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ABSTRACT 
The requirement for the sufficient and efficient technique for the 
compression of the different types of images forever increasing 
cause the raw images required larger amounts of space of disk 
that is the big disadvantage during the transmission and also 
during storage of data. Although we all know that there are 
number of compression techniques already available which are 
even fast and also efficient to acquire memory and this is the 
good thing for the internet world. The purpose of this paper is to 
propose the lossy method of colored (3d) image compression and 
decompression using simple coding technique called Huffman 
coding. The advantage of this coding is consumed less memory 
and simple to imply. According to this paper as the Huffman 
Coding done on gray scale images till, but we have done it on 
colored image using MATLAB platform. 
 
Keywords— MATLAB software, Huffman codes, Huffman 
encoding, Huffman decoding, symbol, source reduction. 
 

 Introduction 
The digital images obtained from sampling and quantizing a 
continuous picture i.e. required a large amount of storage. For 
any instant time, a24 bit color image of 512x512 pixels will 
occupy 768 Kbyte storage on a disk, and that picture of size twice 
will not be fitted in a disk. For transmission of such image on 
a29.9 Kbps modem will take almost 5 minutes. Mainly the image 
compression is done for the purpose to reduce the data amount 
required for presenting sampled digital images. And that’s why it 
reduces the cost of storing and transmitting the data. Image 
compression plays an important role in many important 
applications, that includes image database, image 
communications, remote sensing. (The satellite imagery use for 
the purpose of weather and other earth-resource application)The 
images which we want to compress are gray scale image which 
hah pixel value between 0 to 255. There are so many different 
techniques are available for image compression. These image 
compression techniques are classified into two classes i.e. first is 
lossless image compression technique and second is lossy image 
compression technique. As known by its name that lossless 
means there is no such information lost in image compression, 
also can say in other words, that the regenerated image from the 
compressed image is same as that of the original image. Whereas 
if we talk about lossy compression, there is loss of information of 
image, i.e. the regenerated image from the compressed image is 
similar as that of the original image but it is not identical to the 

original image. In this paper, we will use lossless compression 
and decompression and also lossy compression and 
decompression through a technique called Huffman Coding. It is 
also known as Huffman encoding and decoding. The reason 
behind using Huffman coding is the generation of redundant code 
is nominal as compared to the other coding techniques. 
Effectively, the Huffman coding is used in video compression, 
image, text, and conferencing system such as, H.263, MPEG-4, 
MPEG-2, JPEG etc. In Huffman Coding, there is the collection of 
unique symbol from source image and perform calculation. We 
get the probability value for each and every symbol and 
according to the probability value these symbols are sorted. After 
that, from the lowest probability value symbol to the highest 
probability value symbol, to form a binary tree two symbols 
combine at a time. After that we allocate 0 to the left node and 1 
to the right node starting from tree root. For a particular symbol 
to obtain Huffman code, all 1 and 0 collect from that root to that 
specific node in same order. The main purpose of this paper is 
image compression by the reduction of number of bits per pixel 
need to represent it and decrement of time of transmission of 
images, and regenerating back by decoding the Huffman Codes. 
 
The entire whole paper is organized in a sequence is as follows. 
Section-1 
Need of compression is stated. 
Section-2 
Number of types of data redundancies is described. 
Section-3 
The compression methods are described. 
Section-4 
The implementation of lossy method of compression and 
decompression (i.e. Huffman Coding & Decoding) is performed. 
Section-5 
The development of algorithm is performed. 
Section-6 
The result is declared with description. 
Section-7 
The conclusion of paper with references. 
 

2. Compression needs 
Example illustrates the need for compression of digital images is 
as follows. 
1. For storing a color image of  moderate size, for example 
514×514  Pixels, requires 0.75 MB of disk space. 
2.  A 40mm digital slide with a resolution of 15μm requires 18   
MB.                
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For storing these images and to make them available whole over 
the network (for example internet), required compression 
techniques. The problem of reducing the amount of data needed 
is addressed by image compression to represent the digital 
images. The removal of the redundant data is the basis of the 
reduction process. This transferring amount two dimensional 
pixel array into statistically uncorrelated data set, this is 
according to the mathematical point of view. The data 
transformation is done prior to the image transmission or 
storage. At the receiver section, the image which is compressed is 
decompressed to regenerate or can say reconstruct original 
image. 
Below written example shows clearly the compression 
importance.  
An image has the size - 1024 pixel×1024 pixel×24 bit, 
Before compression it needs 3MB of storage and 8 minutes for 
transmission. Utilize ISDN line for 64Kbits/s high speed. If the 
compression ratio is 10:1 to compress this image, the storage 
amount needs to reduce to 300 KB and less than 6 seconds 
dropping of transmission time. 
 

2.1 Compression principle 
Mostly images have one common characteristic i.e. The 
correlation of neighboring pixel and this is the reason behind the 
presence of redundant data. The most important task is to find 
the image correlated representation is less. The irrelevancy 
reduction and redundancy these are the two fundamental 
compression components. 
1. To remove the duplication from the signal (videos/images) is 
the aim of redundancies reduction. 
2. To omit the signal parts that cannot be noticed by the signal 
receiver is the aim of irrelevancy reduction, as such the human 
visual system.  
There are three types of redundancies in an image consist of 
sequence of image to compress the size of file. 
Is as follows: 
1.  Psycho visual redundancy: Simultaneously cannot distinguish 
all colors by Human visual system. 
2. Inter-pixel redundancy: There is the same value of the 
neighboring pixel. 
3. Coding redundancy: Frequently occurring symbol represented 
by fewer bits. 
 

 3. Redundancy various types 
three basic data redundancies can be identified In digital image 
compression. 
1. Psycho visual redundancy. 
2. Inter pixel redundancy. 
3. Coding redundancy. 
When one or more of these redundancies are eliminated or 
reduced, data compression is achieved. 
 
 

3.1  Redundancy of coding 
Consider a gray scale image have n pixels 
No. of gray level image = L(means the gray level image having 
from 0 to L-1) 
No. of pixel with gray level Rk=nk 
Gray level probability Rk=Pr(rk) 

If the bit no. use to present gray level Rk=1(Rk) 
Then, 
Average bit no. need to represent each pixel is….. 
Lavg=   ∑ L-1l (rk)Pr η                                                     (1.2) 
                K=0 
Where, 
Pr(rk)=nk / n                                                                       (1.4) 
k= 0, 1, 2,……….., L-1 
Hence the bit numbers need to represent complete whole image 
is x Laverage. When  Laverage is minimized maximum 
compression ratio can be obtained. That is when there is 1(Rk), 
the gray level representation function length,lead minimum 
Laverage, i.e. found) Coding can be written in such way Laverage 
does not minimize, it results the image contains coding 
redundancy. 
When the code assign to a gray scale cannot take complete 
benefit of gray scale probability, there coding redundancy is 
represented. That’s why it is always represents when the gray 
levels of image are present with a natural binary code or straight 
binary code. The same no. of bits is assigned by natural binary 
coding of their gray levels to both least probable value and most 
probable value. That’s why to minimize the equation 1.2 goes 
failed and the result of this is coding redundancy.  
Following is the coding redundancy example: 
The gray level distribution has been shown by 8 level images, i.e. 
shown in table -1. To represent 8 possible gray levels a natural 3 
bit binary code is used. Here Laverage has three bits, causes three 
bits is equals to lrk for all the value of rk. Consider if in code-2 
table-I is used, The average bit numbers need for code image is 
minimize to Laverage = 2(0.18) + 2(0.24) + 
2(0.22) + 3(0.15) + 4(0.09) + 5(0.05) + 6(0.02) + 6(0.03) = 2.8 
Bits. From compression equation the ratio is (n2/n1) resulting  
Ratio of compression Cr is 3/2.8 or 1.12. Thus the data is 
redundant which is 11% of the data result from the code-1 use. 
The equation 1.0 determined the exact level of redundancy. 

RK PR RK CODE-1  LI(RK) CODE-2 

R0=0 0.18 000 3 11 2 

R1=1/7 0.24 001 3 01 2 

R2=2/7 0.22 010 3 10 2 

R3=3/7 0.15 O11 3 001 3 

R4=4/7 0.09 100 3 0001 4 

R5=5/7 0.05 101 3 00001 5 

R6=6/7 0.02 110 3 000001 6 

R7=1 0.03 111 3 000000 6 

            Table-1   VARIABLE LENGTH CODING EXAMPLE 
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RD= 1-1/1.2 = 0.0999=9.9% 
Now, the clear thing that, the data is to be removed to achieve the 
compression which 9.9% is in first data set i.e. redundant data. 
 

3.1.1  Coding Redundancy Reduction 
From this image if we want to reduce the redundancy we should 
use the Huffman Technique according to this technique few bits 
we assign to the gray level which has more probability than to 
one achieve data compression which has less probability. This is 
the process which is called variable length coding. There are so 
many types of optimal and near optimal techniques are available 
for generating such types of code means that arithmetic coding, 
Huffman coding and many more. 
 

3.2 Inter-pixel Redundancy 
The other data redundancy vital form is inter-pixel redundancy 
that has relations to the inter-pixel correlations directly within 
images. The reason is that the value of any pixel is reasonably 
predicted as the value is of its neighbors, The individual picture 
carried information which is comparatively smaller. Much of 
single pixel visual contribution of an image is redundant, inter-
frame redundancies and geometric redundancies have been coin 
to refer to those inter-pixel redundancy. If we want to reduce the 
inter-pixel redundancies in the image, the 2d pixel array should 
be transform into a more efficient but usually non-visual format, 
which is used for human viewing and interpretation. E.g. to 
represent an image the differences between adjacent pixels can 
be used.  
 
This type transformation is known as mappings. If the original 
element of image can be regenerated from the transform data [1, 
2], They are known as reversible. 
 
 
3.2.1 Reduction of Inter-pixel Redundancy 
For reducing inter-pixel redundancy various techniques are 
available which are as follows: 
1. Predictive coding. 
2. Constant area coding. 
3. Delta compression. 
4. Run length coding. 
 

3.3 Psycho visual Redundancy 
The quantitative analysis of luminance value or every pixel   
normally does not involve in an image this is according to the 
human perception about information. Generally the 
distinguishing features are searches by an observer such as 
textual or edges and combine them into recognizable group 
mentally. Then these groups are correlated by brain to complete 
the interpretation process of image with the prior knowledge. 
Thus all visual information doed not responded with equal 
sensitivity by eyes. These information certainly simple has 
comparatively less important than other normal visual process 
information. This type of information is called psycho visually 
redundant. the quality of image perception can be eliminated 
without significantly impairing. Fundamentally from the inter-
pixel redundancy and coding redundancy the psycho visual 
redundancy is different. Psycho visual redundancy is associated 
with the quantifiable visual  and real information, unlike inter-
pixel redundancy and coding redundancy.  For the normal visual 

process the information itself is not required only because of 
elimination is possible. Hence psycho visual redundant data 
elimination results in quantitative information loss. Because of 
this reason this process is called irreversible process.  
 
 
 
3.3.1 Psycho visual Redundancy Reduction 
Quantizers are used here for reducing psycho visual redundancy. 
Because of these psycho visual redundant data there is the 
quantitative information loss. This process is commonly known 
as quantization.  
This operation is irreversible (loss of visual information) 
Lossy data compression is the result of quantization.  
 
          Table 2: reduction of Huffman Source  
 
Original source                           Reduction of Source  
s p 1 2 3 4 
a2 0.3 0.3 0.6 0.3 0.7 
a7 0.4 0.4 0.5 0.4 0.5 
a2 0.2 0.2 0.3 0.5  
a5 0.4 0.2 0.3   
a2 0.07 0.3    
a6 0.05     
                                 P-probability, S-source 
 
 

4. Types of compression 
There are two categories in which compression is divided, first is 
lossless compression and second is lossy compression. if we talk 
about the lossless compression there are compressed image 
which is reconstructed after the compression and original image 
both are identical numerically. If we talk about the lossy 
compression there are the relative of degradation in the 
reconstructed image to the original image. In each step of 
compression and decompression the quality degradation of 
image is the main cause in the lossy compression technique.  
There are the lossy and the lossless compression techniques is as 
follows: 
 

4.1 Lossless Coding Techniques 
1. Area coding. 
2. Entropy coding. 
3. Arithmetic encoding. 
4. Huffman encoding. 
5. Run length encoding. 
 

4.2 Lossy coding techniques 
1. Transform coding (DCT/Wavelets/FT) 
2. Predictive coding 
 

5. Implementation of lossy Compression and 
Decompression Techniques  
For our implementation on colored image there are three 
processes. They are: 
1. Encoding. 
2. Huffman code. 
3. Decoding. 
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As for gray scale image there is only one plane to encode while 
colored(3D) image when taken for our implementation three 
planes are taken individually this process is known as encoding. 
After this, these three individual planes are superimposed this 
process is known as decoding of that Huffman code. For apply 
Huffman coding on colored image RGB images are use. As below 
given example is shown how the colored image can compress 
with Huffman algorithm. In this example we take a colored image 
and through MATLAB software we compress it using Huffman 
encoding. Technically we determine three planes of RGB image 
and then that planes are encoded through the Huffman technique 
and then superimposed. After the superimposed code has been 
created,  that code can be decodable. Any string of Huffman 
encoded symbols can be decoded by examining the individual 
symbols of the string in a left to right manner. 
  Such paragraph is the brief of the implementation 
 

5.1 Explanation of Huffman coding 
There are the two basic operation of the procedure of Huffman 
code.  
1. The symbols which are more frequently occurred that have 
smaller code word than that symbol which occurred less 
frequently. 
2. The two symbols will have the same length that occurred led 
frequently.  
 
By merging the lowest probable symbol Huffman code is 
designed. And repeated these processes till then only two 
compound probability symbols are left and that’s why generating 
of code tree. And from the code tree labeling Huffman codes are 
obtained. The illustration of this Huffman code is explained in 
table-2. 
 
Table 3: The  assignment Procedure of  Huffman Code 
reduction of Original source                reduction of Source  
s p code 1  2  3  
         
a2 0.4 1 0.4 1 0.4 1 0.4 1 
0.6 0        
a6 0.3 00 0.3 00 0.3 00 0.3 00 
0.4 1        
a1 0.1 0.11 0.1 0.11 0.2 0.10 0.3 01 
a4 0.1 0100 0.1 0100 0.1 011   
a3 0.06 01010 0.1 0101     
a5 0.04 01011       
                          P-probability, S-source 
 
There are the symbols are listed at the far table-1 left and the 
arrangement of corresponding symbol probabilities in the 
decreasing order and the two probabilities which are least in 
value for example 0.04 and 0.03 are merged, this will give the 
compound symbol of 0.07 and this is the probability which is 
places in the column oh reduction of source so that the 
probabilities must be in decreasing order. This process has to 
make continue till then only two probabilities are remained left 
at the far right most, as shown in the above table, as 0.4 and 0.3. 
The next step in the procedure of the Huffman code has each 
reduced source has to code, This process is starts with the 
smallest source code and back to the original source code 
working. For two symbol source minimum length binary code is 

of course, i.e. the symbol 1 and 0. This thing is shown in the table-
3 on the right side of the two symbol these symbols are assigned. 
(there is the arbitrary assignment) with the probability 0.4 of the 
symbol of reduced source is constructed with combining two 
symbol in its reduced source to the left of it.  The zero used code. 
Both of these symbols are assigned by this code. To distinguish 
them from each other, 1 and 0 are arbitrary appended to each 
one. There are the repetition of this operation for each and every 
reduced source till then to reach the original course. At far left 
most in table the final course is appear. The average of the 
probability product of the number of bits and symbol used to 
encode it gives the average code length. This calculation is done 
below. Lavg = (0.3)(1) + (0.4)(2) + (0.2)(3) + (0.2)(4) + (0.05)(5) 
+ (0.05)(5) = 2.3 bits/ symbol 
2,15 bits/symbol = entropy of source.  
It results, Efficiency of Huffman code = 2.15/2.3 = 0.9733. 
The optimal code for the probabilities subject to constraint and a 
set of symbol are created by the Huffman procedure so that at a 
time only one symbol is coded.  
 

5.2 Explanation of  Huffman decoding 
In a lookup table decoding and coding is accomplish after the 
creation of code. The instantaneous uniquely decodable block 
code is the code itself.  It is known to block code. Cause each and 
every symbols of source are mapped into fixed code symbol 
sequence. Each source symbol is instantaneous the reason behind 
this is that each code word can be decoded without referencing 
symbols of succeeding in a string of symbol of code. The source 
symbols are decodable uniquely the reason behind this is that 
each and any code symbols string in only one way can be 
decoded. That’s why by examining the  string individual symbols 
in a left to right manner the Huffman encoded symbols any and 
each string could be decode.  
There are the string encoded 001001011101 shows that 0010 is 
the first valid code. This is the symbol for a4 code. 
Now, 0101 is the next valid code. This is the symbol for a3 code. 
110 is the next valid code. This is the symbol for a2 code. Now, 1 
is the next valid code. This is the symbol for a1 code. In 
continuous, this shows the complete decoded messages a1, a2, 
a3, a4, a5, a6, so in such a way the data or image which is original 
can be compressed and decompressed with the use of Huffman 
coding same as that shown in the above example.  
The compressor did a distribution of probability at first. Here a 
code table is made by compressor. But thid method does not used 
by the decompressor. 
 The whole Huffman binary tree keeps instead of it. Though, to do 
the process of recursion, there is the pointer to the root. We are 
making a tree in our implementation as usual and to the last node 
in list a pointer is stored by us. That is specifically the root. Now 
the process is start. The tree is navigated by us by the use of 
pointer to children i.e. each and every node. Recursive function is 
done this process. Which get accepted like parameter the current 
node pointer. And it is return to the same symbol.   
   

5.3 Huffman Coding and Decoding 
Algorithm Development  
Step1- The image is read  on to the mat lab workspace. 
Step2- The image is taken which should be 3D image. 
Step3- The symbols are found by a function which is called. (I.e. 
non-repeated pixel value). 
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Step4- The probability calculation is done by a function which is 
called of each symbol. 
 Step5- In decreasing order the symbols probabilities are 
arranged. And the lower probabilities which are merge. That all 
steps we have to make them continue till then there are only two 
probabilities remained left. According to the rule the code is 
assign the rule is that the shorter length code is the property of 
the highest probable symbol. 
 
 
 
Step6- the Huffman coding is further performed. That is the 
corresponding symbols will result in a compressed data from 
map of the code word.  
Step7- the reconstruction of image which is original means that 
using Huffman decoding decompression is performed.  
Step8- Construct an equivalent tree to tree encoding.  
Step9- Input character wise table 2 is read from the left side. Till 
then in the table 2 last elements is reached.  
Step10- Because of this the output will become return to root 
and encoded in the leaf. Tis steps will have to make continue  to 
the step 9 till then all the corresponding code symbols are as 
known.      
 

6. Results 
Fig.1 Input image                    Fig.2 Decompressed image   
 

 

 
 

 
Compression of gray Scale image using Huffman Technique. 

 

 
Fig.3 Input image                Fig.4 Decompressed image  
 

Compression of RGB(colored) image using Huffman 
Technique. 

 
The fig 1 shows the input image. In which all the above Huffman 
technique or algorithm are described for the code construction 
and then decompress the image by using decompression image 

for getting original image again from the constructed code. This 
process is shown by the figure 2. the difference between the no of 
bits required to represent the input image is the saved bits 
number. This description is shown in fig 1. each symbol can take 
a maximum code length of 8 bits is considered. It’s taken by the 
Huffman code for representing compressed image code. Means 
that,  
Save bits = (8*(r*c)-(l1*l2)) = 4212 
Size of input matrix  is represented by  c and r, The size of 
Huffman code is represented by 12 and 11, the ratio of bit 
numbers required to represent the Huffman code  which is using 
the image to the bit numbers used to represent the input image is 
called compression ratio. Mathematically can be written as: 
= (l2*l1)/ (8*r*c) = 
0.8555 = Compression ratio 
Here the decompressed image is the output image. Which shown 
in the fig 2 Hence the thing is clear that, the input image is 
approximately equals to decompressed image.  
 
 
The fig 3 shows the input image. In which all the above Huffman 
technique or algorithm are described for the code construction 
and then decompress the image by using decompression image 
for getting original image again from the constructed code. This 
process is shown by the figure 4. the difference between the no of 
bits required to represent the input image is the saved bits 
number. This description is shown in fig 1. each symbol can take 
a maximum code length 
of 8 bits is considered. It’s taken by the Huffman code for 
representing compressed image code. Means that,  
Save bits = (8*(r*c)-(l1*l2)) = 4212 
Size of input matrix  is represented by  c and r, The size of 
Huffman code is represented by 12 and 11, the ratio of bit 
numbers required to represent the Huffman code  which is using 
the image to the bit numbers used to represent the input image is 
called compression ratio. Mathematically can be written as: 
= (l2*l1)/ (8*r*c) = 
0.7855 = Compression ratio 
Here the decompressed image is the output image. Which shown 
in the fig 4 Hence the thing is clear that, the input image is 
approximately equals to decompressed image.  
 
7. Conclusion 
Now, this is proved from the experiment that to achieve the more 
compression higher data redundancy helps. The above 
experiment is based on Huffman coding and decoding which 
represent the new decompression and compression technique 
for testing of scan to reduce the volume of test data and the time 
of test application.  
Up to the 0.7855 compression ratio for the above given colored 
image can be obtained. Hence the conclusion is that the efficient 
technique is the Huffman coding is proved for gray scale image 
and colored image compression and decompression. On 
compression of colored images for transmitting and storing  the 
images can also be done by other lossy image methods 
compression. The reason behind this is that the input image and 
the decompressed image is almost same this shows no 
information loss when transmission is performed.  
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