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Abstract— Fiber Bragg grating (FBG) 
sensors have been widely utilized as a 
sensor for measuring strain, temperature, 
and vibration measurements. In this study, 
an optical FBG sensor system was 
developed to monitor the temperature 
fluctuation in water. The sensor was 
delicately packaged to eliminate the 
influence of strain acting on the sensor. The 
sensor had been submerged in iced water 
and the temperature was constantly 
increased by using an electric immersion 
heater. The experimental data were 
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obtained to determine the temperature 
sensitivity of the FBG sensor. It is found that 
the relationship between the changes in 
temperature and changes in Bragg 
wavelength is virtually higher in linearity with 
R2 = 0.9997 and has superior sensitivity 
which is 10.13 pm/°C. This finding proves 
that the FBG sensor could be a good 
candidate for temperature sensing devices. 

I. Introduction 
Temperature is one of the 

critical and widely measured 
parameters for most engineering 
applications. Many industrial 
processes must have either 
monitoring, measuring or even 
controlling the temperature [1].  
Water temperature exerts a 
major influence on the 
biological, chemical, and 
physical properties of the water. 
These are crucial for a dam, 
reservoir, or borehole operation 
and oil and gas applications for 
monitoring the water of an 
engine or load device [2, 3]. 
Current electronic temperature 
sensors are unable to monitor the 
temperature due to the presence 
of high electromagnetic 
interference (EMI). 

Over the last decades, optical 
fiber sensors have been 

receiving an increased 
acceptance and widespread 
usage in structural monitoring 
and sensing application. Optical 
fiber sensors especially FBG 
sensors present distinguish 
advantages such as high 
precision and durability, 
miniature in size, immune 
toward EMI as well as power 
fluctuations, corrosion 
resistance and ability to 
multiplex from a large number 
of sensors into one single line 
fiber [4]. Therefore, FBG sensor 
have become as prominent 
sensors as they are particularly 
attractive to perform strain or 
temperature measurements 
under harsh environment 
conditions and long-range 
monitoring where cannot be 
operate by any conventional 
sensors [5, 6]. 
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Many approaches had been 
done to measure the temperature 
by using FBG sensor. Du et al. 
reported a work of measuring of 
moderate temperature within the 
range of 25°C to 70°C. The used 
FBG sensor offers a sensitivity 
of 11pm/°C [7]. A titanium 
nitride (TiN)-coated FBG sensor 
was developed by Hsu et al. for 
cryogenic temperature sensing. 
The developed sensor has given 
a sensitivity of 10.71 pm/°C 
when tested within a range of -
195°C to 25°C [8]. However, a 
quasi-distributed FBG sensing 
method for thermal monitoring 
has been presented by dos 
Sandos et al. [9]. Such a 
technique can be used to detect 
temperature variations up to 
56°C and the sensor has given a 
thermal sensitivity of 8.75 
pm/°C.  

In this paper, the FBG-based 
temperature sensor was 
developed by encapsulating the 
sensor inside a stainless-steel 
housing material to protect bare 
fiber. The sensor was submerged 
into an iced water tank which 
temperature varied from 10°C to 
90°C. As a result, the sensor 
exhibits a linear incremental 

wavelength shift with an 
increase in temperature. The 
proposed temperature sensing 
system achieved a comparable 
result with other research, which 
indicates potential applications 
for water temperature 
measurements. 
 
II. Methods and Materials 

A single-mode FBG fiber that 
has a Bragg wavelength at 
1549.6601 nm was encapsulated 
by a stainless-steel capillary tube 
with a diameter of 2 mm and 15 
cm in length as shown in Figure 
1. Both ends of the tubing were 
terminated with a 0.9 mm 
thickness of armored cables. For 
monitoring the temperature 
variances, the FBG sensor was 
submerged into an iced water 
container which has a dimension 
of 24 cm in diameter and 36 cm 
in length. The temperature was 
then varied from 10°C to 90°C 
with an interval of 5°C by using 
the electric immersion heater. A 
digital thermometer was 
installed with the FBG sensor to 
compare and validate the 
measurement. Figure 2 
illustrates the experimental 
setup for the test. 
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An FBG interrogation unit had 
been employed in this 
temperature setup to monitor 
and analyze the response of 
Bragg wavelength. The signal 
was transmitted from the light 
source to FBG sensor through a 
circulator. When the grating 
interacts with the broadband 
light source, the Bragg 
wavelength, 𝜆𝜆𝐵𝐵 will be reflected 
back into the circulator based on 
the Equation (1) [10]. 
 

𝜆𝜆𝐵𝐵 = 2𝜂𝜂𝑒𝑒𝑒𝑒𝑒𝑒𝛬𝛬 (1) 
 
where: 
𝜂𝜂𝑒𝑒𝑒𝑒𝑒𝑒  = refractive index of the 
fiber core, 
Λ = grating period of the index 
modulation. 
 

The wavelength shift, Δ𝜆𝜆𝐵𝐵 for 
an applied temperature is given 
by Equation (2). 

𝛥𝛥𝜆𝜆𝐵𝐵 
𝜆𝜆𝐵𝐵

= (𝛼𝛼 + 𝜂𝜂)𝛥𝛥𝛥𝛥 
(2) 

 
The signal of FBG sensor will 

be reflected through the fiber 
and into the circulator where the 
signal was then measured by 
using an optical spectrum 
analyzer (OSA). Figure 3 shows 
the spectrum of Bragg 
wavelength shift corresponding 
to Equation (2). The temperature 
applied has affected the effective 
refractive index and grating 
period of the fiber core. The 
Bragg wavelength was shifted to 
a longer wavelength due to the 
increment of temperature. When 
the temperature increases at 
every 5°C, the wavelength shift 
is about 0.0474 nm. The 
corresponding wavelength shifts 
of the FBG sensor were plotted 
to obtain its temperature 
sensitivity.

 

 
Figure 1: An Embedded FBG Temperature Sensor 
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Figure 2: Experimental Setup for Temperature Sensing 

 

 
Figure 3: Wavelength Shift Spectrum of the FBG Sensor 

 
III. Results and Discussions 

Figure 4 shows the graph of the 
temperature sensitivity of the 
FBG sensor. It can be observed 
that the wavelength shift 
interacts linearly toward the 
increment of applied 
temperature. The FBG sensor 
had shown excellent 
temperature characteristics with 
a sensitivity of 10.13 pm/°C and 
a linear coefficient of 0.9997.  

On the other hand, another set 
of experiments was repeated at a 

different time to validate the 
accuracy of the sensor. The data 
was simultaneously compared 
with digital thermometer as 
shown in Figure 5. Both sensors 
portray a similar trendline with 
m=1.0027. These results 
indicate that the measured 
temperature is accurate and FBG 
sensor accomplishes both 
excellent linearity and accuracy 
with a negligible error of less 
than 4% as tabulated in Table 1.
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Figure 4: Graph of Temperature Sensitivity of FBG Sensor 

 
 

 
Figure 5: Comparison in Measurement Between the Digital Thermometer and FBG 

Sensor 
 

Table 1: Temperature Difference Measured by Digital Thermometer and FBG 
Sensor 

Digital 
thermometer (°C) 

FBG temperature 
sensor (°C) 

Percentage error 
(%) 

10 10.00 0.00 
20 19.91 0.45 
30 29.10 3.00 
40 38.99 2.52 
50 48.66 2.67 
60 59.08 1.53 
70 69.71 0.41 
80 79.60 0.50 
90 89.80 0.22 

y = 10.13x + 1,549,551.27
R² = 0.9997
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IV. Conclusion 
An FBG-based temperature 

sensor was successfully 
developed and tested. The 
experimental results reveal that 
the sensor measures the 
temperature variances from 
10°C to 90°C and accomplishes 
excellent thermal sensitivity of 
10.13 pm/°C. The result was 
also comparable with another 
research. Besides, the FBG 
sensor also possesses high 
linearity with a coefficient of 
0.9997 and good accuracy with 
less than 4% error when 
compared with a digital 
thermometer. These great 
features of the results suggest 
that the FBG sensor 
configuration has a higher 
potential for safely monitoring 
the water temperature.  
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