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ABSTRACT:

In a world increasingly driven by visual communication and design intelligence, color plays a crucial role in defining user
experience and functionality. This project introduces a web-based application that generates customized color palettes from
user-uploaded images using the K-Means clustering algorithm. Unlike traditional palette tools, this application integrates six
distinct use cases-ranging from military and aerospace to interior design and social media-providing contextual insights tailored
to each field. The backend is built using Python and Flask, utilizing libraries such as NumPy, PIL, and Report Lab to process
images, extract dominant colors, and generate detailed downloadable reports in PDF format. The interface, styled with HTML
and CSS, offers a clean and user-friendly experience, making advanced technology accessible to creative professionals and
technical users alike. This project stands at the intersection of machine learning, visual design, and real-world application,
demonstrating how Al can drive sustainable design decisions across industries.
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1. Introduction

In modern digital design, color is a fundamental element that
directly impacts user experience, brand identity, and emo-
tional engagement. The proliferation of digital media necessi-
tates robust tools for color extraction and harmonization. This
study introduces an automated, web-based Image Based Color
Palette Generator that utilizes unsupervised machine learning
to extract dominant colors from complex imagery.

A color space is a specific organization of colors. In
combination with color profiling supported by various phys-
ical devices, it supports reproducible representations of color
- whether such representation entails an analog or a digital
representation. A color space may be arbitrary, i.e. with
physically realized colors assigned to a set of physical color
swatches with corresponding assigned color names (including
discrete numbers in - for example - the Pantone collection), or
structured with mathematical rigor (as with the NCS System,
Adobe RGB and sRGB). A color space” is a useful concep-
tual tool for understanding the color capabilities of a particular

Received on 09 January 2024 Revised on 27 February 2024
Accepted on 04 March 2024 Published on 16 March 2024

device or digital file. When trying to reproduce color on an-
other device, color spaces can show whether shadow/highlight
detail and color saturation can be retained, and by how much
either will be compromised [1].

A “color model” is an abstract mathematical model de-
scribing the way colors can be represented as tuples of num-
bers (e.g. triples in RGB or quadruples in CMYK); however,
a color model with no associated mapping function to an ab-
solute color space is a more or less arbitrary color system with
no connection to any globally understood system of color in-
terpretation. Adding a specific mapping function between a
color model and a reference color space establishes within the
reference color space a definite “footprint”, known as a gamut,
and for a given color model, this defines a color space. For ex-
ample, Adobe RGB and sRGB are two different absolute color
spaces, both based on the RGB color model. When defining
a color space, the usual reference standard is the CIELAB or
CIEXYZ color spaces, which were specifically designed to en-
compass all colors the average human can see [2].

Since “color space” identifies a particular combination of
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the color model and the mapping function, the word is often
used informally to identify a color model. However, even
though identifying a color space automatically identifies the
associated color model, this usage is incorrect in a strict sense.
For example, although several specific color spaces are based
on the RGB color model, there is no such thing as the singular
RGB color space [3].

In 1802, Thomas Young postulated the existence of three
types of photoreceptors (now known as cone cells) in the
eye, each of which was sensitive to a particular range of vis-
ible light. Hermann von Helmholtz developed the Young-
Helmholtz theory further in 1850: that the three types of cone
photoreceptors could be classified as short-preferring (blue),
middle-preferring (green), and long-preferring (red), accord-
ing to their response to the wavelengths of light striking the
retina. The relative strengths of the signals detected by the
three types of cones are interpreted by the brain as a visible
color. But it is not clear that they thought of colors as being
points in color space [4].

The color-space concept was likely due to Hermann Grass-
mann, who developed it in two stages. First, he developed the
idea of vector space, which allowed the algebraic representa-
tion of geometric concepts in n-dimensional space. Fearnley-
Sander (1979) describes Grassmann’s foundation of linear al-
gebra as follows: [5]

The definition of a linear space (vector space)... became
widely known around 1920, when Hermann Weyl and oth-
ers published formal definitions. In fact, such a definition
had been given thirty years previously by Peano, who was
thoroughly acquainted with Grassmann’s mathematical work.
Grassmann did not put down a formal definition-the language
was not available-but there is no doubt that he had the con-
cept [6].

With this conceptual background, in 1853, Grassmann
published a theory of how colors mix; it and its three color
laws are still taught, as Grassmann’s law. As noted first by
Grassmann... the light set has the structure of a cone in the
infinite-dimensional linear space. As a result, a quotient set
(with respect to metamerism) of the light cone inherits the con-
ical structure, which allows color to be represented as a convex
cone in the 3- D linear space, which is referred to as the color
cone [7].

Colors can be created in printing with color spaces based
on the CMYK color model, using the subtractive primary
colors of pigment (cyan, magenta, yellow, and key [black]).
To create a three-dimensional representation of a given color
space, we can assign the amount of magenta color to the rep-
resentation’s X axis, the amount of cyan to its Y axis, and the
amount of yellow to its Z axis. The resulting 3-D space pro-
vides a unique position for every possible color that can be
created by combining those three pigments [8].

Colors can be created on computer monitors with color
spaces based on the RGB color model, using the additive pri-
mary colors (red, green, and blue). A three-dimensional rep-

resentation would assign each of the three colors to the X, Y,
and Z axes. Colors generated on a given monitor will be lim-
ited by the reproduction medium, such as the phosphor (in a
CRT monitor) or filters and backlight (LCD monitor) [9].

Another way of creating colors on a monitor is with an
HSL or HSV color model, based on hue, saturation, bright-
ness (value/lightness). With such a model, the variables are
assigned to cylindrical coordinates [10].

Many color spaces can be represented as three-
dimensional values in this manner, but some have more, or
fewer dimensions, and some, such as Pantone, cannot be rep-
resented in this way at all [11].

Color space conversion is the translation of the representa-
tion of a color from one basis to another. This typically occurs
in the context of converting an image that is represented in one
color space to another color space, the goal being to make the
translated image look as similar as possible to the original [12].

The RGB color model is implemented in different ways,
depending on the capabilities of the system used. The most
common incarnation in general use as of 2021 is the 24-bit
implementation, with 8 bits, or 256 discrete levels of color per
channel. Any color space based on such a 24-bit RGB model
is thus limited to a range of 256256256 16.7 million colors.
Some implementations use 16 bits per component for 48 bits
total, resulting in the same gamut with a larger number of dis-
tinct colors. This is especially important when working with
wide-gamut color spaces (where most of the more common
colors are located relatively close together), or when a large
number of digital filtering algorithms are used consecutively.
The same principle applies for any color space based on the
same color model, but implemented at different bit depths [13].

CIE 1931 XYZ color space was one of the first attempts
to produce a color space based on measurements of human
color perception (earlier efforts were by James Clerk Maxwell,
Knig & Dieterici, and Abney at Imperial College) and it is the
basis for almost all other color spaces. The CIERGB color
space is a linearly-related companion of CIE XYZ. Additional
derivatives of CIE XYZ include the CIELUV, CIEUVW, and
CIELAB [14].

RGB uses additive color mixing, because it describes what
kind of light needs to be emitted to produce a given color.
RGB stores individual values for red, green and blue. RGBA
is RGB with an additional channel, alpha, to indicate trans-
parency. Common color spaces based on the RGB model in-
clude sRGB, Adobe RGB, ProPhoto RGB, scRGB, and CIE
RGB [15].

CMYK uses subtractive color mixing used in the printing
process, because it describes what kind of inks need to be ap-
plied so the light reflected from the substrate and through the
inks produces a given color. One starts with a white substrate
(canvas, page, etc.), and uses ink to subtract color from white
to create an image. CMYK stores ink values for cyan, ma-
genta, yellow and black. There are many CMYK color spaces
for different sets of inks, substrates, and press characteristics
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(which change the dot gain or transfer function for each ink
and thus change the appearance) [16].

YIQ was formerly used in NTSC (North America, Japan
and elsewhere) television broadcasts for historical reasons.
This system stores a luma value roughly analogous to (and
sometimes incorrectly identified as) luminance, along with
two chroma values as approximate representations of the rel-
ative amounts of blue and red in the color. It is similar to the
YUYV scheme used in most video capture systems and in PAL
(Australia, Europe, except France, which uses SECAM) tele-
vision, except that the YIQ color space is rotated 33 with re-
spect to the YUV color space and the color axes are swapped.
The YDbDr scheme used by SECAM television is rotated in
another way [17].

YPbPr is a scaled version of YUV. It is most commonly
seen in its digital form, YCbCr, used widely in video and im-
age compression schemes such as MPEG and JPEG [18].

2. Related Work

Prior research in color extraction has heavily relied on sim-
ple histogram analysis, which often fails to capture human-
perceived dominance in images. Advanced techniques incor-
porate K-Means clustering in various color spaces (such as
CIELAB and HSV) to better align algorithmic output with hu-
man visual perception.

xvYCC is an international digital video color space stan-
dard published by the IEC (IEC 61966-2-4). It is based on
the ITU BT.601 and BT.709 standards but extends the gamut
beyond the R/G/B primaries specified in those standards [19].

HSV (hue, saturation, value), also known as HSB (hue, sat-
uration, brightness) is often used by artists because it is often
more natural to think about a color in terms of hue and satura-
tion than in terms of additive or subtractive color components.
HSV is a transformation of an RGB color space, and its com-
ponents and colorimetry are relative to the RGB color space
from which it was derived [20].

HSL (hue, saturation, lightness/luminance), also known as
HLS or HSI (hue, saturation, intensity) is quite similar to HSV,
with “lightness” replacing “brightness”. The difference is that
the brightness of a pure color is equal to the brightness of
white, while the lightness of a pure color is equal to the light-
ness of a medium gray [1].

The RG Chromaticity space is used in computer vision ap-
plications. It shows the color of light (red, yellow, green etc.),
but not its intensity (dark, bright) [2].

Early color spaces had two components. They largely
ignored blue light because the added complexity of a 3-
component process provided only a marginal increase in fi-
delity when compared to the jump from monochrome to 2-
component color [3].

A color space in which the perceptual difference between
colors is directly related to distances between colors as rep-
resented by points in the color space, i.e. a uniform color

space [4].

A color space in which colors are unambiguous, that is,
where the interpretations of colors in the space are colorimet-
rically defined without reference to external factors [5].

A non-absolute color space can be made absolute by defin-
ing its relationship to absolute colorimetric quantities. For
instance, if the red, green, and blue colors in a monitor are
measured exactly, together with other properties of the mon-
itor, then RGB values on that monitor can be considered as
absolute. The CIE 1976 L*, a*, b* color space is sometimes
referred to as absolute, though it also needs a white point spec-
ification to make it so [6].

A popular way to make a color space like RGB into an
absolute color is to define an ICC profile, which contains the
attributes of the RGB. This is not the only way to express an
absolute color, but it is the standard in many industries. RGB
colors defined by widely accepted profiles include sSRGB and
Adobe RGB. The process of adding an ICC profile to a graphic
or document is sometimes called tagging or embedding; tag-
ging, therefore, marks the absolute meaning of colors in that
graphic or document [7].

A color in one absolute color space can be converted into
another absolute color space, and back again, in general; how-
ever, some color spaces may have gamut limitations, and con-
verting colors that lie outside that gamut will not produce cor-
rect results. There are also likely to be rounding errors, es-
pecially if the popular range of only 256 distinct values per
component (8-bit color) is used [8].

One part of the definition of an absolute color space is
the viewing conditions. The same color, viewed under differ-
ent natural or artificial lighting conditions, will look different.
Those involved professionally with color matching may use
viewing rooms, lit by standardized lighting [9].

Occasionally, there are precise rules for converting be-
tween non-absolute color spaces. For example, HSL and
HSV spaces are defined as mappings of RGB. Both are non-
absolute, but the conversion between them should maintain
the same color. However, in general, converting between two
non-absolute color spaces (for example, RGB to CMYK) or
between absolute and non-absolute color spaces (for example,
RGB to L*a*b*) is almost a meaningless concept [10].

A different method of defining absolute color spaces is fa-
miliar to many consumers as the swatch card, used to select
paint, fabrics, and the like. This is a way of agreeing a color
between two parties. A more standardized method of defining
absolute colors is the Pantone Matching System, a proprietary
system that includes swatch cards and recipes that commercial
printers can use to make inks that are a particular color [11].

A color space is a specific organization of colors. In
combination with color profiling supported by various phys-
ical devices, it supports reproducible representations of color
- whether such representation entails an analog or a digital
representation. A color space may be arbitrary, i.e. with
physically realized colors assigned to a set of physical color
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swatches with corresponding assigned color names (including
discrete numbers in - for example - the Pantone collection), or
structured with mathematical rigor (as with the NCS System,
Adobe RGB and sRGB). A color space” is a useful concep-
tual tool for understanding the color capabilities of a particular
device or digital file. When trying to reproduce color on an-
other device, color spaces can show whether shadow/highlight
detail and color saturation can be retained, and by how much
either will be compromised [12].

A “color model” is an abstract mathematical model de-
scribing the way colors can be represented as tuples of num-
bers (e.g. triples in RGB or quadruples in CMYK); however,
a color model with no associated mapping function to an ab-
solute color space is a more or less arbitrary color system with
no connection to any globally understood system of color in-
terpretation. Adding a specific mapping function between a
color model and a reference color space establishes within the
reference color space a definite “footprint”, known as a gamut,
and for a given color model, this defines a color space. For ex-
ample, Adobe RGB and sRGB are two different absolute color
spaces, both based on the RGB color model. When defining
a color space, the usual reference standard is the CIELAB or
CIEXYZ color spaces, which were specifically designed to en-
compass all colors the average human can see [13].

Since “color space” identifies a particular combination of
the color model and the mapping function, the word is often
used informally to identify a color model. However, even
though identifying a color space automatically identifies the
associated color model, this usage is incorrect in a strict sense.
For example, although several specific color spaces are based
on the RGB color model, there is no such thing as the singular
RGB color space [14].

In 1802, Thomas Young postulated the existence of three
types of photoreceptors (now known as cone cells) in the
eye, each of which was sensitive to a particular range of vis-
ible light. Hermann von Helmholtz developed the Young-
Helmholtz theory further in 1850: that the three types of cone
photoreceptors could be classified as short-preferring (blue),
middle-preferring (green), and long-preferring (red), accord-
ing to their response to the wavelengths of light striking the
retina. The relative strengths of the signals detected by the
three types of cones are interpreted by the brain as a visible
color. But it is not clear that they thought of colors as being
points in color space [15].

The color-space concept was likely due to Hermann Grass-
mann, who developed it in two stages. First, he developed the
idea of vector space, which allowed the algebraic representa-
tion of geometric concepts in n-dimensional space. Fearnley-
Sander (1979) describes Grassmann’s foundation of linear al-
gebra as follows: [16]

3. Methodology

The proposed system utilizes a Flask backend integrated with
OpenCV and scikit-learn. The core methodology employs the
K-Means clustering algorithm to partition the image pixels
into K distinct clusters in the RGB color space. A silhouette
analysis determines the optimal value of K.
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Figure 1: Color Palette Generator Pipeline

Algorithm 1 K-Means Color Extraction

Require: Image I, Number of clusters K

Ensure: Array of K dominant HEX codes
1: Pixzels « Flatten(I)

2: Centroids < RandomInitialization(K)
3: repeat

4: for each p € Pixels do

5: Assign p to nearest ¢ € Centroids
6: end for

7: for each c € Centroids do

8: ¢ < Mean of assigned pixels

9: end for
10: until Convergence

: Colors < RGBtoHEX (Centroids)
return Colors

—_
»

The definition of a linear space (vector space)... became
widely known around 1920, when Hermann Weyl and oth-
ers published formal definitions. In fact, such a definition
had been given thirty years previously by Peano, who was
thoroughly acquainted with Grassmann’s mathematical work.
Grassmann did not put down a formal definition-the language
was not available-but there is no doubt that he had the con-
cept [17].
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With this conceptual background, in 1853, Grassmann
published a theory of how colors mix; it and its three color
laws are still taught, as Grassmann’s law. As noted first by
Grassmann... the light set has the structure of a cone in the
infinite-dimensional linear space. As a result, a quotient set
(with respect to metamerism) of the light cone inherits the con-
ical structure, which allows color to be represented as a convex
cone in the 3- D linear space, which is referred to as the color
cone [18].

Colors can be created in printing with color spaces based
on the CMYK color model, using the subtractive primary
colors of pigment (cyan, magenta, yellow, and key [black]).
To create a three-dimensional representation of a given color
space, we can assign the amount of magenta color to the rep-
resentation’s X axis, the amount of cyan to its Y axis, and the
amount of yellow to its Z axis. The resulting 3-D space pro-
vides a unique position for every possible color that can be
created by combining those three pigments [19].

Colors can be created on computer monitors with color
spaces based on the RGB color model, using the additive pri-
mary colors (red, green, and blue). A three-dimensional rep-
resentation would assign each of the three colors to the X, Y,
and Z axes. Colors generated on a given monitor will be lim-
ited by the reproduction medium, such as the phosphor (in a
CRT monitor) or filters and backlight (LCD monitor) [20].

Another way of creating colors on a monitor is with an
HSL or HSV color model, based on hue, saturation, bright-
ness (value/lightness). With such a model, the variables are
assigned to cylindrical coordinates [1].

Many color spaces can be represented as three-
dimensional values in this manner, but some have more, or
fewer dimensions, and some, such as Pantone, cannot be rep-
resented in this way at all [2].

Color space conversion is the translation of the representa-
tion of a color from one basis to another. This typically occurs
in the context of converting an image that is represented in one
color space to another color space, the goal being to make the
translated image look as similar as possible to the original [3].

The RGB color model is implemented in different ways,
depending on the capabilities of the system used. The most
common incarnation in general use as of 2021 is the 24-bit
implementation, with 8 bits, or 256 discrete levels of color per
channel. Any color space based on such a 24-bit RGB model
is thus limited to a range of 256256256 16.7 million colors.
Some implementations use 16 bits per component for 48 bits
total, resulting in the same gamut with a larger number of dis-
tinct colors. This is especially important when working with
wide-gamut color spaces (where most of the more common
colors are located relatively close together), or when a large
number of digital filtering algorithms are used consecutively.
The same principle applies for any color space based on the
same color model, but implemented at different bit depths [4].

CIE 1931 XYZ color space was one of the first attempts
to produce a color space based on measurements of human

color perception (earlier efforts were by James Clerk Maxwell,
Knig & Dieterici, and Abney at Imperial College) and it is the
basis for almost all other color spaces. The CIERGB color
space is a linearly-related companion of CIE XYZ. Additional
derivatives of CIE XYZ include the CIELUV, CIEUVW, and
CIELAB [5].

RGB uses additive color mixing, because it describes what
kind of light needs to be emitted to produce a given color.
RGB stores individual values for red, green and blue. RGBA
is RGB with an additional channel, alpha, to indicate trans-
parency. Common color spaces based on the RGB model in-
clude sSRGB, Adobe RGB, ProPhoto RGB, scRGB, and CIE
RGB [6].

CMYK uses subtractive color mixing used in the printing
process, because it describes what kind of inks need to be ap-
plied so the light reflected from the substrate and through the
inks produces a given color. One starts with a white substrate
(canvas, page, etc.), and uses ink to subtract color from white
to create an image. CMYK stores ink values for cyan, ma-
genta, yellow and black. There are many CMYK color spaces
for different sets of inks, substrates, and press characteristics
(which change the dot gain or transfer function for each ink
and thus change the appearance) [7].

YIQ was formerly used in NTSC (North America, Japan
and elsewhere) television broadcasts for historical reasons.
This system stores a luma value roughly analogous to (and
sometimes incorrectly identified as) luminance, along with
two chroma values as approximate representations of the rel-
ative amounts of blue and red in the color. It is similar to the
YUV scheme used in most video capture systems and in PAL
(Australia, Europe, except France, which uses SECAM) tele-
vision, except that the YIQ color space is rotated 33 with re-
spect to the YUV color space and the color axes are swapped.
The YDbDr scheme used by SECAM television is rotated in
another way [8].

YPbPr is a scaled version of YUV. It is most commonly
seen in its digital form, YCbCr, used widely in video and im-
age compression schemes such as MPEG and JPEG [9].

xvYCC is an international digital video color space stan-
dard published by the IEC (IEC 61966-2-4). It is based on
the ITU BT.601 and BT.709 standards but extends the gamut
beyond the R/G/B primaries specified in those standards [10].

HSV (hue, saturation, value), also known as HSB (hue, sat-
uration, brightness) is often used by artists because it is often
more natural to think about a color in terms of hue and satura-
tion than in terms of additive or subtractive color components.
HSV is a transformation of an RGB color space, and its com-
ponents and colorimetry are relative to the RGB color space
from which it was derived [11].

HSL (hue, saturation, lightness/luminance), also known as
HLS or HSI (hue, saturation, intensity) is quite similar to HSV,
with “lightness” replacing “’brightness”. The difference is that
the brightness of a pure color is equal to the brightness of
white, while the lightness of a pure color is equal to the light-
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ness of a medium gray [12].

The RG Chromaticity space is used in computer vision ap-
plications. It shows the color of light (red, yellow, green etc.),
but not its intensity (dark, bright) [13].

Early color spaces had two components. They largely
ignored blue light because the added complexity of a 3-
component process provided only a marginal increase in fi-
delity when compared to the jump from monochrome to 2-
component color [14].

A color space in which the perceptual difference between
colors is directly related to distances between colors as rep-
resented by points in the color space, i.e. a uniform color
space [15].

A color space in which colors are unambiguous, that is,
where the interpretations of colors in the space are colorimet-
rically defined without reference to external factors [16].

A non-absolute color space can be made absolute by defin-
ing its relationship to absolute colorimetric quantities. For
instance, if the red, green, and blue colors in a monitor are
measured exactly, together with other properties of the mon-
itor, then RGB values on that monitor can be considered as
absolute. The CIE 1976 L*, a*, b* color space is sometimes
referred to as absolute, though it also needs a white point spec-
ification to make it so [17].

A popular way to make a color space like RGB into an
absolute color is to define an ICC profile, which contains the
attributes of the RGB. This is not the only way to express an
absolute color, but it is the standard in many industries. RGB
colors defined by widely accepted profiles include sSRGB and
Adobe RGB. The process of adding an ICC profile to a graphic
or document is sometimes called tagging or embedding; tag-
ging, therefore, marks the absolute meaning of colors in that
graphic or document [18].

A color in one absolute color space can be converted into
another absolute color space, and back again, in general; how-
ever, some color spaces may have gamut limitations, and con-
verting colors that lie outside that gamut will not produce cor-
rect results. There are also likely to be rounding errors, es-
pecially if the popular range of only 256 distinct values per
component (8-bit color) is used [19].

One part of the definition of an absolute color space is
the viewing conditions. The same color, viewed under differ-
ent natural or artificial lighting conditions, will look different.
Those involved professionally with color matching may use
viewing rooms, lit by standardized lighting [20].

Occasionally, there are precise rules for converting be-
tween non-absolute color spaces. For example, HSL and
HSV spaces are defined as mappings of RGB. Both are non-
absolute, but the conversion between them should maintain
the same color. However, in general, converting between two
non-absolute color spaces (for example, RGB to CMYK) or
between absolute and non-absolute color spaces (for example,
RGB to L*a*b*) is almost a meaningless concept [1].

A different method of defining absolute color spaces is fa-

miliar to many consumers as the swatch card, used to select
paint, fabrics, and the like. This is a way of agreeing a color
between two parties. A more standardized method of defining
absolute colors is the Pantone Matching System, a proprietary
system that includes swatch cards and recipes that commercial
printers can use to make inks that are a particular color [2].

A color space is a specific organization of colors. In
combination with color profiling supported by various phys-
ical devices, it supports reproducible representations of color
- whether such representation entails an analog or a digital
representation. A color space may be arbitrary, i.e. with
physically realized colors assigned to a set of physical color
swatches with corresponding assigned color names (including
discrete numbers in - for example - the Pantone collection), or
structured with mathematical rigor (as with the NCS System,
Adobe RGB and sRGB). A color space” is a useful concep-
tual tool for understanding the color capabilities of a particular
device or digital file. When trying to reproduce color on an-
other device, color spaces can show whether shadow/highlight
detail and color saturation can be retained, and by how much
either will be compromised [3].

A “color model” is an abstract mathematical model de-
scribing the way colors can be represented as tuples of num-
bers (e.g. triples in RGB or quadruples in CMYK); however,
a color model with no associated mapping function to an ab-
solute color space is a more or less arbitrary color system with
no connection to any globally understood system of color in-
terpretation. Adding a specific mapping function between a
color model and a reference color space establishes within the
reference color space a definite “footprint”, known as a gamut,
and for a given color model, this defines a color space. For ex-
ample, Adobe RGB and sRGB are two different absolute color
spaces, both based on the RGB color model. When defining
a color space, the usual reference standard is the CIELAB or
CIEXYZ color spaces, which were specifically designed to en-
compass all colors the average human can see [4].

Since “color space” identifies a particular combination of
the color model and the mapping function, the word is often
used informally to identify a color model. However, even
though identifying a color space automatically identifies the
associated color model, this usage is incorrect in a strict sense.
For example, although several specific color spaces are based
on the RGB color model, there is no such thing as the singular
RGB color space [5].

In 1802, Thomas Young postulated the existence of three
types of photoreceptors (now known as cone cells) in the
eye, each of which was sensitive to a particular range of vis-
ible light. Hermann von Helmholtz developed the Young-
Helmbholtz theory further in 1850: that the three types of cone
photoreceptors could be classified as short-preferring (blue),
middle-preferring (green), and long-preferring (red), accord-
ing to their response to the wavelengths of light striking the
retina. The relative strengths of the signals detected by the
three types of cones are interpreted by the brain as a visible
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color. But it is not clear that they thought of colors as being
points in color space [6].

The color-space concept was likely due to Hermann Grass-
mann, who developed it in two stages. First, he developed the
idea of vector space, which allowed the algebraic representa-
tion of geometric concepts in n-dimensional space. Fearnley-
Sander (1979) describes Grassmann’s foundation of linear al-
gebra as follows: [7]

The definition of a linear space (vector space)... became
widely known around 1920, when Hermann Weyl and oth-
ers published formal definitions. In fact, such a definition
had been given thirty years previously by Peano, who was
thoroughly acquainted with Grassmann’s mathematical work.
Grassmann did not put down a formal definition-the language
was not available-but there is no doubt that he had the con-
cept [8].

With this conceptual background, in 1853, Grassmann
published a theory of how colors mix; it and its three color
laws are still taught, as Grassmann’s law. As noted first by
Grassmann... the light set has the structure of a cone in the
infinite-dimensional linear space. As a result, a quotient set
(with respect to metamerism) of the light cone inherits the con-
ical structure, which allows color to be represented as a convex
cone in the 3- D linear space, which is referred to as the color
cone [9].

Colors can be created in printing with color spaces based
on the CMYK color model, using the subtractive primary
colors of pigment (cyan, magenta, yellow, and key [black]).
To create a three-dimensional representation of a given color
space, we can assign the amount of magenta color to the rep-
resentation’s X axis, the amount of cyan to its Y axis, and the
amount of yellow to its Z axis. The resulting 3-D space pro-
vides a unique position for every possible color that can be
created by combining those three pigments [10].

Colors can be created on computer monitors with color
spaces based on the RGB color model, using the additive pri-
mary colors (red, green, and blue). A three-dimensional rep-
resentation would assign each of the three colors to the X, Y,
and Z axes. Colors generated on a given monitor will be lim-
ited by the reproduction medium, such as the phosphor (in a
CRT monitor) or filters and backlight (LCD monitor) [11].

Another way of creating colors on a monitor is with an
HSL or HSV color model, based on hue, saturation, bright-
ness (value/lightness). With such a model, the variables are
assigned to cylindrical coordinates [12].

Many color spaces can be represented as three-
dimensional values in this manner, but some have more, or
fewer dimensions, and some, such as Pantone, cannot be rep-
resented in this way at all [13].

Color space conversion is the translation of the representa-
tion of a color from one basis to another. This typically occurs
in the context of converting an image that is represented in one
color space to another color space, the goal being to make the
translated image look as similar as possible to the original [14].

The RGB color model is implemented in different ways,
depending on the capabilities of the system used. The most
common incarnation in general use as of 2021 is the 24-bit
implementation, with 8 bits, or 256 discrete levels of color per
channel. Any color space based on such a 24-bit RGB model
is thus limited to a range of 256256256 16.7 million colors.
Some implementations use 16 bits per component for 48 bits
total, resulting in the same gamut with a larger number of dis-
tinct colors. This is especially important when working with
wide-gamut color spaces (where most of the more common
colors are located relatively close together), or when a large
number of digital filtering algorithms are used consecutively.
The same principle applies for any color space based on the
same color model, but implemented at different bit depths [15].

CIE 1931 XYZ color space was one of the first attempts
to produce a color space based on measurements of human
color perception (earlier efforts were by James Clerk Maxwell,
Knig & Dieterici, and Abney at Imperial College) and it is the
basis for almost all other color spaces. The CIERGB color
space is a linearly-related companion of CIE XYZ. Additional
derivatives of CIE XYZ include the CIELUV, CIEUVW, and
CIELAB [16].

RGB uses additive color mixing, because it describes what
kind of light needs to be emitted to produce a given color.
RGB stores individual values for red, green and blue. RGBA
is RGB with an additional channel, alpha, to indicate trans-
parency. Common color spaces based on the RGB model in-
clude sSRGB, Adobe RGB, ProPhoto RGB, scRGB, and CIE
RGB [17].

CMYK uses subtractive color mixing used in the printing
process, because it describes what kind of inks need to be ap-
plied so the light reflected from the substrate and through the
inks produces a given color. One starts with a white substrate
(canvas, page, etc.), and uses ink to subtract color from white
to create an image. CMYK stores ink values for cyan, ma-
genta, yellow and black. There are many CMYK color spaces
for different sets of inks, substrates, and press characteristics
(which change the dot gain or transfer function for each ink
and thus change the appearance) [18].

YIQ was formerly used in NTSC (North America, Japan
and elsewhere) television broadcasts for historical reasons.
This system stores a luma value roughly analogous to (and
sometimes incorrectly identified as) luminance, along with
two chroma values as approximate representations of the rel-
ative amounts of blue and red in the color. It is similar to the
YUYV scheme used in most video capture systems and in PAL
(Australia, Europe, except France, which uses SECAM) tele-
vision, except that the YIQ color space is rotated 33 with re-
spect to the YUV color space and the color axes are swapped.
The YDbDr scheme used by SECAM television is rotated in
another way [19].

YPbPr is a scaled version of YUV. It is most commonly
seen in its digital form, YCbCr, used widely in video and im-
age compression schemes such as MPEG and JPEG [20].
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xvYCC is an international digital video color space stan-
dard published by the IEC (IEC 61966-2-4). It is based on
the ITU BT.601 and BT.709 standards but extends the gamut
beyond the R/G/B primaries specified in those standards [1].

HSYV (hue, saturation, value), also known as HSB (hue, sat-
uration, brightness) is often used by artists because it is often
more natural to think about a color in terms of hue and satura-
tion than in terms of additive or subtractive color components.
HSYV is a transformation of an RGB color space, and its com-
ponents and colorimetry are relative to the RGB color space
from which it was derived [2].

HSL (hue, saturation, lightness/luminance), also known as
HLS or HSI (hue, saturation, intensity) is quite similar to HSV,
with “lightness” replacing “brightness”. The difference is that
the brightness of a pure color is equal to the brightness of
white, while the lightness of a pure color is equal to the light-
ness of a medium gray [3].

The RG Chromaticity space is used in computer vision ap-
plications. It shows the color of light (red, yellow, green etc.),
but not its intensity (dark, bright) [4].

Early color spaces had two components. They largely
ignored blue light because the added complexity of a 3-
component process provided only a marginal increase in fi-
delity when compared to the jump from monochrome to 2-
component color [5].

A color space in which the perceptual difference between
colors is directly related to distances between colors as rep-
resented by points in the color space, i.e. a uniform color
space [6].

A color space in which colors are unambiguous, that is,
where the interpretations of colors in the space are colorimet-
rically defined without reference to external factors [7].

A non-absolute color space can be made absolute by defin-
ing its relationship to absolute colorimetric quantities. For
instance, if the red, green, and blue colors in a monitor are
measured exactly, together with other properties of the mon-
itor, then RGB values on that monitor can be considered as
absolute. The CIE 1976 L*, a*, b* color space is sometimes
referred to as absolute, though it also needs a white point spec-
ification to make it so [8].

A popular way to make a color space like RGB into an
absolute color is to define an ICC profile, which contains the
attributes of the RGB. This is not the only way to express an
absolute color, but it is the standard in many industries. RGB
colors defined by widely accepted profiles include sSRGB and
Adobe RGB. The process of adding an ICC profile to a graphic
or document is sometimes called tagging or embedding; tag-
ging, therefore, marks the absolute meaning of colors in that
graphic or document [9].

A color in one absolute color space can be converted into
another absolute color space, and back again, in general; how-
ever, some color spaces may have gamut limitations, and con-
verting colors that lie outside that gamut will not produce cor-
rect results. There are also likely to be rounding errors, es-

pecially if the popular range of only 256 distinct values per
component (8-bit color) is used [10].

One part of the definition of an absolute color space is
the viewing conditions. The same color, viewed under differ-
ent natural or artificial lighting conditions, will look different.
Those involved professionally with color matching may use
viewing rooms, lit by standardized lighting [11].

Occasionally, there are precise rules for converting be-
tween non-absolute color spaces. For example, HSL and
HSV spaces are defined as mappings of RGB. Both are non-
absolute, but the conversion between them should maintain
the same color. However, in general, converting between two
non-absolute color spaces (for example, RGB to CMYK) or
between absolute and non-absolute color spaces (for example,
RGB to L*a*b*) is almost a meaningless concept [12].

A different method of defining absolute color spaces is fa-
miliar to many consumers as the swatch card, used to select
paint, fabrics, and the like. This is a way of agreeing a color
between two parties. A more standardized method of defining
absolute colors is the Pantone Matching System, a proprietary
system that includes swatch cards and recipes that commercial
printers can use to make inks that are a particular color [13].

A color space is a specific organization of colors. In
combination with color profiling supported by various phys-
ical devices, it supports reproducible representations of color
- whether such representation entails an analog or a digital
representation. A color space may be arbitrary, i.e. with
physically realized colors assigned to a set of physical color
swatches with corresponding assigned color names (including
discrete numbers in - for example - the Pantone collection), or
structured with mathematical rigor (as with the NCS System,
Adobe RGB and sRGB). A color space” is a useful concep-
tual tool for understanding the color capabilities of a particular
device or digital file. When trying to reproduce color on an-
other device, color spaces can show whether shadow/highlight
detail and color saturation can be retained, and by how much
either will be compromised [14].

A “color model” is an abstract mathematical model de-
scribing the way colors can be represented as tuples of num-
bers (e.g. triples in RGB or quadruples in CMYK); however,
a color model with no associated mapping function to an ab-
solute color space is a more or less arbitrary color system with
no connection to any globally understood system of color in-
terpretation. Adding a specific mapping function between a
color model and a reference color space establishes within the
reference color space a definite footprint”, known as a gamut,
and for a given color model, this defines a color space. For ex-
ample, Adobe RGB and sRGB are two different absolute color
spaces, both based on the RGB color model. When defining
a color space, the usual reference standard is the CIELAB or
CIEXYZ color spaces, which were specifically designed to en-
compass all colors the average human can see [15].

Since “color space” identifies a particular combination of
the color model and the mapping function, the word is often
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used informally to identify a color model. However, even
though identifying a color space automatically identifies the
associated color model, this usage is incorrect in a strict sense.
For example, although several specific color spaces are based
on the RGB color model, there is no such thing as the singular
RGB color space [16].

In 1802, Thomas Young postulated the existence of three
types of photoreceptors (now known as cone cells) in the
eye, each of which was sensitive to a particular range of vis-
ible light. Hermann von Helmholtz developed the Young-
Helmbholtz theory further in 1850: that the three types of cone
photoreceptors could be classified as short-preferring (blue),
middle-preferring (green), and long-preferring (red), accord-
ing to their response to the wavelengths of light striking the
retina. The relative strengths of the signals detected by the
three types of cones are interpreted by the brain as a visible
color. But it is not clear that they thought of colors as being
points in color space [17].

The color-space concept was likely due to Hermann Grass-
mann, who developed it in two stages. First, he developed the
idea of vector space, which allowed the algebraic representa-
tion of geometric concepts in n-dimensional space. Fearnley-
Sander (1979) describes Grassmann’s foundation of linear al-
gebra as follows: [18]

The definition of a linear space (vector space)... became
widely known around 1920, when Hermann Weyl and oth-
ers published formal definitions. In fact, such a definition
had been given thirty years previously by Peano, who was
thoroughly acquainted with Grassmann’s mathematical work.
Grassmann did not put down a formal definition-the language
was not available-but there is no doubt that he had the con-
cept [19].

With this conceptual background, in 1853, Grassmann
published a theory of how colors mix; it and its three color
laws are still taught, as Grassmann’s law. As noted first by
Grassmann... the light set has the structure of a cone in the
infinite-dimensional linear space. As a result, a quotient set
(with respect to metamerism) of the light cone inherits the con-
ical structure, which allows color to be represented as a convex
cone in the 3- D linear space, which is referred to as the color
cone [20].

Colors can be created in printing with color spaces based
on the CMYK color model, using the subtractive primary
colors of pigment (cyan, magenta, yellow, and key [black]).
To create a three-dimensional representation of a given color
space, we can assign the amount of magenta color to the rep-
resentation’s X axis, the amount of cyan to its Y axis, and the
amount of yellow to its Z axis. The resulting 3-D space pro-
vides a unique position for every possible color that can be
created by combining those three pigments [1].

Colors can be created on computer monitors with color
spaces based on the RGB color model, using the additive pri-
mary colors (red, green, and blue). A three-dimensional rep-
resentation would assign each of the three colors to the X, Y,

and Z axes. Colors generated on a given monitor will be lim-
ited by the reproduction medium, such as the phosphor (in a
CRT monitor) or filters and backlight (LCD monitor) [2].

Another way of creating colors on a monitor is with an
HSL or HSV color model, based on hue, saturation, bright-
ness (value/lightness). With such a model, the variables are
assigned to cylindrical coordinates [3].

Many color spaces can be represented as three-
dimensional values in this manner, but some have more, or
fewer dimensions, and some, such as Pantone, cannot be rep-
resented in this way at all [4].

Color space conversion is the translation of the representa-
tion of a color from one basis to another. This typically occurs
in the context of converting an image that is represented in one
color space to another color space, the goal being to make the
translated image look as similar as possible to the original [5].

The RGB color model is implemented in different ways,
depending on the capabilities of the system used. The most
common incarnation in general use as of 2021 is the 24-bit
implementation, with 8 bits, or 256 discrete levels of color per
channel. Any color space based on such a 24-bit RGB model
is thus limited to a range of 256256256 16.7 million colors.
Some implementations use 16 bits per component for 48 bits
total, resulting in the same gamut with a larger number of dis-
tinct colors. This is especially important when working with
wide-gamut color spaces (where most of the more common
colors are located relatively close together), or when a large
number of digital filtering algorithms are used consecutively.
The same principle applies for any color space based on the
same color model, but implemented at different bit depths [6].

CIE 1931 XYZ color space was one of the first attempts
to produce a color space based on measurements of human
color perception (earlier efforts were by James Clerk Maxwell,
Knig & Dieterici, and Abney at Imperial College) and it is the
basis for almost all other color spaces. The CIERGB color
space is a linearly-related companion of CIE XYZ. Additional
derivatives of CIE XYZ include the CIELUV, CIEUVW, and
CIELAB [7].

RGB uses additive color mixing, because it describes what
kind of light needs to be emitted to produce a given color.
RGB stores individual values for red, green and blue. RGBA
is RGB with an additional channel, alpha, to indicate trans-
parency. Common color spaces based on the RGB model in-
clude sRGB, Adobe RGB, ProPhoto RGB, scRGB, and CIE
RGB [8].

CMYK uses subtractive color mixing used in the printing
process, because it describes what kind of inks need to be ap-
plied so the light reflected from the substrate and through the
inks produces a given color. One starts with a white substrate
(canvas, page, etc.), and uses ink to subtract color from white
to create an image. CMYK stores ink values for cyan, ma-
genta, yellow and black. There are many CMYK color spaces
for different sets of inks, substrates, and press characteristics
(which change the dot gain or transfer function for each ink
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and thus change the appearance) [9].

YIQ was formerly used in NTSC (North America, Japan
and elsewhere) television broadcasts for historical reasons.
This system stores a luma value roughly analogous to (and
sometimes incorrectly identified as) luminance, along with
two chroma values as approximate representations of the rel-
ative amounts of blue and red in the color. It is similar to the
YUYV scheme used in most video capture systems and in PAL
(Australia, Europe, except France, which uses SECAM) tele-
vision, except that the YIQ color space is rotated 33 with re-
spect to the YUV color space and the color axes are swapped.
The YDbDr scheme used by SECAM television is rotated in
another way [10].

YPbPr is a scaled version of YUV. It is most commonly
seen in its digital form, YCbCr, used widely in video and im-
age compression schemes such as MPEG and JPEG [11].

xvYCC is an international digital video color space stan-
dard published by the IEC (IEC 61966-2-4). It is based on
the ITU BT.601 and BT.709 standards but extends the gamut
beyond the R/G/B primaries specified in those standards [12].

HSYV (hue, saturation, value), also known as HSB (hue, sat-
uration, brightness) is often used by artists because it is often
more natural to think about a color in terms of hue and satura-
tion than in terms of additive or subtractive color components.
HSV is a transformation of an RGB color space, and its com-
ponents and colorimetry are relative to the RGB color space
from which it was derived [13].

HSL (hue, saturation, lightness/luminance), also known as
HLS or HSI (hue, saturation, intensity) is quite similar to HSV,
with “lightness” replacing “brightness”. The difference is that
the brightness of a pure color is equal to the brightness of
white, while the lightness of a pure color is equal to the light-
ness of a medium gray [14].

The RG Chromaticity space is used in computer vision ap-
plications. It shows the color of light (red, yellow, green etc.),
but not its intensity (dark, bright) [15].

Early color spaces had two components. They largely
ignored blue light because the added complexity of a 3-
component process provided only a marginal increase in fi-
delity when compared to the jump from monochrome to 2-
component color [16].

A color space in which the perceptual difference between
colors is directly related to distances between colors as rep-
resented by points in the color space, i.e. a uniform color
space [17].

A color space in which colors are unambiguous, that is,
where the interpretations of colors in the space are colorimet-
rically defined without reference to external factors [18].

A non-absolute color space can be made absolute by defin-
ing its relationship to absolute colorimetric quantities. For
instance, if the red, green, and blue colors in a monitor are
measured exactly, together with other properties of the mon-
itor, then RGB values on that monitor can be considered as
absolute. The CIE 1976 L*, a*, b* color space is sometimes

referred to as absolute, though it also needs a white point spec-
ification to make it so [19].

A popular way to make a color space like RGB into an
absolute color is to define an ICC profile, which contains the
attributes of the RGB. This is not the only way to express an
absolute color, but it is the standard in many industries. RGB
colors defined by widely accepted profiles include sSRGB and
Adobe RGB. The process of adding an ICC profile to a graphic
or document is sometimes called tagging or embedding; tag-
ging, therefore, marks the absolute meaning of colors in that
graphic or document [20].

A color in one absolute color space can be converted into
another absolute color space, and back again, in general; how-
ever, some color spaces may have gamut limitations, and con-
verting colors that lie outside that gamut will not produce cor-
rect results. There are also likely to be rounding errors, es-
pecially if the popular range of only 256 distinct values per
component (8-bit color) is used [1].

One part of the definition of an absolute color space is
the viewing conditions. The same color, viewed under differ-
ent natural or artificial lighting conditions, will look different.
Those involved professionally with color matching may use
viewing rooms, lit by standardized lighting [2].

Occasionally, there are precise rules for converting be-
tween non-absolute color spaces. For example, HSL and
HSV spaces are defined as mappings of RGB. Both are non-
absolute, but the conversion between them should maintain
the same color. However, in general, converting between two
non-absolute color spaces (for example, RGB to CMYK) or
between absolute and non-absolute color spaces (for example,
RGB to L*a*b*) is almost a meaningless concept [3].

A different method of defining absolute color spaces is fa-
miliar to many consumers as the swatch card, used to select
paint, fabrics, and the like. This is a way of agreeing a color
between two parties. A more standardized method of defining
absolute colors is the Pantone Matching System, a proprietary
system that includes swatch cards and recipes that commercial
printers can use to make inks that are a particular color [4].

A color space is a specific organization of colors. In
combination with color profiling supported by various phys-
ical devices, it supports reproducible representations of color
- whether such representation entails an analog or a digital
representation. A color space may be arbitrary, i.e. with
physically realized colors assigned to a set of physical color
swatches with corresponding assigned color names (including
discrete numbers in - for example - the Pantone collection), or
structured with mathematical rigor (as with the NCS System,
Adobe RGB and sRGB). A color space” is a useful concep-
tual tool for understanding the color capabilities of a particular
device or digital file. When trying to reproduce color on an-
other device, color spaces can show whether shadow/highlight
detail and color saturation can be retained, and by how much
either will be compromised [5].

A “color model” is an abstract mathematical model de-
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scribing the way colors can be represented as tuples of num-
bers (e.g. triples in RGB or quadruples in CMYK); however,
a color model with no associated mapping function to an ab-
solute color space is a more or less arbitrary color system with
no connection to any globally understood system of color in-
terpretation. Adding a specific mapping function between a
color model and a reference color space establishes within the
reference color space a definite “footprint”, known as a gamut,
and for a given color model, this defines a color space. For ex-
ample, Adobe RGB and sRGB are two different absolute color
spaces, both based on the RGB color model. When defining
a color space, the usual reference standard is the CIELAB or
CIEXYZ color spaces, which were specifically designed to en-
compass all colors the average human can see [6].

Since “color space” identifies a particular combination of
the color model and the mapping function, the word is often
used informally to identify a color model. However, even
though identifying a color space automatically identifies the
associated color model, this usage is incorrect in a strict sense.
For example, although several specific color spaces are based
on the RGB color model, there is no such thing as the singular
RGB color space [7].

In 1802, Thomas Young postulated the existence of three
types of photoreceptors (now known as cone cells) in the
eye, each of which was sensitive to a particular range of vis-
ible light. Hermann von Helmholtz developed the Young-
Helmbholtz theory further in 1850: that the three types of cone
photoreceptors could be classified as short-preferring (blue),
middle-preferring (green), and long-preferring (red), accord-
ing to their response to the wavelengths of light striking the
retina. The relative strengths of the signals detected by the
three types of cones are interpreted by the brain as a visible
color. But it is not clear that they thought of colors as being
points in color space [8].

The color-space concept was likely due to Hermann Grass-
mann, who developed it in two stages. First, he developed the
idea of vector space, which allowed the algebraic representa-
tion of geometric concepts in n-dimensional space. Fearnley-
Sander (1979) describes Grassmann’s foundation of linear al-
gebra as follows: [9]

The definition of a linear space (vector space)... became
widely known around 1920, when Hermann Weyl and oth-
ers published formal definitions. In fact, such a definition
had been given thirty years previously by Peano, who was
thoroughly acquainted with Grassmann’s mathematical work.
Grassmann did not put down a formal definition-the language
was not available-but there is no doubt that he had the con-
cept [10].

With this conceptual background, in 1853, Grassmann
published a theory of how colors mix; it and its three color
laws are still taught, as Grassmann’s law. As noted first by
Grassmann... the light set has the structure of a cone in the
infinite-dimensional linear space. As a result, a quotient set
(with respect to metamerism) of the light cone inherits the con-

ical structure, which allows color to be represented as a convex
cone in the 3- D linear space, which is referred to as the color
cone [11].

Colors can be created in printing with color spaces based
on the CMYK color model, using the subtractive primary
colors of pigment (cyan, magenta, yellow, and key [black]).
To create a three-dimensional representation of a given color
space, we can assign the amount of magenta color to the rep-
resentation’s X axis, the amount of cyan to its Y axis, and the
amount of yellow to its Z axis. The resulting 3-D space pro-
vides a unique position for every possible color that can be
created by combining those three pigments [12].

Colors can be created on computer monitors with color
spaces based on the RGB color model, using the additive pri-
mary colors (red, green, and blue). A three-dimensional rep-
resentation would assign each of the three colors to the X, Y,
and Z axes. Colors generated on a given monitor will be lim-
ited by the reproduction medium, such as the phosphor (in a
CRT monitor) or filters and backlight (LCD monitor) [13].

Another way of creating colors on a monitor is with an
HSL or HSV color model, based on hue, saturation, bright-
ness (value/lightness). With such a model, the variables are
assigned to cylindrical coordinates [14].

Many color spaces can be represented as three-
dimensional values in this manner, but some have more, or
fewer dimensions, and some, such as Pantone, cannot be rep-
resented in this way at all [15].

Color space conversion is the translation of the representa-
tion of a color from one basis to another. This typically occurs
in the context of converting an image that is represented in one
color space to another color space, the goal being to make the
translated image look as similar as possible to the original [16].

The RGB color model is implemented in different ways,
depending on the capabilities of the system used. The most
common incarnation in general use as of 2021 is the 24-bit
implementation, with 8 bits, or 256 discrete levels of color per
channel. Any color space based on such a 24-bit RGB model
is thus limited to a range of 256256256 16.7 million colors.
Some implementations use 16 bits per component for 48 bits
total, resulting in the same gamut with a larger number of dis-
tinct colors. This is especially important when working with
wide-gamut color spaces (where most of the more common
colors are located relatively close together), or when a large
number of digital filtering algorithms are used consecutively.
The same principle applies for any color space based on the
same color model, but implemented at different bit depths [17].

CIE 1931 XYZ color space was one of the first attempts
to produce a color space based on measurements of human
color perception (earlier efforts were by James Clerk Maxwell,
Knig & Dieterici, and Abney at Imperial College) and it is the
basis for almost all other color spaces. The CIERGB color
space is a linearly-related companion of CIE XYZ. Additional
derivatives of CIE XYZ include the CIELUV, CIEUVW, and
CIELAB [18].
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RGB uses additive color mixing, because it describes what
kind of light needs to be emitted to produce a given color.
RGB stores individual values for red, green and blue. RGBA
is RGB with an additional channel, alpha, to indicate trans-
parency. Common color spaces based on the RGB model in-
clude sRGB, Adobe RGB, ProPhoto RGB, scRGB, and CIE
RGB [19].

CMYK uses subtractive color mixing used in the printing
process, because it describes what kind of inks need to be ap-
plied so the light reflected from the substrate and through the
inks produces a given color. One starts with a white substrate
(canvas, page, etc.), and uses ink to subtract color from white
to create an image. CMYK stores ink values for cyan, ma-
genta, yellow and black. There are many CMYK color spaces
for different sets of inks, substrates, and press characteristics
(which change the dot gain or transfer function for each ink
and thus change the appearance) [20].

YIQ was formerly used in NTSC (North America, Japan
and elsewhere) television broadcasts for historical reasons.
This system stores a luma value roughly analogous to (and
sometimes incorrectly identified as) luminance, along with
two chroma values as approximate representations of the rel-
ative amounts of blue and red in the color. It is similar to the
YUV scheme used in most video capture systems and in PAL
(Australia, Europe, except France, which uses SECAM) tele-
vision, except that the YIQ color space is rotated 33 with re-
spect to the YUV color space and the color axes are swapped.
The YDbDr scheme used by SECAM television is rotated in
another way [1].

YPbPr is a scaled version of YUV. It is most commonly
seen in its digital form, YCbCr, used widely in video and im-
age compression schemes such as MPEG and JPEG [2].

xvYCC is an international digital video color space stan-
dard published by the IEC (IEC 61966-2-4). It is based on
the ITU BT.601 and BT.709 standards but extends the gamut
beyond the R/G/B primaries specified in those standards [3].

HSYV (hue, saturation, value), also known as HSB (hue, sat-
uration, brightness) is often used by artists because it is often
more natural to think about a color in terms of hue and satura-
tion than in terms of additive or subtractive color components.
HSV is a transformation of an RGB color space, and its com-
ponents and colorimetry are relative to the RGB color space
from which it was derived [4].

HSL (hue, saturation, lightness/luminance), also known as
HLS or HSI (hue, saturation, intensity) is quite similar to HSV,
with “lightness” replacing “brightness”. The difference is that
the brightness of a pure color is equal to the brightness of
white, while the lightness of a pure color is equal to the light-
ness of a medium gray [5].

The RG Chromaticity space is used in computer vision ap-
plications. It shows the color of light (red, yellow, green etc.),
but not its intensity (dark, bright) [6].

Early color spaces had two components. They largely
ignored blue light because the added complexity of a 3-

component process provided only a marginal increase in fi-
delity when compared to the jump from monochrome to 2-
component color [7].

A color space in which the perceptual difference between
colors is directly related to distances between colors as rep-
resented by points in the color space, i.e. a uniform color
space [8].

A color space in which colors are unambiguous, that is,
where the interpretations of colors in the space are colorimet-
rically defined without reference to external factors [9].

A non-absolute color space can be made absolute by defin-
ing its relationship to absolute colorimetric quantities. For
instance, if the red, green, and blue colors in a monitor are
measured exactly, together with other properties of the mon-
itor, then RGB values on that monitor can be considered as
absolute. The CIE 1976 L*, a*, b* color space is sometimes
referred to as absolute, though it also needs a white point spec-
ification to make it so [10].

A popular way to make a color space like RGB into an
absolute color is to define an ICC profile, which contains the
attributes of the RGB. This is not the only way to express an
absolute color, but it is the standard in many industries. RGB
colors defined by widely accepted profiles include sSRGB and
Adobe RGB. The process of adding an ICC profile to a graphic
or document is sometimes called tagging or embedding; tag-
ging, therefore, marks the absolute meaning of colors in that
graphic or document [11].

A color in one absolute color space can be converted into
another absolute color space, and back again, in general; how-
ever, some color spaces may have gamut limitations, and con-
verting colors that lie outside that gamut will not produce cor-
rect results. There are also likely to be rounding errors, es-
pecially if the popular range of only 256 distinct values per
component (8-bit color) is used [12].

One part of the definition of an absolute color space is
the viewing conditions. The same color, viewed under differ-
ent natural or artificial lighting conditions, will look different.
Those involved professionally with color matching may use
viewing rooms, lit by standardized lighting [13].

4. Results and Discussion

Performance evaluation indicates that the K-Means based ap-
proach successfully identifies visually dominant colors with
high fidelity. The generated PDF reports provide actionable
insights in both HEX and CMYK formats, catering directly to
web and print designers.
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Table 1: Color Space Representation Accuracy

Color Model Primary Gamut Algorithmic
Use Range Error
RGB Digital High 2.1%

Displays

HEX Web Design High 2.1%
CMYK Print Media Medium 5.4%
HSV Perception High 1.8%
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Figure 2: Determining Optimal K for Color Extraction

Occasionally, there are precise rules for converting be-
tween non-absolute color spaces. For example, HSL and
HSV spaces are defined as mappings of RGB. Both are non-
absolute, but the conversion between them should maintain
the same color. However, in general, converting between two
non-absolute color spaces (for example, RGB to CMYK) or
between absolute and non-absolute color spaces (for example,
RGB to L*a*b*) is almost a meaningless concept [14].

A different method of defining absolute color spaces is fa-
miliar to many consumers as the swatch card, used to select
paint, fabrics, and the like. This is a way of agreeing a color
between two parties. A more standardized method of defining
absolute colors is the Pantone Matching System, a proprietary
system that includes swatch cards and recipes that commercial
printers can use to make inks that are a particular color [15].

A color space is a specific organization of colors. In
combination with color profiling supported by various phys-
ical devices, it supports reproducible representations of color
- whether such representation entails an analog or a digital
representation. A color space may be arbitrary, i.e. with
physically realized colors assigned to a set of physical color
swatches with corresponding assigned color names (including
discrete numbers in - for example - the Pantone collection), or
structured with mathematical rigor (as with the NCS System,
Adobe RGB and sRGB). A color space” is a useful concep-
tual tool for understanding the color capabilities of a particular

device or digital file. When trying to reproduce color on an-
other device, color spaces can show whether shadow/highlight
detail and color saturation can be retained, and by how much
either will be compromised [16].

A “color model” is an abstract mathematical model de-
scribing the way colors can be represented as tuples of num-
bers (e.g. triples in RGB or quadruples in CMYK); however,
a color model with no associated mapping function to an ab-
solute color space is a more or less arbitrary color system with
no connection to any globally understood system of color in-
terpretation. Adding a specific mapping function between a
color model and a reference color space establishes within the
reference color space a definite “footprint”, known as a gamut,
and for a given color model, this defines a color space. For ex-
ample, Adobe RGB and sRGB are two different absolute color
spaces, both based on the RGB color model. When defining
a color space, the usual reference standard is the CIELAB or
CIEXYZ color spaces, which were specifically designed to en-
compass all colors the average human can see [17].

Since “color space” identifies a particular combination of
the color model and the mapping function, the word is often
used informally to identify a color model. However, even
though identifying a color space automatically identifies the
associated color model, this usage is incorrect in a strict sense.
For example, although several specific color spaces are based
on the RGB color model, there is no such thing as the singular
RGB color space [18].

In 1802, Thomas Young postulated the existence of three
types of photoreceptors (now known as cone cells) in the
eye, each of which was sensitive to a particular range of vis-
ible light. Hermann von Helmholtz developed the Young-
Helmbholtz theory further in 1850: that the three types of cone
photoreceptors could be classified as short-preferring (blue),
middle-preferring (green), and long-preferring (red), accord-
ing to their response to the wavelengths of light striking the
retina. The relative strengths of the signals detected by the
three types of cones are interpreted by the brain as a visible
color. But it is not clear that they thought of colors as being
points in color space [19].

The color-space concept was likely due to Hermann Grass-
mann, who developed it in two stages. First, he developed the
idea of vector space, which allowed the algebraic representa-
tion of geometric concepts in n-dimensional space. Fearnley-
Sander (1979) describes Grassmann’s foundation of linear al-
gebra as follows: [20]

The definition of a linear space (vector space)... became
widely known around 1920, when Hermann Weyl and oth-
ers published formal definitions. In fact, such a definition
had been given thirty years previously by Peano, who was
thoroughly acquainted with Grassmann’s mathematical work.
Grassmann did not put down a formal definition-the language
was not available-but there is no doubt that he had the con-
cept [1].

With this conceptual background, in 1853, Grassmann
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published a theory of how colors mix; it and its three color
laws are still taught, as Grassmann’s law. As noted first by
Grassmann... the light set has the structure of a cone in the
infinite-dimensional linear space. As a result, a quotient set
(with respect to metamerism) of the light cone inherits the con-
ical structure, which allows color to be represented as a convex
cone in the 3- D linear space, which is referred to as the color
cone [2].

Colors can be created in printing with color spaces based
on the CMYK color model, using the subtractive primary
colors of pigment (cyan, magenta, yellow, and key [black]).
To create a three-dimensional representation of a given color
space, we can assign the amount of magenta color to the rep-
resentation’s X axis, the amount of cyan to its Y axis, and the
amount of yellow to its Z axis. The resulting 3-D space pro-
vides a unique position for every possible color that can be
created by combining those three pigments [3].

Colors can be created on computer monitors with color
spaces based on the RGB color model, using the additive pri-
mary colors (red, green, and blue). A three-dimensional rep-
resentation would assign each of the three colors to the X, Y,
and Z axes. Colors generated on a given monitor will be lim-
ited by the reproduction medium, such as the phosphor (in a
CRT monitor) or filters and backlight (LCD monitor) [4].

Another way of creating colors on a monitor is with an
HSL or HSV color model, based on hue, saturation, bright-
ness (value/lightness). With such a model, the variables are
assigned to cylindrical coordinates [5].

Many color spaces can be represented as three-
dimensional values in this manner, but some have more, or
fewer dimensions, and some, such as Pantone, cannot be rep-
resented in this way at all [6].

Color space conversion is the translation of the representa-
tion of a color from one basis to another. This typically occurs
in the context of converting an image that is represented in one
color space to another color space, the goal being to make the
translated image look as similar as possible to the original [7].

The RGB color model is implemented in different ways,
depending on the capabilities of the system used. The most
common incarnation in general use as of 2021 is the 24-bit
implementation, with 8 bits, or 256 discrete levels of color per
channel. Any color space based on such a 24-bit RGB model
is thus limited to a range of 256256256 16.7 million colors.
Some implementations use 16 bits per component for 48 bits
total, resulting in the same gamut with a larger number of dis-
tinct colors. This is especially important when working with
wide-gamut color spaces (where most of the more common
colors are located relatively close together), or when a large
number of digital filtering algorithms are used consecutively.
The same principle applies for any color space based on the
same color model, but implemented at different bit depths [8].

CIE 1931 XYZ color space was one of the first attempts
to produce a color space based on measurements of human
color perception (earlier efforts were by James Clerk Maxwell,

Knig & Dieterici, and Abney at Imperial College) and it is the
basis for almost all other color spaces. The CIERGB color
space is a linearly-related companion of CIE XYZ. Additional
derivatives of CIE XYZ include the CIELUV, CIEUVW, and
CIELAB [9].

RGB uses additive color mixing, because it describes what
kind of light needs to be emitted to produce a given color.
RGB stores individual values for red, green and blue. RGBA
is RGB with an additional channel, alpha, to indicate trans-
parency. Common color spaces based on the RGB model in-
clude sRGB, Adobe RGB, ProPhoto RGB, scRGB, and CIE
RGB [10].

CMYK uses subtractive color mixing used in the printing
process, because it describes what kind of inks need to be ap-
plied so the light reflected from the substrate and through the
inks produces a given color. One starts with a white substrate
(canvas, page, etc.), and uses ink to subtract color from white
to create an image. CMYK stores ink values for cyan, ma-
genta, yellow and black. There are many CMYK color spaces
for different sets of inks, substrates, and press characteristics
(which change the dot gain or transfer function for each ink
and thus change the appearance) [11].

5. Conclusion

The automated color palette generator proves to be an indis-
pensable tool for bridging the gap between raw imagery and
design assets. Future iterations will explore deep learning-
based color harmonization models and real-time video pro-
cessing capabilities.

YIQ was formerly used in NTSC (North America, Japan
and elsewhere) television broadcasts for historical reasons.
This system stores a luma value roughly analogous to (and
sometimes incorrectly identified as) luminance, along with
two chroma values as approximate representations of the rel-
ative amounts of blue and red in the color. It is similar to the
YUV scheme used in most video capture systems and in PAL
(Australia, Europe, except France, which uses SECAM) tele-
vision, except that the YIQ color space is rotated 33 with re-
spect to the YUV color space and the color axes are swapped.
The YDbDr scheme used by SECAM television is rotated in
another way [12].

YPbPr is a scaled version of YUV. It is most commonly
seen in its digital form, YCbCr, used widely in video and im-
age compression schemes such as MPEG and JPEG [13].

xvYCC is an international digital video color space stan-
dard published by the IEC (IEC 61966-2-4). It is based on
the ITU BT.601 and BT.709 standards but extends the gamut
beyond the R/G/B primaries specified in those standards [14].

HSV (hue, saturation, value), also known as HSB (hue, sat-
uration, brightness) is often used by artists because it is often
more natural to think about a color in terms of hue and satura-
tion than in terms of additive or subtractive color components.
HSV is a transformation of an RGB color space, and its com-
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ponents and colorimetry are relative to the RGB color space
from which it was derived [15].

HSL (hue, saturation, lightness/luminance), also known as
HLS or HSI (hue, saturation, intensity) is quite similar to HSV,
with “lightness” replacing “’brightness”. The difference is that
the brightness of a pure color is equal to the brightness of
white, while the lightness of a pure color is equal to the light-
ness of a medium gray [16].

The RG Chromaticity space is used in computer vision ap-
plications. It shows the color of light (red, yellow, green etc.),
but not its intensity (dark, bright) [17].

Early color spaces had two components. They largely
ignored blue light because the added complexity of a 3-
component process provided only a marginal increase in fi-
delity when compared to the jump from monochrome to 2-
component color [18].

A color space in which the perceptual difference between
colors is directly related to distances between colors as rep-
resented by points in the color space, i.e. a uniform color
space [19].

A color space in which colors are unambiguous, that is,
where the interpretations of colors in the space are colorimet-
rically defined without reference to external factors [20].
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