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Abstract. While the RGB color model refers to the biological processing of 
colors in the human visual system, the HSV color model corresponds to the 
human perception of color similarity. In this paper we formulate a projection of 
RGB vectors within the RGB color space, which separates achromatic from 
chromatic information. The projection is the mathematical equivalent to Hue 
and Saturation of the HSV color space in the RGB space. It integrates the psy-
cho-visual concept of human differentiation between colors of the HSV space 
into the physiological-visual based concept of the RGB space. With the projec-
tion it is, contrary to the prevailing opinion, possible to differentiate between 
colors based on human perception in the linear geometry of the RGB color 
space. This opens new possibilities in many fields of color image processing, 
especially in the domain of color image segmentation, where color similarity 
plays a major role. 

Keywords: Color space theory, color similarity, color image segmentation, 
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1 Introduction 

The RGB color space is an additive color space based on the three primary colors 
Red, Green and Blue. It goes back to Maxwell’s work on color theory [1, 2], which 
laid the foundation for the RGB color model. This model is nowadays used in many 
applications such as digital cameras, digital screens, color scanners and digital im-
ages. In color image segmentation the RGB color space has an ambivalent reputation. 
On the one hand it is one of the commonly used color spaces [3], on the other hand 
several basic difficulties arise using this space for image segmentation [3, 4]. Even 
though the RGB space corresponds to the biological processing of colors in the hu-
man visual system, it does not seem to correlate with the human perceptual differen-
tiation between colors [3, 4]. The HSV color space bases on the parameters Hue, Sa-
turation and Value, which conform to the human differentiation between colors [5, 6]. 
An advantage of this space is the separation of chromatic (Hue and Saturation) and 
achromatic (Value) information. It gives the possibility to treat color information 
independently from Value information. Anyhow due to the mathematical description 
in polar coordinates, the combined use of Hue and Saturation for color similarity 
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measurements is difficult [6, 7]. This fact is as well illustrated by the absence of ap-
proaches in color image segmentation using exclusively these two values for color 
similarity measurements, even though they are supposed to carry all chromatic infor-
mation. As the HSV color space is derived from the RGB color space the question 
arises: Is there a possibility of separating chromatic from achromatic information 
directly in the RGB color space? In this paper we formulate a projection of RGB vec-
tors within the RGB space which fulfils this separation. The projection has several 
advantages: Firstly, the linear geometry facilitates the mathematical description and 
numeric implementation of color similarity. Secondly, the decoding of chromatic and 
achromatic information reduces the 3-dimensional problem of similarity measure-
ments in the RGB space to a 2-dimensional one and furthermore corresponds to the 
human perception of color similarity. Thirdly the additive character of the RGB color 
space can still be used to differentiate between color regions described by a certain 
constellation of primary values.  

In the following section the mathematical basis for the projection is derived from 
the conversion rule between RGB and HSV color spaces. In the third section the pro-
jection is explained practically, while in the fourth section basic properties of the 
projection are shown and compared to the conventional use of Hue and Saturation in 
the HSV color space. A discussion of the results is given in section five, followed by 
the conclusion in the sixth section. 

2 Hue, Saturation and Value in the RGB Color Space 

To understand the representation of Hue, Saturation and Value in the RGB color 
space, their mathematical description within the geometry of the RGB color space has 
to be analyzed. In this section it will be shown under which conditions Hue and Satu-
ration stay constant, while RGB values are changed. The result is the geometrical 
equivalent of Value within the RGB space. With this result it is possible to formulate 
a projection which suppresses Value information within the RGB space while pre-
serving Hue and Saturation, which is described in section 3. 
The conversion of RGB vectors to the HSV space is commonly denoted as: 

 , ,   0,1  ;   , ,  ;   , ,   

 :
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The following derivation will be done for the second case of Eq. 1 assuming that Red 
is the maximum of the RGB vector and Blue is the minimum. Any other case can be 
proven analogously. 

At first the condition under which Hue stays constant when RGB values are 
changed has to be defined. Changing RGB values ([R1, G1, B1]’ to [R2, G2, B2]’) 
while Hue stays constant means according to Eq. 1: 

  , (4) 

which can be written as: 

 · 0, (5) 

which can also be written as: 

 
111 · 111 0 . (6) 

The term on the left means that all RGB vectors with the same Hue lie on a plane 
trough origin with a normal defined by the cross product between one of these RGB 
vectors and the line trough origin with gradient [1 1 1]' (but not all vectors lying on 
the plane have the same Hue, only those on the plane complying the postulated max-
imum and minimum assignments). The term is a triple product for which the identity 
with the determinant between the two equal signs applies. As the determinant is zero 
Hue stays constant while RGB values are changed if and only if two scalars a and b 
exist such as 

 
111 000    ;   ,    ;   0 . (7) 

This equation holds for every possible maximum and minimum assignment. 
Now the condition under which Saturation stays constant while RGB values are 
changed has to be defined, which means according to Eq. 2: 

         . (8) 

That means Saturation stays constant while RGB values are changed if and only if the 
proportional relation between the maximum and the minimum stays constant. 
To see under which condition Hue and Saturation both stay constant Eq. 7 and Eq. 8 
have to be combined. As the maximum and minimum assignments cannot change 
(otherwise Hue would change), Saturation stays constant if  

          . (9) 
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5 Discussion 

As the HS spaces are standard spaces in color image processing the geometrical rela-
tions described in section two and three are basically known. However a consistent 
theory which focusses on the chromatic properties of the RGB space had been miss-
ing so far. In [11] the property expressed by Eq. 11 is stated verbally without any 
derivation. A projection of RGB vectors to the unity plane as intermediate step of the 
conversion from RGB to HSI (Hue, Saturation, Intensity) equivalent to Eq. 12 is 
done. From this projection, known as chromaticity diagram, a two dimensional repre-
sentation is obtained by only considering two components of the three dimensional 
projected vectors. It is the equivalence of again projecting the projection to one of the 
planes spanned by two of the RGB axis. This second projection is used to explain the 
derivation of the HSI color space, which distorts the interpretation of the global geo-
metrical relation between the RGB and HS color spaces. In [12] the chromaticity 
diagram and a verbal description of the results of section two can be found as well, 
but no global relation to any of the HS color spaces is given. In [13] a detailed verbal 
derivation of section two is given but a projection or a chromaticity diagram for a 
separation of chromatic and achromatic information in the RGB space is not men-
tioned. The chromatic information of the HSI space is related to the CIE (Commission 
Internationale de l'Éclairage) chromaticity diagram which bases on the projected 
chromaticity diagram already mentioned. The tutorials section of the book website 
provides additional information. Here the chromaticity diagram, which is called the 
HSI color triangle, is shown within the RGB color space geometry. Anyhow the tu-
torial focusses on the explanation of the HSI color space and misses to refer back to 
the chromatic properties of the RGB space. It can be generally observed that in case 
the topic of converting from RGB to an HS color space is described, the focus lies on 
the properties of the HS space, without pointing back to the chromatic properties of 
the RGB color space. One goal of this paper is to fill this gap. The shown inconsisten-
cy in the standard literature might be one of the reasons why interpretations similar to 
“The HSV color space is fundamentally different from the widely known RGB color 
space since it separates out the Intensity (luminance) from the color information 
(chromaticity).” can be found in scientific papers [9]. This statement implicates that it 
is not possible to separate chromatic from achromatic information in the RGB color 
space, an interpretation that has been proven wrong in the previous sections. Further-
more interpretations like “It is more natural for human visual system to describe a 
color image by the HSV model than by the RGB model. Intuitively, the features ex-
tracted in the HSV color space can capture the distinct characteristics of computer 
graphics better.” or “The first step in colour inspection was to transform the RGB 
information to the Hue-Lightness-Saturation (HLS) colour space. The HLS space was 
selected because it defines colour not only in the sense of perceptual uniformity, but 
more significantly, it matches to the way that the human perceives colour.” or “In our 
approach we consider hue and saturation as discriminating color information. These 
attributes are strongly related to the human perception of color. In the HSV color 
representation, hue has the greatest discrimination power among the other coordi-
nates.” are widely spread [15-17]. Clearly Hue and Saturation are the chromatic  
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parameters that are used by humans to describe or differentiate between different 
colors, but the common anticipation that these parameters can only be used within the 
HS geometry builds man-made barriers that restrict researchers from finding solutions 
outside the HS spaces. Statements in the standard literature such as “We can summar-
ize that RGB is ideal for color image generation […], but its use for color image  
description is much more limited.” support these restrictions [11]. Generally it can  
be stated that as soon as color information based on human perception has to be  
analyzed a transformation to the HS geometry with all its disadvantages is considered 
inevitable. It is our intention to clarify the misinterpretation that using the HS color 
model has to be done in an HS color space and to show that the chromatic properties 
of the RGB color space still carry unexploited but promising possibilities for color 
image processing. An example of these possibilities was given at the end of the pre-
vious section. Anyhow, as the whole method bases on the RGB geometry, the known 
drawbacks of this space such as its non-uniformity stay the same [6, 14]. If uniformity 
is a crucial parameter in a certain application, uniform color spaces such as CIE l*a*b 
or CIE l*u*v are so far a better choice [6, 14]. If an application demands a considera-
tion of Hue and Saturation independently the conventional use of the HS spaces is 
more efficient. Furthermore the shown theory bases on a separation of chromatic and 
achromatic information. A combined consideration that integrates the HS model in 
the RGB space for color image processing can for example be found in [18]. 

6 Conclusion 

In the present paper the chromatic properties of the RGB color space based on the 
chromaticity definition of the HSV color space were analyzed. The equivalence of 
Hue and Saturation of the HSV space within the RGB geometry was formulated. 
From this mathematical basis a projection was deviated which separates chromatic 
from achromatic information in the RGB color space. The representation of chromatic 
information in the RGB space was compared to the conventional one of the HSV 
space. The contribution of the paper is the following: 

─ A consistent mathematical formulation and analysis of the chromatic properties of 
the RGB space based on the chromaticity definition of the HSV space, so far miss-
ing in the standard literature, was given.  

─ Based on this formulation it was shown that chromatic information can be sepa-
rated from achromatic information directly in the RGB space, a possibility that is 
often implicitly neglected in the literature. 

─ It could be shown that it is contrary to the prevailing opinion possible to mathemat-
ically differentiate between color regions based on human perception directly in 
the RGB color space. 

─ A possibility of formulating linear separations of the RGB color space based on 
chromatic information for color image segmentation purposes was given. These li-
near separations describe non-linear functions in the HSV color space, depending 
on both Hue and Saturation. Furthermore they correspond to the human processing 
of visible color and correlate with the human perception of color.  
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