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(57) Abstract: The present invention relates to a method for displaying a
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Storing in
dafa bases

virtual image of three dimensional objects in an area using stereo record-
ings (23) of the area for storing (24) a pixel and a height for each point of
the area. The object of the invention is to obtain a method enabling display-
ing of vertical surfaces or even slightly downwards and inwards inclined
surfaces. The object is obtained by a method using stereo recordings from
at least three different stereo recordings of different solid angles. For each
different solid angle at least one database comprising data about texture and
height pixel-pointwise is established. Data for displaying the virtual image
are combined (26) from the different databases in dependence of the direc-
tion in which the virtual image is to be displayed (27).
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Method for displaying a virtual image

The present invention relates to a method for displaying a virtual image of three
dimensional objects in an area using stereo recordings of the area for storing a pixel

and a height for each point of the area.

It 1s previously known within mapping to generate and store a pixel and a height for
each point on the ground. Resolutions that can be used are for example one meter or
one decimetre on ground. The two data stored for each point describe texture and

height in that point and referred to a suitable coordinate system. When producing

these data it is necessary to be in possession of two different image recordings from

somewhat different positions but generally rather close to the vertical line. These

images can be displayed as orthophotos.

Stereo recording is per se previously known and it can for example be referred to US
patent 6 175 648 disclosing a multi image stereo processing method. A plurality of
measurements are chosen or weighted into a common data base. Methods of obtaining

height information from stereo recordings are inter alia discussed in our patent

application PCT/EP2007/056780 filed April 4, 2007.

One problem with this kind of data storing is that there is no possibility to store
vertical surfaces or surfaces that are inclined inwards. A typical example of vertical
surfaces 1s walls of houses but also other objects such as formations in the nature
inclined inwards. When a wall of a house is shown from aside, the vertical surfaces
are interpolated between roof and ground and no texture of the walls at all are
available. Furthermore the height calculations are generally somewhat interpolated
resulting in that the house walls or fronts are inclined outwards and due to that an

image showing the front of a house does not look like the real house front.
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An object with the present invention is to obtain a method enabling displaying of vertical

surfaces or even slightly downwards and inwards inclined surtaces.

Some aspects of the invention are obtained by a method characterized in that stereo recordings

from at least three different stereo recordings of different solid angles are used to cover the
area, that for each different solid angle at least one data base comprising data about texture
and height pixel point wise is established, and that data for displaying the virtual image are
combined from the different data bases in dependence of the direction in which the virtual
image is to be displayed. By introducing at least three different stereo recordings and
corresponding data bases, information regarding the area to be displayed is also available for
vertical surfaces and surfaces tapering downwards towards the ground. Information about

vertical and inclined surfaces is now available in at least one of the data bases.

According to one aspect of the invention, there is provided a method for displaying a virtual
image of three dimensional objects in an area using stereo recordings of the area for storing a
pixel and a height for each point of the area, wherein stereo recordings from at least three
different stereo recordings of different solid angles are used to cover the area, that for each
different solid angle at least one data base comprising data about, position, texture and height
pixel point wise is established, and that data for displaying the virtual image are combined on

pixel point level from the different data bases in dependence of an arbitrary direction in which

the virtual image is to be displayed.

According to a preferred development of the method data for displaying the virtual image tor

a solid angle are combined from data bases connected to two or more stereo recordings.

According to another preferred development of the method of the invention data tor

displaying the virtual image is chosen from the data base connected to the stereo recording
closest in angle to the direction in which the virtual image is to be displayed. By choosing
data from the stereo recording closest in angle involving a chosen elevation angle, down to

one data base at a time may be used. This inter alia results in that the processing complexity

can be kept down.
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According to still a preferred development of the method three different stereo recordings are

used having solid angles projections in a ground plane separated substantially 120 degrees
from each other to cover an azimuth of substantially 120 degrees each and that data are
fetched from the data bases covering an azimuth that the projection of the direction in the
ground plane of the virtual image to be displayed points out. The use of three stereo
recordings enables to keep down the number of data at the same time as the area to be
displayed can be covered from all directions in question. In this connection the ditterent
stereo recordings could be recorded about 30 degrees from a vertical line perpendicular to the

ground plane.
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In order to increase the image quality, the number of data bases and different stereo
recordings are increased according to favourable developments of the method.
According to a proposed method four different stereo recordings are used having solid
angles projections in a ground plane separated substantially 90 degrees from each
other to cover an azimuth of substantially 90 degrees each and that data are fetched
from the data base covering an azimuth that the projection of the direction in the
ground plane of the virtual image to be displayed points out. In this connection the
different stereo recordings could be recorded about 45 degrees from a vertical line

perpendicular to the ground plane.

In order to further increase the image quality an additional stereo recording
substantially perpendicular to a ground plane is used to cover a circular solid angle
from which data base data are fetched for directions of the virtual image to be

displayed perpendicular to or almost perpendicular to the ground plane.

Furthermore, according to a possible development of the method, data from more than
one data base could be interpolated close to transitions between different stereo
recordings. This could strengthen the image quality in the part of the stereo recordings

having lower image quality.

According to another proposed development of the method it is proposed to express

the heights as angular heights.

Another variant of the method is to store information about recording angle in the data

bases in addition to texture and height information.

According to still another variant of the method information from the different data

bases are used to calculate measures of objects, such as distances, areas and volumes.

The invention will now be described in more detail with reference to the

accompanying drawings in which:
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Figure 1 schematically illustrates image recording of an area.
Figure 2 schematically illustrates stereo recording.

Figure 3 illustrates a first example of stereo recordings to be used according to a
method for displaying a virtual image of three dimensional objects in accordance with

the invention.

Figure 4 illustrates a second example of stereo recordings to be used according to a
method for displaying a virtual image of three dimensional objects in accordance with

the invention.

Figure 5 illustrates a third example of stereo recordings to be used according to a
method for displaying a virtual image of three dimensional objects in accordance with

the invention.

Figure 6 schematically illustrates a first example of data bases suitable for the stereo

recording example of figure 3.

Figure 7 schematically illustrates a second example of data bases suitable for the

stereo recording example of figure 3.
Figure 8 is a flow chart showing an example how to process information.

In figure 1 an area 1 with buildings 2a- 2f are recorded from an aircraft 3 by means of
a recording equipment 4. Instead of an aircraft any other movable carrier could be
used such as a satellite, a land vehicle or a watercraft. So the recording can be effected
from air, ground or sea and even directly from ground recording the ground for

example by the activity of a human being,

In figure 2 stereo recording of an area is illustrated. An image capturing unit 5 is
comprised. At a first time this image capturing unit is located at a first position 5a so
as to capture an image of an area 6a. At a second time, the 1mage capturing unit 1s

located at a second position Sb so as to capture an image of an area 6b. In this way a
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plurality of at least partly overlapping images each covering at least a part of the area

1 shown in figure 1 are generated. As an alternative the image capturing unit of figure
2 can be regarded to comprise a plurality of image capturing sub units 5a and 5b fixed
mounted i relation to each other. The images of the areas 6a and 6b captured by the

Image capturing sub units Sa, 5b are then in one example captured at the same time.

In figure 3 a first example of stereo recordings to be used according to a method for
displaying a virtual image of three dimensional objects in accordance with the
Invention is shown. According to this example the area 1 is stereo recorded from at
least three directions. When seen in the ground plane of the area 1 as an example the
recordings could be from north illustrated by arrow 7 and + 120 degrees angle in
azimuth illustrated by arrows 8 and 9. In elevation the three recordings is proposed to
deviate about 30 degrees from a vertical line perpendicular to the ground plane of the
area 1. For each of these three recordings a data base is set up comprising at least data
about texture and height for each point in the area 1. Introduction of data bases in this
way based upon stereo recordings in three different solid angles results in that all

house fronts are visible in one or more of the data bases.

When displaying the virtual image in the most straight forward way each displayed
pixel are chosen from the data base closest in angle to the direction of display of the
three data bases. If, for example, a viewer looks straight downwards all three data
bases will be used as input data in “a piece of cake” each piece of about 120 degrees
of the displayed image. If the viewer looks straight south, data is only fetched from

the data base recorded from north according to the example given above.

In a corresponding way data is fetched from one of the corresponding of the other two
data base recordings when looking in a direction deviating about +120 degrees or -120
degrees, respectively, from south. It is also possible to fetch data from more than one
data base and in particular this can be used when the direction of viewing strongly
deviates from the recording direction. So, for example, when looking south with a
viewing field of 180 degrees, data relating to the rightmost and lefimost of the
displayed image is advantageously fetched from more east and west related data

bases, respectively. In this way so called curtains are avoided in the displayed image.
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When operating as above the texture of the house walls or fronts is present and a

better description of the “height” of the actual house wall or front is obtained. These

measures all together result in a more attractive image presentation of houses and

other objects.
5
In the example given above and the further examples to be discussed below the
recording angle and the angles of the data bases can be the same, but 1t is also possible
to operate with angles that more or less differ between recording angle and data based
angles.
10

Figure 4 shows a second example of stereo recordings to be used according to a

method for displaying a virtual image of three dimensional objects in accordance with

the invention. According to this example the area 1 is stereo recorded from four
directions illustrated by arrows 10-13 so that the ground plane are divided into four

I5  sections covering 90 degrees each in azimuth. For each of these four recordings a data
base is set up and used in a way corresponding to the process described with reference

to figure 3.

In order to further enhance the method for displaying virtual images of three
20 dimensional objects, it is according to figure 5 proposed to use stereo recordings from
five directions using five separate data bases. In this case four of the directions are

similar to those described in figure 4 and denoted with arrows 10-13. In addition to

these four directions a fifth direction 14 1s used recorded close to a direction
perpendicular to the ground plane and covering a circular solid angle. This last

25  mentioned recording is similar to the process of capturing ortho photo images. When

30 In an even further enhanced method further data bases could be used. For example
nine data bases could be used. In such a case one data base could be recorded from
straight above, while four data bases could be recorded at a first elevation angle of for

example 25 degrees and another four data bases at a second elevation angle of for

AMENDED SHEET



10

15

20

25

30

CA 02710746 2010-06-23

The Swedish Patert il
PCT international Appiicai.on

PCT /SE 2008 /000739
14 =12- 2009

example 45 degrees, the recording of the four data bases at each elevation angle being

separated in azimuth by about 90 degrees.

According to the method exemplified with reference to figure 3 an angle deviating
from a vertical line of about 30 degrees is proposed. With reference to figure 4 the
corresponding angle is proposed to be about 45 degrees. These angles are only to be
seen as proposals and it is possible to choose any other suitable angles. For example
the angle could amount to 90 degrees and even more, resulting in that vertical

surfaces, such as house walls, are optimally imaged in a straight forward direction.

It 1s also to be observed that the different sectors or pieces of a cake according to
figures 3 and 4 may contain data, pixel point wise, collected from more than one

angle.

In figure 6 a first example of data bases for a three direction stereo recording is
schematically shown suitable for the stereo recording example discussed with
reference to figure 3. Each recording direction is allotted a date base 15, 16 and 17,
respectively. Each such data base contains at least information regarding position 18
of a pixel point, the texture 19 of the pixel and height information 20 for the pixel
point. In this connection the height does not need to be expressed explicitly but can be
expressed as an angular height, for example a 30-degrees-height. The angular height
in this connection can be defined as the height project to the focal plane of the camera

in the projection direction of the data base.

Figure 7 proposes a slight different set of data bases suitable for the stereo recording
example discussed with reference to figure 3. In this case information about recording

angle 21 is added to the data bases 15-17.

The data stored in data bases as schematically shown in figures 6 and 7 are also
available as information usable to calculate measures of objects, such as distances,

arcas and volumes.

In figure 8 a flow chart is shown schematically illustrating, as an example, how

information can be processed. The process is initiated from a start block 22. First of

AMENDED SHEET
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all 1t 1s ensured that stereo recordings needed for the final image presentation is

available. Block 23 provides these stereo recordings. Stereo recording has already
been discussed with reference to figure 2 and figures 3-5 suggest suitable recording

directions to cover an area to be shown.

In subsequent step information from the stereo recordings are stored in data bases,
block 24, one data base being allotted each stereo recording. As already discussed
with reference to figures 6 and 7, the data bases comprise information about texture 19
and height 20 referred to pixel points. Block 25 sets the number n of stereo recordings

to be processed and the minimum number is set to three.

In block 26 a choice of data base takes place. In the most straight forward process the
data base is chosen that has been recorded in a direction closest in angle to the
direction in which the virtual image is to be displayed. In order to deal with the the
data bases, a so called viewer could be used. Such a viewer has knowledge about the
data bases available and that can be used. As a start this viewer calculates the
respective data bases to be used for the different areas in the image to be displayed.
When the image originates from different data bases, particular algorithms can be
used to smooth out the transitions in the image. One way of doing this is interpolation.
Then the viewer carries out the usual calculations in connection to image displaying.
So the same three dimensional effects that are carried out today are to be considered.
This means that when you move virtually and look in different directions you can
perceive the three dimensional effects and that different objects in the image are
hidden behind each other.

In the next step 27 the information from the chosen data base is displayed as an image
on a screen of a suitable display device. In case that the direction of the virtual image
to be displayed is changed, that is a new angle is desired, see block 28, the process is

repeated from the input of block 26. Otherwise the process is stopped, see block 29.

The 1nvention is not limited to the examples described above but may be modified

within the scope of the attached claims.

ERARRINES cuir ey
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CLAIMS:
1. A method for displaying a virtual image of three dimensional objects in an area

using stereo recordings of the area for storing a pixel and a height for each point of the area,
wherein stereo recordings from at least three different stereo recordings of ditterent solid
angles are used to cover the area, that for each different solid angle at least one data base
comprising data about, position, texture and height pixel point wise is established, and that
data for displaying the virtual image are combined on pixel point level from the difterent data

bases in dependence of an arbitrary direction in which the virtual image 1s to be displayed.

2. A method as claimed in claim 1, wherein data for displaying the virtual image

for a solid angle are combined from data bases connected to two or more stereo recordings.

3. A method as claimed in claim 1, wherein data for displaying the virtual image
are chosen from the data bases connected to the stereo recording closest in angle to the

direction in which the virtual image is to be displayed.

4. A method as claimed in claim 1 or 3, wherein three different stereo recordings
are used having solid angles projections in a ground plane separated substantially 120 degrees
from each other to cover an azimuth of substantially 120 degrees each and that data are
fetched from the data bases covering an azimuth that the projection of the direction in the

ground plane of the virtual image to be displayed points out.

. A method as claimed in claim 4, wherein the different stereo recordings are

recorded about 30 degrees from a vertical line perpendicular to the ground plane.

6. A method as claimed in claim 1 or 3, wherein four different stereo recordings
are used having solid angles projections in a ground plane separated substantially 90 degrees
from each other to cover an azimuth of substantially 90 degrees each and that data are fetched

from the data bases covering an azimuth that the projection of the direction in the ground

plane of the virtual image to be displayed points out.
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7. A method as claimed in claim 6, wherein the different stereo recordings are

recorded about 45 degrees from a vertical line perpendicular to the ground plane.

8. A method as claimed in any one of claims 1 to 3, wherein an additional stereo
recording substantially perpendicular to a ground plane is used to cover a circular solid angle
from which data base data are fetched for directions of the virtual image to be displayed

perpendicular to or almost perpendicular to the ground plane.

9. A method as claimed in any one of claims 1 to 8, wherein the data from more

than one data base are interpolated close to transitions between different stereo recordings.

10. A method as claimed in any one of claims 1 to 9, wherein the heights are

expressed as angular heights.

11. A method as claimed in any one of claims 1 to 10, wherein information about

recording angle is stored in the data bases in addition to texture and height information.

12. A method as claimed in any one of claims 1 to 11, wherein information from

the different data bases are used to calculate measures of the objects.
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