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INTRODUCTION 
 

To effectively apply DPD technique, at the first the nonlinear 
PA model with memory effects is accurately developed and its 
characteristics (AM-AM and AM-PM) are correctly reversed, 
then overall response of the system to a signal flowing se
through the cascade of DPD-PA becomes linear
2012; Ghannouchi and Hammi, 2009; Bösch and Gatti
In communication applications, the PA is a key element that 
influences the overall performances of the system in terms of 
both linearity and efficiency. In the presence of wideband 
signals (WiMAX) the PA behaves as a dynamic nonlinear 
system that exhibits static distortions and memory effects
(Morgan et al., 2006; Rajbir Kaur, 2016; Yao
widely used at transmitting end and a tradeoff between 
computational cost and accuracy.  In the present work 
improved DPD method that enhances the linearity performance 
of a PA while reducing the complexity(Rajbir Kaur
Zhang et al., 2015). The proposed DPD technique is based on 
metahaustric hybrid memtic algorithm with an indirect learning 
architecture. The proposed HMA algorithm HMA, in this 
section TSA and MA are hybridised (Qingqiang Guo 
2012; Amandeep Singh Sappal et al., 2011). 
from  the  simultaneous, proposed  HMA to  determine 
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ABSTRACT 

This paper introduces a low-complexity metahaustric hybrid memtic algorithm
model coefficients extraction solution for digital pre-distortion (DPD) 
(RF) power amplifier (PA). The proposed modified memory polynomial behavioral modeling digital 

distortion technique uses indirect learning architecture. The model requires a very low number of 
numerical operations per iteration, leading to considerable reduction in implementation compl
The simulation results for Worldwide Interoperability of Microwave Access
system show the extraction solution achieves excellent linearization accuracy.
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To effectively apply DPD technique, at the first the nonlinear 
PA model with memory effects is accurately developed and its 

PM) are correctly reversed, 
then overall response of the system to a signal flowing serially 

PA becomes linear (Shen et al., 
Bösch and Gatti, 1989). 

In communication applications, the PA is a key element that 
influences the overall performances of the system in terms of 

rity and efficiency. In the presence of wideband 
signals (WiMAX) the PA behaves as a dynamic nonlinear 
system that exhibits static distortions and memory effects 

Yao et al., 2005). . DPD 
widely used at transmitting end and a tradeoff between 
computational cost and accuracy.  In the present work 
improved DPD method that enhances the linearity performance 

Rajbir Kaur, 2016; 
proposed DPD technique is based on 

metahaustric hybrid memtic algorithm with an indirect learning 
algorithm HMA, in this 

Qingqiang Guo et al., 
 It was derived  
determine  the 
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coefficient and finally find the optimum solution. The adjacent 
leakage ratio (ACLR), error vector magnitude (EVM) and 
number of PA and DPD coefficients are calculated. The first 
section of this paper is introduction. Section 2 describes 
memory polynomial modeling of
section3contains hybrid memtic algorithm  and its explanation, 
simulation results are described in section. And the last section 
of this paper contains the conclusion
et al., 2011; Nikolai Wolff et al., 
 

Memory Polynomial Model 

 
The memory polynomial expression implemented in the 
proposed work is given for the output is given
Gatti, 1989; Rajbir Kaur, 2016; 
2011) 
 


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where the signals ( )x n  and MPy n

input and output waveforms, respectively, and 

the model’s coefficients. L represents
is the order of non-linearity. The output of a PA and DPD 
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and finally find the optimum solution. The adjacent 
leakage ratio (ACLR), error vector magnitude (EVM) and 
number of PA and DPD coefficients are calculated. The first 
section of this paper is introduction. Section 2 describes 
memory polynomial modeling of PA and DPD, 
section3contains hybrid memtic algorithm  and its explanation, 
simulation results are described in section. And the last section 
of this paper contains the conclusion (Amandeep Singh Sappal 

et al., 2016). 

The memory polynomial expression implemented in the 
proposed work is given for the output is given (Bösch and 

, 2016; Amandeep Singh Sappal et al., 

  
k

y n c x n l x n l  
              (1) 

( )MPy n  are the complex baseband 

input and output waveforms, respectively, and ,l kc represents 

L represents memory length and K
linearity. The output of a PA and DPD 
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modeledusing memory polynomial model can be written in 
vector form as (Rajbir Kaur, 2016; Hertz and de Werra (1991) 
 

( ) ( )MPy n nu c
                                                                (2) 

Estimation of the coefficients ,l kc  can be carried out by 

considering the solution of equation 5.1 as solution of linear 
equation; 
 

x A B                                                                                 (3) 

In objective function (equation 5.2) the values of x i.e. ,l kc
can 

be estimated by minimizing the error between modeled and 
actual PA/DPD.  

  
1/22

 minimize ( ) ( )MPe Ax b y n y n   
(4) 

 
In present work hybrid MA metaheuristic optimization 
algorithm has been used to model PA and DPD (Rajbir Kaur, 
2016; Li Gan, 2009) .  
 
Hybrid Memetic Algorithm 

 
Optimization is the goal of the algorithms, it is common 
practice to hybridise evolutionary algorithms when using them 
in a real problems. To develop the new algorithm HMA, in this 
section tabu search algorithm (TSA) and memtic algorithm 
(MA) are hybridised (Glover and  Laguna, 1993; Qingqiang 
Guo et al., 2012) . This may involve the use of operators from 
TSA and MA which have already been used in modelling, or 
the incorporation of domain specific knowledge. Operators are 

used in HMA are; tl is tabu lists, mintl  is the initial length of 

tabu list, maxtl is  the max length of tabu list, InList  is 

adopted keep the records of removed edges, OutList  is 
adopted keep the records of added edges. Tabu tenure, 

determined by the length of tl , is a period for which it forbids 

edges in the tl from adding or deleting. The lengths of tabu 
lists are dynamic in proposed algorithm, which help the local 
search implement centralization and diversification strategies. 
If the best solution in this iteration has not been updated for 

maxnic movements, the length of tabu lists will be increased by

inctl . The search stops if the length of either of tl is larger than

maxtl . In HMA, MA is used as a diversification strategy for 

TSA without loss of generality. The flowchart of the proposed 
algorithm is shown in figure 1 (Rajbir Kaur, 2016; Katagiri et 
al., 2009). The solutions representation of TSA and MA are 
already described in so many optimization problems. Tabu 
Search and Memetic Algorithm have their own advantages on 
solving optimization problems. Before proceeding to the 
description of metheuristic methods, we firstly focus on local 
search. MA is to be orders of magnitude faster and more 
accurate than other algorithms (Hertz and de Werra (1991) and 
Qingqiang Guo et al., 2012). It has been applied widely to 
solve optimization problems because of their good search 
abilities. However, they may not be efficient to several 
problems which contain many local optima. The most 
important characteristic of TSA is that it uses a concept of 
memory to control movements via a dynamic list of forbidden 

moves. This mechanism allows TSA to strengthen or diversify 
its search procedure in order to escape from local optima. 
 

 

Figure 1: Flow diagram of Hybrid Memetic 

Algorithm 

If a solution could not be improved any more by TSA, it would 
like to try MA as a diversification strategy to improve the 
solution once more. This procedure is used to make the 
algorithm escape from local optimum by evolutionary 
computation operators. The Algorithm of is given as (Katagiri 
et al., 2009; Qingqiang Guo et al., 2012). 
 
Hybrid Memetic Algorithm 
 

Step 1 P  := Initialize  P  

while stop criterion not satisfied do 

Step 2 'P := Genetic Operations  P  

Step 3 'P := UpdatingPopulation  'P  

Step 4 'P := Replace  'P P  

Step 5 "P := Tabu Search based Local Search  'P  

Step 6 "P := UpdatingPopulation  "P  

Step 7 P  := Replace  "P P  

endwhile 

Step 8 Return  P  

Where P  means the population of individuals now, ′ 'P means 
the individuals which are generated from the Genetic 

Operations, and "P denotes the individuals improved by Tabu 
Search based Local Search. This new approach used for 
optimization to improve the modeling accuracy. The fitness 
function is the result of applied heuristic in the term of number 
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of values Rajbir Kaur (2016), Hertz and de Werra (1991) and 
Qingqiang Guo et al., 2012. 
 

SIMULATION RESULTS 
 
This section illustrates the results obtained by using HMA. To 
validate the performance of the HMA, the PA and DPD was 
modeled using the memory polynomial model given by 
equation 1. All the characteristics of proposed algorithms for 
PA and DPD have been measured by sweeping value of 

memory length L  between 1 to 5 and the nonlinearity order 

K  between 2 to 7 in memory polynomial. 
 
PA modeling using HMA 
 
Figure 2 and figure 3 shows the AM-AM characteristics and 
the AM-PM characteristics respectively of actual PA and 
proposed HMA PA model, the characteristics curve of 
proposed HMA PA model is tried to follow the characteristics 
of actual PA. This shows the accuracy of the modeling in terms 
of AM-AM and AM-PM characteristics.  
 

 
 

Figure 2: AM-AM characteristics for actual PA and proposed 
HMA PA model 

 

 
 

Figure 3: AM-PM characteristics for actual PA and proposed 
HMA PA model 

 

Figure 4 shows the power spectral density diagram of actual 
PA and proposed HMA PA model, due to PA memory and 
non-linear effects, the spectrum of output signal has expanded.  

 
 

Figure 4: Power spectral density of actual and proposed  
HMA PA model 

 

 
 

Figure 5: AM-AM characteristics for proposed HMA PA model 
and inverse AM-AM characteristics of actual PA 

 

 
 

Figure 6: Power spectral density of actual and modelled PA, 
modelled (DPD+PA) using  proposed TS 

 

The performance of proposed HMA PA model based on ACLR 
(dB), EVM (dB), memory length and non linear order can be 
inferred from table 5.10. The ACLRs of actual PA are Lower 
Channel 2 (53.17), Lower Channel 1 (28.28), Upper Channel 1 
(29.04) and Upper Channel 2 (54.01).  The ACLRs of modeled 
PA using H-MA is Lower Channel 2 (55.24), Lower Channel  
1 (29.36), Upper Channel 1 (28.74) and Upper Channel 2  
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(55.09). From table 1, it has been concluded that all ACLRs of 
HMA modelled PA have closer to the ACLRs of actual PA. For 

HMA PA model, the values of memory length L and the 

nonlinearity order K  are 3 and 7 respectively so, the no of 
coefficients are 21 in HMA PA model. The EVM of actual PA 
and HMA are -24.28 and -25.14 respectively, so the EVM of 
HMA PA model (-25.14) is also closer to EVM of actual PA (-
24.28). 
 
DPD modeling using HMA 
 
Figure 5 shows the inverse AM-AM characteristics of actual 
PA and proposed HMA DPD model. The characteristics curves 
of proposed HMA modeled digital predistorter is tried to 
follow the inverse characteristics of actual PA, this shows the 
accuracy of the modeled HMA digital predistorter.  
 
Figure 6 shows the power spectral density diagram of actual 
PA and digital predistorters of proposed HMA, due to PA 
memory and non-linear effects, the spectrum of output signal 
has expanded. The performance comparison of the proposed 
HMA digital predistorters based on ACLR (dB), EVM (dB), 
memory length and non linear order can be inferred from table 
2. The ACLRs of modeled digital predistorter using H-MA is 
Lower Channel 2 (80.07), Lower Channel 1 (56.18), Upper 
Channel 1 (56.97) and Upper Channel 2 (80.73).  The ACLRs 
of actual PA are Lower Channel 2 (53.17), Lower Channel 1 
(28.28), Upper Channel 1 (29.04) and Upper Channel 2 
(54.01).  
 
From table 2, it has been concluded that the improvement in all 
ACLRs (Lower Channel 2 (26.90dB), Lower Channel 1 
(27.90dB), Upper Channel 1 (27.93dB) and Upper Channel 2 
(26.72dB)) of HMA digital predistorter with respect to the 
actual PA all ACLRs. For HMA DPD model, the values of 

memory length L and the nonlinearity order K  are 5 and 7 
respectively so, the no of coefficients are 35 in HMA DPD 
model. The EVM of actual PA and HMA PA model are -24.28 
and -28.26 respectively, so the EVM (-3.98dB) of HMA DPD 
model has been improved with respect to the EVM of actual 
PA. Measurement results show the sovereignty of HMA in PA 
and DPD modeling.  
 
Conclusion 
 
The PA and DPD model measurement results based on a HMA 
optimization algorithm shows the sovereignty of algorithm.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The performance of proposed algorithm was tested on a 
wideband radio frequency power amplifier working for a 
WiMAX communication system. The PA results show the 
ACLR and EVM of modeled PA are very close to the actual 
PA, this shows the accuracy of proposed PA model. The DPD 
results concluded that approximately 28dB improvement in 
ACLR and EVM has also improved. The number of 
coefficients are also less in proposed model. 
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Table 2: DPD Performance Metrics using using proposed HMA modeled DPD 
 

Type 

Adjacent Channel Leakage Ratio (dB) 
Error Vector 

Magnitude (dB) 
Memory 
length 

Non linear 
order Lower 

Channel 2 
Lower 

Channel 1 
Upper 

Channel 1 
Upper 

Channel 2 

Actual PA 53.17 28.28 29.04 54.01 -24.28 - - 

H-MA DPD 80.07 56.18 56.97 80.73 -28.26 5 7 
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