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Description
BACKGROUND
1. Field

[0001] The invention relates to a method of controlling
a wheel loader, an apparatus for controlling the wheel
loader, and a system for controlling the wheel loader.
More particularly, the invention relates to a method of
determining a work state of a wheel loader to automati-
cally control the wheel loader, and a control apparatus
and a control system for performing the same.

2. Description of the Related Art

[0002] Ingeneral, anindustrial vehicle such as a wheel
loader is widely used to excavate sand, gravel, and the
like and load it into a dump truck. Such wheel loaders
are for example known from W02014/098391A1, US 6
618 658 B1 or DE 10 2013 208320.

[0003] When the wheel loader performs a series of
work states, work load, which consumes a power output
of an engine of the wheel loader, may changes according
to the work states. However, it is difficult and very bur-
densome to manually select an optimal power mode
adapted for the changing work states. These work states
may be detected and then the engine or a transmission
of the wheel loader may be controlled automatically
based on the detected results, thereby improving fuel
efficiency and preventing deterioration of operating per-
formance. Accordingly, a new technique capable of pre-
cisely detecting a current work state and a current work
load state in real time and automatically control the wheel
loader may be required.

SUMMARY

[0004] The invention sets-out to solve the above-men-
tioned problems of the art and provides a method of con-
trolling a wheel loader, which reduces fuel consumption
and improves operating performance.

[0005] The invention also seeks to provide a control
apparatus for performing the above method.

[0006] Theinventionstillalso seeks to provide acontrol
system for performing the above method.

[0007] According to embodiments of the invention, in
a method of controlling a wheel loader, signals repre-
senting a state of work currently performed by the wheel
loader, are received from sensors installed in the wheel
loader. One or more signals are selected of the received
signals, the one or more signals able to be used to de-
termine whether or not to be within a respective one of
a plurality of individual load areas, wherein the individual
load areas are divided according to work load which con-
sumes a power output of an engine during a series of
work states performed by the wheel loader. Output val-
ues representing as to whether or not to be within the
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respective one of the plurality of individual load areas,
are calculated by using the selected signal. The output
values are analyzed to determine a current load state of
the work currently performed by the wheel loader.
[0008] In example embodiments, calculating the out-
put values may include using machine learning to calcu-
late the output values. Machine leaning may include neu-
ral networks approach, statistical approach, structural
approach, fuzzy logic approach, decision tree approach,
template matching approach, etc.

[0009] In example embodiments, calculating the out-
put values may include using a table stored in a memory
by a wheel loader manufacturer to calculate the output
values.

[0010] In example embodiments, calculating the out-
put values may include performing prediction algorithms
obtained through training on the selected signal to cal-
culate the output values. The prediction algorithm may
include connection weights between an input layer, a hid-
den layer and an output layer.

[0011] According to the invention, calculating the out-
put values may include calculating an output value rep-
resenting as to whether or not to be within a light load
area, calculating an output value representing as to
whether or not to be within a medium load area, calcu-
lating an output value representing as to whether or not
to be within a heavy load area and calculating an output
value representing as to whether or not to be within an
acceleration/inclined-ground load area.

[0012] In example embodiments, at least one of a
boom cylinder pressure signal, an FNR signal, a main
pressure signal of a hydraulic pump, a vehicle speed sig-
nal, a boom position signal and a torque converter speed
ratio signal may be used to determine whether or not to
be within the light load area and the heavy load area of
the wheel loader, atleast one of the main pressure signal
of the hydraulic pump, the vehicle speed signal, a boom
position signal and the torque converter speed ratio sig-
nal may be used to determine whether or not to be within
the medium load area of the wheel loader.

[0013] In example embodiments, at least one of a
torque converter speed ratio signal and an accelerator
pedal position signal may be used to determine whether
or not to be within the acceleration/inclined-ground load
area of the wheel loader.

[0014] In example embodiments, a forward travelling
work state, a reverse travelling work state and a reverse
travelling and boom down work state in a V-shape driving
of the wheel loader may be determined as a light load
state, an excavation work state may be determined as a
medium load state, and a forward travelling and boom
raising work state may be determined as a heavy load
state.

[0015] In example embodiments, the method may fur-
ther include outputting a control signal for controlling an
engine or a transmission of the wheel loader according
to the current load state of the wheel loader.

[0016] According to embodiments of the invention, an
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apparatus for controlling awheelloader, includes a signal
receiver configured to receive signals representing a
state of work currently performed by the wheel loader,
from sensors installed in the wheel loader, a signal se-
lector configured to provide a plurality of individual load
areas according to work load which consumes a power
output of an engine during a series of work states per-
formed by the wheel loader and configured to select one
or more signals of the received signals, the one or more
signals able to be used to determine whether or not to
be within a respective one of the plurality of individual
load areas, anindividual load area determiner configured
to calculate output values representing as to whether or
not to be within the respective one of the plurality of in-
dividual load areas, by using the selected signal, and a
load state determiner configured to analyze the output
values to determine a current load state of the work cur-
rently performed by the wheel loader.

[0017] Inexample embodiments, the individualload ar-
ea determiner may include individual calculating circuits
which calculate the output values using machine learn-
ing.

[0018] In example embodiments, machine leaning
may include neural networks approach, statistical ap-
proach, structural approach, fuzzy logic approach, deci-
sion tree approach, template matching approach, etc.
[0019] Inexample embodiments, the individualload ar-
ea determiner may calculate the output values using a
table stored in a memory.

[0020] Inexample embodiments, the individualload ar-
ea determiner may perform prediction algorithms ob-
tained through training on the selected signal to calculate
the output values. The prediction algorithm may include
connection weights between an input layer, a hidden lay-
er and an output layer.

[0021] In example embodiments, when the signal re-
ceiver receives an auto mode selection signal of an op-
erator, a state of the work currently performed by the
wheel loader may be determined to automatically control
the wheel loader.

[0022] Inexample embodiments, theindividualload ar-
eadeterminer may include a light load determining circuit
which calculates an output value representing as to
whether or not to be within a light load area, a medium
load determining circuit which calculates an output value
representing as to whether or not to be within a medium
load area, a heavy load determining circuit which calcu-
lates an output value representing as to whether or not
to be within a heavy load area, and an acceleration/in-
clined-ground determining circuit which calculates an
output value representing as to whether or not to be within
an acceleration/inclined-ground load area.

[0023] In example embodiments, the light load deter-
mining circuit and the heavy load determining circuit may
use at least one of a boom cylinder pressure signal, an
FNR signal, a main pressure signal of a hydraulic pump,
a vehicle speed signal, a boom position signal and a
torque converter speed ratio signal to determine whether
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or not to be within the light load area and the heavy load
area of the wheel loader, the medium load determining
circuit may use at least one of the main pressure signal
of the hydraulic pump, the vehicle speed signal, a boom
position signal and the torque converter speed ratio sig-
nal to determine whether or not to be within the medium
load area of the wheel loader.

[0024] In example embodiments, the acceleration/in-
clined-ground load determining circuit may use at least
one of a torque converter speed ratio signal and an ac-
celerator pedal position signal to determine whether or
not to be within the acceleration/inclined-ground load ar-
ea of the wheel loader.

[0025] In example embodiments, the load state deter-
miner may determine a forward travelling work state, a
reverse travelling work state and a reverse travelling and
boom down work state in a V-shape driving of the wheel
loader as a light load state, may determine an excavation
work state as a medium load state, and may determine
a forward travelling and boom raising work state deter-
mined as a heavy load state.

[0026] In example embodiments, the apparatus may
further include a control signal generator configured to
output a control signal for controlling an engine or a trans-
mission of the wheel loader according to the current load
state of the wheel loader.

[0027] In example embodiments, the control signal
generator may output a signal for controlling torque of an
engine according to a predetermined auto engine torque
map.

[0028] In example embodiments, the auto engine
torque map may be set different from a manual engine
torque map, the engine being controlled according to the
manual engine torque map when an operator select an
manual mode.

[0029] According to embodiments of the invention, a
system for controllinga wheelloader, includes an engine,
a work apparatus and a travel apparatus driven by the
engine, sensors installed in the engine, the work appa-
ratus and the travel apparatus to detect signals repre-
senting a state of work currently performed by the wheel
loader, and a control apparatus configured to one or more
signals of the received signals, the one or more signals
able to be used to determine whether or not to be within
a respective one of a plurality of individual load areas
which are divided according to work load which con-
sumes a power output of an engine during a series of
work states performed by the wheel loader and config-
ured to perform prediction algorithms obtained through
training to determine whether or not to be within the re-
spective one of the plurality of individual load areas and
responsively determine a current load state of the work
currently performed by the wheel loader.

[0030] Inexample embodiments,the controlapparatus
may select the one or more signals of the received sig-
nals, may calculate output values representing as to
whether or not to be within the respective one of the plu-
rality of individual load areas, by using the selected sig-
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nal, and may analyze the output values to determine the
current load state.

[0031] Inexample embodiments, the control apparatus
may perform neural network algorithms on the selected
signals to calculate the output values.

[0032] Inexample embodiments, the control apparatus
may calculate an output value representing as to whether
or not to be within a light load area, may calculate an
output value representing as to whether or not to be within
a medium load area, may calculate an output value rep-
resenting as to whether or not to be within a heavy load
area, and may calculate an output value representing as
to whether or not to be within an acceleration/inclined-
ground load area.

[0033] Inexample embodiments, the control apparatus
may determine a forward travelling work state, a reverse
travelling work state and a reverse travelling and boom
down work state in a V-shape driving of the wheel loader
as a light load state, may determine an excavation work
state as a medium load state, and may determine a for-
ward travelling and boom raising work state determined
as a heavy load state.

[0034] Inexample embodiments, the control apparatus
may output a control signal for controlling the engine or
a transmission of the wheel loader according to the cur-
rent load state of the wheel loader.

[0035] According to example embodiments, a control
apparatus for a wheel loader may select signals capable
of effectively representing an individual load state (light
load area, medium load area, heavy load area, acceler-
ation/inclined-ground load area) of signals received from
sensors and determine a load state of a current work or
a current work state by using prediction algorithms ob-
tained through training such as neural network algo-
rithms.

[0036] Thus,thetime andburden spenton calculations
in order to determine a load state of work currently per-
formed by the wheel loader may be reduced and the ac-
curacy of the determinations may be improved. Further,
an engine and a transmission may be controlled based
on the determined work load state to thereby improve
operating performance and fuel efficiency.

[0037] At least some of the above and other features
of the invention are set out in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] Example embodiments will be more clearly un-
derstood from the following detailed description taken in
conjunction with the accompanying drawings. FIGS. 1 to
11C represent non-limiting, example embodiments as
described herein.

FIG. 1 is a side view illustrating a wheel loader in
accordance with example embodiments.

FIG. 2 is a block diagram illustrating a system for
controlling the wheel loader in FIG. 1.

FIG. 3 is a block diagram illustrating a control appa-
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ratus for a wheel loader in accordance with example
embodiments.

FIG. 4 isablockdiagram illustrating a signal selector,
an individual load area determiner and a load state
determiner of the control apparatus in FIG. 3.

FIG. 5 is a view illustrating a neural network circuit
in the individual load area determiner in FIG. 4.
FIG. 6 is a view illustrating a signal transfer in each
layer of the neural network in FIG. 5.

FIG. 7 is a flow chartillustrating a method of control-
ling a wheel loader in accordance with example em-
bodiments.

FIG.8is aview llustrating V-shape driving of awheel
loader in accordance with example embodiments.
FIG. 9 is graphs illustrating output values represent-
ing whether or not to be within a respective one of
individual load areas in each work state in the V-
shape driving of FIG. 8.

FIG. 10 is a graph illustrating a final load state ob-
tained from the output values of FIG. 9.

FIGS. 11A to 11C are graphs illustrating manual en-
gine torque maps for three power modes in a manual
mode and auto engine torque maps for three power
modes in an auto mode.

DESCRIPTION OF EMBODIMENTS

[0039] Various example embodiments will be de-
scribed more fully hereinafter with reference to the ac-
companying drawings, in which some example embodi-
ments are shown. The present inventive concept may,
however, be embodied in many different forms and
should not be construed as limited to the example em-
bodiments set forth herein. Rather, these example em-
bodiments are provided so that this description will be
thorough and complete, and will fully convey the scope
of the present inventive concept to those skilled in the
art. In the drawings, the sizes and relative sizes of layers
and regions may be exaggerated for clarity.

[0040] It will be understood that when an element or
layer is referred to as being "on," "connected to" or "cou-
pled to" another element or layer, it can be directly on,
connected or coupled to the other element or layer or
intervening elements or layers may be present. In con-
trast, when an element is referred to as being "directly
on," "directly connected to" or "directly coupled to" an-
other element or layer, there are no intervening elements
or layers present. Like numerals refer to like elements
throughout. As used herein, the term "and/or" includes
any and all combinations of one or more of the associated
listed items.

[0041] It will be understood that, although the terms
first, second, third, fourth etc. may be used herein to de-
scribe various elements, components, regions, layers
and/or sections, these elements, components, regions,
layers and/or sections should not be limited by these
terms. These terms are only used to distinguish one el-
ement, component, region, layer or section from another
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region, layeror section. Thus, afirstelement, component,
region, layer or section discussed below could be termed
a second element, component, region, layer or section
without departing from the teachings of the present in-
ventive concept.

[0042] The terminology used herein is for the purpose
of describing particular example embodiments only and
is not intended to be limiting of the presentinventive con-
cept. As used herein, the singular forms "a," "an" and
"the" are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be
further understood that the terms "comprises" and/or
"comprising," when used in this specification, specify the
presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the
presence or addition of one or more other features, inte-
gers, steps, operations, elements, components, and/or
groups thereof.

[0043] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this inventive concept belongs. It
will be further understood that terms, such as those de-
fined in commonly used dictionaries, should be interpret-
ed as having a meaning thatis consistent with their mean-
ing in the context of the relevant art and will not be inter-
preted in an idealized or overly formal sense unless ex-
pressly so defined herein.

[0044] FIG. 1is a side view illustrating a wheel loader
in accordance with example embodiments. FIG. 2 is a
block diagram illustrating a system for controlling the
wheel loader in FIG. 1.

[0045] Referring to FIGS. 1 and 2, a wheel loader 10
may include afrontbody 12 and arear body 14 connected
to each other. The front body 12 may include a work
apparatus and a front wheel 160. The rear body 14 may
include a driver cabin 40, an engine bay 50 and a rear
wheel 162.

[0046] Theworkapparatus mayinclude aboom 20 and
a bucket 30. The boom 20 may be freely pivotally at-
tached to the front body 12, and the bucket 30 may be
freely pivotally attached to an end portion of the boom
20. The boom 20 may be coupled to the front body 12
by a pair of boom cylinders 22, and the boom 20 may be
pivoted upwardly and downwardly by expansion and con-
traction of the boom cylinders 22. A tilt arm 34 may be
freely rotatably supported on the boom 20, almost at its
central portion. One end portion of the tilt arm 34 may be
coupled to the front body 12 by a pair of bucket cylinders
32 and another end portion of the tilt arm 34 may be
coupled to the bucket 30 by a tilt rod, so that the bucket
30 may pivot (crowd and dump) as the bucket cylinder
32 expands and contracts.

[0047] The front body 12 and the rear body 14 may be
rotatably connected to each other through a center pin
16 so that the front body 12 may swing side to side with
respect to the rear body 14 by expansion and contraction
of a steering cylinder (not illustrated).
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[0048] A travel apparatus for propelling the wheel load-
er 10 may be mounted at the rear body 14. An engine
100 may be provided in the engine bay 50 to supply an
output power to the travel apparatus. The travel appara-
tus may include a torque converter 120, a transmission
130, a propeller shaft 150, axles 152, 154, etc. The output
power of the engine 100 may be transmitted to the front
wheel 160 and the rear wheel 162 through the torque
converter 120, the transmission 130, the propeller shaft
150 and the axles 152 and 154, and thus the wheel loader
10 may travels.

[0049] In particular, the output power of the engine 100
may be transmitted to the transmission 130 through the
torque converter 120. An input shaft of the torque con-
verter 120 may be connected to an output shaft of the
engine 100, and an output shaft of the torque converter
120 may be connected to the transmission 130. The
torque converter 120 may be a fluid clutch device includ-
ing an impeller, a turbine and a stator. The transmission
130 may include hydraulic clutches that shift speed steps
between first to fourth speeds, and rotation of the output
shaft of the torque converter 120 may be shifted by the
transmission 130. The shifted rotation may be transmit-
ted to the front wheel 160 and the rear wheel 162 through
the propeller shaft 150 and the axles 152 and 154 and
thus the wheel loader may travel.

[0050] The torque converter 120 may have a function
to increase an output torque with respect to an input
torque, i.e., a function to make the torque ratio 1 or great-
er. The torque ratio may decrease with an increase in
the torque converter speed ratio e (=Nt/Ni), which is a
ratio of the number of rotations Nt of the output shaft of
the torque converter 120 to the number of rotations Ni of
the input shaft of the torque converter 120. For example,
if travel load is increased while the vehicle is in motion
in a state where the engine speed is constant, the number
of rotations of the output shaft of the torque converter
120, i.e., the vehicle speed may be decreased. At this
time, the torque ratio may be increased and thus the ve-
hicle may be allowed to travel with a greater travel driving
force (traction force).

[0051] The transmission 130 may include a forward
hydraulic clutch for forward movement, a reverse hydrau-
lic clutch for reverse movement, and first to fourth hy-
draulic clutches for the first to the fourth speeds. The
hydraulic clutches may be each engaged or released by
pressure oil (clutch pressure) supplied via a transmission
control unit (TCU) 140. The hydraulic clutches may be
engaged when the clutch pressure supplied to the hy-
draulic clutches is increased, while the hydraulic clutches
may be released when the clutch pressure is decreased.
[0052] When travel load is decreased and the torque
converter speed ratio e is increased to be equal to or
greaterthan a predetermined value eu, a speed step may
be shifted by one step. On the other hand, when travel
load is increased and the torque converter speed ratio e
is decreased to be equal to or less than a predetermined
value ed, the speed step may be shifted by one step.
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[0053] The transmission 130 may be operable in a
manual transmission mode or in a plurality of auto trans-
mission modes. The transmission mode may be deter-
mined by a changed by manipulation of a mode shiftlever
(not illustrated). For example, the transmission 130 may
include manual transmission mode, 1-4 auto transmis-
sion mode and 1-3 auto transmission mode. When the
manual transmission mode is selected, a speed step may
be selected by a transmission shift lever. When the 1-4
auto transmission mode or the 1-3 auto transmission
mode is selected, a speed step may be automatically
changed between speed steps equal to or less than a
speed step selected by the transmission shift lever.
[0054] A variable capacity hydraulic pump 200 for sup-
plying a pressurized hydraulic fluid to the boom cylinder
22 and the bucket cylinder 32 may be mounted at the
rear body 14. The variable capacity hydraulic pump 200
may be driven using a portion of the power outputted
from the engine 100. For example, the output power of
the engine 100 may drive the hydraulic pump 200 for the
work apparatus and a hydraulic pump (notillustrated) for
the steering cylinder via a power take-off (PTO) such as
a gear train 110.

[0055] A pump control device (EPOS, Electronic Pow-
er Optimizing System) may be connected to the variable
capacity hydraulic pump 200, and a discharge fluid from
the variable capacity hydraulic pump 200 may be con-
trolled by the pump control device. A main control valve
(MCV) including a boom control valve 210 and a bucket
control valve 212 may be installed on a hydraulic circuit
of the hydraulic pump 200. The discharge fluid from the
hydraulic pump 200 may be supplied to the boom cylinder
22 and the bucket cylinder 32 through the boom control
valve 210 and the bucket control valve installed in a hy-
draulic line 202 respectively. The main control valve
(MCV) may supply the discharge fluid from the hydraulic
pump 200 to the boom cylinder 22 and the bucket cylinder
32 according to a pilot pressure in proportion to an op-
eration rate of an operating lever.

[0056] A maneuvering device may be provided within
the driver cabin 40. The maneuvering device may include
an accelerator pedal 142, a brake pedal 144, an FNR
travel lever, the operating levers for operating the cylin-
ders such asthe boomcylinder 22 and the bucketcylinder
32, etc.

[0057] As mentioned above, the wheel loader 10 may
include a traveling operating system for driving the travel
apparatus via the PTO and a hydraulic operating system
for driving the work apparatus such as the boom 20 and
the bucket 30 using the output power of the engine 100.
[0058] Further, a control apparatus 300 for the wheel
loader 10 such as a portion of a vehicle control unit (VCU)
or a separate control unit may be mounted in the rear
body 14. The control apparatus 300 may include an arith-
metic processing unit having a CPU which executes a
program, a storage device such as a memory, other pe-
ripheral circuit, and the like.

[0059] The control apparatus 300 may receive signals
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from various sensors (detectors) which are installed in
the wheel loader 10. For example, the control apparatus
300 may be connected to an engine speed sensor 102
for detecting a rotational speed of the engine, an accel-
erator pedal detection sensor 143 for detecting an oper-
ation amount of the accelerator pedal 142, a brake pedal
detection sensor 145 for detecting an operation amount
of the brake pedal 144, and an FNR travel lever position
sensor 146 for detecting a manipulation position of the
FNR travel lever, for example, the speed steps, forward
(F), neutral (N) and reverse (R).

[0060] Additionally, the control apparatus 300 may
connected to a rotational speed sensor 122a for detecting
the number of rotations Ni of the input shaft of the torque
converter 120, a rotational speed sensor 122b for detect-
ing the number of rotations Nt of the output shaft of the
torque converter 120, and a vehicle speed sensor 132
for detecting a rotational speed of an output shaft of the
transmission 130, i.e., a vehicle speed v.

[0061] Further, the control apparatus 300 may be con-
nected to a pressure sensor 204 installed in the hydraulic
line in front end of the main control valve (MCV) to detect
apressure of the discharge fluid from the hydraulic pump
200, and a boom cylinder pressure sensor 222 for de-
tecting a cylinder head pressure at a head of the boom
cylinder 22. Furthermore, the control apparatus 300 may
be connected to a boom angle sensor 224 for detecting
a rotational angle of the boom 20 and a bucket angle
sensor 234 for detecting a rotational angle of the bucket
30.

[0062] The signals detected by the sensors may be
inputted into the control apparatus 100, as indicated by
arrows in FIG. 2. As mentioned later, the control appa-
ratus 300 may select one or more signals of the signals
received from the sensors installed in the wheel loader
10, perform prediction algorithms obtained through train-
ing such as neural network algorithms to calculate output
values representing whether or not to be within individual
work load areas and analyze the output values to deter-
mine aload state of a current work or a current work state
of the wheel loader 10. Further, the control apparatus
300 may output a control signal to an engine control unit
(ECU), the transmission control unit (TCU) 140, and the
pump control device (EPOS), etc, to selectively control
the engine 100, the transmission 130, the hydraulic pump
200, etc., based on the determined work load state or
work state.

[0063] Hereinafter, the control apparatus for control-
ling the wheel loader will be explained.

[0064] FIG. 3 is a block diagram illustrating a control
apparatus for a wheel loader in accordance with example
embodiments. FIG. 4 is a block diagram illustrating a sig-
nal selector, an individual load area determiner and a
load state determiner of the control apparatus in FIG. 3.
FIG. 5 is a view illustrating a neural network circuit in the
individual load area determinerin FIG. 4. FIG. 6 is a view
illustrating a signal transfer in each layer of the neural
network in FIG. 5.
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[0065] Referring to FIGS. 3 to 6, a control apparatus
for a wheel loader 300 may include a work load deter-
miner 310, a control signal generator 320 and a storage
portion 330.

[0066] The work load determiner 310 may determine
a load state of work currently performed by the wheel
loader 10 or a state of work currently performed by the
wheel loader 10. The control signal generator 320 may
determine a control type, for example, an output torque
control of an engine, an rpm control of an engine, a trans-
mission control of a transmission, etc., based on the de-
termined load state of the current work or the state of the
current work. The storage portion 330 may store data
required for learning in a predictive model and calculation
in a neural network algorithm which are performed in the
work load determiner 310, a control map required for de-
termination of a control signal which is performed in the
control signal generator 320, etc.

[0067] In example embodiments, the work load deter-
miner 310 may include a signal receiver 312, a signal
selector 314, an individual load area determiner 316 and
a load state determiner 318.

[0068] The signal receiver 312 may receive the signals
capable of representing a state of work from the sensors
installed in the wheel loader 10. For example, the signal
receiver 312 may receive a boom cylinder pressure sig-
nal from the boom cylinder pressure sensor 222, an FNR
signal from the FNR travel lever position sensor 146, a
main pressure signal from the pressure sensor 204 of
the hydraulic pump 200, a vehicle speed signal from the
vehicle speed sensor 132, a boom position signal from
the boom angle sensor 224, a torque converter speed
ratio (ratio of the number of rotations Ni of the input shaft
and the number of rotations Nt of the output shaft) signal
from the rotational speed sensors 122a and 122b, an
accelerator pedal position signal from the accelerator
pedal detection sensor 143, etc. However, it may be un-
derstood that the signals received in the signal receiver
312 may not be limited thereto, and various signals able
to be used in determining a load state of work of the wheel
loader or awork state ofthe wheel loader may be received
in the signal receiver.

[0069] Further, the signal receiver 312 may receive a
selection signal of an operator. The operator may operate
an operation lever or a button to select a manual mode
or an auto mode. When the auto mode is selected by the
operator, the control apparatus for the wheel loader ac-
cording to example embodiments may operate to deter-
mine the state of a current work of the wheel loader and
automatically control the wheel loader.

[0070] The signalreceiver 312 may include a data post
processing portion. The data post processing portion
may filter the inputted sensor signals to remove noise
and normalize the signals.

[0071] The signal selector 314 may select one or more
signals able to be used to determine whether or not a
load state of work which is currently being performed by
the wheel loader is within a respective one of a plurality
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of individual load areas, for example, a respective one
of at least four individual load areas, and may output the
selected signal(s) to corresponding individual determin-
ing circuits (NN_1, NN_2, NN_3, NN_4) of the individual
load area determiner 316. The signal selector 314 may
select one or more signals able to be used to determine
whether or not the load state of work currently performed
by the wheel loader is within a respective one of at least
first to fourth individual load areas which are divided ac-
cording to work load which consumes the power output
of the engine during a series of work states. For example,
the individual load areas (individual load states) may in-
clude a light load area, a medium load area, a heavy load
area and an acceleration/inclined-ground load area ac-
cording to the work load which consumes the power out-
put during a series of work states performed by the wheel
loader.

[0072] Atleastone signal selected from the group con-
sisting of the received signals may be an indicator effec-
tively representing a specific load state, i.e., at least one
of the light load area, the medium load area, the heavy
load area and the acceleration/inclined-ground load ar-
ea.

[0073] The boom cylinder pressure signal may be an
indicator directly representing a load state of work which
is currently performed by the wheel loader, because the
boom cylinder pressure signal is determined depending
on a weight of sand, gravel and the like loaded in the
bucket 30, a height of the boom 20, etc. The boom cyl-
inder pressure signal may be used to determine a
traveling work state and a multiple work state (traveling
and boom raising work state) of a current work of the
wheel loader.

[0074] The FNR signal may be anindicator distinguish-
ing a shift between work states such as an initiation of a
reverse traveling work state after an excavation work
state or a swift between forward and reverse traveling
work states during a traveling work state. The FNR signal
may be used to determine a traveling work state and a
multiple work state (traveling and boom raising work
state) of a current work of the wheel loader.

[0075] The main pressure signal of the hydraulic pump,
that is, an input end pressure of the MCV, may be an
indicator representing an excavation work state or an op-
eration of the boom 20 and the bucket 30, because the
main pressure is maintained at a constant initial pressure
when the operator does not operate the boom/bucket
operation levers. The main pressure signal of the hydrau-
lic pump may be used to determine a traveling work state,
a multiple work state (traveling and boom raising work
state) and an excavation work state of a current work of
the wheel loader.

[0076] The vehicle speed signal may be an indicator
representing a travel speed of the wheel loader. The ve-
hicle speed signal may be used to determine a traveling
work state, a multiple work state (traveling and boom
raising work state) and an excavation work state of a
current work of the wheel loader.
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[0077] The boom position signal may be an indicator
distinguishing a work state between a traveling work
state, an excavation work state and a dumping work state
depending on the boom position difference threrebe-
tween. The boom position signal may be used to deter-
mine a traveling work state, a multiple work state
(traveling and boom raising work state) and an excava-
tion work state of a current work of the wheel loader.
[0078] The torque converter speed ratio may be an in-
dicator representing the excavation work state and an
inclined-ground travelling work state depending on a trav-
el load of the wheel loader. The torque converter speed
ratio may be used to determine a traveling work state, a
multiple work state (travelling and boom raising work
state), an excavation work state and an acceleration (in-
clined-ground) travelling work state.

[0079] The accelerator pedal position signal may be
an indicator representing an acceleration intention of the
operator. The accelerator pedal position signal may be
used to determine an acceleration travelling work state.
[0080] The individual load area determiner 316 may
include a plurality of the individual determining circuits.
For example, the individual load area determiner 316
may include first to fourth individual determining circuits.
The first to fourth individual determining circuits may cal-
culate output values which represent whether or not to
be within the first to fourth individual load areas respec-
tively, using the selected signals. The first to fourth indi-
vidual determining circuits may calculate the output sig-
nals respectively using machine learning.

[0081] Machine learning may be related to the ability
to make data-driven predictions or decisions after train-
ing. For example, machine leaning may include neural
networks approach, statistical approach, structural ap-
proach, fuzzy logic approach, decision tree approach,
template matching approach, etc. The neural networks
approach may be a method thatlearns mapping between
inputs and outputs and processes data based on con-
nection weights between inputs and outputs. The deci-
sion tree approach may be a method that generates a
decision tree through learning and processes data based
on the decision tree. Support vector machine may be
used in supervised learning methods, and may be a
method that, in many hyperplanes that might classify
some given data, chooses the hyperplane that has the
largest distance to the nearest training-data point of any
class and processes data. The statistical approach may
be classified into Supervised learning and Unsupervised
learning. The neural networks approach may be classi-
fied into supervised learning, unsupervised learning, and
reinforcement learning.

[0082] In example embodiments, the first to fourth in-
dividual determining circuits may perform prediction al-
gorithms obtained through training to output scale values
which represent the first to fourth individual load areas
respectively.

[0083] The first individual determining circuit may in-
clude a light load neural network determiner NN_1 which
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performs neural network algorithms to calculate an out-
put value representing as to whether or not the current
work load belongs within a light load area. The light load
neural network determiner NN_1 may receive the boom
cylinder pressure signal, the FNR signal, the main pres-
sure signal of the hydraulic pump, the vehicle speed sig-
nal, the boom position signal and the torque converter
speed ratio signal from the signal selector 314. The light
load neural network determiner NN_1 may perform neu-
ral network algorithms to calculate a first output value
representing whether or not a load area of work currently
performed by the wheel loader is within the light load
area. For example, the first output value may be a prob-
ability value representing whether or not the current work
load corresponds to the light load state. The first output
value may be quantified as a number between 0 and 1.
[0084] The second individual determining circuit may
include a medium load neural network determiner NN_2
which performs neural network algorithms to calculate
an output value representing as to whether or not the
current work load belongs within a medium load area.
The medium load neural network determiner NN_2 may
receive the main pressure signal of the hydraulic pump,
the vehicle speed signal, the boom position signal and
the torque converter speed ratio signal from the signal
selector 314. The medium load neural network determin-
er NN_2 may perform neural network algorithms to cal-
culate a second output value representing whether or not
a load area of work currently performed by the wheel
loader is within the medium load area. For example, the
second output value may be a probability value repre-
senting whether or not the current work load corresponds
to the medium load state.

[0085] The third individual determining circuit may in-
clude a heavy load neural network determiner NN_3
which performs neural network algorithms to calculate
an output value representing as to whether or not the
current work load belongs within a heavy load area. The
heavy load neural network determiner NN_3 may receive
the boom cylinder pressure signal, the FNR signal, the
main pressure signal of the hydraulic pump, the vehicle
speed signal, the boom position signal and the torque
converter speed ratio signal from the signal selector 314.
The heavy load neural network determiner NN_3 may
perform neural network algorithms to calculate a third
output value representing whether or not a load area of
work currently performed by the wheel loader is within
the heavy load area. For example, the third output value
may be a probability value representing whether or not
the current work load corresponds to the heavy load
state.

[0086] The fourth individual determining circuit may in-
clude an acceleration/inclined-ground load neural net-
work determiner NN_4 which performs neural network
algorithms to calculate an output value representing as
to whether or not the current work load belongs within an
acceleration/inclined-ground load area. The accelera-
tion/inclined-ground load neural network determiner
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NN_4 may receive the torque converter speed ratio and
the accelerator pedal position signal from the signal se-
lector 314. The acceleration/inclined-ground load neural
network determiner NN_4 may perform neural network
algorithms to calculate a fourth output value representing
whether or not a load area of work currently performed
by the wheel loader is within the acceleration/inclined-
ground load area. For example, the fourth output value
may be a probability value representing whether or not
the current work load corresponds to the acceleration/in-
clined-ground load state.

[0087] In example embodiments, the light load neural
network determiner NN_1, the medium load neural net-
work determiner NN_2, the heavy load neural network
determiner NN_3 and the acceleration/inclined-ground
neural network determiner NN_4 may include neural net-
work circuits that performs neural network algorithms and
calculates an output value representing an individual load
state, respectively.

[0088] As illustrated in FIGS. 5 and 6, the neural net-
work circuit may include multilayer perceptrons having a
multi-input layer, a hidden layer and an output layer. Neu-
rons may be arranged in each layer, and the neurons in
each layer may be connected by connection weights. In-
put data may be inputted to the neurons in the input layer
and transferred to the output layer though the hidden
layer.

[0089] Training the neural network algorithm may be
a process of tuning the interconnection weights between
each nodes in order to minimize an error between an
expectation value and an output value of the neural net-
work algorithms for a specific input (actual detected da-
ta). For example, backpropagation algorithm may be
used for training the neural networks. Accordingly, the
neural network circuits of the individual neural network
determiners (NN_1, NN_2, NN_3, NN_4) may vary the
connection weights between the input layer, the hidden
layer and the output layer using the collected data to pro-
vide neural network algorithms as prediction models.
[0090] Thus, the neural network circuit may perform
the neural network algorithms obtained through training
and calculate an output value which represents the indi-
vidual load state.

[0091] The load state determiner 318 may analyze the
output values from the first to fourth individual determin-
ing circuits to determine a load state of work currently
performed by the wheel loader 10 or a state of work cur-
rently performed by the wheel loader 10. The load state
determiner 318 may perform post-processing such as
weighted applications on the output values from the in-
dividual neural network determiners (NN_1, NN_2,
NN_3, NN_4) and output a final result value.

[0092] Forexample, the load state determiner 318 may
analyze the output values to determine a current load
state of work currently performed by the wheel loader 10.
Accordingly, the load state determiner 318 may deter-
mine which one of the light load state, the medium load
state, the heavy load state and the acceleration/inclined-
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ground load state is the load state of work currently per-
formed by the wheel loader 10.

[0093] The load state determiner 318 may consider ad-
ditional signals received from other sensors to determine
a current state of work currently performed by the wheel
loader 10. Accordingly, the load state determiner 318
may determine a current load state or a current work
state of the wheel loader 10.

[0094] The control signal generator 320 may output a
control signal based on the determined current load state
or the determined current work state of the wheel loader
10. The control signal may be used to selectively control
the engine 100, the transmission 130, the hydraulic pump
200, etc. For example, the control signal generator 320
may output a control signal for controlling engine output
torque, engine rpm, transmission speed step, transmis-
sion timing, etc.

[0095] Accordingly, the control signal generator 320
may control the engine 100 and the transmission 130
based on the finally determined work load state or work
state to thereby improve operating performance and fuel
efficiency.

[0096] The storage portion 330 may include a first stor-
age portion 332 connected to the work load determiner
310 and storing data required to determine a work load
state, and a second storage portion 334 connected to
the control signal generator 320 and storing data required
to generate the control signal. The first storage portion
332 may store data required for training and performing
the neural network algorithms. The second storage por-
tion 334 may store engine torque map, engine rom map,
transmission swift control map, etc., required for deter-
mining the control signal.

[0097] As mentioned above, the control apparatus for
a wheel loader may select signals capable of effectively
representing the individual load state (lightload area, me-
dium load area, heavy load area, acceleration/inclined-
ground load area) of signals received from sensors in-
stalled in the wheel loader 10 and determine a load state
of a current work or a current work state by using predic-
tion algorithms obtained through training such as neural
network algorithms.

[0098] Thus,the time and burden spenton calculations
in order to determine a load state of work currently per-
formed by the wheel loader may be reduced and the ac-
curacy of the determinations may be improved. Further,
the engine and the transmission may be controlled based
on the finally determined work load state to thereby im-
prove operating performance and fuel efficiency.
[0099] Hereinafter, a method of controlling a wheel
loader using the control apparatus in FIG. 3 will be ex-
plained.

[0100] FIG. 7 is a flow chart illustrating a method of
controlling a wheel loader in accordance with example
embodiments.

[0101] Referring to FIGS. 3, 4 and 7, first, signals rep-
resenting a state of work currently performed by a wheel
loader (S100).
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[0102] The control apparatus for a wheel loader 300
may receive signals capable of representing a work state
from sensors installed in the wheel loader. For example,
the signal receiver 312 of the work load determiner 310
may receive a boom cylinder pressure signal, an FNR
signal, a main pressure signal of a hydraulic pump, a
vehicle speed signal, a boom position signal, a torque
converter speed ratio signal, an accelerator pedal posi-
tion signal, etc.

[0103] Then, one or more signals able to be used to
determine whether or not to be within a respective one
of a plurality of individual load areas, of the received sig-
nals may be selected (S110).

[0104] The signal selector 314 may select one or more
signals able to be used to determine whether or not the
current work state is within a respective one of at least
firstto fourthindividualload areas and outputthe selected
signal to corresponding individual determining circuits
(NN_1, NN_2, NN_3, NN_4) of the individual load area
determiner 316.

[0105] The first to fourth individual load areas (individ-
ual load states) may correspond to a light load area, a
medium load area, a heavy load area and an accelera-
tion/inclined-ground load area according to work load
which consumes the power output during a series of work
states performed by the wheel loader. The received sig-
nals may be classified according to whether the signal
effectively represents a specific load state, i.e., at least
one of the light load area, the medium load area, the
heavy load area and the acceleration/inclined-ground
load area.

[0106] For example, the boom cylinder pressure sig-
nal, the FNR signal, the main pressure signal of the hy-
draulic pump, the vehicle speed signal, the boom position
signal and the torque converter speed ratio signal of the
received signals may be used to determine whether or
not to be within the light load area and the heavy load
area of the wheel loader, and thus may be inputted into
the light load neural network NN_1 and the heavy load
neural network NN_3 of the individual load area deter-
miner 316.

[0107] The main pressure signal of the hydraulic pump,
the vehicle speed signal, the boom position signal and
the torque converter speed ratio signal may be used to
determine whether or not to be within the medium load
area, and thus may be inputted into the medium load
neural network determiner NN_2 of the individual load
area determiner 316.

[0108] The torque converter speed ratio signal and the
accelerator pedal position signal may be used to deter-
mine whether or notto be within the acceleration/inclined-
ground load area, and thus may be inputted into the ac-
celeration/inclined-ground neural network determiner
NN_4 of the individual load area determiner 316.
[0109] Then, neural network algorithms obtained
through training may be performed on the selected sig-
nals to determine whether or not to be within the respec-
tive one of the plurality of the individual load areas (S120).
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[0110] Thelightload neural network determiner NN_1,
the medium load neural network determines NN_2, the
heavy load neural network determiner NN_3 and the ac-
celeration/inclined-ground neural network determiner
NN_4 of the individual load area determiner 316 may
perform neural network algorithms on the selective sig-
nals to calculate output values representing as to whether
or not the current work load belongs within the light load
area, the medium load area, the heavy load area and the
acceleration/inclined-ground load area respectively.
[0111] Then, the output values may be analyzed to de-
termine a load state of work currently performed by the
wheel loader (S130).

[0112] The load state determiner 318 may analyze the
output values to determine which one of the light load
state, the medium load state, the heavy load state and
the acceleration/inclined-ground load state is the load
state of work currently performed by the wheel loader 10.
[0113] Theload state determiner 318 may consider ad-
ditional signals received from other sensors to determine
a current state of work currently performed by the wheel
loader 10.

[0114] Then, an engine, a transmission, a hydraulic
pump, etc. of the wheel loader may be selectively con-
trolled in consideration of the current load sate or the
current work state of the wheel loader.

[0115] Hereinafter, a method of determining a load
state of a series of work states in V-shape driving of a
wheel loader using the control method in FIG. 7 will be
explained.

[0116] FIG. 8 is a view illustrating V-shape driving of a
wheel loader in accordance with example embodiments.
FIG. 9 is graphs illustrating output values representing
whether or not to be within a respective one of individual
load areas in each work state in the V-shape driving of
FIG. 8. FIG. 10 is a graph illustrating a final load state
obtained from the output values of FIG. 9. For your ref-
erence, FIGS. 9and 10include a graph ofaboom cylinder
pressure versus time in the V-shape driving.

[0117] Referring to FIGS. 8 to 10, a wheel loader 10
may perform V-shape driving which is one of driving
methods to load a subject material such as sand (S) into
adump truck (T). In the V-shape driving, the wheel loader
10 may perform sequentially a series of work states, i.e.,
a forward travelling work state (a), an excavation work
state (b), a reverse travelling work state (c), a forward
travelling and boom raising work state (d), a dumping
work state (e), and a reverse travelling and boom down
work state (f).

[0118] As illustrated in FIG. 9, whether or not to be
within individual load areas may be determined for each
work state in the V-shape driving. A light load neural net-
work determiner NN_1 may calculate an output value
representing as to whether or not to be within a light load
area with respect to a series of the work states (a~f). A
medium load neural network determiner NN_2 may cal-
culate an output value representing as to whether or not
to be within a medium load area with respect to a series
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of the work states (a~f). A heavy load neural network
determiner NN_3 may calculate an output value repre-
senting as to whether or not to be within a heavy load
area with respect to a series of the work states (a~f). An
acceleration/inclined-ground load neural network deter-
miner NN_4 may calculate an output value representing
as to whether or not to be within a heavy load area with
respect to a series of the work states (a~f).

[0119] As illustrated in FIG. 10, the output values may
be synthetically analyzed to determine a load state of
work currently being performed by the wheel loader 10.
A load state determiner 318 may determine which one
of the light load state, the medium load state, the heavy
load state and the acceleration/inclined-ground load
state is the load state of a series of the work states (a~f)
currently performed by the wheel loader 10.

[0120] In the V-shape driving of the wheel loader, the
forward travelling work state (a), the reverse travelling
work state (c) and the reverse travelling and boom down
work state (f) may be determined as the light load state,
the excavation work state (b) may be determined as the
medium load state, and the forward travelling and boom
raising work state (d) may be determined as the heavy
load state. Further, an inclined-ground travelling work
state and an acceleration travelling work state of the work
states performed by the wheelloader may be determined
as the acceleration/inclined-ground load state.

[0121] The wheel loader may operate in a selected
mode of a plurality of power modes. For example, the
power modes may include economy mode (E-mode),
standard mode (S-mode) and power mode (P-mode).
Each power mode may have a predetermined engine
torque map. When the operator selects the manual
mode, an engine may be controlled according to a pre-
determined manual engine torque map in the manual
mode. On the other hand, when the operator selects the
auto mode, the control apparatus according to example
embodiments may output a control signal for controlling
an engine or a transmission of the wheel loader based
on a current load state of the wheel loader and then a
power of the engine or the transmission may be auto-
matically selected according to the control signal. In this
case, the engine may be controlled according to a pre-
determined auto engine torque map in the auto mode.
[0122] As illustrated in FIGS. 11A to 11C, the manual
engine torque maps for power modes in the manual mode
may be different from the auto engine torque map for
power modes in the auto mode.

[0123] While example embodiments have been partic-
ularly shown and described with the V-shape driving, it
will be understood that the presentinventive concept may
be applied to various other driving, e.g., load and carry
driving, I-cross driving, etc.

[0124] The foregoing is illustrative of example embod-
iments of the invention and is not to be construed as
limiting thereof. Although a few example embodiments
have been described, those skilled in the art will readily
appreciate that many modifications are possible in the
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example embodiments without materially departing from
the novel teachings and advantages of the present in-
ventive concept. Accordingly, all such modifications are
intended to be included within the scope of the present
inventive concept as defined in the claims. Therefore, it
is to be understood that the foregoing is illustrative of
various example embodiments and is not to be construed
as limited to the specific example embodiments dis-
closed, and that modifications to the disclosed example
embodiments, as well as other example embodiments,
are intended to be included within the scope of the ap-
pended claims.

Claims

1. A method of controlling a wheel loader (10), com-
prising:

receiving signals representing a state of work
currently performed by the wheel loader, from
sensors installed in the wheel loader;

selecting one or more signals of the received
signals, the one or more signals able to be used
to determine whether or not to be within a re-
spective one of a plurality of individual load ar-
eas, wherein the individual load areas are divid-
ed into a light load area, a medium load area, a
heavy load area and an acceleration/inclined-
ground load area according to work load which
consumes a power output of an engine (100)
during a series of work states performed by the
wheel loader;

calculating output values representing as to
whether or not to be within the respective one
of the plurality of individual load areas, by using
the selected signal; and

analyzing the output values to determine a cur-
rent load state of the work currently performed
by the wheel loader as one of a light load state,
a medium load state, a heavy loda state and an
acceleration/inclined-ground load state,
wherein controlling the engine power output
comprises

calculating the output values comprises calcu-
lating a first output value representing as to
whether or not to be within the light load area,
calculating a second output value representing
as to whether or not to be within the medium
load area, calculating a third output value rep-
resenting as to whether or not to be within the
heavy load area and calculating a fourth output
value representing as to whether or not to be
within the acceleration/inclined-ground load ar-
ea.

2. The method of claim 1, wherein calculating the out-
put values comprises using machine learning to cal-
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culate the output values.

The method of claim 2, wherein machine leaning
comprises any one selected from the group consist-
ing of neural networks approach, statistical ap-
proach, structural approach, fuzzy logic approach,
decision tree approach and template matching ap-
proach.

The method of claim 1, wherein calculating the out-
put values comprises using a table stored in a mem-
ory by a wheel loader manufacturer to calculate the
output values.

The method of claim 1, wherein calculating the out-
put values comprises performing prediction algo-
rithms obtained through training on the selected sig-
nal to calculate the output values.

The method of claim 5, wherein the prediction algo-
rithm comprises connection weights between an in-
put layer, a hidden layer and an output layer.

The method of claim 1, wherein at least one of a
boom cylinder pressure signal, an FNR signal, a
main pressure signal of a hydraulic pump, a vehicle
speed signal, a boom position signal and a torque
converter speed ratio signal is used to determine
whether or not to be within the light load area and
the heavy load area of the wheel loader, atleast one
of the main pressure signal of the hydraulic pump,
the vehicle speed signal, a boom position signal and
the torque converter speed ratio signal is used to
determine whether or not to be within the medium
load area of the wheel loader.

The method of claim 1, wherein at least one of a
torque converter speed ratio signal and an acceler-
ator pedal position signalis used to determine wheth-
eror notto be within the acceleration/inclined-ground
load area of the wheel loader.

The method of claim 1, wherein a forward travelling
work state, a reverse travelling work state and a re-
verse travelling and boom down work state in a V-
shape driving of the wheel loader are determined as
the light load state, an excavation work state is de-
termined as a medium load state, and the forward
travelling and boom raising work state is determined
as the heavy load state.

The method of claim 1, further comprising outputting
a control signal for controlling an engine or a trans-
mission of the wheel loader according to the current
load state of the wheel loader.

An apparatus for controlling a wheel loader (10),
comprising:
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a signal receiver (312) configured to receive sig-
nals representing a state of work currently per-
formed by the wheel loader, from sensors in-
stalled in the wheel loader;

a signal selector (314) configured to provide a
plurality of individual load areas according to
work load which consumes a power output of an
engine (100) during a series of work states per-
formed by the wheel loader and configured to
select one or more signals of the received sig-
nals, the one or more signals able to be used to
determine whether or not to be within a respec-
tive one of the plurality of individual load areas,
wherein the individualload areas are divided into
a light load area, a medium load area, a heavy
load area and an acceleration/inclined-ground
load area;

an individual load area determiner configured to
calculate output values representing as to
whether or not to be within the respective one
of the plurality of individual load areas, by using
the selected signal; and

a load state determiner (318) configured to an-
alyze the output values to determine a current
load state of the work currently performed by the
wheel loader as one of a light load state, a me-
dium load state, a heavy load state and an ac-
celeration/inclined-ground load state,

wherein the individual load area determiner
comprises a light load determining circuit which
calculates a first output value representing as to
whether or not to be within the light load area, a
medium load determining circuit which calcu-
lates a second output value representing as to
whether or not to be within the medium load ar-
ea, a heavy load determining circuit which cal-
culates a third output value representing as to
whether or not to be within the heavy load area,
and an acceleration/inclined-ground determin-
ing circuit which calculates a fourth output value
representing as to whether or not to be within
the acceleration/inclined-ground load area.

The apparatus of claim 11, wherein the individual
load area determiner comprises individual calculat-
ing circuits which calculate the output values using
machine learning, and machine leaning comprises
any one selected from the group consisting of neural
networks approach, statistical approach, structural
approach, fuzzy logic approach, decision tree ap-
proach and template matching approach.

The apparatus of claim 11, wherein the individual
load area determiner performs prediction algorithms
obtained through training on the selected signal to
calculate the output values.

The apparatus of claim 11, wherein the light load
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determining circuit and the heavy load determining
circuit use at least one of a boom cylinder pressure
signal, an FNR signal, a main pressure signal of a
hydraulic pump, a vehicle speed signal, a boom po-
sition signal and a torque converter speed ratio sig-
nal to determine whether or not to be within the light
load area and the heavy load area of the wheel load-
er, the medium load determining circuit uses at least
one of the main pressure signal of the hydraulic
pump, the vehicle speed signal, a boom position sig-
nal and the torque converter speed ratio signal to
determine whether or not to be within the medium
load area of the wheel loader.

The apparatus of claim 11, wherein the load state
determiner determines a forward travelling work
state, a reverse travelling work state and a reverse
travelling and boom down work state in a V-shape
driving of the wheel loader as the light load state,
determines an excavation work state as the medium
load state, and determines a forward travelling and
boom raising work state determined as the heavy
load state.

Patentanspriiche

1.

Verfahren zum Steuern eines Radladers (10), um-
fassend:

Empfangen von Signalen, die einen momentan
durch den Radlader ausgefiihrten Arbeitszu-
stand darstellen, von in dem Radlader installier-
ten Sensoren;

Auswahlen eines oder mehrerer Signale der
empfangenen Signale, wobei das eine oder die
mehreren Signale verwendet werden kdnnen,
um zu bestimmen, ob sich der Radlader inner-
halb eines jeweiligen von mehreren individuel-
len Lastbereichen befindet oder nicht, wobei die
individuellen Lastbereiche gemaf der Arbeits-
last, die eine Leistungsabgabe eines Motors
(100) wahrend einer Reihe von durch den Rad-
lader ausgefiihrten Arbeitszustanden ver-
braucht, in einen Leichtlastbereich, einen Mittel-
lastbereich, einen Schwerlastbereich und einen
Beschleunigungs-/Schraglage-Lastbereich un-
terteilt werden;

Berechnen von Ausgabewerten, die angeben,
ob sich der Radlager innerhalb des jeweiligen
der mehreren individuellen Lastbereiche befin-
det oder nicht, unter Verwendung des ausge-
wahlten Signals; und

Analysieren der Ausgabewerte, um einen mo-
mentanen Lastzustand der momentan durch
den Radlader ausgefiihrten Arbeit als einen von
einem Leichtlastzustand, einem Mittellastzu-
stand, einem Schwerlastzustand und einem Be-
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schleunigungs-/Schraglagen-Lastzustand zu
bestimmen,

wobei das Steuern der Motorleistungsabgabe
umfasst:

Berechnen der Ausgabewerte, umfassend: Be-
rechnen eines ersten Ausgabewertes, der an-
gibt, ob sich der Radlader innerhalb des Leicht-
lastbereichs befindet oder nicht, Berechnen ei-
nes zweiten Ausgabewertes, der angibt, ob sich
der Radlader innerhalb des Mittellastbereichs
befindet oder nicht, Berechnen eines dritten
Ausgabewertes, der angibt, ob sich der Radla-
der innerhalb des Schwerlastbereichs befindet
oder nicht, und Berechnen eines vierten Ausga-
bewertes, der angibt, ob sich der Radlader in-
nerhalb des Beschleunigungs-/Schraglagen-
Lastbereichs befindet oder nicht.

Verfahren nach Anspruch 1, wobei das Berechnen
der Ausgabewerte das Verwenden von maschinel-
lem Lernen zum Berechnen der Ausgabewerte um-
fasst.

Verfahren nach Anspruch 2, wobei das maschinelle
Lernen eines von Folgendem umfasst, das aus der
Gruppe ausgewahlt ist, bestehend aus einem Neu-
ronennetzansatz, einem statistischen Ansatz, einem
strukturellen Ansatz, einem Fuzzy-Logik-Ansatz, ei-
nem Entscheidungsbaum-Ansatz und einem Vorla-
genabgleichsansatz.

Verfahren nach Anspruch 1, wobei das Berechnen
der Ausgabewerte das Verwenden einer Tabelle
umfasst, die durch einen Radladerhersteller in ei-
nem Speicher zum Berechnen der Ausgabewerte
gespeichert wurde.

Verfahren nach Anspruch 1, wobei das Berechnen
der Ausgabewerte das Ausfiihren von Vorhersage-
algorithmen umfasst, die durch Training an dem aus-
gewabhlten Signal erhalten wurden, um die Ausga-
bewerte zu berechnen.

Verfahren nach Anspruch 5, wobei der Vorhersage-
algorithmus Verbindungsgewichte zwischen einer
Eingabeschicht, einer verborgenen Schicht und ei-
ner Ausgabeschicht umfasst.

Verfahren nach Anspruch 1, wobei mindestens ei-
nes von einem Auslegerzylinderdrucksignal, einem
FNR-Signal, einem Hauptdrucksignal einer Hydrau-
likpumpe, einem Fahrzeuggeschwindigkeitssignal,
einem Auslegerpositionssignal und einem Drehmo-
mentwandler-Drehzahlverhaltnis-Signal verwendet
wird, um zu bestimmen, ob sich der Radlader inner-
halb seines Leichtlastbereichs und seines Schwer-
lastbereichs befindet oder nicht, wobei mindestens
eines von dem Hauptdrucksignal der Hydraulikpum-
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pe, dem Fahrzeuggeschwindigkeitssignal, einem
Auslegerpositionssignal und dem Drehmoment-
wandler-Drehzahlverhaltnis-Signal verwendet wird,
um zu bestimmen, ob sich der Radlader innerhalb
seines Mittellastbereichs befindet oder nicht.

Verfahren nach Anspruch 1, wobei mindestens ei-
nes von einem Drehmomentwandler-Drehzahlver-
haltnis-Signal und einem Gaspedalpositionssignal
verwendet wird, um zu bestimmen, ob sich der Rad-
laderin seinem Beschleunigungs-/Schraglage-Last-
bereich befindet oder nicht.

Verfahren nach Anspruch 1, wobei ein Vorwarts-
fahrt-Arbeitszustand, ein Riickwartsfahrt-Arbeitszu-
stand und ein Rickwartsfahrt- und Auslegerabsen-
kungs-Arbeitszustand bei einer V-formigen Fahrt
des Radladers als der Leichtlastzustand bestimmt
werden, ein Aushubarbeitszustand als ein Mittellast-
zustand bestimmt wird und der Vorwartsfahrt- und
Auslegeranhebe-Arbeitszustand als der Schwer-
lastzustand bestimmt wird.

Verfahren nach Anspruch 1, des Weiteren umfas-
send das Ausgeben eines Steuersignals zum Steu-
ern eines Motors oder eines Getriebes des Radla-
ders gemall dem momentanen Lastzustand des
Radladers.

Vorrichtung zum Steuern eines Radladers (10), um-
fassend:

einen Signalempfanger (312), der dafiir einge-
richtetist, vonin dem Radlader installierten Sen-
soren Signale zu empfangen, die einen momen-
tan durch den Radlader ausgefiihrten Arbeits-
zustand darstellen;

einen Signalselektor (314), der dafir eingerich-
tetist, mehrere individuelle Lastbereiche gemaf
der Arbeitslast, die eine Leistungsabgabe eines
Motors (100) wahrend einer Reihe von durch
den Radlader ausgefiihrten Arbeitszustanden
verbraucht, bereitzustellen, und daftir eingerich-
tet ist, ein oder mehrere Signale der empfange-
nen Signale auszuwahlen,

wobei das eine oder die mehreren Signale ver-
wendet werden konnen, um zu bestimmen, ob
sich der Radlader innerhalb eines jeweiligen von
mehreren individuellen Lastbereichen befindet
oder nicht, wobei die individuellen Lastbereiche
in einen Leichtlastbereich, einen Mittellastbe-
reich, einen Schwerlastbereich und einen Be-
schleunigungs-/Schraglage-Lastbereich unter-
teilt werden;

einen individuellen Lastbereichsbestimmer, der
dafiir eingerichtet ist, unter Verwendung des
ausgewahlten Signals Ausgabewerte zu be-
rechnen, die anzeigen, ob sich der Radlader in-
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nerhalb des jeweiligen der mehreren individuel-
len Lastbereiche befindet oder nicht; und
einen Lastzustandsbestimmer (318), der dafir
eingerichtet ist, die Ausgabewerte zu analysie-
ren, um einen momentanen Lastzustand der
momentan durch den Radlader ausgefiihrten
Arbeit als einen von einem Leichtlastzustand,
einem Mittellastzustand, einem Schwerlastzu-
stand und einem Beschleunigungs-/Schragla-
ge-Lastzustand zu bestimmen,

wobei der individuelle Lastbereichsbestimmer
umfasst: eine Leichtlastbestimmungsschal-
tung, die einen ersten Ausgabewert berechnet,
der angibt, ob sich der Radlader innerhalb des
Leichtlastbereichs befindet oder nicht, eine Mit-
tellastbestimmungsschaltung, die einen zwei-
ten Ausgabewert berechnet, der angibt, ob sich
der Radlader innerhalb des Mittellastbereichs
befindet oder nicht, eine Schwerlastbestim-
mungsschaltung, die einen dritten Ausgabewert
berechnet, der angibt, ob sich der Radlader in-
nerhalb des Schwerlastbereichs befindet oder
nicht, und

eine Beschleunigungs-/Schraglagebestim-
mungsschaltung, die einen vierten Ausgabe-
wertberechnet, derangibt, ob sich der Radlader
innerhalb des Beschleunigungs-/Schraglage-
Lastbereichs befindet oder nicht.

Vorrichtung nach Anspruch 11, wobei der individu-
elle Lastbereichsbestimmer individuelle Berech-
nungsschaltungen umfasst, die die Ausgabewerte
unter Verwendung von maschinellem Lernen be-
rechnen, und das maschinelle Lernen eines von Fol-
gendem umfasst, das aus der Gruppe ausgewahlt
ist, bestehend aus einem Neuronennetzansatz, ei-
nem statistischen Ansatz, einem strukturellen An-
satz, einem Fuzzy-Logik-Ansatz, einem Entschei-
dungsbaum-Ansatz und einem Vorlagenab-
gleichsansatz.

Vorrichtung nach Anspruch 11, wobei der individu-
elle Lastbereichsbestimmer Vorhersagealgorith-
men ausfihrt, die durch Training an dem ausgewahl-
ten Signal erhalten wurden, um die Ausgabewerte
zu berechnen.

Vorrichtung nach Anspruch 11, wobei die Leichtlast-
bestimmungsschaltung und die Schwerlastbestim-
mungsschaltung mindestens eines von einem Aus-
legerzylinderdrucksignal, einem FNR-Signal, einem
Hauptdrucksignal einer Hydraulikpumpe, einem
Fahrzeuggeschwindigkeitssignal, einem Ausleger-
positionssignal und einem Drehmomentwandler-
Drehzahlverhaltnis-Signal verwenden, um zu be-
stimmen, ob sich der Radlader innerhalb seines
Leichtlastbereichs und seines Schwerlastbereichs
befindet oder nicht, und die Mittellastbestimmungs-
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schaltung mindestens eines von dem Hauptdrucksi-
gnal der Hydraulikpumpe, dem Fahrzeuggeschwin-
digkeitssignal, einem Auslegerpositionssignal und
dem Drehmomentwandler-Drehzahlverhaltnis-Sig-
nal verwendet, um zu bestimmen, ob sich der Rad-
lader im Mittellastbereich befindet oder nicht.

Vorrichtung nach Anspruch 11, wobei der Lastzu-
standsbestimmer einen Vorwartsfahrt-Arbeitszu-
stand, einen Rickwartsfahrt-Arbeitszustand und ei-
nen Ruckwartsfahrt- und Auslegerabsenkungs-Ar-
beitszustand bei einer V-férmigen Fahrt des Radla-
ders als den Leichtlastzustand bestimmt, einen Aus-
hubarbeitszustand als einen Mittellastzustand be-
stimmtund den Vorwartsfahrt-und Auslegeranhebe-
Arbeitszustand als den Schwerlastzustand be-
stimmt.

Revendications

1.

Procédé de commande d’une chargeuse a roues
(10), comprenant les étapes suivantes :

recevoir des signauxreprésentantun étatde tra-
vail actuellement effectué par la chargeuse a
roues, en provenance de capteurs installés
dans la chargeuse a roues ;

sélectionner un signal ou plusieurs signaux par-
mi les signaux regus, le signal ou les signaux
étant apte(s) a étre utilisé(s) pour déterminer le
fait de se trouver ou non a l'intérieur d’'une zone
respective d’'une pluralité de zones de charge
individuelles, dans lequel les zones de charge
individuelles sont divisées en une zone de char-
ge légeére,

une zone de charge moyenne, une zone de
charge lourde et une zone de charge en accé-
lération/sur sol incliné en fonction d’une charge
de travail qui consomme une puissance de sor-
tie de moteur (100) au cours d’une série d’états
de travail mis en ceuvre par la chargeuse a
roues ;

calculer des valeurs de sortie représentant le
fait de se trouver ou non a I'intérieur de la zone
respective de la pluralité de zones de charge
individuelles, en utilisant le signal sélectionné ;
et

analyser les valeurs de sortie pour déterminer
un état de charge actuel du travail actuellement
effectué par la chargeuse a roues comme étant
un état parmi un état de charge légére, un état
de charge moyenne, un état de charge lourde
et un état de charge en accélération/sur sol in-
cling,

dans lequel la commande de la puissance de
sortie de moteur comprend :
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le calcul des valeurs de sortie comprend le
calcul d’'une premiére valeur de sortie re-
présentant le fait de se trouver ou non a
l'intérieur de la zone de charge légére, le
calcul d’'une deuxieme valeur de sortie re-
présentant le fait de se trouver ou non a
l'intérieur de la zone de charge moyenne,
le calcul d’'une troisiéme valeur de sortie re-
présentant le fait de se trouver ou non a
l'intérieur de la zone de charge lourde et le
calcul d’'une quatrieme valeur de sortie re-
présentant le fait de se trouver ou non a
l'intérieur de la zone de charge en accélé-
ration/sur sol incliné.

Procédé selon la revendication 1, dans lequel le cal-
cul des valeurs de sortie comprend le recours al'ap-
prentissage automatique pour calculer les valeurs
de sortie.

Procédé selon la revendication 2, dans lequel I'ap-
prentissage automatique comprend une approche
quelconque choisie dans le groupe composé d’'une
approche aréseaux neuronaux, d’'une approche sta-
tistique, d’'une approche structurelle, d’'une approche
a logique floue, d’une approche a arbre de décision
et d’'une approche a appariement par forme de réfé-
rence.

Procédé selon la revendication 1, dans lequel le cal-
cul des valeurs de sortie comprend I'utilisation d’'une
table stockée dans une mémoire par un fabricant de
chargeuses a roues pour calculer les valeurs de sor-
tie.

Procédé selon la revendication 1, dans lequel le cal-
cul des valeurs de sortie comprend I'exécution d’al-
gorithmes de prédiction obtenus par entrainement
sur le signal sélectionné, pour calculer les valeurs
de sortie.

Procédé selon la revendication 5, dans lequel l'al-
gorithme de prédiction comprend des poids de con-
nexion entre une couche d’entrée, une couche ca-
chée et une couche de sortie.

Procédé selon la revendication 1, dans lequel au
moins un signal parmi un signal de pression de vérin
de fleche, un signal FNR, un signal de pression prin-
cipale de pompe hydraulique, un signal de vitesse
de véhicule, un signal de position de fleche et un
signal de rapport de vitesse de convertisseur de cou-
ple est utilisé pour déterminer le fait de se trouver
ou non a lintérieur de la zone de charge légére et
delazone de charge lourde de la chargeuse aroues,
au moins un signal parmi le signal de pression prin-
cipale de la pompe hydraulique, le signal de vitesse
de véhicule, un signal de position de fleche et le si-
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gnal de rapport de vitesse de convertisseur de cou-
ple est utilisé pour déterminer le fait de se trouver
ou non a l'intérieur de la zone de charge moyenne
de la chargeuse a roues.

Procédé selon la revendication 1, dans lequel au
moins un signal parmi un signal de rapport de vitesse
de convertisseur de couple et un signal de position
de pédale d’accélérateur est utilisé pour déterminer
le fait de se trouver ou non a l'intérieur de la zone
de charge en accélération/sur sol incliné de la char-
geuse a roues.

Procédé selon larevendication 1, dans lequel un état
de travail de déplacement en marche avant, un état
de travail de déplacement en marche arriere et un
état de travail de déplacement en marche arriere et
d’abaissement de fleche lors d’'une conduite en V de
la chargeuse a roues sont déterminés comme étant
I'état de charge Iégére, un état de travail d’excava-
tion est déterminé comme étant un état de charge
moyenne, etI'état de travail de déplacement en mar-
che avant et de levage de fleche est déterminé com-
me étant I'état de charge lourde.

Procédé selon la revendication 1, comprenant en
outre I'émission en sortie d’un signal de commande
pour commander un moteur ou une boite de vitesses
delachargeuse aroues enfonction de I'état de char-
ge actuel de la chargeuse a roues.

Appareil permettant de commander une chargeuse
aroues (10), comprenant :

un récepteur de signaux (312) configuré pour
recevoir des signauxreprésentantun étatde tra-
vail actuellement effectué par la chargeuse a
roues, en provenance de capteurs installés
dans la chargeuse a roues ;

un détecteur de signaux (314) configuré pour
fournir une pluralité de zones de charge indivi-
duelles en fonction d’une charge de travail qui
consomme une puissance de sortie de moteur
(100) au cours d’'une série d’états de travail mis
en ceuvre par la chargeuse a roues et configuré
pour sélectionner un signal ou plusieurs signaux
parmiles signaux regus, le signal ou les signaux
étant apte(s) a étre utilisé(s) pour déterminer le
fait de se trouver ou non a l'intérieur d’'une zone
respective de la pluralité de zones de charge
individuelles, dans lequel les zones de charge
individuelles sont divisées en une zone de char-
ge légere, une zone de charge moyenne, une
zone de charge lourde et une zone de charge
en accélération/sur sol incliné ;

une unité de détermination de zone de charge
individuelle, configurée pour calculer des va-
leurs de sortie représentant le fait de se trouver
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ou non a l'intérieur de la zone respective de la
pluralité de zones de charge individuelles, en
utilisant le signal sélectionné ; et

une unité de détermination d’état de charge
(318) configurée pour analyser les valeurs de
sortie afin de déterminer un état de charge ac-
tuel du travail actuellement effectué parla char-
geuse a roues comme étant un état parmi un
état de charge légére, un état de charge moyen-
ne, un état de charge lourde et un état de charge
en accélération/sur sol incliné,

dans lequel I'unité de détermination de zone de
charge individuelle comprend un circuit de dé-
termination de charge légere qui calcule une
premiére valeur de sortie représentant le fait de
se trouver ou non al’intérieur de la zone de char-
ge légere, un circuit de détermination de charge
moyenne qui calcule une deuxiéme valeur de
sortie représentant le fait de se trouver ou non
a l'intérieur de la zone de charge moyenne, un
circuitde détermination de charge lourde qui cal-
cule une troisieme valeur de sortie représentant
le fait de se trouver ou non a l'intérieur de la
zone de charge lourde, et un circuit de détermi-
nation d’accélération/sol incliné qui calcule une
quatrieme valeur de sortie représentant le fait
de se trouver ou non a l'intérieur de la zone de
charge en accélération/sur sol incliné.

Appareil selon la revendication 11, dans lequel I'uni-
té de détermination de zone de charge individuelle
comprend des circuits de calcul individuels qui cal-
culent les valeurs de sortie par apprentissage auto-
matique, et 'apprentissage automatique comprend
une approche quelconque choisie dans le groupe
composé d’'une approche a réseaux neuronaux,
d’une approche statistique, d’'une approche structu-
relle, d’'une approche a logique floue, d’'une appro-
che a arbre de décision et d’'une approche a appa-
riement par forme de référence.

Appareil selon la revendication 11, dans lequel I'uni-
té de détermination de zone de charge individuelle
exécute des algorithmes de prédiction obtenus par
entrainement sur le signal sélectionné, pour calculer
les valeurs de sortie.

Appareil selon la revendication 11, dans lequel le
circuit de détermination de charge légere et le circuit
de détermination de charge lourde utilisent au moins
un signal parmi un signal de pression de vérin de
fleche, un signal FNR, un signal de pression princi-
pale de pompe hydraulique, un signal de vitesse de
véhicule, un signal de position de fleche et un signal
de rapport de vitesse de convertisseur de couple
pour déterminer le fait de se trouver ou non a l'inté-
rieur de la zone de charge légere et de la zone de
charge lourde de la chargeuse a roues, le circuit de
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détermination de charge moyenne utilise au moins

un signal parmi le signal de pression principale de

la pompe hydraulique, le signal de vitesse de véhi-
cule, un signal de position de fleche et le signal de
rapport de vitesse de convertisseur de couple pour 5
déterminer le fait de se trouver ou non a l'intérieur

de la zone de charge moyenne de la chargeuse a
roues.

15. Appareil selon la revendication 11, dans lequel 'uni- 70
té de détermination d’état de charge détermine un
état de travail de déplacement en marche avant, un
état de travail de déplacement en marche arriere et
un état de travail de déplacement en marche arriére
et d’abaissement de fleche lors d’'une conduiteenV 15
de la chargeuse aroues comme étantI'état de char-
ge légére, détermine un état de travail d’excavation
comme étant I'état de charge moyenne, etdétermine
un état de travail de déplacement en marche avant
et de levage de fleche comme étant I'état de charge 20
lourde.
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FIG. 7
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FIG. 11B

S-MODE

7T —— EXAMPLE(AUTO MODE)
COMPARAT IVE EXAMPLE

(MANUAL MODE)

ENGINE SPEED( rpm)

29



EP 3 093 397 B1

FIG. 11C

P-MODE
ENG INE
TORQUE(Nm)

—— EXAMPLE(AUTO MODE)

COMPARAT IVE EXAMPLE
(MANUAL MODE)

ENGINE SPEED(rpm)

30



EP 3 093 397 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* WO 2014098391 A1 [0002] » DE 102013208320 [0002]
* US 6618658 B1[0002]

31



	bibliography
	description
	claims
	drawings
	cited references

