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(57) Abstract: A method in constructing a model of a scenery comprises: receiving (200) a plurality of images depicting the scenery,
wherein each image is acquired by a camera (104) from a position at a rotational angle; creating (202) a plurality of sub-models,
wherein each sub-model is created by: selecting (400) a basis image; determining (402) images related to the basis image; and de -
termining (404) the sub-model based on the basis image and the related images, wherein the sub-model defines relative positions and
rotational angles of the camera (104) for the basis image and the related images and the sub-model further defines three-dimensional
structures of objects depicted in the plurality of images; and separately merging (204) the defined relative positions and rotational
angles of cameras (104) for the plurality of sub-models.
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METHOD IN CONSTRUCTING A MODEL OF A SCENERY AND DEVICE
THEREFOR

Technical Field

The present invention relates to a method in constructing a model of a
scenery based on images depicting the scenery. The present invention also
relates to updating of the model when new images are acquired.

Background
Structure from motion (SfM) refers to a process of estimating three-

dimensional structures from a plurality of two-dimensional images. Two
images, taken from two spatially different positions and/or taken in different
rotational angles, might provide different views of a scenery depicting
corresponding points in the scenery. By analysing how the corresponding
points are related, a three-dimensional structure of objects in the scenery may
be formed. The information of the corresponding points also allows relative
positions and rotational angles of the acquired images to be determined.

By adding more images depicting further related views, the three-
dimensional structure can be created with higher accuracy. This may be done
in different ways. Incremental SfM is discussed in e.g. N. Snavely, et al,
“Photo tourism: Exploring photo collections in 3D”, ACM Transactions on
Graphics (SIGGRAPH Proceedings), 25(3), 2006, 835-846.

Incremental SfM starts by reconstructing a model of the scenery from
the view in two images and continue adding images one by one to the
reconstruction until no additional images can be added. By carefully ensuring
that each image is added without errors, the method can be used to
reconstruct large sceneries with thousands of images. The main issues with
incremental SfM are drifting of the model as images are added due to outliers
and error accumulation. Also, incremental SfM is computationally complex
since the complete reconstruction must be adjusted after each addition of a
new image.
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Use of additional information about the images, such as a GPS
position or compass data of a camera that acquired an image, may provide a
more accurate model. However, since the images are added one by one,
such additional information can only be used for already added images, and
therefore does not fully solve the problem of error accumulation and drifting.

An alternative approach to creating three-dimensional structures of
objects in a scenery may be referred to as non-incremental SfM, or batch
StM, wherein all available images for creating three-dimensional structures
are handled simultaneously, or in batch. Such an approach is described e.g.
in M. Havlena, et al, “Randomized structure from motion based on atomic 3D
models from camera triplets”, IEEE Conference on Computer Vision and
Pattern Recognition, 2009, 2874-2881.

Non-incremental SfM involves computing a three-dimensional
reconstruction of the scenery or parts of scenery based on pairs or triplets of
images. Then, a complete three-dimensional reconstruction is made, finding
the absolute positions of all cameras that captured the images, where the
absolute positions are most compatible with the computed three-dimensional
reconstruction. Usually, the rotational angles of the cameras are first
determined, and then the positions, or translations, of the cameras are
determined. Finding the translation of cameras are harder since the relation
between cameras in pairs of images does not give any information about the
actual distance between cameras. Several methods suggest using point
correspondences to fix the scale ambiguity. However, in such case, it is hard
to use additional information such as GPS information, since the rotational
angles of the cameras are calculated first.

Summary of the Invention

It is therefore an object of the invention to provide a fast and accurate
method for constructing a relation between cameras depicting a scenery. It is
a particular object of the invention to provide a method which enables
additional information regarding the cameras to be used in forming a model of
the cameras.
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These and other objects of the invention are at least partly met by the
invention as defined in the independent claims. Preferred embodiments are
set out in the dependent claims.

According to a first aspect of the invention, there is provided a method
in constructing a model of a scenery, said method comprising receiving a
plurality of images depicting the scenery, wherein each image is acquired by
a camera from a position aiming at the scenery in a rotational angle; creating
a plurality of sub-models, wherein each of the plurality of sub-models is
created by: selecting a basis image among the plurality of images;
determining related images among the plurality of images, wherein each
related image is related to the basis image by means of a depicted part of the
scenery in the related image and a depicted part of the scenery in the basis
image are at least partly overlapping; and determining the sub-model based
on the basis image and the related images, wherein the sub-model defines
relative positions and rotational angles of the camera for the basis image and
the related images and the sub-model further defines three-dimensional
structures of objects depicted in the plurality of images; and separately
merging the defined relative positions and rotational angles of cameras for the
plurality of sub-models.

According to a second aspect of the invention, there is provided a
device for constructing a model of a scenery, said device comprising a
processor configured to: receive a plurality of images depicting the scenery,
wherein each image is acquired by a camera from a position aiming at the
scenery in a rotational angle; create a plurality of sub-models, wherein each
of the plurality of sub-models is created by: selecting a basis image among
the plurality of images; determining related images among the plurality of
images, wherein each related image is related to the basis image by means
of a depicted part of the scenery in the related image and a depicted part of
the scenery in the basis image are at least partly overlapping; determining the
sub-model based on the basis image and the related images, wherein the
sub-model defines relative positions and rotational angles of the camera for
the basis image and the related images and the sub-model further defines
three-dimensional structures of objects depicted in the plurality of images;
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and separately merge the defined relative positions and rotational angles of
cameras for the plurality of sub-models.

According to a third aspect of the invention, there is provided a
computer program product comprising a computer-readable medium with
computer-readable instructions such that when executed on a processing unit
the computer program product will cause a processing unit to perform the
method according to the first aspect of the invention.

The invention according to the first, second, and third aspects provides
that a plurality of sub-models are created, wherein each sub-model forms
three-dimensional structures of objects depicted and also provides
information about the position and rotational angle of cameras that acquired
the images. The sub-models may be created based on a large plurality of
images, which implies that each sub-model may be very accurate and is not
very sensitive to single images that are outliers being included in the creation
of the sub-model.

Each sub-model may be created starting from a single basis image and
using images that are all related to the basis image by depicting partly
overlapping views of the scenery. This implies that the number of images that
are part of creating the sub-model is limited to images that are overlapping
with the basis image. Images that depict parts of the scenery that are not
overlapping with the basis image will not be included in the creating of the
sub-model. In this sense, the sub-model may be called an “atomic
reconstruction” since it forms a reconstruction of the scenery based only on
images that are all overlapping with a single basis image. The sub-models
may also be called atomic reconstructions, since they are building blocks of a
global reconstruction of the scenery.

In the context of this application, creating a sub-model by selecting a
basis image among the plurality of images should be construed to include that
not only a single basis image is selected but at least one basis image, such
as a small set of basis images, may be selected. For instance, 2-5 images
may be selected as basis images. Still a limited number of images may be
overlapping with the small set of basis images and thus be part of creating the
sub-model.
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Each sub-model defines three-dimensional structures of objects
depicted in the plurality of images and also defines relative positions and
rotational angles of the camera for the basis image and the related images.
The information determined in a plurality of sub-models is merged. However,
according to the invention, merging is made separately for the relative
positions and rotational angles of the cameras defined by the sub-models.
Hence, in merging, the three-dimensional structures of objects in the scenery
are not required, which implies that the merging may be relatively quickly
performed.

Thus, according to the invention, a large plurality of images may be
used in forming the sub-models, which implies that accurate information may
be determined by the sub-models. This is combined with a merging of the
sub-models, wherein only the positions and angles of the cameras are
merged, such that the merging will not be very computationally complex.

In the context of the present application, the term "scenery” should be
construed as any type of environment that may be depicted in an image. The
scenery may thus, for instance, be a landscape, an urban environment,
indoor or outdoor environments. The term “scenery” includes a large area that
may not be depicted in a single image, such as a town or parts of a town. This
implies that two images may both depict the same “scenery” even though
they have no overlapping or corresponding points.

Further, each image is acquired by a camera being turned in a certain
direction towards the scenery. In the context of this application, this direction
towards the scenery is called a “rotational angle”. As a plurality of images are
acquired, they will form relative rotational angles between optical axes of the
cameras acquiring each image, whereas a single image may be considered
to form a rotational angle between the optical axis of the camera acquiring the
image and a default direction. Each single image may also have a plurality of
rotational angles between the optical axis of the camera acquiring the image
and respective default direction. Using three rotational angles, the direction of
the camera may be defined in a three-dimensional space.

According to an embodiment, the merging comprises calculating the
relative position and rotational angle of the camera for the plurality of images
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based on the determined relative positions and rotational angles of the
camera for the basis image and the related images of each of the sub-
models. The plurality of sub-models may not fully agree on a position and
rotational angle of a camera that acquired an image. Thus, the information
from the plurality of sub-models may be merged to improve an accuracy of
the information.

The sub-models provide a definition of positions and angles of the
cameras that acquired the images. Since this information is separately
merged, without merging representations of three-dimensional structures in
the scenery, the invention also allows additional information to be used to
influence a final determination of the positions and angles of the cameras.

According to an embodiment, the method further comprises receiving
additional information for at least some of the plurality of images, said
additional information providing an indication of the position or rotational
angle of the camera, and the merging is further based on said additional
information and comprises calculating absolute position and rotational angle
of the camera for the plurality of images.

If additional information is available, the merging may thus further be
based on the additional information. However, the additional information need
not necessarily be used.

Such additional information may be acquired by external sensors. For
instance, a camera that acquires an image may simultaneously acquire
additional information, such as a position and/or orientation of the camera
when acquiring the image. Thus, according to the embodiment, information of
the position and rotational angle of a camera may both be decided based on
the relation of the image to other images and on information acquired by
external sensors. These different manners of determining information about
the camera allow accurate representation of the scenery to be formed.

The additional information may e.g. be a position represented by a
Global Positioning System (GPS) coordinate or a compass direction. Sensors
for obtaining such additional information may often be provided in a camera.

According to an embodiment, the merging weights the plurality of sub-
models and the additional information based on accuracy. The information
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representing positions and rotational angles of a camera may be obtained
with differing reliability, e.g. depending on an accuracy of a sensor. Also, the
relative positions and rotational angles of cameras defined by a sub-model
may have an accuracy depending on the depicted objects and a number of
images included in the sub-model. Thus, by weighting the merged
information, the information used in the merging is given appropriate
significance.

According to an embodiment, a basis image of a first sub-model is a
related image of a second sub-model. This implies that a single image may
be included in a plurality of sub-models and may thus contribute to the
forming of a plurality of atomic reconstructions.

In one embodiment, a sub-model is created based on each image in a
plurality of images of the scenery. Thus, a maximum amount of sub-models
are created and the collected information is used as comprehensively as
possible in order to provide a very accurate determination of the positions and
rotational angles of the cameras.

Further, according to an embodiment, all images in the plurality of
images of the scenery that relate to a basis image by depicting overlapping
parts of the scenery are used in creating the sub-model. Hence, a large
amount of information based on a large amount of images may be used such
that each sub-model may be very accurate.

According to an alternative, a limited number of related images are
used. When a large number of images are used in creating a sub-model, the
accuracy of the sub-model may not increase very much when further images
are included in the creating of the sub-model. Thus, in order to limit the
computational complexity of creating sub-models, the number of images may
be limited to a pre-defined maximum number.

According to an embodiment, the plurality of images are represented
as a graph, wherein each image is represented by a node in the graph and
relations between images are represented by edges between nodes, and
wherein said determining of related images comprises starting in a basis node
of the graph representing the basis image and selecting nodes that are
connected by an edge to the basis node, wherein the selected nodes
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represent the related images. A graph may be a useful way of representing
relations of a large number of images. Thus, the graph may also be
advantageously used for quickly determining the images to be included in the
creation of each sub-model.

The graph may also provide information in the edges regarding the
similarity of two connected images and, thus, how closely related they are to
each other. Such a similarity measure may be used in a decision to limit a
number of images to be used as related images in creation of a sub-model.
For instance, only images that have a similarity measure exceeding a pre-
defined threshold in relation to the basis image may be included in creation of
the sub-model.

According to an embodiment, the scenery may constitute a pre-defined
geographical area. This implies that only sub-models formed from images that
belong to the pre-defined geographical area will be merged in the
determination of positions and rotational angles of cameras. This may be very
useful if images are collected from a very large geographical area or even the
entire earth. Several geographical areas may thus be defined and the
positions and rotational angles of cameras acquiring the images may then be
separately determined for each pre-defined geographical area.

According to an embodiment, the method further comprises receiving
further images, wherein each further image is acquired by a camera from a
position, and the position of the camera is within the pre-defined geographical
area. Hence, the scenery to be modeled may be pre-defined and when further
images are acquired, only images within the pre-defined area may be allowed
to contribute to improvement of the model.

According to an embodiment, the method further comprises updating
the model by updating the sub-models taking the further images into account
and merging the defined relative positions and rotational angles of cameras
for the plurality of updated sub-models. Thus, in updating, the sub-models are
re-computed based on the increased number of images before the
information of the updated sub-models is merged. Hence, the quality of the
final model improves as new images become available.
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According to an embodiment, the updating is triggered when a
predetermined number of further images are received. Since the updating
includes re-computing of sub-models, it may not be desirable to perform such
re-computing every time a new image is received. Therefore, the updating
may be performed based on the number of further images exceeding a
predetermined number.

According to a fourth aspect of the invention, there is provided a
method for updating a model of a scenery, wherein the model is based on a
plurality of images depicting the scenery, said model defining three-
dimensional structures of objects depicted in the plurality of images, said
method comprising: defining a geographical area, which forms an area to be
represented by the model; receiving a plurality of new images depicting the
scenery, wherein each new image is acquired by a camera from a position
and said position is within said geographical area; determining whether the
plurality of new images fulfill a pre-defined updating criterion; and initiating an
update of the model when said number of new images fulfills the updating
criterion.

According to a fifth aspect of the invention, there is provided a
computer program product comprising a computer-readable medium with
computer-readable instructions such that when executed on a processing unit
the computer program product will cause a processing unit to perform the
method according to the fourth aspect of the invention.

According to the fourth and fifth aspects of the invention, a plurality of
geographical areas may be defined to be represented by respective models.
The union of all geographical areas can be as large as to cover the whole
world. Thus, the geographical area may be defined to be smaller than an area
being depicted by available images. This implies that the amount of
information used in determining a model of a scenery may be limited.

Thanks to the use of the geographical area, new images may be
assigned to the geographical area, e.g. based on positional information
acquired from an external sensor when acquiring the image. Hence, the
images may be assigned to a model before performing any updating of a
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model of a scenery. Rather, the updating may be triggered by a pre-defined
updating criterion being fulfilled.

According to an embodiment, the updating criterion is a number of new
images. Thus, updating may only be triggered when a pre-determined
number of new images have been received. Such an updating criterion may
be used to ensure that there is a lot of new information for updating the
geographical area.

According to another embodiment, the updating criterion may be a ratio
between the number of new images and the number of images previously
used in the model. This may be used in order to ensure that the additional
information of the new images may amount to a significant share of the total
information to be used in the model, such that the updating may be relevant.

According to yet another embodiment, the updating criterion may be
related to a part of the geographical area. Hence, if new images are received
from a particularly interesting part of the geographical area or a part of the
geographical area having a low number of previously used images, updating
may be triggered.

According to another embodiment, the method further comprises
defining a boundary area enclosing the plurality of new images, wherein the
boundary area is defined with a margin between an edge of the boundary
area and a new image among the plurality of new images which is closest to
the edge of the boundary area.

Images may be assigned to a geographical area based on a position of
the camera when acquiring the image. However, camera positions at the
border of the geographical area may only depict scenery outside the
geographical area. This implies that such images may be difficult to relate to
the other images taken inside the geographical area. Hence, by defining a
boundary area enclosing the new images with a margin, it may be assumed
that the new images only provide information which is relevant to a scenery
defined by the boundary area. Then, the boundary area may be compared to
a plurality of defined geographical areas to determine which geographical
areas that the boundary area intersects. Based on this comparison, models
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for each geographical area intersected by the boundary area may be
updated.

Also, one image may belong to several defined geographical areas.
This may be relevant when the image depicts parts of several geographical
areas.

Brief Description of the Drawings

The above, as well as additional objects, features and advantages of
the present inventive concept, will be better understood through the following
illustrative and non-limiting detailed description of preferred embodiments of
the present invention, with reference to the appended drawings. In the
drawings like reference numerals will be used for like elements unless stated
otherwise.

Fig. 1 is a schematic view of a system, in which a device according to
an embodiment of the invention is arranged.

Fig. 2 is a flow chart of a method for creating a model of a scenery
according to an embodiment of the invention.

Fig. 3 is a schematic view of a representation of a plurality of images.

Fig. 4 is a flow chart of a method for creating a sub-model according to
an embodiment of the invention.

Fig. 5 is a flow chart of a method for merging sub-models according to
an embodiment of the invention.

Fig. 6 is a flow chart of a method for updating a model of a scenery
according to an embodiment of the invention.

Detailed Description

The present invention will now be described more fully hereinafter with
reference to the accompanying drawings, in which currently preferred
embodiments of the invention are shown. This invention may, however, be
embodied in many different forms and should not be construed as limited to
the embodiments set forth herein; rather, these embodiments are provided for
thoroughness and completeness, and to fully convey the scope of the
invention to the skilled person.
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A plurality of images may depict a scenery from different positions and
at different rotational angles. The plurality of images may allow navigation
through the scenery by e.g. the images being presented in a sequence. In
order to allow navigation through the scenery, a plurality of images may be
acquired and relations between the images may be determined.

Each image is acquired by a camera in a position and at three
rotational angles, i.e. defining a direction in which the camera is aimed. The
position and rotational angles may be useful information in order to choose an
image to be presented during navigation through the scenery and in order to
adapt a presentation or displaying of the image. In forming a basis for
navigation through the scenery, it may further be of interest to create a model
of the scenery based on the plurality of images.

Hence, having a plurality of acquired images depicting a scenery, it is
desired to create a model of the scenery and to determine position and
rotational angles of cameras that acquired the images.

Thus, three-dimensional structures of objects in the scenery are to be
modeled. It should be understood that the structure could be of any form and
represent any object. The plurality of images can be arranged in arbitrary
order and taken from any position. The plurality of images can further be
taken both inside and outside of a structure or object.

When acquiring an image, a camera may also determine additional
information, e.g. by means of other sensors in the camera. For instance, the
camera may acquire a GPS position and compass information providing a
detection of the position and rotational angle of the camera when the image
was acquired. This information may be acquired with low accuracy, but may
be provided as input in analysis of the plurality of images for determining a
model of the scenery having higher accuracy.

A system for constructing a model of a scenery will first be described
with reference to Fig. 1. The system may comprise a device 100 having a
processing unit 102 for executing computer instructions. The device may be a
server 100, providing large computing capacity. The server 100 may be
arranged to receive information from cameras 104, which acquire images of a
scenery. The cameras 104 may send images to the server 100 via any type of
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wired or wireless communication, e.g. over a computer network, such as the
Internet. The server 100 may thus collect images. According to one
alternative, the cameras 104 may send acquired images to one or more
different computer units, which may analyze the images and relate the
images to each other. The server 100 may thus access a database 106
comprising the acquired images, and the database 106 may comprise
information for constructing a model of a scenery depicted by the images.

The processing unit 102 may run a computer program controlling the
processing unit 102 to perform a method for constructing a model of the
scenery. The computer program may be implemented in hardware or
software, or any combination thereof. Hence, the computer program may e.g.
be implemented as an Application Specific Integrated Circuit (ASIC) or Field-
Programmable Gate Array (FPGA) or as software which may be loaded into a
general-purpose processing unit in order to be executed by the processing
unit.

A method for constructing a model of a scenery will now be generally
described with reference to Fig. 2. The method comprises receiving a plurality
of images depicting the scenery, step 200. As described above, these images
may be received from different cameras 104, such that the device 100
collects the images. Alternatively, a database 106 comprising the plurality of
images may be separately formed and the plurality of images may be
accessed from this database 106, when a model is to be constructed.

The method comprises creating a plurality of sub-models, step 202. As
will be further described below, each sub-model may provide a reconstruction
of at least part of the scenery based on a sub-set of the plurality of images.
Each sub-model defines relative positions and rotational angles of the
cameras 104 acquiring the images on which the sub-model is formed. The
sub-model further defines three-dimensional structures of objects depicted in
the plurality of images.

The method further comprises separately merging the defined relative
positions and rotational angles of cameras 104 for the plurality of sub-models,
step 204. Thus, the three-dimensional structures of objects are not required
when merging the positions and rotational angles of the cameras 104. This
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implies that the merging may be rather quickly performed, since only a
fraction of the information of the sub-models is used in the merging.

The merging may provide a very accurate modeling of the relative
positions and rotational angles of cameras 104. The merging may also use
additional information in order to improve the modeling and which may allow
determining absolute positions and rotational angles of the cameras 104.

When the absolute positions and rotational angles of the cameras 104
have thus been determined, this information may be used in order to compute
the three-dimensional structures of objects in the scenery.

The different steps of the method will now be described in more detail.

Referring to Fig. 3, the plurality of images may be represented by a
graph 10. The graph 10 is created by determining relations between images.
Each image is represented as a node 12 in the graph 10. Nodes 12 may be
connected to each other by edges 14 representing a transition from the image
in one node to the image in the connected node. Edges 14 are thus formed
between images that are related to each other. Images are related when they
depict overlapping parts of the scenery.

The nodes 12 may also store further information about the image, such
as additional information about the image. The additional information may e.g.
be information captured by other sensors when the image was acquired.

The edges 14 may also provide a relation between the images
connected by the edge 14. This may be a similarity measure representing a
measure of how closely related the images are to each other. Such similarity
measures may be determined by analysis of the images.

Referring now to Fig. 4, a method of creating a sub-model will be
described. This may be done based on the graph 10 providing relations
between images. However, the plurality of images need not necessarily be
represented in a graph 10 in order for a sub-model to be able to be created.
The sub-model may be formed based on geographic proximity of images, e.g.
based on GPS positions, allowing a choice of images to be analyzed whether
they are to be included in creation of the sub-model.

First, the plurality of images is analyzed in order to match features
(interest points) between images. A feature that is present in many images
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may be used to chain (or connect) a number of images that include the
feature. Thus, based on a three-dimensional point in the scenery, a so-called
track may be formed, which chains together all images that depict the three-
dimensional point. Such a track may thus be formed as a number of edges 14
between nodes 12 in the graph 10.

When a sub-model is to be created, a basis image is first selected,
step 400. This basis image may thus include a number of three-dimensional
points for which tracks have been formed. Using these tracks, candidate
images are chosen from the plurality of images, where each candidate image
shares a sufficient number of tracks with the basis image.

A candidate image is then analyzed together with the basis image in
order to determine whether a reconstruction of the scenery may be formed by
the candidate image and the basis image together. The reconstruction thus
provides a representation of three-dimensional structures of objects in the
images. If a reconstruction may be successfully made, a determination is
made to use the candidate image in creating the sub-model, step 402. The
candidate image may thus be added to a set of images for forming the
reconstruction. The next candidate image to be included may then be
analyzed together with the set of images in order to determine whether it may
successfully be added for forming a reconstruction of the scenery.

In this manner, a set of images is determined on which a
reconstruction may be formed. Since all images that are included in forming
the reconstruction are selected based on sharing tracks with the single basis
image, the reconstruction will hereinafter be called “atomic reconstruction”.
Thus, an atomic reconstruction forms a sub-model of the scenery.

As described above, an atomic reconstruction may be created by using
an incremental approach, wherein candidate images are sequentially added
to the reconstruction. It should be realized that the atomic reconstruction may
be alternatively created using a global reconstruction approach, wherein a
large number of candidate images are analyzed in a batch to create the
atomic reconstruction.

An atomic reconstruction is thus created from the set of images,
comprising the basis image and the selected candidate images, step 404.
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The candidate images to be tested whether they are to be included in the set
of images may be all images that are related to the basis image. For instance,
all images represented by a candidate node in the graph 10 having an edge
14 connecting the candidate node to the node of the basis image may be
tested.

Alternatively, the candidate images to be tested may only be the
images that share more than a defined number of tracks with the basis image.
This implies that the candidate image has a relatively high correspondence to
the basis image and that it is likely that the candidate image may eventually
be used in the set of images. The candidate images to be tested may also be
selected in other ways. For instance, only candidate images having a
similarity above a defined threshold to the basis image, as represented by a
similarity measure of an edge 14 in the graph 10, may be chosen for testing.

Also, if there are a huge number of available images, a threshold of
images to be used in creating the atomic reconstruction may be set. For
instance, it may be determined that an atomic reconstruction of sufficient
quality will be created when the number of images in the set of images
exceeds a threshold. Then, the set of images may be chosen as the most
similar candidate images that may be added to the set of images while the
number of images does not exceed the threshold.

The atomic reconstruction may define the three-dimensional structures
of objects that may comprise the three-dimensional points on which the tracks
are formed. The three-dimensional structures in the atomic reconstruction
may be positioned in an arbitrary reference coordinate system.

The atomic reconstruction may further define the relative positions and
rotational angles of the cameras 104 that acquired the images included in the
set of images. Since the atomic reconstruction may be based on a large
number of images included in the set of images, the positions and rotational
angles of the cameras 104 may be determined with high accuracy.

In an embodiment, at least three candidate images are determined to
be included in the set of images. This implies that the atomic reconstruction is
based on at least four images and that a relatively high accuracy of the model
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created by the atomic reconstruction may be achieved. However, at least
some atomic reconstructions may be based on fewer images.

A plurality of atomic reconstructions may be created as described
above. The plurality of atomic reconstructions may be created based on using
each image in the plurality of images as a basis image. However, this implies
that a very large number of atomic reconstructions are created and it may not
be necessary for creating a model of the scenery with sufficient quality.

Thus, in an embodiment, only some of the images may be selected as
basis images. According to one embodiment, a certain percentage of images
may be selected as basis images. For instance, 50% of the images may be
selected as basis images for creating atomic reconstructions. It should be
realized that other percentages may be used and that the selection of which
images to be used as basis images may be based on a number of different
factors, such as similarity between the basis images.

Referring now to Fig. 5, merging of information from a plurality of
atomic reconstructions will be described.

The merging of the atomic reconstruction may be performed based on
only part of the information from the atomic reconstruction. The merging may
be based solely on the relative positions and rotational angles of the cameras
104. Hence, the information of the relative positions and rotational angles of
the cameras 104 as determined by each of the atomic reconstructions may be
received as input to the merging, step 500.

The merging may further be based on additional information, which
may be captured by external sensors of the camera, such as GPS,
accelerometer, and compass. Thus, such additional information for at least
some of the images may also be received as input to the merging, step 502.
However, it should be realized that such additional information may not
always be available and the merging of the atomic reconstructions may in one
embodiment be performed without using additional information.

The additional information may be used to determine the absolute
positions and rotational angles of the cameras 104. Thus, the relative
positions and rotational angles of the cameras 104 which may be determined
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by the atomic reconstructions may further be converted to a global, absolute
coordinate system using the additional information.

The additional information may be mixed with the information from the
atomic reconstructions to perform the merging. Soft constraints may be set on
the included information in performing the merging, such that the included
information may be used in accordance with its accuracy or reliability.

According to an embodiment, the merging is formulated as an
optimization problem, which is solved for the positions and rotational angles
of the cameras 104, step 504. The information of positions and rotational
angles of the cameras 104 from the atomic reconstructions and the additional
information may be considered simultaneously in the optimization problem.

The variables of the optimization problem may comprise the positions
and rotational angles of the cameras 104 and the scale of the atomic
reconstructions in an absolute reference frame. A cost function may be
formulated, wherein each representation of a position and rotational angle of
a camera 104 (from an atomic reconstruction or from additional information) is
compared to a solution for the position and rotational angles of the cameras
104. Thus a solution is to be determined wherein the cost function is
minimized.

Terms of the cost function may thus penalize the deviation of a position
or rotational angle of a camera 104 as determined by the atomic
reconstruction or the additional information from a candidate solution to the
position or the rotational angle of the camera 104. This deviation may be
differently penalized based on an accuracy or reliability of the information. For
instance, if a GPS position is determined with low accuracy or reliability, a
large error in comparison to the candidate solution should not be heavily
penalized. Thus, the cost function may be a weighted sum of deviations. In
one embodiment, the cost function may be formulated as:

EC) = Z Z Eretative (5, Ci, C;) + Z Eapsotute (Co),
i

i jelcameraini}
where i is an atomic reconstruction, C; is the candidate solution of the
absolute positions and rotational angle of a camera 104, E qjaiive measures the
difference between the relative position of C; and C; and the relative position
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obtained by scaling the atomic reconstruction of image i by a factor s;. The
difference is weighted according to the uncertainty of the atomic
reconstruction. Further, Eassoiute measures the difference between values of
the additional information and the candidate solution C;. The difference is
weighted according to an estimated uncertainty of measurements on which
the additional information is based.

The cost function is a sum of terms measuring discrepancies of
different types of information. The terms may therefore be weighted to enable
adding of the terms to provide a meaningful sum.

For the additional information which may be obtained by
measurements, measurement errors may be expected to have a Gaussian
distribution around 0. Then, an inverse standard deviation of the
measurement may be used as a weighting factor of the error of the additional
information. For some sensors capturing additional information, the standard
deviation may be provided by the sensor. However, the standard deviation
may also be unknown and, then, a default value for the type of information
may be used.

For the relative position of the cameras 104 in the atomic
reconstructions, a way of evaluating their uncertainty is also needed. When
building the atomic reconstruction, a bundle adjustment may be used to
minimize the reprojection error of the three-dimensional point in the images.
The reprojection error is a difference between the position of the reprojected
point as determined by the reconstruction and the position where the track
was detected in the image. By assuming an uncertainty on the position of the
tracks, an uncertainty of the recovered camera positions may be inferred. In
one embodiment, this may be given by a covariance matrix of the camera
positions as estimated from a cost function of the bundle adjustment.

When positions and rotational angles of the cameras 104 have been
determined based on the merging as described above, the three-dimensional
structures of the atomic reconstructions may also be merged to form a
merged model of the scenery depicted by the plurality of images. In this
regard, the positions and rotational angles of the cameras 104 may be used
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as fixed information, which will control the merging of the three-dimensional
structures.

It is possible to further improve the created model of the scenery. For
instance, new images of the scenery may be acquired at a later stage, when
the model has already been created. A method for updating the model will
therefore be described with reference to Fig. 6.

Geographical grids may be defined in order to define tiles formed by
the grids, step 600. A tile may define an area of the scenery to be modeled.
The model of the scenery may thus be limited to the area of the tile, which
allows limiting the computations required for forming the model. The
geographical grid may define a large number of tiles that are arranged
adjacent to each other, wherein the scenery of each tile may be represented
by its respective model.

The geographical grids may define rectangular tiles of substantially
equal sizes. However it should be realized that the tiles may alternatively be
of varying sizes and of varying shapes. The tiles may also be dynamically
defined and may be adapted to a density of images that are acquired in the
geographical area defined by the tile.

New images may thus be acquired and intended to be included in the
model, step 602. In order to not perform unnecessary updates, certain
requirements may be set for triggering an update. A requirement may be that
a certain number of new images need to be added to a tile before performing
an update of the tile. Another requirement may be that a certain ratio of new
images in relation to the already present images in the plurality of images
needs to be added to a tile before performing an update of the tile. Another
requirement may be that a new image is added to a specific part of the
geographical area defined by the tile. The tiles may have different
requirements for triggering updates. The requirements may further be
changed.

A new image may be assigned to a tile based on, for example GPS
position obtained by the camera that acquired the image. When a plurality of
new images has been received and assigned to a specific tile, a control may
be made whether requirements for triggering an update of the tile are fulfilled,
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step 604. If so, updating of a model of the scenery may be triggered, step
606.

When updating is triggered, a boundary area may first be determined
enclosing all the new images in the tile, step 608. The boundary area may be
defined to enclose the new images with a margin, such that there is at least a
pre-defined distance between an edge of the boundary area and the position
of a new image closest to the edge. The boundary area may be a definition of
a geographical region that is affected by the new images.

Before updating is performed, it is not known in detail what portions of
a scenery that may be depicted by a new image. It may merely be known
from what position the image was acquired. Hence, the new image may
depict parts that are even outside the geographical area of the tile. Therefore,
the boundary area may be defined having a margin between an edge of the
boundary area and the position of a new image closest to the edge.

The boundary area may then be compared to the tiles, step 610 in
order to determine which tiles that are affected by the new images. Hence, all
tiles with which the boundary area overlaps may be determined to be
affected. The affected tiles may thus be chosen for updating and updating of
the model for each of the affected tiles may be triggered.

When an update is made, the new images may be matched to existing
images. Relations between the new images and the existing images may thus
be determined and a graph representation 10 of the plurality of images may
be updated. Thus, the new images may be analyzed in order to update the
tracks formed in the plurality of images. Possibly, new tracks may be formed
based on information in the new images.

Then, atomic reconstructions are again computed based on the
updated tracks, step 612, as described above with reference to Fig. 4. Further
atomic reconstructions may also be formed using some or all of the new
images as basis images.

Thereafter, the relative positions and rotational angles of the cameras
104 as determined by the atomic reconstructions may be merged, step 614,
as described above with reference to Fig. 5. Thus, an updated model of the
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positions and rotational angles of the cameras 104 is determined and may be
used to also update a model of three-dimensional structures of the scenery.
The person skilled in the art realizes that the present invention by no
means is limited to the preferred embodiments described above. On the
contrary, many modifications and variations are possible within the scope of

the appended claims.
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CLAIMS

1. A method in constructing a model of a scenery, said method
comprising:
receiving (200) a plurality of images depicting the scenery, wherein
each image is acquired by a camera (104) from a position aiming at the
scenery in a rotational angle;
creating (202) a plurality of sub-models, wherein each of the plurality of
sub-models is created by:
selecting (400) a basis image among the plurality of images;
determining (402) related images among the plurality of images,
wherein each related image is related to the basis image by means of
a depicted part of the scenery in the related image and a depicted part
of the scenery in the basis image are at least partly overlapping; and
determining (404 ) the sub-model based on the basis image and
the related images, wherein the sub-model defines relative positions
and rotational angles of the camera (104) for the basis image and the
related images and the sub-model further defines three-dimensional
structures of objects depicted in the plurality of images; and
separately merging (204) the defined relative positions and rotational
angles of cameras (104) for the plurality of sub-models.

2. The method according to claim 1, wherein the merging (204)
comprises calculating the relative position and rotational angle of the camera
(104) for the plurality of images based on the determined relative positions
and rotational angles of the camera (104) for the basis image and the related
images of each of the sub-models.

3. The method according to any one of the preceding claims, further
comprising receiving (502) additional information for at least some of the
plurality of images, said additional information providing an indication of the
position or rotational angle of the camera (104), and wherein the merging
(204) is further based on said additional information and comprises
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calculating absolute position and rotational angle of the camera (104) for the
plurality of images.

4. The method according to claim 3, wherein the merging (204) weights
the plurality of sub-models and the additional information based on accuracy.

5. The method according to any one of the preceding claims, wherein the
scenery constitutes a pre-defined geographical area.

6. The method according to claim 5, further comprising receiving further
images, wherein each further image is acquired by a camera (104) from a
position, and the position of the camera (104) is within the pre-defined
geographical area.

7. The method according to claim 6, further comprising updating the
model by updating (612) the sub-models taking the further images into
account and merging (614) the defined relative positions and rotational angles
of cameras (104) for the plurality of updated sub-models.

8. The method according to claim 6, wherein said updating is triggered
(606) when a predetermined number of further images are received.

9. The method according to any one of the preceding claims, wherein a
basis image of a first sub-model is a related image of a second sub-model.

10.The method according to any one of the preceding claims, wherein the
plurality of images are represented as a graph (10), wherein each image is
represented by a node (12) in the graph (10) and relations between images
are represented by edges (14) between nodes (12), and wherein said
determining of related images comprises starting in a basis node of the graph
(10) representing the basis image and selecting nodes that are connected by
an edge (14) to the basis node, wherein the selected nodes represent the
related images.
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11.A method for updating a model of a scenery, wherein the model is
based on a plurality of images depicting the scenery, said model defining
three-dimensional structures of objects depicted in the plurality of images,
said method comprising:

defining (600) a geographical area, which forms an area to be
represented by the model,

receiving (602) a plurality of new images depicting the scenery,
wherein each new image is acquired by a camera (104) from a position and
said position is within said geographical area;

determining (606) whether the plurality of new images fulfill a pre-
defined updating criterion; and

initiating (606) an update of the model when said number of new
images fulfills the updating criterion.

12.The method according to claim 11, wherein said updating criterion is a

number of new images.

13.The method according to claim 11 or 12, further comprising defining
(608) a boundary area enclosing the plurality of new images, wherein the
boundary area is defined with a margin between an edge of the boundary
area and a new image among the plurality of new images which is closest to
the edge of the boundary area.

14.A device for constructing a model of a scenery, said device comprising
a processor (102) configured to:
receive a plurality of images depicting the scenery, wherein each
image is acquired by a camera (104) from a position aiming at the scenery in
a rotational angle;
create a plurality of sub-models, wherein each of the plurality of sub-
models is created by:
selecting a basis image among the plurality of images;
determining related images among the plurality of images,
wherein each related image is related to the basis image by means of
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a depicted part of the scenery in the related image and a depicted part
of the scenery in the basis image are at least partly overlapping;
determining the sub-model based on the basis image and the
related images, wherein the sub-model defines relative positions and
rotational angles of the camera for the basis image and the related
images and the sub-model further defines three-dimensional structures
of objects depicted in the plurality of images; and
separately merge the defined relative positions and rotational angles of
cameras (104) for the plurality of sub-models.

15.A computer program product comprising a computer-readable medium
with computer-readable instructions such that when executed on a processing
unit the computer program product will cause a processing unit to perform the
method according to any one of claims 1-13.
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