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Abstract: The application of the sensors optical fiber in the areas of scientific instrumentation and 23 
industrial instrumentation is very attractive due to its numerous advantages. In the industry of civil 24 
engineering for example, quasi-distributed sensors made with optical fiber are used for reliable 25 
strain and temperature measurements. Here, a quasi-distributed sensor in the frequency domain is 26 
discussed. The sensor consists of a series of low-finesse Fabry-Perot interferometers where each 27 
Fabry-Perot interferometer acts as a local sensor. Fabry-Perot interferometers are formed by pairs of 28 
identical low reflective Bragg gratings imprinted in a single mode fiber. All interferometer sensors 29 
have different cavity length, provoking the frequency-domain multiplexing. The optical signal 30 
represents the superposition of all interference patterns which can be decomposed using the Fourier 31 
transform. The frequency spectrum is analyzed and sensor´s properties were defined. Following, a 32 
quasi-distributed sensor was numerically simulated. Our sensor simulation considers sensor 33 
properties, signal processing, noise system and instrumentation. The numerical results show the 34 
behavior of resolution vs. signal-to-noise ratio. From our results, the Fabry-Perot sensor has high 35 
resolution and low resolutions. Both resolutions are conceivable because the FDPA algorithm 36 
elaborates two evaluations of Bragg wavelength shift.  37 

Keywords: Quasi-distributed sensor; Low-finesse Fabry-Perot interferometer; Sensor simulation; 38 
Frequency-domain multiplexing and resolution vs. signal-to-noise ratio.     39 

 40 

1. Introduction 41 

Bragg grating has a very particular peak in its reflection spectrum, that one is centered at the 42 
Bragg wavelength ߣ஻ீ = 2݊Λ [1]: Λ is the grating pitch and ݊ is the effective fiber refraction index. 43 
The operational principle of fiber Brag grating sensor is based on the spectral shift of the central Bragg 44 
wavelength due to the variation of the pitch and refraction index because the temperature or strain 45 
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change on the grating. The monitoring system needs to detect the wavelength shift with very high 46 
resolution, permitting its correct evaluation. This shift is evaluated from optical measurements, for 47 
example: a dual-OFC FBG interrogation system [2], tunable Fabry-Perot filter with a piezoelectric 48 
actuator [3] and direct spectroscopic detection [4].   49 

Bragg gratings play an important role in the fiber-optic sensor technology. Such sensors are very 50 
attractive for quasi-distributed sensing employing only one optical fiber with many gratings printed 51 
along a fiber length. The conventional Bragg grating sensors use a broadband light source and a direct 52 
spectrometric detection technique. Its principal problem concerns to the detection of relatively small 53 
shifts in resonant wavelength of gratings array exposed to the strain or slow temperature changes. 54 
An additional application of Bragg gratings in sensor technology is to build interferometers within 55 
the single path fiber. In this case, Bragg gratings act as selective mirrors. The positions of gratings 56 
along the fiber length define the optical path difference. Frequency-division multiplexing, 57 
wavelength-division multiplexing and time-division multiplexing can be implemented [5-12].   58 

The twin-grating fiber optic sensor was used for the temperature measurement. The optical 59 
sensor acts as a low-finesse Fabry-Perot interferometer and it consists of two identical Bragg gratings 60 
separated by a short distance. The Fourier Domain Phase Analysis (FDPA) algorithm was used for 61 
its signal demodulation. The FDPA algorithm evaluates the Bragg wavelength shift at the frequency 62 
domain. The algorithm is based on the evaluation of the phase of the interference pattern produced 63 
by light reflected from both gratings and on the determination of the Bragg wavelength shift. The 64 
wavelength shift sensitivity was measured to 0.00985nm/oC [13]. This fiber sensor was also used for 65 
the measurement of static strain. Resolution of 0.2 µm/m was reported [14]. 66 

In reference [15], a quasi-distributed sensor was experimentally proposed. Twin-grating sensors 67 
were applied as local sensors. Frequency-division multiplexing was implemented. Following, in 68 
reference [16] this quasi-distributed sensor was described. The authors gave the next description: 69 
Frequency-division multiplexing was applied. A tunable external cavity diode laser was used for the 70 
sensor interrogation. The sensing systems consisted of a serial array of 14 twin grating sensors. All 71 
Bragg gratings had the same length of 0.5 mm and reflectivity of 0.8%. The Bragg wavelength of all 72 
gratings was 1550.6nm. The cavities were into the interval of 2 mm to 34 mm. The optical spectrum 73 
was acquired. Their frequency components were separated applying the fast Fourier transform (FFT) 74 
algorithm. There were 14 channels. Each channel was generated from each Fabry-Perot sensor. 75 
Another quasi-distributed fiber optic sensors can be found in references [17-22]. 76 

Under our knowledge, the quasi-distributed sensor described in Ref. [16] does not have an 77 
analytic analysis. Therefore, local sensor limitations are not known. Here, a theoretical analysis and 78 
numerical simulation is elaborated for the quasi-distributed sensor described in reference [16]. A 79 
broadband light source, direct spectrometric detection technique and frequency-domain 80 
multiplexing are considered in our study. Knowing its operation principle, the optical spectrum was 81 
represented mathematically. We analyzed the optical signal and then the quasi-distributed sensor´s 82 
properties were defined, for example: minimum and maximum cavities, number of samples, spatial 83 
resolution and multiplexing capability of a twin-grating fiber sensor. All parameters are expressed in 84 
terms of physical parameters and instrumentation characteristics. Following, the quasi-distributed 85 
sensor was numerically simulated (in operation) and we obtain the graph of Demodulation errors vs. 86 
signal-to-noise ratio. From our numerical results, the cavity length augments the resolution, all Fabry-87 
Perot sensors have two resolutions: a high resolution and low resolution. The cavity length, low 88 
resolution and noise system define the transition between both resolutions. In general, our theoretical 89 
analysis and numerical simulation permit its optimal implementation and its design.             90 

2. Optical signal 91 

Fig. 1 shows our optical sensing system schematically. The optical system consists of a 92 
broadband source, an optical circular 50/50, an optical analyzer spectrometer (OSA spectrometer), a 93 
personal computer and a quasi-distributed sensor. The quasi-distributed sensor can be implemented 94 
by using a serial array of low-finesse Fabry-Perot interferometers [15,16]. The local sensors are formed 95 
by pairs of identical low reflective Bragg gratings imprinted in a single mode fiber. Each Fabry-Perot 96 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 April 2017                   doi:10.20944/preprints201704.0001.v1

Peer-reviewed version available at Sensors 2017, 17, , 859; doi:10.3390/s17040859

http://dx.doi.org/10.20944/preprints201704.0001.v1
http://dx.doi.org/10.3390/s17040859


 3 of 13 

 

interferometer has a unique optical path length, obtaining the frequency-division multiplexing 97 
(FDM). The Bragg gratings have approximately the same length and typical reflectivity of 0.1%. Thus, 98 
wavelength-division multiplexing was eliminated for our optical sensor.  99 

 

 

 

Figure 1. Sensing system 100 

 spectrums  101 (ࣇ)ࢀࡾ and (ࣅ)ࢀࡾ .2.1

When the quasi-distributed sensor does not have external perturbations, the optical signal ்ܴ(ߣ) 102 
will be the superposition of all interference patterns, 103 

(ߣ)்ܴ = ෍ ܴ௠(ߣ)ெ
௠ୀଵ = ܴଵ(ߣ) + ܴଶ(ߣ) + ܴଷ(ߣ) + ⋯ + ܴெ(ߣ) (1)

,(ߣ)is the optical signal detected by the OSA spectrometer and ܴଵ (ߣ)்ܴ ܴଶ(ߣ), ܴଷ(ߣ) … ܴே(ߣ) are 104 
interference patterns generated by all interferometer sensors. Considering the physical parameters, 105 
the optical signal can be re-written as [13]  106 

(ߣ)்ܴ = ෍ 2ܽ௠ ቈ൬݊ߨଵܮ஻ீߣ஻ீ ൰ଶ ଶܿ݊݅ݏ ቆ2݊ଵܮ஻ீ(ߣ − ஻ீଶߣ(஻ீߣ ቇ቉ ቈ1 + ݏ݋ܿ ቆ4ܮ݊ߨி௉௠(ߣ − ஻ீଶߣ(஻ீߣ ቇ቉ெ
௠ୀଵ  (2)

where ߣ is the wavelength, ܽ௠ are amplitude factors, ݊ଵ is the amplitude of the effective refractive 107 
index modulation of the gratings, ܮ஻ீ is the length of gratings, ߣ஻ீ is Bragg wavelength, ݊ is the 108 
effective index of the core, ܮி௉௠ is the ݉ݐℎ cavity length and ܯ is the number of low-finesse Fabry-109 
Perot interferometers (local sensors). Analyzing the optical signal (2), all interference patterns have a 110 
similar enveloped function, the enveloped is the reflection spectrum of the gratings, the width Δ஻ீ 111 
is defined as the spectral distance between its +1 and -1 zeros,  112 Δ஻ீ = ஻ீ                                 (3)ܮ஻ீଶ݊ଵߣ

Each interference pattern has its own frequency component. There are M modulate functions where 113 
the frequency component ߥி௉௠ will be 114 ߥி௉௠ = ஻ீଶߣி௉௠ܮ2݊                           (4)

To know the frequency components, we apply the Fourier transform to optical signal 115 
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(ߥ)்ܴ = ℱሼ்ܴ(ߣ)ሽ = න ஶߣ௜ଶగఔఒ݀ି݁(ߣ)்ܴ
ିஶ          (5)

is the frequency spectrum, ℱሼ (ߥ)்ܴ ሽ is the Fourier operator and ߥ is the frequency. Substituting 116 
Equs. (2), (3) and (4) into Equ. (5), the frequency spectrum is   117 

(ߥ)்ܴ = න ෍ 2ܽ௠ ቈ൬݊ߨଵܮ஻ீߣ஻ீ ൰ଶ ଶܿ݊݅ݏ ൬ߣ − ஻ீΔ஻ீߣ ൰቉ ൣ1 + ߣ)ி௉௠ߥߨ൫2ݏ݋ܿ − ஻ீ)൯൧ெߣ
௠ୀଵ ݁ି௜ଶగఔఒ݀ߣஶ

ିஶ (6)

Invoking the convolution properties and Fourier operator, we have 118 

(ߥ)்ܴ = ℱ ቊቈ൬݊ߨଵܮ஻ீߣ஻ீ ൰ଶ ଶܿ݊݅ݏ ൬ߣ − ஻ீΔ஻ீߣ ൰቉ቋ ⊗ ℱ ൝ ෍ 2ܽ௠ൣ1 + ߣ)ி௉௠ߥߨ൫2ݏ݋ܿ − ஻ீ)൯൧ெߣ
௠ୀଵ ൡ (7)

the symbol ⊗ indicates the convolution. Using the identities: ܿݏ݋ଶ(߮) = ଵଶ ൫1 + (߮)ݏ݋ܿ ,൯(2߮)ݏ݋ܿ =119 ௘೔കା௘ష೔കଶ , ∑ ݁ି௜ఝ೘ெ௠ୀଵ = ∑ ݁௜ఝ೘ିଵ௠ୀିெ  and solving, the frequency spectrum ܴ(ߥ) is 120 

(ߥ)்ܴ = ෍ ܴ௠(ߥ)ெ
௠ୀିெ = ෍ ܿ௠݅ݎݐ ൬ߥ − ஻ீߥி௉௠ߥ ൰ெ

௠ୀିெ            (8)

஻ீߥ ஻ீ is the bandwidth  121ߥ ,spectrum is a set of triangle functions where ܿ௠ are amplitude factors (ߥ)்ܴ = 4݊ଵܮ஻ீߣ஻ீଶ                (9)

and ߥி௉௠ are the center position of each triangle function. Here, all frequency components were 122 
separated as Fig 2 illustrates 123 
 124 
 125 

Figure 2. ܴ(ߥ) frequency spectrum  126 

,ࣅ)ࢀࡾ .2.2 ,ࣇ)ࢀࡾ and (ࣅࢾ  spectrums  127 (ࣅࢾ

When the quasi-distributed sensor has external perturbations, the measured (temperature or 128 
string) affects the gating period Λ, the refraction index ݊, the length of gratings ܮ஻ீ  and cavity 129 
length ܮி௉௠ [13]. In turn, interference patterns has a small shift in response to a measured variation, 130 
the optical signal detected by the OSA spectrometer is 131 

 132 
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,ߣ)்ܴ (ߣߜ = 133 ෍ 2ܽ௠ ቈ൬݊ߨଵܮ஻ீߣ஻ீ ൰ଶ ଶܿ݊݅ݏ ቆ2݊ଵܮ஻ீ(ߣ − ஻ீߣ − ஻ீଶߣ(஻ீ௠ߣߜ ቇ቉ ቈ1 + ݏ݋ܿ ቆ4ܮ݊ߨி௉௠(ߣ − ஻ீߣ − ஻ீଶߣ(஻ீ௠ߣߜ ቇ቉ (10)ெ
௠ୀଵ  134 

The optical spectrum ்ܴ(ߣ,  can be expressed as 135 (ߣߜ

,ߣ)்ܴ (ߣߜ = ෍ ܴ௠(ߣ − ஻ீ௠)ெߣߜ
௠ୀଵ = ܴଵ(ߣ − (஻ீଵߣߜ + ܴଶ(ߣ − (஻ீଶߣߜ + ⋯ + ܴெ(ߣ − (஻ீெߣߜ (11)

where ்ܴ(ߣ,  ஻ீ௠ is Bragg wavelength 136ߣߜ is the optical signal due to external perturbations and (ߣߜ
shift due to measured change. Now, we estimate their frequency components through  137 

,ߥ)்ܴ (ߣߜ = ℱሼ்ܴ(ߣ, ሽ(ߣߜ = න ෍ ܴ௠(ߣ − ஻ீ௠)ெߣߜ
௠ୀଵ ݁ି௜ଶగఔఒ݀ߣஶ

ିஶ                              (12)

Invoking the shift property and solving, the Fourier transform is  138 

,ߥ)்ܴ (ߣߜ = ෍ ܴ௠(ߥ)݁ି௜ଶగఔఋఒಳಸ೘ெ
௠ୀିெ              (13)

Observing the Equ. (13), the frequency spectrum ்ܴ(ߥ,  Ecq. 139) (ߥ)்ܴ is the multiplication between (ߣߜ
8) and a set of phases. Those phases contain the information about the perturbations.  140 

3. Cavity length 141 

For all quasi-distributed sensors based on interferometers (optical fibre), the cavity length is a 142 
very important parameter since it defines the sensor characteristics. Their limits depend of 143 
instrumentation, local sensor characteristics and signal demodulation. Following, we determine 144 
minimum and maximum cavities where the low-finesse Fabry-Perot interferometer can be applied.         145 

3.1. Minimum cavity length 146 

The Fourier Domain Phase Analysis (FDPA) algorithm was developed for the twin-grating fiber 147 
optic sensor [13]. This algorithm does not accept additional information and does not accept the loss 148 
information, therefore, good signal detection and good frequency component identification are 149 
necessary. From Fig. 2, first frequency components ߥி௉ଵ can be defined by 150  ߥி௉ଵ = ஻ீߥ  (14)

The condition (14) eliminates the overlapping between components, ߥி௉ଵ and ߥி௉଴. Using the Equs. 151 
(4) and (9), we have 152 2݊ܮி௉ଵߣ஻ீଶ = 4݊ଵܮ஻ீߣ஻ீଶ  (15)

As ݊ଵ ≈ ݊, the minimum cavity length will be  153 ܮி௉ଵ = ஻ீܮ2  (16)

It´s not possible smaller cavities because the FDPA algorithm can not demodulate the optical signal. 154 

3.2. Maximum cavity length 155 

The optical sensing system applies the direct spectroscopic detection [4]. This technique uses an 156 
optical spectrometer analyzer which defines the maximum cavity length ܮி௉ெ . The OSA 157 
spectrometer has a limit for the optical signal detection. The limit is the Full-With Half-Maximum 158 
(FWHM). Considering the sampling theorem, the OSA spectrometer can detect the signal if and only 159 
if next condition is true, 160 Δλ୊୔୫୧୬ = 2Δλ  (17)
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where Δλ୊୔୫୧୬ is the minimum period detectable (FWHM) and Δλ is its spectrometer resolution. 161 
Then, the maximum frequency component can be expressed as 162 ߥி௉ெ = 1Δλ୊୔୫୧୬  (18)

From Fig. 2 and Equ. (4), last frequency component ߥி௉ெ can be determined by     163 ߥி௉ெ = ஻ீଶߣி௉ெܮ2݊  (19)

Combining Equs. (17), (18) and (19), the maximum cavity length is 164 ܮி௉ெ = ஻ீଶ4݊Δλߣ  (20)

Equ. (20) indicates the maximum cavity length where OSA spectrometer can detect the optical signal. 165 
It´s not possible bigger cavities because the instrumentation can not detect the optical signal. Using 166 
Equs. (16) and (20), the cavity length can be into the interval of  167 2ܮ஻ீ ≤ ி௉ܮ ≤ ஻ீଶ4݊Δλߣ    (21)

4. Capacity of frequency-division multiplexing  168 

In the quasi-distributed sensor, each low-finesse Fabry-Perot interferometer generates an 169 
interference pattern and then each pattern produces a channel in the frequency domain. The 170 
enveloped function produces the bandwidth ߥ஻ீ and the modulate function provokes the frequency 171 
components: −ߥி௉௠ ி௉଴ߥ ,  and ߥி௉௠ . The term ߥி௉଴  contains information from all Fabry-Perot 172 
interferometers while −ߥி௉௠  and ߥி௉௠  contain similar information from the mth Fabry-Perot 173 
sensor. From Fig. 2, we have the next condition        174 ܯ = ி௉ଵߥி௉ெߥ  (22)

In other words, the capacity of frequency-division multiplexing ܯ  is given by the relation 175 
between last and first frequency components. Substituting the Equs. (14), (15) and (17) into (22), the 176 
capacity ܯ can be re-written as 177 ܯ = ி௉ଵܮி௉ெܮ  (23)

Finally, substituting the Equs. (16) and (20) into Equ. (22), we have 178 ܯ = ஻ீΔλܮ஻ீଶ8݊ߣ  (24)

This expression gives the limit for the multiplexing capacity within one wavelength channel.  179 

4. Number of samples  180 

When the optical spectrometer analyzer instrument acquires the optical signal, the reflection 181 
spectrum is recorded as a series of digital samples. If a minimum and maximum wavelengths within 182 
a working interval ߣ௪ = ௠௔௫ߣ − ௠௜௡ߣ ௠௔௫ߣ  :  is the maximum wavelength, ߣ௠௜௡  is the minimum 183 
wavelength and δߣ is the wavelength step. The signal samples ்ܴ(ߣ௞) are taken wavelengths ߣ௞ ௠௜௡ߣ 184= + ݇ where ߣߜ݇ = 0,1,2, … , ܰ − 1, ܰ  is the number of samples. The representation of such a 185 
signal in Fourier domain is also discrete. Therefore, we obtain next condition from Fig. 2   186 ߥ௦ ≥ ௠௔௫ߥ2 = 2 ቀߥி௉ெ + ஻ீ2ߥ ቁ             (25)

where ߥ௠௔௫  is the maximum frequency, ߥ௦  is the sampling frequency and Nyquist theorem was 187 
considered. Substituting Equs. (9) and (19) into Equ. (25), we have   188 
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௦ߥ ≥ ஻ீଶߣ4݊ ி௉ெܮ) + (஻ீܮ2        (26)

Since ߥ௦ = ଵஔఒ, we have  189 

δߣ ≤ ி௉ெܮ)஻ீଶ4݊ߣ + (஻ீܮ2       (27)

Finally, the number of sample is 190 N = ߣ௪δߣ = ி௉ெܮ)௪݊ߣ4 + ஻ீଶߣ(஻ீܮ2     (28)

The number of samples depends of optical system parameters.   191 

5. Digital demodulation  192 

The demodulation is the complete signal processing algorithm developed for quasi-distributed 193 
sensor based on the low-finesse Fabry-Perot interferometers. The complete processing algorithm 194 
combines the Fourier Domain Phase Analysis (FDPA) algorithm and a bank of M filters. The FDPA 195 
algorithm was described in Ref. [13] while the bank of filters is 196 

F(ߥ) = ݐܿ݁ݎ ൬ ஻ீ൰ߥߥ ⨂ ෍ ߥ)ߜ − ி௉௠)ெߥ
௠ୀଵ            (29)

where the symbol ⨂ indicates the convolution operation, the rect function has next definition 197 

rect(ߥ) = ൞1 |ߥ| < ஻ீ20ߥ |ߥ| > ஻ீ2ߥ                                                                          (30)

and ߜ is the Dirac delta. Invoking the Diract delta properties, the bank of M filters is  198 

F(ߥ) = ෍ ݐܿ݁ݎ ൬ߥ − ஻ீߥி௉௠ߥ ൰ெ
௠ୀଵ   (31)

The bank filter of M filters is a series of rect function: ߥி௉௠ is the central position and ߥ஻ீ  is its 199 
bandwidth.  200 
 The digital demodulation consists of two phases: calibration and measurements. In the 201 
calibration, there are four steps: 1) ்ܴ(ߣ) is acquired, 2) ்ܴ(ߥ) is computed, 3) ܴ௠(ߥ) is filtered 202 ܴ௠(ߥ) = ∗and 4) we calculate its complex conjugate ܴ௠ (ߥ)ܨ(ߥ)்ܴ  where * indicates complex 203 (ߥ)
conjugate. In the measurement, there are seven steps: 1) ்ܴ(ߣ, (ߣߜ  is acquired, 2) ்ܴ(ߥ, (ߣߜ  is 204 
computed, 3) ෨ܴ௠(ߥ, ,ߥ)is filtered ෨ܴ௠ (ߣߜ (ߣߜ = ,ߥ)்ܴ  the relative phase ߮௥௘௟ is calculated, 205 (4 ,(ߥ)ܨ(ߣߜ
5) the ambiguity 2ܲߨ is eliminated and then absolute phase ߮௔௕௦ is calculated and 6), 7) the Bragg 206 
wavelength shift is computed, a digital adaptive filter is applied [23]. 207 

Due to the presence of the noise in the original signal, the calculated phased will be fluctuating. 208 
To minimize the noise influence and provide the best estimate, the absolute phase is multiplied with 209 
a set of coefficients. Those coefficient act as an adaptive filter. The Fig. 3 illustrates the digital 210 
demodulation schematically.           211 
 212 
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Figure 3. Digital demodulation represented schematically 213 

6. Numerical simulation and discussion   214 

6.1. Parameters and Results 215 

To test and compare our theoretical analysis, we performed a numerical simulation of quasi-216 
distributed sensor based on low-finesse Fabry-Perot interferometers. Three Fabry-Perot sensors were 217 
simulated. Their physical parameters can be observed on Table 1. Discrete spectrums were simulated 218 
using the physical parameters. Noise was simulated by adding, to those samples, pseudorandom 219 
numbers with Gaussian distribution, the interval was from √ܴܵܰ = 10଴ to √ܴܵܰ = 10ସ. Typical of 220 
Bragg gratings with rectangular profile at refractive index modulation was used. In most of our 221 
numerical experiments, the number of samples was equal to 1024 (Fast Fourier transform algorithm 222 
was considered). For each local sensor, the reference spectrum and 50 measurements were simulated. 223 
The measurements were into the interval of, S10 to 0.2 nm, S20 to 0.4 nm and S30 to 0.7nm. 224 
Fig. 4 shows the spectrum ்ܴ(ߣ), Fig. 5 shows the spectrum ்ܴ(ߥ) and Fig. 6 presents our numerical 225 
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results: Demodulation errors vs SNR1/2. A Laptop Toshiba 45C was used, their properties were 512 of 226 
RAM memory and velocity of 1.7 GHz.        227 

Table 1. Quasi-distributed sensor parameters 228 

Sensor number Sensor parameters Signal values 

Low-finesse Fabry-
Perot interferometer 1 

(S1) 

LFP1=4 [mm] Δλ஻ீ = 3.22 [nm]       (Equ. 3) ߥி௉ଵ = 4.95 [Ciclos/nm]  (Equ. 4) ߥ஻ீ = 1.23[Ciclos/nm]   (Equ. 9) 
 

LBG=0.5 [mm] 
n=1.46 ߣ஻ீ = 1532.5 [nm] 

Low-finesse Fabry-
Perot interferometer 2 

(S2) 

LFP2=8 [mm] Δλ஻ீ = 3.22 [nm]        (Equ. 3) ߥி௉ଶ = 9.91[Ciclos/nm]   (Equ. 4) ߥ஻ீ = 1.23[Ciclos/nm]    (Equ. 9) 
 

LBG=0.5 [mm] 
n=1.46 ߣ஻ீ = 1532.5 [nm] 

Low-finesse Fabry-
Perot interferometer 3 

(S3) 

LFP3=16 [mm] Δλ஻ீ = 3.22 [nm]        (Equ. 3) ߥி௉ଷ = 19.82[Ciclos/nm]  (Equ. 4) ߥ஻ீ = 1.23[Ciclos/nm]    (Equ. 9) 
 

LBG=0.5 [mm] 
n=1.46 ߣ஻ீ = 1532.5 [nm] 

 229 
 230 

 

Figure 4. Optical signal ்ܴ(ߣ) 231 
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Figure 5. Optical signal ்ܴ(ߥ) 236 
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Figure 6. Numerical results 239 
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 240 
If the OSA spectrometer has Δߣ =  the quasi-distributed sensor will have their 241 ,(typical value) ݉݌ 10
limits as Table 2 illustrates. 242 
 243 

Table 2. Quasi-distribuido sensor limits (Δߣ =  244 (݉݌10

Parameters Value Equation ܮி௉௠௜௡ 1 [mm]                    (Equ. 16) ܮி௉ெ 40.2[mm]                  (Equ. 20) ܮி௉௠௜௡ ≤ ி௉ܮ ≤ ி௉ெ 1ܮ ≤ ி௉ܮ ≤ 40 [mm]         (Equ. 21) 40 ܯ                        (Equ. 23,24) ߥ௠௔௫ 102.47 [Ciclos/nm]          (Equ. 25) ߥ௦ 204.95 [Ciclos/nm]          (Equ. 26) 
 245 

From Tables 1 and 2, the simulated quasi-distributed sensor satisfies the instrumentation and 246 
signal requirements. Observing Table 1 and Figures 4, 5, numerical results are in concordance with 247 
the theory. Thus, we confirm our theoretical analysis. Our numerical results can be observed at Fig. 248 
6. 249 
 Fig. 6 shows the behavior Demodulation errors vs signal-to-noise rate SNR1/2. If the 250 
demodulation error is denominated resolution then low-finesse Fabry-Perot has two resolutions: low 251 
resolution and high resolution. Two resolutions are possible because the FDPA algorithm dose two 252 
evaluations of Bragg wavelength shift [13,23]. All Fabry-Perot sensors have similar low resolution 253 
however each local sensor has its own high resolution. The high resolution depends of cavity length. 254 
If the cavity length is bigger then Fabry-Perot sensor will have better resolution.  255 

6.2. Discussion  256 

Based on our theoretical analysis and numerical simulation, the quasi-distributed sensor would 257 
be built on the low-finesse Fabry-Perot interferometer. Our theoretical analysis optimizes its 258 
implementation. Instrumentation, local sensor properties, noise (Gaussian distribution) and signal 259 
processing were considered. The quasi-distributed sensor has good sensitivity and excellent 260 
resolution. All Fabry-Perot sensors have two resolutions: low resolution and high resolution (See Fig. 261 
6). Low resolution was obtained when Bragg wavelength shift was evaluated with enveloped 262 
function. High resolution was obtained when Bragg wavelength shift was evaluated combining the 263 
enveloped and modulate functions [13,23].   264 

When the noise is big, signal-to-noise ratio (SNR) is small. In this case, the FDPA algorithm can 265 
not evaluate Bragg wavelength shift, causing the transition from high resolution until low resolution. 266 
That one can be observed at Fig. 6. As the signal is (necessary) into the interval of –  and based 267 ߨ to ߨ
on the signal detection theory, the thresholding value is    268 3ߪ௘௡௩ < Δߣி௉௠2  (32)

where ߪ௘௡௩ is the low resolution (resolution by enveloped function) and Δߣி௉௠ = ଵఔಷು೘ is the period 269 
of our frequency component. The threshold divides between low and high resolutions. Substituting 270 
Equ. (4) into Equ. (32), we have 271 ߪ௘௡௩ < ி௉௠ܮ஻ீଶ12݊ߣ  (33)

From Equ. (33), each low-finesse Fabry-Perot interferometer has its own thresholding value. This 272 
one depends on the cavity length, Bragg wavelength and refraction index. For example: our Fabry-273 
Perot sensors have next thresholding values, S10.033nm, S20.016nm and S30.008nm. The 274 
thresholding value is smaller if the cavity length is bigger.  275 
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In the quasi-distributed sensor, ghost interferometers are eliminated if the separation between 276 
any two interferometers satisfy the expression ܮ௦௣ > ி௉ெܮ  where ܮ௦௣  is the spatial resolution. If 277 
Fabry-Perot interferometers are formed by uniform unapodized gratings with equal length ܮ஻ீ, the 278 
bandwidth of each peak is given by Equ. (9). To be separated in the frequency domain, two peaks 279 
should not overlap. This condition imposes the following constrains: the minimum distance between 280 
centers of gratings for the shortest interferometers is 2ܮ஻ீ and the difference in the cavity lengths of 281 
any two Fabry-Perot interferometers must exceed 2ܮ஻ீ.  282 

Our future research work has the next directions: Wavelength-division multiplexing (WDM) can 283 
be implemented based on the low-finesses Fabry-Perot interferometers. The theoretical resolution is 284 
another direction. Technical applications are possible, for example: temperature, strain, humidity, 285 
force measurement and oil detection.        286 

7. Conclusions 287 

The quasi-distributed optical fibre sensor based on the low-finesse Fabry-Perot interferometer, 288 
was studied theoretically and simulated numerically. Theory and simulation are in concordance. Our 289 
study considers quasi-distributed sensor properties, local sensor properties, signal processing, noise 290 
source, frequency-division multiplexing and instrumentation. Our numerical results showed that all 291 
Fabry-Perot sensors have two resolutions: low resolution and high resolution. Low resolution is 292 
similar for all sensors however each Fabry-Perot sensor has its own high resolution. The thresholding 293 
value (from high resolution to low resolution) was defined in terms of low resolution and physical 294 
parameters.    295 

The quasi-distributed sensor has potential industrial applications, for example: structure 296 
monitoring, security system, humidity sensing and level sensing.   297 
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