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ROBOTC PLATFORM FOR MINI-INVASIVE 
SURGERY 

RELATED APPLICATIONS 

This patent application is a national stage filing under 35 
U.S.C. S371 of International Application No. PCT/IB2012/ 
052739, filed on May 31, 2012, which claims priority to 
Italian Application No. FI2011 AO00114, filed on May 31, 
2011. Priority to each application is hereby claimed, and the 
contents of each application are incorporated herein by 
reference. 

FIELD OF THE INVENTION 

The present invention refers in general to the field of the 
robotic platforms for mini-invasive Surgery with a single 
access and more precisely it refers to a robotic platform for 
Surgery comprising a trans-abdominal magnetic actuation 
for transferring degrees of freedom to endoscopic devices 
inside the patient’s body. 

STATE OF THE ART 

In conventional Surgery procedures, or in open Surgery, 
the Surgeon operates the patient making extended incisions. 
In Such procedures the Surgeon directly operates on the 
Surgery target, manually or by means of conventional Sur 
gical instruments and has a direct visual and tactile feed 
back. The main disadvantage of the conventional Surgical 
procedures however lies in its high invasiveness, which 
leads to relatively long hospitalisation periods and possible 
post-Surgery complications for the patient. 
The Subsequent evolutions in the Surgery procedures have 

developed towards the reduction of invasiveness thanks to 
minimally invasive Surgery (MIS) techniques. 

In the laparoscopic Surgery techniques, the Surgeon uses 
laparoscopic instruments for operating in the insufflated 
abdominal cavity passing through transcutaneous ports 
called trocar. Three to five small incisions (typically from 8 
mm to 12 mm, sometimes from 3 mm up to 15 mm) are 
made in the body of the patient; an access is used for the 
endoscopic vision, while the others are required for Surgery 
or assistance instruments. Laparoscopic instruments are 
actuated externally by the very Surgeon. From the Surgeon’s 
point of view, the laparoscopic procedure is more complex 
with respect to the conventional Surgery in that the visual 
and tactile feedback is mediated by the laparoscopic instru 
ments. The working space of the laparoscopic instruments is 
also bound to the insertion of the latter through the trocars. 
Most of the limitations of laparoscopic Surgery were 

resolved by using teleoperated Surgical robots. Intuitive 
Surgical, USA thanks to its Da Vinci robot (see for 
example WO 00/30548) is the leading manufacturer of 
robotic platforms for laparoscopic Surgery. 

Such system is based on the same principle of conven 
tional laparoscopic Surgery with the difference lying in the 
fact that the laparoscopic instruments are managed by a 
slave unit. The Surgeon controls the slave unit through a 
console (master). 
Use of robotics allows such platform to be more intuitive 

for the Surgeon due to the possibility of having a stereo 
scopic vision, a Scaling of the work space, a more intuitive 
control (compensation of the fulcrum effect) and a greater 
dexterity. However, such system still reveals numerous 
drawbacks that make it solely suitable for selected and 
particular procedures due to the high costs, the long times of 
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2 
preparation, the overall dimensions of the external robotic 
arms, the increase of invasiveness with respect to standard 
laparoscopic procedures (a total of five holes with a 12 mm 
hole, three 8 mm holes and a 5 mm hole) and the lack of a 
force feedback. 

Alternative methods were proposed with the aim of 
further reducing the level of invasiveness. 
NOTES (Natural Orifice Transluminal Endoscopic Sur 

gery) is an alternative technique. Flexible endoscopes are 
used in this case: therefore, the connection between the 
Surgeon and the Surgery target is no longer mediated by a 
rigid connection. The endoscope is introduced through the 
natural orifices of the patient thus definitely eliminating the 
Surface Scars. The instruments are introduced through the 
operative channels of the endoscope. However, Such proce 
dure reveals drawbacks related to limited flexibility of the 
endoscope, the low dexterity and a limited feedback for the 
Surgeon. Better results may be obtained with by using 
robotic endoscopes in which the actuation is carried on 
board the endoscope itself. The Oleynikov and Farritor 
group of the University of Nebraska has developed robots 
with on-board actuation which can be introduced through 
natural orifices or a single abdominal port and which are 
then fixed to the abdomen through magnetic link means. 
Externally, the Surgeon-through a suitable console—is 
capable of performing simple Surgery tasks. Another pos 
sible endoluminal approach is that proposed by the Appli 
cant in WO2010046823 where robotic serpents with actua 
tors on-board are introduced into the stomach and they form 
two independent robotic units for bimanual operations. Each 
robotic unit is made up of three support legs and an operative 
a. 

The use of a robot in vivo with on-board actuation leads 
to considerable advantages in terms of the low invasiveness 
and flexibility, but it reveals drawbacks related to lack of a 
rigid support capable of allowing exerting the required 
forces to a manipulation for Surgical tasks, and the low 
power given that all actuators are arranged on-board the 
robot. Given that the robot has to pass through natural gaps 
or through a single access port (e.g. the umbilical one), its 
diameter must be necessarily Small, hence Small motors are 
required. Small motors have low power and they are not 
capable of guaranteeing the performance of the Da Vinci 
system in terms of tractive force and motion speed of the 
instrument. 

Single Port Laparoscopy (SPL) is another surgery tech 
nique. It represents an evolution of the conventional lapa 
roscopic Surgery in which there is used a single access port 
usually at the umbilical level and typically 2 or 3 cm wide, 
through which all the instruments required for the Surgical 
operation are made to pass through. This leads to a consid 
erable reduction of the invasiveness of the Surgery proce 
dure. The number of holes available for the operating 
instruments, the work space that can be used by the Surgeon 
for manoeuvring as well as the possibility of triangulation, 
are all inevitably small. 

Such drawbacks are overcome by using a robot suitable 
for the SPL procedures. An example of such type of robot is 
that described in WO2010.042611, in which there are two 
robotic arms and a stereoscopic camera, independent and 
wire-actuated. An alternative version, still actuated exter 
nally, is described in WO20070146987. In the Italian patent 
application FI2010A000075 on behalf of the Applicant there 
is described an SPL robotic system, where the actuators 
regarding the distal degrees of freedom are all housed 
on-board the arm. However, in these cases the required 
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access hole measures 2 or 3 cm, given that the space for the 
kinematic chain, which allows the movement of the robotic 
arms, is required. 

In the field of robotic surgery there is strongly required the 
need of further reducing the invasiveness with respect to the 5 
current robots for robotic Surgery, without jeopardizing the 
dexterity, power and degrees of freedom. 
The current robotic solutions for Surgery procedures are 

localised in defined access points (where the access ports or 
trocars are located) and require anyway more invasive 
incisions with respect to the conventional laparoscopic pro 
cedures (of the order of 1 cm, against the 2 or 3 cm required 
by the SPL procedures). Alternative solutions such as 
NOTES with the use of in vivo robots do not guarantee, in 
terms of performance, an efficient alternative to the currently 
used laparoscopic Surgery procedures. On the other hand 
robotic SPL approaches however require a relevant incision 
and they are generally constrained to a working space 
proximal to the access port. 2O 

Robotic systems for mini-invasive Surgery have also been 
proposed, in which there is provided a magnetic anchoring 
between internal manipulators and an external handle: con 
cerning this see US2008/0058835; D. Oleynikov et al. 
Comp. Aided Surg., 2008, (13), pages 95-105; and Cadeddu. 25 
J. A. et al., Surg. End., 2009, (23), pages 1894-1899. 
However, in these systems the coupling between external 
and internal magnets is solely used for anchoring, drawing 
and magnetic positioning of the system. Another non-robot 
ised magnetic position and control system of a laparoscopic 30 
device is described in US2003/114731. Cadeddu J.A. et al., 
J. Urology, 2007, (178), pages 288-291 describes the use of 
a trans-abdominal platform prototype system for anchoring 
and magnetically guiding laparoscopic instruments by 
manipulating the external magnets; however, the control is 35 
not robotised. Simi M. et al., J. Appl. Phys., 2010, (107), 
pages 1-3, lastly describe a laparoscopic camera prototype 
which by actuating internal magnets—generates the view 
point tilt. 
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SUBJECT OF THE INVENTION 

The general subject of the present invention is to provide 
a robotic platform for mini-invasive Surgery, in particular of 
the bimanual type with single access port, capable of guar- 45 
anteeing a degree of dexterity, mechanical stability, power, 
reliability, comparable to a standard robotic platform for 
laparoscopic Surgery, but characterised by a much lower 
invasiveness. 
A particular subject of the present invention is to provide 50 

a robotic platform of the aforementioned type in which each 
robotic arm operating within the body of a patient is con 
nected to an external control system by means of a reliable 
trans-abdominal magnetic coupling. 
A further subject of the present invention is to provide a 55 

robotic platform of the aforementioned type, that allows 
positioning, anchoring and controlling several robotic arms 
within the body of a patient inserted through a single access 
trOcar. 

A further subject of the present invention is to provide a 60 
robotic platform of the aforementioned type, in which it is 
possible to reposition the robotic arms within the body of the 
patient without restrictions related to the trans-abdominal 
access points. 
A further subject of the present invention is to provide a 65 

robotic platform of the aforementioned type, which is able 
to actively transfer degrees of freedom to inner robotic arms 

4 
by actuating external magnetic means, without causing any 
deformation the patient abdomen wall. 

These subjects are attained with the bimanual robotic 
Surgery platform with single-access according to the present 
invention, whose essential characteristics are indicated in 
claim 1. Further important characteristics are indicated in the 
dependent claims. 
The robotic platform for mini-invasive Surgery according 

to the present invention is based on the idea of considering 
the robot positioned within a body cavity, such as the 
abdomen of a patient, introduced through a single access 
port, as an extension of external robotic manipulators actu 
atable by an operator, also from a remote position. The 
functional continuity between the external and internal robot 
is guaranteed by means of a magnetic link through the body 
wall delimiting said cavity between the internal, integral 
robot and the external one. The magnetic coupling not only 
guarantees a stable anchoring, but most of all it provides 
additional degrees of freedom to the internal robot, thus 
reducing the number of actuators present on-board the latter. 
Internal robots can also be repositioned without requiring 
further incisions on the wall of the body cavity: the internal 
manipulators can be translated over the entire wall using the 
external manipulators, thus providing a working space not 
restricted to the point of insertion and theoretically unlim 
ited. 

Preferably, the robotic platform according to the invention 
is used for mini-invasive Surgery operations involving the 
abdominal region. At least three external robotic arms (for 
example having six degrees of freedom each, used both for 
the initial positioning of the internal robotic arms and for 
constituting, in association with the latter, a single element, 
controlled in real time, dedicated to perform a given Surgery 
task) are used externally. An external robotic arm is used for 
Supporting and possibly moving an internal auxiliary robotic 
arm carrying a vision system, while other external robotic 
arms are used for moving associated internal operative 
robotic arms. The internal robotic arms (both the auxiliary 
one for the vision and the operative ones) have a small 
diameter Such that they can all pass through a single 12-15 
mm trocar and terminate with a base on which there are 
provided magnets for Supporting and actuating the arms. On 
the end-effector (operative end) of the external robotic arms 
there is provided a magnetic system dual to the internal one, 
Such that, following a movement of the magnets of the 
system, there occurs a variation of the associated magnetic 
field which generates a corresponding variation of the posi 
tion of the magnets placed therein and magnetically coupled 
thereto. This allows not only obtaining the anchoring and 
drawing the robotic manipulator on the insufflated abdomen 
of the patient but also the actuation of degrees of freedom by 
means of a suitable movement of the magnets. The inner 
magnets, mounted into dedicated mechanisms, are free to be 
moved (rotate/translate) by the interaction with the external 
magnetic field variations (rotation/translation), thus directly 
transmitting their motion to the internal robotic arms. In 
particular, the movement of the magnets of the external 
magnetic system can be obtained both by moving the 
end-effector of the external robotic arm and by providing 
these magnets with an autonomous movement. According to 
a preferred embodiment of the present invention this autono 
mous movement of the magnets of the external magnetic 
system allows the magnets to move autonomously and 
independently from each other; this movement may be 
achieved by using remotely controlled motors. 
The proposed solution provides for a simple access trocar 

in the body of the patient having a small diameter (12-15 



US 9,579,163 B2 
5 

mm) with respect to what is provided for in the SPL surgery 
procedures (2 or 3 cm). This considerably minimises the 
number of incisions required and above all the invasiveness 
of the Surgery procedure. The hole can be made in any point 
depending on the needs of the surgery procedure. When the 
umbilicus is used as the access port, the procedure would not 
leave visible Scars in the body of the patient guaranteeing 
advantages also from an aesthetic point of view. 
A fundamental advantage of the proposed solution is to 

overcome the need of a mechanical continuity in the robotic 
platform between internal and external parts thereof, by 
using a magnetic link between a robotic arm outside the 
patient and a robotic arm inside the body cavity. This also 
allows having a kinematic chain in which some degrees of 
freedom are actuated externally through a dedicated trans 
abdominal magnetic link, while others are moved by actua 
tors directly integrated in the internal robotic arm. Thus this 
allows a high dexterity (high number of degrees of freedom), 
without the need of having all the actuators on-board the 
internal robotic arm (this approach not being satisfactory in 
literature, given that it is possible to pass actuators having 
low power, and thus not capable of efficiently carrying out 
a high number of degrees of freedom, through an access port 
having a small diameter). Thus the internal robot is not only 
Supported but it is also actuated by the magnetic link. 
A further advantage consists in being able to reposition 

the internal robotic arms, both the operative ones and the one 
Supporting the vision system, without restrictions due to 
trans-abdominal access points. Thus by still using a single 
abdominal access point, Surgery operations in distinct quad 
rants may be performed, allowing fixing the various endo 
scopic devices at any point of the abdominal wall. These 
possibilities considerably increase the Surgeons options 
maintaining to a minimum the level of invasiveness. 
The control of the robotic platform according to the 

invention is in teleoperation. The Surgeon from a con 
sole—is capable of controlling intuitively the entire kine 
matic chain constituted by an external robotic arm, trans 
abdominal magnetic coupling and internal robotic arm, as if 
it were a single robotic arm. In the calculation of the inverse 
kinematics the magnetic coupling is comprised; therefore, 
though at mechanical level the external robotic arm is not 
connected to the internal one, from a software point of view 
the user is capable of controlling it in a simple and intuitive 
manner, as if performing a conventional Surgery operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further characteristics and advantages of the robotic 
platform for bimanual Surgery with single access according 
to the present invention shall be clear from the description 
that follows of the embodiments thereof, provided solely by 
way of non-limiting example with reference to the attached 
drawings, wherein: 

FIG. 1 is a schematic view of the robotic platform 
according to the invention; 

FIG. 2 is a simplified overall operative view of the robotic 
platform of FIG. 1; 

FIG. 3 schematically shows a first embodiment of a 
trans-abdominal magnetic interface of the robotic platform 
according to the invention; 

FIG.3a, b illustrates an internal magnetic interface unit, in 
the closed and open state respectively, of the embodiment of 
FIG. 3; 

FIG. 3c schematically shows a possible system for open 
ing and closing the arms carrying the magnets; 
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6 
FIG. 4 illustrates in plan view—a schematic view of a 

second embodiment of the trans-abdominal magnetic inter 
face according to the invention; 

FIG. 5 is a transverse section schematic view of the 
magnetic interface of FIG. 4; 

FIG. 6 shows a variant embodiment of a detail of the 
internal magnetic interface unit of the magnetic interface 
according to FIG. 5: 

FIGS. 7a and 7b are perspective views of a further variant 
embodiment of the internal magnetic interface unit accord 
ing to the embodiment schematically shown in FIG. 4. 
illustrated in open (operative) and closed State respectively; 

FIG. 8 is a transverse section schematic view of a third 
embodiment of the magnetic interface of the robotic plat 
form according to the invention; 

FIG. 9 is a transverse section schematic view of a fourth 
embodiment of the magnetic interface of the robotic plat 
form according to the invention; 

FIG. 10 is a longitudinal view of the internal magnetic 
interface unit and of the relative internal robotic arm in 
aligned condition along the common longitudinal axis; 

FIG. 11 shows a detailed view of the internal magnetic 
interface unit of FIGS. 9 and 10. 

DETAILED DESCRIPTION OF THE 
INVENTION 

With reference to FIGS. 1 and 2, the robotic platform for 
mini-invasive Surgery according to the present invention 
comprises external robotic arms, generally indicated with 1, 
each preferably having six degrees of freedom, adapted to 
operate outside the body (in particular the abdomen) of a 
patient 2 arranged on a Surgery plane 3, and internal robotic 
arms, generally indicated with 4a and 4b, able to be posi 
tioned within the body of the patient at the respective 
external robotic arms 1. The external robotic arms are of the 
commercial type, for example RV-6SL, the anthropomor 
phic industrial robotic arm with six degrees of freedom 
manufactured by Mitsubishi Electric. 

Between each of the external robotic arms 1 and the 
respective internal robotic arms 4a, 4b, there is provided a 
trans-abdominal magnetic coupling system, generically 
indicated with 6, for anchoring and actuating the internal 
robotic arms 4a, 4b, and composed of an external magnetic 
interface unit 6a, mounted at the distal end constituting the 
end-effector of each external robotic arm 1, and of an 
internal magnetic interface unit 6b, mounted on the proximal 
end of each internal robotic arm 4a, 4b. 
The external magnetic interface unit comprises magnetic 

elements, in particular permanent magnets or electromag 
nets; the internal magnetic interface unit comprises magnetic 
elements, preferably in form of permanent magnets. 
The internal magnetic interface unit 6b of each internal 

robotic arm 4a, 4b is dual to the external magnetic interface 
unit 6a mounted on the corresponding external robotic arm 
1. The term “dual' in the present description is used to 
identify a configuration of the end-effector of the external 
robotic arm comprising a number of magnets equivalent to 
the internal system, spatially arranged in the same manner as 
in the internal system. Depending on the various embodi 
ments described hereinafter, Such configuration may how 
ever reveal slight differences: in the passive case (FIG. 3) the 
magnets are constrained in a special fixed structure, in the 
translating case (FIGS. 5, 6, 7) the four magnets arranged 
radially around the central one may translate along the axes 
of the cross so as to be able to move the internal magnets, 
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lastly, in the rotational case (FIGS. 8, 9) the magnets rotate 
around their own axis, instead of translating. 

In the embodiment of the invention illustrated in FIGS. 1 
and 2, the robotic platform comprises three external robotic 
arms 1 which, through the respective magnetic interfaces 6, 
control two internal operative robotic arms 4a and an 
auxiliary robotic arm 4b carrying a vision system 7, of the 
known type, comprising for instance a lighting unit and an 
image acquisition unit, such as a camera. A vision system 
suitable for the use in the robotic platform according to the 
present invention is for example the one described in the 
Italian patent application N. FI2010A000196, in the name of 
the Applicant. 

In a preferred embodiment of the invention the internal 
robotic arms 4a.4b have a 12 mm diameter and they are 
adapted to be inserted into the abdomen of the patient 
through a single access port 8, for example constituted by a 
12-15 mm trocar. 
The internal operative robotic arms 4a have a modular 

design. Each arm is constituted by at least one module, 
provided with on-board actuation to confer it at least one 
degree of freedom, and by an end-effector possibly active, at 
the distal end thereof, required for the specific surgical 
function which it is intended to perform (e.g. forceps, 
scalpel, etc). Preferably each internal operative robotic arm 
is formed by two modules with at least 3 degrees of freedom 
and by an end effector. In a possible embodiment the degrees 
of freedom of each internal operative robotic arm, taken as 
a whole, are: six external degrees of freedom provided by 
the trans-abdominal actuation system and which can be used 
for the movement of the relative internal robotic arms 4a, 4b 
and three/four degrees of freedom of each of the internal 
operative robotic arms provided by the on-board actuators. 
The degrees of freedom of an internal robotic arm in a 

possible embodiment can be Roll-Pitch-Roll (spherical 
wrist). Regarding the system of trans-abdominal magnetic 
coupling, there are transmitted up to six degrees of freedom: 
translation along three axes, pitch, yaw and rotation around 
the axes thereof (see for example FIG. 5) 

FIG. 3 illustrates a first embodiment of the system of 
trans-abdominal magnetic coupling, or magnetic interface 
unit 6, of the robotic Surgery platform according to the 
invention. The external magnetic interface unit is indicated 
with 6a and the internal magnetic interface unit separated 
from the abdominal wall 2a of the patient is indicated with 
6b. The end effector, indicated with 9, arranged at the distal 
end of the external robotic arm 1, and a base 10 arranged at 
the proximal end of the internal robotic arm 4, are also 
shown in FIG. 3. 

FIGS. 3a and 3b illustrate the internal magnetic interface 
unit 6b applied at the proximal end of each internal robotic 
arm 4a, 4b. The interface is formed by the aforementioned 
base 10 from which there are radially extended four angu 
larly equally spaced arms 11 and carrying permanent mag 
nets 12 fitted along the arms 11. 
The arms 11 are rotatably connected to the base 10 so as 

to be enclosed thereon in seats 13 obtained therealong. In the 
closed state the interface and the associated robotic arm have 
dimensions such as to be able to pass through a 12-15 mm 
trocar and thus be able to be introduced into the insufflated 
abdomen of the patient. The opening and the closure of the 
arms 11 may be controlled by means of a Suitable arrange 
ment of the magnets 12, for example arranging the magnets 
so that in the closed form there are repulsive magnetic 
interactions therebetween. In the latter case the internal arm 
is forcedly inserted and pushed in closed form through the 
trocar with the help of a conventional laparoscopic instru 
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8 
ment and Subsequently upon overcoming the introduction 
port the arms are free to open. In order to facilitate the 
mechanism for the complete opening, it is necessary to 
position the internal magnetic interface at the external one. 
Magnetic docking is obtained in this manner. FIGS. 3a, 3b 
represent the case in which the aforementioned magnetic 
interaction is exploited to open the device. FIG. 3c instead 
schematically represents how to provide the system with an 
opening through linear actuation means. In this second case, 
an actuator 15 connected to the arms 11 through respective 
rods 16 is arranged in the base 10 for controlling the opening 
and closing of the arms 11. The rods 16 are rotatably 
connected both to the actuator and to the arms 11, hence, 
depending on the direction of motion of the actuator, they 
push the arms towards the opening position (FIG. 3b) or they 
pull them towards the closing position (FIG. 3a). 
The external magnetic interface unit 6a is dual to the 

internal one and it has a cross-shaped configuration in which 
four arms 21, extending from a base 20, carry relative 
permanent magnets 22, as schematically shown in FIG. 3. 
The movement and the orientation of the end effector 9 
allow transmitting six degrees of freedom to the internal 
robotic arm, as shown in FIGS. 3 and 3b, i.e. three rotations 
(roll Z, rotation around the axis Z perpendicular to the laying 
plane of the open arms; pitch and yaw, rotation around the 
axes X and y for aligning the arms two by two) and three 
translations (shift X, shifty and shift Z, translations along the 
axis X, along the axis y and along the axis Z, as defined 
above). In this case the magnets 12 mounted on the arms 11 
provide both for anchoring and positioning the relative 
robotic arm. 

Considering the degrees of freedom provided by the 
interface of magnetic coupling, the internal robotic arm has 
six degrees of freedom (Translation x, y, z, Roll Z, Pitch x, 
y) provided from outside and three/four internal degrees of 
freedom provided by the on-board actuators. 

If necessary a needle having a diameter below 3 mm 
(Scarless) can be used for anchoring the internal magnetic 
interface unit to the respective external unit in a specific 
position. Thus, it is possible to increase the stability and also 
obtain more than the four degrees of freedom typical of the 
laparoscopic instruments. 
A second embodiment of the magnetic coupling system is 

illustrated in FIGS. 4 and 5. FIG. 4 is a schematic repre 
sentation of the arrangement of the magnets provided on the 
internal interface unit 6b, and i.e. a central magnet 31 and 
four magnets 32 arranged radially and equally spaced, and 
shows the degrees of freedom (two translations (shift x, shift 
y), and a bearing rotation (roll Z) transmittable from the 
external magnetic interface unit 6a dual to the unit 6b. FIG. 
5 schematically illustrates the system of magnetic interface 
6 provided for each pair of internal and external robotic arms 
with the external 6a and internal 6b interface units thereof. 
The internal magnetic interface unit 6b, arranged at the 
proximal end of the internal robotic arm, comprises a base 
30 carrying the central magnet 31 with Support and centring 
function and the four magnets 32, mounted on respective 
linear guides 33 with low friction arranged cross-like around 
the base 30, which allow actuating of the additional six 
degrees of freedom. The magnets 32 are connected to a plate 
34 by means of respective cables 35 and the plate 34 is fixed 
at the proximal end of a respective internal robotic arm. 
Correspondingly the external magnetic interface unit 6a 
comprises a base 36, fixed at the end-effector 9 of the 
external robotic arm, carrying a central magnet 37. From the 
base 36 there are radially extended equally spaced four 
linear guides 38 with low friction on which there are slidably 
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mounted respective magnets 39. The sliding of the magnets 
39 is controlled by actuators 40 of the conventional type. 
The dual configuration of the external 6a and internal 6b 

magnetic interface unit allows, moving the magnets 39 
along the respective guides 38, the corresponding magnets 
32 to move in the same way. The movement of the four 
magnets 32 along the guides 33 determines the tractive force 
of the respective cables 35, integral with the magnets 32, and 
thus a corresponding movement of the plate 34. More 
precisely, the movement of a pair of opposite magnets in the 
same direction, determines the orientation of the plate 34 
around the aligning axis of the other pair of magnets (tilt X 
or tilty), while the actuation of the four magnets simulta 
neously approaching or moving away produces a translation 
of the internal robotic arm along the axis Z (shift z). 
Furthermore the translation of the entire end-effector of the 
external robotic arm, to which the external magnetic inter 
face unit 6a is integral, causes a corresponding displacement 
of the internal robotic arm to obtain further two degrees of 
freedom fundamental for positioning the device on the 
abdominal wall (shift x, shift y). Lastly rotating the end 
effector with respect to the axis of the external robotic arm 
also allows obtaining the degree of freedom roll Z. In 
conclusion exploiting Such system allows obtaining up to six 
degrees of freedom without requiring to include specific 
actuators on the internal robotic arm. 

With the aim of guaranteeing greater stability and inte 
grally constrain the motion of the internal modular arm it is 
possible to connect the plate 34 to the base 30 with joint-like 
articulation means 41. Such as a spherical or cardanic joint, 
as shown in FIG. 6. This allows gaining in terms of accuracy 
and reliability, but to the detriment of the possibility of 
sliding along the axis Z. 

Even in this embodiment the linear guides 33 of the 
internal interface unit 6b can be closed on the base 30 as 
previously described to allow the introduction of the internal 
robotic arm into the body of the patient through the trocar. 
The transmission means of the movement from the slid 

able magnet of the internal magnetic interface unit to the 
internal robotic arm may also be constituted by rigid articu 
lated transmissions provided by means of rigid rods. A 
solution of this type is shown in FIGS. 7a and 7b. While the 
external magnetic interface unit 6a is identical to that 
illustrated in FIG. 5 and thus it is not illustrated in the 
aforementioned figures for the sake of simplicity, the inter 
nal magnetic unit interface 6b comprises a base 50 from 
which there are extended four radially equally-spaced arms 
51. On each of the arms 51 there is fixed a respective 
permanent magnet 52. The base 50 is connected to a plate 
53, fixed at the proximal end of the internal robotic arm, 
through a cardanic joint 54. For each radial arm 51 there are 
provided two rods 55 and 56 hinged in a common position 
thereof with an end thereof. The rod 55 is also hinged with 
the other end thereof to the plate 53, while the rod 56 is 
rotatably engaged slidably in a guide 57 obtained longitu 
dinally on the base 50. 

In this embodiment the four magnets 52 are intended to be 
positioned directly at contact with the abdomen of the 
patient and to slide therealong following corresponding 
sliding of the magnets present in the associated external 
magnetic interface unit 6a, which axially translate the 
respective arms 51. The translation of the magnets 52 
actuates the cardanic joint 54 through the articulation con 
stituted by the rods 55 and 56. The degrees of freedom of 
this system are the same of the previous one with the 
difference lying in the fact that also the opening and closing 
system is passive, i.e. it is controlled by the sliding of the 
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10 
arms 51. Actually, when the magnets are at the internal end 
of the radial arms 51, i.e. the one closest to the base 50, also 
the arms are folded on the extension thereof and the two rods 
55 and 56 are laid on the base 50. Also in this case, in the 
closed position the magnets tend to repel through magnetic 
repulsion. During the insertion through the trocar, the arms 
are forcedly held at contact by the dimension of the rigid 
operative channel and, upon exceeding the port, the arms are 
free to be deployed. 

In a different embodiment of the invention the actuation 
of the cables 35 is not induced by the translation of the 
magnets 32, but by their rotation. As shown in FIG. 8, where 
components identical to those of the embodiment illustrated 
in FIG. 5 have the same reference number, the magnets 39 
of the external magnetic interface unit 6a are mounted on 
axes 42 extending radially equally spaced from the base 36 
carrying the central magnet 37 and connected to actuators 43 
of the conventional type adapted to rotate them. The corre 
sponding magnets 32 of the internal magnetic interface unit 
6b are rotatably mounted on axes 44 extending radially 
equally spaced from the base 30 and they are integral with 
guides 45 on which the ends of the cables 35 are wound. The 
rotation of the magnets 39 of the external magnetic interface 
unit 6a induces a rotation of the corresponding magnets 32 
of the internal magnetic interface unit 6b and of the guides 
45 integral thereto causing the winding or the unwinding of 
the cables 35. The movements which can be transmitted to 
the internal robotic arm are equal to those described in the 
previous embodiment of the invention and i.e. oscillation 
around the axes X and y and translation along the axis Z. 

In the embodiment of the magnetic interface 6 illustrated 
in FIG.9 each external magnetic interface unit 6a comprises 
three permanent magnets including a central one 61 and two 
end ones 62 housed in an external support structure 60 
integral with the end-effector of the related external robotic 
arm. As shown in FIGS. 9 and 11, each internal robotic arm 
is provided with an internal magnetic interface unit 6b, dual 
of the external one, comprising an internal Support structure 
63, connected at the proximal end of the internal robotic 
arm, in which there are arranged a central magnet 64 and two 
end magnets 65. The internal support structure 63 is sub 
stantially tubular-shaped having a diameter equal to that of 
the internal robotic arm to which it is connected through a 
rotoidal joint 66. The magnets 62 located at the ends of the 
external Support structure 60 are designated to generate 
forces on the end magnets 65 corresponding in the internal 
support structure 63, with the aim of maintaining the latter 
adherent to the abdominal wall, while the central magnet 61 
in the external Support structure 60 is used for inducing a 
rotational motion to the corresponding central magnet 64 of 
the internal support structure 63. The rotation induced on the 
internal central magnet 64 actuates a mechanism with cables 
67, 68 and pulleys 69, 70 which allows the rotation of the 
internal robotic arm around the joint 66. More precisely, the 
cables 67 and 68 are wound in the opposite direction on an 
axis integral with the rotatable magnet 64, hence they 
operate in an antagonist manner on the arm 4a, given that the 
tractive force of one of them is compensated by the loos 
ening of the other. The external magnetic interface unit 6a, 
being integral with the end-effector of the external robotic 
arm, may be moved along the abdominal Surface conferring 
further two degrees of freedom (shift X, shift y). 

In order to improve the stability of the tubular structure 63 
in case of forces generating a moment along the axis X, there 
can be provided suitable structures (not shown) directly 
integrated in the tubular structure itself, as lateral fins. 
Alternatively, to the tubular structure 63 there can be 
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coupled additional stabilization structures, using conven 
tional laparoscopic instruments (forceps) for orthogonally 
hooking them to the tubular structure. 

FIG. 10 shows the internal robotic arm with the associated 
internal Support structure 63 aligned thereto. Such configu 
ration allows a simple insertion of the robotic arm in the 
abdomen through a single umbilical trocar. 

In the detailed view of FIG. 11 there is shown the central 
magnet 64 integral with an axis 71 rotatably mounted on 
supports 72 integral with the tubular structure 63. The two 
cables 67 and 68 are wound in opposite directions on the 
axis 71 and oriented through the respective pulleys 69 and 
70 so that the respective free ends thereof can be fixed to the 
robotic arm on diametrically opposite parts. In this manner, 
inducing a rotation in a direction of the magnet 64, one of 
the two cables is tensioned and the other is loosened, causing 
the rotation of the robotic arm around the joint 66 in one 
direction or in the opposite one. 
The removal of the internal robotic arms at the end of a 

Surgery intervention is carried out using conventional lapa 
roscopic instruments. The internal robotic arm is initially 
approached to the hole from which it will be extracted 
(trocar) starting from the distal part. The external magnetic 
Support is thus removed and the internal device is gradually 
closed even using a conventional laparoscopic instrument 
(e.g. forceps). In particular, for the removal of an internal 
magnetic interface with radial structure, the closure may be 
motorised or alternatively forced into the inlet in the trocar 
also during the extraction. In the case of the embodiment of 
FIG. 9 the device is realigned to the hole and extracted in the 
configuration of FIG. 10. In case of application of stabili 
sation accessories, they will be de-coupled from the tubular 
structure first and then extracted. 
The control of the robotic platform and in particular of the 

trans-abdominal magnetic link, with the aim of being able to 
perform the required movements in an extremely accurate, 
dextrous and safe manner, involves the sensorization of 
Some parameters as the intensity of the magnetic field, 
position and relative orientation between the magnetic inter 
faces, with the aim of evaluating possible misalignment in 
the drawing of the internal trans-abdominal magnetic inter 
face with respect to the external one. By means of the 
relative positions of the magnets adapted for the actuation, 
with the aim of having a control feedback on the procedure, 
there is provided a low level feedback control so as to be 
able to compensate misalignment during the movement 
between the two internal and external magnetic interfaces. 

The magnets used in the present invention have a dia 
metric polarization and they can be of the N52 type, Neo 
dymium-Iron-Boron type, or the like, of cylindrical shape. 

From what has been described above, it is clear that the 
robotic platform for mini-invasive Surgery according to the 
present invention fully achieves the predetermined purposes. 
The presence of a trans-abdominal magnetic coupling 

overcomes the need of providing mechanical continuity 
between the external control system and the internal robotic 
arms. The described system does not require a trocar for 
each inserted instrument, thus avoiding the problem of 
having to perform additional incisions in case of need to 
reposition the Surgical instruments. However, in the same 
manner the passive actuation—through trans-abdominal 
magnetic coupling—allows overcoming the problem lying 
in requiring using Small actuators and thus with poor per 
formance in terms of developed force. This allows that an 
actual alternative to conventional Surgery robotic systems is 
guaranteed. 
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The internal operative robotic arms and the robotic arm 

carrying the vision system are introduced, in Succession, 
through a single 12-15 mm trocar. This makes the robotic 
platform as minimally invasive not only with respect to the 
conventional laparoscopic Surgery platforms, but also with 
respect to more innovative SPL systems. The change of 
Surgical instruments may be simply carried out by replacing 
an internal robotic arm with another one carrying a different 
instrument. 
The robotic platform according to the present invention 

provides the surgeon with a very flexible system offering an 
extremely high number of degrees of freedom for perform 
ing a Surgery task. The total number of degrees of freedom 
of the robotic platform is actually given by that of the 
external robotic arms, that of the relative magnetic couplings 
and that of the internal robotic arms. Such flexibility offers 
the Surgeon the possibility to always have, when operating, 
the best conditions for the Surgery task solution. 

Thus, the robotic platform according to the invention can 
be used as a replacement or integration for the current 
systems of laparoscopic Surgery. In addition, it allows con 
siderably reducing the invasiveness of the laparoscopic 
procedure, using a single hole of considerably small dimen 
sions with respect to the other single port solutions. How 
ever, the platform maintains the intuitiveness and the advan 
tages of using robotics in Surgery additionally guaranteeing 
greater flexibility due to the considerable number of degrees 
of freedom and the possibility of repositioning on the 
abdomen of the patient. Due to these reasons the proposed 
system may also lead to the creation of new surgery proto 
cols. 
The robotic platform according to the invention as 

described above allows performing bimanual robotic sur 
gery operations, but it is clear that more than two internal 
operative robotic arms can be used for performing complex 
Surgery tasks. In any case, access to the abdomen remains 
single and mainly used for the passage of cables for power 
Supplying the motors or the cameras integrated in the 
internal robotic arms. 
Though the present description refers to the use of the 

robotic platform according to the invention in mini-invasive 
Surgery interventions involving the abdominal region, it 
should be borne in mind that the use thereof can be extended 
to other body cavities. 
The robotic platform for mini-invasive Surgery according 

to the present invention may be subjected to variants and/or 
modifications without departing from the scope of protection 
of the invention as defined in the attached claims. 

The invention claimed is: 
1. A robotic system for minimally invasive Surgery, the 

system comprising: 
a plurality of internal robotic arms configured for inser 

tion in a body cavity of a patient through a single access 
port; 

a plurality of external robotic arms positioned externally 
to the patient with each external robotic arm associated 
with one of the internal robotic arms; and 

a magnetic coupling System comprising 
a plurality of external magnetic interface units, each 

external magnetic interface unit associated with one 
of the external robotic arms, 

a plurality of internal magnetic interface units, each 
internal magnetic interface unit associated with one 
of the internal robotic arms, and 
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wherein movement of one of the external robotic arms 
controls a corresponding movement of the associated 
internal robotic arm through the magnetic coupling 
system, 

wherein each of the plurality of external magnetic inter 
face units include a magnet and each of the plurality of 
internal magnetic interface units include a magnet, such 
that movement of one of the magnets in one of the 
external magnetic interface units is transmitted to the 
magnet of the corresponding internal magnetic inter 
face unit through variations of the magnetic fields 
generated between the magnets of the respective mag 
netic interface units, and wherein the movement is 
further transmitted to the internal robotic arm associ 
ated with the internal magnetic interface unit, 

wherein the magnet of each of the plurality of the external 
magnetic interface units are arranged on radial arms 
extending from a base at a distal end of a respective one 
of the external robotic arms and the magnet of each of 
the plurality of internal magnetic interface units are 
arranged on radial arms extending from a base at a 
proximal end of a respective internal robotic arm. 

2. The robotic system according to claim 1, wherein the 
magnet of each of the plurality of the external magnetic 
interface units are controlled to move autonomously and 
independently from each other. 

3. The robotic system according to claim 1, wherein the 
radially extending arms are aligned two by two. 

4. The robotic system according to claim 1, wherein the 
magnets are fixed to the radially extending arms. 

5. The robotic system according to claim 1, wherein the 
radially extending arms are axially movable relative to the 
base. 

6. The robotic system according to claim 1, wherein the 
magnets are pivotably mounted on the radially extending 
alS. 

7. The robotic system according to claim 1, wherein the 
magnets are slidably mounted on the radially extending 
aS. 

8. The robotic system according to claim 7, wherein the 
magnets of the internal magnetic interface units are con 
nected to a plate integral to the corresponding internal 
robotic arm through transmission means for the transmission 
of motion to the corresponding internal robotic arm. 
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9. The robotic system according to claim 8, further 

comprising a joint between the plate and the base, the joint 
being actuated by the transmission means. 

10. The robotic system according to claim 8, wherein the 
transmission means is flexible. 

11. The robotic system according to claim 10, wherein the 
transmission means comprises wires connected to respective 
magnets and submitted to tractive force following a move 
ment of the magnets. 

12. The robotic system according to claim 8, wherein the 
transmission means is articulatably rigid. 

13. The robotic system according to claim 12, wherein the 
rigid transmission means comprise, for each internal robotic 
arm, a pair of rods hinged at one of their ends to the internal 
robotic arm, the other ends being hinged respectively to a 
guide axially sliding on the base and to articulated joint 
means placed between the base and the plate. 

14. The robotic system according to claim 1, wherein the 
radially-extending arms of the internal magnetic interface 
units are foldable on the base and an actuator is connected 
to the radially-extending arms and configured to arrange the 
radially-extending arms in an open state after insertion of the 
internal robotic arm into the body cavity. 

15. The robotic system according to claim 1, wherein 
arrangement of the magnets on the radially extending arms 
of the internal magnetic interface unit is such that, in the 
folded state on the base, a repulsive magnetic force is 
generated which is contrasted once the internal robotic arms 
are inserted in the body cavity and is suitable to deploy the 
radially extending arms in an opened state. 

16. The robotic system according to claim 1, wherein the 
external magnetic interface unit and the associated internal 
magnetic interface unit each comprise a stationary perma 
nent magnet. 

17. The robotic system according to claim 1, wherein the 
external magnetic interface units and the internal magnetic 
interface units comprise one of magnetic field sensors, 
linear/angular position sensors, accelerometers, gyroscopes, 
for monitoring non-alignments between the external mag 
netic interface units and the internal magnetic interface units 
to balance the non-alignments due to the movements by 
integrating the data coming from the sensors in a feedback 
control cycle. 


