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⁸ │ ₁⌂ ╩ →≡™╢[1][2] . ─ ⌂ ⌐│ ─╙─⅜№╢ ⌐ ─

≤↕╣≡™╢ ─ ─ ─ ╣╩ ∆╢ ⌐☻כⱬ♃כ♦₁ ↕╣≡™╢ ─

╩ ⇔ ╩ ℮ ⇔√ (▪▬ꜞ☻)─ ⅛╠№╠⅛∂╘ ⇔√ ≢♃כ♦ ∆╢

─ ╩♦▫☺♃ꜟ ⇔≡ ╩ ℮ ⌂≥≢№╢[3] ∕─ ≢╙ │ ╙ ⅜

ↄ ⅛≈◖☻♩ ⌐ ╣╢↓≤⅛╠ ↄ─ ≢ ╦╣≡™╢ ⌐ ↕╣≡™╢

│ ♦▫☺♃ꜟ◌ⱷꜝ╩ ™√ ≢№╢ ≢│ ╩ ≤∆╢  

2. ♦▫☺♃ꜟ◌ⱷꜝ╩ ™√  

≢│ ♦▫☺♃ꜟ◌ⱷꜝ╩ ™√ ╩ ≤⇔[4] ◌ⱷꜝ ╩ ≡⇔≥♃כ♦

≤∆╢ ╩ ∆╢ ╕∏ ⌐ꜟכ◔☻כ꜠◓╩ ⇔[5] ↕╠⌐ ⱨ▫ꜟ♃╩⅛↑╢[6] ↓─

⌐╟╡ ♦▫☺♃ꜟ◌ⱷꜝ╩ ™√ ─ ⌐ ∆╢ ◖fi♩ꜝ☻♩ ╩ ⇔ ─ ╩ ∆

╢↓≤⅜ ≤⌂╢ ↕╠⌐ⱴ♇♅fi◓ ≤⇔≡ ╛ ⌐ ≢⅝╢ Accelerated KAZE

AKAZE ╩ ™╢[7] . 

 3.  

≢│ ╕∏ ≢№╢♦▫☺♃ꜟ◌ⱷꜝ╩ ™√ ⌐ ⇔≡AKAZEⱴ♇♅fi◓╩ ™≡

╩ ℮↓≤⅜ ⅛≥℮⅛ ⇔√ ∕─ ⱨ▫ꜟ♃╩ ⇔√ ⌐│[5] ─ ⅜ ∂√ ∕

─ ⅜ ≤ ⅎ╠╣≡⇔╕™ ─ ╩ ™√ ╕√ AKAZE╩ ⌐ ™√ ⌐

│ ─ ⅛╠ ⅜96 ~100%⅜ ╠╣√  

4. ╕≤╘ 

≢│ ♦▫☺♃ꜟ◌ⱷꜝ╩ ™√ ≤⇔≡ ◌ⱷꜝ ╩ ≡⇔≥♃כ♦ ™ AKAZE ⱴ

♇♅fi◓─▪ꜟ◗ꜞ☼ⱶ╩ ™√ ╩ ⇔ ⌐╟╡ ─ ╩ ∫√ ⌐╟╡ AKAZE

ⱴ♇♅fi◓⅜ ™ ≢ ⅜ ≢№╢↓≤ ⱨ▫ꜟ♃─ │ ╩ ↕∑╢↓≤⅜ ⅛∫
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1   

1.1 ─  

⁸ │ ₁⌂ ╩ →≡™╢[1] . ─ ⌂ ⌐│ ─╙─⅜

№╢ ⌐ ─ ≤↕╣≡™╢ ─ ─ ─ ╣╩ ∆╢

⌐☻כⱬ♃כ♦₁ ↕╣≡™╢ ─ ╩ ⇔ ╩ ℮ ⇔√

(▪▬ꜞ☻)─ ⅛╠№╠⅛∂╘ ⇔√ ≢♃כ♦ ∆╢ ─ ╩♦▫

☺♃ꜟ ⇔≡ ╩ ℮ ⌂≥≢№╢ ∕─ ≢╙ │ ╙ ⅜ ↄ ⅛

≈◖☻♩ ⌐ ╣╢↓≤⅛╠ ↄ─ ≢ ╦╣≡™╢ ⌐ ↕╣≡™

╢ │ ♦▫☺♃ꜟ◌ⱷꜝ╩ ™√ ≢№╢  

 ♦▫☺♃ꜟ◌ⱷꜝ╩ ™√ │ ─ ≤│ ⌂╡ ╩ ╖ ╢ ╖

⅜ ⌂╢ ─ ≢│Ⱳ♃fi⌐ ☿fi◘כ⅜ ╖ ╕╣≡⅔╡ ☿fi◘כ

⌐│ ╙─ ⅜ ╘ ╕╣≡™╢ ─ ⌐│ ⅜№╢√╘ ☿fi◘כ─

⌐ ╣√ ─ ⌐№╢ ⌐ ↄ─ ⅜ ↕╣╢ ╖≤⌂∫≡™╢

│ ⌐ ╩ ∆ ╩ ╪≢™╢√╘≢№╢ ↓─ ⅜ ↕╣≡™╢ ─

╩ⱴ♇Ⱨfi◓⇔ ─ ⅜♃כ♦ ⅜╢ ∫≡ ♦▫☺♃ꜟ◌ⱷꜝ╩ ™≡

╩ ℮ ≤│ ╖⅜ ⅝ↄ ⌂╢[2]  

 ≢ ≤∆╢ ♦▫☺♃ꜟ◌ⱷꜝ╩ ™√ ≢│ ◌ⱷꜝ≢ ⇔√

╩ ≡⇔≥♃כ♦─ ℮ ╩≤╢ ↕╠⌐ Scale Invariant  Feature Transform

SIFT ⱴ♇♅fi◓ ╩ ╖ ╦∑≡ √⌂ ╩ ⇔ ⌐╟╡ ─

╩ ℮  

 

1.2 ─  

 ♦▫☺♃ꜟ◌ⱷꜝ⌐╟╢ ╩ ─ ⅜ ∆╣┌ ⌂≥─ ₁≢

╙ ╩ ↑╢↓≤⅜ ⌐⌂╢ ↓╣⌐╟╡ ↄ─ ⅜╟╡ ⌐ ╩ ↑

╢↓≤⅜≢⅝╢╟℮⌐⌂╢≤ ⅎ╠╣╢  

 ≤⇔≡ ⌂ ╩ ≢⅝╢♥fiⱪ꜠כ♩ⱴ♇♅fi◓≤

╩ ≢⅝╢ SIFT ⱴ♇♅fi◓⅜ ╩ ┘≡™╢ ∕↓≢ ≢│ ♦▫☺

♃ꜟ◌ⱷꜝ─ ╩ ≤⇔ SIFT ▪ꜟ◗ꜞ☼ⱶ╩ ⇔ ⅜ ⇔√

Accelerated KAZE AKAZE ⱴ♇♅fi◓╩ ™√ ⌐╟╢ ╩ ╢

↓≤╩ ≤∆╢  

 

1.3  

 ♦▫☺♃ꜟ◌ⱷꜝ╩ ™√ ≢│ ─☿◓ⱷfi♩ ┘◖▪ⱳ▬

fi♩ ─√╘⌐ ☿fi◘כ╕√│ ☿fi◘כ⌐╟∫≡ ↕╣√ ─

╩ ℮[1] ≢№╢♃♇♅꜠☻─ ─ │ ♦ⱨ◊כ

◌☻ ─כꜝfiⱩꜛ◦כ⸗ ≤ ─◖fi♩ꜝ☻♩⅜ ™↓≤≢№╢ ≢│ ♦▫☺
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♃ꜟ◌ⱷꜝ╩ ≤⇔≡ ∆╢ ≢│ │ ⱨכꜞ◄

(STFT) ╩ ™≡ ↕╣╢ ╩ ⇔≡ ⌡ ╦∑╢↓≤⌐╟∫≡◖▪ⱳ▬fi♩

─ ╩ ⇔ ↕∑╢ ⇔⅛⇔ ≢│ ⌂◖▪ⱳ▬fi♩ │ 95.44 ≢№╡

∫√◖▪ⱳ▬fi♩ │ 4.56 ≢№╢↓≤⅜ ↕╣≡™╢[3] ↓╣⌐╟╡ ⌐│╟

╡ ─ ⅜ ≤↕╣≡™╢ ≢ ♦▫☺♃ꜟ◌ⱷꜝ╩ ™√ ⅛╠ ∆╢

─ │№╕╡ ╘╠╣≡™⌂™─⅜ ≢№╢  

 

1.4 ─  

─ │ ─≤⅔╡≢№╢  

 1 │ ≢№╡ ─ ╛ ⌐≈™≡ ═╢  

 2 ≢│ ≢ ™╢ ⌂ ≢№╢ ─ ─ ╛ SIFT

ⱴ♇♅fi◓ ┘ AKAZE KAZE ⌐≈™≡─ ╛ ─ ⌐≈™≡ ═╢  

 3 ≢│ ≢ ∆╢ ⌐≈™≡ ═╢  

 4 ≢│ ┘ ⌐≈™≡ ═╢  

 5 ≢│ ─ ≤ ─ ⌐≈™≡ ═╢  
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2   

2.1 │∂╘⌐ 

≢│ ≢ ™╢ ─ ╛ SIFT ⱴ♇♅fi◓─ ╛

─ ┘ ∆╢  

 

2.2 ≤│ 

 ≤│ ≢╙ ═√ ╡ ─℮∟─ ≈≢№╢[1] ⌐│ ₁⌂

╛ ⅜ ↕╣≡™╢ ≤⇔≡ ─ ⌐╟∫≡ ╩ ℮ ∆╢↓≤

⌐╟╡ ─ ╩ ₁⌂ ≢ ∆╢ ≤ ╛

≢ ─ ─ ╩ ⇔≡™ↄ ≤ ⅜ ⇔≡™╢ ⌐ ─ ☿

fi◘כ─♃▬ⱪ ─ ⌂≥ ₁⌂ ⅜ ⇔≡⅔╡ ╩ ╖ ╦∑╢

↓≤⌐╟∫≡ ™ ≤ ™ ╩ ∆╢ ─ ⌂≥╙ ₁⌂

⅜ ∆╢[2]  

 

2.2.1 ─  

 ─ │ ⅜ ↄ ⌐ ⌐╙ ╣≡™╢ ─ │ ⌐

⅜ ™⅜ ─ ≢│ ™ ≤ ◖☻♩ ─ ⅜ ⇔√ ∕─√╘

⌐ ╛ ⅜ ╦╣╢╟℮⌂ ╩ √╣√ ⇔⅛⇔ ≢│ ─ ╟

╡ ⌐ ≤ ⅜ ╖ │╒╓ 100 ⌐ ⇔≡⅔╡ ⅜ ⌐ ≤ ∫

≡ ↕╣╢ │ 0 0002 ≤↕╣≡™╢[4]  

 

2.2.2 ─ ─  

─ ≢│ ╛ⱷfi♥♫fi☻ ≢ ⅜№╢↓≤⅜ ⅝ ╡≤⌂∫≡™

╢[5] ⌐⅔™≡│◌ⱷꜝ─ ⌐ ╩ ↕∑╢≤™℮ ⌐ ⅜№╢

⌐ ─ ₁⌐≤∫≡│ ╠⌂™ ⅜ ╣√╙─⌐ ╣√ↄ⌂™≤™℮↓≤⅜ ↕╣

╢ ♩כ◔fi▪─☻כꜙ♬─ ≢│ ₈ ─ ⅜ₐ ⌂™⅛╠≈╡ ╩≈⅛

╖√™⅜≢⅝╣┌ ╡√ↄ⌂™ₑ≤ ⇔ ─ 3 ↄ│ₐ ⌐≈⅛╕⌂™ ₉e≤ ≡

⅔╡[6] ⌂ ≤⌂∫≡⅝≡™╢  

♦▫☺♃ꜟ◌ⱷꜝ╩ ™╢ ∆⌂╦∟ ─ │ ⌂ ┘

ⱷfi♥♫fi☻ ─ ≢ ↕╣≡™╢ ≢│ ─☿fi◘ⱡ▬☼╩ ™

≡♦▫☺♃ꜟ◌ⱷꜝ─ ╩∆╢ ∕─ ⌂╢═ↄ ♦▫☺♃ꜟ◌ⱷꜝ ╕√│

♃♇♅꜠☻ ≢ ╩ ℮ ∕─ │ ─ ╖⅜ ≢⅝╢√╘≢№╢ ™

FAR ┘ FRR ╩ ∆╢ ◦☻♥ⱶ╩ ∆╢√╘⌐│ ╖─⌂

™ ─ ⅜ ╕⇔™ ↓─√╘ №╢ ⅛╠ ↕╣≡╙ ╩

↕╣⌂™√╘─ ⅜ ↕╣≡™╢[7]  
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2.3 ♦▫☺♃ꜟ◌ⱷꜝ╩ ™√ [3]  

─♦▫☺♃ꜟ◌ⱷꜝ╩ ™√ ─ ↕™ ⌂≥─ Ⱪכ♥╠⅛

ꜟꜝfiⱪ ─ ╩ ╘╠╣√ ⅛╠ ⇔ ⅜ ⌐ ╢╟℮⌐∆╢ ♃כ♦─

╩ ⌐ ∆╢√╘ ≢ ─ ╩ ╖ ∞↑╩ ⌐ ∆╢ 2.1⌐ ⌐

≢ ™╠╣√ ╩ ∆ ─◘▬☼│ ↕ 40cm 25cm ─ 19cm ≢№╢  

 

2.1  

 

↕╣√ RGB ⱨ◊כⱴ♇♩─ │ ⌐ꜟכ◔☻כ꜠◓∏╕ ⇔ ∕─

╩ ℮ ⇔≡ ≤ ↕╣╢ ╩ ∆╢ Ᵽ▬♫ꜞⱴ☻◒╩

∆╢√╘ ⌐ ⇔≡ ╩ ≤⇔√ ╩ ∆╢ ⌐

↕╣√ ⌐ ⇔ Ᵽ▬♫ꜞⱴ☻◒╩ ∆╢ ╠╣√ ⌐ ⇔≡  STFT

⌐ ≠ↄ ╩ ℮  

⌐ ⌐ ⇔√◌ⱷꜝ♦Ᵽ▬☻⌐≈™≡ ═╢ ♦▫☺♃ꜟ◌ⱷꜝ│ 8ⱷ●Ⱨ

◒☿ꜟ─ ≤ 7 ⱶכ☼ Canon "L"◦ꜞכ☼꜠fi☼╩ ⅎ√ Canon Power 

Shot Pro1 ≢№╢  L ꜡◒fi☼─ⱴ꜠☼כꜞ◦ ⌐╟╡ ─ ╩◐ꜗⱪ♅ꜗ

≢⅝╢╙─╩ ⇔√ 1.2▬fi♅⌐ ™ ╩ ₉♪כ⸗꜡◒ⱴכⱤכ☻₈╢∆⌐

│ ⌂ Ɽ♃כfi ┘ Ɽ♃כfi─╓↑╩ ⌐⇔≡™╢ ╠⅛Ⱪꜟꜝfiⱪכ♥

 Ⱪꜟꜝfiⱪכ♥            

 

♦▫☺♃ꜟ◌ⱷꜝ 

 

 

              27~36cm 

4 6cm 
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╢ │ ≢№╢ ↓─ │ ╠╣√↕ ─ ┘ ─ ╩ ∆

╢─⌐ ≢№╢ ⱪ꜡☿☻─ ⅝╓╛↑╩ ↕∑╢√╘⌐ │ ─ ─

╩ ⇔≡ ∆╢ ≤⌂╢  

RGB ⅛╠ ꜟכ◔☻כ꜠◓√╣↕ ⌐ ⇔≡ ⌂ ─ ╩ ∆╢

√╘⌐ ╩ ℮ │ ≢№╡ ↓─ ╩ ╦⌂↑╣┌ ╩

↕∑╢√╘ ↓─ │ ⌐ ≢№╢ ⅜ ↕╣≡™╣┌ STFT ╩

⇔ ╩ ⇔≡╟╡ ⅛ↄ ∆╢↓≤⅜ ≤⌂╢ ꜟכ◔☻כ꜠◓ ⅜

STFT ≢ ↕╣╢ ↕╣√◖▪ ≤ ⌐ ☿◓ⱷfi♩ ↕╣ ↕╣√

─ │ ≢№╢↓≤⅜ ╠╣≡™╢ ∕─√╘ ꜟכ◔☻כ꜠◓ ⌐ ⇔

≡ ▪ꜟ◗ꜞ☼ⱶ╩ ∆╢ ↓─▪ꜟ◗ꜞ☼ⱶ≢│ ─╟℮⌐ ─

┘ ╩ ∆╢  

 

 ÇØ Ù
Ὢὼ ώ ά ὼ ώ

„ ὼ ώ
  (2.1) 

 Ὢὼ ώ:   

 ά ὼ ώ: ─   

 „ ὼ ώ: ─   

 

↓╣⌐╟∫≡ ─ ╩ ↕∑╢  f x, y ─ │ (2.1)⌐ ℮ ┘

─ │ ⌐╟∫≡ ↕╣╢  

╕⇔ↄ⌂™ⱡ▬☼─ ™ ╩ ⇔ ╩☼▬◘─♃כ♦ ∆╢√╘⌐ ☿

◓ⱷfi♥כ◦ꜛfi⅜ ≤⌂╢ ╕∏ ╙ ─ ™

╩ ∆╢↓≤⌐╟∫≡ ╩ ∆╢ ⅎ╠╣╢ ─ │ ╩

RGB ⅛╠ YCbCr ⌐ ⇔≡ ∆╢ ⌐⅔™≡ ─╖⅜ ↕

╣╢ ─☿◓ⱷfi♥כ◦ꜛfi│ ↄ⌂╢ ∫≡ YCbCr ─ CbCr

╩ ⇔≡ ─№╢ ╩ ∆╢↓≤⌐╟∫≡ ─

⅜ ↕╣╢ YCbCr ─ Y⌐ ╕╣╢ │ ⇔⌂™ ⌐ ↓╣╠─ ╩

ⱨ▫ꜟ♃ꜞfi◓⇔≡ⱡ▬☼╩ ∆╢ Cb≤ Cr ─ ≤ │  

 

 :Í %Ø Ø ὅὅ  ςȢς 

 :# % Ø Í Ø Í  ςȢσ 

 

≤⌂╢ │ ─╟℮⌐ ↕╣╢  

 

 0ØȿÓËÉÎÅØÐπ υØ Í ὅ Ø Í  ςȢτ 

─№╢ ⅜ ↕╣√ │ ⌐╟∫≡ ⌐ ↕
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╣╢ ─№╢ ⌐ ↄ │ ╩╒≤╪≥ ⌐ ∆

╢⅜ ⅜ ─ ⌐ ⌐ ≡™╢ ≤╖⌂↕╣╢√╘ ☿◓ⱷfi♥כ◦ꜛfi

╩ ⌐↕╠∆  

↓─ ╩ ∆╢√╘⌐ ─ ╩ ∆╢ ╕∏ ∆═≡─Ⱨ◒☿ꜟ⌐ ↕╣√Ⱪ

꜡Ⱪ⌐│ ∂ꜝⱬꜟ╩ ╡ ≡╢ ⌐╟╡ ↕™◘▬☼─ ↕╣√Ⱪ꜡Ⱪ⅜ ↕╣

≡ ↕╣√ ─Ⱪ꜡Ⱪ─╖⅜ ↕╣ ⱴ☻◒≤⇔≡ ↕∑╢ Ᵽ▬♫ꜞⱴ☻

◒⌐ ╩ ⇔ ↕╣√ ⅜ ╡ ╠╣╢[5]   

│ STFT ╩ ™≡ ↕╣╢ ╕∏ ⅜ STFT ⌐ ⌂╡ ℮►

▫fi♪►⌐ ↕╣╢ │►♪ⱪ►▫fi♇ꜝכⱣכ○ ─ ╩ ∆╢√╘⌐

⇔ ─Ⱪ꜡♇◒ ⌐ ∆╢₈Ⱪ꜡♇◒₉ ╩ ∆╢ │ ↓─ ↕

⌂►▫fi♪► ≢ ⇔≡™╢≤ ↕╣ ⅔╟∕ ≤⇔≡⸗♦ꜟ ∆╢↓≤⅜≢⅝

╢ ─ ╙ ≤⌂╢ ↓─ ─ⱨכꜞ◄☻Ɑ◒♩ꜟ╩ ⇔

√ ≤◄Ⱡꜟ◑כⱴ♇ⱪ⅜ ╠╣╢ ⱨכꜞ◄☻Ɑ◒♩ꜟ│ F(r ȇ)≢

↕╣╢ ↓─☻Ɑ◒♩ꜟ│ p(r ȇ)≤ p(r) p(ȇ)≢ ↕╣╢

│ p(r)╩ ≈ꜝfi♄ⱶ p(ȇ)≤ ↕╣╢ ─ ╩ ↕

╣√ x y │ⱬ◒♩ꜟ ⌐╟∫≡ ╠╣╢ ╕√ ꜞ♇☺ │p(ȇ)─╟

℮⌐ p r ╩ ≈ ≢№╢≤ ↕╣╢ ꜞ♇☺ ─ │

─╟℮⌐ ╘╠╣╢  

 

 ÐÒ —
&Ò —

Ḁ &Ò —
 ςȢυ 

 ÐÒ ÐÒ —Ὠ— Ð— ÐÒ —Ὠὶ ςȢφ 

 

ȇ│ ╩ ∆╢ꜝfi♄ⱶ p(ȇ)≤ ∆╢ ─ ╩

─╟℮⌐ ∆╢↓≤⅜ ≢№╢  

 

 %Ò
ρ

ς
ÔÁÎ

᷿ Ð—ÓÉÎ ς—Ὠ—

᷿ Ð—ÃÏÓς—Ὠ—
 ςȢχ 

 

↓─ ⌐╟∫≡ ↕╣√ │ ⱬ◒♩ꜟ ⌐╟∫≡ ╠╣╢  │

p(r)╩ ∆╢ ≢№╢≤™℮ ≢ ∆╢ ꜞ♇☺ ─ │

─╟℮⌐ ╘╢  
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 %Ò ÐÒÒὨὶ ςȢψ 

 

ⱴ♇ⱪ╩ ╠⅛⌐∆╢√╘ 3×3●►◦▪fiⱴ☻◒╩ ∆╢ ↓╣⌐◄Ⱡꜟ◑

╩ⱴ♇ⱪכ ╖ ╦∑╢ ◄Ⱡꜟ◑כⱴ♇ⱪ│ ⅛™ ☿◓ⱷfi♥כ◦ꜛfi╩ ╢√╘

─ ⱴ☻◒≤⇔≡ ↕╣╢ ⱴ☻◒│ ╩ ™≡ ╠╣╢↓≤⅜

≢№╢ ◄Ⱡꜟ◑כⱴ♇ⱪ│ ─╟℮⌂ ⅛╠ ↕╣╢  

 

 %Ø Ù ÌÏÇ &Ò —  ςȢω 

 

◄Ⱡꜟ◑כⱴ♇ⱪ⌐╟∫≡ ↕╣√ │ ◖ⱥכ꜠fi☻ ╩ ∆╢ ⌐ ↕

╣ Ⱪ꜡♇◒ ≢─ ─ ⌐ ◖▪⌐ ↄ ™ ─ ┘ ─♦ꜟ

♃╩ ∆╢ ⌐ⱨכꜞ◄ ≢│ 16×16 ─ ⌂╡ ∫√Ⱪ꜡♇◒⌐ ↕╣√ ╩

ⱨ▫ꜟ♃ꜞfi◓∆╢√╘⌐ ┘ ⱨ▫ꜟ♃╩ ∆╢ ⱨ▫ꜟ♃─ ╩

─╟℮⌂ ≢ ∆  

 

 Ὄ ὶ
ὶὶ

ὶὶ ὶ ὶ
 ςȢρπ 

 Ὄ  
ÃÏÓ“   

ς 
π   ÏÔÈÅÒ×ÉÓÅ

 ÉÆ ȿ   ȿ    ςȢρρ 

 ὶ : ꜝ☺▪ꜟ    :   :   

 

─ ─ ≤⇔≡ ─ ╩ ∆╢ ⅜ ↕╣√ ⱴ

♇ⱪ│ STFT ╩ ™≡ ┘ ╠╣╢ ⅝╩ ≈Ⱪ꜡♇◒│  '1'≤ꜝⱬꜟ ↑↕╣

∕╣ │ '0'≤ⱴכ◒↕╣╢ ∫√◖▪ⱳ▬fi♩ ╩╙√╠∆ ─№╢ ╕√

│◒ꜝ☻♃ ╩ ∆╢√╘⌐ ⸗ꜟⱨ◊꜡☺כ ⅜ ↕╣╢[8] ↓─ⱪ꜡☿☻─

│ Ᵽ▬♫ꜞ▬ⱷכ☺ ─○Ⱪ☺▼◒♩╩ ╠⅛⌐⇔ ╡≈┬⇔ ╕√│ ∆╢↓

≤≢№╢ ⅜ 3Ⱨ◒☿ꜟ─ ─ ⅜ ↕╣╢ ↓─☻♥♇ⱪ≢│ ↕⌂

⅜ ↕╣ ╟╡◖fiⱤ◒♩⌂◒ꜝ☻♃⅜ ↕╣╢ ↓╣│ ╩ ∆╢

─⌐ ≈ Ɽ☻│ '1'─Ⱪ꜡♇◒≢─╖♩꜠כ☻↕╣ ⅝⅜ 0⅛╠ ∆╢ ⌐⌂™

⌐│ⱴכ◒↕╣╢ ⌐ ⱴכ◒ ⅜ ╙ ™Ⱪ꜡♇◒≢ ─ y ─ ⅝⅜

⇔ ◖▪ⱳ▬fi♩─ ╩ ∆╢ ↓╣⌐╟╡♦▫☺♃ꜟ◌ⱷꜝ⅛╠ ⇔√ ─

╩∆╢  
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2.3.1 ♦▫☺♃ꜟ◌ⱷꜝ⌐╟╢ ─  

♦▫☺♃ꜟ◌ⱷꜝ⌐╟╢ │ ─ ≢│ ™ ╩ ∫≡™╢⅜ ≢⅝

╢╒≥─ ≢│⌂ↄ ╙ ⇔≡™╢ ☿◓ⱷfi♩ ┘◖▪ⱳ▬fi♩

─√╘⌐ ☿fi◘כ╕√│ ☿fi◘כ⌐╟∫≡ ↕╣√ ╩ ∆

╢ ─ ─ │╕∞ ≢№╢ ─ │ ∕─╙

── ╛ ♦ⱨ◊כ◌☻ ─כꜝfiⱩꜛ◦כ⸗ ≤ ─◖fi♩ꜝ☻♩⅜ ™↓≤≢№╢  

 

2.4 SIFT ⱴ♇♅fi◓[9]  

 SIFT ⱴ♇♅fi◓≤│☻◔כ◐≥ꜟכⱳ▬fi♩─ ╩⇔ ≤™℮ ─

─ ⌂≥╩ ≤⇔√╙─╩ ⇔≡ ╩ ┘≈↑╢╙─≢№╢ ⌂

≤⇔≡₈ ⌂╢ ≢─ⱴ♇♅fi◓₉╛₈Ɽⱡꜝⱴ ─ ₉₈ ₉

⌂≥⅜ ∆╢  

 SIFT ⱴ♇♅fi◓─▪ꜟ◗ꜞ☼ⱶ⌐ ⇔≡ ∆╢ ╘⌐ ≤ ┌╣╢

╩ ─ ⅛╠ ╩ ∫≡ ╩∆╢ ⅜ ⇔√ ∕─ ⇔√ ⅛╠ ╡

╖ ╩ ∆╢ ⌐ ─ ╩ ℮ ╕∏ ─ ╩ ∆╢ ∕─

─ ─ⱥ☻♩◓ꜝⱶ─ ╩∆╢ ⌂ SIFT ⌐╟╢ ─ ╣─ⱨ꜡

╩♩כꜗ♅כ 2.2⌐ ∆  

 

 

 

 

 

 

 

 

 

 

 

 

2.2  SIFT ⱴ♇♅fi◓─ⱨ꜡כꜗ♅כ♩ 

 

 SIFT ♩ⱳ▬fiכ◐╢↑⅔⌐ ─ │ ≢№╢ ♩ⱳ▬fiכ◐ ≢│

Difference of Gaussian (DoG) ⱨ▫ꜟ♃╩ ℮™≥☻כⱭ☻ꜟכ◔☻≡∫╟⌐≥↓╢™

⌐╟╢ ╩ ⇔ ╩ ℮↓≤⌐╟╡ 3 ≢ ╩ ∆╢ ≤

┌╣╢ ╩ ™∏⌐ ─ ⇔ ─♩ⱳ▬fiכ◐ ╩ꜟכ◔☻≥ ∆╢  

≤│ ⌐●►◦▪fiⱨ▫ꜟ♃╩ ™≡╓⅛∆↓≤≢№╢ ●►◦▪fiⱨ▫ꜟ♃

♩ⱳ▬fiכ◐≥ꜟכ◔☻  

 ☼▬ꜝ◌כ꜡─♩ⱳ▬fiכ◐

○ꜞ◄fi♥כ◦ꜛfi─  

─  
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☻►●                                ɨꜟכ◔☻        

≢│ ─ ╡─ │ ╩ ™≡ ∆╢ ●►◦▪fiⱨ▫ꜟ♃╩ ⅛╠

∆ ⌂ │ ⌐⌂╢ ∕─ ╩●►☻ ≤ ⇔≡™╢ ꜟכ◔☻ ⅜

⅝ↄ⌂╢≤●►☻ ⅜ ⅝ↄ⌂╢ ∕─ ╙ ≤⌂╢ 2.3⌐●►☻ ⌐╟

╢●►◦▪fiⱨ▫ꜟ♃≤☻◔כꜟ ⌐╟╢●►☻ ─ ╩ ∆  

 

 

ꜟכ◔☻ 2.3 ⌐╟╢●►☻  

 

≡⇔⌐⅛™╩ꜟכ◔☻ ∆╢⅛│ ≤™℮ ⅜ ≤⌂╢ Laplacian -of-

Gaussian (LoG)⌐╟╢☻◔כꜟ ╩Ȓꜟכ◔☻│≡™⅔⌐ ↕∑√ LoG ○Ɑ꜠כ♃╩

∆╢  LoG○Ɑ꜠כ♃─ │ ⌐ ∆  

 

 LoG ○Ɑ꜠כ♃:,Ï'Æʎ ÅØÐ  ςȢρς 

 Ȓ:☻◔כꜟ  

 x y: ⅛╠─   

 

LoG ꜟכ◔☻╢╟⌐ ╩ ℮ ─ ꜟכ◔☻╛ ⌐╟╢ ◖☻♩⅜

ↄ⌂╢ LoG │ ─ ⅜╦∏⅛⌐ ⌂╢ ≈─●►◦▪fiⱨ▫ꜟ♃ ─ ≤

⇔≡ ≢⅝╢ ⇔⅛⇔ ─☻כⱭ☻ꜟכ◔☻ ⌐│ ≤∕─♄►fi◘fiⱪꜟ

⌐ ⇔ ↄ─ ╖ ╖ ╩ ℮ ⅜№╢√╘ ⅜ ↄ⌂╢  

 LoG ⱨ▫ꜟ♃─ ╩ ∆╢√╘⌐│ ─ ꜟכ◔☻≥ ╩ ⌐ ℮↓

≤⌐╟╡ ◖☻♩╩ ⅎ╠╣ ⌂⅔⅛≈ LoG ≤ ∂ ╩ ╢↓≤⅜≢⅝╢ DoG ⱨ▫

ꜟ♃⅜ ∆╢  

 SIFT ⌐⅔↑╢ ≤│ ─ꜟכ◔☻╢⌂ ─ ≢№╢ DoG ─

╩ ∆ ╩ I(u , v) ●►◦▪fi◌כⱠꜟ╩ G(x, y, Ȓ)≤ ∆╢ ∕─ ⌐≤

∫≡ ╠╣╢ ╩ L(u , v, Ȓ)│ ─ ≢ ↕╣╢  
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 $ÕȟÖȟʎ ,ÕȟÖȟËʎ ,ÕȟÖȟʎ ςȢρσ 

 ,ÕȟÖȟʎ 'ØȟÙȟʎ )όȟὺ ςȢρτ 

 ' ØȟÙȟʎ
ρ

ς“„
ÅØÐ

ὼ ώ

ς„
 ςȢρυ 

 

≤⇔≡│ Scale-normalized Laplacian of Gaussian(LoG) ─ ⅜ כ◔☻╢╣╠

ꜟ╩ ∕─ ─ ╢∆≥ꜟכ◔☻ ⅜№╢ ∞⅜ ╒≥╙ ≢ ═√ ╡ LoG

─ │ ≢№╢ ∕─√╘ DoG ⌐╟╢ ≤ ─♄►fi◘fiⱪꜞfi◓╩ ℮

↓╣⌐╟╡ ⌐ ╩ ∆╢ SIFT ≢│ ─ⱴ♇♅fi◓╩ ℮√╘⌐ ≢

⇔√ ≢ √╡ ╩ ℮ ♪♇ꜞ◒כꜚ│ ╩ ™≡ ℮

♪♇ꜞ◒כꜚ⌐ ─ ╩ ∆[10]  

 

 ÄÖ Ö Ö Ö  ςȢρφ 

 k:◐כⱳ▬fi♩  

 Ö ♩ⱳ▬fiכ◐:   

 

↓─ ≢│ d ⅜ ╙ ↕™ ╩ ≤⇔≡ ╩ ℮ ⌐╟∫≡│

╩≈↑╢↓≤⌐╟╡ⱴ♇♅fi◓╩ ℮  

╩☼▬ꜝ◌כ꜡─♩ⱳ▬fiכ◐  ℮ ⌐♩ⱳ▬fiכ◐⌐ ⅛⌂™ ⅜™ↄ≈⅛ ∆╢

◄♇☺ ─ ╛ DoG ─ ↕™ ≢№╢ ≈─ │ⱡ▬☼─ ╩ ↑╛∆™ ∕─

♩ⱳ▬fiכ◐╘√ ─◘ⱩⱧ◒☿ꜟ≢─DoG ╩ ∆╢↓≤⌐╟╡◖fi♩ꜝ

☻♩⌐╟╢⇔⅝™ ─ ╩ ℮  

 ○ꜞ◄fi♥כ◦ꜛfi─ ╩ ℮ ≡⇔≥fiꜛ◦כ♥ⱳ▬fi♩─○ꜞ◄fiכ◐│⌐ ⅝

⌐ ╩ ℮↓≤⌐╟╡ ─ ⌂ ╩ ∆╢ ⅜♩ⱳ▬fiכ◐ ↕╣√

L(u , v)─ m(u, v)≤ ȇ(u, v)╩ ∆╢ ─ ≢ ∑╢  

 

 ÍÕ Ö ὒό ρ ὺ ὒό ρ ὺ ὒό ὺ ρ ὒό ὺ ρ  ςȢρχ 

 ʃÕ Ö ÔÁÎ
ὒό ὺ ρ ὒό ὺ ρ

ὒό ρ ὺ ὒό ρ ὺ
 ςȢρψ 

(2.17)≤ (2.18)╩ ™≡ ⅛╠ ⱥ☻♩◓ꜝⱶ╩ ∆╢ ╩ 36

⌐ ↕∑╢↓≤⌐╟╡ ─♩ⱳ▬fiכ◐ ⌐ꜟכ◔☻≈ ⇔√ ⅜ ⇔

╩ ∆╢↓≤⅜≢⅝╢ ⌐●►☻ ≤ ⅛╠ ╖╩ⱥ☻♩◓ꜝⱶ⌐ ⇔

ⱥ☻♩◓ꜝⱶ╩ ∆╢  
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≢│ ○ꜞ◄fi♥כ◦ꜛfi─ ╡ ≡≢│ ⱥ☻♩◓ꜝⱶ⅛╠◐כⱳ▬

fi♩─ ⌂○ꜞ◄fi♥כ◦ꜛfi╩ ∆╢ ─ ╩∆╢ ⅜♩ⱳ▬fiכ◐⌐

≈○ꜞ◄fi♥כ◦ꜛfi⌐ ╦∑≡ ↕∑ ⌐ ∆╢ ╩ ╢ ⱬ◒♩ꜟ╩

∆╢ │ ╕∏ ╩ 4Ⱪ꜡♇◒─ 16Ⱪ꜡♇◒⌐ ∆╢ ⌐Ⱪ꜡♇

◒↔≤⌐ 8 ─ 45 ∏≈─ ─ⱥ☻♩◓ꜝⱶ╩ ∆╢ ↓╣⌐╟╡ ⱥ☻♩◓

ꜝⱶ─ ⅜ ⱬ◒♩ꜟ⌐⌂╢ ⌐ ─ 16Ⱪ꜡♇◒≤ ─ 8

╩ ⇔ 128 ≤ ∆↓≤⅜≢⅝╢  

SIFT ≢│↓╣╠─ ╖ ╦∑╩ ™ ─ ╩ ™╢ ─ ≢│ SIFT ╩

⌐ ⇔ SIFT ▪ꜟ◗ꜞ☼ⱶ⅛╠ ⇔⁸╟╡ ™ ╩ ∆ N-SFIT ⌂≥─ ↕

╣√ⱴ♇♅fi◓ ╙ ⇔≡™╢  

 

2.4.1 ∕─ ♩ⱳ▬fiכ◐─ ♃▬ⱪ⌐≈™≡ 

 SIFT │ ⇔≡™╢ DoG ─♩ⱳ▬fiכ◐╠⅛ ⌐╟╡ⱴ♇♅fi◓╩ ∆

╢ ∕─√╘ ╩♩ⱳ▬fiכ◐⌐ ≤⇔√ ╩ ℮ ╩ ╙ꜟכ◔☻∆

∆╢ ⅜№╢ DoG ─ │ ◖☻♩⅜ ™≤™℮ ⅜№╡ ↕╠⌐ ─

DoG ╩ ⌐ ∆╢ⱷ⸗ꜞ ⅜ ™≤™℮ ⅜№╢ ∕─√╘ SIFT ▪ꜟ◗ꜞ

☼ⱶ⅜ ↕╣≡ ₁⌂▪ⱪ꜡כ♅⌐╟∫≡ ▪ꜟ◗ꜞ☼ⱶ⅜ ⇔ ↑≡™

╢[10] ≢ ╩∆╢ ♩ⱳ▬fiכ◐ ♃▬ⱪ─ ⌐╟╢ ╩ 2.6⌐ ∆  

 

 

2.4 SIFT ⱴ♇♅fi◓─  

 

2.4.1.1 SURF ⌐≈™≡ 

 SURF ≢│ ╩ ∆╢ Box ⱨ▫ꜟ♃╩ ™≡ ⌐╟╡ ─ ╩

∫≡™╢ SIFT ♩ⱳ▬fiכ◐│ ꜟכ◔☻≥ ⌐╟∫≡●►☻ ≤ ⌂╢ DoG

╩ ╙ ℮ ⅜№╢√╘ ⌐ ⅜⅛⅛╢ ≤⇔≡↓─ ⌐│ SIFT ▪

ꜟ◗ꜞ☼ⱶ─ ≢ ⌐ ⅝⌂ ⅜⅛↑╠╣≡™╢√╘≢№╢  

↓─▪ꜟ◗ꜞ☼ⱶ≢│ ♩ⱳ▬fiכ◐ ꜟכ◔☻≥ ─ ╩ Hessian -Laplace
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⌐ Boxⱨ▫ꜟ♃╩ ╖ ╦∑╢↓≤≢ ⇔≡ ╘≡™╢[9] ↓╣⌐╟╡ ─

⅜ ╦╣╢  

 

2.4.1.2 FAST 

⇔√▪ꜟ◗ꜞ☼ⱶ≢◖כ♫כ⌐ ╩♩ⱳ▬fiכ◐─↑∞כ♫כ◖√⇔ ≤⇔

ⱷ⸗ꜞ ╩ ∫√ SIFT ╙ ⇔≡™╢ FAST ≢│ ⌐╟╡ ⅛≈

♩ⱳ▬fiכ◐⌂ ─ ⌐ ⇔≡™╢ ↄ─◖כ♫כ ⇔╠כ♫כ◖│≢

↕─꜠☻ⱳfi☻ ─ ╩ ⌐∆╢↓≤≢ כ♫כ◖─ ╩ ╢↓≤⅜≢⅝╢ ⇔⅛

⇔ ⌐╟╢ ▪ꜟ◗ꜞ☼ⱶ≢│꜠☻ⱳfi☻─ ╩ ≢⅝⌂™ ∕↓≢ ≤

∆╢ ─ ─ ╩ ⇔ ⅝ↄ⌂╣┌ ↄ⌂╢≤ ∆╢ FAST │ ∆╢

⅜ ↕╣≡™╢⅜ ⅜ ⌐ ™≤™℮ ⅜№╢ 2013 ⌐│↓─▪ꜟ

◗ꜞ☼ⱶ⌐ ╩ ⅎ√ Cascaded FAST ⅜ ↕╣≡™╢[10]  

 

2.4.1.3 ORB 

ORB ≤│▪ꜟ◗ꜞ☼ⱶ⌐⅔™≡ ╩ ∆╢▪ꜟ◗ꜞ☼ⱶ≢№╡

≡™⅔⌐≡═∆─ⱶכ☼ ≢№╢  

 SIFT ⌐⅔™≡▪ꜟ◗ꜞ☼ⱶ⅜ ≤ ⌐ ⅎ≡☼כⱶ⌐ ꜟכ◔☻╢∆ ⌐╙

≢⅝╢╟℮⌐⌂∫√ ⇔⅛⇔ ─ SIFT ≢│ ─ ↕╛∕↓⅛╠ ∂╢

─ ↕⅛╠ SURF ⅜ ↕╣≡⅝√ ⇔⅛⇔ ≥∟╠╙ ≢ ╠╣≡™╢√╘ ∆╢

⌐│ ╩ ™⅜ ∂╢ ⅜№╢[9] ∕─√╘ⱨꜞכ≢╙ ∆╢↓≤⅜≢⅝

⌂⅔⅛≈ ≤ ꜟכ◔☻ ⌐ ⇔≡ ⅜ ≢ ╙ ↄⱨꜞכ≢ ∆

╢↓≤⅜ ⌂▪ꜟ◗ꜞ☼ⱶ KAZE ⅜ 2011 ⌐ ↕╣√  

 

2.4.1.4 KAZE AKAZE ⱴ♇♅fi◓[11]  

 ECCV2012 ⌐⅔™≡ ↕╣√ KAZE ≤ ╩ ⅎ≡ ╩ ∫√ Accelerated 

KAZE  (AKAZE )⅜ ∆╢ KAZE ╛AKAZE ─ⱬכ☻≤⌂∫≡™╢ │SIFT ╛SURF

≢№╢ ●►◦▪fiⱨ▫ꜟ♃⌐╟╢☻◔כꜟ☻Ɑכ☻│●►◦▪fiⱨ▫ꜟ♃⅜ ≢№

╢√╘ ○Ⱪ☺▼◒♩─◄♇☺╩╓⅛⇔√ ≤⌂╢√╘ ⌂ ╩ ⌐ ≢⅝

⌂™[12] ∕─√╘ AKAZE ╛ KAZE ≢│ ≢ ╩☻כⱭ☻ꜟכ◔☻⌂ ™

╢↓≤≢↓╣╠─ ╩ ⇔≡™╢  

↕╠⌐AKAZE ≢│ ╩ ⇔Modified -Local Difference Binary(M -LDB)≤™

℮ ─ ╩ ∆╢[13] ╕√ ⱧꜝⱵ♇♪ ─ ╩ ∆╢√╘⌐ ─

╩ ╖ ╣ ꜡Ᵽ☻♩ ─ ≤ ─ ╩ ∫≡™╢ ꜡Ᵽ☻♩ ⌐≈™≡│☻◔

╛ꜟכ ▪ⱨ▫fi─∆═≡⌐⅔™≡ SIFT FAST SURF ╛ KAZE AKAZE ⅜

╙ ⅜ ™≤↕╣≡⅔╡ ⌂♩ꜝ♇◐fi◓⅜ ≢№╢↓≤⅜ ↕╣≡™╢  
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2.4.1.4.1 ⱨ▫ꜟ♃ꜞfi◓ 

 KAZE,  AKAZE ≢│ ⌐⅔™≡ ─ ⌐ ╩ ™≡ ─

≢ ⇔≡™╢ L ╩ (x, y, z)╩ ≤⇔≡™╢  

 

 
‬ὒ

‬ὸ
ὨὭὺὼȟώȟᾀ ὒɳ (2.20) 

 

 ↕╠⌐ (2.20)≤ AOS ╩ ™≡ ⱬ◒♩ꜟ ≢ ⇔√ ─ ╩∆╢ ὃ

│ ⌐⅔↑╢ ╩ ≢ ⇔≡™╢  

 

 
ὒ ὒ

†
ὃ ὒ ὒ  (2.21) 

 ὒ Ὅ † ὃ ὒ ὒ (2.22) 

 

(2.21)≤ (2.22)╩ ™╢↓≤⌐╟╡ ●►☻─ ≤ ╩ ╖ ╦∑≡

╩ ╢  

 

 ☻כⱭ☻ꜟכ◔☻ 2.4.1.4.2

 KAZE,  AKAZE ≢ ╩ ∆╢ │ Ⱪכ♃◒○│≢☻כⱭ☻ꜟכ◔☻ O

≤◘Ⱪ☻◔כꜟ S⌐╟∫≡ ≢ ↕╣╢[14] Ⱪכ♃◒○ O ≤◘Ⱪ꜠ⱬꜟ S כ◔☻

ꜟʎ│ ─ ─╟℮⌐ ∆ „│ⱬכ◔☻☻כꜟ꜠ⱬꜟ N │ ─ ╩ ∆  

 

 „ έȟί „ς  (2.23) 

 

 

 

Ïɴ πȟρȟȣȟὕ ρ 

Óɴ πȟρȟȣȟὛ ρ 

Éɴ πȟρȟȣȟὔ  

 

 

(2.23)│Ⱨ◒☿ꜟ ≢ ↕╣≡™╢ ⱨ▫ꜟ♃│ ≤⇔≡ ↕╣╢ ╟∫≡

─ ≢ ⌐ ∆  

 

 ὸ
ρ

ς
ȟὭ πȟρȟȣȟὔ  (2.24) 

 

≢☻כⱭ☻ꜟכ◔☻ ⱨ▫ꜟ♃ ≤ὸ│ ⇔⌂™ ⇔⅛⇔ KAZE,  AKAZE ≢
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│●►☻ ≢ ╩ 1≤ ⇔ↄ∆╢↓≤⌐╟╡ ∆╢  

 ─ ≢│╕∏ ─ⱥ☻♩◓ꜝⱶ⅛╠◖fi♩ꜝ☻♩Ɽꜝⱷכ♃ k ≤ ὸ

╩ ∆╢ ⌐ „─●►☻ ╩ ™≡ ╖ ╖╩ ™ AOS ╩ ™≡

╩ ∆╢  

 

2.4.1.4.3  

 KAZE, AKAZE ╩ ™≡ ╩ ∆╢√╘⌐ ≡™⅔⌐ꜟⱬ꜠ꜟכ◔☻─ Ⱬ♇

☿ ⌐ ∆╢ ⅜∕─ ╩ ↑√ ⌐ ∆╢ ╩ ─ ─

╩ ™≡ ∆╢  

 

 ὒ „ ὒ ὒ ὒ  (2.25) 

 

─≢ꜟⱬ꜠ꜟכ◔☻╢⌂  ╩ ─ ≤∕─ ╩ ™≡ ∆╢ ─

│ (2.23)⌐╟╡◘ⱩⱧ◒☿ꜟ꜠ⱬꜟ≢ ∆╢  

 ╩∆╢ ⌐ ╩ ∆╢√╘⌐ ≢─ ╩ ∆╢ ⅜№

╢ ─ ╕≢─ ╩ ⇔ ●►☻ ⌐╟∫≡ ╖ ↑∆╢ ─

⅜ⱬ◒♩ꜟ ─ ≤⇔≡ ↕╣╢[15]  

 ╩ ∆╢ ⌐ M-LDB ─ ⌐ ─ⱨ꜠כⱶ꞉כ◒╩ ⇔⁸

∆╢ ≢ꜟכ◔☻╩ ∆╢√╘ ⅝↕│ ─◓ꜞ♇♪ ≢ ∆╢ ◓ꜞ♇

♪╩↕╠⌐ ⌐ ⇔ ≢─ ─ ╩ ─ ≢ ⇔√●►☻

⌐╟∫≡ ╖ ↑⇔ ⱬ◒♩ꜟ⌐ ∆╢[13] ─ ⱬ◒♩ꜟ│

╩ ≤⇔√●►☻ ⌐╟∫≡ ╖ ↑↕╣╢ ─ ≢│ ─

ⱬ◒♩ꜟ╙ ⌐ ≠™≡ ∆╢√╘◖fi♩ꜝ☻♩⌐ ↕╣⌂™  

 

2.5 ╗∆┘ 

≢│ ≢ ™╢ ⌂ ≢№╢ ─ ─ ╛ SIFT

ⱴ♇♅fi◓ ┘ AKAZE KAZE ⌐≈™≡ ∆╢≤ ⌐ ─ ⌐≈™≡ ═√  

╕∏ SIFT ⌐⅔↑╢ ⌂ ╛ ⌐≈™≡ ⇔√ ⌐ ╛

▪ꜟ◗ꜞ☼ⱶ─ ⌐≈™≡ ⇔√ ≢│ ≢ ⇔√ ╛ ╩ ™√

⌐≈™≡─ ╩ ℮  
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3   

3.1 │∂╘⌐ 

 ≢│ ♦▫☺♃ꜟ◌ⱷꜝ╩ ™√ ╩ ≤⇔≡ ⱨ▫ꜟ♃╩ ™√

╩ ™ ╩♩ⱳ▬fiכ◐ ⇔ AKAZE ╩ ™√ ╩ ∆╢ ─

⌐≈™≡ ∆╢  

 

3.2 ─  

 │ ♦▫☺♃ꜟ◌ⱷꜝ╩ ™√ ⌐⅔™≡ SIFT ⱴ♇♅fi◓─▪ꜟ◗

ꜞ☼ⱶ╩ ™√ AKAZE ─◦☻♥ⱶ≤ ⱨ▫ꜟ♃╩ ╖ ╦∑√ ≢№╢  

≢ ꜟכ◔☻כ꜠◓╩ ⌐ ⇔ ╩ ∆╢ ─ ╩

∆╢√╘⌐ ─ ╩ ⇔╛∆ↄ∆╢√╘⌐ ⱨ▫ꜟ♃╩⅛↑╢  

↓╣⌐╟╡ ─ ≤ ─◖fi♩ꜝ☻♩⅜ ™↓≤⌐╟╢ ─ ╩

↕∑ ╩ ↕∑╢↓≤╩ ≤⇔≡™╢ ⌐ AKAZE ⱴ♇♅fi◓╩ ™≡

╩ ℮ ∕─ ╩♩ⱳ▬fiכ◐ ╩ ™ ╩ ∆╢ ─

╩ 3.1⌐ ∆  

 

 

 

 

 

 

 

 

 

 

 

 

3.1 ♦▫☺♃ꜟ◌ⱷꜝ╩ ™√ ─ⱨ꜡כꜗ♅כ♩ 

 

3.3 ⱨ▫ꜟ♃─  

 ⇔√ ⌐ ⇔≡ ─╟℮⌐ ╩ ∆╢  

1. ─ ╩ ∆╢  

2. ⇔√ ꜟכ◔☻כ꜠◓╠⅛ ╩ ∆╢  

ꜟכ◔☻כ꜠◓ .3 ⌐⇔√ ⌐ ⱨ▫ꜟ♃╩⅛↑╢  

 ─ ⌐≈™≡│ ⌐≈™≡ ⇔ↄ ═╢  

 

╩  

ⱨ▫ꜟ♃╩ ∆╢ 

╩♩ⱳ▬fiכ◐ ∆╢ 

ⱴ♇♅fi◓╩ ℮ 
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─♃ꜟ▫ⱨꜟכ◔☻כ꜠◓ 3.3.1  

 ⇔√ ꜟכ◔☻כ꜠◓╠⅛ ╩ ↕∑╢√╘ ╩♃ꜟ▫ⱨꜟכ◔☻כ꜠◓

∆╢ │≥ꜟכ◔☻כ꜠◓ ⌂≥⌐ ╦╣╢ ─ ≤ ╩ ∆ ─ ≈≢

≤ ≤ ─ ─ ⅛─ ╩ ™╢ ╢™ ⅛╠ ™ ╕≢ ╩™ↄ≈ ∆

╢⅛⌐╟╡ ─ ↕⅜ ⌂╢ ◖fiⱧꜙכ♃≢ ℮ │ ─ ─ ⅛↕╩ⱦ♇♩

≢ ∆[16]  

1ⱦ♇♩─ │ ≤ ─╖≢ ─ ⅜ ™ ≢ ꜟכ◔☻כ꜠◓ 2 ⸗ⱡ◒꜡

2 ≤╙ ┌╣╢ │ 8ⱦ♇♩╛ 16ⱦ♇♩⅜ ™╢ ↓╣⌐╟╡ ─

╩ ≤ ─╖⌐ ∆╢↓≤⌐╟∫≡ ╩☻ⱶכ☼⌐ ╦∑╢↓≤╩ ≤⇔≡™

╢ ꜟכ◔☻כ꜠◓⌐╠↕ ⌐╟∫≡ ⱨ▫ꜟ♃╩ ⌐⅛↑╢↓≤⅜≢⅝╢  

 

3.3.2 ⱨ▫ꜟ♃─  

ꜟכ◔☻כ꜠◓√⇔  ⅛╠ ⱨ▫ꜟ♃╩⅛↑╢↓≤⌐╟╡ ⅛╠ ─

─ ╩ ↕∑╢↓≤⅜ ≤⌂╢ ↓↓≢ ⱨ▫ꜟ♃⌐≈™≡ ∆╢ ⱨ

▫ꜟ♃│ 1 ╩ ⇔ ╩ ∆╢ⱨ▫ꜟ♃≢№╢[17] ─ │

╩ ≤∆╢ 2 ⱬ◒♩ꜟ≢№╡ ─ ╩ ™╢  

 

 Ὢɳ
Ὢ

Ὢ
 (3.1)  

 ȿɳὪȿ Ὢ Ὢ  (3.2) 

 

x, y │ ≤⇔ ─ ╢↕╩ ─ ↕≤∆╢ ↓╣⌐╟╡ │(x, y)─

≢ ⅜ ╙ ⌂ ─ ╩ ∆↓≤⅜≢⅝╢ ↓╣⌐╟╡ ─ ⅜ ⌐

∆╢◄♇☺ ╩ ∆╢↓≤⅜≢⅝ ╩ ≡╢↓≤⌐╟∫≡ ∆╢ ─ ⌐╟

╢◖fi♩ꜝ☻♩╙ ≢⅝╢[17]  

ⱨ▫ꜟ♃≢│ ─ 8 ╩ ─ ╩

™≡ ≢⅝╢ │ ╩ ⌐ ∆╢√╘ ─ ⅝⌐ ╦∑≡ ⅛╠ ⌐

⅛℮ 1 ─ ╩ ⇔ ─ ╩ ∫√  

─ ╩№→╢ 3.2╩ ꜟכ◔☻כ꜠◓⌐3.3 3.4⌐ ⱨ▫ꜟ♃

╩⅛↑√ ╩ ∆  
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3.2 ─ ─  

 

√↑⅛╩♃ꜟ▫ⱨꜟכ◔☻כ꜠◓ 3.3 ─  
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3.4 ⱨ▫ꜟ♃╩⅛↑√ ─  

 

↓─ ╟╡ ⱨ▫ꜟ♃≢│ ⅛╠ ─ ⅜ ∞≤ ⅛╢ ╟∫≡

≢ ≤∆╢ ≢╙↓─ⱨ▫ꜟ♃╩ ™╢  

  

3.4 KAZE AKAZE ⱴ♇♅fi◓ 

 2 ≢ ⇔√ SIFT ⱴ♇♅fi◓ ─▪ꜟ◗ꜞ☼ⱶ╟╡ ⌂≥╩ ⇔≡

AKAZE ⱴ♇♅fi◓╩ ∆╢ ─ │ ─ ╩ ℮↓≤⌐╟╡ ∆╢  

 

1. AKAZE ⱴ♇♅fi◓╩ ╩♩ⱳ▬fiכ◐≡™ ∆╢ 

2. 1 ♩ⱳ▬fiכ◐─2 ⅜ ╦╡⇔∞™ ╩ ℮ 

3. ─ ╦∫√ ♩ⱳ▬fiכ◐≥ ╩ ∆╢  

 

╕∏ AKAZE ⱴ♇♅fi◓⌐╟╢◐כⱳ▬fi♩─ ╩ ℮↓─ ⌐ ∆╢─│ ╒≥

─ ⱨ▫ꜟ♃╩⅛↑√ ≢№╢ ⱨ▫ꜟ♃╩⅛↑≡ ─ ─◖fi♩ꜝ☻♩⅜

⌐ ≡™╢ ⌐ AKAZE ⱴ♇♅fi◓╩ ♩ⱳ▬fiכ◐≡™ ╩ ∆╢ ─

≢│ │ 20 40 ⅜ ≢№╢[18] ╟∫≡,∕─ ⌐ ╩♩ⱳ▬fiכ◐⇔

∆╢  

ⱨ▫ꜟ♃╩⅛↑√ ⅛╠ ≡═∆╩♩ⱳ▬fiכ◐ ↕∑╢─≢│⌂ↄ ─

─ ™ 50 ╩ ∆╢ AKAZE ⱴ♇♅fi◓─◐כⱳ▬fi♩ │▪ꜟ◗ꜞ☼ⱶ

─ ≢ ╙ ⅛≈ ⅜ ™⅛╠≢№╢[9]  
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↕╠⌐ AKAZE │ KAZE ╩ ⌐ ⇔√▪ꜟ◗ꜞ☼ⱶ≢№╢ KAZE  AKAZE │

SIFT ╛ SURF ≤ ⌐ ה ה ⌐ ™꜡Ᵽ☻♩⌂ ▪ꜟ◗ꜞ

☼ⱶ≢№╢  KAZE , AKAZE │ ⅜ ⌂™ ≢╙ ╩ ≢⅝╢[14]  

─♩ⱳ▬fiכ◐─ ⅜ ╦╡ ♩ⱳ▬fiכ◐─ ╩ⱴ♇♅fi◓↕

∑╢ ⱴ♇♅fi◓⅜ ♩ⱳ▬fiכ◐≥ ╩ ∆╢ ↓╣⌐╟∫

≡ ⅜ ≢№╢⅛╩ ∆╢  

  

3.5 ╗∆┘ 

≢│♦▫☺♃ꜟ◌ⱷꜝ╩ ™√ ╩ ≤⇔≡ ⱨ▫ꜟ♃╩ ™√

╩ ™ ╩♩ⱳ▬fiכ◐ ⇔ AKAZE ╩ ™√ ╩ ⇔√  

4 ≢│ ≢ ⇔√ ─ ╩ ℮  
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4  ─ ≤ ┘  

4.1 │∂╘⌐ 

 ≢│ ♦▫☺♃ꜟ◌ⱷꜝ≢ ⇔√ ╩ ™≡ 3 ≢ ⇔√ ─

╩ ℮  

 

4.2 ─  

 ─ ≤⇔≡ ♬≈─ ╩ ℮ ≈ ─ ≢│ ╩ ⅛╠

⇔ ╢↑⅛╩♃ꜟ▫ⱨꜟכ◔☻כ꜠◓ №╠⅛∂╘ ≥♩♇☿♃כ♦╢№≡⇔ ╩ ™

⇔™ ╩ ≢⅝╢⅛╩ ∆╢ ≈ ─ ≢│ ≈ ─ ≤ ─ ≢

ⱨ▫ꜟ♃╩ ™≡ ╩ ™ ⇔™ ╩ ≡™╢⅛╩ ∆╢  

  

4.2.1 ─  

≢ ℮ ╛ ⌐ ™≡╩ ⌐ ∆ 

 

4.2.1.1  

⌐ ⇔√ ╩ ─  4.1 ⌐ ∆ ╕√ AKAZE ⱴ♇♅fi◓ ┘ ⱨ▫ꜟ

♃─ⱪ꜡◓ꜝⱶ│ OpenCV3 ╩ ™≡ ⇔√ 

 

4.1  

 

 

 

 

 

4.2.1.2 ≤  

⌐╟∫≡ ∆╢ ╩ 4.2⌐ ∆ ⌂⅔ │ ≤ ∂ ≢ ╩

∫√[3]  

 

4.2  

 

 

 

 

 

 

 

OS Windows 10 Pro  

CPU Intel(R) Xeon(R) CPU E3 -1240 v3 @ 3 40GHz 

GPU NVIDIA Quadro K600  

 DSC-HX200V  

( ) 1890 (1820 ) 

 1/2 3 CMOS  

 27~810mm 

ⱶ 30כ☼  
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 ♃כ♦ 4.2.1.3

 ╩ ™╢ │ ─ 10 ─ ╩ ⇔ ╡ ⇔√ ╩

∆╢ │∕╣∙╣ ─ ≢№╢ ╩∆╢ ⌐ ∂ ≢ ⇔ ⱨ▫

ꜟ♃╩ ⅎ√ ╩ 10 ∆╢ ─ ╩ 4.3⌐ ∆ ╕√ ≤ⱨ▫ꜟ

♃↔≤─ ╩ 4.1-4.35⌐∕╣∙╣ ∆  

 

4.3  

 

4.2.1.3.1  

─ ╩ 4.1-4.10⌐ ∆  

 

    

4.1 ─ ( ⇔ ) 4.2 ─ ( ⇔ )  

    

4.3 ─ ( )  4.4 ─ ( ) 

  

 10 

ꜟכ◔☻כ꜠◓  10 

ⱨ▫ꜟ♃ 10 

ꜟכ◔☻כ꜠◓) ) 10 

( ⱨ▫ꜟ♃) 10 
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4.5 ─ ( )  4.6 ─ ( ) 

 

    

4.7 ─ ( )  4.8 ─ ( ) 

 

    

4.9 ─ ( )  4.10 ─ ( ) 
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ꜟכ◔☻כ꜠◓ 4.2.1.3.2  

√↑⅛╩♃ꜟ▫ⱨꜟכ◔☻כ꜠◓⌐ ╩ 4.11-4.20⌐ ∆  

     

─ꜟכ◔☻כ꜠◓ 4.11 ( ⇔ ─ꜟכ◔☻כ꜠◓ 4.12 (

( ⇔ )  

     

─ꜟכ◔☻כ꜠◓ 4.13 ( ─ꜟכ◔☻כ꜠◓ 4.14  (

( ) 

     

─ꜟכ◔☻כ꜠◓ 4.15 ( ─ꜟכ◔☻כ꜠◓ 4.16  (
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( ) 

 

    

─ꜟכ◔☻כ꜠◓ 4.17 ( ─ꜟכ◔☻כ꜠◓ 4.18  (

( ) 

 

     

─ꜟכ◔☻כ꜠◓ 4.19 ( ─ꜟכ◔☻כ꜠◓ 4.20  (

( ) 

 

4.2.1.3.3 ⱨ▫ꜟ♃╩⅛↑√  

ꜟכ◔☻כ꜠◓ ⌐ ⱨ▫ꜟ♃╩⅛↑√ ╩ 4.21-4.30⌐ ∆  
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4.21 ⱨ▫ꜟ♃─ ( ⇔ ) 4.22 ⱨ▫ꜟ♃─

( ⇔ )  

      

4.23 ⱨ▫ꜟ♃─ ( )  4.24 ⱨ▫ꜟ♃─

( ) 

      

4.25 ⱨ▫ꜟ♃─ ( )  4.26 ⱨ▫ꜟ♃─

( ) 

  

  

  



26 
 

 

 

      

4.27 ⱨ▫ꜟ♃─ ( )  4.28 ⱨ▫ꜟ♃─

( ) 

 

      

4.29 ⱨ▫ꜟ♃─ ( )  4.30 ⱨ▫ꜟ♃─

( ) 

 

♩♇☿♃כ♦ 4.2.1.3.4  

4.11~4.20 ≤ 4.21~4.30 ╕≢─ ╩♃כ♦ ≈─ ⌐╕≤╘ ≤⇔≡ ™

╢ ─ ≢│ ─◘▬☼╩ ∑∏⌐∕╣∙╣◌ⱷꜝ⅛╠ 4~6cm ⇔√ ⅛╠

─ ─◘▬☼≢ ╖ ╦∑√ ꜟכ◔☻כ꜠◓ ≤ ⱨ▫ꜟ♃╩∕╣∙╣⅛↑√

─ ☿♇♩╩ 4.36~4.37⌐ ∆  
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4.36 ─ ☿♇♩ ꜟכ◔☻כ꜠◓  

 

 

4.36 ─ ☿♇♩ ⱨ▫ꜟ♃  

 

─♩♇☿♃כ♦ ─ │ ⅛╠ ⌐ ⌐ ⇔ ≤⌂

∫≡™╢ ─ ⅜ ⇔≡™╢⅜ SIFT ─ ⌐⅔™≡ ╛ ⌐ ™
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↓≤⅛╠ ─ ≢№╢≤ ⅎ╠╣╢[9]  

 

╩♃ꜟ▫ⱨꜟכ◔☻כ꜠◓ 4.3 ™√ AKAZE ⱴ♇♅fi◓⌐╟╢  

 ≢│ ─ꜝⱷ◌ꜟ♃☺▫♦╩♩♇☿♃כ♦─ ⌐╟╡ ∆╢ ≢

│╕∏ ╩ 10 ∆╢ ⌐ ─ ╩ ⇔ ꜟכ◔☻כ꜠◓⌐♩♇☿♃כ♦ ─

ⱨ▫ꜟ♃╩⅛↑≡ ≢⅝╢⅛╩ ∆╢ ↕╠⌐ ∕─ ─ ♩ⱳ▬fiכ◐ ≤ ⅜

─ ≤ ┘≈™≡™╢⅛─ , ╩ ∆╢  

 

╩♃ꜟ▫ⱨꜟכ◔☻כ꜠◓ 4.3.1 ™√ AKAZE ⱴ♇♅fi◓⌐╟╢ ─  

 ─ AKAZE ⱴ♇♅fi◓╩ ≥♩♇☿♃כ♦≡™ ⇔√ ╩ ™≡

╩ ∫√ ⇔™ ╩ ⇔√ ╩ ─ ╩ ⇔√ ╩ ≤⇔ ╩

4.4⌐ ∆ ─ ╩ 4.37⌐ ∆ ⌐ ─ ╩ ⇔ ⱳ▬fi♩ⱴכ◐

♇♅fi◓≢ ⅜ ™ 50 ─ ╩╙≤⌐∕╣∙╣─ ⌐ ™≢™╢  

 ↓↓≢ │ ─ ╟╡ ∆╢  

 

 (%)= ρππϷ  (4.1) 

 

╩♃ꜟ▫ⱨꜟכ◔☻כ꜠◓ 4.4 ™√ ⌐╟╢ⱴ♇♅fi◓  

    (%) 

⇔  50 0 915 100 

⇔  48 2 721 96 

 40 10 100 80 

 27 23 156 54 

 49 1 609 98 

 49 1 503 98 

 50 0 188 100 

 38 12 1313 76 

 49 1 639 98 

 50 0 559 100 
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╩♃ꜟ▫ⱨꜟכ◔☻כ꜠◓ 4.37 ™√  

 

 ─ ╛ ⌂≥⌐╟∫≡ ♩ⱳ▬fiכ◐ ╛ ⅜ ╦∫≡ↄ╢⅜

⅜ ─ ⌐ →╢↓≤⅜≢⅝√  

 

╩♃ꜟ▫ⱨꜟכ◔☻כ꜠◓ 4.3.2 ™√ AKAZE ⱴ♇♅fi◓⌐╟╢ ─  

 ─ ╩ ⇔√≤↓╤ 10 7 ─ ⅜ 96~100%─ ╩ ╢↓≤

⅜ ↕╣√ ⇔⅛⇔ ─ ⌐╟∫≡│ ⅜ ⇔≡™≡⇔╕™ ─☼꜠⌂≥

⅜ ∂√ ∕─√╘ ─ ⅜ ↄ ╙ ⅛∫√ ♩♇☿♃כ♦ ─

╩ ⇔√≤↓╤ ─♩ⱳ▬fiכ◐ ⅜ ⇔√  

≡∫╟⌐ꜟכ◔☻כ꜠◓ ╩ ⅛╠ ─ ≢כ꜠◓─ ∆╢↓≤⌐╟╡

⌐ ≢⅝√ AKAZE ⱴ♇♅fi◓─ ╩ ⅛ↄ ↕╣√ ⌐№╢

─ ╩ ╘ ╖ ↑⇔√ ꜟ♩◒ⱬ╩♃כ♦ ⇔ ∆╢ ⌐╟╡ ⌂

╩ ≢⅝√  

 

4.4 ⱨ▫ꜟ♃╩ ™√ AKAZE ⱴ♇♅fi◓⌐╟╢  

2≢│ ⱨ▫ꜟ♃╩⅛↑√ ≢ 1≤ ─ ╩ ™ 1≤ ∂

╩ ∆╢ ⌂⅔ ─♩♇☿♃כ♦╢∆ │ ≤ ∂ ╩ ∆╢  

 

4.4.1 ⱨ▫ꜟ♃╩ ™√ AKAZE ⱴ♇♅fi◓⌐╟╢ ─  

  ─ AKAZE ⱴ♇♅fi◓╩ ≥♩♇☿♃כ♦≡™ ⇔√ ╩

™≡ ╩ ∫√ ⇔™ ╩ ⇔√ ╩ ─ ╩ ⇔√ ╩ ≤⇔

≡ ╩ 4.4⌐ ∆ ─ ╩ 4.38⌐ ∆ ⌐ ─ ╩ ⇔∕↓⅛╠

≢◓ⱳ▬fi♩ⱴ♇♅fiכ◐ ⅜ ™ 50 ─ ╩╙≤⌐∕╣∙╣─ ⌐ ™≢™╢  
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4.5 ⱨ▫ꜟ♃╩ ™√ ⌐╟╢ⱴ♇♅fi◓  

    (%) 

⇔  3 47 65310 6 

⇔  1 49 64833 2 

 1 49 65548 2 

 0 50 63403 0 

 1 49 65548 2 

 3 47 64833 6 

 1 49 65548 2 

 5 45 64403 10 

 5 45 63164 10 

 4 46 62926 8 

 

 

4.38 ⱨ▫ꜟ♃╩ ™√  

 

♩ⱳ▬fiכ◐ ⅜ ╟╡╙≤≡╙ ↄ ╙ 10 ⅛⅛∫√

╕√ ↄ─◐כⱳ▬fi♩⅜ ─ ⌐ →╢↓≤⅜≢⅝⌂⅛∫√  

 

4.4.2 ⱨ▫ꜟ♃╩ ™√ AKAZE ⱴ♇♅fi◓⌐╟╢ ─  

 ─ ╩ ⇔√≤↓╤ ╒≤╪≥─ ⅜ │ ⌐ 0~10%≢№∫√

─ꜟכ◔☻כ꜠◓ ≤│ ™ ⱨ▫ꜟ♃≢│ ─ ⌐⅔™≡ ─ ─
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⅜ ⅝™ ∕─√╘ ─ ⌐ ⇔≡ ╩ ⅎ┌ ◄♇☺─ ╩ ℮↓≤

⅜≢⅝╢ ♦▫☺♃ꜟ ↕╣√ ⌐ ∆╢ ⌐╟╢ ≢│ ─ ╦╡⌐

╩ ℮↓≤⌐╟╡ ≤⌂╢ ⇔⅛⇔ ⌐ ╩ ℮↓≤⌐╟╡

⌐ ╕╣╢ ⌐╙ ⇔≡⇔╕℮√╘ ─ ─ ⌐ⱡ▬☼⅜ ⇔≡⇔╕℮

[17] ∕─√╘ ⱡ▬☼─ ⌐ AKAZE ─ ♩ⱳ▬fiכ◐─ ⅜ ⇔≡⇔╕™

⌂ⱴ♇♅fi◓⅜ ⅎ⌂⅛∫√≤ ⅎ╠╣╢  
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5  ≤ ─  

5.1  

≢│ ♦▫☺♃ꜟ◌ⱷꜝ╩ ™√ ╩ ♃ꜟ▫ⱨꜟכ◔☻כ꜠◓≡⇔≥

╛ ⱨ▫ꜟ♃╩ ™√ ╩ ™ ╩♩ⱳ▬fiכ◐ ⇔ AKAZE ╩ ™√

ⱴ♇♅fi◓╩ ℮ ╩ ∆╢≤ ⌐ ⌐╟╡ ─ ╩ ∫√ ─

≤ ≢─ ╩ ∆╢≤ ≤⇔≡│ ≢│ 95.6%

√↑⅛╩♃ꜟ▫ⱨꜟכ◔☻כ꜠◓│≢ ─ ≢│ │ 96% 100%≤⌂╡ ⅜

⇔√≤ ⅎ╠╣╢ √∞⇔ ─ ⌂≥⅜ ⇔√ │ 54~90%≤ ⇔

√  

≢ ⱨ▫ꜟ♃╩⅛↑≡ AKAZE ⱴ♇♅fi◓╩ ™√ ≢│ⱨ▫ꜟ♃╩⅛

↑╢↓≤⌐╟∫≡ ∆╢ ─ ╛ ─└∏╖─ ⌐╟∫≡ ⇔ↄ ⅜

ⅎ⌂⅛∫√  

─ ⌂≥⌐ ─ ↔≤⌐ ∆╢ ─ ⌂≥─ ╩

ⅎ╢↓≤≢╟╡ ─ ™ ⌐∆╢↓≤⅜≢⅝╢≤ ⅎ╢  

 

5.2 ─ ≤  

 ─ ≤⇔≡│ ─ 3 ⅜ →╠╣╢  

 

ה ⱨ▫ꜟ♃⌐ ⇔√ ─  

─ ≢│≥∟╠╙ ⅜ 1≢│ 10 2≢│ 10 ⅛⅛∫√

⌐ ⅜↕╣≡™╢ ─ │ 0.3 ≤ ⌐ ≢№╢─≢ ▪ꜟ

◗ꜞ☼ⱶ─ ╛ ─ ≤™∫√↓≤⅜ ≤⌂╢  

 

ה ⅜ ⌂ ─  

 ≢│ ─ ≤⇔≡ ╩ 10 ⇔√⅜ ∕╣⌐╟╢ │╕┌╠≢

№╡ ≢№╢↓≤⅜ ⅛∫√  

↕╠⌐ⱨ▫ꜟ♃↔≤⌐╟╢ ─ ╩ ∆╢↓≤⅜≢⅝⌂⅛∫√ ∕─√╘ ⱨ

▫ꜟ♃⌐╟╢ ≤ ⌐ ⇔√ ╟╡ ─ ╩♩♇☿♃כ♦™ ™╢

╩ ╛⇔≡ ╩ ℮ ⅜№╢  

 

fiכ♃Ɽה ⌐╟╢  

 ≢│ ─ ≢№╢Ɽ♃כfi ╩ ™⌂⅛∫√ ∆⌂╦∟ ≤ ─

─ ⅛╠ ╩ ⇔ ⌐╟╢™ↄ≈⅛─ ╩ ∆╢ ™│ ⅜

⅛╣╢ ╛ ─╟℮⌂ ─ ─ ↕╠⌐ ─╟℮⌂ ⌂≥─

╩ ⇔ ⇔ ∕─ ⅜ ─ ⅛╠≥─ ♃כ♦╩⅛─╢№⌐ ∆╢ ≢

│⌂⅛∫√  
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∕─√╘↓─╟℮⌂ ─ ⌂≥╩ ⇔ ─ ≤ ╖ ╦∑

╢↓≤⌐╟╢Ɽ♃כfi ⅜ ≢№╢≤ ⅎ╠╣╢  
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 ╩ ℮⌐№√∫≡ ⌂ ╩ ⅎ≡ↄ∞↕╡  ╕√ ─ ╛ ⌐≈™

≡ ⇔≡ↄ∞↕∫√ ≤ ☿fi♃כ ─

⌐ ⅛╠ ⇔╕∆   

 ⅛╠▪♪Ᵽ▬☻╩ↄ∞↕∫√ ─ ⌐╙ ⇔╕∆   
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4.1  

4.2  

4.3  

╩♃ꜟ▫ⱨꜟכ◔☻כ꜠◓ 4.4 ™√ ⌐╟╢ⱴ♇♅fi◓  
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