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Abstract—In this work, we study probabilistic shaping (PS)
for optical wireless communications and apply the technique to
wavelength division multiplexing (WDM) based visible light com-
munication (VLC). The performance of the proposed scheme is
validated with an experimental demonstration. The experimental
set up uses lenses to collimate the light beam for triple LEDs.
The system parameters of the WDM based VLC system are then
optimised, the channel response measured, and PS based symbols
are allocated to the individual orthogonal frequency division
multiplexing (OFDM) subcarriers. For the channel conditions
under consideration, PS resulted in a near Shannon capacity
transmission rate of 10.81 Gb/s. Comparatively, the PS resulted
in 25 % higher transmission rate than the widely used adaptive
bit-power loading algorithm under the same channel conditions.

Index Terms—Probabilistic shaping (PS), adaptive bit-power
loading, orthogonal frequency division multiplexing (OFDM), vis-
ible light communication (VLC), light fidelity (LiFi), wavelength
division multiplexing (WDM).

I. INTRODUCTION

V ISIBLE light communication (VLC), based on light-
emitting diodes (LEDs), is an emerging optical wireless

communication (OWC) technology that operates in the visible
light spectrum and leverages the existing lighting infrastruc-
tures for communication. Additionally, energy-efficient, low
cost and widely available front-end devices enable VLC to
attract increasing interest for indoor wireless connectivity [1],
[2].

Despite a huge unlicensed optical spectrum, the −3 dB mod-
ulation bandwidth of commercially available LEDs is limited
to only a few MHz [2], [3]. Moreover, the overall frequency
response of a VLC system is frequency-selective due to the
limited modulation bandwidth of LEDs and front-end devices
[4], [5]. Hence, for high-speed VLC, it is incumbent to operate
beyond the −3 dB modulation bandwidth of LEDs. This can
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be achieved by implementing appropriate signal processing
techniques at the transmitter and/or the receiver such as pre-
coding and equalisation [6], [7]. Orthogonal frequency division
multiplexing (OFDM) is a convenient modulation scheme
for this as it offers efficient use of the available spectrum
and it is robust against channel frequency selectivity [8]. It
also allows for low-complexity single-tap equalisers in the
frequency domain. Most prominently, it enables allocation of
bits and power on the individual subcarrier, depending on the
frequency response/gain per subcarrier of the communication
link [3]. This has led to high data rate transmissions using a
single LED [3], [9], [10]. A wavelength division multiplexing
(WDM) based VLC has also been explored for higher data
rates in [11]–[13]. All these studies consider adaptive bit
loading with OFDM. In adaptive bit-power loading, discrete
integer level bits per symbol are allocated onto each subcarrier.
But this does not provide the best possible fit to the channel
frequency response. Thus, there still exists a capacity gap to
the channel capacity limit as formulated by Shannon [14].

A data rate close to the capacity of an additive white
Gaussian noise (AWGN) channel, under the power constraint
of a transmitter, can be realised when the channel is fed by
a Gaussian source [15]. This can be attained by applying a
probabilistic shaping (PS) to quadrature amplitude modulation
(QAM) symbols, which gives a Gaussian-like distribution
over the input constellation [16]. Thus, low energy symbols
are transmitted more frequently than high energy symbols.
Consequently, in PS, data symbols are no longer uniformly
distributed but are assigned different probabilities of occur-
rence. This is realised by using a distribution matcher, such as
constant composition distribution matcher (CCDM), proposed
in [17]. The distribution matcher maps input bits into non-
equiprobable symbols with the desired distribution. As such,
with PS, continuous entropy allocation is possible to utilise
the available bandwidth efficiently [18].

There are some efforts toward using PS to enhance the
achievable information rate (AIR) of a single LED based
VLC system. Error performance of a DC-biased optical
OFDM communication system employing PS and uniformly
distributed symbols is presented through Monte Carlo simu-
lations in [19]. In [20], a single LED VLC with PS based
OFDM is reported. However, despite the channel’s capacity
to accommodate higher modulation orders, the work is limited
to the PS with 256-QAM (PS-256-QAM).Besides, subcarriers
that are assigned to a group with the same QAM modulation
order in the bit-loading scheme, are allocated with the same
entropy in PS-256-QAM. This is contrary to the continuous
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entropy allocation that should fit the channel SNR response.
A laser diode (LD)-based underwater OWC applying OFDM
with PS-256-QAM has also been demonstrated to improve
transmission capacity in [21]. A similar approach with LD-
based VLC system using higher-order format (PS-1024-QAM)
is also reported in [22].

In this work, we demonstrate in an experiment a WDM
based VLC system with PS and OFDM. The demonstration
uses three (red, green, and blue) off-the-shelf LEDs. In the
experiment, the PS is validated and compared with the bit-
power loading scheme. Our results show that with PS, the
capacity can be increased by over 25 % compared to the bit-
power loading approach.

The remainder of the paper is organised as follows. In
Section II, the framework of PS and the principle of adaptive
entropy loading using PS in optical OFDM is discussed. In
Section III, the experimental demonstration of PS in WDM
based VLC system is presented. Finally, concluding remarks
are provided in Section IV.

II. SYSTEM DESCRIPTION AND PERFORMANCE ANALYSIS

In this section, the basics of generating PS QAM symbols
is presented. The principle of adaptive entropy loading em-
ploying PS for optical OFDM is also detailed.

A. Probabilistic Shaped QAM Signal

An 𝑀-QAM symbol can be represented by its in-phase
and quadrature components. In each symbol interval, 𝑇s,
these information-bearing signal amplitudes are chosen in-
dependently from a set comprising

{
2𝑖 − 1 −

√
𝑀

}
, 𝑖 =

1, 2, · · · ,
√
𝑀 . For a square 𝑀-QAM, where log2 𝑀 is even,

its constellation is therefore composed of two orthogonal
pulse-amplitude modulation (

√
𝑀-PAM) constellations. This

means that every QAM symbol can be considered as two
PAM symbols with constellation points taken from 𝜒 ={
𝑥1, 𝑥2, · · · , 𝑥√𝑀

}
. In PS, a common approach to maximise

the channel capacity is to use shaped input distribution from
the family of Maxwell-Boltzmann (MB) distribution [15], [23].
For

√
𝑀-PAM, the corresponding MB distribution probability

mass function (PMF) 𝑃𝑋 (𝑥𝑖) can be written as:

𝑃𝑋 (𝑥𝑖) =
1∑√

𝑀
𝑗=1 e−_|𝑥 𝑗 |2

e−_ |𝑥𝑖 |
2
, (1)

where _ is a rate parameter used to search for the optimum
PMF that maximises capacity. Note that, the PMF becomes
uniform distribution when _ = 0 and as _ increases, the
constellation distribution becomes Gaussian with reduced vari-
ance. The PMF of the 𝑀-QAM constellation is the product
of the respective constituent PAM probabilities. To illustrate,
Fig. 1 shows the PMF of PS-8-PAM with _ = 0.0408 and the
corresponding PS-64-QAM distribution.

B. Adaptive Entropy Loading for Optical OFDM

Various forms of OFDM modulation schemes have been
proposed for VLC [8]. These modulation techniques should

0

0.05

0.1

0.15

0.2

0.25

p
ro

b
a
b
ili

ty

-7 -5 -3 -1 1 3 5 7

amplitude

(a) PMF of PS-8-PAM (b) PMF of PS-64-QAM

Fig. 1. Graphical illustration of PS-64-QAM generated from its one dimen-
sional constitute PS-8-PAM with _ = 0.0408.

satisfy the requirement of intensity modulation (IM) to gen-
erate real and unipolar LED modulating signal. A DC-biased
optical OFDM (DCO-OFDM) is one of the most widely used
spectrally efficient optical OFDM modulation schemes. In
DCO-OFDM, a direct current bias is added to generate a
unipolar signal. Furthermore, to realise real-valued OFDM
waveform, Hermitian symmetry is imposed on the subcarriers
of the OFDM frames such that 𝑋 [𝑘] = 𝑋∗ [𝑁FFT − 𝑘] and
𝑋 [0] = 𝑋 [𝑁FFT/2] = 0 where 𝑁FFT is the number of
subcarriers, and 𝑘 is the subcarrier index [24], [25].

The response of a VLC channel is frequency-selective which
due to the limited modulation bandwidth of LEDs, and the
channel itself [5]. Consequently, different subcarriers/subbands
have different SNR values. Applying a fixed-rate OFDM by
allocating QAM signal with a fixed modulation order, to all
subcarriers leads to underestimating the channel capacity [9].
Alternatively, the entropy of the system should be allocated
adaptively for each subcarrier in order to maximise the AIR.
This is attained by estimating the available SNR of each
subcarrier, SNR𝑘 , prior to the actual data transmission. In
the following subsections, the principles of entropy allocation
using the adaptive bit-power loading and PS as well as
performance comparison metrics are presented.

1) Adaptive bit-power loading based optical OFDM: In
the bit-power loading scheme, the estimated SNR𝑘 is used to
adaptively assign the subcarriers with different QAM formats.
It allows for higher modulation orders to be used in the
subcarriers with higher estimated SNR. This is achieved while
ensuring the target probability of error, 𝑃T

𝑏
is below the

forward error correction (FEC) limit of 3×10−3. The adaptive
bit-power loading which is based on the Levin-Campello
algorithm [26], involves the following optimisation on each
OFDM subcarrier:

maximise 𝑚𝑘 = log2 𝑀𝑘 (2a)

subject to BER (𝑀𝑘 , SNR𝑘) ≤ 𝑃T
𝑏 (2b)

𝑁FFT
2 −1∑︁
𝑘=1

a2
𝑘 = 𝑁act. (2c)

Here, 𝑚𝑘 is the number of bits/symbol per subcarrier, 𝑁act is
the number of active data subcarriers with 𝑚𝑘 > 2 bits/symbol,
a2
𝑘

is the power loading factor, and BER (𝑀𝑘 , SNR𝑘) given by
(3) [27], is the theoretical BER of 𝑀𝑘-QAM for subcarrier 𝑘
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with SNR𝑘 .

BER (𝑀𝑘 , SNR𝑘) ≈
4

log2 𝑀𝑘

(
1 − 1

√
𝑀𝑘

)
×

2∑︁
𝑙=1

𝑄

(
(2𝑙 − 1)

√︂
3SNR𝑘

𝑀𝑘 − 1

)
. (3)

Here, 𝑄 (·) denotes the Gaussian 𝑄-function.

2) PS Based Optical OFDM: The adaptive bit-power load-
ing technique applies discrete integer level bit allocation onto
each subcarrier which is not a perfect fit for the channel
frequency response. However, PS based entropy loading can
provide a better fit to the channel response and thus approach
the channel capacity limit [28]. For PS based optical OFDM
scheme, different probabilistic constellation distributions with
a fixed modulation order, 𝑀-QAM symbols are applied to in-
dividual subcarriers based on the pre-estimated SNR. Assum-
ing that the PS-𝑀-QAM constellation points are taken from
𝜒 = {𝑥1, 𝑥2, · · · , 𝑥𝑀 } with PMF 𝑃𝑋 (𝑥𝑖), and a channel
capacity 𝐶𝑘 , this optimisation process can be expressed as
follows:

minimise

�������−
𝑀𝑘∑︁
𝑖=1,
𝑥𝑖 ∈𝜒

𝑃𝑋 (𝑥𝑖) log2 𝑃𝑋 (𝑥𝑖) − 𝐶𝑘

������� (4a)

subject to 𝐶𝑘 = log2 (1 + SNR𝑘) . (4b)

In this work, the constant composition distribution matcher
(CCDM), proposed in [17], is utilised to map input informa-
tion bits to probabilistically shaped symbols and realise the
above optimisation process. A square PS-𝑀-QAM signal is
generated by using two orthogonal

√
𝑀-PAM symbols that

represent real and imaginary parts of the 𝑀-QAM symbol as
discussed in section II-A.

C. Generalised Mutual Information

Generalised mutual information (GMI) is an effective per-
formance metrics to accurately represent the achievable infor-
mation rate of a system with ideal binary soft-decision (SD)
decoding [29], [30]. Moreover, normalised GMI (NGMI) is
regarded as a reliable SD-FEC threshold for uniform as well as
for probabilistically shaped QAM, which is given by NGMI =
1−(𝐻 − GMI) /log2 𝑀 , where 𝐻 represents the entropy of PS-
𝑀-QAM [29]. For uniform 𝑀-QAM, 𝐻 = 𝑚 = log2 𝑀 [29].
The required amount of ideal FEC overhead (OH) to achieve
error-free post-FEC can also be inferred from the NGMI using
(1 − NGMI)/NGMI [20]. For a multicarrier system, which is
the focus of this work, the average NGMI is used. Therefore,
GMI and NGMI can be used to compare the transmission
capacity performance and the required FEC OH for both
uniform 𝑀-QAM and PS-𝑀-QAM.

For an auxiliary AWGN channel with independent and
identically distributed discrete input, 𝑋 = [𝑋1, 𝑋2, · · · , 𝑋𝑁 ]
and the corresponding output, 𝑌 = [𝑌1, 𝑌2, · · · , 𝑌𝑁 ], the GMI
can be calculated through Monte Carlo simulations of 𝑁

samples as [23]:

GMI ≈ 1
𝑁

𝑁∑︁
𝑛=1

[
− log2 𝑃𝑋 (𝑥𝑛)

]
− 1

𝑁

𝑁∑︁
𝑛=1

𝑚∑︁
𝑖=1

[
log2

(
1 + e(−1)𝑏𝑛, 𝑖Λ𝑛, 𝑖

)]
, (5)

where the first term in (5) is the entropy of the constellation,
and the second term calculates the impact of channel noise
from measured channel statistics and the probabilistic distribu-
tions. 𝑏𝑛, 𝑖 ∈ {0, 1} is the 𝑖th bit of the 𝑛th transmit symbol, and
the soft bit-wise demapper output Λ𝑛, 𝑖 , are the log-likelihood
ratios (LLRs) computed with 2D Gaussian auxiliary channel
as [23]:

Λ𝑛,𝑖 = log

∑
𝑥∈𝜒𝑖

1
e−

|𝑦𝑘−𝑥 |2
2𝜎2 𝑃𝑋 (𝑥)∑

𝑥∈𝜒𝑖
0
e−

|𝑦𝑘−𝑥 |2
2𝜎2 𝑃𝑋 (𝑥)

, (6)

where 𝜒𝑖
1 and 𝜒𝑖

0 denote the set of constellation points whose
𝑖th bit is 1 or 0, respectively. 𝜎2 is the noise variance of the
AWGN channel.

Once the GMI of each subcarrier is evaluated from the mea-
sured channel statistics and the distributions of the received
symbols using (5), the overall data rate of the VLC system is
obtained as:

𝑅b =

∑ 𝑁FFT
2 −1

𝑘=1 GMI𝑘
𝑁FFT + 𝑁CP

× 𝑅s, (7)

where 𝑅s is the symbol rate, and 𝑁CP is the cyclic prefix size.
Note that the data rate in (7) is an aggregate data rate before
removing the FEC OH and we assume an ideal FEC.

III. EXPERIMENTAL DEMONSTRATION

This section details the experimental setup and results
that demonstrate the performance comparison of adaptive bit-
power loading and PS in a WDM based VLC system.

A. Experimental Setup

The system block diagram along with the picture of the
setup in the lab is shown in Fig. 2. The signal generation
and detection process of DCO-OFDM is implemented in
MATLAB. In the transmitter side, a stream of binary input
is generated and then mapped into 𝑀-QAM symbols. In
the bit-power loading scheme, different QAM formats are
applied at each subcarrier based on the pre-estimated SNR.
For the PS based OFDM system, a fixed 𝑀-QAM with
different probabilistic constellation distributions is applied.
Hermitian symmetry is imposed, and each symbol is loaded
into orthogonal subcarriers by applying an inverse fast Fourier
transform (IFFT). The OFDM frame size is set to 𝑁FFT = 2048
subcarriers. Cyclic prefixes (CPs) are inserted at the start of
each OFDM frame. A value of 𝑁CP = 5 is found to be
sufficient for the intersymbol interferes (ISI) to be removed
[10], [31]. The symbols can then be multiplexed into serial
time-domain output. The waveform pattern is then uploaded to
an arbitrary waveform generator (AWG: Keysight M8195A).
The sampling rate of the AWG is set to 16 GSa/s. Note
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Fig. 2. Experimental setup with the picture of the set-up at the transmitter and receiver sides, and signal generation and detection DSP steps.

that the modulating signals, for the three colours, are gen-
erated using different seeds and are thus independent of each
other. Each output signal from the AWG is amplified (Amp1,
Amp2, Amp3: Mini-Circuits ZHL-1A-S+) and fed into Bias-
Tees (Mini-Circuits ZFBT-4R2GW+) which superimpose the
OFDM signal with the DC bias current. Each bias-tee output
is used to drive off-the-shelf red, green, and blue (598-8D10-
107F, 598-8081-107F, 598-8D90-107F) micro-LEDs which
have dominant wavelengths of 630 nm, 525nm, and 470nm,
respectively. Since the half-power semi-angles of the LEDs
are wide (i.e. about 70◦), aspherical condenser lenses (L1, L2,
L3: Thorlabs ACL4532) are used to collimate the output light
from individual transmitters. The modulated output signals of
all three colours of LEDs are combined with dichroic mirrors
as shown in Fig. 2. The first dichroic mirror (DM1: Thorlabs
DMLP605L), which has a 620 - 800 nm transmission band
and 605 nm cut-on wavelength, transmits red while reflecting
the green signal. Another dichroic mirror (DM2: Thorlabs
DMLP490L), with 505 - 800 nm transmission band and 490
nm cut-on wavelength, passes red and green while reflecting
the blue signal. At this level, a combination of the red, green,
and blue collimated light signal is attained.

The receiver is 50 cm away from the transmitter. It consists
of the same configuration of dichroic mirrors to separate and
send each colour to its respective photoreceiver. One dichroic
mirror (DM3: Thorlabs DMLP490L) reflects the blue light
while the other (DM4: Thorlabs DMLP605L) separates the
green. Aspherical condenser lenses (L4, L5, L6: Thorlabs
ACL50832) are used to focus the light into the active de-
tection area of photodetectors (PD: New Focus 1601 AC).
The receiver has a −3 dB bandwidth of 1 GHz and a built-
in transimpedance amplifier (TIA) with a gain of 700 V/A.
The output signal of each receiver is captured by using the
three channels of a high-speed oscilloscope (OSC: Keysight
MSO7104B) sampling at 4 GSa/s and followed by signal
processing in MATLAB. The received waveform from the
oscilloscope is resampled and symbols synchronised. The CPs
are then removed and the symbols demodulated.
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Fig. 5. Entropy allocation per subcarrier in PS and bit-power loading for red, green, and blue links.

In the experiment, the channel response and available
SNR of each subcarrier, SNR𝑘 , are estimated using pilots
composed of multiple 4-QAM based OFDM frames. The
SNR for each OFDM subcarrier is obtained by evaluating
the error vector magnitude (EVM) of the received pilot 4-
QAM signal [32]. Note that, in PS based OFDM, 1024-QAM
symbols are mapped into individual subcarriers for the red
and blue links while 256-QAM is used in the green link.
The PS-𝑀-QAM symbols are generated from two orthogonal√
𝑀-PAM symbols. The choice of this higher modulation

order allows utilising the available channel to the full extent.
However, it comes with a requirement of a greater number of
sample points which goes beyond the memory depth of the
available oscilloscope. Consequently, the GMI performance
of PS based system is evaluated offline from experimentally
measured channel response. To carry out a fair comparison,
this offline performance measurement is repeated to the bit-
power loading technique and used to make a comparison with
the PS technique.

B. Experimental Results and Discussions

The WDM VLC data transmission is performed at a symbol
rate, 𝑅s = 1.4 GBaud. The DC bias point of the LEDs is
a significant parameter of the experiment. For each LED,
the optimum driving point is determined by minimising the
possible signal distortion while the information bits to be
loaded is maximised. Details of the DC bias optimisation
process can be found in [33]. Accordingly, the DC bias of the
red, green, and blue LEDs are found as 45 mA, 50 mA, 45
mA at which the −3 dB modulation bandwidths are 22 MHz,
32.4 MHz, and 51.5 MHz, respectively. Through an iterative
process, the optimum values of modulating signal amplitude
which maximise the SNR responses of the red, blue, and
green LED links are found to be 450 mVpp, 350 mVpp, and
200 mVpp, respectively.

Fig. 3 shows the overall SNR response of the system
per subcarrier index at these optimum DC bias point and
Vpp. For all measurements, SNR drop is observed at some
subcarrier index due to nonlinear harmonic distortion in the
system. Despite reducing the number of bits that could be
loaded onto these subcarriers, it does not affect the system
error performance as bits are allocated based on the estimated

SNR. All the links exhibit comparable SNR responses in all
frequency ranges.

The overall frequency response in terms of the channel gain
of the system for each colour is also presented in Fig. 4. The
amount of optical power detected by individual photodetectors
is important to the channel gain. Even though the amount of
optical cross-talk is found to be minimal, a substantial portion
of power is lost due to the dichroic mirrors. The optical power
detected by the red, green, and blue receivers with the dichroic
mirrors in the setup is found to be only 91 %, 89 %, and 95 %
of the setup without the dichroic mirrors, respectively.

The adaptive bit allocated per subcarrier and the rate used in
the PS schemes for each of the links is shown in Fig. 5. The
entropy of the bit-power loading system takes only discrete
integers. For red, green, and blue links a maximum of 8
bit/symbol, 7 bit/symbol, and 8 bit/symbol are allocated.
Besides, for red, green, and blue links 902, 953, and 857 data
subcarriers, respectively, are loaded with at least two or more
bit/symbol. The PS scheme is set to take continuous entropy
values equal to the corresponding channel capacities. A fixed
1024-QAM signal level is applied in all subcarriers to both
red and blue links, as these links can have above 8 bit/symbol
entropy. Meanwhile, the green link can allocate just below 8
bit/symbol with which 256-QAM is employed.
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Fig. 7. Measured GMI per subcarrier in PS and bit-power loading based OFDM schemes for red, green, and blue links.
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Fig. 8. NGMI per subcarrier in PS and bit-power loading based OFDM schemes for red, green, and blue links.

The graphical illustration of the PS-256-QAM signal em-
ployed to the green link at four different subcarriers is shown
in Fig. 6. For the higher subcarriers, the distribution becomes
becomes Gaussian with reduced variance since the entropy
decrease, and the probability of occurrence of outer point may
also converge to zero.

The performance of the bit-power loading and PS schemes
is analysed by evaluating the GMI values in each of the
colours. These GMI results at different subcarriers applying
bit-power loading and PS are shown in Fig. 7 for each
colour. The GMI of Shannon’s channel capacity of each link
based on additive white Gaussian noise (AWGN) channel
is also presented as a reference. In all three links, the PS
based OFDM technique approaches Shannon’s capacity, while
the bit-power loading exhibits a gap to the capacity limit
across all subcarriers. The NGMI result per subcarrier for
each colour is also shown in Fig. 8. The PS has the highest
and almost consistent NGMI values with average NGMI =
{0.9757, 0.9712, 0.9760} while for the bit-power loading
the average NGMI = {0.9362, 0.9400, 0.9391} for the red,
green, and blue links, respectively. The corresponding FEC
OH requirement in each scheme for each colours is shown in
Table I.

In terms of data rate, in PS, an aggregate data rate of 10.81
Gb/s is achieved. This is only with under 3 % overall FEC OH
requirement. The aggregate net data rate after the FEC OH
reductions in each colour is 10.52 Gb/s. Meanwhile, using
bit-power loading, only 8.60 Gb/s aggregate data rate with

approximately 7 % overall FEC OH requirement is attained.
The net data rate after the FEC OH reduction is 8.04 Gb/s. The
summary of data rates achieved in each scheme for each colour
is shown in Table I. The result indicates that PS improves
the capacity by almost 25.7 % (which is about 30.8 % if
the net data rate is considered) compared with the bit-power
loading scheme and with a lower FEC overhead requirement.
At the same FEC overhead of 3 %, the gain is even higher
at over 45.1 %. These results clearly demonstrate that the
VLC information rate can be enhanced substantially with the
application of PS and WDM.

TABLE I
SUMMARY OF DATA RATE AND FEC OH RESULTS

Data Rate (Gb/s) FEC OH (%) Net Rate (Gb/s)
BPL PS BPL PS BPL PS

Red 2.84 3.61 6.81 2.49 2.65 3.52
Green 2.99 3.65 6.38 2.97 2.80 3.54
Blue 2.77 3.55 6.48 2.46 2.59 3.46

Aggregate 8.60 10.81 — 8.04 10.52

IV. CONCLUSION

In this work, we have studied probabilistic shaping for
WDM based VLC systems by independently modulating three
LEDs of different colours for parallel and simultaneous data
transmission. The proposed scheme is validated with an ex-
perimental demonstration whereby the output light of LEDs
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is collimated using lenses to focus the incident optical power
on the respective photodetectors. Unlike the bit-power loading
optimisation method, PS provides continuous entropy loading
that makes efficient use of the available bandwidth well beyond
the −3 dB point. The PS scheme results in an aggregate AIR
of 10.81 Gbps, a 25.7 % increase over the bit-power loading
approach. The results demonstrate that PS can be utilised to
closely approach the VLC system capacity and maximise the
achievable information rate.
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