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Compact fiber optic accelerometer
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A compact fiber optic accelerometer based on a Michelson interferometer is proposed and demonstrated.
In the proposed system, the sensing element consists of two single-mode fibers glued together by epoxy,
which then act as a simple supported beam. By demodulating the optical phase shift, the acceleration is
determined as proportional to the force applied on the central position of the two single-mode fibers. This
simple model is able to calculate the sensitivity and the resonant frequency of the compact accelerometer.
The experimental results show that the sensitivity and the resonant frequency of the accelerometer are
0.42 rad/g and 600 Hz, respectively.
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In the past 20 years, significant progress has
been achieved in the development of fiber optic
accelerometers[1]. Recently, fiber optic accelerometers
have been developed for a range of applications, includ-
ing inertial navigation, earthquake monitoring, intruder
detection, and machinery monitoring[2−6]. To make a
small-sized fiber optic accelerometer, fiber Bragg grat-
ing (FBG)-based accelerometers have been proposed and
developed[7−9]. Although FBG accelerometers have their
own unique sensing capabilities, their sensitivity is less
than that of interferometric fiber optic accelerometers.
In addition, they are susceptible to variations in ambient
temperature.

In this letter, a compact accelerometer based on
Michelson interferometer is reported. This type of ac-
celerometer integrates small size and lighter weight, and
has all of the inherent advantages of fiber optic sensors.

The configuration of the acceleration sensing element
is shown in Fig. 1. The compact acceleration-sensing
element is composed of a solid frame and two parallel
single-mode fibers that act as the sensing beam. Two
single-mode fibers are glued together, and a mass is fixed
onto the center of the sensing beam using epoxy. The
sensing beam is inserted through two thin steel pipes,
and the pipes are fixed at proper locations on the beam
using epoxy. The steel pipes are then fixed on the solid
frame using epoxy. When an external vibration is applied
on the sensing beam, the optical path lengths of the two
fibers change differently relative to the neutral surface
(plane between the two fibers), resulting in an optical
path difference between the two fibers. The accelerome-
ter, which is activated by the external vibration, induces
the optical phase shift of the two fibers. The variation of
the optical phase shift is proportional to the accelerom-
eter. The acceleration is thus obtained by demodulating
the optical phase shift.

The configuration of the compact acceleration sensing
system is presented in Fig. 2. The acceleration-sensing
system consists of a single-mode all-fiber Michelson in-
terferometer, a sensing element, and a phase-generated
carrier (PGC) demodulation system. The interferometer
is illuminated by a distributed feedback (DFB) tun-

able laser emitting at 1.55 µm with an output power of
1.6 mW. The optical beam is coupled onto the input end
of a 3-dB single-mode fiber optic beam splitter, and is
then divided and injected into two output fibers. The
sensing element is coupled onto one of the two output
fibers. The fiber distal end face of the sensing element,
high-reflectance gold films are coated directly for use as
reflecting mirrors. Consequently, the light is reflected
back from the reflecting mirrors and recombined by the
beam splitter. A PIN photodiode converts the interfer-
ometric intensity into an electric signal, which is subse-
quently processed by the PGC demodulation system[10].

Fig. 1. Configuration of the sensing element.

Fig. 2. Compact acceleration-sensing system based on a
Michelson interferometer.
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Fig. 3. Photo of the compact fiber optic accelerometer.

The package shell of the accelerometer in the proposed
system is shown in Fig. 3. The shell is made of alu-
minum and is sufficiently stiff to maximize immunity to
extraneous vibration. The diameter of the fiber optic
accelerometer is 8 mm, and the length is 120 mm. The
total weight does not exceed 20 g.

For the proposed interferometer optical setup, the op-
tical phase shift in the sensing element induced by the
vibration acceleration is analyzed. The optical phase
shift in the fibers is determined by two factors: the fiber
length change ∆L caused by the strain effect and the
refractive index change ∆n caused by the photoelastic
effect, shown as[11]

∆φ = 2βL

[
∆L

L
+

∆n

n

]
, (1)

where β = 2πn/λ and λ = 1 550 nm denotes the vacuum
wavelength, n = 1.458 is the refractive index of the fiber
core, L represents the effective length of the fiber, and
∆n and ∆L represent the variation of the index and the
core length between the two cores, respectively.

The factor of 2 in front of the right-hand side of the
equation considers the fact that the light passes through
the strained fiber section twice because of the reflective
nature of the Michelson interferometer. From Eq. (1),
the optical phase change can be deduced by[12]

∆φ = 2β∆L

{
1− 1

2
n2 [(1− µ)p12 − µp11]

}
, (2)

where p11 = 1.126 and p12 = 0.27 are Pockels coefficients
of the fiber, and µ = 0.17 is the Poisson ratio of the fiber.

A simple analytical model is used to calculate the sen-
sitivity and the resonant frequency of the fiber optic ac-
celerometer.

Pick a microcell dl in any fiber core of the two sens-
ing fibers. Then, ∆l/dl corresponding to the main strain
component along X is given by[13]

∆l

dl
=

d

R
, (3)

where ∆l is the length change of the micro cell, d = 125
µm is half the distance between the two cores, and R is
the curvature radius of two bending fiber cores. From
the mechanics of materials, R is given by

R =
EI

MF
, (4)

where E = 7.3 × 1010 N/m2 is the Young’s modulus of
the fiber; I = 5πr4

0/2 and MF = F · x/2 represent the
inertia moment and the bending moment of the bend-
ing beam, respectively; r0 = 125 µm is the radius of the
fiber. By the Newton’s second law, we have F = Ma, in
which a is the vibration acceleration; M = 17m′/35 + m
is the total mass[14], including the mass of the two fibers
m′ = ρπr2

02L; ρ = 2.28× 103 kg/m3 is the density of the
fiber, and m is the loading mass.

Substituting Eq. (3) into Eq. (4), the variation of the
core length between the two cores ∆L is given by

∆L = 4
∫ L/2

0

xd

2EI
Fdx =

dL2
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F. (5)

Inserting Eq. (5) into Eq. (2), the accelerometer sen-
sitivity ∆φ/a can be expressed as

∆φ
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The resonance frequency of the accelerometer fn is
given by

fn =
1
2π
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, (7)

where K is the stiffness coefficient of the two sensing
fibers.

To investigate the performance of the compact fiber
optic accelerometer, a testing system is established for
measuring the vibration acceleration, as shown in Fig.
4. The solid frame, including the compact fiber optic ac-
celerometer, is vertically mounted onto a vibration stage,
and a piezoelectric accelerometer is vertically mounted on
the frame near the fiber accelerometer for calibrating.

The amplitude of the output signal of the accelerometer
is monitored during the process of carefully rotating the
fiber accelerometer. When the amplitude of the signal
reaches maximum, the applied force can be considered
parallel to the plane of the two cores and perpendicular
to the fiber axis; the fiber accelerometer measures the
same component of acceleration as the piezoelectric ac-
celerometer. In addition, all of the other experimental
setups are fixed on a vibration insulation table to pre-
vent impacts from external vibration.

In the compact fiber optic accelerometer, the effective
length L of the two fibers is 5 cm, and there is no loading

Fig. 4. Testing system of the compact fiber optic accelerom-
eter.
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Fig. 5. Acceleration versus optical phase demodulation.

Fig. 6. Amplitude-frequency characteristic.

(m = 0) on the fiber. Figure 5 shows the detected op-
tical phase shift versus acceleration of the accelerome-
ter when the vibration frequency is 50 Hz. The exper-
imental result gives a good linearity response between
the optical phase shift and the acceleration. From the
slope of the trend line, the sensitivity of the accelerome-
ter is 0.42 rad/g. The amplitude-frequency characteristic
is presented in Fig. 6, which shows that the resonant fre-
quency of the fiber optic accelerometer is 600 Hz, and
the available frequency range is 0–320 Hz, where the fre-
quency fluctuation range is less than 3 dB.

The theoretical acceleration sensitivity and resonance
frequency are 0.28 rad/g from Eq. (6) and 708 Hz from
Eq. (7), respectively. According to Figs. 5 and 6, re-
spectively, the measured sensitivity is 0.42 rad/g and the
resonant frequency is 600 Hz. This is because all the val-
ues taken in the theoretical calculation are ideal numbers.
The condition that the two single-mode fibers are glued
together with epoxy, which introduces an additional mass
to the fiber probe, is not considered in the theoretical cal-
culation. According to Eqs. (6) and (7), respectively, the
sensitivity is directly proportional to the total mass and
the resonant frequency is inversely proportional to the
square root of the total mass. Therefore, an increase in
the mass leads to an increase in sensitivity and a decrease
in the resonant frequency.

Based on this proportional relation, when the sensitiv-
ity is 0.42 rad/g, the corresponding resonant frequency is

578 Hz. Compared with the measured frequency, the ex-
perimental error is within 5% of the anticipated value ob-
tained from numerical analysis. Consequently, the mea-
sured results are qualitatively consistent with the theo-
retical prediction.

In conclusion, a compact accelerometer based on
Michelson interferometer is demonstrated. The perfor-
mance of the fiber optic accelerator shows that such an
accelerometer has a sensitivity of 0.42 rad/g and a res-
onant frequency of 600 Hz. The accelerometer is more
compact and lighter. In addition, the accelerometer is
temperature-insensitive due to the two sensing fibers be-
ing glued together. When the temperature changes, each
fiber changes. Thus, the optical phase change caused
by the ambient temperature fluctuation is automatically
compensated.
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