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Research question: How can Permanent Magnets be used to Steer a Needle for use in Minimally Invasive Surgeries?

Overview Permanent Magnet Design

Moving Forward

This research aims to provide surgeons with a way to conduct more
complex surgeries with increased precision and control in a minimally
invasive manner. By utilizing a robotic arm to control a permanent magnet
setup, the corresponding magnetic field direction and magnitude can be
precisely controlled. The main objective of this project is to demonstrate a
viable system for magnetic needle steering using this permanent magnet
setup in a realistic tissue-like medium. In addition, a novel tracking system
based on tension forces in the needle tether is utilized in order to
determine the location and orientation of the needle.

Current Experimental Setup

Objective:  Design a permanent magnet setup that allows for precise 
control of the needle inside of tissue medium. 8 N52 magnets arranged in 
modified Halbach array configuration.  These magnets will be responsible 
for control of the needle and will be mounted on the robot end-effector

Design Variables under Consideration:
• Dx – X- distance space between the two inward-facing modified arrays 
• Dy – Y−distance space between the two inward−facing modified  arrays
Modes of movement:
• Rotational (Desired)
• Translational Y-direction (Desired)
• Translational X-Direction (Undesired)
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Robotic Arm
 6 Degrees of Freedom (DOF) 

achievable by end effector
• 7 Stepper motors 

 Utilizes Motor Drivers in Conjunction 
with Arduino to power and control 
motors

 3D Printed Components using 
Stratasys Dimension 1200es SST with 
ABS ivory

Linear Bearing System-DC 
Motor Tracking System

 80/20 Linear Bearing System
 12V Planetary Gear DC 

Motor with 721:1 Gear ratio
 Encoder measuring 48 

counts per revolution
 Tranducer Techniques GSO 

series 250-gram load cell

Permanent Magnet Simulation Using Finite Element Method Magnetics 
(FEMM) and MATLAB

The magnetic field of the permanent magnet system is simulated using 
FEMM and the forces in x and y directions, and torque are calculated.  
MATLAB is utilized in conjunction with FEMM to iteratively test various 
values for 𝜃 (rotation), x-translation, and y-translation of the needle.  These 
simulations are used to determine the optimum Dx and Dy spacing to 
enable successful rotational and translational steering.  

 Finalize communication setup between control software, position 
tracking, and robotic arm via Arduino 

 Verify position tracking system-relating the strain gauge readings to 
the number of revolutions of the DC motor shaft to determine 
position and orientation of the needle 

Experimentation:
 Design experiments to demonstrate the viability of using this 

permanent magnet system to steer a needle for use in minimally 
invasive surgeries

 Analyze the accuracy of novel tracking system by comparing known 
positions with calculated positions

Magnet Simulation Results

Unstable Equilibrium Point 
• Desired Translational Y-direction Movement Successful 
• Desired Rotational Movement Successful
• Potential Undesired Translational X-direction Movement
How to Implement?
• Fast Feedback Control 
• Complex, Comprehensive tissue model 


