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Abstract ± We present a preliminary result on the 

singlemode-multimode-singlemode (SMS) fiber structure 

for a vibration sensor. The SMS fiber structure was placed 

in a macrobender within the mechanical transducer to 

detect the frequency of a vibration source. The time series 

of optical output power of the SMS fiber structure was 

measured and it was transformed into the frequency 

domain using the fast Fourier transform. It was 

demonstrated that the frequency of vibration source can be 

determined by using the mechanical transducer with the 

SMS fiber structure. It was also analyzed the distance 

effect between the source and the SMS fiber structure. It 

was shown that the frequency measurement of 20 Hz 

vibration source can be carried out in a range of 0 to 30 cm 

with an error frequency 0.1 Hz. This scheme is potential 

for the vibration measurement which offers inexpensive 

and simple configuration.  
 

Index Terms ± SMS fiber structure, macrobending, vibration 

effect. 

INTRODUCTION1 

SMS fiber structure has been utilized for many 

applications such as strain sensor, load sensor, 

temperature sensor, and refractometer [1-4]. In this 

paper, the SMS fiber structure is proposed for an 

application of vibration measurement. 

MATERIAL AND METHOD 

Figure 1 shows a schematic diagram of the vibration 

measurement using the SMS fiber structure within the 

mechanical transducer. A macrobending technique 

was utilized to. The SMS fiber structure made of 

multimode graded index fiber which has core/cladding 

diameter of 62.5/125 Pm, splice between two identical 

standard singlemode fiber (shown in Fig. 2). The 

vibration source is a water pump which has a vibration 

frequency of 20 Hz. The vibration source was set in 

distances of 20 cm, 30 cm and 40 cm from the SMS 

fiber structure. The vibration source produces acoustic 

emission and it would vibrate the mechanical 

transducer. This vibration will modulate the output 

power of SMS fiber structure. An intensity 

measurement scheme was employed by connecting the 

606� ILEHU� VWUXFWXUH¶V� ERWK� HQGV� WR� D� ODVHU� VRXUFH� RI�

1550 nm wavelength and an optical power meter. A 

computer was used to record the change of output 

power. 
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Figure 1. A schematic diagram of vibration measurement using the 

SMS fiber structure and a mechanical transducer 

 

 
Figure 2. SMS fiber structure. 

RESULT 

Figure 3 shows the time series of optical output power of 

SMS fiber structure for a distance of 20 cm between the 

vibration source and the SMS fiber structure. The time series 

of output power was converted into the frequency domain 

using a fast Fourier transform. It is shown in Fig. 4 the 

corresponding frequency of 20 Hz from the time series of 

output power as in Fig. 3. 

The measurement distance between the vibration source 

and the SMS fiber was varied. Figure 5 shows the error 

frequency as a function of the measurement distance. One 

can see the error frequency is about 0.1 Hz at the distance of 

30 cm, and larger error for the greater distance. 

 

 
Figure 3. Output power signal of SMS fiber structure was 

recorded in 20 cm distance. 
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Figure 4. FFT result of the signal from Figure 2. 

 

 
Figure 5. Error of vibration frequency measurement as a function of 

measurement distance. 

CONCLUSION 

The scheme of SMS fiber structure is potential for 

the vibration sensor which offers inexpensive and 

simple configuration. It was shown that the frequency 

measurement of 20 Hz vibration source can be carried 

out in a range of 0 to 30 cm with an error frequency 

0.1 Hz. 

REFERENCES 

[1] 0�+DWWD�� <�6HPHQRYD�� :�4LDQJ�� *�)DUUHO�� ´Strain sensor 

based on a pair of singlemode±multimode±singlemode fiber 

structures in a ratiometric SRZHU� PHDVXUHPHQW� VFKHPH´���

Applied Optics Vol. 49. 2010. 

 

[2] R.B.Kuntaraco, Sekartedjo, AM.Hatta. Pengembangan Metode 

Pengukuran Beban Menggunakan Serat Optik Berstruktur 

Singlemode-Multimode-Singlemode. Master Thesis in Institut 

Teknologi Sepuluh Nopember. 2013. 

 

[3] 0�.XPDU�� $�.XPDU�� 6�0�7ULSDWKL�� ³A comparison of 

temperature sensing characteristics of SMS structures using 

VWHS� DQG�JUDGHG� LQGH[�PXOWLPRGH� ILEHUV´��Optics Comm. 312 

pp. 222-226. 2014. 

 

[4] 4��:DQJ�� <�6HPHQRYD�� 3�:DQJ�� *�)DUUHO�� ´High Sensitivity 

SMS Fiber Structure Based Refractometer ± Analysis and 

([SHULPHQW´��Optics Express, vol. 19, no. 9, pp. 7937-7944. 

2011. 

[5] %R¿OO�3� GDQ� =LEXOHYVN��������� ³8QGHUGHWHUPLQHG� %OLQG�

6RXUFH� 6HSDUDWLRQ� 8VLQJ� 6SDUVH� 5HSUHVHQWDWLRQV´�� 6LJQDO�

Process., vol. 81, no. 11,  pp.2353±2362. 

 

[6] 1LRQ��'LPLWUL����������³%DWFK�DQG�$GDSWLYH�3$5$)$&-Based 

%OLQG� 6HSDUDWLRQ� RI� &RQYROXWLYH� 6SHHFK� 0L[WXUHV´�� ,(((�

Transactions On Audio, Speech, And Language Processing, 

Vol. 18, No. 6. 


