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(57) ABSTRACT

In one aspect, a system for monitoring a level of hydraulic
fluid in an agricultural sprayer includes a drive system, a
hydraulic fluid system, and a fill level sensor. The system
also includes a computing system communicatively coupled
to both the drive system and the fill level sensor. The
computing system is configured to monitor the level of
hydraulic fluid within the hydraulic fluid reservoir based on
data received from the fill level sensor. The computing
system is further configured to detect a leak condition in the
hydraulic fluid system based at least in part on the monitored
level of the hydraulic fluid within the hydraulic fluid reser-
voir and control an operation of the drive system to reduce
the ground speed of the agricultural sprayer in response to
detecting the leak condition.

19 Claims, 4 Drawing Sheets




US 11,951,971 B2

Page 2

(51) Imt.CL (52) US. CL
A0IC 23/00 (2006.01) CPC ...ccoonuenee. BO5B 15/65 (2018.02); BOSB 3/02
A0IC 23/04 (2006.01) (2013.01); BOSB 5/02 (2013.01); B6OW 10/18
A0ID 41/127 (2006.01) (2013.01); B6OW 10/182 (2013.01); B6OW
A01ID 69/00 (2006.01) 30/18118 (2013.01); B60W 40/076 (2013.01);
AO0IM 7/00 (2006.01) B67D 7/02 (2013.01); B67D 7/0294
BO5B 120 (2006.01) (2013.01); B67D 7/36 (2013.01); B67D 7/362
BO5B 12/02 (2006.01) (2013.01); B67D 7/38 (2013.01); B67D 7/78
BO5B 12/08 (2006.01) (2013.01); B67D 99/00 (2013.01); EO2F 3/46
BO5B 12/14 (2006.01) (2013.01); EO2F 9/2271 (2013.01); EO2F
BO5B 12/16 (2018.01) 9/2275 (2013.01); GOIM 3/3245 (2013.01);
BO5B 15/55 (2018.01) GO05D 1/0016 (2013.01); GO7C 5/008
BO5B 15/65 (2018.01) (2013.01); GO7C 5/08 (2013.01); BO5SB 14/00
BOSB 3/02 (2006.01) (2018.02); BOSB 2203/0205 (2013.01); B6OW
BOSB 5/02 (2006.01) 2520/10 (2013.01); GOIF 23/70 (2013.01);
B6OW 10/103 (2012.01) G05D 2201/0201 (2013.01)
B6OW 10/18 (2012.01)
B6OW 30/18 (2012.01) (56) References Cited
gggg/ ;1/00/2076 881388 U.S. PATENT DOCUMENTS
B67D 7/36 (2010.01) 5744701 A 4/1998 Peterson et al.
B67D 7/38 (2010.01) 5,748,077 A 5/1998 Brandt
B67D 7/78 (2010.01) 7,051,580 Bl 5/2006 Lewis et al.
B67D 99/00 (2010.01) 2010/0194554 Al 82010 Algulin et al.
EO2F 3/46 (2006.01) 2012/0214250 Al* 82012 Oura .............. GOligé/ll/gg
E02F 9/22 (2006.01) 2012/0249333 Al* 10/2012 Kunis .....ccccecevenne GOIN 1/14
GOIM 3732 (2006.01) 340/603
GO5SD 1/00 (2006.01) 2018/0112430 A1* 4/2018 E04H 4/1281
GO7C 5/00 (2006.01) 2018/0336767 Al* 11/2018 GO8B 21/182
GO7C 5/08 (2006.01) 2020/0267893 Al: 8/2020 A01C 23/022
BOSB 14/00 (2018.01) 2022/0397116 A1* 12/2022 GO1M 3/2807
GOIF 23/70 (2006.01) * cited by examiner



U.S. Patent Apr. 9, 2024 Sheet 1 of 4 US 11,951,971 B2

FIG.




US 11,951,971 B2

Sheet 2 of 4

Apr. 9, 2024

U.S. Patent

e A1 NOISNBdSfS TDIHaA ¢ M
az1—L__ WALSKS ONINFAIS
s S T DITINoRDTR owsy - Bl
71— WALSAS NOISSIWSNVAL A ‘
1
ss1—HH WISk INioNg D10 WO WILSAS NOLLVDHILON IDDIH3A
o7 —{ 1 WAISAS TH1) NIVALNIMO4 NP
1 Tincow
- WILSAS 30 bl
sl 1
o1 AL SNOIDNHSN o0l
907 (Shioswas 80141 z_ﬁmi B% TV N
vz’ dhnd - s oL~
70711 HI0A¥3STY (4055104 N AV14SIQ 2
A waisks am onnviam WALSAS JHLLAIWO) vol IDVRELNI SN

00z | - ™

' 0l 2
0z | (SILNINOAWO) aIm DINVHaAH

i

" WILSAS DNA0Yd s_\




US 11,951,971 B2

Sheet 3 of 4

Apr. 9, 2024

U.S. Patent

£ I
| DVAINSN
“
701 e WAHSAS ONINAWD)  fr-mm e e e e e i e e e e
i 21
“
i A
vel T WaLSAS oKDV
et —H-{ WBISAS NOISSIHSNYL
S L
ozt —1_WALSKS THL) NIVALEIMOd
WaLSAS JAHC
-

807 - | (S)ININOAWO) JINVAQAH

902

v/ 00€




U.S. Patent Apr. 9, 2024 Sheet 4 of 4 US 11,951,971 B2

400
/_

MONITOR THE LEVEL OF HYDRAULIC FLUID WITHIN THE HYDRAULIC FLUID | S 402
RESERVOIR BASED ON DATA RECEIVED FROM THE FILL LEVEL SENSOR

DETECT A LEAK CONDITION IN THE HYDRAULIC FLUID SYSTEM BASED AT | 404
LEAST IN PART ON THE MONITORED LEVEL OF THE HYDRAULIC FLUID
WITHIN THE HYDRAULIC FLUID RESERVOIR

Y

CONTROL AN OPERATION OF THE DRIVE SYSTEM TO REDUCE A g 406
GROUND SPEED OF THE AGRICULTURAL SPRAYER IN RESPONSE
TO DETECTING THE LEAK CONDITION

FIG. 4



US 11,951,971 B2

1
SYSTEMS AND METHODS FOR
MONITORING A LEVEL OF HYDRAULIC
FLUID IN AN AGRICULTURAL SPRAYER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a non-provisional application claiming
the benefit of priority under 35 U.S.C. § 119(e) to U.S.
Provisional Patent Application No. 63/151,921, filed Feb.
22, 2021, which is hereby incorporated by reference in its
entirety for all purposes.

FIELD

The present disclosure generally relates to agricultural
sprayers for performing spraying operations within a field
and, more particularly, to systems and methods for moni-
toring a hydraulic fluid system of an agricultural sprayer.

BACKGROUND

Agricultural applicators or sprayers have been used within
the industry for delivering an agricultural product to a
ground surface of a field. The agricultural product may be in
the form of a solution or mixture, with a carrier (such as
water) being mixed with one or more active ingredients,
such as a pesticide(s) (e.g., an herbicide(s), insecticide(s),
rodenticide(s), etc.) and/or a nutrient(s). Typically, an appli-
cator or sprayer is pulled as an implement or is self-
propelled, and includes a tank, a pump, a boom assembly,
and a plurality of nozzles carried by the boom assembly at
spaced-apart locations. The boom assembly can include a
pair of boom arms, with each boom arm extending to either
side of the sprayer when in an unfolded state. Each boom
arm may include multiple boom sections, each with a
number of spray nozzles (also sometimes referred to as
spray tips).

Typically, agricultural sprayers are equipped with a
hydraulic fluid system that supplies hydraulic fluid (e.g., oil)
to various systems and/or components of the agricultural
sprayer. The hydraulic fluid system often includes various
piping, lines, and/or hoses for supplying a flow of hydraulic
fluid to the various systems and/or components of the
agricultural sprayer. In some operational instances, leaks of
hydraulic fluid may occur within the hydraulic fluid system
(such as from the various piping, lines, and/or hoses), which
causes the hydraulic fluid level of the hydraulic fluid system
to drop. Current systems lack the capabilities of detecting
and controlling these leaks within the hydraulic fluid system,
which can result in damage to components of the agricul-
tural sprayer.

Accordingly, improved systems and methods for moni-
toring a level of hydraulic fluid in an agricultural sprayer and
for controlling the sprayer accordingly are desired in the art
and would be welcomed in the technology.

BRIEF DESCRIPTION

Aspects and advantages of the technology will be set forth
in part in the following description, or may be obvious from
the description, or may be learned through practice of the
technology.

In some aspects, the present subject matter is directed to
a system for monitoring a level of hydraulic fluid in an
agricultural sprayer. The system includes a drive system
configured to control a ground speed of the agricultural
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sprayer, a hydraulic fluid system having a hydraulic fluid
reservoir, and a fill level sensor configured to provide data
indicative of the level of hydraulic fluid within the hydraulic
fluid reservoir. The system also includes a computing system
communicatively coupled to both the drive system and the
fill level sensor. The computing system is configured to
monitor the level of hydraulic fluid within the hydraulic fluid
reservoir based on data received from the fill level sensor.
The computing system is further configured to detect a leak
condition in the hydraulic fluid system based at least in part
on the monitored level of the hydraulic fluid within the
hydraulic fluid reservoir and control an operation of the
drive system to reduce the ground speed of the agricultural
sprayer in response to detecting the leak condition.

In some aspects, the present subject matter is directed to
a method for monitoring a level of hydraulic fluid in an
agricultural sprayer. The agricultural sprayer includes a
drive system, a hydraulic fluid system having a hydraulic
fluid reservoir, and a fill level sensor. The method includes
monitoring, with a computing system, the level of hydraulic
fluid within the hydraulic fluid reservoir based on data
received from the fill level sensor, and detecting, with the
computing system, a leak condition in the hydraulic fluid
system based at least in part on the monitored level of the
hydraulic fluid within the hydraulic fluid reservoir. The
method further includes controlling, with the computing
system, an operation of the drive system to reduce a ground
speed of the agricultural sprayer in response to detecting the
leak condition.

These and other features, aspects, and advantages of the
present technology will become better understood with
reference to the following description and appended claims.
The accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate embodiments
of'the technology and, together with the description, serve to
explain the principles of the technology.

BRIEF DESCRIPTION OF THE DRAWINGS

A full and enabling disclosure of the present technology,
including the best mode thereof, directed to one of ordinary
skill in the art, is set forth in the specification, which makes
reference to the appended figures, in which:

FIG. 1 illustrates a perspective view of one embodiment
of an agricultural sprayer in accordance with aspects of the
present subject matter;

FIG. 2 illustrates a schematic view of one embodiment of
a sprayer system configured for use in association with an
agricultural sprayer in accordance with aspects of the pres-
ent subject matter;

FIG. 3 illustrates a schematic view of one embodiment of
a hydraulic fluid system configured for use in association
with an agricultural sprayer in accordance with aspects of
the present subject matter; and

FIG. 4 illustrates a flow diagram of one embodiment of a
method for monitoring a level of hydraulic fluid in an
agricultural sprayer in accordance with aspects of the pres-
ent subject matter.

Repeat use of reference characters in the present specifi-
cation and drawings is intended to represent the same or
analogous features or elements of the present technology.

DETAILED DESCRIPTION

Reference now will be made in detail to embodiments of
the invention, one or more examples of which are illustrated
in the drawings. Each example is provided by way of
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explanation of the invention, not limitation of the invention.
In fact, it will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the scope or spirit
of the invention. For instance, features illustrated or
described as part of one embodiment can be used with
another embodiment to yield a still further embodiment.
Thus, it is intended that the present invention covers such
modifications and variations as come within the scope of the
appended claims and their equivalents.

In general, the present subject matter is related to systems
and methods for monitoring a level of hydraulic fluid in an
agricultural sprayer. For example, the agricultural sprayer
may include a hydraulic fluid system having a hydraulic
fluid reservoir. The hydraulic fluid system may supply
hydraulic fluid (e.g., oil) from the hydraulic fluid reservoir
to one or more hydraulic fluid components during operation
of the agricultural sprayer. The hydraulic fluid components
of the agricultural sprayer may include a hydrostatic drive
unit, a hydraulic actuator, a hydraulic motor, and/or any
other suitable hydraulic components.

In some operational instances, leaks in the hydraulic fluid
system may occur, which may result in loss of hydraulic
fluid. In such instances, the present system is operable to
detect the leaks in the hydraulic fluid system and automati-
cally reduce a ground speed of the agricultural sprayer,
which may slow or stop the leaks in the hydraulic fluid
system (thereby preventing damage to the agricultural
sprayer). For example, the system may include a fill level
sensor positioned in the hydraulic fluid system that monitors
a level of hydraulic fluid within the hydraulic fluid system.
The fill level sensor may detect the presence of a leak in the
hydraulic fluid system when the level of hydraulic fluid
drops at a rate over a time period (e.g., 1-5 seconds) that
exceeds a predetermined threshold rate. In response, the
system may automatically reduce the ground speed of the
agricultural sprayer, thereby reducing the rate at which the
hydraulic fluid is lost due to the leak. Such a responsive
action may preserve the remaining hydraulic fluid in the
hydraulic fluid system and prevent damage to the agricul-
tural sprayer that may otherwise occur if the leak were to
progress.

Referring now to FIG. 1, one embodiment of an agricul-
tural sprayer 10 is illustrated in accordance with aspects of
the present subject matter. Specifically, FIG. 1 illustrates a
perspective view of the sprayer 10 with its boom assembly
in a working or unfolded position. In many implementations,
the boom assembly may be foldable and/or collapsible into
a transport or folded position (not shown). In the illustrated
embodiment, the agricultural sprayer 10 is configured as a
self-propelled agricultural sprayer. However, in alternative
embodiments, the agricultural sprayer 10 may be configured
as any other suitable type of agricultural sprayer 10 config-
ured to perform agricultural spraying operations, such as a
tractor or other vehicle configured to haul a spraying or
application implement.

As shown in FIG. 1, the agricultural sprayer 10 may
include a chassis 12 or frame configured to support or couple
to a plurality of components. For example, a pair of steerable
front wheels 14 (one is shown) and a pair of driven rear
wheels 16 (one is shown) may be coupled to the chassis 12.
The wheels 14, 16 may be configured to support the agri-
cultural sprayer 10 relative to the ground and move the
agricultural sprayer 10 in a direction of travel (e.g., as
indicated by arrow 18 in FIG. 1) across a field. In this regard,
the agricultural sprayer 10 may include an engine 38 and a
transmission 40 configured to transmit power from the
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engine 38 to the wheels 14, 16. However, it will be appre-
ciated that, in further embodiments, the front wheels 14 of
the agricultural sprayer 10 may be driven in addition to or in
lieu of the rear wheels 16. The chassis 12 may also support
an operator’s cab 24 that houses various control or input
devices (e.g., levers, pedals, control panels, buttons, and/or
the like) for permitting an operator to control the operation
of'the work sprayer 10. For instance, as shown in FIG. 1, the
agricultural sprayer 10 may include a human-machine or
user interface 22 for displaying message windows and/or
alerts to the operator and/or for allowing the operator to
interface with the vehicle’s controller or computing system.
In some embodiments, the user interface 22 may include
joysticks, buttons, knobs and/or any other suitable input
devices that allow the operator to provide user inputs to an
associated controller or computing system.

Furthermore, the chassis 12 may also support at least one
or more product tanks 26 and/or one or more auxiliary tanks
42. Each product tank 26 is generally configured to store or
hold an agricultural product, such as a pesticide, an herbi-
cide, a nutrient, and/or the like. The auxiliary tank 42 may
be configured to store or hold clean water and/or any other
product, which may be different from the agricultural prod-
uct within the product tank 26.

The chassis 12 may further support a frame or boom
assembly 28 mounted on the chassis 12. A plurality of nozzle
assemblies 68 are mounted on the boom assembly 28 and
configured to selectively dispense the agricultural product
stored in the associated product tank 26 and/or the auxiliary
tank 42 via the nozzle assemblies 68 onto underlying plants
and/or soil. The nozzle assemblies 68 are generally spaced
apart from each other on the boom assembly 28 along a
lateral direction 50. Furthermore, fluid conduits may fluidly
couple the nozzle assemblies 68 to the tank(s) 26, 42. Each
nozzle assembly 68 may include a nozzle valve and an
associated spray tip or spray nozzle. In several embodi-
ments, the operation of each nozzle valve may be individu-
ally controlled by an associated controller or computing
system such that the valve regulates the flow rate and/or
other spray characteristic of the agricultural product through
the associated spray nozzle.

In some embodiments, to improve the agricultural product
application quality and/or operator comfort, the sprayer 10
can be equipped with a passive, semi-active, or active
suspension system 31 (FIG. 2) to dampen movement of the
sprayer 10 during operation. For instance, the suspension
system 31 may be configured to isolate the cab 24 and/or the
boom assembly 28 from vibrations caused by uneven ter-
rain.

The boom assembly 28 of the agricultural sprayer 10 may
generally be movable between a working or unfolded posi-
tion (FIG. 1) and a transport or folded position (not shown).
In the working position, various sections of the boom
assembly 28 are fully extended such that the boom assembly
28 extends over as wide a section of a field as possible. In
the transport position, the various sections of the boom
assembly 28 are fully retracted to reduce the width of the
sprayer 10 for travel. As will be described below, the boom
assembly 28 may include a plurality of fold actuators
coupled between adjacent boom sections of the boom
assembly 28 for moving the boom assembly 28 between the
working and transport positions.

As shown in FIG. 1, in various embodiments, the boom
assembly 28 includes a central boom section 30, a left boom
arm 32, and a right boom arm 34. The left boom arm 32
includes a left inner boom section 32A pivotably coupled to
the central boom section 30, a left middle boom section 32B
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pivotably coupled to the left inner boom section 32A, and a
left outer boom section 32C pivotably coupled to the left
middle boom section 32B. Similarly, the right boom arm 34
includes a right inner boom section 34A pivotably coupled
to the central boom section 30, a right middle boom section
34B pivotably coupled to the right inner boom section 34A,
and a right outer boom section 34C pivotably coupled to the
right middle boom section 34B. Each of the inner boom
sections 32A, 34A is pivotably coupled to the central boom
section 30 at pivot joints 44. Similarly, the middle boom
sections 32B, 34B are pivotally coupled to the respective
inner boom sections 32A, 34A at pivot joints 46 while the
outer boom sections 32C, 34C are pivotably coupled to the
respective middle boom sections 32B, 34B at pivot joints 48.

As is generally understood, pivot joints 44, 46, 48 may be
configured to allow relative pivotal motion between adjacent
boom sections of the boom assembly 28. For example, the
pivot joints 44, 46, 48 may allow for articulation of the
various boom sections between a fully extended or working
position (e.g., as shown in FIG. 1), in which the boom
sections are unfolded along the lateral direction 50 to allow
for the performance of an agricultural spraying operation,
and a transport position, in which the boom sections are
folded inwardly to reduce the overall width of the boom
assembly 28 along the lateral direction 50. It will be appre-
ciated that, although the boom assembly 28 is shown in FIG.
1 as including a central boom section and three individual
boom sections coupled to each side of the central boom
sections, the boom assembly 28 may generally have any
suitable number of boom sections. For example, in other
embodiments, each boom arm 32, 34 may include four or
more boom sections or less than three boom sections.

Additionally, as shown in FIG. 1, the boom assembly 28
may include inner fold actuators 52 coupled between the
inner boom sections 32A, 34A and the central boom section
30 to enable pivoting or folding between the fully-extended
working position and the transport position. For example, by
retracting/extending the inner fold actuators 52, the inner
boom sections 32A, 34A may be pivoted or folded relative
to the central boom section 30 about a pivot axis 44A defined
by the pivot joints 44. Moreover, the boom assembly 28 may
also include middle fold actuators 54 coupled between each
inner boom section 32A, 34A and its adjacent middle boom
section 32B, 34B and outer fold actuators 56 coupled
between each middle boom section 32B, 34B and its adja-
cent outer boom section 32C, 34C. As such, by retracting/
extending the middle and outer fold actuators 54, 56, each
middle and outer boom section 32B, 34B, 32C, 34C may be
pivoted or folded relative to its respective inwardly adjacent
boom section 32A, 34A, 32B, 34B about a respective pivot
axis 46A, 48A. When moving to the transport position, the
boom assembly 28 and fold actuators 52, 54, 56 are typically
oriented such that the pivot axes 44A, 46A, 48A are parallel
to the vertical direction 58 and, thus, the various boom
sections 32A, 34A, 32B, 34B, 32C, 34C of the boom
assembly 28 are configured to be folded horizontally (e.g.,
parallel to the lateral direction 50) about the pivot axes 44A,
46A, 48A to keep the folding height of the boom assembly
28 as low as possible for transport. However, the pivot axes
44A, 46A, 48A may be oriented along any other suitable
direction.

In some embodiments, the boom assembly 28 may
include a mast coupled to a frame that, in combination, can
support the boom assembly 28 relative to the sprayer chassis
12. For example, the mast may be configured to couple to the
chassis 12 via a linkage assembly to transfer a load of the
frame to the mast. Furthermore, a boom suspension can
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extend between the frame and the mast and can be config-
ured to dampen movement of the frame relative to the mast,
thereby providing a stable platform for the boom assembly
28. In some examples, the boom suspension can include one
or more actuators that can be configured to mechanically
interconnect the frame to the mast. The one or more actua-
tors may be capable of generally leveling the boom assem-
bly 28 relative to the ground surface. In addition to aiding in
leveling the boom assembly 28, the adjustable suspension
can also provide various damping levels and/or rigidly
couple the frame and the mast to one another.

It will be appreciated that, although not shown in FIG. 1,
the sprayer 10 may also include various sensors configured
to capture data indicative of one or more operating condi-
tions or parameters associated with the performance and/or
operation of the sprayer 10. For instance, in some embodi-
ments, sensors may, for example, be installed on the boom
assembly 28 to allow operating parameter/conditions asso-
ciated with the boom to be monitored. However, in other
embodiments, one or more sensors may be installed relative
to or in association with any other suitable components,
features, systems, and/or sub-systems of the sprayer 10.

Referring now to FIG. 2, a schematic view of one embodi-
ment of a sprayer system 100 configured to form part of or
otherwise be associated with an agricultural sprayer 10 is
illustrated in accordance with aspects of the present subject
matter. In general, the system 100 will be described herein
with reference to the sprayer 10 described above with
reference to FIG. 1. However, it will be appreciated that the
disclosed system 100 may generally be utilized with spray-
ers or other agricultural applicators having any suitable
configuration consistent with the disclosure provided herein.

In several embodiments, the system 100 may include a
computing system 102 and various components, features,
systems and/or sub-systems configured to be communica-
tively coupled to the computing system 102. In general, the
computing system 102 may be configured to perform vari-
ous computer-related functions or tasks, including, for
example, receiving data from one or more components,
features, systems and/or sub-systems of the sprayer 10,
storing and/or processing data received or generated by the
computing system 102, and/or controlling the operation of
one or more components, features, systems and/or sub-
systems of the sprayer 10.

In general, the computing system 102 may correspond to
any suitable processor-based device(s), such as a computing
device or any combination of computing devices. Thus, as
shown in FIG. 2, the computing system 102 may generally
include one or more processor(s) 104 and associated
memory devices 106 configured to perform a variety of
computer-implemented functions (e.g., performing the
methods, steps, algorithms, calculations, and the like dis-
closed herein). As used herein, the term “processor” refers
not only to integrated circuits referred to in the art as being
included in a computer, but also refers to a controller, a
microcontroller, a microcomputer, a programmable logic
controller (PL.C), an application specific integrated circuit,
and other programmable circuits. Additionally, the memory
device 106 may generally include memory element(s)
including, but not limited to, computer readable medium
(e.g., random access memory (RAM)), computer readable
non-volatile medium (e.g., a flash memory), a floppy disk, a
compact disc-read only memory (CD-ROM), a magneto-
optical disk (MOD), a digital versatile disc (DVD) and/or
other suitable memory elements. Such memory device 106
may generally be configured to store information accessible
to the processor(s) 104, including data 108 that can be
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retrieved, manipulated, created and/or stored by the proces-
sor(s) 104 and instructions 110 that can be executed by the
processor(s) 104.

In several embodiments, the data 108 may be stored in
one or more databases. For example, the memory device 106
may include various databases for storing data associated
with the operation of the sprayer 10, such as operation data,
sensor data, field data, map data, application data, agricul-
tural product data, correlation tables, and/or the like. Such
data may include, for example, information received from
one or more components, features, systems and/or sub-
systems of the sprayer 10. For instance, the computing
system 102 may be communicatively coupled to the product
system 120, the user interface 22, and a hydraulic fluid
system 200.

Referring still to FIG. 2, in several embodiments, the
instructions 110 stored within the memory device 106 of the
computing system 102 may be executed by the processor(s)
104 to implement one or more modules 114, such as a data
analysis module or an active control module. For example,
a data analysis module may be executed or implemented by
processor(s) 104 to analyze data received from one or more
components, features, systems, and/or sub-systems of the
sprayer 10 (e.g., sensors, etc.).

For instance, the data analysis module may receive data
from a fill level sensor 206 of the hydraulic fluid system 200.
The data received from the fill level sensor 206 is associated
with a level (e.g., volume of hydraulic fluid) within a
hydraulic fluid reservoir 202 of the hydraulic fluid system
200. For example, based on data received from the fill level
sensor 206, the data analysis module of the computing
system 102 may monitor (e.g., continuously monitor) a level
of hydraulic fluid within the hydraulic fluid reservoir 202 of
the hydraulic fluid system 200. Additionally, the data analy-
sis module may be operable to detect a leak condition (such
as a hydraulic fluid leak) in the hydraulic fluid system 200
based on data received from the fill level sensor 206. The
leak condition may be a leak of hydraulic fluid from one or
more hydraulic fluid components 208, the hydraulic fluid
reservoir 202, and or a hydraulic fluid pump 204.

Particularly, the data analysis module of the computing
system 102 may detect a leak condition within the hydraulic
fluid system 200 when it is determined that the level of
hydraulic fluid within the hydraulic fluid reservoir 202 has
dropped at a first rate over a first time period that exceeds a
threshold rate value. Additionally or alternatively, the data
analysis module of the computing system 102 may detect a
leak condition within the hydraulic fluid system 200 when it
is determined that the level of hydraulic fluid within the
hydraulic fluid reservoir 202 has dropped below a threshold
level value.

In exemplary implementations, the data analysis module
of the computing system 102 may advantageously distin-
guish between normal operating conditions of the hydraulic
fluid system 200 and a leak condition of the hydraulic fluid
system 200, such that the data analysis module will not
mistakenly identify normal operation of the hydraulic fluid
system 200 as a leak condition. For example, when the
agricultural machine 10 performs a function or operation
requiring hydraulic fluid (such as extending the boom
assembly 14), the hydraulic fluid level within the hydraulic
fluid reservoir 202 will drop, and the data analysis module
will not mistakenly identify said drop as a leak condition of
the hydraulic fluid system 200. In this way, the threshold rate
value, which must be exceeded or surpassed in order to
determine a leak condition, may be different depending on
the operating state of the agricultural machine 10. For
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example, when the agricultural machine is performing an
operation requiring large amounts of hydraulic fluid, the
threshold rate value may be set higher. Likewise, when the
agricultural machine is in steady state operation, the thresh-
old rate value may be set lower. Alternatively, the threshold
rate value may be the same for every operating state of the
agricultural machine, such that it may be a constant value.
Additionally, the hydraulic fluid level within the hydraulic
fluid reservoir 202 may change based on thermal expansion
and/or contraction and the compressibility of the hydraulic
fluid (e.g., oil). The present system is robust to such varia-
tions and will adjust the threshold rate value to not mistak-
enly identify these occurrences as a leak condition of the
hydraulic fluid system 200.

Additionally, the active control module may be executed
or implemented by the processor(s) 104 to alter or operate
one or more systems of the agricultural machine 10 in
response to detecting the leak condition. For example, in
exemplary implementations, once the data analysis module
has detected a leak condition, the active control module may
alter a ground speed of the agricultural machine 10 by
operating the drive system 125. In many implementations,
the ground speed of the agricultural machine 10 may be
directly proportional to the speed of the hydraulic fluid
pump 204 of the hydraulic fluid system 200, with which the
hydraulic fluid from the reservoir 202 is supplied to one or
more hydraulic fluid components 208 of the sprayer 10. In
this way, reducing the ground speed of the agricultural
machine 10 in response to detecting the leak condition in the
hydraulic fluid system 200 reduces the rate at which hydrau-
lic fluid is pumped throughout the system 200, thereby
preserving and preventing damage to the agricultural
machine 10.

Additionally, the active control module may be executed
or implemented by the processor(s) 104 to provide notifi-
cation instructions to the user interface 22, a related vehicle
notification system 116 (e.g., including components config-
ured to provide visual, auditory, or haptic feedback, such as
lights, speakers, vibratory components, and/or the like),
and/or a remote electronic device 118. Particularly, the
active control module may provide notification instructions
to the user interface 22 when a leak condition within the
hydraulic fluid system 200 is detected by the data analysis
module of the computing system 102 (e.g., in the form of a
warning via the components configured to provide visual,
auditory, or haptic feedback, such as lights, speakers, vibra-
tory components, and/or the like).

In addition, various other components may be adjusted or
controlled by the computing system 102 via execution or
implementation of the active control module. For instance,
the computing system 102 may be configured to adjust or
control or the operation of one or more components, sub-
systems, or systems of the drive system 125, such as by
controlling the operation of a powertrain control system 126,
a steering system 128, the sprayer suspension system 31,
and/or the like.

In some examples, the user interface 22 may be mounted
within a cockpit module, an instrument cluster, and/or any
other location within the cab 24. Additionally or alterna-
tively, the user interface 22 may be mounted on an exterior
portion of the sprayer 10.

In various examples, the user interface 22 of the disclosed
system 100 may include a display 132 having a touchscreen
134. The display 132 may be capable of displaying infor-
mation related to the operation of the sprayer 10. In some
embodiments, the display 132 may include an input device
in the form of circuitry within the touchscreen to receive an
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input corresponding with a location over the display 132.
Additionally, the user interface 22 may also include various
other types or forms of input devices 136, such as one or
more joysticks, buttons, knobs, levers, input pads, and/or the
like.

In several embodiments, the computing system 102 may
be configured to communicate via wired and/or wireless
communication with one or more remote electronic devices
118 through a communications device 140 (e.g., a trans-
ceiver). The network may be one or more of various wired
or wireless communication mechanisms, including any com-
bination of wired (e.g., cable and fiber) and/or wireless (e.g.,
cellular, wireless, satellite, microwave, and radio frequency)
communication mechanisms and any desired network topol-
ogy (or topologies when multiple communication mecha-
nisms are utilized). Exemplary wireless communication
networks include a wireless transceiver (e.g., a BLU-
ETOOTH module, a ZIGBEE transceiver, a Wi-Fi trans-
ceiver, an IrDA transceiver, an RFID transceiver, etc.), local
area networks (LAN), and/or wide area networks (WAN),
including the Internet, providing data communication ser-
vices. The electronic device 118 may include a display for
displaying information to a user. For instance, the electronic
device 118 may display one or more graphical user inter-
faces and may be capable of receiving remote user inputs
associated with adjusting operating variables or thresholds
associated with the sprayer 10. In addition, the electronic
device 118 may provide feedback information, such as
visual, audible, and tactile alerts and/or allow the operator to
alter or adjust one or more components, features, systems,
and/or sub-systems of the sprayer 10 through usage of the
remote electronic device 118. It will be appreciated that the
electronic device 118 may be any one of a variety of
computing devices and may include a processor and
memory. For example, the electronic device 118 may be a
cell phone, mobile communication device, key fob, wear-
able device (e.g., fitness band, watch, glasses, jewelry,
wallet), apparel (e.g., a tee shirt, gloves, shoes, or other
accessories), personal digital assistant, headphones and/or
other devices that include capabilities for wireless commu-
nications and/or any wired communications protocols.

Referring now to FIG. 3, a schematic view of one embodi-
ment of a system 300 for monitoring a level of hydraulic
fluid in an agricultural sprayer 10 is illustrated in accordance
with aspects of the present subject matter. In general, the
system 300 will be described herein with reference to the
agricultural sprayer 10 shown and described with reference
to FIG. 1 and various components of the sprayer system 100
shown and described above with reference to FIG. 2. How-
ever, it will be appreciated by those of ordinary skill in the
art that the disclosed system 300 may generally be utilized
with any suitable agricultural sprayer and/or may be utilized
in connection with a system having any other suitable
system configuration.

As shown, the system 300 may include a drive system 125
configured to control a ground speed of the agricultural
sprayer 10. For example, in some embodiments, the drive
system 125 may include a powertrain control system 126.
The powertrain control system 126 includes an engine
output control system 150, a transmission control system
152, and a braking control system 154. The engine output
control system 150 is configured to vary the output of the
engine 38 (FIG. 1) to control the ground speed of the sprayer
10 (e.g., the speed at which the sprayer 10 traverses the
ground). For example, the engine output control system 150
may vary a throttle setting of the engine 38, a fuel/air
mixture of the engine 38, a timing of the engine 38, and/or
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other suitable engine parameters to control engine output. In
addition, the transmission control system 152 may adjust
gear selection within a transmission 40 (FIG. 1) to control
the speed of the sprayer 10. Furthermore, the braking control
system 154 may adjust braking force, thereby controlling the
speed of the sprayer 10. While the illustrated powertrain
control system 126 includes the engine output control sys-
tem 150, the transmission control system 152, and the
braking control system 154, it will be appreciated that
alternative embodiments may include one or two of these
systems, in any suitable combination. Further embodiments
may include a powertrain control system 126 having other
and/or additional systems to facilitate adjusting the speed of
the sprayer 10.

Additionally, the drive system 125 may be operable to
control and/or adjust the engine output control system 150 to
control one or more engine parameters. For example, engine
output control system 150 may be configured to vary the
input/output of the engine 38 (FIG. 1) to limit or control the
one or more engine parameters (such as engine torque or
rotational speed). As discussed below, these parameters may
be reduced and/or limited by the engine output control
system 150 in response to detecting a leak condition in the
hydraulic fluid system 200 to prevent damage to the agri-
cultural sprayer 10.

In exemplary embodiments, as shown, the system 300
may further include a hydraulic fluid system 200 operable to
deliver hydraulic fluid 210 (such as oil, oil and water,
mineral oil, or other suitable hydraulic fluids) to various
hydraulic component(s) 208 of the agricultural sprayer 10.
The hydraulic fluid system may include a hydraulic fluid
reservoir 202 that contains or houses the hydraulic fluid 210.
As shown, the hydraulic fluid 210 from the hydraulic fluid
reservoir 202 may be in fluid communication with one or
more hydraulic fluid component(s), such that the hydraulic
fluid 210 may be supplied to the one or more hydraulic fluid
component(s) 208 during operation of the agricultural
sprayer 10. For example, in some embodiments, the hydrau-
lic fluid system 200 may include a hydraulic fluid pump 204
disposed in fluid communication with a hydraulic fluid line
212 such that the hydraulic fluid pump 204 is configured to
supply a flow of the hydraulic fluid 210 from the hydraulic
fluid reservoir 202 to at least one hydraulic component 208
of the agricultural sprayer 10. Additionally or alternatively,
as shown, the hydraulic fluid system 200 may be in fluid
communication with the drive system 125 (e.g., via the
hydraulic fluid line 212), such that a flow of hydraulic fluid
210 is conveyed from the hydraulic fluid reservoir 202 to the
drive system 125. In other embodiments (not shown), the
drive system 125 may not be fluidly coupled to the hydraulic
fluid system 200, such that the drive system 125 may be
fluidly isolated from the hydraulic fluid system 200.

Additionally, the hydraulic fluid system 200 may include
a fill level sensor 206 configured to provide data indicative
of'the level (e.g., a volume or amount) of hydraulic fluid 210
within the hydraulic fluid reservoir 202. For example, the fill
level sensor 206 may be disposed within the hydraulic fluid
reservoir 202 and in communication with a computing
system (e.g., computing system 102 of FIG. 2) such that the
computing system 102 may monitor the level of hydraulic
fluid 210 within the reservoir (and the entire hydraulic fluid
system 200) based on data received from the fill level sensor
206. The fill level 206 sensor may be any suitable sensor
capable of capturing data indicative of a level (or volume) of
hydraulic fluid 210 within the hydraulic fluid reservoir. For
example, in exemplary embodiments, the fill level sensor
may be a float level sensor, which may include a float that
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rises and falls as the hydraulic fluid 210 levels rise and lower
in the hydraulic fluid reservoir 202.

In many embodiments, as shown in FIG. 3, the computing
system 102 may be communicatively coupled to both the
drive system 125 and the fill level sensor 206 (as indicated
by the dashed lines in FIG. 3). The computing system 102
may be operable to monitor (e.g., continuously monitor) the
level of hydraulic fluid 210 within the hydraulic fluid
reservoir 202 based on data received from the fill level
sensor 206. In this way, the computing system 102 may
receive data indicative of the amount of hydraulic fluid 210
within the hydraulic fluid system 200, such that the com-
puting system 102 may detect when the hydraulic fluid 210
level increases and decreases within the hydraulic fluid
reservoir 202. For example, the computing system 102 may
be operable to detect a leak condition in the hydraulic fluid
system 200 based at least in part on the monitored level of
the hydraulic fluid 210 within the hydraulic fluid reservoir
202.

In various embodiments, the leak condition in the hydrau-
lic fluid system 200 may be indicative of a leak in hydraulic
fluid 210 (e.g., one or more components of the hydraulic
fluid system is losing or expelling hydraulic fluid 210, such
as from a crack or compromised joint/weld). The leak
condition in the hydraulic fluid system 200 may be deter-
mined in one or more ways by the computing system 102.
For example, in exemplary implementations, the leak con-
dition in the hydraulic fluid system 200 may be detected
when the computing system 102 determines that the level of
hydraulic fluid 210 within the hydraulic fluid reservoir 202
has dropped at a first rate over a first time period (e.g.,
between about 1 second and about 5 seconds) that exceeds
a threshold rate value. Additionally or alternatively, the leak
condition may be detected when the computing system 102
determines that the level of hydraulic fluid 210 within the
hydraulic fluid reservoir 202 has dropped below a threshold
level value.

In response to detecting the leak condition in the hydrau-
lic fluid system 200, the computing system 102 may be
configured to control an operation of the drive system 125 to
reduce the ground speed of the agricultural sprayer 10. In
particular implementations, after initially detecting the leak
condition, the computing system 102 may control the opera-
tion of the drive system 125 to reduce the ground speed of
the agricultural sprayer 10 to a predetermined speed, such as
a ground speed between about 5 miles per hour and about 15
miles per hour, such as between about 7 miles per hour and
about 12 miles per hour, such as about 10 miles per hour.
Reducing the ground speed of the agricultural sprayer 10
(specifically to a speed identified in the ranges above) may
advantageously allow for continued operation of the agri-
cultural sprayer 10, without risk of damage due to lack of
hydraulic fluid 210. For example, this control action may
reduce or entirely prevent the rate at which hydraulic fluid
210 is leaked from the hydraulic fluid system 200 during the
leak condition, which may allow the agricultural sprayer 10
to safely travel to a location where a repair can be made.

After the ground speed of the sprayer 10 is initially
reduced in response to detecting the leak condition, the
computing system 102 may continue to monitor the level of
the hydraulic fluid 210 within the hydraulic fluid reservoir
202 (e.g., based on data received from the fill level sensor
206). This may advantageously allow the computing system
102 to determine if the leak condition still exists after
initially reducing the ground speed of the sprayer 10 (e.g.,
the hydraulic fluid system 200 is continuing to lose hydrau-
lic fluid 210 even after the ground speed of the sprayer 10
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has been initially reduced). For example, in exemplary
embodiments, the computing system 102 may detect that the
leak condition has been maintained or progressed (i.e.,
worsened) when it is determined that the level of the
hydraulic fluid 210 within the hydraulic fluid reservoir 202
has dropped at a second rate over a second time period that
exceeds the threshold rate value. In response, the computing
system 102 may control the operation of the drive system
125 to reduce the ground speed of the agricultural sprayer 10
further, such as by reducing the ground speed to zero. When
reducing the ground speed of the agricultural sprayer 10 to
zero, the speed of the hydraulic fluid pump 204 may also be
reduced to zero, thereby stopping the flow of hydraulic fluid
210 throughout the hydraulic fluid system 200. In some
implementations, the second period of time may begin
immediately after the ground speed is initially reduced in
response to initially detecting the leak condition. Alterna-
tively, the second time period may begin at any point after
the ground speed is initially reduced in response to initially
detecting the leak condition.

In other embodiments, the ground speed of the agricul-
tural sprayer 10 may be iteratively reduced in order to clear
or overcome the leak condition (or until the agricultural
sprayer 10 is halted/stopped). For example, in response to
initially detecting the leak, the ground speed of the sprayer
10 may be reduced (e.g., by about 50% or to about 10 miles
per hour). After initially reducing the ground speed, if the
computing system 102 determines the leak condition has
been maintained, the ground speed of the sprayer 10 may be
reduced again (e.g., by about 50% or to about 5 miles per
hour). This process may be repeated until the leak condition
in the hydraulic fluid system 200 is cleared or the agricul-
tural sprayer 10 is completely stopped (e.g., having a ground
speed of zero).

In exemplary implementations, reducing the ground speed
of the agricultural sprayer 10 advantageously reduces the
rate at which the hydraulic fluid 210 is pumped throughout
the system 300, thereby reducing the rate at which the
hydraulic fluid is lost due to the leak condition. Such a
responsive action may preserve the remaining hydraulic
fluid 210 in the reservoir and prevent damage to the agri-
cultural sprayer 10 that may otherwise occur if the leak
condition were to progress. For example, in many imple-
mentations, the ground speed of the agricultural machine 10
may be directly proportional to the speed of the hydraulic
fluid pump 204, with which the hydraulic fluid from the
reservoir 202 is supplied to one or more hydraulic fluid
components 208. For example, increasing the ground speed
of the sprayer 10 will increase the operational speed of the
hydraulic fluid pump 204, and likewise, reducing the ground
speed of the sprayer 10 will reduce the operational speed of
the hydraulic fluid pump 204. In this way, reducing the
ground speed of the agricultural sprayer 10 in response to
detecting the leak condition in the hydraulic fluid system
200 proportionally reduces the rate at which hydraulic fluid
is pumped throughout the system 200, thereby preserving
and preventing damage to the hydraulic fluid system 200
agricultural machine 10. For example, by reducing the pump
speed, the rate at which hydraulic fluid 210 is leaked from
the system during the leak condition may be reduced or
entirely prevented. This may allow the agricultural sprayer
10 to safely travel to a location where repairs can be made
to cure the leak condition in the hydraulic fluid system 200.

In addition to reducing the ground speed of the sprayer 10
in response to detecting the leak condition (or as an alter-
native thereto), the computing system 102 may be config-
ured to control one or more engine parameters of an engine
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system 150 of the drive system 125, such as reducing engine
torque or engine speed (RPMs). For example, the computing
system may control the operation of the drive system 125 to
reduce one or more of the engine parameters in response to
detecting the leak condition. Particularly, in some imple-
mentations, in response to detecting the leak condition, the
computing system 102 may control the operation of the
drive system 125 to reduce and/or limit the engine speed to
between about 1200 RPM and about 1400 RPM.

In many embodiments, as shown in FIG. 3, the computing
system 102 may be communicatively coupled to a user
interface 22 of the agricultural sprayer 10. In such embodi-
ments, the computing system 102 may transmit notification
instructions to the user interface 22 when a leak condition
within the hydraulic fluid system 200 is detected by the data
analysis module of the computing system 102 (e.g., in the
form of a warning via the components configured to provide
visual, auditory, or haptic feedback, such as lights, speakers
vibratory components, and/or the like). The notification
instructions may notify the operator of the agricultural
sprayer 10 that a leak condition has been detected.

As shown and described above, the system 300 may
include at least one hydraulic component 208 fluidly
coupled to the hydraulic fluid system 200 (e.g., via the
hydraulic fluid line 212). The hydraulic component(s) 208
may be any suitable component of the agricultural sprayer
10 that utilizes hydraulic fluid 210, such as a hydrostatic
drive unit, a hydraulic actuator (such as one or more of the
actuators 52, 54, and/or 56), a hydraulic motor, and/or any
other suitable hydraulic components. In some embodiments,
the hydraulic component(s) 208 may be a component of the
drive system 125, such as the engine system 150, the
transmission system 152, the braking system 154, the steer-
ing system 128, the vehicle suspension system 31, and/or
other suitable components of the drive system 125. In other
embodiments (not shown), the drive system 125 may be
fluidly independent from the hydraulic fluid system 200.

Referring now to FIG. 4, a flow diagram of one embodi-
ment of a method 400 for monitoring a level of hydraulic
fluid in an agricultural sprayer is illustrated in accordance
with aspects of the present subject matter. In general, the
method 400 will be described herein with reference to the
sprayer 10, the hydraulic fluid system 200, and the system
300 described above with reference to FIGS. 1-3. However,
it will be appreciated by those of ordinary skill in the art that
the disclosed method 400 may generally be utilized with any
suitable agricultural sprayer 10 and/or may be utilized in
connection with a system having any other suitable system
configuration. In addition, although FIG. 4 depicts steps
performed in a particular order for purposes of illustration
and discussion, the methods discussed herein are not limited
to any particular order or arrangement. One skilled in the art,
using the disclosures provided herein, will appreciate that
various steps of the methods disclosed herein can be omit-
ted, rearranged, combined, and/or adapted in various ways
without deviating from the scope of the present disclosure.
Additionally, dashed boxes in flow diagram of FIG. 4
indicate optional steps in the method 400.

As shown in FIG. 4, at (402), the method 400 includes
monitoring (e.g., with a computing system) the level of
hydraulic fluid within a hydraulic fluid reservoir of a hydrau-
lic fluid system based on data received from a fill level
sensor provided in association with the reservoir. As
described above, the fill level sensor may be in communi-
cation with the computing system and may be any suitable
sensor capable of capturing data indicative of a level (or
volume) of hydraulic fluid within the hydraulic fluid reser-
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voir. For example, in some embodiments, the fill level sensor
may be a float level sensor, which may include a float that
rises and falls as the hydraulic fluid levels rise and lower in
the hydraulic fluid reservoir.

At (404), the method 400 may include detecting (e.g.,
with the computing system) a leak condition in the hydraulic
fluid system based at least in part on the monitored level of
the hydraulic fluid within the hydraulic fluid reservoir. In
various embodiments, the leak condition may be detected in
a number of ways by monitoring the data from the fill level
sensor. However, in some embodiments, the leak condition
may be detected when the computing system determines that
the level of hydraulic fluid within the hydraulic fluid reser-
voir has dropped at a first rate over a first time period (e.g.,
between about 1 second and about 5 seconds) that exceeds
a threshold rate value. Additionally or alternatively, the leak
condition may be detected when the computing system
determines that the level of hydraulic fluid within the
hydraulic fluid reservoir has dropped below a threshold level
value.

At (406), the method 400 may further include controlling
(e.g., with the computing system) an operation of a drive
system of the agricultural sprayer to reduce a ground speed
of the agricultural sprayer in response to detecting the leak
condition. For example, after initially detecting the leak
condition, the computing system may control the operation
of the drive system to reduce the ground speed of the
agricultural sprayer (e.g., by reducing the ground speed to
between about 5 miles per hour and about 15 miles per
hour). For example, this control action may reduce (or
entirely stop) the rate at which hydraulic fluid is leaked from
the hydraulic fluid system during the leak condition, which
may allow the agricultural sprayer to safely travel to a
location where a repair can be made.

In some optional embodiments, the method may further
include continuing to monitor the level of the hydraulic fluid
within the hydraulic fluid reservoir after reducing the ground
speed of the agricultural sprayer. In addition, the method
may include determining that the level of hydraulic fluid
within the hydraulic fluid reservoir has dropped at a second
rate over a second time period that exceeds the threshold rate
value. Further, the method may include controlling the
operation of the drive system to reduce the ground speed of
the agricultural sprayer to zero (e.g., stopping or halting the
agricultural sprayer).

It is to be understood that the steps of any method
disclosed herein may be performed by a computing system
upon loading and executing software code or instructions
which are tangibly stored on a tangible computer readable
medium, such as on a magnetic medium, e.g., a computer
hard drive, an optical medium, e.g., an optical disc, solid-
state memory, e.g., flash memory, or other storage media
known in the art. Thus, any of the functionality performed
by the computing system described herein, such as any of
the disclosed methods, may be implemented in software
code or instructions which are tangibly stored on a tangible
computer readable medium. The computing system loads
the software code or instructions via a direct interface with
the computer readable medium or via a wired and/or wire-
less network. Upon loading and executing such software
code or instructions by the controller, the computing system
may perform any of the functionality of the computing
system described herein, including any steps of the disclosed
methods.

The term “software code” or “code” used herein refers to
any instructions or set of instructions that influence the
operation of a computer or controller. They may exist in a
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computer-executable form, such as machine code, which is
the set of instructions and data directly executed by a
computer’s central processing unit or by a controller, a
human-understandable form, such as source code, which
may be compiled in order to be executed by a computer’s
central processing unit or by a controller, or an intermediate
form, such as object code, which is produced by a compiler.
As used herein, the term “software code” or “code” also
includes any human-understandable computer instructions
or set of instructions, e.g., a script, that may be executed on
the fly with the aid of an interpreter executed by a comput-
er’s central processing unit or by a controller.
This written description uses examples to disclose the
technology, including the best mode, and also to enable any
person skilled in the art to practice the technology, including
making and using any devices or systems and performing
any incorporated methods. The patentable scope of the
technology is defined by the claims, and may include other
examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the claims
if they include structural elements that do not differ from the
literal language of the claims, or if they include equivalent
structural elements with insubstantial differences from the
literal language of the claims.
What is claimed is:
1. A system for monitoring a level of hydraulic fluid in an
agricultural sprayer, the system comprising:
adrive system configured to control a ground speed of the
agricultural sprayer;
a hydraulic fluid system having a hydraulic fluid reser-
voir;
a fill level sensor configured to provide data indicative of
the level of hydraulic fluid within the hydraulic fluid
reservoir,
a computing system communicatively coupled to both the
drive system and the fill level sensor, the computing
system being configured to:
monitor the level of hydraulic fluid within the hydraulic
fluid reservoir based on data received from the fill
level sensor;

detect a leak condition in the hydraulic fluid system
based at least in part on the monitored level of the
hydraulic fluid within the hydraulic fluid reservoir;
and

control an operation of the drive system to reduce the
ground speed of the agricultural sprayer in response
to detecting the leak condition.

2. The system of claim 1, wherein the leak condition is
detected when the computing system determines that the
level of hydraulic fluid within the hydraulic fluid reservoir
has dropped at a first rate over a first time period that exceeds
a threshold rate value.

3. The system of claim 2, wherein the computing system
is further configured to:

continue to monitor the level of the hydraulic fluid within
the hydraulic fluid reservoir upon reducing the ground
speed of the agricultural sprayer;

determine that the level of the hydraulic fluid within the
hydraulic fluid reservoir has dropped at a second rate
over a second time period that exceeds the threshold
rate value; and

control the operation of the drive system to reduce the
ground speed of the agricultural sprayer to zero.

4. The system of claim 1, wherein the leak condition is
detected when the computing system determines that the
level of hydraulic fluid within the hydraulic fluid reservoir
has dropped below a threshold level value.
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5. The system of claim 1, wherein the computing system
is configured to:

control the operation of the drive system to reduce one or

more engine parameters of the drive system in response
to detecting the leak condition.

6. The system of claim 1, wherein the computing system
is communicatively coupled to a user interface of the
agricultural sprayer.

7. The system of claim 6, wherein the computing system
is configured to provide notification instructions to the user
interface when the leak condition is detected.

8. The system of claim 1, wherein the hydraulic fluid
system includes a hydraulic fluid pump disposed in fluid
communication with a hydraulic fluid line, the hydraulic
fluid pump configured to supply a flow of the hydraulic fluid
from the hydraulic fluid reservoir to at least one hydraulic
component of the agricultural sprayer.

9. The system of claim 8, wherein the at least one
hydraulic component comprises a component of the drive
system.

10. The system of claim 8, wherein the ground speed of
the agricultural sprayer is proportional to a pump speed of
the hydraulic fluid pump.

11. A method for monitoring a level of hydraulic fluid in
an agricultural sprayer, the agricultural sprayer including a
drive system, a hydraulic fluid system having a hydraulic
fluid reservoir, and a fill level sensor, the method compris-
ing:

monitoring, with a computing system, the level of hydrau-

lic fluid within the hydraulic fluid reservoir based on
data received from the fill level sensor;

detecting, with the computing system, a leak condition in

the hydraulic fluid system based at least in part on the
monitored level of the hydraulic fluid within the
hydraulic fluid reservoir; and

controlling, with the computing system, an operation of

the drive system to reduce a ground speed of the
agricultural sprayer in response to detecting the leak
condition.

12. The method of claim 11, wherein detecting the leak
condition comprises determining that the level of hydraulic
fluid within the hydraulic fluid reservoir has dropped at a
first rate over a first time period that exceeds a threshold rate
value.

13. The method of claim 11, further comprising:

continuing, with the computing system, to monitor the

level of the hydraulic fluid within the hydraulic fluid
reservoir after reducing the ground speed of the agri-
cultural sprayer;

determining, with the computing system, that the level of

hydraulic fluid within the hydraulic fluid reservoir has
dropped at a second rate over a second time period that
exceeds the threshold rate value; and

controlling the operation of the drive system to reduce the

ground speed of the agricultural sprayer to zero.

14. The method of claim 11, wherein detecting the leak
condition comprises determining that the level of hydraulic
fluid within the hydraulic fluid reservoir has dropped below
a threshold level value.

15. The method of claim 11, wherein controlling the
operation of the drive system comprises controlling an
operation of the drive system to reduce one or more engine
parameters in response to detecting the leak condition.

16. The method of claim 11, further comprising:

providing, with the computing system, notification

instructions to a user interface of the agricultural
sprayer when the leak condition is detected.
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17. The method of claim 11, further comprising:

controlling, with the computing system, an operation of a
hydraulic fluid pump to supply a flow of the hydraulic
fluid from the hydraulic fluid reservoir to at least one
hydraulic component of the agricultural sprayer.

18. The method of claim 17, further comprising:

proportionally reducing a pump speed of the hydraulic

fluid pump as a result of reducing the ground speed of
the agricultural sprayer.

19. The method of claim 11, wherein reducing the ground
speed comprises reducing the ground speed to between 5
miles per hour and 15 miles per hour in response to detecting
the leak condition.
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