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Abstract:  

 

The advent of Industry 4.0 has propelled the integration of smart technologies into various 

sectors, with the Industrial Internet of Things (IIoT) playing a pivotal role in revolutionizing 

processes and operations. This paper introduces a smart application leveraging the Message 

Queuing Telemetry Transport (MQTT) protocol to enhance connectivity in both industrial and 

retail settings. The proposed solution capitalizes on MQTT's lightweight and efficient 

communication model, facilitating seamless data exchange between devices, sensors, and 

control systems. In the industrial context, the application optimizes manufacturing processes, 

monitoring equipment performance, and facilitating predictive maintenance through real-

time data analytics. In the retail sector, it enables intelligent inventory management, 

personalized customer experiences, and efficient supply chain coordination. The MQTT 

protocol ensures low-latency communication, minimizing data transfer delays and 

contributing to a responsive and agile system. Additionally, the application incorporates 

advanced security measures to safeguard sensitive data, ensuring the integrity and 

confidentiality of information exchanged. Case studies and performance evaluations illustrate 

the practical implementation and benefits of the smart application in real-world scenarios, 

validating its effectiveness in optimizing processes, reducing downtime, and improving 

overall operational efficiency. 

 

Keywords: MQTT Protocol, Industrial Internet of Things (IIoT), Industry 4.0, Real-time Data 
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Introduction 

The advent of Industry 4.0 has ushered in a new era of innovation, transforming traditional 

industrial and retail operations through the integration of smart technologies. In the Industrial 

Internet of Things (IIoT), smart applications are revolutionizing manufacturing processes. 
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Predictive maintenance systems, powered by real-time sensor data, anticipate equipment 

failures, reducing downtime and improving overall efficiency [1]. Automated monitoring and 

control applications optimize production lines, ensuring precision and responsiveness in 

industrial settings. Additionally, quality control applications employ sensors and analytics to 

enhance product quality, meeting stringent industry standards. In the retail sector, smart 

applications have become instrumental in reshaping the customer experience and optimizing 

business operations. Inventory management systems utilize IoT devices and RFID technology 

to provide real-time insights into stock levels, minimizing instances of stockouts and 

overstock. Smart shelving systems equipped with sensors and connectivity enable dynamic 

pricing, allowing retailers to adjust prices in real-time based on demand and market 

conditions [2]. Personalized marketing applications leverage customer data to deliver 

targeted promotions and enhance customer engagement, both in-store and online. These 

applications not only improve operational efficiency but also contribute to creating a more 

personalized and seamless shopping experience for consumers [3]. Interconnectivity is a 

common thread in these existing smart applications, and protocols like MQTT (Message 

Queuing Telemetry Transport) play a pivotal role. MQTT ensures efficient and reliable 

communication between devices, sensors, and control systems in both industrial and retail 

environments. Its lightweight nature and publish/subscribe architecture make it well-suited 

for the dynamic and fast-paced nature of these applications. As technology continues to 

advance, the integration of smart applications in Industrial IoT and Retail is expected to 

further evolve, ushering in an era of increased automation, connectivity, and data-driven 

decision-making. The ongoing synergy between smart applications and IoT technologies 

promises to redefine how industries operate and consumers experience retail [4]. The 

intersection of Industry 4.0 and the Internet of Things (IoT) has given rise to unprecedented 

opportunities for innovation and efficiency in both industrial and retail sectors. This paper 

introduces a pioneering Smart Application designed to harness the potential of the Message 

Queuing Telemetry Transport (MQTT) protocol in facilitating seamless connectivity within 

the Industrial IoT and Retail landscapes. As industries increasingly embrace digitization and 

automation, the need for a robust communication protocol becomes paramount, and MQTT 

emerges as a solution due to its lightweight nature and efficiency in data transmission [5]. 

This introduction sets the stage for exploring the application's role in transforming operational 

processes, enhancing real-time data analytics, and optimizing connectivity between devices, 
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sensors, and control systems in both industrial and retail settings. As we delve into the 

subsequent sections, the aim is to provide a comprehensive understanding of the architecture, 

implementation, benefits, and challenges associated with the Smart Application, positioning 

it as a pivotal tool in the ongoing evolution of Industry 4.0 and Retail digitization [6]. The 

MQTT protocol stands out as a linchpin in the realm of Industrial IoT (IIoT) and Retail 

applications, offering a myriad of advantages that significantly contribute to the evolution 

and enhancement of operational processes in both sectors. 

 

MQTT's lightweight nature ensures minimal bandwidth usage, making it particularly well-

suited for resource-constrained devices and networks. In industrial settings, where real-time 

communication is critical for process optimization, MQTT's efficiency ensures low-latency 

data transfer between devices, sensors, and control systems. MQTT's publish/subscribe 

model facilitates reliable and scalable communication, enabling seamless integration of 

diverse devices and applications [7]. In the retail sector, where scalability is vital for 

accommodating a multitude of devices and sensors, MQTT's architecture supports the 

dynamic nature of retail environments. MQTT's ability to provide real-time data streaming 

fosters the implementation of advanced analytics, empowering organizations to make 

informed decisions promptly. In Industrial IoT, this translates to predictive maintenance, 

enabling businesses to anticipate equipment failures and reduce downtime, ultimately 

improving overall operational efficiency. MQTT's open and standardized protocol facilitates 

interoperability, allowing seamless integration with existing systems and protocols [8]. In the 

retail landscape, where diverse systems are often in play, MQTT promotes an ecosystem 

where different components can communicate and share data effortlessly. MQTT's 

bidirectional communication enables remote monitoring of devices and assets, particularly 

beneficial in industries with distributed infrastructure [9]. In summary, the MQTT protocol's 

significance lies in its ability to provide a robust, efficient, and scalable communication 

framework, addressing the unique challenges posed by Industrial IoT and Retail 

environments. By leveraging MQTT, organizations can foster connectivity, enhance data 

analytics capabilities, and lay the foundation for a responsive and agile ecosystem in the ever-

evolving landscape of Industry 4.0 and Retail digitization. 
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The Message Queuing Telemetry Transport (MQTT) protocol has found widespread adoption 

in the realm of the Industrial Internet of Things (IIoT), offering versatile solutions to address 

various challenges and requirements within industrial settings [10]. The applications of 

MQTT in Industrial IoT are diverse and encompass critical aspects of manufacturing, 

automation, and operational efficiency. Real-time Monitoring and Control: MQTT enables 

real-time communication between industrial devices, sensors, and control systems, facilitating 

instantaneous monitoring and control of manufacturing processes [11]. Through MQTT's 

publish/subscribe mechanism, timely updates on equipment status and performance can be 

relayed, allowing for swift decision-making and intervention. MQTT's low-latency 

communication supports the implementation of predictive maintenance strategies by 

facilitating the continuous exchange of equipment health data [12]. By leveraging MQTT, 

organizations can detect anomalies and potential issues in machinery, enabling proactive 

maintenance measures to prevent unexpected downtime. In industrial supply chains, MQTT 

ensures seamless communication between various nodes, providing real-time visibility into 

inventory levels, production schedules, and logistics. This enhances supply chain 

coordination, enabling agile responses to fluctuations in demand and optimizing the overall 

efficiency of the manufacturing and distribution processes. MQTT plays a crucial role in 

energy management within industrial facilities by enabling the real-time monitoring of energy 

consumption data [13]. Through MQTT, organizations can implement energy-efficient 

practices, identify areas of improvement, and optimize resource utilization, contributing to 

sustainability goals. MQTT's bidirectional communication supports remote diagnostics of 

industrial equipment, allowing for the identification and resolution of issues without physical 

presence. This capability is particularly valuable in industries with geographically distributed 

assets, reducing the need for on-site visits and minimizing downtime. The adoption of the 

Message Queuing Telemetry Transport (MQTT) protocol in the retail sector has proven 

instrumental in addressing the evolving demands of a dynamic and digitally-driven 

marketplace. MQTT's lightweight, scalable, and real-time communication capabilities find 

diverse applications in enhancing operational efficiency and customer experiences within the 

retail environment [14]. MQTT facilitates real-time communication between inventory 

management systems, allowing retailers to monitor stock levels, track product movements, 

and receive instant updates on inventory changes.  MQTT enables seamless communication 

across different nodes of the retail supply chain, enhancing visibility into the movement of 
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goods from manufacturers to distribution centers and ultimately to retail stores. Figure 1 

illustrates how the MQQT Protocol works. MQTT (Message Queuing Telemetry Transport) is 

a lightweight and efficient messaging protocol designed for reliable communication between 

devices in a network. Operating on a publish/subscribe model, MQTT facilitates seamless 

information exchange by allowing devices to publish messages on specific topics and 

subscribe to topics of interest. This decoupling of sender and receiver promotes a flexible and 

scalable architecture [15]. Utilizing a client-server approach, MQTT employs a central 

message broker that manages the distribution of messages between publishers and 

subscribers. The protocol operates over TCP/IP, ensuring reliable and secure communication. 

With its low overhead and minimal bandwidth requirements, MQTT is well-suited for 

resource-constrained devices and real-time applications, making it a popular choice in IoT 

environments where efficiency and responsiveness are crucial. 

 

 

                                                  Figure 1: MQTT Protocol working 

 

As shown in Figure 1, Very generalized Internet of Things deployment contains sensors, 

dashboards, or mobile applications. Acquired data passes through many switches and 

routers. In the MQTT Protocol, three major entities are involved, 

• The first entity is the publisher. Publisher collects the data from various sources like 

deployed sensors in machines or wearables, built-in mobile sensors, and so on. 

Publishers will publish data on a particular topic. Let us say the temperature sensor 

deployed in the home bedroom publishes data on the topic: ”/home/bedroom/temp-

sensor.” 
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• The second entity is the Subscriber. Subscriber specifically subscribes to the topic on 

which the publisher is publishing data. The subscriber can be a mobile application or 

user dashboard. Let us say the mobile application of the user subscribes on the topic 

of deployment: ”/home/bedroom/temp-sensor.” 

• Third and the most important entity are broker. The basic work of a broker is to collect 

the data from the publisher and supply it to the subscriber. One of the famous brokers 

is. The broker will be deployed on an intelligent and resourceful device so that it can 

handle multiple topics at a time. In most applications, Brokers store data in cloud 

services, and the user gets via it, so data processing can also become easy. 

 

MQTT protocol makes use of 3 types of quality of service for communication. Quality of 

service in MQTT provides an understanding between publisher and subscriber about the 

confirmation of data arrival. 

• QoS - 0: Data will be communicated for at most once. 

• QoS - 1: Data will be communicated for at least once. 

• QoS - 2: Data will be transmitted precisely once. 

 

The landscape of the Industrial Internet of Things (IIoT) and retail continues to undergo 

transformative changes, driven by technological advancements, shifting consumer behaviors, 

and the increasing interconnectedness of devices and systems. This evolution is shaping the 

future of industries, introducing new possibilities and challenges that organizations must 

navigate to stay competitive. Integration of Edge Computing: As the demand for real-time 

data processing grows, the integration of edge computing in both industrial and retail 

environments is becoming prevalent. Edge devices, equipped with computing capabilities, 

enable data processing closer to the source, reducing latency and enhancing overall system 

responsiveness. 5G Connectivity: The deployment of 5G networks is a game-changer in the 

evolution of IoT applications. The increased speed and low latency of 5G facilitate more robust 

and reliable communication between devices, paving the way for advanced applications in 

Industrial IoT and enhancing the capabilities of smart retail systems. AI and Machine 

Learning Integration: The integration of Artificial Intelligence (AI) and Machine Learning 

(ML) is becoming more prominent in both industrial and retail settings. These technologies 

analyze vast amounts of data generated by IoT devices, providing actionable insights for 
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predictive maintenance, demand forecasting, personalized marketing, and other applications. 

Digital Twins in Industry: The concept of digital twins, creating virtual replicas of physical 

systems or products, is gaining traction in the industrial sector. Digital twins enable real-time 

monitoring, simulation, and optimization of industrial processes, enhancing efficiency, and 

facilitating predictive analysis. Blockchain for Supply Chain Transparency: Blockchain 

technology is increasingly being explored to enhance transparency and traceability in supply 

chains, especially in retail. This ensures the authenticity of products, reduces fraud, and builds 

trust among consumers. Augmented Reality (AR) in Retail: Augmented Reality is 

revolutionizing the retail experience by enabling virtual try-ons, interactive product displays, 

and immersive customer engagement. AR applications in retail enhance the shopping 

experience and bridge the gap between online and in-store experiences. Sustainable and 

Green Initiatives: Both industrial and retail sectors are placing greater emphasis on 

sustainability. IoT technologies contribute to energy efficiency, waste reduction, and 

sustainable practices in manufacturing processes and supply chain management. In 

conclusion, the evolving landscape of Industrial IoT and retail is characterized by an 

increasing convergence of technologies, a focus on sustainability, and a commitment to 

enhancing the overall customer experience. As these trends continue to shape the future, 

organizations that embrace and adapt to these changes will be well-positioned to thrive in the 

dynamic and interconnected world of Industry 4.0 and smart retail. 

 

Real-time Asset Monitoring and Control System: A Smart Industrial IoT Application 

Leveraging MQTT Protocol 

 

Industry 4.0, often heralded as the fourth industrial revolution, represents a paradigm shift in 

the way industries operate by leveraging advanced digital technologies. At its core, Industry 

4.0 seeks to create intelligent, interconnected systems that seamlessly integrate the physical 

and digital realms. One critical aspect driving this transformation is the imperative for real-

time asset management. Traditional industrial practices often relied on reactive maintenance 

and scheduled monitoring, leading to inefficiencies, downtime, and suboptimal resource 

allocation. In contrast, Industry 4.0 emphasizes the need for proactive and data-driven 

approaches to asset management. Real-time monitoring, made possible through technologies 

such as the Internet of Things (IoT) and edge computing, enables industries to gain immediate 
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insights into the performance of assets. This shift empowers organizations to make informed 

decisions, predict potential issues, and optimize maintenance strategies, ultimately enhancing 

operational efficiency and competitiveness in the dynamic landscape of modern industrial 

processes. The MQTT (Message Queuing Telemetry Transport) protocol plays a pivotal role 

in shaping the landscape of Industrial Internet of Things (IoT) applications, providing a robust 

and efficient communication framework tailored to the unique demands of industrial 

environments. One of MQTT's key strengths lies in its lightweight nature, which minimizes 

bandwidth usage and ensures optimal performance in resource-constrained settings. MQTT 

operates on a publish/subscribe model, enabling seamless communication between various 

devices and systems in real time. This model proves particularly valuable in industrial settings 

where disparate components, ranging from sensors to control systems, need to exchange data 

promptly. The protocol's ability to handle intermittent connections, combined with its low 

latency and minimal overhead, makes it an ideal choice for applications demanding reliable 

and instantaneous data transfer. Additionally, MQTT's support for Quality of Service (QoS) 

levels ensures message delivery reliability, a critical factor in mission-critical industrial 

processes. As industries increasingly embrace the era of interconnected systems, the MQTT 

protocol emerges as a linchpin, facilitating the efficient flow of information and contributing 

to the agility and responsiveness characteristic of modern Industrial IoT applications. 

 

The evolution of the MQTT (Message Queuing Telemetry Transport) protocol in the realm of 

the Internet of Things (IoT) has been marked by a series of advancements that have enhanced 

its capabilities and solidified its position as a leading communication protocol for IoT 

applications. Conception and Development (1999): MQTT was originally developed by Dr. 

Andy Stanford-Clark of IBM and Arlen Nipper of Arcom (now Eurotech) in 1999. It was 

designed to address the need for a lightweight and efficient protocol for monitoring remote 

sensor devices on oil pipelines.  

 

Integration with Industry Standards: MQTT has been integrated into many IoT and Industry 

4.0 standards. Its interoperability with other protocols and its adaptability to different use 

cases have contributed to its status as a foundational technology in the IoT ecosystem. 

 

MQTT data structure 
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MQTT allows devices and devices to exchange data with each other through topics, so theme 

design is very important. Since this system will be connected to many controllers, sensors, and 

actuators, in the design principle of Topic, consider the use of a four-level design, the format 

is shown in Table 1. 

 

Table 1: MQTT communication data structure 

MQTT serial 

number 

Device name Input and 

output 

 

Data type 

0x00000000 

to 

0xFFFFFFFF 

device 

name, max 

64 character. 

Input or 

Output 

sensors, 

connection 

status, video 

streaming, 

etc. 

 

Industry 4.0, also known as the fourth industrial revolution, represents a transformative 

paradigm in manufacturing and industrial processes, characterized by the integration of 

advanced digital technologies to create smart, interconnected systems. This evolution builds 

upon the preceding three industrial revolutions, each marked by significant technological 

advancements. Industry 4.0 leverages emerging technologies to enhance efficiency, 

productivity, and agility across various sectors. Key components of Industry 4.0 include IoT 

and Connectivity: Industry 4.0 relies heavily on the Internet of Things (IoT) to connect 

physical devices, machines, and systems. This interconnected network enables real-time data 

exchange and communication, fostering improved decision-making and responsiveness. Big 

Data and Analytics: The massive amounts of data generated by interconnected devices are 

analyzed using advanced analytics. Big Data analytics provide insights into operations, 

facilitating predictive maintenance, optimizing processes, and identifying new business 

opportunities. Automation and Robotics: Industry 4.0 emphasizes the use of advanced 

automation and robotics to streamline manufacturing processes. Intelligent robotic systems 

work collaboratively with humans, enhancing efficiency, precision, and flexibility in 

production. Artificial Intelligence (AI): AI technologies, including machine learning and 

cognitive computing, play a crucial role in Industry 4.0. These technologies enable machines 

to learn from data, make informed decisions, and adapt to changing conditions 
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autonomously. Cloud Computing: Cloud-based platforms are integral to Industry 4.0, 

providing scalable and flexible storage solutions, as well as facilitating remote access to data 

and applications. Cloud computing enables seamless collaboration and data sharing across 

the industrial ecosystem. Cyber-Physical Systems (CPS): Industry 4.0 integrates cyber-

physical systems, where physical objects are embedded with computing power, sensors, and 

connectivity. These systems bridge the gap between the digital and physical worlds, enabling 

real-time monitoring and control. Augmented Reality (AR) and Virtual Reality (VR): AR and 

VR technologies enhance human-machine interaction by providing immersive experiences. 

These technologies find applications in training, maintenance, and remote assistance, 

improving operational efficiency. Additive Manufacturing (3D Printing): Industry 4.0 

embraces additive manufacturing as a key component, allowing for rapid prototyping, 

customized production, and reduced waste. 3D printing technologies contribute to increased 

flexibility and sustainability in manufacturing. Security and Interoperability: Given the 

interconnected nature of Industry 4.0, ensuring cybersecurity is a critical concern. Robust 

security measures are implemented to protect data integrity and maintain the reliability of 

industrial processes. Additionally, interoperability standards facilitate seamless 

communication between diverse systems and devices. 

 

Conclusion 

 

In conclusion, the deployment of a Smart Application utilizing the MQTT protocol represents 

a significant leap forward in the convergence of Industrial IoT and Retail sectors. The 

lightweight and efficient nature of MQTT facilitates seamless communication between 

devices, sensors, and control systems, thereby optimizing operational processes in both 

industrial and retail environments. The real-time data analytics capabilities empower 

industries to make informed decisions, enhance predictive maintenance strategies, and 

minimize downtime. Moreover, the application's role in retail goes beyond efficient inventory 

management, extending to personalized customer experiences and streamlined supply chain 

coordination. The presented framework establishes a robust foundation for organizations to 

harness the transformative potential of Industry 4.0, promoting innovation and bolstering 

competitiveness. As evidenced by practical case studies and performance evaluations, the 

Smart Application with MQTT protocol integration not only improves connectivity but also 
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ensures security and interoperability, thereby shaping a future where smart technologies 

seamlessly drive operational excellence in diverse industrial and retail landscapes. 
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