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Abstract

Here we present our investigation into the use of a distributed feedback fibre laser (DFBFL) as an 

intensity-modulated sensor. In our preliminary experiments, we demonstrated the construction of this 

simple intensity fibre acoustic sensor system and attained good sensitivity. 

Background. Reported interests concerning fibre laser based sensing system designs are predominantly 

interferometric oriented [1]-[6]. Systems utilizing polarization characteristics of DFBFL have also been 

demonstrated [7], [8]. But as far as we can tell, intensity modulated DFBFL sensors have not been 

reported. Traditional fibre optic intensity modulated sensors used various methods to allow the desired 

measurand to modulate the output power. Such sensors are reputed for being simple, reliable and cheap, 

but with the major shortcomings of having poor sensitivity and performance. 

By adopting a DFBFL sensor head, sensitivity, performance and efficiency of a fibre optic intensity 

modulated system can be improved, due to its active resonance structure and low relative intensity noise 

(RIN). As the pump source and fibre laser technologies mature, associated costs of such systems should 

continue to decrease, adding to the advantages of a much simpler design and ease of maintenance. Such 

characteristics should be attractive to a variety of low-cost process-control/engineering applications. 

It was reported in [9] that the output power of a DFBFL has a proportional relationship with the effective 

cavity length. Therefore as the effective cavity length is modulated by the acoustic field, the output signal 

power should change accordingly. The effective cavity length of the fundamental mode of a -phase

shifted DFBFL can be approximated [10] by , which is independent to the device length. For the 

typical coupling coefficient 

1

eL

 of 150m-1, the effective cavity length is around 6.5mm, a small fraction of 

the typical device length in the order of 10cm. A further contribution towards the intensity modulation 

effect could be due to the frequency dependence of the effective reflectivity which leads to cavity loss 

dispersion of a non-ideal -phase shifted DFBFL [11]. 

Experiment Setup. The system setup is depicted in Fig. 1. The analog output of the detector is digitized, 

and all of the calculated FFT spectra presented have frequency resolution of 6.1Hz. A simple computer 

speaker (powered by a signal generator) was used to generate the acoustic wave to disturb the tightly 

horizontally suspended DFBFL [12]. The speaker was placed such that the acoustic wave vector is along 

the longitudinal axis of the fibre laser. Analysis is limited to sinusoidal signals below 40kHz due to our 

primary interest in hydrophone applications. The speaker and fibre laser were placed inside a rudimentary 

isolation box. 

The DFBFL used was a symmetric -phase shifted, single polarization design. The emission spectrum 

was centered at 1551.2nm, with RIN less than 80dB/Hz. The 3dB linewidth is between 10kHz to 20kHz. 



The length of the DFBFL spans over 

approximately 10cm of erbium doped fibre. No 

coating sensitivity enhancements were applied. 

Results. Fig. 2 shows a DFBFL (pumped at 

35mW ) output power spectrum obtained from 

applying a 3.6mV peak-to-peak at 504Hz to the 

speaker. W e were unable to determine the actual 

acoustic pressure emitted from the speaker, but 

3.6mV peak-to-peak was the minimum output 

amplitude of the signal generator. The spectrum 

was calculated using an exponentially weighted 

RMS averaging algorithm with 60 averages. A 

stable -70dB spectral spike at approximately 

500Hz can be clearly observed. It was also 

observed that the background RIN does fluctuate 

up to the -80dB level, reducing the SNR to 

10dB. The fluctuations are attributed to poor 

isolation conditions. 

Fig.1 System components.

Fig. 3 shows two DFBFL (pumped at 35mW ) 

output power spectra obtained from applying the 

minimum signal amplitude at 1kHz and 40kHz. 

The spectra were obtained using an 

exponentially weighted RMS averaging 

algorithm with only 10 averages. Despite the 

reduction in the number of averages, the SNR is 

still almost 10dB for the 40kHz case.  

Fig.2 Calculated power spectrum of DFBFL 

output with signal generator set to 

504Hz, 3.6mV peak-to-peak. Spectrum 

calculated using exponentially weighted 

RMS averaging (60 averages).

In all three cases, the small signals were intensity modulated, and can be detected directly from the output 

power spectra. Such simplicity in the detection process is the single most valued advantage of an intensity 

modulated system. Beyond 40kHz, the SNR is further reduced due to an increase in the RIN [6], [13]. 

(a)    (b) 

Fig.3 Calculated power spectra of DFBFL output with signal generator set to (a)1kHz, (b) 40kHz at 

3.6mV peak-to-peak. Spectra calculated using exponentially weighted RMS averaging  

(10 averages). 

Fig. 4 displays results when higher signal amplitudes were applied. As desired in an intensity modulated 

system, larger acoustic field strengths induced higher spectral peaks. From Fig. 4(a) it seems that the 



frequency response of the intensity modulation process varies for different frequencies. Fig. 4(b) suggests 

that the amount of intensity modulation induced is non-linear, also reported in [12]. 
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Fig. 4 Relative power of signal peak plotted as functions of (a) frequency and (b) amplitude. 

Conclusion. The preliminary results showed that a DFBFL can be used in intensity modulated sensor 

system with high sensitivity. Frequency and amplitude characteristics of the acoustic signals from 500Hz 

to 40kHz can be determined directly from the returning DFBFL emission. The signal frequency peaks for 

the low signal level of 3.6mV peak-to-peak were at least 10dB above the noise floor of the detected 

power spectra. Such results from our provisional setup hint at the simplicity vs. performance of such a 

sensor system. The combination of simplicity, robustness and electrical-passive characteristics of fibre 

sensors should be attractive to industrial applications with relaxed sensitivity requirements from 

interferometric oriented systems. 
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