Embedded System Current Trends




Definition...

Difficult to define in current scenario....

» These are the computing systems which are used in electronic devices for specific
purpose.

= Any computing system other then a Desktop PC.




Definition...

Processor based system ...
1. General Purpose Systems
2. Embedded System

General Purpose Systems

Like Desktop PC, Laptop etc.

Embedded System

Special purpose system which are either used as standalone or part of a bia svystem.

o olm o e
b .

(CY2aes



General Purpose vs special purpose




Characteristics of Embedded Systems

= Single Function

=  Complex functionality
= Complex algorithms used in mobile phone etc

= Full of constraints
= Limited Memory, Low Cost, Less Power Consumptions

= Real time performance

= Safety Critical
= Aircraft, Lifts, Space shuttle, Medical Instruments



Market of Embedded Systems

CONSUMER
ELECTRONICS
TV
Set-top Box
PDA
Kitchen Appliances

Medical Toys/Games
Telephone/Cell
phones
Camera/GPS

Infusion Pumps
Dialysis Machine
Prosthetic Device
Cardiac Monitor

Networking
Router
Hubs
Gateways



Heart of Embedded System...

=  Off course MICROCONTROLLER



Microcontroller Definition

A microcontroller is a computer-on-a-chip optimized to control electronic
devices. It is a type of microprocessor emphasizing self-sufficiency and
cost-effectiveness, in contrast to a general-purpose microprocessor, the
kind used in a PC. A typical microcontroller contains all the memory and
|/O interfaces needed, whereas a general purpose microprocessor requires
additional chips to provide these necessary functions -Wikipedia
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The first microprocessor was developed by what was then a small company called Intel (short for Integrated
Electronics) in the early 1970s.

The client, a Japanese company called Busicon, declined to buy the chipset and Intel, faced with a
development cost and no customer, decided to market the chipset as a "general purpose" microprocessing
system for use in applications where digital logic chips would have been used.

The chipset was a success and within a short while Intel developed a general purpose 4 bit microprocessor
called the 4004.

» http://www.computerhistory.org/semiconductor/timeline.htmI#1970s
CimmbeddedGratl



Microcontroller 1970’s ............... today

YEAR INTEL MAKE Motorola (freescale)
1974 = 8008
= 8080 (+5 V operation) = 6800 (features as 8080)
= 8085 = HC12 (16 bit...)
= 8086 (16 bit ....) = HC16
= 80186
= 80196 ... = 68K
= PowerPC



Microcontroller 1970’s ...............today

Intel
8048
8085
80186

8080 Vs 6800

Motorola (freescale)
6800 (features as 8080)
Zilog

Z80 etc



Microcontroller ............... today

r

2 “freescale® Power (PowerPC), ColdFire, MCORE,

sTAConaUCior

ARM ARM7, ARM9, ARM11, Cortex, SecureCore, OptimoDE Data Engine

MSP430, DaVinci, OMAP

ﬁ'\Mlcnncmn PICmicro, dsPIC, PIC32

ATneL 4

AVR, 8051, SAM(ARM), AVR32

LENESAS

Everywhere you imagine.

Others...
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With perfarmance up to 2000 MIPS with the Cortex™-A2 processor, power consumption figures
measured in microwatts per Megaherz, the industn's broadest feature set, and full architectural
campatihility, the ARM processor range provides saolutions for open platforms inwireless, consumer
and imaging applications, embedded real-time systerns for storage, autormotive, industrial and
networking applications, and secure applications for smart cards and SIM cards.

There are currenthy eight product families which make up the ARM processor range:

ARMT processor family
ARME processor family
ARMYE processor family
ARM10E processar family
ARM11 processor family
Corex processar family
SecurCore processar family —_—
CptimoDE Data Engines

Processors

Frocessor Overview
Frocessor Selector
Processor Families
Architecture
Feference

Methadalogy Further implementations of the ARM architecture are available fram aur Fartners such as the Intel@

Performance ¥Scale™ microarchitecture
FPackages

Application
Processors
Embedded
Processors j
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Market of Embedded Systems

CONSUMER
ELECTRONICS
TV

Medical
Infusion Pumps
Dialysis Machine
Prosthetic Device
Cardiac Monitor

ARM coldFire
8051
AVR :: ,,,
MSP430 ARM z “freescale
Networking POWER QUICC
8051
Router
Hubs MSP430
Gateways Daine

ARM POWER QuiCC
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ARNM offers a broad range of processors to address a wide variety of applications while delivering
optimum performance, pover consumption and system cost. these processors are designed to
meet the needs of three systerm cateqaries:

Embedded real-time systems

» Embedded real-time systermns for storage, automaotive hody and power-train,
industrial and netwarking applications

Application platforms

Processors

) = Devices running open operating systems including Linux, Palm 08, Symbian
Frocessor CFEMEW 05 and Windows CE inwireless, consumer entertainment and digital imaging
Processor Selecton applications
Processar Families
Architecture Secure applications
Eziﬁrnednnclggy » Smman cards, 5IM cards and payment terminals
Perfarmance ARM CPU processars cover a wide range of performance and features enabling system desianers to
Packages create solutions that meet their precise requirements. ARM offers both synthesisable and hard
Application macro products, together with a range of coprocessaors and debug facilities . The table below
Frocessors provides an at-a-glance guide to ARM processaors and their performance characteristics, with links to
Embedded each.
Processars

# [Data Endines

ARM CPU PROCESSORS
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The ARM processarrange provides solutions for:

= Open platforms running complex operating systems forwireless, consumer and imadging
applications.

= Emhedded realtime systerms for mass storage, automaotive, industrial and networking
applications.

= Secure applications including smart cards and Sikds,

The Pracessar Selection Guide lists the key features of each ARM processar. The ARM Connected
Community now provides awealth of standard development tools, operating systems, optimized
application software, and design services which together ensure rapid time to market for ARM
processor-based desions.

PROCESSORS RANGE

ARM offers 3 wide range of processar cores based on a comimon architecture, that deliver high
performance together with [ow power consumption and systerm cost.

Application Processors Embedded Processors SecurCores
ARM Corex-AR ARM Cortex-1 SecurCore SC100
ARM Cortex-AQ3 MPCore ARM Cortex-h3 SecurCore SC200
ARM Corex-A9 Single Core Processor ARM Corex-R4(F)
ARM10Z0E ARM102EEJ-S
ARM102ZE ARM1T186T2(F-5
ARM1T0ZBEL-S ARMTEJ-S
ARM11 MPCore ARMTTOMI
ARMT1IBJF-5 ARMTTOMI-S
ARM11TEIZF)-5 ARMY4EE-5
ARMT 20T ARMYEEE-5
ARMYZOT ARMYBRE-S
ARMAZZT ARMIGEHE
ARMYZEEI-S
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8051 Architecture

Atrnel offers a broad range of microcontrollers based on the

2051 architecture, The

product line includes MCS-51® industry

standard socket drop-in devices, In-System Programming
capability, and zrnall footprint 20-pin derivatives in ROMless,
ROM, OTP & Flash flavors (see on-line selection table), Same
of the devices also take advantage of the high-speed care (H2)
rmade which doubles the internal clock frequency for CPU and
petipherals upon selection.

The 2051 derivatives alza i@ Aeelicatinn Specific F‘rndup
with specialized functions to zerve dedicatad rnarkets:

+ CAN Metworking
« MP3 Applications
+ Smart Card Readers

+ USE Applications|

Atmel alzo offers 8716 bit microcontrollers based on the
powerful C251 architecture, Qur C251 devices allow a direct and
easy perorrmance increase by upgrading existing 20C51-based

applications,

English &P

March 07, 2007

Atrnel Introduces §051
Micracontrallers For High Yolure
USE Applications

Legal | Privacy Policy | General Information | wWhat's Changed | Contact | Quality | Surplus Equiprnent

Atrnel Carporation @2007
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Embedded System Development

 Cross platform development
* Debug in target, which is separate Hardware
* Limited visibility




Cross Platform Development...

» code is developed on one platform
but will execute on different platform

Coding, Compilation Programmer Target



Cross Platform Development

Coding, Compilation In Circuit Emulator Target



Difference Between In Circuit Emulator
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Difference Between In Circuit Emulator




Embedded System Development

Programming Language Used...
« Assembly Language (Specific to Microcontroller)
« C or Embedded C

 Ada
http://en.wikipedia.org/wiki/Ada (programming language)

s Embedded C ++



Embedded System Development Tools

Medium and Small Level Development Tool

Designing phase Commonly Used Tools
- DIKEIL  ©IAR
s conp SYSIEMS

-

~— 'frEEﬂmﬂE‘“ Codewarrior
Code Composer Studio”IDE

J .

N

Emulator Programmer

8051. MSP430, AVR etc




Embedded System Development Tools 32/64 bit Processors

Designing phase Commonly Used Tools

i\@%ﬁm Telelogic

-

~ UML and SysML Tools Rational Rose®

)
Greenlills WIND RIVER

cSOFTWARE INC. -

> Compilers, IDE, RTOS

ARM, PowerPC, DSP etc

Leader in Reliability and
/""E ia Maintainability analysis e
R software tool R@Hﬂﬂbu@ SOﬁWﬂT@



Embedded System Development Commonly used RTOS

VxWorks UGN Gy ¥
WIND RIVER Yy N
r . S(jm?nlgi!gi .
Linux Kernel 2.6.x ‘
symbian

Other Linux Flavor

1. Montavista Linux
2. Windriver Linux
3. Symbian



Professional RTOS...
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Wind River Home @ Producks @ Run-Time Technologies @ Operating Systems

Operating Systems . — .3
Proelyer Szifuzidfe s
Dperating systems (0Ses) for device software play an integral role in biow

manufacturers develop, deploy, and market their devices, Over the past 25 years, DOWNLOAD

Jur real-time operating systems include:
APIz and Protocals

Waborks 6.
Metwork Managernent
Watorks 653 Graphics
WatWorks 5o Mability
Wind River Linus Multicare
psos Metworking

Cperating Systerns



Professional RTOS...
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Green Hills

+ SO FTWARE, INC. -

Total Solutions for Embedded Development

Markets Benefils

Producls |

Services |

Support | Partners

» Click here for a list of all datasheets

Supported Processors

Operating Systems

INTEGNTY

INTEGRITY-178B

INTEGRITY PC

vel a’ﬂ‘y
p-vel 05';‘:;:

INTEGRITY®E - A modern, certified POSIX conformant,
RFeal Time Cperating Systems (RTCOS) designed for total
reliability and absolute security, INTEGRITY uses full
mermory protection in a message-passing design with
an extensive range of middleware and board support
packages.

INTEGRITY-178B - Securely partitioned Real Time
Operating Systems (RTOS) for demanding safety critical
applications containing multiple programs with different
levels of safety criticality, all executing on a single
processor,

IMNTEGRITY PC ™ — Cperating System technology
provides secure management of data and applications
from multiple security domains on a single workstation,

walDSy ™ kernel is a small footprint RTOS with full
range of middleware and board support packages,

L-welQSity™ real-time kernel is small, fast,
easy-to-learn operating systerm for the most
cost-sensitive and resource-constrained devices

Thread#® - Express Logic's ETOS is available from and
supported by Green Hills Software. Includes
kernel-aware graphical interface with advanced
source-level and multi-task debugging with the MULTI

Aavalmnnrmont anwvirnnmmont

@ PowerPC | Ada

= ARMThumb

#» xScalefStrongsRM
#» Davinci
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= MIPS | Ada

» #BEPentium | Ada
#» ColdFire | Ada
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w BRIC
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Professional RTOS...
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montavista

COMPANY

PRODUCTS

! SOLUTIONS & SERVICES SUPPORT | PARTNERS { EDUCATION

Put MontaVista
to work for you

Let uz help yvou make the
most of your product —
fast to market.

Request Information
+1-408-572-8000

Resources 4

Why MontaVista?

Professional Edition
Datasheet {pdf}

Document Library
Developer Tools
Support Lifecycle
Supported Hardware
Custom LSP Service
De=ign Workshops
Benchmarking Services
Feature Integration
Custom @A/ Testing
Solutions

Profesgional Edition Guote

F & 5 Home Doz rert

Library

Professional
Services

4 Frofessional
Edition

Carrier Grade  Mobilinux  Dewvelopment
Edition Tools

Support
Fackages

Supported  Realdime
Hardware Limus

MontaVista Linux Professional Edition
With real-time performance and
reductions in footprint, Pro provides the
ultimate customizable platform for a
new generation of intelligent devices.

MontaVista Linux
Mobile Edition 5.0

Learn more »

The Latest in Commercial-Grade Open Source Linux

Monta'ista Linux Professional Edition (Pra) is the ideal platform for developers who want all the benefits of an open source
development platform, as well as the ability to achieve rapid Hime to market. Pro enables state-of-the-art development across a
wide array of intelligent device markets, including netwarking and communications, instrumentation and control, aeraspace and
defense, SOHD devices, and medical electronics.

Montatista Pro 5.0 addresses the twin challenges faced by product teams selecting a development environment; speed and
contral. As an integrated, pre-tested environment, Monta'ista Linux can be installed guickly and developers can be up and
tunning right away. Consisting entirely of open source Linux, teams have complete control to customize it themselves and
leverage the vast apen source Linux code base.

Complete Development Platform — everything needed to build a platform or application for intelligent devices

MontaVista Linux Kernel



Professional RTOS...

z = The Linux Kernel Archives

j.ff.{ ) I'I';r' 2 I,:'fi.,"lql

YWyelcome to the Linux kermel Archives. This is the primary site for the Linux kermel source, but it has much more than just Linux kermels
Freguently Asked Questions

Protocol Location Protocol Location
HTTPE  httpeffeasae lernel orgfpubd HTTPE  http feasie e kermel orgipuby
FTF ftpc it kermel oragfpubf FTF ftpc it eu kernel orafpubf
ESYMC reyncdirsync kemelorg/pubd BESYMC  rsyncirsync el kernel orgfpubd

The latest stable wersion of the Linux kermel is 2.6.23.9 2007-11-26 1787 UTC F ¥ Wl © Changelog
The latest prepatch for the stable Linux kernel tree is: 2.6.24-rcd 2007-12-04 05:01 UTC B ¥ %l C Changelog
The latest snapshot for the stable Linux kernel tree is;. 2.6.24-red-gitd 2007-12-06 1901 UTC B Y

The latest 2.4 version of the Linux kernel is: 2.4.35.4 2007-11-17 1744 UTC E Y C Changelog

The latest prepatch for the 2.4 Linux kernel tree is: 2.4.36-pre2 2007-11-1719:28 UTC B W W © Changelog
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Professional RTOS...

w Middleware, development tools, realtime operating system Login Downloads  +

ONX SOFTWARE SYSTEMS software and services for superior embedded design
Products Support + Services Markets Partners Cornrmunity Cornpary Sales
Home — Products X Meutrino RTOS
Realtirne Microkernel High availahility Hetworking File systerms Multi-core Security 10,

Since 1980, manufacturers have relied on QMx OS5 technology to power their mission-critical

Get QMNX Mormentics

applications — everything from medical instruments and Internet routers to telematics devices,
. Software downloads for the entire

9-1-1 call centers, process control applications, and air traffic control systems. Small or large, simple 4 :
eveloper carmmmunity

or distributed, these systems share an unmatched reputation for operating 24 hours a day, 265
days a year, nonstop, Time-tested and field-proven, the QMx Meutrino RTOS sets the industry Foundry27

standard for reliability, fault tolerance, and scalability, AR R

upgrades, and more
Willhot rmal-ac kY Rondrinn raaltirno anoratinn cwctam FIRTOSY oo ramark-ahla? THe o troo microl-arnal

Transferring data From wisis, qri,com. .,
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RTOS Middlewares

‘Networking and Communication

Communications Software

Green Hills Software provides a complete and scalable suite of integrated networking products to support a broad
range of network connected devices - from devices requiring basic IPv4 connectivity to those that demand the most
comprehensive and robust network security and advanced routing functionality, These products were developed from
the ground up to address the requirements of embedded systems spanning a range of markets, including Wireless,
Automotive, Consumer, Military, Aerospace, Metworking and Telecommunications, The scalable feature set and
footprint can be configured to support devices from low power handsets to enterprise class routers,

The Green Hills suite of networking products s seamlessly integrated with the w-velQSity kernel, the velSity real-time

operating systerm, INTEGRITY real-time operating system, INTEGRITY-178E and MULTI developrment environment,
providing a total solution for all your networking needs,

Please click on the image to receive information about each section.

Distributed

Messaging CORBA

Middleware

Streaming

Protocols n H.323 MGCP MEGACO H.248 RTP/RTCP

Routing
Protocols m“ RIP IS-1S PIM-SIM DVMRP
_—

. s SOAP UPnP POP3
Protocols
SMTP CRYPTO SNMPv1/2c/3 SNTP IKE RADIUS




RTOS Middlewares ...

File Systems

There is no ane size fits all solution when it comes to file system support for embedded devices, For example, the
requirements of a file system for a digital camera differ greatly from an in car infotainment system or carrier grade
telecommunications system. Green Hills Software offers a wide variety of file system support integrated with
[MNTEGRITY and wa!dSity to meet the specific needs of your device.

IMNTEGRITY and weldsity use a file system framework model, commonly referred to as a virtual file system (WFS), to
make it easy to add and remove support for various file systems, The file system server (WFS server) provides file
system services to applications that utilize file system &PIs such as C stdio (fopen(), fread(), fwrite(), etc), C++
instreams (cout, cin, etc), or the low-level POSIY interfaces (open(), read(), write()),

Wear Leveling Flash Storage {WLFS)

WLFS gives you the ahility to access a bank of flash memory through the file system as if it were a disk, Wear leveling
technology manages the underlying flash in a manner that guarantees wear on the flash will be evenly distributed
across the entire device, and is also resilient against power failures and other unexpected interruptions,

Both MOR and MAMD flash device types are supported with WLFS, &ny of the supported file system formats may be
used in conjunction with YWLFS,

File System format types available with INTEGRITY and velOSity

# UnixfLinux Compatible Fast File System {FF5)—The Berkeley Fast File Systern (FFS) is an inode-hased file
system that first appeared in the BSD UMIE distribution from the University of California, The FFS file system,
sometimes referred to by its predecessor’s name, UFS (LINIE File System), is used by many BSD derivative
operating systems such as MetBsSD, FreebsSD, and QpenBsD,

* DOSJFAT 12/16f32—The MSDOS file system ariginated with the Microsoft DOS operating system, It is
sometimes referred to by its primary data structure, the file allocation system (FAT). Like FFS, MSDOS is a
hierarchical, disk-based file system. The MSDOS file system comes in several variants named after the number
of bits in each entry in its file allocation table: FAT1Z2, FAT16, and FAT32. The ariginal MSDOS file system
supported filenames of up to 8 characters followed by a dot, and a 3 character exztension. With Windows 95,
Microsoft layered a long filename scheme onto the FAT file system. This long filename support is sometimes
referred to as WFAT. INTEGRITY supports all of these variants.

* CDROM ISO9660/CDFS/CDA—The ISO9860 file systerm is commmonly found an
Compact Disc media, INTEGREITY supports the generic IS09660 standard format
as well as the Rockridge and Joliet extensions. The loliet extension is favared in
the MS Windows world, It allows Unicode characters to be used for all text fields,
which includes file names and the volume name, The RockRidge extension is
favored in the Unix world, It lifts file name restrictions, but also allows Uniz-style
permissions and special files to be stored on the CO.

+ UDF D¥D (read only)—The UDF file system (Universal Disk Format) is the file
system used on DWD's as well as other media, INTEGRITY's LIDF library allows




RTOS Middlewares ...

USB Solutions for INTEGRITY and vel/OSity

Green Hills Software offers complete, high-performance USE 2.0 solutions for the royalty-free INTEGEITY Real-Time
Operating System (RTOS) and wveldsity kernel, Both Host and Device (Function) stacks are available in addition to
nurmeraus class drivers and example applications for using both stacks, The stacks and drivers are all delivered with
full source code, These products allow developers to guickly and easily add USE connectivity to INTEGRITY and

velDSity hased devices,
Device applications Device applications
Middleware-file systems, TCP/IP, etc.

Middleware-file systems, TCP/IP, etc.
-

USE device stack

USB host stack
Green Hills Software RTOS Green Hills Software RTOS
Device controller driver

Host controller driver

EHCI OHCI UHCI

Host system
Peripheral Devices

Device (function) controller hardware

Compliant host controller hardware

Host Stack:
* Responsible for enumerating the USE devices connected to the host



RTOS Middlewares ...

INTEGRITY® Real-Time Operating System -
Graphics and Video

Graphics support

The Portable Embedded GUI (PEG) is integrated with
INTEGRITY and provides a comprehensive library for creating
graphical user interfaces for touch screens and LCD displays
while requiring a minimal memory footprint,

DIGITAL  RADIQ

PEG consists of a C++ based library and device drivers that
make it simple to include powerful graphics in embedded
real-time applications, PEG applications can be run in either
virtual address spaces or in kernel space, and reside in less
than 100KB. It is small, fast, and royalty-free, yvet powerful
enough for advanced real-time graphics needs,

Three dimensional graphics, including OpenGL and highly
tuned graphics accelerator drivers for next generation
displays, are also integrated with INTEGRITY,

ALT Software's embedded graphics products support a2 wide
range of CPUs, safety standards and ASICs, Intended
applications range from low-powered portable devices to
high-performance leading edge products designed for
autamotive, avionics, industrial controls, and 20
visualization, These OpenGL drivers conform to specifications
for OpenGL 1.2, 1.2.1, 1.3, and support several OpenGL 1.4
and 2.0 functions as well as most OpeniGl extensions,

ALT Software's embedded graphics predudts provide advanced
30 graphics fer leading adge products for aukometive, avierics,
Industrial controls, and 30 visualization applications.

Customer Success Learn more about
Stories INTEGRITY

A
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Selecting Good Tools Embedded System Development

Code Generation
1. Highly optimized Compiler
2. optimization in term of speed or size
3. Able to generate different output file formats
4. Customizable and easy to use IDE
Programmer
1. Universal programmer
2. Stand alone operation
3. Flash memory programming capability
4. Fast Downloading speed
In Circuit Emulator
1. Fast Downloading speed
2. Universal Emulator
3. No of hardware breakpoint
4. Trace capability
Single Board Computer
1. Maximum peripherals
2. Port pins open
3. Modular Approach



For beginning ....

Microcontroller 8051
Programming Language C and Assembly
Knowledge of Electronics Recommended
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Intel 8051

From Wikipedia, the free encyclopedia
[Redirected from 8051)

The Intel 8051 is a Harvard architecture, single chip microcontroller (pC) which was developed by Intel in
1930 for use in embedded systems. It was popular in the 1980= and early 1990=, but today it has largely
been superseded by a vast range of enhanced devices with 8051-compatible pracessar caores that are
manufactured by more than 20 independent manufacturers including Atrmel, Infineon Technologies, Maxim
Integrated Products (via its Dallas Semiconductor subsidiary), MAF (farmerly Philips Semiconductar),
Winband, 3T Microelectronics, Silicon Laboratories (farmerly Cygnal), Texas Instruments and Cypress
Semiconductor. Intel's official designation for the 8051 family of pCs is MCS 51

Intel's original 8051 family was developed using MMOS technology, but later versions, identified by a letter
"C" in their name, e.g. 80C51, used CMO= technology and were less power-hungry than their NMOS
predecessors - this made them eminently more suitable for battery-powered devices.
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8051 Microcontroller Family...

8048 Used by IBM in Keyboards, still present in some keyboards

8031 Same as 8051 but without ROM

8052 Advance then 8052



ATMEL 8051 Microcontroller Family
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Package




ATMEL 8051 Microcontroller Family

89552 AT89S52

(o) (o] o

89x2051 ﬂAT8982051} ﬂAT89C20511

S= ISP
C = CMOS




And after 8051...

ARM 7 as per me.

Because of following reasons

1. ARMY is considered as link between 8 bit and 32 bit processors
2. Free Toolchain are also available

3. Books are also available.

4. Cheap ARM Development boards are also available






