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Abstract—Polarimetric fiber optic sensors have many advantages 

over other fiber optic sensors and strain gauges. As opposed to Fiber 

Bragg Grating sensors, polarimetric fiber sensors can be constructed 

with a very simple, portable and robust experimental setup. In the paper 

we propose two methods of analyzing a polarimetric sensor output 

signal. The first method is based on depolarization phenomena, and 

calculates the degree of polarization (DOP), the second one uses Fast 

Fourier Transform to analyze dynamic sensor response. The usefulness 

of both methods has been shown and experimentally proven. 

 

 

Optical fiber sensors are often used to measure dynamic 

strain in various materials. They offer significant 

advantages over electric and electronic strain gauges, 

especially when used in composite materials. Optical 

fibers can be easily embedded into such materials, thus 

fibers can be easily used to monitor health, internal strain 

and temperature of the structure during their operation. 

Fiber Bragg grating (FBG) sensors are the most popular 

strain sensors. However, polarimetric sensors offer many 

advantages compared to FBGs. They offer a simpler cost-

effective setup as well as a possibility to measure 

distributed strain, which could be easily omitted by FBG 

sensor [1-3]. In many applications, dynamic forces are 

much more important than static pressure. 

Fiber optic polarimetric sensors measure the change in 

the state of polarization (SOP) of output light of a sensor 

caused by birefringence changes of the fiber. In order to 

measure strain, a highly birefringent (HB) optical fiber is 

embedded into a composite material. If longitudal strain ε 

is applied to the sensing part of the fiber, beat length 

parameter LB is modified according to the formula [4]: 
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where Tε  represents the sensitivity of a sensor, and is 

defined as the strain value which produces a phase shift 

equal to 2π. LB0 is the beat length of the fiber without 

applied strain. Due to the birefringence of the fiber, the 

degree of polarization (DOP) is reduced depending on the 

coherence of a light source. In order to maintain 

reasonably high DOP and reduce the influence of 

temperature changes, compensation fiber is added with its 

axes crossed at 90º to the sensing part. The light from the 

source is linearly polarized at 45º to the fast axis of the 

fiber [5], so that both polarization modes are evenly 

exited, and output intensity is defined as in equation [6]: 
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where LC is the temporal coherence length of a light 

source, α=1 for Lorenzian spectrum and α=2 for Gaussian 

spectrum. According to Eq. (2), the output signal from a 

compensated polarimetric sensor is sinusoidal. The 

amplitude of the sin-like function is equal to the dynamic 

range of an output signal, which is determined by an 

exponential component. Signal amplitude corresponds to 

light depolarization due to the applied strain, which highly 

depends on the spectrum width of a light source [7]. The 

experimental setup is shown in Fig. 1. 
 

 

 

 
Fig. 1. Compensated polarimetric fiber optic strain sensor. 

The sensor architecture presented in Fig. 1 is very simple 

and cost-effective, yet provides an accurate output signal 

measurement. Furthermore, the light source and detector 

are small and portable, compared to a polarimeter or an 

optical spectrum analyzer, so it is possible to measure 

strain in composite materials in-situ. The use of an 

electromagnet allowed us to characterize the response of a 

fiber optic, polarimetric sensor to precisely control 

dynamic strain. 
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Fig. 2. Polarimetric sensor response for laser diode (LD), and 

superluminescent diode (SLD) 

The proposed polarimetric sensor can operate in two 

different ranges of the signal presented in Fig. 2. If 

maximal applied strain is small in relation to the fiber 

sensitivity Tε, then the output signal is quasi linear. The 

output signal from the sensor is easy to analyze, but has a 

small dynamic range. Furthermore, the operating range of 

the sensor must be carefully chosen in the middle of the 

slope of a sin-like function. As a result it is often more 

desirable to operate in a nonlinear range of the sensor. 

The output signal has a greater dynamic range, but it 

requires post-processing in order to calculate strain. 

 
Fig. 3a. Polarimetric sensor response for triangular shape strain pulse: 

non linear, 

 
Fig. 3b. Polarimetric sensor response for triangular shape strain pulse: 

linear 

A. Depolarization analysis 

In many applications it is not possible to use a 

polarimetric sensor in a linear working range of operation. 

When analyzing a nonlinear, periodic signal, additional 

information is needed in order to calculate strain. Various 

methods have been proposed to solve this problem, for 

example a two wavelength quadrature signal readout [8], 

which requires at least two light detectors. With a single 

detector it is still possible to measure strain by taking 

advantage of depolarization phenomena. By measuring 

the amplitude of sensor output, the DOP can be 

calculated, and used as a coarse strain indicator. The 

phase of the periodic signal could then be used to 

determine strain more precise.  

 

 

Fig. 4. Output signal from polarimetric strain sensor with calculated 

DOP 
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Experimental results are presented in Fig. 4. 

Superluminescent diode (λ=1295nm, Δλ=50nm) were 

used as a light source, a 350mm length HB bow-tie fiber 

was used in both sensing and compensation part of sensor. 

B. Fast Fourier Transform-based signal analysis 

Another approach to calculate dynamic strain is based on 

the use of a Fast Fourier Transform (FFT). In the setup 

shown in Fig. 1 a triangular signal was applied to the 

electromagnet. A sample plot of light intensity versus time 

is shown in Fig. 3a. The signal was analyzed with a 

windowed FFT, in order to calculate spectral response. 

The fundamental frequency is related to linear sensor 

response, amplitudes of higher harmonics depend on 

nonlinear sensor signal. Fig. 5 presents the results of an 

FFT integrated over the higher harmonics in relation to 

the applied strain. It is visible that there is a linear 

relationship between them, but the proposed method 

needs to be improved in terms of accuracy. 

 
Fig. 5. Integrated FFT versus amplitude of applied dynamic strain. 

In conclusions, both of the presented methods of the 

analysis are valuable in demodulating the output signal 

coming out of the polarimetric fiber strain sensor. 

Depolarization of light can be used to determine strain in 

a coarse way, a fine strain value could be read from the 

phase of a sin-like signal. In this method, the length of the 

optical fiber and coherence of a light source must be 

carefully chosen, in order to measure depolarization 

phenomena. The second method is based on integrating 

FFT peak values. The experiment has shown that by using 

this method, linear dependency with respect to the applied 

strain pulse can be obtained. Both methods could be 

applied to monitor dynamic strain in various materials. 

Future efforts have to be taken in order to combine the 

results from the two presented methods and improve their 

accuracy. 
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