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ABSTRACT

When the self-propelled weeder reaches an obstacle, the amount of pesticide spraying
does not change according to the actual situation, leading to an application imbalance.
Therefore, an intelligent control method of spraying output of a self-propelled weeder
based on a dynamic programming algorithm (DPA) was proposed. The dynamic norm
algorithm transformed obstacle avoidance path planning into a multi-stage decision-
making problem. The obstacle avoidance path was planned, and the pesticide dosage
control equation was designed by using the PID control algorithm to realize the obstacle
avoidance and variable application of self-walking weed killer. The experimental results
show that the designed self-walking weeder can effectively avoid obstacles, and the
maximum average dosage error is 1.4%. Therefore, the method can effectively apply the
dosage according to the actual situation and guarantee the balance of spraying quantity.

Palabras clave: algoritmo de planificacion dinamica, planificacion de rutas, cantidad de pulverizacion de
plaguicidas, algoritmo de control PID.

RESUMEN

Cuando la maquina de deshierbe autopropulsada alcanza un obstaculo, la cantidad de
pulverizacion de plaguicidas no cambia de acuerdo con la situacion real, lo que con-
duce a un desequilibrio de la aplicacion. Por lo tanto, se propone un método de control
inteligente para la aplicacion de rocio de una maquina auto propulsada de deshierbe con
base en un algoritmo de programacion dinamica. El algoritmo de normas dinamicas
transformo la planificacion para evitar obstaculos obstaculos en un problema de toma
de decisiones en varias etapas. Se planeo la ruta para evitar obstaculos y la ecuacion
de control de dosificacion de plaguicdas se disefi6 usando el algoritmo de control PID
para identificar los obstaculos y la aplicacion variable del herbicida de la maquina.
Los resultados experimentales muestran que la maquina de deshierbe auto propulsada
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puede evitar eficazmente los obstaculos, y el error de dosificacion promedio maximo
es de 1.4%. Por lo tanto, el método puede aplicar eficazmente la dosis de acuerdo con
la situacion real y garantizar el equilibrio de la cantidad de pulverizacion.

INTRODUCTION

The self-propelled weeder mainly comprises a
bevel gear commutator, a hydraulic system, a hori-
zontal weeding knife, a vertical weeding knife, an
inductive contact rod, and others (Martinez-Sanchez
and Jimenez 2019). Due to the increase of agricultural
planting scale, the self-propelled weeder cannot be
effectively controlled in the spray input, which has
become one of the main problems puzzling the grow-
ers. In the working of the self-propelled weeder, there
are often obstacles that are forced to stop working at
a certain place or need more time to break through
the obstacles. It is unable to move at the given speed,
but the spraying device on the self-propelled weeder
will not stop working with it, and it still continues
to spray pesticides according to the set rules, which
leads to the imbalance of spraying input. There may
be too much spraying in a certain area, which leads to
excessive pesticide residues and pesticide pollution.
Although the purpose of the weeding is achieved,
it also may cause huge economic losses. In a word,
there are two main reasons for the unbalanced input
of self-propelled weeder: one is the path planning
and control; the other is that the spraying system is
unable to carry out variable application according to
the actual situation.

For the above problems, scholars at home and
abroad have carried out relevant research. China’s
self-propelled weeder starts late and the application
of related fields is not mature enough, so it mainly
depends on foreign imports. Chandel et al. (2018)
studied a kind of continuous weeder based on posi-
tion sensor, digital image processing and single chip
microcomputer control, using visual technology.
The image analyzer developed by studio open com-
puter vision platform can measure the weed density
between crop rows under different light levels. The
motion induction of the machine was realized by
the inductive proximity switch. The developed
system has been calibrated in the laboratory, and
then extensive field tests have been carried out. The
average weeding efficiency and the plant damage
rate was 90.30% and 5.74%, respectively. Based on
the literature and experimental experience in weed
resistance research, the factors influencing the source
of resistance were described. The origin of weed

resistance of active components with different ac-
tion modes was introduced in chronological order,
and the distribution of weed resistance in the world
was summarized (Chodova et al. 2018). Wen et al.
(2019) studied the effects of a new type of gas as-
sisted electric knapsack sprayer and two conventional
knapsack sprayers on the settlement, residue and loss
of pesticides in soil. The sediment collected from the
six areas on the surface of the blade was collected and
analyzed by liquid chromatography triple four pole
mass spectrometry (Chen et al. 2020). The results
show that the air assisted electric backpack sprayer
is better than the traditional one. The fog method has
a large amount of deposition, good permeability and
uniformity (Wen et al. 2019). Forcella et al. (2018)
carried out field test with abrasive sand driven by
compressed air, and treated the annual weed seed-
lings growing at the base of corn plants in summer
at different early stages of leaf development. Lv et
al. (2019) with wireless cache nodes, optimized the
downlink transmission scheduling of popular files.
Without active multicast, the problem of downlink
transmission resource minimization was described
as a dynamic programming problem with random
stages which could be approached by a finite level
Markov decision with fixed stages. A low complex-
ity degree scheduling strategy was proposed through
linear approximation to the value function of MDP,
thus obtaining the bound of approximation error
(Zuo etal. 2020, He et al. 2021). However, due to the
poor path planning effect and high error of pesticide
spraying amount, this method has limitations and
poor overall control effect.

Based on the above research background, this
paper takes the dynamic planning algorithm as the
core to solve the path planning control problem of
the self-propelled weeder. Then it combines the fuzzy
PID control algorithm to real-time control the dosage
changes according to the self-propelled weeder’s
moving state, so as to balance the dosage control.

The intelligent control method of spraying dosage
of self-propelled weeder

The self-propelled weeder can effectively solve
the harm of diseases, insects, and pests to crops in the
application to reduce farmers’ economic loss. There is
no permanent weeding method, and a self-propelled
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weeder cannot achieve endless weeding, only to
slow down the growth of weeds as much as possible.
The commonly used weeding methods are generally
manual removal, electric current weeding, flame
weeding, photochemical weeding, herbicide, film
weeding, and others, which can effectively remove
weeds. Spraying herbicide with a weeder is the most
common method among all weeding methods. The
self-propelled weeder mainly comprises a frame as-
sembly, gasoline engine, transmission system, walk-
ing system, protective cover, gearbox, control sys-
tem, depth limiting mechanism, and weeding wheel
(Kim et al. 2017) as shown in figure 1. The working
principle of self-propelled weeder is that when
it drives to the target working area, the treatment tank
with the prescribed dose of liquid is filled, then the
rear wheel track is adjusted according to the ridge
and ditch distance of the working area, the spraying
rack is expanded to a fixed position, and it is lifted
to a suitable working height. The spraying machine
starts and enters the target working area to spray the
target crops after the operation of each mechanism
and spraying system is stable. After the work is
completed, it needs to close the spraying system,
restore the spraying rack to the initial position and
the rear wheel spacing to the safe driving distance
of the road, and drive out of the target working area

3. Weeding wheel gearbox

2. Protective cover

to complete the spraying operation in the target area
(Yu et al. 2020).

The self-propelled weeder can generally remove
80%-90% of the weeds, and some can remove 100%.
The weeding is very thorough. It can kill the com-
mon annual and perennial weeds, and the cost is one
thirtieth or one twentieth of the manual weeding. It
can reduce the weeding cost and improve the labor
production rate. However, because the weeder mainly
implements the non-variable application control, the
application amount is subject to the unit’s moving
state. To a certain extent, it will lead to unreasonable
use of pesticides and excessive pesticide residues,
damage or even kill other plants and pollute the
environment. To solve the improper injection of self-
propelled weeder, the path planning and control of
self-propelled weeder should be studied.

Path planning control of self-propelled weeder
The path planning of self-propelled weeder is to
find a moving path from a given starting point to
a given target point in the work environment with
obstacles, so that it can safely bypass all obstacles
without collision in the work, and try to meet the
optimization indicators such as the shortest time
and the lowest energy consumption. According to
the different understanding of self-propelled weeder

4. Traveling wheel gearbox

5. Operating handle

1. Deph limiting mechanism I

6. Gasoline engine

7. Frame assembly

10. Straw guard

9. Weeding wheel

Fig. 1. Structure of self-propelled weeder.

8. Traveling iron wheel
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to environmental information, path planning can be
divided into two types: one is the global path plan-
ning with fully known environmental information,
also known as static or offline path planning; in the
other the environmental information is completely
unknown or partially unknown, and the working
environment of self-propelled weeder is detected
online through sensors to obtain the location of
obstacles. Local path planning with shape and size
information is also called dynamic or online path
planning.

In this paper, the dynamic norm algorithm was
used to transform the obstacle avoidance path plan-
ning into a multi-stage decision-making problem,
thereby effectively combining the problem with
dynamic programming. For each stage of the sub-
problem, equation (1) is applied and the shortest
path of each stage and the global optimal solution
are obtained (Perazzo et al. 2017).

v (t)=a_lztp (ti),a>0,1: ER (1)
a

Where y,.(¢) is the solution function, « is the dy-
namic planning factor, 7 is the translation factor, and
tis the independent variable of the solution function.

Compared with the previous algorithms, the
dynamic norm algorithm can effectively reduce the
calculation amount while getting the global optimal
solution (He et al. 2019), and the whole analysis and
solution is simple and clear. By introducing DPA, the
obstacle avoidance path is planned.

Introducing DPA

The DPA is used to decompose the problem to
be solved into several subproblems, and then the
solution of the substage and the former problem
is obtained in turn, which provides useful infor-
mation for solving the latter problem. When a
subproblem is solved, all kinds of possible local
solutions are given. By judging which of them can
reach the optimal solution, other local solutions are

al.

abandoned. Each subproblem is solved in order,
and the last subproblem is the initial solution. The
dynamic programming in the design has a certain
mode, which generally goes through several steps
as shown in figure 2.

(1) According to the characteristics of time and space,
the problem is divided into several stages. When
segmenting, it needs to note that the segments
must be orderly or sortable, otherwise the problem
cannot be solved.

(2) Determining state and state variables. The objec-
tive conditions under which a problem develops to
different stages are expressed in different states.
It is true that the selection state should meet the
requirement of no after effect.

(3) Determining the decision and writing out the state
transition equation. Because there is a natural
connection between the decision and the state
transition, the state transition is to derive the state
of this stage according to the state and decision
of the previous stage. So, if this is true, the state
transition equation is written down. However, in
practice, it is often the opposite. According to
the state relations of the two adjacent stages, the
decision-making method and the state transfer
equation are determined.

(4) Looking for boundary conditions. The state trans-
fer equation given is recursive, which requires a
recursive end condition or a boundary condition.

Generally speaking, the state transition equation
(including boundary conditions) can be written as the
stage, and state transition decision-making of solving
problems (Chandel et al. 2018).

In practical application, DPA can be introduced
in the following steps:

(1) This paper analyzes the properties of the optimal
solution and characterizes its structure.
(2) Defines the optimal solution of recursion.

Status Status Status Status Status Status
0 1 2 K-1 N-1 N
—> Decision 1 » Decision 2 —»----- —> Decision K —» ----—> Decision N —»
Stage 1 Stage 2 Stage K Stage N

le »le

N o 7l

A

Fig. 2. Schematic diagram of dynamic programming decision process 1.
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(3) The best value is calculated from the bottom up
or from the top down by memory method (memo
method).

(4) The optimal solution of the problem is constructed
according to the information obtained from the
calculated optimal value.

The main difficulty of DPA is the theoretical
design, that is, the determination of the above four
steps; once introduced, the implementation part will
become very simple. To solve the problem with
dynamic programming, three elements should be
determined first: (1) problem stage; (2) state of each
stage; (3) recurrence relationship between the previ-
ous stage and the next stage. Recurrence relation is
a kind of transformation from a small problem to a
large problem. In this case, dynamic programming
can often be realized by recurrence method. How-
ever, because recurrence method can make full use
of the solutions of existing subproblems and reduce
repeated calculation, it has incomparable advantages
for large problems, which is dynamic programming
the core of law (Cheng et al. 2018).

When these three elements of dynamic program-
ming are determined, the whole solution can be
described by an optimal decision table, that is, a
two-dimensional table, in which the row represents
the decision-making stage and the column repre-
sents the state of the problem. The data required to
fill in the table generally corresponds to the optimal
value of a problem at a certain stage (such as the
shortest path, the longest common subsequence, the
maximum value, etc.). The filling is based on the
recurrence relationship. From row 1 and column 1,
it fills in the table in order of row or column priority,
and finally fills the whole data in the whole table
into the optimization table through simple selection
or operation.

Obstacle avoidance path planning

On the basis of DPA, the obstacle avoidance
path planning was carried out (Li, 2019). It needs to
bypass obstacles when the target cannot be reached
in a straight line. Therefore, it can be regarded as
a multi-stage decision-making problem based on
the obstacles encountered in the solution. The path
planning problem is transformed into a multi-stage
decision-making problem, which is solved by dy-
namic programming. Therefore, according to the
solution idea of dynamic programming, it first plans
the solution environment, then solves the problem by
stages according to the distribution of obstacles, and
then determines the state points of each stage (Barré

etal. 2018). The planning of obstacle avoidance path
is as follows:

Step 1: Solve the working environment of self-
propelled weeder.

The visual graphic method is to transform all the
real obstacle sets into polygon sets on the plane, and
expand the corresponding points of the starting and
the ending point into polygon sets. The size of the
robot is extended to the boundary of the obstacle, so
that the self-propelled weeder can be considered in
the solution environment as shown in figure 3. In
addition, in the equivalent figure, the concave part
of the polygon becomes a convex polygon by con-
necting its vertices, thus reducing the calculation
amount without affecting the solution result (Wang
et al. 2018). Therefore, a solution environment can
be constructed by taking the self-propelled weeder as
a point, at the same time, the obstacle is equivalent
to a convex polygon set in the plane, and the starting
point and target point in the space are extended to a
polygon set.

Step 2: Divide obstacle avoidance path planning
stage.

According to the number of obstacles bypassed in
the path, the number of stages is divided, and the deci-
sion-making is made for each stage to achieve the best
effect in the whole process. As shown in figure 3(a),
the obstacles are divided into N stages from the start-
ing point to the target point.

When two obstacles are side-by-side, or parallel
and X-axis lines are made in the coordinate diagram,
if this line can have two or more obstacles at the same
time, these obstacles are regarded as the same stage,
as shown in figure 3(b). Among them, A is the start-
ing point, O is the target point, [ is the obstacle in the
first stage and II is the obstacle in the second stage.

Step 3: Determine the status points in each stage.

In the path planning of the self-propelled weeder,
the determination of the state points in each stage is
the determination of the vertex of the obstacle (con-
vex polygon), as shown in figure 4.

Through the study of each stage of path planning
of the weeder, the following provisions are made for
the determination of state points in each stage:

1) Taking the starting point as the source point of
path planning is to make a tangent line for each
obstacle in the working of the weeder, and the
tangent point must be the state point.
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(a) Y
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Fig. 3. Obstacle division. (a) Stage division of serial obstacles,
(b) stage division of parallel obstacles.
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Fig. 4. Determination of state points in each stage.

2)

3)

4)

5)

It takes stage I as the research object and draws
a straight line from the determined state point to
the target point. If it can reach the target point
directly, then the subsequent marked state points
on this side can be omitted. If it is not direct, it
will not be dealt with.

Taking stage II as the object, the determined state
point is used as a straight line to the state point
marked in the last stage. If it can reach directly,
the subsequent marked state points on this side
are omitted. If it is not direct, it will not be dealt
with.,

For the two adjacent obstacles, as shown in
figure 5, it first defines whether the determined
state points B1 and B2 can reach in straight line
with C1 and C2 respectively. If they can, then
other state points need not be determined, as
shown in figure 5(a). If they cannot, then it de-
termines which side of the convex polygon the
line intersects, and connects the two vertices of
the intersecting edge. For example, in figure 5(b)
the broken line b1b3c2 is formed by connecting
the vertex B3 and the vertex C2 near B1, and then
marks point B3 as the state point.

Repeat steps 2), 3) and 4) from stage I to the last
stage.
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(a) Y
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Fig. 5. Schematic diagram of shortest path solution between
adjacent phase state points. (a) The shortest path when
the adjacent obstacle state point can reach directly, (b)
the shortest path when the adjacent obstacle state point
cannot reach directly.

Variable application control of spraying system

The function of the treatment box of the self-
propelled weeder is to store the treatment liquid,
which is an indispensable part of the operation of the
spraying machine. Therefore, the degree of automa-
tion of the treatment box is also one of the important
factors to determine the performance of the spraying
machine. The whole system constitutes a complete
closed circuit (Takayanagi et al. 2018). The control
system block diagram is shown in figure 6.

( Star )

A 4

PLC (Controller) <«

!

Executing agency
(Solenoid valve,
regulating valve)

L A

Controlled object
(Medicine box and
nozzle)

Detection devoce
(Sensor)

v

Actual liquid level and
actual dosage

End

Fig. 6. Control system block diagram.

The overall structure of the spray box control sys-
tem includes treatment box, aeration solenoid valve,
liquid supply electromagnetic valve, liquid level
sensor, filter, spray pump, overflow valve, electric
control valve, pressure sensor, flow sensor, sprinkler
head, spraying solenoid valve, PLC and touch screen
(Sundar et al. 2019, Cao 2020). The core component
of the system uses PLC as the controller. Various
solenoid valves and regulating valves are executive
components, which are respectively responsible for
adding treatment solution to the tank and regulating
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the flow rate of the solution in the tube. The controlled
object is the treatment box and the sprayer, which
are used to store and spray the liquid respectively.
Liquid level sensor, pressure sensor and flow sensor
are monitoring elements and system feedback links.
They feed the liquid level height and liquid flow
information in the treatment tank to PLC in real time.

The application amount is controlled based on
the speed of spray machine and the spray amount of
spray nozzle to ensure that the application amount per
unit area remains the same (Matsuda et al. 2018). The
expression of the dosage per unit area is as follows:

3
g- 3.6-10°np )
vbh

In the equation (2), ¢ is the spraying amount of
liquid treatment per hectare; p is the spraying amount
of single nozzle per minute; v is the speed of the
spraying machine during operation; b is the distance
between nozzles; n is the number of nozzles.

According to equation (2), when the distance
between sprayers b and the number of sprayers » are
set during the operation, the driving speed v and the
spraying amount per minute of a single sprayer can
be controlled to ensure that the spraying amount per
unit area is constant.

In the treatment tank control system, the liquid
level of the tank is controlled by the switch of the
solenoid valve. The system is a non-linear control
system, and the model diagram is shown in figure 7.

It is set that the actual liquid level value of the
spray tank is represented by /, the opening and clos-
ing state of the solenoid valve is represented by X, the
rising and falling state of the liquid level of the spray
tank is represented by Y, and the upper and lower
limits of the alarm liquid level value are represented
by HI and H2. Wheny =1 and y = 0, it respectively
means the liquid level of the treatment tank is in the
rising stage and in the falling stage. When x = 1 and

X

Solenoid
Y=1 status
———1
Actual liquid level
value of the spray tank
h H2 Y=0 H1 0

Fig. 7. Control system model.

x = 0, it respectively means the liquid level control
solenoid valve is in the open state and in the closed
state.

In the treatment box system, the working state
of the solenoid valve is only open and closed (Kim
and Lee, 2018). It can be expressed in digital form.
When the liquid level value of the treatment tank is
lower than the lower limit H/ of the alarm liquid
level value, the solenoid valve open and the system
begins to make up water. At this time, the output of
the solenoid valve is x = 1; When the liquid level
value of the treatment tank is higher than the upper
limit H2 of the alarm liquid level value, the solenoid
valve close and the system stops making up water. At
this time, the output of the solenoid valve is x = 0.

When the liquid level of the treatment tank is in
the rising stage, the solenoid valve is always in the
open state. Until it is higher than the upper limit, the
solenoid valve can be closed. When the liquid level
of the tank is in the falling stage, the solenoid valve
is always in the off state. Until it is lower than the
lower limit, it can be converted into a mathematical
expression, which can make the chart clearer (Zhao
et al. 2018).

The mathematical model is established accord-
ing to the opening and closing state of the control
solenoid valve (Wang et al. 2020). The mathematical
expression of the system model is as follows:

When x = 1, the solenoid valve is in the open state.

Lh<H, 3
0,k = H, )
When x = 0, the solenoid valve is closed.
Lh<H,
Y = “4)
0,h=H,

A reasonable and effective system control al-
gorithm is an important guarantee for variable rate
application. In this paper, PID control algorithm
and DPA are selected to study the path planning of
obstacle avoidance.

PID control algorithm only needs to adjust the
proportion coefficient a, integral coefficient f and
differential coefficient o of the deviation (Zhao et al.
2018). A kind of linear controller with ideal results
can be called PID controller. The closed-loop feed-
back control is adopted for the control of the dosing
amount in the dosing box control system. According
to the control deviation e(¢) composed of the set dos-
ing amount ¢(¢) and the actual output dosing amount
p(9), the deviation is first linearly combined by PID
control to form the control amount, so as to obtain
the control equation of the system (Tan et al. 2018).
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The control equation is:

e(t)=4q()-r(1) 5)

The control of the spraying amount of the treat-
ment box is determined by the opening of the solenoid
valve which is controlled by the control voltage sig-
nal. In the transportation of liquid treatment, because
the length of pipeline makes the signal delay in the
output, it is necessary to find out the delay function
of the system (Lee et al. 2020). The delay transfer
function can be expressed as:

a1
)= = ©

Where f(5) is the delay transfer function and zs is
the total delay time.

To sum up, when the control signal changes, the
corresponding dynamic of the valve can be approxi-
mately represented by integral link and delay link.
Then its transfer function is expressed as:

F,(s)= (7

In the equation, F(s) is the transfer function of
the actuator of the electric control valve; R is the ratio
coefficient of the flow rate and power on time of the
electric control valve.

In this paper, PID control algorithm was used to
control the dosage (Chen et al. 2018), and the specific
process is shown in figure 8.

EXPERIMENTAL ANALYSIS

To verify the rationality of the intelligent control
method of spray input of the self-propelled weeder,
the spx3150 self-propelled weeder prototype was
taken as the research object, and the method proposed
in this paper was verified in the Matlab simulation
environment. The overall scheme of the experiment
was firstly to introduce the research object and ex-
perimental parameters, secondly to build simulation
scenes, then to design experimental performance
indicators, and finally to analyze the performance
of the design method according to the performance
indicators.

Experimental objects and parameters

This paper used the automatic weeder produced
by Casecorp as the control object, as shown in
figure 9. The spx3150 spray machine was powered
by a 6-cylinder 152 horsepower turbocharged diesel

Initialization

Nl

) 4

Acquisition speed

Fuzzification

v

Query fuzzy rule
table

v

Output fuzzy
control value

v

Anti gelatinization

v

Output spraying
quantity value

End

Fig. 8. PID control algorithm control dosing flow.

Fig. 9. SPX3150 self-propelled weeder.
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engine, driven by four-wheel hydrostatic pressure,
with adjustable wheel spacing and high ground clear-
ance. The spray system was equipped with a 3785
treatment box and a 265 cleaning box. On the basis
of ensuring large capacity, timely cleaning of the
treatment box and the pipeline ensured the service
life. The spray head of the equipment is controlled by
pulse solenoid valve. The flow controller and nozzle
control the number of drug drops. Controlling the
size of drug drops through the system pressure and
the nozzle can ensure the accuracy of spraying. The
main technical parameters of self-propelled weeder
are shown in table I.

TABLE I. TECHNICAL PARAMETERS OF SPX3150 SELF-

PROPELLED WEEDER.
Parameter Numerical value
Overall dimension (L X w x h) 1570x915%x990mm
Rated engine speed 1800 r/min
Auxiliary power 4.05kW
Number of weeding lines ine#2
Width of one side weeding 160mm
Weeding depth 20-40mm
High speed of weeding rotation 415 r/min
Low speed of weeding rotation 252 r/min
Operation speed 0.4-0.8 m/s

Before the simulation experiment, we first ini-
tialized the simulation program, set its initial value
to 0, and imported the technical parameters of the
self-propelled weeder into the simulation program
one by one to ensure the authenticity.

Simulation scene establishment

The simulation scene is shown in figure 10, in
which the black shadow part is the obstacles encou-
ntered by the self-propelled weeder in moving, and
the initial position of the self-propelled weeder is at
the lower left corner.

Experimental performance index

To verify the feasibility and effectiveness of the
design method, different scenarios analysis experi-
ments were designed, according to the balance of self-
propelled weeder and the purpose of the pesticide
use and effective obstacle avoidance. At the rate of
self-propelled weeder as a variable, pesticide used
average error for experimental performance indica-
tors. Pesticide consumption after the average error
was that pesticide dosage of actual amount minus the

1000
Furtow
4 O “
q O
d
Y/m C
@) o) D
O
il P q
° 1000
X/m

Fig. 10. Simulation scene.

theory of absolute value than the average of the theory
on the dosage. The equation of average error is:

|K2-K]|
= ®)

In the equation (8), K1 represents the theoretical
pesticide dosage; K2 represents the actual pesticide
dosage.

The lower the average error of pesticide dosage,
the better the performance of the design method.

Constant speed test and acceleration test
1) Constant speed test

Constant speed test is to verify the change of the
actual dosage of the spraying system under different
steady speed. The working speed of the sprayer was
0.6 km/h. This paper took 1 km/h, 2 km/h, 3 km/h
and 4 km/h as working conditions to test. The width
of the sprayer was 6.5 m, the test distance was 200
m, and the application pressure was 0.3 MPa. The
test was repeated 20 times, and the average value of
the test results was considered. The constant speed
test is shown in table I1.

From the experimental results in table II, under
the condition of not providing acceleration for the
self-propelled weeder, the highest average error of
the design method was only 0.9%, and the lowest was
0.3%, and part of the actual dosage was lower than
the theoretical dosage. Therefore, the self-propelled
weeder spray output control method based on the
DPA can effectively control the spray output of the
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Working condition Speed  Acceleration Theoretical Actual dosage  Average
(km/h) (m/s?) dosage (L/hm?) (L/hm?) error (%)
Constant speed test 1 1 0 224 2233 0.3
Constant speed test 2 2 0 180 180.8 0.4
Constant speed test 3 3 0 120 121.1 0.9
Constant speed test 4 4 0 95 94.5 0.5

weeder. The actual spray output obtained by simu-
lation was relatively low, which was quite different
from the theoretical dose. Reducing the spray output
also save a lot of economic costs for agriculture
households.

2) Accelerated test

In the actual working condition, the moving speed
of the spraying machine is changed in real time, and
the change of the speed has a great influence on the
actual application. In the operation, the speed of the
sprayer changed little, and the acceleration was below
0.4 m/s. The critical acceleration (0.1 m/s* and 0.4
m/s®) was taken as the working condition in the test.
The width of the sprayer was 6.5 m, the test distance
was 200 m, and the application pressure was 0.3 MPa.
The test was repeated 20 times, and the average value
of the test results was considered. The accelerated
test is shown in table I1I.

According to the analysis in table I11, the weeder
was stable in field operation, flexible in turning
without tipping over, and the adjustment of rear
wheel track met the requirements of use. In addi-
tion, the average error of pesticide spraying amount
was only 1.4%, and the maximum difference of the
actual amount was 2.7 L/hm?. Therefore, the error

TABLE III. ACCELERATED TEST RESULTS.

value is small, meeting the actual demand. It can
warrant the balance of synchronous operation of
the spraying output, the spraying system, and the
spraying machine.

(3) Deceleration test

In the actual work, the speed of the spray machine
will sometimes become smaller, which has a great
impact on the actual application. In the operation, the
speed of the sprayer changed little, and the accelera-
tion was below -0.2 m/s*. The critical acceleration
(-0.1 m/s* and -0.2 m/s?) was taken as the working
condition in the test. The width of the sprayer was
6.5 m, the test distance was 200 m, and the applica-
tion pressure was 0.3 MPa. The test was repeated
20 times, and the average value of the test results
was considered. The deceleration test is shown in
table IV.

According to table IV, when the self-propelled
weeder run at the same speed, different acceleration
values were provided for the weeder which worked
normally without failure. The average error of pes-
ticide dosage of spraying system was between 1.2%
and 1.4%, the highest average error was only 1.4%,
and the highest error dosage was only 2.7 L/hm?.
Therefore, the error of this method is small, and

Working condition Speed Acceleration ~ Theoretical Actual dosage Average
(km/h)  (m/s?) dosage (L/hm?)  (L/hm?) error (%)
Acceleration test 1 1-4 0.1 190 192.7 1.4
Acceleration test 2 1-4 0.4 190 187.4 1.4
TABLE IV. DECELERATION TEST RESULTS.
Working condition Speed  Acceleration Theoretical Actual dosage ~ Average
(km/h) (m/s?) dosage (L/hm?) (L/hm?) error (%)
Acceleration test 1 1-4 -0.1 190 187.3 1.4
Acceleration test 2 1-4 -0.2 190 192.2 1.2
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it can also meet the actual demand in the case of
acceleration. It can still be considered that spraying
system and spraying machine run synchronically and
ensure the balance of spraying input of self-propelled
weeder.

CONCLUSION

To improve the efficiency of plant protection and
the effective use of pesticides, and to ensure food
safety and sustainable development of agriculture as
the background, this paper studied the spray output of
a self-propelled weeder. The experimental research
on the physical prototype showed that the matching
error between the spraying system and the spraying
machine was in the range of 0.3%-1.4%, which met
the requirements. Under the control method based
on the DPA, the spraying output of the self-propelled
weeder was more balanced. Due to the time limita-
tion, this paper did not conduct in-depth research on
the operating efficiency of the algorithm. Therefore,
in the follow-up work, the focus must be on this
aspect to improve the work efficiency and optimize
the control method.
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