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Thus far, controllers have often used the equations governing direct
kinematics or reverse Kinematics to control the position of the final
implement of the robotic arm. Difficulties in unravelling direct
kinematic equations and reverse Kinematics, errors in solving
equations, lack of user-friendly graphical environment, lack of
flexibility in controller decision making and large volumes of
calculations are problems of control systems in controlling robotic
arms. In this paper, a skeletal lift robot with two classic PID and
Fuzzy control methods with 4 degrees of freedom, in addition to a
simulation in which four parts of the arm were examined by the
controller and Matlab / Simulink as a tool for feature testing were
used. Robotic arm movements were used. Implementation outputs
show the satisfactory performance of the fuzzy controller which was
able to control the arms of this robot with a percentage of uplift and a
desired sitting time of 1.23 seconds. Furthermore, in order to test the
performance of the scaffolding robot, the movement nodes of the
arm were placed optimally and the controlled system showed the
high accuracy of the fuzzy controller so that after 1.23 seconds at the
critical point, the wrist area, it was able to continue with the desired
sitting with a permanent error of zero and without any distortion.
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EXTENDED ABSTRACT

Introduction

An increase in industrial activities and to aid different industries, robots have been
invented to be utilized instead of humans. Due to their different applications, Bascule lift
robots have been utilized extensively. This research was conducted to design a Bascule lift
robot, to model its cinematic, static and dynamics, to model its lifting capacity, to present a
computational algorithm for determination of maximum lifting burden in a specified route,
to develop the simulation-based model of the robot arm, to implement and simulate the
cinematic and dynamic equations as well as the proposed algorithm for determination of
the lifting capacity of the simulated robot.

Methodology

Simulation of Bascule Lift Robot

The robotic arm is comprised of four joints, which differ from each other in terms of
their position and orientation. Simulink based model of the robot arm with open-loop
structure is shown in Figure 1. Furthermore, Figure 2 presents the characteristics of the
Bascule lift robot.
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Figure 1. Simulink diagram of Bascule lift robot in MATLAB.
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Figure 2. Characteristics of Bascule lift robot.

Fuzzy Inference Approach

Fuzzy controllers are designed in such a way to follow fuzzy rules. In this system, the
error and derivation of error (changes in error) were used as input for the controller. Kp,
Ki, Kd are outputs of the fuzzy inference and their ranges of Kp and Kd were assumed to be
[Kpmin, Kpmax], and [Kdmin, Kdmax], respectively. In order to define membership
functions, the proportional and derivative parameters of the controller were normalized
using the following linear equations changing their ranges into into [0, 1].

0 K = Kp — Kp min
P Kp max ~— Kp min
Ki — Kgmi
(2) K,; _ d dmin

Kd max ~— Kd min

In order to obtain the integral parameter, a variable as «, with fixed values, was defined
as follows:

K
! aKd

3)

K'p, K'd and a were obtained using a set of fuzzy rules. Inputs of the controller were
error and derivative of error, considered to be in the range of [-1, 1]. a had fixed fuzzy
values. The maximum and minimum boundaries of Kp and Kd were obtained as follows:

(4) Ky min = 0.32K,,

(5) Ky max = 0.6K,
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(6) Ky min = 0.08K, T,

(7 K4 max = 0.15K,, T,
Finally, using Ku and Tu fitted for the system, the fuzzy PID controller was designed.

Results and discussion

Figure 3 presents the model of the robotic arm with fuzzy PID controllers applied to
the four degrees of freedom. Figure 4 shows the step response of wrist angle for the classic
and fuzzy controllers. The results indicated a significant difference between classic and
fuzzy controllers, where the settling time for the classic controller was very high while the
response was fast for the fuzzy controller (settling time was 1.23 seconds), the output
reaching the steady-state quickly.
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Figure 3. Fuzzy inference controller applied to four important points of the robotic arm.
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Figure 4. Comparison of classic and fuzzy controllers considering step response of wrist angle.

Conclusion

In the present study, the knowledge-based mechanical arm modeling of Bascule lift
with simulation method and fuzzy inference approach, was studied. Based on the
simulation results, it was observed that classic PID controller in comparison with the fuzzy
PID controller had steady-state error and therefore lacked the appropriate accuracy. Use of
fuzzy algorithm can potentially transform the simulation of mechanical systems and
specifically robotic systems. Analyses of direct cinematic, direct dynamics and indirect
dynamics as samples of possible analyses were performed. The possibility of linearization
and determination of equilibrium points was another application of this algorithm, which
can be useful in designing controller systems. Obtained results showed the satisfactory
performance of the designed fuzzy controller, where it was able to control the robot arms
with appropriate overshoot and settling time (1.23 seconds). In addition, in order to test
the performance of the Bascule lift robot, the moving joints of the robotic arm were
positioned appropriately. The controlled system showed a significant accuracy in fuzzy PID
controller, where after 1.23 seconds in the critical joint, i.e. the wrist, the step response was
settled with zero steady-state error and without any distortion.
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