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DESCRIPTION

Technical field

[0001] The present invention generally relates to imaging of granular material, particularly
relating to an imaging system for use in imaging and analysis of e.g. grain.

Background

[0002] Imaging systems are often used for determining, with digital image processing, If a
product fulfils desired appearance requirements, to thereby register or eliminate products that
are faulty in shape and colour, or damaged products. E.g. seeds, grains of salt, berries, tablets
or other samples are inspected through such imaging systems and a connected subsequent
Image processing system can thereafter analyse the sample in real time and determine If the
sample Is faulty and should be removed or registered. Imaging systems do not have to be
used for only detecting and discarding faulty or defective samples, but can also be used for
determining quality of samples and collecting statistics for future evaluation of the sample. For
best results the sample should be imaged around its entire periphery and a way to do this is
with a \-shaped angled pair of mirrors between which the samples flow, as for example In

US2006152741 and JP2005172608A.

[0003] To facilitate the image processing by creating a homogeneous background against
which the sample Is clearly distinguished, the system Is often provided with a background
element such as in US2006152741. This Is however not enough for obtaining several separate
Images of the sample against a completely homogeneous background, which is desirable. With
a system arranged as in US2006152741 reflected light will furthermore reach the camera,
which Is added to the image and makes it more difficult for the image processing system to
distinguish faults In the samples from disturbing stray light and inhomogeneity in the
background of the image, not related to the sample. One of the problems with an
Inhomogeneous background i1s that it obstructs a subsequent analysis of the images.
Inhomogeneous elements In the background may affect and disrupt an automated digital
Image processing and obstruct the analysis of the actual sample.

[0004] There is thus a need for imaging systems that overcome one or more of the problems
mentioned above.

Summary of the invention

[0005] The invention relates to an imaging system comprising at least a camera, a background
element and a pair of mirrors. The mirror surfaces of the mirrors in the pair are located against
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each other along an edge and are angled from each other in an angle a. The imaging system
IS Intended to receive a sample along a main axis extending between the mirrors, such that the
mirror pair favourably generates three images of the sample seen from three different angles
of sight. The camera iIs directed towards the mirror pair and the background element
comprises a curved surface which as defined in claim 1, is directed towards the mirror pair and
creates a background to the images that facilitates image processing.

[0006] In an advantageous embodiment of the invention a division plane extends through the
mirror pair, substantially perpendicular to the main axis. The main part of the camera iIs
arranged on a first side of the division plane and at least part of the background element is

arranged on a second side of the division plane. Thereby, the camera does not end up within
its own field of view.

[0007] In a further embodiment of the invention the surface of the background element that is
directed towards the mirror pair is illuminated by at least one background illumination element
which Is directed towards this surface. With the background illumination element directed in this
way, no direct light from this ends up In the field of view of the camera. Typically the
pbackground illumination elements are arranged close to the outer edge of the background
element, so that the illumination elements themselves also do not end up In the field of view of
the camera.

[0008] In a further embodiment the imaging system is intended to receive samples with a
typical colour and the background element presents a surface directed towards the mirror pair
having a colour which is substantially complementary to the typical colour of the sample. As an
example, the imaging system may be intended to receive seeds and the background element
IS then with particular advantage blue.

[0009] One of the advantages of the present invention is that it will be possible to image
objects using several images and achieve a more homogeneous background than prior art.

Brief description of the drawings

[0010]

Fig. 1 schematically shows a first embodiment of the invention seen from above;

Fig. 2 schematically shows the first embodiment of the invention seen from the side;

Fig. 3 schematically shows a background element viewed from its upper edge;

Fig. 4 shows a second embodiment of the invention from a first perspective;

Fig. 5 shows parts of the second embodiment of the invention from a second perspective;

Fig. 6 shows a further embodiment of an imaging system according to the invention.
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Detailed description

[0011] A purpose of the present Iinvention Is to provide an imaging system that produces
multiple images of a sample against a significantly more homogeneous background than what
has been possible with prior art. The present invention will be described mainly when used for
Imaging and analysis of grain such as e.g. corn and seeds, but it 1s also possible to use when
analysing other granular objects or foodstuffs, e.g. fruit, gravel, pellets etc. These and other
purposes are achieved by an imaging system according to the characterizing parts of the
iIndependent claim.

[0012] In the description of the figures below reference I1s made to a main axis (V) and a
division plane (D). The main axis I1s defined by the line along which a sample, typically a seed,
IS moving through the imaging system. A simple and practical way to arrange the imaging
system iIs of course so that the sample falls by its own weight straight down and in such a case
the here denoted main axis consists of an actual vertical axis, but it 1s of course also possible
to let the sample fall slightly obliquely relative to the actual vertical axis with the aid of some
kKind of guiding pipe or by throwing the sample through the imaging system. In the description it
IS assumed for simplicity that the main axis corresponds to an axis with vertical extension so
that simple terms such as up and down can be used.

[0013] The division plane cuts through the system and has an extension typically
perpendicular to the main axis. For the common case where the main axis Is vertical, the
division plane typically consists of a horizontal plane. It should however be understood that the
division plane can describe an extension which is arranged in another way than perpendicular
to the main axis.

[0014] Fig. 1 schematically shows a first embodiment of an imaging system 100 according to
the invention where this Is viewed from above, I1.e. along the previously described main axis
(V). The figure illustrates a sample 1, here Iin the form of a seed falling down through the
Imaging system between two mirrors 2a, 2b. The mirrors have a respective rectangular mirror
surface and are arranged with a respective mirror surface edge to edge with each other. The
mirrors are angled from each other with an angle a, which in this embodiment is a right angle.
Thereby the two mirrors 2a, 2b form a substantially v-shaped mirror.

[0015] A camera 3 Is directed towards the main axis and the seed falling along the main axis,
so that a first direct image of the seed appears in the camera. Since the mirrors according to a
first embodiment are angled 45 degrees from the line between the camera and the main axis,
the seed I1s Imaged through a first mirror 2a in a second image from the side in the camera and
through a second mirror 2b In a third image in the camera. In the camera 3 the seed Is thus
Imaged seen from three different angles chosen so that the seed Is imaged along its entire
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circumference in a single image.

[0016] In all three iImages of the seed from three different angles, the camera sees through
reflection in both mirrors a background element or background surface 4. In the figure the
background element 4 is depicted as If it were located beyond the camera to simplify the
llustration, but Iin fact it does not need to but may according to a further embodiment instead
be located below the camera as lillustrated in Fig. 2. The background element 4 has an
extension such that it covers the entire field of view of the camera 3, as this extends through
double reflections in the mirror pair. In a typical application the sample is a seed, which Is often
yellowish white of yellowish and the properties of the background element 4 I1s advantageously
chosen In a complementary colour, which In this case preferably is blue, to obtain the best
possible contrast. For other colours of the sample to be analysed the complementary colour
that best enhances the contrast between the sample and the imaged background surface 4 is
chosen.

[0017] The background element 4 is illuminated with background illumination elements 5a, 5b,
that also are directed so that the camera 3 1s not affected by specular reflections in the
background 4 from the light from the background illumination elements 5a, 5b, which is more
clearly illustrated in Fig. 2.

[0018] According to a further embodiment the background element 4 may be designed so that
it presents properties which, at imaging of samples and background element 4, allow for
possibilities for further analysis of the sample in subsequent image processing.

[0019] The background illumination elements 5a, 5b are arranged in connection with the right
and the left side of the background, respectively, and directed towards the middle of the
background, so that both of them are located outside of the field of view of the camera. They
may however be arranged in another manner to provide illumination of the background.

[0020] The background element 4 is according to this embodiment formed as a cylinder
portion with a cylinder axis deviating from the main axis. The cylinder portion forms an arc, the
Inside of which faces the main axis so that it is approximately directed towards the main axis
over Its entire surface to achieve the smoothest brightness possible over the entire surface of
the image In all three images of the seed. The background illumination elements 5a, 5b are
also illuminating, partly overlapping, different parts of the background so that it is as evenly
lHluminated as possible for the same purpose. Thereby the background element 4 constitutes a
substantially concave reflecting surface for incident illumination.

[0021] Fig. 2 schematically shows the first embodiment of the imaging system 100 according
to the Invention seen from the side. Here the main axis V Is illustrated as a dashed line
extending through the center of the seed 1. The direction of motion of the seed Is also
llustrated for clarity with an arrow directed downwards in the figure. Since the seed Is located
between the mirrors in the mirror pair 2a, 2b, it i1s thus illustrated in a partial cross-section and
IS therefore depicted with dashed lines.
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[0022] The division plane D extends perpendicularly to the plane of the paper along a line from
right to left and cuts straight through the position of the seed as this is placed In the figure. The
camera 3 Is arranged above this imaginary division plane D and iIs directed obliquely
downwards towards the position of the seed. The background element 4 is for clarity reasons
arranged In its entirety below the division plane D, so that what the camera sees, apart from
the seed, only consists of the background element 4. Seen from this perspective the
background illumination elements 5b appear to be located in the field of view of the camera,
but as Is apparent from Fig. 1 they are located respectively on this side and beyond the paper
plane of the figure, and thus outside of the field of view of the camera.

[0023] In the figure two sample illumination elements 6a, 6b are also Illustrated, which are
arranged respectively obliquely above and obliquely below the sample 1 and the mirror pair 2a,
2b. They are displaced from the main axis V towards the camera 3 and the background
element 4 so as to not be located in the way of the falling seed 1, and directed towards the
seed 1 In such a way that the light passing the seed 1 does not hit the camera 3, neither
directly nor via the background. The part of this light that falls outside of the mirror pair 2a, 2b
may suitably be absorbed by a first, not illustrated, dark light trap, and the part that after
double reflection In the mirror pair 2a, 2b i1s directed approximately towards an opposite
sample illumination element is suitably absorbed by a second, not illustrated, dark light trap.

[0024] In the Illustrated embodiment both mirrors in the mirror pair 2a, 2b respectively have a
normal in a plane perpendicular to the main axis. This Is of course not entirely necessary and
applications could be possible where a deviation from this alignment would be suitable, but
typically this Is optimal. In the illustrated embodiment the camera In its entirety I1s arranged
above the division plane and the background in its entirety Iis arranged below the division plane
D, but in general this i1s not necessary and the virtual division plane is just intended to support
the explanation of the positioning of the components. If the background element 4 is located
beyond the camera, as shown here, there i1s of course nothing that prevents it from extending
further above the division plane behind the camera 3 and this then allows the camera 3 to be
moved from its illustrated position or re-directed if needed, with part of the background element
4 maintained as a background in the image of the seed. One of the reasons for positioning the
camera 3 above the division plane D is that no part of the camera 3 itself is reproduced In the
Image from the camera 3, but this 1s also not strictly necessary but only suitable and
advantageous to facilitate subsequent image analysis, where three completely separate
Images of the seed seen from three different angles against a background which in its entirety
IS homogeneous and In a complementary colour are reproduced In the image from the
camera. The image that i1s reproduced by the camera thus facilitates future image analysis
since It has a background that is as homogeneous as possible, without disturbing elements
other than the sample itself.

[0025] Fig. 3 schematically shows a background element 4 seen from its upper edge, 1.e. from
a view that is not parallel to the main axis since the background is angled from the main axis.
The background element 4 is illustrated from this perspective as a circular segment with a
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certain width. In connection with the upper edge, as seen In the figure, of the background
element 4 there Is a first background illumination element 5a directing light mainly towards the
upper part of the background element, and in connection with the lower edge of the
pbackground element there i1s a second background illumination element 5b directing light
mainly towards the lower part of the background element. Part of the light from the two
pbackground illumination elements 5a, 5b will be reflected specularly and to a large extent this
reflection will fall on the part of the background element 4 not directly illuminated by a
respective background illumination element 5a, 5b. In this manner the light from the
background illumination elements 5a, 5b are utilized efficiently and are distributed in a more
homogeneous manner than if only direct incident light had been utilized.

[0026] Fig. 4 shows a second embodiment of an imaging system 100 according to the
iInvention from a first perspective. In the figure the main axis V is illustrated to facilitate the
understanding. The camera 3 Is directed towards the mirror pair 2a, 2b. The background
element 4 is In this embodiment arranged not farther away from the mirror pair 2a, 2b than the
front surface of the camera 3 and iIs located below the division plane. The seed, not illustrated
here, Is llluminated obliquely from below by a lower sample illumination element 6b and
obliquely from above by an upper sample illumination element 6a. Each illumination element
consists here of groups of LEDs arranged in rows, which LEDs can produce a diffuse light with
a wide opening angle. LEDs also have the advantage that they are efficient and can yield light
only In a desired wave length region, and they can also quickly be turned off and on to
generate illumination only when the seed iIs located In the correct position between the mirror
pair 2a, 2b.

[0027] The background element 4 bends also In this embodiment in an arc forming part of a
cylinder surface. The background element 4 1s here illuminated from both sides Iin the same
manner as In the first embodiment with first and second background illumination elements 5a,
S5b, but the imaging system here also comprises a third background illumination element 5c
lluminating the background element 4 obliquely from above, i.e. the above seen from the
perspective of the axis of the cylinder surface. This third background illumination element 5c is
thus arranged relative to the background element in a manner corresponding to the position
and direction of the sample illumination elements 6a, 6b relative to the mirror pair.

[0028] Fig. 5 shows parts of the second embodiment of the imaging system 100 according to
the Invention from a second perspective, where the main axis V extends from top to bottom. In
the figure the mirror pair 2a, 2b and the first and second background illumination elements 5a,
Sb are lIllustrated, while the background element and camera are not visible. Seeds falling
down from a, not illustrated, chute fall further downwards in the interior of the mirror pair.

[0029] In the embodiments above a camera Is described, but this concept here refers to any
Imaging device, CCD cameras or otherwise. The mirrors in the mirror pair are here rectangular
and angled 90° from each other, but the mirrors can of course be differently shaped and
angled from each other in another angle than 90°.
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[0030] The imaging system 100 according to the above Is arranged for generating images and
making them available for storing and analysis Iin connected storing and image analysis
equipment, see Fig. 6. This can be achieved by storing images in a memory 200 in the camera
and thereafter transferring these to an image processing system 300. Alternatively the camera
may be connected to an external storage medium 200 where the images are stored and then
transferred to image analysis equipment 300 for further analysis. According to a further
embodiment the camera may be directly connected to an image analysis system 300 where
the iImages are automatically and continuously analysed as long as any sample iIs present
between the pair of mirrors. Additionally, the imaging system 100 may be connected to a
control system which makes it possible to control the imaging system based on the outcome of

the subsequent image analysis, e.g. by adapting the type of images that are collected based
on what is detected at the analysis.

[0031] According to the description above the colour of the background element 4 can be
chosen as a complementary colour of the sample that is to be imaged. Depending of the type
of camera 3 used, the imaging properties of the background element 4 can be chosen to
enhance the contrast between the imaged object and the imaged background. Thereby the
term colour can be used also to indicate that the background element 4 has been given a
predetermined pattern or other imaging property that will affect a subsequent analysis.

[0032] With the aid of the above described embodiments of an imaging system 100 1t Is
possible to Image one and the same sample from several different sides and against a
homogeneous background which simplifies a subsequent analysis and image processing.

[0033] The above described embodiments only serve as examples, and 1t should be
understood that the described technology is not Iimited thereto. The skilled person
understands that various modifications, combinations and changes can be made of the
embodiments without diverting from the scope that i1s defined by the attached claims. In
particular, different part solutions of the different embodiments can be combined into other
configurations where technically possible.
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Billeddannelsessystem til granulzert materiale med homogen baggrund

Patentkrav
1. Billeddannelsessystem (100), der omfatter mindst ét kamera (3), et

baggrundselement (4) og et par at spejle (2a, 2b), hvor overtladerne at spejlene
1 parret er vinklet 1 forhold til hinanden 1 en vinkel a, og spejlene (2a, 2b) er
anbragt med en respektiv spejlovertlade kant til kant med hinanden, hvor
billeddannelsessystemet (100) er beregnet til modtagelse at en prgve langs en
hovedakse (V), der strackker sig mellem spejlene, hvor spejlene og kameraet er
arrangeret saledes, at kameraet ser prgven fra tre forskellige vinkler i et enkelt
billede, 1det kameraet (3) er rettet mod spejlparret (2a, 2b) og ved hjelp at
refleksion 1 begge spejle ser baggrundselementet 1 alle tre visninger,
kendetegnet ved, at baggrundselementet (4) omtatter en overtlade, der er
rettet mod spejlparret, hvor naevnte baggrundselement (4) er dannet som en

cylinderdel med en cylinderakse, der atviger fra hovedaksen.

2. Billeddannelsessystem ifolge krav 1, kendetegnet ved, at et opdelings-
plan (D) strackker sig gennem spejlparret og skeerer lige gennem en position,
hvor pragven afbildes af kameraet (3), i det veesentlige vinkelret pa hovedaksen,
hvor hoveddelen af kameraet (3) er anbragt pa en forste side af opdelings-
planet, og hvor i det mindste en del af baggrundselementet (4) er anbragt pa

en anden side atf opdelingsplanet.

3. Billeddannelsessystem ifolge krav 1 eller 2, kendetegnet ved, at den
overtlade at baggrundselementet (4), der er rettet mod spejlparret, belyses at
mindst €t baggrundsbelysningselement (5a-c), som er rettet mod denne

overflade.

4. Billeddannelsessystem ifolge krav 3, kendetegnet ved, at baggrunds-

belysningselementerne (5a-c) er anbragt uden for et synstelt at kameraet (3).
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5. Billeddannelsessystem ifalge et hvilket som helst af de foregaende krav,
kendetegnet ved, at billeddannelsessystemet er beregnet til modtagelse at
prover (1) med en typisk farve, og ved, at baggrundselementet (4) praeesenterer
en overtlade, der er rettet mod spejlparret, idet overtladen har en farve, som

er 1 det vaesentlige komplementaer med provens typiske tarve.

6. Billeddannelsessystem 1ifglge krav 5, kendetegnet ved, at billed-
dannelsessystemet er beregnet til modtagelse at frg (1), og ved, at baggrunds-
elementet (4) prasenterer en overtlade, der er rettet mod spejlparret, hvilken

overflade er bla.

7. Billeddannelsessystem ifolge et hvilket som helst af de foregaende krav,
kendetegnet ved, at lys rettes mod spejlovertladerne at spejlene 1 parret fra
mindst ét provebelysningselement (ba, 6b), hvor prgvebelysningselementet er

anbragt over eller under spejlparret set fra hovedaksen.
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Fig. 3
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