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Minimally Invasive Surgery (MIS)
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Tactile sensing in MIS
Capacitive:
Change of electrical capacitance of the dielectric medium separating electrodes
● Needs humidity calibration [3]

● Sensitive to electromagnetic noise [3]

Optical: 
Light transmission through an optical fiber to a detector
● Bulky
● High power consumption [3]

● High cost [3]

CAD of a capacitive tactile sensor for MIS [1]

Prototype of an optical tactile sensor for MIS [2]

[1]:A. S. Naidu, R. V. Patel and M. D. Naish, "Low-Cost Disposable Tactile Sensors for Palpation in Minimally Invasive Surgery," in IEEE/ASME Transactions on Mechatronics, vol. 22, no. 1, pp. 127-137, Feb. 2017, doi: 10.1109/TMECH.2016.2623743.
[2]: H. Xie, H. Liu, L. D. Seneviratne and K. Althoefer, "An Optical Tactile Array Probe Head for Tissue Palpation During Minimally Invasive Surgery," in IEEE Sensors Journal, vol. 14, no. 9, pp. 3283-3291, Sept. 2014, doi: 10.1109/JSEN.2014.2328182.
[3]: Othman Wael, Lai Zhi-Han A., Abril Carlos, Barajas-Gamboa Juan S., Corcelles Ricard, Kroh Matthew, Qasaimeh Mohammad A., “Tactile Sensing for Minimally Invasive Surgery: Conventional Methods and Potential Emerging Tactile Technologies” , 
      Frontiers in Robotics and AI  vol 8, 2022
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Device: Palpaxis
Magnetic: 
Change in magnetic field detected by the Hall effect
● 3D detection
● Magnetic stray field immunity
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Device: Palpaxis

Palpaxis mounted on a Minimally Invasive Surgical instrument Palpation in Minimally Invasive Surgery
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Device: Palpaxis

Architecture of Palpaxis, the tactile sensing surface

● Layer architecture
● Surface of 45[mm] x 25[mm] for 24 taxels
● Physical pitch 7.56 [mm]
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Design parameters

[4]: N. Dupré, Y. Bidaux, O. Dubrulle and G. F. Close, "A Stray-Field-Immune Magnetic Displacement Sensor With 1% Accuracy," in IEEE Sensors Journal, vol. 20, no. 19, pp. 11405-11411, 1 Oct.1, 2020, doi: 10.1109/JSEN.2020.2998289.

[4]
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Working principle
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Working principle
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Working principle
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Working principle

Mechanical rest under variant magnetic stray field
-> Sensor is stray field immuneExperimental setup for Bstray
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Working principle
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Hardware optimization

Dimensional constraint -> miniaturized version
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Chip-on-board

● Strip of 31[mm] x 6.5[mm] for 16 taxels
● Physical pitch: 3.30[mm]
● Elongated shape to fit on a trocar 
● Enhance spatial resolution
● Bare dies
● Flip chip assembly 
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Recapitulation of characteristics

Parameter  Value

Resolution Weight of a peanut, around 0.3 [mN]

Maximum sensed Normal Force 6 [N]

Top layer High compliance 
Biocompatibility 
Weak tissue slippage



Thank you for your attention!
Questions? 
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Experimental setup for 
indentation and force calibration
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Helmholtz coils
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Experimental setup for stray field effect
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Stray field immunity
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Recapitulation of characteristics

Parameter  Value

Number of taxels 16 taxels / 24 taxels (depending on hardware model)

Physical pitch (center-to-center distance of chips) 3.30[mm] / 7.56[mm] 

Spatial resolution Lower than pitch: machine learning model

Scan rate >= 100[ms] per acquisition 

Resolution Weight of a peanut, around 0.4 [mN]

Maximum sensed Normal Force 6 [N]

Top layer High compliance - Biocompatibility - Weak tissue slippage



28

Device: Palpaxis

Goal is to perform palpation in minimally invasive surgery Architecture of the device

Surface of 45[mm] x 25[mm] for 24 taxels
Physical pitch 7.56 [mm]


