
Chapter 16
Color Image Spaces

Abstract. The subject of this chapter is color image spaces. In the chapter we pro-
vide a brief summary of the different color spaces.

16.1 Introduction

A color space is a means by which color can be specified, created and visualized. In
many applications the choice of color space is critical. The reason is that in one color
space we may emphasize specific characteristics in an input image which would not
be easily identified in a different color space. This is illustrated in the following
example.

Example 16.1. Foreground and Shadow Detection in Traffic Monitoring [7].
Segmenting foreground objects is an important step in vehicle tracking and
traffic surveillance. Ref [7] is a comparative study of different color spaces
for the detection of foreground objects and their shadows in image sequences.
The comparative true detection and false detection are listed in Table 16.1.

Table 16.1 Comparative True and False Detection Probabilities

Color Space Probability of True Detection Probability of False Detection

RGB 97.3% 0.7%
HSV 88.1% 5.8%
YCrCb 97.7% 0.4%
XYZ 96.7% 0.3%
rgb 91.5% 0.4%
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Many different color spaces have been proposed in the literature. The commonly
used color spaces may be divided into four families [11]:

Primary Systems. The primary color spaces are based on the trichronomatic the-
ory and assume it is possible to match any color by mixing appropriate amounts
of the three primary colors. Primary color spaces include RGB, XYZ and rgb.
See Fig. 16.1.
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Fig. 16.1 Shows the RGB color space. Several colors are shown mapped into their location
in the RGB color space.

Luminance-Chrominance Systems. The luminance-chrominance color spaces
use one component to represent the luminance and two components to represent
the chrominance. The luminance-chrominance spaces include YC1C2, AC1C2,
L∗u∗v∗ and L∗a∗b∗.

Perceptual Systems. The perceptual spaces try to quantify the subjective human
color perception by means of the intensity, hue and saturation. The perceptual
color spaces include IHS, HSV, HLS and IHLS.

Statistical Independent Component Systems. The statistical independent com-
ponent color spaces use statistical methods to generate components which are
minimally correlated. The statistical independent component spaces include
I1I2I3 and H1H2H3.



16.2 Perceptual Color Models 197

16.2 Perceptual Color Models

The basic process behind the perceptual color model and the transformation from an
RGB coordinate system to a hue, saturation and brightness coordinate system is as
follows. For 24-bit deep input image (RGB), we define the achromatic axis in RGB
space as the line joining (0,0,0) and (255,255,255) and the chromatic plane as a
plane which is perpendicular to the achromatic axis and intersects it at the origin.
We then choose a function L(C) which calculates the brightness or intensity of the
color C = (R,G,B). The projection of L(C) onto the chromatic plane defines the hue
and saturation of C, where the hue corresponds to the angular coordinate around the
achromatic axis and the saturation corresponds to a distance from the achromatic
axis. Note: The hue corresponds to an angular coordinate and is therefore measured
in radians or degrees. Fig. 16.2 illustrates the construction of a perceptual color
model.
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Fig. 16.2 Shows the perceptual color spaces. It has a cone shape where the central axis
represents the intensity. Along this axis are all grey colors, with black at the pointed end of
the cone and white at its base. The greater the distance along this axis the higher the intensity.

16.2.1 IHS

For image analysis, the most widely used perceptual color model is the IHS model.
In the classical IHS model, the brightness, saturation and hue expression are:
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LIHS =
1
3
(R + G+ B) , (16.1)

SIHS = 1− 3min(R,G,B)
R + G+ B

, (16.2)

HIHS = cos−1
(

R− 1
2 (G+ B)

√

(R−G)(R−G)+ (R−B)(G−B)

)

. (16.3)

Sometimes the following algorithm is used to calculate the hue. It contains fewer

multiplications and avoids the square root operation:

Example 16.2. Fast Hue Calculation.

if R = G = B then
HIHS = undefined

else
if R≥ B and G≥ B then

HIHS =
π
3

+ tan−1

(
√

3(G−B)
G+ R−2B

)

else if G > R then

HIHS = π+ tan−1

(
√

3(B−G)
B + G−2R

)

else

HIHS =
5π
3

+ tan−1

(
√

3
R + B−2G

)

end
end

There are also many simpler approximate formulas for calculating the IHS transfor-
mation. Two widely used approximate transformations are HSV and HLS. However
[3, 4] has suggested a better approximate model is the improved HLS (IHLS) trans-
formation.

16.2.2 HSV

The brightness function used in the HSV model is

LHSV = max(R,G,B) ,
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and the corresponding HSV saturation and hue expressions are:

SHSV =
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Cmax
if Cmax �= 0 ,

0 otherwise ,
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undefined if SHSV = 0 ,

(

π(G−B)/3
Cmax−Cmin

+ 2π
)

mod(2π) if R = Cmax ,

2π/3 +
π(B−R)/3
Cmax−Cmin

if G = Cmax ,

4π/3 +
π(R−G)/3
Cmax−Cmin

if B = Cmax ,

where Cmax = max(R,G,B) and Cmin = min(R,G,B).

16.2.3 HLS

The brightness function used in the HLS model is

LHLS =
Cmax +Cmin

2
,

and the corresponding HLS model saturation and hue expressions are:
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0 if Cmax = Cmin ,
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if LHLS ≤ 0.5 ,
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2− (Cmax +Cmin)
if LHLS > 0.5 ,
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undefined if SHSV = 0 ,

(

π(G−B)/3
Cmax−Cmin

+ 2π
)

mod(2π) if R = Cmax ,

2π/3deg+
π(B−R)/3
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if G = Cmax ,

4π/3 +
π(R−G)/3
Cmax−Cmin

if B = Cmax ,
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16.2.4 IHLS

The brightness function used in the improved HLS or IHLS model [3, 4] is

LIHLS = 0.2126R + 0.7152G+0.0722B ,

and the corresponding IHLS model saturation and hue expressions are:

SIHLS = Cmax−Cmin ,

HIHLS =
{

2π−HHSI if B > G ,
HHSI otherwise ,

Apart from the above (direct) transformations, there are also indirect IHS transfor-
mations.

16.2.5 Indirect IHS Transformation

An indirect IHS transformation consists of linear transformation followed by a non-
linear transformation. The following is a common indirect IHS transformation:

Linear Transformation
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Non-linear Transformation

H = tan−1(v2/v1) ,

S =
√

v2
1 + v2

2 .

The following example illustrates the merging of infrared and RGB color images
using a contrast enhanced fusion method based on the linear Iv1v2 transformation.

Example 16.3. Merging Infrared and RGB Color Images [8]. Ref. [8] de-
scribes the contrast enhanced fusion of a color (RGB) electro-optical image
EO and an infra-red image IR. The principal steps in the algorithm are as
follows:

1. Transform the EO image into Iv1v2 space.
2. Match the infrared grayscale image IR to the electro-optical intensity image

I using second-order statistics (Sect. 6.4) [8]. Let ˜IR denote the transformed
IR image.

3. Fuse ˜IR and I using any pixel-by-pixel fusion operator (Chapt. 7). Let ˜I
denote the fused intensity image.
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4. Obtain the enhanced color image, (˜R ˜G˜B), by performing the inverse Iv1v2

transformation:

⎛
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16.2.6 Circular Statistics

In perceptual color spaces, standard statistical formula may be used to calculate
statistical descriptions of the brightness and saturation values. However the hue is an
angular value and so circular statistical formula must be used to calculate statistical
descriptors of its values. The following example illustrates the concept of circular
statistics.

Example 16.4. Circular Statistics. Given N hue values Hi, i∈ {1,2, . . . ,N}, we
may calculate a chrominance vector

C =
(

A
N

,
B
N

)T

,

where

A =
N

∑
i=1

cosHi and B =
N

∑
i=1

sinHi .

The spread of the Hi values around C is

V = 1− R
N

,

where
R =

√

A2 + B2 .

In analyzing color images we find it advantageous to use saturation weighted
hue statistics. In this case, the corresponding equations are:

CS =
(

AS

N
,

BS

N

)T

,

where

AS =
N

∑
i=1

Si cosHi and BS =
N

∑
i=1

Si sinHi .
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The spread of the Hi values around CS is

VS = 1− RS

N
,

where

RS =
√

A2
S + B2

S .

The following example illustrates K-means clustering of the hue space.

Example 16.5. K-means clustering in Hue Space. [12]. In clustering pixels in
hue space we require a distance between two hues, i. e. a distance between
two angles, φ and θ . The simplest distance between two angles is one based
on the above circular statistics formulae:

dcircular(θ ,φ) = 1− 1
2

√

A2 + B2 ,

where

A = cosθ + cosφ and B = sinθ + sinφ .

However, dcircular(θ ,φ) is non-linear and distorts the spatial relationships be-
tween the patterns. For this reason we recommend using the following linear
distance [12]:

d(θ ,φ) = min(|θ −φ |,2π−|θ −φ |) .

16.3 Multiple Color Spaces

In Ex. 16.1, we showed how the choice of a color space may emphasize specific
characteristics in the input image which would not be easily identified in a different
color space. We now consider the use of multiple color spaces. We start with a skin
classifier (binary classification) which uses an ensemble of multiple color spaces.

Example 16.6. Skin classifier [1]. Detection of skin regions in color images is
a preliminary step in many applications such as image and video classification
and retrieval. Many different methods have been developed for discriminating
between skin and non-skin pixels. In this example we consider the fusion of
several skin classifiers which work by expressly defining the boundaries of the
skin cluster in a given color space.

Among the skin classifiers are:
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Hseih et al. [5]. Uses the IHS color space. The skin pixels satisfy at least
one of the following rules: (1) I > I1, S1 ≤ S ≤ S2 and 0 < H ≤ H1, (2)
I > I1, S1 ≤ S ≤ S2 and H2 ≤ H ≤ 360deg, (3) I > I1, S3 ≤ S ≤ S4 and
H3 ≤ H ≤ (H2 − 1). For 24-bit color pictures [1] recommends I1 = 84,
S1 = 26, S2 = 92, S3 = 82, S4 = 67, H1 = 13 deg, H2 = 337 deg, H3 = 310
deg.

Kovac et al. [6]. Uses the RGB space. For uniform daylight illumination the
skin pixels satisfy all of the following rules: (1) R > R1, G > G1, B > B1, (2)
max(R,G,B)−min(R,G,B) < Δ , (3) |R−G|> L, R > G, R > B. For flash-
light illumination the rules are: (1) R > R2, G > G2, B > B2, (2) |R−G|≤ L,
B < R, B < G. For 24-bit color pictures [1] recommends R1 = 111, G1 = 77,
B1 = 33, Δ = 47, L = 29, R2 = 191, G2 = 251, B2 = 196.

Tsekeridou and Pitas [10]. Uses the HSV color space. The skin pixels sat-
isfy all of the following rules: (1) V ≥V1, (2) S1 < S < S2, (3) 0≤ H ≤ H1

or H2 ≤ H < 360deg. For 24-bit color pictures [1] recommends V1 = 52,
S1 = 0.25, S3 = 0.64, H1 = 35 deg, H2 = 349 deg.

Gomez and Morales [2]. Uses the rgb color space. This is defined as fol-
lows: r = R/(R+G+B), g = G/(R+G+B), b = B/(R+G+B). The skin
pixels satisfy all of the following rules: (1) r/g > k1, (2) rb/(r +g+b)2 >
k2 and (3) rg/(r + g + b)2 > k3. For 24-bit color pictures [1] recommends
k1 = 1.148, k2 = 0.054, k3 = 0.128.

Each of the above classifiers generates a binary map Bk(x,y), where

Bk(x,y) =
{

1 if kth classifier declares pixel (x,y) a skin pixel ,
0 otherwise .

The individual pixel classifications may then be combined using the majority
vote operator:

˜B(x,y) =
{

1 if ∑k Bk(x,y)≥ K/2 ,
0 otherwise .

16.4 Software

COLOR SPACE CONVERTER. Matlab m-file for color space conversion. Avail-
able from Matlab central directory. Author: Pascal Getreuer.

16.5 Further Reading

Ref. [9] discusses the issues involved in selecting different color spaces for image
feature detection.



204 16 Color Image Spaces

References

1. Gasparini, F., Corchs, S., Schettini, R.: Recall or precision-oriented strategies for binary
classification of skin pixels. J. Elect. Imag. 17, 023017 (2008)

2. Gomez, G., Morales, E.F.: Automatic feature construction and a simple rule induction
algorithm for skin detection. In: Proc. ICML Workshop Mach. Learn. Comp. Vis., pp.
31–38 (2002)

3. Hanbury, A.: A 3D-polar coordinate color representation well adapted to image analysis.
In: Proc. Scandinavian Conf. Image Analy., pp. 804–811 (2003)

4. Hanbury, A.: Constructing Cylindrical Coordinate Colour Spaces, Patt. Recogn. Lett. 29,
494500 (2008)

5. Hseih, I.-S., Fan, K.-C., Line, C.: A statistic approach to the detection of human faces in
color nature scene. Patt. Recogn. 35, 1583–1596 (2002)

6. Kovac, J., Peer, P., Solina, F.: 2D versus 3D color space face detection. In: Proc. 4th
EURASIP Conf. Video Image Process. Multimedia Commun., pp. 449–454 (2003)

7. Kumar, P., Sengupta, K., Lee, A., Ranganath, S.: A comparative study of different color
spaces for foreground and shadow detection for traffic monitoring system. In: Proc. IEEE
5th. Int. Conf. Intell. Transport. Systems (2002)

8. Li, G., Wang, K.: Merging infrared and color visible images with a contrast enhanced
fusion method. In: Proc. SPIE, vol. 6571, p. 657108 (2007)

9. Stockman, H., Gevers, T.: Selection and fusion of color models for image feature detec-
tion. IEEE Trans Patt. Anal. Mach. Intell. 29, 371–381 (2007)

10. Tsekeridou, S., Pitas, I.: Facial deature extraction in frontal views using biometric analo-
gies. In: Proc. IX Euro. Signal Proc. Conf., vol. 1, pp. 315–318 (1998)

11. Vandenbroucke, N., Macaire, L., Postaire, J.-G.: Color image segmentation by pixel clas-
sification in an adapted hybrid color space. Application to soccer image analysis. Comp.
Vis. Image Understand. 90, 190–216 (2003)

12. Vejmelka, M., Musilek, P., Palus, M., Pelikan, E.: K-means clustering for problems with
periodic attributes. Int. J. Patt. Recogn. Art. Intell. 23, 721–743 (2009)


	Color Image Spaces
	Introduction
	Perceptual Color Models
	IHS
	HSV
	HLS
	IHLS
	Indirect IHS Transformation
	Circular Statistics

	Multiple Color Spaces
	Software
	Further Reading
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




