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Robot for strip spraying of vegetable crops
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Abstract. The article deals with the problem of reducing the use of
agrochemicals through the use of strip spraying using robotic tools that
increase the uniformity and accuracy of the distribution of pesticides. The
proposed design of the strip spraying module is based on the principle of
consistent development of unified modular components in order to change
the basic characteristics of the robotic complex. The use of a robotic
complex for strip spraying of vegetable crops during treatment with
pesticides or liquid mineral fertilizers will ensure an improvement in the
quality of plant processing, a reduction in the hectare consumption of the
working solution and a negative impact on the environment.

1 Introduction

Spraying plants is one of the main way to control pests and diseases, as the introduction of
pesticides allows you to control pests and diseases that can cause serious damage to crops.
However, the use of pesticides has its drawbacks, consisting in a negative impact on the
environment and human health, therefore it is necessary to strive for more gentle spraying
methods [1-3].

Reducing the use of agrochemicals in the treatment of crops from diseases and pests, as
well as reducing the hectare rate when applying fertilizers, is one of the directions for
resource conservation and restoration of natural resources in the agricultural sector, the use
of technologies based on band-effect processes can achieve this goal of reducing the use of
pesticides [4-9].

When carrying out the technological process of spraying agricultural crops, one of the
main requirements is the uniformity and accuracy of the distribution of pesticides, the
introduction of liquid forms of pesticides and fertilizers using robotic tools contribute to a
more uniform distribution over the treated area and achieve the required accuracy of getting
to the processing object [10].

Resource-saving technologies in agriculture provide for the use of highly efficient
means of mechanization and robotic systems for cultivating crops [11-12], which increase
the level of mechanization and automation of field work and reduce the severity of
environmental problems, reduce the anthropogenic burden on the environment.
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2 Materials and methods

The proposed design of the strip spraying module [13] (Figure 1) is based on the principle
of consistent development of unified modular components in order to change the main
characteristics of the robotic complex. The basic parts of the module are the frame 1, the
block 2 with the motor 3 and the drive pump 4 located in it, which is connected at the inlet
to the tank for the working solution 5. A horizontal guide rail 6 with two movable carriages
7 connected to the control unit 8 is fixed on the frame 1. The carriages 7 are driven by a
stepper motor 9, by means of rollers 10 and a toothed belt 11. Each carriage 7 has a housing
with a sprayer 12 connected to the outlet nozzle of the pump 4. The axes of the sprayers 12
are located in the same vertical plane and are directed towards each other at an angle of
450, ensuring that the upper edges of the spray cones merge to form a flow inward, and the
lower edges do not extend beyond the outline of the treated plant on the soil. A vision
sensor 13 is installed in front of the frame 1 in the center of the movement. The technical
vision sensor 13 determines the projection of the contour of the treated plants in the
vertical-transverse and vertical-horizontal planes and transmits a signal to the control unit 8.
The control unit 8§ sets the amount of movement for each housing with a sprayer 12 along
the horizontal guide 6, ensuring full coverage of the contour of the treated plants with a
working solution.

Fig. 1. The design of the module for strip spraying of vegetable crops based on the tractor self-
propelled chassis VTZ30SH.

The design of the carriages and sprayers allows them to be quickly rearranged, for
example, to change the nozzle of the sprayer or add an additional carriage with a sprayer
(Figure 2 a, b). The number of carriages can be increased to three pieces, and the number of
sprayers on one carriage can be increased to two pieces (Figure 2, b). These parameters are
set depending on the processed vegetable crop and the technological process, which
involves a robotic complex with a strip spraying module.
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a) b)
Fig. 2. 3D model of the spraying module.

A stepper motor is used to move the carriages in a horizontal plane (Figure 3). In the
prototype, an engine with a supply voltage of 12 V. The speed of rotation of the stepper
motor shaft, as well as the number of steps taken, is regulated using a PWM control signal.
The technical characteristics of the stepper motor are shown in Table 1.

Fig. 3. DC Motor.

Table 1. Technical characteristics of the motor.

Parameter Meaning
Step angle 15°
Phase resistance 10+7 Om
Voltage 12V DC
Weight 135 ¢
Operating temperature range -10...55 °C
Operating relative humidity 5-95 %
Control mode Bipolar
Maximum response rate More than 1300 pulse/s
Insulation level E

The power supply system of the stepper motor, microcomputer and position controllers
of the module for strip spraying consists of a 12V battery with a capacity of 90 Ah.

The kinematic scheme of the module design for strip spraying of vegetable crops is
shown in Figure 4.
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Fig. 4. Kinematic scheme of the module design for strip spraying of vegetable crops.

3 Technological process

The technological process of processing vegetable crops (Figure 5) with a strip spraying
module is carried out as follows. In accordance with the program of strip treatment of an
agricultural field with pesticides or liquid mineral fertilizers, a robotic complex for strip
spraying of vegetable crops is installed on the edge of the field at the point of its
commissioning. The robotic complex receives a map and coordinates of the start of work.
The software calculates the optimal trajectory of movement along the rows of plants for a
complete passage of the field (Figure 5, a). Using a technical vision sensor, the robotic
complex detects in real time all the plants in its path and receives information about which
vegetation should be treated and where it is located. The projection of the contour of the
treated plants in a vertically transverse plane is determined and the signal is transmitted to
the control unit 8, which in turn sets the amount of movement of the movable carriages 7, in
the lower part of which there are housings with sprayers 12 connected to the outlet nozzle
of the pump 4. The axes of the sprayers 12 are located in the same vertical plane and are
directed towards each other at an angle that ensures the direction of fusion of the upper
edge of the spray cone to form a flow inward, and the lower edges of the spray cone do not
extend beyond the outline of the location of the sprayer above the soil. The amount of
movement of the carriages 7 ensures complete coverage of the contour of the treated plants
with a working solution, taking into account the deviation of the outline of the plants from
the axis of movement of the robotic complex (Figures 2, 6).
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Fig. 5. The technological process of strip spraying using a module for strip spraying: a) the layout of
the robotic complex in a row; b) detection of plants by a vision sensor.
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The dosage of the amount of pesticides or liquid fertilizers is determined depending on
the size of the outline of the treated plants in a given area [14-15].

Fig. 6. Full coverage of the contour of the treated plants with a working solution.

4 Conclusion

The use of a robotic complex for strip spraying of vegetable crops during treatment with
pesticides or liquid mineral fertilizers will ensure an improvement in the quality of plant
processing, a reduction in the hectare consumption of the working solution and a negative
impact on the environment.
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