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(57) ABSTRACT

A camera assembly (3) for use in medical tracking applica-
tions, comprising a range camera (4) and a thermographic
camera (5) in a fixed relative position.
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MEDICAL CAMERA ASSEMBLY
COMPRISING RANGE CAMERA AND
THERMOGRAPHIC CAMERA

[0001] The present invention relates to a camera assembly
for use in medical tracking applications, to a data processing
method, performed by a computer, for tracking at least a part
of a surface of a patient and to a corresponding computer
program and system.

[0002] Many medical applications require recognizing the
movement of a patient, or of at least a part of a patient. There
are many approaches for determining this movement, that is
for tracking the patient, in the art. One approach uses a
marker which is attached to the patient and a system which
tracks the position of the marker in space. Another approach
uses a stereoscopic optical camera to capture the three-
dimensional surface of the patient over time and matches the
three-dimensional images of the surfaces in order to calcu-
late a transformation between the positions of the surface.
One implementation of this approach uses light which is
projected onto the surface in a particular pattern. Yet another
approach is to use a range camera, more generally referred
to as range imager, which acquires a point cloud, the points
corresponding to points on the surface, which are therefore
also referred to as surface points. Typical output data of a
range camera is a two-dimensional array of depth values,
which represent the distance of the imaged surface point
from the range camera. The two-dimensional array corre-
sponds to pixels of an image sensor. The point clouds
obtained at different points in time are then matched in order
to obtain a transformation between the point clouds which
equals the transformation, or movement, of the patient.
[0003] A problem of the approach using a range camera is
that it might not be possible to unambiguously match the
point clouds. This occurs in particular if the imaged surface
is flat, curved in one dimension only or exhibits a symmetry,
such as a rotational symmetry.

[0004] The present invention aims at improving a move-
ment detection using a range camera.

[0005] The system, the method and the program are
defined by the appended independent claims. Advantages,
advantageous features, advantageous embodiments and
advantageous aspects of the present invention are disclosed
in the following and contained in the subject-matter of the
dependent claims. Different advantageous features can be
combined in accordance with the invention wherever tech-
nically expedient and feasible. Specifically, a feature of one
embodiment which has the same or a similar function to
another feature of another embodiment can be exchanged
with said other feature, and a feature of one embodiment
which adds an additional function to another embodiment
can in particular be added to said other embodiment.
[0006] A camera assembly, or camera system, for use in
medical tracking applications according to the present
invention comprises a range camera and a thermographic
camera in a fixed relative position. In other words, the range
camera and the thermographic camera are arranged with a
defined and/or known distance and defined and/or known
viewing directions relative to each other. The thermographic
camera captures a thermal image which comprises addi-
tional information over the information of a range image, or
point cloud, determined by use of the range camera.
[0007] The thermographic camera comprises a lens sys-
tem which images at least the part of the surface which
comprises a point onto a sensor which converts radiation
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emitted from the point into two-dimensional thermal image
data. The properties of the lens system, such as its focal
length and any distortions caused by the lens system, are
preferably known to a method or a control unit which
analyses the thermal image data. Optionally, the distortions
are corrected within the camera before the two-dimensional
thermal image is provided by the camera. The output of the
camera can be stored in a data storage and subsequently
acquired from the data storage.

[0008] In athermal image, the pixels do not represent the
colour of a point in the visible spectrum, but rather a
temperature or temperature distribution emitted from the
point. Since each point emits a range of temperatures up to
a maximum temperature, a pixel of a thermal image can for
example represent this maximum temperature of the point.
In this document, a thermal image preferably only represents
the thermal radiation emitted from the surface of the
patient’s body in a non-visible spectrum. A thermal image
can only be effectively presented to a human eye if fre-
quency mapping is performed. This is often referred to as
false-colour representation.

[0009] The advantage of a thermal image is that the
spectrum of the thermal radiation is independent of ambient
conditions, such as illumination, and the optical properties
of the surface, so even if a large area of the surface has a flat
or an ambiguous shape, thus resulting in a point cloud with
neighbouring pixels having the same depth, it may exhibit a
particular pattern in its thermal radiation, such that corre-
sponding points in point clouds obtained by the range
camera can be found.

[0010] In one embodiment, the thermal two-dimensional
images represent wavelengths between 8 pm and 14 pm.
This range corresponds to typical temperatures for the
surface of a patient’s body. The two-dimensional thermal
images preferably do not represent wavelengths in the near
infrared spectrum. The near infrared spectrum is typically
understood to extend as far as wavelengths of 2.5 um or 3
pm.

[0011] The present invention does allow to not only utilize
the point clouds to determine a movement of the patient, but
additional information comprised in the thermal images. A
thermal image of human skin yields many recognizable
features due to many different equithermal regions, which
are mainly caused by a non-uniform distribution of the blood
vessels inside the human body. This means that different
points on the surface of the patient’s body have different
thermal features or signatures, such that they can be distin-
guished irrespective of the shape of the surface. The addi-
tional information comprised in the thermal images can thus
be used to identify correspondences in or from the point
clouds. The matching process can then be reduced to match-
ing the correspondences, which is computationally less
complex and unambiguous irrespective of the shape of the
surface.

[0012] Finding correspondences in the point clouds for
example comprises finding corresponding pixels in the first
and second thermal images. Corresponding pixels, which
image the same surface point, are found by searching for a
particular thermal feature or characteristic in both thermal
images. This can for example involve finding pixels showing
the same temperature or pixels having the same descriptor.
It shall be noted that corresponding pixels are not necessar-
ily native pixels in the thermal images, but could be inter-
polated pixels.
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[0013] Once the positions of the corresponding pixels in
the thermal images have been found, the lines in space on
which the corresponding surface point lies at the first point
in time and the second point in time can be calculated from
the characteristics of the thermographic camera. The posi-
tion of the imaged surface point on the straight line can be
determined from the corresponding point cloud, for example
by finding the point in the point cloud which lies on the
straight line and is closest to the thermographic camera. If
there is no such point in the point cloud, a point can be
interpolated from at least some of the points of the point
cloud.

[0014] In one embodiment, the camera assembly further
comprises a common housing in which the range camera and
the thermographic camera are arranged. This assures that the
range camera and the thermographic camera remain in their
fixed relative position.

[0015] The range camera is for example a stereo camera,
a structured light 3D scanner, a time-of-flight camera or a
laser scanner. A stereo camera typically comprises two
two-dimensional cameras, such as optical cameras, with a
certain offset. The location of a point relative to the stereo
camera is obtained based on the fact that the position of the
point in the two two-dimensional images depends on the
position of the point relative to the camera. A structured light
3D scanner projects a particular light pattern onto the
surface, captures the reflected light by a camera and deter-
mines the three-dimensional shape of the surface from the
difference of the projected light pattern and the image of the
reflected light pattern in the output image of the camera.
[0016] A time-of-flight camera emits a light pulse onto the
surface and determines the three-dimensional structure of
the surface from the time-of-flight of the light pulse to the
surface and back onto the pixels of a two-dimensional
camera. A laser scanner uses a similar principle, but scans
the surface point by point.

[0017] In one embodiment, the camera assembly com-
prises a storage unit which stores calibration information
which represents the relative position between the range
camera and the thermographic camera. Due to tolerances in
manufacturing of the camera assembly, the relative position
between the range camera and thermographic camera may
vary among multiple camera assemblies. The relative posi-
tion between the range camera and the thermographic cam-
era can however be measured, for example by imaging a
phantom, and then be stored as the calibration information.
The calibration information can then be used when the
output data of the range camera and the thermographic
camera are analysed.

[0018] In one embodiment, the camera assembly com-
prises a processing unit. The processing unit is configured to
acquire, at a first point in time, a first point cloud from the
range camera and a first thermal image from the thermo-
graphic camera. The processing unit is further configured to
acquire, at a second point in time later than the first point of
time, a second point cloud from the range camera and a
second thermal image from the thermographic camera.
[0019] The processing unit is further configured to find at
least one point pair in the first and second thermal images,
wherein a point pair comprises a point in the first thermal
image and a point in the second thermal image and the two
points correspond to the same point on the surface of an
imaged object. Still further, the processing unit is configured
to calculate a movement of the imaged object, such as the
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patient, the surface of the patient or a part of the surface,
between the first and second points in time from the first
point cloud, the second point cloud and the at least one point
pair.

[0020] The movement is thus not only calculated based on
the two point clouds, but on additional information which
identifies the same point on the surface of the imaged object
in the first and the second thermal image. This additional
information can in particular resolve any disambiguity
which might cause that the two point clouds cannot be
matched correctly.

[0021] In one embodiment, the processing unit is config-
ured to calculate the movement by matching a first reduced
point cloud and a second reduced point cloud, the reduced
point clouds comprising points corresponding to the point
pairs.

[0022] The first reduced point cloud comprises points
taken from the first point cloud and/or points calculated from
the first point cloud, and the second reduced point cloud
comprises points taken from the second point cloud and/or
points calculated from the second point cloud.

[0023] With the point pairs being identified in the first and
second thermal images, and the characteristics of the ther-
mographic camera being known, the surface point of the
imaged object must lie on a straight line having a known
position relative to the thermographic camera, and therefore
relative to the range camera. It is therefore possible to
determine a first point in the first point cloud which lies on
the straight line corresponding to the first thermal image and
a second point in the second point cloud which lies on the
straight line corresponding to the second thermal image.
Since the point pair corresponds to the same point on the
surface of the imaged object, the first point of the first point
cloud and the second point of the second point cloud depict
the same point on the surface of the imaged object. The first
point and the second point are therefore point correspon-
dences which should be matched into each other. The first
point is added to the first reduced point cloud and the second
point is added to the second reduced point cloud. In one
implementation, correspondence information indicating that
the first and second points correspond to each other is stored.

[0024] If a plurality of point pairs is determined from the
first and second thermal images, and therefore a plurality of
point correspondences in the first point cloud and the second
point cloud are determined in order to generate the first
reduced point cloud and the second reduced point cloud, the
matching step can be reliably performed and with little
computational complexity. While a point cloud typically
comprises 30.000 or far more points which have to be
matched if there is no additional information, the reduced
point clouds typically comprise only several hundred points,
thus significantly reducing the computational complexity of
the matching step. In addition, the point-to-point correspon-
dences in the reduced point clouds make the matching step
unambiguous.

[0025] It shall be noted that a reduced point cloud might
not be limited to points actually comprised in a point cloud,
but might comprise interpolated points. So if for example a
point cloud does not comprise a point lying on a straight line
as derived from the corresponding thermal image, points of
the point cloud, such as points close to the straight line, are
interpolated in order to obtain a point which lies on the
straight line.
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[0026] In one embodiment, the processing unit is config-
ured to calculate the movement by calculating the relative
spatial positions of the points in the point pairs at the first
point in time, thus obtaining an object point model and
performing rigid fusion of the object point model with the
second thermal image.

[0027] As explained for the previous embodiment, a
straight line on which a surface point imaged in the first
thermal image lies can be identified and the spatial position
of the surface point relative to the camera assembly can be
determined as the position of a point in the first point cloud
which lies on this straight line or by interpolating the point
from a plurality of points of the first point cloud, the
interpolated point lying on this straight line. If the spatial
positions of a plurality of surface points relative to the
camera assembly are determined in this way, the relative
spatial positions of the surface points can be calculated. In
addition, the (virtual) position of the object point model
relative to the camera assembly is calculated, for example as
the relative position of a co-ordinate system assigned to the
object point model relative to the camera assembly.

[0028] The rigid fusion now places the object point model
relative to the camera assembly such that each point of the
object point model lies on a straight line derived from the
position of the corresponding surface point in the second
thermal image and the properties of the thermographic
camera. In other words, straight lines are determined for the
points of the plurality of point pairs at the second point in
time and the object point model is then placed such that the
points of the object point model lie on the corresponding
straight lines. It shall be noted that it might not be possible
to position the object point model such that all points exactly
lie on the corresponding straight lines, such that an optimi-
zation algorithm might be applied. Such an optimization
algorithm might for example minimize the distances
between the points of the object point model and the
corresponding straight lines derived from the second thermal
image.

[0029] It shall be noted that a point of a point pair at the
first point in time is the point out of the point pair which is
found in the first thermal image. In analogy, a point of a
point pair at the second point in time is the point of a point
pair which is found in the second thermal image.

[0030] The result of the rigid fusion is a transformation
which describes how the position of the obtained object
point model has to be changed such that the new position of
the object point model relative to the camera assembly leads
to the projection of the points of the object point model as
shown in the second thermal image. This transformation
therefore represents the movement of the surface of the
imaged object. The rigid fusion is also referred to as 3D/2D
registration.

[0031] The rigid 3D/2D fusion can for example be per-
formed using the posit algorithm for any general perspec-
tive-n-point algorithm, such as described in the article “Fast
and globally convergent pose estimation from video images”
by C.-P. Lew, G. D. Hager and E. Mjolsness, published in
IEEE Transactions on Patent Analysis and Machine Intelli-
gence, Vol. 22, No. 6, June 2000.

[0032] In one embodiment, the processing unit is config-
ured to calculate the movement by calculating the relative
spatial positions of the points in the point pairs at the first
point in time, thus obtaining a first object point model,
calculating the relative spatial positions of the points of the
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point pairs at the second point in time, thus obtaining a
second object point model, and performing rigid fusion of
the first object point model with the second object point
model. This embodiment is similar to the previous embodi-
ment, but does not perform a 3D/2D matching at the rigid
fusion, but obtains two object point models with a particular
position relative to the camera assembly and then performs
a 3D/3D fusion of the object point models in order to obtain
a transformation between the two object point models.
However, calculating the first object point model and the
second point object model is as described in the preceding
embodiment.

[0033] Briefly summarized, the additional information
obtained from a thermal image captured by the thermo-
graphic camera allows to obtain point-to-point correspon-
dences in the point clouds obtained from the range camera
such that matching can be reduced from the whole point
clouds to the point-to-point correspondences, which makes
the registration more robust and significantly faster, for
example by the order of 100.

[0034] As outlined above, one advantage of using thermal
images is that points on the surface of a patient can be
reliably detected irrespective of exterior conditions such as
the illumination in the visible spectrum. There are several
approaches for finding the same point on the surface of the
patient in a plurality of thermal images, such as the first
thermal image and the second thermal image. One approach
is to assign a particular temperature to the surface point and
to find a point in a thermal image which has the same
temperature. A more complex approach is to not only
consider the temperature of the surface point itself, but a
thermal signature of an area surrounding the surface point.
[0035] In one embodiment, the method comprises the step
of assigning a descriptor to a point on the surface of the
patient’s body. A descriptor is for example a value which is
calculated from the properties of the point and optionally
also from the properties of points in the vicinity of the point.
A descriptor is typically used to unambiguously identify a
point. In this document, a descriptor can also be a set of
descriptors or descriptor values. A descriptor is for example
calculated from a thermal image, for example from the
properties of a pixel which represents the point on the
surface and/or from the properties of pixels in the vicinity of
this pixel.

[0036] One advantage of the descriptor is that it is basi-
cally invariant over time (such as for example for 1 second,
2 seconds, 5 seconds, 10 seconds, 15 seconds, 30 seconds,
60 seconds or even longer). This means that the descriptor
can advantageously be used to identify pixels which show
the same point on the surface of the body in the thermal
images taken at different points in time.

[0037] The principles of calculating a descriptor are for
example disclosed in M. Calonder, V. Lepetit, M. Ozuysal,
T. Trzeinski, C. Strecha, P. Fua, “BRIEF: Computing a Local
Binary Descriptor Very Fast”, IEEE Transactions on Pattern
Analysis and Machine Intelligence, Volume 34, issue No.
07, July 2012, pages 1281 to 1298, which is incorporated by
this reference.

[0038] The present invention further relates to a data
processing method performed by a computer for tracking at
least a part of a surface of a patient. The method comprises
the steps of acquiring, at a first point in time, a first point
cloud from a range camera and a first thermal image from a
thermographic camera, the range camera and the thermo-
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graphic camera being in a fixed relative position, and
acquiring, at a second point in time later than the first point
in time, a second point cloud from the range camera and a
second thermal image from the thermographic camera. The
method further comprises the step of finding at least one
point pair in the first and second thermal images, wherein a
point pair comprises a point in the first thermal image and a
point in the second thermal image which correspond to the
same point on the surface of the patient.

[0039] The method further comprises the step of calculat-
ing movement of the surface of the patient between the first
and second points in time from the first point cloud, the
second point cloud and the at least one point pair.

[0040] In one embodiment, calculating the movement
involves calibration information which represents the rela-
tive position between the range camera and the thermo-
graphic camera. As explained above with reference to the
camera assembly, the additional information comprised in
the thermal images is for example used to identify corre-
sponding points in the point clouds obtained by the range
camera. This requires the relative position between the range
camera and the thermographic camera to be known such that
the information obtained from the thermal images can be
combined with the points clouds. Since the relative position
between the range camera and the thermographic camera
may vary due to manufacturing tolerances, the actual rela-
tive position can be determined, for example by a calibration
using a phantom to be imaged, and stored as the calibration
information.

[0041] In one embodiment, calculating the movement
involves matching a first reduced point cloud and a second
reduced point cloud, the reduced point clouds comprising
points corresponding to the point pairs.

[0042] In one embodiment, calculating the movement
involves calculating the relative spatial positions of the
points of a plurality of point pairs at the first point in time,
thus obtaining an object point model, and performing rigid
fusion of the object point model with the second thermal
image.

[0043] In one embodiment, calculating the movement
involves calculating the relative spatial positions of the
points of a plurality of point pairs at the first point in time,
thus obtaining a first object point model, calculating the
relative spatial positions of the points of the plurality of
point pairs at the second point of time, thus obtaining a
second object point model, and performing rigid fusion of
the first object point model with the second object point
model.

[0044] The method and the embodiments described above
correspond to the camera assembly and the embodiments
thereof, which are described in detail. Repeating the details
is therefore omitted.

[0045] The present invention also relates to a computer
program embodied on a non-transitory computer-readable
medium which, when running on a computer or loaded onto
a computer, causes the computer to perform any one or more
of the data processing methods described above.

[0046] The present invention further relates to a system for
tracking at least a part of a surface of a patient, comprising
a computer on which the aforementioned program is stored
and/or run.

[0047] Ab hies folgen Definitionen von Begriffen, die in
dieser Anmeldung verwendet werden. Diese Definitionen
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werden als Tcextbausteine in verschiedenen Anmeldungen
verwendet und nur bei Bedarf an die jeweilige Thematik
angepasst.

[0048] The method in accordance with the invention is a
data processing method. The data processing method is
preferably performed using technical means, for example a
computer. The data processing method is preferably consti-
tuted to be executed by or on a computer and for example is
executed by or on the computer. For example, all the steps
or merely some of the steps (i.e. less than the total number
of steps) of the method in accordance with the invention can
be executed by a computer. The computer for example
comprises a processor and a memory in order to process the
data, for example electronically and/or optically. The calcu-
lating steps described are for example performed by a
computer. Determining steps or calculating steps are for
example steps of determining data within the framework of
the technical data processing method, for example within the
framework of a program. A computer is for example any
kind of data processing device, for example electronic data
processing device. A computer can be a device which is
generally thought of as such, for example desktop PCs,
notebooks, netbooks, etc., but can also be any programmable
apparatus, such as for example a mobile phone or an
embedded processor. A computer can for example comprise
a system (network) of “sub-computers”, wherein each sub-
computer represents a computer in its own right. The term
“computer” includes a cloud computer, for example a cloud
server. The term “cloud computer” includes a cloud com-
puter system which for example comprises a system of at
least one cloud computer and for example a plurality of
operatively interconnected cloud computers such as a server
farm. Such a cloud computer is preferably connected to a
wide area network such as the world wide web (WWW) and
located in a so-called cloud of computers which are all
connected to the world wide web. Such an infrastructure is
used for “cloud computing”, which describes computation,
software, data access and storage services which do not
require the end user to know the physical location and/or
configuration of the computer delivering a specific service.
For example, the term “cloud” is used in this respect as a
metaphor for the Internet (world wide web). For example,
the cloud provides computing infrastructure as a service
(TaaS). The cloud computer can function as a virtual host for
an operating system and/or data processing application
which is used to execute the method of the invention. The
cloud computer is for example an elastic compute cloud
(EC2) as provided by Amazon Web Services™. A computer
for example comprises interfaces in order to receive or
output data and/or perform an analogue-to-digital conver-
sion. The data are for example data which represent physical
properties and/or which are generated from technical sig-
nals. The technical signals are for example generated by
means of (technical) detection devices (such as for example
devices for detecting marker devices) and/or (technical)
analytical devices (such as for example devices for perform-
ing imaging methods), wherein the technical signals are for
example electrical or optical signals. The technical signals
for example represent the data received or outputted by the
computer. The computer is preferably operatively coupled to
a display device which allows information outputted by the
computer to be displayed, for example to a user. One
example of a display device is an augmented reality device
(also referred to as augmented reality glasses) which can be
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used as “goggles” for navigating. A specific example of such
augmented reality glasses is Google Glass (a trademark of
Google, Inc.). An augmented reality device can be used both
to input information into the computer by user interaction
and to display information outputted by the computer.
Another example of a display device would be a standard
computer monitor comprising for example a liquid crystal
display operatively coupled to the computer for receiving
display control data from the computer for generating sig-
nals used to display image information content on the
display device. A specific embodiment of such a computer
monitor is a digital lightbox. The monitor may also be the
monitor of a portable, for example handheld, device such as
a smart phone or personal digital assistant or digital media
player.

[0049] The expression “acquiring data” for example
encompasses (within the framework of a data processing
method) the scenario in which the data are determined by the
data processing unit, method or program. Determining data
for example encompasses measuring physical quantities and
transforming the measured values into data, for example
digital data, and/or computing the data by means of a
computer and for example within the framework of the
method in accordance with the invention. The meaning of
“acquiring data” also for example encompasses the scenario
in which the data are received or retrieved by the data
processing method or program, for example from another
program, a previous method step or a data storage medium,
for example for further processing by the data processing
method or program. The expression “acquiring data” can
therefore also for example mean waiting to receive data
and/or receiving the data. The received data can for example
be inputted via an interface. The expression “acquiring data”
can also mean that the data processing method or program
performs steps in order to (actively) receive or retrieve the
data from a data source, for instance a data storage medium
(such as for example a ROM, RAM, database, hard drive,
etc.), or via the interface (for instance, from another com-
puter or a network). The data can be made “ready for use”
by performing an additional step before the acquiring step.
In accordance with this additional step, the data are gener-
ated in order to be acquired. The data are for example
detected or captured (for example by an analytical device).
Alternatively or additionally, the data are inputted in accor-
dance with the additional step, for instance via interfaces.
The data generated can for example be inputted (for instance
into the computer). In accordance with the additional step
(which precedes the acquiring step), the data can also be
provided by performing the additional step of storing the
data in a data storage medium (such as for example a ROM,
RAM, CD and/or hard drive), such that they are ready for
use within the framework of the method or program in
accordance with the invention. The step of “acquiring data”
can therefore also involve commanding a device to obtain
and/or provide the data to be acquired. In particular, the
acquiring step does not involve an invasive step which
would represent a substantial physical interference with the
body, requiring professional medical expertise to be carried
out and entailing a substantial health risk even when carried
out with the required professional care and expertise. In
particular, the step of acquiring data, for example determin-
ing data, does not involve a surgical step and in particular
does not involve a step of treating a human or animal body
using surgery or therapy. In order to distinguish the different
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data used by the present method, the data are denoted (i.e.
referred to) as “XY data” and the like and are defined in
terms of the information which they describe, which is then
preferably referred to as “XY information” and the like.

[0050] The method in accordance with the invention is
preferably at least partly executed by a computer, i.e. all the
steps or merely some of the steps (i.e. less than the total
number of steps) of the method in accordance with the
invention can be executed by a computer.

[0051] The invention also relates to a program which,
when running on a computer, causes the computer to per-
form one or more or all of the method steps described herein
and/or to a program storage medium on which the program
is stored (in particular in a non-transitory form) and/or to a
computer comprising said program storage medium and/or
to a (physical, for example electrical, for example techni-
cally generated) signal wave, for example a digital signal
wave, carrying information which represents the program,
for example the aforementioned program, which for
example comprises code means which are adapted to per-
form any or all of the method steps described herein.

[0052] Within the framework of the invention, computer
program elements can be embodied by hardware and/or
software (this includes firmware, resident software, micro-
code, etc.). Within the framework of the invention, computer
program elements can take the form of a computer program
product which can be embodied by a computer-usable, for
example computer-readable data storage medium compris-
ing computer-usable, for example computer-readable pro-
gram instructions, “code” or a “computer program” embod-
ied in said data storage medium for use on or in connection
with the instruction-executing system. Such a system can be
a computer; a computer can be a data processing device
comprising means for executing the computer program
elements and/or the program in accordance with the inven-
tion, for example a data processing device comprising a
digital processor (central processing unit or CPU) which
executes the computer program elements, and optionally a
volatile memory (for example a random access memory or
RAM) for storing data used for and/or produced by execut-
ing the computer program elements. Within the framework
of the present invention, a computer-usable, for example
computer-readable data storage medium can be any data
storage medium which can include, store, communicate,
propagate or transport the program for use on or in connec-
tion with the instruction-executing system, apparatus or
device. The computer-usable, for example computer-read-
able data storage medium can for example be, but is not
limited to, an electronic, magnetic, optical, electromagnetic,
infrared or semiconductor system, apparatus or device or a
medium of propagation such as for example the Internet.
The computer-usable or computer-readable data storage
medium could even for example be paper or another suitable
medium onto which the program is printed, since the pro-
gram could be electronically captured, for example by
optically scanning the paper or other suitable medium, and
then compiled, interpreted or otherwise processed in a
suitable manner. The data storage medium is preferably a
non-volatile data storage medium. The computer program
product and any software and/or hardware described here
form the various means for performing the functions of the
invention in the example embodiments. The computer and/
or data processing device can for example include a guid-
ance information device which includes means for output-
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ting guidance information. The guidance information can be
outputted, for example to a user, visually by a visual
indicating means (for example, a monitor and/or a lamp)
and/or acoustically by an acoustic indicating means (for
example, a loudspeaker and/or a digital speech output
device) and/or tactilely by a tactile indicating means (for
example, a vibrating element or a vibration element incor-
porated into an instrument). For the purpose of this docu-
ment, a computer is a technical computer which for example
comprises technical, for example tangible components, for
example mechanical and/or electronic components. Any
device mentioned as such in this document is a technical and
for example tangible device.

[0053] Image fusion can be elastic image fusion or rigid
image fusion. In the case of rigid image fusion, the relative
position between the pixels of a 2D image and/or voxels of
a 3D image is fixed, while in the case of elastic image fusion,
the relative positions are allowed to change.

[0054] Elastic fusion transformations (for example, elastic
image fusion transformations) are for example designed to
enable a seamless transition from one dataset (for example
a first dataset such as for example a first image) to another
dataset (for example a second dataset such as for example a
second image). The transformation is for example designed
such that one of the first and second datasets (images) is
deformed, for example in such a way that corresponding
structures (for example, corresponding image elements) are
arranged at the same position as in the other of the first and
second images. The deformed (transformed) image which is
transformed from one of the first and second images is for
example as similar as possible to the other of the first and
second images. Preferably, (numerical) optimisation algo-
rithms are applied in order to find the transformation which
results in an optimum degree of similarity. The degree of
similarity is preferably measured by way of a measure of
similarity (also referred to in the following as a “similarity
measure”). The parameters of the optimisation algorithm are
for example vectors of a deformation field. These vectors are
determined by the optimisation algorithm in such a way as
to result in an optimum degree of similarity. Thus, the
optimum degree of similarity represents a condition, for
example a constraint, for the optimisation algorithm. The
bases of the vectors lie for example at voxel positions of one
of the first and second images which is to be transformed,
and the tips of the vectors lie at the corresponding voxel
positions in the transformed image. A plurality of these
vectors are preferably provided, for instance more than
twenty or a hundred or a thousand or ten thousand, etc.
Preferably, there are (other) constraints on the transforma-
tion (deformation), for example in order to avoid pathologi-
cal deformations (for instance, all the voxels being shifted to
the same position by the transformation). These constraints
include for example the constraint that the transformation is
regular, which for example means that a Jacobian determi-
nant calculated from a matrix of the deformation field (for
example, the vector field) is larger than zero, and also the
constraint that the transformed (deformed) image is not
self-intersecting and for example that the transformed (de-
formed) image does not comprise faults and/or ruptures. The
constraints include for example the constraint that if a
regular grid is transformed simultaneously with the image
and in a corresponding manner, the grid is not allowed to
interfold at any of its locations. The optimising problem is
for example solved iteratively, for example by means of an
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optimisation algorithm which is for example a first-order
optimisation algorithm, such as a gradient descent algo-
rithm. Other examples of optimisation algorithms include
optimisation algorithms which do not use derivations, such
as the downhill simplex algorithm, or algorithms which use
higher-order derivatives such as Newton-like algorithms.
The optimisation algorithm preferably performs a local
optimisation. If there are a plurality of local optima, global
algorithms such as simulated annealing or generic algo-
rithms can be used. In the case of linear optimisation
problems, the simplex method can for instance be used.

[0055] In the steps of the optimisation algorithms, the
voxels are for example shifted by a magnitude in a direction
such that the degree of similarity is increased. This magni-
tude is preferably less than a predefined limit, for instance
less than one tenth or one hundredth or one thousandth of the
diameter of the image, and for example about equal to or less
than the distance between neighbouring voxels. Large defor-
mations can be implemented, for example due to a high
number of (iteration) steps.

[0056] The determined elastic fusion transformation can
for example be used to determine a degree of similarity (or
similarity measure, see above) between the first and second
datasets (first and second images). To this end, the deviation
between the elastic fusion transformation and an identity
transformation is determined. The degree of deviation can
for instance be calculated by determining the difference
between the determinant of the elastic fusion transformation
and the identity transformation. The higher the deviation, the
lower the similarity, hence the degree of deviation can be
used to determine a measure of similarity.

[0057] A measure of similarity can for example be deter-
mined on the basis of a determined correlation between the
first and second datasets.

[0058] In particular, the invention does not involve or in
particular comprise or encompass an invasive step which
would represent a substantial physical interference with the
body requiring professional medical expertise to be carried
out and entailing a substantial health risk even when carried
out with the required professional care and expertise. For
example, the invention does not comprise a step of posi-
tioning a medical implant in order to fasten it to an ana-
tomical structure or a step of fastening the medical implant
to the anatomical structure or a step of preparing the
anatomical structure for having the medical implant fastened
to it. More particularly, the invention does not involve or in
particular comprise or encompass any surgical or therapeutic
activity. The invention is instead directed as applicable to
positioning a tool relative to the medical implant, which may
be outside the patient’s body. For this reason alone, no
surgical or therapeutic activity and in particular no surgical
or therapeutic step is necessitated or implied by carrying out
the invention.

[0059] Ende der Begriffsdefinitionen

[0060] The present invention can for example be used in
combination with the Vero® or ExacTrac® systems offered
by the applicant. A movement of a patient can be determined
as described herein, and if this movement exceeds a par-
ticular threshold, the aforementioned systems can be trig-
gered to find the current position of the user, for example by
taking two x-ray images. However, the present invention can
be used in combination with any medical system or method
which requires detection of a movement of a patient.
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[0061] In the following, the invention is described with
reference to the enclosed figures which represent preferred
embodiments of the invention. The scope of the invention is
not however limited to the specific features disclosed in the
figures, which show:

[0062] FIG. 1 a tracking system comprising a camera
assembly and a computer;

[0063] FIG. 2 two point clouds to be registered,

[0064] FIG. 3 a flow diagram of a first approach for
tracking movement; and

[0065] FIG. 4 a flow diagram of a second approach for
tracking movement.

[0066] FIG. 1 schematically shows a tracking system 1 for
tracking at least a part of a surface of a patient P. The
tracking system 1 comprises a computer 2 and a camera
assembly 3. The camera assembly 3 and the patient P are
positioned relative to each other such that the camera
assembly 3 captures at least a part of the surface of the
patient P. A point on the surface of the patient P is also
referred to as surface point.

[0067] The camera assembly 3 comprises a range camera
4 and a thermographic camera 5. The range camera 4 in the
present embodiment is a time-of-flight camera having a light
source (not shown), a lens system 4a and a sensor 4. The
thermographic camera 5 comprises a lens system 5a and a
sensor 5b. The lens systems 4a and 5a guide incident light
or thermal radiation, respectively, onto the sensors 45 and
5b, respectively. The sensor 5b creates a two-dimensional
thermal image which preferably represents wavelengths of
between 8 um and 14 pm.

[0068] In the present example, the sensor 56 is a two-
dimensional array of sensor cells which convert incident
thermal radiation into a voltage which corresponds to the
temperature of the corresponding point on the surface of the
patient’s body. The temperature is typically derived from the
wavelength of the maximum within the spectrum of the
incident infrared radiation.

[0069] The range camera 4 measures, for each pixel, the
time between emitting light by the light source of the range
camera 4 and receiving the emitted light, which was
reflected by the patient P, by the sensor 4. The range camera
4 therefore measures the time of flight, which corresponds to
the distance between the camera 4 and the imaged point on
the surface of the patient P. The output of the range camera
4 is a two-dimensional array of distances. For the sake of
simplicity, the elements of the array are referred to as pixels
and the output of the range camera is referred to as range
image.

[0070] The lens system 5a has a characteristic axis similar
to the optical axis of a camera which captures an image in
the visible spectrum. In analogy, the lens system 4a of the
range camera also has a characteristic axis. The character-
istic axes are shown as dashed lines in FIG. 1. As can be seen
from FIG. 1, the two cameras 4 and 5 have different
characteristic axes and therefore different viewing direc-
tions, which, however, is not mandatory. Since the relative
position between the range camera 4 and the thermographic
camera 5 is fixed, the relative position between the charac-
teristic axes is also fixed.

[0071] Thermal radiation emitted from a point on the
patient P is guided onto a pixel of the sensor 5 in accor-
dance with the spatial location of the point on the surface of
the patient’s body and the properties of the lens system 5a.
In analogy, light reflected by a point on the patient P is

Mar. 16, 2017

guided onto a pixel of the sensor 45 in accordance with the
spatial location of the point on the surface of the patient’s
body and the properties of the lens system 4a. For each pixel
in a range image or a thermal image, a straight line can be
calculated, from the properties of the camera, such that all
points which lie on this line would be imaged by said pixel.
[0072] The computer 2 comprises a central processing unit
7, a memory unit 8 and an interface 9. The memory unit 8
stores program data and/or working data, such as the image
datasets acquired from the camera assembly 3. The com-
puter is connected to the input device 10, the output device
11 and/or the camera assembly 3 via the interface 9.
[0073] The computer 2 acquires the two images, which
were captured using the sensors 45 and 55, from the camera
assembly 3. The computer 2 is provided with the properties
of the range camera 4 and the thermographic camera 5 as
well as the relative position between the two cameras, such
that for each pixel in each of the two images, the computer
2 knows or is able to calculate the line on which a point
imaged by said pixel is located.

[0074] Since the range camera 4 determines, for each
pixel, the distance of the point on the surface of the patient
which is imaged by this pixel, the computer 2 can calculate
a point cloud of the points imaged in the range image, the
point cloud comprising the location of each imaged point
relative to the range camera 4. As an alternative, the point
cloud is calculated within the range camera 4 and acquired
by the computer 2.

[0075] FIG. 2 shows a first point cloud and a second point
cloud acquired at first and second points in time, respec-
tively, wherein the second point in time is later than the first
point in time. The points of the first point cloud are shown
as circles, while the points of the second point cloud are
shown as filled circles. While the point clouds are shown in
two dimensions only in FIG. 2, they actually comprise the
location of the points relative to the range camera 4 in three
dimensions. The surface of the patient P is shown in FIG. 2
as curves which are fitted to the respective point clouds.
[0076] As can be seen from FIG. 2, the point clouds are
shifted relative to each other, which means that the patient
P has moved between the first and second points in time. In
order to detect the movement of the patient P, the first and
second point clouds have to be matched with each other.
However, this is a time consuming task due to the large
number of points in each point cloud, which can be as much
as several hundred thousand. The matching process is there-
fore computationally complex. In addition, the matching
result might be ambiguous, for example if the surface of the
patient P were flat.

[0077] The present embodiment therefore finds and uses
correspondences in or from the point clouds for detecting the
movement of the patient P. Correspondences in the two point
clouds are connected by arrows in FIG. 2. In the example
shown in FIG. 2, the correspondences are points in the two
point clouds.

[0078] While FIG. 2 shows two correspondences in the
point clouds, it is typically required to have at least three
correspondences to perform three-dimensional matching.
However, a typical implementation uses for example several
hundred correspondences for matching.

[0079] FIG. 3 shows a flow diagram of a first approach for
tracking at least a part of the surface of the patient P.
[0080] Step S01 involves acquiring a first point cloud from
the range camera 4 and a first thermal image from the
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thermographic camera 5 at a first point in time. In analogy,
step S02 involves acquiring a second point cloud from the
range camera 4 and a second thermal image from the
thermographic camera 5 at a second point in time later than
the first point in time.

[0081] Step S03 involves finding corresponding points in
the first and second thermal images. This means that the
positions of the pixels which image the same surface point
are found in the two thermal images. Several algorithms for
finding corresponding points in thermal images are known.
[0082] Step S04 involves obtaining correspondences from
the first and second point clouds based on the corresponding
points obtained from the thermal images. This means that
points in the point clouds which represent the same surface
point are identified from the corresponding points in the
thermal images. As explained above, the correspondences
can be found by geometrical considerations knowing the
viewing directions and the properties of the range camera 4
and the thermographic camera 5. In particular, finding
correspondences involves finding the point pair in the two
point clouds which are found to be corresponding points in
the thermal images. If there are no such points in the point
clouds, a point pair forming a correspondence can be
obtained by interpolating some or all of the points in a point
cloud such that one or two interpolated points form the
correspondence.

[0083] The result of step S04 are two reduced point
clouds, that is a first reduced point cloud based on the first
point cloud and a second reduced point cloud based on the
second point cloud. The reduced point clouds only comprise
point pairs which form correspondences.

[0084] Step SO05 involves matching the correspondences,
that is the first and second reduced point clouds, in order to
obtain a transformation which transforms the first reduced
point cloud into the second reduced point cloud. This
transformation represents the movement of the surface of the
patient P, which is therefore tracked. Matching the corre-
spondences in step S05 thus is a 3D/3D matching for which
many algorithms are known in the art.

[0085] The matching performed in step S05 is preferably
a rigid fusion which does not change the locations of the
points in the reduced point set relative to each other, but
virtually moves the first reduced point cloud such that it best
matches the second reduced point cloud.

[0086] FIG. 4 shows a flow diagram of a second approach
for tracking the surface of the patient P. Step S11, S12 and
S13 are equal to steps S01, S02, and S03, respectively, such
that a detailed description of those steps is omitted.

[0087] Step S14 involves calculating a 3D model from the
first point cloud and the first thermal image. This means that
the positions of the corresponding points relative to the
camera assembly 3 are determined, which at the same time
means that the relative positions between the corresponding
points can be calculated. The relative positions constitute the
3D model of the surface. The virtual position of the 3D
model relative to the camera assembly 3 is known from the
positions of the corresponding points relative to the camera
assembly 3.

[0088] In other words, the 3D model represents samples of
the surface and their relative positions as well as the position
of the 3D model relative to the camera assembly 3, both at
the first point in time.

[0089] Step S15 involves matching the 3D model to the
second thermal image. This is a (rigid) 3D/2D matching
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which rotates and translates the 3D model relative to the
camera assembly 3, and therefore relative to the thermo-
graphic camera 5, until a virtual image of the 3D model
matches the second thermal image. This means that the
positions of the pixels which image the points forming the
3D model in a virtual image, assuming the characteristics of
the virtual imaging unit being identical to the characteristics
of the thermal camera 5, equal the positions of the pixels
which image the corresponding points in the second thermal
image. A known algorithm which might be used in step S15
is for example the POSIT algorithm.

1-15. (canceled)

16. A camera assembly for use in medical tracking appli-

cations, comprising:

a range camera that is configured to acquire a first image
of an imaged object at a first instant of time and a
second image at a second instant of time, wherein the
second instant of time is after the first instant of time;

a first point cloud calculated from the first image and a
second point cloud calculated from the second image,
wherein the first point cloud is a collection of points in
the first image that include a location of each imaged
point in the first image relative to the range camera and
the second point cloud is a collection of points in the
second image that include a location of each imaged
point in the second image relative to the range camera;

a thermographic camera that is configured to acquire a
first thermal image of the imaged object at the first
instant of time and a second thermal image at a second
instant of time;

the range camera and the thermographic camera are in a
fixed relative position to one another;

a processing unit configured to:

find at least one point pair in the first thermal image and
the second thermal image, wherein a point pair is a
first point in the first thermal image and a second
point in the second thermal image which correspond
to a same point on a surface of the imaged object;
and

calculate a movement of the imaged object between the
first instance of time and the second instance of time
from the first point cloud, the second point cloud and
the at least one point pair.

17. The camera assembly of claim 16, wherein the first
point cloud and the second point cloud are calculated by the
range camera and communicated to the processing unit.

18. The camera assembly of claim 16, wherein the first
point cloud and the second point cloud are calculated within
the processing unit from the first image and the second
image received from the range camera.

19. The camera assembly of claim 16, the processing unit
further configured to:

identify a thermal feature in the first thermal image and
the second thermal image, wherein the thermal feature
is used to identify the same point.

20. The camera assembly of claim 19, the thermal feature
is at least one of a temperature, a thermal signature of an area
surrounding the same point of the imaged object, a tempera-
ture distribution, a descriptor of a value for a property of the
same point of the imaged object, or a descriptor over a
period of time.
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21. A camera assembly for use in medical tracking appli-
cations, comprising a range camera and a thermographic
camera in a fixed relative position and a processing unit
configured to:

acquire, at a first point in time, a first point cloud from the

range camera and a first thermal image from the
thermographic camera;

acquire, at a second point in time later than the first point

in time, a second point cloud from the range camera
and a second thermal image from the thermographic
camera;

find at least one point pair in the first and second thermal

images, wherein a point pair comprises a point in the
first thermal image and a point in the second thermal
image which correspond to the same point on the
surface of an imaged object; and

calculate movement of the imaged object between the first

and second points in time from the first point cloud, the
second point cloud and the at least one point pair.

22. The camera assembly of claim 21, further comprising
a common housing in which the range camera and the
thermographic camera are arranged.

23. The camera assembly of claim 21, wherein the range
camera is a stereo camera, a structured light 3D scanner, a
time-of-flight camera or a laser scanner.

24. The camera assembly of claim 21, further comprising
a storage unit which stores calibration information which
represents the relative position between the range camera
and the thermographic camera.

25. The camera assembly of claim 21, wherein the pro-
cessing unit is configured to calculate the movement by
matching at least a subset of the first point cloud and at least
a subset of the second point cloud, the subsets of the point
clouds comprising points corresponding to the point pairs.

26. The camera assembly of claim 21, wherein the pro-
cessing unit is configured to calculate the movement by:

calculating the relative spatial positions of the points of a

plurality of point pairs at the first point in time, thus
obtaining an object point model; and

performing rigid fusion of the object point model with the

second thermal image.

27. The camera assembly of claim 21, wherein the pro-
cessing unit is configured to calculate the movement by:

calculating the relative spatial positions of the points of a

plurality of point pairs at the first point in time, thus
obtaining a first object point model;
calculating the relative spatial positions of the points of
the plurality of point pairs at the second point in time,
thus obtaining a second object point model; and

performing rigid fusion of the first object point model
with the second object point model.

28. A data processing method performed by a processor of
a computer for tracking at least a part of a surface of a
patient, comprising the steps of:

acquiring, at the processor, at a first point in time, a first

point cloud from a range camera and a first thermal
image from a thermographic camera, the range camera
and the thermographic camera being in a fixed relative
position;

acquiring, at the processor, at a second point in time later

than the first point in time, a second point cloud from
the range camera and a second thermal image from the
thermographic camera;
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finding, by the processor, at least one point pair in the first
and second thermal images, wherein a point pair com-
prises a point in the first thermal image and a point in
the second thermal image which correspond to the
same point on the surface of the patient; and

calculating, by the processor, movement of the surface of
the patient between the first and second points in time
from the first point cloud, the second point cloud and
the at least one point pair.
29. The method of claim 28, wherein calculating the
movement involves calibration information which repre-
sents the relative position between the range camera and the
thermographic camera.
30. The method of claim 28, wherein calculating the
movement involves matching, by the processor, at least a
subset of the first point cloud and at least a subset of the
second point cloud, the subsets of the point clouds compris-
ing points corresponding to the point pairs.
31. The method of claim 28, herein calculating the move-
ment involves:
calculating, by the processor, the relative spatial positions
of the points of a plurality of point pairs at the first point
in time, thus obtaining an object point model; and

performing, by the processor, rigid fusion of the object
point model with the second thermal image.
32. The method of claim 28, wherein calculating the
movement involves:
calculating, by the processor, the relative spatial positions
of the points of a plurality of point pairs at the first point
in time, thus obtaining a first object point model,

calculating, by the processor, the relative spatial positions
of the points of the plurality of point pairs at the second
point in time, thus obtaining a second object point
model; and

performing, by the processor, rigid fusion of the first

object point model with the second object point model.

33. A non-transitory computer-readable program storage
medium storing a program which, when running on a
computer, causes the computer to perform the steps of:

acquiring, at a first point in time, a first point cloud from

a range camera and a first thermal image from a
thermographic camera, the range camera and the ther-
mographic camera being in a fixed relative position;

acquiring, at a second point in time later than the first
point in time, a second point cloud from the range
camera and a second thermal image from the thermo-
graphic camera;

finding at least one point pair in the first and second
thermal images, wherein a point pair comprises a point
in the first thermal image and a point in the second
thermal image which correspond to the same point on
the surface of the patient; and

calculating movement of the surface of the patient
between the first and second points in time from the
first point cloud, the second point cloud and the at least
one point pair.
34. A tracking system for tracking at least a part of a
surface of a patient, comprising a camera assembly accord-
ing to claim 21.
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