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A 3 D SENSOR SYSTEM COMPRISING AN OPTICAL TRANSMITTER DEVICE, A
DETECTOR AND A COMPUTER SYSTEM

TECHNICAL FIELD

The invention relates to an optical transmitter device suitable for use in a 3D
sensor system for determining 3D data within a body cavity. The invention

also relates to a 3D sensor system comprising an optical transmitter device.

BACKGROUND ART

Minimally invasive surgery (MIS) and in particular laparoscopy has been used
increasingly in recent years due to the benefits compared to conventional
open surgery as it reduces the trauma to the patient skin and optionally
further tissue, leaves smaller scars, minimizes post-surgical pain and enables

faster recovery of the patient.

There are different kinds of MIS such as laparoscopy, endoscopy, arthroscopy
and thoracoscopy. Whereas many of the MIS procedures are mainly for
examination within natural openings of mammals, laparoscopy has in recent
years developed to be a preferred method of performing both diagnostic and

surgical procedures.

In laparoscopic 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 (surgery 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.
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Minimally invasive surgery is generally performed through openings in a
patient's skin and the surgical site is visualized for the surgeon by inserting a
laparoscope which comprises illumination means and a camera into the body

cavity and displaying the images on a screen.

In order to improve the 3D surface determination for the surgeon, in
particular to make it easier for the surgeon to determine the sizes of various
organs, tissues, and other 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.

Also in other connections it may be difficult or expensive to obtain 3D surface
data from internal body cavity surfaces of a patient. The Operator may for

example use a CT scan to obtain the desired 3D surface data.

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 a system for generating an image, which the
surgeon may 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 the 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
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the second camera images the target area and the predetermined pattern of

invisible light, and computes a three-dimensional image.

US2008071140 discloses an endoscopic surgical navigation system which
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.

US2010268067 discloses 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.

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
measuring system, so that a precise orientation and positioning of the
instrument in the body may 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

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 the organs of
a patient to determine the minimal distance to a cavity surface or organ of a
patient. Such systems are described in the articles “"Augmented reality in

laparoscopic surgical oncology” by Stéphane Nicolau et al. Surgical Oncology
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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.

DISCLOSURE OF INVENTION

An object of the present invention is to provide a device for enhancing 3D
surface determination within a body cavity, such as a minimally invasive
surgery cavity, which device is simple to use and at the same time may be

used with a minimal discomfort and/or injury to a patient.

An object of an embodiment of the present invention is to provide an optical
transmitter device for transmitting light within a body cavity which signal

enhances the 3D determination for a surgeon.

An object of an embodiment of present invention is to provide an optical
transmitter device for transmitting light within a body cavity which transmitter

device is relatively low cost.

An object of an embodiment of the present invention is to provide an optical
transmitter device for transmitting light within a body cavity for enhancing 3D

surface determination.

An object of an embodiment of the present invention is to provide an optical
transmitter device for use in a 3D sensor system for determining 3D data of a

surface contour with high precision within a body cavity.

An object of an embaodiment relates to a 3D sensor system comprising an

optical transmitter device.

An object of an embodiment of present invention is to provide an optical
transmitter device for transmitting light within a minimally invasive surgery

cavity which device may be used with high flexibility.
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An object of an embodiment of the present invention is to provide a 3D sensor
system which is relatively simple to use, which may be used in a very flexible
manner and/or which provides a surgeon with a very good intra cavity

visibility prior to, during and/or after minimally invasive surgery.

one or more of these objects have been solved by the invention or

embodiments thereof as defined in the claims or 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.

According to the invention the optical transmitter device comprises a
penetrator member for penetrating through mammal skin for projecting a light
pattern within a body cavity and an associated structured lightning. Thereby a
device for enhancing 3D surface determination within the body cavity has

been provided.

In an embodiment the optical transmitter device for emitting light within a
body cavity comprises an elongate penetrator member for penetrating through
mammal skin and an associated structured lightning member. The penetrator
member has a distal portion and a proximal portion. The distal portion has a
center axis and a length and comprises a penetrator tip. The structured
lightning member comprises a light source and a projector, wherein the light
source is operatively connected to the projector for delivering light to the
projector. The projector is disposed at the distal portion of the penetrator
member and is configured for projecting a diverging light pattern.

Advantageously the penetrator tip is distally disposed at the distal portion of
the penetrator member i.e. the penetrator tip at least in one position (referred
to as its penetrating position) of the optical transmitter device forms the most
distal part of the distal portion of the penetrator member.

Due to the shape of the distal portion of the optical transmitter device at least

a part of the distal portion with the penetrator tip and including the projector
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can in a simple manner be introduced into the body cavity for enhancing 3D

surface determination within the body cavity.

The penetrator tip can in a relatively simple manner be applied to penetrate
the skin of a patient for being introduced into the body cavity while at the
same time ensuring a minimal discomfort and/or injury to the patient. Further
when withdrawing the distal portion of the optical transmitter device the
opening in the skinn provided by the penetration will be relatively small and
uncomplicated to close e.g. by using a paich. The penetration may even be so

small that it closes itself due to the elasticity of the skin.

The term "body cavity” is herein used to denote any gas and/or liquid filled
cavity within a mammal body. The cavity may be a natural cavity or it may be
an artificial cavity which has been filled with a fluid {(in particular gas) o reach
a desired size. The cavity may be a natural cavity which has been enlarged by
being filled with a fluid. Advantageously the body cavily is a minimally invasive

surgery cavity.

The terms “distal” and “proximal” should be interpreted in relation to the
orientation of the optical transmitter device or any other device used in

connection with minimally invasive surgery.

The phrase “distal to” means “arranged at a position in distal direction to the
optical transmitter device, where the direction is determined as a straight line
between a proximal end of the optical transmitter device and the distal end
of the optical transmitter device. The phrase “distally arranged” means

arranged distal to the distal end of the optical transmitter device.

The phrase “real time” is herein used to mean the time it requires the
computer to receive and process optionally 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 return the real time

information to the operator. “Real time” may include a short delay, such as up
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to 5 seconds, preferably within 1 second, more preferably within 0.1 second

of an occurrence.

The term “operator” is used to designate a human operator (human surgeon)
or a robotic operator i.e. a robot programmed to perform a minimally invasive
diagnostic or surgery procedure on a patient. The term “operator” also
includes a combined human and robotic operator, such as a robotic assisted

human surgeon.

The term “access port” means a port into a body cavity provided by a cannula
inserted into an incision through the mammal skin and through which cannula
an instrument may be inserted. The term “penetration hole” means a hole

through the mammal skin without any cannula.

The term “rigid connection” means a connection which ensures that the
relative position between rigidly connected elements is substantially constant

during normal use.

The term “cannula” means herein a hollow tool adapted for being inserted

into an incision to provide an access port as defined above.

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
herein used to designate an area which the surgeon has focus on, e.g. for

diagnostic purpose and/or for surgical/interventional purpose.

The term “skin” is herein used to designate the skin of a mammal. As used
herein the skin may include additional tissue which is or is to be penetrated

by the penetrator tip.

The term “about” is generally used to include what is within measurement
uncertainties. When used in ranges the term “about” should herein be taken
to mean that what is within measurement uncertainties is included in the

range.
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It should be emphasized that the term “comprises/comprising” when used
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

unless otherwise specified or required by the context.

A light pattern or pattern of light includes a group of electromagnetic waves
projected from the projector and propagating along parallel or diverging
directions and wherein the light is textured seen in a cross-sectional view
orthogonal to a center axis (herein also referred to as the optical axis) of the
group of electromagnetic waves i.e. the light has areas of higher intensity,
and areas of lower intensities or no intensity which is not a naturally intensity
distribution of a light beam. The terms “light pattern” and light texture” is

used interchangeable.

The projector may have one fixed position or it may be movably between two
or more positions. Advantageously the projector has at least one position
wherein it is adapted for projecting the light pattern outwards relative to the
optical transmitter device, preferably for projecting the light pattern distally

relative to the optical transmitter device.

In an embodiment at least the distal portion of the penetrator member may

be shaped as a needle with the penetrator tip at its distal end.

To ensure a very low discomfort and/or injury to a patient the distal portion of
the penetrator member advantageously has an average cross-sectional

dimension of up to about 1 cm, such as up to about 5 mm or even less.

In an embodiment the distal portion penetrator member advantageously has

an average cross-sectional dimension of up to about 3 mm.

PCT/DK2017/050443
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The cross-sectional dimensions of the distal portion are determined

perpendicular to the center axis of the distal portion.

In an embodiment the distal portion of the penetrator member has a maximal
cross-sectional dimension of up to about 1 cm, such as up to about 5 mm,

such as up to about 3 mm, such as up to about 2 mm.

Advantageously the maximal cross-sectional dimension of the penetrator
member is up to about 1 cm, such as up to about 5 mm or even less. The
very small cross sectional size of the penetrator member makes it simpler for
the operator to introduce at least a part of the distal portion of the penetrator

member into the body cavity with minimal discomfort or injury of the patient.

In order to have a simple penetration of the skin and introduction of at least a
part of the distal portion of the penetrator member into the body cavity it has
been found that the average and/or maximal cross sectional dimension of the
distal portion of the penetrator member advantageously should be relatively
narrow and thus it was found that the light beam from the light source will be
relatively small. By ensuring that the projector projects the light pattern with a
diverging angle having a cross sectional periphery which is relatively large at

a relatively short distance from the projector may be provided.

Advantageously the projector is configured for projecting the light pattern with
a diverging angle of at least about 10 degrees, such as at least about 20
degrees, such as at least about 30 degrees, such as at least about 40
degrees relative to the optical axis of the light pattern. Preferably the diverging
angle is selectable, e.g. by being tunable by an operator.

The diverging angle is advantageously determined as the beam divergence,

O:

¥%D2 — 1D 1)

6 = (Zarct <
(2arctan 91
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wherein D1 is the largest cross-sectional dimension orthogonal to the center
axis of the light pattern a first distance from the projector, D2 is the largest
cross-sectional dimension orthogonal to the center axis of the light pattern a
second larger distance from the projector and L is the distance between D1
and D2 and wherein the distances is determined along the center axis of the

light pattern.

A desired length of the distal portion of the penetrator member depends
largely on the intended use of the optical transmitter device and in particular
the size of the body cavity and the thickness of the skin to be penetrated to
reach into the body cavity. Choosing a too long length of the distal portion of
the penetrator member may increase the risk of inserting the distal portion of
the penetrator member too long into the body cavity and thus the risk of
damaging an inner surface area of the body cavity. Choosing a too short
length of the distal portion of the penetrator member may increase the risk
that the distal portion of the penetrator member is not sufficiently long to

enter into the body cavity, e.g. in obese patients.

In an embodiment the distal portion has a length of at least about 0.5 cm,
such as at least about 1 cm, such as from about 1 cm to about 30 cm, such
as up to about 20. In an embodiment the length of the distal portion of the
penetrator member is selectable by an operator. The length of the distal
portion of the penetrator member may for example be adjustable by the
surgeon e.g. by comprising a telescopic adjustable length section and/or

comprising an obstruction that may be adjusted.

In an embodiment length of the distal portion of the penetrator member is
selectable and the penetrator member comprises an obstruction arranged to
define a boundary between the distal portion and the proximal portion of the
penetrator member and for preventing intrusion of the proximal portion into
the skin, preferable the obstruction being displaceable, e.g. by an operator.

The obstruction may for example be a flange and or a neck protruding from

PCT/DK2017/050443
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the penetrator member and advantageously is displaceable along the length

section of the penetrator member.

In principle the penetrator member may have any cross-sectional shape,
however generally it is desired that it does not have sharp edges which
unintentionally may damage the skin of the patient. Advantageously at least a
length section of the distal portion has a substantially circular, oval, crescent
or semi-circle cross-sectional periphery. Preferably the entire length of the
distal portion has a substantially round, oval, crescent or semi-circle cross-
sectional periphery. The entire length of the distal portion of the penetrator

member is determined from the proximal portion to the tip.

Where the optical transmitter device is adapted to be rotationally moved after
penetrating the skin, it is desired that the distal portion of the penetrator
member has a substantially circular cross-sectional shape to thereby reduce
the risk of unintendedly damaging the skin of the patient by the rotational

movement of the optical transmitter device.

In an embodiment the distal portion comprises an angular cross-sectional
periphery at least in a length section or in the entire length from its tip and
towards the distal portion. Optionally the distal portion at least from its tip
and towards the distal portion comprises a substantially triangular
quadrangular pentagonal or hexagonal cross-sectional periphery. The angular
cross-sectional periphery of the distal portion of the penetrator member may
make it simpler to introduce the distal portion of the penetrator member into
the skin and the body cavity where the skin has a relatively low elasticity e.g.

skin of older patients.

Advantageous at least a part of the distal portion of the penetrator member —
optionally the entire distal portion of the penetrator member - is rigid to
ensure a relatively simple penetration. In an embodiment at least the
penetrator tip is at least partly of metal, such as steel. In an embodiment the

entire distal portion of the penetrator member is of metal, such as steel.
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For ensuring a simple insertion of the optical transmitter device into the body
cavity it is generally desired that the distal portion of the penetrator member

is either straight or not too curved.

In an embodiment the distal portion of the penetrator member is substantially

straight.

In an embodiment the distal portion of the penetrator member comprises a
curvilinear length section, such as a curvilinear length section having a
curvature radius of up to about 90 degrees, such as up to about 60 degrees,
such as up to about 30 degrees, advantageously the curvature radius of the

distal portion of the penetrator member is selectable by an operator.

The penetrator tip advantageously has a relatively sharp apex and/or a
relatively sharp edge for ensuring a simple penetration of the skin with a

minimum discomfort and/or injury to the patient.

In an embodiment the penetrator tip is selected from a conical shaped tip, a
triangular shaped tip, a blunt shaped tip or a bevel shaped tip. The penetrator
tip is for example a bevel shaped tip having a bevel angle of at least 10 °to
the axis of the distal portion of the penetrator, such as from about 15°to
about 85°. In an embodiment the penetrator tip comprises an apex and/or a

cutting edge.

The projector is adapted to receive the light from the light source directly, via
free space transmission and/or via a waveguide and shaping the received
light to a textured light. The projector advantageously comprises a diffractive
optical element (DOE), a spatial light modulator, a multi-order diffractive lens,
a holographic lens, a Fresnel lens, a mirror arrangement and/or a computer
regulated optical element, such as a computer regulated mechanically optical

element e.g. a mems (micro-electro-mechanical) element.

In an embodiment the projector is or comprises a DOE. A diffractive optical

element may be an optical component comprising a microstructured surface.
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When a DOE is placed in front of a light beam it reshapes the light beam into
a pattern. The pattern of the light, diffracted by a grating, depends on the
structure of the elements. These patterns may be tailored to the application
requirements. A DOEs generally creates pattern(s) through diffraction. The
larger the output pattern, the smaller the features which may be required to
create it. Feature sizes also scale with wavelength. Thus, in order to make
diffractions for use with shorter wavelengths, smaller feature sizes may be

patterned.
The DOE is advantageously a glass based DOE.

In an embodiment the light source is operatively connected to the projector by
a light guiding structure, e, g. comprising a waveguide, such as a light guiding
structure comprising an optical fiber. Generally it is desired to use an optical

fiber for ensuring a high confinement and control of the light.

In an embodiment the projector comprises a diffractive optical element and
the light guiding structure comprises an optical fiber with a light output end
configured for transmitting an output light beam towards the diffractive
optical element. Such an arrangement of optical fiber and DOE can be

relatively compact.

Advantageously the light guiding structure and the projector forms part of a
projector probe. The projector probe comprises a beam expanding lens
arrangement arranged prior to or after the projector, wherein “prior to” and

“after is to be determined based on the light propagating direction.

In an embodiment the projector probe is a disclosed in the co-pending
application PA 2017 70631 DK.

The beam expanding lens arrangement advantageously comprises a diverging
lens, such as a biconcave or plano-concave lens, such as a gradient index

(GRIN) lens. The beam expanding lens arrangement ensures that the beam
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of light reaching the DOE is sufficient large in beam size to ensure a diverging
light pattern i.e. a light pattern that is spreading as it propagates to reach a
light pattern cross sectional periphery which is relatively large at a relatively

short distance from the projector.

Due to the beam expanding lens arrangement even a very narrow light beam
from the light source can be expanded to a diverging light pattern with a
cross sectional periphery which is relatively large at a relatively short distance
from the projector. Thus the average and maximal cross sectional dimension
of the distal portion of the penetrator member may be very narrow, such as
less than 5 mm, such as less than 3mm or even less than 2 mm to ensure an
easy penetration through the skin of the patient with a minimum discomfort

and/or injury to the patient.

In an embodiment the light guiding structure is an optical fiber having a light
output end and the projector probe comprises the optical fiber light output
end and the DOE in a fixed and/or operator controlled distance relative to

each other.

Generally it is desired that the beam expanding lens arrangement is arranged
between the optical fiber light output end and the DOE in order to have the

DOE operating as effective as possible.
In an embodiment the beam expanding lens arrangement is tunable.

Due to the slender shape of the distal portion of the optical transmitter device
and the distal portion of the penetrator member thereof the beam from the
light source is as described relatively small and thus in an embodiment the
light guiding structure has a beam output with a beam output spot, of at least
about 4 pm, such as at least about 8 um, such as at least about 10 pm, such

as at least about 12 ym, the beam output is preferably single mode.

The spot diameter is determined as the average spot diameter. Further it

should be noted that unless otherwise stated or clear from the contest, the
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diameter of the light pattern, light beam, light spot, beam diameter or similar
is determined as the average diameter unless otherwise specified or clear

from the context.

Further examples of advantageous projector probes are described later in this

disclosure and are defined in the claims.

Advantageously the light source is operatively connected to the projector such
that a beam of light impinges onto the projector. To ensure an effective
formation of the pattern it has been found that the impinging light beam should
have a diameter which is relative large. In an embodiment the impinging
beam of light has a beam diameter of at least about 0.4 mm, such as at least
about 0.6 mm, such as at least about 0.7 mm.

The projector is advantageously disposed at or sufficiently near to the
penetrator tip to be introduced into the body cavity when the optical
transmitter device is in use. Thus the thickness of the skin to be penetrated
and the size of the body cavity may influence at which position at the distal
portion of the penetrator member the projector may be disposed to be fully
operable. Advantageously the projector is disposed at the distal portion of the
penetrator member at a distance from the proximal portion of the penetrator
member which is larger than the thickness of the skin to be penetrated to
reach the body cavity. As mentioned above the projector may form part of a

probe e.g. the projector may form a distal portion of the probe.

In an embodiment the projector is disposed within a distance to the
penetrator tip of up to about 80% of the length of the distal portion of the
penetrator member, such as up to about 60% of the length of the distal
portion of the penetrator member, such as up to about 40% of the length of
the distal portion of the penetrator member, such as up to about 30% of the

length of the distal portion of the penetrator member.

In an embodiment the projector is disposed at the penetrator tip or within a

distance to the penetrator tip of up to about 15 cm, such as up to about 10 cm,
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such as up to about 5 cm, such as up to about 1 cm, such as up to about 0.5
cm from the penetrator tip determined along the length of the distal portion of

the penetrator member.

The projector (e.g. in the form of the entire projector probe) may be
permanently or releasable fixed to the distal portion of the penetrator member.
In an embodiment the projector is fixed to a coating or to a sleeve fixed to the
distal portion, In an embodiment the projector and advantageously the entire
projector probe may be removed from the penetrator member after use of the
optical transmitter device, such that the penetrator member may be cleaned

e.g. by being subjected to a disinfection and/or sterilization procedures.

Generally, it is desired that the projector and the distal portion of the
penetrator member is connected to each other when the optical transmitter
device is in or adapted for use. Thus, in use it is desired that the penetrator
and the projector cannot be independently removed from a patient, without
also removing other part. Thereby the handling of the optical transmitter

device becomes simpler and safer for the patient.

In an embodiment the projector (e.g. in the form of the projector probe) is

fixed directly to the distal portion of the penetrator member.

In an embodiment the penetrator member comprises a lumen and the
projector (e.g. in the form of the projector probe) is disposed in the lumen.
Preferably, the diameter of the lumen corresponds to the max diameter of the
projector/projector probe, preferably such that the diameter of the lumen is
at most 2 mm larger than the max diameter of the projector probe. The
lumen preferably forms part of a channel extending in and along the length of
the distal portion of the penetrator member. Thereby the projector may be
protected by the penetrator member during the introduction through the skin
and into the body cavity. Further it may be ensured that the projector during
the penetration step does not protrude orthogonally from the penetrator

member, i.e. it is within the outer periphery of the penetrator member or it is

PCT/DK2017/050443
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aligned with the penetrator member which reduces or removes any risk of

damaging the patient by the projector.

In an embodiment the lumen or the channel including the lumen is
substantially centrally positioned relative to the axis of the distal portion of
the penetrator member. For minimizing the diameter of the distal portion of

the penetrator this embodiment is very advantageous.

In an embodiment the lumen or the channel including the lumen is non-
centrally positioned relative to the axis of the distal portion of the penetrator
member, i.e. the channel/lumen may be positioned radially outwards relative
to the axis of the penetrator member. Preferably the channel/lumen is
extending substantially along the axis with a distance to the axis, such as a
distance of from about 1 mm to about 35 % of the cross-sectional diameter of
the penetrator member, such as up to 25 % of the cross-sectional diameter of
the penetrator member, such as with a distance up to about 3 mm, such as a

distance up to about 1 mm to the axis.

In an embodiment wherein the projector (e.g. in the form of the projector
probe) is disposed in the lumen, the lumen may advantageously be open or
openable at the penetrator tip, e.g. by comprising a removable paste and/or a
lid. Thereby the projector may be passed through the opening after the
penetrator member has been partly introduced into the body cavity. The
projector may thereby be protected against dust or other undesired
contaminations outside the body cavity. The risk of infecting the patient may

thereby be reduced.

Advantageously the projector is pivotable and/or displaceable along the axis
of the distal portion of the penetrator member. Thereby the projector may be
displaced or pivoted into operating position after having introduced the distal
portion of the penetrator member sufficiently into the body cavity. The
projector may for example be fixed to be pivotably folded from a first covered

position to a second projecting (operating) position and/or the projector may
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be fixed to be axially displaced from a first retracted position to a second
projecting position ready for projecting the light pattern within the body cavity
e.g. towards a target surface area within the body cavity. Still it is preferred
that the penetrator member and the projector is inseparable when the optical
transmitter device is in use. After use the various parts of the optical
transmitter device may be separated from each other e.g. for cleaning

purpose.

In an embodiment the projector is fixed to the distal portion of the penetrator
member such that it has a first folded position where the projector is folded
into the penetrator member to be covered and protected by the penetrator
member and the projector has a second unfolded and/or pivoted projecting
position where it is in position for projecting the light pattern. The optical
transmitter device is adapted for penetrating into the body cavity when the
projector is in its first folded position. After the penetrator tip has penetrated
the skin and at least a part of the distal portion of the penetrator member has
been introduced into the body cavity, the projector is unfolded and/or pivoted
to its second unfolded and/or pivoted projecting position within the body
cavity and the projector is now ready for projecting the diverging light pattern
within the body cavity.

In an embodiment the optical transmitter device comprises a tip protecting
arrangement configured for fully or partly covering the tip after the distal
portion of the penetrator member has penetrated the skin and entered into a
body cavity. The tip protecting arrangement for example comprises a flange

optionally forming part of the projector and/or the projector probe.

Since the penetrator tip may be (and advantageously is) relatively sharp, it is
advantageous that the penetrator tip is at least partly covered when it is
inside the body cavity such that the risk of undesired damage of tissue by the

penetrator tip within the body cavity may be reduced or even avoided.
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In an embodiment the optical transmitter device comprises an intra cavity
protecting arrangement for protecting against undesired impacts by the
penetrator tip within the body cavity. The intra cavity protecting arrangement
is advantageously configured for switching the penetrator tip between a first
penetrator position (where the penetrator tip is adapted for penetrating the
skin into the body cavity) and a second penetrator tip protected position. In
the second penetrator tip protected position the penetrator tip may e.g. be

retracted, unfolded and/or covered.

In an embodiment the intra cavity protecting arrangement comprises an axial
displacement arrangement for withdrawing and optionally removing at least
the penetrating tip of the distal portion of the penetrator member. The
projector and/or projector probe may for example be arranged in a cannel
(lumen) of the distal portion of the penetrator member and the axial
displacement arrangement is configured for removing a part of the distal
portion of the penetrator member covering the projector to thereby exposing
the projector. The removable part of the penetrator member may comprise

the penetrator tip.

In an embodiment the intra cavity protecting arrangement comprises an axial
displacement arrangement comprising a slidable tip cover having the first
penetrator position such that the penetrator tip is exposed and having the
second penetrator tip in a protected position such that the slidable tip cover
covers the penetrator tip. The slidable tip cover may be in its second
penetrator tip protected position when unloaded. Thereby the penetrator tip
will be covered unless it is activated/released or in other way loaded to
become in its first penetrator position. Thus the penetrator tip may
advantageously automatically be in its second penetrator tip protected
position when it is not to penetrate the skin of a patient. Optionally the
slidable tip cover is tube shaped and preferably coincident with the distal

portion of the penetrator member. The slidable tip cover may be arranged to
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surround the penetrator tip to set the penetrator tip in its second penetrator

tip protected position.

In an embodiment the intra cavity protecting arrangement comprises an axial
displacement arrangement for partly withdrawing at least the penetrating tip

of the distal portion of the penetrator member.

The projector and/or projector probe may for example be arranged in a
channel of the distal portion of the penetrator member and the axial
displacement arrangement is configured for axially displacing of the distal
portion of the penetrator member and thereby the penetrator tip to thereby

exposing the projector.

In an embodiment the projector and/or projector probe is arranged in a
sleeve fixed to surround the distal portion of penetrator member and the axial
displacement arrangement is configured for axially displacing (e.g. by partly
withdrawing) of the distal portion of the penetrator member or axially
displacing the sleeve, such that the penetrator tip will be surrounded by the
sleeve for providing the protection against undesired impacts by the
penetrator tip within the body cavity. Advantageously the sleeve forms a part
of or the entire slidable tip cover. To ensure a safe penetration the sleeve is

advantageously of a rigid material.

In an embodiment the intra cavity protecting arrangement comprises a
pivotable and/or displaceable flange which can be pivoted and/or displaced to
fully or partly cover the penetrating tip for providing the protection against

undesired impacts by the penetrator tip within a body cavity.

In an embodiment the penetrator tip is foldable from the first penetrator
position to a second unfolded position. The penetrator tip is advantageously
in the penetrator tip protected position when in its unfolded position. For
example the penetrator tip may be folded back in one or preferably 2, 3 or
more penetrator tip leaf sections for providing the protection against

undesired impacts by the penetrator tip within the body cavity.
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In an embodiment the intra cavity protecting arrangement is configured for
holding the penetrator tip in its second penetrator tip protected position when
unloaded (e.g. prior to penetration and when in body cavity) and to switching
to its first penetrator position when it is adapted for being penetrating the
skin into the body cavity. The penetrator tip may advantageously be switched
to its first penetrator position upon activation by an operator and/or upon
activating by application of force to the penetrating tip. The activation may
advantageously be provided by application of proximally directed force to the

penetrator tip.

In order to ensure a penetration of the skin with a minimum discomfort
and/or injury to the patient the penetrator tip should advantageously be
relatively sharp as described above. However, also the shape of the remaining
part of the distal portion of the penetrator member should advantageously be
slender and without undesired protruding elements. In an embodiment the
distal portion of the penetrator member and the projector forms a needle
adapted for penetrating mammal skin for intra cavity positioning of the
penetrating tip. The penetrator tip thereby forms a needle tip, preferably with
a sharp apex. The optical transmitter device advantageously has a
penetrating state, where the distal portion of the penetrator member and the
projector forms the slender needle body and a projecting state, wherein at
least one part of the optical transmitter device is pivoted and/or displaced
and/or unfolded to fully or partly cover the penetrating tip, to fully or partly
remove the penetrating tip and/or to positioning the projector for projecting
the light pattern outwards relative to the optical transmitter device, preferably

for projecting the light pattern distally relative to the optical transmitter device.

The light pattern (also referred to as textured light), comprises structured
light comprising a symmetrical or an asymmetrical light pattern. In an
embodiment the light pattern comprises a plurality of light dots e.g. arranged
in with a repeating pattern or in a random configuration wherein the various

dots may be equal or different in size, intensity and/or shape.
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In an embodiment the light pattern comprises an arch shape, ring or semi-ring
shaped lines, a plurality of angled lines and/or a coded structured light
configuration. Preferably the pattern comprises a grid of lines, a crosshatched
pattern optionally comprising substantially parallel lines. The light pattern
shape and structure is determined in a propagation plan perpendicular to the
propagation axis (center axis) of the light pattern. In an embodiment the light
pattern comprises a combination comprising two or more of the above
mentioned pattern structures. For example the light pattern may comprise
dots and angular lines in combination or dots in combination with a grid or

triangular structures.

In an embodiment the structured light comprises areas of light and areas of
no-light and/or areas of light of a first quality of a character and areas of light
of a second quality of the character, wherein the character(s) advantageously

is/are selected from light intensity, wavelength and/or range of wavelengths.

Advantageously the projector is configured for generating the light pattern by
shaping the light received directly (with or without free space transmission) or
via one or more other optical elements from the light source. The light pattern
may advantageously be tunable e.g. by being selectable e.g. by the operator.
The light pattern may e.g. be tunable with respect to light intensity,
wavelength, range of wavelengths, bandwidth, shape, divergence and/or

modulation frequency.

The optical transmitter device is advantageously adapted to be operated from
its proximal portion. The proximal portion of the penetrator member is not
adapted to be introduced into the skin or the body cavity of the patient and

may comprise projecting element(s).

In an embodiment the proximal portion of the penetrator member comprises
an operating member for being operated by an operator, such as a handle for
being operated by a surgeon or a connector for being connected to or
integrated with a robot for robotic operation. When the optical transmitter

device is for manually use by a human surgeon the optical transmitter device
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advantageously has a handle such that it is usually known from minimally

invasive surgery instruments.

When the optical transmitter device is adapted to be operated by a robot the
proximal portion of the penetrator member is advantageously adapted to the
robot or even integrated with the robot. For simple cleaning and/or
replacement of the optical transmitter device or part(s) thereof it is desired
that the proximal portion of the penetrator member of the optical transmitter
device is releasable mounted to the robot, preferably comprising a rigid
mount. The rigid mount may e.g. comprise or consist of a mechanical lock
and/or a magnetically lock. The proximal portion of the penetrator member
may be telescopic to provide a desired and selectable length or for assist in
the operation —e.g. the penetration procedure — of the optical transmitter

device.

In an embodiment one or more setting and/or one or more operations and/or
one or more selections and/or one or more tunings are performable by an

operator via the proximal portion of the penetrator member.

The light source may in the broadest aspect of the optical transmitter device
be any kind of light source capable of generating sufficient light for the light

pattern.

The light source may be a coherent light source or an incoherent light source.
Examples of light 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.
It is generally preferred that the light source is a laser light source.

The determination of light, including wavelengths, bandwidth, shape and
similar is based on full width at half maximum (FWHM) determination unless

otherwise specified or clear from the context.



10

15

20

25

WO 2018/113885 PCT/DK2017/050443
24

In an embodiment the light source is a fiber laser and/or a semiconductor
laser, the light source preferably comprises a VCSEL or a light emitting diode
(LED).

In an embodiment the light source is adapted for emitting modulated light,
such as pulsed or continuous-wave (CW) modulated light, preferably with a
frequency of at least about 200 Hz, such as at least about 100 KHz, such as
at least about 1 MHz, such as at least about 20 MHz, such as up to about 200

MHz or more.

The light source may be a coherent light source or an incoherent light source.
For providing a sharp and controllable pattern within a narrow space it is
generally desired that the light source is a laser type light source which is

normally considered to be a substantially coherent light source.

The wavelength or wavelengths may in principle comprises any wavelengths,

such as from the low UV light to high IR light e.g. up to 3 my or larger.

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

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

The band width of the light source may be narrow or wide, however often it is
desired to use a relatively narrow wavelength for cost reasons and optionally
for being capable of distinguishing between light emitted from or projected

from different elements e.qg. from an optical transmitter device of an
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embodiment of the invention and from an endoscope or from two different

optical transmitter devices.

In an embodiment the light source has a band width of up to about 50 nm,

such as from 1 nm to about 40 nm.

In an embodiment the light source has a band width of which is larger than
about 50 nm, such as a supercontinuum band width spanning over at least
about 100 nm, such as at least about 500 nm. Where the light source has a
large bandwidth, the optical transmitter device may advantageously comprise
an optical filter e.g. a tunable filter such that the wavelength(s) of the light

pattern may be selected.

The optical transmitter device may include two or more light sources which

may operate with equal or different bandwidths, wherein the two or more.

In an embodiment the structured lightning member comprises two or more
light sources having equal or different bandwidths, wherein the two or more

pattern light sources operatively connected to the projector.

The power of the light source may be selected in dependence of the intended
use of the optical transmitter device. Generally it is desired to apply a power
source with a relative low power to protect against overheating, in particular
where the optical transmitter device may be used for linger time e.g. for more
than 10 minutes, e.g. for more than 30 minutes in a row. It may be
advantageous that the power source is power tunable; thereby the power
may e.g. be shortly increased to remove optional fog or mist on the projector.
Alternatively a heating element may be provided to remove or prevent fog or
mist on the projector.

Fog or mist may for example form when inserting the optical transmitter
device into the body cavity. Due to the relatively low temperature of the
projector, higher temperature and/or humidity in the body cavity mist /fog

may form on the projector.
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In an embodiment the optical transmitter device comprises a heating element
arranged for heating the front face (distally face) of the projector to remove

or prevent the formation of fog/mist.

In an embodiment at least a part of the projector — e.g. a front surface layer
of the projector — comprises light absorbing elements or ions e.g. as
described further below in connection with the description of the probe. In an
embodiment the projector comprises an optical filter e.g. as described further

below in connection with the description of the probe.

The light source may for example configured for emitting light at a power of
from about 0.1 mW to about 100 mW, such as from about 1 mW to about 50
mW, such as from about 3 mW to about 5 mW. Advantageously the optical

transmitter device comprises a regulator for tuning the light source power.

The optical transmitter device advantageously comprises a computer
operatively connected to the light source, the projector and/or at least one
element of the optical transmitter device, such as the light source, or an
optical filter or lens. The computer may be any kind of processor operating
element or system. The computer may advantageous be adapted for fully or
partly operating the light source, the projector and/or the at least one

additional element of the optical transmitter device.

The invention also relates to a 3D sensor system comprising an optical
transmitter device as described herein and an associated detector. The
associated detector is adapted for detecting reflected rays of the light pattern

projected by the projector of the optical transmitter device.

The associated detector may in principle be any kind of detector capable of

sensing at least one wavelength of the light projected by the projector.

Advantageously the associated detector is a camera comprising an array of
pixel sensors. Each of the pixel sensors preferably comprises a photodetector,

such as an avalanche photodiode (APD), a photomultiplier or a metal—
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semiconductor-metal photodetector (MSM photodetector). The pixel sensor

may advantageously include one or more active pixel sensors (APS).

Each pixel sensor may comprise an amplifier. The associated detector may
advantageously comprise at least about 1 kilo pixels, such as at least about 1

Mega pixels.

In an embodiment the associated detector is selected from a charge-coupled
device (CDD) image sensor, or a complementary metal-oxide—semiconductor

(CMOS) image sensor.
In an embodiment the associated detector is a mono detector.
In an embodiment the associated detector is a stereo detector.

The associated detector may advantageously comprise a band pass filter for
suppressing back-ground light, such as light with wavelength not included in
the projected light pattern. Thereby the associated detector may be adapted
for distinguishing between light originating from the projected light pattern
and light from another source, such as from an endoscope or from a

minimally invasive surgery instrument as described in WO 2015/124159.

The associated detector may advantageously comprise at least one aperture

lens, such as a Fresnel lens for collecting reflected light.

The associated detector may be disposed on or integrated with any
instrument adapted for being introduced into the body cavity. For example
the associated detector may be disposed on or integrated with a cannula, a

scope of a surgical intervention instrument and/or a sensor penetrator.

In an embodiment the associated detector is an endoscope, such as a

laparoscope, such as a mono endoscope or a stereo endoscope.

In an embodiment the associated detector is disposed on or integrated with a

sensor penetrator. The sensor penetrator may comprise a sensor penetrator
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tip adapted for penetrating mammal skin for intra cavity positioning of the
detector. The sensor penetrator tip may be as the penetrator tip of the optical

transmitter device as disclosed herein.

Advantageously the 3D sensor system comprises a computer system. The
computer system may comprise a single computer or several data
interconnected computers and digital storing device(s) e.g. including one or
more databases. The computer system advantageously includes at least one
digital, programmable electronic device adapted for perform arithmetic and

logical operations at high speed.

Advantageously the computer system is operatively connected to the optical
transmitter device and the associated detector and being configured for
calculating data representing a 3D surface contour of a surface area reflecting
light transmitted from the optical transmitter device based on 3D signal data
from the optical transmitter device and detected data from the detector. The
optical transmitter device may advantageously comprise a spatially and/or
orientation detector for detecting the spatial and/or orientation of the
projector e.g. relative to a fixed point. Also the associated detector
advantageously comprises a spatially and/or orientation detector for detecting
the spatial and/or orientation of the projector e.g. relative to a fixed point e.g.
the same fixed point used for reference to the projector. In an embodiment
wherein the optical transmitter device and optionally the associated detector
is/are connected to a robot the spatially and/or orientation detector for
detecting the spatial and/or orientation of the projector/detector may form

part of the robot.

In an embodiment a computer system is configured for receiving optical
transmitter device position data and for using the optical transmitter device
position data in the calculation of the 3D surface contour. The optical
transmitter device position data is optionally fed to the computer system by
an operator and/or the optical transmitter device comprises a positioning

sensor determining the optical transmitter device position data of the optical
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transmitter device. The optical transmitter device position data preferably
comprises the spatial position of the projector and a propagation direction of

the light pattern.

Advantageously the computer system is configured for receiving detector
position data and using the detector position data in the calculation of the 3D
surface contour. The detector position data is optionally fed to the computer
system by an operator and/or the detector comprises a positioning sensor
determining the detector position data of the associated detector. The
detector position data preferably comprises the spatial position and the

orientation of the detector.

In an embodiment the computer system is configured for receiving angular
position data representing the angle between the optical axis of the projector
and the optical axis of the associated detector and/or the computer system is
configured for receiving data for calculating the angular position data. In an
embodiment the angle between the optical axis of the projector and the
optical axis of the associated detector are fixed or the angle may be set to a
fixed degree size. The optical axis means the center axis of projected or
detected light (FWHM).

In an embodiment the optical transmitter device and the associated detector
are interconnected to set and/or to determine the angular position data. The
optical transmitter device and the associated detector may e.g. be
interconnected to define the angle between the optical axis of the projector
and the optical axis of the associated detector. Thereby the optimal angle for
detection of reflected light and for calculation of the 3D surface contour may
be ensured. The angle may for example be selectable by the operator. In an
embodiment the interconnection between the optical axis of the projector and
the optical axis of the associated detector is established by an interconnecting
arrangement fixed to respectively the proximal portion of the penetrator

member and to a proximal portion of the associated detector.
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Advantageously — to obtain a high quality resolution it has been found that

the structured light projector and the camera should have angles relative
to the tissue plane of maximum 60 degrees. Thus it has been found that
the longitudinal axis of projector and camera should be at maximum 60
degrees at the intersection point. Preferably the angle between the optical

axis of the projector and the optical axis of the associated detector is between
about 5 and about 40 degrees, such as between about 5 and about 35

degrees.

In use it is generally desired that the projector is positioned about 1 to about
30 cm from the target surface area, preferably about 3 to about 10 cm from
the target surface area. The associated sensor is advantageously positioned
about 1 to about 30 cm from the target surface area, preferably about 3 to

about 10 cm from the target surface area.

Advantageously the 3D sensor system forms part of an operator in the form
of a robot, i.e. one or more of the elements of the 3D sensor system are fixed
to or integrated with the robot. Preferably both the transmitter device and the
associated detector are connected to and/or are integrated with the robot.
Thereby the angular position data may be retrievable by the robot and
preferably the computer system forms part of or are in data connection with a

computer of the robot.

In an embodiment the 3D sensor system is configured for real time operation
and the computer system is advantageously configured for real time

calculating of data representing the 3D surface contour.

In an embodiment the computer system is configured for calculating data

representing a 3D reconstruction of at least a part of a body cavity.

The reconstruction technique may e.g. include point cloud surface
reconstruction. A point cloud is a set of data points in a three-dimensional
coordinate system, these points may be defined by X, Y, and Z coordinates,
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intended to represent the external surface of interest. The reconstruction
technique from the data transmitted to the computer system may e.g. be as or
correspond to the 3D reconstruction technique as described in “A low cost 3D
scanner based on structured light” by C. Rocchihi et al. Eurographics vol. 20
(2001), number 3.

In an embodiment the computer system is advantageously further in data
communication with or comprises a database for receiving pre operation data

and for using such pre operation data in its calculation.

The pre operation data may in principle be any data that represents at least
one attribute of the body cavity, such as at least one dimension, size or
relative size. In an embodiment the pre operation data is data stored on a
database and which is estimated and/or calculated for groups of patient. The
pre operation data may thus be retrieved from the database based on one or
more characteristic of the patient, such as age, gender and/or weight of the
patient. In an embodiment the pre operation data is data obtained from an
actual measurement of the patient, such as an imaging and/or a scanning
e.g. CT scanning, MR scanning, ultra sound scanning or another form of

scanning.

In an embodiment the computer system is configured for acquiring the pre
operation data, optionally the computer system comprises the database that
stores the pre operation data. In an embodiment the computer system
comprises an interface for receiving the pre operation data or for receiving

information about how to select the pre operation data from the database.

In an embodiment the computer system is configured for receiving intra
operation data representing at least one attribute of the body cavity during
the minimally invasive surgery and/or diagnostic procedure and for using said
intra operation data for calculating data representing a 3D reconstruction of
at least a part of a body cavity. The intra operation data may be any kind of

data representing at least one attribute of the body cavity, such as at least
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one dimension, size or relative size. The intra operation data differs from the
pre operation data in that the intra operation data is obtained during the
minimally invasive surgery and/or diagnostic procedure whereas the pre
operation data is obtained prior to performing the minimally invasive surgery
and/or diagnostic procedure, is estimated and/or is calculated data based on
pre operation data such a ultrasound data or data generated from

measurements of the body cavity obtained using ultrasound..

In an embodiment the intra operation data comprises data derived from
measurements (e.g. a CT/MR scanning) obtained during the minimally

invasive surgery and/or diagnostic procedure.

The intra operation data preferably comprises image data and/or scanning
data (e.g. ultrasound scanning data) obtained during the minimally invasive

surgery and/or diagnostic procedure.

The computer system may advantageously being configured for calculating
the volume and/or surface area of a selected part of the body cavity and/or of
a selected organ bordering or at least partly within the body cavity. The
computer system may e.g. be programmed to determine the volume of a
section of an organ within an illuminated hernie, a section of a liver and/or a
section of a pouch e.g. in connection with the performing of a gastric bypass

operation.

In an embodiment the computer system is configured for receiving instruction
representing a periphery of an organ section to be volume determined and to
perform the volume determination. The instruction representing the periphery
of an organ section may e.g. be provided optically by directing light to mark
the periphery of an organ section. In an embodiment the instruction
representing the periphery of an organ section is provided digitally via a user
interface. Advantageously the computer system being configured for

transmitting the calculated data to a presentation device such as a screen
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and/or a printer and/or other presentation device, such as a tablet, googles or

a holographic display.

In an embodiment the computer system is configured for tracking an
instrument within the body cavity. The computer system may e.g. be
configured for tracking any instrument or a selected instrument within a
selected space of the body cavity, such as any instrument or a selected
instrument within a space of the body cavity encased by the periphery of the

light pattern projected by the optical transmitter device.

Advantageously the computer system preferably is configured for real time

tracking of one or more instruments within a selected space.

In an embodiment the computer system is configured for transmitting the
calculated data to a screen, wherein the calculated data comprises data

representing an argumented reality view.

Advantageously the computer system is operatively connected to the optical
transmitter device for operating the optical transmitter device. The computer
system may be configured to operate the optical transmitter device at least
partly based on the calculated data. For example the computer system may
be configured to operate the optical transmitter device based on the
calculated data and a pre-programmed algorithm, look-up data, input data via
a user interface, input data from one or more additional sensors or any

combinations thereof.

Advantageously the computer system is operatively connected to the
associated detector device for operating the associated detector. The
computer system is for example operatively connected to the associated
detector device for operating the associated detector at least partly based on
the calculated data, such as based on the calculated data and a pre-
programmed algorithm, look-up data, input data via a user interface, input

data from one or more additional sensors or any combinations thereof.
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In an embodiment computer system is further operatively connected to a
surgical intervention instrument for operating the surgical intervention
instrument, such as a laparoscopic instrument. The computer system is
advantageously configured to operate the surgical intervention instrument at
least partly based on the calculated data, and preferably based on the
calculated data and a pre-programmed algorithm, look-up data, input data via
a user interface, input data from one or more additional sensors or any

combinations thereof.

In an embodiment, the computer system is configured for stitching together
data sets, such as sets of data representing a topological determination of a
tissue field. In an embodiment the computer system is configured for
performing topological stitching comprising stitching data sets representing
at least two topological determinations, such as from 3 to 100 of the
topological determinations, such as from 5 to 50 of the topological

determinations.

The topological determination may e.g. comprise determining a plurality of
points of the tissue field in 3D for example comprising the spatially relation
between the points to obtain a point cloud and the topological stitching may
comprise stitching point clouds of said topological determinations to a super
point cloud comprising the point clouds spatially combined with each other to
represent a larger and/or refined topological determination of the tissue field.
The computer system may be configured to perform further 3D

determinations, such as volume determinations from the super point cloud.

The invention also relates to a projector probe. The projector probe may form
part of an optical transmitter device e.g. as described above or it may be used
in other connections and/or in other instruments for various applications

where a controlled light pattern is desired and where the space occupiable by

the probe is relatively narrow. The projector probe is capable of providing a
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projected pattern with a relatively high resolution while at the same time
being very narrow and capable of being held in a narrow channel in an

instrument.

In its broadest aspect the projector probe comprises a light source, a beam
expanding lens arrangement and a projector. The light source comprises an
optical fiber with a light output end adapted for delivering light to the beam
expanding lens arrangement. The beam expanding lens arrangement is
adapted for beam expanding the light received from the optical fiber and for
delivering the beam expanded light to the projector. The projector is adapted
for structuring the light received from the beam expanding lens arrangement
and for projecting the structured light to form a diverging structured light

beam.

The light from the optical fiber may be delivered directly or via free space
and/or via suitable optic to the beam expanding lens arrangement. It is
preferred that the light from the optical fiber is delivered directly to the beam
expanding lens arrangement optionally including a short length of free space —

e.g. up to about 1 cm, such as up to about 2 mm, such as up to about 1 mm.

The light from the beam expanding lens arrangement may be delivered
directly or via free space and/or via suitable optic to the projector. It is
preferred that the light from the beam expanding lens arrangement is
delivered directly to the projector optionally including a short length of free
space — e.g. up to about 2 cm, such as up to about 1 cm, such as up to about

2 mm, such as up to about 1 mm.

The light source may for example be as the light sources described above.
Advantageously the light source is a fiber laser comprising the optical fiber.
The optical fiber may be any kind of optical fiber capable of transmitting the
light preferably with a relatively low loss. Preferred optical fibers include
transmission optical fibers and specialty optical fibers e.g. photonic crystal

fibers.
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The optical fiber is preferably a glass optical fiber comprising a core
comprising glass — such as silica - and a cladding comprising glass — such as
silica - surrounding the core. The core preferably has a diameter of at least
about 4 pm, such as at least about 8 um, such as at least about 10 pm, such

as at least about 12 pm.

Advantageously the optical fiber is a single mode optical fiber for at least one
transmission wavelength, such as for a band width of at least 5 nm, such as
at least about 10 nm, such as at least about 50 nm, while simultaneously
having a relatively large core e.g. as described above. The optical fiber
preferably has a numerical aperture (NA) of at least about 0.1, preferably at

least about 0.2, such as at least about 0.3, such as at least about 0.4.

The transmission wavelength(s) is a wavelength transmitted by the optical
fiber i.e. within the bandwidth of the light source.

In an embodiment the a light source is a single mode light source for at least
one transmission wavelength, such as for a band width of at least 5 nm, such
as at least about 10 nm, such as at least about 50 nm. Preferably the optical
fiber has a normalized frequency V of less than 2.405 for at least one

transmission wavelength, wherein V is determined by the formula (I):

(I) o - {\_.:". Ty & Thy 2
A

where a is the core radius, A is the transmission wavelength in vacuum, ny is
the maximum refractive index of the core, nz is the refractive index or

average refractive index of the cladding.

Advantageously the optical fiber is adapted for outputting the light with a
beam diameter of at least about 4 um, such as at least about 8 um, such as

at least about 10 ym, such as at least about 12 pm.
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To obtain a high quality of the projected structured light it is desired to have
a high beam quality from the optical fiber. In an embodiment the optical fiber

is adapted for outputting the light in the form of a Gaussian light beam.

The band width of the light source may be as the band width described

above, e.g. including visible and/or invisible light — optionally tunable.

For many applications it is desired to use a relatively narrow bandwidth e.g.
for cost reasons or for being able of distinguishing the structured light form
other emitted light and/or background light. In an embodiment the light
source is adapted for delivering light with a band width (FWHM) of about 0.1

KMm or less, such as of about 50 nm or less, such as of about 25 nm or less.

For other applications it may be suitable to use a light source with a relatively
large bandwidth. In an embodiment the light source is adapted for delivering
light with a band width (FWHM) of about 0.1 pm or more, such as of about

0.5 ym or more, such as a supercontinuum light spanning at least one octave.

The beam expanding lens arrangement comprises a diverging lens. In
principle the diverging lens may be any kind of diverging lens, such as a
biconcave or plano-concave lens. In order to ensure a very compact projector
probe which can be fitted into even a very narrow channel it is preferred that
the beam expanding lens arrangement comprises a gradient index (GRIN)
lens and preferably a GRIN lens with a cross sectional diameter of about 2

mm or less, such as about 1.6 mm or less, such as about 1.4 mm or less.

Gradient Index (GRIN) lenses have a radially varying index of refraction and
that causes an optical ray to follow a sinusoidal propagation path through the
lens. The GRIN lenses has typically been developed and applied for coupling
the output of diode lasers into fibers, focusing laser light onto a detector, or for
collimating laser light in general. In the projector probe the GRIN lens is

applied for expanding the light beam from the optical fiber.
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Thus in order to ensure a desired degree of expansion the beam expanding
lens arrangement advantageously comprises a GRIN lens having NA of about
0.5 or more. The GRIN lens advantageously has a cylindrical shape with a
length of at least about 1 mm, such as between 1.5 and 4 mm. The GRIN

lens advantageously has a pitch of about 0.25 or about 0.5.

Advantageously the beam expanding lens arrangement is adapted for
expanding and collimating the light beam received from the optical fiber. By
ensuring that the light reaching the projector is substantially collimated the

generated structured light will have a desired high resolution.

The beam expanding lens arrangement is preferably adapted for expanding
the light beam received from the optical fiber to a beam diameter of at least

about 0.4 mm, such as at least about 0.6 mm, such a sat least about 0.7 mm.

The projector may e.g. be as described above and optionally comprising a
diffractive optical element (DOE), a spatial light modulator, a multi-order
diffractive lens, a holographic lens, a Fresnel lens, a mirror arrangement
and/or a computer system regulated optical element, such as a computer
regulated mechanically optical element e.g. a mems (micro-electro-

mechanical) element.

The projector advantageously comprises a diffractive optical element (DOE).
It has been found that the combination of a GRIN lens and a DOE operates

surprisingly optimal to provide a very high quality structured light.

In an embodiment the optical fiber, the beam expanding lens arrangement
and the projector are rigidly coupled to each other to form a distal portion of
the projector probe with an average diameter of 2 mm or less, such as 1.6
mm or less, such as 1.4 mm or less. The optical fiber, the beam expanding
lens arrangement and the projector are preferably axially aligned in touching

or non-touching configuration.
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Advantageously the optical fiber is adapted for delivering light to the beam
expanding lens arrangement without any free space propagation and the
beam expanding lens arrangement is adapted for delivering light to the
projector without any free space propagation. Preferably the optical fiber is
fused or glued to the beam expanding lens arrangement and the beam

expanding lens arrangement is fused or glued to the projector.

In an embodiment the optical fiber, the beam expanding lens arrangement

and the projector is confined and hold in a projector probe housing.

The power of the light source may be selected in dependence of the intended
use of the projector probe. Generally it is desired to apply a power source. It
may be advantageous that the power source is power tunable; thereby the
power may e.g. be shortly increased to remove optional fog or mist on the
projector. Alternatively a heating element may be provided to remove or
prevent fog or mist on the projector. Such heating element may e.g. being an

electrical heating element, such as a micro coil electrical heating element.

In an embodiment the projector absorbs at least about 5 % of at least one
wavelength of light of the light source, such as at least about 10 %, such as
at least about 20 %, such as at least about 50 % of at least one wavelength
of light.

This may e.g. be provided by preparing the projector glass with selected
absorbing elements or ions, such as elements or ions which are in other
respects considered to be impurities. When light of the absorbing wavelength
is impinges onto the glass it will be absorbed and all the heat

energy absorbed produces heat the heat produced by absorption raises the
temperature of the material. Since it is especially preferred to heat the
surface (projecting surface) of the projector facing away from the light
source, the absorbing elements or ions are advantageously concentrated at or

near the projecting surface of the projector.
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In an embodiment the projector e.g. in the form of a DOE comprises a glass,
such as silica which is doped by ion, such as rare earth ions and/or comprises
OH groups or OD groups. OH groups have peak absorption around 1390 nm,
1897 nm and 2210 nm. OD groups have a peak absorption around 1240 nm.
The glass may e.g. comprise about 100 ppm or more, such as about 250 ppm

or more of OH/D2 groups.

Suitable doping ions includes rare earth ions such as erbium (Er),

neodymium (Nd), terbium (Tb), thulium (Tm), ytterbium (Yb) and yttrium ().
The glass may advantageous comprise at least a surface layer of doped
glass, preferably having a concentration of at least about 100 ppm, such as at
least about 200 ppm.

In an embodiment the projector absorbs at least about 25 % more, such as at
least about 50 % more, such as at least about 75 % more, of one wavelength

of light of the light source than of another wavelength of the light source.

Advantageously the light source is tunable such that the wavelength of peak
absorption may be increased when heating of the projector is desired and
turned down or completely turned off when heating of the projector is not

desired.

In an embodiment the projector comprises an optical filter which selectively
transmits light of different wavelengths including wavelengths of the light
source. The optical filter is preferably an absorptive filters which absorbs a
major amount of light of the light source with certain wavelength(s) while
allowing light having other wavelength(s) of the light source to pass. The
absorbed light heats up the optical filter and thereby remove optional fog or
mist formed on the front (distally facing) face of the optical filter. In an
embodiment the optical filter is made from glass to which various inorganic or
organic compounds have been added e.g. rare earth element(s)/ion(s). These
compounds absorb some wavelengths of light while transmitting others. In an

embodiment the optical filter is of plastic (e-g- polycarbonate or acrylic)
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comprising wavelength filter(s) in the form of the above mentioned

component(s).

In an embodiment the projector comprises a DOE and an optical filter, the
optical filter is advantageously arranger distally to the DOE and preferably in
direct contact such that fog or mist cannot form between the DOE and the

optical filter.

In an aspect the projector comprising light absorbing elements or ions and/or
an optical filter as described above is applied as a projector in a minimally
invasive surgery instrument e.g. the minimally invasive surgery as described
in WO 2015/124159.

All features of the inventions and embodiments of the invention as described
herein including ranges and preferred ranges may be combined in various
ways within the scope of the invention, unless there are specific reasons not

to combine such features.

Brief description of preferred embodiments and elements of the

invention

The above and/or additional objects, features and advantages of the present
invention will be further elucidated by the following illustrative and non-
limiting description of embodiments of the present invention, with reference

to the appended drawings.

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.

Fig. 1 is a perspective side view of an embodiment of the optical transmitter

device of the invention.

Fig. 2 is a schematic illustration of another embodiment of the optical

transmitter device of the invention.
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Figs. 2a-2d illustrates different examples of cross sectional shapes of the

optical transmitter device e.g. as seen in the cross sectional cut A-A of Fig. 2.
Fig. 3 is schematic illustration of a variation of the embodiment of Fig. 2

Figs. 4a-4c illustrates a cross-sectional view of a part of an embodiment of
the optical transmitter device of the invention, wherein the optical transmitter
device comprises an intra cavity protection arrangement and the projector is
arranged in a channel of the distal portion of the penetrator member when

the penetrator tip is in its penetrating position.

Fig. 5 is a schematic illustration of an embodiment of the optical transmitter
device wherein the distal portion of the penetrator member comprises a

curvilinear length section.

Figs. 6a - 6¢ illustrates a cross-sectional view of a distal portion of an
embodiment of the penetrator member, wherein the penetrator member

comprises a sleeve and the projector is incorporated in the sleeve.

Fig. 7 is a schematic illustration of the distal portion of the penetrator member
of an embodiment of the optical transmitter device wherein the projector is

incorporated in the penetrator tip.

Figs. 8a-8c illustrates a cross-sectional view of a part of an embodiment of
the optical transmitter device of the invention, wherein the optical transmitter
device comprises an intra cavity protection arrangement and the optical
transmitter device comprises two projector projectors which are arranged in

non-central channels of the distal portion of the penetrator member.

Figs. 9a and 9b illustrates a part of an embodiment of the penetrator
member, wherein the projector has a first folded position and a second

unfolded/pivoted position.

Figs. 10a-10e illustrates examples of shapes of suitable penetrator tips for

embodiments of the optical transmitter device.

PCT/DK2017/050443
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Fig. 11 is a schematic illustration of an embodiment of a 3D sensor system
comprising an optical transmitter device and an associated detector, wherein
the 3D sensor system is illustrated in a cross-sectional view of a body cavity

when the 3D sensor system is in use for diagnostic and/or surgical purpose.

Fig. 12 is a schematic illustration of another embodiment of a 3D sensor
system, wherein the comprising an optical transmitter device, wherein the 3D

sensor system comprises a computer system.
Figs. 13a — 13f illustrate different examples of projected patterns.

Fig. 14a is a schematic illustration seen in a cross-sectional view of a part of
an associated structured lightning member. The associated structured
lightning member comprises a not shown light source and a waveguide —
optical projector assembly suitable for forming part of an embodiment of the
optical transmitter device, wherein the optical projector comprises an optical
filter.

Fig. 14a is show the waveguide —optical projector assembly in a cross-

sectional view and enclosed in a hermetic housing.

Fig. 15 is a schematic illustration of an associated structured lightning
member comprising a light source - waveguide —optical projector and
focusing lens assembly suitable for forming part of an embodiment of the

optical transmitter device.

Fig. 16 is a schematic illustration of a beam expanding lens arrangement

suitable for an associated structured lightning member.

Fig. 17 is a schematic illustration of an embodiment of a projector probe of

the invention.

Further scope of applicability of the present invention will become apparent
from the description given hereinafter. However, it should be understood that

the detailed description and specific examples, while indicating preferred
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embodiments of the invention, are given by way of illustration only, since
various changes and modifications within the spirit and scope of the invention

will become apparent to those skilled in the art from this detailed description.

The optical transmitter device shown in Fig 1 comprises an elongate
penetrator member 1 suitable for penetrating through mammal skin. The
penetrator member has a distal portion 2 and a proximal portion 3. The
proximal portion 3 comprises in this embodiment a handle and thus the optical
transmitter device is suitable for manual handling. The distal portion has a
center axis C and a length L and comprises a penetrator tip 4. The optical
transmitter device further comprises a not shown associated structured
lightning member comprising a light source and a projector, wherein the
projector disposed at the distal portion 2 of the penetrator member and is
configured for projecting a diverging light pattern.

The optical transmitter device shown in Fig. 2 comprises an elongate
penetrator member 11 suitable for penetrating through mammal skin. The
penetrator member has a distal portion 12 and a proximal portion 13. The
proximal portion 13 comprises in this embodiment a connector 13a for being
connected to or integrated with a robot for robotic operation. The penetrator
member 11 further comprises an obstruction 15 arranged to define a
boundary between the distal portion 12 and the proximal portion 13 of the
penetrator member 11 and for preventing intrusion of the proximal portion
into the skin. As further shown in Fig. 3 the obstruction 15 may preferable be

displaceable.

The distal portion has a center axis and a length and comprises a penetrator
tip 14. The optical transmitter device further comprises an associated
structured lightning member comprising a projector disposed at the distal
portion 2 of the penetrator member.

As mentioned above the distal portion of the penetrator member may have

any cross-sectional shape, however generally it is desired that except for the
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penetrator tip the penetrator member does not have sharp edges which

unintentionally may damage the skin of the patient.

Figs. 2a-2d illustrates different examples of cross sectional shapes of the

optical transmitter device e.g. as seen in the cross sectional cut A-A of Fig. 2.

Fig. 2a illustrates an example where the distal portion of the penetrator
member has an oval cross-sectional periphery. Fig. 2b illustrates an example
where the distal portion of the penetrator member has a substantially circular
cross-sectional periphery. Fig. 2c illustrates an example where the distal
portion of the penetrator member has a semi-circle cross-sectional periphery.
Fig. 2d illustrates an example where the distal portion of the penetrator

member has a star shaped cross-sectional periphery.

Fig. 3 is schematic illustration of a variation of the embodiment of Fig. 2
wherein the obstruction 15 is displaceable such that the surgeon may

preselect the length of the distal portion of the penetrator member.

Thereby the length of the distal portion of the penetrator member is
selectable and the obstruction 15 may be positioned to ensure that the length
of the distal portion of the penetrator member is adapted to the size and
depth of the body cavity and to the thickness of the skin to be penetrated
such that the risk of penetrating deeper than desired and e.g. unduly damage
tissue within the cavity may be prevented. The obstruction 15 may
additionally be used to determine the penetration depth of the distal portion

of the penetrator member.

Figs. 4a-4c illustrates a distal part of an embodiment of the optical transmitter
device comprising the penetrator tip. The distal part of the optical transmitter
device may e.g. be or correspond to the part encircled by a dotted line in
respectively Figs. 1, 2 or 3 and it may comprise at least a part of the distal

portion of the penetrator member including the penetrator tip.

PCT/DK2017/050443
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The illustrated distal portion 22 of the penetrator member comprises a lumen
and the projector 26’ in the form of a part of a projector probe 26 is disposed
in the lumen. The lumen forms part of a channel extending in and along the
length of the distal portion of the penetrator member. Thereby the projector
may be protected by the penetrator member during the introduction through
the skin and into the body cavity. In the shown embodiment the channel
including the lumen is substantially centrally positioned relative to the axis of

the distal portion 22 of the penetrator member.

The projector may advantageously comprise a front layer 26”comprising
elements or ions which are absorbing light of at least one wavelength of the
light source while it is allowing substantially all light of at least one other
wavelength of the light source to pass substantially un-attenuated. The front
layer with the distal front face 26" may e.g. be a separate optical filter or e.g.

an optical filter fused to the pattern generating member e.g. a DOE.

The optical transmitter device illustrated in Figs. 4a-4c comprises an intra
cavity protecting arrangement for protecting against undesired impacts by the
penetrator tip after it has been introduced into the body cavity and at the
same time the projector or the entire projector probe is protected by the
penetrator tip prior to penetrating the skin. The intra cavity protecting
arrangement is provided by the structure of the tip 24 and the projector
probe 26 which is displaceable within the channel of the distal portion 22 of

the penetrator member.

In Fig. 4a the penetrator tip is in its first penetrator position where the
penetrator tip is adapted for penetrating the skin into the body cavity. The tip
is 24 is sharp for easy penetrating of the skin and the projector probe 26
including the projector 26 ' is protected within the lumen (closed channel) of
the distal portion 22 of the penetrator member. The penetrator tip 24

comprises a number of leaf-like flanges 24a projecting to form the penetrator

tip.
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In Fig. 4b the projector probe is being axially displaced in distal direction as
indicated with the arrow. In Fig. 4c the projector probe has been fully axially
displaced in distal direction to thereby switch the penetrator tip 24 to its
second penetrator tip protected position and at the same time the projector
26’ is displaced along the axis of the distal portion 22 of the penetrator
member into its operating position where the light pattern P is projected from
the projector 26’ via the optical filter 26”. As it can be seen the penetrator tip
24 is now in its protected position by spreading of the tip portions of leaf-like

flanges 24a by the projector probe 26.

The optical filter 26" absorbs a certain amount of light which is converted to
heat which prevent and/or removes fog/mist on the distal front face 26" of

the projector 26'.

It can be seen that the pattern P is spreading out from the projector 26/, i.e.
the projector is projecting a diverging light pattern with a relatively high
diverging angle after having introduced the distal portion of the penetrator
member sufficiently into the body cavity. The projector may for example be
fixed to be pivotally folded from a first covered position to a second projecting
(operating) position and/or the projector may be fixed to be axially displaced
from a first retracted position to a second projecting position ready for
projecting the light pattern within the body cavity e.g. towards a target

surface area within the body cavity.

The beam divergence, © may be determined as follows:

¥%D2 — 1D 1)

6 = (Zarct <
(2arctan 91

wherein D1 is the largest cross-sectional dimension orthogonal to the center
axis of the light pattern a first distance from the projector, D2 is the largest
cross-sectional dimension orthogonal to the center axis of the light pattern a

second larger distance from the projector and L is the distance between D1
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and D2 and wherein the distances is determined along the center axis of the

light pattern.

The optical transmitter device shown in Fig 5 comprises an elongate
penetrator member 31 suitable for penetrating through mammal skin. The
penetrator member has a distal portion 32 and a proximal portion 3. The
proximal portion 33 comprises in this embodiment a handle and thus the
optical transmitter device is suitable for manual handling. It should be
understood that the handle could be replaced by a connector for being
connected to or integrated with a robot for robotic operation of the optical

transmitter device.

The distal portion 32 of the penetrator member comprises a curvilinear length
section 32'. The curving of the distal portion of the penetrator member may
for some application make it simpler for a surgeon to insert the penetrator tip
and the not shown projector into a body cavity. For example where the body
cavity is partly enclosed by bone material or organ(s) which are desirably not
penetrated it may be advantageous that the distal portion of the penetrator

member is fully or partly curved.

In an embodiment the curvilinearity of the curvilinear length section may be
selectable by the surgeon e.g. by providing at least the curvilinear length
section in a rigid but plastic deformable material. The surgeon may thus
adjust the distal portion of the penetrator member to have a desired

curvilinearity prior to penetrating the skin of the mammal.

The optical transmitter device illustrated in Figs. 6a - 6¢c comprises an intra

cavity protecting arrangement for protecting against undesired impacts by the
penetrator tip after it has been introduced into the body cavity optionally also
prior to being penetrated into the body cavity. Simultaneously the projector is

protected by the sleeve during the penetrating through the skin.

The optical transmitter device illustrated in Figs. 6a - 6¢ comprises a distal

portion 420f the penetrator member comprising a penetrator body 47
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surrounded by a sleeve 48. At the distal end of the penetrator body 47 it
comprises a penetrator tip 44 having a bevel tip shape. At the distal end of
the sleeve 48 it comprises a sleeve flange 48a. A light guide — preferably an
optical fiber and a projector 46 is incorporated /protected by the sleeve 48
and the sleeve flange 48a.

In Fig. 6a the penetrator tip is in its first penetrator position where the
penetrator tip 44 is adapted for penetrating the skin into the body cavity. The
tip is 44 is sharp for easy penetrating of the skin and the sleeve flange 48a
forms a beveled support face for optimizing penetration. At the same time the
sleeve flange 48a protects the projector 46 including the distal front face of
the projector.

As indicated by the arrow the penetrator can be axially displaced in proximal
direction to thereby switch the penetrator tip 44 to its second penetrator tip

protected position.

In Fig. 6b the optical transmitter device is illustrated with its penetrator tip 44
in its second penetrator tip protected position. As it can be seen the sleeve
flange 48a is folded inwards to cover the penetrator tip 44 and at the same
time at least the distal front face of the projector 46 is exposed for projecting
a light pattern P within the body cavity.

Fig. 6¢ is a front view of the optical transmitter device with its penetrator tip
44 in its second penetrator tip protected position. It can be seen that the

penetrator tip 44 is fully covered by the sleeve flange 48a.

The optical transmitter device with the distal portion 52 of the penetrator
member illustrated in Fig. 7 is of a relatively simple type and comprises a
penetrator body 57 with a distal penetrator tip 54. A projector 56 for
projecting the light pattern is arranged at the penetrator tip 54. A channel 55,
illustrated by dotted lines, comprises a not shown waveguide — e.g. an optical
fiber which is arranged for guiding light from a not shown light source to the

projector 56.
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The optical transmitter device illustrated in Figs. 8a-8c comprises an intra
cavity protection arrangement and the optical transmitter device comprises
two projectors 66 which are arranged in non-central channels of the distal
portion 62 of the penetrator member. The intra cavity protecting arrangement
is arranged for protecting against undesired impacts by the penetrator tip
after it has been introduced into the body cavity optionally also prior to being
penetrated into the body cavity. Simultaneously the projectors 66 are

protected during the penetrating through the skin.

The optical transmitter device illustrated in Figs. 8a - 8c comprises a distal
portion 62 of the penetrator member comprising a penetrator body 67
surrounded by a sleeve 68. At the distal end of the penetrator body 67 it
comprises a penetrator tip 64 having a conic tip shape. The penetrator body
may comprise or consist of a projector probe as described above. At the root
of the penetrator tip 64 a flexible projector cover flange 67a is arranged e.g.
made of silicone rubber or of organic polymer. A light guide — preferably an
optical fiber is incorporated /protected by the sleeve 68 and is arranged for

guiding light to the projectors 66.

In Fig. 8a the penetrator tip 64 is in its first penetrator position where the
penetrator tip 64 is adapted for penetrating the skin into the body cavity. The
tip is 64 is sharp for easy penetrating of the skin and the projector cover
flange 67a forms a beveled support face for optimizing penetration. At the
same time the projector cover flange 67a protects the projectors 66 including

the distal front face of each of the projectors.

As indicated by the arrow the penetrator can be axially displaced in proximal
direction to thereby switch the penetrator tip 64 to its second penetrator tip

protected position.

In Fig. 8b the optical transmitter device is illustrated with its penetrator tip 84
in its second penetrator tip protected position. As it can be seen the projector

cover flange 67a is retracted together with the penetrator tip 64 into the
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channel 65 encircled by the sleeve 68 at least the distal front face of the
respective projectors 66 are exposed for projecting respective light patterns P
within the body cavity. The sleeve 68 protects the penetrator tip 64 for

unintended penetration of tissue within the body cavity.

Fig. 8c is a cross-sectional view of the distal portion 62 of the penetrator
member seen in the cut B-B. It can be seen that the penetrator body 67 is
arranged in the channel 65 encircled by the sleeve 68 and the two channels
66’ for the waveguides and the projectors 66 are arranged radially outwards
relative to the axis of the distal portion 62 of the penetrator member. The two
channels 66’ for the waveguides and the projectors 66 are for example
arrange at respectively 3 o’clock and a 9 o’clock using the 12-hour clock

system.

The optical transmitter device illustrated in Figs. 8a-8c comprises an intra
cavity protection arrangement and the optical transmitter device comprises
two projectors 66 which are arranged in non-central channels of the distal
portion 62 of the penetrator member. The intra cavity protecting arrangement
is arranged for protecting against undesired impacts by the penetrator tip
after it has been introduced into the body cavity optionally also prior to being
penetrated into the body cavity. Simultaneously the projectors 66 are

protected during the penetration through the skin.

In the embodiment of the optical transmitter device shown in Figs. 9a and 9b
it comprises a penetrator member 71 with a proximal portion 73 and a distal
portion 72. The penetrator member 71 further comprises an obstruction 75
arranged to define a boundary between the distal portion 72 and the proximal
portion 73 of the penetrator member 71 and for preventing intrusion of the
proximal portion into the skin. The distal portion 72 comprises a distally
arranged penetrator tip 74. The distal portion 72 of the penetrator member
further comprises a lumen which position is illustrated with the ref. 79. The
optical transmitter device further comprises an associated structured lightning

member comprising a projector 76 disposed at the distal portion 72 of the
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penetrator member a not shown light source operationally connected to the

projector 76.

In Fig. 9a the optical transmitter device is shown with the projector 76 in a first
covered position wherein the projector is folded into the lumen 79 of the
distal portion 72 of the penetrator member. In this position the projector 76
does not protrude axially outwards from the distal portion 72 of the
penetrator member. Further the projector may be protected against dust or
other undesired contaminations when the optical transmitter device is outside
the body cavity.

In Fig. 9b the optical transmitter device is shown with the projector 76 in its
second projecting (and operating) position where the projector is unfolded or
pivoted. When the distal portion of the penetrator member is retracted from
the body cavity the projector 76 will automatically be folded back to its first

covered position.

Figs. 10a-10e illustrates examples of shapes of suitable penetrator tips for
embodiments of the optical transmitter device. Fig. 10a illustrates a
triangularly (Franseen) shaped penetrator tip. Fig. 10b illustrates a conically
shaped penetrator tip. Fig. 10c illustrates a beveled shaped penetrator tip
with a bevel angle of about 22 degrees. Fig. 10d illustrates a beveled shaped
penetrator tip with a bevel angle of about 45 degrees. Fig. 10e illustrates a

beveled shaped penetrator tip with a bevel angle of about 18 degrees.

Fig. 11 illustrates a cross sectional view into a body cavity 85 e.g. an
abdominal body cavity. A 3D sensor system 83, 89 is in use for performing a
diagnostic procedure and/or a surgical procedure. The 3D sensor system
comprises a camera 89 associated to an optical transmitter device 81. The
camera 89 has a distal camera portion introduced via a cannula 89a into the
body cavity 85. The cannula 89a is inserted through an incision into the skin
80 of the mammal e.g. using a trocar. The 3D sensor system further

comprises the optical transmitter device 81 e.g. as described above and

PCT/DK2017/050443
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comprising a proximal portion 83 and a distal portion 82 with a penetrator tip
84 and a projector introduced into the body cavity 85. The distal portion 82 of
the penetrator member can be introduced into the body cavity 85 simply by
penetrating the skin 80 using the penetrator tip 84 i.e. without any precutting
needs to be provided into the skin. Thus the injury caused by the optical
transmitter device 81 is very little and after the optical transmitter device 81
has been removed, the penetrating hole in the skin may close by itself

without requiring suture.

The projector projects a light pattern P towards a target surface area e.g. an
intestine 1. The reflected pattern P1 is recorded by the associated camera 89
and transmitted to a not shown computer system of the 3D sensor system.
The computer system is programmed to calculating data representing a 3D
surface contour of a surface area reflecting light transmitted from the optical
transmitter device based on 3D signal data from the optical transmitter device

and detected data from the detector.

The 3D sensor system 3D sensor system illustrated in Fig. 12 comprises a
optical transmitter device 91 e.g. as described above, an associated detector

99 e.g. in the form of a camera and a computer system 98.

The optical transmitter device 91 comprises a proximal portion 93 and a distal
portion 92 with a penetrator tip and a projector introduced into the body
cavity via the skin 90. The projector projects a light pattern P towards a
target surface area. The reflected pattern P1 is recorded by the associated
camera 99 and transmitted to the computer system 98. The computer system
is configured for calibration of the camera and comprises algorithms for
calculating a point cloud representing the 3D contour of the target area. Thus
the computer system may generate topography data in real time. The
computer system is advantageously also in data communication with a sensor
or a robot for receiving position date of the projector and preferably also for

receiving angular position data representing the angle between the optical
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axis of the projector and the optical axis of the associated detector of the 3D

sensor system.

The computer is advantageously further in data communication with or
comprises a database for receiving pre operation data and for using such pre

operation data in its calculation.

The pre operation data is for example data from a CT scan or a MR scan or
data estimated based on age, gender and/or weight of the patient or as

further described above.

Based on the collected data the computer system is configured for calculating

a 3D reconstruction data of a least a target area.

In an embodiment the computer system is configured for receiving intra
operation data representing at least one attribute of the body cavity during
the minimally invasive surgery and/or diagnostic procedure and for using said
intra operation data for calculating data representing a 3D reconstruction of
at least a part of a body cavity. The intra operation data may be as described

above, such a data from a CT scanning and/or from a MR scanning.

The computer system advantageously further calculate augumented reality
data and/or volumetric data and/or instrument tracking data e.g. as described
above. Figs. 13a — 13f illustrate different examples of projected patterns. The
skilled will understand the pattern may have many other shapes than the
illustrated e.g. symmetrical shapes, asymmetrical shapes and e.g. as
described above optionally including a combination of one or more of the

before mentioned shapes.

The associated structured lightning member illustrated in Fig. 14a comprises a
not shown light source, a waveguide 101 and an optical projector 106,
wherein the waveguide 101 and the optical projector 106 forms an assembly.
The waveguide 101 is illustrated as an optical fiber. The projector 106

comprises a DOE 104 and an optical filter 105. The optical filter may e.g. be
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as described above. In an embodiment the optical filter is a SCHOTT glass

optical filter available from SCHOTT Advanced Optics.

As illustrated the light L1 emitted from the optical fiber 101 is emitted with
essentially parallel rays r1. The DOE disperse the rays r2 to have the desired
a divergent angle. The optical filter absorbs at least one wavelength of the
optical source and allows the remaining light rays r3 to pass substantially un-
attenuated. The absorbed light is transformed to light and the optical filter is

heated to prevent and/or remove fog/mist from the distal front face 105a.

In fig. 14 the waveguide —optical projector assembly 101, 106 is enclosed in a
hermetic housing 108 ensuring that fig or mist is not formed or accumulated
between the respective elements. In a variation thereof the various elements,
the optical fiber 101, the DOE 104 and the optical filter is fused together.

The associated structured lightning member shown in Fig. 15 comprises a
light source 202, a waveguide 201, an optical projector 206 and focusing lens
205. The waveguide 201 is an optical fiber and the optical projector 206 is a
DOE. The light pattern is projected in the desired direction and focused by the

focusing lens 205. The projected pattern has a diverging angle ©.

The beam expanding lens arrangement illustrated in Fig. 16 comprises a
beam expanding lens 302 having a length L. As illustrated the light is fed from
a not shown light source via an optical fiber 301 to the proximal end of the
beam expanding lens 302. The light enters the beam expanding lens and due
to a continuous change of the refractive index within the lens material the
light rays r1 are continuously bent to thereby expand the diameter of the
beam as the light propagates through the beam expanding lens 302 along its
length L. At the exit of the beam expanding lens 302 the light is collimated to
form a beam with substantially parallel rays r2 of light. Hereafter the

collimated light may be transmitted further to the DOE.

The projector probe of Fig. 17 comprises an optical fiber 401 with a proximal

end 401'and a distal end, a beam expanding lens 402 and a projector 406
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with a distal front face 406’. The optical fiber 401, the beam expanding lens
402 and the projector 406 is fused in the fused interfaces F. The optical fiber
401, the beam expanding lens 402 and the projector 406 is arranged in a
hermetic metal housing 410 preferably using epoxy seal 409. When a light
beam is pumped from a not shown light source into the proximal end 401’ of
the optical fiber 401 the light will propagate through the optical fiber 401
collimated in the core of the optical fiber. From the fiber 401 it will pass into
the beam expanding lens 402 which is advantageously a GRIN lens and the
beam will expand as the light propagates through the beam expanding lens
402. At the exit of the beam expanding lens 402 the light will be collimated
and it will propagate into the projector which is advantageously a DOE. Here
the light patter will be shaped the projector will project a divergent light
pattern. The projector may advantageously comprise an optical filter or an
optical filter layer as described above to prevent and/or remove fog/mist. The
optional optical filter or an optical filter layer is indicated with the dotted part
406a of the projector 406.
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PATENT CLAIMS

1. An optical transmitter device for emitting light within a body cavity,
said optical transmitter device comprises an elongate penetrator member for
penetrating through mammal skin and an associated structured lightning
member, the penetrator member has a distal portion and a proximal portion,
wherein the distal portion has a center axis and a length and comprises a
penetrator tip, the structured lightning member comprises a light source and a
projector, wherein the light source is operatively connected to the projector for
delivering light to the projector, the projector is disposed at the distal portion of
the penetrator member and is configured for projecting a diverging light
pattern, preferably the projector has at least one position wherein it is
configured for projecting the light pattern outwards relative to the optical
transmitter device, preferably for projecting the light pattern distally relative to

the optical transmitter device.

2. The optical transmitter device of claim 1, wherein at least the distal

portion of the penetrator member is shaped as a needle.

3. The optical transmitter device of claim 1 or claim 2, wherein the distal
portion of the penetrator member has an average cross-sectional dimension

of up to about 1 cm, such as up to about 5 mm.

4., The optical transmitter device of any one of the preceding claims,
wherein said distal portion of the penetrator member has a maximal cross-
sectional dimension of up to about 1 cm, such as up to about 5 mm, such as

up to about 3 mm, such as up to about 2 mm.

5. The optical transmitter device of any one of the preceding claims,
wherein said distal portion has a length of at least about 0. 5 cm, such as at
least about 1 ¢cm, such as from about 1 cm to about 30 cm, such as up to
about 20 cm, advantageously the length of the distal portion of the penetrator

member is selectable by an operator.
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6. The optical transmitter device of any one of the preceding claims,
wherein at least a length section of the distal portion has a substantially
circular, oval, crescent or semi-circle cross-sectional periphery, preferably the
distal portion has a substantially round, oval, crescent or semi-circle cross-
sectional periphery in substantially its entire length from the proximal portion
to the tip.

7.  The optical transmitter device of any one of the preceding claims,
wherein said distal portion comprises an angular cross-sectional periphery at
least in a length section or in the entire length from its tip and towards the
distal portion, optionally the distal portion at least from its tip and towards the
distal portion comprises a substantially triangular, quadrangular, pentagonal

or hexagonal cross-sectional periphery.

8. The optical transmitter device of any one of the preceding claims,
wherein at least a part of the distal portion of the penetrator is rigid,

preferably the penetrator tip is at least partly of metal, such as steel.

9. The optical transmitter device of any one of the preceding claims,

wherein said distal portion of the penetrator member is substantially straight.

10.  The optical transmitter device of any one of the preceding claims 1-8,
wherein said distal portion of the penetrator member comprises a curvilinear
length section, such as a curvilinear length section having a curvature radius
of up to about 90 degrees, such as up to about 60 degrees, such as up to
about 30 degrees, advantageously the curvature radius of the distal portion of

the penetrator member is selectable by an operator.

11.  The optical transmitter device of any one of the preceding claims,
wherein said penetrator tip is selected from a conical shaped tip, a triangular
shaped tip, a blunt shaped tip or a bevel shaped tip, such as a bevel shaped
tip having a bevel angle of at least 10 ° to the axis of the distal portion of the
penetrator, such as from about 15° to about 85°, advantageously the

penetrator tip comprises an apex and/or a cutting edge.
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12.  The optical transmitter device of any one of the preceding claims,
wherein said light source is a fiber laser and/or a semiconductor laser, the

light source preferably comprises a VCSEL or a light emitting diode (LED).

13.  The optical transmitter device of any one of the preceding claims,
wherein said projector comprises a diffractive optical element (DOE), a spatial
light modulator, a multi-order diffractive lens, a holographic lens, a Fresnel
lens, a mirror arrangement and/or a computer regulated optical element, such
as a computer regulated mechanically optical element e.g. a mems (micro-

electro-mechanical) element.

14.  The optical transmitter device of any one of the preceding claims,
wherein said light source is operatively connected to the projector by a light

guiding structure, such as a light guiding structure comprising an optical fiber.

15.  The optical transmitter device of claim 14, wherein said projector
comprises a diffractive optical element and the light guiding structure
comprises an optical fiber with a light output end configured for transmitting

an output light beam towards the diffractive optical element.

16.  The optical transmitter device of claim 14 or claim 15, wherein said
light guiding structure and the projector form part of a projector probe, said
projector probe comprises a beam expanding lens arrangement arranged
prior to or after the DOE, said beam expanding lens arrangement comprises a
diverging lens, such as a biconcave or plano-concave lens, such as a gradient
index (GRIN) lens.

17.  The optical transmitter device of claim 16, wherein said light guiding
structure is an optical fiber having a light output end, said projector probe
comprises said optical fiber light output end and said DOE in a fixed and/or
operator controlled distance relative to each other, said beam expanding lens
arrangement preferably being arranged between the optical fiber light output
end and said DOE.
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18.  The optical transmitter device of claim 16 or claim 17, wherein said

beam expanding lens arrangement is tunable.

19.  The optical transmitter device of any one of claims 14-18, wherein said
light guiding structure has a beam output with a beam output spot diameter
of at least about 4 um, such as at least about 8 um, such as at least about 10

um, such as at least about 12 pm, the beam output is preferably single mode.

20.  The optical transmitter device of any one of claims 16-18, wherein said

projector probe is according to any one of claims 80-95.

21. The optical transmitter device of any one of the preceding claims,
wherein said light source is operatively connected to the projector such that a
beam of light impinges onto the projector, said impinging beam of light has a
beam diameter of at least about 0.4 mm, such as at least about 0.6 mm, such

as at least about 0.7 mm.

22. The optical transmitter device of any one of the preceding claims,
wherein said projector is disposed at the penetrator tip or within a distance of
up to about 15 cm, such as up to about 10 cm, such as up to about 5 cm,
such as up to about 1 cm, such as up to about 0.5 cm from the penetrator tip

determined along the length of the distal portion of the penetrator member.

23.  The optical transmitter device of any one of the preceding claims,
wherein said projector is permanently or releasable fixed to the distal portion
of the penetrator member, preferably by being integrated or fixed to a coating
or a sleeve fixed to the distal portion of penetrator member.

24.  The optical transmitter device of any one of the preceding claims,
wherein said projector is fixed directly to the distal portion of the penetrator

member.

25.  The optical transmitter device of any one of the preceding claims,
wherein said penetrator member comprises a lumen, said projector is

disposed in said lumen, said lumen preferably forms part of a channel
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extending in and along the length of the distal portion of the penetrator

member.

26. The optical transmitter device of claim 25, wherein said lumen or said
channel including said lumen is substantially centrally positioned relative to

the axis of the distal portion of the penetrator member.

27. The optical transmitter device of claim 25, wherein said lumen or said
channel including said lumen is non-centrally positioned relative to the axis of
the distal portion of the penetrator member, preferably said channel is
extending substantially along said axis with a distance to said axis, such as a
distance of from about 1 mm to about 35 % of the cross-sectional diameter of
the penetrator member, such as up to 25 % of the cross-sectional diameter of
the penetrator member, such as with a distance up to about 3 mm, such as a

distance up to about 1 mm to said axis.

28.  The optical transmitter device of any one of claims 25-27 wherein said
lumen is open or openable at the penetrator tip, e.g. by comprising a

removable paste and/or a lid.

29. The optical transmitter device of any one of claims 25-28, wherein said

lumen is open or openable at the penetrator tip.

30. The optical transmitter device of any one of the preceding claims,
wherein said projector is pivotable and/or displaceable along the axis of the
distal portion of the penetrator member, preferably the projector is fixed to be
pivotally folded from a first covered position to a second projecting position
and/or the projector is fixed to be axially displaced from a first retracted

position to a second projecting position.

31. The optical transmitter device of any one of the preceding claims,
wherein said optical transmitter device comprises a tip protecting
arrangement configured for fully or partly covering the tip after the distal

portion of the penetrator member has penetrated the skin and entered into a
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body cavity, said tip protecting arrangement preferably comprises a flange

optionally forming part of the projector and/or the projector probe.

32. The optical transmitter device of any one of the preceding claims,
wherein said optical transmitter device comprises an intra cavity protecting
arrangement for protecting against undesired impacts by the penetrator tip
within a body cavity, preferably the intra cavity protecting arrangement is
configured for switching the penetrator tip between a first penetrator position

and a second penetrator tip protected position.

33. The optical transmitter device of claim 32, wherein said intra cavity
protecting arrangement comprises an axial displacement arrangement for
withdrawing and optionally fully removing at least the penetrating tip of the
distal portion of the penetrator member, preferably the projector and/or
projector probe is arranged in a cannel of the distal portion of the penetrator
member and the axial displacement arrangement is configured for fully
removing at least a part of the distal portion of the penetrator member

covering the projector for thereby exposing the projector.

34. The optical transmitter device of claim 32, wherein said intra cavity
protecting arrangement comprises an axial displacement arrangement
comprising a slidable tip cover having said first penetrator position where the
penetrator tip is exposed and having said second penetrator tip protected
position where the slidable tip cover covers the penetrator tip, preferably the
slidable tip cover is in its second penetrator tip protected position when
unloaded, optionally the slidable tip cover is tube shaped and preferably

coincident with the distal portion of the penetrator member.

35. The optical transmitter device of claim 32, wherein the intra cavity
protecting arrangement comprises an axial displacement arrangement for
partly withdrawing at least the penetrating tip of the distal portion of the

penetrator member.
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36. The optical transmitter device of claim 35, wherein said projector
and/or projector probe is arranged in a channel of the distal portion of the
penetrator member and the axial displacement arrangement is configured for
axially displacing the distal portion of the penetrator member covering the

projector for thereby exposing the projector.

37. The optical transmitter device of claim 34 or 35, wherein said projector
and/or said projector probe being arranged in a sleeve fixed to surround the
distal portion of penetrator member and the axial displacement arrangement is
configured for axially displacing the distal portion of the penetrator member
or axially displacing the sleeve, such that the penetrator tip will be
surrounded by the sleeve for providing the protection against undesired
impacts by the penetrator tip within a body cavity, preferably the sleeve

forms said slidable tip cover.

38.  The optical transmitter device of claim 32, wherein said intra cavity
protecting arrangement comprises a pivotable and/or displaceable flange
which can be pivoted and/or displaced to fully or partly cover the penetrating
tip for providing the protection against undesired impacts by the penetrator
tip within a body cavity.

39. The optical transmitter device of claim 32, wherein said penetrator tip
is foldable from the first penetrator position to a second unfolded position
where the penetrator tip is folded back in one or more penetrator tip leaf
sections for providing the protection against undesired impacts by the

penetrator tip within a body cavity.

40. The optical transmitter device of any one of claims 32-39, wherein said
intra cavity protecting arrangement is configured for holding the penetrator
tip in its second penetrator tip protected position when unloaded (e.g. prior to
penetration and when in body cavity) and for switching to its first penetrator

position, e.g. upon activation by an operator or upon activation by application
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of force to the penetrating tip, preferably by application of proximally directed

force to the penetrator tip.

41. The optical transmitter device of any one of the preceding claims,
wherein said distal portion of the penetrator member and the projector form a
needle adapted for penetrating mammal skin for intra cavity positioning of
said penetrating tip, preferable the optical transmitter device has a
penetrating state, where the distal portion of the penetrator member and the
projector form said needle and a projecting state, wherein at least one part of
the optical transmitter device is pivoted and/or displaced to fully or partly
cover the penetrating tip, to fully or partly remove the penetrating tip and/or
for positioning the projector for projecting the light pattern outwards relative to
the optical transmitter device, preferably for projecting the light pattern distally

relative to the optical transmitter device.

42. The optical transmitter device of any one of the preceding claims,
wherein said projector is configured for projecting the light pattern with a
diverging angle of at least about 10 degrees, such as at least about 20
degrees, such as at least about 30 degrees, such as at least about 40
degrees relative to the optical axis of the light pattern, preferably the diverging
angle is selectable.

43. The optical transmitter device of any one of the preceding claims,
wherein said light pattern comprises structured light, preferably the light
pattern comprises a symmetrical or an asymmetrical light pattern, preferably
the light pattern comprises a plurality of light dots, an arch shape, ring or
semi-ring shaped lines, a plurality of angled lines, a coded structured light
configuration or any combinations thereof, preferably the pattern comprises a
grid of lines, a crosshatched pattern optionally comprising substantially
parallel lines (determined in an propagation plan perpendicular to the

propagation axis).
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44. The optical transmitter device of claim 43, wherein said structured light
comprises areas of light and areas of no-light and/or areas of light of a first
quality of a character and areas of light of a second quality of the character,
wherein the character advantageously is selected from light intensity,
wavelength and/or range of wavelengths.

45.  The optical transmitter device of any one of the preceding claims,
wherein the projector is configured for generating said light pattern, preferably

the pattern is selectable.

46. The optical transmitter device of any one of the preceding claims,
wherein the length of said distal portion of the penetrator member is
selectable, preferably the penetrator member comprises an obstruction
arranged to define a boundary between the distal portion and the proximal
portion of the penetrator member and for preventing intrusion of the proximal
portion into the skin, preferable the obstruction being displaceable, the

obstruction optionally being a flange and or a neck.

47. The optical transmitter device of any one of the preceding claims,
wherein said proximal portion of the penetrator member comprises an
operating member for being operated by an operator, such as a handle for
being operated by a surgeon or a connector for being connected to or

integrated with a robot for robotic operation.

48. The optical transmitter device of any one of the preceding claims,
wherein one or more settings and/or one or more operations and/or one or
more selections and/or one or more tunings are performable by an operator

via the proximal portion of the penetrator member.

49. The optical transmitter device of any one of the preceding claims,
wherein said light source is adapted for emitting modulated light, such as
pulsed or continuous-wave (CW) modulated light, preferably with a frequency
of at least about 200 Hz, such as at least about 100 KHz, such as at least
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about 1 MHz, such as at least about 20 MHz, such as up to about 200 MHz or

more.

50. The optical transmitter device of any one of the preceding claims,
wherein the light 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.

51. The optical transmitter device of any one of the preceding claims,
wherein said light source is configured for emitting at least one
electromagnetic wavelength within the visible range of from about 400 nm to

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

52. The optical transmitter device of any one of the preceding claims,
wherein said light source is configured for emitting at least one
electromagnetic wavelength within the IR range of from about 700 nm to

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

53. The optical transmitter device of any one of the preceding claims,
wherein said light 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.

54. The optical transmitter device of any one of the preceding claims,
wherein said structured lightning member comprises two or more light
sources having equal or different bandwidths, wherein said two or more

pattern light sources preferably are operatively connected to said projector.

55. The optical transmitter device of any one of the preceding claims,
wherein said light source is configured for emitting light at a power of from
about 0.1 mW to about 100 mW, such as from about 1 mW to about 50 mw,

such as from about 3 mW to about 5 mWw.

56. The optical transmitter device of any one of the preceding claims,

wherein said light source is tunable in wavelength and/or power, preferably
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said optical transmitter device comprises a regulator for tuning the light

source.

57. The optical transmitter device of any one of the preceding claims,
wherein said optical transmitter device comprises a computer operatively
connected to said light source, said projector and/or at least one element of
said optical transmitter device for fully or partly operating said light source,

said projector and/or said element of said optical transmitter device.

58. A 3D sensor system comprising an optical transmitter device according
to any one of the preceding claims and an associated detector, wherein said
associated detector is configured for detecting reflected rays of the light

pattern projected by the projector of the optical transmitter device.

59. The 3D sensor system of claim 58, wherein said associated detector is
a camera comprising an array of pixel sensors each comprising a
photodetector (such as an avalanche photodiode (APD), a photomultiplier or a
metal-semiconductor-metal photodetector (MSM photodetector), preferably
the associated detector comprises active pixel sensors (APS), preferably each
pixel comprises an amplifier, more preferably the associated detector

comprises at least about 1 kilo pixels, such as at least about 1 Mega pixels.

60. The 3D sensor system of claim 58 or claim 59, wherein said associated
detector is selected from a charge-coupled device (CDD) image sensor, or a

complementary metal-oxide—semiconductor (CMOS) image sensor.

61. The 3D sensor system of any one of claims 58-60, wherein said

associated detector is @ mono detector or a stereo detector.

62. The 3D sensor system of any one of claims 58-61, wherein said
associated detector comprises a band pass filter for suppressing back-ground
light.
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63. The 3D sensor system of any one of claims 58-62, wherein said
associated detector comprises at least one aperture lens, such as a Fresnel

lens for collecting reflected light.

64. The 3D sensor system of any one of claims 58-63, wherein said
associated detector is disposed on or integrated with a cannula, an endoscope

of a surgical intervention instrument and/or a sensor penetrator.

65. The 3D sensor system of claim 64, wherein said associated detector is
an endoscope, such as a laparoscope, such as a mono endoscope or a stereo

endoscope.

66. The 3D sensor system of claim 64, wherein said associated detector is
disposed on or integrated with said sensor penetrator, said sensor penetrator
comprises a sensor penetrator tip adapted for penetrating mammal skin for

intra cavity positioning of said associated detector.

67. The 3D sensor system of any one of claims 58-66, wherein said 3D
sensor system comprises a computer system, said computer system being
operatively connected to said optical transmitter device and said associated
detector and being configured for calculating data representing a 3D surface
contour of a surface area reflecting light transmitted from said optical
transmitter device based on 3D signal data from said optical transmitter

device and detected data from said associated detector.

68. The 3D sensor system of claim 67, wherein said computer system is
configured for receiving optical transmitter device position data and using said
optical transmitter device position data in the calculation of said 3D surface
contour, said optical transmitter device position data is optionally fed to the
computer system by an operator and/or the optical transmitter device
comprises a positioning sensor determining the optical transmitter device
position data of the optical transmitter device, the optical transmitter device
position data preferably comprises the spatial position of the projector and a

propagation direction of the light pattern.
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69. The 3D sensor system of claim 67 or claim 68, wherein said computer
system is configured for receiving detector position data and using said
detector position data in the calculation of said 3D surface contour, said
detector position data is optionally fed to the computer system by an operator
and/or the detector comprises a positioning sensor determining the detector
position data of the associated detector, the detector position data preferably

comprises the spatial position and detector orientation of the detector.

70.  The 3D sensor system of any one of claims 67-69, wherein said
computer system is configured for receiving angular position data
representing the angle between the optical axis of the projector and the
optical axis of the associated detector and/or the computer system is

configured for receiving data for calculating said angular position data.

71.  The 3D sensor system of claim 70, wherein said optical transmitter
device and said associated detector being interconnected to determine said
angular position data, said optical transmitter device and said associated
detector preferably being interconnected to define the angle between the
optical axis of the projector and the optical axis of the associated detector,
preferably said angle being selectable by the operator, optionally said
interconnection being established by an interconnecting arrangement fixed to
respectively the proximal portion of the penetrator member and to a proximal

portion of the associated detector.

72.  The 3D sensor system of any one of claims 58-71, wherein said 3D
sensor system forms part of an operator in the form of a robot, said
transmitter device and said associated detector being connected to or being

integrated with said robot.

73.  The 3D sensor system of any one of claims 67-72, wherein said 3D
sensor system being configured for real time operation, said computer system
being configured for real time calculating of data representing said 3D surface

contour.
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74. The 3D sensor system of any one of claims 67-73, wherein said
computer system being configured for calculating data representing a 3D

reconstruction of at least a part of a body cavity.

75.  The 3D sensor system of any one of claims 67-74, wherein said
computer system being configured for receiving pre operation data
representing at least one attribute of the body cavity and for using said pre
operation data for calculating data representing a 3D reconstruction of at
least a part of a body cavity, said pre operation data preferably comprises
image data and/or scanning data and/or corresponding estimated or

calculated data.

76.  The 3D sensor system of any one of claims 67-75, wherein said
computer system being configured for receiving intra operation data
representing at least one attribute of the body cavity during the minimally
invasive surgery and/or diagnostic procedure and for using said intra
operation data for calculating data representing a 3D reconstruction of at
least a part of a body cavity, said intra operation data preferably comprises
image data and/or scanning data obtained during the minimally invasive

surgery and/or diagnostic procedure.

77.  The 3D sensor system of any one of claims 67-76, wherein said
computer system being configured for calculating the volume and/or surface
area of a selected part of the body cavity and/or of a selected organ

bordering or at least partly within the body cavity.

78.  The 3D sensor system of any one of claims 67-77, wherein said
computer system being configured for tracking an instrument within the body
cavity, said computer system preferably being configured for real time

tracking of said instrument.
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79.  The 3D sensor system of any one of claims 67-78, wherein said
computer system being configured for transmitting the calculated data to a

presentation device such as a screen and/or a printer.

80. The 3D sensor system of claim 79, wherein said computer system
being configured for transmitting the calculated data to a screen, wherein the

calculated data comprises data representing an argumented reality view.

81. The 3D sensor system of any one of claims 67-80, wherein said
computer system being operatively connected to said optical transmitter
device for operating said optical transmitter device, said computer system
being configured to operate said optical transmitter device at least partly
based on the calculated data, and preferably based on the calculated data
and a pre-programmed algorithm, look-up data, input data via a user
interface, input data from one or more additional sensors or any combinations

thereof.

82. The 3D sensor system of any one of claims 67-81, wherein said
computer system being operatively connected to said associated detector
device for operating said associated detector, said computer system being
configured to operate said associated detector at least partly based on the
calculated data, and preferably based on the calculated data and a pre-
programmed algorithm, look-up data, input data via a user interface, input

data from one or more additional sensors or any combinations thereof.

83. The 3D sensor system of any one of claims 67-82, wherein said
computer system being operatively connected to a surgical intervention
instrument for operating said surgical intervention instrument, said computer
system being configured to operate said surgical intervention instrument at
least partly based on the calculated data, and preferably based on the
calculated data and a pre-programmed algorithm, look-up data, input data via
a user interface, input data from one or more additional sensors or any

combinations thereof.
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84. A projector probe comprising a light source, a beam expanding lens
arrangement and a projector, said light source comprises an optical fiber with
a light output end adapted for delivering light to said beam expanding lens
arrangement, said beam expanding lens arrangement being adapted for beam
expanding the light received from said optical fiber and for delivering said
beam expanded light to said projector, said projector being adapted for
structuring the light received from the beam expanding lens arrangement and

for projecting the structured light to form a diverging structured light beam.

85. The projector probe of claim 84, wherein said light source is a fiber
laser comprising said optical fiber, said optical fiber preferably being a glass
optical fiber comprising a core and a cladding surrounding the core, said core
preferably has a diameter of at least about 4 um, such as at least about 8 um,
such as at least about 10 ym, such as at least about 12 pm, said optical fiber

optionally being a photonic crystal fiber.

86. The projector probe of claim 85, wherein said light source being a
single mode light source, preferably the optical fiber has a normalized
frequency V of less than 2.405 for at least one transmission wavelength,

wherein V is determined by the formula (I)

L T —_—
R 5 S - 5
R

(D

where a is the core radius, A is the transmission wavelength in vacuum, nj is
the maximum refractive index of the core, nz is the refractive index or

average refractive index of the cladding.

87. The projector probe of any one of claims 84-86, wherein said optical
fiber is adapted for outputting said light with a beam diameter of at least
about 4 pm, such as at least about 8 um, such as at least about 10 pm, such

as at least about 12 pm.
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88.  The projector probe of any one of claims 84-87, wherein said optical

fiber is adapted for outputting said light in the form of a Gaussian light beam.

89. The projector probe of any one of claims 84-88, wherein said light
source is adapted for delivering light with a band width (FWHM) of about 0.1

um or less, such as of about 50 nm or less, such as of about 25 nm or less.

90. The projector probe of any one of claims 84-89, wherein said light
source is adapted for delivering light with a band width (FWHM) of about 0.1
um or more, such as of about 0.5 ym or more, such as a supercontinuum

light spanning at least one octave.

91. The projector probe of any one of claims 84-90, wherein said beam
expanding lens arrangement comprises a diverging lens, such as a biconcave
or plano-concave lens, preferably the beam expanding lens arrangement
comprises a gradient index (GRIN) lens, said beam expanding lens
arrangement preferably has a cross sectional diameter of about 2 mm or less,

such as about 1.6 mm or less, such as about 1.4 mm or less.

92. The projector probe of any one of claims 84-91, wherein said beam
expanding lens arrangement comprises a GRIN lens having a cylindrical shape
with a length of at least about 1 mm, such as between 1.5 and 4 mm,
preferably having a pitch of about 0.25 or about 0.5 and a NA of about 0.5 or

more.

93. The projector probe of any one of claims 84-92, wherein said beam
expanding lens arrangement is adapted for expanding and collimating the
light beam received from the optical fiber, the beam expanding lens
arrangement is preferably adapted for expanding the light beam received
from the optical fiber to a beam diameter of at least about 0.4 mm, such as at

least about 0.6 mm, such a sat least about 0.7 mm.

94. The projector probe of any one of claims 84-93, wherein said projector

comprises a diffractive optical element (DOE), a spatial light modulator, a
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multi-order diffractive lens, a holographic lens, a Fresnel lens, a mirror
arrangement and/or a computer system regulated optical element, such as a
computer system regulated mechanically optical element e.g. a mems (micro-

electro-mechanical) element, preferably the projector comprises a DOE.

95. The projector probe of any one of claims 84-94, wherein said optical
fiber, said beam expanding lens arrangement and said projector being rigidly
coupled to each other to form a distal portion of said projector probe with an
average diameter of 2 mm or less, such as 1.6 mm or less, such as 1.4 mm or
less, said optical fiber, said beam expanding lens arrangement and said

projector preferably being axially aligned.

96. The projector probe of any one of claims 84-95, wherein said optical
fiber is adapted for delivering light to said beam expanding lens arrangement
without any free space propagation and said beam expanding lens
arrangement is adapted for delivering light to said projector without any free
space propagation, preferably said optical fiber is fused or glued to said beam
expanding lens arrangement and said beam expanding lens arrangement is

fused or glued to said projector.

97. The projector probe of any one of claims 84-96, wherein said probe
comprises a heating element arranged for heating at least the projector, said
heating element preferably being an electrical heating element, such as a

micro coil electrical heating element.

98. The projector probe of any one of claims 84-97, wherein said projector
absorbs at least about 5 % of at least one wavelength of light of the light
source, such as at least about 10 %, such as at least about 20 %, such as at
least about 50 % of at least one wavelength of light, optionally the projector
comprises a glass, such as silica which is doped by ion, such as rare earth

ions and/or comprises OH groups.

99. The projector probe of claim 94, wherein said projector absorbs at

least about 25 % more, such as at least about 50 % more, such as at least
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about 75 % more, of one wavelength of light of the light source than of

another wavelength of the light source.
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