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Abstract

Purpose: Nowadays, robotic systems are widely used in advanced industrial operations. Therefore, making appropriate
control decisions to ensure the efficiency of these systems is critical. Criteria such as operation time and response speed,
control cost, and system error need to be controlled by providing appropriate methods to ensure the successful
performance of industrial operations. Therefore, this article pursues two main objectives: 1) controlling the robotic
system by presenting a method based on fractional-order calculus so that it can control the system despite its complexity
and non-linearity, 2) presenting the meta-heuristic algorithm "Improved Grey Wolf" to optimize the system response.
Methodology: First, the mathematical model of the robot is presented based on Lagrange rules, and then the fractional-
order calculus is used to design the controller. In addition, the efficiency of the grey wolf algorithm is increased with the
introduction of an improved method.

Findings: Different cost functions based on the main performance criteria of the robotic system are introduced, and an
improved algorithm is applied to them. The comparison results of the proposed algorithm and other algorithms, indicate
its satisfying performance. In addition, the efficiency of the fractional-order controller is compared with its integer-order
counterpart, and the results show a significant improvement in system performance.

Originality/Value: The proposed controller can control the system well despite its complexity and non-linearity. In
addition, inspired by the Grey Wolf algorithm, an improved optimization method is proposed that can increase the
efficiency of the controlled system. Numerical results show the satisfying performances of the proposed controller and
the improved optimization algorithm.

Keywords: Optimization, Meta-heuristic algorithm, Improved Grey Wolf algorithm, Industrial robotic system, Fractional-
order controller.
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Figure 1- The 2-degree of freedom parallel manipulator [14].
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Table 1- The numerical values of robot parameters [14].
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Figure 5- Comparison of the main approach and the improved algorithm regarding
the change of parameter a.
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Table 2- Numerical values of coefficients used in cost functions.
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Table 3- Comparison of the results of different algorithms regarding the cost function (28)
for the manipulator’s first degree of freedom.
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Table 4- Comparison of the results of different algorithms regarding the cost function
(28) for the manipulator's second degree of freedom.
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Figure 6- Performance of various optimization algorithms in minimizing (28)
regarding the first robot joint.
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Figure 7- Performance of various optimization algorithms in minimizing (28)
regarding the second robot joint.

o 3l g OF Jlde 5 s ml aneS 8L S ) wdlasg S SS 00580l 0 Sles (e S8 ol @ a5 L
J.a}&da M;Jhu.} AJ.MSJJLSLS\J; |GWO jj)bé)b&:.@.’)‘ J..,ab ﬁbuu M‘JlJJ ‘@b w\ U’"L“‘J" G| abﬁ Uﬁ)}ﬁ‘



1 il U oslokings ol 1 bl b Sl sl 35T o35 6t 65 450 o505 (55msly 31 o el e
warg LSl sdbosls olis 4 K& s (s &3 0l i las] J 28 IS sl ol ol e A JS s IGWO ‘..:i)}ﬁl
2 (IS IS (s a3l b s glainns LBl o Cudgidos LI S Joade 4 Jlosl I8 IS Jos 53 4S0pl

s o3l 350 oS uS Csllas 3 Shae Splis s S . Conl ol g [-3, 3] o3k

Step Response

o
©

Amplitude (rad)
o
(o))

04r
o2~ , Desired Value | |
=PI} D
0 : ‘ : ‘

Time (s)
AGWO aieup ol o 13l 40 Sby gl hado (61 astuns adiles g aly el -A JSCo
Figure 8- Closed loop system response for the first joint of the robot based
on the optimal IGWO coefficients.
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Figure 9- The control signal applied to the first joint of the robot based
on the IGWO optimal coefficients.
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Figure 10- Closed loop system response for the second joint of the robot based on the
optimal IGWO coefficients.
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Figure 11- The control signal applied to the second joint of the robot based on the
IGWO optimal coefficients.
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Figure 12- Step response regarding the fractional-order and integer-order controllers for the first
joint using the IGWO optimized coefficients.
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Figure 13- Step response regarding the fractional-order and integer-order controllers for the second
joint using the IGWO-optimized coefficients.
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Table 5- Comparison of the results of different algorithms regarding the cost function
(29) for the manipulator's first degree of freedom.
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Table 6- Comparison of the results of different algorithms regarding the cost function
(29) for the manipulator's second degree of freedom.
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Figure 14- Performance of various optimization algorithms in minimizing (28)
regarding the first robot joint.
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Figure 15- Performance of various optimization algorithms in minimizing (28)
regarding the second robot joint.
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Figure 16- The sinusoidal response of the first joint based on the IGWO optimized coefficients.
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Figure 17- The control signal applied to the first joint of the robot regarding the sinusoidal desired
signal based on the IGWO optimal coefficients.
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Figure 18- The sinusoidal response of the second joint based on the IGWO-optimized coefficients.
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Figure 19- The control signal applied to the second joint of the robot regarding the sinusoidal
desired signal based on the IGWO optimal coefficients.
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Table 7- Comparison of the results of different algorithms regarding the cost function
(30) for the manipulator’s.
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Figure 20- Step response regarding the fractional-order and integer-order controllers
for the first joint using the IGWO optimized coefficients.
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Figure 21- Step response regarding the fractional-order and integer-order controllers
for the second joint using the IGWO optimized coefficients.
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