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Abstract

With the widespread effective usage of LEDs the visible light communication (VLC) system has brought out an increasing interest in the
field of wireless communication recently. VLC is envisioned to be an appealing substitute to RF systems because of the advantages of
LEDs such as high communication security, rich spectrum, etc. For achieving bearable inter symbol interference (ISI) and high data rates,
OFDM can be employed in VVLC. In this paper, the performance of VLC system with popular unipolar versions of OFDM viz. Flip-OFDM
and ACO-OFDM is analyzed in fading channels. From the simulation results it is seen that the Flip-OFDM-VLC system outperforms the
ACO-OFDM-VLC system in terms of bit error rate and is well suited for future 5G applications.
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1. Introduction

The demand for wireless transmission systems with fast connec-
tions has skyrocketed in the recent years. Radio frequency (RF)
communication is used mostly for wireless communication, espe-
cially for indoor communications [10]. The limitations of the RF
communication systems such as limited bandwidth, regulated fre-
quency spectrum, uncontrolled radiation, etc. [4] are leading to the
necessity of other communication methods. As an effective solution
to achieve wireless connectivity with high data rate, several tech-
niques have been explored. Visible Light technology is an attractive
form of communication for high-speed indoor links [1]-[3].
Visible Light communication (VLC) is envisioned to be an appeal-
ing substitute to RF systems because of the effective usage of light
emitting diodes [1], [9]. VLC can support illumination and commu-
nication simultaneously and offers the benefits of high rates, low
cost, safety, security, and no electronic interference. Therefore,
VLC has been regarded as an important supplement to, or replace-
ment of, traditional RF communication in indoor environments [5]-
[8].To fulfill high-speed transmissions, orthogonal frequency-divi-
sion multiplexing (OFDM),which has been widely used in 4G sys-
tems (e.g., LTE), has also been considered in VLC . However
OFDM symbols are bipolar. Since the intensity modulation with di-
rect detection (IM/DD) is used in VLC systems, the transmitting
signals must be real and nonnegative [1] - [2].Hence the OFDM
symbols should be converted to unipolar format before applying to
a VLC system. Several techniques are available to convert bipolar
OFDM to unipolar. They are DC biased optical OFDM (DCO-
OFDM), PAM-modulated discrete multitone (PAM-DMT), Asym-
metrically Clipped optical OFDM (ACO-OFDM) [1] - [3], [5].
Most popular among them are ACO-OFDM and DCO-OFDM. Re-
cently, a novel technique called Flip-OFDM is proposed [1]-[3].

In Flip-OFDM [4], the real bipolar signal is decomposed into posi-
tive and negative parts [1]- [3], [9], [10] which are extracted from
real bipolar signal by preserving the Hermitian symmetry property

[1]- [3], [10]. The polarity of the negative part is flipped and both
the parts are transmitted over two consecutive OFDM sub frames
[1]-[3]. The Digital Fourier Transform properties and the frame
properties of OFDM are exploited for obtaining the unipolar signal
without biasing [3], [8], [9].

2. Proposed VLC system

This paper deals with the design of an efficient OFDM scheme for
VLC system. Two unipolar versions of OFDM viz. ACO-OFDM
and Flip-OFDM are attempted. Both techniques can be used to
compensate multipath distortion effects in optical wireless chan-
nels.

2.1. ACO-OFDM-VLC transceiver

Asymmetric clipped optical OFDM can reduce the optical power
requirement for a given data rate because no optical power is wasted
in DC-biasing a bipolar OFDM waveform to become unipolar-
negative values are simply set to zero. ACO-OFDM utilizes odd
subcarriers for modulation. At the transmitter (Fig. 1) the 16-bit
random symbols (i.e., random numbers between 0 and 15) is given
as input. These random symbols are then modulated using 16 QAM.
Let M, be the transmitted QAM symbol in the k” subcarrier of

the OFDM. The QAM symbols are mapped onto the first half of

OFDM odd subcarriers, where k =0,1, 2,...,kz—1 and even subcarri-

ers are set to zero, i.e.

k

M. =0 k=012..> (1)

2k
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] 2.2. Flip-OFDM-VLC transceiver

D fsqa The concept of Flip-OFDM is quite similar to ACO-OFDM except
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Fig. 1: ACO-OFDM-VLC Transmitter

th

Thus the DC component and the k? OFDM subcarrier becomes

zero. Hermitian symmetry property is applied to the transmitted
QAM symbols, i. e,

- K _ 2
k=012..,5-1 (2

Where * denotes the complex conjugation. At the g time instant,
the output of the IFFT operation is given by

K

- K o »
m(g):Mo+ZMkexp(’ng+MEexp(j2ng)+zMH exp(’—ng
K=1 2 K

—+1
2

@)
Where K,M_,M ,M, represent the IFFT size, DC component,
QAM symbol of center carrier, the conjugate symmetry of the

QAM symbol M, respectively. M, and  are set to zero in order

k

to avoid any residual complex component or DC shift. The signal
obtained by the IFFT operation has odd symmetry property

m[l]:—m[g +kz} 4)
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Fig. 2: ACO-OFDM-VLC Receiver.

Because of the above odd symmetry property, the clipping of the
negative samples of m[I] without the destruction of the original in-

formation is possible after the parallel to serial conversion and the
cyclic prefix (CP) addition. The clipping of the negative samples of
the signal is done using a negative clipper. The obtained clipped
signal m_(h)is defined as

ifm(h)> 0 (5)

m (h),
Me (h)= ;0, ( ) otherwise
This signal is then transmitted through Rayleigh fading channel. At
the receiver (Fig. 2), after removing the cyclic prefix, FFT of the
signal is found. The output of the odd subcarriers of the first half of
the FFT carriers are then given to QAM demodulator and the orig-
inal data is obtained. In ACO-OFDM, since optical power is not
wasted and power requirement is less.

IFFT operation (Fig.3). Flip-OFDM/U-OFDM has double the ini-
tial latency to decode a single information frame because two con-
secutive frames need to be received in order for the demodulation
process to begin. The FFT size of U-OFDM/Flip-OFDM is half the
FFT size of ACO-OFDM.
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Fig. 3: Flip-OFDM-VLC Transmitter.

Let m[g] repesent the time domain signal at the output of IFFT
block and will be bipolar in nature and can be represented as

mlg]=m"[g]+m"[g] (6)
where the positive part is defined as

m+[g]:{m[g], if m[g]>0 7

0, otherwise

And the negative part is defined as

m‘[g]:{m[g]' if m[g]<0 ®

0, otherwise

The decomposition of real time domain signal is done by using a
polarity separator as shown in Fig. 4. The negative part m[g] is

then flipped (polarity inverted) to obtain —m~[g] using an inverter.

Both the parts are transmitted separately over two consecutive
OFDM frames by using time division multiplexing (TDM). The
positive part is transmitted in the positive OFDM subframe and the
polarity inverted negative part is transmitted in the negative OFDM
subframe.The CP of length « samples is added to each OFDM

subframe. Thus the second OFDM subframe is delayed by (k +«)

samples and hence transmitted after the positive OFDM subframe.
At the reception side (Fig. 4), the received data is de-multiplexed
and the CP is removed from each OFDM sub frame and the polarity
of the second sub frame is inverted by the polarity inverter. The
original bipolar real time signal is obtained as

n[g]=n[g]+n,[g] ©)

The obtained bipolar signal is then converted to parallel form and
is fed to the FFT block. The output of first half of the FFT carriers
is the QAM modulated signal and that of the second half is the com-
plex conjugate of the QAM modulated signal. The QAM modulated
signals are then demodulated to get the original data.
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Fig. 4: Flip-OFDM-VLC Receiver.

3. Simulation, results and discussion

The simulation of the proposed ACO-OFDM-VLC transceiver and
Flip-OFDM-VLC transceiver was done using Matlab software. The
16-bit random digital message was given as input to both. The chan-
nel models used for simulation are Rayleigh with 5 taps and Dop-
pler shift 150Hz and Rayleigh with 2 taps and Doppler shift 80Hz.
In ACO-OFDM, after the 16-QAM modulation of the data, zero
padding was done to make the data of length 32-bit. Here zero pad-
ding was done in an alternate manner, i.e. to the data applied to odd
numbered subcarriers zero padding was performed. Then the con-
jugate of the zero padded QAM modulated data was then taken to
preserve Hermitian symmetry property. Then this signal was fed as
input to the first half (first 64) of the IFFT subcarriers and the con-
jugated zero padded QAM modulated data to the second half (last
64) of the IFFT subcarriers. After converting to time domain, the
signal was converted from parallel to serial form. The 16-bit cyclic
prefix (CP) was then added at the end of the serially converted data
and the negative samples of the data are clipped by using a negative
clipper and then transmitted.

In Flip-OFDM, after the QAM modulation, zero padding was per-
formed at the end of the data for all subcarriers. Then the conjugate
of the zero padded QAM modulated data was then taken to preserve
Hermitian symmetry property. Then this signal was fed as input to
the first half (first 64) of the IFFT subcarriers and the conjugated
zero padded QAM modulated data to the second half (last 64) of the
IFFT subcarriers. The output of the IFFT block is converted to serial
form and was decomposed into positive and negative parts using
the polarity separator and the polarity of the negative parts are
flipped. The 8-bit CP is then added to both positive and flipped neg-
ative parts and are time division multiplexed and are transmitted.
The bit error rate (BER) performance of the proposed schemes is
plotted in Fig. 7. It is seen that the BER of Flip-OFDM is lower
compared to ACO-OFDM system in fading channels.
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Fig. 5: ACO-OFDM Transmitted Signal.
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FIG. 6: FLIP-OFDM Transmitted Signal.

4. Conclusion

This paper focuses on designing an efficient transmission scheme
for VLC using OFDM. The performance of VVLC system with pop-
ular unipolar versions of OFDM viz. Flip-OFDM and ACO-OFDM
is analyzed. From the simulation results it is seen that the Flip-
OFDM-VLC system outperforms the ACO-OFDM-VLC system in
terms of BER. At a SNR of 20dB, the BER of Flip-OFDM OWC
system is 0.0928 and that of ACO-OFDM OWC system is 0.1835.
Also, it is seen that the VLC system employing OFDM can provide
high data rate. Even though the hardware complexity of Flip-
OFDM-VLC system is slightly higher compared with the ACO-
OFDM-VLC system, Flip-OFDM scheme is the best transmission
scheme for the VLC system because of its high data rate and re-
duced bit error rate performance.
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Fig. 7: Bit error rate comparison of ACO-OFDM and flip-OFDM VLC sys-
tem.
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