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27 patientswere tested at the OxfordEyehospital,JohnRadcliffeHospitalUK. 9 were diagnosedwith Retinitis
Pigmentosa(RP),1 each with PseudoxanthomaElaspicumand LebersHereditary Optic Neuropathyand the
remaininghad macularpathologiespredominantly{ǘŀǊƎŀǊŘǘΩǎdisease. Median visualacuity (VA)in the better
eye for the samplewas6/36 (Range: 6/120-6/6) and the mediancontrastsensitivity(CS)in the better eyewas
1.20(Range: 0.15-1.65).
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Visionis a highly important sensingmechanismfor humans. As such,a large part of the brain is dedicatedto
visualprocessing. Peoplewith visualacuity impairmentsuffer from a rangeof problemsaffectingtheir mobility
andqualityof life. Therearethought to be 38million peoplesufferingfrom blindnessworldwideandthis number
is expectedto double over the next 25 years. Additionally, there are 110 million people who have severely
impairedvision. In the developedworld, disorderssuchascataractsandGlaucomaarebecomingmore treatable.
However,there is now an increasingprevalenceof AgeRelatedMacularDegeneration(AMD)due to our ageing
societies. In manycountries,new treatmentsarebeingoffset by increasingprevalenceof diabeticretinopathyas
waistlinesareincreasing. Additionally,retinitis pigmentosa(RP),anuntreatablehereditarycondition,continuesto
affect1 in 3500peopleacrossthe world.
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In the Neurobionicsgroup, Imperial College,we are developingoptogeneticprosthesesfor the fully blind and
portable visualaugmentationsystemsfor those with partial retinal degeneration. Keyto both systemsis the
ability to imagethe visualworld, and modify the imageso as maximizethe useful information content to the
observer. Advancedsalient imageprocessingis presentlyvery difficult, evenmore so on mobile computational
platforms. However,certainlevelsof basicprocessingarepossibleprovidedefficient computationalplatformscan
supportthem.

Patient with AMD
Loss of central vision, reading difficult 
and patient have to learn to read with 

peripheral vision 

Image capture

Spatial derivatives

smoothing

Spike coding

Theeyeis not simplya camera!It is the first stagein understanding
the visualworld. Assuchvery powerful convolutionalgorithmsare
performedin the retina. In the caseof retinal prosthesis,theseneed
to be implementedby the imageprocessingsystem. Foraugmented
visionapplications,we canusethe samealgorithmsto enhancethe
significantfeaturesof the visualscene.

Image Augmentation concepts Preliminary evidence from Low vision patient trials

Cartonization creates stylized images that facilitate viewer recognition of the shapes by 
reducing visual clutters such as shadows and textures details.

Advanced Scaled Chromatic Edge 
(ASCE)

Focuses on increasing the contrasts between objects by highlighting the 
edges of the moving objects or the edges between distinguish objects 
while suppressing the other homogeneous pixels in the scene.

Edge Overlay Overlays the extracted edges, using optimized chromatic contrast, over 
simplified or original images. 
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Thecritical longterm aim is to developportable,wearablesystemwhichcanbe usedin dailytasks. Earlyphase
systemsmaybe initially usedin static situationswhere the useris stationary,but nevertheless,the electronics
and portability will be paramount to uptake. Key to this will be the ability to perform advancedimage
processingtaskswith highefficiency,thusrequiringminimal(heavy,bulky)battery support

Optogenetic retinal prosthesis will
require the geneticre-engineeringof
the retinal ganglioncells to express
light sensitive channelrhodopsin
proteins. Theportableprocessorwill
need to support both the image
enhancement/retinal processing
and drive the optoelectronic
stimulator

Augmented vision systems will largely
enhance the remaining vision of the
patient. Formaculardegeneration,the key
tasks will be to enhance landmark
recognition,and face recognition. Thetwo
critical factors to patient wellbeing i.e.
mobility and social contact. Nevertheless,
the systemmust be functional,and private
soasnot to advertisethe disability.

Much of the processingtaskssuchas ascertainingspatialderivativesand anisotropicfiltering can performed
using convolution operators given above. Thesecan consumelarge amounts of computational power on
standardCPU/FPUsystems. WehaveinvestigateddedicatedCMOSandFPGAparallelprocessingarchitectures,
but now believethat GPUtechnologyincorporatingCUDAfunctionalitycanprovidea highlyefficient platform
for the requiredportableimageprocessing.


