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Definition
e Definition for: embedded system

e A combination of hardware and software which together form a
component of a larger machine.

e An example of an embedded system is a microprocessor that
controls an automobile engine.

e An embedded system is designed to run on its own without human
intervention, and may be required to respond to events in real time.




Embedded?

e Computing system embedded within electronic
devices.

e Combination of computer hardware and software
designed to performance a specific function.

e Any computing system that is not a desktop
computer nor a server.

e Usually a simple uP plus
peripheral support devices Program Data
integrated in a single package

Microcontroller

Memory Storage

Vo | ——
Microprocessor
Core

Vo | —

Real-time
e Clock

I To outside world

Minimally Requirement for an Embedded System
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Te other devices

To host Computer
To User I'F

Source: Amold 5. Berger

Elements

T - Key Point: Although vastly different in complexity and design, common
$ Peripheral Bus architectural traits allow us to design and debug a wide variety of systems
@
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% <«——| DEBUG Port | :
8 Non-volatile memory Custom Devices
+ EPROM, FLASH, DISK + ASIC
o
2 « Hybrid 9| .rrca
Microprocessor LEAL
* 4,8, 16, 32, 4 bit bus
* CISC, RisC, bsp : Standard Devices
: 'E';‘;g”;f“ ff;j'l’“e’a's Volatile Memory « 110 Ports
- Debug/Test Port .
- C:chgs o DRAM, SRAM + Peripheral Controllers
* Hybrid
* Pipeline
* Multip ing Syst
Communication Devices
| * Ethernet
+ RS-232
«SCsI
+ Centronics
) System Clocks » Proprietary
* RTC circuitry
Software + System clocks
* Application Code » Integrated in uC -
- Driver Code / BIOS « Imported/Exported ?!!!.Q’.OPIS?E?_%?S.’..'.EUS.,l R
* Real Time Operating Sy * Custom Source: Amold 5. Berger
« User Interface .PCl
+ Communications Protocol Stacks « VME
+ C, C++, Assembly Language, ADA « PC-102
+ Legacy Code




SoC

e A uP plus peripheral
support devices integrated
in a single chip

e E.g.Intel StrongARM

2.68MHz

pLL | USB Host |, USBEnd
Shared | Controller Point Device
Memory Controller
tontrol - | | 2= ps/2 Mouse
Ports » Trackball
Interrupt
SA-1110 bl e
Bindtac e | 2xpwm - Contrast
DOutputs = Brightness
vz I
e SoCvs uController? sa-110
an:u' 1 i | AC-Link » Audio
PCMCIA Address or PS Interface
& CF & Data
PCMCIA Logic Buffers SPI, $SP or » Modem
Control | Microwire Interface

Slot Control  AD DO AL D1

SoC Design

e |ntellectual Property (IP)

— Circuits or cores pre-deisgned/pre-verified for certain
functions
— Implications:
* Lower design cost
e Fast time-to-market

Designing An Embedded System

e Understand the big picture
e Understand the details
e Design SW with

— Real time constraints

— Low power
— Small code size

e Domain-specific knowledge
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Any Time
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Any Medium
RTOS
Any Content




%R ¥55E (ambient intelligence )

19

N . % . . . N
#£ %% ¥ & (ubiquitous computing) § ~ 0 (embedded )
] . . vl oar p oy e 9 !
i , L - Bl BBEL G IRk EE o
? 3 22 27 hop o~ A .
— R BB FF S SR AR R R R R B8 g i (context aware )
B A — T i kR
RO P y . 5 B A v i
— AR BREE Mg AR MDA R prmen (personalized) .
uE w o3 At I3k X g H N F ) 2 22 - FUERFEHTREL LR 82 T U PEREAGE
- AR TR g F R Fﬂff" BNE_E g BRE DL ¥ 2 i ¢h (adaptive)
fafiEd o AR B RE S RPR N UE - TR G R DGR R A e
TR LR ¥ 3f e (anticipatory)
s P - VPNUIEAEhE e A 2R - B R o
— PR R B R AR B R e & S
17 18
2r2L =3 0+ 2
eGP 3
* 37 2% (design methodology) 7 T = B & & 32 d
- FERRAPTRAhE - RS ﬁ;'_t IFITJ’ F g REP Y 1
it it I N A £ S S L
- Jﬁ%fﬂ{?”i Y UEE 'Iad.gﬁgé_j:g‘é\;{%{:Lr A APE
], \, 4, b 12 % sk L ::K%i?}ti;}fﬁﬁﬁigg:télé T HEES S R AR
= (3 3 - 3 R ‘::‘ IZ’\::,#A—W:?/ _ ) , .
‘17\ A FY ot SLETR """“F’Lt F - Fﬁ%fﬁﬂr;%vﬁk— Errm o VOORBEE S R L F R R R - 5
R I T Ty ey SN P A S Py
plerlimmiat s 20 4 G BB F e RARA I G LL
3 ETERR -
20




EIHiE AR OP

B 2= %{time-to-marketﬁﬂﬁé o

K3E ARSI R H B

° ‘:J:-‘_L,;\, A /ﬁ i I@L}gr ﬂ,,é %,}x .,,,,I’E\: = ‘,\\‘
= Wl A Y e A Mk Taast i | ETFTLERE
» BT A B f;\ﬁsﬁ“,t,\j‘\gT‘r i S 1 o
c EFMES FFEELELTPEL @ .
- T ER RPN EFRE FRNF - K ! ,
B*E?%%ﬁ&é;n o - &
RS e
21 22
What is loT

Network of Physical Objects

embedded systems with electronics, software,
sensors

enable objects to exchange data with
manufacturer, operator, other devices through
network infrastructure

e allow remote control
e direct integration computer + physical world

e Result: automation in all fields
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Sensor devices are becoming widely available

- Programmable devices
- Off-the-shelf gadgets/tools

Linker Intel Group

| Bt
2
-

More “Things” are being connected

Home /daily-life devices
Business and

Public infrastructure
Health-care




People Connecting to Things

ECG sensor
@ -
i Internet L@
Motion sensor '
/ . -I—‘“ F13

v VA
Motion sensor —_—

Motion sensor

Things Connecting to Things

Internet -

ngPnFIP f - -
MR Roumun mobile “HE

MNN lNu:u(.l Mobile
vt information Do 1

1
/ 1
I
1 * /
1

: @)

- Complex and heterogeneous
resources and networks
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Wireless Sensor Networks (WSN) How are the networks changing?
’1_ : . End-user e Extensions
(@) ) ~ 4 4 / — More nodes, more connections, IPv6, 6LowPan,...
ore network
— - * > ©-0. Intersy J — Any TIME, Any PLACE + Any THING
& & VV—J . - M2M, loT
\ / \ ¢ Billions of interconnected devices,
h“‘“ﬂ'— e Everybody connected.
é / / J — -4—>- Computer services « Expansions
‘\’i — Broadband
) e Enhancements
7 . [ — Smart networks
- — Data-centric and content-oriented networking
— Context-aware (autonomous) systems
- The networks typically run Low Power Devices
- Consist of one or more sensors, could be different type of sensors (or actuators)
36
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Future Networks “Thing” connected to the internet

Any TIME connection

= On the move
+ Qutdoors and indoors
* Night + On the move
*Daytime + Outdoors
+ Indoors (away from the PC)

- At the PC
e  Any PLACE connection

* Between PCs
* Human to Human (H2H), not usinga PC

= Human to Thing (H2T), using generic equipment
* Thing to Thing (T2T)

Any THING connection

Image Courtesy: : CISCO
Source: ITU adapted from Nomura Research Institute 37 38
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Opportunities Internet of Things Module
Intelligent Systems for a More Connected World
S ** WHAT ARE INTELLIGENT SYSTEMS?
Inteligent Systems are devices that transform haw
Wik Iravel shon, make things and more.
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Communication is complicated!
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