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The paper presents a hybrid Power Line Communication–Visible Light 
Communication (PLC–VLC) system for indoor broadband connectivity using 
convolutionally coded 16-QAM OFDM in the PLC backbone and DCO-OFDM 
in the VLC downlink. The system is modeled in MATLAB, incorporating 
frequency-selective PLC channel characteristics and indoor optical 
propagation with both line-of-sight (LOS) and non-line-of-sight (NLOS) 
components. A 6 m × 6 m × 3 m room with four ceiling-mounted LED arrays 
is evaluated in terms of received optical power, RMS delay spread, 
illuminance, and achievable data rate. Simulation result are indicated a 
maximum received optical power of 658.52 μW, an RMS delay spread of 3.03 
ns, and a maximum data rate of 75.7 Mbps. These results are demonstrated 
that the proposed PLC–VLC architecture can provide reliable, energy-
efficient, and cost-effective indoor wireless communication for smart 
building and IoT applications. 
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A. Introduction 
The rapid growth of Internet of Things (IoT) applications, smart buildings, 

and next-generation indoor networks has increased the demand for reliable, high-
capacity, and energy-efficient communication systems [1], [2]. Although radio-
frequency (RF) technologies remain the dominant solution for indoor connectivity, 
their performance is increasingly constrained by spectrum congestion, 
electromagnetic interference, and security concerns in dense environments [3], 
[4]. These limitations have motivated the exploration of alternative 
communication technologies that can utilize existing infrastructures while 
providing enhanced performance. 

Power Line Communication (PLC) is a cost-effective technology that enables 
broadband data transmission through existing electrical wiring networks [5]. 
However, PLC channels suffer from frequency-selective attenuation, multipath 
propagation, impedance mismatches, and noise generated by electrical devices, 
which can significantly degrade communication reliability [6]. To overcome these 
impairments, Orthogonal Frequency Division Multiplexing (OFDM) is widely 
adopted because of its robustness against multipath fading and efficient spectrum 
utilization [5], [6]. 

Visible Light Communication (VLC) has emerged as a promising optical 
wireless technology that employs light-emitting diodes (LEDs) for simultaneous 
illumination and data transmission [7], [8]. VLC offers abundant unlicensed 
bandwidth, immunity to electromagnetic interference, and improved 
communication security [8], [9]. Among optical OFDM techniques, Direct Current 
Biased Optical OFDM (DCO-OFDM) is widely used due to its high spectral efficiency 
and compatibility with intensity modulation and direct detection (IM/DD) systems 
[1], [7]. 

Recent studies have investigated the integration of PLC and VLC technologies 
to exploit their complementary advantages [4], [10]. In such architectures, PLC 
serves as a wired backbone network, while VLC provides wireless optical access to 
end users. Previous research has demonstrated the feasibility of hybrid PLC–VLC 
transmission and highlighted the potential of integrated communication systems 
for indoor broadband applications [4]. Other studies have focused on VLC channel 
modeling, DCO-OFDM optimization, adaptive modulation, and coding techniques to 
improve system performance [1], [3], [7]. 

Despite these advances, existing studies mainly investigate PLC and VLC 
subsystems separately. Limited research has considered a complete end-to-end 
PLC–VLC framework incorporating coded OFDM transmission, realistic PLC 
multipath channels, and indoor VLC propagation under both line-of-sight (LOS) 
and non-line-of-sight (NLOS) conditions [4], [10]. Furthermore, the combined 
impact of PLC channel impairments and optical wireless propagation on overall 
system performance remains insufficiently explored in the existing literature [4], 
[10]. A comprehensive end-to-end evaluation is therefore required to assess the 
practical feasibility and reliability of integrated PLC–VLC networks for future 
indoor broadband applications. 

Motivated by these challenges, the paper is presented a hybrid PLC–VLC 
communication system based on convolutionally coded OFDM and DCO-OFDM 
transmission. The PLC subsystem is employed the Zimmermann–Dostert multipath 
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channel model with additive white Gaussian noise (AWGN) and power-line 
interference, while the VLC subsystem incorporates LOS and NLOS optical 
propagation based on Lambertian radiation characteristics. MATLAB simulations 
are conducted to evaluate end-to-end system performance in terms of bit error 
rate (BER), received optical power, illuminance distribution, RMS delay spread, 
and achievable data rate. 

The main contributions of the work are as follows. First, a complete end-to-
end hybrid PLC–VLC framework integrating coded OFDM and DCO-OFDM 
transmission is developed. Second, realistic PLC and VLC channel models are 
incorporated to represent practical deployment conditions. Third, key 
communication and illumination performance metrics, including BER, received 
optical power, illuminance distribution, RMS delay spread, and achievable data 
rate, are comprehensively evaluated. Finally, the obtained results provide insights 
into the feasibility of utilizing existing electrical and lighting infrastructures for 
future smart-building and IoT communication systems. 

The remainder of the paper is organized as follows. Section B presents the 
proposed hybrid PLC–VLC system model and channel formulations. Section C 
discusses the simulation setup and performance evaluation results. Finally, Section 
D concludes the paper and outlines future research directions. 

 
B. Research Methodology 

The proposed hybrid PLC–VLC system are combined the extensive coverage 
of power line communication (PLC) networks with the high-bandwidth capabilities 
of visible light communication (VLC) to provide reliable indoor broadband 
connectivity. As shown in Fig. 1, the system consists of a PLC backbone link, an 
intermediate PLC–VLC gateway, and a VLC access link, forming an end-to-end 
communication framework that utilizes existing electrical wiring and lighting 
infrastructures. 
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Figure 1. The Flow Diagram of OFDM Based PLC-VLC System [4] 
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At the transmitter, the source data are encoded and modulated using a coded 
OFDM scheme before being transmitted through the PLC channel. The PLC 
segment serves as the backbone network, delivering data over power lines while 
exploiting OFDM to mitigate the effects of multipath propagation and frequency-
selective attenuation. At the gateway, the recovered PLC signal is converted into an 
optical OFDM signal and forwarded to the VLC transmitter. 

The VLC segment employs an LED-based optical wireless link to provide last-
meter access to end users. The transmitted optical signal propagates through the 
indoor environment via both line-of-sight (LOS) and reflected non-line-of-sight 
(NLOS) paths before being detected by a photodetector at the receiver. The 
received signal is subsequently demodulated and decoded to recover the original 
information sequence. 

The cascaded architecture enables a comprehensive evaluation of the 
combined effects of PLC and VLC channel characteristics on end-to-end system 
performance. By integrating both communication technologies within a unified 
framework, the proposed system facilitates the analysis of transmission reliability, 
optical coverage, delay dispersion, and achievable data rate under realistic indoor 
operating conditions. 

 
B.1. PLC Transmission Model 

The PLC subsystem constitutes the backbone communication link of the 
proposed hybrid PLC–VLC system, enabling broadband data delivery through 
existing power-line infrastructure. To ensure reliable transmission over 
frequency-selective PLC channels, a convolutionally coded 16-QAM OFDM scheme 
is adopted. The transmitted signal undergoes channel encoding, symbol mapping, 
and OFDM modulation before propagating through a multipath PLC channel 
characterized by frequency-dependent attenuation, signal reflections, and noise 
disturbances. In addition to channel-induced distortions, the received signal is 
affected by both additive white Gaussian noise (AWGN) and impulsive interference 
generated by connected electrical devices, thereby impacting the end-to-end 
system performance. 

Let b = [b0, b1, b2, ...] denote the input binary information sequence of length 
(L). The information bits are first encoded using a convolutional encoder with 
coding rate (Rc), yielding the coded sequence,  

c = Ԑ(b) (1) 
 
where Ԑ(⋅) represents the convolutional encoding operation. The coded bits 

are then grouped into blocks of four bits and mapped onto 16-QAM constellation 
symbols according to Gray labeling. Following serial-to-parallel conversion, the 
frequency-domain OFDM symbol vector is expressed as 

X = (X0, X1, X2,…,XN-1)        (2) 

 
where N denotes the number of OFDM subcarriers and Xk represents the 

complex symbol assigned to the kth subcarrier. An N-point inverse fast Fourier 
transform (IFFT) is applied to convert the frequency-domain symbols into the 
time-domain OFDM signal 
   

N-11 j2πkn/N
x(n) = X(k)e n = 0, 

0

1, 
N

2, ,    …

k=

N-1
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              (3) 
where x (n) is time-domain OFDM sample at time index n, N means the number of  

sub-carriers, X(k) is the frequency-domain symbol at subcarrier index k, ej2πkn/N is 
the complex exponential term representing sinusoidal basis functions.  

The CP length is chosen to exceed the maximum excess delay of the PLC 
channel, thereby preserving subcarrier orthogonality. The transmitted signal with 
CP is given by 

   xCP(n) = [x(N-NCP),…, x(N-1), x(0), …, x(N-1)]      (4) 
  
To mitigate inter-symbol interference (ISI) caused by multipath propagation, 

a cyclic prefix (CP) is appended to each OFDM symbol by copying the last (NCP) 
samples and inserting them at the beginning of the symbol. The resulting OFDM 
signal is then superimposed onto the power-line voltage waveform for 
simultaneous power delivery and data transmission. The transmitted PLC signal 
can be expressed as: 

               (5) 
 
where (Ap) denotes the amplitude of the AC power signal, (fp) is the power-

line frequency (50 Hz), (t) represents the sampling interval, (Ts) denotes the 
sampling interval and [xOFDM(n)] is the time-domain OFDM signal. The resulting 
waveform simultaneously carries electrical power and communication data over 
the same transmission medium. 

 The superimposed signal propagates through the power-line network, which 
is characterized by multipath propagation arising from impedance mismatches, 
branch connections, and load discontinuities. To accurately model these effects, 
the widely adopted Zimmermann–Dostert multipath channel model is employed 
[5]. The channel frequency response is expressed as 
               (6) 

 
 
where (Np) denotes the number of propagation paths, (gi) is the weighting 

coefficient of the (i)th path, (di) represents the propagation distance, (τi) is the 
corresponding path delay, and (α0), (α1), and (k) are channel attenuation 
parameters. This model captures the frequency-dependent attenuation and 
multipath characteristics of practical PLC networks and has been extensively 
validated through measurement-based studies.  

 In addition to multipath distortion, the PLC channel is affected by additive 
white Gaussian noise (AWGN). Consequently, the received signal can be expressed 
as,  
                          (7) 

 
where (y(n)) denotes the received signal, (hPLC(n)) is the PLC channel 

impulse response, (⊗) represents the convolution operation, and (w(n)) is the 
AWGN component..  

At the receiver, the cyclic prefix is first removed from the received signal to 
eliminate inter-symbol interference introduced by multipath propagation. 
Subsequently, an (N)-point fast Fourier transform (FFT) is performed to convert 

( )
p OFDM(n) = A  sin 2πfx T x (n)pt s +

( )0 1+ 2

i=1

H (f) = g e e
p k

i i

N
f d j f

PLC i

   − −



( ) ( ) ( ) ( )ny n= x h + wn   t PLCn 
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the received signal from the time domain to the frequency domain. The resulting 
signal on the (k)-th subcarrier can be expressed as 

 
                           Y(k) = HPLC(k)X(k) + W(k)          (8)  

 
where (Y(k)) denotes the received symbol, HPLC(k) represents the channel 

frequency response of the (k)th subcarrier, (X(k)) is the transmitted symbol, and 
(W(k)) denotes the corresponding noise component. Assuming perfect channel 
state information, zero-forcing equalization is employed to compensate for 
channel distortion: 

             (9) 
 
where (       )denotes the equalized symbol estimate. The equalized symbols 

are subsequently demapped according to the 16-QAM constellation and decoded 
using the Viterbi algorithm to recover the original information bits. The recovered 
data stream is then forwarded to the PLC–VLC gateway, where it is converted into 
an optical OFDM signal for transmission through the VLC access link. The VLC 
transmission model is presented in the following subsection. 

 
B.2. VLC Transmission Model 

The recovered data sequence from the PLC receiver is forwarded to the VLC 
transmitter, where it is modulated using Direct Current Biased Optical Orthogonal 
Frequency Division Multiplexing (DCO-OFDM). DCO-OFDM is widely employed in 
visible light communication systems because it provides high spectral efficiency 
while satisfying the intensity modulation and direct detection (IM/DD) 
requirement of optical wireless links. Let b̓= [b̓1, b̓2, b̓3,…bL-1.] denote the binary 
sequence received from the PLC subsystem. The bits are grouped and mapped onto 
a 16-QAM constellation to generate the complex symbol vector 

X = [X0, X1, …, XN-1]        (10) 

where (N) denotes the number of OFDM subcarriers. 
To obtain a real-valued time-domain waveform suitable for IM/DD 

transmission, Hermitian symmetry is imposed on the frequency-domain symbols 
according to 

XVLC[k] = XVLC*[N-k],     k = 1,2,…, N/2-1 (11) 
' 
where (XVLC*[N-k])denotes the complex conjugate operation. The structure of DCO-
OFDM is as follows ,[0,𝑋1,𝑋2,…,𝑋𝑁/2−1,0,X∗𝑁/2−1,…,𝑋∗2,X∗1]. 

An (N)-point inverse fast Fourier transform (IFFT) is then performed to 
generate the time-domain OFDM signal 

 
 
             (12) 

 
A cyclic prefix (CP) of length (N_{CP}) is appended to mitigate inter-symbol 

interference caused by multipath optical propagation. The resulting signal is 
expressed as 

 

PLC

Y(k)
X̂(k) = 

H (k)

N-11 j2πkn/N
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            xVLC,CP(n)=[xVLC(N-NCP),…, xVLC(N-1), xVLC(0), …, xVLC(N-1)]              (13) 
 
Since the OFDM waveform contains both positive and negative amplitudes, 

a DC bias is introduced to satisfy the non-negativity constraint of optical intensity 
modulation. The DCO-OFDM signal is therefore given by 

xDCO(n) = xVLC,CP(n)+BDC      (14) 
 
where (BDC) denotes the DC bias level. The bias is selected as 

BDC = μσx       (15) 
 
where (σx) is the standard deviation of the OFDM signal and (μ) represents the bias 
factor. 

The resulting non-negative electrical signal drives the LED transmitter, 
which converts electrical power into optical radiation for wireless transmission. 
 
B.3. Electrical-to-Optical Conversion and VLC Channel  

The LED converts the electrical DCO-OFDM signal into optical intensity 
variations according to the linear electro-optical conversion model 

 
Pt (t) =  keo xDCO(t)      (16) 

 
where (Pt(t)) denotes the transmitted optical power and (keo) represents the 
electrical-to-optical conversion coefficient of the LED. 

The VLC channel consists of both line-of-sight (LOS) and non-line-of-sight 
(NLOS) propagation components. The LOS channel gain is modeled using the 
Lambertian radiation pattern and is expressed as 

 
             (17) 

 
 
where (A) is the photodetector area, (d) is the transmission distance, (ϕ) is the 
irradiance angle, (Ψ) is the incidence angle, (T(Ψ)) denotes the optical filter gain, 
and (g(Ψ)) represents the concentrator gain. 

The Lambertian order is given by 
 
 
             (18) 

 
where (ϕ1/1) denotes the LED semi-angle at half power. 

In addition to LOS transmission, optical signals experience reflections from 
walls, ceiling surfaces, and indoor objects. The first-order NLOS channel gain is 
expressed as 

 
 
             (19) 

2

( 1)
cos( ) ( ) ( ) cos( )

2LOS

A m
H T g

d
   



+
=

( )1/2

-ln(2)
m = 

ln cosΦ

2NLOS air air
1 2

A(m+1)
H = ρcos(θ)cos(α )cos(β )T(ψ)g(ψ)cos(ψ)

2π(d d )
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where (ρ) denotes the reflection coefficient of the reflecting surface, (d1) is the 
distance from LED to reflection point, and (d2) is the distance from reflection point 
to photodetector. 

The overall optical channel response is obtained by combining LOS and NLOS 
components 

         (20) 
 
where (Nr) denotes the number of reflected paths. Consequently, the total received 
optical power is given by 

Pr = PtHVLC       (21) 
 
which determines the received signal quality and achievable communication 

performance. 
 
B.4. VLC Receiver and Noise Model 

At the receiver, the photodetector converts the incident optical power into an 
electrical current according to 

i(t) = RPr(t)       (22) 
 
where (R) denotes the photodetector responsivity. 

The received signal is affected by both shot noise and thermal noise. The 
shot-noise variance is expressed as 

 
σ 2shot = nshot = 2q [ RPr+ Ibg] B                 (23) 

 
where (q) is the electron charge, (Ibg)denotes the background current, and (B) is 
the receiver bandwidth. 

The thermal-noise variance is given by 
 

σ 2thermal = nthermal = 4kT B/RL     (24) 
 
where (k) is Boltzmann's constant, (T) is the absolute temperature, and (RL) is the 
load resistance. 

The total noise variance is therefore 
 

nopt(t) = nshot (t) + nthermal(t)      (25) 
 
The received electrical signal becomes 
 

y(t) = RPr(t) + nopt(t)       (26) 
 
where (nopt(t)) is modeled as the total optical noise and additive white 

Gaussian noise. 
After DC-bias removal and cyclic-prefix removal, an (N)-point FFT is applied 
 

Y(k) = HVLC(k)X(k) + N(k)      (27) 
 

Nr

NLOS,iVLC LOS
i=1

H (t) = H (t)+ H (t)
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Zero-forcing equalization is subsequently performed as 
 
             (28) 
 
The equalized symbols are demapped and converted into binary data using 

Gray-coded 16-QAM detection. For square M-QAM modulation, the theoretical BER 
can be approximated by 

 
             (29) 
 
which demonstrates the dependence of communication reliability on the 

received signal-to-noise ratio. 
 
B.5. Performance Analysis 

In VLC systems, the spatial distribution of LEDs on the ceiling directly affects 
both illumination uniformity and received signal strength, making proper 
placement essential for reliable communication and coverage. The system is 
modeled in 6m×6m×3m room with LED arrays mounted the z = 3 m ceiling. Four 
LEDs are located at (2,2,3), (2,4,3), (4,2,3), and (4,4,3). A photodetector (PD) at 
(3,3,0.85)m represents a typical receiver position for channel analysis. 

  
Figure 2. (a) Room Geometry with LED Arrays and Center Receiver (b) 3D 

Paths View of the VLC Channel 
 

The VLC channel can be further characterized using its impulse response, 
which captures the temporal dispersion caused by both LOS and NLOS 
components. the root mean square (RMS) delay spread is used to quantify 
multipath dispersion and is given by: 

 
             (30) 
 
 
             (31) 

 
 
Where, DRMS means RMS delay spread, v defines the mean excess delay, M is the 
number of direct paths and N is number of reflection paths. The RMS delay spread 
indicates the extent of temporal spreading of the received signal and directly 
impacts inter-symbol interference (ISI) and system performance. A larger delay 
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spread results in increased ISI, requiring appropriate OFDM design parameters 
such as cyclic prefix length to maintain reliable communication.  

The maximum achievable data rate is limited by the RMS delay spread of the 
channel, as it reflects the level of multipath dispersion. To avoid inter-symbol 
interference (ISI), the symbol duration must be sufficiently larger than the delay 
spread. Therefore, the data rate is inversely proportional to the RMS delay spread 
and can be approximated as: 

 
             (32) 
 
This relationship indicates that channels with larger delay spread result in 

lower achievable data rates due to increased temporal spreading and guard 
interval requirements. 

 
C. Simulation Results and Performance Analysis 

The performance of the proposed hybrid PLC–VLC system is evaluated using 
MATLAB-based simulations under realistic indoor conditions. The system 
combines a coded 16-QAM OFDM PLC link with a DCO-OFDM VLC downlink. The 
key simulation parameters used for both PLC and VLC segments are summarized 
in Table 1.  

 
Table 1. Simulation Parameters of the Proposed Hybrid PLC–VLC System 

Category Parameter Symbol Value 
Modulation & Coding Modulation scheme (M) 16-QAM 

Coding scheme – Convolutional 
Code rate Rc 1/2 

OFDM Parameters (PLC & 
VLC) 

Number of subcarriers N 64 
Data subcarriers Ndata 52 
Cyclic prefix length NCP 16 
Subcarrier spacing - 1 MHz 
Useful symbol duration τu 1 µs 
Total symbol duration τsym 1.25 µs 

PLC Channel Channel model – Zimmermann & 
Dostert 

Path gain  ai 0,-2 dB 
Delay of the path τi 0, 35ns 

VLC Transmitter Optical modulation – DCO-OFDM 
DC bias factor μ 4 
LED semi-angle Ø1/2 60° 
Number of LEDs – 4 
Transmit optical power Pt 20 mW per LED 
Total optical power – 18 W 

VLC Channel & Receiver Room size – (6x6x3) m³ 
Photodetector position – (3,3,0.85) m 
Photodetector area A 1 cm² 
Field of view FOV 60° 
Responsivity R 0.6 A/W 
Optical filter gain Ts 1 
Concentrator gain gΨ 1 

Performance Metrics RMS delay spread DRMS Calculated 
Bit Error Rate BER Evaluated 
Signal-to-Noise Ratio SNR 0–40 dB 

1

10
b

RMS

R
D


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Data rate R Calculated 
Received optical power Pr Measured 

 
The performance is evaluated in terms of signal waveform behavior, BER, 

SNR, RMS delay spread, received optical power, and data rate under realistic 
indoor channel conditions. 

 
Figure 3. PLC Transmitter Input Bits (First 100) 

 
The randomly generated binary sequence used as the input data for the PLC 

transmitter as shown in Figure3 . The uniform distribution of zeros and ones 
indicates the absence of bias in the source information, ensuring a statistically 
balanced bit stream for performance evaluation. This random sequence serves as 
the reference data for assessing the effectiveness of the coding, modulation, and 
transmission processes throughout the proposed hybrid PLC–VLC system. 

 
Figure 4.  16-QAM Transmitted Constellation 

 
The transmitted 16-QAM constellation before channel propagation as shown 

in Figure 4. The constellation points are uniformly distributed and clearly 
separated, confirming correct Gray-coded symbol mapping and modulation. The 
well-defined symbol locations maximize the minimum Euclidean distance between 
adjacent symbols, thereby improving noise tolerance and enhancing transmission 
reliability in the subsequent PLC channel.  
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Figure 5. IFFT Output with Cyclic Prefix 

 
The time-domain OFDM waveform generated after the IFFT operation and 

cyclic prefix insertion as shown in Figure 5. The waveform demonstrates the 
superposition of multiple orthogonal subcarriers, producing the characteristic 
OFDM signal structure. Furthermore, the addition of the cyclic prefix provides 
protection against multipath-induced inter-symbol interference, thereby 
preserving subcarrier orthogonality during transmission through the PLC channel.  

 

 
Figure 6. AC Interference with OFDM Signal 

 
Figure 6 illustrates the coexistence of the communication signal with the 50 

Hz power-line waveform. The superimposed signal maintains the characteristics of 
both the low-frequency power component and the high-frequency OFDM data 
component, demonstrating the feasibility of simultaneous power delivery and data 
communication. This result confirms that broadband communication can be 
achieved over existing electrical wiring infrastructure without disrupting normal 
power transmission. 

 
Figure 7. Received Signal through the PLC Channel with AWG 

The received PLC signal in the presence of multipath fading and AWGN are 
shown in Figure 7. Despite observable distortions, the signal remains recoverable, 
confirming the effectiveness of OFDM in mitigating channel impairments. 
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Figure 8. PLC Bit Transfer Analysis 

 
Figure 8 shows the compare of the original transmitted bits and the 

recovered bit sequence after PLC reception. The small number of mismatched bits 
indicates that the PLC subsystem achieves a low BER, thereby providing a reliable 
backbone link for subsequent VLC transmission. 

 
Figure 9. Hermitian Symmetry 

 
The Hermitian symmetry structure imposed on the OFDM subcarriers prior 

to optical transmission as shown in Figure 9. The mirrored arrangement of data 
and conjugate subcarriers ensures that the resulting IFFT output is purely real-
valued. This result confirms the correct implementation of DCO-OFDM signal 
generation for VLC applications. 

 
                                  Figure 10. VLC Transmitted Signal 

 
Figure 10 illustrates the transformation of the bipolar OFDM signal into a 

non-negative optical waveform through DC biasing and clipping. The applied bias 
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successfully shifts the signal above zero. The process enables direct LED 
modulation and ensures compatibility with practical VLC transmitters employing 
intensity modulation. 

 

 
Figure 11. VLC Receiver Waveform Analysis 

 
Figure 11 presents the signal evolution through different stages of the VLC 

receiver. The received optical power is first converted into an electrical signal by 
the photodetector, after which noise components introduce observable distortions. 
Following DC bias removal and signal processing, the recovered waveform closely 
resembles the original OFDM signal, demonstrating the effectiveness of the 
receiver architecture in mitigating optical channel impairments. 

 

 
Figure 12. 16-QAM Demapping for VLC 

 
Figure 12 presents the received 16-QAM constellation after VLC transmission 

and equalization. Despite slight symbol dispersion caused by channel impairments, 
the constellation points remain clearly distinguishable, enabling reliable symbol 
detection. The well-defined clustering of the constellation symbols indicates that 
the proposed VLC system effectively mitigates channel distortions and maintains 
satisfactory communication performance. 
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Figure 13. 16-QAM Demapping for VLC 

 
Figure 13 shows the compare of the input bit sequence to the VLC 

transmitter and the recovered bits at the VLC receiver. The strong correspondence 
between the two sequences demonstrates the effectiveness of the DCO-OFDM 
transmission scheme and receiver processing algorithms. The limited number of 
bit errors further confirms that the proposed VLC subsystem can maintain reliable 
communication performance under realistic indoor channel conditions. 

       
(a)                                                           (b) 

Figure 14. Illuminance distribution for (a) single array (b) four LED array 
configuration 

 
Figure 14 shows the four-LED array configuration achieves an average 

illuminance of 350 lx with a peak of 775.3 lx at the room center, comfortably 
meeting ISO/EN office lighting standards of 300-500 lx. The single array 
configuration shows significantly lower and less uniform illumination, confirming 
that multiple LED arrays are necessary for adequate spatial coverage. 

 

     
(a)                                                    (b) 

Figure 15. Received Optical Power Distribution (a) LOS (b) NLOS 
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The LOS path achieves a maximum received optical power of 658.52 μW, 
which provides the primary mechanism for reliable VLC transmission. In contrast, 
the NLOS path yields only 3.13 μW, confirming that reflected components 
contribute minimally to the received signal and are insufficient for reliable data 
transmission in corner regions are shown in Figure 15. 

    
(a)                                                   (b) 

Figure 16. RMS Delay Spread Distribution (a) LOS (b) NLOS 
 
The propagation delay and RMS delay spread distribution within the indoor 

VLC channel are shown in Figure 16. A maximum RMS delay spread of 3.03 ns is 
observed near the room edges due to increased multipath reflections. The low 
delay spread indicates limited temporal dispersion and reduced inter-symbol 
interference for OFDM transmission. 

 

 
Figure 17. Maximum Achievable Data Rate Distribution 

 
Figure 17 illustrates the achievable data rate distribution within the indoor 

VLC environment. A maximum data rate of 75.7 Mbps is obtained near the room 
center where channel dispersion is minimal. The achievable throughput decreases 
toward the room edges due to increased multipath delay spread. 
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Figure 18. BER analysis for VLC channel 

 
The BER performance of the VLC channel under LOS and NLOS conditions as 

a function of SNR are shown in Figure 18. For both channels, the BER decreases 
rapidly with increasing SNR due to improved symbol distinguishability in the 16-
QAM constellation. The LOS channel consistently outperforms the NLOS channel, 
achieving BER values below 10⁻⁶ at moderate SNR levels, which confirms the 
superior reliability of direct optical transmission paths in indoor VLC systems. 

 
Table 2. Comparison of the Proposed Hybrid PLC–VLC System  

with Related VLC Studies 
Reference 
Papers 
 

Room 
Size (m3) 

No. of 
LEDs 

Modulation LOS 
Received 
Optical 
Power 
(dBm) 

LOS + 
NLOS 
Received 
Optical 
Power 
(dBm) 

RMS 
Delay 
Spread 
(ns) 

Maximum 
Datarate 
(Mbps) 

Ref [12] 5 × 5 × 3 4LED 
arrays 

OOK - - 3.57 28 Mbps 

Ref [5] 6 × 5 × 3 4LED 
arrays 
(30×30 
chips each) 

DCO-
OFDM/ 
ACO-
OFDM/ 
ADO-OFDM 

-3.8 - - - 

Ref[4]   - 4LED 
panels 

VLC 3.7828 3.7828 1.9549 52 

Ref[4]   - 12transmit
ters 

VLC 8.1422 8.1422 2.7726 36 

Proposed 
System 

6 × 6 × 3 4 LED 
arrays 
(35×35 
chips 
each) 

16-QAM 
DCO-OFDM 

−1.81 −25.04 3.03 75.7 

 
Table 2 shows the proposed hybrid PLC–VLC system and  representative VLC 

studies reported in the literature. The work of Nguyen and Choi focused primarily 
on MATLAB-based VLC channel simulation without providing comprehensive 
performance metrics. Hameed and Abdulsatar investigated DCO-OFDM, ACO-
OFDM, and ADO-OFDM transmission schemes in a 6 m × 5 m × 3 m indoor 
environment and demonstrated the feasibility of OFDM-based VLC systems. 
Dhaam and Ali further improved VLC performance through narrow half-power-
angle LED configurations, achieving a maximum data rate of 36 Mbps and a 
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maximum received power of 8.14 dBm. In contrast, the proposed hybrid PLC–VLC 
framework integrates PLC backhaul transmission with a DCO-OFDM VLC downlink 
and achieves a maximum data rate of 75.7 Mbps while maintaining an RMS delay 
spread of only 3.03 ns. These results  are demonstrate the capability of the 
proposed architecture to provide high-speed indoor broadband communication 
with acceptable multipath dispersion characteristics. 

 
D. Conclusion 

The paper is presented the design and performance evaluation of a hybrid 
PLC–VLC communication system employing convolutionally coded 16-QAM OFDM 
for the PLC backbone and DCO-OFDM for the VLC downlink. The proposed 
architecture enables high-speed indoor data transmission by utilizing existing 
power-line infrastructure and LED lighting networks. A comprehensive MATLAB-
based simulation framework was developed to analyze system performance under 
realistic PLC channel impairments and indoor optical propagation conditions. 

Simulation results are shown that the VLC subsystem achieved a maximum 
received optical power of 658.52 μW (−1.81 dBm) under LOS conditions and 3.13 
μW (−25.04 dBm) when diffuse reflections were considered. The maximum RMS 
delay spread was limited to 3.03 ns, indicating minimal temporal dispersion and 
favorable channel characteristics for broadband optical communication. 
Furthermore, the proposed hybrid system achieved an estimated data rate of 75.7 
Mbps while providing adequate illumination coverage within a 6 m × 6 m × 3 m 
indoor environment. 

The results are confirmed that the hybrid PLC–VLC architecture is a reliable, 
energy-efficient, and cost-effective solution for next-generation indoor broadband 
networks, particularly for smart homes, smart buildings, industrial automation, 
and IoT applications. Future research will focus on experimental validation, 
adaptive modulation schemes, advanced channel coding techniques, MIMO-VLC 
systems, and machine-learning-based channel estimation methods to further 
improve communication reliability, spectral efficiency, and system capacity. 
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