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Foreword from the Research Director

The Centre�s third year

The ARC Centre of Excellence in Vision Science commenced operation in January 2006, and has  
thrived during its three years of research activities. The original group of 16 Chief Investigators, 11 
Partner Investigators, and 18 Associate Investigators who successfully applied for the ARC grant and  
who initiated the Centre in 2006 have now been joined by 20 postdoctoral and research fellows 
together with 31 PhD students and 8 research assistants undertaking research for the Centre. Our  
two new Centre Fellows took up their posts in December 2007 and January 2008.

Syv viwievgl lew fiir qeomrk qensv ehzergiw sr qer} jvsrxw2 Mr syv Ăvwx viwievgl xliqi0 öI}i 
and brain”, we have achieved advances in the understanding of how the eye’s response to light is 
terminated, of how visual signals are processed in the retina, advances in the early diagnosis of retinal 
disease using measurements of pupil diameter, and improved methods for recording and analysing 
neural signals in the visual regions of the brain. 

Mr syv wigsrh viwievgl xliqi0 öZmwmsr jsv egxmsr erh vsfsxmgw÷0 {i evi hmwgszivmrk ls{ ă}mrk mrwigxw 
avoid collisions, learning about the cognitive abilities of honeybees, probing the mechanisms of colour 
vision in marsupials, interpreting how eye design is tailored to lifestyle and environment, and achieving 
greater understanding of the way in which motion information is processed in the human brain. 

Mr syv xlmvh viwievgl xliqi0 öXli gleppirki sj hikirivexmzi hmwiewiw÷0 {i lezi hizipstih tsxirxmep ri{ 
ways for stabilising the retina to prevent degeneration, including light management, anti-oxidant dietary 
supplementation and exposure to long-wavelength light. We have discovered sets of genes whose 
expression levels are altered during development of the central high-acuity (macular) region of the 
retina, as well as during retinal degeneration. We have studied the role of oxygen in retinal disease and 
developed laser techniques that hold promise in prevention of the growth of damaging blood vessels 
in the eye. And we have shown that increasing the time spent outdoors by children can substantially 
decrease the likelihood of them developing shortsightedness. 

Szivepp0 xliwi Ărhmrkw vitviwirx e viqevoefpi wix sj ehzergiw erh {i evi ziv} tvsyh sj syv eglmiziqirxw2 

In addition to these projects, that have been directly funded by our ARC Centre of Excellence grant, we 
have been very actively engaged in leveraging additional funding, and in extending Australia’s research 
in vision science through new initiatives that have been made possible only through the existence of 
our Centre. These initiatives are reported upon in Section 5 (beginning on page 61).

During the year, Professor Mandyam Srinivasan was awarded the Rank Prize in Optoelectronics for 
his work on insect vision and its implications for robotics. Professor Srinivasan’s prize was awarded by 
xli Vero Jsyrhexmsr mr vigskrmxmsr sj lmw wmkrmĂgerx gsrxvmfyxmsr xs xli wgmirgi sj stxsipigxvsrmgw jsv 
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an initial idea that has been carried through to practical 
ettpmgexmsrw xlex hiqsrwxvefp} firiĂx qeromrh2 

In January Professor David Vaney became the new President 
of the Australian Neuroscience Society, and will hold this 
post for two years. Professor Vaney was also appointed 
as the Australian representative on the Council of the 
Federation of Asian and Oceania Neuroscience Societies 
(FAONS) and on the Governing Council of the International 
Brain Research Organization (IBRO). He has also been 
appointed a Member of the Board of Administration of  
the National Vision Research Institute of Australia. 

In October Dr Ajay Narendra, a post-doctoral fellow in 
the Centre, was awarded a 2008 Young Tall Poppy Science 
Award. This award was an initiative of the Australian Institute 
of Policy and Science and Ajay, at the age of 28, is the 
youngest NSW/ACT recipient of the prize.

In February we held our second very successful and enjoyable Centre Retreat (at Murramarang, on the 
NSW coast) where our members were able to combine research presentations with discussions about 
future collaborations in very pleasant surroundings. In August/September the younger members of 
our Centre ran their second Young Visionaries Retreat at the ANU’s Kioloa campus. At the retreat they 
received mentoring in career development and training in grant writing and also began planning their 
schools outreach program that is described below. In December our members were the driving force 
behind the annual Australian Ophthalmic and Vision Science meeting held at the ANU’s John Curtin 
School of Medical Research.

Xli Girxviùw ö]syrk Zmwmsrevmiw÷ ,syv TlH wxyhirxw erh ievp} geviiv viwievglivw- mrmxmexih er i|gmxmrk 
syxviegl tvskveq mr psgep tvmqev} wglsspw xlmw }iev2 Xlimv öZmwmsr He}÷ mw er mrxivegxmzi erh jyr 
program in which a group of Young Visionaries visit classrooms to introduce students to basic concepts 
in vision science, including eye anatomy, colour vision, optical illusions, and diseases of the visual 
system. The sessions have been extremely well received by the students and their teachers, and to date 
sziv 844 tvmqev} wglssp wxyhirxw lezi firiĂxih jvsq xli tvskveq2

During 2008 the Centre’s researchers published 47 peer-reviewed papers on Centre research. Of these, 
24 were in journals with impact factors above 2.5. The Centre’s performance, in terms of KPMs (Key 
Performance Measures) is set out in section 12, and I am delighted with our achievements during 2008.

Professor Trevor Lamb 
Research Director 

December 2008

From left to right, Lord Broers, FREng, FRS, 
Professor Srinivasan and Lord Selborne, 
KBE, FRS. Professor Srinivasan was 
awarded £45,000 for his work on insect 
vision and its application to robotics.
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Awards and achievements for Centre Staff and Students

Cheung A: Received Crawford Medal for the best ANU thesis in the Natural Sciences in 2007. É	
Cringle S: Promoted to Associate Professor at the University of Western Australia.É	
Edwards M: Promoted to Associate Professor at the Australian National University. É	
Ibbotson M: Promoted to Associate Professor at the Australian National University.É	
Lamb T: Appointed Distinguished Professor, John Curtin School of Medical Research,  É	
The Australian National University.
Maddess T: Best talk of open glaucoma session, American Academy of Ophthalmology  É	
Annual Meeting.
Morgan I: Promoted to Professor at the Australian National University.É	
Morgan I: Re-elected President of the Australian Society for Vision Research.É	
Narendra A: Winner of the 2008 Young Tall Poppy É	
Science Award for ACT/NSW.
Provis J: Promoted to Professor of Anatomy at the É	
ANU Medical School.
Srinivasan M: Received 2008 Rank Prize  É	
in Optoelectronics.
Su EN: Promoted to Senior Research Fellow at the É	
University of Western Australia.
Zepxiv O> E{evhih Kvehyexi GivxmĂgexi mr É	
Teaching in Higher Education.
Vaney D: Appointed a Member of the Board of É	
Administration of the National Vision Research 
Institute of Australia.
Vaney D: Appointed as a non-voting Board Member of Neurosciences Australia Ltd (NSA).É	
Vaney D: Appointed as the Australian representative on the Council of the Federation of Asian and É	
Oceania Neuroscience Societies (FAONS).
Vaney D: Appointed as the Australian representative on the Governing Council of the International É	
Brain Research Organization (IBRO).
Vaney D: Appointed by the NHMRC to the 2008 Project GRP Member and Assessor Selector É	
Committee, with responsibilities for Grant Review Panels 4C & D (Autonomic, Peripheral and 
Sensory Nervous Systems).
Vaney D: Appointed to the Editorial Board of the Journal of Comparative Neurology.É	
Vaney D: Became President of The Australian Neuroscience Society for a two-year term from  É	
2008-2009.
Wang C: Promoted to Senior Fellow at the University of Sydney.É	
Yu DY: Promoted from Professorial Fellow (Research) to a Full Professor at UWA.É	
Zeil J: Elected Co-Chair of the Gordon Research Conference on Neuroethology 2011,  É	
Oxford, England.
Zeil J: Elected Vice-President of the Australasian Society for the Study of Animal Behaviour.É	
Zeil J: Promoted to Professor at the Australian National University.É	
Zhang S: Conferred a Guest Professorship at the Institute of Biophysics, Chinese Academy  É	
of Sciences, China.
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Ajay Narendra receiving Tall Poppy award 
from NSW Minister for Science and Medical 
Research, Tony Stewart MP, and Governor,  
Her Excellency Professor Marie Bashir AC CVO.
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About the Centre

Introduction

The Centre is a collaborative research venture between four Australian universities, and is funded under 
xli Eywxvepmer Viwievgl Gsyrgmpùw Girxviw sj I|gippirgi tvskveq0 {mxl e kverx sj (55q sziv Ăzi }ievw2 
The four participating universities, which each form a Research Node, are:

The Australian National University (ANU)É	
The University of Western Australia (UWA)É	
The University of Queensland (UQ)É	
The University of Sydney (USyd)É	

The Centre also has formal links, both nationally and internationally, with thirteen other academic and 
commercial partners including:

University of L’Aquila, ItalyÉ	
University of Bielefeld, GermanyÉ	
Swiss Federal Institute of Technology, SwitzerlandÉ	
Smith-Kettlewell Eye Research Institute, USAÉ	
Emory University, USAÉ	
Centre for Information Science, Kokushikan University, JapanÉ	
Helsinki University of Technology, FinlandÉ	
Royal Holloway, University of London, UKÉ	
CSIRO – ICT Centre, AustraliaÉ	
Seeing Machines Pty Ltd, AustraliaÉ	
ObjectiVision, AustraliaÉ	
Advanced Ocular Systems, AustraliaÉ	
The Canberra Hospital, Australia.É	

Across the nodes there are currently 16 Chief Investigators (11 at ANU, two at UWA, two at UQ, and 
one at USyd). The ANU node is the administering institution and spans three separate Schools, the John 
Curtin School of Medical Research (JCSMR, one Chief Investigator), the Research School of Biological 
Sciences (RSBS, 9 Chief Investigators), and the Department of Psychology in the Faculty of Science 
(Psychology, one Chief Investigator).

about the centre

2
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Vision

Vision is our most highly developed sense, enabling us to code the detail and expanse, the colour and 
shadow and the shape and movement of the world around us. Correspondingly, it dominates large 
regions of the brain. Vision is the platform for a wide range of behaviours, from hunting to reading 
and face recognition, and it is therefore hardly surprising that developments in robotics rely largely on 
advances in our understanding of the principles of visual processing in animals and humans.

Because of its central role in human behaviour, loss of vision can be devastating – and this is becoming 
increasingly common as the population ages. Despite its relatively small population, Australia is 
fortunate in having an unusually strong and diverse pool of vision researchers. The ARC Centre of 
Excellence in Vision Science is assembling and focussing this talent, so as to pursue research in three 
related themes:

Projects in Theme 1 are analysing the way that photoreceptors establish their exceptional sensitivity and 
speed, and their rapid adaptation to the ever-changing light environment, and are examining how the 
retina and brain process the information captured by the photoreceptors. 

Tvsnigxw mr Xliqi 6 evi ehhviwwmrk wygl mwwyiw ew xli zmwyep gsrxvsp sj ămklx0 erh ls{ rivzi gippw gshi 
and process complex visual information so that visual input can control complex behaviour. 

Projects in Theme 3 are exploring the cell biology of the eye to identify how the retina and eye develop 
and remain stable through adulthood and why, in a range of diseases, their growth is abnormal or their 
stability fails, leading to disease (e.g. macular degeneration, retinitis pigmentosa, pathological myopia). 

Each theme is internally coherent, and a number of projects involve scientists from two or three themes 
collaborating in cross-disciplinary ways to generate unique outcomes.

Theme 1: Vision for Living � Eye and BrainÉ	
Theme 2: Vision for Action and RoboticsÉ	
Theme 3: Vision for Life � The Challenge of Degenerative DiseasesÉ	



2
0

0
8

A
nn

ua
l R

ep
or

t

ARC Centre of Excellence in Vision Science

7

The governing body of the Centre is the Executive Committee. This body meets regularly, to discuss 
overall Centre-related issues, to oversee the operations of the Centre, to review the Centre’s performance 
erh xs qeoi higmwmsrw sr Ărergmep qexxivw mrgpyhmrk eppsgexmsr sj jyrhw2 Xli Viwievgl Hmvigxsv sj xli 
Centre chairs the Executive Committee. Membership of the Executive Committee is given in Table 1.

NAME TITLE AFFILIATION

Professor Trevor Lamb FRS FAA (Chair) Research Director ANU

Professor Jonathan Stone FAA Theme Leader ANU

A/Prof Michael Ibbotson Chief Investigator ANU

Mr Adnan Syed Muhammad Glmij Stivexmsrw SjĂgiv ANU

Professor Mandyam Srinivasan FRS FAA Theme Leader UQ

Professor David Vaney Chief Investigator UQ

Professor Dao-Yi Yu Chief Investigator UWA

Professor Bogdan Dreher Chief Investigator USyd

TABLE 1 – EXecutive Committee Membership

Executive Committee

Chair – TD Lamb

Advisory Board

Chair – A Trimmer
Centre Administration

Glmij Stivexmsrw SjĂgiv ô EW Qyleqqeh

Theme Leaders

TD Lamb	 MV Srinivasan	 J Stone

USyd Node

1 CI
UWA Node

2 CIs
ANU Node

11 CIs
UQ Node

2 CIs

Partner Investigators

	 University of L’Aquila, Italy	
	 University of Bielefeld, Germany
	 Smith-Kettlewell Eye Research Institute, USA	
	 Emory University, USA 	
	 Helsinki University of Technology, Finland
	 CIS, Kokushikan University, Japan
	 The Canberra Hospital	

CSIRO – ICT Centre, Australia
Swiss Federal Institute of Technology, Switzerland
ObjectiVision, Australia
Seeing Machines Pty Ltd, Australia
Royal Holloway, University of London, UK
Advanced Ocular Systems, Australia

Governance

The governance structure of the Centre is shown below.
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The Executive Committee receives advice and assistance from an Advisory Board on strategic issues.  
The Advisory Board meets at least annually to assess the progress of the Centre against its Key 
Performance Measures and to assist in developing future strategies. The membership of the Advisory 
Board is set out below.

NAME AFFILIATION

Ms Anne Trimmer (Chair) CEO, Medical Technology Association of Australia

Dr Arthur Ho Program Director, CRC for Vision, University of New South Wales

Dr Philip Penfold WgmirxmĂg Hmvigxsv0 I}i Gs Pxh

Emeritus Professor John Ross Emeritus Professor of Psychology, University of Western Australia

Mr Graeme Banks OAM President, Retina Australia, Australia (from August 2008)

Professor Hugh Taylor AC Harold Mitchell Chair of Indigenous Eye Health,  

University of Melbourne

Professor Jonathan Stone Theme Leader, ACEVS, ANU

Professor Lawrence Cram Deputy Vice-Chancellor, ANU

Professor Mandyam Srinivasan Theme Leader, ACEVS, UQ

Professor Michael Arbib Fletcher Jones Professor of Computer Science, Biology and Biomedical 

Engineering, University of Southern California, USA

Professor Paul Martin Director of Research, National Vision Research Institute,  

University of Melbourne

Professor Peter McCluskey Head, Department of Ophthalmology, Liverpool Hospital

Professor Trevor Lamb Research Director, ACEVS, ANU

Meeting of the Advisory Board, February 2008

(L�R: standing) Philip Penfold, Trevor Lamb, John Ross, Hugh Taylor, Adnan Muhammad.
(L�R: sitting) Mandyam Srinivasan, Paul Martin, Anne Trimmer, Jonathan Stone.

3
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Research reports

The Centre’s goals are:

1.	 To unravel the cellular basis of visual sensing and processing,

2.	 To reveal the algorithms that underlie the visual control of behaviour and perception, and

3.	 To discover the cellular mechanisms that make the eye and retina stable, and whose breakdown 
causes blindness.

Through our research we aim to achieve the following outcomes:

Fundamental understanding of visual signalling and information processing.É	
Breakthroughs in the detection, prevention, and treatment of visual impairment:É	
É	 Detecting glaucoma and multiple sclerosis (MS)
É	 Understanding, preventing, and treating retinitis pigmentosa (RP) and macular  

degeneration (AMD)
É	 Preventing and treating myopia

Novel strategies for machine vision and robotics.É	
Collaborative synergies: bringing together major research teams in visual sciences.É	

The following pages present our reports on the Centre’s research projects during 2007, arranged 
according to our three ‘Themes’.

3
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Theme 1

Projects in Theme 1 analyse how visual information is processed in the retina 
of the eye and in the visual cortex of the brain. This is vital to an understanding 
of what produces �sight� and in helping to prevent many forms of eye disease 
and blindness. Other projects in this Theme are developing better ways to 
image the brain activity that results from visual stimuli, while further projects 
are developing diagnostic technologies for a range of diseases. Highlights of the 
research in Theme 1 include:

Eye: Visual processing in the retina

The recovery phase of the light response of rod photoreceptors has been 
investigated, providing greater insight into the steps that occur as the eye 
reacts to changes in light intensity.
We have re�ned ways of measuring the electrical activity in different types 
of nerve cells in the human retina using the electroretinogram (ERG).
At the second stage of information processing in the retina, we have 
clari�ed the crucial importance of the timing of inhibitory and excitatory 
signals in the amacrine cells and ganglion cells of the retina.
We have discovered one class of ganglion cell � the �uniformity detector� � 
is unique in that it only receives inhibitory input.

Vision for Living 
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Theme Leader: T.D. Lamb
Eye and brain

Brain: Cortical processing and diagnostic technologies

Better ways to diagnose retinal diseases such as diabetic retinopathy and 
macular degeneration are being developed using pupillography, in which the 
pupil diameter is measured as it responds to visual stimuli.
We are investigating the brain mechanisms that enable both humans and 
reef �sh to recognise visual patterns and textures.
We have developed a superior way to map nerve activity in the human 
visual cortex, by combining multifocal visual stimulation, functional MRI and 
magneto-encephalography.
We have investigated the application of this novel approach for the clinical 
diagnosis of disorders of the nervous system.
We have studied the electrical responses to visual stimuli of individual 
neurons in one of the �higher-order� areas in the mammalian visual cortex.
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Trevor Lamb: Response recovery and dark 
adaptation at the �rst stages of vision

Our group has been studying how the eye recovers from light exposure, both in the short term (seconds) 
and also in the longer term (tens of minutes) following cessation of illumination. We investigated 
{lex ksiw sr mr xli i}iùw wirwsv} gippw ,xli vsh tlsxsvigitxsvw- erh mr xli Ăvwx wxeki sj wmkreppmrk xs 
the brain (the retinal bipolar cells). We used single-cell recording techniques on cells from transgenic 
~ifveĂwl erh {mph1x}ti qmgi0 erh {i lezi epws mrziwxmkexih viwtsrwiw mr xli lyqer vixmre ywmrk xli 
electroretinogram (ERG).

Understanding how light-sensitive cells in the eye recover from light

Jmzsw Zskepmw lew qehi ipigxvmgep vigsvhmrkw jvsq mrhmzmhyep vsh tlsxsvigitxsv gippw ywmrk öwygxmsr 
tmtixxi÷ ipigxvshiw2 F} wxyh}mrk xli vshw sj xverwkirmg ~ifveĂwl tvszmhih f} gsppiekyiw mr Neter0 
Fivos has shown how rods that express the shut-off protein GRK7 (which is normally found in cone 
photoreceptors) recover from light exposure in a different way from normal rods. The rods of the 
transgenic animals proved to be less sensitive than those of the wild-type animals, yet, unexpectedly, 
xlimv viwtsrwiw tvszih xs fi wps{iv2 Erep}wmw sj xli ăygxyexmrk viwtsrwiw ipmgmxih f} ziv} hmq ăewliw 
suggests that activated light-sensing molecules (rhodopsin) in these rods can be shut off by two different 
processes, involving the normal GRK1 protein as well as the added GRK7 protein. These experiments 
are revealing how rod photoreceptors recover from light exposure, and they also help to explain the 
differences between rods and cones. Fivos has also studied the response properties of wild-type mouse 
rods over a very wide range of light intensities (from around one photon up to more than 1 million 
photons). These experiments are giving us key insights into the recovery processes in the main light-
sensitive cells in the mammalian eye. 

Vision recovery in bipolar cells after exposure to very bright light

Eppmwsr Geqivsr lew i|eqmrih ls{ lyqer vsh fmtspev gippw vigsziv xlimv öhevo zmwmsr÷ ejxiv xli 
i}i lew fiir i|tswih xs ziv} fvmklx ,öfpieglmrk÷- pmklx2 Xlmw {ew xli Ăvwx wxyh} emqih i|tpmgmxp} ex 
measuring changes in the time-course of the bipolar cells’ response after they were desensitised by 
intense light. Our experiments showed that the bipolar cells were in fact desensitised far more than 
would be expected from the observed degree of acceleration of the response time-course. We interpret 
this to indicate that, while measurements of response kinetics provide a good way to assess the fading of 
xli öiuymzepirx fegokvsyrh mrxirwmx}÷ xlex eggsqtermiw fpieglmrk0 ersxliv tlirsqirsr mw epws xeomrk 
place (possibly a direct effect of bleach-released retinoid) that leads to excessive desensitisation of the 
cells. These results help explain why and how the human eye recovers visual sensitivity so slowly after 
being exposed to very bright light. 

them
e 1 | vision for living | eye and brain






























































































































































