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To enhance the performance of power inspection robots in intricate nuclear power stations, it is necessary to improve their response speed and accuracy. This paper uses the manipulator of the power inspection robot as the primary research object, and unlike previous control algorithm research, which only remained in the software simulation stage, we constructed a set of physical verification platforms based on CAN communication and physically verified the robotic arm’s control algorithm. First, the forward motion model is established based on the geometric structure of the manipulator and D-H parameter method, and the kinematic equation of the manipulator is solved by combining geometric method and algebraic method. Secondly, in order to conduct comparison tests, we designed PID controllers and expert PID controllers by utilising the expertise of experts. The results show that compared with the traditional PID algorithm, the expert PID algorithm has a faster response speed in the control process of the manipulator. It converges quickly in 0.75 s and has a smaller overshoot, with a maximum of only 6.9%. This confirms the expert PID algorithm’s good control effect on the robotic arm, allowing the six-degree-of-freedom robotic arm to travel more accurately and swiftly along the trajectory of the target point.
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1 INTRODUCTION
The application of power inspection robots (Iqbal et al., 2012; Lu et al., 2017; Menendez et al., 2017; Alhassan et al., 2020; Zhang and Dai, 2021; Zhonglin et al., 2021) is increasingly crucial for examining and upkeeping extensive and intricate power systems. The key rationale of robotics application has always been to avoid human exposure to hazardous environments and tasks ranging from scrutiny and general maintenance to decontamination and post accidental activities. To execute these activities, robots need to incorporate artificial intelligence, improved sensors capability, enhanced data fusion and compliant human like leg and hand structures for efficient motions. The commonly used PID algorithm (Borase et al., 2021) is easy to understand and implement, can quickly respond to changes in control signals, is very suitable for applications requiring stability, and can be adjusted according to different control requirements, and has a wide range of applications. However, in some complex nonlinear systems, the control accuracy of PID algorithm may not be high enough, and parameters need to be adjusted according to specific control objects and environmental conditions. Therefore, in the past studies (Parra-Vega et al., 2003; Qin et al., 2014; Krishna and Vasu, 2018; Srivastava et al., 2018), more and more scholars will fit into the traditional intelligent control algorithm of PID algorithm, through a combination between the two ways to improve control performance and precision of the algorithm. For example, Djaneye-Boundjou et al. (2016) developed a stable adaptive particle swarm optimizer to automatically adjust the parameters of PID gain; Shamseldin and Mohamed A (Shamseldin, 2021) improved the optimization model by simulating how covid-19 spreads and infuses, and proposed an efficient covid-19 optimization algorithm to obtain the optimal value of the PD/PID cascade controller. Xiao et al. (2023) also used RBF neural network to improve the tracking performance of the manipulator by updating PID parameters through errors between network output and system output.
Because the manipulator is a typical multi-input and multi-output complex system, it has the characteristics of strong coupling and nonlinear, and the special driving mode makes it difficult to establish an accurate system model in practice. For this kind of nonlinear physical system, Sliding Mode Control (SMC) has the advantages of being insensitive to system parameter changes and external interference, and has good control effect on uncertain nonlinear systems, so it is widely used in the design of manipulator control system (Peng et al., 2019; Zhang and Yan, 2019; Dai et al., 2022). However, in practical applications, the traditional sliding mode control has the problem of buffeting, that is, the motion trajectory shuttles high-frequency on both sides of the synovial surface (Wang et al., 2009). Therefore, in order to suppress the problem of cutting-edge vibration, Long et al. (2021) proposed to overlay the Actor-Critic based reinforcement learning controller with the improved sliding mode controller to improve the positioning accuracy of the flexible manipulator. Yu (2020) proposed a TSMC based on expected trajectory to asymptotically track terminal trajectory and stimulate periodic flexible vibration.
Although many intelligent control algorithms show excellent control performance and accuracy in the simulation of manipulator software, there are still many limitations. First, differences between the virtual simulation and the actual operation can lead to inaccuracies in the algorithm, which can affect the behavior of the robotic arm. Secondly, due to the simplification of the simulation environment and the lack of interference and noise in the real environment, the results of software simulation may be biased from the actual situation. Finally, software simulation requires the support of high-performance computers and complex software, which may bring high costs and technical barriers.
In this paper, a 6-DOF manipulator is used as a hardware platform to verify the control algorithm of the manipulator. Based on CAN communication, the 6-DOF manipulator realizes the control of six joint motor of the manipulator body by upper computer software. This study constructs the forward kinematics modeling of the six degrees of freedom mechanical arm and deduces a solution to the manipulator’s inverse kinematics problem, which is necessary to achieve the PC software control of the manipulator completely, and its written as M file to import into the MATLAB software. Finally, the conventional PID algorithm and expert PID algorithm were implemented in the robotic arm control system, and physical comparison experiments between intelligent control algorithms were conducted.
The paper is organized as follows. Section 2 focuses on the hardware platform used for the subsequent experiments. Section 3 is divided into three parts. The first two parts deal with the establishment of the positive motion model and the derivation of the kinematic equations, both of which are proven to be correct. The last part focuses on the design of the controller within the robotic arm control system. Section 4 presents the physical verification. The final conclusions will be provided at the end.
2 HARDWARE PLATFORM
2.1 Arm body
Mobile robots with manipulator (as shown in Figure 1) are currently widely utilised in real-world applications such as metropolitan highways, agriculture, mining, and power plants because they are highly adaptable, capable of completing complex tasks, and can withstand a variety of harsh indoor and outdoor conditions.
[image: Figure 1]FIGURE 1 | The actual picture of mobile robot equipped with manipulator.
In this study, we focus on the robotic arm as the research object, and as a result, we construct a physical verification platform (as shown in Figure 2) for the robotic arm control algorithms. Figure 3 shows the manipulator hardware used in this paper, which is used to validate the control effect of the intelligent control algorithm on the robotic arm entity, and the robotic arm physical object is modeled in 3D to simplify the complex geometrical structure of the robotic arm.
[image: Figure 2]FIGURE 2 | The actual picture of robotic arm experiment platform.
[image: Figure 3]FIGURE 3 | Simplified model of the robotic arm.
2.2 Communication protocol
Because the upper computer’s control of the 6-DOF manipulator body is actually the control of the six joint motors, it is necessary to build the communication protocol between the upper computer and the six joint motors. In the 6-DOF manipulator body, CAN communication is used to complete the data exchange between the upper computer and the six joint motors.
CAN communication as a kind of high-speed serial communication protocol, CAN use twisted-pair cable to transmit signals, is widely used in the field of servo motor control. CAN communication usually requires the use of CAN controller and CAN transceiver to realize the control of one or more servo motors, which can be directly connected with the servo drive (as shown in Figure 4) to complete the communication process. At the same time, CAN communication can also realize the speed, position and torque of the motor parameters control. In addition, CAN communication can also realize motor diagnosis and fault monitoring, improve the reliability and safety of the control system.
[image: Figure 4]FIGURE 4 | CAN bus structure.
The host computer that controls the manipulator CAN choose the general PC end. The control of the manipulator does not have high requirements on the system and hardware performance of the host computer. The data communication between the host computer and the manipulator body can be completed with the help of the USB to CAN module.
There are two kinds of modules that CAN complete CAN communication, one is a low-speed ordinary CAN module, and the other is a high-speed CAN module (as shown in Figure 5). The existing low-speed CAN module defines a baud rate of 115.2Kbps for data communication, and it can control the six joint motors or the whole manipulator body with the python programming environment. And after testing, when the transmission rate is 40Kbps, the bus distance can reach 1,000 m. The other high-speed closed-loop CAN communication when the communication bus length is less than or equal to 40 m, the maximum communication rate can reach 1Mbps.
[image: Figure 5]FIGURE 5 | CAN module used in this study. (A) Low speed CAN module; (B) High speed CAN module.
In the experiment of this paper, we will also use the high-speed CAN module as the basis for data communication between the host computer and the manipulator body, define the baud rate of CAN communication as 250 Kbps, and realize the control of the six joint motors and the manipulator body with MATLAB software.
3 ROBOTIC ARM MODELING AND CONTROLLER DESIGN
3.1 Forward kinematic analysis
According to the D-H parameter method definition (Hayat et al., 2013), a spatial geometric relationship between the connecting rods is established based on the 3D model of the robotic arm in Figure 3, and a connecting rod coordinate system is established on each robotic arm joint separately, as shown in Figure 6. The D-H parameter table of this robotic arm is then constructed based on the connecting rod coordinate system, as illustrated in Table 1.
[image: Figure 6]FIGURE 6 | The link coordinate system of the whole robotic arm.
TABLE 1 | The D-H parameter table of the six-degree-of-freedom robotic arm.
[image: Table 1]The D-H parameters in Table 1 are brought into the positional transformation matrix (Hayat et al., 2013) in the D-H parameter method to obtain the positional transformation matrix of the robotic arm from the base coordinates {0} to the coordinate system {6} as shown in Eq. 1.
[image: image]
By continuously right-multiplying the coordinate transformation matrix in Eq. 1, the pose transformation matrix of the end effector of the robotic arm can be obtained, i.e., the pose transformation matrix of the end effector of the sixth joint relative to the base coordinate system {0}:
[image: image]
where [image: image] represents the direction of the X-axis of coordinate system {6} in the global coordinate system; [image: image] represents the direction of the y-axis of coordinate system {6} in the global coordinate system; [image: image] represents the direction of the Z-axis of coordinate system {6} in the global coordinate system; [image: image] represents the position of the origin O of coordinate system {6} in the global coordinate system.
The position of the end effector of the robotic arm in the global coordinate system is:
[image: image]
where sθ represents sin θ; cθ represents cos θ; θ23 = θ2 + θ3; θ234 = θ2 + θ3 + θ4.
3.2 Inverse kinematics analysis
The solution of a robotic arm’s inverse kinematics is critical to the study of path planning and motion control, and many scholars have conducted extensive discussions and research in this area in recent years in order to find the optimal solution for robotic arm control among many inverse kinematics solutions (Xiao et al., 2017; Guida et al., 2019; Bodie et al., 2021; Guan et al., 2021; Dou et al., 2022). Optimization algorithms such as the particle swarm algorithm (Alkayyali and Tutunji, 2019; Zhao et al., 2022), neural network (Almusawi et al., 2016), and genetic algorithm (Gan et al., 2005) are employed to derive the optimal solutions of kinematic equations. However, adding optimization algorithms to the process of inverse kinematics solving of the robotic arm to obtain the optimal solution greatly increases the workload of the control system and significantly increases the solving time, making it unsuitable for use in practical power plants inspection and maintenance. In this study, the possibility of the presence of the inverse kinematics solution is decreased by raising the known circumstances (i.e., attitude angle) and restricting the range of joint motion, and lastly, the results of the inverse kinematics solution of the robotic arm are confined to two cases.
From the definition of the orientation angles (Meng et al., 2019), the pitch, roll and yaw angles of the end attitude of the robotic arm are defined as:
[image: image]
Then, we use the system of equations (Eq. 3) that includes the remaining known variables to solve the kinematic equations and obtain the numerical value of θ1 ∼θ4.
Multiply the first Eq. 3 by sin θ1 and subtract the second Eq. 3 by cos θ1, it can be obtained that:
[image: image]
Given A = −y, B = x, C = d4 cos θ5 − d3, substituting the values of A, B, C into Eq. 5, it follows that:
[image: image]
Given [image: image], according to the double angle formula, [image: image], [image: image]. Therefore, substituting cos θ1 and sin θ1 into Eq. 6, it can be obtained that:
[image: image]
Solving the above system of quadratic equations (Eq. 7), it can be obtained that:
[image: image]
When A+ C = 0 and B = 0, substituting into Eq. 7 yields A = 0, so it can be known that x = y = 0, and the endpoint of the robotic arm’s end effector always lies on the Z-axis. This case will be discussed separately later. Through programming and experimental verification, it is found that for the case of in Eq. 8, the “-” sign should be taken.
Finally, from the known condition [image: image], the angle of joint one can be obtained that:
[image: image]
Given
[image: image]
By substituting R1 from Equation 10 into the first equation of Eq. 3 and removing the variable x, and substituting R2 from Eq. 10 into the second equation of Equation 3 and removing the variable y, the formulas for R1 and R2 is obtained that:
[image: image]
Multiplying both sides of the expression for R1 of Eq. 11 by cos θ1 and both sides of the expression for R2 of Eq. 11 by sin θ1, and then adding the two equations together, it can be obtained that:
[image: image]
Given R3 = R1 cos θ1 + R2 sin θ1, and substituting the expression for R3 into Eq. 12. It can be obtained that:
[image: image]
Given R4 = z + d4 sin θ5 cos θ234 − l3 sin θ234, substituting the expression for R4 into the third equation of Eq. 3 and removing the variable z results in a new expression for R4.
[image: image]
Integrating Eq. 13 and Eq. 14, it can be obtained that:
[image: image]
Given [image: image], substituting the formula for R5 into Eq. 15, it can be obtained that:
[image: image]
Given [image: image], according to the double angle formula, [image: image], [image: image]. Therefore, substituting cos θ2 and sin θ2 into Eq. 16, it can be obtained that:
[image: image]
Calculating the above system of quadratic equations (Eq. 17), it can be obtained that:
[image: image]
After experimental analysis and verification, it was found that the cases of R3 + R5 and R4 = 0 do not exist. Based on the condition that the robotic arm’s end position and posture remain unchanged, there are two configurations: α configuration and β configuration (as shown in Figure 7). When the robotic arm needs to be in the α configuration, the “+” sign should be taken for the case of R3 + R5 ≠ 0; conversely, when the robotic arm needs to be in the β configuration, the “-” sign should be taken for the case of R3 + R5 ≠ 0.
[image: Figure 7]FIGURE 7 | Two configurations of the robotic arm.
Finally, from the known condition [image: image], the angle of joint one can be obtained that:
[image: image]
Integrating Eqs 13, 14 yields the expressions for cos θ23 and sin θ23:
[image: image]
Given [image: image], substituting R6 and R7 into Eq. 20, it can be obtained that:
[image: image]
Finally, the angles of joint three and joint four can be obtained that:
[image: image]
Combining Eqs 4, 9, 19–22, the θ1 ∼θ6 of the six joints of the robotic arm can be obtained:
[image: image]
By analyzing and calculating the inverse kinematics, the angles of each joint will be obtained and transmitted to the actuators of each joint via CAN communication, allowing the entire robotic arm to be controlled.
3.3 Controller design
Due to issues such as modeling errors, motor execution faults, or joint friction in the manipulator control process, there may be a disparity between the actual location of the end of the manipulator and the planned target during the actual motion process. As a result, a controller must be added to the manipulator control system in order to enable more accurate trajectory tracking of the manipulator end (Xu and Wang, 2023). In this paper, we use positional PID (as shown in Eq. 24)) as the foundation of controller design; however, after selecting PID parameters, a single PID control algorithm is set throughout the control process, resulting in unsatisfactory control effects. Because of this, expert experience is added to the PID control process in order to modify the PID parameters based on the size of the error. These expert rules are not dependent on the precise model of the controlled object; rather, they are based on a variety of knowledge about the controlled object and the control laws.
[image: image]
Taking a typical second-order system unit step response error curve as an example, as shown in Figure 8.
[image: Figure 8]FIGURE 8 | Typical second-order system unit step error curve.
Let [image: image] denote the error value at the current discrete sampling time, and let [image: image] and [image: image] represent the error values at the previous and second-to-previous sampling times, respectively. It can be obtained that:
[image: image]
Based on the error and its variation, the qualitative analysis of the unit step response curve of the second-order system shown in Figure 8 is as follows:
1. When [image: image], it means that the absolute value of the error is already large. Regardless of the trend of the error change, the controller output should be considered as a constant value output to achieve rapid adjustment of the error, so that the absolute value of the error decreases at the maximum speed while avoiding overshoot. At this point, it is equivalent to implementing open-loop control.
2. When [image: image] or [image: image], it indicates that the error is changing in the direction of increasing absolute error value, or the error is a constant value and has not changed.
If [image: image], it indicates that the error is relatively large. It is recommended to consider implementing a stronger control action by the controller to make the absolute value of the error change in the direction of decreasing, rapidly reducing the absolute value of the error. The output of the controller is given by:
[image: image]
If [image: image], it indicates that although the error is changing in the direction of increasing absolute error value, the absolute value of the error itself is not very large. It is recommended to consider implementing a general control action to reverse the trend of the error, making it change in the direction of decreasing absolute error value. The output of the controller is given by:
[image: image]
3. When [image: image] or [image: image], it indicates that the absolute value of the error is changing in the direction of decreasing, or it has reached a steady state. At this point, it is recommended to consider keeping the controller output unchanged.
4. When [image: image], it indicates that the error is in a critical state. If the absolute value of the error is large at this time, that is [image: image], stronger control action can be considered, namely:
[image: image]
If the absolute value of the error is small at this time, that is [image: image], weaker control action can be considered, namely:
[image: image]
5. When [image: image](precision), it indicates that the absolute value of the error is very small. At this time, adding an integral component can reduce the steady-state error.
In the above formulas, [image: image] is the kth extremum of the error e; [image: image] is the output of the controller for the kth time; [image: image] is the output of the controller for the (k-1)th time; k1 > 1 is the gain amplification coefficient, 0 < k1 < 1; k2 is the suppression coefficient, 0 < k2 < 1; M1, M2 is the set error limit, M1 > M2 > 0; k is the index of the control cycle (a natural number); ɛ is any small positive real number.
In Figure 8, in regions I, III, VII, etc., the error is changing in the direction of decreasing absolute value. At this point, it is recommended to adopt a waiting strategy, which is equivalent to implementing open-loop control. In regions II, IV, VI, VIII, etc., the absolute value of the error is changing in the direction of increasing, and it is recommended to implement stronger or general control actions according to the magnitude of the error to suppress dynamic error.
The PID controller (Liu et al., 2020; Liu and Sui, 2021; Gao and Xiong, 2022) is inherently a single-input single-output system. However, in the case of a robotic arm with six joints, each joint can be considered as an individual output. Consequently, the robotic arm body controller would encompass a total of six inputs and six outputs. Hence, this particular fact was duly considered during the design process of the controller, leading to the appropriate design of its input and output components.
For the input of expert PID controller,
[image: image]
[image: image] is the input of the expert PID controller, and [image: image] is the error between the actual angle of each joint motor of the robotic arm and the expected angle solved by the model, i = 1, 2, … , 6.
Increase a proportional factor [image: image] for the output of expert PID controller,
[image: image]
[image: image] is the output of the expert PID controller; [image: image] is the expected angle of each joint of the robotic arm, i = 1, 2, … , 6; [image: image] is the control input angle of each joint motor of the robotic arm, and [image: image] is the proportional factor of the actual error of each joint motor in the input of the expert PID controller, which is calculated as follows:
[image: image]
Ultimately, the control system of this six-degree-of-freedom robotic arm is based on kinematic modeling with the addition of an expert PID controller to achieve the control of the end of the robotic arm to quickly and accurately reach the desired position. The structural block diagram of the whole control system is shown in Figure 9.
[image: Figure 9]FIGURE 9 | The structure diagram of the six-axis robotic arm control system.
4 RESULTS AND DISCUSSION
4.1 Results
In this paper, we used the open-source 6-DOF manipulator as the experimental platform. The specific structural parameters of the robotic arm are l1 = 224mm, l2 = 224mm, l3 = 164mm, d3 = 52.4mm, d4 = 80.5 mm. By combining the forward and inverse kinematic analyses of the 6-DOF manipulator in Sections 3.1, 3.2, the kinematic model of the 6-DOF manipulator can be established. Based on this kinematic model, experiments were conducted using an expert PID control algorithm to verify the accuracy and stability of the control algorithm.
In order to verify the accuracy and stability of the expert PID control algorithm, the initial position of the 6-DOF manipulator is set as [500, 100, 50] and the initial attitude as [0, 90°, 0]. The 6-DOF manipulator is controlled to run along a straight line, the end position of the straight line is [350, −100, 50], and the attitude of the manipulator is still maintained as [0, 90°, 0]. After the inverse kinematics analysis of the initial pose and target pose of the 6-DOF manipulator, the initial Angle of the six joints is [5.41,-55.77,-69.91,-14.13,90,0], and the target Angle is [-24.22, −91.89, −116.52, −24.63, 90, 0]. The target angles of the six joints were introduced into the control system of the manipulator. The iteration times of the expert PID control algorithm was set to be 300, and each iteration took 0.015s. Joint five remained at 90°and joint six remained at 0°. Finally, the error results from joint one to joint four when the target point is reached are shown in Figure 10.
[image: Figure 10]FIGURE 10 |  Angular error from joint 1 to joint 4. (A) The angular error of joint 1; (B) The angular error of joint 2; (C) The angular error of joint 3; (D) The angular error of joint 4.
According to Figure 10, the angular error from joint one to joint 4 has a significant variation in the effect of control action under the two control algorithms of classic PID and expert PID. The angular error from joint one to joint four can converge swiftly within 0.75s under the action of the expert PID control algorithm, however, the regulation time of the traditional PID algorithm is slower. Furthermore, the expert PID control algorithm has a lower overshoot than the traditional PID algorithm, with an overshoot of just 6.9% at the maximum, which is decreased by nearly 20% when compared to the traditional PID. At the same time, the expert PID algorithm is more resistant to interference than the traditional PID algorithm, as shown in (b) and (d) of Figure 10. It is clear that the expert PID algorithm outperforms the traditional PID algorithm in terms of control precision and stability.
Subsequently, employing the expert PID control algorithm, we proceeded to execute an experimental endeavor aimed at regulating the movement of the robotic arm along a rectangular trajectory subsequent to traversing a straight line. The end-effector poses of the robotic arm were created by employing a rectangular trajectory generation function. Subsequently, the list of joint angles for the six joints was solved using inverse kinematics. The list is imported into the control system of the robotic arm to obtain the running trajectory of the six-axis robotic arm and the actual angles of the six joint motors during the movement as shown in Figures 11, 12.
[image: Figure 11]FIGURE 11 | The motion trajectory of the six-axis robotic arm.
[image: Figure 12]FIGURE 12 | Actual trajectory of the six joints of the robotic arm. (A) Actual angle of joint 1; (B) Actual angle of joint 2; (C) Actual angle of joint 3; (D) Actual angle of joint 4; (E) Actual angle of joint 5; (F) Actual angle of joint 6.
According to Figure 11, the motion trajectory of the robotic arm retains good precision in the straight-line part of the rectangle trajectory when using the expert PID control algorithm. The real motion trajectory is more rounded at the corners than the intended trajectory because the rectangular trajectory generation must be discretized into multiple trajectory points before inverse kinematics solving. Furthermore, there are some hardware problems during robotic arm movement, such as joint motor output inaccuracy and inter-joint friction. As a result, at the corner of the rectangle trajectory, the inaccuracy of the actual motion trajectory is greater than the error of the target motion trajectory. Similarly, in Figure 12, it can be observed that the trajectory tracking from joint one to joint four is very good. The mean error for joint one was 1.152° and the maximum error was 3.373°. The mean error for joint two was 1.326° the maximum error was 2.899°. The mean error for joint three was 1.668° and the maximum error was 4.271°. The mean error for joint four was 0.368° and the maximum error was 1.485°, while joints five and six only wobble slightly around 90° and 0°, with an error size of 0.001° or less.
Subsequently, to validate the efficacy of the expert PID algorithm in governing the motion of the robotic arm along an arc trajectory, a circular trajectory list comprising 800 trajectory points is generated using the trajectory generating function. Subsequently, the position list of the trajectory points is solved kinematically and imported into the control system of the robotic arm. This enables the acquisition of the actual position of the six-degree-of-freedom robotic arm along the circular trajectory, as well as the actual angle of the six joint motors during the process, as depicted in Figures 13, 14.
[image: Figure 13]FIGURE 13 | The motion trajectory of the six-axis robotic arm.
[image: Figure 14]FIGURE 14 | Actual trajectory of the six joints of the robotic arm. (A) Actual angle of joint 1; (B) Actual angle of joint 2; (C) Actual angle of joint 3; (D) Actual angle of joint 4; (E) Actual angle of joint 5; (F) Actual angle of joint 6.
According to the findings presented in Figure 13, it is evident that the expert PID algorithm demonstrates excellent performance in effectively controlling the robotic arm during its movement along a circular trajectory. The algorithm successfully maintains a high level of control accuracy by minimizing the target error to within a few millimeters or even approaching zero. Additionally, Figure 14 illustrates the smooth movement of the joint motors, specifically joints 1 to 4, along the circular trajectory. The trajectory tracking is highly effective. The mean error for joint 1 was 0.223° and the maximum error was 0.579°. The mean error for joint 2 was 0.393° and the maximum error was 0.763°. The average error for joint 3 was 0.396° and the maximum error was 0.809°. The average error for joint 4 was 0.084° and the maximum error was 0.174°. Furthermore, joints 5 and 6 exhibit a stable orientation with minor oscillations within the range of 90° and 0°.
4.2 Discussion
However, there are still a lot of flaws and shortcomings in our robotic arm motion control experiment since the robotic arm is subject to model error, outside interference, and other real-world issues. In future research, we will incorporate the dynamics model of the robotic arm into the control system and implement moment compensation. This entails utilising a combination of kinematic control and dynamics compensation to enhance the speed and accuracy of controlling the robotic arm. Meanwhile, sensors such as torque sensors and position sensors can be attached to the robotic arm’s end to ensure the model’s correctness and precision while also reducing model error.
5 CONCLUSION
This study constructs a physical verification platform for the control algorithm of the manipulator, with the goal of improving the manipulator’s accuracy and response time in the complicated power plant environment. Firstly, we build a kinematic model based on the robot’s geometric structure. Then, we utilise CAN communication to enable the upper computer software to operatethe the six-degree-of-freedom robotic arm. Secondly, an expert PID controller is designed to improve the traditional PID controller, which makes the 6-DOF manipulator more stable and more accurate in the course of trajectory operation. Finally, after comparing the two experimental results, we discover that the expert PID algorithm has a faster response speed in the control of the manipulator than the traditional PID algorithm. The expert PID algorithm can converge quickly within 0.75s, and the overshoot is smaller, with a maximum of only 6.9%. In addition, the expert PID control algorithm also shows good control effect in the subsequent rectangular and circular trajectory tracking experiments. Furthermore, the robotic arm’s control algorithm appears to be more effective in tracking the relative circular motion.
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