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ABSTRACT

Several smart and efficient irrigation techniques have been introduced by engineers and researchers over the last few 
decades. These techniques can be divided into three main categories: Laboratory, In situ, and Remote sensing methods. 
Focusing on the in situ moisture sensing methods, in this research we built two smart efficient irrigation systems using 
two methods where each one is based on a different physical phenomenon. The first phenomenon is the electrical 
conductivity, where we used two separated probes of conductive materials to measure the conductivity of the soil. Having 
high conductivity measurements is an indication of high moisture in the soil, and it will direct the irrigation system to 
stop watering. The effectiveness of this method does not last for long time due to the corrosiveness of the conductive 
electrodes. The second fundamental physical concept is wireless power transfer. In this method, a novel polymer-based 
technique is proposed to increase or decrease the distance between power coils and consequently varies the amount of 
wireless power transfer. The power variations at the receiver end will allow the system to manage the irrigation process. 
We showed the effectiveness of the wireless method compared to the conductivity measurement method and we 
introduced a new technique to manipulate the wireless power transfer using soil moisture.
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INTRODUCTION

Water is a key factor in crop production. Optimum soil 
moisture is essential for effective agricultural process-
es. Hence, several soil moisture measuring method-
ologies have been proposed by researchers in the 
literature. These soil moisture-sensing techniques 
classified into three categories: Laboratory, in situ, 
and remote sensing methods (Kashyap and Ratnesh, 
2021). In this research work, we are focusing on the 
in situ or at-site soil moisture sensing methods where 
the measuring instrument is taken in the field and is 
placed in direct contact with the soil medium. The in 
situ methods can provide point-based real time mois-
ture measurements with high resolution. 

These measurements are particularly useful for agricul-
tural applications since the used measuring instruments 
are easier to calibrate, control, and more accessible to 
farmers. Some of the presented at-site soil moisture 
sensors in the literature are tensiometer sensor (Leib 
et al., 2003), gypsum block sensor (Muñoz-Carpena, 
2004), single-probe heat sensor (Dias et al., 2013), du-
al-probe heat sensor (Giovanni, 2017), multi-probheat 
sensor (de Morais et al., 2018), neutron probe sensor 
(Berrueta et al., 2023), time-domain reflectometry sen-
sor (Skierucha et al., 2012), impedance-based sensor 
(Gunjan et al., 2014), and capacitance-based sensor 
(Kojima et al., 2016).

In general, Impedance and capacitance-based soil 
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moisture sensors require using conductive materials, 
which are highly corrosive. After a while, the conduc-
tive materials will lose their conductivity and the sensor 
will give false readings to the system, which results in 
wrong reactions during the watering periods. Some of 
the sensors can hardly last for a day where the metal 
will no longer be on the sensor, but it will be dissolved 
in the soil.

To overcome this problem, many solutions were pro-
posed in the literature. One of the common solutions is 
through replacing metal rods with graphite plates which 
are not corrosive like metals but still very conductive 
(Surya et al., 2020; Yao et al., 2011; Palaparthy et al., 
2018; Kalita et al., 2016; Arvas et al., 2019). In this 
paper, we first used the traditional impedance-based 
sensing method using metal electrodes. After many 
attempts in the laboratory, we found a novel alterna-
tive sensing method that can be used to sense the 
amount of water in the soil without any direct contact 
between the sensor plates and the wet soil. This in-
novative method is based on the concept of wireless 
power transfer. The initial results were impressive and 
showed that this method is more robust and effective 
than the traditional voltage difference method.

MATERIALS AND METHODS

This research relies on two fundamental concepts: 
electrical conductivity and wireless power transfer. 
Electrical conductivity is a material property that shows 
the material’s ability to carry an electrical current. The 
conductivity of pure elements like metals can vary by 
manipulating temperature or pressure. In case of hav-
ing a mixture of impure substances like soil, the con-
ductivity can mainly change due to salt concentration 
and soil moisture. In agriculture, the most common unit 
used to measure Electrical Conductivity (EC) is Deci 
Siemens per meter (dS/m). The EC of soil (ECs), can 
be calculated using the following equation:

s wEC EC α= ×  ........(1)

Where ECw is the EC of the irrigation water and α is a 
constant between 1.3 and 1.5 depending on the soil 
texture (Brevik et al., 2006).

The second fundamental principal used in this project 
is the wireless power transfer. This technology permits 
the transmission of electric energy through an isolation 
gap, usually air. In this wireless system, a transmitter 
device generates an alternative electromagnetic field. 
The generated field transmits power through space to 
a receiver. Then, the received power will be supplied 
to an electrical load. Increasing mobility, convenience, 
and safety of electronic devices are some advantages 
of wireless power transfer (Beeby et al., 2023). One 
of the most popular applications of this technology 
is wireless power charging of electronic devices like 

smartphones. The efficiency of the wireless power 
transfer between the Transmitter (Tx) and the Receiver 
(Rx) was well formulated as:
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Where, Pr is the received power at Rx, Pt is the trans-
mitted power at Tx, Gr is the antenna gain of Rx, Gt is 
the antenna gain of Tx, R is the distance between Tx 
and Rx, and λ is the wavelength in free space (Friis, 
1946).

As discussed in the theory, two different moisture sens-
ing methods were proposed and implemented in this 
research: the corrosive conductive method and the 
anti-corrosive wireless method. Using two conductive 
electrodes immersed in soil, we measured the current 
transfer between the two rods to control the operation 
of the watering valve. In this method, we used cop-
per, stainless iron, silver and aluminum as conductive 
materials for the electrodes. One of the electrodes is 
exposed to a voltage of 5 volts and then placed in the 
soil. The second electrode is immersed 10 cm away 
from the first and connected to a controller. When there 
is enough moisture in the soil, water and salt will allow 
the current to pass through the soil and connect the 
two electrodes. The controller is used to analyze the 
received electrode signals and then send the correct 
order of opening or closing to the watering valve. As 
shown in Figure 1, we utilized an Arduino UNO micro-
controller, a Metal-Oxide-Semiconductor Field-Effect 
Transistor (MOSFET) (K4019), and four resistors (220 
KΩ, 10 KΩ, 5 KΩ, 1 KΩ).

Figure 1: Circuit diagram of the impedance-based soil 
moisture sensor.

While in the first method conductor rods were used, in 
the second method non-conductive coils were used as 
the sensing material. Like the previous circuit, the emit-
ter is exposed to a voltage of 5 volts and the receiver 
is linked to a microcontroller system. In this method, a 
polymer material is placed between the receiver and 
the transmitter. This polymer expands and increases in 
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size if it is exposed to moisture and decreases in size 
if it dries. After plant watering, soil moisture stimulates 
the polymer material to expand. Then, the separation 
distance between the emitter and the receiver devices 
increases, and the amount of transferred power will be 
different. At that point, the controller will distinguish the 
signal difference and it will open or close the watering 
valve. The whole sensor setup is placed inside a metal 
or plastic cage covered with a porous cloth to allow wa-
ter penetration without dust. The setup and operation 
of this sensor are shown in Figure 2 and 3.

RESULTS AND DISCUSSION

As discussed in the previous section, we used copper, 
stainless iron, silver and aluminum electrodes in the 
impedance-based method. For all types of probes, the 
applied voltage was 5 volts. We measured the resis-
tance and the current transfer between the electrodes 
at the starting time of the experiment and after 3 days. 
The results are shown in Table 1.

Figure 3: Voltage readings at Receiver (Rx) after watering Note: a) Indoor; b) Outdoor.

Figure 2: The 3D diagram illustarting the setup and operation of the polymer-based sensor. Note: Tx-Wireless Transmitter; Rx-Wireless 
Receiver.
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In the second method, we used a transmitter coil, a 
receiver coil, and a polymer in between for sensing the 
soil moisture. The voltage at the receiver end will be 
different if we vary the distance between the coils. As 
illustrated in materials and methods, distance variation 
naturally occurs due to having the resizable polymer 
which is sensitive to any moisture in soil. Figure 3 
shows two plots demonstrating voltage measurements 
at the receiver coil after watering the plant. The read-
ings of the first plot were measured indoor while the 
readings of the second one were taken outdoor. How-
ever, both plots exhibit an overall increase in the volt-
age readings when the soil becomes drier.

CONCLUSION

We actively explored two different methods for smart 
water irrigation systems for indoor and outdoor appli-
cations. Both methods showed promising results. How-
ever, the introduced power transfer method showed to 
be more robust than the traditional impedance-based 
technique, which is not reliable after a while due to 
the corrosion build up on the conductive electrodes. 
After demonstrating the proof-of-concept, we charac-
terized a new polymer-based sensor by taking voltage 
readings of the indoor and outdoor plants. The results 
showed the effectiveness of this methodology for mea-
suring soil moisture and managing the irrigation sys-
tem.
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