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ABSTRACT
We report a novel liquid level sensor based on a simple uniform fiber Bragg grating by monitoring
both the short-wavelength-loss peaks and its Bragg resonance. The liquid level can be measured from
the amplitude changes of the short-wavelength-loss peaks, while temperature can be measured from
the wavelength shift of the Bragg resonance. Such a scheme has some advantages including robustness,
simplicity, flexibility in choosing sensitivity, and simultaneous temperature measurement capability.
Keywords: Fiber optics sensors, Fiber Bragg gratings, liquid-level sensor

1. Introduction

Liquid level measurement and control is very important and highly demanded in many industrial applications such as
fuel storage systems, chemical processing, water supplies and treatment plants. Various liquid level sensing techniques
based on electrical, mechanical, ultrasonic, and optical methods have been developed [1-6]. Electrical liquid level
sensors are widely used, but their applicability is limited if the liquid to be monitored is conductive, or if the
environment is potentially explosive and erosive. Due to its inherent advantages such as dielectric and immunity to
electromagnetic interfaces, optical fiber based technology is particularly attractive for application in these rigorous
conditions. Recently, some fiber grating based level sensing schemes have been demonstrated, such as using long-period
gratings (LPGs) [4], etched fiber Bragg gratings (FBGs) [5], and FBGs on a bending cantilever beam (BCB) [6]. In this
paper, we propose and demonstrate a novel liquid level sensor based on the measurement of the short-wavelength-loss
peaks of FBGs. The proposed scheme has the following advantages- (1) they are robust (etched FBGs are fragile); (2)
they are simple (no need to design BCB); (3) their sensitivity can be flexibly and widely chosen since potentially tens of
peaks can be used in one FBG (compared to LPGs which just have a few peaks can be used); (4) temperature can be
simultaneously and independently measured from its Bragg resonance (the schemes based on LPG and etched FBG need
extra elements to measure temperature).

2. Experiment

The level test setup (shown in Fig.la) consisted of a S0mm-long uniform FBG, a plastic tube (serving as liquid
container), supporting holders, a broadband light source and an optical spectrum analyzer. The plastic tube initially had a
small hole at the bottom, which allowed the optical fiber to go through and was then tightly sealed to avoid liquid leak.
The FBG position was adjusted to be appropriate in the tube so that the whole length can be tested. The optical fiber was
mounted vertically with a tiny strain applied to avoid possible bending effect. The liquid level was adjusted by injecting
liquid into the tube. A liquid with refractive index of ~1.44 was used in initial tests. Before the liquid level reached the
start point of the FBG, the monitored transmission spectrum had no change. The measured transmission spectrum of the
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FBG in air is shown in Fig.1b. It is seen in Fig.1b that the original FBG had lots of distinct loss peaks in the short
wavelength range, which were due to the coupling of light from the core mode to symmetric cladding modes LPy,
(m=23,...). When the liquid level reached the FBG, some interesting changes were observed in the transmission
spectrum, as seen in Fig.2a. For lower order modes (m<=6), the spectral profile were hardly changed, which means
lower order modes are much less sensitive to surrounding refractive index change. For each higher order modes (m>6),
an additional new peak adjacent to the original mode appeared at its long wavelength side. The corresponding new peak
was due to coupling to the same asymmetric cladding modes from the immersed part of the FBG. The higher mode order,
the wider the separation of the two peaks, which indicated the sensitivity increased with the mode order. For those peaks
with a separation wide enough, one can see clearly that the new peaks grew stronger as the immersion length increasing,
while the original peaks became weaker at same time. Fig.2c shows the amplitudes of the original LP,, peak and its
corresponding new peak as a function of immersion length. The amplitude difference of the two peaks is also plotted in
Fig.2c, which has near linear response and can be a good candidate for level measurement. It is also interesting to note
that the Bragg resonance is not sensitive to the surrounding refractive index at all, which means it can act as an
independent temperature indicator in simultaneous measurements. The temperature response of the FBG was measured
in an environmental chamber, in which the temperature was varied from 10°C to 60°C. The wavelengths of the Bragg
resonance and the LPg;, peak as a function of temperature is plotted in Fig.3a, in which both can be seen to have a good
linear response to temperature. The level sensing test was also carried out in air conditioned room with room temperature
setting of 15°C and 30°C and the results were shown in Fig.3b. It is seen in Fig.3b that the results for two temperatures
are very close.

We further tested a liquid with refractive index close to refractive index of optical fiber (~1.45) and the results were
shown in Fig.4. There are some different features in the spectral profile with increasing liquid level, as seen in Fig.4a.
Unlike in Fig.2a, no new peaks appeared near the original peaks and the transmission loss (radiation modes induced loss)
increases with increasing immersion length. The amplitude of the original cladding resonance peaks decrease with
increasing immersion length and the peaks almost disappear when the full length of the FBG is immersed. This level test
was also conducted in room with temperature setting of 15°C and 30°C and the results were shown in Figdb and 4c.
Again the results are very close for the two temperatures.

3. Conclusion

We propose and demonstrate a novel liquid level sensor based on the measurement of the short-wavelength-loss peaks of
FBGs. Such a scheme has some advantages including robustness, simplicity, flexibility in choosing sensitivity, and
simultaneous temperature measurement capability.
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Fig.1 (a) Schematic of the liquid-level measurement setup. (b) Transmission spectrum of FBG in the air.
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Fig.2 (a) Transmission spectra of the FBG at different immersion lengths. (b) Enlarged part of (a). (c) LPy;, mode
resonance as a function of immersion length.
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Fig.3. (a) Bragg resonance and LP |, mode resonance as a function of temperature. (b) Amplitude difference of LP >
mode resonance as a function of immersion length at 15°C and 30°C.
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Fig.4 (a) Transmission spectra of an FBG at different immersion lengths in liquid with refractive index close to the
cladding index. (b) LP, ;, mode resonance and loss at 1545.54nm as a function of immersion length at 15°C and 30°C.
(c) Amplitude difference of LP,;, mode resonance as a function of immersion length at 15°C and 30°C.
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