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A fiber-optic sensor based on singlemode-multimode-singlemode (SMS) fiber structure was proposed and demonstrated for 
measuring both amplitude and frequency of seismic wave signal.  This sensor system consisted of an amplified 
spontaneous emission (ASE), SMS fiber probe and photodiode detector. A seismic wave generator was used as a 
seismograph stimulator. The SMS fiber probe was attached onto a loudspeaker to gather an acoustic pressure which was 
modulated by a seismograph signal from the audio generator. The proposed seismic wave sensor has the capability to 
measure the seismograph signal operating within a frequency range from 2.0-2.6 Hz with a linearity of more than 98%. This 
sensor is advantageous due to its simplicity of the design and low fabrication cost while exhibiting good sensitivity and 
dynamic range. It is also suitable to be applied in real field to detect volcano eruption.  
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1. Introduction 
 

The advanced dense seismic networks to detect 

microearthquakes have attracted attention in recent years 

for applications in various fields including volcano 

seismology and hydraulic fracture monitoring, as they 

reveal their activities and structure at depth [1-2]. The 

occurrence of earthquake is traditionally detected by 

comparing short term averages (STA) with to long-term 

averages (LTA) of transforming seismogram amplitudes 

and detection is declared when the ratio exceeds a 

predefined threshold [3]. Generally, a sudden increase in 

changing amplitude due to an impulsive earthquake phase 

arrival is rather straightforward to identify. However, 

because of the relatively weak signals buried in ambient 

noise and inadequate seismic networks, the detection of 

micro-earthquakes has been frequently overlooked [4-6]. 

Therefore, the improvement of the existing seismology 

technique to detect earthquake and its location are still 

required and many new techniques are also developed 

[ref]. 

Many optical techniques for detecting small vibration 

have also been reported in many literatures. One of the 

most popular techniques is based on the interferometer, 

where a laser signal beam is directed onto a vibrating 

target, and back-reflected light is recombined with part of 

the incident light [7-8]. The performance of this technique 

is excellent, but it is costly and requires stringent 

mechanical alignment. Another approach is to exploit the 

Doppler effects [9], but this method is not accurate enough 

for the precise measurement of minimal displacement as 

well as quite expensive.  

Recently, a singlemode-multimode-singlemode 

(SMS) fiber structure has also attracted increasing interest 

for various sensing applications due to its high sensitivity 

and low cost [10–12]. For instance, Kumar et al. [10] 

demonstrated static mechanical micro-bent measurement 

using a SMS fiber sensor. On the other hand, an effective 

near-surface seismic monitoring system must use 

measurements with sufficient resolution to provide early 

warnings before seismic activities develop and 

earthquakes occur. Low-cost, low-maintenance dense 

arrays at kilometer scales and beyond are now possible 

thanks to fiber-optic distributed acoustic sensing (DAS) 

techniques. The DAS provides new opportunities for near-

surface seismic monitoring. 

In this paper, a SMS structure is proposed and 

demonstrated for the measurement of amplitude and 

frequency of seismograph signal. The signal was generated 

by seismograph generator. The proposed sensor is based 

on intensity modulation technique and uses a SMS fiber 

structure as a probe. This technique is the improvement of 

the previous work [13-14]. 
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2. Experimental setup 
 

The schematic diagram of the proposed SMS-based 

sensor is presented in Fig. 1. Inset of Fig. 1 shows a 

schematic diagram of the SMS fiber structure consisting of 

a multimode fiber (MMF) section, which was spliced in 

between two single mode fibers (SMFs). When the light 

transfers from the SMF to the MMF, a series of 

eigenmodes are excited in the MMF. These eigenmodes 

then experience multimode interference while propagating 

in the MMF and lastly couple back to the output SMF to 

generate interference. A fabrication of the SMS fiber 

structure is carried out by using a commercial fusion 

splicer. The MMF is a step-index type with a core 

diameter of 105 µm and a length of about 10 mm. It is 

connected at both ends to a step-index SMF with a core 

diameter of 8.2 µm. For a principal operation of 

seismograph monitoring by using the SMS fiber structure, 

an artificial seismograph wave is generated by the seismic 

wave generator to simulate the seismograph signal at 

different frequency ranging from 2.0 Hz to 2.6 Hz. The 

signal is amplified and transferred into mechanical 

vibration by the audio amplifier and the loudspeaker. The 

optical light source (ASE) with a peak wavelength of 1550 

nm is launched onto the SMS fiber probe while the MMF 

was placed in the center of the loudspeaker. A tape with a 

diameter of 15 mm was used at both ends of the MMF to 

fix the sensor probe. The output power from the SMS fiber 

structure is recorded by the optical voltmeter meter. 

Meanwhile, the generated seismograph signal is measured 

and captured by the oscilloscope. When the light transmits 

from the SMF to MMF and then SMF, due to the 

multimode interference effect, the interference spectrum is 

observed at the output. The change of external condition 

induced by the seismic wave can change the interference 

intensity distribution in the MMF, which can accordingly 

be detected by the change of transmission of the light.

 

 
 

Fig. 1. Experimental setup for monitoring the seismic wave signal using a SMS fiber structure as a sensor probe (color online) 

 
3. Result and discussions 
 

For the seismic wave measurement, at first, the SMS 

fiber probe is placed in the centre of the speaker when it is 

set at zero vibration condition. As the driving voltage is 

given, the vibration is detected by the sensor. It is 

observed that the proposed sensor can measure seismic 

wave signal within a frequency range of 2.0-2.6 Hz. Fig. 2 

(a), (b), (c) and (d) shows the measured pulse signal at 

different frequencies of vibration; 2.0, 2.2, 2.4 and 2.6 Hz, 

respectively. In the experiment, the input signal is detected 

after seismic wave generator while the output pulse signal 

that comes out from the receiving fiber is measured using 

a silicon detector. It is observed that the output signal is 

weaker but still follows the pattern of input signal. Fig. 3 

compares the fast Fourier transform (FFT) of the 

seismograph signal between the input signal from the 

wave generator and the signal detected by the 

photodetector at frequency of 2.0 Hz. As expected, the 

frequency of the output signal matches the frequency of 

the seismograph signal very well. 
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Fig. 2. Comparison of seismic wave signal from the generator and sensor output at different dominant frequencies of (a) 2.0 Hz  

(b) 2.2 Hz (c) 2.4 Hz and (d) 2.6 Hz (color online) 

 

 
 

Fig. 3. FFT power spectral density at 2.0 Hz (color online) 
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Fig. 4 plots the relation between the measured 

frequency from the output sensor and the input frequency 

from the seismograph generator. It shows a linear function 

with a slope of more than 0.99 for seismograph module 

frequency from 2.0 to 2.6 Hz. Fig. 5 shows the relationship 

between the measured output amplitude at the 

photodetector and the input amplitude from the 

seismograph generator when the frequency was fixed at 

2.0 Hz. It is shown in the figure that the variation of 

seismograph amplitude of the output sensor has a linear 

function relation with the input amplitude of seismograph. 

With the increase of acoustic pressure on the SMS probe, 

the output voltage signal of the photodetector increases 

accordingly. The slope is obtained with 0.95 linearity. This 

result indicates that the proposed sensor can accurately 

estimate the amplitude of the seismograph signal. The 

simplicity of the design, high degree of sensitivity, 

dynamic range and the low cost of the fabrication make it 

suitable for real field applications. 

 

 
 

Fig. 4. Output frequency versus input frequency of the sensor (color online) 

 

 
 

Fig. 5. Peak amplitude versus input amplitude of the seismic wave signal when the sensor operating at 2.0 Hz (color online) 

 

 

4. Conclusion 
 

An intrinsic SMS fiber structure as sensor probe has 

been successfully demonstrated to measure the amplitude 

and frequency of the seismograph signal. The sensor setup 

consists of SMS fiber structure, ASE of light source and 

photodiode detector while a seismograph stimulator was 

used in the testing. The SMS fiber probe was mounted on 

the loudspeaker to gather an acoustic pressure which was 

modulated by a seismograph signal from the audio 

generator. The sensor is capable of measuring seismograph 

within a frequency range of 2.0 – 2.6 Hz with more than 

99% linearity. The sensor could be applied to monitor the 

vibration signal of a volcano eruption. 
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