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Abstract
Power control has been an effective approach for mitigating 
the effect of fading in the quality of signal transmission over 
wireless channels. The system typically involves a mechanism 
of measuring the quality of the channel seen by the receiver 
and providing such information to the transmitter to adjust the 
amount of transmitted power. These systems are considered 
as opportunistic systems since they take advantage of the 
information about the channel to optimize the communications 
process. The proposed algorithm performs power allocation for 
individual bits to minimize the Root Mean Square Error (RMSE) 
of a 2D-signal transmitted over AWGN channel. Different Power 
Allocation methods are applied to first level approximation 
coefficients of Haar wavelets. A gain in Eb/No  is observed 
for the proposed power allocation method over conventional 
power allocation method. This gain is achieved without any 
increase in bandwidth. 
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I. Introduction
There has been a great interest in developing new wireless 
communication systems capable of not only sending voice 
signals but also images and video signals over mobile radio 
wireless links. This is to meet the ever increasing demand for 
multimedia services fueled by the surge in Internet utilization 
and the need for accessing all types of information while 
people are on the move. However, sending image and video 
signals require a communication system capable of sending 
data at high bit rates, typically 100 Mbps range, with low 
bit error probability. This is deemed to be very challenging 
due to the harsh nature of the wireless medium caused by 
multipath propagation and mobility of users. To meet these 
requirements, wireless communication systems that efficiently 
utilize the system resources are sought. System resources 
include transmission bandwidth and transmitted power.

The other effective approach to improve the quality of signal 
transmission over wireless channels is the use of channel 
coding techniques. Channel coding is considered as a main 
component of any digital communication system operating 
over wireless channels. However, there is an increase in the 
required bandwidth due to channel coding. Thus, it is desirable 
to provide improved performance while minimizing the amount 
of bandwidth used by the coding scheme [1-2]. 

A common problem with coding schemes is their degraded 
performance at low signal-to-noise ratio. Variable rate channel 
coding schemes have been proposed to take advantage of 
knowledge of the channel status. In some systems, like second 
generation GSM mobile radio system, channel coding is used 
selectively for message bits that carry more information while 

no coding is used for less important bits.

Recently, a new algorithm for power allocation to information 
bits according to their importance was proposed. The proposed 
scheme was based on adjusting the amount of power 
transmitted for each bit [6] according to its importance in the 
image quality as measured by the mean-square error. However, 
the system suffered from an increase in the peak-to-average 
power ratio.

II. System Configuration
A typical binary phase shift keying (BPSK) digital communication 
system is considered for image transmission. Initially, the image 
is sampled, quantized, and then coded into binary bits for 
transmission by the BPSK system. Each sample is coded into 
M bits. The transmitted   signal is represented as
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where wi  is the transmitted power and bki  is the information 
data (±1) of the ith bit in the kthi block of the M bits representing 
one of the samples, g(t) is a rectangular pulse shape of 
transmitted signal, and Tb is the bit duration. Index i represents 
the location of a bit within the M bits belonging to the same 
sample with M-1 the representing the most significant bit (MSB) 
and index 0 representing the least significant bits (LSB).The 
wireless channel is modeled as a flat Rayleigh fading channel  
with received signal given by   

( ) ( ) ( )r t s t n tα τ= − +
   (2)

Where α  represents the complex channel coefficient with 
amplitude following the Rayleigh distribution and uniform phase 
over [0,2π] and r is the propagation delay. The additive white 
Gaussian noise (AWGN) is represented by n(t) with zero-mean 
and two sided power spectral density of No /2. 

The received signal is processed using a matched filter to 
minimize the BER. Perfect knowledge of the channel coefficient 
is assumed to allow for coherent detection. Once the decision 
about the information bits is made; digital to analog conversion 
is used to reconstruct the 2D signal [3-5].

III. Power Control Algorithm
A better performance measure in such cases is the root-
mean square error (RMSE) rather than the BER because bits 
transmitted by the system do not carry the same amount 
of information about the message. Thus, it is important to 
establish a relationship between the RMSE and BER for those 
applications.
For a system with M bits per sample, there are 2M different 
samples to be transmitted. The binary representation of sample 
xj is given by the jth row of the following 2M M× Matrix,
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With elements hjk. The mean square error (MSE) is given 
by                            
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Where xi  is the estimate of the thj  sample reconstructed after 

detection of the M bits and P( ( )kioγ ) is the a priori probability 

that the thj sample is transmitted. The probability that ith 
sample with a decimal value of (i) is reconstructed is given 
by                       
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 Where Pk  is the probability that the thk   bit is in error and 
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The notation ( )kioγ  represents the binary inversion of   ( )kioγ
.The MSE for the above case is calculated as
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The MSE for other samples can be obtained following a similar 
procedure and the average MSE can be calculated by averaging 
over all possible samples. Hence equation (7) will be average 
MSE. The probability of the kth bit to be in error for the AWGN 
case, without coding is given by          

  Pk = Q( 2Eb (k) / N0  )                   (8)

The iterative power allocation algorithm is as follows:
1. The power distribution vector is initialized to all ones (the 
energy is assumed to be the same for all bits with wi = 1for i = 
0, 1, …, M - 1). MSE is calculated using (7) and (8) for a given 
Eb/No  . Two bits are defined, B is borrowing power and D is 
donating power. Maximum limit of the PAPR is set to PAPRmax 
and energy step size to ΔEb

2. Most significant bit (MSB) is set to B = M −1, as borrower; 
and D = 0, least significant bit (LSB) as donor. The energy for 
the D bit is reduced by ΔEb and the energy of B bit increased by 
the same amount such that during the nth iteration we have
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Within a block of M bits, the minimum energy per bit is zero 
and the maximum energy per bit is MEb, where Eb  is the 
average energy per bit. MSE is calculated using (7) and (8) for 
a given Eb/No . We keep changing the energy of the two bits 
until we find the minimum value of MSE while the PAPR is kept 
less than PAPRmax. The same procedure above is repeated 
but with the donor bit D is incremented by one until all least 
significant bits are used. Next the borrower bit is reduced by 
one to optimize the second most significant bit (B=M − 2) and 
repeat steps.
The above steps are repeated until all bits are optimized; i.e. 
B = 0.Every time the minimum MSE is searched for and PAPR 
is ensured to be within the limit of PAPRmax.
After all bits have been updated, the optimum power allocation 
vector w is calculated form the final energy distribution of each 
bit. Finally, the 2D-signal is transmitted with this optimized 
power. The optimum vector of power allocation is independent 
of the actual 2D-signal to be transmitted and can be used for 
transmission of different 2D-signals [7]. It is also important to 
note that the optimum power allocation can be pre-computed 
in advance for each value of Eb / No [8-10]. 

IV. Wavelets
Wavelets are mathematical functions that cut up data into 
different frequency components, and then study each 
component with a resolution matched to its scale. The wavelet 
transform has the ability to decorrelate an image both in space 
and frequency there by distributing energy compactly into a few 
low frequency and a high frequency coefficients.The efficiency 
of a wavelet based image compression scheme depends both 
on the wavelet filters chosen as well as on the coefficient 
quantization scheme.
In the discrete wavelet transform, an image signal can be 
analyzed by passing it through an analysis filter bank followed 
by decimation operation. The analysis filter bank consists of 
a low pass and high pass filter at each decomposition stage./
when the signal passes through these filters it splits into 
two bands. The low pass filter corresponds to an averaging 
operation, extracts the coarse information of the signal, The 
high pass filter corresponds to a differencing operation that 
extracts the detail information of the signal. The output of the 
filtering operation is then decimated by two.A two dimensional 
transform is accomplished by performing two separate one 
dimensional transforms. First the image is filtered along the 
row and decimated by two. It is then followed by filtering the sub 
image along the column and decimated by two. This operation 
splits the image into four bands, namely LL, LH, HL and HH 
respectively
The LL band is transmitted along the channel by allocating 
power allocation and one level of decomposition was taken into 
consideration. The four bands are transmitted over wireless 
channel and the coefficients are reconstructed using inverse 
transform. The approximation coefficients are reconstructed 
using inverse discrete transform process and various parameters 
are studied in the proposed and conventional methods for one 
level of sub band decomposition.
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Table 1: Proposed power allocation method with 
compression

Eb/No  BER-Level 1
1 0.3562
2 0.3348
3 0.3134
4 0.291
5 0.2686
6 0.2464
7 0.2246
8 0.2015
9 0.3562
10 0.3348

Fig.1 Plot showing Eb/No versus BER of Proposed   Power 
Allocation for First Level of decomposition with and without 
compression 

Fig.2 Plot showing Eb/No versus RMSE of Proposed   Power 
Allocation for First Level of decomposition with and without 
compression

Table 2: Proposed power allocation method without 
compression

Eb/No  BER-Level 1
1 0.3552
2 0.3354
3 0.3127
4 0.2913
5 0.2686

6 0.2463
7 0.2239
8 0.2009
9 0.1796
10 0.157

Table 3: Conventional power allocation method with 
compression

Eb/No  BER-Level 1

1 0.4962
2 0.4952
3 0.496
4 0.4979
5 0.4951
6 0.4968
7 0.4967
8 0.4963
9 0.4955
10 0.4964

Table 4: Conventional power allocation method without 
compression

Eb/No  BER-Level 1
1 0.4953
2 0.4967
3 0.4962
4 0.4955
5 0.496
6 0.4961
7 0.4963
8 0.4959
9 0.496
10 0.4961

V. Numerical Results 
The RMSE values obtained are plotted for both the conventional 
equal-power and proposed MMSE-based power allocation 
algorithms as shown in Fig .1, for First Level of decomposition 
with and without compression. A gain in Eb/No of 9 dB at 8 
bpp is observed for MMSE-based power allocation algorithm 
over conventional equal power algorithm. Signal transmission 
over AWGN is considered.
Table.1 & Table.2 shows the Bit Error Rates (BER) of the both 
Power Allocation Methods with and without compression. At 
lower values of Eb/No  the proposed power allocation method 
performs better than the conventional method in terms of both 
BER and RMSE. However, as Eb/No increases, the two methods 
tend to be equivalent. Various other parameters like Peak Signal 
to Noise Ratio (PSNR), Normalized Correlation (NC), Normalized 
Absolute Error (NAE), Structural Content (SC), and Structural 
Frequency Measurement (SFM) are also observed to perform 
in the same manner.  
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VI. Conclusions
The optimum power allocation will converge to the conventional 
scheme with equal power allocation per bit,  for very high Eb/No. 
In this paper power allocation using one level of decomposition 
of wavelets was optimized with the power vector and transmitted 
over a wireless channel The results obtained by this scheme 
show a significant gain of about 9 dB over both the conventional 
equal-power and proposed methods. The elapsed time 
compared with the two methods shows that proposed method 
consumes better time than the conventional method for both 
compressed images and uncompressed images. The elapsed 
time for compressed proposed method is 102.13seconds 
and that of uncompressed is 89.06seconds.This shows that 
proposed method performs better than Conventional method 
with respect to various parameters.
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