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1. INTRODUCTION

This document includes a few screen captures from the project's website for documentation
purposes. The captures were taken on the 12" of March 2012.
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2. THE PROJECT’S WEBSITE

SeeBetter's website is accessible via the URL http://www.seebetter.eu. The webpages are
hosted at imec’s network. There is a specific domain at imec for funded projects:
http://projects.imec.be and that's where SeeBetter's websites are actually found, as the address
bar in the following figures shows.

L_, Welcome to SeeBetter | Seebe

€« C' M & https://projects.imec.be/seebetter/ o 51 N
-" Google  [+] Gmail d Google Reader Google Calendar  (* Social web Sfﬁ Dropbox E IEEE Xplore - Weekly ... @ Secure Access portal ] imec * [ altres marcadors
SEARCH

{imec SeeBetter

S —
SEVENTH FRAMEWORK
PROGRAMME
SeeBetter'

Home
News/Events Conventional image sensors are fundamentally limited by comparison with biclogical retinas, because they produce redundant
Documents sequences of images at a limited frame rate. By contrast neuromorphic 'silicon retina' vision sensors mimic the biological retina's
About us information processing capability by computing the salient spatial and temporal aspects of the visual input, and encoding this

information in a frame-free data-driven asynchronous spiking output. The range of application of these silicon retinas remain
Fublications restricted because of their low guantum efficiency and their inability to combine high guality spatial and temporal processing on the
zame chip. Solutions to these technical challenges would revolutionize artificial vision by providing fast, low power sensors with
biology's superior local gain control and spatiotemporal procezsing. Such sensors would find immediate and wide application in

industry, and provide natural vision prostheses for the blind.
It is the goal of SeeBetter to address theze limitations, by realizing an advanced silicon retina with the superior quantum efficiency

and =patiotemporal processing of biological retinas. We will address theze problems through a multidizciplinary collaboration of
experts in biology, biophysics, biomedical, electrical and semiconductor engineering. Our objectives to achieve our goal are:

.
lmec 1. to u;le_ geneﬁic and physiological techniques to understand better the functional roles of the 6 major classzes of retinal
ganglion cells,
2. to model mathematically and computationally retinal vision processing from the viewpoint of biology, machine vision, and
future retinal prosthetics,
3. to design and build the first high performance silicon retina with a heterogenecus array of pixels specialized for both spatial
and temporal visual processing, and
Imperial co[lege 4. to combine this silicon retina with an optimized photodetector wafer with high quantum efficiency using state of the art back
London side illumination and hybridization technologies.

SeeBetter is a "small or medium-scale focused research project (STRERP)" project (number 270324) in FET proactive
University of ICT Call 6 (FP7-1CT-2009-6) in the work programme Erain-inspired ICT.
Zurich™

The members of the SeeBetter consortium are the Friedrich Miescher Institute for Biomedical Research, imec, Imperial College and
the University of Zurich.

Follow us on twitter or subscribe to the RSS feed of the twitter account if you want to be notified automatically.

1 | You
b\J |!‘ 1. m You can contact the project coordinator by email at segundo@imec.be.

Figure 1: Website’s home page showing the public summary of the project.
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f\“_ News Events | SeeBetter

-'. Google  [] Gmail S Google Reader

(imec SeeBetter

« C M & https://projects.imec.be/seebetter/news.him| S dRETIIE ¥
Google Calendar [~ Social web @ Dropbox EEE Xplore - Weekly ... @ Secure Access portal ] imec * [ Altres marcadors
-~

SEARCH

News/Events

September 23rd, 2011 - 10 DVS sensors are used in the permanent Einstein Pazzage exhibit in the train station Aarau which
opened March 2011. PhD student Christian Braendli writes the bulk of the DVS signal processing, which is done in J2ER, and which
tracks individuals and groups to trigger some visual effects..

September 23rd, 2011 - Shih-Chii Liu's AER-EAR binaural silicon cochlea. This event-based silicon cochlea offers a user-friendly
USE interface to JAER and allow rapid development of event-based auditory processing algorithms for sound localization and
auditory scene analysis. New AER-EAR systems are currently being built.

September 23rd, 2011 - 200 DV5128 cameras were commercially assembled, June 2011 - see hitp://siliconretina.ini.uzh.ch.

September 23rd, 2011 - Check out Tobi Delbruck's YouTube channel for videos of applications of the DVS128.

BTy
SEVENTH FRAMEWORK
PROGRAMME

SeeBetter

Home
MNews/Events
Documents
About us
Publications

imec

Imperial College
London

University of
Zurich™

N8B

September 19th, 2011 - The Second SeeBetter General Meeting was held at Imperial College in London. Thanks to Kenstantin
and Mat for hosting the event.

July 26th, 2011 - Introduction to SeeBetter published enline at SPIE Newsroom: "High-sensitivity silicon retina for robotics and
prosthetics”.

July 14th, 2011 - Botond Roska is the visionary of the guarter in the latest Vision Research and Ophtalmology Newsletter.

June 15th, 2011 - Tobi Delbruck and Shih-Chii Liu from the University of Zurich are organizing the IEEE Swiss Workshop on
Imaging and Vision Sensors (hitp://sivs2011.0rg) on Sep §, 2011.

June 15th, 2011 - Second SeeBetter general meeting to take place at Imperial College in London on Monday the 19th of
September.

April 18th, 2011 - SeeBetter in EETimes Europe: "Frame-free data-driven asynchrencus photodetectors for artificial vision™.

April 12th, 2011 - SeeBetter in The Engineer: "Eye-inspired imaging chip will extend video capabilities". Thanks to the ICL team!

March 30th, 2011 - Matthew Katz will join the SesBetter team at ICL. Mat is a physicist (BSc from Warwick University, first class)
whao worked for @ hedge fund in London for three years and then he completed an M3c in Quantum Computing. Welcome!

February 20th, 2011 - The project kick-off meeting took place on Friday February the 18th at imec (Leuven, Belgium). Below
vou can find the agenda together with slides and videos of the presentations.

13:00 - 13:15. "Intreoduction to the SeeBetter project” by Dr. David San Segundo Bello (imec) (Slides ideo)

13:15 - 13:45. "Seeing with and without photoreceptors™ by Dr. Botond Roska (Friedrich Miescher Institute for Biomedical
Research, Basel, Switzerland) (Video).

Abstract: The first steps of vision occur in the retina where dozens of different neural circuits extract different features from the
visual scene. [ will discuss first how the neural circuit asymmetry required for detecting directional motion is set up during
development. Second, I show how basic understanding of the structure and function of retinal circuits in combination with viral and
molecular tools can be used to design rational optogenetic therapies for the blinding disease retinitis pigmentosa.

13:45 - 14:15. "Mathematical models of phototransduction processes in biology and how electronics and medicine
may benefit from them™ by Dr. Konstantin Nikolic {(Imperial College, London, UK). (Slides / Videa).

Abstract: This talk will intreduce our work on modeling phototransduction in Drosophila photoreceptors which leads to some
important insights into biological signalling cascades. I will also mention work on the channelrhodopsin photocycles and models of
cells expressing ChR2 and other neuron actuators which give input to a new area of neuroscience and neurctechnology called
optogenetics. Some of these modeling technigues presented will be used in the SeeBetter project.

14:15 - 14:45, Coffee break

14:45 - 15:15. "Hybrid and 3D integrated imagers at imec"” by Dr. Piet de Moor (imec, Leuven, Belgium). (Slides / Video [
Video of thin wafer).

Abstract: Imec has been at the forefront in the development of hybrid imagers, and particularly backside-illuminated hybrid image
sensors. Recently, work has also started towards 3D integrated image sensors which use TSV technology to improve further the
performance of these hybrid image sensors. This talk will give an overview of the previous and current work being done in these
areas in imec.

Figure 2: The “News/Events” page.
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SEARCH

{imec SeeBetter

The members of the SeeBetter consortium are the Friedrich Miescher Institute for Biomedical Research, imec, Imperial College and
the University of Zurich.

The Friedrich Miezcher Institute for Biomedical Research is represented by Dr. Botond Roska.

Imec iz represented by Dr. David San Segundo Bello as coordinator of the project, and by Dr. Koen De Munck as leader of the
detector development work package.

Imperial College is represented by Dr. Konstantin Nikolic.
The University of Zurich is represented by Prof. Tobi Delbriick and Dr. Shih-Chii Liu.

Follow us on twitter or subscribe to the RSS feed of the twitter account if you want to be notified automatically.

T —
SEVENTH FRAMEWORK
PROGRAMME

SeeBetter'

Home

You can contact the project coordinator by email at segundo@imec.be.

News/Events
Documents
About us
Publications

imec
Imperial College
London

University of
Zurich™

Figure 3: The “About us” webpage.
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Neuromorphic Sensory Systems", (2010), Current Opinions in Neurobiclogy, 20{3), pgs 288--295

"Event-Based Pixel Sensitive to Changes of Color and Brightness", (2011) R. Berner, T. Delbruck, IEEE Transactions on
Circuitz and Systems [ (TCAS I), 58:7, pp 1581-1590.

"Meuromorphic Silicon Neurons™, (2011) G. Indiveri et al., Frontiers in Neuromorphic Engineering. 5:73.
"Confession Session: Learning from Others Mistakes", T. Delbruck et al., in 2011 IEEE International Symposium on Circuits
and Systems, vol., no., pp.1149-1162, 15-18 May 2011. First-ever special session at ISCAS devoted to confessions of errors of all
types. 26 confessions. Handouts of 2011 confession slides.

“cell types, circuits, computation™, (2011) R. Azeredo da Silveira, B. Roska, Current Opinion in Neurobiology, 21(5), pp. 664-

e e ——
SEVENTH FRAMEWORK 671.
PROGRAMME
“An Optical Modulator in Unmedified, Commercially Available CMOS Technology™, (2011) K. Nikolic et al., IEEE Photonic
Technolegy Letters, 23(16), pp. 1115-1117.
mBetter "Multicompartmental Model of Neurons Expressing Channelrhodopsin®, (2011) K. Nikolic, N. Grossman, 4th INCF

Congress of Neuroinformatics, Frontiers in Neuroscience.

Home "High-frequency limit of neural stimulation with ChR2", (2011) N. Grossman et al., 2011 Annual International Conference of =

News/Events the IEEE Engineering in Medicine and Biology Society, , pp.4167-4170.

Documents “Transcriptional code and disease map for adult retinal cell types"™, (2012) 5. Siegert et al., Nature Neuroscience, 15(3),

About us pp. 487-455.

Publications

“Fast two-photon in vive imaging with three-dimensional random-access scanning in large tissue volumes", (2012)
. Katona et al., Nature Methods %, 201-208.

ml "Optogenetic therapy for retinitis pigmentosa”, (2012) V. Busskamp et al., Gene Therapy 19, 169-175.

Optogenetic approaches to restoring visual function in retinitis pigmentosa™, (2012) V. Busskamp et al., Current
Opinion in Neurcbiology 21(6), pp. 942-346.

i.mec "Spike engineering with Channelrhodopsin-2", (2011), N. Grossman et al., Neuroscience Letters, 500, July 2011, Pages e27.

Imperial College
London

University of
Zurich™

B & v
Figure 4: The “Publications” webpage.
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