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(57) Abrege/Abstract:
The present invention relates to a sowing heart monitoring device for connection to a sowing heart (3') and for monitoring the
sowing heart (3'), having a line scan camera (21) with a detection device (E), a housing (20) which can be fastened to the sowing
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(57) Abrege(suite)/Abstract(continued):
heart (3') and Is intended to accommodate the line scan camera (21), and a radiation source (22) for generating electromagnetic

waves which can be detected by the line scan camera (21) and have a radiation direction (S), wherein the sowing heart monitoring
device (12) Is designed In such a manner that electromagnetic waves generated by the radiation source (22) can be detected by
the line scan camera (21) after reflection at a reflection surface (13) of a rotatable sowing disc (9) of the sowing heart (3') and can
be evaluated by an evaluation unit. The present invention also relates to a sowing heart and to a single grain sowing machine.
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Abstract

The present invention relates to a sowing heart monitoring device for connection to a
sowing heart (3') and for monitoring the sowing heart (3'), having a line scan camera (21) with a
detection device (E), a housing (20) which can be fastened to the sowing heart (3') and Is
intended to accommodate the line scan camera (21), and a radiation source (22) for generating
electromagnetic waves which can be detected by the line scan camera (21) and have a
radiation direction (S), wherein the sowing heart monitoring device (12) is designed in such a
manner that electromagnetic waves generated by the radiation source (22) can be detected by
the line scan camera (21) after reflection at a reflection surface (13) of a rotatable sowing disc
(9) of the sowing heart (3') and can be evaluated by an evaluation unit. The present invention
also relates to a sowing heart and to a single grain sowing machine.
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SOWING HEART MONITORING DEVICE, SOWING HEART AND SINGLE GRAIN
SOWING MACHINE

Specification

The invention relates to a sowing heart monitoring apparatus, a sowing heart, and a single-
seed drill.

Monitoring apparatus for monitoring the operation of single-seed drills are known In

different versions. Often the monitoring is carried out on a conveying channel due to easy
accessibility, as for example in document WO 2005/096799 A1 or WO 2005/096798 A1.

Monitoring apparatus are used among others for control and adjustment as well as
checking of the proper operation of the sowing sets. There is a requirement that the monitoring

responds quickly and works easily and without problems. Furthermore the monitoring apparatus
should work as economically and maintenance-free as possible.

The object of this invention is therefore to devise a monitoring apparatus with which

promptly responding, reliable monitoring which can be economically produced for sowing sets of
single-seed drills is enabled.

This object is achieved with the features of Claims 1, 8 and 10.

Advantageous developments of :he invention are given in the dependent claims. All
combinations of at least two of the features given in the specification, the claims and/or the figures
also fall within the scope of the invention.

The basic idea of this invention is to make a monitoring apparatus able to be integrated into
a sowing heart so that the monitoring of the seed delivery is carried out directly on the element
which is responsible for the separation, specifically the sowing heart. Another aspect of this
invention is therefore to provide the monitoring in an economical, promptly responsive and space-
saving manner by a line camera, especially by pure contrast measurement. It is especially
advantageous in this invention that the monitoring can take place only from one side of the sowing
disc, speCificaIly especially by reflection measurement. In other words: electromagnetic waves
directed from a radiation source onto the sowing disc are reflected by the sowing disk and after
reflection are detected by the line camera, specifically in the region in which the seed is conveyed
on the sowing disc. The line camera is accordingly focused on the reflection surface of the sowing
disc and the pulses which have been generated by the line camera are evaluated by an evaluation

unit, distinctly different pulses being obtained on the sowing holes, depending on whether no seed
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grain, one seed grain or two seed grains adhere on the sowing hole. Thus the occupancy of each
sowing hole can be directly evaluated after detection, therefore inline.

According to one especially advantageous embodiment of the invention it is provided that
the detection direction and the radiation direction can be arranged at the same angle to the
reflection surface, especially dictated by fasteners of the housing on the sowing heart and the
arrangement of the line camera and the radiation source in the housing. In this way reproducible
exposure of the line camera to the electromagnetic waves which are delivered by the radiation
source and which are reflected on the reflection surface takes place.

By the housing being made tight relative to the environment, especially by its being
sealable onto the sowing heart, the line camera (and also the radiation source) are effectively
protected against dust and/or moisture and/or scattered light. Thus long and consistent operation
can be ensured. According to one development of this invention, it is provided that between the line
camera and the reflection surface there is a disk which transmits the electromagnetic waves,
especially for sealing of the housing relative to the environment. The light refraction which occurs
on the disk can be minimized during passage of the electromagnetic waves and can also be
included in the evaluation. Here it is especially advantageous if the disc consists of a material with
an index of refraction < 1.6, especially < 1.5 (A = 589 nm), preferably of polymethyl methacrylate
(plexiglass). The advantage of polymethyl methacrylate is its elastic properties and induced impact
strength as well as its good thermal properties. The good transmission property relative to light is
especially advantageous. Alternatively, polycarbonate is conceivable as the material as claimed in
the invention.

By the line camera being made to detect occupancy of the sowing holes of the rotating

sowing disc by seed grains, very good conclusions regarding the correct setting of the sowing heart
can be drawn. The setting is dependent especially on the different seeds, but also on the ambient

conditions.

This invention can be implemented especially economically and effectively when the
radiation source is a light source, in particular an LED, preferably a red LED. The use of a colored
LED is especially advantageous because in particular the outside light distance can be optimized in
combination with a corresponding filter.

According to another advantageous embodiment of the invention, between the reflection
surface and the line camera, especially on the line camera, there is a filter which is selective for
electromagnetic waves. Thus the effects of outside light can be further reduced.

29444093.2 2
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An independent invention is a sowing heart for a single-seed drill with a sowing disc which
can be rotated in one direction of rotation R with a plurality of sowing holes which are distributed
concentrically to the sowing disc, for adherence of individual seed grains, especially by negative
pressure, along at least one concentric sowing hole circle, and with a sowing heart monitoring
apparatus described above. By the sowing heart monitoring apparatus being attached on one
peripheral edge of the sowing heart, especially on fasteners for fixing of the sowing heart on the
single-seed drill, the sowing heart monitoring apparatus can be easily and economically integrated
in a space-saving manner. The sowing heart need only be mechanically altered to a minor extent,
specifically in one component region of half of the sowing heart.

Other advantages, features and details of the invention will become apparent from the
following description of preferred exemplary embodiments and using the drawings.

Figures 1a and 1b show perspective views of a single-seed sowing set of a generic single-
seed drill in the direction of travel from obliquely backward (Figure 1a) and from obliquely forward
(Figure 1b),

Figure 2 shows a perspective view of a sowing heart as claimed in the invention,

Figure 3 shows a perspective view of individual parts of the sowing heart as shown in
Figure 2,

Figure 4 shows a cross sectional view through a sowing heart monitoring apparatus as
claimed in the invention and its position relative to a sowing disk of the sowing heart, as shown in
Figure 1,

Figure 5a shows a recording of a section of the sowing disc and

Figure 5b shows an image recorded by the sowing heart monitoring apparatus.

In the figures the same components or components with the same function are identified
with the same reference numbers.

Figures 1a and 1b show a sowing set 1 of a single-seed drill as claimed in the invention
which is attached via an arm 2 to the frame of the single-seed drill. Accordingly the direction of
travel during operation of the single-seed drill is in the direction indicated by the arrow F.

On the arm 2, which allows a pivoting motion, preferably as a vertical movement, by
execution of the arm 2 as a parallelogram, the following are mounted: a sowing heart 3, a tank 4
which is located above the sowing heart 3, a sowing share 5 which is located underneath the
sowing heart 3, and two travelling wheels 6 which are located in front of and behind the sowing

22444093.2 3
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heart 3 in the direction of travel F and which can be pivoted relative to the sowing heart 3. The tank
4 can be closed by way of a cover 4d and can be filled with seed 16 which in turn is routed via a
channel 4k laterally into the sowing heart 3.

The seed 16 Is deposited separated in the sowing heart 3 and via the sowing share 5 into a
furrow in the soil which has been opened by a point 7 of the sowing share 5.

Figure 2 shows a sowing heart 3’ as claimed in the invention which in contrast to the
sowing heart 3 as shown in Figures 1a and 1b has a sowing heart monitoring apparatus 12 on one
region of the sowing heart 3’ which lies forward in the direction of travel F. The sowing heart
monitoring apparatus 12 is located in particular on the periphery of the sowing heart 3’, especially
In the region on which the arm 2 is attached to the sowing heart 3'. '

The sowing hearts 3, 3" have two halves 3.1 and 3.2, one working space 8 which is
surrounded by the two halves 3.1 and 3.2 being divided by a sowing disc 9 into a pressure side 10
and a seed side 11.

On the periphery of the sowing disc 9 sowing holes 15 through which the pressure side 10
and the seed side 11 are connected are distributed (sowing hole circle) concentrically to the
circular sowing disc 9.

The sowing holes 15, depending on the seed 16 which is to be separated, have suitable
diameters which can be in the range from 0.5 mm to 3 mm.

The sowing disc 9 transports the seed 16 by negative pressure adherence of individual
seed grains 16 on the sowing holes 15 by means of rotation of the sowing disk 9 in one direction of
rotation R from the receipt to the discharge of each seed 16.

Ideally each sowing hole 15 accommodates an individual seed grain 16; but in practice this
does not always work 100%. Depending on the seed used and depending on the setting of the
sowing hole 3’ and the travelling speed, it happens that a sowing hole 15 does not pick up any
seed grain 16 or picks up even two seed grains 16. At the corresponding sowing site in the coil this
leads to either no plant growing or two plants growing which cannot be adequately provided with
nutrients and therefore remain underdeveloped.

But it is especially critical if individual sowing sets 1 of a single-seed drill fail completely, for
example due to a malfunction or high level of fouling.

The sowing heart monitoring apparatus 12 is designed to recognize a malfunction early and
moreover optionally to control/ adjust each individual sowing heart 3'.

22444093.2 4
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The sowing heart monitoring apparatus 12 consists of a housing 20 which can be attached
to the sowing heart 3’ for accommodating a line camera 21 and a radiation source 22. The housing
20 protects the line camera 21 and the radiation source 22 against fouling and other ambient
effects. The housing 20 seals the inner cavity of the housing 20 both against dirt and moisture as
well as against light at least on one back side 23 facing away from the sowing disc 9 and on one
top side 24 and one bottom side 25 of the housing.

Within the housing 20 on the back side 23 there is a reinforcement 26 which projects into
the interior for mounting of the line camera and of the radiation source 22. The mounting takes
place via an angle sheet 27 on whose one end the line camera 21 is attached at an angle. On the
other opposite end of the angle sheet 27 the radiation source 22 is attached at an angle. The
radiation source 22 comprises especially one LED and emits light as electromagnetic waves in one
direction of radiation S. After passage through a transmitting disc 28, optionally with minor
refraction, the light is incident largely on a reflection surface 13 of the sowing disc 9 and is reflected
there. The sowing heart monitoring apparatus 12 is located on the seed side 11 so that the
reflection surface 13 is also located on the seed side 11 of the sowing disc 9. The radiation source
as one possible embodiment Can be a LED which emits red light.

The radiation source 22 is angled by means of the angle sheet 27 such that the
electromagnetic waves which have been emitted by the radiation source 22 in the radiation
direction S detect the sowing holes 15 of the sowing disc 9 on the reflection surface 13. The
electromagnetic waves are reflected by the reflection surface 13 in the direction of the line camera
21 which is aligned at the same angle to the radiation source 22 relative to the reflection surface
13, in one detection direction E. The electromagnetic waves are reflected by the reflecting surface
13 differently than from the sowing holes 15. Depending on whether no seed grains, one seed
grain or two seed grains 16 adhere to the detected sowing hole 15, for each case the effect on the
reflected electromagnetic waves is different. The reflected electromagnetic waves are detected by
the line camera 21 and by an evaluation unit which is not shown and which sits either in the line
camera 21 or which can be located connected via a line to the line camera 21 for example in a
central computer in the cab of the tractor. The evaluation unit evaluates the signals which have
been acquired by the line camera 21 based on the different electromagnetic waves. In this case it
can be advantageous to detect only contrasts since the smooth metallic sowing disc 9 as an ideal
reflection surface 13 has a contrast value which is very different from the sowing holes 15 and

seed grains 16.

224440932 5
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Figure 5a shows a recording of seed grains 16 (here parsley seeds) which adhere to the
sowing holes 15 of the sowing disc 9. On the sowing hole 15 which is imaged in the middie two
seed grains 16 are held, while on the sowing hole 15 which is located to the right of it one seed
grain 16 adheres.

The line camera 21 acquires an image which is shown in Figure 5b, which consists only of
contrast values and which can be easily evaluated by the evaluation unit. During evaluation, based
on the contrast values it is distinguished between the sowing disc and the seed grains or the
sowing hole, and the area of the dark objects (i.e. seed grains or sowing hole) is determined. For
two seed grains 16 compared to one seed grain 16 the area is much larger and the latter is in turn
much larger than the area of a sowing hole 15 which is not occupied. In addition to the evaluation
of the area, also other features such as for example the eccentricity or compactness can be used
to distinguish between the sowing hole, one seed grain, and two seed grains.

The line camera 21 continuously measures the contrast values of one section of the sowing
disc 9 which is rotating past in the region of the sowing holes 15 and for each sowing hole 15 there
IS a rise of the contrast values, depending on whether the sowing hole 15 is not occupied, is
occupied by one seed grain or is occupied by two seed grains 16.

The evaluation unit in the region of each sowing hole 15 forms one analytical entity for the
statistical evaluation. Since each seed grain (see Figure 5a) can have a different alignment relative
to the line camera 21 and the seed grains 16 can be different, for the cases of adherence of one
seed grain 16 or two seed grains 16 there is a more or less large deviation (depending on the
seed) in the acquired values. To the extent no seed grain 16 is adhering to the detected sowing
hole 15, the deviation is very small since the fabrication precision of the sowing holes 15 is
relatively high. A noteworthy deviation arises in any case by adhering dirt.

In the statistical evaluation of the areas or other features of the detected objects it is
advantageous to leave extreme values ignored. Then the average of the analytical entity can be
formed. Depending on the different seed-stored values and determined standard deviations,
boundary values can be stored in the evaluation unit which correspond especially to twice to three
times the standard deviation. In this way the values which have been determined for each basic
entity can be assigned by the evaluation unit to one of the three cases no occupancy, one seed
grain 16 or two seed grains 16.

- The disc 28 is one part of the housing 20 and it seals the interior of the housing 20 relative
to the vicinity. The disc 28 is aligned parallel to the reflection surface 13 and is formed preterably

22444093.2 6
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from plexiglass. The line camera 21 can be adjusted such that with increasing fouling or other
change of the properties of the disc 28 the exposure time of the line camera 21 or the radiation
output emitted from the light source is automatically increased. To the extent the integration time or
radiation output cannot be further increased, an error message can be output so that the disk 28

A A WO N =

can be cleaned or replaced.

According to one preferred embodiment, the radiation source 22 emits red light in the
radiation direction S, especially by providing a red LED. The electromagnetic waves which have
been reflected on the reflection surface 13 are filtered by a filter which is attached to the line
camera 21 so that in spite of the housing 20, outside light which may be penetrating via the disc 28
10  has the smallest possible effect on the evaluation.

O 00 N O

11 The sowing monitoring apparatus is attached to half 3.2 via fasteners 29 (here wing nuts).

22444093.2 7/
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Claims

1. A sowing heart monitoring apparatus for connection to a sowing heart and for monitoring of '

the sowing heart with
a line camera with one detection direction,

a housing which can be attached to the sowing heart for accommodating the line camera
and

a radiation source for generating electromagnetic waves which can be detected by the line
camera with one radiation direction,

the sowing heart monitoring apparatus being made such that electromagnetic waves which '

have been generated by the radiation source can be detected by the line camera after reflection on

one reflection surface of a rotating sowing disc of the sowing heart and can be evaluated by an
evaluation unit,

2. The sowing heart monitoring apparatus as claimed in Claim 1, wherein the detection
direction and the radiation direction can be arranged at the same angle to the reflection surface,

especially dictated by fasteners of the housing on the sowing heart and the arrangement of the line
camera and. the radiation source in the housing.

3. The sdwing heart monitoring apparatus as claimed in Claim 1 or Claim 2, wherein the

housing is made tight relative to the environment, especially is sealable onto the sowing heart.

4. The sowing heart monitoring apparatus as claimed in any one of Claims 1 to 3, wherein
between the line camera and the reflection surface there is a disk which transmits the

electromagnetic waves, especially for sealing of the housing relative to the environment.

5. The sowing heart monitoring apparatus as claimed in any one of Claims 1 to 4, wherein the

ine camera is made to detect a movement of the sowing holes of the rotating sowing disc with
seed grains. '

6. The sowing heart monitoring apparatus as claimed in any one of Claims 1 to 5, wherein the
radiation source Is a light source.

/. The sowing heart monitoring apparatus as claimed in claim 6, wherein the light source is an
LED

22728245.1
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3. The sowing heart monitoring apparatus as claimed in claim 7, wherein the LED Is a red
LED.
0. The sowing heart monitoring apparatus as claimed in any one of Claims 1 to 8, wherein

between the reflection surface and the line camera, especially on the line camera, there is a filter
which is selective for the electromagnetic waves.

10. A sowing heart for a single-seed drill with

a sowing disc which can be rotated in one direction of rotation with a plurality of sowing
holes which are distributed concentrically to the sowing disc, for adherence of individual seed

grains along at least one concentric sowing hole circle and

a sowing heart monitoring apparatus according to any one of Claims 1to /.

11. The sowing heart as claimed in Ciaim 10, in which the sowing heart monitoring apparatus 1s

attached on one peripheral edge of the sowing heart, especially on fasteners for fixing of the
sowing heart on the single-seed drill. '

12. A single-seed drill with a sowing heart as claimed in Claim 10 or Claim 11.

10
22728245.1
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