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AGRICULTURAL TRENCH DEPTH SENSING SYSTEMS,
METHODS, AND APPARATUS

BACKGROUND

{0801] Tn recent years, farmers have recognized the need to select and maintain the proper
planting depth 1o ensure the proper seed environment (¢.g., temperature and moisture) and
seedling emerpence. To improve agronomic practices, if wonld also be dasirable for the farmer
to understand the relationship between actual planting depth and metrics such as emergence and
yicld, Conventional agricultural planters include only apparatus for adjusting a maximum
planting depth, which may not be maintained during operation due to soil conditions or
msufficient downpressure on the planter row unit. Even in operation of modern planters having
sensors for determining whether full trench depth has been lost, the actual depth planted is still
not determined. Thus there is a need for systems, methods and apparatus for measuring the

depth of a trench opened by an agricultural planter.
DESCRIPTION OF THE DRAWINGS
10002] FIG. 1 i3 a right side 2levation view of an embodiment of an agricultural row unit.

[0003] FIG. 2 is & right side elevation view of another embodiment of an agricultural row wnit

with cerfain components removed for clarity.
[0004] FIG. 3 15 a perspective view of the agricultural row unit of FIG. 2.

{0005] FIG. 4 is a perspective view of the agricultural row unit of FIG. 2 with a right gauge

wheel removed for clarity.

{0006] FIG. 5 is an enlarged partial right side elevation view of the agricultural row unit of FIG.

2 having an embodiment of & depth sensor assembly instalied.
[0007] FIG. 6 is e rear clovation view of the embodiment of FiK3. 5.

[0008] FIG. 7 is an enlarged partial right side elevation view of a gange wheel arm with an

embodiment of 4 magnet installation bracket installed.
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[0009] FIG. 8 is an enlarged partial right side elevation view of another embodiment of a gaupe

wheel arm having a magnet mounting surface.

[0010] FIG. 9 schematically tHustrates an embodiment of a depth sensor system installed on a

tractor and planter.
0011] FIG. 10 illustrates an embodiment of a process for calibrating a depth sensor,

10012] FIG. 11 illustrates an embodiment of a process for mapping row unit depth measured by a

depth sensor and for modifying row unit downtorce based on row unit depth.

10013] FIG. 1215 a side elevation view of another embodiment of a depth sensor.

[0014] FIG. 13 is 2 top view of the depth sensor of F1G. 12,

{0015] FIG. 14 illustrated an embodiment of & process for controlling trench depth.
DESCRIPTION

{0016] Referring to the drawings, wherein like reference numerals designate identical or
corresponding parts throughout the several views, FIG. 1 illustrates an agricultural implement,
e.2., 4 planter, comprising a foolbar 8 to which multipie row units 10 are mounted in transversely
spaced relation. Hach row unit 10 is preferably mounted to the tootbar by a parallel arm
arpangement 16 such that the row unit is permitied to translate vertically with respect to the
toolbar. An actuator 18 is preferably pivotally mounted to the toolbar § and the parallel arm

arrangement 16 and configured to apply supplemental downpressure to the row unit 10.

[0017]) The row unit 10 preferably includes a frame 14, The row unit 10 preferably includes an
opening disc assembly 60 including two angled opening discs 62 rollingly mounted o a
downwardly extending shank 15 of the frame 14 and disposed to open a v-shaped french 3in a
soil surface 7 as the row unit traverses 4 ficld. The row unit 10 preferably includes a gauge
wheel assembly 50 mcluding two gauge wheels 32 pivotally mounted to either side of the frame
14 by two gauge wheel arms 54 and disposed to roll along the surface of the soil. A depth
adjustment assembly 90 pivolslly mounded to the Trame 14 al a pival 92 preferably contacls the

gauge wheel arms 54 to limit the upward travel of the gauge wheel arms 54, thus limiting the
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depth of the trench opened by the opening disc assembly 60. A closing assembly 40 15

preferably pivotally coupled to the frame 14 and configured to move soil back into the trench 3.

[0018] Continuing to refer to FIG. 1, seeds 5 are communicated from a hopper 12 to & seed
meter 30 preferably conligured to singulate the supplied seeds. The meter 30 w preferably &
vacuum-type meter such as that disclosed in Applicant’s co-pending international patent
application no. PCT/US2012/030192 (Pub. No. WO/2012/129442). In operation, the sced meter
30 preferably deposits the supphied seeds into a sced tube 32. The seed tube 32 is preferably
removably mounted to the frame 14, In operation, seeds 5 deposited by the meter 30 fall through

the seed fube 32 into the french 3.

[0018] Tumning to F1Gs. 2-5, the depth adjustment assembly 94 is illusirated in more detail. The
depth adjustment assembly 90 mchudes a rocker 95 pivotally mounted to a depth adjustment body
94. The depth adjustment body 94 is pivotally mounted to the row unit frame 14 sbout the pivot
92. A handle 98 is preferably slidably received within the depth adjustment body 94 such that
the uscr can sclectively engage and disengage the handlc with one of a plurality of depth
adjustment slots 97 (F1G. 6) formed within the row unit frame 14. In operation, the upward
travel of the gauge wheels 52 1s houted by contact of the gauge wheel arms 54 with the rocker
93. When onc of the gauge wheels, ¢.g., left gauge wheel 52-1, encounters an obstruction, the
rocker 95 allows the feft gauge wheel arm 54-1 to travel upward while lowering the right gauge
wheet 52-2 by the same absolute displacement such that the row unit 10 rises by haifthe height

of the ohstruction.

Depth sensing apparatus

{0020] Referring to FIGs. 5 and 6, a depth sensor assembly 100 1s shown mstalled on the row
unit 10. The depth sensor assembly 100 mcludes a mounting bracket 110, preferably mounted
between the row unit frame 14 and a closing wheel mounting block 42 to which the closing
assernbly 40 is pivotally mounted. A magnet 140 s preferably mounted Lo & pwvot portion 56 of
cach gauge wheel arm 54 such that the magnet 140 travels along a circular path as the associated
gange whee! amm is rotated. A depth sensor 150, preferably comprising & Hall-effect sensor, is

preferably supported by the bracket 10 in a position adjacent to each magnet 140 on either side
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of the row unit frame 14. The bracket 110 preferably supports the depth sensor 130 in a position
that maximizes proximity to the magnet 140 without inferfering with the magnet 146 when the
gauge wheel 52 is raised to an extreme position. The bracket [ 10 preferably additionally
supports a signa! processor 120, In operation, both depth scnsors 150-1,150-2 preferably
gencrate a signal inversely related to the distance D1, D2 between the depth sensors 150-1,150-2
and the associated magnets 140-1,140-2, respectively. Tor example, as the right gauge wheel
arm 54-2 lowers {i.¢., rotates clockwise on the view of FIG. 5), the magnet 140-2 rotates
clockwise such that the distance D2 increases and the signal gencrated by the depth sensor 150-2

decreases,

10021) 1t should be approciated that the depth sensor 150 comprises & position scasor confipured
to generate & signal related to the position of an object, in this case the magnet 140 and thus the
gauge wheel arm to which the magnet is mounted. In alternative embodiments, a depth sensor
150 is mounted to the pivot portion 36 of each gauge wheel arm 54 and a magnet 140 is mounted
1o the hracket 110.

{6022] It should be appreciated that the pivot portion 56 of a conventional gange wheel arm is
not conducive to mounting the magnet 140 in a precise location such that the signals generated
by the depth sensor 150 are predictable. Referring to FIG. 7. a mounting asserbiv 200 is
illustrated incleding a circumferential mounting rim 210, The mounting rim 210 preferably
inchudes a flat mounting surface 214 to which the magnet {40 is mounted. The mounting rim
210 is preferably sized to surround a portion of the pivot portion 56 of the gauge wheel arm 54,
The mounting rim 218 is preferably configured to receive a group of set screws 220 at radially
spaced locations. In installation of the mounting rim 210, the set screws 220 are threaded into
the mounting rim 210 to mount the mounting rim to the pivot portion 56. In some embodiments,
a cylindrical guide (not shown) 18 inserted in a gap between the mounting rim 210 and the pivot
portion 36 while the set screws 220 are inseried in order to ensure that the mounting rim is
concentrically and symmetrically positiongd with respect to the pivot poriion. In order to cnsure
consistent angular posttioning of the mounting rim 2 10 relative to the pivot portion 56, in some
cmbodiments the mounting rim 210 includes an opening 212 sized to receive a grease zerk 58 in
the gauge wheel arm 54. A grease gun (not shown) is used to insert grease through the grease

zerk 58 into the joint between the gauge whee! arm 54 and the row unit frame 14, The opening
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212 is preferably sized such that the grease gun can be tightly fit inside the opening 212 between
around the greasc zerk 58, fixing the angular crientation of the mounting i 210 relative to the
pivot portion 536. The position of the opening 212 relative to the mounting surface 214 13
preferably selected so that the mounting swrface (as well as the magnet mounted to the mounting
surface) is in a defined position with respeet to the gauge wheel arm. With the magnet in the
defined position, when the gauge wheel arm is at a full depth position, the magnet 140 is
preferably within a reliably detectable distance of the depth seasor 150.

{0023] Turning to FIG. 8, in other embodiments a modificd gauge wheel arm 547 includes a flat
mounting surface 57 in the pivot portion 36. The magnet 140 is preferably mounted divectly to

the mounting surface 57.

[0024] Turning to FIGs. 12 end 13, in other embodiments a depth sensor 1220 is used fo measure
the vertical position of the row unit relative to the soil surface 7. The depth sensor 1220
preferably includes a pivot arm 1222 pivotally mounted to a bracket 1210, The bracket 1210 is
preferably mounted to a lower portion of the shank 15, In some embodiments a resthent seed
firmer 1214 i8 also mounted to the bracket 1210, In such embodiments, the bracket 1210
preferably extends around the seed tube 32 as best ilustrated in FI1G. 12. The pivot arm
preferably includes left and right ground-engaging fingers 1224-1, 1224.2, respectively. The
ground-cngaging portions of the fingers 1224 are preferably spaced by a fransverse spacing
wider than the trenich 3 such that the fingers 1224 contact the soil surface 7 on either side of the

trench,

{0025] A sensor is preferably used to generate a signal related to the angular position of the pivot
arm 1222, In the illustrated embodiment, the pivot arm 1222 15 pivotally mounted o the bracket
1210 via a rotary encoder 1226 (c.g., an angular displacement sensor no, 35250 available from
Hamlin Incorporated, Lake Mills, Wisconsin). In operation, the fingers 1224 ride along the soil
surface 7 such that the anpular position of the pivot arm is constrained by the vertical height of
the row unit 10 relative to the soil surface. A signal gencrated by the encoder 1226 is thus
related to the vertical height of the row unit 10 with respect to the soil, and thus to the depth of
the trench 3,
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Depth sensing systems

{0026] A depth sensing system 500 for measuring row unit downforce and modifying
downpressure s illustrated in FIG. 9. The depth sensors 150-1,150-2 mounted fo cach row unit
10 (or m other embodiments the dopth sensor 1220} are prefurably in clecincal communication
with the processor 120, The processor 120 s preferably i electrical communication with a
monitor 540, which s preferably mounted in 2 cab 80 of a tractor drawing the planter. The
monitor 340 is preferably in electrical communication with a fluid control syster 530, The fluid
control system 530 is preferably in fluid communication with the actuator 1X. The fluid control
systern 530 s preferably conbigured to modify the pressure applied by the actuator 15 on the row
unit 10, In some embodiments, the fluid control systern 530 preferably includes electro-
hydraulic solenoid valves in fluid communication with a down chamber and a 1ift chamber of the
actuator 18, The fluid control system 538 is preferably configured to conirol the pressure
supplied to the actuator 18 in a pressure control mode to maintain a selected pressure in the
actuator, e.g., using solenotd operated pressure reducing-relieving valves. The monitor 540
preferably includes a central processing unit, a memory, and a graphical user interface
configured to display the depth measured by the depth sensor assembly 100, The moniior 548
preferably includes processing circuitry confipured to modify a command signal to the fluid
control system 530 based on an input from the depth sensor assembly 100, The command signal
preferably corresponds 1o a sclected pressure. The monitor 5340 1s also preferably in electrical

communication with a GPS receiver 550 mounted fo the tractor or the planter.

[0027] In some embodiments of the depth sensing system, the monitor 540 is additionally in
glectrical communication with a depth adjuster 160. The depth adjuster 160 is preferably
configured to pivot the depth adjustment assembly 90 i order to modify the depth of the trench
3. In some embodiments the depth adjuster 160 comprises a depth adjustment apparatus as
disclosed in 115, Patent Application No. 2013/0104785. The monitor 540 is preferably
configured o send a cormmand signal e the depth adjuster 168 to insttuct the depth adjuster o
modify the depth of the trench 3. The monitor 540 s further preferably configured to modify the
depih adjuster command signal based on a signal received from one of the depth sensing

apparatus described herein.
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Depth sensor calibration methods

[10028] Tt should be appreciated that even with consistent mounting locations of the magnet 140
on the gange wheel arm 54, two pricnary factors will affect the correlation between the depth
sensor signal and the actual depth of the trench 3. First, cireumferential wear on the opener discs
62 Tequires the gauge wheels 52 to rise further (1.e., Totate further counter-clockwise on the view
of FIG. 1) in order to effect the same trench depth. The same wear on the opener discs 62 will
affect the magnitude of a signal (the “zero-depth signal”) generated when the bottom of the
gauge wheel 532 is even with the bottom of the opener disc 62; in operation, this configuration
indicates that the bottom of the opener disc 18 even with the soil surface 7, vesulting i zero
trench depth. Second, the operator will regularly add or remove shims from the joint between
the gauge wheel arm 54 and the row unit frame 14 in order to maintain a tight fit between an
inmer surface of the gauge wheel 52 and an outer surface of the corresponding openar disc 62.
Referring to FIG, 6, adding or removing shims {not shown) moves the gange wheel arm 54 1o the
right or Ieft, modifying the distance D) {and thus the depth sensor signal} for the same orientation

of the gange wheel 52,

{0029] A process 400 for calibrating the depth sensor 1504 1s illustrated in FIG. 10, At step 403,
the user preferably raises the toolbar 8 such that the gauge wheel arm 54 lowers to its lowest
position against a stop (not shown) provided on the row unit frame 14, At step 410, the monitor
340 preferably records a first depth sensor signal at in this fully-dropped position, which it
should be appreciated corresponds to the maximum distance between the magnet 140 and the
depth sensor 150, At step 415, monitor 540 preferably selects a calibration curve based on the
first depth sensor signal. Multiple calibration curves relating signal level to depth are preferably
developed and stored in the memeory of the monilor 540; the monitor 340 preferably selects the
calibration curve having the minimum signal level closest to the first depth sensor signal
recorded at step 410. At step 420, the user preferably lowers the planter onto & hard surface such
that the signal gencrated by the 150 corresponds o the zero-depth signal. At step 423, the
monitor 540 preferably records a second depth sensor signal corresponding to the zero-depth
position. Af step 430, the monitor 540 preferably shifts the calibration curve selected at step 415

such that the zero-depth signal corresponds to the second depth sensor signal.
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{0030] Continuing to refer to the process 400, at step 435 the user preferably initiates planting
operations such that the opener discs 62 penetrate the soil surface 7. At step 440 the monitor 540
records a third depth sensor signal during planting operations. At step 4435, the monitor 540
looks up the depth corresponding to the third depth sensor signal using the calibration curve

sclected at step 415 and shifted at step 430.

Depth mapping and depth-based downpressure and depth control methods

{0031] A process 600 for mapping depth and adjusting downpressure based on meagured depth
is illustrated in FIG. 11. At step 603, the monitor 340 preferably records and time-stamps the
GPS position of the planter reported by the GPS receiver 556, At step 619, the mounitor 340
preferably receives signals from both depth sensors 150-1,150-2 associated with cach row unit
{or one of the other depth sensor embodiments deseribed herein) and fooks wp depth
measurements corresponding to both signals on a calibration curve (e.g., as in step 445 of
process 400}, At step 615, the monitor 540 preferably stores and time-stamps the average of
both depth measurements {the “measured depth™) at each row unit. At step 620, the monitor 540
preferably displays an image correlated to the measured depth on a map at a map location
corresponding to the GI'S position of the planter at the time of the depth measurements, For
example, in some embodiments the monitor 340 displays a legend correlating colors to ranges of
depth, In some such embodiments, the depth range less than zero is corrclated to a single color
while a set of depth ranges greater than zero are correlated to a set of colors such that the color

intensity increases with depth.

{0032] Continuing to refer to the process 600, at step 625 the monitor 340 preferably compares
the measured depth to the full or desired depth. At step 630 the monitor determunes whether the
measured depth is equal to {or within a percentage error of) full depth. i measured depth is not
equal to full depth, then at step 635 the monitor 540 determines whether the measured depth is
less than zero. If the measured depth is less than zero, then at step 640 the monitor 540
preferably adjusts a signal sent to the fluid control system 530 to increase downpressure applied
by the actuator 18 by a first inerement. 1 the measured depth is greater than zero, then at step
645 the monitor 540 preferably adjusts a signal sent to the fluid control system 530 to increase

downpressure applied by the actuator 18 by a second increment; the second increment is
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preferably smaller than the first inerement.

{00331 Turning to FIG. 4, 2 process 1400 for controtling depth based on the signal genersted by
one of the depth sensors described hercin. At step 1410, the monitor 540 preferably estimates
the depth of the trench 3 based on the depth sensor signal. At step 1420, the monitor 540
preferably compares the messured depih o ¢ seledied depth entered by the user or previvusty
stored in memory. The selected depth may be sefected using the methods disclosed m LS.
Provisional Application No. 61/783,591. If at siep 1430 the measured depth is not equal to or
within a threshold range (eg. 5%) of the selected depth, then at step 1440 the monttor 540
preferably sends & modified conimand signal to the depth adjuster 160 in order to bring the
measured depth closer to the sclected depth; for example, if the measured depth 15 shallower than
the selected depth, then the monitor 540 preferably commands the depth adjuster to rotate the

depth adjustment assembly 90 in order to increase the trench depth.

Alternative depth sensor embodiments

[0034] Iu another cibodiment of the depth sensor assembly 100, the single magnet 140 1
replaced with an array of magnets arranged radially around the pivot portion 56 of ganpe wheel
arm 54. Each magnet in the array preferably has the opposite polarity of its neighboring
magnets. A depth sensor 1s preferably mounted to a sidewal! of the row unit frame sueh that
mugneis having opposing poies pass by the depth sensor as the gauge wheel arm 54 rotates. The
depth sensor preferably comprises a Halleeffect sensor such as model no. AS5304 available from

Austria Microsystems in 8141 Schioss Premstitien, Austria.

[0035] In st another embodiment of the depth sensor assembly 100, the depth sensor 150 is
repiaced with a rotary sensor mounted to the end of a bolt used to seeure the gauge wheel arm 54
in postticnrelaiive to the row unit frame. The rotary sensor generates a signad related to the

position of the gauge wheel arm 54 refative to the bolt.

[0036] In yet another embodiment of the depth sensor assembly 100, the depth sensor 150 18
replaced with & rotary sensor mounted to the row unit frame 4. A two-bar linkage preferably

conneets the gauge wheel ann 54 to the rotary sensor such that the rotary sensor generades a
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signal refated to the position of the gauge wheel arm 54 relative to the row unit frame 14.

[0037] In another ernbodiment, g seed firmer simifar to the seed firmer embodiments disclosed in
LLS. patent no. 5,425,318 is provided with a depth sensor assembly configured to measure the
distance between & sotl-cngaging portion of the seed firmer and the soil surface 7. In some
embuodimenis, & hnkage s provided between the soil-engaging portion of the seed firmer und a
skt or skis configured to ride along the soit surface 7 adjacent to the trench; a Hali-effect or other
position sensor 15 disposed fo detect 4 position of the Iinkage such that the sensor atgnal is related
to the depth at which the seed firmer engages the bottom of the trench relative to the soil surface.
In other embodiments, a sunilar sensor is used with a hnkage connecting the soil-engagng
portion of the seed tirmer to the gauge wheel arm 34, In some embodiments, the depth sensor

cormprises one of the embadiments disclosed in the *391 application.

{0038] The foregoing description is presented to enable one of ordimary skill in the art to make
and use the invention and is provided in the context of a patent application and is requirements.
Yarious modifications to the preferred embodiment of the apparatus, and the gencral principles
and featares of the systern and methods described herein will be readily apparent io those of skill
in the arl. Thus, the present invention is not to be limited to the embodiments of the apparatus,
system and methods deseribed above and 1llustrated in the drawing figures, but is to be accorded

the widest scope consistent with the sparit and scope of the appended claims.

10
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CLAIMS

L. An agricullural row unil, comprising:

a row unil [rame;

a [irst gauge wheel arm pivotally mounted 1o the row unit [rame and disposed o limit
the depth of a trench opened by the row unit; and

a [irst sensor conligured 1o generale a irst signal related to the angular position ol said
first gauge wheel arm relative to said row unit frame, said first sensor comprising:

a Hall-effect sensor;

a magnet;

wherein one of said Hall-effect sensor and said magnet 1s mounted to said first gauge
wheel arm for rotation therewith;

wherein one of said Hall-effect sensor and said magnet is fixedlv mounted to said row
unit frame;

wherein said first signal 1s related to a distance between said Hall-effect sensor and

said magnet.

2. The agricultural row unit of claim 1. further comprising;

a second gauge wheel arm pivotally mounted to the row unit frame and disposed to
limit the depth of a trench opened by the row umt;

a rocker pivotally mounted to said row unit frame, said rocker limiting a relative
angular position of said second gauge wheel arm relative to said first gauge wheel arm; and

a second sensor configured to generate a second signal related to the angular position

of said second gauge wheel arm relative to said row unit frame.

3. The agncultural row umit of clarm 1, wherein one of said Hall-effect sensor and

said magnet 1s mounted directly to said first gauge wheel arm.

4. The agricultural row unit of claim 1, wherein one of said Hall-ellect sensor and
said magnel 1s mounied o said [irst gauge wheel arm via a circumlerential mounting rim,

wherein said circumlerential mounting rim 1s mounted (o said gauge wheel arm.

5. The agnicultural row unit of claim 2, further comprising;
a processor, said processor in dala communication with said [irst sensor and said
second sensor, said processor configured to estimate the depth ol a trench opened by the

agricultural row unit based on said [irst signal and said second signal.
11
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6. The agricultural row unit of claim 5, wherein said processor is configured to

calculate an average of said first signal and said second signal.

12
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