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(54) SYSTEM AND METHOD FOR WORK STATE ESTIMATION AND CONTROL OF 
SELF-PROPELLED WORK VEHICLES

(57) A self-propelled work vehicle is provided with
work state estimation and associated control techniques.
The work vehicle comprises ground engaging units, a
work implement configured for controllably working ter-
rain, and various onboard sensors. A controller is func-
tionally linked to at least the one or more onboard sensors
and configured to ascertain a first parameter or operation
of the work vehicle, determine a work state of the work
vehicle, based at least in part on respective input signals
from one or more onboard sensors, and generate a con-
trol signal for controlling at least a second parameter or
operation of the work vehicle, responsive to the ascer-
tained first parameter or operation and the determined
work state. The control signals may be provided for
proactive adjustments to engine speed, movements of
the work implement, movements of the work vehicle it-
self, etc.
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Description

FIELD OF THE DISCLOSURE

[0001] The present disclosure relates generally to self-
propelled work vehicles such as construction and forestry
machines, and more particularly to systems and methods
for work state estimation and control of certain operations
of such self-propelled work vehicles.

BACKGROUND

[0002] Self-propelled work vehicles of this type may
for example include excavator machines, forestry ma-
chines, front shovel machines, and others. These ma-
chines may typically have tracked ground engaging units
supporting the undercarriage from the ground surface.
[0003] Various situations arise with such machines
where the human operator needs to perform repetitive
operations (e.g., dig and dump, log pick and unload).
These operations often require coordinated positioning
of one or more work tools at the same location. Referring
to an exemplary operation of an excavator, after a digging
step the operator may provide a command to curl the tool
(bucket), after which simultaneous commands are pro-
vided to move the boom upwards, move the arm inwards,
and laterally swing the assembly.
[0004] Another common situation for such tracked
work vehicles includes the use of engine speed dials or
equivalent interface tools 116 to set engine speeds,
based for example on the type of operation being per-
formed by the work vehicle, and frequently further based
on operator preference. During field operations, opera-
tors may typically set these engine speeds dials on their
high idle (i.e., maximum) set point settings, irrespective
of the work being done and the load on self-propelled
work vehicle, rather than continuously adjusting the en-
gine speed manually. This understandably produces
substantial waste of fuel and reduced productivity.
[0005] It would be desirable to automate certain of the
aforementioned coordinated operations based on the
type of work being performed and/or detected work con-
ditions or parameters, such as work demand (load),
thereby increasing productivity and ease of operating the
work vehicle, and further reducing operator fatigue from
the repetitive operations.

BRIEF SUMMARY

[0006] The current disclosure provides an enhance-
ment to conventional systems, at least in part by intro-
ducing a novel system and method for estimating at least
the work state of a self-propelled work vehicle at a given
time, and accordingly implementing automation of cer-
tain vehicle operations and associated functions.
[0007] In one embodiment, a computer-implemented
method as disclosed herein is provided for controlling
one or more aspects of a self-propelled work vehicle com-

prising a plurality of ground engaging units and at least
one work implement configured for controllably working
terrain. One or more operator commands are received
regarding at least a first parameter or operation of the
self-propelled work vehicle. A work state of the self-pro-
pelled work vehicle is automatically determined, based
at least in part on respective input signals from one or
more onboard sensors, and a control signal is generated
for controlling at least a second parameter or operation
of the self-propelled work vehicle, responsive to the one
or more operator commands and the determined work
state.
[0008] In an exemplary aspect of the above-referenced
embodiment, the determining of a work state of the self-
propelled work vehicle comprises classifying sequences
of data from one or more onboard sensors into different
predetermined work states, receiving input signals from
at least one of the one or more onboard sensors, and
predicting the work state based a comparison of the re-
ceived input signals to the classified sequences of data.
[0009] In another exemplary aspect of the above-ref-
erenced embodiment, the method further comprises, for
a particular predicted work state, determining a current
parameter or operation based on input signals from at
least one of the one or more onboard sensors, predicting
a next parameter or operation corresponding to the pre-
dicted work state and the determined current parameter
or operation, and generating the control signal for con-
trolling at least the second parameter or operation of the
self-propelled work vehicle based on the predicted next
parameter or operation.
[0010] In another exemplary aspect of the above-ref-
erenced embodiment, the determining of a work state of
the self-propelled work vehicle comprises classifying se-
quences of operator commands and data from one or
more onboard sensors into different predetermined work
states, receiving a sequence comprising at least one op-
erator command and at least one input signal from an
onboard sensors, and predicting the work state based a
comparison of the received sequence to the classified
sequences of operator commands and data.
[0011] In another exemplary aspect of the above-ref-
erenced embodiment, the generated control signal is
configured to control movements of at least one work
implement, based on a detected position of the at least
one work implement and further responsive to the one
or more operator commands and the determined work
state.
[0012] In another exemplary aspect of the above-ref-
erenced embodiment, the one or more operator com-
mands relate to at least swing operation commands re-
garding the at least one work implement, and control sig-
nals are generated for controlling movements of at least
a boom and an arm associated with the swing operation,
further responsive to the determined work state
[0013] In another exemplary aspect of the above-ref-
erenced embodiment, the generated control signal is
configured to control movements of the self-propelled

1 2 



EP 3 995 633 A1

3

5

10

15

20

25

30

35

40

45

50

55

work vehicle via the one or more ground engaging units,
based on a detected position and/or orientation of at least
one portion of the self-propelled work vehicle and further
responsive to the one or more operator commands and
the determined work state.
[0014] In another exemplary aspect of the above-ref-
erenced embodiment, at least one of the one or more
onboard sensors is configured to generate signals rep-
resenting a work load, and the generated control signal
is configured to control an engine speed of the self-pro-
pelled work vehicle, responsive to the one or more op-
erator commands, the determined work state, and a de-
termined work load.
[0015] In another exemplary aspect of the above-ref-
erenced embodiment, the input signals from at least one
of the one or more onboard sensors are representative
of one or more of: a movement sequence for at least one
of the one or more work implements; a location of the
self-propelled work vehicle; and a plane of a ground sur-
face upon which the self-propelled work vehicle is sup-
ported.
[0016] In another exemplary aspect of the above-ref-
erenced embodiment, the operator commands are re-
ceived via at least one of the one or more onboard sen-
sors.
[0017] In another exemplary aspect of the above-ref-
erenced embodiment, the operator commands are re-
ceived via a user interface associated with an onboard
computing device.
[0018] In another exemplary aspect of the above-ref-
erenced embodiment, one or more further operator com-
mands via the user interface selectively enable or disable
the generated control signal for controlling at least the
second parameter or operation of the self-propelled work
vehicle.
[0019] In another embodiment as disclosed herein, a
self-propelled work vehicle is provided with a plurality of
ground engaging units, at least one work implement con-
figured for controllably working terrain, one or more on-
board sensors, and a controller functionally linked to at
least the one or more onboard sensors and the user in-
terface. The controller is further configured to perform a
method according to the above-referenced embodiment
and optionally any of the associated aspects.
[0020] Numerous objects, features and advantages of
the embodiments set forth herein will be readily apparent
to those skilled in the art upon reading of the following
disclosure when taken in conjunction with the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

Fig. 1 is a side view representing an excavator as
an exemplary self-propelled work vehicle according
to the present disclosure.
Fig. 2 is a side view representing a forestry machine

as an exemplary self-propelled work vehicle accord-
ing to the present disclosure.
Fig. 3 is a block diagram representing an exemplary
control system according to an embodiment of the
present disclosure.
Fig. 4 is a flowchart representing an exemplary meth-
od according to an embodiment of the present dis-
closure.
Fig. 5 is a flowchart representing an exemplary meth-
od according to another embodiment of the present
disclosure.
Fig. 6 is a flowchart representing an exemplary meth-
od according to another embodiment of the present
disclosure.
Fig. 7 is a flowchart representing an exemplary meth-
od according to another embodiment of the present
disclosure.
Fig. 8 is a flowchart representing an exemplary meth-
od according to another embodiment of the present
disclosure.
Fig. 9 is a flowchart representing an exemplary meth-
od according to another embodiment of the present
disclosure.

DETAILED DESCRIPTION

[0022] Referring now to Figures 1- 9, various embod-
iments may now be described of a system and method
for automated work state estimation and associated con-
trol techniques.
[0023] Fig. 1 in a particular embodiment as disclosed
herein shows a representative self-propelled work vehi-
cle in the form of, for example, a tracked excavator ma-
chine 20. The working machine 20 includes an undercar-
riage 22 including first and second ground engaging units
24 including first and second travel motors (not shown)
for driving the first and second ground engaging units 24,
respectively.
[0024] A main frame 32 is supported from the under-
carriage 22 by a swing bearing 34 such that the main
frame 32 is pivotable about a pivot axis 36 relative to the
undercarriage 22. The pivot axis 36 is substantially ver-
tical when a ground surface 38 engaged by the ground
engaging units 24 is substantially horizontal. A swing mo-
tor (not shown) is configured to pivot the main frame 32
on the swing bearing 34 about the pivot axis 36 relative
to the undercarriage 22.
[0025] A work implement 42 in the context of the ref-
erenced work vehicle 20 includes a boom assembly 42
with a boom 44, an arm 46 pivotally connected to the
boom 44, and a working tool 48. The boom 44 is pivotally
attached to the main frame 32 to pivot about a generally
horizontal axis relative to the main frame 32. The working
tool in this embodiment is an excavator shovel 48 which
is pivotally connected to the arm 46. The boom assembly
42 extends from the main frame 32 along a working di-
rection of the boom assembly 42. The working direction
can also be described as a working direction of the boom
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44. As described herein, control of the work implement
42 may relate to control of any one or more of the asso-
ciated components (e.g., boom 44, arm 46, tool 48).
[0026] In the embodiment of Fig. 1, the first and second
ground engaging units 24 are tracked ground engaging
units. Each of the tracked ground engaging units 24 in-
cludes a front idler 52, a drive sprocket 54, and a track
chain 56 extending around the front idler 52 and the drive
sprocket 54. The travel motor of each tracked ground
engaging unit 24 drives its respective drive sprocket 54.
Each tracked ground engaging unit 24 has a forward
traveling direction 58 defined from the drive sprocket 54
toward the front idler 52. The forward traveling direction
58 of the tracked ground engaging units 24 also defines
a forward traveling direction 58 of the undercarriage 22
and thus of the working machine 20.
[0027] An operator’s cab 60 may be located on the
main frame 32. The operator’s cab 60 and the boom as-
sembly 42 may both be mounted on the main frame 32
so that the operator’s cab 60 faces in the working direc-
tion 58 of the boom assembly. A control station 62 may
be located in the operator’s cab 60.
[0028] Also mounted on the main frame 32 is an engine
64 for powering the working machine 20. The engine 64
may be a diesel internal combustion engine. The engine
64 may drive a hydraulic pump to provide hydraulic power
to the various operating systems of the working machine
20.
[0029] As schematically illustrated in Fig. 3, the self-
propelled work vehicle 20 includes a control system in-
cluding a controller 112. The controller may be part of
the machine control system of the working machine, or
it may be a separate control module. The controller 112
may include a user interface 114 and optionally be mount-
ed in the operator’s cab 60 at the control station 62.
[0030] The controller 112 is configured to receive input
signals from some or all of various sensors collectively
defining a sensor system 104, individual examples of
which may be described below. Various sensors on the
sensor system 104 may typically be discrete in nature,
but signals representative of more than one input param-
eter may be provided from the same sensor, and the
sensor system 104 may further refer to signals provided
from the machine control system.
[0031] The controller 112 may be configured to pro-
duce outputs, as further described below, to the user in-
terface 114 for display to the human operator. The con-
troller 112 may further or in the alternative be configured
to generate control signals for controlling the operation
of respective actuators, or signals for indirect control via
intermediate control units, associated with a machine
steering control system 126, a machine implement con-
trol system 128, and an engine speed control system
130. The controller 112 may for example generate control
signals for controlling the operation of various actuators,
such as hydraulic motors or hydraulic piston-cylinder
units 124, and electronic control signals from the control-
ler 112 may actually be received by electro-hydraulic con-

trol valves associated with the actuators such that the
electro-hydraulic control valves will control the flow of
hydraulic fluid to and from the respective hydraulic actu-
ators to control the actuation thereof in response to the
control signal from the controller 112.
[0032] The controller 112 includes or may be associ-
ated with a processor 150, a computer readable medium
152, a communication unit 154, data storage 156 such
as for example a database network, and the aforemen-
tioned user interface 114 or control panel 114 having a
display 118. An input/output device 116, such as a key-
board, joystick or other user interface tool 116, is provided
so that the human operator may input instructions to the
controller. It is understood that the controller 112 de-
scribed herein may be a single controller having all of the
described functionality, or it may include multiple control-
lers wherein the described functionality is distributed
among the multiple controllers.
[0033] Various operations, steps or algorithms as de-
scribed in connection with the controller 112 can be em-
bodied directly in hardware, in a computer program prod-
uct such as a software module executed by the processor
150, or in a combination of the two. The computer pro-
gram product can reside in RAM memory, flash memory,
ROM memory, EPROM memory, EEPROM memory,
registers, hard disk, a removable disk, or any other form
of computer-readable medium 152 known in the art. An
exemplary computer-readable medium 152 can be cou-
pled to the processor 150 such that the processor 150
can read information from, and write information to, the
memory/ storage medium 152. In the alternative, the me-
dium 152 can be integral to the processor 150. The proc-
essor 150 and the medium 152 can reside in an applica-
tion specific integrated circuit (ASIC). The ASIC can re-
side in a user terminal. In the alternative, the processor
150 and the medium 152 can reside as discrete compo-
nents in a user terminal.
[0034] The term "processor" 150 as used herein may
refer to at least general-purpose or specific-purpose
processing devices and/or logic as may be understood
by one of skill in the art, including but not limited to a
microprocessor, a microcontroller, a state machine, and
the like. A processor 150 can also be implemented as a
combination of computing devices, e.g., a combination
of a DSP and a microprocessor, a plurality of microproc-
essors, one or more microprocessors in conjunction with
a DSP core, or any other such configuration.
[0035] The communication unit 154 may support or
provide communications between the controller 112 and
external systems or devices, and/or support or provide
communication interface with respect to internal compo-
nents of the self-propelled work vehicle 20, 120. The com-
munications unit may include wireless communication
system components (e.g., via cellular modem, WiFi,
Bluetooth or the like) and/or may include one or more
wired communications terminals such as universal serial
bus ports.
[0036] The data storage 156 as further described be-
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low may, unless otherwise stated, generally encompass
hardware such as volatile or non-volatile storage devices,
drives, memory, or other storage media, as well as one
or more databases residing thereon.
[0037] Referring to Figure 2, another embodiment of
such a self-propelled work vehicle is embodied as a
tracked forestry machine 120 such as a feller buncher
for the harvesting of trees. Similar to the excavator type
of work vehicle 20 previously described, the tracked for-
estry machine 120 has an undercarriage 22, first and
second tracked ground engaging units 24, main frame
32, swing bearing 34, and boom assembly 42. The for-
estry machine 120 may include the same control system
as described with regard to Fig. 3 to control the orientation
of its undercarriage 22 relative to the ground surface 38,
and to control the orientation of its main frame 32 and
boom assembly 42 relative to its undercarriage 22.
[0038] The forestry machine 120 may often be operat-
ed on very uneven ground such as when harvesting trees
in a mountainous area. Accordingly the forestry machine
120 may include a leveling mechanism 122 including a
plurality of linear actuators which may be in the form of
hydraulic piston-cylinder units 124 to adjust a pitch and
roll of the swing bearing 34 and thus the main frame 32
relative to the undercarriage 22. In the case of the forestry
machine 120 the pivotal axis 36 is defined by the swing
bearing 34 and a pivot angle sensor (not shown) may be
mounted between upper and lower rings (not shown) of
the swing bearing 34.
[0039] Referring next to Fig. 4, an exemplary and high-
level method 400 may now be described, followed by
more particular examples of methods as disclosed herein
and with further reference to Figures 5- 9.
[0040] The method 400 includes receiving operator
commands, via for example the user interface 114, re-
garding at least a first parameter or operation, or a first
sequence of parameters or operations (step 410). One
or more sensor inputs are received (step 412) from re-
spective sources in the sensor system 104 are further
processed along with the operator commands to ascer-
tain a work state and/or work load (step 414) for the self-
propelled work vehicle 20, 120. The ascertained work
state and/or work load, along with the received operator
commands, are further processed to generate control
signals (step 416) regarding at least a second parameter
or operation (or sequence of parameters or operations)
for automation in conjunction with the first parameter or
operation (or sequence of parameters or operations).
The control signals may be provided to any one or more
of the steering control system 126, the implement control
system 128, and the engine speed control system 130
depending on the relevant application.
[0041] Figure 5 relates to an embodiment of the meth-
od 400 wherein a desired engine speed is calculated in
step 416 and implemented for automated engine speed
control (via e.g. the engine speed control system 130)
based on work state and work load determinations in step
414. In self-propelled construction work vehicles 20, such

as excavators, the work load measurement 413 may be
provided via work load inputs 412 from a payload weigh-
ing system 104j of the sensor system 104. In self-pro-
pelled forestry vehicles 120, such as feller bunchers, the
work load may refer to log weight, and work load meas-
urement 413 may for example be provided via work load
inputs 412 from a head pressure sensor 104a.
[0042] As represented in Figure 6, the work state iden-
tification 414 in a forestry work vehicle 120 may be per-
formed in some embodiments through direct implemen-
tation of vehicle sensors 104 including, e.g., the head
pressure sensor 104a to detect attachment load, a
ground plane position sensor 104b such as an inertial
measurement unit (IMU) for estimating desired power
while on the move, operator commands 104c received
via a joystick button 116 or equivalent input/output device
116 for receiving operator commands 410 via the user
interface 114, a saw position sensor 104d in the work
tool 48 such as the harvester head, etc.
[0043] As represented in Figure 7, where for example
some of the aforementioned sensors are unavailable or
otherwise preferably not implemented for a given appli-
cation, the work state identification 414 may be provided
using onboard machine learning algorithms. Using the
excavator work vehicle 20 as an example, training inputs
may be provided to the machine learning model corre-
sponding to time series data values for one or more of:
left/ right drive pressure 104e; boom raise/ lower pres-
sure 104f; arm in/out pressure 104g; swing left/ right pres-
sure 104h; engine speed and load 104i; and operator
commands 104c, wherein the model is further verified
over time using test data inputs which may relate to the
same or analogous sources.
[0044] Generally stated, work state estimation as dis-
closed herein may encompass the classifying of se-
quences of data recorded by sensors into defined ma-
chine states. For the excavator work vehicle 20, an ex-
emplary sequence of work states may include Dig,
Swing, Dump, Adjust to Dump, and Travel. Work state
estimation may be treated a classical sequence classifi-
cation problem, addressed in an embodiment as dis-
closed herein by building supervised Machine Learning
(ML)/ Deep Learning (DL) classification algorithms like
Logistic Regression and Long Short-Term Memory
(LSTM) recurrent neural network models for sequence
classification. The LSTM models are capable of learning
from internal representations of the time series data, ef-
fectively remembering over long sequences of input data
and previous operation of the self-propelled work vehicle
20, 120. The LSTM models may accordingly be trained
on time series data (exemplary inputs as noted above)
and observe loss and accuracy values over N training
iterations, wherein losses are decreased and accuracy
increased over time. The model may be described as
classifying these time series data into defined work
states.
[0045] For generation of the model, the time series da-
ta may for example be streamed from the respective sen-
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sors/ data sources 104, 410, 412 on a work vehicle 20,
120 (or a plurality of analogous work vehicles) via a com-
munications network onto a cloud server network, where-
in the model is developed (i.e., trained and validated) at
the cloud server level. Once the model has been suffi-
ciently validated, it may be transmitted, for example via
the communications network, and deployed by the con-
troller 112 onboard a work vehicle 20, 120 for subsequent
work state estimation and work load estimation. The
cloud server network may however continue to receive
input time series data from the work vehicle 20, 120 (or
plurality of analogous work vehicles) for the purpose of
further refining the model, wherein updated versions of
the model may be transmitted to the work vehicle 20, 120
periodically or on demand.
[0046] In an embodiment, the controller 112 imple-
menting a work state estimation model as disclosed here-
in may be configured to distinguish various causes of
detected loading based on operations of the work vehicle
and components thereof, each operation having, e.g., a
corresponding maximum power (pressure/ flow) require-
ment based on past data and/or work tool specifications,
and accordingly calculating a target engine speed corre-
lating to a reference engine speed for the defined work
state and further based on a sensed load, predetermined
weight factors, minimum and/or maximum engine speed
settings, and the like.
[0047] For example, a forestry work vehicle 120 may
be associated with causes of loading including (but not
limited to) a boom operation, a head operation, and a
transmission operation. These causes of loading may be
respectively correlated with sensor inputs corresponding
to operations including but not limited to: (a) Grab/ Hold
Stem; (b) Lift; (c) Grab and Left Stem; (d) Dump Stem;
(e) Lift and Move; (f) Travel without Load (potentially dis-
tinguishing between flat and sloped terrain); (g) Travel
with Load; (h) Travel While Handling Stem; (i) Stem Cut;
and (j) Stem Cut with Grapple Pressure (for example im-
prove the hold on the stem). For example, a first cause
of loading (boom operation) may be correlated with the
aforementioned operations: (b), (c), (e), (f), and/or (h).
As another example, a second cause of loading (head
operation) may be correlated with the aforementioned
operations: (a), (c), (d), (g), (h), (i), and/or (j). As yet an-
other example, a third cause of loading (transmission op-
eration) may be correlated with the aforementioned op-
erations: (e), (g), and/or (h).
[0048] The embodiments as previously described
have been in the context of engine speed control 130
based on work state estimation and work load estimation.
In other embodiments, work state estimation and work
load estimation may also (or in the alternative) be imple-
mented for implement and/or steering control functions
via the implement control system 128 and/or steering
control system 126, respectively.
[0049] In the context of an excavator work vehicle 20,
an exemplary operation cycle may be divided into four
segments: excavation of the material at an excavation

point; travel from the excavation point to a dumping point;
dumping of the material at the dumping point; and
traveling from the dumping point back to the excavation
point. It may be noted that the excavator 20 is merely
discussed herein as illustrative, and numerous other self-
propelled work vehicles may perform similar operations
such as knuckleboom loaders, tracked feller bunchers,
swing machine log loaders, forwarders, and the like. Of
the aforementioned segments, the actual excavation of
material and the dumping of material may be considered
as optimally performed by the operator, but the traveling
functions may comprise repetitive movements of imple-
ment components (e.g., a bucket, tilted bucket, grapple,
etc.), which may be optimally automated during the ex-
cavation process.
[0050] Accordingly, in an embodiment as disclosed
herein, work implement positioning is automated by the
controller 112 based upon estimated work state and de-
tected work implement positions, wherein a first move-
ment or sequence of movements (e.g., corresponding to
the swing of the boom) are controlled directly by the op-
erator and used as a trigger for automatic control of a
second movement of sequence of movements (e.g., the
work implement positioning).
[0051] The user interface 114 may be configured for
enabling the automated control functions via a button or
equivalent on/off actuator. The user interface 114 may
further be configured for enabling the operator to override
the automated control functions, or alternatively such an
override may be implemented by the operator simply car-
rying out the functions manually according to the con-
ventional techniques, such as for example manual boom
44 or arm 46 commands using the relevant joysticks.
[0052] Referring to Fig. 8, rules-based work state es-
timation 414 for the excavator work vehicle 20 may be
provided, with exemplary inputs in this context provided
from a payload weighing system 104j, a ground plane
position sensor (e.g., IMU) 104k, an angle sensor 104L
for one or more of the boom 44, the arm 46, and the work
tool 48 (e.g., bucket), and inputs from the user interface
114 corresponding to operator commands 104c.
[0053] Referring next to Fig. 9, an exemplary process
900 for excavation automation using work state estima-
tion may be described. Initially, the automated process
may optionally be enabled as described above using an
operator command. In an embodiment, a first cycle of
the method may include recording of an excavation lo-
cation and a dump location based on work state identifi-
cation. Even after the initial recording/ recognition cycle,
as previously noted, the actual process of dumping ma-
terial may optimally be left to the operator, such that the
system merely processes input data and operator com-
mands and accordingly identifies a Digging work state
(step 902), after which a received operator command cor-
responding to a Swing to Dump work state (step 904)
triggers the system for automated control of the boom 44
and of the arm 46 to the recorded dumping location (step
906). The Digging work state may for example be ascer-
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tained based on inputs from a payload weighing system
104j corresponding with a load, from a pressure sensor
associated with the arm 46, boom 44, and/or working tool
48, and further based on implement component positions
(via IMU 104k and/or angle sensors 104L). The Swing
to Dump work state may for example be ascertained
based on an operator swing command with a detected
load, and inputs from a swing motor pressure sensor and
further based on the implement component positions (via
IMU 104k and/or angle sensors 104L).
[0054] Again as previously noted, the actual step of
dumping may also optimally be left to the operator, such
that the system merely processes input data and operator
commands and accordingly identifies a Dumping work
state (step 908), after which a received operator Swing
to Dig command (step 910) triggers the system for auto-
mated control of the boom 44 and of the arm 46 to the
recorded excavation location (step 912). The Dumping
work state may for example be ascertained based on
inputs from a payload weighing system 104j correspond-
ing with no load, from a pressure sensor associated with
the arm 46, boom 44, and/or working too 48, and further
based on implement component positions (via IMU 104k
and/or angle sensors 104L). The Swing to Dig work state
may for example be ascertained based on an operator
swing command without a detected load, and inputs from
a swing motor pressure sensor and further based on the
implement component positions (via IMU 104k and/or
angle sensors 104L).
[0055] In various alternative embodiments as may be
appreciated by one of skill in the art, the above-refer-
enced work state estimation and control principles may
be applied for other self-propelled work vehicle applica-
tions, including for example those requiring control over
repetitive movements of the self-propelled work vehicle
itself, wherein steering control systems 126 may be im-
plemented in addition to, or instead of, the implement
movement control 128 and/or engine speed control 130
embodiments as otherwise described in more detail here-
in.
[0056] As used herein, the phrase "one or more of,"
when used with a list of items, means that different com-
binations of one or more of the items may be used and
only one of each item in the list may be needed. For
example, "one or more of’ item A, item B, and item C may
include, for example, without limitation, item A or item A
and item B. This example also may include item A, item
B, and item C, or item Band item C.
[0057] Thus, it is seen that the apparatus and methods
of the present disclosure readily achieve the ends and
advantages mentioned as well as those inherent therein.
While certain preferred embodiments of the disclosure
have been illustrated and described for present purpos-
es, numerous changes in the arrangement and construc-
tion of parts and steps may be made by those skilled in
the art, which changes are encompassed within the
scope and spirit of the present disclosure as defined by
the appended claims. Each disclosed feature or embod-

iment may be combined with any of the other disclosed
features or embodiments.

Claims

1. A method of controlling one or more aspects of a
self-propelled work vehicle comprising a plurality of
ground engaging units and at least one work imple-
ment configured for controllably working terrain, the
method comprising:

receiving one or more operator commands re-
garding at least a first parameter or operation of
the self-propelled work vehicle;
determining a work state of the self-propelled
work vehicle, based at least in part on respective
input signals from one or more onboard sensors;
and
generating a control signal for controlling at least
a second parameter or operation of the self-pro-
pelled work vehicle, responsive to the one or
more operator commands and the determined
work state.

2. The method of claim 1, wherein the determining of
a work state of the self-propelled work vehicle com-
prises:

classifying sequences of data from one or more
onboard sensors into different predetermined
work states;
receiving input signals from at least one of the
one or more onboard sensors; and
predicting the work state based a comparison
of the received input signals to the classified se-
quences of data.

3. The method of claim 2, for a particular predicted work
state comprising:

determining a current parameter or operation
based on input signals from at least one of the
one or more onboard sensors;
predicting a next parameter or operation corre-
sponding to the predicted work state and the de-
termined current parameter or operation; and
generating the control signal for controlling at
least the second parameter or operation of the
self-propelled work vehicle based on the pre-
dicted next parameter or operation.

4. The method of claim 1, wherein the determining of
a work state of the self-propelled work vehicle com-
prises:

classifying sequences of operator commands
and data from one or more onboard sensors into
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different predetermined work states;
receiving a sequence comprising at least one
operator command and at least one input signal
from an onboard sensors; and
predicting the work state based a comparison
of the received sequence to the classified se-
quences of operator commands and data.

5. The method of any one of the preceding claims,
wherein the generated control signal is configured
to control movements of at least one work imple-
ment, based on a detected position of the at least
one work implement and further responsive to the
one or more operator commands and the determined
work state.

6. The method of claim 5, wherein the one or more op-
erator commands relate to at least swing operation
commands regarding the at least one work imple-
ment, and control signals are generated for control-
ling movements of at least a boom and an arm as-
sociated with the swing operation, further responsive
to the determined work state

7. The method of any one of the preceding claims,
wherein the generated control signal is configured
to control movements of the self-propelled work ve-
hicle via the one or more ground engaging units,
based on a detected position and/or orientation of at
least one portion of the self-propelled work vehicle
and further responsive to the one or more operator
commands and the determined work state.

8. The method of any one of the preceding claims,
wherein the operator commands are received via at
least one of the one or more onboard sensors or via
a user interface associated with an onboard comput-
ing device.

9. The method of claim 8, wherein one or more further
operator commands via the user interface selectively
enable or disable the generated control signal for
controlling at least the second parameter or opera-
tion of the self-propelled work vehicle.

10. A self-propelled work vehicle comprising:

a plurality of ground engaging units;
at least one work implement configured for con-
trollably working terrain;
one or more onboard sensors; and
a controller functionally linked to at least the one
or more onboard sensors and configured to

ascertain a first parameter or operation of
the self-propelled work vehicle,
determine a work state of the self-propelled
work vehicle, based at least in part on re-

spective input signals from one or more on-
board sensors, and
generate a control signal for controlling at
least a second parameter or operation of
the self-propelled work vehicle, responsive
to the ascertained first parameter or opera-
tion and the determined work state.

11. The self-propelled work vehicle of claim 10, further
comprising a user interface configured to enable us-
er entry of operator commands regarding the first
parameter or operation of the self-propelled work ve-
hicle, wherein the controller is configured to ascer-
tain the first parameter or operation of the self-pro-
pelled work vehicle from the operator commands.

12. The self-propelled work vehicle of claim 10 or claim
11, wherein the work state of the self-propelled work
vehicle is determined according to any one of meth-
od claims 2 to 4.

13. The self-propelled work vehicle of claim 12, wherein
the controller is configured for a particular predicted
work state to:

determine a current parameter or operation
based on input signals from at least one of the
one or more onboard sensors;
predict a next parameter or operation corre-
sponding to the predicted work state and the de-
termined current parameter or operation; and
generate the control signal for controlling at least
the second parameter or operation of the self-
propelled work vehicle based on the predicted
next parameter or operation.

14. The self-propelled work vehicle of any one of claims
10 to 13, wherein the generated control signal is con-
figured to control one or more of:

movements of at least one work implement,
based on a detected position of the at least one
work implement and further responsive to the
one or more operator commands and the deter-
mined work state; and
movements of the self-propelled work vehicle
via the one or more ground engaging units,
based on a detected position and/or orientation
of at least one portion of the self-propelled work
vehicle and further responsive to the one or
more operator commands and the determined
work state.

15. The method of any one of claims 1 to 9 or the self-
propelled work vehicle of any one of claims 10 to 14,
wherein:

at least one of the one or more onboard sensors
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is configured to generate signals representing a
work load, and
the generated control signal is configured to con-
trol an engine speed of the self-propelled work
vehicle, responsive to the one or more operator
commands, the determined work state, and a
determined work load.

16. The method of any one of claims 1 to 9 or the self-
propelled work vehicle of any one of claims 12 to 15,
wherein the input signals from at least one of the one
or more onboard sensors are representative of one
or more of:

a movement sequence for at least one of the
one or more work implements;
a location of the self-propelled work vehicle; and
a plane of a ground surface upon which the self-
propelled work vehicle is supported.

15 16 
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