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(54) SEED SOWING SYSTEM AND METHOD OF USE

(57) A seed sowing system (10) for depositing seeds
in a germination tray (14) is disclosed. The seed sowing
system may include a rotatable drum (72) having a plu-
rality of rows of apertures configured to pick up, carry,
and release the seeds so that they fall into respective
depressions in the germination tray. A light source (94)
may be provided to illuminate the row of seeds as each
row passes through an illumination region while being
carried on the rotatable drum. A detector (92) may be

positioned to capture light reflected from the rows of
seeds as each row passes through the illumination re-
gion. Output signals from the detector may be analyzed
to determine an improper quantity of seeds at predeter-
mined locations on the rotatable drum. Based on this
analysis, an alert and/or report may be provided to the
operator so that he or she can adjust and/or repair the
seed sowing system.



EP 3 187 033 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD OF THE DISCLOSURE

[0001] The present disclosure generally relates to
seed sowing systems and, more particularly, to seed
sowing systems capable of transferring seeds from a
hopper or other reservoir to a germination tray.

BACKGROUND

[0002] Sowing seeds typically involves depositing
seeds at predetermined, regular intervals so that the
plants grown from the seeds are distributed in a pattern
that facilitates watering, fertilizing, harvesting, sunlight
exposure, and other agricultural functions. Many plants
are initially grown in a germination tray before being
transplanted into the ground or another container. Ger-
mination trays are typically flat and have a plurality of
depressions arranged in a number of evenly-spaced
rows and/or columns. Typically each of the depressions
is filled with soil and sowed with a single seed so that
each of the depressions yields a single seedling.
[0003] Manually planting seeds in a germination tray
can be a labor-intensive and time-consuming process.
Therefore, many growers employ a seed sowing machine
to automatically plant the seeds in the germination tray.
One conventional type of seed sowing machine is a drum
seeder which includes a rotating drum configured to
transfer seeds from a hopper or other reservoir into the
depressions of the germination tray. Typically the rotating
drum has a plurality of apertures that provide suction to
pick up the seeds so that they can be carried away from
the hopper on the exterior of the rotating drum. Once a
seed is aligned above a depression in the germination
tray, the suction force holding the seed to the rotating
drum is removed and the seed is dropped into the de-
pression. Meanwhile, the germination tray is conveyed
beneath the rotating drum, so that the next depression
receives the next seed dropped from the rotating drum.
[0004] The yield of seedlings is dependent on the drum
seeder depositing a single seed, or a desired quantity of
seeds, in each of the depressions in the germination tray.
If the drum seeder misses one or more depressions, or
deposits an excess number of seeds in one or more of
the depressions, it may have a negative impact on the
yield of seedlings. Also, since it may be difficult and/or
cost-prohibitive for a grower to manually inspect each of
the depressions for a missing seed and/or multiple seeds,
the grower may be unaware that the drum seeder is mal-
functioning, or has suboptimal settings, until the seed-
lings begin to sprout from the germination tray.
[0005] A variety of factors can cause the drum seeder
to deliver an improper amount of seeds. Such factors
include clogged apertures, improper machine settings
(e.g., rotational speed of the drum, vacuum pressure lev-
el, etc.), characteristics of the seeds (e.g., size, shape,
etc.), and other factors. Knowledge of which of these fac-

tors is reducing the yield of seedlings can be useful to a
grower so that the grower can adjust and/or fix the drum
seeder. Conventional drum seeders, however, usually
do not provide the grower with diagnostic information,
especially not the kind needed to ascertain the cause of
a low yield of seedlings.
[0006] The present disclosure sets forth seed sowing
systems and methods of sowing seeds embodying ad-
vantageous alternatives to existing seed sowing systems
and methods of sowing seeds, and that may address one
or more of the challenges or needs mentioned above, as
well as provide other benefits and advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] It is believed that the disclosure will be more
fully understood from the following description taken in
conjunction with the accompanying drawings. Some of
the figures may have been simplified by the omission of
selected elements for the purpose of more clearly show-
ing other elements. Such omissions of elements in some
figures are not necessarily indicative of the presence or
absence of particular elements in any of the exemplary
embodiments, except as may be explicitly delineated in
the corresponding written description. Also, none of the
drawings are necessarily to scale.

Fig. 1 is a schematic representation of one embod-
iment of a seed sowing system constructed in ac-
cordance with principles of the present disclosure;

Fig. 2 is a top perspective view of one embodiment
of a germination tray constructed in accordance with
principles of the present disclosure;

Fig. 3 is a side perspective view of one embodiment
of a rotatable drum of a seed dispensing station con-
structed in accordance with principles of the present
disclosure;

Fig. 4 is enlarged, schematic view of the seed dis-
pensing station illustrated in Fig. 1;

Fig. 5 is block diagram of one embodiment of a com-
puting device constructed in accordance with princi-
ples of the present disclosure; and

Fig. 6 is a flowchart of one embodiment of a method
of sowing seeds according to principles of the
present disclosure.

SUMMARY

[0008] Disclosed herein is a seed sowing system for
depositing seeds in a germination tray. The system may
include a frame, a drum rotatably connected to the frame,
a hopper connected to the frame, a vacuum, a light
source, and an optical detector. The drum may be rotat-
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able about a longitudinal axis and have an cylindrical
peripheral wall and a hollow interior. A plurality of rows
of apertures may be formed in the cylindrical peripheral
wall and may be in fluid communication with the hollow
interior. Each row of the plurality of rows of apertures
may be parallel to the longitudinal axis. The hopper may
be configured to deliver seeds onto the cylindrical pe-
ripheral wall during operation. The vacuum may be con-
figured to reduce pressure within the hollow interior of
the drum so that the seeds from the hopper are tempo-
rarily held against the cylindrical peripheral wall at the
plurality of rows of apertures in a plurality of rows of
seeds. The light source may be configured to illuminate
the plurality of rows of seeds one at a time as each row
passes through an illumination region during operation.
The optical detector may be positioned to receive light
reflected by the plurality of rows of seeds when each row
passes through the illumination region.
[0009] Also disclosed is a seed monitoring system in-
cluding a rotatable drum, a directional light source, and
a detector. The rotatable drum may have a cylindrical
peripheral wall formed with a plurality of apertures. The
plurality of apertures may be configured to hold seeds
against temporarily the cylindrical peripheral wall with
suction. The directional light source may be configured
to emit rays of light offset from the cylindrical peripheral
wall so that the rays of light pass through an illumination
region adjacent to the cylindrical peripheral wall. The de-
tector may be positioned to receive the rays of light re-
flected by at least one of the seeds held on the cylindrical
peripheral wall when the at least one of the seeds passes
through the illumination region during rotation of the ro-
tatable drum.
[0010] Further disclosed is method of monitoring
seeds within a seed sowing system. The seed sowing
system may have a rotatable drum rotatable about a lon-
gitudinal axis, a directional light source, a detector, a
processor, and a plurality of apertures formed in the ro-
tatable drum. The plurality of apertures may be config-
ured to pick up, carry, and release the seeds. The method
may include: (a) providing a laser to emit rays of light
perpendicular to the longitudinal axis of the rotatable
drum and offset from a cylindrical peripheral wall of the
rotatable drum; (b) providing an optical detector to re-
ceive the rays of light reflected by the seeds carried by
the rotatable drum; (c) transmitting seed signals to the
processor based on the rays of light received by the op-
tical detector; and (d) processing the seed signals with
the processor to determine a condition of at least one of
the plurality of apertures.

DETAILED DESCRIPTION

[0011] The present disclosure is generally directed to
a seed sowing system capable of detecting and reporting
anomalies in its distribution of seeds. The seed sowing
system may include a light source configured to illumi-
nate seeds carried on a rotatable drum and a detector

positioned to capture the light reflected by the seeds as
well as output signals representative of the presence of
seeds. The light source may be configured so that it illu-
minates rows of seeds on the rotatable drum one at a
time as each row passes through an illumination region.
So configured, the detector may receive bursts of reflect-
ed light which are brighter than ambient lighting condi-
tions when each row of seeds passes through the illumi-
nation region. As such, fluctuations in ambient lighting
conditions may be less likely to influence the seed de-
tection capabilities of the detector. Furthermore, the seed
sowing system of the present disclosure may be config-
ured to alert an operator when there is an absence of
seeds, or an excess number of seeds, carried on the
rotatable drum, and/or provide the operator with diagnos-
tic information so that the grower can more accurately
predict a yield of seedlings and/or identify the cause of
improper seed delivery.
[0012] Each of the foregoing components of the seed
sowing system and methods of operating the seed sow-
ing system will now be described in more detail.
[0013] Referring to Fig. 1, illustrated is a schematic rep-
resentation of one embodiment of a seed sowing system
10 which can be used to plant seeds 12 in a germination
tray 14 in accordance with principles of the present dis-
closure. The seed sowing system 10 may include a frame
20, a conveyor 22, a soil dispensing station 24, a seed
dispensing station 26, and a computing device 28. Addi-
tional upstream and/or downstream stations may be add-
ed to the seed sowing system 10 such as, for example,
a watering station, a tray stacking station, among others.
Furthermore, the stations of the seed sowing system 10
may be modular such that the stations can be arranged
in various combinations and/or set up to accommodate
various floor arrangements.
[0014] The frame 20 may be composed of a plurality
of rigid support elements such as vertical leg members
40, a control panel 42, and one or more mounting struc-
tures 44 configured to suspend the soil and seed dis-
pensing elements, and other components, above the
conveyor 22. The vertical leg members 40 may be mount-
ed on wheels 46 so that the seed sowing system 10 can
be rolled by an operator between different locations.
[0015] The conveyor 22 may include a continuous belt
48 configured to move the germination trays 14 in a con-
veying direction 50 relative to the soil dispensing station
24 and/or the seed dispensing station 26. The continuous
belt 48 may be wrapped around a plurality of rollers 52,
at least one of which may be rotated by a motor (not
illustrated). The rollers 52 may be rotatably connected to
the frame 20.
[0016] As illustrated in Fig. 2, the germination tray 14
includes a planar upper surface 54 in which a plurality of
depressions 56 are formed. The depressions 56 may be
arranged in a plurality of evenly-spaced rows 58 and col-
umns 60. When placed on the conveyor 22, the rows 58
of the germination tray 14 may be arranged so that they
are substantially parallel to the conveying direction 50 of
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the conveyor 22. In some embodiments, the depressions
56 may be squared-shaped when viewed from above,
and have sides measuring approximately (e.g., 6 10%)
two inches across, and a depth X of approximately (e.g.,
6 10%) three inches. Also, in some embodiments, the
germination tray 14 may be made of a lightweight, semi-
rigid material such as plastic.
[0017] Referring back to Fig. 1, the soil dispensing sta-
tion 24 may include a soil hopper 62 fixedly connected
to the frame 20 and filled with soil 64. The soil hopper 62
may have an exit port 66 at its bottom through which a
quantity of the soil 64 can be dispensed. Additionally, the
soil hopper 62 may house a rotatable drum 68 having a
plurality of radial agitators 70 (e.g., fins, grooves, etc.)
configured to move the soil 64 toward the exit port 66 at
a controlled rate. The rotational speed of the rotatable
drum 68 may be set by the operator via the computing
device 28. As shown in Fig. 1, the soil hopper 62 may be
mounted above the conveyor 22 so that the soil 64 dis-
pensed from its exit port 66 falls into the depressions 56
of the germination tray 14 as the germination tray 14
moves in the conveying direction 50.
[0018] Still referring to Fig. 1, the seed dispensing sta-
tion 26 may include a seed hopper 70 fixedly connected
to the frame 20 and filled with the seeds 12. The seed
hopper 70 may have an exit port 66 at its bottom through
which a quantity of the seeds 12 can be dispensed. The
seed dispensing station 26 may further include a rotata-
ble drum 72 rotatably connected to the frame 20 and
disposed immediately adjacent to the exit port 66 of the
seed hopper 70. As seen in Fig. 3, the rotatable drum 72
may be rotatable about its longitudinal axis A, which ex-
tends along the length of the rotatable drum 72. The ro-
tatable drum 72 may be rotated by an electric motor (not
illustrated) whose speed is controllable by the computing
device 28. In Figs. 1 and 4, the rotatable drum 72 is con-
figured to rotate in the counter-clockwise direction during
operation.
[0019] Furthermore, the rotatable drum 72 may include
a cylindrical peripheral wall 74 that surrounds and defines
a hollow interior 75. A plurality of apertures 76 (e.g.,
through holes) may extend through the cylindrical periph-
eral wall 74 so that they are in fluid communication with
the hollow interior 75 of the rotatable drum 72. The ap-
ertures 76 may be arranged in a plurality of circumferen-
tial and longitudinal rows which are evenly spaced lon-
gitudinally and circumferentially, respectively, over an
exterior surface 78 of the cylindrical peripheral wall 74.
Each of the longitudinal rows may be parallel to the lon-
gitudinal axis A of the rotatable drum 72. Each of the
apertures 76 may have a circular cross-section and a
diameter which is smaller than that of a largest dimension
of each of the seeds 12. Therefore, in some embodi-
ments, the seeds 12 cannot be sucked through the ap-
ertures 76. In some embodiments, a hemispherical dim-
ple (not illustrated) may be formed in the exterior surface
78 of the cylindrical peripheral wall 74 at each of the ap-
ertures 76, thereby providing a seat for one of the seeds

12. As described in more detail below, each of the aper-
tures 76 is intended to provide suction which temporarily
holds a single seed 12 against the exterior surface 78 of
the cylindrical peripheral wall 74 so that each longitudinal
row of apertures 76 provides a longitudinal row of the
seeds 12.
[0020] The seed dispensing station 26 may further in-
clude a vacuum assembly 80 including a vacuum pump
82 in fluid communication with the hollow interior 75 of
the rotatable drum 72 by virtue of a hose 84 or other
conduit. The vacuum pump 82 may be configured to re-
duce the air pressure within the hollow interior 75 so that
it is lower than atmospheric pressure. As such, suction
may be created through the apertures 76. This suction
may cause each longitudinal row of the apertures 76 to
pick up a longitudinal row of the seeds 12 as the longi-
tudinal row of apertures 76 passes the exit port 66 of the
seed hopper 70. Since the seeds 12 may be larger than
the apertures 76, the seeds 12 are held by the suction
force against the exterior surface 78 of the cylindrical
peripheral wall 74 while the rotatable drum 72 rotates. In
some embodiments, the vacuum pump 82 may be con-
trollable by the computing device 28 so that an operator
can set a desire pressure level within the hollow interior
75.
[0021] To release the seeds 12 from the rotatable drum
72, the seed dispensing station 26 may include a seed
dislodging unit 86. In some embodiments, such as the
one illustrated in Figs. 1 and 4, the seed dislodging unit
86 may be disposed within the hollow interior 75 and take
the form of a pressure shoe 88 that slidably engages an
inner surface 90 of the peripheral cylindrical wall 74. The
pressure shoe 88 may configured to create a positive
pressure at the inner side of one of the longitudinal rows
of the apertures 76 in the lower half of the rotating drum.
Accordingly, this longitudinal row of the apertures 76 may
release its seeds 12 so that they are dropped into re-
spective depressions 56 in the germination tray 14. The
positive pressure created by pressure shoe 88 need only
be positive relative to the pressure level within the hollow
interior 75. Thus, in some embodiments, the pressure
shoe 88 may only need to create a pressure at the inner
side of a longitudinal row of the apertures 76 that is equal
to atmospheric pressure in order to release a longitudinal
row of the seeds 12.
[0022] Referring to Fig. 4, the seed dispensing station
26 may have a seed monitoring system 90 including at
least an optical detector 92 and a directional light source
94. Each of the optical detector 92 and the directional
light source 94 may be fixedly connected to the frame
20, but still allow for of slight manual adjustments of their
orientation. The directional light source 94 may be con-
figured to emit rays of light 96 that pass through an illu-
mination region 98 immediately adjacent to, but not over-
lapping, a portion of the rotatable drum 72 which carries
the seeds 12. In some embodiments, all of or a substan-
tial portion of the rays of light 96 emitted from the direc-
tional light source 94 may travel along an optical emission
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path 97 extending linearly from the directional light
source 94, so that a peak intensity of the directional light
source 94 is aligned along the optical emission path 97.
As illustrated in Fig. 4, the rays of light 96 emitted by the
directional light source 94 (as well as the optical emission
path 97 of the directional light source 94) may be per-
pendicular to the longitudinal axis A of the rotatable drum
72 and offset from the exterior surface 78 of the cylindrical
peripheral wall 74 of the rotatable drum 72 by a distance
Y. In some embodiments, the distance Y may be less
than or equal to an average diameter, or an average
greatest outer dimension, of each of the seeds 12. Ac-
cordingly, the rays of light 96 strike and are reflected (e.g.,
diffusely reflected or specularly reflected) by the seeds
12 when the seeds 12 pass through the illumination re-
gion 98 while being carried on the rotatable drum 72. In
some embodiments, none or a negligible amount of the
rays of light 96 may strike the exterior surface 78 of the
cylindrical peripheral wall 74 of the rotatable drum 72, so
that few or none of the rays of light 96 are reflected by
the exterior surface 78 toward the optical detector 92.
Also, in some embodiments, the rays of light 96 (as well
as the optical emission path 97) may be parallel to and
offset from an imaginary line which is tangential to the
exterior surface 78 of the cylindrical peripheral wall 74 of
the rotatable drum 72, wherein the imaginary line touches
at least one of the apertures 76 when the aperture 76 is
aligned with the illumination region 98. In some embod-
iments, the rays of light 96 (as well as the optical emission
path 97) may be offset from this imaginary tangential line
by a distance in a range between approximately (e.g.,
610%) 0 - 3.0 mm, or 0 - 2.0 mm, or 0 - 1.0 mm, or 0.5
- 1.5 mm, or 0.5 - 1.0 mm, or any other suitable range
based on the average diameter or height of the seeds.
[0023] As a result of the arrangement of the rays of
light 96 relative to the cylindrical peripheral wall 74, the
directional light source 94 may illuminate the longitudinal
rows of the seeds 12 one at a time as each longitudinal
row of the seeds 12 rotates through the illumination re-
gion 98. In order to illuminate an entire longitudinal row
of the seeds 12, the directional light source 94 may in-
clude a lens (not illustrated) that distributes the rays of
light 96 across a plane aligned with the optical emission
path 97. Also, in some embodiments, the directional light
source 94 may be a laser that emits a single wavelength
of light or a narrow range of wavelengths of light.
[0024] At least a portion of the rays of light 96 reflected
by the seeds 12 may be directed along an optical detec-
tion path 100 of the optical detector 92. The optical de-
tection path 100 may correspond to a centerline of a field
of view of the optical detector 92 and/or an imaginary line
along which the optical detector 92 has a peak spectral
sensitivity. Furthermore, the optical detection path 100
may intersect the illumination region 98. The portion of
the rays of light 96 which are reflected by the seeds 12
along the optical detection path 100 are received by the
optical detector 92. In turn, the optical detector 92 may
convert the received rays of light 96 into seed signals

(e.g., electric signals) which may be transmitted to the
computing device 28 for processing. The optical detec-
tors 92 may be configured to transmit the seed signals
to the computing device 28 via a wired connection as
illustrated in Fig, 1, or alternatively, via a wireless con-
nection.
[0025] The optical detector 92 may incorporate a
charge-coupled device (CCD), a complementary metal-
oxide-semiconductor (CMOS), a photodiode, a photore-
sistor, a photovoltaic cell, or any other suitable photode-
tector capable converting the light reflected by the seeds
12 into electric signals. In some embodiments, the optical
detector 92 may be a digital camera (e.g., a line scan
camera). Furthermore, in some embodiments, the peak
spectral sensitivity of the optical detector 92 may corre-
spond to a wavelength, or a range of wavelengths, of
light emitted by the directional light source 94. Accord-
ingly, the optical detector 92 may be most sensitive to
the light emitted by the directional light source 94, thus
making it less susceptible to changes in ambient lighting
conditions.
[0026] Still referring to Fig. 4, the optical emission path
97 of the directional light source 94 (and thus the rays of
light 96 emitted by the directional light source 94) may
be oriented at an angle α relative to the optical detection
path 100 of the optical detector 92. In some embodi-
ments, the angle α may be any angle equal to a greater
than approximately (e.g., 6 10%) 5 degrees. In other
embodiments, the angle α may be within a range of ap-
proximately (e.g., 6 10%) 5 - 90 degrees, or 5 - 75 de-
grees, or 5 - 60 degrees, or 5 - 60 degrees, or 5 - 45
degrees, or 5 - 30 degrees, or 5 - 20 degrees, or 5-15
degrees, or 5 -10 degrees.
[0027] The longitudinal rows of the seeds 12 carried
on the rotatable drum 72 reflect the rays of light 72 to the
optical detector 92 only when they momentarily pass
through the illumination region 98. Thus, the optical de-
tector 92 receives intermittent bursts of reflected light
from the longitudinal rows of the seeds 12. These bursts
of light may be significantly brighter than ambient lighting
conditions and the optical detector 92 may be calibrated
to detect these bursts of light. As such, the optical detec-
tor 92 may be less likely to make improper measurements
as the result of fluctuations in ambient lighting conditions.
[0028] In some embodiments, the seeds may be coat-
ed with a substance that improves their reflective prop-
erties, thereby increasing the signal to noise ratio when
a seed is present in the optical detection path 100. Such
coatings include, but are not limited to, fluorescent dyes
capable of excitation and ground plant tissues including
chlorophyll capable of excitation.
[0029] As shown in Figs. 1 and 4, the seed dispensing
station 26 may also include an encoder 110 configured
to output position signals to the computing device 28 in-
dicative of the current rotational position of the rotatable
drum 72. The computing device 28 may only process
seed signals received by the optical detector 92 when
the rotational position of the rotatable drum 72 corre-
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sponds to one of the longitudinal rows of the seeds 12
passing through the illumination region 98. As such, the
data processing and/or storage burden on the computing
device 28 may be reduced. In alternative embodiments,
the encoder 110 may be omitted, and the computing de-
vice 28 may process all of the seed signals it receives
from the optical detector 92.
[0030] Turning to Fig. 5, the computing device 28 may
include a processing unit 112 having one or more proc-
essors 114 (e.g., microprocessors), a storage unit 116
having one or more tangible, non-transitory computer-
readable memories 118 (e.g., a RAM, a non-volatile
memory such as a hard disk, a flash memory, a remov-
able memory, a non-removable memory, etc.), a com-
munication unit 120, a user interface 122 having a display
124 (e.g., a touchscreen, a computer monitor, a liquid
crystal display, etc.) and an input unit 126 (e.g., a physical
keyboard, touchscreen keyboard, button, etc.), and a
speaker 128. In at least one embodiment, a touchscreen
may form both the display 124 and the input unit 126.
The components of the computing device 28 may com-
municate directly with each other via a system bus (not
illustrated). The processing unit 112 may be configured
to fetch and execute instructions stored in the storage
unit 116 to control the operation of, for example, the com-
munication unit 120, the user interface 122, the speaker
128, and/or other components of the computing device
28 not illustrated in Fig. 5. The communication unit 120
may be configured to receive the seed signals from the
optical detector 92 and the position signals from the en-
coder 110, and other signals from other components and
sensors of the seed sowing system 10. Furthermore, the
communication unit 120 may be configured to transmit
signals to various components of the seed sowing system
10 to control their operation (e.g., the communication unit
120 may transmit speed control signals to the motor re-
sponsible for driving the rotatable drum 72).
[0031] In some embodiments, the memory 118 of the
storage unit 116 may store a seed detection module 130,
a diagnostic module 132, and a report module 134. The
seed detection module 130 may be configured to process
the seed signals received from the optical detector 92 to
determine a condition of each of the apertures 76 each
time each of the apertures 76 rotates past the illumination
region 98. In some embodiments, the seed detection
module 130 may utilize an image processing algorithm
to determine one of the following conditions for each of
the apertures 76: (a) a presence of a single seed, (b) an
absence of seeds, or (c) a presence of two or more seeds.
The seed detection module 130 may process only those
seed signals received from the optical detector 92 when
the position signal received from the encoder 110 indi-
cates that the rotational positional of the rotatable drum
72 corresponds with one of the longitudinal rows of ap-
ertures 76 being aligned with the illumination region 98.
If the seed detection module 130 detects an absence of
seeds and/or a presence of two or more seeds at one of
the apertures 76, the seed detection module 130 may

output an error signal to the diagnostic module 132 and/or
the report module 134. The seed detection module 130
may repeatedly perform its determination of the condition
of the apertures 76 each time a longitudinal row of the
apertures 76 rotates past the illumination region 98.
[0032] In some embodiments, the seed detection mod-
ule 130 may be configured to process the seed signals
to determine the height of the object on the rotatable drum
72 which has reflected the rays of light 96 toward the
optical detector 92. This determination may be accom-
plished through triangulation (e.g., trigonometric) meth-
ods. The seed detection module 130 may compare the
height with a predetermined value to determine if the ob-
ject on the rotatable drum 72 is a single seed, multiple
seeds, and/or a non-seed object. For example, if the min-
imum diameter or height of each of the seeds is 1.0 mm,
the seed detection module 130 may determine that a
seed is present on the rotatable drum 72 when the height
calculated by the seed detection module 130 is greater
than 1.0 mm.
[0033] The diagnostic module 132 may be configured
to measure the time between the error signals output
from the seed detection module 130 to determine the
regularity of the error signals on a per aperture basis. If
the error signals occur regularly or periodically (i.e., an
equal amount of time exists between each of the error
signals), the diagnostic module 132 may determine that
the cause of the error signals is related to a malfunction-
ing component (e.g., a clogged aperture). If the error sig-
nals occur randomly or irregularly (i.e., a different amount
of time exists between each of the error signals), the di-
agnostic module 132 may determine that the cause of
the error signals is related to an improper component
setting (e.g., a speed of the rotational drum 72 is set too
high, a vacuum level of the vacuum pump 82 is set too
high, etc.). Furthermore, the diagnostic module 132 may
be configured to count the total number of error signals,
on a per aperture basis, received during an operator-
defined defined time period. Based on the total number
of error signals, the diagnostic module 132 may be con-
figured to project the yield of seedlings (e.g., the percent-
age of the depressions in the germination tray(s) that will
grow a seedling).
[0034] The report module 134 may be configured to
generate a notification for communicating the information
generated by the diagnostic module 132 to the operator.
The notification may take any suitable form including an
alarm emitted through the speaker 128, and/or text
and/or graphics displayed through the display 124. In
some embodiments, the notification may include a chart
summarizing diagnostic information from an operator-de-
fined time period including, for example, the number
skips (i.e., the number of error signals associated with
"absence of seed" detections), the number of multiple or
excess seed deliveries (i.e., the number of error signals
associated with "two or more seeds " detections), the pro-
jected yield of seedlings, and/or indication of the cause
or source of the error signals.
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[0035] Turning to Fig. 6, illustrated is a flow diagram
of an exemplary method 200 of monitoring seeds within
a seed sowing system such as the one described above.
One or more steps of the method 200 may be saved, in
whole or in part, as a set of instructions, routines, pro-
grams, modules, and/or applications on one or more
memories, such as the memory 118.
[0036] The method 200 may begin with an operator
orienting the directional light source 94 so that its optical
emission path 97, as well as the rays of light 96 the di-
rectional light source 94 will emit during operation, are
offset from the exterior surface 78 of the cylindrical pe-
ripheral wall 74 of the rotatable drum 72 and perpendic-
ular to the longitudinal axis A of the rotatable drum 72
(block 205). Next, the operator may orient the optical de-
tector 92 so that it will receive the rays of light 96 reflected
by the seeds 12 carried on the rotatable drum 72 during
operation (block 210). This step may involve the operator
orienting the optical detector 92 so that its optical detec-
tion path 100 is arranged at the angle α relative to the
optical emission path 97 of the directional light source
94. In some embodiments, the steps of orienting the di-
rectional light source 94 and the optical detector 92 may
be preceded by the operator outfitting an existing seed
sowing system with the directional source 94 and the
optical detector 92.
[0037] Once the directional light source 94 and the op-
tical detector 92 have been properly oriented, the oper-
ator may begin using the seed sowing system 10 to de-
posit the seeds 12 in respective depressions 56 of the
seed germination tray 14. During operation, the optical
detector 92 may transmit seed signals to the computing
unit 28 based on the rays of light 96 reflected by the seeds
12 passing through the illumination region 98 (block 215).
In response to receiving the seed signals, the processing
unit 112 may execute the seed detection module 130 to
process the seed signals to determine a condition of each
of the apertures 76 (block 220). The condition determined
by the seed detection module 130 for each aperture 76
may indicate whether the apertures 76 carries a single
seed, no seeds, or multiple or excess seeds (block 225).
In the event of a missing seed condition or a multiple or
excess seed condition, the seed detection module 130
may output an error signal, and the processing unit 112
may subsequently execute the diagnostic module 132
(block 230). The diagnostic module 132 may analyze the
error signals received over an operator-defined period of
time to extrapolate various diagnostic information such
as the regularity of the error signals and the projected
yield of seedlings, as discussed above in more detail.
Subsequently, the processing unit 112 may execute the
report module 134 to process the diagnostic information,
which may result in the report module 134 controlling the
speaker 128 to emit an audio alarm and/or controlling
the display 124 to display the a summary of the diagnostic
information (block 235).
[0038] While the seed sowing system 10 of the present
embodiment is generally disclosed as being a stationary

machine that delivers seeds to a germination tray con-
veyed therethrough, the scope of the present disclosure
is not limited to this configuration. Rather, alternative em-
bodiments of the seed sowing system 10 can be config-
ured as movable, trailer-like machine which can be towed
by a tractor or other vehicle over a ground surface and
which deposits seeds in the ground surface.
[0039] From the foregoing, it can be seen that the
present disclosure advantageously provides a seed sow-
ing system which can more accurately detect anomalies
in the quantity of seeds delivered. The seed sowing sys-
tem may employ a seed monitoring system which is not
reliant on ambient light and thus less susceptible to fluc-
tuations in ambient lighting conditions. Additionally, the
seed sowing system is configured to provide an operator
with diagnostic information to help the operator identify
the cause of improper seed delivery.

ADDITIONAL CONSIDERATIONS

[0040] Throughout this specification, plural instances
may implement components, operations, or structures
described as a single instance. Although individual op-
erations of one or more methods are illustrated and de-
scribed as separate operations, one or more of the indi-
vidual operations may be performed concurrently, and
nothing requires that the operations be performed in the
order illustrated. Structures and functionality presented
as separate components in example configurations may
be implemented as a combined structure or component.
Similarly, structures and functionality presented as a sin-
gle component may be implemented as separate com-
ponents. These and other variations, modifications, ad-
ditions, and improvements fall within the scope of the
subject matter herein.
[0041] Certain implementations are described herein
as including logic or a number of components, modules,
or mechanisms. Modules may constitute either software
modules (e.g., code implemented on a tangible, non-tran-
sitory machine-readable medium such as RAM, ROM,
flash memory of a computer, hard disk drive, optical disk
drive, tape drive, etc.) or hardware modules (e.g., an in-
tegrated circuit, an application-specific integrated circuit
(ASIC), a field programmable logic array (FPLA) / field-
programmable gate array (FPGA), etc.). A hardware
module is a tangible unit capable of performing certain
operations and may be configured or arranged in a cer-
tain manner. In exemplary implementations, one or more
computer systems (e.g., a standalone, client or server
computer system) or one or more hardware modules of
a computer system (e.g., a processor or a group of proc-
essors) may be configured by software (e.g., an applica-
tion or application portion) as a hardware module that
operates to perform certain operations as described
herein.
[0042] Unless specifically stated otherwise, discus-
sions herein using words such as "processing," "comput-
ing," "calculating," "determining," "presenting," "display-
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ing," or the like may refer to actions or processes of a
machine (e.g., a computer) that manipulates or trans-
forms data represented as physical (e.g., electronic,
magnetic, or optical) quantities within one or more mem-
ories (e.g., volatile memory, non-volatile memory, or a
combination thereof), registers, or other machine com-
ponents that receive, store, transmit, or display informa-
tion.
[0043] As used herein, the terms "comprises," "com-
prising," "includes," "including," "has," "having" or any
other variation thereof, are intended to cover a non-ex-
clusive inclusion. For example, a process, method, arti-
cle, or apparatus that comprises a list of elements is not
necessarily limited to only those elements but may in-
clude other elements not expressly listed or inherent to
such process, method, article, or apparatus.
[0044] In addition, use of the "a" or "an" are employed
to describe elements and components of the implemen-
tations herein. This is done merely for convenience and
to give a general sense of the invention. This description
should be read to include one or at least one and the
singular also includes the plural unless it is obvious that
it is meant otherwise.
[0045] Upon reading this disclosure, those of skill in
the art will appreciate still additional alternative structural
and functional designs for a system and a method for
sowing seeds through the disclosed principles herein.
Thus, while particular implementations and applications
have been illustrated and described, it is to be understood
that the disclosed implementations are not limited to the
precise construction and components disclosed herein.
Various modifications, changes and variations, which will
be apparent to those skilled in the art, may be made in
the arrangement, operation and details of the method
and system disclosed herein without departing from the
spirit and scope defined in the appended claims.
[0046] Although the foregoing text sets forth a detailed
description of numerous different implementations, it
should be understood that the legal scope of the invention
is defined by the words of the claims set forth at the end
of this patent. The detailed description is to be construed
as exemplary only and does not describe every possible
implementation, as describing every possible implemen-
tation would be impractical, if not impossible. One could
implement numerous alternate configurations, using ei-
ther current technology or technology developed after
the filing date of this patent, which would still fall within
the scope of the claims.

Claims

1. A seed sowing system for depositing seeds in a ger-
mination tray, comprising:

a frame;
a drum rotatably connected to the frame and ro-
tatable about a longitudinal axis, the drum hav-

ing a cylindrical peripheral wall and a hollow in-
terior;
a plurality of rows of apertures formed in the cy-
lindrical peripheral wall and in fluid communica-
tion with the hollow interior, each row of the plu-
rality of rows of apertures being parallel to the
longitudinal axis;
a hopper connected to the frame and configured
to deliver seeds onto the cylindrical peripheral
wall during operation;
a vacuum configured to reduce pressure within
the hollow interior of the drum so that the seeds
from the hopper are temporarily held against the
cylindrical peripheral wall at the plurality of rows
of apertures in a plurality of rows of seeds;
a light source configured to illuminate the plu-
rality of rows of seeds one at a time as each row
passes through an illumination region during op-
eration; and
an optical detector positioned to receive light re-
flected by the plurality of rows of seeds when
each row passes through the illumination region.

2. The seed sowing system of claim 1, the light source
comprising a laser configured to emit rays of light
offset from the cylindrical peripheral wall of the drum
so that the light source does not directly illuminate
the cylindrical peripheral wall of the drum.

3. The seed sowing system of claim 1, comprising a
conveyor configured to move the germination tray
beneath the drum.

4. The seed sowing system of claim 3, the light source
and the optical detector being arranged above the
drum so that the light source and the optical detector
are positioned on a side of the drum and the conveyor
is positioned on an opposite side of the drum.

5. The seed sowing system of claim 2, the rays of light
emitted by the laser are oriented at an angle relative
to an optical detection path of the optical detector.

6. The seed sowing system of claim 5, the angle being
equal to or greater than 5 degrees.

7. The seed sowing system of claim 1, the optical de-
tector having a peak spectral sensitivity correspond-
ing to a wavelength of light or a range of wavelengths
of light emitted by the light source.

8. The seed sowing system of claim 1, comprising:

a processor;
the optical detector being configured to output
seed signals to the processor based on the light
reflected by each row of the plurality of rows of
seeds as each row passes through the illumina-
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tion region; and
the processor being configured to process the
seed signals to determine one of the following
conditions for at least one of the plurality of ap-
ertures: (a) a presence of a single seed, (b) an
absence of seeds, or (c) a presence of two or
more seeds.

9. The seed sowing system of claim 8, comprising a
display controllable by the processor to display, fol-
lowing a period of operation, information associated
with at least one of: (a) a total number of counts of
the presence of a single seed during the period of
operation, (b) a total number of counts of the absence
of seeds during the period of operation, or (c) a total
number of counts of the presence of two or more
seeds during the period of operation.

10. The seed sowing system of claim 8, comprising an
encoder configured to output a position signal to the
processor representative of a rotational position of
the drum, wherein the only seed signals processed
by the processor are the seed signals received by
optical sensor when the drum occupies rotational po-
sitions corresponding to, respectively, each row of
the plurality of rows of seeds passing through the
illumination region.

11. A method of monitoring seeds within a seed sowing
system having a rotatable drum rotatable about a
longitudinal axis, a directional light source, a detec-
tor, a processor, and a plurality of apertures formed
in the rotatable drum, the plurality of apertures being
configured to pick up, carry, and release the seeds,
the method comprising:

providing a laser to emit rays of light perpendic-
ular to the longitudinal axis of the rotatable drum
and offset from a cylindrical peripheral wall of
the rotatable drum;
providing an optical detector to receive the rays
of light reflected by the seeds carried by the ro-
tatable drum;
transmitting seed signals to the processor based
on the rays of light received by the optical de-
tector; and
processing the seed signals with the processor
to determine a condition of at least one of the
plurality of apertures.

12. The method of claim 11, wherein processing the
seed signals with the processor comprises determin-
ing one of the following conditions for the at least
one of the plurality of apertures: (a) a presence of a
single seed, (b) an absence of seeds, or (c) a pres-
ence of two or more seeds.

13. The method of claim 12, wherein positioning the la-

ser comprises arranging the laser so that the rays of
light are oriented at an angle relative to an optical
detection path of the detector.

14. The method of claim 13, comprising, following a pe-
riod of operation, displaying on a display information
associated with at least one of a:

(a) a total number of counts of the presence of
a single seed during the period of operation, (b)
a total number of counts of the absence of seeds
during the period of operation, or (c) a total
number of counts of the presence of two or more
seeds during the period of operation.

15. The method of claim 14, comprising:

determining a rotational position of the rotatable
drum with an encoder and outputting a position
signal to the processor representative of the ro-
tational position of the rotatable drum; and
wherein processing the seed signals with the
processor comprises processing only the seed
signals received by the optical detector when
the rotatable drum occupies rotational positions
corresponding to, respectively, the seeds pass-
ing through the illumination region.

15 16 



EP 3 187 033 A1

10



EP 3 187 033 A1

11



EP 3 187 033 A1

12



EP 3 187 033 A1

13



EP 3 187 033 A1

14

5

10

15

20

25

30

35

40

45

50

55



EP 3 187 033 A1

15

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

