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Abstract. In this work, we have interested to utilize Fiber Bragg Grating (FBG) for monitoring
sound intensity level. Acoustic disturbance could induces train and changing the refractive index
of FBG. Therefore, light will interfere for the trough of transmission at one specific wavelength
satisfied Bragg’s condition. In our demonstrations FBG sensor was perturbed with sound intensity
levels of 60, 80 and 100 dB, the measuring Bragg wavelengths were recorded at1552 nm, 1553
nm and 1555 nm,respectively. It was found that the Bragg wavelength shift has a quite linear
variation with sound intensity level. In addition, the sensitivity for sensor was 0.0566 nm/dB. The
obtained results are promising for developing acoustic and vibration sensors

Keywords: fiber-optic detection of sound, optical fibre sensors, fiber Bragg grating sensor, sound
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I. INTRODUCTION

In the last decade, tremendous amount of innovation in optical fiber sensors had been chal-
lenged to monitor some physical parameters namely temperature, pressure, acceleration, rotation,
force, and vibration of structure. Because of many advantages including immunity towards elec-
tromagnetic interference, highly sensitive and compactness fiber optic sensors perform reliable
and highly sensitive tasks over conventional electrical sensors Fiber-optic sensor works by modu-
lating one or more properties of a propagating light wave, including intensity, phase, polarization,
and frequency, in response to the environmental parameter being measured.

A rapid development has led research activity aimed to measure the sound intensity level
or acoustic sensor. Fiber acoustic sensors play important roles in several applications such as oil
exploration, sonar navigation, surveillance, magnetic resonance imaging, structural health moni-
toring and biological applications. The bare fibers have been used primarily but it performed low
sensitivity. Later, the use of appropriate coating material has been investigated to improve sen-
sitivity of the sensor. In general, those developements were concerned with the mechanism for
conversion of perturbation to the change in the refractive index of cladding of the fiber. Generally,
these mechanisms caused of the changes in optical power at the exit end of the fiber.

We have intended to propose a new design of high sensitivity optical fiber sensor for detec-
tion sound. Fiber Bragg Gratings (FBGs) are selected because of high sensitivity and large oper-
ational bandwidth. FBG-based sensors have been developed to observe the spectral response [1].
FBG is a distributed Bragg reflector constructed in a short segment of optical fiber. The periodic
modulation of the refractive index in the core of an optical fiber is achieved by using an interfer-
ence pattern of an intense ultraviolet laser light. When injecting a spectral broadband light into
the fiber, the particular Bragg wavelength will be reflected by the inscribed grating. The Bragg’s
condition for the reflected waves interfered constructively is expressed as [1]
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where Ap is the Bragg wavelength of FBG, n.y is the effective refractive index of the fiber and
A is the grating spacing or the pitch of the grating. The wavelength which satisfied the Bragg’s
condition is reflected back from the grating region and the rest is transmitted. Consequently, the
reflected light achieves the peak at the Bragg wavelength. In parallel, the trough of transmission
occurs at the Bragg wavelength as displayed in Fig. 1.

Theoretically, a longitudinal deformation due to an external perturbation may change both
nes and A. The relation between the relative shift in Bragg wavelength of FBG, AAg/Ag, nes and
A applied to the grating at constant temperature is given by the partial derivative of Eq. (2) with

respect to displacement:
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In our design sensor system, it was based on the hypothesis that the variation in sound
intensity is capable of changing n.s and A parameters. Essentially, applied sound will induce
strain on FBG sensing area. Therefore, the relative shift in the Bragg wavelength (AAg) can be
measured and it must be dependent on the level of sound intensity as simulated results in Fig. 2.
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Fig. 1. Structure of sensor based on FBG and intensity for incident light, reflected light
and transmitted light.
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Fig. 2. The shift in the Bragg wavelength (AAg) for (a) reflected light and (b) transmitted light.

In previous works, H. L. Liu et al. [2] reported the experimental study on FBG strain sensor
and the shifted Bragg wavelengths were monitored. C. Li ef al. [3] suggested to use the side-
polished fiber Bragg grating to enhance the performance of optical fiber sensor. M. F. Liang et
al. [4] installed FBG on the cantilever to construct pressure sensor and their innovative sensor
could obtain a sensitivity about 339.956 pm/Mpa. In addition, Z. Zhang et al. [5] employed FBG
to calibrate the effect of temperature and pressure and use metal membrane to control the pressure.
The accuracy of 0.1 hPa in the range 800-1300 hPa was presented.
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II. EXPERIMENT

In our design system, it consisted of a tunable semiconductor laser (SANTEC TSL-210),
FBG (bandwidth wavelength of 1525-1565 nm) and spectrum analyzer (ANDO AQ6317B) as
shown photographs in Fig. 3. Loudspeaker was generated from Samsung Galaxy S7 Edge with
sound generator application. IPhone 6 with sound analyzer application was utilized to monitor
sound intensity level. The schematic diagram of the experimental setup was shown in Fig. 4.
The power of optical light sources was fixed a constant power output at 3.2 mW (across all wave-
lengths) and connected the optical aperture with FBG. The wavelength of laser was tuned between
1530 nm to 1610 nm (increasing in step of 1 nm). The output of FBG was connected to spectrum
analyser. The frequency of loudspeaker was set constantly at 1000 Hz and operated the sound
intensity level at 60, 80 and 100 dB. For each intensity level of sound, we performed and repeated
experiment for 3 times. Optical output power and FBG wavelength shifts were measured and
recorded by spectrum analyzer. Then, the obtained results were averaged. In the situation that
operated the sensor without perturbation was served as the reference.

Fig. 3. The photographs of (a) tunable semiconductor laser, (b) single mode FBG and (c)
spectrum analyzer.
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Fig. 4. The schematic diagram of the experimental setup.

III. RESULTS AND DISCUSSION

For undisturbing situation, the output spectrum showed the trough of transmission at the
wavelength 1549 nm. When generated sound to disturb FBG, the transmitted spectra for sound
intensity level 60, 80 and 100 dB were obtained as presented in Fig. 5(a), 5(b) and 5(c), respec-
tively.

The wavelength shift (AAg) for each sound intensity level (/y,,,s) Was monitored and plot-
ted graph as shown in Fig. 6.

According to Fig. 6, we obtained the linear relationship between the wavelength shift (A4z)
and the sound intensity level (Is,,,q4) as the following equation,

Adp = 0.05661;,,,s —0.1726 “)

Therefore, we could determine the sensitivity of our sensor to be equal to 0.0566 nm/dB.
However, we admitted that our experimental results lacked of studying in the stability of sound
measurement in practice. It is necessary to investigate the stability of the FBG wavelength shifts
since it strongly depend on other parameter of sound such as the direction of sound and the vibra-
tion frequency. To achieve a higher detection sensitivity, our future developments are attempted
such as bending FBG, or FBG cladding substituted by the surrounding media, or combining with
piezoelectric materials or using membrane attached on surface or vibration system aroud FBG or
applying tilt FBG etc.



220 APPLYING FIBER BRAGG GRATING FOR ACOUSTIC SENSOR

4.7
465 I

_
E
[~a) Reference
= -7 =
- 46 T \ = - -
g- 7 N s e e S — -
S 455 4 \ -
= /
5 Sound Intensity Level = 60 dB
B 45
)
=3
S 445 4
B
o
O 4ad
435 : t ! ; } 4 ¢ ; : + : t t t t |
1530 1535 1540 1545 1550 1555 1560 1565 1570 1575 1580 1585 1590 1595 1600 1605 1610
Wavelength (nm)
(a)
s 47
E I
5
A 465
= Ref
- l —_— e;regce
¥ - ~ —_—
g‘ * \ ~ < e i [ Tt =
£
3 ass | \ - :
5 ..o'\. / ....-coo...SoundIntensnyLevel=80dB
E 454  Le° / °?® ®eo00000
= ‘/ o* *
= 445 + . o
=2 ° °
2 °..°
S 447 oo
435 t + + t t + t t t t t t t t t i

1530 1535 1540 1545 1550 1555 1560 1565 1570 1575 1580 1585 1590 1595 1600 1605 1610
Wavelength (nm)

(b)

4.7
o
£
& 465
= J - Reference
: —_— -
= 46 T  a— — e -
I W S
= 7~
© 455 /
5 \

Sound Intensity Level =100 dB

E 45 + iz o — ty
& \X/ * ~— .
’E‘ b=}
S 445 1 /
= .
=3 g
© 4a4 \V’

4.35 + ! } : + t + + + } 4 + t t t {

1530 1535 1540 1545 1550 1555 1560 1565 1570 1575 1580 1585 1590 1595 1600 1605 1610
Wavelength (nm)
(©

Fig. 5. Spectrum of transmission for disturbation FBG with various sound intensity lev-
els: (a) 60 dB, (b) 80 dB and (c) 100 dB.
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Fig. 6. Bragg wavelength shift (AAg) against applied sound intensity level (Ziyna)-

IV. CONCLUSION

An acoustic sensor based on FBG was designed and demonstrated. Strain due to sound
intensity are able to induce changes in refractive index and the pitch of the grating. The results
revealed that the designed sensor has quite linearity in the Bragg wavelength shift with sound
intensity level. The sensitivity of sensor was 0.0566 nm/dB.

For future work, we purpose to enhance the sensitivity of sensor and apply it to monitor
seismic wave, depth of under water pressure, and ultrasound detection. We suggest to use of

appropriate coating or membrane attached on FBG in order to improve sensitivity and stability of
the sensor.
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