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Polarimetric optical �ber sensors possess possibility of temperature compensation, dynamic and integral system
of strain monitoring, as well as low cost of photo-detecting elements. In the paper we present results of the sensor
analysis with di�erent kinds of birefringent optical �bers leading to an optimal setup for dynamic strain monitoring
in composite materials. A great attention is put on parameters of the light sources like coherence and width of
spectrum and their in�uence on dynamics of the strain sensor.
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1. Introduction
There are several types of �ber-optic sensors which

may be used for strain sensing in composite materials
[1�4]. The most popular are the sensors based on a �ber
Bragg grating (FBG) [4�7]. The FBG measures strain at
particular points and therefore even hundreds of FBGs
may omit the crack place in a composite structure. It
is important because mechanical properties of compos-
ites are speci�c and from macroscopic point of view they
have homogeneous structure although combine various
elements with di�erent physical properties. The unique
structure of the composite material enables possibility of
breaking between di�erent layers.
Polarimetric optical �ber sensors (POFS), which uti-

lize highly birefringent (HB) �bers, belong to phase sen-
sors in which polarization state of the output light de-
pends on birefringence of the �ber. In our opinion HB
�bers are more suitable for composite materials investi-
gation than FBGs.

2. Compensated optical �ber polarimetric sensor
Due to depolarization of light in sensing �ber as well as

temperature desensitization an additional compensating
�ber should be added with crossed axes of birefringence.
Linearly polarized light should be coupled into the sens-
ing �ber with help of the polarization maintaining �ber.
Such an all-�ber polarimetric sensor is shown in Fig. 1.

Fig. 1. All-�ber polarimetric sensor with compensated
depolarization of light.

Modi�ed Mueller�Stokes matrix equation including
compensation and depolarization matrixes for all-�ber
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polarimetric sensor is as follows:

[Sout] = [MA][Mp2][R45][Mdcomp][Mcomp][R90]

× [Mdsens][Msens][R45][Mp1][MP][Sin], (1)

where [Sin] is a Stokes vector of the input light form-
ing a di�erent light source. [MP] is a Mueller matrix
of a linear polarizer to couple the light along one axis
of the HB �ber. [Mp1] is a Mueller matrix describing
change of the Stokes vector due to propagation in a �ber
medium. [R45] is a rotation matrix of the propagating
wave into HB �ber to excite both axes. [Mdsens] and
[Msens] are matrices describing depolarization and prop-
agation in the sensing �ber, respectively. Next is rotation
[R90] to change the axis of both propagating modes to or-
thogonal one. [Mdcomp] and [Mcomp] are similar matrices
to sensing with one exception, the in�uence on the �ber
which they are describing is the same without a sensing
factor, which is omitted in calculation for this reason.
Last change of axis [R45] is to set propagating wave into
the polarization maintaining �ber. [Mp2] is matrix of the
outgoing �ber. [MA] is an analyzer matrix.

Modi�ed Mueller�Stokes matrix for all-�ber polarimet-
ric sensor is equal to
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where L is a length of the sensing and compen-
sating �bers, P = exp(−λL/LcLB)α and P ∗ =
exp(λL/LcLB)α; α is equal to 1 or 2 dependent on
Lorentzian (e.g. single mode LD) or Gaussian (e.g. LED,
SLED) light sources; Lc means the coherence length of
the light coupled to the HB �ber and LB depends on
strain ε as follows [8]:

LB(ε) =
LB0

1 + εLB0

TεL

, (3)

in which Tε means a period of strain changing phase of
output light of 2π.

In Eq. (2), instead of the matrix product
[Mdcomp][Mcomp][R90][Mdsens][Msens] describing the
sensing section followed by the compensating section,
one could also use the following e�ective matrix [9]:

[M11(L)] =
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which is a generalized version of the quasi-
-monochromatic matrix by Kortenski and Eftimov

[10] for highly birefringent single-mode optical �bers.
Here, the length L would mean the e�ective value
a�ected by the birefringence changes induced in the
sensing section. Unlike the matrix de�ned in [10], the
form (4) is strictly correct for any light, as long as it is
linearly polarized at the input plane, regardless of its
bandwidth or the symmetry of its spectral pro�le. If the
quasi-monochromatic approximation can be applied, the
linear polarization at input is no longer required; the
input Stokes vector, however, has to represent a pure
polarization state (degree of polarization DOP = 1).
Within this approximation the complex degree of coher-
ence of the source is expressed by
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where |v(ω)|2 is the spectral intensity pro�le of
the source with the central angular frequency ω0,
∆τg = d(∆β)/dω|ω0

is the di�erential group delay of
the birefringent �ber and ∆β = βy − βx = 2π/LB is the
di�erence of propagation constants between the LPy01
and LPx01 polarization modes.
If the pro�le |v(ω)|2 can be regarded symmetrical with

respect to ω0, we can approximate the matrix (4) by the
form provided by Kortenski and Eftimov [10], which can
be expressed by a product of the monochromatic Mueller
matrix [M ] of the birefringent element for ω0 and a ma-
trix of a nonuniform [11] depolarizer
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The formulae (6) are analogical to the product
[Mdsens][Msens] in (2); apart from that [Mdsens] describes
a uniform depolarizer. It can be shown that both forms
lead to the same DOP at the output plane, only the out-
put state of polarization (SOP) di�ers. However, in the
special case of the polarimetric sensor depicted in Fig. 1,
where both polarization modes are equally excited in the
sensing and the compensating sections, the second pa-
rameter of the Stokes vector of the passing light is S1 = 0,
therefore both forms become equivalent. Consequently,
the expression (2) is su�cient to obtain correct form of
the polarimetric signal.

3. Dynamic strain characteristics of POFS

Output signal from the compensated POFS (Fig. 1)
may be calculated from the modi�ed matrix Eq. (2):
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Measuring characteristics predicted for all-�ber polari-
metric sensor in a composite material are shown in Fig. 2.

Fig. 2. Theoretical prediction of polarimetric �ber sen-
sor dynamic (envelope) for di�erent light sources: He�
Ne laser, Lc = 2 mm; LD, Lc = 0.1 mm; LED,
Lc = 10 µm; SLD, Lc = 3 µm; LB = 2 mm, L = 0.5 m.

Dynamics of these sensors may be expressed as follows:

η =
I0max − I0min

I0max + I0min
(8)

and is equal to the DOP of the light outgoing from the
sensor [12].

4. In�uence of the lamination process

on dynamics of the �ber strain sensors

embedded in composite materials

In our previous paper [13] we proved that embedding of
the polarimetric �ber sensor into the composite material
can change both strain sensitivity and beat length of the
�ber. These phenomena can in�uence sensor compensa-
tion since beat lengths of the sensing �ber and compen-
sating �ber are not equal. Theoretical analysis for LED
is presented in Fig. 3. Both sensing and compensating

Fig. 3. Sensor compensation after lamination for dif-
ferent change in LB after lamination. λ = 850 nm,
Lc = 9.6 µm, LB = 4 mm.

�bers have the same lengths L = 0.15 m. For a free-
-air sensor LB does not change and full compensation is
achieved. For the embedded sensors LB is decreased and
signi�cant drop in output DOP is observed.
To achieve depolarization compensation in such a sys-

tem, a compensation part of the sensor should be longer
than its sensing part. However, this would cause the sen-
sor to lose its temperature compensation. To prevent
it, a light source with longer temporal coherence length
must be used.

5. Conclusions

We have demonstrated that selected parameters of the
polarimetric optical �ber sensors depend on length and
birefringence of the sensing and compensating �bers as
well as temporary coherence of light coupled into both
�bers. The method of analysis of such sensors based
on modi�ed Mueller�Stokes matrix equation presented
in the paper allows to predict main parameters of the
sensor. It is a very important issue since the �ber em-
bedded into composite materials changes its birefringence
and therefore dynamics of the sensor may dramatically
diminish.
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