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Abstract: - In this research, a new one-axis servomechanism investigation is presented, taking into account
parameter fluctuation and system uncertainty. Additionally, a novel method for very effective TID control was
created to accurately monitor a chosen profile. A comparative study between the suggested control method and
the well-known controllers (PID and Nonlinear PID) is also included. The COVID-19 optimization technique
was used to discover the best control parameters. Through the online simulation, the servomechanism system's
settings were modified at random within a predetermined range. As nonlinearity resources (friction, backlash,
environmental influences), these parameters fluctuate and contribute to system uncertainty. It had been
completed and looked at to compare the linear and nonlinear models. The results demonstrate that the
suggested controller is capable of tracking the number of operational points with high accuracy, a short rising
time, and little overrun.
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1 Introduction Currently, the complicated system needs a controller
For servomechanism systems, the parameters of the with simpl; structure to mipimize the memory size
friction and backlash models are often unknown, and- reducmg. the cycle time. Moreover, 1t can
leading to system uncertainty. achieve a satlsﬁed performar}ce apd absorbing the
There are many control approaches for single-axis system uncertainty and nonlinearity [9L[10].  So,
controllers, including standard PID control, self- the researches develop th? PID control with linear
tuning PID control, fuzzy PID control, adaptive fixed parameters to nonlincar PID control which
control, and sliding mode control and so on [1]. contain a nonlinear function. So, it gives a
Several nonlinear systems respond satisfactorily to compromise solution where the structure of
the standard PID controller, but it performs poorly f:ontroller still simple and the performance. had been
when there is uncertainty and parameter change [2]. improved [11]. By comparison, the nonlinear PID
In order to achieve a good response for typical cogtroller and the advanced coqtrol techniques
applications (pick and place jobs or low accuracy which have a compl.ex structure still the advanced
movements), the majority of industrial applications control techniques give a smooth, fast, and robust
use conventional PID control [3]. performance [12]; [13]; [14]. .

The fuzzy logic system is a useful tool for dealing This paper seeks to. deyelop a new Fractional Order
with nonlinearity and uncertainty problems in Integral-Tilt ~ Derivative  (FOITD)  Controller
complex systems [4]. However, it requires a lot of optlmlzed by a COVID-19 optlmlzatlon which has a
data and a fast processor. Also, the neural network simple structure and can achieve a smooth aqd fast
also requires a significant amount of training time response close to the advanced cont.rol techniques.
and data storage [5];[6]. The prqposed techmque investigated by a
The sliding mode technique has the advantage that it comparative study with the PID contrgl apd
provides strong tracking performance over a variety nonlinear PID control.  Also, the nonlinearity
of position command operating locations. On the resources like friction and backlash. are treatgd by
other hand, chattering phenomena can make it the suggested contrpl strategy. A.ddmonally,' it can
challenging to improve control accuracy and, in hand'le'the unger.talnty issue without requiring a
uncommon circumstances, can result in system sophlstlcateq friction and back-lash model.

instability [7];[8]. The paper is prepared as following, firstly, the

system modelling is presented. Secondly, the
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proposed control techniques are demonstrated.
Thirdly, the results are illustrated. Finally, the
conclusion is discussed.

2 System Modeling

The nonlinear single-axis model with uncertainty is
demonstrated in this section. The proposed model
was created to mimic the nonlinearity and
unpredictability that actually exist. Uncertainty can
be defined in this study as the unpredictable change
in  system  parameters. The  single-axis
servomechanism's general structure is depicted in
Figure 1.

Table

m L1 Lead Screw

DC Motor
with Gear
box

Fig. 1. One axis servomechanism system.

The system parameters will be modified at random
online in order to emulate the servomechanism's
uncertainty and nonlinearity. For instance, the
online variables €4, €, and o will be continuously
modified to mimic the backlash behaviour.
Additionally, theugr, pp and 9 will fluctuate
randomly within a predetermined range in order to
mimic the friction behavior. Additionally, the W,
and D, will be changed at random to implement the
motor uncertainty. The values of the system
parameters and the change boundaries are displayed
in table 1 below.

The following Figure 2 demonstrates the simulation
of the backlash effect by changing the gear ratio
randomly online. Also, the rest of the parameters in
table 2 change online such as the gear ratio
parameter.
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Fig. 2. Gear ratio uncertainty.

n

Table 1. Variable  parameters of the
servomechanism system.
Parameter | Unit Definition Borders
of change
06=0.00508 | m/rev Pitch of feed | 0.005~
screw 0.0051
€g=1 | - Gear reduction | 0.8~
ratio 1.2
Da=0.5 ohm Motor winding | 0.45~
resistance 0.55
&n=2.373x | Kgm2 | Motor shaft | 2.3x10-3~
10-3 inertia 2.4x10-3
9 =0 Nm/(ra | Viscous 0.00001~
d/sec) damping ratio 0.00002
ugr=01 | - Friction 0.95~
coefficient in | 0.15
guides
up=0.005 | ------ Bearings 0.0045~
Friction 0.0055
coefficient

The following table 2 demonstrates the fixed
parameters of servomechanism system.

Table 2. Constant parameters of  the
servomechanism system.

Parameter Unit | Definition

mt=180 kg table mass

mw=200 kg max mass workpiece
mL=8.15 kg leadscrew mass

dp=0.0445 m Feed screw diameter
fz=2000 N max vertical force

Ff=8000; N max feeding force

Fp=5000 N preload force in thrust bearing
=0.170 N rapid traverse velocity m/s
tr=0.1 sec servo rise time sec

X,=220 v Motor rated voltage
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In Figure 3, the input voltage motor which changes
continuously as a sin form. The corresponding
output stage position of the servomechanism is
shown as Figure 4. It can be noted the effect of
uncertainty and nonlinearity of stage position
output.

Motor sutgut voltags (V)
e 38

3 a0
120
200 . * 4
’ " i 2% »w

Time (snconds)

Fig. 3. The input voltage for DC motor.

— Nozel weth Urcertairy

Vefocityo! stage (m/sec)

q 5 ALJ L] x bl »
Time (seconds)
Fig. 4. The corresponding output position of
servomechanism.

3 Control Techniques

3.1 PID Control

PID controllers have been applied for control of
various dynamical systems ranged from industrial
process to complicated dynamics such as ship and
aircraft [3].

The transfer function of the PID controller is
K(s) =Kp + % + Kqs.  Where Kp, K;, kq  are
proportional, integral and differential gains
respectively [16]. In this paper the COVID-19
optimization technique will be used to obtain the
optimal values of PID controller parameters. The
initial population will be built as shown in equation

().

[Kpl Kii  Ka1 Fl]

Ky, Kiz Kaz F

P1=| e | (1)
len Kin Kdn FTlJ
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Where n is the number of patients and the values F
is corresponding immunity.

3.2 Nonlinear PID (NPID) Control

In order to improve the performance of linear
PID controllers, many techniques have been
established to increase the adaptability and
robustness by adopting the self-tuning method,
general predictive control, neural networks strategy
and fuzzy logic, and other methods [17].

The NPID controllers have the advantage of high
initial gain to achieve a fast response, followed by a
low gain to avoid an oscillatory behavior. In this
study, a performance enhancement to the
conventional linear PID controller is proposed by
combining a sector-bounded nonlinear gain into a
linear fixed gain PID control architecture.

The proposed enhanced nonlinear PID (NPID)
controller consists of two parts. The first part is a
sector bounded nonlinear gain K, (e) while, the
second part is a linear fixed-gain PID controller
(Kp, Ki and Kd). The nonlinear gain K,(e) is a
sector-bounded function of the error e (t). The
previous researches have been made where the
nonlinear gain K, (e) has a one scalar value.

In this paper, The K, (e) acts as a row vector can
expressed as Ky (e) = [Kni(e) Kna(e) Kns(e)]
which will be enhanced the NPID controller.

The proposed form of NPID control can be
described as follows.

u(t) = Kp[Kni(e).e(t)] +

K; fot[an (e).e(®)] dt + K, [Kn3 (e).dz(tt)] )

Where K, (e),K,,(e) and K,3(e) are nonlinear
gains. The nonlinear gains represent any general
nonlinear function of the error e which is bounded
in the sector 0 < K, (e)< K, (e)max.

There is a wide range of choices available for the
nonlinear gain K,(e). One simple form of the
nonlinear gain function can be described as.

Kpi(e) = ch(wie) = ex19(""1'3)+26Xp(—wie) 3)
Wherei = 1,2, 3.

4

lel < emax }

e
e= {
emaxsgn(e) lel > emax
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Where w; and ey , are user-defined positive
constants. The nonlinear gain K,(e) is lower
bounded by K, (e)min = 1 when e = 0, and upper-
bounded by K,(e)max = ch(w; e,4,). Therefore,
emax Stand for the range of deviation, and w;
describes the rate of variation of K, (e).

The population in each generation is represented by
matrix as given by (5). Each row represents a one
patient that include Kp, K;, Kz, wy,w, and wy
values and the last column is added to adapt fitness
values (F) of corresponding immunity.

P; =

Kpi Kin Kan wir wyp wip B
[sz Kiz Kz wiz wyy wiy F ]

| . . -5
len Kin Kin Win Win Wap FnJ

Where n is the number of patients.
3.3 TID Control

PI and PID linear controllers are two examples of
the many types of linear controllers that can be used
to meet control objectives, which are primarily
defined by the steady-state and transient needs [18].
In each application, tilt integral derivative (TID)
controllers are chosen because they are easier to
tune, have a higher disturbance rejection ratio, and
have fewer effects on closed loop response from
changes in plant parameters. Figure 5 depicts the
TID controller's structural layout.

1
T
s

Proportional gain

Fractional integraior

S —

Integral gain Integrator

Dervivative filter coefficient

Dievivative gain

Fig. 5. Structure of TID controller [18].

The proportional component of the controller is
replaced with tilted component having a transfer

-1
function sn. In Figure 5, Kp,Kp, K; are
proportional, derivative, integral gains and n is a
nonzero real number respectively. The parameter
NC is the derivative filter coefficient. The

mathematical model of TID controller is given by:
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Ncs
s+N¢

TFTID = K_lt+%+ KD(

sn

) (6)

3.4 COVID-19 optimization

In this section the COVID-19 optimization steps
will be demonstrated. The following Figure 6 shows
the online tuning system for the COVID-19
optimization.

CoviD-19

|

T Controller

Fig. 6. The online tuning system for the TID control.

The COVID-19 optimization algorithm, which is a
new and powerful optimization technique
introduced in this study, is used to identify the ideal
controller parameters according to the output
response behavior and the required performance.
The goal of this part is to choose the controller's
parameters' ideal values.

The creation of the initial population is the first step.
There are no patients in the initial population. It
contains m columns (number of controller
parameters) and n rows (number of solutions). As in
the COVID-19 epidemic scenario, it recognizes the
first human being infected.

Several cases may be taken into consideration in the
second step, where the propagation of the disease is
dependent on how the population matrix (zero
patient) behaves. In the first instance, some of the
sick people pass away. According on the COVID-19
virus fatalness rate, death is a probability. Such
people can no longer spread the infection to new
people. The second instance is when those who have
the COVID-19 virus will spread it to new people
(intensification). According to a certain likelihood,
two methods of disease transmission are therefore
taken into consideration. If the COVID-19 virus is
spreading rapidly, infected people will infect new
people according to the COVID-19 virus super
spreading rate rather than the pace of spreading as it
does for ordinary spreaders. Ordinary people and
super-spreaders can follow directions and come up
with answers in quite different ways. People are
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therefore likely to travel, making it possible for
them to disseminate the disease to settings that may
be very different.

The third step, population modernization: Each
generation updates three populations that have been
preserved. Number of deceased: If anybody passes
away, their death is added to this population and is
permanently lost. Recovered population: Following
each repetition, infected people are sent to the
recovered population after propagating the COVID-
19 virus in accordance with the preceding phase.
The likelihood of reinfection is well understood. So,
if a member of this population meets the criteria for
reinfection, they could become infected again at any
iteration.

As people are capable of isolating themselves
while acting out social distancing techniques,
another condition needs to be measured. When an
isolation probability is met, it is assumed for
simplicity that an isolated person is also sent to the
recovered population.

Lately, a population with a recent infection: Every
sick person from each iteration is collected into this
population using the method outlined in the
preceding phases. At each repetition, it's feasible
that additional infected people be produced
repeatedly and thereafter.

Before the following iteration begins, it is advised to
remove these recurrent offenders from the
population. The employment of vaccines as an
objective function that can treat the afflicted
population is taken into consideration.

Halt criterion is the fourth action. The capacity of
the suggested method to run to completion without
requiring any parameter control is one of its most
crucial aspects. Because the recovered and dead
populations are constantly growing over time and
the newly infected population is unable to spread
infection, this situation arises. According to
estimates, after a given number of iterations, the
population of infected people grows. The healthier
and lifeless populations are too large, and the size of
the sick population falloffs over time, so starting
with a certain iteration, the newly sick population
will be lower than the one that is already present.

In agreement with the objective COVID-19 function
in equation, the effectiveness of each row will be
examined (8). Poor performance identifies the
susceptible to death afflicted population. However
the strong result suggests that COVID-19 antivirus
has recovered its population.

Vt: (Vl + VZ + V3 + V4)/4‘ (7)
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v1= Itrt_trdl (8)
rd
v2= |tSt_tSd| (9)
sd
V3: |esse_essd| (10)
|OS—SE)de|
=2 (1)

Where (t.q) is the chosen rise time and (t,) is the
calculated rise time, (0S4q) 1is the preferred
maximum overshoot and (OS) is the actual
overshoot, (tsq) is the wanted settling time and (ts)
is the dominant settling time and (egqq) is the
favorite equilibrium error and (eg) is the estimated
equilibrium error.

Four sub-objective functions can be used to
illustrate how the objective function works to meet
the needs of the designer. The first sub-objective
function places a strong emphasis on accelerating
the rising time of the entire EV drive system. Trying
to shorten the settling time is the second sub-
objective function. The steady-state error is
quantified by the third sub-objective. Investigating
the necessary overshoot is the fourth sub-objective
function. Each sub-objective COVID-19 function
has a value that ranges from zero to one. In other
words, the inclusive objective COVID-19 function
considered the middling of the total of the four sub-
objective functions.

The obtained parameters can be abridged in the
following table 3.

Table 3. The obtained parameters of the
servomechanism system.

PID | Kp=25.33 | K;=0.125 Kp=56.25

TID | Kp=10.35 | K=0.0256 | Kp=86.26 02:1
Kp— KI: KD: Wl WZ W3

NPID | 6341025 0.012 | = 0289 | = 1825 | =0.152

179

4 Results and Discussion

For test one (step operating point), Figure 7 shows a
comparison of the PID control, NPID control, and
suggested TID control. Among other techniques, the
TID control has a low rise time, there are no
variations around the reference point in the
proposed TID control compared to other techniques
and there is a small overshoot respect to the NPID
control.
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Fig. 7. The stage position response for each
controller at step reference.

Figure 8 demonstrates the corresponding controller
output. It is demonstrated that the TID controller has
a high starting value. Also, it has a high shuttering
to can absorb the system uncertainty. Moreover, the
output of the TID controller increases and decreases
quickly in a short time at the beginning of the test to
respond to the system as fast as possible.
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Fig. 8. The corresponding controllers output at step
reference.

The results of the control strategies for the second
test (stair operating point) are shown in Figure 9.
The TID control's excellent accuracy in tracking and
following the operating point's constant change is
demonstrated. PID and NPID controllers experience
a significant delay as compared to TID controllers.
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Fig. 9. The stage position response for each
controller at stair reference.

The corresponding controller output for the
continuous change of operating point test is shown
in Figure 10. The high beginning value of the TID
controller at each new operating point is
demonstrated. Additionally, because TID controller
output changes more quickly than PID and NPID
controllers do, it can properly track the position
reference and take into account system uncertainty.
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Fig. 10. The corresponding controllers output at
stair reference.

The robustness of the proposed controller is tested
by applying operating point as continuously
changing in sinusoidal form. Figure 11 shows that
the stage position is oscillated as the reference. It
can be noted that the TID control can absorb the
system uncertainty where it track the reference
profile accurately. While the other control
techniques (PID and NPID) have a poor tracking
and high delay compared to the reference profile.
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Fig. 11. The stage position response for each
controller at sin function reference.

The corresponding controller output for the sin
reference profile test is shown in Figure 12. The
output of each controller fluctuates continuously to
adapt with the reference profile. Also, it can be
noted that the TID control has a high noise to can
absorb the system uncertainty and nonlinearity.
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Fig. 12. The corresponding controllers output at sin
function reference.
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