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(54)  Apparatus and method for inspecting and sorting a stream of products

(67)  The invention concerns an apparatus (14) for
sorting a stream of products (2, 3), comprising a supply
system (1) for supplying the stream of products (2,3) to
a scanning zone (28), a background element (5) posi-
tioned behind the scanning zone (28), at least one in-
spection unit (9,10) consisting of a scanning unit (43) for
illuminating the product stream along the entire width W
ofthe stream of products, and a camera (44) for capturing
a zone of light returned by the products (2,3), the appa-
ratus further comprising a reject system (11), the appa-
ratus being characterized in that said background ele-
ment (5) consists of means to capture incident light (34)
and to direct it to detector means (40,40’) that is config-
ured to convert said light into an electric signal (39). The
invention equally concerns a method for sorting a stream
of products (2,3).
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Description

Field of the invention

[0001] The current invention relates to a method and
apparatus for inspecting a stream of products. This in-
spection can further resultin a quality selection by means
of a sorting step.

[0002] The invention is applicable when removing cer-
tain degraded products and foreign objects from an in-
coming stream of products.

[0003] The invention is particularly suited for sorting
food products such as green beans, peas, nuts, raisins,
cauliflowers, lettuce and such like for which non-food
products such as wood, plastics, glass and others need
to be removed from the stream of products.

[0004] The invention is furthermore extremely suitable
for sorting non-food products such as plastics from recy-
cling garbage, sorting of glass and such like.

State of the art

[0005] It is known from the international patent appli-
cation WO 01/00333 that product objects in a stream of
products can be illuminated with a concentrated beam
of light. The reemitted light is captured by a detector
whereupon it is analyzed. Based on this analysis a se-
lection mechanism can be controlled to achieve a certain
sorting result.

[0006] In the absence of product, the light is reflected
by a background element that needs to be chosen prod-
uct dependently. More specifically, the background
needs to be chosen such that it shows the optical char-
acteristics of good product. In other words, the good prod-
uct is invisible against the background. However, devia-
tions in an analyzed product such as insect bytes, pu-
trescent stains, foreign objects and such cause a devia-
tion in the returned light signal. By adjusting a threshold
one can make the difference between the light signal
coming from the background and acceptable products
on the one hand and the light signal coming from unac-
ceptable product to be removed on the other hand.
[0007] Similar background elements are described in
the American patent US4723659 and the European pat-
ents EP1012582 and EP0443469. Generally speaking it
concerns a background element positioned perpendicu-
lar to the direction of product movement, in the field of
view of the detecting means. Usually the background el-
ement is a cylindrical roller. While rotating and with the
aid of a scraper it becomes self-cleaning.

[0008] A disadvantage of this method is that for each
kind of product a specific background element needs to
be available. Thus a background element for carrots
should have an orange color, while for green beans it
should have a green color. During the sorting of food
products and more specifically while switching from one
productto another, itis required to switch the background
element as well. Furthermore, the cost of a background

10

15

20

25

30

35

40

45

50

55

element is not negligible.

[0009] In certain applications the background element
is given additional optical properties. Many fresh vege-
tables contain for example chlorophyll. A frequency shift
towards the infra-red spectrum occurs within these mol-
ecules when illuminated with light having a wavelength
between 640 and 680 nanometer. This emission phe-
nomenon is called fluorescence. By giving the back-
ground element the same fluorescent properties one can,
in the state of the art, additionally sort based on the pres-
ence of chlorophyll in the analyzed products. Other mol-
ecules, such as aflatoxin, show fluorescent properties as
well and could in principle be detected in the analyzed
products according to a similar technique.

[0010] An important disadvantage is that over time
these kinds of background elements lose their fluores-
cent properties. This has adverse effects on the sorting
quality and is also uninteresting for the users of such
equipment.

[0011] For these reasons there is a need for a sorting
device, in particular an inspection device, without the dis-
advantages of the devices known in the state of the art.
[0012] For these reasons there is need for a method
not showing the disadvantages of the current state of the
art.

Objects of the invention

[0013] Ingeneralthe objectoftheinvention isa method
and apparatus to carry out a selection between products
in a large, continuous stream of products in a very effec-
tive, reliable and cost-effective way.

[0014] More specifically, according to a number of pre-
ferred embodiments, the invention aims at an inspection
method and inspection means avoiding the replacement
of the background element during a product switch.
[0015] In other words, the object of the invention is an
inspection method and inspection means using a back-
ground reference which is at least product domain inde-
pendent.

Summary of the invention

[0016] Theinventionisrelatedto an apparatus for sort-
ing a stream of products, comprising :

e asupply system 1 for supplying the stream of prod-
ucts to a scanning zone,

* a background element positioned behind the scan-
ning zone,

* at least one inspection unit consisting of
O a scanning unit for illuminating the product stream
along the entire width W of the stream of products,
and
O a detection unit for capturing a zone of light re-
turned by the products,

* areject system,
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wherein said background element consists of means to
capture incident light and to direct it to a detector means
that is configured to convert said light into an electric
signal, said apparatus further comprises means for gen-
erating a location signal which is indicative of the location
of the products, by detecting the immediate incidence of
light on the background element, wherein said detection
unit is a camera arranged to capture an image of the
scanning zone.

[0017] According to an embodiment,the background
elementis an optical fiber with a grooved surface for cap-
turing the incoming light.

[0018] According to an embodiment, the background
element is a manifold of detectors configured to convert
the incident light into an electric signal.

[0019] The invention is also related to a method for
sorting a stream of products in products to be accepted
and products to be rejected comprising the steps of:

* moving through a scanning zone the products to be
sorted, supplied in a product stream extending over
a certain width and having a thickness of substan-
tially a single layer of products,

* in this scanning zone, linear scanning across the
width of this product stream by one or more concen-
trated light beams, which illuminate, in the absence
of products, a background element positioned be-
hind this product stream and extending over the
width of it,

e capturing a camera image of said scanning zone,
and deriving from said image electric signals repre-
sentative of each product in said image,

e generating one or more control signals based on said
image, whereby these control signals allow making
a selection between the scanned products to be ac-
cepted on the one hand and the scanned products
to be rejected on the other hand, and

* sorting the product stream by means of these one
or more control signals,
characterized in that

* the background element consists of means to cap-
ture the incident light and to direct it to a detector
means that is configured to convert said light into an
electric signal, and

* said step of generating one or more control signals
comprises :

e generating a signal which is indicative of the lo-
cation of the scanned products, wherein gener-
ating the location signal comprises detecting
and converting that part of the concentrated
scanning light beam, which not obstructed by
the products, thus obtaining a signal that is in-
dicative of the location of the scanned products,

e generating said control signals based on wheth-
er or not the electric signals representative of
said products and derived from said cameraim-
age cross a threshold in the zones where a prod-
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uct is present according to said signal indicative
of the location of the scanned products.

[0020] According to an embodiment, the background
element is an optical fiber with a grooved surface for cap-
turing the incoming light.

[0021] According to an embodiment, the background
element is a manifold of detectors configured to convert
the incident light into an electric signal.

[0022] The method of sorting products according to the
invention is characterized at least by transporting the
products to sort along a certain trajectory in the form of
a product stream having a width; a background element
extending along the width of the product stream; with a
concentrated light beam illuminating along the width of
the product stream, the products to sort and, in absence
of said products, the background element; capturing the
light reemitted by the products and the background el-
ement; based on said observed light carrying out a first
selection between the background element on the one
hand and all the products in the product stream on the
other hand; carrying out a second selection between the
products to sort on the one hand and the products to be
rejected on the other hand and based on this second
selection automatically carrying out a separation of the
products in said product stream.

[0023] Preferably the background element comprises
a surface extending along the width of the product
stream, whereby said surface reflects the incoming light
at least partially.

[0024] In a particularly useful embodiment the back-
ground element has the shape of a cylindrical roller.
[0025] In an alternative embodiment the background
element comprises means to capture and redirect the
incoming light towards an opto-electrical convertor. In
this case such a background element generates a signal
having a progression from which the presence or ab-
sence of products in the scanning zone can be easily
deduced. A thus obtained Boolean signal is particularly
useful in the method according to the invention.

[0026] The first selection is preferably done based on
whether or not the intensity of the detected light or a de-
rived signal thereof crosses a threshold value.

[0027] In certain cases, more specifically when the to-
tal range of products features positive as well as negative
peaks against the background signal, the first selection
is done based on whether or not the intensity of the ob-
served light emitted by the background element or a de-
rived signal thereof falls within a zone, said zone further
characterized by a maximum threshold value.

[0028] The second selection is preferably done based
on whether or not the intensity of the detected light or a
derived signal thereof crosses a threshold value.
[0029] In a preferred embodiment said crossing of a
threshold value is exclusively defined within those zones
which are labeled during the first selection step as orig-
inating from product.

[0030] In an exceptionally preferred embodiment a
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new signal is generated after the first selection, further
characterized by preserving the intensity of the observed
lightin those zones outlining product (the product zones)
and subsequently changing the intensity in the zones
where the background element can be observed to an-
other level.

[0031] Additionally it is preferable to filter said signal
such that the high-frequency transitions at the product
zones are flattened and a new signal is created. Said
filter could for example be an adaptive filter specifically
tuned to smooth the transition from product zone to back-
ground zone and vice versa.

[0032] In the most practical embodiment according to
the invention the second selection is done on said filtered
signal.

[0033] In any case the selection of the background el-

ementwillbe such thatitleads to atleast one correspond-
ing signal having a path according to which a first selec-
tion can be carried out between said background element
on the one hand and all products in the product stream
on the other hand.

[0034] In a practical embodiment of the method ac-
cording to the invention the scanning is done using a
rotating mirror, preferably a fastrotating polygonal mirror.
[0035] Inavery practical embodimentthe scanning us-
es a laser beam.

[0036] In a practical embodiment the products are
transported on a vibrating table, belt or suchlike, towards
an inspection installation.

[0037] In some cases, more specifically in the case of
free-fall sorting devices, the products are further guided
during their free fall by a free-fall plate. Furthermore, the
products to separate are segregated by means of a man-
ifold of air valves positioned along the width of the product
stream and opened based on the second selection step.
[0038] Insome cases, more specifically in those cases
where defects are situated on both sides, it is advanta-
geous to scan the products to sort from two sides, oppo-
site from each other.

[0039] The method could be combined with color sort-
ing by sorting based on light reflections.

[0040] Additionally different concentrated light beams
having each a different wavelength, possibly combined
into one bundle, could be utilized.

[0041] In an important variant according to the inven-
tion two signals are combined in a two-dimensional graph
such that each point in this graph corresponds with a
specific intensity level according to the path of the first
signal combined with a specific intensity level according
to the path of the second signal; the points corresponding
with the product to be accepted are grouped in first zone;
the points corresponding with products to reject are
grouped in a second zone; the points corresponding to
the background element are outlined by a third zone;
adjusting the level of the background signal is realized
by repositioning the third zone to a new location.
[0042] In this case moving said third zone can be
achieved by visualizing this zone in a graph displayed in
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agraphicaluserinterface and subsequently dragging this
zone to a new location.

[0043] In a preferred embodiment this said new loca-
tion is chosen such that a separation can be made be-
tween the first and the third zone on the one hand and
the second zone on the other hand using a separation
plane.

[0044] Additionally more than two signals can be com-
bined into a more-dimensional graph.

[0045] Apart from said method, the invention also re-
fers to an apparatus to sort products using this method
and such that it comprises at least a transport device to
transport a stream of products, extending over a width,
into a specific direction; means to scan the products to
sort along the width of the product stream, further com-
prising means to generate a concentrated light and direct
ittowards means to cast this light beam onto the products;
means to capture the returning light; means to carry out
a selection between the scanned products based on the
observed light; means to separate the products based
on this selection.

[0046] In a preferred embodiment the means to gen-
erate the concentrated light is a laser generator.

[0047] In a preferred embodiment the means to cast
the light beam onto the products comprises optical
means, more specifically a rotating polygonal mirror,
moving the concentrated light transversely across the
product stream. The currentinvention is however not lim-
ited to such a scanning arrangement. It could, by way of
example, as well generate a row of concentrated light
beams, possibly turned on and off in sequence.

[0048] Additionally the means to carry out a selection
based on the returning light could be based on digital
electronic components, more specifically Field Program-
mable Gate Arrays and microprocessors, or could be
based on analogue electronic components such as op-
erational amplifier circuits, or it could be a combination
of analogue and digital processing units.

[0049] In a practical embodiment the means to make
a separation between the products based on said selec-
tion are composed of a manifold of air valves, mounted
transversely across the product stream.

[0050] In an advantageous embodiment the back-
ground element is composed of a surface across the
width of the product stream, such that the incident light
is at least partially reflected by said surface.

[0051] In an alternative embodiment the background
element is composed of means that capture and channel
the incident light towards means to convert this light into
an electric signal.

[0052] In a preferred embodiment the means to cap-
ture the returning light are composed of an optical filter
making the detection arrangement sensitive fora specific
light spectrum, in operable communication with a spatial
filter making the detection arrangement sensitive for a
specific zone of the returning light, and in operable com-
munication with both filters an opto-electrical converter
transforming the lightinto a corresponding electric signal.
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[0053] A method for sorting a stream of products in
products to be accepted and products to reject compris-
ing the steps of moving through a scanning zone the prod-
ucts to sort, supplied in a product stream spanning a cer-
tain width and having a thickness of substantially a single
layer of products, in this scanning zone linearly scanning
one or more concentrated light beams across the width
of this product stream, illuminating, in the absence of
products, a background element positioned behind this
product stream that extends over the width of it, whereby
this light beam produces light signals at these scanned
products and at this scanned background element, de-
tecting these light signals whereby these light signals are
converted in electric signals, generating one or more con-
trol signals on the basis of these converted signals where-
by these control signals allow making a selection be-
tween the scanned products to be accepted on the one
hand and the scanned products to be rejected on the
other hand, and sorting the product stream by means of
these one or more control signals, characterized in that
this method further comprises; choosing this background
element) such that the corresponding detected light sig-
nal differs in at least 1 parameter from the light signals
of the products to sort and whereby generating one or
more control signals further comprises shifting the back-
ground level of the converted signals after detection of
the light signals, towards a new signal level chosen such
that, in the thus obtained signal, the signal level of the
signal of a scanned product to be accepted differs from
the signal level of a scanned product to be rejected. The
parameter in which the background element can differ-
entiate itself from the products to sort can be the signal
level, a spatial aspect such as scattering or a frequency
aspect such as color information.

[0054] This method can further comprise, after moving
the background level of the converted signals, comparing
the thus obtained signal with one or more threshold val-
ues to generate in this way the one or more control sig-
nals.

[0055] Moving the background level according to this
method can further comprise generating a signal which
is indicative of the location of the scanned products in
the detected and converted signals and shifting the level
of the converted signals to locations other than these of
the scanned products such as have been indicated by
this location signal.

[0056] Generating the location signal according to this
method can further comprise detecting and converting
the light signals originating from the scanned background
element and from the scanned products, in these con-
verted signals separating the signal originating from the
scanned background element from the signals of the
scanned products such thata signalis obtained indicative
of the location of the scanned products.

[0057] Distinguishing the signal originating from the
scanned background element according to this method
can further comprise comparing the converted signals
with one or more threshold values.
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[0058] In an alternative embodiment of these methods
generating the location signal can further comprise de-
tecting and converting that zone of the concentrated
scanning light beam passed by the products, as such
obtaining a signal that is indicative of the location of the
scanned products.

[0059] Thelocationsignalinthe differentembodiments
of this method can be a Boolean signal. Shifting the signal
level to a new signal level can then happen according to
the formula D = BC + s(C®1), in which B is the detected
and converted light signals, s a real number chosen in
function of the desired shift of the signal level, C the lo-
cation signal, and @ is defined as the modulo-2 addition.
[0060] Thelocationsignalinthe differentembodiments
of this method can be a Boolean signal. Shifting the signal
level to a new signal level can then happen according to
operation D =B when C =1 and D = 0 when C =0 and
inwhich Bis the detected light signal, and C is the location
signal.

[0061] Thelocationsignalinthe differentembodiments
of this method can be an analogue or digital signal,
whereby comparing the thus obtained signal with one or
more threshold values happens only on the location of
the scanned products as indicated by the location signal.
[0062] The background level of the converted signals
can be shifted towards a signal level according to that of
a product to be accepted.

[0063] The location signal in any embodiment can be
generated on the basis of one or more first detected sig-
nals and afterwards used to indicate the location of the
products in one or more second detected signals.
[0064] The background element in any of the embod-
iments can consist of a surface that extends over the
width of the product stream, whereby said surface atleast
partially reflects the incident light. Preferably this back-
ground element has the shape of a cylindrical roller.
[0065] In an alternative embodiment this background
element consists of means to capture and redirect the
incident light towards a opto-electrical convertor. In this
case the background element can be an optical fiber with
a grooved surface to capture the incoming light. Such
optical fiber can consist of segments, whereby for each
segment the orientation of these grooves with respect to
the longitudinal direction of the optical fiber is chosen in
function of the position of this segment along the width
of the product stream.

[0066] In any embodiment according to this method
the thus obtained signal can be filtered prior such that
the high-frequency transitions near the product zones
are flattened, generating a new filtered signal. This filter
can be an adaptive filter which is adjusted specifically to
smooth the transitions from a product zone to a back-
ground zone and vice versa.

[0067] In any embodiment according to this method
the linear scanning of the product stream can happen by
means of a moving mirror, preferably a rapidly rotating
polygonal mirror. The product stream can be scanned by
several concentrated light beams by means of this mov-
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ing mirror, whereby every light beam has a separate fre-
quency. Preferably this concentrated lightbeam is alaser
beam. The products to sort can be scanned from both
edges of the product stream.

[0068] In any embodiment of this method the supply
ofthe product stream can happen by means of a vibrating
table, a conveyor belt or suchlike. The products can fur-
ther be supplied by means of a free-fall plate which guides
these products during their free fall towards the scanning
zone.

[0069] In any embodiment of this method the sorting
of the product stream by means of these one or more
control signals can happen by controlling a manifold of
air valves positioned across the width of the product
stream by means of these one or more control signals.

[0070] In any embodiment, besides at the signal level,
sorting the product stream can also happen on color, i.e.,
the frequency of the detected light signals.

[0071] In an embodiment of aforementioned methods
whereby generating one or more control signals by
means of moving the background level of the converted
signals to a new signal level chosen as such that, in the
thus obtained signal, the signal level of the signal of a
scanned product to be accepted differs from the signal
level of the signal of a scanned product to be rejected,
further comprising; combining two detected and convert-
ed signals in a two-dimensional graph, in which each
point corresponds with a particular intensity level accord-
ing to the path of the first signal combined with a particular
intensity level according to the path of the second signal;
the points which correspond to product to be accepted
are grouped in a first zone; the points which correspond
to product to be rejected are grouped in a second zone;
the points which correspond to the background element
are outlined by a third zone; adjusting the level of the
background signal is realized by repositioning the third
zone to a new location. Moving said third zone can hap-
pen by visualizing this zone in a graph displayed in a
graphical user interface and subsequently dragging this
zone to a new location. This said new location can be
chosen such that a separation can be made between the
first and third zone on the one hand and the second zone
on the other hand. This two-dimensional graph can have
an additional dimension showing the histogram of ap-
pearing signal combinations. Furthermore, more than
two detected signals can be combined with each other
in more-dimensional graph so that, for every location in
the scanning zone, as much as possible optical informa-
tion is collected and depicted, allowing to make a better
distinction between the location of the products to be sort-
ed and these of the background on the one hand and
between the products to be accepted and products to be
rejected on the other hand. All or at least one of said first,
second and third zones in such two or more-dimensional
graph can be inferred by automatic clustering algorithms.
[0072] An apparatus for sorting products according to
the methods of any of the previous claims, characterized
by at least consisting of a supply system transporting a
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single layer of the products to be sorted along a certain
trajectory in the form of a product stream extended over
a width; means to scan to products to be sorted over the
width of this product stream, whereby these scanning
means further comprise; means to generate a concen-
trated light beam and direct it towards the products via
optical means; means to detect the returning light and
convert it to an electric signal; means to generate control
signals enabling to carry out a selection between the
scanned products based on said detected light; and
means to sort the product stream based on said selection
by means of said one or more control signals, charac-
terized in that the sorting apparatus further comprises;
a background element chosen such that the correspond-
ing detected light signal differs in at least 1 parameter
from the light signals of the products to be sorted and
whereby the selection means comprise means to gener-
ate one or more control signals by shifting the background
level of the light signals towards a signal level chosen
such that, in the thus obtained signal, the signal level of
a scanned product to be accepted differs from the signal
level of a scanned product to be rejected.

[0073] The selection means of such sorting device can
further comprise means to generate a location signal
based on one or more detected signals, means to obtain
asignal based on this location signal and based on these
or other one or more detected signals, such that the back-
ground level in these last signals is shifted to a new level
enabling to differentiate products to be accepted from
products to be rejected in said obtained signal.

[0074] These selection means can further comprise
means to compare the obtained signal with one or more
threshold values, in this way generating the one or more
control signals.

[0075] These selection means can further comprise fil-
ters to prefilter the thus obtained signal so that the high-
frequency transitions close to the product zones are flat-
tened and thus obtain a new filtered signal. This filtering
operation can be achieved by means of an adaptive filter
specifically adjusted to smoothing the transitions from a
product zone to a background zone and vice versa.
[0076] Inany of the aforementioned sorting apparatus-
es this background element can consist of a surface that
extends over the width of the product stream, whereby
said surface reflects the light at least partially. Preferably
this background element has the shape of a cylindrical
roller.

[0077] In an alternative embodiment this background
element can consist of means to capture and redirect the
incident light towards an opto-electrical convertor. Such
background element can be an optical fiber with a
grooved surface to capture the incidentlight. Such optical
fiber can consist of segments, whereby for each segment
the orientation of these grooves with respect to the lon-
gitudinal direction of the optical fiber is chosen in function
of the position of this segment along the width of the
product stream.

[0078] Alasercanbe usedinsuch sorting apparatuses
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to capture the concentrated light beam. This laser can
be moved across the width of the product stream by
means of a rotating polygonal mirror.

[0079] Insuch sorting apparatuses the means to make
a selection between the scanned products in function of
the observed light consist of a signal processing platform
based on digital electronic components, more specifically
Field Programmable Gate Arrays and microcomputer
processors, or based on analogue electronic circuits,
such as op-amp circuits, or a combination of analogue
and digital processing units.

[0080] In such sorting apparatuses the means to sort
the product stream in function of said selection by means
ofthese one or more control signals, consist of a manifold
of air valves, positioned transversely across the product
stream.

[0081] In such sorting apparatuses the means to cap-
ture the light can consist of an optical filter making the
detector sensitive to a particular light spectrum; in oper-
ational communication with a spatial filter making the de-
tector sensitive to a particular zone of the returning light;
in operational communication with both said filters an op-
to-electrical convertor converting the light to a corre-
sponding electric signal.

Short description of the figures

[0082] Figure 1 illustrates schematically the funda-
mental operation of a sorting apparatus according to the
invention;

[0083] Figure 2illustrates schematically a possible em-
bodiment of a scanning device;

[0084] Figures 3a and 3b show alternative embodi-
ments of the background element.

[0085] Figure 4 illustrates schematically a detection
unit;

[0086] Figure 5 illustrates schematically an apparatus
with several detection units;

[0087] Figures 6a-e illustrate the method in several
steps according to the current invention which results in
a better or at least more advantageous inspection;
[0088] Figures 7a-b illustrate this method in a two-di-
mensional representation;

[0089] Figure 8 shows a sorting apparatus according
to the invention in viewing perspective.

[0090] Figures 9a-f illustrate schematically the signal
processing in an inspection device when the background
element generates a signal that deviates from a good
product

[0091] Figures 10a-d illustrate schematically the
processing of the signal according to an embodiment of
the invention

[0092] Figures 11a-d illustrate schematically the
processing of the signal according to an embodiment of
the invention

[0093] Figures 12a-d illustrate schematically the
processing of the signal according to an embodiment of
the invention
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[0094] Figures 13a-c illustrate schematically the
processing of the signal according to an embodiment of
the invention

[0095] Figure 14 illustrates schematically the process-
ing of the signal according to an embodiment of the in-
vention

[0096] Figures 15a-c illustrate schematically the
processing of the signal according to an embodiment of
the invention

Detailed description of the invention

[0097] The current invention will be described by
means of a few examples, referring to certain figures,
without any restrictive kind. The figures are only sche-
matic and not limiting. In the figures, the dimensions of
certain elements can be exaggerated or not in true pro-
portion. This is because of illustrative considerations. For
this reason, the dimensions and relative dimensions do
not necessarily correspond to reality.

[0098] The current invention teaches a method and a
mechanism for sorting products 2, 3, to be precise, gran-
ular products like raisins, beans, berries, but also plastic
grains, that are conveyed in large quantities and in a con-
tinuous stream.

[0099] In addition, the method according to the inven-
tion is also suitable for inspecting larger products like
broad beans, cauliflower, lettuce, etc.

[0100] Figure 1 shows schematically a sorting appa-
ratus 14 according to the current invention. This sorting
apparatus contains a supply system 1, at least one in-
spection unit 9,10, areject system 11 and possibly a free
fall glide 4 that guides the product stream in free fall to
the inspection unit 9,10 and the reject system 11. The
glide, however, can also be a conveyor belt that conveys
the products 2, 3.

[0101] The supply system 1 with width W can be a vi-
brating table, or any other conveyor system known in the
current state of the art. In case supply system 1 is being
executed as a conveyor belt, the use of a free fall glide
4 can be superfluous, as is well known by the person
skilled in the art.

[0102] In the scanning zone 28, the inspection unit
watches the falling product 2,3 by analyzing the returning
light. In function of this analysis, a reject system 11 is
being controlled. This results in a separation of the prod-
uct stream in an accept stream 13 and a reject stream 12.
[0103] Behind the scanning zone 28, a background el-
ement 5 is illuminated and observed while no product is
present 2,3 in that zone 28. The optical properties of the
background element 5 are chosen in such a way that a
proper distinction can be made between all products 2,3
in the product stream on the one hand and the back-
ground element on the other hand. These optical prop-
erties can refer to the frequency or to spatial properties
of the background element 5. The background element
can generate a light signal with another frequency or re-
flect the incident light 34 in another way, or even scatter
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it. This method differs from the current state of the art,
which tries to make a distinction between all the products
to be rejected 3 from the product stream on the one hand
and the background 5 together with the products to be
accepted 2 on the other hand. For this reason, in the
current invention the choice of the background element
5 becomes considerably less complicated and independ-
ent of the product domain. For instance, the background
element 5 will be the same for green beans and orange
carrots. As opposed to the current state of the art, in
which a specific background element for every product
has to be available which has optical properties identical
to those of the products to be accepted 2. In the case of
greenbeans and carrots, the current state of the art would
need two different background elements: one with a
green color, and another with an orange color. When the
products to be sorted 2,3 are transported by a conveyor
belt 1, this conveyor belt can be used as background
element to obtain a background signal that differs from
the signal of all the products 2,3, as is described in the
embodiments of the invention.

[0104] In apreferred embodiment of the currentinven-
tion, the background element 5 is a cylindrical roller, to
be precise, a rotating roller that cleans itself by means
of a scraper that is placed against the roller.

[0105] Ina preferred set-up for the sorting of fresh veg-
etables such as green beans, carrots and peas, the back-
ground element 5 is implemented as a white, strongly
scattering, not fluorescing, cylindrical roller. With refer-
ence to figures 4, 5 and 6 : a signal 39, measured by a
detection unit 44, only sensible to the scattered light, will
inthis case show a path B along which a proper distinction
can be made between the background signal 19 on the
one hand, and the peaks 20,21 originating from green
beans, peas, carrots, wood, plastic, metal, glass etc. on
the other hand.

[0106] In an alternative version, the background ele-
ment 5 is an intrinsic component of the mechanical con-
struction and contains, besides the function of optical
background, an additional function as mechanical sup-
portelement. As aresult, it can, as such, not be removed.
Such greatly simplified mechanical embodiment accord-
ing to the current invention is impossible to implement in
the current state of the art.

[0107] The inspection unit 9,10 consists of a scanning
unit 43 and a detection unit 44 (figures 4 and 5). The
scanning unit illuminates the product stream along the
entire width W. The detection unit 44 captures a zone of
the returning light and will convert this returning light by
at least one opto-electrical converter 38 to an electric
signal that is afterwards analyzed in a processing unit 41.
[0108] Figure 2 illustrates a possible embodiment of a
scanning unit 43. A concentrated light beam 45, prefer-
ably originating from a laser 29, is directed towards a fast
rotating, reflecting polygon wheel 30. During the rotation,
this polygon 30 generates a fast moving concentrated
point of light directed towards the product stream. The
scanning is performed along the entire width W with a
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scanning angle determined by the extreme light beams
31,31°.

[0109] When this light 32,33,34 incides on a product
2,3 azone ofthe light46, 47,48 will be reflected according
to the color of this product 2,3. This makes color sorting
possible.

[0110] Dependent on the light permeability of the illu-
minated product 2,3, the concentrated light beam
32,33,34 will be reflected directly and/or scattered, as is
elaborately described in the American patent
US4634881. This makes structure sorting possible. Ad-
ditionally, the presence of fluorescing molecules in the
product 2,3 will cause a frequency shift in the reflected
light, making it possible to sort on the presence of those
molecules, like chlorophyll and aflatoxin.

[0111] Entirely within the scope of this patent, various
light beams with different wavelengths can be bundled,
preferably by combining various lasers of different wave-
lengths by means of mirrors and optical filters.

[0112] In figures 3a and 3b, an alternative version of
the background element 5 is clarified, whereby this ele-
ment consists of means to capture the incident light 34
and to direct it to a detector 40 that converts this light into
an electric signal 39.

[0113] As s illustrated in figure 3a, the background el-
ement 5 can consist of an optical fiber 56, on which, by
means of a closer specified mechanism 57, the incident
light 34 can be further channeled to a detector 40 that
generates an electric signal 39. The element 57 can for
example consist of grooves or little mirrors attached to
the fiber 56, so that the light gets bended towards the
abovementioned filter 56.

[0114] In international patent application WO
2007/062219 and in zone 2 "Design and fabrication" of
the article "A fiber grating based distributed light source",
by G.E. Carver, Proc. Of SPIE Vol. 6371, 63710H-2
(2006), both integrally enclosed in this description, a
grooved optical fiber is used to obtain a linear uniform
light source. Light injected in the optical fiber in its longi-
tudinal direction, is redirected in a direction differing from
the longitudinal through grooves in the side of the fiber.
The redirected light can be further guided through a cy-
lindrical optical system to obtain a more uniform light dis-
tribution within a restricted area. According to the choice
of the geometric parameters of the grooves (cf. figure 5
of WO 2007/062219 or figure 2 of the SPIE article: width,
pitch d, angle of the groove in relation to the normal di-
rection perpendicular on the longitudinal direction, angle
of the groove in relation to the longitudinal direction) and
of the optical parameters (wavelength of the light source,
refraction index of the optical fiber), the direction and the
degree of the redirection can be determined. The grooves
can be applied by means of a printer that uses laser light
or UV light (cf. chapter 2, second paragraph of the SPIE
article, p.9 third paragraph illustrated by figure 5 of WO
2007/062219). By varying the relative orientation of the
optical fiber in relation to the printer, the angle under
which the grooves are formed in the side of the optical
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fiber can be determined.

[0115] Such optical fiber can, however, also be used
to capture light originating from a linearly moving con-
centrated light beam 34 and to redirect it in the longitu-
dinal direction of the optical fiber to an exit as illustrated
in figure 3a.

[0116] As already mentioned in these publications, a
grooved optical fiber of arbitrary length can be obtained
by coupling separate segments (cf. SPIE article, chapter
2, last paragraph). Therefore, an optical fiber can be
made that extends over de entire width W of the product
stream. Accordingly, for every immediate position of the
concentrated light beam, such a grooved optical fiber can
capture the, in the absence of products, uninterrupted
light 34 and redirect it to a detector 40.

[0117] Because the angle, formed by the uninterrupted
light and the optical fiber used as background element 5
in figure 3a, depends on the position according to the
width W, it can be necessary to vary the orientation of
the grooves along the length of the optical fiber. After all,
the uninterrupted light bundle 34 will enter the fiber sub-
stantially perpendicularly in the middle of the product
stream, if the inspection unit 10 is set up symmetrically
in relation to the width of the product stream. Moving to
the edges of the product stream, the uninterrupted light
beam 34 will, however, incide on the optical fiber 5 under
a certain angle.

[0118] This canbe prevented in two manners. As men-
tioned above, the optical fiber can consist of coupled seg-
ments. For every segment of the optical fiber, the orien-
tation of the grooves can be kept the same. This can lead
to an efficient production of these segments. Every seg-
ment in the optical fiber 5 can be placed under another
angle, depending on the position according to the width
of the product stream. A segment in the middle of the
product stream will be placed in a substantially parallel
position in relation to the product stream, while segments
on the edges of the product stream are placed under an
angle in relation to the product stream, correspondent to
the angle formed by the light beam 34 and the product
stream. Because of this variable orientation of the seg-
ments throughout the width of the product stream, the
uninterrupted light 34 will always incide on the grooves
under substantially the same angle and will be captured
and redirected in the same way. Preferably, the seg-
ments are placed on an arc described by the concentrat-
ed light beam 45 when scanning the product stream.
[0119] As mentioned above, the optical fiber can con-
sist of coupled segments. For every segment of the op-
tical fiber, the orientation of the grooves can be changed.
Atfter all, the orientation of the grooves can be chosen
separately for every segment by setting the relative ori-
entation of the printer accordingly. The orientation of the
grooves of a segment can therefore be adapted accord-
ing to its position in relation to width of the product stream
and to the angle formed by the inciding light beam 34
and the product stream at that point. In this embodiment
of figure 3a, all segments of the optical fiber will be placed
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substantially parallel to the product stream. The orienta-
tion of the grooves of a segment will, however, depend
on the position along the width of the product stream
according to the angle formed by the inciding uninterrupt-
ed light bundle 34 and this position. This way, the unin-
terrupted light 34 will each time form substantially the
same angle with the grooves. The light will also be cap-
tured and redirected in the same way.

[0120] Analternative asillustrated in figure 3b, consists
of implementing the background element 5 as a manifold
of little detectors 40’ that convert the incident light 34 in
an electric signal 39. In the embodiment illustrated in fig-
ure 3b, the background element can be constructed as
a linear array or line of light sensitive elements, such as
photodiodes or Photo Multiplier Tube (PMT) or other el-
ements known to the person skilled in the art. Because
such linear array is usually constructed as a line of sep-
arate light sensitive elements 40’, i.e. separated from
each other, itis possible that an uninterrupted light bundle
34 does not incide on a light sensitive element 40°. One
could wrongly conclude that a product 2,3 was present
in the product stream that obstructed the concentrated
light bundle. To avoid the discontinuous light detection,
one could provide a limited light scattering effect when a
uninterrupted light beam reaches the background ele-
ment 5. One can apply a coating on the background el-
ement that scatters the incident light when the back-
ground element 5 itself is being scanned. This light scat-
tering coating can for example be a milky plastic layer or
a glass plate. Using this limited light scattering one can
make sure that two or more nearby light sensitive ele-
ments 40’ get illuminated, even if the uninterrupted light
beam 34 should reach the background element 5 be-
tween two such light sensitive elements 40°. After all, it
is important to know whether an uninterrupted light beam
34 reaches the background element 5, rather than the
position where the background element 5 is illuminated.
This position can be deduced from the known immediate
position of the scanning light bundle and by correlating
the time period of the signal 47, coming from the back-
ground element 5, with the time period of the moving light
bundle.

[0121] The signal on the exit of the detecting back-
ground element 5, as illustrated among others by figures
3a and 3b, can be processed further. The electric (figure
3b) or optical (figure 3a) signal at the exit of such a back-
ground detection element 5, can be filtered to withhold
only the signal components coming from the uninterrupt-
ed light beams 34, while the ambient light is being filtered
away. The signal components will typically have a higher
frequency than signal components coming from back-
ground light. A DC-filter or high-pass filter can usually be
enough for only allowing the wanted higher-frequency
signal components, characteristic for the presence of a
product 2,3, passage for subsequent signal processing
as discussed in this description.

[0122] Figure 4 shows schematically a detection unit
44, struck by the incident light or light cone 46, 47, 48,
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and that subsequently converts said light, or a particular
zone of it, into an electric signal by means of an opto-
electrical convertor 38. This electric signal 39 is given as
input to a processing unit 41, which by means of an an-
alytic method generates a control signal 42 that controls
areject system 11.

[0123] According to the invention, optical filters 36 can
be used to render the detection unit 44 sensitive to one
specific wavelength by placing this filter 36 into opera-
tional communication with abovementioned opto-electri-
cal convertor 38.

[0124] Accordingtothe invention, a spatialfilter 37 can
be used to block or to let through certain zones of the
returning light 46,47,48. For instance, a spatial filter 36
can be used, which only lets through the scattered light.
Such spatial filters are described in the American patents
US4634881 and US4723659.

[0125] In a preferred embodiment, the spatial filter 36
consists of a diaphragm that is placed right before the
opto-electrical convertor 38.

[0126] As is schematically illustrated in figure 5, more
detection units 44, 44’ can be set up according to the
invention.

[0127] Ina preferred embodiment, every detection unit
44, 44’ uses a different combination of optical 36 and
spatial 37 filters. Because of this, every detection unit
44,44’ is sensitive to a specific zone of the returning light
46,47,48 having a specific wavelength. The output sig-
nals 39, 39’ are representative of a specific zone of the
returning light 46,47,48 on a specific wavelength.
[0128] The first detection unit 44 generates a first elec-
tric signal 39 with a level determined by the abovemen-
tioned optical and spatial filters chosen for that detection
unit. The second detection unit 44’ generates a second
electric signal 39’ with a level determined by the above-
mentioned optical and spatial filters chosen for that de-
tection unit. The detection units 44,44’ are in operational
communication with the processing unit41 viathe signals
39,39'.

[0129] The processing unit 41 will perform a selection
between the scanned products 2,3 and the background
element 5, infunction ofthe returning light46,47,48, more
specifically based on the electric signals 39,39’.

[0130] In a preferred embodiment according to the in-
vention, the processing unit 41 is a digital processing
platform based on Field Programmable Gate Arrays or
microprocessors. The processing unit 41 could, howev-
er, also consist of analog op-amp circuits or a combina-
tion of analog and digital components as is known by the
person skilled in the art.

[0131] An apparatus described in the previous para-
graphs by combining a number of the above-described
features is an apparatus 14 for sorting a stream of prod-
ucts 2, 3, comprising :

e asupply system 1 for supplying the stream of prod-
ucts (2,3) to a scanning zone 28,
e abackground element 5 positioned behind the scan-
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ning zone 28,
e at least one inspection unit 9,10 consisting of

a. a scanning unit 43 for illuminating the product
stream along the entire width W of the stream
of products, and

b. a detection unit 44 for capturing a zone of light
returned by the products (2,3),

e areject system 11,

wherein said background element 5 consists of means
to capture incident light 34 and to direct it to a detector
means (40,40’) that is configured to convert said light
into an electric signal 39.

[0132] Thedetectionunit44 may consistofone ormore
separate units 44/44’ as shown in figures 4 and 5, ar-
ranged to receive light beams 46,47,48 reflected off the
products 2,3 and the background element 5. The re-
ceived light may be converted into electric signals and
processed further according to the methods described
elsewhere in this description.

[0133] In the apparatus and method according to the
invention, the detection unit 44 is a camera, configured
to capture images of the falling products as they are pass-
ing the scanning zone 28 in front of the background ele-
ment 5. In other words, the camera captures an image
of the scanning zone 28. In this embodiment, the back-
ground element 5 consists of means to capture incident
light from the scanning unit and to direct it to a detector
40, or the background element consists of an array of
detectors 40’ configured to convert said lightinto an elec-
tric signal (i.e. the background element is produced ac-
cording to figure 3a or 3b).

[0134] The camera can be sensitive to (i.e. capable of
detecting) the reflected laser light beams 46,47,48 re-
flected off the products and the background element. In
this case the camera acts as a detection unit that is com-
pletely equivalentto the detection unit 44 shown in figures
4 and 5. According to a more preferred embodiment, the
scanned laser light 46,47,48 that is reflected off the prod-
ucts 2,3 and the background element is not used directly
for performing the selection. In this case, the camera is
equipped with filters that make the camera insensitive to
said reflected laser light. Instead, light from the environ-
ment or from a separate light source (i.e. separate from
the scanning means), e.g. a row of LEDs emitting a
pulsed LED illumination, is reflected by the products in
the scanning zone and captured by the camera. In an-
other alternative, the camera is sensitive both to the re-
flected laser light 46,47,48 and to the light from the light
source or the environment reflected off the products and
the background. The separate light source, e.g. the row
of LEDs, may be included in the apparatus according to
the invention.

[0135] The camera may be afocal plane array camera,
for instance a solid state based camera or a CCD based
camera, mounted suitably in relation to the product
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stream. A possible camera setup that is suitable for an
apparatus according to this embodiment is shown in pat-
ent document WO2008/116924A2, incorporated herein
by reference. The difference between an apparatus ac-
cording to the latter embodiment and the apparatus of
WO2008/116924A2 is that the background element in
an apparatus of the invention consists of means to cap-
ture incident light from the scanning unit and to direct it
to a detector means 40,40’ that is configured to convert
said light into an electric signal 39. The detector means
is either a detector 40 arranged to receive the light 56
from a grooved fiber as in figure 3a, or it is a manifold of
detectors 40’ arranged along the surface of the back-
ground element 5 as in figure 3b. According to an em-
bodiment, an apparatus equipped with a camera then
comprises means for producing a location signal that is
indicative of the location of products along the width W
of the scanning zone, wherein said location signal is
based on the detected laser light falling on the back-
ground element and thus passing by the products 2,3,
i.e. the lightthatis notblocked by products 2,3. The meth-
od for deriving such a location signal is described further
in this description, in relation to figure 13. The processing
of said location signal together with the captured camera
image allows a straightforward selection procedure to be
established, by verifying whether or not electric signals
related to the products 2,3 and obtained by processing
the camera image are passing a pre-defined threshold.
[0136] The method according to one embodiment of
the invention, as is illustrated in figure 6, consists of the
light 45 having at least one wavelength, being sent out
towards an inspection zone 28. This zone 28 is being
scanned and when the abovementioned light 45 strikes
the product 2,3 or the background element 5, the emis-
sion 46, 47, 48 will be captured by at least two detection
units 44,44’.

[0137] In the processing unit 41, the incoming signals
39,39’ can be combined into new signals A, B according
to the formula:

A=n39+m39',

B = p39+¢39'
i n which n,m,p,q are real numbers and 39,39’ said input
signals.
[0138] In an advantageous embodiment of the inven-

tion, factors m and p are equal to zero. This means in
principle that no combination is made. In this case, de-
tection unit 44 generates the signal A, and detection unit
44’ the signal B.

[0139] As an example, without any limitation to the
scope, we consider a detection unit 44 having an optical
filter 36 set to the light spectrum between 690 and 740
nanometers, more particularly the fluorescence spec-
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trum of product 2 containing chlorophyll when illuminated
between 540 and 680 nanometer. The signal A shows a
possible path of such a set-up where a peak 16 is per-
ceptible at the location of said product 2 containing chlo-
rophyll.

[0140] The problem occurs when the signal level in
zone 17, due to the products to be rejected 3, does not
show a noticeable difference with the background signal
15. In that case, it is not directly feasible to make a dis-
tinction between the products to be rejected 3 on the one
hand and the background element 5 together with the
products to be accepted 2 on the other hand. Although
this distinction must be made because only the products
to be rejected 3 are allowed to give cause to a reject-
action by means of a reject system 11.

[0141] In figure 6, signal A illustrates a path on which
an emission phenomenon, that can only be attributed to
the product to be accepted, is measurable. However, no
selection is possible on such a signal because of the
above mentioned problem.

[0142] The signal B, as illustrated in figure 6, is shown
in function of the width W of the scanning zone 28. Zones
20,21 of the signal are the result of the emission that
occurs on products 2,3, particularly as a consequence
of the emission of both the products to be accepted 2
and the products to be rejected 3. Zone 19 is the result
of emission of the background element 5.

[0143] On signal B, a zone 49 is defined in which the
background signal 19 is situated. All zones 19 that are
located within this zone 49, are labeled by the processing
unit 41 as coming from the background element 5. To be
precise, the zone 49 is determined by a maximum thresh-
old value t,,,, and a minimum threshold value t;,. Inan
advantageous embodiment, these threshold values t,, 54,
tmin Can be adjusted by a user.

[0144] Inorder to better represent the next stepsin the
method according to the currentinvention, a Boolean sig-
nal C is introduced, whereby the value 0 is adopted at
the locations of the background signal 54 and where the
value 1 is adopted at the locations 18 outside the zone
49 on the signal B.

[0145] The current invention does, however, not ex-
clude that in an alternative method, the Boolean signal
C is effectively being generated or is directly available in
the processing unit 41, for example in case of an embod-
iment as described in figures 3a en 3b, wherein the back-
ground element 5 generates a signal 39 according to the
path of signal B, which can be transformed in a manner
as described above to said signal C. However, one has
to observe that in this case, the selection between the
products 2,3 and the background element 5, can take
place using one threshold value t,;, only because the
peaks 20,21 where the products 2,3 are located, are all
on the same side of the background signal 19, all below
(or all above) the background signal 19 to be precise.
[0146] In a possible next step, according to the inven-
tion, a new signal D is being generated using the formula:
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D=AC+s(C®1),

wherein @ is being defined as the modulo-2 addition.
[0147] In this way, the new signal D is an exact copy
of the abovementioned signal A on places 20,21 of prod-
uct 2,3. On the places where the background element 5
is being observed, a new value s is being established so
that the background signal 22 clearly separates itself
from the products to be rejected 3.

[0148] Inthe example described above, the path of sig-
nal A was interpreted as coming from the emission peak
of a product 2 containing chlorophyll, against a non-flu-
orescing background. By generating the signal D, a dis-
tinction can be made between the background element
5 together with the products 2 containing chlorophyll on
the one hand, and the products to be rejected 3 on the
other hand, making it possible to automatically remove
the latter products.

[0149] In a preferred next step, the signal D will be
additionally filtered by, forinstance, a low-passfilter, gen-
erating a new signal E. The low-pass filter is constructed
according to known principles, for instance by means of
digital multi-tap FIR filter. The cut-off frequency will be
chosen in a way that the high frequency transitions on
the edges of the zones 20,21 in the signal D are flattened
sufficiently, without losing the actual signal content. In
this way, one obtains the zones 24, 25, where the prod-
ucts 2,3 are, and zone 23, where the background element
5is.

[0150] In an alternative form, the filtering is done by
means of an adaptive filter that is tuned to apply a filtering
to mainly only said transitions. In that case, the cut-off
frequency chosen can be much smaller.

[0151] The currentinvention is not restricted to the use
of low-pass or adaptive filters to flatten out said transi-
tions. To be precise, all methods to realize such a flat-
tening fall within the scope of this invention.

[0152] Based onthe signal E is whether or not crossing
a specific threshold value g, an automatic detection can
be carried out at the locations 25 wherein the products
to be rejected 3 are located.

[0153] Instead of generating signals D and E, accord-
ing tothe invention, an automatic detection can be carried
out at those locations 17 wherein the products to be
rejected are located, based on whether or not the signal
A crosses a threshold value g, by merely analyzing said
crossing in those zones wherein the products 2,3 are
located according to signal C.

[0154] The signals A, A’, B, C, D, E are synchronized
with each other. After all, these signals originate from the
concentrated light beams 45, scanning the product
stream in temporal movement. Every immediate value
of one of these signals can therefore be correlated to the
corresponding immediate value of the other signals. This
synchronization allows applying one signal to another
signal or combining both, because at every single mo-
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ment the signals are coming from the same scanned po-
sition. In figures 6a-e, signals A(ty), B(tg), C(tc), D(tp)
and E(tg), whereby ta, tg, tc, tp, tg depict the time de-
pendence of these signals, can be correlated to each
other because t, = tg = t¢ =ty = t¢ ,since all the signals
are obtained through an light beam 45 temporally moving
back and forth.

[0155] To actually remove the products 3, air valves
11 are opened so that, at the locations where these prod-
ucts 3 were detected, each such product 3 will be blown
out of the product stream.

[0156] The operation of the reject system 11 is carried
out by comparing control signals generated by the signals
D, E, to one or more threshold values g; . These control
signals only contain information about either the product
to be rejected 3, if this has to removed, or the product 2
to be accepted, if it has to be withheld.

[0157] This method according to the current invention
is, of course, not restricted to the use of two detection
units. In the case of more than two detection units, the
corresponding signals 42 can for instance be algebrai-
cally combined to abovementioned signals A and B.
[0158] In an advantageous embodiment of the current
invention, the zone 49, in which the background signal
is located, is defined on various signals B, to be precise
on all the output signals 39 of all the present detection
units 44. The final Boolean signal C that determines
where the background 19 is located and where the prod-
ucts 2,3 are located, is obtained by performing a logical-
OR operation to all the separate signals C that are ob-
tained according to the abovementioned method.
[0159] In an alternative embodiment, the output sig-
nals A, A’ of two detection units 44,44’ are combined in
a two-dimensional graph. Both signals A, A’ originate
from the same position in the product stream, but can
differ in one or more signal parameters, so that different
optical properties of the scanned position at that moment
can be analyzed. These signals A, A’ can be obtained
by filtering them out of a same detected light signal using
spatial and/or frequency filters. Every point in this graph
corresponds to a specific intensity level according to the
path of the first signal A, combined with a specific inten-
sity level according to the path of the second signal A’
at a specific moment in time, or, in other words, for a
known immediate position of the concentrated scanning
light beam 45. Specific signal combinations can occur
several times if products 2,3 with the same optical prop-
erties are being scanned or every time the background
element 5 is being scanned. By keeping these statistics,
a two dimensional histogram can be created. Addition-
ally, a color can be attributed to every histogram value.
By attributing, for example, blue to the lowest value and
gradually move up to red per rising value, a two-dimen-
sional intensity map 55 can be created. On this map 55
contours of equal intensity can be drawn. As shown in
figure 7a, zones can be determined in which products
with similar optical properties are clustered.

[0160] Every point in the two-dimensional diagram of
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figure 7a is being characterized by the intensity levels of
the respective signals A, A’ and by the corresponding
value of the location signal C. Depending on the value
of this location signal, the signal levels of a point in the
histogram correspond to those of a product 2,3 or to the
background element 5. Based on the information of the
signal C for the individual signal combination A, A’, itcan
be determined whether or not a product is concerned.
[0161] Thatway,inthis perception, the zone 51 is being
defined, in which the products to be accepted 2 are lo-
cated, and the zone 52, in which the products to be re-
jected 3 are located. The zone 50, determined by the
respective threshold values t,,,, tmin @nd a0 Y mins 1S
represented by a square in said intensity map 55 con-
taining the background as is illustrated in figure 7a. How-
ever, the signal combinations of a product to be rejected
3, can be located in between the threshold values T’
T’ min@nd T 0% Tiin CONtaining the points corresponding
to the scanned positions on the background element 5.
Figure 6b illustrates how the signal level of background
signal 47 is located within a strip 49, limited by one or
both threshold values T .4, Tmin- VWhen the background
element 5 would not show variation in the corresponding
signal 47, the background level would be one single line
in figure 6b and one single pointin figure 7a. In a realistic
embodiment this background level can vary such that
one obtains a matching set of points within the rectangle
T’ maxe T min @Nd Traxs Tmin that defines the strip 49 in
figure 7a. As demonstrated in figure 7a, some points be-
longing to a product to be rejected 3, can have signal
levels that cannot be distinguished from the background
element 5. This is illustrated in figure 7a by the overlap
between strip 50 and zone 52. This is also illustrated in
figure 6a wherein the signal on position 17 of a product
3 that is to be rejected, cannot be distinguished from the
signal on position 15 coming from the background ele-
ment 5.

[0162] In agraphical userinterface one can, by means
of a simple operation as is illustrated in figure 7b, for
example by a dragging move, move the square 50 to
another location with coordinates n’'n, such that the zone
52 that matches the products 3 to be rejected, can be
isolated by means of a separation plane g’. On the basis
of the corresponding value of the positioning signal one
can define for each point whether it refers to a product
2,3 or to the background element 5, regardless of the
corresponding levels of signals A, A’. As previously ex-
plained and also illustrated in figures 12a-d, this position-
ing signal C can be obtained starting from one or more
observed light signals A, B whereby one can use this
positioning signal C to indicate respectively, within this
or other light signals, the position of the background 5
orthe products 2,3.

[0163] In avery advantageous embodiment the zones
50, 51 and 52 can be automatically calculated by means
of known clustering algorithms, for example K-means.
[0164] The invention is not restricted to one and two-
dimensional presentations, but can be easily extended
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to three and more dimensional presentations, be it by
means of one, two or three-dimensional projections in
those cases.

[0165] Hereafter a detailed description is given, as dis-
played in figure 8, of a possible practical construction of
an apparatus 26 for the realization of the method men-
tioned above.

[0166] Figure 8 displays a complete sorting apparatus
26 in viewing perspective. This apparatus consists of a
supply system 1, more specifically a vibrating table trans-
porting a stream of products 2,3 in a certain direction 27
through the sorting apparatus. During its free fall the prod-
uct is additionally guided by a free-fall plate 4.

[0167] The structure 26 is furthermore equipped with
2 inspection devices 9, 10. These inspection devices 9,
10 inspect an inspection zone 28 by means of a concen-
trated light beam that sweeps across the entire width W
of the product stream. In the absence of products a back-
ground element is scanned that, according to the inven-
tion, may hold the optical characteristics of the products
to be rejected.

[0168] The products 3 to be rejected are blown out of
the product stream via the air valves. The accepted prod-
ucts 2 are guided through a shaft 53 towards possible
further production steps.

[0169] During linear scanning of the product stream
and the background element 5 signals are detected orig-
inating from this background element 5 and the product
stream, notably the good products 2 and bad products
3. By adjusting frequency and spatial filters one can gen-
erate control signals from the detected signals that ena-
ble to sort the supplied products according to previously
stipulated criteria using the reject system 11. Depending
on the chosen background element 5 the background
signal 47 will have a higher or lower intensity value: a
white background gives a higher value, a black back-
ground gives a lower value as indicated in figure 9b. Sig-
nals originating from good 46 and bad 48 products are
superimposed on this background signal 47. Each prod-
uct 2, 3, 3’ gives a corresponding signal peak 46, 48, 48’,
each characterized by a certain pulse width and pulse
height or signal level. Figure 9b schematically reflects
this combined signal B, obtained for a scan wherein two
good 2 and two bad 3 products were scanned as in figure
9a. The desired products 2 are to be retained in the prod-
uct stream, while the undesired products 3,3’ are to be
rejected by the reject system 11. When neither a good
product 2 nor a bad product 3, 3’ is scanned, the reject
system 11 must remain inactive. Although at that time no
single product to be rejected is present in the system,
the unnecessary activation of the reject system 11 could
cause an undesired disturbance of the product stream.
The reference level 70 in this combined signal B is situ-
ated on the level of the background signal 47. In the cur-
rent state of the art, based on this signal combination
represented in figure 9c, one could identify the bad prod-
ucts 3 by determining a first "negative" threshold value
g1. Those bad products 3 giving a signal peak 48 that
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exceeds the first threshold value g1 may be removed
from the product stream. This threshold value is specified
as being negative throughout this description, because
it is situated below the reference level 70 in the reference
system of figure 9a-e. As the background signal 47 con-
stitutes the reference 70 for determining the signal peak
48 and the threshold value g1, the level of this signal
peak 48 will always be situated past this first threshold
value g1 as indicated by the hatched area in figure 9c.
The good products 2 have a signal peak 46 that does not
reach past the first threshold value g1. As long as the
bad products 3 have a signal peak 48 that stays under-
neath the signal peaks 46 of the good products and past
the first threshold value g1, one can distinguish the good
products 2 from the bad products 3 based on these sig-
nals 46, 48, which ultimately allows sorting the products
in a stream of good products 13 and a stream of bad
products 12.

[0170] In some cases, however, it is possible that a
bad product 3’ generates a signal 48’ from which the
peak is smaller than the signal 46 originating from a good
product 2. This issue has already been clarified in the
embodimentillustrated by figure 6. The selection method
presented in figure 9¢c does not allow distinguishing such
bad products 3’ from the product stream just like that.
Atfter all, when one shifts the negative threshold value g1
to the level of the reference value 70 of the background
signal 47 in a manner that de signal peak of the bad
product 3’ reaches past the threshold value g1, the good
products 2 will be removed as well. The corresponding
signals 46 have, after all, a peak value that is bigger than
the one of such bad products 3’.

[0171] One could identify such bad products 3’ by de-
fining a second, negative threshold value g2. The second
threshold value g2 is chosen in such a way that the signal
peaks 46 of the good products 2 would reach past this
second threshold value g2, whereas the signal peaks 48’
of such bad products 3’ would not reach past the second
threshold value g2, as indicated by the hatched area in
figure 9d. Signals that are situated below this threshold
value g2 then match products 3’ that are to be rejected
from the product stream. Not only the signal peaks of the
good products 2 but also the signal peaks 48 of the other,
bad products 3 reach past the second threshold value
g2 and past the first threshold value g1 as described
above. A problem that can occur regarding the choice of
the threshold value g2 in figure 9d is that all the signals,
those of the good products 2 as well, pass partially un-
derneath and partially above the threshold value g2 and
could in this way be wrongly interpreted as originating
from a bad product. This is also illustrated in figure 9f, in
which the signal peaks from a product to be rejected 3’
are situated within a strip limited by two threshold values
g2 and g2’, containing the signal peaks a product type
to be rejected. Here also the signal peaks from the good
products 2 will pass through such a strip and are possibly
erroneously considered as originating from a product to
be rejected 3’.
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[0172] By a suitable choice of the threshold values g1
and g2, one can identify from the combined signal as
indicated in figure 9e, bad products 3, 3’, characterized
respectively by a high signal peak 48 and a low signal
peak 48’. Only the signals 46 within the strip constituted
by both threshold values g1-g2 are considered as origi-
nating from a good product 2. One could also describe
these threshold values as respectively an upper limit g1
and a lower limit g2, together limiting a signal strip locat-
ing the signal peaks to which the reject system 11 may
not react.

[0173] The selection method in the current state of the
art as presented in figures 9a-f will, however, not work
without error. Since the background signal 47 is to be
used as a reference for determining the signal peaks
46,48,48’ and the threshold values g1 and g2, this back-
ground signal 47 will always be situated above the sec-
ond negative limit g2. Just like with the bad products 3’
the reject system 11 will react on the presence of the
background element 5. Consequently the reject system
11 will react to:

e product signals 48 with a signal peak passing the
first negative threshold value g1;

e product signals 48’ with a peak that does not reach
past the second negative threshold value g2; and

* background signals 47 that by definition do not reach
past the second, negative threshold value g2.

[0174] The good products are indeed situated in the
strip between a first, negative threshold value g1 and a
second, negative threshold value g2. One could sort the
good products using this procedure by well selecting the
values. The problem with the background however is not
resolved: this is, as illustrated by figure 9a-e, considered
to be a bad product.

[0175] One way of solving this problem is by physically
constructing the background element 5 in such a way
that it provides a signal 47 that is comparable, for the
detected optical parameter, to the signal 46 originating
from a good product 2 and is thus situated within the strip
constituted by both threshold values g1, g2. As men-
tioned above, it is, however, difficult to construct a back-
ground element 5 in such a way that, for the measured
optical parameter(s), it not only resembles the actual
good product 2 sufficiently well, but that it can retain this
resemblance of a specific product 2 to a sufficient extent
and over a considerable time. Furthermore the problem
remains that one has to install for each product 2 a match-
ing background element 5.

[0176] Anotherway of solving the problem is by shifting
the reference level 70 of the combined signal B using
signal processing techniques to a new value 71 that pref-
erably matches the signal level 46 of a good product 2.
The signal peaks 48, 48’ of the bad products 3,3’ are
being referenced in the processed signal D to the new
reference level 71. To clarify the invention this new ref-
erence 71 is adjusted to the signal level 46 of a good
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product2. Thisisillustrated in figure 10c. Where originally
the reference level 70 was situated on the background
signal 47, as is indicated for signal B in figure 10b, the
reference level 71 for the new signal D is substantially
equal to the signal level 46 of the good products 2.
Through this shift in reference level 71->71, resulting
from signal processing, the matching signal peaks 48 for
some bad products 3 will still stretch out from the new
reference level 71 downwards. These are the undesired
products 3 that had, in the original reference framework
of the signal B as illustrated in figure 10b, a signal peak
48 that stuck out past this one 46 of the desired products
2. These undesired products 3 still give rise to a negative
signal peak even in the new reference framework 71 of
the signal D. For any other undesired products 3’, the
corresponding signal peaks 48’ will now stretch out from
the new reference level 71 upwards. These are the un-
desired products that in the original reference framework
70 illustrated in figure 10b, had a signal peak 48’ that did
not stick out past this 46 of the desired products 2. Instead
of providing a negative signal peak, these undesired
products 3’ provide a positive signal peak 48’ in the new
reference framework 71. By shifting the level 71 with re-
spect to whatever the different product signals were be-
ing referred to, itis now as if the given background signal
47 with level 70 is removed from the detected signal B
and replaced by a new signal with level 71 in the signal
D. By this replacement of the reference level 71 a new
signal D is obtained, as indicated in figure 10c, now con-
taining information about the products 2, 3, 3’ in such a
manner that these products can be distinguished from
each other without the problems present in the state of
the art.

[0177] Now one can identify the good products 2 by
defining an appropriate threshold value(s) for the new
signal D, as demonstrated in figure 10d, while one must
distinguish between 2 types of bad products 3,3’. As for
the product signals 46, 48, 48’ these threshold values
are referred to the new reference level 71, which, in this
example, has been chosen such that it is substantially
equal to the signal level 46 of the good products 2. A first,
negative threshold value g1 has been chosen in such a
manner that the undesired products 3, provide a signal
peak 48 till past this first threshold value g1. These prod-
ucts 3 may be rejected from the product stream by acti-
vating the reject system 11. A second, now positive
threshold value g2 is chosen in such a manner that the
undesired products 3’ provide a signal peak 48’ past the
second threshold value g2. This threshold value is indi-
cated as positive because in the given reference frame-
work this threshold value g2 is situated above the refer-
ence level 71. These products 3’ may be rejected from
the product stream by activating the reject system 11. As
the signal level 70 of the background signal 47 according
to the background element 5 is shifted to the new refer-
ence level 71, in this case matching the signal from the
good products 2, the variations on the signal level of the
background signal 47 will be situated within both thresh-
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old values g1, g2. Therefore the reject system is not ac-
tivated.

[0178] The signallevels 46 of the good products 2 may
show small variations, provided that these variations are
situated around the reference level 71 within both thresh-
old values g1, g2. The reject system is not activated in
that case.

[0179] By appropriately choosing the threshold values
g1 and g2, one can identify from a combined signal as
indicated in figure 10d, bad products 3,3’ characterized
by respectively a high signal peak 48 and a low signal
peak 48’. All signals 48, 48’ outside the strip defined by
both threshold values g1-g2 compared to the reference
level 71 are considered as originating from a bad product
3, 3'. Although in the embodiment illustrated by figures
10a-d a signal is shown with 2 types of bad products 3,3’
the invention is not limited to such signals. Also in signals
B whereby only one bad product type, either 3, or 3’ oc-
curs, one can apply the signal processing technique as
illustrated in the different embodiments of the invention.
This is illustrated by figures 15a-c and figure 6, in which
only one undesired product of the type 3’ occurs, namely
with a signal peak 48’ compared to the original reference
level 70 that is smaller than the signal peak 46 of the
good product 2. By shifting the reference level 71 one
can unmistakably distinguish this signal peak 48’ from
the signal peak 46 without the problems of the present
state of the art, such as the undesired reaction of the
reject system 11 on a background signal 47 or on a signal
peak 46 that would reach past the lower limit g2 when
one would continue to use the original reference frame-
work 70 for further signal processing.

[0180] By shifting the reference level 70 to a suitable
new value 71 one can better distinguish between the dif-
ferent products 2, 3 and/or 3’ and avoid the unnecessary
activation of the reject system 11 either when detecting
the background signal 47 and/or when a lower limit g2
is passed by a signal 46.

[0181] Because one shifts the reference level 70 of the
background 47 to a new level 71 in the embodiments
according to the invention using signal processing tech-
niques, one picks a background signal 47 that differs ,
preferably considerably, from any product signal 46, 48,
48’. As one shifts the background reference level 47 via
signal processing, preferably to the signal level 46 of a
good product 2, the accurate value of this background
level 47 is not important, as long as the background el-
ement 5 provides a signal 47 that differs, preferably con-
siderably, from the signals 46, 48, 48’ of any product 2,
3, 3'. This choice of background signal 47 enables to
clearly distinguish between the original reference level
70 and the product signals 46, 48, 48’ and, as such, refer
these product signals to the new level 71.

[0182] In the state of the art, there are different ways
to determine the level 70 of this background signal 47.
One can allow the inspection configuration(s) 9,10 to
work without supplying any products. The selected signal
B will substantially match the signal 47 of the background
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element 5. One can also insert known products 2, 3,
and/or 3’ at known positions in the scanning beam of the
inspection unit 10. The immediate signal being detected,
i.e.on the given moment t(s), matches a given immediate
position of the scanning beam of light and thus with a
given position x(mm) in the product stream. In this way
one can identify and correlate the different signals 47,
46, 48 and/or 48’ in the signal B with the background
element 5 and with the transported products 2, 3 and/or
3'. Instead of the above static tuning procedure, one can
alsoproceedinamoreflexible way. Asillustrated in figure
1, a sorting system can operate in which the product
stream is scanned and signals B are detected. Initially,
all products are either accepted or rejected. By gradually
adjusting the threshold values g1 and/or g2 a selection
within the product stream willbe made. One can continue
adjusting the threshold values until clearly only the un-
desired products 3, 3’ are rejected. Figure 7 illustrates
such a dynamic specification of the different signal levels
and the corresponding adjustment of the threshold value
(s)-

[0183] As indicated in the previous paragraphs, it is
possible to redefine 71 the reference level 70 of the de-
tected signal B via signal processing in such a way that
a new signal D is obtained that permits the products 2,
3 and/or 3’ to be distinguished from each other without
the problems present in the state of the art. Preferably
the signal 46 coming from the good products 2 and the
signal 47 coming from the background element 5 will be
shifted to a substantially equal signal level 71, at least
for the detected optical parameter.

[0184] In order to determine which zone of the signal
B corresponds to the background signal 47 and, there-
fore, in which zone one should replace the signal level
70 by a new suitable reference level 71 for the product
signals 46,48 and 48’, one can determine in the original
signal Bwhich zones 46,48 and 48’ indicate the presence
of the products 2, 3, 3’ in the line scan and which zones
47 indicate the absence of a product or, in other words,
the presence of the background element 5 in the line
scan.

[0185] There aredifferentembodiments to obtain a sig-
nal C based on one or more detected signals, of which
the pulses are indicative of the location of a product 2,
3, 3’. This location signal C thus contains information
about both the desired products 2 and the undesired
products 3, 3’.

[0186] Figures 11a-d illustrate a first embodiment. In
the detected signal B one can distinguish zones corre-
sponding to the background signal 47 from the zones
corresponding to product signals 46, 48 and 48’. As stip-
ulated above, because the signal 47 originating from the
background element 5 is chosen in such a way that it
differs from the signals 46, 48 and 48’ of the products 2,
3, 3’, one can define one or more threshold values g3
and g4 in the signal B, such that the signal levels 46, 48
and 48’ from the products 2, 3, 3’ are located outside
these threshold values, e.g. on one side of this threshold
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value g3 and the signal level 47 of the background ele-
ment 5 is located within these threshold values, e.g. on
the other side of this threshold value g3. Figure 6 illus-
trates the embodiment wherein one has determined two
threshold values g3/tmin and g4/tmax containing the
background signal 47. Figure 11b illustrates an embod-
iment wherein one uses merely one threshold value g3
to define the background signal 47 against the product
signals 46, 48 and 48’. In this signal analysis the signal
peaks 46, 48 and 48’ and the threshold value g3 are
determined with respect to the original level 70 from the
background signal 47. Each peak 46, 48, 48’ that stretch-
es past this threshold value g3 thus indicates a presence
of a product 2, 3, 3’. One obtains a signal C having a
pulse each time a product 2, 3, 3’ is detected in the line
scan. In figure 11c¢ such a signal C is shown, whereby
the product pulses 46, 48 and 48’ are already inverted
compared to the original signal B. This signal C can also
be a binary signal as shown in figure 11d. By converting
the analogue signal into a digital signal one obtains a
pulse train C of "1" and "0" pulses, whereby "1" indicates
the presence of a product 2, 3, 3’ and "0" indicates the
absence of a product 2, 3, 3.

[0187] In this embodiment the same detected signal B
is first used to generate a product location signal C, after
that, as shown above, this detected signal B is combined
with the signal C to shift the reference level as illustrated
in figure 10a-d.

[0188] Figures 12a-d give a schematic representation
of different embodiments of this signal processing proc-
ess. In the embodiment illustrated in figure 12a the de-
tected signal B and threshold value g3 are compared in
a signal processing unit 60 to generate the product loca-
tion signal. This signal C is then combined in a signal
processing unit 61 with the detected signal B in order to
determine which zones of this detected signal B match
the signal 47 originating from the background element 5.
The reference level 70 of these background signals is
then shifted to the desired level 71, preferably the level
46 of the good products 2, which thus generates a signal
D with an adjusted reference level 71 that allows distin-
guishing signal peaks of the good products 2 from these
of the undesired products 3, 3’ in the product stream.
Due to the choice of the threshold values g1 and g2 one
can distinguish between the signals 48, 48’ of the unde-
sired elements in the product stream and the signals of
the desired elements 2.

[0189] As discussed in the previous sections it is not
required for the signals C and B to originate from the
same detected signals B. Figure 12b illustrates a signal
processing process in which a signal C is obtained based
on a first signal B. This signal C is then being used for
determining the position of the signal peaks 46, 48, 48’
within the second signal B’. The location signal C is ob-
tained based on one or more first detected signals B after
which this location signal C is being used to indicate the
position of the products in one or more detected second
signals B’. Both signals B, B’ are detected during the
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same line scan because the light returning from the prod-
uct stream is converted via suitable spatial and/or fre-
quency filters into the distinct signals B, B’. As these
signals are immediately correlated with each other, as
mentioned earlier, one can combine them or apply infor-
mation from one signal to another signal. In such a way
one can use the product location obtained based on the
first signal B, to indicate in another signal B’ where the
zones 16, 17 originating from the products 2, 3, 3’ and
the zones 15 from the background element 5 are located.
[0190] Asillustrated in figures 12c and 12d the product
location signal C can also originate from different signals
Bi. By scanning the product stream in different ways, for
instance with beams of light 45 that have different fre-
quencies, or by analyzing the light that returns from the
product stream in different ways, for instance by suitable
spatial and/or frequency filters, one can obtain a more
complete image of the product stream and avoid that a
productremains unnoticed. First, one can combine these
signals Bi in a signal processing unit 62 and transform
60 the combined signal B in a signal C as illustrated in
figure 12c. The signal processing unit 62 shall be able to
combine these detected signals Bi in any possible man-
ner:; addition, subtraction, multiplication,... as shown in
figure 12c. One can also first convert the different signals
Bi into corresponding product location signals Ci, which
are subsequently combined in a signal processing unit
62 into the desired product location signal C, as shown
in figure 12d. Here the signal processing unit 62 will com-
bine the different independent positioning signals Ci via
an "OR" function so that no product location information
is lost.

[0191] Figures 13a-c illustrate another embodiment to
obtain the product location signal C. In the embodiment
illustrated by figures 11a-d, a signal 47 is generated dur-
ing scanning by the background element 5. This back-
ground signal can be a result of reflections of the incident
optical signal 34, or by fluorescence of this background
element 5 due to this exposure. The background signal
47’ was captured in this embodiment together with the
signals 46, 48, 48’ originating from the products 2, 3, 3.
This line-up is also illustrated in figure 2.

[0192] Inthe embodiment of figure 13a-c however, the
background element 5 will not reemit any signal, but will
only detect the immediate incidence of light on this back-
ground element 5. The light 45 generated by the light
source 29, is being blocked by the products 2, 3, 3’ that
are located between the background element 5 and the
light bundle 45. As illustrated in figure 13a and figure 2,
when the products are scanned, they will emit a light sig-
nal 46, 48, 48’, for example by reflection or by fluores-
cence. Only the light 34 that was not blocked by these
products 2, 3, 3’ will strike at the posteriorly positioned
background element 5. When the background element
5 is provided with elements 57, 40 that allow capturing
and detecting the incoming light 34, a signal C is ob-
tained, that is indicative for the presence of products 2,
3, 3’ in the product stream for a given position of the
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scanning light bundle, or in other words, on a specific
moment (s) or yet in other words, for a specific position
x (mm) according to the line scan. After all, the position
of the light bundle 45 during the scan of the product
stream is known, and it will therefore be no problem to
correlate the time path of the signal 47°, captured by the
background element 5, with the time path of the signals
46, 48, 48’, originating from the products 2, 3, 3’ and thus
with the position x (mm) of a product 2, 3, 3’ in the product
stream. Figure 13c illustrates the obtained signal C’, this
time only showing peaks where there is no product 2, 3,
3’ present in the scanned product stream. In figure 13c,
these peaks are labeled by background reference 5,
namely the incidence of the light bundle 34 on the back-
ground element 5. This analogue signal C’ can also be
transformed into a digital signal, thus a pulse train C of
"1" and "0" signals is obtained, wherein "1" indicates the
absence of a product 2, 3, 3’ and "0" indicates the pres-
ence of a product 2, 3, 3’. The person skilled in the art
will understand that this digital signal C’, if desired, can
easily be transformed, using signal processing tech-
niques, into a pulse train C, where "1" indicates the pres-
ence of a product 2, 3, 3’ and the "0" indicates the ab-
sence of a product 2, 3, 3’, so that a signal as depicted
in figure 11d is obtained.

[0193] An advantage of the embodiment illustrated by
figures 13a-c en figures 3a and 3b, is that the background
element 5 can be placed at a larger distance d from the
product stream. This prevents the background element
5 from being polluted by the product stream. In this set
up, the only essential issue is whether or not, for every
immediate position of the moving light bundle, a signal
on the background element 5 is obtained. Because one
uses a concentrated light bundle 45, such as a laser
beam, the light will not substantially diverge once it has
passed the product stream, even if the background ele-
ment 5 is not being placed in direct proximity of the
scanned product stream. Consequently, the solid angle
at which the concentrated light bundle 34, for an imme-
diate position of the scanning light beam 45, strikes the
background element 5 is small enough to enable distin-
guishing, with sufficient accuracy, between the different
positions of the moving light bundle in the scan line.
[0194] Figure 14 gives a schematic presentation of this
signal processing process, starting from the signal ob-
tained asillustrated in figures 13a-c. The product location
signal C, originating from the background element 5, is
being combined 61 with the detected signal B so as to
determine which zones of this detected signal B corre-
spond to a signal 47, coming from the background ele-
ment 5. The level 70 of these background signals is shift-
ed to the desired level 71, preferably the level 46 of the
good products 2, thus generating a signal D with an ad-
justed reference level that allows distinguishing between
the signal peaks of the good products 2 and those of the
undesired elements 3, 3’ in the product stream. Accord-
ing to the choice of the threshold values g1 and g2, the
signals 48,48’ of the undesired elements in the product
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stream can be distinguished from the signals of the de-
sired elements 2, as illustrated in figures 10c-d.

[0195] Figures 3a and 3b illustrate different embodi-
ments of such a background element 5 that is capable
of detecting uninterrupted light beams 34.

[0196] As illustrated in figures 12a-d and 14, the
processing unit 41 comprises, according to the different
embodiments, means 60, 62 for generating a location
signal C based on one or more detected and converted
signals B. Furthermore, this processing unit 41 compris-
es means 61 for generating, based on this location signal
C, a signal D based on the same or other one or more
detected and converted signals B, whereby the back-
ground level (70) of these latter signals is shifted to a
new level (71) that allows for a clearer and more efficient
distinction between the good products (2) from the bad
products (3) in this signal D.

[0197] A method described in the previous paragraphs
through the combination of a number of the above-de-
scribed features is the method for sorting a stream of
products 2,3 in products to be accepted 2 and products
to be rejected 3 comprising the steps of:

* moving through a scanning zone 28 the products to
be sorted, supplied in a product stream extending
over a certain width W and having a thickness of
substantially a single layer of products,

* inthis scanning zone 28, linear scanning across the
width (W) of this product stream by one or more con-
centrated light beams 45, which illuminate, in the ab-
sence of products 2,3, a background element 5 po-
sitioned behind this product stream and extending
over the width (W) of it, whereby this light beam 45
produces light signals 46,47,48 at these scanned
products 2,3 and at this scanned background ele-
ment 5,

e detecting these light signals (B:46,47,48) whereby
these light signals are converted into electric signals,

e generating one or more control signals based on
these converted signals (B:46,47,48) whereby these
control signals allow making a selection between the
scanned products to be accepted 2 on the one hand
and the scanned products to be rejected 3 on the
other hand, and

e sorting the product stream 2,3 by means of these
one or more control signals,
wherein

* the background element 5 consists of means to cap-
ture the incident light 34 and to direct it to a detector
means 40,40’ that is configured to convert said light
into an electric signal 39, i.e. the background element
5 may be an optical fiber with a grooved surface or
a manifold of small detectors, and

* said step of generating one or more control signals
comprises :

e generating a signal (C) which is indicative of the
location 20,21 of the scanned products 2,3,
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e generating said control signals based on wheth-
er or not the light signals (B:46,48) produced at
the scanned products 2,3 cross a threshold in
the zones where a product is present according
to said signal (C) indicative of the location of the
scanned products.

[0198] Inthe above embodiment, the location signal is
preferably obtained by detecting the light that is falling
directly on the background element and thus passes by
the products 2,3, i.e. the light that is not blocked by prod-
ucts 2,3, as described above in relation to figure 13.
[0199] In the latter embodiment, instead of generating
signals D and E, an automatic detection is carried out at
those locations where the products to be rejected are
located, based on whether or not the signal A crosses a
threshold value, by merely analyzing said crossing in
those zones where the products 2,3 are located accord-
ing to the location signal C.

[0200] An apparatus for sorting products according to
the method of the latter embodiment, comprises :

e asupply system 1,4 transporting the products to be
sorted in the form of a product stream extending over
a width (W) consisting of a single layer of products,
in a certain direction 27;

¢ means 9,10 to scan the products to be sorted 2,3
across the width (W) of the product stream, wherein
these scanning means further comprise;

O means 29 to generate a concentrated light beam
45 and direct it towards the products 2,3 via optical
means 30;

O means 44 to detect the returning light 46,48 and
convert it to an electric signal;

* means 41 for generating control signals enabling the
carrying out of a selection between the scanned
products 2,3 based on said detected light 46,48; and

¢ means 11 for sorting the product stream 2,3 in func-
tion of said selection by
means of said one or more control signals,
wherein the sorting apparatus 14 further comprises;

* abackground element 5 consisting of means to cap-
ture the incident light 34 and to direct it to a detector
means 40,40’ that is configured to convert said light
into an electric signal 39, i.e. the background element
5 may be an optical fiber with a grooved surface or
a manifold of small detectors, and

¢ wherein the selection means 41 comprise :

* means for generating alocation signal (C) which
is indicative of the location 20,21 of the scanned
products 2,3,

* means for generating one or more control sig-
nals based on whether or not the light signals
produced at the scanned products 2,3 cross a
threshold in the zones where a product is
present according to said location signal (C) in-
dicative of the location of the scanned products.
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[0201] According to the invention, the method of ob-
taining the location signal illustrated in figures 13ato 13d
may be combined with a method of sorting based on the
analysis of a camera image of the products that are
present in the scanning zone.

[0202] Accordingto the latter embodiment, the method
comprises the steps of :

* moving through a scanning zone 28 the products to
be sorted, supplied in a product stream extending
over a certain width W and having a thickness of
substantially a single layer of products,

* inthis scanning zone 28, linear scanning across the
width W of this product stream by one or more con-
centrated light beams 45, which illuminate, in the ab-
sence of products 2,3, a background element 5 po-
sitioned behind this product stream and extending
over the width W of it,

e capturing a camera image of said scanning zone,
and deriving from said image electric signals repre-
sentative of each product in said image,

e generating one or more control signals based on said
image, whereby these control signals allow making
a selection between the scanned products to be ac-
cepted 2 on the one hand and the scanned products
to be rejected 3 on the other hand, and

e sorting the product stream 2,3 by means of these
one or more control signals,
wherein

* the background element 5 consists of means to cap-
ture the incident light 34 and to direct it to a detector
means 40,40’ that is configured to convert said light
into an electric signal 39, and

* said step of generating one or more control signals
comprises :

e generating a signal C which is indicative of the
location 20,21 of the scanned products 2,3,
wherein generating the location signal C com-
prises detecting and converting that part 34 of
the concentrated scanning light beam 45, which
is passed by the products 2,3, i.e. which not ob-
structed by the products 2,3, thus obtaining a
signal that is indicative of the location of the
scanned products 2,3, as described in relation
to figures 13a - 13c,

e generating said control signals based on wheth-
er or not the electric signals representative of
said products and derived from said cameraim-
age cross a threshold in the zones where a prod-
uct is present according to said signal C indica-
tive of the location of the products.

[0203] Inthe latter embodiment, the image may be tak-
en by any suitable camera system, such as for example
a system described in WO2008/116924A2, incorporated
herein by reference.
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Claims

1.

An apparatus for sorting a stream of products (2,3),
comprising :

* a supply system (1) for supplying the stream
of products to a scanning zone (28),

+ a background element (5) positioned behind
the scanning zone,

« at least one inspection unit (9,10) consisting of

O a scanning unit (43) for illuminating the
product stream along the entire width W of
the stream of products, and

O a detection unit (44) for capturing a zone
of light returned by the products,

* a reject system (11),

wherein said background element (5) consists
of means to capture incident light and to direct
it to a detector means (40,40’) that is configured
to convert said light into an electric signal, said
apparatus further comprising means for gener-
ating a location signal (C’) which is indicative of
the location of the products, by detecting the im-
mediate incidence of light on the background
element (5), wherein said detection unit (44) is
a camera arranged to capture an image of the
scanning zone (28).

Apparatus according to claim 1, wherein said camera
is sensitive to laser light beams (46,47,48) produced
by said scanning unit and reflected off the products
(2,3) and the background element (5).

Apparatus according to claim 1, wherein said camera
is insensitive to laser light beams (46,47,48) pro-
duced by said scanning unit and reflected off the
products (2,3) and the background element (5), and
wherein said camera is configured to capture light
from the environment or produced by a separate light
source, and reflected off the products (2,3) and the
background element (5).

Apparatus according to claim 1, wherein said camera
is sensitive both to :

- laser light beams (46,47,48) produced by said
scanning unit and reflected off the products (2,3)
and the background element (5), and

- light from the environment or produced by a
separate light source and reflected off the prod-
ucts (2,3) and the background element (5).

5. Apparatus according to claim 3 or 4, wherein said

separate light source is a row of LEDS emitting a
pulsed LED illumination.
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Apparatus according to any one of the preceding
claims, wherein said camera is a focal plane array
camera.

Apparatus according to any one of claims 1 to 6,
wherein the background element is an optical fiber
with a grooved surface for capturing the incoming
light.

Apparatus according to any one of claims 1 to 6,
wherein the background element is a manifold of de-
tectors configured to convert the incident light into
an electric signal.

A method for sorting a stream of products in products
to be accepted and products to be rejected compris-
ing the steps of:

* moving through a scanning zone the products
to be sorted, supplied in a product stream ex-
tending over a certain width and having a thick-
ness of substantially a single layer of products,
« in this scanning zone, linear scanning across
the width of this product stream by one or more
concentrated light beams, which illuminate, in
the absence of products, a background element
positioned behind this product stream and ex-
tending over the width of it,

* capturing a camera image of said scanning
zone, and deriving from said image electric sig-
nals representative of each product in said im-
age,

* generating one or more control signals based
on said image, whereby these control signals
allow making a selection between the scanned
products to be accepted on the one hand and
the scanned products to be rejected on the other
hand, and

« sorting the product stream by means of these
one or more control signals, characterized in
that

« the background element consists of means to
capture the incident light and to direct it to a de-
tector means that is configured to convert said
light into an electric signal, and

+ said step of generating one or more control
signals comprises :

* generating a signal which is indicative of
the location of the scanned products,
wherein generating the location signal com-
prises detecting and converting that part of
the concentrated scanning light beam,
which not obstructed by the products, thus
obtaining a signal that is indicative of the
location of the scanned products,

* generating said control signals based on
whether or not the electric signals repre-
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sentative of said products and derived from
said camera image cross a threshold in the
zones where a productis present according
to said signal indicative of the location of the
scanned products.

Method according to claim 9, wherein the camera
used for capturing said image is sensitive to laser
light beams (46,47,48) produced by said scanning
unit and reflected off the products (2,3) and the back-
ground element (5).

Method according to claim 9, wherein the camera
used for capturing said image is insensitive to laser
light beams (46,47,48) produced by said scanning
unit and reflected off the products (2,3) and the back-
ground element (5), and wherein said camera is con-
figured to capture light from the environment or pro-
duced by a separate light source, and reflected off
the products (2,3) and the background element (5).

Method according to claim 9, wherein the camera
used for capturing said image is sensitive both to

- laser light beams (46,47,48) produced by said
scanning unit and reflected off the products (2,3)
and the background element (5), and

- light from the environment or produced by a
separate light source and reflected off the prod-
ucts (2,3) and the background element (5).

Method according to claim 11 or 12, wherein said
separate light source is a row of LEDS emitting a
pulsed LED illumination.

Method according to any one of claims 9 to 13,
wherein the camera used for capturing said image
is a focal plane array camera.

Method according to any one of claims 9 to 14,
wherein the background element is an optical fiber
with a grooved surface for capturing the incoming
light.

Method according to any one of claims 9 to 14,
wherein the background element is a manifold of de-
tectors configured to convert the incident light into
an electric signal.
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