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Abstract. In this paper, the use of electronic components for automating
the care of agricultural crops is studied. A microprocessor control system
has been developed, components of a robotic platform have been selected to
ensure stable operation of the complex in the field. This platform combines
ease of use and high performance. At the moment, there are few analogous
foreign complexes with similar characteristics, therefore, the considered
robotic platform is a promising development.

1 Introduction

One of the ways to increase the productivity and quality of agricultural products is to
automate production processes [7]. By using robotic systems, it is possible to increase the
speed of weeding, planting, and delivery of fertilizers to agricultural crops. To complete the
task, the robotic complex must have sufficient positioning accuracy for the tool.

To achieve the above goal, a robotic complex was developed that can perform a number
of agrotechnical tasks, such as planting, watering, fertilizing, loosening, removing weeds,
harvesting. Each of the operations is configured to be performed automatically. The complex
consists of aluminum structural parts, on which a standard mount is provided for replaceable
modules of the working body for each operation. The soil module is a special substrate for
the soil. The complex is equipped with a phytolamp with controlled lighting brightness.

The complex has a working area of 400x300x30 mm. The set provides the ability to move
the elements of the working body in three axes OX, OY, OZ within the work area. Stepper
motors [1][8] are used for this purpose.

The control component of the plotter is a board with built-in support for USB connection
to a computer.

The technical task of the complex is to automate the processes of planting, watering,
weeding of crops, depending on the installed tool. The schematic diagram of a
microprocessor system consists of a microcomputer[12][15], stepper motor controllers[3],
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stepper motors, three limit switches, a mechanical attachment, which is selected depending
on the task being performed.

Fig. 1. 3d model of the complex.

Fig. 2. Appearance of the complex.

2 Choice of component base

The Arduino Mega 2560 microcontroller is used as a computing module. This
microcontroller allows you to transmit a signal to the stepper motor controllers, to control the
instrument installed on the device.



E3S Web of Conferences 217, 10005 (2020) https://doi.org/10.1051/e3sconf/202021710005
ERSME-2020

ARDUIN%lMEGMSGD

RESET@
Bhes ek
SVEZ 1, oy Da7 L
G 82 IGND Dagl28
@ | 49
G 221GND Dagr-d2
vC \in D50 ==
—D0 frx D52122
—2LTX D532
—21p2
—2iD3 A0 -;[:543—%%-
—41pa 41 (D55 AL
—21p5 A2 (D56} 2
& {B28i[As
—51ps A3 (D57HHA3
—L b7 A4 ';D53§'§35'
A5 (D59 A2
—g—Ds 4B -;Dsog—gg-
Do D9 a7 (D61 AL
Di0 D10
D1l 11 Ip11 A8 (D62) A8
-;L-%- D12 AD -;D-ssg -ﬁ%o
13 Ip13 A10 (D64 AL
Al11 (D65)[HALL
4 AT
A4 Ip14 (Tx3) A12 -\D-ssg—
D13 D15 (RX3) Al3 (D57
16 Ip15 Eszj A13 -30533 Al
-%-SLDJ? Eszy A15 (D6OY
-18 Ip1s (Rx1)
42 1pig (Tx1 D23
20 ETX )) 35
SDA D20 (SDA D25
5T D21 (5CL) D271-55
D22 D22 D31
D31 24 D24 Dazf22
D26 D26 D35
Das 28 In5g D722
D30 D30 D39
D32 32 Ip337 Da1pil
D34 TS B%g D43
D38 L
D38 D38 +5V-53-@?
Dio 40 Ipag L 45V (53\&“5’
D[ 32ID42 o, <iB  GNDIERRE
Dai D44 Z352S  GND
gd|§b|§ GND
L i
=
fe35n]

Fig. 3. Schematic designation of the controller Arduino mega 2560.

To simplify the connection of all system components to the controller, a board in the
Arduino Mega 2560 form factor was developed. To ensure the autonomous operation of the
complex, there is a DC-DC step-down converter on the board from 12 to 5 volts. It supplies
power to the controller.
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Fig. 4. Schematic designation of DC - DC converter LM2596.
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Fig. 6. Board layout.

Also, the developed board contains an N-Channel power switch designed to control the
backlight and pump of the complex.

Fig. 7. Schematic designation of the N-Channel power switch.

The movement of the carriage with the tool along the X and Y axes is carried out using a
belt drive. The Z-axis is driven by a ball screw. Stepper motors of the NEMA 17 form factor
are used to drive the mechanical part.
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Fig. 8. Schematic designation of NEMA-17 stepper motors.

Pololu A4988 modules act as stepper motor controllers. With their help, you can set the
direction and speed of movement of stepper motors.
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Fig. 9. Exterior view of the Pololu A4988 stepper motor controller.
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Fig. 10. Schematic designation of the Pololu A4988 stepper motor controller.

To determine the starting position of the carriage with the tool, limit switches are installed
on all axes. Before starting work, the carriage moves to the starting position.

Fig. 11. External view of the limit switch.
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Fig. 12. Schematic designation of the limit switch.

To read data on the environment, the complex is equipped with sensors [4] for
temperature, air humidity, soil moisture and illumination. Their readings are processed on a
microcontroller and displayed on a liquid crystal i2¢ [10] display.

Fig. 13. External view of the temperature and humidity sensor.
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Fig. 15. External view of the light sensor [13].

Fig. 16. Display layout.
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Fig. 17. Schematic view of sensors and display.

Depending on the installed nozzle, the microcontroller sends a corresponding control
signal to it. The gripping and drilling device is controlled via the stepper motor controller.
The sprayer [6] is controlled by the power switch N-Channel, when using a PWM signal it
allows smooth switching of the supplied voltage and control of the sprayer pump [5].

For the most convenient assembly and connection of electronic components of the device,
an adapter PCB [9] board was developed. It is attached to the case in such a way that all wires
can be connected without hindrance without disassembling the case. Connectors for
connecting stepper motors, limit switches, display and all sensors are brought out to the
adapter board on both sides. From the inside, the board is connected to the controller using
wires [11].
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Fig. 18. External view of the adapter board.

Fig. 19. Scheme of the adapter board.

Y.B X B
DHT1 DHTZ2 ¥8TP XSTP
HOR-F-254 13  HDRF-254_1x3 (] n
¥ 1 2
2 3 3
3 < 4
LIGHT2 LIGHT
HDR-F-254_1x3 HDRF-254 1x3 Y STP_1 Y STP 2 B
- ] HDRF2.54_ 14 HDR Fs4 1 HDR F2'sh 14 DRF254 x4
3 1 PRI T ney T 1
3 3 2 2 2
] L 3 PE o5 3
MOISTURE2 MOISTUREA + ] + 4
HDR-F-2.54_1x3 HDR-F-2.54_1x3 m=an mamu
3 1
2 2
3
1C_DISPLAY 12C_DISPLAY
— = 7 sTP2 Z STP1
HOR-F-2 54_1x4 HDR-F-254 1x4 HDR-F-254 1x4  HDRF-254 x4
'm 1 1
END 22 END_Z1 : L 2
HDRF-2.54_1x2 HDRF-2.54 152 2 5 3
+ 4 1 :
EEEEEEEEEEREEY ]
=] 2
END Y2 END_Y1
HDRF-2.54_1x2 HDRF-2.54 152
[ ] 1 TOOL_STP2 TOOL_STP1
E_ 2 HDR-F-254_1x4 HDR-F-2.54_1x4
»
END_X2 END_X1 ;
HDRF-2.54_1x2 HDRF-2.54_1x2
] 2 3
1 4 3
ﬂ_ L
=

Fig. 20. Schematic diagram of the adapter board.
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Based on the components described above, a schematic diagram of an automatic control
system was developed.
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Fig. 21. Schematic diagram of the automatic control system.

3 Description of interfaces

The computing module is connected to a personal computer as a peripheral device, and then
it is required to load the program into the memory of the computing module. The program
contains a sequence of points along which the carriage should move with the installed tool.
Points are specified by coordinates along the X, Y, Z axes of the tool. The computing module
calculates the trajectory of movement at the given points and transmits the control signal to
the stepper motor controllers. Limit switches are used to determine the starting position of
the device carriage. Depending on the selected tool (gripper [2][14], drill bit, sprayer), the
computing module sends a corresponding control signal to the installed tool.

4 Research results

During the research, a board was developed that simplifies the connection of the electronic
components of the system to the controller.

The wiring diagram shows all devices and components that make up the product, their
input and output elements (connectors, board, etc.).

The logical part of the system being developed is located in a specialized building. It
consists of a controller board, stepper motor controllers, a power switch, and two adapter
boards. The housing has built-in female connectors for connecting the power section. The
power section consists of a power supply unit.
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Fig. 22. External view of the case for the logical part of the complex.

5 Conclusion

The developed control system of the autonomous robotic complex allows automatic
fertilization, watering, and weeding of agricultural crops.

The carriage of this complex can move in three planes for the most accurate positioning
of the tool and performing the required action.

In the course of the analysis, the communication interfaces between various devices of
the microprocessor system were studied. The requirements for the design and installation of
electronic systems, including the logical part and power supply circuits, have been
determined. A board has been developed to facilitate connection of all elements of the
complex to the controller.

As a result, based on laboratory tests, it can be concluded that a microprocessor system

for controlling a robotic complex of autonomous care for agricultural crops is applicable in
the field.
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