1. MRI-compatible Micromanipulator

Yoshihiko Koseko et al. / National Institute of Advanced Industrial Science and Technology, Japan

· System: A two-fingered micro-hand for chopstick motion

· Use: for the micro-scale manipulation inside the MRI gantry

· Materials: finely tapered glass (finger), acrylic plastic (robot body)

· Actuator: PZT (metallic parts are shielded), parallel mechanism.
· Sensor: strain gauges bonded on PZT (position)

· MR-compatibility: compatible with 2-Tesla MRI

· Issues: 
- MRI causes noise in the strain amplifier ( the manipulator will not move during MRI scanning.
- No distortion, but some artifacts caused by wiring of manipulator

· Conclusion: FBG as a solution
2. Magnetic resonance imaging-compatible, three-degrees-of-freedom joystick for surgical robot

Juha Harja et al. / University of Oulu, Finland

- System: 3DOF(X,Y,Z) joystick for position control of a surgical robot

- Use: for the surgical operation inside the MRI device

- Materials: Plastic, brass, aluminum, silicone
- Sensor: optical fiber (for target-illumication and collecting the reflected light)

- Data transmission: optical fiber between joystick and control box
- MR-compatibility: Tested in 0.23 Tesla MRI, should be placed 15cm away from the phantom object

- Issues: losses caused by fibers and warming of the transmitter LEDs ( decrease voltages changes and light power
3. Design and validation of a MR-compatible pneumatic manipulandum
Aaron J. Suminsku et al. / Marquette University, USA


- System: 1DOF pneumatic-actuated manipulandum

- Use: for monitoring and perturbing wrist motion during fMRI scanning 

- Actuator: pneumatic (compressed air by brushless DC compressor) 

- Sensor: pressure transducer (wheatstone bridge, piezoelectric) Mylar film optical encoder
- MR-complatibility: 3-Tesla MR scanner ( operation of manipulandum during fMRI scanning does not induce any significant artifacts. 20 human subjects tested.
4. The case for MR-compatible robotics: a review of the state of the art
Haytham Elhawary et al. / Imperial college, UK

- MR-safety: not present any additional risks to any individual, although it may affect the quality of the diagnostic information
- MR-compatibility: In addition to MR-safety, not affect the diagnostic quality of the image
- MR-compatible materials


- magnetic susceptibility should be close to that of air



- ferrous materials should be avoided and attached to fixed structure


- when using non-magnetic metals, consider its conductivity


- if a selected material is processed (i.e. machining, polishing, …), 

re-evaluate its MR-compatibility.

- MR-compatible actuations
- traditional EM actuators located outside the scanner room, motion is transmitted via mechanical transmission, such as cables, belts, or hydrostatic method.
- (most frequently reported methods) piezo-ceramic actuator inside the scanner room, but at a distance from the scanner isocenter. ( one drawback is electrical circuitry to produce high voltage.

- Piezo-ceramic moter and electronics in a shielded enclosure

- Pneumatics 


- MR-compatible position and force sensor


- Position

- conventional optical encoder , some ferroud materials are replaced, data transmission via optical fibers.

- potentiometer, made of non-magnetic materials, but generally outside the scanner room



- Force

Photo sensors for force measurement and optical fibers for data transmission
