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Abstract

Introduction:The most important issues in spraying fields and greenhouses are reducing the use
of pesticides, reducing the dangerous effects of spraying, protecting the environment, improving
the quality of spraying and increasing people's health. For this reason, the adverse effects of
poisons on children's health are more important than adults, and the need to reduce the use of
poisons and follow the principles of spraying to prevent children from developing cancer is
twofold. In this study, the robot sprays to plant by measuring its volume and in order to reduce
the consumption of poisons. The robot is mechanically designed to be able to move between rows
of plants and open its manipulator step by step and take deep pictures of each plant in front of it,
then analyze the image of each section and observe the plant volume. Detect and spray the same
section based on the calculated volume. The process of imaging, volume detection and spraying
of the solution based on the estimated volume is repeated at each stage of manipulator opening
until the height of the plant is completed and at the end, the whole manipulator is retracted.

Materials and Methods:The robot acts intelligently in detecting plant height and closes in the
last section after imaging and spraying the solution. The manipulator is able to assess and spray
plants up to 270 cm in height. The above robot consists of different parts including camera
chamber and nozzle, nozzle and Kinect American camera version 1, manipulator and manipulator
actuator mechanism, pump and solution tank, processor, Arduino and relay boards, cart and robot
actuator system. To design the above robot, first the static forces applied to the manipulators
were examined and then the kinematic calculations of the manipulator were performed. The
result of the calculations showed the accuracy of the kinematic equations. After performing
calculations to design the robot, examining the environmental conditions and considering the
construction cost, the three-dimensional model of the robot was designed in Solidworks 2016
software and based on the above model, the construction work was done step by step. The robot
is controlled by Matlab 2010 software. The entire robot working algorithm is coded in Matlab
software. For this reason, the main part of controlling the robot is the laptop processor. The
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laptop controlled by the robot is located in the built-in place behind the robot and transmits all the
robot commands to the set of operators through the Arduino board and the relay board. The input
information is transmitted to the processor by the Kinect camera, and the processor makes the
necessary decisions according to the coded program. Finally, the output commands from the
processor are transferred to the Arduino board and the relay board to start the actuators. ADM
A10-4655M APU processor was used. Developer Toolkit Browser v1.8.0, KinectExplorer-D2D,
and Kinect for Windows Software Development Kit (SDK) were used to connect the Kinect
camera to a Windows laptop. Two coefficients o and B are needed to determine the plant volume
in each section. o is the average plant volume of several plants that have been calculated
manually and B is the correction factor multiplied by the amount of plant volume estimated by the
robot so that the actual volume of sprayed solution is more in line with the plant needs and the
opinion of relevant experts. The volume estimated by the robot in each section is the product of
the volume factor multiplied by the average plant volume of the plant (o). The volume factor is
the average observed plant width (M) divided by the distance between two consecutive plants in
pixels (D). Multiply the volume of the plant observed in the section by multiplying the volume
factor by the calculated volume (o) using the Scale Invariant method (independent of the distance
from the camera to the object).

Results and Discussion: To calculate the average plant volume manually, several plants should
be selected randomly and the plant volume should be calculated by computational methods or
flooding method. Then introduced the average volume of these few plants as a to the program.
Therefore, the more accurately the manual volume is calculated, and the greater the number of
selected plants, Finally, the value of a and the final volume of the plant will be calculated more
accurately. The robot should be able to spray the right amount of solution depending on the type
of plant and its conditions. Spraying the solution to the plant may not be scientifically justified by
experts and specialists according to the type of plant, time of spraying, poison concentration and
plant needs. Therefore, the correction factor B should be multiplied by the volume estimated by
the robot to the actual volume. Spray the solution to the plant according to the needs of the plant
and the opinion of experts. The results of the evaluation show that the robot is able to spray
different amounts of solution in the detection of plants with different volumes and the amount of
solution sprayed by the robot was proportional to the volume of plants. The average volume of
solution sprayed by the robot is 27.1 cc and the average volume of solution sprayed by the
worker is 33.1 cc. Also, the standard deviation of the average volume of solution sprayed by the
robot and the worker is 2.94 and 3.11, respectively. In other words, the robot is able to spray
more accurately and the amount of poison consumption in the robot is estimated less than the
worker.

Conclusion: It was mentioned that the evaluation of the robot is reported in order to reduce the
consumption of acceptable poisons. The feature of being ontime includes collecting plant
information and spraying the solution moments after data processing is one of the important
features of the above research. Also, the ability of the robot in ontime and scale invariant
(independent of the distance from the camera to the object) evaluation of the robot was
considered acceptable and useful.
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Figure (9) Estimated plant volume by robot for 10 plants separately.



V¥

35
-i g 30
=
o = 25
I =
3) = 20
3 e
[ 15
3 2
= 10
. B
EL
0
Robot spraying Worker spraying
Db el Fo st

S 9Ol bawgd gy 1+ 4 o Al Jodome Hlode pSlo duslio (V) S
Figure (10) Comparison of the average of the sprayed solution amount to 10 plants by the robot and
the worker.
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Table (2) Analysis table of variance of completely randomized design related to volume-based
solution spraying using general linear model method

P-Value F- MS bl SS Sl ez DF (53T a3 Sl e
Value
Variance Sum of squares Degrees of freedom Source of variance
0.001 17.53* 178.50 178.5 1 & g oled

*

Plant number

- - 10.18 183.3 18 Lo

Error

LSD 0ge3T b 55" fawgi bl 9. 00b) Lawgs bl (Sl (3uSile du o () Jguter
Table 3- Comparison of robot spraying and worker spraying means with LSD test

Sk a oS Sl Gy okt
Classification Average Number Plant number
A 33.100 10 S5 by hsl
Worker spraying
B 27.125 10 Dby bw g il

Robot Spraying
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Table (4) Correlation between measured properties

A ey il 3 3l o= 2557 AL 0
Worker spraying Estimate the plant volume Spraying method
- 1.000 *** by bw g il
Robot spraying
0.725* 0.725* SIS Loy sl
Worker spraying
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Figure (11) Comparison of the average of the sprayed solution by the robot and the worker
regarding each plant volume.
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Table (5) Robot operation time in different stages
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