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4~3 6��r�%(Radiation Energy of Light Source)
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Most Suitable Wavelength Bands
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ØQØ%       980          8    0.850
                670          5
Ï]ÐÑ%  550         17   0.357
               800           5
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Mirror

DiffuserLight

True color Halation

Wall reflectance

Camera

Light

Camera

Reflecting plate

PL filtering Light and Dome

PL filter
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Problems on image acquisition

(Dome and diffuser)

Halation Surrounding walls reflection



!"#$#%&'()*+,($"
-./0

PL filtering image

(Two PL filters are used in

front of camera and light)

Dome image

Effect of PL filtering

 

Walls of dome or diffuser 

Wall 

reflection 



!"#$#%&'()*+,($"
-./0

Cuticular layer of apple fruit

Cuticular layer

Epidermis

Parenchyma

 

Halation 
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Dec.26, 2007, CAU

DL with PL filter

“DL” is an SI Seiko-original

illumination equipment for image

acquisition to make direct lighting

possible.

Small poweru¥0Wx%and high

conversion efficiency from

electricity into light.

PL filter Heat absorption filters

Fan(more than 1000nm)

(800(ª000nm)

Halogen 
lamp

120 white LEDs
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The first

polarizing filter

The second

polarizing filter

Plant Surface

Light source Camera

Scattered light

Cuticlar layer

Epidermal cell

Parenchyma cell

Absorption

scattering

Ä^_RVS)*3a+,
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Biological materials

• category 1 (glossy surface fruits:

      apples, tomato, eggplant, pepper, lemon)

• category 2 (short hair fruits or powdery
fruits:

      kiwi, peach, pear, banana)

•  category 3 (root vegetables:

       potato, Daikon radish)
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Lighting Device Arrangement
Arrangement 1

(Dome walls and 4 DLs)

Arrangement 2 and 3

(Diffusers or PL filters and 4 DLs)
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Category 1 (Smooth and thick cuticle)
 

Walls of dome 

 

Dome Diffuser PL filter

Apple

Eggplant



!"#$#%&'()*+,($"
-./0

Category 2 (Rough cuticle)

Dome Diffuser PL filter
Peach

Pear
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Category 3 (No cuticle)

Dome Diffuser PL filter

Daikon radish

Potato
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Images on different exposure conditions

Dome Diffuser PL filter

Exp.1

(dark)

Exp.2

(mid)

Exp.3

(bright)
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HSI on different exposure conditions

Dome Diffuser PL filter

Exp.1

(dark)

Exp.2

(mid)

Exp.3

(bright)
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Hue

Exp.1

(dark)

Exp.2

(mid)

Exp.3

(bright)

Dome Diffuser DL with PL filter
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Hue on different exposure conditions

(Average hue value change except too bright and too dark pixels)
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Saturation

Exp.1

(dark)

Exp.2

(mid)

Exp.3

(bright)

Dome Diffuser DL with PL filter
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Saturation on different exposure conditions
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Polarization on crops

w.PL No PL
Cuticular

Layer
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Polarization
Tan !<%n

! !

: angle of incidence!

n : refractive index
angle of 

reflection

angle of 

incidence

n

When “n” is 1.5, 

Brewster angle is 56.3.
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