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Automatic generation of a virtual reality walkthrough

Field

The present invention relates to a method, a system and a computer
program product related to virtual reality. More particularly, the present
invention relates to automated generation of a virtual reality walkthrough

based on building information model data.

Background

Building Information Modeling (BIM), also referred to as Building
Information Model, is a digital representation of physical and functional
characteristics of a facility. A BIM is a shared knowledge resource for
information about a facility forming a reliable basis for decisions during its

life-cycle.

A BIM involves representing a design as combinations of objects that carry
their geometry, relations and attributes. However, BIM goes beyond

planning and design, extending throughout the building life cycle.

One standardized and commonly used way to describe building and
construction data in BIM is to use Industry Foundation Classes (IFC). It is
a platform neutral, open file format specification that is not controlled by

a single vendor or group of vendors.

IFC defines an entity-relationship model of entities organized into an
object-based inheritance hierarchy. Examples of entities include building

elements, geometry and basic constructs.

IfcProduct is an IFC base class that represents occurrences in space, such
as physical building elements and spatial locations. IFC relationships

(IfcRelationship) capture relationships among objects. IFC relationships
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may indicate a whole-part relationship having exclusive containment,

such as subdividing a building into floors and rooms.

IFC product (IfcProduct) is a base class for any physical objects, and may
be subdivided into spatial elements, physical elements, structural analysis
items and other concepts. Products may have associated materials, shape
representations, and placement in space. Spatial elements comprise for
example sites (IfcSite), buildings (IfcBuilding), building storeys
(IfcBuildingStorey) and spaces (IfcSpace) such as apartments or rooms.
Physical building elements comprise for example walls (Ifcwall), beams
(IfcBeam), doors (IfcBeam), windows (IcfWindow), stairs (IfcStair) and
so on. Various connectivity relationships may be used for IFC products,
such as walls having openings filled by doors or windows. IFC products
may also have placement, which can be defined Ilocally
(IfcLocalPlacement) in relation to an enclosing element, or in a grid
(IfcGridPlacement) relative to a grid with user-defined axes. Physical
elements may have defined materials, with optional properties such as

mechanical, thermal properties and styles, such as colors and textures.

Other examples of BIM standards are for example various national
standards such as CIS/2 standard by American Institute of Steel
Construction, BuildingSmart Hong Kong, Virtual Design and Construction
(VDC) in India, and a variety of national BIM implementations such as
ONORM A6241 in Austria and building transition digital plan (PTNB) in
France, to name a few. National and regional BIM promoting authorities
and associations have been established. A Green building XML (gbXML) is

an emerging schema focused on green building design and operation.

A virtual walkthrough, also referred to as a virtual tour, is a simulation of

a location or facility, usually composed of a sequence of videos or still
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images. A virtual walkthrough enables for example a buyer of a house or
a flat to virtually experience the property even if it only exists on a drawing
table or is still in early phase of construction. A modern version of a virtual
walkthrough comprises 360° images, which enable the viewer to explore

the facility without being at the location, for example online.

Description of the related art

Patent application US 20160300392 A1l discloses systems, media, and
methods for providing virtual reality tours. A user selects one or more
vantage points on a 2D floorplan, and the system generates a virtual
reality tour based on the 2D floorplan, vantage point coordinates and

associated virtual reality content.

Even if prior art systems are capable of creating virtual walkthroughs, the
process of generating the virtual walkthrough requires manual work,

which makes the process laborious, slow and expensive.

Summary

An object is to provide a method and apparatus so as to solve the problem
of automating creation of virtual walkthroughs. The objects of the present
invention are achieved with a method according to the characterizing
portion of claim 1. The objects of the present invention are further
achieved with a computer program product according to the
characterizing portion of claim 10, a computer readable medium
according to the characterizing portion of claim 11 and a virtual reality
walkthrough generation system according to the characterizing portion of

claim 12.

The preferred embodiments of the invention are disclosed in the

dependent claims.
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The present invention is based on the idea of automating calculation of
navigation points needed for the virtual walkthrough and 360° images

needed for generation of the virtual walkthrough.

The present invention has the advantage that the automatic virtual
walkthrough generation is fully automated, which allows providing the
entire generation of a virtual walkthrough for example as a web service.
The customer simply uploads relevant BIM data for the service, and in

response receives an automatically generated full virtual walkthrough.

According to a first aspect, a computer-implemented method for
automatically generating a virtual reality walkthrough based on Building
Information Model (BIM) data is provided. The method comprises
obtaining serialized BIM data, finding a plurality of BIM space elements
among the serialized BIM data and automatically selecting a plurality of
points of interest, wherein each point of interest represents a location in
one of the plurality of BIM space elements. The method also comprises
calculating a viewpoint for each point of interest, rendering a 360° image
from each of the viewpoints and associating the rendered 360° image with
the respective one of the plurality of points of interest. The method also
comprises locating one or more openings associated to each of the
plurality of BIM space elements, identifying adjacent BIM space elements
that are connected to the respective BIM space element through via the
openings and placing a navigation point at each opening connecting
adjacent BIM space elements. A navigation mesh is calculated, the
navigation mesh comprising the plurality of points of interest and the
plurality of navigation points placed at the locations of the openings
connecting BIM space elements. A virtual reality walkthrough data object
is combined for the plurality of BIM space elements, the virtual reality

walkthrough data object comprising the navigation mesh and any one of
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the 360 images and links to the 360 images. The virtual reality

walkthrough data object is stored.

According to a second aspect, the selecting of the points of interest for a
BIM space element comprises, if a size measure of the BIM space element
is above a first threshold value but below a second threshold value,
calculating a geometrical center of a floor of a plurality of the BIM space
elements, and placing the respective point of interest at the calculated
geometrical center of the respective BIM space element; if the size
measure of the BIM space element is above a second threshold value,
defining a grid with a predefined cell size, calculating a geometrical center
for a plurality of cells of the grid overlapping the BIM space element, and
placing a plurality of points of interest at the calculated geometrical
centers of the overlapping cells, and if the size measure of the BIM space

element is below the first threshold value, not placing any point of interest.

According to a third aspect, a point of interest is placed at a cell if size
measure of an overlapping section of the BIM space element and the

respective cell of the grid exceeds a third threshold value.

According to a fourth aspect, the third threshold value is equal to the first

threshold value.

According to a fifth aspect, the size measure is any one of volume, area,

diameter and length of at least one side of an area.

According to a sixth aspect, the rendering the 360° image comprises
placing a 360° image probe at a predetermined height above the point of
interest, and calculating at least one of a 2D 360° image and a 3D 360°
image on basis of BIM data of physical building elements connected to the

BIM space element associated with the point of interest.
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According to a seventh aspect, the locating one or more openings
comprises identifying an BIM product associated with the respective BIM
space element that has an opening associated with it and obtaining

coordinates of the opening connecting BIM space elements from BIM data.

According to an eighth aspect, the method further comprises identifying a
plurality of information points based on selected BIM elements comprised
the serialized BIM data, associating each information point with a location
in the space, including the information points in the navigation mesh, and
storing the plurality of information points in the virtual reality walkthrough

data object.

According to another aspect, a computer program product for
automatically generating a virtual reality walkthrough from Building
Information Model (BIM) data is provided, wherein the computer program
product is configured to perform the computer-implemented method

steps according to any one of the first to eighth aspect.

According to a further aspect, a computer readable medium having stored

thereon a computer program product according to the above aspect.

According to yet another aspect, a virtual reality walkthrough generation
system is provided, that generates a virtual reality automatically based on
Building Information Model (BIM) data by carrying out the computer-

implemented method according to any one of the first to eighth aspect.

According to another aspect, a computer program product having
instructions which, when executed by a computing device or system cause
the computing device or system to perform a method according to any

one of the first to eighth aspect.
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Brief description of the drawings

In the following the invention will be described in greater detail, in
connection with preferred embodiments, with reference to the attached

drawings, in which

Figure 1 shows an exemplary BIM space element diagram of an apartment

as a 2D floor plan.

Figure 2 illustrates a high-level flow chart of an automatic virtual reality

(VR) walkthrough generation service.

Figure 3 illustrates first phases of the method of automatic generation of

a virtual walkthrough.

Figure 4 illustrates an example of a BIM space element for which a

plurality of points of interest are to be defined.

Figure 5 is a flow chart illustrating phases of a method related to handling

relationships of the BIM space elements via openings.

Figure 6 illustrates phases of the method of automatic generation of a

virtual walkthrough.

Figure 7 illustrates features of a navigation mesh on top of a perspective

view of a flat.
Figure 8 illustrates a system, in particular a computer system.

Detailed description

Navigation point is a point or node by pointing which a user can navigate
to a node of a navigation mesh. A navigation point also refers to
coordinates of a navigation button to a neighboring point of interest that

is connected via the navigation mesh. Coordinates of the navigation points
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may be automatically calculated from IFC data. A navigation mesh is a
network that declares all possible navigation routes. A navigation mesh
may comprise navigation points, points of interest and information points.

A navigation route refers to a virtual walk through path from node to node.

An information point refers an IFC element about which information is to

be shown and also the coordinates for the information button.

Both terms space element and BIM space element refer to a space
element defined in any type of BIM data. For example, a space element
or a BIM space element may be an IFC Space Element (IfcSpace). A BIM
space element may refer for example to an apartment or a room. The

terms space element and BIM space element may be used alternatively.

The figure 1 shows an exemplary, simplified space element diagram of an
apartment shown as a 2D floor plan. The exemplary space comprises an
apartment space element (100) that comprises three room space
elements (101). The space elements (100, 101) may be associated with
walls that have openings (103). When IFC is used, the space elements
(100, 101) are spatial elements, and they are associated with physical
elements such as walls, beams, doors, windows, stairs and so on. The
openings define connectivity relationships between space elements (100,
101), and represent for example doorways, doors and/or windows. Some
of the openings are associated with two adjacent room space elements,
thus connecting the rooms, while others may connect a room towards
outside. At least one point of interest (104) may be defined for at least
some of the space elements (100, 101). The point of interest (104)
represents coordinates of a navigation point in the space element.
Preferably, the point of interest is disposed on the floor of the respective

space element. If the point of interest is on the floor, above the point of
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interest (104) a view point is defined, at which a 360° image of the
respective space is to be rendered. The rendered 360° image is, as the
name defines, a 360-degree rendered image from the view point
associated with the respective point of interest, which is wrapped around
a sphere to enable the viewer to virtually look at any direction around
him/her from the point of view. The location of a point of interest may be
expressed in cartesian (XYZ) coordinates. The x- and y-coordinates of the
point of interest, which correspond to the x- and y-coordinates of the
respective view point, are preferably defined so that the point of interest
(104) resides within the space element (101). The z-coordinate, in other
words the vertical height, of the point of interest may be defined so that
it resides at the floor level of the space element. In such case, the
associated view point is preferably placed on a predefined height above
the point of interest. Alternatively, the point of interest (104) may be
defined to be disposed at a predefined height, in other words at a vertical
distance above the floor level of the space element (101). In the latter
case, the point of interest (104) and the respective associated view point
may be collocated. Both the point of interest and the associated view point

should be located within the volume of the space element.

Figure 2 illustrates a high-level flow chart of a service that is enabled by
the disclosed method of automatic generation of a virtual reality (VR)
walkthrough. The service may be entirely web based, in which a user
uploads BIM data to the service and, in return, receives an automatically
generated VR walkthrough, which may be provided as a single data
object. The VR walkthrough may also comprise a plurality of data objects,
that also comprise 360° images and for example audiovisual elements.
Such additional elements may be originally linked to BIM data, and these

may also become linked or included in the VR walkthrough.
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The service may begin with receiving BIM data from the user in the phase
201. The BIM data may be provided in various forms. If the BIM data
received from the user is not in serial form, it may be first serialized in the
phase 202. If the BIM data is received in serial form, there is no need for

serializing, and phase 202 may be omitted.

Based on the serialized BIM data, the VR walkthrough is automatically
generated in the method described in short as phase 203, which method

will be described in more detail in relation to following figures 3, 5 and 6.

The automatically generated VR walkthrough is stored in the phase 204
to a web server, at which the VR walkthrough is available for the user and
may be used for example by a user application running either on the web

server or at a user device.

Figure 3 illustrates first phases of the method of automatic generation of
a virtual walkthrough. The automated method utilizes serialized BIM data.
Thus, if the BIM data is not serial to begin with, it needs to be serialized
first. Serialized BIM data (300) is then received as input to the method.
Serializing BIM data refers to a process of translating data structures or
object state into a format comprising a series of bytes that can be stored

or transmitted and reconstructed later.

A repeating process is then performed to identify a plurality of space
elements in the serialized BIM data. Each round of the process starts with
finding a space element in the serialized BIM data in the phase 301. If the
serialized BIM data comprises IFC data, the found space element may be
an IfcSpace element. In the phase 302 it is tested, whether a new space
element was identified. If not, the process ends in step 307. This may
occur when all space elements in the data have been handled in the

process, or if no space element is found in the BIM data. After a space
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element has been found in the phases 301 and 302, the found space
element is tested against at least one pre-defined selection rule in the
phase 303. A selection rule may define that the plurality of space elements
simply comprises all space elements comprised in the serialized BIM data,
or the selection rule or a combination of selection rules may cause only
part of all space elements to be selected. If the currently identified space
element does not fulfill the selection rule(s), the process returns to step
301, and next space element is looked for in the serialized BIM data.
Testing the space element against selection rules in the phase 303 and
selection of space elements in the phase 304 can be fully automatic, while
predefined rules for the selection of space elements may be defined to
control the automated process of selecting the space elements. For
example, only space elements of a certain type or types of space, such as
room space elements, may be selected. Size of the space may be used as
a selection rule. For example, space element having a size measure below
a first threshold value may be excluded from selection. The size measure
and the first threshold value may be defined by area, in particular the floor
area, of the space element, so that the first threshold defines a minimum
area of a space element to be selected to be subject to next steps of the
method. Using area as a selection parameter facilitates simple and
straightforward selection criterion, since area, typically floor area, of the
space element is a typical parameter included regularly in the BIM data
for each space element. Alternatively, the size measure may comprise
volume of the space element, diameter of the space element (100, 101)
via a computed middle point of the space or between two opposite corners
of the floor of the space element, or the size measure may be defined as
a length of at least one side of the floor of the space element (100, 101).

Further, more complex selection criteria may be defined as any
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combination of the above-mentioned size measures and the respective

first threshold values.

At least one point of interest (104) is calculated automatically for the

space element in the phase 305.

In one embodiment, a geometrical center of the floor of the space element
is calculated, and the point of interest (104) is placed at the calculated
geometrical center. Preferably, the point of interest, above which an 360°
image probe is to be disposed, is located on the floor of the space element,
and a view point is defined at a predefined height above the floor level of
the space element so that the 360° image view corresponds to that of an
average person if he would actually stand on the floor of the respective

space.

In an alternative embodiment, each point of interest is defined at the
respective view point. In other words, the point of interest is disposed
above the floor level of the space element at a predefined height. In such
case, the point of interest and the respective view point are located in the

same location in the cartesian XYZ-coordinates.

Various parameters may be used for guiding the automatic point of
interest calculation into the wanted end result. For example, the space
element information may comprise information on the area of a room
represented by the space element. If the size of the space element
exceeds a predefined first threshold value, at least one point of interest is

calculated for a space element.

In another embodiment, a plurality of points of interest may be calculated
for a single space element. This will be described later in connection with

figure 5.
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Each automatically calculated point of interest (104) has a defined location
in the space defined by the space elements that may be defined with
three-dimensional coordinates, for example cartesian coordinates. All
calculated points of interest and their coordinates are stored, so that they
can be later used for example in generation of a navigation mesh.

Preferably, the points of interest are stored in a database.

After calculating a point of interest (104) in the phase 305, a 360° image
is rendered for it in the phase 306. Rendering a 360° image is, as such,
known technology. To ensure a convenient and natural height for the view
point, 360° image associated to a point of interest may be rendered from
a view point vertically above the respective point of interest. If the point
of interest is readily defined at a convenient view height, the 360° image
may be rendered at the point of interest. The height of the view point
and/or the height of the point of interest above the floor plane of the space
element may be adjusted via setting a parameter value for the automatic

calculation algorithm.

Any IFC data related to physical objects associated with the space element
may be utilized for rendering the 360° image. Especially, the physical
elements, their placement, shape and materials may be utilized for 360°
image rendering. The rendered 360° image is stored. Preferably, the
rendered 360° image is stored in a database. The database may be a
dedicated image database, or the same database may be used that is
used for storing all data related to the virtual reality walktrough, including
but not limited to the points of interest. The location of the rendered 360°
image in the database is also stored to enable establishment of a link

between the 360° image and the respective point of interest.
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Some identified space elements may be left without any points of interest
if they do not fulfill selection criteria in the phase 303. Further, some space
elements that initially fulfill the selection criteria in the phase 303 may fail
in calculation of point of interest for various reasons. In such cases, no
point of interest is calculated for the space element, and no 360° image is

rendered.

The process of finding space components in the serialized BIM data is
repeated until no more new space elements are found in the serialized
BIM data. This is illustrated with the decision box phase 302 in which it is
checked whether there are more space elements in the serialized BIM data
to be processed. If, based on the checking in the phase 302, there are
more space elements found, the process will continue with performing the
phase 303. If there are no more space elements in the serialized BIM data,

the process stops in the phase 307.

As a result of this part of the method, a plurality of points of interest (104)
may be calculated, each representing a location in one of the plurality of
space elements comprised in the serialized BIM data, and a respective
360° image has been rendered and stored for each of the plurality of

points of interest.

All points of interest (104) may be calculated automatically on basis of the
spaces defined by the BIM data, and a 360° image is automatically
rendered for all of them also using the BIM data. All this can be done on
basis of the serialized IBM data without requiring any manual steps in the
process. Various parameters of the BIM data may be utilized in the
rendering process. If BIM data comprises IFC data, a non-limiting list of
IFC parameters that may be used in the rendering comprises

IfcMaterialProperties, IfcLightFixtureType, IfcSite and/or
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IfcGeometricRepresentationContext. Any method for 360° image

rendering known in the art may be utilized.

Figure 4 illustrates an example of a space element for which a plurality of
points of interest are to be defined. A space element may be elected for
defining a plurality of points of interest if it fulfills a size-based selection
criterion. Such size-based selection criterion may comprise a size measure
of the space element. A space element is elected for placement of multiple
points of interest if the relevant size measure of the space element
exceeds a second threshold value. The size measure may comprise any
one of volume of the space element, the area (floor area), diameter and
length of at least one side of the floor of the space element. If the space
element (101) was selected for placing a plurality of points of interest, a
grid (120), illustrated with a dash dot lines, may be used for defining the

locations of the plurality of points of interest.

Side length of the cells (121) and thus area of a cell of the grid (120) may
be freely selected. Preferably, the side length of the cells (121) is defined
by a parameter. In one embodiment, size of each cell (121) of the grid
(120) equals to the minimum size of a space element that may be selected
in the phases 303 and 304 to be included in the process steps for defining

a point of interest.

The selected space element (101) that fulfills the size-based selection
criteria for multiple points of interest is placed in the grid (120). At least
one criterion is defined for selecting which cells (121) of the grid are used
for defining points of interest. The criterion may comprise a selected size
measure of the overlapping section of a cell (121) of the grid and the
space element (101). Similar to selection rules defined for selecting space

elements, the size measure may comprise for example area, diameter or
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length of at least one side, and the size measure may be correspondingly
compared to a third threshold value. The third threshold value may thus
comprise a minimum area, minimum diameter or minimum length of at
least one side of the overlapping section of a cell (121) of the grid and the
space element (101). In one embodiment, the third threshold value is
equal to the first threshold value so that a minimum section of a space
element defined by the grid for which a point of interest to be generated
has the same minimum size limit as a space element that is selected for

receiving a single point of interest.

Further criteria may be defined for example on basis of walls within the
section. For example, if the geometrical center of the cell (121) of the grid
(120) falls outside the space element (101), the section may be omitted
as point of interest. In the exemplary case of figure 4, six cells (121) of
the grid with overlapping sections with the space element (101) have been
selected on basis of the selection criteria, and thus six points of interest
are defined in the geometrical center of the cells (121) for this particular
space element (101). Thus, also six 360° images will be rendered for this
space element (101), each associated with the respective one of the
plurality of points of interest (104). Other cells (121) have been omitted,
since the section of the space element (101) within the cell is either too
small, or because the geometrical center of the cell (121) falls outside the
respective section of the space element (101). Each point of interest is

stored with its coordinates, as well as the associated 360° images.

When a space element has been found in the phase 301, the process also
continues to another sub-process as illustrated with the connector “A”
(400) in the figure 3. The second sub-process is disclosed in more detail

in connection with figure 5.
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After finding a space element (101) in the phase 301, a second part of the
method may also be started that defines relationships between found
space elements. Phases of the method related to handling relationships of

the space elements by openings are illustrated in the figure 5.

Each space element may have one or more openings (103) associated
with it. In the phase 401, one or more openings associated with the space
element are automatically found. The opening(s) may be found in the BIM
data. For example, an IFC space element may have an IfcOpeningElement
defined for it. If an opening (103) is found, the algorithm checks whether
the opening represents a type of opening that is to be used. Typically, for
virtual reality walkthrough purposes, openings that represents doors are
selected for further processing, while other types of openings, such as
windows or technical inlets intended for example for plumbing, air

conditioning or like are omitted from further processing.

Coordinates of the found opening are obtained in the phase 402.
Coordinates may be obtained from BIM data either directly or by
calculating a coordinate for the opening. For example, calculation of the
coordinates of the opening may receive as input data known as Box
Geometry of an IFC object, which represents dimension of the smallest
box bounding the object. The obtained coordinates are preferably stored

so that they may later be used.

In the phase 403, any space elements connected to the opening are
automatically found. Thus, the opening connects two adjacent space
elements. When two space elements are connected to the same opening,
the opening connects two space elements and the opening, more
particularly the coordinates of the opening obtained in the phase 402, may

thus be used as a navigation point between the two space elements.
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Openings which do not provide any connection between space elements

may be omitted from further processing.

Handling of the openings acting as connections between space elements
may be facilitated by naming the openings so that the particular opening
has a name that indicates the names of the space element and the
neighboring space element connected via the opening. Like any other data
obtained during the process, also data on the openings including their
names and coordinates may be stored in a database. For example, in BIM
data according to IFC standard, a name of the opening may be defined on
basis of information found in the respective IfcSpaceElement. For
example, the name of the opening may comprise the name of the space
element into which the opening leads or names of the adjacent space
elements that are connected by the opening. The name of the opening is
stored together with its coordinates. Similar to the coordinates of the
points of interest, coordinates of the openings may be defined with three-

dimensional coordinates, for example cartesian coordinates.

The method of finding openings is repeated as long as new openings are
found that relate to the space element that is currently been handled. This
is illustrated with the decision phase 405, in which it is checked whether
there are more openings associated to the current space element. If there
are more openings to be found, the process is repeated from the phase
401.

When all space elements fulfilling the selection rules have been identified,
360° images for them have been rendered and all openings connecting
the space elements have been found and stored, the method may enter

into a third phase as illustrated with connector “B” (500).
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Figure 6 illustrates final phases of the method of automatic generation of

a virtual walkthrough.

The final stages of the automated VR walkthrough generation process
receive as input all the points of interest representing the plurality of space
elements, coordinates of the points of interest and the respective
rendered 360° images, the found openings, coordinates of the openings
and information on which space elements are connected via the openings

as illustrated by the connector “"B” (500).

In addition to points of interest and navigation points, information points
may be defined on basis of the BIM data and stored in the phase 501,
which information points are to be shown in the appropriate VR view at a
place that corresponds to coordinates of an IFC element. Location of an
information point may be defined based on location of the respective IFC
element. A rule or a ruleset may be defined for selecting which IFC
elements are selected for generation of information points. The rule or
ruleset may comprise for example type of IFC element. Data related to
information points that will be shown to the user is stored in the database
together with the coordinates of the information point, preferably
cartesian coordinates, and all stored information points are included in the
navigation mesh. Information points may for example provide additional
information on particular features of an IFC element. For example, an
information point may give more technical or commercial details of a
particular appliance, more detailed material information, information on
possibility to make individual choices relating to this particular IFC
element and so on. The additional information comprised in the
information point may be directly and automatically derived from the
respective BIM data. By pointing at an information point shown at a

particular location in the 360° view of the space, the user may receive the
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information available at the information point. Examples of the
information provided by an information point are for example various
details of household appliances or surface materials and/or colors of any
item. The phase of the method at which information points are defined
may vary. For example, instead of the disclosed phase just before
calculating the navigation mesh, an information point may be defined and
stored whenever an IFC element fulfilling a selection criterion for defining
an information point is detected in the serialized BIM data. Only critical
rule for defining information point is that as they should be defined and

stored, thus available by calculating a navigation mesh.

In the phase 502, the navigation mesh is calculated. The navigation mesh
is @ mesh network that connects all points of interest, the openings
connecting the respective space elements and the information points into
a navigation network that enables navigating within the spaces defined by
the space elements by moving between points of interest within the
spaces. When at a specific navigation point of the navigation mesh, a user
of the VR walkthrough may point at any neighboring node of the
navigation mesh to move between spaces in the VR walkthrough. For
example, by pointing at a via node (a navigation point) residing at an
opening in the 360° image of a space, the user may move into a point of
interest in an adjacent space connected to the current space via the via
node representing the opening. After moving to another space, the user
will be virtually moved to a point of interest of the adjacent space
connected to the via node and shown the respective 360° image
associated with the point of interest in that space. When a space has
multiple points of interest defined in it, the user can virtually move
between these simply by pointing and/or clicking any of the nodes

representing other points of interest shown in the current 360° image.
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After the navigation mesh has been calculated in the phase 502, a starting
point is defined for the navigation mesh at the phase 503. The starting
point refers to a preselected node of the navigation mesh at which the
user virtually resides when the VR walkthrough is initiated. The starting
point may be, for example, a space representing an entry hall of the

apartment.

In the phase 504, a virtual reality walkthrough data object is generated
that comprises all VR walkthrough data found and calculated during the
above method phases. The virtual reality walkthrough data object thus
combines all data created during the process into a VR walkthrough. The
virtual reality walkthrough data object comprises information on the
navigation mesh, including points of interest and navigation points, as well
as on information points, if such were defined, and links to the rendered
360° images associated with the respective points of interest. The virtual
reality walkthrough data object may further have a connection to the BIM
data or to an external database, from which information may be obtained

on basis of identifiers, such as a globally unique identifier (GUID).

The virtual reality walkthrough data object, which comprises data needed
for running the VR walkthrough, is preferably stored in JavaScript Object
Notation (JSON) format. JSON is a lightweight data-interchange format
that uses human-readable text to transmit data objects consisting of
attribute-value pairs and array data types or any other serializable values,

that is broadly utilized in web services.

Figure 7 illustrates features of a navigation mesh on top of a perspective
view of an apartment. The navigation mesh preferably comprises a
plurality of points of interest (104) and a plurality of navigation points

(605) that represent openings connecting spaces. Two of the space
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elements (101-A, 101-B), representing two rooms of the apartment are
marked in the figure. An opening (103), in this case a door opening,
connects one of the space elements (101-A) with another space element
(101-B), and a navigation point (605) has been placed at the opening to
allow navigation between the points of interest (104) corresponding to the
two adjacent space elements. Black two-ended arrows (608) between the
points of interest (104) and navigation points (605) illustrate navigation
mesh connections between the points of interest and navigation points
over which the user of the VR walkthrough may virtually move around in
and between the spaces. Furthermore, the figure shows two information
points (606). Location of an information point (606) is defined by
coordinates, such as cartesian coordinates, so that they may be placed in
the navigation mesh and shown in the 360° image, so that any defined
information points may be pointed and/or clicked at any 360° image view
in which they are visible. Pointing and/or clicking an information point in
the 360° image does not cause movement along the navigation mesh but
provides additional information. For example, selecting an information
point (606) may open a window in the virtual reality view that presents

further information to the user.

A view point (610) illustrates a location from which a 360° image has been
rendered for the associated point of interest (104). A double-ended arrow
(611) illustrates height of the view point above the floor level. Although
not shown in the figure, similar view points are defined for all points of

interest in the navigation mesh as disclosed above.

Navigation between points of interest is possible either via navigation
points or directly between points of interest. Especially, if a space includes

multiple points of interest, it is possible to move between the points of
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interest directly for example by selecting, for example by pointing and/or

clicking, another point of interest visualized in the current 360° image.

Figure 8 illustrates a system. A BIM server (701) may store BIM data
(700). BIM data (700) may be stored in any applicable form. For example,
the BIM data (700) may comprise serialized BIM data. If the BIM data is
not serialized, the BIM server may be configured to serialize BIM data, or
the BIM data may be serialized by the VR walkthrough generation
apparatus (702). The BIM server is communicatively connected to an VR
walkthrough generation apparatus (702), which is configured to perform
the steps of the method of automatically creating a VR walkthrough from
the serialized BIM data as disclosed above. The VR walkthrough
generation apparatus (702) may be implemented in a physical or virtual
server or a network of physical or virtual servers running computer

software that performs the method steps.

The VR walkthrough generation apparatus (702) has a defined application
programming interface (API) towards a web server (703). Upon
generating a virtual reality walkthrough data object in the phase 504 that
comprises data needed for the VR walkthrough, the virtual reality
walkthrough data object may be provided to the web server over the APL.
Preferably, the virtual reality walkthrough data object is a JSON data
object and it comprises the navigation mesh and all the 360° images of
the VR walkthrough, or links to the 360° images. A client application (704)
residing at a client computer capable of reading JSON data objects and
representing 360° images in one way or another may then contact the
web server (703) for running the VR walkthrough. In one embodiment,
the client application may be a browser application that shows a 2D view

of the 360° image at its display. Alternatively, the client application may
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be a virtual reality application that is capable of showing 360° images as

3D images for example via a 3D display.

It is apparent to a person skilled in the art that as technology advanced,
the basic idea of the invention can be implemented in various ways.
5 The invention and its embodiments are therefore not restricted to the

above examples, but they may vary within the scope of the claims.
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Claims

1. A computer-implemented method for automatically generating
a virtual reality walkthrough based on Building Information
Model (BIM) data, wherein the method comprises
5 - obtaining serialized BIM data;
- finding a plurality of BIM space elements among the serialized
BIM data;

characterized in that the method further comprises:

automatically selecting a plurality of points of interest for

10 each space element with a size that exceeds a first threshold
value, wherein each point of interest representing a location
in one of the plurality of BIM space elements;

- calculating a viewpoint for each point of interest;

- rendering a 360° image from each of the viewpoints and

15 associating the rendered 360° image with the respective one
of the plurality of points of interest;

- locating one or more openings associated to each of the
plurality of BIM space elements;

- identifying adjacent BIM space elements that are connected

20 to each other via the openings;

- automatically placing a navigation point at each opening
connecting adjacent BIM space elements to define a plurality
of navigation points;

- calculating a navigation mesh comprising the plurality of

25 points of interest and the plurality of navigation points;
- combining a virtual reality walkthrough data object for the

plurality of BIM space elements, the virtual reality
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walkthrough data object comprising the navigation mesh and
either the 360° images or links to the 360° images associated
with the plurality of points of interest; and

storing the virtual reality walkthrough data object.

The computer-implemented method according to claim 1,

wherein selecting point of interest for a BIM space element

comprises:

if a size measure of the BIM space element is above a first
threshold value but below a second threshold value,
calculating a geometrical center of a floor of the BIM space
element, and placing the respective point of interest at the
calculated geometrical center of the respective BIM space
element,

if the size measure of the BIM space element is above a
second threshold value, defining a grid with a predefined cell
size, calculating a geometrical center for a plurality of cells of
the grid overlapping the BIM space element, and placing a
plurality of points of interest at the calculated geometrical
centers of the overlapping cells,

if the size measure of the BIM space element is below the first

threshold value, not placing any point of interest.

The computer-implemented method according to claim 2,

wherein a point of interest is placed at a cell if a size measure of

an overlapping section of the BIM space element and the

respective cell of the grid exceeds a third threshold value.
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The computer-implemented method according to claim 3,
wherein the third threshold value is equal to the first threshold

value.

The computer-implemented method according to any one of
claims 2 to 4, wherein the size measure is any one of volume,

area, diameter and length of at least one side of an area.

The computer-implemented method according to any of claims

1 to 5, wherein the rendering the 360° image comprises:

- placing the viewpoint at a predetermined height above the
respective point of interest, and

- calculating at least one of a 2D 360° image and a 3D 360°
image on basis of BIM data of physical building elements
connected to the BIM space element associated with the point

of interest.

The computer-implemented method according to any of claims

1 to 6, wherein the locating one or more openings comprises:

- identifying a BIM element associated with the respective BIM
space element that has an opening associated with it, and

- obtaining coordinates of the opening connecting BIM space

elements from BIM data.

The computer-implemented method according to any of claims

1 to 7, further comprising:

- identifying a plurality of information points based on selected
BIM elements comprised in the serialized BIM data,

- associating each information point with a location,
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- including the information points in the navigation mesh, and
- storing the plurality of information points in the virtual reality

walkthrough data object.

A computer program product for automatically generating a
virtual reality walkthrough from BIM data, wherein the
computer program product is configured to perform the
computer-implemented method steps according to any one of

claims 1 to 8.

A computer readable medium having stored thereon a

computer program product according to claim 9.

A virtual reality walkthrough generation system that generates
a virtual reality walkthrough automatically based on BIM data by
carrying out the computer-implemented method according to

any one of claims 1 to 8.
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