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INTRODUCTIONINTRODUCTION

Unique HuesUnique Hues

were originally defined by Hering aswere originally defined by Hering as

Unique Red:Unique Red: Neither Neither YellowishYellowish nor nor BlueishBlueish
Unique Green:Unique Green: Neither Neither Yellowish Yellowish nor nor BlueishBlueish
Unique Yellow:Unique Yellow: Neither Neither ReddishReddish nor nor GreenishGreenish
Unique Blue:Unique Blue: Neither Neither ReddishReddish nor nor Greenish Greenish 

URUR

UYUY

UGUG

UBUB

Unique Hues for Colour Appearance ModelUnique Hues for Colour Appearance Model

INTRODUCTIONINTRODUCTION

qq Acknowledged in accessing colour appearance data  Acknowledged in accessing colour appearance data  
-- Magnitude Estimation ExperimentMagnitude Estimation Experiment

70%Y 30%R 70%Y 30%R 
H=30H=30

qq Built in colour appearance model for transform Built in colour appearance model for transform 
between hue angle (h) and hue composition (H)between hue angle (h) and hue composition (H)

qq Significant affect performance of hue prediction in Significant affect performance of hue prediction in 
colour appearance modelcolour appearance model
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INTRODUCTIONINTRODUCTION

Unique Hues in Colour Appearance ModelsUnique Hues in Colour Appearance Models

UHUH URUR UYUY UGUG UBUB

RLABRLAB 2424 9090 162162 246246

LLABLLAB 2525 9393 165165 254254

Hunt Hunt 2020 9090 164164 238238

CIECAM97CIECAM97 2020 9090 164164 238238

CIECAM02CIECAM02 2020 9090 164164 238238

All based on notation of the Swedish Natural Colour System (NCS) All based on notation of the Swedish Natural Colour System (NCS) 

Are unique hues well represented  in CAMs?Are unique hues well represented  in CAMs?

Aim of This StudyAim of This Study

qq To evaluate Unique Hue Predictions in CIECAM02 To evaluate Unique Hue Predictions in CIECAM02 

-- under various ambient lighting conditions under various ambient lighting conditions 

-- using selfusing self--luminous Colours compared to surfaceluminous Colours compared to surface
colourscolours

qq To study and report on unique hue data, including an To study and report on unique hue data, including an 
analysis of the scatter of those data: this to include analysis of the scatter of those data: this to include 
practical viewing conditions (CIE TC 1practical viewing conditions (CIE TC 1--76).76).

INTRODUCTIONINTRODUCTION
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EXPERIMENTEXPERIMENT

EquipmentEquipment
A CRT monitor (21-inch Sony GDM-F520) which was controlled
by a DELL PC with a ViSaGe graphics card (Cambridge
Research System, Ltd.).

Test SamplesTest Samples
360 test colour samples 
were selected
9 chroma-lightness level 
for each unique hue in 
CIELUV uniform colour 
space 

CRTCRT
A D93 CRT monitor was 
characterisated by 
ColourCal calibration device 
(and checked with a PR650) 

EXPERIMENTEXPERIMENT

Unique Hue Selection Task
Observer was asked to select a patch on the CRT that
contains neither yellowish nor blueish (to obtain unique red
and green). Unique yellow (blue) was obtained by asking
observers to select a patch that contains neither reddish nor
greenish.

Subjects
185 naïve observers 
with normal colour 
vision (Cambridge 
Trivector Test)

Contains neither yellow
nor blue

Repetition
Three times

Viewing Condition
Dark Room, D65,CWF
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EXPERIMENTEXPERIMENT

CRT under D65CRT under D65 CRT under CWFCRT under CWF

GTI ColorMatcher GLE M5/25 

Room Lighting Lum x y CCT

D65 41.3 0.3229 0.3453 5917

CWF 136.8 0.3890 0.3887 3866

Unique Hue DataUnique Hue Data

qq Each unique hue stimulus was measured with Each unique hue stimulus was measured with 
a PRa PR--650 tele650 tele--spectroradiometer to obtain spectroradiometer to obtain 
the the CIE XYZ tristimulus values CIE XYZ tristimulus values 

qq Unique Hue stimuli assessed by 185 subjects Unique Hue stimuli assessed by 185 subjects 
in 3 repetitions were averagedin 3 repetitions were averaged

qq Three groups of Unique Hue Data (9 x 4 UHs)Three groups of Unique Hue Data (9 x 4 UHs)

-- Dark RoomDark Room

-- under D65 room lightingunder D65 room lighting

-- under CWF room lightingunder CWF room lighting

RESULTSRESULTS
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InterInter--Observer VariabilityObserver Variability ((∆∆E00)E00)

RESULTSRESULTS

0

0.5

1

1.5

2

2.5

UR UY UG UB Mean 

CRT(D65)

CRT(CWF)

CRT(Dark)

IntraIntra--Observer VariabilityObserver Variability ((∆∆E00)E00)

RESULTSRESULTS

0

0.5

1

1.5

2

2.5

UR UY UG UB Mean 

CRT(D65)

CRT(CWF)

CRT(Dark)



7

Colour Appearance PredictionColour Appearance Prediction

UNIQUE HUES in CIECAM02UNIQUE HUES in CIECAM02

Inputting Parameters for CIECAM02Inputting Parameters for CIECAM02

CIECAMCIECAM0202 XXww YYww ZZww LLww YYbb SurroundingSurrounding

CRTCRT (Dark)(Dark) 98.098.0 100.0100.0 139.7139.7 114.6114.6 2020 DimDim

CRTCRT (( DD6565)) 97.497.4 100.0100.0 138.2138.2 117.1117.1 2020 AverageAverage

CRTCRT (CWF)(CWF) 97.797.7 100.0100.0 134.2134.2 121.4121.4 2020 AverageAverage

Monitor white point under dark room or room lighting condition Monitor white point under dark room or room lighting condition 
were measured by TSR as adopted white point were measured by TSR as adopted white point 

Unique hue lines in the CIECAM02 chromatic Unique hue lines in the CIECAM02 chromatic 
diagramdiagram

UNIQUE HUES in CIECAM02UNIQUE HUES in CIECAM02
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UNIQUE HUES in CIECAM02UNIQUE HUES in CIECAM02

UNIQUE HUES in CIECAM02UNIQUE HUES in CIECAM02

Unique Hue Angles in CIECAM02Unique Hue Angles in CIECAM02

HueHue AngleAngle (h)(h) URUR UYUY UGUG UBUB

NCSNCS 20.120.1 9090 164.3164.3 237.5237.5

UHUH--DarkDark 15.415.4 88.088.0 162. 7162. 7 233.6233.6

UHUH--D65D65 17.717.7 83.383.3 159.9159.9 234.0234.0

UHUH--CWFCWF 23.523.5 84.084.0 151.0151.0 234.6234.6
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Effect of Viewing Condition on Hue DifferenceEffect of Viewing Condition on Hue Difference
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UNIQUE HUES in CIECAM02UNIQUE HUES in CIECAM02

∆∆HH URUR UYUY UGUG UBUB

DarkDark vsvs.. DD6565 3.33.3 0.60.6 3.33.3 0.80.8

DarkDark vsvs.. CWFCWF 8.38.3 1.31.3 9.29.2 1.11.1

Unique Hue in CIECAM02 Unique Hue in CIECAM02 

q NCS Unique hue is not accurate enough

qNot Uniform

- Modify uniform colour space

qNot independent of various viewing conditions

- Modify Chromatic Adaptation Transform 

- Mixed adaptation model

DiscussionsDiscussions
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SUMMARY and CONCLUSIONSSUMMARY and CONCLUSIONS

qq UniqueUnique huehue datadata underunder threethree viewingviewing conditionsconditions werewere
obtainedobtained onon aa CRTCRT usingusing aa largelarge samplesample ofof colourcolour--
normalnormal observersobservers (n=(n=185185))

qq ObserverObserver variabilityvariability isis low,low, interinter--observerobserver variabilityvariability
<<22 ∆∆EE0000,, intraintra--observerobserver variabilityvariability <<11 ∆∆EE0000)) forfor thethe
threethree viewingviewing conditionsconditions

qq ThereThere areare discrepanciesdiscrepancies betweenbetween thethe defaultdefault NCSNCS
uniqueunique hueshues andand ourour datadata

qq CIECAMCIECAM0202 predictionspredictions forfor differentdifferent illuminationillumination
conditionsconditions areare notnot consistentconsistent forfor UG,UG, andand toto aa slightlyslightly
lesserlesser degree,degree, forfor URUR;; UYUY andand UBUB areare predictedpredicted
accuratelyaccurately byby CIECAMCIECAM0202..

Thanks! Thanks! 


