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Abstract:-Orthogonal frequency division multiplexing  (OFDM) is used with visible light communication 
(VLC) systems to reduce the effects of inter-symbol interference (ISI) and to achieve communication with high 
speed of data transmission and huge bandwidth. However, OFDM based VLC systems suffer from high peak-
to-average power ratios (PAPRs). This paper proposes a new hybrid PAPR reduction technique based on signal 
transformation combined with clipping. The Hadamard transform is used in the proposed technique due to its 
advantages in reducing the PAPR without affecting the bit error rate (BER) of VLC systems. The optimum 
clipping threshold at which we can simultaneously reduce the PAPR and improve the BER of VLC systems is 
also determined. In this paper we also propose a n ew OFDM structure based on using Discrete Cosine 
Transform (DCT) precoded before inverse fast Fourier transform (IFFT) stage to further improve the PAPR 
reduction capability and BER performance. The performance of the proposed technique in terms of 
complementary cumulative distribution function (CCDF) and the BER is simulated. The obtained results show 
that the proposed technique can simultaneously reduce the PAPR and achieve good BER performance when 
compared to the original OFDM based VLC system. 
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1 Introduction 
Visible light communications (VLC) is an emerging 
technology that uses the visible light spectrum to 
transmit information for indoor wireless 
communications [1], [2] and free from major 
outdoor environmental degradations such as rain, 
snow and building sway [3], [4]. VLC can provide 
illumination and communication simultaneously by 
way of light emitting diodes (LEDs). It offers low 
cost and energy efficient solution while ensuring 
high speed, large bandwidth and secure transmission 
[5]. VLC systems can be used in many applications 
such as the hospital and the airplane because it may 
slightly influence electronic devices [6]. VLC 
systems employ intensity modulation and direct 
detection (IM/DD) techniques which provide simple 
and low cost data transmission, thus only signal 
intensity information, not phase information is 
modulated [7], [8]. The main challenge in VLC is 
the limited modulation bandwidth of LED [1], [9]. 
White LEDs exhibits the low-pass filter 
characteristics so VLC channel appears as 
frequency-selectivity channel [8]. Because the 

dispersion of the optical signal in indoor VLC 
caused by reflections from various sources inside a 
room, VLC systems suffer from multipath distortion 
which make inter-symbol interference (ISI) and as a 
results reduce the signal to noise ratio (SNR) [10], 
[11]. 

Orthogonal frequency division multiplexing 
(OFDM) has been considered for VLC because of 
its high speed data rates, huge spectral efficiency 
and more robustness against ISI and frequency 
selective fading [12], [13].IM/DD requires the 
electric signal to be real-valued and unipolar 
(positive-valued) [14]. The OFDM signals are 
generated by applying an inverse fast Fourier 
transform (IFFT) on the data stream at the 
transmitter and decoded using a fast Fourier 
transform (FFT) at the receiver [15]. Hermitian 
symmetry must be satisfied to obtain real value 
signal [16] and bipolar-to-unipolar module must be 
required [17]. DC bias is used to generate real 
positive signals in DC biased optical OFDM (DCO-
OFDM) and it is inefficient in terms of the optical 
power because DCO-OFDM signal needs a large 
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DC bias [18]. In Asymmetrically Clipped Optical 
OFDM (ACO-OFDM) the signal is pre-clipped at 
zero or a positive bottom level [19], DCO-OFDM is 
less efficient in terms of the optical power than 
ACO-OFDM [20]. To achieve high spectral 
efficiencies high order quadratic amplitude 
modulation (QAM) has to be employed. 

 
  

2 Problem Formulation 
One of the main challenges that faces OFDM based 
VLC systems is the high peak-to-average power 
ratio (PAPR) that arises from high PAPR of OFDM 
signals and the limited dynamic range of LEDs 
devices. High PAPR deteriorates the VLC systems 
performance in terms of bit error rate (BER), so 
PAPR reduction is very important in OFDM based 
VLC systems [21], [22]. There are many techniques 
were proposed in literature to reduce the PAPR and 
to  improve the power efficiency of RF communic-
ation systems [23-25]. However, since VLC differs 
from RF communication in many aspects such as; 
system constraint, baseband signal format and 
nonlinearity characteristic of front-end devices, it is 
not obvious how the PAPR is related to the 
illumination  to  communication conversion efficie-
ncy. 
 
 
2.1 PAPR of OFDM based VLC 
The PAPR of the continuous time OFDM signal is 
defined as the ratio of the maximum instantaneous 
power to the average power. The PAPR of discrete 

time VLC-OFDM signal  is defined as:  

               (1) 

where E [⋅] denotes statistical expectation. 

The Complementary Cumulative Distribution 
Function (CCDF) of the PAPR is one of the most 
frequently used performance measures for PAPR 
reduction techniques, it is defined as [26]: 

                   (2) 

where  is the given threshold value. CCDF 
denotes the probability that the PAPR of a d ata 
block exceeds the threshold value. 
 
 
3 Problem Solution 
In this paper, we propose a hybrid technique to 
reduce the high PAPR of OFDM based VLC 
systems called Hadamard Transform Combined 
with Clipping (HTCC) technique. The effect of 
using HTCC technique on BER performance of 
VLC systems is also presented in this paper. High 
signal clipping ratio will introduce some deleterious 
side effects, such as the increase of BER and the 
growth of in-band radiation and out-of-band 
radiation. The authors in [27], [28] demonstrated 
that the Hadamard transform reduces the PAPR 
without increasing the system BER. Therefore, 
combining the clipping techniques with Hadamard 
transform as in the proposed technique will reduce 
the PAPR without increasing the BER performance. 
We also evaluate the optimum clipping threshold at 
which we can reduce the PAPR and simultaneously, 
improve the BER of VLC systems. 

In this paper we also study the effect of using 
DCT precoding matrix to transform the transmitted 
data before being processed by IFFT stage. Then, 
the clipping is applied to further reduce the PAPR of 
the OFDM signal after the IFFT stage. The obtained 
results show that, the DCT precoding scheme can 
further improve the BER and PAPR performances 
of OFDM based VLC systems. 

 
 
3.1 System Model 
The system model of OFDM based VLC system 
treated in this paper is shown in Fig. 1. The original 
data is firstly processed by serial-to-parallel (S/P) 
and mapped onto M-level Quadrature Amplitude 
Modulation (QAM) constellation before being 
transformed by the Hadamard block which reduces 
the correlation of the input data sequences.  
Hermitian symmetry is imposed to obtain real value 
signal then, the real value signal goes through the 
inverse fast Fourier transform (IFFT). When 
applying IFFT, after the parallel-to-serial (P/S) 
operation, the Cyclic Prefix (CP) is added to elimin- 
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Figure 1: OFDM based VLC system block diagram. 

 
ate the inter-symbol interference. The OFDM 
signal enters the clipping block to reduce the 
PAPR. The OFDM time domain signal must be 
both real and positive, so DC biased is 
introduced. Intensity modulation (IM) is 
employed at the transmitter. The forward signal 
y(t) drives the LED which in turn converts the 
magnitude of the input electric signals y(t) into 
optical intensity. At the receiver side, direct 
detection (DD) is employed. The PIN Photo 
Detector (PD) converts the incoming optical power 
into the amplitude of an electrical signal. CP is 
removed, Inverse Hadamard transform is performed 
after the FFT and the M-QAM demodulation is 
performed. Finally, data signals are successfully 
received after the P/S conversion. 
 
 
3.2 The Proposed Hybrid Hadamard 

Combined with Clipping Technique 

 
3.2.1 Hadamard Transform 

Hadamard transform is used to reduce the auto-
correlation between the input data sequence and 

the PAPR of the OFDM signal [15]. Let  be the 
Hadamard transform matrix of M orders, the eleme-
nts of Hadamard matrix is 1 or -1, the second order 
of Hadamard matrix can be written as 

                                                     (3) 

The Hadamard matrix of M order can be given as: 

                                     (4) 

where the matrix complementary of                             

is . 

The data sequence after M-QAM is given by 

, the new sequences  
after the Hadamard transform can be represented as: 

                                                        (5) 

The signal   after N-point IFFT may be 
expressed as: 

                   (6) 
 

3.2.2 The Proposed Clipping Method 
The simple and effective technique to reduce PAPR 
is clipping algorithm. The clipping algorithm is that 
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the signal is limited to the set threshold when the 
peak of the input signal exceeds a certain threshold; 
otherwise, the signal passes through directly. 
Clipping operation can be represented as: 

                     (7) 

 

where is the IFFT output signal which is real 

value, C is the clipping threshold and denotes the 
output signal after clipping block. In the clipping 
algorithm, the clipping ratio (CR) is a very 
important parameter, which is used to determine the 
clipping threshold C above. It is defined as 

                                  (8) 

where  is the average power of an OFDM symbol. 
Since about a h alf of the clipped samples are 
Negative real and the minimum value is –C  at least, 
we add bias of C  to each OFDM sample to make 
the transmit signal be positive. With the above 
operations, the dynamic range of the amplitude can 
be suppressed to less than 2C. Moreover, thanking 
to clipping without filtering the bias can be a 
constant for every OFDM symbol. Therefore, the 
receiver does not need to estimate the bias value in 
every OFDM symbol [28]. 

The steps of the proposed hybrid technique as 
shown in Fig. 1 can be summarized as follows: 

Step 1: The sequence X from the QAM mapper 
is transformed by the Hadamard matrix 
as in Eq. (5). 

Step 2: The transformed sequence is converted 
to time domain using IFFT as in Eq. (6). 

Step 3: Set the CR and the OFDM symbol  
enters the clipping block. 

Step 4: Calculate the clipping level, C, using Eq. 

(8) and generate the sequence  by 

clipping   using Eq. (7). 

Step 5: Finally add DC bias of C to each sample 
of OFDM symbols to make the 
transmitted signal positive. 

 
3.3 The Proposed DCT Precoded OFDM 

based VLC System 
The excellent energy compaction property of the 
DCT makes most of the signal energy concentrated 
in the first few samples, leaving the rest of samples 
close to zero [29]. If the DCT precoding is used 
prior to data transmission, it is expected that the ISI 
resulting from those small amplitude samples will 
be very small, leading to a lower BER performance. 

As shown in Fig. 2, t he main idea of this new 
technique is that the transmitted data is first 
transformed by the DCT matrix. Then, the 
transformed data are processed by the IFFT unit. In 
order to produce a real output from IFFT stage, the 
input of the IFFT must be a H ermitian symmetric 
structure. 
DCT is a real transform which converts the 

modulated data,  into the new transform-domain 
signal using K × K DCT matrix F which is given as 
[30].                        

(9) 
 
where n and m represent the row and column 

entries, respectively. The new sequences  
after the DCT precoding matrix can be represented 
as: 

                                               (10) 
 
Following the same steps as i n section 3 and 
applying DCT precoding before IFFT stage, we can 
get a good PAPR reduction and good BER 
performance as shown in next section.  
 
 
3.4 Simulation Results and Discussion 
Simulation parameters are shown in Table 1. In the 
case of conventional OFDM based VLC system, 
bias values equal to the absolute value of the 
minimum value is added. 
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Figure 2: DCT pre-coded OFDM based VLC system block diagram.

 

              Table 1: Simulation Parameters. 
Modulation Type 4 QAM 
OFDM symbols 10,000 
No. of data subcarriers 48 
FFT size 128 
Guard interval 16 samples times 

Total subcarriers 144 
Channel Type AWGN 

 

3.4.1 Conventional FFT-OFDM based VLC 

Results 

Figure 3 shows the CCDF performance comparison 
between the original OFDM based VLC system, the 
OFDM based VLC system with Hadamard 
transform only and with proposed technique using  
different clipping ratio. We can  see that at 
CCDF=10-3, Compared with original system, about 
0.5 dB PAPR reduction may be obtained using 
Hadamard transform. It is also clear that, as the CR 
value is smaller, the reduction effect of PAPR is 
better. For example, using the proposed technique,  
the PAPR of OFDM based VLC system can be 
improved by 6.5 dB , 7.5 dB, 8.2 dB   a nd 9.2 dB 
with CR=1.8, 1.5, 1.3 and 1, respectively at CCDF = 
10−3.  
   The BER performance of the OFDM based VLC 
system with Hadamard transform only and with  
 

 
 
 
proposed technique using different clipping ratio is 
shown in Fig. 4. The original OFDM based VLC 
system is included for comparison. At BER=10-3, 
the system with Hadamard transform can achieve 
about 0.25 dB improvement. We also note that, the 
BER is improved by about 1 dB at a clipping ratio 
of 1.3 w hen comparing to the original system to 
satisfy BER of 10−3. This improvement becomes 2 
dB when the clipping ratio changed to 1.5 and 1.8. 
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Figure 3: The CCDF performance comparison 
between the original and the proposed OFDM based 

VLC system using different clipping ratio. 
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Figure 4: BER performance of OFDM based 
VLC system with and without proposed technique. 

 

3.4.2 DCT Precoded OFDM based VLC 

Results 

Figure 5 shows the CCDF performance comparison 
between the original and the proposed OFDM based 
VLC system using DCT precoding and different 
clipping ratio. We can see that at CCDF = 10-3, 
compared with conventional system, about 2.8 dB  
PAPR reduction may be obtained when applying 
DCT precoding without clipping. It is also clear 
that, as the CR value is smaller, the reduction effect 
of PAPR is better. For example, using the proposed 
technique, the PAPR of OFDM based VLC system 
can be improved by 7 dB, 8 dB, 8.7 dB  and 9.7 dB 
with CR = 1.8, 1.5, 1.3 and 1, respectively at CCDF 
= 10−3. 
   Figure 6 presents the CCDF performance 
comparison between the conventional, the OFDM 
based VLC system with Hadamard transform and 
OFDM based VLC system with DCT precoding 
using clipping ratio of 1.8.  W e can see that at 
CCDF = 10-3, compared with conventional system, 
about 0.75 and 2.8 dB PAPR reduction may be 
obtained when applying Hadamard transform and 
DCT matrix transform, respectively without 
clipping. It is also clear that, the reduction effect of 
PAPR become better when applying clipping 
especially with smaller CR value.  
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Figure 5: The CCDF performance comparison     
between the original and the proposed OFDM based  
VLC system using DCT and different clipping ratio. 
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Figure 6: The CCDF performance comparison 
between the conventional and the proposed OFDM 

based VLC system and DCT VLC OFDM using 
clipping ratio = 1.8. 

   The BER performance of DCT-OFDM based 
VLC system with DCT precoding and different 
clipping ratio is shown in Fig. 7. The conventi-onal 
OFDM based VLC system is included for 
comparison. At BER = 10-3, the system with DCT 
precoding can achieve about 1.25 dB improvement 
in SNR compared with conventi-onal system. We 
also note that, the BER is improved by about 2 dB at 
a clipping ratio of 1.3 when comparing to the 
conventional system. This improvement becomes 
2.5 dB when the clipping ratio changed to 1.5 and 
1.8. 

WSEAS TRANSACTIONS on COMMUNICATIONS
Haitham Freag, Emad S. Hassan, 

Sami A. El-Dolil, Moawad I. Dessouky

E-ISSN: 2224-2864 311 Volume 16, 2017



   Figure 8 shows the performance comparison 
between the conventional, the OFDM based VLC 
system with Hadamard transform and OFDM based 
VLC system with DCT precoding using clipping 
ratio of 1.8. It is clear that, by replacing Hadamard 
transform block by DCT precoding block we can 
achieve further improvement in terms of BER. 
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Figure 7: BER performance of DCT OFDM 
based VLC system with and without proposed 

technique. 
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Figure 8: BER performance comparison of 
OFDM based VLC system with FFT and DCT using 

proposed technique. 

 

 

 

4 Conclusion 
 
This paper proposed new hybrid techniques to 
reduce the PAPR and improve the BER 
performance of OFDM based VLC systems. The 
proposed techniques combined the Hadamard 
transform or DCT matrix transform with clipping 
method. The optimum clipping threshold at which 
we can reduce the PAPR and simultaneously 
improve the BER of VLC systems was also 
evaluated. The performance of conventional OFDM 
based VLC system, the OFDM based VLC system 
with Hadamard transform only and with proposed 
techniques using different clipping ratio was 
evaluated and compared in terms of CCDF and 
BER. It was demonstrated that, the OFDM based 
VLC system with Hadamard transform combined 
with clipping technique has the lowest PAPR and 
good BER performance compared to conventional 
system. The CCDF and BER are further improved 
when replacing Hadamard transform block by DCT 
precoding block due to the excellent energy 
compaction property of the DCT transform.  
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