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Abstract: Coherent chaotic optical communication represents a present-day technique for
attaining excessive-pace, long-distance statistics transmission with first-rate protection.
This approach combines deep-gaining knowledge of chaotic synchronization (DLM-CS)
models with virtual-sign processing algorithms to counteract fibre transmission
impairments, resulting in a sturdy and green communiqué device. Chaotic indicators are
generated through electro-optic feedback, explicitly using Optical Intensity Chaos and
Optical Phase Chaos (OIC), facilitated by Mach-Zehnder Modulator and Interferometer
(MZM/MZI1) modulators. Additionally, device getting to know-primarily based algorithms
are hired to mitigate non-linearity in the communiqué channel. Performance analysis in
this context encompasses Bit Error Rate(BER), lengthy-distance communication
competencies, chaotic signal periodicity, chaos synchronization, and safety. This technique
allows for steady, high-speed facts transmission over prolonged distances, making it an
important era for numerous packages, which includes telecommunications and statistics
safety.
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1. INTRODUCTION

Securing high-pace records transmission is a complex problem that spans many
distinctive era regions [1]. Integrating deep getting-to-know, electro-optic comments,
coherent chaotic optical verbal exchange, and other such technology brings new problems
that should be carefully considered. Fast information transmission calls for signal
processing upgrades, to-be-had bandwidth enlargement, and the development of novel
modulation schemes [2]. Data transmission protection is of the utmost importance and
requires robust authentication methods, encryption, and defence in opposition to ever-
changing cyber threats [3]. The high quality of the published and received indicators is
predicated on coherent optical communication, which encounters challenges such as
segment noise, polarization consequences, and dispersion [4]. However, significant
technological obstacles exist to managing and synchronizing chaotic signals [5].
Incorporating chaotic communication offers the promise of secure data transfer because
chaotic systems are highly dependent on beginning conditions [6]. With deep learning
injected in, things get even more complicated; good model generalization requires large
and diverse training data [7], and the interpretability of complex models is paramount in
mission-critical applications [8]. A thorough familiarity with optical components is
required to develop electro-optic feedback mechanisms, which in turn call for meticulous
optimization of feedback loops to guarantee dependability and stability [9]. Noisy
environments, interference, and unreliability of components are all examples of
difficulties. Theoretical advances in safe, high-speed data transmission cannot be realized
without interdisciplinary knowledge and an all-encompassing strategy for system design
that places heavy emphasis on experimental validation [10].

Coherent chaotic optical communication, deep learning, and electro-optic feedback are
three current approaches that enable secure high-speed data transmission [11]. Improved
data costs and satisfactory signals are carried out through optical communication using
new modulation formats and coherent detection technology [12]. When it involves making
the most of the spectrum, techniques like section-shift keying (PSK) and quadrature
amplitude modulation (QAM) are critical [13]. By using chaotic alerts— which can be
touchy to starting conditions and offer intrinsic encryption—chaotic optical conversation
adds a new degree of safety to the combination. Optical conversation systems benefit from
deep getting-to-know because they complement signal processing and mistake correction.
Trained in big datasets, neural networks enhance statistics transmission reliability by
detecting and correcting sign abnormalities. Electro-optic feedback gadgets can
dynamically modify optical houses using feedback loops, enhancing the system's overall
performance. Problems remain, however, with these upgrades. Phase noise and
polarization outcomes are troubles that coherent conversation structures should address
because they affect the integrity of the indicators. Chaotic sign synchronization is difficult
and requires actual management techniques. Concerns concerning the dependability of
deep studying models in critical packages stand up from their ongoing problem with
interpretability. Stability problems in electro-optic feedback structures necessitate
meticulous interference and noise management. In addition, knowing how these strategies
paintings collectively and how they would possibly complement each other is vital for
integrating them. Resolving these troubles guarantees that the incorporated methodologies
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paint in sensible settings and reap a complete, sturdy solution for secure high-speed facts
transmission.

e The primary objective is to use coherent, chaotic optical verbal exchange to
improve the skills of excessive-speed information switches. The challenge is to
develop an efficient communication gadget that is fast with electro-optic remarks
and deep knowledge to reduce the effect of fiber transmission barriers.

e Building long-lasting chaotic signals using Optical Intensity Chaos and Optical
Phase Chaos is the primary emphasis of the research. Improving the great number
of chaotic indicators is the purpose of using Mach-Zehnder Modulator and
Interferometer (MZM/MZI1) modulators as a way to allow for steady and reliable
lengthy-distance transmission.

e Making positive the communique device is secure is an important goal. To tackle
non-linearities inside the verbal exchange channel, the studies utilize algorithms
based on gadgets gaining knowledge to perform chaotic synchronization. This
synchronization makes the transfer more secure, making it a beneficial method for
industries that cope with sensitive facts, like telecoms.

To enhance the excellent of chaotic indicators, the current study adheres to a format
well suited to the literature assessment provided in Section 2. Section 3 affords the
mathematical basis of the studies, which typically makes a speciality of constructing
enduring chaotic alerts using optical intensity and section chaos. Section 4 presents the
study's results and discussion, while Section 5 offers a brief overview and final thoughts.

2. LITERATURE SURVEY

There have been major developments in chaotic optical communication due to
researchers looking for new ways to increase security and speed. Research in this area
consistently highlights Optical Intensity Chaos and Optical Phase Chaos as promising hew
methods for producing long-lasting chaotic signals.

The technique counselled by Jiang, L. Et al. [14] uses an opto-digital oscillator to create
an optical chaotic service that's then encrypted using chaos-protecting (CMS) encryption
to send a 112-Gbit/s message over an unmarried-mode fiber that is 1040 km long. Using a
new blind decryption method with coherence detection, the study effectively decrypts
messages with a bit-mistakes-price (BER) lower than the forward error correction (FEC)
threshold. According to the results, virtual sign processing with coherent detection makes
chaotic optical verbal exchange more possible.

Nevertheless, the study brings attention to viable safety flaws in CMS encryption,
which has sparked additional debate on how to make excessive-pace chaotic optical
conversation structures steadier and more realistic. An electro-optical hybrid time-behind
schedule comments shape is the basis of the chaotic-shift-keying (CSK) scheme that Gao,
X. Et al. [15] indicate in comparison to standard CSK, this approach uses a message-
feeding method that toggles the time put off parameter to push back return map assaults.
This digital signal transmission noise-handling device is a well-coupled seed electrical
chaotic machine with a non-linear optical time postpone feedback loop. Using chaotic
coherent detection for demodulation consequences in a simulation-primarily based low bit
blunders rate of 6x10—4 at a signal-to-noise ratio of 10dB.
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Applications in hard contexts show ability for the era. In their groundbreaking
paintings, Lu et al. [16] offer an electro-optic chaotic system that removes time-delay
signatures (TDS) and the use of progressed non-linearity through deep learning (ENDL).
To conceal TDS, the non-linear impact is amplified using an LSTM educated with a
custom-designed loss characteristic. Achieving TDS removal, bandwidth exceeding
31GHz at low comments depth (o = 4V), and stepped forward chaotic output complexity
with a permutation entropy (PE) of 0.9941 are all consequences of the ENDL system in
simulations. Ensuring both security and robustness, the synchronization findings show low
sensitivity to comments depth and excellent sensitivity to TDS. In addition to introducing
a new route for high-quality chaos production, the system provides a simple
synchronization structure and great flexibility.

For secure data transfer at high speeds (>100 Gbps) and over long distances (>100 km)
using a single fiber, Wang et al. [17] provide a new method of chaotic optical
communication. Space-division multiplexing (SDM) methods and semiconductor laser
mutual injection are employed to implement the suggested method. The experimental
results show that long-distance, high-speed, chaos-based secure optical communications
are possible, with 70 Gbps on-off keying (OOK) and 140 Gbps quadrature phase-shift
keying (QPSK) signals sent efficiently over a 130 km multi-core fiber (MCF). Utilizing
the multi-dimensional properties of light waves, this method shows potential for ultra-long-
distance chaotic optical communications with future ultra-high capacity.

A new chaotic secure communication system utilizing vertical-cavity surface-emitting
lasers (VCSEL) with a common phase-modulated electro-optic (CPMEO) feedback is
presented by Wang, H et al. [18]. Researchers use low-gain electro-optic (EO) feedback to
ensure everything is secure to suppress the time-delay signature (TDS). A novel secondary
encryption technique that uses TDS and VCSEL characteristics improves the key space.
Accurate, secure optical transmission at 10 Gb/s with regulated time-delay mismatch is
now possible, to numerical calculations showing an 8-fold reduction of TDS and a
doubling of bandwidth to over 22 GHz. The suggested method has promise for safe two-
channel chaotic communication because it greatly enhances TDS concealment, bandwidth,
and key space.

The authors of [19] present a differential feedback electro-optical phase chaotic system
that can provide high-speed, long-distance chaotic communication while simultaneously
generating ultra-wideband optical chaos. We thoroughly examine the nonlinear dynamics
of this feedback loop that operates on a differential. As a preliminary finding from the
numerical findings, we get the greatest permutation entropy of 0.993 and the maximum
spectral entropy of 0.945 in terms of chaotic complexity. Combining co-drive
synchronization with coherent demodulation allows for the receiving of format-transparent
communications.

Overall, the highlighted studies show how important it is to have long-lasting chaotic
signals and how Optical Intensity Chaos and Optical Phase Chaos are better than the
current methods.

3. PROPOSED METHOD

Securing and speeding up communication is of utmost importance in the dynamic
world of data transmission. Coherent chaos optical communication, an advanced approach
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that combines deep learning with electro-optic feedback, is presented in the paper. This
method guarantees efficiency and robustness by utilizing chaotic signals produced by
Optical Intensity Chaos & Optical Phase Chaos, which MZM/MZI modulators enable. A
steady channel is similarly ensured with device studying techniques, which counteract
transmission impairments. Merging these technologies no longer best improves overall
performance measures, including BER and long-distance communication, but gives the
basis for important programs in facts security and telecommunications.

[ Data Source ]_)[ Encoder }_» Chaotic Optical
Source
é Modulator > Electro-Optic Feedback

Loop

Data Sink | Decoder Receiver
\ )

Secure Key Feedback
Decrypted Data % Mechanism

Figure 1: A System for Chaotic Optical Communication.

l
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Figure 1 is an in-depth diagram of a Chaotic Optical Communication System, the
maximum recent paradigm for secure and reliable statistics transfer. This system uses
optical sign chaos on the side of dynamic remarks structures and protects key generation
to provide a comprehensive solution for the security of sensitive statistics. The first phase
in the system is to choose a data source, which is a reputable place from which sensitive
data may be conveniently contributed. The digital format doesn't restrict what may be
included; text, photos, and multimedia files are acceptable. An essential part of the device,
the encoder prepares the raw data for optical transmission by encoding it. The subsequent
stage is transferring the encoded data to the Chaotic Optical Source, which generates the
optical signal's disorder. The chaotic technique makes the optical sign's behavior in this
software predictable and startling all at the same. As a result, understanding the sent
information becomes very difficult for those without authorization.

Incorporating chaos theory into this encryption technology enhances the
communication mechanism's security. As it travels down the pipeline of verbal interaction,
the optical sign meets a Modulator. Fixing this problem will allow us to transmit signals at
the maximum potential level. The signal is transferred after passing via the Electro-Optic
Feedback Loop, a device that dynamically modifies the optical sign in real-time. Even
when faced with unpredictable or fluctuating outside influences, this feedback loop ensures
that the transmitted signal remains stable and dependable. The signal is stabilized and
altered before it reaches the receiving Decoder to guarantee its integrity. Crucial to the
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interpretation process is restoring the initial data from the disorganized optical sign and
flipping the encoding method on its head.

When an electro-optic effect is combined with a signal-controlled element, the result is
an optical device known as an electro-optic modulator (EOM). The polarization,
amplitude, frequency, and phase of the beam are among the many variables that may be
changed. A simple electro-optic modulator may be a phase modulator with one Pockels
cell, which uses an electric field applied to a crystal via electrodes to change the phase
delay of a laser beam. The Mach-Zehnder modulator (MZM) is an interferometric structure
made of a material having a strong electro-optic effect. The application of electric fields to
the arms changes the optical path lengths, resulting in phase modulation. A phase
modulator, a kind of optical modulator, is one tool for controlling the laser beam's optical
phase. A Mach-Zehnder modulator is used to regulate the amplitude of an optical wave.
The input waveguide must be split in half to accommodate the waveguide interferometer.
The phase shift of a wave traveling through an arm is caused by a voltage applied across
the arm.

Interactions between the decoder and a Feedback Mechanism provide a remarks loop
that constantly improves deciphering. The system can handle adjustments inside the visible
sign produced using factors like weather patterns or signal distortions because of its
adaptability and robustness, which can be ensured through these dynamic remarks. Part of
the device's security features goes beyond the necessities of data transfer; it includes Secure
Key Generation. Cryptographic keys, essential for each information encryption and
decryption, are generated during this procedure. Because of the greater safeguard provided
through the steady advent of the keys method, it becomes quite hard for malicious events
to undermine the confidentiality of the communication. The last step is for the decrypted
statistics to reach the Data Sink. The statistics' target device will be whatever receives and
processes it. Secure key era, dynamic feedback loops,

_1(4_ | _ Fe 2 v 4y (1S
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Bit error charge (CFS), modulation order (N), the strength spectrum density of noise
(0y), strength in keeping with bit (F,), and the index of accumulation in the series of
countless bits (I) are all variables in the equation (1). The exponential decay of the
probability of mistakes can be represented through the exponential characteristic, exp.
Complicating matters in addition by way of thinking of higher-order phrases, the summing
term includes factorials and exponentials. Equation (1) demonstrates an all-encompassing
comprehension of a coherent chaotic optical machine for verbal exchange by incorporating
superior mathematical systems to predict and manage transmission subtleties. It
demonstrates the system's capability to handle verbal exchange channel complexity whilst
attaining secure, excessive-pace facts switch throughout lengthy distances.

_ Qo f~BE 5 1
TOS(E,w) = OO.C'J1+ sinz(ﬂ) "1t frou’ 149 f-Lu
y. m

2

A wide variety of factors affect the signal-to-noise ratio (T0S) in a coherent chaotic
optical system of communication is calculated by way of equation (2). Q,, the preliminary
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signal strength, and Q,, the only-sided energy of noise spectral density represents the
baseline power situations. Signal propagation is impacted via the channel's bandwidth (C)
and the sign's distance (E). The attenuation coefficient, denoted as g, portrays the signal
loss as a function of distance. The influence of non-linearities on the communication
channel is brought about by the non-linear parameter (y), which interacts with the
frequency spectrum of the chaos optical signal (i). The effect of synchronization on TOS
concerning time is controlled by the chaos synchronization intensity (&), the
synchronization rate (w), and the parameter a. The algorithm's ability to adapt and deal
with non-linearities continuously over time is controlled by the learning rate L, and the
efficacy of machine learning is represented by 9. These two variables work together to
form the machine learn-based non-linearity mitigation. As the communication
environment changes, the 1 4+ a. f~®* reflects the effects of machine learning, which
influences TOS.

dfi;u) =7. 13;g(ur_)r) — 8.y(u) + B.sin(2mew) . tani(a. y(u)) 3)

The system's state at time (w) is represented by y(u) in the equation (3). The influence
of the previous state on the present state is controlled by y, which regulates the extent of
the delayed feedback. The sequence & latency of the feedback are determined by 0 and z,
respectively. The damping factor, which impacts the system's decay, is controlled by §.
The B. sin(2meu) provides periodicity using a sinusoidal modulator with amplitude B and
frequency e. The non-linearity is introduced by the hyperbolic tangent operation, which
affects the inclination of the function as tani(a. y(w)). The equation (3) is quite flexible
and may represent many different types of complex systems, including coherent chaos
optical communication networks that use electro-optic feedback and deep learning
synchronization, as well as chaotic signals that are dynamically modulated over time. It
can regulate the system's dynamics & periodic behaviour precisely by adjusting these
parameters.
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Figure 2: An Analysis and Generation System for Chaotic Signals

Figure 2 depicts the Chaotic Signal Production & Analysis System, an elaborate
framework for using chaotic signals in different settings. The system follows a sure-
installed sequence of levels to accurately create, analyze, and apply chaotic alerts. First,
facts or data are imparted at the Information Source in the Input, where the operation starts.
The encoder, a crucial part of the system, uses these data significantly as it converts the
input into an association that the chaotic sign introduction system may use. All the
subsequent complex actions carried out within the computer are built upon this first
encoding level. The Electro-Optic Feedback technology is used during the Chaotic Signal
Generation stage to achieve the system's novel and creative method.

A diverse range of signal processing applications may benefit from signals produced
by chaotic systems, including detection and characterization of physical processes and the
synthesis of new signal classes for use in communications, remote sensing, and other fields.
The characteristics of the transition from stability to instability or from order to disorder
are described by chaos theory. For instance, because of its nonlinear dynamics, a chaotic
system does not settle into a predictable pattern, in contrast to the predictable behaviour of
a pendulum. Deterministic, non-periodic, and sensitive to beginning circumstances are the
hallmarks of a chaotic signal. Because of this last property, the resulting signal rapidly
deviates from the original if the generating system is started with a slightly modified
beginning state.

This objective cannot be met without an advanced comment system and the efficient
use of Electro-Optic Modulators (MZM/MZI). Modulators are used to introduce controlled
chaos into an optical signal, which causes the signal to change into a complex and
unexpected waveform. By enhancing and honing these chaotic tendencies, the comments
loop guarantees the creation of a remarkable chaotic sign with improved functionality.

The chaotic sign stores records that can only be read and used with the Decoder and
the Information Sink in place. An essential part of the process, the Decoder reverses the
encoding method and obtains usable data from the encrypted signal. The Communication
Sink receives the decrypted data and puts it to use for its intended purpose, which may be



Sivasakthi T / Enabling Secure High Speed Data Transmission 9

transmission or further analysis. An integrated Performance Analysis and Security module
enhances the device's capacity to handle chaotic signals reliably and securely. An integral
part of this critical component is a high-tech tool called a Bit Error Rate (BER) Processor,
which provides useful data on the accuracy of signal transmission.

Using a deep-learning model, the digital domain was able to accomplish chaotic
synchronization, and DSP techniques with coherent detection made up for fibre
transmission shortcomings. The successful transmission of 30 Gh/s quadrature phase-shift
keying messages was accomplished across a 340 km fibre connection. Combining the
aforementioned experimental results with simulation validation, many long-distance
chaotic communication systems have been established. Utilizing coherent detection
techniques, chaotic optical communication was demonstrated across a 1000 km
transmission utilizing a 10 Gb/s phase-modulation signal. A combined analogue-digital
chaos technique was used to transmit the encrypted 5 GBaud 16QAM signal, which was
transmitted 1600 km distant. Transmitting data across hundreds of kilometres at speeds of
100 Gb/s or more has been demonstrated in experiments using chaotic communication.
The bulk of experimental chaos, however, comes from antiquated electro-optical feedback
chaotic systems, where security is difficult to provide, and the chaotic time-dependent
stochastic differential signal (TDS) is easily visible. Even if the simulation proposes a safer
method for managing longer-distance connections, the rate is still much lower than what
optical communication presently demands. Through the injection of the co-drive optical
field, a co-drive synchronization system may provide identical anarchy at the transmitter
and receiver. In the process of creating chaos, the signal plays no role. It is easier to do
long-distance transmission, and the transmission connection requirements are decreased.
Unfortunately, most contemporary co-drive systems use chaotic cascades to amplify the
complexity and instability of chaos. This is essential for security reasons since complex
system topologies are often employed. Recent experiments have validated many
approaches based on chaotic co-drive synchronization. The encrypted and decrypted
communications are secret, noise-like signals that are remotely synchronized, following a
56 Gb/s covert transmission utilizing 4-level pulse amplitude modulation (PAMA4).
Additionally, a secret signal may be sent across a 100 km single-mode fibre link using an
on/off keying modulation rate of 28 Gb/s. Compared to direct coupling synchronous
communication, the transmission distance of co-drive synchronous communication is now
shorter and may be superior. In sum, meeting the security and transmission performance
standards of optical communication at the same time remains a challenge for the current
disorganized optical communication system. It is critical to provide a broadband
communication system that is both complicated and chaotic, and which has excellent
communication performance. This article introduces a novel ultra-broadband chaotic
model of the differential electro-optical phase (DEOP) that is quite complicated and
eliminates total dispersion (TDS). Chaotic synchronous communication may be
accomplished by injecting the co-drive laser into the same DEOP devices and then utilizing
coherent demodulation. It is possible to encrypt and decode high-speed communications
using a transparent modulation scheme. With its secure broadband signal transmission
assurance and ability to avoid common problems like chaotic cascade and complex
hardware architectures in co-drive chaotic synchronization, this communication system has
a lot of real-world applications.
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An important way to find out how well the community is doing on average and where
any vulnerabilities that might compromise the sign's integrity are is to do a full analysis
using the BER Analyzer. Staying connected despite the great distances The device's
adaptability in scenarios requiring a strong connection across long distances will also be
enhanced by its capabilities. The gadget is a versatile and vital need for many real-world
applications since it can enable flawless long-distance audio communication. A Chaotic
Signal Periodicity Checker is included in the system to handle issues related to chaotic sign
periodicity.

While that's happening, this tracking challenge is documenting and evaluating all the
jumbled notifications to see if there are any regularities or outliers. Periodicity Checker
improves machine reliability because it reduces the likelihood of unexpected predictability
and guarantees that chaotic signals are both accurate and unpredictable. Figure 2 presents
an intensive look at a Chaotic Signal Generation and Analysis System that became
intentionally evolved. Based on its proactive technique to performance and security issues
and its capacity to deal with an extensive range of applications, the system is a reliable
solution for facts processing, chaotic signal manufacturing, decoding, and analysis. Figure
2's complicated aspect orchestration exemplifies an innovative leap forward in the chaotic
processing of signals, demonstrating the device's versatility and dependability in one-of-a-
kind settings and establishing a new general for signal synthesis and evaluation.

2 = bg(y) + boh(y) + bsi(2) + by 2 + bsh' ()i (2)beg'(¥) (Z—Z)z )

d

Two chaotic structures can be described with their complex interplay dynamics through
the chaos synchronization equation (4). The terms g(y) and h(y) denote the impartial
behaviours of the man or woman systems, and the time period i(z)specifies the courting
among them. Other complexities are introduced into the version by using the better-order
derivatives, like h(y) and i(z). The strength and interactions of each term are controlled
through the coefficients (b,, b,, bs, b, bs, bg), which impacts the behaviour of the system
as a whole. The complexity is further increased by the cross-coupling terms, such as

2
g ) and(%) . For complex applications like optical communication systems' secure

high-speed data transfer, equation (4) is useful because it can capture and manage some
aspects of chaotic synchronization.

2
— Yo . 2(n. v wN 02Q chaos 9Qchaos
1(Qchaos) = 2j=1 Q;- log (Q}) + 5 Lk=1 ( ol ) + 9. |—0u

.cos(xu) 6)

The entropy, or disorder, of a chaotic signal, is quantified by 1(Q.j40s) N the equation
(5). The total entropy is affected by the probabilities of various chaotic states, Q;.
Reflecting the temporal dynamics of the signal is the second derivative, concerning time,

- . 92Q chaos
of the probability distributions <—6ui
due to the adaptability of security measures introduced by the dynamic safety parameter
w(u). To improve the signal's coherence and resistance to desynchronization attacks, the
coupling coefficient & regulates the intensity of a synchronization term that makes use of

2
) . The system can respond to changing threats
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the first derivative and the cosine function |%. The synchronization aspect is

influenced by the angular frequency x. This combination of features is essential for secure
high-speed communication systems because it maximizes entropy while simultaneously
encouraging synchronization.

y(u + Au) = sin(xu — @) + ysin(2xu + 2¢) + §.sin(3xu + s@) + By(w) (6)

In equation (6) for chaotic signal development, the signal at the subsequent time step
is represented by y(u + Au), with y(u) being the current signal. The starting phase is
represented by ¢, and the fundamental frequency is symbolized by x. The second, third,
& electro-optic feedback components' amplitudes are determined by y, §, and B,
respectively. The dependency on the previous signal levels is increased by the electro-optic
feedback, denoted by By (u), which further contributes to the system's chaotic nature. To
achieve strong synchronization in chaotic systems, the feedback intensity g controls how
much the previous signal affects the current one. An audience member's ability to
comprehend and make sense of a message is known as decoding. Transcoding involves
deciphering encoded data into a form that humans can understand. Through the application
of meaning to symbols and overall message interpretation, the audience is endeavouring to
reassemble the concept. Data may be encoded by converting it from one format to another.
A decoder, on the other hand, takes in this sent signal and restores it to its original format,
allowing for more precise and efficient communication. On the receiving end, a channel
decoder is used to restore the binary data to its initial state by eliminating the parity bits. A
modulator's job is to convert the channel-coded bits into an electromagnetic waveform with
the desired amplitude, frequency, and phase. Decoding is the mental process by which a
receiver converts a communication from its original form into the intended meaning. When
both parties can understand one other, it's much easier to communicate information and
provide constructive criticism.

The complex and unpredictable behaviour of chaotic alerts results from the overall
equation (6) combining several sinusoidal terms with converting amplitudes and
frequencies.
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Figure 3: Architecture for Generating and Processing Coherent Chaotic Signals

Figure 3 depicts a complex and all-encompassing machine for the advent and analysis
of coherence chaotic indicators. The complicated architecture includes multiple layers,
which might be critical for accurately processing the signals and growing them
accordingly. Digital Signal Processing (DSP) is the front and centre at the access degree.
Virtual alerts are manipulated and analyzed using DSP strategies, which offer the muse for
the succeeding processing tiers. Processing incoming alerts for added augmentation and
refining starts off evolved with this preliminary stage. The design includes a Non-linear
Reduction Algorithm that is without problems included with the DSP module. When
handling chaotic alerts, this approach is critical for managing the non-linearities inherent
to them. The Non-linear Reduction Algorithm enhances and refines the signal so that it's
miles smooth and coherent earlier than it enters the next processing degree. This is
important to ensure that information stays correct as it moves through the device. There is
a generalised method for determining the periodicity of a signal that involves taking its
Fourier transform, which yields a power density distribution. Then, this distribution is
normalised to generate a function that looks like a probability distribution across the
frequencies. Finally, the entropy of this pdf is calculated. Many complex systems are
described by chaos theory when the amount of random variables and elements makes it
impossible to employ computational models. A few examples of phenomena that can be
explained by some aspects of chaos theory include weather systems, fluid dynamics, and
population cycles. Signals are considered periodic if they repeat the same pattern
throughout successive periods and finish the pattern within a measured time span, termed
a period. When a pattern is finished, it is termed a cycle. How many seconds it takes for a
whole cycle to finish is called a period. According to chaos theory, complex chaotic
systems include patterns, self-organization, feedback loops, interconnections, and self-
similarity despite their apparent randomness.
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Integrating Deep Learning techniques, specifically a Chaotic Synchronization Model,
is a noteworthy innovation to this machine. A layer of balance and predictability is brought
to chaotic alerts by synchronizing neural networks. DLM-CS optical communication
systems' secure high-speed data transfer algorithm is shown in algorithm 1.

Algorithm 1: ~ DLM-CS optical communication systems" secure high-speed data
transfer algorithm

Input: Training dataset DLM-CS, Testing dataset DLM-CS

Output: Classification results: Long-Distance Communication Capabilities
Analysis, Chaotic Signal Periodicity Analysis, Chaos Synchronization
Analysis, and Security Analysis

Being: Data preprocessing
Yy = Data Cleaning (s@);

6 = normalization (By);

2
g'(y)and (Si) = Transformation (b, b,, bs, by, bs, bg);
end
Begin: Feature extraction

Train the OIC, OPC, and CPMEO using the OPC Train+ dataset; minimize the
reconstruction error;

end
Begin: Classification
Train the OIC, OPC, and CPMEO classifiers;

Testing dataset DMSS-DRNN Test are input into the trained 0OIC, OPC, and
CPMEO classifier to optical communication systems' secure high-speed
data transfer;

end

Return the classification result;

Figure 3 summarizes a comprehensive method for processing and generating coherent
chaotic signals. The path starts with basic digital signal processing (DSP) methods, goes
through non-linear mitigating intricacies, uses deep learning algorithms for
synchronization, and ends with a thick security layer. This all-encompassing design marks
a major improvement in signal processing capabilities and establishes the framework for
novel uses in control, communication, and other fields. With the integration of various
methodologies shown in Figure 3, this architecture is leading the way in signal processing
innovation. It promises improved performance, reliability, and security in coherent chaotic
signal production and processing, which is a promising area for future technological
advancements. The architecture shown in Figure 3 exemplifies how several technologies
have come together to achieve superior signal processing. The coordinated efforts of
Digital Signal Processing, Not linear Mitigating algorithms, Deep Learning, & Machine
Learning-Based Security Measures produce a strong and versatile system. Chaos
synchronisation (CS) was discovered initially because it is the most fundamental and
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ancient kind of synchronisation in chaotic systems. A two-system coupling mechanism is
described as one that allows the systems to monitor each other over time by precisely
locking in their chaotic trajectories. Two or more chaotic systems, which may or may not
be identical, might undergo periodic or noisy forcing or coupling to alter a motional
property so that they display common behaviour in synchronisation of chaos. This form of
modest synchronisation may be seen when two chaotic oscillators are weakly coupled. In
this case, the two systems' oscillations create a periodic envelope at the same frequency,
but their amplitudes and phases are unrelated. A process or event is said to be synchronised
when its timing is such that it coincides with another. Conversely, synchronicity delineates
noteworthy coincidences that transcend simple causality.

The hybrid entropy source follows the same fundamental principle as our earlier
publications. In this work, chaotic signals are generated by using the nonlinearity of
modulators and the inner nonlinear impacts caused by silicon lasers. To transfer a digital
electrical signal onto an optical carrier, an intensity modulator (IM) is used in this case. An
optical circulator (OC) is used to pump this intensity-modulated signal into the SL.
Because of SL's robust nonlinearity, chaotic signals may have their bandwidth significantly
increased. The result is a chaotic signal that resembles wideband noise. An analog-digital
hybrid feedback system is formed by converting this chaotic signal to a digital electrical
signal using a photodetector (PD) and an analog-digital converter (ADC). We add an extra
mapping operation to the digital component to make the chaotic source even more efficient.
Because it does not involve any difficult mathematical operations, this mapping procedure
has little to no impact on computing complexity. Injecting an ultra-high-order PAM signal
into a chaotic signal at point C may bring its probability density distribution closer to a
Gaussian distribution, making the analogue chaos more random. In the meantime,
coherence detection and digital signal processing methods allow for the error-free
transmission of binary data from point A across a 1000 km fibre. It follows that long-
distance co-drive synchronization is feasible.

A Chaotic Signal evaluation module is protected to ensure a sturdy gadget by taking a
preventive approach to feasible vulnerabilities. In the unexpectedly growing fields of
interplay and management structures, this layout not only solves present issues but also
establishes the basis for destiny innovations, ensuring a secure and stable environment for
the advent and processing of coherent chaotic signals.

W) = Wyigs + Wy, cos(xp,u + @1) + BW (u — 1) cos(x,u + @3) + ysin(du) @)

The modified voltage signals at a time (u) is represented by W (w) in the equation (7)
that describes the behaviour of electro-optic feedback inside the Mach-Zehnder Modulator.
The equation (7) consists of a couple of elements, consisting of a constant bias voltage
Whias,» @ COsSine terms W, cos(x,u + ¢,) with an amplitude x,, and ¢, connected to the
chaotic vendors, in addition to a non-linear control time period W (u — 7) cos(x,u + @;)
that introduces a time put off ¢ and a phase ¢,. Furthermore, 6 denotes the perspective
frequency of the time-based modulation, and there is a variable in time parameter y this is
increased utilizing sin(du). For complex uses like encrypted high-pace facts switch, this
provides a dynamic modulation that makes the gadget greater chaotic. An extra
complicated and flexible framework for investigating the complicated behaviour of the
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Mach-Zehnder Modulation in real-world applications is received by encompassing those
components, specifically the time-various modulation.

N2
J@W) = Jeq + % [Bl cos(x u + @1)exp (— %) + B, cos(xu +

—1,)2 )
¢2) exp (— %) +6 51r1(x3u)] ®)

The optical strength at the time (w) is represented with the aid of J(u) within the s (8).
Three chaotic vendors and a consistent element /., make up the signal. B; and B; are the
amplitudes, ¢, and ¢, are the frequencies and o, and o, are the phases that outline the
providers. The carriers show time shifts created through z; and 7, in addition to Gaussian-
fashioned envelopes regulated via x; and x,. The insertion of the § sin(x5u) reasons cross-
frequency coupling by introducing a sinusoidal modulator with frequency x;. Because of
this, optical chaos becomes even greater dynamic, making it properly applicable for
advanced use of encrypted, high-pace facts switch, where the signal becomes more
complex and resilient due to the interplay of time-various amplitudes, carriers frequency
tiers, and cross-frequency coupling.

Data reduction to fewer dimensions frequently makes analysis algorithms more
efficient and machine learning algorithms more capable of producing correct predictions.
It might be challenging for people to make sense of data that has several aspects. Therefore,
it is essential to limit the amount of dimensions in data for the sake of display. Reducing
the number of features while preserving as much information in a dataset is the objective
of dimensionality reduction. Data visualisation, learning algorithm performance, and
model complexity may all be improved in this manner. To make certain features of an
image more noticeable or amenable to analysis in the future is the basic idea behind image
enhancement. Sharpening, enlarging, filtering noise, improving contrast and edges, and
pseudo-coloring are only a few examples. Nonlinear programming (NLP) is superior than
linear programming when working with restrictions and goal functions that are not linear.
Optimal methods for NLP often use the reduced gradient technique with Lagrange
multipliers or penalty functions. Dimensionality reduction refers to the process of reducing
the number of variables in the training dataset of a machine learning model. This process
checks whether the data is not overly dimensional by converting it from a high-dimensional
space to a lower-dimensional one that retains its "essence."

There are four ways in which feedback loops fall short, in our opinion. To begin, they
are generally in favour of the concept of neatly localizing functional components.
Organisms lack a clear mechanism for neat localization, unlike man-made machines where
individual parts are designed and assembled to perform a specific function. This is because
in organisms, a single component or structure can serve multiple purposes. A few functions
are also not localizable since they may be spread out over the whole system. Secondly, it
is common for feedback loops to depict the system as a flat chain of interconnected parts.
The system is shown in the above figure as an assembly of functional parts carrying out a
series of operations, without any levels or hierarchies. Each link in the chain has a unique
purpose, but they all communicate with one another in the same manner. Depending on the
kind of disturbance impacting the system, each link may either activate or inhibit the
activity of the link below it, whether by signals or not. To use a philosophical term, it seems
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that in a feedback loop, there is just one kind of "causal relation" at work, leading us to
assert that the resultant representation reduces the system's distinctive complexity. Thirdly,
homeostatic behaviour may be influenced by other components and factors, although
feedback loops do not encourage this.

To modulate a power converter, one must first pinpoint the precise instants at which
each switch's state is to be changed. The goal of this procedure is to produce an output
signal from the power electronic converter that is identical to a reference by manipulating
all of the switching orders. As a result of averaging the switched waveform between two
continuous switchings, this matching is achieved. Because of this, we may assume that the
reference is always identical to the switched waveform if the switching frequency is large,
as the averaging time becomes tiny. Typically, a high-frequency carrier signal is used to
accomplish a modulation, and the precise switching moment is determined by comparing
it to the reference. There is also the option to dynamically set the switching order to the
submodules. Then, comparing the carriers to the reference will show the number of
submodules inserted or bypassed and the switching instants, but it won't tell you which
submodule is required to be linked. The modulator and an active selection process will
work together to determine whether a candidate should insert or bypass for each switching
operation. Based on information gathered from the submodules and the direction of the
appropriate arm current, this technique of active selection operates continually. If the
current is flowing in the direction that charges the arm's capacitors, the submodule with
the lowest-charged capacitor will be inserted, and the submodule with the highest-charged
capacitor will be bypassed, as per the request. In the event when the current is flowing in
the opposite direction of the arm's capacitor discharge, the inverse approach is
implemented. Thus, the one with the greatest charge will be chosen if inserting a
submodule is the required action; the one with the lowest charge will be chosen if
bypassing a submodule is the requested action. This method, which makes use of
sufficiently large capacitors, distributes the entire energy stored in each converter arm
uniformly across all of the submodules inside that arm, protecting them from being either
fully charged or completely discharged.

A revolutionary approach to enhancing safe and fast statistics switch is the coherent
chaos optical communique framework, which combines system-gaining knowledge of
electro-optic comments and sign processing. Transmission troubles are efficiently
addressed by combining Optical Intensity Chaos with Optical Phase Chaos, which might
be possible through MZM/MZI modulators. By decreasing the impact of non-linearities,
gadget mastering algorithms can make the machine greater adaptable. The effectiveness of
the technique is confirmed through the thorough performance take a look at, which covers
subjects such as BER, verbal exchange over long distances, chaotic signal periodicity,
synchronizations, and protection. This approach represents a good-sized breakthrough in
the hunt for safe, resilient, and inexpensive facts transmission throughout long distances,
and it can completely rework the telecoms and statistics safety industries.

4. RESULTS AND DISCUSSION

Integrating electro-optic remarks, chaos concepts, and deep learning has led to a new,
stable data transport method inside the ever-converting international optical verbal
exchange systems. In this research, one will examine the security evaluation, chaotic signal
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periodicity, chaotic synchronization, and long-distance verbal exchange talents of a
proposed coherent chaotic optical conversation gadget. To tackle troubles like sign
deterioration, interference, and safety breaches that plague traditional communication
structures, the system employs Optical Intensity Chaos (OIC), Optical Phase Chaos (OPC),
and the Dynamic Lane Mapping with Chaotic Signals (DLM-CS) method.

While the hardware and experimental setup are same, the configuration utilized in this
presentation is for symmetric encryption instead of asymmetric encryption. The setup's
configurability is shown here, enabling a smooth shift from symmetric to asymmetric
encryption. Results vary from simulation due to differences in experimental set-up layout
factors and the fact that the experiment was only run until the HD-FEC limit was achieved.
The observed relationship between phase deviation and measured BER is consistent with
this observation. The BER grows as the phase deviation does as well. To be clear, the
findings for transmission without tapping are shown in this experimental setup, which does
not include any eavesdropper. Receipts of data that overlap in constellation points exhibit
a predicted increase in bit error rate (BER) as the phase deviation of the encryption
increases. The constellation points begin to overlap as the phase deviation increases,
leading to increased errors caused by bigger phase shifts and a larger BER. It should be
mentioned that this is only a first experimental validation. In order to confirm the results
of this simulation at higher baud rates, more complicated modulation schemes, and with
Eve present, more work has to be done. However, these findings corroborate the findings
for a situation without tapping.

Dataset Description: A time series of the output power of an 830 nm semiconductor
laser that is susceptible to optical feedback and has numerous quantum wells. Variations
in optical feedback level and laser injection current were measured using time series. Four
gigahertz detection bandwidth and twenty gigahertz sampling rate were achieved. The
dataset [20] includes 88,101 files that document the laser's output power time series for
various injection settings. The data was collected using a 4GHz real-time oscilloscope
(Agilent 54854A) and a fast photodiode (Discovery Semiconductors DCS30S 22GHz).
Switching the RF power to an acousto-optic modulator (AOM) changed the optical
feedback by adjusting the Oth order beam'’s laser power transmission.
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Figure 4(a): Long-Distance Communication Capabilities Analysis is OIC&OPC
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Figure 4(b): Long-Distance Communication Capabilities Analysis is DLM-CS

Considering the suggested coherent chaotic optical verbal exchange gadget with deep
getting to know and electro-optic remarks, examining long-distance verbal exchange
competencies highlights its extraordinary capability for massive community coverage.
Utilizing Mach-Zehnder Modulator and Interferometer (MZM/MZI) modulators, the well-
known device shows notable robustness across long transmission distances by producing
Optical Intensity Chaos and Optical Phase Chaos. As a result of their resilience in the face
of sign degradation and door interference two essential barriers in conventional
communique structures, chaotic alerts inherently allow a wider attain. In addition to the
device's adaptability to the wishes of lengthy-distance communication, the aggregate of
deep-gaining knowledge of models and virtual-signal processing algorithms helps triumph
over inherent limits in optical fiber transmissions. The fact that the machine can preserve
Bit Error Rates (BER) low even over long distances proves that the records are being
transmitted appropriately. The device's dependability is confirmed by chaotic signals,
which might be critical for synchronization to hold their periodicity even over lengthy
verbal exchange spans. This era's extended attain and stable communication features make
it a terrific match for packages that need to send statistics over lengthy distances.

According to the thorough evaluation, the integrated chaotic optical communication
system with deep learning and electro-optic feedback is a game-changer in safe, high-speed
data transfer since it surpasses the difficulties of long-distance communication. Figure 4(a)
shows the results of the long-distance communication capability analysis, which show that
Optical Intensity Chaos (OIC) and Optical Phase Chaos (OPC) have an outstanding success
rate of 97.3%. Figure 4(b) shows that the DLM-CS method is resilient, nonetheless, since
it successfully analyses long-distance communication capabilities 90.5% of the time.
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Figure 5(a): Chaotic Signal Periodicity Analysis is OIC&OPC

— m— CMS CSK ENDL

CPMEQ emm@e== DLM-CS

Figure 5(b): Chaotic Signal Periodicity Analysis is DLM-CS

Using deep learning and electro-optic feedback to enhance the suggested coherent
chaotic optical communication system, people analyze the chaotic signal periodicity and
find a strong framework for keeping synchronization over long periods of time. The system
produces optical Intensity Chaos and Optical Phase Chaos using Mach-Zehnder Modulator
and Interferometer (MZM/MZI1) modulators, resulting in chaotic signals with exceptional
regularity. Consistent synchronization between the sender and receiver is essential for a
steady statistics switch, and those chaotic signals' periodic nature plays a key function in
this. Proof of the gadget's stability and efficacy in chaotic signal production is that it may
hold this periodicity even when speaking throughout extremely good distances. For tuning
and preserving the periodic homes of the chaotic signals, combining deep-studying models
and algorithms for digital sign processing is crucial. This complex suite of technologies
mitigates the impact of outside impacts on sign regularity by permitting the device to
evolve to the converting communique environment in real-time. Analysis of periodicity
offers proof that the system may also reliably provide synchronized chaotic alerts that are
constant and solid throughout prolonged conversation sessions. In light of its capability to
perform both excessive-velocity facts transmission and wonderful preservation of the
critical chaotic signal periodicity, the proposed coherent chaotic optical conversation
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gadget sticks out as a dependable and innovative solution for stable conversation in
conditions requiring sustained synchronization, like telecommunication programs and
crucial records transfers. As shown in Figure 5(a), the Chaotic Signal Periodicity Analysis
for Optical Intensity Chaos (OIC) and Optical Phase Chaos (OPC) finished a great success
rate of ninety nine.6 %. The DLM-CS technique has done an impressive ninety-two.
Nine% success charge in analyzing Chaotic Signal Periodicity, as shown in Figure 5(b).
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Figure 6(a): Chaos Synchronization Analysis is OIC&OPC
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Figure 6(b): Chaos Synchronization Analysis is DLM-CS

Integrating deep learning and electro-optic comments into a coherent chaotic optical
conversation device, the chaos synchronization evaluation is a complicated information
transmission security and integrity warranty mechanism. Optical Intensity Chaos and
Optical Phase Chaos area synchronization are finished using the Mach-Zehnder Modulator
and Interferometer (MZM/MZI) modulators. To provide secure and correct records
transmission, synchronization between the sender and receiver is needed to maintain the
chaotic signals coherently. With the help of deep knowledge of models and algorithms for
digital sign processing, as well as the complicated electro-optic remarks mechanisms, it's
miles viable to obtain excessive chaos synchronization. Achieving synchronization of
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chaotic signals is an excellent feat, especially considering the difficulties due to non-
linearities within the communication channel and the possibility of signal degradation
across long distances. The system's synchronization performance is advanced by gaining
knowledge of techniques, and these non-linearities are reduced. Therefore, the suggested
verbal exchange machine strengthens the security of the communicated records by
displaying a strong capability to withstand interference from out-of-door assets and keep
chaos synchronized. The coherent, chaotic optical communique device is portrayed as a
resilient and advanced technology that ensures the confidentiality and accuracy of statistics
change. It is located as a key participant in steady verbal exchange infrastructures, so this
synchronization evaluation highlights its high-velocity information transmission
capabilities. With a synchronization rate of 97.9%, Optical Intensity Chaos (OIC) and
Optical Phase Chaos (OPC) display a sturdy overall performance in Figure 6(a) of the
Chaos Synchronization Analysis. On the other hand, Figure 6(b) shows that the DLM-CS
method is effective, with an impressive 89.2% synchronization rate in the Chaos
Synchronization Analysis.

An essential metric for gauging the overall reliability of a system from input to output
is the bit error rate (BER), which determines the occurrence of bit errors as a percentage
of the total bits sent. By dividing the number of wrong bits received by the total bits
transmitted in the same time span, we may get the bit error rate. Although a minimal bit
error rate (BER) of 10-13 is better suited for data transport, a BER of 10-9 is generally
considered acceptable in the telecoms business. Bit Error Rate (BER) is a measure of how
often bits are incorrect about the entire time. The formula for bit error ratio, or BER for
short, is bit error rate divided by the total number of bits transferred throughout the time
period in question. One unitless performance statistic is the bit error ratio (BER), which is
based on percentages. The bit error ratio (BER) is a metric that may be used to measure
the signal quality of digital communication systems. If the output signal has a good match
with the input signal, then the transmission quality of the telecommunications system is
good. The formula for bit error ratio, or BER for short, is bit error rate divided by the total
number of bits transferred throughout the period in question. Bit error rate (BER) is a ratio
or percentage that represents the probability of bit errors occurring during transmission.
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Figure 7(b): Security Analysis is DLM-CS

The security study of the suggested coherent chaotic optical communication system,
which incorporates deep learning and electro-optic feedback, shows a robust and all-
encompassing method for guaranteeing secure data transfer at high speeds. By combining
Mach-Zehnder modulators with interferometers, the system may produce chaotic signals
in the optical intensity and phase chaos domains, laying the groundwork for secure
encryption. When preventing security breaches, deep-learning models and digital-signal
processing algorithms are crucial. This is because they can handle non-linearities in the
communication channel. Contributing to the overall security architecture, this enhanced
integration increases the system's resilience to eavesdropping and illegal access. Important
to the system's defences is the chaotic synchronization it has attained. A secured
communication framework is mounted via the complex synchronization of chaotic alerts
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between the sender and receiver, made viable by electro-optic remarks. Machine learning
algorithms decorate the gadget's adaptability and response to converting safety threats. The
coherent chaotic optical verbal exchange era outperforms other methods in accomplishing
excessive-speed information transmission and maintaining the confidentiality and integrity
of sent information, in step with the analysis. Suitable for applications requiring excessive
data protection, including telecommunications and touchy statistics transfers, the gadget is
proof against outside interference and may paintings securely over lengthy distances. All
matters considered, the security look demonstrates that the recommended method is a
progressive and strong answer, presenting a brand new, well-known for safe statistics
transmission. Optical Intensity Chaos (OIC) and Optical Phase Chaos (OPC) had an
outstanding 96.2% achievement rate within the Security Analysis, as shown in Figure 7(a).
The extraordinary safety capabilities of the DLM-CS approach are shown in Figure 7(b),
where the Security Analysis yielded an 88.6% fulfilment charge.

Finally, a revolutionary era has emerged: the advised coherent chaotic optical verbal
exchange device. It is further improved through electro-optic feedback and deep getting-
to-know. Superior performance in lengthy-distance communication, signal periodicity
preservation, chaos synchronization warranty, and sturdy protection are all features it
gives. With the effects of this thorough overview, the device may be considered a feasible
choice for innovative and reliable secure high-velocity data switch that would find use in
regions including crucial records transfers and telecommunications.

5. CONCLUSION

To wrap up, a new age in safe, excessive-speed facts transmission has dawned with
incorporating deep learning, electro-optic comments, and coherent chaotic optical verbal
exchange. The mixture assures the conversation gadget's dependability and efficiency of
deep-mastering models with digital-sign processing algorithms, which paint collectively
to mitigate fiber transmission defects. The Mach-Zehnder Modulator and Interferometer
(MZM/MZI1) modulators, which give electro-optic comments, may create chaotic alerts
within the Optical Intensity Chaos and Optical Phase Chaos domains. Inherently complex
and unpredictable, those chaotic indicators offer the constructing blocks for a secure
conversation gadget. Machine learning algorithms enhance the device's resilience by
dealing with non-linearities within the communication channel. The overall performance
assessment results show that the system is excellent at acquiring low Bit Error Rates
(BER), indicating that the transferred information could be correct. Additionally, the
scalability and feasibility of the recommended technique are confirmed by using the
validated capability of lengthy-distance verbal exchange. A key aspect of synchronization,
the periodicity of chaotic alerts, highlights the system's reliability over lengthy periods of
time. In addition to strengthening security measures, the gadget's emphasis on chaos
synchronization guarantees the transmitted statistics' integrity and makes it extra resilient
against possible eavesdropping or antagonistic intervention. Information protection and
telecommunications are at the leading edge among the various fields that stand to benefit
from this generation. This technique is a crucial answer to the unexpectedly increasing
needs of modern-day conversation networks due to its ability to secure high-velocity
records and switch over long distances. A revolutionary technique to the troubles of steady,
high-speed statistics transmission is the coherent, chaotic optical conversation machine
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that has been cautioned; this gadget may want to carry in a brand-new age of
communication generation utilizing integrating cutting-edge technology in an unbroken
manner.
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