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(57) ABSTRACT 

Selector machine comprising an optical detection system 
provided with an emitter device and with an optical sensor 
adapted to detect a product to be selected. The emitter device 
comprises three IR sources, each of which emits electro­
magnetic radiations in a corresponding spectral band in the 
infrared spectrum. An electronic control unit alternately 
turns on the IR sources in corresponding separate time 
intervals, and the optical sensor detects, in each time inter­
val, corresponding reflected radiations coming from the 
product. In addition, the electronic control unit comprises a 
processing module, which is provided with three chromatic 
channels of a RGB color space in order to associate the 
measurement signals corresponding to each IR source with 
a corresponding chromatic channel so as to compose a false 
color synthesis image of the product. 

15 Claims, 3 Drawing Sheets 
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SELECTOR MACHINE 

FIELD OF APPLICATION 

2 
trum radiations (with wavelengths both in the visible range 
and outside this) and the optical sensor is constituted by a 
hyperspectral video camera. The latter is capable of simul­
taneously acquiring a plurality of images, for example three 

The present finding regards a selector machine. 
The present selector machine is inserted in the field of 

production of machines for the sorting of products, which 
are advantageously employed for identifying, within a bulk 
product, specific solid elements to be separated. 

5 hundred images, each containing information corresponding 
to a particular very narrow spectral band. The narrow 
spectral bands at which the images are acquired cover most 
of the electromagnetic radiation spectrum, from the ultra­
violet to the infrared, and are extended for an amplitude not 

The present selector machine is, in particular, intended to 
be employed in the agricultural industry, for example in 
order to separate dried fruit from the corresponding shells 
before packaging, in the waste recovery and recycling 
industry, for example in order to separate waste made with 
plastic materials that are different from each other, or in any 
other field in which it is necessary to separate solid elements 
from each other in a bulk product on the basis in particular 
of their external appearance and/or of their chemical-physi­
cal properties. 

10 
greater than 5 or 10 nm. 

Therefore, such hyperspectral video cameras allow 
detecting, with a high degree of precision, chemical-physical 
characteristics of the elements to be separated not only by 
means of the detection of electromagnetic radiation in the 
near infrared spectrum, but simultaneously in the ultraviolet 

15 spectrum, the visible spectrum and in the infrared with 
greater wavelength spectrum. 

20 

State of the Art 

The selector machine provided with hyperspectral video 
camera described briefly up to now has in practice demon­
strated that it does not lack drawbacks. 

The main drawback lies in the high cost of the hyper­
spectral video camera itself, which renders the optical detec­
tion system and, consequently, the selector machine 
extremely costly. A further drawback of the selector machine 
briefly described up to now lies in the low image acquisition 

Known on the market are selector machines, of automated 
type, which are employed in order to separate, within a 
product constituted by multiple objects, specific objects to 
be selected or to be discarded. 

As is known, the selector machines are generally provided 
with a conveyance system on which a flow of a bulk product 

25 frequency of the hyperspectral video camera, such acquisi­
tion frequency generally being comprised between 200 and 
300 Hz. 

is made to advance, at its interior comprising multiple solid 
elements which must be distinct and separated from each 30 

other. Such bulk product can, for example, comprise dried 
fruit (such as peanuts, almonds, walnuts, which must be 
separated from their shells before being packaged), or it can 
comprise waste made of different material ( e.g. plastic), 
which must be separated from each other in order to allow 35 

a correct disposal or recycling thereof. 
For example, the conveyance system comprises one or 

more hoppers through which the product is made to flow 
within the machine itself through a system of slides, up to 
collection drawers. 

Selector machines also comprise an optical detection 
system arranged for acquiring and analyzing images of the 
flow of bulk product, so as to distinguish, in the bulk 
product, the solid elements to be separated or discarded. 

40 

Such detection system is adapted to send control signals, 45 

based on the information obtained from the acquired images, 
to an expulsion device ( such as a solenoid valves) actuatable 
to remove the selected solid elements from the bulk product, 
for example through the emission of compressed air jets. 

More in detail, the optical detection system comprises 50 

optical emitters ( e.g. constituted by LEDs) adapted to emit 
electromagnetic radiations towards the bulk product, and 
one or more optical sensors arranged for receiving the 
radiations reflected from the bulk product in order to obtain 
images of the product on the basis of which, by means of 55 

suitable thresholding algorithms, an electronic control unit 
determines which are the elements to be removed. In order 
to be able to distinguish, in the bulk product, solid elements 
substantially having the same color in the visible light 
spectrum, it is known to employ emitters and optical sensors 60 

that also operate in the near infrared spectrum. Indeed, 
elements having the same color in the visible spectrum 
generally have chemical-physical characteristics that deter­
mine a different absorption spectrum at the infrared wave­
lengths. 65 

In particular, widespread on the market are selector 
machines in which the optical emitters generate wide spec-

A further drawback of the selector machine briefly 
described up to now is due to the very high quantity of data 
produced by the hyperspectral video camera, such data 
requiring processing by the electronic control unit which, 
consequently, must possess computation performances, with 
consequent increase of the machine manufacturing costs. 

In addition, the high quantity of data to be processed can 
determine a relatively long reaction time by the electronic 
control unit in order to drive the expulsion device, with the 
risk of not intercepting the flow of product in the desired 
position due to the high advancement speed of the latter 
( even 4 mis). 

A further drawback of the selector machine briefly 
described above lies in the fact that it is unable to acquire 
images with high resolution, since the pixel matrix of the 
video camera is separated into multiple sectors, each of 
which associated with the corresponding optical filter, with 
the consequence that the image at each spectral band be 
defined by a limited number of pixels of the video camera 
itself. 

PRESENTATION OF THE INVENTION 

In this situation, the problem underlying the present 
finding is therefore that of eliminating the problems of the 
abovementioned prior art, by providing a selector machine, 
which has a high reliability and operative precision and, 
simultaneously, is inexpensive to attain. 

A further object of the present finding is to provide a 
selector machine, which operates in an efficient manner, in 
particular without having to execute heavy computational 
processing by the electronic control unit. 

A further object of the present finding is to provide a 
selector machine, capable of acquiring images with high 
degree of resolution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The technical characteristics of the present finding, 
according to the aforesaid objects, and the advantages 
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thereof, will be more evident in the following detailed 
description, made with reference to the enclosed drawings, 
which represent a merely exemplifying and non-limiting 
embodiment of the invention, in which: 

FIG. 1 shows a perspective view of a selector machine 
according to the present finding; 

FIGS. 2, 3 and 4 show a schematic view, in lateral section, 
of the selector machine of FIG. 1, depicting the activation of 
different IR sources of the optical detection system of the 
selector machine itself; 

4 
second collection space 21 in order to receive the solid 
elements selected from the aforesaid product flow, as sche­
matized in FIGS. 2, 3 and 4. 

Suitably, the selector machine 1 can comprise multiple 
5 advancement paths A (for example defined by corresponding 

hoppers 14, vibrating feeders and slides 15) with corre­
sponding first and second collection spaces 20, 21, so as to 
select multiple products, even simultaneously. 

The present selector machine 1 comprises an optical 
10 detection system 3 adapted to identify, in the product, the 

elements to be selected. 
FIG. 5 shows an example of time progression of trigger 

signals generated by the electronic control unit of the 
selector machine in order to control, in a synchronized 
manner, the emission and the acquisition of the electromag- 15 
netic radiations; 

More in detail, the optical detection system 3 is provided 
with an emitter device 4, which is arranged for emitting, 
towards the advancement path A, electromagnetic radiations 
40 adapted to hit the product, and with an optical sensor 5, 
which is directed towards the advancement path A and is 

FIGS. 6, 7 and 8 show respective graphs, which illustrate 
the filtering action of a bandpass filter of the selector 
machine, which is provided with three narrow bandwidths, 
on the electromagnetic radiations determined by the IR 20 

sources of the optical detection system. 

arranged for receiving reflected radiations RF coming from 
the product irradiated by the electromagnetic radiations 40 
and for transducing the reflected radiations RF into corre­
sponding measurement signals. 

In addition, the optical detection system 3 is provided 
with an electronic control unit 6 operatively connected to the 
optical sensor 5 in order to receive the measurement signals 
and arranged for emitting control signals, which are sent to 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

With reference to the enclosed figure, reference number 1 
indicates a selector machine according to the present find­
ing. 

Advantageously, the present selector machine 1 is 
intended to be employed, in different application fields, for 
selecting specific elements in a product constituted by a set 
of solid elements, in particular with very similar shape 
and/or color. 

More in detail, the present selector machine 1 is intended 
to be employed in the food industry, in particular so as to 
identify in a bulk product (in particular granular), such as for 
example dried fruit (peanuts, walnuts, almonds), seeds, grain 

25 an expulsion device 7 in order to remove the selected 
elements from the product, as discussed hereinbelow. 

Advantageously, the optical detection system 3 is placed 
along the advancement path A, in particular below the slide 
15 of the conveyance system 2, so as to detect the bulk 

30 product freely falling from the slide 15 itself with the solid 
elements to be selected spaced from each other. 

The optical detection system 3 is preferably placed in the 
operative volume 13 defined inside the support frame 12, in 
a manner such that the support frame 12 itself screens the 

35 optical detection system 3 from light coming from the 
external environment and prevents it from interfering with 
the electromagnetic radiations 40 emitted by the emitter 
device 4 or with the reflected radiations RF coming from the 

or the like, elements which must be discarded before product 
packaging, which can for example be the shells of the dried 40 
fruit, discards of the working of the food product or other 
non-edible foreign bodies. 

product irradiated and received by the optical sensor 5. 
The present selector machine 1 comprises (as anticipated 

above) an expulsion device 7 connected to the optical 
detection system 3 in order to receive the control signals 
from the electronic control unit 6. Such control signals are 
adapted to drive the expulsion device 7 to eliminate from the 

In addition, the present selector machine 1 can be 
employed in the industry of waste recovery, in particular so 
as to identify elements of specific materials (e.g. different 
plastic types) in order to be correctly disposed of or 
recycled. 

The selector machine 1 comprises a conveyance system 2, 
which is arranged for advancing, along an advancement path 
A, at least one bulk product comprising multiple solid 
elements to be selected. 

Preferably, the selector machine 1 comprises a support 
frame 12, which carries mounted thereon the conveyance 
system 2 and internally defines an operative volume 13 at 
least partially traversed by the advancement path A. 

In accordance with the preferred embodiment illustrated 
in the enclosed figures, the conveyance system 2 comprises 
a hopper 14, through which the product is provided to the 
selector machine 1 and, more particularly, inserted in the 
operative volume 13 of the support frame 12, and a vibrating 
feeder (not illustrated) arranged for advancing the bulk 
product from the hopper 14 to a slide 15, along which the 
bulk product descends via gravity in order to be distributed 
and advance along the advancement path A. 

45 advancement path A specific solid elements of the product, 
which are selected based on the information acquired from 
the optical detection system 3. 

Preferably, the expulsion device 7 comprises multiple 
nozzles 16 placed side-by-side each other along a longitu-

50 dinal direction Z substantially transverse to the advancement 
path (e.g. horizontal) and in particular parallel to the lying 
plane of the slide 15. 

Advantageously, the nozzles 16 are placed below the 
optical detection system 3, are directed towards the advance-

55 ment path A and are actuatable, based on the control signals 
sent by the electronic control unit 6, each by means of a 
corresponding solenoid valve, to emit a compressed air jet 
towards the flow of the bulk product. 

In particular, each nozzle 16 is operatively associated with 
60 a specific point of the advancement path A (for example 

according to a specific position grid), in a manner such that 
the actuation of each nozzle 16 generates an air flow that hits 
the elements that pass into such specific point of the 
advancement path A. 

Advantageously, the selector machine 1 comprises at least 65 

one first collection space 20 in order to receive the product 
coming from the advancement path A, and at least one 

In this manner, the solid elements that must be separated 
from the rest of the bulk product are hit by the compressed 
air jet emitted by one of the nozzles 16 of the expulsion 
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device 7 and are effectively diverted from the advancement 
path A while they freely falling from the slide 15 of the 
conveyance system 2, preferably being conveyed towards 
the second collection space 21. 

6 
a second of the chromatic channels 10, for example the 
channel of the green G in the RGB color space. The same 
process is repeated with a third of the IR sources 8, such that 

According to the idea underlying the present finding, the 5 

emitter device 4 comprises at least three IR sources 8, each 

the optical sensor 5 generates a measurement signal that is 
mapped by the processing module 9, as represented in FIG. 
3, with a third of the chromatic channels 10, e.g. the channel 

of which arranged for emitting electromagnetic radiations 40 
in a corresponding distinct spectral band 80 in the infrared 
spectrum. 

of the blue B in the RGB color space. Such sequential 
activation of the IR sources is cyclically repeated. 

In accordance with the embodiment illustrated in FIGS. 10 

Advantageously, the electronic control unit 6 is provided 
with at least one thresholding software, per se of known type 
(and hence not discussed hereinbelow), which defines the 
criteria with which the electronic control unit 6 determines, 
based on the synthesis images, the elements to be selected 
and, consequently, the control signals to be sent to the 

2-4, the emitter device 4 comprises three IR sources 8. 
Suitably, the emitter device 4 can also comprise more than 
three IR sources 8, of which three will be enabled for 
operation. 

With the term "spectral band", it must be intended here­
inbelow an interval of selected wavelengths of the electro­
magnetic radiations 40. 

In addition, the electronic control unit 6 is operatively 
connected to the emitter device 4 and is arranged for 
alternately turning on the IR sources 8 one after the other in 
corresponding and separate time intervals T oN and the 
optical sensor 5 is arranged for detecting, in each time 
interval T oN, corresponding reflected radiations RF coming 
from the product irradiated by the corresponding IR source 
8, and for generating corresponding measurement signals. 

The electronic control unit 6 comprises, in addition, a 
processing module 9, which is provided with three chro­
matic channels 10 of a RGB color space, i.e. in particular a 
channel of the red R, a channel of the green G and a channel 
of the blue B. The processing module 9 is arranged for 
associating the measurement signals corresponding to each 
IR source 8 with a corresponding chromatic channel 10 in 
order to compose a false color synthesis image of the 
product. 

The electronic control unit 6 is adapted to generate the 
control signals, and then identify the elements to be selected, 
as a function of the aforesaid synthesis image. 

During use, the electronic control unit 6 turns on in a first 
time interval T oN a first of the IR sources 8 with the other 
IR sources 8 inactive, such that the bulk product is only 
irradiated with electromagnetic radiations 40 at the spectral 
band 80 of the aforesaid IR source 8. The irradiated product 
absorbs several of the electromagnetic radiations 40 and 
reflects the reflected radiations RF having wavelengths in 
any case comprised in the corresponding spectral band 80, 
which are received by the optical sensor 5 in order to 
generate a measurement signal, preferably in the form of a 
grayscale image. Such grayscale image, preferably, is not 
intended to be shown, e.g. through a monitor of the selector 
machine 1, to a user, but rather to be processed as computer 
data by the software of the electronic control unit 6. The 
aforesaid measurement signal, or more particularly the 
information contained in each pixel of the grayscale image, 
will only depend on the intensity of the reflected radiation 
RF at wavelengths comprised in the spectral band 80 of the 
corresponding IR source 8. In addition, such measurement 
signal is mapped on a first of the chromatic channels 10 of 
the processing module 9, as represented in FIG. 2, for 
example the channel of the red R in the RGB color space in 
which the synthesis images are processed. In a successive 
second time interval T oN, the first of the IR sources 8 is 
deactivated by the electronic control unit 6 and a second of 
the aforesaid IR sources 8 is turned on in order to irradiate 
the bulk product with electromagnetic radiations 40 at a 
different spectral band 80. The optical sensor 5 therefore 
generates a second measurement signal which is associated 
by the processing module 9, as represented in FIG. 3, with 

15 expulsion device 7. 
In particular, the use of IR sources 8 allows distinguish­

ing, from each other, solid elements of the bulk product 
having substantially the same color in the visible spectrum 
but chemical-physical characteristics which are different if 

20 irradiated with electromagnetic radiations belonging to the 
infrared spectrum. 

For example, peanuts and the corresponding shells sub­
stantially have the same color in the visible spectrum but are 
provided with a different moisture and fat quantity, which 

25 make the peanuts and the shells themselves absorb-if 
irradiated with electromagnetic radiations in the infrared 
spectrum-different wavelengths of the same electromag­
netic radiation. 

Analogously, plastic materials having the same color in 
30 the visible spectrum can be provided with polymer chains 

that have different chemical composition, which determine 
a different absorption of the electromagnetic radiations in 
the infrared spectrum. 

In addition, the claimed arrangement of multiple IR 
35 sources 8 actuatable to sequentially emit the electromagnetic 

radiations 40 at distinct spectral bands 80 renders the present 
selector machine 1 particularly inexpensive to manufacture. 
Indeed, a sensor with wide spectrum can be employed as 
optical sensor 5, which is only capable of acquiring mea-

40 surement signals that depend on the mean of the intensity of 
all the reflected radiations RF incident thereon, independent 
on their wavelength. Indeed, it is not necessary that the 
optical sensor 5 be provided with hyperspectral video cam­
era, prisms, lattices, dichroic mirrors or other optical ele-

45 ments capable of separating the reflected radiations RF from 
the bulk product based on their wavelengths in order to 
simultaneously generate measurement signals which sepa­
rately depend on the intensity at selected spectral bands, 
since the sequential actuation of the IR sources 8 in time 

50 intervals T oN not overlapped on each other ensures that the 
acquired measurement signals each depend only on the 
intensity of the reflected radiations RF at the respective 
selected spectral band 80. Consequently, the selection or 
separation of the wavelengths at which each measurement 

55 signal is acquired is not executed at the optical sensor 5, but 
rather upstream thereof, at the emitter device 4, whose IR 
sources 8 are sequentially actuated. 

In order to effectively generate the false color synthesis 
image by means of three measurement signals acquired in 

60 time intervals T oN in sequence, the optical sensor 5 has an 
acquisition frequency substantially comprised between 15 
and 25 kHz, preferably equal to the sequential turning-on 
frequency of the IR sources 8. 

Indeed, the acquisition frequency is so high that, with 
65 each acquisition, the movement executed by the solid ele­

ments of the bulk product (which travel along the advance­
ment path A with a speed generally equal to about 4 mis) is 
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so small that three subsequent acquisitions can be consid­
ered ( corresponding to the sequential activation of the three 
IR sources) relative to a same position along the advance­
ment path A. 

In particular, the present selector machine 1 is capable of 
acquiring the measurement signals and processing the syn­
thesis images with a frequency that is so high with respect 
to the vision machines of known type discussed above, since 
the optical sensor 5 only acquires three measurement signals 
for each synthesis image, and such measurement signals 
allow distinguishing, with sufficient precision, the solid 
elements of the bulk product without overloading the pro­
cessing module 9, and the processing module 9 generates the 
synthesis image starting from the reduced quantity of data 
contained in the only three measurement signals mapped in 
the chromatic channels 10, employing algorithms that are 
typical of the RGB color space, which require easier imple­
mentation with respect to the typical algorithms of infrared 
image processing. 

The spectral band 80 of the electromagnetic radiations 40 
emitted by each IR source 8 is advantageously contained 
within the short wave infrared spectrum, which is known in 
the technical jargon of the field with the initials "SWIR" 
(Short Wave Infrared). The wavelengths in the SWIR have 
proven particularly efficient for distinguishing the different 
solid elements of the bulk product based on chemical­
physical characteristics, therefore increasing the reliability 
and operating efficiency of the selector machine 1. 

Advantageously, the wavelengths of the spectral band 80 

8 
particular allowing information relative to black and white 
images), in this manner allowing the processing module 9 to 
compose the synthesis image through the processing of a 
relatively reduced quantity of data (in particular compared 

5 with color video cameras) and in particularly quick time 
periods. In addition, the acquisition, instant by instant, of 
measurement signals relative to images in linear vector form 
of pixels involves that, with each acquisition, it is necessary 
to transmit, by means of the communication BUS, a reduced 

10 quantity of data (with respect to a hyperspectral video 
camera) from the optical sensor 5 to the electronic control 
unit 6, hence rendering such transmission particularly quick. 

In this manner, in particular, the quick times for process-

15 ing and transmitting the data allow positioning the nozzles 
16 of the expulsion device 7 just below the optical detection 
system 3 and, therefore, close to the slide 15 of the convey­
ance system 2, since the electronic control unit 6 is capable 
of sending the control signals to the expulsion device 7 itself 

20 in extremely reduced time intervals. In addition, the preci­
sion in removing, from the advancement path A, the solid 
elements is increased since with the decrease of the distance 
of the expulsion device 7 from the optical detection system 
3 and from the lower edge of the slide 15, the possible 

25 variations of the drop speed of the solid elements to be 
diverted are decreased, considerably reducing the risk that a 
compressed air jet emitted by one of the jets 16 arrive early 
or late with respect to the solid element identified by the 
electronic control unit 6. 

are substantially comprised between 900 nm and 2200 nm. 30 Advantageously, the electronic control unit 6 comprises at 
least one electronic processor suitably implemented in a 
corresponding circuit board. Suitably, the processing mod­
ule 9 can be integrated in the aforesaid electronic processor, 
for example by means of a corresponding software, or 

The optical sensor 5 comprises, advantageously, at least 
one row of optical transducers 5' extended along an exten­
sion direction X substantially transverse to the advancement 
path A, preferably substantially parallel to the width-wise 
extension of the slide 15 and, in particular horizontal. 35 obtained with a distinct firmware. 

Advantageously, the optical transducers 5' of the optical 
sensor 5 are InGaAs solid state transducers, which are 
particularly adapted to detect the reflected radiations RF in 
the spectral bands 80 of the short wave infrared spectrum. 

Preferably, the optical sensor 5 comprises a linear video 40 

camera (provided with the aforesaid row of optical trans­
ducers 5'), also possibly in black and white. 

Preferably, the measurement signals generated by the 
optical sensor 5 contain information that represents images 
in grayscale in a linear vector form of pixels, in which each 45 

pixel corresponds to one of the InGaAs solid state transduc-
ers of the aforesaid row of optical transducers 5'. 

Therefore, the false color synthesis image processed by 
the processing module 9 every three successive time inter­
vals T oN is in turn preferably in a linear vector form of 50 

pixels. 

Advantageously, the electronic control unit 6 can be 
integrated in the optical sensor 5, in particular in the video 
camera of the latter ( obtained for example with a smart 
camera). Suitably, each IR source 8 advantageously com­
prises at least one LED 8', in particular so as to maintain 
constant over time the characteristics of intensity and wave-
length of the electromagnetic radiations 40 emitted by the 
emitter device 4 with ease. 

Advantageously, each IR source 8 comprises at least one 
row of the aforesaid LED 8', which is extended along an 
extension direction Y substantially transverse to the 
advancement direction A, preferably substantially parallel to 
the width-wise extension of the slide 15 and, in particular 
horizontal. 

The rows of LED 8' of the IR sources 8 are advanta­
geously placed with their extension directions Y substan­
tially parallel to the extension direction X of the row of 
optical transducers 5' of the optical sensor 5. 

In this manner, the electromagnetic radiation 40 emitted 
by the row of LEDs 8' of each IR source 8 has a substantially 
zero gradient of intensity and wavelength along all the 
directions parallel to the extension direction Y and, conse­
quently, to the extension direction X of the row of optical 
transducers 5', with consequent increase of the quality of the 

In addition, the processing module 9 is preferably 
arranged for composing an overall image in the form of a 
two-dimensional pixel matrix, starting from multiple false 
color synthesis images in a linear vector form of pixels 55 

which are sequentially processed and for amplifying every 
three time intervals T oN the aforesaid overall image, by 
adding the corresponding synthesis image, in a manner such 
that the solid elements of the bulk product are easily 
identifiable by the electronic control unit 6. 60 acquired measurement signals. 

As reported above, the optical sensor 5 advantageously 
comprises a linear video camera in black and white, which 
generates, as measurement signals, images in grayscale in a 
linear vector form of pixels. 

Such configuration of the optical sensor 5 (in particular 65 

like a black and white video camera) allows it to generate 
measurement signals that are not particularly heavy (in 

Preferably, each IR source 8 is provided with two rows of 
LED 8', both arranged for emitting electromagnetic radia­
tions 40 at the corresponding spectral band 80, which are 
placed in a substantially symmetric manner with respect to 
the optical axes of the row of optical transducers 5', so as to 
illuminate the solid elements of the bulk product from two 
different directions, reducing the shadows thereon. 
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In accordance with an embodiment not illustrated in the 
enclosed figures, the optical sensor 5 comprises two rows of 
optical transducers 5' which are opposite with respect to the 
advancement path A, so as to acquire the measurement 
signals relative to the bulk product from two different 
viewpoints, a front and a rear, and each IR source 8 of the 
emitter device comprises at least two rows of LED 8', 
including one for each row of optical transducers 5', which 

10 
and the transmission of the electromagnetic radiations 40 
with lower intensity is prevented. 

The bandpass filter 11 can be, preferably, provided with 
more than three narrow bandwidths 110, for example five, in 

5 a manner such that it can operate with multiple combinations 
of spectral bands 80 (i.e. by arranging multiple combinations 
of IR sources 8) without having to change such bandpass 
filter 11. 

are extended along extension directions Y parallel to each 
other and to the extension directions X of the rows of optical 10 

transducers 5' and are arranged for emitting electromagnetic 
radiations 40 from opposite directions with respect to the 
advancement path A itself. 

In this marmer, the selector machine 1 can be adapted to 
sort, for example, dried fruit by installing, in the emitter 
device, 4 IR sources 8 at three spectral bands 80 correspond-
ing to three of the five narrow bandwidths 110 of the 
bandpass filter 11, and for example to sort different types of 
plastic materials by installing IR sources 8 at three diverse 
spectral bands 80 corresponding to other three of the same 

Advantageously, the electronic control unit 6 is arranged 15 
for sending, to the IR sources 8, trigger signals 60, 60' which 
are synchronized with the processing module 9. five narrow bandwidths 110 of the bandpass filter 11. 

More in detail, with reference to FIG. 5, the electronic 
control unit 6 is provided with a synchronized control 
module arranged for generating the aforesaid trigger signals 20 

60, 60' in groups of three, of which the first trigger signal 60' 

Advantageously, each narrow spectral band 110 of the 
bandpass filter 11 has a bandwidth 111 substantially com­
prised between 15 and 35 nm and, still more preferably, 
substantially comprised between 20 and 30 nm. 

of the trigger signals 60, 60' has greater time extension with 
respect to the second and third trigger signals 60. 

In addition, the narrow spectral bands 110 of the bandpass 
filter 11, advantageously, are not overlapped on each other. 

Such first trigger signal 60' with greater time extension 
allows the IR sources 8 of the emitter device 4 to be 25 

More in detail, the narrow spectral bands 110 are spaced 
from each other by an interval of electromagnetic radiation 
such that, even if IR sources 8 with particularly wide 
spectral band 80 are employed, none of the electromagnetic 
radiations 40 emitted by one of the three IR sources 8 is 
transmitted through a narrow bandwidth 110 adjacent to that 

resynchronized with the processing module 9 every three 
acquisitions of the measurement signals by the optical 
sensor 5, even in the event in which there is an asynchrony 
between the IR sources 8, the optical sensor 5 and the 
processing of the measurement signals on the three chro­
matic charmels 10 of the processing module 9 during the 
acquisition of three preceding measurement signals. Indeed, 
each time the emitter device 4, the optical sensor 5 and the 
processing module 9 detect a first trigger signal 60' having 
greater time extension, these recognize that three measure­
ment signals have already been acquired at the respective 
spectral bands 80, regardless of whether the acquisition was 
executed correctly or in an asynchronous marmer, and that it 
is necessary to proceed with the acquisition of subsequent 
three measurement signals. 

The present selector machine 1 comprises, preferably, a 
bandpass filter 11 provided with at least three narrow 
spectral bands 110, each of which extended for a subset of 
wavelengths of the spectral band 80 of a corresponding IR 
source 8. More in detail, the bandpass filter 11 is positioned 
in a marmer such to intercept the electromagnetic radiations 
40 emitted by the IR sources 8 or the reflected radiations RF 
coming from the product. 

The arrangement of a bandpass filter 11 to intercept the 
electromagnetic radiations 40 or the reflected radiations RF 
allows obtaining a more precise irradiation of the bulk 
product and, thus, detecting with greater precision the 
chemical-physical characteristics of the solid elements com­
prised therein. 

Indeed, as is known, the LEDs 8' of the IR sources 8 can 
have a spectral band 80 with emission wider than that of 
interest, for example extended for an interval of wavelengths 
for about one hundred or two hundred nanometers, with 
maximum intensity at a central wavelength, for example 
indicated by the LED manufacturer, and intensities decreas­
ing the further the wavelength is from such central wave­
length. 

30 centered on the spectral band 80 of the corresponding IR 
source 8. 

Nevertheless, the correct operation of the optical detec­
tion system 3 is ensured also in the event in which the 

35 
narrow spectral bands 110 are spaced from each other by an 
interval of electromagnetic radiation such to allow only the 
electromagnetic radiations 40 at lower intensity of each 
spectral band 80 to be transmitted through a narrow band­
width 110 adjacent to that centered on the spectral band 80 

40 of the corresponding IR source 8, as illustrated in the FIGS. 
6, 7 and 8, which show, in a graph having the wavelengths 
on the x-axis and the percentage of light intensity that is 
transmitted through the bandpass filter 11 on the y-axis, the 
portion of electromagnetic radiations 40 of each spectral 

45 band 80 transmitted through the narrow bandwidths 110 
with each IR source 8 separately actuated. 

Advantageously, the bandpass filter 11 is positioned 
between the advancement path A and the optical sensor 5 in 
order to intercept the reflected radiations RF coming from 

50 the product. Still more preferably, the bandpass filter 11 is 
mounted on the optical sensor 5, in a manner such that all the 
reflected radiations RF incident on the optical sensor 5 are 
intercepted by the bandpass filter 11 itself. 

In accordance with a different embodiment, not illustrated 
55 in the enclosed figures, the bandpass filter 11 is positioned 

between the advancement path A and the emitter device 4 in 
order to intercept the electromagnetic radiations 40 emitted 
by the IR sources 8 of the emitter device 4. More particu­
larly, the aforesaid bandpass filter 11 is mounted directly on 

60 the emitter device 4 itself, in a marmer such that all the 
electromagnetic radiations 40 are intercepted by the band­
pass filter 11 itself. 

The narrow bandwidths 110 of the bandpass filter 11 are 
substantially centered, each on a corresponding spectral 
band 80, such that through each narrow bandwidth 110 only 65 

the transmission of the electromagnetic radiations 40 which 

The finding thus conceived therefore attains the pre­
established aims. 

The contents of the Italian patent application number 
202020000005884, from which this application claims pri­
ority, are incorporated herein by reference. has the highest intensity of the spectral band 80 is allowed, 
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What is claimed is: 
1. A selector machine, comprising: 

12 
3. The selector machine of claim 1, wherein the wave­

lengths of said spectral band are substantially comprised 
between 900 nm and 2200 nm. a conveyance system, which is arranged for advancing, 

along an advancement path, at least one bulk product 
comprising multiple solid elements to be selected· 

an optical detection system comprising: ' 
an emitter device arranged for emitting, towards said 

advancement path, electromagnetic radiations 
adapted to hit said at least one product; 

4. The sele~tor machine of claim 1, wherein said optical 
5 sensor compnses at least one row of optical transducers 

extended along an extension direction substantially trans­
verse to said advancement path. 

5. The selector machine of claim 4, wherein said optical 
transducers are InGaAs solid state transducers. 

6. The selector machine of claim 1, wherein each said IR 
source comprises at least one LED. 

an optical sensor directed towards said advancement 10 

path and arranged for receiving reflected radiations 
co~ing from said at least one product irradiated by 
sa~d electromagnetic radiations, and for transducing 
said reflected radiations into corresponding measure­
ment signals; 

7. The selector machine of claim 6, wherein each said IR 
source comprises at least one row of LEDs; wherein said at 
least one row of LEDs is extended along an extension 

15 direction substantially transverse to said advancement direc­
tion. an electronic control unit operatively connected to said 

optical sensor in order to receive said measurement 
signals, and arranged for emitting control signals; 

an expulsion device connected to said optical detection 
system in order to receive said control signals, which 20 

are adapted to drive said expulsion device to eliminate 
from said advancement path, specific solid elements of 
said at least one product; 

wherein: 
said emitter device comprises at least three IR sources 25 

each of which is arranged for emitting electromagneti~ 
radiations in a corresponding separate spectral band in 
the infrared spectrum; 

said electronic control unit is operatively connected to 
said_ emitter ~evice and is arranged for alternately 30 

turnmg on said IR sources one after the other in 
corresponding and separate time intervals; ' 

said optical sensor is arranged for detecting, in each said 
time interval, corresponding said reflected radiations 
coming from said at least one product irradiated by the 35 

corresponding said IR source, and to generate corre­
sponding said measurement signals; 

said electronic control unit comprises a processing mod­
ule, which is provided with at least three chromatic 
channels of a RGB color space and is arranged for 40 

associating the measurement signals corresponding to 
each said IR source with a corresponding chromatic 
channel of said chromatic channels and for composing 
a false color synthesis image of said at least one product 
by means of three said measurement signals acquired 45 

every three successive said time intervals; said elec­
tronic control unit being configured to generate said 
control signals as a function of said synthesis image. 

2. The selector machine of claim 1, wherein the spectral 
band of the electromagnetic radiations emitted by each said 50 

IR source is contained within the short wave infrared 
spectrum. 

8. The selector machine of claim 4, wherein each said IR 
source comprises multiple rows of LED; 

wherein said rows of LED are placed with said extension 
directions substantially parallel to the extension direc­
tion of said rows of optical transducers. 

9. The selector machine of claim 1, wherein said optical 
sensor has an acquisition frequency substantially comprised 
between 15 and 25 kHz. 

10. The selector machine of claim 1, wherein said elec­
tronic control unit is arranged for sending, to said IR 
sources, trigger signals synchronized with said processing 
module. 

11. The selector machine of claim 1, further comprising a 
bandpass filter provided with at least three narrow spectral 
bands, each of which extended for a subset of wavelengths 
of the spectral band of a corresponding said IR source; said 
bandpass filter being positioned in a maimer such to inter­
cept said electromagnetic radiations emitted by said IR 
sources or said reflected radiations coming from said at least 
one product. 

12. The selector machine of claim 11, wherein said 
bandpass filter is positioned between said advancement path 
and said optical sensor in order to intercept the reflected 
radiations coming from said at least one product. 

13. The selector machine of claim 11, wherein said 
bandpass filter is positioned between said advancement path 
and said optical sensor in order to intercept the reflected 
radiations coming from said at least one product· wherein 
said bandpass filter is mounted on said optical se~sor. 

14. The selector machine of claim 11, wherein each said 
narrow spectral band of said bandpass filter has a bandwidth 
substantially comprised between 15 and 35 nm. 

15. The selector machine of claim 11, wherein the narrow 
spectral bands of said bandpass filter are not overlapped on 
each other. 

* * * * * 


