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. │∂╘⌐ 

 

-   

│⁸ ⌐⅔↑╢ ╩ ∆╢ ≢ ⌂ ⅝╩ √⇔≡™╢≤≤╙⌐⁸ ─

╛ ≤⌂∫≡ ╩ ⅎ≡™╢ ⌂ ≢№╢ ⁸2002 ⁸

http://www.jfa.maff.go.jp/j/kikaku/tamenteki/kaisetu/moba/moba_genjou/ ⁹⇔⅛⇔⌂⅜╠⁸

∕─ ╛ ⅜ ⅛╠ ↕╣≡⅔╡⁸ ─ ⌐╙ ⅝⌂ ╩

╓∆ ⅜№╢⁹ 

⌐╙ ⅛⌂ ─ ⅜ ╠╣≡™╢⅜⁸™ↄ≈⅛─ ≢│⁸ ≤ ⌐∕─

⅜ ↕╣≡™╢ Fujita et al. , 2006 2007⁹ ⁸ ─ ⌂≥⌐

╟╡⁸∕─ ╩ ∫≡™ↄ√╘⌐│⁸∕─ ╛ ⌐≈™≡ ─ ₁⌐ ╩ ╘≡╙

╠℮≤≤╙⌐⁸ ─ ╛∕─ ╩ ⌐ ∆╢↓≤⅜ ≢№╢⁹ 

☿fi♃כ ⁸NPEC≢│⁸ 24 26 ─ 3◌ ⌐╦√

╡⁸ ─ ⌂ ⌐⅔™≡⁸ ⌐╟╢ ╩ ℮≤≤╙⌐⁸

─ ╛ ─ ╩ ≢─ ⌂≥⌐╟╡ ⇔⁸ ─ ╩ ╠⅛

≤⇔√⁹ 27 ⌐│⁸ ⅛⌂ ─≤╡╕≤╘ ╩╙≤⌐⁸ ─ ₁⌐

─ ╩ ⇔≡╙╠℮√╘─ ╩ ⇔√⁹╕√⁸ 4◌ ≢│ ─ ™ ⅜

≢⅝⌂⅛∫√ ⌐ ∆╢ ▪ⱴ⸗ ─ ▪ⱴ⸗ ╩ ╠⅛⌐∆╢√╘⌐⁸

≢─ ◌ⱷꜝ⌐╟╢ ╩ ∆╢≤≤╙⌐⁸ ╩ ™√ ╩ ∫√⁹

29 │⁸ 27⁸28 ⌐ ╠╣√ ╩╙≤⌐⁸ ≤ ≢─ ╩ ╛

⇔⁸▪ⱴ⸗ ─ ⌐≈™≡╙ ⌂ ╩ ∫√⁹╕√⁸ Bottom Reflectance 

Index Sagawa et,al  2010 ╩ ℮↓≤≢▪ⱴ⸗ ─ ⅜ ∆╢↓≤╩ ⇔√⁹   

│⁸ ⌐ ╢╟⌐fiכ꜡♪⅝ ╩ ™√ ⱴ♇Ⱨfi◓─ ⌐≈™

≡⁸↕╠⌐ ╩ ╘╢≤≤╙⌐⁸ ⌐ ™ ⌐ ↕╣√ world View- 3 ╩

√⌐ ⇔⁸ √⌐ ↕╣√ ⱴ♇Ⱨfi◓♠כꜟ╩ ™≡ ─ ╩ ╖√⁹ 

 

-  ⌐≈™≡ 

─ ─ ⌐ ≢│⁸ ─ ╛ ≤ ∂╟℮⌐ ─ ╛ ⅜ ⇔≡

⅜╢ ⅜№╡⁸↓╣╠╩₈ ₉≤ ╪≢™╢ ╒⅛ 2009⁹ │ ⌐ ∆╢

─ ≢⁸ ⁸ ⁸ ─ ⱪ№╡⁸כꜟ◓3 ⌐ ה ⌐ ∆╢⁹ │

≢ ⇔√ ─℮∟ ⌐ ─ ╩ ⇔√ ≢⁸ ⌂≥⌐ ∆╢ ╙№╢⅜⁸ ⌐

⌐ ∆╢⁹ │⁸ ∆╢ ⌐╟╡⁸◖fiⱩ ⁸▪ꜝⱷ ⁸◌☺ⱷ ⁸●ꜝ⸗

1-1 ⱱfi♄꞉ꜝ ─ ⁸♥fi◓◘ ⁸▪ⱴ⸗ 1-2 ≤ ╪≢™╢  2010⁹ 

 



 

2 

 

 

1- 1                    1- 2  

 

 

⌐ ∆╢ │⁸ 300≢⁸∕─ ⁸ ⅜ 180⁸ ⅜ 80⁸

⅜ 40≤ ↕╣≡™╢  2001⁹╕√⁸ ⌐⅔™≡│⁸▪ⱴ⸗⁸◖▪ⱴ⸗⁸☻◕▪ⱴ

⸗⁸►Ⱶⱥꜟ⸗─ 4 ⅜ ⇔≡™╢⁹ ≢│⁸ ╛ ⌂≥⌐ ⇔≡ ∆╢

≢ ↕╣╢ ╩₈ ₉ 1-3⁸ 4 ─ ≢ ↕╣╢ ╩₈▪ⱴ

⸗ ₉ 1-4 ≤⇔≡ ∆╢⁹⌂⅔⁸ ─ ─ ⌐≈™≡⁸ 1-1⌐ ⇔√⁹ 

 

 

1- 1  
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1- 3  

ṕ ḭ Ṗ
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1- 4  

 

-  ⌐⅔↑╢↓╣╕≢─  

↓╣╕≢ ⌐⅔™≡ ↕╣√ ⌐╦√╢ ⌐│⁸ 1- 1⌐ →√╙─

⅜№╢⁹↓╣╠─ ⅛╠⁸ ─ │⁸937 ha 1978 ќ781 ha 1993 ќ

1, 101 ha 2001 ќ1, 067.8ha 2011 ≤ ⇔≡⅔╡ 1- 2 ⁸ ─ │╛╛

⌐№╢╟℮⌐╖ⅎ╢⁹⇔⅛⇔⁸ ⅜ ⅝ ╡⁸ ⅔╟┘ ⌂≥≤

⌂∫≡⅝≡⅔╡⁸ ─ ⌐╟∫≡ ↕╣╢ ─ ⅜ ⅜╡⁸ ⅜ ↄ⌂

∫√ ⅜№╢↓≤╩ ⇔⌂↑╣┌⌂╠⌂™⁹ 

▪ⱴ⸗ ⌐ ⇔≡│⁸ 2002 ⅔╟┘ 2013 ≢│⁸∕╣

∙╣ 2001 2002 ≤ 2011 2012 ⌐ ↕╣√ ⅛╠─ ≤ ⅛╠⁸

▪ⱴ⸗ ─ ⅜ ↕╣⁸∕─ │∕╣∙╣ 420ha⅔╟┘ 323ha≤ ╙╠╣≡™╢⁹

√∞⇔⁸↓─▪ⱴ⸗ ─ ⌐≈™≡│⁸ ⅛╠ ─ ╩ ∆╢ ─ ⌐╟╡ ∂

√ ⅜ ↕╣≡⅔╡⁸ ≢─ ╙ ╘⁸▪ⱴ⸗ ─ ╩ ∆╢ ⅜№╢↓≤

⅜ ↕╣≡™╢  2013⁹ ⁸ ⌐⅔↑╢▪ⱴ⸗ ─ │⁸

2 ─ ╩ ∂≡⁸ ─ ⌐ ─ 90 ⅜ ∆╢≤ ↕╣√⁹ 

2001 │⁸ ⅛╠─ ≤ ≢─ ⌐╟╡⁸ ⅛╠ ⌐⅛↑

≡─ ⌐⅔™≡⁸▪ⱴ⸗╩ ╘√ ─ ─ ╩ ⇔≡™╢⁹

2007 ≢│⁸2006 ⅛╠ ⌐⅔↑╢▪ⱴ⸗ ─ ─ ╩ ⌐

⇔⁸ 5⁸7m⌐│ ⌐▪ⱴ⸗⅜⁸ 9⁸11m⌐⅔™≡│☻◕▪ⱴ⸗⅜ ⇔⁸☻◕▪

ⱴ⸗─ │ ⌐ ⅝ↄ ∆╢↓≤⅜ ╠⅛⌐↕╣√⁹↓╣╠ ⌐│⁸ ⌐

Zosteramarina Zosterajaponica

Zosteracaespitosa Halophila sp.
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◖▪ⱴ⸗ ( ה  1999)⌂╠┘⌐▪ⱴ⸗ ה  2006 ⅜ ∆╢↓≤⅜ ↕╣≡™

╢⁹╕√⁸ ≢│⁸ ─ ╛ ⌐╙▪ⱴ⸗ ─ ⅜ ↕╣

≡™╢ ╠ 2012⁸ ╠ 2014⁹ 

⌂⅔⁸ ─ ─ ⌐╟╡⁸ ─▪ⱴ⸗ ⌐⅔™≡⁸1 ─▪ⱴ⸗─

⅜ ↕╣√⁹ 

 

1- 1  

 

  

 

 

 

 

 

 

 

1- 2  

 1978  1994 1998  

   2002  2013    1- 3  

 

- ╢╟⌐◓fi◦fi☿♩כ⸗ꜞ  ⱴ♇Ⱨfi◓ 

╩ ⇔≡ ↄ√╘⌐│⁸∕─ ─ ╩ ⌐⸗♬♃ꜞfi◓∆╢ ⅜№╢⁹

─ ╩ ∆╢√╘⌐│⁸ ⅛╠─ ╛ ─ ⌂ ╩│∂╘

₁⌂ ⅜ ∆╢⅜⁸™∏╣╙ ≤ ⅜ ∆╢⁹ ╢╟⌐◓fi◦fi☿♩כ⸗ꜞ

ⱴ♇Ⱨfi◓│⁸ ⅛╠ ∆╢ ─☻Ɑ◒♩ꜟ ╩ ⇔⁸ ⌐ ╩ ╢

≤⇔≡ ╠╣≡⅔╡⁸ ⌐ ♃כ♦─ ⅜ ≢№╢↓≤╛⁸ ⌐ ↕╣√

 1978 2 ה  ◗fi◘ה

  

ה ☿fi♃כ 1994 4

  

1998 5   

 

 

 

 

2002 13  

2007 18   

2013 23   

2018 28  

∕─  ≤ 2003 14 ה   

NPEC ☿fi♃כ 2013 2019 24 30 ꜞ

◓fi◦fi☿♩כ⸗  
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♃כ♦ ♃כ♦Ⱪ▬◌כ▪ ─ ⅜ ≢№╢↓≤⁸↕╠⌐│ ⌐ ╩ ∆╢↓

≤⌐╟╡⁸ ™ ⌐⅔↑╢ ╩╟╡ ⌐ ≢⅝╢≤™∫√ ╣√ ⅜№╢⁹

1- 3⌐⁸ ⌐ ∆╢ ─ ╩ ∆⁹ 

 

-  NPEC⌐╟╢ ─  

2012 ⅛╠ 2014 ⌐ ⇔√ ⌐╟╡⁸ ─≤⅔╡─ ⅜ ╠╣√⁹ 

⁸ ⁸ ⌂╠┘⌐ ─ ⌐⅔™≡ ╩ ⌐ ⇔⁸

─ ⌂ ⌐ ∆╢ ╛⁸ ⌐ ∆╢ ─ ╛ ╩ ╠⅛⌐⇔√⁹

≢ ∆╢≤⁸ ≢│ⱱfi♄꞉ꜝ ⅜ ╩ ╘⁸ ≢│ ≢№╢ⱴ

◒◘⅜ ╙ ↄ⁸ ≢│ⱱfi♄꞉ꜝ ╛♠ꜟ▪ꜝⱷ ⁸ ≢│ⱱfi♄꞉ꜝ

⅜ ⇔√⁹ ⁸ ⁸ ≢│⁸○○Ⱬⱦ●▬⌂≥─ ⅜ ≢ ╙ ⅛

∫√⁹ ≢│⁸ ≢│ ≤ ⌐ ⅜ ╙ ⅛∫√⅜⁸ ≢│

≤ ⅜⁸ ≢│ ⅜ ╙ ⅛∫√⁹ 

⌐ ∆╢ ─ 2010 2 22 ─ ⌐╟╡⁸●

ꜝ⸗ ⅔╟┘∕─ ─ ⅜ 189ha≤ ↕╣√⁹ ⅛╠ ─ 2010 2 22

─ ⌐╟╡⁸ ─ ⌐ ↕╣√ ╛ ⌐ ∆╢ ╩ ╠⅛≤

⇔⁸ ⅛╠ ─ 2009 11 7 ⅛╠│⁸ ╩ ∆╢

─ ╩ ™ ≢ ⇔√ 1- 4 ⁹ 

 

1- 4     

 

2015 ⌐│⁸ ─▪ⱴ⸗ ─ ה ⌐ ∆╢

╩ 6 ≤ 11 ⌐ ∫√≤↓╤⁸ ╙▪ⱴ⸗⅜ ∆╢ ─ ⅜ ↄ⌂╢

≢⁸6 ⌐│ ⅜ ↕╣√╙──⁸11 ⌐│╒≤╪≥ ↕╣⌂⅛∫√√╘⁸ ⌐

∆╢▪ⱴ⸗─ │ ⌐╟∫≡ ⌂╢↓≤⅜ ↕╣√⁹╕√⁸ ⌐⅔↑╢

2 ─ ₒGeoEye- 1 2014 11 22 a⁸b⁸c ₓ╩ ™≡⁸

╖─ ⁸ ⁸ ⁸ ─ 4Ᵽfi♪⌐╟╢ ╩ ∫√≤↓╤⁸ 1- 5─ aΐ⁸bΐ⁸

cΐ⅜ ╠╣⁸ ™ ⅜ ╠╣√◘Ⱪ◄ꜞ▪ a ⌐⅔↑╢▪ⱴ⸗ │ 207ha≤

↕╣√⁹⇔⅛⇔⌂⅜╠⁸↓─ ⌐≈™≡│⁸ ─ ─ ≤ ⇔⌂™◄ꜞ▪⅜

№╢⌂≥ ⌐ b≤ c─◄ꜞ▪ ⁸ ─ ⅜№╢↓≤⅛╠⁸↕╠⌐ ╩ ╘╢ ⅜№╢

≤ ⅎ╠╣√⁹ 

RGB
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1- 5  

      20m  

 

 2016 │⁸ ⌐⅔↑╢ 2 5m ─ ╩⁸ ⅜Ⱪ▬◌כ▪

↕╣√►▼Ⱪ◘▬♩⅛╠ ⇔⁸2016 3 17 ⌐ ↕╣√ RapidEYE─ 5

╩ ⇔⁸ ╩ ∫√⁹↓─ │⁸ 440- 510nm⁸ 520- 590nm⁸ 630- 680nm⁸

꜠♇♪◄♇☺ 690- 730nm⁸ 760- 850nm ─ 5≈─Ᵽfi♪ ⌐╟╡ ↕╣≡™

╢⁹ ─ │⁸ ♁ⱨ♩ ENVI 5.2 ╩ ™⁸Mumby and Edwards2000 ⌂

╠┘⌐ ה 2011 ╩ ⌐ ╩ ⇔√⁹ ≢│⁸ ─◘Ⱪ◄ꜞ▪⌐ ↑

∏⌐ ╩ ∫√⁹╕√⁸2015 ─ ⅛╠⁸▪ⱴ⸗ ─ ⌐│ ╩ ╦⌂™

⌐ ⅜ ↄ⌂∫√↓≤⅛╠⁸ │ ╦∏⌐ ╩ ∫√⁹ 

╖─ RapidEYE ╩ RGB ⇔ₒ 1- 6 a ⁸x ≤ 20 ╩ⱴ☻◒⇔√

⌐⁸ ─ ⌐ ╩♃כ♦☻כꜟ▲♩כ◦√⇔ ™≡⁸ ─ ╩ ∫√ₒ 1-

6 b ⁹x5Ᵽfi♪─ ╩ ™≡⁸ ⌐╟╢ ⅝ ╩ ∫√ ₒ 1- 6 c ⁸x▪ⱴ

⸗ ⁸ ┘ ≢⁸∕╣∙╣ ה ⌐ ↕╣√ ╙№╢⅜⁸▪ⱴ⸗ ⌐

⇔≡│⁸ ─ ≤ ⌡ ⇔≡™√⁹▪ⱴ⸗ ⌐ ↕╣√Ⱨ◒☿ꜟ ⅛╠

⌐⅔↑╢ ─▪ⱴ⸗ ─ │⁸ 716ha≤ ↕╣√⁹√∞⇔⁸ ─ ≢№

╢ │ 0.48⁸♃► │ 0.36 ≤⌂╡⁸∕╣╒≥ ™ ≢│⌂⅛∫√⁹▪ⱴ⸗ כ◙כꜚ─

│ 0.65 ≤⌂∫√⅜⁸ ─ │ 0.10⁸ ─ │ 0.49≤⌂╡⁸▪ⱴ⸗ ─

╟╡╙ ⅛∫√⁹ ⌐⁸ ─ ⅜ ⌐ ™↓≤⅜⁸ ─ ≤♃► ╩

ↄ⇔√ ─ ≈≤ ⅎ╠╣√⁹2016 ─ ⌐⅔↑╢ ≢│⁸ BRI

╩ ╦⌂⅛∫√√╘⁸ ⌐⁸ ─ ⅜ ⅛∫√⁹ │⁸ ☻כꜟ▲♩כ◦⁸⌐

╩♃כ♦ ⇔⁸ BRI ⌐╟╢ ⅜ ≢№╢≤ ⅎ╠╣√⁹ 

 

a ŀΩ b ōΩ c ŎΩ
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1- 6  

 

2017 │⁸2016 ╟╡╙ ─ ™ ╩ ∆╢√╘⁸RESTEC⅜ ⇔√

CMOBAH3.0≤ ♁ⱨ♩ ENVI 5.2 ╩ ™≡⁸ ⌐ⱴ☻◒╩⅛↑╢≤≤╙⌐ ≤

╩ Ᵽfi♪ 4Bands Blue Band⁸Green Band⁸Red Band⁸Red edge Band ─ ∆═

≡⌐ ™▪ⱴ⸗ ╩ ⇔√⁹∕─ ⁸▪ⱴ⸗ ≤ ↕╣√Ⱨ◒☿ꜟ ⅛╠

⌐⅔↑╢ ─▪ⱴ⸗ ─ │⁸ 592ha≤ ↕╣√⁹ ≢№╢≤ ⅎ╠╣

√ 2016 ─▪ⱴ⸗ ─ │⁸ 716ha 65 ≢№∫√⅜⁸2017 ─▪ⱴ⸗

─ │ 72 ≤ ╟╡╙ ↄ⌂╡⁸╟╡ ⌂ ╩ ∆╢↓≤⅜≢⅝√ 1- 7 ⁹ 

1- 7  

       RGB  

2016 3 17
RapidEye
ṕ5m Ṗ

RGB
ṕ ṇ ṇṖ

צּ

20Ỳ
ṕ Ṗ 20m

ṕ Ṗ

(a) (b) (c)

ROI ⇔√ 

─ 

RGB  

 

▪ⱴ⸗  
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2018 │⁸2018 7 11 12 ⌐ ⇔√ ⱦ♦○◌ⱷꜝ⌐╟╢ ⌐♃▬Ⱶfi◓

⅜ ↄ⁸ ⅜ 2m≤ ™ 2018 7 15 ⌐ ↕╣√World View -2 ─ⱴꜟ♅☻Ɑ◒

♩ꜟ ╩ ™⁸BRI ╩ ⇔√ ≢⁸▪ⱴ⸗ ─ ╩ ╖√⁹∕─ ⁸▪ⱴ

⸗ │⁸ ─ ┘ ╩ ⅝⁸ ≤╟ↄ

⇔√ 1- 8 ⁹ ─ ≢ ⇔⌂⅛∫√√╘⁸ Ᵽfi♪─ ╩ ⇔⁸ ─ ⁸

─ ╩ ╘≡™╢⁹ 
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       World View2 RGB  

 

ⱦ♦○◌ⱷꜝ⌐╟╢  

-   

─ ⌐⅔™≡ ⌐╟╢ ╩ ℮⌐│⁸ ≤∆╢ ≢⁸

╘ ─ ♃כ♦ ♃כ♦☻כꜟ▲♩כ◦ ╩ ⇔⁸ ≡⇔≥♃כ♦ ∆╢ ⅜

№╢⁹╕√⁸ ⅜≥╣∞↑ ⇔ↄ ↕╣√⅛─ ╩ ▲♩כ◦─╠╣↓⁸╙⌐╘√℮

│♃כ♦☻כꜟ ≢№╢⁹∕↓≢⁸ ─ ⱦ♦○◌ⱷꜝ ╩ ⇔⁸ ⌐╦√╢

╩♃כ♦☻כꜟ▲♩כ◦ ⌐ ∆╢↓≤╩ ≤⇔√⁹ 

 

-   

 ⱦ♦○◌ⱷꜝ⌐╟╢  

─▪ⱴ⸗ ─90 ⅜ ⌐ ∆╢≤↕╣≡™╢⅜⁸∕─ ─

│ ╘≡ ⌂™⁹∕↓≢⁸ ─ │⁸ ⌐ ∆╢ ≤

⇔√⁹ ─ 2- 1 ─ ─ ╩ ⅛╠ ⇔√ ⱦ

♦○◌ⱷꜝ⌐╟╡ ה ⇔√⁹ ⌐ │ 20 m ⌐ ↕╣╢↓≤⅛╠⁸

│ 20 m ─ ⌐ ⇔⁸ ╩ ∆╢ ─╒╓ ╩ ╗╟℮⌐ ╩

 

▪ⱴ⸗  
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⇔√⁹⌂⅔⁸ ─ │⁸Google earth ≢⁸ 3⁸5⁸8⁸10⁸12⁸15⁸18⁸20 

m╩ ⌐ ╘ ⇔√⁹ 

│⁸ ─▪ⱴ⸗ 2019 6 21 ⌐ 48 ⁸ ─▪ⱴ⸗ 2019

11 7 ⌐ 28 ≢⁸ ─ ╩ ≡ ∫√⁹╕√⁸ ⌐ ™√ ─

│⁸ I MATO─ ⅜ ∫√⁹ 

─ │⁸ ⱦ♦○◌ⱷꜝ ╖╢∙℮ Pro ⱨ□כ◦♩☻כfi ╩ ⅛╠

╩ꜟⱩכ◔≢╕ ╡ ⇔≡ ⇔⁸ ⅝⌐ ⅎ ↑╠╣√ 4≈─◌ⱷꜝ 90 ↔≤⌐ 4

≤ ⅝─ 1≈─◌ⱷꜝ⌐╟╡ ⇔√ ─ ╩⁸1 №√╡ ⁸ ⸗

≢כ♃♬ ∆╢≤≤╙⌐ ⇔√ 2- 1 ⁹ ─ │⁸ ─ GPS

כ●꜡♃כ♦ Wireless GPS Logger GT- 600 i - gotU ⌐╟╡ ⇔√⁹ ⌐⅔↑╢

╩ ∆╢√╘⌐⁸ כ●꜡♃כ♦ JFE▪♪Ᵽfi♥♇◒ DEFI- D5HG╩ⱦ♦○◌ⱷꜝ─

⌐ ╡ ↑⁸ ─ ╩ ∫√⁹ 

─ ┘ ↕╣√ ╩ ⌐⇔≡⁸ ╩⁸▪ⱴ⸗ ⁸ ⌐

∆╢ⱱfi♄꞉ꜝ ╛◖fiⱩ ⌂≥─ ⁸⅔╟┘ ⌐ 3 ⇔√⁹ ⅎ≡⁸▪ⱴ⸗ ⅜

≢⅝√ ≢│ ╩ ─ ╡ꜝfi◒ ↑⇔√⁹ ⅛╠─ ☿fi♅─ ↕⅛╠ ⅝

⌐ ⇔√◌ⱷꜝ─ ╩ ™⁸ ⌐ ╘╢▪ⱴ⸗ ─ ╩⁸ 0 0 ⌂⇔ ⁸ 1

1 10% ⁸ 2 11 25% ⁸ 3 26 50% ⁸ 4 51 75 ⁸

5 76% ─ 6 ⌐ ⇔√⁹⌂⅔⁸ ─ ⌐│⁸ ⅝ ─ 4

≈─◌ⱷꜝ─ ╙ ⌐ ⇔√⁹╕√⁸▪ⱴ⸗ ╛ ─ ─ ⁸▪ⱴ⸗─

╛ ─ ⌂≥ ╩ ⌐ ⇔√ 2- 2 20 ⁹ 

2- 1  

2019 6 21  ⁸ 2019 11 7   
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2- 1  

 

-  ≤  

 

6    

ᵑ  

─ ≢│⁸ │ ≢№╡⁸ ─ │ ⌂⅛∫√⅜⁸

7⁸7-2⁸8⁸38⁸38-2 ⌐ ⌂▪ⱴ⸗─ ⅜ ╘╠╣√ 2-1⁸ 2-1⁸

2-2 13⁹ 

⌐⅔↑╢▪ⱴ⸗ ─ │ ⌐⌂ↄ⁸ ─ ≢ ╘≡ ↕╣√ ⅜

№╢⁹ 

 

ᵒ  

─ ≢│⁸ │ ⅜ ≢№∫√⅜⁸ 15⁸16 ┘ 27⁸

30⁸33⁸34 ≢│ ≤ ⅜ ⇔≡™√⁹ ≤ ⅜ ∆╢ ⌐│ⱱfi♄꞉ꜝ

╛◌☺ⱷ ─ ⅜ ↕╣√⁹⌂⅔⁸ ─ │⁸ 2-1⌐ ⇔√⁹ 

 

11  

ᵑ  

─ ≢│⁸ │ ≢№╡⁸ ─ │⁸ ⌂⅛∫√⁹6 ─ ≢│

7⁸8 ⌐ ⌂▪ⱴ⸗─ ⅜ ╘╠╣√⅜⁸ 11 ─

≢│ ╘╠╣⌂⅛∫√ 2-1⁸ 2-2⁸ 2-1420⁹▪ⱴ⸗ ⅜ ⌐ ⇔√ │

≢№╢√╘⁸ ⁸ ⇔≡ ∆╢ ⅜№╢⁹ 

 

ᵒ  

─ ≢│⁸ │ ⅜ ≢№∫√⅜⁸ 15⁸17⁸18≢│ ≤

⅜ ⇔≡™√⁹ ≤ ⅜ ∆╢ ⌐│ⱱfi♄꞉ꜝ ╛◌☺ⱷ ─ ⅜ ↕╣√⁹ 

⌂⅔⁸ ─ │⁸ 2-2⌐ ⇔√⁹ 
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2- 1  

2019 6 21  

 

1 49.45 24 s

2 49.24 18 s

3 49.1 15 s

4 48.9 12 s

5 48.8 11 s

6 48.6 9 s

7 8 s ▪ⱴ⸗ 4

 7-2 8 s ▪ⱴ⸗ 5

 7-3 12 s

 7-4 12 s ▪ⱴ⸗ 1

8 48.3 3.7 6 s ▪ⱴ⸗ 4

 8-2 48.2 4 s

9 48.5 6 s

10 48.6 8 s

11 48.8 10 s

12 48.9 11 s

13 49.1 14 s

14 49.2 16 s

15 49 12 s/st

16 48.9 10 s/st

17 48.8 9 s

18 48.6 7 s

19 48.4 6 s

20 48.3 4 s

21 48.2 5 s

22 48.1 6 s

23 3.29 3 s

24 3.33 2 s

25 3.16 2 s

26 3.17 5 s

27 49 3.14 2 s/st

28 3.15 3 s

29 3.14 5 s

30 3.13 7 s/st

31 3.02 7 s

32 48 8 s

33 49 7 s/st

34 3 s/st

35 3.26 5 s

36 3.67 7 s

37 49 3.72 7 s

38 3.74 7 s ▪ⱴ⸗ 4

 38-2 3.69 7 s ▪ⱴ⸗ 3

39 49 3.91 9 s

40 4.31 11 s

41 9 s

42 9 s

43 5 s

3.8

3.6

4.1

137

36

48

48

49

48

48

48

137 3.23

36

48.4

3.4



 

13 

 

2- 2  

2019 11 7  

 

 

 

 

1 49.45 25 s

2 49.24 17 s

3 49.1 14 s

4 48.9 12 s

5 48.8 11 s

6 48.6 9 s

7 48.4 5 s

8 48.3 7 s

9 48.5 12 s

10 48.6 8 s

11 48.8 9 s

12 49.1 14 s

13 49.2 13 s

14 48.8 3.03 6 s

15 48.7 5 s/st

16 48.6 4 s

17 48.56 4 s/st

18 48.5 1 s/st

19 48.6 6 s

20 48.9 9 s

21 49 3.38 11 s

22 48.6 9 s

23 48.4 13 s

24 48.3 3.81 13 s

25 48.33 3.75 7 s

26 48.23 3.98 13 s

27 48.26 4.32 10 s

28 48.13 4.46 12 s

36

3.7

3.89

3.33

3.14

137

3.58
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2- 2 2019  



 

15 

 

 

2- 3 2019  



 

16 

 

 

2- 4 2019  



 

17 

 

 

2- 5 2019  



 

18 

 

 

2- 6 2019  
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2- 7 2019  



 

20 

 

 

2- 8 2019  
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2- 9 2019  



 

22 

 

 

2- 10 2019  



 

23 

 

 

2- 11 2019  



 

24 

 

 

2- 12 2019  



 

25 

 

 

2- 13 2019  



 

26 

 

 
2- 14 2019  



 

27 

 

 

2- 15 2019  



 

28 

 

 

2- 16 2019  



 

29 

 

 
2- 17 2019  



 

30 

 

 

2- 18 2019  



 

31 

 

 

2- 19 2019  



 

32 

 

 

2- 20 2019  
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3. ╩ ™√  

 

3- 1   

⌐⅔↑╢ ⌐≈™≡│⁸↓╣╕≢⌐ 2001 2002 ≤ 2011 2012

⌐ ⅛╠ ↕╣√ ⌐╟╡⁸ ⌐ ∆╢ ─ ≤ ⌐ ∆╢▪

ⱴ⸗ ╩ ╦∑≡⁸⅔╟∕ 1,100ha ≤ ╙╠╣≡™╢  2002⁸  2013 ⁹

╕√⁸ ⌐╟╡ 2012 2014 ⌐ ↕╣√ ─ ⌐╟╡⁸ ─

⌂ ⌐⅔™≡⁸∕─ ╩ ™ ╕≢ ⌐ ⇔√⁹ ⌐ ↕╣

╢▪ⱴ⸗ ⌐≈™≡│⁸ ⅛╠ ─ ⌐ ∆╢↓≤⅜ ⅛╠ ↕

╣≡⅔╡  2001⁸  2002 ⅔╟┘ 2007 ⁸ ⌐≈™≡│

⌂ ⅜№╢╙──⁸ ⌐ ∫√ ─ ─ ⅜╡⌐≈™≡│╒≤╪≥ ╠⅛

≤↕╣≡™⌂™⁹ ⁸ 2002 ⅔╟┘ 2013 ⌐╟╢

⅛╠─ ╩ ™√ ≢│⁸▪ⱴ⸗ ─ ⅜ ↕╣√⅜⁸ 10 ⌐⅔™≡

─ ⌐ ⌂ ⅜№∫√↓≤⅜ ↕╣≡⅔╡  2013 ⁸

─▪ⱴ⸗ ─ ⁸ ⌐ ™ ≢─ ⌐≈™≡│ ╩ ∆╢≤ ╦╣╢⁹2016

⌐│⁸ ─ 795 ⌐⅔™≡ ⇔√ ╩♃כ♦ ⌐⁸ ♁ⱨ♩

ENV I5.2╩ ⇔≡⁸Rapid -Eye─ 5m ⅛╠ ─▪ⱴ⸗

─ ╩ ⇔√⅜ ™ ⌐│ ╠∏⁸∕─ ≤⇔≡⁸ ™ ≢─ ─ ╩

⇔√ ╩ ∫≡™⌂™↓≤⅜ ≈─ ≢№╢≤ ⅎ╠╣√⁹2017 │⁸╟╡

─ ™ ╩ ∆╢√╘⁸ ⌐ BRI:Bottom Reflectance Index

╩ ∆↓≤⌐╟╡▪ⱴ⸗ ╩ ⇔√ ⁸▪ⱴ⸗ ─ ╩ 72 ⌐ ╘╢↓≤⅜≢⅝

√⁹ 

│⁸ ⌐⅔™≡ 2019 6 21 ⌐ ⇔√ ⱦ

♦○◌ⱷꜝ⌐╟╢ ≤ √⌐ ⇔√ Worl dView-3 ─ ⇔⁸▪ⱴ⸗

─ ╩ ╖√⁹ 

 

3- 2  

─ ⌐│⁸ ⸗♬♃ꜞfi◓ה ☿fi♃כ CEARAC⅜ 2019

⌐ ⇔√ GEE ⱴ♇Ⱨfi◓♠כꜟ╩ ™√⁹GEE ⱴ♇Ⱨfi◓♠⁸│ꜟכGoogle Earth 

Engine╩ⱬ⁸⇔≥☻כ 3- 1⌐ ♃כ♦∆ ⱨ꜡⁸≡∫╟⌐כ ⅛╠ ─ ╩

∆╢↓≤⅜≢⅝╢⁹ ⌐ ™√ │ 2019 5 19 ⌐ ⅜

↕╣√WorldView -3 ─ⱴꜟ♅☻Ɑ◒♩ꜟ 3-2 ╩ ™√⁹ 

⌐╟╢ ─ ╩ ⌐│⁸ ─ ⅛╠─ ⅜ ™╠╣╢⁹⇔⅛⇔⁸

⅜ ⌐ ╡ ≢ ⇔⁸ ⅛╠ ⇔√ ⅜ ⌐№╢ ─ ☿fi

◘⌐ ↄ╕≢⌐│⁸∕─ ≢ ∆╢ ⁸ ─ ⌐╟╢ ╩ ↑╢≤↕╣≡™╢⁹∕─

√╘⁸ ─ ─√╘⌐│⁸↓╣╠─ ╩ ⌐ ⇔≡⅔ↄ ⅜№╡⁸ ─

╩ ∆╢ⱪ꜡☿☻╩ ⁸ ─ ╩ ∆╢ⱪ꜡☿☻╩ ≤™℮⁹ 

⌐│⁸ ⅛╠─ ─ ⅜╖╠╣⌂™╟℮⌂ ─ ™ ─ ╩ ≡
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─Ⱨ◒☿ꜟ─ ⅛╠ ⇔ ↄ≤™℮ ⅜ ™╠╣╢⁹↓╣│ ≤ ┌╣⁸

⅛╠─ ⅜⌂ↄ⁸ ─ ≤◄▪꜡♂ꜟ─ ⁸∕⇔≡∕╣╠─ ⅜

≢№╢≤ ─ ⌐ ╡ ∟⁸ ⌂ ─ ≤⇔≡⇔╠╣≡™╢⁹↓↓≢│⁸GEE

ⱴ♇Ⱨfi◓♠כꜟ─ ⌐ ⁸2≡⇔≥♃כ♦╢™ ─ ™ ─ⱳꜞ◗fi♦כ

♃╩ ⌐ ╘ ⇔√( 3- 3)⁹ 

⌐│⁸ ╩♃כ♦ ∆╢ ─ Bottom Reflectance  Index(BRI)( Sagawa et al., 

2010)≤ ⇔⌂™ ─ Depth Invariant Index(DII)(Lygenga, 1981) ─ ⅜ ™╠╣

╢⁹ ─ ─ ⅜♃כ♦ ⌂ │ BRI ⅜⁸ ⅜♃כ♦ ≢⅝⌂™

│ DII ⅜ ™╢↓≤⅜ ↕╣≡™╢( Komatsu et al, 201 9)⁹™∏╣─ ╙⁸ ⅜

─╖⁸╙⇔ↄ│▪ⱴ⸗⅜ ≥⌂™╟℮⌂ ⌂╢ ─ ─ ⅜ ≤⌂╢√╘⁸

2019 ─ 6 21 ─ ⱦ♦○◌ⱷꜝ ╩ ⌐⁸∕─╟℮⌂ ─ⱳꜞ◗fi♦כ♃╩

⇔√ ( 3- 3)⁹↓╣│⁸ ─ ∆╢ ╛ ⁸ ⅛╠─ ─ ─ ╩ ↑⌂™

≢⁸ ≤ ⌐ ∆╢ ─ ─╖╩ ⇔⁸∕─ ⅛╠ ⌐╟╡ ∆╢ ─

╩ ∆╢√╘≢№╢⁹ ─ ≢│⁸BRI ≤ DII ⌐╟╢ ╩ ⇔√

≢⁸ ⌐≈™≡ ∆╢↓≤≤⇔√⁹ ─ ⌐ ≤⌂╢ ─♃כ♦

⌐│⁸2019 6 21 ⌐ ⇔√ ⱦ♦○◌ⱷꜝ─ ╩♃כ♦ ⇔√⁹╕√⁸▪ⱴ⸗

⌐ ⇔≡│⁸ ⅜ ≢⅝√ ╠⅛♃כ♦─≡ 3 ─╙─╩ ╪∞⁹

─ ─ ≤⇔≡│⁸ꜝfi♄ⱶⱨ◊꜠☻♩╟╢ ⅝ ╩ ∆╢↓≤≤⇔√⁹↓

─ ≢│ ─ ─ ⌐⅔™≡ ⌐ ─ ╩ ⇔⁸∕─ ─

╩ ─Ⱨ◒☿ꜟ⌐ ↑√ ≢⁸ ∆╢ ⅜№╢⁹∕↓≢⁸▪ⱴ⸗ ⁸

⁸ ─ 3≈─ ⌐ ⇔⁸ ⇔√ ─ ╠⅛♃כ♦ כ♦

♃╩ ⇔√ 3-4 ⁹ 

 

3-1  GEE ⱴ♇Ⱨfi◓♠כꜟ⌐╟╢ ⱨ꜡כ 
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3- 2 2019 5 19 ─World View- 3 RGB  
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3- 3 ┘ ⌐ ™√ⱳꜞ◗fi♦כ♃ 

 



 

37 

 

 

3- 4 ⱦ♦○◌ⱷꜝ 6 21 ⌐╟╢ ⌐ ≠⅝ ⇔√  ♃כ♦

▪ⱴ⸗ ⁸ ⁸  
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3- 3 ≤  

GEE ⱴ♇Ⱨfi◓♠כꜟ╩ ™≡⁸ ⌐╟╢ ≤ 2 ─ ( BRI

≤ DII )⌐╟╡ ⇔√ 2019 5 19 ─ ─ WorldView- 3ⱴꜟ♅

☻Ɑ◒♩ꜟ ─ RהGהBⱣfi♪─♦כ♃╩ ™≡⁸ 6 21 ⌐ ⇔√ ─♃כ♦

╩ꜝfi♄ⱶ⌐ ⇔⁸ꜝfi♄ⱶⱨ◊꜠☻♩ ⌐╟╢ ╩ ⇔√⁹ ╡─ 3 ─

⁸│♃כ♦ ─ ≡⇔≥♃כ♦ ∆╢↓≤≤⇔√⁹↓╣╠─ ≢ ╠╣√

─ ─ ╩ 3-5⁸3-6⌐ ∆⁹ ≤╙ ≥♃כ♦ ⌐

⅜╖╠╣⁸ ⱦ♦○◌ⱷꜝ⌐╟╡ ⌂▪ⱴ⸗─ ⅜ ↕╣√

─ 7m ≢─ ≢▪ⱴ⸗─ ╩ ∆╢↓≤⅜≢⅝√⁹ ─ ⅛╠│⁸

BRI ≢ ╩⇔√ ─ ⅜⁸ ─ ┘ Tau ⅜ ↄ⁸╟╡ ⌐▪ⱴ⸗

─ ─ ⅜ ⌂↓≤⅜ ╠⅛≤⌂∫√ 3-1⁸ 3-2⁹DII ⌐╟╢ ─

≢│⁸ ⱦ♦○◌ⱷꜝ⌐╟╡▪ⱴ⸗─ ⅜ ╘╠╣⌂⅛∫√ ⁸

⌐∕─ ⅜ ∫≡ ↕╣≡™√⁹↓╣│⁸ ⌐ ∆╢♥♩

ꜝⱳ♇♩ ─ ─ ─ ╛⁸ ─ ─ ─

⅜ ⌐ ↄ⌂∫≡™╢↓≤ ─ ≢ DII ⌐╟╢ ⅜ BRI ⌐╟╢ ≤ ═

≡ ⌐ ⌂⅛∫√ ⅜ ↕╣╢⅜⁸ ≢│ ⅜ ╠⅛≤⌂∫≡™⌂™⁹

│⁸ ╩ ⇔⁸∕─ ≢─▪ⱴ⸗ ─ ─ ╩ ╘╢ ≢№╢⁹ 
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 3- 5 2019 5 19 ─World View 3 ⱴꜟ♅☻Ɑ◒♩ꜟ ╩ ⌐╟╢ ⁸

BRI ⌐╟╢ ⁸ꜝfi♄ⱶⱨ◊꜠☻♩ ⌐╟╡ ⇔√ ⌐⅔↑

╢  

 

 

3- 1 3- 5 ⌐ ∆╢ ─  

♃כ♦  ♃כ♦   

─    ─ כ◙כꜚ   

 220 3 223 98.65% 

 8 64 72 88.89% 

─  228 67 295  

ⱪ꜡♦ꜙכ◘כ  96.49% 95.52%   

─  96.27%  pr  0.6167 

βTau  0.9027    

 

 

 

 

 

 

 

 

 

▪ⱴ⸗  
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3- 6 2019 5 19 ─World View 3 ⱴꜟ♅☻Ɑ◒♩ꜟ ╩ ⌐╟╢ ⁸

DII ⌐╟╢ ⁸ꜝfi♄ⱶⱨ◊꜠☻♩ ⌐╟╡ ⇔√ ⌐⅔↑

╢  

 

 

3- 2 3- 6 ⌐ ∆╢ ─  

♃כ♦   ♃כ♦    

─    ─ כ◙כꜚ   

 223 10 233 95.71% 

 23 41 64 64.06% 

─  246 51 297   

ⱪ꜡♦ꜙכ◘כ  90.65% 80.39%     

─  88.89%  pr  0.6188  

βTau  0.7085        

 

 

 

 

 

 

 

 

 

▪ⱴ⸗  

 

 



 

41 

 

╩fiכ꜡♪ ™√ ─  

-   

⌂ ─ ⌐│ ╢╟⌐◓fi◦fi☿♩כ⸗ꜞ ⱴ♇Ⱨfi◓⅜ ╕⇔™

⅜⁸ ─ ⅜ ⌂ⱴꜟ♅☻Ɑ◒♩ꜟ☿fi◘╩ ⇔√ │⁸∕─ ⅜

15-16 ≤ ↄ⁸ ╛ ─ ╩ ↑╢↓≤⅛╠⁸ ─ ⌂ ─ │ ⇔™⁹↓─√

╘⁸ ⁸ ⌂≥╩ ⌐ ⅜ ⌐ ╪≢™╢ fiכ꜡♪ ╩ ™√

─ ╩ ™⁸∕─ ╩ ∆╢⁹ 

 

-   

 

 ─ ─ ⁸ ─ ⅛╠ 1.2km─ ╩

⇔√ 4- 1 ⁹ 

 

 

4- 1 ─ ╩╙≤⌐  
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│fiכ꜡♪  DJI ─ Phantom4 Pro╩ ⇔√⁹ 

╩ 4- 2⌐⁸ ⌂☻Ɑ♇◒╩ 4- 1⌐ ∆⁹ 

 

 

 

 

 

 

 

 

4- 1 DJI Phantom4 Pro☻Ɑ♇◒ 

 

  

1388g

350mm

6,000m

10m/s

GPS/GLONASS

JPEG,DNG(RAW),JPEG+RAW

LiPo4S microSD

89.2Wh

4-2 DJI Phantom4 Pro  

https://www.dji.com/jp/phantom -4-pro  
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▪ⱪꜞ─  

fiכ꜡♪⁸│≢  ≤ ∂ ≢№╢ DJI ─ ▪ⱪꜞ₈DJI GS PRO₉╩ ⇔

√⁹ ▪ⱪꜞ╩ ∆╢↓≤⌐⇔√ │ ─ ╡≢№╢⁹ 

ה ⱪ♇ꜝכⱣכ○⁸ ⁸◘▬♪ꜝ♇ⱪ ⁸ ⁸ ⁸◌ⱷꜝ─ ╩

≢⅝╢⁹ 

ה ⅜♩כꜟ ≢ ↕╣⁸ ╛ ⌂Ᵽ♇♥ꜞכ ╩ ⌐ ╢↓≤⅜≢⅝╢√

╘⁸ ╟ↄ ≢⅝⁸ ─ꜞ☻◒╩ ⌐≢⅝╢⁹ 

ה ⌐ ╩♃כ♦ ⇔ ∆╢↓≤⅜≢⅝⁸ ─ⱨꜝ▬♩≢│∕─

─♃כ♦ ה ⅜ ≢№╢√╘⁸ ⅛≈ ─ ⅜ ≢№╢⁹ 

 

∕─ ⁸GS PRO│ ─ ⅜№╡⁸ⱨꜝ▬♩─ ╩fiכ꜡♪≢ ↕∑≡Ᵽ♇

╩כꜞ♥ ⇔⁸∕─ ⁸ ⅛╠ ⅔╟┘ ╩ ∆╢↓≤⅜≢⅝╢⁹ 

 

≤  

GS PRO⌐⅔↑╢ ─ │ ─≤⅔╡≢№╢⁹ ─ ╩ 4- 3

⌐ ∆⁹ 

ᵑ ╩♪כ⸗ ⁹ 

ᵒ ╩ ┘⁸ ╩♃♇ⱪ⇔≡ ╩ ∆╢⁹ 

ᵓ ≢◌ⱷꜝ⸗♦ꜟ⁸◌ⱷꜝ ⁸ ⁸♪כ⸗ ╩♪כ⸗ ∆╢⁹ 

ᵔ ╩ ∆╢⁹ 

ᵕ ⁸ ⁸ ─ ⁸ ♩כꜟ │ ⌐ ↕╣╢⁹ 

ᵖ ≢ ⱪ⁸◘▬♪ꜝ♇ⱪ♇ꜝכⱣכ○ ꜝfi◓ꜟ⁸◌ⱷ▪☻כ◖≥ ☺fi

ⱣꜟⱧ♇♅ ╩ ∆╢⁹ 
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4- 3 GS PRO ─ 8 2 ─   
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⌐ ∆╢  

ᵑ○כⱣכꜝ♇ⱪ  

 ─ ⱪ♇ꜝכⱣכ○⁸│≢ ╩ 90 ⁸◘▬♪ꜝ♇ⱪ ╩ 70 ⌐ ⇔≡ ╩ ∫√

⅜⁸ ⅜ ↄ ─ ≤⌂∫√⁹ │↓─ ╩ ⱪ♇ꜝכⱣכ○⁸╘√╢∆

╩ 70 ⁸◘▬♪ꜝ♇ⱪ ╩ 50 ⌐ ∆╢↓≤≤⇔√⁹↓╣⌐╟╡ ≤ Ᵽ♇♥ꜞכ

─ │ ⌐⁸ │ 20 ⌐ ≤⌂∫√⁹1 ─ ≢─ ─ ≤Ᵽ

─כꜞ♥♇ ╩ ≢⅝√√╘⁸ │ 1 ≢─ │ 1 ∞∫√⅜⁸

│ 3 ∆╢↓≤⅜ ≤⌂╡⁸◌ⱷꜝ ─ ╩ ⇔≡ ╡ ╩ ∆╢↓≤≤⇔√⁹ 

 

ᵒ ≤  

 ╡ ╩ ∆╢√╘⁸ ─ ≢ ∆╢↓≤╩ ≤⇔√⁹ 

1 ⁸2♩כ○ ⁸3 ISO ╩ →╢ 

1 ─ ─ꜝⱷ◌│≥♩כ○ ╡╛ ISO ╣∙╣⧵╩♪כⱧ☻כ♃♇ꜗ◦⁸ ⌐

∆╢ ≢⁸∕╣╠∆═≡─ ╩ ≤∆╢ⱨꜟ○כ♩ ╩ ™√⁹↓╣╠│ GS PRO

≢ ≢№╢⁹ 

2 ─ ⌐ ⇔≡│⁸ ⌐│ ≢╙ 40 ╩ ⇔⁸∕─ ╛ │

∆╢√╘⁸ ─ ≢ ╢↕⌐┌╠≈⅝⅜№╢ │ ≢│⌂ↄ○כ♩⌐∆╢↓≤≤

⇔√⁹↓╣│ ⌐ ≢ ╩ ≡ ∆╢⁹ 

3 ─ ISO ≤│ ☿fi◘כ─ ─ ─↓≤≢№╢⁹ISO ╩ →╢↓≤≢ ⌂™ ─

≢╙ ╢™ ╩ ╢↓≤⅜≢⅝⁸↓╣⌐╟╡ ─ ─ ╩│∫⅝╡ ∆↓≤⅜≢⅝

╢─≢│⌂™⅛≤ ⅎ√√╘≢№╢⁹ISO │ 100⅜ ≤↕╣≡⅔╡⁸ ╩ →╣┌ →

╢╒≥ ─ⱡ▬☼⅜ ⅝ↄ⌂∫≡⇔╕℮√╘⁸ⱡ▬☼⅜ ⌂™╟℮⌂ 400╩ ≢ ∆

╢↓≤≤⇔√⁹ 

 

ᵓ ⱨ▫ꜟ♃─  

 ─ ≢│ ─ ─ ╩ ⅝ↄ ↑╢√╘⁸↓╣╩ ↕∑╢√╘⌐ ⱨ▫ꜟ

♃ CPL ╩ ∆╢↓≤≤⇔√⁹ ⱨ▫ꜟ♃─ ╩ ⌐∆╢⌐│⁸ⱨ▫ꜟ♃╩ ↕∑

≡⁸ ה ⁸◌ⱷꜝ fiכ꜡♪ ⁸ ─ ⌂ ⌐ ∂√ ⌂

⌐ ∆╢ ⅜№╢⁹⇔⅛⇔⌂⅜╠⁸ ⌐ ⱨ▫ꜟ♃╩ ↕∑╢↓≤│ ≢№╢

√╘⁸№╠⅛∂╘ ⌐ ⇔☻ꜞ♇♩╩ ⌐⇔⁸ ⅜ ≤⌂╢ ≤⇔√⁹ 

 ≢│⁸PGYTECH CPLⱨ▫ꜟ♃≤ LENSKINS ND- CPLⱨ▫ꜟ♃ ND4- CPL⁸ND8- CPL⁸ND16-

CPL ╩ ⇔√⁹ND- CPLⱨ▫ꜟ♃│ ND ─ ╙ ⌡ ⅎ≡⅔╡⁸ND4- CPLⱨ▫ꜟ♃│

CPLⱨ▫ꜟ♃≤ ═≡ ╩ 1/4 ⌐⁸ND8- CPLⱨ▫ꜟ♃│ ╩ 1/8 ⌐⁸ND16- CPLⱨ▫ꜟ♃│

╩ 1/16⌐ ⅎ╢↓≤⅜≢⅝╢⁹ ╩ ⇔≡⁸↓╣╠─ⱨ▫ꜟ♃╩♪꜡כfi⌐ ╡ ↑⁸

⌐ ╩fiכ꜡♪┼ ≢כ♃♬⸗⁸∑↕ ╩ ⇔⌂⅜╠ ∞≤ ⅎ╠╣╢ⱨ▫ꜟ♃

╩ ⇔√⁹ ≢כ♃♬⸗⁸│ ⇔≡╙ ⌐ⱡכ♩ PC≢ ╩ ∆╢≤ ╟

╡╙ ╢ↄ⌂∫≡™╢↓≤⅜ ⅛∫√√╘⁸ │ ─ ≢ ⌐ ╩ ⇔⁸∕╣

╩ⱡכ♩ PC─⸗♬♃כ≢ ⇔≡⅛╠ ╩ ⇔√⁹ 
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ᵔ◌ⱷꜝ─  

─ ─ ╩╙≤⌐⁸ │ ⅜ 30° 45°⌐ ™ ─fiכ꜡♪⁸≡⇔⌐

│◘fi◓ꜞfi♩╩ ∆╢√╘⌐ ╩ ⌐⇔√ ⌐ ∆╢↓≤⌐⇔√⁹

│ ─ ─ ╩ ≤⇔√ 4- 4 ⁹ 

⇔⅛⇔ │ ⅜ ↄ⁸30°⌐ ↄ⌂╢ ─ ⅜ꜟ◓fi▪☻כ◖│ ⅛╠

≤⌂╢↓≤⅜ ⇔√ 4- 5 ⁹↓╣≢│ ⅜ ⌂ↄ⌂╡⁸ ⇔√ ≢│ ⅜

⇔⌂™ ⅜№╢≤ ⅎ√⁹◌ⱷꜝ ╩ 30°⌐∆╢≤ 45°─ ╟╡╙ ™ ⅜

≤⌂╡ ⅜ ⅎ╢√╘⁸ ╙ ╙◌ⱷꜝ ╩ 30°⌐ ⇔⁸ │ ⌐ ╦

fi◓ꜟ⁸▪☻כ◖√∑ │ ╟╡╙ ╩ ⇔≡ ⅜ ╩ꜟ◓fi▪☻כ◖╢

∆╢↓≤≤⇔√⁹ 

 

 

4- 4 ─ ה ─  
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4- 5 ⌐ ╦∑√ ─ꜟ◓fi▪☻כ◖─ 12 16 ─  

 

○ꜟ♁⸗◙▬◒ ─  

⌐╟╡ ╠╣√ │⁸Agisoft ─ ♁ⱨ♩►▼▪ PhotoScan Professional 

Edition ╩ ™≡ ⇔⁸3 ⸗♦ꜟ⅔╟┘○ꜟ♁⸗◙▬◒ ╩ ⇔√⁹ 

 

1)   

 

─ ╣│ ─ ╡≢№╢⁹ 

ᵑ ╩ Add Photos  

     ╩♁ⱨ♩►▼▪⌐ ╡ ╗⁹ 

ᵒ ─▪ꜝ▬fiⱷfi♩ Align Photos  

≢ ╩ ↕∑⁸∕─ ⅛╠ ⅔╟┘ ⅔╟┘ ─

⌂ ╩ SfM⁹ 

ᵓ ◒ꜝ►♪ Build Dense Cloud  

      ᵒ≢ ⇔√◌ⱷꜝ ה ⅔╟┘ ─ ⱴ♇ⱪ⅛╠⁸ ╩ MVS⁹ 

ᵔⱷ♇◦ꜙ Build Mesh  

      ╩╙≤⌐⁸ ─ ╩♃כ♦ ⁹ 

ᵕ○ꜟ♁⸗◙▬◒ Build Orthomosaic  

     ⱷ♇◦ꜙ♦כ♃╩╙≤⌐○ꜞ☺♫ꜟ ╩○ꜟ♁ ⇔⁸ ╩ ⅞ ╦∑╢⁹ 
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2)  photoScanⱤꜝⱷכ♃─  

photoscan⌐╟╢ ⌐⅔™≡⁸™ↄ≈⅛─ ⌂Ɽꜝⱷ⁸╡№⅜♃כ ∆╢

─ ─ ─ ↕⁸ ╢↕⁸ ─ ⁸ ⌂≥ ≤Ɽꜝⱷכ

♃─ ╖ ╦∑⌐╟╡⁸ ↕╣╢ 3 ⸗♦ꜟ─ ╛○ꜟ♁⸗◙▬◒ ─ כ♦⁸

♃ ⌐ ∆╢⁹↓─√╘⁸PhotoScan Ɽꜝⱷכ♃─ ╩ ∫√⁹⌂⅔⁸

╩ ∫√Ɽꜝⱷכ♃│ ─ ╡≢№╢⁹ 

ᵑAlign Photos ─ Accuracy High⁸Medium⁸Low⁸Lowest 

≢─ ⌐ ™╢Ⱨ◒☿ꜟ◘▬☼⌐ ⇔≡⅔╡⁸5 Highest⁸  

High⁸Medium⁸Low⁸Lowest ⌐ ≢№╢⁹[High] │ ─○ꜞ☺♫ꜟ Ⱨ◒☿

ꜟ◘▬☼ ╩ ⇔⁸[Medium]│Ⱨ◒☿ꜟ◘▬☼╩ ∕╣∙╣2 ⁸[Low]│ 4 ⁸[Lowest]

│ 8 ⌐ꜞ◘▬☼⇔≡ ╩ ℮ ∟⌂╖⌐[Highest] │ 1/2 ⌐ꜞ◘▬☼∆╢⅜⁸ │

⇔⌂™ ⁹⇔√⅜∫≡⁸[High] ⌐ ™ ─ ⅜ ─ ⇔ ╢Ⱨ◒☿ꜟ ⅜ ↄ⁸

⌐ ─ ╙ ⅎ╢↓≤≢⁸Alignment ⅜ ∆╢

⅜№╢⁹⇔⅛⇔⁸Ⱨ◒☿ꜟ │ ⌐ ∆╢√╘⁸ │ ∆╢⁹ 

ᵒAlign Photos ─ Generic preselection ♅▼♇◒ ⁸  

♅▼♇◒╩ ╣╢↓≤≢⁸○ꜞ☺♫ꜟ⅛╠ ╩ ≤⇔√ ⌐≈™≡⁸ ≡─Ɑ▪

─ ╖ ╦∑≢ⱴ♇♅fi◓ ╩ ℮⁹ ⅜ ∆╢⁹ 

ᵓAlign Photos ─ Reference preselection ♅▼♇◒ ⁸  

♅▼♇◒╩ ╣╢↓≤≢⁸ ⅜ ≈ ╩ ⌐ ─ ⅜ ™ ╩☻♥꜠

○Ɑ▪≤ ⇔⁸ⱴ♇♅fi◓ ╩ ℮⁹ ⅜ ∆╢⁹ 

ᵔAlign Photos ─ Key point limit 40,000⁸120,000⁸0 

⅛╠ ∆╢ ─ ╩ ∆╢⁹♦ⱨ◊ꜟ♩│[40000]⁹[0] ╩ ∆╢

≤ ╩ ⌂ ╡ ⌂ↄ ∆╢⅜⁸ ─ ™ ╙ ↄ ╕╣╢⁹ 

ᵕAlign Photos ─ Tie point limit 4,000⁸12,000⁸0 

─ⱴ♇♅fi◓⌐ ↕╣╢ ─ ╩ ∆╢⁹[4000]⅜ ⁹ [0]

╩ ∆╢≤⁸ ⅜ ↄ⌂╢⁹ 

ᵖAlign Photos ─ Adaptive camera model fitting ♅▼♇◒ ⁸  

♅▼♇◒╩ ╣╢≤⁸ ─ ╛ ─ ⅝↕⌂≥ ⌐ ∂≡⁸ 

∆╢◌ⱷꜝ◐ꜗꜞⱩ꜠כ◦ꜛfiⱤꜝⱷכ♃─ ╩ ∆╢⁹ 

  

⌂⅔⁸ ─ ≢│⁸ ─ Alignment ≢ ⇔√⁹ 

ᵑAccuracy Low 

ᵒGeneric preselection ♅▼♇◒  

ᵓReference preselection ♅▼♇◒  

ᵔKey point limit 40,000 

ᵕTie point limit 4,000 

ᵖAdaptive camera model fitting ♅▼♇◒  
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-   

 

 │ ─ ╡≤⇔√⁹ 

 

ⱪ♇ꜝכⱣכ○  70   

◘▬♪ꜝ♇ⱪ   50  

     140m 

    3.8cm/px 

     8.3m/s 

     5  

     12km 

     1.06km² 

Ᵽ♇♥ꜞכ 1  

     265  

   30 Ᵽ♇♥ꜞכ ─ │ ╕⌂™  

◌ⱷꜝ     - 30° 
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ₒ2019 8 2 ₓ 1  7:25 8:05 (Ᵽ♇♥ꜞכ Ν1 )  

 ○ꜟ♁⸗◙▬◒  

 

 

≤   

 12.076km 

◌ⱷꜝ  - 30° 

 272  

ⱨ▫ꜟ♃ CPL 

ISO  ♩כ○ 

F  ♩כ○ 

כⱧ☻כ♃♇ꜗ◦

♪ 

 ♩כ○

 

 

 

ה  ⌐ ╩ ⇔⁸ⱨ▫ꜟ♃─ ╩ ╩ⱡכ♩

Ɽ♁◖fi≢ ⁸ ╩ ⇔√⅜⁸ ╟╡ ╢ↄ ∫√⁹╕√

⁸╘√√⇔≥♩כ○ ⌐╟∫≡ ╢↕⅜ ⌂∫√⁹◘fi◓ꜞfi♩

│ ∑∏⁸ ™ │ ─ ⅜ ⅛⌐ ⅛∫√⁹ 

│⁸╙℮ ⇔ ╢↕╩ ⅎ≡ ≢⅝╢╟℮⌐ ∆╢⁹ 
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ₒ2019 8 2 ₓ 2  8:32 9:20 (Ᵽ♇♥ꜞכ Ν2 ) β1 

 ○ꜟ♁⸗◙▬◒  

 

 

≤   

 12.072km 

◌ⱷꜝ  - 30° 

 298  (β2) 

ⱨ▫ꜟ♃ CPL 

ISO  100 

F  5.6 

כⱧ☻כ♃♇ꜗ◦

♪ 

1/125  

β1: ≢ ⇔√√╘⁹ 

β2: ⅛╠ ⌐ ∂ ╩ ⇔√

√╘ ╟╡ ™⁹ 

 

 

ה  ≤⇔√√╘⁸ ╢↕⅜ ≤⌂╡⁸ ─♩כ○ ≤ ═≡

╢↕⅜ ⅎ╠╣⁸ ─ ⅜ ⅛╡╛∆⅛∫√⁹◘fi◓ꜞfi♩│

™⌂⅛∫√⁹ ⁸ ⅜ ⇔√⁹ 

╛╛ ╢ ⅞√√╘⁸╙℮ ⇔ ⅎ╢╟℮⌐ ⅜ ≢№∫√⁹ 
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ₒ2019 8 2 ₓ 3  9:41 10:31 ( Ᵽ♇♥ꜞכ Ν2 ) β3 

 ○ꜟ♁⸗◙▬◒  

 
 

≤   

 12.030km 

◌ⱷꜝ  - 30° 

 306  (β3) 

ⱨ▫ꜟ♃ CPL 

ISO  400 

F  ♩כ○ 

כⱧ☻כ♃♇ꜗ◦

♪ 

 ♩כ○

β3: ≤ ∂ↄ ⌐⌂∫√⁹ 

 

 

ה  ISO ╩ 400⌐ →╢≤⁸1 2 ╟╡╙ ╢↕⅜ ⅎ╠╣≡ ╛

∆⅛∫√⁹ ─ ⅜ │∫⅝╡ ⅎ√⁹◘fi◓ꜞfi♩│ ⇔⌂

⅛∫√⁹ISO │ ⁸╘√─♩כ○ ─ ╢↕⅜ ╦∫∫

≡⇔╕∫√⁹ ⅜ ⇔√⁹ ─♪כⱧ☻כ♃♇ꜗ◦≥ ╩

∆╢ ⅜№╢⁹ 
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ₒ2019 12 16 ₓ 1  8:24 9:06 (Ᵽ♇♥ꜞכ Ν1 )  

 ○ꜟ♁⸗◙▬◒  

  

≤   

 11.181km 

◌ⱷꜝ  - 30° 

 267  

ⱨ▫ꜟ♃ CPL 

ISO  ♩כ○ 

F  ♩כ○ 

כⱧ☻כ♃♇ꜗ◦

♪ 

 ♩כ○

 

 

 

ה ⁸╘√√⇔≥♩כ○  │ ↄ ╡⁸ ─ │ ↄ ∫√ ⅜

↕╣≡™⌂™ ⁹ ─ │⁸ ™ │ ⅎ⌐ↄ⅛∫√⅜

™ ≢│ ─ ⅜ ⅛∫√⁹◌ⱷꜝ 45°─ ⅜ ≢─

─ ⅜ ↄ ╛∆™─≢│≤ ⅎ╠╣√⁹ 
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ₒ2019 12 16 ₓ 2  9:38 10:15 (Ᵽ♇♥ꜞכ Ν1 )  

 ○ꜟ♁⸗◙▬◒  

 

 

≤   

 11.181km 

◌ⱷꜝ  - 45°(β4) 

 261  

ⱨ▫ꜟ♃ CPL 

ISO  ♩כ○ 

F  ♩כ○ 

כⱧ☻כ♃♇ꜗ◦

♪ 

 ♩כ○

β4:◌ⱷꜝ ╩ ⇔√⁹ 

 

 

ה  ◌ⱷꜝ ╩ 45°⌐⇔√≤↓╤⁸ ─ ⅜ ⅛╡╛∆ↄ ≢⅝

√⁹⇔⅛⇔⁸ ─ │ ≢⅝≡⅔╠∏⁸ ⅜ ⌂⅛∫√↓≤

⅜ ⇔√≤ ⅎ╠╣√⁹ ™ │⁸⅝╣™⌐ ⅎ√⅜⁸ ⇔ ╡⅜

№∫√⁹ 
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ₒ2019 12 16 ₓ 3  10:41 11:17 (Ᵽ♇♥ꜞכ Ν1 )  

 ○ꜟ♁⸗◙▬◒  

 

 

≤   

 11.181km 

◌ⱷꜝ  - 45°(β4) 

 254  

ⱨ▫ꜟ♃ CPL 

ISO  400 

F  ♩כ○ 

כⱧ☻כ♃♇ꜗ◦

♪ 

 ♩כ○

 

 

 

ה  ◌ⱷꜝ─ ╩ 45°⌐⇔√⁹ │ ≢⅝≡™⌂⅛∫√⁹ ─

⅜ ⅛╡╛∆ↄ ↕╣√⅜⁸ISO ╩ →√ ≢ ⇔ⱡ▬☼⅜№

╢╟℮⌐ ⅎ√ ≢│ ™│ ⅛╠⌂⅛∫√ ⁹ 

 

 

 


















