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Abstract

The aim of this work is to use Fiber Bragg
Grating (FBG) to detect the breast cancer at its
earliest stages based on the Photoacoustic (PA)
hybrid technique. The fiber Bragg gratings
sensitivity to acoustic wave, effect of grating
length, effect of  grating refractive index
modification, and ultrasonic frequency on the
wavelength sensitivity and intensity sensitivity of
the ultrasonic sensor (FBG) for ultrasonic waves
were investigated using a simulation programs. A
wavelength for the photoacoustic (PA) excitation
laser was chosen with respect to a high absorption
by the tumor and with low absorption to the
surrounding tissue (normal tissue); for higher
contrast absorption between them. Fiber Bragg
can be used as a sensor to detect the acoustic
wave emitted from the tumor (depending on the
photoacoustic principle). In this study, k-wave a
MATLAB toolbox was used to simulate
photoacoustic wave which is detected with fiber
Bragg grating simulation, using Optisystem
program. The acoustic wave was transferred to
FBG by using Optisystem-MTLAB
communication programs to detect tumors.

Keywords: Fiber Bragg grating (FBG),
lasers, Matlab  Optisystem communication
programs, Photoacoustic detection, and Pressure
wave.

1 Introduction:

In the last decade, Fibber Bragg Grating have
shown a great potential advantages in biomedical
application [1], due to their prominent features
such as their very small size, lightweight, |
immunity to electromagnetic interference (EMI),
and electrically neutral and can be easily
embedded into a structure without having any
effects on the mechanical properties of the
structure of the object under investigation[2][3].
Fibber Bragg Grating used Photoacoustic (PA)
detection technique ,to detect tumor existing, due
to its ability of converting the absorbed energy
exclusively into heat without generating PA
signals caused by scattering particles[4].
Photoacoustic is a unique method that combine
the contrast of light with the ultrasound
resolution[5]. This technique is used in tumor
detection due to its advantages of noninvasive
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nature and has high detection sensitivity and can
detect small element size[6][7].

In this paper, FBG was proposed as a
sensor to detect the acoustic wave emitted from
the detect tumor. The response of FBGs to
acoustic waves is theoretically analyzed first, and
then simulation implemented ,in MATLAB and
Optysystem programs, as FBG based sensors with
its interrogation system. Using k-wave MATLAB
Toolbox to simulate photoacoustic wave
propagation in 2D, and then detect the acoustic
wave by Fiber Bragg Grating by using
Optisystem simulation.

2  Methodology:
2.1 Fiber Bragg Grating (FBG)

Working Principles

The Fiber Bragg Grating (FBG) is a single
mode fiber with a periodic modulation of
refractive index (n) along its core[1][8] as shown
in figurel. When a single mode optical fiber
expose to intense ultraviolet light the reflective
index of fiber core will increase, this exposure
area will create a fixed index modulation that
known as grating[9]. When use FBG is exposed
to a particular wavelenght, part of light will be
reflected due to the grating area has a period is
approximately half the input light’s wavelength,
this reflected wavelength known as Bragg’s
wavelength (maximum reflectivity), as shown in
the equation(1) [1][3][8]

Where Agis the Bragg grating wavelength
in the free-space center wavelength of the input
light that will be back reflected from the FBG,
ness is the effective refractive index of the fiber
core, and A is the FBG period. The other part of
the light transmit through the fiber.
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Figure 1: Fiber Bragg Grating structure
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When photoacoustic wave impinging on
the FBG, the Bragg grating wavelength will be
shifted because of the reflective index and the
period which modulated due to the mechanical
strain in the fiber, elasto-optic effect, express
as:[8][10]:

AA _ (1-2v)AP 2
= E (2)
An  n?AP
7= 2F (1-2v)(2P;; + P11) (3)

Where E is Young’s modulus and v
Poisson’s ratio of the fiber, AP is the pressure
variation that is caused by the photoacoustic
pressure, and P;, and P;; are components of the
strain-optic tensor for the fiber material.
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Equation 4 shows that the spectral shift of the
Fiber Bragg Grating is directly proportional to
AP (acoustic pressure).
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Figure 2: wavelengths Spectrum Shift in the FBG
2.2 Photoacoustic (PA) waves Principle
The photoacoustic (PA) principle is as
shown in figure 3, pulse laser light is used to
illuminate tissue with tumor in order to generate
PA signal.

For the generation of photoacoustic signals.The

succession of phenomena that occur after light

exposure is shown in the following list:

1. Light absorption The molecules, that
absorb light, start vibrating, partly absorbed
by object (like tumor)

2. Temperature rise: The vibration
increases the temperature.

locally
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3. Thermoelastic expansion: Because of the
thermoelastic  effect, the heated area
expands.

4. Acoustic emission: The surrounding tissue is
correspondingly  compressed and the
pressure variation propagates away from the
source

The generated pressure wave is then
propagate through the surrounding tissue, which
is finally detect by the FBG sensor.[11][12]

Photoacoustic
absorber

ftumar) \
Pulsed Laser | #* :))).
detector

Tissue (FBG)
Figure 3: Photoacoustic principle
3 Design and Consideration
The system was simulated by using
Matlab-Optisystem communication, first to
generate the photoacoustic signal K-wave matlab
toolbox was used. k-Wave is a free accessed
MATLAB based simulation toolbox which
provide the ability to simulate photoacoustic
signal in time domain given the initial pressure
distribution from the object target [13]. k-wave
toolbox is freely available http://www.k-
wave.org, used in this paper to simulate the 2D
photoacoustic wave propagation from the object.
The sound speed in the simulation
assumed to be 1570 m/s. For simplicity the
medium was assumed as a homogeneous media
and there was no absorption or dispersion of the
wave signal. This wave was triggered to the
optisystem program to fetch the system by the
acoustic wave and then it will be detected by FBG
sensor simulated in Optisystem program.
The Optisystem the system is operated
with basic optical system which consist of Fiber

Bragg Grating , CW laser, circulator,
photodetector, oscilloscope, optical spectrum
analyser, optical time domain visualizer,
amplifiers, and Matlab  component to

communicate with Matlab program.

For the transmitted reflected detection
(TRD) circuit a CW laser with 1550nm was
utilized as the laser source. Light from the laser
was then coordinated to the Fiber Bragg Grating
via a circulator. The light transmitted through the
FBG was then distinguished to one of the two
photodetectors, while the light reflected was
coordinated to the second beneficiary by means of
the circulator. The yield of the two collectors was
opened up utilizing an enhancer. In this work,
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amplifier with gain of 10 was used. Figure 4
shows the optoelectronic circuit, including the
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power supply, receivers, and amplifiers.
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Figure 4: TRD system designed

The static strain sensitivity of Fiber Bragg
Grating (FBG) sensor was measured by utilizing
optical spectrum analyzer. The associated of
oscilloscope and optical spectrum analyzer were
utilized to record the applied stress, and the
resultant strain created by the acoustic wave was
displayed as shown in fig.(6).

4 Results and Discussions

The model described in figure (4) is a
simulation of Fiber Bragg Grating system, which
it’s used to measure the reflection spectrum of
Fiber Bragg Grating impinged by a pressure
wave, given by (2), which allows us to study
Fiber Bragg Grating performance and how it can
be used as a sensor. This method improves the
resolution and contrast of the reconstructed
image.

The acoustic signal was generated by a
numerical simulation in Matlab program as shown
in figure 5.

K-wave MATLAB Toolbox was used to
generate the photoacoustic wave in 2D as shown
in figure 5.This wave was propagate in a circular
shape due to it’s a transverse mechanical wave
type as shown in figure 6 and then its transfer to
detect it by FBG.

The acoustic signal was transmit from the
object and then propagate through the tissue. This
wave is transmit to optisystem through Matlab
component to detect by FBG which it also
illuminate by 1550nm, with line width 10MHz
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CW laser, these signals were visualize using
optical spectrum analyzer as shown in figure 7.
When laser light is incident in the FBG
sensor part of light will be reflect (Bragg grating
wavelength) and the other part will be transmit.
The impinging of photoacoustic wave cause to
shift the Bragg grating wavelength because of the
mechanical strain effect as mention in equation

(4). This amount of shift can be used to detect the
tumor exist.
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Figure 5: Photoacoustic signal
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Figure 6: A 2D Photoacoustic signal generate in
K-wave Toolbox
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Transmitted spectrum of the FBG detected
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5 Conclusion

In future work Fiber Bragg Gratings
(FBGs) can be effectively utilized in an extensive
variety of biomedical applications, one of them is
tumor detection. From the experiments that
have been performed and analyzed, the
following conclusions have been deduced:
1. The laser used to illuminate the tumor should
be in the NIR or visible range, due to its high
absorption by tumor (full with blood).
2. It is a good way to use photoacoustic
technique in tumor mass detection because it
doesn’t require surgical intervention , as well as ,
this project helps in the detection of breast tumor
in its earliest stages.
3. Tumor existing can be detect by using FBG
sensor, when photoacoustic wave impinging on
the FBG, the Bragg grating wavelength will be
shifted because of the reflective index and the
period which will be modulated due to the
mechanical strain in the fiber.
4. The Transmit Reflect Detection (TRD) system
used in this project appeared to have an expanded
sensitivity over the routine narrow bandwidth of
the data transfer capacity and has a good
dynamic resolution.
5. The FBG sensors will have a major role and
gives effective responses for a wide assortment of
usages in biomedical application, such as, tumor
mass detection of this project .
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