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Problems with previous MR-compatible force sensors have been:
-Not as accurate as conventional sensors

-Robustness not enough against the contact force to the optical fibers
-Not suitable for projection to 6-axis sensors
Proposed Sensor:

-Based on Hirose’s optical sensor with 4-segmented photo-diode unit and light source. 

-Equal to conventional force sensors with strain gauges in accuracy

-Measures forces by change of a quantity of light through the optical fibers.
-Fibers connected with elastic frame.

-Forces applied to frame cause a displacement of fiber with the light source. 

-To improve accuracy, light source was stabilized and optical fibers were fixed with the elastic frame. (Described in paper.)

-Output: Fx, Fy, Fz, Mx, My, Mz.

Issues:

-Elastic frame (acrylic resin) causes hysteresis 

-Sensor output is nonlinear, and calibration needs to account for it still. 
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-Also finds the main cause in error of measured force is mechanical oscillation of optical fiber. 
-Solves problem by fixing the encoder lens. 

-SNR determined with phantom experiments, % loss less than 3%. 
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List of fiber optic force sensors on pg7:
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Strain calculations with 3 FBG’s, pg 19:
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Total strain includes temperature strain. Therefore, elastic strain found from:
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Force to strain conversion matrix, explained in pg. 24. 
