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Types of olour reproduction

1. Spectral (R%)

2. Relative Colorimetric (XY2)

3. Absolute Colorimetric (X_ Y_ Z,)
4. Appearance (JCh)

5. Preference (JCh)




Observer Metamerism




Observer Metamersim

Human: = [ i DEA)r(A)dA

At :
Camera: p = L :Si( HEA)r(2)da
Matrix—exp ression

X=MEr and  p=SEy
where

X =[X,Y,Z]' and D :=[R,G,B],

r= [rl"" r31]T’
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Camera sensitivity functions|

i

SPD: E(2)

Reflectance: r(1)

E(A): spectral power distribution of illuminant
r(4): spectral reflectance of an object

Mi(4): CIE colour matching functions

Si(4): camera spectral sensitivity functions
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= Spectrophotometry
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Reference target based characterization X=AD
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Calibration target

Polynomial
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Neural Network
Look-up-table




Building a 3D-LUT from PMCC colours X=AD




Measuring Spectral Sensitivities
D=SET 4
* Metrology using Monochromatlor (ISO 17321-1:2012)

450, White

Optical Fibre L Tile 1
Light source + ; 0.8
Monochromator
= 0.6
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| Tele- _ _ o/
Ispectroradiometer ™\ Optical Fibre 280

Xenon continuous source + monochromator with a 5-nm bandwidth
TSR: 5-nm interval and bandwidth.




Measuring Spectral Sensitivities D=S Er

 Optimised PCAs for camera spectral sensitivity, H. Fan, etc, JOSAA 40(2023) 1515-1526

Table 4. Accuracy of Spectral Sensitivity Estimation Using Different Methods and Different Color Samples in the
Practical Experiment

Samples Method (Order)
LED

0.997

vt 0.998

Fourier (10) . 7. § 2 0.994
Polynomial (11) 3.0° ] 0.993
Radial (8) .00 7.0% 7 8.1% 14% 07 0.995
Regularization )

0.990

0.996
0.986

0.993

. ; 0.989

P(.nl}-'num / 3 : 3. 0.906
Radial (6) 5 4 o ons 4 o o0 nos 84 988
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Linear modelling via basis functions

O The colour formation equation: D= SEr

1 We can express reflectance r as:

r(A)=a,B;(A) +a,B, (A) + a;B; (A) +....+a,B,(2)

= B =[B,(A), B,(A) B,(A), B, () ] set of Basis functions common for all reflectances based on material
datasets

a=[a, a, a, ... a,] set of weights specific to a given reflectance

L D=SEBa™ a'=[SEBJ]!R ™ r=BaT’



Methods to estimate spectral reflectance using databases under
different illuminants Xu et al. CRA (2023) DOI:10/1002/col.22859
D= SE

Smooth constrained (Sc); Pseduo Inverse (Pl) method; Weiner (W) method; Weighted Pl (WPI);
Weighted W (WW)

PMCC RMSE
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1 Tools for spectral colour reproduction




The new preferred memory color (PMC) chart
M. R. Luo, (2024) CRA, https://doi.org/10.1002/col.22940
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https://doi.org/10.1002/col.22940

Preferred Memory Calibration Chart (PMCC)
X =M =M




Measuring camera SSF In operation




Camera characterization

From SSF to compute CCM for an illuminant, material set, a CMF

B | SSFMain —

LED Ttility

|
C I\/I F oE+CenfhiE R E

[ B B
() LED5000K
() LEDB500K
) LED 3000K
(O LED4000K

SPD [k

(O COMM Light: Cree A

I 2 xtile Printing Coating
MCCC

. Skin

5.64443

-50.0928

124.738

MCCC  PMCC printing coating plastic tfextile  skin  natural  Total

24 30 67568 6187 5338 11773 9267 743 100930



858 Study at ZJU-CEL

L Colour science and engineering
» UCS: Comprehensive/Simple, Uniformity/hue linearity
= CAM: HDR, Un/related, 2D, CC
= Platform: CM, AWB, CAM, GMA, PCR
= CMF: CVDs and CVNs

Spectral tunable LED technology for research
Vision: Colour matching function (CMF), Low vision
Sensor: Design, characterisation (SSF)

Display: Design, Display-primary

Lighting: fidelity, preference

Vision health: Low vision lighting and glasses
Instrument: Multi-spectral imaging system




https://cel.zju.edu.cn
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