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(54) ELECTRONIC DEVICE FOR MEASURING THE FILLING LEVEL OF A CONTAINER, 
PARTICULARLY FOR PUBLIC REFUSE CONTAINERS AND PUBLIC LITTER BINS

(57) A shell (14, 16), adapted to be mounted inside
a container (C), has a transparent portion (14). A first
circuit board (20) housed in the shell (14, 16) is provided
with at least one infrared sensor (26) which faces the
internal surface of the transparent portion (14). Presser
means (38) anchored to the shell elastically push the first

circuit board (20) toward the transparent portion (14).
Spacer means (28, 30) interposed between the first cir-
cuit board (20) and the transparent portion (14) are cal-
ibrated to keep the sensor (26) at a preset distance from
the transparent portion (14) without contact.
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Description

[0001] The present invention relates to an electronic
device for measuring the filling level of a container, par-
ticularly for public refuse containers and public litter bins.
[0002] It is known to fit public refuse containers with
sensors for measuring the filling level of the container.
The data read can be sent to a control center for the
purposes of monitoring and planning, typically on a pri-
ority basis, the trips of the vehicles adapted to empty the
containers.
[0003] Conventional measuring systems are based
mainly on ultrasound sensors, and in some cases they
use pre-assembled modules available on the market.
[0004] However, as is well known to the person skilled
in the art, measuring systems based on ultrasound sen-
sors have some drawbacks.
[0005] In particular, for correct operation, the ac-
tive/sensitive parts of the ultrasound sensors must be
directly exposed to the area to be monitored, without
screening or barriers, with consequent risk of damage or
of contamination.
[0006] Another drawback of the known measuring sys-
tems based on ultrasound sensors is that, when they
have an onboard power supply, they have a relatively
low autonomy owing to the high energy consumption of
this type of sensor.
[0007] Another drawback of the known energy sys-
tems based on ultrasound sensors is that the measuring
of the filling level is rather unreliable, not least owing to
the fact that containers fill up in a non-uniform manner
and this fact can skew the reading. In fact, as is known,
ultrasound sensors are not capable of discriminating be-
tween the position of objects inside the monitored field,
and are easily prone to spurious readings caused by iso-
lated obstacles of irregular shape, which do not reflect
the actual filling level of the container.
[0008] In more general terms, as is known, measuring
systems based on ultrasound sensors have the draw-
back of being extremely sensitive both to the type of ob-
ject to be detected, and to the type of container in which
they are installed.
[0009] A further drawback of the known measuring sys-
tems based on ultrasound sensors is that they are rela-
tively expensive to make.
[0010] Furthermore, the known measuring systems ei-
ther do not allow the sensors to be oriented or, in order
to orient them, they make use of technical solutions that
are relatively complex and/or fragile and/or expensive,
with movable elements and/or multiplication of the
number of sensors.
[0011] Last but not least, the known measuring sys-
tems are relatively cumbersome, especially because of
the space taken up by the batteries, where present. This
fact not only limits the effective capacity of the container,
but also increases the risk of the sensors coming into
contact with the material inside the container and being
damaged or contaminated by it.

[0012] The aim of the present invention is to provide
an electronic device for measuring the filling level of a
container, particularly for public refuse containers and
public litter bins, that is more reliable and more precise
in measuring than the known systems, including in the
event of the possible uneven filling of the container, and
which has a negligible sensitivity both to the type of object
to be detected, and to the type of container in which they
are installed.
[0013] Within this aim, an object of the invention is to
provide an electronic device that, although carrying out
measurements that are reliable and precise, offers ade-
quate protection for the sensors from the risk of damage
or of contamination by the material in the container.
[0014] A further object of the invention is to provide an
electronic device with compact dimensions, so as not to
compromise the capacity of the container and limit the
risk of contact with the material inside it.
[0015] Another object of the invention is to provide an
electronic device that has reduced energy consumption,
so as to offer a high autonomy, and which is relatively of
low cost.
[0016] This aim and these and other objects, which will
become clearer from the description that follows, are
achieved by an electronic device having the character-
istics recited in the appended claim 1, while the depend-
ent claims define other characteristics of the invention
which are advantageous, although secondary.
[0017] Now the invention will be described in detail,
with reference to some preferred, but not exclusive, em-
bodiments thereof, which are illustrated for the purposes
of non-limiting example in the accompanying drawings,
wherein:

- Figure 1 is an assembled perspective view of the
device according to the invention;

- Figure 2 is an exploded perspective view of the de-
vice of Figure 1;

- Figure 3 is an axial cross-sectional view of the device
of Figure 1;

- Figure 4 is an axial cross-sectional view that sche-
matically illustrates a bell-shaped container for the
collection of glass with an electronic device accord-
ing to the invention installed inside it.

[0018] With reference to the figures, an electronic de-
vice 10 is adapted to be mounted inside a generic con-
tainer, which in the example of Figure 4 is a bell-shaped
container C for the collection of glass, for the purpose of
measuring the filling level of that container.
[0019] With particular reference to Figures 1-3, the de-
vice 10 is enclosed in a shell 12 which comprises a thin,
wall-mounted tubular body 14 made of transparent ma-
terial (illustrated only in Figure 3), preferably a plastic
material like polycarbonate, which is closed at its oppo-
site ends by two identical covers 16 molded from plastic
material.
[0020] Advantageously, the two covers 16 are welded
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to the tubular body 14 using ultrasound, in order to in-
crease the mechanical strength of the shell and ensure
the seal against possible infiltrations of fluids or humidity.
This characteristic is particularly advantageous in con-
sideration of the fact that containers and bins for refuse
are normally located outdoors and therefore are exposed
to the elements and to adverse atmospheric and envi-
ronmental conditions.
[0021] The shell 12 houses:

- a first circuit board 20 which is provided with infrared
sensor means (described in more detail below)
which face the internal surface of the tubular body 14,

- a second circuit board 22 in a more inward position
with respect to the first circuit board 20, which incor-
porates data transmission means for sending the da-
ta acquired by the sensor means to an external con-
trol station, e.g., a control center (not shown), and

- power supply means which, in this embodiment,
comprise a pair of standard AA-format 3.6 volt bat-
teries 24 arranged in parallel.

[0022] The tubular body 14 and the covers 16 advan-
tageously have a substantially circular cross-sectional
profile.
[0023] In this embodiment, the sensor means com-
prise a triad of infrared sensors 26 arranged in a row.
The sensors 26 are welded onto a front surface 20a of
the first circuit board 20 which faces the internal surface
of the tubular body 14.
[0024] Advantageously, the infrared sensors 26 are of
the multi-area type.
[0025] As is known, a sensor with multi-area function-
ality includes a lens that is capable of focusing the light
beam within a region formed by an array of NxN points,
e.g., 16x16 points. It is possible to choose a rectangular
or square subset of the array on which to collimate the
light beam, so as to enable a more focused and precise
measurement for each area chosen.
[0026] In a way that is known per se, each one of the
three sensors 26 comprises an emitter adapted to emit
a light ray in the field of infrared, and a receiver adapted
to receive the returning light ray by reflection on the object
in front. The distance from the object is calculated on the
basis of the length of time elapsed between the emission
of the light ray and the reception thereof.
[0027] It has been found that, in order to prevent prob-
lems arising from partial or total reflections of the light
ray on the internal surface of the tubular body 14, the
sensors must be positioned as close as possible to that
internal surface. Besides, it is necessary to prevent direct
contact between the sensors 26 and the tubular body 14
in order to prevent any impacts against the shell 12 from
having repercussions on the sensors with the attendant
risk of damage.
[0028] To this end, the first circuit board 20 is elastically
pushed toward the tubular body 14 by presser means
anchored to the shell, with the interposition of spacer

means 28 between the first circuit board 20 and the tu-
bular body 14, which are calibrated to keep the sensors
26 at a preset distance from the tubular body 14, e.g., a
distance of 0.1 mm.
[0029] In the embodiment described herein, the spacer
means 28 comprise five mutually identical spacers 30.
Each one of the spacers 30 has a flat face 30a adapted
to abut against the front surface 20a of the first circuit
board 20, and an opposite face 30b which is adapted to
abut internally on the tubular body 14 and has an arc-like
profile that is complementary thereto.
[0030] Furthermore, in this embodiment, the spacers
30 have a through hole 30c the dimensions of which are
slightly larger than the footprint of the sensor 26. In this
manner, three of the five spacers 30 are fitted without
contact over the three sensors 26, while the two remain-
ing spacers are arranged in intermediate positions be-
tween the sensors 26.
[0031] Each one of the spacers 30 is further provided
with a pair of centering pins 30d which rise from its flat
face 30a and are inserted into corresponding holes 32
provided in the first circuit board 20 for centering purpos-
es.
[0032] Each one of the covers 16 comprises a disk-like
bottom 34 and a tubular wall 36 which extends axially
from the internal face of the disk-like bottom 34 and is
contoured to be inserted into a corresponding end of the
tubular body 14.
[0033] In this embodiment, the presser means com-
prise, for each one of the two covers 16, at least one
elongated protrusion, preferably a pair of laterally adja-
cent elongated protrusions 38, which extend monolithi-
cally from the bottom 34 in a longitudinal direction toward
the inside of the tubular body 14. In the zones of the
elongated protrusions 38, the tubular wall 36 is interrupt-
ed in order to leave space for them.
[0034] The elongated protrusions 38 are arranged in
a relationship of slight interference with the first circuit
board 20 in order to engage it, while bending elastically,
on the rear side 20b at a respective end and push it toward
the tubular body 14.
[0035] Advantageously, the free ends of the elongated
protrusions 38 are rounded in order to facilitate the in-
sertion thereof behind the first circuit board 20.
[0036] On their external side, the disk-like bases 34
have contoured projections 40a, 40b, 40c and a hole 42
for arranging and fixing a bracket S (only shown sche-
matically in Figure 4) for anchoring the device 10 to the
internal wall of the container.
[0037] The presser means further comprise at least
one support molded in plastic material which is housed
in the tubular body 14, preferably a pair of supports 44
aligned with the two intermediate spacers. The supports
44 are contoured so as to bias the first circuit board 20
toward the internal surface of the tubular body 14 even
in intermediate position.
[0038] Each one of the supports 44 is substantially C-
shaped, with a flat base 44a which defines a seat adapted
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to engage the rear side 20b of the first circuit board 20,
and two mirror-symmetrical curved arms 44b which have
an external profile that is complementary to the internal
surface of the tubular body 14.
[0039] The curved arms 44b have respective terminal
portions 44c which are elastically flexible, which are pro-
vided at their free ends with respective teeth 44d which
protrude outward. The terminal portions 44c of the curved
arms 44b, by pressing elastically on the internal surface
of the tubular body 14 via the teeth 44d, push the support
44 against the first circuit board 20 and the latter, in turn,
against the tubular body 14 via the spacers 30.
[0040] Furthermore, the curved arms 44b have respec-
tive mutually opposite contoured seats 44e on their in-
ternal side. The curved seats 44e define a seat for a
corresponding one of the two batteries 24, in particular,
a cylindrical housing in this embodiment in which the two
batteries 24 have a cylindrical profile.
[0041] The second circuit board 22 is supported be-
tween the arms 44b below the batteries 24. To this end,
the curved arms 44b have respective mutually opposite
longitudinal grooves 44f on their internal side, which are
engaged by the mutually opposite longitudinal edges of
the second circuit board 22.
[0042] In a preferred embodiment, the transmission
means for sending the data to the external control station
are wireless and, to this end, at one end of the second
circuit board 22 an antenna 46 is detachably connected
and is accommodated inside the shell 12. The removable
connection makes it possible, alternatively, to associate
the device with an antenna to be fixed externally to the
container. In this manner, the device can be advanta-
geously installed even in positions not covered by a sig-
nal, e.g., inside metal containers that form a Faraday
cage.
[0043] Advantageously, the device 10 also has a tem-
perature sensor (not shown) for accessory functions, for
example, for sending an alarm signal if the temperature
inside the container exceeds a preset threshold that is
indicative of a possible fire.
[0044] In operation, the device 10 can be installed in-
side a generic container, e.g., a container for refuse, by
way of brackets S fixed to the covers 16, as illustrated
for the purposes of example in Figure 4 with reference
to a bell-shaped container C for the collection of glass.
[0045] The precise positioning of the sensors 26 at a
very short distance from the tubular body 14 makes it
possible to avoid read errors deriving from partial or total
reflections of the light ray on the internal surface of the
tubular body 14. At the same time, the absence of contact
between the sensors 26 and the tubular body 14 prevents
any impacts against the shell from having repercussions
on the sensors with the consequent risk of being dam-
aged.
[0046] The programming of the device and the method
of calculating the filling level lie outside the scope of the
present invention and are part of the normal knowledge
of the person skilled in the art. Therefore, these aspects

will not be discussed in the present description.
[0047] In practice it has been found that the measuring
device according to the invention fully achieves the set
aims.
[0048] The use of multiple multi-area infrared sensors
makes it possible to perform reliable and precise meas-
urements of the filling level of the container.
[0049] In particular, this type of sensor makes it pos-
sible to perform localized measurements in different
zones of the container and, on the basis of these, to per-
form an average calculation of the filling level, so as to
minimize the risk of false readings determined by a single
object of anomalous shape, which does not reflect the
true contents of the container.
[0050] The system described for anchoring the first cir-
cuit board to the shell makes it possible to keep the sen-
sors at a minimum distance from the tubular body, while
avoiding direct contact. This fact makes it possible to
prevent any read errors generated by the reflection of
the light ray on the wall of the tubular body, and at the
same time to prevent any impacts against the device from
having repercussions on the sensors, risking damage.
[0051] The sealed shell protects the electronics of the
device from liquids and humidity, ensuring that the device
according to the invention does not require maintenance
and can even be washed together with the container.
[0052] Another advantage of the measuring device ac-
cording to the invention is that it does not require calibra-
tion operations during installation.
[0053] Furthermore, the measuring device according
to the invention has a very contained space occupation,
which moreover can be optimized as a function of the
size of the container, so as not to compromise the effec-
tive capacity of the container and limit the risk of contact
with the material inside it.
[0054] In addition, the reduced weight of the measuring
device according to the invention renders it particularly
resistant to mechanical stresses.
[0055] Moreover, the measuring device according to
the invention has reduced energy consumption, so as to
offer a high capacity and a low environmental impact in
relation to the disposal of the exhausted batteries.
[0056] Last but not least, the relatively low manufac-
turing costs make the measuring device according to the
invention compatible with a mass installation in public
refuse containers and public litter bins.
[0057] A preferred embodiment of the invention has
been described, but obviously the person skilled in the
art may make various modifications and variations within
the scope of protection of the claims.
[0058] In particular, as mentioned previously, the
number of sensors and, as a consequence, the length of
the electronic device can be optimized as a function of
the specific application. For example, for litter bins of
small dimensions a single sensor, or optionally two sen-
sors, could be sufficient and, as a consequence, the de-
vice could be even more compact than described for the
purposes of example in the present application. By con-
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trast, for larger containers, the device can be provided
with four, five or more sensors conveniently mutually
spaced apart, in order to ensure a complete and reliable
detection of the filling level in the various different zones
of the container.
[0059] In addition, the measuring device according to
the invention could have means for wired or wireless con-
nection to other devices. For example, in this case, one
of the measuring devices could operate as a master for
the exchange of data with the control center, while the
others could operate as slaves and, therefore, be limited
to performing the measurements and transmitting the da-
ta detected to the device master.
[0060] Furthermore, in the example described herein
there are two circuit boards which are separated and ar-
ranged on two different levels. However, it is evident that
in an alternative embodiment the infrared sensor means
and the data transmission means (if present) could be
integrated in a single circuit board.
[0061] The mutual distance between the sensors can
be chosen on the basis of the type of sensor used, so as
to optimize the mapping of the filling level of the entire
volume of the container. For the sensors used in this
embodiment, it has been found that a distance of approx-
imately 20 cm is optimal for ensuring a precise mapping.
[0062] Furthermore, although the cylindrical shape of
the shell is preferable in terms of robustness and flexibility
of positioning, the shell could have a different profile, e.g.,
a parallelepiped profile or a generally prismatic profile,
and only one portion thereof on which the sensors face
could be transparent.
[0063] As mentioned previously, the electronic device
according to the invention can be advantageously used
also in sectors other than that of refuse collection. For
example, it could be applied in industry for controlling the
filling level of tanks or of containers containing loose ma-
terial, for various industrial processes.
[0064] Furthermore, instead of being powered by bat-
teries, the measuring device according to the invention
could have a connector in order to be powered by an
external source.
[0065] Also, the exchange of data with the control cent-
er and/or with an operator terminal could be done using
a wired connection instead of a wireless one, optionally
using the same connector as the power supply.
[0066] The disclosures in Italian Patent Application No.
102020000011863 from which this application claims pri-
ority are incorporated herein by reference.
[0067] Where technical features mentioned in any
claim are followed by reference signs, those reference
signs have been included for the sole purpose of increas-
ing the intelligibility of the claims and accordingly, such
reference signs do not have any limiting effect on the
interpretation of each element identified by way of exam-
ple by such reference signs.

Claims

1. An electronic device for measuring the filling level of
a container, characterized in that it comprises:

- a shell (14, 16) adapted to be mounted inside
a container (C) and having at least one trans-
parent portion (14),
- a first circuit board (20) housed in the shell (14,
16) and provided with at least one infrared sen-
sor (26) which faces an internal surface of said
transparent portion (14),
- presser means (38) anchored to the shell and
adapted to elastically push said first circuit board
(20) toward said transparent portion (14), and
- spacer means (28, 30) interposed between
said first circuit board (20) and said transparent
portion (14) and calibrated to keep said at least
one sensor (26) at a preset distance from said
transparent portion (14) without contact.

2. The electronic device according to claim 1, charac-
terized in that said spacer means (28) comprise at
least one spacer (30) with a flat face (30a) adapted
to abut against a front surface (20a) of said first circuit
board (20), on which said at least one sensor (26) is
mounted, and an opposite face (30b) which is adapt-
ed to abut internally on said transparent portion (14)
and has a profile that is complementary thereto.

3. The electronic device according to claim 2, charac-
terized in that said at least one spacer (30) is pro-
vided with a through hole (30c) the dimensions of
which are slightly larger than the footprint of said at
least one sensor (26) in order to be fitted thereon
without coming into contact therewith.

4. The electronic device according to claim 2 or 3, char-
acterized in that said at least one spacer (30) is
provided with a pair of centering pins (30d) which
rise from its flat face (30a) and are inserted into cor-
responding holes (32) provided in said first circuit
board (20) for centering purposes.

5. The electronic device according to one of claims 1-4,
characterized in that said transparent portion of the
shell comprises a tubular body (14), which is closed
at its two opposite ends by respective covers (16).

6. The electronic device according to claim 5, charac-
terized in that said covers (16) are welded to said
tubular body (14) by ultrasound.

7. The electronic device according to claim 5 or 6, char-
acterized in that said presser means comprise, for
each one of said covers (16), at least one elongated
protrusion (38) which extends from the cover (16) in
a longitudinal direction toward the inside of the tu-
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bular body (14) in a relationship of interference with
the first circuit board (20) in order to engage the latter,
while bending elastically, on a rear side thereof (20b)
which is opposite from said at least one sensor (26),
and to push it toward said tubular body (14).

8. The electronic device according to one of claims 5-7,
characterized in that said presser means comprise
at least one support (44) which is housed in said
tubular body (14) and is shaped to push said first
circuit board (20) toward the internal surface of said
tubular body (14) in an intermediate position.

9. The electronic device according to claim 8, charac-
terized in that said support (44) has a flat base (44a)
which defines a seat adapted to engage a rear side
(20b) of said first circuit board (20), and two arms
(44b) which have an external profile that is comple-
mentary to the internal surface of said tubular body
(14).

10. The electronic device according to claim 9, charac-
terized in that said arms (44b) have respective elas-
tically flexible terminal portions (44c), which are pro-
vided at their free ends with respective teeth (44d)
which protrude outward, said terminal portions (44c)
pressing elastically against the internal surface of
the tubular body (14) via said teeth (44d), so as to
push said support (44) against the first circuit board
(20) and the latter, in turn, against said tubular body
(14) via said spacer means (28, 30).

11. The electronic device according to claim 9 or 10,
characterized in that said arms (44b) have respec-
tive mutually opposite contoured seats (44e) on their
internal side, so as to define a receptacle for a battery
(24) for supplying power to the electronic device.

12. The electronic device according to one of claims
1-11, characterized in that it comprises a second
circuit board (22) which incorporates data transmis-
sion means for sending data acquired by said at least
one sensor to an external control station.

13. The electronic device according to claims 9 and 12,
characterized in that said arms (44b) have respec-
tive mutually opposite longitudinal grooves (44f) on
their internal side, for supporting said second circuit
board (22).

14. The electronic device according to one of claims
1-13, characterized in that it comprises at least a
triad of sensors arranged side by side in a row.
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