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1. QUELLE DEMARCHE?

ﬂ 71.5% of traditionnal embedded system designs were not
| within 30% of pre-design performance expectations. [1]

© Europe (N=240) B North America (N=160)

Changes in specifications
Complexity of the application

Inadequate specifications

Too few developers
r Too few testing personnel

Poor testing tools

Poor developpement tools

Inefficient
production/manufacturing

Others 12




1. QUELLE DEMARCHE?
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1. QUELLE DEMARCHE?

SOLUTION MATERIELLE SOLUTION LOGICIELLE
CARTE A BASE D'EPLD/FPGA CARTE A MICROPROSSEURMICROCONTROLLEUR

SYNTHESE MATERIELLE SYNTHESE LOGICIELLE

~= COMPONANT Gestion role

“« Version 0.95a

“= UARNING: Default paranster use = Synchronous version -
== State translation :

-= 81 by vector *000°

¢ String fucturState = "

- 82 by vector “001° 8
- .3 “010*

. s: :z Z:::Z: 'gn- public void exec(){
= %% by vector *100* 10 ://FIRST STATE INTRY
10 11 tox(::)(

11 library fees =
12 use ieee.std_logic_1l64.all; switch(presentState) (

CD AN SN

13 use vork.scd_arith.all; case(S1):
:: AL(AVR == 1)

== Componant description \ .
16 wntity CesxtionPole ix port|( futurState = "S52";
17 reset : in sur_legie) <
19 WVE @ in svd_logic_vector(? dowmto 0); 17 AL(AVR == 2)
a9 role : in out scd_logic vector(l dowmto 0); e .
20 “= Call to function 'elsction® s futurState o "S3";
21 wlectionln : in std_logic_bit; 13
22 electionOut : in std_logic_bit: : J/ACTION

d CesuionRol 3
:: on suionl e if ¢ State '= fu )
25 -~ Componant architeccurs 22 $//EXIT
26 architecture arch_Gestionfole is 7 e¢lse if [presentState ‘= pastState)
27 signal past@tate:std_logic_vector(2 dewnto 0); + £ /ENTRY
28 signal state:std_legic_vecter{2 downte 0); OB 5
29 signal futureSvate:scd logic_vector(2 dewmuvo 0); else
:‘l’ begin i 26 role = awncunz//STATE
exec:process(clk) i

a2 begin break:
33 if(clk'avent and clke'l'} then 28 case(S2) ¢
34 iftresevs'1') then 4 Af(NVRewl)
:: T futurState = "D”;
” is
38 - ate 51
as when “000* «>
40 if {(NWR«*00000001* when

a fursvfrars = *001":




2. QUELS SONT MES BESOINS?

Pour quel type d’application l'objet que je
dois construire va me servir?

1. Calcul généraliste

2. Controle de systemes

3. Traitement du signal

4. Réseaux et communications




2. QUELS SONT MES BESOINS?

Quels sont mes besoins / mes contraintes?
* Puissance de calcul

* Capacité de communication

* Capacité de stockage

* Consommation d’énergie

~~* Temps de réponse

:  Tolérances aux pannes

* Duree de vie

~» * Testabilité/débogage

~~ * Nombre d’unités produites




3. QUELS CHOIX POUR LA PARTIE
MATERIELLE?

1. PDA / Mini-PC / PC Industriels
2. Une carte de développement existante



3. QUELS CHOIX POUR LA PARTIE
MATERIELLE?

---------- Modéle: Samsung Galaxy S4GT-19505
OS: Android 4.2.2 Jelly Bean

CPU,GPU: 4 cceurs Qualcomm Snapdragon 600
(ARMv7) a 1,9 GHz, Qualcomm Adreno 320

usBHost — Mémoire vive: 2 Go de RAM LPDDR3

DC Input

Stockage: 32 Go de mémoire flash intégrée

Connectique: HDMI, prise casque jack 3,5 mm, port
micro USB 2.0 compatible MHL 2.0, WiFi 802.11
ez alblg/n/ac (HT80), NFC, Bluetooth 4.0 (LE), LED IR3

Capteurs: de proximité, de lumiére, IR, thermométre,
hygrometre, barometre, accélérométre et gyroscope
a 3 axes, magnétometre




3. QUELS CHOIX POUR LA PARTIE

MATERIELLE?

} 88

DDDDDDDDDDDDDDDD

|

(mm)|

[
mini HDMI

134

USB Host
DC Input

 PDA / Mini-PC / PC Industriels

Modéle: Android Mini PC MK802

OS: Android 4.2.2 Jelly Bean ou Ubuntu ou
PicUntu

CPU,GPU: Cortex-A9 a 1.6 GHz, 400 MHz Mali
GPU

Mémoire vive: 2 Go de RAM LPDDR3

Stockage: 8 Go de mémoire flash intégrée

Connectique: HDMI, micro-USB 2.0, USB 2.0,
microSD slot, alim. via micro-USB OTG, Wi-Fi
802.11 b/g/n, Bluetooth,

Capteurs:



3. QUELS CHOIX POUR LA PARTIE

MATERIELLE?

134

| 88 (mm){
] i USB Host
mini HDMI
DC Input
DDDDDDD qomni PC

 PDA / Mini-PC / PC Industriels

Modele: PC industriel fanless NISE2200
0OS: Linux, Windows ...

CPU,GPU: Intel® Atom™ Dual Core D2550 1.86GHz
Mémoire vive: 8Go DDR3 SODIMM

Stockage: Disque dur 2.5" SATA

Connectique: 6 ports USB2.0; 1 emplacement
CFast; 1 emplacement carte SIM, 2 ports RS-
232/422/485 isolés, 2 ports Ethernet Intel® 82574IT
Gb, 1 port DB15 E/S , WiFi 802.11 a/b/g/n/ac or
3.5G (auto detected modules), Support 9-36V DV
input, Audio Jack

Capteurs:



3. QUELS CHOIX POUR LA PARTIE
MATERIELLE?

* Une carte de développement existante




3. QUELS CHOIX POUR LA PARTIE
MATERIELLE?

* From scratch

* Architecture centree microcontroleur

b e b ok n% SPLLPL UGN L GE | 0G0 %

A/EPLD/ASIC?

i s s 5 7= = 5 5 s e




3. QUELS CHOIX POUR LA PARTIE
MATERIELLE?

* Architecture d’objet communicant basée sur un
microprocesseur ou un microcontroleur

I D
CNA ]—P&[ Actionneurs ]

Ports E/S




3. QUELS CHOIX POUR LA PARTIE
MATERIELLE?

I processeur

Mémoire
Périphériques

Bus de communication

:U B Entrées/Sorties

D’apres Julien DeAntoni



3. QUELS CHOIX POUR LA PARTIE
MATERIELLE?

e Utiliser les « Product Selector Guide »

Corparate Focus Product

Selector Guide

Fourth Quarter 2010
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3. QUELS CHOIX POUR LA PARTIE
MATERIELLE?

) Microcontroller - Mozilla Firefox

Farameter Search

ony
Family Al - ]78-bit
Frefiz Al = :; 16-bit
32-bit
From Thru
P.Memory(Kby‘tesI Al ;I I_A"_ ;I
P.Memory(K'lI’ll’ouul —all- ;I I-A"- ;I

Rabi@ytes) [ = [
2|3
JE3 | T

= [

EEPROM(Bytes) [ a

IO Pins I _All-

W ax CPU Speed I_A||_

K 8 K 8 8 3 KN

Int. OSC [ N

Comparator I_A"_ ;I I-AII- ;I
AID Ch. [ N =l
2D Bits [ N |
DA Ch [-au- JE2 N T JE3
UART Ch. [ N |
3Pl [ = e -]
e | - e P =]
CAMN Ch. [ e

USB Ch. [ -0 3

Input Capture |4AJI- = |W|.
=l [
=1/ [
=l [

PN Ch. [

htrCirl P Ch. |AII-

1[50 [5(Ef ([

SMPS Pt Ch. [Cay

% Match ALL (ANDS © Matoh ANY

----- Program hlemony----

---Syz. Mgmt. Features---

----Anadlog Peripherals----

--Digital Comm. Featuras--

----- Conne ctivity-----

--Capture/Compare Pihd---

ol

ol

ol

=

ol

al

ol

PIC32MXFISFI12L
PIC32ME7SF312L
PIC32MXETSFS12L
PIC32MF7SF3120
DSPICEEERS12GM310

T

microchip sele:

3 - ricoctipzee 2 [

Rezet Search |

Sort Results by

I Memory Size = I

DSPICIZEPS 12GM7 10T

To add MCHF part to side-by-side| A44 4=PIC3IZEFS12MUS 14

dsPICIZEPS1ZMUS14

Go ta side-by-side

In Froduction

Dev Tools " Technical Docs " Budgetary F'ricind

M crocontrollerl
eless

P.Memory (Kbytes)
P.Memony (Ko rdz)
Selfuirite Flash
RAN (Bytes)
EEPROM (Bytes)
LhdA Ram
AuxiliandBoot Flash
10 Pinz

Max CFU Speed
Internal OSC

Code Guard™ Security

System Mgmt Featuras

Analog Peripherals

Digital Comm.
Feripharals

Connectivity

Capture/Compare Pin'hd
Feripherals
Digital Timers

Application Peripherals

DebugfDewvelopment
Features

Package (Fins)
Dperating Voltage
Temperature Ranges
Min PGB Area (mm2)

Shave Other Features I

512 Flash

170

Yes|

52K

1]

4096

24

122

140 MHz (70 MIF S

T .37 MHz, 32.768 kHz

Basig

BOFR, Hone, POR, WDT, WUR ,
15-DhA, nanoifatt-[Low Sleep, Fast)
‘Wake, Pur Modes]

3-Comparators, Bandgap - No, OpAmp;
20D, 32:012-bit @ S00ksps; 1004,
D:d-bit @ ksps

<4 UART, 45PI, 2-12C, ACO7, 125, PPS

1-Full Speed (Device, Host, OTGrUSE
20 0T, 2-CAN, None, LIN, [iDA
16-0utput Comp. & Std. PUiihd,
16-bitPuhd, 16-Input Capture
Q:16-bit, 432-bit

A4-MirCirl. PUh, 14-F S_Piind, 2-QEI,
PP, EBI-Ho

JTAG-Boundany Scan, ICSFR, ICDdebug
- ez

L2FF, TQFFP (14

T W

(-40 to +125)

Mot sure of complete
part number?

Global Part Search
Have internet access?

Selection Tools Hol

Hawve a suggestion™

Send Email

Select a part in the search
results, press one of the
buttons below to view

d=FICIZEFS1ZMUS14
MICROCHIP

microchi b
ECT

e o




3. QUELS CHOIX POUR LA PARTIE
MATERIELLE?

Nombre de
transistors
100 000 000 000

10 000 000 000

-

1 000 000 000 Iwﬂ{ 2(9 Moy .

-
Ttanium 2 (1,5 Mo)e /
100 000 000 ot _ "% Dentinm 4 HT'
_-"Pentium 111 2% Pentium 4
e - * )
10 000 000 . = ltanum

* Pentium 11

* Pentmm Pro
4 Pentium
. 1 000 000 —
v Intel386
100 000 80280,
w8088
10 000 /
4004
1 DDD T T T I I I I
1970 1975 1980 1985 1990 1995 2000 2005 2010

Année

— — Lot de Moore ------- Double tous les 18 mois Processeurs Intel
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3. QUELS CHOIX POUR LA PARTIE
MATERIELLE?

10000000

1000000

100000 -

10000

1000

Generalized Moore's Law 3
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3. QUELS CHOIX POUR LA PARTIE
MATERIELLE?

20
$B

Microcontrollers

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008




3. VAIS-JE UTILISER UN OS?




3. VAIS-JE UTILISER UN OS?

Slicing the operaling systems pie

MNone
28.7% _«===== Commercial OS5
36.3%
distributed
8.4%
," Nenes &n source
Internally dtv:ilgpﬁ: e ?f 5o
Figure 1

[Turley]



3. VAIS-JE UTILISER UN OS?

Quel type d’0S?

- GPOS (Normal General Purpose Operating System)
i => Interruptible

s~ - RTOS (Real Time Operating System)

| => Prédictabilité

Temps partagé

" But Maximiser la capacité de  Etre prévisible (garantir
traitement (débit) & les temps de réponse)
utilisation des ressources

Temps de réponse Bon en moyenne Bon dans le pire des cas /
moyenne non importante

Comportementa la Confortable a l'utilisateur ~ Stabilité et respect des

charge contraintes de temps

D’aprés J.Boukhobza , Systémes d'exploitation embarqués
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3. VAIS-JE UTILISER UN OS?

Operaling systems evalualion criferia

Real-time perfermance
Processor support
Software tool = |

Mo royalties

Price

.Mﬂ'l'l'lﬂl"lf f rint
Sm:iry
Middleware I
Compatability
Services & features
Open-source
Familiarity s
Hardware suppert

Customization

Supplier's reputation I

Support I e Technical features
Popularity 1 m Ecosystem features
Other
0% 10% 205 0% A0% 50%

&0%

[Turley]



3. VAIS-JE UTILISER UN OS?

RTOS popularify now
VxWorks [
XP Embedded I
Windows CE I
DsP/Blos I
Red Hat Linux |
aNX I
RTX I
pC/0s
Nucleus I
Integrity IR
MV Linux I
«COS5 IS
LynxOS I
ThreadX N
pSOS N
ThreadX N
OSEKturke B
BlueCat
Linuvx/RT
RT Linux 00
OSE I
EPOC
059 '\
RTXC
RT MELinux |
AMX
L
0% 5%

200 25% 0%

10% 15%
[Turley]

Figure &




3. VAIS-JE UTILISER UN OS?

Pour créer&initaliser&activer une tache avec VxWorks

int taskSpawn (

{Task Name},

{Task Priority 0-255, related to scheduling},

{Task Options - VX FP TASK, execute with floating point

- coprocessor

VX PRIVATE ENV, execute task with private environment

VX UNBREAKABLE, disable breakpoints for task

VX NO STACK FILL, do not fill task stack with OxEE}

{Stack Size}

{Task address of entry point of program 1n memory—-initial PC
value}

{Up to 10 arguments for task program entry routine})

=> Apres appel du taskSpawn, une image de la tache est créée (Process
Control Block, pile, programme)



3. VAIS-JE UTILISER UN OS?

// Tache du parent qui active le 1l’horloge logicielle
void parentTask (void)

{

if sampleSoftware Clock NOT running {

newSWC1lkId = taskSpawn (“sampleSoftwareClock”, 255,

VX NO STACK FILL, 3000, (FUNCPTR) minuteClock, 0, 0, O,
o, o, 0, 0);

}

// Tache executée par le programme fils
void minuteClock (void) {

integer seconds;

while (softwareClock 1s RUNNING) {
seconds = 0;

while (seconds < 60)

seconds = seconds+1;



3. VAIS-JE UTILISER UN OS?

% = Bundle 1

CiIC++

J
N
|

\_

System Services

0SGi Framework

e.g. J2ME, J2SE, J2EE

Java Runtime Environment

Drivers

e.g. Windows, Linux VxWorks, QNX

Operating System

Hardware

Bundle = applications et/ou
composants déployés

Platform

Server

e Un framework au-dessus de I'OS?

Services fournis:

. journalisation,

. gestion des configurations,

. le service HTTP (exec. servlets),

. I'analyse syntaxique XML, I'acces aux dispositifs (Device
Access),

. I'administration de paquetage (Package Admin),

. I'administration des permissions (Permission Admin),

. le niveau de démarrage (Start Level),

. la gestion des utilisateurs (User Admin),

. le connecteur d'ES (IO Connector; IO = Input Output =
Entrées Sorties),

. la gestion des connexions (Wire Admin),

. Jini, 'exportateur UPnP (UPnP Exporter),
. le pistage applicatif (Application Tracking),

. les paquets signés (Signed Bundles),

. les services déclaratifs (Declarative Services),

. la gestion de I'énergie (Power Management),

. la gestion des dispositifs (Device Management),

. les politiques de sécurité (Security Policies),

. diagnostic/controle et organisation en couches du cadricie

(Diagnostic/Monitoring and Framework Layering).



4. COMMENT VONT COMMUNIQUER LES
OBJETS ENTRE EUX?

Les réseaux sans fil sont des briques de base du Web
Intelligence et de |'Internet of Things

= |l faut savoir identifier les criteres pertinents qui vont conditionner le choix de ces briques
= Il faut comprendre la caractérisation de ces briques

—— Il est indispensable de comprendre les couches basses d’un
" S systeme communicant pour assurer une réelle maitrise
| d’ouvrage.

® Les couches basses impactent profondément la qualité de
r service d’un systeme communicant! En effet, il existe un fort
couplage entre les technologies utilisées pour les couches
basses et :

- La consommation d’énergie,

- Le déterminisme (ou non) temporel,

- Le débit (couplé avec I'environnement du systéme)
- La précision d’une radiolocalisation

- Le taux de perte

- Le déséquencement

- La latence

- La gigue




4. COMMENT VONT COMMUNIQUER LES
OBJETS ENTRE EUX?

---SYNTHESE---
Zigbee | Bluetooth Wi-Fi
% — |Besoinsen
ﬁ/ / memoire 4-32 Kb 250 Kb 1 Mb
e Autonomie avec
o pile Annees Jours Heures
; Nombre de
y:: noeuds 65 000+ { 32
Vitesse de 11-54-108-...
transfert 250 Kb/s 1 Mb/s Mb/s
Portée 10-100m | 10-100 m 300 m




5. COMMENT MON OBJET ACCEDE A
INTERNET?

* Deux grands types d’objets physiques
— Objets communicants et/ou intelligents

* A base de micro-controleur(s) /FPGA équipés d’interface(s) de
communication

* Modéle de COMPORTEMENT EMBARQUE sur l'objet

— Objets « chipless » tagués

* Objets sur lesquels on a apposé une étiquette RFID (ou autre)




5. COMMENT MON OBJET ACCEDE A
INTERNET?

Architecture REST
Apphicaticas “’m”’
TCRPADP uorP
InNG
S GlowPNI
L2
PHY 202 15 4 PHY

/; \
~%4p A p ‘/

ProxyICache

< e Edge Router ‘_/ \_/

SLowPAN
12 802 154 MAC
PHY 202 15 4 PHY




5. COMMENT MON OBJET ACCEDE A
INTERNET?

> tag system

E. Perret



5. COMMENT MON OBJET ACCEDE A
INTERNET?
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O. Rance
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fréquence
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5. COMMENT MON OBJET ACCEDE A
INTERNET?
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5. COMMENT MON OBJET ACCEDE A
INTERNET?
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5. COMMENT MON OBJET ACCEDE A
INTERNET?
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5. COMMENT MON OBJET ACCEDE A
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5. COMMENT MON OBJET ACCEDE A
INTERNET?
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5. COMMENT MON OBJET ACCEDE A
INTERNET?

Architecture REST
Apphicaticas “’m”’
TCRPADP uorP
InNG
S GlowPNI
L2
PHY 202 15 4 PHY

/; \
~%4p A p ‘/

ProxyICache

< e Edge Router ‘_/ \_/

SLowPAN
12 802 154 MAC
PHY 202 15 4 PHY




6. JE DEVELOPPE MON APPLICATION

e Choisir la chaine de développement

File Edit View Mavigate Source Refactor Run Debug Team Tools Window Help

ﬁ % L‘?) @J ;[default v]? '@'%ﬂ'%'a ' @ u @ @ @ @ E@ E[PC:UHZE ”dcnovzcoabsabIPU”
{Projects 4 % |: Files |: classes StertPage 5| LabLc o] Disassembly(delay) | LHEE

- Lab1 BR-8-ATFEBf e o

Header Files

'void delay (woid)

Linker Files i

Saurce Files 0x410: LNK #0x2

E Important Files :

Libraries

unsigned timedelay = count;
0x412: MOV OxB856, WO
0x414: MOV WO, [W14]
H while (timedelay)
0x416: BRA Ox49A4
0x49A: CPOD [W14]
10| 0x49C: BRA NZ, 0x418
1| ! {
12| ! timedelay--:
: Disassembly(delay) - N... | Lab1 - Dashboard <0 % 13| 0x418: DEC [W14], [W14]
22 % Labl - 14| ! if (SwitchPressed (&PORTD, 13))
B a@ Device 15| Ox41h: MOV $#0xD, W1
- i PLC24FI128GAD10 16| 0x41C: MOV #0x32D4, WO
@ 88 Chedksum: Debug Image 17| 0x41E: RCALL SwitchPressed
gt

=Y’ Compiler Toclchain B oxazo: cro wo
é! EMemory 19 0=x422: BRA Z, 0Ox458
=+ RAM 8192 (0x2000) bytes 200 ! {
. 1%, 21| ! LATLED ~= 0=01:
RAM Used: 88 (0x58) Free: 8024 (0 22 0Ox424: MOV LLTL, WO
RAM Reserved: 80 bytes 23 0x426: BTG WO, #0
sh 44030 (OxABFE) words 24| 0x428: MOV WO, LLTL
2% ) 25| 1
Flash Used: 806 (0x328) Free: 4322
Flash Reserved: None B
4} Resources
O Program BP Used: 1 Free: 3 |I_ahl_[&iil,l.nad,_} x Inehuggerl:nnsnle x | REALICE x |
O DataBP Used: 1 Free: 3

[ L WS M lneds A Cenne 3

4 - m Bunning

Target Halted

count++;
26 Nwd428: MOW OxBRA. WO
: Variables | Call Stack | Breakpoints : Qutput

Lab1 (Build, Load, ...} | debugger halted |11




6. JE DEVELOPPE MON APPLICATION

e Choisir la chaine de développement

mSys!

File Edit View Navigate Source Refactor Run Debugam Tools Window Help
FEES D E s TR R Q B oo | %
@ ®[:Files [: Navig.. |:Output [:ems.. |:usages ||| MkroeMMB32 Touch.c s {T]emTouchHALh || TestBuldl.c || MkroeMMB32h [ emTFs.h s ] emTrs.c

5@ ensystem BB -8 ASE) P % a0 8| &ae

(g5 emSystem T T

@ HAL 150 // Touch module code.

COnSOlEFOnTﬂXl:’:XQG.C 151 //i(i(i(i(i(i(i(i(i(i(i(i(i(i(i(i(*i(************************ki(ki(ki(ki(*i(*i(*i(**

1% ConsoleFont8x13x36.H 152

@ emBitmap.h e e e e e e e e e e e e e e e e R

- emCalBack.c 154 * Function: emTouchInit

1% emCalBack.h 155 * Brgs: none

-1 emChar.c 156 * Returns: none

@ emChar.h 157 * Desc: Put the touch interface into a know state. Call

2 Ej emColor.h 158 = once only at startup time. At later times instead
- emConsole.c 159, * use SetTouchMode (TOUCH MODE_OFF)

@ emConsole.h 160 R R R R R R KR R KR K KR K KR KK KRR KRR H KR KRR AR AR R AR

@] emDelay.c 161 void mCodelé emTouchInit (void)
'E] emDelay.h {
- emFont.h 163 touchStatus.mode = emTOUCH_MODE_OFF;
: E:j emMain.c 164 touching = FALSE;
E‘:I emPalette.h 165 touchStatus.touchMake touchMake FALSE;
2 % emRandom.c touchStatus.touchBreak touchBreak FALSE;
1% emRandom.h 167/
- IE] emSystem.h 168 // Setup event transmission.
% emTFS.c TOUCH REPORTING == POLLED MODE
-] emTFS.h 170 writeSeq = 0;

IE] emTypes.h 171 readSeq = 0;
- rE emTest 172 #elif TOUCH REPO!

FreeRTOS 173
- Header Files 174 #endif
- Library Files 175
3 Linker Files 176 // Setup the default limit values.
() Object Files 177 tp.xl = 200;
}' Source Files L cRaEe= 800 ;
i Important Files 179 tp.vl = 200;
180 tp.yvu 800;
181
182|

183 R R R R R R R R R R R R K K R R K KR R KKK R KKK KK KKK KKK KKK KKK HH KKK KKK KKK

184 * Function: emSetTouchMode

* Args: mode - a member of the TouchMode enum that T

| 176126 |INS




e Choisir la chaine de développement

File Edit View Mavigate Source Refactor Run Debug Team Tools Window Help

PEESDE eowe. - F B LT OB 00008&YT vz [ o scom o |

 Projects @ % |: Files i Classes StartPage 5| (1] MainDemo.c 3| ] TmeDelay.c s | {1 Monofont.c | (3 Pictures C30.c = | (1 CustomControlDemo.c | {2 ChineseFonts.c % | [ mchpGhOrv.c s m@@lg_canmck D=
- Graphics - Object Layer JJeR-g-eeSfBeeR] = | Name
Header Files 5] T 777 7717 7777 A = Delay10us , ounter — ol
Library Files 793 WORD GOLDrawCallback (void :
Linker Fies o - ! ) [ DelayMs() at P: /MTT /Lab2Microchip/Commen, TimeDelay
Object Files o static DHORD  prewTick = 0 | [ GOLFindObject() at P:/MTT/Lab2/Microchip/Graphics/Drivers/SSD1826,¢:3¢
Source Files 796 static BYTE direction = 1; [ <unable to access call frame due to optimization > at :1
Board Suppart Package 797 static BYTE arrowPos = 0; demo _E
Common 798 static WORD whelay = 40: =
=7 Display Driver 799 0BJ_HEADER *pObj = g
-] ssD1926.c A 800 SLIDER *psid; =|
% TCON_S5D1289.c 1 801 LISTBOX *pLb; =
- A TFT00L.C 02
il = | 1] mechpGhorv.c 803 [ $if !(defined(_ dsPIC33FJ128GP804_ ) || defined(_ PIC24HJ128GP504_ )| |defined (GFX_PICTAIL_LCC)} =
B804 =
80s static DWORD  prevTime = 0; —|
{E] ChineseFonts.c 806 WORD -
{E] customContralDemo.c 807 - 2
“ m 3
{E] MainDemo.c a0e =
1E] monofant.c a09 if  File Registers [
8] pictures c30.c || ewo £ play Address 00 02 04 06 08 OA
P e Perres e 811 if ((screenState & 0x0000F300) !'= 0x0000F300) 0000 0000 [0F20 0000 0000 |0000
1] SideButtons.c 812 1 5 0010 (0029 [0OFE [0000 (0000 (0000 (0000
] riece 813 if ((tick - prevTime) > 1000) 0020 el el e
(& tmportant Fies 814 { 0630 060 |0000
E Libraries 815 RTCCProcessEvents () : / i g =|| {020 0004 |-—-
Loadables «|| 6 i=o0; 0050 ol
I 1ers 0060 —
: GOLMsgCallback(WORD ob... |’ phics_-_Object_Layer... <0 2 817 while (1 < 12) =|| [oo7a i — —=
2 (7 Graphics - Object Layer L 1 _|| [po20 [oooo (o000 |oooo (oooo
() G Device 819 dateTimeStr[i] = _time strli]: —|| [oa88 — |—— [——- |oooo [ooco
i - (e8] ! ‘p[czqFJj_zEGAum 820 dateTimeStr[i + 13] = date str[i]; = 4444 [4240
. - 48] Checksum: Debug Image 821 i+ =] 0044 [4240
%' Compiler Toolchain 822 ) - 1340 |-
B ' €30 (v3_30b) [C:\Program Files (x86) Microchip\mpla 833 — |- s - -
5 Memory 824 dateTimeStr([12] = Ox000A, . il el il il il
=[5 RAM 8132 (0x2000) bytes L | =
1% 825 dateTimeStr[25] = 0x0000; 0
RAM Used: 5780 (0x 1694) Free: 2412 (0x36C) e if ((pOb] = GOLFindObject (1D STATICTEXT1))) 2 Format |Hex
— FAM Reserved: None 4 L] ] O
=+ [ Flash 44030 (0xABFE) wards : Output Viatches & % | |: main - Call Graph XY
= %%
Flash Used: 43332 (0xAS44) Free: 638 (0x2BA) @ Name: Type Address value Decimal EXEYna B - ‘ "
Fiash Reserved: None & B ecgbuffer short[256] [ oo B B o~ % TritializeBoard TouchGetMsg ‘GOLCu |
@ Resources P - @y StartScreen
DateltemID WORD OxAAD 0x0000 o
-0 Program BP Used: 0 Free: 1000 @ D D D D (@ GOLCreateScheme
[ DataBP Used: 0 Free: 1000 =1 tempBuffer shart[10] D OxAAC D D - @y GOLDran E |
[ Data Capture BP: No Support. &> tempBuffer[0] short D OxAAC D 0x0000 D 0 D - (@ GOLDrawCalbadk
SW BP: No Support
erbug T 10 uppor @ tempBuffer[1] short L] oxase ] oxo000 o Bl @, GOLFindObject GOLMsg
- smulator @ tempButfer[2] short [ oxasn [ oxoon0 Lo 0 % :;C;Pmtmsivm
etTex
(€9 Press Refresh Debug Tool Status %> tempBuffer(3] short D OxABZ D %0000 D o D @ updnteDateTinet
& tempBuffer[q] short [0 ocaza (2] oxoo00 Lo B @\, CreateButtons
& tempBuffer(s] short [ owass ) owoo00 Do 0 By CreateChed DisplayPuliDown [6oLpraw]
& tempBuffer(s] short 2] oxass 2] oxoo00 o a %: CreateRadioButtons
CreateStaticText
@ tempBuffer[7] short 2] ocaa (2] oxo000 Qo 8] @, VindsetText
@ tempBuffer[s] short [0 ocanc (2] oxo000 Qo 9] By GOLRedranRec - L
GetEC
5 o - @ tempBuffer(g] short 2] ocaze 2] ox0000 Qe 9] %: CreateSider RTCCI \I ‘ ]\ } ‘
[ <enter new watch> 8] 8] 8] 8] DrawSliderCursor -
i B\ rrastebrnoraccRar Sl B o v

Py Graphics - Object Layer (Buid, Load, ...) debugger halted | 656135 [NS




6. JE DEVELOPPE MON APPLICATION

Etudier les datasheets du micro-controleur

7.3 Reading the Data EEPROM
Memory

Toread a data memory location, the user must write the
address to the EEADRH-EEADR register pair, dear the
EEPGD control bit (EECON1<7=), clear the CFGS

EXAMPLE 7-1: DATA EEFROM READ

control bit (EECON1<8>) and then set the RD control
bit (EECOM1=0=). The data is available for the wery
next instruction cycle; therefore, the EEDATA register
«can be read by the next instruction. EEDATA will hold
this valse until another read operation or until it is
written to by the user (during a write operation).

MOVLW DATA_EE_RTORH
MOVWF  EEADRH

MOVLW DATA_EE_AIOR
MOVWF ERADR

ECF  EECONL, EEPGD
BCF ERCON1, CFCS
EEF EECON1, RD
MOVF EEDKTA, W

EEPROM Raad
W = EELATR

Uppar bits of Data Memory Address to read

Lower bits of Data Momory Addrass to read
Point to DATA mamary
Accons EETROM

7.4 Writing to the Data EEPROM
Memory

T write an EEPROM data location, the address must
first be written to the EEADRH.EEADR register pair
and the data written to the EEDATA register. Then the
sequence in Example 7-2 must be followed to nitiate
the write cycle.

The write will not iniiate if the abowe sequence is not
exactly folowed (write 55h to EECONZ, write AAh to
EECONZ, then set WR bit) fior sach byte. It is strongly
recommended that intemrupts be disabled duning this
code segment.

Additionally, the WREN bit in EECON1 must be set to
enable writes. This mechanism prevents accidental
writes to data EEPROM due to unexpectsd code

EXAMFLE 7-2: DATA EEFROM WRITE

execution (ie. runaway programs) The WREN bit
should be kept clear at all times except when updating
the EEFROM. The WREN bit 5 not clearsd
by hardware.

After a write sequence has been intiated, EECON1,
EEADRH, EEADR and EEDATA cannot be modfied.
The WR bit will be inhibited from being set unless the
'WRENM bit is set. Both WR and WREN cannot be set
with the same instruction.

At the completion of the write cycle. the WR bit is
«cleared in hardware and the EEFROM Write Complete
Interrupt Flag bit (EEIF) is set The user may either
enable this interrupt or poll this bit. EEIF must be
clearsd by software.

MOVLW DATA_EE_ADORH
MOVWF  EEADRH

MOVLW DATA_EE_ADOR
MOVWF  EEADR

MOVLW DATA_EE_DATA :

BOF EECON1, WREN

Uppar bits of Data Memory Addrass too writo

Lowar bits of Data Memory Address to write

MOVWF  ESDATA ; Data Memory Value to write
BCF EECONL, EEFCD ; Point to DATA memory
BOF EECONL, CFGS ; Accasa EEPROM
BEF HECON1, WEEN ; Enanla writes
BOF INTOON, IR ; Dimablo Intarrupes
MOVLW  0xES :
Eoquircd — MOVWF  EECOND : Writa S5h
Bequance  MOVLH  OxAR 5
MOVWF  EECON2 : Writa ARh
BEF EECONL. WE ; 54t WR bit to begin write
BSF INTCON, GIE : Enabla Intarrupks

Tsar code sxacuticm
Disable writas om writa complata (EEIF sak)

- O N T Rdbrrrrdhde Tosherd e b
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7. JE VALIDE MON SYSTEME

---Validation---

Risques acceptables / Satisfaction des utilisateurs

Fiabilité
Disponibilité Performances
o Maintenabilité

Sécurité confidentialité

Sécurité innocuité




7. JE VALIDE MON SYSTEME

---Des outils spécifiques--

PERFORMANCE

REQUIREMENTS
1

) ’ TRADITIONNAL MAS
DELS INVOLVED IN THE SYSTEM SIMULATION VIRTUAL | SIMULATION APPROACH

. o SYSTEM DESIGN
;%iiimonnement description models v

m @ Y SW SIMULATION

2T Envjronment Ene.rgy Wave propagation ADJUST THE
physical model consumption model model DESIGN
eMAS
.*éntities involved models IMPLEMENT < SIMULATION APPROACH
SYSTEM
v
00
’ﬁ /j& k ﬁ é M HW&SW SIMULATION
- Y
tity behavior Interaction model  Organization model e R . ADJUST THE
Y IMPLEMENTATION
FINISH!

MASH [Jamont13]



7. JE VALIDE MON SYSTEME

---Performances énergéetiques---

w/o retransmisssion 2 retransmissions

Others (LED, sensors)

Fig. 6. Energy consumption repartition for different scenari.

[Fourty12]
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