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1. UVSQ and Université Paris-Saclay
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University of Versailles Saint-Quentin (UVSQ): Where Is It?

Near Paris and Versailles Castle
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LISV: Laboratory of Engineering Systems

IUT de Mantes en Yvelines

ISTY Mécatronique Sciences (antenne)

Services centraux

Mantes-la-lolie Sciences
ISTY Informatique

®Mantes-la-Ville

Le Chesnay o
Versailles ®
St-Quentine Y¢&lizy®

LISV laboratory is on
the Vélizy campus

Rambouilleg IUT de Vélizy

Droit, Science politique
Sciences sociales et humanités
Médecine

Observatoire de Versailles Saint-Quentin

IUT de Vélizy (antenne de Rambouillet)
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Key Figures of UVSQ

e Around 20,000 students

IUT de Mantes en Yvelines

e 215 academic programs (including 100 Masters ST Mécatroniaue e oo,

programs) ene g
e 3,750 students enrolled in life-long learning Stfancesta:Ville .
programs Yvelines
* 2,669 foreign students from 120 different countries - Soreaitas

e 708 PhD students

e 155 research contracts
e 1,110 faculty members
e 744 administrative staff

* 310 students enrolled in exchange programs

St-Quentine Vélizy®

Rambouillet IUT de Vélizy
.

Droit, Science politique

Sciences sociales et humanités
Médecine

Observatoire de Versallles Saint-Quentin

IUT de Vélizy (antenne de Rambouillet)
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uvsQ Is Now Part of Université Paris-Saclay
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« grandes écoles »
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Around 60,000
students
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17 Graduate Schools in Université Paris-Saclay
17 Graduate Schools, 1 Institute, 3 fields of study

WHAT IS A
GRADUATE
SCHOOL?

A Graduate School
coordinates Master’s
degrees, study
programmes, doctoral
schools and research
activities around a
topic or discipline by
combining the expertises

of university components,

grandes écoles and

research organisations.

SCIENCE

QQ ¥

& ENGINEERING

CHEMISTRY

COMPUTER SCIENCE

ENGINEERING &
SYSTEMS SCIENCES

Trans-disciplinary
Institute, existing in
2 fields of study

Trans-disciplinary
Graduate School, existing
in the 3 fields of study

Trans-disciplinary
Graduate School, existing
in the 3 fields of study

LIFE SCIENCES

& HEALTH ;F

BIOSPHERA

HEALTH & DRUG
SCIENCES

o =

LIFE SCIENCES
& HEALTH

SPORT, MOVEMENTS,

HUMAN FACTORS

. -

INSTITUTE FOR THE SCIENCES OF LIGHT

EDUCATION

RESEARCH AND HIGHER EDUCATION

HUMAN & SOCIAL '

SCIENCES

HUMANITIES -
HERITAGE SCIENCE

ECONOMICS &
MANAGEMENT

-.'&w

SOCIOLOGY AND
POLITICAL SCIENCE
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2. Overview of the LISV
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History and Structure of the LISV

The LISV exists since 2006:
* About 30 professors/associate professors and technical staff,
e About 40 PhD students from more than 18 nationalities.

Building located in Vélizy (mid-distance from Paris and Versailles), around 2700 m?

Structured in three teams: ISA, Rl and SyMRIC.

Two structures are nearly associated with the Lab:
* OLEDCOMM, a startup about LiFi technology
 CEREMH, an association about healthcare and help for disabled persons

LISV UVSQE
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Scientific Aims of the LISV

Study, realization and performances evaluation of systems that include opto-

11

mechanical-electronical-instrumentation parts

Modelling

Innovating
design

Embedded
systems

Control and
command

Help and
assistance for
services

ﬁeractive robotics
. "% - ﬁstrt mentation and modelling ‘h

Sl e Systems (ISA
A~ Tl R Y
i A e % a
:" A 2
G

Short Course on VLC - Nagoya University

Sensors

Metrology

Multi-physics
models

Instrumentation

Performances
evaluation

LISV | UVSQ®
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Research About Help and Assistance for Disabled Persons

Gyrolift
Seagway with
verticalization

Brain interfaces

LI SV UVSQ@
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Research About Mechatronic Robotised Systems

Prosthesis

and orthosis Drones control

+ Active

fin .
= urobotics

Laboratoire
yste
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PhD Students

Thesis (average figures over 5 years period)

Sources of funding Number %
Government 5 7%
Funding with large collaboration with industry 22 30%
CIFRE (direct link with industry) 13 17%
Foreign funding with co-tutelle agreements 25 34%
Others 9 12%

TOTAL

_ Lisv uvsas
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Partnership Between LISV and OLEDCOMM

 About OLEDCOMM:
e OWOC and LiFi products design and industrialization company.
 Createdin 2012 by two Professors of LISV.
 Now among the world leaders on this market with pureLiFi (UK) and Signify (NED).
e Collaboration with MaxLinear and STMicroelectronics for on-chip embedded system.

e Since 2012, scientific collaboration agreement
between LISV/UVSQ and OLEDCOMM for
research related to various use cases and markets.

* Main markets:
* Indoor LiFi with high privacy/security/health
requirements (army, education...).
* In-satellite cable replacement (first
LiFi-embedded satellite lauched in 2023).

* High speed and low costs satellite-to-satellite
links.

LISV | UVSQB
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3. Vehicular communication activities

Short Course on VLC - Nagoya University
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Integrated V2V Sensing and Communication (2014 - 2017)

e 2009-2014: Work on V2V and 12V/V2l communication started at LISV in 2009 (thesis of A. M Cailean)
— Demonstration of 100 m low bit rate (< 100 kbps) 12V links and 50 m V2V links.

* 2014-2017: Thesis of B. Bechadergue to study joint V2V communication and distance measurement :
* Simulations validation of the proposed system.
e Experimental validation using COTS car lights: distance measurement from 5 m to 25 m with a

measurement error < 3%.

25 .
. +  Distance measured I’ﬂ
E — — Real distance III
g =
g & I/I;
1330 > : - g :PI;[EE'II
Y : 2 % - ?I}
FPGA for distance 2 =
measurement Analog processing 3 =
board : g 10 ;,;1'1
. | 5 =
LED 3 T : <
Phetdetector- i
55 10 15 20 25
Real distance (m)
, . . S . LISV UVSQ“i@
17 B. Béchadergue, “Visible Light Range-Finding and Communication Using the Automotive LED Laboratolre d'lngsRierie |
des systéemes de V.ravilles |

Lighting,” PhD Thesis, Université Paris-Saclay, 2017.



Outdoor V2V Communication Tests (2017)

50 0
! 45 0.1
40 0.2
E35 0.3
§ 30 0.4
znennasfor ‘g
LIDAR for position g:::‘;l zﬁﬁation E 25 o 0_5
measurement E
i | . o ER ] {os
* In 2017, research visit at National Taiwan University, with g |
Hsin-Mu Tsai. - i 1%/
e V2V communication demonstrator assembled and tested on 10 | 08
open roads. 5 {0.9
* Results: > 90% of packets transmitted without errors over 30 0 1
\ -5 O
m at 100 kbps (35 m a 10 kbps). L ateral distance (m)
LISV UVSQS
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Lateral distance [m]

Multiple Access Protocols for V2V Communication (2019-2022)

e 2019-2022: Thesis of E. Plascencia on inter-vehicle interferences in multi-lanes scenarios.
* Study of the performance/complexity tradeoff of various CDMA codes (ROC, PN, OOC, etc.).
* Implementation of an integrated and real time 100 kbps V2V link and tests on a circuit.

100 T T T T T T T 100
_ 99 11.1 FLane7 =~ I< — 9
98 98
_ 7.4Flane6 : : : .
97 'E 97
J o6 @ 3.7 Flane 5 - 96
=}
o ]
i 95 E 'E OtLane 4 - 95
- =
=3 94
| 94 5 -3.Tlane3 ‘—’\/_V_ T
—
© Interference 93
93 =
i -7.4+lane2 I —
02 92
| -11.1}Lane 1 ar “ .
91 91
L | ! L I ! 90

L I 4 " | |
50 45 40 35 30 25 20 15 10 5) 0
Longitudinal distance between the transmitter and the receiver (LED - PD) [m]

| 1 1 |
' : ‘ %0 50 45 40 35 30 25 20 15 10 5 0
Longitudinal distance between the transmitter and the receiver (LED - PD) [m]

LISV UVSQE
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Université Paris-Saclay, 2022. -
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4. Beamsteering activities
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Since 2016, an Interest for Indoor Applications

2016—2019: Thesis of M. Merah to initiate works on indoor applications (e.g. LiFi).
Experimental work on modulations and multiples access schemes (m-CAP, OFDMA, NOMA, etc.)

Demonstration of 300 Mbps capacity cells shared between up to 20 users using commercial white

LEDs.

Define ¢, using a
user allocation

a!sszﬂlhin

lJ_uwk

l UsIér 2

' | User 1

Data User 1

!
EA
ZHL-6A+
Bias-Tee DC
ZFBT-282 Bias

M,-QAM
Mapping

Tx Filters on ¢,

21

Pre-equalization

Add detection
frame

Up-sample

e e

215 m

|

Oscillo.
MDO3054

Resample

Frame detection

Channel
Estimation

Rx Filters on ¢

Synchronization
M.-QAM

Demapping
v

| Data User k |

18

16

14

12

— 124 >

118 135433 ® [101@ 143 f & 11545131 | 124 126

° nzf 3° ® s o6, ‘o i, ® 1
m 4 og . | [ |

1

2 3 4

T T T T T T T T
¢ Ph-LED
e RedLED _ L ]
¢ RGBELED % 155
& RGELD
® LD —
¢ BluelLED
¢ uLED _
® RC-LED
® VCSEL |
* OLED
108 122
L I ]
| P :‘;ﬂ - 127 104 ; )
& 12'; m”“\}?'ﬂ_sferfpfu‘urmi.' iﬁ 1922 “: f"'P?ﬂ;Jﬁff d
. s iy g |literature Fig 8 13-"£“‘ Higs )

3 6

Spectral Efficiency (b/s/Hz)

M. Mohammedi Merah, “Conception and realization of an indoor multi-user Light-Fidelity link”, PhD Thesis,
Université Paris-Saclay, 2019.
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Since 2020, a Strong Focus on Beamsteering

* Motivations for using beamsteering:
* Inany OWC system, the larger SNR, the better.

* The main goal of the OWC receiver is to optimize the SNR, and thus
the received signal power S, defined as:

S=—— cosmqb;osw yArga/J) d
Light source Link geometry: Receiver parameters: 1/)
parameters: e ¢, P — Alignment Tx/Rx * Yy — Photosensitivity ‘
 m - directivity * A, — Sensitive area
- / * g() — Optical gain
e N Y

e
Use sensitive Rx, e.g. SPAD

Use beamsteering

LI SV UVSO;W
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Interest of Beamsteering for Indoor Applications

/ AP2®. APA®
] AP1@/ | ApaTT
Contréleur AL N
réseau y -
WAN i
' 1
|

Cell-based architecture:

23

| AP2 AP4 e
’/EAplg ’ AP3 ? . \\
l ‘v [ Z i I Irl
Contréleur L
réseau - /
WAN
FI A .| A N
UELE

Proposed cell-free architecture:

Each AP generates a cell .
If UE in the cell, communication possible .
Continuous coverage is ensured by cell .

overlapping (i.e. interference, handover...) .

Short Course on VLC -

Each AP can target 1+ UEs using beamsteering
Real-time tracking of UEs necessary

Real-time optical beam orientation necessary
Focused beam = secured and high SNR link

LISV |UVsQ®
Laboratoire d’ingénierie
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Interest of Beamsteering for Outdoor Applications

‘ for Autonomous Drivin
s \

CMS
_—|{CMS-ITS Airplane2X

CMS-ITS VX
CMS-ITS Rail2X N Uha

CMS-ITS C2X Urban 1

“ 2w S
| ry 2 i
wtonomous Driving [
C2X Interur ban Solution
' D
P v -
X

ICMS-ITS Ship2X

& B -

© ESA/D.Ducros - 2007

Strong interest for free-space optics (FSO) applications:

e Acquisition, tracking and pointing (ATP) mechanisms are critical to fight misalighement and maintain
high performance.

* Use cases explored:

e Buiding-to-building communication (Al-Furat Al-Awsat Technical University, Irak)
o Satellite-to-satellite communications (OLEDCOMM & Thales)

LISV | UVSQ®

Laboratoire d’ingénierie
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Implement Beamsteering: Open Issues

* |ssue 1: Is beamsteering really effective to
enhance OWC performance?

* |ssue 2: How to localize the target?

e |ssue 3: How to ensure actual beam orientation?

25 Short Course on VLC - Nagoya University
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Performance Enhancement With Beamsteering: Approach

3 scenarios studied to determine the OWC system coverage (i.e. area where BER < 3,8x1073).

* With beamsteeering — Tx and Rx perfectly aligned,
* Without beamsteering — Tx pointing toward the floor, Rx toward the ceiling,

AP = IR-LED source of optical power depending of the source directivity (= maximum optical power
allowed by photobiological safety standard with this directivity).

In beamsteering configuration, addition of misalignement between the AP and UE in a second step.

With beamsteering Without beamsteering

AP at (x¢, yy, Z¢) AP at (x4, Ve, 2¢)

H=3m

UE at (x,., ¥, 2,-)

UE at (x;, ¥, 21) Ay
L=20m > ) L=20m >
H. AL Satai, B. Béchadergue, L. Chassagne and W. M. Ridha Shakir, “Coverage Optimization With i Ldl SV UVS()\
Laboratoire d’'ingénierie | .
des systémes de Versailles universite -

26 Beamsteering-Based Indoor Optical Wireless Communications,” 2023 IEEE ICC, 2023, pp. 1149-1154.



Performance Enhancement With Beamsteering: Results

Coverage area (m?)

120

100

80

60 r

40

20

O —06 0O

M&ﬁGQT

+ With beamsteering

ke \\ithout beamsteering

O Manual orientation

B NS -

5 10 15 20 25 30 35 40 45 50 55
Semi-angle at half power,®_ , ()

 Conclusions:

27

60

Coverage area (m?)

Coverage area (m?2)

100

50

100

50

The coverage area

é = +10, ¢ = +10, FEC = 3.8x1073

30 45
Semi-angle at half power, P (°)

The coverage area
¢ = 140, ¢ = 140, FEC = 3.8x10°3

I min

15 30 45
Semi-angle at half power, P (®)

Whathever the directivity, beamsteering enables a large increase in the communication coverage.
But, the more directive the source, the more sensitive the link to misalignement.

Short Course on VLC - Nagoya University
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How to Localize the Target? Integrated Sensing and Communication

- Objectives: Model, build and evaluate a
system for joint :
. Lighting (except if IR source),
. Communication (VLC),
- Positioning (VLP).

. Methodology: We considered:
. The use of m-CAP modulation and RSS
positioning technique,
. First through simulations and then

experimentally.
AP:; DC supply
L
Iy : ,
Binary | m-CAP [h()] Bias |fexs(t)] TED drivers and chips
data nlodule 1 Tee ”WPE' lLED(t)I
Imax: Imin
(o}
© o
257 O®Li(®) o o
. T o
15 4 Channel “~.
3

hy0s,: (0, 1(L)

h=0.85 m[o °

28

8 ,| Remove I (t)| m-CAP | Binary data
z”\ Rpp, G, Ty DC module |received
4
1 ~ 2
0 ' / Y , RSS | Estimated
\/X1 ° UE algorithm ["coordinates
x(m) 2 2 y (m) -
Short Course on VLC - Nagoya University des ystmes de Versaiiies | NSNS




Positioning Performance (Experimental Results)

. Experimental testbed

1.6
developed O Reference location
oy . L #  Estimated location before correction
° 90% Of the pOSItlonlng h ¥ Estimated location after correction
error<5.9cm 12} 0,040 © 0 0 Q Q § § O @ Q
. . @ﬁﬂﬁf‘@‘*&*\m *0* @ ¥ ¥ o}(*d; O:*
Communication s er et gt d & araor
performance: BER < oto*ohor ot T G & & o
] ! ot @ o 5 Q > 058 9
3.8x103 over the 208 G R R P LR L E R
£ «OHOMOED e R 9 2 £ @ § ®,°
whole 1.2x 1.2 m 06] [ Bo# O 8 Bu0.0noxp k0t o
zone ® XEE* o) *S:x*q *, *o *g ¥t e rodtae ©
' 04 *@5 P & & % *o fackot - +ox *;_;f*(l_gn
P @ IR *a ol e 08 4 0, 0 0
02k, 42 grﬁx R £ e Q- 0, G0
oo R Q’Ki\%‘,\f B XD XKD O
ot ®40 0 o o % o o*§HHoxo, 0
0.2 :
0.2 0 02 04 06 08 1 1.2
x (m)
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How to Actually Steer the Optical Beam?

30

Motorized gimbal

Array of optical sources

Mobile mirrors (e.g.
MEMS)

Delay lines with silicon
photonics

Lens with variable focal
length

Reconfigurable intelligent
surfaces (RIS)

Orientation of the All types of sources and
source/receiver receivers.
Active optical source Arrays of VCSEL/LED

Laser source or LED (of

Mirrors position :
low divergence)

Time/phase delays between

: : Laser source
copies of the same signal

Laser source or LED (of

The focal length of a lens .
low divergence)

Various types of sources

Multiple working principles :
P &P P and receivers.

Short Course on VLC - Nagoya University
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Liquid Lenses for Cells of Variable Size

i Y
.

d € {4m, 10 m, 20 m, 26 m}

LT230P-B

L904P010 Coverage area
y . PDA100A-
A-58N1 (V, = V. .) max. of 528 cm

=

—t
\ <2}
\
\\

e By varying the liquid lens drive voltage, the focal distance changes.
= So are the beam spot size and therefore the coverage area at a given distance.

* Cells of areas ranging from 6 mm? to 528 cm? over distances from 4 a 26 m demonstrated.

* Great interest for tracking before beamsteering and to fight misalignement.

LISV UVSQH®

Laboratoire d'ingénierie |
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Liquid Lenses for Beamsteering

: d=4m :
LT230P-B
,0/ | iy 2 Ay’
AN Avy Y . o ————Ja I
1.904P010 Spot area,,»-’/,/
| CCS165CUM -~
A-58N1

* If the liquid lens is shifted from the source optical axis
= Beam deflection is possible by varying the lens

voltage.

» Deflection angle up to 13° demontrated.

* Angles > 70° possible with more complex setup
(multiple lenses for abberation correction etc.).

32

Angle deviation (°)

-
N

-
o

» (o]

N

—O— Distance Lens -
—O— Distance Lens -
—O=— Distance Lens -
—O— Distance Lens -

Fish Eye: 6 cm
Fish Eye: 12 ecm o
Fish Eye: 14 cm /

Fish Eye: 17 cm

/) /

/

e

faY
A A 3 /

20 30
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Lens Voltage (V)
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5. Other activities (SPAD, FSO...)

Short Course on VLC - Nagoya University

33

LI SV UVSO;M

Lab rrrrrrr dlng eeeeeee
de ytm s de Ve




The Sensitivity/Size Tradeoff

Access point by Oledcomm User equipment by purelLiFi ASIC optical antenna by Oledcomm

Several photodides (PD) are ... but current off-the-shelf Which solution to this issue?
commonly used to increase === receivers too bulky for mass ===  Single-photon avalanche
the collected optical power... market applications diodes (SPADs)

LISV UVsSQ®
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Working Principles of a SPAD

35

A SPAD transforms a detected Vop
photon into a current pulse. ‘ D

Phot
The number of pulses over a oron \
duration T is proportional to the APD en mode __.--~ z(t) /

: : t N
received photon flux. Geiger In p( ) Counter i
Problem : After a photon detection, Resistance de _____ > |
the SPAD cannot detect another quenching Vth

photon over a certain dead time. —

Solution : Use instead a SPAD array, or silicon photomultiplier (SiPM) = Increase the probability

of having at least one active SPAD at a given time instant.

In practice, SiPM = 10000+ SPAD, spread over < 1 mm? = very small and sensitive sensor!

_LIsv uvsas
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OWC Performance Optimization: SPAD vs PD

Question: Does a SiPM enable to enhance the OWC
communication performance?

e Principle : Simulations, in similar conditions, of the
communication coverage (i.e. zone where BER < 3.8 X
1073) with state-of-the-art SiPM and PDs.

y (m)

e Results (in a 4x4 m room):

* 0% of the room covered with a single PD of 26.4 mm?.

L ) . SiPM (Ag5) = 0.625 mm?) /
*  Similar coverage (~50%) with a 0.625 mm? SiPM and a 105.8 T SIPM (Agpy = 125 mm?) | |
mm? PD de surface 105.8 mm? (i.e. 66 time larfer!). 2PD (Apg =528 m)
. ) ) 157 3PD (A, = 79.2 mm?)
* Room entirely covered with a SiPM smaller than 1.5 mm?. 4PD (A, = 1058 mm?)
_2 1 1 1 1 / 1 1
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Conclusion: SiPMs ensure a significant increase in
coverage area with a very small footprint.

X (m)
Top view of the coverage areas ensured by various
kinds of SiPMs and arrays of PDs.

B. Béchadergue, T. Cazimajou, F. Mandorlo, and F. Calmon, “Indoor Optical Wireless Communication
Coverage Optimisation Using a SiPM Photoreceiver,” 2023 IEEE WCNC, 2023, pp. 1-6.
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Energy Harvesting With Photovoltaic Modules

/;' " Onediode mode o e phaiovoe el o \arvesting 1f  Communieation |
Data Bits Manchester I ! il i 1 oeh 1, L
01001... Encoding |> | e e f o L
LED L P iLog 1 CoT
P TF o7 o S .
e ! R.3 I Rc3 v(f)
* Question: Is beamsteering interesting to enhance energy ? ..
harvesting performance despite its own power cost? " 038
1
* Ongoing work: Implementation of a simple simulation 5 = |~
platform to estimate the energy harvested and BER ofan ¢ | .
OWC system with PV module as receiver and with(out) g -
beamsteering. .
* First results obtained without beamsteering. More 1.5
results to come next. B b 4 o @ 05 4 4B 3
X (m)
O. Cissoko, B. Béchadergue, and |. Tavakkolnia, “Performance of a Photovoltaic Module for Energy LI SV UVS()CW

37 Harvesting and Optical Wireless Communications,” 2023 JWOC, 2023, pp. 1-2.
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Thanks For Your Attention

bastien.bechadergue@uvsq.fr
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