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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 ╩ ∆╢ ╕√ ⌐

∆╢ ⌂ⱪfiכ○─ ≢ ╩ ℮↓≤≢ ⌐⅔

↑╢ ─ ⌐ ∆╢Ɫה♪כ♁ⱨ♩ ─▬fiⱨꜝ⌐≈™≡ ╩

∆ ∕⇔≡ ╠╣√ ╩ ⌐ ⌐ ∆╢Ɫכ♪►▼▪ ♁ⱨ

♩►▼▪ ▬fiⱨꜝ⌂≥ ─◖Ⱶꜙ♬♥▫⌐ ∆╢  

⌂⅔ ─ ╩ AD-URBANFOT project of Automated Driving system 

under Real city environment based on Academic Researcherôs Neutral knowledge

ⱪ꜡☺▼◒♩≤ ∆╢  

▬
fi
ⱨ
ꜝ
─
ꜞ

♅
↕ 

▬
fi
ⱨ
ꜝ
─

◖
☻
♩

 
 
  

─ ↕  

ה ─  

≥↓╕≢─▬fiⱨꜝ ⅜ ( )⌂─⅛  

≥↓╕≢─ ⅜ ⅛  
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1.1-2 ▪◌♦Ⱶ▪─○כⱪfi⌂ ╩ ™√  

─ ≤ ─ ⌐ ∆╢▬fiⱨꜝ─  

 

 

⌐│ ⌐ ∆ 6 ─ ⌐≈™≡ ∆╢  

a.₈ ─ ┘ ⅜ ⌂ ─ ₉  

b.₈ ─ ╩ ∆╢√╘⌐ ≤⌂╢ AI ─ ₉  

c.₈ ─ ₉  

d.₈SAKURA-DIVP≤ ⇔√◦Ⱶꜙ꜠כ♃⅔╟┘◦♫ꜞ○─ ₉  

e.₈ ⅜ ∆╢ ≢─ ─ ₉  

f.₈ ₉  

 

  

 

 

▬fiⱨꜝ  

 

─ ≤  

▬fiⱨꜝ─  

─ ⌐ ∆╢  

Ɫה♪כ♁ⱨ♩ ─▬fiⱨꜝ─  

▪◌♦Ⱶ▪( ) 

⌂ⱪfiכ○─  
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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 ┘ V2N ⌐

╟∫≡ ╠╣╢ ─ ╙ ∆╢ ⅎ┌ ─ ╖ ╩

∆╢↓≤≢ ⌂ ╩ ⅎ√ ⌂ ⅜ ≢

№╢ ∕↓≢ V2I┘ V2N ≤⇔≡▬fiⱨꜝ ╩ ⇔√

▪ꜟ◗ꜞ☼ⱶ╩ ⇔ ↓╣╩ ⇔√ ╩ ⇔≡

╩ ∆╢ ᵑ ─ ≤▬fiⱨꜝ ≤─ ⇔√

─ ╩ ⌐ ℮↓≤≢ ⌂ ╩ ╢√╘─☿fi◘☻

Ɑ♇◒⅔╟┘▬fiⱨꜝ ⌐≈™≡ ∆╢ ⌐ ≤ ╩

∆  

 

ᵑ  Ɽ♃כfi ⌐╟╢ ≤ ▪ꜟ◗ꜞ☼ⱶ─  

120m
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2018

2019

95% 2020

120m 99%

2021

95% 2022

 

V2I V2N

2018

2019

2020

2021 V2N

2022 V2I V2N
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ᵒ  ☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi⌐╟╢ ▪ꜟ◗ꜞ☼ⱶ─  

2020

 

2021

2022 99%
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b.  ₈ ─ ╩ ∆╢√╘⌐ ≤⌂╢ AI ─ ₉  

m

m

LiDAR(Light 

Detection and Ranging)

128

L iDAR

 

L iDAR

LiDAR

⌐ ⅔╟┘

╩ ∆  
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ᵑ  ↑ ◌ⱷꜝ─ ה ▪ꜟ◗ꜞ☼ⱶ  

100 1024x786

50m 37 70m

27

2018

2019

50m

2020

200m 70m

 

SIP Dr iv ing  

In te l l igence Val idat ion P la t form DIVP

2021

2022 200m 70m

 

 

ᵒ  LiDAR⅔╟┘Ⱶꜞ ⌐♄כ꜠ ≠ↄ  

L iDAR

95%

LiDAR 50m

2018 L iDAR

LiDAR

2019
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2020

200m 70m 90%

 

2021 SIP

DIVP

L iDAR 2022
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c. ₈ ─ ₉  

GNSS(Global Navigation 

Satellite System) L iDAR

GNSS

INS(Inertial Navigation System)

GNSS/ INS LiDAR

GNSS/ INS

 

GNSS/ INS

⅔╟┘ ╩ ∆  

 

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─ ╩ ⇔≈≈ ⌐ ∂≡ ╩

ↄ 0.3m─ ╩ ∆╢↓≤⅜ ⌐⌂╢≤ ⅎ╢  

↓╣╠╩ ∆╢√╘ 2018 ≢│ ─ ┘ ╩

─ ≢ ╩ ™ ─ ╩ ™ RTK-GNSS─ FIX ─ ≤
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1.5m ─ ╩ ⇔√ ╕√ 2019 ≢│ ↕ ─ ⌐

⇔√ ─ ─ ╩ ™ 2020 ≢│╖∟┘⅝╩ ⇔√

─ ╩ ┘ ─ ╩ ∫√ ↕╠⌐ 2021 ≢│ GNSS/INS─

⌐╙ ╩ ™ Dead Reckoning─ ╩ ⇔ ─

⌐╟╢ ╩ ∫√ 2022 ≢│ ─ ╩

╩♃כ♦ ⇔ ╩∆╢↓≤≢ ⌐ ⌂▬fiⱨꜝ─ ╩ ℮

↓≤╩ ≤⇔√  

 

ᵒ  ⱴ♇ⱪⱴ♇♅fi◓ ─  

ⱴ♇ⱪⱴ♇♅fi◓│ ─ ─ ≢№╡ ╩ ∆╢ ⅜

⌂™ ≢ⱴ♇♅fi◓ ⅜ ∆╢≤ ⅜ ⇔≡⇔╕℮ ↓─╟℮

⌂ ≢ ╩ ∆╢⌐│ ≢│ ⌂ GNSS/INS╩

⇔ ─ ─ ╩ ∆╢⅛ ╙⇔ↄ│▬fiⱨꜝ╩ ∆╢ ⅜№

∫√ ∕↓≢ ≢│ ⇔√ ─ ⌐│▬fiⱨꜝ─ ┘ⱷ

fi♥♫fi☻│ ≢№╢≤™℮ ⌐ ∟ ⅝═∆☻ⱷfi♥♫fiה

▬fiⱨꜝ ╩ ╠⅛⌐∆╢↓≤╩ ≤⇔√ ⱴ♇ⱪⱴ♇♅fi◓ ─

╩ ∫√  

2018 ⅛╠ 2020 ⌐⅛↑≡│ ╕∏ ╩ ≤⇔√ⱴ♇ⱪⱴ♇

♅fi◓▪ꜟ◗ꜞ☼ⱶ─ ╩ ™ 0.1m─ ╩

⇔√  2021 ⌐ ⇔≡│ ⌐⅔™≡╙ 0.1m╩

⌂ ─ ╩ ∫√ 2021 │ ≤⇔≡ ⌂

GNSS/INS╩ ™√ⱴ♇ⱪⱴ♇♅fi◓▪ꜟ◗ꜞ☼ⱶ╩ ⇔√ ∕⇔≡ 2022

│ ─♪כ꜠◓ GNSS/INS╩ ™╢↓≤╩ ⇔√ⱴ♇ⱪⱴ♇♅fi◓▪

ꜟ◗ꜞ☼ⱶ╩ ⇔ 0.1m╩ ∆╢↓≤╩ ≤⇔√  ╕√ DIVP

≤─ ⌐╟∫≡◦Ⱶꜙ꜠כ◦ꜛfi╩ ⇔√ ─♃כ♦ ≤

─ ╩ ™ ─ ╩ ∆╢↓≤≢ ⌐

⌂▬fiⱨꜝ⌐ ∆╢ ╩ ℮↓≤╩ ≤⇔√  

 

ᵓ  ─ ⅜ ◦☻♥ⱶ⌐ ⅎ╢ ─  

2020



 

 

  

15 

 

  

 

d.  ₈ SAKURA- DIVP≤ ⇔√◦Ⱶꜙ꜠כ♃⅔╟┘◦♫ꜞ○─ ₉  

( )

 

(

)  

 A I

(A I )

 

 S IP

⌐ ⅔╟┘ ╩ ∆  

 

ᵑ  (AI ) ⌐ ≠ↄ ─  

╛ ⌂≥─ ⅜ ─ ⌐≥─╟℮⌂ ≢ ∆╢⅛╩

∆╢ ≢№╢ ⌐⅔™≡ ⅜ ╩ ∆╢ │

─ ⌂≥─ ≤ ⅜ ⇔≡™╢ ⌐

↑╢↓≤⅜≢⅝╢ │ ⅎ┌ ≤ ≢≤⌂ꜟכ꜠♪כ●⅜

≡╠╣≡™⌂™ ╩ ∆╢ ⌐ ⅜ ⇔≡™╢≤ │

⌐│╖ ⇔≡ ↄ ≤™℮╟℮⌂ ≢№╢ │
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╛ ⌂≥─ ≢№╡ ⅎ┌ │ ⌐ ╩ ↑╢↓≤⌂ↄ

⌐ ⌐ ┘ ∆ ≤™℮╟℮⌂ ≢№╢ ↓─╟℮⌂ ⌐⅔™≡

Ɽ☻ⱪꜝfi♬fi◓╩ ∆╢√╘⌐│ ─ ╩ ∆╢↓≤⅜

≤⌂╢ ∕↓≢ ─ ╩ ≤⇔≡ ⇔ ─ ╩

≤⇔≡ ∆╢↓≤≢ ╩ ⇔√ ─ ╩ ∆╢

╩ ∆╢ ∕⇔≡ 2020 ╕≢⌐ ≤ ╩ ⇔√

─ ▪ꜟ◗ꜞ☼ⱶ─ ╩ ∫√ ╕√ ⌐╟╡

╩ ⇔√  

S IP

DIVP

2021

2022
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ᵒ  ⌐╟╢ ─ ≤Ɽ☻ⱪꜝfi♬fi◓  

⌐⅔↑╢ ≢│ ─ ─ ╩ ╘ ∕─

⌐ ⇔⌂™ ─ ╩ꜞ▪ꜟ♃▬ⱶ⌐ ∆╢↓≤⅜ ≤⌂╢ √

∞⇔ ⌐ ─ ⅜ ∆╢ ⌐⅔™≡│ ↓╣╩ ∆╢√╘

⌐│ ₁⌂ ⌐ ∆╢ ⅜№╢ ⅎ┌ ≢│ ⌐ ─

⅜ ⇔≡™╢√╘ ↓╣╠─ ≢ ⌐ ║™↕╣≡

⅜(fiꜛ☺כꜟ◒○) ⌐ ∂╢ ╕√ ─ ⌂ ⅝╩∆╢╟℮

⌂ ─ ─ ╩≥─╟℮⌐ ╟ↄ ╘╢─⅛╙ ≤⌂╢

↕╠⌐ ≢─ ≢│ №╢ ⌐ ─ 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 ⌐⅔

↑╢ ─ 5.0km╩ ⇔√ ╕√ ─○

╢↑⅔⌐♪▬ꜝכⱣכ ╩ ⇔√ 2021 ≢│ SIP DIVP

ⱪ꜡☺▼◒♩ ≢ ⇔≡™╢◦Ⱶꜙ꜠כ◦ꜛfi ≤ ◦☻♥ⱶ≤─

╩ ™ fiꜛ◦כ꜠ꜙfi─◦Ⱶכ◦╢⌂≥ ≢─ ╩ ⇔

√ ∕⇔≡ 2022 ⌐│◦Ⱶꜙ꜠כ♃╩ ™≡ ┘Ɽ☻ⱪꜝfi♬fi

◓─▪ꜟ◗ꜞ☼ⱶ╩ ⇔ ⌐⅔↑╢ 10km╩

∆╢↓≤╩ ≤⇔√  
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e. ₈ ⅜ ∆╢ ≢─ ─ ₉  

 

(A I )

(

)

 

⌐ ⅔╟┘ ╩ ∆  

 

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 │ ─
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─ ╩ ⌂◦Ⱶꜙ꜠כ◦ꜛfi♁ⱨ♩─ ╩ ∫√ ↕╠⌐

◦Ⱶꜙ꜠כ◦ꜛfi♁ⱨ♩⌐ ≠™≡ ╩ ™ ♦♇♪꜡♇◒─ ⇔╛

∆™ ה ╩ ⇔ ♦♇♪

꜡♇◒⅜ ╩fiכ◦╢∆ 5 ╠⅛⌐⇔√ ╩ꜟכꜟ ⌐ ∆

╢ ⌐ ⇔≡ ⌐ꜟכꜟ ⇔≡ ⌂ ╩≤╢

⅜ ∆╢ ♦♇♪꜡♇◒⌐╟╡ ≤⌂╢ ⅜ ↓╡╛∆™↓

≤╩ ⇔√ 2020 ≢│ ─ꜟכꜟ ↕⅜ ∆╢♦♇♪꜡♇◒─

⌐fiכ◦ ∆╢ ▪ꜟ◗ꜞ☼ⱶ╩ ⇔≡◦Ⱶꜙ꜠כ◦ꜛfi ┘

╩ ⇔≡♦♇♪꜡♇◒ ▪ꜟ◗ꜞ☼ⱶ─ ╩ ⇔√ 2021 ≢

│ ⅜ꜟכꜟ ≤⌂╢ ≤⇔≡ ─ ─ ⌐

⇔ ⌐ ╩ ∆╢√╘─ ☿fi◘╛ V2N ╩

⇔ ─ ▪ꜟ◗ꜞ☼ⱶ╩ ⇔√ ∕⇔≡ 2022 ⌐│

─ ─ ╩ ℮ ╕√ V2N ⌐╟╢ ─ ╩

∆╢↓≤╩ ≤⇔√  

 

ᵒ  (AI ) ╩ ⇔√♦♇♪꜡♇◒  

AI

AI 2020

 

2021

2022

V2N
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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

 

2018 2 ECU

2019

SIP

2020 2019

SIP

 

2021 ⌐│ SIP ⌐╟╡ ↕╣√ V2N▬fiⱨꜝ╩ ™√

╩ ⇔ 2022 ╕≢─ ⅔╟┘ ╩ ≤

⇔√◄ꜞ▪≢─ ╩ ╘√ ╕√ ⱴ☻◖Ⱶ ╩ ≤∆╢ ╩

↑ SIP ─ ┼─ ⌐ ╘╢≤≤╙⌐ ─ ≤
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╩ ╘╢ ╡ ╖╩ ⇔√ ∕⇔≡ 2022 ╕≢⌐

⌐╟╡ ╠╣√ ╩╙≤⌐ ─ ⌐ ∆╢Ɫה♪כ♁ⱨ♩

─▬fiⱨꜝ⌐≈™≡ ╩ ℮↓≤╩ ≤⇔√  
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1.3.  ─  

a.  ₈ ─ ┘ ⅜ ⌂ ─ ₉  

ᵑ .  Ɽ♃כfi ⌐╟╢ ≤ ▪ꜟ◗ꜞ☼ⱶ─  

≢│ ┘ ─ ⌐ ⇔≡ 120m ─ 99%╩

⇔≡ ⅛╠ ⅜ ≤⌂╢ ╩ ╠⅛⌐∆╢↓≤╩ ≤⇔

≡⅝√ ─ ─ ≢│ ה ה ה ה

╩ ╗ ⌐♃כ♦ ⇔≡ 99%─ ╩ ⇔ ≢│ 15px

─ ╩ ≢⅝≡™╣┌ ─ ⅜ ⌂ ╩ ⇔√ ╕√

⅜ ≤⌂╢ ≤⇔≡ ─

≢ ⌐ ⅎ╢ ╩ ⇔ ∕─ ⅛╠ ┘ ⌐ ⇔≡

│ ⅜ ≢№╢√╘ ┼─ │ ≥ ⇔⌂™↓

≤╩ ⇔√ ─ │ ─ ≢ ∆╢ ⌂ ≢

│ ⌂ ≤│⌂╠⌂™⅜ ⅜ mm/h≤⌂╢ ⇔™ ≢│

ⱨ꜡fi♩●ꜝ☻─ ╛꞉▬Ɽכ⌂≥⅜ ≤⌂╡ ⌐ ⅜№╢↓≤╩

◦Ⱶꜙ꜠כ◦ꜛfi≢ ⇔√ ─ │ ≢ ─

⅜ ∆╢↓≤⅛╠ ⌐ ≤⌂╢ ⅜ ↓╡℮╢↓≤⅜

ⅎ╠╣╢⅜ ─ ⅜ ≢№╢√╘ ╩ ↑≡™⌂™ ─

╩ ∆╢↓≤≢ ⅜ ≤⌂╢ ⇔⅛⇔⌂⅜╠ ⅜

⇔⅛ ⇔⌂™ ⌂≥⌐⅔™≡ ─ ╩ ↑╢≤ ◌ⱷꜝ∞↑≢

╩∆╢↓≤⅜ ≤⌂╢ ╙ ∆╢ ∕─╟℮⌂ ≢ ⌐

╟╢ ≤⌂╢ │№╢ ─ ─ ⌐⅔↑╢

ה ─ ⌐ ⅜ ∆╢ ─ ⌐ ↕╣

╢ ↓℮⇔√ ─ ─ ≤⌂╢ ⌐⅔™≡│ ⌐╟╢▬fi

ⱨꜝ ⅜ ╠╣╢↓≤≢꜡Ᵽ☻♩⌂ ◦☻♥ⱶ─ ⅜ ≢⅝╢

╕√ ─ ⌐⅔™≡│ ─ ⌐ ─ ╩ ⌐

∆╢↓≤≢ ╩ ⌂ ╩ ⇔√ ⇔⅛⇔⌂⅜╠ꜝfiⱪ

─ ⌂≥ ─ ╩ ⅎ⌐ↄ™ ╙ ∆╢√╘ ⱨ꜠כⱶ ─

∞↑≢⌂ↄ ─ ╩ ⅎ╢↓≤⅜ ≤⌂╢ ⌐⅔

™≡│ ─ ⌐⅔™≡ ⅜ ≤⌂╢ ╩fiכ◦ ∆╢↓≤⅜≢

⅝√ ↓℮⇔√ ─ ╩ ╘╢⌐№√∫≡◦Ⱶꜙ꜠כ◦ꜛfi ╩ ™≡

ה ⇔≡™ↄ↓≤│ ⌂▪ꜟ◗ꜞ☼ⱶ ┘ ⌐ ∆

╢≤ ⅎ╢  

⌂⅔ ╩ ∂╢ ≢ ⇔√ │♃כ♦ ⌐ ⇔

√ ╩ ∫≡™╢ ⌐≤∫≡╙ ≥╢№≢♃כ♦⌂ ⅎ╠╣╢ ↓─

√╘ ≢ ╩♃כ♦√⇔ ╩♩♇☿♃כ♦√╘≥╕╡ AD-URBAN 
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Open Image Dataset v1≤⇔≡ ⇔ 20223 ╟╡ ─ ⌐⅔↑

╢ ─ ⌐ ⇔≡ ╩ ⇔√  

╕√ ▬fiⱨꜝ ⅛╠ ⇔√ ─ ╖ ╩ ⇔√

▪ꜟ◗ꜞ☼ⱶ─ ╩ ∆╢√╘⌐ ≢☺꜠fiⱴ♂כ

fi─ ╩ ⇔√ ╖ ─℮∟ ⅜ ╠╣≡™╢

│ ╩ ⇔√ ╠⅛⌂ ⅜ ≤⌂╢ ⅜ ╠╣√ ↕╠

⌐ V2I┘ V2N─ ─ ┘⌐ ─ ╩∆╢↓≤≢

─ ─ ╩ ⇔√ ─ ╩ ⌐ ∆╢↓≤≢

─꜡Ᵽ☻♩ ⌐ ⅎ≡↕╠⌂╢ ─ ─ ╩ ⇔√  
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ᵒ .  ☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi⌐╟╢ ▪ꜟ◗ꜞ☼ⱶ─  

2018

50m

 

2019

120m

96.42% 95.18%

 

2020

HRNet MobileNetV2

 20 97.28%

98.96%

 

2021

ROI

  

2022 99%

CNN

LSTM 45m

75m 99%

45m

97%

98%

80.5%
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b.  ₈ ─ ╩ ∆╢√╘⌐ ≤⌂╢ AI ─ ₉  

ᵑ .  ↑ ◌ⱷꜝ─ ה ▪ꜟ◗ꜞ☼ⱶ  

2018

4096Ĭ3000 H-47.6[deg], V-

36.7[deg] -31.5[deg], V-23.9[deg] 100m

  

2019  Feature Pyramid 

Network(FPN)   

2020 YOLO v4

YOLOv4

200m 25 70m 48

  

2021

DIVP

CG

DIVP

 

2022 DIVP

50%

150m 90% 50-75% 75m 90%

75-100% 50m

50%  

200m 90% 75m

75m 75%
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ᵒ .  LiDAR⅔╟┘Ⱶꜞ ⌐♄כ꜠ ≠ↄ  

≢│ ⌐⅔↑╢ ─

╩ ⌐ ∆╢√╘ ☿fi◘╩ ™≡ ⌐ ⇔√

▪ꜟ◗ꜞ☼ⱶ╩ ⇔√ ╕√ ☿fi◘╩ ™√ ⌐⅔↑╢

⌂ ╩ ∆╢√╘⌐  200m ─ ┘ 70m ─ ─

─ 90%╩ ∆╢↓≤╩ ≤ ⇔≡ ╩ ⇔√  

≢─ ╡ ╖⌐⅔™≡ LiDAR ⌐╟╢ ⌐ ⅎ≡

┘◌ⱷꜝ≤─☿fi◘ⱨꜙכ☺ꜛfi⌐╟╢ ─ ╩ ⇔≡

╩ ⇔√ ╕√ ◌ⱷꜝ─ ╩ ⌐ ∆╢√╘ ♦☺♃ꜟ

⅛╠ ⇔√ ─ ╩ ≤⇔≡ ∆╢↓≤≢

⌐ ∂≡ ∆╢ ╩ ⇔⌂⅜╠ ⌂ ╩ ⇔ ⇔

─ ™ ⌐⅔™≡ ≤⌂╢ 200m ─ ┘ 70m ─ ─

─ 90%╩ ⇔√ ⇔⅛⇔⌂⅜╠ LiDAR─ ⅜ ⌂ↄ⌂╢

╛ ╣─ ™ ⌐│ ⌂ ⅜ ╠╣⌂™↓≤╙ ⇔≡™╢√╘

↓℮⇔√ ⌐⅔↑╢ ─ ╙ ↕╣≡™╢  

↓─╟℮⌂ ⅛╠ ╠╣√ ⌂ ⌐ ⇔≡ ─ ╩

╢√╘ ◦Ⱶꜙ꜠כ◦ꜛfi≤─ ─√╘─ ╩ ⇔√ SIP

≢№╢ DIVP Dr iv ing  In te l l igence  Va l idat ion P la t fo rm ≤ ⇔

↕╣≡™╢☿fi◘─◦Ⱶꜙ꜠כ◦ꜛfi ╩ ⇔√ ─ ╩

⇔√ ≢ ↕╣╢ ╩fiכ◦ ∆╢⌐№√╡◦Ⱶꜙ꜠כ

◦ꜛfi ╩ ⇔√ ─ ╩ ⇔ ה╡ ⌂≥─ ⌂

╢ ╩ ⇔√◦Ⱶꜙ꜠כ◦ꜛfi╩ ≤⇔√ ╕√ LiDAR┘◌ⱷ

ꜝ─ ⌐⅔™≡ ≤⌂╢ ╣⅜ ∆╢ ─≢fiכ◦ ╩

∆╢↓≤≢ ╢↑⅔⌐fiכ◦ ─ ⌂ ⌐ ≢№

╢↓≤╩ ⇔√ ↕╠⌐ ◦Ⱶꜙ꜠כ◦ꜛfi≢ ⇔√☿fi◘♦כ♃╩

∆╢↓≤≢ ⌐⅔↑╢ ⸗♦ꜟ ⌐ ⌂ ╩♃כ♦

≢№╢ ╡ ╖≢│◦Ⱶꜙ꜠כ◦ꜛfi≢ ⇔√ LiDAR─

╩ ∆╢↓≤≢ │≢♃כ♦ ⌐ ─ ⌂™ ┘

─ ╩ ⇔≡ ⸗♦ꜟ─ ╩ ⇔√ ─╟℮⌐ ↕╕↨╕

⌂ ─Ɽꜝⱷכ♃╩ ⇔√ ⸗♦ꜟ─ ╛ ┼─

╛ ─♃כ♦ ⌐╟╢ ─ ⌂≥┼─ ⅜ ≢⅝

╢  
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c. ₈ ─ ₉  

ᵑ .  GNSS/ INS─  

GNSS/INS─ ≢│ ╕∏ ⌐ ⌂ ╩ ─

⅜ ⌂ 1.5mGNSS/INS∞↑≢╙ ◦☻♥ⱶ─ ⅜

⌂ 0.3m─ ≈⌐ ⇔ ╩ ⇔√ ╕∏ 1.5m─

─ ─√╘ ⌂ GNSS╩ ™≈≈╙ ⇔≡ ⌂ ≤⇔

≡ GNSS Doppler─ ╩ ⇔√ ─ ╩ ⇔√ ⌐

│ ⌂ ─ ⱷכ♩ꜟ─ ╩ ∆╢↓≤≢ⱴꜟ♅Ɽ☻╩

⇔ ─ ⌐╟╡ ─ ╩ ≤⇔√ ⌐ 0.3m─

─ ─√╘ ─ ─ ⌐ ™╠╣≡™╢ LAMBDA /Ratio 

Test─ ╖╩ ⇔ ╟╡ ⅜ ↄ ⅜ ⌂▪ꜟ◗ꜞ

☼ⱶ─ ╩ ⇔√ │ ─ ─ ⌂ ╩ ∆╢

↓≤≢ ─ LAMBDA/Ratio Test─ ╖≢╙ ⌂ ─

╩ ↄ ⌂ ≤⌂╢ ↓╣╠─ ╩ ╖ ╦∑ ◖☻♩☿fi◘≢

꜡Ᵽ☻♩⌐ 1.5m─ ╩ ⇔≈≈ ⌐ ∂≡ ╩ ↄ 0.3m─

╩ ∆╢↓≤⅜ ⌐⇔√ ⅎ≡ 0.3m─ ╩ ∆╢

╩ ╖∟┘⅝⅛╠ ↕╣≡™╢ CLAS ┼─ ╩ ⇔√

⌐│ ─ ╩ ⇔√ ─ ⅜ ⌐

ↄ╟℮⌂ ⅜ ╠╣╢╟℮⌐ CLAS LIB╩ ™√ ▪ꜟ◗ꜞ☼ⱶ─

╩ ∫√  

♩fiⱠꜟ╛ ⌂≥─ ≢│╖∟┘⅝╩ ╘≤⇔√ GNSS⅜

≢⅝⌂™√╘ DR(Dead reckoning)≢ ∆╢ ⅜№╢ DR│☺ꜗ▬꜡

☿fi◘≢ ╘√ ≤ ☿fi◘⅛╠ ╠╣╢ ─ ≢ ╩

∆╢√╘ ⅜ ┘╢⌐≈╣≡ ⅜ ⅝ↄ⌂╢ ⅜№╢ ∕↓

≢ DR ─ ─ ╩ ≤⇔≡ DR─ ─ ⌂ ─

≤ ∕─ ⌐ ⇔≡─ ╩ ⇔√ ⌐│ ─

╩ ℮↓≤≢ CLAS 10 ⌐⅔™≡ 0.3m⅜ 90% ─

⅜ ≢⅝╢↓≤╩ ⇔√ ↕╠⌐ ─ ≢─ ─ ╩

≤⇔ ╩ ⇔≡ ─ⱴꜟ♅Ɽ☻ ─ ╩⅔↓⌂℮↓≤

≢ ⌐ ⌂▬fiⱨꜝ⌐ ∆╢ ╩ ∫√ ∕─ ⌐╟╡

⅜ ⌂ ╩ ∆╢√╘⌐│ ≢№╣┌ ⌡

⌂ ⅜ 10 ≢№╢ ╖╩ ╢↓≤⅜≢⅝√ ≈╕╡ INS⌐╟

╢ ╩ ⇔√ ≢ ∕╣ ─ ⇔⅛ ≢⅝⌂™ ⅜№╢

⌐│ ─√╘─▬fiⱨꜝ⅜ ⌐⌂╢≤ ⅎ╢  
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ᵒ .  ⱴ♇ⱪⱴ♇♅fi◓ ─  

GNSS/INS

0.1m

LiDAR GNSS/INS

GNSS/INS

LiDAR Lambert

0.1m

DIVP

GNSS/INS
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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∫√  
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d.  ₈ SAKURA- DIVP≤ ⇔√◦Ⱶꜙ꜠כ♃⅔╟┘◦♫ꜞ○─ ₉  

ᵑ .  (AI ) ⌐ ≠ↄ ─  

2018

 

2019

Attention 

Branch Network (ABN)

 

2020

3m 5m

9m

 

2021

 

2022
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ᵒ .  ⌐╟╢ ─ ≤Ɽ☻ⱪꜝfi♬fi◓  

⌐⅔↑╢Ɽ☻ⱪꜝfi♬fi◓─ ╩ ∆╢√╘⌐│

⌂ ─ ╩ ⌐ ⇔ ─ ⌐ ∂≡ ─

╩ ⇔≡ ─ ╩ ∆╢ ⅜ ≤⌂╢ ─

─ ≢│ Extended Object Tracking (EOT)╩ ™√ ─ ≤

─ ▪ꜟ◗ꜞ☼ⱶ╩ ☿fi◘≢ꜞ▪ꜟ♃▬ⱶ ≢⅝╢╟℮ ⇔√

╕√ ─ ™ ≢─ ⌂≥≢│ ─ ╩ ⇔√Ɽ

☻ⱪꜝfi♬fi◓⅜ ≤⌂╢ ∕↓≢ ⌐╟╢ ─

─ ≤ ─ ╩ ⇔√ ─ ╩ ⌂∫√ ↓─╟℮⌂

│≡™≈⌐fiכ◦ ─ ╩ ⇔√◦♫ꜞ○╩ ⇔ ◦Ⱶ

≡∫╟⌐fiꜛ◦כ꜠ꜙ ╩ ⌂∫√  

─ ⌐ ⇔≡│ ⌐⅔↑╢◦☻♥ⱶ⅜ Ᵽכ○╢⌂≥

─♪▬ꜝכ ≤⇔≡ ╩ ∆╢↓≤≢

◦☻♥ⱶ─ ─ ╩ ⇔√ ↓─ ─ ⌐⅔™

≡ ≢№╢ 10km╩ ≢⅝√↓≤╩ ⇔√

╕√ ─♪▬ꜝכⱣכ○ ╩ ∆╢↓≤≢ ≢─

⌐⅔™≡ ↕╣√ ⌐╟╢ ╩fiכ◦ ⇔√  
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e. ₈ ⅜ ∆╢ ≢─ ─ ₉  

ᵑ .  ꜡Ⱳ♥▫◒☻ ╩ ⇔√♦♇♪꜡♇◒  

≢│ ─ ⌐⅔™≡ fiכ◦◒♇꜡♪♇♦╢╣↕

─ ╩ ⇔≡▬fiⱨꜝ⌐╟╢ ⅜ ⌂ ╩ ∆╢√╘⌐

♦♇♪꜡♇◒ ─ ╩ ⇔√ ─ ─ ╩

≤⇔≡ ─ ⅜ ∆╢ ╩ ⇔√ ╩ ∫√

↓╣⌐╟╡ ⌂♦♇♪꜡♇◒─ │ ╩ꜟכꜟ ⌐ ∆╢

⌐ ⇔≡ ⌐ꜟכꜟ ⇔⌂™ ─ ⅜ ∆╢ ╛

─ꜟכꜟ ⅜ ∆╢ ⌐ ⇔⅜ ↄ ⅜ ╣≡⇔

╕℮ ⌂≥⌐ ≢№╢↓≤⅜ ⅛∫√ ∕↓≢ ⌂♦♇♪꜡♇

≡⇔≥fiꜛ◦כ◄ꜙ♅◦─◒ ─ ⅜ ∆╢ ⌐⅔™≡

∆╢♦♇♪꜡♇◒≤ ─ ⌐⅔™≡ ⇔℮╢♦♇♪꜡♇◒

╩ ≤⇔≡ ╩ ╘√  

╕∏ ─ ⅜ ∆╢ ≢─♦♇♪꜡♇◒≢│ ↓↓≢

│ ◒♇꜡♪♇♦╩fiכ◦◒♇꜡♪♇♦ ⌐₈ ⌐ ₉≢⅝╢⅛

╙⇔ↄ│ ⌐₈ ⌐ ₉⇔⌂↑╣┌™↑⌂™⅛ ≤™℮ ≢♃▬

ⱪ ↑╩ ⇔ ─ ♃ ▬ⱪ⌐ ≈ ™≡ ꜡Ⱳ ♥▫◒ ☻ ╩ ⇔√

♦♇♪꜡♇◒ ▪ꜟ◗ꜞ☼ⱶ╩ ⇔√ ─ ▪ꜟ◗ꜞ☼ⱶ─

╛◦Ⱶꜙ꜠כ◦ꜛfi ┘ ╩ ⇔≡♦♇♪꜡♇◒ ─ ⅜

№╢↓≤╩ ⇔√   

╕√ ≡⇔≥fiכ◦◒♇꜡♪♇♦─ ─ ╩ ℮√╘─

V2N ⌐╟╢ ─ ┘ ⱴ▬◒╩ ™≡ ─ ▪ꜟ

◗ꜞ☼ⱶ╩ ⇔√ ⱴ▬◒⌐╟╢◘▬꜠fi ─ ╛ ─ ╩

℮↓≤≢ ☿fi◘⌐╟╢ ─ ╩ ⇔≡ ⅜ ≤⌂╢

╩ ⇔√ ↓╣⌐╟∫≡ⱴ▬◒╩ ™√◘▬꜠fi ─ ≢│ 100₩

150[m]╕≢│ ⌂ ⅜ ≢⅝ 100[m]─ ╩

20~30[deg]≢ ⌂↓≤╩ ⇔√ ╕√ V2N⌐≡ ↕╣╢

─ ─ ╩ ∆╢↓≤≢ ─ ─ ╩ ⇔√ ↓

╣╠─ ╩ ∆╢↓≤⌐╟∫≡ ⱴ▬◒≢─ ⅜ ≤⌂╢ 200

300[m]⅛╠ V2N─ ╩ ™╢↓≤≢ ─ ╩ ⇔ ⌐

⌂╢⌐ ╣≡ ⱴ▬◒╛◌ⱷꜝ⌂≥╩ ⇔≡ ╩ ∆╢⌂≥─

⅜ ≢№╢≤ ⅎ╢  
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ᵒ .  (AI ) ╩ ⇔√♦♇♪꜡♇◒  

2019

AI

1)

2)

AI

  

2020

AI

1)

2)

3) 4)

5)

3 5

1 2 4

 

2021

AI

 

2022

90%

73%

50

40 50%

100 60 50
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f .  ₈ ₉  

2 0 1 9 ╕≢⌐ ⅔╟┘ ⌐ ∆╢☿fi◘ ◖fiⱧꜙ

♃כ ╩ ⇔ 2 ─ ╩ ⇔√ ╕√ ─ ─

◄ ꜞ ▪⅔ ╟┘ ─ ≢ ─ ⌐ ≤ ⌂╢ ─

╩ ⇔√ ↕╠ ⌐ ⌐ ↕ ╣≡ ™╢ ╩ ∆╢

⅛╠─ ╩ ≤∆╢√╘ I T S ─ ┼─ ⅔╟

┘ ♁ ⱨ♩ ►▼▪ ─ ╩ ╘√ ╕ √ ⇔√ ╩ ™√

╩ ⌐ ∆ ╢√╘ ⌐╟ ╢ ╩

⇔ 2 0 19 7 ⅛╠ ⌐⅔™≡ ╩ ⇔

√ ╕√ 2 0 1 9 9 ⅛╠ ≢─ ╩ ⇔√  

╕√ 20 2 0 ⌐│ I T S ─▪fi♥♫─ ─ ⇔

─ ♩☻◖כ꜡─♪כ꜠◓ G N S S / IN S─ ⌂≥─ ─

╩ ⇔√ ╕√ ⌐⅔↑╢ ─ ⌐⅔↑╢

╩ ⇔ ⅔╟ ┘ ─ ⌐⅔ ↑╢

╩ ⌐ ⇔√ ╕√ ⅜ ⇔≡ ⇔√

ⱷ♦▫▪ 2020)כ▪♠♪▬●↑ 9 1 ) SIP-adus

2021 3 24 25 ⌂≥⌐⅔™≡ ─ ─

╩ ⇔ ⌐ ∆╢ ╡ ╖⌐≈™≡╙ ⇔√  

╕√ 2 0 2 1 ⌐│ ─◘▬꜠fi ─ ╙ ≤∆╢√╘

─ ─ ╩ ⌂ⱴ▬◒╙ ⌐ √⌐

⇔ ╩ ╘√ ─ ╩ ≤⇔√ ╕√▬fiⱨꜝ

─ ─ ─√╘ SIP ≤⇔≡ ↕╣≡™╢

⌐⅔™≡ 2021 ⅛╠ ↕╣√ V2N╩ ⇔√ ⌐

∆═ↄ 2020 ╕≢ ⇔≡™√ ⌐ ⅎ כꜝꜟ☿ ⌐

╟∫≡▬fiⱨꜝ⅛╠─ ╩ ⌂ ╩ √⌐ ⇔ ╩

⇔√ ∕⇔≡ V2N⌐╟∫≡Ⱡ♇♩꞉כ◒⅛╠ ↕╣╢

⅜ ≢№╢↓≤╩

⇔√ ╕√ 2021 4 20 21 ⌐ ⌐⅔™≡ ↕╣√ⱷ

♦▫▪ ↑ ⌐ ⇔ ─ ─ ╩ ⇔

⌐ ∆╢ ╡ ╖⌐≈™≡╙ ⇔√  

↕╠⌐ 202 2 ⌐│ ⌐⅔↑╢ V2N ⌐⅔↑

כꜝꜟ☿╢ ⌐╟╢ ♃▬Ⱶfi◓─ ╩ ≤⇔≡

⌐ ≢ ↕╣≡™╢ V2N ─ כꜝꜟ☿

PC GPS꜠ Ᵽכ◦ ╩ √⌐ ⇔√ ∕⇔≡

⅔╟┘ ─ ⌐⅔↑╢ ╩ ⌐ ∆╢
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≤≤╙⌐ ⌐⅔↑╢ ╙ ⇔√ ╕√ 2022 9 29

10 1 ⌐ ⌐⅔™≡ ↕╣√ ⌐ ⇔ ─

─ ╩ ⇔ ⌐ ∆╢ ╡ ╖⌐≈™≡╙

⇔√  

∕⇔≡↓╣╠─ ╡ ╖╩ ⇔ ≢│ ⌐⅔↑╢

╩ 2019 9 2022 12 ╕≢─ 3 4⅛ ⇔ ↓─ ─ ≢

244 ╩ ⇔ ≢│ 3970.4km─ ⇔√  
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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 ╘╠╣╢ ╩ ⇔≡╕≤╘╢ ╕

√ ▬fiⱨꜝ⌐╟╢ ⅜ ╠╣√ ─ ≤⇔≡ V2I ┘ V2N ⌐╟

╢ ╩ ⇔√ ∕─ ─ ≡⇔≥☻כ◔⌂ ─

⌐⅔↑╢ 99%─ ⌐ ≤⌂╢ ─ ⌂╠┘⌐ SIP ≢

№╢ DIVP Dr iv ing  In te l l igence  Va l ida t ion P la t fo rm ⌐⅔™≡ ↕╣≡

™╢☿fi◘─◦Ⱶꜙ꜠כ◦ꜛfi ≤ ⇔√ ─ ╩ ⇔

√ ⌐│ ─ ה ╩ ⇔√  

 

ꜟ♃☺♦ה ╩ ⇔√ ה ─ ▪ꜟ◗ꜞ☼ⱶ─ ה  

ה ─ ▪ꜟ◗ꜞ☼ⱶ─ ה  

ה ╩ ⇔√ ─  

ה ─ ─fiכ◦ ♩♇☿♃כ♦  

V2I/V2Nה ─ ⌐╟╢ ─  

≢│ ⌂ ⌐≈™≡ ⌐ ═╢  

 

¶ ♦☺♃ꜟ ╩ ⇔√ ▪ꜟ◗ꜞ☼ⱶ─ ה  

⌐╟╢ ⌐ ∆╢ ≤⇔≡ ⌂ ╩ ≤∆╢

√╘⌐♦☺♃ꜟ ╩ ⇔√ ─ ⅜↓╣╕≢⌐ ↄ ↕╣

≡⅔╡[1-3] ≢│↓╣╕≢⌐ ◌ⱷꜝ≤ ┘♦☺♃ꜟ

╩ ⇔√ ▪ꜟ◗ꜞ☼ⱶ╩ ⇔≡⅝√[4-5] ⌐⅔™≡│

2018 ⌐ ⌐≡ ∆╢◌ⱷꜝ─☿fi◘☻Ɑ♇◒─ ╩ ™ ∕

─ 2020 ╕≢─ 3 ≢│▪ꜟ◗ꜞ☼ⱶ─ ┘ ╩ ⇔≡⅝

√ ⇔√ ▪ꜟ◗ꜞ☼ⱶ─ ╩ 2.1.ŋ -1⌐ ∆ ♦☺♃ꜟ
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╩ ⇔√ ─ ⌂ │ ─ ╡≢№╢  

(1 ) ROI ♦☺♃ꜟⱴ♇ⱪ╩ ™≡ ─ Region Of 

Interest, ROI╩ ∆╢  

(2 ) ≤⇔≡ ROI ─ ╩ ∆╢  

(3 ) ─ ╛ ╩ ™≡ ╩ ∆╢  

 

 

2.1.-1 ▪ꜟ◗ꜞ☼ⱶ─  

 

≤♦☺♃ꜟ ─ ─ ≤─ ⌂ ⅛╠

─ ─ ROI╩ ⇔ ♦☺♃ꜟ ≤ ╩ ™≡◌ⱷꜝ

─ ╩ ⇔ ROI╩ ∆╢ ↓─ ROI ⌐ ⇔≡ ─

─ ╩ ℮ ⌐ │ ╟╡ ╢™ ╩╙≈↓≤ ∆

⌂╦∟ ™ ≤ ╩ ≈ ⅜№╢√╘ ™─ ╛ ─

⌂≥─ ⌐ ⇔≡ ╩ ⇔≡ ≢№╢⅛╩ ∆╢

⌐ ╕╣╢ ⌐│ ∞↑≢⌂ↄ ה ╛

─ ╙ ╕╣≡™╢ ∕↓≢ ─ ⅜

╩ ≈ ─ ╩ ℮ │ ▪ꜟ◗ꜞ☼ⱶ⌐

╟∫≡ ↕╣√ ⌐╟∫≡ ↕╣╢ ⇔⅛⇔⌂⅜╠ 120m

─ ╩ ∆╢ Ⱨ◒☿ꜟ ─ ↕⌂ ╩ ⇔≡ ∆╢↓≤

⅜ ↕╣╢ ↓─╟℮⌂ ⌐ ⇔≡ ╩ ⇔≡ ╩ ™ ▪ꜟ◗

ꜞ☼ⱶ─ ╩ ╘√  
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─ ≢│ ─ ⅜ ∆╢ ⌐⅔↑╢ ╩ ™ ∆╢

◌ ⱷ ꜝ ╩ ⇔ √ ◌ ⱷ ꜝ ≤ ⇔ ≡ │ ─ ◌ ⱷ ꜝ ─ HDR(High 

Dynamic Range) ┘ LEDⱨꜞ♇◌כ ╩ ∆╢ ◌ⱷꜝ╩

⇔≡ ─ ╛ ┼─ ╩ ⇔√ │ ─

╩ ⇔ ꜝfiⱪ LED ╩ ≤⇔≡ ה ה ⌂≥

⌐⅔↑╢ ╩ ⇔√ ⌐ ↕╣√ ─

╩ 2.1.ᵑ-2 ┘ 2.1.ᵑ-3⌐ ∆  

 

  

HDR◌ⱷꜝ  HDR◌ⱷꜝ  

2.1.ᵑ-2 ≢─ ─  

 

  

HDR◌ⱷꜝ  HDR◌ⱷꜝ  

2.1.ᵑ-3 ─ ≢─ ─  
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 ↓℮⇔√ ─ ╩ ⇔≡ ∆╢↓≤⌐╟╡ HDR◌ⱷꜝ

─ ⌐╟╢ ╛ ─ ≢─ ╩ ⇔√ ⌐

⇔≡│ ─ ╡Ⱨ◒☿ꜟ ⅜ ↕ↄ⌂╢ ─ ⅜ ≤⇔≡

↕╣√ ↓℮⇔√ ⅛╠ ─ ⌐⅔™≡ 120m

─ ┘ ╩ ⌐ ∆╢√╘⌐│ Ⱨ◒☿ꜟ ─ ↕⌂

╩ ⇔≡ ⌂▪ꜟ◗ꜞ☼ⱶ╩ ∆╢↓≤⅜ ≤⌂╢ ◌ⱷ

ꜝ≤⇔≡ ⌂ 50 60 ─ ╩ ∆╢◌ⱷꜝ╩ ™≡ ∆╢

ⱨꜟ HD◒ꜝ☻─ ─◌ⱷꜝ≢╙ 100m ─ │ 10px

─ ⌐⌂╢↓≤⅜ ≢№╢ ↓─ ⌐№╢ ─ ⅝

╩ ∆╢↓≤│ ≢│⌂ↄ ⅜ ≡╙ ∞↑⅛╠ ─ ⅝╩

∆╢↓≤⅜ ⌂ ╙ ∆╢ ⅎ┌ 2.1.-4─╟℮⌐ 150m

╣√ ─ ≢│ ─ ⅜≈┬╣≡⇔╕™ ⅝╩ ⌐ ∆╢

↓≤│ ⇔™ ↓─╟℮⌐ ≢≈┬╣≡⇔╕∫√ ╩ ─

─ ≤⇔≡ ⇔≡⇔╕℮ ⅜ ↓╡℮╢ ↓─╟℮⌂ ≢╙

─ ⅝╩ ∆╢√╘ ♦☺♃ꜟ ─ ≤⇔≡ ≤ ─

⅜ ⅎ╠╣√ ╩ ≤⇔≡ ─ ╩ ⌂ ╩

⇔√[6] ⇔√▪ꜟ◗ꜞ☼ⱶ≢│ ↓↓≢ ⇔√ ┘

⌐│ ─ ⌐ ⇔≡№╠⅛∂╘ ⅎ╠╣√ ⅛╠

─ ╩ ≤⇔≡ ∆╢ ╩ ∆╢ ↓╣⌐╟∫≡

─ ⅜ ↕╣╢  

 

2.1.-4 ─ ▪ꜟ◗ꜞ☼ⱶ  

 

↓↓≢ ⇔√ ▪ꜟ◗ꜞ☼ⱶ⌐ ⇔≡ ≢ ╩♃כ♦╢╣╠ ™

√ ╩ ⇔√ │♃כ♦ ┘ ⌐≡ ⇔√

╩♃כ♦ ⇔≡⅔╡ ─♃כ♦ │ ┘ ╩ ╦∑≡ 67,171

№╢ ─♃כ♦ │ ─ ╡≢№╢  
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 2.1.-1 ⌐ ♃כ♦√™  

Label Number of Data 

Green 39,712 

Yellow 2,513 

Red 22,726 

Left 711 

Straight 372 

Right 1,137 

 

≤⇔≡│ ⌐ ∆ F-value╩ ™╢ ⅛╠ ╕≢─

╩ 10m─ ↔≤⌐ ↑≡ ≢─ ─ ╩ ∆╢ ▪ꜟ

◗ꜞ☼ⱶ⌐⅔™≡ ⇔√ ▪ꜟ◗ꜞ☼ⱶ╩ ∆╢⅛ ⅛⌐╟╢

⅔╟┘ ─ ▪ꜟ◗ꜞ☼ⱶ≤⇔≡ YOLOv3[7]╩ ≤⇔≡

╩ ∆╢  

 

ὖὶὩὧὭίὭέὲ
Ὕὖ

Ὕὖ Ὂὖ
 (2.1.-1) 

ὙὩὧὥὰὰ
Ὕὖ

Ὕὖ Ὂὔ
 (2.1.-2) 

ὊȤὺὥὰόὩ
ςὖὶὩὧὭίὭέὲϽὙὩὧὥὰὰ

ὖὶὩὧὭίὭέὲὙὩὧὥὰὰ
 (2.1.-3) 

 

√∞⇔ TP│ FP│ FN│ ≢№╢ ≤⇔

≡ ≢ ╠╣╢ F ─ ╩ 2.1.-5⌐ ─≢fiכ◦⌂ ROI

╩ 2.1.-6⌐ ∆ ◓ꜝⱨ⌐⅔™≡ ⅜ ─ ≢№╡ ⅜

─ ≤ ⇔≡™╢ ↓─ ╟╡ ─ ⌐╟╡ ─

⅜ ⇔≡™╢ ⅜ ≢⅝╢ ─ ⌐ ⇔≡ ─

⅜ ╠╣╢ │ 10 20m╒≥ ⇔≡™╢↓≤⅛╠╙ ─

─ ┼─ ⅜ ↕╣√  
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2.1.-5 ─ ╢↑⅔⌐♃כ♦ ה ─  

 

 

2.1.-6 ─  

 

↓─╟℮⌐⇔≡ ⇔√ ▪ꜟ◗ꜞ☼ⱶ╩ ™≡ ─

⌐⅔↑╢ ┘ ─ ╩ ∆╢ ⌐ ╩

∆╢≤⅝─ ⌐ ™ ╩ ℮√╘ ─ ─ ꜞ☻♩╩

◦♫ꜞ○≤⇔≡ ⇔≡ ≡╘≥╕╩♃כ♦○ꜞ♫◦─ ∆╢ 2.1.-

2⌐ ⇔√ ─♃כ♦ ╩ ∆ │♃כ♦ 233─ ◦♫

ꜞ○≤⇔≡ ה ─ ╠⅛♃כ♦─ ↕╣≡™╢

─♃כ♦ ⱨ꜠כⱶ │ 42,603≤⌂∫≡⅔╡ ≤⌂╢ ROI─

│ 97,985≢№╢  
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 2.1.-2 ─ ⌐♃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╩ ™≡ 10m─ ↔≤─ ─ ╩

∆╢ √∞⇔ ♃כ♦ ─ ⌐╟╡ ─ ─ ≢│ ─

⌐ ∂≡ TP/FP/FN╩ ⇔↓╣╠╩ ⇔≡ ─ ≤⇔≡╕≤

╘≡ ∆╢ ≢│ ─ ⌐ ≠™≡ ╩ ⇔√  

 

¶ ─ ─  

¶ ─ ─  

¶ ꜠fi☼◌ⱷꜝ ⌐╟╢ ─  

¶ ─ ─  

 

⇔√ ▪ꜟ◗ꜞ☼ⱶ─ ╩ ─ ⅛╠ ∆╢ │

ROI⌐ ∆╢ ─ ╩ ⌐ ∆╢ ⅜ ╠╣╢ ⇔⅛⇔⌂

⅜╠ ↄ─ ≢│ ⌐│ ─ ⅜ ↕╣≡⅔╡ №╢ⱨ

╙≡™⅔⌐ⱶכ꜠ ─ ─ ╩ ⌐ ∆╢ ≢│

≤⇔≡ ↑╠╣√ ─ ⅛╠ ⌐ ─
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╩ ∆╢↓≤⅜ ≢№╢ ∕↓≢ ─ ≤│ ⌐

≢ ╩ ∆╢ ↓─ ⱨ꜠כⱶ⌐ ─ ⅜№╢

│ ⌐╟╡ ╩ ∆╢  

╕√ ≢ ⇔≡™╢ ≢│ ─ ⌐

─ ◌ⱷꜝ╩ ⇔≡™╢ ⌐ ∆╢ ╩ ∆╢√

╘⌐ 53deg⌐ ⅎ≡ 27deg╩ ⇔√ ╙ ∆╢

⌂ ≤⇔≡│ ≢ ≤⌂╢ ─ ROI⌐ ⇔≡

─ ⌐ ∆╢ ROI⅜ ╕╣╢ │ ─ ROI ╩

∆╢≤™℮ ≢№╢ ∕─ ה ⌂≥─ ─ ╙

∆╢ ≤⇔≡ 2.1.-7 ┘ 2.1.-3⌐ ⌐♃כ♦ ∆╢

┘ ─ ╩ ∆ ≢│ ┘

─ ≤ ◌ⱷꜝ─ ─ ─ ™⌐╟╢ ↔≤─

≤ 100m┘ 120m ─ ╩ ⇔≡™╢  

╟╡ ─↓≤⅜ ↕╣√  

ה ≢ ╩ ∆╢↓≤≢ ─ ⅜  

ה ◌ⱷꜝ╩ ∆╢↓≤≢ ┘ ─ ⅜  

ה ─ ≢ ꜠fi☼╩ ∆╢↓≤≢ 120m ─

⅜ 0.990≤⌂╡ ─ ╩  

≢ ∆╢↓≤≢ ⌐ ┘ ─ ─ ╩ ⇔

√ ↓╣│ ≢│ ─ ╩ ∆╢ ⌐ ─

─ ╛ ─ ⌐╟╡ ROI─ ⌐┌╠≈⅝⅜

↕╣≡™╢ ↓╣│ ─ ≤⇔≡ ╩ ╢↓≤≢ ⌂

⌐ ≢⅝╢╟℮⌐⌂∫√↓≤⅜ ≢№╢  

╕√ ◌ⱷꜝ╩ ∆╢↓≤≢ ─ ⅜ 2% ≢⅝

≡™╢↓≤⅜ ≢⅝√ ⅜ 100m ≤⌂╢≤ ─Ⱨ◒☿ꜟ ⅜

10px ≤⌂╡ ─ ⅝╩ ⌐ ∆╢↓≤│ ≢│⌂™↓≤⅜

╟╡ ↕╣√ ↓╣⌐ ⇔≡ 1/2─ ◌ⱷꜝ╩ ∆╢≤

─ ╩ ≢⅝√↓≤⅛╠ ─ ⅜ 15px │ ↕╣

≡™╢ ≢─ ⅜ ╕⇔™≤ ⅎ╢  



 

 

  

45 

 

  

  

(a) 53deg (b) 53deg 

  

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

⌐♃כ♦ 7-.2.1 ∆╢  

 

⌐♃כ♦ 3-.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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⌐ ─ ╩ 2.1.-4⌐ ∆ ⌐╟╢ ─┌╠≈

⅝│№╢╙── ≢│ ≢╙ 97% ─ ⅜ ╠╣≡⅔╡

│ 98.5%─ ⅜ ╠╣≡™╢↓≤⅛╠ ⌐ ⅜

⇔≡™╢ │ ↕╣≡™⌂™ ⅛⌂ ≢│№╢⅜ ה ─

≢─ ─ ⅜ ─ ≤ ═≡ ™ ⅜№╢↓≤⅜ ↕╣≡™

╢  

 

ה 4-.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 ⌂≥─ ╙ ↕╣≡™╢ ⌐│

┘ ≢fiכ◦─≤⌂ ⌐╟╢ ╩ ⇔√ ⌐

≢ ↕╣√ ⌐fiכ◦ ∆╢ ╩fiכ◦⌂ ═╢  

¶ 2.1ŋ-8(a)─╟℮⌐ ⌐∑╡ ⇔≡™╢ ⌐╟∫≡

⅜ │≢fiכ◦╢™≡╣↕ ≢ ∫≡™╢ ⌐ ─

⅜ ↕╣≡™╢⅜ ⌐╟╢ ≢│◌ⱷꜝ─ ⅛╠

∕─╙─╩ ∆╢↓≤│ ≤⌂╢ ╣⅜№╢ │ ≢№

╢√╘ ⌂ ≤│⌂╠⌂™⅜ ⌂≥⌐╟∫≡ ─ ↑ ⅜

⌂╢↓≤⅜ ↕╣╢  

¶ 2.1ŋ-8(b)─╟℮⌐ ≢ ⌐№╢ ─ ⌐

╟╡ ≤⌂╢ ─ ⅜ ≤⌂╡ ≤⌂╡╛∆™↓≤⅜

↕╣√ ↕╠⌐ ─ ─◄♇☺─Ɽ♃כfi╩ ∆╢↓≤╙

↕╣≡™╢ ↓∟╠│ ⌐ ─ ⌐ ↕╣≡™╢⅜ ≤

⌂╢≤ ⌐ ≢⅝≡™╢  

¶ ─ ≢│ ⌐◓꜠▪╛Ⱪꜝכ⌂≥─ ╩ ↑╢
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↓≤⌐╟∫≡ ─ ⅜ ⌐ ═╢≤ ⌐⌂╢ ⅜№

╢ ↓╣⌐╟∫≡ 2.1.-8(c)─╟℮⌐ ─ ⅜ ⌐⌂╢↓

≤⅛╠ ─ ╛ ┼─ ⌂≥─ ⅜ ↕╣≡™

╢ ↓─╟℮⌂ ≢╙ ⌐⌂╢≤ ⌐ ≢⅝╢ ╩ ⇔

≡™╢↓≤⅛╠ ∆╢ │ ≢№╢≤ ⅎ╢  

¶ 2.1.-8(d)─╟℮⌐ ≢ ⌐ ⅜ ∆╢

≢│ ─ ⌐╟╡ ⅜ ⇔√ ⅜ ↕╣╢ ↓─ ≢│

⇔√ ⌐№╢ ╩ ⌐ ∆╢↓≤⅜≢⅝⌂ↄ⌂╢√

╘ ⌂≥─ ╩ ⇔≡™╢ ≢│

⅜ ⌐ ™ ™⌐⌂∫≡™╢↓≤╙№╡ ╛ ╩

≤ ∆╢ ⌂≥╙ ⇔≡™╢  

 

  

(a)  (b)  

  

(c)  (d)  

2.1.ᵑ-8 ─ ≢ ⇔√ ⌐╟╢ ⌂

─fiכ◦  

 

─╟℮⌐ ה ה ה ⌂≥─ ⌐⅔™≡

─ ⌐⅔™≡ ⅜ ≤⌂╢ ╩ ⇔√ ⇔⅛⇔⌂⅜╠
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─ ⌐⅔™≡ │ ╛ │ ⌐⅔™≡ ↕

╣≡⅔╡ │ ≢№╢√╘ ⌐ ⌂ │⌂™≤

ⅎ╢ ─ ⌐⅔™≡╙ ─ ⌐╟╢ ה ⅜ ⇔≡™

≡╙ HDR◌ⱷꜝ─ ⌐╟╡ ⅜ ≤⌂╢ ↓╣⌐╟∫≡ ⌐

↕╣≡™╢ ─ ⅜№╢↓≤≢ ⅜ ≤⌂╢

─ ╟╡ ⌐ ≤⌂╢↓≤⅜ ↕╣╢ ≤⇔≡│

─ ⅜ ⅎ╠╣╢  

¶ ⌐ ∆═≡╩ ≢⅝⌂™ ⅜ ∆

╢  

¶ ⌐ ⌐ ∆═≡╩ ≢⅝⌂™  

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  

 

≢│ ⌐╟╡ ⅜ ⇔≡ ⅜ ≤⌂╢ ≤⇔≡

ה ה ה ה ⅜fiכ◦─≤⌂ ↕╣√ ↓╣╠─

─℮∟ ⌂≥─ ⌐╟╢ ⅜ ≤⌂╢ │◌ⱷꜝ─
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⌐╟╡ ─ ™⅜ ↕╣╢ ∕↓≢ ⌐⅔↑╢ ─

─ ╩ ∆╢√╘⌐ ┘ ─ ─ ╩ ⇔≡ ╩

⇔√ ─ ╩ ∆╢ ⌐ ה ─ ┼─ ⌐ ∆

╢ ╩ ⇔√ 2.1.-10⌐ ∆╟℮⌐ ◌ⱷꜝ ┘ ≤─

⌂ ⌐╟∫≡ ─ ™⅜ ∆╢≤ ⅎ╠╣╢ ⇔⅛⇔⌂⅜

╠ ─ ⅜ ⌐ ─ ⌐№╢ │ ⅜ ↕╣╢√╘

╩ ↑⌂™↓≤╙ ↕╣╢ ─ ≢│ ─ ⅜

─ ╩ ╠∆↓≤≢ ⅜ ≢ ╢ↄ⌂╢↓≤≢ ⅜

∆╢≤ ↕╣╢  

 

  

(a) ─ ─  (b) ─ ─  

2.1.-10 ◌ⱷꜝה ─ꜝⱷ◌ה ⌐╟╢ ה ─

─  

  

(a)  (b) ─  

ה 11-.2.1 ─ ─  

 

∕↓≢ ה ─ LED ┘ꜝfiⱪ ─ ╩ ⇔≡ ⇔√

─♃כ♦ │ ─ ≢№╢₈ ◄▪Ɽ₉◒כ

─ ╩ ◄ꜞ▪≤⇔≡ ⇔√ 2.1.-11─╟℮⌐ ⌐

≤⇔≡ ⇔√ LED ┘ꜝfiⱪ ╩ ⇔≡ ⌐

⅝╩ ⅎ⌂⅜╠ ה ─ ╩ ⇔√  
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─ ≢│ ה ⅜ ∆╢ ─ ≢ ─ ╩

↕∑⌂⅜╠ ⅜ ↕╣╢ ≢◌ⱷꜝ╩ ↕∑≡ ∆╢

─ ™⌐╟╢ ╩ ∆╢√╘ ↕╣√ ╩ ⅜

⇔≡ ⌂ ╩ ≢⅝╢⅛≢ ⌐⅔↑╢ ⌂

─ ╛ ─ ™⌂≥╩ ⇔√  

 

(a) ─  

 

(b) ⌂ ⌐ ⅜№╢ │  

2.1.-12 ─  

 

╕∏ ≢│  LED fiⱪꜝה ⌐╟╠∏ ─ ⌐⅔™≡

⌂ ⅜ ⇔≡™╢↓≤⅜ ↕╣√ ─ ™⌐╟╢ ╙ ↕╣
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≡⅔╠∏∕╣∙╣─ ⌐⅔™≡ ⌂ ⅜ ↕╣√ ─

⌂ ╩ 2.1.-12⌐ ∆ ⅜ ─ ⌐ ∆╢

⌐ ⅜ ∆╢↓≤≢ ≤⌂╢ ⅜ ↕╣√ ╕√

─ ⌐ ⅜ ╣√ ╛ ⅛╠ ╣√ ⌐№╢ │ ≢

№╢↓≤╙ ↕╣√ ⇔√⅜∫≡ ─ ╩ ↑╢ │ ≢№╡

─ ∞↑≢ ≤⌂╢ ⅜ ∆╢ │ ∆╢

◌ⱷꜝ─♄▬♫Ⱶ♇◒꜠fi☺⌂≥⌐ ⇔≡ ⌂╢⅜ ≢│ ─

⌐ 5₩10deg ─ ⌐ ─ ╩ ↑╢☻ⱳ♇♩⅜ ↕╣√ ↓

─╒⅛ ⌐╟╡ ⅜ ⇔√ ⌐⅔™≡ ─ ⅜ ↕╣√  

¶ ─ ┼─ │ LED/ꜝfiⱪ ⌐╟╠∏ ─

⌂ ≢  

¶ │ ∆╢◌ⱷꜝ⌐ ∆╢⅜ ≢│ 5₩10deg  

¶ ─ ⌐╟╡ ⅜ ∆╢ │ ─ ⅜ ─

≤ ⌂╢ ≤⌂╢  

¶ ─ ⌐╟╡ ⅜ ∆╢ │ ─ ⅜  

⌐ ⌐⅔↑╢ ─ ╩ ⇔√ ╩ 2.1.ᵑ-13⌐ ∆

─ LED ≢│ ⅜ ⇔√ ⅜ ↕╣√⅜ ה

⌐ ⇔≡│ ⌂ↄ ╩ ≢№∫√ ⇔⅛⇔⌂⅜╠ ꜝfiⱪ

│ ⌐╟╠∏ ⌐ ∫≡ ≤⌂╢ ⅜ ↕╣√

2.1.ᵑ-13 ─╟℮⌐ ─ꜝfiⱪ ≢│ ⌐╟╠∏∆═≡─ꜝfi

ⱪ⅜ ⇔≡™╢⅛─╟℮⌐ ↕╣≡⅔╡ ≤⌂╢↓≤⅜ ≢⅝

╢ ⅜ ⌐ ╠↕╣╢ ─ │ ─ ⌐╙ ∆╢

⅜ LED ⌐ ⇔≡ꜝfiⱪ ⌐ ∆╢ ⅜ ⌐ ⅝™↓≤⅜

↕╣√ ∕─ ─ ≢│ ─ ⅜ ↕╣√  

ה ─ꜝfiⱪ  

ה / ⌐╟╠∏ ⅜ ⌐ ™  

ה / ⌐╟╠∏ ⅜ ™  

ה / ─ ─ ⅜ ⇔⌂™√╘ ─ ⅜  

ה ─ LED  

ה ─ │ ≤ ⌂╢  

ה / ⌐╟╠∏ ⅜ ™  

ה / ≢ ⌐ ⅜№╢⅜ 2.1.ᵑ-13(4)─╟℮⌐ ─

≢│ ─ ⅜ ↕ↄ ⌂ ⅜ ↕╣√  
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2.1.Ȥρσ ─  

 

↓╣╕≢─ ⌐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.-14(b)─╟℮⌐ ⅜ⱦꜟ⌐ ⇔≡

⌐ ─ ╩ ↑╢↓≤╙ ↕╣≡™╢ ⇔√⅜∫≡ ─ ⌐

╟╢ ╩ ←√╘⌐╙ ◌ⱷꜝ ─ ─ ╩ ∆╢↓

≤│ ≢№╢ ∕↓≢ ◌ⱷꜝ ⌐⅔™≡ ─ ╩ ↑≡™╢

╩ ∆╢▪ꜟ◗ꜞ☼ⱶ╩ ⇔√[8] ⇔√▪ꜟ◗ꜞ☼ⱶ≢│ ╩

∆╢ ╖ ─◒כⱠ♇♩꞉ꜟꜝכꜙ♬╖ ╩ ∆╢↓≤

≢ ─ ⌐╟╢ ╩ ↑√ ─ ╩ ꜠ⱬꜟ≢ ∆╢▪

ꜟ◗ꜞ☼ⱶ≤⌂∫≡™╢ 2.1.-15─╟℮⌐ ╛ ⌐╟╡

─ ⇔√ ─ ╩ ≤⌂∫≡™╢ ╕√ 2.1.-15(a)─╟

℮⌐ ⅜ ⇔≡™⌂™ │ ™ ⅜ ↕╣╢√╘ ↓─ ╩

™╢↓≤≢ ─ ─ ⅜ ─ ╩ ↑≡™╢⅛ ⅛╩

≤⌂╢  
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(a) ─ fiכ◦─ ⅜ ≤ ⌂╢⅜ │  

 

(b) ─ⱦꜟ─ ⌐╟╢ ⅜ ≤ ⌂╡  

2.1.-14 ─ ╢↑⅔⌐♃כ♦ fiכ◦⌂  

 

 

2.1.-15 ⌐╟╢ ─  
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¶ ─ ▪ꜟ◗ꜞ☼ⱶ─ ה  

 2021 ─ ≢│ ╩ ⌐ ⇔≡ ┘

─ ⌐ ╡ ╪∞ │ 1 ≢ ה ╩ ╡ ⇔

≡⅔╡ ─ ╛ ⅜ ∆╢ ─ ⌂≥≢ ↕╣≡™

╢ ⌐│ ≥⅔╡─ ▪ꜟ◗ꜞ☼ⱶ╩ ™╢↓≤≢ ⱨ꜠

─ⱶכ ─ ⅜ ≢⅝╢ ⇔√⅜∫≡ ⱨ꜠כⱶ≢ ⇔√ ה

─ ╩ ∆╢↓≤≢ ╩ ∆╢ ╩ ⇔√

─ ≤ ═≡ ⌐⅔↑╢ ─ ≢│ ─

⅜ ↕╣╢  

ה  ⌐ ⌐ ∆╢ ╩ ≤⇔≡  

ה ┘ ─  

 ─ │ ⌐ ∆╢ ⌂≥─ ╛ ⇔≡™╢

─ ╩ ≤⇔≡ ∆╢⌂≥⅜ ⅎ╠╣╢ ╕√ ─

│ ⌐ ┘ │ ─ ─ ⅜ ↕™↓≤⅜

≢№╢ ∕─√╘ ─ ⌂≥⌐╟∫≡│ ╩ ⇔╛∆™

≢№╢ ─ ╩ ∆╢ ⌐│ ה ≤╙⌐

≢─ ⅜№╢ │ ⌐ ≢⅝⌂™ ╩ ↄ

⌐│≥∟╠─ ≢╙ ⅜ ↕╣╢√╘ ⌐

─ ╩ ⇔≡╙ ⌐│ ⌂ ≤│⌂╠⌂™

─ ╩ ∆╢ ⌐│ │ ─ ⌐ ⇔

√ ╩ │ ⅜ ↕╣╢ ≤│ ⌂

╡ ≢│ ┘ ⌐ ↕╣╢ ⅜ ⌂╢√╘ ⌂

─ ⅜ ≢№╢  

 ─ ⌐ √╡ ◄ꜞ▪≢─ ╩♃כ♦ ⇔√ ↓╣

╕≢─ ≢ ≤⇔≡™╢ ─ ◄ꜞ▪≢│ ─

⅜ ⌐ ⇔⌂™√╘ ≢ ─ ╩♃כ♦ ⇔√

⌂╢ ≡⇔≥♃כ♦─ 2.1.ᵑ-5⌐ ∆ ─ ╩♃כ♦ ⇔

√ ─ ╢↑⅔⌐fiכ◦ ⌂ ─ ╩ 2.1.ᵑ-16⌐

∆  

2.1.ᵑ-5 ─ ♃כ♦  

 ROI  

ה  1,195 

 374 

 392 
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⇔√ │⌐♃כ♦ LED ∞↑≢│⌂ↄꜝfiⱪ ╙ ╕╣

≡™╢ ꜝfiⱪ ≢│ ⅛╠ ⌐ ╠↕╣╢ ⌐⅔™≡

⇔≡™╢ꜝfiⱪ─ ⅜ ↄ⌂╡ ה ─ꜝfiⱪ─ ⌐ ⌂

⅜ ╠╣⌂™ ⅜ ∆╢ ↓℮⇔√ ⅜ ↕╣╢ ≢

─ ─ ╩ ∆╢ ≤⇔≡│ Precision, Recall, F-value╩

™≡ ╩ ∆╢  

 

  

(a) ─  (b) ─  

  

(c) ─  (d) ─  

2.1.ᵑ-16 ─ ♃כ♦  

─ ⅜ ROI ─ ⅜ ╩ ∆  

 

 ≤⇔≡ ⌐╟╢ ╩ 2.1.ᵑ-6⌐ ∆ 2.1.ᵑ-

6≢│ ⇔√ ─♃כ♦ ─ ↔≤⌐ ─ⱨ꜠כⱶ

↔≤─ ┘ ⌐ ≠ↄ ─ ╩╕≤╘√╙─
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≢№╢ ╕√ ─ ─ ⌐⅔™≡ ⌐ ─

⅜ ∆╢ │ ≢ ∆╢↓≤≢ ─ ─

╩ ⇔≡™╢ 2.1.-3 ⌐⅔™≡╙ ─ ⅜ ∆

╢ ⌐ ─ ─ ╩ ⇔√ ╟╡ ↄ─

⌐⅔™≡ ─ ⌐╟╢ ─ ╩ ⇔√ ╕√

─ ⌐ ⅔ ™ ≡ ─ ≢ │ ⅜ 97%╩ ⅎ ≡ ⅔ ╡ ⌐

Recall⅜ 99%≢№╢↓≤⅛╠ ╩ ╡↓╓∆↓≤⌂ↄ ⅜ ⅎ≡™╢↓

≤⅜ ≢⅝╢ ╩ ⇔╛∆™ ⌐⅔™≡│ ⇔≡™√

▪ꜟ◗ꜞ☼ⱶ≢ ⌐ ≢№╢↓≤⅜ ↕╣√  

 

 2.1.ᵑ -6 ─ ⌐⅔↑╢  

    

 
P r ec . Re c a l l F-v a l . P r ec . Re c a l l F-v a l . P r ec . Re c a l l F-v a l . 

 

 

0 . 9 4 6 0 .9 3 3 0 .9 3 6 0 .8 7 4 0 .7 9 1 0 .8 0 0 0 .7 7 7 0 .5 9 8 0 .5 2 0 

 

 

0 .9 5 8 0 .9 3 9 0 .9 4 6 0 .9 1 5 0 .8 5 9 0 .8 7 4 0 .7 7 7 0 .5 8 1 0 .4 9 5 

 

 

0 .9 6 5 0 .9 8 7 0 .9 7 6 0 .9 7 6 0 .5 5 1 0 .7 0 5 1 .0 0 0 0 .2 7 6 0 .4 3 2 

 

 

0 .9 6 2 0 .9 9 2 0 .9 7 7 0 .9 7 5 0 .6 8 6 0 .8 0 5 1 .0 0 0 0 .3 0 8 0 .4 7 1 

 

 2.1.ᵑ-6⌐≡ ⇔√ ≢│ ─ ≥fiכ◦ ═≡ ה

≤⌂╢↓≤≢ ⅜ ⇔≡™╢↓≤╩ ⇔≡™╢ כ꜠fi─ⱨכ◦

ⱶ ╛ ⌂≥─ ⅜ ⌂╢√╘ ⌂ │ ≢№╢⅜

⌐│ ┘ │≢fiכ◦─ Precision⌐ ⇔≡ Recall─ ⅜ ⇔≡

⅔╡ ⅜ ⇔≡™╢↓≤⅜ ≢⅝╢ ∕↓≢∕╣╠─ כ◦⌂

fi╩ 2.1.ᵑ-17 ┘ 2.1.ᵑ-18⌐ ∆ │fiכ◦─╣∙╣⧵ 2.1.ᵑ-16(c)

┘(d)⌐≡ ⇔√ ─ ─≥↔ⱶכ꜠fi⌐⅔↑╢ⱨכ◦ ─

≤ ⇔≡⅔╡ (a)(c)┘(d)⌐≡ ∆ⱪ꜡♇♩│ ⱨ꜠כⱶ≢ ╩

⇔√ ─ ┘⌐ ה ה ≢№╢  

 ╕∏ │fiכ◦─ 2.1.ᵑ-16(c)─ ─ ROI⌐ ∆╢ ─

⅜ 2.1.ᵑ-17≢№╢ │ ─ ─ ⅜ ∆╢√

╘ ≤ ⅜ ∆╢≤⅝─ ⅜ ∆╢ ─♃כ♦ 1,2

⅜ ─ ≢ ╩ ≢⅝⌂™ⱨ꜠כⱶ≢№╢⅜ ⌐ ⇔

√ ╩ ⅞√№≤╙ ⇔≡ ╩ ∆╢⌐│ ⇔≡™╢↓≤⅜
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≢⅝╢ ∕─√╘ ⅜ ∆╢╕≢─ ≢ ⅜ ⇔≡™╢

⇔⅛⇔⌂⅜╠ ⌐╟╢ ─ │ ≢№╢↓≤⅜ ─

─ ⌐⅔™≡ ≢⅝≡⅔╡ 2.1.ᵑ-16(c)⌐⅔™≡╙ ─

│ ⌐ ≢⅝≡™╢ ⇔√⅜∫≡ ⌐ ─ ⅜ ≢

⅝╢ │ ─ ╩ ⇔≡ ─ ⅜ ≢⅝╢  

 

 

2.1.ᵑ-17 ─ ⌂ ─  

 

 ⌐ │fiכ◦─ 2.1.ᵑ-16(d)⌐ ∆╢ ⅜ 2.1.ᵑ-18≤

⇔≡™╢ ─ꜝfiⱪ ≢│ ⇔≡™╢ꜝfiⱪ╙ ⅜

╠∆↓≤≢ ╢ↄ╖ⅎ╢√╘ ≤ ═≡ ה ─ ⅜ ↄ

⌂╢ ה ≢│ ⌂ │№╢╙── ─ ╙ ↄ

⌂╢ ∕─ ⱨ꜠כⱶ↔≤⌐ ╩ ∆╢ ─▪ⱪ꜡כ♅≢│

─ꜝfiⱪ╩ ∆╢ ⅜ ⇔≡ ─ ⅜ ≤⌂╢

♦☺♃ꜟ ╩ ⇔√ ≢│ ⇔√™ ─ ╩ ROI≤

⇔≡ ∆╢√╘ ⱨ꜠כⱶ≢ ─ ╩ ─ ≢ ╡

⇔ ≢№╢ ∕↓≢ⱨ꜠כⱶ↔≤─ ROI ─ ⌐╟∫≡ ─

∆╢ ╩ ∆╢ ╙ ⇔√ 2.1.ᵑ-19│ ╢↑⅔⌐fiכ◦

≢ ⇔√ ─ ┘ ─ ╩ ∆ ─ fiכ◦

─√╘ 0 ≢ ⅜ ⇔≡™╢ ⅜ ≢⅝╢ ─

╙ ™ ╩ ⇔≡™╢⅜ ה ≢─ ─ ╩ ⅎ╢↓≤⅜ ≢

⅝╢√╘ ⌐ ⇔√ ─ ╙ ≢№╢≤ ⅎ╢  
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2.1.ᵑ-18 ─ ⌂ ─  

 

 

(a)  (b)  

2.1.ᵑ-19 ⌐⅔↑╢ ⌐╟╢ ─  

 

¶ ╩ ⇔√ ─  

 ─ ≢♃כ♦ ⇔≡⅝√ ≢│ 2.1.ᵑ-8─╟

℮⌐ ה ה ה ⌂≥─ ⌐⅔™≡ ⅜ ≤⌂╢

╩fiכ◦ ⇔≡⅝√ ⇔⅛⇔⌂⅜╠ ↓℮⇔√ ─ │ ↄ

─ ─ ⌂≥─ ⅜ ⌂∫√≤⅝⌐ ⅜

≤⌂╢ ─fiכ◦▪꜠⌂℮╟─↓ │ ≢ ∆╢↓≤⅜ ≤

ⅎ╢√╘◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╢ ─ ⅜ ≢№╢ ─ ╡

SIP ─ DIVP ≢│ ─ ─√╘─☿fi◘◦Ⱶꜙ꜠

fiꜛ◦כ ⅜ ↕╣≡™╢ ∕↓≢ DIVP ≤ ⇔√ ─

─ ╩ ⇔√ ⌐⅔™≡│ ≢⸗♦ꜟ

↕╣≡™╢ ≢ ⇔√◦Ⱶꜙ꜠כ◦ꜛfi ╩ ™≡ ⌂ ⌐

⅔↑╢ ─ ─╒⅛ ≢│ ⇔≡™⌂™ ⇔™

─ ─ ╩ ⇔√ ◦Ⱶꜙ꜠כ◦ꜛfi≢ │fiכ◦√⇔≥

─ ≤⇔≡⅔╡ 2.1.ᵑ-20─╟℮⌐ ╩
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⅛╠ ⌐ ∆╢ ⌐⅔™≡ ─ ה ה ─

3Ɽ♃כfi ╛ ה ה ⇔™ ╩ ↕∑√ ╩♃כ♦ ⇔

√ ⌐ ⇔√◦Ⱶꜙ꜠כ◦ꜛfi ┘ ⌐ ∆╢ ╩

2.1.ᵑ-21⌐ ∆ ↓─╟℮⌐⇔≡ ⇔√◦Ⱶꜙ꜠כ◦ꜛfi ≤

⌐≡ ⇔√ ─ ╩ ∆╢ √∞⇔ ⇔≡™╢◌ⱷꜝ

─ ┘ ⌂≥─ ⅜ ⌂╢√╘ ┘◌ⱷꜝ─ Ɽꜝⱷכ

♃⌂≥⅛╠ ⇔√ ─ ◘▬☼─ ™⌐╟╢ ╩ ⇔√  

 

 

2.1.ᵑ-20 ─ ⌐⅔↑╢◦Ⱶꜙ꜠כ◦ꜛfi◦♫ꜞ○

 

 

  

(a) :  (b) ⇔™ :  

2.1.ᵑ-21 ⇔√◦Ⱶꜙ꜠כ◦ꜛfi  

ROI─ ─ │ ─  
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  2.1.ᵑ-22 ┘ 2.1.ᵑ-7⌐ ┘ ⌐⅔↑╢ ╩ ∆

─ │≢♃כ♦╢↑⅔⌐ ⅜ 10Ⱨ◒☿ꜟ╩ ╡⅔⅔╟∕

100m │≢fiכ◦╢⌂≥ ⅜ ⇔≡™╢ ⅜ ↕╣≡™

╢⅜ ≢│ ⌐ ™ ╩ ⇔≡⅔╡ ♃כ♦ ┘◦Ⱶꜙ꜠כ

◦ꜛfi ─ ╙ ≢№╢↓≤⅜ ≢⅝╢ ╕√ כ◦─

fi ⇔≡│ │≢♃כ♦ ≤ ⌡ ─ ⅜ ╠╣≡⅔╡

─ ⌐╟╢ ⅝⌂ ™│ ↕╣≡™⌂⅛∫√ ≢ ╟╡╙

⇔™ ╩◦Ⱶꜙ꜠כ◦ꜛfi⇔√ │≢♃כ♦─ ⌐╟∫≡

⌂ ─ ╩ ⇔√ ─ ⌂ ─♃כ♦ ╩ 2.1.ᵑ-23

⌐ ∆ ─♃כ♦ ≢│ ⅜ mm/h ─√╘ⱨ꜡fi♩●ꜝ

☻⌐ ∆╢ ─ ⅜ ⌂ↄ ≤─ ┼─ │ ⅝ↄ⌂™↓≤⅜

≢⅝╢ ⇔⅛⇔⌂⅜╠ mm/h≤⌂╢ ⇔™ ╩ ⇔√◦Ⱶꜙ

─כ꞉▬Ɽ│≢♃כ♦fiꜛ◦כ꜠ ⌐ⱨ꜡fi♩●ꜝ☻⌐ ∆╢

⅜ ™√╘ ─ ─ ⅜ ⇔≡™╢↓≤⅜ ≢⅝╢ ↓

─╟℮⌐◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╡ ╩fiכ◦▪꜠√⇔ ∆╢↓≤≢

▪ꜟ◗ꜞ☼ⱶ≢ ∆═⅝ ⌐⅔↑╢ ⅜ ↕╣╢  

 

  

(a) ♦כ♃  

( , ROI : 59,101) 

(b) ◦Ⱶꜙ꜠כ◦ꜛfi♦כ♃  

( , ROI : 668) 

  

(c) ♦כ♃  

( ROI : 5,303) 

(d) ◦Ⱶꜙ꜠כ◦ꜛfi♦כ♃  

( ⇔™ , ROI : 780) 

2.1.ᵑ-22 ⌐⅔↑╢ f  
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2.1.ᵑ-7 ⌐⅔↑╢ f ─  

   

♃כ♦ ה  0.992 0.989 mm/h 

◦Ⱶꜙ꜠כ◦ꜛfi♦כ♃ ה ה

 

0.989 0.868 mm/h 

 

  

(a) ♦כ♃  

 

(b) ◦Ⱶꜙ꜠כ◦ꜛfi♦כ♃  

⇔™  

2.1.ᵑ-23 ─  

  

⌐ ─ ≤⇔≡ ─ ─fiכ◦─ ⌐≈™≡ ∆╢

─ ≢│ ◌ⱷꜝ ⌐ ⅜ ╢ ∞↑≢│⌂ↄ

⅜ⱦꜟ⌐ ∆╢ ⌂ ─ ≡⇔≥fiכ◦▪꜠╙ ⇔≡⅔╡

⌐╟╢ ≤ ⅜ ⌂╢↓≤≢ ─ ─ ⅜ ↕

╣╢ ≢ ─ │ ≢№╢↓≤╙ ⇔≡™╢√╘ ↓℮⇔

√ ⌐╟╢ ─fiכ◦ ⅜◦Ⱶꜙ꜠כ◦ꜛfi ⌐⅔™≡ ↕╣≡

™╢⅛╩ ⇔√ ≢─ ⌐⅔™≡ ─ ⅜fiכ◦ ↕╣

√ ┘ ♥꜠ⱳכ♩ ╩ ≤⇔≡∕╣∙╣─

◦Ⱶꜙ꜠כ◦ꜛfi♦כ♃╩ ⇔√ ⌐ ⇔√◦Ⱶꜙ꜠כ◦ꜛfi

─ ╩ 2.1.ᵑ-24 ┘ 2.1.ᵑ-25⌐ ∆ ∕╣∙╣ ⌐╟╢

─ ⅜ ⌐ ↕╣≡™╢↓≤⅜ ↕╣ ⌐ ∂≡

─ ⅜ ⇔≡™╢ ⅜ ↕╣√ ◦Ⱶꜙ꜠כ◦ꜛfi ≢

│ ה ה ≤─ ╩ ⇔√ ╩ ⌐ ⌂

√╘ ╟╡ ⌐Ɽꜝⱷכ♃╩ ∫√ ┼─ ⅜ ≢⅝╢  
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(a)  (b) ◦Ⱶꜙ꜠כ◦ꜛfi  

2.1.ᵑ-24 ⱦꜟ ─◦Ⱶꜙ꜠כ◦ꜛfi⌐ ∆╢  

 

 

(a) 2.1.-12(a)╟╡  

    

(b) ◦Ⱶꜙ꜠כ◦ꜛfi

⅜  

≢  

(c) ◦Ⱶꜙ꜠כ◦ꜛfi

⅜ ≤

⌂╡  

(d) ◦Ⱶꜙ꜠כ◦ꜛfi

⅜ ⅛╠  

╣≡  

2.1.ᵑ-25 ─◦Ⱶꜙ꜠כ◦ꜛfi⌐ ∆╢  
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¶ ─ ─fiכ◦ ♩♇☿♃כ♦  

↓╣╕≢─ ⌐⅔™≡ ⌐⅔↑╢ ≤⇔≡

⌂≥⅜ ↕╣≡™╢ ↓℮⇔√ ≢ ╠

╣╢ │♃כ♦ ▪ꜟ◗ꜞ☼ⱶ─ ⌐⅔™≡ ≢№╢√╘

≢ ─ ♦ כ ♃ ╩ ≤ ⇔ √ ─ ♦ כ ♃ ⱬ כ ☻ ╩ ⇔ √

[9][10] ☻כⱬ♃כ♦ ⌐ ≤⌂╢ │♃כ♦ 2021 5 17 ╟

╡ ⇔≡⅔╡ ┘ ─ ╛

─ ┘ ─ ╩ ≤⇔≡™╢ ⌐│ 2.1.

ᵑ-26─╟℮⌐₈ ₉ ┘₈ ₉≤ ⇔ ►▼Ⱪ

◘▬♩[10]⌐≡ ∆╢↓≤≢ ╩ ⇔√  

    

2.1.ᵑ-26 ♦כ♃ ─  

⌐ ∆╢ ─ ⌐♃כ♦ ⇔≡ ╩ ⇔≡ ∆╢

◦☻♥ⱶ╩ ∆╢↓≤╩ ≤∆╢√╘⌐ ─ ⌂≥╙

╘≡ ╩♃כ♦─ ╡╕≤╘√ ╕√ 2.1.ᵑ-8⌐ ⌐♩♇☿♃כ♦

╕╣╢ ⱨ꜠כⱶ ◦♫ꜞ○─ ╩ ∆ ♇☿♃כ♦

♩╩ AD-URBAN Open Image Dataset v1≤⇔≡ ⇔ 2022 3 ╟╡

─ ⌐⅔↑╢ ─ ⌐ ⇔≡ ╩ ⇔√[9][11]  

· : 1920x1080⌐ ∂≡ 1.52Hz ≢ꜝⱬꜟ╩

─ⱨ꜠כⱶ│ ↄ  

· 11 ◒ꜝ☻  

ü  

ü  

ü Ᵽ☻ ♩ꜝ♇◒  

ü ○Ⱪ☺▼◒♩⌐│ ╣꜠ⱬꜟ╩ 4 ≢  

Õ ╣⌂⇔ ╣ 50% ─ ╣ ╣ 50%

─ ╣ ╣  

·  

ü ◌ⱷꜝ ה Ɽꜝⱷכ♃  

ü  



 

 

  

64 

 

  

⌐♩♇☿♃כ♦ · ∆╢  

ü 2 ⅝  

ü ─ ─  

 

2.1.ᵑ-8 AD-URBAN Open Image Dataset v1─ ♃כ♦  

◄ꜞ▪  ⱨ꜠כⱶ  ◦♫ꜞ○  

 2,987 78 

 2,010 47 

 4,997 125 

 

2.1.ᵑ-27⌐ ─♩♇☿♃כ♦ ╩ ∆ ⌐ ⇔™ ─

╩♃כ♦ ∆╢↓≤≢ ⌐⅔↑╢ ┼─ ╩ ⇔

≡™╢ √∞⇔ ⌐ ╕╣╢ⱪꜝ▬Ᵽ◦כ⌐ ⇔≡ ♃כ♦

─ ╛♫fiⱣכⱪ꜠כ♩⌐│⸗◙▬◒ ╩ ∫≡™╢   

 

 

(a) ─ fiכ◦  

 

(b) ─ fiכ◦  

2.1.ᵑ-27 AD-URBAN Open Image Dataset─  
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¶ V2I /V2N ─ ⌐╟╢ ─  

⌂ ⌐╟╡ ⌂ ⅜ ≢⅝╢╙── ◌ⱷꜝ

⌐╟╢ ≢│ ─ ⌐╟╢ ╣╛ ⌐╟╢ ─ ⌂≥─

≢│ ≢ ╩ ⅎ╢↓≤⅜≢⅝⌂™√╘ ⌐ ⌂

≤⌂╢ ∕─╟℮⌂ ⅜ ⌐ ∆╢ ≢│ ▬fiⱨꜝ

⅛╠ ∆╢ ⅜ ╕⇔™ ╕√ ⅜ ⌐

≢ ⅜ ⌐ ╡ ╦╡ ⅜ ∆╢ ╩☺꜠fiⱴ

≥fiכ♂ ┬ ↓─☺꜠fiⱴ♂כfi≢│ ─♃▬Ⱶfi◓⌐╟∫≡

─ ⌐┌╠≈⅝⅜ ∂╢↓≤⅜ ↕╣ ⌐╟╢ ─

─ ⅜№╢ V2I/V2N ⌐╟∫≡ ─ ┘

⅜ ∆╢♃▬Ⱶfi◓ ╖ ╩ ╢↓≤≢ ☿fi◘⌐╟╢

⅜ ⌂ ⌐⅔™≡╙ ⌂ ─ ⅜ ≢№╢

∕↓≢ ╖ ─ ⌐╟╢ ▪ꜟ◗ꜞ☼ⱶ╩ ∆╢↓

≤≢ ─ ─ ╩ ⇔√  

⇔√▪ꜟ◗ꜞ☼ⱶ─ ╩ 2.1.-28⌐ ∆ ⇔√

▪ꜟ◗ꜞ☼ⱶ≢│ ⅛╠ ה ⌐ ∆╢╕≢─ ≤⇔

≡ ⅎ╠╣╢ ╖ ≤ ⌐ ∆╢√╘⌐ ∆╢ ≤─

╩ ⇔√ ╩ ∆╢[12] 2.1.-29⌐ ∆╟℮⌐ ЎὝ

⌐ ⇔√ ─ ⅜ ≤⌂╢ │ ⅛╠

╩ ∆╢↓≤≢ ╩ ↕∑╢  

 

 

2 .1 . -28 ╩ ™√  
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2 .1 . -29 ╖ ─ ⌐╟╢ ─  

 

─ ⌐⅔™≡☺꜠fiⱴ♂כfi─ ─ ╩

⇔√ ⌐⅔™≡ ↕╣≡™╢▬fiⱨꜝ

╩ ™≡ ─ ≢ ▪ꜟ◗ꜞ☼ⱶ─ ╩ ⇔√

≢│ ◄ꜞ▪ ┘ ◄ꜞ▪⌐⅔™≡▬fiⱨꜝ

⅜ ↕╣≡™╢ ↓↓≢ ↕╣≡™╢ ≢│ ╖ ─

─ ⌂╢ ─ ⅜ ⇔≡⅔╡ ⌂ ╖ ─

⅝─ ╖ ─ ╖ ─⌂™ ⌐ ↑╠╣╢

⇔√ ▪ꜟ◗ꜞ☼ⱶ│ ⌂ ╖ ⅜ ↕╣≡™

╢↓≤╩ ≤⇔√ ▪ꜟ◗ꜞ☼ⱶ≢№╢√╘ ≢│

╩ ⇔≡™╢ ╩ ⇔≡ ∆╢ ⌂⅔ │ V2I

⌐╟╢ ⅜ ↕╣≡™╢ ⌐⅔↑╢ ≤⌂╢√╘ V2I ╩

⇔≡ ⇔≡™╢  

≢│ ─ ≢ ⌂ ⅜ ⌂ ≤⇔≡

⸗ⱡ꜠כꜟ ─ ╩ ⇔√ 2.1.-30(a)⌐

◄ꜞ▪╩ ∆ ↓↓─ ≢─ ╩♃כ♦ ⇔ ╖ ─

─ ⌐╟╢ ─ ╩ ⇔√ √∞⇔ ☺꜠fiⱴ♂כfi≢─

─ ┼─ ╩ ∆╢√╘⌐ ─ ⌐│

◘ⱳכ◌♩כ╩ ⇔≡ ╩ ⇔√ 2.1.-30(b)⌐ ≤⇔≡

≢ ⌐ ≢ ⌐ ─fiכ◦╢∆ ─◓ꜝ

ⱨ╩ ∆ ≢─ ≤ ⌐ ╖ ╩ ∆╢↓≤≢

⅜ ∆╢╟╡╙ ⌐ ╩ ⇔≡⌂╘╠⅛⌐ ⇔≡™╢

⅜ ≢⅝╢ ╟╡ ≢ ↕╣√▬fiⱨꜝ ╩ ™≡

─ ╩ ≢№╢ ╩ ⇔√  
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(a) ─ ◄ꜞ▪  

⸗ⱡ꜠כꜟ

 

(b) ⌐╟╢ ─

 

2.1.-30 ⌐╟╢ ▪ꜟ◗ꜞ☼ⱶ─  

 

─ ╡ ≢ ↕╣√ ⌐│ ╖ ⅜ ⌐│

⇔≡™⌂™ ⅝ ╩ ⇔≡™╢ ╙ ∆╢ ↓─ ⅝

─ ⌐ ∆╢ ▪ꜟ◗ꜞ☼ⱶ─ ⌐ ⇔≡ ∆╢

⅝ │ ה ─ ⅜ ↕╣≡⅔╡ 2.1.-31

─╟℮⌐ ─ ─№╢ ╩ ≢№╢ 2.1.-30(b)─ ─

╟℮⌐ ─ ≢ ⌐ ∆╢ ─ ╩ ∆╢√╘⌐│

╘⌐ ╩ ∆╢√╘⌐ ╩ ⇔≡ ⅝─ ╩

∆╢↓≤⅜ ╕⇔™ ⇔⅛⇔⌂⅜╠ 2.1.-31─╟℮⌐ ⅜ 0

⌐⌂∫≡╙⁸ │ ─╕╕≤⌂╢ ⅜ ∆╢ ⇔√

⅜ 0 ⌐⌂╢♃▬Ⱶfi◓≢ ⅜ ⇔≡™╢⌐╙⅛⅛╦╠∏ │

─╕╕≤™∫√ ⌂ ⅜ ∆╢ ⅜№╢ ═∆│♃כ♦─

≢fiכ◦─≡ 2.1.-31─╟℮⌂ ─ ⅜№╢╦↑≢│⌂ↄ ה

─ ⌐╒≤╪≥ ⅜⌂™ ╙ ∆╢ ⌐ ⅜⌂™ │

≤ ⌐ ℮↓≤⅜ ⌂√╘ ▪ꜟ◗ꜞ☼ⱶ─ ⅜ ≢⅝

╢ ⇔√⅜∫≡ ⅝ ⌐ ⇔≡│ ─ ⌐╟∫≡ ⅜

≢⅝╢ ⅜ ∆╢≤™ⅎ╢  
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2.1.-31 ⅝ ─  2020

11 25 ( )─ 11 30 10 35 ─  

 

↓─╟℮⌐ V2I⌐╟╢ ╩ ™√ ─ ┘

╩ ⇔≡⅝√ ↓─ V2I ┘ V2N ⌐ ∆╢ ╩ ∆╢√╘

┘◌ⱷꜝ≢─ ─ ╩ ℮ V2N כꜝꜟ☿│≢ ╩ ™

√ ⅜ ≤⌂╢√╘ ⌐│ ⅛╠ ↄ ╣√ ╙

≢№╢≤ ⅎ╠╣╢ ↓╣⌐ ⇔≡ V2I ≢│ ≤∆╢

⌐ ⇔√≤⅝⌐∕─ ╩ ╢↓≤⅜≢⅝╢ ≢ ◌ⱷꜝ⌐╟

╢ ≢│ ∆╢◌ⱷꜝ⌐╟∫≡ ⌂ ⅜ ⌂╢⅜

⌐⅔™≡│ 150[m]─ ⅜ ≢№╢ 2.1.ᵑ-32⌐

≤⇔≡ ─ ─ ─ ⌐⅔↑╢ V2I/V2N/◌ⱷꜝ─

─ ╩ ∆ ─ ≤⇔≡ ⇔≡™╢ 120[m]╩ ⌐

ⅎ╢≤ ≥─ ⌐⅔™≡╙ ⌐│ ─⌂™ ⅜ ╠╣

≡™╢ ↓─╟℮⌂ ⅛╠╙ ╩ ⌐ ℮↓≤≢◦☻♥ⱶ─↕╠⌂

╢꜡Ᵽ☻♩ ⅜ ≢⅝╢ ╕√ V2N─ ≢│↕╠⌐ ⅛╠ ⅜

╠╣╢↓≤⅛╠╙ ╩ ⌐ ∆╢∞↑≢⌂ↄ

⌂≥─╟℮⌂ √⌂ ╩ ≢⅝╢ ⅜№╢≤™ⅎ╢  

⌐ ─ ⅜ ∆╢ ─ ⌐≈™≡ ∆╢ 2.1.

ᵑ-33⌐ ─ ─ ╡ ╦╡ ─ ╣─ ╩ ∆

V2I─ ╩ ⌐◌ⱷꜝ ┘ V2N─ ─ ╣ ╩ ∆╢≤ ◌

ⱷꜝ⌐╟╢ ≢│ 0.3 ─ ╣⅜ ↕╣√ ↓╣│ 10[Hz]≢

⇔≡™╢◌ⱷꜝ ╩ ┼ꜟכꜙ☺⸗─ ⇔ ╩ ∆╢

⌐№√∫≡ ⱨ꜠כⱶ─ ⅜ ∆╢↓≤⅜ ≢№╢ ↓╣⌐ ⇔

≡ V2N≢│ 1.4 ↄ ⅜ ↕╣≡™╢↓≤⅜ ≢⅝╢ ↓─

≤⇔≡│ ⌐⅔™≡ ↕╣≡™╢ V2N │ ⌂

≤⇔≡ ╦╣≡™√╙─≢№╡ ⌂ ─ ╡ ╦╡♃▬Ⱶfi◓─
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╕≢│ ↕╣≡™⌂⅛∫√√╘≢№╢ ↓─╟℮⌂ ─ ╡ ╦╡

─♃▬Ⱶfi◓⌐☼꜠⅜ ∆╢≤ ─ ┼─ ⅜ ↕╣╢√

╘ ╟╡ ⌂ ╩ ⇔√ ─ ⅜ ╕╣╢   

 

 

2.1.ᵑ-32 ⌐⅔↑╢ V2I/V2N/◌ⱷꜝ─ ─

♥꜠◖ⱶ☿fi♃כ ─  

 

2.1.ᵑ-33 ⌐⅔↑╢ ─ ─ ╣

─ ─  

 

↓─╟℮⌐⇔≡ ╩ ⇔≡ V2I ┘ V2N─ ─ ╛

╩ ⇔≡⅝√ ↓↓≢ ─ ≤⇔≡ ≢№╢₈◒ꜝ

►♪ ╩ ⇔√ ─ ⌐ ↑√ ₉≤ ⇔≡

V2N─ ⌐ ∆╢ ╩ ⇔√ ⌐│ 2023 1

16 ⅛╠ 3 ⌐ ∫≡ ─ ⌐≡ V2N─ ─

┘⌐ ◌ⱷꜝ⌐╟╢ ─ ╩ ∆╢↓≤≢ ─ ─

╩ ⇔√ 2.1.ᵑ-34⌐ ∆╟℮⌐ ⌂╢ ≢ ↕╣≡™╢

─◄ꜞ▪⌐≡ ⇔⌂⅜╠ ─ ╡ ╦╡♃▬Ⱶfi◓─☼꜠╩

∆╢ 2.1.ᵑ-34(c)─ ─╟℮⌐ ⅜ ╠╣╢√╘ ◌ⱷ
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ꜝ≤ ─ PC─ ╩ ⇔≡ ⇔≡ ╩ ⇔√  

 

 

(a) ─ ◄ꜞ▪  

 

(b) ─ ◄ꜞ▪  

 

(c) ─ ◌ⱷꜝ  

2.1.ᵑ-34 ⌐⅔↑╢ V2N ─ ◄ꜞ▪╩ ─  

 

≤⇔≡ ⌂╢ ─ ┘⌐ LED fiꜝה

ⱪ ─ ™⌐╟╢ ─ ╩ 2.1.ᵑ-35⌐ ∆ ↓─ ╟╡

ה ⌐╟╢ ─ │ ↕╣╢╙── ⌐│ 0.1
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ↄ V2N ⅜ ↕╣≡™╢↓≤⅜ ↕╣√ ─♃כ♦ ⅜ 10[Hz]

≢№╢↓≤⌂≥╩ ⇔≡╙ ⌡ ─ ≤ ⇔√♃▬Ⱶfi◓≢ ╡

╦∫≡™╢ ⅜ ↕╣√ ─ ⌐⅔↑╢ LED ┘ꜝfiⱪ

╩ ∆╢≤ꜝfiⱪ ─╒℮⅜ 0.05 ⌐ ↄ ⇔≡™╢ ⅜ ≢⅝

╢⅜ ↓╣│ꜝfiⱪ ─ ≢│ꜝfiⱪ⅜ ∆╢╕≢⌐ ⅜⅛⅛╢√

╘ ─ ─ ♃▬Ⱶfi◓≤ ⅜ ≡™╢ ╕√ ≢

∆╢≤ ─ ⌐ ⅜ ↕™↓≤⅜

≢⅝√ ─ │ ⅛≢№╢√╘◦☻♥ⱶ ⌐ ⅜ ≤⌂╢╟℮⌂

™≤│⌂╠⌂™ ╟╡ V2N─ ⌐╟∫≡ ─ ⅛╠╙

─ ⅜ ↕╣√  

 

 

2.1.ᵑ-35 ה ⌐╟╢ ─  

⅜ⱴ▬♫☻∞≤ V2N─╒℮⅜ ⌐ ╡ ╦∫≡™╢ ≤⌂╢  

 

¶ ╕≤╘  

≢│ ┘ ─ ⌐ ⇔≡ 120m ─ 99%╩

⇔≡ ⅛╠ ⅜ ≤⌂╢ ╩ ╠⅛⌐∆╢↓≤╩ ≤⇔

≡⅝√ ─ ⅔╟┘ ╩ ™√ ≢│ ה

ה ה ה ╩ ╗ ⌐♃כ♦ ⇔≡ 99%─ ╩

⇔ ≢│ 15px ─ ╩ ≢⅝≡™╣┌ ─ ⅜

⌂ ╩ ⇔√ ╕√ ⅜ ≤⌂╢ ≤⇔≡

─ ≢ ⌐ ⅎ╢ ╩ ⇔ ∕─ ⅛╠

┘ ⌐ ⇔≡│ ⅜ ≢№╢√╘ ┼─

│ ≥ ⇔⌂™↓≤╩ ⇔√ ─ │ ≢

─ ⅜ ∆╢↓≤⅛╠ ⌐ ≤⌂╢ ⅜ ↓╡℮╢↓
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≤⅜ ⅎ╠╣╢⅜ ─ ⅜ ≢№╢√╘ ╩ ↑≡™⌂™

─ ╩ ∆╢↓≤≢ ⅜ ≤⌂╢ ⇔⅛⇔⌂⅜╠ ⅜

⇔⅛ ⇔⌂™ ⌂≥⌐⅔™≡ ─ ╩ ↑╢≤ ◌ⱷꜝ∞

↑≢ ╩∆╢↓≤⅜ ≤⌂╢ ╙ ∆╢ ∕─╟℮⌂ ≢

⌐╟╢ ≤⌂╢ │№╢ ─ ─ ⌐⅔↑╢

ה ─ ⌐ ⅜ ∆╢ ─ ⌐

↕╣╢ ↓℮⇔√ ─ ─ ≤⌂╢ ⌐⅔™≡│ ⌐╟╢

▬fiⱨꜝ ⅜ ╠╣╢↓≤≢꜡Ᵽ☻♩⌂ ◦☻♥ⱶ─ ⅜ ≢

⅝╢ ╕√ ─ ⌐⅔™≡│ ─ ⌐ ─ ╩

⌐ ∆╢↓≤≢ ╩ ⌂ ╩ ⇔√ ⇔⅛⇔⌂⅜╠ꜝfi

ⱪ ─ ⌂≥ ─ ╩ ⅎ⌐ↄ™ ╙ ∆╢√╘ ⱨ꜠כ

ⱶ ─ ∞↑≢⌂ↄ ─ ╩ ⅎ╢↓≤⅜ ≤⌂╢

⌐⅔™≡│ ─ ⌐⅔™≡ ⅜ ≤⌂╢ ╩fiכ◦ ∆╢↓

≤⅜≢⅝√ ↓℮⇔√ ─ ╩ ╘╢⌐№√∫≡◦Ⱶꜙ꜠כ◦ꜛfi ╩

™≡ ה ⇔≡™ↄ↓≤│ ⌂▪ꜟ◗ꜞ☼ⱶ ┘ ⌐

∆╢≤ ⅎ╢  

╕√ ▬fiⱨꜝ ⅛╠ ⇔√ ─ ╖ ╩ ⇔√

▪ꜟ◗ꜞ☼ⱶ─ ╩ ∆╢√╘⌐ ≢☺꜠fiⱴ♂כ

fi─ ╩ ⇔√ ╖ ─℮∟ ⅜ ╠╣≡™╢

│ ╩ ⇔√ ╠⅛⌂ ⅜ ≤⌂╢ ⅜ ╠╣√ ↕╠

⌐ V2I┘ V2N─ ─ ┘⌐ ─ ╩∆╢↓≤≢

─ ─ ╩ ⇔√ ─ ╩ ⌐ ∆╢↓≤≢

─꜡Ᵽ☻♩ ⌐ ⅎ≡↕╠⌂╢ ─ ─ ╩ ⇔√  
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ᵒ  ☿ⱴfi♥▫♇◒☿◓ⱷfi♥כ◦ꜛfi⌐╟╢ ▪ꜟ◗ꜞ☼ⱶ─  

[1]

2.1.-1

.

 

 

 

2.1.-1  
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 ̧  

2018

 

-PSPNet[2] 

PSPNet 2.1.-2

Pyramid Pooling ModulePyramid 

Pooling Module

 

 

2.1.-2 PSPNet  

-DeepLabV3+[3] 

DeepLabV3+2.1.-3

Atrous Convolution Atrous Convolution

receptive field

 

 

 

2.1.-3 DeepLabV3+ 
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-Mnet[4] 

MNet 2.1.-4

ResNet

 

 

2.1.-4 MNet  

 

AI [5]

2,300

20

700

400 AI

(IoU) 2.1.-1 . PSPNet

(S igna l ) PSPNet  

 

2 .1 . -1 ( IoU)  

 PSPNet DeepLabV3+ MNet 

       

 0.638 0.744 0.573 0.587 0.394 0.459 

Car 0.675 0.807 0.611 0.638 0.452 0.553 

Lane 0.918 0.967 0.842 0.85 0.552 0.565 

Pedestrian 0.328 0.445 0.3 0.301 0.27 0.347 

Signal 0.212 0.257 0.166 0.164 0.176 0.23 
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2.1.-5 PSPNet 2.1.-5 a

2.1.-5 (b) 2.1.-5 (c)

 

 

   

a         (b )        (c )  

2.1.-5 PSPNet  

  

 ̧  

2019

M2Det [6 ] DeepLab v3+

Ci tyScapes [7] 402

2.1.-6

2.1.-7

 

 

2.1.-6  



 

 

  

78 

 

  

 

 

2.1.-7  

 

 ̧  

Haar-like Adaboost 

CNN 3 

HSV 

.  30%

Haar-like Adaboost 

Cityscapes

. 30Ĭ60 . 1357

974 

100 CNN ResNet18

224Ĭ224 ResNet18

Adaboost

2.1.-3 CNN

 

2.1.-3 Cityscapes [%] 

   

 51.82 47.61 

Adaboost 17.74 29.90 

CNN 60.00 52.86 

 

ᾁ ︣  

ЈЫрГϰАϼЈϽЮрГ˔Єдр︣  
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 ̧  

580

2,237 13,147

2.1.-8

 

 

(ROI )  ROI

ROI ROI 2.1.-9

 ROI 2.1.-9  

 

  

(a )   (b )   

2.1.-8  

 

 

2.1.-9  

 

 

2.1.-4 21

96.42% 120m  
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2.1.-4 [%] 

  

₩10 40.96 

11₩20 78.98 

21₩30 93.80 

31₩40 96.76 

41₩50 97.08 

51₩60 97.15 

61₩70 97.66 

71₩80 98.04 

81₩90 98.42 

91₩  98.42 

 74.58 

20  96.42 

10  90.09 

 

2.1.-5 (recall)

21 91.78% 2.1.-10

  

 

 

  

(a)                    (b)  

2.1.-10  
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2.1.-5  

[p ixe l ]  reca l l[ %]  prec is ion[ %]  F-score 

₩10 31.54 80.60 0 .453 

11₩20 69.92 84.01 0 .763 

21₩30 88.11 85.67 0 .869 

31₩40 91.42 92.97 0 .922 

41₩50 92.46 94.59 0 .935 

51₩60 93.54 93.71 0 .936 

61₩70 93.77 96.52 0 .951 

71₩80 93.33 93.70 0 .935 

81₩90 92.63 97.78 0 .951 

91₩  96.19 97.08 0 .966 

 67.33 88.09 0 .763 

20  91.78 92.16 0 .920 

10  83.84 89.53 0 .866 

 

 

 

 ̧  

2019

2020

DeepLab V3+ HRNetW48 V2[8]

2,237 ROI 4,782

2.1.-6 Deep lab  v3+

95.11 HRNet 98.39% HRNet

 20

Deeplab v3+ 97.35% HRNet 99.03%

20 120m   
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2.1.-6 Deeplab v3+ [%]  

 Deep lab  v3+ HRNet 

 94.88 98.35 

 97.83 98.92 

 95.11 98.39 

(20 )  97.17 98.99 

(20 )  100.0 99.59 

20  97.35 99.03 

 

2.1.-11 Deep lab v3+ HRNet

2.1.-11(a) HRNet Deeplab v3+

2.1.-11 (b)

2.1.-11(c)
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           Deeplab v3+           HRNet 

(a )  

   

           Deeplab v3+           HRNet 

(b )   

 

   

           Deeplab v3+           HRNet 

(c )  

2.1.-11  

 

 ̧  

HRNet

 ResNet50 [9 ] GhostNet [10 ] Mob i leNet v2 [11 ] DenseNet [12 ]

5,039  405

4,904 Reca l l ( )

2.1.-7 96

20 ResNet 97.41%

Mobi leNet  v2 97.28% Mobi leNet  v2
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2.1.-7 [%]  

 Re sN et5 0 De n s eN et Gh o s tN e t Mo b i l eN e t  v 2 

 97 .53 97 .04 95 .84 89 .63 

 96 .47 95 .92 96 .05 96 .15 

 96 .55 96 .01 95 .86 95 .65 

2 0  98 .92 98 .92 98 .21 99 .28 

2 0  97 .31 96 .81 96 .62 97 .14 

2 0  97 .41 96 .94 96 .72 97 .28 

 

  

(a )                    (b)          

  

       (c )                    (d)  

2.1.-12  

 

2.1.-12 ROI

2.1.-12(a)

2.1.-12 (b) 2.1.-12(c)

2.1.-12(c)

2.1.-12(d)
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 ̧  

2.1.-12 (c) 2.1.-12

I D

ID

 

2.1.-8

20 DenseNet 99.17%

 

2.1.-8 [%]  

 Re sN et5 0 De n s eN et Gh o s tN e t Mo b i l eN e t  v 2 

 98.76 99.17 97.52 98.35 

 98.33 98.10 97.66 98.55 

 98.42 98.33 97.63 98.51 

2 0  98.98 99.49 98.48 99.49 

2 0  98.72 98.72 98.26 98.84 

2 0  98.76 99.17 97.52 98.35 

 

 ̧  

2021

10Hz 55 ,108

63 45

13,420 2.1.-13

ROI

ID ID   
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(a)                (b)  

2.1.-13  

 

 ̧  

HRNet

2.1.-9 2.1.-9 130m

110m

HRNet 2.1.-14

 

 

2.1.-9 HRNet [m] 

  

  

 142 137 117 

Ÿ  123 107 67 

Ÿ  138 133 102 

Ÿ  136 129 112 
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(a)          (b)  

 

   

(c)         (d)  

2.1.-14  

*)  

 

2.1.-15

 

 

  

(a)          (b)  

2.1.-15  

 



 

 

  

88 

 

  

 ̧  

ID Deep 

SORT[14] Deep SORT SORT

CNN

ROI   

ROI 2.1.-10

2.1.-11 DeepSORT

63 36  

ROI  DeepSORT

63 38

ID

ROI

ROI

 

 

2.1.-10    

   [%] 

 13 0 100.0 

 3 0 100.0 

 36 27 57.1 

 

2.1.-11  ROI   

   [%] 

 13 0 100.0 

 3 0 100.0 

 38 25 60.3 
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Deep SORT 2.1.-16 2.1.-16

ID 2.1.-16 t

ID 87 t+1 ID 87

ID 154   

 

  

(a) t                       (b) t+1 

2.1.-16 ID  

 

 

ROI 2.1.-17 ROI

ID

ROI 2.1.-18

ID

ROI  

  

(a) t                      (b) t+1 

2.1.-17 ROI  
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 (a) t                     (b) t+1 

2.1.-18  

 

 ̧  

27 14

2.1.-19 2.1.-20

2.1.-19 2.1.-20 2.1.-19

2.1.-19

 

2.1.-20 2.1.-19

 

 

 

(a) 1                  (b) 2 

2.1.-19  
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(a) 1                  (b) 2 

2.1.-20  

 

 

 ̧  

 

2022 99%

(ResNet)

LSTM LSTM

 

 

7

5,000 LSTM  

 7 ResNetLSTM

2.1.-21

45m

97% 45m 75m

99%

 

 45m 97%

45m 105m 99%
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2.1.-21  

 

2.1.-22

2.1.-23

 

  

(a)                 (b)  

2.1.-22  

  

(a)                  (b)  

2.1.-23  
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 2.1.-12

98.4%

100% 80.5% 2.1.-

24

 

100% 2.1.-25

 

 

2.1.-12  [%]  

 [%] 

 98.4 

 100.0 

 80.5 

 100.0 
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(a)                      (b)  

2.1.-24  

 

  

(a)                      (b)  

2.1.-25  
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2.2.  b.₈ ─ ╩ ∆╢√╘⌐ ≤⌂╢ AI ─ ₉  

ᵑ  ↑ ◌ⱷꜝ─ ה ▪ꜟ◗ꜞ☼ⱶ  

 

 

 

 ̧ ⌐ ⇔√◌ⱷꜝ─  

100 1024×786

50m 37 70m

27 2018

 

FL IR GS3-U3-123S6C-C  LM16FC 

- 4096×3000  

- H-47 .6 [deg] ,V-36.7 [deg] 

-  

- :GBRG  

FL IR GS3-U3-123S6C-C  LM25FC 

- 4096×3000  

- H-31 .5 [deg] ,  V-23 .9 [deg ] 

-  

- :GBRG  

HDR LFM  _ 

- 1920×1080  

- H-51 [deg ] ,  V-30[deg] 

4K 3) HD

HDR  

FaceBoxes[1] DCFPN[2] Fas te r  R-CNN[3 ] ,  

Y OLO v3[4 ]  

 

FaceBoxes[1] 

CPU Faster R-CNN

Region Proposal Network(RPN)  FaceBoxes
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Rapidly Digested Convolutional Layers (RDCL)

Multiple Scale 

Convolutional Layers (MSCL) FaceBoxes

Anchor densification strategy

Hard negative mining 

  loss 

 3 : 1  

  

-DCFPN[2] 

2.60GHzCPU 30FPSGPU 250FPS  

DCFPN Rapidly Digested Convolutional Layers(RDCL)Densely Connected 

Convolutional Layers(DCCL) RDCL

FaceBoxes[1] DCCL 2 

micro inception layers  75 

 235 receptive field FaceBoxes[1]  

Anchor densification strategy Dense anchor strategy

receptive field 

Scale-aware anchor matching scheme  

400 IOU Ó 0.5 

400 0.75

(16x16)  

 Fair L1 loss 

 

  

-Faster R-CNN[3] 

(Region Proposal Network :RPN)

RPN Fast R-CNN

 

 

-YOLO 
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YOLOv3[4]YOLOv3YOLOv2

 

 

Cityscapes dataset[5]

SIP datasetCityscapes dataset

50 

2.2.-1

 5,000

20,000 Cityscapes dataset 

Cityscapes

2.2.-1(b)

  

 

 

      (a)                (b)  

2.2.-1 Cityscapes  

 

SIP dataset

200m

20km

130m 160m 2.2.-2  
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           (a)                           (b)  

   

(c)                            (d)  

2.2.-2 SIP dataset 

 

mAP(mean Average  Prec is ion) mAP

Average Prec is ion(AP) AP

Prec is ion Reca l l   

ὖὶὩὧὭίὭέὲ  

ὙὩὧὥὰὰ  

Prec is ion  Reca l l ( r ) P rec is ion

  

ὃὖ ὖὶὩὧὭίὭέὲὶὨὶ 

 

Cityscape 2.2.-1

2.2.-2 Intel(R) Core(TM) i9-

7940X CPU@3.10GHz1  

 

 

  



 

 

  

100 

 

  

 2.2.-1  

  [s ]  

FaceBoxes 1536 0.630 

DCFPN 512 0.230 

768 0.532 

Faste r  R-CNN 1000 10.4 

 

YOLOv3 

416 6.03 

640 17.6 

800 30.7 

 

 2.2.-2 Cityscapes AP 

  b ike car person t ra f f ic  l igh t  

FaceBoxes 1536 0.300 0.622 0.143 0.049 

DCFPN 768 0.310 0.617 0.311 0.107 

Faste r  R-CNN 1000 0.306 0.495 0.325 0.118 

YOLOv3 640 0.303 0.644 0.466 0.277 

 

2.2.-1 2.2.-2 YOLOv3

DCFPN YOLOv3

persontraffic lightYOLOv3  

Cityscapes datasetSIP dataset SIP dataset

2.2.-3 Cityscapes  

YOLOv3 YOLOv3

2.2.-3 2.2.-4  

  

 2.2.-3 SIP dataset AP 

  b ike car person t ra f f ic  l igh t  

FaceBoxes 1536 0.112 0.763 0.161 0.486 

DCFPN 768 0.147 0.856 0.442 0.588 

Faste r  R-CNN 1000 0.264 0.737 0.494 0.477 

YOLOv3 640 0.495 0.869 0.833 0.752 
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2.2.-3 YOLOv3Cityscapes  

 

 

2.2.-4 SIP dataset 

 

SIP dataset 3 4K

0x09_0 0x09_1HDR

HD (0x35) 2.2.-4 2.2.-4

YOLOv3 4K 0x09_0 4K

2 0x09_1 bikecarperson

traffic light50m

Faster R-CNN DCFPN HDR

HD (0x35) 4K

YOLOv3 HD
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2.2.-4 AP 

  b ike car person t ra f f ic  l igh t  

 

FaceBoxes 

0x09_0 0. 15 0.77 0.23 0.48 

0x09_1 0 .1 4 0.87 0.20 0 .49 

0x35 0 .0 9 0 .73 0 .15 0.50 

 

DCFPN 

0x09_0 0. 16 0.83 0 .35 0 .56 

0x09_1 0 .1 3 0 .86 0 .43 0 .58 

0x35 0. 16 0 .87 0 .48 0 .61 

 

Fas te r  R-

CNN 

0x09_0 0 .2 2 0 .71 0 .37 0.49 

0x09_1 0 .1 9 0.85 0.50 0 .50 

0x35 0. 30 0.70 0.53 0.47 

 

YOLOv3 

0x09_0 0. 67 0 .89 0.84 0 .73 

0x09_1 0 .6 1 0 .88 0.93 0.64 

0x35 0 .3 8 0 .86 0 .80 0.79 

 

 ̧ ▪ꜟ◗ꜞ☼ⱶ─  

[6 ] [7 ]

[2 ] [4 ]

C i tyscapes [5] BDD 100K[8 ] JARI

SIP da tase t C i tyscapes BDD 100K SIP datase t

2.2.-5 BDD 100K

  

 

2.2.-5  

 t ra in va l tes t 

C i tyscapes 3 0 0 0 5 0 0 1 5 0 0 

BDD100K 7 0 0 0 0 1 0 0 0 0 2 0 0 0 0 

SIP da tase t 8 0 0 4 0 0 -  

 

2.2.-6 mAP 2.2.-7

2.2.-6

FPN
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0.08 secGTX2080TiGPU

YOLO v3 FPN   

 

2.2.-6 (mAP) 

   

 C i tyscapes SIP 

( )  

BDD 

100K 

Ci tyscapes SIP 

( )  

BDD 

100K 

YOLOv3[4]  ᾜ  ᾜ   0 .485 0.715 0.227 

ᾜ  ᾜ  ᾜ  0 .566 0.566 0.623 

DCFPN[2] ᾜ  ᾜ   0 .320 0.508 0.133 

ᾜ  ᾜ  ᾜ  0 .178 0.055 0.191 

FPN[6 ] ᾜ  ᾜ   0 .542 0.728 0.261 

ᾜ  ᾜ  ᾜ  0.638 0.792 0.715 

FCOS[7 ] ᾜ  ᾜ   0 .599 0.699 0.249 

ᾜ  ᾜ  ᾜ  0 .571 0.629 0.653 

 

2.2.-7  

 (  GTX 2080Ti)  [s ] 

YOLOv3[1]  0 .016 

DCFPN[2] 0 .045 

FPN[3 ] 0 .080 

FCOS[4 ] 0 .125 

 

2.2.-8 2.2.-9

FPN  
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2.2.-8  

  b i ke ca r p e r s o n t r a f f i c  l i g h t   

Ci tyscapes 

 

0-25 1 2 3 4 3 4 6 5 3 8 2 1 2 0 3 1 

25-35 1 3 4 5 5 3 5 8 8 2 8 8 1 5 6 3 

35-  1 0 6 7 3 9 1 5 2 7 3 4 5 5 2 8 2 6 8 

SIP 

( )  
-25 3 7 1 2 7 4 5 7 1 8 0 

25-35 2 3 4 1 5 0 8 6 2 0 0 

35-  1 3 0 2 9 8 3 0 9 4 1 4 1 1 5 1 

BDD100K -25 2 3 5 3 4 0 9 6 4 4 9 7 2 0 8 2 6 5 9 6 5 4 

25-35 2 1 8 1 6 0 7 3 2 9 6 8 3 6 7 7 2 2 9 3 6 

35-  1 0 0 6 5 8 1 9 4 6 4 4 6 2 3 8 2 6 8 0 2 8 

 

2.2.-9  

  DCFPN YOLOv3 FPN 

Ci tyscapes 0-25 0 .000 0.124 0.163 

25-35 0 .038 0.195 0.235 

35-  0 .321 0.665 0.729 

a l l  0 .178 0.566 0.638 

SIP 

( )  
0-25 0 .000 0.382 0.544 

25-35 0 .066 0.283 0.390 

35-  0 .186 0.649 0.795 

a l l  0 .055 0.636 0.792 

BDD100K 

 

0-25 0 .061 0.308 0.390 

25-35 0 .105 0.324 0.365 

35-  0 .399 0.668 0.746 

a l l  0 .191 0.623 0.715 

 

 ̧ ─♩♇☿♃כ♦  

2020

5,747 11

2.2.-10

2.2.-

11 2.2.-5  
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2.2.-10  

  

Car    

Bus  

Truck  

Pedes tr ian   

Cyc l i s t  

  ( )  

  ( )  

  ( )  

   

   

   

 

2.2.-11  

  

 22,006 

 5 ,832 

 291 

( )  3 ,405 

( )  3 ,328 

( )  171 

 423 

 

 

2.2.-5  

 

 ̧  

YOLOv3 YOLOv3

 YOLOv4[9 ] YOLOv3 YOLOv4
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2019 Featu re  Pyramid Network(FPN) [4 ]

YOLOv4 FPN

FPN YOLOv4 2.2.-12 2.2.-12 mAP

YOLOv4 YOLOv4  

 

2.2.-13 mAP 

 FPN YOLOv4 

 0 .627 0.649 

 

 

YOLOv4 4K YOLOv4

2.2.-14

 

 

2.2.-14 [ ] 

[m]  50 70 100 120 135 150 200 

 96 68 48 40 35 32 25 

 68 48 34 28 25 22 17 

 

 

200m 24 70m 48

416Ĭ416 992Ĭ992

1:11:22:1

 

YOLOv4

2.2.-15  
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2.2.-15  

  

 500,000 

 64 

 0 .001 

 400,000 450,000 

 

 ̧  

YOLOv4 (mAP) 2.2.-16

200m 25 35 mAP 0.37570m

50 70 mAP 0.134  

 

2.2.-16  (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 

 0 .010 0.033 0.138 0.371 0.456 

 

2.2.-6 2.2.-9

2.2.-17  

 

 

2.2.-17   

  

  

  

  

( )   

( )   

( )   

  

 

2.2.-6
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2.2.-6  

 

 

2.2.-7 200m 2.2.-8 70m

 

 

 

2.2.-7 2 
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2.2.-8 3 

 

2.2.-9 ( )

 

 

 

2.2.-9 4 

 

2.2.-10 2.2.-11

2.2.-10

 



 

 

  

110 

 

  

 

2.2.-10 5( ) 

 

2.2.-11

 

 

 

2.2.-11 6( ) 

 

3,000

2.2.-12 70m 48

65.2% 50m 68



 

 

  

111 

 

  

80%30m 90 90%

90%

2  

 

 

2.2.-12  

 

 

 

2.2.-13 2.2.-14 2.2.-13

2.2.-14 1

 

 

2.2.-13 1 

 

0

20

40

60

80

100

0-20 20-40 40-60 60-80 80-100 al l

[%
]

Ⱨ◒☿ꜟ
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2.2.-14 2 

 

 ̧  

AI L iDAR

2021

2.2.-18 Waymo

Audi (A2D2)

2.2.-15 Cityscapes

SynScapes

2.2.-16 KITTI

V ir tua lK ITT I

 

 

2.2.-18  

   

Waymo Open 

datase ts [10 ] 

-  -  

Apol loScape[11 ] -  -  

A2D2[12] -  -  

BDD100k[8 ] -  -  

C i tyScapes [5 ] S y n S c a p e s [ 1 4 ]  

K ITT I [13 ]  V i r t u a l K I T T I [ 1 5 ]   

K ITT I  V i r t u a l K I T T I 2 [ 1 6 ]   

 


