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(57) ABSTRACT

The invention relates to a tracking assembly (1) for a
surgical robotic system, comprising at least two tracking
patterns, wherein at least one of said at least two tracking
patterns is adapted to be rotatably mounted relative to a tool
guide (2) of the surgical GT robotic system so as to be
moveable in rotation around a tool guide axis (X) normal to
a reference plane (P), wherein each of said at least two
tracking patterns defines a range of visibility substantially
directed along a visibility axis, wherein an inclination rela-
tive to the reference plane (P) of the visibility axis of a first
tracking pattern of the tracking assembly (1) is different
from an inclination relative to the reference plane (P) of the
visibility axis of a second tracking pattern of the tracking
assembly (1).
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TRACKING ASSEMBLY FOR A SURGICAL
ROBOTIC SYSTEM

[0001] The present invention relates to a tracking assem-
bly allowing the localization, in terms of position and
orientation, of a tool guide of a surgical robotic system.

GENERAL TECHNICAL FIELD AND PRIOR
ART

[0002] Surgical robotic systems are frequently used during
surgical interventions, in order to assist a surgeon. The
surgical robotic system may guide the positioning and
orientating of a surgical tool for the surgeon. The surgical
robotic system comprises a surgical robotic arm, comprising
a distal end holding a tool guide. The tool guide is to be
placed relative to a surgical target with a given position and
orientation. Once the tool guide is placed relative to the
surgical target, the surgeon can insert a surgical tool into the
tool guide, so as to maneuver the surgical tool with the right
position and orientation in order to proceed with the surgery.
Alternatively, the tool guide can be used as a tool holder
maintaining a tool relative to the robotic arm.

[0003] Forexample, in spine surgery, the user may have to
implant one or several screws into one or several vertebrae.
The tool guide is a drill guide, and the surgical target is a
drilling axis in a vertebra. The surgeon can insert a handheld
drill into the drill guide of the surgical robotic system, in
order to drill a hole intended to receive the screw at the
desired position and along the desired orientation. The tool
guide allows positioning of the drill on the vertebra to be
drilled, and maintains the drill at a desired orientation
relative to the vertebra.

[0004] Several surgical targets can be defined in order to
perform a surgical intervention. For example, the surgeon
may have to place several screws in several different verte-
brae of the patient or in a femoral neck or in a fractured bone.
[0005] Each of the surgical targets corresponds to a given
position and orientation of the tool holder. Therefore, the
surgical robotic system must be moved during surgery in
order to sequentially place the tool holder relative to each of
the defined surgical targets.

[0006] Surgical interventions using a surgical robotic sys-
tem frequently rely on a fluoroscopy-based navigation of the
surgical robotic system. In particular, X-ray fluoroscopy is
frequently used to guide such surgical interventions.
[0007] X-ray fluoroscopy uses X-rays to produce an image
of the inside of a patient’s body in real time. X-ray fluo-
roscopy can provide a 2D image, or a 3D image obtained
from multiple 2D images using tomography reconstruction
algorithms. The fluoroscopic images can be intraoperatively
acquired, so as to allow real-time navigation of the surgical
robotic system during surgery.

[0008] In orthopedic, spine and traumatology surgery,
fluoro-navigation based on X-ray fluoroscopy is frequently
employed to monitor fracture reductions, to insert instru-
ments at precise positions and orientations, and to position
implants in one or several bone fragments.

[0009] In order to carry out fluoro-navigation, the surgical
robotic system used during the surgical intervention must be
localized in real-time. The surgical robotic system is thus
equipped with a tracking assembly, such as an optical,
electromagnetic, ultrasonic, or inertial tracking assembly.
The tracking assembly is mounted on the surgical robotic
system.
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[0010] A localization system coupled to the tracking
assembly allows the localization of the tracking assembly.
The localization system is frequently an optical-based local-
ization system, such as an infra-red camera. The camera
detects and localizes, in terms of position and orientation,
the tracking assembly.

[0011] The tracking assembly is localized relative to the
tool guide using the localization system. The tool guide is
localized relative to the surgical target using the localization
system.

[0012] A known optical-based tracking assembly com-
prises several reflective markers, arranged in a tracking
pattern. The reflective markers can be reflective disks
mounted in recesses of the tracking assembly, or reflective
spheres mounted at the end of pins extending from the
tracking assembly.

[0013] The reflective markers of the tracking assembly
each possess a cone of visibility. All of the cones of visibility
of the markers of a tracking pattern are oriented in the same
direction.

[0014] The camera is adequately positioned before sur-
gery, so that the whole area in which the surgical robotic
system is likely to move during the surgical intervention is
encompassed in the field of view of the camera.

[0015] The camera detects and localizes the tracking
assembly mounted on the surgical robotic system, by detect-
ing and localizing a tracking pattern of the tracking assem-
bly.

[0016] In known tracking assemblies, in order for the
camera to detect and localize a tracking pattern, two separate
conditions must be met.

[0017] Firstly, each reflective marker of the tracking pat-
tern needs to be imaged as a whole by the camera. In other
words, in order to accurately detect and localize the reflec-
tive marker, the camera must see a perfect disk or sphere,
and no part of the reflective marker should be hidden from
the camera.

[0018] This first condition may not be met for certain
positions and orientations of the tracking assembly, which
can occur when the surgical robotic system is moved to
certain positions and orientations during the surgical proce-
dure. Indeed, the position and orientation of the tracking
assembly varies during surgery, especially when several
surgical targets, corresponding to several different positions
and orientations of the tool holder, are defined for a surgical
procedure.

[0019] For example, when the reflective markers are disks
mounted in recesses of the tracking assembly, the shapes of
the tracking assembly itself risk hiding part or all of the
reflective disks from the camera in certain positions and
orientations of the reflective assembly relative to the camera.
When the reflective markers are spheres mounted on pins of
the tracking assembly, the pin retaining the reflective spheres
may hide part or all of the reflective spheres from the
camera.

[0020] In order to meet this condition in a wider range of
positions and orientations of the tracking assembly relative
to the camera, parameters such as the shapes and volumes of
the tracking assembly, the position and dimensions of the
pins holding the markers, and the position of the tracking
assembly on the surgical robotic system, are optimized in
order to minimize obstruction by the pins and/or shapes of
the tracking assembly to the reflective markers acquired by
the camera.
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[0021] Secondly, the camera must be correctly positioned
and oriented relative to the tracking pattern to be detected
and localized. In other words, in order to accurately detect
and localize the tracking pattern, the camera must be posi-
tioned within the cone of visibility of each of the reflective
markers of the tracking pattern. If the camera is outside the
cone of visibility of one or several reflective markers, then
the camera may not accurately detect and localize the
tracking pattern.

[0022] As the surgical robotic system is moved into dif-
ferent positions and orientations during the surgical proce-
dures, in order to reach several different surgical targets, the
camera may become positioned outside the cone of visibility
of at least one of the reflective markers of the tracking
pattern to be detected and localized. The detection and
localization of the reflective pattern is thus likely to be
impeded, which makes the navigation of the surgical robotic
system impossible. This leads to a security problem, as the
surgical robotic system cannot be maneuvered in order to
correctly position and orient the tool holder relative to the
surgical target.

[0023] This second condition therefore restricts the num-
ber of allowable positions and orientations of the tracking
assembly. The navigable work space of the surgical robotic
system, that is to say the part of the absolute work space of
the surgical robotic system in which the tool holder can be
accurately tracked by the localization system, is thus
restricted. Therefore, the surgical robotic system can be
maneuvered towards only a limited number of surgical
targets, without risking to remove the camera from the cone
of visibility of at least one reflective marker of the tracking
assembly.

[0024] Document US 2018/0014888 A1 discloses trackers
fixed to the tool and freely rotating around a tool holder axis,
in order to locate the tool axis. Document US 2017/0252114
Al discloses trackers freely rotating around a tool holder
axis, in order to improve the detection of the 3D position of
a surgical tool. However, in both documents, the trackers can
only be accurately detected and localized in a limited
number of positions and orientations of the tool, that is to say
in a restricted navigable work space of the tool holder. The
number of surgical targets accessible to the tool is corre-
spondingly restricted.

GENERAL PRESENTATION OF THE
INVENTION

[0025] A general aim of the invention is to propose a
tracking assembly improving the tracking of a surgical
robotic system.

[0026] More particularly, an aim of the invention is to
provide a tracking assembly allowing the surgical robotic
system to be accurately tracked in more positions and/or
orientations, that is to say in a greater navigable work space.

[0027] According to a first aspect, the invention is directed
towards a tracking assembly for a surgical robotic system,
the surgical robotic system comprising a tool guide extend-
ing substantially coaxially to a tool guide axis normal to a
reference plane, the tracking assembly being adapted to be
mounted on the surgical robotic system,

[0028] wherein the tracking assembly comprises at least
two tracking patterns, each tracking pattern comprising
at least three optical markers,
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[0029] wherein at least one of said at least two tracking
patterns is adapted to be rotatably mounted relative to
the tool guide so as to be moveable in rotation around
the tool guide axis,

[0030] wherein each of said at least two tracking pat-
terns defines a range of visibility associated to the
tracking pattern, the range of visibility being substan-
tially directed along a visibility axis, wherein an incli-
nation relative to the reference plane of the visibility
axis of a first tracking pattern of the tracking assembly
is different from an inclination relative to the reference
plane of the visibility axis of a second tracking pattern
of the tracking assembly,

[0031] wherein the tracking assembly is adapted to be
detected and localized by a localization system when
the localization system is within the range of visibility
of at least one tracking pattern of the tracking assembly.

[0032] Some preferred but not limitative features of the
tracking assembly described above are the following, taken
individually or in combination:

[0033] FEach optical marker is a reflective disk;

[0034] FEach optical marker is a reflective sphere;
[0035] FEach optical marker is an active marker;
[0036] The tracking assembly further comprises at least

two additional tracking patterns, wherein each of said
at least two additional tracking patterns defines a range
of visibility associated to the respective additional
tracking pattern, the range of visibility being substan-
tially directed along a visibility axis, wherein an incli-
nation relative to the reference plane of the visibility
axis of a first additional tracking pattern of the tracking
assembly is identical to an inclination relative to the
reference plane of the visibility axis of a second addi-
tional tracking pattern of the tracking assembly, and
wherein an orientation relative to the tool guide axis of
the visibility axis of the first additional tracking pattern
of the tracking assembly is different from an orientation
relative to the tool guide axis of the visibility axis of the
second additional tracking pattern of the tracking
assembly.

[0037] According to a second aspect, the invention is

directed towards a surgical robotic system, comprising:

[0038] a tracking assembly according to any one of
claims 1 to 4;

[0039] a robotic arm comprising a tool guide extending
substantially coaxially to the tool guide axis normal to
the reference plane, the tracking assembly being
adapted to be mounted on the robotic arm of the
surgical robotic system.

[0040] Some preferred but not limitative features of the
surgical robotic system described above are the following,
taken individually or in combination:

[0041] The tool guide of the robotic arm is substantially
in the shape of a hollow revolution cylinder extending
around the tool guide axis, the tool guide comprising an
outer wall and an inner wall, wherein the tracking
assembly is adapted to be mounted on the outer wall of
the tool guide so that all tracking patterns of the
tracking assembly are movable in rotation around the
tool guide axis, and wherein the inner wall of the tool
guide is adapted to guide a translation of a surgical tool
along the tool guide axis;

[0042] The tracking assembly comprises at least a first
mounting surface and a second mounting surface,
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wherein the first mounting surface is adapted to be
rotatably mounted relative to the tool guide so as to be
moveable in rotation around the tool guide axis and the
second mounting surface is adapted to be mounted in a
fixed relation relative to the tool guide, and wherein
each tracking pattern of the tracking assembly com-
prises at least one optical marker mounted on the first
mounting surface and at least one optical marker
mounted on the second mounting surface;

[0043] The surgical robotic system further comprises
stabilization means adapted to maintain the tracking
assembly in a given position and orientation relative to
the tool guide in the absence of solicitation of the
tracking assembly in rotation around the tool guide

axis;

[0044] The surgical robotic system further comprises:
[0045] a reference tracking assembly,
[0046] a localization system adapted to detect and

localize the reference tracking assembly and the
tracking assembly when the localization system is
within a range of visibility of at least one tracking
pattern of the tracking assembly, the localization
system being adapted to determine a position and an
orientation of the tracking assembly relative to a
position and an orientation of the reference tracking
assembly.
[0047] According to a third aspect, the invention is
directed towards a method for aligning a tool guide of a
surgical robotic system according to the second aspect with
a surgical target axis, comprising the following steps:

[0048] S1: detecting and localizing, by the localization
system:
[0049] (a) a reference tracking assembly attached to

an anatomical structure in a determined fixed posi-
tion and orientation relative to the surgical target
axis, and

[0050] (b) at least one tracking pattern of the tracking
assembly, if necessary, by rotating at least one track-
ing pattern of the tracking assembly around the tool
guide axis,

[0051] S2: determining a position and/or orientation of
the tool guide relative to the surgical target axis, based
on the detection and localization of the tracking assem-
bly relative to the reference tracking assembly per-
formed in step S1 and on the position and orientation of
the reference tracking assembly relative to the surgical
target axis,

[0052] S3: moving the robotic arm to adjust the position
and/or orientation of the tool guide to align the tool
guide axis with the surgical target axis.

[0053] The step S1 may comprise the following steps:

[0054] S11: acquiring an image by the localization
system,

[0055] S12: if no tracking pattern is detected by the
localization system on the basis of the acquired image,
rotating at least one tracking pattern of the tracking
assembly around the tool guide axis until the localiza-
tion system detects at least one tracking pattern of the
tracking assembly,

[0056] S13: detecting and localizing at least one of the
at least one detected tracking pattern of the tracking
assembly by the localization system.
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[0057] Rotating at least one tracking pattern of the track-
ing assembly around the tool guide axis may be performed
manually by a user.

[0058] Rotating at least one tracking pattern of the track-
ing assembly around the tool guide axis may be performed
automatically by motorization means, the motorization
means being controlled according to the result of the detec-
tion of a tracking pattern by the localization system.

PRESENTATION OF THE FIGURES

[0059] Other features and advantages of the invention will
emerge from the following description, which is purely
illustrative and non-limiting and must be considered with
respect to the appended figures in which:

[0060] FIGS. 1a and 15 are perspective views of a tracking
assembly according to an embodiment of the invention;
[0061] FIG. 2 is a side view of a tracking assembly
according to an embodiment of the invention;

[0062] FIGS. 3a and 3b are perspective views of a tracking
assembly according to another embodiment of the invention;
[0063] FIG. 3¢ is a perspective view of a tracking assem-
bly according to another embodiment of the invention;
[0064] FIGS. 4a and 4b are perspective views of a tracking
assembly according to another embodiment of the invention;
[0065] FIGS. 5a and 554 are perspective views of a surgical
robotic system according to an embodiment of the invention;
[0066] FIG. 6a is a perspective view of a surgical robotic
system according to an embodiment of the invention, the
localization system being outside the range of visibility of
all of the tracking patterns of the tracking assembly.
[0067] FIG. 64 is a perspective view of a surgical robotic
system according to an embodiment of the invention, the
localization system being within the range of visibility of at
least one tracking pattern of the tracking assembly.

DESCRIPTION OF SEVERAL EMBODIMENTS

[0068] Examples of a tracking assembly 1 for a surgical
robotic system are illustrated in FIGS. 1a to 4b. Examples of
a surgical robotic system comprising a tracking assembly 1
are illustrated in FIGS. 5a to 6b.

[0069] The surgical robotic system comprises a tool guide
2 extending substantially coaxially to a tool guide axis X
normal to a reference plane P. The tracking assembly 1 is
adapted to be mounted on the surgical robotic system.
[0070] In the following description, the term “position”
refers to 3D coordinates of a point in a Cartesian coordinate
system. The term “orientation” refers to an angular orien-
tation of an object around the tool guide axis X. The term
“localization” refers to both the position and orientation of
an object, such that an object is localized when both its
position in a Cartesian coordinate system and its orientation
relative to the tool guide axis X are determined.

[0071] The term “tool guide™ is used to designate a device
which is attached to a distal end of a surgical robotic device,
more particularly to a distal end of a surgical robotic arm,
and which allows maintaining a surgical tool along a guiding
axis, or tool guide axis X.

[0072] The surgical tool may be movable relative to the
tool guide 2 in rotation and/or translation about said guiding
axis. In this case, the tool guide 2 comprises a tool channel
into which the surgeon can insert the surgical tool in order
to proceed to the surgery. The tool guide 2 may be placed
with a given position and orientation such that when the
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surgeon inserts the surgical tool into the tool guide 2, the
position and orientation of the surgical tool coincides with a
defined surgical target. The tool guide 2 orients the surgical
tool along the tool guide axis X so as to guide a translation
of a surgical tool along the tool guide axis X. The position
of the surgical tool along the tool guide axis X is controlled
by the surgeon. The tool guide 2 may also contain a stop
adapted to limit the depth of the surgical tool. Therefore, the
user cannot insert the surgical tool deeper than a predeter-
mined depth.

[0073] Alternatively, the surgical tool may be fixed to the
tool guide 2; for example, the tool guide 2 may comprise a
tool holder comprising a support and fastening means con-
figured to rigidly fix the surgical tool to the support. Option-
ally, the tool guide 2 may also comprise one or more
actuators adapted to move the tool holder and the surgical
tool in translation and/or in rotation about the guiding axis
relative to the surgical robotic device. The tool guide 2 may
be placed with a given position and orientation such that the
position and orientation of the surgical tool may coincide
with a surgical target. Both the position and the orientation
of' the surgical tool along the tool guide axis X are controlled
by the surgical robotic device and/or the actuator(s).

[0074] The tool guide 2 may be removably or permanently
attached to the surgical robotic system.

[0075] A surgical target may be defined by a surgical target
axis. The surgical target axis may correspond to a given
surgical target axis position and/or orientation. Aligning the
tool guide 2 with the surgical target axis corresponds to
placing the tool guide 2 on the surgical target axis. In other
words, when aligned, the position and/or orientation of the
tool guide 2 correspond to the position and/or orientation of
the surgical target axis. More particularly, the surgical target
axis may correspond to a desired position and/or orientation
of the tool guide axis X and of the surgical tool axis when
the surgical tool is inserted in the tool channel, or fixed to the
tool holder. For example, in the case where the surgical tool
is a drill, the surgical target axis may correspond to the axis
along which the hole is drilled.

[0076] The tracking assembly 1 comprises at least two
tracking patterns, each tracking pattern comprising at least
three optical markers 11a-134.

[0077] At least one of said at least two tracking patterns is
adapted to be rotatably mounted relative to the tool guide 2
s0 as to be moveable in rotation around the tool guide axis
X. A tracking pattern adapted to be rotatably mounted
relative to the tool guide 2 around the tool guide axis X is
called a rotatable tracking pattern.

[0078] Each of said at least two tracking patterns defines
a range of visibility associated to the tracking pattern, the
range of visibility being substantially directed along a vis-
ibility axis X11, X12, X13, wherein an inclination relative to
the reference plane P of the visibility axis X11, X12, X13 of
a first tracking pattern of the tracking assembly 1 is different
from an inclination relative to the reference plane P of the
visibility axis X11, X12, X13 of a second tracking pattern of
the tracking assembly 1.

[0079] The tracking assembly 1 is adapted to be detected
and localized by a localization system 4 when the localiza-
tion system 4 is within the range of visibility of at least one
tracking pattern of the tracking assembly 1.

[0080] The localization system 4 may be a camera, more
particularly an optical-based camera.
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[0081] At least one tracking pattern of the tracking assem-
bly 1 is a rotatable tracking pattern, that is to say is a tracking
pattern which can rotate around the tool guide axis X. In
other words, the orientation of the rotatable tracking assem-
bly 1 relative to the tool guide axis X can be modified.
[0082] Therefore, if a movement of the surgical robotic
system during the surgical intervention leads to the local-
ization system 4 becoming outside of the range of visibility
of all tracking patterns, then the at least one rotatable
tracking pattern can be rotated around the tool guide axis X
so that the localization system 4 may stay within the range
of visibility of the at least one tracking pattern. The at least
one rotating tracking pattern thus allows the tracking assem-
bly 1 to be detected and localized by the localization system
4 in a wide range of positioning and orientating of the
surgical robotic system in the reference plane P, that is to say
around the tool guide axis X.

[0083] Furthermore, the tracking assembly 1 comprises at
least two tracking patterns having ranges of visibility which
have different inclinations relative to the reference plane P,
the reference plane P being normal to the tool guide axis X.
Therefore, if a movement of the surgical robotic system
during the surgical intervention leads to the localization
system 4 becoming outside of the range of visibility of the
first (respectively second) tracking pattern, then the local-
ization system 4 may as a result of the movement of the
surgical robotic system become within the range of visibility
of the second (respectively first) tracking pattern. The dif-
ferently inclined tracking patterns thus allow the tracking
assembly 1 to be detected and localized by the localization
system 4 in a wide range of positions and orientations of the
surgical robotic system, more particularly in a wide range of
inclinations of the tool guide 2 relative to the reference plane
P.

[0084] For example, if the surgical procedure necessitates
the tool guide 2 to be successively placed with different
inclinations relative to the localization system 4 in order to
reach differently inclined surgical targets, the localization
system 4 has greater probability to detect and localize at
least one tracking pattern, among the two tracking patterns
having different inclinations relative to the reference plane P.
[0085] Indeed, at least one tracking pattern can be cor-
rectly positioned and oriented with regard to the localization
system 4 for a greater number of positions and orientations
of the tracking assembly 1. In other words, the localization
system 4 is kept within the range of visibility of at least one
tracking pattern for a greater number of positions and
orientations of the surgical robotic assembly.

[0086] Therefore, the tracking assembly 1 improves the
tracking of the surgical robotic system on which it is
mounted, as it can be accurately detected and localized in a
wider range of positions and orientations of the surgical
robotic system. As a result, the surgical robotic system can
be accurately tracked in more positions and/or orientations,
that is to say in a greater navigable work space. Therefore,
a wider range of surgical targets can be reached by the
surgical robotic system.

[0087] Furthermore, as the tracking assembly 1 comprises
at least two tracking patterns, more than one tracking pattern
may be detected and localized by the localization system 4.
This is the case when the localization system 4 is within the
range of visibility of two or more tracking patterns.

[0088] If the localization system 4 detects and localizes at
least two tracking patterns, the localization system 4 may
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select the tracking pattern with the range of visibility leading
to the more accurate detection and localization of the
localization system 4, in order to deduce the localization of
the tracking assembly 1.

[0089] Alternatively, the localization system 4 may detect
and localize all tracking patterns, and compare the obtained
localizations in order to improve their reliability. This way,
the localization system 4 can detect a problem if one of the
detected tracking patterns is out of calibration, for example
if it is misplaced or displaced, or if its localization is flawed,
for example due to dirt or blood partially covering the
reflective markers. The resulting tracking accuracy will
therefore not be reduced by an out of calibration or flawed
tracking pattern, and the system can alert the user that the
localization of a given tracking pattern is flawed. This
redundancy improves the security of the localization, there-
fore of the surgical operation.

[0090] The tracking assembly 1 may comprise more than
two tracking patterns, for example three tracking patterns. A
greater number of tracking patterns further widens the
navigable work space of the surgical robotic system com-
prising the tracking assembly 1.

[0091] More than one tracking pattern may be rotatably
mounted relative to the tool guide 2 so as to be moveable in
rotation around the tool guide axis X. Thus, the tracking
assembly 1 may be localized by the localization system 4 in
a wider number of positions and orientations of the surgical
robotic system in the reference plane P, that is to say around
the tool guide axis X.

[0092] For example, all of the tracking patterns of the
tracking assembly 1 may be rotatably mounted relative to
the tool guide 2 so as to be moveable in rotation around the
tool guide axis X. The tracking assembly 1 as a whole can
be rotated around the tool guide axis X, thus leading to a
simultaneous and identical rotation of all of its tracking
patterns around the tool guide axis X.

[0093] Each tracking pattern comprises at least three opti-
cal markers 11a-11d, 12a-12d, 13a-13d, in order to be
accurately detected and localized, when the localization
system 4 is within the range of visibility of the tracking
pattern. The rotation of the rotatable tracking pattern may
correspond to a simultaneous and identical rotation of each
of its optical markers 11a-13d.

[0094] Each tracking pattern may comprise more than
three optical markers 11a¢-13d, for example four or five
optical markers 11a-13d. The number of optical markers
11a-13d of a tracking pattern is sufficient to allow a robust
and accurate detection and localization of the tracking
pattern by the localization system 4. A greater number of
optical markers 11a-13d in a tracking pattern may increase
the robustness and accuracy of the detection and localization
of the tracking pattern. It may also allow detection and
localization of the tracking pattern in more positions and
orientations of the tracking pattern, as such detection and
localization may be performed by detecting only three
optical markers out of all the optical markers of the tracking
pattern.

[0095] Each optical marker 11a-11d, 12a-12d, 13a-13d of
a tracking pattern may define an optical marker range of
visibility substantially directed along an optical marker
visibility axis.

[0096] The optical marker range of visibility is a cone of
visibility centered around the optical marker visibility axis
and having a given angular aperture. The cone of visibility
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is due to several phenomena intrinsic to the construction of
markers. In the case of passive reflective markers, they are
constituted of micro spheres spread on a surface like in tape
3M 7610 for example, and the power of reflection of said
marker decreases with the angle of visibility with respect to
said surface. In the case of spherical retroreflective markers,
the pin or post holding the sphere creates an error as soon as
it is visible, which induces of loss of perfect visibility (with
no loss of accuracy). The use of active LEDs may offer a
wider cone of visibility but still remains much below an
ideal half angle of 90° around the axis of said LED.

[0097] The optical markers 11a-13d may be mounted on
the surgical robotic system such that all of the optical
markers 11a-11d, 12a-12d, 13a-13d of a given tracking
pattern are arranged coaxially. In other words, all of the
optical marker visibility axes of the optical markers 11a-13d
of a given tracking pattern are parallel. For example, in the
case of optical markers 11a-13d defining cones of visibility,
the optical markers 11a-13d may be mounted on the surgical
robotic system such that all of the cones of visibility of the
optical markers 11a-13d of a tracking pattern are oriented in
the same direction.

[0098] When a given tracking pattern of the tracking
assembly 1 comprises more than three optical markers
11a-13d, all of the optical markers 11a-13d of the given
tracking pattern may be arranged in a same plane, said plane
being normal to the optical marker visibility axes. Alterna-
tively, three optical markers 11a-134 may define a first
plane, and at least one optical marker may be arranged in a
second plane which is parallel to and different from the first
plane. This configuration where all the optical markers
11a-13d of a given tracking pattern are not coplanar
increases the robustness and accuracy of the detection and
localization of the tracking pattern.

[0099] The position and orientation of the optical markers
11a-13d of the tracking assembly may be optimized in order
to prevent the hiding of an optical marker 11a-13d by
another optical marker 11a-13d of the tracking assembly.
Thus, the localization system 4 may detect each optical
marker 11a-11d, 12a-12d, 13a-13d of a tracking pattern as
a whole and at the same time.

[0100] The direction of the optical marker visibility axes
of the optical markers 11a-13d of a given tracking pattern
may correspond to the direction of the visibility axis X11,
X12, X13 of the given tracking pattern.

[0101] The range of visibility of a given tracking pattern
may correspond to an intersection of the ranges of visibility
of at least three optical markers 11a-134 of the given
tracking pattern. In other words, in order for the given
tracking pattern to be detected and localized by the local-
ization system 4, the localization system 4 must be simul-
taneously within the range of visibility of at least three
optical markers 11a-13d of the given tracking pattern.

[0102] Alternatively, the range of visibility of a given
tracking pattern may correspond to a combination of the
ranges of visibility of the optical markers 11a-13d of the
given tracking pattern. In other words, in order for the given
tracking pattern to be detected and localized by the local-
ization system 4, the localization system 4 must be within
the range of visibility of at least one optical marker of the
given tracking pattern.

[0103] Other alternatives for the determining the range of
visibility of a given tracking pattern, based on the ranges of
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visibility of one or more optical markers 11a-13d of the
given tracking pattern, may be envisaged.

[0104] Each optical marker 11a-13d of a tracking pattern
may be a reflective sphere. The cone of visibility of each
optical marker 11a-13d may have an aperture comprised
between 50° and 60°. The reflective sphere may be adapted
to be mounted on an end of a rod, the rod extending along
the reflective sphere visibility axis X11, X12, X13, the rod
being mounted on the surgical robotic system. FIGS. 1a, 16
and 2 illustrate by way of example tracking assemblies 1 in
which each optical marker 11a-134 is a reflective sphere.
[0105] Alternatively, each optical marker 11a-13d of a
tracking pattern may be a reflective disk. The cone of
visibility of each optical marker 11¢-13d may have an
aperture comprised between 40° and 50°. Each optical
marker 11a-13d may be directly mounted on the surgical
robotic system, for example the disks may be inserted into
recesses of the surgical robotic system. FIGS. 3a, 35, 3¢, 4a
and 4b illustrate by way of example tracking assemblies in
which each optical marker 11a-134 is a reflective disk.
[0106] Alternatively, each optical marker 11a-13d of a
tracking pattern may be an active marker such as a LED or
a luminescent disc.

[0107] Alternatively, some optical markers 11a-13d can be
reflective disks, and/or other can be reflective spheres,
and/or other can be active markers such as a LEDs or
luminescent discs.

[0108] The optical markers 11a-13d of a first tracking
pattern may be intertwined with the optical markers 11a-13d
of a second tracking pattern. More particularly, optical
markers 11a-13d with different inclinations relative to the
reference plane P may be mounted next to each other on the
tracking assembly 1 such that the tracking patterns overlap
each other.

[0109] For example, the tracking assembly 1 illustrated in
FIGS. 1a, 15, 2, 3a and 35 comprises three tracking patterns,
and the tracking assembly 1 illustrated in FIG. 3¢ comprises
two tracking patterns. The tool guide 2 comprises a tool
channel, and the tracking assembly 1 is mounted directly on
the tool guide 2 of the surgical robotic system, on an external
surface of the tool guide 2. The tracking assembly 1 as a
whole is rotatable around the tool guide axis X. Each
tracking pattern comprises four optical markers 11a-134.
[0110] The term “inclination” is used to designate an angle
formed between the visibility axis X11, X12, X13 and the
reference plane P. The inclination of the visibility axis X11,
X12, X13 relative to the reference plane P can be negative,
positive, or equal to zero.

[0111] The inclinations of the visibility axes X11, X12,
X13 of at least two tracking patterns of the tracking assem-
bly 1 are different, any combination of said inclinations
being possible. For example, both inclinations of the track-
ing patterns can be positive, one inclination being more
positive than the other, both inclinations can be negative,
one inclination being more negative than the other, one
inclination can be positive while the other is equal to zero,
or one inclination can be negative while the other is equal to
Zero.

[0112] For example, for markers having an aperture of
45°, the inclination of the visibility axis X11, X12, X13 of
the first tracking pattern with respect to the reference plane
P may make an angle of at least 70° relative to the inclination
of the visibility axis X11, X12, X13 of the second tracking
pattern with respect to the reference plane The angular value
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between the visibility axes is selected to ensure a continuous
visibility of the tracker assembly between the two tracking
patterns, preferably with an overlap. For example, for mark-
ers having an aperture of 45° and an angular value between
the visibility axes of 70°, an overlap of 20° is offered. In the
overlapping directions, both patterns are visible, which
reinforces the accuracy of the system.

[0113] When the tracking assembly 1 comprises more than
two tracking patterns, each of the tracking patterns defines
a range of visibility associated to the tracking pattern and
directed along a visibility axis X11, X12, X13.

[0114] FEach of the visibility axes X11, X12, X13 may
have different inclinations relative to the reference plane P.
In other words, each tracking pattern of the tracking assem-
bly 1 may define respective visibility axes X11, X12, X13
with a respective inclination relative to the reference plane
P, the inclination of the visibility axis X11, X12, X13 of a
tracking pattern being different to the inclination of the
visibility axis X11, X12, X13 of another tracking pattern.
Thus, the localization system 4 may be inside the range of
visibility of at least one tracking pattern for a greater number
of inclinations relative to the reference plane P of the
tracking assembly 1, the navigable work space of the robotic
arm 3 being therefore further enlarged.

[0115] Alternatively, two or more tracking patterns may
have visibility axes X11, X12, X13 having a same inclina-
tion relative to the reference plane P. This configuration may
provide greater redundancy, as the localization system 4 is
thus more likely to localize at once all the tracking patterns
having the same inclination.

[0116] In the tracking assembly 1 illustrated by way of
example in FIGS. 1a, 15, 2, 3a and 354, each of the three
tracking patterns define a range of visibility directed along
a respective visibility axis X11, X12, X13. Each visibility
axis X11, X12, X13 of the three tracking patterns has an
inclination relative to the reference plane P which is different
from an inclination of another tracking pattern.

[0117] The visibility axis X11 of the tracking pattern
comprising the four optical markers 11a-114 has a negative
inclination relative to the reference plane P. The visibility
axis X12 of the tracking pattern comprising the four optical
markers 12a-124d has an inclination equal to 0° relative to the
reference plane P. The visibility axis X13 of the tracking
pattern comprising the four optical markers 13a-134d has a
positive inclination relative to the reference plane P.
[0118] The tracking assembly 1 may further comprise at
least two additional tracking patterns, preferably at least two
additional optical tracking patterns. Each of said at least two
additional tracking patterns comprises at least three optical
markers, and defines a range of visibility associated to the
respective additional tracking pattern, the range of visibility
being substantially directed along a visibility axis.

[0119] An inclination relative to the reference plane P of
the visibility axis of a first additional tracking pattern of the
tracking assembly 1 is identical to an inclination relative to
the reference plane P of the visibility axis of a second
additional tracking pattern of the tracking assembly 1. An
orientation relative to the tool guide axis X of the visibility
axis of the first additional tracking pattern of the tracking
assembly 1 is different from an orientation relative to the
tool guide axis X of the visibility axis of the second
additional tracking pattern of the tracking assembly 1.
[0120] In other words, the additional tracking patterns
have the same inclination relative to the reference plane P,
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and have different orientations relative to the tool guide axis
X. Therefore, such additional tracking patterns further
increase the range of positions and orientations for which the
surgical robotic system can be localized, both around the
tool guide axis X, and in a perpendicular orientation relative
to the tool guide axis X. For example, the tracking assembly
1 may comprise two or more additional tracking patterns
having an inclination relative to the reference plane P equal
to zero, and oriented differently relative to the tool guide
axis X.
[0121] A surgical robotic system, illustrated by way of
example in FIGS. 54 to 65, may comprise:
[0122] a tracking assembly 1 as described above;
[0123] a robotic arm 3 comprising a tool guide 2
extending substantially coaxially to the tool guide axis
X normal to the reference plane P, the tracking assem-
bly 1 being adapted to be mounted on the robotic arm
3 of the surgical robotic system.
[0124] At least one tracking pattern of the tracking assem-
bly 1 is adapted to be rotatably mounted relative to the tool
guide 2 of the robotic arm 3 so as to be moveable in rotation
around the tool guide axis X.
[0125] The tool guide 2 may be positioned at a distal end
of'the robotic arm 3, the tool guide 2 forming an end-effector
of the robotic arm 3. The tool guide 2 may be integral with
the robotic arm 3, or may be mounted on the robotic arm 3
of the surgical robotic system.
[0126] The tracking assembly may be adapted to be
mounted directly on the tool guide 2, or on the robotic arm
3 of the surgical robotic system.
[0127] Inafirst embodiment illustrated by way of example
in FIGS. 1a-3b, the tool guide 2 of the robotic arm 3 is
substantially in the shape of a hollow revolution cylinder
extending around the tool guide axis X. The tool guide 2
comprises an outer wall and an inner wall. The tracking
assembly 1 may be adapted to be mounted on the outer wall
of'the tool guide 2 so that all tracking patterns of the tracking
assembly 1 are movable in rotation around the tool guide
axis X.

[0128] The inner wall of the tool guide 2 may be a
cylindrical inner wall adapted to guide a translation of a
surgical tool along the tool guide axis X.

[0129] In this first embodiment, the tracking patterns are
mounted directly on the tool guide 2, which comprises a tool
channel into which the surgical tool can be inserted. Alter-
natively, the tool guide 2 could comprise fastening means
and position control means adapted to fix and guide a
surgical tool, the tool guide 2 being a tool holder.

[0130] The tool guide 2 may comprise a distal extremity
adapted to be close to or in contact with the patient’s skin
during surgery, and a proximal extremity opposed to the
distal extremity. The optical markers 11a-13d of the tracking
patterns may be mounted on the outer wall of the tool guide
2 between the distal extremity and the proximal extremity,
in an intertwined manner.

[0131] The outer wall of the tool guide 2 may comprise
several substantially plane faces having different inclina-
tions relative to the reference plane P. The optical markers
11a-13d may be mounted directly on the faces of the outer
wall of the tool guide 2, so that the optical markers visibility
axes are perpendicular to the faces on which the optical
markers 11a-13d are mounted. The inclinations of the faces
of the outer wall of the tool guide 2 relative to the reference
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plane P may correspond to the inclinations of the visibility
axes X11, X12, X13 of the tracking patterns.

[0132] In a second embodiment, illustrated by way of
example in FIGS. 4a and 454, the tracking assembly 1
comprises at least a first mounting surface 51 and a second
mounting surface 52.

[0133] The first mounting surface 51 may be adapted to be
rotatably mounted relative to the tool guide 2 so as to be
moveable in rotation around the tool guide axis X. The
second mounting surface 52 may be adapted to be mounted
in a fixed relation relative to the tool guide 2. Thus, an
orientation of the first mounting surface 51 relative to the
tool guide axis X may be changed, wherein an orientation of
the second mounting surface 52 relative to the tool guide
axis X is fixed.

[0134] The tracking patterns are mounted on the first
mounting surface 51 and the second mounting surface 52.
Each tracking pattern of the tracking assembly 1 comprises
at least one optical marker 511a-5115, 5124-512b, 513a-
5135 mounted on the first mounting surface 51 and at least
one optical marker 511c¢-511e, 512¢-512e, 513¢-513¢
mounted on the second mounting surface 52.

[0135] Therefore, as the tracking assembly 1 comprises at
least two tracking patterns with different inclinations of
visibility axes relative to the reference plane P, each mount-
ing surface 51,52 comprises at least two optical markers
having visibility axes with different inclinations relative to
the reference plane P.

[0136] Furthermore, as the first mounting surface 51 is
rotatable around the tool guide axis X and the second
mounting surface 52 is fixed, a rotation of the first mounting
surface 51 around the tool guide axis X modifies the
orientation relative to the tool guide axis X of the optical
markers 511a-511b, 512a-512b, 513a-513b6 which are
mounted on the first mounting surface 51, without modify-
ing the orientation relative to the tool guide axis X of the
optical markers 511¢-511e, 512¢-512¢, 513¢-513¢ which are
mounted on the second mounting surface 52. The orientation
of the optical markers 511a-5115, 512a-512b, 513a-513b
which are mounted on the first mounting surface 51 varies
in a predictable and known way. Therefore, the correspond-
ing tracking patterns may still be accurately detected and
localized by the localization system 4.

[0137] Such a tracking assembly 1 comprising a rotatable
first mounting surface 51 and a fixed second mounting
surface 52 may improve the robustness and accuracy of the
detection and localization of the tracking patterns.

[0138] The first mounting surface 51 may be moved in
rotation according to a continuum of orientations around the
tool guide axis X, or alternatively according to a discrete
number of orientations around the tool guide axis X.
[0139] In the example illustrated in FIGS. 4a and 45, the
tracking assembly 1 comprises three tracking patterns. Each
of the three tracking patterns has a range of visibility
directed along a visibility axis which has a different incli-
nation relative to the reference plane P. Each tracking pattern
comprises five optical markers 511a-511e, 512a-512¢, 513a-
513e. Among the five optical markers, two optical markers
511a-511b, 512a-512b, 513a-5135 are mounted on the first
mounting surface 51, and three optical markers 511¢-511e,
512¢-512e, 513¢-513¢ are mounted on the second mounting
surface 52.

[0140] For each tracking pattern, all of the optical markers
511a-511b, 512a-512b, 513a-513b which are mounted on
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the first mounting surface 51 have parallel optical marker
visibility axes. The optical markers 511¢-511e, 512¢-512e,
513¢-513¢ which are mounted on the second mounting
surface 52 may have parallel optical marker visibility axes,
or alternatively may have visibility axes which are oriented
differently around the tool guide axis X.

[0141] The first mounting surface 51 may be moved in
rotation around the tool guide axis X so that at least one of
the optical markers 511a-511b, 512a-512b, 513a-513H
which are mounted on the first mounting surface 51 has the
same orientation relative to the tool guide axis X as at least
one of the optical markers 511¢-511e, 512¢-512¢, 513¢-513¢
which are mounted on the second mounting surface 52. The
corresponding detection and localization of the tracking
pattern by the localization system 4 is thus improved.

[0142] For example, for a given tracking pattern, an opti-
cal marker 511¢, 512¢, 513¢ mounted on the second mount-
ing surface 52 may be oriented at an angle of approximately
45° around the tool guide axis X relative to a second optical
marker 511d, 512d, 513d mounted on the second mounting
surface 52, and may be oriented at an angle of approximately
90° around the tool guide axis X relative to a third optical
marker 511e, 512¢, 513¢ mounted on the second mounting
surface 52.

[0143] The tool guide 2 may be adapted to extend from the
second mounting surface 52 along the direction of the tool
guide axis X.

[0144] In this second embodiment, the tracking patterns
are mounted on the first and second mounting surfaces 511,
512 of the tracking assembly 1. In particular, the rotatable
first mounting surface 51 may not be located on the tool
guide 2 itself. Therefore, more space is available around the
tool guide 2 itself. Alternatively, both mounting surfaces 51,
52 may correspond to surfaces of the tool guide 2.

[0145] The tool guide 2 may comprise a tool channel into
which the surgical tool can be inserted, or a tool holder to
which the surgical tool can be fixed.

[0146] The surgical robotic system may further comprise
stabilization means adapted to maintain the tracking assem-
bly 1 in a given position and orientation relative to the tool
guide 2 in the absence of solicitation of the tracking assem-
bly 1 in rotation around the tool guide axis X. In other words,
the stabilization means allow the tracking assembly, more
particularly the rotatable tracking pattern, to stay in a given
orientation relative to the tool guide axis X, when it is not
solicited in rotation around the tool guide axis X.

[0147] The robotic arm 3 and the tracking assembly 1 may
both comprise stabilization means which are configured to
cooperate with each other in order to maintain the tracking
assembly 1 in a given orientation once the rotatable tracking
pattern has been rotated to the desired orientation relative to
the tool guide axis X, regardless of the orientation of the
rotatable tracking pattern.

[0148] In a first mode of realization, the tracking pattern is
configured to be rotated around the tool guide axis X
according to a discrete number of orientations. The stabili-
zation means of the robotic arm 3 may comprise slots and
the stabilization means of the tracking assembly 1 may
comprise protrusions, the slots and protrusions being regu-
larly and circumferentially spaced around the tool guide 2.
During rotation of the tracking assembly 1 around the tool
guide axis X, several discrete orientations may be reached,
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corresponding to the orientations of the rotatable tracking
pattern around the tool guide axis X for which the protru-
sions engage in the slots.

[0149] Alternatively, the stabilization means may com-
prise one or more screws configured to be inserted in or
removed from one or more holes of the tracking assembly 1
and/or robotic arm 3. The surgeon may manually take out the
at least one screw in order to manually rotate the rotatable
tracking pattern, and put the at least one screw back in in
order to prevent rotation.

[0150] In a second mode of realization, the tracking pat-
tern is configured to be rotated around the tool guide axis X
according to a continuum of orientations. The stabilization
means of the robotic arm 3 and of the tracking assembly 1
may comprise rough surfaces, the rough surfaces generating
sufficient friction when in contact one with the other so as to
maintain the tracking pattern in a fixed position relative to
the surgical robotic system once it has been rotated to the
desired orientation relative to the tool guide axis X.

e surgical robotic system ma rther comprise:
0151] Th gical robotic sy y furth pri
[0152] a reference tracking assembly 5,
[0153] a localization system 4 adapted to detect and

localize the reference tracking assembly 5 and the

tracking assembly 1 when the localization system 4 is

within a range of visibility of at least one tracking
pattern of the tracking assembly 1, the localization
system 4 being adapted to determine a position and an

orientation of the tracking assembly 1 relative to a

position and an orientation of the reference tracking

assembly 5.

[0154] The reference tracking assembly 5 may be adapted
to be positioned and/or oriented in a fixed relationship
relative to a surgical target. Thus, localizing the tracking
assembly 1 relative to the reference tracking assembly 5
allows the localization of the tracking assembly 1 relative to
the surgical target.
[0155] The reference tracking assembly 5 may be attached
to an anatomical structure, for example the body of the
patient, and may be placed next to the surgical target. The
reference tracking assembly 5 may comprise one or more
tracking patterns, each tracking pattern comprising at least
three optical markers.
[0156] The reference tracking assembly 5 is positioned so
that the localization system 4 is within a range of visibility
of at least one tracking pattern of the reference tracking
assembly 5. For example, the reference tracking assembly 5
may be positioned on the patient before the surgical act.
Thus, the reference tracking assembly 5 may be detected and
localized at all times during surgery by the localization
system 4.
[0157] A method for aligning a tool guide 2 of a surgical
robotic system as described above with a surgical target axis
comprises the following steps:

[0158] S1: detecting and localizing, by the localization

system 4:

[0159] (a) a reference tracking assembly 5 attached to
an anatomical structure in a determined fixed posi-
tion and orientation relative to the surgical target
axis, and

[0160] (b) at least one tracking pattern of the tracking
assembly 1, if necessary, by rotating at least one
tracking pattern of the tracking assembly 1 around
the tool guide axis X,
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[0161] S2: determining a position and/or orientation of
the tool guide 2 relative to the surgical target axis,
based on the detection and localization of the tracking
assembly 1 relative to the reference tracking assembly
5 performed in step S1 and on the position and orien-
tation of the reference tracking assembly 5 relative to
the surgical target axis,

[0162] S3: moving the robotic arm 3 to adjust the
position and/or orientation of the tool guide 2 to align
the tool guide axis X with the surgical target axis.

[0163] The position and/or orientation of the surgical
target axis may be defined before or during surgery and
correspond to an absolute surgical target axis position and/or
orientation, which may be expressed in a coordinate system
attached to the patient.

[0164] The position and/or orientation of at least one
tracking pattern of the tracking assembly 1 is determined
relative to the position and orientation of the reference
tracking assembly 5. Thus, the position and orientation of
the tracking assembly 1 relative to the surgical target may be
deduced.

[0165] The robotic arm 3 is manipulated in step S3 in
order to align the tool guide 2 with the surgical target axis.
Then, the position and/or orientation of the tool guide 2 may
respectively correspond to the position and/or orientation of
the surgical target axis. When the tool guide 2 is aligned with
the surgical target, the localization of the tool guide 2 may
correspond to the localization of the surgical target axis.
More particularly, a localization of a tool stop located on a
proximal face of the tool holder, may correspond to the
localization of the surgical target. The localization of the tool
stop defines a maximum depth of insertion for the tool.
[0166] For example, the user may have to implant one or
several screws into one or several vertebrae, femoral neck or
fractured bone.

[0167] The tool guide may be used as a drill guide. The
tool guide allows positioning of the drill on a vertebra to be
drilled and maintains the drill at a desired orientation and/or
depth relative to the vertebra.

[0168] One or several surgical targets may be defined for
one surgical procedure. The robotic arm of the surgical
robotic system must be moved during surgery in order to
sequentially place the tool holder relative to each of the
defined surgical targets.

[0169] The steps of the method may be performed suc-
cessively for every surgical target. The reference tracking
assembly 5 may be fixed throughout the surgical procedure.
The tool guide 2 is first aligned with a first surgical target
axis, by a corresponding detection of at least one tracking
pattern and movement of the robotic arm 3. Then the tool
guide 2 is aligned with a next surgical target axis, by a
corresponding detection of at least one tracking pattern and
movement of the robotic arm 3. If necessary, the rotatable
tracking pattern is rotated around the tool guide axis X.
Rotation of the rotatable tracking pattern around the tool
guide axis X may be predetermined before or during surgery
according to the number, positions and orientations of the
one or several surgical targets to be reached. Thus, complex
surgical procedures may be performed.

[0170] The step S1, more particularly the step S1(b) of
detecting and localizing at least one tracking pattern of the
tracking assembly 1, may comprise the following steps:

[0171] S11: acquiring an image by the localization
system 4,
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[0172] S12: if no tracking pattern is detected by the
localization system 4 on the basis of the acquired
image, rotating at least one tracking pattern of the
tracking assembly 1 around the tool guide axis X until
the localization system 4 detects at least one tracking
pattern of the tracking assembly 1,

[0173] S13: detecting and localizing at least one of the
at least one detected tracking pattern of the tracking
assembly 1 by the localization system 4.

[0174] The image acquired in step S11 may correspond to
a binary image in which the value 1 corresponds to a
detected optical marker, and the value 0 corresponds to no
detected optical marker.

[0175] At least one tracking pattern of the tracking assem-
bly 1, which corresponds to the rotatable tracking pattern,
may be rotated around the tool guide axis X in step S12.
Such a rotation of the rotatable tracking pattern around the
tool guide axis X may be needed for example if, in a given
position and orientation of the surgical robotic system, the
localization system 4 is within the range of no tracking
pattern at all. The rotatable tracking pattern is then rotated
around the tool guide axis X until the localization system 4
is within the range of at least one tracking pattern.

[0176] This method allows a precise positioning and ori-
entating of the tool guide 2, so that the position and
orientation of the tool may coincide with the defined surgical
target, in a wide range of positions and orientations of the
surgical robotic system.

[0177] The method may further comprise a step of cali-
bration of the localization system 4. The calibration step
may comprise a definition of the spatial relationship between
the optical markers 11a-134 of the tracking patterns and the
tool guide axis X to be aligned with the surgical target axis.
The calibration step may be performed before the start of the
surgical procedure.

[0178] The spatial relationship between the optical mark-
ers 11a-13d of the rotatable tracking pattern and the tool
guide axis X is unchanged by the rotation of the rotatable
tracking pattern around the tool guide axis X. Thus, the
tracking pattern may be rotated around the tool guide axis X
without modifying the detection and localization of the tool
guide axis X by the localization system 4. Indeed, the
localization system 4 may detect and localize the optical
markers 11a-13d with respect to the tool guide axis X in the
same way, regardless of the tracking pattern’s orientation
around the tool guide axis X.

[0179] FIGS. 5a and 556 illustrate examples of a surgical
robotic system with a tracking assembly 1 having two
different orientations around the tool guide axis X. The
tracking assembly 1 of FIGS. 5a and 55 is rotatable as a
whole around the tool guide axis X.

[0180] FIGS. 6a and 6b also illustrate examples of a
surgical robotic system with a tracking assembly 1 having
two different orientations around the tool guide axis X. The
tracking assembly 1 of FIGS. 6a and 65 is rotatable as a
whole around the tool guide axis X.

[0181] InFIG. 64, the localization system 4 is outside the
range of visibility of all of the tracking patterns of the
tracking assembly 1. Thus, the tracking assembly 1 should
be rotated around the tool guide axis X in order for the
localization system 4 to accurately detect and localize it. In
FIG. 64, the localization system 4 is within the range of
visibility of at least one tracking pattern of the tracking
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assembly 1. Thus, the tracking assembly 1 is adapted to be
accurately detected and localized by the localization system
4.

[0182] The surgical robotic system may further comprise
actuating means configured to rotate the at least one rotat-
able tracking pattern around the tool guide axis X. The
surgical robotic system may further comprise a control unit
adapted to control the actuating means and/or change a
position and/or orientation of the robotic arm 3.

[0183] In a first example of realization, the step of rotating
at least one tracking pattern of the tracking assembly 1
around the tool guide axis X is performed manually by a
user.

[0184] The actuating means may comprise motorized
means, such as electric motors, as well as a command
means, such as button, actionable by the surgeon. The
surgeon may manually continuously press the button, for
example during the surgical procedure, in order for the
motors to rotate the at least one rotatable tracking pattern,
and release the button in order to stop action of the motors
and thus stop rotation of the at least one rotatable tracking
pattern.

[0185] In a second example of realization, the step of
rotating at least one tracking pattern of the tracking assem-
bly 1 around the tool guide axis X is performed automati-
cally by motorization means. As soon as one pattern is
visible, the motor is adjusted continuously to ensure that said
pattern remains visible during the motion of the robot, or
that the other pattern becomes visible and remains visible.
[0186] The motorization means may be controlled by the
control unit according to the result of the detection of a
tracking pattern by the localization system 4. In other words,
the rotation of the rotatable tracking pattern is servo-con-
trolled on the result of the detection of the tracking assembly
1 by the localization system 4.

[0187] Forexample, for a given position and orientation of
the robotic arm 3, if the localization system 4 does not detect
any tracking pattern of the tracking assembly 1 (negative
detection), the control unit may command actuation of the
motorization means in order to rotate the rotatable tracking
pattern by a predetermined number of degrees around the
tool guide axis X. For example, in the case of a negative
detection, the control unit may command rotation of the
rotatable tracking pattern by around 45°. Rotation of the
rotatable tracking pattern is thus incremental.

[0188] If the localization system 4 detects at least one
tracking pattern (positive detection), the control unit may
command a stop of the motorization means rotating the
rotatable tracking pattern around the tool guide axis X.
[0189] Alternatively, the control unit may determine
whether or not the accuracy of the detection and localization
of the detected tracking pattern is sufficient. For example, if
the localization system 4 is close to the borders of the range
of visibility of a tracking pattern, the localization system 4
may detect a tracking pattern, but not accurately localize it
(positive but not optimal detection). In this case, the control
unit may command a further rotation of the rotatable track-
ing pattern, in order for the localization system 4 to be
optimally positioned within the range of visibility of the
tracking pattern to be detected and localized.

[0190] The commanded rotation of the rotatable tracking
pattern in the case of a positive but not optimal detection
may be the same or different from the commanded rotation
of the rotatable tracking pattern in the case of a negative
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detection. For example, the control unit may command a
rotation of the rotatable tracking pattern of around +/-10° in
the case of a positive but not optimal detection, and of
around +/-45° in the case of a negative detection.

[0191] Alternatively, the control unit may command
actuation of the motorization means in order to rotate the
rotatable tracking pattern in a synchronized manner with the
movements of the robotic arm 3. Therefore, the tracking
assembly 1 always stays in an optimal position with regards
to its localization by the camera.

[0192] Once the tracking assembly 1 is detected and
localized relative to the surgical target, the robotic arm 3 is
moved. Actioning of the robotic arm 3 may be performed
manually by the surgeon or an assistant. Alternatively,
actioning of the robotic arm 3 may be performed automati-
cally, for example may be performed by the control unit
commanding further motorized means of the surgical robotic
system. The further motorized means are adapted to auto-
matically change a localization of the robotic arm 3 in order
to position and orient the tool guide 2, which is mounted on
the robotic arm 3, on the surgical target, that is to say in order
to align the tool guide 2 with the surgical target axis. The
localization of the tool guide 2 is determined from the
localization of the tracking assembly 1, as described above.

1. A tracking assembly for a surgical robotic system, the
surgical robotic system comprising a tool guide extending
substantially coaxially to a tool guide axis normal to a
reference plane, the tracking assembly being adapted to be
mounted on the surgical robotic system,

wherein the tracking assembly comprises at least two

tracking patterns, each tracking pattern comprising at
least three optical markers,

wherein at least one of said at least two tracking patterns

is adapted to be rotatably mounted relative to the tool
guide so as to be moveable in rotation around the tool
guide axis,

wherein each of said at least two tracking patterns defines

a range of visibility associated to the tracking pattern,
the range of visibility being substantially directed along
a visibility axis, wherein an inclination relative to the
reference plane of the visibility axis of a first tracking
pattern of the tracking assembly is different from an
inclination relative to the reference plane of the vis-
ibility axis of a second tracking pattern of the tracking
assembly,

wherein the tracking assembly is adapted to be detected

and localized by a localization system when the local-
ization system is within the range of visibility of at least
one tracking pattern of the tracking assembly.

2. The tracking assembly of claim 1, wherein each optical
marker is a reflective disk.

3. The tracking assembly of claim 1, wherein each optical
marker is a reflective sphere.

4. The tracking assembly of claim 1, wherein each optical
marker is an active marker.

5. The tracking assembly of claim 1, further comprising at
least two additional tracking patterns, wherein each of said
at least two additional tracking patterns defines a range of
visibility associated to the respective additional tracking
pattern, the range of visibility being substantially directed
along a visibility axis, wherein an inclination relative to the
reference plane of the visibility axis of a first additional
tracking pattern of the tracking assembly is identical to an
inclination relative to the reference plane of the visibility
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axis of a second additional tracking pattern of the tracking
assembly, and wherein an orientation relative to the tool
guide axis of the visibility axis of the first additional tracking
pattern of the tracking assembly is different from an orien-
tation relative to the tool guide axis of the visibility axis of
the second additional tracking pattern of the tracking assem-
bly.

6. A surgical robotic system, comprising:

the tracking assembly of claim 1;

a robotic arm comprising the tool guide extending sub-
stantially coaxially to the tool guide axis normal to the
reference plane, the tracking assembly being adapted to
be mounted on the robotic arm of the surgical robotic
system.

7. The surgical robotic system of claim 6, wherein the tool
guide of the robotic arm is substantially in the shape of a
hollow revolution cylinder extending around the tool guide
axis, the tool guide comprising an outer wall and an inner
wall, wherein the tracking assembly is adapted to be
mounted on the outer wall of the tool guide so that all
tracking patterns of the tracking assembly are movable in
rotation around the tool guide axis, and wherein the inner
wall of the tool guide is adapted to guide a translation of a
surgical tool along the tool guide axis.

8. The surgical robotic system of claim 6, wherein the
tracking assembly comprises at least a first mounting surface
and a second mounting surface, wherein the first mounting
surface is adapted to be rotatably mounted relative to the tool
guide so as to be moveable in rotation around the tool guide
axis and the second mounting surface is adapted to be
mounted in a fixed relation relative to the tool guide, and
wherein each tracking pattern of the tracking assembly
comprises at least one optical marker mounted on the first
mounting surface and at least one optical marker mounted
on the second mounting surface.

9. The surgical robotic system of claim 6, further com-
prising stabilization means adapted to maintain the tracking
assembly in a given position and orientation relative to the
tool guide in the absence of solicitation of the tracking
assembly in rotation around the tool guide axis.

10. The surgical robotic system of claim 6, further com-
prising:

a reference tracking assembly,

a localization system adapted to detect and localize the
reference tracking assembly and the tracking assembly
when the localization system is within a range of
visibility of at least one tracking pattern of the tracking
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assembly, the localization system being adapted to
determine a position and an orientation of the tracking
assembly relative to a position and an orientation of the
reference tracking assembly.

11. A method for aligning a tool guide of a surgical robotic
system according to claim 10 with a surgical target axis,
comprising the following steps:

S1: detecting and localizing, by the localization system:

(a) a reference tracking assembly attached to an ana-
tomical structure in a determined fixed position and
orientation relative to the surgical target axis, and

(b) at least one tracking pattern of the tracking assem-
bly, if necessary, by rotating at least one tracking
pattern of the tracking assembly around the tool
guide axis,

S2: determining a position and/or orientation of the tool
guide relative to the surgical target axis, based on the
detection and localization of the tracking assembly
relative to the reference tracking assembly performed
in step S1 and on the position and orientation of the
reference tracking assembly relative to the surgical
target axis,

S3: moving the robotic arm to adjust the position and/or
orientation of the tool guide to align the tool guide axis
with the surgical target axis.

12. The method of claim 11, wherein the step S1 com-

prises the following steps:

S11: acquiring an image by the localization system,

S12: if no tracking pattern is detected by the localization
system on the basis of the acquired image, rotating at
least one tracking pattern of the tracking assembly
around the tool guide axis until the localization system
detects at least one tracking pattern of the tracking
assembly,

S13: detecting and localizing at least one of the at least
one detected tracking pattern of the tracking assembly
by the localization system.

13. The method of claim 12, wherein rotating at least one
tracking pattern of the tracking assembly around the tool
guide axis is performed manually by a user.

14. The method of claim 12, wherein rotating at least one
tracking pattern of the tracking assembly around the tool
guide axis is performed automatically by motorization
means, the motorization means being controlled according
to the result of the detection of a tracking pattern by the
localization system.



