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(57)  Method of supporting the completion of a mis-
sion of an agricultural or work vehicle operated by com-
puter, in which the vehicle is equipped with an articulated
arm (A) connected to the chassis (F) of the vehicle such
as to assume a plurality of operational configurations, a
propulsion system such as to allow movement of the
vehicle with respect to a support surface, the method
includes (Step 1) Observation, for a predetermined time
interval, of a frequency and duration of each operational

configuration, and of activation of the propulsion system;
(Step 2) Determining a current mission of the vehicle;
(Step 3) checking whether said vehicle mission coincides
with a truck loading mission, and if so then Suggesting or
enabling an automatic boom return function, wherein
said automatic return function Return includes a proce-
dure of moving the arm from any configuration to a
prestored configuration.
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Description

Field of the invention

[0001] The present invention relates to a method of
supporting the completion of a mission of an agricultural
or work vehicle and a control unit implementing the
method.

State of the art

[0002] Agricultural or work vehicles are equipped with
atleast one work component, such as for example anarm
or a lift and a transmission, which has the purpose of
allowing the travelling of the vehicle.

[0003] The transmission can be driven by a prime
mover, usually internal combustion engine, although in
recent years vehicles have been developed in which the
prime mover is defined by an electric motor.

[0004] Asregardsthe movementof work tools, such as
armes, lifters, blades, etc., they are operated by double-
action hydraulic actuators.

[0005] Adirectional valve is arranged to connect one of
the opposing chambers of a hydraulic actuator to a
source of pressurized hydraulic oil and at the same time
the other chamber to a hydraulic oil collection tank, ar-
ranged at low pressure, generally at ambient pressure.

[0006] The source of pressurized hydraulic oil is gen-
erally a hydraulic pump driven in rotation by the internal
combustion prime mover or a dedicated electric motor.

[0007] It is known that the same vehicle can be in-
volved in several missions. Some missions involve cy-
cling through a sequence of vehicle movements. Further-
more, in the same mission, similar movements, for ex-
ample the advancement of the vehicle, may require two
different execution speeds. In fact, while a shovel loads
the material with the bucket in the excavation or "dig"
position, the forward movement of the vehicle requires
low speed and high torque. On the contrary, when the
vehicle needs to move from the loading place to the
unloading place, the forward movement of the vehicle
requires a relatively higher speed and lower driving tor-
que.

[0008] The vehicle kinematic chain is designed to
adapt to working conditions, for example the displace-
ment of the hydraulic motor is a function of the resistance
torque detected, however adaptation requires time, time
lost in the execution of the mission and therefore in
vehicle productivity.

[0009] More specifically, for construction vehicles
equipped with an articulated arm, the speed of movement
and precision of the arm depend on the type of mission.
[0010] The main missions for wheel loaders and ex-
cavators are:

- Loading onto trucks: removing material or soil by
throwing it directly into a truck through a bucket;
- Hauling: transporting a load of material at various
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distances across a construction site using a bucket;
- Pick & Place: using the fork or the bale clamp ac-
cessory to pick up and lift the material and then place
it in a destination on the ground or on a shelf;
- Stock Pile: Defining a pile by means of the bucket, in
a storage location for bulk materials, which is part of
the bulk material handling process.

[0011] Machine learning and deep learning are well-
known concepts. The implementation of deep learning in
all fields seems to have remarkable development.
[0012] The same Applicantis the owner of a European
patentapplication no. 21217267 which describes a signal
conditioning technique to be input to a neural network, for
the purpose of recognizing a current mission of the
vehicle.

[0013] The Applicant, after long experimentation, has
identified parameters and functions relating to the work
tools and/or transmission and/or on-board systems that
can facilitate a current mission of the vehicle.

[0014] Unless specifically excluded in the detailed de-
scription that follows, what is described in this chapter is
to be considered as an integral part of the detailed
description.

Summary of the invention

[0015] The main purpose of the presentinvention is to
facilitate the completion of a mission of an agricultural or
work vehicle.

[0016] The basic idea of the present invention is to
monitor the operations carried out by a work vehicle
within a continuous and predetermined time interval
and when it turns out that the mission coincides with a
"loading on a truck" mission, then it is enabled or it is
suggested enabling to the operator at least one of the
following functions:

- Return to height
- Return to travel
- Return to dig.

[0017] The aforementioned functions are known to
those skilled in the art and have in common the fact of
automatically repositioning a tool in a predetermined
position starting from any remote position.

[0018] The first function, Return to Dig, automatically
places the bucket or fork in a position suitable for loading
loose material or a pallet.

[0019] US20020073833A1 describes the Return to
Dig function.
[0020] The Return to Travel function is similar to the

Return to Dig function, with the difference that it auto-
matically lowers the arm to a position that does not
prevent an adequate view of the surrounding environ-
ment while the vehicle is moving from one workplace to
another one. It is generally recalled when the vehicle
moves along a route.
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[0021] The Return to Height function is still similar to
the previous ones and has the purpose of bringing the
arm to a predetermined height from the ground, for ex-
ample, to unload the collected material inside a loading
compartment of a track vehicle, or onto a shelving in a
warehouse.

[0022] A joystick is placed in a vehicle cabin and is
normally associated with the control of the movement of
the articulated arm of the work or agricultural vehicle.
[0023] When at least one of the hydraulic functions is
enabled, one of the buttons on the joystick is repro-
grammed to perform the return function when pressed
by the operator.

[0024] Once the operator recalls one of the aforemen-
tioned functions, he can reduce his level of attention with
respect to the work operations, as an on-board proces-
sing unit takes care of returning the arm to the required
position, be it Dig or Travel or Height.

[0025] Monitoring, as described in European patent
application no. 21217267, is based on observation of
time and frequency of permanence of the articulated
arm in one of the possible operational configurations of
the arm and also on the observation of said transmission,
since, in relation to the speed of the vehicle and the
configuration of the hydrostat, it is possible to discrimi-
nate between those missions having similar arm beha-
viour.

[0026] Theloading mission of a truck-loading compart-
ment is recognized due to the greater permanence, in
terms of time, of the arm in predetermined positions in
addition to the fact that the vehicle follows a Y-shaped
trajectory.

[0027] Thanks to the presentinvention, the operator is
at least suggested to enable these return functions.
[0028] It should be highlighted that the mere enabling
of an automatic return function does not cause its execu-
tion, but allows its execution to be activated in response
to the pressing of a corresponding joystick button by the
operator. Conversely, disabling the automatic return
function means that any press of the same button does
not cause anything.

[0029] Accordingtoa preferred variantoftheinvention,
the operator could set, via one of the buttons available to
him on the vehicle dashboard, the automatic enabling of
the functions by handing control over to the VCU proces-
sing unit. In this way, the VCU, recognizing the truck
loading mission, autonomously decides to enable atleast
one of the aforementioned functions, therefore associat-
ing the corresponding enabled automatic return function
to a joystick button.

[0030] These and other objectives are achieved by
means of the attached claims, which describe preferred
embodiments of the invention, forming an integral part of
the present description.

Brief description of the figures

[0031] The invention will be fully clear from the follow-
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ing detailed description, provided as a purely illustrative
and nonlimiting example, to be read with reference to the
attached drawing figures, in which:

- Fig. 1 shows a work vehicle with its arm in any of the
possible configurations it can assume,

- Figs. 2 - 4 show examples of human/machine inter-
faces. In particular, Fig. 2 shows a button panel, Fig.
3 an instrument panel and Fig. 4 a joystick;

- Fig. 5 shows an example of a flow diagram repre-
sentative of the method object of the present inven-
tion.

[0032] The same reference numbers and letters in the
figures designate equal or functionally equivalent parts.
[0033] According to the present invention, the term
"second element" does not imply the presence of a "first
element”, first, second, etc. They are used only to en-
hance the clarity of the description and should not be
construed in a restrictive manner.

Detailed description

[0034] Fig. 1illustrates a work vehicle such as a wheel
loader VHE equipped with an arm A including a first
element A_1, substantially elongated, hinged to the ve-
hicle chassis F and a second element A_2, such as a
bucket or a fork, hinged to the first element. More spe-
cifically, a first end of the first element is connected to the
chassis F of the vehicle, while a second end, opposite to
the first, supports the second element.

[0035] Itisclearthatthe firstelementcanassume more
angular positions with respect to the frame F.

[0036] The hydraulic actuator A1 is arranged to control
the angular position of the first element A_1 with respect
to the vehicle chassis.

[0037] The hydraulic actuator A2 is arranged to control
the angular position of the second element A_2 with
respect to the first element A_1.

[0038] Thehydraulicactuators A1, A2 are ofthe double
action type, with two opposing chambers separated by a
mobile septum integral with the stem of the respective
actuator.

[0039] An electro-hydraulic valve, not shown, controls
the connection of one of these opposing chambers alter-
natively with a source of hydraulic oil or with a hydraulic oil
collection tank. Generally, when one chamber is con-
nected with the hydraulic oil source, the opposite cham-
ber is connected with the collection tank.

[0040] An electro-hydraulic valve, generally with an
open centre, therefore takes care of the control of a
respective actuator. The activation of the valve is instead
controlled by a human/machine interface device, such as
a joystick JK, shown in Fig. 4.

[0041] There may be various buttons on the joystick,
the functionality of which may be fixed or programmable
depending on the settings given by the operator via the
button panel 21 in Fig. 2 and/or the instrument panel 20
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shown in Fig. 3. The joystick includes at least one button
23,24, 25. Oftenitalso includes a wheel 26, which allows
adjustments to be made on some operational settings.
[0042] According to the present invention, a first soft-
ware module is responsible for monitoring the configura-
tions assumed by the arm and the activation of the
propulsion system and determining the current mission
of the vehicle.

[0043] Based on thisrecognition, itis checked whether
the current mission coincides with a load loading mission
on a truck. Evidently, a second software module can be
provided configured to receive the current recognized
mission as inputand to access a look up table in which the
automatic return functions correlated with the current
mission are listed.

[0044] More preferably, a VCU processing unit is con-
figured to implement the first and second software mod-
ules and to control the instrument panel 20 in particular to
reproduce messages via the respective display 22.
[0045] Inparticular, the processing unitis configured to
check whether the automatic return function(s) are en-
abled or not. In particular, the processing unit is config-
ured to check whether at least one of the automatic return
functions is already enabled. Ifit appears that it is already
enabled, then its enablement is not suggested.

[0046] Evidently, this verification can be performed in
succession or in parallel with all three return functions
described above.

[0047] Using one of the available buttons, the operator
can set the automatic enabling of the automatic return
functions, giving up control to the processing unit VCU.
[0048] In this case, no suggestion is given, but the
automatic return functions are automatically enabled
and preferably this enabling is notified after its automatic
enabling. Advantageously, the operator is given the pos-
sibility of deciding whether permitting the vehicle auto-
matically deciding which functions to enable and para-
meters to set or to maintain the control of the enabling of
the functions, so that the vehicle limits itself to making
suggestions via the instrument panel.

[0049] Among the parameters that can be set, in the
case of loading onto a truck, the displacement of the
hydraulic pump and/or of the hydraulic motor of the
hydrostat that makes up the vehicle transmission can
be controlled.

[0050] Advantageously, without intervening on the ve-
hicle speed set by the operator, the transmission ratio can
be modified to more easily cope with resistance torque
peaks, especially when inserting the bucket into a pile of
material to be loaded into the bucket.

[0051] With reference to Fig. 5, an exemplary flow
diagram of the present invention is shown. The dotted
blocks are optional:

- Step 1: Observation of frequency and duration of
each operational configuration of the arm and acti-
vation of the propulsion system;

- Step 2: determination of the vehicle current mission;
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- Step 3: Checking whether said vehicle mission co-
incides with a truck loading mission;

- Step 4: Automatically enabling an automatic return
function or suggesting enabling the automatic return
function.

[0052] After the automatic return function is enabled,
either automatically or by the operator, the system re-
turns to observing the operation of the arm and transmis-
sion and determining the current mission. If the current
mission has changed then the flowchart is executed from
Step 3, otherwise it returns to Step 1.

[0053] To generalize therefore, the flow diagram, there
may be a further step, immediately after Step 1, in which
the currently enabled automatic function(s) is acquired
and immediately after step 3 there may be a step to check
whether the automatic functions and possibly the rele-
vant parameters currently active are related to the truck
loading mission, if so the cycle starts again from step 1,
while if not it continues with step 4.

[0054] Advantageously, in this way it is avoided giving
excessive suggestions to the operator.

[0055] Accordingtoa preferred variantof the invention,
the first software module is configured to detect the
vehicle mission as a function of the frequency balance
of the arm configurations and the respective time dura-
tions and as a function of the transmission enablement
and the frequency of the values discrete vehicle speeds
and respective durations. A position sensor is associated
with each hydraulic actuator, therefore, it is immediate to
acquire the operating configurations of the arm over time
and analyze the frequency in discrete domains.

[0056] To make the solution easily implementable, the
domains are segmented in such a way that the mutual
positions of the elements composing the arm, which fall
within asegment, are assumed to be approximately in the
center of the same segment. For further details, see the
applicant’s European patent application n.21217267.
[0057] Itis worth highlighting that suggestions can be
given to the operator not only through writings that appear
on the instrument panel or by the flashing of a light
associated with an automatic function enabling button,
but also through voice messages.

[0058] Likewise, the operator can confirm the enabling
of an automatic function vocally.

[0059] Therefore, the processing unit can advanta-
geously be equipped with a speech synthesis module,
an acoustic speaker and/or a microphone to give sug-
gestions to the operator or to receive orders given by the
operator.

[0060] The present invention may advantageously be
implemented in a computer program comprising program
code means for performing one or more steps of such
method, when such program is executed on a computer.
For this reason, the patent will also cover such computer
program and computer readable medium comprising a
recorded message, such computer readable medium
comprising program code means for carrying out one
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or more steps of such method, when such program is run
on a computer.

[0061] Many changes, modifications, variations and
other uses and applications of the subject invention will
be apparentto those skilled in the art after considering the
accompanying description and drawings, which describe
preferred embodiments thereof as described in the ac-
companying claims.

[0062] The features disclosed in the background of the
prior art are introduced only to better understand the
invention and not as a statement about the existence
of the prior art. Furthermore, said characteristics define
the context of the presentinvention, therefore such char-
acteristics will be considered in common with the detailed
description.

[0063] Further implementation details will not be de-
scribed, as the person skilled in the art is able to imple-
ment the invention starting from the teaching of the above
description.

Claims

1. Method computer-operated for supporting comple-
tion of a mission of work or agricultural vehicle,
wherein the vehicle is equipped with

- an articulated arm (A) connected to a chassis
(F) of the vehicle such as to assume a plurality of
operating configurations,

- a propulsion system that allows the vehicle to
be moved with respect to a support surface,
the method including in cyclic succession:

- (Step 1) Observation, for a predetermined
time interval, of a frequency and duration of
each operational configuration and activa-
tion of the propulsion system,

- (Step 2) Determining a current mission of
the vehicle,

- (Step 3) checking whether said current
vehicle mission coincides with a truck load-
ing mission, and if so then

- (Step 4) automatic suggestion or enabling
of an automatic return function,

wherein said automatic return function com-
prises a procedure of moving the arm from
any configuration to a pre-stored configuration.

2. The method of claim 1, wherein said enabling of the
automatic return function comprises the procedure
of configuring a button of a joystick to activate said
automatic return function.

3. Method according to claim 1 or 2, wherein said
enabling also includes the setting of at least one
operating parameter of an actuator of said articu-
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lated arm.

A computer program comprising computer program
code means adapted to perform all steps of claims 1 -
3, when said program is executed on a elaborating
unit of a work or agricultural vehicle.

A computer readable medium having stored the
program of claim 4.

Work or agricultural vehicle (VEH) equipped with an
articulated arm (A) connected to a chassis (F) of the
vehicle such as to assume a plurality of operating
configurations, a propulsion system such as to allow
movement of the vehicle with respect to a surface
support, a processing unit (VCU) configured to ob-
serve, for a predetermined time interval, a frequency
and time duration of each operational configuration,
and a frequency and duration of activation of the
propulsion system and consequently to determine a
current mission of the vehicle and to verify whether
said vehicle mission coincides with a truck loading
mission, and if so to automatically suggest or enable
an automatic return function of the articulated arm,
wherein said automatic return function comprises a
procedure of moving the arm from any configuration
to a pre-stored configuration.
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Fig. 5



10

15

20

25

30

35

40

45

50

55

EP 4 575 099 A1

9

des

Europaisches
Patentamt

European

Patent Office EUROPEAN SEARCH REPORT

Office européen

Application Number

brevets EP 24 22 1220

=

EPO FORM 1503 03.82 (P04C01)

DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of document with indication, where appropriate, Rele\{ant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
A,D EP 4 026 954 Al (CNH IND ITALIA SPA [IT]) 1-6 INV.
13 July 2022 (2022-07-13) E02F3/43
* paragraph [0048]; claims 1,7; figure 1 * E02F9/20
----- E02F9/22
A,D |US 2002/073833 A1 (COOMBS EDWIN G [GB] ET |1-6 E02F9/26

AL) 20 June 2002 (2002-06-20)
* the whole document *

US 6 371 214 B1 (ANWAR SOHEL [US] ET AL) 1-6
16 April 2002 (2002-04-16)
* the whole document *

TECHNICAL FIELDS
SEARCHED (IPC)
EQO2F
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 14 April 2025 Dreyer, Christoph

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone
Y : particularly relevant if combined with another
document of the same category

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

Atechnological backgroUund e e e e e
O : non-written disclosure & : member of the same patent family, corresponding

P :inte

rmediate document document

10




EP 4 575 099 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 24 22 1220

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

14-04-2025
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 4026954 Al 13-07-2022 EP 4026954 Al 13-07-2022
us 2022215225 A1l 07-07-2022
Us 2002073833 Al 20-06-2002 GB 2370265 A 26-06-2002
us 2002073833 Al 20-06-2002
US 6371214 Bl 16-04-2002 DE 10028606 Al 22-02-2001
us 6371214 B1 16-04-2002

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

11




EP 4 575 099 A1
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

« EP 21217267 A [0012] [0025] [0056] +  US 20020073833 A1[0019]

12



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

