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ILLUMINATION COME SENSITMVITIES
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Human color vision

* First step: |, m, s cone responses

+ Second step: opponent signal formation
-  A=|l+m+s achromatic channel
-R-6=1-m+s chromatic channel
-Y-B=I+m-s chromatic channel

* from retina tfo LGN “relay station”

» finally in visual cortex and complex
network between different brain regions



||ﬂ|i._ﬁl:'l

o

g’-_

— g T

- i
— |
e L

"

i ¢, f". | ,m
x| [}}
= "iﬁff‘l ‘lff -fi*”

H'

'""—-Tq optic mm

e
=

! I”él:i“ﬂﬂrlnr-_.% 5]

__\_
O

)
&

we ey

it

N

i,




Multi-Stage Color Model

de Valois & de Valois, 1993

1s* stage : cone pigments

- L, M, S, assumed cone ratio 10:5:1

2"d stage: cone opponency

- receptive fields of opponent cells
- center vs. surround

» in fovea: pure cone centers
outside: L & M cones can be mixed in RF
centers
S cones don't mix with others

3rd stage (cortical): perceptual opponency

- RG, BY, achromatic i.e. color and luminance
channels separated



Matrix representation of the Multi-Stage Color Model (indiscriminate version)

[ 6 -5 -1 L
-10 11 -1 M

| -10 5 15 || S

[ 11 -1 41 0 0 0 90 —115 425 L
1 +1 41 0 5 0 95 35 M
| 41 41 +1 0 0 2 -5 15 S

Multi-Stage Color Model in more general form:

W +Wg -Ws

W + W Wy -Wg L
M
—Was Wi+ Wy S

+1 W, 0 0 Lo
+1 0 Wy 0 Mg

+1 0 0 2*W5 SC.-

Wy, Wy and Wg are the weightings of cones L, M and S.




Multi-Stage Color Model:
an Example

Output Parcent absorption

Cutput

15t stage: pigment absorption curves
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3rd stage: cone ratio 10:5:1
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3rd stage: cone ratio 18:5:1

Red/Green compaonent

100
150

200
50 100 150 200 250
max. 246,521 min. -103.117

Red/Green component

50
100
150
200

S0 100 150 200 250

max. 273004 min, -154.638

Red/Green component

50 100 150 200 250
max, 12,301 min, -44.297

Red/Green camponent

o o
100

- IIII_
m ]

S0 100150 200 250
max. 453.425 min, -122.399

Blue/Yellow component

50 1III15EI?1I| 250
rax, 124,408 min. -<1043.743

Blue/Yellow component

L

50 100 150 200 250
max. 91.540 min, -950.243

BlueYellow companent

H - N
&l
o m
50 100 150 200250
max. 13.026 min. -72.671

Blue/Yellow compaonent

1[IJ15IJHIIZ"5EI

max. 211.513 min, -1829.710

Light/Dark component

&0
100
150

50 100150 200250
rmax, 231,138 min. -47.790

Light/Dark component

50 100150 200 250
rmax, 207.493 min. -47 186

Light/Dark component

50 100150 200 250
max, 29,242 min, -5.332

Light/Dark component

50
100
150

200
50 100 150 200 250
max. 367 1022 min, -73.601




&0

100

150

200

50

100

150

200

bbb el Coalor( e ke L oive Sassi@an Chas
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—— 1 nm naytteenottovali
40 nm naytteenottovali
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1 nm néaytteenottovili 35 nm néiytteenottovili

20 30 / 40
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— Alkuperdinen spektr
c Taajuusrajoitetun spektrin pisteet (& nm)
Taajuusrajoitetun spektrin pisteeat (10 nm)
% Taajuusrajoitetun spektrin pisteet (20 nm)
+  Taajuusrajoitetun spektrin pistest (40 nm)
- Taajuusrajoitetun spektrin mucto (kaikki)

E00 650
Aallonpituus (nm)

Alkupersinen: [ RGB = (148, 75, 56)

Suoraan harvennetiu: Tanjuusrajoitetti:
snm: [RGB = (145, 75, 55) W RGB=(146,74,57)

1onm: [RGB =143, 75, 59) [RGB = (143,75, 59)
20mm: [RGB =126, 75, 63) W RGB =(126, 75, 63)
40nm: [RGB =148, 101, 24) [RGB =96, 29, 82)




spectral measuring systems

AOTF filter set fllinear filter




Multispectral cameras { N

16-band multispectral camerafor still image
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Spectral Line Camera

Entrance slit Lenses and PGP component Watre detector
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ImSpector V8

spectral range: 380 — 780 nm
spectral resolution: 4 nm
spectral interval: avg. 0.46 nm
slit width: 50 um

numerical aperture: F/2.8
camera:

— PCO PixelFly (12-bit)

— CCD: 1280 x 1024




ImSpector V10E

spectral range: 400 — 1000 nm
spectral resolution: 2.8 nm
spectral interval: avg. 0.74 nm
slit width: 30 um

numerical aperture: F/2.4
camera:

— Adimec-1600m/D (12-bit)
— CCD: 1600 x 1200




ImSpector N1/7E

spectral range: 950 — 1700 nm

spectral resolution: 5 nm

spectral interval: avg. 3.3 nm

slit width: 30 um

numerical aperture: F/2.8

camera:

— Xenics InGaAs
XEVA-USB-FPA (12-bit)

— CCD: 320 x 256







Spectral camera measurements
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Components of a spectral image
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Spectral component images (400, 550, 700 nm)
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