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Abstract—We report a fiber optic vibration sensor developed 

from a Fiber Bragg Grating (FBG) sensor. Three FBG vibration 

sensors are constructed and subjected to drop test, vibration test 

and mock train-railway positioning test. All the Bragg 

wavelengths of the sensors, as well as the Fast Fourier Transform 

(FFT) graphs are recorded by a computer via an FBG 

interrogator. Two commercial FBG vibration sensors are also 

tested for comparison. The results show that the fabricated 

sensors are robust, pick up low frequency vibrations, and detect 

a mini train position on a railway simulation.  
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I. INTRODUCTION  

Fiber optic sensors (FOS) have very versatile usage in the 
real world today. They can sense vibration [1,2,3], temperature 
[4,5], strain [6], refractive index [7,8], bio-affinity [9], and 
many other useful parameters. FOS has been greatly invested 
to monitor the safety and condition of the railway system. 
Some applications use FOS to sense the train, and relay signals 
to a remote sensor to detect the train [10]. Trains are traveling 
faster and closer to one another nowadays, and are susceptible 
to catastrophic accidents due to minor faults in the railway 
system. Therefore, novel ways to monitor the position of the 
train in the railway system must be deployed to oversee and 
ensure safety [11].  

In this paper, we develop vibration sensors that are 
ruggedised and yet able to sense the low vibration signal 
generated by train movement, utilizing Fiber Bragg Grating 
(FBG) technology. FOS such as FBG [12] is immune to 
electromagnetic interference, making it a potentially suitable 
solution for today’s complex railway system. A mini model 
train is placed on a track, where sensors are placed closeby, to 
monitor the train’s location as it moves along the track.  

II. MATERIALS AND METHODS 

Three sensors, named A, B, and C, are constructed and 
their performance evaluated. The sensors’ specifications are 
shown in Table I. First, a drop test [13] is conducted to test the 

reliability and robustness of the sensor housing. A standard 
single mode fiber, from Yangtze Optical Fibre and Cable 
(YOFC), without an FBG is used for simplicity and cost 
effectiveness. 633 nm light is transmitted through the optical 
fiber, via a visual fault locator, to confirm its integrity. The 
impact platform consists of a 10 mm thick aluminum base and 
a long ruler to measure the drop distance. The three sensors are 
tested one at a time in the same manner. The starting drop 
height is 5 mm, and subsequent drop heights are increased by 5 
mm. Once the optical fiber is broken, the test is stopped. The 
broken optical fiber is removed entirely and replaced with 
another optical fiber with an FBG for the next part of the 
experiment. Pre-tension of 1 nm is applied to all the FBGs. 

TABLE I.  SPECIFICATION OF THE VIBRATION SENSOR 

Parameters 
Sensor 

A B C 

Lengtha
 65 65 75 

Widtha 40 50 50 

Heighta 26 26 26 

Weight of Massb 13.6 13.6 27.2 

Weight of Casingb 43.2 59.0 73.4 

Total Weightb 90.6 119.0 152.2 

a. All dimensions in millimeter (mm).  

b. All weights in gram (g). 

 

Next, the sensors are placed on a vibration platform for 
vibration detection. A vibration generator produces four 
different frequencies by connecting 1V, 2V, 3V or 4V to its 
terminals. A Laser Doppler Vibrometer (LDV) measures the 
vibration generated and the results are analysed. The voltages 
applied, and the peak frequency components, up to 80 Hz, are 
tabulated in Table II. All the results are examined and 
evaluated using Matlab. Two commercially available vibration 
sensors, labelled as X and Y, are also measured for 
comparison. Finally, the sensors are placed beside a model 
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train set and the FBG wavelength changes are monitored by an 
FBG interrogator. 

III. RESULT & DISCUSSION 

In the drop test, the optical fiber in sensors A, B, and C 
breaks when dropped from an incremental height to 38.5 cm, 
24.5 cm, and 11.0 cm, respectively. Sensor C with the biggest 
mass broke at the lowest height followed by sensor B and then 
sensor A. With a greater mass, the impact force acting on the 
sensor is larger. The incremental height per drop demonstrates 
that the sensors designed are ruggedised and tough. For 
example, sensor A broke at a height of 38.5 cm when dropped 
repeatedly 77 times. Compared to similar commercial FBG 
sensors, their single-drop height is about 30 cm or lower, 
which is not favorable for a challenging application. 

TABLE II.  PEAK FREQUENCY COMPONENT FOR ALL THE SENSORS 

MEASURED 

Sensor 
Applied Voltage (V) 

1.00 2.00 3.00 4.00 

A 24 Hz 29 Hz 46 Hz 61 Hz 

B 24 Hz 29 Hz 47 Hz 61 Hz 

C 25 Hz 29 Hz 24 Hz 23 Hz 

X 24 Hz 29 Hz 47 Hz 61 Hz 

Y 74 Hz 73 Hz 73 Hz 32 Hz 

LDV 9.77 Hz 28.8 Hz 45.9 Hz 61.5 Hz 

 

For the frequency response, the results show that sensors A, 
B, C, and X have a peak frequency component matching that of 
the LDV, with the exception of 1 V. Sensors A, B and X  
display similar peak frequency components at all the four tests. 
The peak frequency components of sensor Y have very small 
amplitude, less than 10 dB, which is indistinguishable from the 
background noise. This may be because its peak frequency 
component is ~500 Hz, as stated in the manufacturer’s data 
sheet, which might be too far from the four tested frequencies. 
Another observation is that sensor C exhibits peak components 
around 25 Hz for all the four tests. However, there are strong 
frequency components at 47 Hz and 61 Hz for 3 V and 4 V. 
After finding that sensors A, B, C, and X can detect weak 
vibration signals at low frequency, these sensors are placed 
next to the model train track. There is a change in wavelength 
for all the four sensors when the train moves past each of them 
on the track. It takes ten seconds one second to complete one 
circuit around the track.  

IV. CONCLUSION 

The drop test conducted has verified the rugged design of 
the sensor which can withstand multiple drop impacts, where 
most of the other commercial sensors do not provide such 
information. Based on the vibration measurement result, the 
fabricated sensors are comparable to commercial sensor X, and 

have better sensitivity than commercial sensor Y at the four 
tested frequencies. The performances for other frequency 
ranges were not available at the time of writing. Lastly, four of 
the tested sensors are able to locate the position of the train on 
the track accurately. 
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