Visual Servoing for Automatic and Uncalibrated Percutaneous Procedures

The goal of our project is minimally invasive pelvis access and evacuation. That is to develop a system to let the cannula access the target part of pelvis in a minimally invasive way, and then evacuate the lesion in the pelvis and fill some materials in it. In this project medical robot play a very import role to navigate the cannula and hold the cannula in the surgery. 

The papers (1,2,3) are concentrated on how to guide robot in percutaneous procedures. (3) is a traditional one, which using registration between the robot, image system and patient. (1), (2) introduces new procedure to guide the robot.

The idea of  (1) is using projective geometry and visual servoing to realize image-based approach for semi-automatically guidance of needle or surgical tool during percutaneous procedures. Many systems using visual control have been proposed in the field of minimally invasive surgery to control motion of a camera or an endoscopic instrument. This paper first introduces the visual-servoing using X-ray fluoroscopy. 

No needs of time-consuming pre-operative registration procedures between robot, imaging system and the patient’s anatomy, no needs of cumbersome bi-planar X-ray systems in OR, no needs to calibrate the system prior to use make this robot control method promising.

In this system, imaging is provided by a uniplanar X-ray fluoroscope. First lesion has to be identified on the X-ray image and an appropriate insertion point has to be chosen. Then, the robot with the needle fixed to its end-effector is moved in order to place the needle tip at the chosen insertion point on the patients skin. During the alignment process the robot moves the needle only around its tip.

Before alignment the insertion point should be identical with the needle tip. It required, the target, the entry point and the distal end of needle are visible in the image. The physician defines the target point by clicking on the X-ray image. And then the goal of alignment process is to rotate the needle around the fixed entry point to achieve alignment with the target structure. This is performed by the robot from 2 arbitrary and uncalibrated X-ray views.

They use 3 different robot: Neuromate, LARS, RCM to do the experiment. These robots have different characteristics in size, kinematics, working volume and dynamics. The first experiment they did is using CCD-camera for image acquisition. 

 In CCD Image experiments, they use small black balls with diameter of 4mm as targets. The distance between needle tip and the targets was approximately 60mm. They conducted 60 different automatic target alignments. The mean and maximum deviations were 0.2mm and 0.38mm. The mean error in estimated insertion depth was 0.43mm. They are also successful to insert needle into a pig-kidney by using uniplanar mobile X-ray fluoroscope.
This paper proposes a simple and accurate method for semi-automatic needle placement, using visual servoing and principles of projective geometry. The only human interaction required by the system is the choice of the needle insertion point on the patient and the manual definition of the target point on a computer display showing the X-ray images of 2 arbitrary views. This method requires no additional sensors, no stereotactic frame and no prior calibration using a phantom or fiducial markers. This is a serious alternative to other needle placement techniques, which require cumbersome and time-consuming calibration procedures.
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