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Mechanism to rotate needle tube

Outermost, titanium tube – translation only
Pre‐curved nitinol tube – translation and
rotation
Ablator probe attached to straight nitinol tube – translation and
rotation to aim angular sectors in all directions
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• Fully MRI compatible – non‐magnetic and mostly plastic
• Safe operation – Rod locks integrated into the design
• Readily manufacturable by rapid prototype and laser cutter
• Sterilizable
5 pneumatic piston‐cylinders (graphite on glass) provide actuation:
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Construct magnetically‐shielded electronics box for 5‐dof prototype
Incorporate MR image‐based tracking
Phantom and ex‐vivo tests of robot with HIFU ablator

Next Steps

Robotic system set‐up for remote operation inside MRI scanner
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4‐DOF prototype (earlier version) was tested for control accuracy
Fiducial markers were used to locate the robot inside the scanner
With a 3T scanner, images were collected of the needle tip in the
phantom. Tip placement errors were 3.3, 4.4 and 5.4 mm.
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Experiment 2 – Phantom testing in MRI scanner
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• Nonlinear, sliding mode controller for precision position tracking
• Position feedback with MRI‐compatible optical encoders
• Pneumatic lines connect the actuators to remotely located four‐way spool
valves and pressure sensors

Experiment 1 – Bench‐top testing in free‐space

Design and Control of Energetic Systems

Laboratory for the

We designed and manufactured a robotic platform to steer the active cannula
for delivery of ultrasonic interstitial thermal therapy (USITT). The resulting
prototype meets several key design objectives:
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HIFU Ablator

5‐dof robotic platform
prototype

Robot inside the 3T MRI
scanner

For patients whose seizures are refractory to medication, surgical resection
of the hippocampus is done in less than 50% of cases, although this
procedure has a 70% rate of permanent cure. Hence, there is significant
motivation to develop a minimally‐invasive alternative to replace resection.

Over 50 million people worldwide have epilepsy—2 million in the USA. In 15
to 40% of cases, the seizures cannot be controlled by medicinal therapy.
Furthermore, patients taking anticonvulsant drugs often suffer from serious
side effects.

Clinical Background

Objective
To provide a minimally invasive treatment for
epilepsy in a closed‐bore MRI scanner
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