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 The polarization encoding-based optical validation and security 

verification approach is provided in this paper. This technique involves 

simulating information optically and bonding it to a polarization-encoded 

mask, such as a biological order or a reaction. The linear polarizers that 

make up the polarization-encoded mask are positioned at random. The 

polarization-encoded signal is the name given to this composite signal. In 

this simulation study, a primary optical neural network adapting a light 

brain technology is proposed theoretically based on a feed-forward model. 

Calibration of the nonlinear behavior in such a network is assumed by a 

semiconductor laser of the Distributed Feedback (DFB) type. Four laser 

networks are constructed as three influencers, followed by one embedding 

laser followers. Each of the influencer’s lasers has a different wavelength 

frequency and polarization (30-60–90) degree, respectively, and then 

combines the signal with WDM for the last laser. With each value, from 

the last values, of the polarization effect after this effect, the results 

indicated that these values would present the greatest weight of spikes and 

chaotic behavior for the uploaded virtual message. 
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I. INTRODUCTION 

 

Deep neural networks have recently been used to solve 

a variety of issues, including those relating to image 

analysis, natural language processing, game play, 

physical chemistry, and medicine. But this is hardly a 

brand-new field. Deep learning's theoretical 

foundations have been developed over many years [1]. 

Optical neural networks are the child of neural 

network theory and optical information processing. 

The remaining portion of this special issue is devoted 

to optical computing. Layers are typically used to 

organize neural networks in both biology and 

technology. Such units can be linked from one layer to 

the next, backward, or even laterally in a very basic 

feed-forward, single-layer neural network. The 

outputs of one layer might become the ultimate 

outputs or the inputs of another. Zero interconnect 

weights are permitted [2]. Due to their extremely high 

signal bandwidths, extremely low latencies, and 
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flexibility, optical hardware systems are particularly 

desirable for computing and signal processing [3]. 

Because of their compact size, great efficiency, and 

capability to directly modulate at gigabit per second 

rates, semiconductor lasers play a significant role in 

optical communication systems. [4]. However, the 

performance of conventional machine learning 

algorithms is far from ideal when it comes to human 

information processing processes (such as voice and 

vision). The idea of deep learning algorithms was first 

proposed in the late 20th century and was inspired by 

the complex hierarchical structures of human speech 

perception and production systems. Since Hinton 

presented the deep belief network (DBN), a unique 

deep structured learning architecture, in 2006, 

significant advances in deep learning have been made. 

Using neurons to generate real-valued activations is 

necessary to build a typical neural network (NN), and 

by modifying the weights, the NNs function as 

intended. However, training a NN might involve 

lengthy causal chains of computing processes, 

depending on the challenges [5]. DFB lasers were 

created to enhance the selection of the longitudinal 

mode. Using a grating that has been etched, the 

feedback required for the lasing activity is dispersed 

over the cavity length, causing the thickness of the 

active layer to change regularly along the cavity length. 

Up until there is no light at the rear of the grating, the 

rating reflects a little light over each section of the 

grating. The use of DFB lasers in optical transmission 

systems is by far their most prevalent application [6]. 

Lazarevic and Obradoric (2001) proposed a pruning 

algorithm to get rid of redundant classifiers in order to 

find a highly diverse set of accurate trained networks. 

Zhou et al. (2001) described a selective constructing 

approach for ensembles, and Fu et al. (2005) proposed 

clustering-based selective neural network ensembles. 

A particularly effective method for combining the 

results of several independently trained neural 

networks into a single forecast is called a neural 

network ensemble [7]. An artificial neural network 

(ANN) is a model of the human brain. A normal brain 

can learn new things and adapt to unfamiliar situations. 

The ability of the brain to deduce its own conclusions 

from confusing, illegible, and incomplete input is truly 

remarkable. 

 

Neurons are the processing components that make up 

an artificial neural network. An artificial neuron's 

objective is to replicate the structure and operation of 

a genuine neuron. A neuron has two inputs (dendrites) 

and one output (a synapse through an axon). The 

function of the neuron governs how it is triggered [8].  

Several research, including Refs. [9] [10] [11] [12] 

proposed a connection between optical 

communication systems and optical neural network.  
Three fundamental elements are of relevance when 

building a functioning model of biological neurons. 

The synapses of neurons are first represented as 

weights. The weight value measures the strength of the 

link between the input and the neuron. Inhibitory 

connections are represented by negative weight values, 

and excitatory connections are represented by positive 

weight values (Heikin)as shown in the following figure 

(Fig. 1) [13]. 

 

 
Figure 1. Mathematical Model [13] 

 
Along with inputs, a bias is also introduced to the 

neuron; typically, the bias value is initialized to 1. The 

signal is connected to the weight. The intensity of the 

signal is calculated as the product of weight and input. 

A neuron has a single output while having several 
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inputs from various sources [8]. A technological 

innovation in intelligence is neural networks [14]. 

THEORITICAL CONCEPTS 

Due to changes in kilometers, frequency, minimum bit 

error rate, eye height, threshold, and dispersion, as 

well as their influence on communication, managing 

large amounts of data is challenging in optical fiber 

networks. It required a system that could manage the 

massive volume of data with ease and forecast the 

system's performance quickly and affordably. The best 

option for this is an artificial neural network. Artificial 

neural networks are man-made networks that 

resemble the human brain; this is why they are dubbed 

"artificial." ANN models can manage connections 

between input and output data that are not linear [15].  

The terms "artificial neural networks," "artificial neural 

systems," "parallel distributed processing systems," and 

"communication systems" are also used to refer to 

artificial neural networks [16]. In-depth research has 

recently been done on DFB lasers to stabilize the 

longitudinal modes [17]. In 1994, the fiber DFB laser 

saw its maiden demonstration [18]. A semiconductor 

laser's functioning presents a very challenging 

modeling challenge [19]. Due to its tiny line width, 

reliable single longitudinal mode operation, small in-

fiber construction, adaptable and precise wavelength 

selection in production, and simple wavelength 

adjustment, fiber DFB lasers are desirable tools for both 

communications and sensing applications [20]. 

Quarter-wave-shifted distributed feedback (QWS-

DFB) lasers' threshold spectral features are examined 

in relation to the impacts of a localized impurity. Long-

haul communications networks now heavily rely on 

QWS-DFB lasers. Single-mode operation is guaranteed 

to occur precisely at the Bragg frequency by the built-

in phase shift [21]. For flexibility in pumping settings 

and pump redundancy, a number of DFB fiber lasers 

can be arranged in a parallel array. Additionally, they 

are capable of steady operation in a single longitudinal 

mode and polarization, and passive stabilization 

enables precise control of the emission wavelength. 

They are naturally compatible with fiber. They also 

have low relative intensity noise (RIN) and low phase 

noise [22]. Using distinct wavelengths for the 

transmission of numerous information sources, dense 

wavelength division multiplexing (DWDM) is a 

method that enables multiplexing of several optical 

carrier signals on a single optical fiber. Compared to 

temporal division, it is a more effective source of 

transmission [23]. 

One of the fundamental characteristics of 

electromagnetic waves is polarization, which transmits 

important information during signal transmission and 

delicate measurements [24]. The primary concern in 

the optical communication system to address 

dispersion issues is dispersion compensation 

technology. To compensate for losses caused by single-

mode fiber, optical amplifiers and erbium-doped fiber 

amplifiers (EDFA) are utilized. Another form of 

dispersion produced during the production of optical 

fiber is polarization mode dispersion (PMD), which 

results from geometrical variations in the concentricity 

core or cladding layer. The PMD surpasses with fiber 

cable expansion as the optical signal travels via single-

mode fiber. The crucial need is to use a compensating 

strategy to reduce polarization mode dispersion [25].  

The transfer matrix technique and other computer 

programs are frequently used in the investigation and 

modeling of the DFB laser's properties [26]. It is 

commonly anticipated that optical processing would 

eventually need to be carried out entirely via optical 

means as the demand for higher and higher 

bandwidths in telecommunication networks grows 

[27]. The creation of novel devices that enable quick 

and all-optical control of the state of polarization (SOP) 

of a light beam has drawn the attention of several 

research groups in response to the development of 

ultra-high bit-rate and transparent optical 

communication systems and the associated complex 

modulation formats and signal processing issues. In fact, 

to get around the electrical bottleneck and go beyond 

what the present electronic feedback systems can do 

[28]. The spin sublevels of the lasing transitions 
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between the conduction and valence bands of the 

semiconductor material are where the polarization of 

laser light, which is of a quantum nature, first appears. 

When a linear polarization (LP) state is taken into 

account, there are two linear components: one with 

very little intensity (the non-lasing component), 

which has a mean power level Pnι, and one with almost 

the whole intensity (the lasing component), which 

captures almost the entire intensity [29]. The best 

method for mastering or controlling the state-of-

polarization (SOP) of light in fiber-based systems is to 

use an opto-electronic polarization tracker. These 

devices often rely on linear polarization changes, 

partial diagnostics, active feedback loop control, and 

sophisticated algorithms. Record polarization tracking 

speeds have been attained using this time-tested 

method, with commercially available equipment 

reaching several Mrad/s [30].  

 

The DFB laser is primarily a Fabry-Perot laser with a 

grating array above the active layer, according to the 

Optisystem program model. The DFB is set up so that 

when quarter wave shift at the center is disabled, there 

will be two dominant modes at equal distances on 

either side of the Bragg wavelength (note that owing 

to flaws in real DFB lasers, typically one of these modes 

will be more prominent). When quarter wave shift at 

center is enabled, one dominant mode will exist 

exactly at the Bragg wavelength (in this example). 

Equation for laser internal current I(t) is given as: 

 

𝐼(𝑡) = 𝐼𝐷𝐶 + 𝐼𝑖𝑛(𝑡) × 𝐼𝑃𝐾                                     (1) 

where Iin(t) is the input signal current, IDC is the 

parameter Bias Current and IPk is the parameter 

modulation peak current. If the parameter bias current 

and modulation peak current have zero values, the 

internal current is given by Iin(t) only. 

The modulation dynamics of the DFB laser are 

modeled by the multimode rate equations which 

describe the relation between the carrier density N(t), 

photon densities Si(t), and optical phases φi(t): 

 

𝑑𝑁(𝑡)

𝑑𝑡
=

𝐼(𝑡)

𝑞. 𝑉
−

𝑁(𝑡)

𝜏𝑛
− ∑ [𝐺𝑖 . (𝑁(𝑡) − 𝑁𝑡 .

1

(1 + ∑ 𝜀. 𝑠𝑗(𝑡))𝑗
. 𝑠𝑖(𝑡)] 

𝑖

                             (2) 

 

𝑑𝑆𝑖(𝑡)

𝑑𝑡
= 𝐺𝑖. (𝑁(𝑡) − 𝑁𝑡).

1

(1 + ∑ 𝜀. 𝑠𝑖(𝑡))
 . 𝑠𝑖(𝑡) − (𝛾𝑝. 𝑠𝑖(𝑡)) +

Г𝛽𝑁(𝑡)

𝜏𝑛
+ 𝑘𝑐 . 𝑠𝑒𝑥𝑡(𝑡)                     (3) 

𝑑𝜙𝑖(𝑡)

𝑑𝑡
=

1

2
. 𝛼[Г. 𝐺𝑖. (𝑁(𝑡) − 𝑁𝑡) − 𝛾𝑃]                        (4) 

where symbols in last equations are given in the following table 1. 
Table 1. Definitions for used symbols [31] [9]. 

Symbol Meaning 

ε gain compression factor 

Nt carrier density at transparency 

β spontaneous emission factor 

Г mode confinement factor 

V active layer volume 

γp cavity loss 

τn carrier lifetime 

α line-width enhancement factor 

Sext(t)                         optically injected signal 

Kc photon density coupling factor for the injected optical signal 
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The DFB structure is modeled by alternating each transmission line section with “high” or “low” impedances (for 

the quarter wave shift, the two most central layers will have the same impedance) which will generate 

corresponding scattering matrices at each node [32] [31] [9]. 

The prerequisite to the application of any machine learning algorithm is data collection and formatting. Without 

suitably formatted data, the algorithm cannot be used to its fullest extent and may provide spurious and 

undesirable results or even outright reject the data being provided [23]. It has been created to address the needs 

of research scientists, optical telecom engineers, system integrators, students, and a wide variety of other users. 

Optisystem satisfies the demand of the evolving photonics market for a powerful yet easy-to-use optical system 

design tool. Optisystem enables users to plan, test, and simulate (in both the time and frequency domains). 

Furthermore, it includes visualization tools for doing observations and analysis on several signal positions 

between the first and last outputs. Signal generators are connected due to the necessity of laser operation via the 

program. 

SIMMULATION SET-UP 

To mimic the DFB lasers, split-step time-domain dynamic modeling is employed [33]. simulation set-up is 

described in shorthand in the architecture given in Fig. 2. The investigated network consists of four DFB-type 

laser sources; three of these lasers correspond to influencers, and the fourth is the follower one. Each of those 

influencers’ signals has a certain wavelength and polarization, such that it differs from the others. Outputs for all 

those sources are going to be collected by using a WDM before insertion into the follower. The weight of each 

of the influencing lasers is measured by the follower spectrum. The exact set-up is shown in figure 3, in which a 

polarization meter is also used to display the total signal power in the visualizers in order to analyze the result. 

The polarization properties are measured at a user-defined frequency and bandwidth. This visualizer allows the 

user to calculate the average polarization state of the optical signal, including the degree of polarization (DOP), 

differential group delay (DGD), Stokes parameters, azimuth and ellipticity. It is used to calculate the delay 

between polarizations X and Y, i.e., birefringence. To test the communication system, information such as a 

frequency message must be uploaded. A frequency generator is used to send a signal from influencers; at the 

beginning, these messages were set to 0 Hz only to ensure the laser source was operating according to Optisystem 

code. The wavelengths for lasers DFB1, DFB2, and DFB3 are 1549, 1550, and 1551 nm, respectively. Then the 

signal from each of them goes to the ideal linear polarizer with values of 30, 60, and 90 degrees, respectively, in 

order to make the polarization alignment. The output signal is collected by WDM Mux with frequency channels 

equal to the frequency of the influencing lasers. 

 
Figure 2.  Architecture for the feed-forward simulation set-up experiment. 

mk:@MSITStore:c:/progra~2/optiwa~1/optisy~1/bin/optisy~1.chm::/OptiSystem-19-01.html#wp124510
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FIGURE 3. Simulation set-up for the feed-forward simulation set-up with a unidirectional chaotic modulation. 

 OSA is the optical spectrum analyzer, CRO is the Oscilloscopes visualizers, RFSA are the radio frequency 

spectrum analyzers, EDFA is the Erbium doped fiber amplifiers.  

 

II. RESULTS AND DISSCUSSION 

Influencer Lasers Dynamics 

 

Observations of the dynamics of each influencer are carried out. First, second, and third influencer lasers have 

different wavelengths in order to distinguish each signal weight in the follower. Furthermore, linear polarization 

is set with different values for the incoming signals from those lasers. As given in Fig. 4, observed dynamics are: 

time series behaviors (part a from the figure), number of peaks (calculated from the RF spectrum in part (b) from 

the figure), peak wavelength λp from OSA (part (c) from the figure). The observed coordinates for those peaks 

are listed in Table 3. It is noticed that when the polarization value is 90 degrees, the signal becomes a straight 

line. The explanation is that the polarization module has been canceled, so there are no peaks. It is noticed from 

last table that dynamics for each influencer is different in all spaces that has been recorded. This is due to impact 

of polarization with which signals details are blocked in part of it and permitted in the others. This is based on 

concept of birefringence in optical fibers i.e. degeneracy for one linear polarization with respect to the other 

with a beat length as reported for example in Ref. [34]. Both polarization selection techniques are used to solve 

the problems of multiplexing and demultiplexing in optical communications systems related to optical neural 

networks. In Tables 1 and 2, the rating of the measured forces against the polarization values in the network is 

shown . 
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FIGURE 4. Influncers observed dynamics. (a) Time series (b) Phase space (c) Frequency spectrum and (d) 

Optical spectrum. 

Table 2. Classification for measured powers against polarization values in the network.  

DOP: degree of polarization, and So power.) 
No. DOP (%) SO (dBm) 

LD1 100 -41.793 

LD2 100 -34.567 

LD3 100 -100 

The selected polarization values for the influencers are three in comparison with the fourteen reported in 

simulation Ref. [35] or the N number reported in Ref. [36]. Both polarization selection techniques are used to 

solve the problems of multiplexing and demultiplexing in optical communications systems related to optical 

neural networks. 

Table 3. Classification for measured powers against selected polarization values in the network. 

No. DOP (%) SO (dBm) 

POL.30 100 -40.544 

POL.60 100 -40.589 

 POL.90 100 -100 

(a) (b) 
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Table (4). Measurements for FWHM and Peak wavelength against Polarization for signal the influencer given 

in figure (4). 

Influencer 

wavelength (nm) 

Pol. 

(deg.) 

Dynamic 

(GHz) 

No. of 

peaks 

λp(um) 

Lambda (um) Power (mW) 

DBF1 (1549) 30 0-10 15 1.54900057 0.394915893 

DBF2 (1550) 60 0-15 13 1.54999726 0.40401811 

DBF3 (1551) 90 non 0 1.55099042 1.76511036 

 

Effect of DFB1 in overall summed signal 

Signals that have come from each individual influencer will sum or mix with those that came from the remaining 

influencers in order to meet the model reported by that has been shown in Fig. 2. One influencer of on overall 

resulted signal is observed and shown in Fig. 5. Effect of DFB1 polarization on the last follower laser was 

measured regardless of DFB2 and DFB3. Polarization values were; (10-20-30) degree while the two remaining 

lasers polarization is set with constant values (60-90), respectively. It is noticed that values as recorded in Table 

5 that the number of peaks decreases with increasing polarization. 
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FIGURE 5. Dynamics for summed signal with DFB1 polarzation variation.  

(a) Time series (b) Frequency spectrum (c) optical spectrum and, (d) phase space. 
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Table (5). Measurements for FWHM and Peak wavelength against phase shift for received signal from the 

influencer given in figure (5). 

 

Polarization 

(degree) 

Dynamic 

range (GHz) 
No. of peaks 

λp (um) 

Lambda (um) Power (mW) 

10 0-8 21 
1.5499992 

1.5500007 

0.61860217 

1.02623134 

20 0-14 16 

1.54999715 

1.55000576 

1.55000066 

0.236595788 

0.323166529 

0.394705831 

30 0-7 7 
1.55000412 

1.55000486 

0.725510707 

0.79037722 

Effect of DFB2 in overall summed signal 

 

As it was carried out in the last section, the effect of DFB2 on the last follower laser was measured regardless of 

DFB1 and DFB3. By changing the polarization three times (40-50-60) and keeping the polarization of the first 

and third lasers at 30–90 degrees, respectively. Observed dynamics are given in Table 6. In which the number of 

peaks decreases with increasing DFB2 polarization. The maximum observed dynamics range is reached when 

polarization is 60 degrees, while maximum amplitude was observed with a polarization value of 40 degrees. Also, 

the maximum number of peaks is observed with the first polarization value. The behaviors are roughly the same, 

while exact details are changed with selected DFB2 polarization. 
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FIGURE 6. Dynamics for summed signal with DFB2 polarzation variation. 
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 (a) Time series (b) Frequency spectrum (c) optical spectrum and (d) phase space. 

Table (6). Measurements for FWHM and peak wavelength against phase shift for received signal from the 

influencer given in figure (6). 

Polarization 

(degree) 

Dynamics range  

(GHz) 
No. of peaks 

λp(um) 

Lambda (um) Power (mW) 

40 0-10 15 

1.54999573 

1.55000836 

1.55000375 

1.55000864 

0.234658515 

0.369988813 

0.441007127 

0.58769338 

50 0-15 16 

1.5500005 

1.55000906 

1.55000331 

0.36612173 

0.308070906 

0.778364703 

60 0-16 24 

1.54999659 

1.55001018 

1.55000308 

1.55000462 

0.159397308 

0.347935965 

0.649175429 

0.670262298 

Effect of DFB3 in overall summed signal  
 

Also effect of DFB3 on the last follower laser was investigated, regardless of DFB1 and DFB2, and by changing 

the polarization for (70-80) degree, Fig. 7. Polarizations of the first and second lasers are fixed on (30-60), 

respectively. Analysis is listed as values for signal dynamics and shown in Table 7. Dispute to weight of DFB2 in 

summed signal, number of peaks decreases with increasing polarization. An important observation is that in the 

case of reviewing the results for the outbreak, resulted signal with polarization value of (90). the signal is a straight 

line and where the electric vehicle was canceled, while after collecting the signals, the result is not a straight line 

free of Peaks, we noticed the appearance of a number of pikes, and this is due to the laser effect on the other after 

the collection process. 
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FIGURE 7.  Dynamics for summed signal with DFB3 polarzation variation. 

(a) Time series (b) Frequency spectrum (c) optical spectrum (d) phase space 

Table (7). Measurements for FWHM and Peak wavelength against phase shift for received signal from the 

influencer given in figure (7). 

Polarization 

(degree) 

Dynamic range 

(GHz) 

No. of 

peaks 

λp(um) 

Lambda (um) Power (mW) 

70 0-11 12 

1.54999702 

1.5500069 

1.55000307 

0.303431185 

0.37035252 

0.752451759 

80 0-13 16 

1.55001177 

1.54999696 

1.55000333 

1.54999989 

0.245879658 

0.273869459 

0.652541405 

0.800123996 

90 0-12 11 

1.55001231 

1.55000356 

1.55000013 

0.244934678 

0.647491103 

0.806845747 

Dynamics with follower laser modulation with optical amplification EDFA 5m 

 

In this part, the polarization value is selected at 30–60–90 degrees for the three influencers lasers, respectively. 

The modulation value on the follower laser was swept by the signal generator for a specific range. At first, a 

chaotic signal is observed, then the signal is converted to a periodic, i.e., coherent, waveform (Fig. 8). Statistics 

for swept values are listed in Table 8. The observed chaotic signal results in a value of 119MHz. While there is a 

point of inversion at 120 MHz, the signal changes from chaotic to periodic where it appears periodic. Also, it is 

noticed from the last table that the number of peaks begins to increase until the value reaches 120 MHz for 

periodic signals. Thus, there are no more peaks observable. Attractors also adapt the last observation in phase 

space. Many studies, such as Ref. [37] and others, utilized light's various degrees of freedom, such as wavelength, 

polarization, diffraction order, orbital angular momentum, etc., to provide applications for data encryption, 

display, and information processing. With such a technique the sent order will be masked during its trip toward 

its terminal, the same idea applicable with signal that carried out inside processors for artificial intelligence. 

 

(c) 
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FIGURE 8.  Dynamics for summed signal after modulation and amplification. 

 (a) Time series , (b) Frequency spectrum, (c) optical spectrum and (d) phase space 

Table (8). Measurements for FWHM and Peak wavelength against phase shift 

for received signal from the influencer given in figure (8). 

Modulated 

frequency value 

Dynamics 

range (GHz) 
No. of peaks 

λp(um) 

Lambda (um) Power (mW) 

800 Hz 0-10 12 

1.55000863 

1.55000254 

1.54999751 

0.315269519 

0.57828569 

0.626639638 

1400 Hz 0-8 13 
1.5500014 

1.55000683 

0.775705412 

0.88424012 

25 MHz 0-9 17 
1.55000129 

1.55000659 

0.782912969 

0.886945299 

120 MHz 0-6 0 
1.55002276 

1.54999983 

0.0375689838 

0.290914366 

 

III. CONCLUSION 

 

A network of three lasers can be connected in such a 

way to interchange variety of coded signals via chaotic 

masking. Since laser active medium is considered to 

confirm a single input layer operation, it is necessary 

to represent suitable non-linear activation functions 

for machine learning. The effect of polarization can be 

used as a control parameter to evaluate the weight of 

each signal in this layer. Observation indicated nearly 

identical behaviors with different detailed spectra for 

each influencer laser source. At a value of 120 MHz, 

the signal was converted from chaotic to periodic 

which means that there is a critical modulation value 

for keep signal masked. This is due to the effect of 

injection in the feed-forward regime, which leads to an 

overlap between the laser cavity frequency and the 

frequencies coming from the injection in addition to 

the summed frequencies. All interacted and led to 

several different signals. 

 

(a) (b
) 

(c
) 

(d) 
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The simulation outcomes demonstrate that our 

network structure is capable of successfully sorting 

three different types of orthogonally polarized vortex 

beams to demultiplexing hybrid beams into Gauss 

beams at three spatial places, versus investigated 

polarizations. 
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