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Abstract: PID controllers are most extensively employed in the process industry today, despite their age. The advantages of PID 

controllers are their straightforward design, excellent stability, and greater amount of dependability. The precise and reliable tuning of 

variables is an essential facet of PID controllers. Throughout this regard, genetic algorithms were used to tune the parameters in PID 

controllers. A methodical approach of multi-loop PID control over multivariable operations that concurrently achieve specific goals is 

now a hard process. For multi-loop PID controllers, this paper presents a novel hybridized modified firefly-chaos algorithm (HMFCA). 

Using the typical behavior of firefly flashing properties, the firefly algorithm is indeed a metaheuristic optimization technique. A multi-

loop multivariable PID architecture for such an industrial-scale polymerization reactor is used to evaluate the efficiency of the suggested 

PID control architecture. An appropriate set of PID parameters could be determined using the suggested HMFCA, according to simulated 

data. A comparative analysis of existing PID controller tuning algorithms with the HMFCA algorithm is also shown and addressed in the 

paper. 
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1. INTRODUCTION 

Proportional Integral Derivative (PID) controllers were widely 

used in industries for operational control purposes for a long 

time. In the industrial management, production, automation, 

and aerospace industries, feedback control techniques have 

made a significant influence throughout time. Along with the 

fractional (PID) controller, other effective, reliable, and 

responsive controllers were presented. However, PID 

controllers have unparalleled and superlative acceptability and 

repute in control applications. Depending on the needs of the 

process, PID control systems can be developed or used in a 

variety of ways, including progressive alone proportional- P-

mode and integral I-mode, and derivative D-mode and 

Proportionate, Integral, and derivative (PID mode).  

Feedback controllers have long had the traditional and 

significant feature of controller tuning (Joseph et al. (2022)). In 

the field of automated control, PID controllers have a brief 

record. The reviewers are only considered controllers with 

proportionate control schemes in contemporary terminology, as 

opposed to actual regulators, who are considered regulators 

with both proportionate and integral controlling activities. The 

derivative of the error's present speed of change is then 

theoretically analyzed. Due to employee resistance, PID was 

first ignored by naval commanders. PID's contribution was to 

help the eventual development of contemporary PID 

processors. Meanwhile, the "Fulscope" pneumatic regulator 

was completely rebuilt and launched by the Swift Equipment 

Companies in 1939. In addition to proportionality and restart 

control schemes, this new gadget also established the "pre-act" 

action. Later rounds of study have concentrated more on PID 

control tuning, including self-tuning and automatic tuning 

(Borase et al. (2021)).  Figure 1 depicts the application of the 

PID controller. 

 
Figure 1: Application of PID controller in industries 

Biochemical and computer technology are combined to create 

the procedure control system (PCS). System regulation refers to 

the capacity to observe and modify a process in order to 

produce the intended result. It is applied in business for manage 

value and enhance appearance. The Proportional Integral 

Derivative (PID) control method can be employed in process 

control systems to provide the desired output. The PID 

controller was employed by the most of processes control 

systems due to its simple design, ease of implementation, and 
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vigorous PID tuning procedure. The feedback principle is one 

of the fundamental ideas in control theory. Having feedback 

makes a closed loop possible. The primary goal of feedback is 

to address the impact of a program's unpredictable inner 

operations and outside forces on the quality and consistency of 

the observed output, also known as the process variable, 

effectiveness (Dubey et al. (2022)). On several nonlinear 

phenomena, automated feedback control and training processes 

still primarily commit on a Proportional Integral Derivative 

(PID) control rule. Many people think of the PID law as a crude 

computing control method. However, effective tuning the PID 

parameters for precise and reliable closed-loop control turns 

into a difficult Issue, much like any non-convex optimum issue. 

The mind of an automated control system, or controller, is 

referred to as a control algorithm in software. The unique idea 

of control system design investigates how to control algorithms 

that are methodically created and how to guarantee their correct 

and reliable functioning (Somefun et al. (2021)). Scientists are 

searching for precise, adaptable, and effective approaches to 

governing systems in tandem with the quick expansion of 

innovation. The PID and the FOPID controller that followed it 

represent a significant technological achievement. The PID 

controller is gaining popularity because it is straightforward 

and economical, but the latter is preferred because it is accurate 

and flexible. The abovementioned controllers' settings have a 

significant impact on the instantaneous reactions. The 

controller settings, for instance, have a big impact on the time 

constant, increasing time, Integrated Relative Error, and 

misjudging. The tuning of process variables, on the other hand, 

is the problem that poses the greatest challenge to supplying the 

dynamic case of the abrupt reaction of any mechanism (Nasir et 

al. (2022)). Power systems utilized in several usages, including 

the velocity management of DC and AC motor drives, 

switching modal energy supply, sustainable energy systems, 

etc., are frequently controlled by PID controllers in the 

industry. These controllers operate based on the discrepancy 

among the preset value and the regulated parameters rather than 

on inner state observations, which results in fewer sensors 

being needed. They are simple to adjust, have a simpler control 

rule to put into practice, and are thus simple to adapt to the 

industry. PID controllers still predominate among business 

controllers because the auto-tuning procedure is 

straightforward and reliable. PID technology has been around 

for a while and is constantly being updated (Warrier and Shah 

(2021)). The development of an ideal control network is crucial 

for every process business, including the energy industry. Since 

it is based on established techniques like PID controllers, the 

mechanization used in these sectors is not very effective. There 

are two ways that this will make things worse. The first is the 

inability to make products of the proper standard, and the next 

is the tremendous use of chemicals, water, and other power 

sources. To increase the efficiency and economics of the 

process sectors by reducing the demand for more chemicals, 

water, and labor, there is a need to be more focused on this area 

(Juneja et al. (2021)). Controlling and managing the behavior 

of the technologies is the purpose of the stable and control 

system. In the area of engineering, safety concerns related to 

system stabilization are extremely important. Hence, it's 

important to protect the security of driving cars when they 

encounter roadway bumps. To enhance the comfort and safety 

of their cars, automobile manufacturers now use control 

techniques in their products. Thus, the Ziegler-Nichols 

approach is applied using the Control System Planner software 

inside the SIMULINK framework to adjust the PID controller's 

output voltage to the appropriate value and acquire the PID 

benefits (Shafiei (2021)). It is crucial to choose the appropriate 

controller gains for the AVR technology to accomplish the 

specified goal. Due to its reliable construction and 

straightforward operation, the proportional, integral and 

derivative (PID) controller is the most often used controller in 

AVR controlling systems. The choice of these processors' boost 

settings has a significant impact on how well they work. The 

FOPID incorporates two extra tuning variables, namely and, 

compared to the traditional PID controller. The FOPID 

controller has better control qualities and more tuning 

flexibility than its traditional version because of the inclusion 

of these extra tuning knobs (Altbawi et al. (2021)). The 

dynamic PID control has excellent, constant efficiency and is 

rapid, dependable, and easy to alter. The traditional velocity 

control mechanism is employed in dynamic PID control. The 

most recent approaches are characterized by highly nonlinear 

phases, parametric volatility, and fragility of the statistical 

theory of the environment. For successful integration of the 

dynamic PID controller system, function and mathematical 

development are also required. During the same period, a set of 

guidelines apply to KP, Ki, and Kd for the PID controller. 

Using the current concepts, the redesigned controller may be 

reorganized into any adjusting element. BLDC motor torque, 

speed regulation, and consistent motion of motors across load 

changes are provided by a dynamic PID controller (Mahmud 

(2021)). Thus, we presented the innovative Hybridized 

modified firefly-chaos algorithm (HMFCA) for tuning PID 

controllers due to the drawbacks of existing PID controller 

tuning techniques. 

1.1 Contribution of the study 

➢ The primary PID problem is the accurate and dependable

tuning of variables, which is a crucial aspect that has been

employed extensively in industries for functional control

for a long time.

➢ We introduced the innovative Hybridized modified firefly-

chaos algorithm (HMFCA) for tuning PID controllers

➢ The efficacy of the proposed PID control architecture is

evaluated using a multi-loop multivariable PID framework

for such an industrial-grade polymerization reactor.

The remaining paper is structured into the following sections. 

Section II presents the relevant literature and problem 

statement. In Section III, the suggested model's objectives are 

given. Results and discussion are included in Section IV. 

Section V contains the conclusion of the suggested research. 

2. LITERATURE SURVEY

Ulusoy et al. (2021) suggested employing a metaheuristic-

tuned Proportional-Integral-Derivative (PID) type controller, a 

simulated annealing PID for dynamic architectural 

management. For seismic retrofitting, it is necessary to 

provide a workable effective control solution that takes into 

account latency period, a workable controlling power, and the 

finest potential control mechanism. Due to the proportion 

component's decline, the rising time is long. Huba and Vrancic 

(2022) utilized Modified Real Dominant Pole to tune PID 
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Control for the Dual Processor plus ‘Dead Time Model’ and to 

tune numerically using the statistical depiction approach and 

expanded for altered sets of nominal poles and integrates the 

unavoidable low-pass filters using delayed analogies and solve 

the existing shortcoming of PID controller. Forecasting the 

transitory reaction of a closed-loop system is complex, and 

meeting success requirements become quite difficult. Suseno 

and Ma'arif (2021) utilized the Matlab simulation approach, 

and then they used the Arduino Uno to create a systems with a 

superior stable period, use the modeling findings to the Rotor 

drive equipment, to monitor the motorized system's 

management and achieve the steady state with great results in 

the model, the state feedback design is essential and a lower 

maximum spike. The difficulty of genetic algorithms does not 

scale efficiently. Can and Ercan (2021) created a quadrotor 

with a strong control mechanism against weight fluctuations to 

improve the effectiveness of the position monitoring for a 

quadrotor and to execute in actual simulators of the quadrotor 

and PID control variables immediately impact the efficiency of 

the controller, whose spatial instability and inaccuracy are 

enhanced by setting the parameters, making them the most 

effective control set points for quadrotor choice. Due to its 

restricted functioning range, it is very sturdy. Garrido et al. 

(2021) established an repetitive model method for multi-loop 

PID controllers for steady nonlinear system technologies, and 

also every stage's controllers are tuned for the respective 

efficient open loop procedure, which takes into account how 

the other loops that, were closed when the prior stage's 

controllers were closed and to prevent procedure inaccuracies 

while dealing with parts that have intricate characteristics or 

temporal latencies. Convergence is not always guaranteed 

using the suggested iterative approach, which is its fundamental 

drawback. So (2021) suggested a ‘modified two-degree-of-

freedom (2-DOF)’ management structure with a description of 

ways to best tune each component of the two controller inside 

the control scheme to resolve the conflict among the servo and 

disruption denial reactions and effective tuning for actual 

values of PID parameters. The steady state error is high. Divya 

et al. (2022) invented the Fractional Order with Proportional 

Integral Derivative (FO-PID) type controller to address the 

growing intricacy of controlling problems in which the 

integrated and derivatives components were in fractional order 

other than value and optimization of specific variables, 

including standard and specific dispersed generating streams. A 

linearized system's characteristics lead to low effectiveness. 

Odili et al. (2021) created a fitness function called the Inverse 

Integrated Squared Absolute Error to improve the efficacy and 

productivity of industry operations and systems to enhance the 

already available fitness capabilities with the ultimate goal of 

creating a fitness value that is more productive and useful for 

adjusting the control system variables in robots, digital, 

embedded systems, automotive, and microelectronics. This led 

to the development of control system architecture, particularly 

the correct tuning of (PID) Controllers' parameters. It has 

extreme sensitivity to parameter changes. Kumar et al. (2021) 

proposed a fuzzy logic-based controller that improves the PID 

controller's increase values dynamically based on the  

disruption, and fastest response time, to overcome restrictions 

associated with traditional offline tuning techniques for PID 

gain parameters design, such as their poor transient response 

caused by consistent gain values regardless of system stability 

and restriction to quadratic changes and greatest durability. In-

depth human knowledge is required. Liu et al. (2021) suggested 

a fuzzy fractional-order PID control method for a generic kind 

of industry temperature control structure to increase the 

production quality and controlled model accuracy to increase 

the industrial thermal control's smoother static efficiency, 

comparatively low procedure jitter, better durability concerning 

environmental changes, measuring noise disruption, and 

unpredictable delayed input, which significantly boosts 

productivity and effectiveness. The regulation temperatures 

mechanism is discussed by a fractional-order basic model. It 

settles slowly and shows steady state error. Lee and Jang 

(2021) presented Neural Network-Based Self-Tuning PID 

Controllers for Second Order Mechanical Systems to lessen the 

number of tuning operations with a little quantity of data 

collecting that is realistically feasible to efficient also in 

conservative sectors that favor utilizing conventional PID 

controllers, to automate the tuning procedure and select suitable 

PID settings depending on the device's reaction. Higher order 

systems are incompatible with it. Zhang et al. (2021) developed 

the multi-objective function proposal to improve disturbance 

rejection, with PID optimization using integral of absolute error 

(IAE) as well as the multi-objective issue and the non-convex 

challenge and to control the output voltages in response to 

variations in the voltage level, loading current, the occurrence 

of transients with significant overshoots and rippling output 

wattage, and inappropriate capacitance ratio choosing. Due to 

the method's high overshoot, the controller is complicated. 

Thampi and Raghavendra (2021) suggested Grey Wolf 

Optimization for actual liquid level surveillance and control in 

a single tank system to sustain the required level of water in the 

tank, gain more efficiency, and improve Performance Using 

Less Completion Time, Unimodal, Multilingual, Constant 

Parameter Test Procedures, and Frequency Regulation, and 

optimize PID controller parameters.  It has more rise time due 

to the proportional and derivative components having high 

quantity values. In numerous industries, PID controllers exhibit 

poor controlling performance results for integrated processes 

and processes with significant time delays. We introduced the 

innovative Hybridized modified firefly-chaos algorithm 

(HMFCA) for tuning PID controllers. The efficacy of the 

proposed PID control architecture is evaluated using a multi-

loop multivariable PID framework for such an industrial-grade 

polymerization reactor. 

2.1 Problem Statement 

Every process-based industry, including the energy sector, must 

establish an optimal control network. The mechanization 

utilized in these industries is not particularly efficient because it 

is based on well-established methods like PID controllers. 

Effective PID controller modeling and improved PID tuning 

parameters are crucial in many industries. As a result, we 

developed the innovative Hybridized Modified Firefly-Chaos 

(HMFCA) algorithm for fine-tuning of parameters in PID 

controllers for industrial applications. 

3. PROPOSED METHODOLOGY

PID controllers were used in feedback control techniques in the

industrial management, manufacturing, automation, and

aerospace sectors to manage and control systems in these

fields. For effective tuning of parameters in PID controllers, we
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suggested the Hybridized Modified Firefly-Chaos algorithm 

(HMFCA). The proposed approach is fully explained in this 

section. 

3.1  PID controller 

In industry management applications, a PID controller is a 

technology that controls temperatures, motion, force, velocity, 

and various functional characteristics. PID (proportional 

integral derivative) controllers, which use a feedback loop 

& feedback mechanism to govern system parameters, are the 

best accurate and trustworthy control systems. PID control is an 

attempted technique for directing a process towards a desired 

position or level. It has a broad range of uses in automation, 

research, and numerous chemical processes and is almost 

usually employed to control temperature. PID controller uses 

closed-loop control feedback to keep a program's exact result as 

near as possible to the desired or predefined outcome. A 

feedback control system is part of a closed environment like a 

PID controller. To provide an erroneous message, this system 

assesses the feedback parameter using a static position. It 

modifies the system result in response to it. If the fault does not 

approach zero, this process is repeated until the feedback 

variable's state is comparable to a static position. When 

compared to an ON/OFF controller, this one produces good 

results. There are just two criteria that may be used to regulate 

the system in an ON/OFF kind controller. It will switch ON 

when the process rate falls below the specified limit. Similar to 

that, it will become OFF whenever the limit exceeds a 

predetermined level. With this type of controller, the result is 

unstable and often oscillates about the static position. However, 

compared to an ON/OFF type controller, this one is more 

precise and stable.  The applicability of this mechanism is 

constrained by its fluctuating behavior, and PID controllers are 

currently replacing it. A feedback control system is part of a 

closed environment like a PID controller. Figure 2 depicts the 

block diagram of the PID controller. 

Figure 2: Block diagram of PID controller 

Three parts make up a PID controller: proportional, integral, 

and derivative control. The three controllers work together to 

provide a control method for operational management. 

Pressure, velocity, temperatures, movement, and other system 

components are controlled using PID controllers. In some 

situations, two or more PIDs are employed in sequence 

networks with PID controllers to accomplish control. It is made 

up of a PID block, which output goes to the process block. 

Motors, solenoid valves, and similar end control equipment are 

included in the method to regulate different industrial/plant 

operations. The PID algorithm receives a feedback signal from 

the processing plant, compares it to a stable position or 

comparison voltage u(t), and outputs the resulting error signal 

e(t). The controller generates a combined output or controlled 

result that is given to plant control units based on the 

algorithm's proportional, integral, and derivative control 

computations. The PID controller must be adjusted to match 

the kinetics of the operation should be controlled prior it could 

start to work. The basic constants for P, I, and D terms 

provided by architects often result in unreliability and sluggish 

control capabilities since they are unable to provide the 

appropriate efficiency. The PID controllers may be tuned using 

a variety of techniques, and the controller must pay close 

attention to choosing the appropriate proportional, integral, and 

derivative gain ratios. The majority of industrialized uses 

employ PID controllers, but to set one of these controllers 

effectively and get the desired output, one must be familiar 

with its settings. Hence, tuning only refers to the process of 

obtaining the controller's optimal response by adjusting the 

optimum proportional gains, total, and derivatives components. 

By tweaking the control, the PID controller may provide the 

output that is wanted. 

3.2 Modeling of PID controller 

Industrial facilities with kinetics that employ Multiple input 

multiple outputs (MIMO) are frequently controlled using multi-

loop Single input single output (SISO) controllers. The MIMO 

procedures are viewed as a collection of several individual 

loops in multi-loop controls, and each loop's controller is 

developed and executed while considering loop connections. 

Multi-loop controls have been well received by the processes 

control company owing to their excellent capabilities, structural 

clarity, and durability, and significant work has been devoted to 

improving the efficiency of multi-loop PID controllers. Despite 

the emergence of multivariable control techniques like model-

based prediction and adaptive controls, multi-loop PID control 

systems are still often utilized for MIMO control issues. The 

most appealing benefits of such are the straightforward 

controller layout and ease of handling loop failure. The greatest 

alluring features of these multi-loop PID control methods are 

the ease of handling loop breakdown and the straightforward 

controller layout. Assume a procedure in this paper that has n 

inputs and n outputs depicted. 

     (1) 

A multivariable controller   with mxm structural is take 

     (2) 

The form for   for x, y =m={1,2,3,…..,m} is 

     (3) 

 denotes proportional gain, 

denotes integral time, and 

denotes derivative gain. 

(4)
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3.3 Hybridized Modified Firefly-Chaos Algorithm HMFCA 

A heuristic algorithm called the Firefly Algorithm was 

developed in response to the flickering characteristic of 

fireflies. According to new findings, the HMFCA is capable of 

outperforming other evolutionary methods in both quantitative 

and creative planning. FA is particularly efficient at 

concurrently locating both the world and the localized optima. 

Another benefit of HMFCA is that each firefly will operate 

practically autonomously, making it especially well-suited for 

simultaneous application. A firefly's flash in HMFCA serves 

mostly as a signaling mechanism to entice other fireflies. The 

researchers of this HMFCA made the following assumptions: 

One fly would be drawn to all additional fireflies because they 

are all androgynous. (ii) For any two fireflies, attraction is 

inversely correlated with luminosity. The luminous one will 

draw attention from the less luminous one. However, when 

their separation widens, the brilliance may dim. (iii) A firefly 

would migrate arbitrarily if there are no other fireflies luminous 

than it. The goal feature should be connected to the intensity. 

Let could now describe the attraction of a firefly in elements of 

the Cartisian space among firefly x and firefly y since a firefly's 

attraction is proportional to the lighting strength observed by 

nearby fireflies v. An attractive (brighter) firefly y is drawn to 

the motion of a firefly x in this instance is calculated by, 

(5) 

where the absorptive is and the desirability at r = 1 is 1, and the 

second component is attributable to attractions.  The 

randomness factor is the third component, which is called 

randomized. An arbitrary number engine's value, rand, is 

equally dispersed between [0, 1]. Based on feedback, 0 = 1 and 

a homogeneous dispersion in the range [0, 1] were selected for 

the typical HMFCA implementation in this article. By way of 

According to the findings of this article, altered HMFCA 

techniques were also employed, with the factor values moving 

from big to little or smaller to large depending on the number 

of iterations. In this instance, it has been applied. 

 (6)                                                                  

 (7) 

where g and a, respectively, represent the beginning and 

terminal levels of a linear function to tune, and and , 

respectively, represent the original and ending levels of a linear 

function to tune.  

Figure 3: HMFCA-based PID controller 

The figure 3 shows the block diagram of HMFCA based PID 

controller. Another configuration in HMFCA techniques that 

was put to the test had a uniform distribution over the range. 

Minor modifications in the variables or the input variables of 

the data can result in very different future behaviors, like 

permanent static positions, periodic oscillations, fractal 

geometry, and entropies. This is a key characteristic of chaotic 

systems. Using chaos systems in place of stochastic variables 

has been seen in several disciplines. The optimizing field is one 

of these. By linking chaotic maps throughout the evolutionary 

phase of the systems, genetic optimization and swarm-based 

concept could have the converging speed and exploiting 

capability improved to prevent untimely closure. Instead of 

using random sequences, chaotic sequences were used, and 

intriguing outcomes were demonstrated in various situations. 

The Tinkerbell map serves as an illustration of a weird 

equilibrium with a nonlinear basin border. Here, an HMFCA 

strategy based on the Tinkerbell map is suggested. The discrete 

map provided by the Tinkerbell map's two-dimensional linear 

map is 

It is simple to calculate the Lyapunov coefficient for the 

Tinkerbell map and its zero value is discussed.  

 (8) 

 (9) 

where w, x, y, and z are non-zero variables, and t is the 

iteration parameter. The rate at which two, often period, paths 

deviate is basically what the Lyapunov coefficient evaluates. 

Equation (10) of the suggested HMCFA modifies Equation 5 of 

the FA depending on fixed ratios and by utilizing additional 

variables, and. The fireflies in this instance are modified by 

(10) 

 (11) 

   (12) 

denotes the relative value of H, where H is a signal 

produced using a regular distribution with zero mean and 

variance, and is a decreasing linear constant with starting and 

terminal values denoted by g and a respectively. are 

normalized values of produced by the Tinkerbell map in 

the range [0, 1] in respect of the chaotic element of HMFCA. In 

all 50 runs of HMFCA, the normalized values of  are 

used. In this instance, T values are produced using Equation 

during a preprocessing stage of the Tinkerbell map data in 

preparation for use in HMFCA (10). Following that, a linear 

scaling factor is used to normalize the values of 

(Equation (7)). 

The highest and lowest values of  are used by the linear 

scale algorithm. The following is the transformation of 

variables into  by the linear scale formula in the 

range [0, 1].  

 (13) 

where x = (x1,..., xT), T is the number of iterations, and 

least and highest values are represented by min(x) and max(x), 

respectively. By increasing the proportional component kp and 

the derivative component kd and reducing the integral 

component ki in the PID controller, the system is modeled for 
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an industrial-scale polymerization reactor. Algorithm 1 

represents the procedure of HMFCA. 

Algorithm 1: HMFCA 

Objective characteristic of the optimization issue. 

Create a uniformly distributed initial population of n fireflies in 

the specified search area. 

Calculate the brightness. 

explain the term "light absorptivity."  

Gen(Generation)=0 

while (Gen<MaxGen) 

   Gen=Gen+1 

    for j=1 to n 

 for i=1 to j 

 if (Ii<Ij ) in minimizing the issue 

 Shift firefly from i to j 

 end if 

 According to distances, attraction changes. 

     Adjust the luminosity after evaluating the proposed 

option. 

     end for i 

   end for j 

   Identify the finest firefly by ranking them. 

end while 

4. RESULT AND DISCUSSION

In this paper, we introduced a unique Hybridized modified 

firefly-chaos algorithm (HMFCA) to manage temperatures, 

movement, and pressures of the control system for an 

industrial-scale polymerization reactor. This section assesses 

how well the recommended HMFCA technique has improved 

PID controller modeling in various industries. The suggested 

system can deliver accuracy, rise time, overshoot, steady state 

error, and settling time. The available current methodologies 

used for comparison include fractional order proportional 

integral derivative (FOPID), Second Order System plus Delay 

(SOSPD), multivariable decoupler and multi-loop (MDML), 

and novel iterative linear matrix inequality (LMI). 

4.1 Accuracy 

The definition of accuracy is "the extent to which the result of a 

measurement complies with the right value or a standard". The 

degree to which assessments of a quantity are closer to that 

number's actual value is the amount to which the analysis is 

accurate. The accuracy of the proposed and existing systems is 

shown in Figure 4. The FOPID has a 55% accuracy rate, 

SOSPD has an 85% accuracy rate, MDML has a 74% accuracy 

rate, and LMI has a 64% accuracy rate, the suggested system 

has a 96% accuracy rate. It demonstrates that the suggested 

strategy is a more accurate regulating control system and 

effective tuning of PID parameters than the existing 

technologies. 

Figure 4: Accuracy for Proposed and Existing Methods 

4.2 Rise time 

Rise time is the period required for the system to transition 

from 10 percent to 90percent of the steady-state, or ultimate 

value. By raising the proportional component kp of the PID 

controller, the rise time is reduced. The proposed PID 

controller's rise time is shown in Figure 5. The FOPID received 

92s, SOSPD received 75s, MDML received 88s, and LMI 

received 67s, the suggested system received 54s.  This 

demonstrates the powerful performance of the suggested 

model. 

Figure 5: Rise time for Proposed and Existing Methods 

4.3 Overshoot 

The variation between the maximum peak and the amount at a 

constant state is known as overshoot. How far the system 

deviates from the desired value is called overshoot. To lessen 

the overshoot, one increases the derivative gain kd. The 

proposed PID controller's overshoot is shown in Figure 6.  

Figure 6: Overshoot for Proposed and Existing Methods 

The FOPID acquired 96 percent, SOSPD acquired 77 percent, 

MDML acquired 85 percent, and LMI acquired 90 percent, the 
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suggested system acquired 64 percent. This demonstrates the 

effective tuning performance of the suggested model. 

4.4 Steady-state error 

The differential among the intended and real ultimate outputs is 

known as the steady-state error. A proportional controller 

typically runs with a steady-state error since a quasi error is 

essential to move it. The steady state error is decreased by 

increasing the integral gain ki. Figure 7 depicts the steady state 

error of the suggested PID controller. The FOPID obtained 95 

percent, SOSPD obtained 84 percent, MDML obtained 77 

percent, and LMI obtained 66 percent, the suggested system 

obtained 50 percent.  This exhibits the suggested model's potent 

performance. 

4.5 Settling time 

The time that has passed among the usage of an optimal 

simultaneous step input and the period at which the amplifier 

outputs have reached and maintained within a certain error 

band is known as the settling time of a harmonic modulator in 

the control concept, such as an accelerator or other external 

devices. The settling time is shortened by increasing the PID 

controller's integral component, ki. Figure 8 depicts the 

settling time of the suggested PID controller.  

The recommended system gained 55 %, followed by the 

FOPID received 94 %, SOSPD received 74%, MDML received 

68%, and LMI received 87%. This exhibits the recommended 

model's potent performance. 

 
Figure 7: Steady state error for Proposed and Existing 

Methods 

 
Figure 8: Settling time for Proposed and Existing Methods 

4.6 Discussion 

Bhookya and Kumar (2021) suggested a brand-new ‘Fractional 

order proportional integral derivative (FOPID)’ controller 

configuration without a decoupler for the multivariable 

structure, using an optimization technique to get rid of the 

contact between loops while adjusting the FOPID controller 

variables to the best of their ability. Differential and difficulty 

in the operation influence the complex processor in FOPID. 

Chakravarthi and Venkatesan (2021) presented a novel ‘Second 

Order System plus Delay (SOSPD)’ model Equivalent Transfer 

function modeling of PID controller for effective process in 

‘Spherical Tank Liquid Level System (DSTLLS)’. It has a high 

rise time because of a decrease in proportion component. 

Panneerselvam et al. (2021) presented a unique multivariable 

decoupler and multi-loop (MDML) PID controller approach 

that divides the multi-loop control method into a series of n 

separate Single - carrier systems, each with its own PID 

controller, and applies it to overcome this restriction. The cost 

of implementing this system type in the Two Tank Conical 

Interacting System is quite high. Feng et al. (2022) suggested 

that an innovative iterative linear matrix inequality (LMI) 

technique has been created to handle the weighted sensitive 

configuration of multivariable fractional (PID) controllers for 

multi-input multi-output (MIMO) operations in the optimum 

problem. The linear matrix in PID controllers does not have a 

significant inter-correlation thus reducing PID parameters. 

 

5. CONCLUSION 

For many years, industries have employed proportional integral 

derivative (PID) controllers extensively for operational control. 

Feedback control approaches have had a considerable impact 

on the industrial control, manufacturing, robotics, and aircraft 

sectors over time. Therefore, as a result of this research, an 

effective and scalable access control approach is suggested for 

Industrial Polymerization Reactor. For accurate PID controller 

modeling in this paper, a Hybridized modified firefly-chaos 

algorithm (HMFCA) is employed. The results show that the 

proposed HMFCA technology outperforms the conventional 

FDMA, SOSPD, MDML, and LMI algorithm approach in 

terms of accuracy, rising time, overshoot, steady state error, 

and settling time. The suggested approach, HMFCA, 

significantly enhances the PID controller for controlling 

industrial control systems. Future research on the suggested 

topic may focus on how to resolve various problems that arise 

during control system regulation. A future study might involve 

using optimization techniques to improve additional 

performance metrics and use a variety of techniques to improve 

and effectively tune PID controller parameters applications for 

the industry. 
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