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ABSTRACT

The paper presents a novel approach for determining soil nutrient content using Radio Frequency signals. The
study is conducted to obtain the frequency response of urea. A shielded cell is designed for obtaining the
frequency response of urea solution. A signal generator and a spectrum analyzer are used to obtain the RF
responses of urea with different concentrations in the range of 10MHz — 4.4GHz. It is observed that at certain
frequencies, the response of urea to RF changes in accordance with the changes in the concentration of urea
and at other frequencies, it has a flat response. These results can be used for the prediction of unknown
concentration of urea based on a multivariate system. The variation in the RF response can be fed to a
multivariate system analyzer to estimate the concentration of urea in an unknown sample.
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l. INTRODUCTION

To enhance agricultural production, soil should contain proper nutrients required for the plant growth.
Agricultural production throughout the world has tremendously increased due to the use of
commercial N, P and K fertilizers. However, it has also been observed that excessive use of these
fertilizers has created a lot of problems such as contamination of surface and groundwater. In order to
avoid such problems, we can use precision farming technique, which is based on the application of
just the right amount of nutrients at the right location based on the crop requirements. This technique
is called as Site Specific Crop Management (SSCM) and aims to improve the profitability and it can
also help in protecting soil and water resources. Kitchen et al have shown how precision farming
techniques can increase profitability [1].

Soil nutrient testing is one method which is used to determine the available nutrient status of soil and
the efficient use of fertilizers. Soil testing has been instrumental in determining insufficient or excess
nutrients levels. Hergert et al have shown how the economic environment of crop production has
changed substantially since the introduction of soil fertiliser recommendations [2]. However,
conventional soil testing methods are found to have many limitations such as the number of samples
analyzed per field, the cost effectiveness and time consumption. Hence, it is difficult to characterize
spatial or temporal variability in soil nutrient concentrations within fields. At National University of
Miryang, Korea, H.Kim et al have done extensive studies on soil sensor development and an excellent
comprehensive study has been published elsewhere[3]. For e.g. accurate monitoring of soil nitrate has
been limited by the relatively long turn-around time of laboratory analysis because soil nitrate can be
easily lost by leaching and denitrification between the time of testing and plant uptake. To reduce this
turnaround time Ehsani et al have suggested PLS and PCR technique for signal processing [4]. Mi
Yeon Cho have used poly (ethylene oxide)-urea complex film to understand the electrical
characteristics as a function of urea concentration [5].

In this manuscript, the various methods of estimating soil parameters are given under soil nutrient
sensing approaches. The experimental setup gives the construction of urea cell and also the technique
used for measurement of RF absorption. Section Il gives the results and discussions where in the
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response of urea with different concentrations are plotted against the frequencies. The concluding
section gives the present scope of the research work and also gives the future direction of the research
work.

1.1 Nutrient sensing approaches

Many sensing techniques are available for the measurement of soil macronutrients (N, P, and K).
These techniques are based on one of the two measurement methods:
e Optical sensing that uses reflectance spectroscopy to detect the level of energy
absorbed/reflected by soil particles or nutrient ions
o Electrochemical sensing that uses ion-selective electrodes which generate a voltage or current
output in response to the activity of selected ions [6].
This paper describes a novel method of estimating urea content in soil based on FPGA using
multivariate system.

Il. EXPERIMENTAL SETUP

In order to acquire the signals from the soil a contact type sensor based on the four probe method is
used. Lund eta al discusses the techniques that are used for soil EC mapping [6]. Traditionally, a four
probe method is used to measure the resistivity of materials accurately by injecting current in the
sample from outer electrodes and measuring the potential difference developed in the sample due to
the passage of current between the intermediate electrodes, which eliminates all the errors due to
ohmic contact. This method can also be used for measurement of soil contents by injecting high
frequency signals at outer electrodes and measuring the signal strength at intermediate electrodes. The
schematic of the designed cell is as shown in Figure 1.
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Figurel. Schematic of the designed cell

The cell is made up of acrylic material and has dimensions 7.57x0.5”x1.125”. The outer two
electrodes are made using stainless steel plates and the inner two electrodes are made up of stainless
steel mesh. This is done so that the signal flow is not hampered.

The cell is connected to the instrument with RF cables and SMA connectors. This was done to prevent
any attenuation in the signal due to wires. The input signal is applied between the first electrode and
the fourth electrode whereas; the output is taken at two points, i.e. at electrode no. 2 & at electrode no.
3. It was observed that, there was a lot of noise due to the random signals (radiation tower etc.)
introduced in the frequency response. These factors were minimized by shielding the cell in an iron
container and properly grounding the same. A Signal Hound tracking generator USB-TG44A and a
Signal Hound spectrum analyzer USB-SA124B were used for obtaining the response. The cell was
tested for noise free measurement using standard RG cable of similar attenuation as that of the cell.
The response of the cable was found to be similar to the attenuation levels as per the specifications
provided by the manufacturer. The experimental setup is as shown in Figure 2.
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Figure2. Experimental setup

From literature, it is observed that, urea content in normal Goan soil is of the order of 43.43kg/ha.
Based on this, urea samples were prepared. Different concentrations of urea mixed with distilled
water were taken and placed in the cell. Signal is injected between electrode no.1 with ground at
electrode no.4. Signal reaching at electrode no. 2 is measured w.r.t ground. The cell should have an
impedance matching to that of the signal generator so that there is no reflection. The cell has a
provision to vary the impedance of the sample column to match the source impedance. The
impedance can be varied by changing the level of the liquid in the cell or changing the width of the
cell. Signals of varying frequencies are applied and the output is observed.

I11l. RESULTS AND DISCUSSIONS

Figures 3 to 10 describe the results obtained in the form of graphs. The graphs show the responses of
water and urea solutions of different concentrations at various frequency ranges. The concentrations
of urea are denoted as 0.5Urea which corresponds to 150mg of urea in 20ml of distilled water, 1Urea
corresponds to 300mg of urea in 20ml of distilled water, 2Urea corresponds to 600mg of urea in 20 ml
of distilled water and 3Urea corresponds to 900mg of Urea in 20ml of distilled water. It may be noted
that figures are shown only in the range where there is observable response. Figures with flat response
are not shown.
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Figure3. Frequency response of urea in Figured4. Frequency response of urea in
the range of 65-205MHz the range of 500-525MHz

In Figure 3 above, it is observed that variations in the frequency response are obtained according to
the changes in the concentration of urea. At 75MHz, the attenuation increases as the concentration of
urea is increased. At 95MHz, it is seen that the attenuation decreases as the concentration of urea is
increased. Same can be observed at 115MHz, 145MHz and 175MHz.

Figure 4 shows that the attenuation is increasing with increase in the concentration of urea over a
frequency range of 500-525MHz. A trough is observed at 510MHz which tend to sharpen as the
concentration of urea is increased.
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Figure5. Frequency response of urea in
the range of 615-625MHz

Figure 5, gives the frequency response of urea in the range of 615-625MHz. It is observed that, as the

Figure6. Frequency response of urea in

the range of 720-750MHz

concentration of urea increases the attenuation increases.

In Figure 6, it is observed that the attenuation increases as the concentration of urea increases and a

trough is observed at 740MHz.
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Figure?7. Frequency response of urea in Figure8. Frequency response of urea in

the range of 845-950MHz

Figure 7 shows that, for 0.5Urea two troughs are observed at 890MHz and 910MHz which disappear

the range of 1120-1220MHz

for 1Urea and 2Urea. A peak is observed at 920MHz for all the three concentrations of urea.

Figure 8 shows the response of urea for frequencies from 1120-1220MHz. We observe that there is a
decrease in the attenuation as the concentration of urea is increased and a peak is observed at

1190MHz.
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Figure9. Frequency response of urea in
the range of 1255-1280MHz

Figurel0. Frequency response of urea in

the range of 2000-2120MHz
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In Figure 9, we see that the attenuation increases with the increase in the concentration of urea. Figure
10, the attenuation is found to decrease with increase in the concentration of urea. A shallow trough
can be observed at 2030MHz and a peak is observed at 2070MHz.
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Figurell. Frequency response of urea in Figurel2. Frequency response of urea in
the range of 2440-2520MHz the range of 3045-3065MHz

From Figure 11, we observe that there is a sharp trough at 2470MHz and the attenuation level
increases with increase in the concentration of urea.

Figurel2 shows a shallow trough at 3060MHz and the attenuation level is found to increase as the
concentration of urea is increased.

Variations at certain frequencies are observed due to molecular absorption of urea however, molecular
study of urea is not important here as we use analytical tools to estimate the quantities. It is observed
that at some frequencies, attenuation increases with increase in the concentration of urea and at certain
other frequencies the attenuation is found to be decreasing with increase in the concentration of urea.
The frequency response of urea is changing in accordance to the variations in the concentration of
urea. These frequency points at which the variations are observed can be fed as input points to a
multivariate system to predict the concentration of an unknown sample of urea.

IV. CONCLUSION

Preliminary studies are limited only to urea concentration and the same technique can be extended for
finding the frequency responses of other soil components. These responses can be combined together
and can be used for predicting unknown soil component based on multivariate analysis. This method
can be of great significance in the field of agriculture, for predicting soil content in real time, thus
aiding in SSCM. The new micro electronics techniques such as FPGA, can be used to incorporate
multivariate block for signal processing and a user friendly device can be made available to farmers
for soil analysis.
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