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Medical Robotics: 
Robotic Surgery and Robotic Rehabilitation
September 14-16 2010

Dear Colleague 

On behalf of the UK Focus for Biomedical Engineering I would like to warmly welcome you to Reading University and
the 2010 Young Researchers’ Futures meeting on ‘Medical Robotics in Surgery and Rehabilitation’.

The UK Focus for Biomedical Engineering (hosted by The Royal Academy of Engineering) provides a forum through
which the principal organisations concerned with biomedical engineering can communicate, debate and work
together to improve the diagnosis and treatment of major medical conditions. The Young Researchers’ meetings aim
to bring together the most excellent early-career researchers to showcase their work, network and receive guidance
from leading experts. 

Medical robots for surgery and for rehabilitation have been around for less than 30 years, but both have seen a
resurgence due to the needs of the increasing elderly population.  

It is not just the traditional aspects of robot, such as mechanisms, electronics, control and associated software that
have seen an increase in activity. In robotic surgery, associated support activities are also being developed in imaging,
patient-specific modelling and planning, sensing and intra-operative imaging, together with an improved knowledge
of clinical requirements. Clinical applications are particularly demanding, with the need for regulatory requirements
and patient safety taking precedence. There is a similar emphasis on safety for rehabilitation, since robots are used
next to patients and medical staff in both surgery and rehabilitation. There is thus a commonality in the technology
and the application needs which will benefit researchers in both areas.

The current UK development of medical robots in clinical use is small, but there is a large research in supporting
technologies, which can benefit from an increased knowledge and awareness. The Royal Academy of Engineering
Young Researchers’ Forum presents an excellent networking opportunity for those who will become leaders of
research and development in the UK in coming years.  It is intended that, in addition to presenting their own work, all
participants will take an active part in discussions in order to provide alternative viewpoints for researchers and to
widen their own experience.  Contributions from experienced mentors, who have an established reputation in the
field, will also provide a unique opportunity for participants to further their knowledge.

We are also very grateful for the financial support from our sponsors and supporters; the Wellcome Trust, EPSRC, and
Renishaw Ltd.  On behalf of the UK Focus group for Biomedical Engineering and our sponsors, we wish you a highly
successful and enjoyable conference. 

Yours sincerely,

Professor Brian Davies, FREng, 
RAE. Focus group organising committee 

UK Focus for
Biomedical Engineering

Sponsored by

Supported by
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PROGRAMME

DAY ONE September 14 2010

2:00pm: Start. 
Gordon Theatre

Welcome & Overview: Professor Brian Davies
Organisation & Housekeeping: Professor William Harwin

2:15-2:45pm Expert talk
Impedance Mismatch: Some differences between the way humans and robots control
interaction forces
Professor William Harwin, University of Reading

Session One: Haptic systems

2:45pm Michael Bowler (University of Hertfordshire) 
The use of haptic force-feedback devices as assistive technology 
and assessment tools for the rehabilitation of upper limb impairment

3:10pm Lisa Benson (University of Hertfordshire)
An explorative study into the use of haptic digital technology, with particular emphasis
on blind and/or partially sighted people, within the domain of design practice

3:35pm Pinyo Puangmali (Kings College London) 
Miniature multi-axis force sensor for minimally invasive tissue palpation

4:00-4:15pm Tea break

Session Two: further Haptic systems

4:15pm Hongbin  Liu (Kings College London) 
Rolling mechanical imaging for tissue abnormality identification during minimally
invasive surgery 

4:40pm Brian Tse (University of Reading) 
Software and hardware development of a haptic dental training system (hapTEL)

5:05pm Panagiotis Polygerinos (Kings College London) 
Miniaturised MRI compatible force sensing for cardiac catheterisation procedures

5:30pm Wei Yao (Kings College London)
Robotic radiation-free imaging guidance system for ablation of arrhythmias 

5:55-6:30pm Expert talk
Robot Animats: investigating the computational capacity of cultured neuronal networks
in a closed loop
Dr Slawek Nasuto, University of Reading 

6:30pm Close 
(check in to rooms Sherfield Hall)

7:00pm Dinner 
St Patrick's Hall

6:30-11:00pm Cash Bar
Sherfield Hall JCR
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DAY TWO September 15 2010

Session Three: Flexible robotic systems.

9:15am Gordon Theatre

9:15am Ka-Wai Kwok (Imperial College) 
Control of articulated snake robot under dynamic active constraints

9:40am Matthew Old�eld (Imperial College) 
Modelling detailed tool-tissue interactions in the development of a �exible medical probe

10:05am Luca Frasson (Imperial College)
Proof-of-Concept and design optimisation of STING, a bio-inspired �exible and steerable probe
for soft tissue surgery

10:30am Seong Young Ko (Imperial College)
A bio-inspired �exible probe for soft tissue surgery: two-dimensional closed-loop steering
control

10:55-11:10am Co�ee break
SSE Common room

11:10-11:40am Expert talk
Robotic Cochleostomy
Professor Peter Brett, Brunel University.

Session Four: Robotic Ear surgery

11:40am Maoud Zoca Assadi (Aston University)  
Mechatronic solutions for measuring disturbance levels within a cochlea. 

12:05pm Xinli Du (Aston University) 
A smart surgical robotic for cochlear implantation

12:30pm Leonardo Mattos(Italian Institute of Technology) 
A novel robotic system for laser phonomicrosurgery

1:05-2:05pm Lunch 
SSE Common room

2:05-2:35pm Expert talk 
Active Constraint Robotic Surgery
Professor Brian Davies, Imperial College

Session Five: : Robotics for orthopaedic applications.
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2:35pm Andreas Kontaxis (Newcastle University) 
Investigation of how pre-operative planning and guided/accurate surgery can optimise a
shoulder joint replacement

3:10pm Ryo Takeda (Imperial College) 
Usage of industrial manipulator for joint biomechanical testing

3:35pm Milad Masjedi (Imperial College)
Acrobot

4:00pm Daniel Raabe (Bristol University) 
Robotic reduction of complex joint fractures

4:00-4:15pm Tea
SSE Common room

4:15-4:45pm Expert talk
The Neuromate neurosurgery robot
Dr Finlay Evans, Renishaw Ltd.

4:45-5:00pm Discussion

5:00pm Close of Session

6:00-7:00pm Invited Keynote talk
Clinical experience with the Sensai robot for endovascular surgery
Colin D Bicknell BM MD FRCS, St Mary’s Hospital, London
St Patrick's Hall

7:00pm Dinner
St Patrick's Hall

6:30-11:00pm Cash Bar 
Sherfield Hall JCR 
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DAY THREE September 16 2010

9:15-9:45am Expert talk 
Robots for neuro-rehabilitation - what is the evidence base?
Professor Garth Johnson, University of Newcastle 

Session Six: Training systems

9:45am Matthew Rowe (University of Reading) 
Visualisation of Matlab plots for science, maths and engineering students with a visual
impairment

10:10am Asif Hussaain (Imperial College) 
A safe low-cost robotic system for diagnosis, assessment and treatment of motor skills

10:25am YaroslavTenzer (Imperial College)
On simulating realistic tool-tissue interactions for robotic surgical simulation and training

10:50-11:05am Co�ee break
SSE Common room

Session Seven: Vision systems for Robotic Surgery.

11:05am Neil Clancy (Imperial College) 
Optical imaging techniques in robotic-assisted minimally-invasive surgery 

11:30am Alexander Russell Warren (Imperial College) 
Gaze-contingent registration

11:55am Kenko Fujii (Imperial College) 
Stealth calibration eye tracking in robotic minimally invasive surgery

12:20-12:35pm Discussion

12:35pm Session close 

12:45pm Lunch 
SSE Common room

14:00pm Depart
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DELEGATES LIST

Mentors

Colin Bicknell BM MD FRCS St Mary’s Hospital, London

Professor Peter Brett CEng FIMechE Brunel University

Professor Brian Davies FREng CEng FIMechE Imperial College London

Dr Finlay Evans Renishaw Ltd

Professor William Harwin CEng FIMechE University of Reading

Professor Garth R Johnson FREng CEng FIMechEUniversity of Newcastle

Dr Slawomir J Nasuto University of Reading

Researchers 

Lisa Jane Bowers (Ne Benton) University of Hertfordshire

Michael Bowler University of Hertfordshire

Neil Clancy Imperial College London

Leonardo S DeMattos Italian Institute of Technology, Genoa

Xinli Du Aston University

Luca Frasson Imperial College London

Kenko Fujii Imperial College London

Asif Hussain Imperial College London

Seong Young Ko Imperial College London

Andreas Kontaxis University of Newcastle

Ka-Wai Kwok Imperial College London

Hongbin Liu Kings College London

Milad Masjedi Imperial College London

Matthew Old�eld Imperial College London

Pinyo Puangmali Kings College London

Panagiotis Polygerinos Kings College London

Daniel Raabe University of Bristol

Matthew Rowe University of Reading

Ryo Takeda Imperial College London

Yaroslav Tenzer Imperial College London

Brian Tse University of Reading

Alexander Russell Warren Imperial College London

Wei Yao Kings College London

Maoud Zoka Assadi Aston University
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Mentor Biographies



The Royal Academy of Engineering 9

Colin D Bicknell BM MD FRCS, 
St Mary•s Hospital, London
Colin Bicknell is a Senior Lecturer in surgical technology and Consultant
Vascular Surgeon at Imperial College Biomedical Research Centre, London,
UK. The Imperial College Vascular Unit is the largest National referral centre
for thoracoabdominal aneurysm surgery and endovascular surgery in the
UK. He is also Deputy Undergraduate Vertical Theme Head for Ethics,
Professionalism, Leadership and Management at Imperial College and
Lead Clinician, NW Thames Aneurysm Screening programme. He is lead for
the St Mary’s site on the Vascular Quality and Governance Committee 

His research interests are primarily the application of novel technologies to
improve surgical techniques most notably in the field of endovascular
surgery. He has a particular interest in robotic and navigational strategies
to enhance collaboration for complex endovascular interventions. He has
worked with a team at Imperial College exploring the advantages of
robotic endovascular catheters and 3D navigation in the vascular tree,
which has led to initial trials of these catheters in man.

Title of presentation (keynote)
Clinical experience with the Sensai robot for endovascular surgery

Abstract
Vascular surgery is a rapidly evolving speciality driven largely by new
advances in technology, most notably the advent of endovascular therapy.
In a population with atherosclerosis, co-morbidity is often significant and
hence complex open operations carry significant risk. The number of
endovascular procedures has steadily risen as a result of technological
advances, but is not applicable to all, and complex cases may be
technically demanding. Endovascular intervention for aortic aneurysm is
only possible in approximately 40-50 percent of patients. New-generation
and custom-made fenestrated devices have allowed the treatment of
more complex aortic pathology but even with these devices, anatomical
factors still present many challenges. For endovascular therapy at the level
of the aortic arch and the supra aortic branches (including thoracic,
carotid, subclavian, coronary vessels and now aortic valve intervention),
anatomical difficulties also present a problem but the primary risk during
procedures is cerebral embolisation and stroke.

Work has focused on the integration of new technology to enhance aortic
and aortic branch endovascular procedures using 3D navigation and
robotic steerable catheter systems. These methods may overcome the
technical difficulties presently encountered during intervention-improving
accuracy with tortuous iliac access vessels and angled target vessels as
well as decreasing catheter manipulation and potential for embolisation. 

Initial in-vitro research has demonstrated a distinct advantage for
operators using the Hansen robotic endovascular system in terms of
performance metrics. This initial research encouraged the team at Imperial
to perform the first human case of robotic aneurysm repair in the world. A
clinical trial to investigate the advantages of this robot in complex
fenestrated aortic aneurysm stent graft treatments is currently underway.

Integration of these technologies may increase the number of patients
that can undergo a total endovascular method of treatment with
improved overall clinical outcomes and a high degree of staff and patient
safety.
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Professor Peter Brett, CEng, FIMechE,
Brunel University

Professor Brett is Director of the Brunel Institute of Bioengineering at
Brunel University. His research interests are in smart sensing and robotic
tools in surgical and other medical applications, which he has been
investigating since 1988. He is immediate past Chairman of the
Engineering in Medicine & Health Division of the Institution of Mechanical
Engineers and Honorary Secretary and founder of the Technology in
Medicine Section of the Royal Society of Medicine. 

Title of presentation
Precise surgery through the control of interaction between robotic
tools and �exible tissue

Abstract
The �eld of surgical robotics has developed over the past two decades
with achievements that have demonstrated improved results in surgery.
Developing such machines is challenging work as there is a broad range of
parameters. Devices should be compatible with the operating theatre and
surgical protocols, and there are intense requirements to produce
compatibility and empathy with anatomical constraints, certain
physiological processes, the behaviour of tissues under the interaction of
tools and the needs of the surgeon in terms of feedback and control.  

This presentation draws on the attributes of example systems that have
addressed some of these aspects and leads on to focus on the design of
devices able to control precise interaction with tissues where self-
referencing to tissue position in real-time is achieved. 
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Professor Brian Davies FREng, CEng,
FiMechE, Imperial College London

Brian Davies is Emeritus Professor of Medical Robotics in the Department
of Mechanical Engineering at Imperial College, and is also a Senior
Research Investigator. He is also a Senior Research Advisor for a new
Medical Robotics Group in the Italian Institute of Technology, Genova, Italy.
He has a PhD in Medical Robotics and was awarded a DSc. in 2001 for his
international contribution to Robotic and Computer Aided Surgery
systems. He was made a Fellow of the Royal Academy of Engineering in
2005 and is also a Fellow of the Institution of Mechanical Engineers. He
started the Mechatronics in Medicine Group in 1988 which now has an
international reputation for its work in Robotic and Computer Assisted
Surgery. He has developed a number of robotic surgery and training
systems and achieved a "world first" when his special purpose robot,
"PROBOT", was used in human clinical prostatectomy trials in April '91.
Since then he has produced a neurosurgery robot, a robot for total knee
replacement, training systems for prostate biopsy and for arthroscopic
knee replacement as well as haptic systems for heart surgery and for MR
prostate biopsy. Brian has been Chair of the Program Committee for the
International Computer Assisted Orthopaedic Surgery Conference since
2002 and is a member of the Executive of the International Society.

In 1999, Brian founded the Company “ACROBOT Limited”, as a spin-off of
his research at Imperial College. ACROBOT specialise in research into
minimally invasive robots and computer aided systems for orthopaedic
surgery, with an emphasis on systems that can be clinically applied.   Brian
is a Member of the Board and serves as its Technical Director.

Title of presentation
Active Constraint Robotic Surgery

Abstract
Hands-on robots have a number of advantages compared to autonomous
systems. In autonomous systems, the surgeon has no part to play in the
actual procedure other than to hold an emergency-off button. A hands-on
robot, however, is a special type of tele-manipulator in which the surgeon
holds a ”master” control input lever that is located on the end of the “slave”
robot. In this way, he is in direct control of the robot. In order to prevent
the surgeon cutting into critical areas, an additional safety measure, which
we have called active constraint surgery, is needed. The basis of active-
constraint systems will be described, together with the benefits of even
and low impedance robotic structures. A number of clinical
implementations of the Acrobot system, which utilises active constraint
control, will be discussed. The general difficulties which face the clinical
implementation of robotic surgery are usually not related to technology
issues, but are concerned with the climate within which robotic surgery
must take place.  These issues will also be considered in the presentation.
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Dr Finlay Evans, Renishaw Ltd

Finlay graduated with BEng (Hons) Mechanical Engineering in 1992 at
University of Aberdeen, and continued to do a PhD in non-linear dynamics
also at University of Aberdeen. In 1996, he moved to South West of England
to work for Anthony Best Dynamics, a small automotive/aerospace
company working on an 18 axis vehicle suspension test machine, and
designing a vehicle steering robot to replace a test driver.   

In 2000 he joined Renishaw PLC, working on a non-cartestian high-speed
machine tool, designing a 3-axis non-cartesian scanner and a large, high-
speed, high accuracy 6-axis hexapod measuring machine. In 2006 he
joined the Neurological Products Division to develop a high-contrast MRI
head-coil dedicated for stereotactic use, and then to lead the re-
development of the neuro mate® neurosurgical robot. He is currently
Technical Leader for Stereotactic Robots.

Title of presentation
The neuro mate® Stereotactic Neurosurgical Robot

Abstract
The neuro mate® neurosurgical robot provides a stable, accurate and
reproducible surgical instrument guidance platform for surgeons
operating deep within the brain. It is used for procedures such as DBS,
SEEG, neuro-endoscopy and brain biopsy. These procedures often require
highly accurate targeting and positioning of surgical instruments, a
requirement that is well suited to some types of robot. This presentation
describes the neuro mate® robot; what it is, how it works, how it is used by
surgeons and the benefits it brings.
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Professor William Harwin, CEng,
FIMechE, University of Reading

Professor William Harwin has the chair of interactive systems at the
University of Reading. He has a research interest in human-robot
interactions at all levels with a particular interest in hapticinterface design
and rendering, and in the use of robots in neurorehabilitation for
individuals following a stroke. Other robotics research includes control and
coordination of novel robots for example the EU Acrobot project that
considered the control and safety of a robot tethered by a single cable.
Haptic interface research includes the control of large fast moving haptic
interfaces for sports style movements, and the control and simulation of a
haptic interfaces in dental training systems.

Other activities include coordinating the launch of the IEEE transactions on
Haptics, where he is now a guest editor on a forth-coming special issue on
haptics in medicine and clinical skill acquisition.

Title of presentation
Understanding force control in humans and robots

Abstract
Humans are able to control the force of contact remarkably well, in
particular, they can adjust their impedance to meet the demands of the
task. This is despite the fact we have a poor sense of the magnitude and
direction of the force and a relatively slow control system behind the
sensors and actuators.

A better understanding of the mechanisms humans use for sensory-motor
control can have several  bene�ts. Firstly, when building haptic interfaces,
it is necessary to balance the engineering compromise of providing a high
level of realism within the limits of the available technology to produce a
believable illusion of contact with virtual objects. Secondly it can be used
to enhance the treatment of individuals recovering from a stroke or TIA. In
this regard robots and haptic devices can be used both to provide
accurate shaping patterns of movement that the individual can practice in
con�dence, and also to provide new methods to assess the recovery of
the individual. Finally, this knowledge may help to design more �exible
robots that are able to interact safely with an unstructured world.
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Professor Garth R Johnson FREng,
CEng, FIMechE, 
University of Newcastle

Garth Johnson graduated in Mechanical Engineering at the University of
Leeds in 1967 and, after a period on industry, returned to Leeds to study
for a PhD in Bioengineering. After this he joined the NHS for a seven years
setting up a new rehabilitation engineering group and Derbyshire Royal
Infirmary.  

He took up the post of Reader in Biomedical Engineering at Newcastle
University in 1981. He remained there, with promotion to a Personal Chair
in Rehabilitation in 1995, until his retirement from full time employment in
2008. His research interests have been focused on biomechanics and, in
particular, the function of the shoulder and arm. This work covered both
orthopaedic implant design, the quantification of impairment after stroke,
and related assistive technology.

Since retirement, he has taken up the position of Head of Research at ADL
Smartcare Ltd as well as a part time post at Newcastle University. 

He is a Fellow of both the Royal Academy of Engineering, and of the
Institution of Mechanical Engineers and a member of the Institute of
Physics and Engineering in Medicine. He is author of more then 150
publications in journals, books and conference proceedings.

Title of presentation
Robots for Upper Limb Rehabilitation – 
an evaluation of effectiveness and the strength of the available data

Abstract
While the idea of using robots for neurorehabilitation is more than 20
years old, the technique is still not in routine clinical practice. This probably
results from both the technical challenges but also from a lack of high
level evidence of effectiveness. This paper will cover two aspects of the
problem – first it will present the now commonly used approach of health
care providers for quantifying the validity of clinical evidence and, in
particular the van Tulder scale. It will then present a review of recent
papers on the effectiveness of robot rehabilitation using the van Tulder
approach to grade the papers.  Finally, it will assess the overall level of
evidence to support robot rehabilitation and identify some of the major
gaps.

Reference
van Tulder et al (2003)  Updated Method Guidelines for Systematic Reviews in the Cochrane
Collaboration Back Review Group. Spine:28 ,1290-1299.
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Dr Slawomir J. Nasuto, 
University Reading

Dr Slawomir Nasuto obtained a PhD in Cybernetics from the University of
Reading in 1999. He spent a year as a postdoctoral fellow at the Krasnow
Institute for Advanced Study at George Mason University, USA where he
was working in the area of computational neuroanatomy. From 2000 until
2007 he was a lecturer and subsequently a Reader in Cybernetics in the
School of Systems Engineering at the University of Reading, as well as a
member of the Centre for Integrative Neuroscience and Neurodynamics. 

His research interests, reflected in over 80 peer-reviewed publications,
include machine learning, swarm intelligence, computational
neuroanatomy & neuroscience, the role of synchronisation in cognitive
processing, EEG-based brain-computer interfaces, relationship between
structure and function in individual neurons and their networks. His
research has been funded by EPSRC, European Union, the KTP Programme,
and the UK industry, totaling over £1.7M. 

He is a member of the EPSRC College and has acted as a reviewer for
BBSRC, ESRC and EU. Dr Nasuto is part of the team behind the
development of Reading’s ground-breaking research into controlling
robots with in vitro brain cells cultured on silicon chips.

Title of presentation
Robot Animats: investigating the computational capacity of cultured
neuronal networks in a closed loop

Abstract
Animats, a type of brain machine interfaces, are hybrid platforms in which
the nervous system forms a part of a closed loop with an artefact. Such
systems enable study of the neural information processing, sensory motor
coupling as well as dynamics of the nervous structures. They also are very
promising tools in studying the most fundamental problems in cognitive
robotics.

The long term goals for research in BMI in general and in Animats in
particular is to provide the severely disabled with functional
communication channels with the external world, to provide alternative
experimental platforms for drug testing and to lead to the next generation
‘semi-sentient’ robot companions.

The talk will overview the wider area of the Brain Machine Interfaces and
will then discuss the research performed at Reading on the ‘rat-brain robot’
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Michael Bowler, University of Hertfordshire
College Lane Campus, Hat�eld, Herts, AL10 9AB
07971421830 m.bowler@herts.ac.uk

The use of haptic force-feedback devices as assistive technology and assessment tools for the
rehabilitation of upper limb impairment

Abstract 
This research focuses on the use of haptic force-feedback devices as assistive technology and assessment tools for the
rehabilitation of upper limb impairment, and, in particular, the use of such devices as a method of social mediation.

Our initial studies primarily focus on collecting haptic data from healthy users performing assessment tasks typically
performed by those with upper limb impairments. This data will provide various cues as to how users grasp and
manipulate objects within physical and haptic environments and also typical trajectories for healthy users performing
tasks requiring fine motor control. The initial studies will provide a control group of data to compare performance of
users undergoing rehabilitation, extending real assessment techniques [1,2] to the haptic workspace.

A second set of studies will be performed whereby the haptic device is used as a ‘Social Mediator’ that will enhance
interaction between users who may or may not be at the same location. Tasks performed by users will be of a similar
pattern to the first experiments; however, the data collected here will be used to identify key areas of difficulty for
individual users, as would be the case in an interaction between therapist and patient for instance.

Presented here will be an analysis of a study carried out on 60 healthy volunteers performing haptic tasks specifically
designed for the purpose of assessing stroke survivors’ performance and recovery while undergoing rehabilitation.
Three variations of the task are performed by each user, including a novel method of collecting haptic data from
subjects. The data collected from this study will create a control group to be used in our future studies. This will not
only be used as a benchmark for tasks performed by stroke survivors, but will also be used in the design of future
haptic systems that will autonomously adapt to users’ specific requirements whilst undergoing haptic rehabilitation
therapy. Conclusions will be drawn from the study, and in particular, the benefit of the novel method of collecting
haptic data will be discussed.

References:
Measurement in Neurological Rehabilitation Wade, Derick, Council, British, Britain), National, & Britain), National. (1991). British book news. London.
2 Adult norms for the Nine Hole Peg Test of finger dexterity. Mathiowetz, Virgil; Weber, Karen; Kashman, Nancy; Volland, Gloria Occupational
Therapy Journal of Research. Vol 5(1), Jan 1985, 24-38.
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Neil Clancy, Institute of Biomedical Engineering, 
Department of Surgery and Cancer, 
Imperial College London
438 Bessemer Building, Imperial College London, SW7 2AZ
n.clancy@imperial.ac.uk, 020759 40865

Optical Imaging Techniques in Robotic-Assisted Minimally-Invasive Surgery
A novel robotic system for laser phonomicrosurgery 

Relevance to Medical Robotics
Robotic-assisted minimally invasive surgery (MIS) has enabled a higher degree of control for the surgeon, with
devices capable of precise motion. However, challenges such as lack of feedback and insufficient illumination during
restricted environment procedures such as natural orifice translumenal endoscopic surgery (NOTES) remain. This
paper describes novel optical techniques to tackle these problems.

Method
White light illumination for robotic-assisted MIS is typically provided by xenon lamps coupled into large optical fibre
bundles. However, the brightness required for NOTES is difficult to achieve with reduced access. A super continuum
laser (Fianium Ltd.) with a custom-built fibre optic probe has been tested as a possible alternative against a standard
xenon light (Karl Storz urethra light cable). The probe contains a scattering material at the distal end to generate
wide-angle, even illumination.

A da Vinci Surgical System trinocular rigid endoscope (Intuitive Surgical, Inc.) has been adapted as a 3D multispectral
imaging system [1]. The device enables 3D reconstruction based on stereoscopic techniques [2, 3], while one channel
incorporates a liquid crystal tuneable filter (LCTF) to acquire images of the tissue at several wavelengths. Using a
model of light absorption, the images are converted into a colour-coded map of tissue oxygenation, which is overlaid
on the normal view by back-projection of rays from 3D space.

Results
The super continuum light source had superior irradiance to the xenon light cable due to its higher coupling
efficiency. Also, the fibre probe had a wide output beam with a full-width at half maximum (FWHM) several times 
that of the xenon. Both spectral outputs covered the visible range, but the super continuum fell off comparatively in
the blue.

The trinocular endoscope was tested in vivo in a porcine subject and a stack of images acquired. Breathing artefacts
were tracked in 3D and features back-projected from 3D space to the multispectral camera so that motion could be
corrected and oxygenation calculations carried out.

Conclusions
A high-power fibre light source with a broadband emission profile and wide-field illumination properties has been
developed. Its small size makes it suitable for NOTES procedures and incorporation into flexible surgical robots.

Topographic information from the trinocular endoscope provides the surgical robot with navigation aids, depth
perception and oxygenation data that can be overlaid on the normal field of view. This has potential applications in
procedures involving repair of vessel networks (colonic anastomosis) where monitoring blood supply health is a
challenging task.

References
[1] Clancy NT, Stoyanov D, Sauvage V, James D, Yang GZ, Elson DS. A triple endoscope system for alignment of multispectral images of moving
tissue. OSA Biomedical Optics, Miami, Florida, USA, BTuD27, 2010
[1] R. Hartley and A. Zisserman, Multiple view geometry in computer vision (Cambridge University Press, 2000).
[2] Z. Zhang, “A flexible new technique for camera calibration”. IEEE T Pattern Anal, 22, 1330-1334. (2000).
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Leonardo S. Mattos1, Edward Grant2 and 
Darwin G. Caldwell1
1advanced Robotics Department, Italian Institute Of
Technology, Genoa, Italy
2Center for Robotics and Intelligent Machines, NCSU, Raleigh, USA
Leonardo.DeMattos@iit.it

Introduction
Phonomicrosurgery is a set of medical procedures used to treat pathologies in the vocal folds. They can be benign,
such as cysts and polyps, or malignant, such as atypia and cancer. In both cases the surgical procedure is extremely
demanding as the surgical goal is to minimize trauma to surrounding healthy tissue while completely removing the
unwanted pathology. However, the small size of the vocal fold (between 11 and 21mm), difficult visualization, and
difficult access pose many challenges to the surgeon. As a consequence, the surgical equipment and the experience
and skills of the operating surgeon are central to the success of these procedures.

Lasers are often used to facilitate and improve phonomicrosurgeries, allowing the execution of ablation and cutting
procedures without cold-steel equipment. In these cases, micromanipulators are used to control the laser beam
aiming. Nevertheless, ergonomics, precision, controllability and safety are still unresolved problems. Therefore, this
work focuses on improving laser phonomicrosurgery in all of these areas.

Materials and Methods
A novel robotic system for assistive laser phonomicrosurgery was created to improve the ergonomics, precision,
controllability and safety of these delicate surgeries through: 1) the design of a new motorized laser
micromanipulator with high precision and high accuracy; 2) the design of a novel user interface for intuitive and easy
control of the surgical procedures from a computer station; 3) the automation of surgeon-defined cutting and
ablation procedures; and 4) the incorporation of safety features such as virtually defined safe and danger areas for
laser operation.

The new motorized laser micromanipulator is fully controlled from a computer via a fast serial link. It is based on two
perpendicular linear axes that create the required two-dimensional laser scanning area. This configuration facilitates
system calibration. In addition, linear ultrasonic motors featuring absolute encoders are used to drive the system,
enabling high speed operation and high positioning accuracy. 

The new micromanipulator is directly controlled by the surgeon from a graphical user interface (GUI) running on a PC.
This GUI displays live video of the patient’s vocal fold captured with a high-resolution CCD camera installed on the
surgical microscope. It allows full control of the laser aiming and activation via a joystick, the computer mouse or a
touch-screen display. In addition, the GUI is used for system calibration and to perform the coordinate
transformations required for automatic operations and use of the virtual safety features.

Results
Experiments with a low-level laser micromanipulator controller demonstrated a surgical wide of 11x11mm, within
which the positioning accuracy is 1μm and the speed can reach up to 181mm/s. Evaluations of the high-level
controller through trajectory following experiments demonstrated a RMS error of 0.35mm during joystick
teleoperation and 0.06mm during automated operation, which compared very favorably with the 0.94mm achieved
with the traditional system.

Conclusions
The aim of improving painstaking laser phonomicrosurgeries was pursued through the design and development of
an assistive surgical system that provides: 1) a more ergonomic operating setup; 2) a more precise laser aiming
control; and 3) novel safety features such as virtual exclusion zones and safe target areas for the surgical laser.
Experimental results have demonstrated great performance improvements and encourage further evaluation of the
safety, precision, and type of operation training required for system operation by ENT surgeons.
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Introduction
A surgical robotic device for cochlear implantation surgery is described that is able to discriminate tissue interfaces
and other controlling parameters ahead of a drill tip. The advantage in surgery is that tissues at interfaces can be
preserved. The smart tool is able to control interaction with respect to the flexing tissue to avoid penetration control
the extent of protrusion with respect to the real-time position of the tissue. To interpret drilling conditions, and
conditions leading up to breakthrough at a tissue interface, the sensing scheme used enables discrimination
between the variety of conditions posed in the drilling environment. The result is a precise, robust fully autonomous
system able to respond to tissue type, behaviour and deflection in real-time. 

Materials and Methods
The Smart Drill contains four parts, a snake support arm, the drill unit, the hard wired control unit, and a computer.
The drill unit comprises a precision linear feed actuator, a drill drive system and sensing elements. The controller
consists of a two tier hierarchy. The high level controller responds to key stages of the drilling process using the
interpreted drilling state. Based on the strategies selected, the drilling and linear speed is also controlled by the high
level controller. The servo level controller is responsible for communication with computer and data store. All data is
transferred back to a computer and can be shown on the screen. The surgeon is able to override the process through
a computer based user interface as well as a remote pendant.

Results
An earlier version of the device was trialled in theatre. The new device embodies a number of enhancements.
Laboratory trials within the Biomedical Engineering Research Group use eggs and porcine cochlear to evaluate the
performance achieved and characteristics of the method. The results show that the breakthrough detection is reliable
and can be robust to environment noise. A series study of disturbances inside cochlea during drilling also shows that
the robotic drill will deliver much less trauma so that hearing preserving can be realized during cochleostomy. 

Conclusions
The sensory guided micro-drilling system can self register the tool point to a deflecting tissue interface using sensory
information to discriminate the state of the drilling process. As a result it is able to work with the precision required to
remove bone tissue material to leave an underlying delicate membrane intact. In the operating theatre the micro-drill
has been used successfully to prepare cochleostomy and has shown benefit through consistent results, and in
preserving sterility prior to the insertion of electrodes. 
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Proof-of-Concept and design optimization of STING, a bio-inspired �exible and steerable probe for soft
tissue surgery

Abstract 
Current trends in surgical intervention favor a minimally invasive approach, in which complex procedures are
performed through very small incisions.  Speci�cally, in neurosurgery there is a need for minimally invasive keyhole
access, which con�icts with the lack of maneuverability of conventional rigid instruments. In an attempt to address
this shortcoming, a novel �exible and steerable probe, named •STINGŽ (Soft Tissue Intervention and Neurosurgical
Guide) is currently being developed at Imperial College London [1]. It will be able to access deep brain lesions
through a curved trajectory, avoiding critical structures (neural tracts, vessels, important brain areas). The underlying
mechanism of motion, based on the reciprocal movement of interlocked probe segments, is biologically inspired and
was designed around the unique features of the ovipositor of certain parasitic wasps. Such insects are able to lay eggs
by penetrating di�erent kind of hosts (wood, larva) with a very thin and �exible ovipositor, preventing it from
buckling, thanks to a micro-toothed surface topography coupled with a reciprocating •push and pullŽ motion. Those
insects, often parasitic, can steer their ovipositor towards or inside the host via 3-dimensional trajectories.  

This presentation will focus on probe design, optimisation, and the bio-inspired actuation strategy for soft tissue
penetration along curvilinear trajectories.

Bio-mimetic microtexture of the surface of a rigid probe prototype has been proved to facilitate probe insertion into
soft tissue (porcine brain), while gaining tissue purchase when the probe is tensioned outwards. Based on these
properties, forward motion into soft tissue via a reciprocating mechanism has been tested and demonstrated to be
viable. A �exible probe prototype (10 mm diameter), composed of four segments interconnected to each other
thanks to specially designed dovetail interlocks is then shown to be able to steer in a brain-like material along
multiple curvilinear trajectories. The particular design of the probe, which was �rst optimized through �nite element
models, and its actuation strategy guarantees that, at di�erent steps during the insertion process, one segment (the
leading segment) is always ahead in respect to the other three, and it bends in a pre-de�ned orientation of
penetration. When steering to the opposite direction is required, the opposing segment takes the lead. The not-
leading segments follow the •railŽ provided by the leading segment guiding the probe•s body to follow the tip and
preventing it from going o� the track travelled by the tip. 

Future work will focus on demonstrating that the described probe can minimize soft tissue deformation and damage
during insertion.

[1] L. Frasson, S. Y. Ko, A. Turner, T. Parittotokkaporn, J. F. Vincent, and F. Rodriguez y Baena
•STING: a soft-tissue intervention and neurosurgical guide to access deep brain lesions through curved trajectoriesŽ,
Proceedings of the IMechE, Part H, Journal of Engineering in Medicine, Vol 224, No 6, 
775-788, 2010.
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Stealth Calibration Eye Tracking in Robotic Minimally Invasive Surgery

Abstract 
With the increasing demand on augmenting the capabilities of the surgeon in robotic surgery, it is very important to
bridge the sensory information for improving dexterity and allow accurate visuomotor control. To this end, the
concept of Gaze Contingent Perceptual Docking has been introduced to enhance the surgeon’s control modality
with the aid of gaze-fixation information, for example in gaze-contingent instrument guidance [1]. To obtain fixation
information accurately, the eye tracker has to be calibrated specifically to the user. This inevitably involves one to go
through a repetitive procedure of looking at a number of set points on a screen. One of the significant challenges in
the field today is in the development of an eye tracking system that is both accurate and calibration free. 

In this project, the development of an appropriate calibration mapping is proposed to reduce the complexity in the
required calibration. The mapping can be expressed as a thin-plate spline (TPS) model. Implementation of this
calibration has shown promising accuracy. We also carried out experiments to compare the TPS calibration to
conventional parametric calibration methods. Furthermore, a study investigating the trade off between the number
of calibration points and accuracy also show that the TPS mapping shows good accuracy with as few as two
calibration points. Through the development of a learning algorithm, calibration points can be progressively obtained
by matching fixations to the corresponding salient cues which are likely to be distinctive features attracting the
surgeons’ attention during surgery. The aim is to conduct and improve the TPS eye tracking calibration without
having the user to be aware of it, in other words, to design a Stealth Calibration procedure. 

Stealth calibration is anticipated to be beneficial to master-slave control surgical platforms incorporating binocular
eye tracking.  An example setup on a daVinci master console was developed by our research group. Integration of a
3D stealth calibration will save time otherwise required for calibrating their gaze profile beforehand, thus allowing the
surgeon to focus on the operation. Furthermore, improved calibration accuracy will in turn improve the performance
of current applications (e.g. [2]) under the Gaze Contingent framework. Detailed experimental evaluation on the
method proposed through subject tests is being conducted to validate the potential value of using this calibration
for robotic surgery.

[1] G.Z. Yang, G.P. Mylonas, K.W. Kwok, A. Chung, “Perceptual Docking for Robotic Control”, MIAR 2008, Vol.5128, pp.21-30.

[2] G.P. Mylonas, K.W. Kwok, A. Darzi, G.Z. Yang, “Gaze-Contingent Motor Channelling and Haptic Constraints for Minimally Invasive Robotic Surgery,”
MICCAI 2008, Vol.5242, pp.676-683
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A safe low-cost robotic system for diagnosis, assessment and treatment of motor skills

Abstract 
Most current rehabilitation robot systems from the last 15 years are too mundane. The motivation factor for subjects
is very low, which in turn results in decline of interest in using such rehabilitation systems with time. These robots are
also too expensive and complex, therefore requiring a great deal of technical assistance/supervision.

The project aims to develop a (safe) passive, compact in size, flexible but low cost measurement and feedback system
for diagnosis, assessment and treatment of motor skills. Such a system can decrease the workload of physiotherapist
and enable subjects to use it with minimal supervision at homes or at rehabilitation centres.  The flexibility and low
cost allow usage on its own or to complement an active or passive system to allow decentralized patient specific
training. 

The whole system consists of an inertial measurement unit and other discrete sensors (i.e. force, pressure etc) for
analysing movement kinematics and force data collection, and provides feedback using visual, audio or tactile
feedback. The integration of measuring and feedback parts is done using microcontroller which captures data from
all the sensors and transmits it wirelessly (using Bluetooth) to a processing unit; and based on the data, receive
instructions from processing unit to control visual/audio and tactile modules to provide appropriate feedback to
subject. Add-ons like portable EMG can be added to further complement the system depending on requirement.

The system offers a great number of therapeutic possibilities at a comparatively low price, in particular during
rehabilitation after a stroke .Some examples are assessment and improvement of reaching movement by analysing
hand movement and giving appropriate audio/visual/tactile Haptic feedback aims to develop coordination and
strengthen muscles of individual fingers by using information received from sensors.  Further applications are in
guiding people with sensory loss, motion analysis and tele-health in physical medicine and rehabilitation, including
activity monitoring in patients and the elderly. 
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A bio-inspired flexible probe for soft tissue surgery: two-dimensional closed-loop steering control

Abstract 
Nature is a big source of inspiration for various types of mechanical devices including medical robotic systems.
Ovipositing wasps and the unique approach they employ to penetrate different kinds of substrate in order to lay
eggs are the source of inspiration for a novel flexible probe. Especially, it is worth noting that they can steer their thin
and long ovipositors through soft tissue without buckling and without any intrinsic muscular system at their tips.
Taking these biological inspirations, a flexible probe capable of two-dimensional steering in soft tissue is currently
under development at Imperial College London [1]. Using this flexible and steerable probe, a surgeon can take a
roundabout way to a lesion in soft tissue when a straight line path from an entry point to a target does not seem
possible or is not safe. 

In this presentation, we present two-dimensional closed-loop steering control using our first scaled-up prototype
consisting of four identical segments, each of which has a bevel tip. First, the novel programmable bevel tip concept
is explained. While the probe penetrates soft tissue, the segments experience unequal forces due to the bevel tip.
When all segments are aligned, the forces are on a par thus the probe goes straight. When one segment moves
further than the others, however, the force on the bevel tip pushes the segment against the tissue and thus the
segment tends to bend. The bending amount of the probe’s tip was shown to be related to the amount of the offset
between the segments, and this becomes the foundation to steer the flexible probe along a curvilinear trajectory.
This characteristic of the probe tip is defined as the programmable bevel tip, and a series of experiments show that
various radii of curvature can be achieved using different steering offsets. Second, we will present the closed-loop
steering control of the flexible probe. Even though the probe cannot alter the direction of the tip on the spot, it can
do it gradually while inserted into tissue. This characteristic is similar to that of car-like robots. Using the kinematic
analogy between the car-like mobile robot and the probe, a closed-loop steering control algorithm is implemented
using an electromagnetic position sensor embedded at the tip of the probe. Finally, the flexible probe’s overall
performance in a brain-like gelatin sample is presented. 

[1] L. Frasson, S. Y. Ko, A. Turner, T. Parittotokkaporn, J. F. Vincent, and F. Rodriguez y Baena, "STING: a soft-tissue intervention and neurosurgical guide
to access deep brain lesions through curved trajectories," Proceedings of the Institution of Mechanical Engineers, Part H: Journal of Engineering in
Medicine, Vol 224, No 6, 775-788, 2010.
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Control of Articulated Snake Robot under Dynamic Active Constraints

Abstract 
Recent technological advances in surgery require surgical procedures with improved quality, accuracy and minimally
invasive access, made possible by preoperative and intra-operative imaging combined with flexible, ergonomically
enhanced surgical robots. Technically, the development of a snake robot is motivated by the recent investigation of
natural orifice or single port trans-luminal endoscopic surgery, for which path-following and dynamic shape
conformance are important. Procedures relevant to such devices include, for example, drug delivery systems for
embryonic stem cell transplant into scarred myocardium, minimally invasive bilateral pulmonary vein isolation, and
trans-mural epicardial ablation. However, the increased flexibility of these hyper-redundant robots also imposes
significant challenges on kinematic control. For surgical navigation, the relative pose of the camera at the instrument
tip during articulated movement is also important to consider ensuring stable vision and the avoidance of
disorientation. For in vivo applications, the internal organs are in constant motion, so how to ensure path-following
whilst maintaining dynamic shape conformance is a significant technical challenge. 

In this project, kinematic control of a snake robot for motion stabilization under Dynamic Active Constraints is
addressed. The constraints are predefined and modelled as a volumetric pathway for robot navigation. This is able to
adapt to tissue deformation, thus providing an explicit safety manipulation margin for the entire articulated device,
rather than only the tip of the robot. With the constraints proposed, we introduce a control scheme for enabling the
robot to track the visual target accurately and steadily on deforming tissue. The search for the optimal joint
configuration of the robot is formalised as a minimization problem, in which the measures of the visual stability and
the conformation to the allowable spatial constraint are introduced into the objective function. The proposed motion
tracking can also be augmented with manual control. Therefore, the dynamic frequency response due to the physical
actuation limit of the robot is also considered. We hypothesise that for manipulation of such a robot when
performing smooth pursuit movement, it is important to match the kinematic response of the manipulator
controlled by the operator to that of the end-effector to ensure natural, stable user interaction. Detailed usability
assessment was carried out on a group of subjects using the proposed control scheme in a virtual environment with
fully controllable joint parameter settings. Detailed quantitative performance assessment of the proposed method
also demonstrates the practical value of the technique. The detailed methods and results have been accepted by
MICCAI 2010. 
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Rolling mechanical imaging for tissue abnormality identification during minimally invasive surgery

Abstract 
The work to be presented is a novel rolling mechanical imaging (RMI) method for rapid soft tissue abnormality
identification during robotics-assisted minimally invasive surgery (RMIS). 

The loss of the haptic feedback during RMIS can lead to a misjudgement for surgeon and result in inadvertent injury
to neighbouring organs or an incomplete surgical resection. The proposed method could aid surgeons in identifying
tissue abnormalities and partially restore their ability to palpate organs during RMIS, compensating for the lack of
haptic feedback from the operating site.

The rolling mechanical imaging (RMI) method rapidly visualizes the stiffness distribution within soft tissue organs by
employing a force sensitive wheeled probe to perform continuous rolling indentation on a soft tissue sample [1].
Experiments of RMI conducted on ex-vivo tissue samples demonstrate that RMI is fast, accurate, repeatable and
robust in locating tissue abnormalities. The research also clearly shows that RMI out performs a previous used
approach based on conducting discrete uniaxial indentations for identifying tissue abnormalities [2].

With the aim of using RMI to intraoperatively measure stiffness distribution of soft tissue, a novel force indentation-
depth (FID) sensor has been created [3]. This sensor allows the simultaneous measurement of the rolling indentation
depth and the corresponding tissue reaction force – the gathered information can be fused into tissue stiffness. To
allow the sensor to be suitable for RMIS applications, a miniaturized FID sensor prototype based on fibre-optic
sensing technique has been developed. The accuracy and repeatability of the FID sensor in performing RMI method
have been validated using artificial soft tissue phantoms [4].

Finally, the effectiveness of the RMI method in tissue abnormality identification has been validated through a
comparative study. During the study, the outcome of RMI-based tissue abnormality identification using the FID
sensor was compared with that of manual palpations conducted by experienced surgeons. The results indicate that
the RMI method was more effective than the manual palpation conducted by surgeons.

References
[1].H. Liu, D. Noonan, K. Althoefer, L. Seneviratne, The Rolling Approach for Soft Tissue modelling and Mechanical Imaging during robot-assisted
Minimally Invasive Surgery, IEEE Int. Conf. on Robotics and Automation (ICRA'08), Pasadena, CA, pp. 846-850, 2008.
[2].H. Liu, D. Noonan, L. Seneviratne, P. Dasgupta, K. Althoefer, Rolling Indentation for Tissue Abnormality Localization during Minimally Invasive
Surgery, IEEE Transactions on Biomedical Engineering, 2010, vol. 57, no2, pp. 404-414.
[3]. H. Liu, P. Puangmali, D. Zbyszewski, O. Elhage, P. Dasgupta, Jian S Dai, L. Seneviratne, K. Althoefer, A Wheeled Probe for Abnormality Identification
during Minimally Invasive Surgery, Proceedings of the Institution of Mechanical Engineers (IMechE), Part H, Journal of Engineering in Medicine.
Unconditionally accepted.
[4]. H. Liu, J. Li, Q. Poon, K. Althoefer, L. Seneviratne, “Miniaturized Force Indentation-depth Sensor for Tissue abnormality identification” presented at
IEEE Int. Conf. on Robotics and Automation 2010.
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Developing the Active Constraint method for non-planar geometries

Abstract
In recent years, robots have become common in industry due to their high accuracy and repeatability. As a result of
the variations in the surgical procedures, the outcome of the orthopaedic surgery is unpredictable and therefore use
of robot to assist the surgeon to minimise these variations has been considered. Acrobot Sculptor is an example of
such a robot that can assist with bone resection for fitting prosthetic implants. It has a cutter burr attached to its three
DoF arm which can sculpt the bone based on predefined plan. A second arm (tracking arm) is pinned to the bone so
that the system is aware of the 3D position of that bone relative to the robot at all times. Unlike most active robots, AS
is actively constrained – it requires the surgeon to move the arm, but will prevent him from entering any regions
outside of a safety constraint. Currently, for commercial reasons, Acrobot Sculptor has only been used for
unicompartmental knee replacement (UKR) [1]. The aim of my project is to explore the capabilities of this robotic
instrument in surgical fields that may not be connected to purely commercial opportunities. Operations which do
not result in the insertion of high cost joint replacements have significant appeal, if they can prevent the need for
joint replacement in the future. 

The aim of this paper is therefore to evaluate the possibility of using this robot to perform corrective surgery on pre-
arthritic deformity. The index example of this approach will be the correction of cam impingement in the hip, where
the femoral head/neck junction has cam deformity affecting its superolateral extent. The Acrobot Sculptor would be
programmed so that the cuts lie within a safe region (constraining the cutter) in order to protect the surrounding soft
tissues. The current Acrobot Sculptor, however, has a limited library of constraint shapes as required for UKR surgery
consisting of spheres and cones, and boundaries on a 2D plane that can be extruded into the 3rd dimension. Due to
the complex structure of the femoral head neck junction, the range of shapes required will need to be extended to
use the Acrobot Sculptor for cam correction. The femoral head/neck junction is represented as mathematically
definable geometry (sphere and hyperboloid), and the Acrobot Sculptor constraint algorithm is developed further to
include such geometry as constraint boundaries.

In order to check the accuracy of these newly developed constraints, these geometries are being outlined on a block
of polyurethane, and Acrobot Sculptor is being used to mill the desired shape. The laser scanner will then be used to
reconstruct the 3-D geometry of the cut surface and the planned vs achieved profile on the block compared.     

[1] Cobb et al., J Bone Joint Surg [Br] 2006;88-B:188-97
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Figure 1. Zoomed view of variable crack paths across a
Cohesive Zone. Cracks progress from the notch-tip and are

caused by a combination of horizontal and vertical loading on
the sample. The largest proportion of vertical loading is used

on the top sample and the smallest on the bottom.

Figure 2. Single layer of cohesive elements shown in red
and probe shown in green (top). Contours of vertical

displacement at crack resulting from probe penetration
(middle and bottom).
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Miniature Multi-Axis Force Sensor for Minimally Invasive Tissue Palpation

Abstract 
Minimally invasive surgery (MIS) is de�ned as a surgical operation that is performed through small incisions with
specially designed equipment. Laparoscopic tools together with an endoscopic camera are usually inserted through
small •keyholesŽ to perform tissue manipulation, retraction, dissection and suturing within the human•s body.
Compared to conventional open surgery, MIS is becoming a preferred approach in several domains of surgery since it
o�ers much reduction of invasiveness, pain, blood loss, post operative infection, and patient•s recovery time.
However, because the MIS operating �eld is not directly accessible, surgeons face many di�culties in performing
their operations through small incisions.

One of the major problems of MIS involves the incapability of obtaining force and tactile sensing information. This
prevents surgeons from performing accurate force sensing while conducting vital surgical tasks. Tissue palpation
which is easily done in traditional open surgery to investigate tissue•s properties and abnormalities, for instance,
cannot be e�ectively performed in minimally invasive manner since the friction at the tool insertion port greatly
impairs the tissue interaction force at the tip of the surgical device. Over the past few years, research on minimally
invasive tissue palpation has been conducted aiming to provide delicate sensing capability for surgeons to examine
mechanical properties of organic tissues (e.g. sti�ness and elastic modulus). A laparoscopic wheeled-probe equipped
with a miniature optical �bre force sensor has then been developed. By employing an optical sensing scheme which
is immune to electromagnetic interference (EMI), this sensorised equipment can be used to perform accurate force
measurement over ranges of 3.0 N in the axial direction and 1.5 N in radial directions. It has been tested for dynamic
rolling indentation for the measurement of tissue interaction forces. As a result, the variation of the tissue hardness
can be examined. Abnormal invisible tissue lesions, which are usually harder than the surroundings, can be accurately
detected and localised.
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Miniaturised MRI  compatible force sensing for cardiac catheterization procedures

Abstract 
In recent years, robots are playing an important role in healthcare and patient assistance. Robots are important to the
medical field where attention to detail, precision and reliability are important. The increasing application of robotics
to the field of medicine allowed surgery and diagnostic techniques to be performed through small incisions. As a
result, trauma, infections and recovery time are lessened. Leading scientists world-wide are developing minimally
invasive techniques to ensure clear benefits for the patients and doctors and to the associated industry, for which a
profit is guaranteed in the years to come.

Cardiac catheterisation is an interventional minimally invasive procedure that is currently carried out without the use
of force sensors. During such procedures the physician mainly relies on visual feedback provided by an imaging
modality, like X-ray fluoroscopy, Computed Tomography (CT) or Magnetic Resonance Imaging (MRI). Hence, the
physician is not always able to predict the forces between the catheter and cardiac walls. Sometimes tasks such as
moving a catheter through delicate blood vessel networks and through the heart chambers become difficult. A
novel, MRI compatible fibre optic force sensor, suitable for cardiac catheterisation procedures has been developed for
real time MRI cardiac ablation procedures. The working principle of the sensor is based on the light intensity
modulation mechanism where fibre optic cables interrogate a reflective surface at a predefined distance inside the
catheter shaft. When a force is applied to the tip of the catheter, a force sensitive structure varies the distance and the
orientation of the reflective surface with reference to the optical fibre. In this manner the light is modulated
accordingly. The axial and lateral forces acting at the tip of the catheter can then be estimated. A non-linear method
for calibration followed by dynamic and real-time MRI in-vivo experiment proves the feasibility of this low-cost sensor,
enabling the detection of catheter-tip contact forces under beating heart conditions.
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Robotic Reduction of Complex Joint Fractures

Introduction
Approximately 50000 cases of lower-leg fracture, including complex joint fractures occur every year alone in England
[1]. Open-joint surgery is commonly performed to treat these fractures whereas shortcomings are an increased risk of
infections and tissue failures [2]. An alternative treatment is a manual closed-joint reduction management where joint
fragments are manipulated and fixated in a minimally invasive way [3]. This technique however has repeatedly shown
incomplete reductions for complex fracture patterns [2]. This abstract introduces a more accurate semi-automatic
closed-joint reduction technique to treat complex multi-fragmentary fractures.

Method
The system consists of 4 major elements: an Ilisarow-frame [4], a serial robot1, a CT scanner with navigation system2

and an experienced surgeon. The methodology starts by segmenting scan data using image processing techniques3

and by fixating an automated Ilisarow-stabilizator [5] to the fractured joint area. The stabilizator uses Ø6mm fixation
wires that extend from the scaffold ring through the skin and bone to the other side of the ring. Its struts are arranged
according to the hexapod principle, enabling rigid fragment stabilisation and minor bone manipulations. The
reduction, i.e. the repositioning of displaced bone fragments is performed by the force-position controlled serial
robot. It sequentially positions fragments using surgical tools based on pre-calculated motion trajectories. Having
repositioned the fragments, the system inserts Ø1.5mm fixation wires into these fragments for stabilisation and
fixates these wires to the stabilizator. Fine and coarse registration techniques provide the required Cartesian target
vector (X,Y,Z,_x,_y,_z) to calculate the motion trajectories for each fragment manipulation. The orthopaedic surgeon
provides the expertise to manually define fracture contours which are the inputs of the registration. 

Results
So far, simulation based semi-automatic pre-experiments have been performed on the registration of multi-
fragmentary pilon and calcaneal fractures. These experiments show that ICP fine registration provides often an
adequate solution to register slightly disorientated (<10deg) joint fragments within the required sub-millimetre
accuracy [6]. Coarse registration techniques, however, are necessary for cases where multiple fragments are
considerably displaced and disorientated, lacking intuitive registration matches.

Discussion
To the best of our knowledge, physical semi-automatic joint reduction is not yet performed. Existing research is either
simulation based [7] or focuses on more simple scenarios such as long bone fractures [5;8-9]. The proposed method
will improve the accuracy of orthopaedic surgery and has a potential to significantly reduce surgical costs. Fully-
automated closed-joint reduction techniques are a long time goal of this EPSRC funded research project.

Affiliation
1 Reis RV6, Obernburg; 2 Siemens Siremobil C3D, Erlangen; 3 Simpleware IPScan, Exeter
* Bristol Robotics Laboratory; ** Bristol Royal Infirmary 
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Visualisation of Matlab plots for science, maths and engineering students with a visual impairment

Undergraduate students of Engineering, Maths and Science who are blind or visually impaired are disadvantaged
when interpreting graphs, in particular when the graphs are part of an experimental analysis where it may be
necessary to assess a range of models and �ts. Whereas a sighted person can simply study the graph on the
computer screen, the usual modus operandi for a visually impaired student is to print a graph on swell paper and
have a sighted assistant transcribe any numbers into Braille. 

This time consuming process loses all opportunities for •what if• interactions.  Work by Barner and Brewster [1,2] has
shown that it is possible to present graphical information through a •haptic interface•, a robot like device that
selectively constrains movement so as to give the user the illusion of a physical contact. Until recently the cost of
haptic interfaces was prohibitive but a new generation of games interface, the Novint Falcon, has resulted in a sub
300 pound haptic device. This paper presents preliminary results on a set of Matlab functions that implementing a
haptic plotting command that mimics the •plot• and •mesh• commands for presenting 2D and 3D graphs.  Barner•s
technique [2]  is extended to consider any change in the intelligibility of graphs represented by actively guiding the
persons  movements along the graph … a technique developed for work on robot mediated stroke rehabilitation. The
software structure uses the H3D libraries from Sensegraphics.com so that other haptic devices can be supported,
with a long term intention of making all software open-source so it can be implemented at other schools and
universities.

[1] Kildal, J. and Brewster, S.A. (2006) Non-visual overviews of complex data sets. In: Conference on Human Factors in Computing Systems, 22-27
April 2006, Montréal, Québec, Canada, pp. 947-952.
[2] J. P. Fritz, T. P. Way, and K. E. Barner, "Haptic Representation of Scienti�c Data for Visually Impaired or Blind Persons," Proceedings of the Eleventh
Annual Technology and Persons with Disabilities Conference, California State University, Northridge, Los Angeles, CA, April, 1996.
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Usage of Industrial Manipulator for Joint Biomechanical Testing

Abstract 
Osteoarthritis is a disease involving the degradation of the joint cartilage, and is common cause of chronic pain for
many around the world. In Imperial College London, the Medical Engineering Solutions in Osteoarthritis Centre of
Excellence has been established to finding medical engineering solutions for treating osteoarthritis. One of the
objectives of this centre is to develop technologies to quantify joint mechanics and use the results for developing
and designing new joint implants. As the first stage of this objective, we are developing a joint biomechanical testing
system. 

In the past a robotic manipulator in combination with a universal force sensor have been used to compare ligament
functions in the knee before and after altering the ACL (Rudy et al., 1996), by using a combination of position and
force/torque control to create a trajectory for moving the knee joint at a specified load and rate. The accuracy and
repeatability, that robot manipulators can provide are crucial for comparing healthy knee joints vs. osteoarthritis knee
joints, investigating functions of ligaments (e.g. ACL) within the knee, and evaluating the effect of new joint implants,
all of which are key objectives for medical engineering solutions in treatment of osteoarthritis. 

In this work we will introduce the knee joint biomechanical testing system, under development, basically consisting
of a 6 DoF industrial robotic manipulator (TX90, Stäubli Ltd), robot controller (CS8C, Stäubli Ltd), 6 axis force/torque
sensor (Gamma, ATI Industrial Automation) and a knee joint fixation platform (Fig. 1). The system will be used for
measuring the range of motion, via the position of the end effector of the robot, under various load conditions
monitored by the force sensor. The robot has maximum load of 20kg and repeatability of 0.03mm, while the force
sensor range is 400N in z axis and 130N for the x and y axis.

Fig. 1 Overview of knee joint testing system

[1] Rudy, T.W., Livesay, G.A., Woo, S. L-Y, Fu, F.H. (1996) A combined robotic/universal force sensor approach to determine in situ forces of knee
ligaments, Journal of Biomechanics, Vol.29, pp1357-1360.
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On Simulating Realistic Tool-Tissue Interactions for Robotic Surgical Simulation and Training

Abstract 
A variety of minimally invasive surgical tools, such as the arthroscopic hooked probe, are used during knee-
arthroscopy procedures by surgeons to manipulate tissues and diagnose problems. These procedures allow surgeons
to assess the physical properties of tissues (such as wear, tear, inflammation, stiffness, etc). Realistic simulation of these
tool-tissue interactions in robotic surgical simulators is still a challenge. Therefore the aim of this study is to examine
the physical aspects of tool-material interaction by focusing on the dynamic properties of the hooked probe and its
ability to deliver tactile information. Such information is created at the tip of the hook as the tissue is being
manipulated, and is perceived at the handle where the surgeon is grasping the instrument. Some of the tactile
information lies within the bandwidth of the human tactile sensory system and thus can be felt by the surgeon
during interactions [1,2,4] and can potentially enhance the tactile feedback to the surgeon [3]. This abstract reports
on a study where the dynamic behaviour of the probe during an impact is examined. Both probe- and material-
dependent parameters are considered, with the aim to formulate a metric able to capture elements of touch
perception during the tapping process.

A tapping experiment was performed and the resulting vibrations, together with the impact forces generated by
tapping on different materials, were recorded. Ten subjects were asked to compare the stiffness of five engineering
materials (silicon, latex, rubber, wood and steel) by simple tapping. During the test, each subject was exposed to two
materials each time, and pairs of materials were organized to cover all material combinations. The resulting dynamic
response of the probe was recorded along with the impact force and the subject’s response.

It was observed that the ratio between the peak acceleration magnitude of the probe and the impact force has a
linear relationship. Also the duration of the impact was examined and it appears to be inversely proportional to
material stiffness, with strong statistical significance (Pearson's correlation coefficient, r = 0.99, p < 0.01). 

Thus, based on these experimental observations, a new metric is proposed and its computed values for silicon, latex,
rubber and wood are significantly different (p<0.01) for each pair. However, there is no significant difference (p=0.17)
between the values of wood and steel and this may explain why, on average, test subjects had difficulty in
distinguishing between these two materials. 

In conclusion, this study demonstrates that both probe and material-dependent parameters can be accurately
measured and that impact duration correlates strongly with the stiffness of the material being tapped. In an attempt
to generalise the touch perception problem, a new metric is also proposed and was shown to be repeatable and
robust across material samples. A better understanding of touch perception has significant future potential, as it
could lead to better surgical simulators and better tools, which could be designed to optimise the transmission of
tactile information from the tool point to a user’s hand.

References
[1] P. Wellman and R. D. Howe. Towards realistic vibrotactile display in virtual environments. Proceedings of the ASME Dynamic Systems and Control
Division , pages 713_718, San Francisco; CA, 1995. Asme.
[2] A. M. Okamura, et al. Vibration feedback models for virtual environments. In Robotics and automation, pages 674_679, Leuven; Belgium, 1998.
Ieee.
[3] Tenzer Y. et al, Investigation into the effectiveness of vibrotactile feedback to improve the haptic realism of an arthroscopy training simulator,
Studies in health technology and informatics 2008;132:517-22.
[4] Tenzer Y. et al, Recognising material stiffness with an arthroscopic probe, CAOS UK, 2009.
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Software and Hardware Development of a Haptic Dental Training System (hapTEL)

Relevance
A large component of dental skill is reliant on active touch. This includes using tools for tissue identification, dental
probing, filling, drilling and other tactile explorations with one or more fingers. Currently dental students train their
procedures on a human head like model with a mixture of plastic and real teeth. These head models cannot record or
reply the operational process and they cannot simulate effects such as emotion and bleeding based on the student
interaction. Haptic technology could provide a viable solution to these training challenges. The emergences of haptic
interfaces and virtual realities have opened an area of research in the pedagogy of teaching in dental training. Several
groups are now able to demonstrate viable training system using haptic technology in prototype or near production
form. These devices provide haptic (active touch), stereo vision and auditory simulations of a mouth and a dental
hand piece selected by dentist.

Methods 
A two phase design and evaluation method was used to identify the necessary components of a haptic dental
simulator. The system now allows dental students to train a range of dental procedures such as drilling, tissues
diagnosis, cavity removal and tooth restoration. Some of the system requirements from both dentist and educationist
are analysed. Important factors were the accuracy of the tooth model, the addition of other sensory cues, in particular
drills sounds, the posture of the trainee dentist and the ability to scale the visual tooth. Parameters such as the
material properties of the tooth and the rate of wear when contacted by the spinning burr were also parameters
considered in over the initial design phase.

The development cycle has now completed the first of two pedagogical trials where 144 dental students in their first
year were trained on the haptic work station and compared with an evaluation task with student who trained on
plastic teeth.

Results and Conclusions
Results of the two stage design phase given along with a subjective analysis of the 144 students who used the
hapTEL system between Oct 2009 and March 2010. This paper has documented some valuable analysis and
evaluation result on both hardware and software of the system. These results show some of the impacts on how
haptic affect dental students training, which has not been analysed from previous research.
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Robotic radiation-free imaging guidance system for ablation of arrhythmias

Abstract 
This research aims to develop a robotic catheter system for radiofrequency ablation of arrhythmias that are able to
function effectively in MRI navigation; force/tactile sensing and robotic intervention manipulation. The project
focuses on development of a MR-compatible steerable catheter system and creation of novel MR-compatible fibre
based sensing technologies for force measurements at the catheter tip.

The essence of the robot is the structural design and material selection that leads to MRI compatibility and
steerability. Various ways of implementing steerable and MRI compatibility for the catheter to adapt to different tasks
in intervention procedures are to be studied.

The key factor for the success of the research is developing a novel force/tactile sensor and its integration into the
steerable and MRI compatible robotic catheter system. As its special constrains including MRI compatibility and its
space limitation the sensor will be designed and built by newly developed embedded FBG sensory technology.
These sensors are being developed by the current research group and this will be carried out in parallel with the
development of the catheter. 

The robotic catheter system is a computer-based procedure that uses technologies such as 3D MRI imaging and real-
time force and tactile sensing in the planning, execution and follow-up of intervention procedures. Intervention
planning is achieved through the careful observation of the images that are generated as 3-D figures through MRI
images integrated with other possible images like computed tomography (CT), or 2-D ones through ultrasonography,
fluoroscopy, and X-ray radiography. In robotic catheterization, robotic systems can use this imaging information for
planning and navigation

According to the applied concept of modularity, the entire system is mainly designed into different “functional units”,
integrated in accordance with the design and performance requirement protocols that have been established.
Integration in that sense is mostly related to the interface description. This system will be tested and evaluated in
phantoms, animals and finally in human cadavers to gather information for further exploitation. 
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Mechatronic solutions for measuring disturbance levels within a cochlea

Introduction
Combating deafness will be a significant issue over the next 15 years. Technologies offering mechatronic solutions
have made significant progress and many difficulties experienced in hearing can be remedied. Implantation is seen
as offering ideal solutions in most cases. One of the concerns, particularly where implantation is carried out on
sufferers of partial deafness rather than those who are profoundly deaf, is the preservation of residual hearing. The
mechanisms of hearing induce disturbances within the cochlea, the hearing organ, however the processes of
implantation also deliver disturbances. In this paper we focus on the means to evaluate and contrast the sensitivity of
disturbances induced by the processes used. Further, for hearing devices, the efficiency of transmission achieved by
placement at different locations needs to be understood, particularly as this affects required power levels. This paper
describes the experimental set-up and describes the initial results on disturbance levels using different surgical
techniques.

Materials and method
The paper and presentation will map out the design of the laboratory system that has been a substantial challenge
for mechatronics. This integrates confocal microscopes, novel micro-actuators and a micro-scanning laser vibrometer
in the final solution. It also relies on other novel tools, such as, the smart micro-drill to prepare appropriate access
points without invasion of the inner space of the cochlea. For the first time, we have been able to observe real
transients corresponding with actuation of the hearing chain and disturbances induced by the insertion of hearing
implants without invading the cochlea space. This is as close to the real disturbances that can be expected in
practice.

The paper describes the anatomy under consideration, the integrated mechatronic system and typical results that
have been produced so far.

To monitor displacements of the endosteum, a scanning laser doppler vibrometer is used working through a
microscope to aim the laser onto the small target area, Fig. 1. 

Results
In the initial studies, the results have shown significant outcome with respect to surgical technique. Drilling on the
cochlea is the normal processes associated with preparing a cochleostomy and in the experiment two methods were
used. A conventional hand-held surgical drill was applied and produced disturbance amplitudes in the range shown
in Fig. 2. as peaks in velocity up to 1.2 m/s. This can be contrasted when using the robotic micro-drill, which produced
much smaller disturbances with velocity amplitudes up to 0.01 m/s. The significant reduction shows that there are
substantial benefits leading to a reduction in disturbance amplitude down to 0.1% by using the new robotic micro-
drill system. Further studies have shown that disturbance level increases with feed force. Cutting under controlled
feed force was achieved using the robotic micro-drill and showed that peak amplitude is approximately proportional
to the applied feed force.  

Conclusion
The method described here cannot return an absolute pressure value, however, its merit is its use to contrast
disturbances produced by different surgical techniques. This will enable optimization of processes with respect to
avoiding disturbances that could lead to hearing loss. As an example, manual drilling is contrasted with drilling using
the robotic surgical micro-drill to prepare a cochleostomy. It is shown that the resulting velocity amplitudes are 0.1%
of values produced when micro-drilling manually.
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