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Users
Rehabilitators

Teachers

The unique U-VIP approach



Network and Joint labs: 2000 VI children 0-18 per year

+ schools in Genoa 1000 children per year



Motor responses, orienting responses,

Reaction times

Quantification of multisensory 

integration with Bayesian 

Modeling

EEG, fMRI

Audio, tactile processing

Methodology

Psychophysical quantification



Lo potete scaricare dal sito www.wedraw.eu con molti altri video 

La visione è affidabile?

http://www.wedraw.eu/




Gori, Del Viva, Sandini & Burr Current Biology 2008

Come interagiscono le modalità nel 
bambino?







Il tatto insegna alla vista il 
concetto di dimensione di oggetti



Bishop George Berkeley: 
An Essay Towards a 
New Theory of Vision
(1709)

Preposition 45
Il tatto educa la vista
Il tatto calibra la vista

Burr and Gori 2012



Compito di orientamento



La vista insegna al tatto il 
concetto di orientamento di 
oggetti



Disabilità: ma cosa succede se 
una modalità che serve ad 
insegnare manca come in bambini 
con disabilità?



Bambini con disabilità visiva:
problemi a riconoscere tattilmente 
l’orientamento di oggetti

Gori et al. Current Biology 2010
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Bambini con disabilità motoria:
problemi a riconoscere visivamente la 
dimensione di oggetti

Gori et al. Neuropsychologia 2012
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Bambini con disabilità visiva:
problemi a riconoscere acusticamente 
la posizione di suoni



Gori , Sandini and Burr Brain 2014



Enhanced auditory skills in blind individuals?
Not always true, in children even more problematic

Gori et al. iScience 2018



Bambini con disabilità acustica:
problemi a riconoscere visivamente il 
ritmo di luci 
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Interazione tra modalità sensoriali nel bambino



Riabilitazione



E molte altre



Come risolvere questi problemi?



300 milmilioni

di persone con 

disabilità

visiva

1.4 milioni

bambini ciechi
1











Troppa 

attenzione



Bassa accettazione





Of 48 devices:
20 SSD
14 Smart canes
14 Robotics guides

26 tested in sighted and blind

Only 2 for children

21





Io non posso usarlo



Visually impaired populations 
have problems in understanding 
space

È importante 
agire nei primi 3 
anni di vita

Gori, Tinelli, Sandini, Cioni and Burr Neuropsychologia 2012





Sistemi di riabilitazione per 
adulti



1897 Kazimierz Noiszewski-Elektrof-talm

Starkiewicz ,1970

Using a light sensitive selenium 
cell, it expressed brightness as 
auditory information 



1960s Bach-y-Rita created the Tactile Visual 
Sensory Substitution (TVSS)

P.Bach-Y-Rita, “Vision Substitution by Tactile Image Projection”, Nature vol. 221, 
1969, pp. 963-964

Four hundred solenoid stimulators are arranged in a twenty x twenty array built into a dental 
chair. The subject manipulates a television camera mounted on a tripod, which scans objects 
placed on a table in front of him. 





Sensory tactile system

• 5 basic types of tactile receptors: Pacinian corpuscle, Meissner's corpuscle, Ruffini
endings, Merkel nerve endings, and free nerve endings; 

• types of stimulators: electrotactile or vibrotactile



Tactile Vision Sensory Substitution (TVSS)

• Paul Bach-y-Rita's

• Seeing through the skin receptors

• Visual information reaches the perceptual levels for analysis and 
interpretation via somatosensory pathways and structures

• Preferred area: tongue

• No two-point resolution issue!



Paul Bach-y-Rita and Stephen W. Kercel, 2003

The BrainPort vision device (University of Montreal)

400 to 600 electrodes

Tongue Display Unit 

Translation occurs trough 
brightness, intensity of 
stimulation

Pattern of 144 low-voltage pulse trains each corresponding to a pixel



Electrotactile stimuli are delivered to the dorsum of the tongue via flexible electrode 
arrays placed in the mouth, with connection to the tongue display unit (TDU) via a 
ribbon cable passing out of the mouth. An image is captured by a head-mounted CCD 
camera.
Pattern of 144 low-voltage pulse trains each corresponding to a pixel.



Tongue Display Unit (TDU) systems

University of Wisconsin (1998)

University of Montreal Joseph Fourier University 



Forehead Retina System 

Yonezo Kanno, and Dr. Susumu Tachi.
It uses a grid of electrodes on the forehead and it is supposed 
to work in colour

A small camera and 512 forehead-mounted electrodes 
capture the frontal view, extract outlines, and convert the 
data to tactile electrical stimulation. 



The Intelligent Glasses wereable system





CORE IDEA
Converting pixels in sounds

VISUAL – TO – AUDITORY



A laser of ultrasonic beam is emitted in a certain
direction in space and the beam is reflected back 
from objects. 

A sensor detects the reflected beam, measures
the distance to the object and indicates that
information to the user through audio or tactile
signals

Electronic Travel Aid for travel assistance.



Head-Mounted Devices (HMDs)

The SonicGuide 1974 The KASPA system 2002

Ultrasonic wide-beam equipment 
mounted on spectacle lenses 

Presence of an obstacle and its 
approximate distance to the user 

Creates an auditory representation of 
the objects ahead of the user. 



The vOICe system

Image is translated to sounds where frequency and loudness
represents different scene information parameters such as 
position, elevation and brightness. 

Patented by Philips



SUPERIMPOSED SOUND 
OF EACH COLUMN

64 x 64 pixels image (16 gray-tones per pixel)
1.05-2.10 s time of conversion

Left-to-right processing of columns (16.4-32.8 s)

PITCH

TIME

LOUDNESS



SEEING WITH THE EARS. HANDS AND BIONIC EYES: 
AMIR AMEDI AT TEDXJERUSALEM



Visually impaired populations 
have problems in understanding 
space

È importante 
agire nei primi 3 
anni di vita

Gori, Tinelli, Sandini, Cioni and Burr Neuropsychologia 2012







5 mesi bambino vedente





Gabriel Boud-Bovy





ABBI



69 hours in 12 weeks

Studio longitudinale di 3 mesi in 42 bambini 
7-17 anni. 









Objective: stimulate exploration of the 
environment, assigning roles in the recognition 
of each other's capabilities

EX. TREASURE HUNT







Miglioramento 







Campus et al. 2017 SREP
Campus et al. 2018 SREP accepted
Amadeo NeuroImage 2018 accepted

Examples of works in 2018
ABBI 3-5 years children: Cappagli et al SREP 2018
ABBI at the foot level: Aggius-Vella et al  SREP 2018

Occipital response to sound in 
sighted but not in blind indiviuals

Rehabilitation with blind children

ABBI improves spatial, motor and 
social skills at behavioral level

Medical device: Clinical Trial finalized

Cappagli et al. SREP, 2019

Improvement after the use of ABBI 



From Lab to the Market: Technology Transfer

Martolini et al.MeMeA 2018 - IEEE





Echolocation







MAASpatial bisection

Vercillo, Milne, Gori and Goodale, Neuropsychologia 2016
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Blind echolocators perform well the audio 
spatial bisection task



ECHOLOCATION in sighted individuals

Tonelli, A., Brayda, L., Gori M. PlosOne, 2016  

Tonelli, A., Campus, C., Brayda, L.  Scientific Report, 2018 
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SPACE BISECTION IN ECHOLOCATORS

Tonelli, Campus, Gori under review

Participants

4 CB echolocators
4 CB

- 25 +25+4.5- 25 +25-4.5
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Expert
echolocatiors

Congenital
blinds



Motion tracking system
Protocol: perform free football activity
Subjects
5 blind football players
5 sighted players
5 sighted players blindfolded



weDRAW: Sensory interactions and 
Learning at school

Rehabilitation

Multisensory
technology

Improvement after use 



From Lab to the Market: Technology Transfer

Applications for children at school

Applications to be distributed
trough the DeA webSite
18000 teachers alredy users

LIM+ app smartphone/tablet

Kinect + matlab



TECNOLOGIASCIENZA SOCIETA’ SCIENZA

Training riabilitativi per 
Bimbi non vedenti

Tonelli

Ecolocazione 
nella cecità

Ahmad

Cuturi

Amadeo

Plasticità corticale 
in assenza di visione

Orientamento e 
mobilità nel non 

vedente

Aggius-Vella

Martolini

Training per la 
disabilità motoria

Setti

Nuovi giochi audio
per bimbi non vedenti

Campus

Training per scotoma

Schiatti

Domenici

Percezione del 
tempo 

Inuggi

Esposito

Percezione spazio-
corpo Realtà virtuale

Bollini

Corpo e Spazio

Cappagli



Consorzio
ABBI WeDRAW



Grazie a tutti i bambini che partecipano ai nostri studi!

Scuole

• Scuola Don Bosco, Coronata

• International School of Genoa 

• Dante Alighieri, Bolzaneto

• Contubernio D’Albertis

• Comprensivo Marassi

EDL FACILITY : in particolare 

Ospedali e centri di riabilitazione

Past collaborators

RBCS: in particolare

Other IIT people

Dr. Freddi      Dr. Saviotti



Grazie al 
gruppo 
U-VIP



Grazie!
monica.gori@iit.it

www.wedraw.eu
www.abbiproject.eu

http://www.abbiproject.eu/



