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Abstract
Synthesis of distributed Brillouin scattering modeling in optical 
fibers using a newly developed algorithm. The simulations of 
a distributed fiber optic sensor are carried out with the aim 
for temperature and strain sensing. The behaviors of Brillouin 
scattering in optical fibers are studied through the backscatter 
signals under various operating parameters along the optical fibers 
using the developed MATLAB codes. The analysis of backscatter 
signals characteristics when affected by temperature and strain are 
presented. All simulated models illustrate exceptional accuracy 
vis-à-vis published measurement results. The work carried out 
paved way for a more complex distributed Brillouin scattering 
modeling.In this thesis work, EDFA equations analyzed at ODE-
15s are used instead of differential equations used in the past,for 
temperature and strain measurement.
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I. Introduction
Distributed fiber optic sensing can be used for small distance 
typically for some kilometers. Optical systems are being widely 
used for data communication through the invention of laser in 
1960. Distributed sensing offers high flexibility and speed of 
measurement. This type of sensing has the ability for measuring 
temperature and strain for thousands of points in a single fiber. 
This makes distributed sensing process different from other type 
of sensing process different from other type of sensing process [1]. 
There are mainly linear and nonlinear scattering process take place 
in optical fibers [2]. This has been used to measure distributed 
temperature and strain along the length of the fiber.

The distributed sensors based on Brillouin scattering, Rayleigh 
scattering and Raman scattering finds its application mainly in 
the structural health monitoring.

Other than the conventional electronic sensors fiber optic sensors 
depict several characteristics like light weight, robust, more 
sensitivity etc. which helps to monitor environmental variations 
[3]. Very small temperature changes can be detected by using 
this method there by it is possible to avoid the overheating 
problem in optical fibers. In the fiber optic sensors they consider 
the optical fiber as a sensing element. There are intrinsic and 
extrinsic sensors. The main advantage of these are that they are 
immune to electromagnetic interference which is a problem faced 
in every communication networks. Fiber optic sensors have many 
advantages as compare to other sensing process. By depending 
upon the various principles the fiber optic sensors are of different 
types like Bragg grating sensors, Distributed sensing process, 
Quasi distributed sensing etc. In these distributed sensing process 
gained wide range of attention for the last few years. A structural 
diagram which gives a basic idea about the distributed sensing 
process is given below [4].

 Light Source 

Signal detection 
and processing 

Fig. 1: Distributed Optic Fiber Sensing System

From the above diagram it is clear that if there is any change in 
the measured field like temperature, pressure or strain variations it 
will be coupled through a fiber optic complex and will be getting 
information through the signal detection and processing block. 
The principle that lies behind the distributed sensing process is the 
linear and nonlinear scattering like Rayleigh scattering, Brillouin 
scattering, Mie scattering, Raman scattering etc. The diagrammatic 
representation of the principle behind the distributed sensing is 
given below.

Fig. 2: Various Scattering Mechanism

Brillouin scattering is a “photon-phonon” interaction as 
annihilation of a pump photon creates a Stokes photon and a 
phonon simultaneously. The created phonon is the vibration modes 
of atoms, also called a propagation density wave or an acoustic 
phonon/wave. In a silica-based optical fiber, Brillouin Stokes wave 
propagates dominantly backward although very partially forward 
[5]. The frequency (~9-11 GHz) of Stokes photon at ~1550 nm 
wavelength is in quantity dramatically different from or smaller by 
three orders of magnitude than Raman scattering (see Fig 2) and 
is dominantly down-shifted due to Doppler shift associated with 
the forward movement of created acoustic phonons. In a polymer 
optical fiber, the frequency is ~2-3 GHz due to the different phonon 
property [6].
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Fig. 3: Optical Time Domain Reflectometry functional schematic.

In this type of fiber optic sensor, a pulse of laser light is launched 
into one end of the sensing fiber via a directional coupler and the 
time dependent characteristics of the light that isbackscattered 
to the same fiber end are measured, as illustrated in Fig.3. This 
configuration is based on the principle of Optical Time Domain 
Reflectometry (OTDR). As the pulse propagates along the fiber, 
it is scattered by Brillouin scattering mechanisms back to the 
launching end where it is detected by the receiver.At the same 
time, the propagating pulse also experiences Rayleigh scattering, 
wherein its fluctuation is perceived as noise to the back reflected 
sensing signal.

Fig. 4: Illustration of the Principle of Brillouin Scattering

Brillouin scattering refers to the scattering of an incident light wave 
by the acoustic phonon of a medium, which is the backscattering 
of light due to the interaction between the incident photon and 
an acoustic photon. When this process occurs in an optical fiber, 
the backscattered light undergoes a frequency shift known as the 
Brillouin shift, as illustrated in Fig.4. Since the frequency shift of 
a Brillouin gain spectrum is sensitive to the temperature and strain, 
it becomes a very useful effect to build fiber optic sensors.
On the other hand, in Rayleigh scattering, as a single optical wave 
travels along the core of an optical fiber, Rayleigh light is scattered 
in all directions from spatial fluctuations of the refractive index 
in the optical fiber [7]. This is due to the random and incoherent 

thermal fluctuations. In contrast, Brillouin scattering only considers 
the correlated, periodic fluctuations of phonons.

II. Problem Formulation
As in previous papers, various methods for temperature and strain 
measurement have been discussed which use differential equations 
for the measurement, but there are some problems associated with 
such methods. These problems are mentioned below:

Complexity level was more in previous system1. 
If we give input then due splicing or bending occurs so it is 2. 
fails to get better or accurate results
Simulation results are so typical one.3. 

These problems can be solved if we use EDFA equations instead 
of differential equations which were used in previous system.

III. Methodology
In this we use EDFA equations to find the power variations. EDFA 
is the Erbium Doped Fiber Amplifier. In this, initially we use 
two rows y (1) and y (2) to measure the pump power PP1 and the 
strokes power PS1. PP1 is the ratio of row y (2) to the saturated 
pump power PPSAT

    (1)

Here PPSAT is the saturated pump power and is defined as:

  (2)

Where, aeffP is the effective pump power and sigmaP is the sigma 
pump power 

    (3)

PS1 is the ratio of the row Y (1) to the PSSAT. PSSAT is the saturated 
stroke power and is defined as:

  (4)

Where, aeffs is the effective stroke power and sigmaS is the sigma 
stroke power

Then we calculate the YP1 & YP2 for the power variations 
using:

 (5)

Where, an alpha is the alpha stroke power and is defined as:
    (6)

We put the value of PP1 from equation (1) in this equation to 
find YP1

 (7)

Where, alphaP is the alpha pump power and is defined as:

    (8)

We put the value of PS1 from equation (3) in this equation to 
find YP2

In equation (6) and (8), alphaS and alphaP are the constant terms.  
Using equation (5) and (7) we calculate the power variation and 



IJECT Vol. 6, IssuE 4, oCT - DEC 2015  ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

w w w . i j e c t . o r g 124   InternatIonal Journal of electronIcs & communIcatIon technology

plot the graph between them. The graph is similar to the one that 
is obtained using differential equations but the difference is that 
problems of the previous system are solved.

 
Choosing a set of launch 
pump powerpp(0)i 

Choosing a set of guess initial 
stroke power [Ps(0)i

guess]
 

Calculate the error of 
corresponding set of the end 

strokes intensities 

[Ps(L)i
guess-Ps(L)desired] 

Fitting with 25thorderpolynomial 
function 

Calculating the roots of the fitted 
polynomial function 

Selecting minimum root as the true Ps (0) 

Ps(L)desired<=error tolerance 

Output result 

Fig. 5: Proposed Algorithm for Brillouin Scattering Modeling

Firstly, we choosing a set of launched (initial) pump power, PP 
(0)i is predetermined. Then, for each of these values, the SBS rate 
equations are solved, based on a set of guess values of the initial 
stokes intensity, PS (0)i

guess. This step also produces a corresponding 
set of the end stokes power, PS (L)guess which are also deducted with 
the desired value, PS (L)desired to find out the error, [PS (L)i

guess - PS 
(L)desired]. These two sets of vectors are fitting with a polynomial 
function of the order of 25, and subsequently calculating the roots 
of the fitted polynomial function. Finally selecting the minimum 
roots as the true ps (0). In this if ps (L)Desired<= error tolerance  
then we get the output otherwise goes to the second step and the 
same procedure follow.

IV. Result and Discussion
In previous research works, differential equation were used for 
temperature and strain measurement but there were few problem 
associated with such methods. To overcome the problems, EDFA 
equations are used instead of the differential equations used in 
past. Fig. 6(a) shows the results obtained using EDFA equations 
at ODE-15s. The results obtained in previous research work are 
plotted in Fig. 6(b). It can be seen that the results obtained through 
proposed structure match with the results obtained in [8]. 

Fig. 6: SBS measurement on silica optical fiber from (a) simulations 
from the developed MATLAB codes, and (b) from previous 
designed structure [8].

In the above case figure is drawn by our own coding but in below 
fig it is taken from previous results means from base paper If we 
see this as figure wise these both are same but if seen it beneficially 
point of view our figure is best because here we remove all of 
complexities of previous systems that occurs by using the 
differentiability equations.

Fig. 7: The results of simulation using (a) the developed MATLAB 
codes, and (b) from previous designed structure [9].
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Fig. 8: This Graph Shows Between Diameter (μm) and 
Efficiency

V. Conclusion
In this thesis work, EDFA equations are used instead of differential 
equations for temperature and strain measurement. The results 
obtained using EDFA equations match with the results obtained 
using differential equations. In this work, EDFA equations are 
analyzed at ODE-15s. In future different values of ODE like ODE-
45, ODE-23 and so on can be used. 
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