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Colour is a Python colour science package implementing a comprehensive number of colour theory transfor-
mations and algorithms.

It is open source and freely available under the New BSD License terms.
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cHAPTER 1

1.1 Draft Release Notes

The draft release notes from the develop branch are available at this url.



https://github.com/colour-science/colour/tree/develop
https://gist.github.com/KelSolaar/4a6ebe9ec3d389f0934b154fec8df51d
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CHAPTER 2

1.2 Features

Colour features a rich dataset and collection of objects, please see the features page for more information.



https://www.colour-science.org/features/
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CHAPTER 3

1.3 Online

Colour can be used online with Google Colab.



https://colab.research.google.com/notebook#fileId=1Im9J7or9qyClQCv5sPHmKdyiQbG4898K&offline=true&sandboxMode=true
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cHAPTER 4

1.4 Installation

Anaconda from Continuum Analytics is the Python distribution we use to develop Colour: it ships all the
scientific dependencies we require and is easily deployed cross-platform:

$ conda create -y -n python-colour
$ source activate python-colour
$ conda install -y -c conda-forge colour-science

Colour can be easily installed from the Python Package Index by issuing this command in a shell:

$ pip install colour-science

The detailed installation procedure is described in the Installation Guide.



https://www.continuum.io/downloads
https://pypi.python.org/pypi/colour-science/
https://www.colour-science.org/installation-guide/
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CHAPTER D

1.5 Usage

The two main references for Colour usage are the Colour Manual and the Jupyter Notebooks with detailed
historical and theoretical context and images.

5.1 Colour Manual

5.1.1 Tutorial

Colour spreads over various domains of Colour Science, from colour models to optical phenomena, this
tutorial does not give a complete overview of the API but is a good introduction to the main concepts.

Note: A directory with examples is available at this path in Colour installation: colour/examples. It can also
be explored directly on Github.

from colour.plotting import x
colour_style()

plot_visible_spectrum()

11



https://colour.readthedocs.io/en/latest/manual.html
http://nbviewer.jupyter.org/github/colour-science/colour-notebooks/blob/master/notebooks/colour.ipynb
https://github.com/colour-science/Colour/
https://github.com/colour-science/colour/tree/master/colour/examples
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The Visible Spectrum - CIE 1931 2 ° Standard Observer

400 500 600
Wavelength A (nm)

5.1.1.1 Overview

Colour is organised around various sub-packages:

adaptation: Chromatic adaptation models and transformations.
algebra: Algebra utilities.

appearance: Colour appearance models.

biochemistry: Biochemistry computations.

blindness: Colour vision deficiency models.

continuous: Base objects for continuous data representation.
contrast: Objects for contrast sensitivity computation.
characterisation: Colour fitting and camera characterisation.
colorimetry: Core objects for colour computations.

constants: CIE and CODATA constants.

corresponding: Corresponding colour chromaticities computations.

difference: Colour difference computations.

examples: Examples for the sub-packages.

io: Input / output objects for reading and writing data.
models: Colour models.

notation: Colour notation systems.

phenomena: Computation of various optical phenomena.

plotting: Diagrams, figures, etc. ..

700 800
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* quality: Colour quality computation.

* recovery: Reflectance recovery.

* temperature: Colour temperature and correlated colour temperature computation.
* utilities: Various utilities and data structures.

* volume: Colourspace volumes computation and optimal colour stimuli.

Most of the public API is available from the root colour namespace:

import colour

print(colour.__all__[:5] + ['...'D)

['domain_range_scale', 'get_domain_range_scale', 'set_domain_range_scale', 'CHROMATIC_ADAPTATION_METHODS
', 'CHROMATIC_ADAPTATION_TRANSFORMS', '...']

The various sub-packages also expose their public API:

from pprint import pprint

import colour.plotting

for sub_package in ('adaptation', 'algebra', 'appearance', 'biochemistry',
'blindness', 'characterisation', 'colorimetry',
'constants', 'continuous', 'contrast', 'corresponding',
'difference', 'io', 'models', 'notation', 'phenomena',
'plotting', 'quality', 'recovery', 'temperature',
'utilities', 'volume'):
print(sub_package.title())
pprint(getattr(colour, sub_package).__all__[:5]1 + ['..."'D)
print('\n")
Adaptation

['CHROMATIC_ADAPTATION_TRANSFORMS',
'XYZ_SCALING_CAT',
'VON_KRIES_CAT',

'BRADFORD_CAT',
'SHARP_CAT ',
']

Algebra

['cartesian_to_spherical',
'spherical_to_cartesian',
'cartesian_to_polar',
'polar_to_cartesian',
'cartesian_to_cylindrical',

']

Appearance

['Hunt_InductionFactors',
"HUNT_VIEWING_CONDITIONS',
'"Hunt_Specification',
'XYZ_to_Hunt',
'ATD95_Specification',

(continues on next page)
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(continued from previous page)

Biochemistry
['reaction_rate_MichealisMenten',
'substrate_concentration_MichealisMenten',

']

Blindness

[ 'CVD_MATRICES_MACHAD02010"',
"anomalous_trichromacy_cmfs_Machado2009',
'anomalous_trichromacy_matrix_Machado2009',
'cvd_matrix_Machado2009',
o]

Characterisation
['RGB_SpectralSensitivities',
'RGB_DisplayPrimaries’,
'CAMERAS_RGB_SPECTRAL_SENSITIVITIES',
'COLOURCHECKERS ',
'ColourChecker',
o]

Colorimetry

['SpectralShape',
'DEFAULT_SPECTRAL_SHAPE ',
'SpectralDistribution’,
'MultiSpectralDistribution’,
'sd_blackbody',
o]

Constants
['K_M', 'KP_M', "AVOGADRO_CONSTANT', 'BOLTZMANN_CONSTANT',

Continuous

['AbstractContinuousFunction', 'Signal', 'MultiSignal', '...

Contrast

['optical _MTF_Barten1999',
'pupil_diameter_Barten1999',
'sigma_Barten1999',
'retinal_illuminance_Barten1999',
'maximum_angular_size_Barten1999"',

']

Corresponding

[ 'BRENEMAN_EXPERIMENTS',
'BRENEMAN_EXPERIMENTS_PRIMARIES_CHROMATICITIES',
'corresponding_chromaticities_prediction_CIE1994',

"LIGHT_SPEED',

']

.1

(continues on next page)
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(continued from previous page)

'corresponding_chromaticities_prediction_CMCCAT2000',
'corresponding_chromaticities_prediction_Fairchild1990',

o]

Difference

['delta_E_CAM@2LCD',
'delta_E_CAM@2SCD',
'delta_E_CAM@2UCS',
'delta_E_CAM16LCD',
'delta_E_CAM16SCD',
o]

Io
['SpectralDistribution_IESTM2714"',
'AbstractLUTSequenceOperator',
'"LUT1D',
"LUT3x1D",
'LUT3D',
o]

Models

["IMh_CIECAM@2_to_CAMO2LCD',
'CAMQ2LCD_to_JMh_CIECAM@2',
' JMh_CIECAMO2_to_CAM@2SCD',
'CAM@2SCD_to_JMh_CIECAMQ2',
' JMh_CIECAM@2_to_CAMQ2UCS',
o]

Notation

[ "MUNSELL_COLOURS_ALL",
"MUNSELL_COLOURS_1929",
"MUNSELL_COLOURS_REAL ',
'"MUNSELL_COLOURS ",
'munsell_value',

']

Phenomena

['scattering_cross_section',
'rayleigh_optical_depth',
'rayleigh_scattering',
'sd_rayleigh_scattering',
o]

Plotting

['ASTM_G_173_ETR"',
'"ASTM_G_173_GLOBAL_TILT',
'ASTM_G_173_DIRECT_CIRCUMSOLAR',
'COLOUR_STYLE_CONSTANTS',
'COLOUR_ARROW_STYLE ",
o]

(continues on next page)
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(continued from previous page)

Quality

['TCS_SDS',
'VS_SDS',
'CRI_Specification',
'colour_rendering_index',
'CQS_Specification',
o]

Recovery
['SMITS_1999_SDS',
'XYZ_to_sd_Meng2015',
'RGB_to_sd_Smits1999',
'XYZ_TO_SD_METHODS',
'XYZ_to_sd',
o]

Temperature

['CCT_TO_UV_METHODS',
'UV_TO_CCT_METHODS',
'"CCT_to_uv',
'CCT_to_uv_0hno2013",
'CCT_to_uv_Robertson1968',
o]

Utilities

['Lookup',
'Structure',
'CaselnsensitiveMapping',
"handle_numpy_errors',
'ignore_numpy_errors',

']

Volume

['ILLUMINANTS_OPTIMAL_COLOUR_STIMULI',
'is_within_macadam_limits',
'is_within_mesh_volume',
'is_within_pointer_gamut',
'generate_pulse_waves',

']

The codebase is documented and most docstrings have usage examples:

print(colour.temperature.CCT_to_uv_0hno2013.__doc__)

Returns the *CIE UCS* colourspace *uvx chromaticity coordinates from given
correlated colour temperature :math:‘*T_{cp}", :math:*\Delta_{uv}‘' and
colour matching functions using *Ohno (2013)* method.

Parameters

(continues on next page)
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(continued from previous page)

CCT : numeric
Correlated colour temperature :math:‘T_{cp}"‘.
D_uv : numeric, optional
:math:*\Delta_{uv}" .
cmfs : XYZ_ColourMatchingFunctions, optional
Standard observer colour matching functions.

Returns
ndarray
*CIE UCS* colourspace *uv* chromaticity coordinates.

References

:cite:*0Ohno2014a*

Examples

>>> from colour import STANDARD_OBSERVERS_CMFS

>>> cmfs = STANDARD_OBSERVERS_CMFS['CIE 1931 2 Degree Standard Observer']
>>> CCT = 6507.4342201047066

>>> D_uv = 0.003223690901513

>>> CCT_to_uv_0hno2013(CCT, D_uv, cmfs) # doctest: +ELLIPSIS

array([ ©.1977999..., ©0.3122004...])

At the core of Colour is the colour.colorimetry sub-package, it defines the objects needed for spectral

computations and many others:

import colour.colorimetry as colorimetry

pprint(colorimetry.__all__)

['SpectralShape',
'DEFAULT_SPECTRAL_SHAPE ',
'SpectralDistribution’,
'MultiSpectralDistribution',
'sd_blackbody',
'blackbody_spectral_radiance',
'planck_law',
'LMS_ConeFundamentals',
'RGB_ColourMatchingFunctions',
'XYZ_ColourMatchingFunctions',
'"CMFS',

'LMS_CMFS',

"RGB_CMFS',

' STANDARD_OBSERVERS_CMFS',
'ILLUMINANTS',
'D_ILLUMINANTS_S_SDS',
"HUNTERLAB_ILLUMINANTS',
'ILLUMINANTS_SDS',
'"LIGHT_SOURCES',
'LIGHT_SOURCES_SDS',
'LEFS',

'PHOTOPIC_LEFS',
'SCOTOPIC_LEFS',
'sd_constant',

(continues on next page)
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(continued from previous page)

'sd_zeros',

'sd_ones',

' SD_GAUSSIAN_METHODS',

'sd_gaussian',

'sd_gaussian_normal',

'sd_gaussian_fwhm',
'SD_SINGLE_LED_METHODS',

'sd_single_led',

'sd_single_led_0Ohno2005"',
'SD_MULTI_LEDS_METHODS',

'sd_multi_leds',

'sd_multi_leds_Ohno2005"',
'SD_TO_XYZ_METHODS ',
'"MULTI_SD_TO_XYZ_METHODS',

'sd_to_XYZ',

'multi_sds_to_XYZ',
'ASTME30815_PRACTISE_SHAPE',
'lagrange_coefficients_ASTME202211',
"tristimulus_weighting_factors_ASTME202211"',
'adjust_tristimulus_weighting_factors_ASTME30815",
'sd_to_XYZ_integration',
'sd_to_XYZ_tristimulus_weighting_factors_ASTME30815",
'sd_to_XYZ_ASTME30815',
'multi_sds_to_XYZ_integration',
'wavelength_to_XYZ',
'BANDPASS_CORRECTION_METHODS',
'bandpass_correction’,
'bandpass_correction_Stearns1988"',
'sd_CIE_standard_illuminant_A",
'sd_CIE_illuminant_D_series',
'daylight_locus_function',
'sd_mesopic_luminous_efficiency_function',
'mesopic_weighting_function',
'LIGHTNESS_METHODS',

'lightness"',

'lightness_Glasser1958',
'lightness_Wyszecki1963',
'lightness_CIE1976',
'lightness_Fairchild2e10',
'lightness_Fairchild2011"',
'intermediate_lightness_function_CIE1976',
'LUMINANCE_METHODS',

'luminance’,

'luminance_Newhall1943',
'luminance_ASTMD153508 ",
'luminance_CIE1976',
'luminance_Fairchild2010',
'luminance_Fairchild2011',
'intermediate_luminance_function_CIE1976',
'dominant_wavelength',
'complementary_wavelength',
'excitation_purity',
'colorimetric_purity',

'luminous_flux',

'luminous_efficiency',
'luminous_efficacy',

(continues on next page)

18 Chapter 5. 1.5 Usage




Colour Documentation, Release 0.3.13

(continued from previous page)

'RGB_10_degree_cmfs_to_LMS_10_degree_cmfs',
'RGB_2_degree_cmfs_to_XYZ_2_degree_cmfs',
'RGB_10_degree_cmfs_to_XYZ_10_degree_cmfs',
'LMS_2_degree_cmfs_to_XYZ_2_degree_cmfs',
'LMS_10_degree_cmfs_to_XYZ_10_degree_cmfs',
'"WHITENESS_METHODS',

'whiteness',

'whiteness_Berger1959',
'whiteness_Taube1960',
'whiteness_Stensby1968"',
'whiteness_ASTME313',

'whiteness_Ganz1979"',

'whiteness_CIE2004',

'YELLOWNESS_METHODS ',

'yellowness',

'yellowness_ASTMD1925',
'yellowness_ASTME313']

Colour computations leverage a comprehensive dataset available in most sub-packages, for example the
colour.colorimetry.dataset defines the following components:

import colour.colorimetry.dataset as dataset

pprint(dataset.__all__)

['CMFS',
"LMS_CMFS',
"RGB_CMFS ',
' STANDARD_OBSERVERS_CMFS ',
"ILLUMINANTS',
'D_ILLUMINANTS_S_SDS',
"HUNTERLAB_ILLUMINANTS',
"ILLUMINANTS_SDS',
"LIGHT_SOURCES"',
"LIGHT_SOURCES_SDS',
"LEFS',
"PHOTOPIC_LEFS',
"SCOTOPIC_LEFS']

5.1.1.2 From Spectral Distribution

Whether it be a sample spectral distribution, colour matching functions or illuminants, spectral data is
manipulated using an object built with the colour.SpectralDistribution class or based on it:

# Defining a sample spectral distribution data.
sample_sd_data = {

380: 0.048,
385: 0.051,
390: 0.055,
395: 0.060,
400: 0.065,
405: 0.068,
410: 0.068,
415: 0.067,

(continues on next page)
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420: 0.064,
425: 0.062,
430: 0.059,
435: 0.057,
440: 0.055,
445: 0.054,
450: 0.053,
455: 0.053,
460: 0.052,
465: 0.052,
470: 0.052,
475: 0.053,
480: 0.054,
485: 0.055,
490: 0.057,
495: 0.059,
500: 0.061,
505: 0.062,
510: 0.065,
515: 0.067,
520: 0.070,
525: 0.072,
530: 0.074,
535: 0.075,
540: 0.076,
545: 0.078,
550: 0.079,
555: 0.082,
560: 0.087,
565: 0.092,
570: 0.100,
575: 0.107,
580: 0.115,
585: 0.122,
590: 0.129,
595: 0.134,
600: 0.138,
605: 0.142,
610: 0.146,
615: 0.150,
620: 0.154,
625: 0.158,
630: 0.163,
635: 0.167,
640: 0.173,
645: 0.180,
650: 0.188,
655: 0.196,
660: 0.204,
665: 0.213,
670: 0.222,
675: 0.231,
680: 0.242,
685: 0.251,
690: 0.261,
695: 0.271,

(continues on next page)
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700: 0.282,
705: 0.294,
710: 0.305,
715: 0.318,
720: 0.334,
725: 0.354,
730: 0.372,
735: 9.392,
740: 0.409,
745: 0.420,
750: 0.436,
755: 0.450,
760: 0.462,
765: 0.465,
770: 0.448,
775: 0.432,
780: 0.421}

sd = colour.SpectralDistribution(sample_sd_data, name='Sample')

print(repr(sd))

SpectralDistribution([[
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.80000000e+02,
.85000000e+02,
.90000000e+02,
.95000000e+02,
.00000000e+02,
.05000000e+02,
.10000000e+02,
.15000000e+02,
.20000000e+02,
.25000000e+02,
.30000000e+02,
.35000000e+02,
.40000000e+02,
.45000000e+02,
.50000000e+02,
.55000000e+02,
.60000000e+02,
.65000000e+02,
.70000000e+02,
.75000000e+02,
.80000000e+02,
.85000000e+02,
.90000000e+02,
.95000000e+02,
.00000000e+02,
.05000000e+02,
.10000000e+02,
.15000000e+02,
.20000000e+02,
.25000000e+02,
.30000000e+02,
.35000000e+02,
.40000000e+02,
.45000000e+02,
.50000000e+02,
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.80000000e-02],
.10000000e-021,
.50000000e-02],
.00000000e-02],
.50000000e-021,
.80000000e-021],
.80000000e-02],
.70000000e-021,
.40000000e-02],
.20000000e-021,
.90000000e-021,
.70000000e-02],
.50000000e-02],
.40000000e-02],
.30000000e-02],
.30000000e-02],
.20000000e-021,
.20000000e-021],
.20000000e-02],
.30000000e-021,
.40000000e-02],
.50000000e-02],
.70000000e-02],
.90000000e-021],
.10000000e-02],
.20000000e-021,
.50000000e-02],
.70000000e-021],
.00000000e-021,
.20000000e-021],
.40000000e-02],
.50000000e-02],
.60000000e-02],
.80000000e-021,
.90000000e-02],

(continues on next page)
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.55000000e+02,
.60000000e+02,
.65000000e+02,
.70000000e+02,
.75000000e+02,
.80000000e+02,
.85000000e+02,
.90000000e+02,
.95000000e+02,
.00000000e+02,
.05000000e+02,
.10000000e+02,
.15000000e+02,
.20000000e+02,
.25000000e+02,
.30000000e+02,
.35000000e+02,
.40000000e+02,
.45000000e+02,
.50000000e+02,
.55000000e+02,
.60000000e+02,
.65000000e+02,
.70000000e+02,
.75000000e+02,
.80000000e+02,
.85000000e+02,
.90000000e+02,
.95000000e+02,
.00000000e+02,
.05000000e+02,
.10000000e+02,
.15000000e+02,
.20000000e+02,
.25000000e+02,
.30000000e+02,
.35000000e+02,
.40000000e+02,
.45000000e+02,
.50000000e+02,
.55000000e+02,
.60000000e+02,
.65000000e+02,

.20000000e-021,
.70000000e-02],
.20000000e-021,
.00000000e-011,
.07000000e-01],
.15000000e-011,
.22000000e-011,
.29000000e-011],
.34000000e-011,
.38000000e-011,
.42000000e-01],
.46000000e-011,
.50000000e-011,
.54000000e-01],
.58000000e-011,
.63000000e-011,
.67000000e-01],
.73000000e-011,
.80000000e-011,
.88000000e-01],
.96000000e-011,
.04000000e-011,
.13000000e-011],
.22000000e-011,
.31000000e-011,
.42000000e-011],
.51000000e-011,
.61000000e-011,
.71000000e-01],
.82000000e-011,
.94000000e-011,
.05000000e-011,
.18000000e-011,
.34000000e-011,
.54000000e-011,
.72000000e-011,
.92000000e-011,
.09000000e-011,
.20000000e-011,
.36000000e-011,
.50000000e-011,
.62000000e-011,
.65000000e-011,
.70000000e+02, .48000000e-011,
.75000000e+02, .32000000e-011,
[ 7.80000000e+02, 4.21000000e-01]17,
interpolator=Spraguelnterpolator,
interpolator_args={},
extrapolator=Extrapolator,
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extrapolator_args={u'right': None, u'method': u'Constant', u'left': None})

The sample spectral distribution can be easily plotted against the visible spectrum:

# Plotting the sample spectral distribution.
plot_single_sd(sd)
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With the sample spectral distribution defined, its shape is retrieved as follows:

# Displaying the sample spectral distribution shape.
print(sd.shape)

’ (380.0, 780.0, 5.0)

The returned shape is an instance of the colour.SpectralShape class:

’repr(sd.shape)

'SpectralShape(380.0, 780.0, 5.0)'

The colour. SpectralShape class is used throughout Colour to define spectral dimensions and is instantiated
as follows:

# Using xcolour.SpectralShapex with iteration.
shape = colour.SpectralShape(start=0, end=10, interval=1)
for wavelength in shape:

print(wavelength)

# *colour.SpectralShape.range* method is providing the complete range of values.
shape = colour.SpectralShape(0, 10, 0.5)
shape.range()

o Ul WN =2
[SENSENS NSNS IS IS

(continues on next page)
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9., 9.5, 10. 1

Colour defines three convenient objects to create constant spectral distributions:
* colour.sd_constant
* colour.sd_zeros

* colour.sd_ones

# Defining a constant spectral distribution.
sd_constant = colour.sd_constant(100)
print('"Constant Spectral Distribution”"')
print(sd_constant.shape)
print(sd_constant[400])

# Defining a zeros filled spectral distribution.
print('\n"Zeros Filled Spectral Distribution”")
sd_zeros = colour.sd_zeros()
print(sd_zeros.shape)

print(sd_zeros[400])

# Defining a ones filled spectral distribution.
print('\n"Ones Filled Spectral Distribution”')
sd_ones = colour.sd_ones()

print(sd_ones.shape)

print(sd_ones[400])

"Constant Spectral Distribution”
(360.0, 780.0, 1.0)
100.0

"Zeros Filled Spectral Distribution”
(360.0, 780.0, 1.0)
0.0

"Ones Filled Spectral Distribution”
(360.0, 780.0, 1.0)
1.0

By default the shape used by colour.sd_constant, colour.sd_zeros and colour.sd_ones is the one defined
by the colour.DEFAULT_SPECTRAL_SHAPE attribute and based on ASTM E308-15 practise shape.

’print(repr(colour.DEFAULT_SPECTRAL_SHAPE))

’SpectralShape(360, 780, 1)

A custom shape can be passed to construct a constant spectral distribution with user defined dimensions:
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’colour.sd_ones(colour.SpectralShape(4®0, 700, 5))[450]

IE

The colour.SpectralDistribution class supports the following arithmetical operations:
* addition
* subtraction
* multiplication
* division

* exponentiation

sd1 = colour.sd_ones()
print('"Ones Filled Spectral Distribution”')
print(sd1[400])

print('\n”"x2 Constant Multiplied”')
print((sd1 x 2)[400])

print('\n"+ Spectral Distribution”')
print((sd1 + colour.sd_ones())[400])

"Ones Filled Spectral Distribution”
1.0

"x2 Constant Multiplied”
2.0

"+ Spectral Distribution”
2.0

Often interpolation of the spectral distribution is required, this is achieved with the colour.
SpectralDistribution.interpolate method. Depending on the wavelengths uniformity, the default in-
terpolation method will differ. Following CIE 167:2005 recommendation: The method developed by Sprague
(1880) should be used for interpolating functions having a uniformly spaced independent variable and a
Cubic Spline method for non-uniformly spaced independent variable [CIET13805a].

The uniformity of the sample spectral distribution is assessed as follows:

# Checking the sample spectral distribution uniformity.
print(sd.is_uniform())

True

In this case, since the sample spectral distribution is uniform the interpolation defaults to the colour.
SpragueInterpolator interpolator.

Note: Interpolation happens in place and may alter the original data, use the colour.
SpectralDistribution.copy method to generate a copy of the spectral distribution before interpolation.

# Copying the sample spectral distribution.
sd_copy = sd.copy()

(continues on next page)
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# Interpolating the copied sample spectral distribution.
sd_copy.interpolate(colour.SpectralShape(400, 770, 1))
sd_copy[401]

0.065809599999999996

# Comparing the interpolated spectral distribution with the original one.
plot_multi_sds([sd, sd_copy], bounding_box=[730,780, 0.25, ©0.5])
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Extrapolation although dangerous can be used to help aligning two spectral distributions together. CIE
publication CIE 15:2004 “Colorimetry” recommends that unmeasured values may be set equal to the nearest
measured value of the appropriate quantity in truncation [CIET14804d]:

# Extrapolating the copied sample spectral distribution.
sd_copy.extrapolate(colour.SpectralShape (340, 830))
sd_copy[340], sd_copy[830]

(0.065000000000000002, 0.44800000000000018)

The underlying interpolator can be swapped for any of the Colour interpolators:

pprint(L
export for export in colour.algebra.interpolation.__all__
if 'Interpolator' in export

D

[u'KernelInterpolator',
u'LinearInterpolator',
u'Spraguelnterpolator',

(continues on next page)
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u'CubicSplinelnterpolator',
u'PchipInterpolator’,
u'NullInterpolator']

# Changing interpolator while trimming the copied spectral distribution.
sd_copy.interpolate(
colour.SpectralShape (400, 700, 10), interpolator=colour.LinearInterpolator)

.00000000e+02,
.10000000e+02,
.20000000e+02,
.30000000e+02,
.40000000e+02,
.50000000e+02,
.60000000e+02,
.70000000e+02,
.80000000e+02,
.90000000e+02,

SpectralDistribution([[ 6.50000000e-02],
6.80000000e-02],
6.40000000e-02],
5.90000000e-02],
5.50000000e-02],
5.30000000e-02],
5.20000000e-02],
5.20000000e-02],
5.40000000e-02],
5.70000000e-02],

.00000000e+02, 6.10000000e-02],

.10000000e+02, 6.50000000e-02],

.20000000e+02, 7.00000000e-02],

.30000000e+02, 7.40000000e-02],

.40000000e+02, 7.60000000e-02],

.50000000e+02, 7.90000000e-02],

.60000000e+02, 8.70000000e-02],

.70000000e+02, 1.00000000e-011],

.80000000e+02, 1.15000000e-011],

.90000000e+02, 1.29000000e-011],

.00000000e+02, 1.38000000e-011],

.10000000e+02, 1.46000000e-011],

.20000000e+02, 1.54000000e-011],

.30000000e+02, 1.63000000e-011],

.40000000e+02, 1.73000000e-011],

.50000000e+02, 1.88000000e-011,

.60000000e+02, 2.04000000e-01],

.70000000e+02, 2.22000000e-01],

.80000000e+02, 2.42000000e-01],

.90000000e+02, 2.61000000e-01],

[ 7.00000000e+02, 2.82000000e-0111,

interpolator=Spraguelnterpolator,

interpolator_args={},

extrapolator=Extrapolator,

extrapolator_args={u'right': None, u'method': u'Constant', u'left': None})
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The extrapolation behaviour can be changed for Linear method instead of the Constant default method or
even use arbitrary constant left and right values:

# Extrapolating the copied sample spectral distribution with *Linear* method.
sd_copy.extrapolate(
colour.SpectralShape (340, 830),
extrapolator_args={'method': 'Linear',
'right': 03})
sd_copy[340], sd_copy[830]

(0.046999999999999348, 0.90)
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Aligning a spectral distribution is a convenient way to first interpolates the current data within its original
bounds, then, if required, extrapolate any missing values to match the requested shape:

# Aligning the cloned sample spectral distribution.

# The spectral distribution is first trimmed as above.
sd_copy.interpolate(colour.SpectralShape (400, 700))
sd_copy.align(colour.SpectralShape(340, 830, 5))
sd_copy[340], sd_copy[830]

(0.065000000000000002, 0.28199999999999975)

The colour.SpectralDistribution class also supports various arithmetic operations like addition, sub-
traction, multiplication, division or exponentiation with numeric and array_like variables or other colour.
SpectralDistribution class instances:

sd = colour.SpectralDistribution({

410: 0.25,
420: 0.50,
430: 0.75,
440: 1.0,
450: 0.75,
460: 0.50,
480: 0.25

b

print((sd.copy() + 1).values)

print((sd.copy() * 2).values)

print((sd * [0.35, 1.55, ©0.75, 2.55, ©.95, 0.65, ©0.15]).values)

print((sd * colour.sd_constant(2, sd.shape) * colour.sd_constant(3, sd.shape)).values)

N

5 1.5 1.75 2. 1.75 1

5 1. 1.5 2. 1.5 1. 0.5]

0875 0.775 0.5625 2.55 L7125 0.325 0.0375]
5 3. 4.5 6. 4.5 3. nan 1.5]

1.25]
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The spectral distribution can be normalised with an arbitrary factor:

print(sd.normalise().values)
print(sd.normalise(100).values)

[ .25 0.5 0.75 1. 0.75 0.5 0.25]
[ 25. 50. 75. 100. 75. 50. 25.1]

A the heart of the colour.SpectralDistribution class is the colour.continuous.Signal class which imple-
ments the colour.continuous.Signal.function method.

Evaluating the function for any independent domain = € R variable returns a corresponding range y € R
variable.

It adopts an interpolating function encapsulated inside an extrapolating function. The resulting function in-
dependent domain, stored as discrete values in the colour.continuous. Signal.domain attribute corresponds
with the function dependent and already known range stored in the colour.continuous.Signal.range at-
tribute.

Describing the colour.continuous.Signal class is beyond the scope of this tutorial but the core capability
can be described.
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import numpy as np

range_ = np.linspace(10, 100, 10)
signal = colour.continuous.Signal(range_)
print(repr(signal))

Signal ([[ ., 1e.

. 20.

., 30.

., 40.

50.

., 60.

. 70.

. 80.

., 90.
[ 9., 100.]11,

interpolator=KernelInterpolator,

interpolator_args={},

extrapolator=Extrapolator,

extrapolator_args={u'right': nan, u'method': u'Constant', u'left': nan})
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# Returning the corresponding range *y* variable for any arbitrary independent domain #*x* variable.
signallnp.random.uniform(@, 9, 10)]

array([ 55.91309735, 65.4172615 , 65.54495059, 88.17819416,
61.88860248, 10.53878826, 55.25130534, 46.14659783,
86.41406136, 84.59897703])

5.1.1.3 Convert to Tristimulus Values

From a given spectral distribution, CIE XYZ tristimulus values can be calculated:

sd = colour.SpectralDistribution(sample_sd_data)
cmfs = colour.STANDARD_OBSERVERS_CMFS['CIE 1931 2 Degree Standard Observer']
illuminant = colour.ILLUMINANTS_SDS['D65']

# Calculating the sample spectral distribution *CIE XYZ* tristimulus values.
XYZ = colour.sd_to_XYZ(sd, cmfs, illuminant)
print(XYZ)

[ 10.97085572 9.70278591 6.05562778]

5.1.1.4 From CIE XYZ Colourspace

CIE XYZ is the central colourspace for Colour Science from which many computations are available, expand-
ing to even more computations:

# Displaying objects interacting directly with the *CIE XYZ* colourspace.
pprint([name for name in colour.__all__ if name.startswith('XYZ_to')])

['XYZ_to_ATD95',
'XYZ_to_CAM16",

(continues on next page)
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'XYZ_to_CIECAM@2',
'XYZ_to_Hunt',
'XYZ_to_LLAB',
'XYZ_to_Nayatani95',
'XYZ_to_RLAB',
'XYZ_to_Hunter_Lab',
'XYZ_to_Hunter_Rdab',
'XYZ_to_IPT',
'XYZ_to_JzAzBz',
'XYZ_to_K_ab_HunterLab1966"',
'XYZ_to_Lab',
'XYZ_to_Luv',
'XYZ_to_OSA_UCS',
'XYZ_to_RGB',
'XYZ_to_UCS',
'XYZ_to_UVW',
'XYZ_to_hdr_CIELab',
'XYZ_to_hdr_IPT',
'XYZ_to_sRGB',
'XYZ_to_xy',
'XYZ_to_xyY',
'XYZ_to_sd']

5.1.1.5 Convert to Display Colours

CIE XYZ tristimulus values can be converted into sRGB colourspace RGB values in order to display them on

screen:

# The output domain of #*colour.sd_to_XYZ* is [@, 100] and the input

# domain of *colour.XYZ_to_sRGB* is [0, 1]. It needs to be accounted for,
# thus the input *CIE XYZ* tristimulus values are scaled.

RGB = colour.XYZ_to_sRGB(XYZ / 100)

print(RGB)

[ 0.45675795 ©.30986982 0.24861924]

# Plotting the *sRGB* colourspace colour of the *Samplex spectral distribution.
plot_single_colour_swatch(

ColourSwatch('Sample', RGB),

text_parameters={'size': 'x-large'})
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5.1.1.6 Generate Colour Rendition Charts

Likewise, colour values from a colour rendition chart sample can be computed.

Note: This is useful for render time checks in the VFX industry, where a synthetic colour chart can be
inserted into a render to ensure the colour management is acting as expected.

The colour.characterisation sub-package contains the dataset for various colour rendition charts:

# Colour rendition charts chromaticity coordinates.
print(sorted(colour.characterisation.COLOURCHECKERS.keys()))

# Colour rendition charts spectral distributions.
print(sorted(colour.characterisation.COLOURCHECKERS_SDS.keys()))

['BabelColor Average', 'ColorChecker 1976', 'ColorChecker 2005', 'ColorChecker24 - After November 2014',
< 'ColorChecker24 - Before November 2014', 'babel_average', 'cc2005', 'cca2014', 'ccbh2014']
['BabelColor Average', 'ColorChecker N Ohta', 'babel_average', 'cc_ohta']

Note:  The above cc2005, babel_average and cc_ohta keys are convenient aliases for respectively
ColorChecker 2005, BabelColor Average and ColorChecker N Ohta keys.

# Plotting the *sRGB* colourspace colour of *neutral 5 (.70 D)* patch.
patch_name = 'neutral 5 (.70 D)'

patch_sd = colour.COLOURCHECKERS_SDS[ 'ColorChecker N Ohta'][patch_name]
XYZ = colour.sd_to_XYZ(patch_sd, cmfs, illuminant)

RGB = colour.XYZ_to_sRGB(XYZ / 100)

(continues on next page)
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plot_single_colour_swatch(
ColourSwatch(patch_name.title(), RGB),
text_parameters={'size': 'x-large'})

Colour defines a convenient plotting object to draw synthetic colour rendition charts figures:

plot_single_colour_checker(

colour_checker="'ColorChecker 2005', text_parameters={'visible':

False})
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ColorChecker 2005

5.1.1.7 Convert to Chromaticity Coordinates

Given a spectral distribution, chromaticity coordinates xy can be computed using the colour.XYZ_to_xy
definition:

# Computing *xy* chromaticity coordinates for the *neutral 5 (.70 D)* patch.
xy = colour.XYZ_to_xy(XYZ)
print(xy)

[ 0.31259787 0.32870029]

Chromaticity coordinates xy can be plotted into the CIE 1931 Chromaticity Diagram:

import matplotlib.pyplot as plt

# Plotting the *CIE 1931 Chromaticity Diagramx*.

# The argument *standalone=Falsex is passed so that the plot doesn't get
# displayed and can be used as a basis for other plots.
plot_chromaticity_diagram_CIE1931(standalone=False)

# Plotting the *xy* chromaticity coordinates.
X, ¥y =Xy
plt.plot(x, y, 'o-', color='white")

# Annotating the plot.
plt.annotate(patch_sd.name.title(),
XYy=Xy,
xytext=(-50, 30),
textcoords="offset points',
arrowprops=dict(arrowstyle="'->

, connectionstyle="arc3, rad=-0.2"))

(continues on next page)
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(continued from previous page)

# Displaying the plot.

render (
standalone=True,
limits=(-0.1, 0.9, -0.1, 0.9),
x_tighten=True,
y_tighten=True)

CIE 1931 Chromaticity Diagram - CIE 1931 2 ° Standard Observer
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5.1.1.8 And More..

With the hope that this small introduction was useful and gave envy to see more, a good place to explore the
API further is the Jupyter Notebooks page.
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5.1.2 Basics

5.1.2.1 N-Dimensional Arrays Support

Most of Colour definitions are fully vectorised and support n-dimensional arrays by leveraging Numpy.

While it is recommended to use ndarrays as input for the API objects, it is possible to use tuples or lists:

import colour

xyY = (0.4316, ©.3777, 0.1008)
colour.xyY_to_XYZ(xyY)

’array([ 0.11518475, 0.1008 , 0.05089373])

xyY = [0.4316, 0.3777, ©.1008]
colour.xyY_to_XYZ(xyY)

’array([ 0.11518475, 0.1008 , 0.05089373])

xyY = [
(0.4316, 0.3777, 0.1008),
(0.4316, 0.3777, 0.1008),
(0.4316, 0.3777, 0.1008),
]
colour.xyY_to_XYZ(xyY)

array([[ 0.11518475, ©.1008 , ©0.05089373],
[ 0.11518475, ©0.1008 , ©0.050893731,
[ 0.11518475, ©.1008 , ©.0508937311)

As shown in the above example, there is widespread support for n-dimensional arrays:

import numpy as np

xyY = np.array([0.4316, 0.3777, 0.1008])
xyY = np.tile(xyY, (6, 1))
colour.xyY_to_XYZ(xyY)

array([[ ©.11518475, ©.1008 , ©.05089373],
[ 0.11518475, ©.1008 , 0.05089373],
[ 0.11518475, ©.1008 , 0.05089373],
[ 0.11518475, ©.1008 , 0.05089373],
[ 0.11518475, ©.1008 , 0.05089373],
[ 0.11518475, ©.1008 , 0.0508937311)

colour.xyY_to_XYZ(xyY.reshape([2, 3, 31))

array([[[ 0.11518475, 0.1008 , 0.05089373],
[ 0.11518475, 0.1008 , 0.05089373],
[ 0.11518475, 0.1008 , 0.0508937311,
[[ 0.11518475, ©.1008 , ©.050893731,
[ 0.11518475, 0.1008 , 0.05089373],
[ 0.11518475, ©.1008 , 0.05089373111)
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Which enables image processing:

import colour.plotting

RGB = colour.read_image('_static/Logo_Small_001.png")

RGB = RGB[..., ©0:3] # Discarding alpha channel.

XYZ = colour.sRGB_to_XYZ(RGB)

colour.plotting.plot_image(XYZ, text_parameters={'text': 'sRGB to XYZ'})

5.1.2.2 Domain-Range Scales

Note: This section has important information.

Colour adopts 4 main input domains and output ranges:
* Scalars usually in domain-range [0, 1] (or [0, 10] for Munsell Value).
* Percentages usually in domain-range [0, 100].
* Degrees usually in domain-range [0, 360].
* Integers usually in domain-range [0, 2**n -1] where n is the bit depth.

It is error prone but it is also a direct consequence of the inconsistency of the colour science field itself.
We have discussed at length about this and we were leaning toward normalisation of the whole API to
domain-range [0, 1], we never committed for reasons highlighted by the following points:

* Colour Scientist performing computations related to Munsell Renotation System would be very sur-
prised if the output Munsell Value was in range [0, 1] or [0, 100].

* A Visual Effect Industry artist would be astonished to find out that conversion from CIE XYZ to sRGB
was yielding values in range [0, 100].
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However benefits of having a consistent and predictable domain-range scale are numerous thus with Colour
0.3.12 we have introduced a mechanism to allow users to work within one of the two available domain-range
scales.

Scale - Reference

‘Reference’ is the default domain-range scale of Colour, objects adopt the implemented reference, i.e. paper,
publication, etc.., domain-range scale.

The ‘Reference’ domain-range scale is inconsistent, e.g. colour appearance models, spectral conversions are
typically in domain-range [0, 100] while RGB models will operate in domain-range [0, 1]. Some objects, e.g.
colour.colorimetry.lightness_Fairchild2011() definition have mismatched domain-range: input domain
[0, 1] and output range [0, 100].

Scale-1

‘1’ is a domain-range scale converting all the relevant objects from Colour public API to domain-range [0,

1]:
* Scalars in domain-range [0, 10], e.g Munsell Value are scaled by 10.
* Percentages in domain-range [0, 100] are scaled by 100.
* Degrees in domain-range [0, 360] are scaled by 100.

* Integers in domain-range [0, 2**n -1] where n is the bit depth are scaled by 2**n -1.

Warning: The conversion to ‘1’ domain-range scale is a soft normalisation and similarly to the ‘Refer-
ence’ domain-range scale it is normal that you encounter values exceeding 1, e.g. High Dynamic Range
Imagery (HDRI) or negative values, e.g. out-of-gamut RGB colourspace values.

Understanding the Domain-Range Scale of an Object

Using colour.adaptation.chromatic_adaptation_CIE1994() definition docstring as an example, the Notes
section features two tables.

The first table is for the domain, and lists the input arguments affected by the two domain-range scales and
which normalisation they should adopt depending the domain-range scale in use:

Domain | Scale - Reference | Scale -1
XYZ_1 [0, 100] [0, 1]
Y_o [0, 100] [0, 1]

The second table is for the range and lists the return value of the definition:

Range | Scale - Reference | Scale -1
Xyz_2 | [0, 100] [0, 1]
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Working with the Domain-Range Scales

The current domain-range scale is returned with the colour.get_domain_range_scale() definition:

import colour

colour.get_domain_range_scale()

u'reference'’

Changing from the ‘Reference’ default domain-range scale to ‘1’ is done with the colour.
set_domain_range_scale() definition:

XYZ_1 = [28.00, 21.26, 5.27]

xy_ol = [0.4476, 0.4074]
xy_o2 = [0.3127, 0.3290]
Y_o = 20

E_o1l = 1000

E_o2 = 1000

colour.adaptation.chromatic_adaptation_CIE1994(XYZ_1, xy_ol, xy_o2, Y_o, E_ol, E_o2)

array([ 24.03379521, 21.15621214, 17.64301199])

colour.set_domain_range_scale('1")

XYZ_1 = [0.2800, 0.2126, 0.0527]
Y_o=0.2
colour.adaptation.chromatic_adaptation_CIE1994(XYZ_1, xy_ol, xy_o2, Y_o, E_ol, E_o2)

array([ 0.24033795, ©.21156212, ©0.17643012])

The output tristimulus values with the ‘1’ domain-range scale are equal to those from ‘Reference’ default
domain-range scale divided by 100.

Passing incorrectly scaled values to the colour.adaptation.chromatic_adaptation_CIE1994() definition
would result in unexpected values and a warning in that case:

colour.set_domain_range_scale('Reference")

colour.adaptation.chromatic_adaptation_CIE1994(XYZ_1, xy_ol, xy_o2, Y_o, E_ol, E_o02)

File "<ipython-input-...>", line 4, in <module>
E_o2)
File "/colour-science/colour/colour/adaptation/cie1994.py"”, line 134, in chromatic_adaptation_CIE1994
warning(('"Y_o" luminance factor must be in [18, 100] domain, '
/colour-science/colour/colour/utilities/verbose.py:207: ColourWarning: "Y_o"” luminance factor must be_
—in [18, 100] domain, unpredictable results may occur!
warn(*xargs, *xkwargs)
array([ 0.17171825, ©.13731098, 0.099720541)

Setting the ‘1’ domain-range scale has the following effect on the colour.adaptation.
chromatic_adaptation_CIE1994() definition:

As it expects values in domain [0, 100], scaling occurs and the relevant input values, i.e. the values listed in
the domain table, XYZ_1 and Y_o are converted from domain [0, 1] to domain [0, 100] by colour.utilities.
to_domain_100() definition and conversely return value XYZ_2 is converted from range [0, 100] to range [0,
1] by colour.utilities.from_range_100() definition.
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A convenient alternative to the colour.set_domain_range_scale() definition is the colour.
domain_range_scale context manager and decorator. It temporarily overrides Colour domain-range
scale with given scale value:

with colour.domain_range_scale('1'):
colour.adaptation.chromatic_adaptation_CIE1994(XYZ_1, xy_ol, xy_o2, Y_o, E_ol, E_o2)

[ 0.24033795 0.21156212 0.17643012]

Multiprocessing on Windows with Domain-Range Scales

Windows does not have a fork system call, a consequence is that child processes do not necessarily inherit
from changes made to global variables.

It has crucial consequences as Colour stores the current domain-range scale into a global variable.
The solution is to define an initialisation definition that defines the scale upon child processes spawning.

The colour.utilities.multiprocessing_pool context manager conveniently performs the required initial-
isation so that the domain-range scale is propagated appropriately to child processes.

5.1.3 Reference

5.1.3.1 Colour

Chromatic Adaptation

* Chromatic Adaptation
Fairchild (1990)

CIE 1994
CMCCAT2000

e Von Kries

Chromatic Adaptation

colour

chromatic_adaptation(XYZ, XYZ w, XYZ wr[, Adapts given stimulus from test viewing conditions

2D to reference viewing conditions.
CHROMATIC_ADAPTATION_METHODS Supported chromatic adaptation methods.
CMCCAT2000_VIEWING_CONDITIONS Reference CMCCAT2000 chromatic adaptation

model viewing conditions.
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colour.chromatic_adaptation

colour.chromatic_adaptation(XYZ, XYZ w, XYZ wr, method="Von Kries’, **kwargs)
Adapts given stimulus from test viewing conditions to reference viewing conditions.

Parameters

XYZ (array_like) — CIE XYZ tristimulus values of stimulus to adapt.

XYZ_w (array_like) — Test viewing condition CIE XYZ tristimulus values of the white-
point.

XYZ_wr (array_like) — Reference viewing condition CIE XYZ tristimulus values of
the whitepoint.

method (unicode, optional) — {‘Von Kries’, ‘CIE 1994°, ‘CMCCAT2000’, ‘Fairchild
1990}, Computation method.

Other Parameters

E_o1l (numeric) — {colour.adaptation.chromatic_adaptation_CIE1994()}, Test il-
luminance E,; in cd/m?.

E 02 (numeric) — {colour.adaptation.chromatic_adaptation_CIE1994()}, Refer-
ence illuminance E,; in cd/m?.

L Al (numeric or array_like) - {colour.adaptation.
chromatic_adaptation_CMCCAT2000()}, Luminance of test adapting field L4
in cd/m?.

L A2 (numeric or array_like) - {colour.adaptation.
chromatic_adaptation_CMCCAT2000()}, Luminance of reference adapting field
LA2 in cd/mZ.

Yn (numeric or array_like) - {colour.adaptation.
chromatic_adaptation_Fairchild1990()}, Luminance Y,, of test adapting stimulus
in cd/m?.

Y o (numeric) — {colour.adaptation.chromatic_adaptation_CIE1994()}, Lumi-
nance factor Y, of achromatic background normalised to domain [0.18, 1] in ‘Ref-
erence’ domain-range scale.

direction (unicode, optional) - {colour.adaptation.
chromatic_adaptation_CMCCAT2000()}, {‘Forward’, ‘Reverse’}, Chromatic
adaptation direction.

discount_illuminant (bool, optional) - {colour.adaptation.
chromatic_adaptation_Fairchild1990()}, Truth value indicating if the illuminant
should be discounted.

n (numeric, optional) — {colour.adaptation.chromatic_adaptation_CIE1994()},
Noise component in fundamental primary system.

surround (CMCCAT2000 InductionFactors, optional) — {colour.adaptation.
chromatic_adaptation_CMCCAT2000()}, Surround viewing conditions induction fac-
tors.

transform (unicode, optional) - {colour.adaptation.
chromatic_adaptation_VonKries()}, {“CAT02’, ‘XYZ Scaling’, ‘Von Kries’, ‘Brad-
ford’, ‘Sharp’, ‘Fairchild’, ‘CMCCAT97’, ‘CMCCAT2000’, ‘CAT02_BRILL_CAT’,
‘Bianco’, ‘Bianco PC’}, Chromatic adaptation transform.

Returns CIE XYZ c tristimulus values of the stimulus corresponding colour.
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Return type ndarray

Notes
Domain | Scale - Reference | Scale-1
XYZ [0, 11 [0, 1]
XYZ_w [0, 1] [0, 1]
XYZ_wr | [0, 1] [0, 1]
Y_o [0, 1] [0, 1]
Range | Scale - Reference | Scale -1
XYZ_c | [0, 1] [0, 1]

References

[CIET13294], [Fai91], [Fail3cl, [Fail3b], [LLRHO2], [WRC12a]

Examples

Von Kries chromatic adaptation:

>>> import numpy as np

>>> XYZ = np.array([0.20654008, ©.12197225, 0.05136952])
>>> XYZ_w = np.array([0.95045593, 1.00000000, 1.08905775]1)
>>> XYZ_wr = np.array([0.96429568, 1.00000000, 0.825104601)
>>> chromatic_adaptation(XYZ, XYZ_w, XYZ_wr)

... # doctest: +ELLIPSIS

array([ 0.2163881..., 0.1257 , 0.0384749...1)

CIE 1994 chromatic adaptation, requires extra kwargs:

>>> XYZ = np.array([0.2800, 0.2126, 0.0527])
>>> XYZ_w = np.array([1.09867452, 1.00000000, ©.35591556])
>>> XYZ_wr = np.array([0.95045593, 1.00000000, 1.08905775])
>>> Y_o = 0.20
>>> E_o = 1000
>>> chromatic_adaptation(
XYZ, XYZ_w, XYZ_wr, method='CIE 1994', Y_o=Y_o, E_ol1=E_o, E_02=E_o0)
... # doctest: +ELLIPSIS
array([ 0.2403379..., ©.2115621..., ©.1764301...1)

CMCCAT2000 chromatic adaptation, requires extra kwargs:

>>> XYZ = np.array([0.2248, 0.2274, 0.0854])
>>> XYZ_w = np.array([1.1115, 1.0000, 0.3520])
>>> XYZ_wr = np.array([0.9481, 1.0000, 1.0730])
>>> L_A = 200
>>> chromatic_adaptation(
XYZ, XYZ_w, XYZ_wr, method='CMCCAT2000', L_A1=L_A, L_A2=L_A)
... # doctest: +ELLIPSIS
array([ ©.1952698..., 0.2306834..., 0.2497175...1)
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Fairchild (1990) chromatic adaptation, requires extra kwargs:

>>> XYZ = np.array([0.1953, 0.2307, 0.24971)
>>> Y_n = 200
>>> chromatic_adaptation(
XYZ, XYZ_w, XYZ_wr, method='Fairchild 1990', Y_n=Y_n)
. # doctest: +ELLIPSIS
array([ ©.2332526..., ©.2332455..., 0.7611593...])

colour.CHROMATIC_ADAPTATION_METHODS

colour.CHROMATIC_ADAPTATION_METHODS = CaseInsensitiveMapping({'CIE 1994': ..., 'CMCCAT2000':
Supported chromatic adaptation methods.

References

[CIET13294], [Fai91], [Fail3cl, [Fai13b], [LLRHO2], [WRC12a]

CHROMATIC_ADAPTATION_METHODS [CaselnsensitiveMapping] {‘CIE 1994’, ‘CMCCAT2000’,
‘Fairchild 1990, ‘Von Kries’}

colour.CMCCAT2000_VIEWING_CONDITIONS

colour.CMCCAT2000_VIEWING_CONDITIONS = CaseInsensitiveMapping({'Average': ..., 'Dim': ..., 'Dark':
Reference CMCCAT2000 chromatic adaptation model viewing conditions.
References
[LLRHO2], [WRC12a]
CMCCAT2000 VIEWING CONDITIONS [CaselnsensitiveMapping] (Average’, ‘Dim’, ‘Dark’)
Dataset
colour
CHROMATIC_ADAPTATION_TRANSFORMS Supported chromatic adaptation transforms.
colour.CHROMATIC_ADAPTATION_TRANSFORMS
colour.CHROMATIC_ADAPTATION_TRANSFORMS = CaseInsensitiveMapping({'XYZ Scaling': ..., 'Von Kries':

Supported chromatic adaptation transforms.

References

[BS10], [BSO8], [Fail, [LPLMv07], [Lin09a], [WRC12b], [WRC12al, [Wik07a]

CHROMATIC_ADAPTATION_TRANSFORMS [CaselnsensitiveMapping] {‘CAT02’, ‘XYZ Scaling’,
‘Von Kries’, ‘Bradford’, ‘Sharp’, ‘Fairchild, ‘CMCCAT97’, ‘CMCCAT2000’, ‘CAT02 BRILL CAT’,
‘Bianco’, ‘Bianco PC’}
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Fairchild (1990)

colour.adaptation

chromatic_adaptation_Fairchild1990(XYZ_1, Adapts given stimulus CIE XYZ_1 tristimulus values
) from test viewing conditions to reference viewing
conditions using Fairchild (1990) chromatic adap-

tation model.

colour.adaptation.chromatic_adaptation_Fairchild1990

colour.adaptation.chromatic_adaptation_Fairchild1990(XYZ 1, XYZ n, XYZr, Y n, dis-

count_illuminant=False)
Adapts given stimulus CIE XYZ 1 tristimulus values from test viewing conditions to reference viewing
conditions using Fairchild (1990) chromatic adaptation model.

Parameters
* XYZ_1 (array_like) — CIE XYZ_1 tristimulus values of test sample / stimulus.

* XYZ_n (array_like) — Test viewing condition CIE XYZ n tristimulus values of white-
point.

* XYZ_r (array_like) — Reference viewing condition CIE XYZ r tristimulus values of
whitepoint.

* Y_n (numeric or array_like) — Luminance Y, of test adapting stimulus in cd/m?.

e discount_illuminant (bool, optional) — Truth value indicating if the illuminant
should be discounted.

Returns Adapted CIE XYZ 2 tristimulus values of stimulus.

Return type ndarray

Notes
Domain | Scale - Reference | Scale -1
XYZ_1 [0, 100] [0, 1]
XYZ_n [0, 100] [0, 1]
XYZ_r [0, 100] [0, 11
Range | Scale - Reference | Scale -1
XYZ_2 | [0, 100] [0, 1]

References

[Fai91], [Fail3c]
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Examples

>>> XYZ_1 = np.array([19.53, 23.07, 24.971)

>>> XYZ_n = np.array([111.15, 100.00, 35.20])

>>> XYZ_r = np.array([94.81, 100.00, 107.30]1)

>>> Y_n = 200

>>> chromatic_adaptation_Fairchild1990(XYZ_1, XYZ_n, XYZ_r, Y_n)
. # doctest: +ELLIPSIS

array([ 23.3252634..., 23.3245581..., 76.1159375...1)

CIE 1994

colour.adaptation

chromatic_adaptation_CIE1994(XYZ 1, xy ol, Adapts given stimulus CIE XYZ 1 tristimulus val-
) ues from test viewing conditions to reference view-
ing conditions using CIE 1994 chromatic adaptation

model.

colour.adaptation.chromatic_adaptation_CIE1994

colour.adaptation.chromatic_adaptation_CIE1994(XYZ 1,xy ol,xy 02,Y o0,E 0l,E 02,n=1)
Adapts given stimulus CIE XYZ 1 tristimulus values from test viewing conditions to reference viewing
conditions using CIE 1994 chromatic adaptation model.

Parameters
* XYZ_1 (array_like) — CIE XYZ tristimulus values of test sample / stimulus.

* xy_ol (array_like) — Chromaticity coordinates x,; and y,; of test illuminant and
background.

* xy_o2 (array_like) — Chromaticity coordinates x,o and y, of reference illuminant
and background.

* Y_o (numeric) — Luminance factor Y, of achromatic background as percentage nor-
malised to domain [18, 100] in ‘Reference’ domain-range scale.

* E_ol (numeric) — Test illuminance E,; in cd/m?.

* E_o2 (numeric) — Reference illuminance E, in ed/m?.

* n (numeric, optional) — Noise component in fundamental primary system.
Returns Adapted CIE XYZ 2 tristimulus values of test stimulus.

Return type ndarray

Notes

Domain | Scale - Reference | Scale-1
XYZ_1 [0, 100] [0, 11
Y_o [0, 100] [0, 1]
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Range | Scale - Reference | Scale -1
XYZ_2 | [0, 100] [0, 11

References

[CIET13294]

Examples

>>> XYZ_1 = np.array([28.00, 21.26, 5.27])

>>> xy_ol = np.array([0.4476, 0.4074])

>>> xy_o2 = np.array([0.3127, 0.3290])

>>> Y_o = 20

>>> E_o1 = 1000

>>> E_o02 = 1000

>>> chromatic_adaptation_CIE1994(XYZ_1, xy_ol, xy_o2, Y_o, E_ol, E_o2)
. # doctest: +ELLIPSIS

array([ 24.0337952..., 21.1562121..., 17.6430119...1)

CMCCAT2000

colour.adaptation

chromatic_adaptation_CMCCAT2000(XYZ, XYZ w, Adapts given stimulus CIE XYZ tristimulus values

)

using given viewing conditions.

CMCCAT2000_VIEWING_CONDITIONS Reference CMCCAT2000 chromatic adaptation

model viewing conditions.

colour.adaptation.chromatic_adaptation_CMCCAT2000

colour.adaptation.chromatic_adaptation_CMCCAT2000(XYZ, XYZ w, XYZ wr, L Al, L A2, sur-

round=CMCCAT2000_InductionFactors(F=1),

direction="Forward’)
Adapts given stimulus CIE XYZ tristimulus values using given viewing conditions.

This definition is a convenient wrapper around colour.adaptation.
chromatic_adaptation_forward_CMCCAT2000() and colour.adaptation.
chromatic_adaptation_reverse_CMCCAT2000().

Parameters
* XYZ (array_like) — CIE XYZ tristimulus values of the stimulus to adapt.

* XYZ_w (array_like) — Source viewing condition CIE XYZ tristimulus values of the
whitepoint.

* XYZ_wr (array_like) — Target viewing condition CIE XYZ tristimulus values of the
whitepoint.

* L_A1 (numeric or array_like) — Luminance of test adapting field L 4; in cd/m?.
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* L_A2 (numeric or array_like) — Luminance of reference adapting field L5 in

cd/m?.

e surround (CMCCAT2000_InductionFactors, optional) — Surround viewing condi-

tions induction factors.

* direction (unicode, optional) — {‘Forward’, ‘Reverse’}, Chromatic adaptation

direction.

Returns Adapted stimulus CIE XYZ tristimulus values.

Return type ndarray

Notes
Domain | Scale - Reference | Scale-1
XYZ [0, 100] [0, 1]
XYZ_w [0, 100] [0, 11
XYZ_wr [0, 100] [0, 1]
Range | Scale - Reference | Scale -1
XYZ [0, 100] [0, 1]

References

[LLRHO2], [WRC12a]

Examples

>>> XYZ = np.array([22.48, 22.74, 8.54])

>>> XYZ_w = np.array([111.15, 100.00, 35.20])
>>> XYZ_wr = np.array([94.81, 100.00, 107.30])
>>> L_A1 = 200

>>> L_A2 = 200

>>> chromatic_adaptation_CMCCAT2000(

XYZ, XYZ_w, XYZ_wr, L_A1, L_A2, direction='Forward')
. # doctest: +ELLIPSIS
array([ 19.5269832..., 23.068339%...,

24.9717522...1)

Using the CMCCAT2000 reverse model:

>>>
>>>
>>>
>>>
>>>
>>>

XYZ = np.array([19.52698326, 23.06833960, 24.971752291)

XYZ_w = np.array([111.15, 100.00, 35.20])
XYZ_wr = np.array([94.81, 100.00, 107.30])

L_A1 = 200
L_A2 = 200
chromatic_adaptation_CMCCAT2000(

XYZ, XYZ_w, XYZ_wr, L_A1, L_A2, direction='Reverse')
. # doctest: +ELLIPSIS
array([ 22.48, 22.74, 8.541)
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colour.adaptation.CMCCAT2000_VIEWING_CONDITIONS

colour.adaptation.CMCCAT2000_VIEWING_CONDITIONS = CaselInsensitiveMapping({'Average': ..., 'Dim':
Reference CMCCAT2000 chromatic adaptation model viewing conditions.

References

[LLRHO2], [WRC12a]
CMCCAT2000 VIEWING CONDITIONS [CaselnsensitiveMapping] (Average’, ‘Dim’, ‘Dark’)
Ancillary Objects

colour.adaptation

chromatic_adaptation_forward_CMCCAT2000(XYZ, Adapts given stimulus CIE XYZ tristimulus values
) from test viewing conditions to reference viewing

conditions using CMCCAT2000 forward chromatic
adaptation model.

chromatic_adaptation_reverse_CMCCAT2000(...)  Adapts given stimulus corresponding colour CIE
XYZ tristimulus values from reference viewing con-
ditions to test viewing conditions using CMC-
CAT2000 reverse chromatic adaptation model.

CMCCAT2000_InductionFactors CMCCAT2000 chromatic adaptation model induc-
tion factors.

colour.adaptation.chromatic_adaptation_forward_CMCCAT2000

colour.adaptation.chromatic_adaptation_forward_CMCCAT2000(XYZ, XYZ w, XYZ wr,
L Al, L A2, sur-
round=CMCCAT2000_InductionFactors(F=1))
Adapts given stimulus CIE XYZ tristimulus values from test viewing conditions to reference viewing
conditions using CMCCAT2000 forward chromatic adaptation model.

Parameters
* XYZ (array_like) — CIE XYZ tristimulus values of the stimulus to adapt.

* XYZ_w (array_like) — Test viewing condition CIE XYZ tristimulus values of the white-
point.

* XYZ_wr (array_like) — Reference viewing condition CIE XYZ tristimulus values of
the whitepoint.

* L_A1 (numeric or array_like) — Luminance of test adapting field L 4; in cd/m?.

* L_A2 (numeric or array_like) — Luminance of reference adapting field L 4o in
cd/m2.

e surround (CMCCAT2000_InductionFactors, optional) — Surround viewing condi-
tions induction factors.

Returns CIE XYZ_c tristimulus values of the stimulus corresponding colour.

Return type ndarray
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Notes

References

Domain | Scale - Reference | Scale - 1
XYZ [0, 100] [0, 1]
XYZ_w [0, 100] [0, 1]
XYZ_wr [0, 100] [0, 1]

Range | Scale - Reference | Scale - 1
XYZ_c | [0, 100] [0, 11

[LLRHO2], [WRC12a]

Examples

>>> XYZ = np.array([22.48, 22.74, 8.54])

>>> XYZ_w = np.array([111.15, 100.00, 35.20])

>>> XYZ_wr = np.array([94.81, 100.00, 107.30])

>>> L_A1 = 200

>>> L_A2 = 200

>>> chromatic_adaptation_forward_CMCCAT2000(XYZ, XYZ_w, XYZ_wr, L_A1, L_A2)
... # doctest: +ELLIPSIS

array([ 19.5269832..., 23.0683396..., 24.9717522...1)

colour.adaptation.chromatic_adaptation_reverse_CMCCAT2000

colour.adaptation.chromatic_adaptation_reverse_CMCCAT2000(XYZ c, XYZ w, XYZ wr,

L Al, L A2, sur-
round=CMCCAT2000_InductionFactors(F=1))

Adapts given stimulus corresponding colour CIE XYZ tristimulus values from reference viewing condi-
tions to test viewing conditions using CMCCAT2000 reverse chromatic adaptation model.

Parameters

XYZ_c (array_like) — CIE XYZ tristimulus values of the stimulus to adapt.

XYZ_w (array_like) — Test viewing condition CIE XYZ tristimulus values of the white-
point.

XYZ_wr (array_like) — Reference viewing condition CIE XYZ tristimulus values of
the whitepoint.

L_A1 (numeric or array_like) — Luminance of test adapting field L 4; in cd/m?.

L_A2 (numeric or array_like) — Luminance of reference adapting field L 4o in
ed/m?.

surround (CMCCAT2000_InductionFactors, optional) — Surround viewing condi-
tions induction factors.

Returns CIE XYZ_c tristimulus values of the adapted stimulus.

Return type ndarray
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Notes
Domain | Scale - Reference | Scale-1
XYZ_c [0, 100] [0, 1]
XYZ_w [0, 100] [0, 1]
XYZ_wr [0, 100] [0, 1]
Range | Scale - Reference | Scale -1
XYZ [0, 100] [0, 11

References

[LLRHO2], [WRC12a]

Examples

>>> XYZ_c = np.array([19.53, 23.07, 24.971)

>>> XYZ_w = np.array([111.15, 100.00, 35.20])

>>> XYZ_wr = np.array([94.81, 100.00, 107.30])

>>> L_A1 = 200

>>> L_A2 = 200

>>> chromatic_adaptation_reverse_CMCCAT2000(XYZ_c, XYZ_w, XYZ_wr, L_AT,
L_A2)

... # doctest: +ELLIPSIS
array([ 22.4839876..., 22.7419485..., 8.5393392...1)

colour.adaptation.CMCCAT2000_InductionFactors

class colour.adaptation.CMCCAT2000_InductionFactors
CMCCAT2000 chromatic adaptation model induction factors.

Parameters F (numeric or array_like) — I surround condition.

References

[LLRHO2], [WRC12a]
Create new instance of CMCCAT2000_InductionFactors(F,)

_init__QO)
Initialize self. See help(type(self)) for accurate signature.

Methods
count Return number of occurrences of value.
index Return first index of value.
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Attributes

F Alias for field number O

Von Kries

colour.adaptation

chromatic_adaptation_VonKries(XYZ, XYZ w, Adapts given stimulus from test viewing conditions
XYZ wr) to reference viewing conditions.
CHROMATIC_ADAPTATION_TRANSFORMS Supported chromatic adaptation transforms.

colour.adaptation.chromatic_adaptation_VonKries

colour.adaptation.chromatic_adaptation_VonKries(XYZ, XYZ w, XYZ wr, transform="CAT02")
Adapts given stimulus from test viewing conditions to reference viewing conditions.

Parameters
* XYZ (array_like) — CIE XYZ tristimulus values of stimulus to adapt.

* XYZ_w (array_like) — Test viewing condition CIE XYZ tristimulus values of white-
point.

* XYZ_wr (array_like) — Reference viewing condition CIE XYZ tristimulus values of
whitepoint.

e transform (unicode, optional) — {‘CAT02’, ‘XYZ Scaling’, ‘Von Kries’, ‘Bradford’,
‘Sharp’, ‘Fairchild’, ‘CMCCAT97’, ‘CMCCAT2000’, ‘CAT02_BRILL_CAT’, ‘Bianco’,
‘Bianco PC’}, Chromatic adaptation transform.

Returns CIE XYZ_c tristimulus values of the stimulus corresponding colour.

Return type ndarray

Notes
Domain | Scale - Reference | Scale-1
XYZ [0, 11 [0, 1]
XYZ_n [0, 11 [0, 1]
XYZ_r [0, 1] [0, 1]
Range | Scale - Reference | Scale - 1
XYZ_c | [0, 1] [0, 1]

References

[Fail3b]
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Examples

>>> XYZ = np.array([0.20654008, ©.12197225, ©.05136952])

>>> XYZ_w = np.array([0.95045593, 1.00000000, 1.08905775])

>>> XYZ_wr = np.array([0.96429568, 1.00000000, 0.82510460])

>>> chromatic_adaptation_VonKries(XYZ, XYZ_w, XYZ_wr) # doctest: +ELLIPSIS
array([ 0.2163881..., 0.1257 , 0.0384749...1)

Using Bradford method:

>>> XYZ = np.array([0.20654008, ©.12197225, 0.05136952])

>>> XYZ_w = np.array([0.95045593, 1.00000000, 1.08905775])

>>> XYZ_wr = np.array([0.96429568, 1.00000000, 0.825104601])

>>> transform = 'Bradford’

>>> chromatic_adaptation_VonKries(XYZ, XYZ_w, XYZ_wr, transform)
... # doctest: +ELLIPSIS

array([ 0.2166600..., 0.1260477..., ©0.0385506...])

colour.adaptation.CHROMATIC_ADAPTATION_TRANSFORMS

colour.adaptation.CHROMATIC_ADAPTATION_TRANSFORMS = CaselnsensitiveMapping({'XYZ Scaling':
Supported chromatic adaptation transforms.

., 'Von Kries':

References

[BS10], [BS08], [Fai], [LPLMvO07], [Lin09a], [WRC12b], [WRC12a], [Wik07a]

CHROMATIC_ADAPTATION_TRANSFORMS [CaselnsensitiveMapping] {‘CAT02’, ‘XYZ Scaling’,
‘Von Kries’, ‘Bradford’, ‘Sharp’, ‘Fairchild, ‘CMCCAT97’, ‘CMCCAT2000’, ‘CAT02_BRILL_CAT’,
‘Bianco’, ‘Bianco PC’}

Dataset

colour.adaptation

BRADFORD_CAT
BS_CAT
BS_PC_CAT
CATO2_BRILL_CAT
CATO2_CAT
CMCCAT2000_CAT
CMCCAT97_CAT
FAIRCHILD_CAT
SHARP_CAT
VON_KRIES_CAT
XYZ_SCALING_CAT

colour.adaptation.BRADFORD_CAT

colour.adaptation.BRADFORD_CAT = array([[ ©.8951, 0.2664, -0.1614], [-0.7502, 1.7135, 0.0367], [ 0.0389, -0.(
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colour.adaptation.BS_CAT

colour.adaptation.BS_CAT = array([[ 0.8752, 0.2787, -0.1539], [-0.8904, 1.8709, 0.0195], [-0.0061, 0.0162, O

colour.adaptation.BS_PC_CAT

colour.adaptation.BS_PC_CAT = array([[ 0.6489, 0.3915, -0.0404], [-0.3775, 1.3055, 0.072 ], [-0.0271, 0.0888

colour.adaptation.CATO2_BRILL_CAT

colour.adaptation.CATO2_BRILL_CAT = array([[ 0.7328, 0.4296, -0.1624], [-0.7036, 1.6975, 0.0061]1, [ 0. , 0.

colour.adaptation.CAT02_CAT

colour.adaptation.CATO2_CAT = array([[ 0.7328, 0.4296, -0.1624], [-0.7036, 1.6975, 0.0061]1, [ 0.003 , 0.0136

colour.adaptation.CMCCAT2000_CAT

colour.adaptation.CMCCAT2000_CAT = array([[ 7.98200000e-01, 3.38900000e-01, -1.37100000e-01]1, [ -5.91800000e

colour.adaptation.CMCCAT97_CAT

colour.adaptation.CMCCAT97_CAT = array([[ 0.8951, -0.7502, 0.0389], [ 0.2664, 1.7135, 0.0685], [-0.1614, 0.0:

colour.adaptation.FAIRCHILD_CAT

colour.adaptation.FAIRCHILD_CAT = array([[ ©0.8562, 0.3372, -0.1934], [-0.836 , 1.8327, 0.0033], [ 0.0357, -0

colour.adaptation.SHARP_CAT

colour.adaptation.SHARP_CAT = array([[ 1.2694, -0.0988, -0.1706]1, [-0.8364, 1.8006, 0.0357], [ 0.0297, -0.03

colour.adaptation.VON_KRIES_CAT

colour.adaptation.VON_KRIES_CAT = array([[ 0.40024, 0.7076 , -0.08081], [-0.2263 , 1.16532, 0.0457 1, [ 0. ,

colour.adaptation.XYZ_SCALING_CAT

colour.adaptation.XYZ_SCALING_CAT = array([[ 1., 0., 0.1, [ 0., 1., 0.1, [ 0., 0., 1.11)
Ancillary Objects

colour.adaptation
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chromatic_adaptation_matrix_VonKries(XYZ w,  Computes the chromatic adaptation matrix from
. test viewing conditions to reference viewing con-
ditions.

colour.adaptation.chromatic_adaptation_matrix_VonKries

colour.adaptation.chromatic_adaptation_matrix_VonKries(XYZ w, XYZ wr, transform="CAT02")
Computes the chromatic adaptation matrix from test viewing conditions to reference viewing condi-
tions.

Parameters

* XYZ_w (array_like) — Test viewing condition CIE XYZ tristimulus values of white-
point.

* XYZ_wr (array_like) — Reference viewing condition CIE XYZ tristimulus values of
whitepoint.

* transform (unicode, optional) — {‘CAT02’, ‘XYZ Scaling’, ‘Von Kries’, ‘Bradford’,
‘Sharp’, ‘Fairchild’, ‘CMCCAT97’, ‘CMCCAT2000’, ‘CAT02 BRILL CAT’, ‘Bianco’,
‘Bianco PC’}, Chromatic adaptation transform.

Returns Chromatic adaptation matrix M ;.
Return type ndarray

Raises KeyError — If chromatic adaptation method is not defined.

Notes
Domain | Scale - Reference | Scale-1
XYZ_w [0, 11 [0, 1]
XYZ_wr [0, 1] [0, 1]

References

[Fail3b]

Examples

>>> XYZ_w = np.array([0.95045593, 1.00000000, 1.08905775])
>>> XYZ_wr = np.array([0.96429568, 1.00000000, 0.82510460])
>>> chromatic_adaptation_matrix_VonKries(XYZ_w, XYZ_wr)

. # doctest: +ELLIPSIS

array([[ 1.0425738..., ©.0308910..., -0.0528125...1],
[ 0.0221934..., 1.0018566..., -0.0210737...7,
[-0.0011648..., -0.0034205..., ©0.7617890...1])

Using Bradford method:
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>>> XYZ_w = np.array([0.95045593, 1.00000000, 1.08905775])

>>> XYZ_wr = np.array([0.96429568, 1.00000000, 0.825104601)

>>> method = 'Bradford’

>>> chromatic_adaptation_matrix_VonKries(XYZ_w, XYZ_wr, method)
. # doctest: +ELLIPSIS

array([[ 1.0479297..., 0.0229468..., -0.0501922...1,
[ 0.0296278..., ©.9904344..., -0.0170738...7,
[-0.0092430..., ©.0150551..., 0.7518742...]1)

Algebra

* Extrapolation
* Interpolation
* Coordinates
* Geometry

* Matrix

* Random

* Regression

e Common

Extrapolation

colour

Extrapolator([interpolator, method, left, ...]) Extrapolates the 1-D function of given interpolator.

colour.Extrapolator

class colour.Extrapolator (interpolator=None, method="Linear’, left=None, right=None,
dtype= <class 'numpy.float64’>)
Extrapolates the 1-D function of given interpolator.

The colour.Extrapolator class acts as a wrapper around a given Colour or scipy interpolator class
instance with compatible signature. Two extrapolation methods are available:

* Linear: Linearly extrapolates given points using the slope defined by the interpolator boundaries
(xi[0], xi[1]) if x < xi[0] and (xi[-1], xi[-2]) if x > xi[-1].

* Constant: Extrapolates given points by assigning the interpolator boundaries values xi[0] if x <
xi[0] and xi[-1] if x > xi[-1].

Specifying the left and right arguments takes precedence on the chosen extrapolation method and will
assign the respective left and right values to the given points.

Parameters

* interpolator (object) — Interpolator object.
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* method (unicode, optional) — {‘Linear’, ‘Constant’}, Extrapolation method.
e left (numeric, optional) — Value to return for x < xi[0].
* right (numeric, optional) — Value to return for x > xi[-1].
* dtype (type) — Data type used for internal conversions.
__class__()

Notes

* The interpolator must define x and y attributes.

References

[Sas], [WRC12d]

Examples

Extrapolating a single numeric variable:

>>> from colour.algebra import LinearInterpolator
>>> x = np.array([3, 4, 5])

>>>y = np.array([1, 2, 31)

>>> interpolator = LinearInterpolator(x, y)

>>> extrapolator = Extrapolator(interpolator)

>>> extrapolator(1)

-1.0

Extrapolating an array like variable:

>>> extrapolator(np.array([6, 7 , 8]1))
array([ 4., 5., 6.1)

Using the Constant extrapolation method:

>>> x = np.array([3, 4, 5])

>>>y = np.array([1, 2, 31)

>>> interpolator = LinearInterpolator(x, y)

>>> extrapolator = Extrapolator(interpolator, method='Constant')
>>> extrapolator(np.array([0.1, 0.2, 8, 91))

array([ 1., 1., 3., 3.1

Using defined left boundary and Constant extrapolation method:

>>> x = np.array([3, 4, 51)

>>>y = np.array([1, 2, 31)

>>> interpolator = LinearInterpolator(x, y)

>>> extrapolator = Extrapolator(interpolator, method='Constant', left=0)
>>> extrapolator(np.array([0.1, 0.2, 8, 91))

array([ @., 0., 3., 3.1

__init__(interpolator=None, = method="Linear’, left=None, right=None, dtype=<class
‘numpy.float64’>)
Initialize self. See help(type(self)) for accurate signature.
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Methods

__init__([interpolator, method, left, ...])

Initialize self.

Attributes

interpolator Getter and setter property for the Colour or scipy
interpolator class instance.

left Getter and setter property for left value to return
for x < xi[0].

method Getter and setter property for the extrapolation
method.

right Getter and setter property for right value to re-

turn for x > xi[-1].

Interpolation

colour

KernelInterpolator(x, y[, window, kernel, ...])

Kernel based interpolation of a 1-D function.

NearestNeighbourInterpolator(*args, **kwargs)

A nearest-neighbour interpolator.

LinearInterpolator(x, y[, dtypel)

Linearly interpolates a 1-D function.

NullInterpolator(x, y[, absolute tolerance, ...])

Performs 1-D function null interpolation, i.e.

PchipInterpolator(x, y, *args, **kwargs)

Interpolates a 1-D function using Piecewise Cubic
Hermite Interpolating Polynomial interpolation.

SpraguelInterpolator(x, y[, dtypel)

Constructs a fifth-order polynomial that passes
through y dependent variable.

lagrange_coefficients(r[, n])

Computes the Lagrange Coefficients at given point r
for degree n.

TABLE_INTERPOLATION_METHODS

Supported table interpolation methods.

table_interpolation(V_xyz, table[, method])

Performs interpolation of given V. values using
given interpolation table.

colour.Kernellnterpolator

class colour.Kernellnterpolator(x, Y, window=3, kernel=<function  kernel lanczos>,
kernel_args=None, padding args=None, dtype=<class
‘numpy.float64’>)

Kernel based interpolation of a 1-D function.

The reconstruction of a continuous signal can be described as a linear convolution operation. Inter-
polation can be expressed as a convolution of the given discrete function g(z) with some continuous

interpolation kernel k(w):

g(wo) = [k = gl(wo) = 2232 k(wo — ) - g(x)

Parameters

* x (array_like) — Independent x variable values corresponding with y variable.

* y (array_like) — Dependent and already known y variable values to interpolate.
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* window (int, optional) — Width of the window in samples on each side.
e kernel (callable, optional) — Kernel to use for interpolation.
* kernel_args (dict, optional) — Arguments to use when calling the kernel.

* padding_args (dict, optional) — Arguments to use when padding y variable values
with the np.pad() definition.

* dtype (type) — Data type used for internal conversions.
X
y
window
kernel
kernel_args
padding_args
__call__Q

References

[BB0O9], [Wik05c]

Examples

Interpolating a single numeric variable:

>>> y = np.array([5.9200, 9.3700, 10.8135, 4.5100,
69.5900, 27.8007, 86.0500])

>>> x = np.arange(len(y))

>>> f = KernellInterpolator(x, y)

>>> £(0.5) # doctest: +ELLIPSIS

6.9411400. ..

Interpolating an array_like variable:

>>> f([0.25, 0.75]) # doctest: +ELLIPSIS
array([ 6.1806208..., 8.0823848...])

Using a different lanczos kernel:

>>> f = Kernellnterpolator(x, y, kernel=kernel_sinc)
>>> f([0.25, 0.75]) # doctest: +ELLIPSIS
array([ 6.5147317..., 8.3965466...])

Using a different window size:

>>> f = KernellInterpolator(
X!
Y,
window=16,
kernel=kernel_lanczos,
kernel_args={'a': 163})

(continues on next page)
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(continued from previous page)

>>> f([0.25, 0.75]) # doctest: +ELLIPSIS
array([ 5.3961792..., 5.6521093...1)

__init__(x, y, window=3, kernel=<function kernel lanczos>, kernel args=None,
padding args=None, dtype=<class 'numpy.float64’>)
Initialize self. See help(type(self)) for accurate signature.

Methods
__init__(X, y[, window, kernel, ...]) Initialize self.
Attributes
kernel Getter and setter property for the kernel callable.
kernel_args Getter and setter property for the kernel call
time arguments.
padding_args Getter and setter property for the kernel call
time arguments.
window Getter and setter property for the window.
X Getter and setter property for the independent z
variable.
y Getter and setter property for the dependent and

already known y variable.

colour.NearestNeighbourlnterpolator

class colour.NearestNeighbourInterpolator (*args, **kwargs)
A nearest-neighbour interpolator.

Other Parameters
* x (array_like) — Independent x variable values corresponding with y variable.
* y (array_like) — Dependent and already known y variable values to interpolate.
* window (int, optional) — Width of the window in samples on each side.

» padding args (dict, optional) — Arguments to use when padding y variable values
with the np.pad() definition.

* dtype (type) — Data type used for internal conversions.

o+

__init__(*args, **kwargs)
Initialize self. See help(type(self)) for accurate signature.

Methods

__init__(*args, **kwargs) Initialize self.
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Attributes

kernel Getter and setter property for the kernel callable.

kernel_args Getter and setter property for the kernel call
time arguments.

padding_args Getter and setter property for the kernel call
time arguments.

window Getter and setter property for the window.

X Getter and setter property for the independent z
variable.

y Getter and setter property for the dependent and

already known y variable.

colour.LinearInterpolator

class colour.LinearInterpolator(x, Yy, dtype=<class ‘numpy.float64’>)
Linearly interpolates a 1-D function.

Parameters
* x (array_like) — Independent x variable values corresponding with y variable.
* y (array_like) — Dependent and already known y variable values to interpolate.
* dtype (type) — Data type used for internal conversions.
X

y
__call__O

Notes

* This class is a wrapper around numpy.interp definition.

Examples

Interpolating a single numeric variable:

>>>y = np.array([5.9200, 9.3700, 10.8135, 4.5100,
. 69.5900, 27.8007, 86.0500])

>>> x = np.arange(len(y))

>>> f = LinearInterpolator(x, y)

>>> # Doctests ellipsis for Python 2.x compatibility.
>>> f(0.5) # doctest: +ELLIPSIS

7.64...

Interpolating an array_like variable:

>>> f([0.25, 0.75])
array([ 6.7825, 8.5075])

__init__(x, y, dtype= <class 'numpy.float64’>)
Initialize self. See help(type(self)) for accurate signature.
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Methods
__init__(x, y[, dtypel) Initialize self.
Attributes
X Getter and setter property for the independent z
variable.
y Getter and setter property for the dependent and

already known y variable.

colour.Nullinterpolator

class colour.NullInterpolator(x, Yy, absolute tolerance=1e-06, relative tolerance=1e-06, de-
fault=nan, dtype= <class 'numpy.float64’>)
Performs 1-D function null interpolation, i.e. a call within given tolerances will return existing y
variable values and default if outside tolerances.

Parameters

* x (ndarray) — Independent x variable values corresponding with y variable.
* y (ndarray) — Dependent and already known y variable values to interpolate.
¢ absolute_tolerance (numeric, optional) — Absolute tolerance.
* relative_tolerance (numeric, optional) — Relative tolerance.
e default (numeric, optional) — Default value for interpolation outside tolerances.
* dtype (type) — Data type used for internal conversions.

X

y

relative_tolerance

absolute_tolerance

default

__call__Q

Examples

>>>y = np.array([5.9200, 9.3700, 10.8135, 4.5100,
69.5900, 27.8007, 86.05001)

>>> x = np.arange(len(y))

>>> f = Nulllnterpolator(x, y)

>>> £(0.5)

nan

>>> £(1.0) # doctest: +ELLIPSIS

9.3699999. ..

>>> f = Nulllnterpolator(x, y, absolute_tolerance=0.01)
>>> £(1.01) # doctest: +ELLIPSIS

9.3699999. ..
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__init__(x, y, absolute_ tolerance=1e-06, relative_tolerance=1e-06, default=nan, dtype=<class
‘numpy.float64’>)
Initialize self. See help(type(self)) for accurate signature.

Methods
__init__(x, y[, absolute_tolerance, ...]) Initialize self.
Attributes
absolute_tolerance Getter and setter property for the absolute toler-
ance.
default Getter and setter property for the default value
for call outside tolerances.
relative_tolerance Getter and setter property for the relative toler-
ance.
X Getter and setter property for the independent z
variable.
y Getter and setter property for the dependent and

already known y variable.

colour.Pchiplnterpolator

class colour.PchipInterpolator(x,y, *args, **kwargs)
Interpolates a 1-D function using Piecewise Cubic Hermite Interpolating Polynomial interpolation.

y
Notes
* This class is a wrapper around scipy.interpolate.PchipInterpolator class.

__init__(x,y, *args, **kwargs)
Initialize self. See help(type(self)) for accurate signature.

Methods

__init__(x,y, *args, **kwargs) Initialize self.

antiderivative([nu]) Construct a new piecewise polynomial repre-
senting the antiderivative.

construct_fast(c, x[, extrapolate, axis]) Construct the piecewise polynomial without
making checks.

derivative([nu]) Construct a new piecewise polynomial repre-
senting the derivative.

extend(c, x[, right]) Add additional breakpoints and coefficients to

the polynomial.

Continued on next page
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Table 24 - continued from previous page

from_derivatives(xi, yi[, orders, extrapolate]) Construct a piecewise polynomial in the Bern-
stein basis, compatible with the specified values
and derivatives at breakpoints.

from_power_basis(ppl, extrapolate]) Construct a piecewise polynomial in Bernstein
basis from a power basis polynomial.

integrate(a, b[, extrapolate]) Compute a definite integral over a piecewise
polynomial.

roots() Return the roots of the interpolated function.

Attributes

axis

c

extrapolate

X

y Getter and setter property for the dependent and

already known y variable.

colour.Spraguelnterpolator

class colour.Spraguelnterpolator(x, y, dtype=<class ‘numpy.float64’>)

Constructs a fifth-order polynomial that passes through y dependent variable.

Sprague (1880) method is recommended by the CIE for interpolating functions having a uniformly
spaced independent variable.

Parameters
* x (array_like) — Independent x variable values corresponding with y variable.
* y (array_like) — Dependent and already known y variable values to interpolate.
* dtype (type) — Data type used for internal conversions.

X

y
__call__0O

Notes

* The minimum number % of data points required along the interpolation axis is k = 6.

References

[CIET13805b], [WRC12e]

Examples

Interpolating a single numeric variable:
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7.2185025. ..

>>>y = np.array([5.9200, 9.3700, 10.8135, 4.5100,
- 69.5900, 27.8007, 86.05001])

>>> x = np.arange(len(y))

>>> f = Spraguelnterpolator(x, y)

>>> f(0.5) # doctest: +ELLIPSIS

Interpolating an array like variable:

array([ 6.7295161...,

>>> f([0.25, 0.75]) # doctest: +ELLIPSIS
7.8140625...1)

__init__(x, y, dtype=<class 'numpy.float64’>)

Initialize self. See help(type(self)) for accurate signature.

Methods

__init__(x, y[, dtype])

Initialize self.

Attributes

SPRAGUE_C_COEFFICIENTS

Defines the coefficients used to generate extra
points for boundaries interpolation.

Getter and setter property for the independent x
variable.

Getter and setter property for the dependent and
already known y variable.

colour.lagrange_coefficients

colour.lagrange_coefficients(r, n=4)

Computes the Lagrange Coefficients at given point r for degree n.

Parameters

* r (numeric) — Point to get the Lagrange Coefficients at.

* n (int, optional) — Degree of the Lagrange Coefficients being calculated.

Returns

Return type ndarray

References

[Fai85], [Wik03b]

Examples

>>> lagrange_coefficients(0.1)
array([ 0.8265, 0.2755, -0.1305,
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colour.TABLE_INTERPOLATION_METHODS

colour.TABLE_INTERPOLATION_METHODS = CaselInsensitiveMapping({'Trilinear': ..., 'Tetrahedral':
Supported table interpolation methods.

References

[Boub], [Kir06]
TABLE_INTERPOLATION METHODS [CaselnsensitiveMapping] {‘Trilinear’, ‘Tetrahedral’}

colour.table_interpolation

colour.table_interpolation(V xyz, table, method="Trilinear”)
Performs interpolation of given V,,,. values using given interpolation table.

Parameters

* V_xyz (array_like) - V,,. values to interpolate.

* table (array_like) — 4-Dimensional (NxNxNx3) interpolation table.

* method (unicode, optional) — {‘Trilinear’, ‘Tetrahedral’}, Interpolation method.
Returns Interpolated V. values.

Return type ndarray

References

[Boub], [Kir06]

Examples

>>> import os
>>> import colour
>>> path = os.path.join(
os.path.dirname(__file__),"'..", 'io', 'luts', 'tests', 'resources',
. 'iridas_cube', 'ColourCorrect.cube')
>>> LUT = colour.read_LUT(path)
>>> table = LUT.table
>>> prng = np.random.RandomState(4)
>>> V_xyz = colour.algebra.random_triplet_generator(3, random_state=prng)
>>> print(V_xyz) # doctest: +ELLIPSIS
[[ 0.9670298... ©.7148159... 0.9762744...]

[ 0.5472322... 0.6977288... ©0.0062302...]
[ 0.9726843... 0.2160895... 0.2529823...1]
>>> table_interpolation(V_xyz, table) # doctest: +ELLIPSIS
array([[ 1.0120664..., ©.7539146..., 1.0228540...1,
[ 0.5075794..., ©.6479459..., 0.1066404...],
[ 1.0976519..., ©.1785998..., 0.2299897...11)

>>> table_interpolation(V_xyz, table, method='Tetrahedral')
. # doctest: +ELLIPSIS
array([[ 1.0196197..., ©.7674062..., 1.0311751...1,

(continues on next page)
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(continued from previous page)

[ 0.5105603..., 0.6466722..., 0.1077296...1],
[ 1.1178206..., ©0.1762039..., 0.2209534...]1])

Interpolation Kernels

colour

kernel_nearest_neighbour(x) Returns the nearest-neighbour kernel evaluated at
given samples.

kernel_linear(x) Returns the linear kernel evaluated at given sam-
ples.

kernel_sinc(x[, a]) Returns the sinc kernel evaluated at given samples.

kernel_lanczos(x[, a]) Returns the lanczos kernel evaluated at given sam-
ples.

kernel_cardinal_spline(x[, a, b]) Returns the cardinal spline kernel evaluated at

given samples.

colour.kernel_nearest_neighbour

colour.kernel_nearest_neighbour (x)
Returns the nearest-neighbour kernel evaluated at given samples.

Parameters x (array_like) — Samples at which to evaluate the nearest-neighbour kernel.
Returns The nearest-neighbour kernel evaluated at given samples.

Return type ndarray

References

[BBO9]

Examples

>>> kernel_nearest_neighbour(np.linspace(@, 1, 10))
array(f1, 1, 1, 1, 1, @0, 0, @, 0, 0])

colour.kernel_linear

colour.kernel_linear(x)
Returns the linear kernel evaluated at given samples.

Parameters x (array_like) — Samples at which to evaluate the linear kernel.
Returns The linear kernel evaluated at given samples.

Return type ndarray

References

[BBO9]
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Examples

>>> kernel_linear(np.linspace(@, 1, 10)) # doctest: +ELLIPSIS
array([ 1. , ©.8888888..., 0.7777777..., 0.6666666..., ©.5555555...,
0.4444444 .., ©.3333333..., 0.2222222..., ©.1111111..., 0. D

colour.kernel_sinc

colour.kernel_sinc(x, a=3)
Returns the sinc kernel evaluated at given samples.

Parameters
* x (array_like) — Samples at which to evaluate the sinc kernel.
¢ a(int, optional) — Size of the sinc kernel.

Returns The sinc kernel evaluated at given samples.

Return type ndarray

References

[BBO9]

Examples

>>> kernel_sinc(np.linspace(@, 1, 10)) # doctest: +ELLIPSIS

array([ 1.0000000...e+00, 9.7981553...e-01, 9.2072542...e-01,
8.2699334...e-01, 7.0531659...e-01, 5.6425327...e-01,
4.1349667...e-01, 2.6306440...e-01, 1.2247694...e-01,
3.8981718...e-171)

colour.kernel_lanczos

colour.kernel_lanczos(x, a=3)
Returns the lanczos kernel evaluated at given samples.

Parameters
* x (array_like) — Samples at which to evaluate the lanczos kernel.
¢ a(int, optional) — Size of the lanczos kernel.

Returns The lanczos kernel evaluated at given samples.

Return type ndarray

References

[Wik05c]
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Examples

>>> kernel_lanczos(np.linspace(@, 1, 10)) # doctest: +ELLIPSIS

array([ 1.0000000...e+00, 9.7760615...e-01, 9.1243770...e-01,
8.1030092...e-01, 6.8012706...e-01, 5.3295773...e-01,
3.8071690...e-01, 2.3492839...e-01, 1.0554054. . .e-01,
3.2237621...e-171)

colour.kernel_cardinal_spline

colour.kernel_cardinal_spline(x, a=0.5, b=0.0)
Returns the cardinal spline kernel evaluated at given samples.

Notable cardinal spline a and b parameterizations:
* Catmull-Rom: (a = 0.5,b = 0)
* Cubic B-Spline: (a =0,b=1)

1 1
* Mitchell-Netravalli: (a = 3 b= §)

Parameters
* x (array_like) — Samples at which to evaluate the cardinal spline kernel.
* a(int, optional) — a control parameter.
* b (int, optional) — b control parameter.

Returns The cardinal spline kernel evaluated at given samples.

Return type ndarray

References
[BB0O9]
Examples
>>> kernel_cardinal_spline(np.linspace(@, 1, 10)) # doctest: +ELLIPSIS
array([ 1. , 0.9711934..., ©.8930041..., 0.7777777..., ©.6378600...,
0.4855967..., ©.3333333..., 0.1934156..., 0.0781893..., 0. 1))
Ancillary Objects

colour.algebra

table_interpolation_trilinear(V_xyz, table) Performs trilinear interpolation of given V,,,, values
using given interpolation table.

table_interpolation_tetrahedral(V_xyz, table)  Performs tetrahedral interpolation of given V.
values using given interpolation table.
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colour.algebra.table_interpolation_trilinear

colour.algebra.table_interpolation_trilinear(V_xyz, table)
Performs trilinear interpolation of given V,,, values using given interpolation table.

Parameters

* V_xyz (array_like) - V,,. values to interpolate.

* table (array_like) — 4-Dimensional (NxNxNx3) interpolation table.
Returns Interpolated V. values.

Return type ndarray

References

[Boub]

Examples

>>> import os
>>> import colour
>>> path = os.path.join(
os.path.dirname(__file__),"'..", "io', 'luts', 'tests', 'resources',
. 'iridas_cube', 'ColourCorrect.cube')
>>> LUT = colour.read_LUT(path)
>>> table = LUT.table
>>> prng = np.random.RandomState(4)
>>> V_xyz = colour.algebra.random_triplet_generator(3, random_state=prng)
>>> print(V_xyz) # doctest: +ELLIPSIS

[[ 0.9670298... ©.7148159... 0.9762744...]
[ ©0.5472322... ©.6977288... 0.0062302...]
[ 0.9726843... 0.2160895... 0.2529823...1]
>>> table_interpolation_trilinear(V_xyz, table) # doctest: +ELLIPSIS
array([[ 1.0120664..., ©.7539146..., 1.0228540...1,
[ 0.5075794..., ©.6479459..., 0.1066404...1],
[ 1.0976519..., ©.1785998..., 0.2299897...]11)

colour.algebra.table_interpolation_tetrahedral

colour.algebra.table_interpolation_tetrahedral(V xyz, table)
Performs tetrahedral interpolation of given V. values using given interpolation table.

Parameters

* V_xyz (array_like) - V,, . values to interpolate.

* table (array_like) — 4-Dimensional (NxNxNx3) interpolation table.
Returns Interpolated V. values.

Return type ndarray
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References

[Kir06]

Examples

>>> import os

>>> import colour

>>> path = os.path.join(
os.path.dirname(__file__),'..", 'io',

. 'iridas_cube', 'ColourCorrect.cube')

>>> LUT = colour.read_LUT(path)

>>> table = LUT.table

>>> prng = np.random.RandomState(4)

>>> print(V_xyz) # doctest: +ELLIPSIS

'luts’,

'tests', 'resources',

>>> V_xyz = colour.algebra.random_triplet_generator(3, random_state=prng)

[[ 0.9670298... ©.7148159... 0.9762744...]
[ 0.5472322... 0.6977288... ©0.0062302...]
[ 0.9726843... 0.2160895... 0.2529823...1]
>>> table_interpolation_tetrahedral(V_xyz, table) # doctest: +ELLIPSIS
array(L[ 1.0196197..., 0.7674062..., 1.0311751...1,
[ 0.5105603..., 0.6466722..., 0.1077296...],
[ 1.1178206..., ©.1762039..., 0.2209534...11)

Coordinates

colour.algebra

cartesian_to_spherical(a)

Transforms given Cartesian coordinates array zyz
to Spherical coordinates array pf¢ (radial distance,
inclination or elevation and azimuth).

spherical_to_cartesian(a)

Transforms given Spherical coordinates array pf¢
(radial distance, inclination or elevation and az-
imuth) to Cartesian coordinates array zyz.

cartesian_to_polar(a)

Transforms given Cartesian coordinates array xy to
Polar coordinates array p¢ (radial coordinate, an-
gular coordinate).

polar_to_cartesian(a)

Transforms given Polar coordinates array p¢ (radial
coordinate, angular coordinate) to Cartesian coor-
dinates array xy.

cartesian_to_cylindrical(a)

Transforms given Cartesian coordinates array zyz
to Cylindrical coordinates array p¢z (azimuth, ra-
dial distance and height).

cylindrical_to_cartesian(a)

Transforms given Cylindrical coordinates array p¢z
(azimuth, radial distance and height) to Cartesian
coordinates array xyz.

colour.algebra.cartesian_to_spherical

colour.algebra.cartesian_to_spherical(a)

Transforms given Cartesian coordinates array zyz to Spherical coordinates array pf¢ (radial distance,
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inclination or elevation and azimuth).
Parameters a (array_like) — Cartesian coordinates array zyz to transform.
Returns Spherical coordinates array pf.

Return type ndarray

References

[Wik06a], [Wik05b]

Examples

>>> a = np.array([3, 1, 6]1)
>>> cartesian_to_spherical(a) # doctest: +ELLIPSIS
array([ 6.7823299..., 1.0857465..., ©0.3217505...1)

colour.algebra.spherical_to_cartesian

colour.algebra.spherical_to_cartesian(a)
Transforms given Spherical coordinates array pf¢ (radial distance, inclination or elevation and az-
imuth) to Cartesian coordinates array xyz.

Parameters a (array_like) — Spherical coordinates array pf¢ to transform.
Returns Cartesian coordinates array zyz.

Return type ndarray

References

[Wik06a], [Wik05b]

Examples

>>> a = np.array([6.78232998, 1.08574654, 0.32175055])
>>> spherical_to_cartesian(a) # doctest: +ELLIPSIS
array([ 3. , ©0.9999999..., 6. 1))

colour.algebra.cartesian_to_polar

colour.algebra.cartesian_to_polar(a)
Transforms given Cartesian coordinates array xy to Polar coordinates array p¢ (radial coordinate,
angular coordinate).

Parameters a (array_like) — Cartesian coordinates array zy to transform.
Returns Polar coordinates array po.

Return type ndarray
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References

[Wik06a], [Wik05b]

Examples

>>> a = np.array([3, 11)
>>> cartesian_to_polar(a) # doctest: +ELLIPSIS
array([ 3.1622776..., ©.3217505...1)

colour.algebra.polar_to_cartesian

colour.algebra.polar_to_cartesian(a)
Transforms given Polar coordinates array p¢ (radial coordinate, angular coordinate) to Cartesian coor-
dinates array xy.

Parameters a (array_like) — Polar coordinates array p¢ to transform.
Returns Cartesian coordinates array xy.

Return type ndarray

References

[Wik06a], [Wik05b]

Examples

>>> a = np.array([3.16227766, ©.32175055])
>>> polar_to_cartesian(a) # doctest: +ELLIPSIS
array([ 3. , ©0.9999999...1)

colour.algebra.cartesian_to_cylindrical

colour.algebra.cartesian_to_cylindrical(a)
Transforms given Cartesian coordinates array zyz to Cylindrical coordinates array p¢z (azimuth, radial
distance and height).

Parameters a (array_like) — Cartesian coordinates array zyz to transform.
Returns Cylindrical coordinates array p¢z.

Return type ndarray

References

[Wik06a], [Wik05b]
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Examples

>>> a = np.array([3, 1, 61)
>>> cartesian_to_cylindrical(a) # doctest: +ELLIPSIS
array([ 3.1622776..., ©.3217505..., 6. D

colour.algebra.cylindrical_to_cartesian

colour.algebra.cylindrical_to_cartesian(a)
Transforms given Cylindrical coordinates array p¢z (azimuth, radial distance and height) to Cartesian
coordinates array xyz.

Parameters a (array_like) — Cylindrical coordinates array p¢z to transform.
Returns Cartesian coordinates array zyz.

Return type ndarray

References

[Wik06a], [Wik05b]

Examples

>>> a = np.array([3.16227766, ©.32175055, 6.000000001)
>>> cylindrical_to_cartesian(a) # doctest: +ELLIPSIS
array([ 3. , ©.9999999..., 6. D

Geometry

colour.algebra

normalise_vector(a) Normalises given vector a.

euclidean_distance(a, b) Returns the euclidean distance between point ar-
rays a and b.

extend_line_segment(a, b[, distance]) Extends the line segment defined by point arrays
a and b by given distance and return the new end
point.

intersect_line_segments(l 1,1 2) Computes /; line segments intersections with [, line
segments.

ellipse_coefficients_general_form(coefficients) Returns the general form ellipse coefficients from
given canonical form ellipse coefficients.

ellipse_coefficients_canonical_form(coefficients) Returns the canonical form ellipse coefficients from
given general form ellipse coefficients.

point_at_angle_on_ellipse(phi, coefficients) Returns the coordinates of the point at angle ¢ in
degrees on the ellipse with given canonical form
coefficients.

ELLIPSE_FITTING_METHODS Supported ellipse fitting methods.

Continued on next page
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Table 31 - continued from previous page

ellipse_fitting(a[, method]) Returns the coefficients of the implicit second-order
polynomial/quadratic curve that fits given point ar-
ray a using given method.

colour.algebra.normalise_vector

colour.algebra.normalise_vector(a)
Normalises given vector a.

Parameters a (array_like) — Vector a to normalise.
Returns Normalised vector a.

Return type ndarray

Examples

>>> a = np.array([0.20654008, ©.12197225, ©.05136952])
>>> normalise_vector(a) # doctest: +ELLIPSIS
array([ ©.8419703..., ©.4972256..., 0.2094102...])

colour.algebra.euclidean_distance

colour.algebra.euclidean_distance(a, b)
Returns the euclidean distance between point arrays a and b.

Parameters
* a (array_like) — Point array a.
* b (array_like) — Point array b.
Returns Euclidean distance.

Return type numeric or ndarray

Examples

>>> a = np.array([100.00000000, 21.57210357, 272.22819350])
>>> b = np.array([100.00000000, 426.67945353, 72.39590835])
>>> euclidean_distance(a, b) # doctest: +ELLIPSIS
451.7133019. ..

colour.algebra.extend_line_segment

colour.algebra.extend_line_segment(a, b, distance=1)

Extends the line segment defined by point arrays a and b by given distance and return the new end

point.
Parameters

* a (array_like) — Point array a.
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* b (array_like) — Point array b.

* distance (numeric, optional) — Distance to extend the line segment.
Returns New end point.
Return type ndarray

References

[Sae]

Notes

* Input line segment points coordinates are 2d coordinates.

Examples

>>> a = np.array([0.95694934, 0.13720932])

>>> b = np.array([0.28382835, 0.60608318])

>>> extend_line_segment(a, b) # doctest: +ELLIPSIS
array([-0.5367248..., 1.1776534...])

colour.algebra.intersect_line_segments

colour.algebra.intersect_line_segments(l 1,1 2)
Computes /; line segments intersections with /5 line segments.

Parameters

* 1_1 (array_like) — [ line segments array, each row is a line segment such as (z1,
Y1, T2, y2) Where (x1, y1) and (z2, yo) are respectively the start and end points of /;
line segments.

e 1_2 (array_like) - [, line segments array, each row is a line segment such as (3,
Y3, T4, y4) Where (x3, y3) and (x4, y4) are respectively the start and end points of /5
line segments.

Returns Line segments intersections specification.
Return type LineSegmentsintersections Specification

References

[Boua], [Erda]

Notes

* Input line segments points coordinates are 2d coordinates.
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Examples

>>> 1_1 = np.array(

[[[0.15416284, 0.7400497],
[0.26331502, ©.533739391],

[[0.01457496, ©.91874701],

.. [0.90071485, 0.03342143]11]
)

>>> 1_2 = np.array(

[[[0.95694934, 0.13720932],
[0.28382835, 0.606083181],
[[0.94422514, 0.85273554],
[0.00225923, 0.5212260311,
[[0.55203763, 0.48537741],

.. [0.76813415, 0.16071675]11]
-

>>> s = intersect_line_segments(1_1, 1_2)

>>> s.xy # doctest: +ELLIPSIS

array([LLL nan, nan],

[ 0.2279184..., 0.6006430...17,

L nan, nanl],
<BLANKLINE>

[[ 0.4281451..., 0.5055568...],

[ 0.3056055..., ©0.6279838...1,

[ 0.7578749..., ©.1761301...111)

>>> s.intersect
array([[False, True, False],

[ True, True, Truel], dtype=bool)
>>> s.parallel
array([[False, False, False],

[False, False, False]], dtype=bool)
>>> s.coincident
array([[False, False, False],

[False, False, False]], dtype=bool)

colour.algebra.ellipse_coefficients_general_form

colour.algebra.ellipse_coefficients_general_form(coefficients)
Returns the general form ellipse coefficients from given canonical form ellipse coefficients.

The canonical form ellipse coefficients are as follows: the center coordinates z. and y., semi-major
axis length a,, semi-minor axis length a; and rotation angle 6 in degrees of its semi-major axis a,.

Parameters coefficients (array_like) — Canonical form ellipse coefficients.
Returns General form ellipse coefficients.

Return type ndarray

References

[Wik]
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Examples

>>> coefficients = np.array([0.5, 0.5, 2, 1, 45])
>>> ellipse_coefficients_general_form(coefficients)
array([ 2.5, -3. , 2.5, -1. , -1. , -3.51)

colour.algebra.ellipse_coefficients_canonical_form

colour.algebra.ellipse_coefficients_canonical_form(coefficients)
Returns the canonical form ellipse coefficients from given general form ellipse coefficients.

The general form ellipse coefficients are the coefficients of the implicit second-order polyno-
mial/quadratic curve expressed as follows:

F(z,y) =ax"2+bxy+cy™2+dx+ey+£f=0

with an ellipse-specific constraint such as > — 4ac < 0 and where a,b,c, d, e, f are coefficients of the
ellipse and F (x,y) are coordinates of points lying on it.

Parameters coefficients (array_like) — General form ellipse coefficients.
Returns Canonical form ellipse coefficients.

Return type ndarray

References

[Wik]

Examples

>>> coefficients = np.array([ 2.5, -3.0, 2.5, -1.0, -1.0, -3.5])
>>> ellipse_coefficients_canonical_form(coefficients)
array([ 0.5, 0.5, 2., 1., 45. 1)

colour.algebra.point_at_angle_on_ellipse

colour.algebra.point_at_angle_on_ellipse(phi, coefficients)
Returns the coordinates of the point at angle ¢ in degrees on the ellipse with given canonical form
coefficients.

Parameters
* phi (array_like) — Point at angle ¢ in degrees to retrieve the coordinates of.

* coefficients (array_like) — General form ellipse coefficients as follows: the center
coordinates z. and y., semi-major axis length a,, semi-minor axis length a, and
rotation angle 6 in degrees of its semi-major axis a,.

Returns Coordinates of the point at angle ¢

Return type ndarray
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Examples

>>> coefficients = np.array([0.5, 0.5, 2, 1, 45])
>>> point_at_angle_on_ellipse(45, coefficients) # doctest: +ELLIPSIS
array([ 1., 2.1)

colour.algebra.ELLIPSE_FITTING_METHODS

colour.algebra.ELLIPSE_FITTING_METHODS = CaseInsensitiveMapping({'Halir 1998': ...3})
Supported ellipse fitting methods.

References

[HF98]
ELLIPSE_FITTING_METHODS [CaselnsensitiveMapping] {‘Halir 1998’}

colour.algebra.ellipse_fitting

colour.algebra.ellipse_fitting(a, method="Halir 1998")
Returns the coefficients of the implicit second-order polynomial/quadratic curve that fits given point
array a using given method.

The implicit second-order polynomial is expressed as follows:

:math: *F\left(x, y\right)® = ax*2 + bxy + cy*2 + dx + ey + f = @°

with an ellipse-specific constraint such as b?> — 4ac < 0 and where a,b,c, d, e, f are coefficients of the
ellipse and F (z,y) are coordinates of points lying on it.

Parameters
* a (array_like) — Point array a to be fitted.
* method (unicode, optional) — {‘Halir 1998}, Computation method.

Returns Coefficients of the implicit second-order polynomial/quadratic curve that fits given
point array a.

Return type ndarray

References

[HF98]

Examples

>>> a = np.array([[2, o1, [0, 11, [-2, o1, [0, -111)

>>> ellipse_fitting(a) # doctest: +ELLIPSIS

array([ 0.2425356..., 0. , 0.9701425..., 0. , 0. ,
-0.9701425...1)

>>> ellipse_coefficients_canonical_form(ellipse_fitting(a))

array([-0., -0., 2., 1., 0.1)
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Ancillary Objects

colour.algebra

LineSegmentsIntersections_Specification Defines the specification for intersection of line
segments /; and [y returned by colour.algebra.
intersect_line_segments() definition.

ellipse_fitting_Halir1998(a) Returns the coefficients of the implicit second-order
polynomial/quadratic curve that fits given point ar-
ray a using Halir and Flusser (1998) method.

colour.algebra.LineSegmentsintersections_Specification

class colour.algebra.LineSegmentsIntersections_Specification
Defines the specification for intersection of line segments /; and I, returned by colour.algebra.
intersect_line_segments() definition.

Parameters

* xy (array_like) — Array of /; and Iy line segments intersections coordinates. Non
existing segments intersections coordinates are set with np.nan.

* intersect (array_like) — Array of bool indicating if line segments /; and I intersect.

* parallel (array_like) — Array of bool indicating if line segments /; and I, are par-
allel.

* coincident (array_like) — Array of bool indicating if line segments /; and [, are
coincident.

Create new instance of LineSegmentsIntersections_Specification(xy, intersect, parallel, coincident)

__init__QO
Initialize self. See help(type(self)) for accurate signature.

Methods
count Return number of occurrences of value.
index Return first index of value.
Attributes
coincident Alias for field number 3
intersect Alias for field number 1
parallel Alias for field number 2
Xy Alias for field number 0

colour.algebra.ellipse_fitting_Halir1998

colour.algebra.ellipse_fitting_Halir1998(a)
Returns the coefficients of the implicit second-order polynomial/quadratic curve that fits given point
array a using Halir and Flusser (1998) method.
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The implicit second-order polynomial is expressed as follows:

:math: *F\left(x, y\right)‘ = ax*2 + bxy + cy?2 + dx + ey + f = 0°

with an ellipse-specific constraint such as > — 4ac < 0 and where a,b,c, d, e, f are coefficients of the
ellipse and F (x,y) are coordinates of points lying on it.

Parameters a (array_like) — Point array a to be fitted.

Returns Coefficients of the implicit second-order polynomial/quadratic curve that fits given
point array a.

Return type ndarray

References

[HF98]

Examples

>>> a = np.array([[2, o], [o, 11, [-2, o], [o, -111)

>>> ellipse_fitting_Halir1998(a) # doctest: +ELLIPSIS

array([ ©.2425356..., 0. , ©0.9701425..., 0. , 0. ,
-0.9701425...1)

>>> ellipse_coefficients_canonical_form(ellipse_fitting_Halir1998(a))

array([-0., -0., 2., 1., 0.1)

Matrix

colour.algebra

is_identity(a[, n]) Returns if @ array is an identity matrix.

colour.algebra.is_identity

colour.algebra.is_identity(a, n=3)
Returns if a array is an identity matrix.

Parameters
e a (array_like, (N)) - Variable a to test.
* n(int, optional) — Matrix dimension.
Returns Is identity matrix.

Return type bool

Examples

>>> is_identity(np.array([1, @, 0, 0, 1, @, 0, @, 1]).reshape(3, 3))
True

(continues on next page)
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(continued from previous page)

>>> is_identity(np.array([1, 2, 0, 0, 1, 0, 0, 0, 11).reshape(3, 3))
False

Random

colour.algebra

random_triplet_generator(size[, limits, ...]) Returns a generator yielding random triplets.

colour.algebra.random_triplet_generator

colour.algebra.random_triplet_generator(size, limits=array([[0, 1], [0, 1], [0, 1]]), ran-
dom_state= <mtrand.RandomState object>)
Returns a generator yielding random triplets.

Parameters

e size (int) — Generator size.

e limits (array_like, (3, 2)) — Random values limits on each triplet axis.

* random_state (RandomState) — Mersenne Twister pseudo-random number generator.
Returns Random triplets generator.

Return type generator
Notes
* The test is assuming that np.random.RandomState() definition will return the same sequence no

matter which OS or Python version is used. There is however no formal promise about the prng
sequence reproducibility of either Python or Numpy implementations, see [Laul2].

Examples

>>> from pprint import pprint

>>> prng = np.random.RandomState(4)

>>> random_triplet_generator (10, random_state=prng)

. # doctest: +ELLIPSIS

array([[ 0.9670298..., 0.7793829..., 0.4361466...],
[ 0.5472322..., ©.1976850..., ©.9489773...1,
[ 0.9726843..., ©0.8629932..., 0.7863059...1,
[ 0.7148159..., ©.9834006..., 0.8662893...],
[ 0.6977288..., ©.1638422..., 0.1731654...1,
[ 0.2160895..., ©.5973339..., ©0.0749485...1,
[ 0.9762744..., ©0.0089861..., 0.6007427...],
[ 0.0062302..., ©0.3865712..., ©0.1679721...1,
[ 0.2529823..., 0.0441600..., ©0.7333801...1,
[ 0.4347915..., ©.9566529..., 0.4084438...]11)

80 Chapter 5. 1.5 Usage


https://docs.python.org/3.7/library/functions.html#int

Colour Documentation, Release 0.3.13

Regression

colour.algebra

least_square_mapping_MoorePenrose(y, x) Computes the least-squares mapping from depen-
dent variable y to independent variable z using
Moore-Penrose inverse.

colour.algebra.least_square_mapping_MoorePenrose

colour.algebra.least_square_mapping_MoorePenrose(y, x)
Computes the least-squares mapping from dependent variable y to independent variable x using Moore-
Penrose inverse.

Parameters
* y (array_like) — Dependent and already known y variable.

* x (array_like, optional) —Independent x variable(s) values corresponding with y
variable.

Returns Least-squares mapping.

Return type ndarray

References

[FMH15]

Examples

>>> prng = np.random.RandomState(2)

>>> y = prng.random_sample((24, 3))

>>> x =y + (prng.random_sample((24, 3)) - 0.5) * 0.5

>>> least_square_mapping_MoorePenrose(y, x) # doctest: +ELLIPSIS

array([[ 1.0526376..., ©.1378078..., -0.2276339...1,
[ 0.0739584..., 1.0293994..., -0.1060115...7,
[ 0.0572550..., -0.2052633..., 1.1015194...]10)
Common

colour.algebra

is_spow_enabled() Returns whether Colour safe / symmetrical power
function is enabled.

set_spow_enable(enable) Sets Colour safe / symmetrical power function en-
abled state.

spow_enable(enable) A context manager and decorator temporarily set-

ting Colour safe / symmetrical power function en-
abled state.

Continued on next page
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Table 38 - continued from previous page
spow(a, p) Raises given array a to the power p as follows:
sign(a) * |alP.

colour.algebra.is_spow_enabled

colour.algebra.is_spow_enabled()
Returns whether Colour safe / symmetrical power function is enabled.

Returns Whether Colour safe / symmetrical power function is enabled.

Return type bool

Examples

>>> with spow_enable(False):
. is_spow_enabled()
False
>>> with spow_enable(True):
. is_spow_enabled()
True

colour.algebra.set_spow_enable
colour.algebra.set_spow_enable(enable)

Sets Colour safe / symmetrical power function enabled state.

Parameters enable (bool) — Whether to enable Colour safe / symmetrical power function.

Examples

>>> with spow_enable(is_spow_enabled()):
print(is_spow_enabled())
set_spow_enable(False)
print(is_spow_enabled())

True

False

colour.algebra.spow_enable

class colour.algebra.spow_enable(enable)
A context manager and decorator temporarily setting Colour safe / symmetrical power function enabled

state.

Parameters enable (bool) — Whether to enable or disable Colour safe / symmetrical power
function.

__init__(enable)
Initialize self. See help(type(self)) for accurate signature.
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Methods

__init__(enable) Initialize self.

colour.algebra.spow

colour.algebra.spow(a, p)
Raises given array a to the power p as follows: sign(a) * |a|P.

This avoids NaNs generation when array « is negative and the power p is fractional.
Parameters
* a (numeric or array_like) — Array a.
* p (numeric or array_like) — Power p.
Returns Array «a safely raised to the power p.

Return type numeric or ndarray

Examples

>>> np.power(-2, 0.15)

nan

>>> spow(-2, 0.15) # doctest: +ELLIPSIS
-1.1095694. ..

>>> spow(@, 0)

0.0

Colour Appearance Models

* ATD (1995)
¢ CIECAMOZ2
* CAM16

* Hunt

e LLAB(l:¢)

* Nayatani (1995)
* RLAB

ATD (1995)

colour
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XYZ_to_ATD95(XYZ,XYZ 0,Y 0,k 1,k 2[,sigma]) Computes the ATD (1995) colour vision model cor-
relates.

ATD95_Specification Defines the ATD (1995) colour vision model speci-
fication.

colour.XYZ_to_ATD95

colour.XYZ_to_ATD95(XYZ, XYZ 0,Y 0,k 1,k 2, sigma=300)
Computes the ATD (1995) colour vision model correlates.

Parameters
* XYZ (array_like) — CIE XYZ tristimulus values of test sample / stimulus.
* XYZ_0 (array_like) — CIE XYZ tristimulus values of reference white.
* Y_0 (numeric or array_like) — Absolute adapting field luminance in cd/m?.
* k_1 (numeric or array_like) — Application specific weight & .
e k_2 (numeric or array_like) — Application specific weight k.

* sigma (numeric or array_like, optional) — Constant o varied to predict different
types of data.

Returns ATD (1995) colour vision model specification.

Return type ATD95 Specification

Notes

Domain | Scale - Reference | Scale -1

XYZ [0, 100] [0, 1]

XYZ_0 [0, 100] [0, 1]
Range Scale - Reference | Scale-1
ATD95_Specification.h | [0, 360] [0, 1]

 For unrelated colors, there is only self-adaptation and k; is set to 1.0 while k5 is set to 0.0. For
related colors such as typical colorimetric applications, k; is set to 0.0 and ks is set to a value
between 15 and 50 (Guth, 1995).

References

[Fail3a], [Gut95]

Examples
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>>> XYZ = np.array([19.01, 20.00, 21.781)
>>> XYZ_0 = np.array([95.05, 100.00, 108.88])
>>> Y_0 = 318.31

>>> k_1 =0.0

>>> k_2 = 50.0
>>> XYZ_to_ATD95(XYZ, XYZ_@, Y_0, k_1, k_2) # doctest: +ELLIPSIS
ATD95_Specification(h=1.9089869..., C=1.2064060..., Q=0.1814003..., A_1=

) _1=0.
—0286942..., D_1=0.0107584..., A_2=0.0192182..., T_2=0.0205377..., D_2=0.

1787931. ..
0107584. ..

T_1=0.

colour.ATD95_Specification

class colour.ATD95_Specification

Defines the ATD (1995) colour vision model specification.

This specification has field names consistent with the remaining colour appearance models in colour.

appearance but diverge from Fairchild (2013) reference.
Parameters

* h (numeric or array_like) — Hue angle H in degrees.

* C(numeric or array_like) — Correlate of saturation C. Guth (1995) incorrectly uses
the terms saturation and chroma interchangeably. However, C' is here a measure
of saturation rather than chroma since it is measured relative to the achromatic

response for the stimulus rather than that of a similarly illuminated white.

* Q (numeric or array_like) — Correlate of brightness Br.

* A_1 (numeric or array_like) — First stage A; response.

* T_1 (numeric or array_like) — First stage T; response.

* D_1 (numeric or array_like) — First stage D; response.

* A_2 (numeric or array_like) — Second stage A, response.
* T_2 (numeric or array_like) — Second stage A, response.

* D_2 (numeric or array_like) — Second stage Ds response.

Notes

* This specification is the one used in the current model implementation.

References

[Fail3a], [Gut95]

Create new instance of ATD95 Specification(h, C,Q,A 1,T 1,D 1,A 2, T 2,D 2)

__init__0O
Initialize self. See help(type(self)) for accurate signature.

Methods
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count Return number of occurrences of value.
index Return first index of value.
Attributes

A1 Alias for field number 3
A_2 Alias for field number 6
C Alias for field number 1
D_1 Alias for field number 5
D_2 Alias for field number 8
Q Alias for field number 2
T_1 Alias for field number 4
T2 Alias for field number 7
h Alias for field number O

CIECAMO02

colour

XYZ_to_CIECAMO2(XYZ, XYZ w,L A, Y b[,...D Computes the CIECAMO2 colour appearance model

correlates from given CIE XYZ tristimulus values.

CIECAM@2_to_XYZ(CIECAMO2_specification, ...) Converts CIECAMO2 specification to CIE XYZ tris-

timulus values.

CIECAM@2_Specification Defines the CIECAMO2 colour appearance model
specification.
CIECAMO2_VIEWING_CONDITIONS Reference CIECAMO2 colour appearance model

viewing conditions.

colour.XYZ_to_CIECAMO02

colour.XYZ_to_CIECAMO2(XYZ,XYZ w,L A,Y b, surround=CIECAMOZ2_InductionFactors(F=1, c=0.69,

N c¢=1), discount_illuminant=False)

Computes the CIECAMO2 colour appearance model correlates from given CIE XYZ tristimulus values.

This is the forward implementation.

Parameters

XYZ (array_like) — CIE XYZ tristimulus values of test sample / stimulus.
XYZ_w (array_like) — CIE XYZ tristimulus values of reference white.

L_A (numeric or array_like) — Adapting field luminance L 4 in cd/m?, (often taken
to be 20% of the luminance of a white object in the scene).

Y_b (numeric or array_like) — Relative luminance of background Y; in cd/m?.

surround (CIECAM@2_InductionFactors, optional) — Surround viewing conditions
induction factors.

discount_illuminant (bool, optional) — Truth value indicating if the illuminant
should be discounted.

Returns CIECAMO?Z2 colour appearance model specification.
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Return type CIECAMOZ2_Specification

Notes
Domain | Scale - Reference | Scale-1
XYZ [0, 100] [0, 1]
XYZ_w [0, 100] [0, 1]
Range Scale - Reference | Scale -1
CIECAMO2_specification.h | [0, 360] [0, 1]
CIECAM@2_specification.H | [0, 360] [0, 1]
References

[Fai04], [LL13], [MFH+02], [Wik07b]

Examples

>>> XYZ = np.array([19.01, 20.00, 21.781)

>>> XYZ_w = np.array([95.05, 100.00, 108.88])

>>> L_A = 318.31

>>> Y_b = 20.0

>>> surround = CIECAM@2_VIEWING_CONDITIONS[ 'Average']

>>> XYZ_to_CIECAM@2(XYZ, XYZ_w, L_A, Y_b, surround) # doctest: +ELLIPSIS
CIECAM@2_Specification(J=41.7310911..., C=0.1047077..., h=219.0484326..., s$=2.3603053..., Q=195.
—+3713259..., M=0.1088421..., H=278.0607358..., HC=None)

colour.CIECAMO02_to_XYZ

colour.CIECAMO2_to_XYZ(CIECAMO2_specification, XYZ w, LA, Y b, sur-

round=CIECAMO2_InductionFactors(F=1, c=0. 69, N:c= D, dis-
count_illuminant=False)
Converts CIECAMO?Z specification to CIE XYZ tristimulus values.

This is the reverse implementation.
Parameters

* CIECAM@2_specification (CIECAM@2_Specification) — CIECAMOZ2 colour appear-
ance model specification. Correlate of Lightness J, correlate of chroma C' or correlate
of colourfulness M and hue angle h in degrees must be specified, e.g. JCh or JMh.

* XYZ_w (array_like) — CIE XYZ tristimulus values of reference white.

* L_A (numeric or array_like) — Adapting field luminance L 4 in cd/m?, (often taken
to be 20% of the luminance of a white object in the scene).

* Y_b (numeric or array_like) — Relative luminance of background Y}, in cd/m?.
* surround (CIECAM@2_InductionFactors, optional) — Surround viewing conditions.

¢ discount_illuminant (bool, optional) — Discount the illuminant.
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Returns XYZ — CIE XYZ tristimulus values.

Return type ndarray

Raises ValueError

If neither C or M correlates have been defined in the
CIECAMO2_specification argument.

Warning: The output range of that definition is non standard!

Notes

Domain Scale - Reference | Scale- 1
CIECAM@2_specification.h | [0, 360] [0, 1]
CIECAMO2_specification.H | [0, 360] [0, 1]
XYZ_w [0, 100] [0, 1]

Range | Scale - Reference | Scale - 1
XYZ [0, 100] [0, 1]

* CIECAM@2_specification can also be passed as a compatible argument to colour.utilities.
as_namedtuple() definition.

References

[Fai04], [LL13], [MFH+02], [Wik07b]

Examples

>>> L_A = 318.31
>>> Y_b = 20.0

array([ 19.01..., 20...

>>> XYZ_w = np.array([95.05, 100.00, 108.88])

)

>>> specification = CIECAM@2_Specification(J=41.731091132513917,

C=0.104707757171031,
h=219.048432658311780)

>>> CIECAMO2_to_XYZ(specification, XYZ_w, L_A, Y_b) # doctest: +ELLIPSIS

21.78...1)

colour.CIECAMO02_Specification

class colour.CIECAM@2_Specification
Defines the CIECAMO2 colour appearance model specification.

Parameters
* J (numeric
¢ C (humeric
* h (numeric

* s (numeric

or

or

or

or

array_like) — Correlate of Lightness J.
array_like) — Correlate of chroma C.
array_like) — Hue angle h in degrees.

array_like) — Correlate of saturation s.
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* Q (numeric or array_like) — Correlate of brightness Q.
* M (numeric or array_like) — Correlate of colourfulness M.
* H (numeric or array_like) — Hue h quadrature H.

* HC (numeric or array_like) — Hue h composition HEC.

References

[Fai04], [LL13], [MFH+02], [Wik07b]
Returns a new instance of the colour.CIECAM@2_Specification class.

_init__QO)
Initialize self. See help(type(self)) for accurate signature.

Methods

count Return number of occurrences of value.

index Return first index of value.
Attributes

C Alias for field number 1

H Alias for field number 6

HC Alias for field number 7

J Alias for field number 0

M Alias for field number 5

0 Alias for field number 4

h Alias for field number 2

s Alias for field number 3

colour.CIECAMO2_VIEWING_CONDITIONS

colour.CIECAMO2_VIEWING_CONDITIONS = CaseInsensitiveMapping({'Average': ..., 'Dim': ..., 'Dark':

Reference CIECAMO2 colour appearance model viewing conditions.

References

[Fai04], [LL13], [MFH+02], [Wik07b]
CIECAMO2_VIEWING_ CONDITIONS [CaselnsensitiveMapping] {‘Average’, ‘Dim’, ‘Dark’}
Ancillary Objects

colour. appearance

CIECAM@2_InductionFactors CIECAMO?2 colour appearance model induction fac-
tors.
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colour.appearance.CIECAMO02_InductionFactors

class colour.appearance.CIECAM@2_InductionFactors
CIECAMO2 colour appearance model induction factors.

Parameters
* F (numeric or array_like) — Maximum degree of adaptation F'.
* ¢ (numeric or array_like) — Exponential non linearity c.

* N_c (numeric or array_like) — Chromatic induction factor NN..

References

[FaiO4], [LL13], [MFH+02], [Wik07b]
Create new instance of CIECAMO02_ InductionFactors(F, ¢, N c)

__init__QO
Initialize self. See help(type(self)) for accurate signature.

Methods
count Return number of occurrences of value.
index Return first index of value.
Attributes
F Alias for field number 0
N_c Alias for field number 2
c Alias for field number 1
CAM16
colour
XYZ_to_CAM16(XYZ, XYZ w, L A, Y b[,...]) Computes the CAM16 colour appearance model

correlates from given CIE XYZ tristimulus values.
CAM16_to_XYZ(CAM16_specification, XYZ w, ...) Converts CAM16 specification to CIE XYZ tristimu-

lus values.

CAM16_Specification Defines the CAM16 colour appearance model spec-
ification.

CAM16_VIEWING_CONDITIONS Reference CAM16 colour appearance model view-

ing conditions.

colour.XYZ_to_CAM16

colour.XYZ_to_CAM16(XYZ, XYZ w, L A, Y b, surround=CIECAMOZ2_InductionFactors(F=1, ¢=0.69,
N c¢=1), discount_illuminant=False)
Computes the CAM16 colour appearance model correlates from given CIE XYZ tristimulus values.
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This is the forward implementation.
Parameters
* XYZ (array_like) — CIE XYZ tristimulus values of test sample / stimulus.
* XYZ_w (array_like) — CIE XYZ tristimulus values of reference white.

* L_A (humeric or array_like) — Adapting field luminance L 4 in cd/m?, (often taken
to be 20% of the luminance of a white object in the scene).

* Y_b (numeric or array_like) — Relative luminance of background Y}, in cd/m?.

* surround (CAM16_InductionFactors, optional) — Surround viewing conditions in-
duction factors.

e discount_illuminant (bool, optional) — Truth value indicating if the illuminant
should be discounted.

Returns CAM16 colour appearance model specification.

Return type CAM16_Specification

Notes
Domain | Scale - Reference | Scale -1
XYz [0, 100] [0, 1]
XYZ_w [0, 100] [0, 1]
Range Scale - Reference | Scale -1
CAM16_Specification.h | [0, 360] [0, 1]
CAM16_Specification.H | [0, 360] [0, 1]
References
[LIW+17]
Examples

>>> XYZ = np.array([19.01, 20.00, 21.781)

>>> XYZ_w = np.array([95.05, 100.00, 108.88])

>>> L_A = 318.31

>>> Y_b = 20.0

>>> surround = CAM16_VIEWING_CONDITIONS[ 'Average']

>>> XYZ_to_CAM16(XYZ, XYZ_w, L_A, Y_b, surround) # doctest: +ELLIPSIS
CAM16_Specification(J=41.7312079..., C=0.1033557..., h=217.0679597..., s=2.3450150..., Q=195.
<3717089..., M=0.1074367..., H=275.5949861..., HC=None)

colour.CAM16_to_XYZ

colour.CAM16_to_XYZ(CAM16_specification, XYZ w, L A, Y b, sur-
round=CIECAMO2_InductionFactors(F=1, c=0.69, N c=1), dis-
count_illuminant=False)
Converts CAM16 specification to CIE XYZ tristimulus values.
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This is the reverse implementation.
Parameters

* CAM16_specification (CAM16_Specification) — CAMI16 colour appearance model
specification. Correlate of Lightness J, correlate of chroma C or correlate of colour-
fulness M and hue angle h in degrees must be specified, e.g. JCh or JMh.

* XYZ_w (array_like) — CIE XYZ tristimulus values of reference white.

* L_A (numeric or array_like) — Adapting field luminance L 4 in cd/m?, (often taken
to be 20% of the luminance of a white object in the scene).

* Y_b (numeric or array_like) — Relative luminance of background Y; in cd/m?.
e surround (CAM16_InductionFactors, optional) — Surround viewing conditions.
e discount_illuminant (bool, optional) — Discount the illuminant.

Returns XYZ - CIE XYZ tristimulus values.

Return type ndarray

Raises ValueError — If neither C or M correlates have been defined in the
CAM16_specification argument.

Notes

Domain Scale - Reference | Scale -1
CAM16_specification.h | [0, 360] [0, 1]
CAM16_specification.H | [0, 360] [0, 1]
XYZ_w [0, 100] [0, 1]

Range | Scale - Reference | Scale -1
XYZ [0, 100] [0, 1]

* CAM16_specification can also be passed as a compatible argument to colour.utilities.
as_namedtuple() definition.

References

[LIW+17]

Examples

>>> specification = CAM16_Specification(J=41.731207905126638,

. C=0.103355738709070,

- h=217.067959767393010)

>>> XYZ_w = np.array([95.05, 100.00, 108.88])

>>> L_A = 318.31

>>> Y_b = 20.0

>>> CAM16_to_XYZ(specification, XYZ_w, L_A, Y_b) # doctest: +ELLIPSIS
array([ 19.01..., 20... , 21.78...1)
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colour.CAM16_Specification

class colour.CAM16_Specification
Defines the CAM16 colour appearance model specification.

Parameters

* J (numeric
¢ C (nhumeric
* h (numeric
¢ s (numeric
¢ Q (numeric
* M (humeric

* H (numeric

or

or

or

or

or

or

or

array_like) — Correlate of Lightness J.
array_like) — Correlate of chroma C.
array_like) — Hue angle h in degrees.
array_like) — Correlate of saturation s.
array_like) — Correlate of brightness Q).
array_like) — Correlate of colourfulness M.

array_like) — Hue h quadrature H.

* HC (numeric or array_like) — Hue h composition HE.

References

[LIW+17]

Returns a new instance of the colour.CAM16_Specification class.

__init__QO
Initialize self. See help(type(self)) for accurate signature.

Methods

count Return number of occurrences of value.

index Return first index of value.
Attributes

C Alias for field number 1

H Alias for field number 6

HC Alias for field number 7

J Alias for field number O

M Alias for field number 5

Q Alias for field number 4

h Alias for field number 2

s Alias for field number 3

colour.CAM16_VIEWING_CONDITIONS

colour.CAM16_VIEWING_CONDITIONS = CaseInsensitiveMapping({'Average': ..., 'Dim': ..., 'Dark':
Reference CAM16 colour appearance model viewing conditions.
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References

[LIW+17]
CAM16_VIEWING_CONDITIONS [CaselnsensitiveMapping] {‘Average’, ‘Dim’, ‘Dark’}
Ancillary Objects

colour.appearance

CAM16_InductionFactors CAM16 colour appearance model induction factors.

colour.appearance. CAM16_InductionFactors

class colour.appearance.CAM16_InductionFactors
CAM16 colour appearance model induction factors.

Parameters
* F (numeric or array_like) — Maximum degree of adaptation F'.
* ¢ (numeric or array_like) — Exponential non linearity c.

* N_c (numeric or array_like) — Chromatic induction factor NN,.

References

[LIW+17]
Create new instance of CAM16_InductionFactors(F, ¢, N _c)

__init__QO
Initialize self. See help(type(self)) for accurate signature.

Methods
count Return number of occurrences of value.
index Return first index of value.
Attributes
F Alias for field number O
N_c Alias for field number 2
c Alias for field number 1
Hunt
colour
XYZ_to_Hunt(XYZ, XYZ_w, XYZ b, L A[,...]) Computes the Hunt colour appearance model cor-

relates.

Continued on next page
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Table 55 - continued from previous page

Hunt_Specification

cation.

Defines the Hunt colour appearance model specifi-

HUNT_VIEWING_CONDITIONS

conditions.

Reference Hunt colour appearance model viewing

colour.XYZ_to_Hunt

colour.XYZ_to_Hunt(XYZ, XYZ w, XYZ b, L A, surround=Hunt InductionFactors(N ¢c=1, N b=75,

N cb=None, N bb=None), L AS=None, CCT w=None, XYZ p=None, p=None,
S=None, S w=None, helson_judd_effect=False, discount_illuminant=True)

Computes the Hunt colour appearance model correlates.

Parameters

XYZ (array_like) — CIE XYZ tristimulus values of test sample / stimulus.
XYZ_w (array_like) — CIE XYZ tristimulus values of reference white.
XYZ_b (array_like) — CIE XYZ tristimulus values of background.

L_A (numeric or array_like) — Adapting field luminance L 4 in cd/m?.

surround (Hunt_InductionFactors, optional) — Surround viewing conditions in-
duction factors.

L_AS (numeric or array_like, optional) — Scotopic luminance L 45 of the illumi-
nant, approximated if not specified.

CCT_w (numeric or array_like, optional) — Correlated color temperature T¢,: of
the illuminant, needed to approximate L sg.

XYZ_p (array_like, optional) — CIE XYZ tristimulus values of proximal field, as-
sumed to be equal to background if not specified.

p (numeric or array_like, optional) — Simultaneous contrast / assimilation factor
p with value normalised to domain [-1, 0] when simultaneous contrast occurs and
normalised to domain [0, 1] when assimilation occurs.

S (numeric or array_like, optional) — Scotopic response S to the stimulus, ap-
proximated using tristimulus values Y of the stimulus if not specified.

S_w (numeric or array_like, optional) — Scotopic response S,, for the reference
white, approximated using the tristimulus values Y,, of the reference white if not
specified.

helson_judd_effect (bool, optional) — Truth value indicating whether the Helson-
Judd effect should be accounted for.

discount_illuminant (bool, optional) — Truth value indicating if the illuminant
should be discounted.

Returns Hunt colour appearance model specification.

Return type Hunt Specification

Raises ValueError - If an illegal arguments combination is specified.
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Notes
Domain | Scale - Reference | Scale - 1
XYZ [0, 100] [0, 1]
XYZ_w [0, 100] [0, 1]
XYZ_b [0, 100] [0, 1]
XYZ_p [0, 100] [0, 1]
Range Scale - Reference | Scale -1
Hunt_Specification.h | [0, 360] [0, 1]
References
[Fail3f], [Hun04]
Examples
>>> XYZ = np.array([19.01, 20.00, 21.78])
>>> XYZ_w = np.array([95.05, 100.00, 108.881)
>>> XYZ_b = np.array([95.05, 100.00, 108.88])
>>> L_A = 318.31
>>> surround = HUNT_VIEWING_CONDITIONSL 'Normal Scenes']
>>> CCT_w = 6504.0
>>> XYZ_to_Hunt(XYZ, XYZ_w, XYZ_b, L_A, surround, CCT_w=CCT_w)
... # doctest: +ELLIPSIS
Hunt_Specification(J=30.0462678..., C=0.1210508..., h=269.2737594..., s=0.0199093..., Q=22.

—2097654..., M=0.1238964..., H=None, HC=None)

colour.Hunt_Specification

class colour.Hunt_Specification
Defines the Hunt colour appearance model specification.

This specification has field names consistent with the remaining colour appearance models in colour.
appearance but diverge from Fairchild (2013) reference.

Parameters

J (numeric or
C (numeric or
h (numeric or
s (numeric or
Q (numeric or
M (numeric or

H (numeric or

array_like) — Correlate of Lightness J.

array_like) — Correlate of chroma Cy4.
array_like) — Hue angle hg in degrees.
array_like) — Correlate of saturation s.

array_like) — Correlate of brightness Q).

array_like) — Correlate of colourfulness Mgy4.

array_like) — Hue h quadrature H.

HC (numeric or array_like) — Hue h composition H¢.
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Notes

* This specification is the one used in the current model implementation.

References

[Fail3f], [Hun04]
Create new instance of Hunt_Specification(J, C, h, s, Q, M, H, HC)

__init__QO
Initialize self. See help(type(self)) for accurate signature.

Methods

count Return number of occurrences of value.

index Return first index of value.
Attributes

C Alias for field number 1

H Alias for field number 6

HC Alias for field number 7

J Alias for field number O

M Alias for field number 5

Q Alias for field number 4

h Alias for field number 2

s Alias for field number 3

colour.HUNT_VIEWING_CONDITIONS

colour .HUNT_VIEWING_CONDITIONS = CaselnsensitiveMapping({'Small Areas, Uniform Background & Surrounds':
Reference Hunt colour appearance model viewing conditions.

References

[Fail3f], [Hun04]

HUNT_VIEWING_CONDITIONS [CaselnsensitiveMapping] {‘Small Areas, Uniform Background &
Surrounds’, ‘Normal Scenes’, ‘Television & CRT, Dim Surrounds’, ‘Large Transparencies On
Light Boxes’, ‘Projected Transparencies, Dark Surrounds’}

Aliases:
* ‘small uniform’ ‘Small Areas, Uniform Background & Surrounds’
* ‘normal’: ‘Normal Scenes’
* ‘tv_dim’: ‘Television & CRT, Dim Surrounds’
* ‘light boxes’ ‘Large Transparencies On Light Boxes’

* ‘projected_dark’ ‘Projected Transparencies, Dark Surrounds’
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LLAB(l : ¢)

colour

XYZ_to_LLAB(XYZ, XYZ 0,Y b, L[, surround, ...])  Computes the :math:‘LLAB(l:c)‘ colour appearance
model correlates.

LLAB_Specification Defines the :math:LLAB(l:c)‘ colour appearance
model specification.
LLAB_VIEWING_CONDITIONS Reference LLAB(l : ¢) colour appearance model

viewing conditions.

colour.XYZ_to_LLAB

colour.XYZ_to_LLAB(XYZ, XYZ 0, Y b, L, surround=LLAB_InductionFactors(D=1, F S=3, F L=1,
F C=1))
Computes the :math:‘LLAB(l:c)‘ colour appearance model correlates.

Parameters
* XYZ (array_like) — CIE XYZ tristimulus values of test sample / stimulus.
* XYZ_0 (array_like) — CIE XYZ tristimulus values of reference white.
* Y_b (numeric or array_like) — Luminance factor of the background in cd/m?.
* L (numeric or array_like) — Absolute luminance L of reference white in cd/m?.

* surround (LLAB_InductionFactors, optional) — Surround viewing conditions in-
duction factors.

Returns :math:‘LLAB(l:c)‘ colour appearance model specification.

Return type LLAB Specification

Notes
Domain | Scale - Reference | Scale-1
XYZ [0, 100] [0, 1]
XYZ_0 [0, 100] [0, 1]
Range Scale - Reference | Scale - 1
LLAB_Specification.h | [0, 360] [0, 1]
References

[Fail3e], [LLK96], [LM96]

Examples
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>>> XY
>>> Y_| 20.0
>>> L 18.31

Z = np.array([19.01, 20.00, 21.781)
>>> XYZ_0 = np.array([95.05, 100.00, 108.88])

b =

=3

>>> surround = LLAB_VIEWING_CONDITIONS['ref_average_4_minus']

>>> XYZ_to_LLAB(XYZ, XYZ_@, Y_b, L, surround) # doctest: +ELLIPSIS
LLAB_Specification(J=37.3668650..., C=0.0089496..., h=270..., s=0.0002395..., M=0.0190185...,_
—HC=None, a=..., b=-0.0190185...)

colour.LLAB_Specification

class colour.LLAB_Specification
Defines the :math:‘LLAB(l:c)‘ colour appearance model specification.

This specification has field names consistent with the remaining colour appearance models in colour.
appearance but diverge from Fairchild (2013) reference.

Parameters
* J (numeric
¢ C (numeric
* h (numeric
¢ s (numeric

* M (numeric

or array_like) — Correlate of Lightness L .
or array_like) — Correlate of chroma Chy,.
or array_like) — Hue angle h, in degrees.

or array_like) — Correlate of saturation sy,.

or array_like) — Correlate of colourfulness C1..

* HC (numeric or array_like) — Hue h composition HEC.

¢ a (numeric

* b (numeric

Notes

or array_like) — Opponent signal Ay.

or array_like) — Opponent signal By,.

* This specification is the one used in the current model implementation.

References

[Fail3e], [LLK96], [LM96]

Create new instance of LLAB Specification(J, C, h, s, M, HC, a, b)

__init__Q)

Initialize self. See help(type(self)) for accurate signature.

Methods
count Return number of occurrences of value.
index Return first index of value.
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Attributes
C Alias for field number 1
HC Alias for field number 5
J Alias for field number 0
M Alias for field number 4
a Alias for field number 6
b Alias for field number 7
h Alias for field number 2
s Alias for field number 3

colour.LLAB_VIEWING_CONDITIONS

colour.LLAB_VIEWING_CONDITIONS = CaseIlnsensitiveMapping({'Reference Samples & Images, Average Surround, Subte
Reference LLAB(I : ¢) colour appearance model viewing conditions.

References

[Fail3e], [LLK96], [LM96]

LLAB_VIEWING_CONDITIONS [CaselnsensitiveMapping] {‘Reference Samples & Images, Average
Surround, Subtending > 4’, ‘Reference Samples & Images, Average Surround, Subtending
< 4’, ‘Television & VDU Displays, Dim Surround’, ‘Cut Sheet Transparency, Dim Surround’:,
‘35mm Projection Transparency, Dark Surround’}

Aliases:
» ‘ref average 4 plus’: ‘Reference Samples & Images, Average Surround, Subtending > 4’
* ‘ref average 4 minus’: ‘Reference Samples & Images, Average Surround, Subtending < 4’
* ‘tv_dim’: ‘Television & VDU Displays, Dim Surround’
* ‘sheet dim’: ‘Cut Sheet Transparency, Dim Surround’
* ‘projected_dark’: ‘35mm Projection Transparency, Dark Surround’
Ancillary Objects

colour.appearance

LLAB_InductionFactors :math:'LLAB(l:c)‘ colour appearance model induc-
tion factors.

colour.appearance.LLAB_InductionFactors

class colour.appearance.LLAB_InductionFactors
:math:'LLAB(l:c)‘ colour appearance model induction factors.

Parameters
* D (numeric or array_like) — Discounting-the-Illuminant factor D.
* F_S (numeric or array_like) — Surround induction factor F.

* F_L (numeric or array_like) — Lightness induction factor Fr.
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* F_C (numeric or array_like) — Chroma induction factor F.

References

[Fail3e], [LLK96], [LM96]
Create new instance of LLAB_InductionFactors(D, F S, F L, F C)

__init__0O
Initialize self. See help(type(self)) for accurate signature.

Methods
count Return number of occurrences of value.
index Return first index of value.
Attributes
D Alias for field number O
F_C Alias for field number 3
F_L Alias for field number 2
F_S Alias for field number 1

Nayatani (1995)

colour

XYZ_to_Nayatani95(XYZ, XYZ n,Y o,E o, E or) Computes the Nayatani (1995) colour appearance
model correlates.

Nayatani95_Specification Defines the Nayatani (1995) colour appearance
model specification.

colour.XYZ_to_Nayatani95

colour.XYZ_to_Nayatani95(XYZ, XYZ n,Y o,E o,E or,n=1)
Computes the Nayatani (1995) colour appearance model correlates.

Parameters
* XYZ (array_like) — CIE XYZ tristimulus values of test sample / stimulus.
* XYZ_n (array_like) — CIE XYZ tristimulus values of reference white.

* Y_o (numeric or array_like) — Luminance factor Y, of achromatic background as
percentage normalised to domain [0.18, 1.0] in ‘Reference’ domain-range scale.

* E_o (numeric or array_like) — Illuminance E, of the viewing field in lux.

* E_or (numeric or array_like) — Normalising illuminance E,,. in lux usually nor-
malised to domain [1000, 3000].

* n(numeric or array_like, optional) — Noise term used in the non linear chromatic
adaptation model.
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Returns Nayatani (1995) colour appearance model specification.

Return type Nayatani95 Specification

Notes
Domain | Scale - Reference | Scale - 1
XYZ [0, 100] [0, 1]
XYZ_n [0, 100] [0, 1]
Range Scale - Reference | Scale -1
Nayatani95_Specification.h | [0, 360] [0, 1]
References
[Fail3g], [NSY95]
Examples
>>> XYZ = np.array([19.01, 20.00, 21.781)
>>> XYZ_n = np.array([95.05, 100.00, 108.88])
>>> Y_o = 20.0
>>> E_o = 5000.0
>>> E_or = 1000.0
>>> XYZ_to_Nayatani95(XYZ, XYZ_n, Y_o, E_o, E_or) # doctest: +ELLIPSIS
Nayatani95_Specification(L_star_P=49.9998829..., C=0.0133550..., h=257.5232268..., s=0.0133550...,
< Q=62.6266734..., M=0.0167262..., H=None, HC=None, L_star_N=50.0039154...)

colour.Nayatani95_Specification

class colour.Nayatani95_Specification
Defines the Nayatani (1995) colour appearance model specification.

This spe