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Abstracts 
 

Robots have been most successful in applications for which it has been possible to 
adapt the task to fit the capabilities of the robot. In manufacturing, for example, 
this has often involved redesigning the product for ease of assembly.  In medical 
applications, it is not possible to redesign the patient, but it is possible to invent 
new technologies and surgical techniques specifically designed for robotic 
minimally invasive surgery.  One such technology, concentric tube robots, is 
based on concentrically combining pre-curved elastic tubes. By rotating and 
extending the tubes with respect to each other, their curvatures interact elastically 
to position and orient the robot’s tip, as well as to control the robot’s shape along 
its length. In this approach, the flexible tubes comprise both the links and the joints of the robot. Since the actuators 
attach to the tubes at their proximal ends, the robot forms a slender curve comparable in cross section to a catheter, 
but with a substantially higher tip stiffness. Robot designs are assembled from tube sets based on the surgical 
procedure and images of the patient’s anatomy. This technology requires radically different approaches to solving the 
standard robotics problems of workspace design, kinematic modeling and real-time control. In this talk, I will discuss 
our solutions to these challenges illustrated with examples from cardiac surgery where our goal is to convert 
open-heart surgical procedures to percutaneous beating-heart procedures. 
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1 mm wide MEMS forceps mounted on a 
needle-like robot arm.  


