w0 2020/012440 A1 |0 F000 0 KOO0 0 0 0 00

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
16 January 2020 (16.01.2020)

‘O R 00 0 0 A
(10) International Publication Number

WO 2020/012440 A1

WIPO I PCT

(51) International Patent Classification:
GO1B 7/02 (2006.01) GO1B 7/14 (2006.01)

(21) International Application Number:
PCT/IB2019/055975

(22) International Filing Date:
12 July 2019 (12.07.2019)

(25) Filing Language: Italian
(26) Publication Language: English
(30) Priority Data:
102018000007150 12 July 2018 (12.07.2018) IT
(71) Applicant: SCUOLA SUPERIORE DI STUDI
UNIVERSITARI E DI PERFEZIONAMENTO

SANT'ANNA [IT/IT]; P.zza Martiri della Liberta, 33,
56127 Pisa (IT).

(72) Inventors: CHIURAZZI, Marcello; Via La Maddalena 3,
56125 Pisa (IT). CIUTI, Gastone, Via Niosi 12, 56125
Pisa (IT). GAROZZO, Guido Giuseppe, Via Paolo Savi
14, 95123 Catania (IT). DARIO, Paolo; Via La Casetta 12,
56042 Crespina Lorenzana (PI) (IT).

Agent: CELESTINO, Marco, ABM Agenzia Brevetti &
Marchi, Viale Giovanni Pisano 31, 56123 Pisa (IT).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(54) Title: SENSITIVE SYSTEM FOR INCREASED PROXIMITY DETECTION

100

(57) Abstract: A system (100) for detecting the distance between two elements (110,120), said system (100) comprising at least one
sensitive element (110) comprising a first conductive electrode (111) and a second conductive electrode (112), between said electrodes
(111,112) being generated a first electric field E; having a first frequency f| and a first phasep; when the electrodes (111,112) have a
potential difference AV # 0 between them, said first electric field E1 generating on the second conductive electrode (112) a density of
charge q;. The system (100) also comprises a control unit, configured to measure a variation of the density of charge ¢, and a responding
clement (120) adapted to generate a second electric field E, having a second frequency f, and a second phase ¢, In particular, the
system (100) is configured in such a way that when the second electric field E,

[Continued on next page]



WO 20207012440 A1 | {70000 IR0 T O P Ot

SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

interacts with the first electric field E| the control unit measures a variation of the density of charge ql proportional to a distance d
between the sensitive element (110) and the responding element (120).



WO 2020/012440 PCT/IB2019/055975

TITLE

Sensitive system for increased proximity detection

DESCRIPTION

Field of the invention

5 The present invention relates to the field of proximity
detection systems.

In particular, the invention relates to a system for

detecting the distance between two bodies within a work area

in which robotic machines and/or human operators move.

10 Description of the prior art

In recent vyears, the operating workspace of the
autonomous or semi-autonomous robotic machines has gradually
stopped being separated and independent from that of the
operators, giving life to what is defined as a "collaborative"

15 work space.

In this perspective, the sensors implemented on the
robots become essential to provide them with information on
the work environment, for example relating to the presence of
objects near the robotic machine itself, and to guarantee the

20 safety of the operators.

The most used sensors in this context are:

- optical sensors (eg 2D and 3D cameras) used as
proximity sensors and connected to the robotic machine or

positioned in the work environment;
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- ultrasonic sensors used as proximity sensors,
measuring the flight time of the mechanical wave in response
to the presence of an object;

- resistive sensors or capacitive sensors used as
contact sensors or, for capacitive ones, also as a pre-contact
sensing feature.

The category of capacitive sensors 1is cheaper than
optical sensors, but, having a limited sensitivity and
accuracy, it has always been used to evaluate only a proximity
of a few centimetres, or directly the contact. Ultrasonic
sensors offer limited accuracy and the gquality of sensor
response depends on environmental conditions, such as optical
SEensors.

However, recently some methods have been proposed to
increase the sensitivity of capacitive sensors, so that they
can be used as proximity sensors instead of optical or
ultrasonic sensors.

In “A flexible dual-mode proximity sensor based on
cooperating sensing for robot skin applications” published on
21/08/2017 in the name of Ying Huang et al. a capacitive
proximity sensor 1s provided which allows to obtain a
sensitivity up to 60 cm, i1.e. consistently greater than the
capacitive sensors of the prior art.

However, to obtain this result, this sensor requires,

as a single sensitive unit, very large dimensions, 1i.e.
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32x26cm, being difficult to implement on reduced size, curved
or non-regular surfaces, such as those, for example, of a
robotic frame.

Moreover, this sensitivity is obtainable by interacting
with a metallic object, having very high conductivity, but it
becomes considerably lower in the intensity of the response
in the recognition of an obstacle having lower conductivity,
such as that of a human body. For a use within a
“collaborative” work space, in which robotic machines and
human operators must interact, it would therefore be
necessary to equip each operator with a metal object, integral
with the body to be detected.

US2017031050 describes a distance measurement system
which makes use of two circuits comprising respective coils.
The distance 1is detected by making use of measuring the
interaction of the magnetic fields generated by the two coils.

However, this solution has a reduced effectiveness,

since it allows detecting distances not exceeding 30 mm.

Summary of the invention

It is therefore a feature of the present invention to
provide a system for detecting the distance between two
elements that has greater sensitivity than the sensors of the
known art.

It is also a feature of the present invention to provide

such a system that has sufficiently small dimensions and a
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modular geometry to be able to integrate it on reduced size,
curved or non-regular surfaces.

These and other objects are achieved by a system for
detecting the distance between two elements, said system
comprising:

— at least one sensitive element comprising a first
conductive electrode and a second conductive
electrode, between said electrodes being generated
a first electric field E; having a first frequency
fi and a first phase ¢; when said electrodes have
a potential difference AV #0 between them, said
first electric field E; generating on said second
conductive electrode a density of charge ¢;

— a control unit configured to measure a variation
of said density of charge ¢;:

whose main feature 1is that it also comprises a
responding element adapted to generate a second electric
field E, having a second frequency f, and a second phase
¢,, sald system being configured in such a way that when
said second electric field E, interacts with said first
electric field E;, said control unit measure a variation
of said density of charge ¢ proportional to a distance
d between said sensitive element and said responding

element.
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Owing to the electric field generated by the responding
element, the sensitive element may have a much higher
dimension/sensitivity ratio than the sensors of the prior
art.

Therefore, it is possible to guarantee a sensitivity
comparable to that described in the article by Ying Huang et
al., while maintaining at the same tTime sufficiently small
dimensions to be able to install a plurality of such sensitive
elements, with variable dimensions and geometry, on a curved
surface, such as that of a robotic device, without incurring
any type of complication or structural modification of the
robotic machine.

Other features of the system for detecting the distance
between two elements, according to the present invention, are
described in the claims from 2 to 15.

According to another aspect of the present invention,
an apparatus for locating a medical device in the body of a
patient comprising the system for detecting the distance
between two elements is described in the claims from 16 to

18.

Brief description of the drawings

Further characteristic and/or advantages of the present
invention are more bright with the following description of
an exemplary embodiment thereof, exemplifying but not

limitative, with reference to the attached drawings in which:



10

15

20

25

WO 2020/012440 PCT/IB2019/055975

— Fig. 1 shows a diagrammatical view of the system
for detecting the distance between the two active
elements, according to the present invention;

— Fig. 2 shows a possible exemplary embodiment of
the sensitive element having the two coplanar
electrodes arranged along concentric polygonal
spirals;

— Fig. 3 shows a possible configuration of the system
according to the present invention, wherein a
plurality of sensitive elements is provided;

— Fig. 4 shows a possible implementation of the
sensitive element on a robotic machine;

— Fig. 5 shows a possible implementation of the
system on an apparatus for locating an endoscopic

capsule.

Description of a preferred exemplary embodiment

With reference to Figs. 1 and 2, a system 100 for
detecting the distance between two elements comprises a
sensitive element 110 comprising a first conductive electrode
111 and a second conductive electrode 112.

Between the two electrodes 111,112 it is generated a
first electric field E; having a first frequency f; and a
first phase ¢, which produce in turn a current having density
of charge g on the second conductive electrode 112. Such

current is determined by a control unit, capable of monitoring
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its wvariation 1in consequence of an interference 1in the
electric field E;.

The system 100 then comprises a responding element 120
adapted to generate a second electric field E, having a second
frequency f, and a second phase ¢@,.

When the second electric field E, interacts with the
first electric field E;, the control unit measures a variation
of the density of charge ¢ proportional to the distance d
between the sensitive element 110 and the responding element
120.

Owing to the generation of the electric field E,, the
responding element 120 produces a variation of the density of
charge ¢q; at a distance d much higher than a passive element,
such as a metal body or a human body.

In Fig. 2 a possible exemplary embodiment of the
sensitive element 110 1is shown, wherein the conductive
electrodes 111 and 112 have laminar shape and lay both in a
plane m.

In particular, as shown, the conductive electrodes
111,112 are arranged along concentric polygonal spirals, in
particular hexagonal, allowing the second conductive
electrode 112 to be more responsive to the current generated
by the electric field E; and having density of charge ¢.

In Fig. 3 an exemplary embodiment of the system is

shown wherein a plurality of sensitive elements 110 is
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provided, according to the exemplary embodiment of Fig. 2,
which are arranged in a configuration suitable for optimizing
the space.

The geometry of the single sensitive element 110 1is
such as to guarantee a flexible geometric integration of
several sensitive elements 110, one adjacent to the other, in
order to cover complex, of reduced size, curved or irregular
surfaces.

Such spatial configuration allows also a better
mechanical resistance to any traumatic impacts with the
sensitive element by external bodies.

A further advantage of the configuration of Figure 3
lies in the fact that the sensitivity of the sensitive element
is maximized by exploiting the superposition of the effects
of the various electric fields produced.

Figure 4 schematically shows a possible implementation
of the 100 system within a "collaborative" work space in which
robotic devices and human operators work together.

In particular a plurality of sensitive elements 110 are
positioned on the robotic device 200, according to the
embodiment shown in Figure 3, while the human operator wears
a responding element 120 having the shape of a bracelet.

In a similar way, the responding element 120 could be
installed in any other object, wearable or not, such as a

plaster, a piece of clothing, and more.



10

15

20

25

WO 2020/012440 PCT/IB2019/055975

Thanks to the fact that, for the same sensitivity, the
sensitive element 110 has very small dimensions compared to
the capacitive sensors of the prior art, it is possible to
install a plurality of such sensitive elements 110, with
variable size and geometry, on a curved surface, such as that
of the robotic device 200, without incurring any type of
complication or structural modification of the robotic
machine.

On the robotic device 200 and/or on the responding
element 120 a displacement sensor can also be installed
suitable to provide information to the control unit regarding
position and/or speed and/or acceleration of the sensitive
element 110 and/or of the element respondent 120.

In this way the control unit, knowing the topography
of the "collaborative™ workspace, 1is able to have further
information about the proximity between robotic devices and
human operators, providing a redundancy that allows to
increase the security of the system 100.

Moreover, the system can be programmed in such a way
that, when the distance d between the sensitive element 110
and the responding element 120 falls below a predetermined
value, a warning light turns on to send a luminous and/or
sound feedback and/or vibro-tactile, or alternatively a
command to block or change direction or change speed is given

to a robotic device which risks colliding with a human
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operator. Advantageously, the system can subsequently give a
command to resume normal movement to the robotic device when
the distance d is higher than the predetermined threshold.

The system 100 can also comprise a shielding installed
on the robotic device 200 configured for avoiding that the
lines of the first electric field E; exit by a predetermined
portion of surrounding environment, interfering with the
electronics of the robotic device itself.

Furthermore, this shielding, 1in certain conditions,
increases the sensitivity of the system 100 since it maximizes
the propagation of the electric field E; in the portion of
space wherein the shielding does not act, i.e. that one
oriented towards the outside of the robotic device 200.

Figure 5 shows a possible implementation of the system
100 on an apparatus 300 for the localization of an endoscopic
capsule 310 within the gastrointestinal tract of a patient.

In particular, the apparatus comprises a detection
device 310, for example a wearable belt, on which a plurality
0of sensitive elements 110 1s arranged, and an endoscopic
capsule 320 in which a responsive element 120 is arranged.

The foregoing description some exemplary specific
embodiments will so fully reveal the invention according to
the conceptual point of view, so that others, by applying
current knowledge, will be able to modify and/or adapt in

various applications the specific exemplary embodiments
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without further research and without parting from the
invention, and, accordingly, it is meant that such
adaptations and modifications will have to be considered as
equivalent to the specific embodiments. The means and the
materials to realise the different functions described herein
could have a different nature without, for this reason,
departing from the field of the invention. It 1is to be
understood that the phraseology or terminology that 1is
employed herein is for the purpose of description and not of

limitation.
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CLAIMS

1. A system (100) for detecting the distance between two
elements (110,120), said system (100) comprising:

— at least one sensitive element (110) comprising a
first conductive electrode (111) and a second
conductive electrode (112), between said
electrodes (111,112) being generated a first
electric field E; having a first frequency f; and a
first phase @ when said electrodes (111,112) have
a potential difference AV #0 between them, said
first electric field E; generating on said second
conductive electrode (112) a density of charge ¢;;

— a control unit configured to measure a variation
of said density of charge q;;

said system (100) characterized in that it also
comprises a responding element (120) adapted to generate
a second electric field E, having a second frequency f,
and a second phase ¢@,, salid system (100) being
configured in such a way that when said second electric
field E, interacts with said first electric field Ej,
said control unit measures a variation of said density
of charge q; proportional to a distance d between said
sensitive element (110) and said responding element

(120) .

2. The system (100), according to claim 1, wherein said
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responding element (120) 1s adapted to measure said
first electric field £E; and to generate a second
electric field E, having a second phase ¢, = ¢, + 180°, in
order to increase the interaction between said electric
fields E; andE, and to increase the maximum distance d
to which said control unit can measure a variation of

sald density of charge ¢;.

The system (100), according to claim 1, wherein said
responding element (120) 1s adapted to measure said
first electric field £E; and to generate a second
electric field E, having a second frequency f, =kx*f;,
where k 1s a integer number not null, in order to
increase the interaction between said electric fields
E; andE, and to increase the maximum distance d to which
said control unit can measure a variation of said

density of charge ¢;.

The system (100), according to claim 1, wherein said
conductive electrodes (111,112) have laminar shape and

lay both in a plane m.

The system (100), according to claim 4, wherein said
conductive electrodes (111,112) are arranged along

concentric polygonal spirals.

The system (100), according to claim 1, wherein a

shielding is also comprised arranged to avoid that the
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14

lines of said first electric field E; exit by a
predetermined portion of surrounding environment, in
order to prevent said electric field E; from interfering

with unwanted equipment.

The system (100), according to claims 4 and 6, wherein
said portion of surrounding environment is a cone having

rotation axis substantially orthogonal to said plane .

The system (100), according to claim 1, wherein said
responding element (120) comprises an responding
electrode (122) on which said second electric field £k,
generates a density of charge ¢, said control unit
configured to measure also a variation of said density
of charge g, 1in such a way that said sensitive element
(110) and said responding element (120) are

interchangeable to each other.

The system (100), according to claim 1, wherein said
sensitive element (110) is configured for being disposed
on at least one robotic device (200) and said responding
element (120) is configured for being worn by at least

another robotic device and/or by a human operator.

The system (100), according to claim 9, wherein an
element deformable (150) is also comprised arranged to
be disposed on at least one robotic device (200) for

absorbing at least partially the energy of an impact
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12.

13.

14.

15.

15

with an external body.

The system (100), according to claims 6 and 9, wherein
said shielding is configured for avoiding that the lines
of said first electric field E; interfere with said

robotic device (200).

The system (100), according to claim 1, wherein said
first electric field E; and/or said second electric

field E, are generated by means of alternating current.

The system (100), according to claim 1, wherein at
least one sensor of movement is also comprised arranged
to provide data to said control unit relating to
position and/or speed and/or acceleration of said
sensitive element (110) and/or of said responding

element (120).

The system (100), according to claim 1, wherein at
least one indicator is also provided arranged to send a
signal in case that said distance d between said
sensitive element (110) and said responding element

(120) is less than a predetermined wvalue.

The system (100), according to claim 9, wherein, when
said distance d between said sensitive element (110)
and said responding element (120) is less than a
predetermined value, said control unit is adapted to

send a command of block or motion wvariation to said
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17.

18.

16

robotic device (200).

An apparatus (300) for locating a medical device in
the body of a patient, wherein the system (100)
according to any of claims from 1 to 15 is comprised,
and wherein they are also comprised:

— a detection device (310) comprising said at least
one sensitive element (110);

— a medical device (320) configured to be inserted
in the body of said patient, said medical device

(310) comprising said responding element (120).

The apparatus (300), according to claim 16, wherein
said detection device (310) comprises a plurality of
sensitive elements (110) of known position with respect

to said detection device (310).

The apparatus (300), according to claim 17, wherein
said control unit is adapted to:

— locate the position of said detection device (310),
and therefore of each sensitive element (110) of
sald plurality, with respect to a reference system
S;

— determine, among said plurality of sensitive
elements (110), the sensitive element (1107)
having minimum distance d,;; with respect to said
responding element (120) present in said medical

device (320);
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define a plane x-y parallel to said sensitive
element (110’) having minimum distance dpin:
calculate the planar coordinates [x,y] of said
sensitive element (110’) on said plane x-y;
associate to said medical device (320) said planar
coordinates [x,y] of said sensitive element (1107)
on said plane x-vy;

assoclate to said medical device (320) a coordinate
z equal to said minimum distance dpin;

repeat the above described operations at
predetermined intervals to locate in real time the
position of said medical device (320) with respect

to said reference system §.
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