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(54) Title: EFFICIENT POSITIONING OF A MECHATRONIC ARM

(57) Abstract: Disclosed is a computer-implemented medical data processing method for controlling the
geometric status of a mechatronic articulable arm, the method comprising executing, on at least one processor
of at least one computer, steps of: a) acquiring (S1.1), at the at least one processor, current device position
data describing a current relative position between a utility element of the mechatronic articulable arm and
anatomical body part of a patient's body; b) acquiring (S1.2), at the at least one processor, current geometric
status data describing a current geometric status of the mechatronic articulable arm defined by a set of at
least one current spatial relationship between connected elements of the mechatronic articulable arm; c)
acquiring (S1.3), at the at least one processor, changed device position data describing a changed relative
position between the utility element and the anatomical body part which is a relative position that has changed
compared to the current relative position; d) acquiring (S1.4), at the at least one processor, device definition
data describing the movability of the mechatronic articulable arm; e) determining (S1.5), by the at least
one processor and based on the current device position data and the current geometric status data and the
changed device position data and the device definition data, changed geometric status data describing a
changed geometric status of the mechatronic articulable arm defined by a set of at least one changed spatial
relationship between the connected elements, wherein the set of at least one changed geometric relationship
is different from the set of at least one current spatial relationship; f) determining (S1.6), by the at least one
processor and based on the current geometric status data and the changed geometric status data, instruction
data describing an instruction for changing the geometric status of the mechatronic articulable arm from the
current geometric status to the changed geometric status.
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EFFICIENT POSITIONING OF A MECHATRONIC ARM

The present invention relates to a computer-implemented medical method for
controlling the geometric status of a mechatronic articulable arm, a corresponding
computer program, a non-transitory program storage medium storing such a program
and a computer for executing the program, as well as a system for medical system

for controlling the geometric status of a mechatronic articulable arm.

Technical Background

There are state-of-the-art products generally suitable for aligning a mechatronic
articulable arm precisely to a target object such as an anatomical body part:

1) Stereotactic arcs are known in which joint positions for a highly rigid and
reproducible hardware device are calculated and then adjusted manually based on a
scale that is printed on the hardware.

2) Surgical robots are known that can automatically align to a trajectory.

The present invention is designed to provide a method and system for determining
an efficient manner of positioning a mechatronic articulable arm relative to a target

object.

Aspects of the present invention, examples and exemplary steps and their
embodiments are disclosed in the following. Different exemplary features of the
invention can be combined in accordance with the invention wherever technically

expedient and feasible.
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Exemplary Short Description of the Present Invention

In the following, a short description of the specific features of the present invention is
given which shall not be understood to limit the invention only to the features or a
combination of the features described in this section.

The disclosed method encompasses determining an instruction for adjusting the arm
segments of a mechatronic articulable arm with optimum efficiency so that the distal
end of the arm reaches a desired position relative to a target object such as an
anatomical body part. To that end, the current position of the distal end relative to the
anatomical body part is detected together with the current configuration of the arm
segments, and a desired position of the distal end is input e.g. from a treatment plan
for conducting an envisaged medical procedure using the mechatronic articulable
arm. Together with information about the mechanical properties of the mechatronic
articulable arm, the input data is input to an optimization algorithm for determining a
change in the configuration of the arm segments so that the desired position of the
distal end can be reached in an optimum manner (e.g. with as little operations on the

arm segments as possible) from the current configuration of the arm segments.

General Description of the Present Invention

In this section, a description of the general features of the present invention is given
for example by referring to possible embodiments of the invention.

In general, the invention reaches the aforementioned object by providing, in a first
aspect, a computer-implemented medical method for controlling the geometric status

of a mechatronic articulable arm.

The mechatronic articulable arm may be part of a robotic or semi-robotic system. A
robotic system is understood to be a system which conducts operations exclusively
on the basis of electronic commands received e.g. from or via a computer. A semi-
robotic system is understood to be a system which conducts operations on the basis
of both manual user intervention (e.g. for positioning at least a part of the system
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such as at least part of the mechatronic articulable arm) and electronic commands
received e.g. from or via a computer. The mechatronic articulable arm comprises a
plurality (i.e. at least two) arm elements which are connected to each other by joints
such as turning joints or hinges and thus form connected elements of the
mechatronic articulable arm. The connected elements can be moved relative to one
another for example by rotating them (i.e. neighbouring elements) relative to one
another (specifically, if they are connected via a turning joint, i.e. a swivel joint)
around at least substantially around their longitudinal axes or by articulating them
(i.e. neighbouring elements) relative to one another (specifically if they are connected
via a hinge, for example articulating them relative to one another at an angle allowed
by the hinge). Each connected element has a generally elongated shape and is for
example rigid. The utility element comprises at least one of a medical tool or a
fastening unit for fastening a medical tool. In one example, the utility element is

located at the end (for example, the distal end) of the mechatronic articulable arm.

The method is for example a data processing method and comprises executing, on at
least one processor of at least one computer (for example at least one computer
being part of a navigation system usable for conducting a navigated medical
procedure such as a surgical, more specifically neurosurgical, procedure), the
following exemplary steps which are executed by the at least one processor.

In a (for example first) exemplary step, current device position data is acquired which
describes (for example, defines or represents) a current relative position between a
utility element of the mechatronic articulable arm and anatomical body part of a
patient’s body. The anatomical body part serves as an example of a target object and
may be any body part but in a specific example comprises at least part of the
patient’s head or leg (such as the knee or the hip) or back (such as at least part of
the spine). The current device position data is acquired in one example on the basis
of electric signals generated by a navigation system such as an optical navigation
system. Each a marker device may be positioned, for example attached, in a
predetermined (for example, at least one of fixed or known) spatial relationship to
both the utility element and the anatomical body part. If the utility element is the
fastening unit, the relative position between the marker associated with the utility
element and the medical tool is for example predetermined (for example, at least one
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of known or fixed), e.g. from constructional data for the utility element and the
medical tool. The navigation system can track the position of each marker device (for
example, in the reference system used to conduct the navigated medical procedure)
by detecting reflections of light for example in the infrared wavelength range from
markers in the marker devices, and generating electric signals corresponding to
those positions, and converting those electric signals into the current relative position
which is determined as digital data (for example, the current device position data).

In a further (for example second) exemplary step, current geometric status data is
acquired which describes (for example, defines or represents) a current geometric
status of the mechatronic articulable arm. The current geometric status defined by a
set of at least one current spatial relationship (in one example, a plurality of, i.e. at
least two current spatial relationships) between connected elements of the
mechatronic articulable arm. Each spatial relationship defines for example uniquely
the position of at least two (in one example, exactly two) neighbouring (i.e. adjacent)
connected elements relative to each other. For example, the current geometric status
is additionally defined by a unique assignment of the current spatial relationships to
the pairs of neighbouring connected elements so that each spatial relationship is
associated with a specific one of the pairs of neighbouring connected elements. For
example, each spatial relationship is defined by at least one of a rotational angle
defined around for example the longitudinal axes of the connected elements or a kink
angle between for example the longitudinal axes of the connected elements.
Alternatively or additionally, the spatial relationship is defined by the relative position
between the associated neighbouring connected elements which is defined for
example in a reference system such as a three-dimensional Cartesian or spherical
coordinate system in which positions are defined for example for conducting a
navigated medical procedure in which the mechatronic articulable arm is used. For
example, the elements of the set of at least one current spatial relationship are
defined by values of at least one of relative positions between the connected
elements or angles between the connected elements. For example, at least one
marker device called device marker device is attached to the mechatronic articulable
arm in a predetermined (for example, at least one of known or fixed) spatial
relationship to the utility element, and wherein the current device position data is
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acquired based on electric signals outputted by an optical navigation system

configured to track the position of the device marker device.

In an alternative or additional example, the current device position data is acquired
on the basis of predetermined (i.e. at least one of known or fixed) information about
the position of at least a part of the mechatronic articulable arm (such as its base
part) and the position of the anatomical body part for example in the reference
system used to define positions for conducting the navigated medical procedure.
Such predetermined information may be available for example from a predetermined
plan for conducting the navigated medical procedure which has been determined
before execution of the disclosed method starts. The position of the utility element
may additionally be determined on the basis of the current geometric status data by
taking into account the at least one current spatial relationship between the
connected elements to determine, outgoing from the predetermined position of the at
least part of the mechatronic articulable arm (such as the position of its base part, i.e.
at least substantially most proximal part, i.e. the part at the end of the at least one
mechatronic arm opposing the end at which the utility element is located), the

position of the utility element.

In one example of this for example second exemplary step, the current geometric
status data is acquired on the basis of electric signals generated by at least one
encoder. For example, at least one (specifically, exactly one) encoder is associated
with, for example positioned at least partly between, each pair of connected elements
(specifically, each pair of neighbouring connected elements). The encoder is
configured to determine the spatial relationship associated with the pair of connected
elements and can be at least one of an optical, magnetic or capacitive encoder.
Alternatively or additionally, the current geometric status data is acquired on the
basis of electric signals generated by a navigation system such as an optical
navigation system. Each a marker device may be positioned, for example attached,
in a predetermined (for example, at least one of fixed or known) spatial relationship to
each one of the connected elements forming a pair of neighbouring connected
elements. The navigation system can track the position of each marker device (for
example, in the reference system used to conduct the navigated medical procedure)
by detecting reflections of light for example in the infrared wavelength range from
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markers in the marker devices, and generating electric signals corresponding to
those positions, and converting those electric signals into the at least one current
spatial relationship which is determined as digital data (for example, the current
geometric status data).

In a further (for example third) exemplary step, device definition data is acquired
which describes (for example, defines or represents) the movability of the
mechatronic articulable arm. Generally, the movability of the mechatronic articulable
arm defines the possible geometric statuses of the mechatronic articulable arm. The
movability of the mechatronic articulable arm is defined for example by at least one of
at least the degrees of freedom, for example of the connected elements of each pair
of neighbouring connected elements relative to another, or at least the dimensions of
at least the connected elements.

In a further (for example fourth) exemplary step, changed device position data is
acquired which describes (for example, defines or represents) a changed relative
position between the utility element and the anatomical body part. The changed
relative position is a relative position between the utility element and the anatomical
body part which is different from the current relative position between the utility
element and the anatomical body part and is attained by the utility element and the
anatomical body part later in time than the current relative position. Generally, the
relative position between the utility element and the anatomical body part has
changed compared to the current relative position when the utility element and the
anatomical body part attain the changed relative position. The changed device
position data is for example predetermined (i.e. known) before execution of the
disclosed method starts and stored in a plan for conducting the navigated medical
procedure. Alternatively, the changed device position data is generated during
execution of the disclosed method, for example on the basis of information about the
position of the anatomical body part for example in the reference system used to
define positions for conducting the navigated medical procedure. The position of the
anatomical body part may in one example be predetermined, and in another example
may be determined by detecting for example a marker device attached to the
anatomical body part (for example in a predetermined such as at least one of fixed or
known spatial relationship) which is tracked by the navigation system to determine its



10

15

20

25

30

WO 2018/059838 PCT/EP2017/071285
7

position and therefore the position of the anatomical body part. Alternatively, the
position of the anatomical body part may be determined by scanning reflections of
structured light irradiated onto the anatomical body part and comparing them to a
predetermined surface model of the anatomical body part which may have been
generated from a computed x-ray tomography or magnetic resonance tomography of

at least the surface of the anatomical body part.

In a further (for example fifth) exemplary step, changed geometric status data is
determined which describes (for example, defines or represents) a changed
geometric status of the mechatronic articulable arm. For example, the changed
geometric status data is determined based on the current device position data and
the current geometric status data and the changed device position data and the
device definition data. The changed geometric status is defined by a set of at least
one changed spatial relationship between the connected elements, wherein the set of
at least one changed geometric relationship is different from the set of at least one
current spatial relationship. The at least one changed spatial relationship can be
defined in analogy to the definition of the at least one current spatial relationship
described by the current geometric status data. For example, it can be described by
at least one (desired) encoder position or at least one (desired) relative position
between marker devices used for determining the relative position between the
connected elements associated with the respective changed spatial relationship (i.e.
which shall be attained in the changed geometric status). For example, the at least
one element of the set of at least one changed spatial relationship is defined by
values of at least one of at least one relative position between the connected

elements or at least one angle between the connected elements.

In one example of this for example fifth exemplary step, the changed geometric
status data is acquired by determining, taking into account the movability of the
mechatronic articulable arm, the set of at least one current spatial relationship and
the difference between the current relative position and the changed relative position
between the utility element and the anatomical body part. Taking into account the
movability of the mechatronic articulable arm for example supports avoiding
determination of a changed geometric status which is not possible due to the
mechanical and/or geometric properties of the mechatronic articulable arm. An
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optimization algorithm may be employed to determine how to change the geometric
status of the mechatronic articulable arm from the current geometric status to the
changed geometric status, considering for example at least one boundary condition
such as a minimum of spatial relationships to be changed or a maximum amount by
which each spatial relationship should be changed to achieve the change from the
current geometric status to the changed geometric status. Further boundary
conditions may encompass the avoidance of collisions with other entities or no-fly
zones in which the utility element and/or the tool should not be positioned for
example for safety reasons. Even further boundary conditions may encompass
reduction of the influence of the envisaged medical procedure on the patient’s tissue,
for example if the mechatronic articulable arm is used in endoscopic surgery (for
example on the spine). Even further, a boundary condition may be defined so that at
least one joint connecting two connected elements is not articulated in the changed
geometric state to an extent that no movability of the joint for correcting the geometric
state of the joint is left. For example, the changed geometric state is determined such
that the joint can still be operated in the changed geometric state, i.e. such that it

keeps some freedom of movement.

The changed geometric status data is determined for example by applying a
numerical optimization method, for example the Jacobian Pseudo-Inverse method, to
the current geometric status data and considering the current device position data
and the changed device position data as boundary conditions. The input data to such
an optimization method may include the forward kinematics of the mechatronic
articulable arm (i.e. the algorithm for calculating the changed geometric status based
on the output signals of the at least one encoder and/or based on positions of marker
devices attached the connected elements), the current geometric status data, the
changed device position data and (at least the value of) a merit function for
determining the quality (e.g. the efficiency) of achievability of the changed geometric
status (depending e.g. on the number of spatial relationships to be changed). The
optimization method will output the encoder positions and/or the positions of the

marker devices associated with the changed geometric status.

In a further (for example sixth) exemplary step, instruction data is determined which
describes (for example, defines or represents) an instruction for changing the
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geometric status of the mechatronic articulable arm from the current geometric status
to the changed geometric status. For example, the instruction data is determined
based on the current geometric status data and the changed geometric status data.
In one example, wherein the instruction comprises information how to adjust (for
example, manually adjust) the at least one spatial relationship between the
connected elements, for example in which direction (and for example by which
amount) to move the connected elements relative to each other [for example, turning
or kinking a joint]. The direction (and for example amount) of moving the connected
elements relative to each other is for example determined so that the associated pair
of neighbouring connected elements attains, at least within a predetermined interval,
the changed spatial relationship. For example the direction (and for example amount)
of moving the connected elements relative to each other is determined so that the
associated at least one encoder attains, for example at least within a predetermined
interval, the at least one encoder position which shall be attained in the changed
geometric status, or so that at least one relative position between marker devices
used for determining the relative position between the connected elements becomes,
for example at least within a predetermined interval, becomes the desired relative
position. The instruction is in one example outputted to a user, for example by using
a visual output device (such as at least one of a monitor and/or computer display, or
at least one display element — such as a light element - on the robotic arm) or an
acoustic output device (such as a loudspeaker) or a tactile output device (such as a
vibration element located for example on the robotic arm).

In one example of this for example sixth exemplary step, a check can be conducted
as to whether the desired geometric status of the mechatronic articulable arm has
been reached. To this end, the disclosed method may comprise the following steps:

acquiring, at the at least one processor, encoder position data describing (for
example, defining or representing) the position of the at least one encoder;

determining, based on the encoder position data and the changed geometric
status data, spatial relationship check data describing (for example, defining or
representing) whether at least one spatial relationship between the connected
elements is, for example at least within a predetermined interval, equal to the at least
one changed spatial relationship.
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The encoder position data can be generated from electronic signals issued by the at
least one encoder and converted into digital data. The spatial relationship check data
can be determined by comparing the position of the at least one encoder to an
encoder position associated (at least within a predetermined interval) with the at least

one changed spatial relationship.

Such a check may be used to determine whether the joints connecting the connected
elements should be automatically locked. To this end, the disclosed method may
comprise the following step:

determining, by the at least one processor and based on the encoder check
data (for example, if the spatial relationship check data describes (for example,
defines or represents) that the at least one spatial relationship between the
connected elements is, at least within a predetermined interval, equal to the at least
one changed spatial relationship), lock signal data describing (for example, defining
or representing) a control signal to be issued to the mechatronic articulable arm for
locking the spatial relationship between the connected elements in their current
position, for example by activating a locking mechanism configured to lock a joint

connecting the connected elements.

In a further example of the for example sixth exemplary step, the number of
connected elements is at least three and the instruction data is determined by
determining an order in which the at least two spatial relationships between the
connected elements shall be adjusted. In this example, the method may be executed
after each adjustment of one of the at least two spatial relationships between the

connected elements.

In more specific examples, the order in which the at least two spatial relationships
between the connected elements shall be adjusted is arranged such that at least one
of the following conditions i) to iv) is fulfilled:

i) if the joints have a predetermined resolution of joint positions (defined for
example by the mechanical properties of the joints allowing for example only
for discrete joint positions), the joints are placed in the order in dependence on
their mechanical resolution, for example such that a joint will be adjusted

earlier the coarser its mechanical resolution is;
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i) the joints will be adjusted in dependence on their distance from a base part of
the mechatronic articulable arm;

iii) the joints are placed in the order in dependence on the type of joint they
belong to, for example depending on whether a joint is a swivel joint or a
hinge;

iv) the joints are placed in the order in dependence on their movability, for
example such that a joint will be adjusted earlier the less degrees of freedoms
it has.

If the number of connected elements is at least three and the set of at least one
changed spatial relationship between the connected elements comprises only a
minimum number of spatial relationships changed to achieve the changed geometric
status, the instruction data may describe (for example, defines or represents) an
instruction for changing only the respective at least one current spatial relationship to
the respective at least one changed spatial relationship.

In a second aspect, the invention is directed to a computer program which, when
running on at least one processor (for example, a processor) of at least one
computer (for example, a computer) or when loaded into at least one memory (for
example, a memory) of at least one computer (for example, a computer), causes the
at least one computer to perform the above-described method according to the first

aspect.

In a third aspect, the invention is directed to a non-transitory computer-readable
program storage medium on which the program according to the fourth aspect is
stored.

In a fourth aspect, the invention is directed to at least one computer (for example, a
computer), comprising at least one processor (for example, a processor) and at least
one memory (for example, a memory), wherein the program according to the fourth
aspect is running on the processor or is loaded into the memory, or wherein the at
least one computer comprises the computer-readable program storage medium
according to the fifth aspect.
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In a fifth aspect, the invention is directed to a (physical, for example electrical, for
example technically generated) signal wave, for example a digital signal wave,
carrying information which represents the program according to the second aspect.

In a sixth aspect, the invention is directed to a medical system for controlling the
geometric status of a mechatronic articulable arm, the medical system comprising:
a) the at least one computer according to the fourth aspect;
b) at least one output device;
c) the mechatronic articulable arm; and
d) at least one electronic data storage device storing at least one of the changed
device position data or the device definition data,
wherein the at least one computer is operably coupled to the at least one
electronic data storage device for acquiring, from the at least one data storage
device, at least one of the changed device position data or the device definition
data,
wherein the at least one computer is operably coupled to the mechatronic
articulable arm for acquiring, from the mechatronic articulable arm, electric
signals corresponding to the current device position data or the current geometric
status data, and
wherein the at least one computer is operably coupled to the at least one
output device for transmitting, to the output device the instruction data and

controlling the output device to output the instruction.

It is within the scope of the present invention to combine one or more features of one
or more embodiments or aspects of the invention in order to form a new embodiment
wherever this is technically expedient and/or 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 for
example be added to said other embodiment.
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Definitions

In this section, definitions for specific terminology used in this disclosure are offered
which also form part of the present disclosure.

The method in accordance with the invention is for example a computer implemented
method. 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 (for example, at least one computer). An embodiment of the
computer implemented method is a use of the computer for performing a data
processing method. An embodiment of the computer implemented method is a
method concerning the operation of the computer such that the computer is operated
to perform one, more or all steps of the method.

The computer for example comprises at least one processor and for example at least
one memory in order to (technically) process the data, for example electronically
and/or optically. The processor being for example made of a substance or
composition which is a semiconductor, for example at least partly n- and/or p-doped
semiconductor, for example at least one of Il-, llI-, IV-, V-, VI-semiconductor material,
for example (doped) silicon and/or gallium arsenide. The calculating 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 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 computer 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
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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 (laaS). 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 conversion. The data are
for example data which represent physical properties and/or which are generated
from technical signals. 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
performing (medical) 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 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 signals 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.

Within the framework of the invention, computer program elements can be embodied

by hardware and/or software (this includes firmware, resident software, micro-code,
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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 comprising computer-usable,
for example computer-readable program instructions, "code" or a "computer
program" embodied 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 invention, 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 executing 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 connection with the instruction-
executing system, apparatus or device. The computer-usable, for example computer-
readable 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 program
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 guidance information device which includes means for outputting 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 incorporated into an instrument).

For the purpose of this document, a computer is a technical computer which for
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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.

The expression "acquiring data" for example encompasses (within the framework of a
The expression "acquiring data" for example encompasses (within the framework of a
computer implemented method) the scenario in which the data are determined by the
computer implemented 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 computer implemented
method or program, for example from another program, a previous method step or a
data storage medium, for example for further processing by the computer
implemented method or program. Generation of the data to be acquired may but
need not be part of the method in accordance with the invention. 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 computer implemented
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 computer or a network). The data acquired by the disclosed method or
device, respectively, may be acquired from a database located in a data storage
device which is operably to a computer for data transfer between the database and
the computer, for example from the database to the computer. The computer
acquires the data for use as an input for steps of determining data. The determined
data can be output again to the same or another database to be stored for later use.
The database or database used for implementing the disclosed method can be
located on network data storage device or a network server (for example, a cloud
data storage device or a cloud server) or a local data storage device (such as a mass
storage device operably connected to at least one computer executing the disclosed
method). The data can be made "ready for use" by performing an additional step
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before the acquiring step. In accordance with this additional step, the data are
generated 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
accordance 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 determining 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
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.

In the field of medicine, imaging methods (also called imaging modalities and/or
medical imaging modalities) are used to generate image data (for example, two-
dimensional or three-dimensional image data) of anatomical structures (such as soft
tissues, bones, organs, etc.) of the human body. The term "medical imaging
methods" is understood to mean (advantageously apparatus-based) imaging
methods (for example so-called medical imaging modalities and/or radiological
imaging methods) such as for instance computed tomography (CT) and cone beam
computed tomography (CBCT, such as volumetric CBCT), x-ray tomography,
magnetic resonance tomography (MRT or MRI), conventional x-ray, sonography
and/or ultrasound examinations, and positron emission tomography. For example,
the medical imaging methods are performed by the analytical devices. Examples for
medical imaging modalities applied by medical imaging methods are: X-ray
radiography, magnetic resonance imaging, medical ultrasonography or ultrasound,
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endoscopy, elastography, tactile imaging, thermography, medical photography and
nuclear medicine functional imaging techniques as positron emission tomography
(PET) and Single-photon emission computed tomography (SPECT), as mentioned by
Wikipedia. The image data thus generated is also termed “medical imaging data”.
Analytical devices for example are used to generate the image data in apparatus-
based imaging methods. The imaging methods are for example used for medical
diagnostics, to analyse the anatomical body in order to generate images which are
described by the image data. The imaging methods are also for example used to
detect pathological changes in the human body. However, some of the changes in
the anatomical structure, such as the pathological changes in the structures (tissue),
may not be detectable and for example may not be visible in the images generated
by the imaging methods. A tumour represents an example of a change in an
anatomical structure. If the tumour grows, it may then be said to represent an
expanded anatomical structure. This expanded anatomical structure may not be
detectable; for example, only a part of the expanded anatomical structure may be
detectable. Primary/high-grade brain tumours are for example usually visible on MRI
scans when contrast agents are used to infiltrate the tumour. MRI scans represent an
example of an imaging method. In the case of MRI scans of such brain tumours, the
signal enhancement in the MRI images (due to the contrast agents infiltrating the
tumour) is considered to represent the solid tumour mass. Thus, the tumour is
detectable and for example discernible in the image generated by the imaging
method. In addition to these tumours, referred to as "enhancing" tumours, it is
thought that approximately 10% of brain tumours are not discernible on a scan and
are for example not visible to a user looking at the images generated by the imaging
method.

It is the function of a marker to be detected by a marker detection device (for
example, a camera or an ultrasound receiver or analytical devices such as CT or MRI
devices) in such a way that its spatial position (i.e. its spatial location and/or
alignment) can be ascertained. The detection device is for example part of a
computer-based navigation system and can be a stereotactic camera which is
sensitive to electromagnetic waves in a predetermined wavelength range such as the
infrared wavelength range or any other wavelength range with which the marker are
irradiated and which is reflected by the marker. The markers can be active markers.
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An active marker can for example emit electromagnetic radiation and/or waves which
can be in the infrared, visible and/or ultraviolet spectral range. A marker can also
however be passive, i.e. can for example reflect electromagnetic radiation in the
infrared, visible and/or ultraviolet spectral range or can block x-ray radiation. To this
end, the marker can be provided with a surface which has corresponding reflective
properties or can be made of metal in order to block the x-ray radiation. It is also
possible for a marker to reflect and/or emit electromagnetic radiation and/or waves in
the radio frequency range or at ultrasound wavelengths. A marker preferably has a
spherical and/or spheroid shape and can therefore be referred to as a marker

sphere; markers can however also exhibit a cornered, for example cubic, shape.

A marker device can for example be a reference star or a pointer or a single marker
or a plurality of (individual) markers which are then preferably in a predetermined
spatial relationship. A marker device comprises one, two, three or more markers,
wherein two or more such markers are in a predetermined spatial relationship. This
predetermined spatial relationship is for example known to a navigation system and

is for example stored in a computer of the navigation system.

In another embodiment, a marker device comprises an optical pattern, for example
on a two-dimensional surface. The optical pattern might comprise a plurality of
geometric shapes like circles, rectangles and/or triangles. The optical pattern can be
identified in an image captured by a camera, and the position of the marker device
relative to the camera can be determined from the size of the pattern in the image,
the orientation of the pattern in the image and the distortion of the pattern in the
image. This allows to determine the relative position in up to three rotational
dimensions and up to three translational dimensions from a single two-dimensional

image.

The position of a marker device can be ascertained, for example by a medical
navigation system. If the marker device is attached to an object, such as a bone or a
medical instrument, the position of the object can be determined from the position of
the marker device and the relative position between the marker device and the
object. Determining this relative position is also referred to as registering the marker
device and the object. The marker device or the object can be tracked, which means
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that the position of the marker device or the object is ascertained twice or more over

time.

A navigation system can be a navigation system for computer-assisted surgery. This
navigation system preferably comprises the aforementioned computer according to
the fourth aspect for processing the data provided in accordance with the computer
implemented method as described in any one of the embodiments described herein.
The navigation system preferably comprises a detection device for detecting the
position of a marker device such as an optical emitter (operating e.g. in the infrared
wavelength range) for emitting light and an optical detector (e.g. a stereotactic
camera) for detecting reflections generated by reflection of the light emitted by the
optical emitter from the marker device, and transforming the signals corresponding to
the reflections into digital data comprising information representing the position of the
marker device. The navigation system also preferably comprises a user interface for
receiving the calculation results from the computer (for example, the position of the
main plane, the position of the auxiliary plane and/or the position of the standard
plane). The user interface provides the received data to the user as information.
Examples of a user interface include a display device such as a monitor, or a
loudspeaker. The user interface can use any kind of indication signal (for example a
visual signal, an audio signal and/or a vibration signal). One example of a display
device is an augmented reality device (also referred to as augmented reality glasses)
which can be used as so-called "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 of
the navigation system by user interaction and to display information outputted by the

computer.

Description of the Figures

In the following, the invention is described with reference to the appended figures
which represent a specific embodiment of the invention. The scope of the invention is
however not limited to the specific features disclosed in the context of the figures,

wherein
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Fig. 1 is a flow diagram illustrating the basic steps of the disclosed method
according to the first aspect;

Fig. 2 is a flow diagram illustrating a general flow of method for aligning the
mechatronic arm;

Fig. 3 is a first embodiment of the optimization method for determining the
changed geometric status data;

Fig. 4 is a second embodiment of the optimization method for determining the
changed geometric status data; and

Fig. 5 is an overview of the system in accordance with the sixth aspect.

Fig. 1 is a flow diagram illustrating the basic steps of the disclosed method in
accordance with the first aspect, which in the illustrative example of Fig. 1 starts with
a step S1.1 of acquiring the current device position data. In subsequent step S1.2,
the current geometric status data is acquired, followed by step S1.3 which
encompasses acquiring the changed device position data. Then, step S1.4 acquires
the device definition data. Step S1.5 uses steps S1.1, S$1.2, S1.3 and S1.4 as input
steps and is directed to determining the changed geometric status data. Finally, the

instruction data is determined in step S1.6.

Figure 2 shows how the method in accordance with the first aspect can be integrated
into a practical approach: in step S2.1, the mechatronic articulable arm is coarsely
aligned (positioned) relative to the anatomical body part (for example, by manual
user interaction). In step S2.2, the encoder positions are read and converted into the
current geometric status data and the tracking data is read and converted into the
current device position data. On the basis of the data read in step S2.2 and the
device definition data, the target encoder positions are calculated in step S2.3 and
stored as the changed geometric status data. Then, a joint between two connected
elements of the mechatronic articulable arm is selected for alignment (i.e.
adjustment) in step S2.4. The instruction data is determined in step S2.5 and the
instruction is output to a user for example on a display device such as a monitor 11.
By determining the spatial relationship check data, it is determined in step S2.6
whether the target position of the joint adjusted according to the instruction output in
step S2.5 has reached its target position. If this is not the case, the method returns to
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step S2.5. If step S2.6 determines that the target position has been reached, the
method continues with step S2.7 which involves determining whether all joints of the
mechatronic articulable arm have been adjusted to their respective target position as
defined by the changed geometric status data. If all joints are determined to have
been adjusted to their target position, the method end in step S2.8 because the
alignment of the mechatronic articulable arm has been completed. If step S2.7
determines that not all joints have reached their target position, the method returns to
step S2.4.

Figs. 3 and 4 illustrate two different approaches for the optimization algorithm used to
determine the changed geometric status data, wherein steps S3.1, S3.2, S3.3, S3.4,
S3.5, S3.6, S3.10,S 3.11 and S3.12 of Fig. 3 correspond respectively to steps S4.1,
S4.2,S4.3,84.4,84.5,S4.6,S4.7, S4.10, S4.11 and S4.12 of Fig. 4. The description
of those steps in the context of Fig. 3 therefore also applies to the respective steps of
Fig. 4. Duplicate description of corresponding steps is omitted herein.

In step S3.1. of Fig. 3, the current configuration of the mechatronic articulable arm is
input by acquiring the current geometric status data, and the target position of the
end effector representing the utility element (i.e. the changed device position). Then
the difference between the current geometric status and the changed geometric
status is determined as dt in step S3.2, and an error associated with this difference is
determined in step S3.3 by comparing the changed device position data to the
desired relative position between the utility element and the anatomical body part.
For example, a difference is computed between the coordinates of the changed
relative position described by the changed device position data and the coordinates
of the desired position and/or the trajectory (defined e.g. in Euler angles) along which
the utility element is moved. The optimisation may be directed to the changed relative
position independently of the associated trajectory for achieving the changed relative
position, to the changed relative position along with a direction of the trajectory and
free rotation along the direction in five degrees of freedom or a movement fully
defined in six degrees of freedom. The method determines in step S3.4 whether the
error is close to zero, and if this is the case, terminates in step S3.12 because it is
then determined that the solution for the changed geometric status has already been
found. A corresponding instruction can then be issued to the user to tell him how to
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manually adjust the mechatronic articulable arm to bring it into the changed
geometric status. If step S3.4 determines that the error is not close to zero, the
method continues to step S3.5 which encompasses a change of the configuration
(the geometric status) by an increment epsilon and determining the position of the
end effector (utility element) for the incremented configuration in step S3.6. Then, the
Jacobian of the encoder values is determined in step S3.7 (the Jacobian matrix
includes the first derivative of the encoder values). Subsequent step S3.8 continues
with determining the Moore-Penrose pseudoinverse (Jinv) of the Jacobian J using
singular value decomposition (SVD). Once Jinv has been determined, a search
direction v for searching for further changes to the geometric status can be
determined by solving v = Jinv * dt in step S3.9, wherein * denotes the multiplication
operator. A backtracking line search is then conducted in step S3.10 to determine a
steps size s for changing the geometric status in step S3.10. Using that steps size s,
the method calculates a changed geometric status in step S3.11, and then returns to

step S3.2 using the changed geometric status as an input.

Steps S3.8 and S3.9 of Fig. 3 have been replaced by steps S4.8 and S4.9 in Fig. 4.
Step S3.8 encompasses determining the transpose JT of the Jacobian J of the
encoder values determined in step S4.7. Step S4.9 then determines the search
direction v for which v = JT * dt, wherein * is the operator of multiplication. Otherwise,
the method of Fig. 4 corresponds to the method Fig. 3.

The order in which the joints shall be adjusted can be determined by applying a
method on the basis of the following pseudocode named “Joint positioning order”:

Joint positioning order

get current joint configuration // input of current geometric status
calculate target configuration // determine changed geometric status
for each joint in joints

{

if joint position not at target position remember joint



10

15

20

25

30

WO 2018/059838 PCT/EP2017/071285
24

sort all remembered joints from lowest precision joint to highest precision joint

for each joint in sorted joints
{
open joint
while joint not marked as reached
{
give user instruction
if joint position == target position +- epsilon
{

mark as target position reached

The changed geometric status can be determined in an optimized manner by
applying a method on the basis of the following pseudocode named “Target

configuration refined”:

Target configuration refined

for N = 1 to total number of joints

{

for each permutation P of N joints in total number of permutations of N joints
{

calculate target configuration using only joints in P

determine delta to target (dt) with target configuration

if dt below epsilon

{

remember dt
}
}

if any P where dt below epsilon

{
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get P with smallest dt and terminate loop

}

for lowest position joint to highest position joint in P
{
open joint
while joint not marked as target reached
{
give user instruction
if joint position == target position +- epsilon
{
mark joint as target position reached
calculate target configuration with joints in P not yet at marked as target
reached
update target configuration

Fig. 5 shows a setup of a system according to the sixth aspect. A patient having a
head 4 as an anatomical body part 4 is placed on a support device embodied by a
couch 5. A mechatronic articulable arm 1 is attached to the couch 5. The
mechatronic articulable arm 1 comprises three segments 2 representing the
connected elements. Each a pair of the segments is connected by a joint 3. Disposed
at the distal end of the mechatronic articulable arm 1 is a utility element comprising a
fastening unit 11 for fastening a medical instrument (a medical tool) 10 to which a
marker device represented by a reference star 6 is attached. Another marker device
7 is attached to the patient’'s head 4, and both marker devices 6, 7 are tracked by a
navigation system having an optical tracking unit 8 including a stereoscopic camera
9. The camera 9 outputs detection signals to a computer of the navigation system
(not shown) to generate the current device position data. The instruction data is
output on a display device embodied by a monitor 11 as visual instructions 12 so that
a user can tell by which angle to manually adjust the individual joints 3.
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The invention comprises the following features:

. A mechatronic holding arm with internal position sensors (e.g. optical or
magnetic encoders) is used that means that the arm can communicate the absolute
position (based on absolute encoders or using relative encoders with a nulling
procedure) of one or multiple of its joints to the navigation system

. The instrument held by the arm is tracked and the relative position of the
instrument to the arm is known — alternatively, the arm could be tracked as well

. The body part of interest is tracked and one or multiple target positions (e.g.
trajectories) are planned (pre- or intra-operatively)

The precise alignment is now performed according the following procedure:

1. The user performs a rough alignment to a selected target position (with the
help of the navigation system) such that the instrument is in the tracking range by the
navigation system.

2. Based on the instrument position in relation to the body part, the relative
position of the instrument to the arm and the forward kinematics (= adding up the
dimensions of the different arm segments with the respective current e.g. rotational
position known by the encoders) of the arm system, the presumed position of the arm
base relative to the body part is calculated.

3. Based on the selected target position, the presumed position of the arm base,
the relative position of the instrument to the arm and the inverse kinematics of the
arm system (calculated using e.g. a numerical optimization method such as the
“Jacobian Pseudo-Inverse” technique) a set of target encoder positions is calculated.
4. Instructions are provided to the user to adjust the joint positions manually until
they match the calculated target encoder positions.

Several options are possible in this procedure:

. The instructions provided may be joint by joint (e.g. also only unlocking one
joint at a time) or comprise multiple joints at a time.

. The calculation may use only a subset of joints provided by the arm if the
alignment only requires a certain number of degrees of freedom.

. The calculation may try out different subsets of joints if not all joints are
required thereby figuring out the smallest or most convenient subset required to
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perform the alignment up to a certain accuracy threshold (defined by e.g. distance of
target and entry point to the presumed target position).

. If the alignment is performed joint by joint, the calculation can be rerun after
the alignment of each joint such that small errors during the alignment of an earlier
joint might be mitigated by the alignment of the subsequent joints.

. The calculation may avoid certain joint configurations if these may cause the
arm to hit the patient or other tracked instruments

. The joints can be locked automatically if the target encoder position is reached
within a certain threshold.

. The instructions may be provided on the navigation screen or via feedback
methods of the mechatronic arm such as LED'’s.

. The instructions may comprise the representation of the target state of the
mechatronic arm as a 3-D rendering on the navigation screen.

. The instructions may be provided in an acoustic fashion e.g. similar to a park-
distance control.

. The instructions may include an indication in what direction a joint should to be

turned to reach its target encoder position.

The purpose of the invention is to provide a method that allows to align a passive
mechatronic holding arm precisely and efficiently to one or multiple targets. Passive
mechatronic holding arms are an interesting hybrid of a traditional holding arm and a
classical robotic arm in the way that they offer all features of a robotic arm except for
the actuation which is thus replaced by human labour. The removal of the motors
allows to come up with a much simpler, lighter and safer device. By combining a
passive mechatronic holding arm with the guidance provided by a navigation system
one is able to come up with a system that can still perform well in terms of accuracy

and convenience of the alignment.

The technical effect of the invention is that the instrument can be aligned to the target
position precisely with relative convenience for the user without having to use a more

complex, heavier, larger, riskier and less cost-efficient robotic system.
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Claims

A computer-implemented medical data processing method for controlling
the geometric status of a mechatronic articulable arm, the method
comprising executing, on at least one processor of at least one computer,
steps of:

acquiring (S1.1), at the at least one processor, current device position data
describing a current relative position between a utility element of the
mechatronic articulable arm and anatomical body part of a patient’s body;
acquiring (S1.2), at the at least one processor, current geometric status
data describing a current geometric status of the robotic device defined by
a set of at least one current spatial relationship between connected
elements of the robotic device;

acquiring (S1.3), at the at least one processor, changed device position
data describing a changed relative position between the utility element and
the anatomical body part which is a relative position that has changed
compared to the current relative position;

acquiring (S1.4), at the at least one processor, device definition data
describing the movability of the mechatronic articulable arm;

determining (S1.5), by the at least one processor and based on the current
device position data and the current geometric status data and the
changed device position data and the device definition data, changed
geometric status data describing a changed geometric status of the
mechatronic articulable arm defined by a set of at least one changed
spatial relationship between the connected elements, wherein the set of at
least one changed geometric relationship is different from the set of at least
one current spatial relationship;

determining (S1.6), by the at least one processor and based on the current
geometric status data and the changed geometric status data, instruction
data describing an instruction for changing the geometric status of the
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mechatronic articulable arm from the current geometric status to the

changed geometric status.

2. The method according to any one of the preceding claims, wherein the current

geometric status data is acquired on the basis of electric signals generated by
at least encoder associated with the connected elements, and wherein the
changed geometric status data describes at least one encoder position which
shall be attained in the changed geometric status.

. The method according to the preceding claim, wherein the instruction

comprises information how to adjust the at least one spatial relationship
between the connected elements, for example in which direction to move the
connected elements relative to each other so that the associated at least one
encoder attains, for example at least within a predetermined interval, the at
least one encoder position which shall be attained in the changed geometric
status.

. The method according to the preceding claim, comprising

acquiring, at the at least one processor, encoder position data
describing the position of the at least one encoder;

determining, based on the encoder position data and the changed
geometric status data, spatial relationship check data describing whether at
least one spatial relationship between the connected elements is, for example
at least within a predetermined interval, equal to the at least one changed
spatial relationship.

. The method according to the preceding claim, comprising

determining, by the at least one processor and based on the encoder
check data, lock signal data describing a control signal to be issued to the
mechatronic articulable arm for locking the spatial relationship between the
connected elements in their current position, for example by activating a
locking mechanism configured to lock a joint connecting the connected

elements.
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6. The method according to any one of the preceding claims, wherein the

number of connected elements is at least three and the instruction data is
determined by determining an order in which the at least two spatial
relationships between the connected elements shall be adjusted.

. The method according to the preceding claim, wherein the connected

elements are connected by joints and wherein the order is arranged such that

at least one of the following conditions i) to iv) is fulfilled:

i) the joints are placed in the order in dependence on their mechanical
resolution, for example such that a joint will be adjusted earlier the
coarser its mechanical resolution is;

i) the joints will be adjusted in dependence on their distance from a base
part of the mechatronic articulable arm;

iii) the joints are placed in the order in dependence on the type of joint they
belong to, for example depending on whether a joint is a swivel joint or
a hinge;

iv) the joints are placed in the order in dependence on their movability, for
example such that a joint will be adjusted earlier the less degrees of

freedoms it has.

. The method according to any one of the two immediately preceding claims,

wherein the number of connected elements is at least three and wherein the
method is executed after each adjustment of one of the at least two spatial

relationships between the connected elements.

. The method according to any one of the preceding claims, wherein the

number of connected elements is at least three and wherein the set of at least
one changed spatial relationship between the connected elements comprises
only a minimum number of spatial relationships changed to achieve the
changed geometric status, and wherein the instruction data describes an
instruction for changing only the respective at least one current spatial
relationship to the respective at least one changed spatial relationship.



10

15

20

25

30

WO 2018/059838 PCT/EP2017/071285
31

10. The method according to any one of the preceding claims, wherein the
changed geometric status data is determined by applying a numerical
optimization method, for example the Jacobian Pseudo-Inverse method, to the
current geometric status data and considering the current device position data
and the changed device position data as boundary conditions.

11.The method according to any one of the preceding claims, wherein the
instruction is outputted to a user, for example by using a visual output device
or an acoustic output device or a tactile output device.

12.The method according to any one of the preceding claims, wherein the
elements of the set of at least one current spatial relationship are defined by
values of at least one of relative positions between the connected elements or
angles between the connected elements, and wherein the at least one
element of the set of at least one changed spatial relationship is defined by
values of at least one of at least one relative position between the connected

elements or at least one angle between the connected elements.

13.The method according to any one of the preceding claims, wherein the
movability of the mechatronic articulable arm is defined by at least one of at
least the degrees of freedom or at least the dimensions of at least the

connected elements.

14.The method according to the preceding claim, wherein the connected
elements are connected by at least one of at least one swivel joint or at least
one hinge.

15.The method according to any one of the preceding claims, wherein the
mechatronic articulable arm is part of a robotic or semi-robotic system.

16.The method according to any one of the preceding claims, wherein at least
one marker device called device marker device is attached to the mechatronic
articulable arm in a predetermined spatial relationship to the utility element,
and wherein the current device position data is acquired based on electric
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signals outputted by an optical navigation system configured to track the

position of the device marker device.

17.The method according to any one of the preceding claims, wherein at least
one marker device called patient marker device is attached to the patient’s
body in a predetermined spatial relationship to the anatomical body part, and
wherein the current device position data is acquired based on electric signals
outputted by an optical navigation system configured to track the position of
the patient marker device.

18.The method according to any one of the preceding claims, wherein the utility
element comprises at least one of a medical tool or a fastening unit for

fastening a medical tool.

19.A computer program which, when running on at least one processor of at least
one computer or when loaded into the memory of at least one computer,
causes the at least one computer to perform the method according to any one
of the preceding claims, or a signal wave, for example a digital signal wave,
carrying information which represents the program.

20.A non-transitory computer-readable program storage medium on which the

program according to the preceding claim is stored.

21.At least one computer, comprising at least one processor and a memory,
wherein the program according to claim 12 is running on the at least one
processor or is loaded into the memory, or wherein the at least one computer

comprises the program storage medium according to the preceding claim.

22.A medical system for controlling the geometric status of a mechatronic
articulable arm, the medical system comprising:
a) the at least one computer according to the preceding claim;
b) at least one output device;
c) the mechatronic articulable arm; and
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d) at least one electronic data storage device storing at least one of the

changed device position data or the device definition data,

wherein the at least one computer is operably coupled to the at least one
electronic data storage device for acquiring, from the at least one data storage

5 device, at least one of the changed device position data or the device

definition data,

wherein the at least one computer is operably coupled to the mechatronic
articulable arm for acquiring, from the mechatronic articulable arm, electric
signals corresponding to the current device position data or the current

10 geometric status data, and

wherein the at least one computer is operably coupled to the at least one
output device for transmitting, to the output device the instruction data and
controlling the output device to output the instruction.
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