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Introduction:

Les vehicules modernes integrent plusieurs
dizaines, voire centaines de capteurs pour
surveiller et contrbler divers systemes tels
que le moteur, la securite, 1’aide a la
conduite et le confort. Ces capteurs
collectent en temps réel des données sur la
vitesse, la température, la pression, les
obstacles environnants et bien plus encore.
croissante  reflete

Leur intégration

I’évolution  vers des voitures plus

intelligentes et autonomes

Embedded systems in cars

Some examples

Rain-Sensing System

Blind-Spot Monitoring System
Automotive Night Vision System

Telematics System

Tyre Pressure Monitoring

Airbag Control Unit
Multimedia System

Climate Control System
Fuel Control System
Anti-Lock Braking System (ABS)

Adaptive Cruise Control System

8 'z Software

Electronic Stability Control (ESC)

https://bluefruit.co.uk/processes/what-embedded-systems-in-car/
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Complexité des vehicules modernes:

Exemple de la conduite autonome

La conduite autonome repose sur une forte

Surround View

intégration de controleurs embarqués, traitant en

| Traffic Sign
| Recognition

|

temps réel des données issues de capteurs,

Emergency Braking

cameras et lidars. Ces controleurs exécutent des Adaptive

Crulse Corte] Pedestrian Detection

Collision Avoidancg

algorithmes avancés pour la perception, la - —

¢ Warning

\ Lane Departure
" Warning

planification de trajectoire et la prise de décision.

\

Surround View

Cette centralisation et [I’optimisation du

M Long-Range Radar

traitement garantissent une réponse rapide et Wi _

M Short-/Medium Range Radar
M Ultrasound

fiable, essentielle pour la sécurité et ’efficacité

des véhicules autonomes. Source -

Advanced Driver Assistance (ADAS) Solutions Guide
(Texas Instrument)
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Limitations des controleurs classiques et migration vers les SoC

Les microcontroleurs traditionnels, limités en puissance de calcul et en traitement

parallele, peinent a gérer ces taches en temps reel.

Pour repondre a ces exigences croissantes, les SoC (System-on-Chip) offrent des

architectures multi-coceurs et des accélerateurs dediés, optimisant ainsi les performances

des systemes embarqueés.
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Definition d’un SoC

Un SoC (System on Chip) est un circuit intéegre qui regroupe plusieurs composants
d'un systeme informatigue complet sur une seule puce.

Ces composants peuvent inclure :

= Un ou plusieurs processeur (CPU)

= Mémoire (RAM, ROM)

= Unités de traitement specialisées (GPU, DSP pour le traitement du signal, etc.)

* Interfaces de communication (UART, SPI, 12C, Ethernet, USB, etc.)

= Blocs analogiques (convertisseurs ADC/DAC, régulateurs de tension, etc.)

= Controleurs de périphériques (écran, capteurs, stockage, etc.)
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Caracteristigues d’un SoC

Q Intégration élevée : Tout ou presque est intégré sur une seule puce, ce qui réduit la
taille globale du systeme et les codts de production.

 Faible consommation d'énergie : Optimisé pour des applications embarqueées, le
SoC est souvent congu pour consommer tres peu d’énergie.

O Haute performance : Les composants intégres communiquent directement sur la

méme puce, reduisant les temps de latence.
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Exemple d’un SoC: Qualcomm Snapdragon

200 PROCESSOR

Un SoC comme le Snapdragon de 720p capture
. and playback
Qualcomm dans les smartphones integre : e o s bt
. . Quad CPUs up to 1.4GHz e
Q Un processeur principal (CPU) pour for high parformance
les calculs. Adreno 203 for
advanced graphics
@ Un GPU pour le rendu graphique. .
Hexagon QDSPS for ultra
D Un DSP low power applications Integrated (Zat
GPS support

O Un contr6leur de connectivite (WiFi,
Integrated 802.11n, BT3.0,

BT, USB,...) Qg ot for COMA & UMTS

L Des controéleurs pour les périphérigues -
P perip g Source: https://techawarness.com/what-is/what-is-qualcomms-snapdragon-soc/

comme cameéras, écrans, etc.
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Exemple d’un SoC: Le processeur ARM (Advanced RISC Machines)

Un SoC Arm de base se compose généralement d'un processeur Arm, tel que le Cortex-MO0, d’un bus AMBA (Advanced
Microcontroller Bus Architecture, d’un ou plusieurs periphériques (UART, VGA, GPIO, TIMERS...), d’un générateur
d’horloge, d’une unité de gestion d’alimentation, AHB (Advanced High Performance Bus), APB (Advanced Peripheral Bus)...

Clock Power
Generator Management Unit
JTAG/Serial wire Watchdog
4 >
DMA
Af— -
Low Latency i:’_m Cortex-MO
4_' L AHB I10P ol sl " Timers
\ Mux / =
an]
(o'
<
Arm AMBA 3 AHB-Lite System Bus ‘“é':E ;‘r’ij‘;: UART
: - PB
RAM UART VGA GPIO Timer /-segment A
Display Peripheral

An example of an Arm-based SoC

A. LASSIOUI 8



Exemple d’un SoC: La carte

Video
NVIDEA Tegra 2 Encoder

La fonction principale du Tegra 2 est de fournir un

systeme intégré complet permettant : Video

Decoder
Q Calcul efficace (double cceur ARM Cortex-A9). Cortex = Cortex

: : , A9 A9
O Traitement graphique avancé (GPU ULP

Audio/Video

GeForce)' Processor

Q Support multimédia (lecture/encodage vidéo HD (ARM7)
1080p).

O Optimisation de la consommation d'énergie pour Security | NAND

HDMI PCle Engine Flash

une utilisation dans les systemes embarqués.
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Exemple d’un SoC: La carte NVIDEA Tegra 2

Designer NVIDIA

Year 2010

Processor Arm Cortex-A9
(dual-core)

Frequency Up to 1.2 GHz

Memory 1 GB 667 MHz LP-DDR2

Graphics ULP GeForce

Process 40 nm

Package 12 x 12 mm (package on
package)

Video
Encoder

Video
Decoder

Cortex  Cortex
A9 A9

Audio/Video
Processor
(ARM7)

Security NAND

HDMI PCle Engine Flash
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Le NIOS Il Embedded Processor

Le Nios Il est un processeur softcore développé
par Intel (anciennement Altera), concu pour étre

Integre dans des systemes sur puce (SoC) basés

NIOS Il

sur FPGA. Il offre une grande flexibilite en

permettant aux concepteurs d’adapter

I’architecture selon les besoins spécifiques de

I’application.
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Le NIOS Il Embedded Processor

Caracteristiques principales du Nios Il dans les SoC

1.Architecture configurable : Contrairement aux microcontroleurs
classiques, le Nios Il peut étre personnalisé en termes de memoire, d'unités
de calcul et de périphérigues.

2.Intégration avec FPGA : Fonctionne sur les FPGA Intel (ex-Altera), NIOS 11
permettant une adaptation rapide aux exigences des systemes embarques. ——
3.0ptimisation des performances : Disponible en plusieurs variantes

(économique, standard, performant) selon le besoin en puissance de

calcul.
4.Applications : Utilise dans l'automobile, les telecommunications, le

controble industriel et les systemes embargués avances.
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.
Le NIOS Il Embedded Processor
d Famille: Un processeur de 32Bits
] Performances : 300 MIPS

 Pourcentage des CLB occupé : 25% (Cyclone NIOS i
111 FPGA) -

 Contrairement au processeurs fixes (ARM),

NIOS est configurable (possibilité d’ajouter

des peripheriques en fonction du besoin)
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Le NIOS Il Embedded Processor

1 Coexistence avec les circuits FPGA:

d Combinaison d’un traitement logiciel (via NIOS N10S ]

1) et d’un traitement materiel (via les CLBS) )
 Le processeur NIOS Il peut travailler en parallele (

avec des blocs matériels personnalisés pour des '\

taches critiques en temps reel ou des traitements

de signaux rapides.

14
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Le NIOS Il Embedded Processor

O Plusieurs Nios Il peuvent étre ajoutés dans un méme

FPGA, en fonction de la taille et des ressources
disponibles sur le circuit FPGA (I'espace logique, la N{ONHY NIOS 11
mémoire, les entrées/sorties, etc.). Core 1 Core 2
O Parallélisme et multiprocessing: Utiliser plusieurs | |
processeurs Nios permet de créer des systemes
paralleles, ou chaque processeur peut gérer des taches

distinctes
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e
Le NIOS Il Embedded Processor

1l existe trois variantes du processeur NI1OS I
O NIOS 11/f Core (Pipeline 6, Hrdware Multiplier 1 cycle, Logic Elements 1800)
O NIOS I1/s Core (Pipeline 5, Hrdware Multiplier 3 cycle, Logic Elements 1200)

d NIOS Il/e Core (Pipeline None, Hrdware Multiplier xx, Logic Elements 600)

16
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Le NIOS Il Embedded Processor

O Notion du pipeline

Le pipeline décrit I’enchainement d'exécution d'instructions dans un processeur :

1.1F (Instruction Fetch) : L'instruction est récupéree de la mémoire.

2.1D (Instruction Decode) : L'instruction est décodée pour déeterminer quelles opérations doivent étre effectuées et
quels registres ou memoires doivent étre accedes.

3.EX (Execute) : L'opération est exécutee (par exemple, une addition ou un acces memoire).

4.MEM (Memory Access) : Si nécessaire, lI'acces a la mémoire est effectué (lecture ou écriture).

5.WB (Write Back) : Le resultat est écrit dans les registres ou dans la mémoire.
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e
Le NIOS Il Embedded Processor

O Notion du pipeline

Ce diagramme illustre les principes de fonctionnement d'un pipeline a trois étapes. L'essence de cette architecture est gu'elle

permet de traiter jusqu'a trois instructions simultanément. Par exemple, lorsque la premiere instruction est en cours d'exécution,

le processeur peut décoder la deuxiéme instruction et récupérer la troisieme instruction en méme temps, ce qui contribue a

ameéliorer le débit du pipeline du processeur, ce qui se traduit par de meilleures performances.

Instruction 1

Fetch Decode Execute
Instruction 2 Fetch Decode Execute
Instruction 3 Fetch Decode Execute
Instruction 4 Fetch Decode Execute

A. LASSIOUI
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Le NIOS Il Embedded Processor

O Notion du pipeline: exemple d’une pipeline a 6 cycles

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6
IF (I7) IF (12) IF (13) IF (14) IF (15) IF (16)
ID (I7) 1D (12) 1D (13) D (14) ID (I5)
EX (11) EX (12) EX (13) EX (14)
MEM (11) MEM (12) MEM (13)
WB (I1) WB (12)
RET (11)
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Le NIOS Il Embedded Processor

O Sur un circuit FPGA on peut implémenter
plusieurs Microprocesseur NIOS 11

O NIOS I1/f Core: Logic Elements 1800

Configured
/O pads T OO iR ) A A—— D
\ = Y i H
SBD L QPOP
Programmable logic (\_/ =E!
blocks
T 000V
Ep=
DL, QPP
Programmable Y -

interconnected points SESi=S
P T~ %& 5 OO0

4
<]
P

T
A AT
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Exemple: Cyclone V FPGA device familty (source Intel)

Density

25K LE

Ordering Part Number (OPN)

5CSEBA2U19I7LN

5CSEBA2U23I7LN

5CSXFC2C6U23I7LN

40K LE

5CSEBA4U19I7LN

5CSEBA4U23I7LN

5CSXFC4C6U23I7LN

85K LE

5CSEBA5U19I7LN

5CSEBA5SUZ23I7LN

5CSXC5C6U23I7LN

110K LE

5CSEBAGU19I7LN

5CSEBAGUZ23I7LN

5CSXFC6CBU23I7LN
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e
Le NIOS Il Embedded Processor architecture

O ALU: une unité

NIOS || Processor Core

, ) reset Instruction
performant les operations st Program = General Master
Controller oz R':‘;';{’;Z il
) . ) JTAG Interface and 85
arithmetiques et logiques to Software Address =i
Debugger Generation 8 3 Status and
® %’_ Control

Registers

Connection Memory I ’

to Trace Pod

Exception
Controller

sjulodyeaig
alempieH

Interrupt

irq[31..0 Controller

Data
Master

Port

Custom Arithmetic
I/O Signals Logic Unit

Source: Intel (Altera Nios 11 Architecture)
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e
Le NIOS Il Embedded Processor architecture

d MPU, MMU (Memory

Nios Il Processor Core

. . reset I Instruction
Protection Unit et Management - General Master
clock Program & Purpose Port

Controller =1 Registers
_ JTAG Interface and 5§
Unit): elles assurent la  toSoftware AdCross 35

Debugger Generation 83 Status and

® %’_ Control

Registers

protection et le management de  High-speed

Connection
to Trace Pod

| Trace

Memory I

Exception
Controller

la mémoire. (Divise la mémoire

sjulodyeaig
alempieH

Interrupt

en plusieurs régions. Pour irgi3l...0] Controller Data

Master
! Port

L. e Busi Rk
chaque région on définit des orot it
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e
Le NIOS Il Embedded Processor architecture

O Instruction Cache: il s’agit

Nios Il Processor Core

Cuntrol
Registers

d’une mémoire rapide située reset = Instrviction
P clock Program > Purpose II\Dnarstter
Controller o= Registers 2

JTAG Interface and g5

entre le processeur et la to Software Address S |5 .

Debugger Generation 8 S Statle and'
o
=

mémoire principale High-speed

i Irace

Connection | Memory
Ok m
O Elle stocke temporairement Exception g &
Controller & g-
oo
- . . i Interrupt S e
les instructions qul  sont et Controller @ Data
Master

. Port

- Custom Arithmeti
couramment utilisées pour IO Signals L;‘gicml‘fn'i‘t:

accélérer DPexécution et
Source: Intel (Altera Nios 11 Architecture)

optimiser le pipeline
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e
Le NIOS Il Embedded Processor architecture

 Data Cache: il s’agit d’une
mémoire rapide qui stocke
temporairement les données
lues ou eécrites dans la
memoire principale

O Objectif: réduire le temps

d’accés aux données

A. LASSIOUI

Nios Il Processor Core

Control

reset @ e Instruction
clock Program 2 Purpose '.‘:"Sftte'
Controller =1 Registers
JTAG Interface and 85
to Software Address =h
Debugger Generation 2 3 Status and
o
-
o

Registers
High-speed
Connection
to Trace Pod

| Trace

Memory I

Exception
Controller

Interrupt
Controlier

sjulodyeaig
alempieH

irgial..o] Data
Master

! Port

Custom Arithmetic
I/O Signals Logic Unit

Source: Intel (Altera Nios 11 Architecture)
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e
Le NIOS Il Embedded Processor architecture

Custom Arithmetic
I/O Signals Logic Unit

1 Status and control reqistres:
J Nios Il Processor Core
ces registres servent dans les reset | o Instietion
9 clock Program -3 Purpose ygrstte"
Controller 9 Registers
i ) ) . JTAG Interface and 8
operations arlthmethues et to Software Address S2 | 3
Debugger Ger<ziation ‘ 2 3 Status and
® %’_ RControl
- - H t
logiques (32 registres High-speed - Sobiers ’
onn . Memory . I
généraux (RO a R31) dans le Exception 3 & I
Controller _g g-
oo
NIOS 2) irq[31..0] Controtier  |fj L& | Data _
Port

Source: Intel (Altera Nios 11 Architecture)
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e
Le NIOS Il Embedded Processor architecture

0 Program controller and
address generation
responsable de I'execution
séquentielle des instructions
et de la gestion du flux du

programme.

A. LASSIOUI

Nios Il Processor Core

reset Instruction
clock Program Purpose II\:Il:rstter

Controller

ol Registers

JTAG Interface

General

adel] ejeq
pue uoijanJjsu|

to Software Address
ebugger I Generation Siie and
Control
Registers
High-speed Tare
Connection |

to Trace Pod

Exception
Controller

Interrupt
Controller

sjulodyeaig
alempieH

irgial..o] Data
Master

Port

Custom Arithmetic
I/O Signals Logic Unit

Memory I ’

Source: Intel (Altera Nios 11 Architecture)
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e
Le NIOS Il Embedded Processor architecture

O Exception controller and

Nios Il Processor Core

Interrupt controller: sont des e [mstreagn
] clock Program PuFficse Mastor

Controller

reset T ]
Registers

/ . . JTAG Interface and
mécanismes essentiels pour to Software Address
Debugger Generation Status and

Control

aoeu) ejeq
pue uoijanJjsu|

Registers

gérer les événements imprevus High-speed
Connection
to Trace Pod

| Trace

Memory I ‘

(00)
- . = L
ou asynchrones qui Exception 3 3
Controller z g.
Interrupt g' 3
. . n ®
surviennent pendant irq[3l..0] Controller @ Data
Master
Port
I'exécution d'un programme Custom Arithmetic

I/O Signals Logic Unit

(32 interruptions  sont
Source: Intel (Altera Nios Il Architecture)

prisent en charge)
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e
Le NIOS Il Embedded Processor architecture

O Instruction and data trace:

Nios Il Processor Core

, ] ) reset T i Instruction
sont des mécanismes qui s — = | | General Master
Controller oz R':‘;'}gf;i il
JTAG Interface and 8§
permettent de stocker les to Software fdicress 35 1
Debugger Generation 8 3 Status and
® %’_ Control

— Registers

instructions exeécutées et les

High-spee
connection |
to Trace Pod

Trace l ‘
Memory
Exception
Controller l

données obtenues dans une

sjulodyeaig
alempieH

Interrupt

mémoire (trace memory). Cela Azgl3l..-0] Controller Data

Master
Port

i Custom Arithmeti
permet de suivre le flux orot e

d’exécution du programme

Source: Intel (Altera Nios 11 Architecture)
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e
Le NIOS Il Embedded Processor architecture

O Custom instruction logique:

Nios Il Processor Core

sont  fonctionnalités  qui reset — Instriction
5 Master
. JTAG Interface and g5 B

permettent  d’ajouter  des to Software caass e

Debugger Bhetaion a2 Tstatiis and]

B 3 Control

. . , e g- . Registers
instructions spécifiques High-speed | —

Connection

personnalisées (autres que les Exception

Controller

sjulodyeaig
alempieH

Interrupt

autres 53 instructions ' x Controller Data

Master
! Port

to Trace Pod Memory I

A Custom Arithmeti
proposées par Intel) pour W Legic Unit
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O (Exemple XOR avec decalage)




Application:
Conception et implémentation d’un S0C

sur une carte FPGA (DE2-115)
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D

Cc o O O

a

ription

Le SoC est constitue:

D’un Processeur Soft Nios I

D’une mémoire de type RAM

D’un systeme d’interconnexion appelé Avalon Switch
fabric (un bus de communication flexible (Master-
Slave) propre a Intel (Altera) permettant
d’interconnecter plusieurs péeriphérigues

Des Switches d’entrée (inputs) et des LEDs de sorties
(output)

\oir slide suivant.. ..

Host computer

A. LASSIOUI

USB-Blaster
Reset n Clock interface
I .
| FPGA chip
Niog II brocessor | JTAG Debug JTAG UART
p | module interface
1
Avalon switch fabric
. Switches LEDs
it Ilel input llel output
memory paTa el inpu par_a el outpu
interface interface

e

SW7 SWO0 LEDR7 LEDRO
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.
Description du SoC

Host computer

L Le SoC est constitué:
. USB-Blaster
U D’une interface JTAG UART permettant Reset_n Clock interface
de connecter la carte FPGA a I’ordinateur l l
' FPGA chip
Q Un module JTAG Debug Module Nios 1 : ITAG Debug JTAG UART
108 pl‘DCESSDI‘ | module interface
permettant d’interconnecter le processeur -
Nios Il avec le PC pour des taches de
Avalon switch fabric
debogage
On-chi Switches LEDs
memnrp parallel input parallel output
: interface interface

LT

SW7 SWo0 LEDR7 LEDRO
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.
Description du fonctionnement SoC

Huit commutateurs sur la carte DE2-SoC, SW7- SWO0, sont Host computer
utilisés pour allumer ou éteindre huit LED, LEDR7 - 0.
USB-Blaster
. . , . el P . . Reset_n Clock interface
Pour obtenir l'opération souhaitée, le motif a huit bits l L
correspondant a I'état des commutateurs doit étre envoyé ,
| FPGA chip
- . . Nios II processor | JTAG Debug JTAG UART
au port de sortie pour activer les LED. Cela sera fait en | module interfyce
faisant exécuter au processeur Nios Il un programme
Avalon switch fabric
stocké dans la memoire intégrée. Un fonctionnement
continu est nécessaire, de sorte que lorsque les Onchi Switches LEDs
m:;; D;P parallel input parallel output
. : interface interface
commutateurs sont basculés, les lumieres changent en [ ‘ l }
conséquence. SW7 SW0  LEDR7 LEDRO
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Implémentation du SoC

Pour implémenter le SoC on va utiliser 1’outil Plateform
Designer de Intel
Via la plateforme, il faut instancier les éléments suivants:
O Le processeur Nios Il
0 Une mémoire de 4K-Byte
O Deux interfaces paralleles d’entrées/sorties

O Un module JTAG de communication avec le PC

Host computer

A. LASSIOUI

USB-Blaster
Reset n Clock interface
1
| FPGA chip
Nios 11 | /TAG Debug JTAG UART
108 1l processor | module interface
Avalon switch fabric
. Switches LEDs
On-chip llel input llel output
memory para el inpu par.a el outpu
interface interface
SW7 SWO LEDR7 LEDRO
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Implémentation du SoC

Etape 1: Création d’un projet dans
Quartus Prime
Etape 2: Choix de la famille du circuit

FPGA disponible sur le DE2-115 board

EPACET15F23CEL 1.0V
EPACET15F23COL 1.0V
EP4CET115F2317 1.2V
EP4CE115F23I18L 1.0V

EP4CE115720C7 1144&0 3081312 |53

EPACET15F29CE 1.2V
EPACET15F29CEL 1.0V
EPACET15F29COL 1.0V
EPACET15F2917 1.2V

A. LASSIOUI

#% Compilation Hierarchy

r IPE-x- (o SaVE @

Project Navigator, « Hierarchy > QRE@® | & Home X

Recent Projects

Tesl_LED.qpf (cf rs/LASSIOUI/Desktop/DE2_115/TEST/Test_LED.gpf)

U_Arith.qpf (C:/U [LASSIOUI/Desktop/UAL/U_Arith.qpf)
b New Project Wizard X

Directory, Name, Top-Level Entity

What is the working directory for this project?
C:fUsers/LASSIOUI/Desktop/SoC_Design

What is the name of this project?

light]
Tasks Compilation > =@ = what is the name of the top-level design entity for this project? This name is case sensitive and must exactly
s e match the entity name in the design file.
¥ P Compile Design lights
» P Analysis & Synthesis Bl Use Existing Project Settings...
» P Fitter [Place & Route) T
» P Assembler (Generate programr T
» P> Timing Analysis -
» P> EDA Netlist Writer -
1 » u
®
Al O] |A A | |V <<Filter
I
= | Type ID Message
114480 281 281 3881312 532 4
114480 281 281 3881312 532 4
114480 281 281 3981312 532 4
114480 281 3981312 532 4
114480 529 3981312 532 4
114480 529 529 3881312 532 4
114480 529 529 3881312 532 4
114480 5209 529 3881312 532 4
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Implémentatio

Etape 3: Aller vers
Tools et lancer 1’outil

Plateform Designer

La fenétre IP Catalag
va nous permettre
d’ajouter les blocs IP

a notre conception

A. LASSIOUI

" n ‘ -~ h
I O Quartus Prime Lite Edition - C/Users/LASSIOUI/Desktop/SoC_Design/lights - lights
File Edit View Projf ] ]
=% Platform Designer - unsaved.gsys* (C\Users\LASSIOUNDesktop\SoC_Designiunsaved.qsys) - O e
O r )| File Edit System Generate View Tools Help
Project Navigator| « jfle i]PCaIaE § il gSystemContenis g Address Map 2% | Interconnect Requirements 22 P el |
| A X & = « ! System: unsaved
a% Cyclone IV E: EP4LE1 Project + Use Con... Name Description Export Clock Base
* lights @ b W New Component... L) B ck_0 Clock Source
E:g:; Functions x clk_in Clock Input clk axported
FH-DSP &= clk_in_reset Reset Input reset
[#-Interface Protocols F 3 clk Clock Output clk_0
[#-Low Power - clk_reset Reset Output
[+-Memory Interfaces and Controlle -
/ [+-Processors and Peripherals
[#-Qsys Interconnect ¥
[+-Tri-State Compenents
[H-University Program
\ < >
New... Edit... == Add...
4
Tasks Compilati{| = "€ Device 83| -go
.
[H-m= clk
- o | ||F-m= reset
P> Compile De L k0
b P Analysi
S ( < >
Fitter (P
ol ft % W current filter:
b P Assemb
b P Timing o= Messages -0 o
» P EDA Ne Type Path Message
4 Z
& 8
All| (O] | &) | M
2 B
= | Type ID Me
0 Errors, 0 Warnings Generate HDL... Finish
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Implémentation du SnC.

«a Platform Designer - unsaved.gsys* (C\Users\LASSIOUNDesktop\SoC_Design\unsaved.qsys) - | e
File Edit System Generate View Tools Help
L’eXéCllﬁOIl du SOC eSt IP Catalog & - - !_. Systen g Address v i% | Interconne $3| — = m|| %@ Parameters - =
. X a % & W system: unsaved Path: dk_0 /'System: unsaved Path: clk_0
. Project + Use Con... MName Description clzlcfk Source Details
Cadencer par un Slgnal _ ----- W New Component... ‘ P — Clock_source |
.Ear'ly Functi X G clk_in Clock Input |- Parameters |
"DaSSF:,C unetions Er C clk_in_reset Reset Input Clock frequency: 50000000 Hz
° F-Interface Protocal = clk Clock Qutput ]
d’horloge clk 0. Dans notre i Tnerface Protocols = S Reset outout ||| 1 Clock frequency is
--Memury Interfaces and Controllg - Reset syn us edges: |one w
[+-Processors and Peripherals
-p- - [+-Qsys Interconnect x L
cas, on va utiliser le signal Fi Tri-State Components
[+-University Program
L4 >
’ .
d horloge fournl par Mew... | = Edit... = Add...
L—
’ N . .. Hiel Device - -
Poscillateur interne de la carte D sz Tanseves. o7
melk
/ [-m= reset
R clk 0]
DE2-115 . X
W W Current filter:
- it ¥ W
(SOMHZ) o!!;M&nsages g -
Type Path Message
0 Errors, 0 Warnings Generate HDL... Finish
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Implémentation du SoC

Etape 4: Ajouter le

Processeur Nios Il

Choisir la version Nios Il/e (on peut
Iutiliser sans licence)

Le processeur possede deux entreées
Reset and Interrupt (Qquand I’une de
ces entrées est activée, le processeur
des

commence DPexécution a

adresses specifiques de la mémoire

+ Edit Module - Platform Designer - unsaved. CA\Users\LASSIOUNDesktop\SoC_Designunsaved.qsys)
File Edit System Generate View Tools Help
_ - e !_. System Contents 5 Address Map % | Interconnect Requirements ! Parameters g
a x| &5 % & W system: unsaved Path: nios2_gen2_0 unsaved  Path: nios2_gen2 0
Project ~ + Use Connections Name Description Export |\||tI05 I] FZ’FDCEZSSOI'
altera_nios2_gen.
W New Component... 2 B ck_0 Clock Seurce
;‘:;i‘; Functions X == clk_in Clock Input clk .
DsP B C— clk_in_reset Reset Input reset Main vectors Caches and Memory Interfaces Arithmetic Instructions MM
[FF-Interface Protocols = c:: : SOth %uipui ph
Low Power ~ clk_resef eset Outpu . _
STy miee 13 \ = E '® pigs2_gen2 0 Mios II Processor o=l @ Nios Il/e
clk Clock Input ) Nios I/f
x reset Reset Input
data_master Avalon Memory Mapped Master " "
[l s 1 Processor ’ N —— |NIOS IIje ‘NIOG 11/f
* HNios V/c Compact Microcontroller Intel FPGA IP instruction_master _|Avalon Memory Mapped Master ! l
* MNios V/g General Purpose Processor Intel FPGA TP b

= Nios V{m Microcontroller Intel FPGA IP

.1 Nios Il Processor - nios2_gen2_0

Hard Processor Components
Hard Processor Systems
Inter-Process Communication

Nios II Processor

t-Qsys Interconnect
+-Tri-State Components
. o

a2

New... | | Edit...

lal

!. Hierarcm g Device Family % .

EL( nnsaved [unsaved.gsys¥]
F-m= clk
[H-m= reset
-4k ck_0
[k
[k

b Connections

altera_nios2_gen2
4
|' Block Diagram W
[ ] show signals Main Vectors Caches and Memory Interfaces Arithmetic Instructions MMU and MPU Settings JTAG Debug Adva
[~ Select an Im| ntation
. Nios II Ci i |
nios2_gen2 0 | Mos Sy (@) iios T8
clk — | O Nios Tf
lock avalon|
jeset eset avalon : ;
| ' Nios II/e Nios II/f
o interrupt reset
debug_mem_slave cust Summary |Resource-optimized 32-bit RISC Performance-optimized 32-bit RISC
- = avalon nios_custom_instruction
Features |[JTAG Debug JTAG Debug
ECC RAM Protection Hardware Multiply/Divide

<

2| <€

Instruction/Data Caches
Tightly-Coupled Masters

ECC RAM Protection
External Interrupt Controller
Shadow Register Sets

MPU

MMU v

3 Error: nios2_gen2_0: Reset slave is not specified. Please select the reset slave
3 Error: nios2_gen2_0: Exception slave is not specified. Please select the exception slave

/4, Warning: nios2_gen2_0: Mios II cores are not recommended for new projects and are subject to removal in a future release. Nios V cores are the recommended replacement as applicable.

Cancel

A. LASSIOUI
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Etape 5: Ajouter la mémoire (basic

functions : On-Chip memory

atform Designer - unsaved.qgsys® (C)

Implémentation du SoC. .o

WUsers\LASSIOUNDesktop'\SaC_Designiunsaved.gsys

Assurer que le bus est de 32 bits et
la taille est de 4K-Bytes

La mémoire est de type RAM

A. LASSIOUI

- I:I‘ !_. System Contents g Address Map 33‘ Interconnect Requirements 2%

4

_m\lr'!m

Project
- New Component...
Library
[=}-Basic Functions
[-Bridges and Adaptors
[+-Clocks; PLLs and Resets
[+-Configuration and Programming
B
N [=-On Chip Memory
- #® Avalon FIFO Memory Intel FPGA IP
* Avalon-ST Dual Clock FIFO
\ * Avalon-ST Multi-Channel Shared Memory FIFO
' ® Avalon-5T Round Robin Scheduler
Avalon-ST Single Clock FIFO

(RAM or ROM) Intel FPGA IP

1+

: 2 On-Chip Memory (RAM or ROM) Intel FPGA IP - onchip_memory2_0

On-Chip Memory (RAM or ROM) Intel FPGA IP

altera_avalon_onchip_memory2

k. 3

[~ Block Diagram [
[] show signals

|~ Memory type

New... | | Edit... +

!H Hierarchy g Device Family &2

Q unsaved [onsaved.gsys¥]
- clk

[H-m= reset

[ clk_0

i

[+-4k onchip_memory2_0

[+ Connections

Type: RAM (Writable)

: ] bual-port access
onchip_memory2 0
Single clock operation
clk ek g ’
1 eloc Read During Write Mode: DONT_CARE ~
5 _
avalon .
—_— Block type: AUTO ~
reset
altera_avalon_onchip_memary2
|' Size

Enable different width for Dual-port access

\_ Slave 51 Data width: 32w
Total memory size: 4096 bytes
Minimize memory block usage (may impact fmax)
[~ Read latency
Slave s1 Latency: 1w
Slave s2 Latency: 1|8

[~ ROM/RAM Memory Protection
Reset Request:

Enabled -

|' ECC Parameter
Extend the data width to support ECC bits: | pisabled

[~ Memory initialization

Initialize memory content
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Implémentation du SoC

Observer que la mémoire
et le processeur ont éte
ajouté a la conception
mais aucune connexion

n’existe entre les deux

ils Help

Ch\Users\LASSIOUNDesktop\SoC_Design\unsaved.qsys)

- |

X

\

PGA TP

eduler
]

L_es connexions a faire:

O Clk out vers clk_in du processeur et de la mémoire

OM) Intel FPGA IP

ared Memory FIFO

M

W
>

& Add...

HJ)WHX;+

it T 8 Tt

) L R i 1

2 onchip_memory2_0
clk1

sl

resetl

On-Chip Memory (RAM or ROM)...
Clock Input
Avalon Memory Mapped Slave

Reset Input

unconnecte
[clk1]

[clk1]

O Reset out (clk and Jtag) vers Reset in Mémoire et Nios |1

O S1 de la mémoire vers Data_Master et Instruction_master du Nios |1

A. LASSIOUI
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W Address Map %% | Interconnect Requirements - m
=« W system: unsaved Path: nios2_gen2_0
Use Connections Name Description Export Clock Base
B clk 0 Clock Source
clk_in Clock Input clk exported
clk_in_reset Reset Input reset
clk Clock Qutput clk_0
( clk_reset Reset Qutput \
= IQ nios2_gen2_0 Mios II Processor
clk Clock Input unconnecte
reset Reset Input [clk]
data_master Avalon Memory Mapped Master [clk]
instruction_master |Avalon Memory Mapped Master [clk]
irq Interrupt Receiver [clk] IRQ
debug_reset_requ... |Reset Output [clk]
k debug_mem_slave |Avalon Memory Mapped Slave [clk] 0x080




Implémentation du SoC

illustre

La  figure

suivante

les connexions

effectuées

L_es connexions a faire:

S\LASSIOUNDesktop\SoC_Design\unsaved.qsys)

- = o

nory FIFO

X &

~

) N
F(System Contents 33‘ Address Map 2 ‘ Interc%ct Requirements &% - |
= & W system: unsaved Path: onchip_memdry2_0.s1
+ Use Connections Name Description Export Clock Base
2 B dk_0 Clock Source
x T clk_in Clock Input clk exported
Em} L clk_in_reset Reset Input reset
= —— clk Clock Output clk_o
- ——— clk_reset Reset Output
= IQ nios2_gen2_0 ios II Processor
- clk Clock Input clk_0
X reset Reset Input [clk]
data_master tivalon Memory Mapped Master [clk]
instruction_master fvalon Memory Mapped Master [clk]
irg [nterrupt Receiver [clk] IRQ
— debug_reset_requ... Reset Output [clk]
debug_mem_slave [valon Memory Mapped Slave [clk] 0x0800
custom_instructio... fCustom Instruction Master
B onchip_memory2_0§0n-Chip Memory (RAM or ROM)...
clkl Clock Input clk_ 0

ke

resetl

O Clk out vers clk_in du processeur et de la mémoire

O Reset out (clk and Jtag) vers Reset in Mémoire et Nios |1

O S1 de la mémoire vers Data_Master et Instruction_master du Nios |1

A. LASSIOUI

Avalon Memory Mapped Slave
Reset Input

' Dx0000
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Implementation du SoC

# Edit Module - Platform Designer - unsaved.qsys* (C\Users\LASSIOUNDesktop\SoC_Design\unsaved.qsys

File Edit System Generate View Tools Help

<& PIO (Parallel 1/0) Intel FPGA IP - pio_0

Etape 6: Ajout des

Y

] “ PIO (Parallel I/O) Intel FPGA IP

. F]-Transceiver PLL Megators  dITEra_avalon_pio
interfaces de (6 Low Power : ‘
--Memory Interfaces and Controllers |~ Block Diagram | ) F - .
[=Processors and Peripherals [] show signals Lisiiailiis
[H-Co-Processors Width (1-32 hits): 8
- - [+H-Embedded Processors o -

Communlcatlons [H-Hard Processor Components pio_0 Direction: O sidir

[H-Hard Processor Systems = @ input

[+-Inter-Process Communication clk

=I-Peripherals clock () mout

- - - - - - » 12C Slave To Avalon-MM Master Bridge Inte [esat reset
ChOISIr Ia_ dlrectlon Input - » Interval Timer Intel FFGA IP 51 () output
- ® Lauterbach Trace Interface IP ) avalan Output Port Reset Value:
I~ " external_connection conduit utput Port Reset Value: |pxno00000000000000
I e @ _
' | = aters_svaen o] | [~ Qutput Register
et Ia tal I Ie 8 @ Pixel Converter (BGRO --> BGR) Intel FPGA Enable individual bit setting/clearing
\\k - ® SPI Slave to Avalon Master Bridge Intel FPG !
T erap eSS =
- ® Video Sync Generator Intel FPGA IP | Edge capture register
De Ia méme fa On < [] Synchronously capture
G ! | Edge Type: RISING
MNewi... Edit...

Enable bit-clearing for edge capture register

ajouter le périphérique | %R oevce oy = ~Interrupt

d’interface de sortie
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Implémentation du SoC

2% Platform Designer - unsaved.qsys* (C:\Users\LASSIOUI\Desktop'SoC_Design\unsaved.gsys)

L_es connexions a faire:

d Clk out vers clk_in PI1O

O Reset out (clk and Jtag) vers Reset in du PI1O

File Edit System Generate View Tools Help

+-Low Power

[+-Memory Interfaces and Controller:
[=-Processors and Peripherals
-Co-Processors

mbedded Processors

ard Processor Components
ard Processor Systems
[+-Inter-Process Communication
[=)-Peripherals

----- * I2C Slave To Avalon-Mh
----- * Interval Timer Intel FPG
----- * Lauterbach Trace Interf

----- (P10 (Parallel 1/0) Intel
----- * Pixel Converter (BGRO —
----- * SPI Slave to Avalon Mas
----- * Vectored Interrupt Cont
----- * Video Sync Generator Ir ¥

= 1P Catalog = =
DY X 5
. E-Transceiver PLL ~

H4» M B XE+

[ m= clk

=8 custom_instruction_master
-4 data_master

= debug_mem_slave

-4 debug_reset_request

O S1duPIO vers Data_Master du Nios I

A. LASSIOUI

< >

New... | | Edit... =+ Add...
!" Hierar g Device Fa &% =M.
/U niosZ_genZ_U N

=

System Contents &% l Address Map % | Interconnect Requirements 2
% & W system: unsaved Path: pio_1.s1
Use  Connections Name Description Export Clock Base End
B clk_0 Clock Source
cli_in Clock Input clk exported
clk_in_reset Reset Input reset
———————— clk Clock Qutput clk_0
—/—— clk_reset Reset Output
B3 nios2_gen2_0 Mios II Processor
clk Clock Input clk_0
reset Reset Input [clk]
data_master Avalon Memory Mapped Master [clk]
— instruction_master |Avalon Memory Mapped Master [clk]
irg Interrupt Receiver [clk] IRQ O
debug_reset_requ... Reset Output [clk]
debug_mem_slave |Avalon Memory Mapped Slave [clk] 0x0800 OxOFEf
custom_instructio... |Custom Instruction Master
B onchip_memory2_0|0n-Chip Memory (RAM or ROM)...
clk1 Clock Input clk_0
sl Avalon Memory Mapped Slave [clk1] 0x0000 OxOFEf
resetl Reset Input [clk1]
B pio_0 PIO (Parallel I/O) Intel FPGA IP
clk Clock Input clk_0
reset Reset Input [clk]
s1 Avalon Memory Mapped Slave [clk] 0x0000 0x000f
external_connection |Conduit
B pio_1 PIO (Parallel I/O) Intel FPGA IP
clk Clock Input clk_0
reset Reset Input [clk]

external_connection

Avalon Memory Mapped Slave
Conduit

Double-click to export [clk]

i DxD00D

0x000f
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Implémentation du SoC

Etape 7: Ajout de Pinterface

JTAG

a» Edit Module - Platform Designer - unsaved.gsys® (C\Users\LASSIOUNDesktop\SoC_Design\unsaved.qsys)

File Edit System Generate View Tools Help

_ -/ !_. System Contents g Address Map  #% | Interconnect Requirements 0
n i

=& JTAG UART Intel FPGA IP - jtag_uart 0

[y =

e e %&  JTAG UART Intel FPGA IP

51 Ethernet Megatere  altera_avalon_jtag_uart
FH-JESD 3
[H-PCI Express '~ Block Diagram I
[=-Serial ;
Show signals
----- * 16550 Compatible UART Intel FPG D :
..... * Avalon I2C (Master) Intel FPGA TP
----- * Avalon-ST Serial Peripheral Interf; it rt 0
----- # 2SPIto LPC bridge Intel FPGA IP llag_tart_
----- * Intel eSFPI slave clk iru.

----- Sl TAG UART Intel FPGA TP clock Interrupt
..... N reset reset '~ Read FIFO (Data from JTAG to Avalon)

----- ® SPI (4 Wire Serial) Intel FPGA TP avalon_jtag slave Buffer depth (bytes): | g4 v
----- * UART (R5-232 Serial Port) Intel F = avalon

-Seriallit _ IR() threshold: g
+-SerialLite altera_avalon_jtag_uart

E%-Iransce@ver i::r: [ ] construct using registers instead of memory blocks
+H-Transceiver

[F-Low Power

'~ Write FIFO (Data from Avalon to JTAG)
Buffer depth (bytes): | ga v

IR(Q threshold: g

[ ] construct using registers instead of memory blocks
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!_. System Contents %2 | Address Map % | Interconnect Requirements 5%

Implémentation du SoC

Etape 8: Ajouter les connexions suivantes:
Clk out vers clk Jtag
Reset out (clk et nios) vers reset JTAG

Irqg (interrupt requets) vers Irg Nios |1

M 4> M Bl X&+

= « § System: unsaved

Path: jtag_uart_0.irg

Use Connections
[v]
C—
C—
g
-
[v]
»
L +
—_—
—_—t
——
*—e
[V]
»
*—e
[ +
[]
L
L +
S
[V]
»
[ +
L
[]
*
- .
—1

MName

B clk_o
clk_in
clk_in_reset
clk
clk_reset
= i nios2_gen2_0
clk
reset
data_master
instruction_master
irg
debug_reset_requ...
debug_mem_slave
custom_instructio...
E onchip_memory2_ 0
clk1
sl
resetl
E pio_0
clk
reset
sl
external_connection
B pio_1
clk
reset
sl
external_connection
B jtag_uart_0
clk
reset
avalon_jtag_slave

irg

Description

Clock Source

Clock Input

Reset Input

Clock Qutput

Reset Output

Mios II Processor

Clock Input

Reset Input

Avalon Memory Mapped Master
Avalon Memory Mapped Master
Interrupt Receiver

Reset Output

Avalon Memory Mapped Slave
Custom Instruction Master
On-Chip Memory (RAM or ROM)...
Clock Input

Avalon Memory Mapped Slave
Reset Input

FIO (Parallel I/0) Intel FPGA IP
Clock Input

Reset Input

Avalon Memory Mapped Slave
Conduit

PIC (Parallel I/0) Intel FPGA IP
Clock Input

Reset Input

Avalon Memory Mapped Slave
Conduit

JTAG UART Intel FPGA IF
Clock Input

Reset Input

Avalon Memory Mapped Slave
Interrupt Sender




.
Implémentation du SoC

;ers\LASSIOUNDesktop\SoC_Design\unsaved.qsys)
elp
- " 9 1 1 d A = M| §Z System Contents & | Address Map % | Interconnect Requirements &2 = | i
Etape 8: ’objectif de cette étape | — -==&s | J : ot oS
x| & % & W system: unsaved Path: onchip_memory2_0.s1 Syst
~ + Use  Connections Name Description Export Clock Base End IRQ Tags Ave
s =g L) B clk_0 Clock Source g:!
est de specifier une adresse de x o dn o exported o
= CH clk_in_reset Reset Input reset E
= —— clk Clock Output clk_o A
AP ~ ———— clk_reset Reset Output
7 - B3 nios2_gen2_0  |Nios II Processor As
base de la mémoire see s matn | || ok Clock Input ko s
x reset Reset Input [clk] Bi
data_master Avalon Memory Mapped Master [clk]
instruction_master |Avalon Memory Mapped Master [clk] Bu
- - irq Interrupt Receiver [clk] IRQ O IRQ 31— =9
CI I q ue r Su r O n —Ch I p l I lel I IO ry — debug_reset_requ... |Reset Output [clk]
PGA TP debug_mem_slave |Avalon Memory Mapped Slave [clk] 0x1800 Ox1fff T
custom_instructio... |Custom Instruction Master Se
E onchip_memory2_0|0On-Chip Memory (RAM or ROM)...
- - = . clk1 Clock Input clk_0 R
p u IS C h 0 I SI r l adresse d e base w Avalon Memory Mapped Slave Double-click to export|[clk1] O0xX0fff w
> resetl Reset Input [clk1]
B switches FIO (Parallel /0) Intel FPGA TP He
+ Add... clk Clock Input clk_0 Ti
- reset Reset Input [clk]
Su Ivante - OXOOOOOOOO _ s1 Avalon Memory Mapped Slave [clk] 0x2010 0x201f Fe
b - s external_connection |Conduit R
~ B LEDs FIO (Farallel /) Intel FPGA TP
clk Clock Input clk_0 M
. . reset Reset Input [clk]
Pu IS al IeZ Vers System -> ASSlg n s1 Avalon Memory Mapped Slave [elk] 0x2000 0x200£
external_connection |Conduit
B jtag_uart_0 ITAG UART Intel FFGA TP
clk Clock Input clk_0
reset Reset Input [clk] E
Base Ad resses avalon_jtag_slave |Avalon Memory Mapped Slave [clk] 0x2020 o0x2027
*— irq Interrupt Sender [clk] >—E|
< >
= ft % ¥ current filter: <
o= Messages g
Type Path Message
=[] 2 Errors
%] unsaved.nios2_gen2_0 Reset slave is not specified. Please select the reset slave
%] unsaved.nios2_gen2_0 Exception slave is not specified. Please select the exception slave
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Z yé - gm Ve -
Etape 9 Specrﬁer‘ Ia memOIre 2= Nios Il Processor - nios2_gen2_0 X
“ Nios II Processor
Megoters  OILEMA_NIOS2_gen2
- V4
On-Chip Memory comme étant  Block Diaaram ‘ ]
|:| Show signals Main Vectors Caches and Memory Interfaces Arithmetic Instructions MMU and MPU Settings  JTAG Debug
~ Reset Vector
7 - ag= Ve
la mémoire de base utilisée par le nios2_gen2 0 Reset vetor mermary: R v
" Reset vector offset: 000000000
t clock avalon Reset vacior 0x00000000
, . lrese reset avalon
N IOS I I IOrS deS Operatlons de ik interrupt reset [~ Exception Vector
debug_mem_slave avalon nios_custom_instruction C Exception vector memory: onchip_memary2_0.s1 v
Exception vector offset: 0x00000020
, o L i 2
Reset et d’interruption xcepton vecr 0000020

[~ Fast TLB Miss Exception Vector
Fast TLB Miss Exception vector memory: | jone

Cliquez droit Sur NiOS II _> Edit Fast TLB Miss Exception vector offset:  |nwnpoooooo

Fast TLB Miss Exception vector: 0x00000000

-> \ectors comme le montre la

figure suivante A ce stade, tous les messages d’erreurs disparaitront
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1= system contents i3 I Address Map % | Interconnect Requirements &4 - =
Z . 7 _=f" %=« W system: unsaved Path: LEDs.external_connection
Etape 10: Spécifier les |,
Use Connections Mame Description Export Clock Base End IRQ Tag:
L reset Reset Input [clk] ~
- X — data_master Avalon Memory Mapped Master [clk]
ConneXIOnS aveC Ies EE| — instruction_master |Avalon Memory Mapped Master [clk]
.I —> irg Interrupt Receiver [elk] IRQ O IRD 31—
. — debug_reset_requ... |Reset Output [elk]
, . , . debug_mem_slave |Avalon Memaory Mapped Slave [clk] 0x1800 Ox1fff
perlpherlques eXterneS v custom_instructio... |Custom Instruction Master
x B onchip_memory2_0|On-Chip Memory (RAM or ROM)...
clkl Clock Input clk_0
. . sl Avalon Memory Mapped Slave [elk1] & 0x0000 OxOEff
Cliquez sur LEDs puis double- — e =
B switches PIO (Parallel I/0) Intel FPGA IP
clk Clock Input clk_0
reset Reset Input [clk]
1 sl Avalon Memory Mapped Slave [elk] 0x2010 0x201f
CI IC Su r export (nom me r Ie LEDS i=s external_connection |Conduit switches \
B LEDs FIO (Parallel I/0) Intel FPGA 1P
clk Clock Input clk_0
A H reset Reset Input [elk]
Meme Chose pou r Ies SWItCheS sl Avalon Memory Mapped Slave [clk] 0x2000 0x200f
external_connection Conduit
B jtag_uart_0 ITAG UART Intel FPGA TP
. clk Clock Input k0
reset Reset Input [elk]
avalon_jtag_slave |Avalon Memory Mapped Slave [elk] 0x2020 0x2027
= irg Interrupt Sender [clk] >—E| hd
< >
“l“' fh W Current filter:
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Etape 11: enregistrer le systéme
sous le nom nios_system dans le
méme répertoire du projet

La figure suivante doit étre
générée

Sinon, il faut revoir les éetapes

précédentes

«» Save System Completed 4
Al @ A @

@ Info: C:\intelfpga_lite\ 23.1std\ip\altera\altera_components.ipx described 1982 plugins, 0 paths, in 0.12 seconds ~
@ Info: C:/intelfpga_lite/ 23.1stdfip/** [ * matched 108 files in 0.12 seconds

@ Info: C:/intelfpga_lite/ip/ **/* matched 0 files in 0.00 seconds

@ Info: Reading index C:\intelfpga_lite\ 23.1std \ quartus\sopc_builder\ builtin.ipx

@ Info: C:\intelfpga_lite\ 23.1std\ quartus\ sopc_builder\ builtin.ipx described 87 plugins, 0 paths, in 0.01 seconds

@ Info: C:/intelfpga_lite/ 23.1std/ quartus/sopc_builder/ ** [ * matched 8 files in 0.01 seconds

@ Info: C:/intelfpga_lite/ 23.15td/ quartus/common/ librarian/ factories/ ** [ * matched 0 files in 0.00 seconds

@ Info: C:/intelfpga_lite/ 23.1std/ quartus/sopc_builder/ bin/$IP_IPX_PATH matched 1 files in 0.00 seconds

@ Info: C:\intelfpga_lite\ 23.1std\ quartus\ sopc_builder\ bin\ root_components.ipx described 0 plugins, 13 paths, in 0.16 seconds

@ Info: C:/intelfpga_lite/ 23.1std/ quartus/ sopc_builder/ bin/ root_components.ipx matched 1 files in 0.16 seconds b
L4 >

(L) Save System: completed successfully.
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& Platform Designer - nios_s

OUNDesktop\SoC_Desig

File Edit System Generate View Tools Help

Etape 12 : Génération d u COde m — = ||| {= System Contents Address Map 2 | Interconnect Requirements &3

% & Wl System: nios_system Path: LEDs.external_connection
2 X
oameranenen + . L
H D L d S C F-DSP ~ " Use Connections Name Description Export
u 0] [=+Interface Protocols o | | +—T—’| reset Reset Input
<& Generation XL

Allez vers Generate -> HDL el —_— °
- [=-Serial = 5

16550 Compatible | I

Avalon 12C (Mast Synthesis files are used to compile the system in a Quartus project.

Avalon-ST Serial

eSPI to LPC bridg
Intel eSPI slave - - - -

Create timing and resource estimates for third-party EDA synthesis tools.

JTAG UART Intel D g party & -

Create block symbol file (.bsf)

Create HDL design files for synthesis: |verilog ~

SPI (4 Wire Seria|
UART (RS-232 Se

[H-SerialLite - simulation i
[H-Transceiver PHY The simulation model contains generated HDL files for the simulator, and may include simulation-only features. i
[H-Transceiver PLL tes
[+-Low Power Simulation scripts for this component will be generated in a vendor-specific sub-directory in the specified output directory.
I
Follow the guidance in the generated simulation scripts about how to structure your design's simulation scripts and how to use the e
New... | | Edit... ip-setup-simulation and jp-make-simscript command-line utilities to compile all of the files needed for simulating all of the IP in your design |

Create simulation model: None _

[~ output Directory

=

Path: C:/Users/LASSIOUI/Desktop/SoC_Design/nios_system ol

=
[ =-a clk_reset ( siE—

[EH4F jtag_uart_0
7% nios_system.nios2_genZ_| Wios 1T Cores are not recommended Tor new projects a
= ® 2 Info Messages

7] nine cuctom nin N PTN inrurte ara nnt hardwirad in tact hanch  1indafinad
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Implémentation du SoC

Integrer le code HDL geneéré dans un fichier VHDL
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_Qf L

CA\Users\LASSIOUINDesktop\SoC_Design\nios_system\synthesis\nios_system.v - Notepad++
File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window 7

|mp|émentati0n d cOHBR LA 4 k2 s ez BE =1 EIED e @m0 NEB

B and_gatevhd dlEand_gate_tb.vhd ..'][Enew1 J[Enewz ..']IEnew3 J[Enewﬁr ..'][EnewS ..'][Enewﬁ &4 =] nios_systemv ﬂl

1 |// nios system.v
2
L L7 3 // Generated using ACDS version 23.1 991
Le code genere est| .
5 (‘timescale 1 ps / 1 ps \
6 | Emodule nios system (
A - 7 input wire clk clk, // clk.clk
treS Iarge’ CE qUI NOus 8 output wire [7:0] leds export, // leds.export
9 input wire reset reset n, // reset.reset n
10 input wire [7:0] switches export // switches.export
1 1 NI :
interesse est de savoir| 1} \_ J
13 wire [31:0] nios2 gen2 0 data master readdata;
14 wire nios2 gen2 0 data master waltrequest;
Ies Nnoms du module 15 wire nios2 gen2 0 data master debugaccess;
16 wire [13:0] nios2 gen2 0 data master address;
17 wire [2:0] nios2 gen2 0 data master byteenable;
. . 18 wire nios2 gen2 0 data master read;
pour l’ll’lStﬂHCler 19 wire nios2 gen2 0 data master write;
20 wire [31:0] nios2 gen2 0 data master writedata;
21 wire [31:0] nios2 gen2 0 instruction master readdata;
22 wire nios2 gen2 0 instruction master waitrequest;
danS Ie COde VHDL 23 wire [12:0] nios2 gen2 0 instruction master address;
24 wire nios2 gen2 0 instruction master read;
25 wire mm interconnect 0 jtag uart 0 avalon jtag slave ch:
. . . 0 " ;
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Implémentation du SoC

G Quartus Prime Lite Edition - C;/Users/LASSIOUIl/Desktop/SoC_Design/lights - lights

File Edit View Project Assignments Processing Tools Window Help

0= D"» lights v| L 8 P ES @L40H 9
L d /7 7 /7 t Project Navigator, % Hierarchy v Q@@ | & iighsvhd X & Compilation Report - lights X
e CO e genere eS Entity:Instar T =EE MM 0w B [EZ
#% Cyclone IV E: EPACE115F29C7
» BB |ights °B 5 H‘]p()l't( . .
6 |CLOCK 50:in stdLloglc;
\ - 7 |KEY:mstd logic vector (0 downto 0);
treS I a rg e y Ce q u I n O u S 8 |SW:mstd logic vector (7 downto 0);
4 * 9 rLEDR: out std logic vector (7 downto 0));
Tasks Compilation *|=me® | 10 Llend lights;
] ] Task “ 11 marchitecture arc of lights is
Inte resse est de SaVOI r ¥ |~ P Compile Design 12 gpcomponent nios_system
v b P Analysis & Synthesis 13 pOl't ( -
v » P> Fitter (Place & Route) - | ATeaT AT 11 11 TAT T T T
4 b 4
® a8 -
Al| Q| Al A A | T <<Filter>> 88Find... | | 88Find Next
i}

ID Message
332114 Report Metastability: Found 3 synchronizer chains.
Analyzing Fast 1200mv 0C Model
332060 Node: CLOCK_50 was determined to be a clock but was found without an associated clock assignment.
332168 The following clock transfers have no clock uncertainty assignment. For more accurate results, apply clock uncertainty ass-
332146 Worst-case setup slack is 48.299
332146 worst-case hold slack is 0.181
332146 Worst-case recovery slack is 49.315
332146 worst-case removal slack is 0.498
332146 Worst-case minimum pulse width slack is 49.473
332114 Report Metastability: Found 3 synchronizer chains.
332102 Design is not fully constrained for setup requirements
332102 Design is not fully constrained for hold requirements
Quartus Prime Timing Analyzer was successful. 0 errors, 17 warnings
T e ATy
Running Quartus Prime EDA Netlist Writer
Command: quartus_eda --read_settings_files=off --write_settings_files=off 1lights -c lights
18236 Number of processors has not been specified which may cause overloading on shared machines. Set the global assignment NUM_
204019 Generated file lights.vo in folder "C:/Users/LASSIOUI/Desktop/SoC_Design/simulation/questa/" for EDA simulation tool
Quartus Prime EDA Netlist writer was successful. 0 errors, 1 warning
293000 Quartus Prime Full Compilation was successful. 0 errors, 66 warnings

—
<

b=
T AT T XXX X-T-X-7-X- 1< -7

les noms du module

-

pour Pinstancier

vy v v v vwvww

dans le code VHDL »

Fes
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Implémentation du SoC

Apres la compilation,
le systeme genére est
Illustré dans la figure

sulvante

A. LASSIOUI

CLOCK_50
KEY[O..0]
SW[7..0]

nios_system:Niosl|

clk_clk

reset_reset_n

switches_export[7..0]

leds=expo rt[7..0]

> LEDR[7.0]

UV
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Implémentation du SoC

Q lights:1 [+

s
1

nios_system:Niosl|

HH

clk_clk

CLOCK_50[ >

reset_reset_n

leds_export[7..0]

KEY[0.0][>

switches_export[7..0]

SW[7.01[>

[ LEDR[7.0]

i e, g o Do o B

Rioa, st rm nSrconnecs G nseconnect

i wpsem ez g2 Bnead g B

i st 2 e

Ti
g
§

T u—

—
e — i ———n
=
| — 18
L [ ——
L -
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Implémentation du SoC

FPGA Monitor program:

Dans ce qui suit on va utiliser le

logiciel FPGA Monitor Program

pour charger la configuration dans| B "= leeas

— 2 | Info & Errors

le circuit FPGA et aussi pour

programmer le Processeur Nios I
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Implémentation du SoC

Créer un fichier lights.c dans notepad++ et enregistrer le dans le répertoire

de travall

Q’ ChUsers\LASSIOUNDesktop\SoC_Design\lights.c - Notepad++

Eile Edit 5earch View Encoding Language Settings Tools Macro Run Plugins Window ?

sHHEEE 4 hikoe |l 2% EESTEAERDG =N WG

= and_gate_tb.vhd ﬂ[nnew1 ﬂ[nnewz hﬂ[ﬂnewB ﬂ[nnewﬂf ﬂ[ﬂnewS ﬂlnnewﬁ hﬂ[nnins_system.v e = lights.c Ell
1 ¥define switches (volatile char *) 0x0002010

2 ¥define leds (char *) 0x0002000
3 volid main ()

- {

5 while (1)

6 *leds = *switches;

7 | LY
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Charger le fichier dans le circuit FPGA et verifier son fonctionnement.
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Application I1: Implémentation d’un SoC Dual Core

NIOS II NIOS II
Core 1l Core 2
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Application I1: Implémentation d’un SoC Dual Core

sys (Ch\Users\LASSIOUNDesktop\Folder1\Test_SoC\Processor_1.qsys)

ate View Tools Help

- = !_, %m Eﬁﬂ 2 AddressMap % | Interconnect Requirements &% =
% & | system: Processor_1 Path: clk_0D
X
+ Use Connections MName Description Export
L | Clock Source il
X clk_in Clock Input
=} clk_in_reset Reset Input
= — clk Clock Output
~ clk_reset Reset
B Processor_1 Nios II {Classic) Processor
v
d Controllers clk Clock Input
erals reset n Reset Input esktop\FolderT\Test_SoC\Processor_2.qsys)
| ¥ | p _ASSIOUNDesktop\Folder1\Test_SoC\Pi 2 )
— data_master Avalon Memary Mapped Master s Help
— instruction_master |Avalon Memory Mapped Master — ] a
. . -2 !« %m sﬁﬁ g Address Map % | Interconnect Requiremedts &5 |
d_irg Interrupt Receiver . P—
z|[a : :
— jtag_debug_modul...|Reset Output X ~ B8 system: Processor 2 Path: ok /
jtag_debug_module |Avalon Memory Mapped Slave ~ . Usa | Connections Name Description Base
custom_instructio... |Custom Instruction Master > == ‘“E Evoor el &
= JTAG ITAG UART = cll in_reset Reset Tnput
clk Clack II"IpL.It = —< clk Clock Output clk_0
t R 1 t ~ —_— < clk_reset Reset Output
TEE ) FRELpL - B Processor_2 Nios 11 {Classic) Processor
avalon_jtag_slave  |Avalon Memory Mapped Slave ek Clock Input clk_0
P x reset_n Reset Input [clk]
+ Add Irq mterrgpt Sender X —T < data_master \Avalon Memory Mapped Master [clk]
B RAM DI"I'ChIp Memary [RAM or ROM} jg El‘rfldge ’ s mm— instruction_master |Avalon Memory Mapped Master [clk]
clk1 Clock Input ]:a Rate Bridge d_irg Interrupt Receiver [clk]
e — jtag_debug_modul...|Reset Output [clk]
- <t Brid jtag I p
= Family & - = 51 Avalon Memory Mapped Slave rst Bxpansion Bridge jtag_debug_module |Avalon Memory Mapped Slave [clk] 0x0002_0¢
resetl Reset Input custom_instructio... |Custom Instruction Master
essor 1.dsys] O SWITCH FIO (Farallel 1/0) ridgs 0 RAM_2 On-Chip Memory (RAM or ROM)
Ik Clock Tnput clkl Clock Input clk_0
c oc pu s1 \Avalon Memory Mapped Slave [clk1] 0x0001_0(
reset Reset Input [ = resetl Reset Input [clk1] -
B INPUT_2 P10 (Parallel 7O)
s1 _ A\ralon‘ Memary Mapped Slave : + Add.. ok Clock 1put o
< external_connection |Conduit switch reset Reset Input [clk]
B LED PIO [Parallel U[}) _=O s1 \Avalon Memory Mapped Slave [clk] 0x0002_1(
Ik Clock Tnput —_—— < external_connection (Conduit inputs_2
c ock Inpu R B OUTPUT 2 P10 (Parallel 1/0)
reset Reset Input v clk Clock Input clk_o
=1 Avalan Mamary Mannad Slauva reset Reset Input [elk]
r'd > s1 \Avalon Memory Mapped Slave [clk] 0x0002_1C
< external_connection (Conduit loutput_2
R— . O ITAG_2 DTAG UART
nI.n- fh‘ T W Current filter: clk Clock Tnput clk_0 v
. . . B S .
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Application I1: Implémentation d’un SoC Dual Core

Un extrait du code vhdl géenéreé par Qsys

B Processor_1_instvhd ﬂ[.newa r:l[.AND_GATE.vhd m[.AND_GATE_TB.vhd ﬂ[.test.php ﬂ[.test_db.php n:il. Processor 2 instwhd & = Processor_2.vhd m|

A. LASSIOUI

337 jtag debug module readdata => mm_interconnect 0 processor 2 jtag debug module readdata,
338 jtag debug module waitrequest => mm interconnect 0 processor 2 jtag debug module waitrequest
339 jtag debug module write => mm interconnect 0 processor 2 jtag debug module write,
340 jtag debug module writedata => mm interconnect 0 processor 2 jtag debug module writedata,
341 no ci readra => open

342 - )

343

344 ram 2 : component Processor 2 RAM 2

345 H port map (

346 clk => clk clk, -- clkl.clk

347 address => mm interconnect 0 ram 2 sl address, -- sl.address

348 clken => mm interconnect 0 ram 2 sl clken, -- .clken

349 chipselect => mm interconnect 0 ram 2 sl chipselect, -- .chipselect

350 write => mm interconnect 0 ram 2 sl write, -= .write

351 readdata => mm interconnect 0 ram 2 sl readdata, -- .readdata

352 writedata => mm interconnect 0 ram 2 sl writedata, -- .writedata

353 byteenable => mm interconnect 0 ram 2 sl byteenable, -- .byteenable

354 reset => rst controller reset out reset, -- resetl.reset

395 reset req => rst controller reset out reset req, -- .reset req

356 freeze => 0" —— (terminated)

SOV )

358

359 mm interconnect 0 : component Processor 2 mm interconnect 0

360 H port map (

36l clk 0 clk clk => clk clk,

362 Processor 2 reset n reset bridge in reset reset => rst controller reset out reset,

363 Processor 2 data master address => processor 2 data master address,

<
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Application I1: Implémentation d’un SoC Dual Core

C:/Users/LASSIOUI/Desktop/Folder1/Test_SoC/Test_SoC - Test_SoC

wssignments  Processing Tools Window Help

|Test_50C

s e DS @AVE @

~aps x

Srocessor_2.qip
Jrocessor_1.qip

Task ~

:laboration

rge

s

rer

chine Viewer

gy Map Viewer {
stant (Post-Mapg
ient Analysis

Route)

B
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@ Test_SoCwvhd a l;! Compilation Report - Test_SoC [x]
By EE 0w B8
1 Tibrary Jeee;
2 use ieee.std_Tlogic_1164.all;
3 zentity Test_SoC is
4 @port (
5 |INPUT_P2 : IN std_logic_vector(3 downto 0);
6 |OUTPUT_P2 : oUT std_logic_vector(7 downto 0) ; 23
7 |A, B: in std_logic; 24 | oo __
8 |S: out std_logic; 25 component Processor_2 1is
9 |CLK: in std_logic; 26 port (
10 |COMMANDE_LED: 1n _Std_] og1'c; 27 clk_clk :in std_1 og'ic
11 [LED: out std_logic); 28 inputs_2_export : in std_logic_vector(3 downto 0)
12 "end entity; 29 output_2_export : out std_logic_vector(7 downto 0)
13 =architecture arc of Test_SoC 1is 30 ;
14 31 end component Processor_2;
15 |--———-------——- 32 | mmmmmmm e
16 =component Processor_1l is 33 |begin
17 = port ( 34 u0 : component Processor_1l
18 clk_clk : in std_logic := 'X'; -- clk 35 port_map (
19 switch_export : in std_logic := 'X'; -- export | 36 clk_clk => CLK, -- clk.clk
20 Ted_export : out std_logic -- export |37 switch_export => COMMANDE_LED, -- switch.export
21 ): 38 led_export => LED -- Tled.export
22 end component Processor_1l; 39 :
23 40 | 00 e
41
42 ul : component Processor_2
43 port map (
44 clk_clk => CLK, -- clk.clk
45 inputs_2_export => INPUT_P2, -- inputs_2.export
46 ) |output_2_export => QUTPUT_P2 -- output_2.export
47 ;
48 | -
49
gg S <= (A and B) or not(A);
52 end architecture;
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Application I1: Implémentation d’un SoC Dual Core

» 5~0
» 5~1
v B pPoris
v B nput
-A
=B
- CLK
= COMMANDE_LED
> = INPUT_P2[3.0]
v B Output
= | FD
> = QUTPUT_P2[7.0]

=5

A. LASSIOUI

CLK[ >

Processor_1:u0

clk_clk led_export D LED

switch_export

COMMANDE_LED[ >

Processor_2:u1

clk_clk output_2_export[7..0]

: » OUTPUT_P2[7..0]
inputs_2__export[3..0]

INPUT_P2[3.0]1 [

AD

S~0

[ >S
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Application I1: Implémentation d’un SoC Dual Core

Programme en langage C du processeur N1

Ce code p

= Nios Il - Processor_1/hell
File Edit Source

FECL

[5 Project Explorer 2

I NFI GRS ENEENCESE Ay RV RS Nl e s R R

orld_small.c - Eclipse

ermet de controéler I’état de la led en utilisant le switch

Refactor MNavigate Search Project Miosll Run Window Help

. vl-ﬁ

~ =% Processor_1
> & Includes
> = system
> [ hello_world_small.c
= create-this-app
L@ Makefile
readme.txt
~ [ Processor_1_bsp [Processor 1]
> & Includes
~ = drivers
~ = inc
> [N altera_avalon_jtag_uart_fd.h
> [n altera_avalon_jtag_uart_regs.h
» [n altera_avalon_jtag_uarth

> [0 altera_avalon_pio_regsh
» = src

s = HAL
> [ alt_sys_init.c
> [#l linker.h
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®le T =8 [¢ hello_world_small.c & | [H system.h [ altera_avalon_pio_regs.h
@ % "small Hello World" example. []
2 #include "system.h"

#include "stdic.h"

2 #include "altera avalon pic regs.h"

printf("Hello from Nios IT!\n");

/* Bvent loop never exits. */

while (1)
{

IOWR_ALTERA AVALON PIO DATA(LED BASE, IORD ALTERA AVALON PIC DATA(SWITCH BASE)):
}

//return 0;
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