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Goals:  A class of dexterous continuum robots known as concentric tubes has been used for a 
wide variety of applications. Researchers in the medical field have focused on their use as 
surgical tools, due to their ability to reach remote areas within the body by moving in highly 
curved paths. They consist of a set of hollow, pre-curved elastic tubes that fit concentrically, 
each one inside the next. As the tubes are rotated and inserted relative to each other, their 
curvatures interact to change the robot’s overall shape as well as its tip position [1,2]. Although 
there are numerous models for the mechanical behavior of concentric tube robots, in practice, 
knowing the actual configuration at a given instant is a challenge. We propose to design a 
pipeline for real-time, three-dimensional reconstruction of the (moving) robots from video 
images. We will begin with the approach outlined by Camarillo [3], which employs two cameras 
(i.e., stereovision) and consists of four main steps: (1) camera calibration, both intrinsic and 
extrinsic parameters, (2) extraction of the robot silhouette from the background, (3) projection of 
the silhouettes into a volumetric space, and (4) voxel carving to create a visual hull [4,5]. At each 
point in time, we will compare this visual hull with a model of the robot that is based on its 
known mechanical properties and actuation history. 

 
 
Fig. 1 – Experimental apparatus used to drive rotation and insertion of the concentric tubes. The inset image on the 
left shows an overhead view of the continuum robot. The proposed set-up will capture the robot from this and a 
second angle. 
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* We will not be using a DROID camera phone for this project. 
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