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 ─  

ᵑ  

ה ⌂ ─ ┼ ↑≡⁸ ◌ⱷꜝ─ √∆ ─ ⅜ ⌐

╕∫≡™╢⁹ ⌐₈ ה ₉≤│⁸ ╩꜡♥ה ╗ ⌐ ∆╢₈

ה ₉╩ ∆╢⅜⁸↓─℮∟♥꜡╩ ╗ ⌐⅔™≡│⁸ ◌ⱷꜝ─ √∆

⅜ ⌐ ⅝™⁹ 

≢╙⁸ ─ ╛ ─ ─ ≢⁸ ↄ─ ◌ⱷꜝ⅜

ה ה ─ ⅜ ∆╢ ⌐ ↕╣≡™╢⁹⇔⅛⇔⁸↓╣╠─

─╒≤╪≥│⁸ ↕╣∏⌐™╢⅛⁸ ↕╣≡ ↕╣√ ⌐ ≡╠╣

≡™╢─⅜ ≢№╢⁹◌ⱷꜝ ╩ ⌐ ∆╢⁸ ⌂ ≢│⁸ ↕

╣╢ ◌ⱷꜝ─ ⅜ ⌐⌂╡⁸ ♅▼♇◒╛ ה ≤™∫√ ╩

≡─◌ⱷꜝ ⌐≈™≡ ℮↓≤⅜ ₁ ⌐⌂╢⁹ 

∕↓≢⁸↓╣╠─ ⌂ ╩ ⌐ ⇔⁸ ⌐╟╢ ╩ ╕√│

≢⅝╢◦☻♥ⱶ─ ⅜ ≤⌂∫≡™╢⁹↓─╟℮⌂◦☻♥ⱶ⅜ ∆╣

┌⁸ꜞ▪ꜟ♃▬ⱶ─ ⅜ ⅛≈ ⌐ ⅎ╢╟℮⌐⌂╢⁹↕╠⌐⁸ ⇔√

─ ─╖╩◦☻♥ⱶ⅜ ⇔≡ ∆╢↓≤≢⁸ ≡─ ╩ ∆╢

⅜⌂ↄ⌂╡⁸ ה ─ ╙ ╠╣╢⁹ │⁸ ─

≤ ⁸ ─ ⅝┼─ ⁸ ╛ ─

⌐ ╩ ∆╢≤ ↕╣╢⁹ 

 

ᵒ  

↓─ ─√╘⁸ ─ ⌐ ⇔√ ⅜⁸ ⅛╠ ↄ ╦╣

≡⅝√⁹⇔⅛⇔⁸ ╛ ─ ⅜ ╠⌂ ─╖≢ ⌂◦☻♥ⱶ⅜╒≤╪≥≢⁸

⌐ ⅎ╢◦☻♥ⱶ│ ↕╣≡™⌂™⁹ 

≢│⁸ ─♩ꜝ♇◐fi◓ ≤⇔≡⁸ ⅜

─ ≢ ⇔√ MRF ╩ ≤∆╢⁹ MRF ≤│⁸

─ ≢ ↕╣√ ≢⁸ ╩ ⌐ ⇔√

⌐⅔™≡ ⇔≡ ⌂╡ ℮ ─ ─ ╩ ∆╢ ⸗♦ꜟ≢№╢⁹

⌐╟╣┌⁸ ≢ ⌂╡ ℮ fiꜛ☺כꜟ◒○ ─ ╩ ⇔≡

⌐ ∆╢↓≤⅜≢⅝⁸ ─ ⅜ ≢ ⌂╡⌂⅜╠ ∆╢ ≢─

≢╙ ⅎ℮╢◦☻♥ⱶ ⌐⅔™≡ ╩ ≢⅝╢╙─≤ ⅎ╢⁹ 

╕√⁸ MRF ≢│⁸ ─♩ꜝ♇◐fi◓▪ꜟ◗ꜞ☼ⱶ≤ ⌂╡⁸ ╛ ≤

™∫√ ─ ╛◄♇♆≤™∫√ ╩ ™≡™⌂™√╘⁸ ╛ ─

ↄ ⌂╢ ╩⇔√ ╩ ▪ꜟ◗ꜞ☼ⱶ≢ ℮↓≤⅜ ≢№╢⁹↓╣⌐╟╡⁸

◦fiⱪꜟ⅛≈ ─№╢◦☻♥ⱶ╩ ≢⅝╢≤™℮ ⅜№╢⁹↕╠⌐⁸∕─

─ ┼─ ╩ ≡⁸ ─ ⌐╟∫≡╙꜡Ᵽ☻♩ ⅜ ↕╣≡

™╢⁹ 

≢│⁸↓℮⇔√ ╕≢─ ה ╩╙≤⌐⁸ ─ √⌂

─√╘⁸ ⅛╠◦☻♥ⱶ ╕≢ ⇔≡ ∆╢↓≤╩ ≤⇔≡™

╢⁹ 

 

ᵓ Ⱡ♇♩꞉כ◒ ─  

⌐⅔™≡│⁸ ╛♥꜡ꜞ☻♩ ─ │⁸ ─ ◌ⱷꜝ─

⌐ ╕╢↓≤⌂ↄ⁸ ─◌ⱷꜝ ╩ ⌐ ∆╢⁹⇔√⅜∫≡⁸Ⱡ♇♩꞉

◒כ ↕╣√ ◌ⱷꜝ ⌐⅔™≡ ⌐ ה ╩ ℮ ה



 

 3 

─◦☻♥ⱶ─ ⅜ ≤⌂╢⁹ ≢ ╩ ∆╢ ╩ ∆╢

↓≤⌐│⁸ ─ ⌐╟╢◌ⱷꜝ ╡ ⅎ╩ ∆╢ ≤⁸ ≢─

⅛╠ ─ ╩ ∆╢ ≤⅜№╢⁹ ⅎ┌⁸ ∂ ╩ ⇔≡ ∆╢≤™

∫√ │⁸ ─◌ⱷꜝ─ ⅛╠│ ≢⅝∏⁸Ⱡ♇♩꞉כ◒ ╩ ⇔≡ ╘

≡ ∆╢ ╙№╡ ╢⁹↕╠⌐⁸ ⌐⅔™≡│⁸♩ꜝ♇◐fi◓⌐╟╢

─╖⌂╠∏⁸ ─≥☻כⱬ♃כ♦─♩☻ꜞ꜡♥╛ ⌐╟╢ ⅜ ⌂

≤⌂╢⁹↓╣⌐│⁸◌ⱷꜝ⌐ ∫≡™╢ ╩ ∆╢ ≤⁸ ╩

⌐ ∫≡ ╦∏⌐ ∆╢≤™℮ ≤⅜№╢⁹ 

 

ᵔ ה ◦☻♥ⱶ─  

─◦☻♥ⱶ│⁸ │ ≡─ ╩ ┼ ⇔⁸ ⌐╟╢ ≤

◦☻♥ⱶ ⅜ ╦╣≡™╢⁹⇔⅛⇔⁸ ™ ◌ⱷꜝ ⅜ ∆╢↓≤≢⁸

ⱨ□▬Ᵽכ ─ ─ ⌂ ◖☻♩⅜⁸ ◦☻♥ⱶ─ ⌐≤∫

≡ ⅝⌂ ≤⌂╢≤ ↕╣╢⁹↓─ ─ ⌐│⁸☿fi◘ ⌐ ⇔≡

╩ ™⁸ ⌐ ☿fi◘≤─ ╩ ℮↓≤⅜ ≢№╢⁹ ה ◦☻

♥ⱶ⌐╟╣┌⁸ ≡─ ╩ ∆╢ ⅜⌂ↄ⁸ ─ ╛ ⅜ ↕╣√≤

⅝⌐─╖ ⱦ♇♩꜠כ♩─ ╩ ┼ ∆╢ ─ ⅜ ⌐⌂╢⁹↓─

√╘⁸ ⅜ ◘fiⱪꜞfi◓╛ ╩꜡♇◒⇔≡─ ♅▼♇◒╩ ℮ ⁸

─ ⌐─╖ ♅ꜗfiⱠꜟ ─ ⅜ ≢⅝╢ ─ ╩ ∆╣┌

≢№╢⁹∕─ ⁸◦☻♥ⱶ ─◖☻♩⅜ ⌐ ↕╣╢↓≤⅜ ↕╣╢⁹

∕↓≢⁸ ≢│⁸◌ⱷꜝ ⌐ ↕╣√ PC ≢ ה ⌐ ∆╢

▪ꜟ◗ꜞ☼ⱶ╩ ⇔≡⁸ ╛ ◌ⱷꜝ PC≤─ ─√╘─ ╩

℮⁹ 

⌐⁸N ─ ה ◦☻♥ⱶ≢│⁸◦☻♥ⱶ ─ ╛ ─

⅜⁸◦☻♥ⱶ ─ ⌐│ N ≤⇔≡ ╩ ╓∆⁹⇔√⅜∫≡⁸♩ꜝ♇◐fi◓ה

ה ─ │⁸ ◦☻♥ⱶ⅜ ™ ꜠ⱬꜟ╩ ∆╢↓≤⅜

≢№╢⁹↓─ ⁸ ≢ ≤∆╢ MRF ⅔╟┘ ⅜ ⇔

≡™╢ fiꜛ☺כꜟ◒○⁸│ ─ ≤─ ⌂╡ ⁸ ─ ⁸

─ ⌐ ⇔≡ ≢№╢↓≤⅜ ↄ ↕╣≡™╢⁹ ≢│⁸∕╣╠╩↕╠

⌐ ∆╢↓≤⌐╟╡⁸Ⱡ♇♩꞉כ◒ ≢─ ꜠ⱬꜟ─Ɽⱨ◊כⱴfi☻╩ ∆

╢↓≤╩ ∆⁹ 

⁸ ⌐⅔™≡│⁸◌ⱷꜝ ≢Ɽ♇◔כ☺ ⌂ Ⱳכ♪⅜ ╘

╠╣╢⁹↓─ ⁸ ⌐ ⌐≡ ─♩♇♬ꜚ◘fi☿ꜟꜗ◦כ♁√⇔

Ⱳכ♪≤PTZ◌ⱷꜝ⸗☺ꜙכꜟ─ ╖ ╦∑⌐≡ ≤ ⅎ≡™╢⁹ 
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 ─  

 ─  

⌂ ≠↑ 

ה ⌂ ─ ┼ ↑≡⁸ ◌ⱷꜝ─ √∆ ─ ⅜ ⌐

╕∫≡™╢⁹ ⌐₈ ה ₉≤│⁸ ╩꜡♥ה ╗ ⌐ ∆╢₈ ה

₉╩ ∆╢⅜⁸↓─℮∟♥꜡╩ ╗ ⌐⅔™≡│⁸ ◌ⱷꜝ─ √∆ ⅜

⌐ ⅝™⁹ ≢╙⁸ ─ ╛ ─ ─ ≢⁸ ↄ─ ◌ⱷ

ꜝ⅜ ה ה ─ ⅜ ∆╢ ⌐ ↕╣≡™╢⁹⇔⅛⇔⁸↓╣

╠─ ─╒≤╪≥│⁸ ↕╣∏⌐™╢⅛⁸ ↕╣≡ ↕╣√ ⌐ ≡

╠╣≡™╢─⅜ ≢№╢⁹◌ⱷꜝ ╩ ⌐ ∆╢⁸ ⌂ ≢│⁸

↕╣╢ ◌ⱷꜝ─ ⅜ ⌐⌂╡⁸ ♅▼♇◒╛ ה ≤™∫√ ╩

≡─◌ⱷꜝ ⌐≈™≡ ℮↓≤⅜ ₁ ⌐⌂╢⁹↕╠⌐ ─√╘─

─ ╙ ↕╣⌂↑╣┌⌂╠⌂™ ⌂ ⌂ ≤⌂∫≡™╢⁹ 

∕↓≢⁸↓╣╠─ ⌂ ╩ ⌐ ⇔⁸ ⌐╟╢ ╩ ╕√│

≢⅝╢◦☻♥ⱶ⅜ ∆╣┌⁸ꜞ▪ꜟ♃▬ⱶ─ ⅜ ⅛≈ ⌐ ⅎ╢╟℮

⌐⌂╢⁹↕╠⌐⁸ ⇔√ ─ ─╖╩◦☻♥ⱶ⅜ ⇔≡ ∆╢↓≤

≢⁸ ≡─ ╩ ∆╢ ⅜⌂ↄ⌂╡ ה ─ ╙ ╠╣╢≤≤╙⌐⁸

─ ─√╘⌐ ≤⌂╢Ⱡ♇♩꞉כ◒─ ─ ⌂ ╙ ∆╢↓≤⅜≢⅝

╢⁹ 

≢│⁸ ╩♩ꜝ♇◐fi◓⇔⁸∕─ ⅛╠ ╩ ∆╢

╩ ⇔⁸Ⱡ♇♩꞉כ◒ ⌐╟╡ ╩ ∆╢ ╩ ∆╢↓

≤╩ ≤⇔≡™╢⁹╕√⁸₈∕─ ⅜ ≢№╢⅛₉≤™∫√ ⅜ ╩ ≈√╘⁸

♩ꜝ♇◐fi◓ ≤ ╩ ∆╢ ╩ ⇔⁸ ⇔™ ╩ ∆

╢↓≤╙ ≤⇔≡™╢⁹ 

↕╠⌐⁸ ─√╘⌐ ⌂ ∆╢◌ⱷꜝ ≢─ ♃כ♦ ╩♃כ♦

╗ ─ ⌂ ─ ╖╩ ∆╢↓≤⌐╟╡⁸ ─ ◦☻♥ⱶ≢

≤⌂╢ ─ ╩ ∆╙─≢№╢⁹ 

 

⌂  

⌐ ⌂ 6 ─ ─ ╩ ∆⁹ 

ᵑ ─ ─√╘─ ─  

│⁸ ≤ ≢⁸ MRF ╩ ⇔√ ▪ꜟ◗ꜞ☼ⱶ─

╩ ™⁸ ⌐ ≤⇔≡ ╩ ⇔≡™╢⁹↓↓≢│⁸ ─◌ⱷ

ꜝ ≢ ♩ꜝ♇◐fi◓╩ ™⁸∕─ ╩ ∆╢↓≤≢⁸ ─

╩ ∆╢≤™℮▪ꜟ◗ꜞ☼ⱶ╩ ⇔≡⅔╡⁸ ≤ ┌╣╢ ╩ ⇔

≡™╢⁹ ≤│⁸ ה ⅛╠ ⌐ ╢╕≢ ↄ ╦

╣≡™╢ ≢⁸ ╛ ─ ꜠ⱬꜟ⅛╠ ⅜ ≢⅝╢ ╕≢╩

⌐ ∆╢↓≤≢ ⌂ ╩ ⅔℮≤∆╢ ≢№╢⁹ 

─ ▪ꜟ◗ꜞ☼ⱶ≢│⁸ MRF⅛╠ ↕╣╢ ⱴ♇ⱪ⅔

╟┘ ⅝ⱬ◒♩ꜟⱴ♇ⱪ─ ⅛╠⁸ ₁─ ⁸

⁸ ≤™℮╟℮⌐ ┼≤ ⌐

╩ ⇔⁸ ≢ ⌂ ╩ ∫≡™╢⁹ 

─ ⌂ ⌐⅔™≡╙⁸♩ꜝ♇◐fi◓ ⅛╠ ╩ ⇔⁸∕─ ─

⅛╠ ╩ ∆╢≤™℮ │ ↄ ≢№╡⁸ ╕≢ ⅜ ∫≡⅝√ ╩

ⱬ⁸⌐☻כ ⌐⁸ ⌐⅔↑╢ ─ ⅜⁸
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─ ╖ ╦∑≢ ⅛≥℮⅛─ ╩ ℮⁹ 

│⁸ ╢№≢ⱴכ♥ Ⱡ♇♩꞉כ◒◦☻♥ⱶ╩ ∆╢√╘─

⌂◘Ⱪ♥כⱴ≢№╢√╘⁸ 18 ≤ 19 ─ 2 ≢ ─ꜗ♅◒♥◐כ▪

╩ ∆⁹ 

ᵒ ─♃כ♦ ⅔╟┘ ─ (ⱨ▫כ♦♪ꜟכ♃ )   

≢│⁸╕∏₈≥─╟℮⌂ ╩ ∆ ╩ ≤∆═⅝⅛₉╩ ╠⅛⌐∆

╢↓≤⅜ ─ⱴכ♥⌂ ≈≢№╢⁹∕↓≢⁸ ⌐╦√╢ ⱨ▫כ♦≢♪ꜟכ♃

╩ ™⁸↓╣╠─ ⌂ ╩♃כ♦ ≢ ⁸ ╩ ∆╢↓≤⌐╟

╡⁸ ( )ꜝ▬Ⱪꜝꜞכ╩ ∆╢⁹ ( )ꜝ▬Ⱪꜝꜞ⁸│כ

Ɽ♃כfi ⌐ ╛♩ꜝ♇◐fi◓⅛╠ ╠╣√ ☻כⱬ♃כ♦╩ ∆╢╙─≢№

╢⁹ 

∕↓≢⁸ ≢│⁸ ─↔ ─ ⁸ ⌐ ⇔≡™╢ ◌ⱷ

ꜝ ╩ ♃כ♦√⇔ ┘ ╩ ℮⁹ ⅎ┌⁸ ─ⱱכⱶ≢─ ─ ─

№╢ ─ ╛⁸ ⌐№╢ ⌐ ╢ ─ ⌂ ≤ ⌂╢ ⅝╩

∆╢ ⅜ →╠╣╢⁹↓╣╠─ │♩ꜝ♇◐fi◓ ─ ╩ ∆╢↓≤⌐╟╡

╠╣⁸ ⌐⅔™≡ ─ ╩ ∆╢↓≤⌐╟╡↓╣╠─ ─╖╩ ∆╢

╩ ∆╢⁹ ⌐⁸ ─ᵑ ≢ ═√ ⌂▪ꜟ◗ꜞ☼ⱶ─ ─ ⌂

╙ ℮⁹ 

∫≡⁸ │⁸╕∏⁸ ╩ 21 1 ⌐ ⇔⁸ ≢ 10 ⁸

═ 100 ─ ꜝ▬Ⱪꜝꜞכ─ ╩ ⌐∆╢⁹↕╠⌐╟╡

ⱨ▫כꜟ♪≢─ ╩ ↕∑╢√╘⁸ ≢№╢ 23 3

╕≢⌐│⁸500 ─ ꜝ▬Ⱪꜝꜞכ─ ╩ ∆⁹ 

ᵓ MRF─☼כⱵfi◓הⱤfi♬fi◓ ┼─ ─  

─ MRF ⌐⅔™≡│⁸ ◌ⱷꜝ⌐╟╢ ╩ ≤⇔≡™√⁹⇔⅛⇔⁸

╢⌂≥♩♇◕כ♃╠⅛ ╩ ⇔√ ⌐│⁸∕─ ⌐◌ⱷꜝ─☼כⱵfi◓╩

™⁸ ⌐≥╙╩☻כⱬ♃כ♦ ╩ ℮↓≤╙ ⅎ╠╣╢⁹╕√⁸ ⅜

∆╢ ⁸ ╩ ∆╢⁸ ╩ ≢ ⅎ╢ ─ ≢◌ⱷꜝ─Ɽfi♬fi◓

╩ ╢↓≤ ╙ ≤⌂╢⁹∕↓≢⁸ ≢│⁸ MRF ⌐ Ⱶכ☼≡⇔

fi◓╛Ɽfi♬fi◓⌐⅔™≡╙ ╩ ⌐♩ꜝ♇◐fi◓≢⅝╢╟℮⌐∆╢√╘─

╩ ℮⁹ 

─▪ꜟ◗ꜞ☼ⱶ≢│⁸ ◌ⱷꜝ─ ≤ ─ ⅜ ─ ⌐

─╖ ╩ ⇔⁸ ─√╘─ ID ╩ ה◓Ⱶfiכ☼⁸⇔⅛⇔⁹√™≡∫

Ɽfi♬fi◓─ │⁸ ↕╣√ ⅜ ≢⅝⌂™⁹∕↓≢⁸ ◌ⱷꜝ⅛╠

⅜ ↕╣√ ⁸ ⅜Ɽfi♬fi◓כ☼הⱵfi◓⌐╟╡ ™≡™╢↓≤╩ ⇔

√ ⌐⁸↓─ ╩ ≤ ⌂⇔≡ ID╩ ⇔⁸ ─ ≤

⌐♩ꜝ♇◐fi◓∆╢↓≤≢⁸ ↄ ≤ ─ ≤─ ╩ ℮ ─

╩ ╘╢⁹↕╠⌐⁸ MRF │⁸ ─ ⅜ Ⱪ꜡♇◒─ ≤⇔

≡ ↕╣╢√╘⁸ ⌐╟╢ ─ ≢─ ⅝↕─ ⁸ ─ ⅝╛

─ ⌐╟╢ ≢─ ⌐ ⇔≡ ⌐ ⇔√ ╩ ℮ ─ ╙

╘╢⁹ 

─ ─ ↄ│⁸ ≢─♩ꜝ♇◐fi◓⁸☼כⱵfi◓הⱤfi♬fi◓─∕

╣∙╣⌐ ─ ╩ ⇔⁸▪♪ⱱ♇◒⌐ ╖ ╦∑√╙─⅜ ™⅜⁸ MRF─

◓Ɽfi♬fiה◓Ⱶfiכ☼ ┼─ │⁸ ─ MRF⅜ ∆╢ ─ ≢№╡⁸

╩fiכ◦⌂₁ ⌐ ℮↓≤⅜ ≤⌂╡⁸ ─ ⁸ ─⇔ ↕⁸◦☻♥

ⱶ─ ─ ₁⌂ ≢ ⅜ ≢⅝╢≤ ⅎ≡™╢⁹ 

◘Ⱪ♥כⱴ│⁸ ─◦☻♥ⱶ ┼─ ⅜ ™√╘⁸╕∏⁸
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≤⇔≡⁸ ╠⌂ ≢│ 98% ⁸ ⅜fiꜛ☺כꜟ◒○≡⇔ ⇔≡™╢ ≢

╙ 90% ─ ╩ ∆╢↓≤╩ ∆⁹↕╠⌐⁸╟╡ ⌐ ⅎ℮╢◦☻♥ⱶ╩

∆╢√╘⌐⁸ ╕≢ ─ ╩ ╘╢⁹ 

ᵔ ─√╘─ ≤♩ꜝ♇◐fi◓ ─  

─꜡♥ה ⌐⅔™≡│⁸ ⅛╠ ╩ ∆╢↓≤⅜ ≢№╢⅜⁸

⌂◌ⱷꜝ ⅛╠↓╣╠╩ ≈↑╢↓≤│ ≢№╢⁹∕↓≢⁸ ⌐│⁸◦☻♥ⱶ

⌐╟╢ ╩ ™⁸ ╩◓Ⱶfiכ☼ ℮↓≤≢⁸◦☻♥ⱶ⅔╟┘ ⅜

─ ╩ ™⁸ ╩ ∆╢≤™∫√ ⅜ ≢№╢⁹↓╣⌐╟╡⁸

─ ╩ ∆╢ ⅜⌂ↄ⌂╣┌⁸ⱪꜝ▬Ᵽ◦כ─ ≤ ∆╢≤™℮

╙ ╕╣╢⁹ 

⌐ ⇔≡│⁸ │1995 ⅛╠ ☿fi◦fi◓ ⌐≈™≡ ╩ ╘⁸

⁸ ╩ ⇔√ ◦☻♥ⱶ⁸ ⌐╟╢ ─ ♁

ⱨ♩⁸♦▫☺♃ꜟ ⌐⅔↑╢ ─ ╢↕ ♁ⱨ♩ ↓╣╕≢⌐ ↄ─

╩ →≡™╢⁹ ⌐⁸ ◌ⱷꜝ ↑ ה ◦☻♥ⱶ─ ≢│⁸

≢ ◒כ◊►≡╘ ╩ ⇔⁸ ≢─ ◦☻♥ⱶ─ ╩

∫≡™╢⁹ ≢│⁸ᵒ ≢ ∆╢ ╩ ™≡ ╩ ⇔

√ ⁸∕─ ⌐ ⇔≡ᵓ ≢ ╩◓Ⱶfiכ☼╢∆ ™⁸ ─ כ♦┘╟⅔

♃ⱬכ☻≤─ ⌐╟╢ ╩ ℮√╘─ ─ ⌐ ∆╢ ╩

℮⁹ ─ ≤⇔≡│⁸ ─ ─ ╩ ∆╢↓≤⅜ →╠

╣⁸ ⇔≡™╢ ⌐ ═⁸ ─ ⇔√ ⱨ꜠כⱶ╩ ∆╢↓≤⅜

≢№╢⁹∕↓≢⁸ ≢│⁸ ─ ⱨ꜠כⱶ⅛╠ ⌂ ╩ ∆╢▪ꜟ◗

ꜞ☼ⱶ≤ ⌂ ╩▪◒♥▫Ⱪ⌐ ∆╢◌ⱷꜝ ▪ꜟ◗ꜞ☼ⱶ─ ╩ ℮⁹ 

⁸ ∕─╙── │⁸ ⌐│ ╘∏⁸ ─ ≢ ה

─ ╩ ∆╢↓≤≤∆╢⁹ 

◘Ⱪ♥כⱴ│⁸ √⇔◓Ⱶfiכ☼⁸≡⇔≥ ⅛╠─ ≢ 95% ╩

≤∆╢⅜⁸ │⁸◦☻♥ⱶ ≢─♩ꜝ♇◐fi◓ ─√╘─ ≢№╢

√╘⁸ ≤⇔≡─ ─ │ ╘⌂™↓≤≤∆╢⁹ 

ᵕ ─√╘─ ☿fi◘Ⱡ♇♩꞉כ◒ ─  

☿◐ꜙꜞ♥▫ ─ ⌐│⁸ ─ ⌐ ⇔ ≢ ∆╢↓≤⅜

≢№╢⁹⇔⅛⇔⁸ ◌ⱷꜝ─ │ ╠╣≡™╢√╘⁸☿fi◘Ⱡ♇♩꞉כ◒╩

↕∑√ ⅜ ≤⌂╢⁹∕─ ╙ ⌂ ≤⇔≡⁸∕╣∙╣─ Ᵽכ○⅜

ꜝ♇ⱪ∆╢╟℮⌐ ◌ⱷꜝ╩ ∆╢↓≤⅜≢⅝╣┌⁸ Ᵽꜝ♇ⱪכ○─ ≢

─ ╩ ∆╢↓≤⅜ ⅎ╠╣╢⁹╕√⁸◌ⱷꜝ╩ ⇔√╕╕≢│ ™⌐ ⅜○

⌂℮╟™⌂⅝≢Ᵽꜝ♇ⱪכ ≢╙⁸Ɽfi♬fi◓⌐╟╡ ◌ⱷꜝ ≢ ™─

Ᵽꜝ♇ⱪ↕∑╢↓≤⅜≢⅝╣┌⁸כ○╩ ─ ⅜ ≤⌂╢⁹↓╣╠│⁸™∏╣╙

⌐⅔↑╢ ꜠ⱬꜟ ⌐⅔↑╢ ╩ ∆╢⁹ 

⇔⅛⇔⁸◌ⱷꜝ─ ⅛╠⁸Ɽfi♬fi◓⇔≡╙ ™⌂⅝≢Ᵽꜝ♇ⱪכ○╩

⅜№╡ ╢⁹↓─ │⁸№╢ ≢ ─ ה ─ ╩ ⇔⁸∕─

⌐⅔™≡ ⇔√ ⌐ ∆╢ ה ─ ╩Ɽ♃כfi ⌐╟╡ ∆

╢↓≤≢⁸ Ᵽꜝ♇ⱪכ○ ≢ ╩≈⌂™≢♩ꜝ♇◐fi◓∆╢↓≤⅜ ≤

⌂╢⁹↓─√╘⌐│⁸ ◌ⱷꜝ ≢─ ♃כ♦ ╗ ─ ♃כ♦⌂ ─

╖╩ ∆╢↓≤⅜ ≤⌂╢⁹ 

╕√⁸↓─╟℮⌂ ⌂ ☿fi◘Ⱡ♇♩꞉כ◒╩ ∆╢ ≤⇔

≡│⁸ ⅝ↄ ↑≡ ⌐ ∆╢◌ⱷꜝ ⌐ ∆╢ ≤Ⱡ♇♩꞉כ◒ ⌐

∆╢ ⅜№╢≤ ⅎ≡™╢⁹↓─℮∟⁸Ⱡ♇♩꞉כ◒ ⌐ ∆╢ ⌐ ⇔≡│⁸

─ ⌐╟╡ ∆╢ ◦☻♥ⱶ╩ ∆╢ ⅜№╢√╘⁸
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│≥ⱴכ♥ ⌐⁸ ⅜ √⇔♩כ♃☻⌐ ≢─ ╩ ⇔≡™╢⅜⁸

⌐ ∆╢◌ⱷꜝ ⌐ ∆╢ │⁸ ⌐⁸ ∆╢◌ⱷꜝ┼ ⇔≡⁸≥─

╟℮⌂◌ⱷꜝ Ɽꜝⱷכ♃≤ ╩ ∆╣┌ ⌂♩ꜝ♇◐fi◓ ⅜ ⅛≥

℮⅛≤™℮ ≢№╢⁹↓─√╘⁸ ↕╣╢ ₁⌂Ɽ♃כfi ─ ─ ⁸

─ ─ ⁸Ɽfi♬fi◓כ☼הⱵfi◓ ≢⁸ ⌂꜡Ᵽ☻♩♩ꜝ♇◐fi◓⅜

⌂ ⅜ ≢⁸∕─ ╩≥─╟℮⌐ ⌐ ↕∑≡™ↄ⅛─ ╩

℮⁹╕√∕─√╘⌐ ≤⌂╢ ∆╢◌ⱷꜝ ≢─ ♃כ♦⌂ ─ ♥◐כ▪

◒♅ꜗ─ ╩ ╘╢⁹ 

◘Ⱪ♥כⱴ─ √⇔Ᵽꜝ♇ⱪכ○│∏╕⁸│ ≢─ 90% ─ ♩

ꜝ♇◐fi◓ ╩ ≤⇔⁸ ⌐│⁸◦☻♥ⱶ ≢─♩ꜝ♇◐fi◓ 90%

╩ ≤∆╢⁹ 

ᵖ (ⱨ▫כꜟ♪ )   

⌐⁸ │⁸₈≥─╟℮⌂ ╩ ≤∆═⅝⅛₉⅜ ⌂ ≤⌂∫

≡™╢⁹↓─╟℮⌂ ꜝ▬Ⱪꜝꜞ⁸│כ ─ ⌐ ⌐│ ⇔≡

⅔╠∏⁸ ה ה Ɽ♃כfi♦כ♃ ☻כⱬ♃כ♦╩ ⇔√ꜝ▬Ⱪꜝꜞכ╩

∆╢↓≤│ ≢№╢⁹╕√⁸ ⌐ ⅎ℮╢◦☻♥ⱶ ╩ ↕∑╢⌐│⁸

ⱨ▫כꜟ♪⅛╠ ╠╣╢ ─♃כ♦⌂ ≤⁸◄◐☻♩ꜝ╩ ™√◦☻♥ⱶ ╩

℮ ⅜№╢⁹ 

∕↓≢⁸ ⱨ▫כꜟ♪▪♪Ᵽ▬◙─ ╩ ≡⁸ⱨ▫כꜟ♪ ╩

⌐ ∫≡ ℮↓≤╩ ⇔⁸ ─ ♅▼♇◒⌐╟╢ ꜝ▬

Ⱪꜝꜞכ ⅔╟┘ ⇔√ ─ⱨ▫כꜟ♪ ╩ ™⁸ⱨ▫כꜟ♪▪♪Ᵽ▬◙

≤ ─ ה ╩ ℮⁹ 

  

 23 3  

ᵑ ─♃כ♦ ⅔╟┘ ─  

─ ⅜ ⅝ ℮◄ꜞ▪⌐⅔↑╢◌ⱷꜝ ⅛╠⁸ ╩ ⇔⁸ ═ 1500

─ ╩ ♅▼♇◒∆╢↓≤╩ ≤⇔⁸ ≢ 500 ─

ꜝ▬Ⱪꜝꜞכ╩ ∆╢↓≤╩ ≤∆╢⁹ 

ᵒ ☿fi◘Ⱡ♇♩꞉כ◒─ ♩ꜝ♇◐fi◓ ─  

הⱣꜝ♇ⱪכ○  ≤  

╩ ╦∏⌐♩ꜝ♇◐fi◓╩ ℮≤™℮ ╩ 90% ≤∆╢↓≤╩

≤∆╢⁹ ⌂╢ ┼ⱴ♇♅fi◓⇔≡⇔╕℮ ╩ 10% ⌐∆╢↓≤╩ ≤∆╢⁹ 

ᵓ ─  

ﬞ ─ⱨ▫כꜟ♪ ╩ ⇔≡⁸ ─ ╩ 90% ⁸ ╩☿fi◘

⌐ 1 1 ⌐∆╢↓≤╩ ≤∆╢⁹↓─ │⁸ ─ ≢№

╡⁸ ⌐│ ◦☻♥ⱶ─ ≤⌂╢▪♪Ᵽ▬◙─ ╩╙≤⌐ ∆╢⁹ 

 21 1  

ᵑ ─♃כ♦ ⅔╟┘ ─  

─ ⅜ ⅝ ℮◄ꜞ▪⌐⅔↑╢◌ⱷꜝ ⅛╠⁸ ╩ ⇔⁸ ═ 1500

─ ╩ ♅▼♇◒∆╢↓≤╩ ≤∆╢⁹ 

⁸ ♅▼♇◒⌐│ DVD─ ╡ ╩ ™╢↓≤⌐╟╡⁸ ╟╡

ↄ─ ╩♅▼♇◒∆╢↓≤⅜ ≤⌂╢⁹ 

∕─ ⁸ ≢ 10 ⁸ ═ 100 ─ ꜝ▬Ⱪꜝꜞ

╩כ ∆╢↓≤╩ ≤∆╢⁹ 

ᵒ MRF─☼כⱵfi◓הⱤfi♬fi◓ ─  

Ɽfi♬fi◓⌐╟╡⁸ה◓Ⱶfiכ☼ 90% ─ ♩ꜝ♇◐fi◓ ╩ ╢↓≤
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╩ ≤∆╢⁹○ꜞ☺♫ꜟ─ MRF⌐╟╢ ♩ꜝ♇◐fi◓ │⁸ ╠

⌂ ≢│ 98% ⁸ ⅜fiꜛ☺כꜟ◒○≡⇔ ↓╢ ≢╙ 90% ─ ♩ꜝ♇

◐fi◓ ⅜ ─ ⌐╟╡ ╠╣≡™╢⁹↓─ ꜠ⱬꜟ│⁸ ◦☻♥

ⱶ ⌐≤∫≡ ⌂ ≢№╡⁸Ɽfi♬fi◓⅔╟┘☼כⱵfi◓⌐ ⇔≡╙⁸↓─

꜠ⱬꜟ╩ ≤∆╢⁹ 

ᵓ ≥◓Ɽfi♬fiה◓Ⱶfiכ☼─┼ ≤─ ─  

√⇔◓Ⱶfiכ☼ ⅛╠─ ─ ≢│ 95% ─ ╩ ≤∆╢⁹

─ ≢│⁸ MRF ⌐╟╡ ─ ⅜ ↕╣╢↓≤╩ ≤⇔≡™╢

√╘⁸ │ ─ ⌐ ∆╢ ─ ╩ ∆╢↓≤╩ ⅎ≡™╢⁹

⇔√⅜∫≡⁸ ™ ⅜ ≢⅝╢╙─≤ ∆╢⁹ ─≥☻כⱬ♃כ♦─

│⁸ ⇔╛∆™ ╩ ∆╢ ╩ ∆╢↓≤⌐╟╡⁸ ─ ꜠ⱬꜟ╩

∆╢↓≤╩ ≤∆╢⁹ 

ᵔ ☿fi◘Ⱡ♇♩꞉כ◒⌐⅔↑╢ ♩ꜝ♇◐fi◓─  

 Ɽfi♬fi◓⌐╟╢ Ᵽꜝ♇ⱪכ○  

√⇔Ᵽꜝ♇ⱪכ○ ≢⁸ 90% ─ ♩ꜝ♇◐fi◓ ╩ ≤∆

╢⁹ ⁸Ɽfi♬fi◓⌐╟╢○כⱣꜝ♇ⱪ ─ ╩ ⌐ ∆╢↓≤≢⁸♩ꜝ♇

◐fi◓ ─ ╩ ←⁹ 
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 ─  

                                              │  

 18  19  20  21  22    

ᵑ ─ ─√╘─ ─ 

 

 

ᵒ ─♃כ♦ ⅔╟┘ ─ 

(ⱨ▫כ♦♪ꜟכ♃ )  

 

ᵓ MRF─☼כⱵfi◓הⱤfi♬fi◓  

┼─ ─  

 

ᵔ ─√╘─ ≤♩ꜝ♇◐ 

fi◓ ─  

 

ᵕ ─√╘─ ☿fi◘Ⱡ♇♩꞉כ◒ 

─  

 
 
ᵖ (ⱨ▫כꜟ♪ )   
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─ ≤⇔≡⁸○ⱶ꜡fi ☼ⱶ♥☻◦ꜟ▪◦כ♁⁸⌐

fiꜛ◦כꜙꜞ♁ ⌐כ♬ⱦ☺Ⱡ☻◌fiⱤה☻ⱦכ◘ ─ ⅛╠ⱷfiⱣ╩

╘√ ⌐≡ ╩ ╘√⁹ 

╕√⁸ ⌐⁸ ─ ╩ ⇔√⁹ 

⌐ ─ ╩ ∆⁹ 

 

 

─  

 

 
 

 

─  
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─  
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 ─ ─√╘─ ─  

 ─  

≢│⁸ MRF≤ ╩ ⇔√▪ꜟ◗ꜞ☼ⱶ─ ╩

℮↓≤⌐╟╡ ─ ╩ ∆╢↓≤╩ ≤⇔⁸ ─☻♥♇ⱪ≢ ╩ ╘

√⁹ 

ᵑ MRF⅛╠ ↕╣╢ ⱴ♇ⱪ⅔╟┘ ⅝ⱬ◒♩ꜟⱴ♇ⱪ─

( )⅛╠⁸ ₁─ ─ ⁸ ( )⁸

( )─╟℮⌐ ┼≤ ⌐ ╩ ⁹ 

ᵒ ( )≤ ( )≤─ ╖ ╦∑≢⁸ ─ ╩ ∆╢

▪ꜟ◗ꜞ☼ⱶ╩ ⁹ 

ᵓ ╟╡ ⌂ ╩ ℮√╘⌐⁸∕╣╕≢─ MRF ─ ⌐ ⅎ⁸◦ꜟ

◄♇♩ ⅛╠ ╠╣╢ ╩ ∆╢▪ꜟ◗ꜞ☼ⱶ╩ ⁹ 

 
  

MRF⌐╟╢ ≤◦ꜟ◄♇♩ ⌐╟╢ ╩ ⇔√

╩ ⇔√⁹∕─ ⌐⅔↑╢ ▪ꜟ◗ꜞ☼ⱶ ╩  

⌐ ∆⁹ 

▪ꜟ◗ꜞ☼ⱶ─ │⁸ ⁸ ≤ ≤⌐ ⅝ↄ

⌐ ↑╠╣╢⁹ │ ≤ ┬↓≤⅜≢⅝⁸ ⌐╟╡ ─

ה ה ─ ╩ ℮⁹ │ ≤ ┬↓≤⅜≢⅝⁸

⅛╠ ↕╣√ ─ ╛ ╩ ⇔≡ ╩ ℮⁹ 

⌐⅔™≡│ ─ ⅜ ≤⌂╢⁹ │ (

)≤ ( )≤⌐ ∆╢↓≤⅜≢⅝╢⁹↓─▪ꜟ◗ꜞ☼ⱶ ╩

MRF─  ⌐ ⇔≡ ∆╢≤⁸ ≢ ╠╣╢ ╩ ≢

⇔⁸ ≢ ╩ ∆╢↓≤⌐╟╡⁸ ─ ╩ ℮↓≤⅜≢⅝

╢⁹ 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

  ─√╘─  

 

   

 
 

 

( ) 

 

( ) 

 

( ) 

 

( ) 
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≢─▪ꜟ◗ꜞ☼ⱶ │ ─ ╡≢№╢⁹ 

╕∏⁸ MRF─ ○Ⱪ☺▼◒♩─ ה ⁸ ⁸ ⌐ ≠

↑╩ ℮⁹ ⌐│⁸ ה ⅛╠ ─○Ⱪ☺▼◒♩≤─ ─ ╛

┼─ ⁸ ⅛╠ ה ה ─ ≠↑╛ ─ ⁸

⅛╠ ─ ╛ ─ ╩ ℮⁹ 

↕╠⌐⁸○Ⱪ☺▼◒♩─ ⌐⅔™≡│ MRF─ ╩ ⇔√ ⌐⅔

™≡ ꜠ⱬꜟ≢─◦ꜟ◄♇♩ ╩ ℮↓≤≢⁸ ⌂○Ⱪ☺▼◒♩─

─ ⁸ ⁸ ∟ ⌂≥ ─ ╛⁸ ─ ╩ ℮⁹ 

◦ꜟ◄♇♩ ⌐⅔™≡│⁸╕∏⁸ MRF─ ⌐╟╢ ROI Region of 

interest ○Ⱪ☺▼◒♩─ ⌐⅔™≡⁸ ⌐╟╡◦ꜟ◄♇♩

╩≤╢⁹ 

⌐⁸ ╠╣√◦ꜟ◄♇♩╩ ⅔╟┘ ⌐ ⇔≡ ⇔⁸ⱥ☻♩◓ꜝⱶ╩

∆╢⁹ROI─▪☻Ɑ◒♩ ה ⅝↕⌐╟╡○Ⱪ☺▼◒♩─ ─ ╩ ╡⁸ⱥ☻

♩◓ꜝⱶ╩ ∆╢↓≤≢○Ⱪ☺▼◒♩─ ─ ╛ ─ ╩ ℮↓≤⅜

≢⅝╢⁹ ⅎ┌⁸○Ⱪ☺▼◒♩⅜ ≢№╢ ⁸ ⅝↕ ⅛╠ ⇔√ ─

≤ ∆╢⁹ 

∕─ ⁸ ⌐ ∆╢ ⱥ☻♩◓ꜝⱶ─ ╩ ╘╢↓≤≢ ╩ ⇔⁸◦

ꜟ◄♇♩─ ≤⁸ ╩ ╢ ה ⅛╠─ ╩ ™╢↓≤≢ ╛ ⌂≥

─ ╩ ⇔√ ⁸∕─ ⌂ ⅛╠ ╩ ℮  ⁹ 

 

 

  

 

 

 

 

 

 

 

 

 

 

  ◦ꜟ◄♇♩  

 
⌐⁸ ≢─▪ꜟ◗ꜞ☼ⱶ─ ╩ ⌐ ∆⁹ 

⌐⅔™≡│⁸ ⌐ ⇔≡╟╡ ⌂ ה ╩ ⇔⁸

╖ ╦∑╢↓≤≢ ╩ ∆╢⁹ ⌐│⁸ ≤≤╙⌐ ◦ꜟ◄♇♩ ⅜

⇔⁸╕√⁸ ─ ╙ ∆╢⁹≥─ ≢≥─╟℮⌂ ─ ⅜

☻fi◔כ◦≡™≈⌐⅛√∫№ ╩ ⌂™⁸∕─ ╩ ∆╢╙─≢№╢⁹ 

 ⌐ ─ ╩ ∆⁹ ⌐ ⅛∫≡ ∆╢ ⅜⁸ ─

≢ ∟⁸ ╩ →⁸ ╖ ╪∞ ⁸ ⅛╠ ╣≡™ↄ⁹↓─╟℮⌂ ─

⅛╠⁸ ╩ ╡ ⅎ√ ─ ≢№╢≤ ⇔≡™╢⁹↓─╟℮⌐⁸

─√╘─ ⌐⅔↑╢ ⌐⅔™≡⁸ ─ ╩ ∆╢↓≤⌐

╟╡⁸╟╡ ⌐ ╩ ∆╢↓≤⅜≢⅝╢⁹ 
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Ѧ ˗  

ỡһ  

 

ỡһ 

ḹ Ḹ 

  ʣ  ᾳ    

⅛ 

 
˲  

 

̂  

 

 
 

 
 

 

 

ʥ їЊ 
ʥ їЊ  

 

    ⅛ 

Ŭ Ҳ ῁ ỡһ  

ū ї῁   

Ṷ̄ Ḹ῁  MRF 

ŭ˗ Ѩὑ῁ ȵɶȯɱȷ  

ЊҘ ϑ 

₡ Ҳ    

ֵͬы ῁ 

װ ῁ 
ḹ

 

Ḹ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  ─          ⌐╟╢  

 

╕√⁸ ⌐ ∆◘Ⱪ♥כⱴ₈ ─♃כ♦ ⅔╟┘ ─ ₉

≢ ⇔√ ⱨ▫כꜟ♪⌐⅔↑╢ ⁸≥♃כ♦ ⅛╠ ─ ™

─ ™ ⇔─ ⁸ ⌐⅔↑╢ ╩ ∆╢ ≢│⁸ ─

⌐ ∆╢↓≤⅜ ≢№╢↓≤⅜╦⅛∫√⁹ 

(a) ○Ⱪ☺▼◒♩ Single object ─  

 ⇔╚⅜╖ ╖⁸ ⅎ ⁸ ⁸ ╖⁸ ╣ ╖⁸ ⁸  

(b) ○Ⱪ☺▼◒♩ Multiple objects interaction ─  

╣ ⁸ ⅝ ╡ ╗ ⁸ ╡⁸◗Ⱶ№↕╡⁸

⁸ ⁸ ⁸ ⅝╕≤™⁸◐ꜗ♇♅⁸ ╡  

╕√⁸ ⌐ ═√ ─ ╡ ⅎ─ ─╟℮⌐⁸ ↄ─ │⁸ MRF⅛╠

╠╣╢○Ⱪ☺▼◒♩─ ⌂ ⁸ ─ ⌐⁸ ⌂ fiꜛ◦כ◔꜡

⌐ ⇔≡™╢↓≤⅜ ─ ⅛╠ ⇔≡™╢⁹ 

─↓≤╟╡⁸ MRF⅛╠ ╠╣╢ ROI─ ⁸∕─○Ⱪ☺▼◒♩─ ∆

fiꜛ◦כ◔꜡╢ ⁸⅔╟┘ ─○Ⱪ☺▼◒♩─ ╩ ╖ ╦∑√

─ⱨ꜠כⱶ꞉כ◒╩ ⇔√⁹ 

ⱨ꜠כⱶ꞉כ◒─ ╩  ⌐ ∆⁹ 
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  ⱨ꜠כⱶ꞉כ◒ 

 

⇔√ⱨ꜠כⱶ꞉⁸│≢◒כ MRF⅛╠ ╠╣√ ROI─ ⅛╠⁸∕─○Ⱪ

☺▼◒♩⅜ ⅛ ⅛╩ ∆ Attribute ⁸ Pose⁸ ≤ ⌐

fiꜛ◦כ◔꜡╢╣↕↑ Location ╩ ╘⁸∕─○Ⱪ☺▼◒♩≤ ─○Ⱪ☺▼

◒♩≤─ ⌐ ∆╢ ╩♃כ♦ ∆╢⁹ ○Ⱪ☺▼◒♩─ ♃כ♦

╩ ╖ ╦∑⁸ ▪ꜟ◗ꜞ☼ⱶ╩ ∆╢↓≤≢⁸ ⌐

╩ ℮⁹ ⌐ⱨ꜠כⱶ꞉כ◒╩ ∆╢ ⌐≈™≡ ═╢⁹ 

 

MRF⌐╟╢ROI─  

MRF⸗♦ꜟ⌐╟╡⁸○◒ꜟכ☺ꜛfi⅜ ∆╢ ⌐⅔™≡╙⁸○Ⱪ☺▼◒

♩─ ROI╩♩ꜝ♇◐fi◓∆╢↓≤⅜ ─fiꜛ◦כ◔꜡⁸⇔⅛⇔⁹╢№≢ ╛

─○Ⱪ☺▼◒♩ ─ ╩ ∆╢ ─ ⌂ ╩ ℮ ╩fiꜛ☺כꜟ◒○⁸│⌐

∆╢∞↑≢⌂ↄ⁸ ╣√○Ⱪ☺▼◒♩ ─ ROI─ ╩ ⌐ ╘

╢↓≤⅜ ≢№╢⁹ 

ⱨ꜠כⱶ꞉⁸│≢◒כ№╠⅛∂╘ ⌐⅔↑╢ ─ ⅝↕╩ ≥♃כ♦

⇔≡ ⇔⁸ MRF⌐╟╡ ↕╣√○Ⱪ☺▼◒♩─ ROI─ ↕⅜∕─ כ♦

♃─╙─╟╡╙ ™ ─fiꜛ☺כꜟ◒○⌐ ╩ ꜛ☺כꜟ◒○⇔╙⁸™

fi⌐╟╡ ROI─ ↕⅜ ↕╣≡™╢≤ ⇔√ ⌐│⁸∕─ ↕╩ ∆╢

╩ ⇔√⁹ 

  (a) ⌐ ─♩◒▼☺fi⌐⅔↑╢○Ⱪכ◦ ╩ ∆⁹ ─

fiꜛ☺כꜟ◒○ ⌐⅔↑╢○Ⱪ☺▼◒♩─ ↕ ⌐╟╡⁸ ─ ⌐╟╡

⅜ ╣≡⇔╕∫≡™╢ ─ ROI⅜ ⌐ ↕╣⁸○Ⱪ☺▼◒♩─ ⅜

╟ↄ ↕╣≡™╢↓≤⅜╦⅛╢⁹ 

 

 

 ⅛ 

₡ 

ʥ  

Ώ  

₡ 

( )  

₡ 

♯♠ 

˲? 

 

 

Ώ  

 

Yes 

No 

₡ 

 

₡ 

₡ 

Ḹ 

ỡһ Ḹ 

No 

No 

Yes 

Yes 

1  

᷀  
Ώ  

 

1  

᷀  

ιר Ḹ 
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 (a) ─ fi           (b)כ◦  fiⱴ♇ⱪꜛ◦כ◔꜡ 

  MRF⌐╟╢ ROI─  fiⱴ♇ⱪꜛ◦כ◔꜡≥

 

─ ROI─ ⌐╟╡⁸○Ⱪ☺▼◒♩─ ה↕ ה X,Y ─ ⅜ ╠╣

√ ⌐⁸∕─○Ⱪ☺▼◒♩⅜₈ ₉⅛₈ ₉⅛╩ ⇔⁸ ╩ ∆╢⁹ ─

│∕─○Ⱪ☺▼◒♩─ ה↕ ה ─ ─ ╩♃כ♦ ⇔⁸∕╣╠─♦

⌐♃כ ⅜⌂™ │⁸∕─○Ⱪ☺▼◒♩⅜₈ ₉≢№╢≤ ∆╢⁹ 

 

⌐⅔™≡ ⅜₈ ₉≢№╢≤ ↕╣√○Ⱪ☺▼◒♩⌐ ⇔≡⁸∕─○Ⱪ

☺▼◒♩─ Pose ╩ ∆╢⁹ ⱨ꜠כⱶ꞉⁸│≢◒כ з ─╟℮⌐⁸○

Ⱪ☺▼◒♩─ ↕ H ≤ W ─ ⅛╠▪☻Ɑ◒♩ ╩ ⇔⁸ ⌐∕─₈ ₉

⅜ ╣↓╪≢™╢ ⅛⁸⇔╚⅜╖ ╪≢™╢ ⅛⁸ ∫≡™╢ ⅛╩ ⇔≡

™╢⁹ 

 
HW /ratioaspect =  Ν з  

 

≤⇔≡  ⌐⁸⇔╚⅜╖ ╪≢ ╩ ⇔╟℮≤∆╢ ≤ ™≡™

╢ ─▪☻Ɑ◒♩ ─ ™ ∆⁹ 

 

  ▪☻Ɑ◒♩ ⌐╟╢ ─  

Aspectratio 

▪☻Ɑ◒♩  

ⱨ꜠כⱶ . 
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∕↓≢⁸ ∟ ─ THS⅔╟┘⇔╚⅜╖ ╖ ─ THL╩ ⌐

╘╢↓≤≢⁸ и ─╟℮⌐ ─ ╩ ⌐ ∆╢↓≤⅜ ≢№╢⁹ 

 

î
í

î
ì

ë

>

¢¢

<

=

lying)(THratioaspect2

crawling)(THratioaspectTH1

standing)(THratioaspect0

L

LS

S

if

if

if

pose  Ν и  

 

fiꜛ◦כ◔꜡  

○Ⱪ☺▼◒♩─ │⁸ ─ ≤ ⌂ ╩ ╖ ╦∑╢↓≤≢

↕╣╢⁹ ⇔√ⱨ꜠כⱶ꞉⁸│≢◒כ  ─╟℮⌐⁸ ⌐fiכ◦

╩fiⱴ♇ⱪꜛ◦כ◔꜡√⇔ fiⱴ♇ⱪ│⁸ꜛ◦כ◔꜡⁹╢∆ ╟╡╙

─ ™ ╩ ⇔⁸∕─ ─ ─ ≤ ⌂ ╩ ↑≡™

╢⁹ 

ⅎ┌⁸ fi⌐⅔™≡│⁸כ◦─ ─ floor ⁸ gate ⁸ fence ⁸

ⱬfi♅ bench ⁸ wall ⁸◗Ⱶ garbage box ⁸ obstacle ⁸ stairs

⌂≥ ₁⌂ ╩ ≈ fiꜛ◦כ◔꜡ ⅜ fiⱴ♇ⱪꜛ◦כ◔꜡─↓⁹╢╣↕

─ ≤○Ⱪ☺▼◒♩─ ─ ╩ ↕∑╢↓≤≢⁸∕─○Ⱪ☺▼◒♩─

╩fiꜛ◦כ◔꜡╢∆ ∆╢⁹ 

 │ ⌐⅔↑╢ ─fiꜛ◦כ◔꜡≥ ╩ ⇔≡™╢⁹

Ⱪ꜡♇◒⌐⅔↑╢꜡◔כ◦ꜛfi│⁸∕─ ↕╣√Ⱪ꜡♇◒╩ ≤⇔≡⁸●►☻

⌐ ℮ ⌂ ⅜╡╩ ≈╙─≤∆╢⁹  ─ ─ │

─fiꜛ◦כ◔꜡─ ⌂ ⅜╡╩ │fiꜛ◦כ◔꜡⁹╢™≡⇔ ⌂ ⅜╡

╩ ≈√╘⁸ Ⱪ꜡♇◒≢│꜡◔כ◦ꜛfiⱬ◒♩ꜟ⅜ ↕╣╢⁹ ≤⇔≡⁸ ─

⅜(xm, ym)≢№╢Ⱪ꜡♇◒(m,n)⌐⅔↑╢꜡◔כ◦ꜛfiⱬ◒♩ꜟl(x, y ; m, n)

│⁸ ─ й к ≢ ↕╣╢ ⌂ ╩ ≈⁹⌂⅔⁸q(m, n) │⁸

(m, n) ─Ⱪ꜡♇◒⌐⅔↑╢꜡◔כ◦ꜛfi ╩ ∆ 5 │∕╣∙╣ Floor

Gate Fence Bench Stairs ⌐ ─ⱬ◒♩ꜟ≢№╢⁹ 

 

( ) ( )nmenmyx yx

nxmy yyxx

yx

,
2

1
,;,

22

2222

2

)()(

ql Ö=

-+-
-

ss

ss

sps
   й  

 

î
î
î

í

îî
î

ì

ë

=

Stairs)1,0,0,0,0(

Bench)0,1,0,0,0(

Fence)0,0,1,0,0(

Gate)0,0,0,1,0(

Floor)0,0,0,0,1(

),( nmq             к  

 

↓─≤⅝⁸ Ⱪ꜡♇◒(x, y) ─fiꜛ◦כ◔꜡╢↑⅔⌐  │⁸ л ─╟℮

⌐ ─∆═≡─Ⱪ꜡♇◒⌐⅔↑╢꜡◔כ◦ꜛfiⱬ◒♩ꜟ─ ╩ ⇔√╙─

≢ ↕╣╢⁹ 
 

( ) ( )ää
= =

=
M

m

N

n

nmyxyx
1 1

,;,, lL          л  

 

⌐│⁸ ─∆═≡─Ⱪ꜡♇◒⌐⅔↑╢꜡◔כ◦ꜛfi─ ⅜ ↕

╣⁸∕─ fiꜛ◦כ◔꜡│ ⱴ♇ⱪ≤⇔≡ ↕╣╢⁹↓╣│⁸ Ⱪ꜡♇◒
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⅜ ⌐fiꜛ◦כ◔꜡─≤⌐ ⇔≡™╢⅛╩ ⇔≡™╢⁹ 

 

⅜ ∆╢ ─fiꜛ◦כ◔꜡™⇔╠╙ │⁸♩꜠ꜞ☻ ⌐ ╦╣╢⁹

○Ⱪ☺▼◒♩─꜡◔כ◦ꜛfi─ │ ⌐∕─○Ⱪ☺▼◒♩⅜ ⇔√ ⌐⅔

fiꜛ◦כ◔꜡╢↑ (x,y) ≤⁸ fiꜛ◦כ◔꜡ ─ ⅛╠ ╘╠

╣╢⁹ 

≤⇔≡⁸○Ⱪ☺▼◒♩─ ⅜ ─fiꜛ◦כ◔꜡ ╩ L( t )⁸ ╩ S(t)
≤∆╢ 0 ֔ ֔t c ≢№╢ ( | )│⁸ м ─╟℮⌐ ↕╣╢⁹ м

─ TL( t ) L( t fiꜛ◦כ◔꜡│(1+ L( t )⅛╠ L( t  +1)┼─ ≢№╢⁹ 

 

( )Ô
=

+
=

c

tt

t

t

LL tSTLP
0

)(X|
)1()(

           м  

 

─ ╩ fiꜛ◦כ◔꜡─ ⌐ ∆╢∆═≡─ ⌐≈™≡ ™⁸

╩ ≈ ╩ ⌐∕─○Ⱪ☺▼◒♩⅜ ⇔√ ≢№╢≤ ∆

╢ н ⁹ 

 

( )X|maxargXĔ LP
X

=     н  

 
 

       ♩꜠ꜞ☻ fiꜛ◦כ◔꜡  

L1 : FloorL1 : Floor

L3 : FenceL3 : Fence

L2 : GateL2 : Gate

L4 : Bench

L5 : StairsL5 : Stairs

TL1,L2

TL2,L1

TL2,L2

TL1,L5

TL5,L1 TL5,L5

TL2,L3
TL3,L2

TL3,L3

TL3,L1

TL1,L3
TL1,L1

TL1,L4

TL4,L1

TL4,L4

 

      (a)  

F l o o r

G a t e

F e n c e

B e n c h

S t a i r s

F l o o r

G a t e

F e n c e

B e n c h

S t a i r s

F l o o r

G a t e

F e n c e

B e n c h

S t a i r s

F l o o r

G a t e

F e n c e

B e n c h

S t a i r s

F l o o r

G a t e

F e n c e

B e n c h

S t a i r s

F l o o r

G a t e

F e n c e

B e n c h

S t a i r s

F l o o r

G a t e

F e n c e

B e n c h

S t a i r s

F l o o r

G a t e

F e n c e

B e n c h

S t a i r s

0.

0.2 

0.1 

0

0 

0.4

0.4 

0.2 

0

0 

0.2

0.6 

0.2 

0

0 

0.6

0.3 

0.1 

0

0 

0.9

0.1 

0 

0

0 

L1

t-4

q1

q2

q3

q4

q5

q

L2

L3

L4

L5

t-3 t-2 t-1 t

 

(b)  
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  From S(t) to S(t+1)  

 
 

⌐⁸ ⌐⅔↑╢ ╩   ( a)─╟℮⌐ ⇔⁸∕─

╩ ≤⇔√ ⁸ ○Ⱪ☺▼◒♩╩ ⇔⁸ ○Ⱪ☺▼◒♩─꜡◔כ◦

ꜛfi ╩  ( )≤ ∆╢⁹ 

 

○Ⱪ☺▼◒♩─  

≢│⁸ ○Ⱪ☺▼◒♩⌐ ∆╢ⱨ꜠כⱶ꞉כ◒─ ⌐≈™≡

╩ ∫√⁹⇔⅛⇔⁸ fi≢│⁸כ◦─ ─○Ⱪ☺▼◒♩─ ─╖≢│ ⌐

∆╢↓≤⅜≢⅝⌂™ ╙ ∆╢⁹ ⅎ┌⁸ ≢│⁸≥─ ⅜∕

─ ╩ ⅝ ╡⌐⇔√─⅛⅜ ≤⌂╢⁹╕√⁸№╢ ⅜ ╣↓╪∞ ⌐

│⁸∕─ ─ ⅜∕─ ╣↓╖⌐ ⇔≡™╢ ╙№╢⁹ 

⇔√ⱨ꜠כⱶ꞉⁸│≢◒כ↓─╟℮⌂ ─○Ⱪ☺▼◒♩ ⌐⅔↑

╢ ╩ ⌐∆╢√╘⌐⁸  ─╟℮⌂ ○Ⱪ☺▼◒♩ ⌐⅔↑╢

╩ ≡⇔≥♃כ♦ ∆╢Multiple objects interaction map ╩ ™╢⁹

─ ╕≢─○Ⱪ☺▼◒♩─ ≤↓─ⱴ♇ⱪ⌐╟╢○Ⱪ☺▼◒♩ ─

╩ ⌐ ∆╢↓≤≢⁸ ○Ⱪ☺▼◒♩ ⌐⅔↑╢ ⅜ ≤⌂

╢⁹ 

  
 

─ ─ ╩ ╖ ╦∑√ ⱨ꜠כⱶ꞉⁸╡╟⌐◒כ

∆╢ ⅜ ↕╣╢⁹ 

○Ⱪ☺▼◒♩─ │⁸○Ⱪ☺▼◒♩─ Attribute ⁸ Pose ⁸

fiꜛ◦כ◔꜡ Location ⁸╩ ╖ ╦∑≡ ↕╣╢⁹ ─ ≤⇔

≡⁸ ╢↑⅔⌐fiכ◦ ⇔╚⅜╖ ╖ ─ ╩  
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  Multiple objects interaction map  
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⌐⁸ ─ ╩  ⌐ ∆⁹ 

 

 (a) ꜡◔כ◦ꜛfiⱴ♇ⱪ 
OBJ A  

 

 

 

Illegal gating  

(b) ◦כ◔fi☻ 

  ○Ⱪ☺▼◒♩─  

 

 
            (a) ꜡◔כ◦ꜛfiⱴ♇ⱪ 

OBJ B  

 

 

 

 

 

 
              Loitering  

(c) ◦כ◔fi☻ 

  ○Ⱪ☺▼◒♩─  

 

Attribute  Pose Location  Interaction  

Pedestrian  Standing  12:Floor  - 

Pedestrian  Standing   9:Gate - 

Pedestrian  Crawring   9:Gate - 

Pedestrian  Standing   4:Floor  - 

Attribute  Pose Location  Interaction  

Pedestrian  Standing  10:Floor  - 

Pedestrian  Standing  11:Floor  - 

Pedestrian  Standing  12:Floor  - 

Pedestrian  Standing  11:Floor  - 

Pedestrian  Standing  10:Floor  - 

Duration  

 >TL  
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⁸ ○Ⱪ☺▼◒♩ ─ │⁸ ─ ⌐↕╠⌐○Ⱪ☺▼◒♩ ─

╩ ╖ ╦∑≡ ↕╣╢⁹ 

○Ⱪ☺▼◒♩ ─ ≢│⁸ ─ ╛ ─ √╦╡⅜ ↕╣√

⌐⁸ ⌐↕⅛─╓∫≡∕╣╠─○Ⱪ☺▼◒♩⌐ ⇔≡™√○Ⱪ☺▼◒♩⅜

⇔≡™√⅛≥℮⅛╩ ∆╢⁹ ⇔≡™√ │⁸∕╣╠─○Ⱪ☺▼◒♩╙ ⌐

─ ╛ ╣↓╖─ ≤⌂∫√ ⌂≥≤⇔≡ ↕╣╢⁹ 

 ⌐ ○Ⱪ☺▼◒♩ ─ ─ ╩ ∆⁹ 

 

1(wl)

2(ob)
3(ob)

4(bc)
5(fl)

6(bc) 7
(fl)8(ob)

9(fl)
10(fl)

11(fl) 12(fl)

OBJ C

OBJ D

OBJ E

OBJ F

 
(a) ꜡◔כ◦ꜛfiⱴ♇ⱪ 

 

OBJ E        OBJ C 

 

 

 

 

 

 
OBJ F        OBJ D  

 

 

 

 

 

(b) ⌐╟╢ ╣↓╖─          (c) ⅝ ╡─  

  ○Ⱪ☺▼◒♩ ─  

Attribute  Pose Location  Interaction  

Pedestrian  Standing   9:Floor  - 

Pedestrian  Standing  10:Floor  F 

Pedestrian  Crawring  10:Floor  - 

Pedestrian  Lying  10:Floor  - 

Attribute  Pose Location  Interaction  

Object - 10:Floor  D 

Object - 10:Floor  - 

Object - 10:Floor  - 

Object - 10:Floor  - 

Object - 10:Floor  - 

Attribute  Pose Location  Interaction  

Pedestrian  Standing  11:Floor  - 

Pedestrian  Standing  10:Floor  E 

Pedestrian  Standin g  9:Floor  - 

Attribute  Pose Location  Interaction  

Pedestrian  Standing  10:Floor  C 

Pedestrian  Standing  11:Floor  - 

Pedestrian  Standing  12:Floor  - 

Duration  

 >TD 

 

Duration  

 >TD 

 

Lying down  
 

Suspicious Pedestrian  
 

Abandoned object 

 
 

Owner of the abandoned object  
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 ⌐ ⱨ꜠כⱶ꞉כ◒⌐ ≠™√ ⌐⅔↑╢

─ ╩ ∆⁹ ⅜ ≤⇔≡ ⇔√ ≢№╢↓≤╩ ∆⁹  

 

 
    

(a) ─ ╡ ╖ ⇔╚⅜╖ ╖        (b) 2 ─ ─  

 

  ○Ⱪ☺▼◒♩ ─  
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─♃כ♦  ⅔╟┘ ─ ⱨ▫כ♦♪ꜟכ♃  

 ─  

₈≥─╟℮⌂ ╩ ∆ ╩ ≤∆═⅝⅛₉╩ ╠⅛⌐∆╢√╘⁸

⌐╦√╡ ⱨ▫כꜟ♪≢─ ╩ ∆╢⁹↕╠⌐⁸ ╩ ⇔⁸

─ ◦Ⱶꜙ꜠כ♩ ╩ ⇔≡⁸◄◐☻♩ꜝ⌐ ─ ╩fiכ◦ ∂↕∑

╩ ∆╢⁹↓─ ⇔√ ⌐ ⇔⁸ ⌐╟╡ ╛ ─ ╩

℮↓≤≢ ꜝ▬Ⱪꜝꜞכ╩ ∆╢⁹ 4- 2- 1⌐⁸ (

)ꜝ▬Ⱪꜝꜞכ ─ⱪ꜡☿☻╩ ∆⁹ 

 

 

 

 

 

 

 
 

ⱨ▫כ♦♩☻◐♥♪ꜟכ♃ⱬכ☻╩ ∆╢√╘─ ─ ™⅜ ≢№∫√√╘⁸

27 ⅛╠ 28 ⌐⅛↑≡ ⱨ▫כꜟ♪╩ ≢ ⇔√⁹↕╠⌐ ⅛╠ ╩ ⇔⁸

ⱨ▫כ♦♩☻◐♥♪ꜟכ♃ⱬכ☻╩ ⇔√⁹ 

 

4- 2- 1 ( )ꜝ▬Ⱪꜝꜞכ ⱪ꜡☿☻ 

 

  

 ( )ꜝ▬Ⱪꜝꜞכ─  

─ ╡⁸ ⱨ▫כꜟ♪⌐⅔™≡ ╩ ⌐≡ ⇔√⁹ 

  ⱨ▫כꜟ♪⌐⅔↑╢ ─  

   

 

⁸ ⁸ ⁸ ⁸ 

ה⅝≈╤⁸℮ ⁸⇔╚⅜╖ ╖⁸ 

◗Ⱶ №↕╡ 

4692  

 ⁸ ה⅝≈╤⁸℮ ⁸⇔╚⅜╖ ╖  120  

    45  

  4857  

 

 

╠⅛♃כ♦♩☻◐♥√⇔ ⇔√ ⱨ▫כ♦♩☻◐♥♪ꜟכ♃ⱬכ☻─

╩⁸ 4- 2- (a)☻כⱬ♃כ♦√⇔ 2 ⱨ▫כꜟ♪♥◐☻♩⌐ ∆⁹ 

 

ⱨ▫כ♦♩☻◐♥♪ꜟכ♃ⱬכ☻│ ≢№╢⁹ ⌐ ⱨ▫כꜟ♪♥◐☻

╩☻כⱬ♃כ♦♩ ⇔√ ⁸ ╩ ⅎ≡ ─ⱨ▫כꜟ♪≢ כ◦╢∆

fi╩ ⇔⁸◄◐☻♩ꜝ⌐ ∂↕∑╢ ◦♫ꜞ○╩ ⇔√⁹ 

 

 

 

 

 

( ) 

 
 

 

( ) 

ṕ Ṗ 
 

 

 

 

( ) 
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↓─ ◦♫ꜞ○⌐ ≠™≡⁸ ≢ ⇔√ ( )⌐≡⁸◄◐

☻♩ꜝ⌐ ╩ ∂↕∑≡⁸◄◐☻♩ꜝ )☻כⱬ♃כ♦ (b)) ╩

⇔√⁹ 

≢№╢ ( )ꜝ▬Ⱪꜝꜞ⁸│כ↓─◄◐☻♩ꜝ ≤⁸◄

◐☻♩ꜝ ─ ⅜≥─╟℮⌂ ⅝╩ ∫≡™╢⅛╩ ⱨ꜠כⱶ( ╩ ∆

╢ ₁─ )↔≤⌐ ─ ≤ ─ ╩ ⇔√ ≢♃כ♦

↕╣√╙─≤⌂╢⁹ 

 

  ☻כⱬ♃כ♦√⇔  

ⱨ▫כꜟ♪♥◐☻♩         ◄◐☻♩ꜝ  

 
 
 
 
 
 

 

 

 

 

☻כⱬ♃כ♦   

 17 

 480 

  8 

 127 

  3 

ה⅝≈╤℮   78 

⇔╚⅜╖ ╖  12 

◗Ⱶ №↕╡  4 

 729 

☻כⱬ♃כ♦   

  70 

  22 

 182 

 131 

  25 

ה⅝≈╤℮   36 

⇔╚⅜╖ ╖  21 

◗Ⱶ №↕╡  19 

└∫√ↄ╡  20 

∕═╡ 109 

  62 

  26 

  24 

 747 
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 MRF─☼כⱵfi◓הⱤfi♬fi◓ ┼─ ─  

 ─  

◌ⱷꜝ─ MRF▪ꜟ◗ꜞ☼ⱶ≢│⁸ ◌ⱷꜝ─ ≤ ─ ⅜

─ ⌐─╖ ╩ ⇔⁸ ─√╘─ ID ╩ ∫≡™╢⁹

◓Ɽfi♬fiה◓Ⱶfiכ☼⁸⇔⅛⇔ ─ │⁸ ↕╣√ ⅜ ≢⅝⌂™⁹

∕↓≢⁸ ◌ⱷꜝ⅛╠ ⅜ ↕╣√ ⁸ ⅜Ɽfi♬fi◓כ☼הⱵfi◓⌐

╟╡ ™≡™╢↓≤╩ ⇔√ ⌐⁸↓─ ╩ ≤ ⌂⇔≡

ID ╩ ⇔⁸ ─ ≤ ⌐♩ꜝ♇◐fi◓∆╢↓≤≢⁸ ↄ ≤ ─

≤─ ╩ ℮ ─ ╩ ∫√⁹ 

─ ─ ↄ│⁸ ≢─♩ꜝ♇◐fi◓⁸☼כⱵfi◓הⱤfi♬fi◓─

∕╣∙╣⌐ ─ ╩ ⇔⁸▪♪ⱱ♇◒⌐ ╖ ╦∑√╙─⅜ ™⅜⁸ MRF 

◓Ɽfi♬fiה◓Ⱶfiכ☼─ ┼─ │⁸ ─ MRF ⅜ ∆╢ ─ ≢

№╡⁸ ╩fiכ◦⌂₁ ⌐ ℮↓≤⅜ ≤⌂╡⁸ ─ ⁸ ─⇔ ↕⁸

◦☻♥ⱶ─ ─ ₁⌂ ≢ ⅜№╢⁹ 

 

  

MRF╩☼כⱵfi◓הⱤfi♬fi◓⌐ ⇔⁸↕╠⌐⁸╟╡ ─♩ꜝ♇◐fi

◓╩ ⌐∆╢√╘⁸ Snakes≤─ ♩ꜝ♇◐fi◓▪ꜟ◗ꜞ☼ⱶ╩ ⇔

√⁹ 

Snakes≤│⁸ x,  y ≢ ↕╣√☻ⱪꜝ▬fi

─ ─ v(s) = (x(s),y(s))(0 ֒ s֒ 1) ≢⁸ з ≢ ↕╣╢◄

Ⱡꜟ◑כ ╩ ∆╢╟℮⌐ ─ ╩ ⇔⁸ ─ ╩ ╘╢

⸗♦ꜟ≢№╢⁹ 

 

ñ ++=
1

0
int )))(())(())((( dssvEsvEsvEE conimagesnake

  (з)  

 

(з)─ Eint │ ◄Ⱡꜟ◑כ≤ ┌╣⁸↓╣⌐╟╡⁸Snakes─☻ⱪꜝ▬fi

⅜ ⌐ ╠⅛⌐ ∆╢ ╩╙≈⁹ ─ │ (и)≢ ↕╣⁸ (и)⌐⅔

↑╢ ⌐╟╡☻ⱪꜝ▬fi⅜ ⌐ ╠⅛⌐⌂╡⁸ ⌐╟╡☻ⱪꜝ▬fi⅜

∆╢ ╩╙≈⁹ 

}|)(||)(|{
2

1
))(( 2

2

2
2

int sv
s

sv
s

svE
µ

µ
+

µ

µ
= ba

      (и)  

 

(з)─ Eimage│ ◄Ⱡꜟ◑כ≤ ┌╣⁸☻ⱪꜝ▬fi ≤⇔≡⁸◄♇☺

⌂≥─ ─ ⅜ ⅝™ ⌐ ∆╢ ⅜ ⅝™╒≥⁸∕─ ⅜ ↕ↄ

⌂╢≤™℮ ╩╙≈⁹ ◄Ⱡꜟ◑כ│ ─ I(v(s)) ⌐╟╡ й ≢ ∆╢⁹ 

⁸ ⌐╟╠∏ ⇔≡ ◄♇☺╩ ∆╢√╘⌐⁸↓╣╕≢ ₁⅜ ⇔

≡⅝√ ⱨ▫ꜟ♃ ╩ ◄Ⱡꜟ◑כ≤⇔≡ ™√⁹ 

2|))((|
2

1
))(( svIsvEimage Ð-= g

     (й)  

 

(з)─ Econ│ ◄Ⱡꜟ◑כ≤ ╦╣⁸Snakes⌐ ⅛╠ ⌐ ╩

⅛∑╢ ⌐ ™╢⁹↓─◄Ⱡꜟ◑כ│ ⌐ ∂≡ ≢⅝╢⁹ │⁸ ◄Ⱡ

⌐כ◑ꜟ ™╠╣╢ Eint  ─ ≢ ⅜ ≢№∫√ ─ ⌐ ↕╣
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√ ╩ ◄Ⱡꜟ◑כ≤⇔≡ ⇔√⁹ Earea│ ≢ ↕╣╢⁹ 

[ ]ä
=

++ ---=
n

i

iiiiiiarea yxxyyxE
1

11 )()(
2

1

   (к)  

 

MRF╩↓─ Snakes⌐ ↕∑√ ╩  ⌐ ∆⁹╕∏⁸

╩ ⇔√™ ─ ⌐⁸ ╩ ∆╢   (a) ⁹ ⌐⁸

Snakes│ ╩ ╘  (b) ⁸ ⌐ ≢ ⅜ ╕╢  

(c) ⁹ 

 

 
(a)  

 
(b)  

 
(c)  

  Snakes  

↓─ Snakes╩ MRF≤ ↕∑╢ ─ⱳ▬fi♩│ ─≤⅔╡⁹ 

ᵑ ◄♇☺⅜ ↄ ╕╣╢ ⁸ ╩ ⅛╠ ╣√ ⌐ ∆╢

≤⁸☻ⱪꜝ▬fi⅜○Ⱪ☺▼◒♩─ ⌐ ∆╢ ⌐ ◄♇☺⌐ ╦╣⁸

◄Ⱡꜟ◑כ⅜ ⌐⌂╡⁸○Ⱪ☺▼◒♩─ ⌐ ⇔≡⇔╕℮↓

≤⅜№╢⁹∕─√╘⁸ ╩№╢ ○Ⱪ☺▼◒♩─ ⌐ ∆

╢ ⅜№╢⁹ 

ᵒ MRF≢ ╠╣╢ ─ │⁸Ɽfi♬fi◓ │ ○Ⱪ☺▼◒♩≤

○Ⱪ☺▼◒♩─ ⅜ ⅜☻כ◔╢⌂⌐ ↑╠╣╢√╘⁸╟╡ ⌐

○Ⱪ☺▼◒♩≤ ○Ⱪ☺▼◒♩╩ ∆╢ ⅜№╢⁹ 

 

∕─√╘⌐⁸○Ⱪ☺▼◒♩ⱴ♇ⱪ⌐╟∫≡ ╠╣╢ ○Ⱪ☺▼◒♩─

⌐⅔↑╢◄♇☺ ⱨ▫ꜟ♃ ─ ─ ⌐╟╡ ╩

⇔⁸∕─ ⌐ ╩ ∆╢↓≤≢ ─ ╩ ∫√⁹ 

◄♇☺ ─ │⁸ ⁸ ⌐∕╣∙╣ ⇔⁸ⱥ☻♩◓ꜝⱶ╩ ∆╢

↓≤≢ ╩ ∫≡™╢(  )⁹ 

 

 

 
(a)  

 
(b)  

 
(c)  

 ◄♇☺  
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⌐ ⌂ ⱨ꜡כ╩ ∆⁹ 

ᵑ STEP1 ◄♇☺ ─  

◄♇☺ ╩ꜝⱬꜞfi◓⇔⁸ ─ ↕™╙─╩ⱡ▬☼≤⇔≡ ∆╢⁹ 

ᵒ STEP2 ⱥ☻♩◓ꜝⱶ  

STEP1≢ ╠╣√◄♇☺ ⅛╠ ⱥ☻♩◓ꜝⱶ╩ ∆╢⁹ │ ⌐

∆╢ ™◄♇☺╩ ≈↓≤⅛╠⁸ ─ ─ ™◄♇☺╩ ⇔√ ⁸

⌐ ⇔⁸ ─ ™ ⅛╠ ─ ╩ ╢⁹∕─ ⁸ ╠

╣√ ⌐⅔™≡⁸ ╠╣√◄♇☺ ╩ ⌐ ⇔⁸ⱥ☻♩◓ꜝⱶ╩

∆╢⁹∕⇔≡⁸ ╠╣√ ⱥ☻♩◓ꜝⱶ⌐⅔™≡►▬fi♪►╩☻◐ꜗfi⇔⁸

⇔≡ ∆╢ ╩ ╘╢↓≤≢⁸ ⌐⅔↑╢ ◄♇☺─ ─

╩ ℮  (a) ⁹ 

ᵓ STEP3 ⱥ☻♩◓ꜝⱶ  

STEP1≢ ╠╣√◄♇☺ ⅛╠ ⱥ☻♩◓ꜝⱶ╩ ∆╢⁹ │

⌐╙№╢ ™ ◄♇☺╩ ≈↓≤⅛╠⁸ ─ ─ ™◄♇☺╩

⇔√ ⁸ ⌐ ⇔⁸ ─ ⅛╠ ─ ╩ ╢⁹ 

∕─ ⁸ ╠╣√ ⌐⅔™≡⁸◄♇☺ ╩ ⌐ ⇔⁸ⱥ☻♩◓ꜝⱶ

╩ ∆╢  (b) ⁹ 

∕⇔≡⁸ ╠╣√ ⱥ☻♩◓ꜝⱶ⌐⅔™≡ ⇔≡ ∆╢ ╩ ╘╢↓

≤≢⁸ ⌐⅔↑╢ ◄♇☺─ ─ ╩ ℮  (c) ⁹ 

ⱥ☻♩◓ꜝⱶ│⁸STEP2≢ ╘╠╣√ ─◄♇☺ ⅛╠ ∆

╢↓≤╙≢⅝╢⁹ 

 

─☻♥♇ⱪ⌐╟╡⁸  ⌐ ∆╟℮⌂ ≤ ⅜ ⇔⌐ↄ™╟℮

─☺♇◄⁸╙≡™⅔⌐☻כ◔⌂ ╩ ∆╢↓≤≢⁸╟╡ ⌂ ─

╩ ╢↓≤⅜≢⅝╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

  ─ ROI ─  

⌐⁸ MRF≤ Snakes≤─ ⌐╟╢♩ꜝ♇◐fi◓ ☻♥♇ⱪ╩ ═

╢⁹ 

<Snakes⌐╟╢○Ⱪ☺▼◒♩ⱴ♇ⱪ─ ⇔⌂fiꜛ☺כꜟ◒○ > 

ᵑ STEP1  

MRF─ ≤⇔≡⁸○Ⱪ☺▼◒♩ⱴ♇ⱪ╩ ↑ ╡⁸ ○Ⱪ☺▼◒♩⌐⅔

↑╢ ─ ╩ ╢⁹ 

ᵒ STEP2  

ѧ  

֛  
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○Ⱪ☺▼◒♩⌐⅔™≡⁸STEP1≢ ╠╣√ ⌐⅔™≡◄♇☺─

╩ ™⁸○Ⱪ☺▼◒♩─ ⌐Snakes─ ╩ ∆╢⁹ 

ᵓ STEP3  

○Ⱪ☺▼◒♩⌐⅔™≡⁸Snakes╩ ∆╢⁹STEP1≢ ╠╣√ ─ ⅝

↕≤ ⇔⁸☻ⱪꜝ▬fi⅜ ⇔∆⅞≡⇔╕∫√○Ⱪ☺▼◒♩⌐ ⇔≡│○Ⱪ☺▼

◒♩ⱴ♇ⱪ╩ ∑∏⁸∕╣ ─○Ⱪ☺▼◒♩⌐ ⇔≡│ Snakes─ ╩

⇔⁸○Ⱪ☺▼◒♩ⱴ♇ⱪ╩ ∆╢⁹ 

 

<Snakes⌐╟╢○Ⱪ☺▼◒♩ⱴ♇ⱪ─ ╡№fiꜛ☺כꜟ◒○ > 

ᵑ STEP1  

MRF─ ≤⇔≡⁸○Ⱪ☺▼◒♩ⱴ♇ⱪ╩ ↑ ╡⁸ ○Ⱪ☺▼◒♩⌐⅔

↑╢ ─ ╩ ⅜fiꜛ☺כꜟ◒○⁹╢ ↕╣√ ─○Ⱪ☺▼◒♩

─ ≤ ╩╙≈ ○Ⱪ☺▼◒♩⌐ ⇔fiꜛ☺כꜟ◒○⁸│≡⇔ ∫≡

™╢╙─╩ ≡⇔≥ⱪכꜟ◓─≈ ╩ ╘╢⁹ 

ᵒ STEP2  

STEP1≢ ╠╣√ ⌐⅔™≡◄♇☺─ ╩ ™⁸○Ⱪ☺▼◒♩─

⌐Snakes─ ╩ ∆╢⁹ 

ᵓ STEP3  

Snakes╩ ∆╢⁹STEP1≢ ╠╣√ ─ ⅝↕≤ ⇔⁸☻ⱪꜝ▬fi⅜

⇔∆⅞≡⇔╕∫√○Ⱪ☺▼◒♩⌐ ⇔≡│○Ⱪ☺▼◒♩ⱴ♇ⱪ╩ ∑∏⁸∕

╣ ─○Ⱪ☺▼◒♩⌐ ⇔≡│Snakes─ ╩ ⇔⁸○Ⱪ☺▼◒♩ⱴ♇ⱪ

╩ ∆╢⁹ 

∕─ ⁸ ○Ⱪ☺▼◒♩─ ─ ID ─ꜝⱬꜞfi◓⌐⅔™≡│⁸

│∕─○Ⱪ☺▼◒♩─ ID ⁸ ⌐ ⇔≡│ MRF─

⌐╟╡ꜝⱬꜞfi◓╩ ℮⁹ 

 

 ⌐ Snakes⌐╟╢○Ⱪ☺▼◒♩ⱴ♇ⱪ─ ╩ ∆⁹  

(1- a)≤(1- b)│○◒ꜟכ☺ꜛfi─⌂™ ─ ⁸  (2- a)≤(2- b)│○◒ꜟ

fiꜛ☺כ ─ ≢№╢⁹  (2- a)≤(2- b)≢│⁸ ID 6≤ ID 7

─ ╩ ─ⱪכꜟ◓╡╟⌐ⱪ≤⇔⁸Snakesכꜟ◓─≈ ≤ ≤─

╩ ⱪכꜟ◓⁸≡⇔⧵⁹╢™≡╘ ─ │⁸ MRF⌐╟╢ ╩

⇔≡™╢⁹ 

 
(1- a)  

 
(1- b)  

 
(2- a)  

 
(2- b)  

  Snakes⌐╟╢○Ⱪ☺▼◒♩ⱴ♇ⱪ─  

─ ╩  ⅔╟┘  ⌐ ∆⁹╕√⁸ ─

╩  ⌐ ∆⁹ ≢№╢ 98% ⁸ 90% ╩ √⇔

≡™╢⁹( ─ │ ₈ ₉╩ )  
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  Ɽfi♬fi◓ ─♩ꜝ♇◐fi◓  

  
   

     

 55 54 98.2% 1 1.8% 0  

 43 39 90.7% 4 9.3% 0 

 98 93 94.9% 5 5.1% 0 
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 ─√╘─ ≤♩ꜝ♇◐fi◓ ─  

 ─  

≢ ∆◘Ⱪ♥כⱴ≢ ╢╟⌐◓Ɽfi♬fiה◓Ⱶfiכ☼╢∆

≤ ─ ─≥☻כⱬ♃כ♦┘╟⅔ ⌐╟╢ ╩ ℮√╘─ ─

─ ⌐ ∆╢ ╩ ℮⁹ 

─ ≤⇔≡│⁸ ─ ─ ╩ ∆╢↓≤⅜ →╠╣⁸

⇔≡™╢ ⌐ ═⁸ ─ ⇔√ ⱨ꜠כⱶ╩ ∆╢↓≤⅜

≢№╢⁹∕↓≢⁸ ≢│⁸ ─ ⱨ꜠כⱶ⅛╠ ⌂ ╩ ∆╢▪ꜟ◗

ꜞ☼ⱶ≤ ⌂ ╩▪◒♥▫Ⱪ⌐ ∆╢◌ⱷꜝ ▪ꜟ◗ꜞ☼ⱶ─ ╩

℮⁹ 

 

  

⇔≡ ╩ ℮√╘⌐│⁸ ─◘▬☼╩ ⅝ↄ ∆╢↓≤⅜ ╕⇔™⁹⇔

⅛⇔⁸ ╩ ⅝ↄ ⇔√ ≢│⁸ ⌐⅔↑╢ ─ ⅜ ⅝ↄ⌂╢√╘⁸

─♩♇◕כ♃ ╩♩ꜝ♇◐fi◓∆╢ ⅜ ™≈⅛∏⁸ⱨ꜠כⱶ▪►♩⇔╛∆ↄ⌂

╢⁹ 

⇔√⅜∫≡⁸ ⌐ ⌂♃▬Ⱶfi◓⌐─╖⁸ ⌐ ⌂ ▪ⱶכ☼⌐↕⅝

♇ⱪ∆╢ ⌐◓Ⱶfiכ☼⁸≢↓⧵⁹╢№⅜ ⌂♃▬Ⱶfi◓╩ ─◓Ⱶfiכ☼⁸╘

╩ ∆╢↓≤╩ ⌐⁸  ⌐ ∆ ⱨ꜡כ╩ ∆╢◌ⱷꜝ

▪ꜟ◗ꜞ☼ⱶ╩ ⇔√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  ♩ꜝ♇◐fi◓≤ ─  ⱨ꜡כ 

 

 

PTZ  

MRF  
( ♩ꜝ♇◐fi◓) 

Yes 

No 

 ⱶ▪♇ⱪכ☼
♃▬Ⱶfi◓OK  

 

 

 

 
No 

Yes 

◌ⱷꜝ  

No 

Yes 
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─◓Ⱶfiכ☼⁸∏╕ ╩ √⇔ⱶ▪♇ⱪכ☼⁸│⌐╘√╢∆ ⌐│ ⌐

⌂ ╩ ∆╢ ⅜№╢⁹ 

↓─√╘⁸ ⅜◌ⱷꜝ⌐ ™≡™╢↓≤╩ ⌐ ≢⅝╢↓≤⅜ ╕⇔™⅜⁸

♩ꜝ♇◐fi◓╩⇔≡™╢ ≢│⁸ ◌ⱷꜝ│ ≢ ╩⇔≡™╢√╘

⅜ ↕ↄ⁸ ⇔√ ⅛╠ ⅜ ╩ ™≡™╢↓≤╩ ∆╢↓≤│ ⇔™⁹ 

∕↓≢⁸♩ꜝ♇◐fi◓ ⅜≥─╟℮⌂ ╩ ™≡ ⇔≡™╢⅛╩ ⌐⁸

⅝╩ ∆╢↓≤≢⁸∕─ ╩⅛™⌂≢℮⧵⅛⅝═∆╩ⱶכ☼⌐ ∆╢↓≤≤⇔

√⁹ 

⇔√ │⁸♩ꜝ♇◐fi◓ ─ ⅜⁸ 

ᵑ ◌ⱷꜝ─ ─ ⅜ ↕™ ⌡ 30  

ᵒ ◌ⱷꜝ⌐ ⅛∫≡ ∫ ← ™≡™╢ ╩ ™≡™╢  

≤™℮ ╩ √⇔≡™╢ ⌐⁸ ⅜ ╩ ™≡ ≠™≡™╢≤ ⇔⁸☼

╩ⱶ▪♇ⱪכ ⇔ ╩ ℮↓≤≤⇔√⁹ 

⌂⅔⁸ᵑ │⁸PTZ◌ⱷꜝ─♅ꜟ♩ ╟╡ ⌐ ∆╢↓≤⅜≢⅝⁸╕√ᵒ

│⁸ ─ ⁸ ─ ≢ ∆╢╙─≤⇔√⁹ 

Ɽfi ╩ ⁸♅ꜟ♩ ╩ ≤ ≡⁸ⱷꜟ◌♩ꜟ ─ ╩ ™≡⁸

─ ⇔ ∆ ╩ ⌐ ∆╢⁹↓─≤⅝⁸ ↕╣√ │ ≤⌂╡⁸Ɽ

fi ⅜ ─ │ ─ ⌐ ⁸♅ꜟ♩ ⅜ ─ │ ─

⌐ ≤⌂╢⁹ 

↕╣√ ≢│⁸◌ⱷꜝ⌐ ⇔≡ ∫ ← ⅛∫≡ↄ╢♩ꜝ♇◐fi◓

─ │⁸ ╩ ⌐ ↄ≤™℮ ⅛╠⁸ ≢♩ꜝ♇◐fi◓

─ ⅝╩ ∆ⱬ◒♩ꜟ─ ⅝⅜⁸ ⅝╩ ⌐№╢ ─ ±30

⌐№╢≤⅝│⁸◌ⱷꜝ─ ⌐ ⇔≡ ∫ ←⌐ ™≡™╢╙─≤╖⌂∆⁹ 

⌐ ─◓ⱶ♃▬Ⱶfiכ☼√═ ─ ╣╩  ┘  

⌐ ∆⁹  ⌐⅔™≡⁸ ≢ᵑќᵒќᵓќᵔ≤ ∆╢ ╩⁸

MRF╩ ™√♩ꜝ♇◐fi◓ ⌐╟╡ PTZ◌ⱷꜝ─ ╩ ↕∑⁸ ─

⅜ ─ ⌐ↄ╢╟℮⌐♩ꜝ♇◐fi◓⇔≡™╢╙─≤∆╢⁹ 

↓─≤⅝─♩ꜝ♇◐fi◓ ─ ╩⁸ ─ ╩ ™≡ ⌐№╠╦⇔

√╙─⅜  ≢№╢⁹ᵑќᵒќᵓ─ ≢│⁸ ⌐ ⇔≡╒╓

⌐ ⇔≡╒╓ ⌐ ⇔≡™╢√╘⁸ ⌐ ⇔≡ ⅛∫≡ ™≡™╢≤│

↕╣⌂™⁹ 

↓╣⌐ ⇔≡⁸ᵓќᵔ≢│⁸ ⅜⁸ ⌐ ⇔≡ ≢ ⅝⌐ ™≡™╢√╘

⌐⁸◌ⱷꜝ⌐ ⇔≡ ∫ ← ⇔≡™╢≤╖⌂↕╣╢⁹↓↓≢⁸◌ⱷꜝ─ ♅

ꜟ♩ ⅜№╠⅛∂╘ ╘√ ╟╡ ↕↑╣┌⁸ ─ ╩ ∆╢─⌐ ⇔≡™

╢≤╖⌂↕╣⁸◌ⱷꜝ─☼כⱶ▪♇ⱪ╩ ∆╢⁹ 
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  ♩ꜝ♇◐fi◓ ─ ⌐╟╢ PTZ ◌ⱷꜝ─ ─  

 

 

 

  ⱷꜟ◌♩ꜟ ─ ╩ ™√♩ꜝ♇◐fi◓ ─  

 

 

 

  

  

 

 

 

 

 

 
 

 

 

PTZ  
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⇔√PTZ◌ⱷꜝ ⌐≡ ╩ ∫√⁹∕─ ╩  

⅔╟┘  ⌐ ∆⁹ 

 ≢│⁸ ─ ⅛╠ ⌐ ↑≡ ⌐ ⇔√ כ◔─↓⁹╢№≢

☻⌐⅔™≡│⁸◌ⱷꜝ─ ⌐ ╩ ↑╢↓≤⅜⌂™√╘⁸ ♇▪ⱶכ☼╩

ⱪ∆╢↓≤│⌂™⁹ 

      
        

 

          
        

  ⌐  ☻כ◔╢∆

 

 │⁸◌ⱷꜝ─ ╩ ╢ ─ (a),(b) ⅛╠ ┼─

(c),(d),(e),(f) ⌐ ꜝⱷ◌⁸│≡™⅔⌐☻כ◔─↓⁹╢№≢☻כ◔√∫╦

┼─ ╩ ⇔√─≢⁸ ╢∆ⱶ▪♇ⱪכ☼╩ ⅜ ™≡™╢ (e),(f) ⁹ 

     
                            

 

    
                              

  ◌ⱷꜝ ⌐  ☻כ◔╢∆
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↓─▪ꜟ◗ꜞ☼ⱶ╩ ™√ ─ ╩  ⌐ ∆

─ │⁸ ╩ ⁹ ≢№╢ 95 ╩ ⇔≡™╢⁹ 

 

   

  
   

     

 244 235 96.3% 9 3.7% 0 

 221 215 97.3% 6 2.7% 0 

 465 450 96.8% 15 3.2% 0 
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camera1 camera2

minimum

human i1 human i2

(xi1ô, yi1ô)

(Xi2, Yi2)

(Xi1, Yi1)
Ri

 

 ─√╘─ ☿fi◘Ⱡ♇♩꞉כ◒ ─  

 ─  

─ ◌ⱷꜝ╙⇔ↄ│ PTZ◌ⱷꜝ─ ♇ꜝⱣכ○─⧵Ᵽꜝ♇ⱪ↕∑⁸כ○╩

ⱪ ⌐⅔™≡ ╩ ℮↓≤⌐╟╡⁸◌ⱷꜝ ≢ ⇔≡ ♩ꜝ♇◐fi◓╩

℮↓≤╩ ≤∆╢⁹ 

╦∑≡⁸ ─☿fi◘(◌ⱷꜝ) ╢∆╡≥╡╛╩♃כ♦─ Ⱡ♇♩꞉כ

◒≤⇔≡⁸ ⁸ ─ ™Ⱡ♇♩꞉כ◒╩ ∆╢√╘⁸☿Ⱶ▪♪ⱱ♇◒ ─

Ⱡ♇♩꞉כ◒◦☻♥ⱶ─ ╩ ∆⁹ 

 

  

 ─◌ⱷꜝ ≢─  

◌ⱷꜝ xy ⁸◌ⱷꜝ 2 XY ⌐⅔↑╢ ─ ╩∕╣∙╣ i 1⁸

i 2 ≤⇔⁸ i 1 ─ ╩( xi 1, y i 1) ⁸ i 2 ─ ╩( Xi 2, Y i 2) ≢ ∆⁹ ◌ⱷꜝ

⌐⅔™≡⁸ i 1 ≤ i 2 ─ⱴ♇♅fi◓╩ ℮⁹ 

↓─ ╩ⱴ♇♅fi◓∆╢ ≤⇔≡⁸ ◌ⱷꜝ ─ ⌂ ╩ ™╢⅜⁸

∕─√╘⌐ ⌐ ╘ⱴכ◐fi◓⇔≡⅔™√ 4 ⅛╠ ╩ ╘╢≤™℮⁸

⅝╦╘≡ ⌂◐ꜗꜞⱩ꜠כ◦ꜛfi ╩≤╢⁹ 

∕⇔≡⁸ ◄Ⱡꜟ◑כ╩ ⇔⁸ ◄Ⱡꜟ◑כ─ ╩ ∆╢Ɑ▪( i 1, i 2) 

─ ╩ ╘╢  ⁹ 
         

2

21

2

2121 )()(),(1 iiiieach yyxxiiE -+-=   
),(1min),(1 21

)','(
21

222

iiEiiD each
RYX iii Í

=
 

2

12

2

1221 )()(),(2 iiiieach YYXXiiE -+-=           ₉ 

 
),(2min),(2 21

)','(
21

111

iiEiiD each
Ryx iii Í

=
 

( )ä +=
21,

2121 ),(2),(1
ii

total iiDiiDE

 

  ⱴ♇♅fi◓▪ꜟ◗ꜞ☼ⱶ─  

 
▪ꜟ◗ꜞ☼ⱶ⌐⅔™≡─ ⅔╟┘∕─ ╩ ⌐ ∆⁹ 

fiꜛ☺כꜙꜞ◒○  

⅜fiꜛ☺כꜟ◒○ ⇔≡™╢ ⁸ ◄Ⱡꜟ◑כ⅜ ⅝⌂ ≤⌂╡⁸ ─ⱴ

♇♅fi◓⅜ ⇔ↄ ╦╣⌂™ ⅜№╢⁹ 

⅜fiꜛ☺כꜟ◒○⁸≢↓⧵ ↕╣√ ─ ─ ╩ ∆╢↓≤⌐╟╡

◄Ⱡꜟ◑כ ─ ╩ ╢№─fiꜛ☺כꜟ◒○⁸™ ≢╙Ɑ▪─ ╩ ≤

⇔√⁹ 

fiꜛ☺כꜟ◒○℮™≢↓↓ ≤│⁸ ⌐ ─○Ⱪ☺▼◒♩⅜ ⇔≡™╢○Ⱪ☺

▼◒♩⌐⅔™≡⁸ ↕ ─ ─ ↕ ⅜ ⅛╠ ↕╣╢ ↕─ ╟

╡╙ ↕™ ─↓≤╩™℮⁹╕√⁸ ─ ─ ≤│⁸ ─ ≤

⅛╠ ↕╣╢ ↕─ ╩ ™≡ ∫≡™╢⁹  ⁹ 
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╢№─fiꜛ☺כꜟ◒○   ─  

 
 

 
 

 
 

 
 

 

╢№─fiꜛ☺כꜟ◒○   ─  

 
ⱴ♇♅fi◓  

─ⱴ♇♅fi◓⌐⅔™≡│⁸∕╣∙╣─◌ⱷꜝ ⌐ ∆╢ ⌐ ⇔≡

◓ꜝⱨ╩ ⇔⁸ ◄Ⱡꜟ◑כ─ ╩ ≡─ ∑⌐⅔™≡ ⇔⁸

◄Ⱡꜟ◑כ─ ─ ╩ ╘╢ ⅜№╢⁹ 

⇔√⅜∫≡⁸ ⌐ ─ ⅜ ⇔√ ⁸ ⅜ ⇔ↄ ∆╢≤™℮

Ᵽꜝ♇ⱪכ○⁸≢↓⧵⁹╢№⅜ ╩ ∆╢↓≤≢ Etotal ─ ⌐⅔↑╢

╩ ⇔√⁹ 

Ᵽꜝ♇ⱪכ○⌐  ╩ ∆╢ ╩ ∆⁹ 1≤ 2 ↓╣╠

╩◘Ⱪ ≤ ┬ ╩ ╦∑√ Ᵽꜝ♇ⱪכ○─≥╙⁸⅜ ≢№╢⁹ ⅎ┌⁸◌

ⱷꜝ 1⌐⅔™≡⁸ ⌐ 4 ⁸ ⌐ 4 ─ ⅜™√ ♇ꜝⱣכ○─≥╙⁸

ⱪ ⌐│ ⅜ 8 Ᵽꜝ♇ⱪכ○─≥╙⁸⅝≥─↓⁹╢⌂⌐≥↓╢™ ≢ⱴ♇♅

fi◓ ╩ ℮≤⁸ ◄Ⱡꜟ◑כ─ Etotal │ 8! =  40320 ╡ ─ ∑⅜№╡⁸

⌐⅔↑╢ │ ⇔ↄ ⅝™⁹ 

∕↓≢⁸ ◘Ⱪ ⌐⅔™≡ ╩ ℮↓≤≢ ╩ ∆╢  ⁹

◘Ⱪ ⌐⅔↑╢ Etotal ─ ∑│∕╣∙╣ 4! = 24 ╡─ 48 ╡≢№╡⁸∕─

╩ ⌐ ≢⅝╢⁹↓↓≢⁸ ╩ √⌐ ↑╢↓≤≢⁸ ─ ⁸

⌐™╢ ─╖⁸◌ⱷꜝ ⌐⅔™≡│ ⁸◌ⱷꜝ ⌐⅔™≡│ 2 ⌐

™╢≤™∫√ ╡ ╠╣ ╩∆╢↓≤⅜№╢⁹⇔⅛⇔⁸ ▪ꜟ◗ꜞ☼ⱶ≢│⁸↓─

╟℮⌂ │⁸ ⅝⌂ ◄Ⱡꜟ◑כ╩ ≈ Ɑ▪ ⅛⁸ Ɑ▪⌂⇔ Ɑ▪

≤ ↕╣╢√╘⁸ⱴ♇♅fi◓↕╣⌂™⁹↓─╟℮⌂ │⁸ ○⌂ꜟⱣכ꜡◓─

Ᵽꜝ♇ⱪכ ⌐⅔↑╢ ≤⇔≡ ↕╣⁸ ⱴ♇♅fi◓ ╩⅛↑╢↓≤

camera 1 camera2 

minimum 

human i 
1 human i 

2 

ô ô ) 

(X 
i2 , Y 

i2 ) 

) 
R 

i 

height 

occluded 

(x 
i1 , y i1 (X 

i1 , Y 
i1 
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≢ ⱴ♇♅fi◓⅜ ╦╣╢⁹ ─ ⌐╟╡⁸ ↄ─ ⌐⅔™≡ ╩

∆╢↓≤⅜≢⅝╢⁹ 

 

 

  ⱴ♇♅fi◓ ─  

 

 

  ⱴ♇♅fi◓ ⱨ꜡כ 

  

↓↓╕≢│⁸ ─ ◌ⱷꜝ⌐⅔↑╢ ─ ⌐≈™≡ ⇔√⅜⁸ ─

◌ⱷꜝ─ №╢™│ ⅜PTZ◌ⱷꜝ─ ≢╙⁸ ─ ⅜ ≢№╢⁹ 

√∞⇔⁸↓─ ⁸2 ─◌ⱷꜝ─○כⱣꜝ♇ⱪ │№╠⅛∂╘ ╘╠╣≡™╢

⅜№╢⁹ 

⌐⁸◌ⱷꜝ ⅜Ɽfi♬fi◓⇔⌂⅜╠ ╩ ⇔⁸∕─ ⁸ ∆╢◌ⱷꜝ

⌐≥─ ─ ╩ ≡™≈⌐☻כ◔℮ ∆╢⁹ 

 

[ Ɽfi♬fi◓ ⅛╠ ⱴ♇♅fi◓╕≢─ ]  

ᵑ STEP1  

▬fi♃כⱨ▼▬☻⌐╟╡◌ⱷꜝ⅜Ɽfi♬fi◓ ╩ ↑ ╡⁸

MRF⅜Ɽfi♬fi◓⸗כ♪⌐ ╡ ╦╡⁸Ɽfi⌐╟╢♩ꜝ♇◐fi◓⅜ ↕╣╢⁹ 

ᵒ STEP2  

Ɽfi♬fi◓╩ ∫≡™╢◌ⱷꜝ⅜⁸ ╘ ↕╣≡™╢◌ⱷꜝ ╕≢Ɽfi⇔

√≤™℮ ↑ ╢⁹ 

 

 

 

 

 

 
OBJ 

 
OBJ 

 
or   

 
or   
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ᵓ STEP3  

MRF╩ ◌ⱷꜝ⸗כ♪⌐ ╡ ⅎ⁸ ⱴ♇♅fi◓▪ꜟ◗ꜞ☼ⱶ─

╩ ℮⁹ 

 

 
 

  Ɽfi⌐╟╢ ↑ ⇔ 

 

 ⌐Ɽfi⌐╟╢ ↑ ⇔─▬ⱷכ☺╩ ∆⁹ 

╕∏⁸∕╣∙╣─◌ⱷꜝ⅜ ◌ⱷꜝ⸗כ♪≢ ♩ꜝ♇◐fi◓╩ ∫≡™╢⁹

⌐⁸◌ⱷꜝ ⌐⅔™≡⁸ ╩ ⇔⁸ ╩ ∫√ ╩Ɽfi♬fi◓⌐╟

╡ ∆╢ ↓─ ≥♩♇◕כ♃╩ ┬ ⁹↓↓≢⁸◌ⱷꜝ │ ◌ⱷꜝ⸗כ

♪╩ ⇔ ↑╢↓≤⌐ ꜝⱷ◌⅜♩♇◕כ♃⁹╢∆ 1 ≤◌ⱷꜝ ─ ⇔√

⌐ ⇔⁸ⱴ♇♅fi◓╩ ℮√╘⌐№╠⅛∂╘ ⇔≡⅔™√ ╕≢Ɽfi⇔√

≤™℮ ╩ ↑ ╢⁹↓─ ⌐╟╡◌ⱷꜝ │Ɽfi╩ ⇔⁸◌ⱷꜝ ≤◌ⱷꜝ

─ ≢ⱴ♇♅fi◓ ╩ ─♩♇◕כ♃⁸≢≥↓╢∆ ╩◌ⱷꜝ ┼ ↑ ⇔⁸

◌ⱷꜝ⌐╟╡♩ꜝ♇◐fi◓⇔ ↑╢⁹ 

 ⌐ ╩ ∆⁹ ⅜◌ⱷꜝ ─ ⅜◌ⱷꜝ ─ ≢

№╡⁸◌ⱷꜝ │↓─  ⁹╢№≢╕╕─♪כ⸗

 (a) ≢│ ─◌ⱷꜝ⅜ ╩◓fi◐♇ꜝ♩≢♪כ⸗ ∫≡™╢⁹ 

⌐◌ⱷꜝ ⅜Ɽfi♬fi◓╩ ∆╢⁹  (b),(c)  

⌐⁸◌ⱷꜝ ⅜№╠⅛∂╘◐ꜗꜞⱩ꜠כ◦ꜛfi⇔√ ╕≢Ɽfi♬fi◓⇔√

⌐ ◌ⱷꜝ⸗כ♪─ ╩ ↑ ╡⁸ⱴ♇♅fi◓ ╩ ℮⁹ ⌐ ╡ ╠╣

√ ID ⅜ ≤⇔≡ⱴ♇♅fi◓⇔√ ≢№╢⁹ 
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  ◌ⱷꜝ             ◌ⱷꜝ  

  
(a) ◌ⱷꜝ ⌐≡ ⌐ ⇔≡™╢ ─ ╩  

  
(b) ◌ⱷꜝ ⌐≡Ɽfi⇔⌂⅜╠ ─ ╩  

  
(c) ◌ⱷꜝ ⌐≡Ɽfi⇔⌂⅜╠ ─ ╩  

  
(d) ◌ⱷꜝ ⌐≡Ɽfi⇔⌂⅜╠ ⇔√ ─ ID6 ╩◌ⱷꜝ ⌐ ↑ ⇔ 

  Ɽfi⌐╟╢ ↑ ⇔  

 

⇔√▪ꜟ◗ꜞ☼ⱶ─ ╩  ⌐ ∆ ─ │⁸

⁹ ≢№╢ 90% ╩◒ꜞ▪⇔≡™╢⁹ 

  ◌ⱷꜝ ⱴ♇♅fi◓  

  
   

     

 79 79 100% 0 0% 0 

 72 70 97.2% 2 2.8% 0 

 151 149 98.7% 2 1.3% 0 


