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Forelasning 1 — Inbyggda system

e Kursinformation

* Examination

* Labuppgifter — egen laptop
* Vad ar ett inbyggt system?
* Ett exempel

* Vilka kunskaper behovs for att utveckla ett
inbyggt system?

e Skriva rapport
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Kursinformation

* Examinator, kursansvarig Bengt Molin
* Kursregistrering

* Betygsattning
— Lab P/F(4,5 hp) Konstruktionsuppgifter
— Tenta A-F (3 hp) Skriftlig tentamen

e Kursmal, se kurswebbsida, kurs-PM

e Studentrepresentanter kursnamnd: ? ?

* Problemischema


https://www.kth.se/social/course/IS1300/

Examination

LAB1 (4,5 hp) Betyg P/F TEN1 (3 hp)

Betyg A-F

Kursbetyget kommer att sattas enligt foljande poangsystem

Skriftlig tentamen

Inledande uppgift pingpong

Storre uppgift
Arkitekturbeskrivning
Genomforande, komplexitet
Rapport, dokumentation

Realtidsuppgift

Slutbetyg
A 10
B 9
C 7-8
D 6
E 5

2014-01-21

Poang 0, 1 eller 2

Villkor for att fa fortsatta kursen
Poang

0,1

Vi

0,1,2
0,1,2
0,1,2

Obligatorisk narvaro vid
Seminarier
Laborationer
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Kursen

Forelasningar

— Tenta

Inledande uppgift pingpong

Storre uppgift Inbyggda system

Realtidsoperativsystem

—
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Bra exempel;

e Vann Embedded Award

2013

— Kategori mikro/nano

* Uppmarksammad i press

— Lokalt

VLT
Provins

— Fackpress

* Uppfinnaren och

Konstruktoren
Process Nordic

e-athletics

FRAN SLAGGMEDALJOR TILL ENTREPRENGR

KJELL BYSTEDT TAR ETT

VARV TILL

Den tidigare svenska méstaren i sligga, vasterasaren Kjell
Bystedt, dyker aterigen upp i béde rubriker och kastring. Inte
nog med att han ar tranare at nuvarande svenska slaggmastaren
- Mattias Jons - han arbetar dessutom for att fora in elektro-
nik och inbyggda system i sporten genom sitt e-athletics.

Text: Bjém Stenvall - Foto: Firma Kjell Bylund, Svensk Friidrott

H INNOVATION |

Swedish Embedded Award
delas sedan 2006 ut av
Branschorganisationen Svensk "
Elektronik. Priset som dr
branschens stora innovations-
pris delas ut i syfte att visa
pa de fantastiska mojligheter
som Gppnar sig med embed-
ded techniology. Priset delas
uti de tre olika kategorierna:
Enterprise, for svenska fore-
tag, Student, for studenter
pa Sveriges hgskolor, ach
Micro/Nano, or studenter
och foretag

Arets vinnare i Klassen "En-
terprise Category" blev Dasa
Control Systems AB med
bidraget forester, som S ett
<4 kallat apterings- och styr-
system till skogsmaskiner och

e Mdtbar mikroelektronik oo

b av olika dtgirder, frin anpass-
Jéttanvant, grafiskt granssnitt i oy

dar {Graren av SKOSMASKinen ey kul idé bl’ir ”ﬁsm stﬂru sial, kosthallning, utstyrsel och

:‘?" 5‘”3‘3"“&""‘"‘%'“";"”3 2 S5 Y annat. Men det som ar relativt

3 optimalt ibyta i stgver k d tt nytt ar att elektroniken bor
ara : far

sensnaise- SIS TIVOM IPRRATOLICN .. R i T

met kan annaseas innm vida

MOT NYA REKORD. Svensha mistaren i sliggkastning Mattias
Jons med den nya mitenheten i sliggan. Sensorn syns som
en genomskinlig punkt pa kulan som Jons haller i handen.

BRANSCHORGANISATIONEN
SVENSK ELEKTRONIK

sultat har man under de senaste

1 Bystedt under stn dlansdagar som akity
ska mastaren t daggkastning Marttas Jons.



Kommersialiserine

* Fran studentproj
till foretag

re
«®
o
o8
.
e
(0]

o
.

Projektdgare med samarbetspartner: Kjell Bystedt, Athar
Nadeem Ahmed och Stefan Saderlund.

* Nya tillamningar

& Famiencs Simpt - VC meda player -~ —— — e o il e
Mesa uppepenng Lt Video Uncerert Vextys Vea Hoa

| samarbete med SE-
medlemmar
och i natverket runt SE

BRANSCHORGANISATIONEN
SVENSK ELEKTRONIK

Data can directly be analyzed in

order to improve the performance



* Embeddedpriset.nu



http://www.embeddedpriset.nu/

Definition of Embedded System

e Special-purpose computer system designed to perform
a limited / dedicated number of functions often in real-
time

* Any device that includes a programmable computer
but is not itself a general-purpose computer.

* Typically consists of
— Microprocessor (MPU) / Microcontroller (MCU)
— Memory
— 1/0 ports
— Sensors
— Communication
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Characteristics of Embedded Systems

* Designed for specific purpose
* Interacts with environment

* Real-time operation

e Controlled by embedded computer
* Low manufacturing cost

* Low power

* Designed to tight deadlines
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Design Challenges

Price, low cost
Light weight
Reliability

_ow power

Portable
Complexity

2014-01-21 IS1300 Inbyggda system KTH/ICT/EKT VT2014 /BM
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Challenges in embedded design

* How much hardware do we need?

* Choice of microcontroller?

* Choice of development platform?

* How do we meet our deadlines?

* Faster hardware or better software?

* How do we minimize power?

* Does it really work? How to test the system?
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2014-01-21

Design process

Requirements

Specification
Hardware and Software
Architectures

Hardware
Design

Software Design

System
integration

System test

151300 Inbyggda system KTH/ICT/EKT VT2014 /BM
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Presentation Uppgift Pingpong

B1
N L o N L B i i
Pin on ZJ‘JVZZZ?RQ‘ RS GMI] . I
gp g 12k I R8 Ledd  GND
‘ H
e

Ji 220 N
Led?  : GND
i N

Led6 - GND
aryc B

Det finns tva spelare, L och R (Left och Right). Den som servar trycker pa sin knapp. Da tands
lysdioder, en i taget, for att animera att en boll ror sig till motspelaren. En boll returneras om
knappen trycks ned samtidigt som yttersta dioden ar tand. Om man trycker for tidigt eller for sent ar
det en tappad boll och motspelaren far podang. En missad boll markeras genom att alla lysdioder
blinkar till lite kort, varefter poangstallningen visas. Poangstallningen efter en vunnen och tappad
podng visas ett kort 6gonblick genom att tdnda upp sa manga lysdioder pa respektive sida som
motsvarar antal poang. Spelarna turas om att serva. Vid start kan vem som helst serva, men det ar
den andra spelaren som servar nasta gang. Om till exempel vanster spelare servar forsta gangen ar
det hoger spelare som servar nasta gang oberoende av vem som tappat poang. Den som forst
kommer till fyra vunna poang vinner och spelet avstannar. Den tid varje lysdiod ar tand skall minska
allteftersom hur lange en boll varit i spel. Pa sa satt 6kar "bollhastigheten” och det blir allt svarare att

hinna returnera bollen.
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Hur l6ser vi detta problem

?

Du skall I[6sa denna uppgift fram till torsdag
nasta vecka!

Villkor for att fa fortsatta kursen!
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Hur ska vi testa programmet?

Traditionellt DLP = Debug Later Programming

 TDD = Test Driven Development

Add a small test

Run all the tests and see how the new one fail
Make the small changes to pass the test

Run all the tests and see the new one pass

Refactor to remove duplication and improve
expressiveness

L wh e

Refactor: Changing structure without changing its behavior. Cleaning!
Bok: Grenning, Test-Driven Development for Embedded C
Ref: http://en.wikipedia.org/wiki/Test-driven development

16


http://en.wikipedia.org/wiki/Test-driven_development
http://en.wikipedia.org/wiki/Test-driven_development
http://en.wikipedia.org/wiki/Test-driven_development
http://en.wikipedia.org/wiki/Test-driven_development

Vart malsystem STM32F3 Discovery

e Microcontroller STM32F303VCT6

 Dokumentation du behover ha tillgang till
(hamtas fran st.com)

— Manual Discoverykortet UM1570
— Datablad STM32F303x

— Referensmanualen RM0316

— Manual Peripheral Library UM1581
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Download/UM1570_DiscoveryF3_kit.pdf
Download/Datablad_STM32F303x.pdf
Download/RM0316.pdf
Download/UM1581_Standard_Peripheral_Library.pdf

Exempel pa initiering av GPIO

* GPIO = General Purpose Input Output, vanliga
digitala in- och utgangar

* |nitiering av klocka; Clock Tree
* Initiering av port

* Control register

* Status register

* Data register

2014-01-21 IS1300 Inbyggda system KTH/ICT/EKT VT2014 /BM 18



Digitala In- och utgangar

r- - - - - — — — — — 1
To on-chip ‘Analog | |
peripheral ernate function input | |
o | on/off |
Q
Read z | |
o A\
« @ | R\ | VDD DD
m
E % | riaaer . ff| }VS Protection
L = ag on/o diode
=) c | |
S £ .
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Read/write
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From on-chip | o en-ﬁ.»aih o |
peripheral Alternate function output dP
- — — — — ¢ isabled Analog
ai15938
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Kompilering och lankning

e FOr att fa ett korbart program maste
programmet

— Kompileras

— Lankas

— Laggas in i minnet pa ratt stalle
— Initieras



Compiler and assembler

CIC++ Assembler
From source code e 50
to object code ¥

C/C++
compiler

Relocatable
object
files
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Linker

. . . Relocatable
Linking object abec '

I I xterna ustomer Standard
files and library e

files to an . |
executable HEX
file for download !
Linker %
\_ con%ilg:reation
a file
rf':lep </ l
Absolute ﬁT&fZﬁ;’
output
Y

Hex file
for
download




Linker output

Absolute
output

l i
| External | C-SPY
_\_ debugger L debugger
) PR

Yl &8

B —— RO
¥y S

loa

Objec
format
converter

'

Hex file

for
download

Flash/PROM
| programmer

(PN

SO \5—
e

u

JV

Format conversion is
only needed with
ILINK, not with
XLINK



Initialization phase after reset

Initialization is executed when an application is started (the CPU is reset) but
before the main function is entered

e Hardware initialization, for example initializing the stack pointer
The hardware initialization is typically performed by the system startup code
Cstartup.

e Software C/C++ system initialization
Typically, this includes making sure that every global (statically linked) C/C++
object receives its proper initialization value before the main function is called.

e Application initialization
For a bare-bone application, it can include setting up various interrupts,
initializing communication, initializing devices, etc.

For a ROM/flash-based system, constants and functions are already placed in
ROM. All symbols placed in RAM must be initialized before the main function is
called. The linker has already divided the available RAM into different areas for
variables, stack, heap, etc. 24



1 [Initialize stack pointer

When an application is
started, the system startup
code first performs
Hardware initialization,
such as initialization of the
stack pointer to point at
either the start or the
end—depending on your
microcontroller—

of the predefined stack
area.

ROM
region

RAM

region

_

vector
* Jump to cstartup

cstartup

= Set up stack pointer
Initialize variables to zero
Initialize variables

Call main{ )

main{ ) and other code

Initializers

Stack

e Stack pointer

Zero-initialized variables

Initialized variables

25



2 Zero-initialized variables

Then, memories that should be
zero-initialized are cleared, in
other words, filled with zeros.
Typically, this is data referred to as
zero-initialized data; variables
declared as,

for example, inti=0;

ROM
region

RAM

region

vector
= |ump to cstartup

cstartup

= Set up stack pointer
= [nitialize variables o zero -
= |nitialize variables
= Call maini )

main( ) and other code

Initializers

Stack

Zero-initialized variables

Initialized variables

I\.\-\I\"\-

26



3 Initialize data

For initialized data, data declared
with a non-zero value, like
int i = 6;, the initializers are
copied from ROM to RAM.

ROM
region

RAM
region

vector
e Jump to cstartup

cstartup
* Ser up stack pointer

e |nitialize variables to zero

e |nitialize variables
e Call main()

—~

main( ) and other code

Initializers

Stack

Zero-initialized variables

Copy

Initialized variables

27



4  Finally, main is called

Finally, the main function is called.

vector
* Jump to cstartup

cstartup
# Set up stack pointer

ROM . In!tfalllze var!ahles to zero
| + |nitialize variables

reglon * Call main( )

I; main{ } and other code

Initializers
Stack

RAM
region Zero-initalized variables

Initialized variables

28



