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Introduction

Cardiac Catheterization

Minimally Invasive Surgery (MIS)
Set of surgical techniques characterized by the use of access routes that minimize the trauma. 

Cardiac Catheterization in MIS
Å Performed using manual catheters 
Å Exploitedfor angioplasty, aneurysm

repairand electrophysiology
Å Poorcontrollability

Continuum Manipulators

Å Flexible surgical catheterswith 
automaticor semi-automaticcontrol

Å Enhanced steering capabilities
Å High-precision steering in the 

endovascular network

(American Heart Association, [2017])

(Ali et al. [2016]) 

2/19



Fare clic per modificare lo stile del titolo

Giuseppe Bucchi

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Multiple catheters for endovascular procedures have been designed. 

Tendon actuation commonly used for endovascular catheters navigation with high 
accuracy

Limits:

Å Buckling and friction of the tendons and cables tend to surface, limiting the solutionôs 
effectiveness

Å Higher risk of complications for endovascular and cardiac repair

Endovascular Catheters

(Burgner-Kahrset al. [2015])

State of the Art
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Actuation

Control

Magnetic
Catheter

Introduction

Magnetic Actuation System

MagneticActuationSystems allow to solve theselimitations
MagneticCatheter

Å Magneticcomponent on the catheter
Å Flexiblestructure

Actuation

Control

Magnetic
Catheter

4/19



Fare clic per modificare lo stile del titolo

Giuseppe Bucchi

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Actuation: Big MagPlatform

Å Strong Fields (40-50 [mT])
Å 6 Mobile ElectromagneticCoils
Å SphericalWorkspace (10cm diameter)
Å Automatedinserterof continuum manipulators

Actuation

Control

Magnetic
Catheter

Introduction

Magnetic Actuation System

Control:

(Sikorski et al. [2017])

Actuation

Control

Magnetic
Catheter

1. MagneticActuator ( BigMag Platform)

2. SensingSystem

Å Information about the position, orientation
and configurationof the magneticcatheter

Å Feedback to the actuationsystem
Å Evaluation of the ŀŎǘǳŀǘƻǊΩǎperformance
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Aim of the Project

To perform a validationƻŦ .ƛƎaŀƎΩǎ actuationmechanism, a real time localizationof the
magneticcatheter is needed

1. Development of an experimentalsetup, for cathetersusedin SRL, exploitingcameras
mountedon BigMag

2. Development of a tracking algorithmto obtain information on the catheterin the 
workspace with accuracycomparableto literature.
Å Implementationof a cinematicmodel of the catheter

3. Implementationand evaluationof a dynamicmodel of the catheter, exploitedfor 
.ƛƎaŀƎΩǎ actuationsystem, to improveits accuracyin the estimate of the tip
position

6/19



Fare clic per modificare lo stile del titolo

Giuseppe Bucchi

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

State of the Art

Tracking Systems

Parametersfor accurate actuationand
control of the magneticcatheter:

Å Shapereconstruction
Å TipPosition
Å Orientationin the workspace

Tracking Systems: State of the Art

Å Optical Tracking
Å UltrasoundTracking
Å ElectromagneticTracking

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

TwoAlgorithmshavebeendeveloped

AlgorithmModel-Based: 
Linear fitting technique

(CinematicModel)

AlgorithmModel-Based:

Pseudo-Rigid-Body Model 
technique (PRBM)

(KnownDynamicModel)

Model ConstantStiffness
Model VariableStiffness
Model Luenberger

Project Structure
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2.  Materials and Methods

Stereo Vision and Synthetic Datasets

/ŀǘƘŜǘŜǊΩǎDesign 
Å CylindricalBody
Å 5cm Length
Å 2mm diameter
Å 6mm diameteron the tip

Features:
Å White noiseadditionto synteticpoint clouds

SyntheticDatasetsfrom CAD Software

.ƛƎaŀƎΩǎ {ǘŜǊŜƻ ±ƛǎƛƻƴ {ȅǎǘŜƳ Υ 2 orthogonal DalsaGenie Nano-C1940 cameras already calibrated

Datasetsfrom Stereo Vision System:
1. 85 point cloudsof a 3D printed objectwith knowncomplexcurvature
2. 1640 point cloudscollectedduringthe motion of a realmagnetic

catheterperforminga circulartrajectory

Å Analogous/ŀǘƘŜǘŜǊΩǎDesign
Å Point CloudsExtraction

1. 90 point cloudswith know increasingcurvature
2. 200 point cloudswith knownvariablebending angle
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First Joint

Evaluation
Points 

selection

Linear Least
Square

Function

New Joint 

Evaluation

Remove
UsedPoints 

from 
Dataset

2.  Materials and Methods

Linear Fitting Algorithm

Å Iterative process
Å Variablen° of segments
Å RegressionModel

Datasets

Point Cloudsfrom
syntheticmodels

Point Cloudsfrom
StereoVisionSystem
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2.  Materials and Methods

PRBM Algorithm

Å Rigidlinksconnectedby rotational joints

Å Only3 segmentsto reduce computational
cost and to simplifythe evaluation

Å Equilibrium betweenmagneticwrenchappliedby 
BigMag and internalbending moment of each
joint i

Å �S L �B�ç �R�ç Externalforce and torque 

Å �R�ÜL �%�M�� �á�Ü Moment of internal forces 
Å �% StiffnessMatrix

DǊŜƛƎŀǊƴΩǎPseudo-Rigid-Body Model

(Greigarn et al. [2014])

(Roesthuisand Misra [2016])

Basedon a DynamicModel of the Catheter

(Sikorski et al. [2017])
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