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LOAD HANDLING CONTROLLER, METHOD AND COMPUTER PROGRAM
PRODUCT

FIELD

The present invention relates to controlling
a vehicle with load handling equipment, such as a ve-

hicle with a hook 1lift, a skiploader or the like.

BACKGROUND

As industries increasingly rely on automation
and advanced machinery, having improved means for con-
trolling load-handling vehicles has become essential.
This is especially true in scenarios involving autono-
mous operation, where precision, safety, and efficien-

Cy are paramount.

SUMMARY

An objective is to provide improved means for
controlling a vehicle with load handling equipment, in
particular for improving human-machine interaction.
This may be used for different degrees of autonomous
operation of the vehicle.

According to a first aspect a load handling
controller for a vehicle with load handling equipment
(herein also “the controller”) 1is provided. The load
handling controller is arranged to receive sensor in-
put from a system of sensors at the vehicle for moni-
toring and mapping the surrounding of the wvehicle. The
system of sensors may comprise at least an image sen-
sor unit and/or a distance mapping sensor unit. The
controller is also arranged to generate, based on the
sensor 1input, a representation of the surrounding of
the vehicle. The representation may comprise one or
more images and/or point cloud maps of the surrounding
of the vehicle together with a set of wvirtual markers

for the one or more images and/or point cloud maps of
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the surrounding of the vehicle to facilitate load han-
dling. This allows human-machine interaction for spe-
cific aspects of the load handling.

The controller is further arranged to provide
the representation of the surrounding of the wvehicle
for wvisual i1illustration to an operator of the load
handling controller on one or more human-machine in-
terface devices. The controller is also arranged to
collect user commands for the load handling from the
one or more human-machine interface devices. The user
commands may belong to a set of commands available to
the operator of the load handling controller.

The set of virtual markers comprises a first
virtual marker corresponding to a load of the vehicle,
in particular as unloaded in the surrounding of the
vehicle. This allows the load to be visualized for the
operator within the representation. The set of com-
mands comprises one or more commands for positioning
the first wvirtual marker within the representation.
This allows moving the first wvirtual marker within the
representation, thereby allowing the operator to con-
trol the placement of the load within the representa-
tion.

The load handling controller is arranged to
determine from the position of the first virtual mark-
er in the representation a wanted position for unload-
ing the 1load relative to the representation of the
surrounding of the vehicle. Further, the controller is
arranged to provide, based on the wanted position for
unloading the load relative to the representation of
the surrounding of the wvehicle, control instructions
for the vehicle for the load handling. This allows ef-
ficient human-machine interaction for wunloading the
load as the first virtual marker can represent the
load in the representation thereby allowing the opera-
tor to confirm correct positioning for the load before

unloading. This correct positioning may be subject to
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any conditions pertaining to the load and/or to the
surrounding. The operator may also visualize the load
in the representation of the surrounding before hand-
ing control to an autonomous system for moving the ve-
hicle into position for the unloading.

In an embodiment, the set of commands com-—
prises one or more commands for indicating a wanted
orientation of the load relative to the representation
of the surrounding of the vehicle. The load handling
controller can thus be arranged to provide the control
instructions based, in addition to the wanted posi-
tion, on the wanted orientation of the load relative
to the representation of the surrounding of the vehi-
cle. This allows further improved control of the load
handling.

In a further embodiment, the one or more com-
mands for indicating the wanted orientation of the
load relative to the representation of the surrounding
of the wvehicle comprise a command for rotating the
first wvirtual marker within representation. Alterna-
tively or additionally, the load handling controller
can be arranged to determine from the orientation of
the first wvirtual marker 1in the representation the
wanted orientation of the load relative to the repre-
sentation of the surrounding of the vehicle. The oper-
ator may thus have control of the pose of the load for
the unloading, for example in two dimensions or even
in three dimensions.

In an embodiment, the control instructions
are based on a driving trajectory for the vehicle for
unloading the load at a target position at the sur-
rounding of the vehicle. The target position at the
surrounding of the vehicle may, in particular, corre-
spond to the wanted position relative to the represen-
tation of the surrounding of the wvehicle.

In a further embodiment, the set of virtual

markers comprises a second virtual marker correspond-
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ing to the driving trajectory, which allows the driv-
ing trajectory to be visualized for the operator. Al-
ternatively or additionally, the set of commands may
comprise a confirmation of the driving trajectory, for
example from the operator of the load handling con-
troller. The load handling controller may be arranged
for initiating the load handling based on the confir-
mation having been provided.

In an embodiment, the controller is arranged
for one or more of the user commands to be received as
audible input. In particular, the controller may be
arranged to receive the confirmation as the audible
input from the operator of the load handling control-
ler. This allows voice control over the load handling
controller, which may improve speed and convenience of
control under various load handling situations.

In an embodiment, the representation of the
surrounding of the wvehicle is generated at a view from
above the vehicle. This allows improved control of the
load handling as the operator is not limited to cabin
view, as 1in conventional systems. The controller may
still be arranged for allowing the operator to switch
between two or more views of the representation, for
example including the wview from above the wvehicle
and/or a view from the vehicle.

In an embodiment, the size of the first vir-
tual marker in the representation, 1i.e. with respect
to the surrounding of the vehicle in representation,
corresponds to the size of the load with respect to
the surrounding of the wvehicle, i.e. the physical
size. As the virtual size of the load relative to the
surrounding corresponds to the physical size of the
load relative to the surrounding, the load handling
can be performed with improved precision, also when
the surrounding of the vehicle is crowded.

In an embodiment, the locad handling control-

ler is arranged to determine whether the wanted posi-
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tion for unloading the load relative to the represen-
tation of the surrounding of the vehicle is wvalid for
unloading the load. This may involve whether the first
virtual marker in the representation meets a minimum
threshold distance to any obstacles in the surrounding
of the vehicle and/or whether the driving trajectory
can be validly provided for the wanted position and/or
the wanted orientation.

In an embodiment, the load handling comprises
or consists of moving the wvehicle carrying the load
for unloading the load at the wanted position.

In an embodiment, the load corresponds to a
cargo-carrying object such as an ISO container, a
flatrack, a flatbed or a dumpster body.

In an embodiment, the control instructions
comprise driving instructions for moving the wvehicle
for unloading the load at a target position at the
surrounding of the vehicle. The target position at the
surrounding of the vehicle may correspond to the want-
ed position relative to the representation of the sur-
rounding of the vehicle.

According to a second aspect, a method for
controlling a vehicle with load handling equipment 1is
disclosed. The method comprises receiving sensor input
from a system of sensors at the vehicle for monitoring
and mapping the surrounding of the vehicle. The system
of sensors may comprise at least an image sensor unit
and/or a distance mapping sensor unit. The method fur-
ther comprises generating, based on the sensor input,
a representation of the surrounding of the wvehicle.
The representation may comprise one or more images
and/or point cloud maps of the surrounding of the ve-
hicle together with a set of virtual markers for the
one or more images and/or point cloud maps of the sur-
rounding of the vehicle to facilitate load handling.

The method further comprises providing the

representation of the surrounding of the vehicle for
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visual illustration to an operator. The method also
comprises collecting user commands for the load han-
dling. The user commands may belong to a set of com-
mands available to the operator. The set of wvirtual
markers comprises a first wvirtual marker corresponding
to a load of the vehicle, in particular as unloaded in
the surrounding of the vehicle. The set of commands
comprises one or more commands for positioning the
first virtual marker within the representation.

The method comprises determining from the po-
sition of the first virtual marker in the representa-
tion a wanted position for unloading the load relative
to the representation of the surrounding of the vehi-
cle. Further, the method comprises providing, based on
the wanted position for unloading the load relative to
the representation of the surrounding of the wvehicle,
control instructions for the vehicle for the load han-
dling.

According to a third aspect, a computer pro-
gram product comprises instructions which, when exe-
cuted by a computer, cause the computer to carry out
the method as described above.

It is to be understood that the aspects and
embodiments described above may be used in any combi-
nation with each other. Several of the aspects and em-
bodiments may be combined together to form a further

embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included
to provide a further understanding and constitute a
part of this specification, illustrate examples and
together with the description help to explain the
principles of the disclosure. In the drawings:

Fig. 1 schematically illustrates a system ac-

cording to an example,
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Fig. 2 illustrates a method according to an
example, and

Fig. 3 illustrates a view for load handling
according to an example.

Like references are used to designate equiva-
lent or at least functionally equivalent parts in the

accompanying drawings.

DETAILED DESCRIPTION

The detailed description provided below in
connection with the appended drawings is intended as a
description of examples and is not intended to repre-
sent the only forms in which the example may be con-
structed or utilized. However, the same or equivalent
functions and structures may be accomplished by dif-
ferent examples.

The presently disclosed solutions may be used
for load handling. In particular, they may be utilized
for any of user-assisted, teleoperated or autonomous
load handling.

Fig. 1 illustrates a system 100, which com-
prises at least a load handling controller 112 (herein
also “the controller”) for a vehicle 120 with load
handling equipment. The system 100 may also comprise
any or all of the additional components mentioned
herein but they may also be provided separately. In
particular, the system may comprise a load handling
system (LHS) 110 comprising the load handling control-
ler 112, which may also be provided as its own unit
i.e. separately from the LHS 110 or the system 100 al-
together. The controller may be arranged to perform
any of the functions mentioned here for the LHS, or
cause them to be performed.

The controller 112, and the LHS 110, can be
configured for controlling load handling for the vehi-

cle 120. In particular, the controller 112 may be con-
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figured for providing driving instructions for the ve-
hicle for moving to a load and/or to a position for
unloading a carried load. In addition, it may be con-
figured for providing actuating instructions for the
load handling equipment for moving the load, in par-
ticular for unloading the load from the vehicle 120.

For any load handling vehicle such as the ve-
hicle disclosed herein, a route to the load and/or to
the position for unloading the carried load may be de-
pendent on the process of loading/unloading and there-
fore also the driving instructions can become depend-
ent on the process of loading/unloading, for example
in terms of orientation and/or position of the vehicle
for the loading/unloading. For load handling, the con-
troller 112 may be configured to park the wvehicle 120
beside a load and/or an unloading position so that the
load may be loaded/unloaded with the load handling
equipment. For example, in case of a loader crane the
load may be lifted to or from the load bed of the ve-
hicle and, 1in case of a hook 1ift the load may be
pulled on to or pushed off the load bed of the vehicle
with a hook-1lift arm. The controller 112 may also be
configured for causing stabilizer legs of the wvehicle
to be activated for the loading/unloading.

The vehicle 120 may be a freely moving vehi-
cle, in which case it can face wvarious navigational
challenges from collision avoidance to target locali-
zation. It may be arranged for free movement in two-
dimensions, e.g. on paved or unpaved ground. The vehi-
cle may be a wheeled vehicle, which can provide free-
dom of movement over a working surface. The wvehicle
may be autonomous or semi-autonomous vehicle. For ex-
ample, the vehicle may be arranged to move autonomous-
ly, while manual braking may still be facilitated to
allow a user monitoring the operation of the wvehicle

to slow and/or stop the vehicle. The vehicle may be a
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by-wired vehicle. In particular, the vehicle may be a
truck. The vehicle may be arranged for various appli-
cations such as transportation, waste handling or con-
struction.

The vehicle may have a necessary safety com-
pliance for autonomous or semi-autonomous load han-
dling. In that case, an operator (onboard or offboard)
may oversee the operation of the vehicle and the load
handling equipment. The vehicle may be equipped with a
safety-rated braking system (e.g. SAE L3, L4 or L5 au-
tonomy) for the operator to use. Alternatively, the
vehicle may be reliable but does not have the neces-
sary safety compliance for autonomous load handling.
In such a case, the vehicle may be configured for a
supervisor to initiate the operation of the load han-
dling equipment, allowing the supervisor to guide and
monitor the load handling. The supervisor can then re-
sponsible for exception handling (e.g. SAE L2 - L3 au-
tonomy) .

The vehicle 120 may be equipped with load
handling equipment. The load handling equipment may be
arranged as an integral part of the vehicle. The load
handling equipment may be arranged to facilitate load-
ing and/or unloading of the vehicle, i.e. loading
and/or unloading the load, which in the case of un-
loading 1is the carried 1load. For this purpose, the
load handling equipment may comprise one Or more mova-
ble load handling actuators. The load handling equip-
ment may comprise or consist of any of the following,
for example: a hook 1lift, a skip loader, a crane, a
roll off truck hoist, a tail 1lift and any other mova-
ble arm for the load handling. The crane may be a
loader crane, a truck-loaded crane, a forestry crane,
a recycling crane or any vehicle-mounted crane. In
general, the load handling equipment may be a vehicle-

mounted piece of equipment, such as a vehicle-mounted
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crane, 1in contrast to for example mobile cranes, which
have their own chassis. The load handling equipment
may be separable from the vehicle.

The load may correspond to a cargo-carrying
object. It may be a container, such as an ISO contain-
er, an intermodal container or a flatrack container.
However, in general it may be any structured load such
as a flatbed, a flatrack, a bin, a recycling contain-
er, a package of building material, a dumpster body or
any other type of goods. The load may comprise a grap-
pling interface for the working unit(s), such as a
hook handle or bar, for loading and/or unloading the
load to the vehicle.

The system 100 may comprise a vehicle control
unit (VCU) 130, which may be provided as a part of the
LHS 110, or the controller 112 thereof, or as a vehi-
cle control system (VCS) that is separate from the LHS
110. For example, the VCU may be integrated to the ve-
hicle 120. The VCU may be configured for directly con-
trolling operations of the vehicle, whereas the con-
troller 112 may be configured for higher-level plan-
ning for controlling the vehicle. The VCU 130 may be
configured for providing actuator commands to the ve-
hicle 120 and/or for receiving intrinsic measurement
data from the vehicle 120. The VCU 130 may be config-
ured to provide operational information such as in-
trinsic estimates or vehicle status to the controller
112 and/or for receiving control configurations such
as driving trajectories from the controller 112. Vice
versa, the controller 112 may be configured for re-
ceiving the operational information from the VCU 130
and/or providing the control configurations to the VCU
130.

The solutions disclosed herein may be provid-
ed as vehicle agnostic solutions, allowing the solu-

tions to be utilized with no special requirements for
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the vehicle 120, for example in pre-existing vehicles
as a retrofit. This can be achieved by the controller
112 being configured to interact with different types
of VCUs 130.

The system 100 may also comprise one or more
human-machine-interface (HMI) devices 140 (herein also
“the HMI devices” for allowing an operator 10 of the
vehicle 120, in particular the operator being a human
operator, to interact with the LHS 110, or the con-
troller 112. The operator of the LHS and/or the con-
troller can thus be the operator of the vehicle. Ac-
cordingly, “the operator” may herein refer to the op-
erator of the controller but additionally also to the
operator of the LHS and/or the vehicle. The HMI may
comprise one or more user interfaces for allowing the
operator to input information for the controller
and/or receive information from the controller. The
user interface may comprise a display, such as a touch
screen, an augmented reality device, virtual reality
googles or a regular display. The HMI devices may be
arranged at the vehicle and/or separate from the vehi-
cle, in the latter case allowing the operator to re-
motely control the wvehicle with the HMI devices, such
as with a remote control unit, e.g. for a loader
crane. The HMI devices may comprise cloud-connection
devices, for example, for communicating with the con-
troller 112. The HMI devices may be arranged to pro-
vide a distributed user interface with some components
integrated at the wvehicle and others provided for re-
mote control of the vehicle. The system 100 may also
comprise an emergency brake 122 for stopping the vehi-
cle 120 and this emergency brake may be arranged to
bypass the LHS 110, or the controller 112, thereby re-
ducing delay for stopping the vehicle.

The system 100 may comprise a system of sen-

sors 150 (herein also “the sensor system”), which may
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be arranged at the vehicle. The sensor system may be
arranged for monitoring and mapping the surrounding of
the wvehicle 120. For this purpose, the sensor system
may comprise at least an image sensor unit and/or a
distance mapping sensor unit. The image sensor unit
may comprise one or more cameras, which may be ar-
ranged for video 1imaging and/or color imaging, e.g.
RGB cameras. The distance mapping sensor unit may com-
prise, for example, one or more optical sensors such
as LIDARs and/or time-of-flight cameras. Any other
distance mapping sensors such as ultrasonic sensors or
radar-based sensors may also be used.

The system 100 may comprise an interface 114,
which may be arranged as part of the LHS 110 but also
separate from it. The interface is a communication in-
terface between the controller 112 and the HMI devices
140 and it may comprise a wired interface, such as one
or more data transmission cables, and/or a wireless
interface, such as a radio frequency communication in-
terface. Similar or corresponding interfaces may also
be between other parts of the system 100, for example
between the VCU 130 and the controller 112 and/or be-
tween the sensor system 150 and the controller. Howev-
er, these need not be described here in detail.

The controller 112 1is a load handling con-
troller, such as an autonomous load handling system
(ALHS) . The controller 112 may be a centralized con-
troller or a distributed controller. It may comprise
one or more control units, which may be positioned to-
gether or separate. The controller 112, fully or in
part, may be arranged to be mounted to the vehicle 120
for operation. For example, it may be included as part
of a working equipment assembly comprising the load
handling equipment and arranged to be mounted to the
vehicle for operation. Alternatively or additionally,

the controller may be arranged to operate with remote
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connection to the vehicle 120, for example through the
VCU 130. This allows remote control of the wvehicle.
The vehicle can also comprise a receiver and/or a
transmitter-receiver for communicating with the con-
troller. In general, the vehicle may comprise a re-
ceiver and/or a transmitter (both options including
the possibility also for a transmitter-receiver) cou-
pled to the controller for providing instructions to
the controller and/or facilitating transmission of in-
formation, such as status information, from the con-
troller.

The controller 112 may comprise one or more
processors (herein also “the processors”) and one or
more memories. The memories may comprise instructions
which, when run by the processors cause any of the
acts described herein for the controller and/or the
LHS to Dbe performed. In particular, these acts may
comprise any or all of the acts described below and
the controller may be arranged accordingly. Similarly,
a computer program product may comprise any or all of
the acts described herein, 1in particular with refer-
ence to Fig. 2.

Fig. 2 illustrates a method 200, which may be
used for controlling the wvehicle 120 with the load
handling equipment as described herein. The method, or
any of its parts in any combination, may be performed
by the controller 112 and/or the LHS 110. The method
200 comprises several parts which may be performed in-
dependently from each other. The parts may be per-
formed in the indicated order or in any other applica-
ble order including concurrently.

The method 200 comprises receiving 210 sensor
input from the system of sensors 150 at the wvehicle
120 for monitoring and mapping the surrounding of the
vehicle. The sensor input may be received repeatedly

in time for continuously monitoring the surrounding of
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the vehicle. Through the sensor input, 1in particular
from the distance mapping sensor input, point clouds
may be provided, as raw data point clouds and/or as
conditioned point clouds. The point clouds may be pro-
vided in accordance with any of the methods available
to a person skilled in the art and they are to be con-
trasted with images, which are composed 1in markedly
distinct manner, e.g. from pixels. Images can also be
provided through the sensor input, in particular from
the image sensor unit. The point clouds may be pro-
duced by one or more scanners, in contrast to images
which may be produced with cameras. The sensor input
from the image sensor unit may be convertable to a
quantized indication, such as a pixelized wview, of the
surrounding of the wvehicle. The system of sensors
and/or the controller may be configured for providing
machine-readable data matrices for automated identifi-
cation of a target such as the load and/or human-
readable images for interacting with an on-board/off-
board human operator.

The sensor input is used for generating 220 a
representation of the surrounding of the vehicle. The
representation may be generated solely based on the
sensor 1input or based on the sensor input and addi-
tional data such as additional data of the surround-
ing, which additional data may be obtained earlier by
the controller 112 and/or from one or more external
sources. The representation may be repeatedly updated,
in particular for continuous monitoring of the sur-
rounding. This can be done in particular when the ve-
hicle is moving but also when it is stationary as the
surrounding may change. The representation can be a
three-dimensional representation of the surrounding.
It may comprise one or more images, such as color im-
ages, and/or point cloud maps of the surrounding of

the vehicle. The representation may be provided dynam-
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ically so that it can be changed when the wvehicle
moves and/or the surrounding of the vehicle changes.
The representation may also be provided with multiple
views such as a camera view and a point cloud view and
the operator may be provided a choice for switching
between the multiple views. Alternatively or addition-
ally, two views may be provided simultaneously, for
example so that one view such as the point cloud view
may be embedded into another wview such as the camera
view. The solutions thus allow providing a virtual us-
er interface for controlling the load handling with
one or more virtual views to the surrounding of the
vehicle.

The virtual wuser interface also allows the
representation of the surrounding of the vehicle to be
generated at a view from above the vehicle. The opera-
tor may still be provided with a possibility to switch
between two or more views of the representation, for
example 1including the view from above the wvehicle
and/or a view from the vehicle.

The representation may be provided together
with a set of virtual markers for the one or more im-
ages and/or point cloud maps of the surrounding of the
vehicle to facilitate load handling. The set of wvirtu-
al markers may be provided as part of the representa-
tion, e.g. as embedded thereto. They may be positioned
into the surrounding of the vehicle to represent ob-
jects and/or instructions in the surrounding of the
vehicle. The set of virtual markers comprises a first
virtual marker 320 corresponding to the load of the
vehicle. In particular, this may be used as a virtual
load, which may be used to indicate a drop-off posi-
tion for the load. The first wvirtual marker can thus
represent the load as unloaded in the surrounding of

the vehicle.
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The representation may be generated by the
controller 112 itself based on the sensor input. It
may also be generated based on the sensor input and a
pre-generated map received by the controller. The con-
troller 112 may be arranged to store the representa-
tion into the one or more memories. The controller 112
may be arranged to activate a pre-generated represen-
tation when the vehicle arrives (e.g. re-arrives) at
the surrounding described by the pre-generated repre-
sentation.

The representation describes the surrounding
of the wvehicle 120. The surrounding may comprise one
or more landmarks, such as obstacles. These may in-
clude other wvehicles, buildings, containers etc. The
surrounding may also comprise the load, in particular
as the first virtual marker. The representation may be
a two- or three-dimensional map. It may have a coordi-
nate system, which may be fixed. This allows providing
a frame of reference, which may be stationary. The
controller 112 may be arranged to facilitate a graph-
ical illustration of the representation, for example
through the interface 114, and the HMI devices 140 in
particular.

The method 200 may comprise causing the rep-
resentation of the surrounding of the wvehicle 120 to
be provided 230 to the HMI devices 140 for wvisual il-
lustration of the surrounding of the wvehicle to the
operator 10. This representation may be provided by
the controller 112, in particular by causing the rep-
resentation to be transmitted via the interface 114 to
the HMI devices 140. The representation may be illus-
trated to the operator through a display, such as the
touch screen, the augmented reality device, the virtu-
al reality googles or the regular display.

Similarly, wuser commands are collected 240

from the HMI devices 140 for load handling. This may
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also be done through the interface 114, in particular
so that the controller 112 collects the user commands
via the interface 114 from the HMI devices 140. This
may involve collecting at least some of the user com-
mands through the touch screen and/or through one or
more physical actuators such as a button, a keyboard
or a Jjoystick. The wuser commands may be collected
through the same device of the HMI devices, such as
the touch screen, used to illustrate the representa-
tion to the operator but also through a different de-
vice. Additionally or alternatively, one or more of
the user commands may be received as audible input
and/or as visual input. The operator can thus control
the load handling with voice control and/or gesture
control, in addition or as an alternative to a physi-
cal contact to the HMI devices.

The user commands mentioned above may belong
to a set of commands available to the operator 10. The
set of commands comprises one or more commands for po-
sitioning the first virtual marker within the repre-
sentation. This allows moving the first virtual marker
within the representation, thereby allowing the opera-
tor to control the placement of the load within the
representation but also monitoring the appearance of
the load, such as the size and/or orientation of the
load, in the representation. This allows the operator
to confirm that the load can be validly dropped off at
a wanted position before the vehicle is moved into po-
sition for the unloading. The size (and/or shape) of
the first virtual marker in the representation may
correspond to the size (and/or shape) of the load with
respect to the surrounding of the vehicle allowing the
first virtual marker to represent the space needed for
the load also in the representation, with respect to
the surrounding of the wvehicle. The first wvirtual

marker may also comprise or consist of a bounding box
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for the load in the representation, for example a rec-
tangular bounding box. This allows avoiding overlap
for the first virtual marker in the representation, in
particular with respect to any obstacles, in a simple
and straightforward manner. The one or more commands
for positioning the first wvirtual marker may comprise
or consist of one or more translation commands for the
first virtual marker, for example in four separate di-
rections, e.g. as two pairs of opposite directions.

The method comprises determining 250 from the
position of the first virtual marker in the represen-
tation the wanted position for unloading the load. The
wanted position may correspond to a position of the
vehicle for the unloading or the position of the load
after the unloading. Moving the vehicle to the wanted
position may thus correspond to either or both cases.
The position of the vehicle for unloading the load to
a position corresponding to the first wvirtual marker
in the representation, which may correspond to the po-
sition of the load after the unloading, may depend on
the type of the load handling equipment that the vehi-
cle is equipped with for the load handling. As an il-
lustrative example, a hook 1ift typically unloads
loads from the rear of the wvehicle while a loader
crane may unload the load from the side of the vehi-
cle.

The set of commands may also comprise one or
more commands for indicating a wanted orientation of
the load relative to the representation of the sur-
rounding of the vehicle. Said one or more commands may
comprise or consist of one or more commands for rotat-
ing the first wvirtual marker within representation.
The wanted orientation of the load relative to the
representation of the surrounding of the wvehicle may
be determined from the orientation of the first virtu-

al marker in the representation. The wanted orienta-



10

15

20

25

30

35

19

tion may correspond to the orientation of the load af-
ter the wunloading. The wanted position and/or the
wanted orientation can be determined relative to the
representation of the surrounding of the vehicle.

The 1load handling as described herein may
comprise or consist of moving the vehicle carrying the
load for unloading the load at the wanted position.
Alternatively or additionally, the load handling may
comprise or consist of actuating the load handling
equipment for moving the load, in particular for un-
loading the load from the vehicle 120 at the wanted
position and, optionally, into the wanted orientation.

The set of commands may comprise a command
for selecting the wanted position and/or confirming
the wanted position, for example by confirming a driv-
ing trajectory to a target position, which may corre-
spond to the wanted position. The set of commands may
comprise a command for entering into an operation
state for the unloading, i.e. into a drop-off mode, in
which the controller may provide the first wvirtual
marker for positioning. The set of commands may also
comprise a command for stopping the vehicle 120 and/or
a command for changing control mode of the wvehicle to
autonomous operation from human operation. The command
for confirmation and/or the command for stopping may
be received as audible input from the operator, and
the controller may be arranged accordingly.

The method 200 may comprise determining a
driving trajectory for moving the wvehicle 120 from the
current position of the vehicle for unloading the load
at the target position. The driving trajectory may be
determined all the way to the target position. The
driving trajectory may be determined in a space of
spatial coordinates, such as x-y or x-y-z coordinates,
in which case the space may comprise or consist of a

two-dimensional coordinate space or a three-
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dimensional coordinate space. Alternatively or addi-
tionally, it may be determined in some other space for
moving the vehicle such as an actuator space, i.e. a
space of control commands for actuators for moving the
vehicle. In this case, the dimensionality of the space
may correspond to the number of the degrees of freedom
for the actuators. The driving trajectory may be ex-
pressed in vector or matrix form. The driving trajec-
tory is determined based, at least, on the sensor in-
put and the wanted position. For example, the driving
trajectory may be determined based on the representa-
tion, which 1s generated based on the sensor input.
The driving trajectory may be determined as the short-
est trajectory from the current position of the vehi-
cle for unloading the load at the target position with
optional conditions. The optional conditions may com-
prise a requirement for the pose of the vehicle and/or
the load handling equipment for the unloading at the
target position. The optional conditions may also com-
prise a requirement to evade an obstacle, such as an
object or a person, identified in the sensor input.

The vehicle may be a car-like vehicle with
steering, such as a truck with a hook 1lift, which has
non-holonomic dynamics. For such dynamics, the vehicle
cannot be commanded to create a lateral motion without
steering and having velocity 1in the longitudinal di-
rection. Therefore, the driving trajectory may typi-
cally be determined so that it starts from the current
position of the vehicle and ends at a position for the
unloading with a curve that allows the wvehicle to
smoothly perform the unloading, e.g. by freely utiliz-
ing the 1load handling equipment, such as the hook
lift, for positioning the load into the wanted orien-
tation, while avoiding any possible obstacles.

The representation of the surrounding of the

vehicle 120 may be provided to the HMI devices 140 to-
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gether with a representation of the driving trajecto-
ry. The representation of the driving trajectory may
be illustrated with a line or a set of symbols defin-
ing a line. This allows providing to the operator 10 a
graphical illustration of the representation, which
may comprise an illustration of the driving trajectory
within an illustration of the surrounding of the wvehi-
cle. The illustration of the driving trajectory may
extend along the whole length or a partial length of
the driving trajectory.

It may be determined whether the wanted posi-
tion for unloading the load relative to the represen-
tation of the surrounding of the vehicle is wvalid for
unloading the load. This may be performed automatical-
ly, in particular Dby the controller 112. Optical
recognition means may be utilized for this purpose.
The confirmation may be performed based on the wanted
position but also on the wanted orientation and/or
properties of the load, such as the size and/or the
shape of the load. The confirmation may involve deter-
mining whether the wvehicle 1is positioned wvalidly for
the unloading and/or whether the load is positioned
validly after the unloading. The confirmation may in-
volve determining whether the first virtual marker in
the representation, representing the load, meets one
or more conditions in the representation such as a
minimum threshold distance to any obstacles 1in the
surrounding of the wvehicle and/or whether the driving
trajectory can be wvalidly provided for the wanted po-
sition and/or the wanted orientation. The control in-
structions may be provided to the vehicle for the load
handling if the wanted position and/or the wanted ori-
entation is wvalid, in particular if the driving tra-
jectory 1is wvalid. The controller may be arranged ac-
cordingly. For example, the driving trajectory may be

visualized to the operator but with an indication that
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it (or the wanted position and/or the wanted orienta-
tion) is invalid. The operator may then be requested
to reselect the wanted position and/or the wanted ori-
entation.

Any or all of the commands may be requested
as a response to a prompt from the controller. The set
of commands may comprise one or more user interface
commands such as a command for zooming a view for the
representation and/or switching between different
views for the representation, for example including
the view from above the vehicle and/or the view from
the vehicle.

Further, the method 200 comprises providing
260 control instructions for the vehicle for the load
handling, in particular for the unloading. These can
be provided based on the wanted position and/or the
wanted orientation of the load relative to the repre-
sentation of the surrounding of the wvehicle. The con-
trol instructions may be generated by the controller
112. The controller may be arranged to cause the con-
trol instructions to be transmitted for controlling
the vehicle, in particular to the VCU 130. The control
instructions may be transmitted for autonomous opera-
tion of the wvehicle, in particular for autonomous un-
loading of the load, based on or in response to the
wanted position and/or the wanted orientation having
been determined.

The control instructions may comprise driving
instructions for moving the vehicle and/or actuation
instructions for actuating the load handling equip-
ment. The control instructions may be instructions for
autonomous operation of the wvehicle. In particular,
the driving instructions may be for moving the vehicle
for unloading the load at a target position at the
surrounding of the wvehicle. This target position at

the surrounding of the wvehicle may correspond to the
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wanted position relative to the representation of the
surrounding of the vehicle.

The control instructions may be based on the
driving trajectory for the vehicle for unloading the
load at the target position at the surrounding of the
vehicle. The target position at the surrounding of the
vehicle may correspond to the wanted position relative
to the representation of the surrounding of the vehi-
cle. The driving instructions can thus be provided
based on the driving trajectory but they do not neces-
sarily need to correspond to the full length of the
driving trajectory from the current position of the
vehicle to the position for wunloading the wvehicle,
which may be represented by the wanted position. While
a single set of driving instructions may extend to the
position for unloading the vehicle at the end of the
driving trajectory, providing the driving instructions
in shorter increments allows conserving both computa-
tional and data transmission resources. The driving
instructions may may be provided to extend beyond a
threshold length which allows the vehicle to be slowed
down to a halt within the projected trajectory in re-
sponse to a sudden stop command, the projected trajec-
tory here 1indicating the spatial trajectory corre-
sponding to said driving instructions. The threshold
length may correspond to a spatial length and/or tem-
poral length for wvehicle movement with said driving
instructions. For example, 1f the wvehicle is instruct-
ed to drive with a speed from which it takes 4 seconds
to stop to a halt, the threshold length corresponds to
driving instructions for the next 4 seconds of opera-
tion so that if there are only 4 seconds of driving
instructions left and now further driving instructions
have been received, the wvehicle 1is directed to stop
rather than continue with until the end of said driv-

ing instructions. This adds to the safety and comfort
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of the operator, as the upcoming maneuvers are intui-
tive and predictable seconds upfront from the screen.

The set of wvirtual markers may comprise a
second virtual marker 350 corresponding to the driving
trajectory. The driving trajectory can thus be visual-
ized for the operator. The second virtual marker may
comprise or consist of one or more path overlays for
the driving trajectory.

The second virtual marker may extend from the
current position of the vehicle in the representation
and/or to the wanted position in the representation.
It may extend all the way from the current position of
the vehicle to the wanted position but this is not
necessary. The second virtual marker may indicate the
trajectory from the current position of the vehicle to
the wanted position, as a continuous indication but
alternatively as a discontinuous indication. The sec-
ond virtual marker may comprise or consist of one or
more lines corresponding to the driving trajectory. In
some embodiments, the second wvirtual marker 1is of
length that is at least half the distance between the
current position of the vehicle and the wanted posi-
tion.

The second virtual marker may be visualized
in the representation while the operator is selecting
the wanted position and/or wanted orientation, allow-
ing the operator to control the wanted position and/or
wanted orientation based on a visualization of the re-
sulting driving trajectory. Alternatively or addition-
ally, the second virtual marker may be visualized in
the representation based on the wanted position and/or
wanted orientation having been confirmed.

The set of commands may comprise a confirma-
tion of the driving trajectory, for example from the
operator and/or from a supervisory system. The con-
troller may be arranged for initiating the load han-

dling based on the confirmation having been provided.
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The disclosed solutions may be utilized for a
user interface for human-machine or human-robot inter-
action. They may be utilized for driver-assisted auto-
mated and autonomous operation of the vehicle and/or
the load handling equipment, e.g for pick-and-place
tasks.

The first virtual marker may be provided as a
virtual-reality object such as a virtual drop-off
load. The second virtual marker may be provided as an
augmented-reality object such as a path overlay. The
first virtual marker and/or the second virtual marker
may be overlayed on the representation, in particular
on an image visualizing the representation. The first
virtual marker and/or the second virtual marker may be
visualized on the HMI devices 140, e.g. on a wind-
screen of the vehicle and/or on a remote device. The
HMI devices 140 may comprise virtual-reality glasses
and/or one or more glasses-free mixed reality devices.

The first virtual marker may be provided as a
virtual load, in particular as a customizable virtual
drop-off load. The set of commands may comprise one or
more commands for positioning the virtual load within
the representation to 1indicate the wanted position
and/or the wanted orientation for unloading the load.

The virtual load, such as a virtual contain-
er, may have dimensions corresponding to those of the
load carried by the vehicle. The information about the
dimensions may be provided, to the controller, auto-
matically and/or manually. For example, the system of
sensors may comprise one or more sensors, such as per-
ception sensors, for providing measurements for deter-
mining the dimensions of the load. Alternatively or
additionally, the operator may be provided with a set
of alternatives for the type of the 1load, based on
which the dimensions are determined as they may be
provided as predetermined information for each type.

The vehicle may also be for handling unisized loads,
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in which case the size of the first virtual marker may
be preset to correspond to the size of the unisized
loads. The set of commands may comprise one or more
commands for changing the size of the first wvirtual
marker or the size may be fixed.

The pose, i.e. the wanted position and/or the
wanted orientation, of the first virtual marker may be
changed, for example, by dragging the first virtual
marker by touch screen input or by mouse input and/or
by using a virtual control interface such as and actu-
al joystick and/or a virtual joystick.

Any or all of the user commands may be re-
ceived through speech recognition, e.g. by the con-
troller being configured for speech recognition. The
set of commands may comprise any of the following: a
start command, a stop command and a confirmation com-
mand. The vehicle may thus be subjected to hands-free
control. The controller may provide audio output such
as warnings, for example when a critical safety event
occurs. This may include an obstacle being identified
in the surrounding of the vehicle and/or a problem in
the internal state of the vehicle.

Fig. 3 shows an example of a view 300 for the
load handling as described herein. The view can be
provided as the graphical illustration of the repre-
sentation as described above. The controller may be
arranged for causing the view to be displayed for the
operator for selecting the wanted position and/or the
wanted orientation.

The view illustrates how the obstacles, such
as a person 310 and/or surrounding loads 330, and the
first wvirtual marker 320 can be visualized based on
the representation. For the obstacles, the controller
may automatically determine designations 312, 332, in
the representation and/or corresponding virtual mark-
ers, for example as bounding boxes. The view also il-

lustrates how the minimum threshold distance 322 may
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be determined and/or wvisualized. The condition for
meeting the minimum threshold distance may be deter-
mined based on the distance between the first virtual
marker and the bounding box of any of the obstacles
312, 332 in the surrounding.

The wanted position 340 may be illustrated,
for example simply as an end 342 of the driving tra-
jectory. The driving trajectory may be illustrated by
the second virtual marker 350.

The example further illustrates how the driv-
ing instructions 360 may also be illustrated based on
the representation, for example by a third wvirtual
marker. Accordingly, in the illustrated example the
wanted position 340 may already be confirmed so that
the driving instructions 360 can be provided.

The user interface may also comprise one or
more controls for the user commands, e.g. for the one
or more commands for positioning the first wvirtual
marker. Illustrated is an example of a wvirtual Jjoy-
stick comprising the translation commands 370 and the
rotation commands 372.

An example of the operation of the system 100
is as follows. The operator 10 may provide a drop-off
location, as the wanted position, through the HMI de-
vices 140. The controller 112 may apply optical recog-
nition means for detecting whether the intended loca-
tion is suited for dropping off the load in its cur-
rent view. The operator may select an empty space in
the representation of the surrounding of the wvehicle,
for example from a touch screen by placing the virtual
load to a desired pose. The controller may then visu-
alize the driving trajectory, e.g. as a global path
and/or as a corridor from the vehicle to the empty
space. A confirmation from the operator may be ob-
tained (e.g. by the operator shifting a gear of the
vehicle to reverse and pressing the throttle pedal

once and/or clicking on the HMI devices). This may
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commence an automated driving operation for the vehi-
cle. The controller may assume control of the vehicle,
allowing it to drive automatically to a pose suitable
for dropping off the load. Any misalignment from the
view of the desired drop-off space may be minimized by
means of lateral and longitudinal control. After the
vehicle has been driven to the wanted position, the
automated driving may end and the wvehicle may reach a
standstill state. This may be indicated by the con-
troller to the operator. The controller and/or the op-
erator may engage the load handling equipment, such as
the hook 1ift, to drop off the load.

The controller as described above may be im-
plemented in software, hardware, application logic or
a combination of software, hardware and application
logic. The application logic, software or instruction
set may be maintained on any one of wvarious conven-
tional computer-readable media. A “computer-readable
medium” may be any media or means that can contain,
store, communicate, propagate or transport the in-
structions for use by or in connection with an in-
struction execution system, apparatus, or device, such
as a computer. A computer-readable medium may comprise
a computer-readable storage medium that may be any me-
dia or means that can contain or store the instruc-
tions for use by or in connection with an instruction
execution system, apparatus, or device, such as a com-
puter. The examples can store information relating to
various processes described herein. This information
can be stored in one or more memories, such as a hard
disk, optical disk, magneto-optical disk, RAM, and the
like. One or more databases can store the information
used to implement the embodiments. The databases can
be organized using data structures (e.g., records, ta-
bles, arrays, fields, graphs, trees, 1lists, and the
like) included in one or more memories or storage de-

vices listed herein. The databases may be located on
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one or more devices comprising local and/or remote de-
vices such as servers. The processes described with
respect to the embodiments can include appropriate da-
ta structures for storing data collected and/or gener-
ated by the processes of the devices and subsystems of
the embodiments in one or more databases.

All or a portion of the embodiments can be
implemented using one or more general purpose proces-
sors, microprocessors, digital signal processors, mi-
cro-controllers, and the like, programmed according to
the teachings of the embodiments, as will be appreci-
ated by those skilled in the computer and/or software
art (s). Appropriate software can be readily prepared
by programmers of ordinary skill based on the teach-
ings of the embodiments, as will be appreciated by
those skilled in the software art. In addition, the
embodiments can be implemented by the preparation of
application-specific integrated circuits or by inter-
connecting an appropriate network of conventional com-
ponent circuits, as will Dbe appreciated by those
skilled in the electrical art(s). Thus, the embodi-
ments are not limited to any specific combination of
hardware and/or software.

The different functions discussed herein may
be performed in a different order and/or concurrently
with each other.

Any range or device value given herein may be
extended or altered without losing the effect sought,
unless indicated otherwise. Also any example may be
combined with another example unless explicitly disal-
lowed.

Although the subject matter has been de-
scribed in language specific to structural features
and/or acts, it 1s to be understood that the subject
matter defined in the appended claims 1is not neces-
sarily limited to the specific features or acts de-

scribed above. Rather, the specific features and acts
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described above are disclosed as examples of imple-
menting the claims and other equivalent features and
acts are intended to be within the scope of the
claims.

It will be understood that the benefits and
advantages described above may relate to one embodi-
ment or may relate to several embodiments. The embod-
iments are not limited to those that solve any or all
of the stated problems or those that have any or all
of the stated benefits and advantages. It will fur-
ther be understood that reference to 'an' item may re-
fer to one or more of those items.

The term 'comprising' is used herein to mean
including the method, blocks or elements identified,
but that such blocks or elements do not comprise an
exclusive list and a method or apparatus may contain
additional blocks or elements.

Numerical descriptors such as ‘first’, ‘sec-
ond’, and the like are used in this text simply as a
way of differentiating between parts that otherwise
have similar names. The numerical descriptors are not
to be construed as indicating any particular order,
such as an order of preference, manufacture, or occur-
rence in any particular structure.

Although the invention has been described in
conjunction with a certain type of apparatus and/or
method, it should be understood that the invention is
not limited to any certain type of apparatus and/or
method. While the present inventions have been de-
scribed in connection with a number of examples, em-
bodiments and implementations, the present inventions
are not so limited, but rather cover various modifica-
tions, and equivalent arrangements, when falling with-
in the purview of the claims. Although various exam-
ples have been described above with a certain degree
of particularity, or with reference to one or more in-

dividual embodiments, those skilled in the art could
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make numerous alterations to the disclosed examples
without departing from the scope of this specifica-

tion.
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CLAIMS

1. A load handling controller for a vehicle with
load handling equipment, the load handling con-
troller being arranged to:

- receive sensor input from a system of sen-
sors at the vehicle, comprising at least an
image sensor unit and a distance mapping
sensor unit, for monitoring and mapping the
surrounding of the vehicle;

- generate, based on the sensor input, a rep-
resentation of the surrounding of the wvehi-
cle, the representation comprising one or
more images and/or point cloud maps of the
surrounding of the wvehicle together with a
set of virtual markers for the one or more
images and/or point cloud maps of the sur-
rounding of the vehicle to facilitate load
handling;

- provide the representation of the surround-
ing of the wvehicle for wvisual illustration
to an operator of the load handling con-
troller on one or more human-machine inter-
face devices; and

- collect user commands for the load handling
from the one or more human-machine inter-
face devices, wherein the user commands be-
long to a set of commands available to the
operator of the load handling controller;

wherein the set of virtual markers comprises

a first virtual marker corresponding to a load of
the vehicle and that the set of commands compris-
es one or more commands for positioning the first
virtual marker within the representation; and

the load handling controller is arranged to

determine from the position of the first virtual

marker in the representation a wanted position
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for unloading the load relative to the represen-
tation of the surrounding of the vehicle and pro-
vide, based on the wanted position for unloading
the load relative to the representation of the
surrounding of the wvehicle, control instructions

for the vehicle for the load handling.

. The load handling controller according to claim

1, wherein the set of commands comprises one or
more commands for indicating a wanted orientation
of the load relative to the representation of the
surrounding of the vehicle and the load handling
controller is arranged to provide the control in-
structions based on the wanted orientation of the
load relative to the representation of the sur-

rounding of the vehicle.

. The load handling controller according to claim

2, wherein the one or more commands for indicat-
ing the wanted orientation of the load relative
to the representation of the surrounding of the
vehicle comprise a command for rotating the first
virtual marker within representation and the load
handling controller is arranged to determine from
the orientation of the first wvirtual marker in
the representation the wanted orientation of the
load relative to the representation of the sur-

rounding of the wvehicle.

. The 1load handling controller according to any

preceding claim, wherein the control instructions
are based on a driving trajectory for the vehicle
for unloading the load at a target position at
the surrounding of the vehicle, the target posi-
tion at the surrounding of the wvehicle corre-
sponding to the wanted position relative to the

representation of the surrounding of the vehicle.

. The load handling controller according to claim

4, wherein the set of virtual markers comprises a

second virtual marker corresponding to the driv-
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ing trajectory, the set of commands comprises a
confirmation of the driving trajectory and the
load handling controller is arranged for initiat-
ing the load handling based on the confirmation

having been provided.

. The 1load handling controller according to any

preceding claim, wherein the controller is ar-
ranged for one or more of the user commands to be

received as audible input.

. The 1load handling controller according to any

preceding claim, wherein the representation of
the surrounding of the vehicle 1is generated at a

view from above the vehicle.

. The 1load handling controller according to any

preceding claim, wherein the size of the first
virtual marker in the representation corresponds
to the size of the load with respect to the sur-

rounding of the vehicle.

. The 1load handling controller according to any

preceding claim, arranged to determine whether
the wanted position for unloading the load rela-
tive to the representation of the surrounding of
the wvehicle is wvalid for unloading the load and
providing the control instructions to the wvehicle
for the load handling if the wanted position is

valid.

10. The load handling controller according to any

preceding claim, wherein the load handling com-
prises moving the vehicle carrying the load for

unloading the load at the wanted position.

11. The load handling controller according to any

preceding claim, wherein the load corresponds to
a cargo-carrying object such as an ISO container,

a flatrack, a flatbed or a dumpster body.

12. The load handling controller according to any

preceding claim, wherein the control instructions

comprise driving instructions for moving the ve-
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hicle for unloading the load at a target position
at the surrounding of the vehicle, the target po-
sition at the surrounding of the wvehicle corre-
sponding to the wanted position relative to the

representation of the surrounding of the vehicle.

13. A method for controlling a vehicle with load

handling equipment, the method comprising:

- receiving sensor input from a system of sen-
sors at the vehicle, comprising at least an
image sensor unit and a distance mapping
sensor unit, for monitoring and mapping the
surrounding of the vehicle;

- generating, based on the sensor input, a
representation of the surrounding of the
vehicle, the representation comprising one
or more images and/or point cloud maps of
the surrounding of the vehicle together
with a set of wvirtual markers for the one
or more images and/or point cloud maps of
the surrounding of the vehicle to facili-
tate load handling;

- providing the representation of the sur-
rounding of the wvehicle for visual 1llus-
tration to an operator; and

- collect user commands for the load handling,
wherein the user commands belong to a set
of commands available to the operator;

wherein the set of virtual markers comprises

a first virtual marker corresponding to a load of
the vehicle and that the set of commands compris-
es one or more commands for positioning the first
virtual marker within the representation; and

the method comprises determining from the po-

sition of the first virtual marker in the repre-
sentation a wanted position for unloading the
load relative to the representation of the sur-

rounding of the wvehicle and providing, based on
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the wanted position for unloading the load rela-

tive to the representation of the surrounding of

the wvehicle,
for the load
14. A computer
tions which,

the computer

control instructions for the wvehicle
handling.

program product comprising instruc-
when executed by a computer, cause

to carry out the method of claim 13.





