Vol. 74, No. 3 / 2024 INMATEH - Agricultural Engineering

DEVELOPING AN AUTOMATIC PRECISION SEEDING UNIT (APSU)
FOR POT SEED PLANTING
/
aal sl de ) ) jl Ay Ll de ]y j san 5y s

Mohamed ABO-HABAGADY, Zakaria ISMAILY, Nariman MOUSTAFAY, Mahmoud OKASHA™
DAgricultural Engineering Department, Faculty of Agriculture, Mansoura University, Egypt
AAgricultural Engineering Research Institute (AENRI), Agricultural Research Center (ARC), Giza 12611, Egypt
Tel: +20-1003133841; E-mail: mahmoudokashal988@yahoo.com
Corresponding author: Mahmoud Okasha
DOI: https://doi.org/10.35633/inmateh-74-22

Keywords: Automatic seeding; Greenhouse; Precision seeding

ABSTRACT

This research aims to develop an automatic precision seeding unit (APSU) for planting seeds in pots inside
greenhouses. The study evaluated three seed suction nozzle diameters (0.5, 1.0, and 2.0 mm) and four types
of seeds (Armenian cucumber, pepper, turnip, and okra). The key performance indicators involved the number
of seeds captured per stroke, total time for seeding one pot, and deviation relative to the pots’ centers. The
results showed that a nozzle diameter of 1.0 mm was the most effective for okra and Armenian cucumber
seeds, resulting in average yields of 1.0 and 1.46 seed(s) per pot, respectively. The 0.5 mm nozzle showed
optimal performance for pepper and turnip seeds, achieving 1.33 and 1.46 seeds per pot, respectively. The
average time for seeding one pot, including all three stages, is approximately 35 seconds. These findings
endorse the improvement of productivity and accuracy in automated greenhouse seeding, furthering precision
agriculture as a state-of-the-art technological strategy.
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INTRODUCTION

The agriculture sector currently suffers from a labor shortage; thus, utilizing agricultural automation
technologies presents an effective solution to mitigate reduced labor supply (Abo-Habaga et al., 2022; Amin
et al., 2024a; Amin et al., 2024b). The primary goal of creating an agricultural automation robot is to minimize
labor needs and improve food quality. This agricultural robot tackles significant obstacles farmers face, such
as monitoring crop quality in real-time and performing tasks like plowing, seeding, spraying, harvesting, and
fruit picking (Bu et al., 2020). The quality of sowing in mechanized processes is heavily reliant on the efficiency
of sowing equipment, potentially impacting crop yield (Maleki et al., 2006; Urbaniak et al., 2008). For instance,
the Agro-Bot is an autonomous robot with a combined seeding and watering system and a solar panel, making
it a self-sufficient option for farming in remote areas. The Farmer Bot system offers information via internet
connectivity, enhancing adaptability and remote accessibility; the Agro-Bot presents a workable substitute for
conventional farming methods (Khandelwal et al., 2017). Various automation and technologies, ranging from
basic integrated circuits to advanced microcontrollers, micro-computers, sensors, and Internet of Things (IoT)
applications (Abdelmotaleb et al., 2015; Loukatos et al., 2021), have been utilized in agriculture through smart
farming technologies (SFT) to facilitate data acquisition, analysis, evaluation, and precision application
(Balafoutis et al., 2017a), resulting in notable economic, environmental, and labor benefits (Balafoutis et al.,
2017b; Balafoutis et al., 2020). However, these applications are primarily found in large-scale farming, with
limited efforts toward small-scale, automated urban agriculture.
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Data acquisition tasks are supported by the advancement of computer vision techniques and the
availability of various sensory data sources (Ardiansah et al., 2021; Brisco et al., 2014; Reyns et al., 2002),
while data analysis and evaluation are prevalent in agricultural research (Nash et al., 2009; losif et al., 2023).
These strategies apply to seed planting, seed mapping, re-seeding, weed mapping, pesticide spraying, and
irrigation. The operation of air-suction seed metering devices encompasses seed loading, conveyance, and
discharge to guarantee precise seed distribution and optimal planting efficiency. For seeds with high sphericity,
such as pea, soybean, rapeseed, and Panax notoginseng, the preferred method of planting involves air-suction
seed-metering devices, known for their consistent and effective performance (Tang et al., 2023). The suction
force is a pivotal element in these devices, combining multiple forces, particularly the drag force, which is vital
for determining seed attachment to the suction hole (Li et al., 2021).

This study aims to develop an automatic precision seeding unit (APSU) for pot-location detection within
a greenhouse to prevent pot omission and ensure accurate planting depth, using distance sensors to optimize
depth while enabling three-directional movement with a seed suction nozzle for precise, single-seed placement
per pot.

MATERIALS AND METHODS

The automatic precision seeding unit (APSU) manufacturing process and trial experiments were
conducted in 2024 at the Department of Agricultural Engineering, Faculty of Agriculture, Mansoura University,
Egypt. The APSU comprises hardware systems and software systems.

Hardware systems

The automatic precision seeding unit (APS) comprises the following components: (1) an information
collection unit, including the camera, auxiliary equipment, and sensor group; (2) control unit, comprising the
central control unit; (3) moving unit for movement in the X-Y directions; and (4) seeding unit, comprising the
air source control device, a set of seed suction nozzles of different diameters, and an angularly adjustable
seed box (Fig. 1).

Fig. 1 — Layout and components of the automatic precision seeding unit (APSU): (a) 3D diagram, and (b)
operation of the APSU inside the greenhouse
1 — Control box; 2 — Y-axis motor; 3 — X-axis motor; 4 — Z-axis motor with pinion gear; 5 — Rack; 6 — Seed suction motor; 7 — Seed
suction pipe; 8 — Seed suction nozzle; 9 — Seed box; 10 — Seed box holder; 11 — Servo motor; 12 — Camera; 13 — Ultrasonic sensor
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Information collection unit

The Logitech C270 Pro Stream camera was used in this study. It features a 720p HD resolution at 1280
x 720 pixels, with a maximum frame rate of 30 frames per second (fps) and a fixed-focus lens providing a 60-
degree field of view. The camera supports high-definition (HD) 720p and captures images up to three
megapixels. It was mounted vertically below the air suction motor, covering the image acquisition area of the
planting pot, and was connected to the control unit to initiate operation. A distance sensor was used to adjust
the gap between the planting nozzle and the seeds in the seed box, ensuring accurate planting depth and
preventing interference between moving parts during the motion signaling process.

For accurate soil penetration depth, three HC-SR04 ultrasonic sensors were used to determine the
planting arm position in the X, Y, and Z directions. Powered by a +5V DC supply, these sensors have a current
below 2 mA, an operating current of 15 mA, an effective angle of less than 15°, and a measurement range of
2 to 400 cm with a resolution of 0.3 cm. They feature a measurement angle of 30°, a pulse trigger width of 10
uS, dimensions of 45 x 20 x 15 mm, and an approximate weight of 10 g. Built for robustness, they operate
within a temperature range of -20°C to +70°C, making them suitable for various environmental conditions.
Control unit

The control unit consists of a PC, an Arduino Uno (AVR), a Raspberry Pi 4 Model B powered via a USB
Type-C power supply delivering 5V at 3A, a 24V-10A power supply for appropriate voltage, a 2-channel and
1-channel relay module, and peripheral circuits. The primary function of this unit is to collect sensor signals to
send to the PC, receive data processed by the PC, and transmit it to the Arduino. The Arduino distributes these
signals across 14 channels to enable individual relay control.

Moving unit in the X-Y directions

A moving unit operates in the X-Y directions, with X-axis motion driven by a DC motor featuring a 55
mm diameter spur gear, 29 teeth, and a drive shaft with three spur gears. A 60 mm middle gear connects to
the motor gear, flanked by two side gears with a 60 mm diameter and a 33 mm pitch. The Y-axis motion is
also driven by a DC motor with specifications similar to the X-axis motor but with an 8 mm gear pitch and a
length of 180 cm (Fig. 2).
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Fig. 2 — 3D view of the X- and Y-axis motion (a) and layout of the X- and Y-axis motion directions (b)

Seeding unit

The seeding unit includes Z-axis motion that is driven by a DC motor with a 23 mm diameter pinion gear,
14 teeth, and an 11 mm pitch aligned with a rack of 120 cm length and 2 cm width. The planting arm (PA)
comprises three main components: the seed suction motor, suction pipe, and seed suction nozzle (Fig. 3).

The seed suction nozzle assembly consists of three cone-shaped air-suction nozzles with hole
diameters of 0.5, 1.0, and 2.0 mm. The first nozzle, with a 0.5 mm hole diameter, is made of Teflon, while the
other two are from steel. All nozzles have a standardized total length of 25 mm, including a 15 mm external
thread length with a 10 mm diameter.

The suction pressure values were obtained through measurements conducted with three different nozzle
sizes (2.0 mm, 1.0 mm, and 0.5 mm), resulting in recorded pressures of -0.20 bar, -0.16 bar, and -0.12 bar,
respectively.

The suction pipe is fabricated from steel and has a length of 23 cm with an outer diameter of 2.25 cm.
The lower part of the pipe features an internal thread for attaching diverse cone-shaped air-suction nozzles

(Fig. 4).
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The seed box, designed for sowing seeds in pots, is constructed from acrylic with dimensions of 133.92
x 125.92 x 80 mm (length x width x height), a thickness of 2.5 mm, and a slope angle of 30°. A carbon fiber
seed box holder, measuring 20 cm in length and 4 mm in thickness, provides sturdy support. The MG946R
metal gear servo motor was predominantly chosen for its high-angle precision. In contrast, the seed box was
continuously rotated at a 90-degree angle by a standard electric motor when power was supplied, while the
servo motor was halted after its instructed rotation was completed and awaited the following command.
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Fig. 3 — 3D view of the Z-axis motion of the PA motion (a) and elevation and side views of the PA (b)
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Fig. 4 — Suction-seeding pipe of PA

Software systems

This section outlines the methodologies for image acquisition, image processing, identification and
positioning of plant pots, data management, and control of the precision seeding mechanism, encompassing
tasks related to image analysis, data processing, and mechanical adjustments. An Arduino microcontroller was
utilized for signal distribution and program execution. Figure 5 presents the software system flowchart after
initialization.
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Image acquisition

The Python script conducts real-time circle identification via a webcam feed, utilizing the OpenCV library
for image processing and circle detection. The circle coordinates are transmitted to an Arduino using a serial
link. Figure 6 presents a depiction of an image obtained using the industrial camera. If circles are identified,
they are outlined in green with red centers on the frame. The center coordinates of each circle are converted
to strings and transmitted to the Arduino via the serial connection.
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Image processing

The captured frame was converted from BGR color format to grayscale to simplify processing. A
Gaussian blur was then applied to the grayscale image to reduce noise and enhance circle detection accuracy.
Finally, the Hough Transform was used to identify circles in the blurred grayscale image (Fig. 7).
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Fig. 7 —Image processing

Controlling the seed planting automation

The Arduino system governs various motors and a servo motor by following instructions through serial
communication (mySerial). It controls motor movements, planting actions, and sensor data by utilizing different
states and functions to automate the planting procedure—controls motors based on deviations (x_deviation
and y_deviation). Modify motor orientations and statuses according to discrepancies received from Raspberry
Pi.

Controlling a suction motor

The Arduino sketch manages a suction motor connected to pin 8 of the Arduino board. The motor
activates for half a second, followed by a two-second off period, continuously cycling through this pattern in
the loop() function. Modifying the timing in the delay() functions will alter the motor's duration on and off. Upon
reaching the intersection of the circle's radii (showing the planting point), the APSU starts the planting process.
Initially, the seed box moves using a servo motor until it reaches a 90-degree angle, positioning it directly
beneath the planting column. The suction motor responsible for seed collection is then activated. According to
measurements from the ultrasonic sensor, the APSU moves downward in the Z direction until it reaches the
seed box, which is positioned 31 cm below the maximum height. It picks up the seed and then moves upward
in the Z direction to the maximum height until the seed box returns to its original position (Fig. 8).

Ultrasonic distance measurement

This Arduino sketch utilizes an ultrasonic sensor connected to pins A0 (trigger) and Al (echo) to
measure distances. It continuously reads distances, filters out invalid measurements, and displays the valid
distance readings on the Serial Monitor (Fig. 9). The distance range and timing can be adjusted based on
specific sensor characteristics and application requirements. Based on these readings, the arm plants seeds
at the required depth.
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Fig. 8 — The process of picking up the seed from the rotating seed box, beginning at the starting position (a),
followed by a downward vertical movement (b), then an upward vertical movement after suctioning the seed (c),
and finally a downward vertical movement to place the seed in the pot after a 90° rotation by the servo motor (d)
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Fig. 9 — Ultrasonic readings and its height above the soil surface

Planting depth

The program was used for planting seeds in soil, relying on an ultrasonic distance sensor to measure
depth. Variables like Servo_ANG and Servo_ ANG_RE were assigned to set the servo motor's motion angles
for seed placement. During the Put_Seeds() process, continuous checks were made on the distance (Dis_Z)
to ensure accurate seed placement. The program can be adjusted to regulate planting depth by modifying
conditions in functions like GetSeeds() and PutSeedsInSoil() to meet specific agricultural tasks.

The ultrasonic sensor is 20 cm from the suction pipe's end and varies in distance from the soil's surface
(Fig. 10). Next, the planting depth is computed using Eq. (1).

Y=20-X (1)

where Y represents the distance between the ultrasonic sensor and the soil surface [cm], 20 represents
the suction pipe [constant height], and X denotes the planting depth [cm].

X: Planting depth

Y: Distance between the
ultrasonic sensor and the soil
surface

Fig. 10 — Determining planting depth
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Time to complete the planting process

Each pot has a diameter and height of 20 cm. Thirty-six pots are arranged in an 8 m2 area, with 9 pots
placed longitudinally and 4 pots placed transversely, each spaced 20 cm apart. The distance between the pot
edges and the greenhouse structure is 30 cm in all directions. The required planting time for this greenhouse
was determined according to Eq. (2):

= (N X (Tp + Tg) + Ty + Turnaround time (2)

1255
=(36X30)+(8X4X5)+(3X5)=m=035h

where N denotes the number of pots, T, denotes the planting time [sec], Tr represents the resting time [sec],
and Tt implies the transit time [sec].

RESULTS AND DISCUSSION
Camera deviation relative to the pots' centers

The code begins by including the SoftwareSerial library, which facilitates virtual serial communication
on the Arduino. It then defines variables for storing deviations in the X and Y axes and processing incoming
data. Figure 11 represents the precision and variability of the positioning system. Minimal deviations, ranging
from -1.2 mm to 1.2 mm, were observed, demonstrating effective alignment control. Experiments 3 and 5
showed no deviation on the X-axis. Experiment 3 achieved accurate alignment in both X and Y directions,
while Experiment 5 demonstrated a minor deviation in the Y direction (-0.6 mm). In the X direction, negative
deviations of -0.2 mm and -0.4 mm were noted in Experiments 1 and 6, respectively, along with slight shifts in
the Y direction. Experiment 2 showed the most substantial positive deviations in the X (1.2 mm) and Y (0.8
mm) axes, showing a significant shift from the central position. Experiment 4 showed a positive deviation of
1.2 mm in the X direction and a notable negative deviation of -1.2 mm in the Y direction, suggesting angular
displacement. Despite the overall precision, adjustments may be needed to enhance accuracy because of the
deviations observed in Experiments 2 and 4. These deviations might be because of mechanical discre pancies,
limitations in the control system, or systematic inaccuracies. Enhanced calibration and more precise control
algorithms have the potential to minimize these deviations and improve alignment with the pot centers.
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Fig. 11 — Deviations in the X and Y directions relative to the pots' centers
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The number of seeds captured by air suction for different seed types and seed suction hole diameters

Figures 12-15 present the number of seeds collected through air suction, categorized by suction hole
diameters (0.5 mm, 1 mm, and 2 mm) and seed varieties (okra, turnip, pepper, and Armenian cucumber)
across fifteen experiments. Okra seeds show consistent behavior, achieving a nearly 100% success rate
across diameters, indicating they can be efficiently used with various hole sizes. Some deviations were noted
in specific experiments, possibly because of alignment issues. Turnip seeds displayed greater variability;
smaller diameters (0.5 mm and 1 mm) had high success rates, while the 2 mm diameter resulted in multiple
seeds being captured, reducing efficiency. Pepper seeds captured mostly 1 seed at 0.5 mm, with slightly higher
averages at 1 mm (2.13 seeds) and a significant increase at 2 mm (average of 12.6 seeds), indicating
challenges in capturing a single seed effectively. Armenian cucumber seeds also increased in capture with
larger diameters, from 1 seed at 0.5 mm to an average of 3.93 seeds at 2 mm.

Recommendations based on these findings suggest using a 0.5 mm suction hole for turnip and pepper
seeds and a 1 mm hole for okra and Armenian cucumber seeds to enhance planting efficiency and reduce
waste.
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Planting depth and soil elevation

This program is intended for seed planting and employs an ultrasonic distance sensor to measure depth
precisely. The planting arm adapts its elevation using reliable sensor readings to reach the predetermined
planting depth of 3.0 cm. The depth was assessed at three distinct soil elevations, varying between 15 and 20
cm (Table 1). The results from nine trials exploring planting depths at varying soil elevations to maintain a
target depth of 3.0 cm are presented in Table 1.
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The data demonstrate how changes in soil elevation influence planting depth, which plays a crucial role
in ensuring uniform seed placement and promoting optimal germination. Trials were conducted at three soil
elevations: 20 cm, 18 cm, and 15 cm, showing that variations in soil elevation affect planting depth. At a soil
elevation of 20 cm, the planting depth ranged from 2.5 cm to 3.2 cm, with an average of 2.9 cm. At 18 cm,
planting depths varied between 2.7 cm and 3.3 cm, while at 15 cm, they ranged from 2.7 cm to 3.0 cm. The
average planting depth across all trials was 2.9 cm, slightly below the target depth of 3.0 cm. The planting
depth had a coefficient of variation (CV) of 8.28% and a standard deviation of approximately +0.24037 cm.
Despite variations in soil elevation, the planting technique consistently maintained a depth close to 3 cm. The
results indicate satisfactory performance, although minor adjustments and calibrations could further enhance
accuracy and consistency.

Table 1
Different soil elevations with planting depth stability of 3.0 cm

Experiments Soil elevation Planting depth
Ex.1 20 cm 3.2cm
Ex.2 20 cm 3.0cm
Ex.3 20 cm 2.5cm
Ex.4 18 cm 2.7cm
Ex.5 18 cm 2.8cm
Ex.6 18 cm 3.3cm
Ex.7 15cm 3.0cm
Ex.8 15cm 2.7cm
Ex.9 15cm 29cm
Average (X) 29cm

Standard deviation (+SD) +0.24037 cm
Coefficient of variation (CV) 8.28%

Total time for planting

Table 2 details the overall time needed for the planting procedure, comprising three separate time spans:
planting time (Tp), resting time (Tr), and transit time (Tt). Planting time (Tp) is the overall period required for
the mechanical planting process, which involves the planting arm's horizontal descent and subsequent vertical
motions to achieve the desired planting depth and ensure precise seed placement in the soil. The duration of
this phase is estimated to be approximately 20 seconds. Resting time (Tr) refers to the period following the
suction motor's deactivation and the seed's subsequent release, enabling it to embed itself in the soil at a 3
cm depth. This period is critical to ensure the correct seed penetration before advancing to the subsequent
seed, and it typically endures for approximately 10 seconds. This timing was determined through conducted
experiments. Transit time (TT) refers to the period needed for transferring between pots, commencing with the
initiation of the planting arm's upward movement and ending when the subsequent downward movement
commences. This phase lasts approximately 5 seconds. In conclusion, the overall time (Tto) required for a
complete planting cycle, encompassing all three elements, totals 35 seconds.

Table 2
Total time to complete the planting process

Required time
Planting time (Tp) 20s
Resting time (Tr) 10s
Transit time (TT) 5s
Total time (Tto) 35s

CONCLUSIONS

An automatic precision seeding unit was developed for planting pepper, turnip, Armenian cucumber,
and okra seeds. The research introduced an approach to identifying planting pot positions and calculating pot
radius to assist with planting at the prescribed depth. Investigating the precision seeding device's control
system and mechanical structure yielded multiple discoveries. A practical approach for identifying circles and
determining positions was introduced through image processing methods such as circle detection,
morphological processing, and image reconstruction, showcasing exceptional precision.
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Three seed suction nozzles were meticulously crafted to function through air suction, each with
dimensions of 0.5 mm, 1 mm, and 2 mm, and set at precise pressure levels of -0.2 bar, -0.16 bar, and -0.12
bar, respectively, effectively fulfiling seed suction needs. A precision seeding unit automated planting
procedures, including identifying pot locations, controlling the movement of the seeding unit, managing the
seed box movement, and overseeing the seed uptake and release through the suction nozzle. The planting
arm achieved a depth accuracy within a coefficient of variation of £8.28%, positioning at an average depth of
2.9 cm beneath the soil surface in contrast to the 3 cm target depth, despite fluctuations in soil height. The
results illustrate the system's ability to offer a reliable solution for automated planting with consistent precision.

REFERENCES

[1]  Abdelmotaleb, I., Hegazy, R., Imara, Z., & Rezk, A. (2015). Development of an autonomous navigation
agricultural robotic platform based on machine vision. Misr Journal of Agricultural Engineering, 32(4),
1421-1450. https://doi.org/10.21608/mjae.2015.97589

[2] Abo-Habaga, M. M., Ismail, Z. E., & Okasha, M. H. (2022). Effect of tillage systems on a soil moisture
content and crops productivity. Journal of Soil Sciences and Agricultural Engineering, Mansoura
University, 13(7), 231-235. http://doi.org/10.21608/JSSAE.2022.138432.1077

[38] Amin, A,, Wang, X., Guoxiang, S., Shi, Y., Ndumiaassan, J. N., & Okasha, M. (2024a). Design and
experimentation of a solar-powered robot for cleaning the greenhouse roofs. Results in Engineering, 23,
102602. https://doi.org/10.1016/j.rineng.2024.102602

[4] Amin, A, Wang, X., Chen, Y., Guoxiang, S., Xuekai, H., Rottok, L. T., Sayed, H. A. A., & Okasha, M.,
Hassanien, R.H.E. (2024b). Enhancing Greenhouse Performance Through Robotic Roof Cleaning
Solutions: A Review. Journal of Field Robotics. https://doi.org/10.1002/rob.22459

[5] Ardiansah, I., Bafdal, N., Bono, A., Suryadi, E., & Husnuzhan, R. (2021). Impact of ventilations in
electronic device shield on micro-climate data acquired in a tropical greenhouse. INMATEH - Agricultural
Engineering, 63(1), 397— 404. https://doi.org/10.35633/inmateh-63-40

[6] Balafoutis, A. T., Beck, B., Fountas, S., Tsiropoulos, Z., Vangeyte, J., Van der Wal, T., Soto-Embodas,
I., Gomez-Barbero, M., & Pedersen, S. M. (2017a). Smart Farming Technologies—Description,
Taxonomy and Economic Impact. In Progress in Precision Agriculture; Springer: Cham, Switzerland,
pp. 21-77.

[7] Balafoutis, A., Beck, B., Fountas, S., Vangeyte, J., Van, D. W. T., Soto, |., Gbmez, M., Barnes, A., &
Eory, V. (2017b). Precision Agriculture Technologies Positively Contributing to GHG Emissions
Mitigation, Farm Productivity and Economics. Sustainability, 9(8), 1339.
https://doi.org/10.3390/su9081339

[8] Balafoutis, A. T., Van Evert, F. K., & Fountas, S. (2020). Smart Farming Technology Trends: Economic
and Environmental Effects, Labor Impact, and Adoption Readiness. Agronomy, 10(5), 743.
https://doi.org/10.3390/agronomy10050743

[9] Brisco, B., Brown, R. J., Hirose, T., Naim, H. M., & Staenz, K. (2014). Precision Agriculture and the Role
of Remote Sensing: A Review. Canadian Journal of Remote Sensing, 24(3), 315-327.
https://doi.org/10.1080/07038992.1998.10855254

[10] Bu, L. X., Chen, C., Hu, G. R., Sugirbay, A., & Chen, J. (2020). Technological development of robotic
apple harvesters: a review. INMATEH - Agricultural Engineering, 61(2), 151-164.
https://doi.org/10.35633/inmateh-61-17

[11] losif, A., Maican, E., Biris, S., & Popa, L. (2023). Automated quality assessment of apples using
convolutional neural networks. INMATEH - Agricultural Engineering, 71(3), 483-498.
https://doi.org/10.35633/inmateh-71-42

[12] Khandelwal, S., Kaushik, N., Sharma, S., Pandey, M. Kr., & Rawat, T. S. (2017). AgRo-Bot: Autonomous
robot. International Journal of Advanced Research in Computer Science, 8(5), 2318—-2320.

[13] Li, J. H., Lai, Q. H., Zhang, H., Zhang, Z. G., Zhao, J. W., Wang, T. T. (2021). Suction force on high-
sphericity seeds in an air-suction seed-metering device. Biosystems Engineering, 211, 125-140.
https://doi.org/10.1016/j.biosystemseng.2021.08.031.

[14] Loukatos, D., Templalexis, C., Lentzou, D., Xanthopoulos, G., & Arvanitis, K. G. (2021). Enhancing a
flexible robotic spraying platform for distant plant inspection via high-quality thermal imagery data.
Computers and Electronics in Agriculture, 190(1), 106462.
http://dx.doi.org/10.1016/j.compag.2021.106462

271


https://doi.org/10.21608/mjae.2015.97589
http://doi.org/10.21608/JSSAE.2022.138432.1077
https://doi.org/10.1016/j.rineng.2024.102602
https://doi.org/10.1002/rob.22459
https://doi.org/10.35633/inmateh-63-40
https://doi.org/10.3390/su9081339
https://doi.org/10.3390/agronomy10050743
https://doi.org/10.1080/07038992.1998.10855254
https://doi.org/10.35633/inmateh-61-17
https://doi.org/10.35633/inmateh-71-42
https://doi.org/10.1016/j.biosystemseng.2021.08.031
http://dx.doi.org/10.1016/j.compag.2021.106462

Vol. 74, No. 3 / 2024 INMATEH - Agricultural Engineering

[15]

[16]

[17]

[18]

[19]

Maleki, M. R., Jafari, J. F., Raufat, M. H., Mouazen, A. M., & De Baerdemaeker, J. (2006). Evaluation
of seed distribution uniformity of a multi-flight auger as a grain drill metering device. Biosystem
Engineering, 94(4), 535-543. https://doi.org/10.1016/j.biosystemseng.2006.04.003

Nash, E., Korduan, P., & Bill, R. (2009). Applications of Open Geospatial web services in precision
agriculture: A review. Precision Agriculture, 10(6), 546-560. http://dx.doi.org/10.1007/s11119-009-
9134-0

Reyns, P., Missotten, B., Ramon, H., & De Baerdemaeker, J. (2002). A Review of Combine Sensors for
Precision Farming. Precision Agriculture, 3, 169-182. https://doi.org/10.1023/A:1013823603735

Tang, H., Xu, C. S., Zhao, J. L., & Wang, J. W. (2023). Stripping mechanism and loss characteristics of
a stripping-prior-to-cutting header for rice harvesting based on CFD-dem simulations and bench
experiments. Biosystems Engineering, 229, 116-136.
https://doi.org/10.1016/j.biosystemseng.2023.03.023

Urbaniak, S. D., Caldwell, C. D., Zheljazkov, V. D., Lada, R., & Luan, L. (2008). The effect of seeding
rate, seeding date and seeder type on the performance of Camelina sativa L. in the Maritime Provinces
of Canada. Canadian Journal of Plant Science, 88(3), 501-508. https://doi.org/10.4141/CJPS07148

272


https://doi.org/10.1016/j.biosystemseng.2006.04.003
http://dx.doi.org/10.1007/s11119-009-9134-0
http://dx.doi.org/10.1007/s11119-009-9134-0
https://doi.org/10.1023/A:1013823603735
https://doi.org/10.1016/j.biosystemseng.2023.03.023
https://doi.org/10.4141/CJPS07148

