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Abstract

1. Introduction

With the rapid growth of digital colour imaging, there is a strong need from the imaging industry to be able to quantitatively calculate colour difference between complex images, and this image-based colour difference will be useful for evaluating the performance of image reproduction, image restoration and image compression algorithms.  The CIE Colorimetry based colour difference equations, such as CIELAB, CIELUV, BFD, CMC, CIE94 and CIELAB2000, were all derived from psychophysical experiments on assessing colour differences using large size uniform surface patches on uniform grey backgrounds.  Because of their successfully application to specify colour accuracy for large size uniform surface patches, these colour difference equations were often adopted for calculating colour difference for complex images.  The current conventional method attempts to apply these colour difference equations to images on a pixel-by-pixel basis, and calculates the overall colour difference as the averaged difference of every pixel in the image.  However, it often provides an inaccurate representation of the perceived colour difference.  For example, a pixel-by-pixel computation of the CIELAB colour difference would certainly fail for halftone images. Another example is that when all the pixels in an image have a reproduction error in the same direction (lightness, hue, chroma), the colour constancy mechanism help to make large errors appear small; when all the error for each pixel are randomly distributed, small errors appear large.  Our research shows that one of the problems with the conventional method is that every pixel difference is weighted evenly.  However, not all pixels are equally important when viewing an image.  The algorithm described here shows that it is possible to derive an image-based colour difference which incorporates the observer’s perception of the image contents by weighting each pixel differently.

2. Proposed algorithm

The proposed algorithm introduces the use of a probability scheme.  The fundamental notion in information theory is that of surprise or uncertainty, unlikely events carrying more information than likely ones, and vice versa.  In fact, the generation of information can be modeled as a probabilistic process that can be measured in a manner that agrees with intuition.  If a pixel value x occurs with probability p(x) in an image, then the self information of that occurrence is calculated by taking the log of the inverse of the probability, i.e. I(x)=log(1/p(x))=-logp(x).  This measure provides a non-negative value which represents the amount of information an event contains – the less likely an event, the larger the information value.  That “event” can be defined, not only as pixel values, but also any of the local interest measures.  Local interest can be measured in many different ways including using the following measures: pixel value, local variance, edge information and spatial moments.  Pixel values and local variance measures were used directly to weight each pixel’s colour difference because observers may be more attracted to bright areas or high contrast regions.  Since observers may be attracted to edge strength, edge magnitude, derived by some edge detection algorithm, is also investigated.  The second spatial moment attempts to capture the spatial distribution of the pixels.  Using each of these local interest measures as an event will provide a set of information measures similar to Shannon's self-information measure that will each attempt to encapsulate perceived local interest.  And these information measures were used to weight each pixel’s colour differences towards the overall colour difference between complex images.

3. Experimental results

Psychophysical experiments were conducted to verify the effectiveness of the proposed algorithm.  It is shown that images with similar average 
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 based on pixel-by-pixel computation can actually look very different, and the proposed algorithm is able to distinguish the difference corresponding to human visual assessments.
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