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Sammendrag:

A depiction system for generating a real time correlated depiction of movements of a surgical tool for uses in
minimally invasive surgery is described. In an embodiment the system comprises computer system, 3D
surface data generation means and position data generation means for obtaining real time spatial position data
of at least a part of the surgical tool.

At least one of said 3D surface data generation means and said position data generation means comprises
surface position data generation means for providing surface position data of at least said target area. The
computer system being programmed for determining a 3D surface contour of at least a part of said target area
of said surface section of said minimally invasive surgery cavity using said 3D data, determining real time
spatially position(s) of said surgical tool relative to at least a part of said target area of said at least one surface
section using said spatial position data and said surface position data, calculating depiction data representing
a depiction of said real time relative spatial position(s of said surgical tool onto at least a portion of said
surface contour of said surface section of said minimally invasive surgery cavity, and for transmitting said
depiction data to said display unit for real time correlated depiction of movements of said surgical tool

Fortsattes ...
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A DEPICTION SYSTEM

TECHNICAL FIELD

The invention relates to a depiction system for generating a real time
depiction of movements of a surgical tool during a minimally invasive surgery
to thereby visually and in real time provide a surgeon with information about

the position of the surgical tool.

BACKGROUND ART

Minimally invasive surgery has been used increasingly in recent years due to
the benefits compared to conventional open surgery as it reduces the trauma
to the patient tissue, leaves smaller scars, minimizes post-surgical pain and

enables a faster recovery of the patient.

For example, in laparoscopic surgery which is a typical form of minimally
invasive surgery the surgeon accesses a body cavity, such as the abdominal
or pelvic cavity, through a series of small incisions. A laparoscope is inserted
through an incision, and conventionally connected to a monitor, thereby
enabling the surgeon to see the inside of the abdominal or pelvic cavity. In
order to perform the surgical procedure, surgical instruments are inserted
through other incisions. In addition, the body cavity around the surgical site is
inflated with a fluid, preferably gas e.g. carbon dioxide in order to create an
‘air’ space within the cavity to make space for the surgeon to view the

surgical site and move the laparoscopic instruments.

Invasive surgery procedures are generally performed through openings in a
patient's skin — often relatively small openings - and the surgical site is
visualized for the surgeon by inserting a camera, such as an endoscope into
the body cavity and displaying the images on a screen.

In order to improve the vision for surgeon, in particular to make it easier for

the surgeon to determine the sizes of various organs, tissues, and other
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structures in a surgical site, several in-situ surgical metrology methods have
been provided in the prior art. Different types of optical systems have been
applied to provide an improved vision of the surgical site, which is

approaching a 3D vision.

US 2013/0296712 describes an apparatus for determining endoscopic
dimensional measurements, including a light source for projecting light
patterns on a surgical sight including shapes with actual dimensional
measurements and fiducials, and means for analyzing the projecting light
patterns on the surgical site by comparing the actual dimensional

measurements of the projected light patterns to the surgical site.

WO 2013/163391 describes at system for generating an image, which the
surgeon can use for measuring the size of or distance between structures in
the surgical field by using an invisible light for marking a pattern to the
surgical field. The system comprises a first camera; a second camera; a light
source producing light at a frequency invisible to human eye; a dispersion unit
projecting a predetermined pattern of light from the invisible light source; an
instrument projecting the predetermined pattern of invisible light onto a
target area; a band pass filter directing visible light to the first camera and
the predetermined pattern of invisible light to the second camera; wherein
the second camera images the target area and predetermined pattern of

invisible light, and computes a three-dimensional image.

US2008071140 discloses an endoscopic surgical navigation system comprises
a tracking subsystem to capture data representing positions and orientations
of a flexible endoscope during an endoscopic procedure, to allow co-
registration of live endoscopic video with intra-operative and/or pre-operative
scan images. Positions and orientations of the endoscope are detected using
one or more sensors and/or other signal-producing elements disposed on the

endoscope.
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US2010268067 disclose methods, systems, devices, and computer-readable
media for image guided surgery for allowing a physician to use multiple
instruments for a surgery and simultaneously provide image-guidance data for

those instruments.

5 US2011069159 discloses a system for orientation assistance and display of an
instrument that is inserted or present in the natural or artificially produced
hollow cavity (human, animal, object), and that is equipped with one or more
sensor units. Multiple measurements of the 3D position of the instrument
equipped with one or more sensor units are performed by positioning a

10  measuring system, so that a precise orientation and positioning of the
instrument in the body can be computed. The 3D position data are used to
compute a virtual image of the instrument synchronously. The virtual images
are then either projected directly in exact position onto the body surface of a
person or combined in a body surface image (real video camera image of the

15  patient) onto a monitor or superimposed (virtual or augmented reality).

It has also been suggested to generate augmented reality vision of surgery
cavities for providing an improved view of internal structures of patient organs
of to determine minimally distance to a cavity surface or organ of a patient.
Such systems are described in the articles "Augmented reality in laparoscopic

20 surgical oncology” by Stéphane Nicolau et al. Surgical Oncology 20 (2011)
189-201 and “An effective visualization technique for depth perception in
augmented reality-based surgical navigation” by Choi Hyunseok et al. The
international journal of medical robotics and computer assisted surgery, 2015
May 5. doi: 10.1002/rcs.1657.

25 US2014163359 discloses a surgical tracking system for assisting an operator
to perform a laparoscopic surgery of a human body. The surgical tracking
system comprising: a. at least one endoscope adapted to acquire real-time
images of a surgical environment within said human body; b. a maneuvering
subsystem adapted to control the spatial position of said endoscope during

30 said laparoscopic surgery; c. a tracking subsystem in communication with said
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maneuvering subsystem, adapted to control the maneuvering system so as to
direct and modify the spatial position of said endoscope to a region of interest.
The system generates real life correlated images of movement of a surgical

tool.

DISCLOSURE OF INVENTION

The object of the present invention is to provide an alternative system for
providing good visibility of at least a part of a body cavity during minimally
invasive surgery in particular with respect to providing good visual information
to the surgeon about the position of a surgical instrument relative to the

surgical site.

This and other objects have been solved by the invention or embodiments

thereof as defined in the claims and as described herein below.

It has been found that the invention or embodiments thereof have a number
of additional advantages, which will be clear to the skilled person from the

following description.

The depiction system of the invention has shown to be capable of providing a
surprisingly good visibility to a user, such as a surgeon or a person training
for performing a surgery. In an embodiment the system of the present
invention aims to provide a depiction comprising a projection of the position
of a surgical tool rather than imaging the surgical tool. Thereby the user can
be provided with a large amount of information in one single depiction.
Whereas one single depiction can provide the use with large amount of
information, the invention also comprises a system generating two or more

depictions or images as further described below.

The depiction system of the invention is suitable for generating a real time

correlated depiction of movements of a surgical tool.

The system comprising
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e a computer system configured for being in data communication with a
display unit,

e 3D surface data generation means for providing the computer system
with three-dimensional (3D) data representing at least one surface
section in 3D space of a minimally invasive surgery cavity, wherein the
surface section comprises a target area, and

e position data generation means for obtaining real time spatial position
data of at least a part of the surgical tool and for transmitting the

obtained spatial position data to the computer system.

At least one of the 3D surface data generation means and the position data
generation means comprises surface position data generation means for

providing surface position data of at least the target area.
The computer system is programmed for

e determining a 3D surface contour of at least a part of the target area
of the surface section of the minimally invasive surgery cavity using the
3D data,

e determining real time spatially position(s) of the surgical tool relative to
at least a part of the target area of the at least one surface section
using the spatial position data and the surface position data,

¢ calculating depiction data representing a depiction of the real time
relative spatial position(s) of the surgical tool onto at least a portion of
the surface contour of the surface section of the minimally invasive

surgery cavity, and for

transmitting the depiction data to the display unit for real time correlated

depiction of movements of the surgical tool.

The computer system may comprise one single computer or a plurality of

computers in data connection, wireless, by wire and/or via the internet.
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The minimally invasive surgery cavity may be a patient or an artificial cavity.
In general, an artificial cavity is useful in a training procedure. In other
procedures as well as in supervised procedures of relatively unexperienced
surgeons the minimally invasive surgery cavity is advantageously a minimally

5 invasive surgery cavity of a patient such as a human or an animal.

The minimally invasive surgery cavity may in principle be any kind of body
cavities including naturally occurring cavities as well as cavities formed by
expansion of a non-luminal part of a body (pseudo cavity). Examples of
suitable minimally invasive surgery cavities includes an abdominal cavity (the
10  area between the diaphragm and the brim of the pelvis), a chest cavity,
abdominopelvic cavity (contains both the abdominal and pelvic cavities),
cranial cavity (contains the brain), diaphragm (muscle that separates the
thoracic and abdominopelvic cavities), mediastinum (central area within the
thoracic cavity), pelvic cavity (contains the reproductive organs and urinary
15  bladder), pericardial cavity (contains the heart), pleural cavity (contains the
lungs), thoracic cavity (enclosed by the ribs, sternum, and vertebral column),

vertebral cavity (contains the spinal cord), etc.

Usually the minimally invasive surgery procedure includes that the surgeon
provides access to the surgery site by an incision and apply a cannula

20 (sometimes also called a sleeve) to provide an access port through the
incision. The cannula functions as a portal for the subsequent placement of a
surgical instrument comprising a surgical tool. The term ‘surgical tool’ is
herein used to designate the distal part of a surgical instrument adapted to be
inserted into the minimally invasive surgery cavity. A surgical instrument

25 usually has a distal end and a proximal end and comprises a handle portion at
its proximal end, a surgical tool at its distal end and a body portion
connecting the handle portion to the surgical tool. The surgical tool may for
example be graspers, scissors, staplers, etc. In an embodiment the body

portion of the surgical instrument is considered as a part of the surgical tool.
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For examples sensors mounted to the surgical tool portion may be mounted

to the body portion of the surgical instrument.

The cannula usually comprises one or more seals to seal against gas slip-out
and to accommodate an instrument. After the cannula has been inserted, the

5  minimally invasive surgery cavity is usually enlarged by blowing a gas into the
cavity thereby providing a cavity sufficiently large for performing the

minimally invasive surgery procedure.

Often the surface of the minimally invasive surgery cavity is much curved. The
term ‘target area’ of the surface of the minimally invasive surgery cavity is

10  herein used to designate the area which the surgeon has focus on, and the
target area may advantageously comprise a surgery site and/or a surface
area which potentially could be in risk of damage during the surgery
procedure. The depiction data representing said depiction of said real tile
spatial positions of the surgical tool onto at least a portion of the surface

15 contour of the surface section of the minimally invasive surgery, where the
portion of the surface contour need not comprise the surface contour of the
target area constantly during a minimally invasive surgery procedure. It is
sufficient that the contour of the target area forms part of the portion of the

surface contour when the surgical tool is approaching the target area.

20 The phrase “real time” is herein used to mean the time it requires the
computer to receive and process constantly changing data optionally in
combination with other data, such as predetermined data, reference data,
estimated data which may be non-real time data such as constant data or
data changing with a frequency of above 1 minute to thereby provide a

25 depiction of corresponding actual changes as they occur or within up to 5
seconds, preferably within 1 second, more preferably within 0.1 second of

occurrence.

The terms distal and proximal should be interpreted in relation to the
orientation of the surgical tool i.e. the distal end of the surgical tool is the part
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of the surgical tool farthest from the incision through which the surgical

instrument comprising the surgical tool is inserted.

The phrase “distal to” means “arranged at a position in distal direction to the

surgical tool, where the direction is determined as a straight line between a
5 proximal end of the surgical tool to the distal end of the surgical tool. The

phrase “distally arranged” means arranged distal to the distal end of the

surgical tool.

The term “substantially” should herein be taken to mean that ordinary

product variances and tolerances are comprised.

10  The term “about” is generally used to ensure that what is within
measurement uncertainties are include. The term “about” when used in
ranges, should herein be taken to mean that what is within measurement

uncertainties are included in the range.

It should be emphasized that the term “comprises/comprising” when used
15  herein is to be interpreted as an open term, i.e. it should be taken to specify

the presence of specifically stated feature(s), such as element(s), unit(s),

integer(s), step(s) component(s) and combination(s) thereof, but does not

preclude the presence or addition of one or more other stated features.

Throughout the description or claims, the singular encompasses the plural
20 unless otherwise specified or required by the context.

The portion, i.e. the area extension of the surface contour which is comprised
in the depiction data calculation may in principle have any size larger than
zero. In order to provide a depiction containing desirably large amount of
information for the user, the portion of the surface contour advantageously
25 has a size which is sufficiently large to reflect the surface contour of the
portion. In an embodiment the portion of the surface contour has a size of at
least about 5 mm2, such as at least about 10 mmz2, such as at least about 1

cm2, such as at least about 5 cm2, such as at least about 10 cm2, such as at
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least about 25 cm2 determined as the maximal size of a projection of the

surface contour onto a plan-i.e. the plan is selected as the plan providing the

largest projected surface. . In an embodiment the portion of the surface

contour has a size as least as large as the target area and/or as least as large
5 as the surgical site.

Advantageously the portion of the surface contour which is comprised in the
depiction data calculation has a size which is dynamically changing in
dependence of the real time position data, Thereby the depiction may reveal

any movements of the surgical tool.

10  In an embodiment the portion of the surface contour is increasing with
increasing distance between the spatial position the part of the surgical tool
and the surface section.

In an embodiment the 3D surface data generation means and/or the position
data generation means is/are part of the depiction system and

15  advantageously the 3D surface data generation means and/or the position
data generation means is/are controlled by the computer system. The
computer system is preferably programmed to control the operation of the 3D

surface data generation means and/or the position data generation means.

The 3D surface data generation means may be any means capable of

20  providing the computer system with the 3D surface data, such as data from a
database, data supplied to the computer system by a user, e.g. in form of
pre-measured data e.g. by scanning e.g. CT scanning e.g. MR or real-time

measured data.

In an embodiment the 3D surface data generation means comprises a 3D

25 database system. The 3D database system comprises at least one 3D data set
for at least one surface section of each of a plurality of classified minimally
invasive surgery cavities, wherein each 3D data set is associated to the
respective surface section(s) of at least one of the classified minimally

invasive surgery cavities. Preferably the computer is configured for acquiring a
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3D data set for at least one surface section of a classified minimally invasive

surgery cavity.

The classified minimally invasive surgery cavities are preferably represented
by their respective classification. The classification may in principle comprise

5 any classification data that describes the classified minimally invasive surgery
cavities e.g. type of cavity, age of patient, weight of patient, gender of patient,
height, body circumferential dimension(s) or any combinations comprising the

abovementioned or any other specific or average or level of patient data.

In an embodiment the computer is programmed to receive instructions for

10  selecting a 3D data set and based on an instruction to acquire the selected 3D
data set from the 3D database. The instruction may advantageously comprise
classification data. The instruction may for example be given to computer

system via a digital user interface and/ or orally by a user.

Unless otherwise stated, the term “user” is herein used to include any user,
15 such as a surgeon, an assisting surgeon, a supervisor, a computer

programmed to act as supervisor, an artificially intelligent computer and/or a

robot, where a robot is programmed to perform at least one surgeon duty,

e.g. to perform or assist in a minimally invasive surgery procedure.

In an embodiment the computer is programmed to receive instructions

20 comprising classification data for selecting several 3D data sets and based on
this instruction to acquiring selected 3D data sets and process the acquired
3D data sets to determine the resulting 3D data which is applied to determine
the 3D surface contour of the surface section of the minimally invasive
surgery cavity.

25 The database system is data connectable or in data connection with the
computer e.g. by wireless connection, by wire connection, via the internet

and/or by being loaded onto a memory of the computer system.
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The database system may continuously be build up or updated by adding new
3D data sets to the database.

In an embodiment the database system is loaded into a memory in data

communication with or being a part of the computer system.

5 The 3D data sets of the database may be obtained by any methods and will
usually be 3D data sets from previously performed minimally invasive surgery
procedures and/or estimated and/or calculated 3D data sets and/or 3D data

sets obtained by a scanning such as described further below.

Advantageously one or more of the 3D data sets comprises estimated 3D data,
10  calculated 3D data, measured 3D data or any combination thereof. Preferably
the 3D data sets each are associated to a patient characteristic, such as a
patient characteristic comprising age, gender, weight, height body
circumferential dimension(s) or any combinations comprising the

abovementioned.

15  The estimated 3D data, calculated 3D data and/or measured 3D data of the
3D data sets may be obtained or generate by any methods, such as methods
known from prior art and/or methods described herein for obtaining 3D data
a surface section of a minimally invasive surgery cavity. In particularly ultra
sound based methods, CT scanning and/or MRI are suitable as well as the

20 prior art methods as disclosed in the articles "Augmented reality in
laparoscopic surgical oncology” by Stéphane Nicolau et al. Surgical Oncology
20 (2011) 189-201 and “An effective visualization technique for depth
perception in augmented reality-based surgical navigation” by Choi Hyunseok
et al. The international journal of medical robotics and computer assisted

25 surgery, 2015 May 5. doi: 10.1002/rcs.1657.

In an embodiment the 3D surface data generation means comprises a user
input data connection for feeding 3D data for a selected patient onto the
computer. The computer is configured for receiving such user input 3D data,
optionally by comprising a reader configured for reading images e.g. 2D
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and/or 3D and comprising software generating the 3D data from the read
images. Advantageously the user input 3D data is added as 3D data set to the

database system.

In an embodiment the 3D surface data generation means comprises a 3D
surface sensor system for determining at least a part of the 3D data for at
least the surface section of the minimally invasive surgery cavity and
transmitting means for transmitting the determined for 3D data to the
computer, optionally depiction system is configured for adding determined 3D
data as 3D data set to the database system. Preferably the computer system
is configured for adding determined 3D data received from the 3D surface

sensor system as 3D data set to the database system.

The transmitting means may be any means suitable for transmitting said 3D
data, preferably in digital form. Suitable transmitting means includes USB key
transmitting means, wire based transmitting means and/or wireless

transmitting means, such as Bluetooth.

The surface sensor system may comprise any type of surface sensor suitable
for determining 3D data of the surface section. In a preferred embodiment
the 3D surface sensor system comprises at least one local reference sensor,
preferably for spatial reference. Advantageously the at least one local
reference sensor is adapted to be positioned on a patient and/or on a support

(surgery table) for a patient.

In an embodiment there are a plurality of reference sensors, the reference
sensors are preferably configured to communicate to locate a position of each
other to thereby define an X.Y.Z dimensional space — e.g. as describes in US
2007/060098 or US 6,631,271. In an embodiment the 3D surface sensor
system is as described in “Spatial Data Estimation in Three Dimensional
Distributed Wireless Sensor Networks”, by Karjee et al. Embedded Systems
(ICES), 2014 International Conference 3-4 July 2014, IEEE ISBN 978-1-4799-
5025-6.
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In an embodiment the 3D surface data generation means comprises the
surface position data generation means for providing surface position data of
the target area. The surface position data generation means advantageously

comprises the at least one local reference sensor described above.

5 The 3D surface sensor system may advantageously comprise a 3D optical
sensor, an acoustic sensor, a magnetic sensor, an electric sensor, an

electromagnetic sensor or any combinations thereof.

In an embodiment the 3D surface sensor system comprises a surface tracking
system as described in "Augmented reality in laparoscopic surgical oncology”
10 by Stéphane Nicolau et al. Surgical Oncology 20 (2011) 189-201.

The one or more sensors of the sensor system can in principle be positioned
anywhere as long as it is capable of sensing at least a part of the surface
section. Advantageously the one or more sensors of the sensor system is/are
part of the depiction system. Where the one or more sensors of the sensor

15  system is/are fixed to or integrated with one or more elements, this/these one

or more elements advantageously form part of the depiction system.

In an embodiment at least one sensor is positioned on or is adapted to be
positioned on a trocar, the trocar is preferably a part of the depiction system.
In an embodiment at least one sensor is positioned on or is adapted to be

20 positioned on a surgical instrument, preferably on a surgical tool of the
surgical instrument for use in minimally invasive surgery, the surgical
instrument or the surgical tool is preferably a part of the depiction system. In
an embodiment at least one sensor is positioned on or is adapted to be
positioned on an endoscope for use in minimally invasive surgery, the

25 endoscope is preferably a part of the depiction system. In an embodiment at
least one sensor is positioned on or is adapted to be positioned on a patient
e.g. in the minimally invasive surgery cavity, such as on a surface thereof or
external on the surface of the skin of a patient. In an embodiment at least
one sensor is positioned on or is adapted to be positioned on a sensor
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instrument which can be at least partly inserted into the minimally invasive
surgery cavity, the sensor instrument is preferably a part of the depiction
system. In an embodiment at least one sensor is adapted to be positioned
external to the minimally invasive surgery cavity e.g., to be manually handled

5 or handled by a robot, preferably the external sensor (e.g. a scanning
instrument — CT, NMR, MR, UV and/or IR scanner) and optionally the robot
form part of the depiction system.

In an embodiment the 3D surface sensor system comprises a 3D optical
sensor system comprising at least one optical source and at least one optical

10  reader such as an image recorder comprising a 2D array of detectors, such as
a camera, the 3D optical sensor system is preferably a binocular sensor

system or a multiocular sensor system.

The optical source of the 3D optical sensor source may in principle comprise
any kind of optical source, such as an illumination source, an invisible source

15 - e.g. an IR source.

The optical source may be a coherent light source or an incoherent light
source. Examples of optical sources includes a semiconductor light source,
such as a laser diode and/or a VCSEL light source as well as any kind of laser

sources including narrow bandwidth sources and broad band sources.

20 In an embodiment the optical source has a band width (full width at half
maximum —FWHM) of up to about 50 nm, such as from 1 nm to about 40 nm.
Preferably the narrow band width of the optical source is about 25 nm or less,

such as about 10 nm or less.

In an embodiment the optical source is a broad band light source such as a
25  supercontinuum light source e.g. spanning at least an octave within the
bandwidth range from 400 nm to 2600 nm. Above 2600 nm light transmitted

in a silica fiber will be strongly attenuated.
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In an embodiment the optical source is configured for emitting at least one
electromagnetic wavelength within the UV range of from about 10 nm to

about 400 nm, such as from about 200 to about 400 nm.

In an embodiment the optical source is configured for emitting at least one
5 electromagnetic wavelength within the visible range of from about 400 nm to

about 700 nm, such as from about 500 to about 600 nm.

In an embodiment the optical source is configured for emitting at least one
electromagnetic wavelength within the IR range of from about 700 nm to

about 1mm, such as from about 800 to about 2500 nm.

10 In an embodiment the optical source comprises at least one wavelength

within the invisible range, such as the UV or the IR range.
Advantageously the optical source is tunable in wavelength and/or power.

The optical source is advantageously connected to or integrated in an

endoscope.

15 In an embodiment the 3D optical sensor system comprise two optical sources,
preferably laser sources of equal or different wavelength(s) and being emitted
towards the surface in different light beam angles (determined as the angle of

the centremost ray of the respective light beams).

In an embodiment the 3D optical sensor system is based on USING BEAM
20 PHASE interference determination e.g. as described in US2004/0145746.

In an embodiment the3D optical sensor system may for example comprise a
phase optic element (e.g. a diffractive optic element (DOE)), a spatial light
modulator, a multi-order diffractive lens, a holographic lens, a Fresnel lens
and/or a computer regulated optical element. In an embodiment the DOE is

25 as described in US 2013/0038836 e.g. as shown in Fig. 1 and/or as described
in section [0015] of US 2013/0038836.
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In an embodiment the 3D optical sensor system comprises two cameras e.g.
as described in WO 2013/163391.

In an embodiment the at least one optical source is configured for emitting
an optical tracking light pattern which pattern when impinged onto and

5 reflected and/or scattered from the surface reveal the contour of the surface
to thereby provide 3D data to be recorded by the optical reader. In this
embodiment the 3D optical sensor system may advantageously be or
comprise the apparatus described in US 2013/0296712 and/or EP 2 586 34.

In an embodiment the optical source is adapted for emitting a substantially
10  stationary optical pattern onto at least a part of the surface section which
pattern when impinged onto and reflected and/or scattered from the surface
reveal the contour of the surface to thereby provide 3D data to be recorded
by the optical reader and the optical pattern emitting source optionally being
positioned on an endoscope which is adapted to be held substantially
15  stationary during the minimally invasive surgery procedure, such as on an

endoscope also comprising the recorder.

In the following the term “reflected and/or scattered from a surface” should
be interpreted to include any interactions with the relevant surface which is
readable by an optical recorder. The light in question may be visibly or

20 invisible to the human eye e.g. including wavelengths from below 300 nm to

above 2 pm.

Advantageously the depiction system preferably comprises both a stationary
and a dynamic optical pattern source. The dynamic optical pattern source is
preferably in form of a light source adapted for emitting said dynamic optical
25 pattern onto at least a part of the surface section. The dynamic optical

pattern is preferably dynamic by being mounted onto a surgical tool such that
the reflected and/or scattered pattern (the pattern reflected and/or scattered
from the surface section), which may be recorded by the recorder is changing
in relation to movements of the surgical tool. Preferably the changes of the
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reflected and/or scattered pattern are correlated to the movements of the
surgical tool. The correlated movement of the pattern may e.g. be provided
as described in WO 15/124159 e.g. comprising the set comprising a surgical
instrument wherein the surgical tool as described herein includes the body

5 and the surgical tool of the surgical instrument of WO 15/124159. The
correlated movement of the pattern may e.g. be provided as described in DK
PA 2015 70483. The optical recorder may be mounted on the surgical tool

and/or on an endoscope or at any other suitable means.

The optical source may be temporarily or permanently fixed to the surgical
10  tool and the optical source preferably also form part of the position data

generation means.

By simultaneously use of the a stationary and a dynamic optical pattern
source both the 3D data — or at least some of the 3D data optionally
supplemented with one or more 3D data set(s) from the 3D database system

15 - and the real time position data can be generated simultaneously.

In an embodiment the depiction system comprises a dynamic optical pattern

preferably dynamic by being mounted onto a surgical tool as described above
and simultaneously the system comprises an optical recorder mounted to the
surgical tool or to an endoscope for collecting both 3D data and position data

20 and preferably orientation data.

In an embodiment the 3D surface sensor system comprises an acoustic
sensor system comprising at least one sonic wave emitter and at least one
sonic wave receiver. Preferably the acoustic sensor system comprises two or
more sonic wave receivers, such as a 2D array of sonic wave receivers e.g.

25  piezo sonic wave receivers.

Advantageously the acoustic sensor system comprises an ultrasound sensor.
The 3D optical sensor system may e.g. be as described in any one of
US4694434 of US 2014/0204702.
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In an embodiment the 3D surface sensor system comprises a magnetic sensor
system, such as a magnetic induction tomography sensor system and/or a
magnetic resonance tomography sensor and/or an electromagnetic sensor

system.

5 In an embodiment the 3D surface sensor system comprises an electric sensor

system, such as a micro mechanical sensor system.

In an embodiment the 3D surface sensor system comprises an X-ray

computed tomography sensor (CT scanning sensor).

The position data generation means may be any kind of position data
10  generation means suitable for determining the real time spatial position of at
least a part of the surgical tool. Preferably the part of the surgical tool

includes at least the distal end of the tool.

In an embodiment the position data generation means for obtaining real time
spatial position data of at least a part of the surgical tool comprises a position
15 sensor system. The position sensor system preferably comprises a 3D optical
sensor, an acoustic sensor, a magnetic sensor, an electric sensor, an
electromagnetic sensor, an accelerometer, a gyroscope, a gravimeter an
inertial navigation system a local positioning system or any combinations

thereof.
20  Advantageously the position sensor system is part of the depiction system.

In an embodiment the position sensor system comprises an inertial navigation
system. The inertial navigation system advantageously includes at least a
computer (e.g. of the computer system) and a platform or module containing
accelerometers, gyroscopes and/or other motion-sensing devices. The inertial
25 navigation system may initially be provided with its position and velocity from
another source (such as a human operator, a GPS satellite receiver, etc.), and
thereafter computes its own updated position and velocity by integrating

information received from the motion sensors. The advantage of an inertial
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navigation system is that it requires no external references in order to

determine its position, orientation, or velocity once it has been initialized.

In an embodiment the position sensor system comprising a sensor element
adapted to be or being physically connected to or integrated with the surgical

tool.

In an embodiment the position sensor system comprises a magnetic motion
capture systems comprising at least one sensor adapted to be or being
physically connect to or integrated with the surgical tool to measure low-
frequency magnetic fields generated by a transmitter source.

In an embodiment the position sensor system comprises a MEMS sensor
magnetic motion capture systems adapted to be or being physically connect
to or integrated with the surgical tool to measure return signal upon

activation by a transponder.

In an embodiment the position sensor system comprises an acoustic sensor
including at least one sensor mounted on integrated with the surgical tool the

surgical tool for increase accuracy - e.g. for direction determination.

The one or more sensors of the position sensor system may advantageously
be positioned as described above for the sensor(s) of the 3D sensor system
optionally with an additional sensor mounted on or integrated with the
surgical tool. Advantageously one or more sensors may be part of both the
3D sensor system and the position sensor system.

In an embodiment the position sensor system comprises at least one local
reference sensor, preferably for spatial reference. The at least one local
reference sensor is preferably adapted to be positioned on a patient, such as
in the minimally invasive surgery cavity or on the outer skin of the patient

and/or on a support (e.g. a surgery table) for a patient.

In an embodiment the position sensor system comprises a plurality of
reference sensors — preferably also being a part of the 3D surface sensor
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system. The reference sensors are preferably configured to communicate to
locate a position of each other to thereby define an X.Y.Z dimensional space —
e.g. as describes in US 2007/060098 or US 6,631,271. In an embodiment the
position sensor system is based on the technology described in “Spatial Data
Estimation in Three Dimensional Distributed Wireless Sensor Networks”, by
Karjee et al. Embedded Systems (ICES), 2014 International Conference 3-4
July 2014, IEEE ISBN 978-1-4799-5025-6.

In an embodiment the at least one reference sensor provides the local
positioning system, preferably the position sensor system comprises a

plurality local reference sensors.

The position sensor system is advantageously configured for obtaining real
time spatial position data of the surgical tool and for transmitting the obtained
spatial position data to the computer system, wherein the real time spatial
position data is on form of real time spatial position data in an X-Y-Z

dimensional space.

In an embodiment the position sensor system comprises at least one distance
sensor, such as a short range laser based sensor e.g. as provided by SICK AG,

Germany.

A short range laser based distance sensor is operating by projecting a light
beam spot onto a measurement object, e.g. using a laser diode. By means of
an optical receiver, the reflection is mapped onto a light sensitive element
(such as CMOS). Based on the position of the mapped light spot and the 3D

surface data, the distance to the surface section can be determined.

Advantageously the real time spatial position data comprises position data
correlated to the 3D data representing at least one surface section in 3D
space, preferably the real time spatial position data comprises determining a
distance from the surgical tool or the at least one part of the surgical tool to

the surface section, preferably to the target area of the surface section.
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In an embodiment the real time spatial position data comprises determining
a distance e.g. using a short range laser based distance sensor from the
surgical tool or at least one part of the surgical tool - preferably its distal end
- and to a point of the surface section correlated with an orientation direction
of the tool, where the orientation direction of the tool is determined from an
access opening into the minimally invasive surgery cavity through which the
tool is inserted and the farthest extension of the tool into the cavity. This
orientation direction is also referred to as the longitudinal vector direction of
the surgical tool and/or where the surgical tool is not bended or bendable —
the longitudinal direction of the surgical tool. Where the surgical tool is
bended the longitudinal direction is determined as the direction of the distal

part of the surgical tool from the bend to the most distal part of the tool.

In an embodiment the real time spatial position data comprises determining a
distance from the surgical tool or at least one part of the surgical tool -
preferably its distal end - and to a point of the surface section in distal

direction to the surgical tool.

Advantageously the 3D surface sensor system and the position sensor system
are at least partly integrated to form a combined 3D surface and position
sensor system. Preferably this 3D surface and position sensor system is a part

of the depiction system.

In an embodiment the computer system is in data connection with the 3D
surface data generation means and is configured for acquire the 3D data
representing at least one surface section in 3D space of a minimally invasive
surgery cavity from the 3D surface data generation means. Preferably the
computer system is configured for receiving instruction via a user interface to
acquire the 3D data and upon receiving such instructions to acquire the 3D
data.

In an embodiment the computer system - for each user procedure - is
configured to acquire the 3D data representing at least one surface section in
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3D space of a minimally invasive surgery cavity in one single time data
package. In this embodiment the acquired 3D data representing at least one
surface section in 3D space of a minimally invasive surgery cavity may be
used in the whole minimally invasive surgery procedure, and the 3D surface
data generation means is advantageously controlled by the computer system
to acquire the 3D data representing at least one surface section in 3D space

of a minimally invasive surgery cavity only once in one data package.

In another embodiment the computer system - for each user procedure - is
configured for acquiring the 3D data by consecutively acquiring 3D data
packages representing at least one surface section in 3D space of a minimally
invasive surgery. The consecutively acquired 3D data packages preferably
comprises timely updated 3D data and/or 3D data representing at least one
additional surface section in 3D space for each of the consecutive acquired 3D
data packages. Advantageously the operation of the 3D surface data

generation means is controlled by the computer system.

In an embodiment the computer system is in data communication with the
position data generation means and is configured for in real time acquire the
obtained real time spatial position data of at least a part of the surgical tool.
Preferably the computer system is configured for receiving instruction via a
user interface to acquire the spatial position data and upon receiving such

instructions to acquire the spatial position data.

In an embodiment the computer system is configured for controlling the 3D
surface data generation means and the position data generation means.
Preferably the computer is configured for receiving instruction via a user
interface to conduct a user process and based on the instruction to acquire
the required data from the 3D surface data generation means and the
position data generation means and for conducting the user procedure until a

termination signal is transmitted to the computer.



DK 178899 B1

3DIN-PA1502
23

Advantageously the system further comprises orientation data generation
means for obtaining real time spatial orientation data of at least a part of the
surgical tool and for transmitting the obtained spatial orientation data to the
computer system. The computer system is advantageously programmed for

5 e determining real time spatially orientation(s) of the surgical tool using

the spatial orientation data,

e calculating depiction data representing a depiction of the real time
spatial orientation(s) of the surgical tool onto at least a portion of the
surface contour of the surface section of the minimally invasive surgery

10 cavity, and for

e transmitting the depiction data to the display unit for real time

correlated depiction of movements of the surgical tool.

Advantageously the computer system is configured to calculating depiction
data representing the depiction of the real time relative spatial position(s) and
15  the real time spatial orientation(s) of the surgical tool onto at least a portion
of the surface contour of the surface section of the minimally invasive surgery
cavity comprises depiction data representing an associated depiction of the
real time relative spatial position(s) and the real time spatial orientation(s) of

the surgical tool onto at least a portion of the surface contour.

20 Thereby an effective depiction with a concentrated amount of information can

be visualised for the user.

In an embodiment the associated depiction of the real time relative spatial
position(s) and the real time spatial orientation(s) of the surgical tool onto at
least a portion of the surface contour comprises a depiction of the real time
25 relative spatial position(s) onto the surface contour in a direction coordinated
with the real time spatial orientation(s) of the surgical tool. The resulting
depiction will thereby be a dynamically changing depiction and will thereby
show even smaller movements of the surgical tool including tilting movements

which will bring very useful information to the user.
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Advantageously the orientation data generation means comprises an
orientation sensor connected to or integrated with the surgical tool. In an
embodiment the surgical tool is part of the depiction system and comprises

integrated at least one sensor.

In an embodiment the orientation data generation means comprises an
orientation sensor connected to or integrated with the surgical tool. The
orientation sensor preferably comprises at least one distance sensor, such as
a short range laser based sensor described above. The at least one
direction sensor preferably being mounted to emit laser light in
distal direction relative to the surgical tool, preferably oriented

substantially parallel to the longitudinal direction of the surgical tool.

In an embodiment the position data generation means and the orientation
data generation means are at least partly integrated to a combined position
data and an orientation data generation means. In practice it will be simpler
to have a combined position data and an orientation data generation means.
In this embodiment the position data/position data generation means also

comprises orientation data/orientation data generation means.

Preferably the depiction data representing a depiction of the real time relative
spatial position(s) of the surgical tool onto the determined 3D surface contour
of the surface section of the minimally invasive surgery cavity comprises
depiction data encoding a depiction of a dynamic pattern representation, a
dynamic scaling of colours representation, a dynamic schematic
representation, a dynamic graphical representation and/or a dynamic
augmented reality representation.

Advantageously the encoded depiction comprises a non-image-accurate

depiction of the surgical tool.

Whereas prior art systems heretofore have been focused on generating 3D
vision of a minimally invasive surgery area or a surgical instrument which is

an imitation of a real life vision of the minimally invasive surgery area or a
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surgical instrument the system of the present invention provides a depiction
comprising a correlated projection of the real time position and movements
and preferably real time orientation of the surgical tool rather than imaging
the surgical tool as such. By providing the depiction of the real time relative
5  spatial position(s) of the surgical tool onto the determined 3D surface contour

of the surface section of the minimally invasive surgery cavity in form of
depiction data encoding a depiction of a dynamic pattern representation, a
dynamic scaling of colours representation, a dynamic schematic
representation, a dynamic graphical representation and/or a dynamic

10 augmented reality representation, wherein the encoded depiction does not
comprise a non-image-accurate depiction of the surgical tool, the resulting
depiction can comprise a very high concentration of useful information to the
user. For easy decoding of the depiction the user may be trained e.g. as
described further later on. Advantageously the depiction also includes sound

15  as exemplified below.

In an embodiment the dynamic scaling of colours comprises a dynamic

scaling of shades of one or more colours, such as hue colours.

The term shades are herein used to designate a gradation of a colour with
more or less black and/or brightness.

20 In an embodiment the depiction data comprises data encoding a depiction of
a dynamic pattern representation, wherein the dynamic pattern
representation comprises a depiction of a virtual pattern resembling an
emitted light pattern impinged onto the determined 3D surface contour,
wherein the virtual pattern preferably comprises arch shaped and/or ring

25 shaped lines and/or a plurality of angled lines.

Advantageously the dynamic pattern representation comprises a depiction of
the virtual pattern onto the determined 3D surface contour, such that the
depiction comprises a dynamic modification of the virtual pattern wherein the
dynamic modification is correlated to the determined real time spatially

30 position(s) and thereby movements of the surgical tool.
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The virtual pattern preferably resembling a light pattern comprising at least
spatially dispersed light beam fractions, such as an angular light path
surrounding a light dot or a grid of lines, e.g. a crosshatched pattern
optionally comprising substantially parallel lines when emitted to a planar

5 surface, and/or one or more angular, such as rectangular shapes e.g. square
shaped, e.g. in an overlapping configuration, in a side by side configuration or

concentrically arranged.

In an embodiment the dynamic pattern representation comprises a depiction

corresponding to the light pattern reflected and/or scattered from the surface
10  of the surgery site when using the systems and methods disclosed in

WQ015124159 and/or in co-pending patent application DK PA 2015 70483.

In an embodiment the depiction comprises a depiction of a dynamic scaling of
colours representation, wherein the dynamic scaling of colours representation
comprises a visual coloured representation of the determined real time

15  spatially position(s) of the surgical tool relative to the determined 3D surface
contour wherein the colouring is dynamically modified in correlation to
changes of the spatial position and optional orientation caused by the
movements of the surgical tool relative to the determined 3D surface contour
for example such that the shorter distance between the surgical instrument

20 and the target area the more intensive red and/or less intensive green.

The depiction of a dynamic scaling of colours representation has shown to be
very simple to decoding for most users and can comprise a large amount of
useful information. Advantageously the depiction systems comprise means (a
button or wireless setting means) for setting the colour scaling and brightness.

25  For some users the colour scaling is not sufficient e.g. due to colour blindness
and in such situation other depiction are preferred e.g. in combination with
the colour scaling representation.

In an embodiment the visual coloured representation comprises a 2D
graduated shading.
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In an embodiment the depiction comprises a dynamic schematic
representation, wherein the dynamic schematic representation comprises a
diagrammatic representation of the determined real time spatially position(s)
of the surgical tool relative to the determined 3D surface contour wherein the
5 diagrammatic representation is dynamically modified in correlation to changes
of the spatial position and optional orientation caused by the movements of

the surgical tool relative to the determined 3D surface contour.

In an embodiment the depiction comprises a depiction of a dynamic graphical
representation, wherein the dynamic graphical representation comprises a

10  graphical representation of the determined real time spatially position(s) of
the surgical tool relative to the determined 3D surface contour wherein the
graphical representation is dynamically modified in correlation to changes of
the spatial position and optional orientation caused by the movements of the

surgical tool relative to the determined 3D surface contour.

15 In a preferred embodiment the depiction comprises a depiction of a dynamic
augmented reality representation, wherein the dynamic augmented reality
representation comprises an augmented reality representation of the
determined real time spatially position(s) of the surgical tool relative to the
determined 3D surface contour wherein the augmented reality representation

20 is dynamically modified in correlation to changes of the spatial position and
optional orientation caused by the movements of the surgical tool relative to
the determined 3D surface contour.

In an embodiment the augmented reality is a spatial augmented reality (SAR)
wherein the display unit comprises one or more digital projectors configured to

25 display the depiction upon receipt of the calculated depiction data e.g. onto a
physical object(s), such as onto the patient, such as onto an artificial patient or
a head-up display .

Advantageously the depiction comprises a sound depiction, such as a beeping

sound where the tone and/or the beep-rate is correlated to the relative
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distance between the surgical tool and the surface section. The beeping
sound may for example intensify as the surgical tool is approaching the
surface section e.g. to a point of the surface section distal to the surgical tool

in its longitudinal direction.

5 In an embodiment the calculated depiction data is configured for being
displaced on the display unit, wherein the display unit is selected from a 2D
screen, a 3D screen, a projector system (such as an augmented projector
system), head-up display, a wearable display unit, such as a head mounted

display (e.g. goggles) or any combinations thereof.

10 In an embodiment the calculated depiction data comprises pixel data for a
pixel based display unit, such as a screen, the pixel data preferably comprises
red-blue-green pixel data, preferable for displaying high colour or true colour
comprising at least 16 bits per pixel (bpp), such as at least 20 bpp.

The pixel data of the depiction data representing a depiction of the real time
15  spatial position(s) of the surgical tool onto the determined 3D surface contour
of the surface section of the minimally invasive surgery cavity is preferably
dynamically modified in correlation to changes of the spatial position and
optional orientation caused by the movements of the surgical tool relative to

the determined 3D surface contour.

20 To obtain a high quality depiction the calculated depiction data
advantageously comprises pixel data for a 2D display, such as a 2D display of
at least about 1000 pixels, such as at least 10.000 pixels optionally

comprising sub-pixels.

In an embodiment the display unit is part of the depiction system, the display

25 unit is preferably selected from a 2D screen, a 3D screen, a projector system
(such as an augmented projector system), head-up display, a wearable
display unit, such as a head mounted display (e.g. goggles) or any

combinations thereof.
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To increase the visual perception of the user it is in an embodiment desired
that the depiction system comprises a real imaging system configured for
generating real imaging data for a real imaging of the at least one surface
section of the minimally invasive surgery cavity. The real imaging system is a
2D real imaging system, a 3D real imaging system, a virtual reality real
imaging system, an augmented reality real imaging system or any

combination thereof.

The term “real imaging” is herein used to mean an imaging where the images

show or images the surface section as it is in real life.

The real imaging system may for example be an endoscopic system as it is
well known today, e.g. an endoscope for inserting into the minimally invasive
surgery cavity and comprising an illuminator for illumination the surface target

area and a camera for requiring real images of the target area.

In an embodiment the real imaging system is an argumented reality real
imaging system e.g. as describe in“"Augmented reality in laparoscopic surgical
oncology” by Stéphane Nicolau et al. Surgical Oncology 20 (2011) 189-201
and “An effective visualization technique for depth perception in augmented
reality-based surgical navigation” by Choi Hyunseok et al. The international
journal of medical robotics and computer assisted surgery, 2015 May 5. doi:
10.1002/rcs.1657.

Advantageously the real imaging system comprises an image recorder
(camera) for acquiring at least one image of the at least one surface of
section of the minimally invasive surgery cavity. The image recorder
preferably being a part of an endoscope, the image recorder preferably being
a videoscope preferably acquiring real time images of the at least one surface

section of the minimally invasive surgery cavity.

The image recorder is for example a 2D recorder comprising a 2D array of

detectors in form of pixel detectors, preferably the image recorder comprises
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at least 1000 pixels, such as at least 10.000 pixels, preferably the image

recorder is a mega pixel recorder comprising at least 1 mega pixels.

In an embodiment the image recorder is a 3D recorder comprising a 3D array
of detectors in form of pixel detectors, preferably the image recorder
5 comprises at least 1000 pixels, such as at least 10.000 pixels, preferably the

image recorder is a mega pixel recorder comprising at least 1 mega pixels.

In an embodiment the image recorder or preferably the whole real imaging
system constitutes also a part of the 3D surface data generation means for
providing the computer system with the three-dimensional (3D) data

10  representing the at least one surface section in 3D space of the minimally

invasive surgery cavity.

Preferably the depiction system is configured for transmitting the real imaging
data to the display unit for providing a real imaging of the at least one surface
section of the minimally invasive surgery cavity, the real imaging preferably

15 comprises displaying the acquired image(s).

By displaying both the real imaging of the at least one surface section of the
minimally invasive surgery cavity and the depiction of the real time relative
spatial position(s) of the surgical tool onto the surface contour of the surface
section of the minimally invasive surgery cavity the visual perception of the

20 user is highly increased. Advantageously depiction system is configured for
displaying the real imaging of the at least one surface section of the minimally
invasive surgery cavity and the real time correlated depiction of movements
of the surgical tool by a common display unit.

Advantageously the depiction system is configured for displaying the real

25 imaging of the at least one surface section of the minimally invasive surgery
cavity and onto the real imaging of the at least one surface section of the
minimally invasive surgery cavity to display the depiction of the real time
relative spatial position(s) of the surgical tool onto the surface contour of the

surface section of the minimally invasive surgery cavity.
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Preferably the depiction of the real time relative spatial position(s) of the
surgical tool onto the surface contour of the surface section of the minimally
invasive surgery cavity is projected onto the real imaging of the at least one
surface section of the minimally invasive surgery cavity, the depiction of the
5 real time relative spatial position(s) of the surgical tool onto the surface

contour of the surface section of the minimally invasive surgery cavity is
preferably at least partly transparent for the real imaging of the at least one
surface section of the minimally invasive surgery cavity. Thereby the user can
on the same display se both the real imaging of the at least one surface

10  section of the minimally invasive surgery cavity and onto the real imaging of
the at least one surface section of the minimally invasive surgery cavity to
display the depiction of the real time relative spatial position(s) of the surgical
tool onto the surface contour of the surface section of the minimally invasive
surgery cavity in a correlated way, which further increase the visual

15  perception.

In an embodiment the depiction system comprises a robot controller for
controlling a robot which preferably form part of the depiction system. The
robot and the robot controller may in an embodiment be as described in US
2009/0248041. The robot controller is in data connection with or is integrated
20  with the computer system. In the following the robot controller is describe as
being in data communication with the computer system but it should be
interpreted such that the computer controller as well can be an integrated

part of the computer system.

The robot controller being configured for receiving at least a part of the

25 obtained or generated data preferably comprising said 3D surface data and
said real time spatial position data and preferably said real time orientation
data. Optionally the robot controller is also configured for receiving derived
data — i.e. data derived from the 3D surface data and said real time spatial
position data and preferably said real time orientation data — such as the

30 depiction data. The robot controller is preferably configured for controlling the
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robot for handling the surgical tool for performing a minimally invasive

surgery procedure.

In an embodiment the robot controller is configured for acquiring the required

data from the computer system respective data from said computer system.

5  Advantageously the robot controller is configured for receiving instructions
from a supervisor, such as an assisting surgeon and/or a robot operator. The
controller is preferably configured for receiving instructions from the
supervisor by data input via a digital user interface and/or by oral instruction.
The robot controller is preferably configured to modify movements of said

10  surgical tool in response to the supervisor instructions. The supervisor
instruction may for example instruct the robot to move the surgical tool a cm
to the right or a few mm distally in longitudinal direction of the surgical tool or

etc.

In an embodiment the depiction system is configured for simultaneously, via

15  the robot controller, controlling the robot for handling the surgical tool for
performing a minimally invasive surgery procedure and for transmitting said
depiction data to the display unit. The depiction will in this embodiment
comprise a real time correlated depiction of said movements of said surgical
tool by said robot. The supervisor may keep the robot under observation

20 during its performing of the minimally invasive surgery via the depiction and
thereby control that the robot is operation sufficiently accurate or as
explained, the supervisor may correct the robot by feeding instructions to the

robot controller.

The computer system preferably comprises a memory and is advantageously
25  configured for storing performance data sets, where each performance data
set comprises performance data associated with a minimally invasive
procedure, such as for minimally invasive procedure that has been performed
using the depiction system. The performance data preferably comprises at
least the position data for the minimally invasive procedure, and preferably at
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least one of the 3D data, the orientation data, the depiction data for the

minimally invasive procedure or any combination thereof. Preferably the

performance data set comprises all the data acquired during a minimally

invasive surgery procedure. In an embodiment the performance data set
5  further comprises calculated data including the depiction date.

In an embodiment the computer system is programmed to analyse the
respective performance data set and preferably the computer system is
configured to transmit a feedback evaluation(s) of the respective minimally
invasive procedures to a display means, such as the display unit and/or a

10  printer.

Thereby a user —i.e. a surgeon or a person under training for becoming a
surgeon — can in a very simple way receive feedback and he can evaluate his
improvement. Advantageously the computer system is configured to transmit
a feedback evaluation(s) upon a request. Each performance data set

15  preferably has a unique code such that the respective performance data sets
can be retrieved for displaying of the depiction of the real time relative spatial
position(s) of the surgical tool e.g. for the surgeon or for training purpose of

other surgeons.

In an embodiment the computer system is programmed to determine an

20 improved performance data set relative to a selected performance set, and to
transmit at least a part of the data, such as depiction data of the improved
performance data set to a display means, such as the display unit and/or a

printer.

Preferably the computer is programmed to compare the improved
25 performance data set relative to the selected performance set and the
selected performance set to determine data differences and to transmit the

data differences to a display means, such as the display unit and/or a printer.

Thereby the user can compare his performance with a superior performance
data set e.g. a calculated performance data set and he can retrieve
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information about what can be improved, where he uses superfluous

movements etc.

In an embodiment the computer system is programmed to transmit selected
data of the one or more performance data set to a display means, such as the

5 display unit and/or a printer, preferably upon request from a user.

Thereby the respective performance data sets can be retrieved for displaying
of the depiction of the real time relative spatial position(s) of the surgical tool

e.g. for use in education.

In an embodiment the depiction system is configured for operating in a
10  training mode. The surgical tool is a training tool, which may or may not

resemble a real surgical tool.

The depiction system when operating in its training mode is configured for
determine training depiction data representing a training depiction of the real
time relative spatial position(s) of the training tool onto at least a portion of
15  the surface contour of the surface section of the minimally invasive surgery
cavity, and for transmitting the training depiction data to the display unit for

real time correlated depiction of movements of the training tool.

When the depiction system is in its training mode the minimally invasive
surgery cavity surface section may for example be an artificial surface section
20 and in this embodiment the training tool may advantageously be an artificial

tool.

In an embodiment the minimally invasive surgery cavity surface section when
the depiction system is in its training mode is an actual minimally invasive
surgery cavity. In this embodiment the training tool is a real surgical tool. In
25 principle the surgeons is constantly in training for improving their technique in
order to perform a minimally invasive surgery as optimal as possibly — e.g.
using the least movements of the surgical tool possibly and/or performing the

minimally invasive surgery as fast as possible.
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In an embodiment the position data generation means being configured for
obtaining real time spatial position data of at least a part of the training tool
and for transmitting the obtained spatial position data to the computer system,

the computer system being programmed for

5 e calculating the training depiction data representing the training
depiction of the real time relative spatial position(s) of the training tool
onto at least a portion of the surface contour of the surface section of
the minimally invasive surgery cavity, and for

e transmitting the training depiction data to the display unit for real time

10 correlated depiction of movements of the training tool.

The computer system is advantageously configured for transmitting the
training depiction data and associated performance depiction data of stored
performance data set for the same or a corresponding minimally invasive
surgery cavity to the display unit for real time correlated depiction of

15  movements of the training tool. Preferably the transmission of the training
depiction data and associated performance depiction data are timely
associated.

Thereby a user during training can benchmark against an earlier performed
minimally invasive surgery procedures or calculated procedures or his own

20 earlier procedures.

In an embodiment the computer system is configured for transmitting the
training depiction data and associated performance depiction data of stored
performance data set for the same or a corresponding minimally invasive
surgery cavity for performing a benchmarking of the performance depiction

25 data relative to said training depiction data.

In an embodiment the performance depiction data set is transmitted to the

display unit in a speed of about real-time speed.



DK 178899 B1

3DIN-PA1502

36

In an embodiment the performance depiction data set is transmitted to the

display unit in a speed which is less than real-time speed.

Thereby a person under training can perform the minimally invasive surgery
procedure at a slower pace for training purpose and he can step-by-step
5 increase the pace to reach the real time speed or even faster if desired for

training purpose.

In an embodiment the computer system is configured for receiving supervisor
input e.g. from a user or a training database, to determine supervisor
depiction data based on the supervisor input and transmitting the supervisor
10  depiction data to the display unit, preferably the computer is configured for
acquiring the supervisor input from a training database. The supervisor input
may be input representing selected positions and movements of the training

tool.

Advantageously the computer system is configured for transmitting the

15  training depiction data and the associated performance depiction data and/or
the supervisor depiction data to the display unit to be displayed separately,
such as in a side by side configuration. Thereby the person under training,
such as a surgeon aiming to improve his skill can be trained to position the
training tool in a selected position or moving the training tool in a select way

20 as instructed by the supervisor input. The person under training can try to
move the training tool such that the training depiction follows associated

performance and/or the supervisor depiction.

In an embodiment the supervisor is another surgeon observing and advising a
surgeon during a minimally invasive surgery procedure. In an embodiment

25 there are for example two surgeons operating together, where one is
handling the surgical tool and the other one is acting as supervisor making
suggestions for positioning and movements of the surgical tool and visa
verse.It should be understood that the display unit may be in form of two or

more sub unit.
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All features of the inventions including ranges and preferred ranges can be
combined in various ways within the scope of the invention, unless there are

specific reasons not to combine such features.

BRIEF DESCRIPTION OF EXAMPLES

5 Preferred embodiments of the invention will be further described with

reference to the drawings.

Fig. 1 is a schematic view of an embodiment of a depiction system of the

invention.

Fig. 2 is a schematic view of another embodiment of a depiction system of the

10 invention.
Fig. 3 is an example of a 3D database system - classification scheme.
Fig. 4 is an example of a 3D database system — 3D data set scheme.

Fig. 5 is a schematic side view of a surgical instrument comprising a surgical

tool.

15  Fig. 6 is a schematic side view of another surgical instrument comprising a
surgical tool.

Fig. 7 is a schematic transverse cross sectional view of a minimally invasive

surgery cavity and a number of sensors.

Fig. 8 is an illustration of an example of a real time correlated depiction of
20 movements of a surgical tool, wherein the depiction comprises a dynamic
changing of color scales correlated with movement of the not shown surgical

tool.

Fig. 9 is an illustration of an example of a real time correlated depiction of
movements of a surgical tool, wherein the depiction comprises a dynamic

25 changing of pattern correlated with movement of the not shown surgical tool.
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Fig. 10 is an illustration of an example of a real time correlated depiction of
movements of a surgical tool, wherein the depiction comprises a dynamic
changing of light dots correlated with movement of the not shown surgical

tool.

Fig. 11 is an illustration of an example of a real time correlated depiction of
movements of a surgical tool, wherein the depiction comprises a dynamic
changing of color dots correlated with movement of the not shown surgical

tool.

Fig. 12 is an illustration of an example of a real time correlated depiction of
movements of a surgical tool, wherein the depiction comprises a dynamic

changing of rings correlated with movement of the not shown surgical tool.

Fig. 13 is an illustration of an example of a real time correlated depiction of
movements of a surgical tool, wherein the depiction comprises a dynamic
changing of a perimeter and a bulge shaped marking correlated with
movement of the not shown surgical tool and where an additional supervisor

instruction is depicted.

Fig. 14 is an illustration of an example of a depiction system of the invention
wherein the depiction comprises sound and/or the display comprises a goggle
based display.

Fig. 15 is an illustration of an example of a depiction system of the invention
wherein the surgical tool comprising a pattern emitting projector emitted onto
the surface section of the minimally invasive surgery and the 3D surface data
generation means and/or the position data generation means and/or the
orientation data generation means comprises a data collection system in data
connection with or integrated with the computer system, and where the data

collection system comprises an optical recorder.

Fig. 16 is an illustration of an example of a depiction system of the invention

wherein the surgical tool as well as the cannula/trocar each comprises a
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sensor, the depiction system comprises a data collection system for collecting
data from the sensors, a data collection system for collecting data from a
reader and is further configured for generating a graphical depiction besides a

real image of the relevant surface section of the minimally invasive surgery.

5 Fig. 17 is an illustration of an example of real time correlated depictions of
movements of a surgical tool at 3 consecutive points in time, wherein the
surgical tool is positioned with different distance to the surface section in

longitudinal distal direction to the surgical tool.

Fig. 18 is an illustration of an example of a depiction system of the invention

10  comprising a data collection system for collecting data from a sensor mounted
onto the surgical tool, an optical recorder as well as an acoustic sensor, such
as an ultrasound sensor, a wherein the depiction system is configured for

generating a depiction onto a real image.

Fig. 19 is an illustration of an example of a depiction system of the invention
15 comprising a data collection system for collecting data from not shown
sensors. The computer system stores a plurality of performance data sets and
is configured to benchmark against a selected performance data set and to
evaluate a minimally invasive surgery procedure by a user. The computer
system is in digital connection with an additional display unit such as a smart

20 phone or a printer for transmitting the evaluation.

Fig. 20 is an illustration of an example of a depiction system of the invention
comprising a data collection system for collecting data from a recorder and
other not shown sensors. The computer system is in data connection with a
supervisor control unit for receiving input. The depiction is displayed onto a

25 display unit together with a real image and a supervisor input.

Fig. 21 is an illustration of an example of a depiction system of the invention
comprising a data collection system for collecting data from a recorder and
other not shown sensors. The computer system is in data connection with a

robot controller for transmitting 3D surface data, real time spatial position
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data and real time orientation data to the robot controller. The robot
controller is configured for controlling a robot for handling the surgical tool for
performing a minimally invasive surgery procedure and the depiction system
display the depiction, which comprises a real time correlated depiction of

5 movements of the surgical tool by the robot.

The figures are schematic and are not drawn to scale and may be simplified
for clarity. Throughout, the same reference numerals are used for identical or

corresponding parts.

The depiction system illustrated in Fig. 1 comprises a computer system 1, 3D
10  surface data generation means 2 and position data generation means 3 in
data connection with the computer system 1, e.g. as illustrated with wires 5
or wireless for feeding 3D surface data and real time position data to the
computer system 1. The computer system 1 is here illustrated as one unit,
but as explained the computer system could comprise two or more units in

15  data communication depiction system of the invention.
The computer system 1 is programmed for

e determining a 3D surface contour of at least a part of the target area
of an not shown surface section of the minimally invasive surgery
cavity using the 3D data,

20 ¢ determining real time spatially position(s) of a not shown surgical tool
relative to at least a part of the target area of the at least one surface
section using the spatial position data and the surface position data,

¢ calculating depiction data representing a depiction of the real time
relative spatial position(s) of the surgical tool onto at least a portion of

25 the surface contour of the surface section of the minimally invasive
surgery cavity, and for

e transmitting the depiction data to the display unit 4 for real time

correlated depiction of movements of the surgical tool.

The display unit can be as described above.
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The depiction system illustrated in Fig. 2 also comprises a computer system
11 e.g. as the computer system of fig. 1. The depiction system of Fig. 2
differs from the depiction system of Fig. 1 in that it comprises a combined 3D
surface data generation means and position data generation means 12 and in
5 that it comprises a display unit in form of two display sub unit 14a, 14b.
Advantageously the real time correlated depiction of movements of the
surgical tool is displayed on one of the sub unit 14a and real images e.g. live

images and/or benchmarking depiction is displayed on the other sub unit 14b.

Fig. 3 illustrates a classification scheme which may be comprised in a 3D
10  database system. As indicated each classification has a unique code, linking
each classification to one or more 3D data sets. Each classification set is
classified in accordance with a classification set comprising a number of
patient characteristics as indicated in the scheme of Fig. 3 and comprises for
example age, gender, weight, height, body circumferential dimension(s) or
15 any combinations thereof. The selected characteristics depend largely on the

type of minimally invasive surgery cavity in question.

Fig. 4 illustrates a scheme of 3D data sets which may be comprised in a 3D

database system, wherein each 3D data set is associated to to a patient

characteristic as indicated with the unique codes, corresponding to the unique
20 codes of Fig 3.

The surgical instrument shown in Fig. 5 is a laparoscopic instrument. It should
be understood that in the invention other surgical instrument with surgical

tool could as well be applied.

The surgical instrument has a handle portion 22 and a body tool portion 23
25  with a surgical tool portion 24 in the present case forceps. The surgical tool
portion 24 and the part of the body portion 23 adapted to be inserted into the
minimally invasive surgery cavity is referred to as the surgical tool. In other
words the surgical instrument 21 comprises the surgical tool 23, 24 and the
handle 22. The body portion 23 interconnect the handle portion 22 which is
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arranged at the proximal end of the surgical instrument and the surgical tool
portion 24, which is arranged at the distal end of the surgical instrument .
The body portion 23 is arranged in the distal/proximal direction, which is also

referred to as the longitudinal direction of the surgical tool 23, 24.

In another embodiment the surgical tool portion 24 may be another surgical
tool portion e.g. a grasper, a suture grasper, a stapler, a dissector, scissors, a
suction instrument, a clamp instrument, an electrode, a curette, ablators,
scalpels, a needle holder, a biopsy and retractor instrument or a combination

thereof.

The surgeon operate the surgical instrument 21 by holding the handle portion
22 and can in this way control the surgical tool and by pressing or
manipulating the handle portion the forceps can be controlled.

The surgical instrument 21 further comprises a first sensor 28a, such a sensor
as described above, mounted to the surgical tool and a second sensor 28b
mounted at the handle. The sensor may be linked to the not shown data
collecting system of the computer system e.g. by wire (for example optical
fiber(s) or wireless e.g. blue tooth. The two sensors may provide both real

time position data as well as real time orientation data.

In an alternative embodiment the surgical instrument may comprise a pattern
generating arrangement. The surgical tool with a handle may for example be
in form of a surgical instrument assembly as described in WO15124159. The
reflected /scattered pattern may thus be collected by a reader and
transmitted to a data collecting system of the computer system to provide a
part of the 3D surface data, which may preferably also be real time 3D data

and the real time position data and preferably also real time orientation data.

Fig. 6 illustrates a variation of the surgical instrument of Fig. 5, where the pair
of sensors 28c is positioned on the graspers of the forceps of the surgical tool
portion 24 of the surgical tool. Thereby the movements of the graspers may

be monitored as well and at the same time the sensors 28c on the graspers
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may be used to determine the real time position data and the real time

orientation data.

Fig. 7 illustrates a minimally invasive surgery cavity 31 — here the abdominal
cavity of a patient 36. The minimally invasive surgery cavity 31 is seenin a
transverse cross sectional view. The anatomic plans of a human patient are
indicated in the image 30 and the minimally invasive surgery cavity 31 is seen

in the transverso plan from the top vertical view.

The patient 36 is positioned on an operation table 33 with his back 34 against
the table 33 and his front 35 upwards. The minimally invasive surgery cavity
is blown up by injecting a gas into the cavity through a not shown incision
and the surface is indicated with reference 32. As illustrated the minimally
invasive surgery cavity surface 32 may be very uneven and with large curved

projections and recesses.

A number of sensors 38a are positioned onto the operation table. Only 4
sensors 38a are shown, but preferably at least 4 sensors 38a are positioned
in a rectangular configuration on the operation to define an X-Y-Z plan and

optionally with additional sensors.

Further a number of sensors 38b are mounted to the patient e.g. within the

minimally invasive surgery cavity 31 as shown.
The sensors 38a, 38b may e.g. be as described above.

An example of a real time correlated depiction of movements of a surgical
tool is illustrated in Fig. 8. The depiction comprises a number of squared
sections 41, 42, 43 concentrically arranged to surround a central area 40. The
dynamic depiction may advantageously change in a correlation with
movement of a not shown surgical tool, e.g. by changing the width of the
respective squared sections 41, 42, 43 individually from each other, by
changing the corner angles of the respective squared sections 41, 42, 43

individually from each other, by changing the color and/or color pattern of the
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respective squared sections 41, 42, 43 individually from each other, by
changing the size and/or shape of the central area 40 or by any combinations
thereof. For example the size of the central area 40 may indicate the distance
between the surgical tool and the minimally invasive surgery cavity surface
section e.g. seen in longitudinal distal direction from the surgical tool. The
color or color variations along the square shape of one or more of the
respective squared sections 41, 42, 43 may indicate the orientation of the tool,
and the width and/or the corner angles of the respective squared sections 41,
42, 43 may indicate the contour of the cavity surface section. When the
surgical tool is moved the depiction will be changing in a way which is

correlated with movement of the surgical tool.

Another example of a real time correlated depiction of movements of a
surgical too is illustrated in Fig. 9. The depiction is displayed on a displayer 50
in form of a flat screen. The depiction comprises a dynamic changing of
pattern correlated with movement of the not shown surgical tool. The pattern
is a crosshatched pattern 51 comprising a grid of lines which when the
surgical tool is far from the surface section has parallel, straight and crossed
lines, whereas when the surgical tool is within a selected distance from the
surface section the lines are bending as indicated with the reference 53 in
dependence on the contour of the surface. At the same time the distance
between parallel lines may reflect the distance between the surgical tool and
the minimally invasive surgery cavity surface section e.g. seen in longitudinal
distal direction from the surgical tool. Further the angles between the crossing
lines may indicate the orientation and angulation of the surgical tool. When
the surgical tool is moved the depiction will be changing in way which is

correlated with movement of the surgical tool.

A further example of a real time correlated depiction of movements of a
surgical tool is illustrated in Fig. 10. The depiction is displayed on a displayer
60 in form of a flat screen. The depiction comprises a dynamic changing of

light dots 61 correlated with movement of the not shown surgical tool. The
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light dots 61 are illustrated in their home position where the surgical tool is
far from the surface section and the light pattern is very regular. When the
surgical tool is within a selected distance from the surface section the position
of the light dots are changing in dependence on the contour of the surface. At
5 the same time the size of the light dots may reflect the distance between the
surgical tool and the minimally invasive surgery cavity surface section e.g.
seen in longitudinal distal direction from the surgical tool. Further the number
of light dots or the relative sizes of light dots may indicate the orientation and
angulation of the surgical tool. When the surgical tool is moved the depiction
10  will be changing in way which is correlated with movement of the surgical tool.

A variation of the depiction of Fig.10 is illustrated in Fig. 11. Here the light
dots 71 are arranged in another home configuration and the dots 71 may
further have varying colours e.g. in dependence of the distance to the target

darea.

15  The time correlated depiction of movements of a surgical tool illustrated in Fig.
12 comprises a dynamic changing of rings 81, 82, 83, 84 correlated with
movement of the not shown surgical tool. The rings 81, 82, 83, 84 are
concentrically arranged and may vary in size, in shape, in line thickness, in
line color, in individual distances and or in other in way to indicate surface

20 contour, distances, orientation and other information which may be relevant

for the user e.g. as described above.

The time correlated depiction of movements of a surgical tool illustrated in Fig.
13 comprises a dynamic changing of a perimeter 91 and a bulge shaped
marking 92 correlated with movement of the not shown surgical tool. The

25 shape, size, line thickness and/or color of the perimeter 91 may e.g. change
in dependence of the contour of the surface section the distance between the
surgical tool and the surface section and/or the orientation of the surgical tool
and the bulge shaped marking 92 may e.g. change in dependence of the

distance between the surgical tool and the target area and optionally of the



DK 178899 B1

3DIN-PA1502

46

orientation of the surgical tool relative to the target area. The dot 93 indicates

a marker for the longitudinal direction of the not shown surgical tool.

Fig. 14 illustrates at least a part of a depiction system comprising a computer
system where a computer 101 and a data collection system 102 of the
5 depiction system are shown. The data collection system 102 is configured for

collecting the various data comprising at least 3D surface data and real time
position data. The collected data is transmitted to the computer 101 for
calculating depiction data and the depiction data is transmitted to one or
more display units comprising a screen 103, a loud speaker 104 for displaying

10  a sound depiction e.g. a beep — beep sound as explained above and/or

goggles 105 for displaying on a wearable display unit.

As it can be understood the display and the depiction may take many

different forms.

The depiction system of Fig. 15 is a variation of the depiction system of fig.
15 14 where only the screen display 103 is indicated. The depiction system

comprises an endoscope 108 and a surgical instrument with a not shown

handle e.g. forming part of or integrated with a robot arm and a surgical tool

107 configured for emitting a light pattern.

The surgical tool may have a handle for example be in form of a surgical
20 instrument assembly as described in W015124159.

The surgical tool is inserted through a not shown incision through the skin
layer 106 of a patient and into the minimally invasive surgery cavity 100a.
The light pattern is emitted towards the relevant surface section 100b and the
light pattern 109 is impinging on and a part is reflected and/or scattered from
25 the surface section 100b of the minimally invasive surgery cavity 100a. The
endoscope comprises an optical recorder for recording the reflected and/or
scattered light pattern 109, and the collected data which advantageously
includes 3D surface data (in real time), real time position data and real time

orientation date is transmitted by wire or wireless to the data collection
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system 102. In a variation thereof the optical recorder 108 is not a part of an
endoscope but inserted through the skin layer 106 at another place than the
site of the endoscope entry. In another variation the optical recorder 108 is

fixed to or integrated with the surgical tool.

5  The depiction system illustrated in Fig. 16 comprises a computer system
where a computer 111 and a data collection system of the depiction system
are shown. The data collection systems 112a is configured for collecting the
various data comprising at least 3D surface data and real time position data
and to transmit the data to the computer 111 for calculating depiction data

10  and the depiction data is transmitted to one or more display units comprising

a screen 113.

In the illustrated embodiment the depiction system comprises an endoscope
118 and a surgical instrument with a handle 117a and a surgical tool 117. The

surgical tool may further emit a light pattern as described in Fig. 15.

15  The endoscope 118 comprises a recorder for recording real images of the
surface section and the surgical tool. The real images are collected in a
secondary data collection system 112b of the computer system and
transmitted to the computer from where they are transmitted for displaying
on the screen 113 such that the real images 115 are timely associated with

20 the depiction 119.

In the shown figure 16 the surgical instrument is inserted through an incision
in the skin layer 116 of a patient via a cannula/trocar 117b which generates
an access port for the surgical tool 117. A sensor S2 is mounted to the
surgical tool 117 and another sensor S1 is mounted to the cannula 117b. A
25 target area T is marked at the surface section 110 for illustrative purposes.
The computer has information about the position of this target area T e.g. via
the images recorded by the recorder 118 of by other means. The respective
sensors S1 and S2 are advantageously distance sensors configured for
determining the respective distances D1 and D2 to the target area T and
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preferably also the respective position of the sensors S1, S2 relative to the
target area to thereby determine the orientation of the surgical tool 117.
Optionally, the longitudinal direction of the surgical tool 117 is

marked/depicted by a dot at target area T.

5 The real images 115 and the depiction are displayed on the display 113
besides each other. The target area T may also be shown on the real image
115. The depiction 119 is a graphical depiction showing the distance D1
between sensor S1 and the target area T as well as the distance D2 between
sensor S2 and the target area T. e.g. by a bar indicator 199a that is moved in

10 horizontal direction.

Fig. 17 illustrates a real time correlated depictions of movements of a surgical
tool 127 at 3 consecutive points in time T1, T2, T3, wherein the surgical tool
is positioned with different distance D1, D2, D3 to the surface section 120 e.g.
a target area of the surface section in longitudinal distal direction to the

15  surgical tool. As it can be seen the depiction 129 on the real image 125 at the
time T1 where the distance D1 is relatively large, is accordingly relatively
large. At the time T2 the distance D2 is smaller than D1 and the depiction 129
is accordingly smaller. At the time T3 the distance D3 is smaller than D2 and
the depiction 129 is accordingly even smaller. The displayed size of the real

20 image 125 is kept substantially constant.

The depiction system illustrated in Fig. 18 comprises a computer system
where a computer 131 and a data collection system 132 of the depiction
system are shown. The data collection systems 132 is configured for
collecting the various data comprising at least 3D surface data and real time
25 position data and to transmit the data to the computer 131 for calculating
depiction data and the depiction data is transmitted to one or more display
units comprising a screen 133. The depiction system further comprises an
endoscope 138, an acoustic sensor 134, such as an ultrasound sensor, and a
surgical instrument with a handle 137a and a surgical tool 137. The surgical
30 tool may further emit a light pattern as described in Fig. 15.
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The endoscope 138 comprises an arrangement for emitting a light pattern

and a recorder for recording real images of the surface section and the

surgical tool 137. The real images are collected in the data collection system

132 of the computer system and transmitted to the computer 131 from where
5 they are transmitted for displaying on the screen 133 such that the real

images 135 are timely associated with the depiction 139.

In the shown figure 18, the surgical instrument is inserted through an incision
in the skin layer 136 of a patient via a cannula 137b which generates an
access port for the surgical tool 137. A sensor S1 is mounted to the surgical
10  tool 137 for collection real time position data and transmitting the data to the
data collection system. The endoscope 138 is inserted through another
incision in the skin layer 136 of the patient. The endoscope is emitting a
stationary pattern such as a crosshatched pattern, which is impinging onto
and at least partly reflected/scattered from the surface section 130 of the
15 cavity, thereby revealing the surface contour of the surface section which is
recorded both in form of 3D surface data and in form of real images by the
recorder of the endoscope 138. The acoustic sensor 134 is inserted through a
further incision through the skin layer 136 of the patient for recording
additional 3D surface data. All the recorded data and images are transmitted
20 to the data collecting system 132. The data and images are transmitted to the
computer 131 for calculating depiction data and the depiction data and the
images are in a timely associate fashion transmitted to the display 133 for
being displayed, where the real images 135 are displayed and a part of the
depiction 139a are displayed on top of the real images 135. The part of the
25 depiction 139a displayed on top of the real images 135 are advantageously at
least partly transparent for the real images 135. The depiction also comprises
a graphical depiction part 139b e.g. in form of a distance indication displayed
beside the real images for example indicating the distance between the

surgical tool and a target area.
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The depiction system illustrated in Fig. 19 comprises a data collection system
142 and a computer 141 of a depiction system. The data collection systems
142 is configured for collecting the various data from not shown 3D surface
data generation means, position data generation means and optionally other
5 means as described above, where the data comprises at least 3D surface data

and real time position data. The data collection systems 142 is further
configured for collecting real images as described above and for transmitting
the data and images to the computer 141 for calculating depiction data and
the depiction data and the images are in a timely associate fashion

10  transmitted to the display 143a, where at least a part of the depiction 149a
are displayed on top of the real images 145. The part of the depiction 149a
displayed on top of the real images 145 are advantageously at least partly
transparent for the real images 145. The computer stores a number of
performance data sets as explained above and is programmed to analyse and

15  optionally benchmark the performance of a user relatively to one or more
stored performance data set — e.g. generated by the same user for determine
his improvement. In the example in Fig. 19 the computer system has
transmitted the user score 149b for being displayed. The depiction system is
further digital connected to a printer, other display unit and/or a smart phone

20  143b for printing or displaying a full evaluation of a user performance of a
minimally invasive surgery procedure. The full evaluation may include both
timely benchmarking and spatially surgical tool movement benchmarking as

well as any other benchmarking.

The depiction system illustrated in figure 20 comprises a data collection
25 system 152 and a computer 151 of a depiction system. The data collection
systems 152 is configured for collecting the various data from various 3D
surface data generation means, position data generation means and
optionally other means e.g. from an endoscope recorder 158 and/or sensor
on a surgical tool 157 as described above, where the data comprises at least
30 3D surface data and real time position data. The data collection systems 152

is further configured for collecting real images as described above and for
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transmitting the data and images to the computer 151 for calculating
depiction data and the depiction data and the images are in a timely associate
fashion transmitted to the display 153, where at least a part of the depiction
159 are displayed on top of the real images 155. The part of the depiction

5 159 displayed on top of the real images 155 are advantageously at least

partly transparent for the real images 155.

The depiction system further comprises a supervisor control unit 154a in
communication with or comprised in its computer system. The supervisor
control unit comprises a digital user (supervisor) interface and/or a sound

10  recorder for recording supervisor input, such as supervisor instructions. The
supervisor input data are transmitted via the computer 151 to the display 153
for being displayed as a supervisor depiction 154b.

The depiction system illustrated in Fig. 21 a data collection system 162 and a
computer 161 of a depiction system. The data collection systems 162 is

15 configured for collecting the various data from various 3D surface data
generation means, position data generation means and optionally other
means e.g. as explained herein e.g. below. The data comprises at least 3D
surface data and real time position data. The data collection systems 162 may
further be configured for collecting real images as described above and for

20 transmitting the data and images to the computer 161 for calculating
depiction data and the depiction data and the images are in a timely associate
fashion transmitted to the display 163.

In the illustrated embodiment the data generation means comprises an
endoscope 168 comprising an arrangement for emitting a light pattern and a
25  recorder for recording reflected/scattered light from the pattern and optionally
for recording real images of the surface section and the surgical tool 167. In a
variation of the shown embodiment the arrangement for emitting a light
pattern and a recorder for recording reflected/scattered light from the pattern

is not a part of an endoscope 168 but inserted through the skin layer 166 at
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another place than the site of the endoscope entry. The surgical tool 167 of

the depiction system is also configured for emitting a light pattern.

The surgical tool with a handle may for example be in form of a surgical
instrument assembly as described in WO15124159. The handle and/or the

5 whole surgical tool may for example be a part of a robotic arm.

The endoscope 168 is inserted through an incision in the skin layer 166 of the
patient. The endoscope is emitting a stationary pattern such as a
crosshatched pattern 168a, which is impinging onto and at least partly
reflected/scattered from the surface section of the cavity, thereby revealing

10  the surface contour of the surface section which is recorded both in form of
3D surface data and preferably also in form of real images by the recorder of
the endoscope 168.

The surgical tool 167 is inserted through another incision (or same incision)
through the skin layer 166 of the patient and into the minimally invasive

15 surgery cavity. The light pattern is emitted towards the relevant surface
section and the light pattern 167a is impinging on and at least partly reflected
and/or scattered from the surface section of the minimally invasive surgery
cavity. As the surgical tool 167 is moved the pattern 167a emitted from the
surgical tool 167 becomes a dynamic pattern 167a upon the stationary

20 pattern 168a from the endoscope 168. As the reflected and/or scattered light
is recorded by the recorder of the endoscope 168 large amounts of 3D
surface data, real time position data as well as real time orientation data is
obtained and transmitted to the data collection system 162. The movements
of the dynamic pattern may be for example be related to the stationary

25 pattern and the relevant 3D, position and orientation data may be determined

using trigonometric calculation methods.

The depiction system further comprises a robot controller 160. The computer
161 is in data connection with the robot controller 160 for transmitting at
lease a part of the collected data including 3D surface data, real time spatial
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position data and real time orientation data to the robot controller 160. The
robot controller 160 is configured for controlling a not shown robot for
handling the surgical tool for performing a minimally invasive surgery
procedure and the depiction system is configured for displaying the depiction,
5  which comprises a real time correlated depiction of movements of the surgical
tool by the robot. Thereby a supervisor e.g. an operator can keep the robot
under observation during its performing of the minimally invasive surgery via
the displayed depiction and thereby control that the robot is operation
sufficiently accurate or as explained, the supervisor may correct the robot by
10 feeding instructions to the robot controller e.g. via a supervisor control unit as

shown in Fig. 20.

The figures are schematic and are not drawn to scale and may be simplified
for clarity. Throughout, the same reference numerals are used for identical or

corresponding parts.

15
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PATENTKRAV

1. Afbildningssystem til generering af en realtidskorreleret afbildning af et

kirurgisk veerktgjs bevaegelser, hvilket system omfatter

e et computersystem (1,11, 101, 102, 111, 112a, 112b, 131, 132, 141,
5 142, 151, 152, 161, 162), som er konfigureret til at veere i

datakommunikation med en display-enhed,

e 3D-overfladedata-genereringsmidler (2, 12, 107, 108, 109, 134, 168,
168a) til forsyning af computersystemet med tredimensionelle data
(3D-data), der repreesenterer mindst én overfladesektion (100b, 110,

10 130, T) i 3D af en minimalt invasiv kirurgi-kavitet (31, 100a), hvor

overfladesektionen omfatter et mdlomrade, og

e positionsdatagenereringsmidler (3, 12, 107, 108, 109, S1, S2, 138,
138a, 167, 167a) til opndelse af realtidsdata om rumlig position for
mindst en del af det kirurgiske veerktgj og til overfgrsel af de opndede

15 data om rumlig position til computersystemet,

mindst ét af 3D-overfladedata-genereringsmidlerne og
positionsdatagenereringsmidlerne omfatter
overfladepositionsdatagenereringsmidler til tilvejebringelse af
overfladepositionsdata for mindst malomradet, idet computersystemet er

20 programmeret til

» bestemmelse af en 3D-overfladekontur af mindst en del af mdlomradet
i minimalt invasiv kirurgi-kavitetens overfladesektion under anvendelse
af 3D-dataene, og
e bestemmelse af den eller de rumlige positioner i realtid for det
25 kirurgiske vaerktgj i forhold til mindst en del af mdlomradet i den
mindst ene overfladesektion under anvendelse af dataene om rumlig

position og overfladepositionsdataene,

hvor computersystemet er programmeret til
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e beregning af afbildningsdata, der repraesenterer en afbildning af den
eller de relative rumlige positioner i realtid for det kirurgiske veerktgj
(21, 107, 117, 127, 137, 157, 167) p& mindst en del af
overfladekonturen af minimalt invasiv kirurgi-kavitetens
overfladesektion, og til

o overfgrsel af afbildningsdataene til display-enheden (4, 14a, 14b, 50,
60, 103, 104, 105, 113, 133, 143a, 153, 163) til realtidskorreleret
afbildning (40, 41, 42, 43, 51, 61, 71, 81, 82, 83, 84, 91, 92, 119, 129,
139, 139a, 139b) af det kirurgiske vaerktgijs bevaegelser,

delen af overfladekonturen har fortrinsvis en stgrrelse, der dynamisk sendrer
sig afhaengigt af de relative positionsdata, mere fortrinsvis har delen af
overfladekonturen en stgrrelse, som er tilstrackkelig stor til at afspejle delens

overfladekontur.

2. Afbildningssystem ifglge krav 1, hvor 3D-overfladedata-
genereringsmidlerne omfatter et 3D-overflade-sensorsystem til bestemmelse
af mindst en del af 3D-dataene for mindst minimalt invasiv kirurgi-kavitetens
(31, 100a, 130) overfladesektion og overfgrelselsmidler til overfgrsel af de til
3D bestemte data til computeren, valgfrit er afbildningssystemet konfigureret
til tilfgjelse af bestemte 3D-data som 3D-dataseet til databasesystemet,
fortrinsvis er computersystemet konfigureret til tilfgjelse af bestemte 3D-data
modtaget fra 3D-overflade-sensorsystemet som 3D-dataszet til
databasesystemet, og hvor afbildningssystemet omfatter mindst én lokal
referencesensor (38a, 38b) fortrinsvis til rumlig reference, den mindst ene
lokale referencesensor er fortrinsvis tilpasset til at veere anbragt pa en patient
(36) og/eller pd en understgtning (33) til en patient.

3. Afbildningssystem ifglge krav 2, hvor 3D-overflade-sensorsystemet
omfatter en optisk 3D-sensor (107, 108, 109, 134, 168, 168a), den mindst
ene optiske kilde er konfigureret til udsendelse af et optisk
sporingslysmgnster, hvilket mgnster, ndr det rammer og afspejles og/eller

spredes fra overfladen viser konturen af overfladen for dermed at
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tilvejebringe 3D-data, der skal registreres af den optiske laeser (108, 118,
138, 134, 168).

4. Afbildningssystem ifglge krav 3, hvor den optiske kilde er tilpasset til
udsendelse af et dynamisk optisk mgnster (109, 138a, 167a) pa mindst en del
af overfladesektionen, det dynamisk optiske mgnster fortrinsvis er dynamisk
ved at veere monteret pa et kirurgisk veerktgj (21, 107, 117, 127, 137, 157,
167), sdledes at det afspejlede og/eller spredte mgnster (det mgnster, der
afspejles og/eller spredes fra overfladesektionen), der eventuelt registreres af
optageren (108, 118, 138, 134, 168), aandrer sig i forhold til det kirurgiske
veerktgijs beveegelser, fortrinsvis er aendringerne af det afspejlede og/eller
spredte mgnster korreleret med det kirurgiske veerktgijs (21, 107, 117, 127,
137, 157, 167) beveegelser.

5. Afbildningssystem ifglge et hvilket som helst af de foregdende krav,
hvor positionsdatagenereringsmidlerne til opndelse af realtidsdata om rumlig
position for mindst en del af det kirurgiske veerktgj (21, 107, 117, 127, 137,
157, 167) omfatter et positionssensorsystem (28a, 28b, 28¢, S1, S2, 134),
positionssensorsystemet omfatter fortrinsvis en optisk 3D-sensor, en akustisk
sensor, en magnetisk sensor, en elektrisk sensor, et accelerometer, et
gyroskop, et gravimeter, et inertinavigationssystem, et lokalt

positioneringssystem eller hvilke som helst kombinationer deraf.

6. Afbildningssystem ifglge et hvilket som helst af de foregdende krav,
hvor computersystemet (1,11, 101, 102, 111, 112a, 112b, 131, 132, 141,
142, 151, 152, 161, 162) er i dataforbindelse med 3D-overfladedata-
genereringsmidlerne og er konfigureret til at opnd 3D-dataene, der
repreesenterer mindst én overfladesektion i 3D af en minimalt invasiv kirurgi-
kavitet (31, 100a), fra 3D-overfladedata-genereringsmidlerne, fortrinsvis er
computersystemet (1,11, 101, 102, 111, 112a, 112b, 131, 132, 141, 142,
151, 152, 161, 162) konfigureret til modtagelse af instruktioner via en
brugergraenseflade til opndelse af 3D-dataene og efter modtagelse af

sadanne instruktioner til opndelse af 3D-dataene.
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7. Afbildningssystem ifglge et hvilket som helst af de foregdende krav,
hvor computersystemet (1,11, 101, 102, 111, 112a, 112b, 131, 132, 141,
142, 151, 152, 161, 162) er i datakommunikation med
positionsdatagenereringsmidlerne (3, 12, 107, 108, 109, S1, S2, 138, 138a,
167, 167a) og er konfigureret med henblik pa i realtid at opnd de opndede
realtidsdata om rumlig position for mindst en del af det kirurgiske veerktg;j,
fortrinsvis er computersystemet (1,11, 101, 102, 111, 112a, 112b, 131, 132,
141, 142, 151, 152, 161, 162) konfigureret til at modtage instruktioner via en
brugergreaenseflade til opndelse af dataene om rumlig position og efter
modtagelse af sddanne instruktioner til modtagelse af dataene om rumlig

position.

8. Afbildningssystem ifglge et hvilket som helst af de foregdende krav, hvor
systemet yderligere omfatter orienteringsdatagenereringsmidler (107, 108,
109, S1, S2, 138, 138a, 167, 167a) til opndelse af data om rumlig orientering
i realtid for mindst en del af det kirurgiske veerktgj og til overfgrsel af de
opndede data om rumlig orientering til computersystemet (1,11, 101, 102,
111, 112a, 112b, 131, 132, 141, 142, 151, 152, 161, 162), idet

computersystemet er programmeret til

e bestemmelse af den eller de rumlige orienteringer i realtid af det
kirurgiske vaerktgj under anvendelse af dataene om rumlig orientering,

e beregning af afbildningsdata, der repraesenterer en afbildning af den
eller de rumlige orienteringer i realtid af det kirurgiske veerktaj pd
mindst en del af overfladekonturen af minimalt invasiv kirurgi-
kavitetens overfladesektion, og til

o overfgrsel af afbildningsdataene til display-enheden til realtidskorreleret
afbildning af det kirurgiske veerktgijs (21, 107, 117, 127, 137, 157, 167)
beveegelser.

9. Afbildningssystem ifglge et hvilket som helst af de foregdende krav, hvor
afbildningsdataene, der repraesenterer en afbildning af den eller de relative

rumlige positioner i realtid for det kirurgiske veerktaj pd den bestemte 3D-
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overfladekontur af minimalt invasiv kirurgi-kavitetens overfladesektion,
omfatter afbildningsdata, der koder en afbildning (40, 41, 42, 43, 51, 61, 71,
81, 82, 83, 84, 91, 92, 119, 129, 139, 139a, 139b) af en gengivelse af et
dynamisk mgnster, en dynamisk opskalering af gengivelsen af farver, en
dynamisk skematisk gengivelse, en dynamisk grafisk gengivelse og/eller en
dynamisk "augmented reality"-gengivelse, fortrinsvis omfatter den kodede

afbildning en ikke-billedtro afbildning af det kirurgiske veerktgj.

10.  Afbildningssystem ifglge krav 9, hvor gengivelsen af det dynamiske
mgnster omfatter en afbildning (40, 41, 42, 43, 51, 61, 71, 81, 82, 83, 84, 91,
92, 119, 129, 139, 139a, 139b) af det virtuelle mgnster pd den bestemte 3D-
overfladekontur, sdledes at afbildningen omfatter en dynamisk modificering af
det virtuelle mgnster, hvor den dynamiske modifikation er korreleret med den

eller de bestemte rumlige positioner i realtid for det kirurgiske veerktg;j.

11.  Afbildningssystem ifglge et hvilket som helst af kravene 9-10, hvor
afbildningen (119, 119a) omfatter en dynamisk skematisk gengivelse, hvor
den dynamiske skematiske gengivelse omfatter en diagramgengivelse af den
eller de bestemte rumlige positioner i realtid for det kirurgiske vaerktgj i
forhold til den bestemte 3D-overfladekontur, hvor diagramgengivelsen
modificeres dynamisk i korrelation med aendringerne af den rumlige position
og valgfrie orientering som fglge af det kirurgiske vaerktgjs beveegelser i

forhold til den bestemte 3D-overfladekontur.

12.  Afbildningssystem ifglge et hvilket som helst af kravene 9-11, hvor
afbildningen omfatter en lydafbildning (104) sdsom en biplyd, hvor tonen
og/eller biphastigheden er korreleret med den relative afstand mellem det

kirurgiske veerktgj og overfladesektionen.

13.  Afbildningssystem ifglge et hvilket som helst af de foregdende krav,
hvor afbildningssystemet omfatter et system til realbilleddannelse, som er
konfigureret til generering af data om realbilleddannelse til en
realbilleddannelse (115, 135, 145, 155) for den mindst ene overfladesektion
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af minimalt invasiv kirurgi-kaviteten, systemet til realbilleddannelse er et
system til 2D-realbilleddannelse, et system til 3D-realbilleddannelse, et system
til "virtual reality"-realbilleddannelse, et system til "augmented reality"-

realbilleddannelse eller en hvilken som helst kombination deraf.

14.  Afbildningssystem ifglge krav 13, hvor afbildningssystemet er
konfigureret til visning af realbilleddannelsen (115, 135, 145, 155) af den
mindst ene overfladesektion af minimalt invasiv kirurgi-kaviteten og pa
realbilleddannelsen til visning af afbildningen (119, 129, 139a, 149a, 159) af
den eller de relative rumlige positioner i realtid for det kirurgiske veerktaj pa
overfladekonturen af minimalt invasiv kirurgi-kavitetens overfladesektion,
fortrinsvis projiceres afbildningen af den eller de relative rumlige positioner i
realtid for det kirurgiske vaerktaj pd overfladekonturen af minimalt invasiv
kirurgi-kavitetens overfladesektion pa realbilleddannelsen (115, 135, 145,
155) af den mindst ene overfladesektion af minimalt invasiv kirurgi-kaviteten,
afbildningen af den eller de relative rumlige positioner i realtid for det
kirurgiske veerktaj pd overfladekonturen af minimalt invasiv kirurgi-kavitetens
overfladesektion (100b, 110, 130, T) er fortrinsvis mindst delvis transparent til
realbilleddannelsen af den mindst ene overfladesektion af minimalt invasiv

kirurgi-kaviteten.

15.  Afbildningssystem ifglge et hvilket som helst af de foregdende krav,
hvor afbildningssystemet omfatter en robotstyreenhed (160), der er i
dataforbindelse med eller integreret med computersystemet (161), idet
robotstyreenheden er konfigureret til modtagelse af de tilhgrende data, der
fortrinsvis omfatter 3D-overfladedataene, realtidsdataene om rumlig position
og fortrinsvis realtidsdataene om orientering og eventuelt afledte data (sdsom
afbildningsdataene), idet robotstyreenheden er konfigureret til styring af en
robot til hdndtering af det kirurgiske veerktgj til foretagelse af en minimalt

invasiv kirurgisk procedure.

16.  Afbildningssystem ifglge krav 15, hvor afbildningssystemet er
konfigureret til samtidigt via robotstyreenheden (160) at styre robotten til
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hdndtering af det kirurgiske vaerktgj med henblik pd at foretage en minimalt
invasiv kirurgisk procedure og overfgre afbildningsdataene til display-
enheden, hvor afbildningen omfatter en realtidskorreleret afbildning af det

kirurgiske veerktgjs bevaegelser via robotten.

17. Afbildningssystem ifglge et hvilket som helst af de foregdende krav, hvor
computersystemet (1,11, 101, 102, 111, 112a, 112b, 131, 132, 141, 142,
151, 152, 161, 162) omfatter en hukommelse og er konfigureret til at lagre
ydelsesdatasaet, hvert ydelsesdatasaet omfatter ydelsesdata, der er associeret
med en minimalt invasiv procedure, ydelsesdataene omfatter fortrinsvis
mindst positionsdataene for den minimalt invasive procedure, og fortrinsvis
mindst én af 3D-dataene, orienteringsdataene, afbildningsdataene for den
minimalt invasive procedure eller en hvilken som helst kombination deraf,
hvor computersystemet (141, 142) er programmeret til at bestemme et
datasaet om forbedret ydelse i forhold til et udvalgt ydelsesszet og til at
overfgre mindst en del af dataene sdsom afbildningsdata for dataseettet for
den forbedrede ydelse til et visningsmiddel (143a, 143b) sdsom display-
enheden og/eller en printer, fortrinsvis er computeren programmeret til at
sammenligne datasaettet for den forbedrede ydelse for det udvalgte
ydelsesszet og det udvalgte ydelsessaet med henblik pd at bestemme
dataforskelle og at overfgre dataforskellene til et visningsmiddel (143a, 143b)

sasom display-enheden og/eller en printer.

18. Afbildningssystem ifglge et hvilket som helst af de foregdende krav, hvor
computersystemet (151, 152) er konfigureret til modtagelse af
supervisorinput (f.eks. fra en ledende kirurg eller en uddannelsesdatabase)
med henblik pd at bestemme supervisorafbildningsdata baseret pa
supervisorinputtet og overfgre supervisorafbildningsdataene til display-
enheden, fortrinsvis er computeren konfigureret til opndelse af
supervisorinputtet fra en uddannelsesdatabase via en digital
brugergraenseflade eller via mundtligt input fra en supervisor, idet inputtet fra

supervisoren valgfrit er supervisorinstruktioner.
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2. [0 Unity of invention is lacking prior to search (See Box No. IT).

A. CLASSIFICATION OF SUBJECT MATTER
A 61B 1/00 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC, CPC: A61B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

DK, NO, SE, FI: IPC-classes as above.

Electronic database consulted during the search (name of database and, where practicable, search terms used)

EPODOC, WPI, FULL TEXT: ENGLISH

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant for claim No.

A US 2014/0194896 A1 (FRIMER et al.) 10.07.2014, see paragraphs (0010), (0028), -
(0046)-(0047), (0194), (0226)-(0243), (0489)-(0497)

A US 2006/0036162 A1 (SHAHIDI et al.) 16.02.20006, see paragraphs (0007), -
(0011)

A US 2003/0029464 A1 (CHEN et al.) 13.02.2003, sce paragraphs (0043) - (0044), -
(0075) - (0076); figures 8-9

A US 6006127 A (VAN DER BRUG et al.) 21.12.1999, see whole document -

A US 2005/0085718 A1 (SHAHIDI) 21.04.2005, see whole document -

[ Further documents are listed in the continuation of Box C.

* Special categories of cited documents:

"A" Document defining the general state of the art which is not
considered to be of particular relevance.

"D" Document cited in the application.

"E" Earlier application or patent but published on or after the filing date.

"L" Document which may throw doubt on priority claim(s) or which is

cited to establish the publication date of another citation or other
special reason (as specified).

"Q" Document referring to an oral disclosure, use, exhibition or other
means.

"P" Document published prior to the filing date but later than the
priority date claimed.

"T" Document not in conflict with the application but cited to
understand the principle or theory underlying the invention.

"X Document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone.

"Y" Document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such
combination being obvious to a person skilled in the art.

"&" Document member of the same patent family.
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Box No.I Observations where certain claims were found unsearchable

This search report has not been cstablished m respect of certain claims for the following reasons:
1.0 Claims Nos.:
because they relate to subject matter not reguired to be searched, namely:

2. [ Clairas Mos.:

because they relate to parts of the patent application that do not conply with the prescribed requirenents to such an extent
that no meaningful search can be carried out, specifically:

3. [ Clairas Nos.:

because of other matiers.

Box No, i Observations where unity of invention is lacking prior to the search

The Danish Patent and Trademark Office found nwltiple inventions i this patent application, as follows:
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