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Abstract— In this paper, we are interested on simulation tools error rate BER [5]. In order to surmount those limitations,
developing for designing optical component based on Fiber convenient choice have to be carried out on the
Bragg Grating (FBG), with potential uses in optical Encoder/Decoder profile based on FBG. In typical OCDMA
communication systems and sensors. Both principals for communication system, chromatic dispersion does not affect
understanding and techniques for synthesizing fiber granting are seriously the system performance due to the low reach of
emphasized. We focus on the two major applications, which are gptical ‘access solution. However, in a long transmission
the design of Encoders/Decoders for optical access network based system, the signal from the conventional receiver side is spread

on OCDMA (Optical Code-Division Multiple Access) and — yer fime, due to the chromatic dispersion effect [6].
compensation of chromatic dispersion. To ensure FBG

reconstruction, we present an enhanced version of the two Depending on the application and the desired behavior, we
principal method of synthesizing: Layer Peeling method and choose the most convenient methods for synthesis, which can
genetic algorithm method. The first method is based on the achieve the desired target characteristics. We use several
Inverse Scattering problem resolution technique, the second gdapted synthesis methods, which are flexible design process
method consists of optimizing a series of variables. to introduce some constraints on: the temporal or spectral

) ) _ . behavior, the physical parameters of the FBG and the format of
Fiber Bragg Grating, synthesis method, Numérical tools, the grating coupiing coefficient

electromagnetic scattering inverse problems, layer peeling, genetic
algorithm, optical code-division multiple access, chromatic To ensure FBG synthesis, we can distinguish two main
dispersion. families of algorithms that might be used, which are
Electromagnetic Inverse Scattering (IS) [7] and genetic
. INTRODUCTION algorithm (GA) [8]. IS techniques offers a great flexibility in
. . . reconstruction the fiber Bragg grating and good accuracy
T_he accuracy of opt|c_al devices baseq on Fiber Braggepending on the used method [7,8]. These techniques are
Grating (FBG) d_epends directly on the design process. For ided into three main methods: Fourier based methods [9-
\k/JverI]I—kr_lownf t%ratlngt_ structurg, the tgmﬂorgl tand_ Sge‘?tfa 1], integral methods [12] and differential methods [13,14].
ehavior of the grating can be numerically determined usiNgpa £q rier pased method uses the relation between the grating

dlreqt _techmques [1]. However, in several 'mportanas}gectral response and the coupling coefficient. This method is

which are the synthesis for OCDMA Encoders/Decoders an foup of IS method, the integral method offers an exact

. X lution to the synthesis problem. Within this approach, the
the syn_the_S|s Of. optical components based on FBG fogcattering problem is expressed in terms of integral equations.
chromatic dispersion compensation.

The main inconvenient of this method is the complexity and
The performance of OCDMA systems is a very importandifficulty involved in solving the equations. The differential
issue considered on its viability, that could be considered asraethod, as third group of IS exact algorithms, exploits fully the
potential technique for optical access network [2]. OCDMAfiber grating medium, in which the wave propagated. Using
techniques are grouped into three broad categories: diredbis method, the medium is identified recursively layer by
sequence (DS) [2], frequency encoding (FE) [3] and fastayer. This technique is also exact with appropriated

frequency hopping (FFH) [4], where the based element for theomplexity algorithm [15].

encoder and the decoder could be a FBG, as they are readily
fiber compatible. Working with conventional FBG to constituteﬁb
DS-OCDMA or FE-OCDMA Encoder/Decoder, we fall often
in considerable limitations. The disadvantages are multiple al
could be misalignments impacts on the desired user sign
power, the level of multi-access interference (MAI), and the biE

These methods are very useful techniques for solving the
er Bragg grating synthesizing problem. Genetic algorithm,
esents larger flexibility during the design process with
rﬁ%xibiliw in choosing the FBG characteristics. GA is
obabilistic parallel search algorithm that follows the same
rinciple as the nature evolution process [8]. Within this group
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of methods, the problem of synthesis is expressed as an exp(icﬂ) 0
optimizing problem. A :{ . }, 3
The remainder of this paper is organized as follows. In 0 exr(—ldﬁ)

section I, we present the two main synthesis techniques, ) )

differential methods as IS technique and genetic algorithm. W&here ¢ is the wavenumber detuning compared the Bragg
specify the advantages and the inconvenient of thegéesign wavenumber. Within the product of two matrite,
techniques also a comparison between them. In Section IIl, weA represents the discrete reflector dpdepresents the pure
develop the design methodology that we use to achieve tfi$opagation of the amplitude. The discrete complex reflection
desired characteristics of the synthesized FBG. In section I\0€fficientp, for each layer, is given by [15]:

we illustrate several numerical simulations and applications of

the FBG synthesis approach and the benefits in optical .

communications systems. Finally, in section V, we concluded _ q

by presenting the main results. p=- tanhMA)H’ )

Il.  SYNTHESIS TECHNIQUES . . . - .
) ) ) ) ‘with q is the coupling coefficient. The problem of synthesis is

In this section, we describe the two main synthesigo determine the series of N complex reflective amplitygies
methods: the Discreet Layer Peeling (DLP) [15] as differentiafrom the target reflection spectrum(d). At the level of the
method and the genetic algorithm based method. We limit oyirst section, the amplitude; andv; at can be expressed by
study to these two techniques due to their accuracy, flexibility1 5]:
on choosing the target spectral and temporal behavior and less
complexity implementation [5,17].

A L i ul(é) S| 7
. Layer peeling method = r(é)' ®)

The differential or direct method, are also referred as layer- Vi (5)
peeling or dynamic deconvolution algorithm [15]. In the layer-
peeling algorithm, the grating is divided into thin layers, each In addition, att = 0, we can consider the grating as only
assumed to have a uniform profile as depicted in Fig. 1. first reflector is present. Because at this time the light did not
yet propagated to the other reflectors. Thus, we can combpute

A at t = 0 from the inverse Fourier transform of [15]:

[<——

~
N,

h(0) =vi(9)/u,(9). (6)

In the discrete version, this reflection coefficient, can
obtained by the expression:

|
!

R

p p p
Section P = ﬁi rl(m) . (7

Figure 1. Discreet model of the DLP approacirepresents the forward- m=1

propagating fieldsy represents the backward-propagating fieldsgsaisca . .
schematic representation of reflectors. whereri(m) is the reflection spectrum of the target FBG and M

is the number of wavelengths in the spectrum. As we know
Thus, the medium is divided intd uniform sections, each by the use of transfer matrix, we can propagate the fields to the

with a length ofA. The amplitudeu; andv; are representing next section. Moving to the next section, we have same
respectively the forward and backward propagating fieldsconditions as in the first section, which is similar to the
Using the transfer matrix method, the fields of two consecutiverevious layer. Thus, we can use the same principals and
sections are related by the transfer mafiixvhich is defined estimation, to compute the reflection coefficient. This process
by [8]: will be repeated until all the amplitude reflectoss are

calculated. The fields between two adjacent sections can be

propagated by the transfer matrix, this transition is given in

T= TATp, (1)  terms of the calculated reflection coefficient by [15]:
o h(0)-p,
a1 = r . (0)=exd-izan) 71 (8)
T,= (1'|:0|2) {—,0 1'0 } @ " 1-p;r,(0)
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The refractive index modulation of the fiber Bragg gratingB. Genetic algorithm method

is defined by [1]: In [20], Holland is the first to presents the principals of GA.
GA is a probalistic parallel search algorithm based on natural
o7 behavior and selection. The GA represents an optimization
- it method for function of several variables. There is a large
n(2)=n+Anf )CO{ A +0(Z)j’ © variety of GA versions used for synthesizing FBG [8,21-23].
Depending on the application target and constraints, we choose
two version of GA for FBG synthesis. The first version of the
GA optimize the coupling coefficient directly of the grating.

of the grating and is the nominal period. The coupling For the second version, we optimize directly the physical

coefficient can be formulated in function of these gratingaing parameters. In both case, this optimization is made in
parameters by [8]: conjunction with the transfer matrix method to calculate the

values of the reflected and transmitted spectrum.

where z is the grating position, n0 is the refractive indexz)
is the refractive index modulatiofi(z) is the chirp parameter

1) Genetic Algorithm general principals
An@)expEif(2)). The gene.ra}l_process of_GA method can be summarlzeq as
(2)exp(i6(2) (10) follow: an initial population is created randomly, this
population represents possible values of the solution, and those
Bv applving the DLP algorithm to the target spectra. we arvaIues are combined and mutated to generate new values with
y applying 9 get sp ' Eetter fitness to the target spectrum. These steps are repeated

e e electon Coetiiet o eacti he convergence o the igorn i eached depedng on
and the index modulatioin(z), by using Eq. 10. e desired grating behavior and accuracy, as depicted in Fig. 2.

_—in
CKZ)_2nA

0

Since the grating length is a mandatary input parameter to

the DLP algorithm, we can estimate its value from the target Creation of population

spectra, according to the following equation [16,17]: (randomly)
v
/]2B —»[ Ranking the population]
L res™ T d (11)
NoBAege
Y€ ---mmnmmmmmees \
where /g is the central Bragg wavelength andrgsc is the Convergence Solution |
bandwidth of the main lobe. The DLP algorithm as synthesis ~ —~_ « _— ‘o
technique may be briefed in the following steps [7,18,19]: | ________________J-___.. "9 ________ ,
» Step 1: start with the target spectruifd), this spectrum i ) :
must be physically realizable to guarantee the existence of : Selection I
a solution to the problem ! v |
» Step 2 : computp; by the meaning of Eq. 7; i Cross i
e Step 3 : propagating the fields using the transfer matrix i v !
or directly from Eq. 10; . ) :
; Mutation !
» Step 4: repeat step 2 until the whole grating is synthesize ! :
and the coupling coefficient and index modulation of the | !
grating is determined. | . . '
| Creation of the new generation :
If we considemM is the number of wavelengths of the discrete *----------------------------------
spectrum andN the number the layers constituting the grating
structure, then the algorithm complexity will be G{MN). Figure 2. General schema of the Genetic Algorithm Pipeline.
Depending on the accuracy of the solution needed and the , , ,
number of the target spectrum wavelength, the valud ahd The three main actions that lead the algorithm to

N are choosed. However, the number of sample M ofOnvergence are.
wavelength should be greater than or equal to the number Qf  gglection: in this stage, only best elements of the

layer of the DLP algorithm, this leads to a minimum population are allowed to move to the next generations,
complexity of the algorithm of O@I[15].
e Cross: it allows the creation of the new generation base

on the original population,
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» Mutation: represents an important way to create diversitthe mutation operator, that can be tuned for each different
into the population. It introduces random change orimplementation of the GA. By using this mutation function
population parameters. This procedure is useful to avoid @efinition, we notice that, as we are closer to the convergence,
quickly falling into local minimum [8]. the mutation probability value decreases. This is explain the

choose of this mutation function. In fact, for the last

As selection criteria we use the probability of eachyenqrations, the optimal solution should be reached and

@ndividual to be s.elected in the cross process. This probabili utation process should not bring too many changes on the
is defined by [22]: individual's parameters. During the first generations creation,

the mutation values are higher, which permits to the algorithm
to explore all possible parameters combinations. Thus, we
avoid the quickly convergence of the algorithm to a local

optimum and the global optimal solution can be reached.

RW

N WWZR

i In order to measure the convergence of an individual (as a
possible solution) to the target spectrum and constraints, we

wherePR is the probability of next generation participation of define a cost-functiofr. This function measure the difference

the individualj (j = 0,1,...7), n is the total number of the between the desired value of the spectrum and the calculated

individual constituting the population aflf is the weight of value. The aim of the genetic algorithm process is to minimize

the individualj. The individual, which present the best solutionthe performance value F and to ensure that we reach a global

to the target behavior, is affected with a weiftw of 5a, optimum solution.

wherea is constant within the boundaries 1 to 1.5. The second-

best individual receive a weigRW of (3-1)a, and so on, until

PR (12)

As a cost-function, we choose to weight each part of the
the individual with worst F is getting the weight of 1 [22]. resulting spectrum differently, compared to the target spectrum.

During the cross step, for creating individual of the new'/e Select the cost-function expressed by [8]:
generation, each two parents P1 and P2 will generate three
individuals, described by [22]:

dR R} =D (R} -R")%, (16)

Q = 05R +05P, _ _
where, Rc et R are respectively the calculated reflection
B,P,=7 Q=158-05P,, (13)  spectrum and the target calculated spectrwris a weight
_ parameter and j the index of the wavelength or detuning. By

Q,=-05R +15F, setting the weight parameter = 1, the cost-function will be
expressed as a quadratic error between the target and the
only the two elements fron©g,O, andOz) with the best fitness calculated spectrum [17]. The performance of each individual
function value are selected for the next generation. Using this given as [22]:
approach, the new individuals should have inherited the best
parameters from the older generations and their solution should
be closer to the target [8]. This schema has been demonstrated F= Z(R = R ‘ )2_ (17)
to converge slowly toward the best solution of the problem. . ')

As mentioned before, the mutation process provides more
variability on genetic algorithm and allow more diversity on 2) GA synthesis using a predefined coupling coefficient
new created generation. It consists on modifying randomly oninction
selected parameter X with a probability mutation of Pm. The Tremblay et al. in [21] propose to optimize a set of n
changes limits of the variable Xi are described by [22]: weights am, instead of the entire coupling coefficient values. In
this case, the coupling coefficienl(z) is described as the
square of a summation of cosine modes :

« =] X reimax)-x] "
"L X +g[X - Min(X, )] ) )
q2= AE{Z a, CO{¥H , (18)

where the functiom is expressed by [22]: m=l

Bm where - L/2 < z < L/2, L is the total length of the grating, A
¢(y) = yr(l_t/T) J (15 = Omax = T A nmal A 8 With the maximal index modulationt
nmax B IS @ constant value used for normalization purpose.
and where is a random value within the boundaries 0 to 1, t i9Vithin this expression of the coupling coefficient, the shape is
the current generation numbdr,is the maximum number of controlled and limiting the possible fluctuation on its behavior.
generations fixed for the execution of the algorithm Bnd  The use of this predefined function, ensure that the coupling-
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coefficient function is all positive valued and remove all phase synthesis and we will carry out the execution of the

shift in the FBG. In this case, the designed FBG can fabricated algorithm. For some case, several execution of the genetic
with conventional techniques [21]. This method will be algorithm is needed to optimize the algorithm variables and
referenced in the remainder of this paper “GA-method1”. to ensure that we reach the optimized parameters.

3) GA synthesis using FBG physical parameters * Validation and tuning: To validate the results we usually
The second version of GA consists on finding directly the proceed with a modeling process with resulting parameters

physical parameters of the grating achieving the target spectral of FGB and an integration within optical system simulator
and temporal behavior [22]. In this case, starting form only a to validate both the synthesis approach and the choices
given reflection spectrum of an FBG, we will find the  made in conception stage. This cycle, can repeated from
optimized physical parameter (the grating length, the grating conception for tuning the components characteristics.
period, the refractive index modulation, phase shift if used and
the chirp in the grating period). This second version of GA will IV. SIMULATIONS AND APPLICATIONS

be referenced in the remainder of this paper “GA-method2”". _ . . .
In this section, we will demonstrate the design of OCDMA

Both implementation of the two GA methods presented=ncoder/Decoder and chromatic dispersion compensation
follow the same steps of implementation. The only majousing synthesis techniques of FBG. We will show the benefit
difference between the two variant is the parameters to hsf using the synthesis method as design tools for these optical
optimized. In the first case, we are looking for the couplingcomponents. First, we will demonstrate the synthesis of DS-
coefficient weight variables and in the second case, we a®CDMA encoder, then Spectral Phase Encoding OCDMA
optimizing the fiber grating physical parameters directly [16]. (SPE-OCDMA) encoder and finally a flat-top filter with

second order chromatic dispersion compensation.

Ill.  DESIGN METHODOLOGY

There is a large variety of application based on FBG, anﬁ' DS-OCDMA Encoder/Decoder synthesis
the constraints imposed by each application differs largely. Fig. As the first application example, we will enhance the
3, represents the general schema of designing FBG regardiggectral efficiency of DS-OCDMA by reducing the crosstalk
of the specified application. coming from adjacent CDMA users. To achieve these
characteristics we have opt to use a super-Gaussian spectrum
profile having near-rectangular spectrum instead of using a

from the DS-OCDMA encoder/decoder. In next paragraph we

{ | Choiceofthe | uniform Bragg grating as mentioned in [11]. The super-
| method Gaussian spectrum will reduce the Full Width Half-Maximum
Conception | | i | Modelisation (FWHM) of the spectrum, eliminate inconvenient side lobes
of the ! 5 with a large flat-top band. We choose to implement a Prime
component | ! _ ; sequence (PS) code having a length of 9 chips, which is able to
%/ :ér:)trriﬁis : multiplex up to 3 different users with a weight of 3.
(s pectrum ) execution ‘| Parameters We are interested in synthesizing superstructure-FBG
behavior : ; validation composed by a three FBGs at the working wavelength of 1551
choice : : nm and the flat-top band of 1 nm. The maximal reflectivity of
~ Ji | optimzing | i """ these FBG is set to (R 16%, R = 24% and R= 34%) [17].
, parameters | The design of this SS-FBG permit to obtain an ideal code
- sequences with almost equal optical power pulses reflected

- ' - — ensure the synthesis of the FBG3 using three different
Conception ) Synthesis  y(  Validation synthesis methods : DLP, GA with the coupling coefficient
defined as series of square cosine modes and the real-coded
genetic algorithm.

Figure 3. Example of a figure caption. (figure caption)

1) Synthesis using DLP method
Our consolidated method of designing optical components As first numerical example demonstration, we synthesized
for high speed communication systems based on FBG, consiéh¢ FBG using the DLP method. The simulation results are
of three main steps: shown in Fig. 4(a) and Fig. 4(b).

- Conception: During this phase, the general features of the In this figure, we illustrate the real part of the coupling
component are defined. These characteristics are théRefficient and the corresponding refractive index modulation
temporal behavior with several constraints on thevas estimated according to Eq. 11 and the refractive index

reflectivity. modulation can be deduced from the coupling coefficient using
_ . Eg. 10. The number of layer used wés 70 and the number
» Synthesis and execution: based on the target spectrum he spectrum sampléé = 6000 for a working bandwidth of

desired parameters we will choose the adapted method farnm.
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Figure 4. Plot of the real coupling coefficient of the FBG3, profile
reconstructed using DLP method from Gaussian spectrum (a) and the
corresponding refractive index modulation (b)
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2) Synthesis using GA-method1

In order to compare the accuracy and the complexity of the
DLP and the GA methods, we simulate the same target
spectrum of the some Encoder using GA-methodl1. We choose
the first case of implementation of the GA, in which the
coupling coefficient follow the square of Fourier series as
mentioned in Eg. 18. In this configuration, we have to
determine the variables am, instead of optimizing the whole
coupling coefficient values.

Fig. 6(a) and Fig. 6(a), shows respectively the coupling
coefficient synthesis convergence by genetic algorithm and the
corresponding refractive index modulation of the best result
obtained after 300 generations. We notice that the coupling
coefficient exhibit positive values with noticeable less
fluctuations, which is a direct result of using a square Fourier
series in the coupling coefficient expression. As the DLP
method, the strength of the coupling coefficient is almost in the
same amplitude range.

1600 X

1 — — -100 generation
| —— 200 generation
1200t " ——300 generation| -

Coupling coefficient (m'l)
©
o
o

400 ' o

0 100 200 300 400 500
Grating position (um)

Fig. 5, shows the reflection spectrum of the synthesized (@)
grating compared to the target spectrum. From the graph, we X10°

can clearly notice the flat-top filter at -4.6dB for a bandwidth e
of 1nm. The same approach has been made of the other two
grating with the corresponding maximum reflectivity values,

which leads to the reconstruction of the whole SS-FBG.

— Synthesis
— Target spectrum

20+
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-80}F
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-140
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Figure 5. The synthesized reflection spectrum of FBG3 using DLP, with
Gaussian profile as target input spectrum.
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Figure 6. The synthesized coupling coefficient convergence, using Genetic
algorithm as synthesis method (a) and the refractive index modulation of the
solution (b).

Fig. 7, illustrate the comparison between the target and the

calculated spectrum in the working bandwidth. We notice the
presence of fluctuation within the main lobe and side lobes.
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Figure 7. The ideal flat-top target spectrum and the calculated spectrum by Figure 8. The ideal flat-top target spectrum and the calculated spectrum by
the GA where the coupling coefficient is set as a some of square cosine modes the GA and DLP method for FBG3.
fro FBG3.

The values of the cost-function F, depending on the numb&. SPE-OCDMA encoder/decoder synthesis

of generation passed, is depicted in Table 1. We choose as a|n this section, we present the synthesis method, as a tool
cost-function the quadratic error between the calculated and ther designing SPE-OCDMA. In this case, we use also the two
target spectrum as mentioned in Eq .17. We notice that duringchniques DLP and GA to perform the synthesis running. We
the first iterations, the cost-function is decreasing as long as tige interested on synthesizing SPE-OCDMA Encoder based on
execution of the algorithm continue, and it reaches itguper-structured FBGs (SS-FBG) with step chirped profile
minimum from the generation t = 287. [10]. This is an original an application of synthesis by using
our enhanced genetic algorithm to reconstruct the physical
grating parameter directly.

1) Synthesis with adapted GA-method2

TABLE I. COST-FUNCTION EXPRESSED IN TERM OF NUMBER OF

GENERATION.

Number of generation (t) Cost-function (F) To allow the synthesis of  SPE-OCDMA
1 1.16 10 Encoders/Decoders, we improved the GA algorithm by
100 4.54 16 ; ; ; . :
including three variables as result output: the number of grating
200 73816 . o , ;
300 521 sections constituting the whole grating, the phase shift array

between adjacent sections and the chirp introduced between
sub-gratings. Furthermore, we have to determine the basics
3) DLP method and GA with a predefined couplingparameters of the grating: the lendgththe index modulation
coefficient function comparison An(z) and the central Bragg wavelendth As result, the total
We observe that the DLP method is an exact method, bamber of parameters to be optimized is set to six. In table 2, is
we did not have many control choice on results parameterdepicted the optimized GA parameters used for the synthesis of
which may cause problem during the fabrication proces$SPE-OCDMA Encoder/Decoder.
However, in GA method, we can introduce some constraint,
but the results accuracy was less than those of the DLP method.

N . TABLE I1. PARAMETERS OF THEGENETIC ALGORITHM.
The two spectrum of the synthesized grating by the DLP and '
GA-method1 are compared to the target spectrum in Fig.8. ___Grating parameters Value
Weight (a) 1.1
To ensure  the  synthesis of DS-OCDMA Mutation Operator (Bm) 2.0
Encoders/decoders, we opt for the GA-methodl, which Probability of reproduction pc 452/0
optimize directly the coupling coefficient of the grating, ,F\’lmbab'"ty of mutation pm 15%
. . . . umber of generation 300
because the GA-method2 with its standard version is not  pg,jation §) 75

applicable _in _this case. In fact, we design DS-OCDMA
Enpoder with ideal rectangular target _spectrum reﬂeqtlvrgy, As the number of the population size must be at least six to
which leads to the use of apodized FGB. The apOdIZ""t'oﬁven times more than the number of variables, a minimum

function profile and parameters CO”.Id not be calculated bas pulation size of 45 individuals is needed [15]. However, the
on the GA-method2, as described in [22]. In next paragraplyighiy nonlinear nature of the problem obliges a much bigger

we present an improved version of GA-method to ensure the,,ation size, the value of 75 has been used in our simulation
synthesis of SPE-OCDMA Encoders/Decoders. cage. ’
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We have considered a target spectrum for walsh-hadamaeaists on the reflection spectrum of the SS-FBG, these
code. As the first simulation example, we use adapted reatorresponds to the three phase shifts detected by the synthesis
coded genetic algorithm to synthesis the whole gratingrocess.

composed of an undefined sub-gratings. Fig. 9, represents
comparison between the desired spectrum and the calculate

spectrum by the mean of GA.

-10}

Reflectivity (dB)

-30

N
o

—— GA-method2 i
— — - Target spectrum |

?) Comparison between DLP and GA-method2

In order to compare the accuracy and the convergence of
the two techniques DLP algorithm to the GA-method2, we
proceed to the synthesis of one single sub-grating of the SPE-
OCDMA Encoder studied above by both method. In Fig. 10, is
illustrated the comparison between the target spectrum of the
sub-granting and the synthesis spectrum by DLP and GA-
method2. In this simulation, we use the DLP configuration,
with N = 70 andM = 250 and GA-method2 with standard
output parameters. We can notice that both techniques
represents good accuracy results. The synthesis spectrum fit
almost exactly the target spectrum for the total working
bandwidth.

— — ~Target spectrum
—DLP
— GA-method2

. . . . .
1547 1548 1549 1550 1551 1552 1553
wavelength (nm)

Figure 9. Target encoder spectrum (solid line) compared to the synthesis
spectrum by the adapted GA (dashed line).

Reflectivity (dB)
)
o

As we can notice, the algorithm convergence is almost
exact in the main bandwidth, which represents the code
information. However, very small discordance in sides lobes
were visible and they are not affecting the performance of the
encoder. Simulation synthesis outputs are shown in Table 3.
The total length of the superstructure (SS-FBQ) s 2.2cm.

The target spectrum is achieved by the mean of 8 sections of
FBGs, which means that each sub-grating has a lendth,ef , _ _ o
2750pm. The refractive index modulation is uniform along the Figure 10.The Target Sub-grating spectrum (dot line), DLP (solid line) and
total superstructure and has the value\nf= 2.11x16" The the adapted GA-method2 (dashed line).

central Bragg wavelength of the first uniform section is equal
to /g = 1548.6 nm (or a grating period df= 53.4um). The
chirp in terms of wavelength between two adjacent grating
AL = 0.3nm (orA4 = 1.03x10'um expressed in terms of
nominal period). The phase shift array definedPsy(0 7 0

0 z 0), where the value of zero means that there is no pha

I \:
oL

Wavelength (nm)

The resulted physical parameters from the synthesis
process, for both methods, are shown in Table 4. The results
'gutputs confirm the good accuracy of these two methods to
synthesis uniform gratings. This is confirmed by the value of

the cost-function that measure the error between the two
fﬁatings, this cost-value is very small.

shift.
TABLE IV. OUTPUT PARAMETERS OF THEDLP AND REAL-CODED GA.
TABLE lII. SYNTHESIS PARAMETERS OF THESPE-OCDMAENCODER BY
GA-METHOD2. Grating parameters DLP GA-method2
- Bragg grating length (L) Given 5397um
Grating parameters Value Index modulation 1.05x10 1.06x10'
Totalbbragfg grt;atlng length (L) 2.2cm Bragg wavelength 1548.6 nm 1548.6 nm
Number of sub-gratings 8 ) N 12 _ 2
Index modulation 2.11x10° Spectra fitness 4 x10 4.510
Bragg wavelength 1548.6nm . . .
Chirp between section 0.3nm With these simulations, we demonstrate the accuracy of the
= - phase array (0 n0n0xn 0) DLP method and the flexibility of the GA for the synthesis of
Spectre fitness 0.45 SPE-OCDMA encoder/decoder. We demonstrate that our

adapted GA is more suited for the design of such complex

We observe that refractive index modulation presents gPtical component. In Fig. 11 (a) and (b), we Iillustrate
weak value, but the reflectivity reach 90% ; this is CarLespectlvely the cost-function (convergence fltness) of the DLP
explained by the considerable length of the total superstructurg@sed on the number of layers used and the GA in terms of the

We observe also, three thin windows on transmission thaUmber generations.
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80

<= Chirped FBG
Fibet —»
Initial pulse Dispersed Reconstructed
pulse pulse
% 150 250 350 Figure 12.Chromatic dispersion illustration and compensation using chirped
Number of generation FBG.
(a)
To ensure second-order dispersion compensation using
fiber grating, we consider the target spectrum as Gaussian
12f 1 profile with the phase defined as [15]:

[N
o

r(6)=vR —Ji exr{— i,BZLF(CJ/n)Z/Z], (19)

PB

=)

Cost function (x 10 13)

whereR is the maximum reflectivitydps represents the filter
ol ] bandwidth expressed in term of detuniply,is the second-
order dispersion coefficient,r is the fiber lengthc is the
speed of light and is the refractive index modulation. In Fig.
‘ ‘ ‘ ‘ 13 and Fig. 14, we illustrate respectively the component
20 30 40 50 60 70 . . . .
Number of section reflection spectrum and the real part of the coupling coefficient
(b) of the synthesized grating with flat-top filter and second order
Figure 11.Real-coded genetic algorithm convergence (cost-function F) in diSPersion compensation using DLP approach.

terms of the number of generation (a), DLP fitness as function of the number
of layers used (b).

To ensure the synthesis of SPE-OCDMA 08f gt R
Encoders/decoders, we present a new version of the GA able to ,‘ |
synthesis a target tunable spectrum based on SS-FBG. The use ‘ 1
of a direct method is also possible to synthesis this type of 0.6y |
components, but as in DS-OCDMA case, we do not have any !
control on the coupling coefficient behavior and physical ]
parameters, which leads to complicate fabrication constraints.
In our case, we are able to design SPE-OCDMA
Encoder/Decoder based on FBGs with uniform index

modulation, which can be fabricated with conventional 02 }
techniques. ; —— Target
|

C. Chromatic dispersion compensation 1549 15495 1550 15505 1551

Wavelength (nm)
In this section, we will demonstrate the efficiency of the
synthesis techniques for design optical components based on
FBG for chromatic dispersion compensation. Dispersion is one
of the most limitations on data bit rates, fiber length and optical \ye can notice that the target flat-top window of 1 nm fit
source spectral width [6]. It is caused by the pulse broadeninghe calculated spectrum, we Remarque also the existence of
while propagating through the fiber. It becomes a problemmall fluctuation in the main bandwidth as depicted in Fig.

when the optical pulses overlap in the transport fiber. In Fig)3(a). These fluctuation are very small and did not affect the
12, we present the typical schema of chromatic dispersiogomponent characteristics.

compensation using chirped FBG.

0.4r

Reflectivity

Figure 13.Reflection spectrum compared to the target spectrum.
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o ©

Apodization amplitude
o
S

Coupling coefficient (m‘l)
o

0.2f

0 40 80 120 160 200
I I | Grating position (cm)
0 40 80 120 160 200 (a)
Grating position (cm)

Figure 14.Real part of the coupling coefficient resulting from the synthesis
process of a flat-top filter with second-order dispersion compensation. 0.5340

As simulation technique, we choose for the DLP algorithm.
We choose this method due to its exactitude and because the
relation between the chromatic dispersion parameters and the
spectrum reflectivity is expressed by function Eqg. 19. Thus, the
reconstruction and identification process might be achieved by
a direct method. For this example, the grating Length was fixed
to 200 cm, as input parameter for the DLP algorithm, and the
number of layerdN = 500 with the number of wavelengths of o3zl
M = 6000. ’

For this simulation case, we consider the compensation 0 40 80 120 160 200
filter with parameter described in Table 5. Within these Gra"”g("b")s'“""“m’
parameters, the synthesized grating is an ideal reflection filter _ _ o _
at the wavelength of 1550nm for a bandwidth of 0.54nm, also  Figure 15.Grating period (a) and the apodization profile (b) of the
this grating will be able to compensate the chromatic synthesized FBG.
dispersion D=17 ps/nm-km) at this wavelength for a total
transport fiber of 30km.

0,5339F

0,5338

Grating period change (nm)

Fig. 16, represents the time delay of the FBG identified by
the DLP process, with two other configuration to compensate
chromatic dispersion of two fiber withe =100km and

TABLE V. SECOND-ORDER DISPERSION FILTER COMPENSATION Le=50km.
PARAMETERS.
Grating parameters Value
Maximum reflectivity :R 0.8
Filter bandwidth pg 0.54 nm
Dispersion coefficient 8, -21.7 pgkm
Fiber length L ¢ 30 km

Besides we choose a direct an exact method to synthesis,
we calculated the quadratic error between the target spectrum
and the calculated one using Eqg. 19. The value of this error is
1.45, this value reflect the good accuracy of the DLP method
for this kind of application.

Delay (ps)

As we can notice in Fig. 15 (a), the grating ensuring the
dispersion compensation in chirped. The chirp is not uniform . ‘ ‘ ‘ ‘ ‘
along the grating and varies depending on the grating position. A4 1NI08 IS8 ety 10 19508
In Fig 15. (b), we illustrate the refractive index modulation
shape, the apOdlzatlo.n profile has the strgngth values at the Figure 16.Time delay (ps) of the synthesis gratings at the working
central of grating and it cannot been approximated by a regulagayeiength of 1550 nm to compensation chromatic dispersion of Fiber with
behavior. three different length (30km, 50km and 100km).
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within larger bandwidth, we can use superstructure FBG to

achieve the desired compensation parameters.

V. CONCLUSION
This paper presents versatile numerical tools fOﬁ ]
synthesizing and designing fiber Bragg grating with potentia

application in optical communication systems. A simulation

approach has been

presented that

applications in optical communication systems. We have
adapted the DLP algorithm for synthesis of OCDMA

encoder/decoder and dispersion compensation as potentitd]

application in high-speed optical communication system. We

improved
encoder/decoder, by introducing new inputs array, which leald
to the synthesis of SPE-OCDMA. We presents also comparison
study between the two main techniques of synthesis; layefs;

the GA method for designing OCDMA

peeling and genetic algorithm, in terms of accuracy and
complexity depending on the application.
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