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Abstract—This work uses simulation software OptiGrating and 

OptiSystem to present the apodization effect on the performance 

of Fiber Bragg Grating (FBG) that is based on a strain–

temperature sensor. Two FBGs with different center frequencies 

were designed via OptiGrating and then exported to OptiSystem 

to examine the impact of different apodization profiles on the 

sensing capability of the FBG. The apodization techniques 

include uniform, Gaussian, hyper-tanh, and sinc. Strain and 

temperature can be measured separately via the proposed 

system within 0.84 µm/µstrain and 14 pm/oC, respectively.  

 
 
Index Terms—Fiber Bragg grating sensors; apodization affect, 

Sinc apodization, Gaussian apodization, hyper-tan apodization. 

 

I. INTRODUCTION 

The invention of fiber Bragg grating (FBG) is a 

milestone in optoelectronics, because of the reflector’s 

wide domain of applications in different scopes, such as 

optical communications and optical sensing. In optical 

communications, FBG is used as a dispersion 

compensator [1], optical filter [2], and add/drop 

wavelengths in WDM communication systems [3]. In 

optical sensing, FBG performs better than do 

conventional sensing techniques. According to the type of 

application, an FBG can be built on the core of an optical 

fiber to detect changes in different physical parameters, 

such as strain [4], temperature [5], and pressure [6]. In 

addition, an important principle that has caused FBGs to 

become an alternative for many traditional electrical and 

mechanical sensors in numerous applications is the 

encoding of the measured information in wavelengths [7]. 

This feature offers the advantage of making independent 

source power and connector losses [8]. 

In this context, many approaches have been proposed 

to improve FBG performance in different applications by 

using several apodization profiles, such as sinc, Gaussian, 

Nuttall, and tanh [9]–[11]. However, few literature 

reviews have covered optimizing sensor performance 

using apodization techniques [12]–[14].  

Apodization is a crucial step used to enhance the 

sensing performance of FBGs, given that the high side 

lobes, low reflectivity, and wide FWHM in these 
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applications can affect FBG sensor characteristics. 

According to the literature [12]–[14], apodization 

improves the sensing performance of FBGs by enhancing 

reflectivity, reducing side lobe levels, and producing 

narrow FWHMs. A comprehensive study on the effect of 

different apodization profiles on the performance of FBG 

sensors was performed in [12], [13]. However, the author 

used a single FBG sensor and a numerical simulation tool 

(MATLAB), which is more complex than the software 

OptiWave. Furthermore, in [14], two user-friendly 

simulation tools, namely, OptiGrating and OptiSystem, 

were used to reduce complexity and improve accessibility 

of approaches. Two FBGs were used simultaneously to 

achieve accurate results of strain–temperature sensing. 

However, only one apodization profile was used 

(Gaussian), and theoretical or typical FBG parameters 

were adopted in this approach.     

In this work, a strain–temperature FBG-based optical 

sensor that uses different apodization profiles is simulated 

via the software OptiGrating and OptiSystem. The 

optimum apodization profile, which has high reflectivity, 

low side lobe levels, and narrow FWHM, is achieved. All 

the design parameters are imported from commercial 

fiber models, namely, Teraflex and Topas. The sensing 

capability of the two optical fibers is tested under two 

center wavelengths each. The first wavelength is adopted 

to test the strain and the temperature, and the other is for 

testing the temperature only via OptiGrating. An 

interrogator system is built in OptiSystem to examine the 

capability to isolate the strain value on the first optical 

fiber (first center wavelength) without any effect of 

temperature. 

II. SIMULATION MODEL AND OPERATING PRINCIPLE 

The simulation design includes two sections, namely, 

designing a uniform and three types of apodized FBG by 

utilizing OptiGrating 4 and designing an interrogator 

system in OptiSystem 7 to test the performance of the 

selected apodized FBG as a strain–temperature sensor. 

Commercially available optical fibers Teraflex and Topas 

were adopted in this work to create the proposed FBG via 

OptiGrating. The main parameters of the selected fiber 

are shown in Table I. 

The OptiSystem interrogator model was adopted to 

investigate the sensing performance of the proposed 

sensors, as illustrated in Fig. 1. This system includes four 
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main parts, namely, a transmitter, an SMF used as a 

transmission line, FBG sensors, and an optical spectrum 

analyzer (OSA).  

TABLE I: SIMULATION PARAMETERS OF SELECTED FIBERS 
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The transmitter of the proposed system consists of a 

light-emitting diode (LED) fed by a DC generator with an 

output power of 20 dBm, quantum efficiency of 0.1253, 

center wavelength of 1550 nm, and bandwidth of 6 THz. 

Optical power was injected into the proposed system via 

the first port of an optical circulator, and the third port of 

the optical circulator was connected to the OSA to 

determine the resultant spectrum. Two SMFs of 1 km 

length were used as a transmission line in this work, one 

before the sensors and one after. The transmission port of 

the first FBG was connected to the input port of the 

second FBG. Both FBGs’ reflected ports were combined 

via a power combiner, which transmitted the signal to a 

second SMF. The last was connected to the second port 

of the circulator. To deploy the apodized FBG as a sensor, 

the first FBG was introduced as a strain–temperature 

sensor and the second as a temperature sensor. The 

complex spectrum of the selected apodized FBG was 

exported as a spectrum file readable with OptiSystem.  

 
Fig. 1. Interrogator system setup 

III. RESULTS AND DISCUSSION 

Different types of apodization were analyzed to 

investigate the effect of apodization on the sensitivity of 

FBGs as temperature–strain sensors. The proposed design 

was simulated using two FBGs that were based on single-

mode fibers Teraflex and Topas. The length of the FBG 

was approximately (10 mm), and two modulation indices 

were adopted, namely, 3×10
-4 

and 5×10
-4

. These values 
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were selected to meet the design parameters in previous 

literature [12]–[14]. The results are discussed through 

two axes, namely, selection of the better apodization 

profile and performance evaluation as an optical sensor.  

A. Maximum Reflectivity

The reflectivity of the proposed sensor at uniform FBG 

at different apodization profiles is depicted in Fig. 2. The 

results show that the proposed FBG sensor produces high 

reflectivity for the uniform FBG and for all apodization 

profiles and reaches 100 % at n = 5×10
-4

. The maximum 

reflectivity for each apodization profile is summarized in

Table II. Therefore, selecting the optimum apodization 

profile from these results is difficult. In the next section, 

another parameters are required, namely, main side lobe 

and FWHM. 



 
Fig. 2. Reflectivity versus wavelength for proposed sensors at Gaussain 

apodization for (a) Topas fiber at n = 3×10-4, (b) Topas fiber at n = 

5×10-4, (c) Teraflex fiber at n = 3×10-4, and (d) Teraflex fiber at n = 

5×10-4. 

TABLE II: MAXIMUM REFLECTIVITY FOR PROPOSED SENSOR AT 

DIFFERENT APODIZATION PROFILES 

Profile 

Type 

Reflectivity of Topas FBG Reflectivity of Teraflex FBG 

n = 3×10-4 n = 5×10-4 n = 3×10-4 n = 5×10-4 

Uniform 0.999 1 0.999 1 

Gaussian 0.989 0.999 0.992 0.999 

Tanh 0.999 1 0.999 1 
Sinc 0.999 0.999 0.999 1 

B. Main Side Lobe Power  

 

 
Fig. 3. Reflectivity versus wavelength at different apodization profiles 

of FBGs based on Teraflex fiber at room temperature for (a) n = 3×10-

4 and (b) n = 5×10-4.  

The main side lobe power for different apodization 

profiles was investigated and compared with that of 

uniform FBG at room temperature under constant 

conditions, namely, same fiber type and n. In general, 

the main side lobe level under the apodization process is 

considerably lower than that in uniform FBG for both 

fibers and for all apodization profiles, as shown in Fig. 3 

and Fig. 4. According to the results, the Gaussian profile 

has a lower power level than the uniform and the other 

apodization profiles for the Teraflex and Topas FBGs at 

different modulation indices. In the next sections, the 

main side lobe level of the Gaussian profile is the subject 

of comparison. The main side lobe power of the Terflex 

FBG is approximately −31.893 and −24.518 dB for n = 

3×10
-4

, and n = 5×10
-4

, respectively. For the Topas fiber, 

the main side lobe power is approximately −32.482 dB 

for n = 3×10
-4

, and −25.871 dB for  

n = 5×10
-4

. Therefore, the better apodization profile 

occurs within the Topas profile at n = 3×10
-4

. 

 

 
Fig. 4. Reflectivity versus wavelength at different apodization profiles 

of FBG based on Topas fiber at room temperature for (a) n = 3×10-4 

and (b) n = 5×10-4.  

C. Full-width–half-maximum 
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To investigate the effect of modulation index on the 

proposed FBG sensor, the FWHM is compared, as 

depicted in Table III. This comparison can be divided 

into two axes. First, at the same FBG type and different 

n, the Gaussian apodization shows lower FWHM of 

approximately 0.288 nm at n = 3×10
-4

for Topas FBG 



  

  

  

 

  

 

 

  

        

     

     
     

     

D. Performance Evaluation 

From these analyses, better FBG sensor performance is 

achieved by Topas FBG at n = 3×10
-4

 with Gaussian 

apodization. Hence, performance parameters of this type 

are evaluated under different conditions. The shifting 

wavelength versus different strain and temperature of the 

proposed sensors is investigated via OptiGrating and is 

illustrated in Fig. 5 and Fig. 6, respectively. For FBG1, 

the strain varies from 0 to 1000 µstrain at a reference 

temperature of 25
o
C and at center wavelength of 1549 nm. 

For FBG2, the temperature changes from 25
o
C to 150

o
C 

at a center wavelength of 1551 nm. To evaluate the 

proposed design, the reflected spectrum of both sensors is 

investigated via OptiSystem, as depicted in Fig. 7. The 

results show two reflected peaks, namely, FBG1 and 

FBG2. The center wavelength of FBG2 is approximately 

1551.71 nm, which matches the 75 
o
C when compared 

with the OptiGrating results in Fig. 6. The reflected 

wavelength from FBG1 is approximately 1550.38 nm, 

which is caused by the simultaneous application of 

temperature and strain. Therefore, the center wavelength 

of FBG1 is subtracted from FBG2 to achieve 1.33 nm, 

which represents the shifting wavelength due to the 

microstrain applied in the system. This shifting indicates 

that 800 μstrain is applied to the system when compared 

with the results in Fig. 5. 

 
Fig. 5. Shifting wavelength versus applied strain on Topas FBG1 

Gaussain apodization within n = 3×10-4  at 25oC.  

By following the same process, the applied strain can 

be measured via the proposed system for different 

temperatures, as illustrated in Fig. 8. From the results, the 

proposed sensors show good linearity between the 

shifting wavelength and the applied strain for all selected 

temperatures. The dual sensors show the capability to 

separately measure changes in temperature and strain.  

 
Fig. 6. Shifting wavelength versus applied temperature on Topas FBG2 

Gaussian apodization within n = 3×10-4  

 
Fig. 7. Optical spectrum of the proposed sensor at Topas FBG Gaussain 

apodization within n = 3×10-4 . 

 
Fig. 8. Shifting wavelength versus applied strain on FBG1 at various 

temperatures. 

IV. CONCLUSION 

The impact of several apodization profiles on the 

performance of an FBG-based strain–temperature sensor 

is investigated via two simulation programs, namely, 

OptiGrating and OptiSystem. The Gaussian apodization 

profile shows better performance in terms of the side 

lobes and FWHM. Strain and temperature can be 

measured separately via the proposed system within 0.84 

µm/µstrain and 14 pm/
o
C, respectively.  
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and approximately 0.32 nm again at n = 3×10
-4

for 

Teraflex fiber. For different fiber types and same n, the 

Topas FBG shows a better FWHM of approximately 

0.288 and 0.48 nm for n = 3×10
-4

and n = 5×10
-4

, 

respectively. Therefore, the Topas FBG at n = 3×10
-4

performs better in terms of main side lobe and FWHM.

TABLE III: FWHM FOR PROPOSED SENSOR AT DIFFERENT APODIZATION 

PROFILES

Profile 

Type

FWHM of Topas FBG nm FWHM of Teraflex FBG nm

n = 3×10-4 n = 5×10-4 n = 3×10-4 n = 5×10-4

Uniform 0.384 0.632 0.412 0.68

Gaussian 0.288 0.48 0.32 0.532
Tanh 0.368 0.616 0.404 0.668

Sinc 0.296 0.456 0.32 0.504
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