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This paper proposes an efficient algorithm for fast 
computation of the inverse real-valued discrete Fourier 
transform (IRDFT) using the decimation in frequency (DIF) 
approach. The proposed algorithm represents a direct method 
with a new implementation for fast computing of IRDFT. The 
algorithm derivation is based on the basic principles of the 
Cooley-Tukey algorithm with the divide and conquer 
approach and utilizes the advantage of conjugate symmetric 
property for the discrete Fourier transform (DFT) to remove 
all redundancies that appear when DFT deals with real data. 
The analyses of the proposed algorithm have shown that the 
arithmetic number has reached a minimum, therefore the 
structure of the developed algorithm possesses the desired 
properties such as regularity, simplicity, and in-place 
computation. The arithmetic complexity of this algorithm has 
been compared with the inverse FFT algorithm, and it was 
found that it needs the least number of multiplications and 
additions. The validity of the developed algorithm has been 
verified by reducing the peak-to-average power ratio PAPR in 
optical-OFDM systems compared with complex FFT. The 
simulation using MATLAB(R2021a) findings show that the 
RFFT O-OFDM system reduces PAPR more efficiently than the 
FFT O-OFDM system. The PAPR exhibits a reduction of 
approximately 2.4 to 2.75 dB when evaluated at a probability 
of occurrence of 10-1 in the complementary cumulative 
distribution function (CCDF) plot. 
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1. Introduction    

Fast Fourier Transform (FFT) is a method that is 
highly efficient for computing the DFT, and it has a 
very important role in digital signal processing 
applications like speech [1], image [2], spectral 

estimation [3], radar, and digital communication. 
FFT commonly operates on complex signals, and 
the efficient design for the complex FFT (CFFT) has 
been studied widely [4-6]. The FFT spectrum is 
symmetric when real-valued signals are used as 
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input samples, which means that just one-half of 
the normal number of operations are required. The 
calculations of the FFT using the samples from the 
real input is not optimized for them (RFFT). Most of 
the physical signals are real [7,8]. The FFT of real-
valued data is used in many different types of 
applications, including voice, video, and image 
processing [9], and optical wireless communication 
(OWC), Therefore, it is necessary to use algorithms 
that specifically deal only with real signals [10,11].  
The architecture of the RFFT is presented in many 
designs and applications in the literature [12-14]. 
Burrus et al in [15] produced decimation in time 
RFFT algorithm by using symmetric conjugate, it 
has proved challenging to do the same design for 
decimation in frequency. In [16] Lao and Parhi 
presented a real-valued algorithm (RFFT) by using 
the canonic property to design RFFT and this 
algorithm is suitable. The canonic RFFT approach 
requires the least number of butterfly operation 
and its lead to higher regularity architectures that 
are decreased complexity of the hardware 
 In Dorota Majorkowska-Mech and Aleksandr 
Cariow [17] present a set of algorithms for real 
short-length RDFTs for N from 3 to 9, with 
corresponding signal flow graphs. The algorithms 
are written in matrix-vector notation, factorizing 
RDFT matrices and sparse matrices to reduce 
arithmetic operations. Although not repeating for 
different input vector lengths, the solutions are 
original and may be helpful. 
The RFFT computation efficiency has drawn a lot of 
attention and focus for the past few years because 
of its multiple uses in different applications, Due to 
this feature a novel algorithm is presented in this 
paper to compute the DIF of IRFFT by removing 
explicit redundancies and computing the 
arithmetic complexity for this technique, as well as 
investigating the effectiveness of the suggested 
algorithm in an optical-OFDM system to prove that 
it can reduce PAPR compared with the complex 
DFT. 
The outline of this paper is organized as follows: 
Section 2 definition real discrete Fourier transform 
(RDFT) and analysis of the proposed radix-2 IRFFT 
DIF algorithm. Section 3 presents the O-OFDM 
system. Section 4's result and discussion. Paper 
conclusion in section 5. 
 
 
 
 

2. Proposed Algorithm 

The definition of RDFT is based on the DFT, where 
the DFT for the sequence c(n) could be shown in 
mathematical form [18] as: 
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L2 is half length L. The Inverse of RDFT is written 
[17] as: 
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The derivation of the radix-2 IRFFT is 
implemented in DIF instead of the DIT approach 
because the redundancies are more 
straightforward and more effective in DIF 
therefore, the DIF approach is a natural choice for 
the derivation of the IRFFT.  

From the definition of IRDFT in Eq (4) for length L, 
where L is a power 2, and by dividing the length to 
half: 
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The first summation in Eq ( 6 ) represent IRFFT 
where the second summation can be Simplification 
through employment of the next trigonometric 
identities:
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Eq (8) is compensated in Equation (6) that yields 
to: 
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Then we divide length L by the odd and even parts, 
and after some manipulation, we obtain: 
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In the same manner, we can find the negative 
decompositions of the proposed algorithm: 
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From the decomposition Eqs (10) and (11) can be 
draw the butterfly of the suggested IRFFT-DIF 
algorithm as shown in Figure 1. 
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Figure 1. Inverse real-valued Butterfly, soild lines for 
additions and dotted lines for subtraction. 

2.1 Complexity of IRFFT Algorithm  

In this part of the article, we will go over the 
computation for DIF IRFFT. From the flow graph for 
L=16 DIF IRFFT displayed in Figure 2, observe that 
the proposed algorithm is need (Log2 L) stages of 
butterfly for length L.  

The redundancies of DIF IRFFT that result from the 
conjugate symmetric are removed, which reduces 
the number of computations. The first and second 
stages represent a special case where it requires (L-
4) additions and doesn't have multiplication. The 
third stage has L number of additions and   number 
of multiplications. Each butterfly in all stages has 
two reductions, except in the first stage, where the 
reductions in the last stage take place at points L/4 
and 3L/4. From the structure of the proposed 
algorithm, we analyzed and calculated how many 
real multiplications MR(L) there are and real 
additions AR(L) as follows: 

2( ) ( 2) ( 4)RM L L Log L L= − − −                              ( 12 ) 
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Simplifications of (12) and (13) yields: 
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Figure 2. Radix-2 IRFFT signal flow graph when the length L= 

16, where 
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While the complexity of IFFT for real data is found 
as [19]: 

( )2( ) 2CM L L Log L=                                                 ( 16 ) 

( )2( ) 3CA L L Log L=                                                  ( 17 ) 

Where MC(L) numbere of multiplications and AC(L) 
number of additions.  

 

3. Optical OFDM System 

Orthogonal Frequency Division Multiplexing 
(OFDM) is one of the types of communication 
technologies that represent multi-carrier 
modulation, as it is used very widely because of the 
advantages it offers, the most important of which 
are immunity to frequency fading and the ability to 
prevent Inter-Symbol Interference (ISI) across 
subcarriers due to the orthogonality properties 
[20]. 

OFDM technology can be used for the optical 
spectrum instead of the radio frequency (RF) 
spectrum. It is known that optical wireless 
communication (OWC) is one of the most modern, 
important and pioneering systems in the world of 
Wireless Communications (WC) technologies that 
depend on real signals. The growing need for 
wireless capacity in the traditional radio frequency 
(FR) band has drawn attention to optical 
communications (OC) due to optical spectrum 
advantages [21]. The OWC depended on the 
Intensity Modulation/Direct Detection (IM/DD) 
techniques. In IM/DD the signal should be positive 
and real-valued, which requires modifications to 
traditional communication algorithms. Where 
depends on Visible Light Communication (VLC) as 
a medium for indoor wireless information 
transmission. In VLC systems, the most common 
modulation strategy is IM, in which the electrical 
impulses are intensity modulated by the LEDs, and 
this demands a real and non-negative signal. In 
Optical OFDM (O-OFDM) to make the signal 
positive (a unipolar signal) there are several 
methods, the most widely used are Direct Current 
biased Optical OFDM (DCO-OFDM) and 
Asymmetrically Clipped Optical OFDM (ACO-
OFDM) [22]. 

In general, FFT and IFFT represent a core for the 
transmitter and receiver, which deal with complex 
signals. In VLC, the signal must be real and positive 
due to the use of the IM/DD method. To obtain a 
real signal, we resort to placing a Hermitian 
Symmetric (HS) block before IFFT. Below the 
equation of HS [23]: 

*( ) (2 )C k C L k= −                                                         (18) 

Where (0) ( ) 0C C L= = , that means the length of the 

input signal L becomes 2L to achieve HS. The input 
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of IFFT using HS can be expressed:
* * *

1 2 1 1( ) 0, , ,..., ,0, , ,...,L L LC k C C C C C C−
 =           ( 19 ) 

Figure 3 shows the traditional method for O-OFDM 
by using FFT. 

 

 

 

 

 

 

 

Figure 3. DCO-OFDM system [22] 

 

The time domain of the DCO-OFDM system will be 
created after the IFFT process as follows: 
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Light Emitting Diodes (LED) and Laser diode (LD) 
employed to transform the electrical signal to 
optical signal.  

Despite this method having many benefits, O-OFDM 
has a number of disadvantages. The peak-to-
average power ratio (PAPR) is one of O- OFDM's 
most significant problems which is [24] : 

 
 

2

2

max ( )

( )

c n
PAPR

E c n
=                                             ( 21 ) 

Where c(n) is O-OFDM signal and E represents the 
average value. When the PAPR is high, the 
nonlinear property of LED will have a significant 
effect on the operating efficiency of VLC systems 
that make use of IM/DD modulation in conjunction 
with OFDM. Given that the signal has a high PAPR 
and a Gaussian distribution, OFDM needs a large 
linear operating dynamic range. Due to the clipping 
of the peak amplitudes of the OFDM signal as a 
result of the high PAPR, additional clipping noise is 

produced for a system with a constrained linear 
dynamic range. Therefore, it is necessary to reduce 
the PAPR to maintain efficient system performance 
[25]. 

The proposed RFFT may be considered one of the 
possible solutions for the PAPR problem in O-
OFDM systems due to its attractive features. 

In the case of employing the IRFFT for the 
transmitter of O-OFDM, we do not need to use HS 
because it deals with real input and output, which 
means it maintains the same length of the input 
data. Figure 4 shows the transmitter device of O-
OFDM using IRFFT.  

 

 

 

 

 

 

Figure 4. The transmitter of O-OFDM using IRFFT. 

 

4. Result and Discussion 

In this section, we show the results of comparing 
the proposed algorithm with the traditional 
method IFFT for real vauled in terms of 
computational complexity by using the Eqs 
(14,15,16,17)  

Figure 5 shows the wide difference between IRFFT 
and IFFT for real data in the number of operations, 
where the IFFT requires double the quantity of 
multiplications and additions.  
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Figure 5. The Arithmetic Operations for RFFT and CDFT: 
(a)Real Multiplications. (b)Real Additions. 

The performance efficiency of the proposed 
algorithm IRFFT was evaluated by employing it in 
the OFDM indoor visible light communication 
(VLC) scheme will be conducted with a focus on the 
decreased PAPR. 

Notably, the IRFFT of O-OFDM can be used with 
complex modulating forms such as QPSK and 16-
QAM as well as real modulating forms such as PAM 
and BPSK, due to the fact that the IRFFT algorithm 
is applied twice for complex modulating and once 
for real modulatin. 

 Figures 6 and 7 illustrates that the suggested RFFT-
O-OFDM system exhibits a reduction in PAPR when 
compared to the O-OFDM indoor VLC systems that 
are based on FFT at the CCDF of 10-1 in QAM 
modulation, the proposed RFFT-O-OFDM system 
achieves PAPR reductions of around 2.5 dB and 2.4 
dB for 256-point IRFFT and 1024-point IRFFT, 
respectively. 

  

 

 

 

 

 

 

 

 

 

 

                                                                     (a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                  (b) 

Figure 6. CCDF of the proposed IRFFT O-OFDM and IFFT O-
OFDM for the QAM modulation, for (a) L=256, (b) L =1024. 
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                                                      (b) 

Figure 7. CCDF of the proposed IRFFT O-OFDM and IFFT O-
OFDM for the 16- QAM modulation, for (a) L=256, (b) L =1024 

The results obtained from reducing PAPR for 
various orders of QAM modulations and sizes of O-
OFDM are summarized in Table 1. 

Table 1. PAPR performance 

The NO. of 

Subcarriers 

PAPR 

Reduction 

(QAM) in dB 

PAPR Reduction 

(16QAM) in dB 

256 ~ 2.5 ~ 2.75 

1024 ~ 2.4 ~ 2.45 

 

Table 2 displays the parameters of the suggested 
RFFT O-OFDM system versus the conventional O-
OFDM system [26]. 

Table 2. Parameters of the proposed system 

Parameters Value 

Transform Size 1024 

Cyckic Prefix (CP) Length 256 

Sample Time 88ns 

Number of Transmitted Frames 104 

 

5. Conclusion 

A unique IRFFT decimation in frequency algorithm 
has been presented. Applying this algorithm 
(IRFFT) shows that the redundancies at every stage 
are efficiently removed, in contrast to the 
decimation in time (DIT) approach. The structure 
of the developed algorithm has low arithmetic 
complexity, up to half the operations compared to 
the conventional IFFT. Furthermore, the simplicity 
of the developed algorithm helps us maintain the 
regularity of the butterfly structure. The suggested 
algorithm was applied in O-OFDM based on VLC, 
where the simulation took two modulation orders, 
including QAM, and 16QAM, and different 
information data length was set at L = 256 and L = 
1024.  
Results of the simulation proved that using the 
proposed IRFFT algorithm, the reduction was 
noticeable in the gain of the PAPR at a CCDF plot 
compared with the conventional FFT O-OFDM 
system. 
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