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ROBOT ASSISTED SURGE_CAL_TRAINENG

FIELD OF INVENTION

. The present invention broadly re!ates to a system and method for robot

' assnsted surgical trammg

BACKGROUND ,

Training of skills mvo!vmg handling or otherwise mampulatlng objects in many if
not all cases involves a masterﬁapprenﬂce strategy where a trainee leams the relevant
skiil by repeatang the steps as performed by a master after having observed histher

. master perform the task several times. For example, surgical training has always been

one of the most important components in a surgeon’s career development. Traditionaily,

- surgical training is done with the "mastér—appr_enticé" strategy. Sometimes the master

teaches the trainee hand-in-hand in order to show the trainee the subtle movements.
With the increasing cémplexity of surgical dparaﬁons nowadays, it becomes incréaéingly
dangerous for the trainee to “learn™ while operating on a real patient despite being
supervised auring the operation. '

Ex_isting surgical training is - typically developed based upon patient‘s with

“standard” anatomical structures. The current training is usuaily a self-directed learning
. process using a standard model and procedure. However, every patient is different. In

practice, a wide variety of patient anatornical structures can be observed Using the
existing training snmulators the trainee surgeon thus has’ Ilmlted exposure to patients
with anatomical structures that differ from the normal population.

Currently, most ‘of the digital training systems use a generic - mode! for
cholecystectomy with a ﬁxéd elastic model and with or WEthout force feedba_ck o

" simulate the surgery procedure. Most successtul applications for liver surgery are using
3D visualization for surgical planning.

There are simulation tralnmg instruments that allow the trainees to "dry-run” on
standard operatnons with fixed operative scenarios. These mstruments therefore lack the

- variety of difficult operative situations found in real-iife. In addition, certain maneuvers

performed by an experienced surgeon that are required for such situations cannot be
easily taught to the trainee. A survey of existing literature and systems follows below.
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LAP Mentor (1] is deveioped by SimBionix. LAP Mentor provides simulation to
practise the Fundamentals of Laparoscopic. Surgery (FLS) skilis required for
laparoscopic surgery for new and experienced surgeons. LAP Mentor comes with haptic ‘

- feedback, realis'fic visualization and a variety of tfaining curricula. LAP Mentor is a

model-based training system, heavily on self-practice to reach.a desired proficiency.

SimPraxis [2] is a product of Red Llama, Inc. to teach surgical concepts and
procedures, SimPraxis is a software-based interactive program running on a PC. With.
video, audio and written scripts, promipts, hints, references and materials, SimPraxis
iflustrates the steps with actual procedure.

LaparoscopyVR {3] is an interactive, high-fidelity surgical trainer that allows
surgeons to practise FLS skills. LaparoscopyVR provides a training curriculum to
practise the removal of gallbladder from the liver bed including identifying, clipping,
cutting, and removing the gallbiadder. The generic liver and galibladder models are

-embedded in the system and haptlc force feedback is alsc mtegrated

A liver surgery simulation is developed by Herve Dehngette [4]. The liver surgery :
simulation uses patient-specific data (Computed Tomography (CT) images) to construct
the 3D model. More specifically, the physical model (soft tissue model) is developed
using a linear and quasi-linear elastic model. To provide real time deformation and
visualization, pre—coi*nputation is carried out which takes a few minutes to several hours
depending on the number of mesh vertices on a Pl 450M PC. The pre—computed resu!t
is then stored in a file for real time deformation and visualisation.

Mevis Research has a wide spectrum of medical image research on medical

image analysis, visualization, and surgery plarnning {5, 6, 7]. Mevis Medical Solutions is -
& world pioneer in liver sufgery planning service for. liver visualization and planning
- proposal. In liver surgery, an intraoperative adaptation of precperative planning using 2D

ultrasonic data has been proposed. In planning service for live surgery; Mevis can also
supply the liver mode! to customers in several days. 7 _

However, such patient—specif&c systems  stiil ia'ck -in'corpor'ation of master
feedback -to better emuiate the “"master-apprentice” strategy which remains a.
fundamental characteristic of for example surgical training.

v ' Example embodiments: of the present invention therefore seek fo p{ovéde a
method and syétém that seek to address at least one of the above mentioned problems.
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SUMMARY

In accordance with a first aspect of the present invention there is provided a
surgical training system comprising means for recording reference data representing a
reference manipulation of a computer generated model of an object by a master user; a
robotic device for moving along a recorded trajectory based on the recorded reference
data to physically guide a trainee user during an assisted training manipulation of the
model of the object by the trainee user; means for recording assessment data
representing an assessment manipulation of the model of the object by the trainee user
without guidance; and means for evaluating the assessment data based on the
reference data.

The system as claimed may further comprise processing means for generating
the model of the object.

Said processing means may be configured to generate a case specific model of
the object based on patient data.

The processing means may comprise an image processing module for
generating the model of the object based on images of a corresponding real object.

The images may comprise medical images for surgical training.

The means for recording the reference data and the means for recording the
assessment data may together comprise one or more robotic devices.

The one or more robotic devices may be configured to be coupled to a tool used
in the manipulation of the model of the object.

The one or more robotic devices may be configured to be coupled to the master

user or the trainee user via the tool.

The system may further comprise means for evaluating the assessment data.
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The means for evaluating may be configured to evaluate the assessment data

based on the reference data.

The means for evaluating may be configured to evaluate the assessment data

based on one or more motion parameters.

The motion parameters may comprise one or more of a group consisting of
maneuver route, speed, force, and time.

The system may further comprise means for recording a training trajectory during
an un-assisted training manipulation of the model of the object by the trainee user and
correcting the training trajectory to the recorded trajectory when the training trajectory
differs from the recorded trajectory by a predefined range.

In accordance with a second aspect of the present invention there is provided a
robot assisted surgical training method comprising the steps of recording reference data
representing a reference manipulation of a computer generated model of an object by a

master user; physically ygu‘idin‘gra trainee user using a robotic device, the robotic device

moving along a recorded trajectory based on the recorded reference data during an
assisted training manipulation of the model of the object by the trainee user; recording
assessment data representing an assessment manipulation of the model of the object by
the trainee user without guidance; and evaluating the assessment data based on the

reference data.

The method may further comprise generating the model of the object.

Generating the model of the object may comprise generating a case specific
model of the object based on patient data.

The method may comprise generating the model of the object based on images

of a corresponding real object.

The images may comprise medical images for surgical training.
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Recording the reference data, guiding the trainee user, and recording the

assessment data may comprise using one or more robotic devices.

The one or more robotic devices may be configured to be coupled to a tool used

in the manipulation of the model of the object.

The one or more robotic devices are configured to be coupled to the master user
or the trainee user via the tool.

The method may further comprise evaluating the assessment data.

Evaluating the assessment data may be based on the reference data.

Evaluating the assessment data may be based on one or more motion

parameters.

The motion parameters may comprise one or more of a group consisting of

maneuver route, speed, force, and time.

The method may further comprising the step of recording a training trajectory
during an un-assisted training manipulation of the model of the object by the trainee user
and correcting the training trajectory to the recorded trajectory when the training
trajectory differs from the recorded trajectory by a predefined range.

In accordance with a third aspect of the present invention there is provided a
non-transitory data storage medium having computer code means for instructing a
computer to implement a robot assisted surgical training method as defined in the

second aspect.

BRIEF DESCRIPTION OF THE DRAWINGS
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Embodiments of the invention will be better understood and readily apparent
to one of ordinary skill in the art from the following written description, by way of

example only, and in conjunction with the drawings, in which:

Figure 1 illustrates an architecture of an Image-Guided Robot Assisted Surgical
(IRAS) system, according to an embodiment.

Figure 2 shows a flowchart illustrating provisioning of a 3D model for surgical
training, according to an example embodiment.

Figures 3a) and b) illustrate original CT images and the shape model built from
CT data respectively, according to an embodiment.

Figure 4 shows a graph illustrating progress of suture timing of a surgical
resident, student, and senior consultant, according to use of an example embodiment.

Figure 5 shows a flow chart illustrating a method for robot assisted surgical

training, according to an embodiment.
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" Figure 8 |||ustrates a computer system upon which the method and system of

the example embodwnents can be implemented.

Figures 7a) and b} are schematlc drawings ailustratmg a robot for use in the

. -system of Figure 1.

Figures 8a), b) and c) show the initial pbsitiori of an organ surface, the iﬁner
surface obtained after 15 iterations, and the inner surface obtained after 30 iterations of
a multi-layer mass-spring model implementation for shrinking a 3D mass surface from a
skeleton surface of a gailbladder mass surface, for use in the system of Figure 1.

Figures 9a), b}, ¢), and d} are images illustrating a éonstruction process for a
virtual galibladder extracted from a CT data set, for use in the system of Figure 1.

DETAILED DESCRIPTION

To cater to the needs of patient-oriented training and to enable apprentice
surgeons to !eérn the skills from master surgeons, the described example embodiments
provide the architecture of an image-Guided Robot Assisted Surgical (IRAS) fraining
system which mtegrates modules to simulate the patlents organs {such as liver and
galibladder) deformation and to mimic the master surgeon’'s operation maneuver by a
robotic system, which then enables apprentlce surgeons to learn and evaluate the
apprentice surgeon’s performance in a realistic virtual environment. Embedding the
“experience” of master surgecn’s operation (parameterized by a robotic system} into a
specific model advantageously enriches the trainees’ knowledge and can shorten the
}earhihg curve by watching and feeling the trainer's operatiOn. ' ,

Some pdrtiorrs of the description which follows are explicitty or implicitly :

: présentec_i in terms of algorithms and functional or symbolic representations of

operations on data within a 'computer- memory. These algorithmic descriptions and
functional or symbolic representatibns are the means used by those skilled in the data
processing arts {o convey most effectivély the substahcé of their work to others skilled in
the art. An algorithm is here, and generally, conceived to be a s'erfmconsistent sequence
of steps leading to a desired result. The steps are those requiring physical manipulations

of physical quantities, such as electrical, magnetic or optical signals capable of being

stored, transferred; combined, compared, and otherwise manipu!ated.

Unless specifically stated otherwise, -and as apparent from the following, it will be
appreciated that throughout the present specification,' discussions utilizing terms such as
‘;scanning”’, "calculating”, ‘“determining”, ‘replacing”, ‘generating”, ‘initializing”,
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‘outputting”, or the like, refer to the action and processes of a computer system, or
similar electronic device, that manipulates and transforms data represented as physical
quantities within the computer system into other data similarly represented as physical

-quantities within the computer sy_stém or other information storage, transmission or

display devices. - | .
- The present specification also discloses apparatus for performing the operations

- of the methods. Such apparatus may be specially constructed for the required purposes, -

or may comprise a general purpose computer or other device selectively activated or
reconfigured by a computer prograrh stored in the computer. The algorithms and
displays presented herein are not inherently related to any particular computer or other
apparatus, Various general purpose machines may be used with programs in
accordance with the teachings herein. Alternatively, the construction of more specialized
apparatus to perform the required method steps may be appropriate. The structure of a

‘conventional general pu?pose computer will appear from the description below.

In addition, the present specification also implicitly discloses a computer
program, in that it would be apparent to the pérson skilled in the ért that the %ndi‘vidual
steps of the method described herein may be put info effect by computer cbd_e. The
computer program is not intended to be limited to any particular programming language
and implementati‘on thereof. it will be appreciated that a variety of progéammfng
languages and coding thereof may be used to implement the teachings of the disclosure
contained herein. Moreover, the computer program is not intended to be limited to any
particutar control flow. There are many other variants of the computer program, which
can use different control flows without departing from the spirit or scope of the invention.

Furthermore, one or more of the steps of the computer program may be
perfcrkhed in baré%}ei rather than sequentially. Such a computer program may be stored

Con any corﬁputer readable- medium. The computer readable medium may include ‘

storage devices such as magneiic or optical. disks, memory chips, or other storage
devices suitable for interfacing with & general purpose computer. The‘ computer readable
medium may also include a hard-wired medium such as exemplified in the Internet
systém, or wireless medium such as exemplified in the GSM mobile tefephone system.

" The computer program when loaded and executed on such a general-purpose computer

effectively results in an apparatus that implements the steps of the preferred method. ‘
The invention may also be implemented as hardware modules. More particular,
in the hardware sense, a module is a functional hardware unit designed for use with
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other components or modules. For example, a module may be implemented using
discrete electronic compenents, or it can form a portion of an entire electronic circuit

. such as an Application Specific Integrated Circuit (AS]C)'.V Numerous other possibifities

exist. Those skilled in the art will appreciate that the system can also be implemented
as a combination of hardware and software modules. o

The lRAS training system in the described embodiments can advéntageously
solve the inadequacies of training discussed previously. The example embadiments
provide an intelligent computational solution that incorporates the experi'enced surgeons'
expertise to guide and evaluate the surgical training. The integrated solution embeds a
master surgeon's experierice and feedback together through a robot with a patient-
specific model for training. A database comprising patient-specific images and digital
models - is advantageously used in the provisioning of training for pa‘éienfs with
anatomical structure different from the normal population. Advantageously, master

surgecns’ experience {e.g. movement trails) can also be associated with the patient-

specific model and stored in the database that can be used for guidance of apprentice
surgeons. - :

Figure 1 illustrates an - architecture of an IRAS system 100, éccordihg to an
embodiment. IRAS consists of three modules: the image Processing Module 102, the
Intefligent Robol Assisted Training Nibdufe 104 and Trainee Performance Analysis
Module 108. , _ ' '

A patient-specific 3D model is developed from patient's CT and/or Magnetic
Resohance Imaging (MR) fn\ﬁges 108. However, the present inventicn is not limited to
developing the patieht-spécéﬁc mode! based on CT andfor MR! images, and the patient- -

specific models. can be developed based on other technigues such as Magnetic
. Resonance Elastography (MRE) can be used to measure the organ mechanic properties .

in different embodiments. A database 112 storing models, images, and associated -
movement trails is utilised. Medical image processing including image segmentation,

‘patient anatomy modeting and augmented reality 144 are conducted on the images. The

simulation. of the surgery is diépéayed' on a normal computer touch screen in this
embodiment, but it will be appreciated that other displaying technique / devices may be
used ‘in different embodiments. A training scenario is developed from the patient-

" specific model with the master surgeon performing the surgery 116 through

pérameterizing the movement for the robot 118. The robet, here in the form of a robot
arm 119, will then repeat the master surgeon’s movement to assist the frainee fo
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perform the surgical scenario thrdugh control and guidance 120. The trainee will then be
allowed to perform the surgery independently. Movemgnt audit trails are recorded for
future assessment 122. The Trainee Perfofmance Analysis Module 106 will then assess

the competency of the trainee by. automa'ticaﬂy generating a surgical performance

evaluation report and suggestions for improvement, indicated at numeral 124.
A multi-layer mass-spring modelling method was ‘used in the example
embodiment to construct patient's organ elastic model. The patient's organ-was first

segmented from clinical CT images. From the segmentation result, a surface mesh of

the patient's organ was constructed. The inner layers of a mass-spring model were
generated from the surface mesh. The multi-layer elastic model based on the anatomical
structure of the organ was éubsequentiy constructed. Thus, a truly patient-specific organ
mode! that app_ropriataty -approximates the geometrical shape as we!I' as some
mechanical characteristics of the patient's 6rgan is advantageously used in the example
embodiment. More details of the multi-tayer mass-spring modeling method will be
described below. -

| The development of the robotic module 104 in example embodiments can_iﬁvoive
design, implementation and integration of multiple collaborative surgical robots, of which
the robot arm 119 is merely one example, as will be appreciated by a person skilled in
the art. The module 104 provides training odtside of the'opefating theatre for mastery of
the basic technical skilis. The robotic module 104 helps frain doctors to imitate the
motion conducted by senior surgeons.

Robot instructors are developed to asssst the human mstructors The robot

instructors consist of three components in an exampie embodiment: recordmg guiding -

and assessment components 118, 120, and 122, Patient-specific training modules are

, constructed for various. purposes of training. A senior surgeon operates the robot ?19

and the motion is tracked and recorded in the system 100. The robot 119 is preferably
configured to track and record the motion of the senior surgeon g hand. ln. the training
mode, the robot 119 guides the trainee’s hand and/or tool, here a surgical device, in

-repeating the surgeon’s motion. As part of the assessment component 122, the trainee

performs the surgery independently but with his/her motions tracked.

The Trainee Performance Analysis Module 106 evaluates the amount of
deviation of the trainee’s motion from the trainer's motion and analyzes the efficacy of
the Training Module 104. The module 106 assesses the competency of the trainee by
generating a surgical perforinance evaluation repori and suggestions for improvement



10

15

20

25

30

10

' automatically. The key factors in example embodiments are one or more motion

parameters (maneuver route, speed, force, and time) recorded during the practice.

One or more organ models can be generated as genenc models which can he
used for fundamental skill trammg. However in' order to have the system 100
persénaiized according to patient-specific data, an automatic soft tissue modeling is
eniployed in'example embodiments to construct patient-specific modets.

it has been fecogn%zed by the inventors that there are preferably several sub-

tasks to the provisioning of a useful 3D modet for surgical training, as illustrate in Figure

2. One task involves the construction of a high quality 30 polyhedral model for real-time
visualization. To achieve this, the example embodiments work on well-segmented
stacked images of the organs and apply an initial marching tetrahedral algorithm to
perform the iso-surfacing, 202. This methed is superior to the ‘conventicnal. marching
cube since the method can avoid issues with ambiguous conﬁgurétion. The next step
204 is to optimize the size and quality (aspect ratio) of the triangles in the polyhedral
model to address the issue of anisotrophy. This is due to the large inter-slice distar_lce as
compared fo the pixel size of the séanned image. The next step 206 involves developing
a. curvature-sensitive mesh édaptatéoh algorithm to optimize the number of triangles .
without compromising on the geemetric fidelity. Fégures' 3a) and b} illustrates original CT
images-300 and the shape model 302 built from CT data respectively, acéording to an
embodiment. The patient-specific elastic model is constructed on the mesh model
obtained. '

Returmng to Figure 1 delivery of the surgical training in example embodiments is

: achieved via the intelligent Robot Assisted Training Module 104. Precise resection can
~ be performed by the surgeon using different instruments tracked by a robot. The robot

e.g. 119 is capable of repeatmg the recorded motion with the dn‘ferent instruments. One
ot more robots can be used for manipulating the dlfferent :nstruments Centrai to the
robotic system in the example embodiment is a computer control system coordmatmg
the various component robots. The robot e.g. 119 also plays an instructor role in the
training system 100. A Robotic Surgacal Trainer 700, as depicted in Figures 7a) and b},
as part of the IRAS system, is designed to-learn from the master surgeon, and interact
with the tramee surgeon to teach him/her the skills from the master surgeon. _
There are four modes of operation for the Robotlc Surglcal Trainer 700 namely
F{ecord, Replay, Robotic assisted teaching, and Trainee mode. A patient specific
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anatomical model generated by image processing techniques is loaded in the IRAS
system. All fbuf operation modés work on the virtual patient specific anatomical model.

In Record mode, thé robot 700 is passively operated by the master surgeon, A
surgzcat tool 702 incorporated mto the robot 700 is operated by the user manually.
Motion of the surgical toal 702 is decoupled into roil, pitch, yaw, translation and
opeﬂlclose of tool tip. All this information are recorded to reconstruct the trajectory of the

~surgical tool 702, In order to provide the user with realistic sensation (haptic), a control

éysteml controfier is used to generate the sensation. of tool-environment interaction
based on the tissue's biomechanics model, in an exampie embodiment.

~ In the Replay mode, the robot 700 actively drives the surgical tool 702. The
trainee surgeon' can hold the handle 704 of the surgical tool 702, and follow the

~trajectory of the surgical téoi_ 702 to learn the proceddre ofa recdrded surgery.

The Robotic assisted teaching mode Is for a trainee surgeon who has gained

-confidence from the Replay mode. The trainee surgeon is aliowed to operate on the

patient specific anatomical model with the éurgica! procedure learnt in Replay mode. The
trajectory of the surgical tool 702 will be tracked. In the meantime, this trajectory will be
compared to the {rajectory acquired in Record mode i.e. where the surgical tools 702
was operated by the master surgeon. _
If the dlf"ference between the trajectory recorded for the tralnee surgeon in the robot
assisted teaching mode and the trajectory acquired in Record mode and Robot assisted
feaching mode was exceeds a predefined range, the robot could force the surgical tool
o follow the trajectory acqu:red in Record mode. In the Robot assisted teaching mode,
the trainee surgeon is given some freedom to- perform the surge{y with Eeamt

procedures.

The Trainee mode allows the trainee surgeon to operate oh the anatomical

"modal with the fearnt surg:cal procedure on hzs!har own accord. The motion of the
o surgxcal tool is recorded for eva!uatmn purpose. in ?hts mode, actuators mcorporated i

the robot 700 provide haptic feedback in the same mam_er as in the Record mode.
In the robot 700, a piurality of DC motors 708, 708, 710, 712, 714, and
associated encoders 716, 718, 720, 722, and 724 are incorporated fo implement 4

‘ degrees of ireedom (DOF), in addition to an open/close function of the surgical tool ‘7()2.
‘The DC motors 706, 708, 710, 712, and 714 can be programmed to outbut tourque and

o rotation to drive the respective joints of the robot 700 to deliver accurate physical motion

_guidance to the trainee surgeon. At the same time, the rotatory encoders 716, 718, 720,
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722, and 724 can acquire the trajectones of the respective joints when the DC motors
706, 708, 710, 712, and 724 are back drwen in the Record and Trainee modes.

A spherical mechanism 726 is incorporated into the robot 700 to decoupie thé
orientation of the surgical téol’?OZ bbdy inte a spherical coordinate. The orientation of
the fool 702 body is expressed as pitch and yaw in ferms of degreefradiant. The
movement of the tool 702 body drives to rotate the spherical arches 728, 730 at
respectivé angels. The ‘sphericai arches 728, 730 are connected to the shafts of the DC
motors 708, 708, and rotatory encoders 718, ?16 are respectlveiy mounted on the shaft
ends of the DC motors 708, 706. ‘

A mechanism for translational and rotational motion of the surgical tools 702 is
implemented 'by_ DC motors 710, 712, and the motion can be tracked by rotatory
encbders 720, 722. Rack-and pinion can be applied to obtain the transformed of the
translatibnaifrotatibnal motion. The'DC motor 714 and associated encoder 724 are

-incorporated in the robot 700 o provide a mechanism for open/close movement of the

handle 704 of the surgical too] 702. . ‘
In order to develop and incorporate for example valid laparoscopic tasks to train
and assess |aparcscopic skill, five tasks have been identified to be particularly relevant,

. The comimon tasks that are derived from iaparoscopiq surgery include pick and place, -

withdraw and insert and cutting pattern, which are integrated into a patient-specific |
augmented reality environment, in an example embodiment, ‘

Eyai_uétion of the t%ai’ning ‘i's done by corhparéson of movement trails operated by
the trainee and the master surgeon using the Training Module 104, One or more of the
time, speed, force and maneuver route are the parameters to be recorded and-

- compared in example embodiments. Results from an initial experiment are illustrated in

Figure 4. The graph illustrates that the suture timing is stable for performance of the
senior consultant surgeon, curve 400. Over multiple practices, the performance of an
undergraduate anglneenng student (curve 402). advantageousiy could approach and
plateau against the performance baseline set by,the senior consultant surgeon. While
initial timings were noted io be worse than the surgical residem (curve 404), the
student’s performance advantageously managed to become on par with the surglcal‘
resndent after an additional five (5) practices,

Compared with existing approaches the described emibodiments provide a

-robotiqaésisted training system used for both training and planning of for example

cholecystectomy and liver surgery, By integrating the patient-specific model and robotic
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assistive learning, the example efnbodiments aim to advantageously provide surgeons a
realistic simulation platform fof practice, learning and planning. . ‘
Advantageously, the example embodiments provide for the tight coupling of the
clinical processes with a seamless ihtegratio_n of the three main technological modules,
namely the patient-specific anatomy rﬁodeling module from patient—spécific data, the
intelligent robot assisted surgical training module and trainee performance analysis

- module, Under the context of image-guided robot-assisted training.

Each mdl\ndual module can contribute to facilitating the synthesis of an rmage—:
gwded robot-assisted training system. For example, the 30 abdominal organ modeliing
provides for simulation of large deformation of the organs modelled. A multi-layer mass- -
spring model is used in the example embodiment, but the presentation is not limited to

_that model. In the model used, a Gaussian ﬁlter was used to obtain a skeleton surface of

the gallbladder mesh surface. It was used to shrink the 3D mesh surface of the

" segmented organ surface. By setting the number of iterations, different 3D inner

surfaces were obtained. The generated inner surfaces were deemed as the inner layers
in the desired multi-layer structure. The inner layers oﬁtaiﬂed using the néw methbd are 7
shown in Figure 8. More particular, Figure 8(a) shows the initial position of the organ
surface 800, (b) shows the:ihner surface 802 obtained after 15 iterations and (c) shows
the inner surface 804 obtained after 30 iterations. To construct the efastic model, the first
i\Nc}-Iaye_ar structure was used {o mode! the biomechanical behavior of the organ wall and
the rerhaining structure was used to. model the inner fluid behavior. The multi-layer
mass-spring model was'_autdmatically constructed based on the surface meshes using
the following steps: ' '

e Every triangle in the upper surface projected Efs centroid in the normal direction to .
hit the lower surface layer. -

® 'The mtersez:tmﬂ points were used as the mass verttces in the lower 1ayer

s ‘Sprmgs were added to conrect those VerthES m the original tnang%e and its
pro;ected centroid. A tetrahedral mesh structure between the next two surface
iayers was thus constructed.

v A tr:angullatzcn process was carried on these projected centroids.

¢ - Similar procedures Qvere iteraﬂted for the lower Iayers until all the layers were
processed.
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Figure 9 shows & co.mp%ete construction process for a virtual galibladder extracted from
a CT dataset. More particular, Figure 8{a) shows one image 900 of ,a"set of original 2D
CT images with ga!lbladcfer contour. Figure 8(b) shows the mesh surface 902 extracted
from the segmentation results. Figure 9(c) shows the constructed multi-layer mass-
spring model 804. Figure 9(d} shows the textured gallbladder 908.
- “The collaborative rbbot control preferablly uses designs of robot kinematics in

_ consideration of workspace manipulation, operation mechanism, and safety in surgery.
Innovaticn in robotic hardware and control is required in order to have meaningful

coexistence between the robot trainers and the surgery trainees. The robotic system
advantageously also has the capability to memorize “experience” (time, speed, force and
route) of the master surgeons based on the patient-specific model: The reporting and
evaluation is thus not only based on fixed parameters but also on data géined from
experienced surgeons,

F%guré 5 shows a flow chart 500 illustrating a method for robot assisted training,
according fo an embodiment. At step 502, reference data representing a reference

- manipulation of a computer generated model of an object by a master user is recorded. -

At step 504, a trainee user is physically guided using a robotic device based on the
recorded reference data during a training manipulation of the model of the object by the '
trainee user. At step 5086, a:ssessment data representing an assessment manipulation of -
the model of the. object by the trainee user without guidance is recorded. ‘

The example embodiments utilize medical imagé processing, modelling .of patient
data, augmented reality for robotic training and assessment from comparison with -
master surgeon’s skills for laparoscopy surgical training, with one or more of the
following features: '

o Offering tight coupling of clinical processes with a seamless integration of image
processing, and a patient-specific anatomy modeling module, the intelligent robot
assisted surgical training module, and trainee performance evaluation moduie.

= Integration c?f patient-speciﬁp models into a train'ing system for surgedns and -
trainees to practise with increased ekposu?e to-a variety of specific operation .
situations, ‘as well as geneﬁc skills. _

e Offering a tru[y.patient—speciﬁc organ model that appropriately generates the
geometricai Shape as weli as mechanical characteristics of the 'patient’s organ
adapted from generic mechanical models. ' ‘
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+ Offering a robot model that is able to learn from a master surgeon for patient-specific
surgery, and guide and evaluate the frainee's practlce
Embodiments of the present mvent:on can have other appl:catlons than the ones
described herein, for example a patrent~specmc pretreatment planning system can be
developed in different embodiments. ' ‘
The method and system of the exampie embodiments can be implementead

. on a computer system. 600, schematically shown in Figure 6. It may be
implemented as software, such as a computer program being executed within the

computer system 600, and instructing the computer system 600 to conduct the -
method of the example embodiment. ‘ ' |

The computer systé‘m‘ 600 comprises a computer module 602, input modules
such as a keyboard 604 and mouse 806 and a plurality of input andfor output

~ devices such as a display 608, printer 610, and robot arm 611.

The computer module 602 is connected to a computer network 612 via a
suitable transceiver device 614, to enable access to e.g. the Internet or other
network systems such as Local Area Network (LAN) or Wide Area Network (WAN).

The computer module 602 in the example includes a processor 618, a
Random Access Memory (RAM) 620 and a Read Only Memory (ROM) 622. The
computer module 602 also includes a number of lnput/Output (YO} interfaces, for
example /O interface 624 to the dlsplay 608, O interface 626 to the keyboarci 604 |
and /O interface 627 to robot arm 611, ‘

The components of the computer moduie 602 typlca!Iy communicaie via an
interconnected bus 628 and in a manner known to the perscn skilled in the relevant
art.

The application program is typrcaliy suppi;ed to the user of the computer
sysiem 600 encoded on :a data storage medium such as a CD-ROM or flash
memory carrier and read utlhszng a corresponding da’ta storage medium dr;ve of a

data storage device 630, The apphcatlon program is read and controlled i its
-execution by the pfocessor 618. Intermediate storage of program data maybe

accomplished using RAM 620. _ . o
It will be appreciated by a person skilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the specific

- embodiments without departing from the spirit or scope of the invention as broadly
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described. The_a present embodiments are, therefore, to be considered in all respects to
be illustrative and not restrictive. '
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Claims

1. A surgical training system comprising:

means for recording reference data representing a reference manipulation of a
computer generated model of an object by a master user;

a robotic device for moving along a recorded trajectory based on the recorded
reference data to physically guide a trainee user during an assisted training manipulation of
the model of the object by the trainee user;

means for recording assessment data representing an assessment manipulation of
the model of the object by the trainee user without guidance; and

means for evaluating the assessment data based on the reference data.

2. The system as claimed in claim 1, further comprising processing means for

generating the model of the object.

3. The system as claimed in claim 2, wherein said processing means is configured to

generate a case specific model of the object based on patient data.

A The system as.claimed.-in.claim-2,.wherein the processing means comprises an
image processing module for generating the model of the object based on images of a
corresponding real object.

5. The system as claimed in claim 4, wherein the images comprise medical images for

surgical training.

6. The system as claimed in claim 2, wherein the means for recording the reference
data and the means for recording the assessment data together comprise one or more

robotic devices.

1. The system as claimed in claim 6, wherein the one or more robotic devices are

configured to be coupled to a tool used in the manipulation of the model of the object.

8. The system as claimed in claim 6, wherein the one or more robotic devices are

configured to be coupled to the master user or the trainee user via the tool.
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9. The system as claimed in claim 1, wherein the means for evaluating is configured to

evaluate the assessment data based on one or more motion parameters.

10. The system as claimed in claim 9, wherein the motion parameters comprise one or

more of a group consisting of maneuver route, speed, force, and time.

11.  The system as claimed in claim 1, further comprising means for recording a training
trajectory during an un-assisted training manipulation of the model of the object by the
trainee user and correcting the training trajectory to the recorded trajectory when the training
trajectory differs from the recorded trajectory by a predefined range.

12. A robot assisted surgical training method comprising the steps of:

recording reference data representing a reference manipulation of a computer
generated model of an object by a master user;

physically guiding a trainee user using a robotic device, the robotic device moving
along a recorded trajectory based on the recorded reference data during an assisted training
manipulation of the model of the object by the trainee user;

recording assessment data representing an assessment manipulation of the model of
the object by the trainee user without guidance; and

evaluating the assessment data based on the reference data.

13. The method as claimed in claim 12, further comprising the step of generating the

model of the object.

14. The method as claimed in claim 13, wherein generating the model of the object
comprises generating a case specific model of the object based on patient data.

15. The method as claimed in claim 13, comprising generating the model of the object

based on images of a corresponding real object.

16. The method as claimed in claim 15, wherein the images comprise medical images for

surgical training.

17. The method as claimed in claim 12, wherein recording the reference data and

recording the assessment data comprise using one or more robotic devices.
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18. The method as claimed in claim 17, wherein the one or more robotic devices are

configured to be coupled to a tool used in the manipulation of the model of the object.

19. The method as claimed in claim 17, wherein the one or more robotic devices are

configured to be coupled to the master user or the trainee user via the tool.

20.  The method as claimed in claim 12, wherein evaluating the assessment data is

based on one or more motion parameters.

21. The method as claimed in claim 20, wherein the motion parameters comprise one or

more of a group consisting of maneuver route, speed, force, and time.

22. A non-transitory data storage medium having computer code means for instructing a

computer to implement a robot assisted surgical training method as claimed in claim 12.

23. The method as claimed in claim 12, further comprising the step of recording a
training trajectory during an un-assisted training manipulation of the model of the object by
the trainee user and correcting the training trajectory to the recorded trajectory when the
training trajectory differs from the recorded trajectory by a predefined range.



