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Abstract  

Design of automated process control systems plays an important role in modern industry. 

Adaptation of such control systems to various processes is one of the pressing issues, and the 

presented article examines the design principles of a new type of controller based on a predictive 

model as part of a combined industrial facility control system.  A simulation is performed using 

MATLAB/Simulink to study the application of conventional and combined process control 

systems. The development and adaptation of a model predictive cascade PID controller to modern 

systems is compared with traditional control systems. The principal control variable was precisely 

and accurately controlled using this strong control method, and it was maintained at the required 

setpoints. The PID controller quickly responded when disturbances were introduced into the 

system, thereby lessening their influence. The simulation results suggest that integrating a PLC 

with a cascade Model Predictive Control and PID controller is a practical and desirable strategy. 

These results show that this integrated regulatory system can greatly enhance control performance, 

attain reference targets. 
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Model-proqnozlayıcı tənzimləyicinin əsasında idarəetmə prinsipləri  
E.A. Məlikov  

Azərbaycan Dövlət Neft və Sənaye Universiteti (Bakı, Azərbaycan) 
 

Xülasə  

 Texnoloji proseslərin avtomatlaşdırılmış idarəetmə sistemlərinin işlənilməsi müasir sənayedə 

mühüm rol oynayır. Bu cür idarəetmə sistemlərinin müxtəlif proseslərə uyğunlaşdırılması aktual bir 

problemdir və təqdim edilən məqalədə sənaye obyektləri üçün kombinəedilmiş idarəetmə sisteminin 

bir hissəsi kimi proqnozlaşdırıcı modelə əsaslanan yeni tipli tənzimləyicinin layihələndirmə prinsipləri 

müzakirə olunur. MATLAB/Simulink simulyasiyaları ənənəvi və kombinəedilmiş idarəetmə 

sistemlərinin tətbiqini öyrənilməsi üçün istifadə olunur. Kaskad proqnozlaşdırıcı modelləşdirməyə 

malik PID tənzimləyicinin müasir sistemlərə hazırlanması və uyğunlaşdırılması ənənəvi idarəetmə 

sistemləri ilə müqayisə edilir. Əsas idarə dəyişən bu effektiv idarəetmə metodu ilə dəqiq və diqqətlə 

idarə olunur və istənilən təyin olunmuş nöqtələrə uyğun olaraq saxlanılır. PID tənzimləyici sistemə 

daxil olan pozuntulara tez bir zamanda reaksiya verilir və bununla da onların təsirini azaldır. 

Simulyasiya nəticələri göstərir ki, PLC-ni proqnozlaşdırıcı idarəetmə modelinə və PID tənzimləyiciyə 

əsaslanan kaskad idarəetməsi ilə inteqrasiya praktik və arzuolunan bir strategiyadır. Bu nəticələr 

göstərir ki, belə bir inteqrasiya olunmuş tənzimləmə sistemi idarəetmənin effektivliyini əhəmiyyətli 

dərəcədə yaxşılaşdıra və hədəfə çatmağı təmin edə bilər.  

 

Açar sözlər:    optimal idarəetmə, neftemalı, optimal süzgəc, optimallaşdırma məsələsi,  katalitik 

krekinq, idarəetmə alqoritmi 

 

 

Принципы управления на основе модельно-прогнозирующего 

контроллера 
Э.А. Меликов 

Азербайджанский Государственный Университет Нефти и Промышленности  

(Баку, Азербайджан) 
Аннотация 

 Разработка автоматизированных систем управления технологическими процессами 

играет важную роль в современной промышленности. Адаптация таких систем управления к 

различным процессам является одной из актуальных задач, и в данной статье рассматриваются 

принципы проектирования нового типа контроллера, основанного на предиктивной модели, как 

части комбинированной системы управления объектом. Проведено моделирование с 

использованием MATLAB/Simulink для изучения применения традиционных и 

комбинированных систем управления технологическими процессами. Разработка и адаптация 

ПИД-контроллера с каскадным предиктивным моделированием к современным системам 

сравнивается с традиционными системами управления. Основная управляющая переменная 

точно и аккуратно управлялась с помощью этого эффективного метода управления и 

поддерживалась в соответствии с требуемыми заданными значениями. ПИД-регулятор быстро 

реагировал на возмущения, вносимые в систему, тем самым уменьшая их влияние. Результаты 

моделирования показывают, что интеграция ПЛК с каскадным управлением на основе модели 

прогнозирующего управления и ПИД-регулятора является практичной и желательной 

стратегией. Эти результаты показывают, что такая интегрированная система регулирования 

может значительно повысить эффективность управления и обеспечить достижение целевых 

значений. 

 

Ключевые слова:  оптимальное управление, нефтепереработка, оптимальный фильтр, 

задача оптимизации, каталитический крекинг, алгоритм управлени
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Introduction 

Currently, in modern control 

technologies, regulators have a large 

percentage of industrial and advanced 

technologies due to their wide range of 

capabilities. As crucial as creating new 

technologies is comprehending combined 

regulatory systems and applying them to real-

world situations. According to control 

engineers, control technology should be used to 

address industrial problems [1-8]. To improve 

control and redundancy, however, a single 

regulator may occasionally be unable to 

manage the plant or systems. Two or more 

techniques may be combined into a single 

solution in these situations. 

Due to their enormous capacity for 

reducing disturbance effects and application of 

unconventional approaches, such as 

implementing neural networks and cascade 

control into nonlinear pH processes, combined 

regulatory systems, which combine multiple 

control strategies to optimize performance, are 

growing in popularity today [9]. Hybrid 

systems integrate both continuous and discrete 

control approaches, whereas other systems 

typically only use continuous. 

The absence of real-world practices is the 

main obstacle to establishing combined 

regulatory systems more comprehensively. 

This is mostly due to the new regulator's 

complexity and the difficulty of applying it to 

real-world situations. Each type of regulator has 

a unique innate behavior, making it challenging 

to predict how each regulator will interact with 

the others when they are combined. Newly 

created unified regulatory systems should be 

simple without compromising the efficiency to 

address these issues. 

It is known that in order for any 

developed control system to be successful and 

effective in managing industrial operations, it is 

necessary to take into account and analyze a 

number of important factors [10-15]. A vital 

factor, first of all, is a comprehensive 

assessment of the system requirements. This 

entails having a thorough grasp of the particular 

industrial process, its variables, intended 

setpoints, performance goals, and any 

applicable industry standards or regulations that 

must be followed. Designing the unified 

regulatory system will be built on a solid grasp 

of these criteria. Another crucial factor is right 

choosing the control loops. To obtain the 

required control results, several control 

systems, such as PID control, cascade control 

(CC), and feedforward control, may need to be 

integrated. The process dynamics, interactions 

between variables, and the control goals 

decided upon during the system requirements 

analysis should all be taken into consideration 

while choosing the control loops. 

In addition, selecting appropriate 

hardware and software components is of 

decisive importance when creating a combined 

regulatory system. This involves choosing a 

DCS or PLC with enough processing power and 

memory to support many control loops. The 

accessibility of suitable input/output modules, 

communication protocols, and integration 

possibilities with other systems, such as 

SCADA, should also be taken into account.  

System integration and testing must be 

taken into consideration during the design 

process. The unified regulatory system should 

be connected with the already installed 

SCADA, DCS, and other control systems for 

process control. The system must be thoroughly 

tested to ensure its responsiveness, stability, 

and functioning. To make sure the system 

works as planned, many scenarios, including 

normal operation, setpoint changes, disturbance 
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rejection, and fault circumstances, should be 

simulated and tested. The unified regulatory 

system may be further optimized by identifying 

possibilities for improvement through ongoing 

monitoring and data analysis. 

 

Purpose of the Work 

The purpose of this work is to investigate 

the performance of combined regulatory 

systems and to develop a cascade MPC-PID 

control structure capable of improving 

disturbance rejection, robustness, and control 

accuracy in industrial processes. 

 

Problem Statement 

Although conventional PID and MPC 

controllers are widely used in industrial 

applications, their performance may deteriorate 

under unmeasured disturbances and nonlinear 

operating conditions. Therefore, there is a need 

for an integrated control strategy that combines 

the advantages of both approaches while 

minimizing their limitations. 

 

Problem Solving 

   Cascade Control Strategy. A cascade 

design gives the systems a lot more flexibility 

and robustness. For the control of temperature, 

flow, and pressure loops, CC loops can be 

employed and are a popular element in the 

process control sectors. CC consists of two 

individual control loops generally called inner 

and outer or primary and secondary [16]. 

Combining conventional PID controllers with 

cascade architecture adds much more flexibility 

to the system. 

When creating controllers for industrial 

applications, it is crucial to take both 

measurable and unmeasured disturbances into 

account. Measured disturbances give controllers 

immediate input on the behavior of the process, 

allowing them to react quickly and keep up 

target performance. System stability might be 

weakened and suboptimal control can result 

from ignoring recorded disturbances. On the 

other hand, undetected disturbances can have a 

big effect on process dynamics even though 

they are not directly observable. Engineers can 

increase the robustness and dependability of the 

control system and ensure optimal performance 

under a variety of circumstances by including 

methods to handle unmeasured disturbances in 

the controller design. 

Unmeasured disturbances are frequently 

unavoidable in industrial applications because 

of the environment, equipment changes, or 

unforeseen circumstances. Ignoring them can 

make control techniques unable to adjust and 

make up for disruptions, which would 

compromise system performance. As a result, 

taking into account both measured and 

unmeasured disturbances improve system 

performance overall, including setpoint 

tracking, variability, and disturbance rejection. 

This results in enhanced product quality, 

decreased downtime, and increased 

productivity - all important factors in industrial 

settings. 

Both sorts of disturbances are taken into 

account, which is in line with the robust control 

principles, where controllers are built to handle 

uncertainties and disturbances that arise in 

practical situations. The development of control 

techniques that enhance system performance, 

adapt to changing circumstances, and offer 

solid and dependable control in industrial 

applications is supported by this all-

encompassing approach.  

It should be noted that the simplicity of 

the PID controller is one of its advantages over 

other complex controllers but in case of 

unmeasured disturbances the system states 
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become fluctuating which should be avoided. 

Different kinds of applications can be 

implemented to reduce disturbance factors such 

as using different control approaches. For 

instance, feedforward control, cascade control, 

designing a controller under robustness 

strategies, etc. 

To obtain a combined regulatory system, 

it is necessary to use two different or similar 

regulators. One of them is using two similar 

PID controllers and implementing them with 

cascade architecture and the second is 

implementing a new cascade MPC-PID 

controller. 

A step function is given to the system to 

observe its stability and robustness under 

instantaneous changes. If the system stabilizes 

itself after a couple of ups and downs it can be 

called stable otherwise system should be 

considered as unstable. A noise component is 

also added to the system to observe its behavior 

and pave the way to compare it with a non-

conventional Cascade PID controller. 

Principles for Designing a Cascade 

Controller with a Predictive Model. It is 

known that MPC is a model-based control 

strategy that uses predictions to form output 

control actions according to a reference. In 

Figure 1 the general structure of the MPC is 

shown.  

 

Figure 1 – Structure of MPC 

 

 References are given to the system to 

maintain predictions of the system's further 

behavior and state. It is a feedback control 

strategy that is suitable for non-linear 

applications due to its inherent characteristics. 

In each prediction, the controller compares 

predicted values and chooses the optimal 

decision. Unlike conventional PID controllers, 

MPC is capable of handling Multiple Input 

Multiple Output (MIMO) systems which is a 

strong tool for handling non-linear MIMO 

systems. 

𝐽 =∑𝑤𝑥𝑖

𝑁

𝑖=1

(𝜏𝑖 − 𝑥𝑖)
2 +∑𝑤𝑢𝑖

𝑁

𝑖=1

∆𝑢𝑖
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 In many industrial applications, including 

blending, mills, kilns, boilers, and distillation 

columns, MPC is a well-established method for 

advanced process control. MPC uses a plant 

model and optimizer and has different types 

such as explicit, adaptive, multistage, non-

linear, and multiple. The main disadvantage of 

the MPC technology is that it requires a lot of 

computational resources which should be 

considered while implementing it into a real 

scenario.  

For a number of reasons, MPC is 

recognized as a highly successful control 

approach for industrial applications. First, 

MPC considers the system's dynamic 

behavior and limitations, enabling the 

optimization of control actions over an 

extended period. This enables the controller to 

foresee issues and deal with them proactively, 

ensuring reliable and effective operation. 

Second, MPC offers a structured 

framework for tackling complicated control 

limitations and objectives that are frequently 

encountered in industrial operations. It 

enables the incorporation of numerous 

process factors and optimization standards, 

such as setpoint tracking, reducing energy use, 

or satisfying product quality requirements. 

Due to its adaptability, MPC is a good choice 

for a variety of industrial applications where it 

is necessary to balance several control 
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objectives. 

Additionally, MPC has intrinsic 

robustness and adaptability. Through its 

model-based methodology, it can manage 

fluctuations in process dynamics, 

nonlinearities, and uncertainties. Using a 

precise model of the system, MPC can 

forecast how the process will behave in the 

future and optimize control measures 

accordingly. Because of its versatility, it can 

be used for a wide range of industrial 

operations under different operating 

conditions. 

MPC is a highly effective control strategy 

for a variety of industrial applications due to its 

capacity to manage complex systems, optimize 

numerous objectives, adapt to fluctuations, and 

seamlessly interact with other control 

strategies. Its capability to achieve exceptional 

control performance in difficult industrial 

environments is further enhanced by its 

compatibility with multiple regulatory systems. 

In many industrial fields where precision 

control, optimization, and the fusion of several 

control techniques are crucial, MPC-based 

combined regulatory systems are used. 

Our main goal is to establish the most 

accurate, robust, and smooth control actions. 

The main working principle of the MPC is 

establishing continuous control actions to get as 

precise as possible and acquiring the reference 

or intended output. 

In our case, measured disturbances are 

neglected and the reference signal will be a step 

signal for simplicity. MPC controller will try to 

generate control actions to get the step signal. 

However, the system has a noise and this noise 

will cause unwanted fluctuation, error, and lags. 

To avoid this problem auxiliary PID controller 

is added to the system using a cascade 

connection. The generated multi-loop system is 

not prone to disturbances which would have 

devastating effects on the system. The results 

can be driven to establish solid understanding 

about implementation of MPC and PID 

controllers together. Each and every controller 

has its own behavior in different situation and 

that is the main reason why implementing 

combined regulatory systems are complicated. 

To prove that combined control systems have 

better noise handling capabilities, we compare 

the performance of a conventional PID 

controller and a cascade PID controller. For 

evaluating the performance of the system step 

response method is used to get the behavior of 

the system under instantaneous changes. In 

Figure 2 step response of two different 

controllers are given and a general 

understanding can be driven that conventional 

PID has better settling time and has better peak 

value. 

However, in case of disturbance 

simulations show that the conventional PID 

controller is not able to handle disturbance 

factor as much as Cascade PID controller. 

Even though Cascade PID controller has 

longer sampling time and steeper peak value it is 

able to handle fluctuation from unmeasured 

disturbance. 

Model and result of the model show that a 

cascade architecture has a great benefit on dealing 

with disturbances (Figure 3).  

The results of simulation show that if any 

change or deviation happens during process it will 

be considered and inner or secondary controller will 

deal with it. Simple technological process 

example for aforementioned simulation is 

controlling the temperature with controlling the 

flow of fuel of boiler. Temperature controller is 

the primary or outer controller and flow 

controller is the secondary or inner loop. 

Temperature controller gives the set point to 

flow controller and it adjusts it via opening and 
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closing the valve or some kind of actuator. In 

case of deviations in fuel feed/inlet it will 

directly affect the temperature of the boiler.  

 

 

Figure 2 – Comparing Cascade PID and conventional PID controller with disturbance factor 

 

 
 

Figure 3 – Step response difference of Cascade PID and conventional PID under disturbance factor  

 

Now let's compare the efficiency of 

MPC controller and cascade MPC-PID 

controller. As it is mentioned before the 

efficiency of cascade structure is proven and 

shown by means of simulations and controller 

models. MPC controller are generally used to 

track reference signal which can be produced 

by means of CPU or something else. It will 

track the reference signal with real time 

predictions and adaptiveness. In this paper a 

reference signal is step signal for simplicity and 

MPC tries to track and gives an optimal output. 

Figure 4 compares the MPC controller and the 

MPC-PID cascade controller under interference 

conditions. 
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Figure 4 – Comparing MPC controller and Cascade MPC-PID controller under disturbance 

 

Figure 5 shows the output control signal 

of MPC which is trained and tuned during 

initiation of the controller. As it is shown in the 

figure MPC controller increase its value so 

smoothly and has really negligible peak value 

during stabilization. MPC controller are very 

efficient and it can be seen that it reaches 

intended value in very short time, or in other 

words it has very good response time.  

 

Figure 5 – Output of MPC controller with step 

signal reference 

 

In Figure 6 show the output control signal 

of MPC under disturbance and it can be seen 

that it is not very good at handling ups and 

downs while controlling the system. Due to a 

number of causes, MPC controllers may have 

trouble handling unmeasured disturbances. 

First, since the consequences of unmeasured 

disturbances cannot be directly measured due to 

their lack of observability, it is difficult for the 

controller to precisely account for their effects. 

Additionally, due to their poor adaptation, MPC 

controllers may find it difficult to respond fast 

to unforeseen or rapidly changing disruptions, 

which could hinder their capacity to make the 

best decisions possible in the present. After 

evaluating the effect disturbance to the MPC 

system implementing a PID controller with 

cascade structure is considered as an optimal 

solution. Figure 7 shows a cascaded MPC-PID 

controller, and Figure 8 shows a comparison 

between an MPC and a cascaded MPC-PID 

controller. For a number of reasons, combining 

a cascade PID controller with an MPC 

controller can be advantageous. First off, the 

PID controller operates on a shorter time scale 

than the MPC controller, enabling it to perform 

real-time control actions that are speedier and 

more sensitive. When dealing with sudden 

disruptions or changes in the system, this can 

help to alleviate the delays and constraints of 

the MPC controller. Second, by continually 

modifying the control output based on the 

difference between the setpoint and the actual 

system output, the PID controller can directly 

handle unmeasured disturbances. As a result, 
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the PID controller can offer prompt remedial 

action, enhancing the MPC controller's 

predictive capabilities. Thirdly, by successfully 

compensating for modeling mistakes or 

differences between the anticipated system 

model and the actual dynamics, the PID 

controller can increase the robustness of the 

overall control system. It can function as a 

feedback mechanism that lessens the effects of 

disruptions that are neither modeled or 

measured. The control system's dependability 

and safety are improved by this redundancy. 

Last but not least, combining a cascade PID 

controller with an MPC controller is a well-

known and popular control method that has 

benefited from in-depth study, real-world 

application, and a wealth of expertise and 

experience.  

        

Figure 6 – Output of MPC controller under              Figure 7 – Cascade MPC-PID controller 

disturbance 

Figure 8 – Comparing MPC and Cascade MPC-PID controller 

 

In order to enable the system to react to 

changes in the reference signal fast, the 

aggressive tuning strategy gave priority on 

decreasing the settling time. But it also caused 

more oscillations and overshoot, which may 

make the system unstable. 

The goal of robust tuning was to 

guarantee consistent and dependable system 

performance, particularly during turbulent 

times. In this method, tuning settings were 

chosen to limit susceptibility to parameter 

fluctuations while providing adequate 

disturbance rejection. The simulation findings 

showed that, in comparison to aggressive 

tuning, robust tuning resulted in a slower 

response time. However, it provided improved 

stability and reduced the performance effect of 

disruptions. 

The outcomes of the simulation clearly 

demonstrated how important tuning is to the 

creation of integrated regulatory systems. The 

system's performance and behavior were 
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directly impacted by the tuning settings used. 

Robust tuning resulted in a longer response 

time but offered stability and robustness to 

shocks. Response times that were slower or 

quicker had an impact on the dynamic behavior 

of the system, enabling smoother operation or 

quick adaption.  

 

Conclusion 

The implementation of the MPC 

controller combined with the cascade PID 

controller showed excellent performance in 

achieving optimum output based on the 

reference signal. However, its ability to handle 

disturbances was limited. To address this, an 

inner control loop with a PID controller was 

introduced, providing faster reaction time and 

enhanced disturbance handling capabilities. 

Overall, the results highlight the potential of 

combined regulatory systems, such as the 

cascade MPC-PID controller, in industrial 

applications, particularly in technological 

processes. The MPC component offers 

predictive control and system optimization, 

allowing the system to adapt to changing load 

requirements and maintain optimal operating 

conditions. The MPC component enables 

predictive modeling and optimization in 

processes that call for precise control of 

technological parameters like temperature, 

pressure, and composition, facilitating optimal 

system control. This makes manufacturing and 

quality control efficient. Additionally, the 

cascaded MPC-PID controller improves the 

system's capacity to tolerate disturbances and 

contributes to overall stability, which are 

important requirements in these industries. 
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