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 In this paper, the simulation of Fiber Bragg Grating (FBG) as a temperature 

sensor is conducted. The FBG temperature sensor is designed based on 

Optical Frequency Domain Reflectometer (OFDR) concept. A continuous 

wave (CW) laser is used as the optical source and it is transmitted to two 

FBGs. The two FBGs reflection spectra will produce a beat frequency that 

can be detected using a Radio Frequency (RF) spectrum analyzer. 

Any temperature change will shift Bragg wavelength, thus produce a shift for  

the beat frequency. In this work, an FBG with temperature sensitivity 10 

pm/˚C is employed. It is found that by using this technique, a high-resolution 

temperature sensor can be designed with temperature resolution of 0.1˚C. 
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1. INTRODUCTION 

 Nowadays, there is a rapid growth of optical fiber technology, especially on fiber optic sensor.  

In various smart structures such as pipeline, bridge, aircraft, ship, and others, one of the most important 

parameters is temperature [1]. This is because most of the structures always been exposed to any physical 

changes like temperature, strain, and pressure and can result in damage, destruction, and risks to human. 

Recently, numerous optical temperature sensors have been proposed using various techniques. For instance, 

temperature sensors based on Long Period Gratings (LPG) [2], fiber tapers [3-4], multimode interference [5] 

and Fiber Bragg Gratings (FBG) [6-13]. To the best of the authors’ knowledge, FBG is one of the most 
renowned optical temperature sensors.   

Theoretically, any temperature change will shift the FBG Bragg wavelength. Commonly, the Bragg 

wavelength shift of FBG is monitored by using an optical spectrum analyzer (OSA). However, OSA has its 

own limitations in response time, resolution, weight, size, and cost [14]. To overcome these issues, 

RF spectrum analyzer is introduced. Hence, Fiber Bragg Grating (FBG) as temperature sensor using RF 

spectrum analyzer is proposed. In this work, we are focused on technique to be used to designing a high-

resolution temperature sensor. Aside from this technique, there are some techniques from another researcher 

that can relate to FBG temperature sensor. As studied by [15], they develop fiber-optic sensor that have  

a high-resolution and high-speed temperature measurement based on silicon Fabry-Pérot cavity. The silicon 

pillar is attached on the tip of a single-mode fiber to fabricate it and have 6×10-4°C as the temperature 

resolution. [16] Has researched the sensor head of FBG to be focused with convex and hand lens, evaluated 

by varying of focusing elements in harsh environments. They discovered that for both systems, the Bragg 
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wavelength shift is increase proportionally with temperature. Aside from improving the interrogator’s 
resolution [17], in order to obtain a high-resolution temperature or strain sensing, we must increase  

the FBG’s sensitivity. 

 Fiber optic technology plays important roles in telecommunication field [18]. Temperature, 

rotations, vibrations, displacement, and pressure can be detected by fiber optic sensors [19]. In the field of 

remote sensing, fibers have so many roles because they require no electrical power at the remote location and 

another reason is they have tiny size [20]. As stated by [21], there are two groups of fiber optic sensors that 

are extrinsic and intrinsic fiber optic sensor. The difference is that, when the sensing takes place in a region 

outside the fiber, it is extrinsic fiber optic. While for intrinsic fiber optic, an optical fiber itself acts as  

the sensing element and often used to measure strain, temperature and pressure. Extrinsic fiber optic sensors 

use an external transducer and have a function to calculate rotation, acceleration, vibration, displacement, 

twisting and torque.  

 According to Bragg’s law [22], Bragg wavelength occurred when light at specific wavelength is 
reflected from FBG and passes through into the fiber. The Bragg wavelength depends on the grating period 

and the refractive index of fiber. The Bragg wavelength equation is given in the (1): 

 

λB= 2*neff * Λ (1) 

 

where λB is Bragg wavelength of the fiber, neff is effective refractive index of the core and Λ is grating pitch. 
The relationship between wavelength shift and frequency shift can be calculated as follows: 

 Δ𝑓 = c(Δλ)λ2  (2) 

 

where Δf is the change in frequency, where Δλ is the change in wavelength, c is the speed of light and λ is  
the Bragg wavelength [23]. Enough wavelength spacing must be specified between FBG's center 

wavelengths in order to prevent interference between FBGs when the system uses more than one FBG on 

single mode fiber. It is given that 5 nm wavelength spacing for strain measurements and 1 nm wavelength 

spacing for temperature sensing [24]. By differentiating the wavelength expression (3), the temperature 

dependence can be determined as follows: 

 |∆λBλB = ∆(neff  Λ)neff Λ |ε=Cεnstant  =( 1Λ  ΛδT + 1neff  δneffδT ) ΔT 

 

 = (α + ζ) ΔT = kTΔT  (3) 

 

where kT is Bragg grating’s thermal sensitivity, ζ is temperature dependence of the index of refraction and α 
is thermal expansion coefficient of the fiber. The thermal sensitivity can be calculated by assume the value 

for temperature range, α = 0.55x10-6/ºC and ζ = 5.77 x10-6/ºC and given by (4). 

 ∆λBλB  = kTΔε = 6.32λB (4) 

 

Thus, the temperature sensitivity for an FBG at a Bragg wavelength of 1540 nm is 10 pm/˚C [25]. In this 
paper, a simulation of FBG temperature sensor has been conducted. In this design, the Optical Frequency 

Domain Reflectometer (OFDR) concept has been deployed whereas two FBGs are used in this setup. It is 

found that by using this technique, a higher resolution of FBG temperature sensor is produced with 

temperature resolution of 0.1˚C. 

 

 

2. DESIGN PRINCIPLE 

The setup for the FBG sensor is demonstrated in Figure 1 which includes CW laser source, two 

power splitters, four FBGs, an Erbium-doped fiber amplifier (EDFA), a photodetector PIN and RF Spectrum 

analyzer. The simulation is performed using OptiSystem simulation software. We employ four FBGs in this 

sensing system. FBG1 and FBG2 as the reference or we called it as reference arm with bandwidth of  

0.0025 nm each and wavelength of 1540 nm and 1540.001 nm, respectively. Bragg wavelength of FBG3 is 

fixed to 1540 nm while for FBG4, the value of Bragg wavelength is increase from 1540.001 nm with Bragg 

wavelength increment of 0.001 nm, 0.002 nm, and 0.003 nm. Both FBG3 and FBG4 have bandwidth of 

0.0025 nm. Principally, the temperature changes are applied on FBG4 and this will cause Bragg wavelength 

changes. As the temperature is increased, the Bragg wavelength will also increase. The Bragg wavelength 
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change of FBG4 will interfere with Bragg wavelength of FBG3. The interference signals contain beat 

frequency which will appear peaks in the Radio Frequency (RF) spectrum analyzer. Figure 1 shows  

the simulation model using OptiSystem software. In this simulation, there are a few parameters from real 

specifications were given from datasheet and default parameters had been used. The most important 

parameter is Fiber Bragg gratings (FBGs) parameters and other parameters that had been used in this 

simulation which includes CW laser power is 0 dm, reference wavelength is set to1540 nm, EDFA length is  

5 m and bit rate used in this simulation is 200 Mbit/s. 

 

 

 
 

Figure 1. FBG temperature sensor simulation model using OptiSystem software 

 

 

3. RESULT AND DISCUSSION 

Figure 2 demonstrates the characteristic of FBG sensor under various temperature changes.  

The simulated result is linear. The characterization result also shows that for every 25˚C temperature change, 
0.25 nm wavelength shift is shifted. The temperature sensitivity of the FBG used in the simulations is  

10.0 pm/°C. From the simulation, we also measured the sensitivity of the strain from the data collected and 

we found the strain sensitivity to be 1.2 pm/μɛ. Figure 3 shows a linear graph to represent the characteristic 
of FBG sensor under various strain changes. The characterization result also shows that for every 200 μɛ 
applied to FBG4, a 0.24 nm wavelength is recorded. 

 

 

  
 

Figure 2. Wavelength shift versus temperature 

relationship 

 

Figure 3. Wavelength shift versus strain relationship 

 

 

Any temperature change will shift Bragg wavelength at 10 pm/°C. In this simulation, FBG4 is  

the Device under Test (DUT) whereas the temperature of FBG4 is varied. In this simulation, any temperature 

changes of 0.1°C will cause a wavelength shift of 0.001 nm. The reflected spectrum of FBG4 is illustrated in 

Figures 4, 5, and 6. In this project, it is simulated according to the resolution bandwidth of 1MHz, 3MHz and 

10 MHz and to the Bragg wavelength shift of 0.001nm, 0.002nm and 0.003 nm. 
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Figures 4, 5 and 6 show reflected spectrum of FBG4 with resolution bandwidth and wavelength shift 

of 0.001 nm, 0.002 nm and 0.003 nm due to temperature change of 0.1ºC, 0.2ºC, and 0.3ºC, respectively. 

Figure 4 shows the FBG4 reflection spectrum with temperature change of 0.1°C which causes a wavelength 

shift of 0.001 nm. Figure 4(a), (b), and (c) show the FBG4 spectrum with resolution bandwidth of 1 MHz,  

3 MHz and 10 MHz, respectively. It can be observed that Figure 4(a), (b), and (c) can clearly be analyzed. 

Figure 4(c) with the highest resolution bandwidth shows the best observation display in order to detect any 

temperature change. Thus, the higher the resolution bandwidth of RF spectrum analyzer, the easier  

the analyses to detect the temperature change. 

 

 

 
(a) 

 

 
(b) 

 

 
(c) 

 

Figure 4. Temperature change at 0.1ºC for FBG4 with Bragg wavelength shift of 0.001 nm using 

(a) 1 MHz, (b) 3 MHz, (c) 10 MHz of resolution bandwidth for the RF spectrum analyzer 
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Figure 5 shows the FBG4 reflection spectrum due to temperature change of 0.2°C. This will cause 

Bragg wavelength change of 0.002 nm. Figure 5(a), (b), and (c) display the FBG4 spectrum with RF spectrum 

analyzer resolution bandwidth of 1 MHz, 3 MHz and 10 MHz, respectively. It can be perceived that  

the spectrum with temperature change of 0.2°C can be clearly seen as compared to temperature change of 

0.1°C. It is also found that the highest bandwidth of RF spectrum analyzer which is 10 MHz produce  

the best display for analysis. 

 

 

 
(a) 

 

 
(b) 

 

 
(c) 

 

Figire 5. Temperature change at 0.2ºC for FBG4 with Bragg wavelength shift of 0.002 nm using (a) 1 MHz, 

(b) 3 MHz, (c) 10 MHz of resolution bandwidth for the RF spectrum analyzer 
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Figure 6(a) to Figure 6(c) show the FBG4 spectrum for temperature shift of 0.3°C and this will cause 

wavelength change of 0.003 nm with RF spectrum analyzer resolution bandwidth of 1 MHz, 3 MHz and  

10 MHz, respectively. The highest resolution bandwidth of 10 MHz gives the best display of FBG4 for 

spectrum analysis. It can also be seen that the highest temperature changes of 0.3°C will result with the best 

display for analysis as compared to Figure 4 and Figure 5. Thus, the higher the temperature shift and  

the higher the RF spectrum analyzer resolution bandwidth will produce a higher quality display for spectrum 

analysis. In summary, this temperature sensor is capable to monitor the smallest temperature change or 

temperature resolution of 0.1°C with the best resolution bandwidth of RF spectrum analyzer of 10 MHz. 

However, other resolution bandwidth of spectrum analyzer can still be implemented in the temperature 

sensor system. 
 

 

 
(a) 

 

 
(b) 

 

 
(c) 

 

Figure 6. Temperature change at 0.3ºC for FBG4 with Bragg wavelength shift of 0.003 nm using (a) 1 MHz, 

(b) 3 MHz, (c) 10 MHz of resolution bandwidth for the RF spectrum analyzer 
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4. CONCLUSION 

In conclusion, an FBG temperature sensor based on OFDR has been demonstrated. It employs a CW 

laser as optical source, four FBGs and an RF spectrum analyzer to analyze the FBG Spectrum. The FBG 

reflected spectrum will be observed for analysis. Any temperature change will cause the FBG Bragg 

wavelength to shift. In this simulation, FBGs with sensitivity of 10 pm/˚C and 1.2 pm/μɛ strain are employed. 

Using this technique, a high-resolution temperature sensor is designed with the temperature resolution of 

0.1˚C which can clearly be observed using a low-cost RF spectrum analyzer. 
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