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Abstract:––In this Paper, Optimization of error is considered using power adaptation algorithm while transmission is carried 

out The Maximum Power Adaptation algorithm(MAPAA) is based on updating the amount of power transmitted for each bit 

according to its importance in the image quality as measured by the mean-square error. This Maximum Power Adaptation 

Algorithm is used to find the optimum power distribution vector such that the RootMeanSquareError (RMSE) is minimized 

subject to the constraints that the power per bit is kept constant considering Maximum Root Mean Square Error. The above 

optimization is done for RMSE regardless of the average probability of bit error and the PAPR is kept below a certain limit. 

Maximum Power Adaptation Algorithm shows better performance compared to the case of Conventional power adaptation 

while reducing the Peak-to-Average Power (PAPR) Ratio. 
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I.INTRODUCTION 
One of the most important and challenging goal of current and future communication is transmission of high 

quality images from source to destination quickly with least error, where limitation of the bandwidth is a prime problem. By 

the advent of multimedia communications and the information superhighway has given rise to an enormous demand on high-

performance communication systems. Multimedia transmission of signals over wireless links is considered as one of the 

prime applications of future mobile radio communication systems. However, such applications require the use of relatively 

high data rates (in the Mbps range) compared to voice applications. With such requirement, it is very challenging to provide 

acceptable quality of services as measured by the Root Mean Square Error (RMSE) due to the limitations imposed by the 

wireless communication channels such as fading and multipath propagation. Furthermore, the user mobility makes such a 

task more difficult because of the time varying nature of the channel. The main resources available to communications 

systems designers are power and bandwidth as well as system complexity. Thus, it is imperative to use techniques that are 

both power and bandwidth efficient for proper utilization of the communication [2].With the increasing complexity of these 

communication systems comes increasing complexity in the type of content being transmitted and received. The early 

content of plain speech/audio and basic black and white images used in early radio and television has developed into high 

definition audio and video streams; and with the introduction of computers into the mix even more complex content needs to 

be considered from images, video and audio to medical and financial data. Techniques are continuously being developed to 

maximise data throughput and efficiency in these wireless communication systems while endeavouring to keep data loss and 

error to a minimum. Power adaptation has been an effective approach to mitigating the effect of fading channels 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. 

The  primary  purpose  of  power  control  is  to  maintain  the  acceptable  Eb/No by meeting some PAPR 

requirements. So, it is obvious that all  the  transmitters  should  transmit  with  different  power  levels . The  determination  

of different  transmitting  power  levels  becomes  an  important  issue  . This paper shows that the Maximum Power 

Adaptation Algorithm is well suited for multimedia like image and video signals, where different bits carry different amount 

of information. The scheme is specifically optimized for minimizing the mean square error (MSE) of the image or video 

signal rather than the bit error rate (BER) since it is more indicative of the image quality.   

The rest of the paper is organized as follows. The noise used in this paper is AWGN .Section II presents the signal 

model. The Maximum Power Adaptation Algorithm is presented in section III. Section IV presents the simulation results. 

Finally, conclusions are drawn in section V. 

 

II.PROBLEM FORMULATION 
Efficient use of the multimedia power is one of the major challenges in information devices. The controlling of 

power becomes even more critical with devices integrating complex video signal processing techniques with 

communications. Some of the key technologies that affect the power in this respect are source signal compression, channel 

error control coding, and radio transmission. Power consumption of base band processing should also be taken into account. 

On the other hand, the work on improving the power  has focused on separate components such as algorithms and hardware 

design for specific video and channel coders and low power transmitter design [3],[4]. Joint optimization of source 

compression, channel coding, and transmission to balance the quality of service and power requirements of the multimedia 

has only recently attracted interest [5]. The work by Appadwedula et al. [6], considers minimization of the total energy of a 
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wireless image transmission system. By choosing the coded source bit rate for the image coder, redundancy for the Reed–

Solomon (RS) coder, transmission power for the power amplifier and the number of fingers in the RAKE receiver, the total 

energy due to channel codec, transmission, and the RAKE receiver is optimized subject to end-to-end performance of the 

system. The proposed system is simulated for an indoor office environment subject to path loss and multipath. Significant 

energy saving is reported. In [7] and [8], by changing the accuracy of motion estimation different power and distortion levels 

for H.263 encoder are provided [9].The coded bits are packetized and unequally protected using RS codes and are 

transmitted over a code-division multiple-access system operating over a flat fading channel.  

The system is a typical binary phase shift keying (BPSK) digital communication system for multimedia 

transmission. The signal is sampled, quantized and then coded into binary bits for transmission. The transmitted BPSK signal 

is represented as 

 𝑆(𝑡) =    𝑤𝑖𝑏𝑘𝑖

𝑀−1
𝑖=0 𝑔(𝑡 − (𝑘𝑀 + 𝑖)𝑇𝑏

∞

𝑘=0
                                                      (1) 

The channel used in this paper is the additive white Gaussian noise (AWGN) channel and is as shown in the figure below: 

 

 

 

 

 

 

 

 

 

 

 

Modulation is the process by which signal waveforms are transformed and enabled to better withstand the channel 

impairments. In a BPSK system the received signal is given by    

 𝑌 = 𝑥 + 𝑛                                                                                                          (2) 

Where  x∈ {−𝐴, 𝐴} and 𝜎2=𝑁𝑜  

The bit error probability is  

                                                                                         𝑃
𝑏= 

1

 2𝜋
𝜎2

2

∞

𝐴
𝑒

−
𝑥2

𝜎2

2                                                                                                        (3) 

And the Q-function is given by 

Q(x)=
1

 2𝜋
  𝑒−

𝑥2

2
∞

𝑥
 dx                                                                   (4) 
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1
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Equation (6) is widely used in Bit error rate calculation. 

The Q-function can be described as a function of error function defined over [0, ∞)  and is given by 

                                                                           𝑒𝑟𝑓 𝑥 =
2

 𝜋
 𝑒−𝑦2

𝑑𝑦
𝑥

0
                                                                                         (6) 

 

With 𝑒𝑟𝑓 0 = 0 and 𝑒𝑟𝑓⁡(∞)=1 

 

𝑃𝑏 = 𝑄  2𝛾𝑏                                                                                               (7) 

                                                                                    

 

                                                                                  𝑃𝑠 = 1 − [1 − 𝑄( (2𝛾_𝑏 ))]2                                                                                      (8) 

 

                                                                               

Where the Q function is defined as: 

                                                                                   𝑄(𝑥) ≤
1

 2𝜋
 𝑒

∞

𝑥

−
𝑥2

2 𝑑𝑥                                                                                       (9) 

 

The Bit Error rate of BPSK involves two BPSK modulations on in-phase and quadrature components of the signal. 

The bit error probability is given by 

                                                                                   𝑄 𝑧 ≤
1

𝑧 2𝜋
𝑒−

𝑥2

2 𝑑𝑥                                                                                                    (10) 

 

                                                                                     𝑃
𝑠≤

3

 2𝜋𝛾𝑠

𝑒−0.5𝛾𝑠                                                                                                 (11) 

 

𝑃𝑏  Can be approximated from 𝑃𝑠  by 𝑃𝑏  as  

                                                                                      𝑃𝑏 =
𝑃𝑠

2
                                                                                                           (12) 
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The Bit Error Rate for BPSK signalling can be calculated by an approximation of symbol error rate using nearest 

neighbour approximation. The Symbol error probability can be approximated by 

                                                          

                                                                                    Ps =2Q 
2Asin

π

M

 2No
 = 2Q   2γ

s
 Sin

π

M
                                                                           (13) 

 

III. MAXIMUM POWER ADAPTATION ALGORITHM (MAPAA) 
When there are N number of images and M number of bits in a multimedia system, then the powers transmitted by 

the bits be P = [P1, P2, …………… . . PM ]  and the respective RMSEs at the bits 

be  RMSE = [RMSE1 , RMSE2, ……… . . RMSEM ]. Let    𝑅𝑀𝑆𝐸𝑇  be the target RMSE. For a system with M bits per sample, 

there are  2M different samples to be transmitted.  

The probability that ith sample with a decimal value of (i) is reconstructed is given by 

                                                                                    𝑃𝐷𝑖= [𝑝𝑘𝜗(𝑘) +𝑀−1
𝑘=0 (1 − 𝑝𝑘)𝜗 𝑘  ]                                                         (14)                      

                                                        

Where pk  is the probability that the  kth bit is in error.ϑ(k) is equal to zero if the indices of i and k are same and the 

value will be equal to 1 if the indices are different. The notation ϑ k  ] represents the binary inversion of ϑ(k). 

The MSE for the above case is calculated as 

MSE =
1

 2M −1
 PDi

M−1
k=0                                                                             (15) 

                                                                    

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. It is possible to show that, on average, all MSE values are approximately the same 

and hence equation (7) will be average MSE. The Root Mean Square Error (RMSE) is obtained by taking the square root of 

(7)[15-18] .Note that the probability of the kth   bit to be in error for the AWGN case is given by 

                                                                                               𝑃𝑘 = 𝑄( 2
𝐸𝑏

𝑁𝑜

 𝑘  )                                                                            (16) 

                                                                                                                                      
In these systems, the MSE level is satisfied at each bit. Once the bit allocation is carried out, the power control 

takes a role of controlling the error caused by bits. On one hand, this algorithm must be reduced to minimize the interference 

at other bits, and, on the other hand, it must be sufficient for data communication [23-24]. 

 

ALGORITHM: 

1. Initialize number of iterations 

2. Initialize number of bits 

3. Initialize power step size to ∆P. 

4. InitializePAPRmax .. 

 for  i = 1 to iterations 

5. Initialize power vector to all ones 

6. Define two bits, R is recipient power and C is contributing power , 

 for  j = 1 to bits 

7. Compute RMSE. 

8.    Update power of all the bits using 

Pi
n+1 = RMSEi

n xPi
n  

(17) 

                           Where     

RMSEi
n =

MAX⁡(RMSEi
n , RMSET)

RMSEi
n  

                                                                          (18) 

               Pi
n+1    =Power allocated in the n+1 state 

               Pi
n   = Power allocated in the n state 

               RMSEi
n =Root mean square error of ith  bit in  nth iteration 

               RMSET  =Target Root Mean Square Error 

9. Calculate the maximum power of each bit.   

10. Repeat the same procedure 8 and 9 above but with the Contributor bit C incremented by one until all least  

       Significant bits are used. 

11. Calculate the maximum MSE. 

12. Plot Energy per Bit versus RMSE, PSNR, BER. 
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IV. NUMERICAL RESULTS AND CONCLUSIONS 

 

Fig.1 shows the Original image. Image transmission over AWGN is considered with M = 8 bpp for Conventional 

and Maximum power adaptation methods. The improvement in performance obtained by the Conventional power adaptation 

method is affected by the Maximum Power Adaptation Algorithm and the values are shown in Tabular forms as Table I and 

Table II. Better Performance of image quality is analysed using Peak Signal to Noise Ratio (PSNR) which is observed in 

Maximum Power Adaptation Algorithm (MAPAA) compared with Conventional Power Adaptation Algorithm (CPAA) as 

shown in Fig.3.  Fig.2 shows the received image using Maximum Power Adaptation Algorithm. The image proves that better 

Performance is observed in Maximum Power Adaptation Algorithm compared with Conventional Power Adaptation 

Algorithm as the power adapted is maximum.  

Fig.3, Fig.4 and Fig.5 shows the plots of RMSE, PSNR and BER performance of Maximum Power Adaptation 

Algorithm. Ihe plot proves that better Performance is observed in Maximum Power Adaptation Algorithm compared with 

conventional Power Adaptation Algorithm as the power is maximum.  

Fig.5 shows the plots of BER performance of BPSK modulation using Maximum Power Adaptation Algorithm. Both 

Conventional power Adaptation Algorithm and Maximum Power Adaptation Algorithms shows better BER performance in 

image transmission using MAPAA rather than CPAA with higher gain. 

 

 

 

 

 

 

 

 

                                                 

 

 

 

 

 

 

Fig. 1 Original Image 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2 Images obtained in transmission over AWGN using Maximum Power Adaptation Algorithm 
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Fig.3 Plot showing PSNR over AWGN using Maximum Power Adaptation Algorithm and Conventional power Adaptation 

Algorithm 

 

 

 

 

 

 

         

          

                             

               

 

 

                

 

 

 

 

 

 

 

 

 

Fig.4 Plot showing RMSE over AWGN using Maximum Power Adaptation Algorithm and Conventional power Adaptation 

Algorithm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5 Plot showing RMSE over AWGN using Maximum Power Adaptation Algorithm and Conventional power Adaptation 

Algorithm 
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Table I: RMSE, PSNR, BER values of Image Transmission using Maximum Power Adaptation Algorithm and 

Conventional power Adaptation Algorithm 
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