Introduction

ET2223 Microprocessors, Microcontrollers, and Embedded Systems



What Is a system?

AA system is a way of working, organizing or doing one or many tasks
according to a fixed plan, program or set of rules.

AA system is also an arrangement in which all its units assemble and
work together according to the plan or program.
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System Examples: Watch

Alt is a time display SYSTEM
AParts: Hardware, Needles, Battery, Dial, Chassis and Strap

ARules:
AAIll needles move clockwise only
AA thin needle rotates every second
AA long needle rotates every minute
AA short needle rotates every hour iy
AAIl needles return to the original position after 12 hour \ %
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System Examples: Washing Machine

Alt is an automatic clothes washing SYSTEM

AParts: Status display panel, Switches & Dials, Motor, Power supply &
control unit, Inner water level sensor and solenoid valve.

ARules:
A Wash by spinning r.‘-‘\_\l R Sl
ARinse SeEa

A Drying T 1

A Wash over by blinking i _/jHT U |

A Each step display the process stage (A =

A In case interruption, execute only the remaining =N




Embedded Systems Overview

AComputing systems are everywhere

AMost of us think of computers as
At /| Q&
ALaptops
AMainframes
AServers

A. dzi U0 KSN
GKFO0Qa Y
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Embedded Systems Overview

AEmbedded computing systems

A Computing systems embedded within
electronic devices

AHard to define.

ANearly any computing system other
than a desktop computer

ABillions of units produced yearly,
versus millions of desktop units

APerhaps 50 per household and per
automobile

Computers are in here... «@y

and here...

Lots more of these,
though they cost a lot
less each.



Embedded Systems Definition

AANn Embedded System is one that has computer hardware with
software embedded in It as one of its Important components.

Alts software embeds in ROM (Read Only Memory). It does not need
secondary memories as in a personal computer.



Where In our dally life do we use
embedded systems?



Embedded Systenfgoplications

A Consumer Products A Medical Systems
A TV, stereo, remote control, mobile phone, A pace maker, patient monitoring systems,
refrigerator, microwave, washing machine Injection systems, intensive care units
A Automobiles A Office Equipment
A engine management, trip computer, cruise A printer, copier, fax
control, immobilizer, car alarm, A
A airbag, ABS, ESP Tools
A ’ ’ A multimeter, oscilloscope, line tester, GPS
Building Systems :
9>y A Banking

A elevator, heater, air conditioning, lighting, key

card entries, locks, alarm systems A ATMs, statement printers

A Transportation
A Planes/Trains/[Automobiles] and Boats
A radar, traffic lights, signaling systems

A Agriculture
A feeding systems, milking systems

A Space
A satellite systems



Example: Automobliles

Autonomous cars:

|

 Electronic gas o N ANS
X - A=
» Electronic brake
» Electronic steering Acmators;_l
gas steering brake
See: The Daimler Story | | Embedded
System CAN bus
___f

Sensors: Stereo-cameras, speedometer, — 7()()2: Opel Vectra has over 40 sensors (25 types)

accelerometers, signalling
Braunl 2004

Briunl 2004
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Components of Embedded Systems

Alt has Hardware
AProcessor, Timers, Interrupt controller, I/O Devices, Memories, Ports, etc.

Alt has main Application Software
AWhich may perform concurrently the series of tasks or multiple tasks.

Alt has Real Time Operating System (RTOS)

ARTOS defines the way the system work. Which supervise the application
software. It sets the rules during the execution of the application program. A
small scale embedded system may not need an RTOS.
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Embedded System Hardware
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Power Supply, Rest and Oscillator Circuit

Input Devices

Interfacing/
Driver Circuits

Program
Memory
and Data
Memory

Processor

Serial
Timers Communication
Ports

Interrupt Parallel
Controller Ports

utput Interfacing
Driver Circuits

ET2223

System Application Specific Circuit
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Embedded System Constraints

AANn embedded system is software designed to keep in view three
constraints:
A Available system memory
A Available processor speed
AThe need to limit the power dissipation

AWhen running the system continuously in cycles of wait for events,
run, stop and wakeup.



What makes embedded systems different?

ARealtime operation i P
ASize o
ACost

ATime g Embedded
AReliability § g oystems 3y
ASafety ﬁ
AEnergy i l
ASecurity E —

F Armisemant
Mac hiires
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Embedded System Classifications

1. Small Scale Embedded System
2. Medium Scale Embedded Syste
3. Sophisticated Embedded Systel
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Small Scale Embedded System

ASingle 8 bit or 16bit Microcontroller
ALittle hardware and software complexity

AMay be battery operated

ANeed to limit power dissipation when system is running continuously
Al ddzl t & &/ é A& dzaSR F2NJ RSOSTt 2LJ
AProgramming tools: Editor, Assembler and Cross Assembler



Medium Scale Embedded System

ASingle or few 16 or 32 bit microcontrollers or Digital Signal Processors
(DSP) or Reduced Instructions Set Computers (RISC).

ABoth hardware and software complexity.

AProgramming tools: RTOS, Source code Engineering Tool, Simulator,
Debugger and Integrated Development Environment (IDE).



Sophisticated Embedded System

AEnormous hardware and software complexity, which may need
scalable processor or configurable processor and programming logic

arrays.
AConstrained by the processing speed available in their hardware units.

AProgramming Tools: For these systems may not be readily available at
a reasonable cost or may not be available at all. A compiler or
retargetable compiler might have to be developed for this.



Computer architecture



What Is computer architecture?
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Architecture and organization

AArchitecture is the design of the system visible to the assembly level
programmer.
AWhat instructions
AHow many registers
AMemory addressing scheme

AOrganization is how the architecture is implemented.
AHow much cache memory
AMicrocode or direct hardware
Almplementation technology



Same architecture, different organization

AAlmost every program that can
run on a Core 13 can run on a
Core 15.

AAIl computers in the Intel Core
series have the same
architecture.

AEach version of the Intel Core
has a different organization or
Implementation, speed, and
price.



