@ Journal of Agricultural Machinery :
Homepage: https://jame.um.ac.ir

e A

Research Article
Vol. 13, No. 4, 2023, p. 509-520

Feasibility of Soil Texture Determination Using Acoustic Signal Processing of a
Cone Penetrometer

J. Nasrollahi Azar', R. Farrokhi Teimourlou®?, V. Rostampour?

1- PhD Student, Department of Mechanical Enginering of Biosystem, Urmia University, Urmia, Iran
2- Associate Professor, Department of Mechanical Enginering of Biosystem, Urmia University, Urmia, Iran
(*- Corresponding Author Email: r.farrokhi@urmia.ac.ir)

How to cite this article:

Nasrollahi Azar, J., Farrokhi Teimourlou, R., & Rostampour, V. (2023). Feasibility of
Soil Texture Determination Using Acoustic Signal Processing of a Cone Penetrometer.
Journal of Agricultural Machinery, 13(4), 509-520. (in Persian with English abstract).
https://doi.org/10.22067/jam.2023.78870.1126

Received: 22 September 2022
Revised: 14 January 2023
Accepted: 22 January 2023
Available Online: 22 January 2023

Introduction

Precision agriculture is a modern approach to farming that ensures the crops and soil receive exactly what
they need for optimum health and productivity. Precision agriculture offers the potential to automate and
simplify the collection and analysis of information. It allows management decisions to be quickly made and
implemented in small areas of larger fields. Measuring acoustic signals with a cone penetrometer is an advanced
and inexpensive method that provides a lot of information about the soil within the shortest amount of time and
with the lowest cost. The texture of the soil determines the percentage of the constituents of the mineral part of
the soil such as sand, silt, and clay.

In this study, an acoustic penetrometer is developed to provide an accurate method for determining the soil
texture. This system uses a microphone to record the sound produced by the cone-soil contact and correlates this
data with the soil texture.

Materials and Methods

An acoustic cone penetrometer (ACPT) was designed to determine if there is a relationship between the
sound produced at the cone-soil contact and soil particle size. Three types of cones with angles of 30, 45, and 60
degrees, diameter of 20.27 mm, and rod length of 300 mm according to ASAE standard S313.3 FEB1999ED
(R2013) were used to determine the relationship between sound and soil texture and to choose the best angle. A
microphone (20-20,000 Hz) suitable for fast dynamic responses was used to record the audio signals produced
from the soil. Audio signals were stored online through the oscilloscope section of Matlab software. To create
the controlled vertical movement of the cones, a mechanical mechanism with electronic controllers was
designed. This mechanism can be connected to the rails of the soilbin available in Urmia University, Iran, and is
made of a 5 hp electric motor with a gearbox, an inverter for controlling the rotational speed of the electric
motor, and a digital ruler for recording vertical movement. Soil samples were tested in 19-liter bins.

Acoustic signals received from the microphone were processed in the time-frequency domain using wavelet
transform. In this research, Daubechi function type 3 is used to analyze acoustic signals. It is not possible to use
the processed acoustic signals directly for statistical analysis. Therefore, the relevant features should be extracted
from them. From the 30 features of time domain signals, the most effective and main features include: SUM,
Max, RMS, average, Var, kurtosis, and Moment4. They were ranked using the feature selection section of
WEKA 3.9.2 software to avoid increasing the volume of calculations, increase processing speed, and reduce
errors. The characteristic vector of the sub-signals of several different soil samples was analyzed to distinguish
the soil type and constituents namely sand, silt, and clay.
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Results and Discussion

The best type of cone was selected using WEKA software. The number of features in the d1 sub-signals was
higher for the 45-degree cone, and it can be concluded that with this cone, the soil type can be better recognized.

The average values of characteristics in clay, loam, and sand had an increasing trend, respectively, and were
statistically significant with a probability of 1% and 5%.

Acoustic signals for clay soil, which has a heavy texture and small particles, have minimum amplitude, and
for loamy and sandy soils, they were observed as medium and maximum, respectively. This will cause the values
of the selected features of clay soil to be low, and as a result, the average values, variance, and standard
deviation are also low. They would be higher for loamy and sandy soil which have larger particles. It can be
deduced that, as the size of the soil particles increases, the particles hitting the cone wall would become heavier
and would affect the frequency and amplitude of the signal. This will result in the increase of signal amplitude
values and, the sum, max, and mean values as well.

Conclusion

Among the sub-signals, the maximum effect of soil texture type changes was related to d1 sub-signals for the
45 cone, and these signals had more potential to identify the soil texture type. Among the features, the sum,
average, VAR, and RMS were significant at 1% probability levels. Therefore, these features have more potential
to detect the type of soil texture in the mentioned sub-signal. Additionally, the effect of soil texture change on
Moment and Kurtosis characteristics was significant at 5% probability levels.
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Fig.5. An example of acoustic signal condition for clay texture soil with a 60-degree cone
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Table 3- The results of prioritizing the features under detail signals and proximates
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Sub-Signal  Cone type Prioritize features

30° Max

dl 45° Sum- mean- var- moment4- RMS-kurt- max
60° Sum- meanaby- moment4
30° Max-Var

d2 45° Sum
60° max
30° Max

d3 45° Sum
60° Max- kurt- moment4- moment6- CF
30° Max

d4 45° Max
60° Max- moment4
30° Max

d5 45° Max
60° Max- sum
30° Max

a5 45° Moment6- max/s- sum- mean
60° MOment6
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Table 4- The results of variance analysis of acoustic signal characteristics d1 for soil texture separation
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Properties Soil type Mean Standard deviation  Sum of squares F Sig.
clay 16.403 1.107
Eyoe loam 18.755 1.486 145.271 22.141 0.001
Sum sand 23.2501 2532
e clay 0.002909 0.000197
o loam 0.003439 0.000389 0.000 17.045 0.001
Mean sand 0.004123 0.000449
1 clay 0.0000154 0.00000225
i loam 0.00002072 0.0000055999 0.000 12.028 0.001
VAR sand 0.00002998 0.000006724
Y 4530 oo clay 0.00000000158 0.00000000099
P42 0 loam  0.00000000253 0.00000000211 0.000 3.356 0.050
MOMENT4 sand  0.000000004394  0.00000000238
e clay 101.00922 0.6671
Slup ofbeade; 0 97.07258 0.9039 46.584 19.061 0.010
RMS sand 99.19299 1551
. clay 6.8079 2.1825
S5 loam 6.5549 1.6303 5.571 2.247 0.050
Kurt sand 5.0269 1.2829
L clay 0.0289 0.002393
e loam 0.0549 0.01753 0.003 6.868 0.010
Max sand 0.0579 0.01876
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