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INTRODUCTION 

A major hurdle for robotic lower limb prostheses is 
determining which terrain-specific control mode is 
appropriate for a given moment. Currently available 
methods for automatic mode selection are based on 
measuring the state of the device or body, such as 
acceleration or forces. However, mechanical sensors 
do not offer an easy window into the future intent of 
the user. In order to achieve this, there continues to 
be interest in using electromyogram (EMG) signals 
from the residual limb, following decades of research. 
While EMG shows great promise, it is also 
challenging to deploy due to changes in skin 
conditions (Hoover et al. 2012), crosstalk, electrode 
lift off and motion artifacts (Li et al. 2011).  
 
Independent of research into prosthesis control, there 
has recently been great progress in estimating the 
location of a device equipped with cameras (Frese 
2010). While there remain hurdles, localization has 
reached a critical point of usefulness but has yet to be 
leveraged for prosthesis control. The location of the 
prosthesis can provide a novel means for anticipatory 
mode control with a different set of engineering 
tradeoffs from mechanical and EMG sensing. We 
demonstrate vision-based localization of the limb 
during walking on varied terrain. We use this location 
to estimate terrain and anticipate transitions.    
 

METHOD 

Performance was evaluated on eight non-amputee 
subjects wearing a commercially-available “Tango” 
localization device on the shank of the leg. Subjects 
performed laps around a locomotion course with 
stairs, a platform, and a ramp. Laps were performed 
under two walking speeds (averaging 1.67 and 1.15 
m/s) and three “exposure conditions.” Exposure 
conditions are related to how much prior exposure the 
localization system has had to the environment. 
Ground truth of location was collected using a 
retroreflective marker based motion tracking system. 
We quantified positional tracking accuracy, 
awareness of the moment-to-moment terrain, and the 
detection of terrain transitions. We investigated the 
performance of four classifiers that use location 
estimates to classify terrain. Three classifiers used 
height estimates in addition to location, and one 
classifier included a time history. Four terrains and six 
terrain transitions were tested.  

RESULTS 

The system localized position within 20 centimeters 
for the faster walking condition and 10 centimeters for 
the slower. Classification utilizing both height 
estimates and time history provided terrain awareness 
at least 95% of the time, and accurately detected 
most terrain transitions within 40 milliseconds.  

 

DISCUSSION 

These results demonstrate the promise of localization 
via visual sensors for control of robotic lower limb 
prostheses. 
 

CLINICAL APPLICATIONS 

Rapidly improving localization technology could 
unlock the full benefits of powered limbs and enable 
more capable and safer prescribed prostheses. 
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Figure 1. Localization on multi-terrain course.  

 
Figure 2. Terrain classification accuracy. Performance of 
the four classifiers is depicted as a group of three bars, 
one for each exposure condition. Increasing exposure to 
the environment resulted in improved performance.  


