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19MCE304- DESIGN OF EMBEDDED SYSTEMS

Embedded systems are integrated system made up of computer hardware and software that performs a
specific job. These embedded systems can operate independently or as part of a larger system and may
require minimal or no human intervention to function. The use of embedded systems has become
increasingly common in a wide range of industries due to their reliability, efficiency, and ability to

perform tasks that may be too complex or time-consuming for humans to complete.
Characteristics of Embedded Systems

Here are some of the important characteristics of embedded systems:
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Task Reliability

o Performs specific tasks: Embedded systems are designed to perform specific tasks or functions.
They are optimized for the particular task they are intended to perform, which makes them more

efficient and reliable.

o Low Cost: Embedded systems are typically designed to be cost-effective. This is because they
are often used in large volumes, and the cost per unit must be low to make the product

economically viable.



Time Specific: Embedded systems must operate within a specific time frame. This is important

in applications such as industrial control systems, where timing is critical for safety and efficiency.

Low Power: Embedded systems are designed to operate with minimal power consumption. This
is important for applications where the system needs to operate for extended periods on battery

power or where power consumption needs to be minimized to reduce operating costs.

High Efficiency: Embedded systems are designed to be highly efficient in terms of processing
power, memory usage, and energy consumption. This ensures that they can perform their specific
task with maximum efficiency and reliability.

Minimal User Interface: Many embedded systems do not require a complex user interface. They

are often designed to operate autonomously or with minimal user intervention.

Highly Stable: Embedded systems are typically designed to be stable and reliable. They are often

used in applications where failure is not an option, such as in medical devices or aviation.

High Reliability: Embedded systems are designed to operate reliably and consistently over long

periods. This is important in applications where downtime can be costly or dangerous.

Architecture of the Embedded Systems

Here are some common components of an embedded systems architecture:

Processor: The processor is the heart of the embedded system and is responsible for executing
instructions and controlling the system’s functions. The processor can be a microcontroller,

microprocessor, or digital signal processor (DSP).

Memory: Embedded systems require memory to store program code and data. There are two
types of memory used in embedded systems: RAM (Random Access Memory) and ROM (Read-
Only Memory). RAM is used to store temporary data, while ROM is used to store permanent data

and program code.

Input/Output (1/0) Interfaces: Embedded systems require interfaces to interact with the
external environment. These interfaces can be digital, analog, or both. Digital interfaces are used
to interact with devices that use binary signals (0 or 1) such as switches or sensors, while analog

interfaces are used to interact with devices that use continuous signals such as temperature sensors.



e Communication Interfaces: Embedded systems may require communication interfaces to
exchange data with other devices. These interfaces can be wired or wireless, such as Ethernet,
USB, SPI, 12C, Bluetooth, or Wi-Fi.

e Power Management: Embedded systems may require power management techniques to
minimize power consumption and extend battery life. These techniques can include sleep modes,

power gating, or dynamic voltage scaling.

o Operating System: An operating system can be used in embedded systems to provide a user
interface, manage resources, and control system functions. Common operating systems used in

embedded systems include Linux, Windows CE, and FreeRTOS.

Types of Embedded Systems

Here are some common types of embedded systems:

e Microcontroller-based Embedded Systems: These are embedded systems that use a
microcontroller as the main processing unit. They are commonly used in small-scale applications

such as household appliances, toys, and automotive systems.

o Real-time Embedded Systems: These are embedded systems that are designed to respond to
external events or input signals within a specified time frame. They are commonly used in critical

applications such as aerospace, defense, and medical devices.

o Networked Embedded Systems: These are embedded systems that are connected to a network
and can communicate with other devices. They are commonly used in applications such as home

automation, building automation, and industrial control systems.

e Mobile Embedded Systems: These are embedded systems that are designed for use in mobile
devices such as smartphones, tablets, and portable gaming devices. They are optimized for low

power consumption and high performance.

e Programmable Logic Controller (PLC) Systems: These are embedded systems that are

commonly used in industrial automation applications to control machinery and processes.



« Digital Signal Processing (DSP) Systems: These are embedded systems that are optimized for
processing signals such as audio and video. They are commonly used in applications such as

telecommunications, multimedia, and image processing.

Advantages of Embedded Systems

Embedded systems offer several advantages, including:

e Improved System Performance: Embedded systems are designed to perform specific tasks and
are optimized for efficiency and performance. They can deliver faster response times and higher

accuracy compared to general-purpose computing systems.

e Lower Power Consumption: Embedded systems are optimized for low power consumption,
making them ideal for battery-powered devices or systems that need to operate in remote or

inaccessible locations.

e Increased Reliability: Embedded systems are designed to be reliable and stable, with minimal
downtime or errors. They can operate in harsh environments and withstand temperature, humidity,

and other external factors.

o Cost-Effective: Embedded systems are often less expensive compared to general-purpose
computing systems. They require fewer hardware components and are optimized for specific
tasks, reducing the overall system cost.

o Compact Size: Embedded systems are designed to be small and compact, making them ideal for

applications where space is limited, such as in cars, aircraft, and medical devices.

o Customizable: Embedded systems can be customized to meet specific application requirements,

allowing for greater flexibility and functionality.

e Improved Security: Embedded systems can be designed with built-in security features, such as
encryption and authentication, to protect against cyber attacks and unauthorized access.

Disadvantages of Embedded Systems

While embedded systems offer several advantages, there are also some potential disadvantages,

including:



o Limited Functionality: Embedded systems are designed to perform specific tasks and are often
limited in their functionality. They may not be suitable for applications that require more complex

or varied tasks.

o Limited Upgradability: Embedded systems are often designed with limited upgradability,
which can be a disadvantage in applications where future upgrades or modifications may be

required.

o Limited Connectivity: Some embedded systems may have limited connectivity options, which

can limit their ability to communicate with other devices or systems.

o Difficult to Debug: Embedded systems can be difficult to debug and diagnose when issues arise,

which can be a disadvantage in applications where system downtime is critical.

e Costly Development: Developing embedded systems can be complex and time-consuming,
requiring specialized skills and knowledge. This can result in higher development costs compared

to other computing systems.

o Compatibility Issues: Embedded systems may have compatibility issues with other systems or

devices, which can be a disadvantage in applications where interoperability is critical.

o Limited Hardware Resources: Embedded systems are often designed with limited hardware
resources, such as memory and processing power, which can limit their ability to perform

complex tasks or handle large amounts of data.

Applications of Embedded Systems

Embedded systems are used in a wide range of applications across various industries. Some common

applications of embedded systems include:

e Consumer Electronics: Embedded systems are used in consumer electronics such as

smartphones, digital cameras, televisions, and home appliances.

e Automotive Industry: Embedded systems are used in automotive systems such as engine

management, airbag control, and infotainment systems.



Aerospace Industry: Embedded systems are used in aerospace applications such as flight control

systems, navigation systems, and communication systems.

Medical Devices: Embedded systems are used in medical devices such as pacemakers, blood

glucose monitors, and MRI machines.

Industrial Automation: Embedded systems are used in industrial automation applications such

as process control, factory automation, and robotics.

Security and Surveillance: Embedded systems are used in security and surveillance systems
such as access control systems, CCTV systems, and biometric systems.

Defense and Military: Embedded systems are used in defense and military applications such as

weapon systems, communication systems, and surveillance systems.

Home Automation: Embedded systems are used in home automation systems such as smart

thermostats, smart lighting systems, and security systems.



