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Abstract— In this paper, Energy efficient image 
transmission using Huffman coding over OFDM channel 
has been proposed, which combines wavelet-based image 
decomposition and Huffman coding. Wavelet image 
transform provides data decomposition in multiple levels of 
resolution, so the image can be divided into packets with 
different priorities. The consumed energy when DWT is 
applied is clearly lower compared to the case without DWT. 
Using Huffman coding scheme, compress the low frequency 
band. In the proposed scheme, lower-resolution version of 
the compressed image obtained via discrete wavelet 
transform (DWT) is used. And show that the proposed 
strategy (DWT with Huffman coding)is more energy 
efficient than previous work (DWT without Huffman 
coding).In addition show that error rate(BER) is low 
compared to existing system(DWT without Huffman 
coding). 
Keywords: DWT, Image Compression, Huffman coding, 
OFDM, BER 

I. INTRODUCTION 
It is always desired to increase the data rate over wireless 
channels. But high rate data communication is significantly 
limited by Inter Symbol Interference (ISI) and frequency 
selective fading nature of the channel. Rayleigh fading 
channel is an example of frequency selective and time 
varying channel. Multi-carrier modulation is used for such 
channels to mitigate the effect of ISI. OFDM is a multi-
carrier modulation scheme having excellent performance 
which allows overlapping in frequency domain. In OFDM, 
individual subchannels are affected by flat fading, so for a 
period of time, condition of the subchannels may be good, 
or they might be deeply faded. The packets which are 
transmitted through these faded subchannels are highly 
prone to be lost at the receiver due to non-acceptable errors. 
OFDM system provides an opportunity to exploit the 
diversity in frequency domain by providing a number of 
subcarriers, which can work as multiple channels for 
applications having multiple bit streams [1]. 
Image compression has been center of interests for 
researcher over half a century. Image compression deals 
with reducing the number of bits needed to represent an 
image by removing redundant data. Image compression is 
broadly classified into two categories, namely lossless and 
lossy, depending on whether the original image can be 
recovered from the compressed image [2]. In lossless 
techniques, the original image can be recovered perfectly 
from the compressed image. In lossy techniques, the original 
image cannot be recovered from the compressed image as 
some noise is deliberately introduced to encode the image. 
Huffman coding can also be used for image compression 

.The Huffman algorithm, a lossless compression technique, 
was developed by David Huffman in 1950 [3]. Huffman 
coding is based on the frequency of occurrence of symbols 
and it uses shorter binary symbols to represent code-words 
which appear frequently. Huffman coding is widely used in 
many algorithms such as JPEG, MPEG, and GZIP [4]. 
This paper is organized as follows: Section II includes the 
related work. Section III presents the system model for the 
proposed work. Section IV gives idea of DWT, Section V 
includes compression techniques, Section VI contains idea 
of energy efficiency and BER, Section VII gives the 
experimental results and discussions.. The paper is 
concluded in Section VIII. 

II. RELATED WORK 
There are many image processing techniques that are being 
used to preprocess images for compression ranging from 
Fast Fourier Transforms and Desecrate Cosine Transforms 
to Wavelets and Fractals including Auto Regression and 
other statistical methods. Most of these processes are 
followed by a compression technique such as Huffman, 
Arithmetic or Zero Quad Tree technique. Wavelet and Zero 
Quad Tree representation has been used widely for it high 
performance. The Haar Wavelet Transform (HWT) converts 
an image into four quadrants with different functions. The 
significance of it is the energy concentration on one 
quadrant and the other quadrants carrying the minor changes 
in adjacent cells. Further, the Wavelet Transform can be 
repeated to the high energy quadrants to gain high 
compression rates. [5-11]. 
Transmission of DWT compressed still image over OFDM 
multipath channels studied in[12]. In that approach, the high 
pass coefficients were simply discarded before transmission. 
In contrast, in the approach in [1], consider the possibility of 
transmitting the low pass as well as high pass coefficients; 
also explore the possibility of energy saving in transmission 
process over fading channel environment by discarding the 
coefficients of lower importance level through an informed 
decision process. 
In the paper [13] gives an efficient image transmission 
strategy exploiting the multi-resolution characteristic of 
DWT. 
Differently than [14]–[16], consider the SDF cooperative 
transmission scheme, in which the relay sends a lower 
resolution version of the image originally transmitted from 
the source to the destination node. Thus, even if the 
destination does not receive the image from the source, there 
is a probability that it receives it from the relay [13]. 

III. SYSTEM MODEL 
 Orthogonal Frequency Division Multiplexing (OFDM) is a  

 

Energy-Efficient Image Transmission over OFDM Channel Using 
Huffman Coding   
Mehanas k kareem1 

1Electronics and communication department  
1KMEA Engineering College, Aluva 

 



Energy-Efficient Image Transmission over OFDM Channel Using Huffman Coding 

(IJSRD/Vol. 1/Issue 7/2013/0020) 

 

 All rights reserved by www.ijsrd.com 1462 

very efficient type of parallel transmission scheme that is 
based on the basic Frequency Division Multiplexing (FDM) 
transmission scheme. Where FDM divides a channel into 
many non-overlapping subchannels to transmit information, 
OFDM makes use of the available bandwidth by allowing 
these subchannels to overlap by modulating the information 
on orthogonal carriers that can easily be discriminated 
between at the receiver [17], [18]. 
OFDM takes a block of encoded signal (in the complex 
Form and performs an IFFT on the symbols in this block 
before modulating the resulting IFFT spectra onto 
orthogonal carriers and transmitting. Suppose the data set to 
be transmitted is 
D(−Nc/2),D(−Nc/2+1),...,D(Nc/2 − 1)                               (1) 
Where Nc is the total number of sub channels.  
At the receiver the opposite occurs with the receiver 
determining the carrier the information is modulated on and 
decodes the data via an FFT process. 
This whole procedure increases the efficient use of the 
limited bandwidth in a wireless channel in the transmission 
of data. However, OFDM suffers from several challenges 
due to the multi-path channel through which the signal is 
propagated such as the inter-symbol-interference (ISI) and 
inter-channel interference (ICI). Cyclic prefix is a crucial 
feature of OFDM used to mitigate the ISI and the ICI. At the 
receiver, a specific instant within the cyclic prefix is 
selected as the sampling starting point Tr, that should satisfy 
the following timing constraint to avoid the ISI 
Tm < Tr < Tg                                                                  (2) 
Where Tm is the worst-case multipath spread delay and Tg 

is the guard interval [19]. 
The system, shown in Fig.1, was designed using Matlab 
simulation software to transmit and receive a grayscale 
image by using the OFDM transmission algorithm over a 
wireless channel. 

 
Fig. 1: Block diagram 

A. Transmitter (Tx) 

A grayscale image is input into the system, a 2 level 
Discrete Wavelet Transform (DWT) was performed on the 
image. To compress the image to make transmission more 
efficient so that low frequency band (ll2) is compressed 
using Huffman encoding. The modulation scheme chosen 
for the system was OFDM transmission implemented with 
QPSK. This involved(modulation index M=1024) 
modulation of a parallel stream of binary data and then an 

IFFT process performed on the resulting data. This data was 
then transmitted over a wireless AWGN channel.  

B. Receiver (Rx) 

At the receiver a version of the sent data is received but 
corrupted with channel distortion and AWGN. The first 
process used to demodulated the signal is to rearrange the 
received bits into parallel form after perform an FFT on the 
data, this data then undergoes Huffman decoding. After that 
calculating the energy difference and BER. Efficient 
transmission of an image means there should not be much 
difference in energy of an image between before 
transmission and after transmission. 

IV. DISCRETE WAVELET TRANSFORM (DWT) 
DWT is a process which can be roughly described as the 
decomposition of a digital signal by passing it through two 
filters, a low-pass filter (L) and a high-pass filter (H).This 
process generates two sub-bands, the low-pass sub-band 
representing a down sampled low-resolution version of the 
original signal, and the high-pass sub-band representing the 
residual information of the original signal, needed for the 
perfect reconstruction of the original set from the low-
resolution version. Since image is a bi-dimensional signal, a 
2D-DWT is performed. This is achieved by first applying 
the L and H filters to the image row by row, then re-filtering 
the output column by column by the same filters. As a 
result, the image is divided into four sub-bands, the 𝐿𝐿 sub-
band, containing the image low-resolution version, and three 
sub-bands 𝐻𝐿, 𝐿𝐻 and 𝐻𝐻, containing horizontal, vertical 
and diagonal residual information, respectively. The 
decomposition procedure can be repeated recursively to 
obtain multiple levels of decomposition. The most 
commonly used multidimensional 2D-DWT structure 
consists of a recursive decomposition of the 𝐿𝐿 sub-band, 
illustrated in Figure 2, where 2D-DWT 
was applied twice[13]. 

 
Fig. 2:  2D-DWT applied (a) once (b) twice. 

V. COMPRESSION TECHNIQUES 
Compression is useful because it helps reduce the 
consumption of expensive resources, such as hard disk space 
or transmission bandwidth. On the downside, compressed 
data must be decompressed to be used, and this extra 
processing may be detrimental to some applications. Data 
Compression can be defined as reducing of the amount of 
storage space required to store a given amount of data. Data 
compression comes with a lot of advantages. It saves storage 
space, bandwidth, cost and time required for transmitting 
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data from one place to another. Compression can be lossy or 
loss-less.  
With a loss-less compression and decompression, the 
original and decompressed files are identical bit per bit. On 
the other hand, compression efficiency can be improved by 
throwing away most of redundant data, without however 
losing much quality. There are many loss-less compression 
techniques such as Arithmetic coding, Run Length 
Encoding, Huffman Coding and some famous Dictionary 
based algorithms like Lempel-Ziv- Welch (LZW) coding, 
though Huffman Coding forms the basis of many 
compression algorithms. JPEG, MPEG, which are lossy 
compression methods use Huffman coding [20]. 

A. Huffman encoding 

Huffman coding is proposed by DR. David A. Huffman in 
1952. A method for the construction of minimum 
redundancy code, Huffman code is a technique for 
compressing data. Huffman's greedy algorithm looks at the 
occurrence of each character and it as a binary string in an 
optimal way. Huffman coding is a form of statistical coding 
which attempts to reduce the amount of bits required to 
represent a string of symbols. The algorithm accomplishes 
its goals by allowing symbols to vary in length. Shorter 
codes are assigned to the most frequently used symbols, and 
longer codes to the symbols which appear less frequently in 
the string (that's where the statistical part comes in). Code 
word lengths are no longer fixed like ASCII .Code word 
lengths vary and will be shorter for the more frequently used 
characters [21]. 

 
Fig. 3: Flow chart of Huffman encoding. 

The technique works by creating a binary tree of nodes. 
These can be stored in a regular array, the size of which 
depends on the number of symbols, . A node can be either 

a leaf node or an internal node. Initially, all nodes are leaf 
nodes, which contain the symbol itself, 
the weight (frequency of appearance) of the symbol and 
optionally, a link to a parent node which makes it easy to 
read the code (in reverse) starting from a leaf node. Internal 
nodes contain symbol weight, links to two child nodes and 
the optional link to a parent node. As a common convention, 
bit '0' represents following the left child and bit '1' represents 
following the right child. A finished tree has up to n leaf 
nodes and   n-1 internal nodes. A Huffman tree that omits 
unused symbols produces the most optimal code lengths. 
The process essentially begins with the leaf nodes 
containing the probabilities of the symbol they represent, 
and then a new node whose children are the 2 nodes with 
smallest probability is created, such that the new node's 
probability is equal to the sum of the children's probability. 
With the previous 2 nodes merged into one node (thus not 
considering them anymore), and with the new node being 
now considered, the procedure is repeated until only one 
node remains, the Huffman tree. 

B. Huffman decoding 

The process of decompression is simply a matter of 
translating the stream of prefix codes to individual byte 
values; usually by traversing the Huffman tree node by node 
as each bit is read from the input stream (reaching a leaf 
node necessarily terminates the search for that particular 
byte value). Before this can take place, however, the 
Huffman tree must be somehow reconstructed. In the 
simplest case, where character frequencies are fairly 
predictable, the tree can be pre-constructed (and even 
statistically adjusted on each compression cycle) and thus 
reused every time, at the expense of at least some measure 
of compression efficiency. Otherwise, the information to 
reconstruct the tree must be sent a priori. A naive approach 
might be to prepend the frequency count of each character to 
the compression stream. Unfortunately, the overhead in such 
a case could amount to several kilobytes, so this method has 
little practical use. If the data is compressed using canonical 
encoding, the compression model can be precisely 
reconstructed with just B2B bits of information (where B is 
the number of bits per symbol). Another method is to simply 
prepend the Huffman tree, bit by bit, to the output stream. 
For example, assuming that the value of 0 represents a 
parent node and 1 a leaf node, whenever the latter is 
encountered the tree building routine simply reads the next 8 
bits to determine the character value of that particular leaf. 
The process continues recursively until the last leaf node is 
reached; at that point, the Huffman tree will thus be 
faithfully reconstructed.  

VI. ENERGY EFFICIENCY AND BER 
Energy efficiency is the goal to decrease the amount of 
energy required to provide products and services. here 
energy efficiency, is the goal to decrease the amount of 
energy required to transmit the images. for this purpose find 
the energy before transmission and after transmission. And 
then find the energy difference between them, if the energy 
difference is low compared to previous work, then proposed 
method is energy efficient. 
Energy is calculated as: 

http://en.wikipedia.org/wiki/Canonical_Huffman_code
http://en.wikipedia.org/wiki/Canonical_Huffman_code
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Energy=         ∑ ∑                             (3) 

Where p and q are the row and column size of the image 
respectively. 
Bit error rate (BER) is an important aspect in wireless 
communication and used to assess the performance. 
However, bit error rates that have been reported in earlier 
work were either based on Gaussian-based approximation 
or computational simulation and led inaccurate results. In 
order to assess the performance of wireless communication 
systems, modulating methods and chaotic maps that is used 
to produce a spreading sequence, exact bit error rates are 
highly required.  
In any communication system, an estimate of bit (digital 
information) based on a received noise-like sequence at a 
receiver side is required and there is no error-free system 
due to the channel noise. The channel is the physical 
medium through which a noise-like sequence passes as it 
travels from a sender to a receiver and is corrupted by noise, 
usually assumed to be additive white Gaussian noise 
(AWGN). Therefore the probability of an estimation error, 
bit error rate (BER),is of interest. Even though it seems 
clear that my method (that is finding BER) that gives a low 
bit error rate, and used with little consideration about its 
exact bit error rate.  
The bit error rate or bit error ratio (BER) is the number of 
bit errors divided by the total number of transferred bits 
during a studied time interval. BER is a unit less 
performance measure, often expressed as a percentage. 
The bit error probability pe is the expectation value of the 
BER. The BER can be considered as an approximate 
estimate of the bit error probability. This estimate is 
accurate for a long time interval and a high number of bit 
errors. 
As an example, assume this transmitted bit sequence: 

0 1 1 0 0 0 1 0 1 1, 
And the following received bit sequence: 

0 0 1 0 1 0 1 0 0 1, 
The number of bit errors (the underlined bits) is in this case 
3. The BER is 3 incorrect bits divided by 10 transferred bits, 
resulting in a BER of 0.3 or 30%. 
BER is calculated as: 
BER= 

 
                                                           (4) 

Where, Eb and N0 are the total number of bits and number 
of errors respectively.  

VII. EXPERIMENTAL RESULTS 

Since the project is based on energy efficiency and BER in 
OFDM system, At first image undergoes 2 level DWT 
.After that compress the low frequency band(ll2) of an 
image using Huffman encoding. After modulation using 
QPSK, transmit the compressed image(ll2) over OFDM 
channel, At the receiver, after demodulation and Huffman 
decoding find the energy and calculate  energy difference 
between before transmission and after transmission, and plot 
the graph between SNR vs. energy difference. If the energy 
difference is low (that means there should not be much 
difference in energy of image between before transmission 
and after transmission) with respect to SNR, then the 
method is energy efficient than previous work. 

 
Fig. 4: Cameraman images for different SNR 

 
Fig. 5: Graph showing energy difference versus SNR 

 
Fig. 6: graph showing BER versus SNR 

SNR 

Energy difference 
of existing 

system(without 
huffman 

coding)(db) 

Energy 
difference of 

proposed 
system(with 

huffman 
coding)(db) 

0 15.67 14.83 
1.5 13.78 9.28 
3 11.79 4.64 

4.5 10.71 1.73 
6 8.52 0.18 

7.5 6.82 0.10 
Table. 1: Comparison of Camera man Image With Different 

SNR Values 



Energy-Efficient Image Transmission over OFDM Channel Using Huffman Coding 

(IJSRD/Vol. 1/Issue 7/2013/0020) 

 

 All rights reserved by www.ijsrd.com 1465 

 
Fig. 7: Barbara images for different SNR 

 
Fig.8. Graph showing energy difference versus SNR  

 
Fig. 9: Graph showing BER versus SNR 

SNR 
Energy difference of 

existing system (without 
huffman coding)(db) 

Energy difference of 
proposed 

system(with  
huffman coding)(db) 

0 27.23 25.46 
1.5 19.90 10.73 
3 15.49 3.33 

4.5 11.22 0.75 
6 8.52 0.13 

7.5 5.18 0.01 
TABLE 2: Comparison Of Barbara Image With Different 

SNR Values  

Simulation results are obtained using MATLAB. For 
simulations, standard image like Cameraman, Barbara are 
used. .we can use any type of images. figure 5 and 8 which 
shows energy difference versus SNR in an OFDMA 
systems with N=64 subcarriers, where SNR ranges from 0 
to 20.Comparison of energy differences of Cameraman, 
Barbara are shown in table 1  and 2..Figure 6 and 9  shows 
BER vs. SNR, here also SNR ranges from 0 to 20,from the 
table I and II  it is clear that the difference of energy is low 
using Huffman coding(proposed system) than existing 
system(without Huffman).Efficient transmission of an 
image means there should not be much difference in energy 
of image between before transmission and after 
transmission. So, if transmitting the lower frequency sub 
band after encoding using huffman coding, is highly 
efficient than without Huffman coding. Also show that error 
rate (BER) of proposed system is lower than existing 
system (from figure 6 and 9). 

VIII. CONCLUSION 
In this paper, I have proposed method for efficient image 
transmission, which includes DWT and Huffman coding. 
Wavelet image transform provides data decomposition in 
multiple levels of resolution, so the image can be divided 
into packets with different priorities. The  consumed energy 
when DWT is applied is clearly lower compared to the case 
without DWT. after DWT, low frequency band is 
compressed using Huffman coding.This method is 
applicable for all type of images. Using MATLAB function 
any type of image is converted into grayscale. Evaluation of 
image transmission using Huffman coding with DWT is 
done for the standard pictures and the result arrived which 
showed that the proposed method is better when compared 
to existing system (without Huffman coding).  
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