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Abstract.  Soil moisture is a significant element in the water cycle, on an agricultural and in land interaction. In crop 
production, soil plays a key role as a physical support and a reservoir of water and nutrients. Decisions for optimized 
input rates of water are largely based on physical, chemical, and biological properties of soils. The aim of this work is to 
develop a low cost soil moisture sensor (SMS) based on impedance spectroscopy by means of magnitude ratio and phase 
difference detection method. Using impedance spectroscopy, more information can be delivered from real and imaginary 
part of the complex permittivity for several frequencies at the same moisture value. For this purpose, a probe has been 
designed which uses a simplified impedance measuring system to determine soil water content. The circuit sweeps at 
pre-programmed frequencies from 10 KHz to 10MHz with 10 mV AC amplitude. A local inceptisol soil of East Sumatra 
was especially selected for this investigation because measurements of soil moisture in peat swamp area were generally 
reported as challenging to analyze. Samples at defined soil moisture of 2%, 8%, 15% measured using commercial soil 
sensor Lutron PMS-714, was characterized. A model has been developed in order to correct the frequency influence 
upon the measurement. The results obtained by the sensor show good results with an overall mean error of 0.21% in 
impedance. 
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INTRODUCTION 

Soil is important in agriculture and plays a key role 
in crop production as a physical support and a 
reservoir of water and nutrients. Soil moisture content 
measurements are very critical for conservation of 
water.  Continuous monitoring of soil moisture content 
can assist optimal irrigation scheduling and also 
decisions for optimized input rates of fertilizer, 
pesticides, and seeds based on physical, chemical, and 
biological properties of soils.  Soil moisture content 
impacts crop growth directly and also influences the 
fate of agriculture chemicals applied to soil. Due to 
growing population, there is an immediate need to 
conserve water [1]. 

Reliable soil moisture measurement over large 
areas is much needed for in-situ soil water content 
measurement. For collecting such data, portable 
electronic sensors offer a practical alternative to 
gravimetric measurements. Traditional soil surveys 
and accompanying soil databases are too general for 

use in site-specific farming systems, and the current 
method of intensive grid sampling requires a sizeable 
investment of money and time. This is a labor-
intensive task and not well suited for automation [2]. 
The most reliable of the electromagnetic methods is 
Time Domain Reflectometry (TDR) which operates by 
launching a fast rise voltage step along the 
transmission line in the soil [3,4]. The TDR technique 
determines the dielectric constant of a medium from 
measurements of the propagation speed of an 
electromagnetic wave obtained from a pulse generator. 
Topp et al. in [5] presented an empirical relationship 
between permeability of moist soil and soil moisture 
and since then the measurement methods based on 
dielectric properties has been widely accepted. By 
using the TDR method, the measurement can get 
higher accuracy result, but the main problem for this 
instrument is their high cost [6,7].  

Other method using high-frequency capacitance 
sensor has been accepted for measuring soil moisture 
and may give result with the same accuracy [8]. 



Capacitive sensors are easy to use but signals are 
dependent on soil salinity and other soil properties. 
This means that calibration processes are required in 
order to keep an acceptable accuracy. This should be 
also regularly done because of changes in soil 
properties by rain, fertilization and agricultural work. 

Conductivity sensors and tensiometers measure soil 
water potential, which refers to energy required in 
order to extract water from porous soil material [9,10]. 
Conductivity sensors are e.g. gypsum blocks sensor. 
The sensor signal is highly dependent on soil salinity 
and gypsum blocks dissolve itself with time. 
Tensiometers measure the pressure difference 
describing the water loss from a porous water 
reservoir. They need high maintenance expenditure 
because the water reservoir should be permanently 
filled and even short-range reservoir total evacuation 
leads to pore blockings changing the measurements 
behavior. 

Therefore, inexpensive sensors those are capable of 
measuring multiple soil properties in real-time are 
needed [11]. The aim of this work is to develop a low 
cost soil moisture sensor based on impedance 
spectroscopy by means of magnitude ratio and phase 
difference detection method. The sensor is used for 
investigating of soil wetness in the peat swamp area in 
East Sumatera that contains of organic component, the 
rest clay and silt. It is therefore interesting case to 
investigate the impedance spectroscopy for soil 
moisture measurement in general. 

 

THEORITICAL APPROACH 

Measurement of Water in Porous Material 
Soil with respect to its moisture status can be 

considered as a porous medium with combination of 
three components: air, solid, and water. The 
relationship between the three components as shown in 
Figure 1 determines how water in soil moves, its 
ability to act as a solvent and its availability to plants 
[12]. Shape, size and volume fraction of the soil pores 
are directly influenced by the soil texture and all those 
numerous parameters influence binding states of the 
water [13].  

The most common method for determination of 
moisture in soil is by removing a physical sample from 
the site in question. The sample is weighed, dried in an 
oven at 100°C to 110°C for 24 to 48 hours, and then 
re-weighed. The gravimetric moisture content, termed 
wetness (w), is then determined: 
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FIGURE 1. Representation of soil matrix composition 
indicating relationship between air (A), soil particles (B) and 
water (C) [12] 
 

Water status of soil can be determined on a volume 
basis, θ (m3 m-3), where θ is the volume of the liquid 
phase per unit bulk volume of soil. This is the most 
popular method of reporting the moisture status of soil 
with respect to repeated in situ measurement, 
especially regarding irrigation scheduling. Parameter θ 
is calculated from wetness if the bulk density of the 
soil is known (or estimated) as shown in Equation (2): 
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where ρb is the bulk density of the soil, (Mg m-3); ρw is 
the density of water and; w is wetness (Mg Mg-1) as 
defined in Equation (1). Most in situ techniques are 
field calibrated to account for bulk density effects and 
report moisture on a volume basis. The accuracy of the 
bulk density and wetness determination dictates the 
accuracy of the calculated volumetric moisture 
content. 

 

Impedance Measurement 
The most common technique for the measurement 

of electrical impedance consists in measuring the 
voltage drop resulting from the application of current 
at the terminals of the object under study [14]. 
Electrical Impedance Spectroscopy (EIS) involves the 
injection of a constant current into sample at different 
frequencies and measurement of the resultant voltages 
[15,16]. The transfer impedance is then calculated, 
fitted to an appropriate model and parameters are 
extracted to describe the electrical properties of the 
sample [17]. In impedance spectroscopy, 
measurements are reproduced for frequencies over a 
selected range of interest. 

The basic circuit for measuring the complex 
impedance is shown in Figure 2 [18,19].  

 



 
 
FIGURE 2. Simple equivalent circuit for impedance 
measurement 
 
The unknown impedance is modeled as a series circuit 
consisting of an unknown resistance, Rn  and unknown 
impedance Z with magnitude is xx jXRZ += . The 
law of cosines is used to calculate the cosine of the 
impedance angle, θZ as follows:  

 ( )ZZNZn UUUUU θ−°−+= 180cos2222  (3) 

Considering the three voltages as vectors in a triangle 
and applying the law of cosines results in the equation 
for the phase angle:  
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The phase angle of the impedance Z  is determined 
from the three measured voltages. Impedance Z is 
described as follows: 
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The magnitude of the unknown impedance (real part) 
can be calculated as: 
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and the magnitude of the unknown reactance (imaginer 
part) can be evaluated as: 
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The frequency is measured in RMS values; therefore 
the procedure is easy to use. 

 

MATERIALS AND METHODS 

Soil Sample Preparation 
A local inceptisol soil with a pH of 7.5 was used. 

The soil is composed of very fine sand, loamy fine 
sand or finer texture, with some weak indication of 
either an argillic or spodic horizon. This type of soil is 
found widely in Sumatra, Java and Kalimantan, 

therefore it is used to cultivate horticultural crops and 
large plantation such as oil palm, cocoa, and coffee. 

The soil samples in laboratory tests were 
homogeneous i.e. free from stones, wooden chips and 
other foreign objects. Before adding water, the 
required amount of soil was kept in thin trays and 
oven-dried at 105°C for 24 h and then ground to 
through pass a 2-mm sieve, as indicated in Figure 3. 
The soil-filled trays were then cooled at room 
temperature, wrapped in aluminum foil to prevent 
moisture ingress from atmosphere.  

Soil samples with different water contents were 
prepared in covered containers. Known weights of 
deionised water were added to the soil samples to 
achieve desired water contents. Measurements were 
initiated at least 24 hours after the water was added to 
allow the sample to reach equilibrium state.  Samples 
were then measured using commercial soil sensor 
Lutron PMS-714 at defined soil moisture of 2%, 8%, 
15% and keep in three sealed container for impedance 
measurement using designed electrochemical 
impedance apparatus. 
 

 
 
FIGURE 3.  Inceptisol soil samples, after preparation using 
oven dried 

Structural Design of the Sensor Electrode 
The prototype sensor was designed based on the 

double-electrode structure with a length L = 170 mm, 
see Figure 4. The double electrodes were made of 
cylinders rod of brass alloy with diameter r = 9 mm. 
They were assembled on a Teflon holder with 12 mm 
thick. The space between adjacent electrodes d is 
12.8 mm. The choice of brass alloy as the electrode 
material is due to corrosive of soil properties and rigid 
structure on soil penetration. The sensor electrode 
design was intended for in situ measurement, where 
the sensor penetrates deep inside the soil. Penetration 
depth and electrode size were considered depend on 
the soil measurement purpose and field characteristic. 

Capacitance is measured between the sensor 
electrodes and is calculated after Hering [20] as below: 
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Sensor electrodes developed were then 
characterized for determining sensor capacitance using 
LCR meter DLIN type 4070D and give capacitance 
values between 13.6 and 16.8pf, while capacitance 
obtained after equation (8) results 17.3pF. The 
difference in capacitance values is due to geometrical 
arrangement of the two cylindrical electrodes, 
parasitical capacitance effect on Teflon plate, wiring 
and the connection of the electrode to the BNC 
connectors. 

 
FIGURE 4. Double-electrode structure of soil moisture 
sensor 

Impedance is measured using excited signal source 
at certain frequency spectrum. A 10 mV potential is 
imposed on the sample and the current measured. It 
should be noted that the potential cannot be too high 
otherwise the sample is polarized and anodic and 
cathodic reactions are initiated. The idea of the small 
potential applied is to avoid major current flow and so 
maintain the technique as non destructive. 

Impedance Measurement Circuit 
A simple impedance spectroscopy circuit that 

measures soil moisture is described as follow. 
Incorporating this circuit, a prototype instrument was 
built, and an attempt was made to calculate the 
impedance of soil samples between the sensor 
electrodes. This system is designed based on the 
magnitude-ratio and phase-difference detection 
method using IC AD8302, which provides a compact 
and low cost for real-time impedance measurements of 
soil moisture.  

Electrical Impedance Spectroscopy (EIS) involves 
the injection of a constant current into sample through 
soil electrode at different frequencies and 
measurement of the resultant voltages [21]. The block 
diagram of the schematic of the soil moisture 
measurement is described in Figure 5. 

In the following sections, the principle of 
impedance measurement using the phase detector 
method, data measurement and data processing and 

also developing mathematical model for the further 
implementation, are described in detail. 

Sine Wave Generator AD 9834 

In generating excitation source, an oscillator as 
signal generator using IC AD9834 was developed. The 
AD9834 is a 75 MHz low power Direct Digital 
Synthesizer (DDS device) capable to produce high 
performance sine and triangular outputs with built in 
28-bit frequency register [22]. 

Communication to AD9834 is built using a 3-wire 
serial interface compatible with standard SPI. The 
microcontroller delivered a 16-bit word DDS sine 
generator using serial interface to generate a sine wave 
at certain frequency. The output frequency fout is 
determined by the register using following equation: 
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where Freq.Reg is the value loaded into the selected 
frequency register and fMCLK is the frequency of the 
clock source.  

Initialization is performed to set the serial 
communication with PC and oscillator. After 
initialization, the microcontroller is waiting for 
commands from the PC using the serial interrupt, if 
there is any interruption then it means the PC is ready 
to receive data and program sequence of the 
microcontroller can proceed to the next step. 
Microcontroller then checks whether the maximum 
frequency is achieved, and if not then it is sent to the 
IC frequency oscillator and the oscillator output is 
enabled.  

A 75 MHz frequency clock rate is used so that a 
maximum frequency of 37.5 MHz with a resolution of 
0.28 Hz can be achieved. An increase in the output 
frequency up to a specific value has been set in the 
microcontroller, simply by setting the work function of 
oscillator, and then the frequency is increased step by 
step until a maximum point. After the maximum 
frequency is reached, oscillator is reset and the output 
will be inactive. Table 1 shows the frequency steps and 
output range of oscillator frequency performed by IC 
DDS AD9834: 

TABLE 1. Frequency output and steps of IC DDS AD9834 
Output Range Frequency Step 

0 – 9 Hz   1 Hz 
10 – 90 Hz  10 Hz 

100 – 900 Hz 100 Hz 
1 – 9 KHz 1 KHz 

10 – 90 KHz 10 KHz 
100 – 900 KHz 100 KHz 

1 – 10 MHz 1 MHz 



 

FIGURE 5. Block diagram of the designed soil moisture measurement, consist of Direct Digital Synthesis (DDS) sine 
generator ICs, filter, buffer, soil electrode, amplifier, Phase-Detector Stage, ADC, microcontroller and interfacing to the 
computer 

The output is used as an excitation signal on sensor 
element. To keep the signal quality and amplitude 
before entering the sensor elements, the signal is 
filtered and amplified resulting single frequency output 
and avoid voltage drop at the next stage. Since the 
output a current source; a connected resistor will affect 
the range of the output voltage. An active RC filter 
with a low resistance R can be used to eliminate noise 
in signal. For this purpose, buffer and low-pass filter 
circuit has been designed using 2-pole Butterworth 
low-pass filter with Sallen-Key configuration. The 
filter cut the frequency off at 10 MHz due to higher 
noise frequencies. The value R and C have been 
selected using appropriate value of 100 Ω and 100pF 
respectively. After filtered, the signal is fed to 
differential amplifier buffer with precision resistors to 
maintain the similarity between the input and feedback 
resistors. 

Sensor Electrodes 

Soil moisture sensor uses a dual electrode with 
distance between electrodes d. Both ends of the 
electrodes are supplied with a magnitude of alternating 
current I0, which will penetrate into soil sample. The 
output voltage is measured by calculating the potential 
difference Vz and the current is measured through a 
potential difference Vp. A precision resistor 
Rp = 220 Ω was used in this circuit and needed to 
calculate the amount of current I0 flowing through the 
electrodes.  

The measured voltage between sensor electrodes 
Vz and voltage drop across the precision resistor (Rp) 
Vp are amplified using two identical differential 

amplifier A1 and A2 with the same 10 times 
amplification factor for each amplifier respectively. It 
is provided that a low signal can be amplified before 
being fed into the AD8302 detector. The output 
voltages of two the differential amplifiers can be 
calculated as follows: 
 zinA VAV ⋅= 1  (10) 

 pinB VAV ⋅= 2  (11) 

where A1 and A2 are the gain factor of the amplifier-1 
and amplifier-2, respectively. This output voltages 
were then passed into a phase detector AD8302 
resulting signal magnitude and phase difference 
between current and measured voltage. 

Gain Phase Detector AD8302 

The most important part of this EIS circuit for soil 
moisture measurement is the gain phase detector 
AD8302.  This device has a fully integrated system for 
measuring gain and phase with few external 
components at single supply of 2.7 V to 5.5 V and has 
an output bandwidth of 30 MHz by the addition of 
external filter capacitors [23].  

In the operation, the detector AD8302 directly 
compares the magnitude ratio of the two signals VinA 
and VinB and also calculates the phase difference 
between both signals. The ratio RMAG and phase 
difference θPHS can be expressed as: 
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These functions are already available on the 
detector and it is easy to measure the impedance. The 
detector output is directly proportional to the 
magnitude of the signal level difference and the phase 
difference of the original input signal levels and has 
the general form: 
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Equation (12), (13) and (14) show the slope of gain 
function represented c1 = 600mV/decade (or 
30mV/dB) and the slope of phase function represented 
c2 = 10mV/degree. A precise offset voltage Vcp = 900 
mV is introduced to establish the center-point for the 
gain and phase functions. One disadvantage aspect of 
the AD8302 is that it provides an output corresponding 
to 0 to 180°, but cannot distinguish the sign of the 
phase. Using an additional phase shifting of the 
reference signal, the sign of the phase can be resolved 
for another application. Since Uz = VinA, Un = VinB  and 
Rn = Rp = 220 Ω, the impedance of soil moisture Z and 
phase angle θPHS  can solved from equation (5), (12) to 
(15) as follows:  
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The impedance Z is then used to determine the 
degree of soil moisture θW and modeled to eliminate 
the frequency dependencies f for application using 
microcontroller. 

Microcontroller 

The output of Gain Phase Detector is then read 
from the ADC using a 12-bit sampling analog-to-
digital converter ADS7822 for data acquisition and 
conversion. This device is a classic successive 
approximation register ADC equipped with a 
synchronous serial interface and a differential input 
[24]. Since ADS7822 has only single analog input, the 
multiplexing operation is performed by using IC 
CD4052. This is connected to choose two inputs VMAG 
and VPHS of the AD8302.  

The ADS7822 communicates with microprocessors 
via a synchronous 3-wire serial interface and has a 
good performance with a maximum error of ± 1 LSB. 
The ADS7822 does not have a register; therefore the 
device is controlled directly by the microcontroller 
through three channels, namely CS/SHDN, DCLOCK, 
and DOUT. Data is serially transmitted to the 
microcontroller and converting process is performed 

by activating ADC with logic "LOW" on pin CS / 
SHDN. The microcontroller provides the clock signal 
to the ADC to convert as well as transmit data. The 
total amount of a given clock is 16 clock pulses, 4 
clocks pulses for sampling and conversion as well as 
12 clock pulses for data transmission.  

The system for data processing of impedance 
measurements for determining soil moisture was 
designed using ATmega8 microcontroller. The Atmel 
ATmega8 is a low-power CMOS 8-bit microcontroller 
based on the AVR RISC architecture and it has 8KB of 
programmable flash memory, 1KB of SRAM, 512K 
EEPROM, and a 6 or 8 channel 10-bit A/D converter 
[25]. After sampling and conversion, digital data from 
ADC is processed in the microcontroller and it is then 
transmitted to a PC via serial port RS232.  The process 
in the microcontroller is performed to convert resistor 
value proportional to the measured current in the 
sensor elements. A Compaq Laptop Model Presario 
CQ35 with integrated data processing software 
SigmaPlot, Table Curve was used to register data from 
the system. Subsequently the tabulated data is used to 
fit and calculate the soil moisture. 

Microcontroller software of the Electrical 
Impedance Spectroscopy (EIS) for soil moisture 
determination was written in C language using 
WinAVR integrated with AVR GCC compiler and 
AVRDUDE programmer. The PC display software 
was designed using Microsoft Visual C++ with 
friendly user interface. The data was displayed and 
collected using Microsoft Excel. The graph shows the 
curve of impedance and phase difference of both input 
signals. 

RESULTS AND DISCUSSION 

The research is aimed to design the soil moisture 
sensor based on impedance variations, as described in 
previous section. Variance in measured impedance is 
formed due to soil structure and composition, air, 
water and also sensor electrodes forming a complex 
system. This was calculated after equation (16) using a 
precision resistance Rp. Figure 6 shows the soil 
impedance Z and phase difference θ as a function of 
excitation frequency f, measured from 1 Hz up to 
10 MHz.  Measurements were taken at three levels of 
soil moisture variations 2%, 8% and 15%. 

The electrical response of soil moisture is 
graphically represented by an impedance plot reveals 
the relation between impedance Z and excitation 
frequencies f.  As depicted in Figure 6, at low 
frequencies range less than 2 MHz, the measured 
impedance is relatively obscure information due to 
noise involved in signal; therefore the data is 
processed between 2 MHz to 10 MHz.   



In Figure 6a, two semi-circle plots of impedances 
below 5 MHz are illustrated. First semi-circle formed 
is due to geometrical arrangement of the electrodes, 
Teflon plate and cable connections forming parasitic 
capacitance effect and series resistance on the 
measurement.   

 

 

FIGURE 6. (a) soil impedance Z and (b) phase difference θ 
as a function of excitation frequency f, measured from 1 Hz 
to 10 MHz at three different soil moisture levels 

 
Above 5 MHz, the impedance plots are tends to 

increase logarithmic reflecting the dependencies on 
moisture level of the soil. This is also indicates that the 
impedance is inversely proportional to the moisture 
level. At low level moisture (2%), dry soil as porous 
media is more dominated by air particle than water, 
see Figure 1. Since air is an insulator, soil is become 
dielectric and thus the capacitance value is greater than 
the resistance value. Therefore the capacitive 
characteristic is attributing to the soil samples than 
resistive characteristic. In other hand, soil properties 
are influenced by increasing amounts of water. Soil is 
more conductive than capacitive, since water has a 
good electrical conductivity (conductive) than air.  

Figure 6b shows that curve drift at lower moisture 
level is corresponding to the higher phase difference 
and vice versa. The moisture level θW is then 
determined only using impedance properties than 
phase difference. The impedance was modeled to 

obtain mathematical parameters described the 
relationship between soil moisture and the measured 
impedance at certain frequency.  

Impedance spectroscopy is revealing complex 
material response at a particular frequency range 
(spectrum). By using specific frequencies obtained 
from the curves in Figure 6, relationship between the 
impedance with soil moisture can be addressed. In 
Figure 7, the impedance plot derived from complex 
curve at four different frequencies 6 MHz, 7 MHz, 
8 MHz and 9 MHz is displayed.  

 
FIGURE 7. Impedance plot at different excitation 
frequencies 

The impedance is then calculated, fitted to an 
appropriate model and parameters are extracted to 
describe the electrical properties of the soil sample. 
Four linear equations are derived to convey the 
relationship between impedance and soil moisture and 
lead to general form as ( ) Wθ⋅+= BAfZ . Constants A 
and B, which are obtained by regression analysis, are 
depicted in Table 2: 

 
TABLE 2. Model parameters of linear equation for soil 
moisture sensor 

Frequency, f 
(MHz) 

Coefficients 
A B 

6  228.24 -3.23 
7 245.28 -3.76 
8 258.20 -3.72 
9 265.54 -3.49 

The coefficient A shows strong relationship with the 
excitation frequency, while slope B relative constant.  

To eliminate the frequency effect on the 
measurement, constant A was then modeled using 
linear equation: ( ) faafA ⋅+= 0100  and corrected 
constants  a00 and a01 were then determined using 
linear regression. The modeling results provide a 
corrected general equation that describes the 
relationship between the impedance with the soil 



moisture, independence of the frequency excitation as 
follows: 

 ( ) ( ) W76.399.1171.160, θθ ⋅−⋅+= ffZ w  (18) 

This equation can be rewritten to determine the value 
of soil moisture: 

 ( )
76.3
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=

fZ
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Figure 8 shows the corrected plot revealing 
relationship between measured impedance and soil 
moisture, as well as the relative error curve, as 
depicted in Figure 9. The results obtained by the 
sensor shown good results with an overall mean error 
of 0.21% in impedance. 

 
FIGURE 8. Corrected impedance curve at selected 
frequencies from 6MHz to 9MHz 

 

 
FIGURE 9. Relative error curve of frequency corrected 
impedance 

This empirical equation (19) generally performs 
well from 6 MHz to 9 MHz and describes the 
relationship between physical parameter with that of 
the sensor output. It is used to calculate the soil 
moisture θW if the measured impedance (Z) and 
excitation frequency (f) are known. This gives the 
advantage on manufacturing frequency corrected soil 

moisture sensor in the future using only simple 
oscillator produced single frequency with low cost. 

CONCLUSIONS 

The measurement of soil moisture is very 
important and gives significant element in the water 
cycle, on an agricultural and in land interaction. The 
aim of this work is to develop a low cost soil moisture 
sensor based on impedance spectroscopy using 
magnitude ratio and phase difference detection 
method. The basic idea thereby is to measure the 
complex impedance of a soil sample at different 
frequencies and to subject them to adequate signal 
processing. 

The soil investigated especially in this research is 
inceptisol soil in Sumatera. The main reasons thereby 
are that several soil moisture sensors have specially 
difficulties with it and because it is almost composed 
of pure wet soil with organic parts and therefore an 
interesting special case.  

In this research, a soil moisture sensor based on 
Electrical Impedance Spectroscopy (EIS) has been 
developed. The sensor works at frequency range of 
1 Hz to 10 MHz with amplitude of 10 mV. Inceptisol 
soil at defined soil moisture of 2%, 8%, 15% in three 
sealed container is characterized using electrochemical 
impedance apparatus to determine soil impedance and 
phase difference. Measured data shown a dependency 
on excitation frequency. Therefore, a mathematical 
model has been developed to eliminate the influence of 
frequency on the measurement. Based on empirical 
equation, the soil moisture (θW) can be calculated if the 
measured impedance (Z) and excitation frequency (f) 
are known. Using empirical equation implementing on 
microcontroller, the application simple oscillator for 
soil moisture sensor can be realized with low cost. 
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