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Abstract— In this work, a new all-polarization maintaining 

(PM) fiber loop mirror interferometer is proposed and validated 
as temperature and mechanical vibration sensor. The scheme 
employs the arms of a PM coupler as communication fibers, 
fused with a relative angle of 45° to the sensing fiber. The length 
of the arms is equal so their contribution in canceled, obtaining a 
total transfer function exclusively defined by the sensing fiber. 
The capabilities of the system as sensor are tested, achieving 
mechanical vibration and temperature sensing without crosstalk 
between measurands. In this manner, vibration frequencies up to 
1.5 kHz have been monitored using a commercial interrogator 
with a scan rate of 1 Hz and a technique based on the fast Fourier 
transform. Additionally, the immunity of the setup to external 
perturbations in the communication fibers is studied and 
compared to the conventional approach. 
 

Index Terms— Fiber loop mirror (FLM), multiplexing, optical 
fiber sensors, photonic crystal fiber (PCF), Sagnac 
interferometer. 

I. INTRODUCTION 

High-birefringence fiber loop mirrors (HiBi FLMs), 
sometimes referred in literature as Sagnac interferometers 
(even if they are not used to detect rotation), are a fiber optic 
device that has been effectively used in many applications 
such as optical filtering for fiber lasers or communications [1]. 
The phase difference of the light counter-propagating along 
the loop in a HiBi-FLM depends on the birefringence of the 
HiBi fiber. As a consequence, externally induced variations on 
the birefringence can be detected by analyzing the 
interference, allowing the use of the system as sensor. Among 
other parameters, temperature and axial-strain variations can 
be directly measured [2]. Moreover, multi-parameter sensing 
can be achieved by using special fibers as photonic crystal 
fiber with two asymmetric cores [3] or small core multi-
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structured fiber [4].  
One of the most extended techniques to interrogate HiBi 

FLMs (and other interferometric sensors) is just by monitoring 
the spectral shift of a fringe of the interference. However, 
when multiple interference patterns are combined in a single 
response (e.g. in multiplexing schemes or multi-interference 
interferometers), this approach generally become cumbersome 
or unreliable. In that case, a method based on the fast Fourier 
transform (FFT) can be employed to identify each particular 
component in the spatial-frequency domain that contributes to 
the interference formation [5]. The FFT interrogation-based 
technique has been used to multiplex in a single network 
different interferometric sensors, such as cascaded chirped 
long period gratings [6], microfiber knot resonators [7], inline 
photonic crystal fiber (PCF) sensors [8], Fizeau strain sensors 
[9], graded-index multimode fiber Fabry-Pérot cavities [10], 
HiBi FLMs [11] and also multiple HiBi sensing fibers in a 
compound fiber loop mirror [11-13]. Additionally, this method 
provides more than 100 times greater resolution by monitoring 
the phase of the FFT instead of the spectral shift of a single 
fringe in the optical spectrum (the conventional solution) [13].  

In general terms, a HiBi FLM offers important advantages 
over other fiber optic sensors such as high sensitivity or 
dependence of the interference period only on the length of the 
HiBi fiber. In addition, the ability of using special fibers as 
sensing elements significantly enhances their sensing 
capacities. Nevertheless, HiBi FLMs suffer from two 
remarkable constraints over other fiber optic sensor devices 
like fiber Bragg gratings. Firstly, the maximum number of 
HiBi FLM sensors that can be multiplexed in a single network 
is reduced. Up to date, only a few investigations have 
addressed this aspect [11-15]. The second practical limitation 
is related with the use of single-mode fiber (SMF) to 
interconnect the HiBi fiber in the loop; since a SMF optical 
coupler is typically employed in the conventional version of 
the HiBi FLM. Consequently, a polarization controller (PC) is 
required to set the angle difference of the light at the ports of 
the optical coupler. Furthermore, this effect might become 
particularly bothersome in multiplexing networks, because one 
PC per sensing element has to be adjusted [11,13].  

This constraint can be avoided by forming HiBi FLM 
interferometers using exclusively polarization-maintaining 
(PM) fiber. The first all-PM FLM scheme was proposed as 
temperature sensor in [16] but more complex all-PM 
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multiplexing setups can also be formed by an appropriate 
design: considering the fiber lengths and the rotation angles 
between the fiber splices [12,13]. These schemes do not need 
any polarization control inside the loop. That entails that no 
adjustment of the sensor is required to operate, which together 
with the enhanced multiplexing capacity significantly 
increases its practical applicability. 

Moreover, the interrogation of all-PM FLMs can be 
achieved by a commercial FBG interrogator adapted by 
software to employ the FFT-based interrogation technique 
[11]. This simplifies the interrogation of multiplexing setups 
and due to the FFT analysis, it also offers a high resolution 
[13]. On the other hand, all-PM FLMs require PM optical 
couplers, which unbalanced arms generate its own interference 
contribution, becoming sensing elements themselves 
[12,13,16]. That might not always be desirable: e.g. if specific 
fibers have to be used as sensing elements. In that case, the 
undesired contribution can be discarded, but it increases in a 
factor of two in the interference contributions, halving the 
maximum number of sensing elements that can be multiplexed 
without crosstalk.  

In this work, this influence is avoided by using an all-PM 
balanced setup in which the fiber arms of the PM coupler 
compensate between them, without generating any 
interference contribution and allowing a more efficient use of 
the spatial-frequency spectrum. An extra fiber section is 
included as sensing element, obtaining as a result the 
equivalent version of the conventional HiBi FLM without the 
need of a polarization controller. Preliminary results presented 
in [17] have been completed and extended. Initially, the setup 
is theoretically analyzed; matching with the simulations 
performed using the three-section analysis. After that, 
simultaneous temperature and vibration measurements have 
been achieved without crosstalk, using the FFT-based 
interrogation technique. Finally, a comparison of the behavior 
of a conventional HiBi FLM and the proposed all-PM FLM is 
performed, showing superior immunity to external 
perturbations in the communication fibers. 

 

II. THEORETICAL CONSIDERATIONS AND PRINCIPLE OF 

OPERATION 

A. Introduction to conventional HiBi fiber loop mirrors 

In order to assemble a conventional one-section high-
birefringence fiber loop mirror (HiBi FLM), it is only required 
an optical fiber coupler, which output ports are connected in a 
loop by a section of high-birefringence fiber and a polarization 
controller, as displayed in Fig. 1 [1]. The light injected in the 
coupler exits through the output ports and counter-propagates 
along the loop. Before reaching the HiBi fiber, a polarization 
angle mismatch is induced at one end of the HiBi fiber section 
by a polarization controller. Due to the birefringence of the 
fiber, light travelling clockwise and anticlockwise suffer a 
phase shift, which results in the generation of an interference 
pattern when recombined at the optical coupler.  

 

Fig. 1. Schematic of a conventional one-section HiBi FLM.  

 

Fig. 2. Schematic of the proposed all-PM FLM.  

In this manner, the transfer function T (and the 
complementary reflection R) of a simple conventional HiBi 
FLM can be described as follows: 

( ) 2
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And θ is the angle difference of the polarization states at the 
ports of the coupler (set by the polarization controller), ln is 
the length of the HiBi fiber, λ denotes the wavelength of 
operation and bn(λ) is the birefringence of the fiber. This 
birefringence is slightly dependent on the wavelength; 
however, in this work it will be considered constant in the 
range of operation around a central wavelength λ0. Moreover, 
instead of birefringence, it will be employed in the simulations 
the beat-length of the HiBi fiber, LB that is related with the 
birefringence as follows: b(λ)= λ0/LB. Finally, ∆ϕn represents 
the phase shift induced by external perturbations in the n-th 
HiBi fiber section (such as temperature or strain changes) [2]. 
In this manner, the obtained interference presents a sinusoidal 
pattern with a period given by the relationship between 
birefringence and the fiber length. The amplitude of the 
sinusoidal is set by the polarization controller. 

This conventional HiBi fiber loop mirror has been proposed 
for sensing and filtering applications in numerous works up to 
date. Nevertheless, one important constraint, not usually 
mentioned in literature, is that polarization states of the light 
that propagates along single-mode fiber vary gradually in a 
random and uncontrolled manner depending on external 
factors such as temperature or bending. In practice, this 
implies that the single-mode fiber of the loop must remain 
steady after the polarization controller is adjusted. Even in that 
case, the polarization controller should be adjusted from time 
to time, which is not desirable for long-term measurements. 
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B. Equivalent all-PM fiber loop mirror 

To avoid the weaknesses related with the use of single-
mode fiber in the scheme, an all-PM setup can be employed. A 
possible approach to obtain an all-PM FLM with a simple 
transfer function is to use an unbalanced setup where the arms 
of a PM optical coupler are fused between them with a 90° 
angle [16]. However, this solution can considerably limit the 
sensing performance of the system. Firstly, the sensing fiber 
type is forced to be the one given by the PM optical coupler, 
which might be a serious limitation if a particular type of fiber 
is required. Secondly, the whole loop acts as the sensing 
element, being difficult to get accurate measurements from a 
specific location.  

The all-PM FLM proposed in this work aims to combine the 
simplicity of the conventional one-section HiBi FLM with the 
reliability and robustness of all-PM setups. Three HiBi fiber 
sections are employed in the setup, two corresponding to the 
PM coupler (communication fibers) and the sensor itself. The 
contribution generated by the connecting fibers is canceled if 
both fibers (of the same type) present the same length and are 
spliced with a total angle offset between them of 90°. Since 
the influence of the communication fibers is cancelled, the 
interference pattern is defined only by the sensing fiber. The 
theoretical analysis of the setup must be done using the three-
section analysis presented in [11]. For a three section FLM, 
the total transfer function of the interferometer is described by: 

[ ]2
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Initially, it should be noted that the value θc=0° is imposed 

by the PM optical coupler [13]. In addition, considering that 
fibers l1 and l3 are of the same type, their length must be equal 
l1=l 3 to cancel their contributions: thus 1 3 0β β± =∓ . Finally, 

the angles θ2 and θ3 are chosen so θ2+θ3=90° with the aim of 
maximizing the visibility of the interference. In order to avoid 
any influence induced by the communication fibers, the angles 
selected are θ2=θ3=45°. Therefore, the final transfer function 
can be derived from (2), obtaining the equation described in 
(3). The result is equivalent to the behavior of the 
conventional FLM explained in (1) where the angle θ is set by 
the polarization controller and maximized to one (sinθ =1). 

( ) ( )22 2
2 21 2sin 45 cos 2 cos 2T R β β = − = =     (3) 

 
 
 
 
 

The experimental setup used to verify the operation of the 
proposed system can be seen in Fig. 2. It consists of a PM 
coupler and a sensing fiber. The output ports of the coupler act 
as communication fibers and are made of Panda fiber SM15-
PS-U25A with a length of l1=l 3=21 cm and a beat-length of 
3.98 mm. These fibers are fused to the sensing fiber with an 
angle offset of 45°. The fiber section used as sensor is a Panda 
type HB1500 with a beat length of 3.8 mm and a total length 
of 38.2 cm. The interrogation of the scheme is performed 
using a commercial FBG interrogator Smartec SM125 in 
combination with a custom software to perform the FFT. 

III.  EXPERIMENTAL RESULTS 

A. Validation of the all-PM fiber loop mirror 

First of all, it has been verified the correct operation of the 
proposed all-PM. In this respect, the optical transfer function 
of the scheme has been analyzed and compared with the 
simulated response employing (2) (with the parameters stated 
in the previous section). Additionally, 1 dB of power loss due 
to the fiber splices and coupler insertion loss have been 
considered. The measured and simulated transfer function of 
the all-PM interferometer can be seen in Fig. 3. The 
simulation agrees with the experimental results, with a little 
mismatch in the amplitude of the rejected band at 1538 and 
1585nm. This is due to the difference between the lengths of 
the coupler arms in the setup. Ideally, the lengths were 
designed to be equal, but experimentally there is always a 
small mismatch. The length difference in this work is 
estimated to be < 1 cm. Larger imbalances (several 
centimeters) would create new spatial frequency components 
as in [13]. 

To evaluate the performance of the scheme as sensor, it is 
employed a technique based on the FFT. As aforementioned, 
the measurements are carried out using a commercial FBG 
interrogator with a Matlab software that computes the FFT at a 
refresh rate of 1 Hz as in [11]. The optical response given by 
the interrogator is processed using the FFT obtaining 
magnitude and phase spectra. In this manner, a sinusoidal 
signal is identified by a peak in the magnitude spectrum 
located at a spatial frequency given by Sf=l /(LB λ0). The phase 
information of the sinusoid is represented in the FFT phase 
spectrum by the corresponding value at the spatial frequency 
Sf. Fig. 4 shows the FFT spectra of the proposed scheme and 
its simulated response. It can be observed a good agreement in 
the location and amplitude of the interference peak, with a 
characteristic spatial frequency Sf=0.0625 nm-1.   

Taking all this into consideration, the phase shifts in the 
optical spectrum induced by temperature/strain changes are 
also reflected in a variation in the value of the FFT phase at 
0.0625 nm-1. Accordingly, this point of the FFT spectrum is 
monitored in the following section to get the temperature 
readings. It should be noted that FFT phase values are limited 
between ±π. Nevertheless, there are not abrupt temperature 
changes during the refresh time (1s); thus, the phase data can 
be easily handled by software to extend the measurement 
range as needed. 
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Fig. 3. Measured and simulated transfer function of the all-PM FLM.  

 
Fig. 4. Fast Fourier transform magnitude and phase spectra of the all-PM 
FLM transfer function.  

 

B. Simultaneous vibration and temperature sensing 

In the first experiment, the properties of the FFT-based 
interrogation technique are exploited to validate the scheme as 
sensor for mechanical vibration. In this case, it is analyzed the 
spatial frequency of a new peak generated in the magnitude 
FFT spectrum, instead of monitoring a value of the FFT phase 
(as in temperature measurements). The measurement principle 
is simple but relies on different properties which combined; 
allow the detection of mechanical vibration up to 1.5 kHz, 
using an interrogator with a refresh rate of 1 Hz.  

In the setup of the experiment, a mechanical wave driver 
applies transversal mechanical vibration to the sensing fiber 
which is fixed at both ends (Fig. 5). When the wave driver 
operates, the vibration generates a periodic axial-strain 
variation on the fiber. In this manner, there is a fast phase shift 
induced in the optical response of the interferometer at a 
frequency given by the frequency of the vibration (much 
higher than the refresh rate of the interrogator). However, the 
interrogator employs a tunable laser with a scan rate of 1 Hz in 
the 1510-1590 nm range. Thus, the optical response of the 
interrogator reflects the fast phase variation of the spectrum, 
which is translated to an amplitude modulation as seen in Fig. 
6 for a vibration of 200 Hz. 

 

Fig. 5. Experimental setup for mechanical vibration measurements.  

 

Fig. 6. Optical spectrum of the proposed all-PM FLM when a vibration of 
200 Hz is applied.  

 

Fig. 7. Fast Fourier transform magnitude spectrum of the all-PM FLM 
when a vibration of 200 Hz is applied.  

This effect can be understood as a narrowband phase 
modulation where the main FLM interference acts as the 
carrier, which is phase-modulated by the periodic mechanical 
vibration. Since the phase shift is small compared to the total 
period of the interference (otherwise the fiber would break due 
to an excessive strain), the modulation can be approximated to 
an amplitude modulation [18]. In accordance, the magnitude 
FFT spectrum presents a new pair of peaks at a spatial 
frequency given by the frequency of the mechanical vibration 
(Fig. 7). These two peaks are the sidebands of the induced 
amplitude modulation, each corresponding to the positive and 
negative frequency shift respectively. It should be clarified 
that only the spatial frequency of the sideband at highest 
spatial frequency is considered to quantify the frequency of 
the mechanical vibration.  
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Fig. 8. Spatial frequency variation of the sideband against frequency of 
vibration. 

 
Fig. 9. Relationship between voltage applied to the mechanical wave driver 
and amplitude of the induced sideband. 

In order to validate this interrogation technique, a frequency 
sweep was performed by the mechanical wave driver from 10 
Hz to 1500 Hz using a sinusoidal signal with an amplitude that 
decreased with frequency due to mechanical limitations of the 
driver. Meanwhile, the spatial frequency of the generated 
sideband was monitored. As displayed in Fig. 8, the 
relationship between spatial frequency and vibration 
frequency is linear, with a sensitivity of 5.15 nm-1/kHz and a 
linear fitting factor R2=0.9999. The frequency resolution 
offered by this method is imposed the spatial frequency 
resolution of the FFT, which is 0.0125 nm-1; that corresponds 
to ≈2.4 Hz. Regarding the frequency range that can be 
measured, the maximum limit in our experiment was imposed 
by the wave driver and its capability to generate mechanical 
vibration with amplitude enough to be detected at high 
frequencies. This small amplitude is the reason why the 
accuracy of the measurements decreases for high frequencies, 
as can be noticed in Fig. 8. On the other hand, the minimum 
frequency is limited by the relation between the vibration 
amplitude and the slope of the main contribution at 0.0625nm1 
(Fig. 7). It should be noted that these parameters are set by the 
wavelength range, optical resolution and refresh rate of the 
interrogator.  

The amplitude of the induced modulation (and equivalently 
the amplitude of the generated sideband in the FFT spectrum) 
is directly proportional to the amplitude of the mechanical 
vibration applied to the sensor. To verify this, the amplitude of 
the sideband generated is depicted against the voltage set in 
the wave generator. The results can be seen in Fig. 9, 
confirming the linear relationship between the amplitude of 
the vibration and the amplitude of the sideband detected. 

 
Fig. 10. Results of the temperature characterization (red dots) and crosstalk 
between communication and sensing fibers (black squares).  

 
Fig. 11. FFT phase variation of the sensing fiber (at 0.0625 nm-1) as a 
function of the vibration applied. 

After validating the system as a vibration sensor using the 
FFT, the all-PM FLM was tested as a temperature sensor by 
inserting the sensing fiber inside a climatic chamber. For this 
purpose, the FFT phase value located at 0.0625 nm-1 was 
monitored while a temperature sweep was performed from 35 
to 75°C. The results show a temperature sensitivity of 0.105 π 
rad/ºC with a linear fitting error R2=0.9998 (Fig. 10 red dots). 
With the aim of analyzing the crosstalk between the 
communication fibers l1, l3 and the sensing fiber, a second 
temperature sweep was carried out. In this case, only the fiber 
sections l1 and l3 were inserted in the chamber while the sensor 
remained at constant temperature. It can be observed in Fig. 
10 (black squares) that there is no variation in the sensor 
response, validating the sensor operation without crosstalk.  

Finally, it was evaluated the crosstalk between vibration and 
temperature measurements. In this respect, the FFT phase that 
includes the temperature information (located at 0.0625 nm-1) 
was recorded while a frequency sweep of the mechanical 
vibration was applied to the sensor. As depicted in Fig. 11, 
there is no crosstalk since the FFT phase of the sensing fiber at 
0.0625 nm-1 (i.e. the temperature reading) remains constant 
during the variation of mechanical frequency. It should be 
mentioned that slight crosstalk from comm. fibers could 
appear if just one of the comm. fibers is subject to 
strain/temperature variations and θ2 or θ3≠45°. Consequently, 
crosstalk can be suppressed to be negligible by two means: 
locating the comm. fibers close to each other and performing 
accurate splices. 
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C. Stability analysis versus conventional HiBi FLMs 

It has been mentioned in Section II that one of the main 
advantages of all-PM FLMs over conventional setups (that 
employ single-mode fiber) is their increased robustness and 
reliability. Single mode fibers are not purely symmetric, 
having certain degree of birefringence that depends on 
different aspects like temperature or bending. As a 
consequence, the polarization states inside the loop vary if the 
fiber suffers any disturbance. In practice, this is an important 
limitation because the whole interferometer must remain 
steady after the polarization controller has been adjusted. Even 
then, depending on environment changes, the system might 
require periodic adjustments of the polarization controller. In 
the case of an all-PM setup, the polarization states are 
preserved and cannot be adjusted. The polarization-preserving 
properties of the PM fibers are also influenced by external 
perturbations; but in general, the effect is not as severe as in 
the conventional setups.  

In this regard, a series of measurements has been performed 
to analyze the reliability and robustness of the proposed all-
PM FLM and compare it to a conventional HiBi FLM. A 
conventional scheme was assembled by connecting the output 
ports of an optical coupler in a loop by means of a polarization 
controller and a section of 40 cm of Panda fiber (as explained 
in Section II A). In order to compare the behavior of the two 
sensors, the optical spectra were recorded while both 
interferometers were moved together, located and fixed in the 
climatic chamber for the temperature test; suffering 
approximately equal bending, torsion and strain changes. The 
process did not take place under controlled conditions; 
however, it is considered that it can describe well the different 
performances of conventional and all-PM fiber loop mirrors. 
During the test, some events can be easily identified due to the 
important effect on the conventional FLM. From 10 to 25 
seconds, the fibers of the interferometers were untwisted, 
generating a strong phase and amplitude change in the 
conventional version, probably due to torsion changes. Around 
the 100 s the setups were placed and fixed in the climatic 
chamber (still off). Some alterations can be seen in the phase, 
with a deep amplitude drop that recovered soon due to a bend. 
Finally, between 175-200 s some strong instabilities are seen 
due to the pressure changes induced in the fiber by closing the 
door of the climatic chamber (which joint slightly pressed the 
comm. fibers).    

The optical response of the conventional HiBi FLM during 
200s of this process is displayed in Fig. 12. It can be seen that 
the fringes visibility varied drastically during the experiment, 
even losing the interference for a certain period. Moreover, 
strong phase variations not related with strain or temperature 
fluctuations in the sensor are also detected. Conversely, the 
output of the all-PM setup remained considerably more stable 
(Fig. 13). There is some amplitude variation in the minima of 
the fringes that corresponds to external perturbations in the 
communication fibers l1 and l3. These perturbations are not 
perfectly compensated due to slight length difference between 
l1 and l3. In any case, the interference pattern remained almost 
constant and the phase is not modified. 

 
Fig. 12. Optical response of the conventional HiBi FLM during the test 
(200 traces). 

 
Fig. 13. Optical response of the proposed all-PM FLM during the test (200 
traces). 

 
Fig. 14. Amplitude variation of the interference peak in the FFT magnitude 
spectrum during the test. Black: Conventional HiBi FLM. Red: Proposed 
all-PM FLM. 

 
Fig. 15. FFT Phase variation at the spatial frequency of the sensors during 
the test. Black: Conventional HiBi FLM. Red: Proposed all-PM FLM. 
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To show these results in a more comprehensive manner, the 
amplitude of the peak in the FFT and the phase variations of 
both sensors are represented during the process in Fig. 14 and 
15. These results show the enhanced immunity of the all-PM 
setup to perturbations in the communication fibers. On the 
other hand, the conventional setup is strongly affected by 
perturbations in the single-mode fiber, drastically varying the 
visibility of the interference and more importantly the phase of 
the FFT, i.e. the sensor reading. 

IV.  CONCLUSION 

In this study, a new all-PM FLM interferometer has been 
proposed and analyzed. The system has been studied 
theoretically and compared with the conventional version that 
employs single-mode fiber. The design comprises a 
polarization-maintaining optical coupler which arms, of the 
same length, are fused to the sensing fiber with a rotation 
angle of 45°, with a total angle offset between them of 90°. In 
accordance, the interference contributions of the arms, which 
act just as communication fibers, are canceled, obtaining an 
interference pattern only dependent on the sensing fiber. As a 
consequence, the optical response of the interferometer 
combines the simplicity and well-defined sensing region of the 
simple one-section HiBi FLM with the advantages of all-PM 
setups. Simulations have been performed using the three-
section theory, matching well with the experimental results. 

The scheme has been validated as vibration and temperature 
sensor without crosstalk between measurands using an 
interrogation technique based on the fast Fourier transform. 
The mechanical vibration applied to the sensing fiber is 
detected by monitoring the sidebands generated in the 
magnitude spectrum of the FFT. In this manner, the amplitude 
and frequency of the mechanical vibration can be derived up 
to 1.5 kHz employing a commercial FBG interrogator with a 
scan frequency of 1 Hz (i.e. without using fast 
detection/acquisition devices). On the other hand, the 
temperature readings can be obtained by analyzing the phase 
of the FFT at the spatial frequency that corresponds to the 
main contribution of the interference. The crosstalk-free 
operation has been verified between vibration and temperature 
but also between communication and sensing fibers. Finally, 
the behavior of the proposed scheme has been compared to the 
conventional under external perturbations in the 
communication fibers. The results show the high dependence 
of the conventional setup on the perturbations, decreasing and 
even losing the interference visibility. More importantly, a 
phase shift in the optical response unrelated with sensor 
variations was induced. Conversely, due to the proper 
compensation of the PM communication fibers, the all-PM 
setup remained virtually unaffected by external disturbances. 
This is an important property that can increase the practical 
applicability of HiBi fiber loop mirrors. 

Summarizing, the proposed all-PM setup offer the benefits 
of all-PM setups (high resolution, accuracy, robustness against 
external perturbations and no need of polarization controllers) 
combined with a simple interference pattern and allowing the 
use of specific fibers as sensor. It is worth mentioning that the 

balanced-arms technique can be extended to multiplexing 
setups so one extra sensor can be monitored without 
increasing the number of frequency contributions. The main 
downside over conventional approaches is the need of a PM 
coupler, which increases the cost of the system. Moreover, 
splicing machines with rotation control are required to 
assemble the interferometer.  
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