


 
Design of Electronics and Instrumentation 
 One functional requirement of the design is that the instrument 
and circuit must be operable in the magnetic field created by the MRI 
scanner and the materials used must be MRI-compatible and RF 
shielded so as not to degrade the image quality by introducing 
geometrical artifact and noise or artifact into the system.  The circuit 
was built on a breadboard and enclosed in a box.  From the box, 
connectors routed cabling to 1) the retractor, 2) the power supply and 
3) the data acquisition system (DAQ).  The retractor and circuit were 
placed inside the MR room, and cables were run through the door out 
to the DAQ system and power supplies. Low pass filters in the cables 
prevented electromagnetic interference. A schematic for the system is 
shown below in Figure 2.     
 

 
Figure 2. Schematic for Retractor/Instrument System 

 
The sensors act as simple variable resistors which operate at 20MΩ at 
no load and 5kΩ at full load.  The advertised force of the sensors range 
from 0-1lbs (0-0.45kg), which is sufficient for the small forces we are 
measuring.  The circuit is a simple inverting amplifier circuit that takes 
the output of the sensor signals and amplifies them to a gain of roughly 
10.  This output signal is then routed to a National Instruments™ Data 
Acquisition Card running LabView™ software.  
 
Characterization of the Sensors 
 The force sensors on the retractor were calibrated using known 
loads.  A series of tests to understand the how the sensor reacts to 
various loading was performed.  It was found that the sensor reading is 
independent of position of contact within the sensor area, however, 
when the size of the load was greater than the size of the sensor 
measurement accuracy decreased.  This is due to the fact that some 
amount of surface roughness is necessary to activate the sensor. The 
problem was ameliorated by placing a soft landing pad behind each 
sensor to raise it slightly out of plane (approximately 2mm), which 
enabled the sensors to contact the specimen.  The calibration of the 
sensors was found to be .18 kg/V. 
 
EXPERIMENTAL APPARATUS 
 The design verification tests were performed on a gelatin 
phantom.  The phantom was used to simulate the soft tissue properties 
of the brain.  The experiments performed involved measuring the force 
at sequential displacements within the MRI scanner while capturing an 
image at each displacement. The phantom used for this experiment had 
an array of 3mm glass beads imbedded in a grid-like fashion so that 
they can be seen in the MR images. 
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