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The laser diode (LD) signal is injected inside an optical fiber loop mirror (OFLM), which was constructed by two identical 
pieces of 1X2 couplers with a 10:90 coupling/splitting ratio. Two arms for the etalon are selected in such a way that the first 
one of them has 10% optical power and the second has 90%. Interfering two signals gives rise to signal fluctuations before 
emerging on two sides: backward toward the LD device and forward toward the detection then modulation. Results 
indicated that signal power inside OFLM is affecting the overall resulted signal in a different manner to the case of the 
existence of both optical feedback (OFB) and the optoelectronic feedback (OEFB). The effect of variation in optical signal 
strength inside OFLM and self-modulated radio frequency strength is founded on the number of output emerging signal 
spikes in roughly identical Poly Fit functions, which indicate the dominant type of nonlinearities. Values for these spikes 
fluctuated from 33 to 58 against the former effect and from 15 to 48 against the latter one. Results for chaotic dynamics 
associated with the LD subjected to both OFB and self-chaotic modulation, simultaneously with the application of OEFB, 
were found to be more sensitive in the case of pumping near the LD free-running threshold. Resulted threshold reduction 
values are founded changeable versus those three techniques parameters, which gives the facility to make dynamic chaotic 
control. The latter found application in simulating unite of optical neural network. 
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1. Introduction 
 

Long-distance optical fiber propagation of a chaotic 

light waveform is simple. It is possible for disorder to 

spread across hundreds of kilometers (km). Because of this 

property, optical chaos can be used in optical 

communication applications. For optical chaos 

communications applications, it is possible to accomplish 

optical amplification and dispersion compensation for 

chaotic optical signals [1]. Fiber optic reflectors are very 

desirable because of their low losses, minimal 

implementation complexity, and affordability. To enhance 

all-fiber optical system applications such fiber lasers, 

optical signal processing, telecoms, remote sensing, and 

others, all these properties are very desirable [2]. 

One of the most adaptable optical system topologies is 

the OFLM. They can be employed as mirrors or optical 

filters in laser and sensor applications. In mode-locked 

fiber lasers, the coupler's parallel or cross ports—at least 

one of which is made of a nonlinear medium—are 

connected to form two rings that serve as a mirror. We 

refer to these arrangements as Nonlinear Optical Loop 

Mirrors (NOLM). This can also be used as a mirror device 

with only a ring and no nonlinear media; polarization 

control provides the reflectivity in this case [3]. Last Ref. 

reported mathematical model for electric field for OFLM 

system clockwise (CW) and counter clockwise (CCW) 

two arms as the following: 

 

          
           √                   (1) 

and; 

         
         √                    (2) 

 

where Ein is the primary electric field amplitude, β is 

propagation constant such that: β = 2πn/λ, n is the 

refractive index, λ is signal wavelength and L is the fiber 

arm length. Then, the intensity is given as: 

 

                                       (3) 

 

The interference of these two waves results in a 

coherent spectrum that can be described as a cosine 

function. For this case, the spectral intensity is given by 

[4]: 

 

          (
                  

 
)           (4) 

 

Thus, signal observed from the system has an optical 

spectrum similar to that resulted from a traditional Fabry-

Perot laser optical cavity. For FOLM the transmission and 

reflection intensities are measurable based on Jones 

matrices and reported for Sagnac FOLM interferometer in 

Refs. [2, 5, 6]. In case of high-Birefringence (hi-bi) optical 

fiber segment inserted in the FOLM, intensity pattern has a 

periodic dependence on wavelength given by [2]: 
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                                     (5) 

 

where Δn is the hi-bi fiber birefringence, L is the hi-bi 

fiber length and λ is the central wavelength. This period 

depends on the hi-bi fiber length and birefringence.  

 

 

2. Theory 
 

A single-mode laser model based on Maxwell-Bloch 

equations included three differential equations which are 

reported in Ref. [7]. The three relevant variables are the 

electric field     , the atomic polarization     , and the 

population inversion     . They are usually decay on very 

different time scales, which are given by the decay rates 

for each last three parameters. If one of these rates is larger 

than the others, the corresponding variable relaxes fast and 

consequently adiabatically adjusts to the other variables. 

The number of equations describing the laser in this 

condition is thus reduced. This is known as adiabatic 

elimination of variables [7]. This phenomenon is used for 

the classification of lasers in terms of these decay rates to 

class A, B and C with one, two and three variables, 

respectively. A laser diode (LD) is classified as a class-B 

laser, for which two rate equations in solitary running are 

given to describe its dynamics [8]: 

 
     

  
  (        )                  

     

  
  (                )         

(6)  

(7)

 
where A is a constant;   is decay ratio such that:   
     in which    is is the decay rate of     , and   the 

decay rate of the atomic polarization;          is the 

OFB strength in which    is the decay rate of the electric 

field in the laser cavity. 

The laser intensity exhibits chaotic behavior due to 

nonlinear frequency mixing in the laser cavity caused by 

an external feedback or modulation at a frequency 

approaching the relaxation oscillation frequency. Thus, 

chaotic temporal dynamics are observable in the frequency 

range (few GHz) corresponding to the relaxation 

oscillation frequency. Laser intensity dynamics are 

significantly influenced by the photon-to-population 

inversion interaction rate. As illustrated in Fig. 1, the 

balance of energy provision and consumption between the 

population inversion (carrier density) and photons can be 

destroyed, especially when a portion of self-feedback light 

is injected into the laser cavity or when an external 

modulation is applied to the laser medium. In such cases, 

irregular intensity dynamics are expected. This is a 

qualitative explanation of how chaotic intensity 

fluctuations are generated in laser systems with extra 

disturbance. The external disturbance modulates the atom-

photon (carrier-photon) interaction, and the laser output's 

chaotic intensity fluctuations are caused by nonlinear 

frequency mixing between the external modulation and the 

prolonged relaxation oscillation [8]. 

 

 
Fig. 1. Schematic of the carrier–photon interaction in a LD 

 (A) without and (B) with OFB 

 

 

The balance of the carrier–photon interaction is 

destroyed by the feedback photons that produce chaotic 

instability of laser output [8]. The frequency of relaxation 

oscillation      is proportional to the square root of the 

normalized pump power divided by both lifetimes of 

carrier and photon [8]; 
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                             (8) 

 

where   is the pumping power normalized by the lasing 

threshold value,    is the population inversion lifetime, 

and    is the photon lifetime in the laser cavity.  

Therefore, it depends on the semiconductor medium's 

properties. As mentioned above, LDs typically have fr 

values of a few GHz. Conversely, the external cavity 

length—in this case, the loop mirror length—determines 

the external cavity frequency (fext), which is dependent on 

the distance between the laser cavity's facet and the 

external mirror:  

 

     
 

      
                              (9) 

 

where Lext is the external cavity length (one-way), n is the 

refractive index in the external cavity, and C is the speed 

of light.  

The external cavity frequency corresponds to the 

inverse of the round-trip time of light propagation in the 

external cavity. Note that it is useful to memorize that the 

light takes 1 ns to propagate the distance of 0.3 m in 

vacuum. The nonlinear interaction between fr and fext 

results in the quasiperiodic route to chaos as the feedback 

strength increases.   
In addition, the delay time (τ) of the OFB signal 

enhances the complexity and chaos of the laser dynamics. 
This is due to the time-delayed feedback system being 
considered a high-dimensional dynamical system. Related 
with frequency modulation contribution in output 
emission, an optical chirp is defined as a sudden change of 
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the center wavelength of a laser, caused by laser 
instability. When an optical transmitter is intensity 
modulated, the corresponding frequency modulation is 
called frequency chirp. When an optical signal travels 
through a dispersive medium, frequency chirp typically 
causes further performance loss and widens the modulated 
optical signal's spectral broadness. Suppose that an optical 
field that has both intensity and phase fluctuations [9]: 

 

     √                                   (10) 

 

where      |    |  is the optical power. 

In equation (10), the real part inside the exponent is 

0.5 ln P(t) and the imaginary part is ϕ(t). The following 

ratio is equivalent to the ratio between the phase 

modulation and the intensity modulation, which is defined 

as the chirp parameter:  

 

     
        

          
   

        

        
            (11) 

 

Ref. [10] reported analytical results for the Lang-
Kobayashi system both Kolmogorov–Sinai (KS) entropy 
and Kaplan–Yorke (KY) dimension as a function of   or 
Lext. For k both the KS entropy and KY dimension increase 
monotonically in the chaotic region as   is increased. This 
result implies that both complexity and dimensionality of 
the chaotic attractor increase monotonically with increase 
of the feedback strength  . While for Lext the KY 
dimension increases almost linearly as the Lext is increased, 
whereas the KS entropy maintains a constant value of the 
chaotic region. This result indicates that the complexity is 
almost the same, while the dimensionality is linearly 
increased with the increase of delay time. The KS entropy 
and KY dimension are good indicators to quantify the 
complexity and dimensionality of nonlinear dynamical 
laser systems [11, 12, 13]. 

Various OFB signal types can be employed to create 
deterministic disorder. An OFB with polarization rotation 
can be helpful in creating chaos. The two orthogonal 
polarization modes of the electric fields interact 
nonlinearly in this method, where the polarization of the 
laser output is rotated at a 90-degree angle. Chaos can also 
be generated in LDs using an OEFB signal. A 
photodetector detects the laser output and transforms it 
into an electrical signal. The injection noise receives 
feedback of the electronic signal.  

The nonlinear behavior in an OFLM, or figure-eight 
OFLM, created by joining the output components of an 
interferometer coupler serves as the foundation for all-
optical switching geometry devices. Because the phase 
velocity is intensity dependent, the propagation of light 
will no longer be the same for the two paths if the power 
coupling ratio is not equal to 1/2 [14]. The high-intensity 
components of a pulse are transmitted when it propagates 
via the nonlinear loop mirror, while the low-intensity 
portions are reflected and rejected by the optical isolator. 
The pulse changes shape and sharpens after a few round 
trips. An additional application for the nonlinear loop 
mirror with OFB is as an all-optical recirculating fiber-
loop memory [15, 16]. A synchronized probing pulse at a 
different wavelength can be used to selectively and 

nondestructively read out the content of the fiber-loop 
memory. 

When operating for continuous wave radiation, the 
device differs significantly from its pulse operation 
because nonlinear interference between the input and 
feedback powers needs to be taken into account.  

Recently, chaotic dynamics in LDs based on filtered 
optical feedback is experimented for artificial networks by 
Refs. [17, 18, 19, 20, 21] and extended to include laser 
network synchronization [22, 23]. In order to increase 
chaoticity, the Lyapunov exponent must increase to 
guarantee hyper chaos. This is done by following mixed 
and hybrid feedback and injection techniques [24].  

The complex systems seen in nature are full of 
fascination. However, it can be very difficult to identify 
signs of determinism in their high-dimensional dynamics 
due to both noise and system information gaps. Merely 
one or a small number of pertinent variables can be 
measured with a restricted temporal and/or geographical 
resolution. An effective method for researching these 
kinds of systems is to concentrate on describing their 
dynamics at the event level, taking intervals between 
occurrences, for example. Neural inter-spike intervals, 
heartbeat-to-heartbeat intervals, waiting durations for 
earthquakes, intervals between peaks in social network 
communication, etc. are a few examples of this 
methodology. Ordinal analysis is a symbolic method used 
to analyze these occurrences that takes into account the 
relative order in which they occur. Current study focuses 
on spectrum analysis, including time series inter-spike 
intervals for several measurements. This method is based 
on calculations for spectrum-specific characteristics, such 
as statistics for the time series number of spikes (peaks). 
Compare these statistics with analysis methods published 
in the literature, such as Refs. [25] and [26], which 
proposed a computing method for the probabilities of 
symbolic patterns. The stochastic optical system in such 
operation is subjected to OFB from the OFLM and also an 
OEFB represented by the self-modulation. 

The investigated configuration set-up employed an 
optical fiber coupler interferometry; its type is classified as 
a Sagnac interferometer, shown in Fig. 2 [2], with a 1×2 
optical fiber coupler instead of the 2×2. This is to receive a 
reflected field from LD output and transmit the output 
field toward a photodetector before re-injecting it again 
from its bias. Noting that the hi-bi optical fiber is replaced 
with optical attenuator. 

 

 
Fig. 2. Sagnac optical fiber interferometer 

https://www.sciencedirect.com/topics/engineering/optical-field
https://www.sciencedirect.com/topics/engineering/optical-field
https://www.sciencedirect.com/topics/engineering/phase-modulation
https://www.sciencedirect.com/topics/engineering/phase-modulation
https://www.sciencedirect.com/topics/physics-and-astronomy/intensity-modulation
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3. Experimental set-up 
 

In this experimental study, as shown in the following 

Fig. 3 (A), an LD source with a center wavelength of 1310 

nm and commercial code (BT-1VF-R) is installed. The LD 

output is directed to a 10:90 optical fiber directional 

coupler (OFDC1). For last component, the 90% ratio port 

is connected with an optical fiber attenuator (OA) which 

transmit optical signal to port with 90% from a second 

10:90 optical fiber directional coupler (OFDC2). It is also 

connecting the remaining 10% of the two ports together to 

complete the OFLM. Output for the OFLM is directed 

toward a photodetector (PD) followed by a power divider. 

The first of the two resulted ports for the power divider are 

going to a mixed signal oscilloscope (MSO), while the 

second is connected with a radio frequency attenuator 

(RFA); its function is to control the opto-electronic 

feedback (OEFB) that is uploaded to the LD supplied 

electric power. In this situation, the LD receives instability 

from its front by the OFLM, i.e., backward optical power, 

and from behind as an RF signal. Real configuration set-up 

is shown in the same figure (B).  
 

 

 
 

Fig. 3. Configuration set-up (A) and its photo-plate during 

experiment run (B). LD is the laser diode device, PD is a 

photodetector, RFA is the radio frequency Attenuator, and MSO 

is the mixed signal oscilloscope, OA is an optical attenuator 

(colour online) 

 

 

Selection for such a setup is to modify an 

optoelectronic circuit mixing dynamics released from an 

optical fiber loop mirror and self-modulation or 

optoelectronic feedback. This included using simple 

components and optics. 

 

 

 

 

 

4. Results and discussions 
 

A. Effect of optical signal strength inside the  

     FOLM 

 

The circulated signal inside the FOLM, given in Fig. 

2, is constructed by connecting the two directional 

couplers of optical fiber, as mentioned in the experimental 

set-up section, which already has two parts: clockwise CW 

rotated and counter clockwise CCW rotating parts. To 

observe the effect of signal optical contribution on output 

dynamics, measurements were carried out on the output of 

OA after recording the creative observe signal from the 

MSO, i.e, signal identical to chaotic behavior. Results for 

those creatively observed signals are shown in Fig. 4 in its 

time series form for ten values. Analysis for these results 

is carried out to screen their Fourier spaces (Fast Fourier 

transformations (FFT)) and phase spaces. The two later 

analyses give the confirmation for how dynamics take 

effects and growth after interacting with the self-LD 

cavity. Two constructed field equations are reported in 

both equation (1) for the CCW part and equation (2) for 

the CW part, respectively. Subsequently, the resulted 

intensity is governed by equation (3), in which there exists 

a large difference in optical power, i.e., the two fields also 

have a large difference in their values. This difference will 

affect the expected interference pattern that was 

constructed from the standing wave pattern. Then each 

variation in optical strength for the signal with 90% 

contribution will give rise to that pattern. In this situation, 

the output spectrum can have different characteristics with 

each recorded observation. Experimentally, it is confirmed 

based on this theory that there exists a new spectrum with 

each new optical strength for the operating limit enclosed 

between -37.03 and -18.86 dBm. The time series for all 

entirely mentioned values inside subfigures represents 

fluctuated amplitudes signals under the effect of 

interference between the CW and CCW signals parts 

inside the FOLM.  

The resulting spectral resolution for the longitudinal 

mode spacing, as given in Ref. [27], can be calculated by 

using two equations,          and           for the 

external and entire laser, two cavities. In which C is speed 

of light in vacuum is          while inside optical 

fiber medium it equals    ,       is the external cavity 

length, FOLM, variation, n is the LD active region 

effective refractive index, and    is the LD interior cavity 

length. Accordingly, for the current system, the standard 

quantum well Fabry-Perot LD cavity length value is 300 

um, the refractive index value for a fiber core is around 

1.5. Calculations for the last two parameters give: 3.460 

GHz for frequency separation (free spectral range) inside 

the LD and 13.15 MHz for the external one. Then it is 

needed to observe the MSO time series dynamics range for 

the first cavity is 0.288 nS and 0.076 nS for the interior 

and external cavities, respectively. 

The time duration for the recorded signals is selected 

to be located in a microsecond (uS) range, which is 

equivalent to a frequency range of megahertz (MHz). 

Based on this frequency duration, the resulted dominant 

(A) 

(B) 

OFDC1 OFDC2 
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frequencies are those for the external cavity, FOLM, 

modes. As it is shown in Fig. 4, observed spikes (peaks) in 

the time series are very close to each other's in the lowest 

measured optical powers inside the FOLM, then tend to be 

gradually divergent between each other with increased 

measured optical power from -33.89 dBm to -25.21 dBm. 

After the last value, the time series returns to be included 

closer spikes until the highest measured optical power 

value: -18.68 dBm. In case of Low Frequency Fluctuations 

(LFF) in LD with OFB operating regime, the intensity 

pattern displays abrupt spikes: the intensity suddenly drops 

to minimum and then slowly recovers. Analysis for 

number of spikes against OFLM measured power is given 

in Fig. 5, in which, the polynomial function is satisfied for 

recorded results. The last is considered a power function 

that is characterized by having a single term from the 

product of a real number, coefficient, and variable raised 

to a fixed real number power. With such a power function 

the LD dynamics approved entering chaoticity emission 

state or instability regime. Such a regime affected by 

optical power of OFLM in polynomial manner. 

Solitary LD dynamical rate equations ((1) and (2)) 

could not describe the optical system any more. 

Alternative is to temporarily consider the Lang and 

Kobayashi model [22], the most popular model included in 

theory, which is associated with low and moderate 

feedback strengths. But LD in them is subjected to only 

OFB. The slowly varying complex electric field and the 

carrier density are affected by several enterer and external 

parameters. One of the external parameters is feedback 

coupling coefficient and feedback delay time that are both 

controllable in the current experiment via OFLM 

interferometer that is linked by equations (1) to (4) in the 

theory section. In order to complete the physical scenario, 

equations for chaotic modulation, such as theory reported 

by Refs. [28, 29]) should be introduced to discussions. The 

modulation in this set-up represents a signal that came 

from LD itself but passed through the OFLM and suffered 

from attenuation before doing the interference. 

Accordingly, the uploaded signal is different than the 

originally generated signal from the LD device. 
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Fig. 4. Time series for observed signals with measured OA values inside OFLM from (reported in its legends): (A) -18.86 to -27.25 

dBm, and (B) -29.67 to -37.03dBm, when self-modulated is applied to LD (colour online) 
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Fig. 5. Statistics for time series number of peaks (spikes) 

behavior against measured optical power from inside OFLM 

(colour online) 

 

 

 

 

For the same observed time series that had been 

shown in Fig. 4, the calibrated attractors are composed by 

plotting the time series amplitude against the calculated 

derivative for the same time series, as given in Fig. 6. 

Attractor or phase space gives indication on how 

dynamical system will behave in the future, i.e., gives 

approval that chaoticity permanently exists in it. From Fig. 

6, one finds that attractors associated with measured 

optical power values ranging from -18.86 to -23.11 dBm 

are filled attractors. Filling the attractor means that it 

includes an infinite number of loops. Each loop in this 

calibration represents lasing mode, then the LD system 

after subjecting to this OFLM and modulation being fully 

chaotic with last power values. Remaining recorded 

attractors tend to be half-filled in their center area of the 

shapes. Thus, they emit with two and several 

multiplications of routs to chaos nonlinearity. In such 

operation, the LD system and its active medium have 

several instabilities instead of its solitary single instability. 
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Fig. 6. Attractors for observed signals with measured OA values inside OFLM from -18.86 to 30.03 dBm, consecutively reported in 

legends, when self-modulated to LD 
 

 

To observe LD lasing frequencies, calculations for 

fast Fourier transformation are required for the same time 

series that are given in Fig. 4. Majority of the resulting 

spectra, Fig. 7, show route to chaos and subjected to 
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coherence collapse such that extended frequency spectrum 

is observed in the range of MHz, which, as reported 

earlier, matches the theoretical (Ref. [31]) expected 

frequency range for the external cavity (OFLM). Center 

frequency (Fo) is observable in the case of maximum 

applied OA (OA = -18.86 dBm) given in the last-

mentioned figure. Whilst, no distinguished peak is found 

in any applied OA value. These power spectra confirm this 

observation. This indicated that "range of dynamics" is 

located at all in MHz order. This indicate that "range of 

dynamics" is located at all in MHz order, and confirms the 

impact of such an interferometer on resulting dynamics. 
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Fig. 7. Fourier spaces for observed signals with measured OA values inside OFLM from -18.86 to -37.03 dBm, consecutively 

 reported in legends, when self-modulated to LD 
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B. Variation of RF signal strength after the OFLM 

 

After two signal parts doing circulation inside the 

OFLM, which gives the output signal, the new constructed 

signal is detected and controlled by an RF attenuator. 

Attenuator gives the facility of tuning modulation strength 

before upload to the LD device. Signal RF power control 

affects modulation current I(t) directly during the 

sinusoidal amplitude, included in the second term for the 

following relation [28]:                . In the last 

equation, Ib and Im are bias and modulation currents for the 

LD device. 

It is observed from the time series in Fig. 8 that the 

signals are wider than those observed in part (A) of this 

section. The difference comes from the variation of signal 

RF strength, not the optical signal inside the OFLM. This 

means that the contribution of optical strength inside the 

OFLM gives rise to chaoticity for the resulted signal. This 

is even though the system transformed from continuous 

wave emission to pulsation in the last regime. In this 

figure, dynamics are transported from time scale to 

neighbored within the MSO range, i.e., variation in applied 

frequency modulation shifted the LD dynamics with 

variation in overall signal shape according to emitted 

frequency (stretched and compressed signal). Another 

variation is that related to the number of peaks, while 

amplitudes are conserved in the same range for all 

resulting signals. 
 The relationship between RF power and the 

calculated number of peaks (spikes) is shown in Fig. 9. In 

which the relation fitted polynomial function, i.e., starts 

with periodic increase with strong RF modulation then 

jump to polynomial higher increase with lower RF 

modulation strength representing pulsation. The LD 

system feeds itself from the OFLM in a constant manner, 

while the variation is located in the RF part from the 

modulated signal. This implies that a step decrease in 

modulated signal strength gives rise to periodic variation 

in the number of peaks. 
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Fig. 8. Time series for observed signals with applied RFA values (after emerging from OFLM) RFA values from 0 to 5 dB 

 (A) and 6 to 11 dB (B), when self-modulated is applied to LD (colour online) 
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Fig. 9. Overall relation (statistics) for number of peaks (spikes) 

against RF attenuation for self-modulated LD. Eleven runs are 

carried out during the experiment (colour online) 

 

 

Attractors for all-time series are also constructed and 

given in Fig. 10, in which all phase space areas have less 

filled with loops than those associated with Fig. 6. This 

gives indication that the contribution of optical power 

value for OFLM is more effective than modulation RF 

power level. This means that the expected number of 

modes or frequencies in the LD system in the future will 

less fluctuate within a dynamics bandwidth. The 

modulation current in LD is represented in first term that 

located in the electron time rate for the set of LD rate 

equations given in Ref. [30]. In which the electron density 

linearly proportional with injection current, when gain and 

electron life time and remains parameters are considered 

constants. Whilst expected future behavior for the system 

gives inverse indication to this prediction, as shown in Fig. 

10 with less RFA (0 dB) and large RFA (11 dB). The LD 

system experimental attractors disagreed in two extremes, 

minima and maxima, for RF attenuation. While agreed in 

moderate attenuation values. This can be interpreted via 

self-modulation to the LD device, which is affected by 

OFB in addition to modulation, which gives a new degree 

of freedom. Injection and feedback are predicted as an 

effective tool in giving such freedom in LDs as it is 
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convenient in literature such as Ref. [29]. Making 

comparison with photon density in this active medium 

system based on photon density time rate of change in 

earlier reference, its variation is linearly proportional to 

the gain. The gain in this set-up is increased via OFB, 

which is constant in this results part. Enthought, it applied 

additional gain ratio to the device via this freedom degree. 

As a result, a combination between two parameters 

(chaotic modulation and OFLM back-direction flow) 

resulted in such a dynamic.  
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Fig. 10. Attractors for observed signals with applied RFA values (after emerging from OFLM) 0, 4, 5, 6, 10, 11 dB, consecutively  

when self-modulated to LD 
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Observations for Fourier space spectra shown in Fig. 
11 confirm less perturbation affecting the system and also 
less noise level in these spectra. Thus, application of 
modulation gives rise to stable pulsation for the LD. This 
is clearer with the spectrum given in the same figure in 
RFA equaling 5 dB. In such a spectrum, the laser is an 
absolutely sharp frequency spectrum, i.e., the laser system 
is locked to only one lasing mode. Comparisons between 

all three tools of observations, time series (Fig. 8), 
attractors (Fig. 10), and FFTs (Fig. 11), respectively, give 
even the slight system variation in dynamics. The last 
mentioned RFA-applied value has a coherent time series; 
its attractor is triangular-shaped, contrary to all remaining 
attractors. This agrees with its measured FFT, which has 
only a sharp unique frequency. 
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Fig. 11. Fourier spaces for observed signals with applied RFA values (after emerging from OFLM) 0, 4, 5, 6, 10, 11 dB,  

consecutively when self-modulated to LD 

 

 

Based on observed spectra for the LD under effects 
including both RFA (detected signal uploaded to LD bias) 

and OA, the LD response showed sensible modifications 
in emitted spectra. The feedback mechanism can be 
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calibrated as a data learning term in the machine learning 
process. In the case of feedforward, the concept is 
included in the same setup; configuration can be optimized 
to calibrate a primary network unit-based control system. 
This is to approve the relation between the amplitude and 
phase in the LD device spectra. Analysis of the input laser 
signal and output can give evidence for applied parameters 
weight in such a layer. 

A neural network is a well-known structure made up 
of several layers of nodes, each of which conducts an 
affine translation of the output of the layer before it is 
activated by a nonlinear function, usually a rectified linear 
unit or a sigmoid to execute machine learning tasks. 

The nonlinear activation in the current setup is 
simulated as a laser active medium subjected to new 
degree of freedom by the application of OA and RFA. 

 

 

5. Conclusions 
 
Variation in optical power circulated within the 

OFLM, permitting part of the output signal to be directed 
toward the LD device, making the device very sensitive to 
signal optical power. Under this parameter, a frequency 
chirp is observed for the laser system signal. Chirping is 
changed for a frequency duration period located in the 
MHz range. This observation confirmed that OFLM 
modes were more predominant than those generated from 
the entire LD cavity. From the other hand, variation of RF 
attenuation for the output signal from that interferometer 
with the existence of constant OFB applied to the LD 
translated the device to operate in fewer frequencies to a 
unique lasing frequency. Predictions for the future state of 
this system are calibrated and indicated as large perturbed 
compared with less perturbed in both OFB alone and 
OEFB with a constant OFB. 
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