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ARecording and Modeling Mechanical Interactions
A Steps
AModelling a spring

AComplex examples:
AHapticMedSimulation
ANeedle Insertion Simulation
ATissue Cutting Simulation

AChallenges



Recording & Modeling Mechanical Interactions

Als a complex process of finding a model for
the forces acting on real objects

ASeveral methods have been proposed
AHaptic Camera. MacLean)

A Idea: haptic cameras that capture how things feel => one could interact with
that object through touch at a future point in time

ARealityBased Modelinga. okamura)

A used to enhance the haptic display of virtual environments for impact events
such as tapping

AHaptography(k. Kuchenbecker)
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Haptography

ASound used to plaigack haptic sensation
ALow frequency amplifier + filter

Dr. Felix Hamzhup- Fulbright Lecture, Bangkok University
2015



Steps for Recording and Modeling

|solate the real objeat may be rigid or deformable object

Record haptic data about the object

A lookup table is created (e.g. : time stamp| forces | positions)

Define the algorithm to execute the haptic rendering

Program for a specific haptic device (considering the device limitations)
Feedback from the use and further refining.
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Real
object
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device

data is data is haptic forces and

recorded analyzed and rendering motions are
transformed transmitted



From the RedDbject to Data

1. Isolating the object to be modeled: Realll B
A we need to think about potential interactions among the object
object and the system it belongs to it
A sometimes isolation may be difficult (e.g. surgical simulation Ty

scenario, isolate an organ from the surrounding tissue)

2. Recording data:
A Sensors with proper accuracy and precision are necessary

A Must try special interaction scenarios and observe
displacements and forces
A Understand all of the variables that affect the user input and

output forces
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From the Data to the Model

A Topology/Shape observation

Y A 3D visual model (at rest state is implementgdr deformable
tissue it may be worth using a liquid to observe the resting
shape/topology )

A A lookup table/database is created (time stamps, forces
positions)

A OrEmpirical model: find fit parameters and equations based
on data

A Or Physidased modelling, identify the parameters of the
physically meaningful model

=>A 3D Haptic model is defined

Model or
Data —— look-up
table

data is

analyzed and
transformed



From the Model to the Device

Model or

Haptic
. . look- _— ' S
AHaptic Rendering of the model: i device
ADatabase: interpolate between data haptic
pOintS rendering

AEmpirical model: compute inputs based
on the functions describing the model

APhysicshased model: same



From the Haptic device to the User

ALimitations: e
e . . aptic
A Capabilities of the haptic device device

- accuracy of the rendering

— Human

forces and
motions are
transmitted

A Capabilities of the human
operator

- the amount of force a user can .
perceiveg if the haptic device is very r" :
accurate/sensitive
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Example: Modeling a spring

Real Model or (ot
bi — Data —— look-up — PHC & Human
object e device

— N A
f=k*x;
k (N/m)

measure f, x

x (m)
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HapticMed Haptic Uselnterface
In Medical Applications

- an example
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HapticMed- Project goals

ADevelopment of a research laboratory on Haptic technology in Romania
ALow cost laparoscopic procedure training

A Obijective assessment tool

AFlexible and reconfigurable system

ANovel algorithms and ideas

AEvaluation of large scale deployment in hospitals



Focus on Laparoscopic Surgical Procedures

Skill set: Trocar insertion port |

Basic skills: e.g. spatio-visual orientation and
exploration ability, perceptual abilities, hand-eye
coordination, two handed maneuvers, objects
relocation.

Intermediate skills: knowing and correctly utilizing the
laparoscopic surgery tools for specific cases and
the ability to correctly execute the surgical
procedure.

Advanced skills: knowledge of the laparoscopic
procedures, manual dexterity and precision
control.
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From the Real Object to Data (an example)

Model or
look-up —>
table

Haptic

device —| Human

ALiver Palpation Procedure
ALiver modek deformable G e T T
Aadzal oS fAQDS X .._. .., veemd o  aswied
different stiffness Probe to measure stiffness (0.01N accuracy)

Fresh pork liver sample
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serinterfacein

Timp: 00:00:43

Pense

Raspunsul a fost salvat. J
Daca ati raspuns la toate intrebarile apasati tasta SHIFT pentru continua.
Toate intrebarile sunt obligatorii.
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Cirrhosis Liveg surface properties

Tump: 00:00:24

Pl

izualizare nodul

recventa nodul

Suprafata
Prezenta noduli

Volum

Aspect

Tumori chistice

- Raspunsul a fost salvat.
¥ Daca ati raspuns la toate intrebarile apasati tasta SHIFT pentru continua.
Toate intrebarile sunt obligatorii.
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Cystic Liver cyst palpation

Timp: 0020143

Care este forma cea mai frecventa
pentru tumorile chistice?

|‘El]’|ﬂ'1 tumort chistic
a: rolund ovalara

‘orma tumort solide

Tumort multiple

Diversitate tumori b: neregulat lobulata
Diferentiere tumori
¢: neregulat ovalara

d: rotund lobulata

e: neregulat rotunda

Pentru a raspunde trebuie sa palpati suprafata ficatului.
Raspundcti apasand de 2 ori consccutiv tasta dorita: A, B, C, D sau E.

Dr. Felix Hamza-Lup - Fulbright Lecture, Bangkok University 2015



Hepatic Livecg color distinction
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