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Description
FIELD OF THE INVENTION

[0001] The various embodiments of the present inven-
tion relate generally to an automated system, method,
and apparatus for preparing an agricultural research plot.
More specifically, embodiments of the present invention
provide an automated system, method, and apparatus
fordispensing seed samples into an agriculturalresearch
plot and for managing information relating to the dispens-
ing of the seed samples.

BACKGROUND OF THE INVENTION

[0002] Itistypicalforacompany inthe agriculturalseed
industry to generate one or more research plots in order
to evaluate certain seed varieties. Such seed varieties
may include, but need not be limited to, seeds from a
specific source, genotype, population, and/or breeding
line. In such a manner, researchers may evaluate char-
acteristics of the plants growing in the research plot, as
well as characteristics of any crops produced from the
plants. In some instances these characteristics may be
compared to plants grown from different seed varieties
in the research plot. Thus, certain experiments may re-
quire a researcher to plant many different seed varieties
in the research plot at approximately the same time. Ad-
ditionally, a researcher may desire to plant various seed
varieties in relatively close proximity to other seed vari-
eties.

[0003] Traditional research plot planting is a largely
manual process. Conventional techniques require seed
samples to be packaged in small paper coin envelopes,
which are manually opened at the desired planting loca-
tions in order to deposit the seed samples for planting
research plots. In many instances this is accomplished
by using a mobile planter transport device that transports
aresearch seed planter configured to carry a seed plant-
ing operator. FIG. 1 shows a typical prior art research
seed planter 10, configured to carry a seed planting op-
erator to plant two rows of seed in a research plot. A
similar research planter is available, for example, from
ALMACO of Nevada, lowa. The research seed planter
10 of FIG. 1 is configured to be pulled behind a mobile
planter transport device, in this case a tractor operated
by a tractor operator. As shown in the figure, the typical
prior art research seed planter 10 includes a planting
operator seat 12, a seed storage area 14, and one or
more seed metering systems 18. In such a manner, a
seed planting operator may ride along with the research
seed planter 10 as the research seed planter 10 is pulled
through the research plot. Seeds that are to be planted
in the research plot are contained in coin envelopes that
are stored in the seed storage area 14. As the research
seed planting device is transported through the research
plot, the seed planting operator accesses the coin enve-
lopes and opens the envelopes into seed funnels 16 that
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deliver the seed to seed metering systems 18 for depos-
iting the seeds into the research plot. In order to track
the location of various seed varieties, amap may be man-
ually created that describes the locations of the various
seed varieties based on the planned distribution of seeds.
In other applications, a map based on randomization of
an experiment plan may be electronically generated
based on the planned distribution of seeds. In either
event, the map is generated before seeds are planted in
the research plot and thus the map represents where the
seeds are supposed to be planted in the research plot
and not necessarily where the seeds are planted. This
process is susceptible to various forms of error. For ex-
ample, it requires that the seed planting operator identify
the proper seed envelope and deposit the contents of
the envelope into the proper seed funnel at the proper
time and location. Although the research seed planter 10
shown in the figure carries a single operator for planting
two rows of seed in a research plot, many research seed
planters carry additional seed planting operators and are
configured to plant several additional rows. With each
additional operator, however, errors of the type dis-
cussed above are multiplied. For example, another com-
mon research seed planter carries four seed planting op-
erators and is configured to plant eight rows of seed in a
research plot, with each operator being responsible for
planting two rows. However, each of the four operators
may be capable of making the errors discussed above.
Additionally, because the manual nature of these prior
art processes, various errors are also introduced into the
map of seed locations.

[0004] US 2001/0000806A1 discloses a GPS system
to provide planter tripping for crop research plots. The
GPS system provides the longitude and latitude of the
first trip location and provide a continuous flow of location
information. A control computer calculates the next trip-
ping location and provides a signal to the planter at that
location and each subsequent tripping location in the field
grid. A GPS receiver mounted on the planter provides
location information. The computer selectively causes
the planter to plant seed and to stop planting seed as the
planter progresses longitudinally through the filed as the
GPS data advises the computer that the planter has trav-
elled a predetermined distance. The GPS device pro-
vides data to the computer both as to the distance and
the direction travelled by the planter, so that seeds will
be planted in the rows of the plots without planting seeds
in the alleys between those plots. Therefore, the device
can continually plant seeds in longitudinal rows in a field
without stopping and without wasting seeds in the alleys.
[0005] In a research setting, the ability to accurately,
consistently, and predictably populate a research plot is
very important. However, as noted above, conventional
research planting procedures rely heavily on manual
processes. Reliance on manual processes prevents con-
ventional methods from quickly and accurately adapting
to changes in research plans, which may describe a de-
sired seed planting distribution within one or more re-
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search plots. Because conventional planting methods re-
ly on records developed prior to planting the research
plotto maintain the identification and traceability of plant-
ed seed samples, such reliance could introduce error that
may be detrimental to the integrity of the results of ex-
periments that rely on accurate research seed plot maps.
[0006] As aresult, there is a need in the art for an au-
tomated research seed planting system and associated
method. In various embodiments, the automated re-
search seed planting system and method should signif-
icantly reduce the manual processes involved in planting
a research plot. Additionally, the automated research
seed planting system and method should improve the
accuracy of the planting system such that characteristics
of the research plot, such as the identity, location, and
time that seeds were deposited into the research plot,
are readily and accurately determined.

SUMMARY OF THE INVENTION

[0007] The present invention addresses the above
needs and achieves other advantages by providing an
automated research seed planting system, method, and
apparatus. In general, the automated research seed
planting system comprises a planter configured for plant-
ing a research plot and comprising a seed package as-
sembly handling device comprising a seed tray assembly
configured to hold a plurality of seed package assem-
blies, each seed package assembly containing a re-
search seed sample, and a controller configured to com-
municate with the seed package assembly handling de-
vice. The controlleris configured to control the seed pack-
age assembly handling device to automatically release
the research seed sample from the seed package as-
sembly. In some embodiments, the controller may be fur-
ther configured to automatically controlthe seed package
handling device to apply a force to the seed package
assembly to release the research seed sample from the
seed package assembly.

[0008] In some embodiments, the seed package as-
sembly handling device may be configured to open a
seed package assembly comprising firstand second por-
tions that cooperate to containthe research seed sample,
and the seed package assembly handling device may be
configured to apply aforce to the seed package assembly
so that the first and second portions of the seed package
assembly at least partially separate thus releasing the
research seed sample. In some embodiments, the con-
troller may be configured to control the seed package
assembly handling device to bypass releasing the re-
search seed sample from the seed package assembly.
In some embodiments, the controller may be configured
to control the seed package assembly handling device
according to one or more instruction sets. In some em-
bodiments, one or more instructions sets may be derived
from one or more research plans. In some embodiments,
at least one of the research plans or the instruction sets
may be stored in at least one data store. In some em-
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bodiments, the force may comprise at least a compres-
sive force and the compressive force may cause at least
one of the first or second portions of the seed package
assembly to flex outwardly from the other portion about
aflexure axis so that the first and second portions at least
partially separate in response to the force, thus releasing
the research seed sample.

[0009] In some embodiments, the seed package as-
sembly handling device may further comprise an opening
tool and adisengaging tool, and the controller may further
be configured to cause the opening tool to contact be-
tween the first and second portions of the seed package
assembly and to automatically control the seed package
assembly handling device to apply a second force to the
package assembly via the disengaging tool, for encour-
aging at least one of the first or second portions to flex
outwardly from the other portion about the flexure axis
so that the first and second portions separate. In some
embodiments, the seed package assembly may include
at least one of a machine-readable or human-readable
label. Some embodiments may further comprise a seed
package assembly sensor device configured for reading
the label of the seed package assembly. In some em-
bodiments, the seed package assembly sensor device
may comprise a device selected from the group consist-
ing of a bar code reader, an OCRreader, an RFID reader,
and combinations thereof. In some embodiments, the
planter may further comprise a seed metering device
configured to receive the research seed sample from the
seed package assembly handling device, and the seed
metering device may be configured to separate individual
seeds from the research seed sample and to release the
individual seeds into the research plot. Some embodi-
ments may further comprise a seed meter sensor device
configured to sense individual seeds as the individual
seeds are released into the research plot.

[0010] Some embodiments may further comprise a po-
sitional data acquisition device configured to acquire po-
sition data relating to a position of the released research
seed sample. Some embodiments may further comprise
apositional data acquisition device configured to acquire
position data and wherein the controller may be config-
ured to control the seed package assembly handling de-
vice according to the position data and one or more in-
struction sets. In some embodiments, the planter may
comprise a plurality of seed package assembly handling
devices each configured to receive a respective seed
package assembly of a plurality of seed package assem-
blies, and one or more controllers may be configured to
automatically control each seed package assembly han-
dling device to release a respective research seed sam-
ple into the research plot. In some embodiments, the
planter may further comprise a plurality of seed metering
devices each configured to receive arespective research
seed sample from a respective seed package assembly
handling device, and each seed metering device may be
further configured to separate individual seeds from the
respective research seed sample and to release the in-
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dividual seeds into the research plot. Some embodiments
may further comprise a plurality of seed meter sensor
devices configured to sense individual seeds as the in-
dividual seeds are released into the research plot. In
some embodiments, the planter may be configured to
plant four rows and may comprise four seed package
assembly handling devices and four respective seed me-
tering devices, and wherein each seed package assem-
bly handling device may be configured to release at least
a portion of a respective seed sample into a respective
seed metering device. In some embodiments, the planter
may be configured to plant eight rows and may comprise
four seed package assembly handling devices, four seed
sample splitting devices, and eight seed metering devic-
es, and wherein each seed package assembly handling
device may be configured to release at least a portion of
a respective seed sample into a respective pair of the
eight seed metering devices via a respective seed sam-
ple splitting device.

[0011] Another embodiment of the present invention
provides a method of planting a research plot. In general,
the method comprises transporting a planter that com-
prises a seed package assembly handling device com-
prising a seed tray assembly that holds a plurality of seed
package assemblies, each seed package assembly con-
taining a research seed sample, moving the seed tray
assembly to align the seed package assembly with a
loading area and controlling the seed package assembly
handling device using a controller to automatically re-
lease the research seed sample. Some embodiments
may further comprise automatically controlling the seed
package handling device to apply a force to the seed
package assembly to release the research seed sample
from the seed package assembly.

[0012] In some embodiments, the seed package as-
sembly handling device may receive a seed package as-
sembly comprising first and second portions that coop-
erate to contain the research seed sample and applying
a force to the seed package assembly may cause the
first and second portions of the seed package assembly
to at least partially separate thus releasing the research
seed sample. Some embodiments may further comprise
controlling the seed package assembly handling device
to bypass releasing the research seed sample from the
seed package assembly. In some embodiments, the con-
troller may be configured to control the seed package
assembly handling device according to one or more in-
struction sets. In some embodiments, one or more in-
structions sets may be derived from one or more research
plans. In some embodiments, atleastone of the research
plans or the instruction sets may be stored in at leastone
datastore. Inone embodiment, controlling the seed pack-
age assembly handling device may comprise controlling
the seed package assembly handling device to automat-
ically apply at least a compressive force to the seed pack-
age assembly and wherein the compressive force may
cause at least one of the first or second portions of the
seed package assembly to flex outwardly from the other
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portion about a flexure axis so that the first and second
portions at least partially separate in response to the
force, thus releasing the research seed sample.

[0013] Some embodiments may further comprise con-
trolling the seed package assembly handling device us-
ing the controller to cause an opening tool to contact be-
tween the first and second portions of the seed package
assembly and to apply a second force to the package
assembly via a disengaging tool for encouraging at least
one of the first or second portions to flex outwardly from
the other portion about the flexure axis so that the first
and second portions separate. Some embodiments may
further comprise reading a label on the seed package
assembly using a seed package assembly sensor de-
vice. Some embodiments may further comprise using a
seed metering device to receive the research seed sam-
ple from the seed package assembly handling device,
separate individual seeds from the research seed sam-
ple, and release the individual seeds into the research
plot. Some embodiments may further comprise sensing
individual seeds using a seed meter sensor device as
the individual seeds are released into the research plot.
Some embodiments may further comprise using a posi-
tional data acquisition device to acquire position data re-
lating to a position of the released research seed sample.
In some embodiments, the planter may comprise a plu-
rality of seed package assembly handling devices each
configured to open arespective seed package assembly
of a plurality of seed package assemblies, and controlling
the seed package assembly handling device may com-
prise controlling each of the plurality of seed package
assembly devices using one or more controllers release
the respective research seed sample into the research
plot. Some embodiments may further comprise using a
plurality of respective seed metering devices to receive
the respective research seed samples from the seed
package assembly handling devices, separate individual
seeds from the research seed samples, and release the
individual seeds into the research plot.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Having thus described the invention in general
terms, reference will now be made to the accompanying
drawings, which are not necessarily drawn to scale, and
wherein:

FIG. 1 shows a typical prior art operator-controlled
research seed planter, configured to plant two rows
of seeds in a research plot;

FIG. 2 shows an automated research seed planter
in accordance with an exemplary embodiment of the
present invention configured to plant four rows of
seeds in a research plot;

FIG. 3 shows a schematic drawing of portions a re-
search seed planter in accordance with an exempla-
ry embodiment of the present invention;

FIG. 4 shows a perspective view of a seed package
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assembly handling device of aresearch seed planter
in accordance with an exemplary embodiment of the
present invention;

FIG. 5 shows a perspective view from a reverse an-
gle of the seed package assembly handling device
of FIG. 4 in accordance with one exemplary embod-
iment of the present invention;

FIG. 6 shows a seed package assembly, in an open
position, for use with the seed package assembly
handling device of FIG. 4 in accordance with one
exemplary embodiment of the present invention;
FIG. 6A shows a seed package assembly,inaclosed
position, for use with the package assembly handling
device of FIG. 4 in accordance with one exemplary
embodiment of the present invention;

FIG. 7 shows a perspective view from a reverse an-
gle of the seed package assembly handling device
of FIG. 4 wherein a seed package assembly is being
lowered by an elevator assembly into a seed pack-
age assembly handling path in accordance with one
exemplary embodiment of the present invention;
FIG. 8 shows a perspective view from areverse an-
gle of the seed package assembly handling device
of FIG. 4 wherein a seed package assembly is being
pushed by a pusher assembly along a seed package
assembly handling path in accordance with one ex-
emplary embodiment of the present invention;

FIG. 9 shows a perspective view from a reverse an-
gle of the seed package assembly handling device
of FIG. 4 wherein a seed package assembly is being
pushed by a pusher assembly along a seed package
assembly handling path into an opening tool and
wherein a disengaging tool is being actuated, in ac-
cordance with one exemplary embodiment of the
present invention;

FIG. 10 shows a perspective view from a reverse
angle of an opening tool of a seed package assembly
handling device in accordance with one exemplary
embodiment of the present invention;

FIG. 11 shows a side view of a seed package as-
sembly according to one embodiment of the present
invention including an exemplary flexing action of a
cover portion of the seed package assembly in re-
sponse to an applied compressive force;

FIG. 12 shows a side view of a seed package as-
sembly according to one embodiment of the present
invention including disengagement of a cover portion
from a container portion after the application of a
compressive force;

FIG. 13 shows a front perspective view of an auto-
mated research seed planting system including a
mobile planter transport device and a planter in ac-
cordance with an exemplary embodiment of the
present invention;

FIG. 14 shows a rear prospective view of the auto-
mated research seed planting system of FIG. 13 in
accordance with an exemplary embodiment of the
present invention;
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FIG. 15 shows a perspective view of a research seed
planter in accordance with an exemplary embodi-
ment of the present invention configured to plant
eight rows of seeds in a research plot; and

FIG. 16 shows a schematic drawing of portions a
research seed planter which includes a seed han-
dling splitter in accordance with an exemplary em-
bodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0015] The present invention now will be described
more fully hereinafter with reference to the accompany-
ing drawings, in which some, but not all embodiments of
the invention are shown. Indeed, this invention may be
embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein;
rather, these embodiments are provided so that this dis-
closure will satisfy applicable legal requirements. Like
numbers refer to like elements throughout.

[0016] As noted above, FIG. 1 shows a prior art oper-
ator-controlled research seed planter 10, configured to
plant two rows of seed in aresearch plot including a plant-
ing operator seat 12, a seed storage area 14, and one
or more seed metering systems 18. In a typical prior art
planting process, a seed planting operator rides along
with the research seed planter 10 as the planter is trans-
ported through aresearch plot, accesses coin envelopes,
and opens the envelopes into one or more seed funnels
16 that deliver the seed to one or more seed metering
systems 18 for depositing the seed into the research plot.
Thus, the prior art represents a highly manual process
fraught with the potential for error. The present invention
presents an improvement over the prior art by providing
an automated research planting system and method. In
various embodiments, the automated research seed
planting system and method reduce the manual process-
es involved in planting a research plot, and improve the
accuracy of the planting system. In such a manner, char-
acteristics of a research plot can be readily and accu-
rately determined.

[0017] FIG. 2 shows a research seed planter 102 in
accordance with an exemplary embodiment of the
present invention. In the depicted embodiment, the re-
search seed planter 102 is configured to be transported
via a mobile planter transport device and is configured
to plant four rows of seed in aresearch plot for each pass
of the research seed planter 102. It should be noted that
in otherembodiments, aresearch seed planter in accord-
ance with the present invention may be configured to
plant any number of rows of seed as is commonly known
in the art, examples may include, but need not be limited
to, a research seed planter configured to plant sixteen
rows or more of seed, or a research planter configured
to plant one row of seed. Additionally, although in the
depicted embodiment the research seed planter 102 is
configured to be transported via a mobile planter trans-
port device (such as, for example, a farm tractor, an all
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terrain vehicle, one or more horses, a multipurpose ve-
hicle such as a Unimog or Humvee, etc.), in other em-
bodiments the research seed planter may be self-pro-
pelled, such as, for example, by including an integrated
transporting mechanism or device.

[0018] As noted above, the research seed planter 102
in the depicted embodiment is configured to plant as
many as four rows of seed into a research plot for each
pass of the research seed planter 102 and includes four
seed package handling devices 104, each one being
dedicated for each of the four rows to be planted. How-
ever, it should be noted that in other embodiments, a
single seed package handling device may provide the
seed for two or more rows of seed to be planted into the
research plot. As will be discussed in more detail below,
each seed package handling device 104 includes a seed
tray assembly 105 configured to carry one or more seed
package assemblies 200, with each seed package as-
sembly 200 being configured to contain a research seed
sample comprising one or more seeds. It should also be
noted that each seed package assembly handling device
104 is configured to accommodate various sizes of seed
tray assemblies, however, for illustration purposes in the
depicted embodiment, the closest seed tray assembly
105 comprises a larger capacity seed tray assembly 105
than the other seed tray assemblies 105 shown in the
figure.

[0019] In the depicted embodiment, each seed pack-
age handling device 104 automatically opens associated
seed package assemblies 200 and releases research
seed samples into arespective seed handling chute 106,
which directs the seed into a respective seed metering
device 108. Associated with each row to be planted of
the research seed planter 102 is a conventional furrow
opening apparatus 107 and a conventional furrow closing
apparatus 109. Although various configurations of furrow
opening and closing apparatuses are possible, in the de-
picted embodiment, the furrow opening apparatus 107
may include a pair of laterally spaced furrow opening
discs and a pair of gauge wheels configured to set the
depth of the furrow. The furrow closing apparatus 109
may comprise a pair of furrow closing discs. In general,
astheresearch seed planter moves through the research
plot, the furrow opening apparatus 107 opens a furrow,
and individual seeds are released by the seed metering
device through a drop tube 110 (not visible in FIG. 2) and
into the research plot. The furrow closing apparatus 109
then closes the furrow. Seed package assemblies that
have been opened are automatically deposited into re-
spective waste containers 111, which are associated with
each seed package handling device 104. It should be
noted that in other embodiments, such as embodiments
in which the seed package assemblies are constructed
of biodegradable materials, there may be no need for
waste containers as opened seed package assemblies
may be discarded onto the ground. In still other embod-
iments, there may be one waste container that collects
all of the opened seed package assemblies.
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[0020] FIG. 3 shows a simplified schematic drawing of
a portion of the research seed planter 102 in accordance
with an exemplary embodiment of the present invention.
In particular, FIG. 3 shows some of the components as-
sociated with each row to be planted including a seed
package handling device 104, a seed handling chute 106,
a seed metering device 108, a seed drop tube 110, a
seed package assembly sensor 112, and a seed meter
sensor 113. In general, under the control of a controller
103 each seed package handling device 104 of the de-
picted embodimentis configured to automatically release
research seed samples into a respective seed handling
chute 106, which directs the released seed to a respec-
tive seed metering device 108. It should be noted that
for purposes of the current specification and appended
drawings and claims, the term automatic, automatically,
and other forms thereof refer to operations that require
little, if any, manual intervention. The seed metering de-
vice 108 receives the seed released by the seed package
handling device 104 and singulates the seed. Individual
seeds are then released by the seed metering device
through arespective drop tube 110 and into the research
plot. In the depicted embodiment, the seed metering de-
vices 108 are cone-type mechanical seed metering de-
vices as are known in the art and available from various
commercial sources, including, for example, ALMACO
of Nevada, lowa. It should be noted that in other embod-
iments, the seed metering devices may comprise any
device configured to singulate seed. Other examples of
seed metering devices configured for use with the
presentinvention include, but are not limited to, vacuum-
type seed metering devices as are known in the art and
available from various commercial sources, including, for
example, Seed Research Equipment Solutions, LLC of
South Hutchinson, Kansas. As will be discussed in more
detail below, various sensors may also be included to
sense various events of the planting process. For exam-
ple, the seed package assembly sensor 112 may be in-
cluded for sensing information pertaining to the seed
package assemblies 200released into the seed metering
device 108, and the seed meter sensor 113 may be in-
cluded for sensing seed drop events. In the depicted em-
bodiment, the seed package assembly sensor 112 is an
electronic reader configured to read identification infor-
mation relating to the research seed sample contained
in the package assembly 200. In various embodiments,
the seed package assembly sensor 112 may be any de-
vice capable of sensing information from the seed pack-
age assembly 200, including, but not limited to, a barcode
scanner capable of reading one or more barcodes asso-
ciated with the seed package assembly 200, an optical
character recognition (OCR) reader capable of reading
human-readable information associated with the seed
package assembly 200, a radio frequency identification
(RFID) reader capable of identifying an RFID transpond-
er associated with the seed package assembly 200,
and/or any combination of the above. In the depicted em-
bodiment, the seed meter sensor 113 comprises an op-
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tical seed drop sensor configured to sense the passage
of a seed through the seed drop tube 110. However, in
other embodiments, the seed meter sensor 113 may
comprise different sensors configured to sense seed
drop events, including, for example, a sensor that senses
a position of one or more components of the seed me-
tering device 108. For example, in some embodiments,
the seed meter sensor device may sense one or more
positions of the cone of a cone-type mechanical seed
metering device such that the seed drop events may be
determined.

[0021] In various embodiments, the research seed
planter 102 (and/or an automated research seed planting
system using a research seed planter) may include a
positional data acquisition system 115 configured to ac-
quire position data associated with one or more research
seed planting events and/or to trigger one or more re-
search seed planting events. In some embodiments, the
positional data acquisition system 115 may communicate
with the controller such that position data associated with
one or more research seed planting events may be ac-
quired and stored and/or transmitted. In various embod-
iments, a research seed planting event may include, for
example, the release of research seed samples to the
seed metering device and/or the release of individual
seeds into the research plot. As such, in some embodi-
ments, information about the location(s) of the research
seed planting events may be analyzed and compared to
existing research plans, which may indicate the targeted
location(s) for the research seed planting events. In other
embodiments, research plot maps may be generated us-
ing location(s) of the research seed planting events. In
still other embodiments, research plots may be planted,
such as according to one or more research plans, by
triggering seed planting events at predetermined loca-
tions based on one or more research plans.

[0022] In various embodiments, a positional data ac-
quisition system 115 may include, for example, one or
more of the following: atimer system, atimer and encoder
system, a cable system, a dead reckoning system, a sat-
ellite navigation system, etc. An example of a cable sys-
tem may include, but need not be limited to, a cable that
is wound about a spool and that includes position indi-
cator buttons placed periodically along the length thereof.
As a research seed planter is moved through the re-
search plot, the cable is unwound and the position indi-
cator buttons are sensed by a check-head or other sens-
ing device. An example of a satellite navigation system
may include, but need not be limited to, the global posi-
tioning system (GPS) or the International Global Naviga-
tion Satellite System (GNSS) Service (IGS). GPS sys-
tems enable very accurate location determination or po-
sition fixing by utilizing measurements of precise timing
signals broadcast from a constellation of more than two
dozen GPS satellites in orbit around the earth. Locations
can be determined, for example, in terms of longitude,
latitude, and altitude regardless of time, weather and lo-
cation. Other satellite navigation systems include, but
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need not be limited to, International Global Navigation
Satellite Systems (GNSS) Service (IGS), which have in-
corporated NAVSTAR satellites of the United States and
GLONASS satellites from Russia along with additional
satellite constellations to provide robust navigation ca-
pability. In general, IGS provides increased precision in
location determination and enables the utilization of en-
hancements in the capabilities of satellite navigation sys-
tem devices. A Differential Global Positioning System
(DGPS) is an enhancement of GPS that incorporates ad-
ditional ground-based reference stations that allow the
calculation of differences between the measured GPS
positions and the ground-based fixed locations so that
corrections can be made forimproved accuracy. Accord-
ingly, it should be understood that, as used herein, the
term satellite navigation system is meant to encompass
any of a number of different systems including, for ex-

ample, GPS, IGS, GNSS, NAVSTAR, GLONASS,
DGPS, etc.
[0023] In the depicted embodiment, the controller 103

is configured to access and/or receive at least one in-
struction set, which may derived or extracted from one
or more research plans. Although the controller 103 may
receive an instruction set in any manner, in the depicted
embodiment, the controller 103 communicates with a da-
ta store 119, which stores one or more instruction sets.
Although not shown in the figure, in some embodiments,
the system may also include a web server by which data
from the data store 119 may be communicated over a
network. It should be noted that although the controller
103 in the depicted embodiment is referred to as access-
ing and/or receiving at least one instruction set, which
may be derived or extracted from one or more research
plans, for the purposes of the current specification and
appended drawings and claims, in some embodiments
this may comprise accessing and/or receiving one or
more research plans. According to various embodi-
ments, information within an instruction set may include,
but is not limited to, a map of the target seed locations
in one or more research plots. Although the controller
103 of the depicted embodiment may communicate with
the data store 119 over a network, in other embodiments
the controller 103 may communicate directly with the data
store 119. It should be noted that for the purposes of the
current specification and appended drawings and claims,
the term data store may include, but is not limited to, a
database, textfile, relational database, or any other man-
ner of storing data, including, for example, electronic
memory.

[0024] As will be discussed in more detail below, in
various embodiments one or more instruction sets may
be used by the controller 103 to control the seed package
handling device(s) 104 to release seed samples. In such
a manner seed samples may be released into the seed
metering device 108 and into the research plot according
to instruction sets or research plans. In some embodi-
ments, the instruction sets or research plans may be up-
dated, such as, for example, by communicating changes
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to the instruction sets over the network. Current manual
processes do not monitor research plans and thus are
not able to quickly and accurately change and adapt. For
example, operators of manual prior art processes have
no easy means of knowing when research plans are de-
veloped and/or altered and whether such development
or alteration affects the disposition of seed samples in a
particular research plot. By providing the controller 103
with access to one or more instruction sets associated
with one or more research plans (such as, for example,
by communication between the controller 103 and the
data store 119), various embodiments of the present in-
vention may quickly adapt to changes in the one or more
research plans or instruction sets associated therewith.
Additionally, by providing the controller 103 with access
to one or more instructions sets, various embodiments
of the present invention may facilitate work flow manage-
ment by prioritizing and/or otherwise managing the plant-
ing of seed samples.

[0025] Although invarious embodiments the seed han-
dling device may have different structures, FIG. 4 shows
a perspective view of a seed package assembly handling
device 104 of aresearch seed planter 102 in accordance
with one embodiment of the presentinvention. Such seed
package assembly handling devices may include devic-
es disclosed, for example, in U.S. Patent Publication No.
2009/0010750 assigned to the assignee of the present
application and entitled "Method of Handling Clamshell
Containers Containing a Particulate Aliquot'. Generally,
the seed package assembly handling device 104 of the
depicted embodiment comprises the seed tray assembly
105, a base plate 114, first and second guide rails 116,
117, an elevator assembly 118, and a pusher assembly
120 (not visible in FIG. 4). The seed tray assembly 105
includes a row of columns 122 configured to hold a plu-
rality of seed package assemblies 200. Such seed pack-
age assemblies may include assemblies disclosed, for
example, in U.S. Patent Publication No. 2008/0006627
assigned to the assignee of the present application and
entitled "Buckling Clamshell Container for Automated Al-
iquot and Dispersal Processes". It should be noted that
in other embodiments of the present invention, the seed
package assembly handling device 104 may be config-
ured to accommodate only one seed package assembly
200, however providing capacity to accommodate a plu-
rality of seed package assemblies 200 allows the re-
search seed planter 102 to plant more seed in the re-
search plot and/or to plant various seed varieties in the
research plot.

[0026] The base plate 114 is located below the seed
tray assembly 105, with the guide rails 116, 117 mounted
in a spaced parallel arrangement on top of the base plate
114, such that the guide rails 116, 117 are disposed di-
rectly below the bottom of the seed tray assembly 105.
Inthe depicted embodiment, the seed tray assembly 105,
base plate 114, guide rails 116, elevator assembly 118,
and pusher assembly 120 of the depicted embodiment
are constructed primarily of metal materials, such as steel
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and/or aluminum, however in other embodiments these
components may be constructed of any other material(s)
suitable for handling package assemblies, as described
below.

[0027] The seed tray assembly 105 is oriented with the
guide rails 116, 117 such that the bottom of each of the
columns 122 is substantially aligned between the guide
rails 116, 117. Additionally, the seed tray assembly 105
is movable in a direction approximately aligned with ar-
row A1 so that the bottom of each column 122 may be
substantially aligned with a loading area 124 (better
viewed in FIG. 5) defined by opposing recesses 126 cre-
ated in the first and second guide rails 116,117. The load-
ing area 124 is configured to receive a package assembly
200 for moving along a seed package assembly handling
path defined by the guide rails 116, 117. The elevator
assembly 118 is located below the loading area 124 and
includes an elevating mechanism 127 which raises and
lowers a pair of supports 128 in a direction approximately
aligned with arrow A2. The supports 128 are located be-
tween the guide rails 116, 117 substantially aligned with
the loading area 124. The elevator assembly 118 is con-
figured to move the supports 128 in a direction approxi-
mately aligned with arrow A2. In the depicted embodi-
ment, the tray assembly 105, the elevator assembly 118,
and the pusherassembly 120 are movable through pneu-
matic power by control of the controller 103, however in
other embodiments any one or any combination of the
seed tray assembly 105, elevatorassembly 118, or push-
er assembly may be movable by other means, including,
but not limited to, gear trains or screw drive systems driv-
en by one or more electric motors controlled by the con-
troller 103.

[0028] Although the seed tray assembly 105 of the de-
picted embodiment is shown empty, each column 122 is
configured to hold a plurality of seed package assemblies
200, which may be stacked one on top of another in a
closed position. So configured, the seed tray assembly
105 provides an array of closed package assemblies 200.
Inthe depicted embodiment, the seed tray assembly 105
comprises a single row of eight columns, with each col-
umn configured to hold twenty-eight to fifty seed package
assemblies 200. It should be noted that in other embod-
iments a column may be configured to hold any number
of seed package assemblies 200. Additionally, in other
embodiments a tray assembly may comprise a variety of
configurations designed to suit differing storage, space,
and/or performance constraints, including, for example,
a three-dimensional array having multiple rows and col-
umns. In such embodiments, the tray assembly may be
movable in other directions so as to substantially align
the bottoms of the columns with a loading area. Alterna-
tively, multiple loading areas may be available to receive
package assemblies from the tray assembly.

[0029] FIG.5 shows a perspective view from areverse
angle of the seed package assembly handling device 104
in accordance with the exemplary embodiment of the in-
vention depicted in FIG. 4. In this figure, the seed tray
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assembly 105 and the second guide rail 117 have been
removed to facilitate discussion. Each of the first and
second guide rails 116, 117 includes a support surface
134 which defines the seed package assembly handling
path and along which aseed package assembly 200 trav-
els after being loaded from the tray assembly 105 into
the loading area 124. The pusher assembly 120 includes
a pushing mechanism 130 that is configured to move a
pair of pusher fingers 132 in a direction approximately
aligned with arrow A3. The pusher fingers 132 are con-
figured to move the seed package assembly 200 along
the seed package assembly handling path. As will dis-
cussed in more detail below, the disengaging device 133
is configured to move in the general direction of A2 to
aid inopening aseed package assembly 200. The pusher
fingers 132 are located between the supports 128 and
the pusher fingers 132 and the supports 128 move inde-
pendent of, and do not interfere with, each other. A pinch
area 135 is disposed in the first guide rail 116 along the
support surface 134, downstream from the loading area
124. In some embodiments, the pinch area 135 is de-
signed to apply a compressive force to the seed package
assembly 200 as the seed package assembly 200 moves
along the seed package assembly handling path. The
pinch area 135 of the depicted embodiment is formed by
a geometry of the first guide rail 116, such that a portion
of the first guide rail 116 extends out some distance from
the first guide rail 116 toward the second guide rail 117
so that the guide rails 116, 117 converge and a compres-
sive force is applied to the package assembly 200 as it
moves along the seed package assembly handling path
past the pinch area 135 by squeezing the package as-
sembly 200 between the first and second guide rails 116,
117. In various other embodiments, the pinch area 135
may be formed in a variety of ways including, but not
limited to, a geometric configuration of the first and/or
second guide rails that results in the first and second
guide rails converging such that a compressive force is
applied the seed package assembly; one or more pinch
rollers defined by the first and/or second guide rails that
extend inward so as to apply a compressive force to the
seed package assembly; one or more actuated sections
of the first and/or second guide rails wherein the one or
more sections are configured to apply a compressive
force to the package assembly when actuated inward; at
least one adjustable insert or section located in one or
both guide rails configured to deflect at least one of op-
posing sides of the seed package assembly, the insert
or section being configured to adjust the amount of the
compression force applied to the package assembly; and
combinations thereof. In various embodiments, the
mechanism(s) used to create the pinch area 135 may be
configured to be deactivated by the controller, such as,
for example, by retracting the mechanism(s) out of the
path of the seed package assembly 200. It should also
be noted that in some embodiments, a compressive force
need not be applied to the seed package assembly and
thus there need not be a pinch area.
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[0030] An opening tool 136 that includes a spear 138
defining a spear end 140 (shown in more detail in FIG.
10) is located between the guide rails 116, 117 down-
stream from the loading area 124 and is configured such
that a package assembly 200 moving along the seed
package assembly handling path contacts the spear end
140. In the depicted embodiment, the opening tool 136
is constructed of a steel material, however in other em-
bodiments it may be constructed of any material struc-
tured to facilitate opening of a seed package assembly
200.

[0031] The seed package assembly sensor 112 may
be located proximate the seed package assembly han-
dling path and may be configured to read a label 201
containing indicia (or some other identifying medium) as-
sociated with each package assembly 200 before the
seed package assembly 200 opens torelease aresearch
seed sample. In the depicted embodiment, the label 201
includes machine-readable and/or human-readable in-
formation relating to the research seed sample contained
in the package assembly 200. The seed package assem-
bly sensor 112 may be any device capable of sensing
information from the seed package assembly 200, includ-
ing, but not limited to, a barcode reader, an OCR reader,
aradio frequency identification (RFID) reader capable of
identifying an RFID transponder associated with the seed
package assembly 200, and/or a combination thereof.
Additionally, although the seed package assembly sen-
sor 112 of the depicted embodiment of the present in-
vention is located proximate the seed package assembly
handling path downstream from the loading area 124, in
other embodiments a seed package assembly sensor
could be located in a variety of locations. For example,
one or more seed package assembly sensors could be
located on either side of the seed package assembly 200
or proximate the tray assembly 105, the pusher assembly
120, the elevator assembly 118, and/or the opening tool
136. In other embodiments, seed package assemblies
could be sensed with a separate seed package assembly
sensor prior to being loaded in the tray assembly 105,
such as, for example, a hand-held barcode scanner
and/or RFID reader. However, it should be noted that not
all embodiments of the present invention include a seed
package assembly sensor.

[0032] Although invarious embodiments of the present
invention the seed package assemblies may have differ-
ent structures (other structures may include, but are not
limited to, pouches, bags, small boxes, etc.), FIGS. 6 and
6A show an exemplary seed package assembly 200 of
a type that may be used in conjunction with the seed
package assembly handling device 104 shown in FIGS.
4 and 5 in accordance with one exemplary embodiment
of the present invention. Specifically, FIGS. 6 and 6A
show a perspective view of a seed package assembly
200, in open and closed positions, respectively, which is
usable in conjunction with the an exemplary embodiment
of the present invention. As shown, the seed package
assembly 200 may generally comprise a container por-
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tion 210 defining an opening 220 and including at least
two opposing sides 212, 214. The seed package assem-
bly 200 may further comprise a cover portion 230 con-
figured to cooperate with the container portion 210 to
selectively close the opening 220 defined by the contain-
er portion 210. It should be noted, however, thatthe meth-
od of handling package assemblies of various embodi-
ments of the present invention described herein may op-
erate on a variety of package assembly designs and thus
the present invention should not be limited to use with
the particular package assemblies those shown in the
figures.

[0033] Inorder to effectively close the opening 220 de-
fined by the container portion 210 of the depicted em-
bodiment, the cover portion 230 may comprise a rein-
forcing ridge portion 240 operably engaged about a pe-
rimeter of the cover portion 230 and configured to be
capable of engaging an inner periphery of the opening
220, in an interference fit, so as to selectively close the
opening 220, such that the cover portion 230 is not easily
disengaged from the container portion 210 without the
application of a force, as described herein. It should be
noted that in various embodiments, only a portion of the
cover portion 230 and the container portion 210 may co-
operate to hold the portions in a closed position. Moreo-
ver, an interference fit need not be required to hold the
cover portion 230 in a closed position over the opening
220 of the container portion 210. The method of various
embodiments of the present invention is operable in con-
junction with seed package assemblies of a variety of
designs, some of which are configured so that first and
second portions at least partially separate in response
to a force applied to the seed package assembly. In such
a manner, the first and second portions may separate,
at least partially, in response to the force, thus releasing
at least a portion of a particulate aliquot contained within
the package assembly. Thus, for example, package as-
semblies of other embodiments may comprise independ-
ent first and second portions wherein when the portions
separate, one of the portions falls away from the other.
Additionally, an adhesive or heat sealing material may
be used to hold the first and second portions (or a portion
of the first and second portions) in a closed position,
wherein the adhesive or sealing material is designed to
fail when the package assembly is subjected to a force.
[0034] Thereinforcing ridge portion 240 of the depicted
embodiment may also define a pair of flexure channels
245, 246 on opposing sides 231, 233 of the cover portion
230. Furthermore, the flexure channels 245, 246 may
cooperate to define a flexure axis 242 extending sub-
stantially perpendicularly to the opposing sides 231, 233
of the cover portion 230 defining the flexure channels
245, 246 such that the flexure axis 242 is substantially
parallel to the opposing sides 212, 214 of the container
portion 210.

[0035] According to various embodiments of the
present invention, the container portion 210, the cover
portion 230, and the opening 220 defined by the container
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portion may be formed into a variety of different shapes.
For example, in some embodiments, the various compo-
nents of the package assembly 200 may be formed in a
substantially rectangular shape. In other embodiments
the various components (such as the container portion
210, cover portion 230, and reinforcing ridge portion 240)
may be formed to have a variety of other shapes, includ-
ing but not limited to: polygonal shapes (including, but
not limited to rectangles, triangles, hexagons); circular;
oval; semi-circular; and combinations of such shapes.
[0036] As shown in FIG. 6, the flexure channels 245,
246 defined in the reinforcing ridge portion 240 of the
cover portion 230 may have different configurations on
one side as compared to the other side. In other embod-
iments, the flexure channels 245,246 may have the same
configuration. In the depicted embodiment, flexure chan-
nel 245 has a partially rectangular cross-sectional shape
and flexure channel 246 has a cross-sectional V-shape.
According to other embodiments, the flexure channels
245, 246 may also define various other cross-sectional
shapes that may be tailored to define a flexure axis 242
extending substantially perpendicularly to the opposing
sides 231, 233 of the cover portion 230. For example,
one or both of the flexure channels 245, 246 may, insome
alternative embodiments, define cross-sectional shapes
that may include, but are not limited to: partial rectangu-
lar; oval; circular; triangular; and combinations of such
cross-sectional shapes. For example, in FIGS. 11 and
12, both flexure channels define half circular cross-sec-
tions. The shape of the cross-section of the flexure chan-
nels 245, 246 may thus be tailored to suit the material
used to form the cover portion 230 and/or the reinforcing
ridge portion 240 so as to define a distinct flexure axis
242 across a width of the cover portion 230 such that the
cover portion flexes outwardly from the container portion
210 about the flexure axis 242 defined by the opposing
flexure channels 245, 246 (see, for example, FIG. 12,
showing the flexing action of the cover portion 230 about
the flexure axis 242 in response to a compressive force
applied to the seed package assembly 200).

[0037] Thus, in the depicted embodiment the cover
portion 230 may be configured to flex outwardly from the
container portion 210 about the flexure axis 242, when
a compressive force is applied to at least one of two op-
posing sides 212, 214 of the container portion 210. The
compressive force may thus initiate the disengagement
of the reinforcing ridge portion 240 from the inner periph-
ery of the opening 220 so that the cover portion 230 dis-
engages from the container portion 210. The seed pack-
age assembly 200 of the depicted embodiment is invert-
ed such that the cover portion 230 may drop away (see
FIG. 12) from the container portion 210 after the reinforc-
ing ridge portion 240 has been disengaged from the inner
periphery of the opening 120 due to a compressive force
applied to the opposing sides 212, 214 of the container
portion 210.

[0038] The seed package assembly 200 may thus be
used to release one or more seeds 300 (such as a com-
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prising a research seed sample) that have been segre-
gated and contained within the container portion 210 of
the seed package assembly 200 of the presentinvention.
As described generally above, the seed package assem-
bly 200 of various embodiments of the present invention
may be advantageously opened by the simple application
of a compressive force to at least one of the opposing
sides 212, 214 of the container portion 210 ofthe package
assembly 200 while suspending the package assembly
200 in an inverted position.

[0039] As shown generally in FIG. 6A, the seed pack-
age assembly 200 may further comprise a hinge portion
250 operably engaged between an edge of the cover
portion 230 and one of the at least two opposing sides
212, 214 of the container portion 210 such that the cover
portion 230 and the container portion 210 may form a
substantially seed unitary package assembly 200 even
when the cover portion 230 (and the reinforcing ridge
portion 240 extending therefrom) is disengaged from the
inner periphery of the opening 220 defined in the con-
tainer portion 210 (as shown generally in FIG. 11). In
some embodiments of the present invention, the hinge
portion 250 may be integrally formed with one or both of
the container portion 210 and the cover portion 230 to
form a unitary seed package assembly 200. According
to some alternative embodiments, the hinge portion 250
may also be operably engaged with one or both of the
container portion 210 and the cover portion 230 using an
adhesive material in order to form the seed package as-
sembly 200. As described generally above, the hinge por-
tion 250 may be formed with a bias towards the "open"
position (as shown generally in FIG. 11) such that the
hinge portion 250 may urge the cover portion 230 gen-
erally away from the container portion 210 once the com-
pressive force has caused the initial disengagement of
the reinforcing ridge portion 240 from an inner periphery
of the opening 220 defined in the container portion 210.
[0040] Furthermore, asshowngenerallyin FIGS. 6 and
6A, the seed package assembly 200 may also comprise
a pair of complementary flange portions 219, 232 extend-
ing outward from an outer periphery of the opening 220
and the reinforcing ridge portion 240 of the cover portion
230, respectively. For example, the seed package as-
sembly 200 may further comprise a first flange portion
219 extending substantially perpendicular from at outer
periphery of the opening 220, and a second flange portion
232 extending substantially outward from the reinforcing
ridge 240 such that when the cover portion 230 closes
the opening 220 defined by the container portion 210,
the first flange portion 219 is substantially adjacent and
parallel to the second flange portion 232. Furthermore,
the second flange portion 232 may define a pair of op-
posing concave portions 235 substantially coaxial with
the flexure axis 242. According to such embodiments,
the concave portions 235 may form a corresponding pair
of apertures between the first and second flange portions
219, 232 when the cover portion 230 closes the opening
220 defined by the container portion 210. For example,
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in some of such embodiments, the pair of apertures de-
fined by the opposing concave portions 235 formed in
the second flange portion 232 may be adapted to be ca-
pable of receiving an opening tool 136 (described in more
detail with respect to FIGS. 7-10) for encouraging the
cover portion 230 to flex outwardly from the container
portion 210 about the flexure axis 242 so that the cover
portion 230 disengages from the container portion 210.
In various embodiments, an opening tool may be any
implement configured to aid in encouraging package as-
sembly portions to separate, such as a screwdriver, knife,
or other narrow-bladed implement, etc. Thus, such op-
posing concave portions 235 defined in by the second
flange portion 232 may serve to define a corresponding
pair of apertures between the flange portions 219, 232
so that the opening tool 136 may be inserted into the
aperture located at or near the flexure axis 242 so as to
further urge the cover portion 230 out of its interference
fit with the container portion 210. The package assembly
200 of the depicted embodiment also includes at least
one corresponding concave portion 251 defined by the
first flange portion 219. The corresponding concave por-
tion 251 is configured such that when the cover portion
230 is engaged with the container portion 210, the con-
tainer ridge 251 substantially aligns with one of the op-
posing concave portions 235 defined by the second
flange portion 232. In such a manner, the aligned con-
cave portion 235 and corresponding concave portion 251
form a larger aperture between the first and second
flange portions 219, 232 when the cover portion 230 clos-
es the opening 220 defined by the container portion 210.
As aresult, the aperture formed by the concave portion
235 and the corresponding concave portion 235 creates
a larger target for receiving an opening tool for encour-
aging the cover portion 230 to flex outwardly from the
container portion 210 about the flexure axis 242 so that
the cover portion 230 disengages from the container por-
tion 210. It should be noted that in other embodiments,
concave portions need not be included on the seed pack-
age assembly. For such embodiments, an opening tool
may still be used to at least partially separate portions of
a package assembly by inserting the opening tool be-
tween the portions.

[0041] A notch portion 253 is defined by the first flange
portion 219 of the depicted embodiment. The notch por-
tion 253 is configured to allow a disengaging device 133
(described in more detail with respect to FIGS. 5-7) to
exert a force approximately normal to the second flange
232 through the notch portion 253. In such a manner, the
disengaging device 133 may further facilitate disengag-
ing the cover portion 230 from the container portion 210.
In various embodiments, a disengaging device may be
any device, tool, and/or mechanism configured to exert
aforce through the notch portion 253 against the second
flange 232. As such, in various embodiments a disen-
gaging device may be used alone, or in combination with
the opening tool 136 received in one or both of the pair
of apertures defined by the opposing ridges 235. As a
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result, in various embodiments, this may increase open-
ing success for packaging assemblies with dimensional
variability. It should be noted that although the notch por-
tion 253 shown in the depicted embodiment is generally
rectangular in shape, one skilled in the art will recognize
that a notch portion in accordance with the present in-
vention may take many other shapes, including, but not
limited to, a half circular shape, a half oval shape, a tri-
angular shape, a circular shape, an oval shape, and com-
binations thereof. It should also be noted that in various
embodiments, the disengaging device 133 may be de-
activated by the controller 103 such as, for example, by
not actuating the disengaging device 133 so that it does
not act upon the seed package assembly 200.

[0042] FIGS. 7-9 depict a method of opening seed
package assemblies 200 in accordance with various ex-
emplary embodiments of the present invention. In these
figures, the tray assembly 105 and the second guide rail
117 have been removed to facilitate discussion. The
method of handling package assemblies of various em-
bodiments of the present invention may handle one or a
plurality of package assemblies. Referring to depicted
embodiment of FIG. 7, although a single seed package
assembly 200 is shown, the description assumes that a
stack of seed package assemblies exists above the de-
picted seed package assembly 200. The process begins
with the tray assembly 105 moving such that a column
122 containing a stack of package assemblies is aligned
with the loading area 124, which is defined by opposing
recessed areas 126 located in the first and second guide
rails 116, 117. The distance between the first and second
guide rails 116, 117 in the loading area 124 is configured
to be slightly greater than the length of the seed package
assembly 200. In this manner, the supports 128 may
move into contact with the bottommost seed package
assembly 200 and the stack of seed package assemblies
may be moved up and down by the elevating mechanism
127 proximate the loading area 124. Once a stack of
seed package assemblies has been moved by the tray
assembly 105 into a position approximately aligned with
the loading area 124, the elevating mechanism 127
moves the supports 128 into contact with the bottommost
seed package assembly 200. The entire stack of package
assemblies is then moved downward so that the flanges
219, 232 of the bottommost seed package assembly 200
approximately align with the support surfaces 134 of the
first and second guide rails 116, 117. As the elevating
mechanism 127 lowers the stack of package assemblies,
the label 201 of the seed bottommost package assembly
200 may be sensed by the seed package assembly sen-
sor 112 (not shown). In this manner, information pertain-
ing to the bottommost seed package assembly 200,
which is the seed package assembly entering the seed
package assembly handling path, may be recorded. As
the elevating mechanism 127 continues to lower the
stack of package assemblies, the flanges 219, 232 of the
bottommost seed package assembly 200 contact the
support surfaces 134 of the first and second guide rails
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116,117. As shown in FIG. 6A, in some embodiments
the length of second flange portion 232 may be shorter
than the length of first flange portion 219 so that when
the seed package assembly 200 is lowered onto the sup-
port surfaces 134, the first flange portion 219 contacts
the support surface 134 of the second guide rail 117 so
that the cover portion 230 may be free to separate from
the container portion 210 upon application of a force.
[0043] In FIG. 8, the pushing mechanism 130 (not
shown) moves the pusher fingers 132 into contact with
the bottommost seed package assembly 200 such that
the seed package assembly 200 may be pushed outfrom
the bottom of the stack of package assemblies, along the
seed package assembly handling path. The top surfaces
of the pusher fingers 132 are configured so that as the
pusher fingers 132 move the bottommost seed package
assembly 200 out from under the stack of seed package
assemblies and along the seed package assembly han-
dling path, the remaining stack of seed package assem-
blies rides on top of the pusher fingers 132. Once the
pusher fingers 132 move past the stack of seed package
assemblies, the elevating mechanism 127 moves the
supports 128 upward, lifting the stack of seed package
assemblies off of the pusher fingers 132. The pushing
mechanism 130 then continues to drive the pusher fin-
gers 132, thus moving the seed package assembly 200
along the seed package assembly handling path defined
by the support surfaces 134, past the pinch area 135. As
noted above, the pinch area 135 extends out some dis-
tance from the first guide rail 116 toward the second guide
rail 117 such that as the seed package assembly 200
passes the pinch area 135, pressure is exerted on sur-
face 244 of the seed package assembly 200, and the
seed package assembly 200 is forced against the second
guide rail 117 and is thus subjected to a compressive
force. In the depicted embodiment, the compressive
force is applied against the hinge portion 250 and surface
244 on the opposite end of the seed package assembly
200. As such the compressive force is applied approxi-
mately perpendicular to the flexure axis 242. The com-
pressive force causes the cover portion 230 of the seed
package assembly 200 to flex outwardly from the con-
tainer portion 210 about the flexure axis 242, which caus-
es the cover portion 230 of the package assembly 200
to bow downward (as shown, for example, in FIG. 11).
In some embodiments, this compressive force initiates
the disengagement of the reinforcing ridge portion 240
from the inner periphery of the opening 220 so that the
cover portion 230 disengages from the container portion
210.As showninFIG.12,in such embodimentsthe cover
portion 230 drops away from the container portion 210
after the reinforcing ridge portion 240 has been disen-
gaged from the inner periphery of the opening 220. It
should be noted that in other embodiments, no compres-
sive force is applied to the seed package assembly 200
and separation of the cover portion 230 and container
portion 210 occurs via application of one or more different
forces.
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[0044] In some embodiments, such as the depicted
embodiment, additional devices and/or mechanisms
may be used to apply a force to the seed package as-
sembly 200 to further encourage the cover portion 230
to disengage from the container portion 210. Referring
to FIG. 9, once the cover portion 230 is bowed about the
flexure axis 242, the pushing mechanism 130 drives the
pusher fingers 132 to move the seed package assembly
200 such it engages an opening tool 136 (shown by itself
in FIG. 10). In particular, the seed package assembly 200
is moved along the seed package assembly handling
path such that an existing aperture defined by one of the
opposing concave portions 235 and corresponding con-
cave portion 251 of the seed package assembly 200 con-
tacts the spear end 140 of the opening tool 136. In the
depicted embodiment, the opening tool 136 is rigidly at-
tached to the second guide rail 117 such that as the seed
package assembly 200 continues to move along the seed
package assembly handling path, the spear 138 inserts
between the cover portion 230 and the container portion
210 of the seed package assembly 200. Howeverin other
embodiments, the opening tool 136 may be secured to
various other structures of the seed package assembly
handling device 104 in various different manners, and in
some embodiments, the opening tool 136 may be con-
figured to be deactivated by the controller, such as, for
example, by retracting the opening tool 136 out of the
path of the seed package assembly 200.

[0045] Concurrently, inthe depicted embodimentadis-
engaging tool 133, which is located between the pusher
fingers 132, is actuated via pneumatic power, however
in other embodiments the disengaging tool 133 may be
actuated in various other ways, and in some embodi-
ments there need not be a disengaging tool 133. Once
actuated, the disengaging tool 133 of the depicted em-
bodiment is configured to push downward through the
notch portion 253 defined by the first flange portion 219
of the package assembly 200. In such a manner, the
disengaging device 133 exerts aforce approximately nor-
mal to the second flange 232 through the notch portion
253 further encouraging the cover portion 230 to disen-
gagefromthe container portion 210. Thus, in the depicted
embodiment, the opening tool 136 and the disengaging
tool 133 ensure that the cover portion 230 completely
disengages from the container portion 210.

[0046] If, as shown in the figures, the seed package
assembly 200 is inverted, the cover portion 230 may drop
away from the container portion 210 after the reinforcing
ridge portion 240 has been disengaged from the inner
periphery of the opening 220. Once the cover portion 230
has disengaged from the container portion 210, a deflect-
ing arm 142 of the opening tool 136 deflects the cover
portion 230 such that it is held away from the container
portion. As shown generally in FIG. 12, the package as-
sembly 200 may thus be used to release the research
seed sample 300 contained within the container portion
210 of the seed package assembly 200.

[0047] It should be noted that although the depicted
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embodiments show a method in which portions of a seed
package assembly are at least partially separated by ap-
plying several forces to the package assembly (i.e., ap-
plying a compressive force to opposing sides of the pack-
age assembly, inserting an opening tool between por-
tions of the package assembly, and applying an approx-
imately normal force to a flange defined in one portion of
the package assembly), in other embodiments a seed
package assembly may be at least partially separated
by applying any one force to the seed package assembly
or any combination of forces to the seed package as-
sembly. Additionally, although the depicted embodi-
ments show a method in which portions of a package
assembly are atleast partially separated by applying sev-
eralforces to the seed package assembly as the package
assembly moves along a package assembly handling
path, in other embodiments any one force may be applied
to the package assembly or any combination of forces
may be applied to the package assembly without requir-
ing the package assembly to move along a package as-
sembly handling path. Thatis, in other embodiments any
one force or any combination of forces adapted to at least
partially separate portions of a package assembly may
act on an unmoving package assembly.

[0048] Forvarious reasons, the seed package assem-
bly handling device 104 may also be capable of bypass-
ing the dispensing operation with respect to one or more
of the seed package assemblies 200. For example, the
controller 103 may control the seed package assembly
handling device 104 to deactivate the mechanism(s)
causing the opening force(s). In various embodiments,
the controller 103 may control the seed package assem-
bly handling device 104 not to open a seed package as-
sembly 200 if, for example, the controller 103 receives
information read from the seed package assembly 200
by the seed package assembly sensor 112 that is not
consistentwith information expected of the seed package
assembly 200. In particular, when bypassing is desired,
the controller 103 may control the seed package assem-
bly handling device 104 to deactivate the mechanism(s)
that create opening force(s), which may include, for ex-
ample, retracting the mechanism(s) that create the pinch
area 135, deactivating the disengaging device 133,
and/or retracting the opening tool 136. In such a manner,
the seed package assembly 200 may travel from the seed
tray assembly 105 to the waste container 111 without
being opened.

[0049] FIGS. 13 and 14 show a front perspective view
and a rear prospective view, respectively, of an automat-
ed research seed planting system 100 that includes a
mobile planter transport device 99 and a research seed
planter 102 in accordance with an exemplary embodi-
ment of the present invention. In the depicted embodi-
ment, the research seed planter 102 is configured to be
transported via the mobile planter transport device 99
and is configured to plant four rows of seed in aresearch
plot for each pass of the research seed planter 102. The
research seed planter 102 of the depicted embodiment
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includes four seed package handling devices 104, and
four seed metering devices 108, with a seed package
handing device 104 and a seed metering device 108 be-
ing associated with each of the four rows to be planted.
In the depicted embodiment, the research seed planting
system 100 also includes a positional data acquisition
system 115 (not visible in FIGS. 13 and 14) configured
to acquire position data associated with one or more re-
search seed planting events. The research seed planter
102 of the depicted embodiment also includes a seed
package assembly sensor 112 (not visible in FIGS. 13
and 14), associated with each of the seed package as-
sembly handling devices 104, for sensing information
pertaining to the seed package assemblies 200, and a
seed drop sensor 113 (not visible in FIGS. 13 and 14)
for sensing seed drop events. As a result, specific loca-
tions within the research plot where a particular seed
package was released into a respective seed metering
device and/or specific locations in the research plot
where individual seeds from a particular seed package
were released into the research plot can be determined.
In some embodiments, these locations may be compared
to one or more instruction sets or research plans and/or
may be used to update one or more instruction sets
and/orresearch plans. Inotherembodiments, these seed
drop events may be triggered as a result of the position
of the research seed planter 102 in the research seed
plot.

[0050] FIG. 15 shows a research seed planter 102 in
accordance with another exemplary embodiment of the
present invention. In the depicted embodiment, the re-
search seed planter 102 is configured to be transported
via a mobile planter transport device (not visible in FIG.
15) and is configured to plant eight rows of seed in a
research plot for each pass of the research seed planter
102. The eight rows of seed are supplied by four seed
package handling devices 104, each one being dedicat-
ed for adjacent pairs of the eight rows to be planted. In
the depicted embodiment, the orientations of the seed
package handling devices 104 are rotated with respect
to the research seed planter 102 but are otherwise con-
figured similarly as explained with respect to FIG. 2, with
each seed package handing device having a seed tray
assembly 105 configured to carry one or more seed pack-
age assemblies 200 that are configured to contain a re-
search seed sample comprising one or more seeds. FIG.
16 shows a schematic drawing of portions of a similar
research seed planter in accordance with an exemplary
embodiment of the present invention. In particular, FIG.
16 shows some of the components associated with each
pair of rows to be planted including a seed dispensing
device 104, a seed handling splitter 199, a pair of seed
metering devices 108, a pair of seed drop tubes 110, a
pair of seed package assembly sensors 112, and a pair
of seed meter sensors 113. As shown in the drawing,
each seed dispensing device 104 automatically opens
associated seed package assemblies 200 and releases
research seed samples into the seed handling splitter
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199, which directs the seed into the pair of respective
seed metering devices 108. In various embodiments a
precision seed splitter may be used, such as, for exam-
ple, as is available from many commercial sources, in-
cluding ALMACO of Nevada, lowa. As similarly described
above, the seed metering devices 108 receive the seeds
released by the seed package handling device 104 and
singulate the seeds. Individual seeds are then released
by the seed metering device through a drop tube 110 and
into the research plot.

[0051] Although the embodiment depicted in FIG. 16
employs two-way splitters, it should be noted that in other
embodiments, other types of splitters may be used, in-
cluding four-way and eight-way splitters, etc. Additional-
ly, in other embodiments groups of seed package han-
dling devices may be associated with the same splitter
so as to provide increased capacity. For example, inone
embodiment four pairs of seed handling devices are pro-
vided in an eight row planter with each pair of seed han-
dling devices being associated with a two-way splitter.
In such a manner, each row to be planted is supplied by
one of two seed handling devices, allowing one of the
two seed handling devices to empty all of its seed pack-
age assemblies before the other of the two seed handling
devices starts to empty its seed package assembilies.
[0052] Many modifications and other embodiments of
the invention set forth herein will come to mind to one
skilled in the art to which this invention pertains having
the benefit of the teachings presented in the foregoing
descriptions and the associated drawings. Therefore, it
is to be understood that the invention is not to be limited
to the specific embodiments disclosed and that modifi-
cations and other embodiments are intended to be in-
cluded within the scope of the appended claims. Although
specific terms are employed herein, they are used in a
generic and descriptive sense only and not for purposes
of limitation.

Claims

1. Anautomated research seed planting system (100),
the system comprising:

a planter (102) configured for planting a re-
search plot and comprising a seed package as-
sembly handling device (104) comprising a seed
tray assembly (105) configured to hold a plurality
of seed package assemblies (200), each seed
package assembly containing a research seed
sample; and

a controller (103) configured to communicate
with the seed package assembly handling de-
vice (104),

wherein the controller (103) is configured to con-
trol the seed package assembly handling device
(104) to automatically release theresearch seed
sample from the seed package assembly (200).
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The automated research seed planting system (100)
according to Claim 1, wherein the controller (103) is
further configured to automatically control the seed
package handling device (104) to apply a force to
the seed package assembly to release the research
seed sample from the seed package assembly (200).

The automated research seed planting system (100)
according to Claim 1, wherein the seed package as-
sembly (200) includes at least one of a machine-
readable or human-readable label (201).

The automated research seed planting system (100)
according to Claim 1, further comprising a positional
data acquisition device (115) configured to acquire
position data and wherein the controller (103) is con-
figured to control the seed package assembly han-
dling device (104) according to the position data and
one or more instruction sets, preferably wherein one
or more instructions sets are derived from one or
more research plans, more preferably wherein at
least one of the research plans or the instruction sets
are stored in at least one data store.

The automated research seed planting system (100)
according to Claim 1, wherein the planter (102) com-
prises a plurality of seed package assembly handling
devices (104) each configured to receive a respec-
tive seed package assembly of a plurality of seed
package assemblies (200), and wherein one or more
controllers (103) are configured to automatically con-
trol each seed package assembly handling device
to release a respective research seed sample into
the research plot, preferably either (a) wherein the
planter (102) further comprises a plurality of seed
metering devices (108) each configured to receive
arespective research seed sample fromarespective
seed package assembly handling device (104), and
wherein each seed metering device (108) is further
configured to separate individual seeds from the re-
spective research seed sample and to release the
individual seeds into the research plot, preferably
further comprising a plurality of seed meter sensor
devices (113) configured to sense individual seeds
as the individual seeds are released into the re-
search plot, or (b) wherein the planter (102) is con-
figured to plant four rows and comprises four seed
package assembly handling devices and four re-
spective seed metering devices, and wherein each
seed package assembly handling device (104) is
configuredtorelease atleasta portion of arespective
seed sample into arespective seed metering device,
or (c) wherein the planter (102) is configured to plant
eightrows and comprises four seed package assem-
bly handling devices, four seed sample splitting de-
vices, and eight seed metering devices (108), and
wherein each seed package assembly handling de-
vice (104) is configured to release at least a portion
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of arespective seed sample into a respective pair of
the eight seed metering devices (104) via a respec-
tive seed sample splitting device.

The system of Claim 2, wherein the seed package
assembly handling device (104) is configured to
open a seed package assembly (200) comprising
first and second portions that cooperate to contain
the research seed sample, and wherein the seed
package assembly handling device is configured to
apply a force to the seed package assembly (200)
so that the first and second portions of the seed pack-
age assembly at least partially separate thus releas-
ing the research seed sample.

The system of claim 1, wherein the controller is con-
figured to control the seed package assembly han-
dling device to bypass releasing the research seed
sample from the seed package assembly (200).

The automated research seed planting system ac-
cording to Claim 6, wherein the force comprises at
least a compressive force and wherein the compres-
sive force causes at least one of the first or second
portions of the seed package assembly to flex out-
wardly from the other portion about a flexure axis so
that the first and second portions at least partially
separate in response to the force, thus releasing the
research seed sample, preferably wherein the seed
package assembly handling device further compris-
es an opening tool and a disengaging tool, and
wherein the controller is further configured to cause
the opening tool to contact between the first and sec-
ond portions of the seed package assembly and to
automatically control the seed package assembly
handling device to apply a second force to the pack-
age assembly via the disengaging tool, for encour-
aging at least one of the first or second portions to
flex outwardly from the other portion about the flex-
ure axis so that the first and second portions sepa-
rate.

The system of claim 1, wherein the seed package
assembly handling device (104) is configured to be
controlled according to one or more instruction sets,
preferably wherein the one or more instructions sets
are derived from one or more research plans and
optionally at least one of the research plans or the
instruction sets are stored in at least one data store
(119).

The automated research seed planting system (100)
according to Claim 6, wherein either (a) the seed
package assembly handling device (104) further
comprises an opening tool (136) configured to con-
tact the seed package assembly (200) between the
first and second portions and wherein the force com-
prises a force exerted by the opening tool (136) on
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the seed package assembly (200), or (b) wherein
the force comprises at leasta compressive force and
wherein the compressive force causes at least one
of the first or second portions of the seed package
assembly (200) to flex outwardly from the other por-
tion about a flexure axis so that the first and second
portions at least partially separate in response to the
force, thusreleasing the research seed sample, pref-
erably wherein the seed package assembly handling
device (104) further comprises an opening tool (136)
and a disengaging tool (133), and wherein the open-
ing tool (136) is configured to contact the seed pack-
age assembly (200) between the first and second
portions of the seed package assembly (200) so as
to apply a second force to the seed package assem-
bly (200) and the disengaging tool (136) is configured
to apply a third force to the seed package assembly
(200), and wherein the compressive force and the
second and third forces encourage at least one of
the first or second portions to flex outwardly from the
other portion about the flexure axis so that the first
and second portions separate, or (c) further compris-
ing a positional data acquisition device (115) config-
ured to acquire position data and wherein the seed
package assembly handling device (104) is config-
ured to operate according to the position data and
one or more instruction sets, or further comprising a
seed sample splitting device configured to receive
the research seed sample from the seed package
assembly handling device (104).

The system of Claim 3, further comprising a seed
package assembly sensor device (112) configured
forreading alabel (201) of the seed package assem-
bly (200), preferably wherein the seed package as-
sembly sensor device (112) comprises a device se-
lected from the group consisting of:

a bar code reader;

an OCR reader;

an RFID reader; and

combinations thereof, or

further comprising a positional data acquisition
device (115) configured to acquire position data
relating to a position of the released research
seed sample.

The system of Claim 1, further comprising a seed
metering device (108) configured to receive the re-
search seed sample from the seed package assem-
bly handling device (104), and wherein the seed me-
tering device (108) is configured to separate individ-
ual seeds from the research seed sample and to re-
lease the individual seeds into the research plot,
preferably further comprising a seed meter sensor
device (113) configured to sense individual seeds
as the individual seeds are released into the re-
search plot.
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13. A method of planting a research plot, said method

comprising:

transporting a planter (102) that comprises a
seed package assembly handling device (104)
comprising a seed tray assembly (105) that
holds a plurality of seed package assemblies
(200) each seed package assembly containing
a research seed sample;

moving a seed tray assembly (105) to align the
seed package assembly (200) with a loading ar-
ea (124); and

controlling the seed package assembly handling
device (104) using a controller (103) to automat-
ically release the research seed sample.

Patentanspriiche

Automatisiertes Pflanzsystem (100) fir Forschungs-
saatgut, wobei das System aufweist:

eine Pflanzmaschine (102), die fiir das Bepflan-
zen einer Forschungsparzelle ausgebildet ist
und eine Handhabungsvorrichtung (104) mit ei-
ner Anordnung von Saatgutpackungen auf-
weist, die eine Saatgutmuldenanordnung (105)
aufweist, die ausgebildet ist, um eine Vielzahl
von Anordnungen (200) von Saatgutpackungen
aufzunehmen, wobei eine jede Anordnung von
Saatgutpackungen eine Saatgutprobe flr For-
schungszwecke enthalt; und

einen Regler (103), der ausgebildet ist, um mit
der Handhabungsvorrichtung (104) mit einer
Anordnung von Saatgutpackungen in Verbin-
dung zu stehen,

wobei der Regler (103) ausgebildet ist, um die
Handhabungsvorrichtung (104) miteiner Anord-
nung von Saatgutpackungen zu steuern, um au-
tomatisch die Saatgutprobe fiir Forschungs-
zwecke aus der Anordnung (200) von Saatgut-
packungen freizugeben.

Automatisiertes Pflanzsystem (100) fir Forschungs-
saatgut nach Anspruch 1, bei dem der Regler (103)
aulerdem ausgebildet ist, um die Handhabungsvor-
richtung (104) fur Saatgutpackungen automatisch zu
steuern, um eine Kraft auf die Anordnung von Saat-
gutpackungen auszuiiben, um die Saatgutprobe fir
Forschungszwecke aus der Anordnung (200) von
Saatgutpackungen freizugeben.

Automatisiertes Pflanzsystem (100) fiir Forschungs-
saatgut nach Anspruch 1, bei dem die Anordnung
(200) von Saatgutpackungen mindestens eines von
einem maschinell lesbaren oder vom Menschen les-
baren Etikett (201) umfasst.
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Automatisiertes Pflanzsystem (100) fir Forschungs-
saatgut nach Anspruch 1, das aulRerdem eine Erfas-
sungsvorrichtung (115) flr Positionsdaten aufweist,
die ausgebildet ist, um Positionsdaten zu erfassen,
und wobei der Regler (103) ausgebildet ist, um die
Handhabungsvorrichtung (104) miteiner Anordnung
von Saatgutpackungen entsprechend den Positi-
onsdaten und einem oder mehreren Befehlssatzen
zu steuern, vorzugsweise, beidem ein oder mehrere
Befehlssatze aus einem oder mehreren For-
schungsprojekten abgeleitet werden, mehr bevor-
zugt, beidem mindestens eines der Forschungspro-
jekte oderdie Befehlssatze in mindestens einem Da-
tenspeicher gespeichert werden.

Automatisiertes Pflanzsystem (100) fir Forschungs-
saatgut nach Anspruch 1, bei dem die Pflanzmaschi-
ne (102) eine Vielzahl von Handhabungsvorrichtun-
gen (104) mit einer Anordnung von Saatgutpackun-
gen aufweist, von denen eine jede ausgebildet ist,
um eine entsprechende Anordnung von Saatgutpa-
ckungen aus einer Vielzahl von Anordnungen (200)
von Saatgutpackungen aufzunehmen, und wobei
ein oder mehrere Regler (103) ausgebildet sind, um
jede Handhabungsvorrichtung mit einer Anordnung
von Saatgutpackungen automatisch zu steuern, um
eine entsprechende Saatgutprobe fiir Forschungs-
zwecke in die Forschungsparzelle abzugeben, vor-
zugsweise entweder (a), wobei die Pflanzmaschine
(102) auRerdem eine Vielzahl von Dosiervorrichtun-
gen (108) fir Saatgut aufweist, von denen eine jede
ausgebildet ist, um eine entsprechende Saatgutpro-
be fiir Forschungszwecke aus einer entsprechenden
Handhabungsvorrichtung (104) miteiner Anordnung
von Saatgutpackungen aufzunehmen, und wobei ei-
ne jede Dosiervorrichtung (108) fir Saatgut weiter
ausgebildet ist, um die einzelnen Saatguter von der
entsprechenden Saatgutprobe fir Forschungszwe-
cke zu trennen und die einzelnen Saatglter in die
Forschungsparzelle abzugeben, wobei sie vorzugs-
weise aulRerdem eine Vielzahl von Sensorvorrich-
tungen (113) fur die Saatgutdosierung aufweist, die
ausgebildet sind, um die einzelnen Saatguter zu er-
fassen, wahrend die einzelnen Saatgiter in die For-
schungsparzelle abgegeben werden, oder (b), wo-
beidie Pflanzmaschine (102) ausgebildetist, um vier
Reihen zu pflanzen und vier Handhabungsvorrich-
tungen mit einer Anordnung von Saatgutpackungen
und vier entsprechende Dosiervorrichtungen flr
Saatgut aufweist, und wobei eine jede Handha-
bungsvorrichtung (104) mit einer Anordnung von
Saatgutpackungen ausgebildet ist, um mindestens
einen Teil der entsprechenden Saatgutprobe in eine
entsprechende Dosiervorrichtung fir Saatgut abzu-
geben, oder (c), wobei die Pflanzmaschine (102)
ausgebildet ist, um acht Reihen zu pflanzen und vier
Handhabungsvorrichtungen mit einer Anordnung
von Saatgutpackungen, vier Aufteilvorrichtungen fiir
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die Saatgutprobe und acht Dosiervorrichtungen
(108) fiur Saatgut aufweist, und wobei eine jede
Handhabungsvorrichtung (104) mit einer Anordnung
von Saatgutpackungen ausgebildet ist, um mindes-
tens einen Teil einer entsprechenden Saatgutprobe
in ein entsprechendes Paar der acht Dosiervorrich-
tungen (108) fiir Saatgut ber eine entsprechende
Aufteilvorrichtung fiir die Saatgutprobe abzugeben.

System nach Anspruch 2, bei dem die Handha-
bungsvorrichtung (104) mit einer Anordnung von
Saatgutpackungen ausgebildet ist, um eine Anord-
nung (200) von Saatgutpackungen zu &ffnen, die ei-
nen ersten und einen zweiten Teil aufweist, die zu-
sammenwirken, um die Saatgutprobe fir For-
schungszwecke aufzunehmen, und wobei die Hand-
habungsvorrichtung mit einer Anordnung von Saat-
gutpackungen ausgebildet ist, um eine Kraft auf die
Anordnung (200) von Saatgutpackungen anzuwen-
den, damit sich der erste und der zweite Teil der
Anordnung von Saatgutpackungen mindestens teil-
weise trennen, wodurch die Saatgutprobe fir For-
schungszwecke freigegeben wird.

System nach Anspruch 1, bei dem der Regler aus-
gebildet ist, um die Handhabungsvorrichtung mit ei-
ner Anordnung von Saatgutpackungen zu steuern,
umdas Freigeben der Saatgutprobe fiir Forschungs-
zwecke aus der Anordnung (200) von Saatgutpa-
ckungen zu umgehen.

Automatisiertes Pflanzsystem fir Forschungssaat-
gut nach Anspruch 6, bei dem die Kraft mindestens
eine Druckkraft aufweist, und wobei die Druckkraft
bewirkt, dass sich mindestens einer von erstem oder
zweitem Teil der Anordnung von Saatgutpackungen
nach aulen weg vom anderen Teil um eine Biege-
achse biegt, so dass sich der erste und zweite Teil
mindestens teilweise als Reaktion auf die Kraft tren-
nen, wodurch die Saatgutprobe flr Forschungszwe-
cke freigegebenwird, wobeivorzugsweise die Hand-
habungsvorrichtung mit einer Anordnung von Saat-
gutpackungen auBerdem ein Offnungswerkzeug
und ein Trennwerkzeug aufweist, und wobei der
Regler aukerdem ausgebildet ist, damit das Off-
nungswerkzeug zwischen dem ersten und zweiten
Teil der Anordnung von Saatgutpackungen einen
Kontakt bewirkt, und damitdie Handhabungsvorrich-
tung mit einer Anordnung von Saatgutpackungen
automatisch gesteuert wird, um eine zweite Kraft auf
die Anordnung von Packungen mittels des Trenn-
werkzeuges anzuwenden, damit mindestens einer
von erstem oder zweitem Teil dabei unterstitzt wird,
sich vom anderen Teil um die Biegeachse nach au-
Ren zu biegen, so dass sich der erste und zweite
Teil trennen.

System nach Anspruch 1, bei dem die Handha-
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bungsvorrichtung mit einer Anordnung von Saatgut-
packungen so ausgebildet ist, dass sie entspre-
chend einem oder mehreren Befehlssatzen gesteu-
ert wird, wobei vorzugsweise der eine oder mehrere
Befehlssatze von einem oder mehreren For-
schungsprojekten abgeleitet werden, und wobei
wahlweise mindestens eines der Forschungsprojek-
te oder die Befehlssatze in mindestens einem Da-
tenspeicher (119) gespeichert werden.

Automatisiertes Pflanzsystem (100) fir Forschungs-
saatgut nach Anspruch 6, bei dem entweder (a) die
Handhabungsvorrichtung (104) miteiner Anordnung
von Saatgutpackungen auRerdem ein Offnungs-
werkzeug (136) aufweist, das ausgebildet ist, um die
Anordnung (200) von Saatgutpackungen zwischen
dem ersten und zweiten Teil in Kontakt zu bringen,
und wobei die Kraft eine Kraft aufweist, die durch
das Offnungswerkzeug (136) auf die Anordnung
(200) von Saatgutpackungen ausgeubt wird, oder
beidem (b) die Kraft mindestens eine Druckkraft auf-
weist, und wobei die Druckkraft bewirkt, dass sich
mindestens einer von erstem oder zweitem Teil der
Anordnung (200) von Saatgutpackungen nach au-
Renvom anderen Teil um eine Biegeachse biegt, so
dass sich der erste und der zweite Teil mindestens
teilweise als Reaktion auf die Kraft trennen, wodurch
die Saatgutprobe fliir Forschungszwecke freigege-
ben wird, wobeivorzugsweise die Handhabungsvor-
richtung (104) mit einer Anordnung von Saatgutpa-
ckungen auBerdem ein Offnungswerkzeug (136)
und ein Trennwerkzeug (133) aufweist, und wobei
das Offnungswerkzeug (136) ausgebildet ist, um die
Anordnung (200) von Saatgutpackungen zwischen
dem ersten und zweiten Teil der Anordnung (200)
von Saatgutpackungen in Kontakt zu bringen, um so
eine zweite Kraft auf die Anordnung (200) von Saat-
gutpackungen anzuwenden, und wobei das Trenn-
werkzeug (136) ausgebildet ist, um eine dritte Kraft
aufdie Anordnung (200) von Saatgutpackungen an-
zuwenden, und wobei die Druckkraft und die zweite
unddie dritte Kraft dabeiunterstlitzen, dass sich min-
destens einer von erstem oder zweitem Teil vom an-
deren Teil um die Biegeachse nach aulien biegen,
so dass sich der erste und zweite Teil trennen, oder
das (c) auRerdem eine Erfassungsvorrichtung (115)
fur Positionsdaten aufweist, die ausgebildet ist, um
Positionsdaten zu erfassen, und wobei die Handha-
bungsvorrichtung (104) mit einer Anordnung von
Saatgutpackungen ausgebildet ist, um entspre-
chend den Positionsdaten und einem oder mehreren
Befehlssatzen zu arbeiten, oder das auRerdem eine
Aufteilvorrichtung fur die Saatgutprobe aufweist, die
ausgebildet ist, um die Saatgutprobe fir For-
schungszwecke von der Handhabungsvorrichtung
(104) mit einer Anordnung von Saatgutpackungen
zu empfangen.
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System nach Anspruch 3, das auRBerdem eine Sen-
sorvorrichtung (112) fiir die Anordnung von Saatgut-
packungen aufweist, die flr das Lesen eines Etiket-
tes (201) der Anordnung (200) von Saatgutpackun-
gen ausgebildet ist, wobei vorzugsweise die Sensor-
vorrichtung (112) fur die Anordnung von Saatgutpa-
ckungen ein Gerat aufweist, das ausgewahlt wird
aus der Gruppe, die besteht aus:

einem Strichcodelesegerat;

einem OCR-Lesegerat;

einem RFID-Lesegerat; und

Kombinationen davon, oder

das aulerdem eine Erfassungsvorrichtung
(115) fur Positionsdaten aufweist, die ausgebil-
detist, um Positionsdaten betreffs einer Position
der freigegebenen Saatgutprobe fiir For-
schungszwecke zu erfassen.

System nach Anspruch 1, das aulRerdem eine Do-
siervorrichtung (108) fir Saatgut aufweist, die aus-
gebildet ist, um die Saatgutprobe fiir Forschungs-
zwecke von der Handhabungsvorrichtung (104) mit
einer Anordnung von Saatgutpackungen aufzuneh-
men, und wobeidie Dosiervorrichtung (108) fur Saat-
gut ausgebildet ist, um die einzelnen Saatglter von
der Saatgutprobe fir Forschungszwecke zu trennen
und die einzelnen Saatguter in die Forschungspar-
zelleabzugeben, wobei sie vorzugsweise aullerdem
eine Sensorvorrichtung (113) fir die Saatgutdosie-
rung aufweist, die ausgebildet ist, um die einzelnen
Saatgiter zu erfassen, wahrend die einzelnen Saat-
guterindie Forschungsparzelle abgegeben werden.

Verfahren zum Bepflanzen einer Forschungsparzel-
le, wobei das Verfahren die folgenden Schritte auf-
weist:

Transportieren einer Pflanzmaschine (102), die
eine Handhabungsvorrichtung (104) mit einer
Anordnung von Saatgutpackungen aufweist,
die eine Saatgutmuldenanordnung (105) auf-
weist, die eine Vielzahl von Anordnungen (200)
von Saatgutpackungenaufnimmt, wobeieine je-
de Anordnung von Saatgutpackungen eine
Saatgutprobe fiir Forschungszwecke enthalt;
Bewegen einer Saatgutmuldenanordnung
(105), um die Anordnung (200) von Saatgutpa-
ckungen mit einem Zufiihrbereich (124) auszu-
richten; und

Steuern der Handhabungsvorrichtung (104) mit
einer Anordnung von Saatgutpackungen beiBe-
nutzung eines Reglers (103), um die Saatgut-
probe fiir Forschungszwecke automatisch frei-
zugeben.
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Revendications

Systéme de recherche de plantation de semences
automatisé (100), le systéme comprenant :

un semoir (102), destiné a assurer la plantation
d’une parcelle de recherche, et comprenant un
dispositif de manutention d’assemblages de sa-
chet de semences (104), comprenant un as-
semblage de plateau de semences (105), des-
tiné a retenir plusieurs assemblages de sachet
de semences (200), chaque assemblage de sa-
chet de semences contenant un échantillon de
semences de recherche ; et

undispositif de commande (103), destiné a com-
muniquer avec le dispositif de manutention des
assemblages de sachet de semences (104) ;
dans lequel le dispositif de commande (103) est
destiné a contréler le dispositif de manutention
des assemblages de sachetde semences (104)
pour libérer automatiquement I'échantillon de
semences de recherche de 'assemblage de sa-
chet de semences (200).

Systéme de plantation de semences de recherche
automatisé (100) selon la revendication 1, dans le-
quel le dispositif de commande (103) est en outre
destiné a contréler automatiquement le dispositif de
manutention des sachets de semences (104) pour
appliquer une force a I'assemblage de sachet de se-
mence afin de libérer 'échantillon de semences de
recherche de 'assemblage de sachet de semences
(200).

Systéme de plantation de semences de recherche
automatisé (100) selon la revendication 1, dans le-
quel 'assemblage de sachet de semences (200) en-
globe au moins une étiquette lisible par une machine
ou lisible par lhomme (201).

Systéme de plantation de semences de recherche
automatisé (100) selon la revendication 1, compre-
nant en outre un dispositif d’acquisition de données
de position (115), destiné a acquérir des données
de position, et dans lequel le dispositifde commande
(103) est destiné a contréler le dispositif de manu-
tention des assemblages de sachet de semences
(104) sur la base des données de position et d’'un
ou de plusieurs ensembles d’instructions, dans le-
quel un ou plusieurs ensembles d’instructions sont
dérivés de préférence d’un ou de plusieurs plans de
recherche, et dans lequel au moins un des plans de
recherche ou des ensembles d’instructions est stoc-
ké de maniére plus préférée dans au moins un ma-
gasin de données.

Systéme de plantation de semences de recherche
automatisé (100) selon la revendication 1, dans le-
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quel le semoir (102) comprend plusieurs dispositifs
de manutention des assemblages de sachet de se-
mences (104), destinés chacun a recevoir un as-
semblage de sachet de semences respectif de plu-
sieurs assemblages de sachet de semences (200),
et dans lequel un ou plusieurs dispositifs de com-
mande (103) sont destinés a contréler automatique-
ment chaque dispositif de manutention des assem-
blages de sachet de semences afin de libérer un
échantillon de semences de recherche respectif
dans la parcelle de recherche, de préférence soit
dans lequel (a) le semoir (102) comprend en outre
plusieurs dispositifs de dosage des semences (108),
destinés chacun arecevoirun échantillon de semen-
ces de recherche respectif d’'un dispositif de manu-
tention des assemblages de sachet de semences
(104), et dans lequel chaque dispositif de dosage
des semences (108) est en outre destiné a séparer
les semences individuelles des échantillons de se-
mences de recherche et a libérer les semences in-
dividuelles dans la parcelle de recherche, et com-
prenant de préférence en outre un ou plusieurs dis-
positifs de détection du dosage des semences (113),
destinés a détecter des semences individuelles lors
de la libération des semences individuelles dans la
parcelle de recherche, ou (b) dans lequel le semoir
(102) est destiné a planter quatre rangées et com-
prend quatre dispositifs de manutention des assem-
blages de sachet de semences et quatre dispositifs
de dosage des semences respectifs, et dans lequel
chaque dispositif de manutention des assemblages
de sachet de semences (104) est destiné a libérer
au moins une partie d’'un échantillon de semences
respectif dans undispositif de dosage des semences
respectifs, ou (c) dans lequel le semoir (102) estdes-
tiné a planter huit rangées et comprend quatre dis-
positifs de manutention des assemblages de sa-
chets de semences, quatre dispositifs de séparation
des échantillons de semences, et huit dispositifs de
dosage des semences (108), et dans lequel chaque
dispositif de manutention des assemblages de sa-
chet de semences (104) est destiné a libérer au
moins une partie d’'un échantillon de semences res-
pectif dans une paire respective des huit dispositifs
de dosage des semences (108) par l'intermédiaire
d’un dispositif de séparation des semences respectif

Systéme selon larevendication 2, dans lequel le dis-
positif de manutention des assemblages de sachet
de semences (104) est destiné a ouvrir un assem-
blage de sachet de semence (200), comprenant des
premiere et deuxiéme parties qui coopérent pour
contenir 'échantillon des semences de recherche,
et dans lequel le dispositif de manutention des as-
semblages des sachets de semences est destiné a
appliquer une force a 'assemblage de sachet de se-
mences (200), de sorte que les premiére et deuxie-
me parties de 'assemblage de sachet de semences
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sont séparées au moins en partie, libérant ainsi
I'échantillon de semences de recherche.

Systéme selon larevendication 1, dans lequel le dis-
positif de commande est destiné a controler le dis-
positif de manutention des assemblages de sachet
de semences pour dériver la libération de I'échan-
tillon de semences de recherche de 'assemblage
de sachet de semences (200).

Systéme de plantation de semences de recherche
automatisé selon la revendication 6, dans lequel la
force comprend au moins une force de compression
et dans lequel la force de compression entraine le
fléchissement vers I'extérieur d’au moins une des
premiére et deuxiéme parties, par rapport a l'autre
partie, autour d’'un axe de flexion, de sorte que les
premiére etdeuxiéme parties sontau moins en partie
se séparent en réponse a la force, libérant ainsi
I'échantillon de semences de recherche, dans lequel
le dispositif de manutention des assemblages de sa-
chetde semences comprend de préférence enoutre
un outil d’ouverture et un outil de dégagement, et
dans lequel le dispositif de commande est en outre
destiné aentrainer I'outild’ouverture a contacter I'as-
semblage de sachetde semences entre les premiére
et deuxiéme parties de 'assemblage de sachet de
semences et a contréler automatiquement le dispo-
sitif de manutention des assemblages de sachet de
semences afin d’appliquer une deuxiéme force a
'assemblage de sachet par l'intermédiaire de I'outil
de dégagement, pour faciliter le fléchissement vers
I'extérieurd’au moins unedes premiére oudeuxiéme
parties, par rapport a l'autre partie, autour de I'axe
de flexion, de sorte que les premiére et deuxieme
parties sont séparées.

Systéme selon larevendication 1, dans lequel le dis-
positif de manutention des assemblages de sachet
de semences (104) est destiné a étre contrdlé sur la
base d’'un ou de plusieurs ensembles d’instructions,
dans lequel I'un ou les plusieurs ensembles d’ins-
tructions sont de préférence dérivés d’un ou de plu-
sieurs plans de recherche, au moins un des plans
de recherche ou des ensembles d’instructions étant
optionnellement stocké dans au moins un magasin
de données (119).

Systéme de plantation de semences de recherche
automatisé (100) selon la revendication 6, dans le-
quel (a) le dispositif de manutention des assembla-
ges de sachet de semences (104) comprend en
outre un outil d’ouverture (136), destiné a contacter
'assemblage de sachet de semences (200) entre
les premiere et deuxieme parties, et dans lequel la
force comprend une force exercée par 'outil d’ouver-
ture (136) sur l'assemblage de sachet de semences
(200), ou (b)dans lequella force comprend au moins
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une force de compression, et dans lequel la force de
compression entraine le fléchissement vers I'exté-
rieur d’au moins une des premiére ou deuxiéme par-
ties de 'assemblage de sachet de semences (200),
parrapport al'autre partie, autour d’un axe de flexion,
de sorte que les premiére et deuxiéme parties sont
au moins en partie séparées en réponse a la force,
libérant ainsi 'échantillon de semences de recher-
che, dans lequel le dispositif de manutention des as-
semblages de sachet de semences (104) comprend
de préférence en outre un outil d’ouverture (136) et
un outil de dégagement (133), et dans lequel l'outil
d’ouverture (136) est destiné a contacter 'assem-
blage de sachet de semences (200) entre les pre-
miére et deuxiéme parties de 'assemblage de sa-
chet de semences (200), de sorte a appliquer une
deuxiéme force a'assemblage de sachetde semen-
ces (200), et dans lequel la force de compression
ainsi que les deuxiéme et troisieme forces facilitent
le fléchissement vers I'extérieur d’au moins une des
premiére ou deuxieme parties, par rapport a 'autre
partie, autour de I'axe de flexion, de sorte que les
premiére et deuxiéme parties sont séparées, ou (c)
comprenant en outre un dispositif d’acquisition de
données de position (115), destiné a acquérir des
données de position, et dans lequel le dispositif de
manutention des assemblages de sachetde semen-
ces (104) est destiné a fonctionner sur la base des
données de position et d’'un ou de plusieurs ensem-
bles d’instructions, ou comprenant en outre un dis-
positif de séparation de I'échantillon de semences,
destiné a recevoir 'échantillon de semences de re-
cherche du dispositif de manutention des assembla-
ges de sachet de semences (104).

Systéme selon la revendication 3, comprenant en
outre un dispositif de détection de 'assemblage de
sachet de semences (112), destiné a lire une éti-
quette (201) de 'assemblage de sachet de semen-
ces (200), dans lequel le dispositif de détection de
'assemblage de sachet de semences (112) com-
prend de préférence un dispositif sélectionné dans
le groupe constitué de :

un lecteur de code & barres ;

un lecteur de caracteres optiques ;

un lecteur d’identification parradiofréquence ; et
des combinaisons de ces dispositifs ; ou
comprenant en outre un dispositif d’acquisition
de données de position (115) concernant une
positionde I'’échantillon de semences derecher-
che libéré.

Systéme selon la revendication 1, comprenant en
outre un dispositif de dosage des semences (108),
destiné a recevoir I'échantillon de semences de re-
cherche du dispositif de manutention des assembla-
ges de sachet de semences (104), et dans lequel le
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dispositif de dosage des semences (108) estdestiné
a séparer des semences individuelles de I'échan-
tillon de semences de recherche et a libérer les se-
mences individuelles dans la parcelle de recherche,
et comprenant de préférence en outre un dispositif
dedétectiondudosage des semences(113), destiné
a détecter des semences individuelles lors de la li-
bération des semences individuellesdans la parcelle
de recherche.

Procédé de plantation d’une parcelle de recherche,
ledit procédé comprenant les étapes ci-dessous :

transport d’'un semoir (102), comprenant un dis-
positif de manutention des assemblages de sa-
chet de semences (104), comprenant un as-
semblage de plateau de semences (105) rete-
nant plusieurs assemblages de sachet de se-
mences (200), chaque assemblage de sachet
de semences contenant un échantillon de
semences ;

déplacement d’'un assemblage de plateau de
semences (105) pour aligner 'assemblage de
sachet de semences (200) avec une surface de
chargement (124) ; et

contrdle du dispositif de manutention des as-
semblages de sachet de semences (104) par
lintermédiaire d’un dispositif de commande
(103), pour libérer automatiquement I'échan-
tillon de semences de recherche.
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