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• Depends on surgeon’s skills

• Precision surgery

Traditional surgery Minimally-invasive surgery
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ElectromagneticOptical
• (+) high resolution

large volume

• (-) direct line-of-sight

No intra-corporeal interventions

• (+) No direct line-of-sight

Small sensor inside the instrument



Electromagnetic

• (+) No direct line-of-sight

Small sensor inside the instrument

• (-) Sensitivity to EM interferences

Short range: < 0.5 m

Generator near to the patient
 impediment for the surgeon!

Electromagnetic 
field generator

Small sensor into the tip
of the surgical tool
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Arrangement of  TX coils

Effect of DAQ systems
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Double purpose:

System analysisPosition reconstruction



•EM interferences and field distortion

•DAQ system

•Arrangement of transmitting coils

•Motion-induced errors

•Limits of physical representation



• model of the robot (e.g., CAD)

• geometrical arrangement and
electrical properties of the
transmitting coils of the FG

• reconstruction algorithm

• experimental or simulation mode
(define custom trajectories)

• simulate measurement noise

• realtime plot and statistic of
position tracking errors

• 3D view of tracking
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Linear trajectory at 𝟔𝟎𝟎 mm from FG

When we have to set up the measurement chain, it is important to select the DAQ device according to the accuracy requirements of the system. In particular, the 
noise floor indicated in the datasheet of the DAQ device is added to the induced voltage, thus it directly affects position repeatability and accuracy. In this way, the 
choice of a low-noise DAQ device can be evaluated for the purpose of improving performance. As expected, it can be observed an increasing position error with 
measurement noise, and the behavior is quite linear. This information could be particularly useful when choosing components, considering the trade-off between 
increased cost and required accuracy.



Linear trajectory at 𝟔𝟎𝟎 mm from FG



Linear trajectory at 𝟔𝟎𝟎 mm from FG



• Virtual platform for real-time evaluation of EMTS performance

• Effect of system parameters

• Innovative EMTS prototype => place FG beyond 0.5 m 
▪ mean position error of 3 𝑚𝑚, at 60 𝑐𝑚 from FG

• Other sources of error 
• Dynamic system model
• Improved graphic and user interface
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Questions, comments and suggestions are welcome!
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