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BACKGROUND

The ability to use spectraldata

The ability to use different illuminants and observers without the need for
chromatic adaptation

The ability to embed proceduralalgorithms m profiles through calculator elements

More support for total colour appearance, mcluding texture and gloss

INTRODUCTION
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OBJECTIVE

Investigate the efficacy of various spectralestimation methods m
handling metamerism for different print datasets and develop a

framework for spectralestimation m a colour management

workflow.

INTRODUCTION
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BACKGROUND

Sensor adjustment transform - used to estimate some form of sensor
excitations under one set of observing conditions based upon the sensor
excitations under a different set of observing conditions.

Chromatic adaptation transform —used to predict corresponding colours
(same sensor excitations) and preserve colour constancy under different
observing conditions.

Materialadjustment transform —used predict materialconstancy or how sensor
excitations for an object color change with changes m observing conditions

Derhak, M. W., & Berns, R. S. (2015). Introducing Wpt (Waypoint): A color equivalency representation for defining a material 6
adjustment transform. Color Research & Application, 40(6), 535-549.

INTRODUCTION
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KEY RESEARCH QUESTIONS

Can trainmg data required for spectral estimation represent a group of printing

conditions such that standarised trammg data selection can be proposed for

spectral estimation in colour management?

Can a spectral estimation method be used as an alternative to a material
adjustment transform and what 1s their performance m predicting corresponding

colours compared to a CAT?

Develop a suitable spectral estimation workflow that can be easily mtegrated into

colour management?

INTRODUCTION TESTS RESULTS IMPLEMENTATION CONCLUSION
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ESTIMATED REFLECTANCE ' 0 s0 50

Wavelength (nm)

Identifier ~ Test data  Training data  Printing Conditions ~ Substrates (Test/Training)
N2-M1 N2 M1 Dissimilar Newsprint/Colour chip

N2-W1 N2 Wi Dissimilar Newsprint/Light coated paper
N2-N1 N2 T1 Similar Newsprint/Newsprint

N1-N2 N1 N2 Similar Newsprint/Newsprint

T2-M1 T2 M1 Dissimilar Textile/Colour chip

T2-F1 T2 F1 Dissimilar Textile/Premium coated paper
T2-W1 T2 Wi Dissimilar Textile/Light coated paper
T2-T1 T2 N1 Similar Textile/ Textile

TI-T2 T1 T2 Similar Textile/ Textile

o
=
T

Reflectance factor
[
(=]

0.4

TEST AND TRAINING DATA SET w0 a0 50 0 60 680 7 530

Wavelength (nm) Wavelength (nm)

INTRODUCTION TESTS RESULTS IMPIEMENTATION CONCLUSION



DATASETS & METHODS

|dentifier Test data Training data Printing conditions Substrates (Test/Training)

N2-M1 N2 MI Dissimilar Newsprint/Colour chip

N2-W1 N2 Wi Dissimilar Newsprint/Light coated paper
N2-NT N2 T Similar Newsprint/Newsprint

NI-N2 NI N2 Similar Newsprint/Newsprint

12-Ml T2 MI Dissimilar Textile/Colour chip

12-F1 12 Fl Dissimilar Textile/Premium coated paper
12-W1 12 W1 Dissimilar Textile/Light coated paper
-1 12 N1 Similar Textile/Textile

Mn-12 T 12 Similar Textile/Textile

* % %
i ® Funded by the Horizon 2020 programme %
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|dentifier Spectral Estimation Methods

Wiener Wiener Estimation

PCA Principal Component Analysis

wPCA Wieghted Principal Component
Analysis

Plnverse Pseudo Inverse

wPInverse = Weighted Pseudo Inverse
Polynomial 2 Second Order Polynomial 2
Polynomial 3 Third Order Polynomial
Waypoint-R  Waypoint Reconstruction

Standard llluminants

TESTS

D50, D65, A, F11 and LED VI

10
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TEST 1

ﬁ TEST 1 ﬁ

Test Dataset

Same dataset

Trammg Dataset

Reflectance CIEXYZ Reference
Reflectance
| N1 1_ "
% = 0.8
Estimated )
Reflectance

380 430 480 530 580 630 680 730 0 ) \ \ . .
380 430 480 530 580 630 680 730

Wavelength (nm)
Wavelength (nm)
INTRODUCTION TESTS RESULTS IMPLEMENTATION CONCLUSION



Reflectance factor
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TEST 2

ﬁ TEST 2 ﬁ

Test Dataset

CIEXYZ Reference
Reflectance

1.2

Traming Dataset Different datasets

Reflectance

1+

0.8

Estmated
Reflectance
e m m e Evaluation Metrics e e e e
30 430 480 530 580 630 680 730 I b i S x
Wavelength (nm)

INTRODUCTION TESTS RESULTS IMPIEMENTATION CONCLUSION
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TRISTIMULUS INTEGRATION

Spectral power distributions of illuminants with narrow peaks, particularly certam

fluorescent llluminants, cannot be interpolated to 10 nm from 1 nm without creating

large errors in the resulting tristimulus values

Optmum weighting tables of 10 nm mterval were generated using the CIE

llummant and observer functions to ensure that the tristimulus values were

correctly calculated

ﬁ; Optmum weights have bandpass corrections applied to the weighting factors
which are the products of the lummant multiplied to the observer functions which

can be drrectly appled to the reflectances to get tristimulus values

INTRODUCTION

13
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TRISTIMULUS INTEGRATION

THE LIFEWANG-LUO METHOD

&l

Testing the accuracy of methods for the computation of CIE tristimulus values
usmg weighting tables. L1, C., Ronnier Luo, M., Melgosa, M., & Pomter, M. R. (20 16).

INTRODUCTION TESTS RESULTS IMPLEMENTATION CONCLUSION



RESULTS TEST 1

Mean (max) AE_,, metameric difference under illuminant D65 from Test 1
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Dataset Wiener PCA wP(A Plnverse wPlnverse Polynomial 2~ Polynomial 3 Waypoint-R
MI-M] 0.59(4.46) 0.65(4.02) 0.3(3.04) 0.6(4.33) 0.32(2.83) 0.44(3.04 0.32 (2.38) 0.33 (2.52)
FI -] 0.99(3.99) 0.84(5.53) 0.28(1.5) 0.71(3.67) 0.29(1.27) 0.34 (202 0.23 (0.96) 0.48 (1.76)
Wi-Wi 0.82(3.44) 0.69 (4.38) 0.27{1.31) 0.62 (3.20) 0.25 (1.28) 0.31(1.78 0.24 (1.07) 0.96(3.92)
NI-N] 041(1.42)  0.28(1.04) 0.13 (0.6} 0.27(117) 1 0.12(0.43) 0.12(0.48 0.1(0.46) 0.60 (1.18)
N2-NZ 0.38(1.49) 0.3(1.16) 0.13(0.6) 0.29(1.3) 0.13(0.5) 0.13(0.51 0.1(0.51) 0.83 (1.86)
11T 0.66 (3.07) 0.66 (2.59) 0.25 (1.27) 0.6 (2.91) 0.25(1.3) 0.35(1.4) 0.23 (1.04) 0.61 (2.08)
[2-11 0.79(3.42) 0.85(2.78) 0.34(1.35) 0.71(3.15) 0.32 (1.1) 0.42(1.69) 0.31(0.95) 0.63(1.95)
15
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RESULTS TEST 1

Dataset

MI-M]
FI-Fi
Wi-Wi
NI-NI
N2-N2
[1-T1
[2-12

* * x
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Mean (max) AE_,, metameric difference under illuminant A from Test 1.

Wiener

1.50(12.31)
0.99(15.04)
0.82(11.95)
0.41 (4.80)
0.38 (5.33)
0.66 (9.95)
0.79(11.03)

PCA

1.67(12.0)
240(14.39)
1.97(12.0)
0.83(3.5)

0.88 (4.01)
1.71(8.02)
101 (8.75)

wPCA

0.83(13.8)
0.82(5.61)
0.70 (5.46)

0.38

0.39(

6)
)

0.62(3.64)
0.82 (4.15)

RESULTS

Plnverse

1.52{12.08)
210(14.43)
179 {11.33)
0.81(4.01)
0.84 (4.0

1.56 (9.29)
1.84(10.02)

wPlnverse

0.81 (8.26)
0.83 (4.41)
0.68 (3.38)

0.36 (1.34)
0.37(1.52)
0.57 (4.07)
0.74 (3.4)

Polynomial 2

113 (947
0.95(5.68
0.85(4.98
0.36 (143
0.37(1.56,
0.84(3.46
1.00 (3.97

Polynomial 3

0.81(7.07)

0.66 (2.68)

0.67 (3)

0.31(1.41)

L74(11.03)

0.30 (1.53)

2.20(5.29,

0.54 (2.2)
0.71 (2.03)

Colou rlagy

Waypoint-R
0.83 (6.78)

.40 (6./1)

1.63(3.52

1.24{6.49
1.35(3.9)

16



RESULTS TEST 2

Dataset

N2-M1
N2-W1
N2-NI
N1-N2
T2-MI
T2-Fl
T2-Wi
T2-T1
T1-12
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Colou rlat;%

Mean (max) AE_,, metameric difference under illuminant D65 from Test 2

Wiener

1.04 (2.62)
0.57 (1.77)
0.5(1.65)
0.32(1.27)
1.12(3.78)
1.15(4.23)
0.86 (3.79)
0.87 (3.56)
0.63(3.23)

PCA

0.84(2.31)
0.33(1.29)
0.31(1.23)
0.3 (0.96)
1(3.68)
1.09(3.2)
0.95(3.14)
0.79 (2.96)
0.81 (2.66)

wPCA

0.91 (1.78)

0.27 (1.16)
0.17(0.7)
0.15(0.65)
0.92(3.04)
0.73(2.32)
0.73(2.52)
0.47 (1.68)
0.5(1.22)

Plnverse

0.93 (2.49)
0.30(1.29)
0.31(1.42)
0.28 (1.00)
1.03(3.7)
0.89 (3.91)
0.80 (3.46)
0.75(3.2)
0.65(2.95)

wPInverse

0.93(1.9)
0.20 (0.7)
0.16 (0.55)
0.15 (0.47)
0.88 (2.63)
0.64 (2.25)
0.63 (2.03)
0.44 (1.51)
0.47 (1.51)

Polynomial 2

1.02(1.95)
0.23 (0.36)
0.17(0.43)
0.16(0.58)
0.98 (2.94)
0.67 (2.12)

0.61 (2.06)

0.48 (1.35)

0.44 (1.57)

Polynomial 3 Waypoint-R
1.03(1.73 0.90 (2)
m 0.83 (299
0.14 (0.4) 0.83(1.86)
0,14 (( 0.76 (1.77)
0.93(2.52) 0.86 (3.12)
0.7 (2.69)
0.65 (2.23) 0.99(3.93)
0.44 (1.37) 0.86(3.12)
0.43 (1.51) 0.76 (2.77)

RESULTS
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RESULTS TEST 2
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Mean (max) AE_,, metameric difference under illuminant A from Test 2

Colou rlagy

Dataset Wiener PCA wP(A Plnverse wPlnverse Polynomial 2 Polynomial 3 Waypoint-R
N2-M] 2.83(6.43) 2.26 (5.97) 2.39 (5.01) 2.50(6.11) 2.48 (5.15) 2.72(5.07) 2.35 (5.13]
N2-W1 1.66 (5.62) 0.93(3.84) 0.73(3.27) 0.6 (4.62) 0.54 (1.85) 0.57 (2.25) 2.31(8.9) |
N2-NI .61 (5.77) 0.92(4.21) 0.51(2.21) 0.92(4.93) 0.47 (1.92) 0.49(1.25) 2.20 (5.29)
N1-N2 1 (4.47) 0.87(3.22) 0.44 (2.04) 0.81(3.71) 0.42(1.4) 0.45(1.75) 1.99 (4.95)
T2-Ml 2.61 (11.35) 24(11.16) 2.05(9.04) 243 (11.07) 1.93(7.19) 2.25(8.87) 2.14(6.84) 1.78 (7.75)
T2-Fl 2.62(12.57) 2.79(8.8) 1.78 (5.63) 2.06 (11.37) 1.34 (5.31) 149 (4.77) - 1.48 (6.97)
T2-WI 2.1(11.31) 2.47 (8.86) 1.89 (7.24) 1.98(10.21) 1.54 (5.72) 1.41 (4.85) 2.47(10.5)
T2-T] 2.54(10.35) 2.11(8.28) 1.21(4.51) 2.04(9.74) 1.11 (3.54) 1.23(3.73) 1.78 (7.75)
T1-T2 1.65(10.27) 2.19(8.05) 1.37 (3.45) 1.75(9.28) 1.26 (3.38) 1.18 (3.89) 1.57 (6.94)
18
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RESULTS OF SPECTRAL ESTIMATION AS A

Mean AE,, between reference tristimulus values and chromatically adapted/estimated.
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D50 D65 A FI1 LED-VI
D65 A FIT D50 A FIl D50 D65 F1T D50 D65 A D50 D65 A Avg
CAT02 09 259 177 095 347 203 278 376 270 181 207 258 247 328 115 229
(AT16 102 283 187 101 376 225 297 401 270 192 232 262 269 35 117 245
L-Bradford 093 238 181 091 321 210 262 360 253 18 216 238 220 300 1.14 219
Oleari-MAT 053 175 254 053 198 279 176 199 145 257 278 15 — — — 185
N2-N2  Waypoint-MAT 092 237 132 090 319 173 262 363 247 130 168 213 — — — 202
Burns-CAT 09 261 185 094 346 222 283 385 258 187 225 245 252 334 111 232
Burns-R 080 210 120 079 279 165 229 317 195 166 207 190 176 237 110 1.84
wPlnverse
Polynomial 3
NOM] wPInvers.e
Polynomial 3
NI wPInvers.e
Polynomial 3
N2 wPInvers.e
Polynomial 3

19
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RESULTS OF SPECTRAL ESTIMATION ASA MAT

Mean AE.. between reference tristimulus values and chromatically adapted/estimated.

12-12

T2-MI

T2-F1

12-T1

D50 D65 A F11 LED-V1

D65 A F11 D50 A F11 D50 D65  FII D50 D65 A D50 D65 A Avg
(AT02 084 232 291 083 311 331 232 311 283 301 346 276 258 316 167 255
(AT16 096 284 299 098 378 353 282 376 286 312 377 282 298 367 1.68 284
L-Bradford 080 203 29 079 275 337 215 294 251 307 355 242 217 268 166 239
Oleari-MAT 061 182 338 060 218 361 182 221 269 340 361 285 — — — 240
Waypoint-MAT 074 166 215 072 231 267 182 261 187 212 262 1771 — — — 1.92
Burns-CAT 086 230 312 085 309 370 242 332 250 321 392 236 264 321 163 26l
Burns-R 072 146 214 068 204 25 167 247 152 241 29 158 167 193 166 1.83
wPlnverse . 0.24 0.80 . 1.15 0.53

Polynomial 3 . 0.24 0.81 . 1.38 0.70

wPInverse 058 130 173 056 181 212 142 203 144 177 215 144 159 192 137 155
Polynomial 3 062 147 187 061 203 224 160 225 1.69 192 230 166 166 202 140 1.69

wPInverse

Polynomial 3

wPInverse

Polynomial 3
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PREDICTION OF CORRESPONDING COLOUR DATA

Overall AEy, between destination tristimulus values of corresponding colours and adapted/estimated tristimulus
values under varying destination lights.

Method (SAJ  Helson  Llom&Rigg  Lutchi  Average
(at02 3.67 3.60 2.98 341 3.42
Catl6 3.94 4.13 3.47 3.30 3.71
L-Bradford 3.71 3.47 2.84 3.43 3.36
Burns-CAT 3.81 4.19 3.15 3.68 3.71
Oleari-MAT 4.63 4.72 3.89 4.27 4.38
Wpt-MAT 4.28 4.02 3.83 453 4.17
wPlnverse(M1) 4.14 3.76 3.48 4.51 3.97
Polynomial 3 (M1)  4.22 3.77 3.51 4.46 3.99
wPInverse (N2) 4.71 3.65 3.42 4.29 4,02
Polynomial 3 (N2)  4.39 3.76 3.47 4.34 3.99
wPlnverse (T2) 4.69 3.65 3.46 4.36 4,04
Polynomial 3 (T2) 4.35 3.57 3.31 4.37 3.90 21

RESULTS
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SPECTRAL ESTIMATION USING i1cc MAX

<MainFunction>
{

in(0,3) <!-- places tristimulus values from the input channel onto the stack -->
tput (0,1) <!-- places first input value (X) on temporary memory storage -->
tput(l,1) <!-- places second input value (Y) on temporary memory storage -->
tput(2,1) <!-- places third input value (Z) on temporary memory storage-->
<!-- Values on temporary memory storage will be used by Poly3Expansion macro -->
call{Poly3Expansion} <!-- Places the X,Y,Z polynomial terms on the stacks-->
mtx{M} <!-- performs matrix multiplication of the polynomial terms

on the stack and matrix M and places the output on the stack-->
out (0,41) <!-- places 41 values from the stack onto the output channel -->

}

</MainFunction>

INTRODUCTION TESTS RESULTS IMPIEMENTATION CONCLUSION
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SPECTRAL ESTIMATION USING i1cc MAX

l1cchApplyNamedCMM lutchids0.txt 3 0 xyzDb0toref.icc

"ncOO1lF" ; Data Format
icEncodeFloat ; Encoding

;Source Data Format: 'XYZ
; Source Data Encoding: icEncodeFloat
;Source data is after semicolon

;Profiles applied
; XyzDbOtoref.icc

.6441
.0256

9077
0218

.0310
0.

0388

0.
1.
. 9823 0.9826
1.
9

.1849 0.
.2168 0.
.1540 0.
.2650 0.

0.2035

icchApplyProfiles RGB Des Z2deg.tif Des> 2Z2deg Reflectance.tif 2 01 0 1
argbZxyzDebtoref.icc 3

INTRODUCTION TESTS RESULTS IMPIEMENTATION CONCLUSION
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KEY CONCLUSIONS

Based on material components, a single reflectance dataset can represent a group

of printing conditions

Spectral estimation methods can be used as an alternative to MAT.

Third-order polynomial spectral estimation method can be effectively encoded
mside an ICC profile using iccMAX

INTRODUCTION TESTS RESULTS IMPIEMENTATION CONCLUSION
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FUTURE SCOPE

Spectraltrammg data evaluation should be done for mdustrialuse cases for
@ ICCtorecommend standard traming datasets required for implementing
spectralestimation through ICC profiles.

@ Spectralestimation can be adopted to connect colour profiles through a
spectral PCS.

Spectralestimation can be recommended as a sensor adjustment transform
whenever a profile needs to connect to another profile having different
colorimetry.

Spectralreproduction workflows through ICC colour management willrequire a
good testing paradigm to assess both spectraland colorimetric quality.

25
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