
 

 
 

DECEMBER 6TH, 2013 
“How neuroscientists and computer scientists seek to 
understand the functional uses of vision and develop 

innovative technologies enabling visually impaired  people 
to increase their independence and social inclusion”

Grier Auditorium - Massachusetts Institute of Technology
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Program

8.30-9.15 am  Opening: Jeffrey L. Newton - MIT Vice President, Andrea Bocelli, Authorities 
Chair:  L. Giarré, ABF, Advisory Board and Università di Palermo, IT
09:30-10.10 am “MIT Fifth Sense project”- S. TELLER, MIT, US, and Coworkers 
10:10-10:30 am Coffee break 
Assistive technologies 
10.30-10:50 am “Computer vision - based assistive technology for the visually impaired”- 
 J. COUGHLAN, Smith Kettlewell Eye Research Institute, US 
10:50-11:10 am  “Social sense making for the visually impaired”- M. PELILLO, Università di Venezia, IT 
Neuroscience 
11:10-11:30 am  “Retinal prosthesis for the blind”- S. WEILAND, Doheny Retina Institute, University   
 of Southern California, US 
11:30-11:50 am  “What do the eye and the hand tell us about the brain, and how this can be useful  
 to people”- A.BICCHI*^, P. Pietrini*, E. Ricciardi*,  M. Santello^^ (*Università    
 di Pisa, IT ^Istituto Italiano di Tecnologia, IT ^^Arizona State University, US) 
Vision 
11:50-12:10 am  “Blind vision: perceptual and cognitive functioning in the blind”- Z. CATTANEO,    
 Università di Milano-Bicocca, IT 
12:10-12:30 pm  “(Computer) Vision without sight”- R.MANDUCHI, University of California at 
 Santa Cruz, US 
12:30-1:50 pm  Lunch and Exhibitions 
Vision 
Chair:  S. Teller, MIT, US 
1:50-2:10 pm  “Interactive crowd powered access technology”- J. BIGHAM, Carnegie Mellon    
 University, Human Computer Interaction Institute, US
2:10-2:30 pm  “The Center for Brains, Minds and Machines”- 
 T. POGGIO, MIT, US 
Games and Children 
2:30-2:50 pm  “Learning to see late in life”- P. SINHA, MIT, US 
2:50-3:10 pm  “Educational game software for blind children”- L. MERABET, Harvard University, US 
Assistive Technology 
3:10-3:30 pm  ”3D tactile models from paintings: an assessment of possible computer aided    
 methodologies”- L. GOVERNI, Università di Firenze, IT 
3:30- 3:50 pm  “Design for user empowerment: creating blind scientists and engineers”- 
 R. LADNER, Washington University, US 
3.50-4.10 pm  “The museum of pure form”- M.BERGAMASCO, Scuola Superiore Sant’Anna, Pisa, IT 
4:10-4:30 pm Coffee break 
4:30-5:00 pm  PANEL DISCUSSION 
Chair:  M. Dahleh, MIT, US 
 “Find a new understanding of the complex challenge of enabling visually impaired people 
 in getting and achieving a better autonomous life via a multidisciplinary approach” 
5:00 - 5:10 pm  Closing: L. Biancalani, Andrea Bocelli Foundation President
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ABF VISION 

“I strongly believe that love does justice. And it is 
for this simple reason that we are all responsible for 
building a better world. Since love energizes faith, 
the opposite must also be true. The amazing lives we 
have been gifted, offers us the privilege, opportunity, 
and responsibility to give the less fortunate a better 
future and opportunities.’’

ABF MISSION

The Andrea Bocelli Foundation was created to help 
people in need due to illness, disability, poverty 
and social exclusion by promoting and supporting 
national and international projects that support the 
overcoming of these barriers and full self-expression.

Andrea Bocelli (ABF founder)  and  Laura Biancalani (ABF president) 

Andrea Bocelli Foundation



ABF CHALLENGES PROGRAM:
Promoting research for the benefit of humankind

The Program aims to bring together the best minds 
to find innovative solutions to help people cope with 
and overcome the limits imposed by their disability 
or discomfort.

The Challenges program operates within the area 
of scientific and technological research and social 
innovation, accepting major challenges in terms 
of both investments and results to be achieved in 

the willingness to allow anyone who experiences 
economic or social difficulties to express themselves.

In this program, the Foundation launches challenges 
involving high-risk investments and global interest 
that could contribute to improving the living 
conditions of many people.



“How neuroscientists and computer scientists seek to understand the functional uses of vision and develop 
innovative technologies enabling visually impaired people to increase their independence and social inclusion.’’
This workshop has been included in the 2013 Year of Italian Culture in America: Italian and American scientists 
have been invited to participate to this multidisciplinary group of excellence in order to exchange their 
achievements and lay new bridges among the two cultures.
 
Goal of the workshop:
Find a new understanding of the complex challenge of enabling visually impaired people in getting and 
achieving a better autonomous life via a multidisciplinary approach.
The objective of the workshop is setting up a dialogue among scientists adopting different solutions and 
approaches to the important research question: how are neuroscientists and computer scientists working to 
understand the functional uses of vision and develop innovative technologies enabling visually impaired people 
to increase their independence and social inclusion?
This problem needs to be reformulated beyond the classical boundaries of each involved discipline in order to 
achieve innovative solutions based on a new understanding of such a complex issue.
The 2nd ABF CHALLENGES Workshop will put together multi-disciplinary scientists that are the excellence in 
their fields to let them share results and ideas and find together such new understanding.
In order to achieve a better autonomous life as well as to increase the independence and the social inclusion 
for a blind person, different approaches have been tackled.
At the workshop, each scientist will give a short lecture on his/her solution and point of view; then, during a final 
panel section, they will discuss together how to get a unique multidisciplinary new understanding.
At the workshop, several studies will be presented concerning: the neurological aspects of vision; retinal 
prosthesis; the design of assistive technologies helping blind people in the autonomous navigation and 
orientation, either outdoors or indoors, avoiding obstacles; spotting texts; assistive technologies to efficiently 
socialize and recognize faces and people expressions; games and tools helping blind children. Furthermore 
answers to the question of what is vision without sight and what is vision in terms of perceptual and cognitive 
functioning for the blinds will be discussed.
All the scientists are approaching the problem from their own perspective, but they are all answering the same 
question:
Is it possible for visually impaired people, thanks to technology and science, to live an autonomous life, be 
independent, work and socialize?
The workshop will take place at MIT, where, within the framework of the Challenge Program, the Andrea 
Bocelli Foundation is funding a multi-disciplinary research group for the creation of assistive technologies that 
allow visually impaired people to safely walk indoors and outdoors, spot text and recognize faces, and for the 
production of a new tactile device that can be used to interact and communicate with a blind person. Part of 
this project and the results achieved in the last two years will be presented at the workshop on December 6th.

2nd Challenges Workshop 
December 6th, 2013



Laura Giarré

ABF Advisory Board 
and Università di 
Palermo, IT

lg@andreabocellifoundation.org

BIO: Laura Giarré received the Laurea degree in 
Electronic Engineering from the Università di Firenze, 
Florence, Italy and the Ph.D. degree in System 
Engineering from the Università di Bologna, Bologna, 
Italy, in 1986 and 1992, respectively. She  has held 
visiting positions  at the Department of Mechanical 
Engineering of the University of California at Santa 
Barbara and at the Laboratory for Information and 
Decision Systems, MIT, Boston.   Since 1993 she 
was Assistant Professor at Politecnico di Torino, 
Turin, Italy and since 1998 she has been  Associate 
Professor at the Università di Palermo, Palermo, 
Italy.  She serves as an Associate Editor of Systems 
and Control Letters, since 1999 and IEEE Transaction 
on Automatic Control since 2012. In 2010 she 
was vice-chair of  SING6  and  in 2014 she wlll be 
General Char of MED’14. Her research interests 
include    networked systems, according to a  game 
theoretical approach  with   applications to wifi 
networks,  sensor  networks, inventory networks. 
She has worked  on identification of LPV and block 
oriented systems according to the worst-case 
paradigm with application to networked systems 
and system biology. Her recent interests are also in 
e-health and assistive technology.  She is member of 
the Advisory Board of the Andrea Bocelli Foundation 
and Scientific Coordinator of the ABF Challenges 
Program.

Seth Teller

Csail, MIT, US 

teller@mit.edu 

BIO: After a PhD in Computer Science at Berkeley, 
and postdoctoral stints at Hebrew University 
and Princeton, Seth Teller joined MIT’s Electrical 
Engineering and Computer Science Department 
Department (EECS), and its Computer Science and 
Artificial Intelligence Laboratory (CSAIL), in 1994. 
There, his group develops machines that work 
closely alongside people in health-care, military, 
civilian, and disaster-relief settings. His recent 
projects include: wearable devices that provide task-
salient information about nearby terrain, objects, text 
and people; a self-driving car; an unmanned semi-
autonomous forklift; a voice-commandable robotic 
wheel-chair; and a humanoid robot that performs 
dangerous tasks while people help from a distance.

Chairs and Organizers
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Abstract:

We are developing a wearable perception assistant 
to help blind and visually impaired people live more 
independently.   Through rapid interpretation of 
live sensor data, the perception assistant reports 
important aspects of the user’s surroundings 
in support of mobility, employment, socializing, 
shopping and other activities of daily living.   Key 
system functions include indication of safe walking 
terrain and hazards, detection and recognition of 
nearby people, and  reading of environmental text 
and symbols.   We are also developing a portable, 
high-resolution tactile display to deliver rich 
information through the fingertips.

Prof. Seth Teller,  Prof. Rob Miller, MIT
Safe terrain classification:
Dr. Maurice Fallon, Rahul Namdev, MIT
Acquaintance recognition:
David Hayden, MIT
Text-spotting:
Dr. Hsueh-Cheng (Nick) Wan, Yafim Landa,  Ben 
Mattinson, Chelsea Finn, MIT
Tactile Display:
Prof. Carol Livermore,   Dr. Luis Fernando 
Velasquez-Heller,  Xin Xie, Yuri Zaitsev, NEU

MIT Fifth Sense project



Abstract:

Computer vision is an emerging technology that 
seems ideally suited to complement the vision 
loss experienced by the rising number of persons 
with blindness or visual impairment, whose vision 
limitations create many barriers to full participation 
in many activities of daily life. Indeed, as computer 
vision algorithms are able to solve an increasingly 
wide range of visual tasks, and the amount of 
computing power available in portable devices such 
as smartphones grows, it is becoming possible to 
create a variety of practical computer vision-based 
aids for blindness and visual impairment. Despite the 
promise of computer vision, however, it is a relatively 
“brittle” technology that functions reliably only in 
proscribed domains. I will discuss the limitations 
of computer vision and the need for researchers to 
carefully match its capabilities to the specific needs 
of blind and visually impaired persons by focusing 
on solving suitable problems with appropriate 
hardware and software. Finally, I will discuss other 
technologies such as crowdsourcing and sensors 
that can complement and augment computer vision, 
which promise to enable truly robust assistive 
technology for blind and visually impaired persons.

J. COUGHLAN

Smith Kettlewell 
Eye Research 
Institute, US

coughlan@ski.org

BIO: James Coughlan received his B.A. in physics at 
Harvard University in 1990 and completed his Ph.D. 
in physics there in 1998.   He is currently a Senior 
Scientist at The Smith-Kettlewell Eye Research 
Institute in San Francisco, California. His main 
research focus is the application of computer vision 
to assistive technology for blind and visually impaired 
persons, including systems to provide guidance at 
traffic intersections, find and read signs and other 
textual information, and detect terrain hazards 
for persons with combined vision and mobility 
impairments. He is also interested in probabilistic 
methods in computer and human vision, particularly 
the use of graphical models and belief propagation 
for visual search, segmentation and 3D stereo.

Computer vision:
based assistive technology for the visually impaired
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Abstract:

In this talk I will describe an on-going Italian project 
which aims at developing innovative technological 
tools that enable visually  impaired people to 
improve their “social sense-making” or, in other 
words, to deal more effectively with complex social 
relationships and environments. The main novelty 
of our proposal is that we aim to address, within a 
single integrated framework, aspects that pertain 
to the physical as well as the social dimension, 
under the assumption that both are indispensable to 
achieving satisfactory social integration. To this end, 
we plan to exploit multimedia and computer vision 
technologies, machine learning and audio signal 
processing, advanced wireless communication as 
well as mobile computer devices and interfaces. To 
cover a wide spectrum of needs and opportunities, 
we aim to use different devices such as wearable 
cameras, ambient cameras, smartphone, cameras, 
earphones, and tactile Braille interfaces. Our 
philosophy will be to design and implement low-cost 
architectural solutions that are as non-obtrusive and 
as friendly as possible to the visually impaired, not 
only to make him/her feel at ease with them but also 
to avoid erecting psychological barriers that would 
hamper social integration.

M. PELILLO

Università di 
Venezia, IT

pelillo@dsi.unive.it

BIO: Marcello Pelillo is a Professor of Computer 
Science at the University of Venice, Italy, where he 
leads the Computer Vision and Pattern Recognition 
Group. He held visiting research positions at Yale 
University, the University College London, McGill 
University, the University of Vienna, York University 
(UK), and the National ICT Australia (NICTA). He 
has published more than 150 technical papers 
in refereed journals, handbooks, and conference 
proceedings in the areas of computer vision, pattern 
recognition and neural computation. He serves (or 
has served) on the editorial board for the journals 
IEEE Transactions on Pattern Analysis and Machine 
Intelligence (PAMI), IET Computer Vision, and 
Pattern Recognition, and is regularly on the program 
committees of the major international conferences 
and workshops of his fields. In 1997, he established 
a new series of international conferences devoted 
to energy minimization methods in computer vision 
and pattern recognition (EMMCVPR) which has 
now reached the tenth edition. He is (or has been) 
scientific coordinator of several research projects, 
including SIMBAD, an EU-FP7 project devoted to 
similarity-based pattern analysis and recognition. 
Prof. Pelillo is a Fellow of the IEEE and of the IAPR.

Social sense making for the visually impaired



Abstract:

Retinitis pigmentosa (RP) and age-related macula 
degeneration (AMD) lead to the degeneration of 
the light sensitive cells of the eye (photoreceptors), 
resulting in a significant visual deficit for the afflicted 
individual. In a retina affected by RP or AMD, the 
photoreceptors are absent, but other cells of the 
retina remain present in large numbers. Current 
clinical trials are investigating the feasibility of 
replacing the function of the photoreceptors with 
an electronic device that will electrically stimulate 
the remaining cells of the retina to generate visual 
perceptions. In tests with human volunteers with 
little or no light perception, we have used a prototype 
retinal prosthesis with a limited number of stimulating 
electrodes to create the perception of discrete spots 
of light. Subjects were able to distinguish basic 
shapes, to detect motion, navigate towards a target, 
and read letters. Based on these encouraging results, 
two devices have received regulatory approval. Our 
current research involves investigating methods to 
optimize the visual information that can be provided 
by a retinal implants.

J. WEILAND

Doheny Retina 
Institute, University 
of Southern 
California, US

jweiland@med.usc.edu

BIO: James Weiland received his B.S. from the 
University of Michigan in 1988. After 4 years in 
industry with Pratt & Whitney Aircraft Engines, he 
returned to Michigan for graduate school, earning 
degrees in Biomedical Engineering (M.S. 1993, Ph.D. 
1997) and Electrical Engineering (M.S. 1995). He 
joined the Wilmer Ophthalmological Institute at Johns 
Hopkins University in 1997 as a postdoctoral fellow 
and, in 1999, was appointed an assistant professor 
of ophthalmology at Johns Hopkins. Dr. Weiland was 
appointed assistant professor at the Doheny Eye 
Institute-University of Southern California in 2001. 
Currently, Dr. Weiland is a Professor of Ophthalmology 
and Biomedical Engineering, University of Southern 
California. He is Deputy Director of the Biomimetic  
Microelectronic Systems Engineering Research 
Center. Dr. Weiland’s research interests include retinal 
prostheses, neural prostheses, electrode technology, 
visual evoked responses, implantable electrical 
systems, and wearable visual aids for the blind. He 
is a Senior Member of the IEEE EMBS, the Biomedical 
Engineering Society, Sigma Xi, and the Association 
for Research in Vision and Ophthalmology.

Retinal prosthesis for the blind



What do the eye and the hand tell us about the brain, 
and how this can be useful to people

Abstract:

Vision and touch, two very complex and apparently 
very different senses in humans, have more in common 
than it may appear. They both are eminently active 
senses which dynamically control motions of their 
organs - the eye and the hand - to elicit information. 
Also, both provide so complex elementary information 
that a great deal of built-in abstraction capabilities has 
to be postulated to explain their astounding real-time 
performance.

Although vision usually plays a central role in how 
we represent and interact with the world around 
us, several observations on congenitally blind and 
sighted individuals are pointing out that the lack 
of visual experience may have just limited effects 
on the perception and mental representation of the 
surrounding world.  These studies suggest that much 
of the brain cortical functional architecture appears 
to be programmed to occur even in the absence of 
any visual experience, and to be able to process non-
visual sensory information, a property that can be 
defined as supramodality. This more abstract nature 
of the brain organization may explain how congenitally 
blind individuals acquire knowledge, form mental 
representations of and effectively interact with an 
external world that they have never seen.

Thus, for instance, the well-studied perception of optic 
flow, which has a fundamental role in the assessment 
of dynamic motion, has a counterpart in touch: cortical 
correlates of tactile flow have been observed to share 
supramodal patterns with optic flow.

Not only these and other findings have produced a 
better understanding of our brain, but they have been 
very useful to develop innovative technology, such as 
haptic interfaces to enable visually impaired people to 
increase their independence and social inclusion, and 
prosthetic devices to afford people deprived of their 
hands with simpler and better artificial replacements, 
and to render their control more natural.

A. BICCHI*^,  
P. Pietrini*,  
E. Ricciardi*,  
M. Santello^^

*Università di Pisa, IT  
^Istituto Italiano di Tecnologia, IT  
^^Arizona State University, US

bicchi@ing.unipi.it

BIO: Antonio Bicchi is Professor of Robotics at the 
University of Pisa, a Senior Scientist at the Italian 
Institute of Technology in Genoa, and an Adjunct 
Professor at Arizona State University. His main 
research interests are in Robotics, Haptics, and 
Control Systems.  He has published more than 400 
papers and is the recipient of several awards and 
honors, including an individual Advanced Grant from 
the European Research Council for his research on 
human and robot hands in 2012.

In the last decade, in collaboration with Pietro 
Pietrini and Emiliano Ricciardi, University of Pisa, 
and Marco Santello, Arizona State University, he 
created a multidisciplinary group to capitalize on 
the interaction between neuroscience and robotics 
to study human perception and motor control and to 
realize assistive technologies.

Massachusetts
Institute of
Technology



Abstract:

My aim in this presentation is to review a selection 
of findings from our research describing cognitive 
functioning   in individuals with congenital and 
acquired visual impairment including profound 
blindness, low-vision, and monocular vision. Overall, 
our findings suggest that the nature of perceptual 
input on which we commonly rely strongly affects 
the organization of our mental processes. Critically, 
our data suggest that visually impaired individuals 
often employ different cognitive mechanisms than 
sighted individuals, suggesting that compensatory 
mechanisms can overcome the limitations of 
sight loss. Taken together, our findings suggest 
that blindness is not necessarily a “less” of a 
condition, but rather should be properly considered 
as an “altered” condition. Possible implications for 
education and training of blind individuals will be 
also be discussed.

Z. CATTANEO

Università di 
Milano-Bicocca, IT

zaira.cattaneo@unimib.it

BIO: Since 2008 Zaira Cattaneo    has a permanent 
position  as a researcher (assistant professor) in 
neuroscience at the University of Milano-Bicocca 
(Italy). ZC’s    work focuses on the investigation of 
the neural correlates of perceptual and cognitive 
functions mainly using brain stimulation techniques. 
Great part of her research has been devoted to the 
study of cognitive functioning in visually impaired 
individuals.Her research on this topic has been funded 
by the Italian Ministry of Foreign Affairs within  the 
Executive programme of Italy-US cooperation in the 
field of science and technology.  Z.C. obtained her 
Ph.D. in Psychology (2006) at the University of Pavia, 
where she held afterwards a three years post-doc 
research position. During these years, she spent 
several months at the Helmholtz Institute in Utrecht 
University, at the University of Rochester (US), and 
at Harvard Medical School (US).  In 2012, for her 
promising research, she received a FIRB grant (Basic 
research investment fund) funded by the    Italian 
Ministry of Education, Universities and Research 
(MIUR).

Blind vision:
perceptual and cognitive functioning in the blind



Abstract:

Computer vision, the art of making sense of images and 
videos captured by a camera, has made substantial 
progress over the past two decades. Mobile vision 
apps specifically designed for people with low vision 
or blindness are becoming commonplace, leveraging 
the popularity of smartphones (especially iPhones) 
in these communities.  Using a camera without the 
ability to preview images in the viewfinder, though, 
can be exceedingly difficult, which limits the utility 
of these systems.  I will present two different user 
studies with blind participants using different 
computer vision systems integrated in an iPhone, 
and equipped   with an interface mechanism to 
facilitate correct camera aiming. These experiments 
highlighted a number of interesting, at times 
unexpected, aspects of the complex interaction 
between system design, interface mechanism, and 
the user’s own prioprioceptive abilities.

Part of this work was conducted in collaboration with 
Dr. James Coughlan of SKERI.

R.MANDUCHI

University of 
California at Santa 
Cruz, US

manduchi@soe.ucsc.edu

BIO: Roberto Manduchi is a Professor of Computer 
Engineering at the University of California, Santa 
Cruz. Prior to joining UCSC in 2001, he held positions 
at Apple and at the Jet Propulsion Laboratory. His 
research and educational interests are in computer 
vision and sensor processing, with applications 
to assistive technology for people with visual 
impairment. He holds a Dottorato di Ricerca degree 
from the University of Padova, Italy.

(Computer) Vision without sight

Massachusetts
Institute of
Technology



Abstract:

Over the past few years, my group has been building 
and deploying crowd-powered technology to support 
blind people in their everyday lives. Leveraging 
the crowd has allowed us to create technology far 
more intelligent than can be done with computer 
vision currently, and has resulted in both useful 
tools for blind people and led to interesting insights 
about what technology might actually be useful. For 
instance, our mobile application VizWiz has answered 
more than 70,000 general visual questions, providing 
an unprecedented look at what blind people actually 
want to know about. In this talk, I will overview 
key results, discuss the current directions we 
are pursuing, and outline how crowd-powered 
approaches may serve as scaffolds for developing 
future automatic technology

J. BIGHAM

Carnegie Mellon 
University, 
Human Computer 
Interaction Institute, 
US

jbigham@cs.cmu.edu

BIO: Jeffrey P. Bigham is an Associate Professor in the 
Human-Computer Interaction Institute at Carnegie 
Mellon University His work is at the intersection of 
human-computer interaction, human computation, 
and artificial intelligence, with a focus on developing 
innovative technology that serves people with 
disabilities in their everyday lives.  Jeffrey received 
his B.S.E degree in Computer Science from Princeton 
University and received his Ph.D. in Computer Science 
and Engineering from the University of Washington. 
From 2009 to 2013, he was an Assistant Professor in 
the Department of Computer Science at the University 
of Rochester where he founded ROC HCI. For his 
innovative research, Dr. Bigham has won a number 
of awards, including the Microsoft Imagine Cup 
Accessible Technology Award, the Andrew W. Mellon 
Foundation Award for Technology Collaboration, the 
MIT Technology Review Top 35 Innovators Under 
35 Award, and Best Paper Awards at ACM ASSETS, 
UIST, and WSDM. In 2012, he received the National 
Science Foundation CAREER Award.

Interactive crowd powered  
access technology



Abstract:

The dream of understanding the mind and the brain 
was at the core of several new fields created at MIT 
during the ‘50s and ‘60s. Information theory and 
cybernetics arose from the research of Shannon, 
Wiener, McCullogh, Pitts, Lettvin. Generative 
linguistics was launched by Noam Chomsky, Artificial 
Intelligence by Marvin Minsky, Seymour Papert and 
John McCarthy.  David Marr was a pioneer in building 
the foundations of computational neuroscience 
and cognitive sciences.  The same dream is now 
the main motivation for a new Center for Brains, 
Minds and Machines. I will describe our  vision of 
interdisciplinary research bridging disciplines such 
as computer science, neuroscience and cognitive 
science on the topic of intelligence – the greatest 
problems in science and engineering and a key to 
our future as a society.

T. POGGIO

MIT, US

tp@csail.mit.edu

BIO: Tomaso A. Poggio, is the Eugene McDermott 
Professor at MIT and one of the most cited 
computational scientists. The citation for the 
2009 Okawa prize mentions his “…outstanding 
contributions to the establishment of computational 
neuroscience, and pioneering research ranging from 
the biophysical and behavioral studies of the visual 
system to the computational analysis of vision and 
learning in humans and machines.” His recent work 
is on a theory of unsupervised learning of invariant 
representations forsupervised learning. The theory 
is relevant for the science and the technology of 
machine learning, vision and speech.

The Center for Brains,  
Minds and Machines

Massachusetts
Institute of
Technology



P. SINHA

Department of 
Brain and Cognitive 
Sciences MIT, US

psinha@mit.edu

BIO: Pawan Sinha is a professor of computational 
and visual neuroscience in the Department of Brain 
and Cognitive Sciences at MIT. Using a combination 
of experimental and computational modeling 
techniques, research in Pawan’s laboratory focuses 
on understanding how the human brain learns to 
recognize objects through visual experience and 
how objects are encoded in memory. Pawan’s 
experimental work on these issues involves studying 
healthy individuals and also those with neurological 
disorders such as autism. Pawan founded Project 
Prakash with the twin goals of providing sight-
restoring surgeries to blind children with disabilities 
and also understanding mechanisms of learning 
and plasticity in the brain. Pawan is a recipient of 
the PECASE – the highest US Government award 
for young scientists, the Alfred P. Sloan Foundation 
Fellowship in Neuroscience, the John Merck Scholars 
Award for research on developmental disorders, the 
Troland Award from the National Academies, and the 
Distinguished Alumnus Award from IIT Delhi. Pawan 
was named a Global Indus Technovator, and was also 
inducted into the Guinness Book of World Records 
for creating the world’s smallest reproduction of a 
printed book.

Learning to see late in life

Abstract:

The hope inherent in pursuing basic research is that 
sometime in the future the work will prove beneficial 
to society. This fruition can often take many years. 
However, in some instances, even the conduct of 
basic research can yield tangible societal benefits. 
I shall describe an effort that perhaps fits in this 
category. Named ‘Project Prakash’, this initiative 
provides sight to blind children on the one hand and 
helps address questions regarding brain plasticity 
and learning on the other. Through a combination of 
behavioral and brain-imaging studies, the effort has 
provided evidence of visual learning late in childhood 
and has illuminated some of the processes that 
might underlie such learning.



Abstract:

Many novel technological approaches are being 
developed to teach and enhance cognitive skills in 
the blind. We have developed a user-centered, audio-
based method of virtual indoor navigation called 
AbES (Audio-based Environmental Simulator) which 
represents the spatial layout of an actual physical 
building and is implemented within the context of 
an exploration-themed video game. Auditory cues 
(for example, door knocks and footsteps) are used 
to acquire contextual spatial information regarding 
one’s surroundings. The immersive, engaging, 
and heavily interactive nature of the software 
interface allows for the generation of mental spatial 
representations that can be transferred to real-
world navigation tasks carried out in the physical 
building represented in the game. Furthermore, 
game play also promotes creativity and problem-
solving skills. We have found that navigation within 
virtual environments represents a tractable training 
and testing platform that allows for the collection 
of quantifiable performance metrics and monitoring 
of learning that can be compared across a variety 
of visual impairment conditions. Finally, combining 
this technology with neuroscience research (such as 
brain imaging) we can investigate brain mechanisms 
related to navigation skills, compensatory behavioral 
strategies, and sensory processing in the absence of 
vision in general.

L. MERABET

Harvard University

lotfi_merabet@meei.harward.edu

BIO: Lotfi Merabet is a clinician-neuroscientist 
interested in how the brain adapts to the loss of sight. 
He completed his doctorate degree in neuroscience 
(University of Montréal) and clinical doctorate in 
optometry (New England College of Optometry). 
He then continued his post-doctoral training at 
Harvard Medical School, Boston University and the 
MGH Martinos Center for Biomedical Imaging and 
completed his Master’s degree in Public Health 
(Harvard). In 2010, he joined the faculty of the 
Massachusetts Eye and Ear Infirmary as a clinical-
researcher. His work is currently supported by the 
National Institutes of Health (NIH).
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Abstract:

Visually impaired people are prevented from equal 
access to the world’s visual culture.  Despite the 
fact that all over the world several initiatives based 
on the interaction with sculptures and tactile three-
dimensional reproductions or architectural aids 
on scale are quite commonly diffused, a “sensory 
barrier” between blind people and pictorial artworks 
still exists, obviously due to their intrinsic 2D 
format.  Translation of paintings into tactile models 
in the form of bas-reliefs is recognized to be one of 
the most effective ways for breaking down such a 
barrier, thus allowing a tangible improvement of the 
blind people’s accessibility to artworks. A number 
of institutions worldwide host tactile sections 
presenting hand sculpted bas-reliefs and high-reliefs 
reproducing paintings. Considering their success and 
in order to help the diffusion of this kind of initiatives, 
it looks appealing to try to provide some automation 
to the visual-tactile “translation” process. Moreover, 
If one considers the huge development 3D printing 
technology is undergoing, it is not unlikely that, in 
the near future, everyone will have the opportunity 
of printing 3D objects at home. Moving from these 
considerations, it makes sense to think of a software 
tool helping people to build 3D representations 
of paintings. In the last two years, after an initial 
phase dedicated to assess possible representation 
strategies, a group of researchers working at the 
of the University of Florence have tried to think of 
a computer-based approach for the semi-automatic 
generation of tactile 3D models starting from 
paintings.
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Firenze, IT
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BIO: Lapo Governi graduated in Mechanical 
Engineering from the University of Florence (Italy) 
in 1998. He obtained his Ph.D. in Machine Design in 
2002 with a dissertation on geometry optimization 
of thin-walled components. At the same University, 
he undertook a research associate position in 2002 
working on Computer Aided Design and automated 
inspection and visual characterization of industrial 
products.  In 2005 he obtained a position as Assistant 
Professor at the Department of Industrial Engineering 
of the University of Florence, where he presently 
heads the Computational Geometry and Reverse 
Engineering work group. His research interests 
are mainly 3D Modeling, Compuational Geometry, 
Computer Aided Design and Reverse Engineering. 
His recent work focused on 3D reconstruction from 
technical hand drawings and pictorial artworks

3D tactile models from paintings:
an assessment of possible computer aided 
methodologies



Abstract:

A brief introduction to the AccessComputing Alliance 
will be given.  A survey of approaches of approaches 
to to the design of technology for people who are blind 
or have low vision will be given.  Approaches include 
universal design, user centered design, participatory 
design, ability based design, and finally, design for 
user empowerment.   A key feature of the latter is the 
advanced education of blind scientists and engineers 
to help create the next generation of technology that 
will benefit them and others like them.

R. LADNER

Washington 
University, US

ladner@cs.washington.edu

BIO: Richard E. Ladner is a Professor in Computer 
Science and Engineering at the University of 
Washington. He is Adjunct Professor in the 
Departments of Electrical Engineering and 
Linguistics. He received a Ph.D. in mathematics 
from the University of California, Berkeley in 1971. 
He is Principal Investigator of the National Science 
Foundation (NSF) funded AccessComputing Alliance 
which has the goal of increasing the participation and 
success of students with disabilities in computing 
fields. He served on the NSF Committee on Equal 
Opportunities in Science and Engineering (CEOSE) 
from 2006 to 2012. He serves on the Editorial Board 
of the ACM Transactions on Accessible Computing 
and served as Program Chair for the 15th Annual 
ACM SIGACCESS International Conference on 
Computers and Accessibility. He is a recipient of the 
2004 Presidential Award for Excellence in Science, 
Mathematics and Engineering Mentoring (PAESMEM) 
and the 2008 Computing Research Association’s A. 
Nico Habermann Award. His research is in the area 
of access technology for people with disabilities. He 
directs the NSF-funded MobileAccessibility project 
which is exploring how smartphones and other 
mobile devices can serve as accessibility tools for 
people who are blind, deaf-blind, or have low-vision.
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Abstract:

Conceived in 1993 as a technological installation 
for art museums, the Museum of Pure Form can be 
considered now in a broader sense as an innovative 
research framework for studying haptic perception in 
Immersive Virtual Environments. Humans succeed to 
acquire and recognize physical properties of objects, 
such as 3D shape, surface texture, hardness, etc., 
by controlling hand exploration in the reachable 
physical environment, usually named as the 
peripersonal space. When the same exploration tasks 
are accomplished in Virtual Environments, the human 
subject is provided with an interface system, e.g. 
haptic interface, allowing natural movements of the 
hand and, at the same time, capable of generating 
adequate sensory stimuli. The contact with virtual 
objects is perceived by the human subject as a 
constraint to the hand movements and while local 
object features are replicated by tactile effectors, 
the perception of the 3D shape of the object is 
obtained as a dynamic process of integration 
among local contact data, proprioceptive sensation 
of hand movement and cognitive processes of 
object recognition. The presentation deals with the 
description of the technological components involved 
in the design of the Museum of Pure Form. Examples 
of exploratory procedures for the haptic detection 
of the shape of virtual objects are provided both in 
the context of art museums and for general aspects 
of localizing and perceiving virtual objects and their 
properties.
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BIO: Massimo Bergamasco is Professor of Theory of 
Mechanisms and Machines at the Scuola Superiore 
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the study and development of haptic interfaces and 
wearable robots for the control of the interaction 
between humans and Virtual Environments. His 
present research is focused on general aspects of 
perception and cognitive processes in the field of 
embodiment and social perception. He has been the 
founder of the Perceptual Robotics Laboratory (www.
percro.org) of the Scuola Superiore Sant’Anna.

The museum of pure form



BIO: Dr. Dahleh was born in 1962. He received the 
B.S. degree from Texas A & M university,  College 
Station, Texas in 1983, and his Ph.D. degree from 
Rice, University, Houston, TX, in 1987, all in Electrical 
Engineering. Since then, he has been with the 
Department of Electrical Engineering and Computer 
Science, MIT, Cambridge, MA, where he is now a 
full Professor. He is currently the associate EECS 
department head at MIT. Previously, he was the 
acting director of the Laboratory for Information 
and Decision Systems. Dr. Dahleh has been the 
recipient of the Ralph Budd award, the George 
Axelby outstanding paper award, an NSF presidential 
young investigator award, the Finmeccanica career 
development chair,  the Donald P. Eckman award 
the Graduate Students Council teaching award, the 
George Axelby outstanding paper award and the 
Hugo Schuck Award for Theory. He became a fellow 
of IEEE in year 2000. Dr. Dahleh is interested in 
problems at the interface of robust control, filtering, 
information theory, and computation which include 
control problems with communication constraints 
and distributed mobile agents with local decision 
capabilities. In addition to methodology development, 
he has been interested in the application of 
distributed control in the future electric grid and 
the future transportation system with particular 
emphasis in the management of systemic risk. He 
is also interested in the interface between systems 
theory and  neurobiology, and in particular, in 
providing an anatomically consistent model of the 
motor control system.
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Assistive technologies developed at the Department of Information Engineering of Pisa University
Luca Fanucci 
Department of Information Engineering, Università di Pisa, IT, luca.fanucci@iet.unipi.it
Team Members: Massimiliano Donati, Fabrizio Iacopetti, Roberto Roncella, Mauro Turturici

Watching and sensing with my smartphone, a cheap and pocket-sized navigation device
Pierluigi Gallo 
Department of Energy, Information Engineering and Mathematical Modeling, Università di Palermo, IT,  
pierluigi.gallo@unipa.it
Team  Members: Ilenia Tinnirello, Laura Giarrè, Domenico Garlisi, Daniele Croce, Adriano Fagiolini

The Museum of Pure Form: a General Research Framework for Studying Haptic Perception in Virtual 
Environments
Massimo Bergamasco 
PERCRO, Scuola Superiore Sant’Anna, IT, massimo.bergamasco@sssup.it
Team Members:  Perceptual Robotics Laboratory (www.percro.org) of the Scuola Superiore Sant’Anna.

Video Game based approaches for Developing Navigation Skills
Lotfi Merabet 
Harvard Medical School, Massachusetts Eye and Ear Infirmary, US, lotfi_merabet@meei.harvard.edu
Team Members: Lindsay Yazzolino, Gabriella Hirsch, Corinna Bauer, Jaime Sanchez, Carroll Center for the 
Blind

Bicycle for a blind rider
Seth Teller 
CSAIL, MIT, US, teller@mit.edu 
Team Members: Ryan Fish, Steven Keyes

Wearable environmental text spotting
Nick Wang 
CSAIL, MIT, US, hchengwang@csail.mit.edu
Team Members: Chelsea Finn, Ben Mattinson, Rahul Namdev, Seth Teller

Wearable acquaintance recognizer
David Hayden
CSAIL, MIT, US,  dshayden@mit.edu
Team Members: Rob Miller,  Seth Teller

Tactile display Prototype
Carol  Livermore
Northeastern University, US, livermore@neu.edu
Team Members:  Luis Fernando Velasquez-Heller, Seth Teller, Xin Xie, Yuri Zaitsev
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