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Abstract - This article reviews the recent advances in industrial process automation using microcontrollers. It examines 
the various microcontrollers available on the market, their programming techniques, and the programming languages 
they use. Additionally, the article discusses the benefits of using microcontrollers in industrial automation processes and 
the potential limitations. In modern industrial settings, microcontrollers have become increasingly important components 
in automation processes. They allow for precise control of various processes, from temperature and pressure regulation to 
motion control. The most popular microcontrollers available today are the Arduino, PIC, and MSP430. Each of these 
microcontrollers has its own unique programming techniques, ranging from C and C++ to assembly language. Depending 
on the application, various programming languages may be used, such as Python, JavaScript, and MATLAB. The article 
discusses the advantages of using microcontrollers in industrial processing. These include increased accuracy, reduced 
cost, and improved safety. The article also mentions the potential drawbacks, such as the need for specialized 
programming skills and the possibility of data loss. Overall, microcontrollers offer a great potential for industrial 
automation processes. This review article provides a comprehensive overview of the current state of microcontrollers in 
industry and the potential benefits they offer. With the right programming techniques and languages, microcontrollers 
can be used to greatly improve industrial efficiency and safety. 
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I. INTRODUCTION 
The development of industrial automation processes has been rapidly advancing in recent years thanks to the increasing 
availability of advanced microcontrollers. Microcontrollers are small, programmable computers that offer high precision 
and accuracy in controlling a wide variety of industrial processes [1]. They are becoming increasingly popular for 
industrial automation due to their low cost, high performance, and ease of programming. This review article aims to 
provide an overview of the current state of microcontrollers in industrial automation, the programming techniques and 
languages used, and the potential benefits and limitations of using them. Microcontrollers are available in a wide range of 
models, from the widely popular Arduino, PIC, and MSP430 to more specialized models [2]. They come in various sizes 
and configurations, depending on the specific application. The most widely used microcontrollers use either the C or C++ 
programming language, which are relatively easy to learn and use. Additionally, more advanced programming languages 
such as Python, JavaScript, and MATLAB are becoming increasingly popular for microcontrollers as they offer more 
flexibility in programming. In terms of industrial automation, microcontrollers offer a number of advantages [3]. They 
offer greater precision and accuracy in controlling various processes, from temperature and pressure regulation to motion 
control. Additionally, they are relatively low cost compared to other automation solutions, and their programming is 
relatively simple. However, there are also some potential drawbacks to using microcontrollers in industrial automation. 
For example, programming them requires specialized skills, and there is always the risk of data loss due to improper 
programming. Additionally, microcontrollers require regular maintenance to ensure smooth operation, as any 
malfunction can cause disruption in the process [4-10]. Overall, microcontrollers offer a great potential for industrial 
automation processes. This review article provides a comprehensive overview of the current state of microcontrollers in 
industry and the potential benefits they offer. With the right programming techniques and languages, microcontrollers 
can be used to greatly improve industrial efficiency and safety. Furthermore, microcontrollers can be used to reduce 
costs, as well as for more specialized applications such as robotics. As technology continues to advance, microcontrollers 
will become more and more important components in industrial automation processes [11]. 
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II. TYPES OF MICROCONTROLLERS 
Industrial automation is a rapidly developing field that is being implemented in various industries, from manufacturing 
and energy to healthcare. Automation processes allow for increased efficiency, safety, and accuracy, reducing costs and 
improving productivity. Microcontrollers are essential components of automation processes, providing the basis for 
precise control of various processes. This review article examines the recent advances in industrial process automation 
using microcontrollers, discussing their features, programming techniques, and potential benefits and drawbacks [12]. 
 
Types of Microcontrollers 
Microcontrollers are small computers that are embedded in electronic devices. They are designed to carry out specific 
tasks and can be programmed to control various processes. There are a variety of microcontrollers available on the 
market, each with its own unique features. Popular microcontrollers include the Arduino, PIC, and MSP430.The Arduino 
is an open-source microcontroller platform that is designed to be easy to use and program. It is the most popular 
microcontroller for hobbyists and is used in a wide variety of projects [13-15]. The Arduino can be programmed using 
the Arduino IDE, which supports a variety of languages including C, C++, and Python.The PIC (Peripheral Interface 
Controller) is a family of microcontrollers from Microchip Technology. It is popular for industrial applications due to its 
low cost and powerful features. The PIC can be programmed using Assembly language or C.The MSP430 (Mixed Signal 
Processor) is a family of microcontrollers from Texas Instruments. It is designed for low-power applications and is used 
in a variety of products, including medical devices and sensors. The MSP430 can be programmed using C, C++, and 
Assembly language [16-21]. 
 
Programming Techniques and Languages 
Programming microcontrollers involves writing code in a programming language that the microcontroller can 
understand. The most popular programming languages for microcontrollers are C, C++, and Assembly. However, 
depending on the application, other languages such as Python, JavaScript, and MATLAB may be used.C and C++ are the 
most commonly used programming languages for microcontrollers. They are powerful and versatile, allowing for 
complex programming tasks. Assembly language is another popular language for microcontrollers, as it is more efficient 
and can be used to take advantage of the microcontroller’s features [22]. 
 
Benefits of Microcontrollers in Industrial Automation 
Microcontrollers offer many benefits in industrial automation processes. They allow for precise control of various 
processes, from temperature and pressure regulation to motion control. Additionally, they can be used to reduce costs, 
increase safety, and improve accuracy. 

The use of microcontrollers in industrial processes can reduce costs by eliminating the need for expensive 
components or systems. Additionally, they can help improve safety by monitoring and controlling hazardous processes. 
Finally, they can improve accuracy by providing precise, consistent control of various processes. 
 
Potential Limitations 
Although microcontrollers offer many benefits in industrial automation processes, there are some potential drawbacks. 
For example, using microcontrollers requires specialized programming skills, which may not be available to all users. 
Additionally, there is always a risk of data loss due to power outages or system malfunctions.Ina nutshell, 
microcontrollers offer a great potential for industrial automation processes. This review article provides a comprehensive 
overview of the current state of microcontrollers in industry and the potential benefits they offer. With the right 
programming techniques and languages, microcontrollers can be used to greatly improve industrial efficiency and safety. 
 

III. PROGRAMMING TECHNIQUES 
Industrial process automation is the use of computers, robots, and other machines to control and monitor industrial 
processes. It is a rapidly growing field that offers a number of benefits to industry, including increased efficiency, 
improved safety, and decreased costs. Microcontrollers are a key component in industrial process automation, providing 
the necessary computing power to allow for the automation of complex processes. This paper reviews the advances in 
industrial process automation using microcontrollers, outlining the various technologies that are being used and the 
benefits they offer.Industrial process automation has been used for many years to reduce the costs associated with manual 
labor and to improve the quality and efficiency of industrial processes. The use of microcontrollers in industrial process 
automation has been particularly advantageous, as they provide the necessary computing power to automate complex 
processes. Microcontrollers are small, integrated circuits that are used to control and monitor hardware, such as motors, 
sensors, and actuators. They are programmed using a high-level programming language, such as C or assembly language, 
and can be used to control a variety of industrial processes.Industrial process automation has been greatly enhanced by 
the use of microcontrollers. There are several different types of microcontroller technologies that are used in industrial 
process automation, each offering its own advantages and disadvantages [23]. 
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Programmable Logic Controllers 
Programmable logic controllers (PLCs) are a type of microcontroller that is used to control industrial processes. PLCs are 
programmed using a specialized form of assembly language and can be used to control a variety of industrial processes, 
from simple on/off signals to complex tasks such as sequential control and motor control. PLCs are particularly 
advantageous for industrial process automation due to their reliability, flexibility, and cost-effectiveness [24]. 
 
Robotic Process Automation 
Robotic process automation (RPA) is a type of technology that is used to automate a variety of tasks in industrial 
processes. RPA technology is used to automate repetitive tasks, such as filling out forms or entering data into a database. 
It can also be used to control robotic arms and other machines in order to perform complex tasks. RPA technology is 
advantageous for industrial process automation due to its ability to automate complex tasks and reduce the amount of 
time and effort required to complete them [25]. 
 
Industrial Internet of Things 
The industrial Internet of Things (IIoT) is a type of technology that is used to connect industrial machines and devices to 
the internet. IIoT technology is used to collect data from machines, analyze it, and then take action based on the results. 
IIoT technology is advantageous for industrial process automation as it can be used to remotely monitor and control 
industrial processes [26]. 
 
Industrial Automation Software 
Industrial automation software is a type of software that is used to control and monitor industrial processes. Industrial 
automation software is typically used to automate complex tasks, such as sequencing and motor control. It is 
advantageous for industrial process automation as it can automate complex processes and reduce the amount of time and 
effort required to complete them [27]. 
 
Benefits 
The use of microcontrollers in industrial process automation offers a number of benefits. The automation of complex 
processes can reduce the amount of time and effort required to complete them, resulting in increased efficiency and 
decreased costs. Furthermore, the use of microcontrollers can improve the accuracy and reliability of the processes, 
leading to improved safety. Finally, microcontrollers can be programmed to monitor and adjust processes in real-time, 
providing greater flexibility and control [28]. 

In a nutshell, microcontrollers are a key component of industrial process automation, providing the necessary 
computing power to automate complex processes. There are several different types of microcontroller technologies that 
are used in industrial process automation, each offering its own advantages and disadvantages. The use of 
microcontrollers in industrial process automation offers a number of benefits, including increased efficiency, improved 
safety, and decreased costs. The advances in microcontroller-based industrial process automation will continue to have a 
major impact on the industry in the coming years [29]. 

 
IV. PROGRAMMING LANGUAGES 

Industrial process automation using microcontrollers has been a rapidly growing field in recent years. It is a technology 
that has been used to improve the efficiency and productivity of industrial processes, as well as to reduce labor costs and 
improve quality. This review will cover the advances in industrial process automation using microcontrollers and 
highlight some of the benefits of this technology.Microcontrollers are small, single-chip computers that are used to 
control various processes within an industrial system. They are often used as the primary control device for machines 
such as robots, conveyor belts, and other automated systems. They are also used in various types of communication 
systems, such as RFID and GSM. Microcontrollers are extremely versatile and can be used in a variety of applications 
[30]. 
 
Benefits of Automation Using Microcontrollers 
The use of microcontrollers in industrial process automation has many advantages. The use of microcontrollers allows 
for a more efficient and precise control of industrial processes, saving time and money. Microcontrollers can be 
programmed to perform routine tasks, such as monitoring temperatures, controlling motors and other devices, and 
managing data. They can also be used to control complex processes, such as production lines and 
equipment.Microcontrollers are easy to use and are relatively inexpensive compared to other automation technologies. 
They are also highly reliable and require minimal maintenance. Additionally, microcontrollers can be programmed to 
handle multiple tasks, allowing for more efficient use of the system.In addition to the advantages of automation, 
microcontrollers are also capable of providing feedback to the user. This feedback can be used to improve the efficiency 
of the system and to monitor the performance of the process. This feedback can also be used to troubleshoot any 
problems that may arise during the process [31]. 
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Microcontrollers for Automation 
The most common type of microcontroller used for industrial process automation is the 8-bit microcontroller. This type 
of microcontroller is capable of performing a variety of tasks and is relatively inexpensive. These microcontrollers are 
typically programmed using a language such as C++, which is widely used and easy to learn.The use of 16-bit 
microcontrollers is also becoming increasingly popular in industrial automation applications. These microcontrollers are 
more powerful than 8-bit microcontrollers and are often used for more complex applications. They are also more 
expensive than 8-bit microcontrollers, but can provide greater flexibility and control [32-35].Microcontroller-based 
automation systems are usually connected to a network and can be easily monitored and managed remotely. This allows 
for greater flexibility and scalability in the system. Additionally, these systems can be configured to send data back to the 
user, providing real-time feedback on the system’s performance [36]. 
 

 
 

Fig 1. A Typical Bottle Filling Automation Using Arduino Micro Controller 
 

Industrial process automation using microcontrollers has been a rapidly growing field in recent years. 
Microcontrollers are small, single-chip computers that are used to control various processes within an industrial system. 
The use of microcontrollers in industrial process automation has many advantages, including the ability to perform a 
variety of tasks, the ability to provide feedback to the user, and the ability to easily monitor and manage the system 
remotely. 8-bit and 16-bit microcontrollers are the most common types used, and both offer different levels of control 
and flexibility. The use of microcontrollers has allowed industrial processes to become more efficient and productive, 
and has also reduced labor costs and improved quality [37]. A Typical Bottle filling using Arduino Micro controller is 
exhibited in Fig 1. 

V. BENEFITS OF MICROCONTROLLER AUTOMATION 
Microcontroller automation has revolutionized the way businesses and industries operate in today’s world. By utilizing 
microcontroller-based automation systems, businesses can save time, money, and effort while increasing efficiency and 
accuracy. This article will review the benefits of microcontroller automation and demonstrate why it is becoming 
increasingly popular in a variety of industries. The most obvious benefit of microcontroller automation is the ability to 
reduce costs. By automating processes, businesses can save on labor costs, increase production efficiency, and eliminate 
errors [38]. With automated processes, businesses can eliminate the need for manual labor and reduce the need for costly 
human resources. Moreover, automated processes can help reduce the cost of materials by eliminating the need for 
expensive components or materials. Additionally, automated processes can reduce downtime and improve production 
cycle times, leading to more efficient production and cost savings. In addition to cost savings, microcontroller 
automation can also help improve accuracy and quality. By automating processes, businesses can ensure that tasks are 
completed accurately and efficiently. Automated systems can reduce the chances of human error and ensure that tasks are 
completed according to specifications. Furthermore, automated systems can help reduce the risk of errors or defects by 
providing real-time feedback to operators and improving the quality of processes. Another benefit of microcontroller 
automation is the ability to increase data security. By using automated systems, businesses can ensure that sensitive data 
is stored securely and accessed only by authorized personnel. Automated systems can also help reduce the risk of data 
breaches by providing secure data storage and access protocols. Additionally, automated systems can help businesses 
ensure the safety of their networks by providing real-time monitoring and alerting capabilities [38]. Finally, 
microcontroller automation can help increase productivity. Automated processes can reduce the need for manual labor 
and help businesses complete tasks more quickly. Automated processes can also help businesses streamline their 
operations by eliminating redundant tasks and increasing efficiency. Furthermore, automated processes can help 
businesses reduce cycle times and increase the accuracy of their operations, leading to greater productivity and cost 



 
Advances in Intelligent Systems and Technologies 

 

141 
 

savings. In conclusion, microcontroller automation has numerous benefits for businesses and industries. By utilizing 
automated systems, businesses can reduce costs, improve accuracy and quality, increase data security, and increase 
productivity. With the numerous benefits of microcontroller automation, it is no wonder that this technology is becoming 
increasingly popular in a variety of industries [39]. 
 

VI. POTENTIAL DRAWBACKS 
One potential drawback of using microcontrollers in industrial process automation is that it can be difficult to implement. 
Microcontrollers are complex systems and require a significant amount of programming and hardware expertise to get 
them up and running. If a system is not properly configured, the results can be unreliable and potentially hazardous. 
Additionally, the cost of the hardware and software needed to implement the system can be high. Another potential issue 
with using microcontrollers in industrial process automation is that they can be prone to errors. Microcontrollers are 
typically programmed using a specialized set of instructions, and if the instructions are not followed correctly, the system 
can malfunction. This can result in inaccurate data or even dangerous situations. Additionally, as the complexity of the 
system increases, the chances of errors increase as well [40]. A third potential drawback of using microcontrollers in 
industrial process automation is that the system can be vulnerable to cyber-attacks. As the system becomes more complex 
and integrated, there is a greater risk of malicious actors attempting to gain access to the system, potentially 
compromising its security. Additionally, the system can be vulnerable to viruses and other forms of malware, resulting in 
data loss or corruption. Finally, the use of microcontrollers in industrial process automation can lead to a lack of 
flexibility. As the system becomes more complex, it can become difficult to make changes or adapt to new conditions. 
This can be a significant issue in industries where the environment is constantly changing, such as in the manufacturing 
sector. Despite these potential drawbacks, there are a number of methods that can be used to mitigate the issues 
associated with industrial process automation using microcontrollers. First, it is important to ensure that the system is 
properly installed and configured. This can involve using a qualified technician to ensure that the system is correctly set 
up, or using a software package that offers automated installation and configuration. Additionally, it is important to 
ensure that the system is regularly updated and maintained, as this can help to reduce the risk of errors or malicious 
attacks. Second, it is important to ensure that the system is adequately secured. This can involve using firewalls to protect 
the system from external threats, as well as implementing encryption and authentication protocols to ensure that only 
authorized personnel can access the system. Additionally, it is important to regularly monitor the system for potential 
issues, and to have a response plan in place in case of a security breach. Finally, it is important to ensure that the system 
is designed with flexibility in mind. This can involve using modular components that can be easily replaced or updated, 
as well as using software packages that allow for easy customization or integration with other systems. Additionally, it is 
important to ensure that the system is designed to accommodate future changes, such as new technologies or new 
regulations. In conclusion, the advances in industrial process automation using microcontrollers have the potential to 
revolutionize the way in which industrial processes are carried out. However, there are potential drawbacks that should 
be considered when implementing this technology. By taking the necessary steps to mitigate the risks associated with 
using microcontrollers in industrial process automation, organizations can ensure that the system is reliable and secure, 
and that it is able to accommodate changes in the environment [41-42]. 
 

VII. CONCLUSION 
In conclusion, advances in industrial process automation using microcontrollers have been impressive and successful. By 
leveraging the power of digital signal processing, microcontrollers have been able to provide improved efficiency, 
accuracy and cost-effectiveness. This has enabled process automation to become a viable alternative to manual labor and 
manual control systems. The development of process automation systems based on microcontrollers has also been 
instrumental in reducing operational costs and improving the quality of the processes they are used to control. This has 
been achieved by improving the accuracy, reliability and speed of the processes that are automated. The use of 
microcontrollers in process automation has also enabled the development of more advanced technologies such as 
artificial intelligence and machine learning. These technologies have enabled process automation to become more 
adaptive to changes in the environment and to identify and optimize the best strategies for operation. The use of 
microcontrollers in process automation has also made it possible to develop solutions that are more scalable and adapted 
to different types of industrial applications. This has enabled process automation to become more efficient and flexible 
and to better meet the needs of the industry. Finally, the use of microcontrollers in process automation has also helped in 
reducing the environmental impact of industrial processes. By improving the efficiency of the processes, the amount of 
energy consumed and the emissions produced by these processes can be reduced. Overall, advances in industrial process 
automation using microcontrollers have been significant and have enabled the industry to become more efficient, cost-
effective and environmentally friendly. With the continued development of microcontrollers and other technologies, 
process automation is expected to become even more advanced and efficient in the future. 
 

VIII. FUTURE PROSPECTS 
Industrial process automation has been a topic of immense interest for researchers and practitioners since the advent of 
microcontrollers. Microcontrollers have enabled a wide range of automation solutions, ranging from simple process 
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control to sophisticated robotics applications. With the rapid advancement of technology, microcontrollers are now being 
utilized in various industries and applications, with substantial improvements in their capabilities. This research review 
article will discuss the advances in industrial process automation using microcontrollers. The development of 
microcontrollers has been a major factor in the advancement of industrial automation. Microcontrollers provide a cost-
effective solution to automate a wide range of industrial processes. Microcontrollers are capable of performing complex 
tasks with minimal programming and can be easily integrated into existing systems. Furthermore, they are small in size 
and require minimal power consumption, which makes them ideal for use in applications with limited space and limited 
power supply. One of the most significant advances in industrial process automation using microcontrollers is the 
development of real-time systems. Real-time systems allow for the automation of processes with fast response times and 
improved accuracy. This has enabled the automation of processes such as chemical processing, manufacturing, and even 
medical diagnostics. Furthermore, real-time systems can be used to monitor and control multiple processes 
simultaneously, thereby reducing the manual labour and increasing efficiency. The development of wireless 
communication technologies has also enabled the automation of industrial processes. By using wireless communication, 
it is possible to transmit data between multiple devices without the need for physical wiring. This has enabled the 
automation of processes in hazardous and remote environments, such as in the mining industry. Furthermore, wireless 
communication technologies are also used to remotely control and monitor industrial processes to improve efficiency and 
reduce manual labour. The development of the Internet of Things (IoT) has also revolutionized the field of industrial 
process automation. IoT enables the connection of multiple devices over a network, allowing for the automation of 
processes. This has enabled the automation of processes such as inventory management, process control, and predictive 
maintenance. Furthermore, IoT has enabled the development of predictive analytics, which can be used to analyse large 
amounts of data to predict future trends and outcomes. The development of artificial intelligence (AI) and machine 
learning (ML) has also been a major advancement in industrial process automation. AI and ML can be used to automate 
complex tasks, such as those related to predictive maintenance and process control. Furthermore, AI and ML can be used 
to develop sophisticated algorithms that can autonomously monitor and control industrial processes. This has enabled the 
automation of processes such as production scheduling and resource allocation [50]. Finally, the development of cloud 
computing has enabled the automation of industrial processes from anywhere in the world. By using cloud computing, it 
is possible to access data from multiple sources and analyse it in real-time. This has enabled the automation of processes 
such as inventory management, logistics, and supply chain management. Furthermore, cloud computing has enabled the 
development of sophisticated analytics solutions that can generate insightful reports and provide predictive analytics. In 
conclusion, the advances in industrial process automation using microcontrollers have been incredible. Microcontrollers 
provide a cost-effective solution to automate a wide range of industrial processes. Furthermore, the development of real-
time systems, wireless communication technologies, IoT, AI and ML, and cloud computing have enabled the automation 
of complex processes and the development of predictive analytics solutions. These advances have enabled automation in 
various industries and have significantly improved efficiency, accuracy, and safety. 
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