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Introduction

Soil surface roughness is an important factor in determining the intensity and quality of tillage operations, and
obtaining accurate information essential for precision tillage. Using an inappropriate technique due to the lack of
precise discrepancy detection can lead to increased time spent on analysis and potential damage. Generally, there
are two methods for measuring soil surface roughness: contact and non-contact. Contact methods are less accurate
for measuring the roughness of soft soil because they involve physical contact, which can partially disturb the soil.
Most non-contact measurement methods are also performed in stop-and-go conditions, which increases
measurement time and related analysis. The aim of this study is to measure soil surface roughness in real-time
using optical sensors in the field. The accuracy and precision of two non-contact measurement methods will be
compared to determine the best approach for precision tillage operations.

Materials and Methods

In the current research, a real-time soil surface roughness measurement system consisting of mechanical and
electrical modules, data collection, and processing was built. The system performance was evaluated at different
forward speeds and roughness categories, with two types of infrared and laser sensors. To assess the sensors’
accuracy, the collected data was compared against the pin gauge method, which served as the reference standard.
The method exhibiting the least variation from this reference is considered to provide the most reliable data. Also,
to further examine the accuracy of the sensors, the roughness data obtained from the sensor at various frequencies
was compared against the roughness data obtained from the pin measuring device at the same level, resulting in a
suitable curve plot. The interpretation of the obtained mathematical relationship indicates the precision of the
sensor data.

Results and Discussion

The results obtained from the optical sensors were compared to the pin meter, used as the reference method, in
both stationary and moving conditions. It was demonstrated that the optical sensors detect distance in the static
state similarly to the reference pin meter. The calibration curve interpretation factor was 0.99 for the infrared
sensor and 1 for the laser sensor, indicating a strong correlation between the sensor signals and their distance from
the soil surface. The random roughness index was significant for different roughness classes at the 1% probability
level, showing that this index effectively distinguishes between the resulting roughness classes. Analysis of
variance results revealed that the measurement method had a significant effect at the 1% level. The method with
the smallest difference from the reference method is considered the most appropriate measurement technique. The
effect of forward speed was also significant at the 1% level; the speed at which the sensor’s performance did not
significantly differ from the reference method was identified as the optimal speed for the system. Additionally, the
effect of roughness class was significant at the 1% level, confirming that the created roughness classes had
meaningful differences. The results of the sensor accuracy evaluation showed that the data obtained from the laser
sensor at speeds of 1 and 2.6 km h'* had no significant difference with the reference method. Therefore, it is
appropriate to use the laser sensor at speeds of 1 and 2.6 km hL. At speeds higher than 3.5 km h, the laser sensor
successfully detected smooth surfaces, but did not correctly distinguish uneven surfaces. In general, the laser
sensor was able to detect all categories of roughness at a speed of 2.6 km h™. One reason the laser sensor did not
perform well at speeds above 2.6 km h* was its low data acquisition rate. By using laser sensors with a higher data
collection rate, the soil height profile can be plotted similarly to a pin scale. The infrared sensor was successful
only in detecting smooth surfaces but failed to detect other types of surfaces.
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Conclusion

Due to limited accuracy and the risk of damaging or altering the surface roughness, the contact method is not
recommended for use on soft soil surfaces. Among non-contact methods, the most suitable technique is the one
that provides the highest accuracy and precision while minimizing cost and time for data collection and analysis.
In this study, two types of sensors including laser and infrared ranging were selected based on their reasonable
price, ease of operation, compatibility with a mobile system, and ability to deliver real-time roughness
measurements in the shortest possible time. The results demonstrated that real-time measurement of soil surface
roughness can effectively replace traditional, tedious, and time-consuming methods.
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Fig.1. Schematics and components of the soil surface roughness online measurement system: 1) Laptop, 2) IR sensor, 3)

Arduino board, 4) Laser sensor, 5) Adapter driver for electromotor, 6) Speed controller for electromotor, 7) Power
transmission gears, 8) Electromotor, 9) Encoder, and 10) Adapter feeding the infrared sensor and Arduino board
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Table 1- Specifications of sensors utilized for real-time soil surface roughness measurement
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Specification

&y
Type

58 o9k e

IR (GP2Y0A02YKOF) Laser (L1-40)

Slles Wy / Gl
Operational voltage (V) / current (mA)
SpSojlul dols
Measuring distance (cm)
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09
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9> &Y
Output type
Slles slo
Operating temperature (°C)

45t05.5/33t050 3.7t05.2/86t0 122

20 to 150 5 to 4000
39 30
44 33
Reflective Reflective
5.03 15.8
21.6 x 18.9 x 44.2 14.3 x 36.61 x 54.33
Analogue Analogue
-70 -10 to 50
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Fig.2. Calibration system for sensors: 1) Guide rail, 2) IR sensor, 3) Laser sensor, 4) Soil surface, 5) Arduino board, and
6) Laptop and LabVIEW software
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Fig.7. The soil surface roughness measurement system
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Fig.11. Fit between roughness measured by pin meter: a) Laser, and b) IR sensor at different forward speeds: a =1 km
h,b=2.6kmh? c=35kmh? andd=4.8kmh?
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