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SYSTEMAND METHOD FOR 
SENSOR-BASED CROP MANAGEMENT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority from and the benefit 
of U.S. Provisional Application Ser. No. 61/984,471, entitled 
“System for Mounting an Agricultural Soil Analyzer to Agri 
cultural Implement, filed Apr. 25, 2014, which is hereby 
incorporated by reference in its entirety. 

BACKGROUND 

0002 The invention relates generally to agricultural sys 
tems and, more particularly, to a system and method for 
sensor-based crop management. 
0003 Certain agricultural operators may conduct soil 
analysis before beginning planting operations in agricultural 
fields. Soil analysis may facilitate in planning of planting 
operations, thereby increasing yield and/or planting effi 
ciency. For example, an analysis identifying specific areas 
having a rough or uneven Soil Surface may influence soil 
conditioning operations in the specific areas. Moreover, Soil 
analysis may identify areas of the agricultural field having 
preferable conditions for planting. As a result, operators may 
reduce waste and save time by limiting planting and/or con 
ditioning to desirable areas of an agricultural field. However, 
typical Soil analysis may be time consuming, expensive, and 
data intensive. 

BRIEF DESCRIPTION 

0004. In one embodiment, an agricultural system includes 
a sensor positioned forward of an agricultural implement 
relative to a direction of travel of the agricultural system. The 
sensor is configured to output a first signal indicative of at 
least one soil property associated with an operation of the 
agricultural implement. The system also includes a controller 
communicatively coupled to the sensor. The controller is 
configured to output a second signal indicative of instructions 
to control the operation of the agricultural implement based 
on the first signal. 
0005. In another embodiment, a method of controlling an 
agricultural system includes outputting a signal indicative of 
the at least one soil property to a controller via a sensor. The 
sensor is positioned forward of the agricultural implement 
relative to a direction of travel. The method also includes 
receiving the signal, via the controller, indicative of at least 
one property of an agricultural field. The method further 
includes determining whether the at least one property of the 
agricultural field is within a desired range. The method also 
includes controlling an operating state of an agricultural 
implement based on the at least one soil property. 
0006. In another embodiment, a method of controlling an 
agricultural system includes outputting a first signal indica 
tive of instructions to control the operation of an agricultural 
implementata first operating state. The method also includes 
receiving a second signal, via a sensor, indicative of at least 
one soil property of the agricultural field. The method further 
includes outputting a third signal indicative of instructions to 
change the operation of the agricultural field to a second 
operating state, based on the second signal. The second oper 
ating state is different than the first operating state. The 
method also includes controlling an application rate of an 
agricultural product based on the second signal. 
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DRAWINGS 

0007. These and other features, aspects, and advantages of 
the present invention will become better understood when the 
following detailed description is read with reference to the 
accompanying drawings in which like characters represent 
like parts throughout the drawings, wherein: 
0008 FIG. 1 is a side view of an embodiment of an agri 
cultural system, including a tow vehicle, a sensor, and an 
agricultural implement; 
0009 FIG. 2 is a side view of another embodiment of an 
agricultural system, including a sensor mounted forward of a 
tow vehicle and an agricultural implement mounted rearward 
of the tow vehicle. 
0010 FIG.3 is a schematic view of the agricultural system 
of FIG. 1, including a sensor mounted forward of the agricul 
tural implement; 
0011 FIG. 4 is a block diagram of an embodiment of a 
control system for controlling an agricultural system; and 
0012 FIG. 5 is a flow chart of an embodiment of a method 
for controlling an agricultural system. 

DETAILED DESCRIPTION 

0013. One or more specific embodiments of the present 
disclosure will be described below. In an effort to provide a 
concise description of these embodiments, all features of an 
actual implementation may not be described in the specifica 
tion. It should be appreciated that in the development of any 
Such actual implementation, as in any engineering or design 
project, numerous implementation-specific decisions must be 
made to achieve the developers specific goals, such as com 
pliance with system-related and business-related constraints, 
which may vary from one implementation to another. More 
over, it should be appreciated that such a development effort 
might be complex and time consuming, but would neverthe 
less be a routine undertaking of design, fabrication, and 
manufacture for those of ordinary skill having the benefit of 
this disclosure. 
0014 When introducing elements of various embodi 
ments of the present disclosure, the articles “a” “an.” “the 
and “said are intended to mean that there are one or more of 
the elements. The terms “comprising.” “including.” and “hav 
ing are intended to be inclusive and mean that there may be 
additional elements other than the listed elements. Any 
examples of operating parameters and/or environmental con 
ditions are not exclusive of other parameters/conditions of the 
disclosed embodiments. 

0015 The embodiments described herein relate to a sys 
tem and method for sensor-based crop management. In cer 
tain embodiments, a sensor (e.g., an acoustic analyzer, a 
chemical analyzer, an optical analyzer, an electromagnetic 
analyzer, etc.) is positioned proximate to or in contact with a 
Surface of an agricultural field. The sensor is configured to 
output a signal indicative of a soil property of the agricultural 
field. For instance, a chemical analyzer may receive a soil 
sample, analyze the Soil sample, and output a signal indicative 
of a Soil property (e.g., nitrogen levels, moisture content, 
etc.). Alternatively or additionally, the sensor (e.g., optical 
analyzer, electromagnetic analyzer, etc.) may send and/or 
receive energy to the agricultural field to obtain measure 
ments and output a signal indicative of Soil properties. In 
certain embodiments, the sensor is communicatively coupled 
to a controller that receives the signal indicative of the soil 
property from the sensor and adjusts an operating parameter 
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of an agricultural implement (e.g., planter, seeder) based on 
the signal. For example, based on the nitrogen content of the 
soil sample, the controller may instruct the seeder to control 
deposition of seeds over a segment of the agricultural field. 
Furthermore, based on the nitrogen content of the soil sample, 
the controller may instruct a fertilizing implement to control 
the fertilizer deposition over a segment of the agricultural 
field. As a result, planting and/or fertilizing operations may be 
more efficient because agricultural product is deposited in 
areas based on a real time/near real time determination of soil 
conditions. 

0016 Soil analysis may be conducted in a variety of ways. 
For example, soil samples may be removed from an agricul 
tural field and analyzed in a laboratory setting. Additionally, 
non-contact and/or soil surface sensors may be used to obtain 
various Soil properties while reducing disturbance of the agri 
cultural field. Typically, when using non-contact sensors, 
operators conduct soil analysis separately from planting, fer 
tilizing, and/or tilling operations. For example, one pass may 
be used to conduct soil analysis, in which the operator tows 
equipment over the agricultural field to obtain data for evalu 
ation. The data may then be evaluated to generate Soil maps or 
yield maps indicating a variety of field properties. The soil 
maps may be used to direct future planting, fertilizing, and/or 
tilling operations. Then, Subsequent passes may be used to 
condition the soil, fertilize the soil, and/or deposit seeds into 
the soil, among other agricultural operations. During the 
planting, fertilizing, and/or tilling process, the operator may 
consult the soil maps to adjust planting rates, fertilizing rates, 
and/or tilling operations based on the properties obtained 
from the soil analysis. Using multiple passes increases the 
cost and the time it takes for operators to condition, fertilize, 
plant, and/or till the field. Combining the soil analysis and 
conditioning, fertilizing, planting, and/or tilling processes 
obviates at least one field pass that operators may make when 
preparing fields for planting, while planting, and/or when 
fertilizing the field. Moreover, by conducting soil analysis 
concurrently with agricultural operations, current data related 
to Soil conditions is generated, such as roughness, salinity, 
cation exchange capacity, clay content, or the like is more 
recent and/or “fresher than utilizing two-pass methods. As a 
result, efficiency may be increased, along with yields. 
0017 FIG. 1 is a side view of an embodiment of an agri 
cultural system 10. The agricultural system 10 includes a tow 
vehicle 12, a sensor 14 (e.g., a Soil analyzer) and an agricul 
tural implement 16. The tow vehicle 12 may be any vehicle 
Suitable for towing the agricultural implement 16, Such as a 
tractor, off-road vehicle, work vehicle, or the like. Addition 
ally, although the illustrated implement is a planter, the agri 
cultural implement 16 may be any suitable implement. Such 
as a ground engaging implement (e.g., a Soil conditioner, a 
tillage implement, a fertilizer implement, etc.) or a sprayer/ 
applicator, Suitable for agricultural use. 
0018. In the illustrated embodiment, the sensor 14 is posi 
tioned between the tow vehicle 12 and the agricultural imple 
ment 16 relative to the direction of travel 24. For example, the 
sensor 14 may be coupled to the tow vehicle 12 via a hitch 18. 
However, in other embodiments, the sensor 14 may be 
coupled to a frame 20 of the agricultural implement 16. As 
used herein, the sensor 14 refers to a device sensitive to a 
property of an agricultural field (e.g., Salinity, nitrogen level. 
moisture content, roughness, grade, etc.) and that transmits a 
signal indicative of the property to a controller, storage 
device, indicator, or a combination thereof. For example, in 
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certain embodiments, the sensor 14 may include a chemical 
analyzer configured to obtain a Soil sample, evaluate the soil 
sample for at least one desired property, and to output a signal 
indicative of the soil property to a controller for utilization in 
planting, fertilizing, or soil conditioning operations. More 
over, in certain embodiments, the sensor 14 may be a non 
contact or minimal contact sensor configured to transmit 
energy into the Soil (e.g., acoustic waves, electromechanical 
energy, etc.) and receive energy returned from the soil. 
Accordingly, the sensor 14 may be any suitable device 
capable of outputting a signal indicative of a property of an 
agricultural field. For example, the sensor 14 may be posi 
tioned proximate to the agricultural field while obtaining 
data. As used herein, proximate refers to a position above or 
at the soil surface. In certain embodiments, proximate may 
refer to a distance that does not penetrate a surface 22 of the 
soil, but is close enough to facilitate accurate measurements. 
For example, the sensor 14 may be six inches, twelve inches, 
twenty four inches, or any Suitable distance from the Surface 
22, as long as the emitted energy (e.g., acoustic, electromag 
netic, etc.) is able to reach the Surface 22 and the resulting 
return energy is able to reach to the sensor 14. However, in 
other embodiments, the sensor 14 may penetrate the Surface 
22. For example, the sensor 14 may include a chemical ana 
lyzer that penetrates the surface to obtain a soil sample. More 
over, as discussed in detail below, the sensor 14 may include 
integrated electronic/software components or systems, e.g., 
including a global positioning system (GPS), data acquisition 
software, and the like. 
0019. In the illustrated embodiment, the agricultural 
implement 16 is attached to the tow vehicle 12 via the frame 
20. The agricultural system 10 travels over the surface 22, 
Such as the ground, a road, a field, or another Surface. The tow 
vehicle 12 is configured to drive the agricultural implement 
16 in a direction of travel 24. Moreover, in certain embodi 
ments, the sensor 14 may be mounted to the front of the tow 
vehicle 12 and/or to the front of the agricultural implement 
16. As will be discussed in detail below, by mounting the 
sensor 14 in front of the agricultural implement 16 relative to 
the direction of travel 24, analysis (e.g., planting spatial 
analysis, fertilizer placement analysis, etc.) of the undis 
turbed field (e.g., untilled, unconditioned, unfertilized etc.) 
may be obtained and used to modify operating parameters of 
the agricultural implement 16. For example, in certain 
embodiments, a controller may receive the signal output by 
the soil analyzer and may provide operating instructions to 
the agricultural implement 16 to adjust planting operations 
based on the signal. For instance, fewer seeds may be depos 
ited in an area of soil where nitrogen levels are below a desired 
value. As a result, the controller may instruct a meter roller to 
decrease the quantity of seeds directed toward the surface 22 
while the implement 16 is positioned within the low-nitrogen 
region. Additionally, fertilizer application levels may be 
increased in areas in which low nitrogen levels are detected. 
Moreover, in certain embodiments, seed selection may vary 
based on properties of the soil. For example, seeds configured 
to grow in lower fertilizer levels may be deposited in areas of 
the agricultural field having lower nitrogen levels. Further 
more, the seed selection may be controlled over the width of 
the implement 16 or row-by-row. Additionally, in other 
embodiments, the controller may instruct a tillage implement 
(e.g., a harrow) to increase a penetration depth of discs in an 
area of the soil where clay content is above a desired value. 
Moreover, in certain embodiments, the controller may 
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instruct a soil conditioning implement (e.g., a rolling basket) 
to increase a downward force exerted on the surface 22 in an 
area of the soil where Surface roughness is above a desired 
value. 

0020 FIG. 2 is a perspective view of an alternative 
embodiment of the agricultural system 10, in which the sen 
sor 14 is coupled to the front end of the tow vehicle 12, relative 
to the direction of travel 24. The sensor 14 may include at least 
one sensing device capable of determining a property of the 
agricultural field. For example, the sensor 14 may include a 
chemical soil analyzer, an acoustic soil analyzer, an electro 
magnetic analyzer, or the like. Moreover, in certain embodi 
ments, the sensor 14 includes multiple sensing devices to 
enable analysis of multiple properties of the agricultural field 
and/or independent analysis of multiple Swaths (e.g., cover a 
width as wide as the agricultural implement 16) of the agri 
cultural field. 

0021. As described above, positioning the sensor 14 up 
field of the agricultural implement 16 (e.g., farther forward 
relative to the direction of travel 24) enables real-time or near 
real-time analysis and control of planting, fertilizing, and/or 
conditioning operations. For example, if the sensor 14 outputs 
a signal to a controller indicative of a Soil property that is 
below a threshold value, the controller may modify agricul 
tural operations to enhance efficiency and/or increase yield. 
For example, the controller may instruct a fertilizing imple 
ment to increase fertilizer levels applied to the agricultural 
field while the sensor 14 detects insufficient nitrogen levels in 
the soil. Moreover, the controller may instruct a planting 
implement to deposit fewer seeds in an area having undesir 
able planting properties, such as salinity, nitrogen levels, clay 
content, moisture content, and the like. Additionally, the con 
troller may instruct a tillage implement to decrease a penetra 
tion depth of discs in an area having a low clay content. In 
other embodiments, the controller may instruct a soil condi 
tioning implement to decrease a downward pressure of rolling 
baskets in an area having a surface roughness below the 
threshold value. 

0022 FIG. 3 is a schematic diagram of an embodiment of 
the agricultural system 10 traveling through the agricultural 
field in the direction of travel 24. In the illustrated embodi 
ment, the sensor 14 is positioned between the tow vehicle 12 
and the agricultural implement 16. Moreover, the sensor 14 
includes a plurality of sensing devices 26 distributed along a 
sensor axis 28 (e.g., which is perpendicular to the direction of 
travel 24). While the illustrated embodiment includes twelve 
sensing devices 26, in other embodiments, there may be more 
or fewer sensing devices 26. For example, there may be 1, 5, 
10, 15, 20, 25, 30, or any suitable number of sensing devices 
26 included within the sensor 14 to output signals indicative 
of properties of the agricultural field. Each sensing device 26 
is configured to monitor a swath 30 of the agricultural field. 
As a result, individual passes through the agricultural field 
may determine soil properties for each swath 30, thereby 
increasing the precision of planting, fertilizing, and/or con 
ditioning operations. For example, each Swath 30 may be 
approximately 10 inches wide. However, in other embodi 
ments, the swaths 30 may be wider or narrower. For example, 
the swaths 30 may be 1 inch wide, 5 inches wide, 1 foot wide, 
5 feet wide, 10 feet wide, or any other suitable distance. It will 
be appreciated that narrower swaths 30 may enable greater 
precision of agricultural operations than wider swaths 30. 
However, in certain embodiments, the properties of the agri 
cultural field being evaluated may be less variable over the 
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swaths 30, thereby enabling wider swaths 30 without an 
appreciable loss in precision. Furthermore, in certain embodi 
ments, the swath 30 may be different widths. 
0023. As the tow vehicle 12 moves the agricultural imple 
ment 16 through the agricultural field in the direction of travel 
24, the sensor 14 monitors the Swaths 30 of the soil before the 
agricultural implement 16 is positioned Substantially above 
the respective swaths 30 to conduct agricultural operations 
(e.g., planting, tilling, fertilizing, conditioning etc.). Because 
the sensor 14 monitors the soil before the agricultural imple 
ment 16 interacts with the Soil, changes to agricultural opera 
tions may be implemented in real-time or near real-time to 
improve agricultural operations. For example, based on feed 
back from the sensor 14 more or fewer seeds may be depos 
ited and/or more or less fertilizer may be applied to the agri 
cultural field, thereby reducing costs and/or increasing yield. 
Additionally, a penetration depth of discs may be increased or 
decreased and/or a downward pressure of a rolling basket 
may be increased or decreased, based on feedback from the 
sensor 14. In the illustrated embodiment, the agricultural 
implement 16 includes agricultural features 32 configured to 
interact with the soil. For example, in embodiments in which 
the agricultural implement 16 is a planter or seeder, the agri 
cultural features 32 may include seed tubes configured to 
deposit agricultural product (e.g., seeds) into furrows formed 
in the soil. Moreover, in other embodiments, the agricultural 
features 32 may include spray nozzles of a fertilizing imple 
ment configured to direct fertilizer onto the soil surface 22. 
Additionally, in certain embodiments, the agricultural fea 
tures 32 may include harrows of a tillage implement or rolling 
baskets of a Soil conditioning implement. 
0024. In the illustrated embodiment, the agricultural fea 
tures 32 are aligned with respective swaths 30 and sensing 
devices 26. That is, the sensing devices 26 are aligned with the 
agricultural features 32 to facilitate analysis and agricultural 
operational control over planting, fertilizing, tilling, and/or 
conditioning of the respective swaths 30. For example, the 
sensing device 26a is aligned with the swath 30a. The infor 
mation obtained by and output from the sensing device 26a 
may be utilized to control operation of the agricultural feature 
32a, thereby enabling specific, directed action to the swath 
30a based on the properties of the soil in swath 30a. For 
example, the fertilizer rate applied by the agricultural feature 
32a may be decreased while the sensing device 26a aligned 
with the swath 30a detects a nitrogen level above a threshold 
maximum value. However, the fertilizer rate may remain 
constant while the sensing device 26a aligned with the Swath 
30a detects a nitrogen level within a range between the 
threshold maximum value and a threshold minimum value. 
Moreover, the fertilizer rate may be increased while the sens 
ing device 26b aligned with the swath 30b detects a nitrogen 
level below the threshold minimum value. In certain embodi 
ments, the seed deposition rate applied by the agricultural 
feature 32a may be decreased while the sensing device 26a 
aligned with the swath 30a detects a nitrogen level below a 
threshold minimum value. However, the seed deposition rate 
may remain constant while the sensing device 26b aligned 
with the swath 30b detects a nitrogen level within a range 
between the threshold minimum and a threshold maximum 
value. Additionally, the seed deposition rate may be increased 
while the sensing device 26b aligned with the swath 30b 
detects a nitrogen level above the threshold maximum value. 
Furthermore, a harrow penetration depth may be decreased 
while the sensing device 26a aligned with the swath 30a 
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detects a soil clay content below a threshold minimum value. 
However, the harrow penetration depth may remain constant 
while the sensing device 26b aligned with the swath 30b 
detects a Soil clay content within a range between a threshold 
maximum value and the threshold minimum value. More 
over, the harrow penetration depth may be increased with the 
sensing device 26b aligned with the swath 30b detects a soil 
clay content above the threshold maximum value. Addition 
ally, in certain embodiments, a rolling basket pressure may be 
decreased while the sensing device 26a aligned with the 
swath 30a detects a soil roughness value below a threshold 
minimum value. However, the rolling basket pressure may 
remain constant while the sensing device 26b aligned with the 
swath 30b detects a soil roughness value within a range 
between a threshold maximum value and the threshold mini 
mum value. Moreover, the rolling basket pressure may be 
increased while the sensing device 26b aligned with the swath 
30b detects a soil roughness value above the threshold maxi 
mum value. Accordingly, the Swaths 30 may be individually 
fertilized, conditioned, tilled, and/or planted based on prop 
erties detected by the sensing devices 26 to enhance agricul 
tural operations. 
0025 FIG. 4 is a block diagram of an embodiment of a 
control system 50 configured to control the agricultural sys 
tem 10. In the illustrated embodiment, the control system 50 
includes a controller 52 having a memory 54 and a processor 
56. The memory 54 may be any type of non-transitory 
machine readable medium for storing data and executable 
instructions, such as random-access memory, read-only 
memory, rewritable flash memory, hard drives, optical drives, 
and the like. The processor 56 may execute instructions stored 
on the memory 54. For example, the memory 54 may contain 
machine readable code, Such as instructions, that may be 
executed by the processor 56. In some embodiments, the 
memory 54 and the processor 56 may enable automatic (e.g., 
processor/memory controlled) operation of the agricultural 
implement 16. 
0026. The operator may interact with a user interface 58 
(e.g., via push buttons, dials, touch screen interfaces, etc.) to 
send and/or receive information and/or instructions indicative 
of agricultural operations. For example, the operator may 
instruct the controller 52 via the user interface 38 to transmit 
a signal to the agricultural implement 16 to set a desired 
seeding rate and/or fertilizing rate. Additionally, in certain 
embodiments, the operator may set a desired tilling depth or 
soil conditioning pressure. Moreover, the rates may be indi 
vidually controlled for each swath 30. Additionally, the con 
troller 52 may display an indication to alert the operator if 
seed levels are low, fertilizer levels are low, or the like. 
0027. In the illustrated embodiment, the controller 52 is 
communicatively coupled to the sensor 14. As a result, the 
sensor 14 may output signals indicative of soil properties to 
the controller 52. For instance, the sensor 14 may output a 
signal indicative of a nitrogen level of the soil to the controller 
52. The controller 52 may evaluate the signal, e.g., via the 
processor 56 utilizing code stored in the memory 54, to deter 
mine if the nitrogen level is above a maximum threshold 
value, below a minimum threshold value, within a desired 
range, or the like. Moreover, based on the evaluation of the 
signal from the sensor 14, the controller 52 may send a signal 
to the agricultural implement 16 to direct agricultural opera 
tions. For example, the seed deposition rate may be controlled 
and/or or the type of seed (e.g., genetic variety) may be 
adjusted during planting operations. Additionally, the fertil 
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izer deposition rate may be controlled during fertilizing 
operations. Furthermore, the depth of the agricultural features 
32 may be controlled during tillage operations and/or the 
pressure applied to the Surface 22 by rolling baskets may be 
controlled during conditioning operations. 
0028. In the illustrated embodiment, the controller 52 and 
the sensor 14 are communicatively coupled to an interface 
module 60. In certain embodiments, the sensor 14 and/or the 
controller 52 may output signals indicative of data (e.g., nitro 
gen levels, clay content of the soil, moisture content of the 
soil, surface roughness, etc.) to the interface module 60 for 
collection, storage, and/or further analysis. In some embodi 
ments, the interface module 60 may interface with an ISO 
BUS network. However, in other embodiments, the interface 
module 60 may interface with a CANBUS network, data 
processing software, or the like. For instance, the interface 
module 60 may be communicatively coupled to a wireless 
transceiver 62 configured to wirelessly (e.g., via cellular sig 
nals, 4G, Wi-Fi, or the like) output data to a second wireless 
transceiver 64 communicatively coupled to a remote sever 66. 
However, in other embodiments, the data may be transferred 
via wired transmitters (e.g., USB, category 5, etc.) or remov 
able storage devices (e.g., USB memory Sticks, portable hard 
drives, etc.) to the remote server 66, for example. The remote 
sever 66 (e.g., remote storage database, cloud database, etc.) 
may store the data for later analysis. For instance, transfer of 
the data to the remote server 66 may enable access to the data 
to facilitate preparation of soil maps concurrently with moni 
toring the soil. For instance, in certain embodiments, the 
sensor 14 and controller 52 may monitor soil properties in one 
pass, and then a Subsequent soil conditioning pass, a fertiliz 
ing pass, a tilling pass, and/or a planting pass may use the data 
acquired by the controller 52 to control agricultural opera 
tions. However, in other embodiments, software configured 
to generate three dimensional field maps may be loaded onto 
the memory 54, and the processor 56 may generate maps in 
real-time and/or near real-time during data acquisition. 
Accordingly, agricultural operations may be performed and/ 
or planned in real-time or near real-time as the implement 16 
travels across the field (e.g., planned during the same data 
acquisition pass). 
0029 FIG. 5 is a flowchart of an embodiment of a method 
80 for controlling agricultural operations of the agricultural 
implement 16. Initial operating parameters of the agricultural 
implement 16 are set at block 82. For example, the operator 
may set an initial seed deposition rate, an initial fertilizer 
deposition rate, an initial seed type (e.g., Suitable for expected 
field conditions), or a combination thereof. In certain embodi 
ments, the initial operating parameters are based on prior 
agricultural operations from a previous season or from pre 
determined soil maps. The sensor 14 conducts data acquisi 
tion at block 84. For example, the sensing devices 26 may 
interrogate the soil Surface 22 to determine selected Soil prop 
erties. For example, the sensing devices 26 may include 
acoustic analyzers that emit acoustic waves toward the soil 
surface 22 and receive reflected acoustic waves from the soil 
Surface 22. In certain embodiments, the sensor 14 may 
include circuitry configured to analyze the data acquired by 
the sensing devices 26. For example, the reflected acoustic 
waves may be evaluated to determine a roughness of the soil 
based on the reflected acoustic waves. Moreover, in other 
embodiments, the sensing devices 26 may include chemical 
analyzers that obtain a soil sample, analyze the composition 
of the soil, and determine a property of the soil based on the 
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analysis. For example, the chemical analyzer may determine 
the nitrogen level of the soil. Furthermore, in certain embodi 
ments, multiple properties of the soil may be determined by 
the sensor 14. However, in other embodiments, the sensor 14 
may output a signal indicative of a soil property to the con 
troller 52 for analysis and evaluation. 
0030 The sensor 14 outputs a signal indicative of the soil 
property to the controller 52 at block 86. For example, in 
certain embodiments, the sensor 14 may output the signal to 
the controller 52 for analysis. The acquired data is evaluated 
at operator 88. For example, the controller 52 may evaluate 
whether the soil property is within a specified range. In cer 
tain embodiments, the range may include a threshold mini 
mum value, a threshold maximum value, or a combination 
thereof. For example, the range may include a threshold mini 
mum value corresponding to the nitrogen content of the soil. 
moisture content of the soil, Surface roughness of the soil, and 
the like. In embodiments in which the soil property is within 
the specified range, the controller 52 may transmit a signal to 
the agricultural implement 16 to maintain the initial operating 
parameter at block 90. For example, the controller 52 may 
determine the moisture content of the Soil based a signal 
indicative of moisture content output by the sensor 14, deter 
mine that the moisture content is within the specified range, 
and instruct the agricultural implement 16 to continue depos 
iting seeds at the initial deposition rate. Thereafter, the sensor 
14 may continue to conduct data acquisition at block 84 as the 
tow vehicle 12 moves the agricultural implement 16 through 
the agricultural field. However, in embodiments in which the 
soil property is outside of the specified range, the controller 
52 may output a signal to the agricultural implement 16 to 
adjust the operating parameter from the initial operating 
parameter to an adjusted operating parameter at block 92. For 
example, the controller 52 may determine the moisture con 
tent of the soil, determine that the moisture content is below a 
minimum threshold value, and instruct a seeding implement 
to decrease seed deposition rates. Thereafter, the sensor may 
conduct additional data acquisition at block 84. Accordingly, 
the Soil properties may be continuously monitored and 
adjusted during planting, fertilizing, Soil conditioning, tail 
ing, and/or other agricultural operations to increase efficien 
cies and/or improve yield. 
0031. As described in detail above, the disclosed embodi 
ments include the sensor 14 configured to output a signal 
indicative of properties of the soil of the agricultural field. For 
example, the sensor 14 may be positioned proximate or in 
contact with the agricultural field to obtain data indicative of 
the soil properties. The sensor 14 may be communicatively 
coupled to the controller 52 such that the sensor 14 may 
output the signal indicative of the properties to the controller 
52 for analysis. The controller 52 may compare the soil prop 
erties to pre-set ranges (e.g., threshold minimums, threshold 
maximums, etc.) to determine whether adjustments to agri 
cultural operations would improve efficiencies or yields. For 
example, the controller 52 may instruct the agricultural 
implement 16 to deposit seeds having desired properties in 
areas of the field having conditions Suitable for seeds having 
the desired properties. Moreover, the sensor 14 and controller 
52 may continuously monitor and/or adjust the operating 
parameters of the agricultural implement 16 throughout 
planting, fertilizing, conditioning, tilling, and/or other agri 
cultural operations. 
0032. While only certain features of the invention have 
been illustrated and described herein, many modifications 
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and changes will occur to those skilled in the art. It is, there 
fore, to be understood that the appended claims are intended 
to coverall Such modifications and changes as fall within the 
true spirit of the invention. 

1. An agricultural system, comprising: 
a sensor positioned forward of an agricultural implement 

relative to a direction of travel of the agricultural system, 
wherein the sensor is configured to output a first signal 
indicative of at least one soil property associated with an 
operation of the agricultural implement; and 

a controller communicatively coupled to the sensor, 
wherein the controller is configured to output a second 
signal indicative of instructions to control the operation 
of the agricultural implement based on the first signal. 

2. The agricultural system of claim 1, wherein the second 
signal is configured to change the operation of the agricultural 
implement from an initial operating State to an adjusted oper 
ating state, the adjusted operating state being different from 
the initial operating state. 

3. The agricultural system of claim 1, wherein the agricul 
tural implement comprises a seeding implement, and the 
operation comprises a seed deposition rate. 

4. The agricultural system of claim 1, wherein the agricul 
tural implement comprises a seeding implement, and the 
operation comprises a seed-type selection. 

5. The agricultural system of claim 1, wherein the agricul 
tural implement comprises a fertilizing implement, and the 
operation comprises a fertilizer deposition rate. 

6. The agricultural system of claim 1, wherein the agricul 
tural implement comprises a tilling implement, and the opera 
tion comprises a harrow disc penetration depth. 

7. The agricultural system of claim 1, wherein the agricul 
tural implement comprises a Soil conditioner, and the opera 
tion comprises a rolling basket pressure. 

8. The agricultural system of claim 1, wherein the sensor 
comprises an acoustic analyzer, a chemical analyzer, an elec 
tromechanical analyzer, or a combination thereof. 

9. The agricultural system of claim 1, wherein the sensor 
comprises a plurality of sensing devices, wherein each sens 
ing device of the plurality of sensing devices is configured to 
output a respective first signal indicative of the at least one 
soil property associated with the operation of the agricultural 
implement, and the controller is configured to control each of 
a plurality of agricultural features via the second signal based 
on the respective first signal from a corresponding sensing 
device of the plurality of sensing devices. 

10. The agricultural system of claim 9, wherein the respec 
tive first signal from each of the plurality of sensing devices is 
indicative of the at least one soil property over a swath of the 
agricultural field and each of the plurality of agricultural 
features corresponds to a respective Swath of the agricultural 
field. 

11. A method of controlling an agricultural system, com 
prising: 

outputting a signal indicative of the at least one soil prop 
erty to a controller via a sensor, wherein the sensor is 
positioned forward of the agricultural implement rela 
tive to a direction of travel; 

receiving the signal, via the controller, indicative of at least 
one property of an agricultural field; 

determining whether the at least one property of the agri 
cultural field is within a desired range; and 

controlling an operating state of an agricultural implement 
based on the at least one soil property. 
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12. The method of claim 11, comprising setting an initial 
operating state of the agricultural implement. 

13. The method of claim 12, comprising adjusting the 
initial operating state of the agricultural implement to an 
adjusted operating State based on the at least one soil property, 
wherein the adjusted operating state is different than the 
initial operating state. 

14. The method of claim 12, comprising maintaining 
operation at the initial operating state if the at least one prop 
erty of the agricultural field is within the desired range. 

15. The method of claim 11, comprising adjusting the 
operating state of the agricultural implement if the at least one 
property of the agricultural field is outside of the desired 
range. 

16. A method of controlling an agricultural system, com 
prising: 

outputting a first signal indicative of instructions to control 
the operation of an agricultural implementata first oper 
ating state; 

receiving a second signal, via a sensor, indicative of at least 
one soil property of the agricultural field; 

outputting a third signal indicative of instructions to 
change the operation of the agricultural field to a second 
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operating state, based on the second signal, wherein the 
second operating state is different than the first operating 
state; and 

controlling an application rate of an agricultural product 
based on the second signal. 

17. The method of claim 16, wherein the sensor is posi 
tioned forward of the agricultural implement. 

18. The method of claim 16, comprising continuously 
adjusting the operation of the agricultural implement based 
on the at least one soil property. 

19. The method of claim 16, comprising increasing the 
application rate of the agricultural product while the at least 
soil property is above a threshold maximum value, and 
decreasing the application rate of the agricultural product 
while the at least one soil property is below a threshold 
minimum value. 

20. The method of claim 16, comprising maintaining the 
application rate of the agricultural product while the at least 
one soil property is within a desired range defined by a thresh 
old minimum value and a threshold maximum value. 
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