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Description
FIELD OF THE INVENTION

[0001] The present invention relates to the field of ro-
botic correction of hand-directed tool operation, especial-
ly as applied to the correction of deviation from a pre-
planned surgical plan, or the correction of deviation from
atargeted region by a surgeon or physician using a hand-
held surgical tool.

BACKGROUND OF THE INVENTION

[0002] Numerous manual operations require high pre-
cision dexterity on the part of the operator to attain the
required results. Such precision is not always attainable
by the free human hand. One example where manual
precision achieved by the operator may be of critical im-
portance is in surgical orthopedic operations, in which
the surgeon has to mill or drill a bone at a precise location
and at a precise angle in order to fit a given implant to
the subject’s bone. Avoiding damage to vital anatomical
features also requires high manual precision on the part
of the surgeon. The orthopedic surgeon or neurosurgeon
generally uses a saw, a drill or a milling tool in order to
shape bones to create the required geometric profile.
This is usually done free-hand, with the surgeon holding
the surgical tool and following a trajectory based on an-
atomical landmarks. The accuracy of the orthopedic pro-
cedure is thus dependent on the skill of the surgeon in
following the predetermined plan with the hand-held sur-
gical tool.

[0003] Another example where the precision of the op-
erator’s manual dexterity may be a limiting feature occurs
when targeting a point close to a sensitive anatomical
structure, often for a procedure in soft tissue. Contact
with the sensitive anatomical structure could be damag-
ing to the subject. Examples of such procedures are in
tumor removal, biopsy performance, precise drug deliv-
ery, and others. Currently, proximity sensors or various
imaging methods can be used to detect hazardous fea-
tures such as blood vessels or nerves close to the target
area. A warning such as a visual or audible signal can
be issued to the surgeon or physician if, when aiming for
the target area, the hazardous feature is approached by
a predetermined distance. Techniques such as Doppler
ultrasound flow detection can be used to detect blood
vessels by the flow of blood therein, and neuro-monitors
can be used to detect the presence and position of nerve
structures. In order to warn the surgeon or physician of
the presence of such a structure, and the danger of dam-
aging it, a proximity warning is provided when the poten-
tially damaging surgical tool is at a predetermined safety
margin from the structure. Even though the real-time sen-
sor provides a visual or audio warning signal when ap-
proaching the forbidden zone, reliance is still laid on the
dexterity of the surgeon or physician to avoid damage,
such that the predetermined safety margin is generally
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chosen conservatively, to avoid potential damage.
[0004] The introduction of computer-assisted surgery
enables tracking of the position of the surgical tool relative
to the bone, so that more accurate bone shaping or drill-
ing can be achieved. A number of different approaches
exist in the prior art using such computer-assisted sur-
gery.

[0005] In the Robodoc® system supplied by Curexo
Technology Corporation of Fremont CA, for example, a
robot holds and maneuvers the surgical tool based on
data from a pre-operative plan. This results in more ac-
curate bone shaping that enables, for instance, better
fitting of hip implants. In such an active system, the entire
milling operation procedure is executed by the robot,
without the need for the surgeon to manipulate the tool,
such that it can be said that the actual surgical operation
is done by the robot. Thus although the result is generally
very accurate, the system is large and costly, such that
its use has been limited.

[0006] Another approach to bone shaping is to control
the surgical tool while it is held "simultaneously" by the
surgeon and the robot. The tool is held by the robotic
arm, most conveniently at its upper extremity, so that the
surgeon can hold the main part of the tool's body using
a natural grip without impedance from the robotic arm.
So long as the tool is within the allowed region of oper-
ation, as defined by the preoperative plan, the robot is
transparent to the surgeon’s hand motion, and allows the
surgeon to perform the manual operation he intends.
However, the moment that the surgeon’s hand strays be-
yond of the permitted limits of operation, the robot control
detects this departure, and stiffens the joints to physically
block the tool. This procedure is called the "active con-
straint" approach, in which the tool is manipulated by the
surgeon, butis blocked by the robot when moved beyond
the allowed region. Two commercial systems are cur-
rently available, using this approach for shaping of the
knee joint - the Acrobot system (www.acrobot.co.uk)
manufactured by Acrobot Ltd., of London, E1, U.K., and
the Rio system (www.makosurgical.com), manufactured
by Mako Surgical Corporation, of Ft. Lauderdale, Fl,
U.S.A.. Alternatives to the "active constraint" approach
are those that apply a control to the surgical tool itself,
such as stopping its operation, or retracting the milling
or cutting head from the forbidden zone, such as in sys-
tem supplied by Blue Belt Technologies Inc. of Pittsburg,
PA.

[0007] US 2005/171553 A1 describes a drill actuated
relative to its housing along six degrees of freedom and
a detection system adapted to relate the position of the
drill relative to an object and to change the alignment of
the drill, if the pose of the housing deviates outside a
region where the drill is forbidden to operate.

SUMMARY OF THE INVENTION.

[0008] The invention is defined by the appended inde-
pendent claim. Preferred embodiments of the invention
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are illustrated in the dependent claims.

[0009] In contrast to the above mentioned "active con-
straints" approach that keeps the robot as transparent to
the surgeon as possible within the allowed region, and
as stiff as possible once the surgeon exceeds the allowed
limits, the present disclosure proposes a robotic system
that remains stiff and hence inoperative so long as the
surgeon is operating within the allowed region, but which
become actively controlled once the surgeon exceeds
the allowed limits and enters a forbidden region. The
hand-held robot thus corrects the surgeon’s free hand
motions and compensates for their deviations, so that
the tool remains in the allowed region or follows the pre-
planned path even when the surgeon’s hand deviates
from the planned trajectory more than the predetermined
allowance. The pose and path of the robotic operating
head is ascertained in real time by means of a navigation
or tracking system, or by use of an imaging system with
signal processing capability to define the pose of the ro-
botic operating head, used to determine the real time
positions of the head or the tool born by the head and of
the body part on which the tool is operating. Alternatively,
the position of the robotic operating head is determined
by means of a proximity device to measure the closeness
ofthe operating head to a damage sensitive feature, such
as a blood vessel, anerve, a sensitive region of the brain,
abodily organ, or other areas the surgeon wants to avoid.
As the tool deviates from its preoperatively determined
path or pose, or comes too close to the hazardous area,
the robot control comes into action to move the tool back
to its predetermined pose or path, independently of the
pose or path of the operating head defined by the grip of
the surgeon, thus compensating for the errors in the path
or pose chosen by the surgeon. This suggested system
has several advantages over the prior art active con-
straint systems, as there is no need for a large robot that
holds in parallel both the surgical tool and the mechanical
control mechanism that makes the robot motion trans-
parent within the allowed region and stiff at the borders
of the allowed region.

[0010] One exemplary implementation involves a ro-
botic system comprising:

(i) a hand held robotic operating head comprising:

(a) a gripping body adapted to be held by the
operator, and

(b) a robot having a base and a robotically con-
trolled platform, the base being attached to the
gripping body, and the robotically controlled
platform bearing an operating tool, and

(i) a detection system adapted to relate the position
of the operating tool relative to a region of an object
where the operating tool is forbidden to operate,

wherein the robot is adapted to use an output from
the detection system to change the pose of the ro-
botically controlled platform if the gripping body de-
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viates by a amount which would cause the operating
tool to operate in the forbidden region.

[0011] In such a system, the region where the operat-
ing tool is forbidden to operate may be a region in which
the operating tool deviates by more than a predetermined
amount from a preset path of operation, or alternatively,
a region which deviates more than a predetermined
amount from a surgical plan for execution on a subject.
The operating tool may be a surgical tool for performing
an orthopedic operation on a bone of the subject.
[0012] Otherimplementations may furtherinvolve aro-
botic system as described above, wherein the detection
system comprises a tracking system which detects the
pose of at least one of the gripping body, the robotically
controlled platform, the operating tool and the object con-
taining the region in which the operating tool is forbidden
to operate.

[0013] Additionally, alternative implementations of the
above-described robotic system may further be such that
the region where the operating tool is forbidden to operate
is a region which is closer by more than a predetermined
distance from a feature which may be damaged by the
operating tool. In such a case, the operating tool may be
forbidden to operate in a region which deviates more than
a predetermined amount from a surgical plan for execu-
tion on a subject. Alternatively, the operating tool may be
a surgical tool for performing a surgical procedure in soft
tissue close to a damage sensitive organ of a subject.
Examples of such a damage sensitive organ include a
nerve, a blood vessel, a bodily organ, and a sensitive
region of the brain. The surgical tool may then be any
one of a biopsy needle, a drug delivery needle, and a
scalpel, and the surgical procedure may be any one of
tumor removal, biopsy performance, and drug delivery.
[0014] Such systems where the operating tool is for-
bidden to operate in a region which is closer by more
than a predetermined distance from a feature which may
be damaged, mayinvolve use of a detection system com-
prising a proximity sensor for determining the distance
of the operating tool to the damage sensitive area. The
proximity sensor may then comprise either of an ultra-
sound Doppler blood flow sensor, or a neural monitor.
[0015] Yetotherimplementations of the robotic system
may comprise:

(i) a hand held robotic operating head comprising:

(a) a gripping body adapted to be held by the
operator, and

(b) a robot having its base attached to the grip-
ping body, and bearing an operating tool on its
robotically controlled platform,

(i) a tracking system to register the hand held robotic
operating head with an object on which the operating
tool is to operate, and

(iii) a controller adapted to change the pose of the
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robotically controlled platform if the gripping body
deviates by more than a predetermined amount from
a predetermined path of operation on the object.

[0016] In such a robotic system, the object on which
the operating tool is to operate may be a subject’s bone,
and the operating tool is then a surgical tool for perform-
ing an orthopedic operation on the bone. The tracking
system may comprise a tracker head mounted on the
object on which the operating tool is to operate and a
tracking target mounted on at least one of the gripping
body of the robotic operating head or the robotically con-
trolled platform. Alternatively, the tracking system may
comprise a tracker head mounted on at least one of the
gripping body on the robotic operating head or the robot-
ically controlled platform, and a tracking target mounted
on the object on which the operating tool is to operate.
[0017] Further example implementations involve a ro-
botic system comprising:

(i) a hand held robotic operating head comprising:

(a) a gripping body adapted to be held by the
operator, and

(b) a robot having its base attached to the grip-
ping body, and bearing an operating tool on its
robotically controlled platform,

(i) a position detection system to relate the proximity
of the operating tool to an object which the operating
tool is forbidden to approach by a predetermined dis-
tance, and

(iii) a controller adapted to change the pose of the
robotically controlled platform if the gripping body
deviates by an amount which would cause the op-
erating tool to approach the object by less than the
predetermined distance.

[0018] In such a robotic system, the object may be a
damage-sensitive feature of a subject. This feature could
be any one of a blood vessel, a nerve, a bodily organ or
a sensitive brain section. The position detection system
could be a proximity sensor.

[0019] Although the system is described in this disclo-
sure is applicable to a surgical environment, it is under-
stood that the system is not intended to be limited to
surgical use, but can also be used for other non-medical
applications, such as scribing, three dimensional mode-
ling, and the like.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] The present invention will be understood and
appreciated more fully from the following detailed de-

scription, taken in conjunction with the drawings in which:

Fig.1 shows an exemplary hand-held robotic surgical
system as described in this disclosure, for shaping
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a subject’s bone;

Fig. 2 shows the operation of the robotic controller
in correcting for deviation of the surgeon’s hand from
a predetermined surgical plan for shaping of the
bone;

Fig. 3 shows an application of the hand-held robot
of Fig. 1, for performing a targeted procedure in soft
tissue of a subject close to a sensitive anatomical
structure, and

Fig. 4 shows an exemplary compact robotic operat-
ing head for hand held use by the surgeon.

DETAILED DESCRIPTION

[0021] Reference is now made to Fig. 1 which illus-
trates an exemplary hand-held robotic system using the
principle described hereinabove. The system described
herewithin is a surgical system, illustrated here for shap-
ing a bone, but it is to be understood that this is only one
exemplary application of such a system and it can equally
well be used for other applications where a hand guided
operation is to be controlled to ensure that the operator
does not deviate from predetermined bounds. Another
such example is shown hereinbelow.

[0022] The robotic systemincludes a hand held robotic
operating head 10, which is constructed of two parts. An
upper part 11 is in the form of a gripping handle which is
shaped so that it can be comfortably held in the hand 12
of the surgeon performing the operation. The surgeon
uses a preoperative plan to decide in which pose (spatial
position and angular orientation) to hold the head and
which path to follow. Whereas in prior art surgical oper-
ating heads, the operating tool, whether a drill, a milling
head, or any other surgical tool would be connected di-
rectly to the gripping handle, in this system, the tool 13
is connected to the gripping handle, and hence to the
surgeon’s hand, only through a controlled robot 14. The
base 15 of the robot is attached to the gripping handle
11, while the operating tool 13 is held in the robotically
controlled platform 16 of the robot. The robot can be of
any type, and is illustrated in this disclosure as a Stewart-
Gough parallel robot type, which has 6-extendible oper-
ating links between the base and the moveable platform.
Such a robot is used to illustrate the implementation
shown in the drawings and it clearly shows the operating
action of the robot to correct the surgeon’s deviation from
the allowed path. However, it is to be understood that the
robotic structure used can be of any suitable type, and
in particular, a robot with actuating motors incorporated
within the handle above the output platform may provide
a more compact configuration. Compact dimensions are
an important characteristic for such a hand-held applica-
tion.

[0023] In Fig. 1, the operating head 10 is shown being
used by the surgeon in a unicodyler knee replacement
procedure, to mill the surface of a bone 18 with the op-
erating tool 13, so that the milled bone head matches a
preselected unicompartmental implant. Preoperatively
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the surgeon has planned the optimal location of the im-
plant, and from this plan, the milled shape of the knee
surface is calculated. This shape is input to the controller
8 as the preoperative plan which the surgeon has to ad-
here to accurately in order to ensure compliance with the
planned operation, and hence a good fit of the implant
on the bone.

[0024] A tracking system is used intra-operatively, to
enable dynamic referencing of the bone 18 on which the
operation is being performed with the robotic operating
head 10. This is performed in order to link the locations
ofthe bone and the robotic operating head 10 to the same
coordinate system, so that movements of the robotic op-
erating head can be correlated with the position of the
bone. The tracking system may utilize a tracker 6 sur-
veilling the operating site, and determining the pose of
the robotic operating head 10 and of the subject’s bone
18 by means of referencing targets 2, 4, attached to these
items. If an optical tracking system is used, the referenc-
ing targets may conveniently be constructed of a plurality
of light emitting diodes (LEDs) arranged in a predeter-
mined pattern. The tracker 6 may then include optical
sensors which are able to determine the pose of the ref-
erencing targets, such as by means of triangulation. Al-
ternative configurations may include the use of retro-re-
flectors in the referencing targets 2, 4, in which case the
tracker 6 would include both the light emitting sources
(usually LED’s) and the detectors for receiving the light
retro-reflected from the referencing targets. Additionally,
trackers are now available which operate in a completely
passive mode, requiring no light emitting sources, and
relying solely on high reflection coatings on the referenc-
ing targets, to reflect the ambient light to the tracker de-
tector 6. The tracking system transfers the positional data
relating to the robotic operating head and to the bone to
the system controller 8, which also contains the preop-
erative plan data. Although the system has been de-
scribed herewithin using optical tracking, it is to be un-
derstood that any other form of tracking may be equally
well used, such as RF, sonic, ultrasonic or magnetic
tracking or even a contact tracker like a digitizer.
[0025] According to the invention, as long as the sur-
geon manipulates the robotic operating head such that
the surgical tool 13 follows the preoperative plan within
an allowed deviation region, as ascertained by the tracker
inputs to the system controller, the robot 14 remains
locked and the entire robotic operating head 10 is ma-
nipulated as one rigid body. Once the surgeon deviates
from the allowed path or pose, this deviation is detected
by the tracked position of the referencing target 4 on the
robotic operating head 10, and the controller is pro-
grammed to send a correction signal to the robot 14 to
alter its pose, such that the tool tip 13 is brought back
into the allowed region, even though the surgeon’s hand
has directed the robotic operating head 10 beyond those
limits.

[0026] This situation is shown in Fig. 2, where itis seen
that the surgeon’s hand 12 has deviated, as shown by
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the axis 19 of the hand grip, from the angle which would
maintain the axis 17 of the cutting tool 1 3 in the correct
position and pose relative to the bone 18. However, this
deviation has been sensed by the navigation 6 and con-
trol system 8, and the pose of the robot 14 has been
changed in order to maintain the cutting tool 13 in the
correct position and pose relative to the bone 18, despite
the surgeon’s hand deviation.

[0027] The robot 14 thus compensates for the sur-
geon’s deviation and provides accurate compliance with
the preoperative plan. In order to accomplish this suc-
cessfully, the robot must react in real-time, which means
that the system should have a response time sufficiently
short that even with the most rapid movement the sur-
geon may make, the system will correct departure from
the allowed preoperative plan before any damage is
done. Typically, this means that the system should have
a response bandwidth of the order of at least 10 Hz in
order to follow the fastest human hand movements ex-
pected in such operations. Furthermore, the surgeon
should not make movements much further from the al-
lowed region that would cause the robot to exceed its
working envelope. In general, both of these limitations
should be achievable with the available robotic actuating
motors and robotic control systems. The robotic actua-
tors used can be of any type that can supply the required
forces and the required speed, such that not only suitable
electro-magnetic motors but also piezoelectric, hydraulic
or pneumatic actuators may be used.

[0028] Furthermore some warning signal may be in-
corporated in the system, to advise the surgeon when
his hand motion approaches the borders of the allowed
region of operation according to the preoperative plan.
Such a warning signal may be generated by the robot
control, and could also be graduated, such as in intensity,
tone or frequency, to indicate the extent of deviation of
the surgeon from the preoperative plan. Possible imple-
mentations of this warning signal could be by an audible
signal, or by a visual signal, or by some form of tactic
feedback provided by the robot to the surgeon’s hand.
[0029] Reference is now made to Fig. 3, which shows
an additional exemplary application of the hand-held ro-
bot of Fig. 1, for performing a targeted procedure in a
region 20 of soft tissue of a subject close to a sensitive
anatomical structure, such as a nerve or a critical blood
vessel 25. Contact with the sensitive anatomical structure
could be damaging to the subject. Examples of such a
procedure could be in tumor removal, biopsy perform-
ance, precise drug delivery, and others. The surgeon or
physician can be warned of the presence of the hazard-
ous feature either by an imaging system, such as a fluor-
oscopic system or by an ultrasonic imaging system, a
probe of which 24 is shown in Fig. 3, or by means of a
proximity sensor 29 attached to the needle 22 or surgical
tool, which provides a warning signal when the sensor
approaches the hazardous feature by a predetermined
distance. Techniques such as Doppler ultrasound flow
detection can be used to detect blood vessels by the flow
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of blood therein, and neuro-monitors can be used to de-
tect the presence and position of nerve structures. The
proximity sensor can advantageously deliver its warning
signal by radio transmission to the control unit 8. Even
for open surgical procedures, where the surgeon or phy-
sician could see the damage-sensitive feature, the robot-
ically controlled system of this disclosure enables him to
perform the desired procedure close to the damage-sen-
sitive feature without fear that he will cause damage to
the feature by a careless and unintentional movement of
the hand.

[0030] Either the imaging system or the proximity sen-
sor provides a signal input to the control system 8, which
then provides a feedback to the robot 10 to prevent the
needle 22 or surgical tool from approaching the sensitive
feature, even if the surgeon or physician’s hand move-
ment would have directed it to do so. This is illustrated
in Fig. 3, where, although the axis 26 of the handle would
have directed the needle 22 straight at the blood vessel
25, the robotic control has changed the pose of the robot
so as to divert the needle away from the blood vessel 25
and back to its intended target 20. This implementation
differs from that shown in Fig. 2, in that the control system
does not limit the operating head to operation within a
predefined envelope, but rather prevents the operating
head from getting too close to a forbidden region of op-
eration. However, both implementations share the com-
mon feature that the robotic control uses a warning signal
provided by a position detection system in order to pre-
vent the operating head from operating in a region where
the operator's hand movement would have directed it to
do so.

[0031] The use of this robotic compensation system
has the advantage over prior art free-hand manual prox-
imity warning systems in that the accuracy of the proce-
dure can be increased compared to that of prior art sys-
tems having no active control of the surgeon’s hand po-
sition. It is possible to provide greater precision and thus
to operate closer to hazardous locations than using man-
ual proximity warning systems, and thus to achieve a
better operational result.

[0032] Reference is now made to Fig. 4, which shows
a schematic cut-away representation of a complete ro-
botic operating head 30 with a robot of sufficiently com-
pact design that it can be incorporated into the body pro-
file of the head. The head thus becomes much more com-
pact and readily handled by the surgeon than that shown
schematically in Figs 1 to 3. A schematic outline of a
robot is shown in dotted lines within the body of the head.
The surgical tool 13, shown in the example of Fig. 4 with
a milling bur on its working extremity may be rotated by
means of a motor 38 mounted on the moving platform
32 of the robot, or by a shaft driven by a motor located
remotely. If the tool is of the type that does not require
motion, such as scalpel ablation, coagulation, laser cut-
ting, or similar procedures, the need for providing motion
to the tool is obviated. The moving platform 32 may be
actuated by means of robotically actuating arms 34 which
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are affixed at the end remote from the driven platform to
the robotic base, 36, which is fixed relative to the com-
plete robotic operating head 30. As previously men-
tioned, any other suitable robot structure may equally
well be used, with its base attached to the robotic oper-
ating head 30 and with its driven output element bearing
the surgical tool.

[0033] Forthose implementations using atracking sys-
tem, the set-up described in Fig. 1 illustrates only one
possible arrangement by which the mutual motion of the
robotic operating head 10 and the bone 18 are correlated.
As an alternative to, or in addition to the tracking target
4 mounted on the gripping part 11 of the robotic operating
head 10, atracking target 5 can be mounted on the robotic
moving platform 16 of the robot 14, such that the actual
position of the surgical tool 13 is tracked directly. Since
the system controller 8 knows the pose of the robot 14
and hence the positional relation between the gripping
portion 11 of the robotic operating head and the surgical
tool 13, the use of both of these tracking targets 4, 5,
provides a level of redundancy which may be used for
increasing the safety of the system.

[0034] Since both the bone and the robotic operating
head are situated very close to each other, it may be
disadvantageous to use a conventional external navigat-
ing ortracking system, whichis generally disposed above
the operating table and at some distance from the oper-
ating site, with its concomitant problems of accuracy at
such a distance, and of the need to maintain a clear line
of sight between the tracker and the tracking targets. Ac-
cording to an alternative implementation of the present
system, the tracking could advantageously be performed
locally, such as by mounting the tracker on the bone 18
and the tracking target or targets on the robotic operating
head, either on the gripper part 11 or on the robotically
directed tool holder platform 16, or on both, or vice versa
with the tracker on the robotic operating head (whether
the gripper part 11 or the moveable platform 16, or on
both) and a tracking target on the bone 18.

Claims
1. A robotic system comprising:

a hand held robotic operating head (10) com-
prising:

a gripping body (11) adapted to be held by
the operator (12); and

arobot (14) having a base (15) and a robot-
ically controlled platform (16), said base be-
ing attached to said gripping body (11), and
said robotically controlled platform being
configured to bear an operating tool (13);
wherein said robotic operating head is such
that said operator can free-handedly manip-
ulate the entire robotic operating head; and
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a detection system (6) adapted to relate the po-
sition of said operating tool relative to an object
(18) where said operating tool is operating,

wherein said robot is adapted to use an output from
said detection system to change the pose of said
robotically controlled platform if said gripping body
deviates by an amount which would cause said op-
erating tool to operate in aregion of said object where
said operating tool is forbidden to operate,
characterized in that said robotic system is auton-
omously configured to be inoperative such that said
hand held robotic operating head is rigid while said
output indicates that said operating tool is operating
outside of said region where said operating tool is
forbidden to operate, and said hand held robotic op-
erating head is configured to be actively controlled
by said robotic system once said output indicates
that said operating tool has reached said region
where said operating tool is forbidden to operate.

A robotic system according to claim 1 wherein said
region where said operating tool is forbidden to op-
erate is aregion in which said operating tool deviates
by more than a predetermined amount from a preset
path of operation.

A robotic system according to claim 1 wherein said
region where said operating tool is forbidden to op-
erate is a region which deviates more than a prede-
termined amount from a surgical plan for execution
on a subject.

A robotic system according to either of claims 2 and
3, wherein said operating tool is a surgical tool for
performing an orthopedic operation on a bone of the
subject.

A robotic system according to any of the previous
claims, wherein said detection system comprises a
tracking system which detects the pose of at least
one of said gripping body, said robotically controlled
platform, said operating tool and said object.

A robotic system according to claim 1 wherein said
region where said operating tool is forbidden to op-
erate is a region which is closer by more than a pre-
determined distance from a feature which may be
damaged by said operating tool.

A robotic system according to claim 1 wherein said
region where said operating tool is forbidden to op-
erate is a region which deviates more than a prede-
termined amount from a surgical plan for execution
on a subject.

A robotic system according to claim 6, wherein said
operating tool is a surgical tool for performing a sur-
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10.

1.

12.

13.

14.

15.

gical procedure in soft tissue (20) close to a damage
sensitive region of a subject.

A robotic system according to claim 8, wherein said
surgical tool is any one of a biopsy needle (22), a
drug delivery needle (22), and a scalpel.

A robotic system according to either of claims 8 and
9, wherein said surgical procedure is any one of tu-
mor removal, biopsy performance, and drug deliv-
ery.

A robotic system according to claim 8, wherein said
damage sensitive region comprises any one of a
nerve, a blood vessel (25), a bodily organ, and a
sensitive region of the brain.

A robotic system according to any of claims 8 to 11,
wherein said detection system comprises a proximity
sensor (29) for determining the distance of said op-
erating tool to said damage sensitive region, and
wherein said robotis further adapted to use an output
from said proximity sensor to change the pose of
said robotically controlled platform if said gripping
body approaches said damage sensitive region by
a predetermined amount.

A robotic system according to claim 12, wherein said
proximity sensor comprises either of an ultrasound
Doppler blood flow sensor, or a neural monitor.

A robotic system according to any of the previous
claims, wherein said detection system comprises a
tracking system having either:

(a) a tracker head mounted on said object (18)
and a tracking target (4), (5) mounted on at least
one of said gripping body or said robotically con-
trolled platform, or

(b) a tracker head mounted on at least one of
said gripping body or said robotically controlled
platform, and a tracking target (4), (5) mounted
on said object (18).

A robotic system according to any of the previous
claims, wherein said robotic system is configured to
generate a graduated warning signal indicating the
extent of deviation of said operator from a preoper-
ative plan.

Patentanspriiche

1.

Robotersystem, umfassend:
einen Handroboter-Arbeitskopf (10), umfassend:

einen Greifkorper (11), der zum Halten durch
den Bediener (12) geeignet ist; und
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einen Roboter (14), der eine Basis (15) und eine
robotergesteuerte Plattform (16) aufweist, wo-
bei die Basis am Greifkorper (11) befestigt ist
und wobei die robotergesteuerte Plattform so
konfiguriert ist, dass sie ein Arbeitswerkzeug
(13) tragt;

wobei der Roboter-Arbeitskopf so beschaffen
ist, dass der Bediener den gesamten Roboter-
Arbeitskopf freihandig handhaben kann; und
ein Erkennungssystem (6), das dafiir ausgelegt
ist, die Position des Arbeitswerkzeugs relativ zu
einem Objekt (18), an dem das Arbeitswerkzeug
arbeitet, in Beziehung zu setzen, wobei der Ro-
boter dafiir ausgelegt ist, eine Ausgabe des Er-
kennungssystems zu verwenden, um die Posi-
tion derrobotergesteuerten Plattform zu andern,
wenn der Greifkorper um einen Wert abweicht,
der bewirken wiirde, dass das Arbeitswerkzeug
in einem Bereich des Objekts arbeitet, in dem
der Betrieb des Arbeitswerkzeugs nicht gestat-
tetist, dadurch gekennzeichnet, dass das Ro-
botersystem autonom so konfiguriert ist, dass
es nicht betriebsbereit ist, so dass der Handro-
boter-Arbeitskopf starr ist, wahrend die Ausga-
be anzeigt, dass das Arbeitswerkzeug aulRer-
halb des Bereichs arbeitet, in dem der Betrieb
des Arbeitswerkzeugs nicht gestattet ist, und
wobei der Handroboter-Arbeitskopf so konfigu-
riert ist, dass er aktiv durch das Robotersystem
gesteuert wird, sobald die Ausgabe anzeigt,
dass das Arbeitswerkzeug den Bereich erreicht
hat, in dem der Betrieb des Arbeitswerkzeugs
nicht gestattet ist.

Robotersystem nach Anspruch 1, wobeider Bereich,
in dem der Betrieb des Arbeitswerkzeugs nicht zu-
I8ssig ist, ein Bereich ist, in dem das Arbeitswerk-
zeug um mehr als einen vorbestimmten Wert von
einem voreingestellten Arbeitsweg abweicht.

Robotersystem nach Anspruch 1, wobeider Bereich,
in dem das Arbeitswerkzeug nicht gestattet ist, ein
Bereich ist, der mehr als einen vorbestimmten Wert
von einem chirurgischen Plan zur Ausfiihrung an ei-
nem Patienten abweicht.

Robotersystem nach einem der Anspriiche 2 und 3,
wobei das Arbeitswerkzeug ein chirurgisches Werk-
zeug zur Durchfiihrung einer orthopadischen Ope-
ration an einem Knochen des Patienten ist.

Robotersystem nach einem der vorhergehenden
Anspriiche, wobei das Erkennungssystem ein Ver-
folgungssystem umfasst, das die Position von min-
destens einem der Greifkorper, der robotergesteu-
erten Plattform, des Arbeitswerkzeugs und des Ob-
jekts erkennt.
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10.

1.

12.

13.

14.

Robotersystem nach Anspruch 1, wobeider Bereich,
in dem der Betrieb des Arbeitswerkzeugs nicht ge-
stattet ist, ein Bereich ist, der um mehr als einen
vorbestimmten Abstand naher an einem Merkmal
liegt, das durch das Arbeitswerkzeug geschadigt
werden kann.

Robotersystem nach Anspruch 1, wobeider Bereich,
in dem das Arbeitswerkzeug nicht betrieben werden
darf, ein Bereich ist, der mehr als einen vorbestimm-
ten Wert von einem chirurgischen Plan zur Ausfiih-
rung an einem Patienten abweicht.

Robotersystem nach Anspruch 6, wobei das Arbeits-
werkzeug ein chirurgisches Werkzeug zur Durchfiih-
rung eines chirurgischen Eingriffs in weichem Ge-
webe (20) nahe eines schadigungsempfindlichen
Bereichs eines Patienten ist.

Robotersystem nach Anspruch 8, wobei das chirur-
gische Werkzeug eine Biopsienadel (22), eine Me-
dikamentenabgabekantile (22) oder ein Skalpell ist.

Robotersystem nach einem der Anspriiche 8 und 9,
wobei der chirurgische Eingriff entweder eine Tumo-
rentfernung, eine Biopsie oder eine Medikamenten-
verabreichung ist.

Ein Robotersystem nach Anspruch 8, wobei der
schadigungsempfindliche Bereich einen Nerv, ein
BlutgefaR (25), ein Kérperorgan oder einen empfind-
lichen Bereich des Gehirns umfasst.

Robotersystem nach einem der Anspriiche 8 bis 11,
wobei das Erkennungssystem einen Anndherungs-
sensor (29) zur Bestimmung des Abstands des Ar-
beitswerkzeugs zu dem schadigungsempfindlichen
Bereich umfasst und wobei der Roboter ferner so
ausgelegt ist, dass er eine Ausgabe des Annahe-
rungssensors verwendet, um die Position der robo-
tergesteuerten Plattform zu &ndern, wenn sich der
Greifkérper dem schadigungsempfindlichen Bereich
um einen vorbestimmten Wert nahert.

Robotersystem nach Anspruch 12, wobei der Anna-
herungssensor entweder einen Ultraschall-Doppler-
Blutflusssensor oder einen neuronalen Monitor um-
fasst.

Robotersystem nach einem der vorhergehenden
Anspriiche, wobei das Erkennungssystem ein Ver-
folgungssystem umfasst, das eines der folgenden
Elemente aufweist:

(a) einen Verfolgungskopf, der an dem Objekt
(18) montiertist, und ein Verfolgungsziel (4), (5),
das an mindestens einem der Greifkorper oder
der robotergesteuerten Plattform montiert ist,
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oder

(b) einen Verfolgungskopf, der an mindestens
einem der GreifkGrper oder der robotergesteu-
erten Plattform montiert ist, und ein Verfol-
gungsziel (4), (5), das an dem Obijekt (18) mon-
tiert ist.

15. Robotersystem nach einem der vorhergehenden

Anspriiche, wobei das Robotersystem so konfigu-
riertist, dass es ein abgestuftes Warnsignal erzeugt,
das das AusmalR der Abweichung des Bedieners von
einem praoperativen Plan anzeigt.

Revendications

Systeme robotique comprenant :
une téte dopération robotique a main
comprenant :

(10)

un corps de préhension (11) adapté pour étre
tenu par l'opérateur (12) ; et

un robot (14) ayant une base (15) et une plate-
forme a commande robotique (16), ladite base
étant fixée audit corps de préhension (11) et la-
dite plateforme a commande robotique étant
congue pour porter un outil d’'opération (13) ;
dans lequel ladite téte d’opération robotique est
telle que ledit opérateur peut manipuler libre-
ment la téte d’opération robotique entiére ; et
un systéme de détection (6) adapté pour faire
part de la position dudit outil d’'opération par rap-
port a un objet (18) sur lequel opére ledit outil
d’opération, ledit robot étant adapté pour utiliser
une donnée dudit systéme de détection afin de
changerla pose de ladite plateforme a comman-
de robotique si ledit corps de préhension dévie
d’'un degré qui ferait opérer ledit outil d’opération
dans une région dudit objet ou il est interdit audit
outil d’'opération d’opérer, caractérisé en ce
que ledit systéme robotique est configuré de
maniére autonome pour étre inopérant de telle
sorte que ladite téte d’opération robotique a
main soit rigide lorsque ladite donnée indique
que ledit outil d’'opération opére a I'extérieur de
ladite région ou il est interdit audit outil d’opéra-
tion d’'opérer et en ce que ladite téte d’opération
robotique a main est configurée pour étre acti-
vementcommandée par ledit systéme robotique
une fois que ladite donnée indique que ledit outil
d’opération a atteint ladite région ou il est interdit
audit outil d’opération d’opérer.

Systeme robotique selon la revendication 1, dans
lequel ladite région ou il est interdit audit outil d’opé-
ration d’opérer est une région dans laquelle ledit outil
d’opération dévie de plus d’'un degré prédéfini a partir
d’'une trajectoire d’opération préétablie.
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10.

1.

12.

Systéme robotique selon la revendication 1, dans
lequel ladite région ou il est interdit audit outil d’opé-
ration d’opérer est une région qui dévie de plus qu’un
degré prédéfini d’'un plan chirurgical destiné a étre
exécuté sur un sujet.

Systéme robotique selon I'une des revendications 2
ou 3, dans lequel ledit outil d’'opération est un outil
chirurgical destiné a effectuer une opération ortho-
pédique sur un os du sujet.

Systéme robotique selon I'une quelconque des re-
vendications précédentes, dans lequel ledit systeme
de détection comprend un systéme de suivi qui dé-
tecte la pose dudit corps de préhension, de ladite
plateforme a commande robotique, dudit outil d’opé-
ration et/ou dudit objet.

Systéme robotique selon la revendication 1, dans
lequel ladite région ou il est interdit audit outil d’opé-
ration d’opérer est une région qui est plus proche de
plus d’'une distance prédéfinie d’'une caractéristique
susceptible d’étre endommagée par ledit outil d’'opé-
ration.

Systéme robotique selon la revendication 1, dans
lequel ladite région ou il est interdit audit outil d’opé-
ration d’opérer est une région qui dévie de plus qu’un
degré prédéfini d’'un plan chirurgical destiné a étre
exécuté sur un sujet.

Systéme robotique selon la revendication 6, dans
lequel ledit outil d’'opération est un outil chirurgical
destiné a effectuer une intervention chirurgicale
dans des tissus mous (20) a proximité d’'une région
sensible aux dommages d’un sujet.

Systéme robotique selon la revendication 8, dans
lequel ledit outil chirurgical estI'un quelconque d’une
aiguille de biopsie (22), d’une aiguille d’administra-
tion de médicament (22) et d’un scalpel.

Systéme robotique selon I'une quelconque des re-
vendications 8 et9, dans lequel ladite procédure chi-
rurgicale est 'une quelconque de I'ablation de tu-
meur, de la réalisation de biopsie et de I'administra-
tion de médicament.

Systéme robotique selon la revendication 8, dans
lequel ladite région sensible aux dommages com-
prend I'un quelconque d’un nerf, d’'un vaisseau san-
guin (25), d’un organe corporel et d’'une région sen-
sible du cerveau.

Systéme robotique selon I'une quelconque des re-
vendications 8 a 11, dans lequel ledit systeme de
détection comprend un capteur de proximité (29)
permettant de déterminer la distance dudit outil



13.

14.

15.

17 EP 2 467 798 B1

d’opération a ladite région sensible aux dommages
et dans lequel ledit robot est en outre adapté pour
utiliser une sortie dudit capteur de proximité afin de
changer la pose de ladite plateforme a commande
robotique si ledit corps de préhension s’approche de
ladite région sensible aux dommages d’'un degré
prédéfini.

Systeme robotique selon la revendication 12, dans
lequel ledit capteur de proximité comprend soit un
débitmeétre sanguin a ultrason a effet Doppler, soit
un moniteur neuronal.

Systeme robotique selon I'une quelconque des re-
vendications précédentes, dans lequel ledit systéeme
de détection comprend un systeme de suivi ayant
soit :

(a) une téte de suivi montée sur ledit objet (18)
soit une cible de suivi (4), (5) montée sur ledit
corps de préhension et/ou sur ladite plateforme
a commande robotique, ou

(b) une téte de suivi, montée sur ledit corps de
préhension et/ou sur ladite plateforme a com-
mande robotique, et une cible de suivi (4), (5),
montée sur ledit objet (18).

Systeme robotique selon I'une quelconque des re-
vendications précédentes, dans lequel ledit systéme
robotique est configuré pour générer un signal
d’avertissementgradué indiquant|'étendue de la dé-
viation dudit opérateur par rapport a un plan préo-
pératoire.
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