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Summary 

Frontal-plane ankle motion is important for balance in walking, 

but is seldom controlled in robotic prostheses. This abstract 

describes the control and performance of a semi-active two 

degree of freedom robotic prosthetic ankle. The mechanism 

uses a nonbackdrivable cam wedge system based on rotating 

inclined planes, allowing actuation only during swing phases 

for low-power and compactness. This study investigates the 

speed and accuracy of ankle angle control in benchtop tests.  

Introduction 

Humans are less stable in the lateral direction than the 

anteroposterior direction during gait [1]. This is especially the 

case for persons with amputation (PWA) of the lower limb. 

Most current ankle/foot prostheses are passive mechanical 

systems, limiting the ability to control balance, especially on 

slopes and uneven ground. Two recent prostheses include fully 

powered inversion/eversion (IV/EV) control [2,3] , and one 

semi-active prosthesis allows coronal motion with a locking 

clutch [4]. The approach presented here implements a semi-

active ankle module that controls both PF/DF and IV/EV using 

a nonbackdrivable cam mechanism that moves only during 

swing phases. The system can achieve angles of ±10 deg in any 

combination of PF/DF and IV/EV. This study investigated the 

speed and accuracy of the semi-active angle control mechanism  

Methods 

The mechanism consists of two stacked wedge-shaped cams 

(mating faces cut at angle 𝛽 = 5 deg) that rotate about their 

cylindrical axes under the control of low-power DC motors. An 

internal Universal joint holds the stack together and prevents 

axial rotation of the distal prosthesis. PF/DF and IV/EV angles 

are controlled by axial rotation of the cam wedges, using two 

mathematical steps: (1) orient the thickest parts of both wedges 

toward the desired “downhill” direction 𝛼; and (2) use the 

desired foot angle magnitude 𝜃 to set the angular split between 

the upper and lower cam wedge orientations, termed 𝑞3: 

𝑞3 = cos−1 (
cos2(𝛽)−cos(𝜃)

sin2(𝛽)
)        (1) 

 
Figure 1: Two-axis ankle module design and range of motion 

These steps are combined mathematically into one control step.  

We tested ankle angle control performance by commanding the 

prosthesis to 48 orientation settings (Figure 2, red circles) 5 

times each in random order (240 total random movements). We 

measured movement time and the accuracy and variability of 

the achieved PF/DF and IV/EV angles using motion capture 

(Figure 2, blue triangles with error bars: mean ± SD).   

Results and Discussion 

Results show that the ankle can move into any desired position 

in just under 0.5 s, with movement time proportional to the 

angle of change. 99% of commanded positions resulted in 

wedge orientation errors less than 3.4 deg. This is equivalent to 

maximum ankle angle error of 0.75 degrees. The foot angles 

measured by motion capture show low variability (PF/DF = 

±0.26 deg, IV/EV = ±0.22 deg) in almost all commanded 

configurations. However, final configurations exhibited 

moderate inaccuracy and, in some cases, high variability. 

Improvements to the control software and the motion capture 

comparison techniques will be pursued to improve accuracy and 

reduce variability  

 
 

Figure 2: Accuracy and variability of ankle angle commands  

Conclusions 

The nonbackdrivable semi-active cam wedge mechanism 

successfully and repeatably achieves control of ankle angle in 

two directions. Future work will apply this prosthesis to 

manipulate gait behavior such as speed, balance and turning.  
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