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Abstract 
 
Fiber Bragg gratings (FBGs) are widely used as temperature and strain 
measurement systems and in telecommunications systems. In order to 
simplify detecting the wavelength change (which is the output signal from 
FBB), fiber Bragg grating based optical wavelength discriminators can be 
used. In this paper, discriminators with apodized, chirped FBG cooperating 
with the identical grating of a sensor are considered. The analysis includes: 
the processing range (assuming the nonlinearity characteristic is less than 
1%), the processing equation and the range of strain measurement. On the 
basis of simulation tests, there is discussed the influence of the following 
parameters: chirp value (Subsection 3.1), length (Subsection 3.2) and 
constant refractive index change averaged over the grating period 
(Subsection 3.3) of selected FBGs on the discriminator characteristic. 
  
Keywords: fiber Bragg grain, FBG, chirped fiber Bragg grating, strain 
measurement. 
 
1. Introduction 
 

A fiber Bragg grating (FBG) is a part of optical fiber where the 
index of reflection experiences periodic modulation. When the 
broadband light is injected into the fiber, the grating reflects 
particular wavelengths, named the Bragg wavelengths ߣ஻	[1]: 

 
஻ߣ  = 2݊௘௙௙(1) ,߉ 
 
where ݊௘௙௙ if the effective refractive index inside the grating, ߉ is 
the grating period. 

The Bragg wavelength is changed by temperature and strain 
variation. The change caused by the axial strain is given by: 

 
஻ߣ∆  = (1 −  ஻, (2)ߣߝ(௘݌
 
where ε is the applied strain and ݌௘ is the photoelastic coefficient. 

In this paper, the apodized, chirped FBGs are considered. For 
this kind of grating, Eq. 1 can be written as: 

 
(ݖ)஻ߣ  = 2݊௘௙௙(ݖ)(3) ,(ݖ)߉ 
 
where the parameters depend on ݖ, and ݖ is the distant along the 
length of the grating. Here, selected chirped FBGs have linear 
variation of the grating period: 
 
(ݖ)߉  = ଴߉ +  (4) ,ݖ௟߉
 
where ߉଴ is the staring period, and ߉௟ is the linear change along 
the grating. In this paper, the chip parameter is defined for Eqs. 3 

and 4 as a wavelength shift factor 
ௗఒௗ௭ .  

The effective refractive index ݊௘௙௙(ݖ) can be described by the 
following function: 

 

 ݊௘௙௙(ݖ) = ݊଴ ቆ1 + ݏ݋ܿ(ݖ)௘௙௙തതതതതതതത݃݊ߜ ൬ଶగஃ ݖ +  ൰ቇ, (5)(ݖ)߮

 
where: ݊଴ is the mean value of the refractive index, ݊ߜ௘௙௙തതതതതതതത is the 
constant refractive index change averaged over the grating period, ݃(ݖ) is the apodization function, ߮(ݖ) describes the grating chirp. 

In the application of FBG, different features are required. The 
grating length is crucial when the FBG processes a dynamic strain 
[2], whereas in telecommunications, when the FBG is used as  
a narrowband optic filter, the slope of the power reflection 

coefficient is significant. The following part of the paper is 
focused on the influence of parameters of the used FBGs on the 
discriminator characteristic. 
 
2. Operating principle and method of study 
 

Signal detection from the FBG can be achieved by a FBG-based 
optical discriminator (Fig. 1). This system consists of a broadband 
source, a reference FBG, an optical circulator, a sensing FBG and 
an optical spectrum analyzer. The reference FBG, which is 
illuminated by the broadband source (terminals 1 and 2), reflects  
a part of the incident beam. The reflected beam is propagated by 
an optical circulator (terminals 2 and 3) to the sensing FGB. The 
sensing FBG reflects a part of the light, depending on the acting 
strain. The result is then propagated by the optical circulator 
(terminals 3 and 4) to the optical spectrum analyzer. In the 
presented circuit, the acting strain causes a change in the reflected 
spectrum for the sensing FBG.  

 

 
 
Fig. 1. The measuring circuit with the reference FBG as a discriminator 

 
The optical power ௢ܲ௨௧ is obtained from the expression [3]:  
 

 ௢ܲ௨௧(∆ߣ஻) = ׬ ௥ఒమఒభܴ(ߣ)ܫ ߣ)௦ܴ(ߣ) −  (6) ,ߣ݀(஻ߣ∆

 
where: (ߣ)ܫ- spectral power density of the light source,  ܴ௥(ߣ)- response of the reference FBG, ܴ௦(ߣ) – response of the 
sensing FBG, ∆ߣ஻ - change in the Bragg wavelength of sensing 
FBG caused by the measuring strain, ߣଵ and ߣଶ are the low and 
upper wavelength of source band. On the grounds of Eq. 6, the 
discriminators processing characteristic are calculated assuming 
the constant value of the spectral power density of the light source. 

The responses (ܴ௥(ߣ) and ܴ௦(ߣ)) of gratings, which are the 
power reflection coefficients for apodized, chirped FBGs, are 
calculated by the transfer matrix method [1, 4-6]. In this method, 
the initial non uniform grating is divided into a series of smaller 
length Δݖ uniform FBG increasing in the period. Each of this  
M-section is described by the transfer matrix ௠ܶ, where ݉߳(1,ܯ). 
The whole structure of grating is described by multiplications of 
matrices:  

 

 ଵܶ..ெ = ଵܶ ∙ ଶܶ ∙ … ெܶ = ቂݐଵଵ ଶଵݐଵଶݐ  ଶଶቃ, (7)ݐ

 
where ݐଵଵ, ݐଵଶ, ݐଶଵ and ݐଶଶ are the results of a mathematical model 
of the FBG – a pair of coupled differential equations describing 
the interaction between the propagation and counter-propagation 
modes. Then the reflected spectrum is given by the equation: 

 

 ܴ = ቚ− ௧మభ௧మమቚଶ. (8) 
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3. Results of simulations 
 

The processing characteristics of nine FBG-based discriminators 
with the identical sensing FBG and reference FBG were 
calculated. All the simulated gratings have the Bragg wavelength ߣ୆ = 1550	nm. The results are divided into three sections: 
discriminators with the FBGs with the pairwise different chirp 
value (Subsection 3.1), with the pairwise different length ܮ 
(Subsection 3.2) and the pairwise different constant refractive 
index change averaged over the grating period ݊ߜ௘௙௙തതതതതതതത (Subsection 
3.3). The temperature dependence of the Bragg wavelength is 
omitted, the condition of constant temperature is established. 
 
3.1. FBG-based optical discriminators with 

different chirp ࢠ܌ࣅ܌ value 
 

The gratings parameters are presented in Table 1. The 
corresponding characteristics of the power reflection coefficient 
are presented in Fig. 2. The parameter FWHM is the width of the 
spectrum at half height. 

 
Tab. 1. Parameters of selected FBGs: ܮ = 6	mm , ݊ߜ௘௙௙തതതതതതതത = 5 ∙ 10ିସ, ݊௘௙௙ = 1.45. 
 

No. FWHM, nm Chirp, nm/cm Type of line 

1 0.83 3 solid 

2 1.17 2 dashed 

3 1.61 1 dotted 

 

 
 
Fig. 2. Spectra of the power reflection coefficient for FBGs with different value  

of chirp. Solid line – grating number 1, dashed line – grating no. 2, dotted 
line- grating no. 3 

 

 
 
Fig. 3. The discriminator characteristics ( ௢ܲ௨௧	is	in	relative	units). Solid line – for 

discriminator built with the two identical grating with parameters no. 1, 
dashed line – with parameters no. 2, dotted line – with parameters no. 3 

 
Tab. 2. Comparison of the studied discriminator systems 
 

No. Processing range, nm Processing equation Type of line 

1 0.495 ௢ܲ௨௧ = ߣ∆1.29 + 1.12 dotted 

2 0.705 ௢ܲ௨௧ = ߣ∆0.90 + 1.14 dashed 

3 0.930 ௢ܲ௨௧ = ߣ∆0.68 + 1.14 solid 

Fig. 3 shows the obtained discriminator characteristics. Table 2 
presents the calculated processing range and processing equations 
under the assumption that the nonlinearity characteristic is less 
than 1%. The given processing equation is presented for a growing 
part of the characteristic.  

For selected values of chirp: 1 ୬୫ୡ୫, 2 ୬୫ୡ୫ and 3 ୬୫ୡ୫ (and constant 

other parameters of the gratings), the processing ranges are 0.495 
nm, 0.705 nm and 0.930 nm equivalent to 409με, 583	με and 
769	με the range of strain measurement, respectively. 
 
3.2. FBG-based optical discriminators with 

different length L of FBG 
 

The parameters of selected gratings are listed in Table 3. The 
corresponding characteristics of the power reflection coefficient 
are presented in Fig. 4. 

 
Tab. 3. Parameters of selected FBGs: 

ୢఒୢ௭ = 2	 ୬୫ୡ୫, ݊ߜ௘௙௙തതതതതതതത = 5 ∙ 10ିସ, ݊௘௙௙ = 1.45 

 
No. FWHM, nm L, mm Type of line 

4 1.02 5 solid 

5 1.17 6 dashed 

6 1.37 7 dotted 

 

 
 
Fig. 4. Spectra of the power reflection coefficient for FBGs with different length ܮ 

 
The calculated discriminator characteristics are shown in Fig. 5 

and the obtained results are presented in Table 4. 
For selected values of the grating length: 6 mm, 7 mm and 8 mm 

(and constant other parameters of the gratings), the processing 
ranges are 0.555 nm, 0.705 nm and 0.855 nm equivalent to 459με, 
583	με and 707	με the range of strain measurement, respectively.  

 
 

 
 
Fig. 5. The discriminator characteristics for gratings no. 4, 5 and 6 
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Tab. 4. Comparison of the studied discriminator systems  
 

No. Processing range, nm Processing equation Type of line 

4 0.555 ௢ܲ௨௧ = ߣ∆1.05 + 1.15 dotted 

5 0.705 ௢ܲ௨௧ = ߣ∆0.91 + 1.14 dashed 

6 0.855 ௢ܲ௨௧ = ߣ∆0.79 + 1.13 solid 

 
 
3.3. FBG-based optical discriminators with 

different constant refractive index 
change ࢌࢌࢋ࢔ࢾതതതതതതതത 

 
The parameters of selected gratings are listed in Table 5 and the 

corresponding characteristics of the power reflection coefficient 
are presented in Fig. 6. The calculated discriminator 
characteristics are shown in Fig. 7 and the obtained results are 
given in Table 6. 

For selected values of the constant refractive index change 
averaged over the grating period ݊ߜ௘௙௙തതതതതതതത: 3 ∙ 10ିସ, 4 ∙ 10ିସ and 5 ∙ 10ିସ (and constant other parameters of the gratings), the 
processing ranges are 0.510 nm, 0.585 nm and 0.705 nm 
equivalent to 422με, 484	με and 583	με the range of strain 
measurement, respectively. 
 
Tab. 5. Parameters of selected FBGs: ܮ = 6	mm , 

ୢఒୢ௭ = 2	 ୬୫ୡ୫, ݊௘௙௙ = 1.45 

 

No. FWHM, nm ݊ߜ௘௙௙തതതതതതതത 10ିସ Type of line 

7 0.99 3 dotted 

8 1.07 4 dashed 

9 1.12 5 solid 

 

 
 
Fig. 6. Spectra of the power reflection coefficient for FBGs with different constant 

refractive index change averaged over the grating period ݊ߜ௘௙௙തതതതതതതത 
 
 

 
 
Fig. 7. The discriminator characteristics for gratings no. 7, 8 and 9 

 
 
 
 
 

Tab. 6. Comparison of the studied discriminator systems 
 

No. Processing range, nm Processing equation Type of line 

7 0.510 ௢ܲ௨௧ = ߣ∆1.13 + 1.16 dotted 

8 0.585 ௢ܲ௨௧ = ߣ∆1.02 + 1.15 dashed 

9 0.705 ௢ܲ௨௧ = ߣ∆0.91 + 1.14 solid 

 
 
4. Conclusions 
 

For the purpose of measurement, the discriminator linear 
operating range is used. It arises from the reflected spectrum from 
gratings. 

The analysis of the results showed that for the investigated 
gratings, the wider the reflected spectrum (the FWHM parameter), 
the wider the processing range and the measurement strain range. 
The pairwise replacement of the grating with a higher and higher 
chirp value (Subsection 3.1, in the range from 1	 ୬୫ୡ୫ to 3	 ୬୫ୡ୫, with 

the other parameters the same) in the simulated circuit extends the 
processing range by 0.435 nm (corresponding to extension 360	με 
in measured strain). In Subsection 3.2, replacing the grating with 
the increasing length ܮ	(in the range from 5 nm to 7 nm), resulted 
in extending the processing range by 0.3 nm (corresponding to the 
extension 360	με in the measured strain). In Subsection 3.3, 
replacing the grating with increasing the constant refractive index 
change averaged over the grating period ݊ߜ௘௙௙തതതതതതതത (in the range from 3 ∙ 10ିସ	to 5 ∙ 10ିସ) extends the processing range by 0.195 nm 
(corresponding to extension 161	με	in	the	mesured	strain). 

The analysis provides a guide for selecting apodized, chirped 
fiber Bragg grating in the implementation of an optical 
wavelength discriminator. 
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