Microstructured optical fiber sensor for soil moisture
measurements.
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Abstract: A discrete sensor based on a SnO.-FP (Fabry-Pérot) cavity is presented and
characterized in real soil conditions. Results are compared, for the first time to our
knowledge, with a commercial capacitive sensor and gravimetric measurements improving
some handicaps of capacitive commercial sensors and enabling precise local
measurements.
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1. Introduction

Soil moisture plays a key role in the hydrological cycle by controlling processes such as
evapotranspiration or runoff and recharge of aquifers, just to mention some of them [1, 2]. Therefore, soil
water content data are very useful for the application and evaluation of hydrological models as well as for
irrigation programming and optimization [2].

Among optical fibers, microstructured optical fibers (MOFs) have shown improved characteristics over
conventional ones and a great potential for sensing applications. For instance, several pure silica suspended-
core fibers have been used in relative humidity (RH) sensing [3].

FP cavities fabricated with MOFs are structures previously used for sensing like compact FP cavities
for humidity between 40%-95% were reported [4].

Nanocoated based sensors have recently experienced a remarkable development [5]. Techniques in
chemical deposition, such as sputtering, allow to control the morphology and thickness of the deposited
coatings with high accuracy, and as a consequence, the final properties (sensitivity, kinetics) of the sensor.

In this work, an optical fiber sensor based on a sputtering deposition on a MOF is presented for real
moisture measurements and compared simultaneously with a commercial capacitive sensor. The operation
principle of the humidity optical sensor has been previously reported by authors [3] showing in detail the
construction process of an optimized sensing head and its performance towards humidity variations. In the
present paper, the authors propose, for the first time to our knowledge, a sensor that has been adapted and
used for measurements in real soil conditions. Moreover, the authors also present a comparison between
the performance of microstructured optical fiber sensors, a commercial capacitive sensor and gravimetric
measurements; showing the pros and cons of each type of sensors (and remarking the advantages of fiber
optics versus commercial capacitive ones).

2. Experimental set-up and principle of operation

2.1. Principle of operation

A Decagon 10HS capacitive sensor was used as a reference for the soil moisture measurements. Its
operation principle consists of the measurement of the dielectric constant or permittivity of the soil to
calculate its humidity content in a volume of ~6.5 dm?.

We have compared its measurements with an optical fiber Fabry-Pérot interferometer that was
fabricated by splicing a single mode fiber (SMF) to a four-bridge MOF, whose end was cleaved, as shown



in [3]. The MOF-FP optical fiber core was used as the substrate in a SnO, coating-DC-Sputter deposition
process also demonstrated in [3]. Due to the structure of the MOF used in this work, SnO; can be deposited
on the walls of the air holes of the short section of the MOF as well as on the top of the sensor head. SnO-
coating is highly sensitive to humidity changes the surrounding environment.

The interaction between SnO, and H>O molecules is due to the phenomena called physisorption, by
means of the adsorption/desorption of these molecules [6]. The molecules of water interact mainly with the
surface of the deposited SnO, thin film.

2.1. Experimental set-up

As it can be inferred, the sensing head is very fragile and moreover, dust inside the MOF holes or in
contact with the SnO. deposition could lead to measurement errors. In order to avoid this scenario, a
protective cap was developed: it consists of a polyvinylchloride (PVC) tube with 4 arrays of drilled holes
(2 mm of diameter) each 5 mm and a cap in one of its ends that enables the access of the optical fiber. Fig.
1 shows the real pictures of the protective cap and the final sensor installed inside the cap.

)

Figure 1. Optical sensor’s PVC drilled protective cap.

The influence of the protective cap was verified before the installation in the soil to test the behavior of
the sensing head.

A commercial interrogator equipment for FBGs based sensors (SM125, SMARTEC, Lugano,
Switzerland) was used to illuminate the network and also to analyze the spectra of the signals reflected from
the sensors. The interrogating equipment has a sampling frequency of 1Hz. The three sensors where buried
in the soil.

A commercial FBG (sensitivity of 10 pm/°C) was also monitored at the same time in order to measure
the temperature variations inside the soil sample and compensate the optical sensor’s deviations. Once
known the variation of temperature through the FBG and the sensitivity of the MOF sensing head to
temperature variations it can be directly compensated by subtracting the wavelength shift — FFT phase shift
to the MOF’s results.

In this study two different types of soil were tested in order to check the performance of the optical
sensor in comparison with the capacitive one. The first porous media was a silica sand specified for use in
pool filters, water purification and sports fields. This Soill texture was defined as sand (100% sand). The
second one (Soil2) was a mix of 50% weight of the silica sand and 50% weight of a contrasting natural soil
texture classified as clay loam, 28% sand, 36% silt and 36% clay.

3. Experimental results

Long term measurements were performed in order to check the viability of the MOF-FP sensor. For this
aim, the MOF-FP sensor was buried in the soil at ~5cm deep whereas the capacitive sensor was at ~20cm.
This difference must be underlined as it will affect directly on the results and it is produced due to the size
difference of the sensors. On the one hand, MOF-FP sensor presents reduced dimensions allowing the
moisture measurement within a small volume of soil while, on the other hand, capacitive sensors need a
significant soil volume (as it will be described) to work properly. After the sensor’s installation, water was
carefully added to the soil until saturation (water dropping at the bottom of the sample — Relative humidity
= 100%). Every sensor was monitored each 10 minutes during ~14
days uninterruptedly showing the results in Fig. 2. After ~12 days for Soill and ~9 days for Soil2, humidity
was raised again until saturation to check the sensor’s reversibility and adaptability to changing
environments.
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Figure 2. Capacitive and optical sensor’s response towards soil humidity: (a) Soill and (b) Soil2.

There is a discrepancy in terms of Kinetics of both sensors. This is due to the size of sensors and their
sensing principles. On the one hand optical sensor measures the content of water directly in contact with
the sensing head (changes in the refractive index of the surrounding media), performing point measurements
and, on the other hand, capacitive sensor measures the content of water in a volume of ~6.5 dm? of soil.

Another difference in the results can be seen in the X axis of Figs. 2 (a) and (b). Fig. 2 (a) shows the
results of the natural evaporation process in indoor conditions. As it can be seen, there is a very slow kinetic
and humidity decreased ~30% in 12 days. To accelerate this process, for Soil2 measurements (Fig. 2 (b))
two heating fans where placed close to the sample. Temperature variations were compensated as explained
before. A significant difference can be seen as the humidity decreased ~60% in 9 days.

4. Conclusions

In this work, a new sensing application of a microstructured optical relative humidity sensor has been
presented for the first time. A comparison between a commercial capacitive FDR and the optical sensor has
been carried out in two different types of soils during two weeks. Results show a good agreement between
capacitive and optical measurements in the range 15%-100% humidity. Soil moisture can be measured with
MOF-FP sensors with the advantages that they offer in comparison with traditional capacitive sensors:
immunity to temperature variations (compensated), point measurements (against field measurements) and
high multiplexing capability.
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