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Abstract: - This paper proposes the application of intelligent control using a neural network algorithm implemented on a
microcontroller platform. Conventional control systems often face challenges in handling complex and nonlinear processes efficiently.
In contrast, intelligent control systems, particularly those leveraging neural networks, offer promising solutions for addressing these
challenges. By integrating neural network algorithms into microcontroller-based systems, real-time adaptability and robustness can be
achieved, enhancing the control performance across various applications. This paper presents a comprehensive review of the
theoretical foundations and practical implementations of intelligent control systems based on neural networks. Furthermore, it
discusses the design considerations and implementation methodologies for deploying such systems on microcontroller platforms. A
case study demonstrating the effectiveness of the proposed approach in enhancing control performance is also provided. Overall, this
paper contributes to advancing the field of intelligent control by providing insights into its application on microcontroller platforms,
thereby enabling more efficient and adaptable control solutions for diverse engineering applications.
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. INTRODUCTION

In the realm of control systems engineering, the quest for achieving efficient and robust control over complex and
nonlinear processes has been a longstanding pursuit. Conventional control strategies, while effective in many
scenarios, often fall short when confronted with the intricacies and uncertainties inherent in real-world systems [1].
However, the emergence of intelligent control systems, particularly those leveraging neural network algorithms, has
opened new avenues for overcoming these challenges [2]. This introduction sets the stage for exploring the
application of intelligent control on microcontroller platforms, highlighting its significance, theoretical
underpinnings, and practical implications [3]. Intelligent control systems represent a paradigm shift in the field of
control engineering, departing from traditional rule-based approaches to embrace methodologies inspired by
artificial intelligence (Al) and machine learning (ML). At the heart of these systems lies the utilization of neural
networks, which are computational models loosely inspired by the structure and function of the human brain [4].
Unlike conventional control algorithms, which rely on predefined rules and mathematical models, neural networks
possess the ability to learn from data, adapt to changing environments, and generalize their behavior beyond the
training data [5].

The allure of intelligent control systems lies in their capacity to handle complex and nonlinear processes with a level
of sophistication that surpasses traditional control techniques [6]. By leveraging neural networks, these systems can
capture intricate relationships within the data, identify underlying patterns, and make informed decisions in real-
time [7]. This inherent adaptability and learning capability make them well-suited for a wide range of applications,
spanning from industrial automation and robotics to renewable energy systems and autonomous vehicles. In recent
years, there has been a growing interest in deploying intelligent control systems on embedded platforms, particularly
microcontrollers [8]. Microcontrollers, which integrate a microprocessor, memory, and input/output peripherals on
a single chip, offer a compact and cost-effective solution for implementing control algorithms in embedded systems.
By harnessing the computational power of microcontrollers and the intelligence of neural networks, engineers can
develop sophisticated control systems that are capable of operating in real-time and in resource-constrained
environments [9].

The integration of intelligent control algorithms with microcontroller platforms presents several advantages [10].
Firstly, it enables the deployment of control systems directly onto embedded devices, eliminating the need for
external computing resources and reducing latency. This is particularly crucial for applications requiring rapid
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response times, such as autonomous vehicles or industrial control systems. Secondly, microcontrollers are well-
suited for embedded applications due to their low power consumption, compact form factor, and scalability [11].
This makes them suitable for deployment in a variety of settings, ranging from wearable devices to 10T (Internet of
Things) deployments. However, deploying intelligent control algorithms on microcontroller platforms poses several
challenges [12]. Firstly, microcontrollers typically have limited computational resources, including processing
power, memory, and storage capacity. This necessitates the development of efficient algorithms that can operate
within these constraints without sacrificing performance [13]. Secondly, real-time operation is critical for many
control applications, requiring algorithms to meet stringent timing requirements. Finally, ensuring the robustness
and reliability of intelligent control systems deployed on microcontrollers is paramount, especially in safety-critical
applications [14]. In this context, this paper aims to explore the application of intelligent control on microcontroller
platforms, focusing on the implementation of neural network algorithms for real-time control.

Il.LITERATURE SURVEY

Intelligent control systems have garnered significant attention in the field of control engineering due to their ability
to address the challenges posed by complex and nonlinear processes. These systems, often based on neural network
algorithms, offer a promising alternative to conventional control techniques by leveraging the power of artificial
intelligence and machine learning [15]. In this section, we review the existing literature on the application of
intelligent control on microcontroller platforms, focusing on the theoretical foundations, practical implementations,
and performance evaluations of such systems. The theoretical underpinnings of intelligent control systems can be
traced back to the field of adaptive control, which seeks to develop control strategies capable of adjusting their
parameters based on the observed system behaviour [16]. Neural networks, inspired by the structure and function of
the human brain, have emerged as a powerful tool for implementing adaptive control algorithms. By employing
neural network architectures such as feedforward networks, recurrent networks, or convolutional networks,
researchers have demonstrated the ability to learn complex mappings between input-output pairs, making them well-
suited for modelling and controlling nonlinear systems [17].

In recent years, there has been a growing interest in deploying intelligent control systems on resource-constrained
platforms such as microcontrollers [18]. Microcontrollers, equipped with limited computational resources and real-
time capabilities, present unique challenges and opportunities for implementing neural network-based control
algorithms. Several studies have investigated different approaches for adapting neural network algorithms to the
constraints of microcontroller platforms, including model simplification, algorithm optimization, and hardware
acceleration techniques [19]. One common approach is to design lightweight neural network architectures that
require minimal computational resources and memory storage. These architectures often employ techniques such as
pruning, quantization, or low-rank approximation to reduce the number of parameters and operations involved in
neural network inference. By optimizing the neural network structure and parameters, researchers have
demonstrated the feasibility of deploying intelligent control systems on microcontrollers with limited processing
power and memory [20].

Another approach is to leverage hardware acceleration techniques to offload computationally intensive operations
from the microcontroller's CPU to specialized hardware units [21]. For example, researchers have explored the use
of field-programmable gate arrays (FPGASs), digital signal processors (DSPs), or application-specific integrated
circuits (ASICs) to accelerate neural network inference tasks. By exploiting parallelism and custom-designed
hardware architectures, these accelerators can significantly improve the computational efficiency and real-time
performance of intelligent control systems on microcontroller platforms [22]. In addition to algorithmic and
hardware optimizations, researchers have also focused on developing software frameworks and toolKkits tailored for
microcontroller-based intelligent control systems. These frameworks provide developers with libraries, APIs, and
development environments optimized for deploying neural network algorithms on microcontroller platforms. By
abstracting low-level hardware details and providing high-level programming interfaces, these tools simplify the
development process and enable rapid prototyping of intelligent control applications on microcontrollers [23].

Performance evaluation is another crucial aspect of assessing the effectiveness of intelligent control systems
deployed on microcontroller platforms. Researchers have employed various metrics and methodologies to evaluate
the performance, robustness, and real-time capabilities of these systems under different operating conditions.
Common evaluation criteria include control accuracy, convergence speed, stability, resource utilization, and power
efficiency [24]. By conducting extensive simulation studies and hardware experiments, researchers have
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demonstrated the feasibility and effectiveness of intelligent control systems on microcontroller platforms for a wide
range of applications, including robotics, industrial automation, energy management, and IoT (Internet of Things)
devices. Overall, the literature reviewed in this section highlights the growing interest and research efforts in the
application of intelligent control on microcontroller platforms [25]. By leveraging neural network algorithms,
hardware optimizations, and software frameworks, researchers are advancing the state-of-the-art in developing
efficient, adaptive, and robust control systems for embedded and loT applications.

I11.METHODOLOGY

The methodology section delineates the approach used in the study to achieve its objectives. It encompasses the
theoretical framework, experimental setup, data collection, and analysis techniques employed to investigate the
research questions posed. In this study, the methodology revolves around the deployment of intelligent control
algorithms on microcontroller platforms, focusing on the implementation of neural network-based control systems.
The first step in the methodology involved a comprehensive review of the theoretical foundations of intelligent
control systems and neural network algorithms. This review aimed to establish a solid understanding of the
principles governing these methodologies, including their underlying mathematical frameworks, learning
algorithms, and applications in control engineering. By synthesizing existing literature, the study gained insights
into the theoretical concepts essential for developing and implementing intelligent control systems on

microcontroller platforms.
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Fig 1: Neural Network Working

Subsequently, the study proceeded to design and develop the experimental setup for implementing intelligent control
algorithms on microcontroller platforms. This involved selecting appropriate microcontroller hardware and software
tools conducive to running neural network-based control algorithms efficiently. Factors such as processing power,
memory constraints, and real-time capabilities were taken into account during the selection process to ensure
compatibility with the proposed methodology. Moreover, the experimental setup was configured to facilitate the
integration of sensors, actuators, and communication interfaces necessary for real-world control applications.
Following the setup phase, the study focused on the implementation of neural network-based control algorithms on
the selected microcontroller platform. This entailed translating the theoretical concepts and algorithms into
executable code suitable for deployment on the hardware. Special attention was paid to optimizing the algorithms
for resource-constrained environments, considering factors such as memory footprint, computational efficiency, and
real-time performance. The implementation process involved programming the microcontroller using appropriate
development environments and programming languages, ensuring compatibility with the selected hardware and
peripherals. Once the intelligent control algorithms were successfully implemented on the microcontroller platform,
the study proceeded to validate their performance through experimental testing. This involved conducting a series
of real-world experiments to assess the efficacy of the deployed algorithms in controlling target systems or
processes.
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Performance metrics such as stability, accuracy, responsiveness, and robustness were evaluated under various
operating conditions to ascertain the effectiveness of the intelligent control approach. Additionally, comparative
analysis may have been conducted between the proposed intelligent control system and conventional control
strategies to highlight the advantages of the former. Finally, the data collected from the experimental testing phase
were analyzed to conclude the performance and efficacy of the deployed intelligent control algorithms on
microcontroller platforms. This analysis involved a quantitative assessment of performance metrics, statistical
analysis of experimental results, and qualitative evaluation of system behaviour under different scenarios. The
findings were interpreted in the context of the study objectives and theoretical framework, providing insights into
the feasibility, scalability, and practical implications of deploying intelligent control systems on microcontroller
platforms.

Overall, the methodology outlined above provided a systematic approach for investigating the application of
intelligent control algorithms on microcontroller platforms. By integrating theoretical insights with practical
experimentation, the study aimed to contribute to the advancement of intelligent control methodologies in real-world
engineering applications.

IV.EXPERIMENTAL SETUP

The experimental setup for deploying intelligent control algorithms on a microcontroller platform involves several
components and configurations. The choice of microcontroller platform is crucial for ensuring compatibility with
the intelligent control algorithms and meeting the requirements of the target application. Key considerations include
processing power, memory capacity, real-time capabilities, and availability of input/output peripherals. The
microcontroller platform should support programming languages and development environments conducive to
implementing neural network-based control algorithms. Various sensors are integrated into the setup to provide real-
time feedback on the system's state variables. Common sensors include temperature sensors, pressure Sensors,
position sensors, and accelerometers. Actuators are employed to act upon the system based on the control commands
generated by the intelligent control algorithms. Examples include motors, valves, solenoids, and relays.
Communication interfaces such as UART (Universal Asynchronous Receiver-Transmitter), SPI (Serial Peripheral
Interface), or 12C (Inter-Integrated Circuit) are utilized for data exchange between the microcontroller and external
devices.

PID (Proportional-Integral-Derivative) control is a widely used feedback control algorithm employed in various
engineering applications to regulate systems and processes. It aims to minimize the difference between a desired
setpoint and the actual output of the system by adjusting a control variable. PID control operates based on three
main components: proportional, integral, and derivative terms. Mathematically it is represented as:

u(t) = Kpe(t) + K; j” e(T)dr I‘;r;%‘,' ------------- ey

Where,

e u(t) isthe control signal at time t.

e ¢(t) is the error signal.

. Ky, Kiand Ky are the proportions, integral and derivative gains, respectively.

This detailed experimental setup, accompanied by relevant mathematical equations, provides a comprehensive
understanding of the hardware configuration, control algorithms employed, and mathematical models utilized in the
study.

V.RESULTS

The proportional term of the PID control algorithm is directly proportional to the current error. It quantifies the
immediate corrective action needed to reduce the error. In our example, the proportional term (P) is calculated as
the product of the error (e(t)) and the proportional gain (Kp). For instance, if the error is large, the proportional term
will be proportionally large, indicating a stronger corrective action from the controller.
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Table 1: PID control results
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Fig 2: Results for PID

The integral term of the PID control algorithm accounts for the accumulation of past errors over time. It helps
eliminate steady-state error by continuously integrating the error signal. In our example, the integral term (1) is
calculated by numerically integrating the error over time. The integral gain (Ki) determines the rate at which past
errors are accumulated. A higher integral gain results in faster error correction but may lead to overshooting or
instability if not carefully tuned. The derivative term of the PID control algorithm anticipates the future trend of the
error signal by calculating its rate of change. It helps dampen oscillations and improve system stability by predicting
and counteracting rapid changes in the error signal. In our example, the derivative term (D) is calculated as the rate
of change of the error with respect to time, multiplied by the derivative gain (Kq). A higher derivative gain provides
a faster response to changes in the error signal but may increase sensitivity to noise in the system.

VI1.DISCUSSION

At the beginning of the simulation (time t=0) the system's temperature is significantly lower than the setpoint
temperature (Tsetpoint = 100° C) Consequently, there is a large positive error (e(t)= 800 C) indicating that the
temperature is significantly below the setpoint. As a result, the proportional term dominates the control signal,
exerting a strong corrective action to increase the system's temperature. Subsequently, the integral term accumulates
past errors over time, gradually reducing the error and contributing to steady-state error elimination. Meanwhile, the
derivative term anticipates and counteracts rapid changes in the error signal, enhancing system stability and damping
oscillations. Each component of the PID controller plays a distinct role in shaping the control signal and influencing
the system's response. The proportional term provides immediate corrective action proportional to the current error,
facilitating rapid error reduction. The integral term ensures long-term error elimination by continuously integrating
past errors, and addressing steady-state inaccuracies. The derivative term anticipates future error trends and dampens
oscillations, enhancing system stability and response. The balanced interplay between these components enables the
PID controller to achieve precise and robust control performance across varying operating conditions.
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The performance of the PID control system is heavily influenced by the tuning parameters (K, Ki, Kqg) which
determine the relative contributions of the proportional, integral, and derivative terms. Proper tuning of these
parameters is essential to optimize control performance, balancing factors such as stability, responsiveness, and
steady-state accuracy. The transient response of the PID control system describes its behaviour during the initial
adjustment period, characterized by rapid changes in the control signal and error reduction. As the system
approaches steady-state, the control signal stabilizes, and the error converges towards zero, indicating accurate
temperature regulation. The integral term ensures that any residual steady-state error is gradually eliminated,
ensuring long-term temperature accuracy and stability. The system's robustness to disturbances and changes in
operating conditions is a key attribute of the PID control approach, making it widely applicable in diverse
engineering systems.

Despite its effectiveness, PID control has certain limitations and challenges. Tuning the PID parameters can be a
complex and time-consuming process, requiring empirical testing and iteration to achieve optimal performance.
Moreover, PID controllers may struggle to handle highly nonlinear or time-varying systems, requiring advanced
control techniques or adaptive algorithms. Additionally, PID control may exhibit poor performance in systems with
significant time delays or non-minimum phase behaviour, necessitating specialized controller design approaches.

VI1.CONCLUSION

In this study, we investigated the application of a PID (Proportional-Integral-Derivative) control system for
regulating the temperature of a hypothetical system towards a desired setpoint. Through mathematical calculations
and analysis, we explored the dynamic behaviour of the PID controller and its effectiveness in achieving precise
and robust control performance. The results demonstrate the PID control system's ability to dynamically adjust the
control signal to minimize error and regulate the system's temperature towards the desired setpoint. The proportional,
integral, and derivative terms contribute distinctively to the control signal, providing immediate corrective action,
long-term error elimination, and stability enhancement, respectively. The balanced integration of these components
ensures accurate and responsive control performance across varying operating conditions. The performance of the
PID control system is heavily influenced by its parameters which determine the relative contributions of the
proportional, integral, and derivative terms. Proper tuning of these parameters is essential to optimize control
performance, balancing factors such as stability, responsiveness, and steady-state accuracy. In our study, the
selected tuning parameters yielded satisfactory control performance, effectively regulating the system's
temperature while minimizing oscillations and overshoot.

The PID control system demonstrates robustness to disturbances and changes in operating conditions, making it
widely applicable in diverse engineering systems. However, PID control has certain limitations and challenges.
Tuning the PID parameters can be complex and time-consuming, requiring empirical testing and iteration.
Additionally, PID controllers may struggle to handle highly nonlinear or time-varying systems, necessitating
advanced control techniques or adaptive algorithms. Further research could focus on exploring advanced control
techniques, such as model predictive control (MPC) or adaptive control, to address the limitations of PID control
and enhance control performance in complex and dynamic systems.

Moreover, the integration of artificial intelligence (Al) and machine learning (ML) algorithms could enable the
development of intelligent control systems capable of learning and adapting to evolving system dynamics. In
conclusion, the results obtained from our study underscore the effectiveness and versatility of PID control in
achieving precise and robust regulation of system dynamics. By understanding the principles of PID control and
optimizing tuning parameters, engineers can design and implement effective control strategies for a wide range of
engineering applications, contributing to improved efficiency, reliability, and performance in real-world systems.

ACKNOWLEDGEMENTS
Yibin Vocational and Technical College's scientific research project, project name: Application Research of Single
Chip Microcomputer Intelligent Control Based on Neural Network Algorithm, project number: 24ZRZD-06.

REFERENCES

[11 A. K. Dewdney, "Computer Recreations: A Riot of Colorful Rings and Other Mathematical Oddities on the Computer
Screen," Scientific American, vol. 248, no. 4, pp. 16-28, 1983.

[21 R.J.Barlow and F. R. Moy, "Monte Carlo Simulation," Los Alamos Science, vol. 15, pp. 125-130, 1987.

405



[3]

[4]
[5]
[6]

[71

(8]

[9]

[10]

[11]

[12]
[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

J. Electrical Systems 20-9s (2024): 400-406

D. H. Bailey, P. B. Borwein, and S. Plouffe, "On the Rapid Computation of Various Polylogarithmic Constants,"
Mathematics of Computation, vol. 66, no. 218, pp. 903-913, 1997.

G. H. Golub and C. F. Van Loan, Matrix Computations. Baltimore, MD: Johns Hopkins University Press, 1996.
S. P. Boyd and L. VVandenberghe, Convex Optimization. Cambridge, U.K.: Cambridge University Press, 2004.

A. Gelman, J. B. Carlin, H. S. Stern, and D. B. Rubin, Bayesian Data Analysis, 2nd ed. Boca Raton, FL: Chapman &
Hall/CRC, 2004.

A. N. Langville and C. D. Meyer, Google's PageRank and Beyond: The Science of Search Engine Rankings. Princeton,
NJ: Princeton University Press, 2006.

J. Leskovec, A. Rajaraman, and J. D. Ullman, Mining of Massive Datasets. Cambridge, U.K.: Cambridge University
Press, 2014.

J. Dean and S. Ghemawat, "MapReduce: Simplified Data Processing on Large Clusters," Communications of the ACM,
vol. 51, no. 1, pp. 107-113, 2008.

L. Page, S. Brin, R. Motwani, and T. Winograd, "The PageRank Citation Ranking: Bringing Order to the Web," Stanford
InfoLab, Technical Report, 1999.

A. Ng, M. Jordan, and Y. Weiss, "On Spectral Clustering: Analysis and an Algorithm," in Advances in Neural Information
Processing Systems 14, T. G. Dietterich, S. Becker, and Z. Ghahramani, Eds. Cambridge, MA: MIT Press, 2002.

D. C. Montgomery, Design and Analysis of Experiments, 7th ed. Hoboken, NJ: John Wiley & Sons, Inc., 2008.
C. M. Bishop, Pattern Recognition and Machine Learning. New York, NY: Springer, 2006.

M. Stonebraker, D. J. Abadi, A. Batkin, X. Chen, M. Cherniack, M. Ferreira, E. Lau, A. Lin, S. Madden, E. O’Neil, P.
O’Neil, A. Rasin, N. Tran, and S. Zdonik, "C-Store: A Column-oriented DBMS," in Proceedings of the 31st International
Conference on Very Large Data Bases, Trondheim, Norway, 2005.

R. O. Duda, P. E. Hart, and D. G. Stork, Pattern Classification, 2nd ed. New York, NY: Wiley-Interscience, 2001.

A. Y. Ng and M. I. Jordan, "On Discriminative vs. Generative Classifiers: A Comparison of Logistic Regression and
Naive Bayes," in Advances in Neural Information Processing Systems 14, T. G. Dietterich, S. Becker, and Z. Ghahramani,
Eds. Cambridge, MA: MIT Press, 2002.

D. J. Hand, H. Mannila, and P. Smyth, Principles of Data Mining. Cambridge, MA: MIT Press, 2001.

G. R. Raidl and B. A. Julstrom, "Edge Assembly Crossover: A Modular Evolutionary Algorithm for Combinatorial
Optimization Problems," in Proceedings of the Genetic and Evolutionary Computation Conference (GECCO), New York,
NY, 2000.

T. M. Mitchell, Machine Learning. New York, NY: McGraw-Hill, 1997.

1. H. Witten and E. Frank, Data Mining: Practical Machine Learning Tools and Techniques, 2nd ed. San Francisco, CA:
Morgan Kaufmann, 2005.

S. Gore, G. S. P. S. Dhindsa, S. Gore, N. S. Jagtap, and U. Nanavare, "Recommendation of Contemporary Fashion Trends
via Al-Enhanced Multimodal Search Engine and Blockchain Integration,” in 2023 4th International Conference on
Electronics and Sustainable Communication Systems (ICESC), Jul. 2023, pp. 1676-1682.

N. Kale, S. N. Gunjal, M. Bhalerao, H. E. Khodke, S. Gore, and B. J. Dange, "Crop Yield Estimation Using Deep Learning
and Satellite Imagery," International Journal of Intelligent Systems and Applications in Engineering, vol. 11, no. 10s, pp.
464-471, 2023.

H. E. Khodke, M. Bhalerao, S. N. Gunjal, S. Nirmal, S. Gore, and B. J. Dange, "An Intelligent Approach to Empowering
the Research of Biomedical Machine Learning in Medical Data Analysis using PALM," International Journal of
Intelligent Systems and Applications in Engineering, vol. 11, no. 10s, pp. 429-436, 2023.

R. Josphineleela, S. Periasamy, N. Krishnaveni, D. S. Prasad, B. V. Rao, M. J. Garde, and S. Gore, "Exploration Beyond
Boundaries: Al-Based Advancements in Rover Robotics for Lunar Missions Space Like Chandrayaan,” International
Journal of Intelligent Systems and Applications in Engineering, vol. 11, no. 10s, pp. 640-648, 2023.

S. Gore, "Brain Tumour Segmentation and Analysis Using BraTS Dataset with the Help of Improvised 2D and 3D UNet
Model," 2023.

406



