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    Abstract
The nature of artificial vision with a retinal prosthesis, and the degree to which the brain can adapt to the unnatural input from such a device, are poorly understood. Therefore, the development of current and future devices may be aided by theory and simulations that help to infer and understand what patients see. A novel computational framework was developed to predict visual perception and the effect of learning with a subretinal prosthesis. The framework is based on the idea that the central visual system efficiently reconstructs the incident image from the retinal output. To implement this idea, a simulation of the normal responses of the major retinal ganglion cell types was used to deduce the optimal linear reconstruction of the visual stimulus from retinal activity. The result was then used to make inferences about visual experience with simulated retinal activation by a subretinal prosthesis. The inferred visual perception obtained with prosthesis activation was substantially degraded compared to the inferred perception obtained with normal retinal responses, as expected given the limited resolution and lack of cell type specificity of the prosthesis. Consistent with the importance of cell type specificity, reconstruction using only ON cells, and not OFF cells, was substantially more accurate. Finally, when reconstruction was re-optimized for electrical stimulation, simulating learning by the patient, the accuracy of inferred perception with prosthesis stimulation was closer to that of natural vision. The reconstruction approach provides a framework for interpreting patient data in clinical trials, and may be useful for improving prosthesis design.
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