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Review of radiometry and colorimetry

ICC measurement recommendations

ISO 13655 revision 

Issues in colour measurement
· Instrument sources

· Fluorescence

· Measurement of displays

· Accuracy and uncertainty

· Dimensionality of colour measurement
Introduction – colour measurement

The aim of colour measurement is to provide metric which correlates with visual perception. This implies 
· geometry

· spectral responsivity

· stimulus-response function

· white point adaptation
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Introduction – radiometry
Colour measurement starts with a measurement of the colour stimulus spectrum - the spectral emission from a surface or source
Reflectance: ratio of the reflected radiant or luminous flux to the incident flux in the given conditions
Eqn: Reflectance from incident and reflected flux
Introduction – colorimetry

XYZ tristimulus values calculated by summation of colour stimulus spectrum, source spectral power distribution and colour matching functions

Eqn: XYZ from R

Normalizing constant k defined so that Y=100 for a perfect reflecting diffuser
Alternatively, k is set to 683 for illuminants and self-luminous objects
Eqn: XYZ from L

ICC recommendations on colour measurement
ICC White Paper 3: 2004
Reflectance and transmittance

Measurements according to ISO 13655

- D50

- 45:0 or 0:d 

- 10nm or 20nm interval

- XYZ calculated using ASTM weight tables (1931 Standard Colorimetric Observer)
Exceptions:

· White or self backing

· UV excluded

Measure randomised targets, after drying period
Average multiple measurements

Displays:

Measurements according to CIE 122
TSR preferred

Include viewer-observed flare (assume 1 cd/m2 where unmeasured)

Average multiple measurements, both spatially and temporaly
Measurements for display profile

XYZ of display white point is chromatically adapted to D50
Meausured display white is in effect taken as the illuminant

Chromatic adaptation matrix is provided in ‘chad’ tag to permit CMM to compute original white point

Media white ‘wtpt’ tag should be D50 illuminant [0.9642, 1.0, 0.8249]

Changes in ISO 13655
Significant issues in the ISO 13655 revision

· Measurement backing

- Now white or black

- reflectance of white and black backings defined

· Instrument sources

- M0-M3 sources proposed
· Handling fluorescence

- Can use either M1 or M2 measurement condition

· Measurement of displays

- More detail provided on display measurement

Changes in ISO 13655

Instrument sources

Previously, ISO 13655 specified that the instrument source should match the spectral power of D50

In practice this was not realised by graphic arts instruments

Four sources are now defined:

· M0: spectral power distribution of Illuminant A (i.e. unfiltered tungsten)

· M1: spectral power of CIE D50 (300-780nm)

· M2: any spectral power but with UV excluded

· M3: any spectral power, with UV excluded and polarization to suppress gloss 
Changes in ISO 13655

Other issues

· Terminology made consistent with CIE publications

· Tables for computation of XYZ at 20nm removed – calculation shall now be done at 10nm only for reflection and transmission

· Constants in calculation of CIELAB updated to be consistent with CIE Publication 15:2004

· CIEDE2000 recommended as colour difference equation

· Correction defined to allow conversion between white and black backings

· Method for measuring transparent substrates defined

· Updated appendices on sample backing, improving inter-instrument agreement, CRMs, polarization, 
· Procedures for measuring tonal areas specified, including non-periodic screens

ICC measurement recommendations
New recommendations
M1 recommended for conditions where the end use includes significant amounts of UV 
Measurement condition should be reported

Display measurements should conform to ISO 13655 4.4. 

Fluorescence
The problem

FWAs contain stillbenes that are excited by photons in the UV region and emit photons in the visible region.
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Most commercial printing papers have significant amounts of FWA to maximize their whiteness and brightness.

Fluorescence creates problems for colour management

Different media have different amounts of FWA and matching the white point is difficult or impossible
The amount of fluorescence is dependent on the amount of UV in the source

- the measurement depends on the UV in the instrument

- the appearance depends on the UV in the viewing illumination 

Fluorescence

The problem

Fluorescence takes place in the spectral domain, but colour management operates on colorimetric coordinates

When trying to match a print on a highly-fluorescing paper A on a medium B with little or no fluorescence

· a spectral match is not possible

· on a paper medium, increasing L* is not possible so the closest colorimetric match is achieved by larger –b* value

· this just leads to more blueness instead of more whiteness

· any match will only hold under one viewing condition

Fluorescence

Solutions

Basic approaches for addressing the problem:

A. Ensure a match between media white by discounting fluorescence
- Measure with M2 source (UV-excluded)
B. Aim for an exact colorimetric match with fluorescence included

- Measure with M1 source

- Only viable where the media have similar FWA efficacy
- Requires that the viewing condition has the same UV content

C. Match appearance through soft proofing

- Allows the viewing condition being simulated to be varied 

Display measurement
Wavelength range and interval

5nm (no greater than 10nm)
360-780nm (no less than 400-720nm)

Geometry
4 mm sampling area containing ≥ 150 pixels

TSR : sensing cone of half angle of 2.5º (no more than 5º ) 
Instrument position

Telespectroradiometer

· Match ambient illumination of actual viewing condition

· Minimize ambient reflection from faceplate

Spectroradiometer

· contact with display surface
· dark room – no ambient illumination
· add veiling glare

Accuracy and uncertainty
Measurement accuracy is judged relative to a reference source or instrument held by a national standardising laboratory

Instrument uncertainty incorporates a series of uncertainties
Eqn: combined uncertainty

In colour management, uncertainties also arise from 

· output devices non-repeatability and non-uniformity

· characterization errors in profiles 

· rounding and interpolation errors in CMMs

Accuracy and uncertainty

Improving colour accuracy
Reducing measurement noise is a priority

Ensure instrument calibration

Run correction routines

Repeat imaging process (prints, displays, captures…)

Average multiple measurements

Be cautious about applying process control tolerances when measurement uncertainty is significant

Accuracy and uncertainty

Improving colour accuracy
Smooth training data leads to more accurate device models

Device models are typically built by minimizing errors in CIELAB space

· But then evaluated in a colour difference formula such as CIEDE2000!

Optimize model in preferred colour difference space – consider CIECAM02-UCS
Dimensionality of colour measurement

ISO 13655 colour measurement and ISO 15076 colour management work well for common graphic arts media: paper and board, transparencies, isotropic displays

This metrology does not capture the appearance of many other media
Materials with directional reflection

Metallics

Non-isotropic displays

Materials which fluoresce

Papers

Inks

Plastics

Non-opaque media

Transparent materials

Translucent materials

Textured materials

Textiles

Dimensionality of colour measurement

Increasing dimensionality of colour measurement

Spectral measurement

Recording spectral reflectance for all measurements would expand the scope of colour management

Bi-spectral measurement

Enables fluorescence of paper and inks to be defined under different illuminants

Bi-directional measurement

Allows directional properties such as gloss, texture to be captured

Can record directional emission of non-isotropic display

Ambient light measurement

Knowledge of spectral power of ambient light would enable illumination-specific matches to be made

Surface imaging 

Allows surface texture to be recorded independently of colour
