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Abstract

In this paper, an adaptive iterative symbol clipping scheme for OFDM-
based visible light communication systems is proposed. This scheme
can avoid the disadvantages of the conventional iterative signal clipping
(ISC) scheme that produces all-zero symbols due to the fixed itera-
tive clipping times, and also avoids the information transmission rate
degradation due to an adaptive symbol decomposition with serial trans-
mission (ASDST) scheme using serial transmission. In the proposal,
optical orthogonal frequency division multiplexing (O-OFDM) symbols
are decomposed into multiple O-OFDM symbols that are in the lin-
ear range of the LEDs after adaptive iterative clipping according to
the signal amplitude and clipping threshold, thereafter simultaneously
transmitted through multiple LEDs. When the number of LEDs is large
enough, clipping distortion can be significantly reduced or even com-
pletely eliminated. In addition, the all-zero symbols existing in the ISC
scheme can be completely eliminated. Experimental results show that
the proposed scheme can not only improve the BER performance and the
optical power efficiency, but also reduce the clipping times compared with
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the traditional ISC scheme. Besides,our proposed scheme could achieve
higher information transmission rate compared with the ASDST scheme.

Keywords: Visible light communication, Optical OFDM, LED nonlinear,
Clipping distortion

1 Introduction

With the rapid development of Internet technology, the demand for mobile
data is exploding, which has caused the spectrum deficit in current radio fre-
quency (RF) technologies. Visible light communication (VLC) not only can
solve the problem of spectrum scarcity, but also has the potential to surpass
the high data rate requirements of 5G systems. Therefore it is expected to be
a key technology for the next generation mobile communication system.

Orthogonal frequency division multiplexing (OFDM) technology has gained
wide application in the field of RF because of its high transmission speed
and strong resistance to inter-symbol interference (ISI). Meanwhile, it is also
greatly concerned in the scenario of VLC. Different from RF communication,
VLC transmits the wireless data through Intensity Modulation and Direct
Detection (IM/DD)[1], which the OFDM signal driving the light emitting
diodes (LED) must be real and unipolar. Therefore, it is necessary to modify
the OFDM signal in RF communication to meet the requirements of IM/DD
systems[2]. Two optical OFDM (O-OFDM) transmission schemes are consid-
ered in this paper, i.e., asymmetrically clipped O-OFDM (ACO-OFDM)[3]
and direct current biased O-OFDM (DCO-OFDM)[4]. O-OFDM inherits the
advantages of traditional OFDM, but also inevitably inherits the inherent dis-
advantages of OFDM, such as the high peak-to-average power ratio (PAPR).
Because of this drawback, the O-OFDM signal can easily exceed the linear
operating range of the optoelectronic device, which causing serious nonlinear
effects, and degrading the bit error rate (BER) and the error vector magnitude
(EVM) performance[5]. LEDs are one of the main sources of nonlinearity in
VLC, so a proper understanding and treatment of LED nonlinearity is essential
for the implementation of O-OFDM based visible light communication.

Solutions to the problem of non-linear distortion in VLC can generally be
divided into two categories. The first category is to linearize the nonlinear
transmission characteristics of LEDs by methods such as pre-distortion or post-
distortion. The pre-distortion method in[6, 7] compensates the nonlinearity
of LEDs by designing physical analogue circuits. However, the pre-distortion
method is difficult to be widely used because the transmitter requires addi-
tional feedback physical circuits. In[8], the proposed post-distortion technique
compensates the LED nonlinearity by means of a Volterra receiver. An adap-
tive digital post-distortion technique for DCO-OFDM systems was proposed
in[9], which can be implemented using a microprocessor. However, the post-
distortion technique has disadvantages such as computational complexity and
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processing delay. The second category is to reduce the PAPR[10]. Within the
dynamic range of the LED, signal after PAPR reduction is less susceptible to
non-linearity as compared to the original input signal. Among PAPR reduction
algorithms proposed for O-OFDM, distortion-based methods are particularly
favored for practical scenarios because the modification of the receiver is
avoided[11]. In distortion-based methods, clipping is the simplest method to
reduce the PAPR of O-OFDM signals. However, when the signal-to-noise ratio
(SNR) is small, there will be clipping distortion on all the sub-carriers in the
frequency domain by direct clipping and this distortion will dominate the noise
source. Therefore, it is crucial to study how to reduce the clipping noise to
improve the system performance[12].

In [13, 14], an iterative signal clipping (ISC) sc3heme is proposed to reduce
the clipping distortion. The O-OFDM symbols can be decomposed into mul-
tiple O-OFDM symbols within the dynamic range of the LED by iterative
clipping. Then, the resulting O-OFDM symbols are simultaneously transmit-
ted through multiple LEDs. When the number of LEDs is large enough, the
clipping noise can be significantly eliminated. However, because the clipping
times is fixed in this scheme, when the amplitude of O-OFDM symbols is
lower, all-zero symbols will appear, which then causes the degradation of BER
performance and optical power efficiency.

In [15], an adaptive symbol decomposition with serial transmission
(ASDST) scheme is proposed to reduce clipping distortion. According to the
signal amplitude, the O-OFDM symbols can be decomposed into multiple O-
OFDM symbols within the dynamic range of the LEDs by adaptive iterative
clipping. Then, the decomposed multiple O-OFDM symbols are fed into single
LED by using serial framing. In comparison with the ISC scheme, the iter-
ative clipping times in this scheme are determined adaptively by the signal
amplitude, and can avoid the appearance of all-zero symbols and improve the
BER performance and optical power efficiency. This improvement comes at
the expense of the information transmission rate.

In this paper, an adaptive iterative symbol clipping (AISC) scheme is
proposed to reduce clipping distortion. According to the signal amplitude,
the O-OFDM symbols can be decomposed into multiple O-OFDM symbols
within the dynamic range of the LEDs by adaptive iterative clipping. Then
the decomposed multiple O-OFDM symbols are simultaneously transmitted
through multiple LEDs. Through adaptive iterative signal clipping to elimi-
nate all-zero symbols, the decomposed symbols are simultaneously transmitted
through multiple LEDs, which improves the BER performance and optical
power efficiency, and ensures the information transmission rate.

The remainder of this paper is organized as follows. In Section 2, we
describe the principle of O-OFDM system applying AISC scheme. In Section 3,
we give the experimental results and performance analysis. Finally, the paper
is summarized in Section 4.
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Fig. 1 Block diagram of the O-OFDM system model applying the AISC scheme

2 System Model

2.1 Transmitter

The O-OFDM system model applying the AISC scheme considered in this
study is illustrated in Fig.1. Firstly, the input bit stream is modulated accord-
ing to the adopted M -QAM (Multi-level Quadrature Amplitude Modulation)
modulation to produce complex frequency domain symbol X(l) (in ACO-
OFDM l = 0, 1, · · · , N/4�1 and in DCO-OFDM l = 0, 1, · · · , N/2�1), where
N is the number of subcarriers. In order to ensure the time domain signal is
real-valued in O-OFDM, both schemes imposed Hermitian symmetry on the
OFDM frame so that the second half of the mapped symbol is a complex
conjugate of the first half. The frame structure of the mapped symbols for
ACO-OFDM and DCO-OFDM are respectively as follows:

X
(ACO)
mapping = [0 X(0) 0 X(1) · · ·X(N/4� 1) 0 X∗(N/4� 1) 0 · · ·X∗(0)]T, (1)

X
(DCO)
mapping = [0X(1)X(2) · · ·X(N/2�1) 0X∗(N/2�1) · · ·X∗(2)X∗(1)]T, (2)

where (·)∗ denotes the conjugate operation and (·)T denotes the matrix
transpose.

To study the relationship between the O-OFDM symbol variance σ2
0 and

the clipping times, the pre-scale factor is introduced. The mapped symbols are
pre-scaled by the pre-scale factor. The pre-scaled symbol can be expressed as
follows:

Xscaled = αXmapping, (3)

where α is the pre-scale factor and it is derived as follows[15]:

α = σ0

v

u

u

u

t

N � 1
N−1
P

n=0
| Xmapping(n) |2

. (4)
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Fig. 2 Block diagram of the detailed implementation processes of the AISC scheme

Note that the variance of α can be calculated as E[α2] = σ2
0/ζ, where ζ is

the bandwidth efficiency factor and E(·) is the expectation operator. According
to the mapped symbol structure, ζ

ACO
= 1/2 for ACO-OFDM system and

ζ
DCO

= (N�2)/N for DCO-OFDM system. Hence, the average electrical symbol
power of data subcarriers can be denoted as Ps,elec = σ2

0/ζ .
Next, the pre-scaled symbols are subjected to the inverse fast Fourier trans-

form (IFFT) to generate bipolar real-valued time domain signals x IFFT. The
output symbol of the IFFT is:

xIFFT = F HXscaled, (5)

where (·)H denotes the complex conjugate transpose, F denotes the unitary
discrete Fourier transform matrix[15]. According to the central limit theorem
(CLT)[16], for larger IFFT sizes, i.e., the total number of subcarriers is greater
than 64, the time domain signal xIFFT approaches a Gaussian distribution with
zero mean and variance of σ2

0 = E[x2
IFFT].

In order to fit the signal within the dynamic range of the LED, the AISC
scheme is proposed. The O-OFDM symbols are decomposed into multiple
O-OFDM symbols of smaller amplitude by iterative symbol clipping. The
iterative symbol clipping times are determined adaptively according to the
amplitude of each O-OFDM symbols, where the permissible maximum iter-
ative clipping times are determined by the number of LEDs and the total
number of LEDs is K. The detailed implementation processes of the AISC

scheme for the symbol x
(1)
IFFT are shown in Fig. 2, where the symbol x

(1)
IFFT

is obtained after the parallel-to-serial (P/S) conversion of xIFFT. The imple-
mentation processes of the AISC scheme can be divided into three steps as
follows:

Step 1: The symbol x
(k)
IFFT is clipped to get the symbol x

(k)
clip , where k is the

actual iterative symbol clipping times at this time and k = 1, 2, · · · ,K.

Step 2: The symbol x
(k)
clip is subtracted from the symbol x

(k)
IFFT to obtain the

symbol x
(k+1)
IFFT .
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Step 3: Determine whether the symbol x
(k+1)
IFFT is an all-zero symbol, and

stop clipping if the symbol x
(k+1)
IFFT is an all-zero symbol (i.e., the implementa-

tion processes of the AISC scheme is finished), otherwise set k = k + 1 (i.e.,

x
(k)
IFFT = x

(k+1)
IFFT ) and continue to execute step 1 to step 3 until k = K.

When the above process is finished, k symbols with the smaller amplitude

will be obtained, which are x
(1)
clip,x

(2)
clip, · · · ,x

(k)
clip respectively, in which the k-th

symbol can be expressed as:

x
(k)
clip =

8

>

<

>

:

εtop x
(k)
IFFT � εtop

x
(k)
IFFT εbottom  x

(k)
IFFT  εtop

εbottom x
(k)
IFFT  εbottom,

(6)

where, εtop and εbottom are the top and bottom clipping levels, respectively.
Suppose the dynamic range of LEDs is Vmin ⇠ Vmax. In addition, the DC bias,
BDC, is required to generate a non-negative signal that can drive the LEDs.
In ACO-OFDM ε

(ACO)

top = Vmax � BDC and ε
(ACO)

bottom = max(Vmin � BDC, 0), where
max(·) denotes taking the maximum value, while in DCO-OFDM ε

(DCO)

top =
Vmax �BDC and ε

(DCO)

bottom = Vmin �BDC.
In ACO-OFDM, the iterative symbol clipping times of the symbol xIFFT

can be derived from the maximum amplitude value of the subcarrier signal,
the top clipping levels and the number of LEDs, which can be calculated by:

µ
ACO

= min
⇣

max
⇣lmax(x

(1)
IFFT(i))

εtop

m⌘

,K
⌘

, (7)

where i = 1, 2, · · · , N , min(·) denotes taking the minimum value, d·e denotes
integer ceiling function. In DCO-OFDM, the iterative symbol clipping times
of the symbol x

IFFT
can be calculated as:

µ
DCO

= min
⇣

max
⇣lmax(x

(1)
IFFT(i))

εtop

m

,
lmin(x

(1)
IFFT(i))

εbottom

m⌘

,K
⌘

, (8)

Symbol x
(1)
IFFT whose amplitude lies within [Kεbottom,Kεtop] can be trans-

mitted completely without clipping distortion. However, if the amplitude of

x
(1)
IFFT goes beyond [Kεbottom,Kεtop], this means that it is subject to clip-

ping distortion during transmission. Only if the total number of LEDs is

large enough that the symbol, x
(1)
IFFT, can be fully transmitted without clip-

ping distortion. Following the Bussgang theorem and the central limit theorem
(CLT) [17], the nonlinear distortion is modeled as an attenuation of the
received information-carrying subcarriers plus a zero-mean complex-valued
non-Gaussian clipping noise. After adaptive iterative symbol clipping, the
O-OFDM symbol can be expressed as:

xclip = x
(1)
clip + x

(2)
clip + · · ·+ x

(k)
clip = ηxIFFT + nclip, (9)



Springer Nature 2021 LATEX template

Article Title 7

where nclip is the zero-mean non-Gaussian clipping noise, η is attenuation
factor and can be derived as follows:

η = Q(Kλbottom)�Q(Kλtop), (10)

where, Q(·) is the complementary cumulative distribution function, λtop and
λbottom are the normalized top and bottom clipping levels, which can be
expressed respectively as: λtop = εtop/σ0 and λbottom = εbottom/σ0.

Next, creating cyclic prefix (CP) extensions and appending respectively to

the beginning of these symbols x
(1)
clip,x

(2)
clip, · · · ,x

(k)
clip to mitigate ISI and inter-

carrier interference (ICI). Then, these trains of symbols with CP are subjected
to a digital-to-analog (D/A) converter and the DC bias are added to obtain

the signal that drives the LED lighting, which are x
(1)
LED,x

(2)
LED, · · · ,x

(k)
LED, where

the k-th drive signal can be expressed as:

x
(k)
LED = x

(k)
clip +BDC. (11)

Finally, these drive signals are transmitted simultaneously to the LEDs,
i.e. the k-th signal is transmitted to the k-th LED. Note that LEDs are set
close to each other and placed to emit light in the same direction, i.e., same
azimuth and elevation angles, the attenuation of the channel paths are very
similar, so the resulting channel paths are almost identical[13].

The optical power of the transmitted signal can be expressed as:

Popt =σ0(kλtopQ(kλtop) + kλbottom(1�Q(kλbottom))

+ ϕ(kλbottom)� ϕ(kλtop)) + kBDC,
(12)

where ϕ(·) represents the probability density function (PDF) of a standard
normal distribution.

The transmission speed of information is measured by analyzing the bit
rate. The bit rate can be calculated by:

Rb =
ζW log2(M)

2
, (13)

where W is the modulation bandwidth of the O-OFDM symbols.

2.2 Receiver

Optical signals are transmitted over an optical wireless channel and their trans-
mission intensity is detected at the receiver by a photodiode(PD), and signals
are distorted by the additive white Gaussian noise (AWGN). Following from
that, the analogue signal is converted into a digital signal by means of an
analogue-to-digital (A/D) conversion block. The received signal before A/D is
given by

y = γ(x
(1)
LED + x

(2)
LED + · · ·+ x

(k)
LED) +w, (14)
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where γ is the optical-to-electrical conversion factor, and w is AWGN, which
represents the sum of the receiver thermal noise and shot noise due to
background light, and its single-sided power spectral density is N0.

It is followed by a serial-to-parallel (S/P) conversion and the removal of
the CP extension for the decomposed symbols. Next, the CP-removed symbols
are transferred to the fast Fourier transformation (FFT) block to obtain the
frequency domain signal. This frequency domain signal can be expressed as
follows:

Y FFT = αγηXmapping + γkB + γN clip + kW AWGN, (15)
where W AWGN is the AWGN in the frequency domain, B is the DC bias in
the frequency domain and B = [

p
NBDC, 0, 0, · · · , 0]

T, and N clip is the clip-
ping noise in the frequency domain. In accordance with the CLT, the clipping
noise can be modeled as a Gaussian process. Utilizing the statistics of trun-
cated Gaussian distribution, the variance of the clipping noise can be expressed
respectively in ACO-OFDM and DCO-OFDM as follows:

σ2
clip,ACO =

Ps(elec)

2
{η(K2λ2

bottom + 1)� 2η2 �Kλbottom[ϕ(Kλbottom)

� ϕ(Kλtop)]� ϕ(Kλtop)(Kλtop �Kλbottom) +Q(Kλtop

�Kλbottom)
2},

(16)

σ2
clip,DCO =Ps(elec){η � η2 � {ϕ(Kλbottom)� ϕ(Kλtop) + [1

�Q(Kλbottom)]Kλbottom +Q(Kλtop)Kλtop}
2 + [1

�Q(Kλbottom)]K
2λ2

bottom +Q(Kλtop)K
2λ2

top

+ ϕ(Kλbottom)Kλbottom � ϕ(Kλtop)Kλtop}.

(17)

To counter channel effects, the frequency domain O-OFDM symbol Y FFT is
equalized in the equalization block. In the next step, the frame structure of the
mapped symbol at the transmitter makes it easy for the receiver to determine
which subcarriers carry valid information in each O-OFDM symbol.

Finally, the extracted symbols are demodulated by using a maximum
likelihood M -QAM detector, and the bit error rate (BER) of any M -QAM
constellation can be calculated as follow:

Pe =
4(
p
M � 1

log2(M)
p
M

Q

✓

r

3log2(M)

M � 1
Γ

SNR

◆

, (18)

where Γ
SNR

is the effective signal-to-noise ratio(SNR), which can be calculated
as follows:

Γ
SNR

=
αηγPs,elec

log

(M)(σ

clip
+ kWN)

. (19)

3 Performance Analysis

In the following, a simulation model of an O-OFDM system applying the AISC
scheme is built by using MATLAB and its performance is also analyzed using
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the Monte Carlo methods. In addition, it is compared with the O-OFDM
system using the traditional ISC scheme and the ASDST scheme. OSRAM
white LEDs with the model number OSRAM LUW W5SM are considered in
this paper. Some parameters considered in the simulation are shown in Table
1. The clipping levels can be calculated according to the data in Table 1.
The top and bottom clipping levels in ACO-OFDM are ε

(ACO)

top = 0.8V and
ε
(ACO)

bottom = 0V respectively, and the top and bottom clipping levels in DCO-
OFDM are ε

(DCO)

top = 0.8V and ε
(DCO)

bottom = �0.1V respectively. Because the IFFT
output signal and AWGN subject to Gaussian distribution, the Monte Carlo
method is used to obtain the clipping times, BER, EVM, optical power, and
bit rate.

Table 1 The parameters of the O-OFDM system applying the
AISC scheme

symbol value Parameter

The number of OFDM symbols Nsym 10000
the number of cyclic prefixes NCP 16
Turn-on voltage(V) Vmin 0.1
Maximum permissible voltage(V) Vmax 1
DC bias current(V) BDC 0.2
Power spectral density of the AWGN(dBm) N0 -10
Modulation bandwidth(MHz) W 20
Optical-to-electrical conversion factor(A/W) γ 1

3.1 The Clipping Times

Fig. 3 and Fig. 4 respectively show the clipping times in the ACO-OFDM and
DCO-OFDM systems with 8 LEDs, where the X-axis represents the variance
of the O-OFDM symbols, which varies from -10 dBm to 50 dBm, and the
Y-axis represents the clipping times of the O-OFDM symbols.

Firstly, we can find from these two figures that the theoretical and sim-
ulation curves of the clipping times match perfectly, which demonstrates the
correctness of the theoretical analysis of the clipping times. Secondly, the
clipping times of the AISC scheme and the conventional ISC scheme were com-
pared. In the AISC scheme, it can be found that µ = 1 when σ2

0 is small. And
µ keeps increasing as σ2

0 continues to increase, until µ = 8. (For example, in
the case of N = 256, µ = 8 when σ2

0 = 38dBm in ACO-OFDM). Because the
clipping times of O-OFDM symbols in the AISC scheme need to be determined
according to the signal amplitude, the clipping times of the AISC scheme are
less than the traditional ISC scheme when σ2

0 is small. µ does not increase as
σ2
0 when µ = 8. Finally, the O-OFDM systems applying the AISC scheme with

different subcarrier numbers are compared. This illustrates that as the num-
ber of subcarriers increases, it requires more clipping times. For example, in
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Fig. 3 The clipping times of ACO-OFDM system

Fig. 4 The clipping times of DCO-OFDM system

ACO-OFDM, when the symbol variance is from 16dBm to 43dBm, the clip-
ping times is consistently greater for a large number of subcarriers than for a
small number of subcarriers.

3.2 The BER

The theoretical analysis and simulation results of DCO-OFDM and ACO-
OFDM systems with different number of LEDs applying AISC scheme are
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Fig. 5 BER performance with different number of LEDs for DCO-OFDM system

Fig. 6 BER performance with different number of LEDs for ACO-OFDM system

shown respectively in Fig. 5 and Fig. 6. Firstly, it can be observed that the
theoretical and the simulation BER curves match perfectly, which verifies the
correctness of the theoretical analysis of BER. Secondly, it can be noticed that
the BER performance of 4QAM modulation is significantly better than that of
16QAM. Finally, it can be found that the BER performance curves for K=2,
K=4 and K=8 exactly coincide at low variance of the O-OFDM symbols.
This is because σ2

0 is small (i.e., the amplitude of the O-OFDM symbols is
within [Kεbottom,Kεtop]), the required clipping times is less thanK, and it does
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Fig. 7 BER performance comparison of AISC scheme, ASDST scheme and ISC scheme in
ACO-OFDM

Fig. 8 BER performance comparison of AISC scheme, ASDST scheme and ISC scheme in
DCO-OFDM

not generate clipping noise, so the BER does not vary with K. At higher O-
OFDM symbol variance, it can be found that the BER performance is better
as K becomes higher. This is because when K is larger, more OFDM symbols
can be transmitted without distortion, meanwhile OFDM symbols with larger
variance generate less clipping noise during transmission. For example, in the
case of σ2

0 = 44dBm and 4QAM, the BER ofK=8 is about 2.5⇥10−5, the BER
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Fig. 9 EVM performance comparison in 4QAM modulation

of K=4 is about 1.4⇥10−2, and the BER of K=2 is about 4.5⇥10−2 in ACO-
OFDM. However, as the O-OFDM symbol variance continues to increase, the
BER performance degrades significantly. This is because the amplitude of O-
OFDM symbols will exceed [Kεbottom,Kεtop], resulting in the appearance of
clipping noise, and the clipping noise will also increase as σ2

0 increases.
The BER performance of ACO-OFDM and DCO-OFDM systems applying

the ISC scheme , ASDST scheme and the AISC scheme with different QAM
modulation orders and K=8 are compared in Fig. 7 and Fig. 8. Firstly, it
can be found that the BER performance curves of the AISC scheme and the
ASDST scheme at different QAM modulation orders are exactly coincident,
which illustrates that these two schemes have the same BER performance in
ACO-OFDM and DCO-OFDM systems. Next, the BER performance of AISC
scheme is significantly better than that of ISC scheme for ACO-OFDM and
DCO-OFDM systems with different QAM modulation orders when σ2

0 is small.
Which proves that the proposed AISC scheme can significantly improve the
BER performance. In the ISC scheme, O-OFDM symbols with small variance
generate multiple all-zero symbols due to a fixed clipping times. Therefore, the
AWGN noise increases when the symbols are combined at the receiver side,
which makes the BER decrease. However, the AISC scheme eliminates the
all-zero symbols, so the BER is improved.

3.3 The EVM

The EVM[18] performance is compared in Fig. 9 for different number of LEDs.
In ACO-OFDM, when σ2

0 is small, the EVM performance curves with different
number of LEDs are completely matched. This is because when µ < K, OFDM
symbols will not generate clipping noise during transmission. When the OFDM
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Fig. 10 The optical power for AISC scheme and ISC scheme

symbol variance is large, the EVM performance starts to degrade. For example,
when σ2

0 = 24dBm , it can be found that the EVM performance of K=2 starts
to degrade. This is because the OFDM symbols require clipping times starting
to be greater than 2 at this point, which causes the generation of clipping
noise. Moreover, the clipping noise becomes larger as clipping times continues
to increase. In addition, the EVM performance of K=4, K=6 and K=8 starts
to decrease at σ2

0 = 29dBm , σ2
0 = 32dBm and σ2

0 = 36dBm, respectively.

3.4 The Optical Power

The theoretical analysis and simulation curves of the optical power in the
ACO-OFDM and DCO-OFDM systems applying the AISC scheme and ISC
scheme are shown in Fig. 10.

When σ2
0 is small, the optical power of the AISC scheme is significantly

reduced compared to the ISC scheme. This is because in the ISC scheme, the
all-zero symbols that appear consume optical power after adding the DC bias.
However, the AISC scheme eliminates the all-zero symbol using the adaptive
method to avoid the consumption of optical power, thereby improving the
optical power efficiency. It proves that the scheme proposed in this paper has
obvious advantages in saving optical power.

3.5 The Bit Rate

The bit rate curves of ISC scheme, AISC scheme and ASDST scheme with
different QAM modulation orders and K = 4 are shown respectively in Fig.11
and Fig.12. It can be observed that the bit rates of the ISC scheme and the
AISC scheme are exactly equal. This is because the OFDM symbols generated
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Fig. 11 The bit rate of ACO-OFDM systems applying different schemes

Fig. 12 The bit rate of DCO-OFDM systems applying different schemes

in the AISC and ISC schemes are transmitted in parallel through multiple
LEDs simultaneously. Also the bit rate does not vary with the symbol variance.
When σ2

0 is small, because the clipping times of the ASDST scheme is 1,
the bit rates of the ASDST scheme, the AISC scheme and the ISC scheme
are completely equal. The clipping times of the ASDST scheme is constantly
increasing as σ2

0 becomes larger, resulting in a decreasing bit rate. The clipping
times of the ASDST scheme reaches 4 when σ2

0 � 31dBm, it can be found
that the bit rate of the ASDST scheme starts not varying with the O-OFDM
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symbol variance. By comparing Fig.11 and Fig.12, it can be found that ACO-
OFDM and DCO-OFDM have similar trends, and it can also be found that
the bit rate of ACO-OFDM is one-half of that of DCO-OFDM. The simulation
results show that the proposed scheme is effective in increasing the system
transmission rate compared to the ASDST scheme.

4 Conclusion

For the OFDM-based visible light communication system, the adaptive O-
OFDM iterative symbol clipping scheme is proposed to effectively mitigate
the nonlinear distortion caused by the high PAPR characteristics of O-OFDM
symbols and the nonlinear characteristics of LEDs. Without reducing the bit
rate of the conventional ISC scheme, this scheme exploits the adaptive mech-
anism to effectively reduce the clipping times and eliminate all-zero symbols
when the variance of O-OFDM symbols is lower, and it also improves the
efficiency of optical power and enhances the BER performance.
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