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Preface

Vision is one of the most important senses for the human being. Blindness

can be a serious impairment, preventing a person from having an ordinary

life. It restricts one of the most important streams of information from

the world, thus limiting any communication made through visual expres-

sion and visual arts. What is commonly understood as vision relies on a

very complex system integrating the eyes, the optical nerve and the brain.

Research continues in order to gain a better understanding of the struc-

ture and operation of the visual system components: the retina, the lateral

geniculate nucleus, and the visual cortex. The retina is a crucial layer in the

vision process, while the visual cortex is the main brain visual processing

area. One of the final goals, and the most expected result of the current

research effort, is the development of artificial vision systems that can re-

store vision to blind people. The latest advances in electronics and biology

have opened new possibilities that will finally allow bio-inspired electronic

devices and systems to be designed that partially replace damaged parts of

the visual system. This challenging domain, which gathers knowledge from

distinct disciplines, including biology, neurology, and engineering, is called

BioElectronic Vision.

A fully functional bioelectronic vision system that provides vision

restoration to completely blind people is not yet available. Since the road

ahead is mainly unknown, we have to increase current knowledge and im-

prove practices in small steps. One of the required steps is the writing of

books and monographs that present, synthesize and analyze current knowl-

edge in all the distinct domains of bioelectronic vision. This work is a

contribution towards this goal. The central goals of this book are: i) to

establish a background for an engineering audience on the physiological

constitution of the human visual system; ii) to present the different classes

vii
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of computational retina models, iii) to analyze the neural activity metrics;

and finally, iv) to discuss the electronic devices and circuits required to

implement a bioelectronic vision system and metrics to determine how well

it accomplishes its goal.

This book is intended to be used as a reference for those involved in the

area of bioelectronic vision, in particular in modeling the retina behavior

and in the design of embedded systems that underlie visual neuroprostheses.

It can also be used as a textbook for first-year graduate or senior courses on

advanced signal processing for artificial vision. Codification of the informa-

tion in visual systems and visual prostheses are frequently topics found in

bioengineering and electrical engineering curricula. We assume the reader

has a basic knowledge of signal processing and programming, as might be

learned with some job experience or as part of a first undergraduate course

in these topics.

While keeping the goal in mind - the implementation of an electronic

visual prosthesis for bioelectronic vision - the anatomy and operation of the

retina as well as the main features of the neuronal responses are presented.

Retina models, representative of different model classes, are presented and

a framework for training, evaluating and comparing them is established.

This framework includes a set of different metrics that allows the testing

and evaluation of not only the actual models, but also new retina models

that will almost certainly be proposed in the future. The book follows

a digital signal processing perspective, where all models and metrics are

discretized, implemented, and tested in a computer environment. These

computational models and programs can be implemented in an embedded

system specifically designed to be an electronic visual prosthesis. The final

chapter of this book is devoted to the technological challenges needed to

adapt these embedded systems into artificial visual systems that can thus

be used to restore visual sense to blind people.

This book was prepared to be read from cover to cover. However, while

reading each chapter in order, one can skip a chapter depending on the

reader’s background and the chapter’s purpose. Chapter 1 provides an

overview of the topics related to bioelectronic vision, namely the building

blocks of the visual system, the characteristics and causes of blindness, and

the main components of a neuroprosthesis. Chapter 2 describes the human

visual system and identifies the main classes of retina models. (This chap-

ter can be skipped if the reader has a good background in the anatomy and

operation of the human visual system.) Chapter 3 is devoted to the estab-

lishment of the required background in order to analyze neural systems in
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general, and the retinal neural code in particular. Chapter 4 is dedicated

to the description and analysis of the considered functional and structural

classes of retina models. Chapter 5 provides a set of collected neural activ-

ity metrics, which are used throughout the book to train, test and evaluate

the retina models. This chapter also presents experimental data and gives

some insights into the metric’s performance and its drawbacks. Chapter 6

concludes the book by presenting the main electronic components required

to prototype a bioelectronic system, while discussing the principal techno-

logical features of its implementation. Chapter 5 and Chap. 6 are chiefly

important for people interested in the implementation of artificial retinas

and visual neuroprostheses. Each book chapter is accompanied by a group

of exercises that allows the reader to evaluate his/her knowledge while

guiding the reader through the implementation of the methods, algorithms

and techniques presented in the book. These exercises can be a valuable

instrument for instructors using the book for teaching.

The participation of the authors during the last years in research

projects to develop Bioelectronic Vision systems has given them the oppor-

tunity to have a central perspective on the research in this area – namely the

project ”Cortical Visual Prosthesis for the Blind” (CORTIVIS), supported

by the Commission of the European Communities, and the ”Retinal Neu-

ral Code: Accurate Modeling Toward an Artificial Visual System” (RNC)

project, supported by the Portuguese Foundation for Science and Technol-

ogy (FCT). We did our best to provide both solid theoretical support and

all the information needed to apply this knowledge to the design of bio-

electronic vision systems. Our main goal is to contribute to the education

of the next generation of researchers in this new multidisciplinary area of

bioelectronic vision. We really hope you find the book useful!

João C. Martins

Leonel A. Sousa
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