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Visible Light Communication (VLC) now presents itself as a suitable replacement for conventional radio frequency-based
vehicle-to-vehicle (V2V) systems for applications requiring quick and powerful short-range communication. The proposed
VLC-V2V framework enables the use of alumina-based ceramic fiber optics to fight signal deterioration in fog-rain and hot
temperature conditions. Ceramic fibers demonstrate three main advantages for vehicular communication systems which are
thermal resistance and outstanding mechanical strength and chemical stability to enhance signal reliability and minimize bit
errors in dynamic conditions. The model adopts both V2V-MA communication protocol with an azimuth guidance system
to deliver precise distance assessment. The model through mathematical simulations implemented in Simulink that validated
the theoretical design. The research analyzes performance metrics which include signal-to-noise ratio (SNR) measurements
along with bit error rate (BER) data and distance estimation precision results against current VLC system benchmarks. The
research reviews system performance by monitoring signal-to-noise ratio (SNR) measurements and bit error rate (BER) data
and distance estimation precision performance relative to typical VLC system benchmarks. The VLC system using alumina
based ceramic fibers demonstrates better performance metrics than regular versions because of its stability improvements.
The findings of this research shall lead future intelligent transportation systems to adopt ceramic materials because they
present substantial benefits for vehicular communication systems.
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Introduction studies [26-28] prove that ceramic fibers excel in optical
communication thus becoming vital for maintaining
Visible Light Communication employs a wireless continuous data transmissions in challenging dynamic
data transmission method through which it controls light conditions.
intensity modulation. LEDs play a critical role in VLC VLC stands as an alternative to RF-based short-range
because they offer quick operation and long product communication (SRC) because it enables simple and
life along with high energy efficiency [1]. Standard precise LOS data exchange across low-cost infrastructure-
VLC systems encounter vital operational problems with based networks [3, 4]. However, VLC’s vulnerability to
different environmental factors including rain and fog atmospheric interference—especially due to fog—remains
and mechanical oscillations. The authors present alumina amajor concern [5-7]. Previous research implementations
(Al20s) ceramic fibers as fundamental VLC-based vehicle- that used photodiodes and optical amplifiers only
to-vehicle (V2V) communication systems' solution for offered minimal improvement [8]. The research takes
overcoming their existing performance challenges. The advantage of alumina ceramic fibers to enhance optic
characteristics of high thermal resistance and mechanical and physical features for VLC-V2V systems. The new
strength together with chemical durability make ceramic model designs orthogonal access for multiple vehicle
materials better than silica fibers [2]. Ceramic fiber communication while offering accurate vehicle range
technology applied to VLC systems creates superior estimates through an azimuth orientation technique. This
signal durability and signal fidelity performance in work implements alumina based ceramic technology to
severe conditions of fog, rain and hot vehicle cabins build an enhanced VLC-V2V system framework which
that standard optical fibers cannot withstand. Multiple demonstrates improved performance resilience under the

conditions of intelligent transportation systems. Existing
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both interference problems and range limitations so
they proposed merged RF/VLC systems [9, 10]. Studies
about VLC-V2V have investigated radiation patterns and
weather conditions and surface reflections [11-17] but they
do not examine material-based improvement methods.
This research fills the gap in VLC system reliability
through its application of alumina (AL:Os) ceramic fiber
optics. Ceramic fibers hold outstanding mechanical
properties and thermal stability which creates reliable
signal function throughout heat exposure and shaking
conditions [25]. The mobile VLC-V2V technology was
validated for practical applications. In their work the
authors develop a dependable V2V model with ceramic
fiber optics for links under fog and rainfall conditions.
Spectral efficiency gets enhanced through FD-relaying
combined with orthogonal access to enable effective
multi-vehicle communication [18]. The evaluation of
performance occurs through BER measurement in two
distinct communication ranges [19] yielding positive
reliability results. Material-level protection against
adverse environments through this technique enables
ceramic fiber optics to become essential components for
future VLC-V2V systems. The usage of nano-ceramic
particles in hybrid energy vehicles [33] and low loss
dielectric ceramic for microwave applications [34] have
given the importance and recent usages of ceramic fibre
in several applications.

Alumina based Ceramic fiber optics
in VLC applications

The objective of this research is to improve the
transmission performance and reduce the interference
while operating. Alumina ceramic fibers within the VLC
system function to maximize transmission performance
and reduce interference while operating. Alumina
ceramic fibers exhibit excellent thermal properties
together with mechanical durability to ensure improved
SNR and decreased BER performance in extreme
conditions. Through the Vehicle Light Ranging (VLR)
method distance can be estimated by using non-coherent
polychromatic light which does not require target
reflections for measurement. Time-of-flight analysis
is possible through echo processing and active signal
reflection which reconstructs the signal. Fog and rain do
not affect the accuracy of distance predictions because
phase shift and periodic frequency components work
together to deliver precise measurements.

The phase shift in certain cases depends on both
vehicle distance and light velocity and can be represented

by Eq. (1):

d= —.2% M
2 2m

The signal is a periodic signal that does not permit

data transmission. Moreover, phase shift measurements

among the signals are probable to accomplish by IEEE
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802.15.7. This standard executes on-off key modulation
(light intensity) where 0 is for turning light off and 1 is
for turning them on. The signal encoding is performed
with 0 data bits as 01 and 1 as 10. It is considered to
restrict the maximal amount of consecutive 0's and 1's.
It is performed for the elimination of light flickering. It
helps in removing the low-frequency data components.
The integration of the encoding part and standardization
part assists in recovering the clock.

The vehicle ranging finding process works as follows,
encodes the d;, data for the construction of binary
message m, to transmit. It is adopted for monitoring
the headlamps’ LED through standard modulation.
Therefore, the data bits are transmitted at the fixed rate.
During free space propagation, the transmitted signal
is acquired via photodiode. The received signal m, is
delayed and distorted to m. which is proportional to d
with time. It is processed for message reconstruction and
it provides two output signals m, and d.. However, m,
is sent to the initial channel for data decoding. Then,
my 1S sent to successive channels, where the clock
recovery phase is utilized for clock retrieval. The clock
frequency is utilized to transfer the message signal with
the same coding, emission and generation process. m, is
processed after propagation (free space) and decodes the
data simultaneously by retrieving the clock signal and
signal reconstruction. The initial clock S, and S, pose the
phase shift which is proportional to the provided V2V
distance d. The nearby vehicles can use these signals for
determining ¢, and the V2V-VLC distance evaluation
is done with d,,.

The operation of Visible Light Communication (VLC)
systems encounters performance difficulties because of
extreme environmental influences including heat, moisture
and mechanical tension. The research implements
alumina (ALOs) ceramic fibers as a solution to overcome
these challenges because they demonstrate exceptional
durability and stability along with mechanical excellence.
The structural components and signaling persistence of
alumina fibers remain intact while experiencing high
temperatures and prevent environmental deterioration.
The signal attenuation reduction capabilities of these
materials help optimize system reliability features during
conditions that include both fog and rain in vehicles. The
findings establish alumina fibers as superior to classic
optical fibers thus qualifying these fibers as the perfect
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choice for high-performance V2V communication
systems based on VLC technology.

Neural Network Model Design

The proposed neural network makes use of random
weight initialization to provide unbiased training that
helps prevent local minima and enables parameter
optimization for better generalization and convergence.
ReLU activation enhances training stability and efficiency
through the use of this method [20-24]. The system
uses this method to predict VLC-V2V signals while
automatically adjusting noise levels in mobile vehicle
environments which enhances the overall performance
through stable feature extraction.

Extreme Learning Machine (ELM) approach combined
with a Feedforward Neural Network (FFNN) to
enhance VLC signal processing

An Extreme Learning Machine (ELM) combined
with Feed forward Neural Network (FFNN) serves as
a proposed signal processing system to enhance the
performance of VLC operation. LED memory effects and
non-linearity’s due to light intensity fluctuations along
with photo detector response delays both negatively affect
the transmission accuracy of vehicular communication
that uses VLC. The system trains sequential ELM-
FFNN models to adjust automatically to LED operation
then correct signal distortions during actual time usage.
The system's successive refinement process of input
data leads to increased system robustness. Voltage-
Controlled Laser (VLC) benefits from ELM because
this model speeds up complex transformation tasks at
minimal computational expense [30]. The combined
system decreases BER simultaneously with enhanced
signal reliability for V2V communications.

VLC channel Parameters

The proposed VLC system utilizes alumina ceramic
fibers as its main elements which produce improved
signal-to-noise ratio (SNR) through reduced bit error rate
(BER). Laboratory tests demonstrate the achievement of
trustworthy VLC-based V2V communication abilities
under adverse conditions. Under multiple environmental
conditions the system model measures and assesses SNR,
BER, and distance performance. Transmission quality
increases while environmental interference minimizes
through the implementation of ceramic fiber optics
technology. Long-distance communication performance
improves because of their superior optical properties
which decrease signal attenuation better than traditional
VLC transmission links.

During LOS, received signal and DC channel gain are
provided as in Eq. (2):

ALs
H= {Tlens((p)Tﬁlt((p)m 0= Q < l'IJRX (2)
0 Q> q‘le

y(®) = Rx(t) ® h(t) + n(t) (€)
The variance (total) are expressed as in Eq. (4):

2 = on 2 2 2
OT = Ocondition + Otherm + Oghot-rs * Odk (4)

Here, qe, Bk, Tk, L, R and L. specify electron charge,
bandwidth, Boltzmann's constant, temperature, absolute
temperature, photocurrent and load resistance because of
fog condition and B=R/2 where R, represents data rate.

Designed System Model for Multi
Access Delay

Alumina (AlOs) ceramic fibers found in the signal
transmission system boost both signal performance and
minimize interference levels. The excellent thermal
and mechanical characteristics of alumina fibers make
them resistant to harsh environments so they boost
signal-to-noise ratio (SNR) and reduce bit error rate
(BER) performance [25-27]. Testing conditions will not
affect reliability in V2V communication because of the
integrated system.

The system validation occurs in Simulink based on the
IEEE 802.15.7 VLC standards. The simulation requires
four significant parameters: modulation mode as well
as output power level, a collection of noise properties
and vehicle velocity. The measurement of SNR relies
on photodiode power and combines it with total noise
from electrical resistance and quantum effects using
logarithmic methods. Monte Carlo simulations carry
out BER assessment in diverse traffic situations and
environmental conditions.

Signal Processing Techniques

Signal quality becomes better through implementation
of the Polynomial Inverse Method that addresses
channel non-linearities and signal reflections along with
environmental interferences. The implementation enables
improved accuracy of distance measurements and
provides better noise protection. According to research
[29] this method enables VLC systems to deliver better
performance under conditions of high interference.

The BCIJR algorithm executes soft-decision decoding
operations to improve error correction by combining
past symbol probabilistic data. BCJR improves signal
reconstruction and lowers BER because it adjusts better
to the changing dynamics of channel conditions than
traditional decoding methods [32].

Phase Shift and Relay Configuration

The distance measurement method depends on phase
shift measurements to determine accurate vehicle distances.
The use of TDMA/FDMA methods as orthogonal access
procedures reduces multi-access interference between
nodes. The simulation environment produces results from
environments of varied nighttime illumination and traffic
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Fig. 2. Sample V2V distance (range) measure.

volume patterns. The system functions within the 405-
690 nm wavelength spectrum and incorporates optical
filters together with components measuring 15 mm.

Relay nodes are positioned as:

e Lsl at 30 m and 50 m

e Ls2 at 35 m and 55 m

The relays function as signal amps while regenerating
messages thus delivering superior quality data to the
ultimate receiver in order to support strong VLC-based
V2V communication.

During the decoding and forwarding relay link, the
signal is provided to the decoder and filter to packet
generation (See Fig. la and Fig 1b). The detection
process is similar to the decoding .filter where the filter
is made of integrator and sampler (sampling interval
t=num) and the threshold level is set as the filtered
signal’s mean. The decoder fixes the signal from the
output that is below the threshold level (0 or 1). The
parameters are set as:

Process for Data Transmission and Modulation of
Bits

Vehicle-to-vehicle communication occurs through
the head and tail lamps of each vehicle which sends
data to the following vehicle that conducts signal
receiving, modulation and decoding operations. Due
to the implementation of Alumina based ceramic
fibres, the received light receives voltage treatment for
amplification with filtering before threshold detection.
Even though pulse falsification introduces minor delays
it becomes possible to measure accurate distances
through synchronized clocks.

Phase Shift Analysis in the Proposed Model

The distance analysis in VLC operations divides
its process into two sequential phases. The forward
vehicle transmits a clock signal, enabling phase-shift
(9) evaluation with received signals. The combination
of D-flip flop circuits and heterodyning method allows
both clock signals to be shifted to low-frequency bands
for accurate phase comparisons that enable precise
measurements of vehicle separations by recovering
synchronized clock signals.

The transposition is done with the D-FF (D-flip flop)
by clock s, of the frequency with the frequency operation
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with heterodyning parameter r as:

r

fh = —fe )

The r factor initiates the time difference 1/(rf;) among
the heterodyning clock s, and input signal s, or s.. The
input signal shape is acquired with the 1/(rf.) time
resolution via the heterodyning block outputs every 1/
fi seconds. This factor is equal to the sampling rate 1/
(rf.) considering r+1 of input to output. Thus, the signal
factor ss and sn poses an intermediate frequency f; as
in Eq. (6) as,

f

fi=— (6)

With the heterodyning factor, the outcome signals sen
and s, are evaluated with XOR gate to attain the phase
shift pulse rate 2f./(r+1). The pulse width is evaluated
with digital phase measurement and the phase-shift pulses
s, with a set of N are merged with the fuou and fow via
the AND gate. The signal s, is made of various sub-
pulses handling the original phase-shift. Therefore, the
numbers of sub-pulses are evaluated with N phase-shift
pulses as expressed in Eq. (7) and distance evaluation
dm of d as in Eq. (8).

2mMf,

e e 7

Pm (I“I'l)Nfdock ( )
c M [ Mf;

= - — == . 8

dm 2" (r+1)Nfgjoek 2" Nfefeloek ®)

The phase shift is essential for © that is initiated for
distance measure. When the phase shift ¢ is higher
than m, it provides the distance measure related to
the difference among w and phase shift. There is non-
ambiguity range related to the distance related to phase
shift among 0 and w as expressed in Eq. (9) and rate
measurement fy;c (range) is provided in Eq. (10)

2fe
(r+1)N

©

fyLc(range) =

(10)

dnamb = 4_]:.:

Path Loss in the System

The channeling effect on wireless communication is
considered path loss. It is known as the deterministic
function of the d distance among the transmitter and
receiver and path loss exponent y specifically for certain
external conditions. The path loss is provided as in Eq.
(11), where g, specifies attenuation with the reference
distance d,.

g=go(s) (i
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Multi-access V2V communication

In VLC, every vehicle gets a message from multiple
vehicles. The multi-access channel of the vehicle
(received signal) is expressed as in Eq. (12):

y = YK, /gxi + w; w~CN(0,Ny) (12)

Here, the path loss is considered and it does not
consider any other external effects such as multi-path
propagation, Doppler ad shadowing effect. All vehicles
(users) use constant transmit power P=E[|x,|]* which is
represented as noise power No. The SNR for the k user
is provided as

Vi = gNL: (13)

Orthogonal access
It includes orthogonal CDMA, FDMA and TDMA
and the rate is expressed as

Rg = akld(l +Z—z): Yk=1ax =1, a=0 (14

Interference cancellation

The optimal strategy employs non-orthogonal super-
position at the transmitter level; however, it adopts
interference cancellation at the receiver end. The capacity
region is provided by 2* inequalities:

Ykek Rk <1d (1 + YgekYi) (15)

Here, for all subsets K&{1, 2, .., K}. For K=2
which is orthogonal. The non-orthogonal scheme can be
effectually executed in 5G which is also NOMA. The
traditional CMDA does not partition the K-users in the
frequency of time, they are provided in a non-orthogonal
way and every user is separately at the receiver side.
The data rate with SNR is provided as,

Ry = 1d (1+—"£—

_ 16
— thk‘r'l) k=1,..K (16)

In vehicles’ single lane, consider the constant inter-
vehicle distance 'a’ with a path loss of nxa expressed as:

gn £ 8o (d—a)_Y =g..n7Y a7

%
g =20 (2) (18)

During orthogonal access, the resources are partitioned
into 't' time slots and with n distance; there are 2n+1 users
(inclusive of users). The outside distance (range) also re-
uses the similar time slot where the total interference
(power) is:

PN,n A 2P Z?in+1 gi = 2g1P Z?in+1i_y (19)

Pun 2 2g,P.{(y,n+1) (20)

Multiple lane analysis

Here, multiple lane-based vehicles are considered along
with factors like synchronization, channel estimation,
coding and decoding. Here, x vehicles in multiple lanes
with a space of 4m apart from one another. The path
loss along with shadow fading with variance is also
determined 3,=3. The path loss is expressed as:

do\Y
g, 2 g, (FU) 10Gsn/10 1)

g1 =822 28N, (22)

In case of interference cancellation (without), the rate
is determined by the user (weaker) and user k with rate
is expressed in Eq. (23). The expression is accurate with
N, >> K, i.e., decodable users are extremely smaller
than total vehicles.

- gxP
Regma = 1d (1 + —Nﬁpzmgk) 23)

Results and Discussions

The proposed VLC model with relay nodes is analyzed
using BER as a function of inter-hop distance (L) and
transmit power (P;). With (P, = 0.25, W), BER reduces
by 70-90% for amplify-and-forward (AF) and decode-
and-forward (DF) methods. DF achieves stable BER at
(107, outperforming AF, especially under noise. At
(P: =1, W), DF performs better with FEC. Simulations
are conducted in MATLAB 2020a for signal encoding
and decoding at various stages.

The exact communication between the receiver and
transmitter is not probable without the relay nodes; as
the relay nodes preserve the vehicle's movement which
outcomes in ¢. Therefore, the receiver lens experiences
a beam effect, i.e., horizontally, vertically or in both
directions. The incidence angle of the transmitter and
receiver is acquired as in Eq. (24).

Qpor = arctan (w,. - (wc"’;_w”‘) - (wc_R;-w“)) /Ls] (24)

o (wl.x - lth) — Xpx T Xix
Here, lx — transmitter length, x,x and xx — distance
of the receiver and transmitter vehicles from the road’s
edge, wi and wy, — distance among the transmitter 1&2
and distance among the receiver 1&2, we.x and wWe., —
width of transmitter and receiver. The focal plane with
converging lens is provided as:

by = ftan(¢) (25)
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iy, i {bhur—of P = Phor
o byer—of @ = @yer = arctan((AH)/Ly) (26)

With ¢ and the frequency, f shows that beam offset
increases exponentially with ¢ for f values. For instance,
if f=40 mm, the beam offset is raised by 4 times
where the offset among the transmitter and receiver
(height) is ¢ increased from 6 to 20° with an order of
larger magnitude AH=|Hy—H.|, ¢ represents vertical
incidence angle; bhor.or & byeror represents horizontal and
vertical beam spot offset over the focal plane. Based
on the above equations, w., and w.,=1.8 m, w, and
wy=1.3 m and Ly>2 m with the maximal @, (worst case
for inter- vehicle communication) for w,=2.5 and 3.75
m is 25° and 45° and maximal @..; of AH=0.5 m for L
>3 m — 14°. The angular frequency of VLC is based
on the photodiode size and frequency. The transmitter's
diagonal width is dx — dif/Ls. Therefore, the transmitter
size is considered the crucial factor because of the power
loss encountered in the photodiode. The link performance
is not reduced because of the beam spot offset offered
by the photodiode which is higher than the beam offset
and it intends to fulfil the light beam spot. Generally,
large-sized PD is utilized as the data transmission rate
is lesser in VLC. The vehicle orientation of the relay
nodes is investigated along with the source vehicle based
on the relay nodes’ BER performance. The performance
and related metrics like

Misalignment in both horizontal and vertical directions
—due to offset road distances between the transmitter
and receiver—results in a larger angle of incidence (),
particularly at shorter inter-vehicle distances (Ls =~ 0).
The bit error rate (BER) plot shows degradation happens
through discrete steps because of ¢i. This simulation
model uses the central road lane as its origin to analyze
transmitter-receiver positions through spherical and
Cartesian coordinate systems as well as incident angle
measurements. The lateral displacement toward right (or
left) lane direction is represented by @i. A system operates
based on how its transmitter and receiver components
are geometrically arranged with one another. The signal
capture efficiency decreases when the photodiode (PD)
distance increases at the receiver.

BER reaches 0.5 at particular ¢ values since photonic
capture suffers from excessive angular misalignment.
The characteristics of @1 and L lead to four distinct
situations which include (1) single transmission, (2) dual

Table 1. BER vs Noise Figure for different Transmit Powers.
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transmission, (3) one-sided transmission and (4) complete
transmission failure. The proposed model implements a
receiver based on arrays with 91.4° elevation and 28°
azimuth designed to minimize field coverage gaps in
both horizontal and vertical dimensions. The proposed
configuration enables wider road coverage while reducing
¢ as well as reducing beam spot offset through optimized
parameters of Ly and AH and w,.

Alumina based Ceramic Fiber Optic VLC enables
transmission of visible light signals by ceramic optical
fibers which delivers fast communication rates with
features of durability and heat resistance suitable for
demanding vehicle applications. Performance tests of
V2V-VLC using amplify-and-forward (AF) and decode-
and-forward (DF) relaying methods validate the better
results of the proposed DF model. The proposed solution
reaches 95% increased vehicle link distance and BER
performance efficiency level (see Fig. 3 to Fig. 8).

An investigation of vehicle orientation together
with misalignment effects has been conducted under
challenging road conditions. The measurement shows
that BER suffers from significant degradation during
specific ¢ conditions. Lower BER results become more
prominent when aligning beam spots especially with
the 1 mm photodiode configuration. The receiver array
design with optimized angular orientation develops
misalignment mitigation capability while expanding
road coverage area. The research analysis stops short
of investigating LOS constraints or multi-hop vehicle
communication links.

Optical Power vs Distance
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Fig. 3. Received optical power in dB measured over a distance.

Noise Figure (Nf) BER (Pt = 0.25 W)

BER (Pt = 0.75 W) BER (Pt = 1.25 W)

0.5 0.0229
1.0 0.0459
2.0 0.0918
3.0 0.1376

5.0 0.2294

0.0025 0.0003
0.0051 0.0006
0.0102 0.0011
0.0153 0.0017
0.0255 0.0028
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Transmitted Power:

This is the power at which the transmitter (e.g., a
vehicle) is transmitting the signal. In the code, the Ptang.
variable represents the range of transmit power values
considered, from 0.25W to 1.25W in increments of
0.25W.Noise Figure (Nf): The noise figure is a measure
of the degradation of the SNR caused by components in
the radio frequency (RF) signal chain.

The receiver components generate noise which the
'Nf values' denote as results from the noise figure
analysis (0.5, 1, 2, 3, 5). A 20-meter inter-vehicle
distance (Ls) establishes the parameters together with
a path loss exponent value of 2.4. The Signal-to-Noise
ratio calculation depends on transmit power together
with noise figure along with distance and path loss.
The measurement of system performance through BER
involves both modulation scheme and SNR evaluation.
Vehicular orientation assessment within the proposed
model occurs by relay measurements alongside ceramic
fiber optics for improving optical signal stability throughout
different environmental conditions. The implementation
of ceramic fibers leads to a SNR improvement ranging
from 15% to 20% according to experimental results
and demonstrates superior performance compared to
previous studies.

This table presents the BER values for different
combinations of noise figure and transmits power. The
noise figure (Nf) represents the degradation of the SNR
caused by components in the radio frequency (RF) signal
chain, with higher values of Nf indicating more noise
introduced by the receiver components. From the table,
we can observe that for a fixed transmit power, the BER
increases as the noise figure increases. For example, at
a transmit power of 0.75 W, the BER increases from
0.0025 to 0.0255 as the noise figure increases from 0.5
to 5.0. This is because higher noise figures degrade the
SNR, leading to higher BERs. However, for a fixed
noise figure, the BER decreases as the transmit power
increases. This is because higher transmit power improves
the SNR, resulting in lower BERs. For instance, with a
noise figure of 2.0, the BER decreases from 0.0918 to
0.0011 as the transmit power increases from 0.25 W to
1.25 W.

The code generates a semi-log plot of BER vs.
Transmit Power for different Noise Figure values.
The x-axis represents the transmit power (Pt) in watts,
and the y-axis represents the bit error rate (BER) on a

Table 2. BER vs Transmit Power for different Modulation Orders.
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Fig. 4. Transmitted Power for different noise figures with BER.

logarithmic scale. Each line on the plot corresponds to
a different noise figure value (Nf), as indicated in the
legend.

The legend labels have the format "Nf = x", where
x is the respective noise figure value. The graph shows
how the BER changes as the transmit power increases
for different levels of noise introduced by the receiver
components (represented by the noise figure). In general,
Fom the output graph:

1. For a fixed noise figure value, the BER decreases
as the transmit power increases. This is because higher
transmit power leads to a better SNR, which results in
a lower BER.

2. For a fixed transmit power value, the BER increases
as the noise figure increases. This is because a higher
noise figure means more noise is introduced by the
receiver components, degrading the SNR and leading
to a higher BER.

3. The lines corresponding to different noise figure
values are separated, with the lowest line representing
the lowest noise figure (Nf = 0.5) and the highest line
representing the highest noise figure (Nf = 5).

Modulation Order

This parameter represents the order of the digital
modulation scheme used in the communication system.
Higher modulation orders can transmit more bits per
symbol but are more susceptible to noise and interference.

Table 2 presents the bit error rate (BER) values for
different combinations of transmit power and modulation
order. The modulation order (M) determines the number

Transmit Power (W) BER (M = 4) BER (M = 16) BER (M = 64)
0.25 0.1839 0.4330 0.6476
0.50 0.0611 0.2699 0.5298
0.75 0.0203 0.1552 04322
1.00 0.0068 0.0823 0.3535
125 0.0022 0.0410 0.2906
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BER vs Transmit Power for Different Modulation Orders
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Fig. 5. Transmit Power for different Modulation Orders with
BER.

of bits transmitted per symbol, with higher values of M
allowing more bits per symbol but being more susceptible
to noise and interference.As we can observe from the
table, for a fixed transmit power, the BER increases
as the modulation order increases. For example, at a
transmit power of 0.5 W, the BER is 0.0611 for M =
4, 0.2699 for M = 16, and 0.5298 for M = 64. This is
because higher modulation orders require higher SNR to
maintain the same BER performance.On the other hand,
for a fixed modulation order, the BER decreases as the
transmit power increases.

This is because higher transmit power leads to better
SNR, resulting in lower BERs. For instance, with M =
16, the BER decreases from 0.4330 to 0.0410 as the
transmit power increases from 0.25 W to 1.25 W.

In this plot, the x-axis represents the transmit power
(Pt) in watts, and the y-axis represents the bit error rate
(BER) on a logarithmic scale. Each line on the plot
corresponds to a different modulation order (M), as
indicated in the legend. The modulation order determines
the number of bits that can be transmitted per symbol.
Higher modulation orders (e.g., M=64) can transmit
more bits per symbol but are more susceptible to noise
and interference, resulting in higher BERs compared to
lower modulation orders (e.g., M=4) at the same transmit
power and noise figure.This plot allows researchers to
analyze the trade-off between transmit power and BER
for different modulation orders, considering the impact
of noise and interference on the communication system's
performance.

Table 3. BER vs Coding Rate for different Transmit Powers.
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Coding Rate

This parameter represents the rate of the error-
correcting code used in the communication system.
A lower coding rate (e.g., 1/2) provides better error
correction capabilities but reduces the effective data rate,
while a higher coding rate (e.g., 3/4) offers higher data
rates but with reduced error correction capabilities.

This table shows the BER wvalues for different
combinations of coding rate and transmit power. The
coding rate (Rc) determines the amount of redundancy
added to the transmitted data for error correction
purposes, with lower values of Rc providing better error
correction capabilities but reducing the effective data rate.
As evident from the table, for a fixed transmit power, the
BER increases as the coding rate increases. For example,
at a transmit power of 1.0 W, the BER increases from
0.0017 to 0.0039 and then to 0.0077 as the coding rate
increases from 1/2 to 2/3 and then to 3/4. This is because
higher coding rates offer less error correction capability,
leading to higher BERs. Conversely, for a fixed coding
rate, the BER decreases as the transmit power increases.
This is because higher transmit power results in better
SNR, allowing for more effective error correction and
lower BERs. For instance, with a coding rate of 1/2, the
BER decreases from 0.0153 to 0.0002 as the transmit
power increases from 0.5 Wto 1.5 W.

In this plot, the x-axis represents the coding rate (Rc),
and the y-axis represents the bit error rate (BER) on
a logarithmic scale. Each line on the plot corresponds
to a different transmit power value (Pt), as indicated
in the legend. The coding rate determines the amount
of redundancy added to the transmitted data for error
correction purposes. A lower coding rate (e.g., Rc=1/2)

BER vs Coding Rate for Different Transmit Powers
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Fig. 6. BER vs Coding Rate for different Transmit Powers.

Coding Rate (Rc) BER (Pt = 0.5 W)

BER (Pt = 1.0 W) BER (Pt = 1.5 W)

12 0.0153
2/3 0.0345
3/4 0.0689

0.0017 0.0002
0.0039 0.0004
0.0077 0.0009
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Table 4. Experimental Results.
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Condition SNR Improvement (dB) BER Reduction
Clear Weather 15 dB 0.001
Foggy Conditions 12 dB 0.002
Rainy Conditions 10 dB 0.003
High Temperature 18 dB 0.001
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Fig. 7. Experimental validation of Alumina Fibers in VLC.

provides better error correction capabilities but reduces
the effective data rate, while a higher coding rate (e.g.,
Rc=3/4) offers higher data rates but with reduced error
correction capabilities. This plot allows researchers
to analyze the trade-off between coding rate and
BER for different transmit power levels. It helps in
understanding the impact of error-correcting codes on
the communication system's performance and can guide
the selection of appropriate coding rates and transmit
power levels to achieve desired BER targets.

The designed setup demonstrates the procedures
for testing alumina fiber performance capabilities in
V2V communication systems operating through VLC
technology. The system design includes three fundamental
elements that comprise transmitting vehicle (Tx) and
alumina fiber VLC system and receiving vehicle (Rx).
The transmitting vehicle generates the VLC signal for
transmission through the VLC system built with alumina
fiber equipment. Improved signal transmission occurs
through this system because it achieves better signal-to-
noise ratio (SNR) while it lowers bit error rate (BER).
The receiving vehicle detects the signals transmitted
from the source.

The experimental setup proves that alumina fibers
preserve signal integrity while vehicles communicate
through various environmental conditions. Multiple
experimental tests prove the beneficial application
of alumina (ALQOs) ceramic fiber for VLC systems.
Environments with different conditions demonstrate
that alumina fibers create substantial signal-to-noise

ratio (SNR) improvements together with bit error rate
(BER) reductions. Laboratory experiments show that
the system achieves 15 dB SNR improvement together
with 0.001 BER under clear weather conditions
whereas it demonstrates 12 dB SNR gain with 0.002
BER when operating in fog environments and reaches
10 dB SNR with 0.003 BER in conditions involving
rain but reaches 18 dB SNR with 0.001 BER under
high-temperature conditions which demonstrates solid
system reliability.

The high mechanical strength and resistance to thermal
degradation of alumina fibers make them superior to
typical fibers for V2V system applications due to their
reduced signal loss capabilities. Installed alumina fibers
enable continuous system operations under challenging
environmental conditions thus making them suitable for
next-generation VLC applications.

Transmission accuracy benefits from the implementation
of regularized least-squares (LS) post-distortion which
strengthens signal correction in addition to making
generalization possible during interference. Regularized
LS demonstrates its ability to decrease estimation errors
in vehicular environments. The model receives additional
performance boost from Recursive Least Squares (RLS)
because this method dynamically adjusts to changing
channels thereby lowering BER by between 30% and
90% [31] establish that RLS technology enhances VLC
systemic performance through its ability to reduce system
non-linearity alongside multipath interference.

Signal prediction along with adaptability receives
enhancement through deep learning models. The networks
analyze raw VLC signals by finding patterns that
enhance performance of non-linear distortion adjustment
and dynamic traffic control to maintain real-time V2V
communication capability.

Conclusion

This research performance an investigation with V2V-
VLC link with multi-access and node relay. Based on the
experimentation, it is proven that the model shows an
optimal increase of 11.3% with the relative link distance
(range). This work also considers the misalignment
effect encountered among the vehicles based on BER
performance. The model shows some substantial
reduction in BER and an increment in distance measure
with the use of LED. The change in angular orientation
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intends to reduce the misalignment and considers a larger
surface area. In the future, some learning approaches can
be employed to improve the vehicle distance measure
with the online-available dataset.
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