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ABSTRACT

In order to overcome the problems of low control accuracy and long response time in traditional
motion control methods of marine plant protection robot, this paper mainly studies the application
of motion simulation in fuzzy control of marine plant protection robot. Firstly, the object motion
simulation description algorithm of tree convex polyhedron is used to construct the working envi-
ronment model of marine plant protection robot, and the marine plants are located by the model.
Then, according to the positioning results, the motion equation of the marine plant protection robot
is determined, and finally the fuzzy control of the marine plant protection robot is carried out. The
experimental results show that, compared with the traditional method, this method has high con-
trol accuracy (up to 87%), short response time (up to 8.1 s), high signal strength, strong anti-inter-
ference ability and good application effect. It can be further popularized and applied.
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1. Introduction

Due to a large number of reclamation and aquaculture
activities, the marine natural ecological environment is seri-
ously damaged. Some important economic fish, shrimp, crab
and shellfish habitats have disappeared, and many rare and
endangered wild animals and plants have disappeared. This
has greatly reduced the ability of the beach wetland to reg-
ulate climate, store water, resist storm surges, and protect
land [1,2].

Due to long-term reclamation and felling, the degrada-
tion of many coastal mangroves has led to the disappearance
of some valuable tree species, and a sharp decrease in the
number of fish, shrimp, crabs, shellfish and the number of
migratory birds in the forest [3]. The number of coral reefs
in the sea is rapidly reduced due to the over exploitation
of their medical and economic value of lime burning, and
their rich communities are also destroyed [4]. The serious
consequences will be that the beach’s ability to withstand
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typhoons and storm surges will be reduced, further leading
to coastal retreat, tree collapse and other disasters [5-8].

In recent decades, with the large-scale march to the
sea, the marine ecological environment has been damaged
more and more seriously, and marine natural disasters will
be more difficult to control [9,10]. The deterioration of the
marine environment makes people realize the importance
of protecting the marine ecological environment. Therefore,
the protection of marine plants has become an urgent
problem in the process of modern economic development.

At this stage, robot has become one of the important
symbols of scientific and technological achievements, and
has been widely used in all walks of life [11]. There are
many kinds of robots, including industrial robots, home
robots, underwater robots and entertainment robots, etc.
[12,13]. Among them, the marine plant protection robot
has become the focus of research in related fields due to its
special working properties.
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Li et al. [14] put forward a path tracking control method
of mobile robot based on PID control. This method recon-
structed the modules of mobile robot, and can quickly col-
lect, extract and store the transmission signals of the main
control module. At the same time, the method of PID was
used to establish the accurate mathematical model for fuzzy
control of mobile robot. Although it can complete the con-
trol, it is easy to be disturbed in the complex underwater
environment and cannot effectively avoid collision. Lin et al.
[15] proposed a three-dimensional simultaneous position-
ing and control method for autonomous mobile robot based
on VSLAM. According to the position and pose state of the
robot and the relevant data of the underwater environment,
the method established the point cloud map of the work-
ing environment, and carried out the motion control of the
autonomous mobile robot according to the map. The control
operation is more sensitive. However, this method has low
control accuracy and is not suitable for practical application.
Braginsky and Guterman [16] proposed a control method of
underwater vehicle equipped with forward-looking sonar.
This method collected the working environment data in
horizontal and vertical directions in real time. According
to the collected results, the forward looking sonar equip-
ment was used to provide the robot with obstacle informa-
tion, and the robot motion control instructions were issued
according to the information. This method can provide more
accurate obstacle information, but the control effect of the
robot is not ideal because the control accuracy parameters of
the robot are not set effectively. Guerra et al. [17] proposed
a disturbance compensation method based on dynamics
standard and constructed a supervisory control framework
which was used to adjust the robot’s position and posture
state, so as to control the robot’s movement stability in a
limited time. Although this method can control the robot,
it does not analyze the complex working environment
and lacks comprehensiveness.

In view of the disadvantages of the traditional methods,
a fuzzy control method of marine plant protection robot
based on motion simulation is proposed on the premise of
fully considering wave and other factors. The experimental
results show that the method can realize the autonomous
and accurate control of the marine plant protection robot
[18], provide an accurate solution to marine ecological
problems, and provide reliable and effective technical ref-
erences for future marine protection projects. The research
steps are as follows:

e Step 1: The working environment model of the marine
plant protection robot is built by using the target motion
simulation description algorithm based on the tree
shaped convex polyhedron;

e Step 2: According to the working environment model,
the positioning of marine plants is completed;

e Step 3: Motion planning of the marine plant protection
robot is carried out and its motion equation is deter-
mined, so as to reduce the deviation of motion path
analysis and improve the control accuracy;

e Step 4: Fuzzy control is carried out on the marine plant
protection robot. It is finally realized through fuzzy
input, construction of language control rules and
defuzzification of output.

e Step 5: Fuzzy control test experiment and result analysis;
e Step 6: Summary.

The research block diagram of this paper is shown in
Fig. 1.

Through the above steps, this research is completed
to solve the problems of low control accuracy and long
response time of traditional motion control methods of
plant protection robots.

This study can effectively avoid the destruction of marine
living resources in the process of marine development, real-
ize the rational utilization of marine resources, and ensure
that the habitats and living places of marine animals and
plants are not damaged, which has made outstanding con-
tributions to the protection and development of marine
resources. Besides, this study can also safeguard national
sovereignty and territorial integrity, ensure the indepen-
dence of national resources and the stability of people’s lives,
and is of great significance to the sustainable and healthy
development of countries and regions.

2. Working environment modeling based on tree convex
polyhedron

The complexity of the marine environment is much
higher than land environments and others. The complexity

The working environment model of the marine plant
protection robot is built by using the target motion simulation
description algorithm based on the tree shaped convex
polyhedron

v

The positioning of marine plants is completed through the
conditions for successful positioning, the estimated time
required for positioning marine plants, and the relative static
state of marine plants;

v

Motion planning of the marine plant protection robot is carried
out and its motion equation is determined, so as to reduce the
deviation of motion path analysis and improve the control
accuracy

v

Fuzzy control is carried out on the marine plant protection
robot, and fuzzy control of the marine plant protection robot is
finally realized through fuzzy input, construction of language
control rules and defuzzification of output.
v
Fuzzy control test experiment and
result analysis

Draw conclusions and look forward to
the future

End

Fig. 1. Research block diagram of this paper.
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of underwater environment is especially high, so it is nec-
essary to focus on the analysis of the underwater environ-
ment [19-21]. The examples of underwater operation and
onshore operation environment are shown in Figs. 2 and 3.

Based on the above analysis, the paper introduces the
object motion simulation description algorithm based on
tree convex polyhedron to model the working environment
of the marine plant protection robot, and accurately locate
the marine plants according to the model [22-24].

2.1. Construction of work environment model

The object motion simulation description algorithm
of tree convex polyhedron is simply to construct a simula-
tion environment by three elements: point, face and edge.
The following two requirements should be met when using
this method to model the work environment: First, a tree
structure surrounded by tight polyhedron is established;
Second, a fixed data structure is used to manage the model.

Under the influence of wave, gravity, buoyancy and other
factors, assuming that the working environment has three
symmetrical planes, then the model of the working envi-
ronment can be described by Formula (1):

Mv+P, (U)Zv Al Q(v)v 6 if underwater operation

A= MKV+P(k) +r @

k

if land operation

V4

max

Fig. 2. Example of underwater operation environment.

Fig. 3. Example of onshore operation environment.

The working environment is classified as underwater
working environment and onshore working environment
[25]. In the formula, v is used to describe the flow velocity; M
is used to describe the inertia mass; P (v) is used to describe
the underwater temperature field; Q(v) is used to describe
the viscous hydrodynamic matrix; G is used to describe
the static forces such as the gravity and buoyancy in the
water; Z__ is used to describe the maximum dynamic force
required for the movement of the objects in the water. K is
the land operation area, P,(k) is the land temperature field
and r is the wind force matrix.

According to the above formula, the real-time situa-
tion of the working environment can be analyzed, and the
marine plants will be located according to the model.

2.2. Positioning of marine plants

There are many factors involved in the accurate posi-
tioning of marine plants [26,27]. When positioning the
underwater marine plants, the judgment and positioning
are mainly based on the differences in the appearance of the
unit pixel. Assuming that the image appearance collected
is significantly different from the image monitored by the
monitoring equipment [28], the judgment of the marine
plants can be made in the following forms:

* There is enough information in the image, and it can
distinguish the underwater environment from the land
environment;

¢ The information of marine plants is roughly located
in the shortest time to be extracted. [29,30];

* Based on the working environment model, the location
of marine plants is carried out [31].

In conclusion, the conditions for the successful posi-
tioning of marine plants are summarized as follows:

max(T.,T

WT,)<T @)
where w is used to describe the mobile range of marine
plant protection robot [32], T is used to describe the total
searching time of marine plants, and T, is used to describe
the estimated time required to locate marine plants. T is
calculated by:

T= 3)

n
\%
where Vis used to describe the displacement speed of marine
plants affected by factors such as resistance and buoy-
ancy during positioning, and # is used to describe the rel-
ative static state of marine plants.

The calculation formula of # is:

v
—,a#0

ni g (4)
0,a=0

where a is used to describe the acceleration of the move-
ment of marine plants.
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On the basis of positioning underwater marine plants,
it is necessary to analyze the motion path of the marine
plant protection robot.

3. Robot motion planning

The marine plant protection robot belongs to a kind of
strong nonlinear system, which means that all freedom
motions are coupled with others, and the coupling details
cannot be effectively described in qualitative form [33].
Besides, the marine plant protection robot mainly runs in
uncertain and complex environment, therefore, it needs to
be reasonably and effectively controlled to ensure that it
can complete its tasks quickly, accurately and safely [14].

3.1. Selection of spatial coordinate system

Assuming that the whole underwater vehicle is a rigid
body with constant mass and volume, the essence of its
motion control is the general motion of the rigid body under
the action of gravity and hydrodynamic forces in the fluid.
Establish two coordinate systems: fixed coordinate system
and moving coordinate system. Each coordinate deter-
mines the corresponding orientation according to the right-
hand rule, so the underwater operation environment is
shown in Fig. 4.

The fixed coordinate system (E-En&) is also known as the
inertial coordinate system, or “fixed system” for short. The
origin E is any point on the earth, and the EE axis is in the
positive direction with the main heading of the robot; The
En axis is perpendicular to the EC axis, that is, 90° to the EE
axis according to the right-hand rule; The EC axis is always
perpendicular to the coordinate plane £En, and points to
the center of the earth in a positive direction; The motion
coordinate system (O-xyz) is also known as the carrier coor-
dinate system, or “moving system” for short. The origin
O is generally located at the center of gravity of the robot,
with the Ox axis pointing to the bow of the robot, the Oy
axis pointing to the starboard, and the Oz axis pointing to
the bottom of the robot. The motion parameters and motion
coordinate components on the motion coordinate system
are shown in Table 1.

»  { axis

1 axis

C axis

Fig. 4. Diagram of fixed coordinate system and moving
coordinate system.

3.2. Spatial motion equation

Through the above, conditions are provided for the
positioning of marine plants, and after the positioning of
marine plants, the motion equation of the robot can be
determined to ensure more accurate positioning of marine
plants [34].

The underwater motion of the robot is essentially a six
degree of freedom spatial motion, which can be achieved
by moving the robot along three axes.

The translational motion of the three axes and the
rotational motion around them are respectively represented.

3.2.1. Translational motion equation

According to Newton’s second theorem, the expression
of the force on the underwater robot is as follows:

v,
ZG_F 5
m— =k ®)

where m represents the quality of the robot; V. represents
the velocity of the center of gravity.

In order to meet the generality of the motion of the
underwater robots, the velocity V. of the center of gravity
can be divided into the following two items:

V.=V +DxR, ©6)

where V represents the speed of the origin of the dynamic
system in the fixed system; D represents the rotational angu-
lar velocity of the power train. D = d/a, where d is used to
describe the difference between the desired velocity vector
direction angle and the current velocity vector direction
angle; a_is used to describe the rotational angular accel-
eration of the dynamic system; R represents the distance
from the center of gravity to the coordinate origin; D x R
indicates implicated speed.

The vector expression of the center of gravity accelera-
tion V. is as follows:

N av d(V+DxR ~

V, = dtG:%:V+DxRG+ayx(Dch) @)
where V represents the acceleration of the lower origin of
the dynamic system.

By substituting the velocity of the origin of the dynamic
system in the fixed system, the acceleration of the origin
of the dynamic system, the rotational angular velocity of
the dynamic system, the rotational angular acceleration of

Table 1
Motion parameters and motion coordinate components

Vector X-axis Y-axis Z-axis
Speed V u v w
Angular velocity D p q r
Power Fg X Y Z
Moment M, K M N
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the dynamic system, the center of gravity coordinates, and
the force received by the robot, namely v =(u o w)T,
~ A A ANT T A A T
V=0 o @), . D=(p q r)r,. a=(p g4 7),
R, :(xG Ye Zc) , F, :(X Y Z) into Formula (7), the
expressions of the three components of the dynamic system,
namely, the translational motion equation, can be obtained:

X:m[ﬁ—vr-rwq—xc(qz +r2)+y6(pq—?)+ZG(P1’+5i)}
Y =m|d—wptur—yo(r+p7) + 2 (qr=p) + 3 (ap +7) | ®)
Z:m[zi)—uq+vp—ZG(P2 +q2)+xG(rp—ﬁ)+yG(W+f7)J

3.2.2. Rotational motion equation

The relationship between the relative momentum
moment of the underwater robot to the origin o of the mov-
ing system and the torque received can be obtained from
the relative momentum moment of the moving point of
the particle system. The specific relationship is as follows:

aH'
dt

= M, + Ry x(-mV ) )

where H'| represents the relative momentum moment of
the particle system calculated by the relative velocity to the
origin o of the moving system; M represents the external
torque at the origin o of the power train.

According to the definition of relative moment of
momentum H', = 1Q, I is the moment of inertia of the
robot relative to the origin O of the dynamic system in each
coordinate axis:

I -1, -I
x xy xz
L=(-I, I, -I, (10)
-1, - I
zx zy z

Since the robot is roughly symmetrical in structure
about the xOz and xOy planes, therefore:

I, 0 0
I={0 I, 0 (11)
0 0 I

Substituting V = L;l and H', = I Q into the Formula (9)

yields: t
(12)

From the derivative relationship of vectors in fixed
and dynamic systems:

Ia,+Dx(I,D)=M, Ry x(V+DxV) (13)
By substituting D:(p q r)T, RG:(xG Yo zG)T,

V:(u v w)T, \}:(1) b zi;)T into Formula (13), the

rotational motion equations of the three coordinate axes of
the underwater vehicle can be obtained:

K:Ifo-s-(IZ —Iy)qr+m[yc(ﬁ}+vp—uq)—zc(f;+ur—wp)]
M:Iyt%-(lx —Iz)rp+m[zc(ﬁ+wq—vr)—xc(z?1+vp—uqﬂ
N:Iz?+(1y—Ix)pq+m[xc(6+ur—wp)—yc(ﬁ+wq—vrﬂ

Targeting at ensuring the safety of the robot, the space
motion equation of the robot is determined, which reduces
the deviation of motion path analysis and improves the
control accuracy [35].

4. Fuzzy control of marine plant protection robot

After positioning the marine plants, the control of the
marine plant protection robot is realized by fuzzy pro-
cessing of the input and constructing language control
rules [36].

The control design of the marine plant protection robot
mainly includes three stages: fuzzy processing of the input,
construction of language control rules, and real output,
namely, defuzzy processing of the output [37,38].

4.1. Fuzzification of input quantity

The fields of input x and output y are described by sets
X and Y in turn. According to the detailed requirements
of robot function, the fuzzy control [39] selects the posi-
tion deviation Al and the speed deviation Al as the input
x, which are [-0.5 m, 0.5 m] and [-0.1 m/s, 0.1 m/s], respec-
tively. The control quantity y(tf) represents the control
output amount to the marine plant protection robot.

In essence, fuzzy processing is to obtain the correspond-
ing language variables of input x in the domain. In order to
facilitate analysis, it is necessary to discretize the domain,
that is to say, complete the normalization of input domain.
In this section, the domain interval is set as [-6, 6], and the
fuzzy control [40] input quantity is discretized to this range.
If the domain of input quantity x is (4,b), then it can be con-
verted to the change quantity x' of [-6, 6] interval by the
following formula:

., 12 a+b
X=—|x——
b—a 2

Membership function is the application basis of fuzzy
control. Typical membership functions include trapezoi-
dal membership function, triangular membership function,
Gaussian membership function and generalized bell mem-
bership function. Triangular membership functions are com-
posed of straight lines, which can accurately distinguish
each language variable and ensure the correctness of fuzzy
control logic. The distribution diagram of linguistic variable
values is drawn by trigonometric membership function, as
shown in Fig. 5. After the fuzzy processing, the set of input
and output fuzzy variables can be expressed as {NL, NM, NS,
Z0O, PS, PM, PB}.

(15)
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NL NM NS ZO PS PM PB

»
'

6 -5 4 3 -2 -1 0 1 2 3 4 5 6

Fig. 5. Example of distribution of language variable values in
robot operating environment.

4.2. Construction of language control rules

The motion state of the marine plant protection robot
is analyzed. When the position deviation Al and velocity
deviation Av of the robot are both negative large (NL), the
robot deviates from the target motion state. To adjust the
motion of the robot and make it closer to the target, the con-
trol amount needs to be adjusted to be positive large (PL)
[41]. When the robot position deviation Al is negative large
(NL) and the velocity deviation Av is positive large (PL), the
robot and the target state are far from each other, but they
are more and more similar to the robot target state. When the
control amount is changed into positive small (PS), that is to
say, only a small amount of adjustment is needed to make
the marine plant protection robot move according to the
given state and track.

4.3. Defuzzification of output

Fuzzy rules are the core of the whole fuzzy logic control
link. The number of rules is related to the division of fuzzy
subsets of fuzzy variables. The finer the division is, the
more rules are. However, it does not mean that the higher
the accuracy of the rule base is. The finer the division is,
the longer the running time of the fuzzy controller will be.
There are multiple motion modes for marine plant protec-
tion robot, and fuzzy rules are required to cover all working
conditions. The fuzzy control rules of marine plant protec-
tion robot are based on the understanding of the physical
characteristics of the controlled object and the intuition
and experience of control. With the expert experience as a
reference, and in combination with the control objectives
and operation mode of the marine plant protection robot’s
fuzzy control, multiple fuzzy rules are formulated to carry
out relevant fuzzy reasoning.

The result cannot be directly regarded as a control quan-
tity, which is mainly because it is a fuzzy result, so it needs
to be defuzzied to turn it into an accurate value that can be
realized by the execution unit [42]. The main purpose of
defuzzification is to calculate the fuzzy conclusion by fuzzy
reasoning, which can reflect the accurate distribution of
control quantity. At present, there are many defuzzification
methods. In this section, the center of gravity method, also
known as the center of mass method, is the most reasonable
method among all defuzzification methods. The formula
is described as follows:

‘u v)ydy
yo :J.VL (16)

Ju(v)dy

In the formula, the integral symbol [ represents the alge-
braic integral of the membership value of all elements of
the output fuzzy subset in the continuous domain p. y rep-
resents the influence degree of the anti-fuzzy output, and
d represents the membership degree of the fuzzy subset. If
the membership function of fuzzy subset is discrete domain,
its calculation formula is:

Z”]u(yi)y,»
Vo=t —— (17
“’(yi)

i=1

where i represents the central value of the maximum
membership.

The working environment of the marine plant protec-
tion robot is very complex. If the marine plant protection
robot encounters the marine plant when it is moving, the
corresponding control strategies are obtained according to
different situations, and the marine plant protection robot
achieves the best control effect.

Based on the above positioning of marine plants and
the motion planning of marine plant protection robots, the
motion prediction and accurate control can be realized in
advance, and finally the fuzzy control of marine plant pro-
tection robots can be realized.

5. Experimental results and analysis

In order to verify the validity of the fuzzy control
method of marine plant protection robot based on motion
simulation, a comparative experiment is carried out. The
experimental environment is Dell PC. The processor is Intel
core-m480i5cpu @ 2.67GHz, with 4GB memory. The operat-
ing system is 32-bit windows7 system, and the simulation
experimental data are all from MATLAB software. Dolphins
have vigorous and flexible physiological characteristics,
and mainly rely on echo location function during activities.
Dolphin robot is a kind of bionic robot for dolphins. It has a
streamlined shell of dolphins and can locate through sonar in
underwater environment. It has the advantages of low noise,
simple control and high mobility. It can basically meet the
requirements of underwater exploration. Existing research-
ers have used the bionic dolphin robot to explore dangerous
waters, so this experiment chooses the dolphin robot as the
experimental object. The submergence depth of the robot is
150 m, and the speed is 0-1 m/s. The robot is loaded with
a detachable mechanical arm. The size of the submersible is
690 mm x 410 mm x 100 mm. All the above data are from
a robot manufacturer who produces the robot according
to strict parameter standards. The application process of
this study is shown in Fig. 6.

In the experiment, the method in reference [43], the
method in reference [44] and the proposed method are
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Fig. 6. The application process of this study.

compared and analyzed under the conditions with interfer-
ence and without interference, respectively [43] described the
problem of a group of marine robots measuring underwa-
ter environmental parameters in local areas. The centralized
control method of robot group work plan was adopted to
design the centralized control system of marine robots, so as
to control autonomous underwater robots and autonomous
surface vehicles, and relevant results were obtained. The
centralized control equation of the ocean robot is as follows:

P = ( Sl)—IHA’pE:LBA)
P, = (pgfl){nAf pS:I)-IBA)
P={P = (pESzIHA’pS%[BA) (18)

P = (pE\VQIHA'pXIIZIBA)

In Eq. (18), (pfxlzmAfpgmA'pf})mA/'“' pE;?II'IA) represents the

angular velocity parameter in the process of robot move-

(1) @ 6 ()

AHBA’pAHBA’ pAHBA" ° "pAHBA
linear velocity parameter in the process of robot movement.

Alam et al. [44] was mainly based on the hexapod robot
model with buoyancy model as force interference, and
combines the derived impedance control based on the cen-
ter of mass (COM) with fuzzy logic control to control it,
so as to reduce the influence of underwater buoyancy on
the control of hexapod motion state.

The derived impedance is used to control the robot
drive motor, and the derived impedance control equation
is as follows:

ment, and (p ) represents the

(R+X)
Z

()

2=l r X (19)

In Eq. (19), Z, represents equivalent resistance, Z, rep-
resents equivalent reactance, R represents impedance loss
coefficient, j represents impedance angle, r represents imped-
ance mode, and X represents load impedance parameters.

Fuzzy logic is used to control the motion attitude and
direction of the robot. The specific control equations are as
follows:

1_ 1 1 1 1
y —C0+C1xl+C2x2 +...+cnxn

2_ 2, 2 2 2
y —C0 +c1xl+czx2+...+cnxn

(20)

yV=c +ex +cx, + e,

In Eq. (20), x,, x,, ..., x, represents fuzzy rules, ¢, c,
..., ¢,! represents fuzzy sets 1, ¢? c? c? ..., ¢ represents
fuzzy sets 2, c,N, ¢V, ¢V, ..., c,N represents fuzzy sets N,
and v, 1% ..., y" represents different fuzzy controllers.

Because the method in reference [43] and the method
in reference [44] are the same as the proposed method in
the method design, taking into account the robot’s own
weight, control cable length, power and power parameters,
etc., the fairness and consistency of the comparative exper-
iment can be guaranteed [45]. Taking control accuracy and
response time as experimental indexes, the effectiveness
of the proposed method is analyzed.

5.1. Anti-interference test
5.1.1. Without interference

During the experiment, the test samples are input into
the simulation software for trial operation to test the soft-
ware operation. When the software operation status is nor-
mal, the test samples are input into the simulation software
for experiment. In the process of simulation experiment, set
no signal interference, and import the data packets of dif-
ferent methods to the simulation platform to drive the rele-
vant programs of the simulation experiment, so as to obtain
the experimental results of obstacle avoidance accuracy
without interference.
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Fig. 7 is a comparison of the accuracy of controlling
the underwater obstacles by using the methods of refer-
ence [43], reference [44] and the proposed method without
interference.

It can be seen from the analysis of Fig. 7 that, without
being affected by external conditions, the obstacle avoid-
ance accuracy of the marine plant protection robot in the [43]
varies from 60% to 70%, the obstacle avoidance accuracy of
the marine plant protection robot in the [44] method varies
from 58% to 80%, while the obstacle avoidance accuracy
of the marine plant protection robot in this method always
varies from 80% to 90%, indicating that only this method
can accurately control the obstacle avoidance of the marine
plant protection robot, The proposed method has sig-
nificant advantages.

5.1.2. Under interference condition

In the simulation experiment process, the current inter-
ference and current interference parameters are introduced,
and the data package execution programs of different meth-
ods are imported to the simulation platform to drive the rel-
evant programs of the simulation experiment, and the exper-
imental results of obstacle avoidance accuracy under inter-
ference conditions are obtained.

When marine plant protection robots work in a complex
underwater environment, they are disturbed by various fac-
tors, such as wind, waves and current. Therefore, whether
the proposed method can effectively control the marine plant
protection robot under the interference of the external envi-
ronment needs to be tested. Fig. 8 is a comparison diagram
of control accuracy between the methods in reference [43],
reference [44] and the proposed method under the inter-
ference of current and wave.

It can be seen from the analysis of Fig. 8 that under the
condition of ocean current interference and wave interfer-
ence, the control accuracy of the method in reference [43]
is up to 30% and kept below 30% all the time; The control
accuracy of the method in reference [44] is higher than that

Method in reference [43]
Method in reference [44]

— -+ - The proposed method
100 PTOP
§ ~ ~
>‘ — — e —
§ 80|~ T T ==
~
§ _//\W\l\\é\ N
g 6or=""7 \_> > =~——4
g —
<
=t
]
z 40
2
2
220 |-
o
0 1 1 1 1 1
0 50 100 150 200 250 300
Time /s

Fig. 7. Comparison results of obstacle avoidance accuracy of
different methods without interference.
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of the method in reference [43], and the highest is 60%;
However, there is still a big gap between the two methods
and the proposed method, and the control accuracy of the
proposed method is kept above 65%, and the highest is 87%.
It shows that the fuzzy control method of the marine plant
protection robot can reduce the influence of the interference
factors and realize the precise control of the marine plant
protection robot [46].

5.2. Signal strength comparison

In order to further verify the anti-interference ability of
different methods, the signal strength comparison test is con-
ducted. During the experiment, the test samples are input
into the simulation software for trial operation to test the
software operation. When the software operation status is
normal, the test samples are input into the simulation soft-
ware for experiment. In the process of simulation experi-
ment, set the signal interference intensity to 60 dB, import
the data package of different methods” execution program to
the simulation platform, drive the relevant programs of sim-
ulation experiment, calculate and analyze the output signal
strength of different methods, and obtain the signal strength
comparison results under different sample data, as shown
in Fig. 9.

It can be seen from the analysis of Fig. 9 that the maxi-
mum signal strength of the method in method in reference
[43] is 58 dB, and the maximum signal strength of the method
in reference [44] is 73 dB. However, the signal under the con-
trol of this method is sparse, indicating that there is a sig-
nal data loss. Compared with the other two methods, the
signal strength of the method in this paper is up to 73 dB,
and the signal is relatively dense, which shows that the sig-
nal data under the control of this method is not easy to lose,
and that this method has strong anti-interference ability.

Obstacle avoidance accuracy/%

. “The proposed.

7 method:
l kol
B0 i.. 1 Methodin -
. . reference [43]
NGRS :

10 e’

15 20 - 10

Interference degree of 30
ocean current /%

Interference degree
of wave /%

Fig. 8. Comparison results of control accuracy of different
methods under interference conditions.
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Fig. 9. Signal strength results of three different methods.

5.3. Response time comparison

The response time of the methods in reference [43], ref-
erence [44] and the proposed method are compared and
analyzed, and the results are shown in Table 2.

The data in Table 2 shows that the response time of the
reference method [43] is 19.1 s at the fastest and 31.22 s at
the slowest; The response time of the reference method [44]
is 19.1s at the fastest and 37.1 s at the slowest; The reac-
tion time of the proposed method is 8.1 s at the fastest and
11.6 s at the slowest. The proposed method is significantly
lower than that of the two traditional methods, which fur-
ther verifies the high efficiency of the proposed method. The
marine plant protection robot can respond to commands
in time and improve the control efficiency.

To sum up, the control results obtained by the proposed
method indicates that it can effectively achieve the control of
underwater robot under the interference of wave and other
external environment. Although there is a certain degree
of vibration, the vibration amplitude is small, the control
accuracy is high, and the response time is short, which can
meet the needs of practical engineering.

Table 2
Response time of three methods

Method First Second Third Fourth
response response response response
time (s) time (s) time (s) time (s)

The proposed  11.6 8.1 9.6 9.02

method

Method in 19.1 25.1 31.22 28.2

Reference [43]

Method in 19.1 25.2 26.4 371

Reference [44]

6. Conclusion

At present, the marine environment is constantly being
infringed. If the ocean is polluted, human beings will also be
in danger. It is necessary to protect the ocean because pro-
tecting the ocean means protecting human life! Therefore,
the whole world should make joint efforts and take practical
measures to protect and preserve the marine environment
on which mankind depends. The application of marine plant
protection robot is the main way to solve the above problems.
The marine plant protection robot belongs to a complex non-
linear system, which needs to be controlled by a reasonable
control method to ensure the stability and accuracy of the
robot in the process of performing tasks. Therefore, a new
fuzzy control method of marine plant protection robot based
on motion simulation is proposed, which mainly constructs
the working environment model of marine plant protection
robot by using the target motion simulation description algo-
rithm of tree convex polyhedron, and then locates marine
plants according to the modeling results. Then, according to
the positioning results, the motion equation of the marine
plant protection robot is determined, and finally the fuzzy
control of the marine plant protection robot is carried out.
The experimental results show that, under the interference
of external environment such as waves, this method can
also effectively achieve the accurate control of marine plant
protection robots, with the control accuracy maintained at
more than 65%, and the highest accuracy is 87%, indicating
strong anti-interference ability. It also shows short response
time. The shortest time is only 11.6 s. It is hoped that this
research can be popularized and provide certain applica-
tion value for the protection of marine environment in the
future, we should protect the marine environment on which
human beings rely for survival in a more comprehensive
way. In the future, it is necessary to apply the marine plant
protection robot to the marine development and protection
work, and use the method in this paper to carry out fuzzy
control on the marine plant protection robot, so as to effec-
tively avoid the collision between the robot and obstacles
during the task execution, better perform the marine pro-
tection task, and promote the protective development of
marine resources. In order to further expand the application
scope of this method, it is necessary to apply this method
to other robot fuzzy control fields for relevant application
exploration, in order to promote the further development of
robot control technology.
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