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Abstract— Moisture is one of the most important factors during
and after the harvest in forage crops. Hay moisture content has a
considerable impact on different stages of harvest and post harvest
such as baling, transportation, storage, etc. and therefore its role is
very evident in production processes. The conventional method of
moisture measurement in forage is based on weighting method that is
time-consuming and costly and the product sample will lose its
original properties. In this study a capacitive sensor for real-time and
continuous measurement of hay moisture content was designed,
fabricated and evaluated. Alfalfa samples used in laboratory
evaluation were obtained from alfalfa fields of the College of
Agriculture research farm at Shiraz University, at three levels of
moisture content, three levels of density and five levels of capacitor
plates spacing. The results showed that there is a significant
relationship between moisture content and capacitance sensor’s
output. Also temperature has a significant effect on the sensor’s
outputs.

Keywords— Alfalfa, Capacitance, Moisture content, Precision
Agriculture, Real-time measurement.

I. INTRODUCTION

O ne of the biggest problems facing the harvested forage is
the need to reduce the initial moisture content of about
80 percent to 20 percent (wet basis). Moisture content of 20%
is appropriate for forage baling and storage and does not lead
to fermentation and corruption (savoie et al., 1982). Most of
the existing devices used for measuring moisture content of
agricultural products are stationary and manually operated. By
highlighting the importance of precision farming and site-
specific farm management decisions, the need for tools for
continuous and on-the-go measurement of forage moisture
content during baling operations in the field becomes more
important. So, in this study we tried to design and fabricate an
instrument to measure forage moisture content continuously
and simultaneous with baling. Here also the economic aspect
of the project was considered such that the device be low-cost
and affordable. The moisture content of forage is measured
using two methods: direct and indirect methods. In direct
method, a specific mass of forage is placed in oven at a
specific temperature for a specified time. Then, the dried

sample is precisely weighed to obtain the moisture content.
Although these methods are more common than the indirect
methods, but they are very expensive and time consuming and
need laboratory equipment. Thus, its preferred to use indirect
methods that measure moisture content in field (Zazueta &
Xin, 2005). Indirect methods are usually based on measuring a
property of material that has a close relationship with moisture
content. On-line moisture measurement methods include:
Resistance, capacitance, sonic, near-infrared radiation, nuclear
magnetic resonance and microwave methods. Among them the
most important and common method for measuring moisture
content is based on measuring capacitance or dielectric
properties of products. This property changes with the type of
materials in addition to change with moisture content of
materials. Dielectric constant of a material is its ability to store
electrical energy. Capacitance can be changed by varying
three factors: The spacing between capacitor plates, plates
surface are and dielectric type. So, the capacitive-type
moisture meter is capable of measuring moisture content of a
material. Many studies in the field of moisture measurement
of agricultural products and their dielectric properties were
conducted by employing capacitive sensors. Osman et al.
(2002) built a parallel plate capacitor with variable plate
spacing for hay and forage moisture measurement. Their
results indicated that the sensor could not directly determine
the moisture content. However, a good correlation was
observed between the output of the sensor and the amount of
water within the volume of the capacitor. The frequency drop
and the amount of water correlated more closely at low
moisture contents than at high moisture contents. McIntosh
and Kasada (2008) designed another sensor for measuring
moisture content for agricultural products. This sensor was
rod shaped and to measure moisture content it was inserted
into the bulk of agricultural products. The sensor was
composed of three capacitors and for measuring the moisture
content, the electric field formed by capacitor (local field) was
used (Macintosh & Casada, 2008). Knowing the moisture
content of hay bales is essential during baling and subsequent
processes including storage. The purpose of determining
forage moisture during baling is to enhance the power of
decision making regarding continued process of baling
operations.
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The main objectives of this study included design and
fabrication of a capacitance type real-time moisture sensor for
alfalfa hay and investigating the effect of hay moisture content
and capacitor plates spacing on its performance.

Il. MATERIAL AND METHODS

A. Design and fabrication of the capacitance sensor

For designing a moisture sensor based on the basic
principle of capacitance, two metal electrodes as capacitor
plates are required to enclose the forage sample as a dielectric
material. In this study, two 50x50 cm aluminum plates with 1
mm thickness and coated with Teflon insulation were used to
make capacitor plates. In order to carry out the tests at
various plate spacing and also to create bale density observed
in field conditions, at laboratory, a 50x50x50 cm chamber
with  was made. Aluminum studs for holding the capacitor
plates were installed at intervals of 50, 40, 30, 20 and 10 cm
on two inner sides of the chamber. Schematic of the chamber
design by ANSYS software is shown in Figure 1 and also
Figure 2 shows actual picture of the chamber and how the
capacitor plate are installed.

Figure 1. Schematic view of the chamber

Figure 2. The actual picture of the chamber showing
aluminum studs and capacitor plates in the chamber chamber

By using the aforementioned capacitor chamber, the capacity
changes due to different alfalfa hay moisture contents and
capacitor plates spacing were measured..

B. Electronic circuitFigures

An IC 555 was used to generate a square wave in electronic
circuit. An Arduino 2560 microcontroller was used to
process a SHT10 temperature sensor and 1C555 data. A 16-
character LCD was used to display temperature and
capacitor variation.

C. Moisture sensor test

In order to test and evaluate the moisture sensor, laboratory
experiments were performed at constant temperature. The
experiments were carried out with three levels of moisture
content (10%, 20% and 30%), three levels of hay density (80,
100 and 130 kg.m-3 and five levels of capacitor plates spacing
(10, 20, 30, 40 and 50 cm). Three replicates were considered
for each treatment and totally 135 tests were performed.
Given hay density and container volume at any capacitor
plates spacing, the needed hay mass to obtain the required
density was calculated. These calculated densities are given in
Table 1:

Table 1 The needed hay masses to obtain required density at
different capacitor plates spacing

50 40 30 20 10 Distance(cm)
Density(kg/m®)
9kg 7.5kg 5.5kg 35 2kg 80
11kg 9.6kg 7kg  4.5kg 2.5kg 100
14.5kg  12kg 9kg 6kg 3kg 130

I1l. RESULTS AND DISCUSSION

After laboratory measurement, the following graphs were
plotted between the recorded data. As shown in Figures 3, 4
and 5 the circuit output (capacitance) has a decreasing trend
with any increase in plates spacing in every three levels of
hay  moisture content (10%, 20% and 30%).
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Figure 3. Capacitance changes vs. plate spacing for
alfalfa hay at 25°C and 10% moisture content..
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Figure 4.Capacitance changes vs. plates spacing for
12agg:(a}lfa hay at 25°C and 20% moisture content.

—d— 100 kg/m3
E 12000 130 ke/m3
%mm ‘—k\\\.
S 11400
11200
0 10 20 0 40 50 &80

plates distance{cm)

Figure 5. Capacitance changes vs. plates spacing for
alfalfa hay at 25°C and 30% moisture content

Figures 6, 7, 8, 9 and 10 show the effect of moisture content
on capacitance. The circuit output shows an increasing trend
with any increase in hay moisture content at all three levels of
haydensity.
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Figure 6. Capacitance changes vs. different hay
moisture contents at 25°C and 10 cm plates spacing
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Figure 7. Capacitance changes vs. different hay
moisture contents at 25°C and 20 cm plates spacing
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Figure 8. Capacitance changes vs. different hay

moisture contents at 25°C and 30 cm plates spacing
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Figure 9. capacitance change vs. different moisture
content at 25°C for circuit of LM 555 in 40 cm
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Figure 10. Capacitance changes vs. different hay
moisture contents at 25°C and 50 cm plates spacing
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The effect of hay density on capacitance changes were also
studied. The results as presented by Figures 11, 12 and 13
show that sensor output increases with increasing hay density.
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Figure 11.Capacitance changes vs. different hay
density at 25°C and 10% moisture content
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Figure 12. Capacitance changes vs. different hay
density at 25°C and 20% moisture content
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Figure 13. .capacitance changes vs. different hay
density at 25°C and 30% moisture content

IV. CONCLUSIONS

1. The results showed that non-destructive method of using
capacitance sensor can estimate the moisture content of alfalfa
hay.
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2. Statistical analysis of capacitance data showed
thattemperature has significant effect on capacitance such that
capacitance decreases with increasing temperature.

3. Results showed that capacitance increased with increasing
both hay moisture content and bale density..
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