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            Abstract
Neural prostheses translate neural activity from the brain into control signals for guiding prosthetic devices, such as computer cursors and robotic limbs, and thus offer individuals with disabilities greater interaction with the world. However, relatively low performance remains a critical barrier to successful clinical translation; current neural prostheses are considerably slower, with less accurate control, than the native arm. Here we present a new control algorithm, the recalibrated feedback intentionâ€“trained Kalman filter (ReFIT-KF) that incorporates assumptions about the nature of closed-loop neural prosthetic control. When tested in rhesus monkeys implanted with motor cortical electrode arrays, the ReFIT-KF algorithm outperformed existing neural prosthetic algorithms in all measured domains and halved target acquisition time. This control algorithm permits sustained, uninterrupted use for hours and generalizes to more challenging tasks without retraining. Using this algorithm, we demonstrate repeatable high performance for years after implantation in two monkeys, thereby increasing the clinical viability of neural prostheses.
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                    Figure 1: Cursor control with native arm, ReFIT-KF and Velocity-KF.


Figure 2: Performance of ReFIT-KF control across four years.


Figure 3: Performance comparison of native arm versus ReFIT-KF for the pinball task.


Figure 4: Performance comparison of native arm versus ReFIT-KF for the obstacle-avoidance task.


Figure 5: Illustrations of the online neural control paradigm and the ReFIT-KF training methodology.
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Supplementary Video 2
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Pinball task (monkey L 4/12/2010). In this task, targets can appear anywhere within a 16 cm by 16 cm workspace. The center of the cursor must be held within the 4 cm by 4 cm acceptance window for 500 ms. The cursor and targets are 1.2 cm in diameter, and the monkey has 2 s to acquire each target. Data from this 100-min neural control session are presented in Figure 3. The video is a reconstruction of the graphics displayed during online control sessions, built from data logged by the behavioral control system. (MP4 101903 kb)
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Pinball task (monkey L 4/12/2010). The video shows 20 seconds of trials taken every 10 min during the 100-min neural control session in Supplementary Video 3 (that is, 0&ndash;20 s, 10 m + 0&ndash;20 s, 20 m + 0&ndash;20 s and so on). The video is a reconstruction of the graphics displayed during online control sessions, built from data logged by the behavioral control system. (MP4 8412 kb)
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Pinball task (monkey J 2/4/2010). This video shows the same task as Supplementary Videos 3 and 4 for the second monkey. Task parameters are identical except the monkey had 3 s to acquire each target; cursor and targets are 1.4 cm in diameter. The video is a reconstruction of the graphics displayed during online control sessions, built from data logged by the behavioral control system. (MP4 82402 kb)
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Maze task (monkey J 3/9/2010). In this obstacle-avoidance task, a magenta barrier appears on screen and turns on at the same time as the target. The monkey must acquire and hold the target (4 cm by 4 cm acceptance window) for 500 ms without hitting the barrier. If the cursor hits the barrier, the trial is aborted. The monkey has 5 s to acquire each target. Cursor and targets are 1.2 cm in diameter. As noted in the main text, this task was challenging for the monkey in both native arm control and neural control modes, with comparable task success rates. Unlike the trials shown in the previous five videos, here the trials selected are not representative. The trials, and associated stretch of video, were selected to show a string of successful trials. The video was recorded during the experimental session from a monitor mirroring the monitor shown to the monkey. (MP4 3689 kb)
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