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The Invention relates to a measuring arrangement for spectroscopic examination and throughput acquisition of a crop flow, having:
a spectrometer (80a, 80b, 80c, 80d, 80e) which comprises a light source (86), a window (84), a dispersive element (90) and a

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - C]

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~

PO 191



CA 2683211 C 2017/04/18

anen 2 683 211
(13) C

(57) Abrege(suite)/Abstract(continued):

detector (92), the light source (86) illuminating the crop flow during operation through the window (84), and light reflected by the
crop flow coming through the window (84) onto the dispersive element (90), which deflects it onto the detector (92) in different
directions as a function of wavelength, a throughput-determining device (66) cooperating with the crop flow, and a recording
device (98) for recording the measured values of the spectrometer (80a, 80b, 80c, 80d, 80e) and of the throughput determining
device (66). It Is proposed that the throughput determining device (66) and the spectrometer (80a, 80b, 80c, 80d, 80e) are
arranged In the direct spatial vicinity of one another.



CA 02683211 2009-10-16

Abstract

The 1invention relates to a measuring arrangement for
spectroscopic examination and throughput acquisition of a
crop flow, having:

a spectrometer (80a, 80b, 80c, 80d, 80e) which
comprises a light source (86), a window (84), a dispersive
element (90) and a detector (92), the 1light source (86)
1lluminating the crop flow during operation through the
window (84), and light reflected by the crop flow coming
through the window (84) onto the dispersive element (90),
which deflects i1t onto the detector (92) 1in different
directions as a function of wavelength,

a throughput-determining device (66) cooperating with
the crop flow, and

a recording device (98) for recording the measured
values of the spectrometer (80a, 80b, 80c, 80d, 80e) and of
the throughput determining device (66).

It is proposed that the throughput determining device
(66) and the spectrometer (80a, 80b, 80c¢c, 80d, 8Q0e) are

arranged in the direct spatial vicinity of one another.
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Measuring arrangement for spectroscopic examination and

throughput acquisition of a crop flow

Description

The invention relates to a measuring arrangement for
spectroscopic examination and throughput acquisition of a
crop flow, having:

a spectrometer which comprises a light source, a
window, a dispersive element and a detector, the 1light
source illuminating the crop flow during operation through
the window, and 1light reflected by the crop flow coming
through the window onto the dispersive element, which
deflects it onto the detector in different directions as a
function of wavelength,

a throughput-determining device cooperating with the
crop flow, and

a recording device for recording the measured values of

the spectrometer and of the throughput determining device.

Prior art

There is a need in the case of agricultural harvesting
machines to acquire the throughput from a field of harvested
crop, in order, for example, to document it for accounting
purposes or for applications in precision agriculture. The
throughput is usually measured by baffle plates which are
arranged next to the crop flow and give way against the
force of a spring owing to the impacting crop flow. The
position of the baffle plate depends on the mass throughput
(that is to say the mass transported in the crop flow per
unit time), and 1is acquired by means of a sensor whose

signal is preferably recorded with reference to location. In
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the case of combine harvesters, such baffle plates are
usually arranged at the outlet of the grain elevator, which
conveys the grain upwards before being cleaned, inside a
transitional housing from which it 1s brought into the grain
tank by means of a screw conveyor (see EP 0 208 025 Al).
EP 1 305 994 Al ©proposes fitting a capacitive moisture
sensor directly below the baffle plate.

In addition, various spectroscopic measuring devices
have been described 1in the prior art which are used in
agriculture 1n order, for example, to classify crop
material. DE 199 22 867 Al describes a spectroscopilc
measuring device for agricultural harvesting machines which
comprises a light source for the purpose of i1irradiating the
crop with light. Light reflected by the sample is deflected
in a spectrometer by a dispersive element, for example a
grating or a prism, 1n different directions dependent on the
wavelength. Detector elements receive the 1light, Nnow
assigned known wavelengths, the wavelengths of which 1light
lie i1n the visible wavelength region or 1in the near infrared
region. The output signals of the detector elements are fed
to an evaluation device which uses the measured spectra to
calculate specific parameters and proportions of materials
contained in the sample. The measuring device 1s fitted
directly next to the crop flow on a discharge device of the
harvesting machine, while the volume of the crop is acquired
by a sensor which acquires the distance between dandy
rollers.

US 5 751 421 A1 and US 5 092 819 Al describe combine
harvesters having a measuring device Tfor spectroscopic
examination or acquisition of materials contained 1in the

crop, which are arranged at the outlet of the grain elevator

and cooperate there with the crop.
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Whereas in the case of the measuring devices according
to US 5 751 421 Al and US 5 092 819 Al Nno continuous
acquisition of the crop throughput i1is provided, and the
measuring arrangements described in EP 0 208 025 Al and
EP 1 305 994 Al permit no spectroscopic examination of the
CYrop, the measuring arrangement in accordance with
DE 199 22 867 Al is subject to the disadvantage that there
is a time offset between the acquisition of the throughput
at the dandy rollers and the spectroscopic examination ot
the same crop. The assignment of the spectra to the
throughput measured values 1s therefore problematic and
would require a precise acquisition of the current conveying
speed through the harvesting machine in addition to a high
computational ocutlay.

The object on which the invention is based 1s to be
seen as the provision of a measuring arrangement, improved
by coinparison with 'the prior art, for spectroscopic
examination and throughput acquisition of a crop flow which
enables in a simple way an improved temporal correlation
between the acguisition of the throughput measured values

and the recording of the spectra of the same Crop.

Achievement of the object

This object is achieved in accordance with a measuring
arrangement for spectroscopic examination and throughput
acquisition of a crop flow, having: a spectrometer which
comprises a light source, a window, a dispersive element and
a detector, the 1light source illuminating the crop flow
during operation through the window, and light reflected Dby

the crop flow coming through the window onto the dispersive
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element, which deflects it onto the detector in different
directions as a function of wavelength, a throughput-
determining device cooperating with the crop flow, and a
recording device for recording measured values of the
spectrometer and of the throughput determining device,
characterized in that the throughput determining device and
the spectrometer are arranged in the direct spatial wviclnity

of one another.

The measuring arrangement comprises a spectrometer for
determining the materials contained in the crop flow, which

spectrometer 1s equipped with a 1light source which
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illuminates the crop flow through a window during the
measurement operation. The spectrometer further comprises a
dispersive element, for example a prism, a grating or a
slit, which reflects 1in a spectrally decomposed fashion,
that 1s to say 1n different directions as a function of the
respective wavelength, 1light reflected by the crop flow,
originating from the 1light source and re-entering through
the window. A detector having a multiplicity of
photosensitive elements, for example photodiodes or CCDs,
receives the dispersed 1light. Since the position of the
respective element of the detector can be assigned to a
wavelength, the spectrometer supplies spectra of the sample
which, with the aid of calibration data, can be used in a
suitable electronic evaluation device to determine the
materials contained 1in the c¢crop flow. Moreover, the
measuring device comprises a throughput-determining device
which cooperates, preferably mechanically, with the crop in
order to determine the respective (volume and/or mass)
throughput per unit time. The throughput-determining device
and the spectrometer are connected to a recording device
which records or stores the measured values both of the
throughput determining device and of the spectrometer during
operation. The throughput determining device and the
spectrometer are arranged in the direct spatial vicinity of
one another.

In this way, the measured values of the throughput
determining device and of the spectrometer can be assigned
with adequate accuracy to the same crop. The temporal
correlation of the two measured values 1s therefore
substantially improved. The measured values can be recorded

for accounting purposes, for example to determine the
commercial wvalue of the crop with the aid of the quantity

and the content of specific materials contained, such as
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proteins, or for the purposes of precision agriculture, in
particular in order to be able to carry out 1in a fashion
specific to location subsequent fertilizing with the aid of
the vield of the crop and of the materials contained
therein. Moreover, the measured values can be used for the
automatic setting of components of the harvesting machine,
since, for example, the spectra of the spectrometer can be
used to detect possible contaminations, and this in turn can
be used to improve the setting of the cleaning of a combine
harvester.

In one embodiment of the i1invention, the throughput
determining device comprises a movably supported,
prestressed Dbaffle plate against which the c¢rop flow
bounces. The deflection of the baffle plate against the
prestressing provided as a rule by means of a spring depends
on the mass throughput and 1s acguired by means of a
position sensor. However, 1t would also be conceivable to
use the throughput-determining device to acquire the volume
throughput for example by means of a plate which can be
moved transverse to the flow direction, or a roller which is
prestressed agalinst the crop flow and 1s moved by it, while
the spectrometer cooperates through a window i1n the plate
with the crop or 1is arranged inside the roller and
cooperates with the crop through an annular window 1n the
roller. The throughput determining device could also
determine the volume of the crop optically (instead of
mechanically), compare DE 10 2008 017 671 Al and the
references quoted there.

The spectrometer can be arranged directly upstream or
downstream of the throughput determining device with
reference to the flow direction of the crop flow, or 1its
window is arranged inside an opening in the baffle plate of

the throughput determining device. In the last named case,
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the entire spectrometer can move together with the baffle
plate when the 1latter is deflected by the crop, or the
actual spectrometer, with the exception of the window, 1s
stationary, while only the window moves with the baffle
plate. The actual spectrometer, except for the window, that
is to say the light source, the dispersive element and the
detector, can also be located inside a common housing with
the position sensor of the throughput determining device.

The inventive measuring arrangement can be used on any
desired harvesting machines, such as self-propelled,
attached or trailed balers, forage harvesters or combine
harvesters. A preferred fitting position 1in the case of
combine harvesters is at the outlet of an elevator for clean

grain inside a transitional housing.

Exemplary embodiments

Five exemplary embodiments of the invention that are
described 1in more detail below are illustrated 1in the
drawings, 1n which:

Figure 1 shows a diagrammatic side view  of a
harvesting machine having an inventive measurling arrangement
for spectroscopic examination and for determining the
throughput of a crop flow, two embodiments being provided
with regard to the fitting of the spectrometer,

Figure 2 shows an enlarged side view of the outlet
region of the grain elevator of the harvesting machine from
Figure 1,

Figure 3 shows an enlarged side view of the outlet
region of the grain elevator of the harvesting machine from

Figure 1 with a third embodiment of an inventive measuring

arrangement, and
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Figure 4 shows an enlarged side view of the outlet
region of the grain elevator of the harvesting machine from
Figure 1 with a fourth embodiment of an i1nventive measuring
arrangement, and

Figure 5 shows an enlarged side view o0f the outlet
region of the grain elevator of the harvesting machine from
Figure 1 with a fifth embodiment of an inventive measuring
arrangement.

Figure 1 shows a self-propelled agricultural harvesting
machine 10 in the form of a combine harvester having a frame
12 on both sides of which there are fitted front wheels 14
which make contact with the ground and serve to drive the
harvesting machine 10 forwards in a forward direction (to
the right in Figure 1), as well as rear, steerable wheels
16. The operation of the harvesting machine 10 1s controlled
from the operator cabin 18. In the harvesting mode, a
cutting unit 20 is used to harvest crop containing grain and
to feed 1t to an 1inclined conveyor 22. The harvested
material 1s fed by the inclined conveyor 22 to a feeder drum
24 which feeds the crop to an axial crop processing device
26. Directional information, such as in front and at the
rear, relates in the following text to the forward direction
of the harvesting machine 10.

The crop processing device 26 comprises a rotor housing
and a rotor arranged therein and on which material
processing elements are fastened. Instead of an axial crop
processing unit 26, it 1s also possible to use a tangential
threshing drum and, following therefrom, an axial separating
device or straw shaker. Grain and chaff, which fall through
a threshing basket and a separating grate, are fed to a
cleaning system 28 having a fan and lamellar sifters which
can be set vibrating. The cleaning system 28 removes the

chaff and leads the clean grain via a screw conveyor 30 to
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an elevator 32 for clean grain, which conveys the c¢lean
grain 1into a transitional housing 34 from which 1t 1s
conveved into a grain tank 38 by means of a further screw
conveyor 36. The clean grain i1in the grain tank 38 can be
discharged by a discharge screw conveyor 40 onto a grain
wagon, trailer or lorry. Threshed straw which has left the
crop processing device 26 1s ejected through an outlet from
the crop processing device 26 and fed to an ejection drum 42
which ejects the straw rearwards or feeds 1t to a straw
chopper (not shown).

Figure 2 shows the transitional housing 34 1i1n an
enlarged illustration. The elevator 32 1s designed as a
paddle conveyor and comprises one or more chains 44 which
circulate around an upper deflection wheel 46 and a lower
deflection wheel 48 of which one is driven. The chailn 44
supports a plurality of blade-shaped paddles 50 which
deliver approximately horizontally above the upper
deflection wheel 46 the grain conveyed upwards thereto. The
transitional housing 34 comprises a trough 52 1in which the
inlet of the further screw conveyor 36 is located, and which
is bounded by a wall 54 downwards and towards the elevator
32. The lateral part of the wall 54 is connected by a roof-
shaped portion 62 to a rear wall 56 of a housing of the
elevator 32 which is enclosed at the front by a front wall
58. The front wall 58 merges in a curved fashion at its top
side into a cover 60 of the transitional housing 34. On the
side situated opposite the outlet of the elevator 32, the
transitional housing 34 is bounded upwards and to the front
by a concavely curved baffle plate 64 of a throughput-
determining device 66 against which the grain ejected by the
elevator 32 bounces.

The throughput-determining device 66 furthermore

comprises a housing 68 which is positioned on the outside of

8
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the baffle plate 64 and of the transitional housing 34 and
is rigidly connected to the frame 12. A plate 70 1is
displaceably supported in the housing 68 by guides 72 in a
direction running obliquely upwards and forwards. The plate
70 1s rigidly connected by a tube 74 to the baffle plate 64
and can move with the baffle plate 64 and the tube 74 in
relation to the housing 68. A spring 76 prestresses the
plate 70 downwards and to the rear such that the plate 70 1is
moved upwards and forwards against the force of the spring
76 by grain striking the baffle plate 64. A position sensor
78 in the form of a potentiometer acquires the position of
the plate 70 and therefore of the baffle plate 64 such that
its output signal 1s a measure of the mass throughput of the
crop flow delivered by the elevator 32.

Furthermore, spectrometers 80a, 80b are illustrated in
Figures 1 and 2 in two different positions. As a rule, only
one of the spectrometers 80a or 80b i1s 1installed. The two
1l]lustrated spectrometers 80a, 80b serve to demonstrate the
two positioning options. The spectrometers 80a, 80b are of
an identical design which i1s discussed below with the aid of
the spectrometer 80a. The spectrometer 80a comprises a
housing 82 with an opening 1in which there 1s arranged a
window 84 whose pane preferably consists of sapphire glass
or another adequately wear resistant material which 1is
sufficiently transparent 1n the wavelength region to be
examined. Located inside the housing 82 i1s a light source 86
which, through the window 84, shines on the crop flow
delivered by the elevator 32 a broadband, so-called white
light which covers the near infrared region, as a rule.
Through the window 84, light reflected by the crop flow re-

enters the housing 82, 1s guided there by a lens system 88
onto a dispersive element 90 in the form of a concave mirror

having a grating structure, which is provided on 1its

9
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underside and deflects the light in directions dependent on
the wavelength, and finally reaches a detector 92 having a
row of photosensitive elements which output signals
dependent on the intensity of the received 1light. An
evaluation device 94 connected to the detectot 92 evaluates

the output signals of the detector 92 and supplies spectra

and/or information derived therefrom, for example fractions
of materials contained in the crop flow. Suitable
spectrometers are described 1in DE 199 22 867 Al, and in

DE 10 2004 048 103 Al.

The spectrometer 80a is arranged above the cover 60 ot
the transitional housing 34, the window 84 Dbeing located
inside an opening in a ramp 96 which is arranged directly
upstream of the baffle plate 64. The ramp 96 serves the
purpose of directing the crop flow delivered by the elevator
32 onto the Dbaffle plate 64 and, 1in particular, of
preventing grain at the front edge, with reference to the
crop flow, of the baffle plate 64 from undesirably reaching
the outside thereof. Owing to a setting of the ramp 96 and
of the window 84 about a relatively small angle, which can
be between 3 and 5°, for example, the mass flow of the crop
gives rise to a self-cleaning function of the glazing or
pane cf the window 84 of the spectrometer 80a. The effect of
this 1s to counteract contamination and/or accumulation of
deposits of crop residues or other dirt particles on the
pane of the window 84.

By contrast, the spectrometer 80b is arranged at that
end of the baffle plate 64 which lies downstream, the window
84 extending obliquely downwards and rearwards towards the

middle of the trough 52. The windows 84 of the two
spectrometers 80a, 80b are bathed by the crop flow such that

10
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possible contaminants are entrained and do not adhere to the
windows 84.

Via a bus system or an assigned cable or wvia radio or
optically, the evaluation device 94 of the spectrometer 80a
or 80b and the position sensor 78 of the throughput-
determining device 66 are connected to a recording device 98
which is located in the operator cabin 18, compare Figure 1.
The recording device 98 1is furthermore connected to a
position-determining device 100 in the form of an antenna,
and to receiving devices for receiving and processing
signals from a satellite-based position-determining system,
for example GPS or Glonass or Eureka. The signals of the
evaluation device 94 of the spectrometer 80a or 80b and ot
the position sensor 78 of the throughput determining device
66 are therefore recorded by the recording device 98 in geo-
referenced fashion, 1in order to be able to use them later
for accounting purposes or for use in precision agriculture.
However, these signals can be used for automatically setting
components of the harvesting machine 10, for example to set
the fan speed and sifter aperture of the cleaning system 28,
or the speed of the axial crop-processing device 26. The
fitting of the spectrometer(s) 80a and/or 80b and of the
throughput-determining device 66 directly next to one
another has the advantage that in each case measured values
of the same crop are acquired, that 1s to say that the
temporal correlation of the measured values 1s very good.

Reference is now made to Figure 3, 1n which there 1is
illustrated a further option for fitting a spectrometer 80c.
Elements similar to the embodiment according to Figures 1
and 2 are provided with the same reference symbols. The

housing 82 of the spectrometer 80c¢ i1s here rigidly connected
to the frame 12 of the harvesting machine 10, while the

window 84 is recessed rigidly into the upper region of the

11
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baffle plate 64, which still extends approximately
horizontally. Since the baffle plate 64 moves in relation to
the frame 12 1in the harvesting mode, a movement 1s also
provided between a lower connecting piece 102 of the housing
82 and the window 84 through which the light passes from the
housing 82 to the window 84, and vice versa. The connecting
piece 102 can also be partially or completely of flexible
design, for example designed as a bellows, and be rigidly
connected to the edge of the window 84.

The measuring arrangement 1llustrated 1in Figure 4
corresponds substantially to the embodiment according to
Figure 3, but the housing 82 of the spectrometer 80d 1is
rigidly connected via the connecting piece 102 to the edge
of the window 84 and therefore moves together with the
baffle plate 64. The housing 82 of the spectrometer 80d 1is,
furthermore, supported by bearings 104 on the frame 12 of
the harvesting machine 10, and said bearings enable the
housing 82 to track the movement of the baffle plate 64 by
enabling a vertical movement of the housing 82 by means of
ball bearings and a swivelling movement of the housing by
prism bearings.

Illustrated in Figure 5 1s a fifth embodiment, 1i1n the
case of which elements corresponding to the preceding
embodiments have been provided with the same reference
symbols. The essential difference from the preceding
embodiments resides 1n the fact that the light source, the
dispersive element and the detector of the spectrometer 80e,
on the one hand, and the position sensor 72 and the spring
76 of the throughput-determining device 66, on the other
hand, are arranged 1inside a common housing 82 which 1is
fastened 1in a stationary fashion on the frame 12 of the
harvesting machine 10. The window 84 1s located in the

region below the maximum curvature of the baffle plate 64

12
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and 1s mounted fixedly on the baffle plate 64 1n a
corresponding segment of the same. The baffle plate 64 is
connected via a tube 74 to a ring 106 which is prestressed
by springs 76 1n the direction of the crop flow and is
displaceably supported in guides 72. The position of the
ring 106 in its direction of displacement is acquired by
means of the position sensor 72, in a way similar to the
embodiment in accordance with Figure 2. Also accommodated in
the housing 82 are the light source 86, the lens system 88,
the dispersive element 90 and the detector 92 of the
spectrometer 80e, as well as 1ts evaluation device 94. The
operating principles of the measuring arrangements according

to Figures 3 to 5 correspond to those of the measuring

arrangement according to Figures 1 and 2.
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CLATMS:

1. Measuring arrangement for spectroscopic examination and
throughput acguisition of a crop flow, having:
a spectrometer which comprises a light source, a window,

a dispersive element and a detector, the 1light source

illuminating the crop flow during operation through the
window, and light reflected by the crop flow coming through
the window onto the dispersive element, which deflects 1t onto
the detector in different directions as a function of
wavelength,

a throughput-determining device cooperating with the crop

flow, and

a recording device for recording measured values of the

spectrometer and of the throughput determining device,
characterized in that the throughput determining device

and the spectrometer are arranged in the direct spatial

vicinity of one another.

2. Measuring arrangement according to claim 1, characterized
in that the throughput determining device comprises a movable,

prestressed baffle plate against which the crop flow Dbounces

during operation and whose position can be acquired by means

of a position sensor.

3. Measuring arrangement according to claim 1 or 2,

characterized in that with reference to the crop flow the

spectrometer 1s arranged directly upstream Or directly

14
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downstream of the throughput determining device or inside an

opening 1n the throughput-determining device.

4, Measuring arrangement according to claim 2, characterized
in that the window of the spectrometer 1s fixed inside the
baffle plate, and in that the 1light source, the dispersive
element and the detector are connected in a stationary fashion
and therefore movably relative to the baffle plate, or rigidly
to the baffle plate.

5. Measuring arrangement according to claim 2, characterized
in that the 1light source, the dispersive element and the
detector of the spectrometer are arranged inside a housing 1n

which the position sensor of the throughput-determining device

1s also located.

6. Measuring arrangement according to any one of claims 1 to
5. characterized in that the recording device 1s connected to
a position-determining device and can be operated to record
the measured values of the spectrometer and of the throughput-

determining device with reference to location.

7 . Harvesting machine = having a measuring arrangement

according to any one of claims 1 to 6.

15
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8 . Harvesting machine according to claim 7, characterized in
that the harvesting machine 1s a combine-harvester with an
elevator which, during harvesting operation, transports clean
grain from a cleaning system into a transitional housing from
which the grain i1s conveyed into a grain tank, and in that the
measuring arrangement 1s positioned 1n the transitional

housing opposite the outlet of the grain elevator.
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