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Analyse Freguentielle: le concept

Horaires de trains

Temps | - Fréquence
(Quand?) - ~(Tous les combien de temps?)
14
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Pourguoi | ‘analyse frequentielle ?

Monde Physique <) Description numeérique
et analogique des

signaux
B C
Amplitude Amplitude
r DE
A C
B
A
A
Temps
Fréquence

E perturbations

D i
75 b Les effets individuels sont
meélangés dans le domaine du
I temps, alors qu'’ils sont souvent
Sl Signal séparés dans celui des

frequences.
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Analyse des systemes
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]]I' A‘ Types de Signaux

Sinusoide Durée Infinie
— ‘ étendue spectrale limitée
Temps 4
P Frequence
Signal
carré C— ‘
| | A
Temps Fréguence
Transitoire
Te m pS Baran Fourier.
Fréquence (Auxerre, 1768 - Paris,
1830)

- Durée limitée
!m,pUISIOH | étendue spectrale infinie
iIdéale =

emps

Fréquence

2018 : année Fourier !
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Signaux stationnaires

Types de Signaux

Signaux non-stationnaires

Temps Temps
Déterministe Aleatoire Continu Transitoire
‘ H H H H h hemps [ﬂ iI Temps ‘ “ Iemps Temps
Jill s
* "’ S \ 5
ﬁ s / | 7"/
S ,
i , -
N o~
L Y
Fréquence Fréquence Fréquence Fréquence
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Exemple d ‘Analyse et Traitement du Signal
Specifications de niveau ‘level 1" en GSM

Spectre de | ’émission dans la bande 935-960 MHz

A AAA A

- Analyse (dans la bande autorisée) des Fréquence (MHz)

raies d *un rapport signal sur bruit
(SNR) suffisant

6 Analyser le spectre

*Traitement des 5 plus grandes raies les T T
plus puissantes raiter ie signa

~Tentative de capture de la plus forte Quantifier le SNR
Emettre un signal

Serge Dos Santos Traitement du Signal, INSA Centre Val de Loire, Département Génie des Systemes Industriels, Année 2018-2019
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A‘ o s Evolution de la
telephonie mobile (GSM)
100000 2000

1G 2G 2.5G 3G 4G
N
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1000 .
HER HER
170 EEE mmm
HER HER
900MHz %-1800|\/|HZ L
Voix 900MHz \VOix 900-1800-1900MHzZ
1800MHz Petit Internet Petit mobile
12 kbfs Voix Service Internet Complet

Bien maitriser les notions spectrales

Serge Dos Santos Traitement du Signal, INSA Centre Val de Loire, Département Génie des Systemes Industriels, Année 2018-2019 13
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la 5G aux JO de Pyeong Chang 2018
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]]I‘ A‘ pepmm Conception de systemes de réception 5G
Multi-Standards, Multi-Modes et Reconfigurables

Software Radio Receiver Architecture

GSM, 3G, BLUETOOTH
!
>
=4 | o
e
Band
- WLAN Downlink Limit
@ Filter
N
& 3(7-",, U
“O ser '
= Equipment (UE) .“ -
N
(>

Multi-standards based Software Radio Receiver
System Block Diagram
» Digital RF front end (Band Pass
Sampling, Band Limiting Filter)
* Digital IF (decimation and down 3

Baseband

. Bandpass Processing
conversion)

DSP

e Advanced multi-rate signal
processing techniques

Serge Dos Santos Traitement du Signal, INSA Centre Val de Loire, Département Génie des Systemes Industriels, Année 2018-2019 15
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»{ Filter bank multicarrier ‘ With heavy reliance on the OF
N Modulations based on | | (FBMC)
pulse shaping Generalized frequency division

multiplexing (GFDM)

Universal filtered multicarrier
(UFMC) « Scalable waveform with low complexity receivers
- Efficient framework for MIMO spatial multiplexing

)M family adapted to new extremes

OFDM family the right choice for mobile
broadband and beyond

Novel modulation N Modulations based on
techniques in OMA subband filtering

- Allows enhancements such as windowing/filtering

_’< Filtered OFDM (~OFDM) ‘ ) - SC-OFDM well suited for efficient uplink transmissions

Guard interval discrete Fourier
—>| transform spread OFDM (GI i
Other modulation DFT-s-OFDM) Resource Spread Multiple Access Frequency

techniques L{ Spectrally-precoded OFDM (RSMA) for target use cases

Multiplexing
techniques in (SP-OFDM) Enable asynchronous. non-orthogonal, contention-based

= access that is well suited for sporadic uplink transmissions
5G networks —>{ Orthogonal time frequency and of small data bursts (e.g. IoE)

Power-Domain NOMA space (OTFS)

Tuns

—»{“’W‘d“““”"“’adi“g@“" A flexible framework with forward compatibility

(LDS-CDMA)

. | | .| Low-density spreading OFDM
Code-Domain NOMA —->{ (LDS-OFDM)
%{ Sparse code multiple access Integrated framework Mission-critical transmissions

(SCMA) That can support diverse deployment May occur at any time; design such that
scenarios and network topologies other traffic can sustain puncturing’

Efficiently multiplex envisioned and unforeseen 5G services on the same frequency

Pattern division multiple
access (PFDMA)
3 . Building block sparse-
L NO]\]:‘ J:;.N::I;;E}f:mnf mi constellation based orthogonal
P multiple access (BOMA)
Lattice partition multiple
acecess (LPMA)

Scalable TT1

Fig. 1: A classification of the novel multiplexing techniques in 5G networks.

Scalable transmission time interval (TTI) Forward compatibility

Evolving LTE to be a critical part of the 5G Platform o tiveras itbneyrequiremeris. capsble of Iatbndios With wupport ot Elkrikc sl frames andirequency

an order of magnitude lower than LTE resources for future services / features

Pioneering 5G technologies today

Many technology enablers to meet 5G requirements and services

Advanced MIMO Unlicensed spectrum el e
d nts with full
256QAM Narrowband loT Enhanced CA self-conf . Massive ®

FelCIC Device-to-device Massive/FD-MIMO ) | mmWave MIMO Low latency and
ultra-reliable

Carrier aggregation Shared Broadcast communication

SON+ CoMP Dual connectivity Low Latency Integrated access
and backhaul

5G N R Natively incorporate advanced wireless technologies
LAA

Rel-10/11/12 N\ Rel-13and beyond Advanced Beam

LTE Advanced Ite" LTE Advanced Pro et

Best use of all
spectrum types . l l

Multicast Multi-hop and D2D T
communications communications

[Source]: Yunlong Cai et. al., “Modulation and Multiple Access for 5G Networks” , IEEE Communications Surveys & Tutorials, 2017

[Source]: Qualcomm Technologies, Inc. ) ) . )
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ON Semiconductor Transmitter
NBC12429

Evaluation Board Marki
400 MHz M10408HA
IF Mixer

SpaceK 28 GHz Upconverter

¥R (dB/lm)

0-40¢dB s
Manual attenuator S/ 13 Chx

i1
1 1
17 if
Heavy Rainfall @ 28 GHz
1.4 dB Attenuation @ 200m

Specific Attenuation,

g VA phviig ff gl
2 5 10 20 S50 100 200 500 1,000 ?;2;; 5'270;]2“..: :
o > (GH., 2 z

Frequency (GHz) o
FIGURE 1. Rain attenuation in dB/km across frequency at various rainfall ;22:2;1
rates [26]. The rain attenuation at 28 GHz has an attenuation of 7 dB/km 3
for a very heavy rainfall of 25 mm/hr (about 1 inch per hour). If cell
coverage regions are 200 m in radius, the rain attenuation will reduce to

Variable JC A48-403
1.4 dB. | BPF  Attenuator IF Amp.

MELABS HP8495B

Downconverter

8

e
=3

Anaren Quadrature
IF Mixer

2 Model 250126
— Magnum Microwave
MDR6000 DRO

f\ 5.4 GHz

13 dBm

S
—

Sea Level Attenuation (dB/km)

N
Y ; Rohde and Schwarz
] SMIQo3B
0.01+45+ 399.95MHz
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380400 5dBm
Frequency (GHz)

FIGURE 2. Atmospheric absorption across mm-wave frequencies in v Beitonics
dB/km [1]. The attenuation caused by atmospheric absorption is 0.012 dB 100 kHz LPF
over 200 m at 28 GHz and 0.016 dB over 200 m at 38 GHz. Frequencies

from 70 to 100 GHz and 125 to 160 GHz also have small loss.

T. Rappport et al., “Millimeter Wave Mobile Communications for 5G Cellular: It Will Work!”, IEEE Access,
Serge Dos Santos Traitement du Signal, INSA Centre Val de Loire, Département Génie des Systemes Industriels, Année 2018-2019




1\l Current Mobility Stats

0 Mobil
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e subscriptions worldwide Q3 2017
In Q3, 95 million new mobile subscriptions were added

resulting in a total of 7.8 billion.
LTE becomes the dominant mobile access technology in 2017

Q In 2023, there will be 9.1 billion mobile subscriptions

Global

120

8.5 billion mobile broadband subscriptions
1 billion 5G subscriptions for enhanced mobile broadband

mobile data traffic (ExaBytes per month)

Close to 95% of mobile
data traffic will come from
smartphones in 2023

@ Smartphones

w Mobile PCs, tablets
and routers

Serge Dos Santos

Traitement du Signal, INSA Centre Val de Loire, Département Génie des Systémes Industriels, Année 2018-2019
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JRIC A | ccsoeces Emerging Trends of Innovation

ADDI INLIECC

Advanced Analytics With Self-Senvice Delivery
expectations Autonomous Vehidles
4 Internet of Things

| Smart Advisors - .

|Micro Data Centers [ Machine Leaming

Digital Dexterity v
’ Cryplocurrencies

Consuméer 3D Printing

Naturald Quest

Q Natural-Language Question Answering

Volumetric Displays A Enterprise Taxonomy and Ontology Management
Smart We

30 8 ting Syst Q Hybrid Cloud Computing Neuromoephic Hardware
Context Beok,
Homan Asgmeotohon BRI ... Augmenied Reaity
Brain-Computerinterface Ent 20 Printi 40 Pm:g
erprise nting
Quantum Computing Augmented Reality s“'n 1 Dust
Gesture Control As of July 2016
i 4 Vinual Reali Peak of
Bioacoustic Sensing / Cryptocurmericy Exthange Astono s"mmvmdes In;l:vallon Inflated Gi ’:’I:ou'gh of . Slope of Plateau qf
People-Literate Technology gger Expectations siliusionmen L Y
Digital Security _ time »=
;‘;‘:" g:gm“ Assistants Years to mainstream adoption: obsolete
As of July 2015 Olessthan2years O 2toSyears @ S5to10years A morethan 10years & before plateau

Innovation Peak of Trough of Platebi of Source: Gartner (&b 2016)
Trigger £ Inflated Disillusionment Slope of Enlig Productivity
time >
Plateau will be reached in: obsolete ‘ Plateau will be reached in:

© lessthan 2 years
@ 2to5years

@ s5tot0years

/\ more than 10 years

Olessthan 2years ©2toS5years @5to10years A morethan 10years @ before plateau

Commercial UAVs (Drones)

Smart Workspace

Conversational
Brain-Computer /\ User Interfaces
merece /2 Voumete
Quantum — T Displays
Computing @ pigital Twin

Serverless

Cognitive Expert Advisors

/\ Human
Augmentation

Expectations

Neuromorphic

Enterprise Taxonomy
Hardware

and Ontology Management

Deep Reinforcement
Learning Software-Defined

/A Atificial General Security
4DPrinting /X, Intelligence

Augmented
Reality

As of July 2017

: Peak of
Innovation Ineflaat::i Trough of Plateau of

Trigger Expectations Disillusionment SR Productivity

Time
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5G NR timeline

Overall timeline had been agreed at RAN#75 in March/2017
=  This time plan still holds

= RAN#77 took some key measures to ensure timeline is met

2 Release-15 >
‘ Release-16

A CLOBAL INITIATIVE

5G initial study

"Non-Standalone ( Standalone

Uses LTE core and LTE radio anchor with a 5G small cell Uses 5G core and 5G radio anchor or ‘access via a 5G CN'

| '5G product supports either NG NR’
Mobile BroadBand capacity boost ‘

Erk Guttman, 3GPP SA Chairman

Serge Dos Santos Traitement du Signal, INSA Centre Val de Loire, Département Génie des Systemes Industriels, Année 2018-2019
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Serge Dos Santos

CENTRE VAL DE LOIR

du Traitement du Signal

...et plus encore!
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Signal processing and
Automotive industry

Image sensors

CMOS image sensors revenues forecast by market (in M$)
(Souce : Status of the Image Sensors Industry report, Yole Développement, October 2012)

o
=
c
S
o
e
L
(&)

2010 2011 2012 2013 2014 2015 2016 2017

& Security / Industrial / Defense / Space B Automotive / Transport H Consumer

= Medical u Computing ¥ Mobile handset hY 0 LE

© October 2012
yDévelappement
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Signal processing and
Automotive industry

Lateral G-force & Yaw Rate:
- Measure Lateral Acceleration for Cornering
- Measure Vehicle Yaw Rate to Detect Skids

Sub-System ECUs:

- Control Data Sert to Engine
ECU and Braking System to
Modify Vehicle Response

Vehicle Dynamic Conlrol ECLL:
- Take Actual Vehicle Dala,
Compare with Desired

and Direct Intervention
- High-End MCU

. . Source: Freescal
Fig 2 Components of a stahility control system. ource: Fresscals

Serge Dos Santos Traitement du Signal, INSA Centre Val de Loire, Département Génie des Systemes Industriels, Année 2018-2019
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Signal Generator

Device
COMPort |1 Conncet

Wavetorm
O off @ Sine O Square Wave O Noise O Sawtooth

[ Inverse Sawtoath

Frequency in Hertz [e.g. 100e3 for 100 kHz or 50 for 50 Hz)

Slider Start 50000 Slider End
T ew
Period in Seconds
Slider Start 2eH005 Slider End
1e-005 J— 10
Digital Input Digital Output
Figure 3 : Différents processeurs de signal numérique Oo P CO2 M3 Oo O1 O2 O3
Eric Conart, rapport de.stage 4eme.annee ENIVL, FlaiEss S EIN S8 T Cre Cle CiaELe

Université de Tallinn, 2009-2010

Square Wave | Pulse Generator
Duty Cyclc in Percent 50 —J—
Low Time in Seconds 1e-005

Annexe 1 : Photos de la plaque de test MSP430 eZ430-RF2500 High Time in Seconds  |1€-005

Spy BI-Wire &
MSP430 Appliation UART

Pushoution 2% LEDs

Figure 11 : Figure 12 :
L’interface pour générer un signal sinusoidal Le signal sinusoidal vu a I’oscilloscope.

Aurore ZBINAK, rapport de stage 4eme. annee.
ENIVL, Université de Tallinn, 2009-2010

" ELIKO Competence Centre in Electronics-, Info- and Communication

18 Accessible Pins

Figure 1. o2130-7F2500 Technologies, Tallinn, ESTONIA
Typhanie PERRET}, rapport de.stage 4eme)anfice

ENIVL, Université de Tallinn, 2009-2010
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Charles-Edouard LEMORT, rapport de stage4eme annee ENIVL, O T e o e R B
Université de Valencia, 2010-2011 Al =l
Challenge: Texas Instrument ' Analog, Design) Contest
ENIVL, Université de Tallinn, 2010-2011

* Stage Laboratoire 4éme
Année

I
IR TALLINNA TEHNIKAULIKOOL
1 I

Matthieu Lasseaux

d'ondes dans une orange [ | : A Stockage et traltgment _
‘ de donngées électrocardiographiques

par étude ultrasonique

* Eléve ingénieur :
* Charles-Edouard LEMORT

SYSTEME ARTANN: METHODE

NN FA . gl

Boitier ARTANN :

e # & .
< ;g/

(¢ h s D
; . "i‘.‘? 13 TEXAS Analog Design Contest
s INSTRUMENTS e M S
4 * 2
om— R 0 A

Traitement des données

Filtre de ButterWorth (ordre §
PIC CORRELATION NOISE —

RawData 1

&

3000

2000

2000

= s
< =
& &
£ g

Iy ‘ i
,v‘\, h,v‘f ‘\,v\,j \'LVL‘ «N) \vwﬂm

1000

400 200 300 400 500 60D

Temps (ms)

Serge Dos Santos
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700

25



1VSY\ESE  Stages E(N)I(NSAC)VL

Stages 5A :

= 2015-2016 :
: Julien Henry (Tiestia CND)
. 2013-2014 :
; Julien Deviaminck (CEA Gramat)
m 2011-2012 :
a 2009-2010:

= 2014-2015

= 2012-2013

Stages 4A :

= 2015-2016 :
= 2013-2014 :
= 2012-2013::
= 2011-2012 :
= 2010-2017 :
= 2009-2010 :

Stages 3A :

= 2007-2008 :

orientes
Traitement du signal

Maélle Charpiot (Dundee University)
Dina Caicedo (AREVA CND)

Laurent Laxague (Supersonic Imaging)
Alexis Senechal (Thales Avionics)

1 (Gandia)

12 (allinn, Gandia, Prague, Mendoeza)
15 (lallinn, Gandia, Prague)

5 (Gandia, Prague)

13 (Tallinn, Gandia, Prague, Dundee)
12 (Tallinn, Gandia, Prague, Venice)

7. (Stevens Institute of Technology, NJ, USA) ... il y a dix ans deja !
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I'Emission Acoustigue en CND

Région n%)

Réglon
neit

Reglonn®s [ | reglonn=

Réglon n*10

Réglon n%

Figure 1: General outline of a 4000 m3 spherical tank under sarcophagus - General view of the 4

sarcophagus during the buildin S —

) acoustic emission

Figure 8:

Results of localization obtained using the

acoustic emission system in its final

waveguides) _ o SAE S

Top left: lower cap . P - B S e Tuteurs :
p rig located above the skirt il : - -

- DrVaclav Kus

- Dr Serge Dos Santos

, Iapport de stage 4eme) annee.
ENIVL, Université de Prague, 2009-2010
Serge Dos Santos Traitement du Signal, INSA Centre Val de Loire, Département Génie des Systemes Industriels, Année 2018-2019
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CENTRE VAL DE LOIR Applications Aéronautiques

CTOL  STOVL  ¢CV
Material Percent  Percent  Percent

:r;{ALUMINUM 434% 457%  324%
| Fixed Skins w
GRAPHITE/EPOXY 137% 121%  15.1%

» ) AEM Box —» @7
GRAPHITE/BMI 214%  213% 200% Cover

Access Skins

ITITANIUM 154%  136%  254%

MLG Covers

Substructure

Nacelle Skins
Fuel Floors

Lower Skin
body Fairing

MLG Doors

Only Wing Assembly Shown

NHOO0
helicopter

e

AFCICFC
2 AFC/Nomex .
) (secondary structure) ( Composite

| CFC/Nomex
with partial AFC.GFC

- Metal

it o

( Sources :
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Traitement du signal et cosmeétigue
a votre attention

The INSA Centre-Val de Loire, reporting to Inserm unit U930
and in collaboration with the universities of Tours, Tallinn
(Estonia) and Prague (Czech Republic), has implemented a
— " protocol making it possible to transpose a new instrument
extracting the multiscale properties of the skin's elasticity.

For many years, new procedures have made it possible
to assess the condition of nonbiological materials and
structures.

These techniques, which have already been transposed to
the human body to detect teeth and bone aging (significant
in osteoporosis in particular), have never been used on the
skin. The project’s initiator, France’s National Institute of
Applied Sciences (INSA), has succeeded in updating the
innovation, which has led to a world first, «TR-NEWS»
instrumentation.

CONTEXT

Cosmetic Valley certified project in 2013.
Investment: k€ 498 in 3 years.

Partners: ez

msa % @

Anisotrepy
frend

Reference:

« Skin hysteretic behavior using acousto-mechanical imaging
and nonlinear time reversal signal processing.

Serge Dos Santos,
Reseacher, INSA Centre-Val de Loire
serge.dossantos@insa-cvl.fr

e, -
e e B

Recherche labellisée par: la: Cosmetic Valley, pole de Competitivité de la Région Centre, avril 2013

Serge Dos Santos Traitement du Signal, INSA Centre Val de Loire, Département Génie des Systemes Industriels, Année 2018-2019



A‘ OES SCENCES
pc-p Pourquol une theorie du signal 2

» Gérer les discontinuités des signaux

* On « travaille » avec des signaux présentant des caractéristiques
« Infinies »

*Energie et puissance de tous les sighaux
La fréquence est une grandeur physique tres intuitive
Comment définir la frequence d 'un signal non périodique

*Theories mathematiques indispensables a | ’analyse et
au traitement du signal

*DISTRIBUTIONS ET STATISTIQUES

*Théorie des signaux echantillonnés
«application a | 'analyse des signaux numeriques

sconvertisseurs, GSM, DSP, analyse par FFT

Serge Dos Santos Traitement du Signal, INSA Centre Val de Loire, Département Génie des Systemes Industriels, Année 2018-2019
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Avantages du traitement du signal: representations

utilisation de I'analyse de Fourier

coursTS_2003.1Ib

connaissance de la relation temps-freguence

Interpretation de lI'analyse de Fourier

s
-3

= Sspectre en frequence tres riche 03 - Le vent nous porteramp3

= Vvariation de la freguence

07 - Son style 1.mp3

= Richesse du spectre des notes de musique

04 - Des aimes.mp3
= Melodie dans un accompagnement: large spectre

s
&

Yann Tiersen - BO - Le fabuleux destin d'’Amelie Poulain - - Le moulinmp3

= excitation de toutes les frequences !

David Guetta - Memories feat. Kid Cudi.mp3

Serge Dos Santos Traitement du Signal, INSA Centre Val de Loire, Département Génie des Systemes Industriels, Année 2018-2019 I}
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8. = 8.
5 jg E :16
Time:@s) Freq (MHz)
Capteur bande etroite = temps de reponse lent
Frequency Spectrum Signal Waveform

Amplitude (dB)
Amplitude (mV)

; 0 05 1 15 2 25
1 6 11 16

Freq (MHz2) Time (m)

Capteur large bande = temps de réeponse rapide n

Serge Dos Santos Traitement du Signal, INSA Centre Val de Loire, Département Génie des Systemes Industriels, Année 2018-2019
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L ‘Industrie du
Traitement du Signal :

Exemple du DSP (Digital Signal Precessing)

Serge Dos Santos Traitement du Signal, INSA Centre Val de Loire, Département Génie des Systemes Industriels, Année 2018-2019
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LNESEM Qurest ce que le DSP?

v WHAT IS DSP?

DIGITAL COMPUTER
o e
MWW

Serge Dos Santos Traitement du Signal, INSA Centre Val de Loire, Département Génie des Systemes Industriels, Année 2018-2019




1. Applications du DSP

e modems,telephonie'mobile; trartement de la parole
(reconnaissance de voix), multimedia, controle moteur

¢ cOmmunRIcations numerigues sans fil

o nombreuses applications mdustrielles et grand public
» pilotes de CD-ROM ou de disques durs

e automobile

» Imagerie

* jdentification d’empremtes digitales

refrigerateur

Serge Dos Santos Traitement du Signal, INSA Centre Val de Loire, Département Génie des Systemes Industriels, Année 2018-2019 35



2. Fonction du DSP

Echantillonneur Filtre Codeur Modulateur

Décodeur Demodulateur

Serge Dos Santos Traitement du Signal, INSA Centre Val de Loire, Département Génie des Systemes Industriels, Année 2018-2019 36
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3. Evolution de la vitesse d ’échantillonnage

Echantillofnnage
(Hz)
1000000 f(--------------- Reconnaissance ____.
d'images
10000 Reconnaissance vocale _
(0[0)
1
Tempérqture
Faible Complexité de I’algorithme Elevée

Serge Dos Santos Traitement du Signal, INSA Centre Val de Loire, Département Génie des Systemes Industriels, Année 2018-2019 37
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Serge Dos Santos

Utilisations du; DSP

...et plus encore!

Traitement du Signal, INSA Centre Val de Loire, Département Génie des Systemes Industriels, Année 2018-2019
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1\l Les problématiques du

CENTRE VAL DE LOIR Traltement du Slg nal

ERTRAND RICQUE-VANDERLANDE

Mensue:

‘Ilyatrop d'a peu présdans laréalisation | o ense
des applications d'automatismes” , .. Prix: 1220 - SSSNO755.210%

Le magazine
de linstrumentation
et des automatismes
ndustriels
.

INSTRUMENTATION

Visual Studio.Net
fadlitela
programmation .

GESTION DE PARC

15000 appareils
| gérés par un seul
|ogidel p48

VISION INDUSTRIELLE

Vos huitres
seront bien
calibrées,

GUIDE” ACHAY

otion control ;.57

......

LA QUALITE DU SIGNAL RESTITUE EN DEPEND

Oscilloscopes : attention
a I'échantillonnage..., »

Serge Dos Santos

Traitement du Signal, INSA Centre Val de Loire, Département Génie des Systemes Industriels, Année 2018-2019

Exemple :

Un des objectifs du
cours

Culture génerale : pourquoi les éclairages au
néon sont interdits dans les ateliers d’usinage ?
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o Effet stroboscopigue,
aliasing et « Moirée »

Région du GRAND PRESSIGNY -
Typique corps de ferme au carré, sur
5700 m2 environ, en cour de restaura-

tion, sanitaire et aménagement des

combles a prévoir. Calme absolu, vue

dominante sur campagne. Réf. T1480.
EXCLUSIVITE.

106 950 € FA.L

—

Examen TS, E(N)IVL
2005 & 2012 !

Serge Dos Santos Traitement du Signal, INSA Centre Val de Loire, Département Génie des Systemes Industriels, Année 2018-2019 40
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A srre®  Synthese Numeérique

Standard du CD numerigue:
= Echantillonnage: 44.1 kHz

s Codage : 16 bit

= Stéréo : 2 voies
= [aux de transfert = 2x16x44.100 = 1.4 Mbits/s

= 1 heure de musique = 1.4x3.600 = 635 MB

Serge Dos Santos Traitement du Signal, INSA Centre Val de Loire, Département Génie des Systemes Industriels, Année 2018-2019 41
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wee  [echnologie WIRELESS

_ 802.11n
a
-8 100 Jina
I 802164
8 10 802 11a 802166
7] 802.15.3
®
= HSUPA . '
I 1 ° LSO WWAN
g “'--‘ ‘HSDPA m j\J]JI-\\J\]
ﬁ 0.1 @t UMTS
= EDGE
0.01
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Traitement du signal du
type neuro-spike

Dendrites

Systemes exploitant les neurosciences
= BRAIN/HBP

Synapses

/\

Myelin sheath

No Spike 1 No Spike
X=0 _ ' No Release _ Y=0
~ W=l Optimal

Binary Py 1-p,_~
Encoding - Detector

< Release

Pr w=1

ESPS Waveform with

Axonal noise Vesicle Release Variable Amplitude
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Every particular
problem needs a
specific tool !
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Serge Dos Santos

..dans le but de traiter les systemes complexes
Complex Adaptive System Model

Information MATERIALS & MORPHOLOGY

Energy \

Loconmation
Information Communication
Manipulation
Expulsion

Adaptive
Learning

Traitement du Signal, INSA Centre Val de Loire, Département Génie des Systemes Industriels, Année 2018-2019
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...et d'en trouver des innovations ...

Exemple : le memristor

THE NEWS:;EE{%Z ISSUE 1538 MONDAY, AUG E—— F—
CREATORS OF dv = Rdi 5 dg = Cdv
TECHNOLOGY

Will Memrisfors 8
be irresistinie?

Transistors, !l
capacitors [ W Sa >

and inductors

Inductor Memristor
dp = Ldi dyp = Mdgq

were. Can the Memristive systems

fourth passive

circuit element Figure 1| The four fundamental two-terminal circuit elements: resistor,
launch the next capacitor, inductor and memristor. Resistors and memristors are subsets of

revolution? \ a more general class of dynamical dev emristi tems. Note that R,
30 C, L and M can be functions of the independent variable in their defining

equations, yielding nonlinear elements. For example, a charge-controlled
memristor is defined by a single-valued function M(q).

Serge Dos Santos Traitement du Signal, INSA Centre Val de Loire, Département Génie des Systémes Industriels, Année 2018-2019 46



INSTITUT NATIONAL
DES SCIENCES

APPLIQUEES
CENTRE VAL DE LOIR

Power Spectra of v (t)

X3CL
' o0
Sound of chaos -

Oscilloscope waveform

"

'f;" Min
X
z
AR
[
& ~mom

...et d’en trouver des innovations ...

[ "
AAA
WA
170
™
@ Lo
o 100 T cov
v =
3 8} ™
e
4 4 gt AAA
= 2
o
Simo 230
T o
v2
—_—
-

NOEL : Nonlinear Electronics Lab

Dr. Leon O Chua ~ Director 151M Cory Mal Uneverssty of Calfornia, Beriesiey
hitp://noninear.cecs berksiey.edu

32 Elecironis Engneering Timos August 18, 2008

es will require at least five mose years of
Tesearch,” Steward said. HE Labs estimates
that commercial applications ame abowt a
decade out.

The fundamentals

Technically. a memristor b a passive circufl
element that relates flux to charge in the
Same way resistars relats voltage to current,
capacitors relate voltage to chasge and induc-
‘ors relabe fliuo to current. The fact that this
Teumh combination has been ignared in elec-
tremic-chrcult theory was discovered by EE
prodesser Leon Chiza at the University of Cal-
ifornia, Rerkeley, who wrobe a seminal paper
abmet the memristor in g7

“Memristons represent 2 fundamental
change in electronic-cincuit theary,” said
Sunp-Mo Kanp, chancellor of the Enginess-
inp School and an EE professor at the Univer-
sity of California at Merced. The most
impartant items in electronics are the volt-
age, the carrent, the electrical charge and the
Mux linkage, he said =1 you consider thos:
T variables a8 constivative relations, then
wau gat the equations that describe the resis-
‘tar, inductor and capacitor.”

Bat there is a fourth combination that
everybody had overlooked, said Kang.
“Chisd's geriug was realizing thay combing-
tion defised 4 new passive-device rype —
the memristar,” he said “Chaa's atgument
was mathematical, bat what ke was saying
is that the memristor had just as much a
fundamental right 2= resistons, inducton
and capacitgns”

Chia called ks discovery & memrision
hecase of its behavior The device acts a5 a
wariable resistance that *remembers® kow
much carrent bas flowed through it by
changing the valtage across (s ferminals
Thus, it can serve 85 4 memory element that
cam be fipped “on.” with 4 current in ane
direction, and *off * with a curzent in the
reverse direction.

“A resistor relabes voltage to curment and
‘the memristor relabes flux to charge,” said

1995  —>2002

HF Labs forms *(raantum Leznn Chua pablishes *Nom

Mailre Darme's Porod, “Hewever, if vou sum
up flux aver time, it hecomses a volage, and i
you sum up charge over time it becomes a
curtent. 5o a device that relakes flux to
«wharge, lile the memristor, will over time
relate voltage to current like & varisble resie
tar that changes [ value depending on how
miuch, and in which directon, current has
flowed throwgh it

For 35 yeams, anly Chua and 2 handfal of his
former studenis taught fledgling engineers
wbout the conoept of a mermnrigior, In lab class-
%, Ui, resislons, inductors, capasiton and
transistors, Chua had ciroait beards bailt that
emulabed a memristor. He also wrobe many
‘papers providing detailed characterizations
for EEs — effectively telling them how to rec-
apnine & memristor when they siw one

Meyerthelece, the idea remalned an scadens-
ic matter far 35 years, until HP chernist Stan-
ley ‘Williams [now a senior fellow) rezlized he
had discovered an electromic circuit element
that exhitited the behavier Chuaa described.

*The fingerpring by which EEs can recog-
nize a memristive circudi clement ia by lis
voltape-curment relationship,” Chioa said, He
described that relationship 25 “2 hysteresis
loop that goes through the origin — what [
qall a pinched hysteresiz loop.”

Many such pinehed hysteresis loops have
erapped up in the lieratoee on nanoclectron-
ics aver the past 15 years, said Chua, “hut
these devices have been incorrectly identified
by the authoss of these papers ® It tcak
Willkams® multidisciplinary team of physi-
wists, chemists, mathemalicians and EEs al

Structines Rescarch Infila- limear Ciscuit Fousdasion for Guastaw Robert Kirchhs

tive® bed by chemist Stanley  Nanodevices™

{Proceedings of Award, which recogelzes

Williams to develop modeca:  1EEE, Vol ga, Mo 1x), which him s the father of both
lar-scale alternative o tran- positions memristors within nomlinear circuit thenry and

sistor-based switches

Juby 9% 2008

his nemlinear cirozit theary cellaler nearal Betwerks,
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...pour breveter des applications technologigues

# U.S. Patents Claiming | Non-volatile Logic/ .
. N . Neuromorphics
Memristor Application Memory Computation
- B TECHNOLOC AMD 5 0
= LE MEMRISTOR POURRAIT 14
Toutes ces technologies promet -
‘ tent miniaturisation. noo vokatilisé Energy Conversion 28 5 2
et vitesse Hevde de lecture-éemture Devices -
Mais l'expérience suggére la pru
y : BUSS , l Hewlett Packard 49 10 1
dence. Lo memristor ne sera-t-H
n ensme cgnmn réile envié Micron Tech. 241 0 0
e mdmoize du Ratue ? CSqui est s
g s s i [ st S5 compeo Samsung 18 0 0
Fetar, Les memrkstens id, 1T e L
s s gesmsaei g s par excaple, Ia toille du mard Shar
raescnues) domiiot g gy petif est infinwésimale, mais 13 P 41 0 0
g CONMECHQUE 33S0CHG €5 SOUmESe aux Unity Semi. 54 0 0
wetlens Slemenentstie— limates de la Bthographie, La ¢néation |
trés basse comsomemation. Mais 1 - €
memsemednito e HI' béneficie toutefois de deux W From : Blaise Mouttet,
;";l;s}hl’”!;‘“‘ atowts qui pourralent faire momche ' USA PATENT Office
B s i et “The Business Landscape for Memristor Electronics.”
ge demsité. Ainss, dés 201y, Ny ¥
s (105 CHCURS bogiques et des mémoires. . June 1. 2009

e Cuielinii  DaWtee part, une structure minama-,

ateau des memeires Flash {52 G
gravies en 20 nm, bientdt o1

miven s wienincie: [t i smgane bien de soa potenticl

nouvelle memoite i 8'en agprce

http://knol google.convk/anonymous/the-business-landscape-for-memristor/23zgknsxnlchu/6#

s versarlies Elles bénéficient a D une pl:L = d‘;"‘}_"r (‘p‘ “lk‘ ACrénm
|
\
\

o’ me
DES ETATS SUPPLEMENTAIR d mdumnmsm:un -
POUR UNE CAPACITE ACCRU

Le principe des PCM est fondd '
un veire qui bascule, sous I'ac ¢
de lachaleus, entre des états o .

delncewscntcedestats sty AN 2000 1K* 31931 UUSINE NOWANLLE |
sons trés difffrentes. lntel et ST
ont récemment améioré la tecl
logie avec denx états suppkons |
res qui peavent conduire 3 une

E

L'Usine Nouvelle (Mai 2010)
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http://www.youtube.com/watch?v=rvA5r4LtVnc
http://www.youtube.com/watch?v=mUZ2MhZ8SZU&feature=channel
http://www.kuleuven-kortrijk.be/aeronews/conference-leon-o-chua
http://knol.google.com/k/the-business-landscape-for-memristor-electronics
http://www.industrie.com/it/electronique/memristor-une-memoire-deux-fois-plus-dense-des-2013.9657
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Le memiristor : une revolution

Memristor

[e chainon manquant de
I'informatique grand public

Contexte

Les suites de O et de 1, bientdt un
lointain souvenir ? Avec le memristor,
Hugo Leroux prédit 'avénement d'une
nouvelle génération de transistors aux
possibilités de calcul décuplées.

, est le composant
qui pourrait ré-
volutionner Iin-
formatique. IBM,

Intel, Hewlett Packard, mais
aussi le CNRS, le CEA... tous
les laboratoires de recherche
en électronique se sont lan-
cés dans la course pour concs-
voir, fabriquer et assembler une

Lindustrie de I'tlectronique arrive & la croisée
des chemins, Les big data imposent des puis-
sances de calcul toujours plus grandes, et les
ordinateurs classiques sont & la peine ; la loi
de Moore, qui prédit empiriquement le double-
ment de la miniaturisation des circuits tous les

B mois, 56 hau! physiques.

88 lq’yl JANVIER | 2018

[ ——

Serge Dos Santos

puce d'un nouveau genre - qui
pourrait réinventer I'infor-
matique, donnant accks a des
capacités de caleul sans com-
paraison avec celles de nos cr-
dinatenrs actusls.

Le premier prototype a été
mis au point il y a dix ans, un
peu par hasard, par les cher-
cheurs de Howlett-Packard.
Alors qu'ils planchent sur
de nouvelles technologies
de mémoire & base d'oxydes
de titane, ils remarquent que
la migration progressive de
I'oxygéne au sein du maté-
rian, causée par les impul-
sions électriques, modifie sa
résistivité... et que cette va-
leur porsista lorsque ’on in-
terrompt le courant. Ils font
alors le rapprochement entre

©e comportement original et
un vieux concept, imaginé
an 1971 par le mathématicien
Léon Chua, de I'université de
Barkeley. Pour le théoricien, il
manquait un composant fon-
damental de l'électronique,
un composant qui aurait la
faculté d'ajuster sa résistance
aux impulsions électriques:
le memristor. “Lidée st de
parvenir, en jouant sur les
propriétés de matériaux exo-
fiques, & un composant ana-
logique qui n’adopte plus une
résistance de 1 ou 0 —comme
les transistors traditionnels
qui ne sont que des interrup-
teurs on/off miniatures - mais
toute une série de valeurs in-
termédiaires laissant passer
plus ou moins le courant. Par
exemple, un memristor pour-
rait passer d'une résistance
de 0,12 & 0,63 en fonction
du signal d’entrée”, explique
Vinoent Derycke, qui travaille
sur le sujet au CEA,

Le memristor se présente
comme un hybride, & mi-
chemin entre un transistor
~ ce composant de base qui
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difications to our
multiple tiers.

\

effectus tous les calculs dans ~

Projet INSA 1A (19 avril 2016)
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Signaux Déterministes (TS1) et Signaux Aléatoires (TS2)

= |a representation temporelle

= |a representation spectrale
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https://celene.insa-cvl.fr/pluginfile.php/12945/mod_resource/content/4/cours_TS_2018_GSI_INSACVL.pdf
https://camillecharbonnier.files.wordpress.com/2013/02/slides.pdf

INSTITUT NATIONAL
DES SCIENCES
APPLIQUEES

CENTRE VAL DE LOIRE

Cette annee, je vous demande de faire dul bruit ...

Go gle make all the noise| ol QA

Web Images Vidéos Shopping Actualités Plus ~ Outils de recherche

m}, Work hard in

—_— silence. Let
umlmasess  JOUr SUCCESS
- make all the

WORK HARD

IN SILENCE.
LET SUCCESS

{ll MAKE AL THE NOISE.
SPARTAN
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http://exotic.univ-tours.fr/ct5kgm

A‘ ... pour Melissa ARAOUNE
Ingenieure INSA CVL, GSI 2015

Forte implication dans le domaine du
numerigue et des nouvelles technologies

= Ingenieur d'affaires chez Apside

attrait pour le monde des
Startups
= Nombreux Startups Weekend
= creation d‘entreprise en avril 2018
= Janvier 2019 : Apside

porter l'innovation au niveau du groupe
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https://www.bonjourplus.fr/#7

