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Minimally Invasive Surgery (MIS)

Set of surgical techniques characterized by the use of access routes that minimize the trauma.

(American Heart Association, [2017])
Cardiac Catheterization in MIS
A Performed using manual catheters
A Exploitedfor angioplastyaneurysm
repairandelectrophysiology
A Poorcontrollability

ContinuumManipulators

A Flexible surgical cathetevsith
automaticor semtautomaticcontrol

A Enhanced steering capabilities

A Highprecision steering in the
endovascular network

(Al et al. [2016])



State of the Art

Endovascular Catheters

Multiple catheters for endovascular procedures have been designed.
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(BurgneFKahrset al. [2015])

Tendon actuation commonly used for endovascular catheters navigation with high
accuracy

Limits:
A Buckling and friction of the tendons and ¢
effectiveness

A Higher risk of complications for endovascular and cardiac repair
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Introduction

Magnetic Actuation System

MagneticActuationSystemsllowto solvetheselimitations
MagneticCatheter

Magnetic

A ion
Catheter CHUatio

Control

A Magneticcomponent on these
A Flexiblestructure
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Introduction

Magnetic Actuation System

Actuation: BigMag Platform

Six mobile coils

outthe position,orientation
ionof the magneticcatheter

R stinFeribacks® tuationsystem .
A ?Mt%&@lé@t%@ém@@ié df%ﬁé?{gh&aéémlﬂ)

A SphericaWorkspace (10crdiameten
A Automatedinserterof continuummanipulators
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Aim of the Project

Toperformavalidation2 ¥ . A Acauati@nachanism areal time localizationof the
magneticcatheteris needed

. Development of amxperimentalsetup, forcathetersusedin SRLexploitingcamera
mountedon BigMag

Development of a trackinglgorithmto obtaininformation on thecatheterin the
workspace withaccuracycomparableto literature.
A Implementationof acinematicmodel of thecatheter

. Implementationand evaluationof adynamicmodel of thecatheter exploitedfor
. A 3 a acwddansystem, tamproveits accuracyin the estimate of thdip
position
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State of the Art

Tracking Systems

Parameterdor accurateactuationand
control of the magneticcatheter.

A Shapeeconstruction
A TipPosition
A Orientationin the workspace

Tracking Systems: State of the Art

A Optial Tracking -
A UltrasoundTracking

A Electromagnetidracking

(YoungKo et al. [2011]) (Camarillo et al. [2008])
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Materials and Methods

Project Structure

Two Algorithmshavebeendeveloped

AlgorithmModel-Based
Linearfitting technique

(CinematidViodel)

Giuseppe Bucchi

AlgorithmModel-Based

PseudeRigidBody Model
technique (PRBM)

(KnownDynamicModel)

Model ConstantStiffness
Model VariableStiffness
Model Luenberger
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2. Materials and Methods

Stereo Vision and Synthetic Datasets

. AJal 3Qa { US NR2rthayohalalsasyhie laBed1 4G cdmerds already calibrated

Datasetsfrom Stereo Vision System: /10 K DessgNI a

1. 85 pointcloudsof a 3Dprinted objectwith knowncomplexcurvature ﬁ (53(3:/rlr|]nLder:]catEody
2. 1640 pointcloudscollectedduringthe motion of areal magnetic g

) ) . A 2mmdiameter
catheterperforminga circulartrajectory A 6mm diameteron thetip

SyntheticDatasetsfrom CAD Software

A Analogous | (i K Désping a
A PointCloudsExtraction

|5
wwig «

3mm

1mm

1. 90 pointcloudswith knowincreasingcurvature
2. 200 pointcloudswith knownvariablebending angle

Features:
A White noiseadditionto synteticpoint clouds
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2. Materials and Methods

Linear Fitting Algorithm

Point Cloudsfrom First Joint
StereoVisionSystem Evaluation

DEICEEIS

Points
selection

Linear Fitting Algorithm

© Fitted Origins
o Initial Dataset
© Selected Points
Model Links

Remove
UsedPoints
from
Dataset

x-axis (mm)

=

LinearLeast

New Joint
A lterative process Evaluation
A Variablen® of segments
A RegressioModel

Square
Function
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2. Materials and Methods

PRBM Algorithm

D NB A PkeNd6RigidBody Model

A Rigidlinksconnectedby rotational joints

A Only3 segmentgo reducecomputational
cost and tosimplifythe evaluation

(Greigarn et al. [2014])

Basedon aDynamicModel of the Catheter

A Equilibriumbetweenmagneticwrenchappliedby
BigMag andnternalbending moment okach
joint i

A SLI[ B R Externalforce and torque

A RL %My Moment of internal forces

A % StiffnessMatrix

(Sikorski et al. [2017]) (Roesthuisand Misra[2016])
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