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p Hardware and software interactions at LIP6/SU

® LIPb6 = 18 teams for 480 persons

® 4 main teams close to Sensors, Electronics & Computer Science

- ALSOC (ALgo. SOC)
. CIAN (Integrated Circuits)

- QI (Quantum Information)

- SYEL (Electronics System)

N conjunction with the other LIP6 teams

= A wide area: From Components to Al
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® SYEL

My team

.- Computational engineering at the frontier Application
between electronics and computing
v Smart system, mixed electronics, modelling of cyber-
physical system, embedded Al, edge computing Electronic
. Embedded
+ Composition Systems Modelisation

v [ teacher-researchers, 1 CNRS research officer, 1
assoclated researcher, 1 professor emeritus, 1 ATER

v ~15 doctoral students, engineers and post-docs
+ LIP6 research engineers (CNRS and SU)

v 3 doctors during 12* months since 2022 with IUIS

1 to come
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CV

® Full Professor at LIPo - SU

. Research in Electronic & computer science, mainly applied for

[ T ]
o IEEE
FHU oo
*——.
G- @
[
, .-‘ * , | | | | | |
rMusculoskeletal Translational Innovations IEEE Engineering in Medicine & Biology Society

. Teacher at Polytech Sorbonne, Licence EEA, Master SESI

v Head of CMI master's students
v Head of CMS-I students

Cursus Médecine Sciences — Ingénierie for DFGSM2

IPS
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Embedded System

= Sensors and/or Electronics + Computer Science
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System

& Protos DR/CLg
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Electronics

Baseline CMOS: CPU, Memory, Logic

130 nm
90 nm
65 nm
45 nm
32 nm

22 nm

v

More than

Analog / RF Passives

HV Power

Sensors
Actuators

Biochips

4
v

Beyond CMOS

https://blog.delmic.com/more-than-moore-the-next-steps-for-the-semiconductor-industry
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Sensors & Electronics

® Everything & everywhere in ¢ Environment

modern world | L. germES v Robustness
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. Multidomain = Heterogeneity

. Various Issues Hardware & software

Full-scale tests

v Real time and latencies
v Not only technical (vocabulary also)

v Standards
- Concepts and constraints often

‘neglected” v Deontology & ethics
v Consumption v
gg:iEB%{:NENSE 9
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Sleep

® Automated embedded polysomnography

.- Development of prediction models

v Basic data acquisition (sensor of physiological signals & quiz) + Symbolic fusion = Expert System

« Collab.: APHP, other teams of LIP6

CIA2
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CYCLOPE

® Wireless capsule endoscopy

. Focus on polyp to detect colorectal cancer

v 3D vision (visible + IR) and processing

v Classification by Al on reconfigurable embedded system (FPGA)

. Collab.: APHP, int. company, other academic lab.
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lip Carot
® Non-invasive diagnosis of carotid atheromatous lesions,

- Plague at risk or not

v Optimized microwave Complementary Split Ring Resonator (CSRR) biosensor

From Geometry & Substrate

v Characterization & modelling of biological tissues
v Portable platform for the acquisition, processing & data analysis

Regression from HFSS database

. Collab.: APHP, CIAN/LIP6, GeePs (PhD of J. MASINI 2025) |
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lip Carot
® Non-invasive diagnosis of carotid atheromatous lesions,

- Plague at risk or not

v Optimized microwave Complementary Split Ring Resonator (CSRR) biosensor

From Geometry & Substrate

v Characterization & modelling of biological tissues

e E——,— —————

v Portable platform for the acquisition, processing & data analysis f‘ BdW
Regression from HFSS database ‘; ST — | ]ﬁ@mude
2 - | 0aded resonator E u varlation
Y-
. Collab.: APHP, CIAN/LIP6, GeePs (PhD of J. MASINI 2025) D

Frequency (GHz)
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lip Carot
® Non-invasive diagnosis of carotid atheromatous lesions

. Realization

Data Data processing

Acquisition Interpolation
VNA Interface algorithm

Transmission
of results

Acquisition chain
é-.-.-D

Displaying
results

—_—————

Ex-vivo characterization of
atherosclerotic plagues

Atherosclerotic plaque
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® Non-invasive diagnosis of carotid atheromatous lesions
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® Non-invasive diagnosis of carotid atheromatous lesions

Fréquence de résonance

x1074
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Carot

® Next step

- Expand the database & improve our models

v Edge-lA (#Cloud)

- Move towards a miniaturized system

‘@

v Additional sensors

- FInd new biomedical applications of microwave sensors

v Diabetes ? Osteoporosis 7 ...

mB SCIENCES

SORBONNE 18
UNIVERSITE




lip SpinalX

© Communicating implant for the multimodal imaging of the SC

. Functional status of the SC in real time . Syeacon

v Low-power, high resolution
wireless embedded system +
data analysis & prediction

v Diffuse Optical Imagery +
ElectroSpinoGraphy + ...

A

ntenna <. RF
Electronic " gattery ﬁ‘
BrainstOrming\ 'J;!.? Vertebra i

7 spinal cord

> 7~ Light sources
G +

= Optical sensor o

. Collab.: APHP, some
academic lab.

Light sources
+ b >
Optical sensor 7%

Vertebra Implanted spinal cord
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SpinalX

® Contributions

- Precious in-vivo data

. POC made on pig model

. Original electronics ==

=
=
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. Multidomain modelling

Transmittance (relative unit)
l—l
o

. EXxtracting key parameters

I | I | I | | I ]
500 550 600 650 700 750 800 850 900 950

from noisy signals wavelenth (o
-
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SpinalX

® Contributions

-  Precious In-vivo data

- POC made on pig model

- Original electronics
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SpinalX
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® Contributions

Relative contribution (%)
B

o
=

600 700 800 200 1 000 1100
Wavelength (nm)

- Precious In-vivo data

. POC made on pig model

. Original electronics

. Multidomain modelling

. EXxtracting key parameters
from noisy signals 'z
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SpinalX

® Contributions
- Precious In-vivo data
. POC made on pig model
- Original electronics

- Multidomain modelling

. EXxtracting key parameters
from noisy signals
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lip SpinalX

® Contributions |
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SpinalX
® Perspectives

. Toward smart implant

v Per- and post-operative medical device

. Co-design approach

v Realization - System > Circuit > Component : ASIC

v Modelling = Virtual Prototyping

- And collaborate
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... And many other projects

® Related to biomedical engineering, health and
environment

- From sensors and electronics (analog and
digital)

. To frugal Al, with signal and data processing,
prediction

& In other domains (transport, noise and signal
integrity, ...)
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o Multidisciplinary

Engineering for Health
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Engineering for Health

- ®
&

ctee

o Multidisciplinary

-medecine-du-sport-la-forme-conne

® Constraint

Ethics

http://www.irbms.com/capteurs-en

.  Standards

Environment

Innerspace, 1987

- [Towards the medicine of tomorrow
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® Stations of crosses DEVICE DEVELOPMENT

From Idea to product

STAGES OF MEDICAL

MAY / MAY 2021

Definition of Design Requirements

Based on:

« The marketing and commercialization plan for each country including safety and
performance requirements)

« Technical ihotandards applicable to the type of medical device (MD) being developed
= Risks identified during risk analysis
* Medical and ergonomic requirements

System Test, Launch /\

& Operations TRL Y9

System/Subsystem TRL S8 Medical Device Design and Prototyping

eV l m —_— » Definition of system specifications
D e Op ent * Preparation of the prototype manufacturing file
TRL 7 « Manufacturing of prototypes in sufficent quantity for pre-cliniccal studies (stage 3)
 —

Preclinical Investigations

Technology

» Conducting studies and investigations on test benches, cells, organs, or animals

Demonstration Aimed at verify the
designed device reomplance meets al requirements and to modify it if necessary
Thei phose results.
» This phase te conduct in the design dossier (including all elements from stages 1, 2, & 3)
Technology 5 :
Clinical Investigations
Development S

* One or more clinical investigations are carried out depending on the medical device
Feasibility clinical investigation,
+ Pivotal study: confirms safety data (stages 1, & 2)

+ Authorization for clinical investigation is granted by'es. ANSM) based on the design
dossier (stage 2).along wth 4l clinical study results,
i . ¥ . > oy | 4 v
The clinical evaluation report, including data from the scientific literature literature.

Validation of Manufacturing Processes
* Conducted alongside clinical evaluation

Research to Prove
Feasibility

BaSlc TGChﬂO'ogy « Objective demonstrate that manufacturing processes can deliver a product
Reseamh that is compliant, reliable, and rep.
Finalization of Technical Documentation
The medical device is ready for evaluation by the notified body
smm THE MEDICAL DEVICE
=
snitem.fr snirTrem
For more progres
Wikipédia e
mB SCIENCES
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® Stations of crosses

System Test, Launch /*\

& Operations TRLY

-4

System/Subsystem
Development

Technology
Demonstration

Technology
Development

Research to Prove
Feasibility

Basic Technology
Research

Wikipedia

From Idea to product

European Commission

Directorate-General for
Health and Consumers

Directives

L

Competent Authority

Manufacturer

I

Notified Body

Guidelines

Post-Market
Surveiliance

I

q

CE Marking

—

Market Authorization

International
Organization for
Standardization

|

Standards
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® Directives 2017/745 tor MD since 2021 (before 93/42/EEC)

Regulations for medical devices

ngh‘ risk Medical Devices
. - Notified Body
2 . approval required f m. ﬁ
o
£
5
e les:
g oonuﬂz’as
Tacheotomy wres  Class Tla
- Self-

;assessment f {7 DO ﬁ + '

Low risk

https://www.mdpi.com/2227-9717/9/5/865

CCCCCC
NNNNNNNN
UUUUUUU
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Regulations for medical devices
U.S. FDA Medical Device Classes

Class 1 devices do not require FDA approval, but you will need to Register and List the Device.

Low risk devices like toothbrushes,

tongue depressors, pads, band-aids etc. 510(k) Exempt, Register & List Only

30-90 days

Must Register device &

a =
- dbenas
R company on FDA website

/>) some exceptions to 510(k)

requirements

Moderate risk devices like CPR aids,
ultrasound, surgical gloves, etc.

Most require a 510(k)
Premarket notification to FDA

some exceptions to 510(k)

and clinical trial requirements
High risk life-supporting devices like e qui

implants and pacemakers, etc.

Normally a Premarket
Approval (PMA) process

©] angelanjohnson.com
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® Directives 2017/746 for in-vitro diagnostic MD since 2021

Regulations for medical devices

(betore 98/79/EC)

High risk

Increasing risk

T .

Examples:

Hepatitis B blood-donor
screening

HIV blood diagnostic test,
ABO blood grouping

Examples:

Blood glucose self-testing
PSA screening;

HLA typing

Notified Body
approval required

Examples:

Pregnancy self-testing
Urine test strips
Cholesterol self-testing

- -

: Examples:
: Clinical che mistry analysers
| Specimen receptacles;
- Self- assessment Prepared selective culture
: media
Y

Low risk

In Vitro Diagnostic
Medical Devices

/——————

HIGH PERSONAL RISK,
MODERATE TO LOW PUBLIC
HEALTH RISK

LOW PERSONAL RISK,
LOW PUBLIC HEALTH RISK

HIGH PUBLIC HEALTH RISK,
HIGH PERSONAL RISK

MODERATE TO LOW
PERSONAL RISK,
LOW PUBLIC HEALTH RISK

https://www.mdpi.com/2227-9717/9/5/865
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Sustainabillity

® United Nations

SUSTAINABLE

&= DEVELOPMENT
e : Gr’ALs Medical and dental prophylaxis
, Interventional medicine &
» dentistry }
QWA ) 500D HEALTH '
a 2 e ;

AND WELL-BEING

Social medicine

w '
& v
Medical & dental engineering
i/ ,

Industry 4.0 for medical devices
& for in vitro medical devices

https://www.un.org/sustainabledevelopment/fr/objectifs-de-developpement-durable/
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A necessity

https://www.mdpi.com/2227-9717/9/5/865

mB SCIENCES

SORBONNE 30
UNIVERSITE




lip

Needs

® Durable MD, fine! But above all safety & security with
Management of complexity / heterogeneity
Frugal (consumption / lifespan)
Sterilization ?
= Choice of methodology of research
v Virtual prototyping (in-silico VS in-vivo)

v Interoperable & Reusable = Versatile dev.

Co-design approach = Hardware + Software together
v Refinement of needs
= Dialogue & Collaborations
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Needs

® Durable MD, fine! But above all safety & security with
Management of complexity / heterogeneity
Frugal (consumption / lifespan)
Sterilization 7
= Choice of methodology of research
v Virtual prototyping (in-silico VS in-vivo)
v Interoperable & Reusable = Versatile dev.

Co-design approach = Hardware + Software together
v Refinement of needs
= Dialogue & Collaborations
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® Questions ?

Thank you for your attention!

sylvain.feruglio@sorbonne-universite.fr

SORBONNE
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