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Description

METHOD AND DEVICE FOR MAKING FINGERPRINTS AS-

[2]

(3]

(4]

(6]

SOCIATED TO ARTIFICIAL FINGERS
Technical Field

The present invention relates to a method for producing silicone coatings on
sensorized items and, more particularly, aimed at producing an artificial fingerprint on
an artificial finger having an array of tactile sensors.

The invention relates also to a forming device for the production of the above
mentioned artificial fingerprints on sensorized items.

The invention has been developed within the research projects mentioned in the
following: - European Project EU-FP6-NMP-033287 NANOBIOTACT
(Nanoengineering Biomimetic Tactile Sensors); - European Project EU-
FP7-NMP-228844 NANOBIOTOUCH (Nano-resolved multi-scale investigations of
human tactile sensations and tissue engineered nanobiosensor); - European Project EU-
FP7-ICT-611687 NEBIAS (NEurocontrolled Bldirectional Artificial upper limb and
hand prosthesiS); - Italian Project PRIN/HandBot (Biomechatronic hand prostheses
endowed with bio-inspired tactile perception, bi-directional neural interfaces and dis-
tributed sensori-motor control; CUP: B81J12002680008; prot.: 20102YF2RY).

Background Art

In the biomimetic robotics field, artificial fingers have been studied and developed,
which are provided with MEMS-based tactile sensor arrays, aimed at detecting the
surfaces roughness. The tactile sensors, mounted on PCBs (printed circuit boards) are
associated with a fingertip of an artificial finger and then covered with a silicone
coating, a kind of artificial skin, which consequently constitutes an interface between
the array of sensors and the surface, whose roughness is to be detected.

Methods are known for applying a silicone coating to a sensorized item, such as,
for example, the one described in the International Patent Application WO
2012031703, wherein liquid silicone is poured into a die of suitable dimensions, to
which a flat item is then coupled. One or more optoelectronic sensors are associated
with one surface of the flat item. Afterwards, the silicone is made to solidify by
making it adhere to the item and to the sensors, and finally the item is removed from
the die. While being extremely simple, the above mentioned method presents ap-
plication limits and is not particularly suitable for being used for the coating of ar-
tificial fingers.

Moreover, the scientific publication 'A Biomimetic MEMS-based Tactile Sensor
Array with Fingerprints integrated in a Robotic Fingertip for Artificial Roughness
Encoding' published in Proceedings of the 2009 IEEE International Conference on
Robotics and Biomimetics' of December 2009 points out and documents the ad-
vantages deriving from a silicone coating capable of reproducing an artificial fin-
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gerprint on the sensorized artificial finger and other advantages deriving from the
presence of a coating made of two layers, one of which is internal and smooth and less
hard with respect to the other, external and harder, which has ribs arranged in such a
way as to reproduce a human fingerprint pattern.

The known methods, included the one of the above mentioned Application WO
2012031703, are not able to produce coatings which are appropriate to reproduce a
human fingerprint with the above outlined characteristics.

Disclosure of Invention
Technical Problem

Therefore, the object of the present invention is to propose a method and a device
for the application of a plastic coating on a rigid sensorized item.

Another object of the present invention is to propose a method and device for
producing, in a simple and cheap way, a plastic coating, in particular a silicon coating,
made by two overlaying layers, on a rigid sensorized item.

Another specific object of the present invention is to propose a method and a
device for producing a silicone coating comprising an artificial fingerprint on a
fingertip of an artificial finger having an array of tactile sensors.

Technical Solution

According to an aspect of the present invention, the above and other objects are
obtained by a method for application of a plastic coating on a sensorized itemo,
comprising the steps of:

. a) - assembling the removable positioning members with the sensorized item,

. b) - blocking the group made of the sensorized itemo and the positioning
members in a multi-part casting shell,

. c) - assembling a die with the above mentioned casting shell,

. d) - casting a silicone material in a non solid state into the casting shell,

. e) - solidification of the silicone material,

. f) - disassembling the die and shell,

. g) - removing any casting residues (burrs, sprues, vent channels),

wherein the sensorized item, casting shell and casting die, in a casting configuration,
form a casting chamber, a first wall of which includes a surface having an array of
sensors of the casting item, and a second wall of which, substantially opposite to the
first one, includes a shaped surface with recessed and/or relief pattern of the casting
die. , '

The above outlined method allows a silicone coating, whose outer surface has
recessed and/or relief pattern, to be obtained on a sensorized item in a simple way,
with great accuracy and repeatability.

Advantageously, steps b) to g) are performed at least twice with different dies,
which are aimed at defining, thanks to a different sizing, different heights of the
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casting chamber, so that at least two superimposed layers of said silicone coating are
obtained.

The above outlined method allows to obtain two overlaying coating layers in an
extremely simple way, using the same casting shell and positioning members, and
simply repeating the steps of casting silicone with two different dies, one of which is
dimensioned and shaped to obtain the inner layer and the other to obtain the outer
layer.

Also advantageously, the sensorized item is a fingertip of an artificial finger which
is provided with MEMS-based tactile sensor array, and a casting die for realizing an
outer layer of the coating is shaped in such a way that the above mentioned pattern re-
produces a fingerprint.

According to another aspect of the present invention, the above objects are
obtained by a casting device for the application of a plastic coating on a sensorized
item, comprising:

. a multi-part casting shell,

. positioning members, removably associated with the sensorized item and
designed to guide the positioning of the sensorized item in the casting shell,
and '

. at least one casting die,

wherein the sensorized item, casting shell and casting die, in an assembled casting con-
figuration, form a casting chamber, a first wall of which includes a surface having an
array of sensors of the casting item, and a second wall of which, substantially opposite
to the first one, includes a shaped surface with recessed and/or relief pattern of the
casting die.

Advantageously, the device includes a plurality of the above mentioned casting
dies, which can be assembled with the same casting shell, and each of them is di-
mensioned and shaped in such a way as to form a casting chamber aimed at shaping a
specific layer of a respective plurality of layers that form the plastic coating.

A device as outlined above allows to obtain coatings in silicone material having
more layers, in which one or more inner layers are softer and have a substantially
smooth surface, while the outer layer is harder and has a surface shaped with a
recessed and relief pattern, which reproduces the human fingerprint pattern.

Description of Drawings

These and other characteristics of the invention will be easier to understand from
the following description of a preferred embodiment thereof, provided as a non
limiting example, with reference to the enclosed figures, in which:

. Figure 1 is a perspective view of a fingertip of an artificial finger;

. Figure 2 is a perspective view of the fingertip of Fig. 1 with a removable po-
sitioning element assembled therewith;

. Figure 3 is a perspective view of the fingertip of Fig. 1 with an array of tactile
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sensors applied thereto;

. Figure 4 shows the fingertip of Fig. 3 with a coating made thereon re-
producing a human fingerprint;

. Figure § is a section view of the packaging of sensors of Fig. 4;

. Figure 6 is a perspective top view of a casting device of the present invention
in the assembled casting configuration;

. Figure 7 shows the device of Fig. 6 in a perspective view from the bottom;

. Figure 8 is an exploded view of the casting device of Fig. 6;

. Figures 9 to 12 show the main components of the casting shell of the device
of Fig. 6; .

. Figure 13 shows a casting die included in the device of the invention;

. Figure 14 shows another casting die included in the device of the invention.

Mode for Invention

In Figure 1, reference numeral 10 indicates a item, as a whole, that constitutes the
fingertip of an artificial finger. The above mentioned fingertip is made of an elongated
item structure, which includes hinge coupling means, 11, at one end, for coupling to a
respective intermediate phalange of the artificial finger, and, at the opposite end, a
surface, 12, which can be provided with sensors and is inclined and turned frontwise.
In the rear area of the item 10, there are fastening means of a positioning element, 61,
shown in Fig. 2. The positioning element 61 is removable and is aimed at handling the
item 10 and indicating its position within the device of the invention.

Figure 3 shows a sensorized item composed by the item 10, with a tactile sensor,
20, assembled therewith, which consists of an array of MEMS-based sensors, 21, and
the relative control and power electronics, 22, made on printed circuit boards (PCB).

Figure 4 shows the sensorized artificial finger with a silicone coating, 30, made in
the area of the array of sensors 21 by using the method and device of the invention.
The silicone coating wraps the sensorized surface of the item 10.

Figure 5 shows, in a section view, the area of the item 10 provided with the coating
30. As it can be seen, the coating 30 consists of two layers: a first, inner coating layer,
31, made of a first silicone material, which coats and wraps the surface 12, on which
the sensors are positioned; and a second, outer coating layer, 32, made of a second
silicone material, harder with respect to the first one, whose outer surface is provided
with ribs, 330, forming, on the outer surface, a recessed and/or relief pattern, 33, which
in this embodiment reproduces a human fingerprint pattern.

With reference to Figures 6 to 10, reference numeral 50 indicates a casting device
as a whole, made according to the present invention, by means of which a silicone
coating as described above can be applied to a sensorized artificial finger. The casting
device 50 includes substantially a multi-part casting shell, 100, positioning members,
60, aimed at indicating and fastening the item 10 within the casting shell, and at least
one casting die, 70, comprising at least one surface shaped in such a way as to obtain
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the above mentioned recessed and/or relief pattern 33 over the coating 30.

The casting shell 100 consists of four separated main components, which can be
assembled to form the casting configuration shown in Figs. 6-8.

A first component, shown in Fig. 9, includes a lower element, 110, having an
opening, 111, aimed at housing the casting die 70 and provided on a portion, 112,
which is inclined with respect to two terminal portions 113, 114. The terminal portions
feature through holes 115, aimed at housing fastening elements, screw-like or another
type of elements, aimed at reciprocally fastening the various components of the multi-
part casting shell 100. Grooves, 117, are situated at both sides of the inclined portion
112 to form housings for fastening means of the die 70. The terminal portion 114 is
also provided with feet, 118, which, together with the lower surface of the other
terminal portion 113, are aimed at creating a resting surface.

Further components of the casting shell 100, shown in Figs. 10 and 11, include a
first and second lateral elements, 120, 130, which are complementary with each other.
The above mentioned lateral elements 120 and 130 feature, in correspondence to their
coupling surfaces, 121, 131, complementary casting impressions, 122, 132, which, in
the assembled casting configuration, form a main housing, 123, 133 for the item 10, an
auxiliary housing, 124, 134, for the positioning element 61, sprues, 125, 135, and
cavities, 126, 136, for feeding material during the withdrawal step. Further grooves,
127, 137, set the casting impression 122, 132 in communication with the outside and
serve as vent channels. The two lateral elements 120 and 130 are also provided with a
shaped protuberance, 128, 138, which forms fastening means for a second positioning
element, 62, of the positioning members 60. The above mentioned second positioning
element 62 consists of an elongated prismatic body, whose shape allows it to be
inserted into the above mentioned shaped protuberances 128 and 138, and features a
hole 621, situated in an intermediate position. The hole 621 can be engaged with a pin
that engages at the same time also the hinge coupling means 11 of the item 10, thus
fastening the same item to the second positioning element 62. The lateral elements 120
and 130 feature also through holes, 129, 139 aimed at housing the fastening elements.

Another component of the casting shell 100 is a rear element, 140, shown in Fig.
12, which is substantially wedge-shaped and includes, an auxiliary impression, 141, in
correspondence to a point of said wedge. The impression 141 houses the gates of the
item 10 and the relative first positioning element 61. The rear element 140 comprises
also holes, 142, for the fastening means and external grooves, 143, which, in the
assembled casting configuration, form housings for fastening means of the die 70,
together with the grooves 117 of the lower element.

With reference to Figure 13, a die 70 of the casting device 50 features a tail
portion, 71, provided with grooves, 72, aimed at housing the means for fastening the
die 70 to the casting shell 100, and a head portion, 73, having a shape corresponding to
that of the opening 111 made in the lower element 110 up to an abutment surface, 74,
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of an abutment portion, 75 intermediate between the head portion and the tail portion.
The height of the head portion 73 determines the height of a casting chamber and, con-
sequently, the thickness of the layer of coating 30 which will be produced by the
device. A casting surface, 76, of the head portion 71 determines the surface shape of
the coating 30. In the embodiment of Fig. 13, the casting surface 76 presents a
sequence of ribs and cavities, which reproduce, in negative, a fingerprint pattern and,
consequently, they are suitable for providing the recessed and/or relief pattern 33.

Fig. 14 shows a second casting die, 70', in which the head portion 73' is higher and
the casting surface 76' is smooth. Therefore, the die 70" is suitable for making the inner
layer 31 of the coating 30.

In the assembled casting configuration, the item 10, with the positioning members
60 assembled therewith, is housed and locked within the casting shell 100 with the
sensorized surface 12 turned to face the casting surface 76 of the die 70. The
sensorized surface 12 provided with tactile sensors 21, together with the casting 76 of
the die 70 and the inner walls of the casting shell 100, determine the shape and di-
mensions of the casting chamber, which is in communication with the sprue 125, 135.

The shown embodiment of the casting device of the invention is particularly simple
and suitable for being composed manually in the assembled casting configuration. For
this purpose, the means for reciprocal fastening of the various components of the
casting shell 100 consist of simple bolts and the means for fastening the die 70 to the
casting shell 100 consist of an elastic ring-shaped element, not shown, that can be
housed in the grooves 117, 143, 72.

Manual assembling and disassembling of the device of the invention are par-
ticularly preferred because of its constructive simplicity deriving therefrom, when
prototypes, samples or small series of a given model of artificial finger are to be
produced. In this case, it is also advantageous to provide an integrated design of the
item 10, positioning members 60, casting shell 11 and dies 70, 70', which consequently
can all be made, even of the same material, by rapid prototyping processes.

Obviously, other embodiments can provide the automation of the assembling and
disassembling movements of the casting device S0.

According to the method of the present invention, a coating of silicone material
that reproduces a fingerprint on the surface of a sensorized end of a fingertip of an ar-
tificial finger is obtained using the above described casting device 50 in the following
way. '

In the steps preceding the casting, the item 10, in the present embodiment
consisting of the fingertip of an artificial finger, is removably associated to a first po-
sitioning element 61, which facilitates the grip and manual handling of the fingertip, in
consideration of its small dimensions. A tactile sensor 20 is then coupled to the item
10, preferably by gluing. The sensor 20 consists of an array. of tactile sensors of
MEMS type 21, which are applied to a terminal surface 12, which can be provided
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with sensors, of the item 10, while further control and power electronics 22, suitably
mounted on the PCB components, is assembled in suitable cavities or housings of the
item 10.

The proper casting process begins with the coupling of the second positioning
element 62 to the item 10. As previously described, in the present embodiment, the
coupling is obtained by hinge couping means 11 of the fingertip and a respective in-
termediate phalange of the artificial finger.

The group consisting of the sensorized item 10, 20 and positioning members 60 is
then locked between the lateral elements 120, 130 of the casting shell. Then, also the
lower element 110 and finally the rear element 140 are assembled with the previously
made group. The elements of the casting shell in the assembled casting configuration
are then reciprocally locked by fastening means such as screws and bolts.

Afterwards, the casting die 70' is coupled with the casting shell 100 by introducing
it into the opening 111 of the lower element 110 and keeping it in place by the
previously described elastic ring-like element.

Once the assembled casting configuration of the device 50 has been completed, the
sensorized surface 12, 21 of the item 10, the casting surface 76' of the die 70' and
portions of the inner walls of the casting shell 100 form a casting chamber, which is in
communication with the outside via the sprues 125, 135.

The casting surface 76' and the inner walls of the casting shell can be previously
coated, by painting or by other means, with suitable substances, which facilitate the
removal of the material of the coating 30 without reacting chemically with the
material.

The plastic material, preferably silicone, in liquid state, is then poured into the
sprue, until the casting chamber is filled.

Once the silicone material has solidified, which can occur, depending on the
silicone material being used, either by cooling or by introduction of energy, for
example, in the form of UV rays, the casting device is disassembled by removing the
components in the reverse order.

The first layer 31 of coating 30 remains adhering to the sensorized end of the item
10. Burrs, sprues or other residues of the casting process are eliminated from the first
layer 31 of the coating 30 without removing the positioning members 60.

Afterwards, the group formed by the sensorized item 10, 20 and positioning
members 60 is locked again in the casting shell 100 which is assembled again in the
casting configuration in the same previously described way.

The casting shell is associated, in the previously described way, with the casting
die 70, which includes a casting surface 76 suitable for obtaining the recessed and/or
relief pattern 33 reproducing a fingerprint.

Thus, also the steps including casting, solidification, disassembling of the casting
device 50 and removal of the casting residues are repeated.
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Finally, the positioning members 60 are removed to obtain the sensorized fingertip
provided with silicone coating, which reproduces the pattern of a fingerprint, as shown
in Figs. 4 and 5.

Advantageously, the two casting steps are performed using different silicone
materials, and in particular, for the first casting, which produces the inner layer 31, a
softer material is used and for the second casting, which produces the outer layer 32, a
harder material is used.

Embodiments of the above described method can also provide a coating 30 with
only one layer and, consequently, the use of only one die 70 and with only one casting
operation.

Similarly, more than two overlaying layers of silicone material can be provided,
performing the same number of castings as the number of layers to obtain, and
providing a corresponding number of different dies.

These and other changes can be applied to the method and device of the invention,
without departing from the protective scope defined by the following claims.
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Claims

A method for applying a plastic coating to a sensorized item (10, 20) char-
acterized by comprising the steps of;

a) - associating removable positioning members (60) to said item (10),

b) - assembling the group made of said item (10) and said positioning members
(60) into a multi-part casting shell (100),

c) - assembling a die (70, 70") with said casting shell (100),

d) - casting a silicone material in a non solid state into said shell (100),

e) - solidification of said silicone material,

f) - disassembling said die and shell (100),

g) - removing any casting waste material (burrs, sprues, vent channels),
wherein said sensorized item (10, 20), said die (70, 70') and said shell (100), in
the assembled configuration, form a casting chamber, with a first wall of said
casting chamber being formed by a surface provided with an array of sensors
(21) of said item (10), and a second wall, substantially opposite to said first wall,
being formed by a shaped surface provided with a recessed and/or relief pattern
(33) of said die (70, 70").

A method according to claim 1 characterized in that said steps b) to g) are
performed at least twice with different dies, which are adapted to define, thanks
to a different sizing, a different height of the casting chamber so that at least two
superimposed layers of said silicone coating are obtained.

A method according to the previous claim characterized in that said step d) is
repeated with different silicone materials having increasing hardness.

A method according to any preceding claim, characterized in that said
sensorized item (10, 20) is a fingertip of an artificial finger, which is provided
with MEMS-based tactile sensor array (21), and a die (70, 70") for realizing an
outer layer of said coating is so shaped that its pattern mimics a fingerprint.

A method according to the previous claim, characterized in that said fingertip,
said casting shell (100) and said die (70, 70') are made by rapid prototyping.

A casting device for applying a plastic coating to a sensorized item (10, 20),
characterized in that it comprises:

- a multi-part casting shell (100),

- positioning members (60) which can be removably associated to said
sensorized item (10, 20) and adapted to help the positioning of said sensorized
item (10, 20) in said casting shell (100), and

- at least a casting die (70, 70"),

wherein said sensorized item (10, 20), said die (70, 70') and said shell (100), in
the assembled configuration, form a casting chamber, with a first wall of said
casting chamber being formed by a surface provided with an array of sensors
(21) of said item (10), and a second wall of said casting chamber, substantially
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opposite to said first wall, being formed by a surface provided with a recessed
and/or relief pattern (33) of said die (70, 70").

A device according to claim 6, characterized in that it includes a plurality of
said dies (70, 70") which can be associated to said casting shell (100), each of
said dies being shaped and sized so that it realizes a casting chamber adapted to
realize a specific layer of a plurality of layers forming said plastic coating.

A device according to claim 6 or 7, characterized in that said multi-part shell
(100) includes:

- a lower element (110) for housing said die (70, 70",

- a pair of lateral elements shaped (120, 130) in a complementary way for
housing, in the assembled configuration, said rigid sensorized item (10, 20),

- arear element (140) provided with a housing portion of said sensorized item
(10, 20).

A device according to claim 6 or the subsequent ones, characterized in that
said positioning members (60) include a holding element (61) associated to said
rigid sensorized item (10, 20) for easy handling, and a referencing bar (62),
which can be associated through pin holes (11) of said sensorized item (10, 20),
said bar (62) being attached externally to said casting shell (100).
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