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Outline 

o  Retina structure and pathology 
o  Prosthetic vision 

o  Hardware approaches 
o  Software approaches 
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o  Virtual retina model 
o  New insights into retina information processing 
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The eye  
o  Fibrous tunic (Sclera, 

Cornea) 

o  Vascular tunic (Choroid, 
Cilliary body, Iris) 

o  Retina (IPL, OPL, Macula) 

o  Anterior Chamber 
(Aqueous humour, Lens) 

o  Posterior Chamber 
(Vitreous humor) 

Information processing perspective: Conversion of 2D images 
Into pulse-trains that stimulate visual cortex 



The retina 

Retina  
mean total thickness 0.24mm 
mean neural thickness 0.12mm 

o  Inner limiting membrane 

o  Ganglion cell layer 

o  Outer nuclear layer 

o  Retinal pigment epithelium 

o  External limiting layer 



Analog circuit approximations 

Image-to-impulse encoding 

! Too big a simplification that 
ignores neuronal diversity 

! Lack of robustness 

! Lack of adaptation 



Morphology of the Retina 

Diverse connections 
between neurons while 
maintaining functionality 

Evolutionary 
significance? 

Adaptation 
mechanisms? 

Smallest aggregation 
that is common to the 
phenotype? 

Multi-layer parallel processing by 
heterogeneous neural cells 



Common Pathology of the Retina 

o  Age-related Macular 
Degeneration 

o  Retinitis Pigmentosa 



Retina prostheses 

o  Intra-ocular approaches 
o  Epiretinal prostheses 
o  Subretinal prosthesis 
o  Suprachoroidal prostheses 

o  Extra-ocular approaches 
o  Cortical approaches 
o  Extra-cortical prostheses 
o  Intra-cortical prostheses 
o  Optic nerve prostheses 

o  Software approaches 
o  Virtual retina 



Epiretinal prosthesis 

 Epiretinal prosthesis implant 



Epiretinal prosthesis 

o  The Intraocular Retinal Prostheses (Mark Humayun) 
o  3 generations (Argus 1, Argus 2 & Argus 3) 

o  Array of 6x10 micro-eletrodes (10x20 in Argus 2) 
o  Data transmitted using a cable (wireless  in Argus 2) 
o  Argus 3 is in development (20x50) 
o  Patient can detect motion, identify shapes and discriminate between 

percepts based on percepts’s locations 

o  The Learning Retina Implant (Joseph Rizzo & John Wyatt)  
o  Retina encoder and retina stimulator 
o  Has been abandoned due to insufficient understanding of information 

processing capabilities of the retina 

Rely on functioning ganglion cells 



Australian Bionic Eye 

University of Newcastle 
NSW. 

In-eye photo receptors.  

Rely on functioning 
ganglion cells 



Subretinal prosthesis 

o  Rizzo and Wayatt (Boston Retinal Implant Project) 

Boston prosthesis – 1st gen Boston prosthesis – 2nd gen 



Subretinal prosthesis 

o  Alan and Vincent Chow 
o  Powered by light absorbed using solar cells 
o  5000 tipped micro-photodiodes, convert light to electrical signals 
o  Using nightlight for navigating/seeing movement on television 
o  Differentiateing paper money, using utensils 
o  Lack of power, need external energy source 

o  Eberhart Zrenner 
o  Have external power source 
o  7000 micro-electrodes in checker-board pattern configuration 
o  Capable to indetifying clock face and letters 
o  Capable to moving around a room independently 

Rely on functioning OPL and IPL neural cells 



Optic nerve prostheses 

 Optic nerve prosthesis implant 



Optic nerve prostheses 

o  Optic nerve Prostheses 
o   Design 

o  Optic nerve electrode connected to an implanted neurostimulator 
o  External controller  
o  Head-mounted video camera 

o  Results 
o  Able to adequately interact with environment  

o  Limitations 
o  Difficult to achieve focal stimulation of neurons and to decipher 

exact retinotopic distribution of optic nerve 
o  Interference with the central nervous system 

Rely on functioning ganglion cells 
Stimulation does not take into account eye movement 



Extra-ocular approaches 

o  Extra-cortical Prostheses 

Extra-cortical prosthesis implant 



Extra-ocular approaches 

o  Intra-cortical Prostheses 

Intra-cortical prosthesis implant 
(c) Copyright 1996, The Institute of Electrical and Electronics Engineers, Inc. 



Extra-ocular approaches 

o  Intra-cortical Prostheses 

Electrodes of same length do not stimulate neurons in 
the same neuronal layer due to cortex curvature 



Cortical Prosthesis 

o  Extra-cortical 
o  Bridley & Dobelle 

o  50 electrodes implanted over the occipital pole 
o  Ability to recognize 6-inch characters at 5-feet 

o  Difficult to control the phosphenses 

o  Intra-cortical 
o  Utah Electrode Array, Illinois Intra-cortical Visual Prosthesis 

o  Improvement on power consumption, electrode size, 
bypasses all diseased visual pathway neurons  

o   Color phosphenses 

Rely on brain plasticity to interpret “coarse grain” stimuli 
Lack of understanding of stimuli and cortical map 



Variability of Visual Pathway 

Functional constancy vs. cortical variability? 
Information representation and reinforcement? …. 



Software approaches 

o  Virtual retina 
o  Neuronal subsystems: the photoreceptors, horizontal, bipolar 

and ganglion cells with non-homogeneous connections 
o  Diversity of neuronal species  
o  Biologically justified information granulation ? 

o  Model of the retina  
o  Analog light intensity level input to the neural network 
o  Discrete oscillations output from the model to mimic the 

oscillations observed in vivo. 



OPL model – Photoreceptor layer 



OPL model - PR-HC1 connectivity 



OPL model - PR-HC1 connectivity 



OPL model - PR-HC2/HC3 connectivity 



OPL model – HC interaction 



Update rule for the PR layer 

a – light intensity at PR; 
b -  PR activity for different chromacity and position 
c – different horizontal cell activity influence on the PRs  
i – iteration count 

(activities indexed by cell-types, chromacity and position) 



Update rule for the HC layer 

b -  PR activity for different chromacity and position 
c – different horizontal cell activity 
wh- weighted influence of PR cells on the HCs of type h 
i – iteration count 

(activities indexed by cell-types, chromacity and position) 



Modelling assumptions 

o  Connectivity between PRs and HCs is defined by 
different dendritic tree input/output radii, synaptic 
connections with different spectral proportions and 
different input/output weights. 

o  Connectivity patterns are consistent throughout the 
whole spatial domain of the modelled OPL 



The optimisation engine 

Hybrid of Differential Evolution and Genetic Optimisation 



Processing examples 



Optimized 
parameters 

-  Noise reduction 

-  Contrast up/down 

-  Saturation up/down 



OPL network evaluation 

Contrast enhancement of different images 



OPL network evaluation 

Saturation enhancement of different images 



OPL network evaluation 

Contrast control of different images (P5 parameter) 



Simulation modelling findings 

o  Contrast Gain Control can be implemented at the retina level (does not 
require visual cortex processing) 

o  The gap-junction parameter (P5) can either increase or decrease the 
contrast depending on the contrast statistics of the scene 

o  Some evidence supporting the “3 HC types” postulate 

o  Solution for the “lower-saturation” image processing uses only one HC 
type which is consistent with the Rod-HC connectivity 

o  Optimal solutions involve spectrally-specific proportion of PR-HC 
connections (novel insight that has not been verified clinically yet) 

o  Need for the investigation of the Rod-HC connections 

o  Identification of the contrast feedback mechanism is still needed. 


