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(57) Abstract: The invention is relative to a new robotized system to control and actuate with micrometric precision an endoscope,
particularly, but not exclusively for neonatal laparoscopy. The basic structure is made by three to five self balancing arms (which
= can be moved passively) able on command, to block itself in the actual position, passing in mode active Robot. At least two of the
& arms sustain the actuation system of the surgical endoscope, each being able to rotate the instrument sheet along two axes mutually
perpendicular and to the sheet itself holding fixed the insertion point of the instrument into the patient, being also able to rotate the
& instrument with respect to the sheet and to control the axial advancement, the instrument's actuation (scissor, forceps or anything
& else) being controlled in position with micrometric precision. Presence of an haptic interface is also foreseen, to inform the doctor on

the resistance opposed to the various actions. The remaining arms are used to hold the other accessories (video camera, insufflator,
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etc) eventually moving them, on doctor request, that commands and controls everything from a console. The purpose of the present
equipment is to allow controlling the movement with a precision not obtainable with free hand, while utilizing the entire manual
instrumentation presently available in the hospitals.
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ROROTIZED SYSTEM FOR THE CONTROL AND MICROMETRIC ACTUATION OF AN ENDOSCOPE

General Description of the field of application of the invention.

Least Invasive Surgery is taking more and more momentum as a perfect method to reduce
invasiveness, retovery times and consequently also global costs of surgical procedures,
minimizing also related risks. In fact the reduction of the surgeries invasiveness is coupled
with their much higher tolerability by the organism, that produces a faster recovery, allowing
sometimes even patient’s dismissal from the hospital on the same day of the surgery.

Instruments used for such surgeries are rigid endoscopes, most commonly used the
laparoscope. This is usually operated by hand by the doctor, that controls its movements,
included the actuation of the operating instrument (forceps, scissors, etc.). Two or more
further instruments are present, to inflate the abdomen using CO2, and a video camera.

Since the instrument control may not be easy, especially if the movements required are very
fine, Robots have been introduced, allowing a finer motion control, that is in any event
always actuated by the doctor. These allow also to employ only one medical operator, rather
than to use, as it occurs now, two or three operators. Substantially the system allows a kind
of motion demultiplication, improving its control. However in these Robots the endoscopic
instrument is integrated not only with the Robot itself, but even with the auxiliary
instruments, increasing the surgery costs, determined, not only by the Robot, but also by the
cost of the specific disposable instruments. Furthermore the endoscopes used are of non
miniaturized dimensions (>8 -10 mm.).

The idea of the present invention is to develop an instrument allowing the same type of
actuation with extra fine motion control, using however the la endoscopic instruments
existing, which not only should allow a good saving for the hospitals, reutilizing existing
instruments, but also to utilize small size instruments (2 — 3 mm in diameter), necessary in

neonatal and paediatric surgery, currently not usable in other way than free hand, while
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precise position control could be more useful, such in the case of neonatal laparoscopy,
where body structures are, sort to say, miniaturized.

Moreover, since during surgeries the doctor is used to feel the effort to accomplish the
different operations, an haptic interface will have to be supplied, allowing to feel the physical
perception of the force exerted.

Description of the preferred embodiment.

Basically, each arm (either operator or auxiliary) may be similar to those described in Italian
patent application N° CS2002A000005, of 28/05/2002, N° CS2002A000022., of 7/11/2002
and N° CS2005A000010., of 28/06/2005 which are explicitly referred to. Thus the
preferred embodiment of each arm is made according one of the two alternatives presented
in the last patent application quoted. The first presents a first hinge having vertical axis,
from which departs a second arm, bearing at the end a second hinge having horizontal axis,
perpendicular to the arm. From such second hinge a third arm departs, at the end of which a
third hinge having horizontal axis and parallel to that of the second hinge is present. The
fourth arm is similar to the third, bearing at the end again a fouth hinge, also parallel to the
last two. From the fourth hinge departs a very short fifth arm bearing at the end a fifth
hinge, whose axis should lie on a plane parallel or passing through the first hinge, followed
by a sixth arm, also very short, which presents at the other estreme another hinge, whose
axis is perpendicular to that of the fifth hinge, and, in extended configuration, also to that of
the fourth (the axis of the sixth hinge is thus coaxial with the sixth arm). Each hinge
presents both an encoder to measure the angle formed between the arms, and a motor
allowing relative motion between the member on which is placed.and a spring, preferably
torsion, whose other extreme is ¢ connected to the following arm. In parallel to the torsion
spring is placed a brake allowing direct transmission of motion from the motor, bypassing

the spring, transforming the system in a robot.
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Alternatively it will be possible to use a SCARA type kinematic chain mounted on a vertical
counterbalanced slider to which a third hinge having vertical axis is added, followed by two
more hinges having axes mutually perpendicular positioned in such a way as to complete the
wrist of the kinematic chain.

This way the doctor may freely bring the instrument, characterized by a self balancing active
or passive system, in proximity of the work zone, connect the robotized equipment to the
endoscopic instruments, already positioned, and require the transition in Robot mode, that
will block the hinges and will be ready for the surgical phase. At the extremity of the
surgical Robot a new system bearing at least five degrees of freedom will be placed, two of
which allow to rotate the surgical instrument, about the point of insertion of the instrument
into the patient’s skin, along two mutually perpendicular axes, also perpendicular to the
instrument. A third degree of freedom allows the instrument to rotate about its axis with
respect to the sheet, while a fourth will control the axial displacement again with respect to
the sheet. Finally the fifth degree of freedom will be dedicated to the actuation of the
surgical instrument, forceps or scissor or whatever else.

The axial advancement and actuation systems will bear force sensors able to evaluate the
resisting forces in the various manoeuvres in order to supply the surgeon an indication on
possible problems. These indications could be both a variable force or an array of leds more
or less enlighted in order to be clearly perceived. Naturally it is possible to use both systems
for redundancy. And since usually the surgical instruments are two, all this will be present
on two arms. The remaining arms will not bear this further five degrees of freedom control
system, but will bé controllable in any event by the surgeon through the console. He will
hence have the possibility to modify the angle relative to the skin surface through a control
system that will act in the same time on all different degrees of freedom in order to obtain

the motion requested, being also in this case possible to include an haptic interface.
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At the patient’s side the console will be placed, on which all commands of the surgical and
auxiliary robots will be hosted, so that the doctor will have full control of the entire surgical
theatre, which is actually shared with other operators. The system will be completed by a
series of adaptors allowing to connect each element of the traditional endoscope with the
robotic system.

Figure 1 presents a surgical robotic arm, holding as end effector the five degrees of freedom
system, that allows actuating the surgical endoscope as previously explained. It is clear that,
should the endoscope have more than three degrees of freedom with respect to the sheet,
these will be added to the end effector.

The following Figure 2 presents a clearer representation of the five degrees of freedom end
effector, where is schematically shown the method of control of the instrument rotation
about the two axes perpendicular to the surgical instrument. As can be seen these rotations
are obtained using a first hinge (1) whose axis passes through the insertion point of the

instrument in the skin, and by a semi ring (2) whose radius is equal to the distance from the

-same point. If the semi ring opening were of 180°, then the rotation about hinge 1 would

‘cause the pure rotation of the instrument about an axis perpendicular to the ring itself, while

the translation about the semi-ring should cause the rotation in direction perpendicular to the
first. If instead the angle were less than 180° the two modes would be combined, which
could be easily corrected via software. In the same figure with (3) is indicated the gear that,
acting on a rack, allows axial motion, while gear (4) produces the axial rotation of the entire
block, and gear (5) activates the surgical instrument. However, using a second semi - ring,
or even better a sector of ring, it is possible to generate a hinge having its axis in the right
position, even in absence of physical constraints in the axis region. This is shown in the side
view of the same Figure.

Figure 3 shows a possible kit of robotized actuation of an existing endoscope. Note that the
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lower gear, fixed to the instrument shaft, allows its rotation of 360 degrees about its axis.
Meanwhile, the upper gear, when rotated by an angle different from that of the lower gear,
activates the instrument’s action (opening or closing). Obviously the motion control system
will operate in such a way that the surgeon will have separated command systems for the
105 two actions, while the software will give the correct commands to the different motors.
Note also that the entire group including semi ring up to the instrument must all be sterile,
being commanded by four motors placed on the last link of the robotic arm, via animated
cables able to transmit rotations and torque (such as a Teflon tube holding inside it a steel
spring), also sterile, while between motors and animated cables the transducers used for the

110 haptic response could be positioned.
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Claims:;

1

2)

3)

4

Robotized system to control the position and actuate a conventional endoscopic
instrument composed by a certain number of robotized arms, by an end effector
bearing at least five degrees of freedom fully sterilizable, by a system of connection of
the existing instruments to the five degrees end effector, also sterilizable, by a system
of control in real time of the motion of the surgical instrument and of the auxiliary
arms operated by a single surgeon, and by a system of detection of the acting forces
and relative haptic representation.

In particular the system of claim 1 could present self balancing arms movable in a
passive way but lockable upon request to transform themselves in robot mode.

In particular the end effector bearing at least five degrees of freedom fully sterilizable
of claim 1 could allow rotation of the surgical instrument in two perpendicular
directions, also perpendicular to the instrument’s shaft, having centre in the patient’s
entrance hole, the 360° rotation about its axis, the axial translation with respect to the
sheet, and the instrument’s actuation.

In particular the system of connection of the existing instruments to the five degrees

end effector of claim 1 must allow 360° of rotation about instrument’s axis.
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Figure 1

Figure 2
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