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In this paper low-coherence fibre-optic sensors based on the Fabry–Perot and Michelson interferometer, which
were designed and elaborated at our laboratory, are shown. We present results of investigation of the fibre-optic
sensors working in both configurations. These results allowed us to compare properties of sensors working in both
configurations. The theoretical analysis and experimental results made us possible to select best construction,
which was implemented in low-coherence fibre-optic sensors of refractive index.

PACS: 42.79.−e, 42.81.Pa

1. Introduction

A low-coherence fibre optic sensor consists of a broad-
band source, a sensing interferometer and an optical pro-
cessor. Usually, superluminescent diodes (SLDs) or high
power luminescent diodes are used as the sources. The
sensing interferometer includes the measurand field or is
located inside it. The sensing interferometer is designed
in such a way that a defined relationship exists between
optical path difference (OPD) and the measurand. The
signal from the sensing interferometer is transmitted back
by the fibre-optic to the optical processor. The optical
processor is a device whose output signal is a function
of the OPD existing in the sensing interferometer. In
low-coherent fibre-optic interferometric sensors it is pos-
sible to use two kinds of optical signal processing: in a
phase domain (also known as a temporal) and in a spec-
tral domain. The optical processor can be either a sec-
ond interferometer (when the phase domain processing
of the measured signal is used) or a spectrometer (when
the spectral domain processing of the measured signal is
used) [1].

In our previous projects we implemented low-finesse
Fabry–Perot interferometer as a sensing interferometer
[2–5]. The main aim of research presented in this paper
was to elaborate two low-coherent fiber-optic interfero-
metric sensors of refractive index using spectral signal
processing. Not only the device using the Fabry–Perot
interferometer but the device with the Michelson inter-
ferometer was tested as well. This approach lets us com-
pare and contrast metrological abilities and usefulness of
sensors with spectral signal processing, working in both
interferometer configurations.

2. Spectral signal processing

In case of low-coherent fibre-optic interferometric sen-
sors using phase signal processing, the most crucial chal-
lenge is correct determination of a position of the central
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fringe in the interference fringe pattern. It is so impor-
tant because this position refers to the zero value of the
OPD and therefore gives information about the measur-
and. The intensity difference between the central fringe
and the first side fringe can be so small that the signal-to-
-noise ratio required by the system for direct identifica-
tion of the central fringe should not be much worse than
50 dB, which is difficult to obtain in real optoelectronics
systems [1].

Optical intensity at the output of such an interfero-
meter can be expressed as [6]:

Iout = 〈EE∗〉 , (1)

where E = E1+E2, E1 and E2 — amplitudes of the elec-
tric vector of the light wave reflected from the first and
the second reflective surfaces inside the sensing interfero-
meter respectively, brackets 〈 〉 denote time averages; as-
terisk ∗ denotes the complex conjugation.

When the spectral signal processing is used, the
recorded signal can be expressed as [7]:

Iout(ν) = S(ν)[1 + V0 cos(∆φ(ν))] , (2)

where S(ν) — spectral distribution of the light source; V0

— visibility of the measured signal, ∆φ(ν) — the phase
difference between interfering beams [1].

The phase difference between interfering beams can be
calculated from a following equation:

φ(ν) =
2πνOPD

c
, (3)

where OPD — the optical path difference, c — light ve-
locity in the vacuum.

If a broadband source such as SLD or laser diode (LD)
working below lasing threshold is used in the sensor, com-
plex degree of temporal coherence (or normalized degree
of autocorrelation) usually has a Gaussian profile deter-
mined by the form of spontaneous emission. In this case
the normalized spectra pattern is predicted to be a co-
sine function modified by the Gaussian visibility profile,
as shown in Fig. 1.

In the spectral domain signal processing, the modula-
tion frequency of the measurement signal gives informa-
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Fig. 1. The signal of low-coherence system with spec-
tral signal processing: (a) when ∆φ = 0, (b) when
∆φ > 0; OPD — the optical path difference.

tion about the measurand as it is shown in Fig. 1. It can
be noted that if ∆φ = 0, then there is no spectral mod-
ulation (Fig. 1a). If the phase difference between the in-
terfering beams varies from zero, then the function takes
the form of the cosine curve (Fig. 1b). The spacing of
adjacent transmission peak is proportional to the inverse
of the optical path difference (1/OPD) [8]. In this type
of the signal processing it is necessary to use special mea-
surement equipment and mathematical processing of the
measurement signal, which makes this method relatively
expensive, complex and time-consuming. Moreover, the
measurement system with the phase domain processing of
the measured signal has much higher measurement sen-
sitivity and resolution than in case of the system with
spectral processing. However, the system with the spec-
tral processing of the measured signal has two important
advantages. It does not need movable mechanical com-
ponents which adjust precisely displacements. Moreover,
it is not sensitive for any change of a transmission of
the optical system. This is possible because in the sys-
tem information about the measurand is encoded in the
spectra of the measured signal. Therefore the signal pro-
cessing in spectral domain can be successfully used in
low-coherence sensors [9].

3. Experimental setup

The scheme of the developed low-coherence fiber-optic
interferometric sensors is shown in Fig. 2. These sen-
sors were elaborated with the use of the Fabry–Perot
interferometer (Fig. 2a) and the Michelson interferometer
(Fig. 2b). The sensor head (sensing interferometer) gen-
erates interference signal which is transmitted back to
optical spectrum analyzer (Ando AQ6319) through a
fiber coupler. The superluminescent diode with Gaus-
sian spectral intensity distribution (Superlum Broad-
lighter S1550-G-I-10 with following optical parameters:
λ = 1560 nm, ∆λ = 50 nm) is used as a low-coherence
source.

The Fabry–Perot interferometer was built using stan-
dard single mode telecommunication optical fibres, a fibre
coupler, the measurand field and a mirror [9]. When the
measurand field is filled by the investigated liquid, the
reflective surfaces of the Fabry–Perot are made by two
boundaries: fibre/liquid and liquid/mirror, respectively.
In such a setup each change of refractive index of the

Fig. 2. The experimental setups with interferometers
in (a) the Fabry–Perot configuration and (b) the Michel-
son configuration.

investigated liquid results in change of the OPD of in-
terfering beams and the phase difference of those beams
due to Eqs. (2) and (3).

The Michelson interferometer was elaborated with the
use of standard single mode telecommunication optical
fibres and fibre-optic coupler. Investigated samples were
introduced on silver mirror. The position of the other
silver mirror, placed in the reference arm was adjustable
due to application of precise micromechanical compo-
nents.

4. Measurements of refractive index

With the use of elaborated sensors with the Fabry–
Perot and Michelson interferometer, the refractive index
of numerous liquids was measured, for example: acetone
with refractive index n = 1.358, butyl acetate n = 1.394
and benzyl alcohol n = 1.546. Experimental investiga-
tion gave a series of recorded spectra. In Fig. 3 mea-
sured reference signal from sensor without any liquid is
presented. In Fig. 3a signal from the sensor with the
Fabry–Perot interferometer is shown, while in Fig. 3b —
from the sensor with the Michelson interferometer, re-
spectively. Furthermore, in Fig. 4 and Fig. 5 the mea-
sured signal is presented for butyle acetate and benzyl
alcohol, respectively.

Fig. 3. Measured signal of air (n = 1) from the sensor
with interferometer: (a) in the Fabry–Perot configura-
tion, (b) the Michelson configuration.

Measured signals were analysed and by the use of
mathematical treatment it was able to obtain informa-
tion about measurand from the spectrum of signal.

The result of experimental works show that can be
seen in Fig. 6 that sensors with both interferometer con-
figurations have proper ability to measure the refractive
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Fig. 4. Measured signal of the butyle acetate (n =
1.394) from the sensor with interferometer in: (a) the
Fabry–Perot configuration, (b) the Michelson configu-
ration.

Fig. 5. Measured signal of the benzyl alcohol (n =
1.546) from the sensor with interferometer in: (a) the
Fabry–Perot configuration, (b) the Michelson configu-
ration.

index. The experimental investigation made able to com-
pare and contrast metrological parameters of both sen-
sors, which has been summarized in Table.

Taking into consideration the value of metrological pa-
rameters of both sensor configuration, it can be noted
that the exploitation of the Michelson interferometer con-
figuration lead to meaningful increase in the value of
contrast (visibility) of the measured signal (usually 0.6),
which always leads to decrease of the value of signal-to-
-noise ratio of the measured signal. Moreover, the use of
such a configuration of sensor results in good sensitivity
(3.7 nm/a.u.), low measurement uncertainty (±1.66%)
and very high determination coefficient of measured value
(0.99). However, its calibration is complicated and time-

Fig. 6. The change of difference between positions of
neighbouring maxima ∆λ in the spectra vs. refractive
index n: solid line — measured value, dash line — red
line, black lines — the sensor with the Fabry–Perot
interferometer, grey — the sensor with the Michelson
interferometer.

-consuming as well as degree of set-up complication is
high.

TABLE
Metrological parameters of the sensors.

Sensitivity [nm/a.u.] Michelson Fabry–Perot

determination coefficient 3.70 3.67

determination coefficient 0.99 0.98

mesurement uncertainty [%] ±1.66 ±1.81

contrast of measured signals 0.6 (usually) 0.2 (usually)

degree of the complexity of the setup high low

calibration difficult simple

Sensor with the Fabry–Perot interferometer configura-
tion has almost similar value of determination coefficient
of measured value (0.98), but lower value of contrast (vis-
ibility) of the measured signal (usually 0.2), smaller sen-
sitivity (3.67 nm/a.u.) and higher measurement uncer-
tainty (±1.81%). However, its calibration is easy and
degree of setup complication is low.

5. Conclusions

In this paper the fiber-optic refractive index sensors us-
ing low-coherence interferometer in the Fabry–Perot and
Michelson configurations have been presented. Elabo-
rated sensors have numerous advantages: relatively sim-
ple configuration, potentially low cost, high resolution
and low thermal inertia, small size of optical sensor
heads, dielectric construction. Furthermore, by utilizing
spectral signal processing those sensors exhibit immunity
of any changes of optical transmission in measurement
system.

The results of experimental works showed that the
Michelson interferometer provided better quality of the
measured optical signals by offering greater value of vis-
ibility of the measured signal. However the Fabry–Perot
interferometer had simpler configuration and exhibits im-
munity for changes of the optical signal polarization.

The investigation of these sensors have shown its abil-
ity for the refractive index control with appropriate mea-
surement parameters. Presented preliminary results can
be the base for building refractive index sensor ready for
practical applications.
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