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« R&D Manager
» 15 years experience on embedded system

 https:/lwww.linkedin.com/in/marsonandrea
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e Introduction

* DAVE presentation

* Brief introduction to Xilinx Zynq architecture
and state-of-the-art FPGA development
techniques

* Internship/thesis proposals and real cases
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DAVE deals with design, manufacturing and testing of
embedded systems since 1998. Our products are
used by customers in different markets such as
automation, telecommunication, biomedical,
computer vision, image/video processing,
transportation etc.

What is an embedded system?

An embedded system is a computer system with a
dedicated function within a larger mechanical or
electrical system, often with real-time computing
constraints. It is embedded as part of a complete
device often including hardware and mechanical
parts. By contrast, a general-purpose computer,
such as a personal computer, is designed to be
flexible and to meet a wide range of end-user
needs. Embedded systems control many devices
In common use today.

‘DAV@ source: Wikipedia

Embedded Systems

= IS FE EFEAFERAE
F==5=5 o i il p

i ma i ¥ --ll_—..:j




A concern expressed by many in the industry is that the “anyone can program”
philosophy that is associated with the Raspberry Pi [and Arduino Ed.] tends to
ignore the complexity involved in creating software for real-world systems and
perhaps even devalues the engineering skills involved. For example, software for
use In industrial systems must be developed in compliance with international
standard IEC 61508, while developers of automotive systems must adhere to ISO
26262. Meeting these challenging and complex standards involves a wide range of
different engineering skills.

It is fair to say that the Embedded Systems industry understands the motivation
behind the Raspberry Pi and the need to encourage ‘programmers’ rather than
‘operators’. Certainly the Pi does expose young people to the ‘magic’that a
microprocessor is able to deliver. Looking forward, it will be interesting to see how

many of the Pi generation go on to become professional embedded systems
engineers.

source: http://www.cambridgenetwork.co.uk/news/the-raspberry-pi-hero-or-zero-an-industry-perspective/
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Via Talponedo, 29/A
33080 Porcia (PN)
Italy
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LONDON

FRANKFURT, MUNICH
S.FRANCISCO -

« administration/sales: 5
e R&D: 7

e technical support: 3

e production: 8

e interns: 4
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CPU Modules
(aka SoM = system

on module)
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T.0.P
PCle
FPGA
100G Shock

= P2P Comp. 50G Shock
satta DSP Computation
Video Connections

Temperature Reliability Size
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Unmatched performance thanks to dual ARM Cortex-A9 @

800MHz

Enabling smarter system thanks to Artix-7 FPGA integrated on
chip

Highet security and reliability: voltage monitoring and power

good enable
Accurate timing application thanks to on-board 5ppm RTC

FPGA [0 Bank 34

With 19 High-Speed
Differential Pairs

External Power Supply for FPGA Bank 13 -
» Dual ARM Cortex-A3 Core Memaory
PROGRAMMAELE GJereiiz T

LOGIC
(PL) PROCESSING SYSTEM (PS)

FPGA VD Bank 13
With 12 High-Speed PSR Zyng XCTZ010 sp1
Difeential Paire ksl b 34 Xl Ll NX. or XCTZ020 MIGHE:1]

17K 1o 53K LUTs

G o

240KE to 560KE RAM

80 fo 220 DEP Slices 1220 UART1 UsSB ETHO S00
MIOH4T:46] | | MIO4%:48] | | MID[39:28] | | MIOE27-16] || MIO[45:40]

FPGA O Bank 35
with DDR. Optimized RTC [Temp| §
Interfacing/XADC Spom | Sens. alf half
Signale ETH @
UsB
oma | o
1000

140 x 2 0.6mm Pitch

140 x 2 05mm Pitch

for FFGA BAnk 35
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BORA - ZYNQ XC7Z2010/XC7020

140 x 2 0.6mm Pifch

FPGA IFO Bank 34
With 19 High-Speed
Differential Pairs

External Power Supply for FPGA Banik 13
Dual ARM Cortex-A8 Core Memory 32 bits
PROGRAMMABLE @ B00Mrz :

LOGIC
(PL) PROCESSING SYSTEM (PS)

FPGA VO Bank 13

With 12 Figh Spes o ILI Zyng XCTZ010 Boat
Differential Pairs 28K 1o 56K Logic Cele 8 X L NXn or XCTZ020 MICHE:1] MOR, Flagh
17K to 53K LUTs
MAMD MAND
S e
240KE to S60KE RAM
80 i 220 DEP Slices [2C0 UART1 LB s00
MICHT-45] | | MiC[ag:48] | | mio[39:29) NIC[45:40]

FPGA O Bank 35
with DOR Cptimized
IrterfacngXADC
Signals

140 x 2 0.6mm Fikch
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Bora Embedded Linux Kit provides all the necessary components required to set up the
developing environment for:

configuring the system (PS and PL) at hardware level

build the first-stage bootloader (FSBL)building the second stage bootloader (U-Boot)
building and running Linux operating system on Bora-based systems

building Linux applications that will run on the target

The main kit components are:

 Bora SoM

« BoraEVB-Lite carrier board

« AC/DC Single Output Wall Mount adapter
Output: +12V -2.0 A

e MicroSDHC card with SD adapter and USB
adapter

Vivado/SDK can be viewed as a collection of
programs required to deal with all of the
development aspects related to Xilinx components
(software running on ARM cores, FPGA fabric verification and programming, power estimation
etc.). These include strictly FPGA-related tools such as Floorplanner and pure-software
development tools such as SDK.

e
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Remote Localization Unit

e Remote Vehicle and Safety Systems Localization & Monitoring Unit
e Neptune CPU Module

e Based on x86

e Carrier Board with Common Interfaces (USBs, Compact Flash, etc.)

e Two Boards for Monitoring Services
(GPS, Accelerometer, Gyroscope)
and Video Recording

¢ Video recording (MPEG compressed)

&
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Passenger counting
system

e Low power ARM-based CPU solution
e Fanless CPU Core for 24/7

S Operation
1 BBl - 40 °C to +85 °C Applications
v/ POE |EMACD)

= IEMACL)

e S0C TI DM8148 1GHz

e 750 MHz floating-point integrated
DSP

¢ |[nternal Solid State Disk,
Up to 16GB

e real-time operation
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Application based on TI DaVinci
platform from DAVE
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Al Vision Couning Syskem

Time 00:03

ENTRATI USCITI

04

19



- A ARPOADRDATIOCNYMY

e Universita degli Studi di Udine

e Universita degli Studi di Padova
e Universita degli Studi di Trieste
e Universita degli Studi di Ferrara

iMRAMOTEY &

o|stituto IMAMOTER CNR di Ferrara e

e|stituto Tecnico. S. T. "J.F. Kennedy" di Pordenone
e Associazione Cultura Informatica (AsCl) — Udine
e Texas Instruments
eFreescale

i g XILINX.
#DAV@ ALLIANCE PROGRAM
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ZYNQ"

)
ELECTRON D’OR
e d
Significant Customer Adoption and Momentum . lmw R4 °¢
v" In full production since March 2013, ES since 2012 012
v" 500+ unique customers actively designing :‘37,{‘,??;

v" 100+ Zynq specific partners ACE%T....

v All major OSs supported and in use
v 20+ different development boards and SOMs

ElektraZ01]
‘
——1 WIN N E R 'Hhe Institution of
—‘vmr Engineering and Technology

=== clectronics marketing
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Xilinx Processing Heritage

A ZYNQ™
s 2

§ Dual Cortex-A9 MPCore
@®© 1 GHz
S - PowerPC" 5000 DMIP
g Va Dual 440 Cores
CCE 550+ MHz
PowerPC" 1100+ DMIPS

Dual 405 Cores
\VIRTEXCII 450+ MHz
700+ DMIPS

PawerPC" 405 Core

300+ MHz
450+ DMIP

2001 2003 2005 2007 2012
SOMWNET 10+ years, 4 Generations

DAVE
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Zynq-7000 AP SoC Basic Architecture

Processing
System

Xilinx Soft
Accelerators

" Custom

< Accelerators
e —

=
mm—

1

|l |1

Xilinx Soft Peripherals

Custom Peripherals 7 Series

Programmable
Logic
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x17

Static Memory Controller Dynamic Memory Controller Programmable |
Quad-SPI, NAND, NOR DOR3, DDR2, LPDDR2

S_AXI_HP1
S_AXI_HP2

S_AXI_HP3
S_AXI_ACP

=AW
=== electronics marketing
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Connecting HW and SW

ARM Cortex-A9

DDR Memory

Hardware Designer Perspective

= Peripheral blocks can be standard core
offerings or custom logic cores

= Logic controls exposed to Processor
System via register interface

MPCore

Programmable
Logic

Software Developer Perspective

= Processor System controls
Programmable Logic blocks via
exposed register interface

= Standard address-mapped architecture
similar to any other ASSP

Processor Address

=_ —==pAVNET Space

=== electronics marketing
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DDR Memory

0x00000000

0x40000000
0x60000000
0x80000000

OxEO0000000

OxFCO000000



Software Development Hardware Development

e Processor boots first like any ARM e Reference SW boots processor
based SoC. first leaving PL up and ready to be
e SW developers can use their favorite programmed through JTAG
SW tool to load / debug SW code over e Vivado Probe connects to
JTAG Programmable Logic like to any
e Programmable Logic can be left other FPGA
unconfigured while developing on real e FPGA developer can start loading
hardware | debug like for any FPGA

) SW developments like any other ) HW developments like any other
Xilinx FPGA

ARM based-SoC——

DAVE
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System Bottlenecked?

¢ Profiling indicates processor activity
o Is processor utilization exceeding 90%?
o Processor Queue Length > 27?
o If multiprocessor system, processor time > 50%?
o Intensive reoccurring tasks?

e Effects of overburdened
Processors include:

o Increased Data Latency
o Delayed Interrupt Handling
o Lowered Data Throughput

==AVNET
=== clectronics marketing
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Fetch &
Decode

|

[
Memory/
Writeback

3 to 5 stage pipeline
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Parallel Processing is Efficient...

e For critical systems and performance, Engineers utilize

A —
emqgry Management

Parallel Processi

. N@&a&entral

! No Longer
= are we
a Limited to
0 tial
e M.gy, Function O
- Writeback i Ing'

3 to 5 staae pipeline
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Automation
http://www.xilinx.com/products/design
-tools/vivado/integration/esl-

Abstraction design .html

The SDSoC Development Environment

S DSOC SDSOC,-’ E.I'C++Develop_m_ﬁﬁd
Rapid
s = system-level
ermaronrment p}:rﬂ_:vrrne!nce :
ZYNG NG | e
=0 MPSal +
« ASEP-Ji Ararnrni flermce Specify C/C++ Functions i
ASSP-like prngrdr’r?!'n Mg experisnce for Appalak e
- Systemn-level profling +
+ Full system optimizing compiler i . Full System
« Expert use model for platform developers & systemn architects Optimizing Compile

‘;DAvehttp://www.xiIinx.com/prod ucts/design-tools/sdx/sdsoc.html 5
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applicabili sia ai corsi triennali (tirocini) sia alle lauree magistrali

I'argomento trattato viene modulato in maniera opportuna, in accordo
con lo studente, affinché il contenuto sia congruo con il percorso
accademico del laureando

possibilita da parte del laureando e del relatore di proporre delle
variazioni

previsto un periodo di presenza fisica presso i laboratori dell'azienda
ma possibilita di svolgere parte del lavoro in remoto (vedi
http://www.xilinx.com/support/university.ntml)

premio di laurea o rimborso spese per studenti non residenti nelle
vicinanze della nostra sede

efficace anche come strumento di preselezione del personale (al
momento della stesura di questa presentazione — Aprile 2015 — oltre il
60% delle risorse del reparto di ricerca e sviluppo di DAVE e composto
da personale che e stato inserito nell'organico immediatamente dopo
aver svolto la tesi sperimentale)

@oave
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* I'ingegneria dei sistemi embedded abbraccia numerose
discipline e di conseguenza le tesi proposte hanno un carattere
fortemente interdisciplinare

* progettazione hardware (prevalentemente digitale ma anche
analogica)

signal integrity

compatibilita elettromagnetica

sviluppo firmware e device drivers

sviluppo software di alto livello

e sviluppo su FPGA

* sviluppo su DSP

* sistemi operativi e RTOS (real-time operating system)

@ne
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1. RGB to YCbCr Color space conversion (not applicable to VC707).

2. 444 to 422 Subsampling (not applicable to VC707).
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Sviluppo di un controller video con doppia uscita
Indipendente (LVDS + HDMI)

DDR3 SDRAM
bank #0 (1GB)

LCD

(main system controller
RAM + frame #0

buffer #0)

std res
video i/f

hi res
video i/f

LCD
controller
#1

DDR3 SDRAM

ﬂ; > bank #1 (256MB)
DAve (frame buffer #1)
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Double video controller on BORA platform
(Zyng based)




Non Critical

Porting del monitor SafeG su processore multicore Freescale |
o www.toppers.jp/en/safeg.html

e Asymmetric multi-processing (Linux + RTOS)

e TrustZone

| GPOS

DAV@

&

Non-Trust

AT
I'I

ARM with TrustZone !

Embedded Systems
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Porting del monitor SafeG su architettura multicore ARM CortexA9 (2/2)

Renesas R-Car E1 Cortex-A9 533Mhz

@ne
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FS
(duzl-05 corfiguration: Linux + RTOS

or bare metal on top of SafeG)

Statistical

" . M echanical
FPaostion Errar signal
estimation [ | filtering sy stem
' &
HTOS L]
ar Dual FID | sewo
bare cantraller - #1
metal
darmain

= logical functions that may be moved to FPGA fabric with APFCC

The internship aims at implementing on Bora platform (Zynq based) a real-time detection
and control system. This system is used to keep the balance of a mechanical system by
acting on two servo motors. Servos are driven by independent PID controllers via PWM
IPs implemented in FPGA. PID controller are fed by a signal error generated by image
processing algorithms applied to a video stream. Video stream is generated by a camera

shooting the mechanical system itself.
e Time consuming portions of software are hardware accelerated, meaning that they are

Rt vatere implemented in FPGA via high level languages such as C and C++. 38




Accelerazione di algoritmi di elaborazione video in FPGA (2/2)

Ball and Plate Control System

39



ESEMPIO DI TESI MAGISTRALE (2013)

plementazione di un controller per Soli ate Disk (
su architettura Zynq AMP (Linux + bare metal)

@0Ave
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32KB 32KB Memaory
I-Cache D-Cache Management
with Parity with ECC Unit

CCUSMMU | 1MB L2 Cache/ECC

ARM Mali™- 400 MP

Geometry
Processar

Memory Management Unit M PCle Gen2
64KB L2 Cache PS-GTR

High
%'

DDR4/3/3L,

Display Port
LPDDR4/3,
ECC Support USB 3.0

2 Pixel

Block RAM

DSP

General Purpose 10

UltraRAM High-Performance HPIO

High Density HDIO

veg;;['ﬁﬂ}ti"g Gﬂnfigurati_nrl
Dual ARM Cortex™-R5 , AES Decryption,
Memory Protection Authentification . 12c
Unit and Secure Boot R‘%# Emetrs, UART
BSels
e » RE v
128KB TCM || 32KB 1-Cache | 32K8 D-Cache Clocking el
withECC || withECC | with ECC TrustZone Sisééin and Debug SPI
e g Quad SPINOR
Voltage/Temp g NAND
Monitor SD/eMMC
Programmable Logic
Storage and Signal Processing High Speed Connectivity Video Codec

GTH 100G EMAC

GTY PCle Gend

H.265/H.264

Interlaken

D AV Gﬁ: llustration not drawn to scale.
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Detto in maniera meno altisonante:

« avere 20 anni capita una volta nella vita (Einstein ha
pubblicato la teoria della relativita ristretta a 26 anni!)

e siate curiosi e assorbite piu che potete!

Trieste Mini

Maker Faire PN
9 FABLAS

UDINE

AAAAARRAAAAARRAAAAAR

CV di un vostro “concorrente” indiano:
e 26 anni

« Bachelor of Engineering Electronics and Communication Engineering

« C, C++, Assembly, Java, RCP, Android, Shell, Batch scripting

« German (basic), English (fluent), French (intermediate)

* Master of Science: Control and Embedded Instrumentation, ESIGELEC, Rouen (France)

« Master of Science: Embedded System and Instrumentation, Manipal University, Manipal
(India)

DAve Internship at Texas Instruments GmbH, Munich (Germany)
Embedded systems © INtErNShip at Texas Instruments GmbH, Nice (France) 42
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