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Objectives: The objective of this research is to develop a trustworthy and high-performance neural-machine interface (NMI) that accurately interprets the user’s intended movements in real-time for neural control of artificial legs. 
Research Progress and Scientific directions: Since the project started, we have made significant progress in tackling the three fundamental Cyber-Physical System (CPS) challenges for realizing neural controlled artificial legs. 

The first challenge is accurate decoding of neural signals collected from residual muscles of leg amputees. We have come up with a novel pattern recognition strategy that can accurately interpret EMG signals sensed on the surface of human muscles.  The new algorithm consists of an EMG pattern classifier and finite state machine (FSM) that work together to identify the user's intended lower limb movements.

The second challenge is to effectively filter out disturbance signals from realistic and non ideal environment.  A new trust management mechanism was designed to handle unexpected sensor failures and signal disturbances. Integrating the neural deciphering algorithm with the trust management mechanism resulted in a highly accurate and reliable software system for neural control of artificial legs

The third challenge is adequate computation power and effective system integration of an embedded system for real time processing as well as periodical user training. We have designed and implemented a new embedded computer system making use of GPU, FPGA, and proper memory management. The software was then embedded in a newly designed hardware platform to form a complete NMI for real time testing. 

To demonstrate and prove the NMI design concepts for real-time operation, a series of experiments have been carried out on the newly designed CPS system.  The NMI was tested on an able-bodied human subject to identify his intent for sitting and standing. The result showed high system accuracy and reasonable time response for real time operation. The video of the experiment and result can be found at http://www.ele.uri.edu/linc/htm/video.html.  

We would like to present our exciting results in this PI meeting with videos and numerical results of real time testing. We have also performed experiments on a leg amputee but with limited success to this point. Our next step is to fine tune the experimental setup for leg amputees, optimize the neural decoding algorithms and trust management mechanism, and evaluate the NMI system on amputees with transfemoral amputations in real-time. 
Broader impact: This project has the potential to enable the design of neural-controlled artificial legs and may initiate a new direction for research and the design of prosthetic leg systems. Innovations in this domain have the potential to improve the quality of life of leg amputees, including soldiers with limb amputations. The proposed approaches seek to permit cyber systems to cope with physical uncertainty and dynamics, a common challenge in CPS, and to pave a way for applying high-performance computing in biomedical engineering. The research has been integrated with the education to train undergraduate and graduate students in the field of CPS and introduce community college students to CPS concepts.
