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Abstract— High-performance prostheses are crucial to enable
versatile activities like walking, squatting, and running for lower
extremity amputees. State-of-the-art prostheses are either not
powerful enough to support demanding activities or have low
compliance (low backdrivability) due to the use of high speed ratio
transmission. Besides speed ratio, gearbox design is also crucial to
the compliance of wearable robots, but its role is typically ignored
in the design process. This paper proposed an analytical backdrive
torque model that accurately estimate the backdrive torque from
both motor and transmission to inform the robot design. Following
this model, this paper also proposed methods for gear transmission
design to improve compliance by reducing inertia of the knee
prosthesis. We developed a knee prosthesis using a high torque
actuator (built-in 9:1 planetary gear) with a customized 4:1 low-
inertia planetary gearbox. Benchtop experiments show the
backdrive torque model is accurate and proposed prosthesis can
produce 200 Nm high peak torque (shield temperature <60°C),
high compliance (2.6 Nm backdrive torque), and high control
accuracy (2.7/8.1/1.7 Nm RMS tracking errors for 1.25 m/s
walking, 2 m/s running, and 0.25 Hz squatting, that are
5.4%/4.1%/1.4% of desired peak torques). Three able-bodied
subject experiments showed our prosthesis could support agile
and high-demanding activities.
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