RECENT MAJOR PUBLICATIONS

@ S. Boscolo, A, ToneLLo, A BaitHELEMY,
K. Krura, V. Kermene, A, Desrarces-
BertHeLEMOT, B. SHaLagy, S. TURITSYN, AND
J-D. Amia-Castanon, “Secret key exchange
in ultra-long lasers by radio-frequency
spectrum coding’, Light: Science &
Applications, (2015)

& 5- G. DucourtHial, P, Leciere, T, MANSURYARN,
M. FaperT, J. Brevier, R. HagerT, F. Braup,
R. Barrin, C. Vever-Buer, G, Boura-Hecky,
L. TrigerviLLE, A, Dauiise, A. KupLinsk,
F. Lourapour, Development of a real-time
flexible multiphoton micreendoscope for
label-free Imaging in a live animal, Scientific
Reports (2015}

® H. Secawa, Y. Keui, P Lerroux, V. Counerc,
T. Ozawa, T. Osnika, H. Kano, Multimodal and
multiplex spectral imaging of rat cornea ex
vivo using a white-light laser source, Journal
of Biophotanics (2015)

5. C. Fourcape-Dumin, G. Fa
AL A Moronmn, A M. ZHELTIKOY,

F. Gerote, G. Paurus, A Buruska, F. Benssio, A
strong-field driver in the single-cycle regime
based on self-compression in a kagome
fibre, Nature communication (2015)

o K. Krupa, A, Laprovere, A& Tonewo, B. M.
ShaLagy, V. Counere, F, Baronio, A, Aceves,
Polychromatic filament in quadratic media:
spatial ond spectral shaping of light in
crystals, Optica (2015)

@, N Zuang, KV Kong, D, Gow, C. Ying,
. sUSTE, PP SHum, L Wey, G HuMBERT,
KT Yana, M, Ouvo, Rapid SERS manitaring
of lipid-peroxidation-derived protein
modifications In cells using photonic crystal
fiber sensor, Journal of Biophotonics (2018)

® L. Szemencera, P, Darre, R, Baupain,
L. Grossarn, L. DeLace, H. Heraman,
C. SieerHoRN, F. Revnaus, In-lab ALOHA mid
infrared up-conversion interferometer with
high fringe contrast @ 3.39 ym, Manthly
Notices of the Royal Astronomical Society
(2016}

& K. Mukas), G.J. Stem, H. Cankars, B. Desorp, F.
GeromMg, G. Cirmi, 0.0, Muecke, P. L, A, Ruen,
I Hapm, K. Hong, F. Benagio, F.X. KARTNER,

HLIM PHOTONIQUE

21 Techniotes

Kagome-fiber-based pulse compression of
mid-infrared picosecond pulses from a Ho:
YLF ampilifier, Optica (2016)

o P. Darre, R. Baupow, J.-T. Gomes, N.J. Scarr,
L. DeLacE, L. GrossarD, J. STURMANN,
C. FanmingTon, F. REvnauo, ann T.A. TeEN
BrummeLaar, First On-Sky Fringes with an
Up-Conversion Interferometer Tested ona
Telescope Array, Physical Review Letters
{20186)

o K Krups, A Tonewg, A, BagTHELEMY,
V. Counerc, B. M. SHaLasy, A, BeEnpanMane,
G. MiLwar, ane S, Waenirz, Observation of
Geometric Parametric Instability Induced
by the Periodic Spatial Self-iImaging of
Multimode Waves, Physical Review Letters
(20186)

o C. LeFort, R. P. Q Connor, V. Buanguer,
L. Masnow, H. Kang, V. TormeeLaing, P. LEvegug,
V. Counere, anp P. Lerroux, Multicolor
multiphoton microscopy based ona
nanosecand supercantinuum laser source,
Journal of Biophotonics (2016)

e M, ALnarel, A Hosakou, M. CHarer, B, Descip,
F. Gerame, F. Benasio, Raman gas self-
arganizing Into deep nano-trap lattice,
MNature Communications (2018)

® R. FuorenTin, V. Kermene, J. BenoisT,
A, Desrapaes-BermreLemar, D. Pagnous,
A, BarTHELEMY, Shaping the light amplified
inamultimode fiber Light: Science &
Applications 6, 16208 (2017)

o T. Awivama, A, Inoko, Y. Kad, 5. YoneMURA,
K. KagiaucHl, H, Segaws, K, IsHTsuka,
M. YosHioa, O. Numata, P. Ler V. Couberc,
T. Oshika & H. Kano, SHG-specificity of
cellulor Roofletin filaments enables naive
imaging with universal conservation,
Scientific Reports (2017)

® B. Desorp, A. AmMsanpaily, M. CHarer, A. Baz,
M. Maugel, J.M Bronoy, E. Hugonnot, F.Soo,
L. Vincern, F. Gerdme,and F. Benasio, Ultra-low
transmission loss (7,7 dB/km at 750 nmy
inhibited-coupling guiding hollow-core
photonic crystal fibers, o appear in Opfica
(2017}
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FIBRE PHOTONICS AND COHERENT SOURCES

THE MAIN RESEARCH TOPICS OF THEFOUR GROUPS OF THE

DEPARTMENT ARE AS FOLLOW:

® PHOCAL (Laser, Coherent and Nonlinear
Phatonics) investigates the control of
coherent optical fields in complex media/
systems like fibre arrays or multimode
waveguides with goin and/or nonlinearity.
The staff is known for his contributions
ta supercontinuum laser sources, laser
combining fechniques and advanced
imaging system for astronomy.

® BioPhotonics: demonstration of Mueller
polarimetry through optical fibers for
endoscopic applications. Nonlinear
multimodal microendoscopy based on
femtoseconde laser sources. Microscopy
and microspectroscopy based on
supercontinuum laser sources.

MAJOR RESULTS

@ Development of a real-time flexible
multiphoton microendoscope for label-free
imaging in a live animal, Scientific Reports,
2015,

® New state of the art in hollow core fiber:
new world records in holiow core fiber
transmission by "Inhibited Coupling”
guiding. magazine's cover LaserFocus
World september 2014

roup include ¢

jantum and atom ¢

KEY FIGURES

rent and nonli

ptics, bi

MAIN EQUIPMENT AND TECHNICAL RESOURCES

FIBER FABRICATION IMAGING LASERS
® Nano-pico-femto laser

sources

@ 3 drawing fiber towers ® Raman/CARS microscope

® GPPMM (Gas-Phase Photonic Microwave
Materials). Pioneer and world leader in
design and fabrication of hollow-core
Phatonic crystal fibres (HC-PCF), in design
and fabrication of photonic components
based on gas-filled HC-PCF, in science
& tfechnology of gas micro-photonics.
Generation and synthesis of ultra-broad
optical combs, High field opfics,
Plasma photonics and guantum &
atom photonics.

® Advanced fusion splicer
benches

® Multiphoton microscopes

® Multiphoton endoscope ® Loser beam fest benches

PARTNERSHIPS
Active international and national
=mic parmerships 2016

3 iam, GB)

® Fibre Photonics: specialty optical
fibres, high power fibre lasers,
multi-material optical fibres, THz
waveguides and compaonents,
material processing, numerical
modelling of complex structures and
lasers, infrared, mid-infrared (MIR) and
terahertz (THz) sources and components

® The first fringes obtained on the sky in the
astronomical H band and implemented
on the Center for High Angular Resolution
Astronomy (CHARA, Mount Wilson,
USA) telescope array by using nonlinear
conversion, Physical Review Letfters, 2016

® Observation of geometric parametric
instability induced by the
periodic spatial self-imaging of
multimode waves, Physical
Review Letters, 2016



RECENT MAJOR PUBLICATIONS

® S. Boscowo, A. TonewLo, A, BARTHELEMY,
K. Krura, V. KErmene, A, DESFARGES-
BerTHELEMOT, B. SHatamy, S. TURTSYN, AND
J-D. Anaa-Castanion, “Secret key exchange
in ultra-long lasers by radio-frequency
spectrum coding”, Light: Science &
Applications, (2015)

o S- G. Ducourtrial, P, Leciere, T, Mansupyan,
M, FagerT, J. BrRevier, R. HagerT, F. Braun,
R. Baran, C. Vever-Brer, G. Bourc-HeokLy,
L. THiBERVILLE, A, DRUILHE, A, KuoLinsk),
F. Lourapour, Development of a real-time
flexible multiphoton microendoscope for
labei-free imaging in a live animal, Scientific
Reports (2015)

® H. Secawa, Y. Kaa, P. Leproux, V. Counerc,
T. Dzawa, T. Osaika, H. Kano, Multimodal and
multiplex spectral imaging of rat cornea ex
vivo using a white-light laser source, Journal
of Biophotonics (2015)

e T. Batoiumag, C. Fourcane-Durin, G. Fan,
T. Wirning, A, A, Vorowin, A, M. ZHemkow,
F. Gerome, G. Pauwuss, AL Bartuska, F. Benasio, A
strang-field driver in the single-cycle regime
based on self-compression in a kagome
fibre, Nature communication (2015)

® K. Kruens, A, LABRUYERE, A, TonNELLD, B. M.
Shavapy, V. Counerc, F. Baronio, A, ACEVES,
Palychromatic filament in quadratic media:
spatiol and spectral shaping of light in
crystais, Optica (2015)

o TX Gong, N, Zuans, KV, Kong, D. God, C. Ying,
J-L AvstisTe, PP SHum, L We, G. Humeest,
KT, Yong, M. Ouve, Ropid SERS monitoring
of lipid-peroxidation-derived protein
madifications in cells using photonic crystal
fiber sensor, Journa! of Biophotonics (2018)

@ L. Szemenoera, P Darre, R Baunom,
L. Grossarp, L. Devace, H, HerrMANN,
C. SweerHorn, F. Revnau, In-lab ALOHA mid
Infrared up-conversion interferometer with
high fringe confrost @ 3.39 pm, Monthly
Naotices of the Royal Astronomical Society
(2018)

& K. Muran, G.J. Stem, H. Cankava, B. Deaonn, F.
Gerowe, G. Ciart, O.D. Muecke, P.Li, A. Ruen,
|. HMarTy, K. Hong, F. BEnagin, FX. KARTNER,

Kagome-fiber-based pulse compression of
mid-infrared picosecond pulses from a Ho:
¥LF amplifier, Optica {2016)

@ P. Darre, R. Bavoom, J.-T. Gomes, N.J, ScarT,
L. Devacs, L. Grossarp, J. STurmMane,
C. Farrinaton, F. Revnaun, ann T. A, Ten
BruMmELAAR, First On-Sky Fringes with an
Up-Conversion Interferometer Testedona
Telescope Array, Physical Review Letters
(2016)

o K Krues, A ToneLL, A, BARTHELEMY,
V. Counerg, B. M. SHavasy, A, BEnpaHmMane,
G, MiLar, anp S, Waennz, Observation of
Geometric Parametric Instability Induced
by the Periodic Spatial Self-imaging of
Multimode Waves, Physical Review Letters
(2016)

e C. Lerort, R. P. © Connos, V. Buanguer,
L. Maanow, H. Kano, V. TomeeLaing, P. LEvequs,
V. Couperc, anp P, Lerroux, Multicolor
multiphoton microscopy based ona
nanosecond supercontinuum laser source,
Journal of Blophatonics (2016)

& M. Apnasg, A Husakou, M, CHarer, B. Desoan,
F. Gerome, F. Bemagio, Roman gos self-
arganizing into deep nano-trap laftice,
Nature Communications (2016)

® R. Frorenming V. Kermene, J. BenosT,
A. Desrarces-BermHeLEmoT, D Paghoux,
A, BarTHeLEMY, Shaping the light amplified
ina multimode fiber Light: Science &
Applications 6, e16208 (2017)

® T. Arrvama, A Inoko, Y. Kaa, S. YoneMuaa,

iza, O, Numata, P. LEproux;, V. Coubiere,
T. OsHixa & H. Kano, SHG-specificity of
cellular Rootietin filaments enables naive
imaging with universal conservation,
Scientific Reports (2017)

® B. Descro, AL Amsaneacly, M. Crarer, A, Baz,
M. Maurer, J.M Buonoy, E. H wot, F. Scow,
L. Vincern, F. Gerome,and F. Benaaio, Ultra-low
transmission loss (7,7 dB/km af 750 nm)
inhibited-coupling guiding hollow-core
photonic crystal fibers, to appear in Optica
(2017}
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FIBRE PHOTONICS AND COHERENT SOURCES

THE MAIN RESEARCH TOPICS OF THE FOUR GROUPS OF THE

DEPARTMENT ARE AS FOLLOW:

® PHOCAL (Laser, Coherent and Nonlinear
Photonics) investigates the control of
coherent optical fields in complex media/
systems like fibre arrays or multimode
waveguides with gain and/or nonlinearity.
The staff is known for his contributions
to supercontinuum laser sources, laser
combining technigues and advanced
imaging system for astronomy.

@ BioFPhotonics: demonstration of Mueller
polarimetry through optical fibers for
endoscopic applications. Nonlinear
multimodal microendoscopy based on
ferntoseconde laser sources, Microscopy
and microspectroscopy based on
supercontinuum laser sources.

MAJOR RESULTS

® Development of a real-time flexible
multiphoton microendoscope for label-free
imaging in a live animal, Scientific Reports,
2015.

@ New state of the art in hollow core fiber:
new world records in hollow core fiber
transmission by “"Inhibited Coupling”
guiding. magozine's cover LaserFocus
World september 2014

® GPPMM (Gas-Phase Photonic Microwaove

® Fibre Phiotonics: specialty optical

KEY FIGURES

25

ABRICATION A A

IMAGING

@ 3 drawing fiber fowers ® Roman/CARS microscope

@ Multiphotfon microscopes

@ Advanced fusion splicer
benches

Materials): Pioneer and world leader in
design and fabrication of hollow-core
Photonic crystal fibres (HC-PCF), in design
and fabrication of photonic components
based on gas-filled HC-PCEF, in science
& technology of gas micro-photonics
Generafion and synthesis of ultra-broad
optical combs, High field optics,
Plasma photonics and guantum &
aftem photonics.

@ Multiphoton endoscope

fibres, high power fibre lasers,
nulti-material optical fibres, THz
waveguides and components,
material processing, numerical
maodelling of complex structures ond
lasers, infrared, mid-infrared (MIR}aond
terohertz (THz) sources and components

@ The first fringes obtained on the sky inthe
astronomical H band and implemented
on the Center for High Angular Resolution
Astronomy (CHARA, Mount Wilson,

USA) telescope array by using nonlinear
conversion, Physical Review Letters, 2016

® Observation of geometric parametric
instability induced by the
periodic spatial self-imaging of
multimode waves, Physical
Review Letters, 2016

MAIN EQUIPMENT AND TECHNICAL RESOURCES

LASERS

@ Nano-pico-femto laser

s0Urces

® Loser beam test benches

PARTNERSHIPS

Actived

acad

nternational and national
¢ partnerships 2016




SCIENTIFIC PRODUCTION

OF MATHIS

® S Apuy asp H. Rarmar, A New Method
for Selving Pareto Eigenvalue
Complementarity Problem

Computational Optimization
Applications 55, No 3, pp 703-731 (2013)

o P ArMans anb J. Benast, Uniform
boundedness of the inverse of a Jacobian
matrix arising in regularized interior-paint
methods, Mathematical Programming;
Serie A, 137:587-582, (2013).

e M, A, Basxkatou, T.C AU, L. D Vaio s
J-AcWeir, Computing the Lie Algebra
of the Differential Galois Group of a
Linear Differential System, International
Symposium on Symbalic and Algebraic
Computations (ISSAC) 20186.

eP G T, O, Ruatta ano J HREK, N
the Complexity of the Rank Syndrome
Deceding Problem. IEEE Trans.
Information Theory B2 (2): 1006-1019
(2018).

e A M {HEDI o T. Neuyen Quanc Do,
On universal norms and the first layers
of Zp-extensions of o number field
Mathematische Annalen 362 {2015),
no. 3-4, 817 < 838,

XLIM MATHIS

e The MOD team participated in the

creation of the common loboratory X-LAS
SPDOPT software (free
sduction of several packages
in Maple {integrableConnections,
AppSing, minilSOLDE, Mathemagix
Lindalg), 3 patents.

Mathis carries two masters specialities:
Cryptis and ACSYOMN with around 45
graduates students per year. The master
ACSYON has an international positioning
based on portnerships, courses in English
and the M1 is online.
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THE MATHIS DEPARTMENT GATHERS
RESEARCHERS IN THE DOMAIN OF
MATHEMATICS AND INFORMATION

SECURITY.

The scientific output of its members provides a fine balance between fundamental

contributions, applications and interactions.

MATHIS IS ORGANIZED AROUND
FOUR RESEARCH GROUPS:

® Computer Algebra (CA} Algorithms for
differential and functional equations,
Algebraic curves and systems, Numeric-
symbolic computation, p-adic methods
and computation, Numerical linear
algebra, Structured matrices,

® Cryptis: cryptography, information security,
smart card, discrete mathematics.

® Maodeling, Optimization, Dynamics (MOD)
Nurnerical Optimization, Variational
and nonsmaoth Analysis, nonregular
dynamical systems, Optimal control, PDE's
and opfimal mass fransport.

® Number Theory (NT): Algebraic and
analytic number theory, K-theory of ring
of integers, field of norms and Iwasawa
theory of Zp-extensions.

Mathis is intensely involved in transversal
research with the other departments in XLIM,
the plateform PREMISS, the labex Sigma-Lim
as well as the research federation MIRES.

MAJOR RESEARCH
ACHIEVEMENTS (2011 - 2016):

® Development of effective post-guanfum
cryptography systems based on the
Hamming metric and rank metric.

@ First Algorithm for Computing the Lie
Algebra of the Differential Galois Group of
o Linear Differential System.

® Development of a new solver
in numerical optimization in C;
SPDOPT « Strongly Primal-Dual
Optimization » (the code is
avallable in free access).

® New robust and rapid algorithm
to compute the Pareto eigenvalues
of complementarity problems.

@ Determination of the Kummer radicals
of first layers of Zp-extensions.

KEY FIGURES

13
24

SOME FACTS:

@ About fifteen members of Mathis had been
invited to present their works in selective
conferences with scientific committees.

® Organization of several international
conferences: Terryfest on 2015, FELIM
for 10 years « Functional Equation in
Limoges », PQCrypto on 2013, Structured
Matrices days (for 4 years), WISTP (2015),
session ACA (since 2012}, Alicante-Elche-
Limoges Meeting on Optimization (on 2011
and 2014), Ultrametric Biduum (2011).

@ Coordination of an European Structural
program TEMPUS (36 months: 2010-
2014/710 k€) bringing together 12
universities (5 European, 7 Moroccan).

® CNRS Research Networks:
GDR « Mathématiques, Optimisation,
Applications »
GDR « Informatique-Mathématigues »
GDR « Structuration de la theorie des
nombres »,

PARTNERSHIPS

Active Natlonal Universities
Partnerships:

Current infernational Universities
Porterships;




SCIENTIFIC PRODUCTION

118 peer-reviewed international ar
192 international communications

e M. Maria, S. Horna, L. Ave
Convex Space Partition for Ray Tracing in
Architectural Environments », Computer
Graphics Forum, Wiley, 2018.

A

E Journal of Selected Topic
bservations and Remote

5

Sensing, 2015

@ |. larsun, M-C. Lanagl, C, Feanannez-Maio ?
« Investigation and madeling of visual fatigue
caused by S3D confent using eye-tracking »
Displays, Elsevier, 2015

L ] R. SCJ'\" =3
Wavelets for the anal
colorimages » [EEET!
Processing, 2015

S Aua o, P. LiennaroT, S.
« Homology of Cellular Structures Allowing
Multi-incidence », Discrete and Computational
Geometry, vol. 54 (1), 2015.

e CT.Taan, B.C

», ACM/
| Reality

e J. Gernanos, F Moaa, L. Aveneau, D, Graze
« Partifioned Shadow Volumes », Computer
Graphics Forum, 34 (2) {Eurcgraphics), 2015

e G. Gier, B. Sauvace, K. Vannosy, JM DiscHier,
D. GHazanFarpoUR, « Local random-phase noise
for procedural texturing », ACM Transactions on
Graphics, 33 (6) (Siggraph Asia), 2014

KLIM ASALI

8 pat
38 book cl

Charg

Discrete Applied Mathematics,
161

e A, Bowy, B. B ., M. Knouoer, « Accurate
Image quantization adapted fo multisource
photometric reconstructi
surface analysis », Journal of the Optical Society
of America A, 2013,

o N, MerLow, S, Mer g, E. G _
D). GHaz souUR, « Simulating How Salt Decay
Computer Graphics and

O.Te

ke J D. GHAZANFARPOUR,
« Modeling of Flowers with Inverse Grammar
Generation Inferface », International Journal of
Creative Interfaces and Computer Graphics, 3
2012

® Y. Weeer, V. JouveT, G. GiLer, K. Nanko
, 4 A phenomenological

D GrHAZANFAF

medel for throughfall rendering in redl-timea »,
Computer Graphics Forum, 35 (4), 2012

multiscale digitization », Theoretical Computer
Science, Elsevier, 2012, 466
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RENDERING & VISUALIZATION, DIGITAL
CONTENT MODELING, BIOENGINEERING,

SAFETY, ANIMATION

Within the Mathematics-Computer Sciences-Images group, ASALl isa
research structure dedicated to the synthesis and analysis of images,
posed of about 40 permanent staff and 35 PhD students. ASALI is located

KEY FIGURES

2011-2016)

s R

at two geographical sites: Limoges and Poifiers.

ND MODELS OPTIMIZATION

® Topological models: analysis of the
topological properties of cell structures,
construction of discrete objects and in
particular of discrete surfaces defined in a
parametric way.

® Image Representation: definition of an
original multivalued texture analysis based
on the monogenic signal; Tools for image
processing on irregular grids integrating
invariant geometric models.

MODELING THE LIGHT-MATTER
INTERACTION

@ Lighting visualization and simulation:
integration of new physically plausible
BRDF models, focusing on microscale, to
widen possible materials.

@ Procedural texture synthesis: in order to
define photo-realistic models that are
both quick to evaluate and that allow to
reproduce a great diversity and complexity
of appearances at several scales,
including structured elements

& Opftical metrology: design of a complete
framework, from measures to realistic
physically bosed rendering to propose a
reliable characterization of the studied
surface.

@ Ray tracing: fopology-based strategy,
permitting to handle a stochastic soup of
triangles.

BIO-ENGINEERING APPROACH

The psycho-visual dimension is one of the
driving forces of our development through
bio-inspired madels.

® Links between perception ond rendering:
studying the way in which virtual objects
are perceived to define models of
perception permitting to optimize
image synthesis

@ Understanding human perception:
handling the mechanisms of
perception when the human
visual system is confronted
with various contexts such as
multi-modality and deducing
computational and relioble
perceptual models (development
of metrics quality for stereoscopy,
BRDF perception, textures, 3D mesh
saliences),

ASALI PERSPECTIVES

In addition to strengthening our core
research fields, ASALl's perspectives

are atinterfaces with other disciplines.
Current studies are related, for example, to
digital processing of multivalued medical
images from polarized light microscopy (in
coordination with the Photonic axis) or to
interactive visualization of biclogical and
medical data, in coordination with
teams in the Health research field.



SCIENTIFIC PRODUCTION

171 peer-reviewed international journals

418 international com
7 awarded pr
12 book ¢

esentarons

apters

MAIN RESEARCH PROGRAMS

® FP7 COMETS: Converters Broadband
Low Power High Performance for
Telecommunications in Space {2010-
2013)

o FP7 ALINWON: AlGaM and InAIN Based
Microwave Components (2010-2014)

e ANR VERSO EXPRESS0, coordination by
XLIM (2010-2013)

® PEA SCERNE, coordinatfion by XLIM
(2011-2013)

o EUREKA EURIPIDES IDEATA: Innovative
Design Architecture for Thin Electronic
Steering Antennas (2011-2014)

& FP7 NETTUN: New Technalogies for
Tunnelling and Underground Works
(2012-2016)

e ANR ASTRID BALADE, coordination by
XLIM(2012-2015)

e ANR ASTRID CONFORME, coordination
by XLIM (2013-2016)

XLIM RF SYSTEMS

nunications including 36 invited talks and

sitories (APP)

# Chaire indus. ANR DEFIS RF, coordination
by XLIM (2014-2017)

& EUREKA CATRENE CORTIF: Coexislence
of RF Transmissions in the Future (2014
2017)

o PIA PSPC FELIN {2014-2017)

e ANR Intern. MAESTRO, coordination by
XLIM(20714-2017)

& ANR ASTRID CCCORAM, coordination by
XLIM(2074-2017)

& ANR SECU PIXEL, ceordination by XLIM
(2015-2018)

& H2020 MASTERS, coordination by XLIM
(2016-2018)

cosd
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RF SYSTEMS

The RF Systems department brings tagether some fifty researchers, faculty
members and engineers from the Electronics division, and is divided info

4 resedrch teams. The research activities carried out in the RF Systems
department generally concern components, circuits and sysfemsin the
field of radio frequencies from a few hundred of MHz to some hundred

of GHz and are applied to the design of new equipment for wireless

defense and space.

A&S: ANTENNAS AND SIGNALS

The general activity of the team is oriented
towards finding new architectures and
technological solutions for addressing
advanced functionalities of anfenna
systems (agility, efficiency...), in the fields
of telecommunications, radars and space.
In each field, the constant increase in

the amount of measured information
imposes strong canstraints on associated
transmission systems. The aim of the
team's work is to simplify RF architectures
by combining technological solutions for
efficiency optimization and operation at
higher frequencies.

C2SNL: NON-LINEAR
COMPONENTS, CIRCUITS,
SYSTEMS

The activities of C2SNL team are dedicated
to the analysis, modeling, design and
characterization of active non-linear
components, functions, and subsystems,
for RF front ends. In arder to cover this field
of science, the team is structured into three
complementary research projects: IIN-OV
{Advanced Instrumentation) on nonlinear
RF metrology, SIM3RF {Simulation/Modeling
Multi-level/Multi-physics) on numerical

CAD tools for simulation and modeling, and
ACT-RF (ArChiTeciures and design of RF
transmitters) on the development of new
architectures of tfransmitters and receivers.

ommunications, detection and localization, in the field of ICT, safety,

CEM: ELECTROMAGNETIC
COMPATIBILITY

The EMC team focuses orn the
electromagnetic compatibility of complex
systems, from compenent to system,
including cabling and electronics packaging,
and evalves numerical resolution methods
to meet the challenge of complexity. The
work concentrates on the one hand on the
research of models and on the other hand
on the development of parallel algorithms
for intensive computing, The industrial
partnerships allow cccess to test benches
that are not accessible to a university
laboratory (aeronautical field) allowing

the validation of theoretical results for the
certification or qualification of equipment.

MACAOQ: ADVANCED DESIGN
METHODS BASED ON ANALYSIS
AND OPTIMIZATION

The MACAO team develops modeling,
synthesis and optimization tools for

the design of new microwave devices
(porticularly in the field of filtering and
packaging) in order to improve their
performance, facilitate dimensioning

and predict their behavior in realistic
environment. The development of these
tools is cccompanied by the use of original
manufacturing technologies and the
development of specific characterization
techniques for the advanced integration of
high frequency electronic functions.

KEY FIGURES

[Jume 30, 2016)

32,2
stalts
r aff
3 Administrative
stafts
19 ANR projects

8 CNRS 5 Research
ressarchers engineers
5 5 PhD 1 0 post-doctoral
students researchers
projects with
6 European 5 %
) European
projects

mgen.:i.r—.s

CHALLENGES
High-performance low-cost systems

The challenge is to exploit new materials and
technologies, including 3D technologies, to
propose and develop original architectures
and associated design methodologies, for
innovative devices meeting cost reduction
and performance optimization

Highly integrated systems in complex envi-
ronments

The increasingly dense and complex
integration of circuits and systems, and
even their coexistence, requires faking info
account multi-physical and multi-scale
models, for design and simulation, from
component level to system level, inciuding
their envirecnment.

Milimeter-wave and sub-millimeter-wave
systems

The requirements in terms of spectrum
allocation for high data-rate communications
ar high-resolution microwave imaging are
driving the development of millimeter-wave
and sub-millimeter-wave technologies, based
on appropriate design methodologies and
characterization models for devices, from
basic components up fo integrated systems.

Reconfigurable and energy-efficient systems

The reduction of energy consumption in
communication systems becomes a major
issue with the growth of the exchanges. A
part of the answer lies in the reconfigurability
of systems, with a demand for flexibility in
terms of coverage, power and frequency.

MAIN ACADEMIC
COLLABORATIONS

In France: IEMN (Lille), IETR (Rennes), INRIA
Sophia Antipolis, IMS (Bordeaux), LabS-
TICC (Brest), SPCTS (Limoges)

International collaborations: Carleton
University (Canada), City-U Hong-Kong
(China), Duke University (USA), NIMP
{Romania), NTU et CINTRA (Singapore),
University of Mostaganem {Algeria), Univer-
sity of Padova (ltalia), Lebanese University
{Lebanon)

JOINT LABORATORIES

® AXIS with Thales Alenia Space on micro-
wave technologies for space

@ MITIC with 1II-V Lab an high-power III-V
components

@ NXL with NXP on silicon front-ends
integration

® LEV3E with CEA Gramat on high-power
microwaves and microwave imaging

® Ino-Gyro with INOVEOS on gyromagnetic
components

cosd



SCIENTIFIC PRODUCTION

Website publication: hal.archives-ouvertes.fr/XLIM-RFEI

78 % of journais dre in quartiles Q1

or Q2

30 % of journals are co-authored with at least one foreign

laboratory

MAJOR PUBLICATIONS AND/OR PATENTS FROM 2010 TO 2016

e E.J. Spaparcrs, R DemaDriLLE, B. RaTiER,
B. Grevn - Imaging the Carrier
Photogeneration in Nanoscale Phase
Segregated Organic Heterojunctions by
Kelvin Probe Force Microscopy - Nang
Letters, American Chemical Scciety,
2010, 10(9), pp.3337-3342

& H. Meisem, P. Smon, J. Wansg, C. D1 Bin,
B. Rarnier, Y. Leconte, N. Hesun-Baimeg,
M. Marowska-Janusik, A, Kassiga, J. Boucie
- Direct photocurrent generation fram
nitrogen doped TiO2 electrodes in solid-
state dve-sensitized solar cells: towards
optically-active metal oxides for PV
applications, Solar Energy Materials ond
Solar Cells, 2013, 117, 624-631

® LY. Zaang, C. Bounaix Morans ou Puch,
C. Davsmay, A, Lacrax, A, Lanpouls,
J. Leroy, C, Meuw, F. Laloug, S, Batu,
C., LautaeTTE, 3. Gmauo, A, Bessaupou,
P. Buonpy, M.O.JausertEaw ano AL PotHiER
- Discrimination of Colorectal Cancer
Cell Lines using Microwave Biosensors,

Sensors & Actuators: A, Physical, Volume

2186, 1 September 2014, Pages 405-416.

XLIM AF-ELITE

& V. Taery, A. Bourte, A, Crunteany, J. C.
Oruances, A, BeauronTt, R. Mavet, A. Mennal,
F. Cosser, A. Bessaunou, M.FagenT - Role of
thermal strain in the metal-insulator and
structural phase transition of epitaxial
Vo2 films grown on (001) sapphire by
electron beam evaporation, Phys. Rev. B,
93 (18), 184108, 2016.

® 5. PouaHon, L. Dassas, B. Rarnier, Module
photovoltaique et son procede de
réalisation, French patentn® 12
54 138 registered in 4/05/2012, PCT le
D4/05/2013

e P. Bionoy, 8. Courseaes, A, PoTHER,
J-C. Orunnees, Electromechanical
microsysterms with air gaps, United
States, Patent n® 8941452 2015

cosd
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RESEARCH STAFF AS AT 30 JUNE, 2016
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SCIENTIFIC AND TECHNOLOGICAL OQUTPUT
annua 1ge)

RF-ELITE DEPARTMENT IS ORGANIZED AROUND TWO RESEARCH 2 5 & 2 ® 5 e |
TEAMS:
® The ELITE research team (Printed ® The MINT reseaarch team (Micro and Nano

ElLectronics for Telecom and Energy) structures for Telecom) develops RF and

isinvolved in the fundamental and microwaove circuifts based on specific BUSINESS-ENTERPRISE

Active Partnerships (project

experimental f-esecfc{'u on organic end funcﬁoncl.moferials and/or manufacturing Launch of AIrMEMS start-up, 2013 andise jornaivenidier
hybrid optoelectronics for telecom and technologies. It has a recognized know- patents)

energy applications, from the integration how in the design and realization of Joint Laboratory: AXIS with Thales Alenia Space on micro- W ———
of materials, fobrication of devices, their relevant RF demonstrators using new wave technologies for space SPeT (ORIl €
optoslectronic characterization, to the materials or micro and nano-siructures.

Industrial Research chair ANR DEFIS RF, coordination by
XLIM- RF Systems (2014-2017)

numerical modeling of their physical
properfies. The ELITE teamn focuses on the
development of a large variety of devices
{solar cells, light-emitting diodes, etc).

Partnerships with National Crganizations
or institutions

MAJOR RESULTS OBTAINED FROM 2011 TO 2016

® World first: Successful Space-borne ® Hybrid solid state solar cells with
launch of RF-MEMS in geostationary orbit low gap metal oxydes (world first)
(cooperation XLIM/Thales Alenia Space/ (collaboration XLIM/CEA-IRAMIS)
CMNES) (Feb. 2014) - Patent : P. BLONDY (2013)

and al, Patentn®: 20712020095, 2012 -

Creation of AIrMEMS start-up, 2013 ® DC-millimeter waves bi-stable

micro switches using Phase

® World first: Plastic polychromatic Change Materials (GeTe, GST, ...)
photovoltaic modules with custom design (collaboration XLIM/Thales Alenia
for perfect integration (June 2015) - Space/CNES)

Patent: B. RATIER and al., FR2890300

(A1) -2013-11-08 - contract RAPID/DGA/
PHASME 2012-2015 - EURIPIDES contract
Sprintronics 2011-2015 - 2 PhD grants -
CIFRE Disascolar - CNRS innovation letter
MNo. 260, 2015 - Annual Activity Report

of the CNRS 2015, significant scientific
results, pp 23

@ Reconfigurable THz circuits and
frequency selective surface
using phase fransition and phase
change materials (Collaboration
University of Marbourg, Institute
of Saint-Louis-ISL, Chinese
University and City University of
Hong-Kong)
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OFFERED SERVICES

XLIM Circuits Technology Center
combines clean room resources

for Micro and Nano Technologies
development for application in fields
such as RF MEMS, MOEMS, polymer
materials for electro-optic applications
and innovative oxide materials. It is one
of the main technological apparatus
used for laboratory research projects.
Microelectronics and MEMS processing
is conducted in our 180m? clean room. If
includes equipment for microelectronic
modeling and fabrication with an
emphasis on ceramics and oxides
substrates.

Printed Electronic Technologies

and Instrumentation at XLIM bring
fogether a set of fabrication and
characterization techniques dedicated
to the development of organic/hybrid
optoelectronic and printed electronic
devices (photovoltaic cells, field-effect
transistors, light-emitting diodes,
sensors, etc). Specific instrumentation
(for example glove boxes under inert
atmaosphere) allows the implementation
of various components based on
organic semiceonductors, such as
pi-conjugated polymers and small
molecules,

ough measureme

ations. Av

slatform can provide

The XLIM laboratory has a world-
renowned expertise in the field of the
next generation of optical fibers. These
fibers are made with a fully controlled
process and are also a fundamental
element of the work developed by the
two research teams «Fibre photonics»
and «GPPMMn». This platform is part of
a scientific interest group, namely, GIS -
GRIFON, national platform of the CNRS
for optical fibres, whose other partners
are PhLAM (Lille) and LPMC (Nice).

The fabrication facilities are composed
of three drawing towers, fwo of which
dedicated to PCF applications and the
other to upstream developments,

As a result of the superior
performance of this new
equipment, we are able to
accurately control all the
drawing parameters: for
example temperature
with a stability or +/- 1°C,
step-by-step digital
servo-motors, mass-
flow for gas flow inside
capillaries, etc.

Microwave and sub-millimeter-
wavelength measurement benches for
linear devices.

Combining equipment and benches
at XLIM allows for RF and microwave
testing and characterization on
components, circuits and materials in
linear domain. These equipments can
assess various ranges of frequencies
according to the devices being fested.

Linear S parameters can be measured
up to 330GHz.

The XLIM laboratory also has equipment
and RF and microwave test benches
that allow the characterization of
components, circuits and subsystems
under operational conditionsin a

highly nonlinear established regime.
These devices have differing behaviors
according the power and frequency
ranges of the devices being tested.

The XLIM laboratory also has three
antennas measurement b(-Z‘ﬂChES, upto
W band.

XLIM Optical Instrumentation and

Laser facilities house home-made and
commercial state of the art instruments.
Thanks to the expertise of the Photonics
department, they are under regular
improvement and maintenance in order
to match industrial needs and to realize
new research challenges.

XLIM optical instrumentation offers
imaging eguipment such as nonlinear,
Raman and CARS microscopes

and nonlinear endoscopes, but also
high resolution, high dynamic or fast
cameras. Such devices find applications
in biclogical and bio-medical research,
in material characterization and

more generally are useful to observe
fundamental optical phenomena in
complex linear and nonlinear media.

Thin film p wave circuit

fabrication

HF device characterization

Antenna measurements

u wave and mmwave

measuremenis

Fiber optics fabrication

Non-linear optics
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10T, 5G, ROBOTICS, CYBER-PHYSICAL SYSTEMS

Using a systemic approach, both scientific groups of the SRI department
study systems and heterogeneous intelligent networks ; that are variable
and heterogeneous entities that exchange information to ensure
predefined missions. These entifies can be mobile objects, vehicles, robots,
drones, sensors, cameras...

The scientific project is centered on the deployment and the optimization
of these network performances in terms of: QoS, energy efficiency,
resources dllocation, location, environment perception, mobility in complex
(electromagnetic, topology) environments. User’s requirements are also an
entry point.

It adresses the main societal challenges : Health, Industry 4.0, Energy

transition.

CHALLENGES:

HETEROGENEOUS SYSTEMS AND NETWORKS

This project focuses more particularly
on low cost sensor network or ad

hoc networks which consider a few
numbers of nodes and resources.

Our goal is fo optimize the PHY and
MAC layers according fo some quality
criteria. A promising solution we want to
investigate is the use of mixed optical
and radio technologies in order to cope
with the huge number of transmission
contexts that will be encountered in the
future 5G network. The objective is to
improve the connectivity, the reliability,
the rate or the energetic consumption.

OPTIMIZATION CROSS LAYER OF MULTIMEDIA COMMUNICATION NETWORKS

In this project we are mainly concerned
with high capacity broadband networks
where, compared to the first project,

the nodes are less constrained in terms
of energy. Another specificity of this
context consists in the availability at the
transmitter place of the channel state
information, thanks to a return link from

An important point concerns the
development of demonstrators and in
particular fwo platforms, one allowing
the optimized instrumentation of a
building based on the IEEE 802.15.4
and the other one which is a self-
configurable mulfi-standard platform.
It joins a set of sensors which can be
wearable, or embedded in a robot, a
drone to be deployed in multiple
configurations.

the receiver. Using the channel state
information, it is possible to adapt the
available resources at the transmitter to
the quality of radio links. The framework
of this project will be the future 5G
network where M2M communications
from the loT world will cohabitate with
classical multimedia transmissions.

KEY FIGURES
(2011-2018)

9 Full
Professors
30
students

1 6 Associoted CNRS
Professors Researchér
1 Administrative

staff

In this context of massive connectivity
resource scheduling to jointly optimize
the QoS (and the QoE} and the energetic
consumption will constifute a major
challenge that will be addressed by a
cross layer approach.

PERCEPTION AND LOCALIZATION FOR
AUTONOMOUS MOBILE ROBOTICS
The work focuses on modeling,
perception, localization and mobility
of individual or networked systems.
The activities address the complete
chain, from perception by integrating
observability, localization and mapping,
to robot execution control in real
worlds (Real Robots in Real Worlds).
The originality of this work is based

on an active and enactive approach

to perception. The latter, besides

being active, is contingented by the
interactions of the system with its
environment, and is characterized by
the consfruction of anticipatory actions
that, in turn, guide perception. It allows

thus fo consider unknown, changing,
or dynamic environments at different
scales. These activities are based on

a platform of heterogeneous robots
made up of several ground mobile
robots, drones and a cobof, equipped
with inertial sensors, vision, Lidar,... with
applications concerning the “factary
of the future”, mobility for Health and
exploration and monitering of natural or
industrial sites,

PARTNERSHIPS

Academic:

FRANCE

CEDRIC (Pars, CITHLyan), IEMN (Lile, IETR
(Rennes), IMS (Bardeaux), Institut Pascal
(Clermmont-Farmant), L2S (Paris), LaBSTICC
(Brast), LIAS (Poifiers), PRISME (Oriéans),
FFRIME (Poiliers],

INTERMATIONAL:

Algerin, Benin, Canada, Chinag, Marcco, Italia,
Japon, Rourdonid, Senegal, Turisia, United
kingdorm, USA, Vistnam

Companies

FROM STARTUP AND SME TO LARGE
GROUP:

ACCO, Alstom, Alrbus Group, BeMomad,
Dindes maiines, Grégalre SAS, Legrand,
NXE, ONERA, Orange Labs, POCLAIM
Hydroulics, Renoulh, RF TRONIC, Schinelder
Electric, SECLIS/GEREDIS, SNR, Triclés
Communicafion, Tholes Alena Space, Valeo
Materiaux de Friction, ..

CTHERS:
CEA, CHU de Limioges, CHL da Poitiers,
CNES, CETE. IFSTTAR, SNCF, . -
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KEY FIGURES

{2011-2018)

THE LABORATORY

5 8 paients

Aresearch consolidated
budget of 19.5 M&/year
with 30% own resources

3 scientific divisions in Electronics - Photonics - Mathematics, Computer
Science and Image including 6 departments and 21 research groups

® SMART SYSTEMS AND NETWORKS

This department is engaged in the
deployment and optimization performances
of heterogeneous networks in terms of:
QoS, energy, radio resource, localization,
environment perception, mobility in complex
environment, usage constraints and

® RF SYSTEMS

The research activities carried out in this
department concern components, circuits
and systems in the field of radio frequencies
from a few hundred of MHz to some hundred
of GHz and are applied to the design of new
equipment for wireless communications,

fundings/

16 55

epetaiiny detection and localization, in the field of ICT, 1 COOPERATIVE 2 PLATFORMS IN 1INDUSTRIAL CHAIR
safety, defense and space. RESEARCH CENTER SUPPORT OF RESEARCH DEFIS-RF
® MATHEMATICS, INFORMATION, HAP@XLIM PROJECTS, OPENTO is a four years collaborative
SECURITY ® FIBRE PHOTONICS INDUSTRIAL PARTNERS project for enhancing and

The MATHIS department gathers

AND COHERENT SOURCES ® for stimulating

interdisciplinarity

THE PLATINOM

developing research and higher

researchers in the domain of mathematics
and information security. It includes research
in the following fields: Computer Algebra,

The research activities Include the study
of fundamental phenomena connected
with the propagation of coherent optical

education on the DEsign of
Future Integrated Smart Radio
Frequency fransmitters. If is ca-

platform is the fechnelogical

@ for contributing fo the :
g il resource centfre of XLIM (180 m*

emergence of new research

cryptology and Information Security, radiations in linear and nonlinear complex fopics clean room, funded by the French National
Optimization and Variational Analysis, media, the design of advanced lasers and 3 optics fiber drawing fowers, Research Agency (ANR) and
Algebraic and Analytic Number Theory. imaging systems, the design and realization measurement benches, Thales.

electromagnetism and laser
optics instrumentation).

of specialty opfical fibres and fibre

® IMAGE SYNTHESIS AND ANALYSIS components,

Scientific challenges developed in this
department are the creation of complex but
structured objects in arbitrary dimension,
modeling and processing of colorimetric

and speciral information in still or animated
pictures, and realistic image synthesis relying
on procedural models, either statistically- or
physically-based.

14 START-UPS
SINCE 2004

AMCAD Engineering — APTICOD
(acquired by Eurofarad)
DEVOPSYS — DIOPTIK

PEARL — LEUKOS HORUS
LASER - WYTEK - NOVAE
GLOPHOTONICS - AIRMEMS

THE PREMISS

platform applies
interdisciplinarity by grouping
together modeling and
simulation activities in XLIM, from
materials o systems.

_ 1 LABORATORY OF TCM - KAMAX Innovative
® RF-ELITE (RF and printed ELectronics EXCELLENCE SIGMA- System — VTD {acquired by
for Telecommunications and Energy) LIM AGILENT)

The expertise of this department relies on

development of innovative electronic and in partnership with the SPCTS

optoelectronic components using emerging laboratory UMR 7315, The 6JOINT LABORATORIES
micro ond nano technologies based on new objective is fo develop specific AXIS (Thales)

processes, devices and functional materials ceramic materials and NXL (NXP)

integration. These developments are carried components to secure, smart MITIC (I1I-V lab)

out for electronic and optoelectronic systems and integrated communicafion | eyae (CEA Gramot)

from low frequency up to the THz domain. systems. Sigma-Limis aproject ag(ciLAS)

of the French No‘rionci Research INOGYRO (Inoveos)
Agency program "LABEX"

Founding member of the
“ALPHA ROUTE

DES LASERS & DES
HYPERFREQUENCES"
competitive cluster {ALPHA-RLH)




PREMISS

Being ot the interface of physics,
mathematics and computer science,
PREMISS offers several services

5

e Models development, from materials to
clreuits
» Simulators development

» Inventory, archiving, diffusion and
dissemination of calculation codes

cosd

XLIM PREMISS

e

This platform Is iInfended not anly for XLIM
members but alsa for their collaborators

whether they are academic researc
Industrials. It pursues its goals by severa

means,

® By offering o software forge available of
f 0 X TLT

e By integrating new modeis or existing
ones in systems simulators, especially
in a home-made simulator of complex
systems named as SCERNE.

Maore infarmation:

Wi lim friplateformes/premiss/

Université
4 de Limoges

PREMISS

PLATFORM GATHERING
TOOLS FOR MODELLING
AND SIMULATION OF

SYSTEMS




PREMISS

PLATFORM GATHERING TOOLS FOR
MODELLING AND SIMULATION OF SYSTEMS

SOFTWARE FORGE

forgexdim.fr

Tools aiming at sustainability and
dissemination of models and simulation
codes.

e Software forge

e Computer code

e Git

® Subversion (SVN)

e Sustainability

@ Dissemination

The PREMISS platform has set up a software
forge. This tool Is structured around a
website (http://forgexlim.fr) and offers
services enabling to develop informatics
projects in a collaborative manner, easing

project management and increasing visibility.

The reason of being of the software forge is
the sustainability of the projects developed
in XLIM and beyond. It fights against the
obsolescence of calculation code by saving
them and by easing their maintenance and
the collaborative writing of rationalised
documentation. Therefore the forge enables
for an increase of the quality of calculation
code, which in the long term is beneficial for
its dissemination.

The PREMISS platform also brings its
know-how fo realise the porting of code

to different operating systems and the
creation/enhancement of human-computer
interfaces, while supplying information for
the choice of relevant software licenses. The
path toward dissemination is then shortened
and communication can be more efficient.

MODELS DEVELOPMENT AND
INTEGRATION

TOWARD SYSTEM SIMULATION
PREMISS accrues XLIM's know-
how, stimulates the creation of new

models and infegrates them in system
simulators.

o Models

e Simulators

® Integration

e System simulation

e Interface with commercial softwares

XLIM and to a greater extent the Sigma-
LIM Labex generate a significant modelling
activity, from technology to circuits. In
paraollel, optimisation elgerithms and
mathematical analysis tools are also
developed. The simulator called SCERNE
(Simulation of Emission/Reception Chains of
New Generation) integrates these elements
and enables the models to be integrated
into a multi-domain heterogeneous system
simulation,

SCERNE plateform...

MODELS
DEVELOPMENT AESA

The PREMISS platform
offers a modelling service
in support of XLIM's
scientific activity. Moreover
it enables the reuse of
already developed code
thanks to the software
forge.

INTEGRATION
INTO SYSTEM
SIMULATORS

The PREMISS platform

offers modelintegration

(whether new or ancient

models) in system

simulators which deal with broader scientific
thematic (multi-physics ond multi-scale).

In particular it ensures the development of
SCERNE in support of collaborative research
projects whether they are internal (XLIM/
Sigma-LIM) or external.

SCERNE'S ARCHITECTURE

SCERNE is interfaced to Matlab/Simulink

and therefore it consists of block-schemes
with can be graphically cabled into circuits

or systems. Thase blocks may represent
devices, small circuits, tabulated experimental
characteristics, matrixes of S-parameters, etc.

Thus it is possible to use physical models

(thermal, electrical, electromagnetic...),

blocks of circuits/systems numerical

simulation and experimental

data coming from electrical
characterisation to simulate for
instance the performance of large
dimension systems with a very good
accuracy. SCERNE is provided with
simulation cantrol tools (parameters
sweep, statistical analysis and
optimisation) in order to evaluate
upstream complex architectures ar
innovative concepts.

System Simulation Modeler

g |

oy
Thermal  Physical
{Faurler) [Poissan)

SCERNE'S OPENNESS FOR
DISSEMINATION

SCERNE features APls (Application
Programming Interfaces) which enable if fo
be open to commercial softwares.

EXISTING APIs:

® Thalés/SAFAR (network antennas)
@ Thalés/ASTRAD (radar)
® Matlab/Simulink

APIs IN DEVELOPMENT:

@ Keysight/SystemVue
® Keysight/Ptolemy
® AWR/VSS

APIs INTHE PLANNING STAGE:

® Dassauli-Systeme/Dymola
@ Altair/Hyperworks

for an efficient hierarchical modeling process

Characterisation




