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 In this article, different forms of optical orthogonal frequency division 

multiplexing (OFDM) were observed which were suitable for optical camera 

communication (OCC) systems. This research aims to establish the bit error 

rate (BER) versus signal-to-noise ratio (SNR) of the OCC system. This 

research will focus on OCC systems and the design that produces the noise of 

the clipping but will gain SNR as a whole if an optimum clipping factor is 

chosen. The BER versus SNR analysis was investigated for the different 

clipping factors 0.7, 1.4, and 2.6. The BER performance of the asymmetrically 

clipped optical OFDM (ACO-OFDM) was also compared with the direct 

current optical OFDM (DCO-OFDM) to show the suitable effectiveness of the 

proposed approach. ACO-OFDM was considered to be better due to lower bit 

loading, but DCO-OFDM was efficient for higher SNR values. This was 

because the DC bias used was inefficient in terms of optical capacity, while 

ACO-OFDM used only half of the subcarriers to transmit the information. 

Moreover, ACO-OFDM two-dimensional half-subcarriers of mapping rule 

would introduce the clipping noise to its unused 2D subcarriers, although 

further data can be provided by the 2D DCO-OFDM mapping rule. 
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1. INTRODUCTION 

In recent years, exponential demand for wireless communication systems for several businesses had 

increased, and spending much of their hunting budgets for new technologies to make their consumption easier 

for potential market control or consumer satisfaction demand. Wireless technology "out-of-the-box" is 

expected to have tremendous potential for the market. This technology was based on the free spectrum of radio 

interference, which means optical wireless communications (OWC) [1]. The OWC business shared the massive 

traditional financial distributors in the recent IEEE standards. IEEE release 802.15.7-2011 was maybe not 

successful until that time since there were no profitable products that would be pro-belonged to these 

collections. On the other hand, LiFi which allowed improved efficiency and demands more complex output 

waveform and protocols should apply to low-market specialty quantities [2]. Such technologies as visible light 

communication (VLC) and light fidelity LiFi were worth learning. However, testing at the optical camera 

communication (OCC) had been supposed more appealing for this research, not only because of the enormous 

volume of its applications but also provided a wide range of useful system possibilities of management, 

software, and the prototype of those systems could be established without any serious concern about the 

https://creativecommons.org/licenses/by-sa/4.0/
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hardware design [3]. A classification of OCC technologies was most influenced by camera quality models. The 

output barrier of the OCC system was caused by its communication that supports the main imaging aimed at 

the camera [4].               

The screen OCC structures are mainly presented in this report. It provides a newly intended screen 

code enabling 2-dimensional orthogonal frequency division multiplexing (2D-OFDM). The applications for 

two-dimensional code, including statistics QR code model, had disappeared from the market since the need for 

higher data delivery could not be met. All of these problems might be resolved by the dynamic QR model. 

However, from this analysis and QR code implementation including an Implementation of tri-color sequence 

transmission. The present code does not meet with the QR code, because of the enormous overhead sum per 

code and extended delay time, we considered the necessity for continuous protocol communication. A 

simultaneous QR device that offers no more than five codes per second on a personal computer PC [5] can also 

be configured. Good results must essentially be obtained from a modern 2D code architecture, close to QR in 

complex circumstances, vital characteristics, effective and fast detection, support for monitoring, rotation, and 

variety compatibility of screen and camera technology. The OFDM concept had introduced to an advanced 

maturity standard and work in the 1990s [6].  

It is known that the multi-carrier modulation (MCM) of OFDM has multiple advantages compared to 

the conventional modulation schemes for single-carrier basebands, for example, on-off keying (OOK) [7]. This 

means, the stream of data an individual carrier that was orthogonal to other carriers transfer the higher data 

rates stream (space-time domain) into a lower bit rate [8]. Potentially this attractive feature is needed to adjust 

a channel equalizer to the proper configuration of the proposed system. The frame rate is usually 60 frames per 

second for smartphones, a 30 bit per second data rate while using a single light-emitting diode (LED), which 

is suitable for applications with a low data rate, such as placement and car-to-car communication [9]. The aim 

of this work basically to verify that the signal was being generated correctly and what factors would affect 

system performance if a back-to-back transmitter and receiver (bidirectional communication system) was 

connected. In the particular example of usage for 2D asymmetrically clipped optical OFDM (2D ACO-OFDM) 

and 2D direct current optical OFDM (2D DCO OFDM), this article will concentrate on the OCC system and 

its implementation. The analysis will refer to two parts, the research part of the optical OFDM system and OCC 

implementation, and the other part, which will address bit error rate (BER) performance for 2D ACO-OFDM 

and 2D DCO OFDM. 

 

 

2. MAJOR CONTRIBUTIONS 

The Optical OFDM OCC  system was not a new invention, but there were some significant     

contributions to the present scheme which can be analyzed as: 

 The corresponding size of the 2D-OFDM transmitter was based on several test verifications.  

 A special and single code transmitter to promote the essential features which were hardly considered in the 

associated studies.  

 FEC forward error correction technique: a rapid correction of the spatial code distortion. This technique 

supporting maximum accuracy in optical communication. 

 A MIMO multi input multi output channel involving the various sub-channels for multi- subcarriers for the 

sequential distribution of data through the domain of space-frequency. 

 Guidelines of receiver decoding and processing. 

 Two-dimensional ACO OFDM and DCO OFDM clipping processes at different clipping factors to test the 

BER performance of the OCC system.  

 One of the second generations of forward error correction (FEC) that was tested and applied in this 

framework was a successful FEC, therefore normally specific to the system and associated with the IEEE 

guidelines association's optical wireless communications (OWC) standards. 

 

 

3. OPTICAL OFDM SYSTEM 

Optical wireless communication (OWC) was a successful standard for developing the speeds of data 

transfer in the transmission medium. Infrared and visible light communication was able to offer several hundred 

Mbps [10]. In addition to providing a compatible approach that does not conflict with RF technologies, OWC 

gains from license-free operating over a considerably broader range of products [11]. Intensity modulation and 

direct detection (IM/DD) guarantee information transfer in OWC [12]. 

A real, non-negative waveform stimulates the intensity of the transmitter light-emitting diode (LED) 

and is detected by something like a photodiode detector (PD) at the receiver [13]. As compared to traditional 

optical OFDM systems, all-optical OFDM systems that use high order modulation formats seem to be more 
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desirable because they can transfer information at a higher bit rates. [14]. Two potential systems activities of 

O-OFDM could be found in the literature: DCO-OFDM and ACO-OFDM when Hermitian symmetry is 

implemented on the OFDM subcarriers, it obtains a truly evaluated signal [15]. The DCO-OFDM provides a 

non-negative signal by adding a direct current (DC) systematic error [16]. 

 

3.1.  2D DCO-OFDM 

The basic functional diagram of the DCO-OFDM system is specified as follows. QAM mapping is 

utilized to map bits into a complex set of numbers in one-dimensional order. A bi-dimensional matrix of 

complex numbers from a set of complex numbers can be assembled by Hermitian mapping in such a way that 

2D-IDFT could be a real number. Therefore, DCO-OFDM assigns details to all 2D Hermitian matrix 

subcarriers, unlike ACO-OFDM [17]. The main purpose of adding the cyclic prefix CP is to avoid the OFDM 

symbols from overlapping with the other symbols. This DCO-OFDM CP design is identical to the ACO-OFDM 

system as will be illustrated in the following section.  

Figure 1 shows a block diagram for applying spatial DC bias of the OFDM system and is used to rise 

the IDFT output to a minimum amplitude greater than zero. In comparison to ACO-OFDM, this technique of 

adding DC-bias to DCO-OFDM is used to apply all negative values to zero. The clipping and ranging suggest 

maintaining the peak-to-average power ratio (PAPR) fluctuations and scale the clipped values ready to be 

transmitted [18]. 

 

 

 
 

Figure 1. Transmitter part of DCO-OFDM system [18] 

 

 

Assuming that the total number of N subcarriers is assigned to a single block of OFDM, in which N 

is typically an even large number. For special constellation modulation X, such as quadrature amplitude 

modulation (QAM). The serial bit stream is first transformed to the parallel sequence at the transmitter and 

mapped to the complex-valued symbols N/2−1. The modulated OFDM symbol is assembled as follows  

X=[X0 X1 • • • • XN-1], where the subscript number (*) denotes the subcarrier conjugate associated with it: 

X0=0 and X1 to XN/2−1 are symbolized with N/2−1 details, while XN/2. In XN−1 the Hermitian 

symmetry satisfies as (1):  

 

𝑋𝐾 = 𝑋∗
𝑁−𝐾 , 𝑘 =

𝑁

2
, … … 𝑁 − 1,                                            (1) 

 

Choice X0=XN/2=0 is designed to prevent DC and complex harmonic components. The Hermitian X 

symmetry allows the transmitter to produce real-time-value signals [18]. The OFDM symbol vector X is 

provided for the inverse fast Fourier transform (IFFT) and effectively converted to discrete time-domain 

samples as (2), 

 

𝑥𝑛 =
1

√𝑁
∑ 𝑋𝑘

𝑁−1
𝑘=0 exp (𝑗

2𝜋𝑘𝑛

𝑁
) , 𝑛 = 0,1, … . 𝑁 − 1, (2) 

 

where 𝑥𝑛 shows the 𝑛𝑡ℎ discrete time-domain samples.it is considered the imposed Hermitian symmetry, the 

operation of the IFFT can be expressed as (3), 

 

𝑥𝑛 =
1

√𝑁
∑ (𝑋𝑘exp (𝑗

2𝜋𝑘𝑛

𝑁
) +     𝑋𝑁−𝐾𝑒𝑥𝑝 (𝑗

2𝜋𝑘(𝑁−𝐾)𝑛

𝑁
))

𝑁/2−1
𝑘=1     (3) 

 

where Re (Z) corresponds to the actual Z part. The imaginary sections of the signal samples of the time-domain 

are applied to zero. It should be noticed that the overall amount of subcarriers used is N/2-1 and the remaining 

subcarriers would be used to implement the Hermitian symmetry [18]. 

 

3.2.  2D ACO-OFDM 

The functional block of ACO OFDM is defined as follows, particularly for the screen ACO-OFDM 

system as shown in Figure 2, a practical block diagram for implementing spatial ACO-OFDM is designed to 

map the sequence of bits to a complex sequence of numbers (one-dimensional sequence).Hermitian mapping 
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structural design of a bi-dimensional matrix of complex numbers from a sequence of complex numbers in such 

a way as to ensure that the 2D-IDFT is entirely real [18]. 

 

 

 
 

Figure 2. Transmitter part of DCO-OFDM system [18] 

 

 

Data symbols are only mounted on the odd subcarriers of the first N/2 subcarriers in the ACO-OFDM 

scheme and can thus only support N/4 information symbols in the ACO-OFDM block of N subcarriers. The 

Hermitian symmetry limitation of (5) is also imposed on the (N/2)th to (N−1)th subcarriers in terms of the 

limitation of real-value amplitude. After the IFFT process, at the transmitter, the discrete time-domain samples 

have the asymmetry as [19]. 

 

𝑥𝑛 =
1

√𝑁
∑ (𝑋𝑘exp (𝑗

2𝜋𝑘𝑛

𝑁
))𝑁−1

𝑘=0       (4) 

 

=𝑥𝑛 +
𝑁

2
, 𝑛 = 0,1, … . 𝑁 − 1       (5) 

 

The equation derivation of (5) was introduced in [19]. The asymmetry in (7) displays the information 

that the amplitudes of the first half samples are matching to the second half samples but with opposite signs. 

The negative-valued sample 𝑥𝑛 < 0 can be just improved by detecting its asymmetry sample 𝑥𝑛+N/2 or 

𝑥𝑛−N/2.Hence, the ACO-OFDM signal xACO (t) is directly clipped at zero without adding any DC bias and 

then changed into an optical signal. Supposing that 𝑥𝑛
𝑐    is the clipped sample, where (6): 

 

𝑥𝑛
𝑐 = {

𝑥𝑛   𝑖𝑓  𝑥𝑛 > 0
0   𝑖𝑓  𝑥𝑛 < 0

 
 

}                                                                                              (6) 

 

The distorted data symbols 𝑥2𝑚+1
𝑐   on the odd subcarriers m = 0, 1... N/2 – 1 can be expressed as: 

 

𝑥2𝑚+1
𝑐 =

1

√𝑁
∑ (𝑥𝑛

𝑐  𝑒𝑥𝑝 (−𝑗
2𝜋(2𝑚 + 1)𝑛

𝑁
))

𝑁−1

𝑛=0

 

 

  =
1

2
𝑥2𝑚+1                               () 

 

It can be shown that the ACO-OFDM power signal is reduced significantly by the clipping technique [19]. 

 

 

4. SYSTEM SETUP 

The simple block diagram for the 2D OFDM OCC system is shown in Figure 3 which illustrates the 

performance analysis of the optical OFDM system. A bidirectional optical OFDM OCC framework has been 

implemented in this research. Figure 4 presents the transmitter code for the encoded data which indicates that 

the display size of the configurable transmitter as each of the tiny cells. 

Figure 3 indicates that the design of the transmitter comprises 2 OFDM optical modes that have been 

added which are ACO-OFDM and DCO-OFDM for the investigation of the BER performance relationship 

between them. The reliability of the PAPR reduction schemes can be calculated based on two factors that 

increase the clipping factor for the optical OFDM systems, the coded and encoded performance of the BER 

[20]. Besides, the functional clock rate for adjusting the transmitter processing speed [21]. Detailed parameters 

used for the OCC system are presented in Table 1 which gives information about OFDM symbol size and the 

max number of the MIMO Frames. This table also shows the Hermitian mapping used at three different clipping 

factors 0.7, 1.4 and 2.6 with SNR starts at 8 dB. Figure 5 displays the receiver decoded text with and without 

noise. It is known that CP aims to minimize interference between OFDM symbols [22]. 
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Figure 3. Proposed optical OFDM OCC system 

 

 

 
 

Figure 4. Tx code for OCC system 

 

 

Table 1. OCC system parameters 
OFDM 

symbol size 
Number of 

Tx cells 
Hermitian 
mapping 

Max number of 
MIMO frames 

no. of bit per 
sub transmitter 

clipping 
factors 

SNR the inner 
part of Tx 

28×28 96×96 ACO&DCO 

OFDM 

27 236 0.7, 1.4,2.6 Start at 8 dB 84×84 

 

 

 

 
 

Figure 5. The receiver decoded text with and without noise 
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In general, the reliability of PAPR reduction techniques can be assessed in terms of the various two 

perspectives which change the clipping factor for ACO-OFDM and DCO-OFDM framework [23], BER 

reliability coded and encoded. The relationship between ACO-OFDM and DCO-OFDM using the BER versus 

the SNR for data transfer is also discussed in this section. The communication system bit error rate is described 

as the measure of the number of bit errors to the total number of bits sent over a specified period [24]. Among 

received bits, a single bit of error might well happen irrespective of the rate of transmission. SNR is known as 

the signal-to-noise ratio and is commonly defined in decibel (dB). 

 

 

5. SIMULATION RESULTS AND ANALYSIS 

Two kinds of optical OFDM and BER versus SNR for data transfer will be addressed in this section. 

The clipping factors can be introduced by 8-bit value pixels to control PAPR. The BER efficiency of the DCO 

OFDM and ACO OFDM at three separate clipping factors 0.7, 1.4, and 2.6 is presented in Figure 6(a) and 

Figure 6(b). The choice of clipping factors is essential and has a significant impact on the implementation 

results. Based on the SNR, the clipping factor was adjusted to an acceptable BER. The implementations of two 

layers, layer one without FEC and layer two with convolutional code CC FEC.  

 

 

   
(a)  

 

 

   
(b) 

 

Figure 6. BER performance comparison of; (a) ACO OFDM, and (b) DCO OFDM at three clipping factors 

0.7, 1.4, and 2.6 respectively 

 

 

It is really important to select the clipping factor which has a direct impact on system performance. It 

is found that there would be a decrease in PAPR output after rising the clipping factor as it can be shown that 

the BER at 1.4 clipping factor was 10−4 while BER will be 10−6at 2.6 clipping factors at the expense of SNR 

around 18dB signal to noise ratio. This is that for a certain number of samples there was no error threshold, 

there is an SNR threshold for making the error [25]. 

After increasing the number of higher precision loops, it is observed that the accuracy as seen in  

Figure 6 has been increased. The clipping process is the simplest technique for reducing the PAPR, which 

decreases the overall amount of signal transmission to a pre-specified level. However, clipping introduces in-

band signal distortion with the following drawbacks, resulting in BER output degradation [26]. 
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It is noticeable from Figure 6 is measurable that after increasing the clipping factor to 1.4, SNR would 

be 15 dB and BER is 10−6, which is higher than the BER output compared to [18], the BER efficiency of the 

ACO OFDM will increase. It is often shown that a drop in BER can be caused by too low a clipping factor or 

too high. The choice of clipping levels from the result is very critical and has a direct impact on the efficiency 

of the system.It is seen from the results of the simulation that ACO OFDM efficiency is more stable than the 

DCO-OFDM model when comparing the functional BER curves. Figure 6 describes the measurements of BER 

of optical-OFDM under the impacts of clipping variables. It is observed: 

 PAPR decreased at the expense of increasing the BER bit error rate, increasing computational performance 

such as coding and encoding for the ACO OFDM system.  

 Compared to the ACO OFDM, the DCO OFDM has the best clipping factor at 1.4 will acquire 

approximately 2dB SNR gain and BER is 10−6 . 

 The clipping factor choice is significant and has a direct effect on system performance.  

  All results indicate that the lower the clipping ratio, the better the performance of the PAPR reduction, but 

the worse the bit error rate efficiency. 

 The ACO-OFDM gain of 3 dB is because it uses just half as many two-dimensional subcarriers as DCO-

OFDM for data transfer. 

  

 

6. CONCLUSION  

Two kinds of optical OFDM systems have been introduced in this study. The BER performance of 

the ACO OFDM and DCO OFDM systems has also been presented. It is observable that the best selection to 

the clipping ratio leads to minimizing the SNR to measure the effect on the BER system performance. 

Simulated results include the process of choosing with the optimum clipping ratio that satisfies SNR gain 

consumed in ACO OFDM and DCO OFDM systems.  

In the situations of low SNR, it is assumed that a lower clipping factor is better. The DCO OFDM 

output is more robust than the ACO-OFDM system when the BER curves are compared. From the final results, 

it is important to select the clipping factors and have a straight affect on the system performance. If the clipping 

ratio decreases when the signal experiences more and more nonlinear distortion, the output of the BER versus 

the obtained SNR gets worse and worse. 

The major challenge discussed in this paper is to check that the signal was produced correctly and 

what variables would influence the output of the system if the back-to-back transmitter and receiver were 

linked. It is also suggested that the greater the clipping noise will decrease the PAPR by reducing the clipping 

ratio to 10−6 but will benefit SNR at the BER decrease (dB). BER accuracy for both modes of optical OFDM 

can be increased with CC FEC. 
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