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1   

1.1 ≤  

 ⅜ ╡╟(2)(1)♃כ♦╢™≡⇔ 1⌐ ≤ 65 ─ כ♦─

♃╩ ⇔√◓ꜝⱨ╩ ∆ 1╟╡ 2015≢│ ⅜ 209.7≢№∫√⅜

2018⌐⌂╢≤ │175.3≢№╡16% ⇔≡™╢ ╕√ 65 ─

≢│2015≢│ 63.5%≢№∫√⅜2018≢│68.5%≤ 5% ⇔≡™╢ כ♦─↓

♃╟╡ ─ ⌐⅔™≡ │ ₁ ⇔≡⅔╡ ⌂ ≢№╢≤ ⅎ

╠╣╢ ╕√ 65 ─ ⅜ 50%╩ ⅎ≡⅔╡ ≢№╢≤ ⅎ╠╣╢

⌐⅔™≡│ ⅜ ─ ≢╙ ↄ╩ ╘╢ ⅜ ╛ ↕╣≡

™╢ ╙№╢⅜ ™╕∞ ↄ⅜ ≢№╡ ╛ ≢№╢ ⌐≤∫≡│

⅝⌂ ≤⌂╢↓≤⅛╠ ─ ה ⅜ ╕╣≡™╢  

 

 

Fig 1.1 Agricultural working population(1) 

 

─ ╛ ─√╘⌐☻ⱴכ♩ ≤ ┌╣╢╙─⅜ ↕╣≡™╢ ☻

ⱴכ♩ ≤│ ⌐╟╢≤₈꜡Ⱳ♇♩ ╛ ICT╩ ⇔≡ ה

╩ ∆╢ √⌂ ₉(3)≤↕╣≡™╢ ≤⇔≡│ ♩ꜝ◒♃╛ ⌂≥─

─ (5)(6) ╢╟⌐fiכ꜡♪ (7)⌂≥⅜ →╠╣╢  

 

≢│ ∕─ ≢╙꜡Ⱳ♇♩ ⌐╟╢ ─ ⌐ ⇔√ ─ ≤ ∂

─꜡Ⱳ♇♩╩ ™╢↓≤≢ ⌐⌂∫≡™╢ ╩ ↕∑╢↓≤⅜≢⅝╢─≢│⌂™⅛
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≤ ⅎ√ ⌐ ≢№╣┌ ─ ⌐ ↕╣∏ ╩ ≢⅝╢↓≤⅛╠꜡Ⱳ♇

♩╙ ╛ ⌂≥─ ╩ ↑⌂™√╘Ɫ►☻ ≢ ∆╢ ꜡Ⱳ♇♩─ ╩

∆  

 

1.2 ꜡Ⱳ♇♩⌐╟╢ ─  

 ꜡Ⱳ♇♩⌐╟╢ ─ ≤⇔≡│ 1⌐ ∆ ⌐Ɫ►☻ ≢ ⇔◌ⱷꜝ╩

™≡ ╩ ⇔ ⌐ ⌂ ⅛ ⇔√ ≢№∫√ │ ≢ ╩

℮ ⅜ ה ⇔≡™╢▬♅◗ ꜡Ⱳ♇♩(8)╛♩ⱴ♩ ꜡Ⱳ♇♩(9)⌂≥⅜

→╠╣╢ ꜡Ⱳ♇♩⌐╟╢ ⌐≈™≡│ ♩ⱴ♩╛▬♅◗│ ╛ ╩ ∆╢↓≤

≢ ─ ⅜ ≢№╢ ⇔⅛⇔ Ⱨכⱴfi─╟℮⌐ ─ ⅜ ≤ ≡™╢↓≤

╛ ∞↑≢⌂ↄ ╙ ≡™╢ ─ ╩ ∆╢↓≤⅜ ⇔™↓≤⅜ ≢№

╢  

 

 

Fig 1.3 Strawberry harvesting robot (8) 

 

1.3 Ⱨכⱴfi╩ ≤⇔√ ꜡Ⱳ♇♩ 

╩ ∆╢↓≤⅜ ⇔™ │ №╢≤ ⅎ╠╣╢⅜ │₈ ─

≢№╢ │ ⌐ ℮ ⌐ ⅜ ↕╣≡⅔╡ ⌂⅛≢╙

╩ ≤∆╢ ╛ ⌂≥─ ≢│ ⱴfiכⱧה╡℮╜⅝ה∆⌂ ╩

≤⇔√ ⅜ ₉(10)∆╢↓≤╟╡ ≢│ ─ ≢╙ ─ ⅜ ⇔™≤

ⅎ╠╣╢Ⱨכⱴfi╩ ≤⇔√Ɫ►☻ ≢ ∆╢꜡Ⱳ♇♩⌐╟╢ ─ ╩

≤∆╢ ꜡Ⱳ♇♩⌐╟╢ ╩ ℮√╘⌐│ ╩ ℮√╘⌐ ╩ ∆╢

⅜№╢ ≢│╕∏Ⱨכⱴfi─ ╩ ≢ ∆╢ ⌐≈™≡ √⌂ ╩

⇔ ╩ ℮  
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1.4 ∆╢  

 Ⱨכⱴfi╩ ≢ ∆╢√╘⌐ ≢│ ◌ⱷꜝ≤ ☿fi◘╩ ™╢

╩ ∆╢ ◌ⱷꜝ│ ─ ─ ⌐ ≠⅝ ⅜ ↕╣╢ ≢№╣┌Ⱨ

─ⱴfiכ ≤ ─ ≢ ™⅜№╢─≢│⌂™⅛≤ ⅎ√ ─ ≤⇔≡│ ╕∏

◌ⱷꜝ╩ ™ ⅜⌂∫≡™╢ ╕⅛⌂ ╩ ∆╢ ⌐∕─ ╩ ☿fi◘

⌐╟╡ ∆╢↓≤≢ ─ ⌂ ≤ ╩ ∆╢ ⌐ ⇔√ ⅛╠ ╖

╡ ⌐ ∆╢ ─ ╩ ∆╢  

 ≢│ ◌ⱷꜝ⌐╟╢ ─ ⌐≈™≡∕─ ╩ ⇔√─≢↓╣⌐

≈™≡ ═╢  

 

1.5 ─  

 ─ 2 ≢│ ◌ⱷꜝ⌐╟╢ ─ ⌐≈™≡ ═╢ 3 ≢│

⅛╠ ⌐╟╢ ─ ⌐ ⇔√↓≤⌐≈™≡ ═╢ 4 ≢│

─Ɫ►☻≢─ ⌐≈™≡ ═╢ 5 ≢│ ─Ⱨכⱴfi─ ⌐≈™

≡ ═╢ 6 ≢│ ─╕≤╘≤ ⌐≈™≡ ═╢  
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2  ◌ⱷꜝ⌐╟╢ ─  

 ◌ⱷꜝ⌐╟╢ ─ ⌐│ ≤ ─ ╩ ™╢ ≤⇔≡│

⌐ ∆2≈╩ ∆╢  

 

2.1 ⌐╟╢ ╩  

 ⌐╟╢≤₈ ─ │ ⌐╟∫≡ ↕╣ №╢™│ ╩ ∫≡

⇔ ∕─ ≢ │ ─ ⌐ ↕╣╢ ⇔√ │ ⌐│ ⅛╠ ⇔

≡ ⌐ ≤⇔≡ ↕╣╢ ↓─ ─ ─ ⌐╟∫≡ ─ ─

⅜ ╦╣╢₉(11)₈ │ ╪≢ │╒≤╪≥ ∆╢₉(12)₈ ╩ ⌐

⇔≡™╢─│ ⌐ ≢№╢₉(12)₈ ⅜ ⌐ ╦╣╢ │ ⌐ ─ ⌐

™₉(13)≤↕╣≡™╢ ↓─ ⌐╟╡ │ ─ ⅜ ⅎ╠╣╢⅜ │ ⅜ ⇔

≤ ─ ⌐ ⅜ ∂╢↓≤≢ ⅜ ≢⅝╢ ⅜ ⌐╟╢ ╩

⇔√ ≢№╢  

 

2.2 ─ ™⌐╟╢ ╩  

Ⱨכⱴfi─ │ ™↓≤⅛╠ ⅜ ↕™√╘ ─ ┼─ ⅜ ™≤ ⅎ

╠╣╢ │ ⅜ ≢ ⅜№╢↓≤⅛╠ ⅜ ⅝™√╘ ─ ┼

─ ⅜ ™≤ ⅎ╠╣╢ Ɫ►☻│ ⌐ ⅜ ⅜╡∆⅞⌂™╟℮⌐Ⱳ▬ꜝ╩ ↄ√

╘ ∆╢≤Ɫ►☻⌐ ⅜ ∂╢ ─ ™⅛╠ ≤ ⌐ ⅜ ∂╢↓

≤≢ ⅜ ≢⅝╢ ⅜ ─ ™⌐╟╢ ╩ ⇔√ ≢№╢  
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3  ─Ɫ►☻≢─  

2 ≢ ⇔√2≈─ ⌐≈™≡Ɫ►☻⌐≡ ╩ ™ ─ ╩ ∫√  

 

3.1  

 ⌐│ ≤ ─ ∆╢√╘⌐ optrix─ ◌ⱷꜝ xi400Ɫ►☻ ─

ה ה ה ╩ ∆╢√╘⌐ ♥▫▪fi♪♦▬─ ☿

fi◘ SHA-3151≤ ה ☿fi◘ ISA-3151 ─♃כ♦√⇔ ─√╘⌐ ─

כ●꜡♃כ♦ TR-74Ui╩ ™√ ╕√ Ɫ►☻ ⌐ ☿fi◘╩ ∆╢≤

⌐╟╡☿fi◘⅜ ╘╠╣ ⌂ ⅜ ≢⅝⌂ↄ⌂╢√╘ ☿fi◘⌐ ⅜ √

╢↓≤╩ ⅞ ⇔≡™╢ ─ ─ ╖╩⌂ↄ∆↓≤≢ ⌂ ╛ ╩ ≢⅝

╢╟℮ ╩ ⇔√ ─ ⌐≈™≡│ ⌐ ∆  

 

3.2  

≤⇔≡│ Ɫ►☻ ⌐ ◌ⱷꜝ≤ ☿fi◘ ╩כ●꜡♃כ♦ ⇔Ⱨכⱴfi

─ ה Ɫ►☻─ ╩ ⇔√ ◌ⱷꜝ─ │30 ─

│1 ≤⇔√ ╩ 3.1 ─ ╩ 3.1⌐ ∆  

 

Table 3.1 Experimental condition 

Date 2019/6/25 11:00 to 2019/6/27 10:59 (48h) 

Weather 

Sunny 6/25 

Cloudy Then rain 6/26 

rain 6/27 

Place Geisei Village, Aki County, Kochi Prefecture 
 

 

  

Fig 3.1 Experiment in green house 
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3.3  

⌐≈™≡ Ɫ►☻─ ≤Ⱨכⱴfi─ ⅔╟┘ ─ ⌐≥─╟℮⌂ ⅜№╢

⅛ ═╢√╘⌐∕╣∙╣─ ╩◓ꜝⱨ ⇔√ ⅔╟┘ ⌐ ⇔≡│ ─ ⅛╠∕

╣∙╣1⅛ ─ ╩ ⅝ ⇔√╙─≢№╢ ╕√ ─Ⱨכⱴfi─ ⅜ ⅛╢╟℮

⌐ ╩1 ↔≤⌐╕≤╘√.  

 

3.3.1 6/25 11:00⅛╠6/26 10:59─  

⌐≈™≡ 3.2⌐ ⅝ ⇔√ 3.3⌐ ╩ ⇔≡─ ≤ ─

3.4⌐6 25 00:00⅛╠6 26 02:00─ ≢ 3.5⌐6 25 08:00⅛╠6

25 17:00─ ≢ 3.6⌐1 ↔≤─ ╩ ∆ 3.4╟╡ │ ⅜

∂≡™⌂⅛∫√ 3.6─23:00⅛╠02:00─ ⌐⅔™≡ ╙ ╙ ↄ ∫≡⅔╡

™⅜ ╣≡™⌂⅛∫√  

3.5╟╡ ⌐⅔™≡│15:00╕≢│ │Ɫ►☻─ ≤ ─ ≢№╢⅜ │

─2≈⌐ ═≡ ⅜ ™√╘ ⅜ ∂≡™√ ∕─ ⅜ ⇔≡™⅝ ≤

─ ⅜╒≤╪≥⌂ↄ⌂∫≡™√ 3.6─11:00⅛╠15:00─ ⌐⅔™≡╙ ⅜

ↄ│∫⅝╡≤ ∫≡™√  

 

 

 

Fig 3.2 Extraction location Fig3.3 Temperature and time 

 

  

Fig 3.4 Expanded from 23:00 to 02:00 Fig 3.5 Expanded from 11:00 to 17:00 
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Fig 3.6 Image taken every hour on June 26 at 11:00 to June 27 at 10:59 
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3.3.2 6/26 11:00⅛╠6/27 10:59─  

⌐≈™≡ 3.7⌐ ⅝ ⇔√ 3.8⌐ ╩ ⇔≡─ ≤ ─

3.9⌐6 26 23:00⅛╠6 27 02:00─ ≢ 3.10⌐6 26 08:00⅛╠6

26 17:00─ ≢ 3.11⌐ 1 ↔≤─ ╩ ∆ 3.9╟╡ │

⅜ ∂≡™⌂⅛∫√ 3.11─23:00⅛╠02:00─ ⌐⅔™≡ ╙ ╙ ↄ ∫≡⅔╡

™⅜ ╣≡™⌂⅛∫√  

3.10╟╡ ⌐⅔™≡│ 15:00╕≢│ ⅜ ∂≡™√⅜∕╣ │ ⅜

∂⌂ↄ⌂∫√ 3.11─11:00⅛╠15:00─ ⌐⅔™≡╙ ⅜ ↄ│∫⅝╡≤ ∫≡™

√  

 

 

 

Fig 3.7 Extraction location Fig 3.8 Temperature and time 

 

  

Fig 3.9 Expanded from 23:00 to 02:00 Fig 3.10 Expanded from 11:00 to 17:00 
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Fig 3.11 Image taken every hour on June 26 at 11:00 to June 27 at 10:59 

 

3.3.3  

 ⌐≈™≡6 25 11:00⅛╠6 26 10:59─ │ ╣≢№∫√√╘ ⌐╟

╡ ─ ⅜ ⅎ╠╣√√╘ ≤─ ⌐ ⅜ ∂≡™╢≤ ⅎ╠╣╢ ⇔⅛⇔

⅜ ╡⅛╠ ⌐ ╦∫√6 26  11:00⅛╠6 27  10:59≢│ ⅜ ≢⌂ↄ

Ɫ►☻─ ╙ ⇔⌂⅛∫√↓≤⅛╠ ⅜ ∂≡™⌂⅛∫√≤ ⅎ╠╣╢ ╡─

⅜ ∂≡™╢⅜ ╣─ ╒≥ ││∫⅝╡≤ ∫≡│™⌂⅛∫√ ⌐≈™

≡│ ╣ ╡ ─≥─ ⌐⅔™≡╙ ⅜│∫⅝╡≤ ╢╒≥ ⅜ ∂╢↓≤│

⌂⅛∫√  

 ╟╡ ≢№╣┌ ⇔─ ↕⌐╟╢Ɫ►☻─ ⌐╟∫≡ ≤ ─

⌐ ⅜ ∂╢↓≤⅛╠ ◌ⱷꜝ⌐╟╢ ─ │ ≢№╢≤ ⅎ╠╣╢  
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3.4 Ɫ►☻─ ╩ ⇔√ ─  

 3.3 ─ ╟╡ ≢│ │Ɫ►☻─ ╟╡ ™⅜ │Ɫ►☻─ ≤

≢№╢ ↓─ ╟╡Ɫ►☻─ ╩ ∆╢↓≤≢ ─ ─╖╩ ∆╢↓≤⅜≢

⅝╢─≢│⌂™⅛≤ ⅎ√ Ɫ►☻─ ⅛╠ ─ ∞↑╩ ⇔ ♃כ♦

╩ ≈Ⱨ◒☿ꜟ╩ ⇔√ │ Ɫ►☻─ ⅛╠Ñ1ϴ Ñ2ϴ Ñ3ϴ Ñ4ϴ─4≈

≤⇔√ │≥─ ⌐⅔™≡╙11:0012:0013:0014:00 15:00─ ≤Ɫ►☻─

╩ ™√  

 

3.4.1  

 6/25 11:00⅛╠6/26 10:59─ ╩ 3.12 6/26 11:00⅛╠6/27 10:59─ ╩ 3.13⌐

∆ 3.12╟╡≥─ ⌐⅔™≡╙±4ϴ≢│ ⅜ ™√╘ ─ ⅜ ↄ

↕╣≡™√ ±1ϴ≢│ ⅜ ™√╘ ─ │╒≤╪≥ ↕╣

≡™⌂™⅜ ⌐⅔™≡╙ ⇔⅛ ↕╣≡™⌂⅛∫√  

±2ϴ≢│ ─ ⌐≈™≡│ ⅜ ↕╣≡™╢⅜∕╣ │ ↕╣≡™⌂

⅛∫√ ⌐≈™≡╙ ⅜ ↕╣≡™√ ±3ϴ≢│±2ϴ≤ ∂╟℮⌐ ↕╣≡

™╢⅜ ─ ↕╣≡™╢ ⅜ ↄ⌂∫≡™√  

3.13╟╡ 12:00─≤⅝ │ ⅜±3ϴ ±4ϴ≢│ ─╒≤╪≥⅜ ↕

╣≡™√ 11:00─≤⅝±1ϴ 12:00─≤⅝±3ϴ 13:00─≤⅝±2ϴ 14:00─≤⅝±2ϴ

15:00─≤⅝±1ϴ─ ⌐⅔™≡ ─ ⅜≢⅝≡™√ ⇔⅛⇔ 3.12─╟

℮⌐ ─╖⅜ ∫≡™╢↓≤│⌂ↄ ─ ╙ ↄ ↕╣≡™√  
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15:00  

Fig 3.12 Temperature extraction result on June 25 at 11:00 to June 26 at 10:59 
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15:00  

Fig 3.13 Temperature extraction result on June 26 at 11:00 to June 27 at 10:59  

 

3.4.2  

 ─ ⅜Ɫ►☻≤ ≢№╡ ─ ⅜ ™↓≤⅛╠Ɫ►☻─ ╩ ≤⇔√

─ ╩ ∫√⅜ ╣─ ≢№╣┌ ⅜ ⅝™↓≤⅛╠ ─ ⅜

ⅎ≡™√ ╩ ⇔╛∆ↄ∆╢√╘⌐Ɫ►☻─ ╩ ≤⇔√ │ ≢№

╢≤ ⅎ╠╣╢  

 

 



13 

 

3.5 ⌐╟╢ ─  

 3.5⌐≡ ─ ╩ ∫√ ⌐ ⇔≡ ╩ ™ ─ ╩ ℮↓≤⅜

≢⅝╢⅛ ╩ ∫√  

 

3.5.1 ─  

 │ 3.14⌐ ∆ ⌐ ™ ∫√ ╘⌐ ≡∫╟⌐♃כ♦ ™ ≤ ™

⅜№╢ ╩ 0≤ 1⌐ ∆╢ 2 ≤™℮ ╩ ℮ ⌐ 2 ╩ ∫√

│ ⅜ ≢№∫√╡ ⅜ ╡≈┬↕╣≡™⌂⅛∫√╡∆╢√╘ ≤™℮

╩ ℮ ∕─ ─ ⅛╠Ⱨ◒☿ꜟ ⅜1500─╙──╖╩ ⌐ ∆ ╩

℮ ⌐ ∫√ ⅜ ≢№╢─≢ ⌐≡ ⇔√ ╩ ∆╢ ⅜

╩ ∆╢ ─ ╡─ ≢№╢  

 

 

Fig 3.14 Image processing algorithm 

 

3.5.2  

 6/26 11:00⅛╠6/27 10:59⌐≈™≡│ ─ ─ ≢ ─ ↄ─ ⅜

↕╣≡™╢↓≤⅛╠ ╩ ∫≡╙ ╩ ≢⅝⌂™√╘ ⌐≈™≡│6/25 

11:00⅛╠6/26 10:59─ ⌐ ⇔≡ ╩ ∫√ ─╖ ∆ ╩ ∫√

╩ 3.15⌐ ∆ ≥─ ⌐⅔™≡╙ ─ │≢⅝≡™√ ⇔⅛⇔ ⅜

™ ⅛╠ ╩ ⇔√ ─ ╙ ≤⇔≡ ↕╣≡™√

⅜ ™ │ ─ ╩ ≢⅝≡™√  
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Fig 3.15 Detection result on June 25 at 11:00 to June 26 at 10:59 

 

 


