐ ⌂≥╩ ∆╢↓≤≢⁸

─ ╩ ∆╢◦☻♥ⱶ╩ ⇔⁸∕─ ╩ ⇔√⁹◦☻♥ⱶ │⁸

↕╣√ ⌐ ⇔⁸SSD ≤ ┌╣╢ ⸗♦ꜟ╩ ™≡ ─ ╩ ™⁸ ╩

⇔⁸ ╩ ⅔╟┘ ⌐ ⇔√ⱷ♇◦ꜙ ─ ⅜ ↕╣╢⁹∕─◦☻
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♥ⱶ╩ ™≡⁸ ╩ ∫√≤↓╤ ─ ╩ ⌡ ⌐ ≢⅝≡™≡ │

№╢≤⇔√⁹ 

─fiꜛ☺כꜟ◒○⁸│(20╠ ╩ ↑⌂™ ─ ─ ╩ ≤⇔⁸○◒

─fiꜛ☺כꜟ ╩ ↑⌐ↄ™ ⌐ ⇔√ ╩ ™√⸗♦ꜟ╩ ⇔⁸∕─

╩ ⇔√⁹ │⁸ ─ ⅜ ≢⅝╢⸗♦ꜟ╩ ⇔⁸∕╣╩ ™≡ ╩

⁸∕─ ⁸ ─ ╩ ⇔⁸ ⅛╠ ╩ ⇔≡ ─ ╩ ∆╢╙

─≢№╢⁹ ⌐ ∆╢↓≤≢⁸ ─ ╩ ⇔√ ⁸ ™ ≢ ≢⅝

⅜ ∑√⁹ 

 

 ∕─ ─ ⌐╟╢ ─ ╩ ╖≡™╢  

╠21)│⁸♪ꜝ▬Ⱪ꜠◖כ♄כ╩ ⇔√Ɽ♩꜡כꜟ ≢ ╩ ∆╢↓≤≢

─ ⅜ ⌂◦☻♥ⱶ─ ╩ ⇔≡™╢⁹ ≢│⁸ ╖ YOLOv3 ╩

™≡ ⇔⁸♪ꜝ▬Ⱪ꜠◖כ♄כ─ ╠⅛♃כ♦ ╩ ≢

№╢⅛╩ ≤⇔≡ ╩ ∫√⁹∕─ ⁸ ⁸U ♃כfi ⁸  40 

◐꜡ ⁸ ⌐≈™≡│⁸ ⌐ ≢⅝╢↓≤⅜ ╠⅛⌐⌂∫√⁹

⁸ ⁸ ⁸ ⁸  30 ◐꜡ ⌐≈™≡│ ╣╛ ⅜

╠╣√⁹ 

╠22)│⁸ ─ ⌐ ↑√ ╩♩♇☿♃כ♦ ⇔∕─

╩ ⁸│♩♇☿♃כ♦⁹√∫ ─◙כꜚ ≤ ∂ ≢ ⇔√ ⌐ ⇔⁸

─ ⌐ ⌂  31 ╩ ꜝⱬꜟ≤⇔≡ ⇔√⁹ ♇☿♃כ♦√⇔

♩╩  YOLOv2 ≤ YOLOv2-tiny ≢ ↕∑√⁹ ⇔√ ⸗♦ꜟ╩ ⇔≡ ─

⌐ ⇔≡☻ⱴכ♩ⱨ◊fi ≢ ╩ ∫√⁹∕─ ⁸YOLOv2-tiny ≢│ 20fps 

─ ⅜ ╠╣ꜞ▪ꜟ♃▬ⱶ ⅜♩♇☿♃כ♦⁸⇔⅛⇔⁹√∫№≢ ↕ↄ

⌐ ─♩♇☿♃כ♦╘√╢№⅜ ⅜ ≢№╢↓≤⅜ ↕╣√⁹  

╠23)│⁸ ╛ ╩ ™≡⁸ ╩ ה ⇔⁸ ≤ ─

ה ╩ ℮◦☻♥ⱶ╩ ⇔ ╩ ⇔√⁹∕─◦☻♥ⱶ─ │⁸ ☿fi

כ◘ ⅝◌ⱷꜝ≤  PC ╩ ⌐ ╡ ↑⁸ ◌ⱷꜝ≢ √ ⌐ ⇔ YOLO ╩ ™

≡ ⇔ ─ ╩ ∆╢⁹∕─ ⁸DeepSORT ⌐╟╢○Ⱪ☺▼◒♩♩ꜝ♇◐fi◓

≢ ─ ╩ ℮⁹∕⇔≡⁸ ╩ ™≡ ─ ╩ ╘⁸ ─

╩ ⇔ ╩ ∆⁹◦☻♥ⱶ─ ╩ ═╢√╘⁸ ≤ ╩

≢ ╩ ─ ⌐ ⇔ 5 ⅛╠ ↕∑╢ ╩ ∫√≤↓╤⁸ ⌐

⅜ ≡ ◦☻♥ⱶ─ ╩ ⇔√⁹ 

 

 ─ ≠↑  

≢│ ⌐ ⇔≡ ─ ╩ ∫√╡⁸▪fi◔כ♩ ╩ ∫√╡∆

╢↓≤≢⁸ ╩ ∆╢ ⌐≈™≡─ ╛ ─ ╩ ℮╙─⅜ ↄ ↑

╠╣╢⁹⇔⅛⇔⁸ ⌐ ∆╢ │ ⌂™⁹↓╣│ ⌐╟╢ ─ ⅜ ≢
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№╢↓≤⅜ ⌐№╢≤ ⅎ╠╣╢⁹ ─ ⌐│ ↔≤⌐ ⌐ ℮

⅜№╢⅜⁸ ↄ─ ╩ ⌐∆╢≤ ◖☻♩⅜ ⅝ↄ⌂╡⁸ ⌐ ⇔√◘fiⱪꜟ ╩

≢⅝⌂™⁹ 

╕√⁸ ⌐╟╢ ╩ ─ ╛ ⌂≥⌐ ⇔╟℮≤ ∆╢

│ ∆╢⅜⁸ ╩ ─ ⌐ ⇔╟℮≤∆╢ │ √╠

⌂™⁹ 

∕↓≢ ≢│⁸ ─ ≢ ≢⅝╢ ╟╡ ⇔™ ⅜ ⌐ ≢

⅝╢◦☻♥ⱶ╩ ∆╢↓≤╩ ≤⇔≡⁸ ╩ ⇔√ ⌐ ⇔ ⌐╟╢

╩ ™≡ ╩ ℮↓≤≢⁸ ─ ה ה ⅜ ≢⅝╢◦☻♥ⱶ─

╩ ╖√⁹ 
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3  ─  

≢│ ≤ ─ ≤─ ⌐≈™≡ ╩ ℮⁹∕─√╘⁸ ╩ ℮⌐

№√∫≡ ─ ⌐≈™≡ ⁸ ╩ ∆╢√╘─ ╩ ∫√⁹ 

 

 ─  

≢│ ╩ ≤⇔√⁹ ⅜ ⇔√ ╩

╗ ⌡ 500m─ ≢№╢⁹ ╕∟≠ↄ╡ ⌐≡ ╕∟⌂⅛

╩ ⇔≡™√─≢⁸∕╣╙ ⇔√⁹ 

 

 3-1 ─  

 

  

  

≢│ ─ ╩ ∆╢↓≤≢ ─ ╩ ⇔√⁹ ⌐≈™≡│⁸

◌ⱷꜝ╩ ⌐ ⇔⁸ ⌐ ╩ ╡ ↑≡⁸ ╩ ⇔⌂⅜╠ ∆╢↓≤≢ 3-2─

╟℮⌂ ─ ╩ ∟⌂⅜╠ ⇔√⁹╕√⁸ ⌐│ ╩ ≤⇔≡

⇔√⁹ │⁸GPS꜡●כ╩ ⇔≡⁸ ─ ╩ ⇔√⁹ 

 

 
 

 

 

500m 

300m 

 



 

 

 

10 

 

 

 3-2 ↕╣√ ─  

 

 3-3 ─  

 

  

│ ─ ⅛╠ 3-4⌐ ∆ ╩☻כ◖─17 ⇔⁸ ╩ │≢☻כ◖⁹√∫

⌐ ⅛╠ ╩ ⇔⁸ ↕╣≡™╢ ╩ ⇔√⁹ ⌐ ⅜ ↄ ⇔

│≡™≈⌐☻כ◖╢™≡ ⅛╠ ⌐ ↑≡ ╩ ™⁸ ⌐№╢ ⌐≈™

≡╙ ╩ ∫√⁹╕√⁸ ⅛╠ ⅜ ↕╣√ ⌐≈™≡│ ≢⌂

™ ⌐☻כ◖╙≡™⅔⌐ ╘≡ ╩ ™⁸ ─ ╩ ⇔√⁹ 
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☻כ◖ 3-4   

 

17─ ⌐☻כ◖ ⇔≡⁸ 3-1─ ⌐ ╩ ™⁸ ∂ ─ ╩

⇔√⁹2024/8/2110:30-26:0018 -21 │ ≢ ⁸2024/9/1510:30-26:0022

-25 │ ≢ ⌡ 90 ⌐ 1 ⇔√⁹ ≢╙ ↕╣≡™╢ ╩ ∆╢

√╘ 25 ╕≢ ⇔√⁹ 

 3-1  

 ☻כ◖   ☻כ◖  

2024/8/21 10:30~13:40 1~17 2024/9/15 10:20~13:30 1~17 

2024/8/21 11:00~15:00 1~17 2024/9/15 11:40~14:50 1~17 

2024/8/21 12:30~15:50 1~17 2024/9/15 13:00~16:40 1~17 

2024/8/21 15:00~18:00 1~17 2024/9/15 14:50~17:30 1~17 

2024/8/21 16:00~19:00 1~17 2024/9/15 16:00~19:00 1~17 

2024/8/21 17:00~18:15 1~5 2024/9/15 17:30~20:30 1~17 

2024/8/21 21:10~24:00 1~17 2024/9/15 19:00~22:00 1~17 

2024/8/21 21:20~23:00 6~17 2024/9/15 20:30~23:30 1~17 

2024/8/22 1:00~2:20 1~9 2024/9/15 22:00~23:40 1~4 

2024/8/22 1:00~2:20 10~17 2024/9/16 1:00~1:20 3⁸4 

   2024/9/16 1:00~1:20 15⁸17 

   2024/9/16 1:00~1:20 16 
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 ─  

⅛╠ ↕╣√ ─ ⁸ ─ ╩ ∫√⁹ ╩ ℮√╘⌐⁸

⅛╠ ⅜ ∫≡™╢ⱨ꜠כⱶ╩ ≤⇔≡ ⇔√⁹ 1 №√╡ 1 ─

╩ ⇔⁸ ≤ ╩ ↕∑√⁹ ⌐ ⇔√ ─ ╩ ⇔√ ≤⁸

⅜ ∆╢ⱨ꜠כⱶ─ ⌐⅔↑╢ ⅛╠⁸ ─ ⅜ ↕╣√ ╩ ⇔

√⁹ ≤⇔≡ ≤Ᵽ▬◒─ │ ╦∑≡ 4,335 ↕╣√⁹ 

 

3.2.3.1 ─  

↕╣√ ⅜ ─☻כ◖∂ ⌂╢ ⌐ ↕╣√ ⌐ ↕╣≡™╢⅛ ⇔

√⁹ ─ ≢ ∂ ⅜ ↕╣≡™╢ ⌐│ ╘≡ ↕╣√ ⁸ ⌐

↕╣√ ⁸ ⌐ ↕╣√№≤⌐ ╩☻כ◖∂ ⇔√ ─ ╩ ⇔√⁹↓╣⌐╟╡⁸

↕╣√ │ ╘≡ ↕╣√ ⅛╠ ⌐ ↕╣√ ─ │ ⇔

≡ ↕╣≡⅔╡⁸ ⌐ ↕╣√ ⅛╠ ⌐ ╩☻כ◖∂ ⇔√ ─ ⌐ ╩

⇔√↓≤⅜╦⅛╢⁹ 

╕√⁸4,335─ ⅛╠ ─ ─ ╩ ∫√ ⁸1,908─ ≤ 99 ─Ᵽ

▬◒⅜ ─ ≤⇔≡ ↕╣√⁹ 

 

 3-5 ⌂╢ ─ ─ ─  

 

3.2.3.2 ─  

⌐│⁸ ⌐ ⇔√ GPS꜡●כ⌐ ↕╣√ ╩ ∆╢⁹GPS꜡

⌂fi♄ⱶꜝ│⌐כ● ≢⁸ ≤ ⅜ ↕╣╢⁹ ⌐™╢ │ ─

│ ╦╣╢╙──⁸ ╩ ℮ │ 10 ⅛╠ 30 ─ ╕≢↕╕↨╕≢№∫

√ ≤ ⌐ ∂≡ GPS꜡●כ⅜ ⌐ ∆╢ ⌐⇔√√╘ ⁹ 

⅜ ↕╣√ ─ ⌐ GPS꜡●כ⅜ ╩ ⇔≡™╢ ╩ ⇔⁸ ↕

╣√ 2 ─ ╩ ⌐ ⅜ ↕╣√ ╩ ⇔√⁹ ⌐│ ⅜ ↕╣√

≤∕─ ⌐ GPS꜡●כ⅜ ╩ ⇔√ ─∕╣∙╣─ ⅛╠⁸2 ─ ╩

⇔√⁹ 

⇔√ ↔≤⌐ ╩ ⇔⁸ ╩ ⌐ⱪ꜡♇♩⇔√ ⅜ 3-6≢№╢⁹

⌐Ᵽ▬◒╩ ⌐ⱪ꜡♇♩⇔√ ⅜ 3-7≢№╢⁹ 
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 3-6 ≤  
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 3-7 Ᵽ▬◒ ≤  

 

─♃כ♦   

≢ ╠╣√ ⁸│♃כ♦─ ↕╣√ ─ ↕╣√ ⅜ ⅝

ↄ ⌂∫≡™√⁹2 ↕╣√ │ 789№╡⁸ ∂ ≤ ↕╣√╙──

≢⁸ ↕╣√ ⅜ ╙ ╣≡™√ │⁸ 52.2m⁸ 369.7m≢№∫√⁹↓─ ─

≤⇔≡ →╠╣╢ │ GPS꜡ ─כ● ─ ≤⁸ ─ ⅜№

╢⁹ 

GPS꜡ │כ● 10 ─ ≢ ⅜ ↕╣╢√╘⁸ ⱷכ♩ꜟ ─ ⅜

⇔╛∆™⁹╕√⁸ ⌂≥⁸ ⌐ ⌐™√ │ ⅜ ─ ≤ ⌂

╢ ╛⁸ ─ ─ ⅜ ™ ⅜№╢⁹ 

│ ≢ ↕╣≡™╢⁹ ─ ⅜ ∫≡™╢ⱨ꜠כⱶ─

│ ≢─ ╩ ∫≡™╢╙──⁸ ─ ⅜ ↄ⁸ ↕╣╢

≤ GPS꜡ ≡∫╟⌐כ● ↕╣√ ─ ╩ ℮ ⌐ 1 ⌐ ™ ─ ⅜ ⅝⌂
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─ ╩ ⅝ ↓⇔≡™╢ ⅜№╢⁹ 

─↓≤⅛╠⁸ ─ ⌐│ ─ ─ ╩ ∆╢ ⅜№╢≤ ⅎ╢⁹ 
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4  ⸗♦ꜟ 

  ─  

⇔√ ⅛╠ ⅜™╢ ꜟכ꜠♪כ●─ ─ ─ ╩ ⌐╟╡

⌐ ∆╢↓≤╩ ≤⇔≡™╢⁹ ⇔√ ⌐ YOLO11╩ ⇔ ↕╣√ ⌐

⇔≡ ≤ ╩ ⇔⁸ ⅛≈ ⇔≡⌂™≤ ↕╣√ ⧵╩◒▬Ᵽה

╣∙╣ ה Ᵽ▬◒≤⇔≡ ⇔√⁹   

 

 YOLO11≢─  

YOLO≤│⁸2016⌐ ↕╣≡⅛╠ ⌐ ╢╕≢ ↕╣ ↑ ₁⌂Ᵽכ☺ꜛfi⸗♦ꜟ

⅜ ≡™╢ ⸗♦ꜟ≢№╢⁹20253 ⁸YOLO─ Ᵽכ☺ꜛfi⸗♦ꜟ│ 

Ultralytics⅜ ⇔√ YOLO11≢№╢⁹ │ YOLO11─ ╖⸗♦ꜟ╩ ⇔√⁹ 

YOLO11─ ≤⇔≡│⁸ ⁸▬fi☻♃fi☻ה☿◓ⱷfi♥כ◦ꜛfi ─ ╩

⌐ ⇔⁸Ⱨ◒☿ꜟ ≢ ╩ ∆╢ ⁸ ╩ ⌐ ⅎ╢⁹∕─

√╘⁸ ⌐ ⇔≡ YOLO11╩ ⇔√ │ⱨ꜠כⱶ↔≤⌐ ─◒ꜝ☻⁸BBoxⱣ►fi♦

▫fi◓Ⱳ♇◒☻ ╩ ╪∞ ─ ⁸☿◓ⱷfi♩ ⁸ID⅜ ↕╣╢⁹ 4-

2│∕─ ↕╣√ ╩ ⌐ ⇔≡ ⇔√╙─≢№╢⁹  

 

 

 4-1 ─  
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 4-2  

 

 

  

≤⇔≡ ─ ≈─ ╩ ⇔√⁹  

1. BBox─ ⅜ ─ⱨ꜠כⱶ≢⁸BBox─ ⅜ ─ ╟╡ ⌐ ∆╢  

2. BBox ─ x ⅜ ∆╢ⱨ꜠כⱶ≢◌►fi♩ꜝ▬fi( ⌐ )╩ ⅛╠ ⌐  
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 4-3 17Ɑכ☺ ─ 18Ɑכ☺ Ᵽ▬◒─  

 

  

≤⇔≡ ─ ≈─ ╩ ⇔√⁹  

1. ◌►fi♩ꜝ▬fi ─ⱨ꜠כⱶ⌐⅔™≡⁸ ≤ ─ BBox─ ⌂╡ ⅜

─ BBox─ 30%  

2. ◌►fi♩ꜝ▬fi ─ⱨ꜠כⱶ⌐⅔™≡⁸ ─ BBox ⅜ ─ BBox 

 

 

 4-4  
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│⁸ ↕╣√ ⅜ ↕╣√ ─ ─ ≤⇔√⁹∕─√╘⁸

─ ≢ ╩ ⇔√⁹ 

⌐ GPS꜡ ╩כ● ∫≡™╢─≢ ─ ╩ ⇔√⁹ ─ ─

╩∕╣∙╣─ ⌐ ∆╢↓≤≢ ╩ ⇔√⁹ 

 

  

│ ─ ≢ ∆╢⁹ 

1. ⅛╠⁸ ─☿◓ⱷfi♥כ◦ꜛfi ╩ ╡ ╢⁹ 

2. ╡ ╠╣√ ☿◓ⱷfi♥כ◦ꜛfi ╩VGG16≤™℮ ⸗♦ꜟ⌐ ⇔≡

─ ≈ ─ ─ ╩ ╡ ∆↓≤≢ ─ ╩ ∆╢⁹ 

3. ─ ─ ⅛╠ ╡ ╠╣√ ⌐ ∆╢∕╣⌐ ↄ ─ ⅛╠ ╡

╠╣√ ─◖◘▬fi ╩ ∆╢⁹ ⁸Ᵽ▬◒ ≢  

4. ⅜ 0.70 ∞∫√ ─ ≤∆╢⁹ ∞∫√ ⁸№╢ ⌐ ↕╣

√ ≤ ─ ⌐ ↕╣√ ─ ─ ↕╣≡™√↓≤⌐⌂╢  

5. 3⁸4╩ ⌐ ⇔√ ⅛╠ ⌐ ⇔√ ╕≢ ╡ ∆⁹ 

 

 

 4-5 Ᵽ▬◒─ ─   
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5  ─ ≤∕─  

♃כ♦   

2024 8 21 ⌐ ⇔√ ╩ ™╢⁹ ♃כ♦ ♃כ♦ │ ≢ ⇔√⁸

╩♃כ♦ ≢ ⇔√╙─≢№╢⁹ 

 

  

─≥↔♩כꜟ │ 5- 1₩5- ♩כꜟ⁹√∫⌂⌐℮╟─30 ♩כꜟ5⁸ 16│ ⌐♃כ♦

⅜№∫√─≢ ≢⅝⌂⅛∫√ ♩כꜟ 5 │ ⅜ ♩כꜟ⁹√∫⅛ 16 │ ♃כ♦

≢│ ⌐╟∫≡ ─ ⅜ ≢ 50 ↄ╠™№╡⁸ ⇔√ 2⁸3 ─

╩ √ ╩ ⇔√ ≤ ⅝ↄ ⌂∫≡™╢↓≤⅛╠ ⅜ ™≤ ⇔√⁹ ATM

─ ⅜ ⇔≡™╢≤ ╦╣╢ ⁹ 

⌂⅔⁸ ♩כꜟ ─ 1- 1│ ─♩כꜟ1 1 ⌐ ⇔√ ╩ ⇔≡™╢⁹◌►fi♩

│ ρππ≢ ⇔≡™╢⁹◌►fi♩ │ ─ ⅜ 0─ │₈-₉⁸ ─ =0⅛≈

=0─ │₈100%₉≤⇔√⁹ 

 

  5-1 ─ 1    5-2 Ᵽ▬◒─ 1  

   

 

  5-3 ─ 2    5-4 Ᵽ▬◒─ 2  
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  5-5 ─ 3    5-6 Ᵽ▬◒─ 3  

   

 

  5-7 ─ 4    5-8 Ᵽ▬◒─ 4  

   

 

  5-9 ─ 5    5-10 Ᵽ▬◒─ 5  

   

 

  5-11 ─ 6    5-12 Ᵽ▬◒─ 6  
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  5-13 ─ 7    5-14 Ᵽ▬◒─ 7  

   

 

  5-15 ─ 8    5-16 Ᵽ▬◒─ 8  

   

 

  5-17 ─ 9    5-18 Ᵽ▬◒─ 9  

   

 

  5-19 ─ 10    5-20 Ᵽ▬◒─ 10  
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  5-21 ─ 11   5-22 Ᵽ▬◒─ 11  

   

 

  5-23 ─ 12    5-24 Ᵽ▬◒─ 12  

   

 

  5-25 ─ 13    5-26 Ᵽ▬◒─ 13  

   

 

  5-27 ─ 14    5-28 Ᵽ▬◒─ 14  
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 5-29 ─ 15    5-30 Ᵽ▬◒─ 15  

   

βⱣ▬◒│ ה ה ╩ ∆⁹ 

 

♩כꜟ ─◌►fi♩ ─ ╩ 5- 1≤ 5- 2⌐ ∆⁹ 

 

5- 1 ─ ─    5- 2 Ᵽ▬◒─ ─  

 

 

  

 1-1≤ 13-1─ ≢─ ╩ⱴ♇Ⱨfi◓⇔√ ⅜ ─╟℮⌐⌂∫√⁹ 
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 5-3 (1-1) 

 

 

 5-4 (13-1) 

 

  

 ─ ⅜ ♩כꜟ√∫⅛ ♩כꜟ≥1 13≢ ╩⇔√⁹∕─ │

5-31⁸5-32─╟℮⌐⌂∫√⁹⌂⅔⁸ ─₈ ₉ ─ 1≤™℮─│ 1 ─ ─ ∞↑

⌐ ∫√ ⁸1₩5 │ 1 ⅛╠ 5 ─ ╕≢ ↕╣≡™√≤™℮↓≤≢№

╢⁹∕╣∙╣─ │ ♩כꜟ1 ♩כꜟ34.2%⁸13 13.3%≢№∫√⁹ 
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♩כꜟ 5-31  1─  
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 5- ♩כꜟ 32 13─  

 

 

♩כꜟ 5-33   1─   5-34 ꜟ ♩כ 13─  

    

 

 

 ─  

─ ─ │ 8 ≤⌂╡ ™ ⅜ ≡™╢≤™ⅎ╢⁹⇔⅛⇔⁸

⌐ ⇔≡ ⌐ ↕╣≡™╢ ⅜ ⁸│≢♩כꜟ™ ─ ⇔⅛ ∫≡⌂™

⅜ ↄ№╡∕╣⅜ ≢ ⅜ ↄ⌂∫√≤ ⅎ╠╣╢⁹╕√⁸●כ꜠♪כꜟ─ (

)⌐ ↕╣≡™╢ ⅜ ♩כꜟ√∫⅛ 3≢│ ⅜ ↄ ⅜ ⅛∫√⁹ 

─ ─ │ ╟╡╙ │ ↄ⁸ ⇔≡™⌂™⁹ │⁸

≢│ ↄ≡ ⅜│∫⅝╡≤ ⅎ⌂™√╘≢№╢⁹ 

Ᵽ▬◒─ │⁸ ה ⌂ↄ ™⁹ ♩כ◦♪ꜟ▬ꜗ♅⁸│ ⅝

╛ⱨ□♇♩Ᵽ▬◒⌂≥⅜Ᵽ▬◒≤⇔≡ ↕╣≡⇔╕℮─≢ ⌐Ᵽ▬◒≤ ↕╣≡⇔

╕℮⅛╠≢№╢⁹ 
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 5-5 ─ ─  

 

 

 5-6 Ᵽ▬◒─ ─ Ᵽ▬◒≤ ⇔ↄ ⇔√  

 

 

 5-7 Ᵽ▬◒─ ─ ♩כ◦♪ꜟ▬ꜗ♅ ╩Ᵽ▬◒≤ ∫≡ ⇔√  
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 5-8 Ᵽ▬◒─ ─ ⱨ□♇♩Ᵽ▬◒╩Ᵽ▬◒≤ ∫≡ ⇔√  

 

 ─  

⌐╟╢ ╩ⱴ♇Ⱨfi◓⇔√ ╩ ╢≤⁸ │ ≢⅝≡™╢↓≤⅜ ≡≤╣

√⁹⇔⅛⇔⁸ ⅜ ⌐№╢≤ ↕╣ ⇔∏╣≡™╢⁹↓╣│⁸GPS꜡●כ─

─♃כ♦ ∏╣╛◌ⱷꜝ≤ GPS꜡ ─כ● ∏╣⁸GPS꜡ ─כ● ⅜

1 ≤ ™─⅜ ⇔≡™╢≤ ⅎ╢⁹        

  

 ─  

─ │≤≡╙ ™⁹ │ ⅜ 8 ≤ ↄ⁸ ─∟╞

∫≤⇔√∏╣⌐╟∫≡ ─ ≤ ↕╣≡⇔╕™⁸ ⅜ ⇔ↄ ≢⅝⌂™↓≤⅜

⌂ ∞≤ ⅎ╠╣╢⁹ 

 

 ─ ≤∕─ ─╕≤╘  

─ ≢ ─ ⌂╠ ↄ ה ה ╩ ∆╢↓≤⅜≢⅝╢⅜⁸

─ ─╟℮⌐ ⅛≈ ⅜№╢≤ ≢│ ↄ ∆╢↓≤⅜ ⇔™√╘⁸

╩∆╢ ⅜№╢⁹╕√⁸Ᵽ▬◒─ │ ≢∆╠ ↄ⌂™─≢ ╩∆╢ ⅜

№╢⁹ 
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6  ─  

≤ ≢│ ─♃כ♦ ─ ⌐ ╩ ™≡ ╩ ℮⁹ ≤

│⁸ ─▬ⱬfi♩⅜ ∆╢╕≢─ ╩ ⌐ ∆╢ ≢№╢⁹↓╣│⁸ ─

─ ⌂≥╩▬ⱬfi♩≤⇔≡ ⌐ ≢─ ⌐ ™╠╣╢⁹ ─ ≤⇔

≡⁸▬ⱬfi♩⅜ ∆╢ ⌐ ⅜ ⇔√ ⌂≥⁸ ⌂▬ⱬfi♩ ╕≢─ ⅜

⌂ ≢╙ ∟ ≡⇔≥♃כ♦╡ ⌐ ∆╢↓≤⅜≢⅝╢ ⅜ →╠╣╢⁹ 

─ ≢│▬ⱬfi♩╩ ─ ≤⇔≡⁸ ⌐╟╢ ─ ⅛╠

╕≢─ ⌐≈™≡ ╩ ℮⁹╕√⁸ ╩♃כ♦ ∟ ≡⇔≥♃כ♦╡

℮⁹ ∟ ╡≤│▬ⱬfi♩─ ⌂ │ ⌂╙──⁸ ─ ⌐▬ⱬfi♩⅜

⇔√↓≤⅜╦⅛╢ ╩ ∆⁹ 3 ≢ ⇔√ ⁸│♃כ♦ ⌐ ↕╣√

⅛╠⁸∕─ ─ ╕≢─ ⌐ ⅜ ⇔√↓≤⅜ ⅛╢↓≤⅛╠ ∟ ╡≤⇔≡

℮↓≤⅜≢⅝╢⁹ 

≢─ │ ♁ⱨ♩─ R⌐ ╕╣╢⁸ ∟ ╡ ↑─ ⸗♦ꜟ╩ ∆

╢ icenRegⱤ♇◔24☺כ)╩ ⇔√⁹ 

 

 ⱡfiⱤꜝⱷ♩ꜞ♇◒  

ⱡfiⱤꜝⱷ♩ꜞ♇◒ ─♃כ♦│≢ ⌐≈™≡ ╩∑∏⌐⁸ ─ ╩

℮⁹ ╩ ≤⇔≡ ∆╢↓≤≢⁸ ⌂ ─ ╩ ∆╢⁹

∟ ╡⅜ │≡™⅔⌐♃כ♦╢╣╕ EMICM▪ꜟ◗ꜞ☼ⱶ⌐╟∫≡ ⅜ ↕╣╢⁹ 

ⱡfiⱤꜝⱷ♩ꜞ♇◒ ≢│ ╩ ℮ כꜞ◗♥◌╩ ⌐ ↑╢↓≤≢⁸∕╣╠

─ ™╩ ≢⅝╢⁹ ∆═≡─ ⌐≈™≡ ╩ ∆╢ כ◖⁸≢

☻↔≤⌐ ╩ ⅝⁸ ↕⌂ ≢─ ╩ ℮⁹ 

 

 cox Ɫ◙כ♪⸗♦ꜟ  

 cox Ɫ◙כ♪⸗♦ꜟ│▬ⱬfi♩ ╕≢─ ⌐ ⅜ ⅎ╢ ╩ ∆╢⁹

⌐⅔↑╢ ─ ≈≢№╡⁸↓╣⌐╟╡ ─ ─ ⅛╠

╩ ∆╢⸗♦ꜟ╩ ∆╢⁹ 

 

 ∟ ╡─ cox Ɫ◙כ♪⸗♦ꜟ─  

Cox Ɫ◙כ♪⸗♦ꜟ≢│ ─Ɫ◙כ♪ Ὤὸȿἦ⅜ ↕╣╢⁹ 

Ὤὸȿἦ Ὤ ὸÅØÐ‍╧ ρ 

Ὤ ὸ: Ɫ◙כ♪  

‍:  

╧:  

Ɫ◙כ♪ │ ─ t≢─ ⌂▬ⱬfi♩ ꜞ☻◒╩ ⇔⁸ t╕≢─ ⌂

ꜞ☻◒│ Ɫ◙כ♪ H(t)≢№╠╦↕╣╢⁹ 
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Ὄὸ  ὬόὨό ς 

S(t)│ ─╟℮⌐ ↕╣≡™╢⁹ 

Ὓὸ ÅØÐὌὸ σ 

 ╛ ─ɗ│ ⅜ ⌐∆╢↓≤≢ ↕╣╢⁹ ◘fiⱪꜟ⅜ [ὒ⁸

Ὑ]─ ⌐▬ⱬfi♩⅜ ∆╢ │ ╩ ™≡ ∆≤ ─╟℮⌐⌂╢⁹ 

ὖὒ Ὕ Ὑ Ὓὒȿ╧ ὛὙȿ╧ τ 

Ὕ: ─▬ⱬfi♩  

⇔√⅜∫≡ │ ─╟℮⌐⌂╢⁹ 

ὒ‍  Ὓὒȿ╧ ὛὙȿ╧  
υ 

∟ ╡⌐⅔™≡ ╩ ∆╢√╘⌐│ EM▪ꜟ◗ꜞ☼ⱶ⅜ ↕╣╢⁹ 

 ─▬ⱬfi♩ ⌐ ∆╢ │Ɫ◙כ♪ ≢ ↕╣╢⁹Ɫ◙כ♪ │№╢

⅜ 1 ⇔√ ─▬ⱬfi♩ ─ ╩ ⇔⁸(6)─ ≢ ↕╣╢⁹ 

ὌὙ ÅØÐ‍Ўὢ φ 

Ɫ◙כ♪ ⅜ 1╟╡ ⅝™≤⅝⁸ ⅜ ∆╢↔≤⌐▬ⱬfi♩ ⅜ ⅝ↄ⌂╢↓≤╩

⇔≡™╢⁹Ɫ◙כ♪ ⌐╟╡ ─ ┼─ ─ ⅝↕╩ ∆╢√╘⌐

│ ╩ ℮⁹ 

 

  

6.2.2.1 ─ ╩ ∆  

6.2.2.1.1  

─ ╩ ℮ ⅜ ↄ⁸ ╩ ℮↓≤≢ ─ ╩ ⅝ↄ ╘≡⇔╕

℮ ⁸ ─ │ ↑╠╣╢ ⅜ ⅎ╠╣╢⁹ ≢│ Vector25)

╩ ⇔≡⅔╡⁸∕─ ≤⇔≡ ⅜ ↕╣≡™╢⁹↓─ ─℮∟⁸

╩ ─ ≤⇔≡ ∆╢⁹ ⅛╠ ╙ ™ ─ ╩ ≤⇔≡

⌐ ∆╢⁹ 6-1│ ─ ≢№╢⁹ 
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 6-1 ─  

6.2.2.1.2 ╕≢─  

 ─ ⅜ ⌐ ∆╢ ⌐ ∆╢ ⁸ ╕≢─ ⌐╟∫≡⁸

─ ⅜ ∆╢ ⅜№╢⁹ │⁸ ─ ╩ google map⌐≡

⇔⁸ ⇔√ ⅛╠ QGIS≢ ≤ ─ ╩ ⇔√⁹ ≢│ ╕≢

─ ╩ ≤⇔≡ ℮⁹ 

 ╩ ⌐ ∆╢ ⌐│ ╩ ⌐⇔√ ╩ ™╢⁹ 6-2⅜

─ ╩ ⇔≡™╢⁹ Ᵽ▬◒╩ ≤⇔≡ ╩ ℮ ⌐│Ᵽ▬◒⅜ ≢⅝╢

╩ ™╢⁹ 6-3⅜Ᵽ▬◒ ─ ╩ ⇔≡™╢⁹ 
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 6-2 ─  

 

 

 6-3 Ᵽ▬◒ ─  
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6.2.2.1.3  

26)≢│ ⌐ ⅜ ™ ╩ ≤⇔≡ ⇔≡™╢⁹ ≢│

╩ ≤⇔≡™╢⁹ ≢ 6-4─╟℮⌐ ─ ╩⇔

≡™╢⁹QGIS≢⁸ ─ ╩ ⌐⁸ ⌐ ⇔√ ⌐♃כ♦ ≢

№╢⅛≥℮⅛─ ╩ ↑ ⅎ√⁹ ╩ ↑ ⅎ√ ─ ⅜♃כ♦ 6-5≢№╢⁹

⅛╠ ╙ ™ ⅜ ─ ≤⌂╢ ⌂╠┌ 1⁸∕℮≢⌂↑╣┌ 0╩ ⅎ╢

╩ ≤∆╢⁹ 

 

 

 6-4 ─ ─  
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 6-5 QGIS⌐ ⇔√  

 

6.2.2.2 ─ ╩ ∆  

─ │⁸ ─ ≤⁸ ─ ─ ╩ ⇔⁸ ↔

≤─ ─ ⌐ ∆╢↓≤≢№╢⁹∕─√╘⁸ ─ ─ ╩ ∆

╩ ⌐ ™╢⁹  

 

6.2.2.2.1   

─ ╩ ∆╢√╘⌐ JR ─ⱳ▬fi♩♦כ♃⅛╠ ≤⁸

≤─ ╩ ∆╢⁹√∞⇔⁸ 6-6─╟℮⌐ JR ⅜ ↄ⁸ ≤↕╣╢

│ ─ⱳ▬fi♩ ⅛╠ ╣≡™╢√╘⁸ ⌐ ─ ╡ ─ ─ ⌐ ⇔≡™╢

≢╙ 10ⱷכ♩ꜟ ─ ⅜ ∆╢⁹ 
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 6-6 ─ⱳ▬fi♩♦כ♃  

 

6.2.2.2.2  

─ ╩ ∆╢√╘─ ≤⇔≡ ≤ ─ ╩ ∆╢⁹

─ ╩ google map≢ ⇔⁸ ↕╣≡™╢ ⅛╠ QGIS≢ ╩ ⇔√⁹

6-7│ QGIS⌐ ⇔√ ─ ≢№╢⁹ 
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 6-7 ─ⱳ▬fi♩♦כ♃  

 

6.2.2.2.3   

™ ─ ─ ╩ ∆╢√╘⌐⁸ ╩ ↔≤⌐ ╩ ⇔≡⁸

≤─ ╩ ∆╢⁹ ─ ⌐ │♃כ♦╢∆ JoRAS27)⌐≡ ↕╣

≡™╢₈ ⅝ DB♥꜠ⱳ▬fi♩ P1B08_20218 ₉╩ ⇔√⁹↓─♦

♩♇☿♃כ ≢│⁸◖fiⱦ♬⁸☻כⱤ⁸כ♦Ɽה♩כ ⁸ ⁸ ה ⁸

⁸ ⁸ ⁸ ⁸ ≤ ⌐ ↑≡ ╛ ⅜ ↕╣≡™╢⁹

⌐≈™≡│☻ⱳכ♠ ⁸ ⁸ ⌂≥╒⅛─ ⌐│ ↕⌂™ ₁⌂ ⅜

╕╣╢√╘⁸ │∕─ ≤⇔≡ ♩♇☿♃כ♦℮⁹ ─ ⌐ ∆╢ כ☻⁸│

Ɽכ⌂≥─ ⅜ ⌐♃כ♦ ╕╣≡™⌂™ ╛⁸ ⌐ ⅜ ⅝ↄ∏╣≡™╢↓≤

⅜ ↕╣√⁹∕─√╘⁸◖fiⱦ♬⁸☻כⱤ⁸כ♦Ɽה♩כ ⌐≈™≡│ google map⌐≡

⇔⁸ ↕╣≡™╢ ╩ QGIS⌐ ⇔√⁹∕─╒⅛─ ♩♇☿♃כ♦│≡™≈⌐

⌐ ↕╣≡™╢ ─ ⅛╠ QGIS⌐ ⇔√⁹ 6-8⅛╠ 6-17│ QGIS⌐

⇔√ ─ ≢№╢⁹ 

≤⇔≡ ╩ ⇔√↓≤⌐╟╡⁸ ⅝⌂ ⌐ ∆╢ ─ │ ─

⌐ ↕╣√ ⌐ ↕╣≡™╢⁹∕─√╘ JR ╛ ☻▬꜠fiⱪ♦כ● ─

│⁸ ⌐ ⅜ ⇔≡™╢⁹ 
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 6-8◖fiⱦ♬─ⱳ▬fi♩♦כ♃  

 

 

♃כ♦♩ⱳ▬fi─כⱤכ☻ 6-9   

 

 






























































































