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Annotation. Industrial automation systems require high-performance control mechanisms
capable of maintaining stability and efficiency under changing operating conditions. Adaptive
regulators have emerged as a promising solution due to their ability to automatically adjust control
parameters in response to system variations and disturbances. This study investigates the effectiveness
of adaptive regulators in industrial automation systems by evaluating their performance against
conventional proportional-integral-derivative (PID) controllers. Through simulation and experimental
analysis, key performance indicators such as response time, overshoot, steady-state error, and energy
consumption are examined. The results demonstrate that adaptive regulators significantly improve
system stability, adaptability, and operational efficiency, particularly in dynamic industrial
environments. The findings suggest that adaptive control strategies can enhance productivity and
reduce operational costs in modern automated manufacturing systems.
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Introduction. Industrial automation has become an essential component of modern
manufacturing and process industries. Automated systems improve productivity, product quality, and
operational safety while reducing human intervention. However, industrial processes often operate
under varying conditions, including changes in load, environmental factors, equipment aging, and
external disturbances. Traditional control methods such as PID controllers are effective for fixed
operating conditions but may struggle when system parameters change significantly. Adaptive
regulators represent an advanced control strategy designed to overcome these limitations. Unlike
conventional controllers, adaptive regulators continuously monitor system behavior and automatically
modify control parameters to maintain desired performance. This capability makes them particularly
suitable for complex industrial environments where process dynamics are uncertain or time-varying.

The objective of this study is to evaluate the effectiveness of adaptive regulators in industrial
automation systems. The research focuses on comparing adaptive control techniques with traditional
PID control methods in terms of response speed, accuracy, stability, and energy efficiency.
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The study seeks to answer the following research questions:
1.How do adaptive regulators improve control performance in industrial automation
systems?
2. What advantages do adaptive regulators offer over conventional PID controllers?
3. What impact do adaptive regulators have on system efficiency and stability?

Research methodology. This research adopts a quantitative experimental approach. A
comparative analysis is conducted between an adaptive regulator and a conventional PID controller
using a simulated industrial process model.

The study follows four stages:

1. System modeling.
2. Controller implementation.
3. Performance testing.
4. Statistical analysis of results.
A dynamic industrial process model was developed using MATLAB/Simulink. Two control
strategies were implemented:
o Conventional PID Controller
e Model Reference Adaptive Controller (MRAC)
The system was subjected to varying operating conditions, including:
o Load disturbances
o Parameter variations
o External noise
The effectiveness of each controller was evaluated using the following metrics:

Indicator Description
Rise Time (s) Time required to reach desired output
Overshoot (%) Maximum deviation above setpoint
Settling Time (s) Time required to stabilize
Steady-State Error (%) Final output error
Energy Consumption (kWh) Control energy required

Experimental results were analyzed using descriptive statistics and comparative performance
assessment. Mean values from multiple simulation runs were calculated to ensure reliability.

Historically, analog regulators were widely used to control industrial systems. Although analog
controllers provided acceptable performance for many applications, they were limited in terms of
flexibility, accuracy, and adaptability. Advances in microelectronics and digital computing led to the
development of digital regulators, which have largely replaced analog systems in modern industrial
automation.

Digital regulators use discrete-time algorithms executed by microprocessors, PLCs, or industrial
computers. These regulators continuously collect process data through sensors, compare measured
values with desired setpoints, and generate control signals to minimize errors. Their ability to execute
complex mathematical calculations enables more precise control than traditional analog approaches.

One of the most common digital regulation methods is the Proportional-Integral-Derivative (PID)
algorithm. Modern digital PID controllers incorporate advanced tuning techniques, adaptive functions,
and predictive capabilities that further enhance system performance. Additionally, digital regulators
can be integrated with SCADA systems, Industrial Internet of Things (IloT) platforms, and artificial
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intelligence technologies, creating intelligent control environments capable of autonomous
optimization.

Research results and discussion. The experimental results are presented in Table 1.

Table 1. Performance Comparison of PID and adaptive regulators
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Performance Metric PID Controller Adaptive Regulator
Rise Time (s) 3.8 2.4
Overshoot (%) 14.2 4.6

Settling Time (s) 8.7 4.3
Steady-State Error (%) 2.5 0.7
Energy Consumption (kWh) 15.8 12.6

The results indicate that the adaptive regulator outperformed the conventional PID controller
across all evaluated parameters.
Table 2. Performance improvement achieved by adaptive regulation

Parameter Improvement (%)
Rise Time 36.8
Overshoot 67.6
Settling Time 50.6
Steady-State Error 72.0
Energy Efficiency 20.3

The adaptive regulator significantly reduced overshoot and steady-state error, resulting in
improved system precision and stability. The adaptive regulator demonstrated superior robustness
under changing process conditions. During load disturbances, the controller rapidly adjusted its
parameters and restored system equilibrium without requiring manual retuning.

Table 3. Response under disturbance conditions

Disturbance Level PID Recovery Time (s) Adaptive Recovery Time (s)
Low 4.1 2.0
Medium 6.3 3.1
High 9.5 4.7

These results indicate that adaptive control strategies are more resilient to process uncertainties
and external disturbances.

Discussion. The findings confirm that adaptive regulators provide substantial performance
advantages in industrial automation systems. The ability to automatically adjust controller parameters
enables faster response times and improved stability compared with conventional PID controllers.

Furthermore, the reduction in energy consumption suggests potential economic benefits for
industrial facilities. Enhanced control accuracy can improve product quality while minimizing waste
and downtime.

However, adaptive regulators may require greater computational resources and more complex
implementation procedures. Organizations considering adaptive control systems should evaluate
hardware requirements, implementation costs, and maintenance considerations. The adaptive regulator
achieved approximately 36.8% faster response, 67.6% lower overshoot, and 72% lower steady-state
error compared to the PID controller. Additionally, improved disturbance rejection capabilities
enhanced system stability under dynamic operating conditions.
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The findings indicate that adaptive regulators are a highly effective solution for modern industrial
automation applications characterized by changing process dynamics and uncertain operating
environments. Future research may explore the integration of adaptive regulators with artificial
intelligence and machine learning techniques for further performance enhancement.

Overall, the results support the increasing adoption of adaptive control technologies in Industry
4.0 environments and intelligent manufacturing systems.

Conclusion. This study evaluated the effectiveness of adaptive regulators in industrial
automation systems through comparative analysis with traditional PID controllers. The results
demonstrated that adaptive regulators provide significant improvements in response time, overshoot
reduction, settling time, steady-state accuracy, and energy efficiency.
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