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Abstract - VLC, or visible light communication, has become a promising supplementary tool for high-speed indoor wireless
communication by utilizing the unlicensed optical spectrum and existing LED infrastructure. Practical VLC systems face
challenges such as LED nonlinearity, clipping distortion caused by the high peak-to-average power ratio (PAPR) of OFDM signals,
multipath-induced inter-symbol interference, and ambient noise.

This paper proposes a distortion-aware adaptive DCO-OFDM framework that incorporates both clipping distortion and third-
order LED nonlinearity into an effective SNR expression. An Al-assisted adaptive modulation scheme based on a low-complexity
Decision Tree classifier is introduced to dynamically select the optimal QAM order under realistic channel conditions, replacing
conventional threshold-based methods.

The suggested system's performance is assessed using comprehensive Monte Carlo simulations based on Python. The results show
that, in comparison to traditional fixed-modulation DCO-OFDM systems, the distortion-aware technique delivers a 1.8-2 dB SNR
gain at a target BER of 10-3 and about 30% improvement in throughput. With macro-averaged precision of 90.6%, recall of
89.2%, and F1-score of 89.9%, the Al-assisted modulation technique achieves 94.3% accuracy.

The proposed framework offers a low-complexity, spectrally efficient solution that enhances reliability for next-generation indoor
Li-Fi networks. Simulation results validate the effectiveness of combining distortion-aware modeling with intelligent adaptive
modulation under nonlinear VLC channel conditions.

Keywords: - Adaptive Modulation, DCO-OFDM, LED Nonlinearity, Clipping Distortion, Visible Light Communication,
Artificial Intelligence, Indoor Optical Wireless Communication.

1. INTRODUCTION This paper proposes a distortion-aware adaptive

DCO-OFDM framework for realistic indoor VLC

The rapid increase in wireless data traffic has led to
severe congestion in the radio frequency (RF) spectrum,
motivating  the  exploration  of  alternative
communication technologies [1], [2]. Visible Light
Communication (VLC) has emerged as a promising
complementary solution by utilizing the unlicensed
optical spectrum ranging from 400 to 700 nm, which
offers approximately 400 THz of bandwidth [1], [3], [4].
LED lighting systems provide dual functionality—
illumination and communication—making VLC
particularly attractive for indoor environments [4], [5].

However, VLC systems differ fundamentally from
traditional RF systems as a consequence of constraints
of intensity modulation and direct detection (IM/DD)
and the unipolar nature of optical signals [6], [7].
Practical deployment faces several critical challenges,
including high Peak-to-Average Power Ratio (PAPR) of
OFDM signals, LED nonlinear transfer characteristics
[8], [9], clipping distortion [10], multipath-induced
inter-symbol interference [11], [12], and ambient shot
and thermal noise [13].
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systems. The framework jointly considers clipping
distortion and third-order LED nonlinearity in the
effective SNR calculation. An Al-assisted adaptive
modulation scheme based on a low-complexity
Decision Tree classifier is introduced to dynamically
select the optimal QAM order according to channel
conditions.
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Fig 1: Block diagram of the proposed Al-assisted
adaptive DCO- OFDM VLC System

Page 1

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



Published by :
https://lwww.ijert.org/
An International Peer-Reviewed Jour nal

International Journal of Engineering Research & Technology (IJERT)
| SSN: 2278-0181
Vol. 151ssue 04, April - 2026

The block diagram of the suggested Al-assisted distortion-
aware adaptive DCO-OFDM VLC system is displayed in
Fig. 1. At the transmitter, binary data is processed by an
Al-based adaptive modulation module that predicts the
optimal ~ modulation  order. The  modulated
symbols undergo IFFT, DC bias addition, and clipping
to satisfy IM/DD requirements. The resulting signal
drives the LED, which converts it into optical
intensity. A photodiode at the receiver detects the signal
after it travels through the indoor optical wireless
channel. FFT-based demodulation and performance
assessment  follows afterwards. The estimated SNR and
BER are fed back to the AI model for continuous
adaptation.

This work's primary contributions are:

e Derivation of a closed-form distortion-aware
effective SNR model that accounts for both
clipping distortion and LED nonlinearity.

e Design of a low-complexity Al-assisted
adaptive modulation framework using a
Decision Tree classifier.

e Performance evaluation demonstrating
approximately 1.8-2 dB SNR gain and nearly
30% throughput  improvement  over
conventional fixed-modulation DCO-OFDM
systems.

The paper's remaining sections are arranged as follows.
Related work and the research demand are outlined in
Section 2. Section 3 elaborates the system model. Section
4 details the proposed adaptive DCO-OFDM framework
with Al integration. The simulation setup and results are
included in Sections 5 and 6, respectively. Sections 7 and 8
provide conclusions and recommendations for further
study.

2. RELATED WORK AND RESEARCH GAP

Over the past ten years, a lot of research has been done
on visible light communication, or VLC. Early works
primarily focused on conventional DCO-OFDM
implementations and high-speed LED modulation
techniques [5][7]. Several studies analyzed the
performance of different optical OFDM variants for
VLC systems [8], [9], while others investigated indoor
optical wireless channel characteristics and modeling
[10], [11].

One significant drawback is many existing VLC models
is the assumption of ideal linear LED behavior. In
practice, LEDs exhibit nonlinear input-output

[JERTV 151 S043549

characteristics that cause significant distortion,
especially when combined with the high Peak-to-
Average Power Ratio (PAPR) of OFDM signals [12],
[14]. Although some researchers have addressed
clipping distortion and nonlinearity separately [10],
[12], most previous works do not jointly incorporate
both effects into the effective SNR calculation.

Adaptive modulation techniques have been examined to
improve spectral efficiency under varying channel
conditions [15]. In more recent times, machine learning
techniques and artificial intelligence (AI) have been
used to VLC systems for channel estimation, resource
allocation, and adaptive modulation [16],[18].
However, most Al-based approaches either focus on
specific components (such as channel estimation) or
employ complex deep learning models that may not be
suitable for low-complexity, real-time implementation.

Research Gap Despite these advancements, there
remains a clear gap in developing a practical, low-
complexity distortion-aware framework for DCO-
OFDM-based VLC systems. Most existing studies
either neglect the combined impact of LED nonlinearity
and clipping distortion or rely on high-complexity Al
models. There is limited work that integrates a realistic
distortion-aware SNR model with a simple yet effective
Al-assisted adaptive modulation scheme suitable for
real-time operation.

To bridge this gap, the present work proposes a
distortion-aware adaptive DCO-OFDM framework that
derives an analytical effective SNR expression
incorporating both clipping and third-order polynomial
LED nonlinearity. Additionally, a low-complexity
Decision Tree-based Al model is employed for adaptive
modulation selection. This combination enables
improved spectral efficiency and robustness under
realistic nonlinear indoor VLC conditions while
maintaining low computational overhead.

TABLE 1: COMPARISON OF AI-BASED AND
CONVENTIONAL VLC SYSTEMS

Aspect Conventional Proposed Al-

Methods Assisted

Framework

LED Mostly assumes Considers third-
Behavior linear response order
nonlinearity +
clipping
Distortion Often ignores Jointly
Modeling or  considers incorporated in
separately effective SNR
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Adaptive Threshold- Al-based where a4, a,,a; are the polynomial coefficients. The
RCCuL i e (Briton 1) nonlinear distortion component is the deviation from the
(SNR/BER) data-driven li ¢
mear term:
Complexity Low Low (suitable
for real-time) The average nonlinear distortion power is:
Adaptation to Limited High _ 2
Nonlinearity Pnl - E[ldnl(n)l ] (6)
Performance Baseline 1.8-2 dB SNR . : .
Gain gain, ~30% LED Input-Output Characteristic Illustrating Nonlinear Response
throughput —— Ideal Linear Response
improvement i) Nonlinear LED Response

TABLE 1 highlights the key differences between
traditional VLC approaches and the suggested
framework. Conventional methods typically rely on
fixed thresholds and simplified linear models, whereas
the proposed system uses data-driven decisions and
realistic distortion modeling for better performance 21
under practical conditions.

Optical Output Power

3. SYSTEM MODEL 0 1 2 3 4 5
LED Input Current / Voltage
3.1 DCO-OFDM Signal Model

Fig 2: LED input—-output characteristic illustrating nonlinear
response.

The frequency-domain QAM symbols are mapped onto

the subcarriers as: . . . o
Fig. 2 shows the typical LED input—output characteristic

using the third-order polynomial model, highlighting
the deviation from the ideal linear response at higher
input levels.

X € Moam, k=0,1,.....N—1 D

The discrete-time OFDM signal is generated using the

inverse fast Fourier transform (IFFT): 3.3 Clipping Distortion

x(n) = =X Xeew (j57), @)

N Due to the limited linear dynamic range of the LED, the
signal may also experience upper clipping at level A.
Wheren = 0,1, ........,N — 1 The clipping distortion power is given by:
A DC bias Ppc is added to satisfy the non-negativity Pclip = E[(xpc(n) — A)? |xpc(n) > A] (7
requirement of intensity modulation/direct detection
(IM/DD): 3.4 Optical Channel Model

The line-of-sight (LOS) DC channel gain for the

Lambertian radiation pattern is:

xpc(m) = x(n) + Pp¢ 3

The signal is then clipped at zero level to ensure
unipolarity: (m+1).Apq

2md?

HLOS -

cos™(@). cos(¢) ®)
Xpe(n) = max (xpc(n), 0) @) where m is the Lambertian order, A,y is the

photodetector area, d is the distance, and @, ¢ are the

3.2 LED Nonlinearity Model irradiance and incidence angles, respectively.

The nonlinear input—output characteristic of a practical

LED is modeled using a third-order polynomial: The total channel impulse response is:

R h(n) =Hios+h n 9
Popt(n) = alxclip(n) + az[xclip(n)] +a3[xclip(n)3] (5) ( ) Lo NLOS( ) ( )

3.5 Noise Model
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The total noise variance at the receiver is the sum of shot
noise and thermal noise:

02 = 0%spot + O2thermal (10)

where

0%shot = 2qR(Pr + Pig)B (11)

Vol. 151ssue 04, April - 2026

improve spectral efficiency and reliability [15]. In
conventional adaptive DCO-OFDM systems, the
modulation order is typically selected using fixed SNR or
BER thresholds. However, under practical VLC
conditions involving LED nonlinearity and clipping
distortion, such threshold-based methods often result in
suboptimal performance.

This work proposes an Al-assisted adaptive
) 4KTB modulation framework that replaces rigid threshold-
Othermal = ~g (12) based decisions with a data-driven approach. The

In this case, q stands for electron charge, R for
responsivity, Pr for received optical power, Pbg for
background power, B for bandwidth, KB for
Boltzmann's constant, T for temperature, and RL for
load resistance.

3.6 Derivation of Distortion-Aware Effective SNR

framework integrates the distortion-aware effective SNR
(derived in Section 3.6) with a low-complexity machine
learning model for intelligent modulation selection.

4.1 Adaptive Modulation Scheme
The optimal modulation order M* is chosen to maximize

the achievable rate while satisfying the target BER
constraint:

In conventional DCO-OFDM models, the SNR is M+ = arg max{R(M)} (14)
calculated assuming a perfectly linear LED. However, M
in practical systems, both clipping and LED nonlinearity subject to:
introduce additional distortion that acts as extra noise.
BER(M, V) < 1073 (15)

The useful signal power at the receiver corresponds to
the linear component of the optical power after channel
propagation, i.e., proportional to (a;-Psignat)*.|HI> where
Psignat is the RMS power of the information-carrying part
Of xclip(n).

The total disturbance power consists of:

e Receiver noise variance ¢>
e Nonlinear distortion power Py
e Clipping distortion power Pciip

Consequently, the ratio of the intended linear signal
power to the total of all noise and distortion powers
yields the distortion-aware effective SNR (yeff):

(a1-Psigna)®|HI?
Yerr = 02+1;qnl+PC“p (13)
This expression provides a more realistic performance
metric than conventional SNR formulas. It is used as the
key input feature for the Al-assisted adaptive
modulation scheme to select the optimal QAM order
under practical nonlinear channel conditions.

4. ADAPTIVE DCO-OFDM FRAMEWORK

Adaptive modulation techniques dynamically adjust the
modulation order according to channel conditions to

[JERTV 151 S043549

The bit error rate for M-ary QAM is approximated as [5],
[8]:

BER =~ 0.2 exp (— m—e”) (16)

M-1
The throughput that can be achieved is determined by:
R(M) = B.log,(M).(1 — BER) (17)

where B is the system bandwidth. To maintain adequate
illumination, the DC bias must satisfy the illumination
constraint [4]:

Ppc = Piltumination (18)
4.2 AlI-Assisted Adaptive Modulation Framework

In practical VLC systems, LED nonlinearity, clipping
distortion, and multipath effects create complex
nonlinear relationships between channel parameters and
the optimal modulation order. These effects are difficult
to capture using fixed analytical thresholds.

To address this, a supervised machine learning approach
is adopted. A Decision Tree classifier is chosen because
of its low computational complexity, fast inference time,
and interpretability, making it highly suitable for real-

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)
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time embedded implementation in VLC systems [16],
[18].

How the Decision Tree is used: The Decision Tree
learns decision boundaries directly from simulation-
generated data. It takes five key features as input
distortion-aware effective SNR (yerr), transmission
distance (d), noise variance (c¢?), clipping level (C), and
LED nonlinearity coefficients (ai, a», a3) and classifies
the best modulation order (4-QAM, 16-QAM, or 64-
QAM) that maximizes throughput while satisfying the
target BER of 1073, During operation, the receiver
extracts these features and feeds them into the trained
model, which instantly outputs the optimal modulation
order M* for the next transmission block. This replaces
the conventional rigid threshold-based mechanism with a
data-driven, adaptive decision process.

Compared to other machine learning models such as
Support Vector Machine (SVM) or shallow Neural
Networks, the Decision Tree offers significantly lower
training and inference complexity while achieving
comparable accuracy (94.3% in this study) under the
considered nonlinear VLC conditions. More complex
models like Deep Neural Networks may provide
marginal gains in accuracy but introduce higher
computational overhead, which is undesirable for
practical low-power VLC transmitters/receivers.

The Al-based modulation decision is expressed as:

M- :ﬂl(yeff’ da 625 Ca ai, a2, 33) (19)

where:

e  v.r= distortion-aware effective SNR,

e  d=transmission distance,

e o =noise variance,

e C=clipping level,

e aj, ay, a3 = LED nonlinearity coefficients.

Channel Estimates
*SNR,
* Distance
* Clipping
* LED Nonlinearity
* Noise Variance

5 odulation Orde
Indoor
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Modulation Channel
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IFFT, Clipping, DC Bias
Performance
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Fig 3: Block Diagram of proposed Al-assisted adaptive nonlinearity
-aware DCO-OFDM VLC System

The block diagram of the suggested Al-assisted adaptive
nonlinearity-aware DCO-OFDM VLC system is shown
in Fig. 3. The AI model predicts the best QAM
modulation order (4-QAM, 16-QAM, or 64-QAM) using
important channel and system factors as input features.
The transmitter then applies this anticipated order,
allowing for dynamic adaptability in the face of changing
nonlinear channel conditions.

4.3 Training Process and Integration

A dataset created from Monte Carlo simulations
encompassing a variety of channel conditions is used to
train the Decision Tree model. Each training sample
consists of the input features (Yesr, d, 6, C, a1,a2,a3 ) and
the corresponding optimal modulation order that
maximizes throughput while satisfying the target BER of
1073.

During real-time operation, the estimated channel
parameters are fed into the trained model, which replaces
the conventional threshold-based decision block. This
feedback-driven mechanism allows the system to adapt
intelligently without relying on manually designed
thresholds [16], [17].

Algorithm 1: Al-Assisted Adaptive Modulation
Selection

Input: yer, d, 6%, C, ai, a, as
Output: Optimal modulation order M*

Initialize the trained Decision Tree model f4;

2. Form the input feature vector X= [y d, o°, C,

aj, dy, 613]

Predict M*= f1(X)

Apply M*-QAM modulation at the transmitter

5. Transmit the DCO-OFDM signal through the
VLC channel

6. Estimate BER and y.yat the receiver

7. Repeat for the next transmission cycle

~

AW

4.4 Advantages

The proposed Al-assisted framework offers several key
benefits:

e Captures complex nonlinear relationships
caused by LED distortion and clipping

e Provides more accurate and smooth modulation
switching compared to threshold-based
methods

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)
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e Maintains low computational complexity,
making it suitable for practical real-time VLC
deployment

e Improves overall spectral efficiency and system
robustness under realistic indoor conditions

5. SIMULATION SETUP

To evaluate the performance of the proposed
distortion-aware adaptive DCO-OFDM system with
Al-assisted modulation, extensive Monte Carlo
simulations were performed using Python with
NumPy and SciPy libraries. A total of 10° bits were
transmitted for each SNR point to ensure statistical
reliability.

The simulations were carried out in a typical indoor
environment with the following parameters:

TABLE 2: Simulation parameters used for
performance evaluation of the proposed VLC
system.

Vol. 151ssue 04, April - 2026

distortion power (Pn) from the third-order LED
polynomial.

The Decision Tree classifier was trained on 70% of
the simulation-generated dataset and tested on the
remaining 30%. The trained model was integrated
into the adaptive modulation block to predict the
optimal QAM order dynamically.

Simulation Flow

~
J

Initialize Parameters

.

Generate Data

.

| Apply DCO-OFDM

|

Simulate Channel + Noise
\ J

:

Evaluate BER &

Y

Parameter Value Throughput J
Room dimensions 5x5x3m? |
PR
LED semi-angle at half 60° _~Adaptive >\ No_((Sioe & Anahee
power ““._ Modulation _~ Results
‘\\_ /// s BER. Thioughpu s-w.}
Photodetector area (Apd) 1 cm? ly..
Photodetector responsivity 0.4 AIW (" Al-Based Modulation
L Decision )
System bandwidth (B) 20 MHz . = { ——=
‘ Store & Analyze Results |
FFT size (N) 256 (BER. Throughput, SNR) |
Cyclic prefix length 16

Modulation schemes 4-QAM, 16-QAM, 64-
QAM

Target BER 1078

Number of transmitted bits 10° per SNR point

Number of Monte Carlo 100
runs

DC bias Voltage(Poc) Optimized (1.8-2.2 V)

Clipping level

Varied (0 to 3xo)

Wall reflection coefficient 0.8

The indoor optical channel was modeled using the
Lambertian radiation pattern, considering both line-
of-sight (LOS) and first-order non-line-of-sight
(NLOS) reflections. Shot noise and thermal noise
were added according to the models given in Section
3.5. The distortion-aware effective SNR (Eq. 14) was
calculated at the receiver by incorporating both
clipping distortion power (Pgip) and nonlinear

[JERTV 151 S043549

Fig 4: Simulation flow diagram of the proposed
Al-assisted distortion-aware adaptive DCO-OFDM
VLC system

Fig. 4 shows the overall simulation flow of the proposed
system, starting from random bit generation, Al-based
adaptive modulation, DCO-OFDM processing with
nonlinearity and clipping, channel propagation with
noise, demodulation, and performance metric evaluation
(BER, throughput, and effective SNR).

6. RESULTS AND DISCUSSION

The suggested distortion-aware Al-assisted adaptive
DCO-OFDM system's performance is assessed and
contrasted with OOK schemes, adaptive OFDM without
distortion awareness, and traditional fixed-modulation
DCO-OFDM. Under realistic indoor VLC conditions,
Monte Carlo simulations yielded all of the results.

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)
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A. BER Performance Fig. 6 presents the throughput performance as a function
BER Performance Comparison of VLC Schemes of SNR. The proposed system consistently outperforms
other schemes across all SNR ranges. At an SNR of 18
] dB, the proposed structure achieves approximately 140
20747+ Mbps throughput, compared to 108 Mbps for
= 10728 ] conventional DCO-OFDM, resulting in nearly 30%
% _— improvement in spectral efficiency.
o«
g 1= C. Distance-Based Evaluation
& 10761
10724 — ook Achievable Throughput vs Distance in Indoor VLC Environment
— Conventional DCO-OFDM 650 - —— Conventional DCO-OFDM
10-83 4 —— Adaptive OFDM \ ——— Adaptive OFDM
—— Proposed Adaptive Nonlinearity-Aware DCO-OFDM —— Proposed Adaptive Nonlinearity-Aware DCO-OFDM

T T T T T T 600 4
0 5 10 15 20 25
SNR (dB)

%]
a
I=]

Fig 5: BER performance comparison of OOK,

Throughput (Mbps)

conventional DCO-OFDM, adaptive OFDM, and 500
proposed distortion-aware adaptive DCO-OFDM 450
scheme.

400 1
Fig. 5 shows the BER versus SNR performance of
different VLC transmission schemes. The proposed 1 2 3 4 5
distortion-aware adaptive DCO-OFDM achieves a Transmitter-Recelver istance (m)
significant improvement, providing approximately 1.8—
2 dB SNR gain at the target BER of 1073 compared to Fig 7: Achievable throughput versus transmitter—
conventional fixed-modulation DCO-OFDM. This receiver distance in indoor VLC environment.
improvement is mainly attributed to the accurate
modeling of clipping distortion and LED nonlinearity in Fig. 7 illustrates the achievable throughput versus
the effective SNR calculation, which reduces the error transmitter-receiver  distance in  the  indoor
floor at higher SNR values. environment. As expected, throughput decreases with

increasing distance due to optical path loss. However,
the proposed distortion-aware adaptive scheme
B. Throughput Analysis maintains higher throughput than conventional

) ) methods, demonstrating better robustness against
Throughput Comparison of VLC Schemes as a Function of SNR

distance-induced degradation.
175 H—— 00K
——— Conventional DCO-OFDM g
—— Adaptive OFDM
150 1 —— proposed Adaptive Nonlinearity-Aware DCO-OFDM 7~~~
; D. Capacity vs DC Bias
8 24 Capacity versus DC Bias under Clipping Constraints
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Fig 6: Throughput comparison of different VLC
schemes as a function of SNR. B I I I ] ] I I
0.5 1.0 15 2.0 2.5 3.0 35 4.0
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Fig 8: Capacity versus DC bias under clipping
constraints.
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Figure 8 displays the system capacity under clipping
limits as a function of DC bias voltage. The capacity
increases with DC bias up to an optimal range of 1.8-
2.2 V, beyond which clipping distortion becomes
dominant and limits further improvement. This
highlights the importance of joint optimization of
illumination and communication performance.

E. Al-Assisted Modulation Behaviour

Modulation Selection: Threshold vs Al-Based Approach

—a—a—a—

64 1 —@— Threshold-Based
~m - Al-Assisted

32 1

Modulation Order

16

Vol. 151ssue 04, April - 2026

precision of 90.6%, recall of 89.2%, and F1-score of
89.9%. These results confirm that the Decision Tree
effectively captures the complex nonlinear relationships
between the input features (distortion-aware effective
SNR, transmission distance, noise variance, clipping
level, and LED nonlinearity coefficients) and the
optimal modulation order.

Confusion Matrix Analysis

The Al-assisted model's high classification accuracy is
shown by the confusion matrix in Fig. 10, where the
majority of predictions are focused along the diagonal.
Overlapping SNR regions cause minor
misclassification  between adjacent modulation
schemes, but insignificant mistakes are seen between
distant modulation levels. This confirms that the
suggested Al-based adaptive modulation approach is
successful.

Confusion Matrix for Al-Assisted Modulation Selection

100

T T T T T 4 3 0
0 5 10 15 20 25
SNR (dB) 80
. . . . . z 50
Fig 9: Comparison of modulation selection using 2 >
threshold-based and Al-assisted adaptive modulation =
g - 40
schemes g
Fig 9 compares the modulation selection behavior 64 0 i
between conventional threshold-based and the proposed
Al-assisted adaptive modulation schemes. The a 16 64 —°

threshold-based method shows abrupt transitions
between modulation orders, whereas the Al-based
approach provides smoother and more accurate
adaptation, especially in nonlinear channel conditions.
This demonstrates the effectiveness of the Decision
Tree model in capturing complex relationships between
channel parameters and optimal modulation order.

F. Pe formance Evaluation of AI Model

The Decision Tree classifier was trained on 70% of the
simulation-generated dataset (8400 samples) and tested
on the remaining 30% (3600 samples). Fig. 10 presents
the confusion matrix of the Al-assisted modulation
classification model. Most predictions lie along the
diagonal, with only minor misclassifications occurring

Predicted Modulation

Fig 10: Confusion matrix of the Al-assisted
modulation classification model

G.Di ussion

The simulation results validate that incorporating
both clipping distortion and LED nonlinearity into
the effective SNR model significantly improves
system performance compared to conventional
approaches that assume ideal linear LED behavior.
The integration of the low-complexity Al-assisted
adaptive modulation further enhances adaptability
and spectral efficiency.

between adjacent modulation orders due to overlapping T(};e prop?sed framework offers two main
effective SNR regions. Errors between distant advantages:

mOd}ﬂ.atlon levels  (4-QAM and  64-QAM)  are . Better realism: The distortion-aware SNR
negligible.

The model achieves strong classification performance
with an overall accuracy of 94.3%, macro-averaged

[JERTV 151 S043549

provides a more accurate performance prediction for
practical indoor VLC deployment.

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)
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. Improved adaptability: The Al-based decision-
making outperforms rigid threshold methods,
especially under varying nonlinear channel
conditions.

Overall, the findings show that the suggested system
achieves superior SNR gain, higher throughput, and more
reliable performance, which makes it a viable option for
high-speed indoor Li-Fi networks of the future.

6. COMPLEXITY ANALYSIS

The dominant computational complexity arises from
FFT:

Computational Complexity = O (N log N)

The adaptive decision logic introduces negligible
overhead.

7. COMPARATIVE STUDY

TABLE 3: COMPARATIVE PERFORMANCE
ANALYSIS OF DIFFERENT VLC TRANSMISSION SCHEMES.

introduced to dynamically select the optimal QAM
order under realistic nonlinear channel conditions [16],
[18].

Monte Carlo simulation results demonstrate that the
suggested structure achieves approximately 1.8-2 dB
SNR gain at the target BER of 107 and nearly 30%
improvement in throughput compared to conventional
fixed-modulation DCO-OFDM systems. The Al-
assisted modulation provides smoother and more
accurate adaptation under nonlinear conditions,
achieving 94.3% classification accuracy with strong
precision, recall, and Fl-score. These improvements
validate the effectiveness of combining distortion-aware
modeling with intelligent adaptive modulation for
practical indoor VLC applications [15], [17].

The computational complexity remains dominated by
the FFT operation, ensuring that the proposed Al-
assisted mechanism introduces negligible overhead.
Overall, the suggested framework offers a spectrally
efficient, reliable, and low-complexity solution suitable
for next-generation indoor Li-Fi networks.

1. AVAILABILITY OF DATA AND MATERIALS
The accompanying author can provide the simulation-
generated data supporting the study's conclusions upon
reasonable request.

OOK Low Low Low
Fixed DCO-  Moderate Moderate Medium DECLARATION
OFDM
Proposed High High Medium Funding: Not applicable.
Adaptive

A comparison of several VLC transmission systems in
terms of SNR gain, attainable throughput, and
computational complexity is shown in TABLE 3. Due
to its poor spectral efficiency and lack of adaptability,
the OOK scheme performs the worst. Through
multicarrier modulation, conventional fixed DCO-
OFDM increases system throughput and reliability,
but it is unable to adequately handle nonlinear
distortion and clipping effects. On the other hand, by
combining distortion-aware modelling with adaptive
modulation techniques, the suggested adaptive
nonlinearity-aware DCO-OFDM method improves
throughput and increases SNR gain.

8. CONCLUSION

This paper presented a distortion-aware adaptive DCO-
OFDM  framework for indoor Visible Light
Communication (VLC) systems. Unlike conventional
approaches that assume ideal linear LED behavior [8],
[12], the proposed system incorporates both clipping
distortion and third-order LED nonlinearity into a
closed-form effective SNR expression. Additionally, a
low-complexity Al-assisted adaptive modulation
scheme based on a Decision Tree classifier was

[JERTV 151 S043549

10. FUTURE WORK
Although the current study is based on Monte Carlo
simulations, several directions remain open for further
enhancement and real-world deployment.
Future work includes experimental validation of the
proposed framework using commercial LEDs and
photodiodes [22], [23]. Extension to MIMO-VLC
systems can significantly increase capacity and spatial
diversity [18]. Integration with hybrid RF—VLC systems
can provide seamless mobility support [2], [24].
Furthermore, advanced hardware-based nonlinear
modelling through laboratory measurements can
improve distortion estimation accuracy [10], [34].
Additional research directions may explore:
e Energy-efficient bias optimization strategies
[25], [26]
e Joint illumination—communication co-design
[11, [27]
e Low-complexity real-time adaptive algorithms
[15]
e  Al-assisted channel estimation techniques [28]
e Integration with 6G indoor ultra-dense
networks [29]
These enhancements will further improve the
practicality and scalability of the proposed distortion-

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)
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aware Al-assisted DCO-OFDM framework for future
indoor wireless networks.

ABBREVIATIONS

(1]

(2]

[3]

(4]

(3]

(6]

(7]

(8]

9]

DCO-OFDM: Direct Current-biased
Optical Orthogonal Frequency Division
Multiplexing

PAPR: Peak to Average Power Ratio
VLC: Visible Light Communication
LED: Light Emitting Diode

Al: Artificial Intelligence

QAM: Quadrature Amplitude Modulation
BER: Bit Error Rate

OOK: On-Off Keying

FFT: Fast Fourier Transform

IFFT: Inverse Fast Fourier Transform
Li-Fi: Light Fidelity

LOS: Line of Sight

SNR: Signal to Noise Ratio

IM/DD: Intensity Modulation/Direct Detection
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