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Description
Technical field

[0001] The present disclosure relates to an operator
assistance system and a method in connection with the
system. The operator assistance system is in particular
used on a vehicle provided with a working equipment,
e.g. a crane, in assisting the operator during loading and
unloading procedures.

Background

[0002] Working vehicles are often provided with vari-
ous working equipment, e.g. movable cranes, which are
attached to the vehicle via a joint. These cranes comprise
movable crane parts, e.g. booms, that may be extended,
and that are joined together by joints such that the crane
parts may be folded together at the vehicle and extended
to reach a load. Various tools, e.g. buckets or forks, may
be attached to the crane tip, often via a rotator.

[0003] Today, many working vehicles are provided
with various camera systems applied to display images
of the load and the environment around the vehicle in
orderto assist the operator during the working procedure.
Full visibility of terrain and targets is an importantrequire-
ment in the design and operation of mobile work ma-
chines. The machine operator must see the work targets
all the time while the machine and its parts, such as a
boom, are moving. Furthermore, the operator must be
aware of any bystanders being around or passing by the
machine. However, providing full visibility is not always
possible due to occlusions caused by the working equip-
ment, e.g. by boom motion or obstructions caused by the
machine’s profile. The lack of visibility slows down the
use of the machine, endangers others working and mov-
ing in the area, and physically stresses the operator due
to constantly avoiding and trying to look around any ob-
stacles occluding the sight for the operator.

[0004] Below is listed some patent documents disclos-
ing related technology.

JP 2013 113044 relates to a monitor system for a
construction machine according to the preamble of
claim 1, presenting an image by which an operator
can more intuitively understand the state of an at-
tachment of the construction machine.

WO 2014/157567 discloses an operator assistance
system in a crane cabin which visualize a blind area,
which is detected by one camera only.

JP 2010 204821 relates to a working machine
equipped with periphery monitoring device.

[0005] The objectofthe presentinvention is to achieve
an operator assistance system provided with a digital
see-through capability for vehicles with a working equip-
ment that solves the aforementioned visibility issues.
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Summary

[0006] The above-mentioned object is achieved by the
present invention according to the independent claims.
[0007] Preferred embodiments are set forth in the de-
pendent claims.

[0008] According to afirst aspect, the invention relates
to an operator assistance system for a vehicle provided
with a working equipment. The assistance system com-
prises animage capturing system arranged at the vehicle
and/or atthe working equipment and capable of capturing
parameters related to images, of the working equipment
and of the environment outside the vehicle in a predeter-
mined field of view. The operator assistance system fur-
ther comprises a processing unit configured to receive
image related parameter signals from the image captur-
ing system and to process the image related parameter
signals, and a display unit configured to present images
to an operator. The image capturing system comprises
at least two sensor unit assemblies capable of capturing
parameters related to essentially overlapping images of
the predetermined field of view, and that the processing
unit is configured to generate a merged image based
upon said overlapping images.

[0009] The processing unitis configured to determine
a shape and position of an image representation of the
working equipment occluding a part of an image in the
predetermined field of view, obtained by one of the sensor
unit assemblies, by processing image related signals
from at least one of the other sensor unit assemblies.
The processing unit is further configured to determine if
the part occluded by the working equipment is visible in
any image in the predetermined field of view obtained by
any of the other sensor unit assemblies. If the occluded
part is visible by any of the other sensor unit assemblies,
an occluded part image, being an image representation
of the occluded part, is determined in the field of view
obtained by said other sensor unit assembly.

[0010] The processing unitis then configured to merge
the occluded part image into the merged image in the
determined position of the working equipment, and to
display the merged image at the display unit.

[0011] According to an embodiment at least one of the
sensor unitassemblies comprises atleastone angle sen-
sor and/or at least one length sensor structured to be
arranged at the working equipment, and adapted to
measure angles and lengths related to movements of the
working equipment, and at least one camera unit mount-
ed at the vehicle and/or at the working equipment (6).
[0012] According to another embodiment the sensor
unit assemblies comprises at least two camera units that
are mounted at separate mounting positions at the vehi-
cle in relation to the working equipment, or at the working
equipment, such that different sides of the working equip-
ment are visible at images obtained by the at least two
camera units.

[0013] According to one embodiment the processing
unit is provided with a set of image representations of
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the working equipment, and is further configured to apply
a pattern recognition algorithm to identify any image rep-
resentation of the working equipment in an image in the
predetermined field of view by comparison to the set of
image representations. Thereby it is assured that a safe
and fast recognition of an occluding object is achieved.
[0014] According to another embodiment the process-
ing unit is further configured to identify a predetermined
part, e.g. a hook, a load, a fork, of the occluding working
equipment to be visible in the merged image, and to dis-
play said predetermined part at said display unit. This is
advantageous as the operator then easily can manoeu-
vre the hook or fork as it is clearly visible and highlighted
at the display unit.

[0015] According to still another embodiment the
processing unit is configured to determine a presentation
mode of the occluded part image, from a set of presen-
tation modes including a transparent mode, wherein the
working equipment defining the occluded part image is
fully transparent, a semi-transparent mode, wherein the
working equipment defining the occluded partimage has
a variable opacity. This is an important feature as an op-
erator may choose an optimal presentation in depend-
ence of a specific situation.

[0016] In a further embodiment of the assistance sys-
tem the processing unitis configured to determine a pres-
entation mode where an outer boundary of the occluded
partimage isindicated in the mergedimage. By indicating
the outer boundary ofthe working equipment the operator
will have a complete overview of the working site and
also of the working equipment.

[0017] The working equipment is a crane, a demount-
able arm, a boom, or a bucket, or any other tool arranged
at a vehicle.

[0018] According to a second aspect of the present
invention a method is provided that is applied by an op-
erator assistance system for a vehicle provided with a
working equipment. The assistance system comprises
an image capturing system arranged at the vehicle,
and/or at the working equipment, and capable of captur-
ing parameters related to images of the working equip-
ment and of the environment outside the vehicle in a pre-
determined field of view. The assistance system further
comprises a processing unit configured to receive image
related parameter signals from the image capturing sys-
tem and to process the image related parameter signals,
and a display unit configured to present images to an
operator. The image capturing system comprises at least
two sensor unit assemblies capable of capturing param-
etersrelated to essentially overlapping images of the pre-
determined field of view, and that the processing unit is
configured to generate a merged image based upon the
overlapping images. The method comprises:

- determining a shape and position of an image rep-
resentation of the working equipment occluding a
part of an image in the predetermined field of view,
by processing image related signals,
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- determining if the part occluded by the working
equipment is visible in any image in the predeter-
mined field of view obtained by any of the other sen-
sor unit assemblies, and if the part is visible by any
of the other sensor unit assemblies, the method fur-
ther comprises:

- determining an occluded partimage, being animage
representation of the occluded part, in the field of
view obtained by the other sensor unit assembily,

- merging, by the processing unit, the occluded part
image into the merged image in the determined po-
sition of the working equipment,

- displaying the merged image at the display unit.

[0019]
prises:

According to one embodiment the method com-

- applying a pattern recognition algorithm to identify
any image representation of the working equipment
in an image in the predetermined field of view by
comparison to a set of image representations of the
working equipment. Thereby it is assured that a safe
and fast recognition of an occluding object is
achieved.

[0020] According to a further embodiment the method
comprises:

- identifying a predetermined part, e.g. a hook, a load,
a fork, of the occluding working equipment to be vis-
ible in said merged image, and

- displaying the predetermined part at the display unit.

[0021] Thisis advantageous as the operator then eas-
ily can manoeuvre the hook or fork as it is clearly visible
and highlighted at the display unit.

[0022] In still another embodiment the method com-
prises:

- determining a presentation mode of the occluded
partimage, from a set of presentation modes includ-
ing a transparent mode, wherein the working equip-
ment, defining the occluded partimage, is fully trans-
parent, a semi-transparent mode, wherein the work-
ing equipment defining the occluded part image has
a variable opacity. This is an important feature as an
operator may choose an optimal presentation in de-
pendence of a specific situation.

[0023] According to another further embodiment the
method comprises:

- determining a presentation mode where an outer
boundary of the occluded part image is indicated in
the merged image. By indicating the outer boundary
of the working equipment the operator will have a
complete overview of the working site and also of
the working equipment.
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Brief description of the drawings

[0024]

Figure 1 is a schematic illustration of a vehicle pro-
vided with an operator assistance system according
to the present invention.

Figure 2 is a schematic illustration of images ob-
tained by sensor unit assemblies, and of a merged
image.

Figures 3a-3c are schematic views from above illus-
trating various aspects of embodiments of the
present invention.

Figure 4 is a schematic view from above illustrating
another embodiment of the present invention.
Figure 5 is a flow diagram illustrating the method
according to the present invention.

Detailed description

[0025] The operator assistance system, and the meth-
od, will now be described in detail with references to the
appended figures. Throughout the figures the same, or
similar, items have the same reference signs. Moreover,
the items and the figures are not necessarily to scale,
emphasis instead being placed upon illustrating the prin-
ciples of the invention.

[0026] With references to figure 1, a block diagram is
disclosed schematically illustrating an operator assist-
ance system 2 for a vehicle 4 provided with a working
equipment 6. The vehicle may be a cargo vehicle, a truck,
a forklift or a working vehicle provided with a working
equipment 6 that is e.g. a crane, a demountable arm, a
mast boom, a hook-lift equipment provided with a prede-
termined part 22, e.g. a hook, a fork, or a bucket.
[0027] The assistance system comprises an image
capturing system 8 arranged at the vehicle and/or at the
working equipment 6, and capable of capturing param-
eters related to images of the working equipment 6 and
ofthe environment outside the vehicle in apredetermined
field of view 10, a processing unit 12 configured to receive
image related parameter signals 14 from the image cap-
turing system 8, to process the image related parameter
signals, and a display unit 16 configured to present cap-
tured images to an operator.

[0028] The image capturing system 8 comprises at
least two sensor unit assemblies 18, 20 capable of cap-
turing parameters related to essentially overlapping im-
ages of said predetermined field of view 10. The process-
ing unit 12 has a processing capability and is configured
to generate a merged image based upon the overlapping
images. As will be further discussed below the sensor
unit assembly is a camera unit, an angle sensor, a length
sensor, or any other sensing unit capable of capturing
parameters related to images.

[0029] The parameters related to images may be pa-
rameters directly related to images, e.g. optical param-
eters detected by e.g. a camera unit, or indirectly related
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to images, e.g. various parameters representing move-
ment and position of the working equipment, e.g. angles,
lengths, width related to parts of the working equipment.
[0030] The processing unit is configured to determine
a shape and position of an image representation of the
working equipment 6 occluding a part of an image in the
predetermined field of view 10, obtained by one of said
sensor unitassemblies, by processing image related sig-
nals from atleast one of the other sensor unitassemblies.
[0031] The processing unit 12 is further configured to
determine if the part occluded by the working equipment
6 is visible in any image in the predetermined field of view
10 obtained by any of the other sensor unit assemblies.
If the occluded part is visible by any of the other sensor
unit assemblies, an occluded partimage, being an image
representation of the occluded part, is determined in the
field of view 10 obtained by said other sensor unit as-
sembly.

[0032] The processing unitis then configured to merge
the determined occluded partimage into the merged im-
age in the determined position of the working equipment
6, and to display the merged image at the display unit 16.
[0033] According to one embodiment at least one of
the sensor unit assemblies comprises at least one angle
sensor and at least one length sensor structured to be
arranged at the working equipment, and adapted to
measure angles and lengths related to movements of
said working equipment. In addition at least one camera
unit 18, 20 is provided which is mounted at the vehicle 4
and/or at the working equipment 6. The angle sensor(s)
and/or the length sensor(s) are arranged at the working
equipment and structured to generate sensor signals in-
cluding angle values and length values which are applied
to the processing unit. Based upon those sensor signals
and information indicating the type of working equipment
the processing unit may determine the shape and posi-
tion of the working equipment.

[0034] According to another embodiment the sensor
unit assemblies comprise at least two camera units 18,
20 that are mounted at separate mounting positions at
the vehicle 4 in relation to the working equipment 6, or
at the working equipment 6, such that different sides of
the working equipment are visible atimages obtained by
the at least two camera units 18, 20.

[0035] Inone variation, whichis schematically illustrat-
ed in figure 4, the camera units 18, 20 are mounted at
separate mounting positions at the working equipment,
e.g. a boom of a crane, and move thereby together with
the crane. The definition thatthe camera units are mount-
ed at different sides of the working equipment should be
interpreted broadly, and not being limited to different
sides in a horizontal plane. The important aspect is that
the view of sights obtained by the camera units mounted
at the different sides cover parts that potentially may be
occluded by the working equipment during normal use.
Thus, the camera units may be mounted at different
heights or at other positions where a full overview may
be obtained. In one exemplary variation two camera units
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are mounted at different sides of the working equipment,
e.g. atthe roof of the operator’s cabin, and a third camera
unit is mounted at an opposite end of the vehicle.
[0036] Infigure 2is shown above two images obtained
by two camera units arranged at opposite sides of the
working equipment, or by a sensor unit assembly at the
working equipment, and at least one camera unit. The
working equipment is visible at the right image where it
occludes parts of the environment and thereby prevents
the operator from having complete visual overview. The
position and shape of the occluding working equipment
is determined, and the positions are then applied in the
image obtained by another camera unit to identify the
corresponding positions therein. This is schematically il-
lustrated on the image to the left where the image rep-
resentation of the occluded part is indicated by dashed
lines. In this image is also seen the working equipment
that occludes a part of the image seen a bit further to the
right, which is due to the different positions of the camera
units in the horizontal plane.

[0037] These twoimages are then merged into the im-
age shown below in figure 2. The merging procedure may
be applied by identifying easily identifiable objects in both
images and then combine and position the images such
that these identified objects correspond to each other.
[0038] In one embodiment the processing unit is pro-
vided with a set of image representations of the working
equipment, and more particularly a set of searchable data
representations of images of the working equipment in
various views and sizes.

[0039] The processing unit then is configured to apply
a search procedure to identify any image representation
of the working equipment in an image in the predeter-
mined field of view obtained by any of the sensor unit
assemblies by comparison to the set of image represen-
tations. This is preferably performed by applying a ded-
icated pattern recognition algorithm capable of compar-
ing captured images with the stored set of data repre-
sentations of images of the working equipment. The
working equipment may occlude a part, e.g. a larger part
or a smaller part, of the field of view obtained by one
camera unit. Even if only a smaller part of the field of view
is occluded the search procedure may be performed.
[0040] It should be noted that the search procedure
preferably is continuously performed for all images ob-
tained by all sensor unit assemblies, e.g. the camera
units, and that occluded parts in images obtained from
different sensor unit assemblies and in different positions
then may be identified, and eventually applied in a
merged image.

[0041] According to one further embodiment the
processing unit is configured to identify a predetermined
part 22 of the occluding working equipment (see figure
1 and figures 3a-3c), e.g. a hook, a load, a bucket, or a
fork, to be visually presented in the merged image, and
to display the predetermined part at the display unit. This
is preferably performed by applying another pattern rec-
ognition algorithm to be set up in advance dependent on
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the presently used predetermined part of the working
equipment.

[0042] The mergedimage is presented to the operator
on the display unit. The display unit may be any type of
presentation unit configured and arranged such that the
operator is provided with the necessary support in order
to operate the working equipment safely and efficiently.
[0043] Various presentation modes are available,
where the occluding working equipment is made invisi-
ble, is slightly visible, and optionally having the borders
indicated by e.g. dashed lines.

[0044] Thus, the processing unit is configured to de-
termine a presentation mode of the occluded part image,
from a set of presentation modes including a transparent
mode, wherein the working equipment defining the oc-
cluded part image is fully transparent and a semi-trans-
parent mode, wherein the working equipment defining
the occluded part image has a variable opacity.

[0045] In addition the processing unit is configured to
determine a presentation mode where an outer boundary
of the occluded part image is indicated in the merged
image. The boundary of the occluded part image may
e.g. be indicated by a dashed line.

[0046] Figures 3a-3c illustrate various presentation
modes.
[0047] In figure 3a the boundary of the working equip-

ment 6 and the predetermined part 22 are indicated by
dashed lines.

[0048] In figure 3b the boundary of the working equip-
ment 6 is indicated by a dashed line and the predeter-
mined part 22 is highlighted by a solid line.

[0049] Infigure 3c the working equipment 6 is invisible
and the predetermined part 22 is highlighted by a solid
line.

[0050] Inthe embodiment where two camera units are
used they have overlapping field of views. This allows
the camera units to simulate human binocular vision, and
therefore gives it the ability to capture three-dimensional
images, a process known as stereo photography. Stereo
cameras may be used for making 3D pictures, or for
range imaging. Unlike most other approaches to depth
sensing, such as structured light or time-of-flight meas-
urements, stereo vision is a purely passive technology
which also works in bright daylight.

[0051] As discussed above the image capturing sys-
tem may comprise at least one camera unit, but may in
addition also include one or many sensor units, e.g. angle
sensor units, length sensor units, capable of capturing
various supporting image data to be supplied to the
processing unit.

[0052] Inone variation the image capturing system ap-
plies the Lidar-technology. Lidar is sometimes consid-
ered an acronym of Light Detection and Ranging (some-
times Light Imaging, Detection, and Ranging), and is a
surveying method that measures distance to a target by
illuminating that target with a laser light. Lidar is popularly
used to make high-resolution maps, with applications in
geodesy, forestry, laser guidance, airborne laser swath
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mapping (ALSM), and laser altimetry. Lidar sometimes
is called laser scanning and 3D scanning, with terrestrial,
airborne, and mobile applications.

[0053] In still another variation the image capturing
systemalsoincludes a 3D scanning device. A 3D scanner
is a device that analyses a real-world object or environ-
ment to collect data on its shape and possibly its appear-
ance (e.g. colour). The collected data can then be used
to construct digital three-dimensional models. Many dif-
ferent technologies can be used to build these 3D-scan-
ning devices; each technology comes with its own limi-
tations, advantages and costs. Many limitations in the
kind of objects that can be digitised are still present, for
example, optical technologies encounter many difficul-
ties with shiny, mirroring or transparent objects. For ex-
ample, industrial computed tomography scanning can be
used to construct digital 3D models, applying non-de-
structive testing.

[0054] The purpose of a 3D scanner is usually to create
a point cloud of geometric samples on the surface of the
subject. These points can then be used to extrapolate
the shape of the subject (a process called reconstruc-
tion). If colour information is collected at each point, then
the colours on the surface of the subject can also be
determined.

[0055] 3D scanners share several traits with cameras.
Like most cameras, they have a cone-like field of view,
and like cameras, they can only collect information about
surfaces that are not obscured. While a camera collects
colour information about surfaces within its field of view,
a 3D scanner collects distance information about surfac-
es within its field of view. The "picture" produced by a 3D
scanner describes the distance to a surface at each point
in the picture. This allows the three dimensional position
of each point in the picture to be identified.

[0056] In stillanother variation a so-called time-of-flight
Lidar scanner may be used, together with the camera
units, to produce a 3D model. The Lidar can aim its laser
beam in a wide range: its head rotates horizontally, a
mirror flips vertically. The laser beam is used to measure
the distance to the first object on its path.

[0057] The time-of-flight 3D laser scanner is an active
scanner that uses laser light to probe the subject. At the
heart of this type of scanner is a time-of-flight laser range
finder. The laser range finder finds the distance of a sur-
face by timing the round-trip time of a pulse of light. A
laser is used to emit a pulse of light and the amount of
time before the reflected light is seen by a detector is
measured. Since the speed of light ¢ is known, the round-
trip time determines the travel distance of the light, which
is twice the distance between the scanner and the sur-
face. The accuracy of a time-of-flight 3D laser scanner
depends on how precisely we can measure the t; 3.3
picoseconds (approx.) is the time taken for light to travel
1 millimetre. The laser range finder only detects the dis-
tance of one pointin its direction of view. Thus, the scan-
ner scans its entire field of view one point at a time by
changing the range finder’s direction of view to scan dif-
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ferent points. The view direction of the laser range finder
can be changed either by rotating the range finder itself,
or by using a system of rotating mirrors. The latter method
is commonly used because mirrors are much lighter and
can thus be rotated much faster and with greater accu-
racy. Typical time-of-flight 3D laser scanners can meas-
ure the distance of 10,000-100,000 points every second.
[0058] Inanother variation the image capturing system
uses a structured-light 3D scanner that projects a pattern
of light on the subject and look at the deformation of the
pattern on the subject. The pattern is projected onto the
subject using either an LCD projector or other stable light
source. A camera, offset slightly from the pattern projec-
tor, looks at the shape of the pattern and calculates the
distance of every pointin the field of view. The advantage
of structured-light 3D scanners is speed and precision.
Instead of scanning one point at a time, structured light
scanners scan multiple points or the entire field of view
at once. Scanning an entire field of view in a fraction of
a second reduces or eliminates the problem of distortion
from motion. Some existing systems are capable of scan-
ning moving objects in real-time.

[0059] The display unit may be a display arranged e.qg.
at a control unit or in the vehicle. As an alternative, the
display unit 14 is a pair of glasses, for example of the
type sold under the trademark Hololens. The pair of
glasses is structured to present the 3D representation
such that the 3D representation is overlaid on the trans-
parent glasses through which a user observes the object.
Various additional information may also be presented as
overlaid information and preferably presented such that
the additional information is presented close to an illus-
trated part of the object.

[0060] In still another alternative the display unit 14 is
a pair of virtual reality goggles. These types of goggles
comprise two displays to be arranged in front of the op-
erator’s eyes. This variation is particularly advantageous
when the operator has no direct line of sight to an object
to be handled. Often VR goggles are provided with an
orientation sensor that senses the orientation of the VR
goggles. It may then be possible for a user to change the
field of view to locate potential obstacles close to the
load, provided that the object detecting device has alarg-
er field of vision than the image presented at the displays
of the VR goggles.

[0061] The present invention also relates to a method
applied by an operator assistance system for a vehicle
provided with a working equipment. The method will now
be described in detail with reference to the flow diagram
shown in figure 5.

[0062] The assistance system is described above and
comprises thus an image capturing system arranged at
the vehicle and/or atthe working equipment, and capable
of capturing parameters related to images of the working
equipment and of the environment outside said vehicle
in a predetermined field of view. The assistance system
further comprises a processing unit configured to receive
image related parameter signals from the image captur-
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ing system and to process the image related parameter
signals, and a display unit configured to present images
to an operator. The image capturing system comprises
at least two sensor unit assemblies capable of capturing
parameters related to essentially overlapping images of
said predetermined field of view. As discussed above the
sensor unit assembly may be a camera unit, an angle
sensor, alength sensor, or any other sensor unit capable
of capturing parameters related to images.

[0063] The processing unitis configured to generate a
merged image based upon said overlapping images.
[0064] The method then comprises determining a
shape and position of an image representation of the
working equipment occluding a part of an image in the
predetermined field of view, by processing image related
signals, and determining if the part occluded by the work-
ing equipment is visible in any image in the predeter-
mined field of view obtained by any of the other sensor
unit assemblies. If the occluded part is visible by any of
the other sensor unit assemblies, the method further
comprises determining an occluded partimage, being an
image representation of the occluded part, in the field of
view obtained by the other sensor unit assembly, merg-
ing, by said processing unit, the occluded part image into
said merged image in said determined position of said
working equipment, and finally displaying said merged
image at said display unit.

[0065] Accordingto one embodimentthe method com-
prises applying a pattern recognition algorithm to identify
any image representation of the working equipment in
an image in the predetermined field of view by compar-
ison to a set of image representations of the working
equipment.

[0066] The method preferably comprises identifying a
predetermined part, e.g. a hook, a load, a fork, of the
occluding working equipment to be visible in the merged
image, and then displaying the predetermined part at the
display unit.

[0067] In a further embodiment the method comprises
determining a presentation mode of the occluded part
image. The presentation mode is determined from a set
of presentation modes including a transparent mode,
wherein the working equipment defining the occluded
part image is fully transparent, and a semi-transparent
mode, wherein the working equipment defining the oc-
cluded part image has a variable opacity.

[0068] In addition the method further comprises deter-
mining a presentation mode where an outer boundary of
the occluded partimage is indicated inthe merged image,
e.g. by a dashed line.

[0069] The present invention is not limited to the
above-described preferred embodiments. Various alter-
natives, modifications and equivalents may be used.
Therefore, the above embodiments should not be taken
as limiting the scope of the invention, which is defined
by the appending claims.
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Claims

1. An operator assistance system (2) for a vehicle (4)
provided with a working equipment (6), the assist-
ance system (2) comprises an image capturing sys-
tem (8) arranged at said vehicle (4) and/or at said
working equipment (6), and capable of capturing pa-
rameters related to images, of said working equip-
ment (6) and of the environment outside said vehicle
(4)in a predetermined field of view (10), a processing
unit (12) configured to receive image related param-
eter signals (14) from said image capturing system
(8) and to process said image related parameter sig-
nals (14), and a display unit (16) configured to
presentimages to an operator, said image capturing
system (8) comprises at least two sensor unit as-
semblies (18, 20) capable of capturing parameters
related to essentially overlapping images of said pre-
determined field of view (10), and that said process-
ing unit (12) is configured to generate a merged im-
age based upon said overlapping images,
characterized in that said processing unit (12) is
configured to determine a shape and position of an
image representation of said working equipment (6)
occluding a part of an image in the predetermined
field of view (10), obtained by one of said sensor unit
assemblies (18, 20), by processing image related
signals from at least one of the other sensor unit
assemblies (18, 20), the processing unit (12) is fur-
ther configured to determine if the part occluded by
said working equipment (6) is visible in any image in
the predetermined field of view (10) obtained by any
of the other sensor unit assemblies, and if said part
is visible by any of the other sensor unit assemblies
(18, 20), an occluded part image, being an image
representation of said occluded part, is determined
in the field of view (10) obtained by said other sensor
unit assembly (18, 20),
wherein said processing unit (12) is configured to
merge said occluded part image into said merged
image in said determined position of said working
equipment (6), and to display said merged image at
said display unit (16).

2. The operator assistance system (2) according to
claim 1, wherein at least one of said sensor unit as-
semblies (18, 20) comprises at least one angle sen-
sor and/or at least one length sensor structured to
be arranged at said working equipment, and adapted
to measure angles and lengths related to move-
ments of said working equipment, and at least one
camera unit (18, 20) mounted at said vehicle (4)
and/or at said working equipment (6).

3. The operator assistance system (2) according to
claim 1 or 2, wherein said sensor unit assemblies
(18, 20) comprises at least two camera units (18, 20)
that are mounted at separate mounting positions at
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said vehicle (4) in relation to said working equipment
(6), or at said working equipment (6), such that dif-
ferent sides of said working equipment (6) are visible
atimages obtained by said at least two camera units
(18, 20).

The assistance system (2) according to any of claims
1-3, wherein said processing unit (12) is provided
with a set of image representations of the working
equipment (6), and is further configured to apply a
pattern recognition algorithm to identify any image
representation of the working equipment (6) in an
image in the predetermined field of view by compar-
ison to the set of image representations.

The assistance system (2) according to any of claims
1-4, wherein said processing unit (12) is further con-
figured to identify a predetermined part, e.g. a hook,
a load, a fork, of said occluding working equipment
(6) to be visible in said merged image, and to display
said predetermined part at said display unit (16).

The assistance system (2) according to any of claims
1-5, wherein said processing unit (12) is configured
to determine a presentation mode of said occluded
partimage, from a set of presentation modes includ-
ing a transparent mode, wherein said working equip-
ment (6) defining the occluded part image is fully
transparent, a semi-transparent mode, wherein said
working equipment (6) defining said occluded part
image has a variable opacity.

The assistance system (2) according to any of claims
1-6, wherein said processing unit (12) is configured
to determine a presentation mode where an outer
boundary of the occluded part image is indicated in
the merged image.

The assistance system (2) according to any of claims
1-7, wherein said working equipment (6) is a crane,
a demountable arm, a boom, or a bucket.

A method applied by an operator assistance system
(2) for a vehicle (4) provided with a working equip-
ment (6), the assistance system (2) comprises an
image capturing system (8) arranged at said vehicle
and/or at the working equipment (6), and capable of
capturing parameters related to images of said work-
ing equipment (6) and of the environment outside
said vehicle (4) in a predetermined field of view (10),
a processing unit (12) configured to receive image
related parameter signals (14) from said image cap-
turing system (8) and to process said image related
parameter signals (14), and a display unit (16) con-
figured to presentimages to an operator, said image
capturing system (8) comprises at least two sensor
unitassemblies (18, 20) capable of capturing param-
eters related to essentially overlapping images of
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said predetermined field of view (10), and that said
processing unit (12) is configured to generate a
merged image based upon said overlapping images,
characterized in that method comprises:

- determining a shape and position of an image
representation of said working equipment (6) oc-
cluding a part of an image in the predetermined
field of view (10), by processing image related
signals,

- determiningif the part occluded by said working
equipment (6) is visible in any image in the pre-
determined field of view (10) obtained by any of
the other sensor unit assemblies (18, 20), and
if said part is visible by any of the other sensor
unit assemblies (18, 20), the method further
comprises:

- determining an occluded part image, being an
image representation of said occluded part, in
the field of view (10) obtained by said other sen-
sor unit assembly (18, 20),

- merging, by said processing unit (12), said oc-
cluded part image into said merged image in
said determined position of said working equip-
ment (6),

- displaying said merged image at said display
unit (16).

10. The method according to claim 9 comprising:

- applying a pattern recognition algorithm to
identify any image representation of the working
equipment (6) in an image in the predetermined
field of view by comparison to a set of image
representations of the working equipment (6).

11. The method according to claim 9 or 10, comprising:

- identifying a predetermined part, e.g. a hook,
a load, a fork, of said occluding working equip-
ment (6) to be visible in said merged image, and
- displaying said predetermined part at said dis-
play unit (16).

12. The method according to any of claims 9-11, com-

prising:

- determining a presentation mode of said oc-
cluded part image, from a set of presentation
modes including a transparent mode, wherein
said working equipment (6) defining the occlud-
ed part image is fully transparent, a semi-trans-
parent mode, wherein said working equipment
(6) defining said occluded part image has a var-
iable opacity.

13. The method according to any of claims 9-12, com-

prising:
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- determining a presentation mode where an out-
er boundary of the occluded part image is indi-
cated in the merged image.

Patentanspriiche

1.

Bedienerassistenzsystem (2) fir ein Fahrzeug (4),
das mit einem Arbeitsgerat (6) versehen ist, wobei
das Assistenzsystem (2) ein Bildaufnahmesystem
(8), das an dem Fahrzeug (4) und/oder an dem Ar-
beitsgerat (6) angeordnetist, und Parameteraufneh-
men kann, die sich auf Bilder von dem Arbeitsgerat
(6) und der Umgebung auerhalb des Fahrzeugs (4)
in einem vorbestimmten Sichtfeld (10) beziehen, ei-
ne Verarbeitungseinheit (12), die dazu konfiguriert
ist, bildbezogene Parametersignale (14) von dem
Bildaufnahmesystem (8) zu empfangen und die bild-
bezogenen Parametersignale (14) zu verarbeiten,
und eine Anzeigeeinheit (16) umfasst, die dazu kon-
figuriert ist, fUr einen Bediener Bilder darzustellen,
wobei das Bildaufnahmesystem (8) mindestens zwei
Sensoreinheitsbaugruppen (18, 20) umfasst, die Pa-
rameter aufnehmen konnen, die sich aufim Wesent-
lichen Uberlappende Bilder des vorbestimmten
Sichtfelds (10) beziehen, und wobei die Verarbei-
tungseinheit (12) dazu konfiguriert ist, ein zusam-
mengeflhrtes Bild auf Grundlage der iberlappen-
den Bilder zu erzeugen,

dadurch gekennzeichnet, dass die Verarbeitungs-
einheit (12) dazu konfiguriert ist, eine Form und Po-
sition einer Bilddarstellung des Arbeitsgerats (6) zu
bestimmen, das einen Teil eines Bildes in dem vor-
bestimmten Sichtfeld (10), das von einer der Senso-
reinheitsbaugruppen (18, 20) erhalten wurde, ver-
deckt, indem sie bildbezogene Signale von mindes-
tens einer der anderen Sensoreinheitsbaugruppen
(18, 20) verarbeitet, dass die Verarbeitungseinheit
(12) ferner dazu konfiguriert ist, zu bestimmen, ob
derTeil, derdurch das Arbeitsgerat (6) verdeckt wird,
in einem beliebigen Bild in dem vorbestimmten Sicht-
feld (10), das von einer beliebigen der anderen Sen-
soreinheitsbaugruppen (18, 20) erhalten wurde,
sichtbar ist, und wenn der Teil durch eine beliebige
der anderen Sensoreinheitsbaugruppen (18, 20)
sichtbar ist, wird ein Bild des verdeckten Teils, bei
dem es sich um eine Bilddarstellung des verdeckten
Teils handelt, in dem Sichtfeld (10) bestimmt, das
von der anderen Sensoreinheitsbaugruppe (18, 20)
erhalten wird,

wobei die Verarbeitungseinheit (12) dazu konfigu-
riert ist, das Bild des verdeckten Teils zu dem zu-
sammengefihrten Bild an der bestimmten Position
des Arbeitsgerats (6) zusammenzufihren, und das
zusammengeflhrte Bild auf der Anzeigeeinheit (16)
anzuzeigen.

Bedienerassistenzsystem (2) nach Anspruch 1, wo-
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bei mindestens eine der Sensoreinheitsbaugruppen
(18, 20) mindestens einen Winkelsensor und/oder
mindestens einen Langensensor, der aufgebaut ist,
um an dem Arbeitsgerat angeordnet zu werden und
dazu ausgelegt ist, Winkel und Langen zu messen,
die sich auf Bewegungen des Arbeitsgerats bezie-
hen, und mindestens eine Kameraeinheit (18, 20)
umfasst, die an dem Fahrzeug (4) und/oder an dem
Arbeitsgerat (6) montiert ist.

Bedienerassistenzsystem (2) nach Anspruch 1 oder
2, wobei die Sensoreinheitsbaugruppen (18, 20)
mindestens zwei Kameraeinheiten (18, 20) umfas-
sen, die an separaten Montagepositionen an dem
Fahrzeug (4) in Bezug auf das Arbeitsgerat (6) oder
an dem Arbeitsgerat (6) montiert sind, derart dass
verschiedene Seiten des Arbeitsgerats (6) auf Bil-
dern sichtbar sind, die von den mindestens zwei Ka-
meraeinheiten (18, 20) erhalten werden.

Assistenzsystem (2) nach einem der Anspriiche 1-3,
wobei die Verarbeitungseinheit (12) mit einem Satz
von Bilddarstellungen des Arbeitsgerats (6) verse-
hen ist und ferner dazu konfiguriert ist, einen Mus-
tererkennungsalgorithmus anzuwenden, um eine
beliebige Bilddarstellung des Arbeitsgerats (6) in ei-
nem Bild in dem vorbestimmten Sichtfeld durch Ver-
gleich mit dem Satz von Bilddarstellungen zu erken-
nen.

Assistenzsystem (2) nach einem der Anspriiche 1-4,
wobei die Verarbeitungseinheit (12) ferner dazu kon-
figuriert ist, einen vorbestimmten Teil, z. B. einen
Haken, eine Last, eine Gabel des verdeckenden Ar-
beitsgerats (6) zu erkennen, der in dem zusammen-
gefuhrten Bild sichtbar sein soll, und diesen vorbe-
stimmten Teil auf der Anzeigeeinheit (16) anzuzei-
gen.

Assistenzsystem (2) nach einem der Anspriiche 1-5,
wobei die Verarbeitungseinheit (12) dazu konfigu-
riert ist, einen Darstellungsmodus des Bilds des ver-
deckten Teils aus einem Satz von Darstellungsmodi
zu bestimmen, einschlielich eines transparenten
Modus, wobei das Arbeitsgerat (6), das das Bild des
verdeckten Teils definiert, vollstandig transparent
ist, eines semi-transparenten Modus, wobei das Ar-
beitsgerat (6), das das Bild des verdeckten Teils de-
finiert, eine variable Opazitat aufweist.

Assistenzsystem (2) nach einem der Anspriiche 1-6,
wobei die Verarbeitungseinheit (12) dazu konfigu-
riert ist, einen Darstellungsmodus zu bestimmen, in
dem eine Aulengrenze des Bilds des verdeckten
Teils in dem zusammengefiihrten Bild angegeben
wird.

Assistenzsystem (2) nach einem der Anspriiche 1-7,
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wobei das Arbeitsgerat (6) ein Kran, ein demontier-
barer Arm, ein Ausleger oder eine Schaufel ist.

Verfahren, das von einem Bedienerassistenzsystem
(2) fur ein Fahrzeug (4), das mit einem Arbeitsgerat
(6) versehen ist, angewendet wird, wobei das Assis-
tenzsystem (2) ein Bildaufnahmesystem (8), das an
dem Fahrzeug und/oder dem Arbeitsgerat (6) ange-
ordnet ist, und Parameter aufnehmen kann, die sich
auf Bilder von dem Arbeitsgerat (6) und der Umge-
bung aulerhalb des Fahrzeugs (4) in einem vorbe-
stimmten Sichtfeld (10) beziehen, eine Verarbei-
tungseinheit (12), die dazu konfiguriert ist, bildbezo-
gene Parametersignale (14) von dem Bildaufnahme-
system (8) zu empfangen unddie bildbezogenen Pa-
rametersignale (14) zu verarbeiten, und eine Anzei-
geeinheit (16) umfasst, die dazu konfiguriert ist, fur
einen Bediener Bilder darzustellen, wobei das Bild-
aufnahmesystem (8) mindestens zwei Sensorein-
heitsbaugruppen (18, 20) umfasst, die Parameter
aufnehmen konnen, die sich auf im Wesentlichen
Uberlappende Bilder des vorbestimmten Sichtfelds
(10) beziehen, und wobei die Verarbeitungseinheit
(12) dazu konfiguriert ist, ein zusammengefiihrtes
Bild auf Grundlage der tberlappenden Bilder zu er-
zeugen,

dadurch gekennzeichnet, dass das Verfahren Fol-
gendes umfasst:

- Bestimmen einer Form und Position einer Bild-
darstellung des Arbeitsgerats (6), das einen Teil
eines Bildes in dem vorbestimmten Sichtfeld
(10) verdeckt, durch Verarbeiten von bildbezo-
genen Signalen,

- Bestimmen, ob der Teil, der durch das Arbeits-
gerat (6) verdeckt wird, in einem beliebigen Bild
in dem vorbestimmten Sichtfeld (10), das von
einer beliebigen der anderen Sensoreinheits-
baugruppen (18, 20) erhalten wurde, sichtbar
ist, und wenn der Teil durch eine beliebige der
anderen Sensoreinheitsbaugruppen (18, 20)
sichtbar ist, umfasst das Verfahren ferner Fol-
gendes:

- Bestimmen eines Bildes des verdeckten Teils,
bei dem es sich um eine Bilddarstellung des ver-
deckten Teils handelt, in dem Sichtfeld (10), das
von der anderen Sensoreinheitsbaugruppe (18,
20) erhalten wird,

- Zusammenfuhren des Bildes des verdeckten
Teils zu dem zusammengefihrten Bild an der
bestimmten Position des Arbeitsgerats (6) durch
die Verarbeitungseinheit (12),

- Anzeigen des zusammengefihrten Bildes auf
der Anzeigeeinheit (16).

10. Verfahrennach Anspruch 9, das Folgendes umfasst:

- Anwenden eines Mustererkennungsalgorith-
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mus, um eine beliebige Bilddarstellung des Ar-
beitsgerats (6) in einem Bild in dem vorbestimm-
ten Sichtfeld durch Vergleich miteinem Satz von
Bilddarstellungen des Arbeitsgerats (6) zu er-
kennen.

11. Verfahren nach Anspruch 9 oder 10, das Folgendes

umfasst:

- Erkennen eines vorbestimmten Teils, z. B. ei-
nes Hakens, einer Last, einer Gabel des verde-
ckenden Arbeitsgerats (6), der in dem zusam-
mengeflihrten Bild sichtbar sein soll, und

- Anzeigen des vorbestimmten Teils auf der An-
zeigeeinheit (16).

12. Verfahren nach einem der Anspriiche 9-11, das Fol-

gendes umfasst:

- Bestimmen eines Darstellungsmodus des Bil-
des des verdeckten Teils aus einem Satz von
Darstellungsmodi einschlieRlich eines transpa-
renten Modus, wobei das Arbeitsgerat (6), das
das Bild des verdeckten Teils definiert, vollstan-
dig transparent ist, eines semi-transparenten
Modus, wobei das Arbeitsgerat (6), das das Bild
des verdeckten Teils definiert, eine variable
Opazitat aufweist.

13. Verfahren nach einem der Anspriiche 9-12, das Fol-

gendes umfasst:

- Bestimmen eines Darstellungsmodus, in dem
eine Aullengrenze des Bilds des verdeckten
Teils in dem zusammengeflihrten Bild angege-
ben wird.

Revendications

Systeme d’assistance a opérateur (2) pour un véhi-
cule (4) muni d’'un équipement de travail (6), le sys-
teme d’assistance (2) comprend un systéme de cap-
ture d’'image (8) agencé au niveau dudit véhicule (4)
et/ou au niveau dudit équipement de travail (6), et
capable de capturer des parameétres relatifs a des
images dudit équipement de travail (6) et de I'envi-
ronnement a I'extérieur dudit véhicule (4) dans un
champ de vision prédéterminé (10), une unité de trai-
tement (12) configurée pour recevoir des signaux de
paramétres relatifs a une image (14) a partir dudit
systeme de capture d'image (8) et pour traiter lesdits
signaux de parameétres relatifs a une image (14), et
une unité d’affichage (16) configurée pour présenter
des images a un opérateur, ledit systéme de capture
d'image (8) comprend au moins deux ensembles
d’unité de capteur (18, 20) capables de capturer des
parameétres relatifs a des images se chevauchant
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sensiblement dudit champ de vision prédéterminé
(10), et en ce que ladite unité de traitement (12) est
configurée pour générer une image fusionnée surla
base desdites images se chevauchant,
caractérisé en ce que ladite unité de traitement (12)
est configurée pour déterminer une forme et une po-
sition d’'une représentation d’'image dudit équipe-
ment de travail (6) occluant une partie d’'une image
dans le champ de vision prédéterminé (10), obtenue
par I'un desdits ensembles d’unité de capteur (18,
20), en traitant des signaux relatifs a une image pro-
venant d’au moins I'un des autres ensembles d’'unité
de capteur (18, 20), I'unité de traitement (12) est en
outre configurée pour déterminer si la partie occluse
par ledit équipement de travail (6) est visible dans
une image quelconque dans le champ de vision pré-
déterminé (10) obtenue par I'un quelconque des
autres ensembles d’unité de capteur, et siladite par-
tie est visible par I'un quelconque des autres ensem-
bles d’'unité de capteur (18, 20), une image de partie
occluse, étant une représentation d'image de ladite
partie occluse, est déterminée dans le champ de vi-
sion (10) obtenu par ledit autre ensemble d’unité de
capteur (18, 20),

dans lequel ladite unité de traitement (12) est confi-
gurée pour fusionner ladite image de partie occluse
en ladite image fusionnée dans ladite position déter-
minée dudit équipement de travail (6), et pour affi-
cher ladite image fusionnée au niveau de ladite unité
d’affichage (16).

Systeme d’assistance a opérateur (2) selon la re-
vendication 1, dans lequel au moins 'un desdits en-
sembles d'unité de capteur (18, 20) comprend au
moins un capteur d’angle et/ou au moins un capteur
de longueur structuré pour étre agencé au niveau
dudit équipement de travail, et adapté pour mesurer
des angles et des longueurs relatifs a des déplace-
ments dudit équipement de travail, et au moins une
unité de caméra (18, 20) montée au niveau dudit
véhicule (4) et/ou au niveau dudit équipement de
travail (6).

Systeme d’assistance a opérateur (2) selon la re-
vendication 1 ou 2, dans lequel lesdits ensembles
d’'unité de capteur (18, 20) comprennent au moins
deux unités de caméra (18, 20) qui sont montées
dans des positions de montage séparées au niveau
dudit véhicule (4) par rapport audit équipement de
travail (6), ou au niveau dudit équipement de travail
(6), de sorte que différents cotés dudit équipement
de travail (6) sont visibles sur des images obtenues
par lesdites au moins deux unités de caméra (18,
20).

Systeme d’assistance (2) selon l'une quelconque
des revendications 1 a 3, dans lequel ladite unité de
traitement (12) est pourvue d’'un ensemble de repré-
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sentations d'image de I'équipement de travail (6), et
esten outre configurée pour appliquer un algorithme
de reconnaissance de motif pour identifier toute re-
présentation d’'image de I'’équipement de travail (6)
dans une image dans le champ de vision prédéter-
miné par comparaison avecl’ensemble de représen-
tations d'image.

Systeme d’assistance (2) selon I'une quelconque
des revendications 1 a 4, dans lequel ladite unité de
traitement (12) est en outre configurée pouridentifier
une partie prédéterminée, par exemple un crochet,
une charge, une fourche, dudit équipement de travail
d’occlusion (6) comme étant visible dans ladite ima-
ge fusionnée, et pour afficher ladite partie prédéter-
minée au niveau de ladite unité d’affichage (16).

Systeme d’assistance (2) selon I'une quelconque
des revendications 1 a 5, dans lequel ladite unité de
traitement (12) est configurée pour déterminer un
mode de présentation de ladite image de partie oc-
cluse, a partir d’'un ensemble de modes de présen-
tation comprenant un mode transparent, dans lequel
ledit équipement de travail (6) définissant 'image de
partie occluse est entierementtransparent, etunmo-
de semi-transparent, dans lequel ledit équipement
de travail (6) définissant ladite image de partie oc-
cluse présente une opacité variable.

Systeme d’assistance (2) selon I'une quelconque
des revendications 1 a 6, dans lequel ladite unité de
traitement (12) est configurée pour déterminer un
mode de présentation ou une limite extérieure de
I'image de partie occluse est indiquée dans I'image
fusionnée.

Systeme d’assistance (2) selon I'une quelconque
des revendications 1 a 7, dans lequel ledit équipe-
ment de travail (6) est une grue, un bras démontable,
une fleche ou un godet.

Procédé appliqué par un systeme d’assistance a
opérateur (2) pour un véhicule (4) muni d’'un équi-
pement de travail (6), le systeme d’assistance (2)
comprend un systéeme de capture d’image (8) agen-
cé au niveau dudit véhicule et/ou au niveau de I'équi-
pement de travail (6), et capable de capturer des
paramétres relatifs a des images dudit équipement
de travail (6) et de I'environnement a I'extérieur dudit
véhicule (4) dans un champ de vision prédéterminé
(10), une unité de traitement (12) configurée pour
recevoir des signaux de paramétres relatifs a une
image (14) a partir dudit systéeme de capture d'image
(8) et pour traiter lesdits signaux de parameétres re-
latifs a une image (14), et une unité d’affichage (16)
configurée pour présenter des images a un opéra-
teur, ledit systéme de capture d'image (8) comprend
au moins deux ensembles d’unité de capteur (18,



21 EP 3 687 937 B1

20) capables de capturer des paramétres relatifs a
des images se chevauchant sensiblement dudit
champ de vision prédéterminé (10), et ladite unité
de traitement (12) est configurée pour générer une
image fusionnée surlabase desditesimages se che-
vauchant,

caractérisé en ce que le procédé comprend les éta-
pes consistant a :

- déterminer une forme et une position d’'une re-
présentation d’image dudit équipement de tra-
vail (6) occluant une partie d’'une image dans le
champ de vision prédéterminé (10), en traitant
des signaux relatifs a une image,

- déterminer si la partie occluse par ledit équi-
pement de travail (6) est visible dans une image
quelconque dans le champ de vision prédéter-
miné (10) obtenue par l'un quelconque des
autres ensembles d’unités de capteur (18, 20),
et si ladite partie est visible par 'un quelconque
des autres ensembles d’unités de capteur (18,
20), le procédé comprend en outre les étapes
consistant a :

- déterminer une image de partie occluse, qui
est une représentation d'image de ladite partie
occluse, dans le champ de vision (10), obtenue
par ledit autre ensemble d’'unité de capteur (18,
20),

- fusionner, par 'intermédiaire de ladite unité de
traitement (12), ladite image de partie occluse
en ladite image fusionnée dans ladite position
déterminée dudit équipement de travail (6),

- afficher ladite image fusionnée au niveau de
ladite unité d’affichage (16).

10. Procédé selon la revendication 9, comprenant en
outre I'étape consistant a :

- appliquer un algorithme de reconnaissance de
motif pour identifier toute représentation d’'ima-
gedel’équipementde travail (6) dans uneimage
dans le champ de vision prédéterminé par com-
paraison a un ensemble de représentations
d’'image de I'’équipement de travail (6).

11. Procédé selon la revendication 9 ou 10, comprenant
les étapes consistant a :

- identifier une partie prédéterminée, par exem-
ple un crochet, une charge, une fourche, dudit
équipement de travail d’occlusion (6) comme
étant visible dans ladite image fusionnée, et

- afficher ladite partie prédéterminée au niveau
de ladite unité d’affichage (16).

12. Procédé selon I'une quelconque des revendications
9 a 11, comprenant en I'étape consistant a :
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- déterminer un mode de présentation de ladite
image de partie occluse, a partir d’'un ensemble
de modes de présentation comprenant un mode
transparent, dans lequel ledit équipement de
travail (6) définissant I'image de partie occluse
est entierement transparent, et un mode semi-
transparent, dans lequel ledit équipement de
travail (6) définissant ladite image de partie oc-
cluse a une opacité variable.

13. Procédé selon I'une quelconque des revendications
9 a 12, comprenant en I'étape consistant a :

- déterminer un mode de présentation ou une
limite extérieure de 'image de partie occluse est
indiquée dans l'image fusionnée.
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FIG. 3c

FIG. 3b

FIG. 3a

FIG. 4
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DETERMINING SHAPE AND POSITION OF
IMAGE REPRESENTATION OF WORKING
EQUIPMENT OCCLUDING PART OF IMAGE IN
PREDETERMINED FIELD OF VIEW

DETEMINING IF PART OCCLUDED BY
WORKING EQUIPMENT IS VISIBLE IN ANY
IMAGE OF OTHER SENSOR UNIT ASSEMBLY

IF PART VISIBLE THEN DETERMINING AN
OCCLUDED PART IMAGE IN THE FIELD OF
VIEW OBTAINED BY OTHER SENSOR UNIT

ASSEMBLY

MERGING OCCLUDED PART IMAGE INTO
MERGED IMAGE IN DETERMINED
POSITION OF WORKING EQUIPMENT

DISPLAYING MERGED IMAGE AT DISPLAY
UNIT

FIG. 5
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