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Abstract— Orthogonal frequency-division multiplexing 

(OFDM) has been widely studied and adopted in visible-light 

communication (VLC) systems because of its advantages 

including high spectral efficiency and low-complexity 

implementation. However, OFDM-based VLC systems 

suffer from a high peak-to-average power ratio (PAPR), 

along with the nonlinear transfer characteristics of light-

emitting diodes (LEDs). In this paper, discusses a subcarrier 

grouping scheme for an OFDM-based VLC system. This 

scheme exploits the property that one LED lamp usually 

contains multiple independent LED chips and here all OFDM 

signal subcarriers are divided into groups, and each group is 

transmitted by an individual LED chip while the same 

receiver structure is maintained. Since only some of the 

subcarriers are located on each LED chip, PAPR can be 

reduced significantly. Hence, the achievable input power can 

be increased, which leads to a higher signal-to-noise ratio 

(SNR) and a lower bit error rate (BER). This paper can be 

considered as a literature survey or a case study to analyze 

PAPR reduction in OFDM based VLC systems. 
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I. INTRODUCTION 

Visible Light Communication is a wireless communication 

technique in which an illuminated light-emitting diode is used 

as the transmitter. Because of the rapid growth of the LED 

lighting industry and the increasing demand for indoor 

wireless data transmission, VLC has attracted considerable 

interest and has been adopted in a number of applications, 

such as indoor positioning and navigation, data broadcasting 

and home network access. The radio frequency spectrum is 

becoming more congested, highly regulated, and expensive to 

license. VLC refers to short range OWC using visible light 

spectrum from 380 to 780 nanometers . VLC can be used as 

a communications medium for ubiquitous computing, 

because light-producing devices are used everywhere. Using 

visible light is also less dangerous for high-power 

applications because humans can perceive it and act to protect 

their eyes from damage. Compared with traditional RF 

wireless communication, VLC has the following advantages: 

ubiquitous LED infrastructures, no spectrum regulation, no 

electromagnetic interference, no associated radiation or 

health concerns. Visible Light Communication with LEDs as 

transmitters and receivers provide a novel approach to enable 

low bit rate wireless ad-hoc networking for short distances. 

Often, VLC systems use LEDs for transmission and photo 

detectors for reception. A photo detector efficiently converts 

light photons into electrical current. Already with one LED 

and one photo detector, it is possible to build a one way VLC 

system in which frames are transmitted from the LED to the 

photo detector. A drawback of using the LED as a receiver is 

the fact that an LED is less sensitive than a photodetector; this 

property negatively affects the achievable communication 

range. A second drawback is the resulting limited throughput 

due to the required multiplexing. 

 Orthogonal frequency division multiplexing is 

widely used in VLC systems to achieve high-speed 

transmission, because of  high spectral efficiency and low-

complexity implementation. The primary advantage of 

OFDM over single-carrier schemes is its ability to cope with 

severe channel conditions. However, the OFDM signal 

suffers from its inherently high peak-to-average power ratio, 

which is caused by the combination of subcarriers with 

independent phases. In practical VLC systems, the available 

linear range of the LED is restricted as a result of its nonlinear 

transfer characteristics. To prevent the LED from being cut-

off or saturated, the signal fed towards it should be neither too 

small nor too large, respectively. Therefore, the system 

performance is limited and the average input power should be 

carefully considered as regards the PAPR problem and the 

linear range constraint. To apply OFDM in intensity 

modulation and direct detection (IM/DD) VLC systems, 

Hermitian symmetry is imposed on the OFDM subcarriers 

and a DC bias is added to the bipolar OFDM time-domain 

signal, rendering the signal real and non-negative. The LED 

transmitters used in VLC have a special property, in that the 

LED lamp usually contains multiple LED chips and each chip 

can be independently modulated. Thus, the LED lamp can be 

treated as a multi-antenna transmitter. The system can benefit 

from this setup to achieve parallel transmission. Based on this 

property, in order to address the high PAPR and restricted 

linear range problems, an OFDM transmission scheme named 

the subcarrier grouping  scheme is mainly discussed here. The 

basic concept of the scheme is that all the OFDM subcarriers 

can be divided into several groups, with each group 

separately transmitted by an individual LED chip. For each 

LED chip, the PAPR is effectively reduced, as the number of 

subcarriers on each LED chip is significantly decreased. 

Therefore, within the limitation of the linear range, the input 

power can be increased as the PAPR is reduced, resulting in 

an improved reachable data rate. As for the receiver, as the 

optical signals from different LED chips can mix together in 

space, no additional modifications at the receiver are required 

in the intensity-modulation direct-detection VLC system. 

Furthermore, an adaptive switching mechanism synthesizing 

the advantages of both the SCG scheme and the conventional 

scheme is suggested in this paper. In this mechanism, the 

system can automatically switch from the conventional to the 

SG scheme when the required input power is high; this 

enhances system robustness. 

II. REVIEW STUDY 

A VLC transmitter using DC-biased optical OFDM is 

depicted in fig. 1. The transmitted data stream is mapped into 

complex-valued symbols X(k) according to the chosen 

modulation scheme. After assigning symbols to all of the 

subcarriers, inverse fast Fourier transform processing is 

https://en.wikipedia.org/wiki/Ubiquitous_computing
https://en.wikipedia.org/wiki/Laser_safety
https://en.wikipedia.org/wiki/Laser_safety
https://en.wikipedia.org/wiki/Channel_(communications)
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typically applied to obtain the time-domain OFDM signal. 

OFDM uses IFFT to transform a set of multiplexed, 

overlapping subcarriers in the frequency domain to a signal 

of its time-domain equivalent form. The OFDM symbol is a 

vector, which consists of a set of N subcarriers To guarantee 

that the time-domain signal is real-valued in the IM/DD 

system, Hermitian symmetry is imposed on the OFDM 

subcarriers; this means that only half the non-DC subcarriers 

to which symbols are assigned are effective. Subsequently, 

the time-domain discrete signal is scaled and passed through 

a digital-analog converter. Then, a DC bias is added to ensure 

the signal is non-negative. The two major features of the 

channel are the time delay spread and nonlinearity. First,it 

measure the impulse response of the LED lamp used in the 

subsequent experiments. Thus, the time delay spread due to 

the LED is the major consideration in the OFDM parameter 

design. 

 
Fig. 1: VLC transmitter using DCO-OFDM. 

In traditional RF wireless communication systems, 

the time-domain OFDM signal can be modeled as a Gaussian 

random process according to the central limit theorem for 

sufficiently large IFFT sizes. A total subcarrier number as 

small as 64 is sufficient to ensure the Gaussianity. When the 

Gaussian signal is transmitted through a nonlinear channel, 

the nonlinear distortion after the fast Fourier transform 

process at the receiver can be modeled as an attenuation of 

the signal plus a Gaussian noise by means of the Bussgang 

theorem. The statistics characteristic of the Gaussian signal is 

independent of the total number of subcarriers according to 

the CLT; this means that the signal-to-noise ratio and the 

system performance are independent of the subcarrier 

number. However, the Gaussianity requirement may not be 

satisfied in VLC systems. The choice of OFDM parameters 

is mainly determined by the channel delay spread and the 

system bandwidth. The delay spread dictates the guard time 

between adjacent frames directly. The subcarrier number is 

then determined by the subcarrier spacing and the available 

bandwidth. The voltage-illuminance curve is depicted in fig. 

2 

 
Fig. 2: LED Nonlinearity 

 The OFDM signal in a VLC system cannot simply 

be treated as a Gaussian process. In addition, the OFDM 

signal has a high PAPR. Based on this fact, the subcarrier 

grouping scheme for an OFDM-based VLC system, termed 

SCG-OFDM is proposed here. This novel scheme modifies 

the structure of OFDM system with multi-chip LED to 

mitigate the PAPR. The high peak-to-average ratio is the 

main obstacle which causes non-linearity at the receiving end. 

PAPR occurs when in a multicarrier system the different sub-

carriers are out of phase with each other. At each instant they 

are different with respect to each other at different phase 

values. Due to presence of large number of independently 

modulated subcarriers in an OFDM system, the peak value of 

the system can be very high as compared to the average of the 

whole system. The block diagram for SCG-OFDM-based 

VLC transmitter is depicted in fig. 3 

 
Fig. 3: SCG-OFDM based VLC transmitter 

In SCG-OFDM an M-chip LED lamp consisting of 

M independent LED chips is used as the transmitter, where 

each LED chip can be modulated separately. Meanwhile, all 

the subcarriers of the OFDM signal are divided into M 

groups, where each group contains Ng=N/M effective 

subcarriers and is transmitted by one LED chip. Small Ng 

leads to low PAPR. This reduction in PAPR allows for an 

increase in the mean input power, which translates to 

improved SNR and system performance. The proposed 

transmitter utilizes the independent LED chips of one lamp. 

After assigning complex-valued symbols to the subcarriers 

like the conventional transmitter, all the OFDM subcarriers 

are divided into M groups. Each group consisting of Ng 

effective subcarriers constitutes a branch. For each branch, 

zero padding is employed to obtain N subcarriers with N-Ng 

zero subcarriers. The subsequent process, involving 

Hermitian symmetry, IFFT, D/A, and the addition of DC bias, 

is identical to that of the conventional system; thus, the 

conventional transmitter structure can be used here, 

conveniently, with only a small change. Compared to 

previously discussed DCO-OFDM system, SCG-OFDM 

based system requires more drivers to obtain lower PAPR and 

better performance. However, the demands for bandwidth, 

gain and power output of one driver in SCG-OFDM is much 

less, which means the implementation costs of SCG-OFDM 

system in practical may not increase obviously. When the 

input signal power is low relative to the fixed clipping level, 

is relatively high, the clipping noise in both systems is 

negligible, and the SNR and performance of the conventional 

system should be better. Then, the clipping noise in the 

previous system becomes obvious and may even constitute a 

major noise component, leading to a decline in the SNR. 

Meanwhile, the clipping noise in the SCG-OFDM scheme is 

still relatively low considering its low PAPR; thus, the SNR 

can still be increased, and the SCG system can outperform the 
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conventional system. In other words, the improvement of 

SNR and performance of SCG-OFDM scheme mainly come 

from the mitigation of the nonlinear distortion when signal 

clipping is raised. 

For both systems, the OFDM signals were divided 

into 12 effective subcarriers in the frequency domain, 

yielding 24 subcarriers after Hermitian symmetry. Each 

subcarrier was modulated by 16-QAM symbols. In these 

analyses, M was set to four. In DCO-OFDM system, the four 

chips were driven by the same signal, while for the SCG 

based system, four parallel signals drive the four chips one-

to-one. Here, the linear range was set to 0.6 V for both the 

conventional and SCG-based systems. It can be seen that the 

DCO-OFDM system outperforms the SCG-based system at 

low input signal power. This is because the nonlinear clipping 

noise is low under these conditions, and the system achieves 

a high received signal power and SNR. As the input signal 

power increases, the nonlinear clipping noise in the 

conventional system gradually becomes distinct, and the SNR 

is degraded. However, at this time, the SCG-OFDM system 

becomes excessive as the clipping noise is still low. As the 

input power increases further, the clipping noise in both 

systems becomes obvious and the performance begins to 

decline in both cases. The simulated results confirm that in 

VLC systems with linear-range constraints, SCGOFDM can 

exhibit superior performance under suitable conditions, 

mainly due to its lower PAPR, and can yield a lower 

reachable BER or a higher reachable data rate. 

The SCG-OFDM sacrifice the received power for 

lower PAPR and less nonlinear distortion under the condition 

of a relative high input power to achieve a better performance. 

Hence, SCG-OFDM can perform better with high input 

power. In low input power circumstance, the performance of 

SCG-OFDM scheme is lower than conventional scheme. To 

solve the problem in practical systems and combine the 

advantages of both the SCG-OFDM system and the DCO-

OFDM system, an adaptive switching mechanism is 

proposed. The basic idea of the mechanism is that the system 

should switch to SCG-OFDM scheme when the required 

input power is high and switch to conventional scheme 

adaptively when the required power is low. On the other 

hand, orthogonal frequency-division multiplexing is a robust 

and effective technique for suppressing the intersymbol 

interference (ISI) inherent in time-dispersive channels. For 

the adaptive switching mechanism, It is obvious that the 

perfect switching point of the input power is the intersection 

of the two curves in fig.4. However, in practical systems, to 

obtain this perfect switching point, many noise and channel 

parameters and much calculation are required, making the 

switching mechanism highly complex. In this paper, a near-

optimal and simple choice of the switching point of the input 

power is proposed. When the average input power is no 

higher than Pin,0, at most only 1% of the OFDM frames may 

be clipped and only a few signals in one frame are impaired, 

thus the clipping noise in both state is negligible and the 

normal state performs better according to the analysis in the 

previous section. In this case, the system should work in the 

normal state. When the required input power is higher than 

Pin,0, a higher percentage of the OFDM frames of the normal 

state are clipped, and the SCG state shows its advantages and 

should be employed to enhance the system performance. 

Hence, this choice of the switch point makes full use of the 

linear range and also avoids severe clipping distortion, 

yielding a near-optimal choice.  

 
Fig. 4: System performance of the switching point via 

simulation 

III. CONCLUSION 

In this paper, it discusses about VLC systems employing 

OFDM. A DCO-OFDM scheme is discussed here.  A 

subcarrier grouping scheme for the OFDM-based VLC 

system is proposed, which makes full use of the multiple 

independent chips in one LED lamp and can successfully 

improve the reachable system performance. In this scheme, 

all subcarriers of the OFDM signal are divided into groups 

and each group is transmitted by an individual LED chip. The 

PAPR of each LED chip is significantly reduced, because less 

subcarriers are transmitted by individual chips; this leads to 

an increase in the achievable input power. Therefore, the 

received SNR and the system performance can be improved 

in this SCG-based system. Moreover, an adaptive switching 

mechanism is also suggested in this paper, in which the 

subcarrier grouping scheme is employed adaptively when the 

required input power is higher than the switching point.  In 

simulation, this mechanism is shown to be capable of 

enhancing the system robustness significantly. 

REFERENCES 

[1] Bingyan Yu, Hongming Zhang, Li Wei and Jian Song, 

"Subcarrier Grouping OFDM For Visible Light 

Communication Systems",vol 7, no. 5 ,October 2015 

[2] D. Tsonev, S. Videv, and H. Haas, “Towards a 100 Gb/s 

visible light wireless access network,” Opt. Exp., vol. 23, 

no. 2, pp. 1627–1637, 2015 

[3] Y. Wang, X. Huang, L. Tao, J. Shi, and N. Chi, “4.5-Gb/s 

RGB-LED based WDM visible light communication 

system employing CAP modulation and RLS based 

adaptive equalization,” Opt. Exp., vol. 23, no. 10, pp. 

13626–13633, 2015. 

[4] P. Chvojka, S. Zvanovec, P. A. Haigh, and Z. 

Ghassemlooy, “Channel characteristics of visible light 

communications within dynamic indoor environment,” J. 

Lightw. Technol., vol. 33, no. 9, pp. 1719–1725, May 

2015 

[5] D. Zhang, Y. Zhu, and Y. Zhang, “Multi-LED phase-

shifted OOK modulation based visible light 

communication systems,” IEEE Photon. Technol. Lett., 

vol. 25, no. 23, pp. 2251–2254, Dec. 2013 

[6] T. Fath, C. Heller, and H. Haas, “Optical wireless 

transmitter employing discrete power level stepping,” J. 



PAPR Reduction for OFDM in VLC Systems 

 (IJSRD/Vol. 4/Issue 10/2016/145) 

  

 All rights reserved by www.ijsrd.com 597 

Lightw. Technol., vol. 31, no. 11, pp. 1734–1743, Jun. 

2013 

[7] M. Khalid, G. Cossu, R. Corsini, P. Choudhury, and E. 

Ciaramella, “1-Gb/s transmission over a 

phosphorescentwhite LED by using rate-adaptive 

discrete multitone modulation,” IEEE Photon. J., vol. 4, 

no. 5, pp. 1465–1473,Oct. 2012 


