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(54) CONTROL SYSTEM FOR A MOWER CONDITIONER IMPLEMENT

(57) A mower conditioner implement (20) includes a
cutting system (24) for cutting crop material, and a crop
conditioning system (26) for receiving the cut crop ma-
terial from the cutting system (24) and conditioning the
cut crop material to facilitate drying. An image sensor
(44) senses an image of the cut crop material. The image
includes a color spectrum of the cut crop material from
reflected light emitted from a light source (48). A com-

puting device (54) compares the color spectrum of the
image to a calibrated color measurement (62) to deter-
mine an ash content in the cut crop material, and/or a
degree of stem conditioning of the cut crop material. The
computing device (54) may then communicate the results
to an operator, and/or adjust the cutting system (24) or
the crop conditioning system (26) based on the ash con-
tent or the degree of stem conditioning.
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Description

TECHNICAL FIELD

[0001] The disclosure generally relates to a mower
conditioner implement for cutting and conditioning crop
material.

BACKGROUND

[0002] A mower conditioner implement is coupled to
an agricultural machine, and is used to cut and condition
crop material, such as but not limited to hay and forage.
The mower conditioner implement may be attached to a
forward end of the agricultural machine, such as a win-
drower, which pushes the mower conditioner implement.
In other embodiments, the mower conditioner implement
may be attached to a rearward end of the agricultural
machine, such as a tractor, which pulls the mower con-
ditioner implement.
[0003] The mower conditioner implement includes a
cutting system that cuts standing crop material in a field,
and a crop conditioning system that conditions the cut
crop material. The cutting system cuts the crop material
at a cutting height relative to the ground surface. If the
cutting height is too low, or the angle of the mower con-
ditioner implement is not properly set, ash may be drawn
into the cut crop material. The ash has no nutritional val-
ue. As such, excessive amounts of ash in the cut crop
material may negatively affect the nutritional value of the
crop material. However, if the cutting height is set too
high, portions of the crop material remain uncut, and are
wasted.
[0004] As used herein, "crop conditioning", "stem con-
ditioning", and/or "condition crop material" includes
processing the cut crop material to bend, crimp, abrade,
and/or crack open stem and stalk portions of the cut crop
material, and/or at least partially remove a wax material
from the cut crop material, to accelerate the release of
moisture from the cut crop material and reduce dry-down
time of the crop material. The degree or amount of stem
conditioning affects the dry-down time. However, overly
conditioned crop material may decrease the nutritional
content of the crop material. Accordingly, it is desirable
to set or position the mower conditioner implement to
reduce ash content in the cut crop material, while opti-
mizing harvest and conditioning of the cut crop material
to an optimal level for dry-down time and nutritional con-
tent.

SUMMARY

[0005] A mower conditioner implement is provided.
The mower conditioner implement includes a cutting sys-
tem and a crop conditioning system. The cutting system
is operable to cut crop material. The crop conditioning
system is operable to receive the cut crop material from
the cutting system, and condition the cut crop material

to facilitate crop drying and reduce crop dry-down time.
The mower conditioner implement further includes an im-
age sensor and a computing device. The image sensor
is positioned sense an image of the crop material. The
image includes a color spectrum of the cut crop material.
The computing device includes a processor and a mem-
ory having a crop analysis algorithm stored thereon. The
processor is operable to execute the crop analysis algo-
rithm to compare the color spectrum of the image to a
calibrated color measurement, in order to determine at
least one of an ash content in the cut crop material or a
degree of stem conditioning of the cut crop material. The
computing device may then adjust at least one of the
cutting system or the crop conditioning system based on
at least one of the determined ash content or the deter-
mined degree of stem conditioning.
[0006] In one aspect of the disclosure, a light source
is associated with the image sensor. The light source is
operable to emit light immediately prior to the image sen-
sor sensing the image of the cut crop material. The color
spectrum of the image includes reflected light emitted
from the light source. The calibrated color measurement
is calibrated to correlate different colors of the color spec-
trum of the image to different crop characteristics, such
as different ash content and/or different degrees of crop
conditioning.
[0007] In one aspect of the disclosure, the image sen-
sor is disposed downstream of the crop conditioning sys-
tem relative to a direction of movement of the cut crop
material. The image sensed by the image sensor may
be considered a post-conditioned image of the cut crop
material that has been discharged from the crop condi-
tioning system.
[0008] In another aspect of the disclosure, the mower
conditioner implement may include a second image sen-
sor. The second image sensor may be disposed down-
stream of the cutting system and upstream of the crop
conditioning system, relative to the direction of move-
ment of the cut crop material. The second image sensor
is operable to sense a pre-conditioned image having a
color spectrum of the cut crop material discharged from
the cutting system, and prior to entering the crop condi-
tioning system.
[0009] In another aspect of the disclosure, the mowing
implement may include a second light source associated
with the second image sensor. The second light source
is operable to emit light immediately prior to the second
image sensor sensing the pre-conditioned image. The
color spectrum of the pre-conditioned image includes re-
flected light emitted from the second light source.
[0010] In one aspect of the disclosure, the first light
source and the second light source may be a single light
source arranged to emit light for both the light sensor and
the second light sensor. Alternatively, the first light source
and the second light source may be separate and inde-
pendent of each other.
[0011] In one aspect of the disclosure, the processor
is operable to execute the crop analysis algorithm to de-
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termine a color difference between the color spectrum of
the pre-conditioned image and the color spectrum of the
post-conditioned image. The processor may then com-
pare the color difference to the calibrated color measure-
ment to determine the at least one of the ash content of
the cut crop material or the degree of stem conditioning
of the cut crop material.
[0012] In one aspect of the disclosure, the processor
is operable to execute the crop analysis algorithm to as-
sociate at least one of the pre-conditioned image and the
post-conditioned image with data related to the location,
date, and time that the pre-conditioned image and the
post-conditioned image were sensed respectively, to de-
fine a geo-referenced data set. The computing device
may then communicate the geo-referenced data set to a
remote data storage system.
[0013] In one aspect of the disclosure, each of the im-
age sensor and the second image sensor may include
at least one of a near-infrared sensor or a red-green-blue
color sensor.
[0014] In one aspect of the disclosure, the processor
is operable to execute the crop analysis algorithm to com-
pare the determined ash content to a maximum allowable
ash threshold in order to determine if the determined ash
content is less than or equal to the maximum allowable
ash threshold, or if the determined ash content is greater
than the maximum allowable ash threshold. When the
determined ash content is greater than the maximum al-
lowable ash threshold, the computing device may control
a cut height of the cutting system relative to a ground
surface, and/or control a cutting speed of the cutting sys-
tem, in order to reduce the ash content.
[0015] In one aspect of the disclosure, based on the
determined degree of stem conditioning, the processor
is operable to execute the crop analysis algorithm to con-
trol a conditioning speed of the crop conditioning system,
control a conditioning pressure of the crop conditioning
system, and/or generate and communicate a signal to a
communicator. The signal indicates the determined ash
content or the determined degree of crop conditioning.
The communicator may include, but is not limited to, a
visual display, an indicator light, or an audio output de-
vice.
[0016] The above features and advantages and other
features and advantages of the present teachings are
readily apparent from the following detailed description
of the best modes for carrying out the teachings when
taken in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

FIG. 1 is a schematic perspective view of a self-pro-
pelled windrower including a mower conditioner im-
plement.
FIG. 2 is a schematic side cross sectional view of
the mower-conditioner implement.

DETAILED DESCRIPTION

[0018] Those having ordinary skill in the art will recog-
nize that terms such as "above," "below," "upward,"
"downward," "top," "bottom," etc., are used descriptively
for the figures, and do not represent limitations on the
scope of the disclosure, as defined by the appended
claims. Furthermore, the teachings may be described
herein in terms of functional and/or logical block compo-
nents and/or various processing steps. It should be re-
alized that such block components may be comprised of
any number of hardware, software, and/or firmware com-
ponents configured to perform the specified functions.
[0019] Terms of degree, such as "substantially" or "ap-
proximately" are understood by those of ordinary skill to
refer to reasonable ranges outside of the given value, for
example, general tolerances associated with manufac-
turing, assembly, and use of the described embodiments.
[0020] Referring to the Figures, wherein like numerals
indicate corresponding parts throughout the several
views, a mower conditioner implement is generally
shown at 20. The example embodiment of the mower
conditioner implement 20 shown in the Figures is config-
ured for mounting to a forward end of an agricultural ve-
hicle 22, such as a self-propelled windrower. However,
it should be appreciated that the teachings of this disclo-
sure may be applied to other platforms, such as but not
limited to, the mower conditioner implement 20 being
configured for connection to a conventional tractor, i.e.,
wherein the mower conditioner implement 20 is drawn
behind the tractor or attached to a forward end of a con-
ventional agricultural tractor.
[0021] The mower conditioner implement 20 includes
a cutting system 24 that is operable to mow and collect
standing crop material in a field, and a crop conditioning
system 26 that is operable to condition cut crop material
38 as it moves through the mower conditioner implement
20 to improve its drying characteristics. The crop material
may include, but is not limited to, alfalfa, grass, alfalfa
grass mix, timothy, or other forages.
[0022] Referring to FIG. 2, the mower conditioner im-
plement 20 includes a frame 28. The frame 28 may in-
clude, but is not limited to, the various members, panels,
supports, braces, beams, etc., necessary to support the
various components and systems of the mower condi-
tioner implement 20 as described below. In one embod-
iment, the frame 28 may be attached to a forward end of
the agricultural vehicle 22. In other embodiments, the
frame 28 may be attached to the agricultural vehicle 22
with a drawbar and drawn behind the agricultural vehicle
22.
[0023] The cutting system 24 is coupled to the frame
28 and is operable to cut standing crop material in a field.
The cutting system 24 may include any mechanism that
is capable of cutting the crop material. As shown in the
Figures, the cutting system 24 is embodied as a rotary
disc cutter bar 30. However, the cutting system 24 is not
limited to the example embodiment of the rotary disc cut-
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ter bar 30. As such, it should be appreciated that the
cutting system 24 may vary from the example embodi-
ment shown in the Figures and described herein.
[0024] The cutter bar 30 is supported by the frame 28.
The cutter bar 30 extends along an axis that is disposed
generally transverse to a direction of travel 32 of the mow-
er conditioner implement 20. The cutter bar 30 includes
a plurality of cutting discs 34 spaced along the cutter bar
30 for rotation about respective vertical axes. Each of the
cutting discs 34 is coupled to an upright drive shaft to
which power is coupled for causing them to rotate in ap-
propriate directions, for delivering cut crop material 38 to
an auger 36 disposed rearward of the cutting system 24.
[0025] Referring to FIG. 2, the auger 36 is rotatably
mounted to the frame 28 and is disposed in front of the
crop conditioning system 26. The auger 36 is positioned
in front of and lower than the crop conditioning system
26. In operation, the design of the auger 36 facilitates the
delivery of cut crop material 38 into the crop conditioning
system 26. The cutting system 24 delivers cut crop ma-
terial 38 to the auger 36, which in turn delivers the cut
crop material 38 rearward for further processing by the
crop conditioning system 26. The conditioned crop ma-
terial is expelled rearward by the crop conditioning sys-
tem 26 and may be formed into a windrow or swath by
upright right and left forming panels and a swathboard.
It should be appreciated that the mower conditioner im-
plement 20 may be embodied without the auger 36, such
that the cut crop material 38 is delivered directly from the
cutting system 24 to the crop conditioning system 26.
[0026] The crop conditioning system 26 may include a
system that processes the cut crop material 38 to bend,
crimp, and/or crack open stem and stalk portions of the
cut crop material 38, and/or at least partially remove a
wax material from the cut crop material 38, to accelerate
the release of moisture from the cut crop material 38 and
reduce dry-down time of the crop material. The crop con-
ditioning system 26 is attached to the frame 28. The ex-
ample embodiment of the crop conditioning system 26
shown in the figures and described herein includes an
upper conditioner roll 40 and a lower conditioner roll 42.
The crop conditioning system 26 is positioned to receive
the cut crop material 38 between the upper conditioner
roll 40 and the lower conditioner roll 42, from the cutting
system 24 as described above. While the example crop
conditioning system 26 described herein and shown in
the figures is embodied with opposing conditioning rolls,
it should be appreciated that the crop conditioning system
26 may be embodied differently than described herein,
such as but not limited to, a conditioning impeller with an
associated hood.
[0027] Each of the upper conditioner roll 40 and the
lower conditioner roll 42 of the crop conditioning system
26 includes a central cylindrical drum to which is attached
a plurality of axially extending ribs or flutes that mesh
together for conditioning the cut crop material 38 that
passes between them. The mower conditioner imple-
ment 20 may include a spring-loaded link assembly that

yieldably resists upward movement of the upper condi-
tioner roll 40 caused by the cut crop material 38 passing
between the upper conditioner roll 40 and the lower con-
ditioner roll 42. The arrangement of gearing is such that
the upper conditioner roll 40 and the lower conditioner
roll 42 are counter-rotated, i.e., rotate in opposite rota-
tional directions, so as to draw crop in between them.
[0028] The mower conditioner implement 20 further in-
cludes an image sensor 44. The image sensor 44 may
alternatively be referred to herein as the first image sen-
sor 44. The first image sensor 44 is positioned with a field
of view to sense the crop material 38. The first image
sensor 44 is operable to sense an image of the cut crop
material 38. The image includes a color spectrum of the
cut crop material 38. The first image sensor 44 may in-
clude, but is not limited to, a near-infrared reflectance
spectrometer or a red-green-blue color sensor. The de-
tails, features, and operation of the near-infrared reflect-
ance spectrometer and red-green-blue color sensors are
known in the art, are readily available, and are therefore
not specifically described in detail herein.
[0029] In the example embodiment described herein
and shown in the Figures, the first image sensor 44 is
disposed downstream of the crop conditioning system
26, relative to a direction of movement 46 of the cut crop
material 38, such that the image sensed by the first image
sensor 44 may be defined as a post-conditioned image
of the cut crop material 38 discharged from the crop con-
ditioning system 26. However, in other embodiments, it
should be appreciated that the first image sensor 44 may
be positioned at some other location than depicted in the
Figures, for example either upstream or downstream of
the crop conditioning system 26. As used herein, the term
"upstream" precedes the term "downstream" along the
direction of travel of the crop material 38 through the
mower conditioner implement 20.
[0030] A light source 48 is associated with the image
sensor 44. The light source 48 may alternatively be re-
ferred to herein as the first light source 48. The first light
source 48 is operable to emit light immediately prior to
the first image sensor 44 sensing the image, e.g., the
post-conditioned image, such that the color spectrum of
the image sensed by the first image sensor 44 includes
reflected light emitted from the first light source 48. The
type, features, and operation of the first light source 48
are dependent upon the specific type of sensor used for
the first image sensor 44. For example, if the first image
sensor 44 is a red-green-blue sensor, then the first light
source 48 may include a Light Emitting Diode (LED). The
LED is configured to provide intense lighting to brighten
the cut crop material, thereby allowing for good imagery
to enable Neural Networks to analyze the image sensed
by the first image sensor 44. In other embodiments, if the
first image sensor 44 is embodied as a near-infrared re-
flectance spectrometer, then the first light source 48 may
include a device that emits light in the near-infrared region
of the electromagnetic spectrum, between approximately
780 nm to 2500 nm. The first light source 48 may include,
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but is not limited to, an LED or an incandescent or quartz
halogen light bulb.
[0031] The mower conditioner implement 20 may fur-
ther include a second image sensor 50. In the example
embodiment shown in the figures and described herein,
the second image sensor 50 is disposed downstream of
the cutting system 24 and upstream of the crop condi-
tioning system 26, relative to the direction of movement
46 of the cut crop material 38. The second image sensor
50 is operable to sense a pre-conditioned image having
a color spectrum of the cut crop material 38 discharged
from the cutting system 24 and prior to entering the crop
conditioning system 26. The pre-conditioned image in-
cludes a color spectrum of the cut crop material 38 prior
to conditioning. The second image sensor 50 may in-
clude, but is not limited to, a near-infrared reflectance
spectrometer or a red-green-blue color sensor. The de-
tails, features, and operation of the near-infrared reflect-
ance spectrometer and red-green-blue color sensors are
known in the art, are readily available, and are therefore
not specifically described in detail herein.
[0032] A second light source 52 may be included and
associated with the second image sensor 50. The second
light source 52 is operable to emit light immediately prior
to the second image sensor 50 sensing the pre-condi-
tioned image, such that the color spectrum of the pre-
conditioned image includes reflected light emitted from
the second light source 52. The type, features, and op-
eration of the second light source 52 are dependent upon
the specific type of sensor used for the second image
sensor 50. For example, if the second image sensor 50
is a red-green-blue sensor, then the second light source
52 may include a Light Emitting Diode (LED). The LED
is configured to provide intense lighting to brighten the
cut crop material, thereby allowing for good imagery to
enable Neural Networks to analyze the image sensed by
the second image sensor 50. In other embodiments, if
the second image sensor 50 is embodied as a near-in-
frared reflectance spectrometer, then the second light
source 52 may include a device that emits light in the
near-infrared region of the electromagnetic spectrum,
between approximately 780 nm to 2500 nm. The second
light source 52 may include, but is not limited to, an LED
or an incandescent or quartz halogen light bulb.
[0033] In the example embodiment shown in the Fig-
ures and described herein, the first light source 48 and
the second light source 52 are separate and independent
of each other. However, in other embodiments, it is con-
templated that the first light source 48 and the second
light source 52 may be a single light source 48 that is
configured to emit light for both the first image sensor 44
and the second image sensor 50.
[0034] The mower conditioner implement 20 may fur-
ther include a computing device 54. The computing de-
vice 54 may be integral with the mower conditioner im-
plement 20, may be integral with the vehicle 22 and con-
nected to the mower-conditioner implement, or may be
located remote from both the vehicle 22 and the mower

conditioner implement 20. Accordingly, it should be ap-
preciated that the computing device 54 of the mower con-
ditioner implement 20 may be located remotely from the
other components of the mower conditioner implement
20. The computing device 54 is disposed in communica-
tion with and operable to control and/or receive data from
the first image sensor 44, the second image sensor 50,
the first light source 48, and the second light source 52.
It should be appreciated that the computing device 54
may be disposed in communication with and operable to
control other components of the mower conditioner im-
plement 20 as well, such as but not limited to the cutting
system 24 and/or the crop conditioning system 26.
[0035] The computing device 54 may alternatively be
referred to as a controller, a computer, a module, a control
unit, etc. In some embodiments, the computing device
54 may be operable to automatically control the operation
of the mower conditioner implement 20. In other embod-
iments, the computing device 54 is operable to receive
data from the first image sensor 44 and the second image
sensor 50, analyze the data, and provide feedback to an
operator of the mower conditioner implement 20.
[0036] The computing device 54 includes a processor
56, a memory 58, and all software, hardware, algorithms,
connections, sensors, etc., necessary to manage and
control the operation of the mower conditioner implement
20 as described herein. As such, a method may be em-
bodied as a program or algorithm operable on the com-
puting device 54. It should be appreciated that the com-
puting device 54 may include a device capable of ana-
lyzing data from various sensors, comparing data, mak-
ing decisions, and executing the tasks described herein.
[0037] The computing device 54 may be embodied as
one or multiple digital computers or host machines each
having one or more processors, read only memory
(ROM), random access memory (RAM), electrically-pro-
grammable read only memory (EPROM), optical drives,
magnetic drives, etc., a high-speed clock, analog-to-dig-
ital (A/D) circuitry, digital-to-analog (D/A) circuitry, and
any required input/output (I/O) circuitry, I/O devices, and
communication interfaces, as well as signal conditioning
and buffer electronics.
[0038] The computer-readable memory 58 may in-
clude any non-transitory/tangible medium which partici-
pates in providing data or computer-readable instruc-
tions. The memory 58 may be non-volatile or volatile.
Non-volatile media may include, for example, optical or
magnetic disks and other persistent memory. Example
volatile media may include dynamic random access
memory (DRAM), which may constitute a main memory.
Other examples of embodiments for memory include a
floppy, flexible disk, or hard disk, magnetic tape or other
magnetic medium, a CD-ROM, DVD, and/or any other
optical medium, as well as other possible memory devic-
es such as flash memory.
[0039] The computing device 54 includes the tangible,
non-transitory memory 58 on which are recorded com-
puter-executable instructions, including a crop analysis
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algorithm 60. The processor 56 of the computing device
54 is operable to execute the crop analyses algorithm.
The crop analysis algorithm 60 implements a method of
monitoring the cut crop material 38 and controlling the
mower conditioner implement 20 to optimize the cutting
and conditioning of the crop material.
[0040] In the example embodiment described herein,
the computing device 54, i.e., the processor 56 which
executes the crop analysis algorithm 60, controls the first
light source 48 and the first image sensor 44 to sense an
image, e.g., the post-conditioned image of the crop ma-
terial. If the mower conditioner implement 20 is equipped
with the second image sensor 50, such as the example
embodiment described herein, then the computing de-
vice 54 may further control the second light source 52
and the second image sensor 50 to sense an image, e.g.,
the pre-conditioned image of the crop material.
[0041] The computing device 54 compares the color
spectrum of the image sensed by the first image sensor
44, e.g., the post-conditioned image, to a calibrated color
measurement 62 in order to determine at least one of an
ash content in the cut crop material 38, or a degree of
stem conditioning of the cut crop material 38. The ash
content is a measurement of the amount of ash in the cut
crop material 38 per unit volume or unit weight of cut crop
material 38. The ash content may be expressed in terms
of a percentage, in terms of weight or parts per unit vol-
ume, in terms of weight or parts per unit weight, or in
some other manner. The ash may be defined as and/or
include particles of solid material left after burning a com-
bustible material. The ash may include, for example, par-
ticulate matter spread onto a field, such as by volcanic
activity, wildfires, etc.
[0042] The degree of stem conditioning is a measure-
ment of the amount of conditioning applied to the stem
of the crop material. As noted above, the terms "condi-
tioning", "stem conditioning", "crop conditioning", and/or
"conditioned crop material" include processing the cut
crop material 38 to bend, crimp, abrade, and/or crack
open stem and stalk portions of the cut crop material 38,
and/or at least partially remove a wax material from the
cut crop material 38, to accelerate the release of moisture
from the cut crop material 38 and reduce dry-down time
of the crop material. The crop material may have an op-
timum level of crop conditioning. The optimum level of
crop conditioning may depend on the specific type of
crop, the geographic location of the crop, the type of crop
conditioning system 26, the type of cutting system 24,
etc. The "degree of stem conditioning" is a measurement
between no stem conditioning and the optimum level of
stem conditioning. As used herein, the term "optimum
level of stem conditioning" is the amount of stem condi-
tioning that provides the quickest dry-down time with the
highest nutrient content for the specific crop, field, weath-
er conditions, etc. Stem conditioning includes the dam-
age done to the stem of the crop material, including the
crushing, breaking, or abrading of the stem. The degree
of stem conditioning may be expressed as a percentage

of the stem that is damaged or conditioned, but may al-
ternatively be expressed in some other manner, such as
but not limited to number of damage locations per unit
length of stem.
[0043] The color spectrum of the crop material cap-
tured in the images sensed by the first image sensor 44
and/or the second image sensor 50 is dependent upon
the light emitted from the first light source 48 and/or the
second light source 52 and reflected off of the crop ma-
terial. The specific characteristics of the crop material,
such as ash, crimps or cracks in the stalk or stem portions,
etc., reflect light from the first light source 48 and/or the
second light source 52 in a specific respective color,
which is unique to each crop characteristic. These spe-
cific respective colors may be correlated to the specific
characteristics of the crop generating the respective
colors to define the calibrated color measurement 62. As
such, by examining the color spectrum of the images,
the different characteristics of the crop material may be
identified by comparing the reflected light captured in the
images to the calibrated color measurement 62. For ex-
ample, a specific ash content will reflect light from the
first light source 48 and/or the second light source 52 in
a certain color or color range. The calibrated color meas-
urement 62 is defined to correlate the certain color or
color range to that specific ash content. As such, when
the computing device 54 analyzes an image and recog-
nizes a specific color or color range, for example, a spe-
cific color for a defined ash content, the computing device
54 may use the calibrated color measurement 62 to cor-
relate that specific color or color range to the associated
specific crop characteristic, for example, the specific ash
content associated with that color.
[0044] If the mower conditioner implement 20 is only
equipped with the first image sensor 44, then the com-
puting device 54 directly compares the color spectrum
to the calibrated color measurement 62. However, if the
mower conditioner implement 20 includes the second im-
age sensor 50, such as the example embodiment de-
scribed herein, then the computing device 54 may deter-
mine a color difference between the color spectrum of
the pre-conditioned image and the color spectrum of the
post-conditioned image, and then compare the color dif-
ference to the calibrated color measurement 62 to deter-
mine the at least one of the ash content of the cut crop
material 38 or the degree of stem conditioning of the cut
crop material 38. By doing so, the computing device 54
may determine the amount of change in the crop char-
acteristic, such as the degree of stem conditioning, that
has occurred between the pre-conditioned image and
the post-conditioned image. Notably, the computing de-
vice 54 is not sensing the degree of moisture in the crop
material, but is instead sensing the amount of damage
done to the stem portions of the crop material, i.e., the
stem conditioning. Alternatively, the computing device
54 may analyze or compare the respective color spec-
trum for each of the pre-conditioned image and the post
conditioned image to the calibrated color measurement

9 10 



EP 3 766 332 A1

7

5

10

15

20

25

30

35

40

45

50

55

62, and then compare the results to determine a change
in the crop characteristic between the pre-conditioned
image and the post-conditioned image.
[0045] In one example embodiment, the computing de-
vice 54 may associate at least one of the pre-conditioned
image and the post-conditioned image with data related
to the location, date, and time that the pre-conditioned
image and the post-conditioned image were sensed re-
spectively. The image and the associated location data,
date data, and/or time data may be defined as a geo-
referenced data set and saved in the memory 58 of the
computing device 54. The computing device 54 may then
communicate the geo-referenced data set to a remote
data storage system 64 for future use. The remote data
storage system 64 may include, but is not limited to, a
cloud based server system or some other offsite system
capable of storing and transmitting data through an in-
ternet connection. The geo-referenced data set may be
used in the future for making management decisions re-
lated to the geo-referenced data set and/or operating set-
tings for the mower conditioner implement 20 for future
operations.
[0046] Once the computing device 54 has determined
the ash content or the degree of stem conditioning, then
the computing device 54 may communicate a signal, in-
dicating the determined ash content or the determined
degree of crop conditioning, to a communicator 66. The
communicator 66 may include a device capable of com-
municating a message. For example, the communicator
66 may include, but is not limited to, a visual display de-
vice, a warning light, an audio output device, etc. The
visual display device may include, but is not limited to, a
monitor, a touch screen display, or some other similar
device. The audio output device may include a speaker,
etc. The communicator 66 may include a device that is
located on the vehicle 22, or that is remote from the ve-
hicle 22, such as a mobile hand held device.
[0047] Additionally, once the computing device 54 has
determined at least one of the ash content or the degree
of stem conditioning, then the computing device 54 may
adjust at least one of the cutting system 24 or the crop
conditioning system 26 based on the determined ash
content or the determined degree of stem conditioning.
The computing device 54 may adjust components of the
mower conditioner implement 20 either automatically, or
indirectly by notifying an operator and/or providing a sug-
gested adjustment.
[0048] For example, the computing device 54 may
compare the determined ash content to a maximum al-
lowable ash threshold to determine if the determined ash
content is less than or equal to the maximum allowable
ash threshold, or if the determined ash content is greater
than the maximum allowable ash threshold. When the
determined ash content is greater than the maximum al-
lowable ash threshold, then the computing device 54 may
automatically control a cut height of the cutting system
24 relative to a ground surface, or communicate a mes-
sage to the operator suggesting that the cut height be

adjusted. Similarly, When the determined ash content is
greater than the maximum allowable ash threshold, then
the computing device 54 may automatically control a cut-
ting speed of the cutting system 24 or communicate a
message to the operator suggesting that the cutting
speed be adjusted, or the computing device 54 may au-
tomatically control a fore/aft tilt angle of the cutting system
24 relative to the ground surface or communicate a mes-
sage to the operator suggesting that the fore/aft tilt angle
be adjusted. In another example, based on the deter-
mined degree of stem conditioning, the computing device
54 may automatically control a conditioning speed of the
crop conditioning system 26, control a conditioning pres-
sure of the crop conditioning system 26, or communicate
a message to the operator suggesting that the condition-
ing speed, or the conditioning pressure be adjusted.
[0049] The detailed description and the drawings or
figures are supportive and descriptive of the disclosure,
but the scope of the disclosure is defined solely by the
claims. While some of the best modes and other embod-
iments for carrying out the claimed teachings have been
described in detail, various alternative designs and em-
bodiments exist for practicing the disclosure defined in
the appended claims.

Claims

1. A mower conditioner implement comprising:

a cutting system (24) operable to cut crop ma-
terial;
a crop conditioning system (26) operable to re-
ceive the cut crop material from the cutting sys-
tem (24) and condition the cut crop material;
an image sensor (44) positioned to sense an
image of the crop material, the image having a
color spectrum;
a computing device (54) having a processor (56)
and a memory (58) having a crop analysis algo-
rithm stored thereon, wherein the processor (56)
is operable to execute the crop analysis algo-
rithm to:

compare the color spectrum of the image to
a calibrated color measurement (62) to de-
termine at least one of an ash content in the
cut crop material or a degree of stem con-
ditioning of the cut crop material; and
adjust at least one of the cutting system (24)
or the crop conditioning system (26) based
on at least one of the determined ash con-
tent or the determined degree of stem con-
ditioning.

2. The mower conditioner implement set forth in claim
1, further comprising a light source (48) associated
with the image sensor (44), wherein the light source
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(48) is operable to emit light immediately prior to the
image sensor (44) sensing the image, such that the
color spectrum of the image includes reflected light
emitted from the light source (48).

3. The mower conditioner implement set forth in claim
1 or 2, wherein the image sensor (44) is disposed
downstream of the crop conditioning system (26) rel-
ative to a direction of movement of the cut crop ma-
terial, such that the image sensed by the image sen-
sor (44) is a post-conditioned image of the cut crop
material discharged from the crop conditioning sys-
tem (26).

4. The mower conditioner implement according to at
least one of the claims 1 to 3, further comprising a
second image sensor (50) disposed downstream of
the cutting system (24) and upstream of the crop
conditioning system (26) relative to the direction of
movement of the cut crop material, wherein the sec-
ond image sensor (50) is operable to sense a pre-
conditioned image having a color spectrum of the
cut crop material discharged from the cutting system
(24) and prior to entering the crop conditioning sys-
tem (26).

5. The mower conditioner implement according to at
least one of the claims 1 to 4, wherein the processor
(56) is operable to execute the crop analysis algo-
rithm to determine a color difference between the
color spectrum of the pre-conditioned image and the
color spectrum of the post-conditioned image.

6. The mower conditioner implement according to at
least one of the claims 1 to 5, wherein the processor
(56) is operable to execute the crop analysis algo-
rithm to compare the color difference to the calibrat-
ed color measurement (62) to determine the at least
one of the ash content of the cut crop material or the
degree of stem conditioning of the cut crop material.

7. The mower conditioner implement according to at
least one of the claims 1 to 6, wherein the processor
(56) is operable to execute the crop analysis algo-
rithm to associate at least one of the pre-conditioned
image and the post-conditioned image with data re-
lated to the location, date, and time that the pre-con-
ditioned image and the post-conditioned image were
sensed respectively to define a geo-referenced data
set.

8. The mower conditioner implement according to at
least one of the claims 1 to 7, wherein the processor
(56) is operable to execute the crop analysis algo-
rithm to communicate the geo-referenced data set
to a remote data storage system.

9. The mower conditioner implement according to at

least one of the claims 1 to 8, wherein each of the
image sensor (44) and the second image sensor (50)
includes at least one of a near-infrared sensor or a
red-green-blue color sensor.

10. The mower conditioner implement according to at
least one of the claims 1 to 9, further comprising a
second light source (48) associated with the second
image sensor (50), wherein the second light source
(48) is operable to emit light immediately prior to the
second image sensor (50) sensing the pre-condi-
tioned image, such that the color spectrum of the
pre-conditioned image includes reflected light emit-
ted from the second light source (48).

11. The mower conditioner implement according to at
least one of the claims 1 to 10, wherein the processor
(56) is operable to execute the crop analysis algo-
rithm to compare the determined ash content to a
maximum allowable ash threshold to determine if the
determined ash content is less than or equal to the
maximum allowable ash threshold, or if the deter-
mined ash content is greater than the maximum al-
lowable ash threshold.

12. The mower conditioner implement according to at
least one of the claims 1 to 11, wherein the processor
(56) is operable to execute the crop analysis algo-
rithm to control a cut height of the cutting system (24)
relative to a ground surface when the determined
ash content is greater than the maximum allowable
ash threshold.

13. The mower conditioner implement according to at
least one of the claims 1 to 12, wherein the processor
(56) is operable to execute the crop analysis algo-
rithm to control a cutting speed of the cutting system
(24) when the determined ash content is greater than
the maximum allowable ash threshold.

14. The mower conditioner implement according to at
least one of the claims 1 to 13, wherein the processor
(56) is operable to execute the crop analysis algo-
rithm to control a conditioning speed of the crop con-
ditioning system (26) based on the determined de-
gree of stem conditioning.

15. The mower conditioner implement according to at
least one of the claims 1 to 14, wherein the processor
(56) is operable to execute the crop analysis algo-
rithm to control a conditioning pressure of the crop
conditioning system (26) based on the determined
degree of stem conditioning.
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