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DEVICE FOR IMPROVING THE ACCURACY
OF MANUAL OPERATIONS

FIELD OF THE INVENTION

[0001] The present invention relates to the field of robotic
correction of hand-directed tool operation, especially as
applied to the correction of deviation from a preplanned sur-
gical plan, or the correction of deviation from a targeted
region by a surgeon or physician using a hand-held surgical
tool.

BACKGROUND OF THE INVENTION

[0002] Numerous manual operations require high precision
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 importance 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 preci-
sion 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 anatomical
landmarks. The accuracy of the orthopedic procedure is thus
dependent on the skill of the surgeon in following the prede-
termined plan with the hand-held surgical tool.

[0003] Another example where the precision of the opera-
tor’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 damaging to the subject.
Examples of such procedures are in tumor removal, biopsy
performance, precise drug delivery, and others. Currently,
proximity sensors or various imaging methods can be used to
detect hazardous features 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 damaging it, a proximity
warning is provided when the potentially damaging surgical
tool is at a predetermined safety margin from the structure.
Even though the real-time sensor provides a visual or audio
warning signal when approaching the forbidden zone, reli-
ance is still laid on the dexterity of the surgeon or physician to
avoid damage, such that the predetermined safety margin is
generally 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 drilling can be
achieved. A number of different approaches exist in the prior
art using such computer-assisted surgery.

[0005] In the Robodoc® system supplied by Curexo Tech-
nology Corporation of Fremont Calif., for example, a robot
holds and maneuvers the surgical tool based on data from a
pre-operative plan. This results in more accurate bone shap-
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ing 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 operation, 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 beyond 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
constraint” approach, in which the tool is manipulated by the
surgeon, but is blocked by the robot when moved beyond the
allowed region. Two commercial systems are currently avail-
able, using this approach for shaping of the knee joint—the
Acrobot system (www.acrobot.co.uk) manufactured by
Acrobot Ltd., of London, El, U.K., and the Rio system (www.
makosurgical.com), manufactured by Mako Surgical Corpo-
ration, 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 system supplied by Blue Belt Technologies Inc. of
Pittsburgh, Pa.

[0007] The disclosures of each of the publications men-
tioned in this section and in other sections of the specification,
are hereby incorporated by reference, each in its entirety.

SUMMARY OF THE INVENTION

[0008] 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 con-
trolled 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 devia-
tions, 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 robotic 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.

[0009] Alternatively, the position of the robotic operating
head is determined by means of a proximity device to mea-
sure the closeness of the operating head to a damage sensitive
feature, such as a blood vessel, a nerve, a sensitive region of
the brain, a bodily organ, or other areas the surgeon wants to
avoid. As the tool deviates from its preoperatively determined
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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.
[0010] This suggested system has several advantages over
the prior art active constraint 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 transparent within the allowed region and stiff at the
borders of the allowed region.
[0011] One exemplary implementation involves a robotic
system comprising:
(i) a hand held robotic operating head comprising:
[0012] (a) a gripping body adapted to be held by the
operator, and
[0013] (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
(i1) 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 detec-
tion system to change the pose of the robotically controlled
platform if the gripping body deviates by a amount which
would cause the operating tool to operate in the forbidden
region.
[0014] Insucha system,the region where the operating 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 devi-
ates 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.
[0015] Other implementations may further involve a
robotic 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 containing the
region in which the operating tool is forbidden to operate.
[0016] 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 execution 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.
[0017] Such systems where the operating tool is forbidden
to operate in a region which is closer by more than a prede-
termined distance from a feature which may be damaged,
may involve use of a detection system comprising a proximity
sensor for determining the distance of the operating tool to the
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damage sensitive area. The proximity sensor may then com-
prise either of an ultrasound Doppler blood flow sensor, or a
neural monitor.
[0018] Yet other implementations of the robotic system
may comprise:
(1) a hand held robotic operating head comprising:
[0019] (a) a gripping body adapted to be held by the
operator, and
[0020] (b)arobothavingits base attached to the gripping
body, and bearing an operating tool on its robotically
controlled platform,
(ii) a tracking system to register the hand held robotic oper-
ating head with an object on which the operating tool is to
operate, and
(iii) a controller adapted to change the pose of the robotically
controlled platform if the gripping body deviates by more
than a predetermined amount from a predetermined path of
operation on the object.
[0021] 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 performing an ortho-
pedic operation on the bone. The tracking system may com-
prise 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 controlled 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 robotically controlled platform, and a tracking target
mounted on the object on which the operating tool is to
operate.
[0022] Further example implementations involve a robotic
system comprising:
(i) a hand held robotic operating head comprising:
[0023] (a) a gripping body adapted to be held by the
operator, and
[0024] (b)arobothavingits baseattached to the gripping
body, and bearing an operating tool on its robotically
controlled platform,
(ii) a position detection system to relate the proximity of the
operating tool to an object which the operating tool is forbid-
den to approach by a predetermined distance, 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 operating tool to approach the
object by less than the predetermined distance.
[0025] In such a robotic system, the object may be a dam-
age-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 prox-
imity sensor.
[0026] Although the system is described in this disclosure
is applicable to a surgical environment, it is understood that
the system is not intended to be limited to surgical use, but can
also be used for other non-medical applications, such as scrib-
ing, three dimensional modeling, and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The present invention will be understood and appre-
ciated more fully from the following detailed description,
taken in conjunction with the drawings in which:

[0028] FIG. 1 shows an exemplary hand-held robotic sur-
gical system as described in this disclosure, for shaping a
subject’s bone;
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[0029] FIG. 2 shows the operation of the robotic controller
in correcting for deviation of the surgeon’s hand from a pre-
determined surgical plan for shaping of the bone;

[0030] 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
[0031] FIG. 4 shows an exemplary compact robotic oper-
ating head for hand held use by the surgeon.

DETAILED DESCRIPTION

[0032] Reference is now made to FIG. 1 which illustrates
an exemplary hand-held robotic system using the principle
described hereinabove. The system described herewithin is a
surgical system, illustrated here for shaping 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 predeter-
mined bounds. Another such example is shown hereinbelow.
[0033] The robotic system includes 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 preop-
erative 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 operating heads, the operating
tool, whether a drill, a milling head, or any other surgical tool
would be connected directly 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 operating 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. How-
ever, it is to be understood that the robotic structure used can
be of any suitable type, and in particular, a robot with actuat-
ing motors incorporated within the handle above the output
platform may provide a more compact configuration. Com-
pact dimensions are an important characteristic for such a
hand-held application.

[0034] InFIG.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 operating tool 13, so
that the milled bone head matches a preselected unicompart-
mental implant. Preoperatively the surgeon has planned the
optimal location of the implant, 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 adhere to accurately in order to ensure compliance with the
planned operation, and hence a good fit of the implant on the
bone.

[0035] 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 of the bone
and the robotic operating head 10 to the same coordinate
system, so that movements of the robotic operating head can
be correlated with the position of the bone. The tracking
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system may utilize a tracker 6 surveilling the operating site,
and determining the pose of the robotic operating head 10 and
ofthe subject’s bone 18 by means of referencing targets 2, 4,
attached to these items. If an optical tracking system is used,
the referencing targets may conveniently be constructed of a
plurality of light emitting diodes (LEDs) arranged in a pre-
determined pattern. The tracker 6 may then include optical
sensors which are able to determine the pose of the referenc-
ing targets, such as by means of triangulation. Alternative
configurations may include the use of retro-reflectors 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 referencing targets, to reflect the ambient light
to the tracker detector 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
preoperative plan data. Although the system has been
described herewithin using optical tracking, it is to be under-
stood 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.

[0036] Aslong as the surgeon manipulates the robotic oper-
ating head such that the surgical tool 13 follows the preop-
erative plan within an allowed deviation region, as ascer-
tained by the tracker inputs to the system controller, the robot
14 remains locked and the entire robotic operating head 10 is
manipulated 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 programmed 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.

[0037] This situation is shown in FIG. 2, where it is seen
that the surgeon’s hand 12 has deviated, as shown by the axis
19 of the hand grip, from the angle which would maintain the
axis 17 of the cutting tool 13 in the correct position and pose
relative to the bone 18. However, this deviation has been
sensed by the navigation 6 and control 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.

[0038] The robot 14 thus compensates for the surgeon’s
deviation and provides accurate compliance with the preop-
erative plan. In order to accomplish this successfully, 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 surgeon 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 move-
ments expected in such operations. Furthermore, the surgeon
should not make movements much further from the allowed
region that would cause the robot to exceed its working enve-
lope. In general, both of these limitations should be achiev-
able with the available robotic actuating motors and robotic
control systems. The robotic actuators used can be of any type
that can supply the required forces and the required speed,
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such that not only suitable electro-magnetic motors but also
piezoelectric, hydraulic or pneumatic actuators may be used.
[0039] Furthermore some warning signal may be incorpo-
rated 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 indi-
cate the extent of deviation of the surgeon from the preopera-
tive plan. Possible implementations 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.

[0040] Reference is now made to FIG. 3, which shows an
additional exemplary application of the hand-held robot of
FIG. 1, for performing a targeted procedure in a region 20 of
soft tissue of a subject close to a sensitive anatomical struc-
ture, 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 performance, precise drug delivery, and oth-
ers. The surgeon or physician can be warned of the presence
of'the hazardous feature either by an imaging system, such as
a fluoroscopic 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. Tech-
niques 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 posi-
tion of nerve structures. The proximity sensor can advanta-
geously deliver its warning signal by radio transmission to the
control unit 8. Even for open surgical procedures, where the
surgeon or physician could see the damage-sensitive feature,
the robotically controlled system of this disclosure enables
him to perform the desired procedure close to the damage-
sensitive feature without fear that he will cause damage to the
feature by a careless and unintentional movement ofthe hand.
[0041] Either the imaging system or the proximity sensor
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 movement 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 operation. However, both implementations share
the common feature that the robotic control uses a warning
signal provided by a position detection system in order to
prevent the operating head from operating in a region where
the operator’s hand movement would have directed itto do so.
[0042] The use ofthis robotic compensation system has the
advantage over prior art free-hand manual proximity warning
systems in that the accuracy of the procedure can be increased
compared to that of prior art systems having no active control
of'the surgeon’s hand position. It is possible to provide greater
precision and thus to operate closer to hazardous locations
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than using manual proximity warning systems, and thus to
achieve a better operational result.

[0043] Reference is now made to FIG. 4, which shows a
schematic cut-away representation of a complete robotic
operating head 30 with a robot of sufficiently compact design
that it can be incorporated into the body profile of the head.
The head thus becomes much more compact and readily
handled by the surgeon than that shown schematically in
FIGS. 1to 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
cutting, 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 are
affixed at the end remote from the driven platform to the
robotic base, 36, which is fixed relative to the complete
robotic operating head 30. As previously mentioned, any
other suitable robot structure may equally well be used, with
its base attached to the robotic operating head 30 and with its
driven output element bearing the surgical tool.

[0044] For those implementations using a tracking system,
the set-up described in FIG. 1 illustrates only one possible
arrangement by which the mutual motion of the robotic oper-
ating 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, a tracking
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.

[0045] Since both the bone and the robotic operating head
are situated very close to each other, it may be disadvanta-
geous to use a conventional external navigating or tracking
system, which is generally disposed above the operating table
and at some distance from the operating site, with its con-
comitant 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. According to an alternative implementa-
tion 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 roboti-
cally 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.

[0046] Itis appreciated by persons skilled in the art that the
present invention is not limited by what has been particularly
shown and described hereinabove. Rather the scope of the
present invention includes both combinations and subcombi-
nations of various features described hereinabove as well as
variations and modifications thereto which would occur to a
person of skill in the art upon reading the above description
and which are not in the prior art.
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We claim:

1. A robotic system comprising;

a hand held robotic operating head comprising:

a gripping body adapted to be held by the operator; and

a robot having a base and a robotically controlled plat-
form, said base being attached to said gripping body,
and said robotically controlled platform bearing an
operating tool; and

a detection system adapted to relate the position of said

operating tool relative to a region of an object where said
operating tool is forbidden to operate,
wherein said robot is adapted to use an output from said
detection system to change the pose of said robotically con-
trolled platform if said gripping body deviates by a amount
which would cause said operating tool to operate in said
forbidden region.

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

3. A robotic system according to claim 1 wherein said
region where said operating tool is forbidden to operate is a
region which deviates more than a predetermined amount
from a surgical plan for execution on a subject.

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

5. A robotic system according claim 1, wherein said detec-
tion 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 con-
taining said region in which said operating tool is forbiddento
operate.

6. A robotic system according to claim 1 wherein said
region where said 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 said operating tool.

7. A robotic system according to claim 6 wherein said
operating tool is forbidden to operate is a region which devi-
ates more than a predetermined amount from a surgical plan
for execution on a subject.

8. A robotic system according to claim 6, wherein said
operating tool is a surgical tool for performing a surgical
procedure in soft tissue close to a damage sensitive organ of a
subject.

9. A robotic system according to claim 6, wherein said
surgical tool is any one of a biopsy needle, a drug delivery
needle, and a scalpel.

10. A robotic system according to any of claims 6 to 9,
wherein said surgical procedure is any one of tumor removal,
biopsy performance, and drug delivery.

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

12. A robotic system according to claim 6, wherein said
detection system comprises a proximity sensor for determin-
ing the distance of said operating tool to said damage sensi-
tive area.
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13. A robotic system according to claim 12, wherein said
proximity sensor comprises either of an ultrasound Doppler
blood flow sensor, or a neural monitor.

14. A robotic system comprising:

a hand held robotic operating head comprising:

a gripping body adapted to be held by the operator; and

a robot having its base attached to said gripping body,
and bearing an operating tool on its robotically con-
trolled platform;

a tracking system to register said hand held robotic oper-
ating head with an object on which said operating tool is
to operate; and

a controller adapted to change the pose of said robotically
controlled platform if said gripping body deviates by
more than a predetermined amount from a predeter-
mined path of operation on said object.

15. A robotic system according to claim 14 wherein said
object on which said operating tool is to operate is a subject’s
bone, and said operating tool is a surgical tool for performing
an orthopedic operation on said bone.

16. A robotic system according to claim 14 wherein said
tracking system comprises a tracker head mounted on said
object on which said operating tool is to operate and a track-
ing target mounted on at least one of said gripping body of
said robotic operating head or said robotically controlled
platform.

17. A robotic system according to claim 14 wherein said
tracking system comprises a tracker head mounted on at least
one of said gripping body on said robotic operating head or
said robotically controlled platform, and a tracking target
mounted on said object on which said operating tool is to
operate.

18. A robotic system comprising:

a hand held robotic operating head comprising:

a gripping body adapted to be held by the operator; and

a robot having its base attached to said gripping body,
and bearing an operating tool on its robotically con-
trolled platform;

a position detection system to relate the proximity of said
operating tool to an object which said operating tool is
forbidden to approach by a predetermined distance; and

a controller adapted to change the pose of said robotically
controlled platform if said gripping body deviates by an
amount which would cause said operating tool to
approach said object by less than said predetermined
distance.

19. A robotic system according to claim 18 wherein said

object is a damage sensitive feature of a subject.

20. A robotic system according to claim 19 wherein said
damage sensitive feature of a subject is any one of a blood
vessel, a nerve, a bodily organ and a sensitive brain section.

21. A robotic system according to claim 18 wherein said
position detection system is a proximity sensor.
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