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METHOD AND APPARATUS FOR THE AUTOMATIC CLASSIFICATION OF THE FORMAT OF

WASTE DELIVERED INTO A PUBLIC DUMPSTER PROVIDED WITH SENSORS

(57) A method for the automatic classification of the

format of waste delivered into a public dumpster (10) pro-

vided with a plurality of optical sensors (12) which are
arranged in an elevated position which does not interfere
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with the area occupied by the waste and are directed
functionally toward the bottom (10a) of the dumpster (10).
A control unit (CU), capable of detecting the surface pro-
file of the waste in the dumpster (10) on the basis of the
signals received from the optical sensors (12), calculates
avolumetricdatum on the basis of the difference between
the surface profile detected after delivery and the surface
profile detected before delivery, compares the volumetric
datum with threshold values which are preset on the basis
of specific standard formats, associates the delivered
waste with the corresponding format, and generates cor-
responding format information for subsequent process-

ing.
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Description

[0001] The present invention relates to a method and
an apparatus for the automatic classification of the format
of waste delivered into a public dumpster provided with
Sensors.

[0002] It is known to provide public waste dumpsters
with sensors, typically using ultrasonic or infrared tech-
nology, in order to determine the fill level of the dumpster
and/or the volume of the delivered waste. The sensed
data can be transmitted to an operations center, for ex-
ample for the purpose of monitoring and planning the
routes of vehicles adapted to empty the dumpsters as
well as for the purpose of providing a spot pricing of the
waste delivered by the individual user.

[0003] The present invention advantageously relates
particularly to the latter application.

[0004] Some known systems of the above cited type,
for example the system described in Italian Patent No.
102017000125066 in the name of this same Applicant,
provide for calculating the volume of the delivered waste
on the basis of the difference between the fill level meas-
ured before and after delivery.

[0005] Such systems, while being very accurate in de-
termining the volume of the waste, have the drawback
of being rather expensive to provide indeed because of
said accuracy, which for many applications may be ex-
cessive compared to actual needs.

[0006] As is known, in fact, waste bags can be classi-
fied according to standard formats set by the local public
administration [for example, 15 liters (small), 40 liters
(medium), 110 liters (large), and 220 liters (oversized)],
and in most cases it is only required to classify the waste
delivered into the dumpster on the basis of the standard
formats rather than determining its exact volume.
[0007] To this end, other known systems provide for
detecting the volume of the bag on the basis of a tag
associated with the bag, a bag which, therefore, must be
of a special type.

[0008] Systems of this type meet the above cited clas-
sification requirement but have other drawbacks.
[0009] Firstofall, of course, the reliability of the system
depends on the diligence of users in using only special
bags fitted with tags, which moreover have a much higher
cost than traditional bags, and in not throwing in loose
waste, which the system cannot detect.

[0010] Moreover, also in order to promote the use of
such special bags, it is advisable for the local adminis-
tration to provide an efficient bag distribution system, with
correlated logistical difficulties and costs.

[0011] An additional drawback of known systems is
that the tags can easily become damaged during distri-
bution and/or transport of the bags, whether empty or
full, given the flexibility and lightness of the medium to
which the tags are fixed (i.e., typically, the plastic sheet
of which the bag is made). As is well known to the person
skilled in the art, this circumstance considerably reduces
the reliability of the system.
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[0012] In addition to the drawbacks described above,
it should be considered that depending on local regula-
tions, the presence of the tag may cause the bag to be-
come special waste, with consequent complications in
relation to the planning and application of separate col-
lection.

[0013] In view of the above, the aim of the present in-
vention is to provide a method and an apparatus for the
automatic classification of the format of waste delivered
into a publicdumpster equipped with sensors which over-
comes the drawbacks cited above of known systems and
in particular allows to classify the format of delivered
waste with high accuracy and reliability, regardless of
whether itis generic loose waste, a traditional waste bag,
or a recovery bag of any format and in any state of pres-
ervation, all of the above with considerably reduced costs
with respect to known systems.

[0014] Within this aim, an object of the invention is to
provide a method and an apparatus that can be easily
optimized, in terms of cost and detection accuracy, as a
function of the different classifications provided by local
administrations.

[0015] This aim and this object, as well as others that
will become better apparent from the following descrip-
tion, are achieved by a method and an apparatus having
the characteristics set forth in the accompanying inde-
pendent claims, while the dependent claims define other
advantageous, albeit secondary, characteristics of the
invention.

[0016] The invention will now be described in greater
detail, with reference to some preferred but not exclusive
embodiments thereof, illustrated by way of non-limiting
example in the accompanying drawings, wherein:

Figure 1 is a schematic sectional view, taken along
a vertical plane, of a generic dumpster incorporating
an apparatus for carrying out the method according
to the invention;

Figure 2 is a schematic view of an optical sensor of
a type suitable for use in the apparatus of Figure 1;
Figure 3 is a schematic plan view of some compo-
nents of the apparatus of Figure 1;

Figures 4a, 4b, 4c, 5a, 5b, 5c are views, similar to
Figure 1, of the generic dumpster during some steps
of the method according to an advantageous em-
bodiment of the invention;

Figures 6 and 7 are two charts related to some steps
of the method according to the embodiment of Fig-
ures 4a, 4b, 4c, 5a, 5b, 5c.

[0017] With reference to Figure 1, a generic dumpster
10 provided with a lid 11 is adapted to hold a plurality of
waste bags S1, S2, S3, S4 and of generic loose waste.
[0018] In Figure 1, the bags S1, S2, S3, S4 are of a
standard format and have respective nominal volumes
V1, V2, V3, V4, for example 15 liters, 40 liters, 110 liters,
and 220 liters, respectively.

[0019] The dumpster 10 is provided with a plurality of
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optical sensors 12 placed in an elevated position that
does notinterfere with the area adapted to accommodate
the waste. In this embodiment, the optical sensors 12 are
placed proximate to the lid 11 and are functionally direct-
ed toward the bottom 10a of the dumpster 10.

[0020] The optical sensors 12 are connected to a con-
trol unit CU programmed to detect the surface profile of
the waste inside the dumpster 10 on the basis of the
signals received from the optical sensors. The expres-
sion "surface profile," in the present description and in
the claims, means the three-dimensional reconstruction
of the overall surface of the mass of waste inside the
dumpster that is detectable from above by means of the
optical sensors 12. Of course, this is an average profile
estimated on the basis of the detections made.

[0021] As shown schematically in Figure 2, in a per se
conventional manner, the optical sensors 12 may com-
prise an emitter 12E adapted to emit a light beam in the
infrared range, and a receiver 12R adapted to receive
the return light beam by reflection on the generic object
located in front. The distance h from the object is calcu-
lated on the basis of the time elapsed between the emis-
sion of the light beam and its reception.

[0022] Advantageously, it is possible to use sensors
based on the technology known as ToF (Time of Flight),
provided with a low-power laser emitter with a wave-
length of 940 nm having a grid of 16X16 sensors of the
SPAD (Single Photon Avalanche Diode) type. This grid
allows to derive one or more distance measurements
(which in turn are derived from a subset of adjacent
SPADs with a minimum size of 4x4). By way of example,
commercial sensors of this type are the VL53L1, VL53L3,
VL53L5 models (and their submodels) manufactured by
STMicroelectronics NV.

[0023] Inaperseknown manner, the dumpster 10 can
also be equipped with a mechanized hatch 13 associated
with an authentication system ID which uses per se con-
ventional technologies, for example Radio Frequency
IDentification (RFID), Near Field Communication (NFC),
alphanumeric codes, bar codes, QR codes, and the like.
The user, by authenticating via the authentication system
ID, causes the hatch 13 to open so that he can deliver
the waste.

[0024] As shown in Figure 3, in this embodiment the
optical sensors 12 are distributed on a horizontal plane
along longitudinal rows and transverse rows which are
equally spaced by an interval d so as to form an array.
[0025] Advantageously, the optical sensors 12 may be
incorporated into a plurality of electronic devices of the
type described in EP3913336A1 in the name of the same
Applicant, wherein each of the devices may include, for
example, a longitudinal row of optical sensors 12.
[0026] In the classification method according to the in-
vention, the control unit CU is programmed to:

- calculate a volumetric datum on the basis of the dif-
ference between the surface profile of the waste de-
tected after the delivery and the surface profile de-
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tected before the delivery,

- compare the volumetric datum calculated as above
with preset threshold values on the basis of specific
standard formats,

- on the basis of said comparison, associate the de-
livered waste with the corresponding format, and

- generate a corresponding format information for
subsequent processing.

[0027] In a per se known manner, the format informa-
tion generated as above may be stored by the control
unit CU for later retrieval by an operator, or (if the control
unit CU is provided with a communication system) trans-
mitted directly to a central unit (not shown), for example
for the purpose of spot pricing.

[0028] It should be noted that in the method according
to the invention, the preset threshold values are numer-
ical data that can be determined experimentally and nor-
mally will not correspond to the nominal volumes of the
standard bags according to the classification adopted.
[0029] Merely by way of example, if the local classifi-
cation provides for the formats of 15 liters (small), 40
liters (medium), 110 liters (large) and 220 liters (over-
sized), the threshold values converted to liters may be
19, 63, 120 and 184, respectively.

[0030] Itis evident that the greater the number of sen-
sors 12, the more accurate the datum obtained will be.
However, increasing the number of sensors inevitably
leads to an increase in cost, which for many applications
may be unjustified.

[0031] In order to further minimize the number of sen-
sors required to recognize the format to which the deliv-
ered waste belongs, the density of sensors in relation to
the chosen spatial distribution (which density, in the ex-
ample described here, is directly correlated to the interval
d between the longitudinal and transverse rows of sen-
sors) is advantageously determined in a preliminary
learning and calibration procedure which comprises the
following steps:

- for each standard format, making a series of detec-
tions by placing a standard format bag in full config-
uration in respective different positions on the hori-
zontal plane and respective different heights (corre-
sponding to different levels of filling of the dumpster),
so as to determine, by difference between the sur-
face profile detected before and after each place-
ment, a respective nominal volumetric datum corre-
lated to the nominal volume of the bag, and

- determining on a statistical basis an optimal sensor
density that allows the recognition of each bag format
with accuracy above a predetermined tolerable error
threshold.

[0032] Inthe embodimentdescribed here, the learning
and calibration procedure provides for performing a first
detection starting from an empty configuration of the
dumpster (Figure 4a) and then, for each bag format, a
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series of successive detections by placing the bag S in
different positions on the bottom 10a of the dumpster 10
(Figures 4b and 4c).

[0033] New measurementsare then made with the bag
in araised positionrelative to the bottom 10a of the dump-
ster, for example on a platform 14 appropriately adapted
for the purpose (Figures 5a, 5b and 5c).

[0034] The same method is then repeated with the bag
positioned at increasingly greater heights from the bot-
tom, until a situation corresponding to a substantially
complete filling level of the dumpster 10 is achieved.
[0035] The greater the number of detections made in
different positions, the greater the accuracy of the statis-
tical datum that can be inferred.

[0036] Once such detections have been performed, a
statistical distribution curve is derived for each bag for-
mat, for example a Gaussian curve (Figures 6 and 7),
and then the Gaussian curves related to the various for-
mats are compared.

[0037] Should the Gaussian curves related to the var-
ious formats have excessive overlaps (Figure 6), it will
be necessary to increase sensor density (i.e., reduce the
interval d between sensors in the example described
here), since the systemis unable to discriminate between
the various formats S1, S2, S3 and S4.

[0038] If, on the contrary, the Gaussian curves are
found to be too far apart (Figure 7), sensor density can
be reduced (i.e., the interval between sensors in the ex-
ample described here can be increased) until the toler-
able error threshold mentioned above is reached.
[0039] It has been found that with the calibration pro-
cedure described above, the interval d between the sen-
sors distributed on a flat array as in the embodiment de-
scribed here is correlated to the nominal volumes V, of
the n bag formats according to the relation

d = min (dy d,)

wherein
dd:min(Fl,Fz,..., F)
where
V,=V..)
F,=C,——"=V
n d anl n
while
y—
dr:Cr\/VZ
[0040] In the above formulas, C is a first coefficient

comprised between 0.24 and 0.36, while C, is a second
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[0041] In practice, dq is determined by calculating the
value of F,, for each pair of consecutive bags in terms of
nominal volume (in the above example, the first pair is
constituted by the 15-liter and 40-liter bags, the second
pair is constituted by the 40-liter and 110-liter bags, and
the third pair is constituted by the 110-liter and 220-liter
bags) and then selecting the minimum value from those
calculated. Regarding d,, V5 is the nominal volume of the
next largest bag with respect to the standard minimum
format (40 liters in the example described above).
[0042] Ithasbeenfoundin practice that, with reference
to the most common applications, the interval d is nor-
mally comprised between 150 and 250 mm.

[0043] Advantageously, the standard minimum bag
format is a datum that can be stored in the control unit
CU for the purpose of the minimum charge to be attrib-
uted to delivered waste. That is to say, any waste with a
volume smaller than the minimum standard format will
still be treated as a minimum standard format bag.
[0044] As the person skilled in the art will be able to
appreciate, the method according to the invention, even
more soinview of the preliminary learning and calibration
procedure described above as particularly advanta-
geous, makes it possible to classify with high accuracy
the format that is to be assigned to the delivered waste,
minimizing the number of sensors (with consequent cost
containment) and without making an accurate measure-
ment of the actual volume of the waste.

[0045] Moreover, the apparatus can be optimized on
the basis of the specific classification adopted by the local
administration, simply by varying the interval between
the sensors.

[0046] Advantageously, the connections between the
sensors 12, the authentication system ID, and the control
unit CU are provided by wireless technology, for example
Bluetooth®, simplifying both the installation and the ad-
aptation of the arrangement of the sensors 12 on the
basis of the classification adopted by the local adminis-
tration.

[0047] Moreover, as the person skilled in the art will
appreciate, the elimination of wiring is particularly advan-
tageous both interms of cost and in relation to the specific
application discussed here, since it makes the system
less susceptible to damage and wear.

[0048] A preferred embodiment of the invention has
been described, but the person skilled in the art may of
course make several modifications and variations within
the scope of the claims.

[0049] For example, the sensors could be distributed
again on a flat array but spaced differently in the axial
and transverse directions.

[0050] In another example, the sensors could have a
spherical sector-like arrangement, in which the spacing
between the sensorsin the radial and/or angular direction
can be varied during the learning and calibration proce-
dure in order to optimize the operation of the system, as
described above.
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[0051] Thedisclosuresin ltalian Patent Application No.
102022000011162, from which this application claims
priority, are incorporated herein by reference.

[0052] 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. A method for the automatic classification of the for-
mat of waste delivered into a public dumpster (10)
provided with a plurality of optical sensors (12) which
are arranged in an elevated position which does not
interfere with the area adapted to accommodate the
waste and are directed functionally toward the bot-
tom (10a) of the dumpster (10), a control unit (CU)
being programmed to detect the surface profile of
the waste in the dumpster (10) on the basis of the
signals received from said optical sensors (12),
characterized in that said control unit (CU) is pro-
grammed to:

- calculate a volumetric datum on the basis of
the difference between the surface profile of the
waste detected after delivery and the surface
profile detected before delivery,

- compare said calculated volumetric datum with
threshold values which are preset on the basis
of specific standard formats,

- on the basis of said comparison, associate the
delivered waste with the corresponding format,
and

- generate corresponding format information for
subsequent processing.

2. The method according to claim 1, characterized in
that the density of sensors in relation to a predeter-
mined spatial distribution is determined by means of
a preliminary learning and calibration procedure
which comprises the following steps:

- for each standard format, performing a series
of detections by arranging a standard formatbag
in a full configuration in respective different po-
sitions on the horizontal plane and at respective
different heights, so as to determine, by differ-
ence between the surface profile detected be-
fore and after each placement, a respective
nominal volumetric datum which is correlated
with the nominal volume of the bag, and

- determining, on a statistical basis, an optimum
density of sensors which allows the recognition
of each bag format with an accuracy thatis high-
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er than a predetermined tolerable error thresh-
old.

The method according to claim 2, characterized in
that the optimum density of sensors is determined
by obtaining a statistical distribution curve for each
standard format and by comparing the curves related
to the various standard formats so as to

- increase the density of sensors if the curves
related to the various formats have excessive
overlaps,

- reduce the density of sensors if the curves re-
lated to the various formats are too distant, until
said preset tolerable error threshold is reached.

4. An apparatus for the automatic classification of the

format of waste delivered into a dumpster (10), com-
prising

- a plurality of optical sensors (12) which are
arranged in an elevated position which does not
interfere with the area of the dumpster (10)
whichis adapted to accommodate the waste and
are directed functionally toward the bottom (10a)
of the dumpster (10),

- a control unit (CU) which is connected to said
optical sensors (12) and is programmed to de-
tect the surface profile of the waste inside the
dumpster (10) on the basis of the signals re-
ceived from the optical sensors (12),

characterized in that said control unit (CU) is pro-
grammed to:

- calculate a volumetric datum on the basis of
the difference between the surface profile of the
waste detected after delivery and the surface
profile of the waste detected before delivery,

- compare said volumetric datum with preset
threshold values on the basis of specific stand-
ard formats,

- on the basis of said comparison, associate the
delivered waste with the corresponding format,
and

- generate corresponding format information for
subsequent processing.

The apparatus according to claim 4, wherein said
optical sensors (12) are distributed on a horizontal
plane along longitudinal rows and transverse rows
which are evenly spaced by an interval d so as to
form a matrix, characterized in that said interval d
is correlated to the nominal volumes V,, of the n bag
formats according to the relation

d = min (dy d,)
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wherein
d,=min(F F,.. F,)
where
F=C, (an;nVlnl) v
while
d,=CAV,

wherein Cy is a first coefficient comprised between
0.24 and 0.36, C, is a second coefficient comprised
between 4.85 and 6.85, F, is a value calculated for
each pair of consecutive bags in terms of nominal
volume, and V, is the nominal volume of the next
largest bag with respect to the standard minimum
format.

The apparatus according to claim 5, characterized
in that said standard minimum format is stored in
the control unit (CU).

The apparatus according to one of claims 4-6, char-
acterized in that said optical sensors (12) are con-
nected to said control unit (CU) via wireless technol-

ogy.

The apparatus according to one of claims 4-7, char-
acterized in that it comprises an authentication sys-
tem (ID) which is adapted to enable the opening of
a hatch (13) of the dumpster (10) for the delivery of
waste by an authenticated user.

The apparatus according to claim 8, characterized
in that said authentication system (ID) is connected
to said control unit (CU) via wireless technology.

The apparatus according to one of claims 4-9, char-
acterized in that said optical sensors are of the type
based on ToF (Time of Flight) technology, provided
with a low-power laser emitter with a wavelength of
940 nm, having a grid of 16 x 16 sensors of the SPAD
(Single Photon Avalanche Diode) type.
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