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ABSTRACT

The Internet of Things (loT) has emerged as a prominent technology in various industries, facilitating the interaction of heterogeneous devices in both
personal and business settings. From industrial automation to remote telemedicine, the benefits of smart devices are numerous. However, as these devices
become more integrated into information networks, a complex distributed architecture is required to support the integration of these devices and provide
application services across industries.To address the middleware development challenge faced by developers of smart devices, it is essential to integrate
software components into real-time operating systems (RTOS) to reduce integration time and expenses. Additionally, cloud-based infrastructure services are
required to interact with smart devices, which need embedded RTOS to enhance productivity, efficiency, scalability, and real-time decision-making
capabilities. This paper evaluates ten different RTOS for loT based on their support for distributed computing services using heterogeneous devices, analyzing
the peripherals and supporting tools provided by different vendors, open source or proprietary platforms. The study highlights the need for low-power smart
devices that support RTOS and the importance of selecting the appropriate RTOS to secure smart devices and facilitate their integration into 10T networks.

Keywords: Middleware

1. Introduction

The Internet of Things (loT) is a term that has been gaining popularity in recent years, representing the next evolution of the Internet. However, before
we can delve into its importance, it's essential to understand the difference between the Internet and the World Wide Web (Web or WWW).

The Internet is the physical layer that consists of switches, routers, and other equipment that is responsible for carrying data from one end to another.
Its primary function is to facilitate communication between devices. On the other hand, the Web is the application layer that operates on top of the
Internet. It provides an interface that makes the information flowing across the Internet usable.

Initially, the Web was developed for academic purposes. Later on, it was utilized for sharing product details, and subsequently, the static information
was transformed into transactional data in the form of e-commerce. Nowadays, it is used in the form of social or experience web.

The Internet of Things (IoT) is the most important advancement of the Internet to date. The loT allows different types of substances, sensors, and
devices to work together through the internet, and an enormous amount of data is collected. The collected data is then processed by the system, which
performs complex analytics, recognizes changes in the environment, and instantly adapts to optimize results. Therefore, the “Things" in loT are machines
with embedded, internet-connected computers that have the capacity to gather and analyze data and communicate with other
systems[19][20][21][22][23][24].

The Internet of Things (1oT) is also referred to as Intelligent Things since these devices are capable of collecting data and making decisions based on
that data. They have the ability to interact with humans, other devices, and the environment around them, making them intelligent.
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10T has several applications in various fields, including healthcare, agriculture, transportation, and manufacturing. In healthcare, 10T devices can be
used to monitor the health of patients remotely, providing doctors with real-time data to make informed decisions. In agriculture, 10T can be used to
monitor soil moisture levels, temperature, and other environmental factors, helping farmers make informed decisions about crop management. In
transportation, 10T can be used to track the location of vehicles and optimize routes, reducing fuel consumption and improving delivery times. In
manufacturing, 10T can be used to monitor machines' performance and predict maintenance requirements, improving efficiency and reducing downtime.

However, the implementation of 10T also raises several concerns related to privacy, security, and data ownership. With a large amount of data being
generated by 10T devices, it becomes essential to ensure that this data is stored and processed securely to avoid any potential data breaches. There is also a
need to establish standards and regulations that govern the use of 10T to protect consumer privacy and ensure data ownership..

2. Litrature Review

The Internet of Things (loT) is a revolutionary technology that has the potential to transform various industries by enabling smart devices to connect
and communicate with each other. In order to understand the importance of 10T, it is necessary to distinguish between the internet and the World Wide
Web (WWW). The internet is the physical infrastructure that enables the transfer of data, while the web is the application layer that allows users to access
and interact with the information on the internet.

10T consists of three main components, namely hardware, middleware, and presentation tools. Hardware refers to the various sensors, actuators, and
communication devices that enable 10T devices to collect and transmit data. Middleware includes the tools and technologies required for data analytics
and processing, while presentation tools enable the visualization and interpretation of data across different platforms.

In addition to these components, 10T possesses several unique characteristics that distinguish it from traditional computing systems. The sense of self
is a characteristic that describes the ability of 10T devices to identify themselves and make decisions autonomously. Connectivity refers to the ability of
loT devices to communicate with other entities, while interactivity refers to their capacity to collaborate with various heterogeneous devices. Lastly,
dynamicity refers to the flexibility of 10T devices to interact with other devices anytime and anywhere[1][2][3][4]1[5][6][7].

10T protocols are used to facilitate communication between various IoT infrastructures, including Device to Device (D2D), Device to Server (D2S),
and Server to Server (S2S). Several protocols, such as MQTT, XMPP, DDS, and AMQP, are used for IoT data communication processes. MQTT is
primarily used for monitoring and controlling data from the cloud, while XMPP is used for consumer-oriented loT applications. DDS is primarily used for
high-performance defense, industrial, and embedded applications, and AMQP is responsible for sending transaction messages between servers.

The integration of several enabling technologies such as identification, sensing, communication technologies, and middleware is necessary to enhance
the 10T concept into a real-world application. RFID tags are used to identify objects in 10T, and sensor networks help identify the location, behavior, and
ethics of objects. Communication technologies are used to connect all objects, while middleware technology integrates various legacy technologies to
provide a set of services to users.

Real Time Operating Systems (RTOS) are crucial in enabling 10T devices to operate efficiently and securely. RTOS provides scalability, modularity,
connectivity, safety, and cutting-edge features that are necessary for 10T devices. Embedded system manufacturers face several challenges in upgrading
their cloud computing services to meet the demands of 10T devices. They must upgrade their devices quickly, differentiate their products with leading-
edge features, address security risks, and reduce system development costs and risks[8][9][10][11][12][13].

In conclusion, 10T represents the next evolution of the internet, enabling smart devices to connect and communicate with each other, and providing
numerous benefits to various industries. The integration of several enabling technologies such as identification, sensing, communication technologies, and
middleware is crucial in enhancing the 10T concept into a real-world application. The development of Real Time Operating Systems (RTOS) is necessary
to enable 10T devices to operate efficiently and securely. Overall, the future of 10T looks promising, and it is expected to transform various industries by
enabling smart devices to connect and communicate with each other, creating a more efficient, connected, and sustainable world..

3. Research Methodology

Real-time operating systems are an essential part of building Internet of Things (loT) applications. An RTOS manages system resources and ensures
efficient processing of tasks. However, designing an RTOS for loT applications comes with challenges such as meeting Quality of Service (QoS)
parameters like limited battery, real-time guarantees, reliability, and programming convenience. This article provides an overview of different RTOS that
support loT applications and their features.

VxWorks is an RTOS that provides security, safety, and connectivity for 10T devices. It supports symmetric and asymmetric multiprocessing
capabilities and is used in different domains, from military to networking, robotics, and industry plant applications. Wind River Network Stack has a dual
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IPv4/IPv6 stack for intelligent systems and supports mobile networking and security using Advanced Networking Technologies. Wind River Hypervisor
allows multiple operating systems to run on the same hardware. Wind River Wireless Security and Wind River EAP support multiple Extensible
Authentication Protocol (EAP) types, and Wind River SNMP is built-in for boundary with the 802.1X MIB. Wind River also optimized the Titanium
server for interconnecting different vendors of industry-leading hardware and software, and the Titanium Cloud ecosystem speeds up the client's time-to-
market. Wind River introduced the Intelligent Device Platform for building machine-to-machine (M2M) applications with cloud, featuring Gateway
Security, Application enablement, Device Connectivity, and Remote device management[14][15][16][17][18].

4, Conclusion

Real-time operating systems (RTOS) are essential components for building Internet of Things (loT) applications. As loT devices continue to
proliferate, they pose numerous technical challenges such as sensing, object identification, energy management, and software development. Furthermore,
these devices often have limited power and memory resources. RTOS plays a critical role in managing system resources and ensuring timely and efficient
processing of tasks. Additionally, RTOS is responsible for handling interrupt latency and ensuring the reliability of both hardware and applications. In this
context, the author of this article analyzed ten different RTOS based on various factors such as hardware support, licensing, memory size, open source
policies, security support, and safety certifications. These factors are crucial for constrained loT devices that require real-time scheduling and
synchronization while also managing power and memory resources. One of the most significant challenges for 10T devices is managing their hardware
resources. RTOS plays an essential role in ensuring that the system resources are managed efficiently and effectively. The author analyzed the different
RTOS based on their hardware support to determine which one is best suited for the hardware constraints of loT devices. Another critical factor in
selecting an RTOS is its licensing. The author evaluated the RTOS based on their licensing policies to determine which one is most suitable for loT
devices. An open-source policy is typically preferred for 10T devices, as it offers greater flexibility and customization options for developers. Memory size
is also a crucial consideration for IoT devices, which often have limited memory resources. RTOS must be designed to minimize memory usage and
provide optimized solutions for different cores or processors. The author analyzed the RTOS based on their memory size to determine which one provides
the most efficient memory management. Security support is another important factor in selecting an RTOS. With loT devices being connected to the
internet, they are vulnerable to cyber threats. RTOS must provide robust security support to ensure that these devices are protected from potential cyber-
attacks. Finally, safety certifications are crucial for 10T devices, particularly for those that are used in safety-critical systems, medical devices, and
aerospace. The author evaluated the different RTOS based on their safety certifications to determine which one is most suitable for these types of
applications. In conclusion, RTOS is a critical component of 10T devices that manages system resources, handles interrupt latency, and ensures the
reliability of both hardware and applications. The author's analysis of the different RTOS based on hardware support, licensing, memory size, open source
policies, security support, and safety certifications is an essential guide for developers who are designing and building 10T devices. By selecting the
appropriate RTOS, developers can ensure that their 10T devices are efficient, reliable, and secure..
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