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Malvoyance et cécité

> OMS : 315 millions des personnes déficientes
visuelles dans le monde
dont pres de 45 millions d’aveugles

> 85% dans les pays en développement
> 4 non-voyants sur 5 ont plus de 50 ans

> Doublement prévu en 25 ans avec le
vieillissement des populations



Les NeuroProtheses Visuelle
(NPV)
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Principe de la vision neuroprothétique
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The sensations produced by electrical stimulation of the
visual cortex
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» Toxt-fig. 2. The sreangement of receivers in the extracranial part of the implant,
Those that have given phosphenes are shown with thick ends. Of those that have
| never given phoaphenes, numbers 4, 8, 49, 61, 70 and 81 had failed electrically
before the implant was inserted. A dot under a receiver indicates that it is tuned
) to 85 Me/s. The other recoivers are tuned to 6-0 Me/s.

The sensations produced by electrical stimulation

G. S. Brindley and W. S. Lewin J. Physiol. 1968

Modifiez les styles €*du masque

Text-fig. 3. The positione of phosphenes in the visual field, exeluding high-
threshold phosphenes. The aymbola used indicate very roughly the size and shape
of the phosphenes. Four phosphenes that are not shown in the figure are as
follows. Electrode 25 gave a single point phosphene not far from that of electrode
26; it failod before it had been properly plotted. Electrode 43 gave, and still givea,
a single point phosphene that coincides with the middle one of the three given by
electrode 45. Electrodes 85 and 71 give large eloud.like phosphenes containing
many faint pointa, wholly below the horizontal meridian and ranging between 3*
and 15° from the point of regard.



The sensations produced by electrical
stimulation of the visual cortex

» Brindley and Lewin J. Physiol. 1968

» The sensations produced by electrical
stimulation of the visual cortex

Array of radio receivers
52-year-old blind patient.
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Phosphenes ordinarily cease immediately
when stimulation ceases, but after strong
stimulation they sometimes persist for up to
2 min.

Our findings strongly suggest that it
will be possible, by improving our
prototype, to make a useful prosthesis.



Interfaces intracorticales

» Schmidt el al 1996

» 38 électrodes
» Séparées de 500 um

» 1 sujet de 42 ans pendant 4
mois

» Seuils < 25 UuA

» Luminosité <-> amplit, freq,
durée

» Taille variable
» Stim faible [] couleur
» Durée variable

» Phosphenes bougent avec
mouvements des yeux

Schmidt, et al,
1996

Stabilizer pin

¥ Etectrode Lengths: 0.7, 0.9, 1.3 mm
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Interfaces rétiniennes - [Zrenner Science

2002]

> Implants épirétiniens (cf. Argus 2)

> [Wyatt & Rizzo 1996; Eckmiller,
1997]

> sur la surface vitrée

> Caméra et stratégies de codage
nécessaires

> C

> Te
li1

|
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Subretinal
implant

Implants subrétiniens

[Chow & Chow,1997; Zrenner et al., 1997]
entre la rétine et I'épithélium pigmentaire
100nes a 1000ers d'électrodes

50 a 150 um entre electrodes
Microphotodiodes remplacent les récepteurs
mais énergie supp nécessaire

Peu de contraintes chirurgicales et
mécaniques

Optique de I'ceil OK

Test animaux: 16 mois

axons L . subretinal
1o brain = implant




2

Argus Il (épirétinien): 60 électrodes

Argus Il Retinal Prosthesis System - H110002

This is a brief overview of information related to FDA's approval to market this product. See the links below to
the Summary of Safety and Probable Benefit Data (SSPB) and product labeling for more complete information

on this product, its indications for use, and the basis for FDA's approval.
Product Name: Argus Il Retinal Prosthesis

System
HDE Applicant: Second Sight Medical
Products, Inc.

Address: 12744 San Fernando Rd., Bldg #3,

Sylmar, CA 91342
Approval Date: 557
Approval Letter:
hitphwww.accessdata.fda.gow
cdrh_docs/pdf11/h1100023. pdf

What is it? The Argus Il Retinal Prosthesis
System is the first implanted device to treat
adults with severe refinitis pigmentosa. The
System has three parts: a small electronic
device implanted in and around the eye, a tiny
video camera attached to a pair of glasses,
and avideo processing unitthat is worn or

carried by the patient.

€

Figura 3-Z L'implant Argus 1.

Photo montrant la matrice d'électrodes  fioée
dans la rétine dun  patienl  Cel  implant
apirélinien développd par la sociglé Second
Sight, mesure 4 x 5 mm et contiant une matrice
de & x 10 électrodes amangdes de fagon
reclangulaire. Les dectrodes onl un diamétre de
200 prm, Elles sont sépardes horizontabament el
varticalament da 525 ym (centre & centre). La
matrice couvre une disgonale danviron 20° de
charmp de vigion. (Source Zhou, Do, &
Greenberg, 2013)

Suture tabs  Electrode cable

5 gt Array
<

TR

Figure 1. A, Phorograph of the external portion of the Argus Il prosthesis
m {Second Sight Medical Products, Inc., Sylmar, CA) including
es-mounted video camera, radio-frequency (RF) coil, and video pro-
ng unit [\-"NJJ with rechargeable |1:|rh'r\'. B, Pllllf()ﬂf.lp]\ of the

Electronics case Implant coil

ces
implanted portion of Argus [l prosthesis system including the 610
electrode array, electronics case, and implant RF coil.
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Ex d'implant actuel

30 personnes équipées avec Argus 2 (6*10)

Electrodes

VPU

Camera

Handle

/

B shadows
Suture tabs  Electrode cable

Coil Glasses

Array

Scleral
band

v

Electronics case

e

Figure 1. A, Phatograph of the external portion of the Argus Il prosthesis
{Second Sight Mec i, CAY incle
-mounted video camera, 1 quency (RF) coi

Figure 2. A, Fundus photograph of implanted Argus 11 amay {Second Sight
Med,
SeC

Implant coil 1. The electrode 2

ical Products, Inc., Sylmar, CA) in the macular reg
red o the rerina with a retinal tack; the white square visible on the distal side
of the amay i
position the
Il array. St

ay s

an opague section of tubing (the handle) used by o
ray. B, Optical coherence tomography image of an imyp
cast on the retinal image {white armows) are the result of

SO [0

wwced Arpus

Products, Inc., Syl
fio-f
cessing unit (VPL) with rechargeable

nd video

battery. B, Photograph of the occlusion of the scanning light source by the metal electrodes

implanted portion of Argus I prosthesis system including the 610
electrode array, electronics case, and implant RF coil.



Argus 2 en France

» Autorisé a la vente sur le marché européen depuis 2011

» Programme lancé en 2014 par ministere de la santé (Forfait Innovation)
» Financé par sécurité sociale pour 36 patients

» Forfait de prise en charge est fixé a 95.897 euros par patient

» patients sélectionnés selon des criteres validés par la Haute Autorité de
Santé (HAS) « bénéficieront ainsi gratuitement de ce dispositif médical sur
une période maximale de cing ans »

» Trois établissements hospitaliers

Centre hospitalier national d'ophtalmologie (CHNO) des Quinze-Vingts a Paris
Centres hospitaliers universitaires (CHU) de Bordeaux et Strasbourg

» Autre projet concurrent par Institut de la Vision


file:///C:/Users/Christophe/Videos/Neuroproth%C3%A8ses/Visuelle
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Humayun et al, Ophtalmology 2012
> IMedifi &Sekssﬁgd@stldmlmmmmhisqhe

of %%ﬁlﬁgbﬁ:ze&:eual Prosthesis

Mark S. Her Q hﬁj em @w niveakr Lyndon da Cruz, MD, PhD,” Gislin quwhe PhD*

José-Alain Sahel, MD,” Paulo E. Stanga, MD,? Amur V. Cidecivan, PhD,” Jacque L. Duncan, MD,” Dean Eliorr, MD,”

Eugene nﬂq,@ﬂ M@t’rl@m NW@@U MDU Avinoam B. Safran, MD,"* Aries Arditi, PhD,"?
Lucian V. Del Priore. MD "> Robgxg 1. Greenbeyg, MD, PhDD,? for the Argus 11 Study Group™'
Cinguieme niveau

Purpose: This study evaluated the Argus Il Retinal Prosthesis System (Second Sight Medical Products, Inc.,
Sylmar, CA) in blind subjects with severe outer retinal degeneration.

Design: Single-arm, prospective, multicenter clinical trial.

Participants: Thirty subjects were enrolled in the United States and Europe between June 6, 2007, and
August 11, 2008. All subjects were followed up for a minimum of 6 months and up to 2.7 years.

Methods: The electronic stimulator and antenna of the implant were sutured onto the sclera using an encircling
silicone band. Next, a pars plana vitrectomy was performed, and the electrode array and cable were introduced into
the eye via a pars plana sclerotomy. The microelectrode array then was tacked to the epiretinal surface.

Main Outcome Measures: The primary safety end points for the trial were the number, severity, and relation
of adverse events. Principal performance end points were assessments of visual function as well as performance
on orientation and mohility tasks.

Results: Subjects performed statistically better with the system on versus off in the following tasks: object localization
(96% of subjects), motion discrimination (57%), and discrimination of oriented gratings (23%). The best recorded visual
acuity to date is 20/1260. Subjects’ mean performance on orientation and mohbility tasks was significantly better when the
system was on versus off. Seventy percent of the patients did not have any serious adverse events (SAEs). The most
common SAE reported was either conjunctival erosion or dehiscence over the extraccular implant and was treated
successfully in all subjects except in one, who required explantation of the device without further complications.

Conclusions: The long-term safety results of Second Sight's retinal prosthesis system are acceptable, and
most subjects with profound visual loss perform better on visual tasks with system than without it.

Financial Disclosure(s): Proprietary or commercial disclosure may be found after the references.
Ophthalmology 2012;119:779-788 © 2012 by the American Academy of Ophthalmology.
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Humayun et al, Ophtalmology 2012
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I Figure 4. Graph showing the mean response error for each subject on the direction of motion cask, system on (hlled diamonds) and system off (empty squares), Subjects
are ordered along the x-axis from grearest difference between on and off performance to least difference. Single asterisks indicate subjects for whom the system on mean

\ was significantly different (smaller) than the syspem off mean, and the double asterisk indicates a subject for whom system off was significantly different (smaller) than
- system on {P<<0.03, 2-tailed r test assuming unequal variances). Data are the latest available for each subject as of March 1, 2010,
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Humayun et al, Ophtalmology 2012

“real-world utility test:
find a door across a room”

> Modifiez. Iesstyres du texte du masque

Deuxgeme niv
Troi @Aae mve

31%
= Qza't‘rle o
B Systam ON
LiAquiéme ni
10% l-".’ ——
| .~
0% "-’—--____.___
Baselin |
2 3 Month
(=29) (N=29) o
Figure B ph sk I il ientation and mobility task,



Problématique
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Les interfaces neurales pour restaurer la vision? -
Problématiques
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. * Représentation réduite a 625 pixels (25*25) ou 100 pixels
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i Normann et al., Vis. Res. 2001

Les interfaces neurales pour restaurer la vision? -

Neurones visuels (rétine
ou cortex) sont des
intégrateurs d’indices :

* spatiaux

* temporels

* chromatiques

* binoculaires

* comportementaux



Simulation de NPV

21 Neuroprotheses visuelles /
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' Simulated Prosthetic Vision (SPV)
)

I
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l Ficame 1. The LVES was worn ©y the subjecrs amd used as a vided
projecter b vicw the computergenerited referonce aned tosl imapes
! a et al 92
I FIGURE 3. The visual phosphene simulator. The optical systam is mounted on a pair of ski goggles Thompson et al 03
which are occluded except where the screen of the video monitor (M) is placed. A lens placed in front
\ of the video camera (C), which is mounted just above the monitor, controls the field magnification

ratio. Lenses placad between the monitor and the subject’s eye adjust the size of the visual field pre-
sefited to the subject. The monitor Is masked by an array of pinholes. so the image is composed of
discrete spots of light. The device is portable and the subject can scan objects with head movemants.
The anly visual input avallable to the subject is the image an the masked monitor. A battery belt (B}
is worn around the waist so that the subject can move around freely.
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Simulation of a Phosphene-Based Visual Field: Visual Acuity in a
Pixelized Vision System

Number of electrodes
‘. Fixed-Field vs Fixed-spacing

FS 25x25 FS 16x16 FS 10x10 CLEAR

FIGURE 2. Masks used in the present study. The basic mask provided a 32 x 32 array of pixels, with
a pixel spacing of twice the size of an individual pixel. Fixed-field (FF} masks covered the same visual
) angle as the basic mask, but spaced the pixels uniformly within this area. Fixed-spacing {FS) masks
maintained the same spacing as the basic mask, but restricted the field size. The clear mask limited

l the visual field to the same visual angle as the FF masks.
)
| “We conclude that 625 electrodes implanted in
a l cm by l Cm area near the foveal FIGURE 4. An image viewed with different masks. The object was photographed directly from the
\ representation of the visual cortex should simulator through a “clear” mask [A), a 32 x 32 mask (B), and a 16 x 16 fixed-field mask (C), The

d h h . _th . I image size sean by the subjects is equivalent to the size of your thumb nail viewed at arm’s length.
proauce a pnosphene image wi a VvVisua

i acuity of approximately 20/30. Such an
acuity could provide useful restoration of
functional vision for the profoundly blind.“
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Simulation of a Phosphene-Based Visual Field: Visual Acuity in a

Pixelized Vision System

[Cha et al, Annals of Biomedical Engineering 1992]

FS 25x25 FS 16x16 FS 10x10 CLEAR

FIGURE 2. Masks used in the present study. The basic mask provided a 32 x 32 array of pixels, with
a pixel spacing of twice the size of an individual pixel. Fixed-field (FF) masks covered the same visual
angle as the basic mask, but spaced the pixels uniformly within this area. Fixed-spacing (FS) masks
maintained the same spacing as the basic mask, but restricted the field size. The clear mask limited
the visual field to the same visual angle as the FF masks.

“We conclude that 625 electrodes implanted in a
1 cm by 1 cm area near the foveal
representation of the visual cortex should
produce a phosphene image with a visual acuity
of approximately 20/30. Such an acuity could
provide useful restoration of functional vision for
the profoundly blind.“

VISUAL ACUITY

" CLEAR T
20/100 * FF 'i,
o v FS 25x25
% 20780 | O FS 16X16 e
> A FS roX710 . s
e 2o/60f L
L
[} or4o i
| i
w . &
20/20 L
1 I 1 1 1
2 4 6 a8 10

Pixel Spacing (')

FIGURE 5. Average visual acuity, expressed as Snellen acuity, versus spacing between mask pixels
{perforations), expressed in terms of subtended visual angle. The solid symbols show average val-
ues + standard deviations from the experiments in which the pixel spacing varied with pixel num-
ber (fixad-field masks). The open symhols show the results from experiments in which the pixel
spacing was held constant while the number of pixels was varied (fixed-spacing masks). Fixed-field
mask sizes were: clear (plotted as equivalent to a mask made up of fused pixels), 32 x 32, 25 x 25,
16 x 16 and 10 x 10. The line shows expected acuity if the subject required a 2.1 x 2.1 pixel grid
to recognize the orientation of the target letter.



Facial Recognition Using Simulated Prosthetic

Pixelized Vision
[Thompson et al, IOVS 2003]

Contrast:
100%

Dropout Percentage:
10% 30% S
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! Facial identification in very low-resolution images simulating
| prosthetic vision

) Chang et al, ] Neur Eng 2012
)
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Pixelized Images Recognition in Simulated
Prosthetic Vision [zhao et al, APCMBE 2008]

Maaifiez lesistylesdu textesdu masgue  s4.54
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Fig. 1 The original object and scene images: the upper four rows are
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objects; the last row is the simple scenes
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Pixelized Images Recognition in Simulated
Prosthetic Vision [zhao et al, APCMBE 2008]
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Reading speed with a pixelized vision system

[Cha et al, J. Opt. Soc. Am. A 1992]

250
:é\ Clear
=] L 232
= 200
E ZEXZE
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E 150} 16x 16
E e 102
2
e 100 - I
=7] b s I
é ./.\_ -
2 50 \
& ;-\!

0 ! # &
0 2 4 6 8 10

Field of View (Characters)

Fig. 2. Scroll-mode reading speed as a function of the number of
characters visible in the field of view for different masks in which
the number of pixels and their spacing varied. Fixed-field masks
were used, so pixel spacing varied with pixel number, and the
field of view was varied by adjusting the acceptance angle of
the camera in the head scan simulator. Shown are the means =+
the standard errors for six subjeets.

The results indicate that a 25 x 25 (625) array of
pixels representing four letters of text
projected on a foveal visual field of 1.70 is
sufficient to provide reading rates near 170
words/min with scrolled text and near 100
words/min with fixed text.

250

—ti= =Sl
~T= f-FS-Sorall
200 .o piorrruge

;?bfﬁ
W fmFS-Cage I
150 e k= E-FF-Serol

T 1

A

- E-FS-Soroll

100 /

s0r

Reading Speed (Words/min)

50 100 1000 10,000

Number of Pixels

Fig. 3. Reading rates as a function of the number of pixels for
different types of mask, modes of reading, and simulation sys-
tems. The data were obtained with the head scan simulator,
which permitted head scanning of the text (HJ), and the eye
tracker, which permitted eye scanning (E). Both fixed-field (FF)
and fixed-spacing (FS) masks were used. With the fixed-field
masks the sampling density decreased as the number of pixels
decreased, but the field of view stayed constant. With the fixed-
spacing masks the sampling density stayed constant, but the field
of view decreased as the number of pixels decreased. The scroll-
mode points are connected by solid lines, and the page-mode
points are connected by dotted lines. The rightmest points are
from the clear-mask condition: the number of pixels was caleu-
lated by assuming that the mask was filled completely with pixels.
Plotted are the means * the standard errors for six subjects.
Note the logarithmic axis for the number of pixels. For clarity,
pairs of scroll-moede points are offset slightly, and error bars
are shown on only one side of the symbols (opposite the point of
the triangle).



Prévision 2008 des implants épirétiniens

Chader et al, Progress in brain research 2009
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Figure 1-16 Préavision des résslubions dimplams.

Histongue el prévision des résalulions dimplants épirglniens en Janvier 2008,

En beige, les systémes awstants a M'apoque, et en vert les pravisions. L'achalla de gauche indique les
fonctions wisuelles retrouwvaes. L'échalla da droite comespond auw nombre de patients potantsliament
concamasiéguipds par cas syatémes (Source | Chader, Welland, snd Hurmeyun 2009).



Approche fonctionelle basée sur
la tache
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Approche fonctionnelle par localisation
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Principe de la vision neuroprothétique par

reconnaissance et localisation

Traitement

Acquisition de

I'information

- Score-board
- Reco et Localisation
ultra-rapides

2
&

Restitution

Téléphone

%

de
I'information

= Prise d'information permettant
v Localisation d’objets pertinents

v Action guidée par des objets
« visuels » (restaurer des
comportements « visuomoteurs »)

v Construction d’'une représentation
spatiale

= Minimum de remapping (pas ou peu
d’apprentissage)
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Reconnaissance et localisation rapides

€ SNVision Muode! Builder - SNVisianME?2
File Edit Imagegiodels Processig Results Prefergnces View Window Help

e rDadxisme Hiveau”
Ll TG

+ (@ [ Webcam
<M

g Time 3
Total Processing Time 141 ms
Frame Rate 85 /s
Throughput ] E23.2 Mpix/s
0K
> [ | 2
Enabled: 3/3  Selected: 1/3
Rark | Id | Name e |
1 2 Webcam 545 352
2 3 Cup 563 185
3 1 Battle 266 178
Court: 3 AvgQuality: 1551
Ready | 720x576 (113, 574)

extracteur de régions d’intérét MSER

[Matas et al. 2004]
version améliorée [Nistér & Stewénius 2008]

Reco visages [Viola & Jones 2001]
Planar Classification in Urban Scenes
(Bauda et al 2015)

Etc.

Svt disponibles dans librairie OpenCV
Récupérables en ligne
Collaborations IRIT



Problématique de la suppléance visuelle par
reconnaissance et localisation

TN e T

) Réalité auditive augmentée
0 Mouvements auditivement
Analyse de la scene (Reco et quidés
I localisation rapides)
CEX Vidéo
gue
Video



file:///media/win_e/Users/Benoit/Documents/UCP/Recherche/GDR_ISIS/Videos/Neuroproth%C3%A8ses/Simu%20NPvis/D%C3%A9mo%20courte%20phosph%C3%A8nes.wmv
file:///media/win_e/Users/Benoit/Documents/UCP/Recherche/GDR_ISIS/Videos/LEA/Grasping/2007-04-13%20tel/Montage%20scene&ecran.avi

SPV par localisation d’'objets

£ SNVisionMB2

Modele d'interface neurale:

- Nb et position
Taille et forme
Contraste
Clignotement
Couleur

Evaluation des fonctions

« visuomotrices restaurées »
Localisation d’objets
Saisie d’objets
Navigation




Architecture du SPV

> Modifiez les styles du
Deu>géme niveau

Troisit niveau
Acquisition des Traitement des
"Qus me"‘F‘ﬁ’ve a?

BumbleBee II + 0penCV | SN Vision |

texte

> du

Java

CONFIG | oy

Rendu des
phosphénes

ol

.| Restitution des

images

NVisor SX-60

1280 x1024 pixels
60 Hz
44 x 33°

Bus logiciel (lvy)

320 240 pis UanIe n|Veiu
100‘
Bus logiciel (lvy) T

|

Position du
regard Controleur
120 Hz | Eye-Track 6 - VRB C++

—_—



SPV: Différentes configurations

A"

Localization

Acquisition
v
. Scoqeboard
+ OR
Localization
Restitution Phosphene
Renderer

M Head Mounted Display
M Camera stereo
M Composants logiciels (C++, Java)

+ Motion capture system




Tache de saisie d’objet

> Capture par caméra
binoculaire de 100°

> Détection par SpikeNet

> Atteindre objet sur la
table

> 7 objets répartis
aléatoirement parmi
11 emplacements

> 14 sujets

> 30 saisies par objet oy 0" ... 103
. . 0% o* , se @

> 4 configurations He0® o 4, o

d’'interfaces neurales

Macé, M. J.-M., Guivarch, V., Denis, G., &
Jouffrais, C. (2015). Simulated Prosthetic Vision:
The Benefits of Computer-Based Object
Recognition and Localization. Artificial Organs,
(6), 12.
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Expérience de saisie d'objets
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Résultats saisie d’objets
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Macé, M. J.-M., Guivarch, V., Denis, G., &
Jouffrais, C. (2015). Simulated Prosthetic Vision:
The Benefits of Computer-Based Object
Recognition and Localization. Artificial Organs,
(6), 12.
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 Localisation de visages

i

’ Vue caméra (100°) Vue simulateur

5 2
Scoreboard

| > \ Argus2

e 6x10

| y

] Scoreboard

VI +

‘ Localization

I >

|

\lDenis, G., Jouffrais, C., Vergnieux, V., & Macé, M. J.-M. (2013). Human faces PhOSphene blanc CllgnOtant

detection and localization with simulated prosthetic vision. In Proceedings
\ of the 2013 Conference on Human Factors in Computing Systems



Dispositif expérimental
M 4 sujets

¥ 2 conditions
(1) Scoreboard + Localization

Localization
. Kl 30 essais par condition

+40°

(2)



l " "

) Performance (Scoreboard + Localisation)
i

)

Pointing precision

Y A
* SCBALOC ny  SCBHOC

e b |
I EE 80 — l T
, -
"I 0 Number1of faces 2 |1\|umber of face:
I
ﬂ % de réponses Précision du pointage
- correctes en degré

\IDenis, G., Jouffrais, C., Vergnieux, V., & Macé, M. J.-M. (2013). Human faces
detection and localization with simulated prosthetic vision. In Proceedings
» of the 2013 Conference on Human Factors in Computing Systems



Importance du contexte

-

]
. Accuracy Pointing precision
) SCB+LOC vs LOC SCB+LOC vs LOC
100 — 20+ Reponse Time

9 . - SCB+LOC vs LOC
| § 80 | . K
y § 60 — C Ezof
, » o 10— G s

S 404 E g
; b w %10'

é o 7 n: | -
!

0 - 0

u SCB+LOC LOC 0 - scBLOG Loc
' Condition SCB+LOC Loc
ri Condition
:
| % de réponses Précision du pointage Temps pour
| correctes en degré effectuer la tache
2
:

\|Denis, G., Jouffrais, C., Vergnieux, V., & Macé, M. J.-M. (2013). Human faces
detection and localization with simulated prosthetic vision. In Proceedings
\ of the 2013 Conference on Human Factors in Computing Systems
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Localisation de textes

> Modifrez |les st§les+du text

=\

Matnee 15018 Slalnce 4]
- . -
Reconnassance Scorsbcard augments
i laxade
Wue 5P

Figure 6-1 Disposflion pour Nexpénence de localisation de lexbe,

A < Vue densemble du disposiif pour 'expérience de kcalisation de fexte. Le sujet #ait assis & 67 cm
d'un tEléviseur &t dawalt localiser des blocs de fexte en vision prothétigus simuléa. B - Les daux
rendus utilisés dans cefte expérence : (a) rendu basé sur lapproche scoreboard, lmage est
simplemant réduite & la rdsolution de la maltrice | (b) rendu basé sur l'approche scoraboard augrments,
less blocs de lexde reconnus apparaissent distnclement avec des phosphines Blancs



Localisation de textes

> M

f".ﬁw L
= =

Précision
F-
[r ]

04

*Troisiém
10 Quatrie

ra
=
1

ifiez les styles du texte du masque

buxiem

Cinqui

eau

eau

iveau
niveau

SEIE1E  SchISD AuglHiE Augdsh

Figure 6-4 Pracision et temps de réponsa.
A gauche, la précision des sujets par condibon. La ligne en pointiliés rouges comaspond Bu nivesu
chance (20% . 5 réponses possibles), A droite, la lemps de réponse des sujels pow chacune des
quatre conditions
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Conclusions localisation d'objets / visages

» Tache impossible avec un Argus Il
» Tache impossible avec un Argus Il simulé

» Tache facile si on rajoute information de localisation

» Tache réalisée plus rapidement en localisation seule: la
vision scoreboard rajoute du bruit et ralentit la prise de
décision

> On pourrait imaginer un switch permettant a
I"'utilisateur de contréler le passage d’un rendu a un
autre



Mobility and orientation

49 Neuroprotheses visuelles /

Nainirnctic
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Mobility performance with a pixelized vision system
[Cha et al, Vis Res 1992]

[ [.4m E i

les stylesdu

Grfe | CGate &

Closed Screen
Open Screen

Obstac la

. Path

Cete 3

FIGURE 1. Indoor mobility course. The room was divided into | 4 x 1.4 m square blocks with cloth screens. Dotted and solid
lincs indicate open and closed screens that create a particular path through the maze. Solid circles indicate suspended paper
cylindrical obstacles, 5em in dia and 1.8 m in length, which could be moved to different positions in front of the screens as
indicated by the arrows in the upper left corner of the figure. The course started at either gate | or gate 2 and ended at gate
3. The heavy dotted line indicates a pathway through the maze.
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Modifiez les styl€r@¥N®&xte du masque
Deu

[eme niveaus—| "

s
o
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0.0 1]
1] 10 20 30 40 50
Trial

FIGURE 2. Learning curves. 7 subjects walked through the maze with

a 32 x 32 pixel mask and a visual field of 13°. Walking speed and

number of body contacts were measured for each trial. The solid lines

indicate means of the 7 subjects’ performance and vertical bars indicate
standard errors.

32*¥32 = 1024 pixels
FOV= 13°



Prétests et hypotheses

» Mobilité (Wayfinding?) avec SCB
Résolution supérieure a 1000 pixels

» Mobilité (Wayfinding?) avec SPV de localisation

pas de compréhension de la scene, désorientation, tache
impossible

» Hypotheses

Crowding de lI'information visuelle sur interface de basse
résolution

Compréhension globale de la structure de la scene (passages
/ obstacles) nécessaire

Landmarks nécessaire pour orientation [] peuvent étre
déduits de la structure
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1 Wayfinding with Simulated Prosthetic Vision: Performance
) comparison with regular and structure-enhanced renderings
]

Modifiez les styfevd'u-texte-d'q masque

ok %

du maSIiiaUx@me le'
Troqlém'é nlvéau

’UXleme nw
rr0|S|emé niv

Quairleme
4‘]\
C|n
ldl’l 2n
1 Quatriemeai
- Control

; CI n q u I e me Performance index per condition. Mean number of secured
jewels in each condition is written in white within the
s Crossroad olumns
: ir
10- ikoks
[ Jewel 2 st 3 3
c 8
S T
< * 3%
; ASB Control g 6 | |
| a. Map b. SB .
r~ j=)]
I e.g. Planar Classification in Urban Scenes ; ; % 44
(Bauda et al 2015) ®
; a. Environment maps: start base and jewels are indicated in yellow and Qe 5]
blue respectively. The arrow represents the subject’s orientation at the
| beginning of the task. - 0/ |
b. Samples of the three rendering conditions used in this study c. ASB d. Control SB  ASB Control

Left: Map and drawing examples (from different subjects) a. Map of
environment #1; b. Drawing after SB condition; c. after ASB condition; d.
after Control condition. Right: Mean drawing scores per condition (n=12

Vergnieux, Macé & Jouffrais; IEEE EMBC’14 subjects).



See less to see more: concealing visual information helps to

navigate with Simulated Prosthetic Vision
Vergnieux et al. Submitted

Figure 2: 5PV renderings. a,_;;L VV point of view [a) wi!ﬁ corresponding 5PV Control -Ifb], SPV-Distance (c), and 5PV
Wireframe (d) renderings. e-h: Different VW point of view [e) with corresponding SPV-3 (f), SPV-6 (g), and SPV-9 (h)
renderings.



Perf index with Virtual Vision

> Moqjfiez les styfes dtrtexte du masque

Deumem&M
Toisiemeniveat—
' Quatrieme niv

60 [ Cipguieme ni
40
20
0
| VV-3 VV-Control

Figure 3: Averaged Performance Indices for the different Virtual Vision Conditions. V-3 condition presents significant
difference with others conditions. Error-bars are 95% confidence intervals.



Perf Index with SPV

> MOchfieZ IePerforn;ElncTndexM ns: Svmndtmns du masque

Deumerrre—nnvedq“
Tr0|s|eme niveau
GoQuatrlemé nivea
Cmqueninve I
u{ﬂ‘ 'df"
o Q{'ﬂ ‘gza
| 4 d ‘gﬁ

Figure 4 : Averaged Performance Indices for the differentSimulated Prosthetic Vision Conditions, SPV-Control and 5PV-3
conditions have the same significant diffe ence with SPV-Distance, 5PV-6 and 5PV-Wireframe conditions. Error-bars are
95% confidence intervals.



Map acurateness

> Modifiez les styl&es gt texte du masque
Deuxieme nivea
Troisi@éme nivea

ive

~ Quatriem
Cinguie niv oy
|avy
4
2
0
Limit 3m Limit &m Limit Sm Control Distance  Wireframe

Figure B: Means of map scores given by four independent judzes, Simulated Prosthetic Vision conditions are in green, the
other conditions are in purple. Important differences inter-subjects gave great variance in our data. Error-bars are 95%
confidence intervals,



Cognitive load

> Modifiez les styles du texte du masque

Deuxieme niveau

Troisieme niveau
' @uagmieme niveau
C ie niveéau
40
20
0

Limit 3m  Limit 6m Limit 9m Cantrol Distance Wireframe

Figure ¥ : Averaged MASA-TLY Indices for each condition. Simulated Prosthetic Vision renderings are in green, the virtual
Vision conditions are in purple. We note a symmetric evolution between Nasa-TLX means and Pl means for limited
conditions. Error-bars are 5% confidence intervals,



“Gaming effect”

> Modjfiez les styfes™dd‘te€kte du masque
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Figure § : Diffe rence of Pl means between the gamers and the no gamers. This graph shows that gamers manage to use
the augmented 5PV renderings with more efficacy than the no gamers. Error-bars are 95% confidence intervals



Conclusions / Discussion

» L’approche holistique (scoreboard) est-elle la plus fonctionnelle ?

> Possible d’induire des comportements orientés et des représentations
mentales de |'espace avec:
peu de phosphenes
des algo de vision embarquée spécifiques a la tache en cours

> Plusieurs algorithmes sur étagere sont utilisables

> Interfaces neurales actuelles, a basse résolution (Argus 6*10; UTAH
10*10) peuvent étre (sont?) utilisables avec vision embarquée

» Différents algorithmes embarqués spécifiques a la tache en cours

> Controle de I'implant avec une télécommande?
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Remote control of the visual neuroprosthesis

Taches

> Modifiez les styles duU texte du masque

Deuxieme nivedgll N

Troisieme nivea k8 =

Quatrieme niveau
Cinquieme niveau

Figure Disc-1 Rendus visuels el actions disponibles dans be logiciel servant & [inleraction avec la
naroprothise,

Plusieurs modes sont accessibles pour la navigation at la localsation dobjets dmtérét Line liste d'action
est disponible pour chacun des modes (Source des simulations @ Denis, Macéd, & Jouffras, 2014; Lui,
Browne, Klaernan, Drummaond, & Li, 2012, MeCarthy & Barnes, 2012; McCarthy, Feng, & Bames, 2013).

Interaction
Action Feedback
Tueﬂla Qrale
e
« mate mav 5 |Rstour idio fes noms S Sl o S ms-menis
Salactinnne: A vL + J 'i-LI TR e 5 + u :
un renduy H}.L_._ "-1;\’ Rt viswal (madifcatien du randu)
v © MOS0 2O0MG o Retour awdm sur bn sivesy de zoom

+

i I [l DO ’
— i J{?.i‘)\ / II'J‘r{;-,--"- © R0 IO Retowr vizoel (moddicaton de by scéne]

E centeer e bloc dane In
M cantrar I bl *;"jé\‘l:] ChmT e ViR Ritour sudit sul b contana s tasia

[ S U R -

4 acton sélectionner

Figura Disc-2 Exemplas d'interaclions possibhes avec la neuroprothése visualla
Chague aclion est exécutable par une intaraction ewvec la surface factie du dispositf porsble ou
activable par commande vocale.
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Problématique de la suppleance
reconnaissance et localj

Réalité auditive augmentée
Mouvements auditivement
guidés

Simulateur de vision prothétique

Vidéo

Vidéo

>

I Interface Cerveau-Machine

SpikeNet
Traitement
N ,{ Stimulateur |
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file:///media/win_e/Users/Benoit/Documents/UCP/Recherche/GDR_ISIS/Videos/LEA/Grasping/2007-04-13%20tel/Montage%20scene&ecran.avi
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* Localisation des cibles Géolocalisation du piéton (5m)

* par rapport a la téte * Géolocalisation des cibles
* en 10 ms/cible * Navigation vers des
* précision 20 cm destinations

* Détection d’obstacles (flux) ¢ Centrale inertielle

* Navigation vers des objets

* Navigation améliorée Recherches en cours:

(Clr?qt)/ext, précision ~20 « SIG adapté
* Localisation et saisie * Positionnement

d’objets * Guidage (interaction) qui favorise les
représentations « configuration »
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' 7 non-voyants

/ 5, 10, 20 et 50 euros
Utilisabilité jugée excellente
Usage peut étre étendu (CD, DVD, emballages aliments, etc.)
Concept d’un dispositif avec plusieurs fonctions apprécié

|
) (Parlouar et al, ASSETS 2009)
|
)



Futur des neuroprotheses
visuelles

® Parallele avec les implants cochléaires
® Les protheses motrices

® Quel avenir pour les neuroprotheses
visuelles ?



Microphone

Antenne émettrice

Implants

Processeur vocal SPrint™

cochléaires
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Implants Coﬁlr\lr,\—\:rnr-

3 kHz -

rmasque

= rampe vestibulaire
———— canal cochléaire
= rarnpe tyrnpanique

— rampe vestibulaire
= canal cochléaire
et grgane de Corti

it fibies nerveuzes
= rarmpe tyrnpanique
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Implants cochléaires

pour mOdIerl" styles du tex
me niveau )

me niveau \«-«ﬂ%%@n

trieme niveau
nquieme niveau

50 000 implants en 2000

190 000 en 2009

250 000 aujourd’hui

30 000 € euros par implantation
3 heures d'opération par oreille

Cliguez® MU fexte du Inasque

o

Complications fréquentes, mais
peu séveres

3 a 6% de pannes nécessitant
une ré-opération

Neuroprotheses visuelles / Neurostic



Implants cochléaires

> Apres 6 ans d'expérience de I'implant :
Possibilité de suivre une conversation en liste ouverte
sans |'aide de la lecture labiale pour pres de 80% des enfants.

> L'apprentissage du langage est identique, mais décalé dans
le temps par rapport a I'apprentissage de I'enfant normo-
entendant.

> Enquéte sur la qualité de vie toujours positives, méme pour
les sujets agés
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« Luke’s arm »
Dean Kanen
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Integrated CMOS Electronics

Micrographe par balayage électronique de la matrice de 100 microélectrodes UEA ‘Utah Electrode
Array’ et 5 - Photo du connecteur percutané (Normann, 1999). Implant sans fil (Mojarradi, 2003)



 Activités nécessitant de lI'aide

- IFalre -::Ies courses 59,7 %
fiez | bec di te
rTed tramsactions — o 43Y,

bancawes
IXIEI'T]@:HE\ EMt@valkdménagers 38,6 %
Lire 36,4 %
3|S|emeronmsr/@;ﬁmﬂormation 34,7 %
Rédiger la correspondance 30,7 %
Quatriemrern i epa 31,3 %
. Faire la lessive 22,2 %
CinqusemeRea &k quartier 19,9 %
Faire fonctionner les appareils 18,5 %

meénagers
Prendre des médicaments 18,2 %
Choisir ses vétements 17 %
Utiliser le transport en commun 16,2 %
Participer a des activités sociales| 14,2 %
Faire sa toilette 11,9 %
Utiliser un ordinateur 11,4 %
Prendre soin des enfants 2,6 %

Autre

2,8 %

xte du Ir

Incidences des besoins non Tous
satisfaits

Je ne peux pas faire ce que je 43,7 %
Veux

Je me sens isolé 37 %
[Mon revenu a diminué 18,5 %
Je ne me sens pas en securite 17,8 %
Je ne peux pas travailler 15,6 %
Je ne peux pas prendre soin de 11,9 %
[moi-méme adéquatement

Je ne peux pas prendre soin de 5,2 %
Ima famille adéquatement

Autre 20 %

INCA 2005; 352 adultes interrogés




act d&8Buvelles technol NG

e Inclusion
Acces au soutien et aux services
Monde scolaire, professionnel et vie communautaire
Participation aux politiques publiques

e Culture et Loisirs
» Musée, Expositions
e Jeux

» Communication (Lecture et écriture) Activités

» Perception, action et cognition spatiales
» Prise d’information (Reconnaissance d’objets)
.~ Orientation et Mobilité
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® Restitution somesthé

|ORePa frsups kit o

°..Tongue'Display Unit - TDU

® Restitution auditive

o

o

Prosthesis for Substitution of Vision
by Audition - PSVA
The Voice

[JPerception de formes simples

® Problemes identifiés:

o

(¢]

o

o

Interprétation et apprentissage
Géne, inconfort
3D en 2D

Résolution du récepteur de
substitution




Electrical Stimulation of Visual Cortex Offers

Dobelle et al, Science 1974.

Artificial Vision for the Blind: « Electrical
Stimulation of Visual Cortex Offers Hope
for a Functional Prosthesis »

> 64 platinum disk electrodes (1mm2 in
area), arranged in an 8 by 8 hexagonal
array

> in the subdural space

> The patient who had been blind for 28
years reported colorless, flickering
phosphenes "about the size of a coin at
arm's length" from all responsive
electrodes.

DELviIAG
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Interfaces corticales de surface

> Brindley & Lewin
1968 / Dobelle 1974

> Dobelle 2000: recap
sur 20 ans

Patient implanté pendant 20 ans
64 electrodes

Phosphenes N&B

Taches de reco simples
Interactions non linéaires
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Neurostimulator
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FIG. 4. Examples of phosphene descripticn provided by the val-
unteer. Each of these artist representations of the volunteer's
perception is attached a number indicating its frequency of ocour.
rence among the different kinds of phosphene description. Arbi-
frary scale. Phosphene mean area usually ranged from about
1 to almost 10 square degrees. The overall visual field back-
ground—represented here in Black—sometimes appeared locally
colored behind the phosphene foreground as indicated.
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FIG. 5. Volunteers perormance in pattern recognition. (A) Per.
centage of weighted score (mean + 15D) in recognition of the 25
patterns randomly projected during every evaluation, crdinate, as
a function of evaluation number, abscissa; the first four evalua
tionz were performed with four “windows" within the volunteer's
visual field, while for the last eight evaluations 24 windows weare
used. (B) Processing time in zeconds (mean + 150) ag a function
of evaluation number, under the same experimental conditions.



Implants
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Interfaces rétiniennes

(Norman et al Vis Res 1999)

Advantages of a retinal
approach

» Use existing physiological optics

» Less invasive and less severe
consequences of infection

» Closer to photoreceptors: easier
spatial manninn

» More ofl=
process
stimula

Drawbacks of a retinal approach

Stimulation of ganglion cell (GC) bodies or optic nerve
fibers?

Hard to ensure chronic GC/electrode apposition.

Encapsulation of the array will reduce GC/electrode
apposition.

Multiple visual representations by ganglion cells. As
ganglion cells encode spatial, chromatic, intensity and
temporal information, it is not clear what features will
be evoked by current injections via a retinal electrode
array.

High mechanical constraints.

Limited to outer retinal pathologies.

Patterned stimulation ?
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Approche rétinienne ou corticale?
(Norman et al Vis Res 1999)

Advantages of a cortical approach Problems with a cortical approach

Non-conformal retinotopic mapping.
» The skull provides a more rugged housing

for the implant Multiple visual representations in cortex (color,

intensity, orientation, ocular dominance, and other

spatial features).

g P.enetra.tmg arra.ys haye been and can be Convoluted cortical anatomy : implantation difficult or
simply inserted into visual cortex. impossible.

) ) ) Surgical complications (Meningeal infections).
, Stable stimulation site. g P g

Societal perceptions of brain implant.

» Successful long term animal studies. Patterned stimulation may not produce patterned
perceptions.

» Provides a solution to pathologies not
only of the outer retina, but to the entire
retina, optic nerve, and thalamus.
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! Facial Recognition Using Simulated Prosthetic

' Pixelized Vision
) [Thompson et al, IOVS 2003]
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En suspens

> Scenes complexes
> Nouvelles taches comportementales
> Mouvement des yeux

> Phosphenes plus réalistes (forme, taille
position, drop-off)

> Couleur?
> Algorithmes de segmentation
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Problématiques

> Encombrement (taille)

> Résolution minimale

> FOV / espacement / configuration
> Cross-talks

> Niveaux de gris



Problématique de la vision artificielle

Traitement

Acquisition

de

Restitution
de

I'information

I'information

- Score-board - Interaction non visuelle (substitution sensorlelle)

- Interaction neurale
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Mobility performance with a pixelized vision system
[Cha et al, Vis Res 1992]

0.4

Speed (m/secl
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FIGURE 4. Mobility performance. Walking speed through the maze is plotted as a logarithmic function of number of pixels

{100-4096) and field of view (2.0-45.5). Solid symbols show data from fixed field masks, and open symbols show data from

fixed spacing masks. Lines connect points with constant number of pixels or constant field sizes. Each point is the mean from

7 subjects, 5 trials/subject. The plot is shown from two different angles of view to facilitate visualization of the effects of each
of the two independent variables.

Log(625)=2,8
“The results indicate that a 25x25 (625) array of pixels distributed within the Log(30)=1,47

foveal visual area could provide useful visually guided mobility in
environments not requiring a high degree of pattern recognition. “
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L'oeil et la rétine

Epithelium
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i Le nerf optique, les relais thalamiques, le
) cortex
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Stimulations électriques du cortex visuel

v

In 1896, d’Arsonval demonstrated inducing “phosphenes and vertigo” using
electrical stimulation.

> “Foerster (1929) and Krause & Schum (1931) were the first to expose the
occipital pole of one cerebral hemisphere and investigate the effect of
stimulating it electrically. Foerster found that when a point at the extreme
occipital pole was stimulated, his patient saw a small spot of light directly in
front and motionless. When a point on the medial surface of the left
hemisphere just above the calcarine fissure was stimulated, the patient saw
a spot of light that moved a little, but was always in the lower right part of
the field. Similar stimulation just below the calcarine fissure gave a similar
sensation in the upper right part of the field.”

> |n Brindley & Lewin, J Physiol 1968
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 Physiologie des aires visuelles
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Le systeme visuel

Modifiez les styles d@te du masque
Deuxieme n




	Diapo 1
	Malvoyance et cécité
	Les NeuroProthèses Visuelle (NPV)
	Principe de la vision neuroprothétique
	Les sites d’interface
	Diapo 6
	Diapo 7
	Diapo 8
	Interfaces intracorticales
	Approches rétiniennes
	Interfaces rétiniennes - [Zrenner Science 2002]
	Argus II (épirétinien): 60 électrodes
	Ex d’implant actuel
	Argus 2 en France
	Humayun et al, Ophtalmology 2012
	Humayun et al, Ophtalmology 2012
	Humayun et al, Ophtalmology 2012
	Problématique
	Diapo 19
	Diapo 20
	Simulation de NPV
	Simulated Prosthetic Vision (SPV)
	Diapo 23
	Diapo 24
	Diapo 25
	Diapo 26
	Diapo 27
	Diapo 28
	Diapo 29
	Diapo 30
	Approche fonctionelle basée sur la tâche
	Approche fonctionnelle par localisation
	Diapo 33
	Reconnaissance et localisation rapides
	Diapo 35
	SPV par localisation d’objets
	Architecture du SPV
	SPV: Différentes configurations
	Tâche de saisie d’objet
	Expérience de saisie d’objets
	Résultats saisie d’objets
	Localisation de visages
	Dispositif expérimental
	Performance (Scoreboard + Localisation)
	Importance du contexte
	Localisation de textes
	Localisation de textes
	Conclusions localisation d’objets / visages
	Mobility and orientation
	Diapo 50
	Prétests et hypothèses
	Diapo 52
	Diapo 53
	Perf index with Virtual Vision
	Perf Index with SPV
	Map acurateness
	Cognitive load
	“Gaming effect”
	Conclusions / Discussion
	Remote control of the visual neuroprosthesis
	Collaborateurs
	Type et position des interfaces
	Effet d’apprentissage
	Résultats
	Résultats
	Diapo 66
	NAVIG: Navigation assistée par Vision artificielle et GNSS
	Reconnaissance de billets
	Diapo 69
	Diapo 70
	Implants cochléaires
	Implants cochléaires
	Implants cochléaires
	Diapo 74
	Les implants intracorticaux
	Activités nécessitant de l’aide
	Impact des nouvelles technologies
	Diapo 78
	Substitution sensorielle
	Vision par substitution sensorielle
	Diapo 81
	Interfaces corticales de surface
	Interface sur le nerf optique [Veraart et al 2003 ]
	Implants
	Interfaces rétiniennes (Norman et al Vis Res 1999)
	Approche rétinienne ou corticale? (Norman et al Vis Res 1999)
	Tâche de Snellen
	Diapo 88
	En suspens
	Rappel
	Problématiques
	Problématique de la vision artificielle
	Diapo 93
	Neuroprothèse visuelle
	L’oeil et la rétine
	Le nerf optique, les relais thalamiques, le cortex
	Stimulations électriques du cortex visuel
	Physiologie des aires visuelles
	Le système visuel

