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Abstract- The Orthogonal Frequency Division Multiplexing (OFDM) is one of the finest modulation techniques used 
now-a-days. With high spectral efficiency it has a severe drawback of having high Peak-to-Average-Power (PAPR).This paper 
focuses on the threshold-based piecewise companding technique and harmony search algorithm technique to reduce the PAPR. 
The threshold-based-piecewise companding technique obtains reduction in PAPR with low bit error rate (BER) loss, while, 
harmony search algorithm obtains reduction in PAPR with reduced computational complexity. 
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I. INTRODUCTION 
 
OFDM system is Orthogonal Frequency Division 
Multiplexing system where the sub-carriers are 
orthogonal to each other. This indicates, 
non-overlapping of sub-carriers, which results in 
efficient spectrum utilization. Along with efficient 
spectrum utilization OFDM has high data rate as one 
of its advantages. But, due to emphasizing of 
sub-carriers in same direction high peaks are achieved 
resulting in high PAPR. This high value of PAPR 
destroys the orthogonality of the sub-carriers resulting 
in destruction of the OFDM system. Therefore, it is 
essential to reduce the PAPR value of the OFDM 
system. Various efforts are made to reduce PAPR 
value using different techniques. PAPR reduction 
techniques are basically classified as distorted and 
un-distorted techniques. The distorted techniques 
results in distortion but have no data rate loss while 
un-distorted techniques have distortion less data but 
results in data rate loss. 
 

Table I. Different PAPR Reduction Techniques 

 
 
Various PAPR reduction techniques are listed in table 
above.  The choice of the technique depends on the 
type of application. The un-distorted techniques 
transmit side information with the data sequence; this 
side information is recovered at the receiver so as to 
obtain the original sequence. But, due to side 
information the data rate loss occurs. On the other 
hand, distorted technique does not involve side 

information transmission resulting in no data rate loss. 
The harmony search algorithm, explained here is a 
type of un-distorted technique based on method of 
musician to find best harmony among the various 
harmonies produced. The advantage of this technique 
is reduced complexity with reduction in PAPR value. 
While, the threshold-based piecewise companding 
technique defines two threshold values of signal based 
on statistical characteristics of amplitude. The 
advantage of this method is the lower BER 
performance loss obtained with reduced PAPR. This 
paper highlights both PAPR reduction techniques with 
their corresponding advantages. 
 
II. BASIC OFDM SYSTEM 
 
The block diagram of OFDM system is shown in 
fig.1.The input high data rate streams are converted 
into number of low data rate streams. This parallel 
stream is then modulated using QPSK or QAM 
modulation techniques, which is then applied as input 
to IFFT block producing OFDM samples. These 
samples are then converted into OFDM signal using 
Parallel-to-Serial converter (P/S).The signal is then 
encoded by adding Cyclic Prefix (CP) and is then 
transmitted over the channel. The reverse process is 
done at the receiver. Mathematically OFDM system 
consist of N data blocks each having vector    =
[   ⋯  ]  which is parallel converted modulating 
different sub-carriers from the set of { f  ,  =
0,1⋯N − 1}. 

 
Fig.1. Block Diagram of Basic OFDM System 
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These sub-carriers are orthogonal to each other, i.e.  
f = n∆f, where  ∆f =   and T represents   symbol 
period. The resulting OFDM signal is given by (1): 
 

  (t) =
√
∑                    (1) 

 
III. PAPR OF OFDM SIGNAL 
 
The PAPR of OFDM signal represented in (1) is given 
by: 
 

PAPR =  
 

 = |  ( )|²
[|  ( )|²]

       (2) 
 
Where E [·] denotes expected value. The value of 
PAPR is required to be as low as possible else the 
orthogonality of signal gets destroyed. 
 
IV. COMPLEMENTARY CUMULATIVE 

DISTRIBUTIVE FUNCTION (CCDF) 
 
The performance evaluation of PAPR is done using 
the parameter named as Complementary Cumulative 
Distributive Function (CCDF). CCDF is defined as the 
probability by which the PAPR is greater than the 
threshold value of given PAPR0. CCDF is 
mathematically represented as: 

CCDF = Pr [PAPR > PAPR0]      (3) 
 
V. BIT ERROR RATE (BER) 
 
Bit Error Rate is defined as number of erroneous bits 
received from the total number of bits transmitted in a 
given symbol duration. It should be as low as possible. 
For example, if transmitted bit sequence is 
1011011010 and received sequence is 0011010000, 3 
bits are altered i.e. the resulting BER will be 0.3 or 
30%. 
 
VI. SIGNAL-TO-NOISE RATIO (SNR) 
 
Signal-to-Noise Ratio is defined as, the ratio of 
received signal to the amount of noise (that affects the 
quality of transmitted signal, present in the channel 
through which the signal was transmitted). It should be 
as large as possible. BER and SNR are inversely 
proportional to each other. The large value of BER 
indicates small SNR resulting in degradation of 
system performance; therefore, a system should have 
lower BER value and higher SNR value. 
 

 
Fig.2.BER v/s SNR plot for 4,8,16 and 32 QAM 

VII. THRESHOLD-BASED PIECEWISE 
COMPANDING 

 
Companding is the hybrid word formed by using two 
words, compressing and expanding. In non-linear 
companding, compression is done at the transmitter 
side while no expanding is done at the receiver. On the 
other hand, in linear companding, compression of 
signals is done at the transmitter side while expansion 
is done at the receiver. Linear companding is better 
and feasible than non-linear companding technique; 
therefore, it is more preferable. But, the parameters 
that are needed to be evaluated in linear companding 
transform technique for PAPR reduction are five 
which increases computational complexity. Thereby, 
as an alternative threshold-based piecewise 
companding technique is used which involves only 
three parameters to be evaluated and hence used in 
place of linear companding technique. This technique 
uses statistical characteristics of amplitude which 
divides the signals into three different amplitude 
ranges as small, average and large signals. Different 
from linear companding transform approach 
threshold-based piecewise method uses two threshold 
values to evaluate the range of average signals and 
thereby evaluating the PAPR. In this technique small 
signals are expanded while large signals are 
compressed, in the same amount as that of expansion 
of small signals, so as to maintain the range of average 
signals. From (2) it is clear that by increasing average 
power or by decreasing peak power PAPR of the 
signal can be reduced. But, reducing the value of 
PAPR by increasing the average power is not a 
feasible way as in [9]. The goal here is to maintain 
average power constant and reduce peak power so as 
to lower the value of PAPR. Here, the amount by 
which small signals are expanded, by the same amount 
large signals are compressed, so as to keep the average 
power unchanged. But, the question arises that till 
what value this compression or expansion is feasible? 
Thereby, two thresholds are decided, one is the 
maximum value of the small signals (r1) and second is 
the minimum value of the large signals (r2).The 
probability of small signals is denoted by q1 and that of 
large signals is denoted by q2 and hence the probability 
of average signals is denoted by  (1-q1-q2). The 
probability of occurrence of small and large signals is 
lower than that of average signals, thereby the PAPR 
can be effectively reduced and also the BER 
performance loss will be reduced. The probability 
distributive function (pdf) of the amplitude of signals 
is shown in fig.3. From the figure it is clear that this 
pdf is Rayleigh distributed. 

 
Fig.3.Pdf of amplitude of OFDM Signals[9] 
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VIII. HARMONY SEARCH ALGORITHM 
(HSA) 

 
Harmony search algorithm works on the principle of 
choosing    best harmony by the musician to have a 
pleasant harmony as the final output. An interesting 
analogous between the HSA and real musical 
instruments adjustment is the optimization solution 
vector and the harmony in music, respectively. Also 
the musician’s improvisations are analogous to local 
and global search schemes in optimization methods. 
Following are the steps required to be followed in 
HSA: 
 
Step 1: Parameters Initialization:  
Define objective function f (b) as:    
f (b) = | ( )|²

[| ( )|²]
                                                  (4) 

The value of the unknown term is given by:    
x'(b)  =  ∑ b x                                                (5)                     
and b represent phase factor. 
 
 Step 2: Define parameters 
             1. Number of phase factors 
             2. Pitch range 
             3. Harmony Memory Size (HMS) 
             4. Harmony Memory Consideration Rate 
(HMCR) 
             5. Pitch Adjustment Rate (PAR) 
             6. Distance bandwidth 
             7. Stopping Criterion (K) 
 
Step 3: Harmony Memory Matrix is defined as: 
Where N: number of subcarriers 
L: oversampled factor 
 
Number of solution vectors in the HM is   considered  
as harmony memory size (HMS) 

HM =           
b ⋯ b
⋮ ⋱ ⋮

b ⋯ b
                         (6)       

 
Step 4: New Harmony improvisation: 
Here, new harmony vector is defined as :   
      
This value is compared with that in the HM and if this 
value is better than that in HM the   

 =   (b, , b ⋯ b )                                           (7)  
value in HM is replaced by this value and then      
corresponding objective function is found out. 
 
Step 5: Go to step 3 until stopping criteria is not 
achieved. 
 
The pseudo-code for this algorithm is as follows [2]: 
 
Initialize New Harmony Vector Generation 
For each i Є [1,N] 
stepi = |xi

 best - xi 
worst| 

xi 
new = xi

 best ± r × stepi 

if U (0,1) ≤  pm 
xi 

new = xil + || r || × (xiU - xiL), where r ~ U(0,1) 
End 
End 
End New Harmony Vector Generation 
 
Where, xi

 best
  and xi 

worst are the best and worst  values 
of the harmony that are compared to find the best value 
of the harmony and xiU and xiL are the lower and upper 
bound values  of the harmonies that are predefined by 
the designer. In this way, required value of PAPR is 
obtained. 
 
CONCLUSION 
 
Motivated by the three-segmented idea of the LCT, a 
threshold-based piecewise companding PAPR 
reduction algorithm is proposed in this paper. Instead 
of instantaneous amplitudes, statistical characteristics 
of the OFDM signal amplitude is used as the criteria to 
classify the input OFDM signals in the proposed 
approach.  
 
To achieve a desired PAPR reduction, two key 
thresholds are dedicatedly designed to amplify the 
small and compress the large signals, respectively. 
Different from inverse companding implemented in 
the LCT, an iterative detection scheme is adopted at 
the receiver to mitigate the companding noise.  
 
Another technique proposed here is that of harmony 
search algorithm which is an un-distorted type 
technique. This technique is similar to that used by a 
musician to find the best possible harmony. From the 
result it is clear that as compare to threshold-based 
piecewise technique harmony search algorithm 
provides somewhat low PAPR reduction. But, then too 
depending on the requirement either of the two is used. 
Further work is going to make more improved PAPR 
reduction techniques focusing on Optical OFDM. 
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