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The direct current (DC) biased optical orthogonal frequency division multiplexing (DCO-
OFDM) technique has been widely used in visible light communication (VLC) systems 
due to its ease of installation. In this study, the Fourier symmetry (FT) scheme is 
proposed for the DCO-OFDM systems using BPSK modulation scheme. Furthermore, the 
proposed FT symmetry scheme is used either for increasing the data rate of the system 
or for enhancement the bit error rate (BER) system performances. In addition, the non-
orthogonal algorithm (NOA) combined with the FT symmetry scheme is proposed for 
improving the DCO-OFDM system using QPSK modulation scheme. In the proposed NOA 
algorithm, the successive interference cancellation (SIC) is used at receiver to overcome 
interfering between real and imaginary parts. In the simulation, different transforms 
such as Fast Fourier transform (FFT), discrete cosine transform (DCT) and discrete 
Wavelet transform (DWT) are applied in the proposed schemes. Finally, simulation 
results show that the proposed schemes can significantly increase the overall system 
performance compared to the conventional scenario via different measure of 
performance such as BER, power spectral density (PSD) and peak to average power ratio 
(PAPR).  
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1.  Introduction 
 

In contrast to RF systems, visible light communication (VLC) modifies the current passing through 
active light emitting diodes (LEDs) and repurposes the illumination power for communication. Thus, 
optical devices are used to produce, perceive, and change electrical energy to optical energy as an 
alternative of antennas. The VLC systems provide significant advantages over RF systems in the 
following areas: large spectrum, good security, and simple implementation, immunity to 
electromagnetic interference; and inherent robustness against eavesdropping are some of the other 
benefits [1,2]. Due to these fundamental advantages, the VLC system may be helpful for supporting 
the internet of things (IoT) in the light fidelity system [3], in the medical healthcare system to provide 
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data service and monitoring in locations with radio frequency limits [4] and integrated with non-
orthogonal multiple access (NOMA) [5-8]. 

At high data rates in a VLC system, the bandwidth-limited LED channel and indoor multipath 
propagation delays can result in significant inter-symbol interference (ISI) [9]. When this happens, 
orthogonal frequency division multiplexing (OFDM) [10-14] emerges as a desirable choice since it not 
only makes it possible to minimize the ISI at a reasonable cost, but also increases the data rate [15-
24]. The DCO-OFDM system is proposed where the bipolar output signal is upshifted using DC-biasing 
levels before conducting a clipping operation. The reason for using this system is because it continues 
to transport data at the fastest rate even after using Hermitian symmetry with 𝑁 2⁄ 	subcarriers and 
a 50% transmitted data rate ratio. Because of the extra DC-biasing level provided to the transmitted 
signal, this system performs worse in terms of BER than other current systems [25,26]. In the DCO-
OFDM systems with increasing number of subcarriers, the peak to average power ratio (PAPR) has 
also increased [27,28]. There are many researches for improving the spectral efficiency for DCO-
OFDM systems [29,30]. 

In this paper, the symmetry property of the Fourier transform (FT) is first proposed used for 
doubling the system throughput compared to that of the conventional system based on the 
Hermitian symmetry property for BPSK modulation scheme. On the other hand, using the symmetry 
property of the Fourier transform may increase the system complexity, which is the cost. For higher 
modulation order the concept of non-orthogonal algorithm (NOA) is proposed. In the proposed NOA 
algorithm, the real part and the imaginary part of the complex output of the IFFT is added together 
to generate real values to be suitable for VLC transmission. In the proposed NOA algorithm, an 
optimized fractional power parameter is used to outperform the DCO-OFDM system. In the receiver 
architecture, the successive interference cancellation (SIC) is used for real part and imaginary part 
recovery. In fact, the OFDM can be implemented via IDFT and DFT pairs. On the other hand, other 
orthogonal transforms can be used instead of IDFT/DFT pairs like IDCT/DCT, or IDWT/DWT. All these 
transforms can be used for OFDM implementation under the condition of orthogonality property. 
The main differences between these transforms is the basis function that can be used. For example, 
the DCT have the property of energy compaction that directly improves the system performance [31]. 
For the case of wavelet transform, the DWT offers certain advantages over the corresponding DFT-
based OFDM [32,33]. Hence, the proposed schemes for DCO-OFDM using different transforms like 
FFT, DCT, and DWT are proposed. As a result, the proposed schemes are compared with that of the 
corresponding conventional scheme, which gives a superiority and increase the overall system data 
of the proposed scheme. 

This document is organized as follows: in Section 2, we define the system model for the proposed 
DCO-OFDM utilizing various transforms; in Section 3, simulation findings are presented that are 
utilized to verify the theoretical analysis; and in Section 4, we present our results. 
 
2. The Proposed System Models 
2.1 The Proposed Ft Symmetry System Model 
 

Using the symmetry of the Fourier transform, the suggested DCO-OFDM of BPSK system model is 
depicted as a block diagram in Fig. 1. The input to the IFFT block is BPSK (i.e., real valued bits) is 
represented the input to the IFFT block: 
 
𝑋! = [𝑋"	𝑋#………𝑋$%#]            (1) 
 

According to Figure 1, the output of the time domain sample points can be obtained as: 



Journal of Advanced Research in Applied Sciences and Engineering Technology 
Volume 50, Issue 1 (2025) 78-87  

80 
 

𝑥& =
#
$
∑ 𝑋! 	𝑒𝑥𝑝 .

'()!&
$

/$%#
!*" , 0 ≤ 𝑛 ≤ 𝑁 − 1																															       (2) 

 
According to the FT property, the second part of 𝑁 2⁄ 	length of the IFFT output in Equation (2) is 
ignored. This is followed by a new arrangement of the symbols as the imaginary part is followed by 
that of the real part. So, the resulting vector output is returned again to vector of length	𝑁. As a 
result, the output of the symmetric mapping block can be written as: 
 
χ& = 7ℜ9𝑥"	𝑥#……𝑥$/(%#: , ℑ9𝑥"	𝑥#……𝑥$/(%#:<																													      (3) 
 

 
Fig. 1. The block diagram of the DCO-OFDM system model using the proposed FT symmetry scheme. 

 
The DCO-OFDM signal is therefore produced as real values with length 𝑁 rather than 2𝑁 as in the 

traditional DCO-OFDM system as a result of the output of the symmetric mapping block. However, it 
might have negative values, which would still make it unsuitable for intensity modulation. To keep all 
negative samples at zero, a DC bias is added.  The received signal might be expressed in various ways 
at the receiver side: 
 
𝑟& =	χ&, +w&					             (4) 
 
where,	𝑟& represents the received signal	𝑟& ∈ ℝ$×# , χ&,  denotes the transmitted signal after DC bias 
and clipping process and w&	is AWGN. In the recovery process, the received signal	(𝑟&) is divided in 
to two parts as:  
 
First	part = 9𝑟"	𝑟#………𝑟$ (⁄ %#:			           (5) 
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Second	part = 9𝑟$ (⁄ 	𝑟$ (⁄ /#………𝑟$:			          (6) 
 
The output of the real part and the output of the imaginary part are extended as: 

 
𝓎# = 9𝑟"	𝑟#……𝑟$ (⁄ %#			0				𝑟$ (⁄ %#	𝑟$ (⁄ %(……	𝑟#𝑟":			        (7) 
 
𝓎( = 9𝑟$ (⁄ 	𝑟$ (⁄ /#……𝑟$					0			 − 𝑟$ − 𝑟$%#……−𝑟$ (⁄ /# 	− 𝑟$ (⁄ 	:							      (8) 
 
Now, the Equation (7), and (8) are combined as real and imaginary as: 
 
𝓎 = 𝓎# + 𝑗𝓎(							             (9) 

 
Finally, the FFT block is applied and followed by BPSK demapping in order to recover that 

transmitted data bits.  
 
2.2 The Proposed Noa with Ft Symmetry System Model  
 

Figure 2 shows the block diagram for the proposed DCO-OFDM system model that makes use of 
the NOA combined with FT symmetry.  
 

 
Fig. 2. The block diagram of the proposed NOA algorithm combined with FT scheme 

 
Firstly, a random data source is used, this is followed by QPSK mapping, and separation of each 

part as a real and imaginary parts. The input to the IFFT block is grouped into two vectors, each of 
them has a length of	𝑁.  By using the NOA algorithm, each vector is weighted with amount of the 
total power. Hence, the input to the IFFT block can also be written as follows: 
 
𝑍! = √𝛼#ℜ{𝐴!} + √𝛼(ℑ{𝐴!}	                     (10) 
 
where 𝐴! denotes the output component of QPSK which is complex value and 𝛼0 	, 𝑖 ∈ {1, 2} are the 
weights, which represent the percentage of the power amount assigned for each vector, 𝛼# + 𝛼( =
1, the values of 𝛼	must be specified optimally with minimum BER performance, which discussed in 
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the simulation results and analysis section. Up to this point, the signal has been transformed to be 
real numbers. The output of the time domain sample points is: 
 
𝑧& =

#
$
∑ Z! 	𝑒𝑥𝑝 .

'()!&
$

/$%#
!*" , 0 ≤ 𝑛 ≤ 𝑁 − 1						                   (11) 

 
Based on the proposed FT, the output of the symmetric mapping block in Figure 2 can be 

formulated as:  
 
y& = 7ℜ9𝑧"	𝑧#……𝑧$/(%#: , ℑ9𝑧"	𝑧#……𝑧$/(%#:<																												                 (12) 
 
To ensure that all samples are nonnegative values a DC biasing and clipping process are applied.  At 
the receiver side, the DC bias is removed, the received signal is formulated as: 
 
Υ& = y&, +𝑤&								                       (13) 
 
In the recovery process, the received signal	(Υ&) is divided in to two parts as:  
 
First	part = 9Υ"	Υ#………Υ$ (⁄ %#:							                     (14) 
 
Second	part = 9Υ$ (⁄ 	Υ$ (⁄ /#………Υ$:			                       (15) 
 
where, Υ& ∈ ℝ$×# , the output of the real part and the output of the imaginary part are extended as: 
 
𝜁# = 9Υ"	Υ#……Υ$ (⁄ %#			0				Υ$ (⁄ %#	Υ$ (⁄ %(……	Υ#Υ":			                  (16) 
 
𝜁( = 9Υ$ (⁄ 	Υ$ (⁄ /#……Υ$					0			 − Υ$ − Υ$%#……−Υ$ (⁄ /# 	− Υ$ (⁄ 	:					                  (17) 
 
Now, the Equation (16), and (17) are combined as real and imaginary as: 
 
𝜁 = 𝜁# + 𝑗𝜁(						                       (18) 
 
Finally, the FFT block is applied followed as: 
 
𝑄 = √𝛼#ℜ{𝐴!} + √𝛼(ℑ{𝐴!} 		+ 𝑤&														                     (19) 
 

Now, direct decoding is applied to recover the strong optimized vector as, which is corresponding 
to the terms	√𝛼#ℜ{𝐴!}. In the proposed NOA algorithm, the SIC procedure will be used for recovery 
the transmitted data bits by subtracting Equation (19) from the direct estimated vector as shown in 
Figure. 2. 

 
3. Results 
 

In this section, the proposed schemes will be evaluated using the following simulation parameters 
of FFT size	N = 1024, CP length 256, AWGN and ceiling bounce channel model and number of 
iterations is 1000. Figure 3(a) shows the amplitude of random BPSK symbols, and the corresponding 
amplitude after Hermitian symmetry for the conventional DCO-OFDM. Figure 3(b) shows the output 
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of IFFT and the clipped signal for conventional DCO-OFDM. Figure 3(c) shows the real and imaginary 
parts of the IFFT output using BPSK and Fig. 3d shows the transmitted signal for the proposed FT 
scheme. In comparison to the typical DCO-OFDM system that uses a diverse transform, Figure 3(e) 
displays the BER performance versus SNR of the proposed FT scheme. 
 

 
(a)       (b) 

 

 
(c)       (d) 

 

 
(e) 

Fig. 3. (a) The output of BPSK scheme and the output of Hermitian symmetry for conventional DCO- 
OFDM (b) The IFFT output and the clipping output of the conventional DCO-OFDM for BPSK scheme 
(c) The real and imaginary parts output of IFFT using BPSK (d) The proposed FT symmetry output  
with/without clipping (e) The BER vs. SNR of different DCO schemes 
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It is clear from Figure 3(a) and Figure 3(b) that, the Hermitian symmetry leads to double the length 
of transmitted signal for the conventional DCO-OFDM systems to be suitable for transmission and 
Fig. 3b shows that the real part has an even symmetry, while the imaginary part has an odd symmetry. 
Finally, Figure 3(d) shows the operation of the proposed FT scheme with and without clipping, which 
ignores the second part of the real and imaginary parts output in Figure 3(c), and re-arrange the first 
part of the real and imaginary parts in successive arrange. In contrast to the traditional DCO-OFDM 
system, the suggested FT scheme's BER performance is improved by 3 dB, as can be seen in Figure 
3e. The proposed NOA combined with FT symmetry for QPSK modulation scheme will be evaluated 
using several transforms NOA-FFT, NOA-DCT and NOA-DWT. The proposed NOA algorithm depends 
on the fractional power coefficient (𝛼) so, the fractional power coefficient will be optimized to 
achieve minimum BER performance as illustrated in Figures 4(a), 4(b), and 4(c). As a result, the BER 
performance versus the SNR will be checked at these values as shown in Figure 4(d).  
 

 
(a)            (b) 

 

 
(c)             (d) 

Fig. 4. The BER vs. fractional power coefficient (𝛼!) (a) NOA-FFT scheme (b) NOA 
-DCT scheme (c) NOA-DWT scheme. (d) The BER vs. SNR of different proposed  
NOA-DCO using different transforms 

 
Figures 4(a), 4(b) and 4(c) of the proposed NOA-FFT, NOA-DCT and NOA-DWT show that the 

minimal BER performance can be achieved at fractional power coefficient of 𝛼# = 0.2	and	𝛼( = 0.8. 
Figure 4(d) shows the BER performance versus the SNR of the proposed schemes, which indicates 
that all the proposed scheme of NOA-DWT has an error free as the SNR is greater than 20 dB. As 
shown in the previous figure, the proposed NOA-DWT scheme outperforms the BER performance in 
comparison with traditional schemes. Finally, Figure 5 shows the power spectral density (PSD) of 
various DCO systems while Figure 6 shows the CCDF versus the PAPR of the proposed NOA schemes 
using different transforms. It is clear from Figure 5 that, the proposed schemes based on DCO NOA, 
and that of based on the FT symmetry gives a better characteristic than that of conventional DCO-
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OFDM system in terms of the bandwidth requirements. It is clear from Figure 6 that the proposed 
NOA-DWT has lower PAPR than other proposed schemes, which gives a superiority of the use of DWT 
than other transforms.  
 

 
Fig. 5. The BER vs. SNR of different proposed  Fig. 6. The CCDF vs. the PAPR of different NOA-DCO 
NOA-DCO using different transforms   systems using different transforms 
 

4. Conclusions 
 

In this study, we suggested various DCO-OFDM systems employing various transforms and 
contrasted them with the traditional DCO-OFDM system. In the proposed FT scheme, the symmetry 
property of the Fourier transformed for BPSK modulation scheme is applied, which directly doubles 
the length of the transmitted bits, doubling the system throughput over the conventional system. 
Hence, the proposed FT scheme may increase system complexity, which is the cost. For higher 
modulation order (i.e., QPSK), the NOA algorithm combined with the FT scheme is proposed. In the 
proposed NOA algorithm, the real and imaginary parts output of modulation scheme will be added 
together as real values using optimal parameters. Instead of the Fourier transform, the system is 
modulated in the second suggested section using various transforms such as DCT and DWT. These 
systems employ the same principle as the preceding suggested portion and modulated using QPSK 
modulation. The measure of performance is BER, PSD and PAPR. Last but not least, the proposed 
system exhibits a notable improvement in terms of BER, bandwidth consumption, and PAPR when 
compared to the traditional DCO-OFDM systems.  
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