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Summary

» My understanding of Cognitive Surgical Robotics
» How the EU has sponsored this area
~ Key issues

» Conclusions
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Robotic Hardware
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AccuRobAs Project (2006-2009)
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~Pre-operative Phase
~Peri-operative Phase
~Intra-operative Phase

~ Palpation

» Motion Compensation

- Vienna, February 22-23,2012 23
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SAFROS: Patient Safety in Robotic Surgery (2010-2013)
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Define patient
safety in the context
of robotic surgery
Measure how
technology can
improve it

Vienna, February 22-23, 2012
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I-SUR: Intelligent Surgical Robotics (2011-2014)
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Automating tasks of increasing complexity
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Project Objectives

Identification of the key European players in surgical robotics,
(e.g. technological players, skilled end-users and EU funded
projects) from which to derive the applicable device/solutions;

Identification of the key European players in cognitive sciences
relevant to surgery, from which to derive the applicable
methods;

Creation of a glossary/ontology for cognitive surgical robotics
to specify the interconnection among devices and methods;

Specification of a reference architecture for cognitive surgical
robotics on which to test the device/method connections;

Formulation of procedures for validation of surgical robots,
their architectures and composing modules;

Identification of non-technical roadblocks, e.g. patents, ethical
and legal aspects.
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Initial Efforts

U

. Census of laboratories involved in robotic surgery
. Development of a portal for glossary/ontology

definition, linked to other similar efforts

. Development of a ROS/0Orocos based architecture

for modularity and validation

. Survey of validation benchmarking methods
. Cooperation with lawyers to assess regulatory and

legislative aspects of new technologies

. Involvement of extra-European partners as advisors

to the project, JPL and Chonnam National University
(South Korea)

Vienna, February 22-23, 2012
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Cognition should aim at Patient Safety

» Cognition should improve:

>
>

>
>
>

Medical image processing: segmentation and validation
Model computation: techniques, calibration, hardware
Simulation and planning: trajectories and virtual fixtures
Perception: haptics, 3D vision, acoustic

Execution: new surgical robots, automation & control

» Training: skills, rules and knowledge for these technologies

» Support through European projects

Vienna, February 22-23, 2012
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Virtual model creation

Each step corresponds to a software module

DICOM dataset Segmented image 3D model

Repeat for each organ of interest

However, how do we validate the segmentation?
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Typical performance: easy environments

Task: countour an epatic tumor by 6 different radiologists

Vienna, February 22-23, 2012 22
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Task: contour pancreatic parenchyma
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Task: contour healthy pancreatic parenchyma
(6 different radiologists)



Consensus on pathological organs

Task: contour healthy pancreatic parenchyma
(6 different radiologists)



Segmentation Validation of Pathology?

Y

N This is the only area

that all 6 radiologists
agreed to be healthy

Model generation depends on the radiologist: we are
investigating what are the factors influencing such largely
different diagnosis
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Embedding Cognition in Simulator

Should we design for
“realism” by achieving:
dynamic behaviour of
soft tissues,
haptic frame-rate
realistic zooming
surgical procedures
or maintain a “cartoon-
like” appearance?

Is the Uncanny Valley a
real problem?
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Organ Reconstruction
»Aiming at automatic planning or intra-operative assistance
»Tradeoff between computational complexity and errors

»Two representations:
»Graphical

»Physical

Vienna, February 22-23, 2012
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Force Feedback: yes or no?

»Current system lacks haptics:
»Surgeons who use it are happy
»Surgeons who do not use it would like to have it
~Robot strong enough to damage tissues
»Qut of sight motion difficult to control (navigator)?

~Research issues:
»Can FFB be substituted by visual cues?
»How would synchronization affect perception?
~How is perception affected by sampling time (1KHz)?
»How do you satisfy regulatory issues?
» Autonomous motions
» Software validation

Vienna, February 22-23, 2012
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Robot Modeling and Monitoring
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Goal Model decomposition

Surgicalinterface

>

L Structural Model

toSensing

1
L1

-

-
-
-
-
-
-
-
-
-
-
-
-

Vienna, February 22-23, 2012

toRobot

RobotControl

L3

\g

toSurgeon

toSensing

SensingReasoning

i

]toSurgeon

toRobot




CogSys 2012

5t Int. Conference on Cognitive Systems

P u n Ct u ri n Ta S k % SI: Surgicalinterface RC : RobotControl| | SR : SensingReasoning
g HS : Surgeon
1: StartSurgery
UML Sequence Diagrams: EE > DetoctAreas
Scenarl (0 153 Of 3 : AreasDefinition

Interactive Behavior

[Conﬁguringlceball ]

4 : Validatelceball

6 : IceballConfiguration

Exam ple . 5 : IceballConfiguration

Needle insertion loop Needlelnsertion 7 SelectNeed

and Adaptation [PlannedNeedles] =

relatEd tO tOUChing InsertingNeedle
Forbidden Region 8 MoritorNeede

alt FRAdaptation )

[FRTouched] 10 : FRTouched 9 : FRTouched

[ Extracti ngNeedIe]

[else] 11 : MovePerformed

[ ChangeNeedle ]

Vienna, February 22-23, 2012




CogSys 2012

5t Int. Conference on Cognitive Systems

Puncturing Task
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Task Planning and
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I-SUR setup Twin Serial Manipulator (developed by ETH)
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Conceptual Evaluation Sequence

Training
strategy
Constructionism
Adult learning principles
Information Processing
Skill-based i} Knowledge The Rasmussen’s
level El\jlleel based -based SRK framework
level
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