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Annotation: This article presents the development and computer modeling of an automatic
liquid level control system. The study focuses on the design of a control algorithm that ensures
stable operation of the system under varying conditions. A computer simulation was performed
to analyze the dynamic response, control accuracy, and system stability. The results demonstrate
that the proposed control system provides efficient regulation of the liquid level, minimizes
oscillations, and responds effectively to disturbances. The study highlights the practical
application of computer modeling in designing automated control systems and emphasizes the
advantages of simulation in predicting system behavior before physical implementation.
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Introduction. The development of automated control systems has become an essential aspect of
modern engineering, aiming to enhance efficiency, reliability, and precision in various industrial
and technological processes. Among these systems, automatic liquid level control plays a critical
role in ensuring the safe and optimal operation of storage tanks, chemical reactors, water supply
systems, and other fluid-handling equipment. Maintaining the desired liquid level is crucial not
only for process stability but also for preventing overflow, equipment damage, and operational
hazards. Traditional manual control methods often prove insufficient due to their inability to
respond promptly to dynamic changes in inflow, outflow, or disturbances within the system.
Therefore, the design and implementation of automatic control systems that can monitor and
adjust liquid levels in real time have gained significant attention. Computer modeling offers a
practical and cost-effective approach to analyzing system behavior, testing control strategies, and
optimizing parameters before physical implementation. By simulating the dynamic response of
the control system under various operating conditions, engineers can predict potential issues,
evaluate performance, and refine the control algorithm to achieve the desired stability and
accuracy.
This study focuses on the computer modeling of an automatic liquid level control system, aiming
to develop an effective control algorithm, analyze its performance, and demonstrate the
advantages of simulation in designing reliable and responsive automated systems. The research
highlights the integration of control theory principles with computational tools to provide a
systematic approach for ensuring stable and precise liquid level regulation, which is essential for
modern industrial applications. In modern engineering and industrial automation, the ability to
maintain precise control over process variables is crucial for operational efficiency, safety, and
resource optimization. Liquid level control, in particular, is a fundamental requirement in a wide
range of applications, including chemical processing, water treatment, storage tanks, and various
manufacturing processes. Failure to regulate liquid levels accurately can result in equipment
damage, product loss, safety hazards, and operational inefficiencies. Traditional manual or
purely static control methods often lack the responsiveness needed to cope with rapid
fluctuations in inflow, outflow, or system disturbances. Consequently, the development of
automatic control systems that can continuously monitor, adjust, and optimize liquid levels in
real time has become a critical research and industrial focus. Advances in computational tools
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and simulation software, such as MATLAB/Simulink, have enabled engineers to model complex
dynamic systems, evaluate control strategies, and predict system behavior without the risk and
cost associated with physical experimentation. This study aims to leverage computer modeling to
design and analyze an automatic liquid level control system, assess its dynamic performance
under varying operational scenarios, and demonstrate the advantages of simulation-driven
development in enhancing system stability, responsiveness, and overall efficiency. By combining
theoretical control principles with practical simulation techniques, the research provides a
comprehensive framework for improving process automation and optimizing liquid level
regulation in contemporary industrial environments.
Literature review. Numerous studies have addressed the design and implementation of
automatic liquid level control systems, emphasizing the importance of stability, accuracy, and
dynamic response. According to Ogata [1], precise modeling and control algorithms are essential
for ensuring system stability under varying process conditions, particularly in fluid-level
regulation applications. Li and Zhang [2] demonstrated that computer-based simulations allow
for the evaluation of control strategies before actual implementation, reducing the risk of
equipment damage and process disturbances. In their study, Khan et al. [3] highlighted the
benefits of PID (Proportional-Integral-Derivative) controllers in liquid level regulation, noting
that proper tuning of controller parameters significantly enhances system responsiveness and
minimizes oscillations. Similarly, Ahmed and Hussein [4] explored fuzzy logic-based control
approaches, showing that adaptive methods can improve performance in non-linear or time-
varying systems where conventional linear controllers may be less effective. Computer modeling
techniques were further analyzed by Smith and Brown [5], who emphasized the role of
simulation in predicting dynamic responses, allowing engineers to optimize system parameters
and evaluate potential control strategies efficiently. More recent research by Chen et al. [6]
integrated MATLAB/Simulink modeling tools with real-time monitoring to develop intelligent
control systems capable of adapting to disturbances and maintaining desired liquid levels
automatically. Finally, the study by Patel and Mehta [7] underscored the practical significance of
automated control systems in industrial processes, demonstrating that computer simulations not
only reduce development costs but also enhance reliability and operational safety. Collectively,
these studies indicate that combining classical control techniques with modern computational
modeling provides a robust framework for designing automatic liquid level control systems,
allowing for both precise regulation and adaptability to changing operational conditions.
The development and analysis of automatic liquid level control systems have increasingly
focused on the integration of computational modeling with control algorithm design to improve
system performance and reliability. Modern approaches emphasize the need for systems that can
adapt to varying operational conditions, including fluctuations in inflow, outflow, and
disturbances that may affect the stability of the liquid level. By employing computer-based
simulation, engineers can evaluate dynamic responses, predict potential system instabilities, and
optimize control strategies before physical implementation. Key aspects of this analysis include
assessing the transient and steady-state behavior of the system, examining the impact of
controller parameter adjustments, and testing the effectiveness of feedback mechanisms in
maintaining the desired liquid level. Furthermore, the study of control system dynamics allows
for the identification of limitations in conventional static approaches, highlighting the
importance of flexibility, responsiveness, and adaptability in achieving efficient process
regulation. Simulation-based investigation provides a risk-free and cost-effective environment to
experiment with various control techniques, enabling iterative refinement and enhancement of
the system's performance. Overall, the literature review underscores the critical role of computer
modeling and dynamic analysis in the design of automatic liquid level control systems,
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emphasizing a systematic and scientific approach to optimizing industrial processes, enhancing
operational efficiency, and ensuring reliable and stable performance under diverse conditions.
Research methodology. The research methodology employed in this study focuses on the
computer modeling and simulation of an automatic liquid level control system to evaluate its
dynamic performance, stability, and responsiveness under varying operational conditions.
Initially, a mathematical model of the liquid level system was developed, representing the inflow,
outflow, and storage dynamics using differential equations to capture the behavior of the system
accurately. The control algorithm was designed based on classical PID (Proportional-Integral-
Derivative) principles, with parameters tuned to achieve minimal overshoot, reduced oscillations,
and fast settling time. To enhance the precision and reliability of the control system, the study
also explored the implementation of adaptive and fuzzy logic-based controllers, allowing the
system to respond effectively to non-linearities and disturbances. Computer simulation was
conducted using MATLAB/Simulink software, providing a virtual environment to test various
scenarios including step changes in input flow, sudden disturbances, and varying load conditions.
The simulation process involved monitoring key performance indicators such as rise time,
settling time, steady-state error, and control effort, enabling a comprehensive analysis of system
behavior. Additionally, sensitivity analysis was performed to assess the impact of parameter
variations on system stability and response, ensuring robustness under uncertain conditions. The
methodology emphasized iterative testing, where simulation results were used to refine the
control algorithm and optimize system parameters before practical implementation. By
combining mathematical modeling, control theory, and computer simulation, the research
provides a systematic approach to designing, analyzing, and validating an automatic liquid level
control system, highlighting the advantages of simulation-driven development in modern
industrial automation.

1-Table. Key characteristics of static control systems
Characteristic Description Advantages Disadvantages

Structural Stability System elements operate in a
fixed, unchanging manner

High stability,
simple control Low adaptability

Decision-Making
Process

Decisions are made according
to pre-defined algorithms

High accuracy and
control

Slow response to
external changes

Information
Exchange Centralized and consistent Reduces

information loss
Slow to incorporate

innovations

Control Tools Manual or mechanical
methods

Easy to monitor
and manage Low level of automation

Performance High under constant
conditions Stable operation Efficiency decreases

under disturbances
The analysis of the two tables highlights the fundamental differences and characteristics of static
and dynamic control systems. Table 1 presents the key attributes of static control systems, which
are characterized by a fixed structural configuration and predefined operational algorithms.
These systems provide high stability and precise control under constant conditions, as the
decision-making process follows established rules and centralized information exchange ensures
minimal data loss. The control tools are generally manual or mechanical, making monitoring
straightforward. However, the main limitation of static systems lies in their low adaptability, as
they respond slowly to external changes and are less capable of integrating innovative
approaches.

2-Table. Key Characteristics of dynamic control systems
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Characteristic Description Advantages Disadvantages

Flexibility System adapts to changing
environmental conditions

Enables innovative
solutions

Maintaining stability is
challenging

Use of Information
Technology

Digital tools assist in
decision-making

Increases speed and
accuracy

Requires advanced
technical resources

Feedback
Mechanism

System performance is
continuously analyzed and

adjusted

Errors can be
corrected quickly

Requires significant
resources for monitoring

Innovative Control
Methods

Incorporates strategic and
digital management

approaches

Higher efficiency
and adaptability

Requires skilled
personnel

Dynamic
Performance

System responds to changing
conditions based on analysis

Creates new
opportunities

Maintaining consistent
results is difficult

In contrast, Table 2 illustrates the features of dynamic control systems, which are designed to
adapt to varying environmental and operational conditions. These systems utilize digital
technologies and advanced feedback mechanisms to maintain performance accuracy and respond
effectively to disturbances. Dynamic control systems incorporate innovative and strategic
management approaches, enhancing overall efficiency and flexibility. Despite their advantages,
they require skilled personnel, sufficient technical resources, and careful parameter tuning to
maintain stability and consistent results. Overall, the comparison of the two tables underscores
that while static systems are suitable for stable and predictable processes, dynamic systems
provide the adaptability and responsiveness necessary for modern, complex, and rapidly
changing operational environments. The integration of both approaches can help achieve a
balance between stability and flexibility, ensuring optimal performance in diverse control
applications.
Research discussion. The results of the computer simulation demonstrate the effectiveness and
reliability of the proposed automatic liquid level control system under various operating
conditions. The system exhibited rapid response to step changes in inflow and outflow,
maintaining the desired liquid level with minimal overshoot and negligible steady-state error.
The PID controller effectively regulated the liquid level, while the incorporation of adaptive and
fuzzy logic elements further enhanced performance, particularly in scenarios involving non-
linear disturbances or sudden fluctuations in system parameters. Analysis of the dynamic
response revealed that the rise time and settling time were significantly reduced compared to
conventional manual or statically controlled systems, indicating an improved transient behavior
and faster stabilization. The simulation also highlighted the importance of proper parameter
tuning, as sensitivity analysis showed that slight deviations in controller gains could impact
system stability and response speed, emphasizing the need for optimized configuration.
Furthermore, the study demonstrated that computer modeling allows for preemptive
identification of potential issues, such as oscillatory behavior or excessive control effort,
enabling the refinement of the control algorithm prior to physical implementation. Overall, the
results confirm that the integration of classical control techniques with computer simulation
provides a robust framework for designing automated liquid level regulation systems.
The discussion underscores the practical advantages of simulation-driven development,
including reduced development costs, enhanced operational safety, and the ability to test
multiple scenarios without physical risks. These findings suggest that computer-modeled
automatic control systems can be effectively applied in industrial processes requiring precise
liquid level maintenance, contributing to both efficiency and reliability in modern automation.
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The discussion of the simulation results emphasizes the practical significance of integrating
computer modeling with automatic liquid level control systems. The dynamic response analysis
indicates that the system maintains a stable liquid level under varying inflow and outflow
conditions, demonstrating both robustness and adaptability. The use of PID control,
supplemented by adaptive and fuzzy logic techniques, enables the system to minimize overshoot
and reduce settling time, which is critical for preventing operational hazards and maintaining
process efficiency. Furthermore, the simulation highlighted the sensitivity of system
performance to controller parameter variations, underscoring the importance of proper tuning
and iterative testing. By allowing engineers to test multiple scenarios virtually, computer
modeling significantly reduces the risk associated with physical trials, lowers development costs,
and accelerates the design process. The comparison between static and dynamic system
characteristics further reinforces the advantages of dynamic control, particularly in environments
with fluctuating loads or unpredictable disturbances, while static control remains valuable for
stable and predictable processes. Overall, the discussion demonstrates that the combined use of
simulation, adaptive control strategies, and feedback mechanisms provides a comprehensive
approach to designing reliable, efficient, and responsive automatic liquid level control systems,
highlighting the potential for broad industrial application and optimization in modern automation
practices.
Conclusion. In conclusion, this study has demonstrated that computer modeling and simulation
provide a highly effective approach for the design and analysis of automatic liquid level control
systems. The developed system, based on a PID control algorithm enhanced with adaptive and
fuzzy logic elements, was shown to maintain the desired liquid level accurately, respond
efficiently to disturbances, and exhibit improved dynamic performance compared to traditional
static or manual control methods. The simulation results highlighted the importance of proper
parameter tuning and sensitivity analysis in achieving stability, minimizing overshoot, and
reducing settling time. Furthermore, the study confirmed that simulation-driven development
allows for the identification and mitigation of potential operational issues before physical
implementation, thereby reducing costs, enhancing safety, and increasing system reliability.
Overall, the integration of classical control techniques with modern computer modeling tools
offers a robust framework for designing responsive and precise liquid level regulation systems,
demonstrating significant practical applicability in industrial automation. The findings of this
research provide valuable insights for engineers and practitioners seeking to optimize control
systems and emphasize the essential role of computer simulation in modern process control and
automation.
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