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DESCRIPTION

[0001] The present invention relates to a method for generating a panoramic image.

[0002] In the context of the present invention a panoramic image Is understood to mean an
Image which can be acquired by means of a plurality of optical cameras, the individual images
of which are combined to form the panoramic image and wherein the field of view displayed by
the panoramic image Is greater than the fields of vision associated with the optical cameras
with which the individual images have been acquired. Field of view Is understood here to mean
that part of the surrounding area seen from a determined position and orientation which can be
viewed by an optical camera or can be displayed by the panoramic image.

[0003] Panoramic images can for instance provide information about infrastructure which can
be used by governments, estate agents, utility companies, banks, insurance companies and
others for the purpose of evaluating local situations, for instance the location of property, the
state of infrastructural objects and local traffic situations.

[0004] In view of the above stated application an important requirement for panoramic images
IS that the dimensions of the elements In the image, such as the height or width of a building or
road, are sufficiently accurate.

[0005] There I1s also a constant desire to increase the resolution of the panoramic images.
Because the resolution of the optical cameras Is not sufficient, a plurality of optical cameras
have to be used.

[0006] A further requirement Is that the individual images used to generate the panoramic
Image can be acquired by means of a system mounted on top of or on a moving vehicle, and
that the optical cameras can record the images while the vehicle is in motion. If this were not
the case, It would be more difficult to collect a sufficient number of images for a large area
such as a region, local area or country.

[0007] A known problem when combining multiple images is that these images have generally
not been acquired from the same position and with the same optical camera. Parallax errors
will hereby occur. A number of techniques are known for preventing these errors.

[0008] In a first technigue use Is made of a rotatably mounted optical camera. By not
displacing but only rotating the camera, multiple images can be acquired from more or less the
same position. A drawback of this technique is that it is not suitable for acquiring images from a
moving vehicle.

[0009] A further known technique is known from US 2002/0089/65 A1 and relates to placing of
optical cameras and mirrors In a frame such that light incident on a mirror iIs reflected to an
optical camera, this in a way such that the virtual entrance pupil associated with this optical
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camera Is the same as in the other cameras in the frame. This achieves that all cameras view
iImages virtually from the same position, despite the fact that the cameras all have a different
orientation. A drawback of this technique iIs that obtaining an identical virtual entrance pupil for
all cameras imposes requirements in respect of placing of the cameras, whereby this approach
IS less suitable for increasing the number of cameras, particularly because the desired placing
IS sometimes impossible because of the physical dimensions of the cameras.

[0010] Another technigue I1s known from EP 1 903 534 A1 and relates to two optical cameras
which are placed one behind the other on a longitudinal axis of a vehicle on the roof of this
vehicle. Because the vehicle moves it Is possible to achieve by means of a suitable control of
the cameras for recording an image that, at the time the image Is being recorded, each
camera Is located at the same position relative to the surrounding area. A drawback of the
technique 1s that it Is limited to cameras placed one behind the other in the longitudinal
direction of the vehicle. The increasing in the number of cameras can hereby be described as
imited. Another drawback is that parallax errors can still occur when bends are negotiatec

[0011] A method for manufacturing a 3D geometry of the environment is disclosed in: Xuexian
Geng et al. A Mobile System Using Lidar and Photogrammetry for Urban Spatial Objects
Extraction. Information Engineering and Computer Science 2009. ICIECS 2009. International
Conference On, |[EEE. Piscataway, NJ, USA, 19 December 2009 (2009-12-19), pages 1-4,
XP031589802. ISBN: 978-1-4244-4994-1.

[0012] It i1s an object of the present invention to provide a method for generating a panoramic
Image of an area surrounding a virtual viewpoint as seen from the virtual viewpoint and
corresponding to a predetermined field of view making use of multiple images, this panoramic
Image having no or few parallax errors and wherein the above stated drawbacks do not occur,
or hardly so.

[0013] This object is achieved with the method of claim 1. According to the invention the
method comprises of providing a three-dimensional (3D) point model of an area surrounding
the virtual viewpoint, wherein the 3D point model comprises points with position information
and/or 1s formed thereby and/or consists hereof, the points corresponding to one or more
elements around the virtual viewpoint at a position corresponding to the position information.
The panoramic image corresponds to an image that would be acquired if an optical camera
were to be used at the virtual viewpoint that records the field of view associated with the
panoramic image. Such a camera having the desired resolution and the desired field of view
does not generally exist, whereby multiple images have to be used.

[0014] A point In the 3D point model preferably corresponds to the presence of a peripheral
structure of an object at a location In the space corresponding to the position information of
that point. An example hereof i1s a collection of points In the 3D point model corresponding to
an outer wall or facade of a building.

[0015] The points from the 3D point model correspond to one or more elements around the
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virtual viewpoint. Substantially the whole area surrounding the virtual viewpoint is for this
purpose preferably scanned for the purpose of collecting the points for the 3D point model.
The scanning itself need not take place here from the virtual viewpoint. The 3D point model is
however preferably complete to the extent that it is possible to provide a faithful panoramic
Image associated with the virtual viewpoint and preferably having a random field of view, and
particularly having a 360-degree field of view.

[0016] The method further comprises of acquiring multiple images of the area surrounding the
virtual viewpoint, each image acquired from a known position and with a known orientation,
wherein the images comprise colour information about at least a part of the one or more
elements. The images generally correspond here to digital colour photos.

[0017] The method further comprises of projecting the acquired images onto the 3D point
model in order to obtain a 3D point model with colour information per point. In this step the
colour of the point in the 3D point model is determined by means of correlation between points
from the 3D point model and the acquired image, more particularly elements from that image.
An example hereof Is that a point in the 3D point model corresponding to a location on a
concrete wall of a building 1s correlated with the same location in the digital photo of the wall or
the building. The colour in the digital photo of this location Is used as a basis for assigning a
colour to the point from the 3D point model. The colour will generally be corrected in order to
take account of ambient factors such as other changing light conditions.

[0018] The final step of the method comprises of generating the panoramic image using the
thus obtained 3D point model of the surrounding area. The 3D point model comprises position
Information and colour information. It i1s therefore possible to calculate what the panoramic
Image must be as seen from the virtual viewpoint and with a given field of view.

[0019] Known from "Towards a 3D true colored space by the fusion of laser scanner point
cloud and digital photos”, by A. Abdelhafiz et al., ISPRS XXXVI-5/W17, Is a technique for
calculating a 3D model of an object. This technique likewise comprises of providing a 3D point
model and using multiple images for the purpose of assigning colour to points in the 3D point
model. This technique is however aimed at determining a colour 3D point model. A view of the
object can be generated with such a model. This document does not have the object of
providing panoramic images. In contrast to the present invention, in this document a 3D point
model I1s not obtained with points corresponding to one or more elements around the virtual
viewpoint at a position corresponding to the position information. The same consideration
applies for acquiring the images. This takes place not from a position falling within the 3D point
model, but only outside It.

[0020] According to the invention the virtual viewpoint is preferably situated on or in the
smallest enclosing sphere, ellipsoid, beam or box which encloses all points from the 3D point

model. This means that the virtual viewpoint is preferably located in the 3D point model.

[0021] The 3D point model according to the invention preferably provides information about
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the presence of the one or more elements In directions corresponding to an angle of view In
the horizontal plane, as seen from the virtual viewpoint, of 180 degrees or more, preferably of
at least 270 degrees, and more preferably of 360 degrees. In addition or instead, the 3D point
model according to the invention preferably provides information about the presence of the
one or more elements In directions corresponding to an angle of view in the vertical plane, as
seen from the virtual viewpoint, of at least 120 degrees, preferably of at least 150 degrees, and
more preferably of 180 degrees. A unit which Is placed at the virtual viewpoint and which
rotates can for instance thus be used to scan the surrounding area. It iIs however not
necessary for the present invention that the information associated with the different directions
IS obtained from one and the same position.

[0022] Providing a 3D point model preferably comprises of scanning the area surrounding the
virtual viewpoint with a distance determining unit from one or more known positions for the
purpose of determining a distance between the one or more known positions and the one or
more elements. Determining distance I1s an example here of scanning the surrounding area.
Other techniques in which the scanning provides information about the presence of an object
but wherein distance is not directly measured but can be derived indirectly are not precluded
here. The use of a plurality of distance determining units i1s not precluded either. Such units
can be used simultaneously or sequentially.

[0023] Providing the 3D point model preferably comprises of combining multiple distance
determinations relating to the same element from different known positions. It hereby becomes
possible for instance to obtain information about features of an element, such as a wall, which
are not visible from the virtual viewpoint.

[0024] Providing the 3D point model preferably comprises of moving along a path a vehicle on
which the distance determining unit iIs mounted, wherein the vehicle iIs stationary or moves
during the distance determination. Because the vehicle moves, the distance determination
does not take place at the virtual viewpoint. The area surrounding this viewpoint can however
be scanned adequately. It will be apparent to the skilled person that the speed of the vehicle
and/or the speed of scanning will optionally have to be modified if there are many elements

around the virtual viewpoint in order to prevent possible obstruction of the scanning by an
element.

[0025] The vehicle can comprise a plurality of units which are directed at different angles. This
IS particularly advantageous when the distance determining unit has a limited field of view.

[0026] In order to prevent the area surrounding the virtual viewpoint being displayed
Incorrectly on the panoramic image because elements are present between the virtual
viewpoint and one or more positions from which the surrounding area i1s scanned, the shortest
distance between the path along which movement takes place and the virtual viewpoint can be
made smaller than a predetermined value.

[0027] The distance determining unit preferably comprises a Light Detection And Ranging
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(LIDAR) unit.

[0028] The field of view of the panoramic image In the horizontal plane is preferably equal to or
more than 180 degrees, more preferably at least 2/0 degrees and still more preferably 360
degrees. The field of view of the panoramic image in the vertical plane is preferably equal to or
more than 120 degrees, more preferably at least 150 degrees and still more preferably 180
degrees. The method according to the present invention however allows the use of a random
fleld of view. After all, a complete 3D model of the surrounding area provided with colour
Information is preferably available.

[0029] The position information preferably comprises three-dimensional position information
relative to a predetermined origin. During scanning a distance is generally obtained between a
viewed element and the position from which viewing takes place. This latter position can
however be variable. By now relating all position information to the same origin, the information
can be incorporated more easily into a model.

[0030] The multiple images preferably cover substantially the whole surrounding area as seen
from the virtual viewpoint. If a panoramic image has a limited field of view, for instance 100
degrees In the horizontal plane, it Is not necessary for the panoramic image that images are
made of the whole surrounding area. It iIs however recommended that the field of view and the
virtual viewpoint are adjustable by a user. This requirement can be met by now covering the
whole surrounding area with images.

[0031] At least one of the acquired images preferably has fewer image elements therein than
the generated panoramic image. An image element can refer here to an object in the image
but also to a pixel of a digital photo. The resolution of the panoramic image, for instance
measured In total number of pixels per photo, can be Iincreased by making use of multiple
Images, each acquired with high resolution but relating to only a part of the surrounding area.
As a result an image will often have fewer elements therein than the resulting panoramic
Image.

[0032] Acquiring multiple images of the area surrounding the virtual viewpoint preferably
comprises of taking digital photos, each from a known position and each with a known field of
view. The digital photos preferably each relate here to a segment of the area surrounding the
virtual viewpoint. In addition, the fields of vision associated with at least two of the digital photos
do not overlap and/or the position from which the photo has been taken differs in the case of at
least two digital photos. The surrounding area is hereby In fact covered by a plurality of digital
photos which serve as a mosaic.

[0033] Acquisition of the multiple iImages of the area surrounding the virtual viewpoint
preferably comprises of moving along a path a vehicle on which the optical camera is mounted,
wherein the vehicle Is stationary or moves during acquisition of the multiple images. The
shortest distance between the path along which movement takes place and the virtual
viewpoint can here be smaller than a predetermined value.
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[0034] It i1s not precluded that the vehicle for the distance determination and the vehicle for
acquiring the images are the same vehicle. If there are two vehicles, it iIs recommended that
both vehicles travel the same path.

[0035] The distance between the virtual viewpoint and each of the known positions from which
the multiple images are acquired i1s preferably smaller than a predetermined value. This does
not however rule out multiple photos being taken of the areas surrounding a plurality of virtual
viewpoints. It Is however recommended to group the photos which serve as colour information
of an area surrounding a given virtual viewpoint and to ensure that the positions from which
these photos have been taken are not too far from the virtual viewpoint itself.

[0036] The position from which an image of the multiple iImages is acquired or the known
position(s) for the distance determination are preferably determined by means of a positioning
system such as Global Positioning System GPS.

[0037] Projection of an image from the multiple images onto the 3D point model preferably
comprises of assigning a colour to a point in the 3D point model, this colour being based on a
colour of a corresponding point in the image, taking into account the position information of
that point in the 3D point model, the position from which the image has been acquired and the
fleld of view associated with the image. Use can be made here of imaginary projection lines
extending from the position from which the image has been acquired, usually corresponding to
the entrance puplil of an optical camera, through the image to a point or an imaginary point In
the 3D point model corresponding to a point in the image through which the projection line
passes. The position of the image between the 3D point model and the position from which the
Image has been acquired is determined here by, among other factors, the enlargement used
and/or the field of view and/or the distance between an element in the 3D point model and the
position from which the image has been acquired.

[0038] The assigned colour of a point in the 3D point model is based on the colour of a
corresponding point in the image. It is possible to make correction here for the light intensity
and/or light composition.

[0039] Projection of an image from the multiple images onto the 3D point model can more
particularly comprise the steps of a) determining for a point from the image a corresponding
point In the 3D point model which lies closest to the known position from which the image has
been acquired and which Is located less than a predetermined distance from a projection line
which passes through the point from the image and the known position, and b) assigning a
colour to the point in the 3D point model found In step a), wherein the colour is derived from
the colour of the corresponding point from the image.

[0040] The method can comprise of improving the 3D point model on the basis of the existing
3D point model and an image from the multiple images. The improved 3D point model can also
be used Iin generating the panoramic image.
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[0041] An example of improvement of the 3D point model comprises the steps of a)
determining for a point from the image a plurality of corresponding points in the 3D point model
which lie closest to the known position from which the image has been acquired and which are
located less than a predetermined distance from a projection line which passes through the
point from the iImage and the known position, b) adding a point to the 3D point model, which
added point Is assigned position information corresponding to an interpolation of the position
Information of said plurality of corresponding points, and ¢) assigning a colour to the point
added In step b), wherein the colour is derived from the colour of the corresponding point from
the image. The number of points in the 3D point model can be increased with this method.

[0042] In addition to searching for corresponding points between an image and the 3D point
model, the method according to the present invention can further comprise the steps of
extracting a first object characteristic from the 3D point model and extracting a second object
characteristic, corresponding to the first object characteristic, from an image from the multiple
Images. Projection of an image from the multiple images onto the 3D point model can then also
be based on a similarity between the first and second object characteristics. The method can
for example comprise of determining a relative position error between the image and the 3D
point model by determining the distance between the position of the first object characteristic
and the second object characteristic. The position information of a point in the 3D point model,
the known position and/or the orientation from which the image has been acquired can be
corrected here using the relative position error. Use can be made here of a weighting related
to accuracy information. A greater correction in the known position can thus be made as the
accuracy of this position decreases relative to the orientation and/or the position information of
a point in the 3D point model. Determining the relative position error can otherwise also take
place after projection of the image onto the 3D point model. The projection of an edge of a
building onto a 3D point model can thus not overlap with the corresponding edge In the 3D
point model, whereby a relative position error can be derived.

[0043] The Invention will be discussed In more detall hereinbelow with reference to the
accompanying figures, wherein:

Figure 1A shows two vehicles for performing several steps of a method according to the
present invention;

Figure 1B shows a detall view of one of the vehicles of figure 1A;

Figure 2 shows a schematic view of a photo for use In a method according to the present
Invention;

Figure 3 shows a three-dimensional model for use In a method according to the present
Invention;

Figure 4 shows a flow diagram of a method according to the present invention;

Figure 5 shows a flow diagram of a more specific method according to the present invention;
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Figure 6 shows a schematic axonometric view of the method according to the present
iInvention.

[0044] It 1s not really important per se to the invention how the required photos are obtained
and In which direction they are taken. As long as sufficient image information from the images
for a panoramic image to be generated is available for the purpose of assigning colour to the
points In the 3D point model, a two-dimensional view of the 3D point model can be obtained
which gives the impression of being a panoramic image in the form of a photo.

[0045] An object of the present invention is to finally generate panoramic images of the
surrounding area with a large number of image elements so that the surrounding area iIs
shown In great detail, greater than Is possible with a single recording by means of a
conventional camera. In this example use Is therefore made, for illustrative purposes and by
way of comparison to the prior art, of a single vehicle 110 (figure 1A) with two cameras 112 and
114 mounted thereon which do not have exactly the same orientation but have a slightly
overlapping field of view. According to the prior art the recordings of these cameras 112 and
114 could be combined by means of stitching to form a single image with a greater number of
Image elements. Due to the distance between the entrance pupils of cameras 112 and 114 this
will however produce an image with parallax errors.

[0046] A three-dimensional model 1s further made of the surrounding area by providing a
vehicle 120 with two LIDAR devices 122 and 124 (figures 1A and IB). These LIDAR devices
122 and 124 have a rotating laser beam with which the surrounding area Is scanned. The
rotating laser beams each define a respective plane 132 and 134 in which objects 162, 164,
166 and 168 are detected in the surrounding area. LIDAR devices 122 and 124 scan only in a
plane 132, 134 but, because vehicle 120 moves forward over a road 150, the whole
surrounding area i1s scanned. LIDAR devices 122 and 124 emit a laser beam. The distance of
the LIDAR device to an object can be determined on the basis of the time taken by a reflection
to return to LIDAR device 122, 124. Since the direction in which the laser beam iIs emitted is
also known, the relative position of the object onto which the laser beam is reflected in relation
to the LIDAR device 1s known. By also storing each position of LIDAR device 122, 124, for
Instance determined by means of GPS, the absolute position of the reflections is thus known.

[0047] Figure 2 shows an example of a recording 200 made by one of the cameras 112, 114.
The recording 200 shows a view of road 150 and objects 162, 164, 166 and 168 In the
surrounding area. Recording 200 i1s preferably made with high resolution using a digital camera
12, 114,

[0048] A three-dimensional model 300 (figure 3) of the surrounding area i1s made using LIDAR
devices 122, 124. Objects 162, 164, 166 and 168 are defined In the 3D point model by
respective point clusters 362, 364, 366 and 368. The road 150 is likewise defined by a point
cluster 370. The same Is the case for the ground surface. The points in the 3D point model
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thus correspond to points where light has been reflected due to the presence of a material
structure. Figure 3 shows a view of the 3D point model 300 from the same viewpoint from
which photo 200 was taken.

[0049] An exemplary method 400 (figure 4) according to the present invention comprises the
following: the method iIs based on a number of photos 200 which have to be acquired 408 and
a 3D point model 300 (obtained in step 404) of the surrounding area where photos 200 were
taken. The 3D point model 300 could for instance be a three-dimensional CAD drawing of the
surrounding area. Such drawings are however often unavailable, for instance In older
neighbourhoods. CAD drawings may be available of individual buildings In newer
neighbourhoods. Drawings of entire neighbourhoods are exceptional. Furthermore, these
drawings have often not been provided with absolute position data. It 1s therefore
recommended In practice to obtain the 3D point model 300 using a LIDAR device 122, 124.
This produces point clusters in a three-dimensional space without further processing, these
point clusters representing the outer surfaces of objects in the surrounding area.

[0050] Once the 3D point model 300 and photos 200 have been acquired, photos 200 are
projected 414 into 3D point model 300. The Individual image elements from photos 200, for
Instance In the form of pixels, are projected by searching for the point in the 3D point model
300 along the projection line which lies within a set distance from the projection line and is
located closest to the viewpoint from which photo 200 was taken. The projection line extends
here from the entrance pupil through the photo to the 3D point model, see figure 6. The colour
of the pixel is then assigned to this corresponding point in the 3D point model 300, wherein the
colour 1s optionally modified. The 3D point model 300 is in this way coloured In using photos
200. The above stated set distance need not otherwise be a fixed distance. A 3D point model
300 obtained by mounting LIDAR devices 122, 124 on a car which drives through the area will
thus generally produce point clouds which are less dense at greater height above the ground
than close to the ground, since LIDAR device 122, 124 scans at a fixed angle during rotation
and the distance between the individual scan lines (the directions in which the laser beam iIs
emitted) diverges as the distance from LIDAR device 122, 124 increases. It Is advantageous In
such situations to make the set distance dependent on for instance the height above the
ground and/or the distance to the viewpoint from which the photo is taken.

[0051] A viewpoint Is then determined 416 associated with the panoramic image to be
generated, as well as an associated orientation, or viewing direction, and a field of view, In
order to use the 3D point model 300 In the subsequent step, step 418, to generate the
panoramic image, whereby the method ends 420.

[0052] In a further embodiment (figure 5) additional steps are taken In order to reduce the
chance of parts of photos 200 being projected onto the wrong objects Iin the 3D point model
300. This method 500 begins 502 and in the first instance performs the steps already
discussed above of obtaining 504 the 3D point model 300 and acquiring 508 photos 200.

[0053] After obtaining 504 the 3D point model 300, object characteristics are extracted 506
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from the 3D point model 300. Object characteristics are likewise extracted 510 from photos
200. Object characteristics should be understood to mean characteristics of objects which are
relatively easily to identify both in the 3D point model 300 and in photos 200, such as edges
and corners of objects contrasting sharply with the background.

[0054] Once object characteristics have been extracted from 3D point model 300 and from
photos 200, a search 512 is made for corresponding pairs of object characteristics in 3D point
model 300 on the one hand and in photos 200 on the other. Photos 200 are then once again
projected 514 In 3D point model 300, although the corresponding object characteristic pairs
are now taken Into account during the projection. This 1s done by mutually aligning the
corresponding object characteristics in the projection process so that image points belonging to
foreground objects are for instance projected onto the foreground objects, and image points
belonging to background objects are projected onto background objects. Just as in the method
of figure 4, a virtual viewpoint is then determined 516 with orientation and field of view, after
which the panoramic image is generated, whereby the procedure ends 520.

[0055] The foregoing Is elucidated with reference to figure 6. Shown herein is a 3D model 300
of a church building, wherein the church building I1s represented by a point cluster comprising
points 310 as could be obtained with a LIDAR device 122, 124. For the purpose of making the
figure clear, the edges of the planes in the 3D point model 300 are shown In dotted lines. In the
actual 3D point model 300 the points 310 at or close to the edges are however not easily
distinguishable from the other points 310 lying for instance In the centre of a plane.

[0056] At least one photo 200 is projected onto 3D point model 300 along projection lines 620.
Projection lines 620 are determined by the geometry of the optical system of the camera with
which photo 200 Is acquired and extend from position 621 of the entrance pupil at the time
photo 200 is taken, through photo 200 and in the direction of the 3D point model. The 3D point
model can comprise multiple points lying in the vicinity of projection line 620. Generally chosen
will be the point lying closest to position 621 and projection line 620. This projection along
projection lines 620 assigns colours to the points 310 in 3D point model 300. Additional points
310 are optionally added to 3D point model 300.

[0057] The (optionally partially) coloured-in 3D point model 300 is then used to generate a
panoramic image 600. This can once again take place by means of projection, though now
from 3D point model 300 in the direction of a virtual viewpoint 622. Use Is made for this
purpose of projection lines 630 extending from the points of 3D point model 300 to virtual
viewpoint 622.

[0058] It will be apparent to the skilled person that the embodiment shown In figure 6 serves
only for the purpose of illustration. This method 1s used In practice to generate panoramic
Images which provide an image of an area surrounding virtual viewpoint 622 and not a single
object as In figure 6. In such a case the 3D point model comprises points all around virtual
viewpoint 622. Virtual viewpoint 622 1s as it were situated in the 3D point model and not, as
could be concluded from figure 6, outside the 3D point model.
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[0059] The embodiments described here and shown In the figures are only exemplary
embodiments which are included only for the purpose of illustrating the invention. These
embodiments should therefore not be deemed as Iimitative. The protection sought is limited
solely by the following claims.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. |t does not
form part of the European patent document. Even though great care has been taken In
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
llability in this regard.

Patent documents cited in the description

o UiLZOU20088/65A1 [G00Y]
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e A Mobile System Using Lidar and Photogrammetry for Urban Spatial Objects
ExtractionXUEXIAN GENG et al.Information Engineering and Computer Science 2009.
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e A. ABDELHAFIZ et al.Towards a 3D true colored space by the fusion of laser scanner
point cloud and digital photosISPRS XXXVI-5/W17, {G81%;
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Patentkrav

1.

Fremgangsmade til frembringelse af et panoramabillede af et omrade, som
omfatter trinnene:

tilvejebringelse af en 3D-punktmodel (300) af omradet, hvori 3D-
punktmodellen omfatter punkter med positionsoplysninger, punkterne svarer til ét
eller flere elementer 1 en position, der svarer til positionsoplysningerne;

indlaesning af flere digitale fotos (200) af omradet, hvor hvert digitale foto
er indlest fra en kendt position med en kendt retning, hvor1 de digitale fotos
omfatter farveoplysninger om mindst en del af det ene eller flere elementer;

projicering af de indlase digitale fotos pa 3D-punktmodellen for at opna en
3D-punktmodel med farveoplysninger pr. punkt; og

frembringelse af det panoramabillede, der er knyttet til en given virtuel
synsvinkel, given retning og givet visningsfelt ved brug af den dermed opnaede
3D-punktmodel af omradet, panoramabilledet svarer til et billede, der ville blive
indlaest, hvis der blev brugt et optisk kamera, der ville registrere nevnte givne
visningsielt ved naevnte givne virtuelle synsvinkel ved hjaelp al navnte givne
retning;

hvori navnte tilvejebringelse af en 3D-punktmodel omfatter scanning af
omradet med en afstandsbestemmelsesenhed fra én eller flere kendte positioner
med det formal at fastsla en afstand mellem den ene eller flere kendte positioner
og ¢t eller flere elementer, hvori tilvejebringelse at 3D-punktmodellen omfatter et
kgretg) (120) 1 bevagelse, hvorpa afstandsbestemmelsesenheden (122, 124) er
monteret langs en sti, hvorpa kgretgjet bevager sig under afstandsbestemmelsen;

hvori nazvnte indlesning af flere digitale fotos af omradet omfatter
optagelse af digitale fotos, hvert fra en kendt position, med en kendt retning, og
hver med et kendt visningsfelt, de flere digitale fotos af omradet bliver optaget
med ¢ét eller flere optiske kameraer (112, 114), der er monteret pa et kgretgy (110),

der bevager sig under indlesningen af de flere digitale fotos.

Fremgangsmaden, som kravet i krav 1, hvori den virtuelle synsvinkel er placeret

pa eller 1 den mindste omgivende sfare, ellipse, strale eller boks, som omgiver
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alle punkter fra 3D-punktmodellen, og hvori synsvinklen for panoramabilledet 1
det vandrette plan er lig med eller stgrre end 180 grader, fortrinsvis mindst 270
grader og mere fortrinsvis 360 grader; og

hvor1 visningsfeltet for panoramabilledet 1 det vertikale plan er lig med eller
storre end 120 grader, fortrinsvis mindst 150 grader og mere fortrinsvis 180

grader.

Fremgangsmaden, som kravet 1 krav 1 eller 2, hvori nevnte frembringelse af et
panoramabillede finder sted ved hjalp at projicering fra 3D-punktmodellen 1
retningen af den virtuelle synsvinkel ved hyelp af projiceringslinjer, der straekker

sig fra punkterne pa 3D-punktmodellen til den virtuelle synsvinkel.

Fremgangsmaden, som kraevet 1 ethvert af de foregaende krav, hvori projicering af
de indlaste digitale fotos pa 3D-punktmodellen desuden omfatter trinnene:

udtrekning af en fgrste objektegenskab fra 3D-punktmodellen;

udtrekning af en anden objektegenskab, der svarer til den {grste
objektkarakteristika, fra et givet digitalt foto blandt de flere digitale fotos;

hvort projicering af et digitalt foto fra de flere digitale fotos til 3D-
punktmodellen tager hgjde for den fgrste objektegenskab og anden
objektegenskab gennem falles justering at de tilsvarende objektegenskaber 1
projiceringsprocessen, sa billedpunkter pa navnte givne digitale foto, som hgrer
til forgrundsobjekter, projiceres til forgrundsobjekter 1 3D-punktmodellen, og
billedpunkter 1 n@vnte givne digitale foto, som hgrer til baggrundsobjekter,
projiceres til baggrundsobjekter 1 3D-punktmodellen;

metoden omftatter desuden trinnene:

bestemmelse at en fejl 1 relativ position mellem det digitale foto, hvorfra
den anden objektegenskab blev udtrukket, og 3D-punktmodellen ved at bestemme
afstanden mellem positionen atf den {grste objektegenskab og den anden
objektegenskab;

korrigering af positionsoplysningerne for et punkt 1 3D-punktmodellen og
korrigering at den kendte position og retningen, hvorfra det digitale foto, hvorira

den anden objektegenskab blev udtrukket, er blevet indlest gennem brug af den
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bestemte fejl 1 relativ position, ved at bruge en vagtning, der er relateret til
ngjagtigheden for hver af positionsoplysningerne for punktet 1 3D-punktmodellen,
hvis kendte position, hvorfra det digital foto, hvorfra den anden objektegenskab
blev udtrukket, er blevet indlest, og den retning, hvorfra det digitale foto, hvorfra
den anden objektegenskab blev udtrukket, er blevet indlast.

Fremgangsmaden, som kravet 1 ethvert af de foregaende krav, hvori 3D-
punktmodellen giver oplysninger om tilstedevarelsen af den ene eller flere
celementer 1 retninger, der svarer til en visningsvinkel 1 det vandrette plan, som set
fra den virtuelle synsvinkel, pa 180 grader eller mere, fortrinsvis mindst 270
grader og mere fortrinsvis 360 grader; og/eller

hvor1t 3D-punktmodellen giver oplysninger om tilstedevarelsen at det ene
eller flere elementer 1 retninger, der svarer til en visningsvinkel 1 det lodrette plan,
som set fra den virtuelle synsvinkel, pa mindst 120 grader, fortrinsvis mindst 150

grader og mere fortrinsvis 180 grader.

Fremgangsmaden, som kraevet 1 ethvert af de foregaende krav, hvori
tilvejebringelse af  3D-punktmodellen omfatter kombination af {flere

atstandsbestemmelser for samme element fra forskellige kendte positioner.

Fremgangsmaden, som kravet i ethvert af de foregaende krav, hvori kgretgjet
omfatter en pluralitet af atstandsbestemmelsesenheder, der er rettet 1 forskellige

vinkler.

Fremgangsmaden, som kravet 1 ethvert af kravene 1-6, hvori den korteste afstand
mellem stien langs hvilken bevagelse finder sted pa kgretgjet, hvorpa
afstandsbestemmelsesenheden er monteret, og den virtuelle synsvinkel er mindre

end en forudbestemt veerdi.

Fremgangsmaden, som kraevet 1 ethvert af kravene 1-6, hvori

afstandsbestemmelsesenheden omfatter en LID AR-enhed.
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Fremgangsmaden, som kraevet 1 ethvert af de foregaende krav, hvori
positionsoplysningerne omfatter tredimensionale positionsoplysninger 1 forhold til

et forudbestemt oprindelsespunkt.

Fremgangsmaden, som kravet i ethvert af de forrige krav, hvori de flere digitale
fotos daekker hovedsageligt hele det omgivende omrade, som set fra den virtuelle
synsvinkel, og/eller hvor1 mindst ét af de indlaeste digitale fotos har faerre
billedelementer der1 end det frembragte panoramabillede, og/eller hvori de
digitale fotos er relateret til et segment af det omrade, der omgiver den virtuelle

synsvinkel.

Fremgangsmaden, som kraevet 1 ethvert af de foregaende krav, hvori de synsfelter,
der er forbundet med mindst to af de digitale fotos, ikke overlapper, og/eller hvori

den position, hvorfra et foto er taget, varierer 1 tilfelde af mindst to digitale fotos.

Fremgangsmaden, som kravet i ethvert af de foregaende krav, hvori den
korteste afstand mellem stien langs hvilken bevagelse finder sted pa kgretgjet,
hvorpa det ene eller flere optiske kameraer er monteret, og den virtuelle
synsvinkel er mindre end en forudbestemt vardi, og/eller hvori atstanden mellem
den virtuelle synsvinkel og hver af de kendte positioner, hvorfra de flere digitale
fotos indleses, er mindre end en forudbestemt vardi, og/eller hvor: den position,
hvorfra et digitalt foto fra de flere digitale fotos indlaeses, eller de kendte
positioner til  afstandsbestemmelsen  bestemmes ved hjelp af et

positioneringssystem sasom GPS.

Fremgangsmaden, som kraevet 1 ethvert af de foregaende krav, hvori projiceringen
at et digitalt foto fra de flere digitale fotos til 3D-punktmodellen, som omfatter
tildeling af en farve til et punkt 1 3D-punktmodellen, og denne farve er baseret pa
en farve af et tilsvarende punkt 1 det digitale foto, under hensyntagen til
positionsoplysningerne i det pageldende punkt 1 3D-punktmodellen, den position,
hvorfra det digitale foto er blevet indlest, og det visningsfelt, der er knyttet t1l det
digitale foto;
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hvor1 projiceringen af et digitalt foto fra de flere digitale fotos til 3D-
punktmodellen fortrinsvis omfatter:

a)  bestemmelse, for et punkt 1 det digitale foto, af et tilsvarende punkt 1 3D-
punktmodellen, som ligger narmest pa den kendte position, hvorfra det
digitale foto er blevet indlest, og som er placeret mindre end en
forudbestemt afstand fra en projiceringslinje, der passerer gennem punktet
fra det digitale foto og den kendte position;

b)  tildeling af en farve til det punkt 1 3D-punktmodellen, der blev fundet 1 trin
a), hvor1 farven er atledt fra farven af det tilsvarende punkt 1 det digitale

foto.

Fremgangsmaden, som kravet 1 ethvert af de foregaende krav, som desuden
omfatter forbedring af 3D-punktmodellen pa grundlag af den eksisterende 3D-
punktmodel og et digitalt foto fra de flere digitale fotos;

hvori frembringelsen af panoramabilledet ved hjelp af den dermed opnaede
3D-model af det omgivende omrade omfatter frembringelse ved hjaelp af den
forbedrede 3D-punktmodel;

hvori torbedring at 3D-punktmodellen omfatter:

a)  bestemmelse, for et punkt 1 det digitale foto, af en pluralitet af tilsvarende
punkter 1 3D-punktmodellen, som ligger nermest pa den kendte position,
hvorfra det digitale foto er blevet indlast, og som er placeret mindre end en
forudbestemt afstand fra en projiceringslinje, der passerer gennem punktet
fra det digitale foto og den kendte position;

b) ulfgjelse af et punkt til 3D-punktmodellen, hvilket tilfgjede punkt tildeles
positionsoplysninger, der svarer il en interpolation at
positionsoplysningerne for nevnte pluralitet af tilsvarende punkter;

c) tldeling af en farve til det punkt, der blev tiligjet 1 trin b), hvor1 farven er

atledt fra farven af det tilsvarende punkt 1 det digitale foto.
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