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Description

[0001] The present invention relates to a method and a device for automatic evaluation of cereal kernels or grains
and similar granular products, e.g. beans, rice and seeds, which are handled in bulk.
[0002] Each shipment of cereals may contain a certain amount of kernels of some other kind of cereal than the
desired one, for example rye and wild oats in shipments of wheat, and of kernels which per se are of the desired kind
but which are of unsatisfactory quality, for example broken-off kernels, kernels chewed by animals, green kernels and
burnt kernels. Also stones and other objects are to be found among the kernels.
[0003] Since the payment for cereal kernels is based on purity and quality, it is important that these parameters can
be evaluated correctly. Today, the evaluation is carried out manually by visual inspection of samples from cereal ship-
ments, and weighing of the different amounts of kernels of incorrect kinds and of kernels of the correct kind but of
unsatisfactory quality. It is instead desirable to be able to make this evaluation automatically.
[0004] When exporting and importing cereals, there is a need of being able to quickly characterise the cereals for
purity, homogeneity and evenness in colour. Today there is no equipment for effecting this automatically.
[0005] In the handling of cereals in, among other countries, the USA, Canada and Australia, staff is available to
evaluate the composition of the supplied cereals to determine the suitable future use (pasta products, bread, feed etc.).
Since this evaluation can be made by experienced staff only, it would be a great advantage if, instead, it could be
effected automatically.
[0006] In the handling of cereals it is also important that the size of the kernels can be evaluated. This is now carried
out by letting the kernels pass a number of sieves having a gradually diminishing width of mesh. It is desirable that the
size evaluation can be carried out in a more rational manner.
[0007] Scientific literature comprises examples of experiments being made to evaluate cereals by means of compu-
terised image analysis. An article by Sapirstein et al. in Cereal Science No. 6, 1987, p. 3, describes an experiment of
classifying wheat, rye, barley and oat kernels by means of different contour parameters. By analysing a statistically
calculated combination of length/width, width, moment and length of circumference, an image analysing program could
identify kernels with an accuracy of more than 97%.
[0008] An article by Zayas et al. in Cereal Chemistry 66(3), 1989, p. 233, describes an image analysing system for
determining "non-wheat components" in samples of wheat. The shape of the wheat kernels is described by means of
10 geometrical parameters, and furthermore a measure of the colour of the wheat kernels is used, expressed in grey
scale.
[0009] The above-mentioned systems are, however, not commercially applicable since they are experimental and
based on the fact that the kernels are presented manually one by one to the image analysing systems.
[0010] In patent literature there are also examples of systems for automatic evaluation of cereal kernels and other
objects.
[0011] The German patent publication DE 34 43 476 describes a method and a device for testing and sorting granular
material, in particular for testing and sorting unpeeled or. damaged grains from peeled undamaged grains. The device
is equipped with a camera for imaging grains on a conveyor belt. The damaged grains are identified by means of a
colour comparison and are blown away by means of pressurised air. This method and device cannot be used for
evaluating the amounts of different grains in a sample handled in bulk as it results in a binary classification, i.e. the
grains are either classified as undamaged or damaged.
[0012] GB 2,012,948 discloses a method of determining the distribution of sizes for samples of, inter alia, cereal
kernels. According to this method, the kernels are caused to fall between a screen which is illuminated by a stroboscope,
and a video camera by means of which images of the kernels are produced. The video images are digitised and the
kernels are identified in the images. Based on the size of each image of a kernel, the distribution of sizes of the kernels
in the sample is determined. By this method, it is, however, not possible to classify the kernels. Moreover, it is not
possible to determine the size of all kernels.
[0013] WO 91/17525 discloses a method for automatically classifying an object into predetermined classes. Accord-
ing to this method, a video camera takes time-domain images of objects which are carried one by one on a conveyor
belt past the camera. The time-domain images are transformed by Fourier analysis into frequency-domain signals
which form input signals to a neural network effecting the actual classification. By this method, it is not possible to
analyse a sufficient amount of objects per unit of time to make the method commercially useful for classification of
cereals.
[0014] The object of the present invention is to provide a method and a device for automatic evaluation of granular
products handled in bulk, especially cereal kernels, which method and device can replace the human inspection and
evaluation. To make such a method and device commercially useful, it must be possible to analyse a sample in about
the same time it takes today to analyse it manually. More precisely, this means that it must be possible to classify and
determine the weight of a sample, of about 1500 cereal kernels, in about 5 min. Furthermore, the accuracy in the
classifying procedure must be high. For example, it must be possible to determine the percentage weight distribution
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of the different components in a wheat sample with an accuracy of about 0.2% of the weight of the entire sample. Since
a sample of cereals may contain stones and other foreign objects, it is also required that such objects are identifiable
in the evaluation. Besides, it should be possible to determine the size distribution and colour distribution of the sample.
In certain applications, it is also of interest to be able to determine the shape of the kernels. Finally, it should be pointed
out that it must be possible to classify all kernels included in a sample and/ or determine their size, shape and colour.
[0015] The object of the invention is achieved by means of a method and a device having the characteristic features
defined in the claims.
[0016] The method and the device according to the invention bring the advantage that a sample of cereal kernels
can be analysed at least as quickly as if the analysis were carried out manually. This is rendered possible in that a
plurality of kernels at a time are presented to a device which produces digital images of the kernels, each image
containing a plurality of kernels, but each kernel occurring in one image only. In the presentation, the kernels are
preferably oriented in one direction. Since the kernels are presented in this manner, they can quickly and reliably be
identified in the digital images. The classification of the kernels is carried out by means of a neural network whose
input signals are based on the picture element values of a plurality of picture elements representing the kernel. It has
appeared that the use of picture element values as the basis of evaluation for the classification yields high accuracy.
It should be noted that by picture element value is here meant a value which is used to represent the picture element;
for example the intensity in monochrome images; red, green and blue intensity in RGB representation in colour images;
hue, saturation and intensity in HSI representation in colour images.
[0017] To increase the quickness of the device, it is advantageous to produce the input signals to the neural network
by providing a weighted addition of the picture element values for a plurality of picture elements, thereby compressing
the information contents of the picture elements representing a kernel.
[0018] When using colour images, a weighted, componentwise addition for each picture element component in a
plurality of picture elements has proved to result in high accuracy.
[0019] It has further proved advantageous to change from RGB representation to HSI representation, since the latter
yields higher reliability in the classification of cereal kernels.
[0020] By empirical experiments it has been proved that it is possible to determine a connection between the size
of the image of a kernel and the weight of the kernel. This is used to determine the weight of the kernels.
[0021] Alternatively, kernels classified into one or more definite classes can be physically separated after the clas-
sification procedure, whereupon the separated kernels are weighed separately as are the non-separated kernels, there-
by determining the weight of the different fractions.
[0022] To avoid that one or two kernels lying close together are incorrectly perceived as a single kernel, the extent
of each coherent area of picture elements representing a kernel is determined perpendicular to the longitudinal axis
of the area, and it is investigated whether the extent has a minimum (or a plurality of minimums) in some other place
than at the ends of the area. If this is the case, the image is estimated to contain two (or more) kernels and is divided
at the minimum(s).
[0023] The morphological properties of the kernels can be determined by means of the picture elements representing
the kernel.
[0024] Further embodiments of the device according to the invention are defined in the dependent claims.
[0025] The present invention will now be described by means of an embodiment, reference being made to the ac-
companying drawings in which Fig. 1 illustrates an embodiment of a device according to the invention, the feeding
device being shown in longitudinal section and the image processing device as a block diagram, Fig. 2 is a schematic
side view of a separation device which may supplement the device in Fig. 1, and Fig. 3 is an end view of the separating
device in Fig. 2, and a scale.
[0026] As shown in Fig. 1, the invention essentially comprises a feeding device 1, a video camera 40 and an image
processing device 2. The feeding device 1 comprises a first belt conveyor 3 arranged in a casing 4 and having a first
wheel 5 driven by a motor (not shown), a second wheel 6, and an endless belt 7 running over the wheels 5, 6. The
belt 7 is formed with grooves 8 in which the cereal kernels are portioned out. Alternatively, the belt may have indentations
designed in some other manner.
[0027] The casing 4 contains a store 9 which tapers off to the belt 7 and which is filled with samples of cereal kernels.
The store 9 comprises two plates 10, 11 which are inclined towards one another. The lower end of the plate 10 is
spaced from the belt 7, and a scraper 12 is attached to this end to take down the cereal kernels into the grooves 8.
[0028] A second belt conveyor 15 is arranged vertically and horizontally offset relative to the first belt conveyor 3.
The second belt conveyor 15 comprises a first wheel 16 driven by a motor (not shown), a second wheel 17 and an
endless belt 18 running over the first and second wheels 16, 17. The belt 18 is formed with grooves 14 in which the
kernels are conveyed. The grooves 14 in the second conveyor are closer to each other than those in the first conveyor,
and their width is adjusted to kernels in a given size interval such that the kernels orient themselves in the longitudinal
direction of the grooves. The colour of the belt is selected to provide a strong contrast to the background. For analysing
cereal kernels, use can preferably be made of e.g. violet. Between the first wheel 16 and the second wheel 17 there
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is also a third wheel 19, the function of which will be explained below. The first wheel 16 of the second belt conveyor
15 is arranged below the second wheel 6 of the first belt conveyor 3 such that cereal kernels can fall down from the
first conveyor 3 onto the second conveyor 15. Two plates 20, 21 are arranged between the first belt conveyor 3 and
the second belt conveyor 15. When the kernels fall from the first conveyor, they bounce first against the plate 20 and
then against the plate 21, the kernels thereby spreading. At the sides of the second belt conveyor there are arranged,
adjacent its first wheel 16, limiting means 22 serving to locate the kernels from the beginning at a certain distance from
the edges of the belt 18. The front end of the limiting means 22 in the belt direction is provided with a curtain 23 which
is arranged to pass down the kernels into the grooves of the endless belt 18 and ensure that the kernels form one layer
and that they do not overlap each other. Between the first wheel 16 and the third wheel 19, and between the upper
and lower reach of the belt 18, there is arranged a vibrator 25. The vibrator comprises a shaft 26 to which one end of
a metal sheet 27 is attached. Its other end is arranged between a roller 28 driven by a motor (not shown), and the
lower side of the belt 18. The end surface of the roller 28 is fitted with three washers 29, mounted with play by means
of screws. As the motor rotates the roller 26, the metal sheet 27 will hit the belt with a fixed frequency and produce
vibrations in the belt 18. The amplitude of the vibrations is determined by the position of the roller 28 and the play of
the washers. Preferably, the amplitude should be the same, independently of the rigidness of the belt.
[0029] Adjacent the third wheel 19, there is arranged a tooth detecting unit 31. This is mounted on one side of the
circumference of the third wheel 19 and comprises a light emitter in the form of a light diode 32 and a light receiver in
the form of a photocell 33. The tooth detecting unit 31 is connected (not shown) to a computer 42. When the third wheel
19 rotates, the tooth detecting unit 31 emits a pulse-shaped signal to the computer 42. The third wheel 19 also serves
to damp vibrations in the belt 18 in the area between the third wheel 19 and the second wheel 17.
[0030] Above the endless belt 18 in the area adjacent the second wheel 17, there is arranged a video camera 40 in
such a manner that images of the belt 18 in the vicinity of the second wheel 17 can be taken. To improve the illumination
of the belt there is arranged an annular lamp 41 between the camera and the belt. The camera 40 is connected to the
image processing device 2 whose design and function will be described in more detail below.
[0031] The function of the feeding device 1 will now be described. A sample of cereal kernels is poured on to the
first belt conveyor 3 through the store 9. The kernels then form a heap on the belt, but when the belt moves, they will,
owing to the upward inclination of the belt and through the scraper 12, be spread portionwise in the grooves 8 of the
belt. When the kernels arrive at the second wheel 6, they fall down, bounce against the plates 20 and 21 and are
spread on the second belt 18, the limiting means 22 preventing the kernels from landing on the edges of this belt.
Owing to the vibrations of the second belt 18, the advancing kernels will move sideways in the grooves towards the
edges of the belt. The kernels positioned on the ridges between the grooves will fall down into the grooves. When the
kernels reach the area under the video camera 40, they will therefore be separated in the longitudinal direction of the
belt, be oriented in essentially the same direction and be positioned in essentially one layer on the belt. The kernels
will thus overlap each other but to a very small extent. The kernels may, however, lie close together in the grooves in
the longitudinal direction thereof.
[0032] Each time the computer 42 has counted to a predetermined number of teeth, a stop signal is emitted, and
the computer 42 stops all driving motors. Then the first and the second belt stop, and the vibrations are discontinued.
After a short wait, the computer 42 emits a signal to the video camera 40 which takes an image of the kernels on the
belt 18. Subsequently, the motors are started again, and the feeding of the kernels continues as described above until
a stop signal is again emitted. The reason why the system waits after the belt conveyor has stopped is that any move-
ments of the kernels should be damped such that the kernels lie still. The third wheel 19 contributes, as mentioned
above, to the reduction of the amplitude of the vibrations in the area under the camera 40 such that the waiting time
can be kept short. The predetermined number of teeth after which the stop signal is emitted is selected such that the
video camera will take images of the belt which cover the belt without interspaces, but without overlappings. In other
words, each kernel passing the video camera will occur in exactly one image, and each image will include a plurality
of kernels.
[0033] Alternatively, the belt can be moved continuously and the lamp 41 can be replaced by a stroboscope which
together with the camera 40 is controlled such that images are taken of the belt without interspaces and without over-
lappings.
[0034] The image processing unit 2 fundamentally comprises a computer 42 connected to the video camera 40, and
a user terminal 43 on whose display device the result of the analysis is presented. In the computer 42 there are programs
for classification and other evaluation of the cereal kernels based on the images produced by the video camera 40.
These programs comprise a conversion of the video signals from the camera 40 into suitable input signals to a neural
network program which effects the actual classification.
[0035] When the video camera 40 has taken an image of the belt, this image is read into the computer and digitised
by means of a prior art so-called frame grabber. The digitised image produced consists of e.g. 512 x 512 picture
elements. The picture elements are represented by RGB representation, i.e. by a value of the intensity of red colour,
a value of the intensity of green colour and a value of the intensity of blue colour. Alternatively, a grey scale or some
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other colour representation may be used.
[0036] In the next step, the program locates the kernels in the digitised image. Here use is made of a threshold value
of the colour in each picture element. In order to simplify the processing in this step, it is advantageous to pass from
RGB representation to HSI representation (Hue, Saturation and Intensity). When the value of a picture element exceeds
the threshold value, the picture element is assumed to represent a kernel, whereas when the value falls below the
threshold value, the picture element is assumed to represent the background. The program examines the image point
by point, line by line. When it finds a picture element representing a kernel, it examines all neighbouring picture ele-
ments. For those picture elements of the neighbouring picture elements which are considered to represent a kernel,
the procedure is repeated until all picture elements connected with the first picture element have been identified. Sub-
sequently, the longitudinal axis of the connected picture elements is determined to represent a kernel. If the direction
of the longitudinal axis deviates by more than a predetermined value from the y axis of the image, the coherent kernel
area is rotated until its longitudinal axis is parallel with the y axis of the image.
[0037] When the image of the kernels on the belt is being taken, it may happen that two or more kernels are positioned
close together in a groove of the belt or even overlap one another to some extent. The coherent kernel area identified
in the image may thus represent more than one kernel. To check whether this is the case, the number of picture
elements in x direction which represent a kernel is summed up for each y value in the coherent kernel area. The
program thus makes a histogram of the number of kernel picture elements in x direction. Then an envelope curve of
the histogram is determined, and it is investigated whether there is a minimum between the envelope curve terminal
points in y direction. A sufficiently marked minimum indicates that the coherent kernel picture element area actually
corresponds to two kernels. If so, the program makes a cut in parallel with the x axis at the minimum of the envelope
curve. Subsequently, each part of the coherent kernel picture element area is stored as an image of a kernel. If there
are a plurality of minimums, a cut is made at each minimum. If a separation of a kernel picture element area has been
carried out, the longitudinal axis of each kernel is determined, and the kernel is rotated, if the deviation from the y axis
of the image is greater than the predetermined value. The reason for this is that when the longitudinal axis is determined
before the separation, it may happen that the image is not rotated or is rotated incorrectly because the parts each
corresponding to a kernel are both inclined relative to the y axis of the image in such a manner that the common
longitudinal axis of the kernel picture element area conforms with the y axis. Then, after separation, each kernel is
inclined relative to the y axis, which is a drawback in the classification.
[0038] After that, the size of each kernel can be determined by counting the number of picture elements in the co-
herent picture element area representing the kernel. Also the shape and colour of each kernel can be determined by
studying the picture elements.
[0039] The size determination can also be used to avoid that the image processing device perceives stones and
other foreign objects that may join the kernels, as kernels. If the size of a coherent picture element area is not within
a certain interval, it is considered to represent a foreign object and is registered as such.
[0040] In the next step, the RGB values of the picture elements are converted into HSI values. This conversion is
not necessary, but it has appeared that the classification of cereal kernels will be more correct if HSI representation is
used instead of RGB representation.
[0041] In the following step, the H values are summed up separately, the I values are also summed up separately,
as well as the S values, along rows and columns in the image of a kernel. For each y coordinate, first the values of the
H component of all x coordinates are thus summed up. Then the corresponding addition for the I value and the S value
is carried out. Subsequently, a weighted addition is carried out for each x coordinate for the H value of all y coordinates,
whereupon the weighted addition is repeated for the S and I values. The program thus produces one histogram in x
direction and one in y direction for each picture element component. This results in a large number of sums. These
sums are standardised, the average and the standard deviation for the corresponding sums for previously classified
kernels being used in such a manner that if the value of the sum involved is equal to the average of previously classified
kernels, its standardised value is set to zero, and if the value of the sum involved deviates more than ±2.5 standard
deviations from the average, its value is set to ±1. Sums therebetween are standardised proportionally to the average
to values between -1 and +1.
[0042] The standardised sums constitute input signals to a neural network. A neural network is a program consisting
of a number of input nodes, in this case one for each sum, and a number of output nodes which in this case represent
each of the possible classes into which the kernels can be classified. Between the input nodes and output nodes, there
are hidden nodes. By feeding input signals representing known kernels to the neural network and telling it into which
class the kernel should be classified, the neural network can be trained to classify kernels correctly. When the neural
network has learnt to classify the different interesting kernels, it can be used to classify previously unseen kernels. The
hidden nodes are sigmoid functions, which makes it possible to adapt input data to a substantially arbitrary (linear/non-
linear) function. If the classes are linearly dependent on the input nodes, the network is trained to effect a linear dis-
criminant adaptation. The neural network method thus comprises linear discriminant adaptation as a special case.
[0043] Each output node is represented by a value between 0 and 1. In the classification, a kernel is evaluated as
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belonging to the class whose corresponding output node has the greatest value. However, it is also possible to favour
a certain kind of cereal. For this purpose, random samples are taken before the classification, it is determined which
kind of cereal is predominant, and this is reported to the neural network. If the highest output node value goes below
a predetermined value, and the output node which is favoured has the second greatest value, then the kernel is not
classified into the class whose output node has the greatest value, but into the class whose output node has the second
greatest value. Foreign objects are defined by the value of all output units being lower than a given threshold value.
[0044] The result of the classification is presented on the display device of the user terminal 43, for example in the
form of a histogram with a bar for each kind of cereal, one for wild oats, one for burnt kernels and one for damaged
kernels.
[0045] The result can be presented in % by weight of the sample. It has in fact proved to be possible to determine
the weight of the kernel by means of the size of its image, since there is a connection between these parameters, which
can be determined empirically. In the evaluation, thus the number of picture elements which represent the kernel
involved is counted. Based on this number, the size and weight of each kernel can be determined and, consequently,
the weight and size distribution of the entire sample.
[0046] The shape and colour distribution of the sample can also be determined based on the input signals to the
neural network.
[0047] The Table below shows an example of ten analyses of a 50 g cereal sample which has been analysed by
means of a device according to the invention. The sample consisted of 5.00% rye; 5.00% oats; 5.00% barley; 5.00%
burnt wheat kernels; 0.00% wild oats; 5.00% damaged wheat kernels and 75.00% wheat. x is the average and s(x) is
the standard deviation. All values are % by weight of the weight of the sample.

[0048] It is expected that the values above can be improved when the conversion from size to weight is based on a
larger number of kernels.
[0049] As an alternative to the above-mentioned weight determination by means of the size of the kernels, the weight
of the different fractions can be determined by means of the arrangement schematically shown in Figs 2 and 3, by
which the device in Fig. 1 may be supplemented. The arrangement is mounted at the end of the second belt 18 after
the position in which the camera 40 takes an image of the kernels on the belt. The arrangement comprises a third belt
51 which constitutes a cover over the second belt 18 and which is driven synchronously therewith by means of a toothed
belt 60 connecting the wheel 17 of the second belt 18 to a toothed shaft 61 of the third belt. The third belt 51 comprises
alternating grooves 51a and ridges 51b which are aligned with grooves 18a and ridges 18b in the second belt 18,
thereby forming a plurality of channels 62 between the sides of the second and third belt facing each other.
[0050] The arrangement in Figs 2 and 3 further comprises a separating means for each channel formed by the belt
and the cover. The separating means comprises a compressed-air source 52 and a pipe 53 connecting the compressed-
air source with the mouth of the corresponding channel, when the cover 51 is lowered onto the belt. On the other side
of the belt there is a container 54 directly opposite the mouths of the channels. Below the end of the belt 18 there is
arranged a further container 55 on a scale 56. The first container 54 can be connected to the second container 56 via
a duct 57.
[0051] To explain the function of the weighing arrangement shown in Fig. 2, use can be made of an example with a
wheat sample with an admixture of rye, in which the weights of the wheat fraction and the rye fraction, respectively,
are to be determined. Now supposing that the computer 42, in a first moment, identifies one or more rye kernels in an
image taken by the camera 40. When the belt 18 has advanced one step for the camera to take the next image, then

Wheat Rye Oats Barley Burnt Wild oats Damaged

74.42 4.97 4.70 5.02 5.72 0.00 5.17
74.37 5.11 4.61 5.38 5.32 0.00 5.21
74.84 4.96 4.91 4.87 5.33 0.05 5.04
75.42 5.31 4.78 4.85 4.65 0.20 4.78
74.94 5.13 4.77 4.73 4.92 0.09 5.42
74.63 5.08 4.92 5.00 5.01 0.00 5.35
74.79 5.27 4.63 5.23 4.98 0.00 5.10
74.36 5.54 4.80 4.95 5.40 0.03 4.92
74.15 5.35 4.60 5.38 5.58 0.00 4.93
74.93 5.69 4.50 4.86 4.85 0.02 5.15

x 74.68 5.24 4.72 5.03 5.18 0.04 5.11
s(x) 00.36 0.23 0.13 0.27 0.37 0.06 0.19
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the surface of the belt, on which the kernels in the preceding moment were analysed, will be covered by the third belt
51, and the identified rye kernels will be positioned in one or more of the channels 62. The computer 42 activates the
compressed-air source(s) 52 in whose corresponding channels a rye kernel has been identified. The rye kernel and
wheat kernels, if any, which are positioned in the same channel, are blown into the container 54, whereupon the belt
18 can be advanced when the next image should be taken. The kernels remaining on the belt 18, which thus are wheat
kernels, fall down into the container 55 as the belt advances. When a sample has been completely analysed, the wheat
kernels are weighed in the container 55 by means of the scale 56. Subsequently, the wheat kernels are emptied, and
the rye kernels and the wheat kernels, if any, in the container 54 are let down into the container 55 and weighed. By
means of these two weighing operations and knowledge of the number of wheat kernels and, respectively, wheat and
rye kernels weighed on the two occasions, the weight of the wheat fraction and the rye fraction, respectively, in the
entire sample can be determined.
[0052] Of course, there may be more than one container 55. If the sample, besides rye, contains an admixture of
barley, the barley kernels can be blown into a special container and weighed separately.
[0053] The arrangement in Figs 2 and 3 can also be used to blow away objects which the computer cannot identify.
In this case, a signal is suitably emitted to an operator to request a manual check.
[0054] As an alternative to separation by means of compressed-air blowing like the technique illustrated in Figs 2
and 3, it would be possible to use a vacuum suction device to pick identified kernels from the belt.
[0055] As an alternative to the third belt, it would be possible to use a cover whose lower side is formed with grooves
and ridges and which is lowered onto the second belt, thereby forming channels.

Claims

1. Method for automatic evaluation of cereal kernels or like granular products which are handled in bulk, comprising
the steps of spreading the kernels and producing digital images of said kernels, wherein each image contains a
plurality of kernels, characterised in that each kernel occurs in one image only, and that it comprises the steps of

locating said kernels in the digital images by locating coherent areas of picture elements having an intensity
or colour exceeding a predetermined value,
determining the extent of each coherent area perpendicularly to the longitudinal axis of said area,
dividing said area at each minimum in the extent having at least a determined size and spaced from the ends
of said area in the longitudinal direction, each such partitioned-off part being processed as if representing a
kernel,
producing a set of input signals to a neural network (42) for each kernel by means of picture element values
for a plurality of the picture elements representing the kernel, and
determining with the neural network (42) to which of a plurality of classes each kernel belongs.

2. Method as claimed in claim 1, characterised in that said kernels are oriented essentially in a predetermined
direction before the digital images of said kernels are produced.

3. Method as claimed in claim 1 or 2, characterised in that the production of input signals to the neural network (42)
comprises weighted addition of picture element values for a plurality of the picture elements representing said
kernel.

4. Method as claimed in claim 3, characterised in that the weighted addition of said picture element values is carried
out componentwise for each picture element component in a plurality of the picture elements representing said
kernel.

5. Method as claimed in any one of claims 1-4, characterised in that the picture elements of the digital image are
represented by the components red intensity, green intensity and blue intensity (RGB representation), and that
said picture element components are converted into a hue component, a saturation component and an intensity
component (HSI representation).

6. Method as claimed in claim 5, characterised in that the size and/or shape and/or colour of each kernel is/are
determined by means of the components of the RGB representation in the digital image.

7. Method as claimed in any one of claims 1-6, characterised in that the weight of each kernel is determined on the
basis of the size of the area of picture elements representing the kernel.
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8. Method as claimed in any one of claims 1-6, characterised in that after said classification, at least kernels clas-
sified into a first class are separated, whereupon separated kernels are weighed separately and non-separated
kernels are weighed separately as well.

9. Device for automatic evaluation of cereal kernels or like granular products handled in bulk, comprising a camera
(40) for producing digital images of said kernels and a presentation device (14-19, 25-28) adapted to present a
plurality of kernels at a time in the lens coverage of said camera (40), characterised in that it comprises a neural
network (42) for classifying said kernels, that the device is arranged such that each kernel occurs in one image
only, and that it is further arranged

to locate said kernels in the digital images by locating coherent areas of picture elements having an intensity
or colour exceeding a predetermined value,
to determine the extent of each coherent area perpendicularly to the longitudinal axis of said area,
to divide said area at each minimum in the extent having at least a determined size and spaced from the ends
of said area in the longitudinal direction,
to process each such partitioned-off part as if representing a kernel, and to produce a set of input signals to
the neural network (42) for each kernel by means of picture element values for a plurality of the picture elements
representing the kernel.

10. Device as claimed in claim 9, characterised in that said presentation device (14-19, 25-28) comprises a belt
conveyor (15) whose belt is formed with indentations (14), the shape of which is adjusted to said kernels and which
are oriented in a common direction.

11. Device as claimed in claim 10, characterised in that said presentation device (14-19, 25-28) comprises vibration
means (25-28) which are adapted to vibrate said conveyor (15) to orient said kernels thereon.

12. Device as claimed in claim 11, characterised in that said vibrating means (25, 28) comprises a metal sheet (27)
whose one end is arranged between the belt (18) and a vibrating element comprising a roller (28) and a plurality
of washers (29) which are mounted on the roller with play, such that said washers (29) strike the metal sheet (27)
as the roller (28) is rotated.

13. Device as claimed in any one of claims 9-12, characterised by means (51-53 for separating predetermined kernels
from the remaining kernels after said classification.

14. Device as claimed in claim 13, characterised in that said means (51-53) for separation comprises means (52)
for blowing away predetermined kernels from said presentation device (14-19, 25-28).

Patentansprüche

1. Verfahren zum automatischen Prüfen von Getreidekörnern oder ähnlichen Kornerzeugnissen, die in Form von
Schüttgut gehandhabt werden, das die Schritte des Ausbreitens der Kerne und des Erzeugens digitaler Bilder der
Kerne umfasst, wobei jedes Bild eine Vielzahl von Kernen enthält, dadurch gekennzeichnet, dass jeder Kern in
nur einem Bild erscheint, und dass es die folgenden Schritte umfasst:

Lokalisieren der Kerne in den digitalen Bildern durch Lokalisieren kohärenter Flächen von Bildelementen mit
einer Helligkeit oder Farbe, die einen vorgegebenen Wert übersteigt,

Bestimmen der Ausdehnung jeder kohärenten Fläche senkrecht zur Längsachse der Fläche,

Unterteilen der Fläche an jedem Minimum in der Ausdehnung, das wenigstens eine vorgegebene Größe auf-
weist und von den Enden der Fläche in der Längsrichtung beabstandet ist, wobei jeder so abgeteilte Teil so
verarbeitet wird, als würde er einen Kern darstellen,

Erzeugen eines Satzes von Eingangssignalen in ein Neuronennetz (42) für jeden Kern mittels Bildelement-
werten für eine Vielzahl der Bildelemente, die den Kern darstellen, und

Bestimmen, zu welcher einer Vielzahl von Klassen jeder Kern gehört, mit dem Neuronennetz (42).
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2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die Kerne im Wesentlichen in einer vorgegebenen
Richtung ausgerichtet sind, bevor die digitalen Bilder der Kerne erzeugt werden.

3. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass die Erzeugung von Eingangssignalen in das
Neuronennetz (42) gewichtete Addition von Bildelementwerten für eine Vielzahl der Bildelemente umfasst, die den
Kern darstellen.

4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, dass die gewichtete Addition der Bildelementwerte kom-
ponentenweise für jede Bildelementkomponente in einer Vielzahl der Bildelemente ausgeführt wird, die den Kern
darstellen.

5. Verfahren nach einem der Ansprüche 1-4, dadurch gekennzeichnet, dass die Bildelemente des digitalen Bildes
durch die Komponenten Rot-Intensität, Grün-Intensität und Blau-Intensität (RGB-Darstellung) dargestellt: werden,
und dass die Bildelementkomponente in eine Farbton-Komponente, eine Sättigungs-Komponente und eine Inten-
sitäts-Komponente (HSI-Darstellung) umgewandelt werden.

6. Verfahren nach Anspruch 5, dadurch gekennzeichnet, dass die Größe und/oder Form und/oder Farbe jedes
Kerns mittels der Komponenten der RGB-Darstellung in dem digitalen Bild dargestellt wird/werden.

7. Verfahren nach einem der Ansprüche 1-6, dadurch gekennzeichnet, dass das Gewicht jeden Kerns auf der
Grundlage der Größe der Fläche von Bildelementen bestimmt wird, die den Kern darstellen.

8. Verfahren nach einem der Ansprüche 1-6, dadurch gekennzeichnet, dass nach dem Klassifizieren wenigstens
Kerne, die in eine erste Klasse eingeteilt werden, abgetrennt werden, woraufhin abgetrennte Kerne getrennt ge-
wogen werden und nicht abgetrennte Kerne ebenfalls getrennt gewogen werden.

9. Vorrichtung zur automatischen Prüfung von Getreidekernen oder ähnlichen Kornerzeugnissen, die als Schüttgut
gehandhabt werden, die eine Kamera (40), die digitale Bilder der Kerne erzeugt, und eine Darstellungsvorrichtung
(14-19, 25-28) umfasst, die jeweils eine Vielzahl von Kernen in dem Sichtfeld des Objektivs der Kamera (40)
darstellt, dadurch gekennzeichnet, dass sie ein Neuronennetz (42) zum Klassifizieren der Kerne umfasst, dass
die Vorrichtung so ausgeführt ist, dass jeder Kern nur in einem Bild erscheint, und dass sie des Weiteren die Kerne
in den digitalen Bildern lokalisiert, indem sie kohärente Flächen von Bildelementen mit einer Helligkeit oder Farbe
lokalisiert, die einen vorgegebenen Wert übersteigt,

das Ausdehnung jeder kohärenten Fläche senkrecht zu der Längsachse der Fläche bestimmt,

die Fläche an jedem Minimum in der Ausdehnung unterteilt, das wenigstens eine vorgegebene Größe hat und
von den Enden der Fläche in der Längsrichtung beabstandet ist,

jeden so abgeteilten Teil so verarbeitet, als ob er einen Kern darstellt, und einen Satz von Eingangssignalen
in das Neuronennetz (42) für jeden Kern mittels Bildelementwerten für eine Vielzahl der Bildelemente erzeugt,
die den Kern darstellen.

10. Vorrichtung nach Anspruch 9, dadurch gekennzeichnet, dass die Darstellungsvorrichtung (14-19, 25-28) einen
Bandförderer (15) umfasst, dessen Band mit Vertiefungen (14) versehen ist, deren Form an die Kerne angepasst
ist, und die in einer gemeinsamen Richtung ausgerichtet sind.

11. Vorrichtung nach Anspruch 10, dadurch gekennzeichnet, dass die Darstellungsvorrichtung (14-19, 25-28) eine
Schwingungseinrichtung (25-28) umfasst, die den Förderer (15) in Schwingung versetzt, um die Kerne darauf
auszurichten.

12. Vorrichtung nach Anspruch 11, dadurch gekennzeichnet, dass die Schwingungseinrichtung (25, 28) ein Blech
(27) umfasst, dessen eines Ende zwischen dem Band (18) und einem Schwingungselement angeordnet ist, das
eine Rolle (28) und eine Vielzahl von Scheiben (29) umfasst, die mit Spiel auf der Rolle angebracht sind, so dass
die Scheiben (29) an dem Blech (27) anschlagen, wenn die Rolle (28) gedreht wird.

13. Vorrichtung nach einem der Ansprüche 9-12, gekennzeichnet durch eine Einrichtung (51-53), die nach dem
Klassifizieren vorgegebene Kerne von den restlichen Kemen abtrennt.
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14. Vorrichtung nach Anspruch 13, dadurch gekennzeichnet, dass die Einrichtung (51-53) zum Abtrennen eine Ein-
richtung (52) umfasst, die vorgegebene Keme von der Darstellungsvorrichtung (14-19, 25-28) wegbläst.

Revendications

1. Procédé d'évaluation automatique de grains de céréales ou produits granulaires analogues qui sont manipulés
en vrac, comprenant des étapes de répartition des grains et de production d'images numériques des grains, telles
que chaque image contient plusieurs grains, caractérisé en ce que chaque grain se trouve dans une image
seulement, et en ce que le procédé comprend les étapes suivantes :

la localisation des grains dans les images numériques par localisation de zones cohérentes d'éléments d'ima-
ge ayant une intensité ou couleur qui dépasse une valeur prédéterminée,
la détermination de l'étendue de chaque zone cohérente perpendiculairement à l'axe longitudinal de la zone,
la division de la zone à chaque minimum, dans l'étendue ayant au moins une dimension prédéterminée et à
distance des extrémités de la zone dans la direction longitudinale, chaque partie ainsi cloisonnée étant traitée
comme si elle représentait un grain,
la production d'un ensemble de signaux d'entrée d'un réseau de neurones (42) pour chaque grain à l'aide de
valeurs d'éléments d'image pour plusieurs éléments d'image représentant le grain, et
la détermination par le réseau de neurones (42) de celle de plusieurs classes à laquelle appartient chaque
grain.

2. Procédé selon la revendication 1, caractérisé en ce que les grains sont orientés essentiellement en direction
prédéterminée avant la production des images numériques des grains.

3. Procédé selon la revendication 1 ou 2, caractérisé en ce que la production des signaux d'entrée du réseau de
neurones (42) comprend une addition pondérée des valeurs d'éléments d'image pour plusieurs éléments d'image
représentant le grain.

4. Procédé selon la revendication 3, caractérisé en ce que l'addition pondérée des valeurs d'éléments d'image est
réalisée par composante pour chaque composante d'élément d'image parmi plusieurs éléments d'image repré-
sentant le grain.

5. Procédé selon l'une quelconque des revendications 1 à 4, caractérisé en ce que les éléments d'image de l'image
numérique sont représentés par les composantes d'intensité rouge, d'intensité verte et d'intensité bleue (repré-
sentation RGB), et les composantes d'éléments d'image sont transformées en une composante de teinte, une
composante de saturation et une composante d'intensité (représentation HSI).

6. Procédé selon la revendication 5, caractérisé en ce que la dimension et/ou la forme et/ou la couleur de chaque
grain sont déterminées par les composantes de la représentation RGB dans l'image numérique.

7. Procédé selon l'une des revendications 1 à 6, caractérisé en ce que le poids de chaque grain est déterminé
d'après la dimension de la zone des éléments d'image représentant le grain.

8. Procédé selon l'une quelconque des revendications 1 à 6, caractérisé en ce que, après le classement, les grains
classés dans une première classe au moins sont séparés, puis les grains séparés sont pesés séparément et les
grains non séparés sont aussi pesés séparément.

9. Dispositif d'évaluation automatique de grains de céréales ou de produits granulaires analogues manipulés en vrac,
comprenant une caméra (40) destinée à produire des images numériques des grains et un dispositif de présen-
tation (14-19, 25-28) destiné à présenter plusieurs grains à la fois dans la couverture de l'objectif de la caméra
(40), caractérisé en ce qu'il comporte un réseau de neurones (42) destiné à classer les grains, en ce que le
dispositif est disposé afin que chaque grain se trouve dans une image seulement, et en ce qu'il est en outre destiné

à localiser les grains dans les images numériques par localisation de zones cohérentes d'éléments d'image
ayant une intensité ou une couleur dépassant une valeur prédéterminée,
à déterminer l'étendue de chaque zone cohérente perpendiculairement à l'axe longitudinal de la zone,
à diviser la zone à chaque minimum dans l'étendue de dimensions déterminées au moins et à distance des
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extrémités de la zone dans la direction longitudinale,
à traiter chaque partie cloisonnée comme si elle représentait un grain, et à produire un ensemble de signaux
d'entrée du réseau de neurones (42) pour chaque grain à l'aide des valeurs d'élément d'image pour plusieurs
éléments d'image représentant le grain.

10. Dispositif selon la revendication 9, caractérisé en ce que le dispositif de présentation (14-19, 25-28) comporte
une courroie transporteuse (15), la courroie étant formée avec des évidements (14), la forme des évidements
étant ajustée afin qu'elle corresponde à celle des grains et étant orientée dans une direction commune.

11. Dispositif selon la revendication 10, caractérisé en ce que le dispositif de présentation (14-19, 25-28) comporte
un dispositif de vibration (25-28) destiné à faire vibrer le transporteur (15) pour orienter les grains sur celui-ci.

12. Dispositif selon la revendication 11, caractérisé en ce que le dispositif de vibration (25, 28) comporte une feuille
métallique (27) dont une première extrémité est placée entre la courroie (18) et un élément vibrant qui comporte
un rouleau (28) et plusieurs rondelles (29) qui sont montées sur le rouleau avec du jeu, si bien que les rondelles
(29) frappent la feuille métallique (27) lorsque le rouleau (28) tourne.

13. Dispositif selon l'une quelconque des revendications 9 à 12, caractérisé par un dispositif (51-53) de séparation
de grains prédéterminés des grains restants après le classement.

14. Dispositif selon la revendication 13, caractérisé en ce que le dispositif (51-53) de séparation comporte un dispositif
(52) destiné à chasser par soufflage des grains prédéterminés du dispositif de présentation (14-19, 25-28).
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