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Embedded System Development Lifecycle (ESDL)

The Embedded System Development Lifecycle (ESDL) is a systematic process used to
design, develop, test, and maintain an embedded system. It provides a structured approach
that ensures the final product meets the required functionality, performance, cost, reliability,
and quality standards.

Unlike general software development, embedded system development involves the parallel
development of hardware and software. Since both are interdependent, they must be
designed, implemented, and tested together before the final product is released.

The Embedded System Development Lifecycle consists of seven phases:

PHASE 1 — Product Specification

PHASE 2 — HW/SW Partition

PHASE 3 - Iteration and
Implementation
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PHASE 5 — HW/SW Integration

PHASE 6 - Acceptance Testing
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PHASE 7 - Maintenance and Upgrade

Phase 1 — Product Specification
The first phase of the Embedded System Development Lifecycle is Product Specification. It
is one of the most important phases because the success of the product depends on correctly
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understanding the customer's requirements. During this phase, designers interact with
customers to determine what the embedded system should do, what features it should
provide, and under what conditions it should operate.
The information collected in this phase becomes the foundation for all the remaining
development activities.
Activities
e Study the customer requirements.
o Identify system functions.
e Define hardware and software requirements.
o Estimate development cost.
e Determine power and memory requirements.
e Prepare technical documentation.
Example
Consider a Smart Irrigation System.
Customer requirements:
e Measure soil moisture.
e Automatically control the water pump.
e Send alerts to a mobile application.
e Operate with minimum power consumption.
e Work under outdoor environmental conditions.
These requirements are documented in the Product Specification Document.

Phase 2 — Hardware/Software (HW/SW) Partition
After the requirements are finalized, the complete system is divided into hardware functions
and software functions. This process is known as Hardware/Software Partitioning.
The objective is to decide which operations are better implemented in hardware and which
are better implemented in software.
This phase allows hardware engineers and software engineers to work independently and
simultaneously.
Hardware Activities

e Select the microcontroller or processor.

o Select memory devices.

e Select sensors and actuators.

e Design the power supply.

e Choose communication interfaces.

o Select display devices.
Software Activities

e Develop algorithms.

e Design flowcharts.

e Develop Embedded C programs.

e Plan communication protocols.

e Design interrupt handling.

e Develop control logic.
Why HW/SW Partitioning?

ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY



24EC504 - MICROCONTROLLERS AND EMBEDDED SYSTEMS

Hardware implementation provides:
o Faster execution
o Better reliability
e Dedicated functionality
Software implementation provides:
e Flexibility
e Easy modification
e Lower development cost
By partitioning the system properly, overall performance and development efficiency
improve.
Example
Automatic Room Temperature Controller
Hardware
e Temperature sensor
e LCD display

e Relay
e Fan
Software

o Read sensor values.
o Compare with reference temperature.
e Display temperature.
e Control fan operation.
Phase 3 — Iteration and Implementation

In this phase, the hardware and software are implemented. However, development is
iterative, meaning that the design is repeatedly improved until the desired performance is
achieved.

If errors are found, designers return to previous steps, modify the design, and test again.
This continuous improvement process is called iteration.

Why Iteration?
The first design rarely meets all requirements perfectly. Designers repeatedly:
1. Design
2. Implement
3. Test
4. Identify errors
5. Modify the design

6. Test again
This cycle continues until the system performs as expected.
Example
A sensor circuit produces inaccurate readings.
The engineer:
e Modifies the circuit.
e Tests again.
e Verifies accuracy.
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Similarly, if software contains a logical error, the code is corrected and tested repeatedly.
Phase 4 — Detailed Hardware/Software Design
This is the most extensive phase of the development lifecycle. The complete hardware and
software designs are prepared in detail.
During this phase, hardware and software development continue in parallel.
Hardware Design Path Activities
Hardware engineers perform:
e Circuit schematic design
e PCB layout
e Clock circuit design
e Power supply design
e Memory interface design
e Sensor interfacing
e Communication interface design
e Prototype fabrication
Each subsystem is tested independently before integration.
Software Design Path Activities
Software engineers perform:
e Embedded C programming
e Driver development
e Interrupt programming
e Timer programming
e Communication protocol implementation
e ADC/DAC programming
e LCD programming
e Individual software module testing
Each software module is verified before integration.
Why Parallel Development?
Parallel development offers several advantages:
e Reduces overall development time.
e Allows hardware and software teams to work simultaneously.
o Enables early detection of design errors.
e Improves coordination between teams.
Phase 5 — Hardware/Software Integration
After the hardware and software have been completed separately, they are combined into a
single embedded system.
This phase verifies whether both parts work together correctly.
Activities
e Program the microcontroller.
e Connect sensors and actuators.
e Verify peripheral operation.
e Test communication interfaces.
o Check interrupt operation.
e Verify timing functions.
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e Test complete system functionality.
Example
For a temperature monitoring system:
e Read the temperature sensor.
e Display the temperature on the LCD.
e Turn ON the cooling fan when the temperature exceeds the limit.
e Send temperature data through UART.
If all these operations work together correctly, integration is successful.
Phase 6 — Acceptance Testing
Acceptance testing verifies whether the completed embedded system satisfies all customer
requirements.
This is the final evaluation before product release.
Types of Testing
Functional Testing
Checks whether every function works correctly.
Performance Testing
Verifies execution speed, timing, and response.
Reliability Testing
Checks long-term operation without failure.
Stress Testing
Tests operation under extreme conditions.
User Acceptance Testing
The customer verifies that the product meets expectations.
Example
For a washing machine controller:
e Verify washing cycles.
e Check motor operation.
o Verify water level sensing.
o Ensure user interface works correctly.
o Test safety mechanisms.
Only after successful testing is the product approved.
Product Release
After successful acceptance testing, the embedded product is released for production or
customer use.
Activities
o Finalize hardware design.
o Freeze software version.
e Manufacture the product.
e Deliver to customers.
e Prepare user manuals.
The circle shown in the diagram represents the Product Release stage.
Phase 7 — Maintenance and Upgrade
The development process does not end after product release. Products often require
maintenance to fix problems or improve performance.
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Activities
e Correct software bugs.
e Release firmware updates.
e Improve security.
e Add new features.
e Modify hardware if necessary.
e Improve system performance.
Example
A smart thermostat initially controls temperature. Later, a firmware update adds:
e Wi-Fi connectivity.
e Mobile application support.
e Improved energy-saving algorithms.
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