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Extensive researches have recently been performed to study structural integrity using structural vibration data measured by in-
structure sensors. A fiber optic sensor is one of candidates for the in-structure sensors because it is low in cost, light in weight, small
in size, resistant to EM interference, long in service life, and so forth. Especially, an interferometric fiber optic sensor is very useful
to measure vibrations with high resolution and accuracy. In this paper, a dual-cavity fiber Fabry-Perot interferometer was proposed
with a phase-compensating algorithm for measuring micro-vibration. The interferometer has structurally two arbitrary cavities;
therefore the initial phase difference between two sinusoidal signals induced from the interferometer was also arbitrary. In order to
do signal processing including an arc-tangentmethod, a random value of the initial phase difference is automatically adjusted to the
exact 90 degrees in the phase-compensating algorithm part. For the verification of the performance of the interferometer, a simple
vibration-test was performed to measure micro-vibration caused by piezoelectric transducer (PZT). As an experimental result,
the interferometer attached on the PZT successfully measured the 50Hz-vibration of which the absolute displacement oscillated
between −424 nm and +424 nm.

1. Introduction

Advanced sensor and structural monitoring technology can
play an important role in prioritizing repair and rehabilita-
tion process, improving the cost effectiveness of inspection
and maintenance, and ultimately enhancing the longevity
and safety of large-scale mechanical systems. Extensive
researches have recently been performed to study structural
integrity using structural vibration data measured by in-
structure sensors [1, 2]. One of themajor obstacles preventing
sensor-based monitoring is however the unavailability of
reliable, easy-to-install, and cost-effective sensors. In par-
ticular, civil engineering structures place unique demands
on sensors. Besides accuracy, sensors and their cables are
expected to be reliable, low in cost, light in weight, small

in size, resistant to EM interference, and long in ser-
vice life. They are required to withstand harsh environ-
ments, be moisture-, explosion-, and lightning-proof, and
corrosion-resistant. Furthermore, civil structures are usually
very large, demanding easy cabling of the sensors. It is
very difficult, if not impossible, for the currently available
electric-type sensors to satisfy these demanding require-
ments.

Emerging fiber optic sensor technologies have shown
great potential to overcome the difficulties associated with
the conventional sensors. They are immune to EM noise and
electric shock and thus can be used in explosion-prone areas.
Several kinds of fiber optic sensors have been developed over
the last two decades to take advantage of these merits [3–6].
There have also been many field applications of fiber optic
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Figure 1: Schematic diagramof dual-cavity Fabry-Perot Interferom-
eter.

sensors for health monitoring of engineering structures [7–
9]. Among them, an interferometric fiber optic sensor is
very useful to measure vibrations with high resolution and
accuracy.

In this paper, a dual-cavity fiber Fabry-Perot interfer-
ometer was proposed with a phase-compensating algorithm.
The sensor is structurally similar to a quadrature-phase-
shifted fiber Fabry-Perot interferometer (QPS-FFPI); how-
ever, mechanical adjustment of two cavities is not needed
because of the phase-compensating algorithm. Basically, the
mechanical adjustment of two cavities is required in theQPS-
FFPI in order to take two sinusoidal signals which have an
initial phase difference of exact 90 degrees [10, 11]. How-
ever, the mechanical adjustment is very difficult, sometimes
impossible. In the phase-compensating algorithm, a random
value of the initial phase difference can be automatically
adjusted to the exact 90 degrees. As a result, we can exactly
measure the phase of the sinusoidal signal induced from the
dual-cavity fiber Fabry-Perot interferometer by using an arc-
tangent method. For the verification of the performance of
the interferometer, a simple vibration test was performed
to detect microvibration caused by piezoelectric transducer
(PZT). As a result, it showed that the dual-cavity fiber Fabry-
Perot interferometer successfully measured the microvibra-
tion with the assistance of the phase-compensating algo-
rithm.

2. Dual-Cavity Fiber Fabry-Perot
Interferometer

Theoretically, an interferometric fiber optic sensor generates
a sinusoidal signal of which phase is changed periodically
by the variation of external environment. A fiber Fabry-
Perot interferometer is also one of interferometric fiber optic
sensors and it can measure microvibration precisely because
of its high sensitivity and accuracy. In this paper, two fiber
Fabry-Perot interferometers are used as one sensor called a
dual-cavity fiber Fabry-Perot interferometer. Figure 1 shows
a sensor head of the dual-cavity fiber Fabry-Perot interfer-
ometer. As shown in Figure 1, two pairs of optical fibers in
the sensor generate two sinusoidal signals because of optical
interference. An initial phase difference between the output
signals of 𝐼 and 𝐼∗ should be 90 degrees for using an arc-
tangent method. So, the initial phase difference is adjusted
to the exact 90 degrees in the case of QPS-FFPI by the
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Figure 2: Characteristics of signals of dual-cavity Fabry-Perot
Interferometer.

mechanical adjustment of the cavities of 𝑠 and 𝑠∗. However,
the dual-cavity fiber Fabry-Perot interferometer has arbitrary
values of 𝑠 and 𝑠∗; therefore, the output signals have an initial
phase difference (𝜙) as a random value as shown in Figure 2.
This condition is a major difference between the dual-cavity
fiber Fabry-Perot interferometer and the conventional QPS-
FFPI.

3. Signal Processing with
Phase-Compensating Algorithm

As mentioned in the previous section, the dual cavity fiber
Fabry-Perot interferometer has an arbitrary value of the ini-
tial phase difference between two output sinusoidal signals.
Therefore, it is needed for the measurement of displacement
that the initial phase difference is forcibly adjusted to the
exact 90 degrees. In this section, a signal processing part is
introduced with a phase-compensating algorithm in which
the initial phase difference is automatically changed to the
exact 90 degrees. A detailed explanation is following. Firstly,
the intensity signals of the two pairs of optical fibers with an
arbitrary initial phase difference (𝜙) can be expressed in (1)
and (2) as follows. Secondly, these two sinusoidal signals are
needed to be normalized as shown in (3) and (4). Consider
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where 𝐶
1
and 𝐶

3
are amplitudes of sinusoidal signals and 𝐶

2

and𝐶
4
are values of offsets. 𝑠(𝑡) is a cavity between two optical

fibers of the interferometer as shown in Figure 1. Thirdly, the
normalized signals (𝐼

1
, 𝐼

2
) and 𝜙 are used for generating a

new sinusoidal signal of which wavelength is the same as the
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Figure 3: Experimental setup for measuring microvibration by
using a dual-cavity fiber Fabry-Perot interferometer.

normalized signal of 𝐼
1
. The phase difference between the

new sinusoidal signal (𝐼
3
) and 𝐼

1
is exactly 90 degrees. The

new sinusoidal signal (𝐼
3
) is expressed in
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The equations for calculating the displacement of Δ𝑠(𝑡) can
be expressed as follows:
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𝐼

3

))
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𝐼

3

))] .

(6)

As a result, the displacement can be successfully measured by
calculating the phase-shifting.

4. Measurement of Microvibration

4.1. Experimental Setup and Procedures. Figure 3 shows an
experimental setup to measure microvibration by using the
dual-cavity fiber Fabry-Perot interferometer with the phase-
compensating algorithm. An actuating system is composed
of a linear amplifier (PIEZO, EPA-104-230), a function
waveform generator (AGILENT, 33522A), and PZT (FUJI
CERAMICS, C82). A sensing system is also composed of
a tunable laser (AGILENT, 81949A) as a laser source, two
photodetectors (NEWFOCUS, 2117) as laser receivers, and
a dual-cavity fiber Fabry-Perot interferometer (gauge length
= 10.2mm) which is attached on the surface of the PZT as
shown in Figure 3.

In detail, these optical components are combined by using
one coupler and two circulators as shown in Figure 4. Two
photodetectors are connected to an oscilloscope (AGILENT,
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Figure 4: Experimental setup for driving optical devices of dual-
cavity fiber Fabry-Perot interferometer.
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Figure 5: Two sinusoidal signals induced from a dual-cavity fiber
Fabry-Perot interferometer.

DSO6034A) to observe and save the output signals induced
from the dual-cavity fiber Fabry-Perot interferometer.

Experimental procedures are the following. Firstly, the
wavelength of the tunable laser is set as 1542 nm, and a 50Hz-
sinusoidal signal is generated from the function waveform
generator. Secondly, the amplitude of the sinusoidal signal
is forced to be gradually increased by controlling the gain
value of the linear amplifier. Thirdly, two output signals
induced from the dual-cavity fiber Fabry-Perot interferom-
eter are measured by the oscilloscope. Finally, the absolute
value and variation of the displacement are calculated in a
signal processing software including the phase-compensating
algorithm explained in the previous section.

4.2. Experimental Results. Figure 5 shows two sinusoidal
signals induced from the dual-cavity fiber Fabry-Perot inter-
ferometer. A low pass filter of which the cut-off frequency
was 190Hz was applied to the signals for noise reduction.The
first step of the signal processing was to normalize these two
sinusoidal signals by usingminimumandmaximumvalues of
the sinusoidal signals. The second step was to generate a new
sinusoidal signal by using these two normalized sinusoidal
signals and the initial phase difference (𝜙).

Figure 6 shows the normalized sinusoidal signals (𝐼
1
, 𝐼

2
)

and the newly generated sinusoidal signal (𝐼
3
). It was also
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Figure 6: Two normalized sinusoidal signals and one newly gener-
ated signal for the signal processing.
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Figure 7: Absolute value of displacement induced by vibration-
excitation.

checked out that the phase difference between 𝐼
1
and 𝐼

3

was exactly 90 degrees. The phase of 𝐼
1
or 𝐼
2
and the

absolute value of the displacement were calculated by using
(6) as explained in Section 3. Figure 7 shows the calcu-
lated displacement which oscillates between −424 nm and
+424 nm. The frequency of the oscillating displacement was
also checked by a spectrum analysis. Figure 8 shows the result
of the spectrum analysis that the frequency is the same as
the excitation frequency of 50Hz. From the experiment, it is
verified that the dual-cavity fiber Fabry-Perot interferometer
can successfully measure the microvibration by using the
phase-compensating algorithm.

5. Conclusions

In this paper, a dual-cavity fiber Fabry-Perot interferometer
was proposed with a phase-compensating algorithm. The
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Figure 8: Spectrum analysis of the oscillating displacement.

dual-cavity fiber Fabry-Perot interferometer generates two
sinusoidal signals of which initial phase difference was a
random value. In the phase-compensating algorithm, the
random value of the initial phase difference can be automat-
ically adjusted to the exact 90 degrees. As a result, we can
exactly measure the phase of the sinusoidal signal induced
from the dual cavity fiber Fabry-Perot interferometer by
using an arc-tangent method. For the verification of the
performance of the interferometer, an experimental test was
performed. In the experiment, a dual-cavity fiber Fabry-Perot
interferometer was fabricated and attached on the surface
of the PZT. The interferometer was excited by the PZT and
two output sinusoidal signals were processed with the phase-
compensating algorithm to measure the displacement of the
PZT. As a result, the interferometer successfullymeasured the
displacement induced by the PZT. In detail, the PZT led to
50Hz mechanical vibration and the interferometer attached
on the PZT successfully measured the same vibration of
which the absolute displacement oscillated between −424 nm
and +424 nm. Furthermore, it is expected that the dual-
cavity fiber Fabry-Perot interferometer can be applied to
more precise and accurate vibration measurement with the
phase-compensating algorithm.
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