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Trajectory Optimization Control System oo
of Intelligent Robot Based on Improved

Particle Swarm Optimization Algorithm

Ziyu Hu

Abstract Trajectory optimization is a hot topic in the field of intelligent robots,
whose task is to plan the optimal motion trajectory that passes through a specified
point and satisfies constraints such as velocity and acceleration based on a given target
trajectory point. In the time optimization problem of robots, particle swarm optimiza-
tion (PSO) has been widely applied in the time optimization problem of robotic arms
due to its simple structure and adjustable parameters. This article conducts research
on the intelligent robot trajectory optimization control system based on PSO, and
the results show that through experimental data of three joints, it can be found that
the optimized trajectory motion time has been reduced by an average of about 50%,
achieving the expected goal. Compared with before optimization, PSO has stronger
global search ability, faster convergence speed, and good stability, which can effec-
tively improve robot work efficiency and maintain smooth operation. By dynamically
adjusting the value of the learning factor in the particle swarm optimization algorithm
through PSO, the particle swarm can search for the optimal value in a short period
of time in the early stage of iteration and can quickly and accurately converge to the
optimal solution in the later stage of iteration.

4.1 Introduction

The application engineering research of intelligent robots has attracted worldwide
attention. Outdoor small intelligent mobile robots are a kind of engineering service
robots, which have broad application prospects and can be applied to environmental
cleaning, agricultural and forestry plant protection, resource exploration and other
occasions. The motion control of intelligent robots can be divided into three cate-
gories: point stabilization, path tracking and trajectory tracking. In trajectory tracking
control, the tracking path is related to time, so it is the most complicated. At present,
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there are mainly control based on kinematic model, control based on dynamic model
and intelligent control [1]. At present, there are two kinds of trajectory planning:
one is to optimize the time, and choosing the motion time as the optimization object
can improve the working efficiency of the robot; the other is to optimize the system
energy and choose the system energy as the optimization object, which can reduce the
energy loss of the robot and prolong the service life [2]. Trajectory optimization is a
hot issue in the robot field. Its task is to plan the optimal trajectory that passes through
the specified point and meets the constraints of speed and acceleration according to
the given target trajectory point. In the robot time optimization problem, PSO is
widely used for its simple structure and adjustable parameters [3]. In this paper, the
trajectory optimization control system of intelligent robot is studied based on PSO,
and the time is optimized by PSO to find out the optimal trajectory. Experiments
show that when selecting the optimal position of particle swarm, the poor solution is
accepted with a certain jump probability to jump out of the local extreme value, and
after a certain number of iterations, if the optimal individual in the swarm is found to
be not obviously optimized, particles with different concentrations are inhibited or
promoted [4, 5]. Fully considering the dynamic characteristics of the mobile robot,
it “retreats” to the whole system step by step. Based on the dynamic model of the
mobile robot, a globally stable trajectory tracking control law is designed, which has
engineering application value. By dynamically adjusting the value of learning factor
in PSO, the particle swarm can search for the optimal value in a short time at the
beginning of iteration and converge to the optimal solution quickly and accurately
at the end of iteration [6].

4.2 Research on Trajectory Planning of Intelligent Robots
Based on Improved Particle Swarm Optimization
Algorithm

4.2.1 Trajectory Optimization Control System

Intelligent robots have various internal and external information sensors, such as
vision, hearing, touch and smell. As shown in Fig. 4.1, intelligent robots not only have
receptors, but also effectors as a means of acting on the surrounding environment.
This is the muscle, also known as the stepper motor, which moves the hands, feet,
long nose, antennae and so on. From this, it can also be seen that intelligent robots
must have at least three elements: sensory elements, reaction elements and thinking
elements.

The difference between intelligent robots and industrial robots is that they have the
ability to perceive, recognize, reason and judge like humans do. You can modify the
program within a certain range based on changes in external conditions, which means
it can adapt to changes in external conditions and make corresponding adjustments
to itself. However, the principles for modifying the program are predetermined by
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Fig. 4.1 Intelligent robot

individuals. This type of primary intelligent robot has already possessed a certain
level of intelligence. Although it does not yet have the ability to automatically plan, it
has also begun to mature and reach a practical level. The trajectory planning is divided
into two stages during implementation. The first stage is called path planning, which
refers to the various paths that require the robot to move to a designated position. How
to move to the designated position, such as through a straight line or arc to move to the
designated position. The second stage is called trajectory tracking, which means that
for a known path or trajectory, the robot cannot perform motion uniformly according
to it, but uses approximation to complete the given trajectory [7]. However, trajectory
planning has always been a research hotspot in the field of intelligent robot control
[8]. In this regard, this article will conduct research on the trajectory optimization
control of intelligent robots based on PSO. The basic PSO adopts a “speed position”
search model to solve optimization problems.

Elementary particle swarm optimization algorithm has fast convergence perfor-
mance in the initial stage. The performance of this controller depends on the selection
of controller parameters, and it takes a lot of work to determine these parameters
by repeated experiments [9]. This article designs an intelligent robot trajectory opti-
mization control system based on PSO and uses an improved particle swarm opti-
mization algorithm for parameter optimization calculation. The overall structure of
the controller is shown in Fig. 4.2.

In the trajectory optimization control system of the improved particle swarm
optimization algorithm, the motion time of robot joints is regarded as particles in the
search space, and each particle has a position attribute and a speed attribute, and the
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Fig. 4.2 Trajectory optimization control system

optimal time is sought by the fitness function [10]. The particle swarm adjusts the
next evolutionary direction according to the individual optimal position and the global
optimal position, but when it is local optimal, all particles will be influenced by it
and move toward the local optimal position, which will lead to the rapid convergence
of the particle swarm, resulting in local extremum or stagnation.

4.2.2 Optimization Goal Establishment

The entire particle swarm is a large whole, treating each particle as a separate small
individual. Each particle randomly finds a location that may be the best within the
feasible domain. The target point is determined as the global optimal solution, and the
motion process of the particle swarm can be seen as the iterative evolution process of
the algorithm. In particle swarm optimization, each particle exists as an independent
individual, representing an optimization mechanism that seeks the optimal solution
through mutual cooperation between particles. The PSO algorithm is an intelligent
optimization algorithm that is very simple, easy to understand and does not require
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complex calculations or excessive parameter adjustments. Its robustness is stable.
Particle swarm optimization (PSO) algorithm is prone to falling into the defects of
extreme values and declining particle swarm diversity during the iteration process
for improvement, mainly through parameter improvement, adjusting particle states
and integrating with other algorithms. Scholars often make improvements based on
inertia weight coefficients.

When the intelligent robot is working, whether it meets the requirements is mainly
measured by running time, energy consumption and pulsating impact. According to
different iterative stages, the learning factor is dynamically adjusted to prevent the
particle swarm from falling into local optimum in the initial rapid aggregation stage,
and to ensure that the global optimal solution can be quickly found in the later
search stage while searching in a large range [11]. Aiming at the optimization of
intelligent robot’s time pulse impact, the time-based objective function S; and the
pulse impact-based objective S, are constructed:

n—1
mnS=7T = Z(zi+l -1 (4.1)
i=0

N
Sy =)\ Jdt (42)
n=1

Among them: T stands for the total running time of intelligent robot, which can
be used to measure the running efficiency; the J represents the pulsating impact and
measures the smoothness of the robot trajectory.

The objective function is normalized by setting the weight coefficient, and the
fitness function is defined as:

f=a1S1+ a8, 4.3)

where o1 and o, are weight coefficients and satisfy «; +a, = 1; B is an elastic adjust-
ment factor, and 8 exists to balance the difference in order of magnitude between
pulsating impact and action time.

In order to perform time optimal trajectory planning for articulated industrial
robots, it is necessary to optimize particle parameters and find the optimal solutions
for each particle, in order to obtain the optimal solution for the entire optimization
process. The optimal value of the particle swarm has a significant impact on the
behavior of the entire particle swarm. The idea of simulated annealing is used to
select the optimal solution of the particle swarm [12, 13]. In the early stages of
optimization, it is acceptable to accept inferior particles as particle swarm particles,
maintaining particle diversity. In the later stage of optimization, only high-quality
particles are accepted as the optimal particles, so that the optimization converges to
the optimal value.
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4.2.3 Particle Velocity and Position Updates

PSO is an algorithm based on traditional PSO, but the number of objects to be solved
is different. After the target particle swarm is initialized, the particle characteristics in
the particle swarm are represented by position, speed and fitness. If the robot needs to
accurately track a given trajectory, then the controller must control the manipulator’s
executive end to move along this trajectory. However, because the robot is highly
nonlinear and has complex constraints, Coriolis force and centrifugal force have
great influence on the movement of the whole system at high speed. It is generally
impossible for a robot to accurately track a given trajectory. So most of the trajectory
tracking is realized by approximation. In order to ensure that the robot’s end gripper
can reach Cartesian space coordinates, the robot is solved by forward kinematics and
the space coordinate position of its starting point and the space coordinate position of
its ending point are obtained. Compared with the different optimal individual fitness
produced by each iterative update, the global optimal solution Gy is determined,
and the iterative expressions of the velocity and position of particle i are as follows:

Uit = 1R (P — XF) + 02 R2(G — XY) “44)

Among them, U{‘ represents the velocity of the i particle at the k iteration; X f‘ is
the position after the k iteration. R| and R, are random numbers between (0, 1). P;
and P, represent the optimal positions for particle fitness.

The selection of particle swarm fitness function is the key to the optimization
results. Due to the existence of many different evaluation systems and performance
indicators in the control process, such as stability, controllability, convergence speed,
steady-state characteristics and dynamic characteristics. For robots with joints, corre-
sponding trajectories are set in joint space. If more points are selected, the distance
between adjacent two points will be smaller and the accuracy will be higher, but this
also leads to the need for more inverse operations. The lines and arcs implemented
in this section are implemented in this way. Therefore, different emphasis points in
the optimization process will be reflected in the different characteristics presented
on the tracking trajectory.

4.3 Simulation Experiment and Result Analysis

4.3.1 Simulation Conditions and Parameter Settings

In this paper, the improved particle swarm optimization algorithm, the standard
particle swarm optimization algorithm, the inertia weight PSO algorithm and the
compressibility factor PSO algorithm are used to carry out path planning simulation
experiments through MATLAB. Due to multiple robots performing path planning
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tasks in the same operating environment, there may be resource grabbing and collab-
orative cooperation between robots. Therefore, we need to allocate tasks reasonably,
as well as prioritize node interaction, evaluation and decision-making.

During the experiment, we need to consider not only the conditions set in the
particle swarm optimization algorithm, but also the normal conditions of industrial
robots, which should not exceed the normal range of robots. PSO is an algorithm
to ensure global search. In order to further improve the global search ability of
the algorithm, improve the search performance for solving multimodal optimization
problems and improve the ability of searching in a large range in the later stage of
the algorithm. In this paper, the operation strategy of randomly selecting the best
individual in the group is put forward to avoid the diversity of the group being too
small, so as to improve the global search ability of the algorithm.

In each iteration, the particle itself will constantly adjust by tracking two extreme
values. In the optimization process, firstly, the global optimal particle is obtained from
twenty groups of particles by comparing fitness values. The particles are continu-
ously updated through n iterations, and the optimal solution particle with constraints
is calculated, which is the optimal time particle. So the optimal solution found from
these particle neighbors is called local extremum. In the process of particle optimiza-
tion, it is impossible for particles to always get a better solution only by tracking
the global extremum or local extremum. The problem is solved satisfactorily when
particles follow the global extreme value or local extreme value while following the
individual extreme value.

4.3.2 Simulation Result

Starting from the active motion of the robot, an improved particle swarm optimization
is used to solve the optimal detection point of the robot, so as to make the location
and tracking of the trajectory target of the intelligent robot more accurate. In theory,
the bottleneck of inaccurate distance measurement in existing positioning has been
overcome, effectively solving the problem of inaccurate distance measurement in
trajectory positioning accuracy. In this paper, the most appropriate weight coefficient
will be selected according to the actual engineering needs to minimize the fitness
function, so as to achieve the optimal solution of both. If collision needs to be
avoided in the motion space of the robot, the best way is to first plan a trajectory
that avoids obstacles. This trajectory is usually preplanned and stored in memory
through teaching or calculation, and only needs to track the motion of this path during
operation. But when the robot reaches its working position, the path of obstacles to
avoid becomes short and difficult to control. This makes it very difficult to obtain
these trajectories through teaching or calculation, especially in situations where the
execution time is very short.

To demonstrate the stability of PSO, taking Joint 3 as an example, multiple
optimizations were conducted before and after optimization. The optimization time
convergence diagram based on PSO is shown in Figs. 4.3, 4.4 and 4.5. In the early
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stage of the experimental process, the particle swarm can search for the optimal value
in a short time, while also ensuring fast and accurate convergence to the optimal

solution in the later stage.

Analyzing the data in Figs. 4.3, 4.4 and 4.5, it can be seen that there is a significant
difference between before and after optimization. In the time convergence results of
Joint 1, it takes 7 s to complete before optimization, and only about 4 s to complete
after optimization. In the time convergence results of Joint 2, it takes 9 s to complete
before optimization, and only about 5 s to complete after optimization. In the time

Fig. 4.3 Time convergence
graph of Joint 1

Fig. 4.4 Time convergence
graph of Joint 2
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Fig. 4.5 Time convergence diagram of Joint 3

convergence results of Joint 3, it takes 7 s to complete before optimization, and
only about 5 s to complete after optimization. Through the experimental data of the
above three joints, it can be found that the optimized trajectory motion time has been
reduced by an average of about 50%, achieving the expected goal.

4.4 Conclusions

In this paper, the trajectory of intelligent robot constructed by PSO is proposed.
Combined with polynomial programming method, the optimal design of robot’s
time and pulse impact is carried out by improving hybrid PSO, which effectively
shortens the movement time and has good stationarity, and effectively improves
the robot’s working performance. When the intelligent robot is working, whether it
meets the requirements is mainly measured by running time, energy consumption
and pulsating impact. According to different iterative stages, the learning factor is
dynamically adjusted, so that the particle swarm can avoid falling into local optimum
in the initial rapid aggregation stage, and the global optimal solution can be quickly
found in the later search stage while searching in a large range. When designing the
path, the execution end of the robot is often regarded as a point. But in fact, the size
of the robot’s hand is relatively large, and it moves in space with a certain volume
during its movement, not a line. To avoid collision, it is necessary to ensure that
the volume corresponding to this space trajectory does not intersect with obstacles.
The results show that through the experimental data of three joints, it can be found
that the optimized trajectory motion time is shortened by about 50% on average,
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which achieves the expected purpose. The results show that compared with before
optimization, PSO has stronger global search ability, faster convergence speed and
good stability, which can effectively improve the working efficiency of the robot and
maintain the running stability.
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