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	 Project Description: This project involves the manufacturing, assembly, and experimental validation of a high-performance powered knee-ankle prosthesis for highly agile amputee locomotion. The knee and ankle actuators are designed with high torque motors and custom low-ratio transmissions (22:1 ratio). The high torque actuators allow more energy injection into the human gait cycle for more natural locomotion. The low-ratio transmission is highly backdriveable, which provides compliance to impacts, natural swinging knee motion, potential to harvest energy, and the ability to detect the ground slope. The torque/power capabilities of this prosthetic leg are far greater than existing prosthetic legs with similar weight, allowing better performance over a wider range of tasks (including running) while minimizing orthopedic strain.

	 Experimental plan: The leg has already been designed, and a prototype knee actuator has been built for benchtop testing. Given this preliminary work, the full leg can be manufactured, assembled, and experimentally verified in the time period of one year. The human subject experiments will test the ability of the leg to generate the ground reaction forces corresponding to human locomotion and the ability of the leg to generate the impedance range corresponding to the compliance of human leg joints during different tasks (walking, running, sit to stand, etc.).

	 Related work elsewhere: The state-of-art in powered multi-joint prosthetic legs is the Vanderbilt leg. This design nicely balances weight and power, but its high-ratio transmission limits backdriveability. Moreover, its peak torque is not sufficient for stair ascent or athletic running. The first-generation UT Dallas leg is similarly limited by its transmission and torque capabilities.

	 How this project is different: Using high-torque motors and low transmission ratio for the purpose of backdrivability is the main aspect that makes the new leg different from its predecessors. This provides several advantages, including the ability of applying more flexible and dynamic control algorithms as well as more energy efficiency and thus lighter batteries. However, this comes with the challenge of keeping the design compact and light, which is considered in this project. Also, compared to the first generation of the UT Dallas prosthetic leg, the new leg has evolved to work completely untethered. 

	 Milestones for the current proposed year: 1) Finishing the manufacturing, assembly, and debugging of the leg hardware and software [3 months]; 2) Preliminary actuator tests [2 months]; 3) Proof-of-concept and validation tests of the leg [3 months]; 4) Human subject tests [4 months]

	 Deliverables for the current proposed year: 1) A fully functional leg ready for experiments; 2) Design and test of basic actuator control paradigms such as position and force control; 3) Testing the ability of the leg to generate the ground reaction forces corresponding to human locomotion; 4) Testing the ability of the leg to generate the impedance range corresponding to the compliance of human leg joints during different tasks (walking, running, sit to stand, etc.) as reported in the literature

	 How the project may be transformative and/or benefit society: Current prosthetic legs are designed for one specific activity, which severely limits agility and thus mobility in the community. Emerging powered prosthetic legs are similarly limited to a small set of pre-defined activities. This project will develop a highly functional, variable-activity prosthetic leg, accelerating the adoption of powered prosthetic legs by dramatically increasing the range of possible activities with one leg. This agile prosthesis will improve community accessibility for lower-limb amputees for an improved quality of life.

	 Research areas of expertise needed for project success: Prof. Gregg’s lab specializes in CAD design, mechatronics, and control systems as needed for the success of this project.

	 Potential Member Company Benefits: The prosthetic leg could be used as a research platform in hospitals or Universities to study many aspects of amputee locomotion. Moreover, it could be commercialized as the first powered multi-joint prosthetic leg on the market.

	Progress to Date: The leg has already been designed, and we have found solutions for keeping the design compact and at the same time capable of bearing the high walking and running forces. A prototype of the knee actuator has been built for benchtop testing. Sensors and actuators are being tested for various control strategies. In parallel, based on lessons learned from the knee actuator, the design of the ankle actuator is being finalized for manufacturing.

	Estimated Start Date:  6/1/17
	Estimated Knowledge Transfer Date:  5/31/18


The Executive Summary is used by corporate stakeholders in evaluating the value of their leveraged investment in the center and its projects.  It also enables stakeholders to discuss and decide on the projects that provide value to their respective organizations. Ideally, the tool is completed and shared in advance of IAB meetings to help enable rational decision making. 
