6,1’7/&,-

INVENTEURS DU MONDE NUMERIQUE

2018 PhD Subject: Shared control of flexible needles for robot-
assisted biopsies

Needle insertion in soft-tissue is a minimally invasive surgical (MIS) procedure used for diagnostic
and therapeutic purposes, and it is one of the many surgical procedures that may greatly benefit from
the use of teleoperated robotic systems. Hence, researchers have been constantly trying to develop
new techniques and systems able to improve its safety and accuracy. Flexible needles and haptic
feedback are two of these technological advancements. Flexible needles provide the clinician with
enhanced steering capabilities, and haptic feedback enables the clinician to receive information about
the forces exerted by the needle on the soft tissue being penetrated.

In our previous works, we studied different approaches to automatically steer a flexible needle
actuated by a robotic arm, in order to accurately position its tip on a desired target by visual servoing
and 3D ultrasound imaging. However, for reasons of safety and responsibility, it would be beneficial
to provide clinicians with direct control of the motion of the medical instrument.

We propose to study innovative teleoperation systems for steering flexible needles, exploiting
grounded and ungrounded haptic stimuli for our vision-based needle insertion system, with the final
objective of maximizing the information provided, the clinician comfort, and the medical procedure’s
safety and effectiveness. The project will proceed by developing four main key aspects:

- Perception of multiple haptic stimuli. At first, we will study the effectiveness of combining multiple
haptic stimuli, focusing on force, vibrations, normal indentation, and skin stretch. We will focus on
stimuli being able to provide multi-directional information, applied to different parts of the body, such
as the hand, wrist, and forearm.

- Visual servoing. We propose to develop new ways of assistance solutions where the clinician will
keep total or partial manual control of the needle positioning. This could be achieved by sharing
different degrees of liberty of the needle between the robot and the clinician through
teleoperation.

- Shared control with haptic guidance. To help clinicians steer the needle toward the target, we will
study how to provide effective guiding haptic stimuli. Haptic feedback will be used to enforce active
constrains aimed at safely positioning the needle without damaging the tissues and also to provide
guiding information extracted from the current image.

- Safety and stability. We will work to improve existing stability control approaches to take into
account for the additional tactile stimuli, focusing on time-domain energy-based techniques, with the
objective of maximizing transparency while guaranteeing the overall safety of the system.
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Below we show a mock-up representing the envisaged teleoperation system.
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Robotic platform for needle steering: 6-dof robot hoding an 3D ultrasound probe, 6-dof robot actuating a
flexible needle, Haption Virtuose 6D haptic device.
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