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Course Outcomes

CO 1 : Make use of the basic concepts of an embedded systems with design
approaches.

CO 2 : Categorize the hardware modules required to design an embedded systems.

CO 3 : Construct the firmware for an embedded systems by various design
approaches

CO 4 : Examine to integrate hardware and firmware for an embedded system in the
RTOS environment.

CO 5 : Assess the embedded systems by various implementation and development

tools
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Course Contents

UNIT I : Introduction

UNIT Il : Embedded Hardware Design

UNIT I11: Embedded Firmware Design

UNIT IV: Real Time Operating System & Hardware Software Co-Design

UNIT V : Embedded System Development, Embedded System Implementation and
Testing
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2. Embedded Systems-By Shibu. K.\V-Tata McGraw Hill Education Private Limited,

2013.
3.Embedded Systems-Architectures, Programming and Design-by Raj Kamal, Tata

McGraw Hill Publications.
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Unit-1 Outcomes

At the end of the Course, Student will be able to:

CO 1 : Make use of the basic concepts of an embedded systems with design approaches
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Contents

Embedded system-Definition, History of embedded systems, Classification of

embedded systems,
The typical embedded system-core of the embedded system, Memory, Sensors and

Actuators, Communication Interface,

Characteristics of an embedded system, Quality attributes of embedded systems,
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_earning Outcomes

At the end of this lecture, Student will be able to:

LO 1 : Understand the classification of Embedded Systems
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An embedded system is an electronic/electro-mechanical system designed to perform a specific
function and is combination of both hardware and firmware (software). The program

Instructions written for embedded systems are referred to as firmware, and are stored in Read-
Only-Memory or Flash memory

analog

analog
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ES are becoming an inevitable part of any product or equipment in all fields
Including household appliances, telecommunications, medical equipment, industrial
control, consumer products, etc.

o c© [l
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» Camera » Electronic book,
Tablet
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Space
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» Armusement
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Comparison of General Purpose Computing System & ES

General Purpose Computing Svstem

Embedded Svstem

A system which 1s a combination of genenc
hardware and General Purpose Operating System
for executing a vanety of applications

A system which 1s a combination of special
purpose hardware and embedded OS5 for
executing a specific set of applications

Contain a General Purpose Operating System
(GPOS)

Mav or mav not contain an operating system
for functioning

Applications are alterable (programumable) by
user (It 1s possible for the end user to re-install the

Operating System., and add or remove user
applications)

The finnmware of the embedded svstem 1s
pre-programmed and it 15 non-alterable by
end-user

Performance i1s the kev deciding factor on the
selection of the system. Alwavys  Faster 1s Better™

Applicattion specific requirements { likoe
performance, power requirements. memory
usage etc) are the kev deciding factors

Less/not at all tarlored towards reduced operating
power requirements, options for different levels
of power management.

Highly tailored to take adwvantage of the
power saving modes supported by hardware
and Operating System

Response requirements are not time critical

For certain category of embedded systems
hike muission critical systems, the response
fime requurement 1s highly critical

Meed not be determimistic in execution behavior

Execution bDehavior 15 determumistic for
certain type of embedded systems like | Hard
Real Time" systems
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History of Embedded Systems:

» The first recognized embedded system is the Apollo Guidance
Computer(AGC) developed by MIT Instrumentation laboratory.

»AGC was designed on 4K words of ROM & 256 words of RAM.

»The clock frequency of first microchip used in AGC was 1.024
MHz

» The computing unit of AGC consists of 11 instructions and 16 bit
word logic
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» It Uses 5000 number of ICs such as 3 input NOR gates designed with RTL logic.

» The User Interface of AGC is known as DSKY (display/keyboard) which resembles a calculator
type keypad with array of numerals.

> It have two modules. 1.Command Module
2.Lunar Excursion Module

*»*The first mass-produced embedded system was guidance computer for the Minuteman-I

missile in 1961.

* In the year 1971 Intel introduced the world's first microprocessor chip called the 4004, was

designed for use in business calculators. It was produced by the Japanese company Busicom.
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CLASSIFICATION OF EMBEDDED SYSTEMS

The classification of embedded system is based on following
criteria’s:

*+On generation

“+On complexity & performance

+*On deterministic behavior

“+On triggering
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Based On Generation

Embedded
Systems
First Second Third Fourth

Generation Generation Generation Generation
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Based On Complexity and Performance
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Based On Deterministic Behaviour

Embedded

System
\ | \
Soft Real Time Hard Real
Systems Time Systems
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Based On triggering

Embedded
System

Event . .
Triggered Time triggered
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*»*Consumer electronics: Camcorders, Digital cameras, etc.

“*Household appliances: Television, DVD players, washing machine, fridge, microwave oven, etc.

**Home automation and security systems: Air conditioners, sprinklers, intruder detection alarms,
closed circuit television cameras, fire alarms, etc.

** Automotive industry: Anti-lock breaking systems (ABS), engine control, ignition systems,
automatic navigation systems, etc.

“»Telecom: Cellular telephones, telephone switches, handset multimedia applications, etc.
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<*Computer peripherals: Printers, scanners, fax machines, etc.

«*Card Readers: Barcode, smart card readers, hand held devices, etc

<*Computer Networking Systems: Network Routers, Switches, Hubs, Firewalls etc.

*Health Care: Different Kinds of Scanners, EEG, ECG Machines etc.

‘*Measurement & Instrumentation: Digital multi meters, Digital CROs, Logic Analyzers PLC
systems

**Banking & Retail: Automatic Teller Machines (ATM) and Currency counters, Point of Sales (POS)
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PURPOSE OF EMBEDDED SYSTEM

Each Embedded Systems is designed to serve the purpose of any one or a combination of the
following tasks.

» Data Collection/Storage/Representation

»Data Communication

»Data (Signal) Processing

»Monitoring

»Control

» Application Specific User Interface
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Data Collection/Storage/Representation

ssPerforms acquisition of data from the external world.

+*The collected data can be either

analog or digital

ssData collection is usually done for storage, analysis,

manipulation and transmission

**The collected data may be stored directly in the

system or may be transmitted to some other systems or
It may be processed by the system or it may be deleted

Instantly after giving a meaningful representation .
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Data Communication

»Embedded Data communication systems are deployed In
applications ranging from complex satellite communication systems to
simple home networking systems .

»Embedded Data communication systems are dedicated for data

communication

N ETG EA R
<y en

» The data communication can happen through a wired interface (like
Ethernet, RS-232C/USB/IEEE1394 etc) or wireless interface (like Wi-
S RS Fi, GSM,/GPRS, Bluetooth, ZigBee etc).

 NETGEARwBiOP ik &
N " 1 )

»Network hubs, Routers, switches, Modems etc are typical examples

for dedicated data transmission embedded systems.
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Data signal processing

»Embedded  systems  with  Signal  processing
functionalities are employed in applications demanding
signal processing like Speech coding, synthesis, audio
video codec, transmission applications etc.

»Computational intensive systems
»Employs Digital Signal Processors (DSPs)

»A digital hearing aid is a typical example of an
embedded system employing data processing.

»Digital hearing aid improves the hearing capacity of
hearing impaired person

Aditya Engineering College (A)
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Monitoring

All embedded products coming under the
medical domain are with monitoring

functions.

Other examples with monitoring function are digital

CRO, digital multimeters, and logic analyzers.

Electro cardiogram machine is intended to do the

monitoring of the heartbeat of a patient but it cannot

Impose control over the heartbeat.



Control

A system with control functionality contains both
sensors and actuators.

**Sensors are connected to the input port for capturing
the changes in environmental variable.

**The actuators connected to the output port are
controlled according to the changes in the input variable.
> Air conditioner system used to control the room
temperature to a specified limit is a typical example for
CONTROL purpose.

Aditya Engineering College (A)
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Application specific user interface

Buttons, switches, keypad, lights, bells, display

units etc are application specific user interfaces.

Mobile phone is an example of application specific

user interface.

In mobile phone the user interface is provided
through the keypad, system speaker, vibration alert

etc.
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Elements of Embedded Systems

FPGA/ASIC/DSP/SoC
Microprocessor/controller

Embedded

Firmware

Memory

Communication Interface

©

[ L'p Ports : \
(Sensors)

¢
¢
v \| A&
" Other supponi_ﬁg"* . Q
\ \

| Integrated Circuits & |
subsystems

Embedded System

Real World

A typical embedded system contains a single chip
controller which acts as the master brain of the
system. Diagrammatically an embedded system

can be represented as follows:

The controller can be a Microprocessor or a
microcontroller or a Field Programmable Gate
Array (FPGA) device or a Digital Signal
Processor(DSP) or an Application Specific
Integrated Circuit (ASIC)/ Application Specific
Standard Product (ASSP).
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Embedded hardware/software systems are basically designed to regulate a physical variable or to manipulate
the state of some devices by sending some control signals to the Actuators or devices connected to the o/p ports

of the system, in response to the input signals provided by the end users or Sensors which are connected to the

Input ports.

Keyboards, push button switches, etc. are examples for common user interface input devices whereas LEDs,
liquid crystal displays, piezoelectric buzzers, etc. are examples for common user interface output devices for a

typical embedded system.

The Memory of the system is responsible for holding the control algorithm and other important configuration

detail. For most of the embedded Systems ,the memory for storing algorithm or configuration data is of Fixed

Type.
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Core Of the Embedded System

The core of the embedded system falls into any of the following categories
1.General Purpose and Domain Specific Processors

| . Microprocessors

Il. Microcontrollers

1ii. Digital Signal Processors
2.Application Specific Integrated Circuits (ASICs)
3. Programmable Logic Devices (PLDs)
4. Commercial off-the-shelf Components (COTS)
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General Purpose and Domain Specific Processors

Microprocessor:
A silicon chip representing a Central Processing Unit (CPU), which is capable of performing

arithmetic as well as logical operations according to a pre-defined set of Instructions, which is

specific to the manufacturer .

In general the CPU contains the Arithmetic and Logic Unit (ALU), Control Unit and Working

registers.
Microprocessor is a dependant unit and it requires the combination of other hardware like

Memory, Timer Unit, and Interrupt Controller etc for proper functioning.
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MICRO CONTROLLERS

» A highly integrated silicon chip containing a CPU, scratch pad RAM, Special and General purpose Register
Arrays, On Chip ROM/FLASH memory for program storage, Timer and Interrupt control units and dedicated 1/0

ports

»Microcontrollers can be considered as a super set of Microprocessors

»Microcontroller can be general purpose (like Intel 8051, designed for generic applications and domains) or

application specific (Like Automotive AVR from Atmel Corporation. Designed specifically for automotive

applications)

» Since a microcontroller contains all the necessary functional blocks for independent working, they found

greater place in the embedded domain in place of microprocessors

» Microcontrollers are cheap, cost effective and are readily available in the market
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Microprocessor
Read-Write
Memary

Serial
System Bus Interface

1/ Port

Micro Controller

Re Inly Read-Write

Microcontroller
. o Memory Memory

I/O Part Serial Interface

Microprocessor is heart of Computer system.

Micro Controller is a heart of embedded system.

It is just a processor. Memeory and I/0 components
have to be connected externally

Micro controller has external processor along with
internal memory and i/0 components

Since memory and 1/0 has to be connected externally,
the circuit becomes large.

Since memory and 1/0 are present internally, the
circuit is small.

Cannot be used in compact systems and hence
inefficient

Can be used in compact systems and hence it is an
efficient technique

Cost of the entire system increases

Cost of the entire system is low

Due to external components, the entire power
consumption is high. Hence it is not suitable to used
with devices running on stored power like batteries.

Since external components are low, total power
consumption is less and can be used with devices
running on stored power like batteries.

Most of the microprocessors do not have power saving
features.

Most of the micro controllers have power saving modes
like idle mode and power saving mode. This helps to
reduce power consumption even further.

Since memory and [/0 components are all external,
each instruction will need external operation, hence it
is relatively slower.

Since components are internal, most of the operations
are internal instruetion, hence speed is fast.

Microprocessor have less number of registers, hence
more operations are memory based.

Micro controller have more number of registers, hence
the programs are easier to write.

Microprocessors are based on von Neumann
model/architecture where program and data are stored
in same memeory module

Micro controllers are based on Harvard architecture
where program memory and Data memory are separate

Mainly used in personal computers

Used mainly in washing machine, MPZ3 plavers

Aditya Engineering College (A)
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General Purpose Processor (GPP) Vs Application Specific Instruction Set Processor (ASIP)

General Purpose Processor or GPP is a processor designed for general computational tasks

Application Specific Instruction Set processors (ASIPs) are processors with architecture and
Instruction set optimized to specific domain/application requirements like Network processing,

Automotive, Telecom, media applications, digital signal processing, control applications etc.
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Digital Signal Processors

e DSPs are powerful special purpose
8/16/32 bit microprocessors
designed specifically to meet the

computational demands and power (WU [ e
constraints of today's embedded tNGle /T
audio, video, and communications Sl Pors
applications. LTy
o _ HostPods

* Digital signal processors are 2 to 3 o B
times faster than the general PROGRAM | DATA Ko
purpose microprocessors in signal VEMORY | MEMORY

processing applications.
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A typical digital signal processor incorporates the following key units

Program Memory : Memory for storing the program required by DSP to process the data.

Data Memory : Working memory for storing temporary variables/information and data/signal

to be processed.

Computational Engine : Performs the signal/math processing , accessing the program from the

Program Memory and the data from the Data Memory.

I/O Unit : Acts as an interface between the outside world and DSP. It is responsible for

capturing signals to be processed and delivering the processed signals
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Application areas : Audio video signal processing, telecommunication and multimedia applications.

DSP employs a large amount of real-time calculations, Sum of products (SOP) calculation,
convolution, fast Fourier transform (FFT), discrete Fourier transform (DFT), etc. are some of

the operations performed by digital signal processors.

Digital
An | An
5;:’_3 —» ADC Signal si;r'f;?

Processing
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RISC vs. CISC Processors/Controllers

Lesser number of instructions

Instruction pipelining and increased

execution speed

Orthogonal instruction set

Operations are performed on registers only.
the only memory operations are load and
store.

A large number of registers are available.

Programmer needs to write more code to
execute a task since the instructions are

simpler ones.

Greater number of Instructions

Generally instruction

feature

no pipelining

Non-orthogonal instimiction set

Operations are performed on registers or
memory depending on the instruction.

Limited number of

registers.

general purpose

Instructions are like macros in C language.
A programmer can achieve the desired
functionality with a single instruction which
in turn provides the effect of using more
simpler single instructions in RISC.
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RISC vs. CISC Processors/Controllers

RISC CISC

Single., fixed length instructions Variable length instructions

Less silicon usage and pin count More silicon usage since more additional
decoder logic i1s required to implement the

complex istruction decoding.

With Harvard Architecture Can be Harvard or Von-Neumann

Architecture
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f\g 2
s Harvard Architecture Vs Von-Neumann Architecture

Harvard Architecture Von-Neumann Architecture

Separate buses for Instruction and Data fetchmng | Single shared bus for Instruction and Data
fetching

Easier to Pipeline, so high performance can be | Low performance Compared to Harvard

achieved Architecture
Comparatively high cost Cheaper

- . - p T
No memory alignment problems Allows self modifying codes
Smce data memory and program memory are Smce data memory and program memory
stored physically m different locations. no are stored physically m same chip. chances
chances for accidental corruption of program for accidental corruption of program

menory MEnmory
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Big-Endian vs. Little Endian Processors/Controllers

Endianness specifies the order in which a sequence of bytes are stored in computer memory

Little-endian is an order in which the lower-order byte of the data is stored in memory at the

lowest address and the higher order Byte at the Highest Address.

Big-endian means the higher-order byte of the data is stored in memory at the lowest address, and

the lower-order byte at the highest address.
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Register Register
0A0 _84 0C0D Men.low Memory | OAQ B401CZO D
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Load Store Operation & Instruction Pipelining

f———— e ————
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Application Specific Integrated Circuit (ASIC)

A microchip designed to perform a specific or unique application. It is used as replacement to

conventional general purpose logic chips.

Analog

Digital

EEPROM
/O Circuits

A Typical Mixed Signal ASIC
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Programmable Logic Devices (PLDs)

Logic devices provide specific functions, including device-to-device interfacing, data communication, signal

processing, data display, timing and control operations, and almost every other function a system must perform.

Logic devices can be classified into two broad categories - Fixed and Programmable. The circuits in a fixed logic

device are permanent, they perform one function or set of functions - once manufactured, they cannot be changed

Field Programmable Gate Arrays (FPGAs) and Complex Programmable Logic Devices (CPLDs) are the two major

types of programmable logic devices
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Commercial off the Shelf Component (COTYS)

COTS products are designed in such a way to provide easy integration and interoperability with

existing system components

The major advantage of using COTS is that
they are readily available in the market, cheap
and a developer can cut down his/her

development time to a great extend.
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MEMORY

»Memory is an important part of an embedded system. The memory used in embedded system can

be either Program Storage Memory (ROM) or Data memory (RAM)

» Certain Embedded processors/controllers contain built in program memory and data memory and

this memory is known as on-chip memory

»Certain Embedded processors/controllers do not contain sufficient memory inside the chip and

requires external memory called off-chip memory or external memory.
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Programme Storage Memory

» Stores the program instructions
»Retains its contents even after the power to it is turned off. It is generally known as Non volatile

storage memory

PROM Masked ROM

1) | [ MROM) | [ L |
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Read-Write Memory/Random Access Memory (RAM)

**The Random Access Memory (RAM) is the data memory or working memory of the controller/processor.
¢ Controller/processor can read from it and write to it.

** RAM is volatile, meaning when the power is turned off, all the contents are destroyed.

Read/Write
1ﬂem ory (RA\I)

SRAM { DRAM ? ;&/j
e

— — "
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DRAM
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Figure. DRAM Cell Implementation
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SRAM Vs DRAM

SRAM Cell

DRAM Cell

Made up of 6 CMOS transistors (MOSFET)

Made up of a MOSFET and a capacitor

Doesn™t Require refreshing

Requires refreshing

Low capacity (Less dense)

High Capacity (Highly dense)

More expensive

Less Expensive

Fast 1n operation. Typical access time 1s 10ns

Slow 1 operation due to refresh
requirements. Typical access time 15 60ns.

Write operation 1s faster than read operation.
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Input-Output Ports
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Sensors & Actuators

Embedded system is in constant interaction with the real world

 Controlling/monitoring functions executed by the embedded system 1s achieved in accordance
with the changes happening to the Real World.

* The changes in the system environment or variables are detected by the sensors connected to
the input port of the embedded system.

» [f the embedded system is designed for any controlling purpose, the system will produce some
changes in controlling variable to bring the controlled variable to the desired value.

* It 1s achieved through an actuator connected to the out port of the embedded system.



Learning Outcome

At the end of this lecture, Student will be able to:

LO 1: Understand the role of Sensors, Actuators and their Interfacing with 1/O subsystems of

an Embedded System
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Sensors

> A transducer device which converts energy from one form to another for any measurement or control
purpose. Sensors acts as input device

»EXx:. Hall Effect Sensor which measures the distance between the cushion and magnet in the Smart
Running shoes from adidas

Example: IR, humidity , PIR(passive infra red) , ultrasonic , piezoelectric , smoke sensors

IR Infrared Obstacle Avoidance
Sensor Nodule

Soil Moisture Sensor Module ]
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Actuator

Webcam
Speakers

A form of transducer device (mechanical or
electrical) which converts signals to

corresponding physical action (motion).

Monitor

Actuator acts as an output device

Example: Micro motor actuator which
adjusts the position of the cushioning
element in the Smart Running shoes from

adidas
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1/O Subsystem

= The I/O subsystem of the embedded system facilitates the interaction of the embedded

system with the external world.

= The interaction happens through the sensors and actuators connected to the input and output

ports respectively of the embedded system.

= The sensors may not be directly interfaced to the input ports, instead they may be interfaced

through signal conditioning and translating systems like ADC, optocouplers, etc.
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= Light Emitting Diode (LED)

= 7-Segment LED Display

= Optocoupler

= Stepper Motor

= Relay

= Piezo Buzzer

= Push Button Switch

= Keyboard

= Programmable Peripheral Interface (PPI)
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Light Emitting Diode (LED)
= LED is an important output device for visual indication in any embedded system. LED can be
used as an indicator for the status of various signals or situations. Typical examples are

Indicating the presence of power conditions like ‘Device ON’, ‘Battery low’ or ‘Charging of

battery’ for a battery operated handheld embedded devices.

= LED isa p-n junction diode and it contains an anode and a cathode. For proper functioning of
the LED, the anode of it should be connected to +ve terminal of the supply voltage and cathode
to the —ve terminal of the supply voltage. The current flowing through the LED must be

limited to a value below the maximum current that it can conduct. A resistor is used in series

between the power supply and the LED to limit the current through the LED.
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/- Segment LED Display

The 7-segment LED display is an output device for displaying alphanumeric characters. It
contains 8 light-emitting diode (LED) segments arranged in a special form. Out of the 8 LED
segments, 7 are used for displaying alphanumeric characters and 1 is used for representing

‘decimal point’ in decimal number display.

The LED segments are named A to G and the decimal point LED segment is named as DP.
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The 7-segment LED displays are available in two different configurations, namely; Common Anode
and Common Cathode. In the common anode configuration, the anodes of the 8 segments are

connected commonly whereas in the common cathode configuration, the 8 LED segments share a

common cathode line.

Ancl>de IDPIG IF E D|c |B A
!
* T T RRERRRRR=
T
TP RN R RTINS |
A

IpP |G |F |E |D |Cc |B | Cathode
Common Anode LED Display Common Cathode LED Display
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7-segment LED display is a popular choice for low cost embedded applications like, Public

telephone call monitoring devices, point of sale terminals, etc.
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Optocoupler is a solid state device to isolate two parts of a circuit. Optocoupler combines an LED and a

photo-transistor in a single housing (package). Figure illustrates the functioning of an optocoupler

device.

:

I/O iterface

I/O imterface

4

3 © Photo-transistor

Figure. An optocouplerdevice
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In Electronic circuits an optocoupler is used for suppressing interference data communication,circuit

Isolation,high  voltage separation, simultaneous separation and signal intensification, etc.

Optocouplers can be used in either input circuits or in outputcircuits. Figure illustrates the usage of

optocoupler in input circuit and output circuit of an embedded system with a microcontroller as the

system core.

T Vcc
- LED ATRICS1
I/p interface = Port pin
“ Port pin
Photo-transistor ! |
Optocoupler Microcontroller |
IC MCT2Z2ZM

£

Photo=transistor

O/p interfac

Optocoupler
IC MCT2ZM

T



Stepper Motor

»Stepper motor is an electro mechanical device which generates
discrete displacement (motion) in response to dc electrical signals

> It differs from the normal dc motor in its operation. The dc motor
produces continuous rotation on applying dc voltage whereas a stepper
motor produces discrete rotation in response to the dc voltage applied to
it

» Stepper motors are widely used in industrial embedded applications,
consumer electronic products and robotics control systems

»The paper feed mechanism of a printer/fax makes use of stepper
motors for its functioning.

»Based on the coil winding arrangements, a two phase stepper motor is

classified into
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GND
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RELAY

(102 Ae[2y]
1109 Aeoy
1109 Kefay

Single pole single Single pole single Single pole double
throw normally throw normally throw
open closed

» An electro mechanical device which acts as dynamic path selectors for signals and power.

»The “Relay™ unit contains a relay coil made up of insulated wire on a metal core and a metal

armature with one or more contacts.
»“Relay* works on electromagnetic principle.

»When a voltage is applied to the relay coil, current flows through the coil, which in turn

generates a magnetic field.
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Gagi

Plezo Buzzer

It is a piezoelectric device for generating

audio indications in embedded applications.

« A Piezo buzzer contains a piezoelectric
diaphragm which produces audible sound in

response to the voltage applied to it.

e Piezoelectric buzzers are available in two

types
1.Self-driving 2.External driving
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Push button switch

»Push Button switch is an input device.

»Push button switch comes in two configurations, vee Voe
namely “Push to Make* and ,,Push to Break™.

» The switch is normally in the open state and it makes a I_
circuit contact when it is pushed or pressed in the ,,Push Bt i Port pin

to Make™ configuration.

»>In the ,Push to Break™ configuration, the switch |—
normally in the closed state and it breaks the circuit '
contact when it Is pushed or pressed .

»The push button stays in the ,,closed” (For Push to v
Make type) or ,,open™ (For Push to Break type) state as
long as it Is kept in the pushed state and it breaks/makes
the circuit connection when it is released.

‘LOW" Pulse generator ~ *HIGH" Pulse generator
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Programmable Peripheral Interface

PPI devices are used for extending I/O capabilities of Processors/Controllers.
8255 is a popular PPI for 8 bit Processors/Controllers.
8255 supports 24 1/0 pins grouped as 3- Eight bit Ports (Port A, Port B, Port C)
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Communication Interface

Communication iInterface is essential for communicating with various subsystems of the
embedded system and with the external world
The communication interface can be viewed in two different perspectives; namely;

1. Device/board level communication interface (Onboard Communication Interface)

2. Product level communication interface (External Communication Interface)
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Device/board level communication interface (Onboard Communication Interface)

The communication channel which interconnects the various components within an embedded

product is referred as Device/board level communication interface (Onboard Communication

Interface)

Examples: Serial interfaces like 12C, SPI, UART, 1-Wire etc and Parallel bus interface
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Product level communication interface (External Communication Interface)

»The “Product level communication interface™ (External Communication Interface) is responsible
for data transfer between the embedded system and other devices or modules.

» The external communication interface can be either wired media or wireless media and it can be
a serial or parallel interface.

»Examples for wireless communication interface: Infrared (IR), Bluetooth (BT), Wireless LAN
(Wi-Fi), Radio Frequency waves (RF), GPRS etc.

»Examples for wired interfaces: RS-232C/RS-422/RS 485, USB, Ethernet (TCP-IP), IEEE 1394

port, Parallel port etc.
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Onboard Communication Interfaces

Onboard Communication Interface refers to the different communication channels/buses for
Interconnecting the various integrated circuits and other peripherals within the embedded
system.
The various interfaces for onboard communication are as follows:

I. Inter Integrated Circuit (12C) Bus

1. Serial Peripheral Interface (SPI) Bus

1. Universal Asynchronous Receiver Transmitter (UART)

Iv. 1-Wire Interface

v. Parallel Interface
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Inter Integrated Circuit (12C) Bus

The Inter Integrated Circuit Bus is a synchronous bi-directional half duplex two wire serial interface bus.
The 12C bus comprise of two bus lines, namely; Serial Clock-SCL and Serial Data-SDA.

SCL line is responsible for generating synchronization clock pulses and SDA is responsible for
transmitting the serial data across devices.

Devices connected to the 12C bus can act as either ‘Master’ device or ‘Slave’ device.

The ‘Master’ device is responsible for controlling the communication by initiating/terminating
data transfer, sending data and generating necessary synchronization clock pulses.

‘Slave’ devices wait for the commands from the master and respond upon receiving the
commands. ‘Master’ and ‘Slave’ devices can act as either transmitter or receiver. 12C supports

multli masters on the same bus.
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SCL SDA

SDA
Port Pins { ICL

Slave 1
SCL I12C Device
Master SDA (Eg: Senal
(Microprocessor/ w EEPROM)

Controller)

SCL Slave 2

SDA I12C Device
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P I - — T "
SDA L\ ! / L \ b i SDA
I | | |
| | o | | __
SCL. | : LN / \ / } } SCL
} & | &
Start Stop
Condition Condition
MSB I.LSB
R/ Wr
7 — Bit Slave Address -
R/Wr

0 — Master writes to the slave

1 — Master read from slave

ACK — Generated by the slave whose address has been output.
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1(read) (n bytes + acknowledge)

7
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A = acknowledge (SDA LOW)
A = not acknowledge (SDA HIGH)
S = START condition

P = STOP condition

from slave to master
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Serial Peripheral Interface (SPI) Bus

The Serial Peripheral Interface Bus (SPI) is a synchronous bi-directional full duplex four wire serial
Interface bus. The concept of SPI is introduced by Motorola.SPI is a single master multi-slave
system.

[ It is possible to have a system where more than one SPI device can be master, provided the

condition only one master device is active at any given point of time, is satisfied.

[0 SPI is used to send data between Microcontrollers and small peripherals such as shift

registers, sensors, and SD cards.
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SPI requires four signal lines for communication. They are: scu: :' SCLK “
»Master Out Slave In (MOSI): Signal line carrying the 5Pl a%%l e T - MOs| SPI

t - MISD Slave
data from master to slave device. It is also known as Slave Master % DI !!

Input/Slave Data In (SI/SDI) [

»Master In Slave Out (MISO): Signal line carrying the |
data from slave to master device. It is also known as Slave
Output (SO/SDO)

»Serial Clock (SCLK): Signal line carrying the clock

signals

»Slave Select (SS): Signal line for slave device select. It is

an active low signal.
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Operation of SPI protocol

MOSI

Shift Register

1

I Buffer Register

MISO
Shift Register

Buffer Register

Shift Clock
M68HCS12 MASTER VDD MESHCS12 SLAVE

Slave Select” Slave Select®

Master/slave serial peripheral interface.
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Master Slave

I Memory l I Memory I
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Speed limit varies from 100kbps,
400kbps, 1mbps, 3.4mbps depending
on i2c¢ version.

Half duplex synchronous protocol

Support Multi master configuration

Acknowledgement at each transfer

Require Two Pins only SDA, SCL

Addition of new device on the bus is
easy

More Overhead (due to
acknowledgement, start, stop)

Noise sensitivity is high

Aditya Engineering College (A)

More than Imbps, 10mbps till
100mbps can be achieved.

Full Duplex synchronous protocol

Multi master configuration is not
possible

No Acknowledgement
Require separate MISO, MOSI, CLK
& CS signal for each slave.

Addition of new device on the bus is
not much easy a I2C

Less Overhead

Less noise sensitivity
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1-wire interface (protocol)

»1-Wire interface is an asynchronous Half Duplex Communication Protocol developed by
maxim Dallas Semi conductor .

»>It uses a single signal line called DQ for communication and follows the master slave
communication Model.

»One of the Key feature of 1-Wire bus is that it allows power to be sent along the signal wire.

»The 1 wire interface supports single master and one or more slave devices on the bus.
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Veue Reue
1-Wire LINE
1-Wire Driver T T a
(Nastee) Slave #1 Slave #2 I Slave #N
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Parallel Interference

»In data transmission, parallel communication is a method of conveying multiple binary digits
(bits) simultaneously. It contrasts with communication. The communication channel is the number

of electrical conductors used at the physical layer to convey bits.

»Parallel communication implies more than one such conductor. For example, an 8-bit parallel
channel will convey eight bits (or a byte) simultaneously, whereas a serial channel would convey
those same bits sequentially, one at a time. Parallel communication is and always has been widely

used within integrated circuits, in peripheral buses, and in memory devices such as RAM.
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Parallel interface example

Feceiing side Transmitting side
07 1D{r-a15 =X 07
D - 3 DG
D5 - 3 D5
4 = [
D3 u D3
D2 e 1'3 [z
01 = [
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Universal Asynchronous Receiver Transmitter(UART)

Device 1 Device 2
1P TX
UART } < UART
Interface RX RX Interface
GND GND
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Product level communication interface (External Communication Interface)

The Product level communication interface™ (External Communication Interface) is responsible for data transfer

between the embedded system and other devices or modules

It is classified into two types

1. Wired communication interface

2. Wireless communication interface:

1. Wired communication interface: Wired communication interface is an interface used to transfer
information over a wired network.

2. Wireless communication interface : Wireless communication interface is an interface used to transmission

of information over a distance without help of wires, cables or any other forms of electrical conductors.
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RS-232C/RS-422/RS 485

»RS-232 C (Recommended Standard number 232, revision C from the Electronic Industry Association) is a

legacy, full duplex, wired, asynchronous serial communication interface
»RS-232 extends the UART communication signals for external data communication.

»UART uses the standard TTL/CMOS logic (Logic ,,High* corresponds to bit value 1 and Logic ,,LOW*

corresponds to bit value 0) for bit transmission whereas RS232 use the EIA standard for bit transmission.

»As per EIA standard, a logic ,,0“ is represented with voltage between +3 and +25V and a logic ,,1 is

represented with voltage between -3 and -25V.

»In EIA standard, logic ,,0“ is known as ,,Space* and logic ,,1“ as ,,Mark".

»The RS232 interface define various handshaking and control signals for communication apart from

the ,,Transmit® and ,,Receive* signal lines for data communication
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RS-232 supports two different types of connectors, namely; DB-9: 9-Pin connector and DB-25: 25-Pinconnector.

9
8

= = = = e -

\ooooooooooooo

1415

17

DB-25

19

21

20

B = & O e a3 B3

Transmit Data { Tx0))
Receive Data (RxD)
Request to Send (RTS)
Clear to Send [CTS)
Dataset ready (DSR)
E-:!_;.'ml Ground

Data Carriar Datect (DLCD)
Transmit Clock

Receive Clock
Data Terminal Ready (DTR)

Auxiliary Clock
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RS232 Pin Out

DB9M Connector
(
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DTE view DCE view
DTE DCE DCE DTE
Telephone
TxD |—{ RxD —— RxD |— TxD
Line
RxDF— TxD  [C———————y  T.]) |— RxD
PC GNDL—| GND GND [— GND
Coml modem modem C Coml
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Universal Serial Bus (USB)

Universal Serial Bus (USB) is a wired high speed serial bus for Hose
Root hub Hast { fier 1)
data communication. The USB host can support connections up |
o | | i
to 127, including slave peripheral devices and other USB hosts e
G0 | Funation| |Funetion] ~ Tier 3

/
CTED €71 [Function] |Function]  Tier s
| >~
Function, © =) | Function Tier §

Hub 7 lier &

Function| ' Fumction| | Fumction Ther 7
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IEEE 1394 (Firewire

»|EEE 1394 (Firewire) is a wired, iso synchronous high speed serial communication bus. It is also

known as High Performance Serial Bus (HPSB).

»|EEE 1394 is a popular communication interface for connecting embedded devices like Digital Camera,

Camcorder, Scanners to desktop computers for data transfer and storage.

»Unlike USB interface, IEEE 1394 doesn’t require a host for communicating between devices. For
example, you can directly connect a scanner with a printer for printing. The data rate supported by 1394 is
far higher than the one supported by USB 2.0 interface. The 1394 hardware implementation is much

costlier than USB Implementation
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Infrared Data Association (IrDA)

»Infrared (IrDA) is a serial, half duplex, line of sight based wireless technology for data

communication between devices. It is in use from the olden days of communication and you may be

very familiar with it.

» The remote control of your TV, VCD player, etc works on Infrared data communication principle.

INFRARED

TSSO 3000

WWavelengths imn mam
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Bluetooth (BT)

»Bluetooth is a low cost, low power, short range wireless technology for data and voice communication.
Bluetooth supports point-to-point (device to device) and point-to-multipoint (device to multiple device
broadcasting) wireless communication.

» A Bluetooth device can function as either master or slave. When a network is formed with one Bluetooth
device as master and more than one device as slaves, it is called a Piconet. A Piconet supports a maximum
of seven slave devices.

»Bluetooth is the favorite choice for short range data communication in handheld embedded devices.
Bluetooth technology is very popular among cell phone users as they are the easiest communication channel
for transferring ringtones, music files, pictures, media files, etc between neighboring Bluetooth enabled
phones.

> It supports a data rate of up to 1 Mbps and a range of approximately 30 feet for data communication
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Wi-Fi

»Wi-Fi or Wireless Fidelity is the popular wireless ;
Wireless Home Network

communication techniqgue for networked communication of
devices. Wi-Fi is intended for network communication and
it supports Internet Protocol (IP) based communication. It is
essential to have device identities in a multipoint
communication to address specific devices for data ' .
communication. I \‘J -
»Wi-Fi based communications require an intermediate Mogem Foder Computer
agent called Wi-Fi router/Wireless access point to manage
the communications. ] D
»Wi-Fi supports data rates ranging from 1 Mbps to 150

Mbps and offers a range of 100 to 300 feet. Smart Phone Tablet



ZigBee

»>ZigBee is a low power, low cost, wireless network
communication protocol based on the IEEE 802.15.4-
2006 standard.

» ZigBee Is targeted for low power, low data rate and
secure applications for Wireless Personal Area
Networking (WPAN).

» ZigBee operates worldwide at the unlicensed bands
of Radio spectrum, mainly at 2.400 to 2.484 GHz, 902
to 928 MHz and 868.0 to 868.6MHz.

» ZigBee supports an operating distance of up to 100
meters and a data rate of 20 to 250Kbps.

aam
.....

@ 2gBee coordinator (FFD)

. Z9Bee router (FFD)

() Zigbee end device (RFD or FFD)

P Mo Ik
< > Str Ik
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ZigBee device categories are as follows:
1 ZigBee Coordinator (ZC)/Network Coordinator: The ZigBee coordinator acts as the root of the
ZigBee network. The ZC is responsible for initiating the ZigBee network and it has the capability to

store information about the network.

1 ZigBee Router (ZR)/Full Function Device (FFD): Responsible for passing information from

device to another device or to another ZR.

1 ZigBee End Device (ZED)/Reduced Function Device (RFD): End device containing ZigBee

functionality for data communication.
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General Packet Radio Service (GPRS)

. GPRS is a communication
technique for transferring data over a
mobile communication network like
GSM.

' GPRS supports a theoretical
maximum transfer rate of 17.2 kbps.

1 The GPRS communication divides
the channel into 8 timeslots and

transmits data over the available

channel.
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1. Application and domain specific

2. Reactive and Real Time

3. Operates in harsh environments
4. Distributed

5. Small Size and weight

6. Power concerns
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Quality Attributes of Embedded Systems

»Quality attributes are the non-functional requirements that need to be documented properly in any
system design.
»If the quality attributes are more concrete and measurable, it will give a positive impact on the
system development process and the end product.
»The various quality attributes that needs to be addressed in any embedded system development are
broadly classified into two, namely

I. Operational Quality Attributes

Il. Non-Operational Quality Attributes
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Operational Quality Attributes

The operational quality attributes represent the relevant quality attributes related to the embedded system

when it is in the operational mode or ‘online’ mode. The important quality attributes coming under this

category are listed below:
I. Response
1. Throughput
iii. Reliability
Iv. Maintainability
v. Security

vi. Safety
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Non Operational Attributes

The quality attributes that needs to be addressed for the product ‘not’ on the basic of operational aspects are
grouped under this category. The important quality attributes coming under this category are listed below:

I. Testability & Debug-ability

Il. Evolvability

1. Portability

Iv. Time to prototype and market

v. Per unit and total cost
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**Washing Machine is a typical example of an embedded system providing extensive support in home

automation applications.

*+An embedded system contains sensors, actuators, control unit and application-specific user interfaces

like keyboards, display units, etc.

“*You can see all these components in a washing machine if you have a closer look at it. Some of them

are visible and some of them may be invisible to you.
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»The actuator part of washing machine consists of a motorized agitator, tumble tub, water drawing pump and

inlet valve to control the flow of water into the unit.

»The sensor part consists of the water temperature sensor, level sensor, etc.

» The control part contains a microprocessor/controller based board with interfaces to the sensors and actuators.

» The sensor data is fed back to the control unit and the control unit generates the necessary actuator outputs.

» The control unit also provides connectivity to user interfaces like keypad for setting the washing time, selecting

the type of material to be washed like light, medium, heavy duty, etc.

»User feedback is reflected through the display unit and LEDs connected to the control board.
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| The integrated control panel consists of a microprocessor/controller based board with 1/O interfaces and a control

algorithm running in it.

_ Input interface includes the keyboard which consists of wash type selector namely Wash, Spin and Rinse, cloth

type selector namely Light, Medium, Heavy duty and washing time setting, etc.

| The output interface consists of LED/LCD displays, status indication LEDSs, etc. connected to the 1/O bus of the

controller.

| It Is to be noted that this interface may vary from manufacturer to manufacturer and model to model.

| The other types of 1/O interfaces which are invisible to the end user are different kinds of sensor interfaces, namely,
water temperature sensor, water level sensor, etc. and actuator interface including motor control

for agitator and tub movement control, inlet water flow control, etc.
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Automotive-Domain-Specific Examples of Embedded System

' The major application domains of embedded systems are consumer, industrial,
automotive, telecom, etc. of which telecom and automotive industry holds a big market
share.
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| Automotive embedded systems are the one where electronics take control over the mechanical systems.

] The presence of automotive embedded system in a vehicle varies from simple mirror and wiper controls to

complex air bag controller and antilock brake systems (ABS).

1 Automotive embedded systems are normally built around microcontrollers or DSPs or a hybrid of the two and are

generally known as Electronic Control Units (ECUSs).
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1 The various types of electronic control units (ECUs) used in the automotive embedded industry can be broadly

classified into two-High speed embedded control units and Low speed embedded control units.

I High speed Electronic Control Units (HECUs) : High speed electronic control units (HECUs) are deployed

in critical control units requiring fast response, like fuel injection systems, antilock brake systems, etc.

| Low speed Electronic Control Units (LECUs) : Low speed electronic control units are deployed in
applications where response time is not so critical. They are generally built around Ilow cost
microprocessors/microcontrollers and digital signal processors. Audio controllers, passenger and driver door locks,

door glass controls, etc., are examples for LECUs.
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Automotive Communication Buses

| Automotive applications use serial buses for communication.

| Controller Area Network (CAN), Local Interconnect Network (LIN), Media
Oriented System Transport (MOST) bus, etc. are the important automotive
communication buses.

I CAN is an event driven serial protocol interface with support for error handling
In data transmission. It is generally employed in safety system like airbag control,

powertrain systems like engine control and Antilock Brake Systems.
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I LIN bus is a single master multiple slave (up to 16 independent slave nodes)
communication interface. LIN is a low speed, single wire communication interface

with support for data rates up to 20 kbps and is used for sensor/actuator interfacing.

| The Media Oriented System Transport (MOST) bus Is targeted for automotive
audio video equipment interfacing. MOST bus is a multimedia fiber-optic point-to
point network implemented in a star, ring or daisy chained topology over optical

fibers cables.



