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Lossless Image Compression  
Based on Blending Predictors 
Summary 

 

The main topic of the work is lossless data compression. Two methods of classification based 

on encoding and decoding time are presented, and solutions known from the literature in connection 

with these classifications are described. 

The aim of the work was to develop a method which is capable of digital image compression 

with a higher average efficiency than the solutions published to date.  

In chapter 2, the basic rules for designing constant and static predictive models are described, 

along with the problem of discrepancies between the classic minimization of mean-square error and 

the minimization criterion based on the entropy function in regards to prediction model design. 

Moreover, a number of author approaches to the selective search for prediction coefficients, including 

genetic algorithms, are described. 

In chapter 3, basic and modified prediction methods using context switching are described, 

along with an original method for a division into main and additional contexts, which became the basis 

for developing the predictive methods described in further chapters.  

In chapter 4, the rules regarding an adaptive method for removing a constant coefficient, 

known also as a prediction error correction associated with an appropriate context, are outlined. Using 

various solutions, an original method is presented, which utilizes a blend of 8 different values in order 

to obtain the final value of the constant coefficient for the pixel being encoded. 

Chapter 5 presents methods for fast prediction coefficient adaption, describing basic methods 

and extended methods created by the author: LMS, ALCM, CoBALP. This chapter is finalized with a 

proposal for a rapid and effective method, M-LMS, which is a combination of the extended methods 

ALCM + and CoBALP+. In this chapter, an attempt is also made to answer the question of why the 

classic LMS method is characterized by low efficiency when applied to digital images. 

Chapter 6 includes adaptive methods for determining prediction coefficients characterized by 

high implementation complexity. The RLS+, OLS, WLS (and its variant AVE-WLS) methods are 

described, with particular focus on an analysis of their complexity. An original approach consisting of 

including the NLMS method as a second block of predictive modeling is proposed; such a solution has 

never before appeared in the literature on lossless digital image compression. 

In chapter 7, a method for determining prediction values with neural networks is presented. 

Existing solutions are described and, based on these, an effective method based on a multi-layer 

perceptron network is proposed, while simultaneously analyzing the influence of parameters into 

compression effectiveness.  

The second block of this work is chapter 8, in which an adaptive arithmetic encoder with 

context switching is described. This is treated as the second stage of the lossless image compression 

which takes place after data decomposition. A fully-adaptive solution with a minimal number of 
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initializing parameters is chosen in this original method. The encoder is designed in such a way that 

the sign bit and the absolute value of the prediction error are encoded separately.  

Applying all the knowledge from the the first eight chapters allowed the design and discussion 

of the final compression method in Chapter 9, which is based on the possibility of the simultaneous 

usage of multiple methods to determine the expected value of the pixel. This is a prediction-blending 

method, whose various versions are demonstrated in the subchapters of Chapter 9. The methods 

referred to as to Blend-20, Blend-24 and Blend-25 meet the hypothesis from the work’s aim that the 

bit average for a set of test images is lower than all other results known in the literature. 

Chapter 10 describes the practical applications of a simplified version of the predictor 

blending for image and video sequence encoding. During video sequence encoding, along with spatial 

correlation between adjacent pixels in a single frame, there is also a temporal correlation, i.e., 

similarities between adjacent frames [7, 79, 98], and spectral dependences between the color 

components R, G and B [77]. Thus, in chapter 10 some aspects of color encoding and video sequences 

encoding are described. The application of an original Blend-24 method for near-lossless mode is also 

presented, where for bit-averages higher than 1 bit per pixel (for grayscale image) the method gives 

better results than the lossy codec JPEG2000. 

Chapter 11 includes a conclusion together with a list of the author's original solutions 

described in the book. Also proposed are some potential areas of research, the results of which, 

according to the author, can lead to achieving further gains in efficiency in the solutions already 

developed for lossless and near-lossless compression of digital images. 

In summary, the author's substantial contribution to the domain of lossless image compression 

consists of the development of a method, which, in contrast to others known from the literature, 

includes: 

– new techniques for blending predictors, which are capable of combining many methods 

known from the literature; 

– a novel method of contextual splitting, which may be useful for increasing the effectiveness 

of some known predictive methods; 

– a concept previously unknown in the literature of blending a large number of cumulative 

error prediction correction methods; 

– a solution utilizing in an efficient manner the cascade technique NLMS+; 

– a contextual arithmetic encoder for compression of the sign bit of prediction error. 

All the above mentioned features, only when combined with the new and numerous improved 

solutions known from the literature resulted in the achievement of the aim. 

 
 
 
 
 
 
 
 


