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Abstract 
We introduce a theoretical framework for measuring the 

information content in the edges extracted from a color image. The 

main difficulty in estimating the amount of information 

(differential entropy [1, 2]) in an image signal is to fit an 

appropriate probability mass function to the trichromatic image 

data. To estimate the amount of information in the edges extracted 

from a color image, we first convolve the image with a derivative 

filter. By fitting a Kotz-Type probability distribution to the 

convolved image, we then estimate the differential entropy of the 

edge coefficients as a measure of the uncertainty involved in the 

edge content of a postreceptoral chromatic image. The proposed 

estimation of differential entropy provides an efficient means of 

processing the edge content information under a variety of natural 

illuminations, which might be further used as a quantitative 

measure for evaluating color constant image retrieval.  

Introduction 
Human visual system provides an efficient means of 

processing the color information of reflecting surfaces by 
discounting the contribution of illumination to the chromatic 
content of the image. This ability is called color constancy. In 
1983, Gilchrist et al. [3] proposed that the edge content of a scene 
is critical for the visual system to decompose a scene into the 
components of reflectance and illumination. Computational models 
of lightness constancy are typically based on the assumption that 
illumination changes involve smooth variations in luminance level 
[4-6]. Then it is believed that the effects of illumination occur at 
higher level of spatial frequencies in a scene.  

In the context of color constancy, the mechanism of visual 
system and the capability of an observer in representing constant 
colors are of particular interest [7]. Implementation of edge 
detection algorithms and image gradient [4, 8] were proposed as a 
computational approach to illumination detection based on the 
general scheme of Lands’ Retinex model [6]. On the basis of von 
Kries diagonal transformation hypothesis, edge-based color 
constancy methods were proposed based on the assumption that 
the average of gradient coefficients in a scene under neutral 
illumination corresponds to an achromatic patch [9, 10]. Edge-
based algorithms in color constancy have performed decently in 
detecting the color vector of illumination particularly when the 
signal-to-noise ratio of a scene is above medium [11]. Concerning 
the importance of edges in detecting illumination, it is noteworthy 
to mention that convolving an image with a high-pass derivative 
filter can extract a higher level of special frequencies in a scene. 

Then spatial frequencies in a scene appear to be crucial for the 
visual system in illumination detection.  

The postreceptoral processing of color information in an 
opponent color system optimally removes the redundant 
information caused by correlations among receptoral cone 
responses due to overlap in the cones’ spectral sensitivities [12]. 
Nieves et al. [13] found that the magnitude of the three post-
receptoral Luminance, Red-Green and Blue-Yellow edge contrast 
changes was almost constant across daylights. However, they 
noted that the normalized edge contrasts in the Lum, RG, and BY 
opponent channels decreased by illumination changes up to 9000 
K, before becoming almost constant beyond 10,000 K (Fig.4 in 
Ref. 13). 

Considering a high threshold of spatial frequencies for the 
illuminant effects in a scene, in the present research, we are 
particularly interested in finding out how much information is 
captured by the gradient edges under different natural 
illuminations. The amount of postreceptoral information of the 
edges in a natural scene is estimated by transformations of LMS 
cones responses to Luminance (Lum) and the two opponent 
chromatic responses, RG and BY.  

Image Formation 
A computational simulation of image formation was carried 

out using different hyperspectral images. The LMS cone responses 
at a pixel (x,y) in an image with spectral reflectance );,( λyxr  can 
be calculated under illumination )(λe  by, 
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in which )(λl , )(λm , and )(λs  are the Smith and Pokorny cone 
sensitivities [14] at wavelength λ , and the illumination is assumed 
to be constant over the scene. The LMS receptoral image was then 
transformed to a cone-opponent image representation using a 
simple approach as follows [12, 15]: 
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where, Lum  is luminance value, and RG  and BY  are the two 
perceptual chromatic axes of opponent colors at pixel (x,y). 

The postreceptoral image, ),,( byrglumI , can be convolved 
with a gradient filter, f , for extracting the edges, 
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where, σ  is the standard deviation of a Gaussian filter, σ
G , with 

which the image, I , is convolved, as σσ
GII ∗= , for local 

smoothing.  

Edge Information Content 
The difficulties in estimating the information content in a 

scene pertains to the way in which the entropy is estimated for a 
discretized random variable of pixel intensities in a scene. Field & 
Chandler [16] proposed a computational method for measuring the 
amount of information corresponding to the phase and power 
spectra of a natural scene. Due to computational complexity, 
however, they implemented the method for a relatively small patch 
size. The problem of estimating the information content of an 
image is even more pressing when dealing with a three 
dimensional chromatic image. Aiming at identifying the amount of 
information captured by colors in a scene, Franch & Foster [17] 
studied different estimation techniques for measuring the discreet 
entropy of a scene by partitioning the space of continuous RGB 
variable.  

Edge Statistics 
The edge coefficients of an image are distributed in a more 

kurtotic manner than a Gaussian distribution. Figure 1 represents 
typical contours of a log-histogram of the distribution of the 

)- ( byrg  postreceptoral edges extracted from the 
image, ),,( byrglumI , under neutral daylight illumination with 
CCTs ~ 6500 K. It can be seen that a multivariate heavy-tailed 
elliptically symmetric probability distribution can be fitted well 
into the data of the edge coefficients. Similar representations of the 
distribution can be found for other two sets of postreceptoral 
variables, i.e. )- ( bylum , and g)- ( rlum . Chakrabarti et al. [18] 
fitted a radial exponential distribution to the convolved image with 
a derivative filer. We propose a similar Kotz-Type probability 
density function [19], 
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of n-dimensional multivariate random variable, ],,[ 1 n
xx K=x , in 

which, ])2/(/[)]2/([ 2/2/ nn nnkc πθθ θ ΓΓ= , and )(⋅Γ  is Gamma 
function. The maximum likelihood estimation of the parameters in 
Kotz-type distribution was discussed by Naik and Plungpongpun 
[20]. 

 

  
Figure 1. A typical log-histogram of the distribution of the postreceptoral edges 

extracted from a natural scene under neutral illumination. 

Differential Entropy 
The differential entropy of a probability distribution, )(xp , of 

a multivariate random variable, ],,[ 1 n
xx K=x , is defined as, 

xxxx dppH ∫−= )(log)()( , (5) 

in which )(xp  is the probability mass function [21]. It can be 
proved that the differential entropy, )(xH , of the Kotz-type 
probability distribution, ),;( Σµxp , in Eq. (4) is, 

cnH log2/)( −= θx  (6) 

A special case of Kotz-type distributions is multivariate Gaussian 
distribution, where 5.0=k and 1=θ , for which, 
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The univariate Laplace distribution, 
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is another special case of probability distribution of Eq. (4), where 
1=k , 5.0=θ , and 1=n , and the entropy of which is, 

.2log1)( σxH +=  (9) 

The mutual information, MI, can then be measured by the 
following equation, 

)()()( xx HxHMI
i

i
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in which )(
i

xH  is the entropy of the univariate random variable 

i
x , measured by Eq. (9). 

Experiment 
We used a total of 50 hyperspectral images, consisting of 29 

natural scenes collected at the Bristol University [22], 12 images 
gathered by Ruderman et al. [12], and 9 spectral images of 
nonurban scene collected by Foster et al. [23, 24]. The LMS 
response of each image at a pixel was computed under 140 outdoor 
illuminations with CCTs from 2,900 K to 36,660 K (Fig. 2). The 
images were also normalized by the maximum value in a scene to 
keep the range within 0 to 1. The postreceptoral image, 

),,( byrglumI , was then computed using Eq. (2), and afterwards 
the postreceptoral edges were extracted as explained in Eq. (3).  

  
Figure 2. The spectral power distributions together with the chromaticity 

coordinates of 140 outdoor illuminations under which the images were 

rendered.  

The entropy, )(xH , and mutual information, )(xMI , of 
postreceptoral edges, where x  represents the ),,( byrglum  
variable, were measured for each natural scene rendered under 140 
outdoor illuminations. Since we are interested in the information 
content along edges in natural scenes, the average of the measured 
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entropies and mutual information across the all 50 images can be 
calculated for each illumination separately. In the present work, we 
computed the average of the 50 measured entropies and mutual 
information under each outdoor illumination. Figure 3 shows the 
results of the average entropy and mutual information of the 
postreceptoral edges as a function of the CCT of the illumination 
under which the scene was rendered. It can be observed that 
mutual information decreases rapidly as CCT increase up around 
10,000 K. Besides, the information content, )(xH , increased up to 
around 10,000 K and then slightly decreases. The results are 
consistent with Nieves et al. findings [13] which state that edge 
contrasts were almost constant for the postreceptoral mechanism in 
daylight with CCT above 10,000 K. 

  
Figure 3. The average of mutual information and entropies (in nats) of 

postreceptoral edges across the all 50 natural scenes versus the correlated 

color temperature (CCT) of illuminations.  

In order to investigate how changes in natural illumination 
influence the entropy and mutual information of edges in the 
postreceptoral domain after adaptation, the modified postreceptoral 
responses were computed as [12, 13], 
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where, L̂ , M̂ and Ŝ  are, 
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and 〈⋅〉 is the mean operator. Figure 4 shows the distribution of the 
modified postreceptoral edges extracted from a natural image 
under the neutral illumination (the scene in Fig. 1). As shown in 
Fig. 4, the redundancy between edges in the postreceptoral 
mechanisms measured by Eq. (11) decreased comparing with the 
responses calculated by Eq. (2). 

  
Figure 4. A typical log-histogram of the distribution of edges extracted from the 

modified postreceptoral responses for the scene shown in Figure 1, under the 

neutral illumination. 

Figure 5 represents the average entropy and mutual 
information of the modified version of the postreceptoral edges 
versus the CCT of the illumination under which the scene was 
rendered. According to the results of the information content in the 
edges of the modified postreceptoral responses, the entropy and 
mutual information changed as a function of CCT. In most of the 
cases, the mutual information represented a minimum value around 
3600 K to 8000 K. The entropy of the modified postreceptoral 
edges decreased in general as the CCT of the illumination 
increased. As can be seen in Fig. 5, the mutual information of the 
modified postreceptoral edges represents a minimum value at CCT 
around 5000 K.  

  
Figure 5. The average of mutual information and entropies (in nats) of edges 

extracted from the adapted postreceptoral responses across all 50 natural 

scenes versus the correlated color temperature (CCT) of illuminations.  

Discussion 
According to previous results, mutual information decreases 

when the visual information ascends the visual pathway from 
receptoral to post-receptoral stages [15]. Besides, as daylight 
changes, chromatic and luminance edges also change but only by a 
few percent. Considering the vast range of different daylight CCTs 
the edge contrast change rate is probably not visually relevant [13]. 
However, the amount of information shared by the edges in the 
three cone-opponent mechanisms decreases rapidly up to 10,000 
K, followed by an almost constant magnitude for illuminations 
with CCT above 10,000 K. The entropy in cone-opponent edges 
represents a maximum value around 10,000 K (Fig. 3). For the 
daylight illumination with CCT above 10,000 K, the magnitude of 
entropy in cone-opponent edges slightly decreases.  

The results of the analysis of the information content in the 
edges from the modified postreceptoral mechanism based on Eq. 
(11) were different from that of obtained from Eq. (2). At a first 
glance it could be a stunning result because of translation and 
scaling invariance of the mutual information. Nevertheless the 
whole nature of the data was changed by the logarithm 
transformation on Eq. (12) and thus results for MI of adapted and 
unadapted are different. The information shared by adapted 
postreceptoral responses decreased for the edges extracted from 
scenes under daylight with CCTs around 3,600-8,000 K. It seems 
that the optimal daylight for constant color falls within the range of 
CCT in which the mutual information is moderately small. 
Furthermore, the results of postreceptoral edges obtained from Eq. 
(2) show that the unadapted postreceptoral systems tend to 
moderately increase the information content in a scene around 
neutral illumination. A relatively small value in the amount of 
information shared by the postreceptoral responses was also 
observed around neutral illumination with CCTs ~ 6,500 K. It has 
been argued that information estimates shed light on the amount of 
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elements identified by human visual system in terms of their 
colors, independent of spatial position [23-24]. It should be further 
analyzed whether this statement holds when the visual signal is 
processed at a higher-level, e.g. scenes edges, under different 
illuminant changes. 

Conclusions 
A theoretical framework for measuring the entropy and 

mutual information of the edges extracted from a color image was 
introduced by fitting a Kotz-Type probability distribution to the 
edges of trichromatic image data. To estimate the amount of 
information in the edges extracted from a color image, we first 
convolve the image with a derivative filter. By fitting a Kotz-Type 
probability distribution to the convolved image, we then estimate 
the differential entropy of the edge coefficients as a measure of the 
uncertainty involved in the edge content of a postreceptoral 
chromatic image. The proposed estimations were analyzed by 
processing information content in the edge under a variety of 
outdoor illuminations. Considering the minimum value of CCT 
5,000 K at which the modified postreceptoral edges represented an 
average minimum value of mutual information, finding the optimal 
daylight to account for constant color representation still remained 
unsolved. Thus, it cannot be concluded that adapted color 
mechanisms can discount illumination changes using the 
information content in the edges. However, the entropy in the 
edges of postreceptoral mechanisms represented a moderately 
higher magnitude around neutral illuminations with CCTs ~ 6,500 
K. In order for visual system to represent constant color by 
discounting the contribution of illumination, further investigation 
is necessary to verify whether the information content in the edges 
of a scene plays an important role in possessing this fascinating 
ability. 

References 
[1] C. E. Shannon, “A mathematical theory of communication,” Bell 

System Technical Journal, 27, 379–423 (1948) 
[2] C. E. Shannon, “A mathematical theory of communication,” Bell 

System Technical Journal, 27, 623–656 (1948). 
[3] A. L. Gilchrist, S. Delman, and A. Jacobsen, “The classification and 

integration of edges as critical to the perception of reflectance and 
illumination,” Perception &Psychophysics, 33, 425-436 (1983).  

[4] B. K. P. Horn, (1974). Determining lightness from an image. CGIP, 
3, 277-299. 

[5] E. H. Land, and J. J. McCann, “Lightness and Retinex Theory,” J. 
Opt. Soc. Am., 61, 1-11 (1971). 

[6] E. H. Land, “The Retinex,” Amer. Scientists, 52, 1964. 
[7] D. H. Foster, “Color constancy,” Vision Res., 51, 674-700 (2001).  
[8] B. Funt, and M. Drew, Color Constancy Computation in Near-

Mondrian scenes using a Finite Dimensional Linear Model, Proc. 
CVPR '88, pg. 544. (1988).  

[9] J van de Weijer, T Gevers, A Gijsenij, “Edge-Based Color 
Constancy,” IEEE T Image. Process., 16, 2207-2214 (2007). 

[10] A. Gijsenij, T Gevers, J. van de Weijer, “Generalized Gamut 
Mapping Using Image Derivative Structures for Color Constancy,” 
Int. J. Comput. Vision, 86, 127-139 (2010) 

[11] A. Gijsenij, T Gevers, J. van de Weijer, “Computational Color 
Constancy: Survey and Experiments,” IEEE T Image. Process., 20, 
2475-2489 (2011). 

[12] D. L. Ruderman, T. W. Cronin, and C. C. Chiao, “Statistics of cone 
responses to natural images: implications for visual coding,” J. Opt. 
Soc. Am. A 15, 2036–2045 (1998). 

[13] J. L. Nieves, S. M. Nascimento, J. Romero, “Contrast Edge Colors 
under Different Natural Illuminations,” J Opt. Soc. Am. A, 29, 240-
246 (2012). 

 [14] V. C. Smith, J. Pokorny, “Spectral sensitivity of the foveal cone 
photopigments between 400 nm and 500 nm,” Vis. Res. 15, 161–171 
(1975). 

 [15] T. Hansen and K.R. Gegenfurtner, “Independence of color and 
luminance edges in natural scenes”, Vis. Neurosci., 26, 1, 35-49 
(2009). 

[16] D. J. Field, D. M. Chandler, “Method for Estimating the Relative 
Contribution of Phase and Power Spectra to the Total Information in 
Natural-Scene Patches.” J Opt. Soc. Am. A, 29, 55-67 (2012). 

[17] I. Marín-Franch, D. H. Foster, “Estimating Information from Image 
Colors: An Application to Digital Cameras and Natural Scenes,” 
IEEE T Pattern Anal., 35, 78-91 (2013). 

[18] A. Chakrabarti, K. Hirakawa, T. Zickler, “Color constancy with 
spatio-spectral statistics,” IEEE T Pattern Anal., 34, 1509-1519 
(2012).  

[19] S Nadarajah. “The Kotz-type Distribution with Applications,” 
Statistics, 37, 341-358 (2003).  

[20] D. N. Naik, K. Plungpongpun, “A Kotz Type Distribution for 
Multivariate Statistical Inference," in Advances in Distribution 
Theory, Order Statistics, and Inference, Balakrishnan, N., Castillo, 
E., and Sarabia, J. M., Eds., (BirkhÄauser, Boston, 2006) pg. 111. 

[21] T. Cover and J. Thomas, Elements of Information Theory (John Wiley 
& Sons, Inc, New York: 1991) pg. 224. 

[22] C. A. Parraga, G. Brelstaff, T. Troscianko, I. R. Moorhead,”Color 
and luminance information in natural scenes,” J Opt. Soc. Am. A, 15, 
563-569 (1998). 

[23] D. H. Foster, S. M. C. Nascimento, K. Amano, “Information limits on 
neural Identification of colored surfaces in natural scenes,” Vis. 
Neurosci., 21, 331-336 (2004). 

[24] D. H. Foster, K. Amano, S. M. C. Nascimento, M. J. Foster, 
“Frequency of metamerism in natural scenes,” J Opt. Soc. Am. A, 23, 
2359-2372 (2006).  

 

Author Biography 
Shahram Peyvandi received the Ph.D. degree in color science from 

the Department of Textile Engineering, Amirkabir University of 

Technology, Tehran, Iran. He is currently with the Department of 

Psychology, Rutgers, The State University of New Jersey, Newark. His 

work has focused on computational approaches to visual color 

perception, and spectral data processing. 

Juan Luis Nieves received the M.Sc. and Ph.D. degrees in physics 

from the University of Granada, Granada, Spain, in 1991 and 1996, 

respectively. He is currently an Associate Professor with the Department 

of Optics, Science Faculty, University of Granada, where he conducts 

research in the Color Imaging Laboratory. His current research interests 

include computational color vision (color constancy, human visual system 

processing of spatiochromatic information), and spectral analysis of color 

images. 

Alan L. Gilchrist received the Ph.D. degree in Psychology from the 

Rutgers University, in 1975. He is professor at the Department of 

Psychology, Rutgers-Newark. His research interests are lightness 

perception, black and white perception and lightness constancy. 

 

 

21st Color and Imaging Conference Final Program and Proceedings 239


	_INTRODUCTORY_MATERIALS
	Copyright
	Welcome to CIC21!
	Program Committee
	IS&T Board of Directors
	IS&T CORPORATE MEMBERS
	Technical Papers Program
	Welcome and Keynote
	Finlayson, Illuminant Estimation: Back to the Future…pg.1

	Inside the Rainbow
	Samadzadegan, Spatially Resolved Joint Spectral Gamut Mapping…pg.2
	Shrestha, Multispectral Imaging Using LED Illumination…pg.8

	Beyond the Rainbow
	Tsuchida, An Eleven-Band Stereoscopic Camera System…pg.14
	Morovic, Spectra from Correlation…pg.20
	Godau, Spatio-Spectral Image Restoration…pg.27

	Bright Ideas
	Hung, Extreme Spectral Power Distribution…pg.33
	Baek, Monitor Brightness Perception Changes…pg.39
	Fores, Perceiving Gloss in Surfaces and Images…pg.44
	McCann, Chromaticity Limits…pg.52

	Conference Sponsors
	Heavy Metal
	Pjanic, Specular Color Imaging…pg.61

	Heavy Metal Panel
	Evening Talk
	Award Presentations and Keynote
	Colorful Language
	Lindner, Automatic Color Palette Creation from Words…pg.69
	Mirzaei, A Robust Hue Descriptor…pg.75

	Picture Perfect
	Tominaga, Extraction of Artists' Color Features…pg.79
	Jiang, An Exemplar-based Method…pg.85
	Kraushaar, Fogra Roses - Developing a Colour Difference Dataset…pg.92

	Interactive Previews
	Boher, High Spatial Resolution Imaging Colorimeter…pg.96
	LeMoan, Image Quality and Change of Illuminant…pg.102
	Shi, RGBZ Image Restoration by Patch Clone…pg.108
	MariaSaguer, Validating the Black Point Compensation…pg.114
	Shi, Rank-based Illumination Estimation…pg.118
	Ledoux, Which Distance Function Use…pg.122
	Lu, Influence of Texture…pg.128
	Shamey, The Role of Parametric Factors…pg.134
	Cheng, Evaluating Color Shift in Liquid Crystal Displays…pg.143
	Toyota, Principal Component Analysis for Pigmentation…pg.148
	Rezagholizadeh, Maximum Entropy Spectral Modeling Approach…pg.154
	Hensley, Colorimetric Characterization of a 3D Printer…pg.160
	Vazirian, Display Characterization…pg.167

	Do You See What I See?
	Asano, Observer Variability Experiment…pg.171
	Luo, The NCS-Like Colour Scales Based on CIECAM02…pg.177
	Tajima, Experiment on the Relation between Color…pg.180

	Playing with Color
	Fairchild, Metameric Observers…pg.185
	Pedersen, Improved Simulation of Image Detail Visibility…pg.191

	Friday Keynote
	Hersch, Color Reproduction and Beyond…pg.197

	The Skinny on Color
	Madooei, A Colour Palette for Automatic Detection…pg.200
	Xiao, Developing a 3D Colour Reproduction System…pg.206

	Putting Color to Work
	Morovic, 8 Vvertex HANS…pg.210
	Pouli, Color Correction for Tone Reproduction…pg.215
	Shu, Integrated Color Matching Using 3D-Distance…pg.221

	Hard-core Color Theory
	Brill, Spectrum-Locus Convexity…pg.227

	Late Breaking News
	Simon, High Dynamic Range Imaging…pg.231
	Peyvandi, On the Information Content along Edges…pg.236
	Waddle, Real-Time Spectral Rendering…pg.240
	Viggiano, A Simplified Overprint Model…pg.247

	Closing Keynote and Best Paper Awards Presentations


	Author Index



