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Abstract 
Paper is proposing a novel algorithm for lossless image compression. The Rapid 

growth in the field of multimedia and in digital imaging needs to transmit digital 

images. Transmitting the images without compressing those takes more disk 

space as well as much time for transmission over the network. So the basic idea is 

to remove the redundancy of data presented within the image so that we can 

reduce the size of image without affecting the essential data in the image i.e. 

without compromising the quality of an image. Paper also provides a 

comparative analysis about the existing lossless image compression technique 

and proposed novel approach. 
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1. Introduction 

Image compression plays very important role in many applications. It helps in reducing the 

number of bytes of an original image exclusive of any misrepresentation in its quality, so that it 

will take less time, hard disk space or transmission bandwidth to send a data from one place to 

another. For example, A 24 bit color image with 512x512 pixels will occupy 768 Kbyte’s storage 

on a disk, and a picture double of this size will not fit in a only floppy disk. So, to transmit an 

image over a 28.8 Kbps modem would take almost 4 minutes. The motive of image compression 

is to reduce the amount of data required for representing sampled digital images and therefore 

reduce the cost for storage and transmission. There are different techniques for compressing 

images. Basically there are two types of compression that can be done on images. First one is 

“lossy” and the other is “lossless”. In this paper we are discussing about only on the lossless 

image compression techniques. Lossless data compression is used when the data has to be 

uncompressed exactly as it was before compression. 

 

Benefits of Image Compression 

• It provide a credible cost savings involved with sending less data over the switched telephone 

network where the cost of the call is really frequently based upon its interval.  

• It not only reduces storage requirements but also on the whole execution time.  

• It reduces the possibility of transmission errors since smaller quantity bits are transferred.  
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• It provides a level of security against illegal monitor 

 

Basic Principles behind the Compression 

The basic principle behind the compression is to remove the redundancy in the image. Now the 

redundancy can be of different types- 

i. Coding redundancy: Coding redundancy can be remove if it is possible to represent larger 

code with the smaller codes. 

ii. Interpixel redundancy: Interpixel redundancy is the result of same or correlated pixel of 

an image. 

iii. Psychovisual redundancy: In this type the data or the pixel can be ignored by normal 

visual system or the human eyes. 

 

2. Basic Lossless Compression Techniques 

a) Run Length Encoding 

It is one of the simplest methods of image compression. It is used for sequential data only. This 

technique replaces sequences of identical symbols (pixels), with the shorter symbols. It is 

represented as {v, r} where v denotes intensity of Pixel and r denotes the intensity of the pixels. 

 

For example: 

80 80 80 56 56 56 56 56 78 

 

{80,3} {56,5} {78,1} 

Fig.1: Run length encoding 

 

b) Huffman Encoding  

This method was developed by D. A. Huffman. This methodology is used to remove coding 

redundancy in the image. In this approach, we code the symbols based on the statistical 

occurrence of frequencies and accordingly we make a tree. According to this method, symbols 

with the most frequency will result in shorter code words and symbols with lower frequency will 

have longer codeword’s. It is also called variable length coding. 

 

c) LZW Encoding 

Limpel-Ziv-Welch is a technique used for compression of data. It was developed by Abraham 

Lempel, Jacob Ziv, and Terry Welch. LZW encoding is working based on the amount of 

multiplicity of bit sequences in the pixel to be encoded. This is an error free compression 

approach which focuses on removing spatial redundancy. It assigns fixed length code words to 

variable length sequences of source symbols. It works on file formats such as GIF, TIFF, and PD 

 

5 20 8 12 5 20 8 6 12 5 20 8 

 
                      C1         C2         C3           C4           C5 
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Compressed data is- 

C1 C2 C1 C3 C1 

Fig.2: LZW encoding 

 

d) Area Encoding 

It is an enhanced form of run length coding. It mainly focuses on two dimensional characteristics 

of an image. This is one of the finest techniques out of all lossless techniques discussed before. 

This technique checks the rectangular regions manner same characteristics and then analyzing it. 

The major drawback of this method is that it is a non linear method and it cannot be implemented 

in hardware. 

 

3. Hybrid (DCT+DWT) Algorithm 

Discrete Cosine Transform (DCT)  
The discrete cosine transform (DCT) separate the image into different parts of varying 

importance. DCT expresses a sequence of finitely several data points in terms of sum of cosine 

functions oscillating at different frequencies [2]. In particular, a DCT is a Fourier-related 

transform similar to the discrete fourier transform (DFT), but using only real numbers [4]. The 

DCT is a unitary transform, meaning that the inversion can be accomplished [7]. 

 

Image Processing by DCT: DCT is widely used in image processing by performing encoding and 

decoding. 

 

Encoding Technique in DCT: Steps to encode or compress the image are: 

Step 1: Firstly the image is broken into N*N blocks of pixels. Here N may be 4, 8 etc. 

Step 2: Working from top to bottom, left to right, the DCT is applied to each block. 

Step 3: Every block elements are compressed through quantization means dividing by some 

specific value. 

Step 4: This array of compressed blocks that constitute image is stored in a reduced amount of 

space. So, first the whole image is divided into small N*N blocks and then DCT is applied on 

these blocks. 

 

After that for reducing the storage space DCT coefficients are quantized through dividing by 

some value or by quantization matrix. So that 

large value become small and need small size of 

space. This step is lossy step. If we take small 

value for quantization then we get the better 

quality or less MSE (Mean Square Error) but less 

compression ratio [14]. Block size also affects 

quality and compression ratio. Simply, higher the 

block size higher is the compression ratio but 

with loss of more information and quality. 

                                   Fig. 3: DCT Model [3] 

 

Decoding Technique in DCT: Decoding system is exact reverse process of encoding. There are 

four steps for getting the original image not exact but identical to original from compressed 

image [14]. 
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Step 1: Firstly, load compressed image from disk.  

Step 2: Image is then broken into N*N blocks of pixels.  

Step 3: Every block is de-quantized by applying reverse process of quantization.  

Step 4: Now apply inverse DCT on every block. Then combine these blocks into an image which 

is identical to the original image. 

 

In the decoding process, N’s value is kept same as it was used in the encoding process. Then de-

quantization process is performed by multiplying with quantization value or quantization matrix. 

This is lossy technique so output image is not exact copy of original image but it is identical to 

original image. So this process efficiency is measured by compression ratio. Compression ratio is 

defined by ratio of storage bits of original image and storage bits of compressed. Loss of 

information is measured by Mean square Error (MSE) between reconstructed image and original 

image. If MSE of the reconstructed image to original image is greater, than the information lost 

is more. As the number of coefficients increases quality of the image decreases whereas 

compression ratio continues to increase [12]. 

 

Discrete Wavelet Transform (DWT)  
Research activities in image coding have been focused on the DWT, which has become a 

standard tool in image compression applications because of their data reduction capability [10]. 

In DWT, the entire image is transformed and compressed as a single data object rather than 

block by block as in a DCT based compression system. Wavelet analysis can be used to divide 

the information of an image into approximation and detailed sub signal [15]. The approximation 

sub signal shows the general trend of the pixel value, and three detailed sub signals shows 

vertical, horizontal and diagonal details. If these details are very small then they can be set to 

zero without significantly changing the image. The 

compression ratio increases as the number of zeroes 

increases. There are two types of filters: 

a. High pass filter: high frequency information is 

kept, low frequency information is lost.  

b. Low pass filter: low frequency information is 

kept, high frequency information is lost. 

H = 1 /√2 (1 -1) [2] 

L = 1/√2 (1 1) [2] 

 

So signal is effectively decomposed into two parts, 

a detailed part (high frequency) and approximation 

part (low frequency). 

LL= vertical LPF + horizontal HPF [2]  

HL= horizontal HPF + vertical LPF [2]  

LH= horizontal LPF + vertical HPF [2]  

HH= horizontal HPF + vertical HPF [2] 

 

Image Processing by DWT: DWT is widely used in image processing by performing encoding 

and decoding. 

 

 

Fig. 4: Two levels Wavelet 

Decomposition applied on 

an image [3] 
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Encoding Technique in DWT: There are six steps for compressing an image with DWT as shown 

below:  

Step 1: Firstly, the original image is passed through high pass filter and low pass filter by 

applying filter on each row. 

Step 2: Then output of the both image l1 and h1 are combined into t1= [ l1 h1]. 

Step 3: Then t1 is down sampled by 2. 

Step 4: Now, t1 is again passed through high 

pass filter and low filter by applying filter on 

each column. 

Step 5: Output of Step 4 is supposed to be l2 and 

h2. Then l2 and h2 are combined into t3= [l2 h2]. 

Step 6: Now t3 is down sampled by 2. This is our 

compressed image. 

  Fig. 5: Encoding in DWT [3] 

 

Decoding Technique in DWT:  In DWT, decoding process is not the exact reverse of the 

encoding process. Steps of the decoding of an image are shown below.  

Step 1: Extract low pass filter image and high pass filter image from compressed image simply 

by taking upper half rectangle of matrix. 

Step 2: Now, both of the images are up sampled by 2. 

Step 3: Now, the summation of both images is taken into one image called r1. 

Step 4: Now, again extract low pass filter image and high pass filter image by simply dividing 

vertically. The first half is low pass filtered image and the second half is high pass filtered image. 

Step 5: Now, take summation of both of the images and obtained image is called as reconstructed 

image. 

 

4. Proposed DCT and DWT Transform (Hybrid) 
In the combined approach, both DCT and DWT are carried out on the image in some sequence 

one after the other in order to compress the image much more and achieve much higher 

compression ratios. Compression increases with increase in window size for DCT and decreases 

with increase in window size for DWT. 

 

 
 

Fig. 6: Hybrid Model [3] Fig. 7: Compression in Hybrid Model [3]. 
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Here in this approach, first the image is divided into several blocks of images of size 32*32. 

Then 2D-DWT 1st level is applied on each block of image which results the image in four sub 

bands named LL, LH, HH, HL. Then on each sub band 2D-DWT 2nd level is applied again 

which again result in four different frequencies sub bands. Now first the scaling of these 8*8 

blocks of images is done and done rescaling is performed via scaling factor. Then on these 8*8 

blocks 2D-IDCT is performed followed by 2D-IDWT 1st level on the 8*8 block of images which 

result in 16*16 blocks of images. Then 2D-

IDWT 2nd level is applied which result in 32*32 

blocks of images. Then merging is performed in 

order to retrieve the compressed image. The 

compressed image occupies less space as 

compared to the original image as well less than 

the space occupied by the image when 

compressed via DCT and via DWT individually. 

  Fig. 8: Decompression in Hybrid Model 

 

5. Result and Comparative Analysis 

 
 

 
 

6. Conclusion 

While looking at the graph it clears that our hybrid technique has give us the better compression 

ratio over the existing lossless compression techniques such as Huffman compression, run 

length, LZW and JEEG-Ls. Quality of an image depends upon two factors such as MSE and 

PSNR. Higher PSNR higher is the image quality, here in hybrid technique we successfully 
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achieve thee higher PSNR as compare to other lossless techniques. As well as MSE is minimum 

as compare to other lossless image compression technique. The speed of image compression and 

decompression depends on different factors such as the type of file, system hardware, and 

compression method. Here we calculated time which shows us the execution speed and hybrid 

compression gives us better execution time as compare to other techniques. 

 

References 
[1] Krishan Gupta, Mukesh Sharma, Pallavi Sharma. Lossless Compression Based Kmp Technique. 

ICROIT 2014, India, Feb 6-8-2014. 

[2] Khaled S Ahnoun, Noureddine Benabadji. A hybrid dpcm-dct and RL encoding for satellite 

image compression. IEEE Transactions on Image Processing, Vol. 23, No. 4, April 2014. 

[3] Nikita Bansal, Sanjay Kumar Dubey. Image compression using hybrid transforms technique. 

Journal of Global Research in Computer Science. Vol. 4, No. 1, January 2013. 

[4] Pralhadrao V Shantagiri and K. N. Saravanan. Pixel Size Reduction Lossless Image Compression 

Algorithm. IJCSIT, Vol 5, 2013.  

[5] Gaurav Vijayvargiya, Sanjay Silakari, Rajeev Pandey. A Survey: Various Techniques of Image 

Compression. International Journal of Computer Science and Information Security. Vol. 11, No. 

10, October 2013. 

[6] B. C. Vemuri, S. Sahani, F. Chen, C. Kapoor, C. Leonard, and J. Fitszsimmons. Lossless image 

Compression.  

[7] Shruti Puniani, Nishi Madaan. Various Image Compression Techniques: A Review. International 

Journal of Advanced Research in Computer Engineering & Technology (IJARCET). Volume 3 

Issue 4, April 2014. 

[8] Deltahedron. Run-length encoding. Accessed on 8 April 2014  from http://en.wikipedia.org  

[9] Manjinder Kaur, G. K. A Survey of Lossless and Lossy Image Compression Techniques. 

International Journal of Advanced Research in Computer Science and Software Engineering. Vol. 

3, No. 2, pp. 323-326, 2013. 

[10] Asha Lata, Permender Singh. Review of Image Compression Techniques. International Journal 

of Emerging Technology and Advanced Engineering. Volume 3, Issue 7, July 2013. 

[11] A. Alarabeyyat, S. Al-Hashemi, T. Khdour, M. Hjouj Btoush, S. Bani-Ahmad, R. Al-Hashemi. 

Lossless Image Compression Technique Using Combination Methods. Journal of Software 

Engineering and Applications, 2012, 5, 752-763.  

[12] Sindhu M, Rajkamal R. Images and Its Compression Techniques–A Review. International 

Journal of Recent Trends in Engineering. Vol 2, No. 4, November 2009. 

[13] Subramanya A. Image Compression Technique. Potentials IEEE. Vol. 20, Issue 1, pp 

19-23, Feb-March 2001. 

[14] Milos Klima, Karel Fliegel. Image Compression Techniques in the field of security 

Technology: Examples and Discussion. Security Technology, 2004 (38th Annual 2004 

International Carnahan Conference, pp 278-284, 11-14 Oct., 2004). 

[15] Ismail Avcibas, Nasir Memon, Bulent Sankur, Khalid Sayood. A Progressive Lossless / 

Near Lossless Image Compression Algorithm. IEEE Signal Processing Letters. Vol. 9, 

No. 10, pp 312-314, October 2002. 


