
Abstract--We propose a compact tip-reflection fiber-optic 
vibration sensing system that uses a lateral-offset tilted fiber 
grating (TFBG) as sensor head and a vertical-cavity 
surface-emitting laser (VCSEL) as light source. Dynamic 
mechanical vibration measurement up to 200 Hz with 
signal-to-noise ratio better than 30 dB has been achieved. 

I.  INTRODUCTION

Fiber Bragg grating (FBG) sensors have been 
attracting considerable interest for their unique properties 
comparing with conventional sensors [1]. As one kind of 
FBG, tilted fiber Bragg grating (TFBG) shows a number 
of special characteristics as its grating planes are slanted 
with respect to the fiber axis [2]. The tilt of the grating 
planes enhances the coupling of light from the forward 
propagating core mode to backward propagating cladding 
modes and reduces the coupling to the backward core 
mode. Therefore, in the reflection, both a core mode 
resonance and several cladding mode resonances appear. 
Since the response of core mode to external perturbations 
(temperature, strain, surrounding refract index etc) is 
different from cladding mode, TFBG can be applied to 
many important sensing applications, ranging from 
traditional mechanical monitoring [3,4] to modern 
biochemical analysis [5,6].

However, the light sources used in the above works 
mostly were erbium amplified spontaneous emission 
broadband source (BBS). It takes advantage of a 
broadband operation ability (C-band or L-band), but 
suffers from a relatively low power level and a weak 
signal-to-noise ratio. Compared with BBS, vertical-cavity 
surface-emitting laser (VCSEL) takes advantage of low 
power consumption, high efficiency, circular beam spot, 
and low manufacturing cost, making it a good candidate 
of light sources in optical sensor systems [7-9]. A 
promising research point lies in the capability of 
combining the unique characteristics of VCSEL together 
with TFBG for a better sensing output. 

In this paper, we report the design and performance of 
a VCSEL based TFBG vibration sensing system. The 
sensing mechanism is based on the recoupling of a set of 
low order wavelength-degenerate cladding modes known 
collectively as the "ghost" modes by using a lateral-
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offset-splice or an abrupt-biconical-taper upstream from 
the grating. The amount of above cladding-to-core 
recoupling strongly varies with fiber curvature, providing 
the sensing mechanism as described in our recent papers 
on TFBG vibration sensors [3,4]. However, the current 
paper describes an alternative approach of using VCSEL 
instead of BBS as light source. The VCSEL used here is 
with a wavelength matched to the “ghost” modes. The 
VCSEL provides a high-speed (10 kHz repetition rate) 
continuous wavelength tuning over 1~2 nm which 
perfectly covers the strongest band of recoupled cladding 
modes, making the demodulation filter unnecessary. The 
detected recoupling power works at a higher power lever 
(50 uW compare to hundreds of nano-watts in BBS) and 
a better optical signal-to-noise ratio (OSNR) (40 dB 
compare to 15 dB in BBS). A dynamic vibration 
measurement up to 200 Hz with a signal-to-noise ratio 
output better than 30 dB has been achieved. The proposed 
VCSEL-based tilted fiber grating sensing system is with a 
simplified sensing scheme (no demodulation filter needed) 
and cost-effective (a commercialized VCSEL), is a good 
candidate for structural health monitoring in various 
engineering applications. 

II.  EXPERIMENTS AND DISCUSSION

As mentioned in the introduction, the vibration sensing 
mechanism is based on the recoupling of TFBG excited 
low order cladding modes ("ghost" modes) via a lateral-
offset-splice located at a short distance upstream the 
grating, as shown in Fig.1(a). The amount of these 
cladding-to-core recoupling strongly varies with fiber 
curvature, providing the sensing mechanism, as shown in 
Fig.1(b). 

Fig. 1.  Schematic diagram of TFBG with an offset splicing (a) for 
vibration measurement and (b) its spectrum response to fiber bending. 

Instead of using BBS as light source, a high-speed 
continuous wavelength tunable VCSEL is utilized. 
Combining with two p-i-n detectors and a real-time scope, 
the VCSEL-based TFBG vibration sensing system has 
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been proposed, as shown in Fig.2. The original 
wavelength of the VCSEL is selected to match with the 
recoupled “ghost” resonances. Varying the bias current of  
VCSEL provides a fast but narrow range (1~2 nm) tuning 
wavelength, which perfectly covered the strongest 
recoupled “ghost” resonances, as shown in Fig.3(a). 
Powered with the above wavelength matched VCSEL, 
the TFBG recoupled cladding resonances now are 
working at an improved power level with a OSNR better 
than 40 dB, as shown in Fig. 3(b). Photodetector 1 (PD1) 
is used to measure the reflected light of the recoupled 
power from TFBG reflection, while Photodetector 2 (PD2) 
enables the normalization of the incident power, since the 
VCSEL output power also varies as the bias current 
increases. Thus, the ratio of the two detector signals 
(PD1/PD2) can be used for a normalized vibration 
measurement.  

Fig. 2.  Schematic diagram of VCSEL-based TFBG vibration sensing 
system. 

Fig. 3.  VCSEL spectrum (a) with wavelegth match to TFBG recoupled 
cladding resonances and (b) TFBG reflections powered by VCSEL.  

Fig. 4.  The system power output over one VCSEL period (0.1ms) and 
its continuous power output under a 200 Hz harmonic oscillation.  

Fig. 5.  Normalized system output (a) following a 200 Hz harmonic 
oscillation and (b) its frequency response. 

The VCSEL is operated at a high-speed (10K Hz) 
continuous wavelength tuning condition, with an average 
power output of 0.3 mW and its bias current kept below 
10 mA. Fig. 4 shows the sensing system outputs (TFBG 
reflection PD1 and reference PD2) over one VCSEL 
period and its continuous power output under a 200 Hz 
harmonic oscillation. It can be seen from the Fig. 4(b) 
that, for each applied vibration period (200 Hz), fifty 
power points have been recorded, permitting an accurate 
real-time vibration amplitude monitoring. Fig. 5(a) shows 
the normalized system output according to the ratio 
between PD1 and PD2, and Fig. 5(b) shows its frequency 
response recorded by the electrical spectrum analyzer. 
The small signals in doubling and half frequencies are 
due to the slight non-axial between the vibration 
generator and the sensing fiber tip. 

III.  CONCLUSIONS

We have presented a compact fiber-optic vibration 
sensing system that uses a VCSEL powered lateral-offset 
TFBG. VCSEL with matched wavelength enables the 
recoupled modes work at a high power lever and 
improved signal-to-noise ratio. VCSEL performs high-
speed continuous wavelength tuning, making the 
demodulation filter unnecessary. Dynamic mechanical 
vibration measurement up to 200 Hz has been achieved 
by the proposed cost-effective sensing system. 
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