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1.  ─ ┘  

1 .1 .  ─  

≢─ Level4─ ⌐│ ↕╣√ AI⌐╟╢ ≢

⌂ ה ≤≤╙⌐ ∕╣╩ ∆╢ ─▬

fiⱨꜝ⅜ ≤⌂╢ ⇔⅛⇔ ─▬fiⱨꜝ╩ ⌐

∆╢⌐│ ⌂ ⅜ ⌐⌂╢√╘ ≤↕╣╢▬fiⱨꜝ╛ ╕

√∕─▬fiⱨꜝ─╙≤≢ ≤↕╣╢ ╩ ∆╢ ⅜№╢

─ │ ≢╕↕⌐ ≤⌂∫≡™╢√╘

≤↕╣╢▬fiⱨꜝ╩○כⱪfi⌂ ≢ ⌂▪◌♦Ⱶ▪ ─

⅜ ≤⌂╢  

 

 

1.1-1 ▬fiⱨꜝ─ꜞ♇♅↕≤ ─ ─  

 

∕↓≢ ≢│ ⌐ ─ ╩ ∫≡™╢ ╛

∆╢ ─ ─ ╩ ⇔≡™╢ ≤─ ⌐╟╡ ─

╛ ─ ⅜ ∆╢ ─ ⌂ ⌐⅔↑╢꜠ⱬ

ꜟ 4 ─ ─ ה ╩ ∆╢ ╕√ ↓╣⌐

╟∫≡ ╠╣╢ ╩ ⇔≡ ─ ⌐ ≤⌂╢

┘ ⌂≥─ ─▬fiⱨꜝ╩ ╘╢ ↓─ ─▬fiⱨ

ꜝ─╙≤≢ ≤⌂╢ ⌂ⱪfiכ○╩ ≢ ⇔ ╩

∆↓≤≢ ╠╣√ ╩ ⌐ ∆╢Ɫכ♪►▼▪ ♁ⱨ♩►▼▪

▬fiⱨꜝ⌂≥ ─◖Ⱶꜙ♬♥▫⌐ ∆╢  

▬
fi
ⱨ
ꜝ
─
ꜞ

♅
↕ 

▬
fi
ⱨ
ꜝ
─

◖
☻
♩

 
 
  

─ ↕  

ה ─  

≥↓╕≢─▬fiⱨꜝ ⅜ ( )⌂─⅛  

≥↓╕≢─ ⅜ ⅛  
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1.1-2 ─▬fiⱨꜝ─ ╘≤ ─ ╘  

  

 

 

▬fiⱨꜝ  

 

─ ⌐╟╢  

─▬fiⱨꜝ─ ╘  

─▬fiⱨꜝ─ ≢  

≤⌂╢ ─ ╘  

▪◌♦Ⱶ▪( ) 

⌂ⱪfiכ○─  
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⌐│ ⌐ ∆ 6 ─ ╩ ⌐ ⌐ꜟכꜙ☺◔☻∆

≠™≡ ∆╢  

a.₈ ─ ┘ ⅜ ⌂ ─ ₉  

b.₈ ─ ╩ ∆╢√╘⌐ ≤⌂╢ AI ─ ₉  

c.₈ ─ ₉  

d.₈ ─ ≤∕╣⌐ ≠ↄⱤ☻ⱪꜝfi♬fi◓ ─ ₉  

e.₈ ⅜ ∆╢ ≢─ ─ ₉  

f.₈ ₉  

 

 

1.1-3 ≤ ꜟכꜙ☺◔☻  
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1.2. ─≥↔ⱴכ♥  ≤  

a.  ₈ ─ ┘ ⅜ ⌂ ─ ₉  

⌐⅔™≡☻ⱶכ☼⌂ ╩ ℮⌐№√╡ ─ ╩

⌐ ∆╢↓≤⅜ ≢№╢ │ ┘ ─ ⅜ ∆

╢ ≢№╡ ⌐│ 2 ─ ≢─ ⅜ ↕╣≡™╢  1

│○fiⱲכ♪☿fi◘⌐╟╢ ─ ⌂ ≢№╡ 2 │

≤ ≤─ V2I ⌐╟╢ ≢№╢ │ ◌ⱷꜝ╩ ⇔√

⅛╠ ⌐╟∫≡ ─ ╛ ╩ ∆╢

⅜№╢ ╛ ⌐╟╢ ⌐⅔™≡╙ ⌂ ─ ⅜ ↕

╣≡™╢ │ ─ ─ ╛∕─ ─ ─♃▬Ⱶfi◓ ⌂

≥─ ⌂ ⅜ ↕╣ ◦☻♥ⱶ─ ≈≤⇔≡ ╩

⌐ ⅜ ╘╠╣≡™╢ ⌐⅔™≡╙ ╩ ╢↓≤⌐╟

╢ ⌂ ⅜ ≢⅝╢╙── ─ ◖☻♩─ ≢ ⅜№

╢√╘ ≡─ ┼─ │ ≢№╢  

≢│ ─ ⌐⅔↑╢ ≢№╢₈ ─ ₉

┘₈ ─ ⌐╟╢ ─ ₉─ ╩ ≤∆╢

↑⌂≥─ ≢ ↕╣≡™╢ ─◌ⱷꜝ╩ ⇔ ─Ɽ♃כfi

ᵑ ≤ ─ ᵒ ─ ⅛╠ ╩ ℮↓≤≢

─ ╩ ⌐ ╘√ ─ ▪ꜟ◗ꜞ☼ⱶ╩ ∆╢ ⌂

▪ꜟ◗ꜞ☼ⱶ─ ⌐ ⅎ≡ ─ ≢№╢ ─

╣⅜ ∆╢ ╩ ⇔≡ ▬fiⱨꜝ ─ V2I ⌐╟∫≡ ╠

╣╢ ─ ╙ ∆╢ ⅎ┌ ─ ╖ ╩ ∆╢↓

≤≢ ⌂ ╩ ⅎ√ ⌂ ⅜ ≢№╢ ∕↓≢

V2I ≤⇔≡▬fiⱨꜝ ╩ ⇔√ ▪ꜟ◗ꜞ☼ⱶ

╩ ⇔ ↓╣╩ ⇔√ ╩ ⇔≡ ╩ ∆╢ ᵑ

─ ≤▬fiⱨꜝ ≤─ ⇔√ ─ ╩ ⌐

℮↓≤≢ ⌂ ╩ ╢√╘─☿fi◘☻Ɑ♇◒⅔╟┘▬fiⱨꜝ

⌐≈™≡ ∆╢  

⌐ ⅔╟┘ 2020 ─ ╩ ∆  

 

ᵑ  Ɽ♃כfi ⌐╟╢ ≤ ▪ꜟ◗ꜞ☼ⱶ─  

120m
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2018

2019

95% 2020

120m 99%

 

V2I

2018

2019

2020

 

 

ᵒ  ☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi⌐╟╢ ▪ꜟ◗ꜞ☼ⱶ─  

╛ ─ ⅜ ╣≡™√╡ ⌐ ↑ ╪≢™√╡∆╢ ╛

™ꜝfiⱪ ─╟℮⌂ ─ ⅜ ≢│⌂™ ─ ╛

╩ ∆╢ ∞↑≢ ⌐ ─ ≤ ╩ ∆╢↓≤⅜

≢№╢ ↓─╟℮⌂ ⌐ ∆╢√╘ ╩◓fi♬כꜝⱪכ▫♦ ⇔√☿

ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi⌐╟╡ ─ ╩ ≢ ∆╢

↓╣⌐╟╡ ⌂ ─ ∞↑≢⌂ↄ ─ ╩ ∆╢↓≤
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⅜≢⅝ ╕√ ⅜ ↕ↄ⅛≈ ⌐⇔⅛ ⅎ≡™⌂™ ≢╙ ≢

№╢↓≤╩ ≤⌂╢   

╩◓fi♬כꜝⱪכ▫♦ ⇔√☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi⌐│

⅜♩♇☿♃כ♦ ≢№╡ ≥♃כ♦√⇔ ∆╢ ╛fiכ◦

⌐⅔™≡ ™ ╩ ≢⅝╢ ≢ ₁⌂ ╛ ╖ ⌐ ╩

⇔√ ╩♩♇☿♃כ♦─ ∆╢↓≤│ ≢№╢ ↓─╟℮⌂ ⌐

⇔≡ 2020 │ ⌂ ─ ╩ ≡⇔≥♃כ♦ ⇔⁸↕╠⌐

≢─ ╩ ℮↓≤≢ %─ ╩ ∆╢   

 

b.  ₈ ─ ╩ ∆╢√╘⌐ ≤⌂╢ AI ─ ₉  

m

m

LiDAR

128

L iDAR

 

L iDAR

LiDAR
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⌐ ⅔╟┘ 2020 ─ ╩ ∆  

 

ᵑ  ↑ ◌ⱷꜝ─ ה ▪ꜟ◗ꜞ☼ⱶ  

⌂ ◌ⱷꜝ│ 100 ≢№╡ ◘▬☼⅜ 1024x786─

50m ⌐ ∆╢ ─ ↕│ 37 Ⱨ◒☿ꜟ 70m ⌐

∆╢ ─ ↕│ 27 Ⱨ◒☿ꜟ ≤ ↕™ ╕√ ◌ⱷꜝ│ ─

⌐ ╩ ≡╢√╘ ∕─ ╟╡╙ │Ⱨfi♩⅜∏╣≡ ⅜╓╛↑≡

⇔╕℮ ⅜№╢ ↓╣╠─ ⌐ ⇔≡ 2020 │ ─ ▪ꜟ

◗ꜞ☼ⱶ≤∕─ ⌐╟╡ 200m 70m ─ ─ ╩

∆╢ ⌐ ∂╢Ⱨfi♩∏╣⌐╟╢╓╛↑⌐ ⇔ ↕⌂ ╩ ⌐ ∆

╢▪ꜟ◗ꜞ☼ⱶ╩ ∆╢  

 

ᵒ  LiDAR⅔╟┘Ⱶꜞ ⌐♄כ꜠ ≠ↄ  

L iDAR

95%

LiDAR 50m

2018 L iDAR

LiDAR

2019

2020

200m 70m 90%
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c. ₈ ─ ₉  

GNSS

LiDAR

GNSS INS

GNSS/ INS LiDAR

GNSS/ INS

 

GNSS/ INS

⅔╟┘ 2020

─ ╩ ∆  

 

ᵑ  GNSS/ INS─  

GNSS/INS─ ≢│ ⌐ ⌂ ╩ ─ ⅜

⌂ 1.5mGNSS/INS∞↑≢╙ ◦☻♥ⱶ─ ⅜

⌂ 0.3m─ ≈⌐ ∆╢ ╕∏ 1.5m─ ─ ─√

╘ ⌂ GNSS╩ ™≈≈╙ ⇔≡ ⌂ ≤⇔≡ GNSS 

Doppler─ ╩ ⇔√ ─ ╩ ∆╢ ↓─ ≢│

GNSS─ ╩ ⇔ ⌂ ─ ⱷכ♩ꜟ─ ╩ ∆╢

↓≤≢ⱴꜟ♅Ɽ☻╩ ⇔ ─ ⌐╟╡ ─ ╩ ≤∆

╢ ⌐ 0.3m─ ─ ─√╘ ─ ─ ⌐ ™╠

╣≡™╢ LAMBDA/Ratio Test─ ╖╩ ⇔ ╟╡ ⅜ ↄ

⅜ ⌂▪ꜟ◗ꜞ☼ⱶ─ ╩ ∆╢ │ ─

─ ⌂ ╩ ∆╢↓≤≢ ─ LAMBDA/Ratio Test─

╖≢╙ ⌂ ─ ╩ ↄ ⌂ ≤⌂╢ ↓╣╠─

╩ ╖ ╦∑ ◖☻♩☿fi◘≢꜡Ᵽ☻♩⌐ 1.5m─ ╩ ⇔≈≈
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⌐ ∂≡ ╩ ↄ 0.3m─ ╩ ∆╢↓≤⅜ ⌐⌂╢≤

ⅎ╢  

↓╣╠╩ ∆╢√╘ 2018 ≢│ ─ ┘ ╩

─ ≢ ╩ ™ ─ ╩ ™ RTK-GNSS─ FIX─

≤ 1.5m ─ ╩ ⇔√ ╕√ 2019 ≢│ ╩ ↄ 0.3m

─ ╩ ∆╢↓≤╩ ≤⇔≡ ↕ ─ ⌐ ⇔√

─ ─ ╩ ∫√ ↕╠⌐ 2020 ≢│╖∟┘⅝╩ ⇔√

─ ┘ ─ ╩ ℮  

 

ᵒ  ⱴ♇ⱪⱴ♇♅fi◓ ─  

GNSS/INS

 

GNSS/ INS

LiDAR

 

2018

2019 0.1m

 

2020 GNSS/ INS

 

 

ᵓ  ─ ⅜ ◦☻♥ⱶ⌐ ⅎ╢ ─  
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2020

 

 

d.  ₈ ─ ≤∕╣⌐ ≠ↄⱤ☻ⱪꜝfi♬fi◓ ─

₉  

( )

 

(

)  

 A I

(A I )

 

⌐ ⅔╟┘ 2020 ─ ╩ ∆  

 

ᵑ  (AI ) ⌐ ≠ↄ ─  

╛ ⌂≥─ ⅜ ─ ⌐≥─╟℮⌂ ≢ ∆╢⅛╩

∆╢ ≢№╢ ⌐⅔™≡ ⅜ ╩ ∆╢ │

─ ⌂≥─ ≤ ⅜ ⇔≡™╢ ⌐

↑╢↓≤⅜≢⅝╢ │ ⅎ┌ ≤ ≢≤⌂ꜟכ꜠♪כ●⅜

≡╠╣≡™⌂™ ╩ ∆╢ ⌐ ⅜ ⇔≡™╢≤ │

⌐│╖ ⇔≡ ↄ ≤™℮╟℮⌂ ≢№╢ │

╛ ⌂≥─ ≢№╡ ⅎ┌ │ ⌐ ╩ ↑╢↓≤⌂ↄ

⌐ ⌐ ┘ ∆ ≤™℮╟℮⌂ ≢№╢ ↓─╟℮⌂ ⌐⅔™≡
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Ɽ☻ⱪꜝfi♬fi◓╩ ∆╢√╘⌐│ ─ ╩ ∆╢↓≤⅜

≤⌂╢ ∕↓≢ ─ ╩ ≤⇔≡ ⇔ ─ ╩

≤⇔≡ ∆╢↓≤≢ ╩ ⇔√ ─ ╩ ∆╢

╩ ∆╢ 2020 │ ≤ ╩ ⇔√ ─

▪ꜟ◗ꜞ☼ⱶ─ ╩ ℮ ─ ⌐│☿ⱴfi♥▫♇◒☿◓ⱷ

fi♥כ◦ꜛfi╩ ∆╢ ╕√ ⌐╟╡ ╩ ∆╢   

 

ᵒ  ⌐╟╢ ─ ≤Ɽ☻ⱪꜝfi♬fi◓  

⌐⅔↑╢ ≢│ ─ ─ ╩ ╘ ∕─

⌐ ⇔⌂™ ─ ╩ꜞ▪ꜟ♃▬ⱶ⌐ ∆╢↓≤⅜ ≤⌂

╢ √∞⇔ ⌐ ─ ⅜ ∆╢ ⌐⅔™≡│ ↓╣╩

∆╢√╘⌐│ ₁⌂ ⌐ ∆╢ ⅜№╢ ⅎ┌ ≢│

⌐ ─ ⅜ ⇔≡™╢√╘ ↓╣╠─ ≢ ⌐

║™↕╣≡ ⅜(fiꜛ☺כꜟ◒○) ⌐ ∂╢ ╕√ ─ ⌂

⅝╩∆╢╟℮⌂ ─ ─ ╩≥─╟℮⌐ ╟ↄ ╘╢─⅛

╙ ≤⌂╢ ↕╠⌐ ≢─ ≢│ ─ ⅜№╢ ⌐ ─

⅜ ⇔≡™╢ ⅜ ↄ │↓╣╠ ─ ⌐ ╕

╣√ ⅜ ∂╢ ↓─√╘ ↓─╟℮⌂ ⌐ ™☻Ɑכ☻─ ≢

─ ─ ╩ ⇔≡ ≥─╟℮⌐⇔≡☻ⱶכ☼⅛≈ ⌐

∆╢─⅛╙ ≤⌂╢ ∕↓≢ ≢│ ─ ≤

∕─ ╩ ╟ↄ ⇔ ─ ╩ ∆╢ ╩ ∆

╢ ∕⇔≡ ↓╣╠─ ─ ╩ ⇔≡ ⌐⅔™≡☻ⱶכ

☼⅛≈ ⌐ ⌂ ╩ ∆╢  

2019 │ 2018 ⌐ ⇔√ ─ ♃כ♦╢↑⅔⌐▪ꜞ◄

╩ ╘╢≤≤╙⌐ ─ ≤ ╩ ∆╢▪ꜟ◗ꜞ☼

ⱶ─ ◦☻♥ⱶ┼─ ≤ꜞ▪ꜟ♃▬ⱶ ╩ ∫√ ╕√

─ ▪ꜟ◗ꜞ☼ⱶ⅔╟┘ ─ ╩ ∫√ 2020

≢│ ⇔√▪ꜟ◗ꜞ☼ⱶ╩ ◦☻♥ⱶ┼ ⇔≡™⅝

≢─ ┘Ɽ☻ⱪꜝfi♬fi◓─ ╩ ╢ ╕√ ⌐⅔

↑╢ ─ ╩ 5.0km ≤∆╢▪ꜟ◗ꜞ☼ⱶ

╩ ⇔ ╢↑⅔⌐♪▬ꜝכⱣכ○─ ╩ ∆╢  

  



 

 

 
 16 

 

  

e. ₈ ⅜ ∆╢ ≢─ ─ ₉  

 

(AI )

( )

 

⌐ ⅔╟┘ 2020 ─ ╩ ∆  

 

ᵑ  ꜡Ⱳ♥▫◒☻ ╩ ⇔√♦♇♪꜡♇◒  

◦☻♥ⱶ⌐⅔™≡ ─ ╢ ™╩ ∆╢Ɽ☻ⱪꜝfi♬fi

◓ ⌐│ ⅝ↄ ↑≡ ⅜ ⌐ ╩♩כꜟ⌂

∆╢ ꜟכꜟ ⌐ ≠™≡ ╕⅛⌂ ─ ╢ ™╩ ∆╢

∕⇔≡ ⅛™ ┼─ ╛ ─ ⌂≥─ ⅛™ ╩

∆╢ ⌐ ≢№╢≤ ⅎ╠╣╢ ≢│ ↓℮⇔√

─ ⌂ ╩◦Ⱶꜙ꜠כ◦ꜛfi♁ⱨ♩ ≢ ∆╢√╘─ ╩

⇔ ─ ⅜ ∆╢ ≢♦♇♪꜡♇◒⅜ ⇔╛∆™

╩ ╠⅛⌐∆╢ ∕⇔≡↓─╟℮⌂♦♇♪꜡♇◒ ⌐fiכ◦ ∆╢

╩ ⅔╟┘ ─ ⌐ ∆╢ ⅛╠

⇔ ↓╣╠─♦♇♪꜡♇◒⅜ ≢№╢⅛ ⅛─ ╩ ╘╢ 2019

│ ─ ─ ╩ ⌂◦Ⱶꜙ꜠כ◦ꜛfi♁ⱨ♩─
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╩ ∫√ ↕╠⌐ ◦Ⱶꜙ꜠כ◦ꜛfi♁ⱨ♩⌐ ≠™≡ ╩

™ ♦♇♪꜡♇◒─ ⇔╛∆™ ה

╩ ⇔ ♦♇♪꜡♇◒⅜ ╩fiכ◦╢∆ 5 ╠⅛⌐

⇔√ 2020 ≢│ ♦♇♪꜡♇◒─ ⌐fiכ◦ ∆╢ ▪ꜟ◗ꜞ☼ⱶ

╩ ⇔≡◦Ⱶꜙ꜠כ◦ꜛfi ┘ ╩ ⇔≡♦♇♪꜡♇◒ ▪ꜟ◗

ꜞ☼ⱶ─ ╩ ∆╢  

 

ᵒ  (AI ) ╩ ⇔√♦♇♪꜡♇◒  

◦☻♥ⱶ⌐⅔™≡ Ɽ☻ⱪꜝfi♬fi◓╩ ℮ №╠⅛∂╘ ╘

⌐ꜟכꜟ√╣╠ ™ ╩ ℮ ⇔⅛⇔⌂⅜╠ ≢│ ≡─

⌐fiכ◦ ╩ꜟכꜟ╢∆ ⌐ ╘╢↓≤│ ≢№╡ ∕─ ⌐ ∂≡

⌂ ⅜ ╘╠╣╢ ∕↓≢ AI╩ ⇔≡ ⌂ ╩ ≡╢

↓≤⅜≢⅝╢╟℮⌐∆╢ ⌐ ≢ ∂╢╟℮⌂♦♇♪꜡♇◒ ⌐

⇔≡ AI⅜ ≢№╢⅛╩ ∆╢ 2020 │ ♦♇♪꜡♇◒⅜ ∂╢

fiꜛ◦כ꜠ꜙfi─◦Ⱶכ◦─ ╩ ⇔ ⌐╟╢

╩ ∆╢ ≢♦♇♪꜡♇◒─ ⅜ ⅛ ∆╢√╘⌐

≢ ∆╢ ─ ≤ ♦♇♪꜡♇◒ ▪ꜟ◗ꜞ☼

ⱶ≤╩ ∆╢◦☻♥ⱶ╩ ∆╢ ╕√ ╩ ─ ⌐

∆╢ ╩ ∆╢◦☻♥ⱶ╙ ∆╢  

 

f .  ₈ ₉  

a. e .  

2 2

─ ╩ ∆╢ ≤⇔≡│ ⱴכ♥ a.e. ⌐⅔™≡ ⇔√

⌐⅔™≡ ⌐⅔↑╢ ⌐⅔↑╢

╩ ╘ ≢☿fi◘♦כ♃ ╙ ℮↓≤≤⇔≡⅔╡ ⌂

╩ ℮↓≤╩ ≤∆╢√╘≢№╢ ⱴכ♥√╕ e.⌐ ⇔≡│ ∕╙∕╙

─ ╩ ™√ ╩ ℮↓≤╩ ⇔≡™╢√╘ ≢│ 2 ─

╩ ™╢↓≤≤⇔≡™╢  

ECU

CAN(Contro l le r  Area  Network) /

L iDAR(L ight  

Detect ion and Rang ing)

GNSS(Globa l  Nav igat ion Sate l l i te  System) /  INS( Iner t ia l  Nav igat ion Sys tem)

V2X ECU
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2020 │ 2019 ⌐ ⅝ ⅝ ⅔╟┘ ╩ ≤

⇔√◄ꜞ▪≢─ ╩ ╘╢≤≤╙⌐ ┘ⱴ☻◖Ⱶ ╩ ≤∆

╢ ╩ ↑ SIP ─ ┼─ ⌐ ╘╢≤≤╙⌐

─ ≤ ╩ ╘╢ ╡ ╖╩ ∆╢   
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1.3.  ─  

a.  ₈ ─ ┘ ⅜ ⌂ ─ ₉  

ᵑ .  Ɽ♃כfi ⌐╟╢ ≤ ▪ꜟ◗ꜞ☼ⱶ─  

─ ≤⇔≡ ╟╡ ⇔≡™╢ ≢─

╩ ⇔≡ ⌐⅔↑╢ ⅜ ≤⌂╢ ┼─ ─

┘▪ꜟ◗ꜞ☼ⱶ ╩ ⇔√ ∕─

⌂≥─ ≢│ ⌐ ⅜ ∆╢ ╩ ⇔≡™

╢ ⇔⅛⇔⌂⅜╠ ⌐⅔↑╢ ⌂ ⅜ ─√╘

─ ─ ╩ ∆╢⌂≥─ ⌐╟╡ ⌐│ ⌂

│ ⇔⌂™↓≤╩ ⇔√ ↓─╟℮⌐ ─ ─ ⅛╠

╩ ∆╢ ╩ ∆╢↓≤≢ 2020 ─ ≢№╢ 120m ─ ה ה

╩ 99% ≢ ⌂↓≤╩ ⇔√ ╟╡ ה

│ ┼─ ⅜ ⅝™↓≤╙ ⇔√√╘ ─ ─

┘ ─ ▪ꜟ◗ꜞ☼ⱶ╩ ⇔ ─◌ⱷꜝ─

⌐╟╢ ⌂ ≢─ ╩ ∆╢√╘─ ╙ ⌂

≤⇔≡ ⇔√  

╕√ ▬fiⱨꜝ ⅛╠ ╢ ─ ╖ ╩ ⇔√

╩ ∆╢√╘ ⇔√ ▪ꜟ◗ꜞ☼ⱶ╩

≢ ∆╢ ╩ ⇔√ ↓╣⌐╟╡ ≤⇔≡ ⅎ╠╣╢

╖ ⅜ ╠╣╢ ⌐⅔™≡ ☺꜠fiⱴ♂כfi⌐⅔↑╢ ╩

⌂ ╩ ⇔√  

 

ᵒ .  ☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi⌐╟╢ ▪ꜟ◗ꜞ☼ⱶ─  

☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi⌐╟╢ ▪ꜟ◗ꜞ☼ⱶ⌐≈™

≡ ╩ ⇔≡ ╩♃כ♦√⇔ ™≡ ─ ⌐╟╢

┼─ ╩ ⇔√ ∕─ ╩ ™╢↓≤≢ ╩ ≢⅝

╩ ↕∑╢↓≤⌐ ∆╢↓≤╩ ⇔√ ╕√

─ ⅔╟┘▬fiⱨꜝ ─ ⌐ ↑≡ ▪ꜟ◗ꜞ☼ⱶ⌐

╩ ⇔ ╩ ∫√ ▪ꜟ◗ꜞ☼ⱶ─ │

DeepLabV3+╕√│ HRNet╩ⱬכ☻≤∆╢☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi

⌐≡ ℮ │ ResNet50Ghostnetmobilenet V2Densenet╩ⱬכ☻

≤∆╢ ⌐≡ ℮ ↓╣╠─ ╖ ╦∑╩ ⇔√ HRNet≤

mobilenet V2⌐╟╢ ▪ꜟ◗ꜞ☼ⱶ│ 20Ⱨ◒☿ꜟ ─ ⌐

⇔≡ 97.28%─ ≢№∫√ ↕╠⌐ ╩ ∆╢↓≤⌐╟∫≡

─ ╩ 98.96%╕≢ ↕∑╢↓≤⅜≢⅝√ ∞↑≢⌂ↄ
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╛ ⌂≥─ ≢╙ ╩ ⌐ ≢⅝╢↓≤╩ ⇔√ ≢

⌂≥─ ⌐☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi⌐╟╡ ╩

√∫№⅜☻כ◔™⌂⅝≢   

 

 

b.  ₈ ─ ╩ ∆╢√╘⌐ ≤⌂╢ AI ─ ₉  

ᵑ .  ↑ ◌ⱷꜝ─ ה ▪ꜟ◗ꜞ☼ⱶ  

▪ꜟ◗ꜞ☼ⱶ⌐│ ⌂ ⌂ ⌂≥ ₁⌂ ⅜

↕╣≡™╢ ─ ⅛╠ YOLO v4⅜ ⌐ ⅜ ≢№╢↓

≤⅜╦⅛∫√ ∕↓≢ ─ ╩ ≢⅝╢╟℮ ◘▬☼─

⅔╟┘Ⱡ♇♩꞉כ◒─ ─ ╩ ∫√ ↓╣⌐╟╡ 200m ⌐

∆╢ 25Ⱨ◒☿ꜟ─ 70m ⌐ ∆╢ 48Ⱨ◒☿ꜟ─ ─

⅜ ≤⌂∫√ ≢ ─ ⌐ ∆╢ │ ™≤│ ⅎ

⌂™ ∕↓≢ ⇔─ ™ ⌐⅔↑╢ ╩ ⇔√ ∕─

48Ⱨ◒☿ꜟ ─ ─ │ 65.2%≢№∫√ ─

╩ 90% ⌐∆╢⌐│ ─◘▬☼⅜ 90Ⱨ◒☿ꜟ ⌐⌂╢╟℮ ↕╠

⌐ ◘▬☼╩ ∆╢↓≤⅜ ≤⌂╢↓≤⅜╦⅛∫√   

 

ᵒ .  LiDAR⅔╟┘Ⱶꜞ ⌐♄כ꜠ ≠ↄ  

─ ≤⇔≡│ ⌐ ⇔√☿fi◘ⱨꜙכ☺ꜛfi▪

ꜟ◗ꜞ☼ⱶ╩ ∆╢√╘⌐♦☺♃ꜟ ╩ ⇔√ ▪ꜟ◗ꜞ☼ⱶ─

╩ ∫√ ─ ╟╡ 3 LiDAR╩ ™√ ─

⌐⅔™≡ ─☻Ɽכ☻↕╩ ℮√╘⌐◌ⱷꜝ ≤─ⱨꜙכ☺ꜛfi⅜

≢№╢↓≤╩ ⇔√ ⇔⅛⇔ ╕≢ ⇔≡ ╩ ∆╢√╘⌐

│◌ⱷꜝ⌐╟╢ ─ ╙ ≢№╢↓≤⅜ ≤⇔≡ →╠╣≡™

╢ ∕↓≢ ◌ⱷꜝ⌐╟╢ ┘ꜞ▪ꜟ♃▬ⱶ ╩ ∆╢√╘

⌐ ♦☺♃ꜟ ╩ ⇔√ ─ ╩ ⇔√ ♦☺♃ꜟ

⅛╠ ⌐ ∆═⅝ ╩ ∆╢↓≤≢ ⌐ ⇔≡

─ ╩ ╡ ┼─ ╩ ⇔√ ╟╡ ⇔

√ ⌐ ⇔≡ ─ ⅜ ↕╣√ ╕√ ⇔√▪ꜟ◗

ꜞ☼ⱶ╩ LiDAR⌐╟╢ ▪ꜟ◗ꜞ☼ⱶ⌐ ⇔≡ ╩ ⇔

2020 ─ ≢№╢ 200m ─ ┘ 70m ─ ╩ 90 ─

╩ ⇔√  
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c. ₈ ─ ₉  

ᵑ .  GNSS/ INS─  

GNSS/INS─ ≢│ ⌐ ™╢ ╩ ∆╢√╘⌐ 1.5m

─ ─ ┘ 0.3m ─ ╩ ⇔≡™╢ ╩ ∆╢

─ ╩ ∫√ ╕∏ 1.5m─ ─ ⌐ ⇔≡│ ⅔ ≢

30cm@77%1.5m@90% ≢ 30cm@57%1.5m@92%─ ≢ ≢⅝╢

↓≤╩ 2018 ⌐ ⇔√ 2019 ≢│ 0.3m ─ ╩ ⇔≡

™╢ ─ ⌐ ╩ ™ ─ GNSS ╩ ™√ ≢

⅔ ≢ 0.3m ─ ─ ⅜ 99%≢ ≢

⅝╢ ╩ ⇔√  

∕↓≢ 2020 │ 2019 ⌐ ╩ ∫√ 0.3m─ ╩ ∆╢

╩ ╖∟┘⅝⅛╠ ↕╣≡™╢ CLAS ┼─ ╩ ∫

√ ⌐│ ─ ╩ ⇔√ ─ ⅜

⌐ ↄ╟℮⌂ ⅜ ╠╣╢╟℮⌐ CLAS LIB╩ ™√ ▪ꜟ◗ꜞ

☼ⱶ─ ╩ ∫√ ↕╠⌐ 202011 ⅛╠ ↕╣√ CLAS≢ ↕╣

╢ ⅜ 17 ⌐ ∆╢↓≤⌐╟╢ ─ ─ ╩ ∫√

∕─ ╖∟┘⅝⅛╠ ↕╣╢ CLAS ╩ ⇔√⅔ ≢─

⌐⅔™≡ 0.3m ─ ─ ⅜ 99%≢ ≢⅝╢ ╩ √ √

∞⇔ ⌂ ⅜ ∆╢ ⌐│ ┘ 0.3m ─ ─

⅜ ∆╢ ╙ ╠╣√ ∕─√╘ ⅜ ∆╢↓≤⅜ ↕╣

╢ ⌐⅔™≡│ ▬fiⱨꜝ╩ ⇔√ⱴ♇ⱪⱴ♇♅fi◓ ─ ⌐╟

╡ ╩ ∆╢√╘─ ⅜ ⌐⌂╢↓≤⅜ ↕╣╢  

 

ᵒ .  ⱴ♇ⱪⱴ♇♅fi◓ ─  

ςπςπ ⌐⅔™≡│ ─♪כ꜠◓ '.33Ⱦ).3╩ ∆╢↓≤╩ ≤⇔

√ⱴ♇ⱪⱴ♇♅fi◓▪ꜟ◗ꜞ☼ⱶ ╩ ∫√ ⱴ♇ⱪⱴ♇♅fi◓ ≤⇔≡

│ ╕≢─ ⌐⅔™≡ ⇔≡⅝√♥fiⱪ꜠כ♩ⱴ♇♅fi

◓╩ ⇔√ ▪ꜟ◗ꜞ☼ⱶ╩ⱬכ☻≤⇔≡ ⅔╟┘ ╩

∆╢ ╩ ה ⇔√ ─♪כ꜠◓ '.33Ⱦ).3╩ ∆╢ ⌂

☺ꜗ▬꜡☿fi◘⅜ ⌐ ↕╣≡™╢↓≤⅛╠ '.33Ⱦ).3≤ ⇔≡

⅜ ↄ ╠╣⌂™ ∕─√╘ ─♪כ꜠◓ '.33Ⱦ).3─

╩ ™≡☿fi◘♦כ♃╩ ⌐ⱴ♇Ⱨfi◓⇔√ ⌐┬╣⅜ ⇔

⅜ ⇔ↄ ⅎ⌂™≤™∫√ ⅜№╢ ∕↓≢ ≢│☿fi◘♦כ

♃⅛╠ꜞ▪ꜟ♃▬ⱶ⌐ⱴ♇Ⱨfi◓⇔√ ≤ ≤─ ─ Ɽ♃

─fiכ ⅝⅛╠ ╩ ╘╢≤™℮ ⅎ╩╙≤⌐ (ÏÕÇÈ ╩ⱬכ☻≤⇔
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√ ○ⱨ☿♇♩ ─ ╩ ⇔√ ─√╘ ςπρψ

⌐ ⇔√ ─ ╢↑⅔⌐♩כꜟ ╩ ™ ⌐╟∫≡

≢№╢ πȢρÍ⅜ ≢№╢↓≤╩ ⇔√ ╕√ ⌐⅔

™≡ '.33Ⱦ).3╩ ⇔≡™√ ≢╙ ⌂≥─ '03 ─

⅜ ≤⌂╢ ≢ ⅜ ⇔ ⅜ ⅝ↄ⌂╢◔כ☻⅜

↕╣√ ∕─╟℮⌂ ⌐⅔™≡╙ ⇔√ ╩ ™╢↓≤≢ ⇔ↄ

⅔╟┘ ⅜ ≤⌂╢↓≤╩ ⇔√  

 

ᵓ .  ─ ⅜ ◦☻♥ⱶ⌐ ⅎ╢ ─  

│≢ⱴכ♥ ─ ╩₈ ─ ₉₈ ─ ₉₈ ≤

─ ◖fi♩ꜝ☻♩₉─ 3 ⌐ ↑ ⅜ ⅔╟┘ⱴ♇ⱪⱴ

♇♅fi◓⌐ ╓∆ ─ ╩ ∫√  

╕∏₈ ─ ₉─ ⌐│ ™ ╩ ∆╢─≢ ☿fi◘≤⇔

≡│◌ⱷꜝ╩ ∆╢ ∕─√╘ ∂ↄ◌ⱷꜝ╩ ™╢ ☿ⱴfi♥

▫♇◒☿◓ⱷfi♥כ◦ꜛfi ┼─ ╩ ⇔√ ∕─ ⅜ ™

╒≥ ≈╕╡ ⅜⅛∆╣≡™╢╒≥ ⅜ ™ ⅜ ↄ⌂╢↓≤⅜

↕╣√  

≢₈ ─ ₉₈ ≤ ─ ◖fi♩ꜝ☻♩₉─ ⌐│

─ ⅜ ⌂ LiDAR╩ ∆╢√╘ ∂ↄ LiDAR╩ ™╢ⱴ♇ⱪⱴ♇♅

fi◓┼─ ╩ ⇔√ ∕─ ≤ ─ ◖fi♩ꜝ☻♩⅜

™╒≥ ≈╕╡ ⅜│∫⅝╡≤ ⅛╣≡™╢╒≥ ⱴ♇ⱪⱴ♇♅fi◓─

⅜ ™ ⅜ ↄ⌂╢↓≤⅜╦⅛∫√  

 

 

d.  ₈ ─ ≤∕╣⌐ ≠ↄⱤ☻ⱪꜝfi♬fi◓ ─ ₉ 

ᵑ .  (AI ) ⌐ ≠ↄ ─  

─ ≤⇔≡ ⅔╟┘ ⅛╠─ ▪ꜟ◗

ꜞ☼ⱶ─ ⅔╟┘ ╩ ∫√ ⅛╠─ ≢│ fiכ◦

─ ≡─ ─ ╩ ⌐ ≢⅝╢ ╩ ⇔√ ≢│

≡─ ─ ╩ ⌐ ∆╢√╘ ≢№╢ ─ ⌐╟

fiכ◦≡∫ ─ ⅜ ⅝ↄ⌂╢√╘ ⅜ ™ ⅛

╠─ ≢│ ─ ⌐ ⌂ↄ ─≢fiכ◦√⇔ ╩

≢⅝╢√╘ ≢№∫√ ⅛╠─ ⌐⅔™≡

ꜟfiꜝⱬכ◦ ─ ⌐╟╢ ─ ╩ ⇔√ ∕─

⅜⌂™ ⌂≥─ ⌐ ∆╢ ╩ ∆╢ ⅜№
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╢ │ ╩ ↑╢╟℮⌂ ╩ ∆╢↓≤⅜≢⅝√ ↓╣╟╡

⅜ ⌐⅔™≡╙ ≢№╢↓≤⅜╦⅛∫√ ╕√ ─

⌐╟╢ ⌐≈™≡ ⇔√ ⌐│ ⅛╠ ┼─ ┘ ⇔╩

≥─ ⅛╠ ≢⅝╢⅛ ⇔√ ∕─ ╛ ─ │ 3m

⅛╠ 5m ⅛╠ ╣√ ≢╙ ┘ ∆ ╩ ⌐ ≢⅝√

≢ ™√ ≢│ ─ │ 9m ≤ ⌐ ╣√

⅛╠≢⌂™≤ ┘ ∆ ─ ⅜ ≢№╢↓≤⅜╦⅛∫√

⌐╟╢ ─ ™⅜№╢√╘ ─ ⌐╟╢ ⅔╟┘ ─↕

╠⌂╢ ⌂ ╩ ∆╢ ⅜№╢  

 

ᵒ .  ⌐╟╢ ─ ≤Ɽ☻ⱪꜝfi♬fi◓  

⌐⅔↑╢Ɽ☻ⱪꜝfi♬fi◓─ ╩ ∆╢√╘⌐

│ ─ ─ ⌂≥╩ ⇔≡ ⌂ ⌐⅔™≡☻ⱶ

⌂☼כ ╩ ≤⇔√ ─ ─ ≢│ ╕≢⌐ ⇔≡

™√ Extended Object Tracking╩ ™√ ─ ≤ ─

▪ꜟ◗ꜞ☼ⱶ╩ ☿fi◘≢ꜞ▪ꜟ♃▬ⱶ ≢⅝╢╟℮⌐ ⇔≡ ⌐

⇔√ ↓─ ─ ⌐⅔™≡ ─ ≢

№╢ 5km╩ ⇔√ ↓─ ⌐ Ᵽכ○≡™≠

─♪▬ꜝכ ─ ╩ ⇔ ⌐♪▬ꜝכⱣכ○ ─№╢

─ ─ ╩ ⇔√ ↓╣⌐╟╡ ╛ ─ ⌐╟╡

⅜ ∆╢ ≢─ ╛ ─ ─ ™ ≢─

⌂≥ ─ ⌐♪▬ꜝכⱣכ○≡™⅔⌐ ─№╢

╩ ⇔√  

 

 

e. ₈ ⅜ ∆╢ ≢─ ─ ₉  

ᵑ .  ꜡Ⱳ♥▫◒☻ ╩ ⇔√♦♇♪꜡♇◒  

─ ≤⇔≡ ⌐ →√♦♇♪꜡♇◒⅜ ∆╢ 5 ─

╩fiכ◦ ⇔ ♦♇♪꜡♇◒ ⌐₈ ⌐ ₉≢⅝╢⅛ ╙⇔ↄ

│ ⌐₈ ⌐ ₉⇔⌂↑╣┌™↑⌂™⅛ ≤™℮ ≢♃▬ⱪ ↑

╩⇔√ ─♃▬ⱪ⌐ ⇔≡│ ⌐꜡Ⱳ♥▫◒☻ ╩ ─♃▬ⱪ⌐

⇔≡│ ⌐ ᵒ─ (AI) ╩ ™≡ ♦♇♪꜡♇◒ ─ ╩

⌂∫√ ─₈ ⌐ ₉≢⅝╢♃▬ⱪ─♦♇♪꜡♇◒◦כfi─

⌂ │ ⌂ ◦☻♥ⱶ⅜Γ⌂╢═ↄ ╩ ∑∏⌐ ∆

╢Δ↓≤╩ ⌐ ↕╣≡™╢↓≤≢№╢ ∕↓≢ │≢ⱴכ♥ ♦
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♇♪꜡♇◒ ⌐│ ⌐Γ№ⅎ≡ ╩ ⇔≡ ∆╢Δ≤™℮

╩ ◦☻♥ⱶ⌐ ⅎ╢↓≤≢ ♦♇♪꜡♇◒╩ ∆╢▪ꜟ◗ꜞ

☼ⱶ╩ ⇔√ ⌂⅔ ↓─╟℮⌐╛╗╩ ⌂™≤│ ⅎ ⌐

╩ꜟכꜟ ∑∏ ♦♇♪꜡♇◒ ╩ ╖╢↓≤⅜ ↕╣╢─

⅛⌐≈™≡│ ⅜ ≢│№╢⅜ №ⅎ≡↓↓≢│♦♇♪꜡♇◒─▪ꜟ◗

ꜞ☼ⱶ ─ ─ ⌐≈™≡ ╩ ⇔√ ╕√ ≡⌐ⱴכ♥

⇔√♦♇♪꜡♇◒ ▪ꜟ◗ꜞ☼ⱶ╩◦Ⱶꜙ꜠כ♃כ⅔╟┘ ⌐⅔↑

╢ ⌐≡ ╩ ⇔√ ╟╡ ╩ ⇔≡ ⌂

☻Ɑכ☻⅜ ∆╢ ─ ⌐⅔™≡│♦♇♪꜡♇◒ ╩ ≢№

╢↓≤⅜ ↕╣√  

 

ᵒ .  (AI ) ╩ ⇔√♦♇♪꜡♇◒  

⌐⅔↑╢ ╩ ∂≡ ♦♇♪꜡♇◒⅜ ╩fiכ◦╢∂

⇔ AI⌐╟╢ ⅜ ⇔√ ⌐ ♦♇♪꜡♇◒─ ⅛╩

⇔√ │fiכ◦ 1) ∟ ⌐ ⌐ ⅜⅔╡ ⅜

√ ⌐ ─ ╩ fiכ◦⌂℮╟╢↑ 2)

3) ⌐ ⅜⅔╡ ╩ ↑≡

fiכ◦╢∆ 4) 5)

≢№╢ ⌐fiכ◦─╠╣↓ ∆╢◦Ⱶꜙ꜠כ◦ꜛfi ╩ ⇔

⌐╟╢♦♇♪꜡♇◒ ⅜ ⅛ ⇔√ ⌂⅔ ≡™⅔⌐fiכ◦

⌂ ╩ ∫√ fiכ◦ 3 5 ⌐⅔™≡ ╩ ∆╢ ╩

∆╢↓≤≢ ♦♇♪꜡♇◒ ╩ ℮ ─ ╩ ⇔√ fiכ◦ 1

2 4 ≢│ ♦♇♪꜡♇◒ ╩ ℮ ─ ╩ ≢⅝⌂⅛∫√ ♦♇♪꜡

♇◒ ╩ ℮ ╩ │≢fiכ◦√⅝≢ ⅜ ╕√│ ↕╣

≡⅔╡ ─ ⅜ ≢№∫√≤ ⅎ╢ ♦♇♪꜡♇◒ ─

⅜ │≢fiכ◦√∫№≢ ─ ⅜ ™ ╕√│ ⅜

⇔≡ ╩ ╢ ⅜№╢ ⌂ ≢№∫√ ≢fiכ◦─╠╣↓

⌂◦Ⱶꜙ꜠כ◦ꜛfi ─ ╩ ∆╢√╘─ ─ꜟכꜟ

⇔⌂≥⅜ ≢№╢  
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f .  ₈ ₉  

2 0 1 9 ⌐ ⇔√ 2 ─ ╩ ⱬכ☻⌐ I TS ─▪fi

♥ ♫ ─ ─ ⇔ ─ ◓ ꜠ כ ♪ ─ ꜡ כ ◖ ☻ ♩

G N S S / IN S─ ⌂≥─ ─ ╩ ⇔√ ╕√ ⌐⅔↑

╢ ─ ⌐ ⅔↑ ╢ ╩ ⇔ ⅔╟

┘ ─ ⌐ ⅔↑ ╢ ╩ ⌐ ⇔√ ↕ ╠⌐

⌐ ↕ ╣ ≡™ ╢ ╩ ∆ ╢ ⅛ ╠ ─

┘ ╩ ⇔√ ⌐≈™≡╙ ⇔√ ∕⇔≡

↓╣╠─ ╡ ╖╩ ⇔ 2 0 20 │ ≢─ ⌐ ⇔

≡│ 54 ⇔ ≢ 1,287.2km╩ ⇔√ ╕√

⅜ ⇔ ≡ ⇔ √ ⱷ ♦ ▫ ▪ ↑ ● ▬♪ ♠ כ▪

(2020 9 1 ) SIP-adus 2021 3 2425

⌂≥⌐⅔™≡ ─ ─ ╩ ⇔ ⌐

∆╢ ╡ ╖⌐≈™≡╙ ⇔√  
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2.   

2 .1 .  a.₈ ─ ┘ ⅜ ⌂ ─ ₉  

ᵑ  Ɽ♃כfi ⌐╟╢ ≤ ▪ꜟ◗ꜞ☼ⱶ─  

⌐⅔↑╢ ⅛≈ ⇔√ ╩ ∆╢√╘ ⌂♦☺♃

ꜟ ≤ ◌ⱷꜝ╩ ™√ ▪ꜟ◗ꜞ☼ⱶ╩ ∆╢ ─

─℮∟ ⌐ ⌐⅔↑╢ ╩ ∆╢√╘ ─

╩ ⌐ ∆╢↓≤⅜ ≢№╢ ⇔⅛⇔ ╛ ─

≤─ ⅔╟┘ ─◖fi♩ꜝ☻♩⌂≥ ₁⌂ ─ ╩

↑≡ ∆╢◌ⱷꜝ ─ ⅜ ∆╢ ⅜№╢ ↓─╟℮⌂ ⌐

⅔↑╢ ⇔√ ─ ⅜ ↕╣≡™╢ │ ┘ ─

⌐ ⇔≡ 120m ─ 99%─ ╩ ≤⇔ ⅛╠ ⅜

≤⌂╢ ╩ ╠⅛⌐∆╢ ∕─ ⅛╠ ▬fiⱨꜝ⌐╟╢ ⅜ ╘

╠╣╢ ╩ ⇔≡╕≤╘╢ ⌐│ ─ ה ╩ ⇔√  

ꜟ♃☺♦ה ╩ ⇔√ ה ▪ꜟ◗ꜞ☼ⱶ─  

ה ה ─ ┼─ ─  

ה ─ ▪ꜟ◗ꜞ☼ⱶ─  

ꜝfiⱨ▬ה ╩ ™√ ─  

≢│ ⌂ ⌐≈™≡ ⌐ ═╢  

 

ꜟ♃☺♦ה ╩ ⇔√ ה ▪ꜟ◗ꜞ☼ⱶ─  

⌐╟╢ ⌐ ∆╢ ≤⇔≡ ⌂ ╩ ≤∆╢

√╘⌐♦☺♃ꜟ ╩ ⇔√ ─ ⅜↓╣╕≢⌐ ↄ ↕╣

≡⅔╡[1-3] ≢│↓╣╕≢⌐ ◌ⱷꜝ≤ ┘♦☺♃ꜟ

╩ ⇔√ ▪ꜟ◗ꜞ☼ⱶ╩ ⇔≡⅝√[4] ╕≢⌐ ⇔≡

⅝√ ▪ꜟ◗ꜞ☼ⱶ─ ╩ 2.1.ŋ -1⌐ ∆ ♦☺♃ꜟ ╩

⇔√ ─ ⌂ │ ─ ╡≢№╢  

(1 ) ROI ♦☺♃ꜟⱴ♇ⱪ╩ ™≡ ─ RegionOf-

Interest, ROI╩ ∆╢  

(2 ) ≤⇔≡ ROI ─ ╩ ∆╢  

(3 ) ─ ╛ ╩ ™≡ ╩ ∆╢  

≤♦☺♃ꜟ ─ ─ ≤─ ⌂ ⅛╠

─ ─ ROI╩ ⇔ ♦☺♃ꜟ ≤ ╩ ™≡◌ⱷꜝ

─ ╩ ⇔ ROI╩ ∆╢ ↓─ ROI ⌐ ⇔≡ ─

─ ╩ ℮ ⌐ │ ╟╡ ╢™ ╩╙≈↓≤ ∆

⌂╦∟ ™ ≤ ╩ ≈ ⅜№╢√╘ ™─ ╛ ─
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⌂≥─ ⌐ ⇔≡ ╩ ⇔≡ ≢№╢⅛╩ ∆╢

⌐ ╕╣╢ ⌐│ ∞↑≢⌂ↄ ה ╛

─ ╙ ╕╣≡™╢ ∕↓≢ ─ ⅜

╩ ≈ ─ ╩ ℮  

│ ⌐ ▪ꜟ◗ꜞ☼ⱶ⌐╟∫≡ ↕╣√ ⌐

╟∫≡ ↕╣╢ ♦☺♃ꜟ ⌐ ↕╣√ ─ ⅝⌐ ╦∑≡

╩ ↕∑⌂⅜╠ ─ ╩ ∆╢ ⇔⅛⇔⌂⅜╠ 120m ─

╩ ∆╢ Ⱨ◒☿ꜟ ─ ↕⌂ ╩ ⇔≡ ∆╢↓≤⅜

↕╣╢ ≢ ⇔≡™╢ 60 ╩ ∆╢ⱨꜟ HD◒ꜝ☻─

─◌ⱷꜝ╩ ™√ 100m─ │ 10px ─ ≤⌂╢√

╘ ▪ꜟ◗ꜞ☼ⱶ─╖≢ ─ ╩╙≈ ╩ ∆╢↓≤│

≢│⌂™ ∕↓≢ ─ ≤⇔≡ ♦☺♃ꜟ ─ ≤⇔≡ ≤

─ ⅜ ⅎ╠╣√ ⌐ ─ ╩ ⌂ ╩

⇔√[4] ─ ≢│↓↓≢ ⇔√ ▪ꜟ◗ꜞ☼ⱶ╩ ™≡

╩ ∆╢  

 

 

2.1.-1 ▪ꜟ◗ꜞ☼ⱶ─  
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╕≢⌐ ⇔√ ▪ꜟ◗ꜞ☼ⱶ╩ ™≡ ─ ⌐

⅔↑╢ ┘ ─ ╩ ∆╢ ⌐ ╩

∆╢≤⅝─ ⌐ ™ ╩ ℮√╘ ─ ─ ꜞ☻♩╩◦

♫ꜞ○≤⇔≡ ⇔≡ ≡╘≥╕╩♃כ♦○ꜞ♫◦─ ∆╢ 2.1.-1

⌐ ⇔√ ─♃כ♦ ╩ ∆ │♃כ♦ 233─ ◦♫ꜞ

○≤⇔≡ ה ─ ╠⅛♃כ♦─ ↕╣≡™╢

─♃כ♦ ⱨ꜠כⱶ │ 42,603≤⌂∫≡⅔╡ ≤⌂╢ ROI─

│ 97,985≢№╢  

 

 2.1.-1 ─ ⌐♃כ♦ ∆╢ ♃כ♦  

 Type Number of Data 

ROI   46,818 

 2,926 

 31,529 

 212 

 3,930 

 1,847 

 2,566 

None  8,158 

 97,985 

◦♫ꜞ○   140 

  44 

  12 

ה   37 

  233 

ⱨ꜠כⱶ   42,603 

 

≤⇔≡│ ⌐ ∆ F-value╩ ™╢ ⅛╠ ╕≢─

╩ 10m─ ↔≤⌐ ↑≡ ≢─ ─ ╩ ∆╢  √∞⇔ TP

│ FP│ FN│ ≢№╢ ─ ⌐♃כ♦ ⇔≡

150m╕≢─ ≢ 10m─ ↔≤⌐ Precision, Recall, F-value╩ ⇔

─ F-value─ ╩ ⇔≡ ╩ ∆╢  
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ὖὶὩὧὭίὭέὲ
Ὕὖ

Ὕὖ Ὂὖ
 (2.1.-1) 

ὙὩὧὥὰὰ
Ὕὖ

Ὕὖ Ὂὔ
 (2.1.-2) 

ὊȤὺὥὰόὩ
ςὖὶὩὧὭίὭέὲϽὙὩὧὥὰὰ

ὖὶὩὧὭίὭέὲὙὩὧὥὰὰ
 (2.1.-3) 

 

 √∞⇔ ♃כ♦ ─ ⌐╟╡ ─ ─ ≢│ ─ ⌐

∂≡ TP/FP/FN╩ ⇔↓╣╠╩ ⇔≡ ─ ≤⇔≡╕≤╘≡

∆╢ ≢│ ─ ⌐ ≠™≡ ╩ ∆╢  

ה ─ ─  

ה ─ ─  

ה ꜠fi☼◌ⱷꜝ ⌐╟╢ ─  

ה ─ ─  

⇔√ ▪ꜟ◗ꜞ☼ⱶ─ ╩ ─ ⅛╠ ∆╢ │

ROI⌐ ∆╢ ─ ╩ ⌐ ∆╢ ⅜ ╠╣╢ ⇔⅛⇔⌂

⅜╠ ↄ─ ≢│ ⌐│ ─ ⅜ ↕╣≡⅔╡ №╢ⱨ

╙≡™⅔⌐ⱶכ꜠ ─ ─ ╩ ⌐ ∆╢ ≢│

≤⇔≡ ↑╠╣√ ─ ⅛╠ ⌐ ─

╩ ∆╢↓≤⅜ ≢№╢ ∕↓≢ ─ ≤│ ⌐

≢ ╩ ∆╢ ↓─ ⱨ꜠כⱶ⌐ ─ ⅜№╢

│ ⌐╟╡ ╩ ∆╢  

╕√ ≢ ⇔≡™╢ ≢│ ─ ⌐

─ ◌ⱷꜝ╩ ⇔≡™╢ ⌐ ∆╢ ╩ ∆╢√

╘⌐ 53deg⌐ ⅎ≡ 27deg╩ ⇔√ ╙ ∆╢

⌂ ≤⇔≡│ ≢ ≤⌂╢ ─ ROI⌐ ⇔≡

─ ⌐ ∆╢ ROI⅜ ╕╣╢ │ ─ ROI ╩

∆╢≤™℮ ≢№╢ ∕─ ה ⌂≥─ ─ ╙

∆╢  

≤⇔≡ 2.1.-2 ┘ 2.1.-2⌐ ⌐♃כ♦ ∆╢

┘ ─ ╩ ∆ ≢│ ┘

─ ≤ ◌ ⱷ ꜝ ─ ─ ─ ™⌐ ╟ ╢ ↔ ≤ ─ ≤

100m┘ 120m ─ ╩ ⇔≡™╢  
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(a) 53deg (b) 53deg 

  

(c) 53deg+27deg (d) 53deg+27deg 

⌐♃כ♦ 2-.2.1 ∆╢  

 

⌐♃כ♦ 2-.2.1 ∆╢  

      

 100m  0.989 0.982 0.933 0.968 

120m  0.984 0.977 0.908 0.956 

 100m  0.998 0.991 0.976 0.988 

120m  0.996 0.987 0.960 0.981 

 

( ) 

100m  0.986 0.979 0.937 0.967 

120m  0.984 0.978 0.928 0.963 

 

( ) 

100m  0.998 0.992 0.983 0.991 

120m  0.997 0.992 0.982 0.990 
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╟╡ ─↓≤⅜ ↕╣√  

ה ≢ ╩ ∆╢↓≤≢ ─ ⅜  

ה ◌ⱷꜝ╩ ∆╢↓≤≢ ┘ ─ ⅜  

ה ─ ≢ ꜠fi☼╩ ∆╢↓≤≢ 120m ─

⅜ 0.990≤⌂╡ ─ ╩  

≢ ∆╢↓≤≢ ⌐ ┘ ─ ─ ╩ ⇔

√ ↓╣│ ≢│ 2.1.ᵑ-3─╟℮⌐ ─ ╩ ∆╢

⌐ ─ ─ ╛ ─ ⌐╟╡ ROI─

⌐┌╠≈⅝⅜ ↕╣≡™╢ ↓╣⅜ ─ ≤⇔≡ ╩

╢↓≤≢ ⌂ ⌐ ≢⅝╢╟℮⌐⌂∫√↓≤⅜ ≢№╢ ╕√

◌ⱷꜝ╩ ∆╢↓≤≢ ─ ⅜ 2% ≢⅝≡™╢↓≤⅜

≢⅝√ 2.1.-4⌐ ─◌ⱷꜝ≢ ⇔√ ה ─

Ⱨ◒☿ꜟ ─ ╩ ∆ 2.1.-4╟╡ 90m ≤⌂╢≤ ─Ⱨ◒☿

ꜟ ⅜ 10px ≤⌂╡ 7~10px─ ─ ⅝╩ ⌐ ∆╢↓≤│

≢│⌂™↓≤⅜ ╟╡ ↕╣√ ↓╣⌐ ⇔≡ 1/2─ ◌

ⱷꜝ╩ ∆╢≤ ─ ╩ ≢⅝√↓≤⅛╠ ─ ⅜

15px │ ↕╣≡™╢ ≢─ ⅜ ╕⇔™≤ ⅎ╢  

 

 

2.1.ᵑ-3 ◌ⱷꜝ≢─ ─ ─  

Dist: ≤─ GT: ꜝⱬꜟ RES:  
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2.1.-4 ◌ⱷꜝ⌐╟╢ ─Ⱨ◒☿ꜟ  

 

⌐ ─ ╩ 2.1.-3⌐ ∆ ⌐╟╢ ─┌╠≈

⅝│№╢╙── ≢│ ≢╙ 97% ─ ⅜ ╠╣≡⅔╡

│ 98.5%─ ⅜ ╠╣≡™╢↓≤⅛╠ ⌐ ⅜

⇔≡™╢ │ ↕╣≡™⌂™ ⅛⌂ ≢│№╢⅜ ה ─

≢─ ─ ⅜ ─ ≤ ═≡ ™ ⅜№╢↓≤⅜ ↕╣≡™

╢  

 

ה 3-.2.1  

      

 100m  0.999 0.995 0.985 0.993 

120m  0.998 0.994 0.984 0.992 

 100m  0.996 0.987 0.990 0.991 

120m  0.995 0.987 0.980 0.987 

ה  100m  1.000 0.987 1.000 0.996 

120m  1.000 0.991 0.997 0.996 

ה  100m  0.998 0.987 0.971 0.985 

120m  0.998 0.987 0.976 0.987 

 

⌐⅔↑╢ ≢ √ ≢│ ≤⇔≡ 120m ─

ה ╩ 99% ≢ ≢№╢↓≤⅜ ↕╣√ ⇔⅛⇔⌂⅜╠

⌐╟∫≡│ ה ⌂≥─ ╙ ↕╣≡™╢ ⌐│
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┘ ≢fiכ◦─≤⌂ ⌐╟╢ ╩ ⇔√ ⌐

≢ ↕╣√ ⌐fiכ◦ ∆╢ ╩fiכ◦⌂ ═╢  

 

ₒ ₓ ─  

ⱦ♇◒◘▬♩ ─ ╩ ⌐ ↕╣√ ╢№≢fiכ◦

2.1.-5(a)─╟℮⌐ ⌐∑╡ ⇔≡™╢ ⌐╟∫≡ ⅜ ↕╣

╢№≢fiכ◦╢™≡ 2.1.-5(a)⌐ ≢ ∫≡™╢ ⌐ ─

⅜ ↕╣≡™╢⅜ ↓─╟℮⌂ ⌐╟╢ ≢│◌ⱷꜝ─ ⅛

╠ ∕─╙─╩ ∆╢↓≤│ ≤⌂╢ ╣⅜№╢ ╕√ 2.1.-5(b)

⌐ ─ ╩ ∆ │≢fiכ◦─↓ ─ ⱨ꜠כⱶ

≢ ⅜ ↕╣╢╙──∕─ │∆═≡─ ╩ ⌐ ≢⅝≡™

╢√╘ ⌂ ≤│⌂╠⌂™⅜ ⌐╟╢ ─√╘ ⌂≥⌐╟∫

≡ ─ ↑ ⅜ ⌂╢↓≤╙ ↕╣╢  

 

 

 

(a) ◦כfi─  
(b) ─ ─  

 

2.1.-5 ⌐╟╢ ─fiכ◦  

 

ₒ ₓ ─◄♇☺⌐╟╢ ─  

◖ ꜡ ◦ ▪ ⱶ ─ ╩ ⌐ ↕ ╣ √ ◦ כ fi ≢ № ╢

2.1.-6(a)─╟℮⌐ ≢ ⌐№╢ ─ ⌐╟╡ ≤⌂╢

─ ⅜ ≤⌂╡ ≤⌂╢↓≤⅜ ↕╣√ ↕╠⌐ ─

─◄♇☺─Ɽ♃כfi╩ ∆╢↓≤╙ ↕╣≡™╢ 2.1.-6(b)╟╡

⌐ ─ ─╖ ⅜ ↕╣≡™╢⅜ ⌐⌂╢≤ ⌐

≤⌂∫≡™╢  

 



 

 

 
 34 

 

  

 

 

 

(a) ◦כfi─  
(b) ─ ─  

 

2.1.-6 ⌐╟╢ ─fiכ◦  

 

ₒ ₓ ╢╟⌐כꜝⱩה▪꜠◓ ─  

▪fi♄כ ─ ╩ ⌐ ↕╣√ ╢№≢fiכ◦

─ ≢│ ⌐◓꜠▪╛Ⱪꜝכ⌂≥─ ╩ ↑╢↓≤⌐╟∫≡

─ ⅜ ⌐ ═╢≤ ⌐⌂╢ ⅜№╢ ↓╣⌐╟∫≡

2.1.-7─╟℮⌐ ─ ⅜ ⌐⌂╢↓≤⅛╠ ─ ╛

┼─ ⌂≥─ ⅜ ↕╣≡™╢ ↓─╟℮⌂ ≢╙ ⌐⌂

╢≤ ⌐ ≢⅝╢ ╩ ⇔≡™╢↓≤⅛╠ ∆╢ │ ≢

№╢≤ ⅎ╢  

 

 

 

(a) ◦כfi─  
(b) ─ ─  

 

2.1.-7 ⌐╟╢ ─fiכ◦  
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ₒ ₓ ⌐╟╢ ─  

─ ╩ ⌐ ↕╣√ ╢№≢fiכ◦ 2.1.-8(a)

─╟℮⌐ ≢ ⌐ ⅜ ∆╢ ≢│ ─ ⌐╟╡

⅜ ⇔√ ⅜ ↕╣╢ ↓─ ≢│ ⇔√ ⌐№╢

╩ ⌐ ∆╢↓≤⅜≢⅝⌂ↄ⌂╢√╘ ⌂≥─ ╩

⇔≡™╢ 2.1.-8(b)─ traffic light ID=2⅜ ─ ╩ ↑√

2.1.-8(a)≢╙ ≢⅝╢╟℮⌐ ≢│ ⅜ ⌐ ™

™⌐⌂∫≡™╢↓≤╙№╡ ╛ ╩ ≤ ∆╢ ⌂≥

╙ ⇔≡™╢  

 

 

 

(a) ◦כfi─  
(b) ─ ─  

ќ  

2.1.-8 ⌐╟╢ ─fiכ◦  

 

─╟℮⌐ ה ה ה ⌂≥─ ⌐⅔™≡

─ ⌐⅔™≡ ⅜ ≤⌂╢ ╩ ⇔√ ⇔⅛⇔⌂⅜╠

─ ⌐⅔™≡ │ ╛ │ ⌐⅔™≡ ↕

╣≡⅔╡ │ ≢№╢√╘ ⌐ ⌂ │⌂™≤

ⅎ╢ ─ ⌐⅔™≡╙ ─ ⌐╟╢ ה ⅜ ⇔≡™

≡╙ 2.1.-8─╟℮⌐ ⌐ ↕╣≡™╢ ─ ⅜№╢↓≤≢

⅜ ≤⌂╢ ─ ╟╡ ⌐ ≤⌂╢↓

≤⅜ ↕╣╢ ≤⇔≡│ ─ ⅜ ⅎ╠╣╢  

ה  ⌐ ∆═≡╩ ≢⅝⌂™ ⅜ ∆╢

 

ה  ⌐ ⌐ ∆═≡╩ ≢⅝⌂™  
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1 ─ │ ─ ╙≡™⅔⌐≤⌂fiכ◦╢⌂≥ ─

│ ≢№╢↓≤⅜ ≢⅝≡™╢√╘ ─ │ ⌐

⌂™≤ ⅎ╠╣╢ 2 ─ ─ │ ⌐ ┘ ⌐ ↓╡

℮╢ ≢№╡ 2.1.-9(a)─╟℮⌐ ⌐ ─

⅜ ≈⇔⅛⌂ↄ ∕─ ⅜ ─ ╩ ↑≡™╢ │ ≤⌂╢ ⇔

⅛⇔⌂⅜╠  2 ─ ⅜ ↕╣≡™╢ ≢│ ≤ ⌂≥

╣√ ⌐ ⅜ ↕╣≡™╢↓≤⅛╠ ─ ─ ⅜

≢№╣┌ ⅜ ─ ╩ ↑≡╙ │ ↑≡™⌂™↓≤⅜ ⅎ╠

╣╢ 2.1.-9(b)─╟℮⌐ ╩ ⌐ ⅎ╢↓≤≢ ─ ╙

⌂√╘ ─ ─ ™⌐ ∂≡≥∟╠─ ╩ ∆╢═⅝⅛╩

∆╢↓≤╙ ≢№╢  

 

  

(a) ◌ⱷꜝ 53deg (b) ◌ⱷꜝ 120deg 

2.1.-9 ≢─ ─ ⅜  

 

 

ה ה  ─ ┼─ ─  

≢─ ≢│ ⌐╟╡ ⅜ ⇔≡ ⅜ ≤⌂╢

≤⇔≡ ה ה ה ה ⅜fiכ◦─≤⌂ ↕╣√ ↓╣

╠─ ─℮∟ ⌂≥─ ⌐╟╢ ⅜ ≤⌂╢ │◌ⱷꜝ

─ ⌐╟╡ ─ ™⅜ ↕╣╢ ∕↓≢ ⌐⅔↑╢

─ ─ ╩ ∆╢√╘⌐ ┘ ─ ─ ╩ ⇔≡

╩ ∆╢  

─ ╩ ∆╢ ⌐ ה ─ ┼─ ⌐ ∆╢

╩ ⇔√ 2.1.-10⌐ ∆╟℮⌐ ◌ⱷꜝ ┘ ≤─

⌂ ⌐╟∫≡ ─ ™⅜ ∆╢≤ ⅎ╠╣╢ ─ ≢│

≢ ≤ ─ ⅜ ⇔≡™╢≤⅝⌐ ⅜ ∆╢↓≤≢

⅜ ∆╢ ⇔√⅜∫≡ ◌ⱷꜝה ─ⱬ◒♩ꜟ≤◌ⱷꜝה
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─ⱬ◒♩ꜟ─⌂∆ ⅜ ─ ⌐№╢ ⌐ ⌐ ╩ ↑╢

2.1.-10(a)⇔⅛⇔⌂⅜╠ ─ ⅜ ⌐ ─ ⌐№╢

│ ⅜ ↕╣╢√╘ ╩ ↑⌂™↓≤╙ ↕╣╢ ─

≢│ ─ ⅜ ─ ╩ ╠∆↓≤≢ ⅜ ≢

╢ↄ⌂╢↓≤≢ ⅜ ∆╢ ↓─ ╠↕╣√ ─ ⅝⅜◌ⱷꜝה

─ⱬ◒♩ꜟ⌐ ™ ⌐ ™ ╩ ↑ ⅜ ™ ⌐№╢ ⌂

≥≢│ ─ ™⅜ ↕™≤ ⅎ╠╣╢ 2.1.-10(b)  

 

  

(a) ─ ─  (b) ─ ─  

2.1.-10 ◌ⱷꜝה ─ꜝⱷ◌ה ⌐╟╢ ה ─

─  

 

─ ─ ╩ ∆╢√╘⌐ ה ─ ─♃כ♦ │

─ ה ╩ ∆╢√╘ ⌐ ↑√ ≤⇔≡

─ ≢№╢₈ ◄▪Ɽ₉◒כ─ ╩ ◄ꜞ▪≤⇔≡

⇔√ 2.1.-11─╟℮⌐ ⌐ ≤⇔≡ ⇔√ LED

┘ꜝfiⱪ ╩ ⇔≡ ⌐ ⅝╩ ⅎ⌂⅜╠ ה ─

╩ ⇔√  

  

(a)  (b) ─  

ה 11-.2.1 ─ ─  
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─ ≢│ ה ⅜ ∆╢ ─ ≢ ─ ╩

↕∑⌂⅜╠ ⅜ ↕╣╢ ≢◌ⱷꜝ╩ ↕∑≡ ∆╢

│ 2m─ ↕≢ ─ ─ ─ ↕ 5m ≤ ═≡

™ ≤⌂╢ ∕↓≢ ─◌ⱷꜝ│ ─ⱨ꜡fi♩●ꜝ☻

⌐ ∆╢─≢│⌂ↄ ─ ↕⅛╠ →╢╟℮⌐ ⇔≡ ∆

╢ ≤⇔≡ ↕╣√ⱨ꜠כⱶ ╩ 2.1.-4⌐ ∆ ה ─

∕╣∙╣─ ⌐⅔™≡ ─ ⌐╟╡ ⌂ │ ⌂╢╙─

─ ⌐ ⇔≡ 200 ─ ╩ ⇔ ↓╣╠─ ⅛╠

╩ ∆╢ ⌂⅔ ≢ ∆╢◌ⱷꜝ│ ─ ≢ ⇔

≡™╢ HDR/LFM(High Dynamic Range/LED Flicker Mitigation)╩ ≈

◌ⱷꜝ≤⇔≡⅔╡ ◌ⱷꜝ─ │ 120deg≢№╢  

 

ה 4-.2.1 ─ ⌐⅔↑╢  

 (LED) (ꜝ fiⱪ) (LED) (ꜝ fiⱪ) 

 243 232 1,099 1,128 

 248 282 896 974 

 410 400 1,051 1,047 

+  589 655 783 826 

 m₩15m ─  m₩60m ─  

 

╕∏ ─ ™⌐╟╢ ╩ ∆╢√╘ ↕╣√

╩ ⅜ ⇔≡ ⌂ ╩ ≢⅝╢⅛≢ ⌐⅔↑╢

⌂ ⅜≥─╟℮⌐ ⇔≡™╢─⅛╩ ∆╢ ⌐ ─

/ ⌐ ⇔≡ ╢↕ ┘ ™⌂≥─ ∆╢↓≤≢ ⌐≥─╟

℮⌂ ⅜ ⇔≡™╢─⅛╩ ∆╢  

─ ≤⇔≡ ≤⌂╢ ─ⱪ꜡♇♩╩ 2.1.-12⌐

∆ 2.1.-12≢│ ╩ ⇔√ ⌐⅔™≡ ╩

≤ ⇔√ ╩ ≢╕≤╘≡№╢ 2.1.-12(a)┘(b)╟╡ ─

│ LED fiⱪꜝה ⌐╟╠∏ ─ ≢ ⇔≡™╢↓≤⅜ ↕

╣√ ─ ™⌐╟╢ ╙ ↕╣≡⅔╠∏∕╣∙╣─ ⌐⅔™≡

⌂ ⅜ ↕╣√  
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(a) LED  (b) ꜝfiⱪ  

2.1.-12 ─  

 

╕√ ─ ⌂ ╩ 2.1.-13⌐ ∆ ─ ─╟℮⌐

⅜ ─ ⌐ ∆╢ ⌐ ⅜ ∆╢↓≤≢

≤⌂╢ ⅜ ↕╣√ ╕√ ─ ⌐ ⅜ ╣√ ╛

⅛╠ ╣√ ⌐№╢ │ ≢№╢↓≤╙ ↕╣√ ⇔√⅜∫≡

─ ╩ ↑╢ │ ≢№╡ ─ ∞↑≢

≤⌂╢ ⅜ ∆╢ │ ∆╢◌ⱷꜝ─♄▬♫Ⱶ♇◒꜠fi☺⌂≥⌐

⇔≡ ⌂╢⅜ ≢│ ─ ⌐ 5₩10deg ─ ⌐ ─

╩ ↑╢☻ⱳ♇♩⅜ ↕╣√  
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(a) ─  

 

(b) ⌂ ⌐ ⅜№╢ │  

2.1.-13 ─  

 

⌐╟╡ ⅜ ⇔√ ⌐⅔™≡ Ⱨ◒☿ꜟ ꜠ⱬꜟ≢ ⇔√≤

⅝⌐ ⌐≥─╟℮⌂ ⅜ ↓∫≡™╢─⅛╩ ∆╢ ─

▪ꜟ◗ꜞ☼ⱶ─ ⌐⅔™≡ ─ │ ⌐ ┘

⅜ ™ ≢ ⅜ ─ ⌐№╢ ⇔╛∆™ ≤⌂╢ ∕↓≢

─ ─ ─ 5 ╩ ≢ ⇔≡∕╣╠─ ה ┘

─ ─ ╩ ∆╢ ⌐ ™√ ┘ ╩ 2.1.-
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14 ┘ 2.1.-5⌐ ∆ 2.1.-14│ ⌐ ⅜ ∆╢ ─

LED ┘ꜝfiⱪ ╩ ⇔≡⅔╡ ∆═≡─ ≢ ⅜

⇔≡™╢ ≢№╢ 2.1.-14─ᵒ ᵓ ᵕ ᵖ│ ╩ ⌂

≢ ᵑ ᵔ ᵗ│ ⌐╟╢ ≢ ─ ⅜ ⌂ ≢№╢

↓╣╠ ─ ─ ┘ ─ ╩ 2.1.-5⌐

∆ ↓╣╠─ ⌐ ∆╢ ─ ⌐ ≠⅝ ─ ⅜ ↕╣√  

 

ה ─ ┼─ │ LED/ꜝfiⱪ ⌐╟╠∏ ─

⌂ ≢  

ה │ ∆╢◌ⱷꜝ⌐ ∆╢⅜ ≢│ 5₩10deg  

ה ─ ⌐╟╡ ⅜ ∆╢ │ ─ ⅜ ─ ≤

⌂╢ ≤⌂╢  

ה ─ ⌐╟╡ ⅜ ∆╢ │ ─ ⅜

⌂ ≤ ⇔≡ ⅜ 89%  

 

 

2.1.-14 ─ ⌐⅔↑╢  

 

2.1.-5 ─ ─  

        

 Ἡ  ủ  ủ  Ἡ  ủ  ủ  Ἡ  

 78.3 162.8 145.6 107.1 161.6 149.2 88.8 

 0 .056 0.405 0.231 0.047 0.391 0.256 0.076 

 1 .000 0.882 0.899 0.999 0.764 0.807 0.998 
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⌐ ⌐⅔↑╢ ─ ╩ ≤⇔≡ ≤ ⌐

≤⌂╢ ─ⱪ꜡♇♩╩ 2.1.-15⌐ ∆ ⌐⅔↑╢

2.1.-12 ≢│ LED fiⱪꜝה ⌐╟╠∏ │ ≢№∫√─⌐ ⇔

≡ ≢│ꜝfiⱪ ⅜ ⌐ ∫≡ ≤⌂╢ ⅜ ↕╣√

2.1.-6⌐ ∆╟℮⌐ LED ≢│ ─ ⌐ ⇔≡

⅜ ↕╣√⅜ ה ⌐ ⇔≡│ ⌂ↄ ≢№∫√

ꜝfiⱪ ≢│ ⌐╟╠∏ ⌐ ≢ ⌂ⱨ꜠כⱶ

⅜ ↕╣√ ─ ⌂ ╩ 2.1.-16⌐ ∆ 2.1.-16╟╡

─ꜝfiⱪ ≢│ ⌐╟╠∏∆═≡─ꜝfiⱪ⅜ ⇔≡™╢

⅛─╟℮⌐ ↕╣≡⅔╡ ≤⌂╢↓≤⅜ ≢⅝╢ ⅜

⌐ ╠↕╣╢ ─ │ ─ ⌐╙ ∆╢⅜ ─ ╡

LED ⌐ ⇔≡ꜝfiⱪ ⌐ ∆╢ ⅜ ⌐ ⅝™↓≤⅜

↕╣√  

 

 

(a) LED  (b) ꜝfiⱪ  

2.1.-15 ─  

 

╢↑⅔⌐♃כ♦─ 6-.2.1 ⌂ⱨ꜠כⱶ─  

 LED  ꜝfiⱪ  

 0% 95.2% 

 15.5% 84.7% 

 0% 76.7% 

+  0% 80.6% 
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2.1.Ȥρφ ─  

 

⌐╟╢ ╩ ↑√ ─ ─ ╩ ∆╢√╘ ⌐

─ ה ה ╩ ∆╢ 2.1.-7 2.1.-10⌐ ╩

∆ ─ ≢│ ⇔≡™⌂™ꜝ▬♩⅜ ─ ≢ ⇔≡™

╢⅛─╟℮⌐ ↕╣╢ ⅜ ↕╣≡™√ ∕↓≢ ≢│ ⇔≡™╢

ꜝ▬♩∞↑≢⌂ↄ ה ה ה ─ ꜝ▬♩─ ─ ה ה ╩

⇔√ ╟╡ ╕∏ꜝfiⱪ ≢│ ⌐╟╠∏ ꜝ▬♩─

⅜ ─ ╩ ⇔ ╩ ↄ ה ה ─ ה │

⌐ ─ ╩ ∆↓≤⅜ ↕╣√ ⌐ ה ≢ ה

⌐ ⌂ ⅜ ↕╣⌂™↓≤⅛╠ ∆╢ꜝ▬♩─ ⅜ ≤⌂╢≤™

ⅎ╢ ⌐ ⇔≡│ ⌐ ─◌Ᵽכ╩ ╡ ↑√ ─√╘

ה ⅜ ∆╢⅜ ─ ה ≢│ ─ꜝ▬♩ ⌐ ה

─ │ ↕╣⌂™√╘ ─ │ ≤⌂╢ LED

⌐ ⇔≡│ ⇔≡™╢ꜝ▬♩─╖ ─ ≤⌂╡ ה ≢

─ ⌐ ⌂ ⅜ ↕╣√ ↓╣⌐╟∫≡ ╩ ⌐ ≤⌂╢

⇔⅛⇔⌂⅜╠ ─ ⌐ ⇔≡│ ─ ⅜ ⌐ ⅝ↄ⌂™↓≤⅜

↕╣√ 2.1.-6⌐╟╢ ⌐⅔™≡╙ LED ─ ≢

≢⅝⌂™ ⅜ ↕╣√⅜ ─ ⌐⅔™≡│ ─ ⌐

═≡ ⅜ ≤⌂╢↓≤⅜ ⌐ ↕╣√  
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2.1.-7 ─ ─  

 ꜝfiⱪ  LED  

         

 ủ  Ἡ  Ἡ  Ἡ  ủ  Ἡ  Ἡ  Ἡ  

 171.6 40.4 357.0 158.3 140.8 114.4 120.8 119.6 

 0.590 0.474 0.637 0.376 0.160 0.096 0.097 0.096 

 0.710 0.860 0.821 0.496 0.887 0.800 0.786 0.797 

 

2.1.-8 ─ ─  

 ꜝfiⱪ  LED  

         

 Ἡ  ủ  Ἡ  Ἡ  Ἡ  ủ  Ἡ  Ἡ  

 173.2 46.3 357.6 165.2 110.0 97.1 118.0 116.4 

 0.609 0.407 0.616 0.378 0.097 0.104 0.099 0.097 

 0.692 0.885 0.805 0.467 0.820 0.807 0.785 0.801 

 

2.1.-9 ─ ─  

 ꜝfiⱪ  LED  

         

 Ἡ  Ἡ  ủ  Ἡ  Ἡ  Ἡ  ủ  Ἡ  

 172.4 37.2 354.4 166.8 108.4 112.8 30.7 120.4 

 0.592 0.524 0.630 0.364 0.089 0.094 0.134 0.094 

 0.658 0.772 0.817 0.435 0.865 0.836 0.864 0.822 

 

2.1.-10 ─ ─  

 ꜝfiⱪ  LED  

         

 Ἡ  Ἡ  ủ  ủ  Ἡ  Ἡ  ủ  ủ  

 171.6 38.8 354.0 157.9 107.1 110.0 34.8 132.0 

 0.607 0.503 0.669 0.447 0.100 0.098 0.136 0.140 

 0.667 0.821 0.826 0.495 0.820 0.805 0.835 0.842 
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↓╣╠─ ⌐ ∆╢ ─ ⌐ ≠⅝ ─ ⅜ ↕╣√  

 

ה ─ꜝfiⱪ  

ה / ⌐╟╠∏ ⅜ ⌐ ™  

ה / ⌐╟╠∏ ⅜ ™  

ה / ─ ─ ⅜ ⇔⌂™√╘ ─ ⅜  

ה ─ LED  

ה ─ │ ≤ ⌂╢  

ה / ⌐╟╠∏ ⅜ ™  

ה / ≢ ⌐ ⅜№╢⅜ ─ ≢│ ─ ⅜ ↕ↄ

⌂ ⅜ ↕╣√  

 

 

ה  ─ ▪ꜟ◗ꜞ☼ⱶ─  

↓╣╕≢─ ⌐⅔™≡ ה ⌂≥─ ╩ ↑╢ ─

⅜ ∆╢↓≤⅜ ↕╣≡™╢ ↓─℮∟ │ ─ꜝfiⱪ ─

⌐ ╩ ⅎ╢⅜ LED ⌐ ∆╢ │ ⅛≢№╢

─ │ LED/ꜝ fiⱪ ⌐ ⌂ↄ ─ ⌐ ⅜ ↕╣╢

⌐ ™ ╩ ↑ ╩ ≤⌂╢ ⌐◌ⱷꜝ

⌐ ⅜ ╡↓╗≤ ⅜ ┘⇔≡ ─ ╩ ⇔≡⇔╕℮↓≤⅜

№╢≤ ⌂ ⅜≢⅝⌂™ ⅜ ∆╢ ─ │ ─

≤ ─ ⅛╠ ∆╢↓≤⅜ ≢№╢⅜ ╛ ⌐╟∫≡

⅜ ╠╣╢↓≤⅜№╢√╘ ◌ⱷꜝ─ ⌐ ⇔√ ─ ⅜ ╕╣

╣┌ ∏ ⅜ ∆╢≤™℮╦↑≢│⌂™ ↕╠⌐ ↓╣╕≢⌐ ⇔≡™

√ ≢─ ╟╡ 2.1.-17(b)─╟℮⌐ ⅜ⱦꜟ⌐ ⇔≡

⌐ ─ ╩ ↑╢↓≤╙ ↕╣≡™╢ ⇔√⅜∫≡ ─ ⌐

╟╢ ╩ ←√╘⌐╙ ◌ⱷꜝ ─ ─ ╩ ∆╢↓

≤│ ≢№╢ ∕↓≢ ≢│ ◌ⱷꜝ ⌐⅔™≡ ─ ╩ ↑

≡™╢ ╩ ∆╢▪ꜟ◗ꜞ☼ⱶ─ ╩ ⇔√ ⇔√▪ꜟ◗ꜞ☼ⱶ

≢│ ╖ ╡╟⌐◒כⱠ♇♩꞉ꜟꜝכꜙ♬╖ ─ ⌐╟╢ ╩ ↑

√ ╩ ꜠ⱬꜟ≢ ∆╢▪ꜟ◗ꜞ☼ⱶ≤⌂∫≡⅔╡ 2.1.-18─╟

℮⌐ ╛ ⌐╟╡ ─ ⇔√ ─ ╩ ≤⌂∫

≡™╢ ╕√ 2.1.-18(a)─╟℮⌐ ⅜ ⇔≡™⌂™ │ ™

⅜ ↕╣╢√╘ ↓─ ╩ ™╢↓≤≢ ─ ─ ⅜ ─

╩ ↑≡™╢⅛ ⅛╩ ≤⌂╢  
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(a) ─ fiכ◦─ ⅜ ≤ ⌂╢⅜ │

 

 

(b) ─ⱦꜟ─ ⌐╟╢ ⅜ ≤ ⌂╡

 

2.1.-17 ─ ╢↑⅔⌐♃כ♦ fiכ◦⌂  

2019 ╟╡  
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2.1.-18 ⌐╟╢ ─  

 

ꜝfiⱨ▬ה ╩ ™√ ─  

⌂ ⌐╟╡ ⌂ ⅜ ≢⅝╢╙── ◌ⱷꜝ

⌐╟╢ ≢│ ─ ⌐╟╢ ╣╛ ⌐╟╢ ─ ⌂≥─

≢│ ≢ ╩ ⅎ╢↓≤⅜≢⅝⌂™√╘ ⌐ ⌂

≤⌂╢ ∕─╟℮⌂ ⅜ ⌐ ∆╢ ≢│ ▬fiⱨꜝ

⅛╠ ∆╢ ⅜ ╕⇔™ ╕√ ⅜ ⌐

≢ ⅜ ⌐ ╡ ╦╡ ⅜ ∆╢ ╩☺꜠fiⱴ

≥fiכ♂ ┬ ↓─☺꜠fiⱴ♂כfi≢│ ─♃▬Ⱶfi◓⌐╟∫≡

─ ⌐┌╠≈⅝⅜ ∂╢↓≤⅜ ↕╣ ⌐╟╢ ─

─ ⅜№╢ V2I ⌐╟∫≡ ─ ┘

⅜ ∆╢♃▬Ⱶfi◓ ╖ ╩ ╢↓≤≢ ☿fi◘⌐╟╢

⅜ ⌂ ⌐⅔™≡╙ ⌂ ─ ⅜ ≢№╢

╕≢─ ╡ ╖⌐⅔™≡ 2.1.-19─╟℮⌐ ╖ ╩ ⇔√

▪ꜟ◗ꜞ☼ⱶ╩ ⇔ ─ ⌐⅔™≡☺꜠fiⱴ♂כ

fi─ ╩ ⇔√ ─ ╡ ╖≢│ ⌐⅔

™≡ ↕╣≡™╢▬fiⱨꜝ ╩ ™≡ ─ ≢

▪ꜟ◗ꜞ☼ⱶ─ ╩ ∆╢  
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2 .1 . -19 ╩ ™√  

 

≢│ ◄ꜞ▪ ┘ ◄ꜞ▪⌐⅔™≡▬

fiⱨꜝ ⅜ ↕╣≡™╢ ↓↓≢ ↕╣≡™╢ ≢│

╖ ─ ─ ⌂╢ ─ ⅜ ⇔≡⅔╡ ⌂ ╖

─ ⅝─ ╖ ─ ╖ ─⌂™ ⌐ ↑╠

╣╢ ⌐ ⇔√ ▪ꜟ◗ꜞ☼ⱶ│ ⌂ ╖ ⅜

↕╣≡™╢↓≤╩ ≤⇔√ ▪ꜟ◗ꜞ☼ⱶ≢№╢√╘

≢│ ╩ ⇔≡™╢ ╩ ⇔≡ ∆╢ ∕↓≢

≢│ ─ ≢ ⌂ ⅜ ⌂ ≤⇔≡ ⸗ⱡ꜠כꜟ

─ ╩ ⇔√ 2.1.-20(a)⌐ ◄ꜞ▪╩

∆ ↓↓─ ≢─ ╩♃כ♦ ⇔ ╖ ─ ─ ⌐╟╢

─ ╩ ⇔√ √∞⇔ ☺꜠fiⱴ♂כfi≢─ ─

┼─ ╩ ∆╢√╘⌐ ─ ⌐│◘ⱳכ◌♩כ╩

⇔≡ ╩ ⇔√ 2.1.-20(b)⌐ ≤⇔≡ ≢

⌐ ≢ ⌐ ─fiכ◦╢∆ ─◓ꜝⱨ╩ ∆

≢─ ≤ ⌐ ╖ ╩ ∆╢↓≤≢ ⅜ ∆╢╟

╡╙ ⌐ ╩ ⇔≡⌂╘╠⅛⌐ ⇔≡™╢ ⅜ ≢⅝╢

╟╡ ≢ ↕╣√▬fiⱨꜝ ╩ ™≡ ─

╩ ≢№╢ ╩ ⇔√  
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(a) ─ ◄ꜞ▪  

⸗ⱡ꜠כꜟ

 

(b) ⌐╟╢ ─

 

2.1.-20 ⌐╟╢ ▪ꜟ◗ꜞ☼ⱶ─  

 

─ ╡ ≢ ↕╣√ ⌐│ ╖ ⅜ ⌐│

⇔≡™⌂™ ⅝ ╩ ⇔≡™╢ ╙ ∆╢ ↓─ ⅝

─ ⌐ ∆╢ ▪ꜟ◗ꜞ☼ⱶ─ ⌐ ⇔≡ ∆╢

⅝ │ ה ─ ⅜ ↕╣≡⅔╡ 2.1.-21

─╟℮⌐ ─ ─№╢ ╩ ≢№╢ 2.1.-20(b)─ ─

╟℮⌐ ─ ≢ ⌐ ∆╢ ─ ╩ ∆╢√╘⌐│

╘⌐ ╩ ∆╢√╘⌐ ╩ ⇔≡ ⅝─ ╩

∆╢↓≤⅜ ╕⇔™ ⇔⅛⇔⌂⅜╠ 2.1.-21─╟℮⌐ ⅜ 0

⌐⌂∫≡╙⁸ │ ─╕╕≤⌂╢ ⅜ ∆╢ ⇔√

⅜ 0 ⌐⌂╢♃▬Ⱶfi◓≢ ⅜ ⇔≡™╢⌐╙⅛⅛╦╠∏ │

─╕╕≤™∫√ ⌂ ⅜ ∆╢ ⅜№╢ ═∆│♃כ♦─

≢fiכ◦─≡ 2.1.-21─╟℮⌂ ─ ⅜№╢╦↑≢│⌂ↄ ה

─ ⌐╒≤╪≥ ⅜⌂™ ╙ ∆╢ ⌐ ⅜⌂™ │

≤ ⌐ ℮↓≤⅜ ⌂√╘ ▪ꜟ◗ꜞ☼ⱶ─ ⅜ ≢⅝

╢ ⇔√⅜∫≡ ⅝ ⌐ ⇔≡│ ─ ⌐╟∫≡ ⅜

≢⅝╢ ⅜ ∆╢≤™ⅎ╢  
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2.1.-21 ⅝ ─  

 202011 25 ( )─ 11 30 10 35 ─

 

 

 

╘≥╕ה  

│ ┘ ─ ⌐ ⇔≡ 120m ─ 99%╩ ⇔

≡ ⅛╠ ⅜ ≤⌂╢ ╩ ╠⅛⌐∆╢↓≤╩ ≤⇔≡

⅝√ ─ ─ ≢│ ה ה ה ה ╩

╗ ⌐♃כ♦ ⇔≡ 99%─ ╩ ⇔ ≢│ 15px

─ ╩ ≢⅝≡™╣┌ ─ ⅜ ⌂ ╩ ⇔√ ╕√

⅜ ≤⌂╢ ≤⇔≡ ─ ≢

⌐ ⅎ╢ ╩ ⇔ ∕─ ⅛╠ ┘ ⌐ ⇔≡│

⅜ ≢№╢√╘ ┼─ │ ≥ ⇔⌂™↓≤╩

⇔√ ─ │ ≢ ─ ⅜ ∆╢↓

≤⅛╠ ⌐ ≤⌂╢ ⅜ ↓╡℮╢↓≤⅜ ⅎ╠╣╢⅜ ─

⅜ ≢№╢√╘ ╩ ↑≡™⌂™ ─ ╩ ∆╢↓

≤≢ ⅜ ≤⌂╢ ⇔⅛⇔⌂⅜╠ ⅜ ⇔⅛ ⇔⌂™

⌂≥⌐⅔™≡ ─ ╩ ↑╢≤ ◌ⱷꜝ∞↑≢ ╩∆╢↓≤

⅜ ≤⌂╢ ╙ ∆╢ ∕─╟℮⌂ ≢ ⌐╟╢ ≤⌂╢

│№╢ ─ ─ ⌐⅔↑╢ ה

─ ⌐ ⅜ ∆╢ ─ ⌐ ↕╣╢ ∕↓≢ ↓℮⇔√

≤⌂╢ ╩ ─ ⌂ ┘ ◌ⱷꜝ─

◌ⱷꜝ ╡ ↑ ה ה ⅛╠ ╠╣╢ ≤

≤─ ⌂ ⅛╠ ∆╢↓≤≢ ◌ⱷ ꜝ ≢─ ⌐

≤⌂╢ ╩ ╠⅛⌐∆╢↓≤⅜ ≤⌂╢   
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╕√ ▬fiⱨꜝ ⅛╠ ⇔√ ─ ╖ ╩ ⇔√

▪ꜟ◗ꜞ☼ⱶ─ ╩ ∆╢√╘⌐ ≢☺꜠fiⱴ♂כ

fi─ ╩ ⇔√ ╖ ─℮∟ ⅜ ╠╣≡™╢

│ ╩ ⇔√ ╠⅛⌂ ⅜ ≤⌂╢ ⅜ ╠╣√

│ ╖ ╩ ⇔√ ╩ ⌐ ⇔≡ ╛ ┼─

⌂≥ ⌂ ╩ ∆╢↓≤⅜ ≤⌂╢   
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ᵒ  ☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi⌐╟╢ ▪ꜟ◗ꜞ☼ⱶ─  

╛ ─ ⅜ ╣≡™√╡ ⌐ ↑ ╪≢™√╡∆╢ ╛

™ꜝfiⱪ ─╟℮⌂ ─ ⅜ ≢│⌂™ ─ ╛

╩ ∆╢ ∞↑≢ ⌐ ─ ≤ ╩ ∆╢↓≤⅜

≢№╢ ↓─╟℮⌂ ⌐ ∆╢√╘ ╩◓fi♬כꜝⱪכ▫♦ ⇔√☿

ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi⌐╟╡ ─ ╩ ≢ ∆╢

↓╣⌐╟╡ ⌂ ─ ∞↑≢⌂ↄ ─ ╩ ∆╢↓≤

⅜≢⅝ ╕√ ⅜ ↕ↄ⅛≈ ⌐⇔⅛ ⅎ≡™⌂™ ≢╙ ≢

№╢↓≤╩ ≤⌂╢  

2020 │ 2019 ⌐ ⇔√☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi⌐╟

╢ ▪ꜟ◗ꜞ☼ⱶ╩ ↕∑ ─ ╩ ∆╢ ↓─≤⅝

─ ─ ╩ ∆╢ ∕─ ╩╙≤⌐ ⌐ ⇔≡☿ⱴfi

♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi╩ ∫√ ≢ ⇔√ ROI ─

╖╩ ⇔≡ ╩ ℮ ⌐│ ≢ ↕╣√

◌ⱷꜝ ╩ ∆╢ │ ─ ⌐ ⇔≡ 99%╩ ≤⇔≡

─ ╩ ⇔√  

ה  ☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi≤ ╩ ⇔√

▪ꜟ◗ꜞ☼ⱶ─  

ה  ─ ⌐⅔↑╢ ─  

ה  ╩ ™√ ─  

 

ה  ⌐≈™≡  

2019 ─ ⅛╠ ≤ ⇔≡☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛ

fi╩ ™√ ⅜ ⌐№╢ ↕⌂ ╛ ⅜ ╣≡™╢

─ ⌐ ≢№╢↓≤╩ ⇔√ 2020 │ ☿ⱴfi♥▫♇◒☿◓ⱷfi

─fiꜛ◦כ♥ ≤ ╩ ╖ ╦∑√ ╩ ℮↓≤≢

▪ꜟ◗ꜞ☼ⱶ─ ╩ ∆╢ ☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi

─ⱬכ☻≤⇔≡ DeepLab V3+ [1]≤ HRNetW48 V2[2 ]╩ ⇔ ─

╩ ∆╢ ⌐│ ResNet50 [3 ] GhostNet[4 ] mobi lene t  V2 [5 ]

DenseNet [6 ]╩ ⇔≡∕╣∙╣─ ╩ ∆╢  

 

≡™≈⌐fiꜛ◦כ♥ⱴfi♥▫♇◒☿◓ⱷfi☿ה  

☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi│ ─ ⌐◒ꜝ☻ ╩ ℮

≢№╡ ⌐ ↕╣≡™╢ │◒ꜝ☻ ∆╢ ◒ꜝ☻─

≈≢№╡ ╛ ⌂≥ ◒ꜝ☻─ ╩ ℮ ∆╢
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≤⇔≡ 2019 ⌐ ⅝ ⅝ DeepLab V3+╩ ™╢ ╕√ √⌐ HRNet ╩

⇔√ ≢╙ ╩ ℮  

 

DeepLav v3+ 

DeepLab v3+ [1 ]│ 2.1.-1─╟℮⌐◄fi◖כ◖♦ה♄כ♄─Ⱡ♇♩꞉כ

◒ ╩⇔≡⅔╡ ◄fi◖כ♄ ⌐│ Atrous  Convo lu t ion ╩ ⇔≡™╢

Atruous Convo lu t ion│ ╖ ╖ ╩ ⅜ꜟⱠכ◌℮ ⌂ ╩⇔≡⅔╡

╖ ╗ ╩ ≢№↑≡ ╖ ╖ ╩ ℮ ↓╣⌐╟╡ ╩

╛↕∏⌐ recep t ive  f ie ld╩ →╢↓≤⅜≢⅝ ╟╡ ™ ─ ╩ ⅎ≡

∆╢↓≤⅜≢⅝╢ ╕√ Xcept ion  ⸗♦ꜟ─ Max Poo l ing ╩  Dep thw ise  

Convo lu t ion  ⌐ ⅝ ⅎ╢↓≤≢ ☿◓ⱷfi♥כ◦ꜛfi─ ╩ ∟≈≈Ɽꜝ

ⱷכ♃─ ╩ ⇔≡™╢ │≢♄כ◖♦ ─ ╩◄fi◖כ♄≢

⇔√ ⱴ♇ⱪ≤ ∆╢↓≤⌐╟╡ ○Ⱪ☺▼◒♩ ╡─☿◓ⱷfi♥

fiꜛ◦כ ─ ⅜ ≢⅝╢  

 

 

2.1.-1 Deeplab v3+─  

 

HRNet  

☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi─ ≢│ ─ ⱴ♇ⱪ

╩ ≢♄כ◖♦≡⇔ ∆╢↓≤⅜ ™ HRNet [2 ]│ 2.1.-2─╟℮⌐

─ ⱴ♇ⱪ╙ ≢ ╩ ℮↓≤≢ ™ ╩ ⇔≡™╢

⌂╢ ─◘ⱩⱠ♇♩꞉כ◒╩ ≢ ╖ ╖ ╩ ™ ∕╣∙╣─

ⱴ♇ⱪ╩ ∆╢↓≤≢ ╩ ∆╢ ╩ ℮◘ⱩⱠ♇♩꞉כ◒

│ ⌐≥↔☺כ♥☻ ⅎ≡™ↄ ◘ⱩⱠ♇♩꞉כ◒│ ⅜ ∆╢≤
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♅ꜗfiⱠꜟ ⅜ ⇔√♅ꜗfiⱠꜟ W ∞↑ ⇔≡™ↄ ≢▪

♇ⱪ◘fiⱪꜞfi◓╩ ℮ │ 1×1 ─ ╖ ╖ ╩ ∫√ Ᵽ▬ꜞ♬▪

╩ ™ ♅ꜗfiⱠꜟ ≤◘▬☼╩ ∆╢ ╕√ ♄►fi◘fiⱪꜞfi◓╩

℮ ⌐│ ☻♩ꜝ▬♪ ─ 3×3 ╖ ╖ ╩ ™ ⱴ♇ⱪ─◘▬☼╩

∆╢ HRNet─ │ ♃☻◒⌐╟╡ ⌂╢ ╩⇔≡™╢ ☿ⱴfi♥

▫♇◒☿◓ⱷfi♥כ◦ꜛfi ⌐ ↕╣√ HRNet  V2≢│ ⌐ ╠╣√

ⱴ♇ⱪ╩ ─ ⱴ♇ⱪ⌐ ╦∑≡▪♇ⱪ◘fiⱪꜞfi◓╩ ™

∆╢ ∕─ ╖ ╖ ╩ ℮↓≤≢ ⌂ ╩ ∆╢  

 

 

2.1.-2 HRNet─  

 

ה  ▪ꜟ◗ꜞ☼ⱶ  

☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi╩ ™√ │ 2.1.-3─╟

℮⌐ ☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi⌐╟╡ ╩ ⇔

⅜ ⅛ ⅛╩ ╖ ≢◒כⱠ♇♩꞉ꜟꜝכꜙ♬╖ ∆╢ ╣ ≢

№╢ ─ ≢│ ☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi─ ⌐ ⇔≡

ⱴ☻◒ ╩ ™ ─╖╩ ∆╢ ⇔√ ╩

≢ ™ ╡ ⅝⅔╟┘ꜞ◘▬☼⇔√ ╩ ⌐ ∆╢ .∕⇔

≡ ╕√│∕─ ─ ◒ꜝ☻ ╩ ℮  

 

 

2.1.-3☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi⌐╟╢ ─ ╣  

ה ♩♇☿♃כ♦   

⌐ ∆╢ │⌐♩♇☿♃כ♦ ☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ



 

 

 
 55 

 

  

◦ꜛfi ⌐ 580 ─ ⌐ 2237 ╕╣╢ ☿ⱴfi♥▫♇◒

☿◓ⱷfi♥כ◦ꜛfi ─♃כ♦─ ╩ 2.1.-4⌐ ∆ ☿ⱴfi♥▫♇◒☿◓

ⱷfi♥כ◦ꜛfi │⌐♃כ♦ ≤™∫√ ╛ ≢

↕╣√ ◌ⱷꜝ ⅜ ╕╣╢ ☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi⌐

╟∫≡ 10 ─○Ⱪ☺▼◒♩◒ꜝ☻⌐ ╩ ∆╢╟℮⌐ ╩ ℮  

─ │♃כ♦ ⌐╟∫≡ ⌐ ⅜№╢  

(ROI )  ⅜ ↕╣≡™╢ ↓─ ROI ⌐│ ╛ ─ ∞↑≢⌂ↄ

⌐╟∫≡ ⅜ ╣≡™╢ ROI ╙ ╕╣╢ ─♃כ♦ ROI ─

╩ 2.1.-5⌐ ∆  ROI │ ─כ꜠◓─5-.2.1 ─╟℮⌂ ≢№

╢  

 

  

(a )  ◌ⱷꜝ  (b )   

2.1.-4 ☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi─√╘─ ♃כ♦  

 

 

♃כ♦ 5-.2.1  

 

ה  ─ ⌐╟╢  

♦☺♃ꜟ ⅜№╢ ↓─ ╩ ∆╢↓≤≢ ─ ╩

↕∑╢↓≤⅜≢⅝╢≤ ⅎ╢ ∕─ ≤⇔≡│  

╩ ⌐╟╡ⱨ▫ꜟ♃ꜞfi◓  

⅛╠ ∆╢ ╩  

⅜№╢ ─ ⌐ ⇔≡ ☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦

ꜛfi╩ ™ ╩ ∆╢ ∕⇔≡ ∕─ ⅜ ⌐ ╕╣≡
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™╢ │ ∆╢ ≢ ⌐ ╕╣⌂™ │

╩ ╦∏ ∆╢ ↓╣⌐╟╡ ─ ╩ ≢⅝╢ ╕

√ ☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi⌐╟╢ ⌐ ∆╢ ⅜ ™

╙ ╩ →╢↓≤⌐╟╡ ≤⌂╢  

 ─ №╠⅛∂╘ ⅛╠ ╩ ⇔ ∕─ ─

╩ ∆╢ ⅛╠ ⅜№╢ ⌐ ≢⅝≡™╢√╘

⅜ ≢№╡ ╩ ≢⅝╢  

 ⅔╟┘ ╩ ™⌂™ ─ ╩ 2.1.-

⌐ ∆ ↓↓≢ ─ │ 5598 ≢№╡ │ 2748

│ 2218 ∕─ │ 632 ≢№╢ ▪ꜟ◗ꜞ☼ⱶ⌐│

DeepLab v3+ ⌐│ ResNet50╩ ™╢ ╕√ ╩ №

╡ ╩ №╡ ≤∆╢  

 ╩ ™⌂™ ⅔╟┘ ─ ⅜ ↄ

⅜ 72.82%≤ ™ ≢│ ⅜

⇔≡™╢⅜ ─ ∕─ ─ ⅜ ™ ∕─ │

⅛╠ ╩ ⇔≡™╢⅜ ⌂≥≢ ↕╣≡™╢

≢№╡ ≤ ∆╢ ⅜№╢ │ ∕─

─ ⅜ ↄ⌂∫≡™╢ №╡ ─ ☿ⱴ

fi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi─ ⌐ ⇔≡ ╩ ↕∑╢↓≤≢

─ ╩ ≢⅝╢√╘ ∕─ ─ ╩ ≢⅝ ╕√

─ ╩ ↕∑╢↓≤╙≢⅝≡™╢ ↓╣⌐╟╡ │ 91.12%

≤ ╙ ↄ⌂∫≡™╢  

2.1.- ─ │ 120m ─ 20 Ⱨ◒☿ꜟ ⌐ ⇔≡

⇔√ ≢№╢ ⌂⇔─ │ 86.96%≤ №╡

╟╡╙ ™ ⌐⌂∫≡™╢ №╡ ─ │

∏╣╩ ⇔≡ ™ ╩ ─ ≤⇔≡ ⇔≡™╢

≢ ⌂⇔─ │☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi⌐╟╡ ⇔

√ ─ ╩ ─ ≤⇔≡ ⇔≡™╢ 120m

⌐ ⇔≡ ☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi⌐╟╡ ╩ ⌐

≢⅝≡™╢√╘ ╕√│ ─ ⅜ ⇔≡™╢ №

╡ │↕╠⌐☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi≢ ⇔√ ∫√

╩ ≢⅝╢√╘ ╙ ⅜ ↄ 93.34%≤⌂∫≡™╢ ↓╣

─ ≢│ №╡ ╩ ™╢  
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2.1.-  ─ ⌐╟╢ ─  [%]  

  ⌂⇔  №╡  

( )  

№╡  

 

  59.78 89.50 88.64 

 74.98 93.27 81.30 

∕─  84.81 87.50 77.22 

 72.82 91.12 83.74 

20 Ⱨ◒

☿ꜟ  

 86.08 91.02 89.09 

 96.94 96.73 84.78 

∕─  84.81 87.50 77.22 

 86.96 93.34 85.58 

 

 

ה  ▪ꜟ◗ꜞ☼ⱶ─  

▪ꜟ◗ꜞ☼ⱶ≤⇔≡ DeepLab v3+≤ HRNet─ ╩ ∆

╢ │ ♃כ♦ 2237 ─℮∟ ROI ⌐ ∆╢ 4782 ≢

№╢ ─ ╩ 2.1.-1 ⅔╟┘ 2.1.-2 ⌐ ∆ ↓╣╟╡ Deep lab 

v3+─ ⅜ 95.11 HRNet─ │ 98.39%≤⌂∫≡⅔╡

HRNet ─☿◓ⱷfi♥כ◦ꜛfi ╩ ⇔√ ─ ⅜ ™ ≢№╢

↓≤⅜ ≢⅝╢  ╕√ ─ ⅜ 20 Ⱨ◒☿ꜟ ─ ─

Deep lab v3+≢ 97.35% HRNet≢ 99.03%─ ≢№╢ 20 Ⱨ◒☿ꜟ ─

│ ∆╢≤ 120m ─ ≢№╢   

 

2.1.-  Deep lab  v3+─ [%]  

  

 94.88 

 97.83 

 95.11 

(20 Ⱨ◒☿ꜟ )  97.17 

(20 Ⱨ◒☿ꜟ )  100.0 

20 Ⱨ◒☿ꜟ  97.35 
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2.1.-2 HRNet─ [%]  

  

 98.35 

 98.92 

 98.39 

(20 Ⱨ◒☿ꜟ )  98.99 

(20 Ⱨ◒☿ꜟ )  99.59 

20 Ⱨ◒☿ꜟ  99.03 

 

2.1.-6⌐ Deep lab v3+≤ HRNet─ ─ ╩ ∆ ≤

↕╣√ │ ≢ ⇔≡™╢ 2.1.-6 (a)╟╡ HRNet│ Deep lab v3+⌐

═≡ ─ ╩ ≢⅝≡™╢↓≤⅜╦⅛╢ ╕√ 2.1.-6 (b)─╟

℮⌂ ╙≡™⅔⌐fiכ◦─ ⇔ↄ ╩ ≢⅝≡™╢ ↓╣│ ⌐

⇔√ ─☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi─♦כ♃⌐│

╙♃כ♦─ ╕╣≡™╢√╘ ≤ ─ ≢ ™ ⅜ ⅎ≡™╢≤

ⅎ╠╣╢ ≢ 2.1.-6 (c)≢│ ─ ⅜ ⌐╟∫≡ ≢⅝≡

™⌂™↓≤⅜╦⅛╢  
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Deep lab v3+─  

 

HRNet─  

(a ) ─ ─  

2.1.-6 ─  
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Deep lab v3+─  

 

HRNet─  

(b ) ─  

2.1.-6 ─  
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Deep lab v3+─  

 

HRNet─  

(c ) ─  

2.1.-6 ─  
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ה  ─  

⌐ DeepLab v3+≤ HRNet≢☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi⌐╟∫≡

⇔ √ ⌐ ⇔ ≡ ╩ ℮ ╩ ℮ ⸗ ♦ ꜟ ⌐ │  

ResNet50 [3 ] Ghostnet [4 ] mob i lene t  v2 [5 ] Densenet [6 ]╩ ™≡ ∆╢

│⌐♃כ♦ 5039 ─ ⅜ ╕╣≡™╢  ∕─℮∟ ⅜ 405

⅜ 4904 ─ │≢№╢ ⌐│ Recal l ( )╩ ™╢ DeepLab v3+

─☿◓ⱷfi♥כ◦ꜛfi ╩ ⇔√ ╩ 2.1.-3⌐ ∆ ╕√

HRNet ─☿◓ⱷfi♥כ◦ꜛfi ╩ ⇔√ ╩ 2.1.-4⌐

∆ ↓╣╠╟╡ Deeplab v3+─ ⅜ 93 ≢№╢─⌐ ⇔≡ HRNet─

⅜ 96 ≤⌂∫≡™╢ ╟∫≡ ─ ⅜ ™ HRNet ╩ⱬכ☻

≤⇔√ ─ ⅜ ⅜ ™↓≤⅜╦⅛╢ ╕√ ─

⅜ 20 Ⱨ◒☿ꜟ ─ ⌐ ∆╢ │ ResNet ╩ ⇔√ ⌐

97.41%≤ ⌂ ∫ ≡ ™ ╢ Mobi lene t  v2 ╩ ⇔ √ ≢ ╙ 97.28%≢ № ╢

Mobi lenet  v2─╟℮⌐ ─⸗♦ꜟ╩ ⇔√ ⌐⅔™≡╙ ™

╩ ≢⅝≡™╢ ↓╣╠─ ⅛╠ ─ ╩ ∆╢⌐│

☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi⌐╟╢ ╩ ↕∑╢↓≤⅜

∞≤ ⅎ╠╣╢ ╕√ ↄ─ ≢ ╟╡╙ ─ ⅜ ™

⌐⌂∫≡™╢ ↓╣│ ─ ⅜ ─ ⌐╟╡ ─ ⅜ ⇔ↄ⌂

╢⅛╠∞≤ ⅎ╠╣╢   

 

2.1.-3 Deeplab v3+ [%]  

 Resnet50 Densenet Ghos tne t Mob i lenet  v2 

 97.28 96.54 95.80 94.57 

 93.50 93.13 92.96 93.31 

 93.78 93.39 93.18 93.41 

 

20 Ⱨ◒☿ꜟ  

99.64 99.64 98.57 97.49 

 

20 Ⱨ◒☿ꜟ  

95.78 95.49 95.18 95.68 

 

20 Ⱨ◒☿ꜟ  

96.02 95.75 95.39 95.79 
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2.1.-3 HRNet [%]  

 Resnet50 Densenet Ghos tne t Mob i lenet  v2 

 97.53 97.04 95.84 89.63 

 96.47 95.92 96.05 96.15 

 96.55 96.01 95.86 95.65 

 

20 Ⱨ◒☿ꜟ  

98.92 98.92 98.21 99.28 

 

20 Ⱨ◒☿ꜟ  

97.31 96.81 96.62 97.14 

 

20 Ⱨ◒☿ꜟ  

97.41 96.94 96.72 97.28 

 

 

(a )  

 

(b )  
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(c )  

 

(d )  

2.1.-7  

 

2.1.-7 ROI

2.1.-7 

(a)

2.1.-7 (b)

2.1.-7 (c)

2.1.-7 (c) 2.1.-7 (d)
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ה  ╩ ™√  

2.1.-7 (c) 2.1.-7 (d)

I  D

ID

 

2.1.-5 2.1.-6

Deep lab  v3+ 96% HRNet

98% HRNet mobi lene t v2

98.51% 20

Deep lab v3 HRNet 98%  

HRNet mob i lenet  v2 98.96%  

  

2.1.-5 ( :  Deep lab v3+)  [%]  

 Resnet50 Densenet Ghos tne t Mob i lenet  v2 

 98.35 97.93 97.11 94.63 

 96.54 96.09 95.98 96.43 

 96.92 96.49 96.22 96.05 

 

20 Ⱨ◒☿ꜟ  

100.00 99.49 98.98 96.95 

 

20 Ⱨ◒☿ꜟ  

97.68 97.44 97.33 97.68 

 

20 Ⱨ◒☿ꜟ  

98.11 97.83 97.64 97.54 
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2.1.-6 ( :  HRNet)  [%]  

 Resnet50 Densenet Ghos tne t Mob i lenet  v2 

 98.76 99.17 97.52 98.35 

 98.33 98.10 97.66 98.55 

 98.42 98.33 97.63 98.51 

 

20 Ⱨ◒☿ꜟ  

98.98 99.49 98.48 99.49 

 

20 Ⱨ◒☿ꜟ  

98.72 98.72 98.26 98.84 

 

20 Ⱨ◒☿ꜟ  

98.77 98.87 98.30 98.96 

 

2.1.-7 2.1.-8 Deep lab  v3+ HRNet

98% 20 99%

2.1.-7(c)─

╟℮⌂ ─ ≥fiⱪꜝꜟכ♥╩ ─┼≤⌂☻כ◔℮ ╙

≤⌂╢  

 

2.1.-7 (1 :  Deep lab v3+)  [%]  

 Resnet50 Densenet Ghos tne t Mob i lenet  v2 

 98.35 97.93 97.11 94.63 

 97.99 97.88 97.66 98.21 

 98.07 97.89 97.54 97.45 

 

20 Ⱨ◒☿ꜟ  

100.00 99.49 98.98 96.95 

 

20 Ⱨ◒☿ꜟ  

98.61 98.72 98.37 98.95 

 

20 Ⱨ◒☿ꜟ  

98.87 98.87 98.49 98.58 
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2.1.-8 (1 :  HRNet )  [%]  

 Resnet50 Densenet Ghos tne t Mob i lenet  v2 

 98.35 97.93 97.11 94.63 

 96.54 96.09 95.98 96.43 

 96.92 96.49 96.22 96.05 

 

20 Ⱨ◒☿ꜟ  

100.00 99.49 98.98 96.95 

 

20 Ⱨ◒☿ꜟ  

97.68 97.44 97.33 97.68 

 

20 Ⱨ◒☿ꜟ  

98.11 97.83 97.64 97.54 

 

ה  ╕≤╘  

2020

99.03%

97.41%

98.96% 99%

 

 

 

[1 ]  L . -C. Chen et al., ñEncoder-Decoder  w i th  At rous Separab le  Convo lu t ion fo r  

Semantic Image Segmentationò, ECCV, 2018. 

[2] J. Wang et al., ñDeep High-Reso lu t ion Represen ta t ion Learn ing fo r  V isua l  

Recognitioò, CVPR, 2019. 

[3 ]  K .  He e t  a l . , ñDeep Residual Learning for Image Recognitionò, CVPR, 2016. 

[4 ]  K .  Han et  a l . , ñGhostNet: More Features from Cheap Operationsò, CVPR, 2020. 

[5 ]  M.  Sand le r  e t  a l . , ñMobileNetV2: Inverted Residuals and Linear Bottlenecksò, 

CVPR ,  2018. 

[6 ]  G.Huang e t  a l . , ñDensely Connected Convolutional Networksò, CVPR, 2017. 
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2.2.  b.₈ ─ ╩ ∆╢√╘⌐ ≤⌂╢ AI ─ ₉  

ᵑ  ↑ ◌ⱷꜝ─ ה ▪ꜟ◗ꜞ☼ⱶ  

⅛≈☻ⱶכ☼⌂ ╩ ℮√╘⌐│ ─

╩ ⌐ ∆╢↓≤⅜ ≤⌂╢ ⌐ ⌐⅔™≡│ ⅎ┌

⌐⅔↑╢ ≢ ™ ╩ ≈ ╛ ─

─ ⌐⅔™≡ ⌐ ∆╢ ╩ ⌐ ∆╢ ⅜ ∂

╢ ◘▬☼⅜ 1920×1080Ⱨ◒☿ꜟ─ 70m ⌐ ∆╢ ─

↕│ 48 Ⱨ◒☿ꜟ 200m ⌐ ∆╢ ─ ↕│ 24 Ⱨ◒☿ꜟ

≤ ↕™ 2020 │ ─ ▪ꜟ◗ꜞ☼ⱶ─ ⅔╟┘

╩ ℮  

 

ה  ▪ꜟ◗ꜞ☼ⱶ─  

▪ꜟ◗ꜞ☼ⱶ─ │ ╪⌐ ╦╣≡⅔╡ ⌂ [1 ] [2 ]

⌂ [ 4] ╕√∕─ ╩ ⇔≡™╢ ⌂≥ ⌐╦√╢ ⌂

≤⇔≡ ⌂ │ You On ly  Look Once(YOLO)[1 ]≢№╢ YOLO

│ ╖ ⌐◒כⱠ♇♩꞉ꜟꜝכꜙ♬╖ ╩ ⇔ ⌐ ∆╢

╩ ⌐╕≤╘≡ ∆╢ ╩ ⇔≡⅔╡ ⌐◦fiⱪꜟ⌂ ≤

⌂∫≡™╢ ⇔√ ⌐ ∆╢ │ ╩◓ꜞ♇♪⌐

⇔√ ◓ꜞ♇♪⌐ ∆╢ ╠⇔↕ ─◘▬☼ ─◒ꜝ☻

≤⌂╢ ↓╣╠─ ╩ ∆╢↓≤≢ ⌐ ⇔≡™╢

YOLO ⅜ ⇔≡ YOLO ≤ ─ ─ ⅜ ↄ ↕╣≡™╢

⅜ YOLO ╩ⱬכ☻≤⇔√ YOLOv2 ╛ YOLOv3[2 ] YOLOv4[3]⅜ ⌂

≢№╢ YOLO │ ─ YOLO ─ ╩ ⇔≡™╢ ⌐

│ ↕⌂ ⌐ ∆╢ ─ ⅜ →╠╣╢ YOLOv4 ≢│

◘▬☼─ ⱬכ☻≤∆╢ ╖ ◒כⱠ♇♩꞉ꜟꜝכꜙ♬╖ ─

─ ⌂≥⅜⌂↕╣≡™╢ ↓↓≢ YOLOv─ ╩ 2.2.

ᵑ-1⌐ ∆ YOLOv4─ │ backboneneckhead─ ≈─ ⌐ ⅛

╣≡™╢ backbone⌐│ CSPDarkNet53[5]≤™℮Ⱡ♇♩꞉כ◒ ─ ╖

╩◒כⱠ♇♩꞉ꜟꜝכꜙ♬╖ ™≡™╢ CSPDarkNet53│ ╖ ╖ ≢

⇔√ ⱴ♇ⱪ─ ╩◖Ⱨכ⇔≡ ─ ⌐ ∆╢ ╩ ⇔≡™

╢ neck│ backbone≢ ⇔√ ⱴ♇ⱪ╩ ⇔≡ ╖ ╖ ╩

™ ⱴ♇ⱪ◘▬☼╩ ⇔≡™ↄ ↓─≤⅝ backbone≢ ⇔√

ⱴ♇ⱪ╩◖Ⱨכ⇔≡ ∆╢ head≢│ ⱴ♇ⱪ─☻◔כꜟ⌐⅔™

≡ ─ ╩ ∆╢ ⱴ♇ⱪ─ ⅝↕╩ ↕ↄ∆╢∞↑≢⌂

ↄ ⅜ ╕╣╢ ╩ ∆╢↓≤≢ ↕⌂ ⌐╙ ⇔≡™
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╢ ─≢ꜟכ◔☻ ⇔√ ╩ ⇔≡ ↕⌂ ⅛╠ ⅝⌂

╕≢◘▬☼─ ⌂╢ ╩ ⇔≡™╢  

 

2.2.ᵑ-1 YOLOv4─  

 

≢│ 2019 ⌐ ▪ꜟ◗ꜞ☼ⱶ─ ╩ ™ Feature 

Pyramid  Netork(FPN)[4 ]⅜ ≤ ─Ᵽꜝfi☻⅜ ™ ≢№∫

√ YOLOv4 ⅜ ↕╣√√╘ FPN≤ YOLOv4 ╩ ⇔

√ ⌐│ ≢ ╩♩♇☿♃כ♦√⇔ ™╢ כ♦

♃☿♇♩│ 5747 ─ ≢ ↕╣≡™╢ │≢♩♇☿♃כ♦ 11 ◒ꜝ

☻─ ◒ꜝ☻╩№╠⅛∂╘▪♥ⱡכ◦ꜛfi⇔≡™╢ ↓↓≢│ 2.2.ᵑ-1

⌐ ∆╟℮⌐ │ ≈─◒ꜝ☻≤⇔≡ ◒ꜝ☻≤⇔√ ◒

ꜝ☻⌐ ♃כ♦╢∆ ╩ 2.2.ᵑ-2⌐ ∆  

 

 

☻ꜝ◒─♩♇☿♃כ♦ 1-.2.2  

♩♇☿♃כ♦  ─ꜝⱬꜟ  ∆╢ꜝⱬꜟ  

Car    

Bus  

Truck  

Pedes tr ian   

Cyc l i s t Ᵽ▬◒  

  ( )  

  ( )  

  ( )  
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╢↑⅔⌐♩♇☿♃כ♦ 2-.2.2 ◒ꜝ☻─  

◒ꜝ☻ ♃כ♦   

 22,006 

 5 ,832 

Ᵽ▬◒  291 

( )  3 ,405 

( )  3 ,328 

( )  171 

 423 

 

⌐│ mAP(mean Average Prec is ion)╩ ≤⇔≡ ™╢ mAP

│ ◒ꜝ☻⌐ ∆╢ Average Prec is ion(AP)╩ ⇔ ∕─ ≢№╢

AP │ ╕∏ ⇔√ ─ ╩╙≤⌐ Prec is ion≤ Reca l l╩ ─╟

℮⌐ ∆╢   

ὖὶὩὧὭίὭέὲ
♃כ♦√⇔

⇔√
 

ὙὩὧὥὰὰ
♃כ♦√⇔

♃כ♦
 

 

∕⇔≡ Prec is ion╩ ∆╢  ↓╣│ Reca l l( r )⌐⅔↑╢ Prec is ion╩

⇔√ ⌐ ∆╢   

ὃὖ ὖὶὩὧὭίὭέὲὶὨὶ 

 

╢↑⅔⌐♩♇☿♃כ♦ FPN≤ YOLOv4 ─ ╩ 2.2.ᵑ -

3 ⌐ ∆ 2.2.ᵑ-3╟╡ mAP │ YOLOv4 ─ ⅜ ™↓≤⅜╦⅛╢ ↓╣

╟╡ ─ ⌐│ YOLOv4 ╩ ™╢↓≤≤∆╢  

 

╢↑⅔⌐♩♇☿♃כ♦ 3-.2.2 mAP 

♩♇☿♃כ♦  FPN YOLOv4 

 0 .627 0.649 
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ה  YOLOv4─  

─ ╩ ∆╢√╘⌐│ ≤⇔≡ ─ ⅜ ≤⌂

╢ ─ YOLOv4≢│ ─ ╩ ⇔≡™⌂™ ∕↓≢

YOLOv4─ ◘▬☼ ⅔╟┘ ─ ╩ ℮ 2.2.ᵑ-4⌐

↔≤─ ⅔╟┘ ─◘▬☼╩ ∆  

 

2.2.-4 ↔≤─ ◘▬☼[Ⱨ◒☿ꜟ] 

[m]  50 70 100 120 135 150 200 

 96 68 48 40 35 32 25 

 68 48 34 28 25 22 17 

 

↓╣╟╡ 200m ─ │ 25Ⱨ◒☿ꜟ 70m ─ │ 48Ⱨ◒☿

ꜟ≢№╢ ↓╣╠─◘▬☼⌐ ∆╢√╘⌐ ◘▬☼╩ 416Ĭ416Ⱨ

◒☿ꜟ⅛╠ 992Ĭ992Ⱨ◒☿ꜟ⌐ ⇔√ ╕√ ≢ꜟכ◔☻ ∆╢

◘▬☼╩ ╘╢▪fi◌כⱤ♃כfi╩ ⅔╟┘ ╩ ≤∆╢√╘

1:11:22:1╩ ⌐∕─ ╩ ╘╢╟℮ ⇔√  

 

ה  YOLOv4─  

YOLOv4⌐╟╢ ⸗♦ꜟ╩ ∆╢⌐№√╡ ⅔╟┘

≢ ╩♩♇☿♃כ♦√⇔ ™√ ♃כ♦ │ 16938≢№╢

─ ╩ 2.2.ᵑ-5⌐ ∆  

 

2.2.-5 ─  

  

 500,000 

Ⱶ♬Ᵽ♇♅◘▬☼  64 

 0 .001 

♃▬Ⱶfi◓  400,000⅔╟┘ 450,000 

 

ה ╢↑⅔⌐♩♇☿♃כ♦   

◒ꜝ☻─◘▬☼ (mAP)╩ 2.2.-6⌐ ∆ ↓╣╟╡ 200m

⌐ ∆╢ 25⅛╠ 35Ⱨ◒☿ꜟ─ ⌐ ⇔≡ mAP⅜ 0.37570m

⌐ ∆╢ 50⅛╠ 70Ⱨ◒☿ꜟ─ ⌐ ⇔≡ mAP⅜ 0.134≤ ≢

⅝≡™╢  
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2.2.-6  ◒ꜝ☻─◘▬☼ (mAP) 

◘▬☼  0-25 25-35 35-50 50-70 a l l  

 0 .231 0.375 0.498 0.548 0.768 

 0 .008 0.084 0.134 0.238 0.590 

Ᵽ▬◒  0 .010 0.033 0.138 0.371 0.456 

 

╩ 2.2.ᵑ-2⅛╠ 2.2.ᵑ-5⌐ ∆ ╕√ ─ ─

≤ ◒ꜝ☻─ ╩ 2.2.ᵑ-7⌐ ∆  

2.2.-7  ◒ꜝ☻─  

◒ꜝ☻   

 Ⱨfi◒  

  

Ᵽ▬◒   

( )   

( )   

( )   

  

 

2.2.ᵑ-2╟╡ ⇔≡™╢ ╛ ⅛╠╛╛ ─ ╩

≢⅝≡™╢↓≤⅜╦⅛╢  

 

2.2.-2 ─  
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2.2.ᵑ-3⅛╠ 200m╒≥ ─ ╩ ≢⅝≡™╢↓≤⅜╦⅛╢ ╕

√ 2.2.ᵑ-4⅛╠ 70m╒≥ ─ ╩ ⇔ↄ ≢⅝≡™╢↓≤⅜╦

⅛╢  

 

 

2.2.-3 ─ 2 

 

 

2.2.-4 ─ 3 
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2.2.ᵑȤ5⅛╠ ─ ≢╙ ─ ╛ ╩ ≢⅝

≡™╢↓≤⅜╦⅛╢ ╕√ ─ ╙ ⇔ↄ≢⅝≡™╢↓≤⅜╦⅛

╢  

 

2.2.-5 ─ 4 

 

⅜ ⇔≡™╢ ╩ 2.2.ᵑ-6⅛╠ 2.2.ᵑ-7⌐ ∆ ↓↓≢ ─

│ ─ ≢ ⇔≡™╢ 2.2.ᵑ-6╟╡ ╡ ≢ ─ ─

∞↑⅜ ⅎ≡™╢ ⌐ ≢⅝≡™⌂™  

 

2.2.-6 ─ 5( ) 
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╕√ 2.2.ᵑ-7─╟℮⌐ ─ ╖≤ ∂ ─ ╩⇔√ ─

╩ ╢№╙☻כ◔™⌂™≡⅝≢  

 

 

2.2.-7 ─ 6( ) 

 

 

ה  ⇔─ ™ ≢─  

─ ≢│ ╩ ⇔√ ─ ╩fiכ◦⌂ ≤⇔≡

╩ ∫√ ╩ ™≡™╢ ⌐ ≢ ⅜ ╣≡™╢ ╛ ⌐

─ ⌂≥╙ ≤⇔≡ ╕╣≡™╢ ∕↓≢ ⇔─ ™

⌐⅔↑╢ ╩ ⇔√ │♃כ♦ ≢ ⇔√

3000─ ╩ ™╢ 2.2.ᵑ-8⌐ ─◘▬☼ ─ ╩ ∆ ↓

╣╟╡ 70m ─ 48Ⱨ◒☿ꜟ ⌐≈™≡ 65.2%─ ≢№╢ 50m

─ ≤⌂╢ 68Ⱨ◒☿ꜟ ≢ ⅜ 80%30m ─ ≤⌂╢

90Ⱨ◒☿ꜟ ≢ ⅜ 90%≢№╢ ↓╣╟╡ ─ ╩ ∆╢

╩ 90%≤∆╢√╘⌐│ ◘▬☼╩ 2 ∆╢↓≤

⅜ ╕⇔™≤ ⅎ╢  
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2.2.-8 ⇔─ ™ ≢─ ─◘▬☼  

 

 

╩ 2.2.ᵑ-9⅔╟┘ 2.2.ᵑ-10⌐ ∆ 2.2.ᵑ-9─╟℮⌐

⇔─ ™ ⌐⅔™≡ ─ ╩ ↄ ╩ ⇔ↄ ≢⅝≡™╢

≢ 2.2.ᵑ-10─╟℮⌐ ≢╙ ⇔⅜ ╪≢™╢ ∫

≡ 1 ≤⇔≡ ╢№╙☻כ◔╢™≡⇔  

 

2.2.-9 ⇔─ ™ ≢─ 1 

 

0

20

40

60

80

100

0-20 20-40 40-60 60-80 80-100 all

[%
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Ⱨ◒☿ꜟ
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2.2.-10 ⇔─ ™ ≢─ 2 

 

 

ה  ╕≤╘  

2020 │ ─ ▪ꜟ◗ꜞ☼ⱶ≤⇔≡ YOLOv4╩ⱬכ☻

≤⇔ ◘▬☼⅔╟┘Ⱡ♇♩꞉כ◒ ─ ╩ ™ ─ ┼

─ ╩ ∫√ ≢ ≡™⅔⌐♩♇☿♃כ♦√⇔ 200m ─

⅔╟┘ 70m ─ ╩ ≢⅝╢↓≤⅜╦⅛∫√ ≢

│ ≤ ═≡ ™≤│ ⅎ⌂™ ⇔─ ™ ⌐⅔↑╢

─◘▬☼ ─ ╩ ∫√≤↓╤ 70m (48 Ⱨ◒☿ꜟ )─

⌐≈™≡ │ 65.2%≢№∫√ ╩ 90% ⌐∆╢⌐│

─◘▬☼⅜ 90 Ⱨ◒☿ꜟ ⌐⌂╢╟℮ ↕╠⌐ ◘▬☼╩ ∆╢↓

≤⅜ ≤⌂╢  
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ₒ ₓ  

[1] J. Redmon et al., ñYou Only Look Once: Unified, Real-Time Object Detectionò, 

CVPR2016. 

[2] J. Redmon et al., ñYolov3: An incremental improvement.ò, arXiv, 2018. 

[3] A. Borchkovskiy et al., ñYOLOv4: Optimal Speed and Accuracy of Object 

Detectionò, arXiv, 2020. 

[4] T. Lin, et al., ñFeature pyramid networks for object detection.ò, CVPR, 2017. 

[5] C.-Y. Wang, et al., ñCSPNet: A new backbone that can enhance learning 

capability of CNNò, arXiv, 2019.  
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ᵒ  LiDAR⅔╟┘Ⱶꜞ ⌐♄כ꜠ ≠ↄ  

⌐⅔↑╢ ─ ╩

⌐ ∆╢√╘ ☿fi◘ⱨꜙכ☺ꜛfi⌐╟╢ ⌐ ⇔√ ▪ꜟ

◗ꜞ☼ⱶ╩ ∆╢ ─ ≢│ 3 LiDAR╩ ™√

─ ⌐⅔™≡ ─☻Ɽכ☻↕╩ ℮√╘⌐◌ⱷꜝ ≤─ⱨꜙכ☺ꜛfi

⅜ ≢№╢↓≤╩ ⇔√ ⇔⅛⇔ ╕≢ ⇔≡ ╩ ∆╢√

╘⌐│◌ⱷꜝ⌐╟╢ ─ ╙ ≢№╢↓≤⅜ ≤⇔≡ →╠╣

≡™√  

│ ⌐ ⇔√ ─ ╩ ≤∆╢√╘ ◌ⱷꜝ

⌐╟╢ ⌐⅔™≡♦☺♃ꜟ ⌂≥⅛╠ ↕╣╢ ─ ⌐

⇔≡ ╩ ∆╢▪ꜟ◗ꜞ☼ⱶ╩ ∆╢ ╕√ ↓↓≢ ⇔√

▪ꜟ◗ꜞ☼ⱶ─ ╩ ∆╢√╘⌐ ⇔─ ™ ⌐⅔™≡ 200m

─ ┘ 70m ─ ─ 90%╩ ∆╢↓≤╩ ≤⇔≡

╩ ∆╢ ↓╣╠─ ╟╡ ⌐ ─№╢ ╩

∆╢  

 

 

ה LiDARה◌ⱷꜝ─ⱨꜙכ☺ꜛfi⌐╟╢  

LiDAR⌐╟╢ ▪ꜟ◗ꜞ☼ⱶ≢│ ⇔√ ─ ⌐ ⇔≡

≢ ∆╢ ⅜ ≢№╡ [1]⌐⅔™≡ ─

▪ꜟ◗ꜞ☼ⱶ≢№╢ Real Adaboost╩ ⇔√ ╩ ⇔≡™╢ ⇔⅛⇔⌂

⅜╠ LiDAR─ ⅜ ⌐⌂╢ ─ 2.2.ᵒ-1 ╩ ∆╢⌐│

─ ╛◌ⱷꜝ⌂≥─ ☿fi◘≤─ⱨꜙכ☺ꜛfi⅜ ≤⌂╢ ∕

↓≢ ─ ⌐⅔™≡ 2.2o-2─╟℮⌐ LiDARה◌ⱷꜝ─☿fi◘ⱨ

╩fi▪ꜟ◗ꜞ☼ⱶꜛ☺כꜙ ⇔√   

 

 

2.2.ᵒ-1 ⌐ ∆╢ LiDAR─  
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2 .2 .o -2 ☿fi◘ⱨꜙכ☺ꜛfi⌐╟╢ ▪ꜟ◗ꜞ☼ⱶ  

 

 ┘☿fi◘ⱨꜙכ☺ꜛfi⌐╟╢ ▪ꜟ◗ꜞ☼ⱶ│ ─

≢ ↕╣╢  

1 . L iDAR ─◒ꜝ☻♃ꜞfi◓  

2 . L iDAR⌐╟╢ Segmen t ─◒ꜝ☻ ╩  

3 . ◌ⱷꜝ ⌐╟╢ ⅛╠ ─ ╩  

4 . Segme n tה ─ ↑ Seg men t─ ╩ ⌐ ⇔≡

≤ ↑∆╢  

5 . L iDAR/◌ⱷꜝⱨꜙכ☺ꜛfi Segment─◒ꜝ☻ ╩Ᵽ

▬♫ꜞⱬ▬☼ⱨ▫ꜟ♃⌐╟╢ ≢ ╩ ∆╢ ↓

─≤⅝ ≤ ↑╠╣≡™╢ │ ─

◒ꜝ☻ ╙ ∆╢↓≤≢ ⌐╟╢ⱨꜙכ☺ꜛfi╩ ℮  

6 . ⌐╟╢ ⱨ꜠כⱶ ─ Segmen t─

↑ Track♦כ♃─ ╩ ™ ≤⇔≡ ╩ ∆

╢  

 

 

ꜟ♃☺♦ה ╩ ⇔√ ⌐╟╢ ─  

─☿fi◘ⱨꜙכ☺ꜛfi⌐╟╢ ▪ꜟ◗ꜞ☼ⱶ⌐⅔™≡ ⌐

∆╢ ─ ╩ ⇔≡ ∆╢↓≤⅜ ↕╣╢ ⇔⅛⇔⌂⅜╠

LiDAR─ ⌐◌ⱷꜝ─ ╩ⱨꜙכ☺ꜛfi∆╢⌐№√╡ ─

↕⌂ ╩ ⌐ ⇔⌂ↄ≡│ ⌐ ∆╢ ─ ╩ ∆

╢↓≤│≢⅝⌂™ ─ ⌐⅔™≡ ─ ─ ⅜

│fiꜛ◦כ◄ꜙ♅◦╢╣↕ ─ ╛ ∆╢ ⌂≥ ─
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⌐ ↕╣╢ ∕↓≢ 2.2.ᵒ-3─╟℮⌐♦☺♃ꜟ ⅛╠ ⌐ ∂

≡ ╩ ⇔ ≢ ∆═⅝ ╩ ROI≤⇔≡ ⇔≡∕─

─ ╩ ∆╢ ╩ ∆╢ DNN Deep Neural Network≢

─ ╩ ∆╢ ⌂≥─ ⌐╟╡ ╩ ◘▬☼─

⌐ꜞ◘▬☼⇔≡⅛╠ ╩∆╢↓≤⅜ ≢№╢ ∕─√╘ ╩

◘▬☼⌐ꜞ◘▬☼⇔≡ ∆╢─⌐ ⇔≡ ↕╣√ ROI ╩ ◘

▬☼⌐ꜞ◘▬☼∆╢↓≤≢ ─ ⅜ ⌐ ⅝⌂◘▬☼≢

≤⌂╢ ≢│ ─ ≤ ROI ─ ─ ─

╩ ∆╢↓≤≢ ─ ╩ ⇔≡ ⌂ ─ ⅜

↕╣╢  

 

 

2.2.ᵒ-3 ♦☺♃ꜟ ╩ ⇔√ ─  

 

↓↓≢ ⇔√ ⌐╟╢ ╩ ∆╢√╘⌐ ─

┘ ─ ─ ╩ ∆╢ ─

│ ─ ─ 2.2.ᵒ-3 ≢ ⇔

─ ≤─ ╩ ∆╢ ─ │ ─ ╩

╕√│ ⌐ ⇔≡™╢ ≤⇔≡⅔╡ ╩ ⌂

≤∆╢ ─ │ ─ ╩ ≤∆╢ ⇔√⅜∫

≡ ♃כ♦ ─ ≤─ ⅛╠ ─ ╩

≤⌂╢  

 ≤⇔≡│ ⅛╠ ⇔√ ROI ⌐ ⇔≡ ⌂╢ ─

≢ ╩ ∆╢ ≢│ ROI ROI ≤⇔≡

─ 1/2 1/3─ ≢ ╩ ⇔√ ⌐│ YOLOv3[2]─ DNN

⸗♦ꜟ╩ ⇔ DNN─ │ 608x608≤∆╢ │▪☻Ɑ◒♩

╩ ⇔⌂⅜╠ DNN─ ⌐ꜞ◘▬☼⇔≡ ∆╢√╘ ROI─

240m χЕжАϼ

199m χꜛ כּ
ØOpenStreetMap Contributors

ק χ ӽ
Ϭ

ᶈ ӽτ ΰο
꜡
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⅜ ↕™╒≥ ─ ╩ ≤∆↓≤⌂ↄ ≤⌂╢ ⌂⅔

⌐ ™√ │ 1,965≤∆╢  

≤⇔≡ ≤─ ↔≤⌐ ↕╣√ ─◓ꜝⱨ╩ 2.2.

ᵒ-4⌐ ∆ ─ ╟╡ ROI ╩ ↕ↄ∆╢↓≤≢ ⌐

∆╢ ─ ⅜ ↕╣≡™╢↓≤⅜ ≢⅝╢ ROI ╩

─ 1/2╕√│ 1/3≤∆╢↓≤≢ ≢№╢ 200m ─ ╛ 70m

─ ─ ╩ ∆╢↓≤⅜ ↕╣√ ╕√ 2.2.ᵒ-4(d)⌐ ROI─

╩ 1/3≤⇔√≤⅝⌐ ↕╣√ ─ Ⱨ◒☿ꜟ ╩ ∆

60₩70m ≢ ┘Ⱨ◒☿ꜟ ⅜ ⇔≡™╢⅜ ↓╣│ ◄ꜞ

▪─ ≤ ≤─ ⌐╟╡ ≢ ☺כꜟ◒○╢╟⌐

ꜛfi⅜ ↄ⌂╡ ♃כ♦─ ⅜ ⌂™↓≤ ↕╠⌐ ─ ⌐♩

ꜝ♇◒⅜ ∫≡ ⇔≡™╢√╘≢№╢ ─ ─ ™⌐╟╡ ─┌

╠≈⅝⅜№╢⅜ 100m─ ≤⇔≡ 15px─ 200m─ ≤

⇔≡ 25px─ ╩ ⌂ ⅜ ↕╣√ ↓╣⌐╟∫≡

≤─ⱨꜙכ☺ꜛfi⌐⅔™≡╙ ─ ⅜ ↕╣╢  
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(a) ROI  (b) ROI ─ 1/2  

  

(c) ROI ─ 1/3  (d) (c)─ ─Ⱨ◒☿ꜟ  

2.2.ᵒ-4 ⌐⅔↑╢ ─ ꜟ☿◒Ⱨה  

 

 

ה ─  

─ ─ ─ ╩ ∆╢√╘─ ╩ ∆╢

│ ─ ⌐⅔↑╢ ⌐ ⇔─ ™ ≢─ ≤⇔≡ 2.2.

ᵒ-5⌐ ∆ ─ ╩ ∆╢ ╩ ≤⇔≡

╩♃כ♦ ⇔√ │♃כ♦ ╩ ↕∑√ ≢

≤⌂╢ ה Ᵽ▬◒ה ה ╩ ⌐ │

⌐╙ ↕∑╢↓≤≢ ₁⌂ ⌐⅔↑╢ ╩ ♃כ♦√⇔

≢№╢ ⌐ ™╢☿fi◘♦כ♃│ ⌐ ↕╣√

LiDARVelodyne VLS-128 ┘ LiDAR ⌐ ↕╣√ ◌ⱷꜝ╩ 10Hz
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≢ ⇔≡™╢ ◌ⱷꜝ│ 60 ─◌ⱷꜝ╩ 8 ⇔≡⅔╡

╩ ≢№╢  

⌐⅔↑╢ │♃כ♦ 78 ─ Track♦כ♃ Segment8,240

┘ │♃כ♦ 350─ Track♦כ♃ Segment24,265≢ ↕╣

≡⅔╡ ─ ⌐♃כ♦ ─ ╩♃כ♦ ⇔√╙─≢№

╢ ─♃כ♦ ╩ 2.2.ᵒ-1⌐ ∆ ≡™⅔⌐♃כ♦ ⅔╟┘

│ 100m ─ ─╖⌐ ⇔ ∕─ ─ │ 200m ─ ∆╢

↓─ ⌐ ⇔≡ ≢№╢ ╩ ∆╢↓≤≢

─ ╩ ∆╢ ⌂⅔ ROI╩ ⇔√ ⌐ ∆╢ │

─ ╩ ╕ⅎ≡ ─ ─ 1/3─ ≤ ∆╢  

 

2.2.ᵒ-5 ─ ≤ ─  

2019 ≤ ─  

 

2.2.ᵒ-1 ה ─♃כ♦ LiDAR─  

 Train Data Test Data 

◒ꜝ☻  Segment Track Segment Track 

 1,426 16 4,058 54 

 4,942 24 6,277 45 

 1,726 28 6,552 40 

 146 10 7,378 211 

 8240 78 24,265 350 
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─ ⌐⅔™≡ │ ⌐ ∆ F-value╩ ™╢ ╕≢

─ ╩ 10m─ ↔≤⌐ ↑≡ ≢─ ─ ╩ ∆╢  

 

ὖὶὩὧὭίὭέὲ
Ὕὖ

Ὕὖ Ὂὖ
 (2.2.o -1) 

ὙὩὧὥὰὰ
Ὕὖ

Ὕὖ Ὂὔ
 (2.2.o -2) 

ὊȤὺὥὰόὩ
ςὖὶὩὧὭίὭέὲϽὙὩὧὥὰὰ

ὖὶὩὧὭίὭέὲὙὩὧὥὰὰ
 (2.2.o -3) 

 

√∞⇔ TP│ FP│ FN│ ≢№╢ ─♃כ♦

↔≤─ Segment┘ LiDAR/◌ⱷꜝ ─ ↑ ─ ╩ 2.2.ᵒ-6⌐

∆ 2.2.ᵒ-6⌐⅔™≡ Image objects│ ⌐╟∫≡ ↕╣√ ≤

LiDAR─ Segment─ ↑⅜ ⇔√ ╩ ⇔≡™╢ ╟

╡ ROI ╩ ∆╢↓≤≢ LiDAR⌐╟╢ ≤ ≤─

─ ⅜ ↄ⌂╡ ⌐ ─ ─ ╩ ⌂ ⅜ ≢⅝

╢ 2.2.ᵒ-6⌐⅔™≡ 50₩100m ⌐⅔↑╢ ─ ⅜ ⇔≡™

╢ ⅜ ≢⅝╢⅜ ↓╣│ ≢ ה ⅜ ↄ ∆╢

√╘≢№╢ ≡™⅔⌐♃כ♦ ─ ⅜ ⌂™√╘ ⌂ ⅜

≢│№╢⅜ ⇔─ ™ ≢№╣┌ ─ ╩ ⌐

≢№╢≤™ⅎ╢ ≢│ ROI─ ⌐╟╡ ↑╠╣√

⅜ 11,632⅛╠ 15,876┼≤ 1.36⌐ ⇔√  

  

(a) Segment/  (b) ↑↕╣√ ─  

2.2.ᵒ-6 ♦כ♃⌐⅔↑╢ ↔≤─ Segment/  
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╕√ ⌐♃כ♦ ∆╢ ╩ 2.2.ᵒ-7 ─ ⌐⅔↑

╢ ╩ 2.2.ᵒ-2⌐ ∆ ╟╡ ∆╢↓≤≢

⌂ ⅜ ⇔ ≤─ⱨꜙכ☺ꜛfi⌐╟╡↕╠⌐ ⇔≡™╢

⅜ ≢⅝╢ ↓╣⌐╟∫≡ LiDAR ≢│ ⅜ ⌐⌂╡ ⅜ ≤

⌂╢ ─ ⌐ ⇔≡ ╩ ⅎ╢↓≤≢ ⅜ ↕╣√

╟╡ ─ ≤⇔≡™╢ 200m ─ ┘ 70m ─ ─

90%⅜ ↕╣√ ⇔⅛⇔⌂⅜╠ 2.2.ᵒ-6(a)⌐╙ ⇔≡™╢╟℮⌐

⌐ ─ ⅜♃כ♦ ⇔≡™╢↓≤⅛╠ ╟╡ ⌐ ▪ꜟ◗ꜞ☼ⱶ

─ ╩ ∆╢√╘⌐│ ╙♃כ♦─≢ ╘≡ ─♃כ♦

⅜ ≢№╢  

 

  

(a) ─  (b) ─  

 

 

(c) ─   

2.2.ᵒ-7  
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2.2.ᵒ-2  

 Vehicle Bicyclist Pedestrian 

 20-200m 20-100m 20-100m 

Segment 0.853 0.573 0.710 

Tracking (LiDAR) 0.973 0.904 0.868 

Tracking (LiDAR w/ Image) 0.973 0.918 0.920 

Tracking (LiDAR w/ 

Image+ROI) 

0.977 0.922 0.933 

 

 

╘≥╕ה  

⌐ ⇔√ ╩ ≤∆╢√╘ ◌ⱷꜝ⌐╟╢ ⌐⅔

™≡♦☺♃ꜟ ⌂≥⅛╠ ↕╣╢ ─ ⌐ ⇔≡ ╩

∆╢▪ꜟ◗ꜞ☼ⱶ╩ ⇔≡ ╩ ⇔√ ╟╡ ≢

15px 100m ─ ┘ 25px 200m₁ ─ ─

╩ ≤⇔√ ╕√ LiDARה◌ⱷꜝ⌐╟╢☿fi◘ⱨꜙכ☺ꜛfi▪ꜟ◗ꜞ☼

ⱶ⌐ ⇔√ ╩ ∆╢↓≤≢ ─ ─ ╩

⇔√ ╟╡ ⇔─ ™ ⌐⅔™≡ ─ ≢№╢

200m ─ ┘ 70m ─ ─ 90%╩ ⇔√ ⇔⅛⇔⌂

⅜╠ ⌐ ─ ⅜♃כ♦ ⇔≡™╢↓≤⅛╠ ─♃כ♦

⅜ ≢№╢ ╕√ ↓↓≢ ⇔√ ▪ꜟ◗ꜞ☼ⱶ╩ ─

⌐≡ ⇔≡ ⌐ ─№╢ ╩ ∆╢↓≤⅜ ≤⌂╢ ↄ

─ ╛ ⅜ ∆╢ ╡╟⌐≤⌂fiꜛ☺כꜟ◒○│≢ LiDAR/

◌ⱷꜝ≤╙⌐ ─ ⅜ ≤⌂╢ ⅜ ↕╣╢ ⌂ ⌐

⅔↑╢ ╩ ∆╢√╘◦Ⱶꜙ꜠כ◦ꜛfi⌂≥╩ ⇔√

┘▪ꜟ◗ꜞ☼ⱶ ⅜ ≢№╢≤ ⅎ╠╣╢  

 

 

[1 ]  N. Suganuma, M. Yoshioka, K. Yoneda and M. Aldibaja, ñLIDAR-based Object 

Classification for Autonomous Driving on Urban Roadsò, Journal of Advanced 

Control, Automation and Robotics, Vol.3, No.2, pp.92-95, 2017. 

[2 ]  J. Redmon and A. Farhadi, ñYOLOv3: An Incremental Improvementò, 

arXiv:1804.02767r, 2018. 
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2.3.  c. ₈ ─ ₉  

ᵑ  GNSS/INS ─  

(1)  ╖∟┘⅝─ ╩ ⇔√ ≤ I NS ─  

a  GNSS/ INS⌐ ⌂ GNSS  

GNSS/ INS╩ ∆╢ ⌐ ∕─ ≤⌂╢ GNSS I NS─ ╩ ∆╢

↓≤⅜ ≢№╢ ⅎ┌ ↕╣≡™╢ GNSS/INS≢│ Kalman F i l ter

⌐ ↕╣╢ ⅜ⱱ꞉▬♩ⱡ▬☼≤ ≢⅝╢ⱨ▫ꜟ♃⅜ ↕╣╢

⅜ ↄ ∕╣ ⌐☼▬ⱡכꜝ◌─ ⇔≡│ ⌂ⱨ▫ꜟ♃ ≢│ ⅜

⇔™─⅜ ≢№╢ ↓↓≢ GNSS I NS─ ⌐ ╩∆╢≤ ⌐

⌂ │ⱱ꞉▬♩ⱡ▬☼≢№╢⅜ ─ ⅝↕⌐ ⅜ ⅝™─│ⱴꜟ♅

Ɽ ☻ ⌐ ↕ ╣ ╢ ◌ ꜝ כ ⱡ ▬ ☼ ≢ № ╢ ↓ ≤ ⅜ ╠ ╣ ≡ ™ ╢ ∕ ─ √ ╘

GNSS/ INS─ ─ ⌐│ ⱴꜟ♅Ɽ☻⌐ ↕╣╢ⱨ▫ꜟ♃≢ ⅜ ⇔™

╩ ⌐ ∆╢↓≤⅜ ≤⌂╢  

╖∟┘⅝⅛╠ ↕╣≡™╢ ( CLAS)╩ ⇔√ ╩

∆╢ ─ RTK- GNSS≤ ⇔≡ ─ ⅜№╢√╘ ⱴꜟ♅

Ɽ☻ ─ⱱ꞉▬♩ⱡ▬☼≢│⌂™ ─ ╩ ↑╛∆™ ⅜№╢ ∕

─√╘ CLAS╩ ⇔√ ─ ≢ⱴꜟ♅Ɽ☻─ ╩ ⇔√ ╩

∆╢⅛ ╙⇔ↄ│ ─ I NS ≢ⱴꜟ♅Ɽ☻─ ╩ ⇔╛∆™╟℮

⌐ ╩◖fi♩כꜟ∆╢ ⅜№╢ ⱪ꜡☺▼◒♩≢│ ⌐ I NS ╩

∆╢↓≤╩ ≤⇔≡™╢ [ 1 ]√╘ CLAS╩ ⇔√ ≢│ⱴꜟ♅Ɽ☻─

│ ╡≈≈╙ GNSS/INS─ ≢ ╩ ℮ [ 2 ] ╩ ∆╢   

 

b  CLAS LIB─ ⌐╟╢ ─  

CLAS╩ ⇔√ ╩ ℮√╘⌐│ ╖∟┘⅝─ L6E ⅛╠ ↕╣╢

╩♪כ◖♦─ ∫√℮ⅎ≢ ╩ ∆╢ ⅜№╢ ∕↓≢ ⱪ

꜡☺▼◒♩≢│ ⅛╠ ↕╣≡™╢ CLAS LIB[ 3]─ ╩ ℮ √∞⇔

2020 ≢ ↕╣≡™╢ CLAS LIB ver0.72 ≢│ ⌂ ╩

⇔√ ⅜ⱬכ☻≤⌂∫≡™╢√╘ ─╟℮⌂ⱴꜟ♅Ɽ☻ ≢│○

ⱨ☿♇♩ ⌂ ⅜ ∆╢ ⅜№╢ ∕↓≢ CLAS LIB╩ ⇔

╩ ⌐∆╢↓≤≢ GNSS/INS⌐ ⇔√ ╩ ⌐⇔√  

↓↓≢ 2.3. ᵑ - 1(a )⌐ ╩☻כ◖─ ∆ ™⅔⌐☻כ◖─↓

≡ ─ CLAS LIB ⌂ 2.3. ᵑ - 1(b) (c) ≤

⅜ ≢⅝╢╟℮⌐ ⇔√ CLAS LIB─ 2.3. ᵑ - 1(d) ─

╩ ∫√ ⌂⅔ ≢│ GNSS ⌐ Septen t r io ─ mosa ic - x5 ╩

⇔√ 2.3. ᵑ - 1(b) ( c ) (d) ⌐╟╡ CLAS LIB─ ⌐╟╡ ≤
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─ FIX ╩ ⇔≈≈╙ GNSS/INS ⌐ ⇔√ ╩ ╠╣≡™╢↓≤⅜

≢⅝╢  

FIX  Float  

   

a) (b   ☻כ◖ ⌂  c) ─    d) ─  

2.3 . ᵑ - 1 CLAS L IB─  

 

 

 ╕√ 2.3. ᵑ - 2⌐ ─ ≤Ratio─ ╩ ∆ ↓↓≢Ratio│FIX

─ ─ ≢№╡ ∕─ ⅜ ™╒≥ ⅜ ≢⅝╢ ⅜ ™↓

≤╩ ∆ 2.3. ᵑ - 2╟╡ ─CLAS LIB≢│ ⌂ ⅜№∫√≤⇔

≡╙ ╩ ⇔≡™╢ ⌐Ratio⅜ ⅝ↄ⌂╠∏FIX ⅜ ╠╣≡™⌂™

⅜ ⌐╟╡ ≢╙FIX ⅜ ╠╣≡™╢↓≤⅜ ≢⅝╢  

 

 

 

2.3 . ᵑ - 2 CLAS L IB─ ─ ─ ≤ Rat io  
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c CLAS⌐ ⇔√GNSS ─  

CLAS╩ ⇔√ ─ ≤⇔≡ ∆╢ ⱴ⅜♪כ◖

ꜟ♅ GNSS≤ ⇔≡ ↕╣╢↓≤⅜ ╠╣≡™╢ ↕╠⌐

≢ ⅜ ⌂꜠ⱬꜟ─ GNSS ─ ⅜ ╦╣≡™╢⅜ ∕─╟℮

⌂ ≢│ ≢⅝╢ ⅜♪כ◖ ↕╣≡⇔╕℮ ⅜№╢

GNSS ⌐⅔™≡│ ≢⅝╢ ─ │ ≢№╡ ⌂ ╡ ↄ

─ ⅜ ≢⅝╢↓≤⅜ ╕⇔™ ∕↓≢ ⱪ꜡☺▼◒♩≢ ∆╢ GNSS

╩ ∆╢√╘ ─ GNSS Tr imble Al loy Ublox

F9P Septent r io ─ mosaic - x5 ≢ CLAS LIB ╩ ™≡ ╩ ∫√ ─

╩ ∫√  

 ↓↓≢ 2.3. ᵑ - 3⌐ ╩ ∫√ ╩ ∆ ╩ ∫√ 3≈─ GNSS

(Al loy : ⌂ mosaic - x5 F9P ⌂ )│

∕╣∙╣ L1/L2/L5─ ╩ ≢№╢⅜ ⅜♪כ◖╢™≡⇔ ⌂

╢ ⌐│ ╙ ⌂ F9P│ L2P/ L5⌐│ ╩⇔≡™⌂™ Al loy

≤ mosa ic - x5│ L2P/L5⌐ ╩⇔≡™╢ ─ ≢│ L2C⌐ ╩⇔≡™

╢╙─│ ⌐≤≥╕╢√╘ F9P≢ ⇔√ ╩ CLAS≢ ╩ ℮ ⌐

│ ↕╣√ ≤⌂╢ 2.3. ᵑ - 4 ∕─√╘ ⌐ ∆╟℮⌐ FIX

⅜ ─ ≤ ⇔≡ ⇔≡™╢≤ ⅎ╠╣╢ ∕↓≢ ⱪ꜡☺▼◒♩

≢ │ ⌐ ⌂ ≤ ⌂ ╢ ≤ ⇔ ≡ mosa ic - x5╩ ⇔

GNSS/ INS≢─ ╩ ℮↓≤⌐∆╢  

 

 

2.3 . ᵑ - 3  CLAS LIB≢ ∆╢ ⌐╟╢ ─  

 


