
Master Thesis  

Computer Science 

Thesis no: MCS-2010-35 

December, 2010 

School of Computing 

Blekinge Institute of Technology 

Box 520 

SE – 372 25 Ronneby 

Sweden 

On Image Compression Using Curve Fitting  

Amar Majeed Butt 

Rana Asif Sattar 

 

School of Computing 

Blekinge Institute of Technology 

SE – 371 79 Karlskrona 

Sweden 

  

 

 



Contact Information: 

Author(s): 

Amar Majeed Butt 

E-mail: aamarmajeed@yahoo.com 
Rana Asif Sattar 

E-mail: masif92@gmail.com  

University advisor(s): 

Professor Lars Lundberg 

School of Computing 

Internet : www.bth.se/com 

Phone : +46 455 38 50 00 

Fax : +46 455 38 50 57 

This thesis is submitted to the School of Computing at Blekinge Institute of Technology in 

partial fulfillment of the requirements for the degree of Master of Science in Computer Science. 

The thesis is equivalent to 20 weeks of full time studies. 

 

School of Computing 

Blekinge Institute of Technology 

SE – 371 79 Karlskrona 

Sweden 

 
 

mailto:aamarmajeed@yahoo.com
mailto:masif92@gmail.com


i 

 

ABSTRACT 
 

 

 

Context: Uncompressed Images contain redundancy of image data which can be reduced 

by image compression in order to store or transmit image data in an economic way. There 

are many techniques being used for this purpose but the rapid growth in digital media 

requires more research to make more efficient use of resources.  

Objectives: In this study we implement Polynomial curve fitting using 1
st
 and 2

nd
 curve 

orders with non-overlapping 4x4 and 8x8 block sizes. We investigate a selective 

quantization where each parameter is assigned a priority. The 1
st
 parameter is assigned high 

priority compared to the other parameters. At the end Huffman coding is applied. Three 

standard grayscale images of LENA, PEPPER and BOAT are used in our experiment.  

Methods: We did a literature review, where we selected articles from known libraries i.e. 

IEEE, ACM Digital Library, ScienceDirect and SpringerLink etc. We have also performed 

two experiments, one experiment with 1
st
 curve order using 4x4 and 8x8 block sizes and 

second experiment with 2
nd

 curve order using same block sizes.  

Results: A comparison using 4x4 and 8x8 block sizes at 1
st
 and 2

nd
 curve orders shows that 

there is a large difference in compression ratio for the same value of Mean Square Error. 

Using 4x4 block size gives better quality of an image as compare to 8x8 block size at same 

curve order but less compression. JPEG gives higher value of PSNR at low and high 

compression. 

Conclusions: A selective quantization is good idea to use to get better subjective quality of 

an image. A comparison shows that to get good compression ratio, 8x8 block size at 1
st
 

curve order should be used but for good objective and subjective quality of an image 4x4 

block size at 2
nd

 order should be used. JPEG involves a lot of research and it outperforms in 

PSNR and CR as compare to our proposed scheme at low and high compression ratio. Our 

proposed scheme gives comparable objective quality (PSNR) of an image at high 

compression ratio as compare to the previous curve fitting techniques implemented by 

Salah and Ameer but we are unable to achieve subjective quality of an image. 

 

 

Keywords: Image compression, Multiplication limited and 

division free, Surface fitting 
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CHAPTER 1: INTRODUCTION 
 
The use of digital media is increasing very rapidly; every printed media is converting into 

digital form [2]. It is necessary to compress images and videos due to the growing amount 

of visual data to make efficient transfer and storage of data [3]. Visual data is stored in 

form of bits which represents pixels, grayscale requires 8-bits to store one pixel and a color 

image requires 24-bits to store one pixel. Access rate and bandwidth  are also very 

important factors, uncompressed images take high amounts of bandwidth [4]. For example, 

512x512 pixels frames require 188.7 Mbit/sec bandwidth for colored video signals 

composed of 30 frames / sec without compression. Due to the dramatic increase of 

bandwidth requirement for transmission of uncompressed visual data i.e. images and videos,  

there is a need to (1) reduce the memory required for storage, (2) improve the data access 

rate from storage devices and (3) reduce the bandwidth and/or the time required for transfer 

loss communication channels [2, 5]. 

 

Many image compression schemes have been proposed [5]. These different types of image 

compression schemes  can be categorized into four subgroups: pixel-based, block-based, 

subband-based and region based [6].  

 

Image compression is divided into two major categories lossy and lossless. In lossy 

compression techniques, also known as irreversible, some data are lost during the 

compression process.  In lossless compression techniques, which are also known as 

reversible, the original data are recovered in the decompression process [2, 3]. 

 

An image often contains redundant and/or irrelevant data. Redundancy belongs to 

statistical properties of an image while irrelevancy belongs to the subject/viewer perception 

of an image. Both redundancy and irrelevancy are divided into three types spatial, spectral 

and temporal [2]. Correlation between neighboring pixel values causes spatial redundancy 

and correlation between different colors curves cause spectral redundancy. Temporal 

redundancy is about video data that has relationship between frames in a sequence of 

images [7]. During compression these redundancies are reduced through different 

techniques. The purpose of compression is to reduce the number of bits as much as possible 

while keeping the visual quality of the reconstructed image close to the original image [1]. 

The decompression is the process of restoring the original image from the compressed 

image.  
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Typically there are three steps in image compression which are implemented in following 

order: (1) image decomposition or transformation, (2) quantization and (3) entropy 

encoding [1, 2].  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 General compression framework [2] 

 

Specific transformations are performed in the decorrelation step. The decorrelation step 

involves, segmentation into 4x4 or 8x8 blocks and applying curve fitting routine on each 

block and finally storing the parameters. The purpose is to produce uncorrelated 

coefficients that are quantized in the quantization step to reduce the allocated bits. 

Quantization is a lossy process. We cannot recover lost data during the Dequantization step. 

At the end an entropy coding scheme is applied to further reduce the number of allocated 

bits. Entropy encoding is a lossless compression technique [1].   

 

The structure of the thesis is as follows: In Chapter 2, the background of the work is 

discussed. Chapter 3 covers the purpose of the study, research questions and goals of the 

study. In Chapter 4, we describe the research methodology. In Chapter 5, we implement an 

image compression algorithm using curve fitting and simulate it in Matlab. In Chapter 6 we 

evaluate the proposed algorithm with respect to efficiency and effectiveness, comparing it 

with existing image compression techniques i.e. JPEG [8] to analyze the values of 

Compression Ratio (CR) and Peak Signal to Noise Ratio (PSNR). In Chapter 7, we draw a 

conclusion and finally make a discussion about future work. 
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CHAPTER 2: BACKGROUND 
 

Image compression is divided into four subgroups: pixel based, block based, subband 

coding and region based. In pixel based techniques, every pixel is coded using its spatial 

neighborhood pixels. It is ensured that the estimated      pixel value is very similar to the 

     original value [6]. Block base techniques are very efficient in some cases. The main 

types of block base techniques are training and non-training types. Training types include 

Vector Quantization (VQ) and Neural Network (NN) and non-training include Block 

Truncation, Transform coding. Transform coding includes Discrete Cosine Transform, 

Discrete Fourier Transform, Fast Fourier Transform, Wavelet Transform etc. [3, 9]. 

Subband encoding techniques are used for encoding audio and video data. Each signal in 

subband coding is divided into many frequency bands and then each band is treated 

separately in the encoding process [10]. Incomplete polynomial transforms quantize the 

coefficients to fit 4x4 blocks through sub band coding [9]. Region based compression 

schemes are computational intensive and slow. Block based compression schemes are fast 

but achieve limited compression [1]. 

  

The pictures can contain more than one image, text and graphics patterns. Due to the 

compound nature of an image there are three basic segmentation schemes: object-based, 

layered based and block based [11].  

Object-based:  

In this segmentation scheme an image is divided into regions where every region contains 

graphical objects i.e. photographs, graphical objects and text etc. Using this segmentation 

scheme it is difficult to get good compression because edges of the objects take extra bits in 

memory. In resultant gives less compression and increase the complexity [12]. 

Layered based: 

This technique is simple as compare to object based. In this approach an image is divided 

into layers i.e. graphical objects (pictures, buildings etc), text and colors. Every layer is 

treated with different method for compression [12]. 

Block based: 

This is more efficient technique as compare to object and layer based. There are following 

advantages of block based technique i.e. easy segmentation, every block is treated with 

same compression technique and less redundancy [12]. In block based image compression 

scheme, every image is divided into NxN (rows and columns) blocks in the segmentation 
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process and then further compression schemes are applied i.e. quantization and entropy 

encoding. This is also the area where we will try to make a contribution in this report. 

 

It is supposed that data are in a matrix form, in two dimensions consisting of rows and 

columns [13]. An image is divided into non-overlapping NxN (4x4 and 8x8) blocks. In 1st 

curve order, we find the parameters „  ‟, „  ‟ and    for the equation               

      such that the Mean Square Error (MSE) is minimized for the blocks. We take sixteen 

values for 4x4 blocks and sixty four values for 8x8 blocks. Two dimensional representation 

of 8x8 block is shown in Fig. 2.  

 

 

                           

   

 

 

Polynomial curve fitting is used in different computer programs for different purposes [14] 

The second order polynomial equation is                      
     

 . The 

1
st
 curve order needs less computational time as compare to higher curve order. Using 

bigger blocks increase the value of the Mean Square Error (MSE) as compare to smaller 

size blocks.  

 

MSE=
                    

                     
  

 

In above equation, ‘Total squared errors’ is equal to the square of the difference of the 

pixels between original and reconstructed image. Our main focus is to get maximum 

compression with minimum loss of image quality. The error is minimal for higher order 

curves using small block size. To analyze the compression performance of the algorithm 

the Compression Ratio (CR) is calculated as. 
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Figure 2 Two dimensional representation of 8x8 blocks 
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CR=
                            

                              
 

 

Finally, to find the value of the Peak Signal to Noise Ratio (PSNR), compare the objective 

(value calculated by algorithm) and subjective (reconstructed image) quality of the image 

using the proposed scheme with existing schemes. A Higher value of PSNR means better 

image quality.  

 

In the next chapter we are going to define the problem. 
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CHAPTER 3: PROBLEM DEFINITION AND GOALS 
 

Many image compression algorithms have been proposed and investigated by O.Egger et. 

al., and T. Sikora in [5, 15]. Region based schemes can give high compression ratios, but 

these involve a lot of computations [15]. On the other hand block-based schemes are 

typically fast and involve less computations [1].  The ultimate objective of this work is to 

design a multiplication limited and division free implementation. An important focus is to 

make the multiplication limited characteristic. 

 

The process of constructing a compact representation to model the surface of an object 

based on a fairly large number of given data points is called curve/surface fitting [16]. In 

Image compression, surface fitting is also called polynomial fitting, it has been used in 

image segmentation by Y. Lim and K. Park in [17] and quality improvement of block-

based compression by O. Egger, et. al. and S. Ameer in [5] and [1] respectively. The 

computation in this method can be reduced [9]. A simplified method for first order Curve 

fitting was proposed by P. Strobach in [18]. In [19], H. Aydinoglu proposed incomplete 

polynomial transformation to quantize the coefficients. Polynomial fitting schemes are 

investigated by [8] as multiplication limited and division free implementations. Curve 

fitting can obtain a superior value of PSNR and subjectively quality of an image as 

compare to JPEG at compression ratio of ~60:1 and significantly lower computational cost 

[1].  

 

In 2006, S. Ameer and O. Basir implemented a very simple plane fitting scheme using 

three parameters [20]. Later in 2008, S. Ameer and O. Basir proposed a linear mapping 

scheme using 8x8 block size. In 2008 S. Ameer and O. Basir also proposed a plane fitting 

scheme with inter-block prediction using 1
st
 curve order with 8x8 block size [9]. In 2009, 

Salah Ameer able to get superior image quality as compare to JPEG at high compression 

ratio but at low compression ratio JPEG outperforms as compare to the proposed scheme. 

“The author believes that the improvement should be in the form of increasing the order, 

reducing block size, or a combination of that [1].”  

  

In this study, authors are reducing the block size to 4x4 along with increasing curve order 

to 2
nd

 curve order. The authors are also exploring 8x8 block size at 1
st
 curve order to find 

the complexity of smaller block size at higher curve order. The main focus of this work is 

to explore and find more efficient image representations using polynomial fitting using 1
st
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and 2
nd

 curve order with 4x4 and 8x8 block sizes. Due to the computational simplicity, 1
st
 

order curve fitting is of special interest for this work. 

 

In this thesis, authors are exploring the implementation of Curve fitting in image 

compression, some existing techniques are the Quadtree approach, intra block prediction 

etc. [9]. The traditional approach of statistical processes e.g. Discrete Cosine Transform 

(DCT) for first order Markove process has a compact representation. So, instead of the 

traditional approach of statistical processes, the author explores the deterministic behavior 

of image block and fitting schemes in this domain [1].   

 

In our first experiment we divide the image into 4x4 and 8x8 blocks using 1
st
 curve order. 

In our second experiment the image is divided into the same block sizes using 2
nd

 curve 

order. A variable block size increases the computation complexity as compare to a fixed 

block size [1]. Two major problems are associated with the variable block size image 

coding algorithms. The first problem is how to incorporate a meaningful adaptively in the 

segmentation process and the second problem is how to order the data [18]. Fixed block 

size has some advantages over variable block size. Curve fitting is an iterative process we 

do not need to treat every block differently. So we have used the fixed block size in this 

experiment.  
  

When we used the 4x4 block size, the compression technique suffers from less visual 

annoying artifacts but a lower compression ratio was achieved. Our challenge is to increase 

the compression ratio without compromising the quality of an image. When we use larger 

blocks, the compression ratio is increased compared to smaller blocks but the compression 

techniques suffer from visual annoying artifacts. A reconstructed image shows the edges 

when we use bigger block size.  

3.1 Curve Fitting 
 

Curve fitting is used in image segmentation by P. Besl and R. Jain  in [21]. Least Square 

Curve Fitting is concerned with calculating the data using parameters „  ‟, „  ‟ and    in 

first order curve fitting. A set of data are given that are approximated using these 

parameters [22]. Reconstructed data points give approximated values using curve fitting. If 

the curve fitting is accurate it means that calculated values and the original values are same 

[23].   
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3.1.1 1
st
 Order Curve Fitting 

 

As described before, the main objective of this work is to find efficient representations of 

an image using polynomial fitting. To find the model parameters, the Mean Square Error 

(MSE) minimization method is used.  

 

First Order Polynomial (Curve) Fitting is fast and multiplication limited and division free 

model [20].   

3.1.2 Higher Order Curve Fitting 
 

We have also investigated higher order polynomial fitting using block based image 

compression. Higher order polynomial fitting increases the quality of the image but 

decreases the compression ratio. Higher order polynomial also increases the computational 

complexity, compared to 1
st
 order curve fitting. Implementation of polynomial schemes 

with orders greater than two is difficult [1]. In [20] S. Ameer and O. Basir, has 

implemented using 8x8 block size at 1
st
 order polynomial fitting. 

 

3.1.3 Mathematical Formulation 
 

We store only few parameters for number of pixels using a least square algorithm [24].  
 

 

                                             (3.1) 
 

 

Where g(x,y) is the original image and                     Parameter values          

and    are saved for all NxN blocks, in case of 1
st
 curve order. For calculating the values of 

parameters           and    we are using Gaussian elimination function, explained in 

Chapter 5. 

3.2 Goals 
 

Following are goals associated with our work.  

1. To increase the Compression Ratio (CR) with minimum loss of PSNR (Quality) 

2. Enhancing existing curve fitting scheme using higher order polynomials with 4x4 

and 8x8 block size. 

3. Performance evaluation of our proposed compression scheme as compare to 

existing schemes.  

4. To analyzing the results of PSNR and CR using non-overlapping blocks data.  

3.3 Research questions 
 

These are research questions to carry out our research work. 
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1. What is the effect on peak signal to noise ratio (PSNR) using 4x4 and 8x8 block 

size with 1
st
 and 2

nd
 curve order? 

2. What is the effect on compression ratio (CR) using non overlapping 4x4 and 8x8 

block sizes using 1
st
 and 2

nd
 order of curve fitting? 

3. How complex in terms of execution time does an algorithm become when we 

change block size and curve order? 

4. How does our algorithm efficiency in CR and PSNR compare to other compression 

techniques, e.g. JPEG and previous implemented Curve Fitting techniques? 
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CHAPTER 4: RESEARCH METHODOLOGY 
 

In writing our thesis, we did a literature review for better understanding of previously used 

techniques and approaches. We conducted an experiment to find comparable values of 

PSNR and CR to support our research. In [25], Creswell elaborated research methodology 

(Qualitative and Quantitative) as we adopted in this study.  

4.1 Qualitative Methodology - Literature Review 
 

We have made a literature review of the image compression schemes to understand the 

Polynomial Curve fitting schemes proposed by different researchers in this area. In earlier 

chapters, as part of literature review, we discussed image compression schemes according 

to processing elements, pixel-based, block-based, subband-based and region based. Curve 

fitting technique for image compression is also used by Ameer and Basir in [20] using 8x8 

block size. Their algorithm gives high compression ratio as well as good quality of 

reconstructed image [25].  
 

We have used different keywords for better understanding of the research work i.e. image 

compression, curve fitting, block and multiplication limited and division free. All the 

keywords are defined in the starting chapters of this thesis. We focus on block based 

technique and skipped other techniques i.e. pixel based, sub band coding and region based. 

This study would help the researcher to analyze the effect of small and large size of blocks 

and higher order of curve. Due to high computational complexity, response time of 

reconstructed image increases. Mathematical operations become complex when we 

increase curve order [25]. 
 

 

 

For selection of topic you should familiar with topic whether it is researchable or not. It 

belongs to your area of study. Researchers do literature review that helps them to relate to 

the previous study and to current study in that area. It provides framework for comparing 

results. Literature helps to explore not only research problems. Quantitative study not only 

gives some facts and figures that support qualitative study but also suggest possible 

questions and hypothesis. Keywords give basic understanding to researchers finding 

relevant material.  
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List of Keywords 

To find the relevant material we have been using following keywords to find more 

appropriate papers. The list of these keywords is given below. 

 Surface fitting 

 Image compression 

 Curve fitting 

 Polynomial curve fitting 

 Scalar quantization 

 Vector quantization 

 Digital Image Compression 

 Plane fitting 

 Least square fitting 

 Huffman coding 
 

 

We explored different databases to find the relevant material. The detail of these databases 

is given in Table 1. 

 

Table 1 Search results of papers from different databases using different string combination   

Keywords IEEE ACM Science Direct Springer Link 

Image Compression 16,645 18,509 94,420 38,859 

Image Compression 

using Surface fitting 

20 725 8,501 1,378 

Image Compression 

using Polynomial fitting 

13  357 1,644 352 

 

Image Compression 

using Curve Fitting 

25 738 7,561 1,206 

Least Square fitting 2,482 6,664 165,207 17,429 

Quantization in Image 

Compression 

2,915  

3,494 

4,265 3,376 

 

Encoding in Image 

Compression 

3,009 4,390 7,437 5,321 

 

We selected most relevant papers to our keywords and strings. We keep in mind published 

date of the papers to find up to date information about our focused area.  

 

Table 2 Random selection of papers most relevant to search string 
 

Database Name 

IEEE ACM SCIENCE 

DIRECT 

SPRINGER 

LINK 

ENGINEERING-

VILLAGE 

No of Papers 35 45 62 45 4 
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We studied abstracts of two hundred to get an overview and relevant keywords used in 

those papers. We found twenty eight papers most relevant to our work and used in our 

thesis. 
 

 

 

4.2 Quantitative Methodology - Experiments 
 

 

Experiments are appropriate when we want to control over the situation and want to 

manipulate the behavior directly, precisely and systematically [26]. In the quantitative part, 

we designed an algorithm to evaluate the proposed method with respect to minimizing the 

value of Mean Square Error (MSE) and improving the Compression Ratio (CR) and Peak 

Signal to Noise Ratio (PSNR). In the experiment, we get comparable results to previous 

image compression schemes. 

 

 

 

 

 

 

 

 

 

 

 
 

There are two processes involve in experiment as shown in Figures 4 and 5. In image 

compression process, these are four independent variables; (1) Curve Order, (2) Block size, 

(3) Quantization numbers and (4) Original Image and three dependent variables; (1) 

Compression Ratio, (2) Compressed Image and (3) Response time.  

 

 

 

 

 

 

Figure 3 Research methodology 

 

Experiment 

Analysis 

Conclusion 

Result 

Literature 

review 

Curve Order 

Block Size 

Quantization Numbers 

 

 

Compression 

Process 

Original Image 

Compression Ratio 

Compressed Image 

Response time 

Figure 4 Input output compression process 
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Image decompression process is the reverse of compression process which involve three 

same input variables, (1) Curve Order, (2) Block size and Quantization number and one 

parameter is different that is compressed image. After decompression process we are 

getting three output variables, (1) Mean Square Error, (2) Reconstructed image and (3) 

response time. The detail of image compression and decompression process is given in 

Chapter 6.  

 

 

 

 

 

 

 

In the end, experiment results show CR and PSNR among different compression methods. 

A comparison is given with existing image compression schemes. We are going to put 

together both the qualitative data and quantitative data and present the conclusion through 

comparing and analyzing results. In next chapter we are going to give a detail description 

about how that work is done. 

 

 
 

Decompression 

Process 

Curve Order 

Block Size 

Quantization Numbers 

Compressed Image 

Mean Square Error 

Reconstructed Image 

Response time 

Figure 5 Input output decompression process 
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CHAPTER 5: THEORETICAL WORK 
 
 

We used MATLAB 7.0 for the implementation of our algorithm. A Gaussian elimination 

function is used to find the coefficients „  ‟, „  ‟ and    in 1
st
 curve order.  

 

An image contains a number of pixels. If we see a very small portion of an image it 

contains a pixel values in the range 0-255 for grayscale image where 0 mean black and 255 

mean white color for that particular pixel as shown in fig. 6. We are applying surface fitting 

technique on very small portion of an image, a block of 4x4 and 8x8 values.   

 

 

                   

 

 [1]  

 

 

 

 

 

 

 

 

 

5.1 General Description 
 

In this approach we are dividing an image into 4x4 and 8x8 non-overlapping blocks. First 

order curve is easy to implement due to its computational simplicity, compared to higher 

curve order [1]. Curve fitting is a technique with low computational complexity. Other 

image compression techniques i.e. transformations used in JPEG have higher complexity. 

A general flow of the image compression using curve fitting is given as 

 

 

Curve fitting involve three major steps, decorrelation as shown in Fig. 14, quantization and 

entropy encoding. In decorrelation step image is divided into non overlapping NxN blocks. 

 

 

 

 

 
 

 

Figure 6 A very small portion (8x8 pixels) of an image 
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Original Image 

 

 

 

 

 

 

 

 

 

 

Compressed image 

 

 
 

A Curve fitting routine is implemented to compress the image. In second step a selective 

quantization is used. We are quantizing three parameters of the 1
st
 order of curve in the 

same way. At the end Huffman encoding is used. 
 

 

5.2 Mathematical Formulation 
 

For calculating the value of       , first order curve is used and the equation of the 1
st
 

order curve is 

                        (5.1) 
 

In the above equation „  ‟ and „  ‟ is a series of data, so in                    

         as described in below equation 5.2. We are dividing an image into „   ‟blocks 

where N can be four or eight. The value of      

 

For low value of MSE the subjective quality of an image becomes good, but sometimes 

also for big error value the subjective quality of an image becomes good.  

 

The following function is used to find the MSE  

 

            
                 

           
    

   
   

  (5.2) 

 

Quantization 

Entropy encoding  

Curve fitting routine 

Dividing into non overlapping NxN 

blocks 

Figure 7 General description of basic curve fitting routine [1] 
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Where     represents the parameters and the number of parameters are three or five 

according to 1
st
 and 2

nd
 curve order respectively. In 1

st
 curve order „  ‟, „  ‟ and    are 

parameters needed to be calculated. The          represents the origional value and 

         represents the calculated value. At start the value of           . Gaussian 

elimination method is used for calculating the values of the    parameters. 
  

5.2.1 Linear Curve Fitting 
 

To explain the process of curve fitting let take 1
st
 order curve                By taking 

derivative of the equation w.r.t. each parameter gives equations shown in matrix form for 

1
st
 curve order.  

                   
 

 

   

 

 
    

      
         

  

 
  

       
   

     
   (5.3) 

                                                                                                

Co-efficients „  ‟ and „  ‟ are calculated as       .  

To solve this matrix with an example, values are given in below table. 

i 1 2 3 4 5 

x 1 2 3 4 5 

y 2 3 5 4 6 

 

Where n=5 and „x‟ and „y‟ denotes values as (x,y) 

Firstly we find values for all summation terms 

    = 15,    
  = 55,     = 20,       = 69 

Putting the values in matrix form given as  

 

 
   
    

        
  

  
       

  
  

  

 

 
  

  
           

   
    

  
  
  

  

The solution is       
  

  
    

    
    

  

Putting the values of           in 1
st
 order equation we will get           

       so a plot of the data and curve fit is shown in Fig. 8 
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Figure 8 A graphical representation of the data 
 

A straight line (1
st
 curve order) is not appropriate choice all the time. When there is much 

variation in pixel values then 2
nd

 curve order is a better choice to minimize the error.   

 

The subjective quality of an image and mathematical value of PSNR are ways to measure 

the quality of an image. A subjective evaluation is performed to support the value of PSNR. 

The PSNR of an image can be calculated by dividing the square of maximum pixel value of 

an image with MSE, then take „      ‟ of the resultant value multiplying with 10.  

 

The mathematical expression calculating PSNR is given as  

 

PSNR =          
    

   
    (5.4) 

 

Where „255‟ is the maximum value in grayscale image and MSE can be calculated by 

taking the square of the difference of original value and calculated value. 
 

For expression given below, the number of bits „b’ is required to store a digital image of 

size NxN pixels. According to [2], digitized image is calculated as  

 

          (5.5) 
 

Where ‘M’ and ‘N’ shows dimension and k is intensity value of an image which is 8-bit for 

grayscale image. When dimension of an image is M=N then number of bits ‘b’ required to 

store an image is given as [2] 

          (5.6) 
 

To compress an image, minimize the number of bits to store that image, which is called 

image compression. To find out how much data is compressed we find compression ratio 
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for this image. Compression ratio can be calculated by using following mathematical 

expression 

 

CR = 
                            

                              
 

 

In our experiment we are using 512x512 size of grayscale images, the number of bits for 

these images are 512x512x8 = 2097152 bits. Compression Ratio affects the quality of an 

image. To get good compression we degrade some quality of an image by applying curve 

fitting technique and quantization. We are not getting much compression through curve 

fitting. We are getting maximum compression using quantization. 

5.3 Quantization 
 

Quantization can be achieved in two different ways: 

5.3.1 Vector Quantization 
 

Vector quantization is lossy but mostly used in image compression technique. This gives 

high compression as compare to scalar quantization [26]. A vector quantization is used to 

recognize a pattern in an image and this pattern is described by the vector. A standard set of 

patterns are used in approximation of input pattern, which means that input pattern is 

matched with anyone of stored set of code words [27]. This is a kind of encoder and 

decoder implementation [28]. 

 

An expression to find code vector is given in equation 5.7 [27] 

Q :    R
k
    C,   (5.7) 

 

Where                 and        for each                  The set C contains 

codes of N size, this means that it has N distinct elements, each a vector in   . If a 

codebook is well designed, a vector quantizer             is used to measure the 

number of accurately achieved bits which are used to represent each vector [27]. 

 

 

  

                              

 

 

 

        I 

 

 

 VQ 

Decoder 

D 

Encoder 

E 
        
 

X 

I 

Figure 9 A Vector Quantizer as the Cascade of Encoder and Decoder [27] 
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Sometimes it is good to regard a quantizer as generating both, an index i and quantized 

output value Q(x). The decoder is sometimes referred to as an inverse of encoder. Fig. 9 

illustrates how the cascade of encoder and decoder defines a quantizer. The encoder of a 

Vector Quantizer performs the task of selecting an suitable matching code vector    to 

approximate the input vector [27].  

 

5.3.2 Scalar Quantization 
 

In scalar quantization every pixel value of input image is quantized [28]. We represent each 

resultant source with a rounded number. If the output number is equal to two digits, then 

we round these numbers to one. For example if the output number is 5.2 then we round this 

number to 5, and if the number is 6.4263695, we would represent it as 6 [29].  

 

                       
      

 
     (5.8) 

 

In this equation „K(x,y)‟ is the pixel value at „x‟ and „y‟ position and „Q‟ is the quantization 

value.  

 

In the quantization process we divide large values with the quantized number to get smaller 

values [28]. An image is quantized using selective quantization so that loss of subjective 

quality of an image is minimal as shown in Fig. 10. After quantization some important 

information of image can be lost and quality of an image is reduced [30]. Before storing, all 

parameters are rounded to discard some values after point 

 

The 8-bits required to store one parameter    . In quantization we reduce number of bits     

of each parameter by dividing with    number, where            . If „   ‟, means no 

quantization. The maximum number of bits „b‟ required to store one parameter „P‟ is given 

as: 

 

         .   (5.9) 
 

 

In our experiment all parameters                in 1
st
 and 2

nd
 curve order are quantized 

using different quantized numbers. Every parameter has different priority, 1
st
 parameter 

have higher priority than other parameters. So we need to quantize 2
nd

 and 3
rd

 parameter 

maximum as compare to 1
st
 to get high compression ratio with minimum loss of image 

quality.  
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Table 3 Effect of selective Quantization at same value of Compression Ratio 14:1 using 1
st
 

curve order with 4x4 block size 

Selective Quantization 
 

  PSNR 
Q1 Q2 Q3 

8 128 128 33.74 

32 128 12 31.83 

32 12 128 31.59 

64 16 16 29.07 

 

    

Figure 10 Subjective comparison of PEPPER image at same value of CR=14:1 using 

selective quantization 

  

In Table 3, we are using “12” Quantization value for “Q3” parameter in second row other 

than    to get 14:1 compression ratio. As shown in Table 3, lesser quantizing of the 1
st
 

parameter gives high value of PSNR as compare to other two parameters. A subjective 

comparison is given in Fig. 10 at same compression ratio of 14:1. If we quantize 2
nd

 or 3
rd

 

parameter more as compare to other two parameters it gives almost same objective and 

subjective quality of an image as shown in Fig. 10. When we use bigger quantization value 

for 1
st
 parameter and small values for 2

nd
 and 3

rd
 parameter gives bad quality of an image. 

It means that 1
st
 parameter is more important than other two parameters. 

5.4 Entropy Encoding 
 

An entropy encoding is a lossless compression technique. We have used Huffman coding 

in our algorithm. This is a very efficient and simple technique. 
  

5.4.1 Huffman coding 

 

This is the mostly used technique for removing redundancy in image compression. In this 

technique a smallest value is stored against bigger source value which is either intensities 

of an image or pixel difference [31]. 
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Step 1: At start a series of source reduction is created by setting sequence of probabilities 

of original source under considering symbols from top to bottom. This process is repeated 

to reduce the source up to two symbols [26].  

 
 

 

 

Step 2: In this step reduce source is assigned a reversible code from smallest to biggest. A 

smallest value representation in binary is „0‟ and „1‟ is used for source symbol. For 

assignment of these symbols, two source symbols are used. In table below original source 

is reduced with probability 0.3 that was generated by combining six symbols as shown at 

left side. Code 00 is used to assign these six symbols and 0 and 1 is appended to 

differentiate them. This process is repeated for all reduced source until to reach original 

source [26]. 

 

 

Original Source 

 

Source Reduction 

Symbol Probability Code         1         2         3         4 

   0.4   1  0.4       1  0.4       1  0.4       1  0.6         0 

   0.3   00  0.3       00  0.3       00  0.3       00  0.4         1 

   0.1   011  0.1       011   0.2       010  0.3       01  

   0.1   0100  0.1       0100  0.1       011   

   0.06   01010  0.1       0101    

   0.04   01011     

 

Figure 12 Huffman code assignment procedure [26] 
 

The Huffman code is a mapping of original source symbol into series of code symbols. 

There is only one way to decode these code symbols. Every symbol in encoded Huffman 

string can be decoded by examining this string from right to left [26].  

 

Original Source 

 

Source Reduction 

Symbol Probability 1 2 3 4 

   0.4 0.4 0.4 0.4 0.6 

   0.3 0.3 0.3 0.3 0.4 

   0.1 0.1 0.2 0.3  

   0.1 0.1 0.1   

   0.06 0.1    

   0.04     

Figure 11 Huffman source reductions [26] 
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The Huffman coding is very efficient technique as compare to arithmetic coding [26]. It is 

simple to implement. Due to its simplicity it takes less computational time as compare to 

arithmetic coding which is complex.  
 

5.5 Response Time 
 

We are calculating response time for compression and decompression process by calling 

two (tic & toc) Matlab 7.0 functions, where “tic” is used to start calculating time and “toc” 

is used to stop calculating time. The execution time for compression and decompression 

processes is given in Table 5 in Chapter 7. 

 

In next Chapter we are going to explain in detail compression and decompression process. 
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CHAPTER 6: EMPIRICAL STUDY 
 

The experiment is designed to compress the image through Curve fitting with 1
st
 and 2

nd
 

curve order using 4x4 and 8x8 block sizes. In surface fitting all the sixteen values of 4x4 

block and 64 values of 8x8 block are transformed into three values in case of 1
st
 curve 

order and into five values in case of 2
nd

 curve order. During the compression process some 

information is lost due to approximate fitting of the curve on pixel data. This loss of 

information results in degradation in subjective quality of an image and increases the Mean 

Square Error (MSE).  

  

The most well-known color model used to record color images is Red, Green and Blue 

(RGB) but the RGB model is not suited for image processing purpose because human eye 

is much more sensitive to brightness variation than chrominance data. Chrominance data 

can be compressed relatively easy [35, 36]. Luminance refer to an image's brightness 

information and look like a grayscale image, chrominance refer to color information [33, 

34]. So when we treat the color images, these are transformed to one of luminance-

chrominance models for compression process and transform back to RGB model in 

decompression process [32].  

 

In this thesis we are working on luminance component i.e. grayscale images. We are using 

three standard grayscale images PEPPER, LENA and BOAT of 512x512 size as shown in 

Fig. 13. 

 

  
 

Figure 13 Three standard images (512x512 size) of (Left-Right) LENA, PPER and BOAT 
            

6.1 Compression and Decompression process 
 

Two processes are performed in our experiment as shown in Fig. 14, image compression 

and image decompression. Image compression includes seven steps and image 

decompression includes six steps.  
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6.1.1 Compression process 
 

Step 1: In this step, we input the original image, the block size, the curve order and the 

quantization values. According to the experiment results as shown in Chapter 7, 

compression ratio and quality of an image depends on three factors: (1) Curve order (2) 

Block size and (3) Quantization values. When we increase the block size the Compression 

Ratio (CR) increases but the quality of the image decreases. Decreasing block size gives 

better quality of an image as compare to bigger block size but it gives lower compression 

ratio. Curve order also affects the compression ratio and quality of an image. When we 

increase the curve order, image quality increases but CR decreases. Similarly, smaller 

curve order gives good compression but decreases the quality of an image. Quantization 

affects the quality of an image. When we increase quantization values the compression 

ratio of an image increases with increase in MSE. 

We are invoking “tic” function of MATLAB 7.0 to start calculating the execution time. 

 

Step 2-4: The segmentation step divides the image into blocks according to input block 

size. During the segmentation process every block is passed through curve fitting (Surface 

fitting). Surface fitting returns parameters according to the curve order used. If curve order 

is represented as „c‟ then „    ‟ parameters are returned where k=1.  

 

Step 5: The output parameters from the decorrelation (step, are quantized. Appropriate 

quantization values are selected to attain the required value of PSNR and CR. Quantization 

can be uniform or not. In this experiment we have used selective scalar quantization. The 

quantization values are selected after taking the power of 2 i.e.    where             

and       mean no quantization. The maximum value of „m‟ can be 8. A maximum 

number of bits for storing the one pixel value requires 8-bits. If        it means that we 

are storing 7-bits for one pixel value,      means that 6-bits for one pixel value of 

grayscale image and so on.   As we increase the quantization the quality of an image 

decreases.  

 

Step 6-7: For further image compression, quantized data need to be encoded with 

appropriate encoding technique. Huffman encoding technique was selected for this 

experiment.  

 

At the end of compression, we get compressed image, which is used to calculate CR and 

response time. A MATLAB function “toc” returns the execution time for compression.  
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6.1.2 Decompression Process 
 

Our compression is reversible. , i.e. a degraded image is constructed after decompression. 

The decompression process includes six steps which are reverse of the steps used in the 

Compression process.  

Before decompression process starts, we call same “tic” function of MATLAB 7.0 to start 

calculating the execution time. 

 

 

 

 
 

Figure 14 Image compression and decompression flow diagram 
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Original Image, block size, curve order, 

Quantization values 

Segmentation 
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Parameters 
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Desegmentation 
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Further  

Segmentation 

Further  
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No 
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26 

 

Step 1-2: In this step, we input the same parameters that were used for compression: block 

size, curve order and quantization number, plus the compressed image, used to reconstruct 

the degraded image. The compressed image is decoded with the Huffman coding technique 

as shown in the Fig. 14.  This is a lossless process which returns all the encoded 

information.  
 

Step 3: Now the output decoded image will be de-quantized in the next step using the same 

values as in the Quantization.     
 

Step 4-6: Desegmentation is an iterative process which continues until all the image blocks 

are constructed. All the reconstructed blocks are assembled to generate the degraded image. 

Decompression does not restore the original image but the degraded image, as curve fitting 

image compression is a lossy technique.  

 

At the end of decompression process we get degraded image which is used to calculate the 

value of PSNR (image quality parameter). We also calculate response time by calling 

MATLAB function “toc”. 

6.2 Validity Threats 
 

In this experiment there are some validity threats which can affect the results of the 

experiment. 
 

6.2.1 Internal validity threats 
 

 

To avoid internal validity threats we work in same environment for all input variables. 

There are few validity threats which can effects the results of our experiment. 
 

 If dimension of an image is different i.e. 640x480 this can give erroneous data. To 

avoid this threat we need to change the value of an iterative process. 

 If dimension of an image is not divisible by    
then an extra block will left out and 

their size will be equal to the remainder number. To overcome this threat, we are 

using    image dimension. 

6.2.2 Construct validity threats 
 

This type of threats may arise when investigators draw wrong results from the data or 

experiments. 

To avoid the wrong results based from the data or experiment, we have used different 

techniques. We used multiple standard images to verify our results in the experiments.  

We used relatively large amount of data to compare our results with other approach. 

There are some construct validity threats: 
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 It is difficult to get high compression with smaller block size at 2
nd

 curve order. 

 First time we are using scalar Selective Quantization, that might fail to give 

good subjective quality of an image and compression. 

 There is possibility of edges working with large block size using 1
st
 curve order. 

 

6.2.3 External Validity threats 
 

External validity threats are related to the experimental results generalizable abilities into 

industrial practice.  

 There might be an external validity threat with the development language 

used in experiment. We have used Matlab language which is most widely 

used for image processing so it is less problematic to use in industries. 

6.3 Independent and Dependent Variables 
 

6.3.1 Independent Variables 
 

There are four independent variables in our experiment. 
 

 Original Image 

 Curve Order 

 Block Size 

 Quantization Number 
 

6.3.2 Dependent Variables 
 

 Peak Signal to Noise Ratio (PSNR) 

 Compression Ratio (CR) 

 Compressed Image 

 Reconstructed Image 

 Response time 
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CHAPTER 7: RESULTS 
 

The results of experiments shows original and degraded images without quantization as 

shown in Fig. 15. The reconstructed images using 4x4 block size shows better quality as 

compare to the images using 8x8 block size at same curve order. But the reconstructed 

images using 4x4 or 8x8 block size at 2
nd

 curve order have higher value of PSNR as 

compare to 1
st
 curve order. The good compression ratio can be achieved by using 1

st
 curve 

order with 8x8 block size as shown Table 1. We assess the quality of an image using two 

different ways, (1) the value of the PSNR and (2) the subjective evaluation of an image. 

We are using three parameters              in reconstruction process for sixteen values of 

4x4 block size and sixty four values for 8x8 block size. There are no edges in reconstructed 

images using 4x4 block size but for 8x8 it shows some edges as shown in Figure 16 at 

same value of MSE=50.  Edges can be removed through applying appropriate post 

processing technique.  

7.1 Subjective versus Objective Quality Assessment 
 

In this section a comparison is given of our proposed scheme by changing independent 

variables: (1) Block size, (2) Curve order and (3) Quantization. 

7.1.1 Quantization Less Compression 
 

 

In quantization less compression process we skip quantization step and pass all parameters 

to the Huffman encoding without changing them.  For LENA image using 4x4 block size at 

1
st
 curve order the quantization less value of PSNR is 36.74 dB as shown in Table 4 and for 

2
nd

 curve order the value of PSNR is 37.37 dB. On the other hand, for these parameters, 

compression ratio is 5.2:1 at 1
st
 curve order but for 2

nd
 curve order compression ratio is 

3.43:1. These values show that using 2
nd

 curve order there is only 2% increase in value of 

PSNR of reconstructed image but 34% increases in compression ratio. This shows that 1
st
 

curve order image compression gives higher compression ratio with less degradation in 

quality of an image as compare to 2
nd

 curve order.  

 

If we change block size from 4x4 to 8x8 without changing curve order it gives high 

compression as compare to 4x4 block size as shown in Table 4. We are storing same 

number of parameters for 4x4 and 8x8 block sizes at 1
st
 or 2

nd
 curve order. This shows that 

increasing block size gives high compression ratio as compare to changing the curve order.  
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       Table 4 Resultant values of PSNR and CR without Quantization 

 LENA PEPER BOAT 

PSNR/CR PSNR/CR PSNR/CR 

1
st
 Curve Order 4x4 Block size 36.74/5.2 38.02/5.4 34.4/5.12 

2
nd

 Curve Order 4x4 Block size 37.37/3.43 38.11/3.56 34.62/3.29 

1
st
 Curve Order 8x8 Block size 34.25/19.2 35.28/19.94 32.3/19.06 

2
nd

 Curve Order 8x8 Block size 34.58/14.18 35.59/14.66 32.61/13.45 

 

 

 

Original 

 

 

   

 

 

1
st
 Curve Order 

4x4 block size 

   

 

 

2
nd

 Curve Order 

4x4 block size 

   

 

 

Ist Curve  Order 

8x8 block size 

   

 

 

2
nd

 Curve Order 

8x8 block size 

   

 

Figure 15 Results of 1
st
 and 2

nd
 curve order using 4x4 and 8x8 block sizes without 

quantization 
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For 8x8 block size the value of PSNR is 34.25 dB and compression ratio is 19.2:1. These 

results shows that there is only 7% degradation in quality of an image as compare to 4x4 

block size but increase in compression ratio is 73% that is very high as compare to change 

in curve order. 

 

When we increase the block size to 8x8, we get better compression ratio without 

compromising subjective quality of an image. According to the values given in Table 4, 

there is no much difference in value of PSNR and subjective quality of an image. On the 

other hand there is significant increase in compression ratio.  

7.1.2 With Quantization Compression 
 

As shown in figure 16, a comparison is given at same value of MSE=50 between 1
st
 and 2

nd
 

curve order using 4x4 and 8x8 block sizes. There is much difference in subjective quality 

of an image with respect to significant difference in compression ratio. The value of 

compression ratio is 24.59:1 at 1
st
 curve order using 4x4 block size and for 8x8 block size 

the value of CR is 57.32:1, which is 233% of the 4x4 block size. When we use 4x4 block 

size at 2
nd

 curve order the value of compression ratio is 6.56:1. This mean that 1
st
 curve 

order has advantage over 2
nd

 curve order, where the compression ratio is 375% more than 

2
nd

 curve order. In case of increasing block size and decreasing curve order we can get very 

high value of compression with minimum loss of subjective quality of an image as shown 

in Fig. 16.  

 
 

1st Curve order 

4x4 Block ize 

2nd Curve Order 

4x4 Block Size 

1st Curve Order 

8x8 Block Size 

2nd Curve Order 

8x8 Block Size 

    

Figure 16 Comparison of proposed scheme, with 4x4 and 8x8 block sizes using 1
st
 and 2

nd
 

Curve orders at same value of MSE=50 
 

7.1.3 Subjective Evaluation 
 

A subjective evaluation using PEPER image is performed on 1
st
 and 2

nd
 curve order using 

4x4 and 8x8 block sizes at same value of PSNR. Twenty users are involved in subjective 
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evaluation. According to the results got from users the subjective quality of an image using 

4x4 block size is better as compare to the reconstructed image using 8x8 block size at same 

curve order.  On the other hand for same block size the subjective quality of an image using 

2
nd

 curve order is better as compare to 1
st
 curve order as shown in Fig. 16.  There is tradeoff 

between compression ratio and subjective quality of an image. In case of 8x8 block size at 

1
st
 curve order we are getting good compression ratio with some loss of subjective quality 

of an image.  

 

A subjective evaluation is performed on Fig. 16.  We placed four images on paper and 

showed all reconstructed images to the user and said to give priority to images as given 

below. 

 

P1=Very Good 

P2=Good 

P3=Average 

P4= below Average 
 

 

The results got from twenty users are given in Table 5. Seventeen users are giving top 

priority to the image reconstructed using 4x4 block size at 2
nd

 curve order. Only three users 

say that an image reconstructed using 4x4 block size at 1
st
 curve order is better than others. 

All users are assigned lowest priority to the image reconstructed using 8x8 block size at 1
st
 

curve order.  

 

Table 5 Subjective evaluation of proposed scheme using PEPPER image using 4x4 and 8x8 

block size at 1
st
 and 2

nd
 curve order. 

Priority 1
st
 Curve order 

4x4 Block ize 

2nd Curve Order 

4x4 Block Size 

1st Curve Order 

8x8 Block Size 

2nd Curve Order 

8x8 Block Size 

P1 3 17 0 0 

P2 17 3 0 0 

P3 0 0 0 20 

P4 0 0 20 0 

 

Following tables 6, 7 and 8 show performance evaluation results of images, LENA, 

PEPPER and BOAT using 4x4 and 8x8 block sizes at 1
st
 and 2

nd
 curve order after 

quantization. Graphical representation of three tables as shown in Fig. 17, 18 and 19 the 

PSNR and CR is plotted at same quantization values. All the Figures show almost same 

trend of PSNR and CR for all three images. At 1
st
 and 2

nd
 curve order using 8x8 block size 

these is rapid increase in compression ratio but the variation in PSNR is very small. But 
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using 4x4 block size at 1
st
 and 2

nd
 curve order the PSNR is decreasing rapidly with giving 

less compression ratio.  

 

The variation in pixel values of BOAT and LENA images is high. For these images JPEG 

outperforms than our proposed scheme. As shown in Fig. 17, 18 and 19 the value of PSNR 

and CR in JPEG image is comparable to our proposed scheme at high compression ratio. 

At comparable values of PSNR and CR, a comparison is given between JPEG and our 

proposed scheme in Fig. 21. 

 

 
Figure 17 A comparison of proposed scheme with JPEG with quantization 

 

As shown in Fig. 17 the behavior of the curve in PEPER image is little bit different as 

compare to LENA or BOAT image. At high compression ratio of greater than 60:1 curve 

fitting is close to the JPEG in value of PSNR and compression ratio. But at start we can get 

comparable subjective quality of an image at same compression ratio. JPEG is giving high 

value of PSNR as compare to our proposed scheme.  
 

Table 6 Results of proposed scheme and JPEG using PEPER image  

1
st
 Order 4x4 2

nd
 Order 4x4 1

st
 Order 8x8 2

nd
 Order 8x8 JPEG 

PSNR/CR PSNR/CR PSNR/CR PSNR/CR PSNR/CR 

37.9/6.91 35.29/5.47 35.12/25.52 32.18/22.94 40.24/9.07 

37.46/8.23 32.98/6.73 34.7/30.54 31.35/28.22 39.12/13.62 

36.28/10.34 31.74/8.94 33.51/37.66 30.96/35.38 38.25/18.47 

33.58/13.94 30.85/12.2 31.88/49.18 29.99/43.65 36.3/30.58 

31.52/20.31 30.36/16.04 30.8/64.75 29.32/54.22 32.6/51.26 

29.05/26.89 28.75/20.01 28.91/82.57 28.59/64.45 31.22/64.37 
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When we increase compression ratio, there is rapid decrease in objective value of PSNR 

but the subjective value of the JPEG image is better as compare to our proposed scheme. 

Same is happening against BOAT and LENA image. JPEG always outperforms in 

objective and subjective quality of an image at low as well as high compression ratio as 

compare to our proposed scheme. 

 

 

Figure 18 A comparison of proposed scheme with JPEG with quantization 

 

A comparison given with JPEG in Fig. 18 shows that at compression ratio of 45:1 the value 

of PSNR of both techniques is close to each other. But at low compression ratio the 

subjective quality of an image and objective value of PSNR is outperforming than our 

proposed scheme.  

Table 7 Results of proposed scheme and JPEG using BOAT image 

1
st
 Order 4x4 2

nd
 Order 4x4 1

st
 Order 8x8 2

nd
 Order 8x8 JPEG 

PSNR/CR PSNR/CR PSNR/CR PSNR/CR PSNR/CR 

34.54/6.38 33.95/4.76 32.27/24.23 30.74/20.15 38.7/6.28 

34.37/7.46 31.82/5.71 32.12/28.71 30.03/24.78 37.06/9.14 

33.77/9.08 30.57/7.19 31.66/34.52 29.69/30.9 35.86/12.11 

32.44/11.58 29.83/9.52 30.93/43.93 29.62/39.18 33.85/21.01 

30.4/15.56 29.16/12.83 29.79/55.18 29.11/49.42 31.36/42.96 

27.62/20.97 27.47/16.64 27.61/73.32 27.35/60.19 30.09/58.26 

 

A same trend like BOAT is shown in case of LENA image. At small quantization value 

JPEG outperforms than our implemented scheme using different independent variables. 

There is same behaviour against block sizes at different curve orders. There is rapid 

increase in compression ratio against 8x8 block size and rapid decrease in value of PSNR at 
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4x4 block size at increasing quantization values. In both cases the subjective value of 

PSNR is affecting much. 

 
Figure 19 A comparison of proposed scheme with JPEG with quantization 

 

Table 8 Results of proposed scheme and JPEG using LENA image 

1
st
 Order 4x4 2

nd
 Order 4x4 1

st
 Order 8x8 2

nd
 Order 8x8 JPEG 

PSNR/CR PSNR/CR PSNR/CR PSNR/CR PSNR/CR 

36.76/6.55 34.91/5.18 34.18/24.54 32.32/18.92 40.82/8.09 

36.49/7.74 32.63/6.3 33.87/29.35 31.54/22.88 39.18/11.79 

35.48/9.74 31.29/8.29 33.06/36.7 30.36/28.21 37.9/15.72 

33.42/13.39 30.47/11.17 31.87/47.32 29.4/36.05 35.75/26.12 

30.58/18.47 29.48/14.97 29.93/60.38 28.37/46.21 32.36/46.46 

28.6/25.54 28.4/19.23 28.41/80.77 27.72/57.18 30.66/60.18 

7.2 Complexity Analysis of Algorithm 
 

As shown in Table 9 the response time of 8x8 block size is much less than 4x4 block size at 

same curve order. This shows that converting 512x512 size of an image into 4x4 blocks; it 

gives 128x128 blocks as compare to converting into 8x8 blocks returns 64x64 blocks.  
 

 

Table 9 Complexity comparison of 4x4 and 8x8 block size at same curve order 
Curve Order Block Size Compression time 

In Second 

Decompression time 

In Second 

 

1
st
 

 

8x8 3.03 3.01 

4x4 9.03 9.31 

 

2
nd 

 

8x8 4.55 3.21 

4x4 11.65 10.73 
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This response time is taken in Matlab 7.9.0.529 at 32-bit Operating system, Intel Pentium 

Dual core 1.60 GHz system with 2 GB of Ram. This time can vary on different machines.   

7.3 Comparison with existing techniques 
 

We did comparison with each other using different parameters i.e. block size and curve 

order and also did a comparison with existing techniques, to find out that how this research 

will be helpful to compete existing image compression techniques. 
 

 

7.3.1 Comparison with previous Curve fitting scheme 
 

A comparison is given at same compression ratio 65.1:1 with existing curve fitting scheme 

implemented by [Salah, 2009] using 8x8 block size as shown in Fig. 20. The objective 

value of PSNR of our proposed scheme is 30.8 dB that is better as compare to their 

technique where PSNR is 27.9 dB.  As shown in Fig. 20 the subjective quality of the image 

using 8x8 block size is not good as compare to existing curve fitting scheme.  

 

  
Figure 20 Subjective comparison of reconstructed image (Left) Proposed scheme image 

PSNR=30.8 dB, (Right) existing curve fitting scheme PSNR=27.9 dB at same CR=65.1:1 
 

The core technique of image compression is same but the difference in quantization. We 

get maximum compression through quantization. A good quantization approach can give 

good subjective quality of an image. To get good subjective quality of an image, Salah 

Ameer in [1] is using vector quantization. Laplacian Quantization for first two parameters 

„a‟ and „b‟ and uniform quantization for „c‟ in 1
st
 curve order. The approach used by [1] is 

giving better subjective quality of an image as shown in Fig. 20. We are adopting different 

approach of quantization that is selective scalar quantization, where every parameter is 

quantized individually.  
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7.3.2 Comparison with JPEG 
 

JPEG uses Discrete Cosine Transformation (DCT) for image compression which involves 

complex computations. JPEG uses a totally different technique of image compression but 

the main purpose is to get compression ratio with tolerable image quality. JPEG 

outperforms in image quality (objective & subjective) and in compression ratio compared 

to our proposed scheme. 

 

At same value of compression ratio, we compare the subjective quality of an image and 

objective value of PSNR. As shown in Fig. 21, at same compression ratio the value of 

PSNR of proposed scheme is 30.8 dB and for JPEG value of PSNR is 31.2 dB. There is a 

very small difference in objective value of PSNR, but the subjective value of the JPEG 

image is better. 

 

  

Figure 21 Reconstructed images (left-right) Proposed scheme at CR=64.3 with PSNR=30.8 

dB (right) JPEG at CR=64.3 with PSNR=31.2 dB 
 

At low compression ratios, the subjective quality of the JPEG image and the value of 

PSNR is better than our proposed scheme as shown in Table 1. But with increase in 

compression ratio the objective quality of the JPEG image decreases very sharply 

compared to our proposed technique but subjective quality of the JPEG image is not 

affected so much. At high compression ratio curve fitting gives comparable subjective 

quality of an image. There is clear difference in subjective quality of an image as shown in 

Fig. 21. After applying some post processing on reconstructed image of our proposed 

scheme the subjective quality of an image can be improved.  
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Table 5 Performance comparison between JPEG and proposed scheme 

 Proposed scheme JPEG 

USERS 4 16 

 

Same users were involved for subjective evaluation of Fig. 21. A survey form is organized 

in such a way that two images are printed on paper and both images are shown together. 

Results given in Table 10 shows that subjective quality of the JPEG is better as compare to 

our proposed scheme. Only four users think that our proposed scheme is better. 
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CHAPTER 8: CONCLUSION & FUTURE WORK 
 

8.1 Conclusion 
 

We have developed an image compression algorithm using 4x4 and 8x8 block size at 1
st
 

and 2
nd

 curve order. The results given in Table 4, shows that working with different curve 

orders does not affect much the values of PSNR and CR using same block size.  When we 

work with different block sizes there is clear difference in values of PSNR and CR at same 

curve order. There is significance difference in subjective quality of an image with 2nd 

curve order using 4x4 block size as compare to 1
st
 curve order using 8x8 block size as 

shown in Fig. 16. At same value of PSNR, using 8x8 block size at 1
st
 curve order gives 

high compression ratio but subjective quality of an image is degraded badly compared to 

4x4 block size at 2
nd

 curve order. It is a tradeoff between subjective quality of an image and 

compression ratio. There are two ways of image quality assessment, (1) value of PSNR and 

(2) subjective evaluation. Quantization affects the subjective quality of an image but gives 

good compression. We introduce selective quantization where every parameter is assigned 

a priority. The first parameter is assigned high priority compared to other parameters. As 

we less quantizes the 1
st
 parameter we get high value of PSNR as well as good compression 

as shown in Fig. 10 in Chapter 5.  

 

Working with small block size and increasing the number of parameters increase the 

execution time of the compression and decompression process as shown in Table 9. This 

shows that 1
st
 curve order with 8x8 block size is taking more than 3 times less execution 

time as compare to 2
nd

 curve order with 4x4 block size.  

 

At high compression ratio, the value of PSNR of the JPEG image is comparable to our 

proposed scheme but the subjective quality of the JPEG image is better. The value of the 

PSNR decreases significantly in JPEG when we increase the compression ratio of an 

image. The subjective quality of the JPEG image is better than our proposed scheme. Curve 

fitting is multiplication limited and division free approach. According to [1], curve fitting 

decreases the computational complexity compared to JPEG. 

  

In comparison with existing curve fitting technique shows that the objective value of PSNR 

of proposed scheme is better but the subjective quality of the curve fitting technique 

implemented by [9], using 8x8 block size is better. We decrease block size to 4x4 that 
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increase response time but gives good quality of an image at low compression ratio. Using 

4x4 block size the computational complexity of an algorithm increases as compare to 8x8 

block size. Increasing curve order, increase the number of parameters that result in less 

compression ratio but increases the value of PSNR and the computational time.  

 

8.2 Future Work 
 

Selective curve order and block size can be a better approach for getting good compression 

ratio along with subjective quality of an image. If there is less variation in pixel values 1
st
 

curve order should be applied and in case of more variation in pixel values 2
nd

 or 3
rd

 curve 

order should be applied. Curve fitting should be an adaptive approach to get maximum 

compression not quantization. An edge detection technique can be used to remove edges.  
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APPENDIX A 

A. 1. Compression algorithm 

 
Algorithm CompressedImage(Image, Block-size, Curve-order,Quant) 

Row, Col  Image-size 
No-of-Segments  Image-size/block-size 
 

For ( x < row) 

For ( y < col) 
Function Segmentation (Image) 

Return Image-block (Block-size,Block-size) 
 

End For 

End For 

 

For (i < No-of-Segmentations) 
For (j < No-of-Segmentations) 

Function Curve-Fit (Image-block [i, j]) 
Return Parameters [i,j] 

 

End For 

End For 

 

For (n < i) 
For (m < j) 

Quantized_Parameters  parameters [n,m] / Quant 
End For 

End For 

 

Function Huffman (Quantized_Parameters) 
 
Return Compressed-Image 
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A. 2. Decompression algorithm 
 

Algorithm Decompress-Image ( Compressed_Image, Block_size. Curve_order, Quant) 

 

Function Huffman-Code(Compressed-Image) 
Return Quantizatized_Parameters 

For (i < Row) 
 For (j <Col) 
  Parameters [ i,j]  Quantization [i,j] × Quant 

End For 

End For 

 

For (i < row) 
 For (j < col) 
  For (m < Block_size) 
   For (n <Block_size) 
  Uncompressed-blocks[ i, j]  Parameters [m,n]  

End For 
End For 

Desegment_blocks[i,j]   Uncompressed_blocks[i,j] 
End For 

End For 

 

 

Show-Image   Desegment_blocks 


