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Abstract— Image compression technique is widely used in 

multimedia applications such as image, video, audio data 

and medical field. Image compression aims to reduce the 

redundancy of an image data and reduce the storage space of 

an image. Different image compression techniques were 

proposed to achieve high compression ratios and high image 

qualities in low computation time. This paper compares the 

various image compression methods with Lempel–Ziv–

Welch (LZW) algorithm. LZW is a universal lossless 

algorithm for image compression which has the advantages 

of low computation load and less memory requirement. It is 

a fastest algorithm. This algorithm is widely used in UNIX 

file and gif image format. This proposed technique is used to 

increase the Compression Ratio (CR) and Peak Signal to 

Noise Ratio (PSNR). 
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I. INTRODUCTION 

Image compression technique is necessary in internet, 

mobile communications, digital library, digital photography, 

multimedia, teleconferencing etc. It would be obvious that 

the present and future applications in multimedia and other 

areas. The main objective of the image compression 

technique is to reduce the storage space and transmission 

bandwidth of the image. In many of these applications, big 

savings in terms of bit rate can be achieved by a tolerable 

loss of quality. [1], [2] 

The basic goal of image compression is to reduce 

the bit rate of an image to minimize the communication 

channel capacity or digital storage memory requirements; 

while maintaining necessary fidelity in the image, or, 

equivalently, to obtain the best possible fidelity for a given 

bit rate. The bit rate is measured in bits per pixel (bpp). The 

raw (uncompressed) bit rate is typically 8 bits per pixel for a 

gray-images and 24 bits per pixel for a color image (with 

three 8-bit components). [3]  

In general, image compression techniques can be broadly 

classified into:  

1) Lossless compression  

2) Lossy compression  

 Lossless compression method is allows exact 

reconstruction of an image. This compression is also named 

as noiseless coding. This method is sometimes referred to as 

image coding, rather than image compression. This method 

is mainly based on redundancy reduction. In lossless 

compression, the compressed data of an image can be 

exactly restored. In this compression technique, the 

reconstructed image is identical to that original image. 

Lossless compression techniques provide full reconstruction 

of the original data without any distortion in the image. 

Lossless Image compression is widely used in many 

applications where no information loss is allowed during 

compression. [4] 

Methods for lossless image compression include:  

 Entropy coding, 

 Huffman coding,  

 Bit-plane coding, 

 Run-length coding and 

 Lempel –Ziv- Welch coding. 

In lossy compression a perfect reconstruction of the 

image is sacrificed by the elimination of some amount of 

redundancies in the image to achieve higher compression 

ratio. [1] However, no visible loss of information is 

perceived under normal viewing conditions. In this 

compression, the original image cannot be exactly 

reconstructed from the compressed image, but the exact 

reconstructed image is necessary in many applications. For 

example, text compression, in that loss of data will change 

the entire meaning of the text statement. Lossy compression 

technique is widely used in many applications such as 

broadcast TV, video, and facsimile transmission. [5], [6] 

Methods for lossy compression include: 

 Fractal compression,  

 Transform coding, 

 Fourier-related transform, 

 Discrete Cosine Transform and 

 Wavelet Transform. 

II. TECHNICAL DESCRIPTION 

A. Discrete Wavelet Transform: 

Discrete Wavelet Transform (DWT) based compression 

technique maintains the image quality by reducing errors. 

DWT first decomposes an image into coefficients called 

sub-bands and then resulting coefficients are compared with 

a threshold. Coefficient values below the threshold are set to 

be zero. Finally, the coefficients above the threshold value 

are encoded. Quantization techniques generally compress 

the range of values to a single quantum value. The stream 

will be more compressible, when reducing the number of 

discrete symbols. Entropy encoding is a coding scheme that 

assigns codes to symbols so as to match code lengths with 

the probabilities of the symbols. This principle is also called 

as transform coding. [1]  

B. Discrete Anamorphic Transform: 

Discrete Anamorphic Transform introduces a physics-based 

transform that enables image compression by increasing the 

spatial coherency. Also use the Stretched Modulation 

Distribution, it will provide the recipe for the image 

compression. The Discrete Anamorphic Stretch Transform 

(DAST) is a physics-inspired transformation that emulates 

diffraction of the image through a physical medium with 

specific nonlinear property. The space-bandwidth 

compression reduces the data size required to represent the 

image with high quality. The diffraction-based compression 

is obtained through a mathematical restructuring of the 
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image and not through modification of the sampling process 

as in compressive sensing. DAST does not need feature 

detection and is non-iterative. [7] 

C. LZW Algorithm: 

LZW (Lempel-Ziv–Welch) is a totally dictionary based 

coding. LZW encoding is further divided into static & 

dynamic. In static dictionary method, fixed dictionary value 

is obtained from the process of encoding and decoding. In 

dynamic method, the dictionary value is updated during 

encoding and decoding. In LZW compression, single code 

replaces the strings. LZW compression is best for files 

containing lots of repetitive data. Whenever a string is 

repeated, it is replaced with a single code word in the output. 

In Huffman coding a variable-length code is constructed for 

each symbol in the source file. In LZW method, fixed-length 

codes are constructed in the dictionary. In this dictionary all 

the stream entry and code word are stored. [8] 

 
Fig. 1: Example of LZW Coding 

The basic steps of LZW algorithm are as follows: 

1) Step 1: Insert the stream. 

2) Step 2: Dictionary is initialized that contain entry 

of stream character. 

3) Step 3: Read the stream. If current byte of the 

stream is end of that stream means then exit.  

4) Step 4: Otherwise read next character and then 

produce new code for the stream.  When group of 

character is frequently occurring then produce the 

unique code for that corresponding character. 

5) Step 5: Read next input character of the stream. If 

there is no character in dictionary, then 

A: New String is added to the dictionary.  

B: Assign new code for new entered string. 

C:  Similar to Step 4, Write unique code to the 

group of repeated characters. 

6) Step 6: Write code to the encoded string and exit. 

D. PCA Coding: 

PCA (Principle Component Analysis) is widely used in 

image compression technique. PCA is also called as the 

Hotelling transform or Karhunen-Leove transform KLT. 

Principal components analysis PCA is a statistical procedure 

that allows finding a reduced number of dimensions that 

account for the maximum possible amount of variance in the 

data matrix. The PCA vectors are the eigenvectors of the 

covariance matrix of the input data. PCA vector is useful in 

exploratory analysis of multivariate data as the new 

dimensions called principal components PCs. Dimensions 

can be reduced by choosing PCs components with the 

highest eigen value. So, KLT is called as a unique 

transform. In this method inputs are decorrelated. It is 

simple and non-parametric method of extracting relevant 

information from confusing datasets. So, it is widely used in 

many fields of applications from neuroscience to computer 

graphics. [9] 

III. PROPOSED WORK 

The compression system introduces the Lempel-Ziv-Welch 

transform with PCA technique is used to reduce the data 

size required to represent the image with high quality. LZW 

technique is removes spatial redundancy in an image. The 

input image is partitioned into blocks with variable size, and 

the gray values of each block are adaptively quantized 

according to local image with statistical characteristics. By 

using statistical characteristics, it assigns the fixed codes to 

a variable length sequence of input symbol. The LZW is 

building a dictionary, in that repeated strings are replaced by 

the single code word. This algorithm is effective because it 

don’t need to pass the string table during the process of 

decompression. At the decompression time the table can be 

recreated as it was in the time of compression. 

In this proposed method all types of images can be 

compressed. The initial step in image compression using 

LZW is entering the image into the transform. The second 

step is converting that image into gray scale image. The 

third step is converting the gray scale image into binary 

image which is the suitable form to compress the image. The 

LZW algorithm reduces the repeated values in an image. 

PCA coding is reduces the storage space of an image. This 

Proposed algorithm provides high compression ratio and 

high PSNR value of an image 

 
Fig. 2: Block Diagram of Proposed Method 

A. LZW Compression: 

LZW compression method was developed originally by Ziv 

and Lempel, and subsequently improved by Welch. The key 

to LZW is building a dictionary of sequences of symbols 

(strings) as the data is read and compressed. Whenever a 

string is repeated, it is replaced with a single code word in 

the output. At decompression time, the same dictionary is 

created and used to replace code words with the 

corresponding strings. [10], [11] 

In LZW compression algorithm, the input file that 

is to be compressed is read symbol by symbol and they are 

combined to form a string. The action will be continuing at 

end of this file. Every new string is assigned some code and 

stored in dictionary. They can be referred when the string is 

repeated with that code. The decompression algorithm 

expands the compressed file. Applying LZW in individual 
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bit planes achieves better compression than doing the same 

on a grayscale image. Since there are only two symbols (1 

and 0) in bit plane representation, compared to 256 symbols 

(0255) in grayscale image, there is more chance for 

repetition among sequence of symbols leading to better 

compression. [12], [13] 

B. PCA Encoding: 

Calculating a Principal Components Analysis is relatively 

simple and depends on some characteristics associated with 

matrices eigenvalues and eigenvectors. In order to find out 

the PCA value, First step is to calculate the correlation 

matrix or covariance matrix of the image array. The second 

step is to calculate the eigenvalues of the matrix. The next 

step is to calculate the eigenvectors of each eigen values. 

Every eigenvectors are representing the factor loading. 

Factor loading is associate the Eigen vectors to a specific 

eigenvalue. Then multiply the eigenvector by the square root 

of the eigenvalue. Finally, select the eigenvectors, which is 

needed to explain the majority of data in an image. Finally, 

select the eigenvectors associated with the largest 

eigenvalues to represent a sufficient amount of the image 

data. [9] 

C. Algorithm Steps: 

The proposed algorithm steps are given below: 

1) Step 1: Read the image in MATLAB work space. 

2) Step 2: Dictionary is initialized. 

3) Step 3: find the non-repeated values of the image. 

4) Step 4: Calculate symbol probability. 

5) Step 5: Symbols are arranged in decreasing order 

according to the Probability of symbols. 

6) Step 6: lower probabilities are merged and this step 

is continued until only two probabilities are left. 

7) Step 7: codes are assigned according to rule that the 

highest probability of symbol will have a shorter 

length code. 

8) Step 8: Further PCA encoding is performed .In this 

step, the code words are mapped with the 

corresponding symbols. 

9) Step 9: Concatenate all the PCA code words and 

Apply PCA Encode value on the LZW encoding 

process. It will result the compressed image. 

10) Step 10: The compressed image results the higher 

compression ratio and also reduces memory size of 

an image. 

D. Quality Measures: 

The required quality measurements between the original, 

compressed and reconstruction image is obtained from the 

compression Ratio (CR), Peak Signal to Noise Ratio 

(PSNR) and Mean Square Error (MSE). [14] 

The MSE is calculated the difference between the 

original image and the reconstructed image. The MSE also 

called as reconstruction error variance. In that the original 

image is denoted as f and reconstructed image is denoted as 

g. The calculated MSE value is given below: 

MSE= 2]),[],[(
1

,

 
kj

kjgkjf
N

…… (1.1) 

The PSNR value is calculated by the maximum 

possible pixel value of the image is divided by the Mean 

Square Error in a logarithmic scale. The calculated PSNR 

value is given below:        

PSNR= 10 log (255
2
/MSE)…………....... (1.2) 

The compression ratio is defined as the ratio of the 

size of input data and the size of output data. The original 

image size is called as uncompressed image size and the 

output data of an image is also known as compressed file of 

the image. [15] 

CR=
                              

                            
…………  (1.3) 

IV. EXPERIMENTAL RESULTS 

In this research, an efficient compression technique based on 

Lempel-Ziv-Welch with PCA coding is proposed and 

developed. This algorithm is compared with DWT and 

DAST algorithm using MATLAB. 

 
Fig.3. Simulation Result of Lena image using LZW 

 
            Original image                      Compressed image  

Fig. 4: Original and compressed images of Lena using LZW 

 
Fig. 5: Simulation Result of Lena using DWT 
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            Original image                      compressed image  

Fig. 6: Original and compressed image of Lena using DWT 

In these above example, fig.6 and fig 7 shows the simulation 

result of the Lena image using LZW and DWT algorithms. 

The Comparison table shows the values of Compression 

ratio and PSNR values of Lena image. 

Lena 

Image 

Compression 

Ratio 

Peak Signal to Noise 

Ratio 

DWT 2.3 52.3 

DAST [7] 5.1 52.1 

LZW 7.3 59.7 

Table-1: Comparison between Dwt, Dast and Lzw 

V. CONCULUTION 

A new image compression scheme based on LZW method is 

compared with DWT and DAST Algorithm. In this research 

LZW provides high compression Ratio without loss of 

information. This method gives better performance 

compared to other compression techniques. It is concluded 

that the higher data redundancy helps to achieves more 

compression and also provides the high Peak Signal to 

Noise Ratio. 
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