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Abstract: - This paper presents an efficient covid-19 optimization algorithm to find the optimal values of the 
PD/PID cascaded controller. The purpose of the control algorithm is to force the link shaft to follow the desired 
reference position with good accuracy all time. This objective should be achieved for different position/time 
tracks regardless of load disturbance and parameter variations. This work, simulating how the covid-19 spreads 
and infects to optimize the parameters of the PD/ PID control. The initial values of PD/PID controller 
parameters consider the zero patient, which infects new patients (other values of PD/PID controller 
parameters). The optimization model simulates as accurately as possible the covid-19 activity. The covid-19 
has two major advantages compared to other similar strategies. First, the covid-19 parameters are already 
adjusted according to disease statistics to prevent designers from initializing them with arbitrary values. 
Second, the approach has the ability to finish after several iterations where the infected population initially 
grows at an exponential rate. However, after some iterations. The proposed covid-19 was investigated with 
well-known optimization techniques such as the genetic algorithm (GA) and Harmony Search (HS) 
optimization. A multi-objective function is used to allow the designer to select the desired rise time, the desired 
settling time, the desired overshoot, and the desired steady-state error. Several tests have been performed to 
investigate the obtained proper values of PD/PID controller parameters. In the first test, a step position 
reference had been applied. In the second test, the continuous change in position reference had been subjected 
to the robot arm.  The results provide that the covid-19 based PD/PID controller has the best performance 
among other techniques. In addition, the covid-19 based PID controller can track accurately the position 
command compared to other techniques. 
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1 Introduction 
 
BLDC motors are a category of permanent magnet 
synchronous motors [1]. They are powered by DC 
voltage, but current commutation is accomplished 
by solid-state switches [2]. The commutation instant 
is calculated by the rotor position which is sensed 
either by position sensors or by sensorless 
techniques [3]. BLDC motors have many excellent 
characteristics such as long-running life, fast 
dynamic behavior, satisfying productivity, linear 
speed vs. Torque characteristics, and higher torque–
weight ratio [4]. Therefore, the BLDC motor has 
been used in several applications such as electric 
automotive, robotics, and CD-ROMS in such 
applications BLDC motor is subjected to many 
kinds of load disturbances [5].  
Robotic systems are extensively applied in several 
fields of engineering such as the medical industry, 
space and process industry for position tracking, 
accurate positioning, nuclear plant, pick and place, 
etc. The effective movement of a manipulator can 
be accomplished only with tight position control [6].  

The PID controller has been widely utilized because 
of its simplicity, ease of implementation, and cost-
effectiveness [7]. However, control of higher-order, 
nonlinear, time-delayed, and complex indefinite 
systems is beyond the abilities of the PID controller 
[8]. Besides, the system backlash and friction make 
the task of the controller is significantly hard [9]. 
Moreover, the nonlinearity of the six-step inverter 
causes intermittent rotor speed if the robot arm is 
actuated by the BLDC motor [10].    
This problem can be alleviated by implementing 
advanced control algorithms such as adaptive 
control, variable structure control, fuzzy control, 
and neural network [11]. The variable structure 
controller is simple, but it is difficult to perform 
practically [12]. This is because of the possibility of 
an unexpected change in the control signal, which 
might affect the system operation [13]. A neural-
network-based motor control system presents an 
optimal solution to deal with the system uncertainty 
and the disruption of the system, whereas it needs 
more computing capacity and data storage space 
[14].  Fuzzy control theory usually provides non-
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linear controllers that can implement a complex 
non-linear control action even for uncertain non-
linear systems [15]. A fuzzy-logic control system 
based on the expert knowledge database needs 
fewer calculations, but it lacks sufficient capacity 
for the new rules [16].  
The challenge of a conventional PID controller is 
the selection of the proper parameters for a certain 
application [17].  There are several techniques to 
find the PID controller parameters such as try and 
error and Ziegler and Nichols methods [18]. 
However, these previous techniques give an 
approximate solution [7]. Recently, optimization 
techniques can be used to find the optimal values of 
the PID controller parameters. There are different 
types of optimization techniques such as Genetic 
Algorithm (GA) which is employed successfully to 
solve complex optimization problems, Particle 
Swarm Optimization (PSO), ant colony 
optimization, and Harmony Search (HS) 
optimization. 
The COVID-19 considers an unknown respiratory 
virus, lately revealed in humans in December 2019, 
that has spread worldwide where more than 10 
million infected people so far. This virus can infect 
people and these people can either die, infect other 
people, or just get recovered after the infection [19]. 
Vaccines and the immune defense system usually 
fight the disease and aid to alleviate its effects while 
an individual is still infected. This behavior can be 
modeled by a SIR model, consisting of three 
categories of individuals: S presents the number of 
susceptible, I stands for the number of infectious, 
and R is the number of recovered. Metaheuristics 
need to deal with huge search spaces, even infinite 
for the continuous cases and must find suboptimal 
solutions in reasonable execution times.  
The fast propagation of the coronavirus along with 
its ability to infect most of the countries in the world 
impressively fast has inspired the novel 
metaheuristic proposed in this work, named covid-
19 optimization algorithm. The proposed covid-19 
optimization algorithm is used to find the optimal 
parameters for the PID controller. The Vaccines 
stands for the used objective function which can 
treat the infected patients. The covid-19 
optimization algorithm has been used to find the 
optimal values of the PID controller parameters 
based on a multi-objective function that contains the 
desired rise time, desired settling time, desired 
maximum overshoot, and desired steady-state error. 
 The purpose of the control system is to track 
accurately a preselected reference position of the 
robot arm driven by a BLDC motor. A Comparative 
study utilizing Grey Wolf Optimizer (GWO), 

Particle Swarm Optimization (PSO), and Genetic 
Algorithms was presented in [21]. Results indicated 
that the suggested GWO algorithm has a lower root 
mean square compared to PSO and GA, and 
therefore, it could be an effective method for 
optimal PID controllers for power converters 
applications. 
Position control of BLDC motor employing HS 
Algorithm optimization technique was demonstrated 
in [22]. It validates that the HS method can enhance 
the dynamic performance of the system in a better 
way.  
The design of a PSO optimized PID controller for 
the process liquid level control was illustrated in 
[23]. The computer simulation results indicate far 
better settling time and peak values with PSO 
optimized PID control, thus ensuring overall higher 
efficiency. 
Performance comparison of Moth-Flame Algorithm 
(MFO) and PSO for optimal tuning the fractional 
order fuzzy PID controller for A DC-DC boost 
converter was designed in [24]. The MFO method is 
helpful to select the best values of fractional order 
fuzzy PID Controller for a DC-DC boost converter. 
    The paper is prepared as following, firstly, the 
modeling of single degree robot arm driven by 
BLDC motor is presented. Secondly, the covid-19 
optimization algorithm is explained. Thirdly, the 
proposed covid-19 based PD/PID controller is 
demonstrated. Fourthly, the simulation results are 
illustrated. Finally, the conclusion is discussed.   
 

2 Robot Arm Model 
 
This section illustrates the detailed differential 
equations of single-degree arm robot actuated by 
BLDC motor.  Fig. 1 shows the overall drive system 
which consists of three main parts. Part one is the 
BLDC motor, the second one presents the gearbox 
and finally, the last part is the mechanical link. 

 
Fig. 1. Single Degree Robot Arm Driven by BLDC 

Motor 
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Let 𝜃𝑙 and the 𝜃𝑚 denote the angles of the link and 
motor shaft, respectively. 

 
Then 𝜃𝑚 = 𝑟𝜃𝑙  where r :1 is the gear ratio. 
 
The kinetic energy (K) of the system is given by 
 
  𝐾 = 1

2
𝐽𝑚𝜃̇𝑚

2
+

1

2
𝐽𝑙𝜃̇𝑙

2=1
2
(𝑟2𝐽𝑚 + 𝐽𝑙)𝜃̇𝑙

2                (1) 
 
where 𝐽𝑚and 𝐽𝑙 are the rotational inertias of the motor 

and the link, respectively. 
 
The potential energy is given as  

                                                                                            
𝑃 = 𝑀𝑔ℓ(1 − cos 𝜃𝑙)                               (2) 

 

where M is the total mass of the link and ℓ is the 
distance from the joint axis to the link center of mass. 

 
Defining          𝐽 = 𝑟2𝐽𝑚 + 𝐽𝑙                                    (3) 
 
The Lagrangian 𝐿𝑔 is given by   
 𝐿𝑔 =  𝐾 − 𝑃 =  

1

2
𝐽𝜃̇𝑙

2
−𝑀𝑔ℓ(1 − cos 𝜃𝑙)             (4) 

 
Substituting this expression into the Euler-Lagrange 

equations yields the equation of motion 
 
                 𝐽𝜃𝑙̈ +𝑀𝑔ℓ sin 𝜃𝑙 = 𝑇𝐿                             (5)  
     
The generalized force 𝑇𝐿  represents those external 

forces and torques.   
                                                                                            

𝑇𝐿 = 𝑢 − 𝐵𝜃𝑙̇                                      (6) 
                                                                                           

𝑢 = 𝑟 𝑇𝑚                                            (7) 
                                                                                                 

𝐵 = 𝑟𝐵𝑚 + 𝐵𝑙                                    (8) 

 

Where 𝑇𝑚  presents the torque developed by the 
motor, 𝐵𝑚 is the motor viscous damping, 𝐵𝑙  is the load 
viscous damping and 𝐵 is the equivalent viscous damping 
as seen by the motor. 

Therefore the complete expression for the dynamics 
of this system is 

                                                                                 
𝐽𝜃𝑙̈ + 𝐵𝜃̇𝑙 +𝑀𝑔ℓ sin 𝜃𝑙 = 𝑢                  (9)   

  
The block diagram of the drive system is shown in 

Fig. 2. The main components of the drive system of the 
BLDC motor consist of a six-step voltage source inverter, 
a logic circuit, and three hall effect sensors.  

 

 
Fig. 2. The main component of the BLDC motor with a 

robot arm. 
 

The model equations of a BLDC motor are composed 
of a voltage equation, a torque equation, and a motion 
equation. The stator of a general BLDC motor has three 
windings like an induction motor. Equations (10) through 
(17) represent the dynamical model of BLDC motor. 
These equations are based on the following: 
- The stator has a Y-connected concentrated full-pitch 

winding. 
- The inner rotor has a non-salient pole structure.  
- Three hall sensors are placed symmetrically at 120o 

interval.  
   𝑣𝑎𝑏 = 𝑅(𝑖𝑎 − 𝑖𝑏) + (𝐿 − 𝑀)

𝑑

𝑑𝑡
(𝑖𝑎 − 𝑖𝑏) + 𝑒𝑎 − 𝑒𝑏                                                                           

                                                                (10) 
 

  𝑣𝑏𝑐 = 𝑅(𝑖𝑏 − 𝑖𝑐) + (𝐿 − 𝑀)
𝑑

𝑑𝑡
(𝑖𝑏 − 𝑖𝑐) + 𝑒𝑏 − 𝑒𝑐    

                                                                                   (11) 
 

  𝑣𝑐𝑎 = 𝑅(𝑖𝑐 − 𝑖𝑎) + (𝐿 − 𝑀)
𝑑

𝑑𝑡
(𝑖𝑐 − 𝑖𝑎) + 𝑒𝑐 − 𝑒𝑎    

                                                                                    (12) 
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Where 𝐾𝑒 is the line back-emf constant, 𝐾𝑡 presents 
the line torque constant, 𝑒𝑎 , 𝑒𝑏 , 𝑒𝑐 are the phase back  
emf's, 𝑖𝑎 , 𝑖𝑏 , 𝑖𝑐 are the phase current, 𝑣𝑎𝑏 , 𝑣𝑏𝑐 , 𝑣𝑐𝑎 
are the line-to-line voltages, 𝜃𝑒 is the electrical 
angle (𝜃𝑒 =

𝑃

2
𝜃𝑚), 𝜔𝑚 is the rotor speed, 𝐿 is the 

phase inductance, 𝑃 is the number of pole pairs and 
𝑅 is the DC resistance. 
 
From Equations (7), (9) and (16) can obtain the 
equation (18). 

 
            𝐽𝜃𝑙̈ + 𝐵𝜃̇𝑙 +𝑀𝑔ℓ sin 𝜃𝑙 =

𝑟𝐾𝑡

2
[𝐹(𝜃𝑒)𝑖𝑎 +

 𝐹 (𝜃𝑒 −
2𝜋

3
) 𝑖𝑏 +  𝐹 (𝜃𝑒 −

4𝜋

3
) 𝑖𝑐]                             (18) 

 
Fig. 3 shows the Simulink model of the single-degree 

robot arm actuated by BLDC motor. The input for the 
open-loop system is the DC voltage of the motor and the 
output of the system is the position of the robot arm.  

 

 
Fig. 3. The SIMULINK model of the BLDC motor with a 

robot arm. 
 

Table 1 shows the system parameters of the robot arm 
driven by the BLDC motor. 

 
 
 
 
 
 
 
 
 

Table 1. System parameters 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 illustrates the open-loop position cycle of the 
robot arm at the rated voltage (36 V) of the BLDC motor. 
It can note that the cycle has a period of 3 seconds to 
complete one revolution. At the time from 2 seconds to 3 
seconds, the arm rotates quickly from 150 degrees to 360 
degrees because of the arm's inertia.  

 

 
 

Fig. 4. The robot arm position cycle at rated voltage. 
 

Fig. 5 shows the corresponding rotational speed of the 
robot arm. It is obvious that the rotational speed increases 
slowly in the period from 0 seconds to 2 seconds while it 
increases suddenly to a negative value because of the 
inertia effect. Also, Fig. 6 demonstrates the 
corresponding DC current of the BLDC motor through 
the robot arm rotation. 

Name Symbol Value Units 
DC resistance R 0.57 Ω 

Inductance L 1.5 mH 
Torque 
constant 𝐾𝑡 0.082 N.m/A 

No. of Poles P 4  
Rated torque 𝑇𝑝 0.62 N.m 
Rated 
Voltage V 36 V 

Rotor Inertia  𝐽𝑚 23𝑒−6 Kg.m2 
Motor 
viscous 
damping 

𝐵𝑚 0.0000735 
N.M.S 

Rated Speed 𝜔 4000 RPM 
Rated current I 5 A 

Mechanical system parameters 
Link mass M 0.3  kg 
Link inertia  𝐽𝑙 0.004 Kg.m2 
Link viscous 
damping 

𝐵𝑙 0.00015 N.M.S 

Link length ℓ 0.2 m 
Gear ratio r 50  
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Fig. 5. The corresponding rotational speed of the robot 

arm at rated voltage. 
 

 
Fig. 6. The corresponding DC current of motor winding. 

 
 

3 Covid-19 Based PD/PID Controller 
 

3.1 Covid-19 Optimization Algorithm 

 
There are several bioinspired metaheuristics to deal 

with optimization problems. Although Covid 19 has been 
considered to optimize any type of optimization problem, 
this section focused on optimization algorithms used to 
find the optimal value of the PD/PID controller 
parameters. The first step, generation of the initial 
population. The initial population (zero patient) contains 
one individual vector. As in the coronavirus epidemic 
scenario, it recognizes the first human being infected.   

 
In the second step, the disease spread depends on the 

behavior of one individual vector (zero patient), several 
cases can be considered. The first case is some of the 
infected individuals die. The possibility of death is 
according to the coronavirus death rate. Such individuals 
can no longer infect new individuals. The second case is 
the individuals surviving the coronavirus will infect new 
individuals (intensification). Therefore, two types of 
disease propagation are taken into account, according to a 
given probability. For ordinary spreaders. Infected 
individuals will infect new ones according to the rate of 

spreading rate while if the coronavirus spreading is high, 
the infected individuals will infect new ones according to 
the coronavirus super spreading rate. Both ordinary and 
super-spreaders individuals can follow and find solutions 
quite dissimilarly. Therefore, individuals have a 
probability of traveling thus allowing them to spread the 
disease to solutions that may be quite different. 

The third step, modernizing populations. Three 
populations are preserved and updated for each 
generation. Dead population. If any individual dies, it is 
added to this population and can never be used again. 
Recovered population. After each iteration, infected 
individuals (after spreading the coronavirus according to 
the previous step) are sent to the recovered population. It 
is known that there is a reinfection probability. Hence, an 
individual fitting to this population could be re-infected at 
any iteration provided that it matches the reinfection 
criterion.  

Another condition must be measured since individuals 
can be isolated simulating they are executing the social 
distancing procedures. For easiness, it is considered that 
an isolated individual is sent to the recovered population 
as well when meeting an isolation probability. 

 Recently, a newly infected population. This 
population collects all individuals infected at each 
iteration, according to the procedure described in the 
previous steps. It is possible that repeated new infected 
individuals are created at each iteration and, 
consequently, 

It is recommended to eliminate such repeated 
individuals from this population before the next iteration 
starts running. The Vaccines considers the used objective 
function, which can treat the infected population. 

The fourth step, Stop criterion. One of the most 
important features of the proposed algorithm lies in its 
capability to end without the need of controlling any 
parameter. This situation occurs because the recovered 
and dead populations are constantly increasing as time 
goes by, and the newly infected population cannot infect 
new individuals. It is estimated that the number of 
infected individuals increases for a certain number of 
iterations. However, from a particular iteration on, the 
size of the newly infected population will be smaller than 
that of the current one because recovered and dead 
populations are too big, and the size of the infected 
population decays over time.  

 
3.2. Covid-19 Based PD/PID Controller 

 
The conventional PID controller is executed in 

various fields of engineering applications owing to its 
simplicity, reliability, and flexibility of tuning its 
parameters. The transfer function of the PID controller is 
𝐾(𝑠) = 𝐾𝑃 +

𝐾𝐼

𝑠
+ 𝐾𝐷𝑠. Where 𝐾𝑃, 𝐾𝐼  and  𝑘𝐷 are 

proportional, integral, and differential gains respectively. 
The function of each part of a PID controller can be 
described as follows, the proportional part decreases the 
error responses of the system to disturbances, the integral 
part rejects the steady-state error, and finally, the 
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derivative part diminishes the dynamic response and 
improves the system stability.  

The challenge in the PID controller is to choose the 
three parameters to be suitable for the controlled plant. 
There are many methods to define the parameters of PID 
controller such as try and error and Ziegler-Nichols 
methods but most of these methods are rough roads.  
Therefore, this paper presents a new covid 19 
optimization methodology to find the optimal values of 
the PID controller. 

The initial population contains the upper and lower 
values of the PD/PID cascaded controller parameters as 
shown in the equations from (3) to (5). 

 

          𝑋 =

[
 
 
 
 
𝐾𝑃0
′ 𝐾𝐷0

′ 𝐾𝑃0 𝐾𝐼0 𝐾𝐷0
. . . . .
. . . . .
. . . . .

𝐾𝑃𝑛
′ 𝐾𝐷𝑛

′ 𝐾𝑃𝑛 𝐾𝐼𝑛 𝐾𝐷𝑛]
 
 
 
 

              (3)                

 
          𝐿𝑋 = [𝐾𝑃0′ 𝐾𝐷0

′ 𝐾𝑃0 𝐾𝐼0 𝐾𝐷0]              (4)                               
   
       𝑈𝑋 = [𝐾𝑃𝑛′ 𝐾𝐷𝑛

′ 𝐾𝑃𝑛 𝐾𝐼𝑛 𝐾𝐷𝑛]               (5)                                                 
 
The performance of each row will be investigated 

according to the objective function in equation (6). The 
poor performance specifies the infected population, 
which has the possibility to die.  While the good 
performance indicates the recovered population from 
corona antivirus. 

                                                                                        
𝐽𝑡 = (𝐽1 + 𝐽2 + 𝐽3 + 𝐽4)/4                        (6)                      

 
                          𝐽1 =

|𝑡𝑟−𝑡𝑟𝑑|

𝑡𝑟𝑑
                                     (7)                                            

                                                                       
𝐽2 =

|𝑡𝑠−𝑡𝑠𝑑|

𝑡𝑠𝑑
                                      (8) 

                                                                                                    
𝐽3 =

|𝑒𝑠𝑠−𝑒𝑠𝑠𝑑|

𝑒𝑠𝑠𝑑
                                    (9) 

 
                         𝐽4 =

|𝑂𝑆−𝑂𝑆𝑑|

𝑂𝑆𝑑
                                  (10) 

 
Where (𝑡𝑟𝑑) is the desired rise time  and (𝑡𝑟) is the 

measured rise time, (𝑂𝑆𝑑) is the desired maximum 
overshoot and (𝑂𝑆) is the actual overshoot, (𝑡𝑠𝑑) is the 
desired settling time and (𝑡𝑠) is the determining settling 
time, and (𝑒𝑠𝑠𝑑) is the desired steady-state error and (𝑒𝑠𝑠) 
is the estimated steady-state error.  

It can be noted that objective function attempts to 
satisfy the designer using four sub-objective functions. 
The first sub-objective function focuses on improving the 
rise time of overall drive systems. The second sub-
objective function attempts to reduce the settling time. 
The third sub-objective function measures the steady-
state error. The fourth sub-objective function investigates 
the required overshoot.  

 
 

The value of each sub-objective function ranges from 
zero to one. So, the overall objective function considers 
the average of the sum of four sub-objective functions. 
Fig. 7 shows the covid-19 offline tuning system with the 
robot arm driven by a BLDC motor. 

 

 
 

Fig. 7. The Covid-19 tuning system with robot arm 
driven by BLDC motor. 

 
The sequence flow chart of optimization is shown in 

Fig. 8. The first step investigates the Probability of travel 
If  𝑃𝑡 = 0 then the type of spreading is  𝑆𝑅 = (0 𝑡𝑜 0.5). 
In case of   𝑃𝑡 = 1 then the type of spreading 𝑆𝑅𝑅 =
(0.5 𝑡𝑜 1). The second step, the zero infected patient If  
𝑃𝑡 = 0 will become as follows. 

                                                                          
𝑋𝐹0 = 𝐿𝑋 + (𝑈𝑋 − 𝐿𝑋)𝑆𝑅                           (11) 

  
If zero infected patient If  𝑃𝑡 = 1 
 
               𝑋𝐹0 = 𝐿𝑋 + (𝑈𝑋 − 𝐿𝑋)𝑆𝑅𝑅                      (12) 
    
The third step investigates if  𝐽𝑡 > 𝑃𝐷𝐼𝐸  then this 

patient is dead and generates a newly infected patient. In 
case of    𝐽𝑡 < 𝑃𝐷𝐼𝐸  then the newly infected patient will be 
as follows.  

𝑋𝑛𝑒𝑤 = 𝑋𝑜𝑙𝑑 ± 𝑋𝑜𝑙𝑑 [

𝐽1 𝐷𝑅
(0.5𝐽2 + 0.5𝐽3)𝐷𝑅

𝐽4 𝐷𝑅

]                   (13) 

 
The optimization will be stopped if ( 𝑋𝑛𝑒𝑤 = 𝑋𝑜𝑙𝑑 ) 

where the newly infected populations cannot infect new 
individuals. If the number of iteration ended before this 
previous condition. the covid 19 optimization algorithm 
cannot give the optimal solution. Therefore, to obtain the 
optimal parameters of PD/PID controller must be 
 𝑋𝑛𝑒𝑤 = 𝑋𝑜𝑙𝑑  to guarantee the global solution.  

 
    Table 2 demonstrates the used covid-19 optimization 
algorithm parameters through offline optimization. 
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Table 2. The covid 19 optimization algorithm parameters 

 
No
. 

CVOA 
Parameter 

Symbol Value 

1 
Probability of 

Death 
𝑃𝐷𝐼𝐸 

random value from 0 
to 1 

2 Death Rate 𝐷𝑅 
random value from 0 

to 1 

3 
Spreading 

Rate   
𝑆𝑅 

random value from 0 
to 0.5 

4 
Super 

Spreading 
Rate 

𝑆𝑅𝑅 
random value from 0.5 

to 1 

5 
Probability of 

travel 
𝑃𝑡 

random binary value 0 
or 1 

 
The objective function has been minimized subjected 

to: 
𝐾𝑃 min ≤ 𝐾𝑃 ≤ 𝐾𝑃 𝑚𝑎𝑥 

𝐾𝐼 min ≤ 𝐾𝐼 ≤ 𝐾𝐼 𝑚𝑎𝑥  

                   𝐾𝐷 min ≤ 𝐾𝐷 ≤ 𝐾𝐷 𝑚𝑎𝑥                      (14)        

   
The upper and lower limits of PID controller 

parameters as the following.  
 

                   𝐿𝑋 = [ 𝐾𝑃 min   𝐾𝐼 min   𝐾𝐷 min ]               (15) 
     
            𝑈𝑋 = [ 𝐾𝑃 𝑚𝑎𝑥   𝐾𝐼 𝑚𝑎𝑥  𝐾𝐷 𝑚𝑎𝑥]               (16) 
 

 
 

Fig. 8. The covid-19 optimization algorithm flow chart. 

 
Best Fitness values are plotted against generations or 

number of iterations to get the convergence characteristic 
shown in Fig. 9. 

Fig. 9. The convergence curve for GA, HS, and Covid-
19. 

 
Fig. 10 illustrates the convergence curve of the objective 
function through the covid-19 optimization tuning. 

 
 

Fig. 10. The objective function performance for Covid-19 
optimization. 

 
        Table 3 shows the obtained values of PD/PID 
controller parameters using several optimization 
techniques (GA optimization, HS optimization, and the 
proposed covid-19 optimization). 

Table 3. The covid 19 optimization algorithm 
parameters. 

 
Controller 

method 𝐾𝑃
′  𝐾𝐷

′  𝐾𝑃 𝐾𝐼 𝐾𝐷 

GA Algorithms 0.5 0.13 8.35 10.025 0.1 
HS 

optimization 2 1.1 5.58 20.214 0.02 

Covid 19 
optimization 4.25 0.12 7.65 21.56 0.05 
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 4  Simulation Results 
  

This section demonstrates the performance of tracking 
control for three types of PD/PID controllers. The first 
type has been implemented based on the GA optimization 
technique. The second type is designed using the HS 
algorithm. The third type was developed by a new covid-
19 optimization approach.  

 
4.1. Step position reference 

 
Fig.11 shows a comparison between the proposed 

covid-19 based PD/PID controller and other techniques 
(GA and HS) at step position test for the robot arm. The 
comparison displays the covid 19-PD/PID controller can 
absorb the nonlinearity of power inverter and mechanical 
uncertainty. Therefore, it gives the best performance 
compared to other techniques. The rise and settling times 
are small and zero overshoot.  

 
 

Fig. 11. The robot arm position response at step 
reference. 

 
Fig. 12 shows the PD/PID controller output for each 

algorithm. It can be noted that the covid-19 PD/PID 
controller has the fastest response among other 
techniques. In addition, it can reach a zero value suddenly 
at the required position of the robot arm.  

 
Fig. 12. The output of each controller at step position 

command. 

Fig. 13 demonstrates the robot arm speed at each 
PD/PID controller type. It is obvious that the covid-19 
PD/PID controller can acquire the required speed at a 
short time compared to other PD/PID controllers (GA and 
HS). The GA PD/PID and HS PD/PID controllers have 
low dynamic speed responses through the test. 

 
Fig. 14. The load torque of robot arm of control 

techniques at step position command. 
 
Fig.15 demonstrates the corresponding DC current of 

the motor rotor winding through the step reference test. It 
is obvious that the covid-19 PD/PID controller has a high 
current from zero to 2 seconds approximately. Then, the 
rotor current steadies at 0.58 A until the completion of 
simulation time.  A high current under-shoot occurred 
when the robot arm reaches the required position to 
correspond to the under-shoot in the load torque. 

 
Fig. 15. The rotor current of BLDC motor of control 

techniques at step position command. 
 

4.2. Variable position reference 

Fig.16 illustrates the performance of the proposed 
controllers under several position commands. It can be 
noted that the covid-19 based PD/PID controller can track 
accurately the preselected position profile although the 
inverter voltage switching and nonlinear dynamics of the 
robot. The GA-based PD/PID controller has a high 
overshoot at each new command and a high settling time. 
The HS-based PD/PID controller gives an average 
performance compared to other control techniques. 
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Fig. 16. The position of the robot arm at different 

commands. 
 

Fig. 17 demonstrates the corresponding PD/PID 
controller output for each control technique. It is obvious 
that the covid-19 PD/PID controller output has a sharp 
change at every new position command. The polarity of 
controllers' output will be reversed due to the change of 
position command from high value to low value. In 
addition, the controller output fluctuates between the ±36 
volts (rated voltage) because of the continuous change in 
position commands.  
 

 
Fig. 17. The output of each controller at variable position 

command. 
 

Fig. 18 exhibits the corresponding robot arm speed of 
several types of PD/PID controllers during the tracking 
test. It is obvious that the covid-19 PD/PID controller can 
reach the suitable speed at a minor time while the other 
PD/PID controllers (GA and HS) have a ramp speed 
response through the test. 
 
 
 
 
 
 

 
 

Fig. 18. The robot arm speed of each controller at 
variable position command. 

Fig. 19 shows the load torque of the robot arm 
through the variable position command. It is clear that the 
robot arm in the case of the covid-19 PD/PID controller 
can track the required value of torque to achieve high 
resolution and satisfying dynamics. In addition, there is a 
shutter in torque due to the sudden change in position 
command. Moreover, The GA-based PD/PID and HS-
based PD/PID controller have a delay in the required 
torque. 

 
Fig. 19. The load torque of robot arm at variable position 

command. 

Fig. 20 demonstrates the matching DC current of the 
motor through the variable position commands test. It is 
clear that the covid-19 based PD/PID controller can 
generate a suitable current to achieve high position 
accuracy. In addition, there is a shuttering in current at 
each new position command.  
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Fig. 20. The DC current of each controller at variable 
position command. 

5 Conclusion 

 
A new covid-19 optimization algorithm had 
been used to find the optimal values of the 
PD/PID cascaded controller for robot arm 
driven by brushless DC (BLDC) motor.  The 
controller objective is to track a preselected 
position command with satisfying accuracy all 
time regardless of load disturbance and 
parameter variations. This research, mimicking 
how the covid-19 infects and spreads healthy 
people (controller parameters). The covid-19 
has two major advantages compared to other 
similar strategies. First, the covid-19 parameters 
are already determined based on disease 
statistics to avoid designers from selecting them 
with arbitrary values. Second, the approach has 
the capability to execute the task after several 
iterations where the infected population initially 
grows at an exponential rate. The proposed 
covid-19 algorithm was examined with well-
recognized optimization techniques such as the 
genetic algorithm (GA) and Harmony Search 
(HS) optimization. The desired rise time, the 
desired settling time, the desired overshoot, and 
the desired steady-state error can be concluded 
into a multi-objective function. In the first test, 
a step position reference had been subjected. In 
the second test, the continuous change in 
position reference had been subjected to the 
robot arm.  The results provide that the covid-
19 based PD/PID controller has the best 
dynamic response among other techniques. In 
addition, the covid-19 based PID controller can 
follow accurately the position command 
compared to other techniques. 
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