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Abstract— Embedded processors are specialized microprocessors designed to perform specific
tasks within a larger system or device. They are commonly used in various applications such as
consumer electronics, automotive systems, industrial automation, and Internet of Things (loT)
devices. This abstract focuses on the role of embedded processors in networking applications.
Networking refers to the interconnection of devices and systems to enable communication and data
exchange. Embedded processors play a crucial role in networking by providing the necessary
computational power and functionality to handle networking protocols, data processing, and
network management tasks. They are often integrated into network devices such as routers,
switches, gateways, and network interface cards. The utilisation of networked embedded systems in
contemporary network situations is undeniably significant, and they are receiving an increasing
amount of attention. For network connectivity, data processing, and service delivery, the research
community and industry are putting forth cutting-edge embedded solutions, frequently based on
network processors. Despite this, it appears to be quite difficult to get quantitative performance
comparisons of such systems.
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1. INTRODUCTION

Networking and embedded processors are two interrelated topics that are essential to the operation
of contemporary technological systems. Microcontrollers and embedded processors are specialised
computing devices created to carry out particular functions inside bigger systems or devices. They
are frequently utilised in applications that demand real-time processing capability, small size, and
low power consumption. Networking, on the other hand, refers to the interconnection of devices
and systems to enable communication and data exchange. It encompasses a wide range of
technologies and protocols that facilitate the seamless transmission of information between devices,
enabling the creation of complex networks.

The integration of embedded processors with networking technologies has revolutionized various
industries, ranging from consumer electronics to industrial automation and IoT applications. By
leveraging the computational power and functionality of embedded processors, networking systems
can efficiently handle data processing, protocol handling, and network management tasks.

More and more often, multimedia material (audio and image) is sent via wired or wireless networks
using embedded networking software. Additional applications where adding network capabilities is
desirable include control applications and sensor networks. The IP protocol stack is used to
communicate by more or less all systems connected to the Internet [1,2].

S. Mubeen et. al. (2020) time requirements for many embedded systems in automobiles are very
strict. As a result, while developing these systems, developers must not only control software
complexity but also ensure time predictability. When all of the specified timing requirements can be
shown or demonstrated at the time of design, a system is said to be timing predictable [3].

L. Lo Bello et. al. (2019) studied that recently, embedded software has been the primary enabler for
cutting-edge functionality and features in automotive systems, including on-road vehicles like
contemporary cars and off-road vehicles like construction, mining, forestry, and recycling cranes.
The substantial growth in size and complexity of the automotive software, which makes its
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development a difficult undertaking, is one of the key effects of the growing need for new software-
based capabilities in these systems [4].

The connectivity requirements of very different devices vary greatly. However, in our perspective,
there must be a "base level” of connectivity between objects, if not more. Even the most basic
embedded sensing and computing gadgets should have access to this. We enable numerous new
applications by offering just a little quantity of wireless connectivity that allows for communication.
We refer to the provision of such connectivity as embedded networking.

Il. EMBEDDED SOFTWARE DEVELOPMENT ENVIRONMENT

A strong embedded software development toolkit is needed to provide high-level descriptions of the
algorithms executing on the processor in order to fully utilise the inherent capabilities of the
optimised network processor architecture. This guarantees time to market, readable code, and
simple portability [5]. The requirement that this be done without sacrificing performance [6] makes
it somewhat more challenging. You can choose a mainstream processor to guarantee strong tool
support. This does not, however, allow for application-specific instruction sets to achieve a greater
performance outcome. A standard processor may occasionally be adopted and enhanced with
particular packet-oriented instructions. In this scenario, productivity is decreased since C intrinsics
or in-line assembly are required to take use of the additional instructions. A fully dedicated
processor is an additional choice that offers faster packet processing. Only a basic toolkit is often
offered in this situation. This has a significant effect on output.

I1l. EMBEDDED MOBILE NETWORKING

Embedded networking is the creation of a network that is so small and straightforward that nearly
anything can use it. We hope to achieve a level of communication amongst common things through
embedded networks that has not yet been accomplished. Electronic access management to buildings
and highways, telephones, fax machines, photocopiers, printers, portable computers, and PDAs;
environmental sensors that can monitor and control the environment; banking and public
information terminals. In order to meet the rising need for real-time processing in networking
applications, embedded processors are essential. Low latency and deterministic behaviour are
necessary for time-sensitive operations including video streaming, voice communication, and
industrial control systems. Real-time operating systems and embedded processors with specialised
hardware accelerators enable the swift and accurate completion of these operations. Interoperability
and smooth communication are made possible by the integration of networking protocols and
standards with embedded processors. They enable devices to interact and share data across many
networks by supporting a broad variety of communication protocols, such as Ethernet, Wi-Fi,
Bluetooth, and cellular technologies.

As networking technologies continue to advance, embedded processors are evolving to meet the
increasing demands of modern applications. They are becoming more powerful, energy-efficient,
and capable of handling complex networking tasks at the edge of the network. This trend aligns
with the rise of edge computing and the proliferation of 10T devices, where embedded processors
are at the forefront of enabling distributed computing and decentralized networks. An embedded
network prototype is being developed by the Piconet project at ORL. A low-rate, short-distance
radio network known as Piconet. A Piconet node that we have created can be utilised to connect to
this embedded network. A wide variety of mobile and embedded computer items can take
advantage of Piconet's connectivity to and awareness of their environment. Active diaries, alerts,
information points, and electronic business cards are just a few examples of Smart Information
Services that are appropriate for embedded networking. These applications can be context aware
thanks to the nearby connectivity that Piconet offers [7].
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IV. TECHNOLOGY CHARACTERISTICS

The type of applications that we intend to enable with an embedded network like Piconet place
specific demands on the technology that was utilised to create it. The network should primarily be
pervasive, low-powered, and straightforward. It must have a reasonable short range so that
connectivity can be used to determine closeness.

Ubiquitous and simple

A binary switch is the most basic component that a Piconet might connect. It might only
occasionally transmit its condition over the wireless channel as its only function. The switch can be
queried by other mobile devices connected to Piconet to learn its current state and what it denotes.
Piconet must be incredibly straightforward and low-powered in order to make this practicable. The
wireless medium needs to work in both indoor and outdoor settings, exposed and embedded, line-
of-sight and diffuse. The communication protocols used must be very light-weight. Devices must
share mechanisms for describing themselves to the outside world so that other devices can find
them, comprehend them, and communicate with them.

Low-power, low-rate, low-range

At every stage of the system’s design, the need for low power has an impact. We must embrace
protocols that enable a device's network interface to be turned off for a large portion of the time in
addition to selecting low power components. This is made simpler because we only need a low-
speed connection between the devices and do not require the same amount of complexity that
higher-speed networks require in their architecture.

Radio for embedded networking

In Piconet, radio technology is employed for communication. Radio has the qualities required for
ad-hoc, peer-to-peer communication in almost any setup or situation. Communication must be
unlimited, i.e., nodes must be able to communicate when in range, whether they are being carried in
a briefcase, coat pocket, or car boot, indoors or out, in order to support our concept of interaction
among Piconet nodes. Although infrared technology provides advantages over radio, including
smaller component sizes, lower costs, and reduced power consumption, a large portion of this is due
to infrared technology's maturity and standardisation efforts [8].

V. ANETWORK-CENTRIC APPROACH TO EMBEDDED SOFTWARE

In the technology that underpins the ongoing miniaturisation of processing and storage, the
introduction of small, low-power wireless communication, sensors, and actuators is giving rise to
whole new types of embedded systems and a fundamentally new genre of embedded software. In
the past, embedded systems were carefully developed to perform a certain function. The new
classes of embedded systems are dispersed, installed in settings where they might not have been
intended to follow a specific control path, and frequently quite dynamic. Communication between
groups of devices enables more advanced coordinated behaviour, which is the basic shift. Instead of
being highly tailored to a specific stand-alone purpose on a device sized to suit, the new genre of
embedded software is characterised by being nimble, self-organizing, critically resource restricted,
and communication-centric on several small devices acting as a collective.

VI. ETHERNET-BASED IPV4 NETWORKS

When it comes to communications, there are always challenges in embedded systems. Creating
one's own communications protocol is expensive and could require outside assistance. The
operation of a communication stack used on Ethernet-based IPv4 networks will be covered in the
parts that follow. It is connected to a Microchip ENC28J60 [11] using SPI (Serial Peripheral
Interconnect) to get around the hurdle [9, 10]. Micro Internet Protocol (ulP) TCP/IP [12, 13] stack
was employed in terms of software. Using the sockets library and the Perl programming language,
the second issue was resolved. the prototype before this one. With the help of science and
technology, the simple computer machine has become increasingly difficult to meet our needs. As a
result, people from all walks of life are pursuing new types of embedded software and systems.
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Examples of these systems include the TV home network, intelligent home appliances, GPS
navigation systems, smart phones, MP3 players, and other digital intelligent devices. To accomplish
the ideal fusion of computer hardware and software systems, certain software technology is
translated into a curable component that is applied to the computer hardware system.

VIl. THE GENERATION OF EMBEDDED SOFTWARE

Embedded systems are the foundation of embedded software, which is a type of computer
application that is buried in the host device's microprocessor system. Embedded systems are
frequently referred to as "application-centric" systems. Such device, often known as an implanted
computer, is typically not of interest to computer users. It primarily consists of four components:
embedded operating system, application software system, peripheral hardware devices, and
embedded microprocessors. Similar to a computer's operating system, embedded software's
importance cannot be overstated. Because embedded systems typically require only a single
installation of all software (including the operating system and application software), the embedded
operating system is actually more significant than a computer's operating system.

VIIl. THE CONCEPT AND CHARACTERISTICS OF EMBEDDED SOFTWARE

The so-called embedded software is a technical development of the operating system or other
software embedded in hardware that is applied to the industrial production process and is embedded
in the software. This process starts with chip design and development, then moves on to re-
designing embedded system software before moving on to the production of embedded electronic
devices. The embedded system, which is a computer system with a standalone function and
contains a main memory, microprocessors, microcontrollers, and other components, is used as a
foundation and emphasises how hardware and software must work in harmony to achieve a
programme job. The main characteristics of embedded software are: practicality, usability, which
refers to its functional complexity needs of users, embedded software, which is integrated into the
computer system, but also for the services provided by the computer system, which are closely
related to the hardware, and embedded type software development, which is primarily driven by
user demand, market demand, and industrial development orientation [14].

IX. THE SITUATION ANALYSIS OF EMBEDDED SOFTWARE TECHNOLOGY

There are numerous problems in the current embedded software technology development process,
necessitating the use of technology that can bind a variety of development needs to innovation and
change. The embedded software that has been widely employed in people's working lives, learning,
and so forth, has had a rather quick rate of development in China at the moment [15]. From the
perspective of applications, embedded software is widely used in communication engineering,
consumer electronics, and industrial manufacturing. Smart phones and GPS are key components of
communications engineering; consumer electronics, including digital television, digital cameras,
home gateways, and other components; and industrial production, including CNC machine tools,
manufacturing facilities, and other components.

X. THE CHALLENGES FACING THE EMBEDDED SOFTWARE TECHNOLOGY

Information appliances, which stand in for embedded devices from the Internet era, not only infused
new life into the embedded industry but also created new problems for embedded systems
technology, particularly software technology. Support for the expanding functional density,
adaptable network connectivity, lightweight mobile applications, and processing of multimedia
information are some examples of this. Of course, we also have to contend with more ferocious
market rivalry. The network is now an established fashion. Equipment must have an embedded
communication interface to meet external networking requirements, and this interface must be
supported by TCP/IP protocol stack software. A new generation of embedded devices must have
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IEEE1394, USB, CAN, Bluetooth, or IrDA communication interfaces in addition to the necessary
physical layer driver software and communications networking protocol software.

Support low cost, micro-power, compact size, and small electronic device technologies. The
necessary specifications for embedded device designers restrict processor performance, memory
capacity, and interface chip reuse in order to support this feature. The embedded software must be
increased in accordance with this design. Pick the finest Java programming paradigm and
continuous improvement method, for instance. As a result, skilled software developers are required,
as well as more modern tools for developing embedded software, such Java and the Web.

XI. EMBEDDED WIRELESS SENSOR NETWORKS (EWSNYS)

Sensor nodes with embedded sensors that can gather information about a phenomenon make up
embedded wireless sensor networks (EWSNSs), which connect neighboring sensor nodes via
wireless links. A wide range of sensors, including acoustic, seismic, temperature, and, more
recently, image sensors and/or smart cameras, must be incorporated in the sensor nodes for many
emerging EWSN applications (such as surveillance and volcano monitoring). Traditional EWSNs
with scalar sensors (such as temperature and humidity sensors) transmit the majority of the sensed
data to a sink node (base station node), but information-hungry applications with a variety of
sensors, such as image sensors and/or smart cameras, are making this sense-transmit paradigm
unworkable. Emerging applications have processing and transmission needs that are greater than
what can be handled by conventional EWSNs. Consider a military EWSN deployed on a battlefield
as an illustration. This system needs a variety of sensors, including optical, acoustic, and
electromagnetic ones. Since it is unable to transmit high-resolution pictures and video streams from
sensor nodes to the sink node over bandwidth-constrained wireless networks, this application poses
a number of difficulties for existing EWSNs. Furthermore, standard EWSNs made up of single-core
embedded sensor nodes are unable to process multimedia data (audio, image, and video in this case)
meaningfully in real-time [19, 20], necessitating the use of more potent embedded sensor nodes to
realize this application.

XIl. MULTI-CORE EMBEDDED WIRELESS SENSOR NETWORK ARCHITECTURE
Our suggested heterogeneous hierarchical MCEWSN design is shown in Fig. 1, and it fits the
expanding in-network processing needs of new EWSN applications. Numerous single-core
embedded sensor nodes and multiple multi-core embedded sensor nodes are integrated under the
umbrella of the architecture's heterogeneity. We point out that large EWSNs (EWSNs made up of a
lot of sensor nodes) have homogeneous hierarchical single-core EWSNs discussed in the literature
[21, 22].
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Figure 1. A heterogeneous multi-core embedded wireless sensor network (MCEWSN)
architecture
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A cluster head and numerous leaf sensor nodes make up each cluster. Leaf sensor nodes are in
charge of sensing, pre-processing sensed data, and communicating sensed data to the cluster head
nodes. They have a single core processor. The multi-core processor found in cluster head nodes is
in charge of efficiently consolidating and fusing the data collected from leaf sensor nodes for
transmission to the sink node. Due to bandwidth limitations, sending all the collected data from the
cluster heads to the sink node is not practical for EWSNSs. This necessitates complex processing and
information fusion to be performed at cluster head nodes, and only the concise processed
information is transmitted to the sink node [23].

The sink node has a multi-core processor and is in charge of converting high-level user requests
from the control and analysis centre (CAC) into network-specific directives, requesting the required
information from the MCEWSN, and providing the necessary information to the user/CAC. The
multi-core CPU on the sink node makes it easier to post-process the data gathered from various
cluster heads. Information fusion and event detection using network-wide data from all of the
sensor nodes are part of the postprocessing done at the sink node. The CAC conducts additional
analysis of the data obtained from the sink node and sends inquiries and control directives to the
sink node.

XIIl. APPLICATIONS

Routing and Switching

Embedded processors are utilized in routers and switches to analyze network traffic, make
forwarding decisions, and manage the routing tables. They perform tasks like packet filtering,
routing protocol processing (e.g., OSPF, BGP), and Quality of Service (QoS) management.
Network Security

Embedded processors are employed in network security appliances such as firewalls and intrusion
detection/prevention systems. These processors handle tasks like deep packet inspection,
cryptographic operations, and traffic analysis to enforce security policies and protect the network
against threats.

Network Monitoring and Analysis

Embedded processors are used in network monitoring tools to capture and analyze network traffic,
identify performance bottlenecks, monitor network health, and troubleshoot issues. They enable
functions such as packet capture, protocol analysis, and statistical analysis of network traffic.
Wireless Networking

Embedded processors are found in wireless access points and wireless routers to manage wireless
communication protocols, handle security mechanisms (e.g., encryption), and coordinate the
transmission and reception of wireless signals.

Internet of Things (1oT)

In 10T applications, embedded processors are used in devices that connect to the internet, such as
smart home devices, industrial sensors, and wearable devices. These processors enable data
collection, communication with other devices or the cloud, and local processing of sensor data.
Embedded processors used in networking applications vary in complexity and capabilities, ranging
from simple microcontrollers to more powerful system-on-chip (SoC) designs incorporating
multiple processing cores, memory, and specialized hardware accelerators for networking tasks.
The choice of processor depends on the specific requirements of the networking application, such as
throughput, latency, power consumption, and cost.

XIV. CONCLUSION

Embedded processors and networking are tightly intertwined fields that enable the efficient
functioning of interconnected systems. Embedded processors provide the computational power,
real-time processing capabilities, and protocol support necessary for networking devices and
applications. They play a crucial role in data processing, network management, and real-time tasks,
driving advancements in networking technologies across various industries.
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