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a b s t r a c t

Single-mode optical fiber interferometers used with fiber measurement systems must be
stabilised to achieve high measurement accuracy and linearity in the presence of differen-
tial phase drift in their arms resulting from temperature fluctuations and other types of the
environmental disturbances. By employing fiber Bragg gratings (FBGs) as in-fiber reflective
mirrors, two interleaved fiber Michelson interferometers which share the common-inter-
ferometric-optical path are configurated. One of the fiber interferometers is used to stabi-
lise the system while the other one is used to perform the measurement task. A simple
electronic feedback loop for compensating the influences resulting from environmental
disturbances is designed and the measurement system is stabilised. This makes the system
suitable for on-line precision measurement.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Optical fiber interferometers have been widely used in
metrology due to their prominent advantages such as
non-contacting measurement mode, compactness, light
weight, immunity to electromagnetic interference, wide
bandwidth, multiplexing capability, high resolution, low
cost. As the components that configurate the optical fiber
interferometers are connected together, there is no need
for adjusting and keeping the components in correct posi-
tions which is necessary for separate optical components
that configurate the normal optical interferometers. Hence
there is a great amount of interest to exploit optical fiber
interferometers for the measurement of a large variety of
parameters such as displacement, vibration, acceleration,
velocity, strain and temperature [1–10].

For a fiber interferometer measurement system, the
fiber should be used just for transmitting the light and
the phase change in the interferometric signal should be
induced only by the measurand. However, as the length
of the fiber that used in the interferometric arms will

change randomly because of the temperature fluctuations
and other types of the environmental disturbance, low
frequency random phase drifts would be induced in the
interferometric signal. The random phase drifts will
decrease the measurement accuracy, and in the worst cir-
cumstances, will even make the fiber interferometer
unfunctioning. With the need for ultra high precision mea-
surement, the random phase drifts induced by the environ-
mental disturbances must be eliminated [3–5].

Although techniques such as common-path interfero-
metric arms [1] and feedback compensating loop [3] are
able to compensate the random phase drifts in interfero-
metric signals, the measurement range of Ref. [1] is very
small because of being limited by the interferometric visi-
bility and Ref. [3] cannot continue the measurement func-
tion if a reset voltage action takes place.

We propose an interleaved fiber Michelson interferom-
eter measurement system which is able to self-compen-
sate effectively the influences resulting from the
environmental disturbances and offers high stability for
on-line precision measurement. By employing fiber Bragg
gratings (FBGs) as in-fiber reflective mirrors, the measure-
ment system includes two fiber Michelson interferometers
which are interleaved together and share the common-
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interferometric-optical path. In this system, one of the
fiber Michelson interferometers is used to compensate
the differential phase drifts in the interferometer arms
resulting from the environmental disturbances, while the
other one is used to perform the measurement task. A sim-
ple electronic feedback loop drives a piezoelectric cylinder
wound with the fiber used in the reference arm, and the
piezoelectric cylinder tunes the length of the reference
arm and keeps the interferometer in quadrature position
(keeping the phase difference of the two arms at p/2
rad). By this way, the influences resulting from the envi-
ronmental disturbances has been compensated. Therefore,
the system is stabilised and is suitable for on-line precision
measurement and sensing.

2. The principle of the systems

2.1. The proposed interleaved fiber interferometer system

The proposed interleaved fiber interferometer measure-
ment system is shown in Fig. 1. The system is configured
with two fiber Michelson interferometers which share
the common-interferometric-optical path by employing
four FBGs as in-fiber reflective mirrors. Two temperature-
stabilised DFB laser sources with center wavelengths at
1557.32 nm and 1558.52 nm are used in the system. Both
lasers give output power 2.5 mW with spectral bandwidth
0.2 nm at 20 dB. Three FBGs – FBG1, FBG2 and FBG3 – used
in the system have the same Bragg wavelength at
1557.32 nm with bandwidth 0.3 nm at 3 dB. The fourth
FBG – FBG4 – has a Bragg wavelength at 1558.52 nm with
bandwidth 0.3 nm at 3 dB. Because the bandwidth of the
DFBs is much narrower than the bandwidth of the FBGs
and the sensitivity of the Bragg wavelength shifts of FBGs
to temperature variation is 13 pm/�C, so under ordinary
temperature fluctuation, the fiber Bragg gratings will
always be able to reflect the DFB lasers wavelength.

The first fiber Michelson interferometer, which employs
FBG1 and FBG2 as reflective mirrors that are placed just
behind the two Grin lenses, is used to monitor and compen-
sate for the differential phase drifts in the two arms resulting
from the environmental disturbances. Light emitted from
the 1557.32 nm DFB passes through 3 dB-coupler 1, circula-
tor 1, 3 dB-coupler 2, and is divided into two beams which

are then reflected back by FBG1 and FBG2, respectively.
The two reflected beams are combined again at 3 dB-coupler
2 and interfere with each other. The interferometric signal
from one output of 3 dB-coupler 2 passes through circulator
1, circulator 2, and FBG4 and is received by photodetector 1
(PD1), while the interferometric signal from the other out-
put of 3 dB-coupler 2 goes through circulator 3, is reflected
by FBG3 (so it will not reach PD3), and is received by PD2.
The two interferometric signals detected by PD1 and PD2
are electrically processed by the electronic feedback loop
and an information derived from this processing is used as
a correction signal which is applied on the piezoelectric cyl-
inder PZT (length 35 mm, outer diameter 3.5 cm, thickness
2 mm). Eleven meters of the fiber used in the reference
arm is wound on the piezoelectric cylinder PZT. The feed-
back signal drives PZT to tune the fiber length of the refer-
ence arm to keep the interferometer at quadrature
position. By means of this, the differential phase drifts in
the two arms is effectively compensated and therefore the
interferometer is stabilised.

The second fiber Michelson interferometer shares the
common-interferometric-optical path with the first one
and is prevented from the environmental disturbances
when the first Michelson interferometer is stabilised. The
second fiber Michelson interferometer is probed by the
light from the 1558.52 nm DFB and is used to obtain infor-
mation from the measurement mirror. The light from the
DFB is transmitted through 3 dB-coupler 1, circulator 1,
3 dB-coupler 2 and is divided into two beams. The two
beams pass through FBG1, FBG2 and are collimated by
the two Grin lenses, respectively. The two collimated
beams are projected onto the measurement mirror and
the reference mirror, and are reflected back by the two
mirrors into the system again. The two beams are com-
bined at 3 dB-coupler 2 and interfere with each other.
The interferometric signal from one output of 3 dB-coupler
2 passes through circulator 3 and FBG3, and is received by
PD3. The interferometric signal from the other output of
3 dB-coupler 2 goes through circulator 1 and 2 and is
reflected back by FBG4, so it does not reach PD1.

By probed with two DFB laser sources, respectively, and
employing the characteristics of FBGs, the two interleaved
fiber Michelson interferometers are actually independent.
One interferometer is used to stabilise the measurement
system while the other one is used for perform the mea-
surement or sensing task.

2.2. The feedback loop system

The schematic diagram of the feedback stabilisation cir-
cuit is shown in Fig. 2. The interferometric signals detected
by PD1 and PD2 are 180� out of phase because of 3 dB-cou-
pler 2. The currents from PD1 and PD2, i1 and i2, which are
linearly proportional to the optical signals detected by PD1
and PD2, will therefore have the following forms

i1 ¼ i0½1� k cosð/d þ /sÞ� ð1Þ
i2 ¼ i0½1þ k cosð/d þ /sÞ� ð2Þ

where i0 is related to the input optical power, k is a func-
tion of the interferometric fringe visibility, /d is the static
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Fig. 1. The proposed interleaved fiber interferometer system.
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