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Display Color Consistency | Motivation

• Issue: Inconsistent color appearance across display technologies 
due to a flaw in the CIE 1931 CMF

• Goal: New optimized CMF framework standard to 
improve color consistency for display industry
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Display Color Consistency | CIE -TC Proposal: Display Color Consistency

New CIE TC Proposal: Physiologically-driven optimized CMFs for Display Color Consistency

Physiological Model
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Display Color Consistency | CIE -TC Proposal: Optimized CMFs

CMF 2˚

1931

Vλ

1928

Judd modified

1951

Smith-Pokorny, 
Vos-Walraven modification

1971 - 1978

Stockman-Sharpe CF

1993, 2000

CIE roadmap 
TR 170-1 / 2

Sony OLED WP

2012 2019

CMFs for Display Consistency

CIE TC 
2025

Apple VFT

2023

400 700
0

1

400 700
0

1

400 700
0

1

2

400 700
0

1

2

400 700
0

1

2006-2015

Apple Pro Display 
XDR, D65

Proposal: Use of an optimized CMFs for display color consistency 
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Display Color Consistency | Problem: Standard Standard Color Space
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Problem: Display target color space — e.g. P3, Rec.709, … — is defined by chromaticity coordinates in the CIE 1931 standard observer.
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Submitted to CIC 2025, Under Review



Display Color Consistency | Background: Color Reproduction
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Background: Color reproduction is the process of re-producing colors on multiple media, e.g. digital displays 

 - Reproduced color and target color appear the same for Standard Observer



Display Color Consistency | Color Reproduction: Target Spectrum
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Display Color Reproduction: Color reproduction of the CIE D65 standard illuminant on multiple displays
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Display Color Consistency | Color Reproduction: Lack of Spectrum
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Display Color Reproduction: what if the target spectrum is unknown?
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Display Color Consistency | Color Reproduction: Proposal

• Problem Definition 

• Function Definition: Optimal spectral stimulus

[x
y] = f( [λ1

λ2], CMF )

- A deterministic problem with 2 equations for 2 variables 
- A virtual display definition: device independent
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f(λ) = {1, if λ1 ≤ λ ≤ λ2

0, otherwiseType I: 

f(λ) = {0, if λ1 ≤ λ ≤ λ2
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Submitted to CIC 2025, Under Review



Display Color Consistency | Color Reproduction: Proposal
Problem: Display target color space — e.g. P3, Rec.709, … — is defined by chromaticity coordinates in the CIE 1931 standard observer. 

Proposal: Spectral definition of standard color space primaries for display using Optimal Spectral Stimuli

λ1 λ2
400 500 600 700

Wavelength [nm]

0

0.25

0.5

0.75

1

λ1 λ2
400 500 600 700

Wavelength [nm]

0

0.25

0.5

0.75

1

λ1 λ2
400 500 600 700

Wavelength [nm]

0

0.25

0.5

0.75

1

x

y

x = 0.3127 
y = 0.3290

CIE 1931

[0.265, 0.69]

[0.68, 0.32]

[0.15, 0.06]

400 500 600 700
Wavelength [nm]

0

1

2

Tr
is

tim
ul

us
 V

al
ue

s

CIE 2015 - 2˚

x = 0.3135 
y = 0.3308

400 700
Wavelength [nm]

In
te

ns
ity

[0.2784, 0.6895]

[0.6730, 0.3270]

x

y

[0.1409, 0.0736]

400 500 600 700
Wavelength [nm]

0

1

2

Tr
is

tim
ul

us
 V

al
ue

s

Optimal Spectral Stimuli



Thank You


