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SMALL ACTIVE MEDICAL ROBOT AND PASSIVE HOLDING STRUCTURE

CORRESPONDING APPLICATION
The present application claims the priority of EP application N°11160893.1, the

content of which is incorporated by reference in its entirety in the present application.

FIELD OF THE INVENTION

The present invention concerns the field of robotic systems, in particular the robotic

systems that are used in the medical field.

More specifically, the present invention concerns the field of robotic systems used for

surgical purposes in high risk operations which therefore need a certain stability.

STATE OF THE ART

A short summary of several robotic systems for spine surgery are listed hereunder.

Spine Assist Robotic Arm, Mazor

(Pechlivanis, et al., 2008), (Ortmaler, et al., 2006}, (Shoham, et al., 2007)
The Spine Assist Robotic Arm from the company Mazor is a small robot that can be
used for screw placement into the lumbar spine. The biggest drawback of this system
is that it is fixed rigidly onto the spine of the patient. Thus in case of an emergency

the robot cannot be easily retracted.

DLR teleoperated surgery system

(Hagn, ef al., 2008} |

This robot, consisting of a human like robotic arm, developed at the DLR has got 7
DoF that can be extended by 2 additional DoF when needed. It should be lightweight
and precision will mainly be given by external navigation. There are no specific
surgeries addressed neither are there any real (measured) characteristics available

yet.

SPINEBOT
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{Chung, Lee, On, & Yi, 2004)
The SPINEBOT, which is designed to perform a screwing task into the lumbar
vertebrae of the human body, consists of a Cartesian type 3-DoF XYZ positioner and

a 2-DoF gimbals and a 2-DoF drilling tool.

CoRA
(Jongwon, Inwook, Keshoon, Seungmoon, Wan, & Young, 2008)
The CoRA is a 6 DoF robot with high stiffness and a rather large working volume. No

measured precision values are available.

None of these systems addresses in particular the high risk operations at the

cervicals (C1&C2 vertebraes) as the present invention does.

SUMMARY OF THE INVENTION

It is therefore an aim of the present invention to improve the known systems and

devices.

According to the present invention, the operational part of a robotic system of the
invention comprises an active robot (preferably a small device) and a passive holding

structure.

More specifically, the concept of the present invention is to provide a small active
compact robot with a small but very accurate working volume and to be able to cover
a larger area or volume by attaching it to the passive holding structure which, on its

side, has a large working volume.

This decoupling in two structures, one very precise and active but with a limited
working volume and another passive one but with a large working volume, has the
advantage that only the robot has to be actively driven and not the entire structure.
This simplifies the construction and also allows providing a more precise overall

structure.
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Having only small displacements that need to be actively controlled allows ensuring a

very high precision.

Also the overall stiffness (in particular at the level of the passive structure) can be

optimized to match with the intended use of the device.

The invention concerns a robotic system, for example for medical applications,
wherein said system comprises a passive holding structure with a large working
volume and a robot holding at least a tool, said robot having a small and accurate
working volume.

In an embodiment the passive holding structure has several degrees of freedom.

In an embodiment the robot has several degrees of freedom.

In an embodiment the degrees of freedom of the robot are two translations Ty, Tz

and two rotations Ry, Rz.

In an embodiment the active robot has 6 degrees of freedom.

In an embodiment the degrees of freedom are three translations Tx, Ty, Tz and three

rotations Rx, Ry, Rz.

In an embodiment the tool 3 has at least one degree of freedom, such as a rotation

or a translation.

In an embodiment the system comprises sensors to increase precision and security.
[n an embodiment the sensors are motor encoders and/or optical scales and/or
mechanical switches and/or capacitive switches and/or force sensors of optical

tracking devices.

In an embodiment the passive holding structure has locking means to remain in a

locked position while being used.
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In an embodiment the locking means comprise a spring clutch mechanism or a

braking system using braking shoes.

In an embodiment the robot uses at least a rail/carrier structure, said carrier being

displaced by a transmission screw.

The invention is now further described by reference to the appended drawings which

show:

Figure 1 illustrates a general perspective illustration of the robotic system according

to the present invention;

Figure 2 illustrates a schematic view of an embodiment of the active robot according

to the invention;

Figure 3 illustrates a schematic view of the kinematic model of the embodiment of

figure 2;

Figures 4 and 5 illustrate two views in partial cut of the active robot according to the

invention;

Figure 6 illustrates the kinematics of add-on modules of the embodiment of figure 2;

Figure 7 illustrates examples of add-on modules to be used with the embodiment of

figure 2;

Figure 8 illustrates in perspective view another embodiment of the active robot of the

present invention;

Figure 9 illustrates the kinematic model of the embodiment of figure 8,;

Figure 10 illustrates details the different embodiment of figure 6;
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Figure 11 illustrates the passive holding structure of the present invention;

Figure 12 illustrates the kinematic model of the passive holding structure of figure 9;

Figure 13 illustrates an example of a braking system used in the present invention;

Figure 14 illustrates an example of another braking system used in the present

invention;

Figure 15 an example of another braking system used in the present invention.

According to the principles of the present invention, a small compact active robot 1,
typically for medical purposes but not limited to this application, is used to only cover
a small working volume but with a very high accuracy and a passive holding structure

2 is used to cover a large volume. This is schematically illustrated in figure 1.

There is a small change of kinematics between two embodiments presented herein
and illustrated in figures 2, 4, 5 and 8. The first embodiment (figures 2, 4 and 5) is
preferably a 4 degrees of freedom (DOF) robot that can be extended to preferably a
5 or 6DOF robot by adding different add-on modules as working elements. These
add-on modules can then be equipped with several tools having themselves
additional DOFs. The tools and add-on modules come in a package and are
illustrated in figure 7 such as

Shaver

Drillers

Trocart

Etc...

Examples of such medical and surgical tools are for example manufactured by the
following companies:
-) Bien Air Medical Technologies, see the link

http://www.bienair.com/surgery products a.asp?categorie=25
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-) Medtronic, see the link http://www.medtronic.com/for-healthcare-

professionals/products-therapies/spinal-orthopedics/nucleus-removal-tools/spine-

shaver-nucleus-removal-set/index.htm
-) Karl Storz, see the link http://www.karlstorz.com/cps/rde/xchg/SID-9087B260-
109BD602/karlstorz-en/hs .xsl/7494 .htm

In the second embodiment (figure 8), the two additional DOF will be integrated and it
will only be the tool itself that has to be changed, not the module (see figure 10).
Of course the number of DOF is only given as an example and the device may have

less DOF as well as more DOF than illustrated herein.

Typically, the small working volume may be a cube with a side of about 15¢cm
maximum, whereas the large volume has at least a length of 1m depending on the
applications envisaged.

This will be explained now in more details in the following description.

First embodiment of the active robot (figures 2 to 5)

In a first embodiment, the active robot 1 has parallel kinematics and differential
movements of four rails (input) which results in translational and rotational

displacements of the end-effector on which the tool is mounted.

The kinematic model of figure 3 illustrates the different degrees of freedom.

First there is a translation which is carried out by four parallel rails systems,
referenced T1, T2, T3 and T4. Each rail system T1 to T4 is independent and can be

controlled independently.

Then there are six rotations R1 to R6, which have parallel rotation axis. They allow

the independent actuation of the translation, i.e. rail systems defined above.

There is an additional seventh rotation R7 to which the add-on module 3 is attached.
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Preferably, the robot 1 is equipped with a marker 4 which permits permanent tracking
of the robot’s position in space for example when using an imaging program. The tool
center point is determined by the outputs of sensors, such as encoders, optical scale

elc.

As an example, the disclosed robot may have the following characteristics (see
figures 2 to 5):
e 4 Degrees of Freedom (DOF) (see figures 2 and 3), by combination of the
translations T1-T4 and rotations R1-R6
o 2translations Ty, Tz
o 2 rotations Ry, Rz
¢ Working volume:
o +-40mminTy, Tz
o *-7°inRy, Tz
e Resolution:
o Translation:
= 0.15um (Ty)
= 0.30um (T2)
o Rotation:
= 0.0015° (Ry)
= 0.0003° (Rz)

¢ Dimensions:
o 280x90x150mm (Ixbxh)
These values are of course only examples that should not be construed in a limiting

manner.

The device according to the present invention has preferably irreversible mechanics,

no backlash and tools can be changed within less than 2 minutes.

Kinematic model

As described above, figure 3 illustrates the kinematic model of one embodiment of

the robot corresponding to the embodiment of figure 2.
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Figures 4 and 5 illustrate in more detail the construction of the active robot with the
DOF reported in these figures (see the kinematic model of figure 3). Typically, the
robot comprises a support structure with two triangles 20, 21 which support a tool
with an add-on adaptor 22 which is able to receive the add-on modules (see further

in the present description).

The two triangles 20, 21 are mounted on a moving structure which allows the
displacement of the module as described herein according to the disclosed DOF. The
moving structure comprises four rails 23, 24, 25 and 26 (corresponding to the
translationsT1 to T4) along which the triangles may move. The displacement along
each rail is provoked by transmission screws 27, 28, 29 and 30. Each screw is

independently rotatable to move a carrier 31, 32, 33, 34 connected to triangles 20-21.

In addition, the triahgles may rotate (DOF R1 to R6) with respect to said carriers 31-

34 via appropriate axes, corresponding to references R1 to R®6.

DOF R7 allows to an angular compensation when rotating the robots end-effector
around Rz or Ry (cf. Figure 2). The triangles 20 & 21 are not any more being parallel

when rotating around Rz or Ry.

The adaptor 22 may therefore move in all desired directions Tx, Ty, Tz, Ry, Rz) by

the actuation of the screws 27 to 30 in a very precise and controlled manner.

For example, for this actuation, each screw 27-30 may be engaged with a motor (not
illustrated here) present in the closed part 35 of the robot. Such motors are preferably

electrically actuated.

Add-on Modules

The robot 1 may be equipped with several add-on modules 3 that hold different tools.

Depending on the application a suitable add-on module is selected and mounted

onto the robot.
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These add-on modules 3 may extend the tool movements with one or two additional
DOFs (for example) as illustrated in figure 6. In the first illustration (from the top), the

add-on module adds no DOF.

[n the second illustration (from the top), the add-on module adds a rotation R8.

In the third illustration (from the top), the add-on module adds a translation T5.

In the fourth illustration (from the top), the add-on module adds a translation T5 and a

rotation R8.

In the fifth illustration (from the top), the add-on module adds a rotation R8 and a

translation T5.

The tools mounted on the add-on modules 3 can basically be of any kind for example
they may be equipped with (typical examples are illustrated in figure 5):

=  Atrocar

= A shaver

= Adriller

» QOther etc.
Examples of companies manufacturing such tools have been given above and any
useful tool for the desired application may be envisaged in the present invention, with

several integrated additional DOF as illustrated herein (see figures 2 to 6).

The second embodiment of the robot 1' (figures 8 and 9) is a more developed version
of the first embodiment. The kinematic model remains basically the same and the
principles and elements explained in relation to figures 2 to 5 are applicable here.
There has just been a change on the end-effector side (adaptor 22). The add-on
modules have been replaced by a single consolidated module 36 that is fixed to the

robot, for example for ENT-Surgeries (Ear-Nose-Throat surgeries).

Note that for spinal applications placement the add-on module will basically remain

the same as in first embodiment. There’s no need any more to change the entire
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module when switching tools. This allows an easier sterilization as all electronic and

mechanical parts are separated from the tools.

The kinematic model is illustrated in figure 7 with five translations T1 to T5 and eight
rotations R1 to R8. Typically, this corresponds to the first embodiment model (figures
3-5) combined with a translation T5 and a rotation R8 as illustrated in figure 6 (fourth
illustration from the top). Typically, the translation T5 can be effected by a linear rail-
carrier 37/38 structure as illustrated with a transmission screw 39 actuated by a
motor 40 and the rotation R8 by a motor 41. The transmission from motors 40, 41

may be direct or via gears.

The advantage as mentioned previously is that only the tool has to be changed
(depending on the application or surgical step) and not the mobile parts which are

now fixed together in this second embodiment.

As an example the characteristics of the second embodiment are the following
6 Degrees of Freedom (DOF) for the ENT-Version

o 3translations Tx, Ty, Tz

o 3 rotations Rx, Ry, Rz
4 Degrees of Freedom (DOF) for the SPINE-Version

o Z2translations Ty, Tz

o 2 rotations Ry, Rz

Working volume:
o +-60mm inTy, Tz
o +-75mm inTx
o Min +/-30° in Ry, Rz

o min. 360° In Rx

Resolution: similar to the values give above for the first embodiment.

Of course is the second embodiment, just as the first embodiment, completely

irreversible and backlash-free.

10
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The values given above (DOF; dimensions) are of course only examples that should
not be construed in a limiting manner. Other may be obtained depending on the

construction of the robot.

As disclosed above, the kinematic model of the second embodiment is illustrated in

figure 9. This model shows clearly the change carried out at the end-effector side.

Sensors
The two embodiments of the robot may be equipped with the following sensors in
order to increase precision and security due to redundant information and also to
keep track of the position of the different elements, in particular of the active robot:

= Motor encoder

» QOptical scale on rails

» Mechanical switches

= Capacitive switches

* [nductive switches

= Velocity sensor

= Force sensor

» Optical Tracking

Tools

The tools of the second embodiment are the very same as used in the first

embodiment:
= Trocar
=  Shaver
= Drill

= Other tool etc...
The end-effector is very versatile and could hold all kind of tools, not only the above
mentioned. The main difference between the two embodiments is that a tool does not
anymore come as a package together with its entire add-on module but the add-on
module is merged into the first embodiment structure with its degrees of freedom and
only the tool itself has to be changed, see figure 10 which illustrates example of tools
to be used with the second embodiment, such as

= A trocar

11
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= A shaver
= A driller
»  (Other eftc.

Examples of companies manufacturing such tools have been given above and any

useful tool for the desired application may be envisaged in the present invention.

Sterilization
The robot (including its end-effector) is kept sterile preferably by wrapping it in a

sterile coating.
The tools themselves are being sterilized by their foreseen sterilization method
(autoclave, hydrogen peroxide, ...) and will be mounted onto the robot by a sterile

person when needed.

Passive Holding structure 2

The passive holding structure 2, is used to cover a large working volume and permits
to easily move and place an object, e.g. the robot 1, in space in such large volume. It

is illustrated in a schematic way in figure 11.

[t comprises for example a first pillar 10 which is fixed, for example to a table. On this
pillar a first arm 11 is mounted which is able to rotate around an axis R11, said axis
R11 being parallel to the axis of the pillar 10. The axis R11 is illustrated in the

kinematic model of figure 10 as a DOF.

At the end of the first arm 11, a second arm 12 and a third arm 13 are mounted which
are also able to rotate around an axis R12 parallel to the axis R11. The axis R12 is

represented in the kinematic model of figure 10.

Second arm 12 and third arm 13 each carries a fourth arm 14 and a fifth arm 15
respectively, which are rotatable around an axis perpendicular to the longitudinal axis
of the arms 12-15. These rotation axes are identified by references R13, R14 in the

kinematic model of figure 10.

12
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At the end of arms 14 and 15, there is a support part 16 which is fixed to arms 14 and
15 via axes R15 and R16 which are parallel to the axes R13 and R14 (see in the
kinematicmodel of figure 10) the support part 16 itself allowing a rotation R17 and
finally supporting the active robot as illustrated in figure 1 with corresponding

references.

In order to be moved relatively, arms 14 and 15 are connected to each other via a
piston-cylinder system 17, 18, the piston 17 being connected to arm 14 and cylinder
18 to arm 15 for example via axes R18 and R19 allowing a rotation (see figure 10).
This allows obtain a vertical translation of the support 16 via axes R13, R14, R15 and
R16. The horizontal translation and rotation of the support 16 is obtained via the

combination of axes R11 and R12.

The structure has the following characteristics as examples
= 7DOF

= | arger working volume than the active robot

=  Permanent locking via mechanically activated braking/blocking mechanisms
such as for example:
o Spring clutches
o Disc brake
o Incremental brake systems
o Brake systems with brake shoes mechanisms
o]

O

Gravity assistance via for example:
o Counter weight
o Mechanical spring
o gas piston

No backlash

13
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Kinematic Model

The kinematic mode! of the passive holding structure is illustrated in figure 10 and

has been discussed above.

Locking

Preferably, the system is permanently locked. It can only be unlocked by the
command of its operator (e.g. pneumatic unlocking). If there happens to be any kind
of breakdown (electrics, pneumatics, ...) the system will stay in place and thus not

harm anyone (especially the patient).

The locking means are discussed in relation to figures 13 to 15. In figures 13, there is
shown a partial cut view of the blocking system of axis R12 as illustrated in figures 11
and 12 and the references used therein are used in figure 13 for identifying the same

parts and elements.

Specifically, in figure 13, the blocking system is used to block the rotation around axis
R12 between first arm 11, and second and third arm 12 and 13. Arms 12 and 13 are
mounted fixed on the axis R12 whereas axis 12 turns freely within arm 11 (due to
bearings 19 and 19’) and the relative rotation of axis R12 with respect to arm 11 may
be blocked through a spring clutch mechanism 45. This DOF may be unblocked
when desired by the user by opening the spring-clutch with an actuator (for example
a pneumatic piston)

This locking system (or another equivalent one) may be used also for axis R11.

Figure 14 illustrates in perspective view the system used to block the rotation around
axis R17 as illustrated in figures 11 and 12 and the references used therein are used

in figure 14 for identifying the same parts and elements.
This brake system uses a spring clutch system 46 actuated by a piston 47, for

example a pneumatic piston actuating a cam mechanism 48, 49 to block the DOF

R17, i.e. the rotation of the support 16 (see figure 11).

14
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Figure 15 illustrates in perspective view the system used to block the rotation around
DOF S1 as illustrated in figures 11 and 12 and the references used therein are used

in figure 15 for identifying the same parts and elements.

Finally, to block the DOF S1, one uses, for example a braking system with brakes
shoes 50 mounted on braking arms 51. These arms are actuated by a mechanical
spring. The spring’s force is being mechanically amplified by the special form and

articulation of 51 to fulfill the braking effect.

Variant of Passive holding structure

Changes may be considered when developing a variant of the passive holding
structure:

» System is irreversible but the locking system can be mechanically overruled

when there’s an energy-breakdown.

The examples and values (dimensions, number of DOF) given in the above
description are only for illustrative purposes and should not be construed in a limiting
manner on the scope of the invention. Other values and number of DOF may be
envisaged as well by a skilled person. Also, equivalent means may be envisaged by

a skilled person.

Preferably, all the elements and parts are made of metal or appropriate material for

the intended use.

Preferably, the active robot and the passive structure a rigidly connected together for

example via screws or other equivalent fixation means.

All motors, actuators, sensors etc are powered preferably by electricity, through
appropriate cabling not shown in detail here for the sake of simplicity. Such cabling

may be integrated in the structure or not, with appropriate connecting means.

Also, as mentioned pneumatic means may be used for unlocking the brakes or other
purposes. The disclosed braking means may be as described above or use other

suitable equivalent braking systems.

15
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Moreover, to carry out the different DOFs, known means may be used: for example
rails for the translations and bearings for the rotations as described herein but also

other equivalent means may be used.

In addition, the different embodiments described herein may be combined if desired

according to circumstances.

16
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CLAIMS

1. A robotic system, for example for medical applications, wherein said system
comprises a passive holding structure (2) with a large working volume and a robot (1)
holding at least a tool (3), said robot (1) having a small and accurate working volume.
2. The robotic system as defined in claim 1 wherein the passive holding structure
(2) has several degrees of freedom.

3. The robotic system as defined in one of the preceding claims, wherein the
robot (1) has several degrees of freedom.

4. The robotic system of claim 3, wherein said degrees of freedom of the robot

(1) are two translations (Ty, Tz) and two rotations (Ry, Rz).

5. The robotic system of claim 3, wherein the active robot has 6 degrees of
freedom.
6. The robotic system of claim 5, wherein said degrees of freedom are three

translations (Tx, Ty, Tz) and three rotations (Rx, Ry, Rz).

7. The robotic system as defined in claim 3 or 6, wherein the tool (3) has at least
one degree of freedom, such as a rotation or a translation.

8. The robotic system as defined in one of the preceding claims, wherein it
comprises sensors {o increase precision and security.

9. The robotic system as defined in the preceding claim, wherein the sensors are
motor encoders and/or optical scales and/or mechanical switches and/or capacitive
switches and/or force sensors of optical tracking devices.

10. The robotic system as defined in one of the preceding claims, wherein the
passive holding structure (2) has locking means to remain in a locked position while
being used.

11.  The robotic system as defined in one of the preceding claims, wherein the
locking means comprise a spring clutch mechanism or a braking system using
braking shoes.

12.  The robotic system as defined in one of the preceding claims, wherein the
robot uses at least a rail/carrier structure, said carrier being displaced by a

fransmission screw.

18



WO 2012/131658 PCT/IB2012/051607

13. A method of using a robotic system as defined in one of the preceding claims
for carrying out a predetermined operation with an active robot (1), wherein it
comprises the steps of
-) bringing the robot (1) in its working volume by moving the holding structure (2);
5  -)locking the holding structure (2);
-) moving the robot (1) in its working volume to reach its working position;
-) carrying out the predetermined operation;
-) unlocking the holding structure (2) and
-) moving the robot (1) out of the working zone.

10
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