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Method for representing virtual information

in a real environment

The invention relates to a method for representing virtual information in a view of a real

environment comprising the steps of providing a system setup with at least one display

device, wherein the system setup is adapted for blending in virtual information on the dis

play device. The invention also relates to a computer program product comprising software

code sections for performing the method.

Augmented reality (AR) systems are known to enhance information of a real environment

by providing a visualization of overlaying computer-generated virtual information with a

view of the real environment or a part of the real environment. The virtual information can

be any type of visually perceivable data such as objects, texts, drawings, videos, or their

combination. The view of the real environment or the part of the real environment, as un¬

derstood herein, could be perceived as visual impressions by user's eyes and/or be ac

quired as one or more images by a camera, e.g., worn by a user or attached on a device

held by a user.

The overlaid or blended in virtual information may be, in principle, various items of virtual

information. For example, an item of virtual information which could enhance information

of a real environment may be a point of interest, as for example known in map or naviga

tion applications. A point of interest (POI) may represent a location of a real object of the

real environment (e.g., a building or a landmark) and often includes digital content that is

related to the real object. For instance, the location is a global location (e.g., a geo-

coordinate such as a 2D coordinate of longitude and latitude, or a 3D coordinate of longi¬

tude, latitude and altitude) or a postaddress (e.g., a floor number, street, postcode, coun

try). The post address and the global location could be converted to each other. The digital

content of the POI could contain various data, such as a name, description, and contact

related to the real object.

One major function of augmented reality systems is to overlay items of virtual information,

such as points of interest (POIs), to a view of the real environment. This is particularly

useful and popular in location-based (mobile) augmented reality applications, such as tour

guidance for exploring the urban environment, as described in references [1, 2, 4] as re

ferred to herein at the end of the description. For example, users could use an augmented



reality application to overlay POIs to a view of the real environment when they are in new

places and want to obtain information about things they see. In augmented realty systems,

the POI information has to be represented in the real environment or the part of the real

environment such that it satisfies desired visual perception and usability. Most data

sources for POI information provide the information in relation to a point in the real world,

not as a 3d model with more than one point or vertex. This invention is well suited for

handling the visualization of items of virtual information, which are described by latitude,

longitude and optionally altitude and additional meta-information consisting of text and 2D

image information.

Several methods have been developed for improving visual perception and usability of

blending in or overlaying POI information to a view of a real environment in augmented

reality applications.

View distance of a POI refers to a distance between the location of the POI and the loca

tion where a camera or a user stands. View direction of a POI refers to a direction from the

location where a camera or a user stands to the location of the POI.

Hoellerer et al. in reference [4] propose to display POIs as virtual flags and labels in the

correct perspective for the user's view pose, while the labels face the user and maintain

their size irrespective of distance to ensure readability.

Augmented reality systems face significant technical challenges to more usefully display

POIs to users. Uusitalo et al. in reference [1] disclose a method for displaying POI infor

mation based on partitioning of the real environment. The method determines to overlay

one or more POIs based on the one or more partitions of the view of the real environment.

They teach utilizing the knowledge of floor plan or height of a building to separate the

building into partitions and overlaying the POIs to corresponding partitions in an image of

the buildings.

When POIs have the same view direction, the POIs may be arranged behind with each oth¬

er for display in augmented reality applications. In this regard, some of the POIs may not

be visible, as it may be hidden behind other POIs. For this, Sandberg in reference [2] moti¬

vates grouping POIs that have the same view direction and then displaying the grouped

POIs in a visible manner.



Meier et al. in reference [3] disclose a method to achieving an ergonomic representation of

POIs in augmented reality systems, by subdividing the view of the real environment into a

plurality of regions based on the distances of the regions to the view point.

Augmented reality systems commonly overlay the POIs opaquely on the top of a view of

the real environment. An exemplary scenery is shown in Fig. 9, where POIs are overlaid as

opaque labels 92, 93, 94, 95, 96, 97, 98, and 99 on the top of an image 8 1 of a real envi

ronment 51. In this way, the POI representations (e.g. the opaque labels) occlude the real

environment or the part of the real environment in the image. Sandberg in reference [2]

and Uusitalo et al. in reference [1] also overlay the icons and labels of the POIs opaquely

to an image of a real environment. This introduces difficulties for the users to quickly and

intuitively understand the real environment from the overlaid POIs.

Real objects of the real environment sometimes may not be visible in the view of the real

environment, as the objects could be occluded by real objects placed in front of them from

the view point. An example is shown in Fig. 8 (showing the scene of Fig. 9 without POIs),

where a real object (building) D (cf. Fig. 7) in the real environment 5 1 is not visible in the

image 8 1 of the environment. In this situation, simply superimposing the POIs related to

the occluded objects on the top of the view of the real environment (as shown in Fig.9)

could confuse users in a way that the users may wrongly relate the POIs to a front object

which is visible in the view. In the example of Fig.9, the users may relate the POI informa

tion 93, 94, 95, 96, 97, and 98 to a real object (building) A, while 97 and 98 that represent

POI 7 and POI_8 are not related to the building A .

Therefore, it would be desirable to visualize the POIs related to the occluded objects in a

different way from the visible front objects and more particularly in a way that the users

could intuitively perceive the occlusion effect. For example, the POIs related to the oc

cluded objects may be shown semi-transparent, or in dash lines, while the POIs related to

the front objects could be shown opaquely, in solid lines, or in a different color.

Meier et al. in reference [3] teach to use the depth along the view direction of a POI from

the view point to the real environment in order to determine whether to display the POI in

an occlusion model or not. If the POI has a longer view distance than the depth, the POI is

displayed in an occlusion way, i.e. semi-transparent, or in dash lines, according to refer-

ence [3].



A real object of the real environment often occupies a three-dimensional space which is a

volume in 3D space, while a POI related to the real object represents a location which is a

point in 3D space. The POI location could be assigned anywhere within the real object that

the POI is related to. Therefore, the real object could be visible from the view point, while

the POI has a longer view distance than the estimated depth along the view direction to the

real object. For instance, a building (e.g. a shopping mall) is visible in a view of the real

environment, while the view distance of a POI related to the building is longer than the

depth from the view point to the exterior surface (e.g. wall) of the building.

In Figures 5, 6, 7, and 8, there is depicted an example where the real object A is visible in

the image 81, while POI 3 that is related to A (Fig. 7) is further away than A with respect

to the viewing point 7 1. In this case, the method disclosed by Meier et al. in reference [3]

will result in an improper occlusion perception of overlaying the POI to the view of the

real environment.

A general problem in the space of Augmented Reality is that it is very easy for people to

build mock-ups or visionary movies of a nice looking Augmented Reality experience, but

the detailed problems in order to achieve such an experience are not considered and not

solved.

The situation that a POI represents a real object that is located inside another real object

could be more challenging for properly displaying the POI in an augmented reality system.

For example, POI_4 represents a real object (room) A3 that is inside the building A in the

real environment 5 1 (Fig. 7). When a user stands outside of the building A and uses the

augmented reality technology to overlay the POI 4 to an image of the real environment 1,

it is preferred to display POI 4 information in a non-occlusion model, i.e. it is displayed in

the image. In another case, the building D is outside of the building A and is occluded by

A in the image 8 1 (Fig. 7, 8). In this case, it is preferred to overlay POI_8 related to D on

the image 8 1 in an occlusion model, i.e. it is not displayed in the image. None of the previ

ously developed methods teach or motivate displaying POI_8 in an occlusion model, but

POI 4 in a non-occlusion model.

It would therefore be beneficial to provide a method for representing virtual information in

a real environment which is capable to improve occlusion perception when blending in

items of virtual information, particularly to the view of a real environment in augmented

reality applications or systems.



According to an aspect of the invention, there is provided a method for representing virtual

information in a view of a real environment, comprises the following steps: providing a

system setup comprising at least one display device, wherein the system setup is adapted

for blending in virtual information on the display device, determining a position of a view¬

ing point relative to at least one component of the real environment, providing a geometry

model of the real environment, the geometry model comprising multiple representations of

respective built-in real objects of the real environment, each representation comprising at

least one 2D or 3D geometrical shape having at least one boundary delimiting the respec

tive object, wherein one side of the boundary is delimiting the object toward its inner side

and the other side of the boundary is delimiting the object toward its outer side, providing

at least one item of virtual information and a position of the at least one item of virtual in

formation, determining a visualization mode of blending in the at least one item of virtual

information on the display device according to the position of the viewing point and the

geometry model, calculating a ray between the viewing point and the item of virtual in for

mation, determining a number of boundary intersections by the ray, wherein if the number

of boundary intersections is less than 2, the item of virtual information is blended in in a

non-occlusion mode, otherwise in an occlusion mode, and/or the position of the item of

virtual information is moved to the front of the intersected boundary with respect to the

viewing point.

Particularly, the present invention addresses the problem of improper occlusion perception

of blending in or overlaying the digital content or items of virtual information, such as

points of interest (POIs), to a view of the real environment or a part of the real environ

ment in augmented reality applications by using the position of the viewing point, and a

geometry model of the real environment, preferably a 2D and/or 3D geometry model.

The digital content or items of virtual information can be any type of visually perceivable

data such as objects, texts, drawings, videos, or their combination. The view of the real

environment or a part of the real environment is captured by a capture device. For exam

ple, the view of the real environment could be captured as visual impressions by user's

eyes or acquired as one or more images by a camera worn by a user or attached on a device

held by a user. Another alternative display device could be a head-up display, e.g. installed

in a car or an airplane. A human eye and a camera have the same imaging mathematical

model, i.e. pinhole projection model. The pinhole projection model describes a relation

ship between the coordinates of a 3D point and its image projection onto the view. An im

age plane is the plane in which an image produced by an optical system is formed. The



image projection of a 3D point is defined by the intersection between a ray from the view

point to the 3D point and the image plane.

The overlaid or blended in information of the items of virtual information, e.g. POIs, and

the real environment can be seen by the users in a well-known optical see-through display

having semi-transparent glasses. The user then sees through the semi-transparent glasses

objects of the real environment augmented with the virtual information of the POIs

blended in in the glasses. The overlay of the POIs and the real environment can also be

seen by the users in a video see-though display having a camera and a common display

device. The real environment is captured by the camera and the overlay of the virtual data

and the real environment is shown in the display to the users.

In an embodiment, the method includes determining a pose of a viewing point relative to at

least one component of the real environment, which describes the position and orientation

at which a capture device (e.g. a camera or a human eye) captures the view of the real en

vironment or part of the real environment as an image or visual perception.

A real environment could be any real scene in real world, such as a nature scene, an indoor

environment scene, or a city scene. A real environment includes one or more real objects.

A real object, such as a place, a building, a tree, or a mountain, locates and occupies an

area in the real environment. A place is an area located in real environment with bounda

ries or a portion of space which typically has a name in an area, such as an indoor area of a

building, Munich, Manhattan, or English garden (a green area located in Munich). A real

object could further contain one or more real environments that are within the containing

real object. For example, a city (a real environment) includes a shopping mall (a real ob

ject in the city), and the shopping mall could contain an indoor scene (a real environment)

that includes various stores (real objects in the shopping mall).

Particularly, the geometry model comprises multiple representations of built-in real objects

each comprising at least one 2D or 3D geometrical shape having at least one boundary for

delimiting the object, the method further including the steps of calculating a ray between

the viewing point and the item of virtual information, and determining a number of bound

ary intersections by the ray. Particularly, if the number of boundary intersections is less

than 2, the item of virtual information is blended in in the view in a non-occlusion mode,

otherwise in an occlusion mode. According to an additional or alterative embodiment, if

the number of boundary intersections is less than 2, the position of the item of virtual in¬

formation is moved to the front of the intersected boundary with respect to the viewing



point. One side of the boundary is delimiting the object toward one side, particularly its

inner side, and the other side of the boundary is delimiting the object toward another side,

particularly its outer side. For example, the boundary may be a line with one side of the

line delimiting the object toward its inner side and the other side of the line delimiting the

object toward its outer side. For instance, the line may represent a wall of a building. A c

cording to another example, a boundary may be defined by a set of lines, e.g. designating a

wall having two sides (i.e., an inner and an outer side), e.g., represented by a line for one

side of the wall and a line for the other side of the wall. In this example, the boundary

should be understood as being formed by the set of two lines representing the wall as a

boundary, wherein one side of the boundary (i.e. the inner side/line of the wall) is delimit

ing the object toward its inner side and the other side of the boundary (i.e. the outer

side/line of the wall) is delimiting the object toward its outer side.

According to an embodiment, the criterion is determined at least in part based on shooting

one or more rays from the viewing point to the built-in real object using the geometry mod

el. If there exists at least one ray from the viewing point first intersecting with at least one

boundary of the built-in real object, the built-in real object is at least partially visible in the

view of the real environment.

According to an embodiment, the representation of the built-in real object comprises at

least one 2D or 3D geometrical shape having at least one boundary for delimiting the ob

ject, the method further including the step of determining whether the position of the item

of virtual information is inside the 2D or 3D geometrical shape and associating the item of

virtual information with the built-in real object based thereon.

According to an embodiment, the method is performed iteratively, where in each iteration

a height of the item of virtual information is increased and the iteration is stopped when

the number of boundary intersections by the ray becomes less than 2 or when the height

exceeds a predefined limit.

According to a further embodiment, the determination of the visualization mode of items

of virtual information is influenced by the distance of the virtual information to the view

ing point and in case the item of virtual information is determined to be blended in in a

non-occlusion mode, a graphical representation of the item of virtual information is added

to the geometry model and is considered when determining the visualization mode of a

following item of virtual information.



For example, the geometry model is derived from a depth sensor source associated with

the display device, such as a stereo-camera, an array camera or a time-of-flight camera.

In a further embodiment, the method comprises the step of providing multiple items of vir-

tual information and relating each of the items of virtual information to a built-in real ob

ject which is at least partially visible in the view of the real environment, to a front scene

group of the real environment or an occluded scene group of the real environment.

In a further embodiment, the method further comprises the steps of providing multiple

items of virtual information and relating each of the items of virtual information to a built-

in real object, to a front scene group of the real environment or an occluded scene group of

the real environment and assigning the items of virtual information related to non-visible

built-in objects to the occluded scene group.

In a particular implementation, the system setup is adapted for providing at least one view

of the real environment by means of taking a picture and blending in virtual information on

the display device such that the virtual information is superimposed with the real environ

ment in at least part of the view.

According to an embodiment, the system setup is adapted for providing at least one ren

dered view of the real environment and blending in virtual information on the display de

vice such that the virtual information is superimposed with the real environment in at least

part of the view.

According to another embodiment, the system setup is adapted for providing at least one

view of the real environment and blending in virtual information on a semi-transparent

display device such that the virtual information is superimposed with the real environment

in at least part of the view.

For example, the method further comprises the step of overlaying the items of virtual in¬

formation that are related to visible built-in objects to the view of the real environment in a

non-occlusion mode, the items of virtual information of the front scene group in a non-

occlusion mode, and the items of virtual information of the occluded scene group in an

occlusion mode.

The method may further comprise the step of re-assigning the items of virtual information

of the front scene group to either the front scene group or the occluded scene group based



on a depth map of the view of the real environment provided by at least one range sensor

of the system setup.

According to an embodiment, the method further comprises the step of providing a depth

map of the view of the real environment provided by at least one range sensor of the sys¬

tem setup, wherein the criterion is determined at least in part based on the depth map.

For example, the geometry model is a 2D model of a real environment which describes a

2D geometry of the real environment with respect to a particular plane, for example the

ground plane of the 2D model. The geometry model is typically not displayed in the view,

it is rather used for calculating and processing purposes as described herein. However, the

geometry model may also be displayed in the view, if so desired.

The geometry model may describe at least one of the following attributes of the real envi¬

ronment: shape, symmetry, geometrical size, structure. The geometry model may be repre¬

sentative of a city map, a city blueprint, a floor plan of a building, or a blueprint of a shop¬

ping mall.

According to another embodiment, the geometry model is a 3D model of a real environ¬

ment which describes a 3D geometry of the real environment. For example, the 3D model

of the real environment is obtained from a 2D model and a dimension orthogonal to a

ground plane of the 2D model.

Preferably, in the geometry model the built-in real objects of the real environment refer to

real objects represented by at least one of 2D and 3D geometrical shapes having at least

one closed boundary, such as at least one edge or surface, in the geometry model.

According to an embodiment, items of virtual information related to occluded real objects

in the view of the real environment are shown semi-transparent, or in dash lines, and items

of virtual information related to at least partially visible real objects in the view of the real

environment are shown opaquely, in solid lines, or in a different color.

The invention also relates to a computer program product adapted to be loaded into the

internal memory of a digital computer system, and comprising software code sections by

means of which the steps according to any of the above aspects and embodiments are per

formed when said product is running on said computer system.



Further aspects, advantageous features and embodiments of the invention will be evident

from the following description in connection with the drawings, in which:

Fig. 1 shows a flowchart of an embodiment of a method according to the invention

overlaying POIs to a view of the real environment in an augmented reality appli

cation,

Fig. 2A shows a flowchart of an embodiment of determining visible built-in objects using

a 2D model of the real environment,

Fig. 2B shows a flowchart of another embodiment of determining visible built-in objects

using a 3D model of the real environment,

Fig. A shows a flowchart of an embodiment of relating a POI to a visible built-in object,

a front scene group, or an occluded scene group,

Fig. 3B shows a flowchart of another embodiment of relating a POI to built-in objects, a

front scene group, or an occluded scene group,

Fig. 4 shows a flowchart of another embodiment of a method according to the invention

overlaying POIs to a view of the real environment in an augmented reality appli

cation,

Fig. 5 shows an exemplary real environment that includes real objects in the form of

buildings A, B, C, D and E,

Fig. 6 shows an exemplary blueprint of the real environment according to Fig. 5, with

building A further containing a real environment 62 that includes real objects Al,

A2, A3, and A4,



Fig. 7 shows the scene of Fig. 6 from a perspective of a viewing point with a field of

view, and the locations of POIs (POI l , POI 2, POI 3, POI_4, POI_5, POI_6,

POI_7, POI 8, and POI 9) with respect to the real environment,

Fig. 8 shows an exemplary image of the real environment acquired at the viewing point

with the field of view as shown in Fig. 7,

Fig. 9 shows the scene of Fig. 8 in which POIs are opaquely overlaid to the image,

Fig. 10 shows an embodiment of a proper occlusion perception of overlaying POIs to the

image of the scene of Fig. 8 according to an embodiment of the invention,

Fig. 11 shows another embodiment of a proper occlusion perception of overlaying POIs

to the image of the scene of Fig. 8 according to an embodiment of the invention,

Fig. 12 shows an exemplary real environment that includes real objects in the form of

buildings F and G,

Fig. 13 shows an exemplary blueprint of the real environment according to Fig. 1 , with

a viewing point and the locations of POIs (POI 10, POI_ll, and POI_12) with

respect to the real environment,

Fig. 14 shows an exemplary image of the real environment acquired at the viewing point

with the field of view as shown in Fig. 13.

An embodiment of the invention is shown in Fig.l as a flowchart illustrating a first em

bodiment of a method according to the invention overlaying items of virtual information,

such as POIs, to a view of the real environment in an augmented reality application.

In step 1, a capture device, particularly a camera, captures a view of the real environment

or a part of the real environment. For example, the view could be captured as visual im

pressions by user's eyes and/or be acquired as one or more images by a camera worn by a



user or attached on a device held by a user. In this embodiment, the captured view may be

used for determining the pose of the viewing point 71, as shown in Fig. 7.

In step 2, the position and orientation (pose) of the viewing point 7 1 and the field of view

72 where the capture device captures the view of the real environment are determined. The

position and orientation of the viewing point and the field of view should be determined

with respect to the real environment. Global positioning system (GPS) could be employed

to determine the global location of the capture device, e.g. a geo-coordinate such as a 2D

coordinate of longitude and latitude, or a 3D coordinate of longitude, latitude and altitude.

Various orientation sensors, such as compass and gravity sensors, can measure the orienta

tion with respect to the global coordinate system. 2D or 3D geometry models of the real

environment are also represented in the global coordinate system. Having this information,

the position and orientation of the viewing point with respect to the real environment could

be determined. Various vision-based pose estimation methods could be used to estimate

the position and orientation of the viewing point, e.g. based on 2D or 3D model geometry

of the real environment. The viewing orientation together with the angle coverage of the

view defines the field of view, in which the real environment would be viewed.

The position of the viewing pose, i.e. the viewing point, could be a geographical location

or a location with respect to a reference coordinate system. The geographical location

could be described by 2D coordinates of longitude and latitude, or 3D coordinates of longi¬

tude, latitude and altitude. The 2D coordinates of longitude and latitude are sufficient to

determine the position of the viewing pose in many situations, such as the users or camera

devices are known to stand on the ground level in the real environment.

The orientation of the viewing pose, i.e. the viewing point, describes angular position or

attitude of the view direction with respect to a reference coordinate system. The viewing

orientation together with the angle coverage of the view defines the field of the view, in

which the real environment would be viewed.

With the knowledge of the position and orientation of the viewing point and with using a

geometry model, such as a 2D and/or 3D geometry model of the real environment, an as¬

pect of the invention is to determine or check a number of crossings or intersections of

boundaries of built-in objects in the geometry model by a ray between the location of the

view point and a respective POI, as set out in more detail below.



As described herein, built-in real objects of a real environment refer to real objects repre

sented by 2D and/or 3D geometrical shapes having at least one boundary, particularly

closed boundary, such as edges, surfaces, and/or walls, in the 2D and 3D model of the real

environment, respectively, for delimiting the object. The 2D and/or 3D geometrical shapes

may be defined by any mathematical representation describing edges and surfaces, such as

polygons, circle, or closed B-spline for 2D geometry and polyhedrons, sphere, cylinder for

3D geometry.

The term "boundary" should be understood herein in that one side of the boundary is de

limiting the object toward one side, such as its inner side, and the other side of the bound¬

ary is delimiting the object toward its other side, such as its outer side. For example, the

boundary may be a line with one side of the line delimiting the object toward its inner side,

i.e. the inside of a closed or nearly closed object such as a building, and the other side of

the line delimiting the object toward its outer side, such as the outside of a building. For

instance, the line may represent a wall of a building. According to another example, a

boundary may be defined by a wall having two sides (i.e., an inner and an outer side), e.g.,

represented by a line for the inner side of the wall and a line for the outer side of the wall.

In this example, the boundary should be understood as being formed by the set of two lines

representing the wall as a boundary, wherein one side of the boundary (i.e. the inner

side/line of the wall) is delimiting the object toward its inner side and the other side of the

boundary (i.e. the outer side/line of the wall) is delimiting the object toward its outer side.

If an object is not delimited by a closed hull, such as a building, but has an open shape

(such as a wall), the inner side of the object should be understood as being the side of the

boundary facing away from the viewing point and the outer side of the object should be

understood as being the side of the boundary facing toward the viewing point.

A building or a road is normally a built-in real object of a city, as the building or the road

is represented by a polygon in the 2D city map. A room could be a built-in real object of an

indoor scene, as the room is represented by a polygon in the 2D blueprint of the indoor

scene. A human or a moving car is often not a built-in real object, as they are not described

as the part of a real environment in the 2D or 3D model of the real environment.

According to an aspect of the present invention it is determined which built-in real objects

in the real environment should be visible or partially visible in the view of the real envi¬

ronment. This could be achieved by using the position and orientation of the viewing pose

and 2D and/or 3D geometry model of the real environment. A more realistic result regard

ing the visible built-in real objects could be obtained by taking a depth map of the view of



the real environment from range sensors into account, which is optional and described in

more detail below. An aspect of the invention further discloses a way to determine whether

a POI should be displayed in a occlusion mode or in a non-occlusion mode. This is

achieved by relating the respective POI to built-in real objects based on the number of

crossing or intersecting boundaries, as described in more detail below.

Particularly, a 2D model of a real environment describes a 2D geometry of the real envi

ronment with respect to a particular plane. Geometry describes the following attributes, but

not limited to, shape, symmetry, geometrical size, and structure. The particular plane de

scribed by the 2D model may refer to the ground plane of the 2D model.

The 2D model of a real environment could be a city map, a city blueprint, a floor plan of a

building, or a blueprint of a shopping mall. A city map or blueprint typically describes a

2D geometry of the city with respect to the earth plane. The floor plan of the building may

be used as the 2D geometry or structure of the building on a particular floor. The earth

plane and the floor plane are used herein as the ground planes for the 2D city map and the

2D floor plan, respectively.

Particularly a 3D model of a real environment describes a 3D geometry of the real envi¬

ronment and the real objects of the real environment. The 3D model of the environment

could be obtained from the 2D model and a dimension orthogonal to the ground plane of

the 2D model. A 3D model of a city could be constructed from the city blueprint, and the

corresponding height data. The 3D model could also be a terrain which is the vertical and

horizontal dimension of the environment surface.

Fig. 12 shows an exemplary real environment that includes real objects in the form of

buildings F and G, and Fig. 13 shows an exemplary blueprint of the real environment 121

according to Fig. 12, with a viewing point 131 and the locations of items of virtual in for

mation (here POIs), particularly POI 10, POI ll, and POI 12 with respect to the real en

vironment. Fig. 14 shows an exemplary image 141 of the real environment acquired at the

viewing point with the field of view as shown in Fig. 13.

When a POI locates inside a built-in real object that is visible in a view of a real environ

ment, there most probably exists one boundary of a built-in real object between the associ

ated POI and the viewing point (see, e.g., Fig. 13 with viewing point 131 and POI_10 for

building F as built-in real object in a real environment 121, the boundary being the front

wall of building F with respect to a view 141 captured at the viewing point 131). There-



fore, if the number of crossed (or intersected) boundaries is less than 2, the POI should be

overlaid to the view in a non-occlusion mode, otherwise in an occlusion mode. A ray 134

between the viewing point 131 and POI 10 crosses 1 boundary. POI 10 is overlaid to the

view 141 in a non-occlusion mode, e.g. solid lines (see Fig. 14). A ray 132 between the

viewing point 131 and POI 12 crosses 2 boundaries. POI 12 is overlaid to the view 141 in

an occlusion mode, e.g. dash lines (see Fig. 14). The same happens with POI l 1 (see Fig.

14) as the ray 133 crosses 3 boundaries.

It is also possible to move the locations of POIs that cross less than 2 boundaries of the

respective built-in real object to the front of the respective crossed boundaries with respect

to the viewing point. Then, POIs located closer to the viewing point compared to corre

sponding depth data (e.g. from range sensors) will be displayed in the non-occlusion mode,

and POIs located further away from the viewing point compared to corresponding depth

data will be displayed in the occlusion mode. This could work for all the cases as long as

the crossed boundaries are visible in a view of the real environment without re-computing

the number of crossing boundaries.

Now returning to the process of Fig. 1, step 3 determines visible built-in real objects in the

view of the real environment. A visible built-in real object is a built-in real object (or, as

also simply called herein, built-in object) that is visible or partially visible in the view of

the real environment. Partially visible means at least part of the built-in object is visible in

the view. An aspect of the present invention discloses a method to determine which built-

in objects in the real environment should be visible or partially visible in a view of the real

environment. This could be achieved by using the position and orientation of the viewing

pose, and 2D and/or 3D geometry model of the real environment. A more realistic result of

determining the visible built-in objects could be obtained by taking a depth map of the

view of the real environment from range sensors into account.

The 2D locations of the viewing point and the POI and the 2D model of the real environ

ment are sufficient to determine visible built-in objects in many situations. One example is

the situation that the viewing point and built-in objects within the field of view are on the

same distance level to the ground plane of the real environment. For instance, the capture

device stands on the earth plane where all buildings and landmarks are located on the same

earth plane in the real environment of a city. Another example is a situation in which built-

in objects within the field of view are on the same distance level to the ground plane of the

real environment, and the built-in objects have the same height to the ground plane or the

heights do not influence the visibility of the built-in objects in the view. For instance, all



the stores inside a shopping mall may have the same height and the height will not influ

ence the visibility of the stores in a view captured by a capture device inside the shopping

mall.

An embodiment of determining visible built-in objects according to step 3 of Fig. 1 using a

2D model of the real environment is shown in Fig. 2A. Step 3.1 A provides a 2D model of

the real environment. Step 3.2A determines visible built-in objects according to shooting

rays from the viewing point within the field of view on the 2D plane of the 2D model. A

built-in object is visible in the view if at least a part of the built-in object is first intersect-

ing with a ray from the viewing point. The intersection coordinates could be computed

based on the equation of the ray from the viewing point and the equation of the 2D geome

try model of the built-in object. Furthermore, step 3.2A computes the part of the view area

each visible built-in object covers. For example, the view area a visible built-in object cov

ers may be an image area of the visible built-in object in an image captured at the view of

the real environment. The part of the view area a visible built-in object covers may be de

termined based on the intersections between the image plane and the corresponding rays or

the part of the corresponding rays that determine the visible built-in object in the view. The

part of the view area a visible built-in object covers may also be determined based on pro

jecting the geometrical shape of the visible built-in object or the part of the geometrical

shape onto the image plane with the knowledge of the position and orientation of the view

ing point relative to the real environment.

In step 3.3A, a check is performed whether a depth map from one or more range sensors

(e.g., a time of flight camera) exists for the view of the real environment. A depth map is a

set of depth data measured by one or more range sensors which measure distances (i.e. the

depths) from the viewing point to the real environment or the part of the real environment.

If a depth map from range sensors is not available, the process is finished. If a depth map

from one or more range sensors is available from step 3.3A, step 3.4A is then performed.

The real environment often contains real objects, such as moving cars and/or humans that

do not exist in the 2D model of the real environment. Using a depth map from range sen

sors could provide a more realistic result of determining the visible built-in objects, as the

range sensors measure the distances from the viewing point to the real environment.

In step 3.4A, the visibility of the visible built-in objects determined in step 3 .3A may be

re-determined according to a depth map. For each visible built-in object from step 3.3A,

create artificial heights such that the artificial heights at least cover the orthogonal dimen-



sion to the ground plane in the field of view. Then, a 3D model of the visible built-in ob

jects could be reconstructed from the artificial heights and their 2D model. Compare the

3D model with the corresponding depth from the depth data. If at least a part of the 3D

model is not further away from the viewing point compared to the corresponding depth,

the built-in object is visible in the view, otherwise not visible. Note that, a depth data of

the depth map may indicate that there is no built-in object, like toward sky. Thus, a depth

beyond a certain threshold may be set as zero depth before re-determining the visible built-

in objects in step 3.4A .

In the next step 3.5A, the intersections between the image plane and the corresponding

rays that re-determine a visible built-in object according to the depth map may re-define at

least the part of the view area the visible built-in object covers.

An embodiment of determining a visible built-in object using a 3D model of the real envi-

ronment according to step 3 of Fig. 1 is shown in Fig. 2B. Step 3.IB provides a 3D model

of the real environment, in which a built-in object of the real environment may be repre

sented by a polyhedron. The 3D model of the environment could be obtained from a 2D

model and the dimension orthogonal to the ground plane of the 2D model. A 3D model of

a city could be constructed from the city blueprint, and the corresponding height data. In a

next step 3.2B, it is checked whether a depth map from range sensors (e.g. time of flight

camera) exists for the view of the real environment. If a depth map from range sensors is

not available, step 3.3B is performed.

In step 3.3B, a depth map for the view of the real environment is generated based on the

pose of the viewing point and the 3D model of the real environment. This could be

achieved by using a ray casting method or so-called rasterization method. The basic con

cept of the ray casting is to emit a number of rays from the viewing point in 3D space and

detect the first intersections of the rays with the surface defined by the 3D model. At the

process of the ray casting, a visible built-in object is determined by at least the part of the

built-in object first intersecting with a ray from the viewing point.

If a depth map from range sensors is available from step 3.2B, step 3.4B is then performed.

In step 3.4B, a built-in object is visible in the view if at least part of the object is not fur

ther away along a ray from the viewing point compared to the corresponding depth in the

depth map.



In the next step 3.5B, it computes the part of the view area each visible built-in object cov

ers. The part of the view area a visible built-in object covers may be determined based on

the intersections between the image plane and the corresponding rays or the part of the

corresponding rays that determine the visible built-in object in the view. The part of the

view area a visible built-in object covers may also be determined based on projecting the

geometrical shape of the visible built-in object or the part of the geometrical shape onto

the image plane with known with the knowledge of the position and orientation of the

viewing point relative to the real environment.

Fig. 5 shows a real environment 5 1 that includes built-in objects A, B, C, D and E . Built-in

object A further contains a real environment (indoor environment) 62 that includes built-in

objects Al, A2, A3, and A4 (Fig.6). A view of the real environment 5 1 that is captured at

the viewing point 7 1 with field of view 72 is shown as an image 1 in Fig. 8 . Based on the

disclosed method of determining visible built-in objects in the view of the real environ-

ment using a 3D model, A, B, C and E are visible built-in objects in the view 81.

Again referring to Fig. 1, step 4 selects the POIs to be displayed, overlaid or blended in in

the view of the real environment. A point of interest (POI) includes a location and digital

content that is related to a built-in real object in the real environment. The location of the

POI can be anywhere but within the related built-in real object.

Basically, a POI could come from various sources and set up for a large variety of different

forms of information as disclosed by Meier et al. in reference [3]. It is possible to auto

matically extract POI information from the Internet. For example, this may be company or

restaurant websites with addresses or pages giving ratings. Users can deposit texts, images

or 3D objects at locations and make the same available to others. Information pages, such

as Wikipedia, can be searched for geo-information, and the pages can be made accessible

as POI. POIs can be generated automatically from the search and browsing behavior of the

users of mobile devices. It is possible to show other locations of interest, such as under-

ground transportation or bus stations, hospitals, police stations, physicians, real estate ads

or fitness clubs.

The POIs to be overlaid or blended in in the view of the real environment could be chosen

or selected based on different criteria, e.g. distance from the view point, along a line of

sight from the view point, and/or within the field of view.



Step 5 of Fig. 1 relates each of the selected POIs to a visible built-in object, a front scene

group, or an occluded scene group. In a front scene group, POIs are shown in non-

occlusion mode, whereas in an occluded scene group POIs are treated to be shown in an

occlusion mode (e.g., not shown at all or shown in dashed lines, etc., as set out in more

detail herein).

The 2D locations of the viewing point and the POI, and the 2D geometry model of the real

environment are sufficient to relate each of the selected POIs to a visible built-in object or

to an unrelated group. One example is the situation that the viewing point and built-in ob-

jects within the field of view are on the same distance level to the ground plane of the real

environment. For instance, the capture device stands on the earth plane where all buildings

and landmarks are located on the same earth plane in the real environment of a city. An

other example is a situation in which built-in objects within the field of view are on the

same distance level to the ground plane of the real environment, and the built-in objects

have the same height to the ground plane or the heights do not influence the visibility of

the built-in objects in the view. For instance, all the stores inside a shopping mall may

have the same height and the height will not influence the visibility of the stores in a view

of the indoor scene of the shopping mall,

Relating a POI to a visible built-in object, a front scene group, or an occluded scene group

could be based on testing whether a point of virtual information (i.e. POI) is inside a 2D or

3D geometrical shape of the built-in object. There could be used several methods for test

ing whether a point is inside a 2D or 3D geometrical shape, particularly such as point-in-

polygon test (see references [7,8]) or point-in-polyhedron test (see reference [9]). In an

aspect of the present invention there is proposed a test of whether a POI is located inside a

built-in object. It is realized by crossing boundaries (e.g., edges and surfaces for 2D and

3D geometrical shapes, respectively) based on a ray from the POI to the view point. Such

ray casting based approach could test whether a point locates inside a 2D (or 3D) geometry

by checking how many times a ray, starting from the point and going an arbitrary direction,

intersects edges (or surfaces) of the 2D (or 3D) geometry. The number of intersections is

an even number if the point is outside , and it is odd if inside. It is known that the view

point is outside of all visible built-in objects (the 2D or 3D geometries have to be tested).

Therefore, the test could start along the ray from the POI until it reaches the viewing

point.

There is another proposed test of whether an item of virtual information (e.g., a POI) is

located inside a built-in object, or not. For example, it may be used an angle summation



method for testing a point in a 2D polygon proposed in reference [7]. The angle summation

method may be implemented as: sum the signed angles formed at the point by each edge's

endpoints. One signed angle is formed by the point by subtending the two endpoints of

one edge. If the sum is zero, the point is outside; if not, it's inside. The angle summation

method could be applied to any 2D geometry that could be approximated by a polygon.

The angle summation method could also be applied to test whether a point is inside a 3D

geometry shape by forming 2D geometry shapes crossing the point and the 3D geometry

shape. If there exists one crossing 2D geometry shape where the point is not inside, the

point is outside the 3D geometry shape, otherwise, the point is inside the 3D geometry

shape.

A potential implementation of relating a POI to a visible built-in object or to an unrelated

group is described by a flow chart shown in Fig. 3A as an embodiment for implementing

step 5 of Fig. 1.

Step 5.1 creates a ray starting from the location of the POI to the viewing point. Step 5.2

detects the intersections of the ray with boundaries (e.g., edges or surfaces) of built-in ob

jects, preferably all built-in objects. If there is no any intersection, relate the POI to the

front scene group (step 5.3). If there exist intersections, sort the built-in objects intersected

with the ray in the order of increasing distances of the intersections to the POI (step 5.4).

Step 5.5 gets the first intersected built-in object from the sorted group. Step 5.6 checks if

the POI is inside the intersected built-in object based on crossed boundaries. If yes, check

if the intersected built-in object is a visible built-in object (step 5.7). If yes, relate the POI

to the corresponding visible built-in object (step 5.11). If no, resulted from steps 5.6 and

5.7, step 5.8 checks whether the checked intersected built-in object is the last one in the

sorted group. If it is the last one, relate the POI to the occluded scene group (step 5.9).

Otherwise, move to the next one in the sorted group (step 5.10).

Returning to Fig. 1, step 6 that is optional re-assigns the POIs of the front scene group to

either the front scene group or the occluded scene group based on a depth map provided

from one or more range sensors. This could produce a more realistic result for the front

scene group and the occluded scene group based on the realistic depth data of the real en

vironment containing, e.g., cars and/or humans. The cars or humans that do not exist in the

2D or 3D model of the environment may be in the front and occlude the POIs with respect

to the viewing point. If the distance from the POI to the viewing point is longer than the

corresponding depth along the ray from the POI to the viewing point in the depth map, the

POI is associated to the occluded scene group, otherwise to the front scene group.



Based on the disclosed method of relating the POIs to a visible built-in object, a front

scene group, or an occluded scene group using the 2D model, as shown in Fig. 10 the front

scene group includes POI_2, and the occluded scene group includes POI 7 and POI 8 .

Furthermore, POI_l is related to the visible built-in object B, POI 6 is related to the v isi

ble built-in object C, POI_9 is related to the visible built-in object E, and POI 3, POI 4,

and POI_5 are related to the visible built-in object A .

Another embodiment of a method according to the invention is shown in Fig. 4. The em

bodiments shown in Figs. 1 and 4 are corresponding to each other regarding steps 1, 2, 3,

4, 6, and 7 . The difference of the embodiment according to Fig. 4 with respect to Fig. 1 lies

in steps 44 and 45 as set out in the following.

According to the embodiment shown in Fig.4, it is possible to relate each of the selected

POIs to built-in objects, to a front scene group, or to an occluded scene group without the

knowledge of visible built-in objects (step 44). As soon as the information of visible built-

in objects is available from step 3, step 45 could assign the POIs related to non-visible

built-in objects to the occluded scene group.

Fig.3B shows a potential implementation of relating each of the selected POIs to built-in

objects, to a front scene group, or to an occluded scene group as an embodiment for im

plementing step 44 of Fig. 4. The embodiments shown in Figs. 3A and 3B are correspond¬

ing to each other regarding steps 5.1, 5.2, 5.3, 5.4, 5.5, 5.6, and 5.8, 5.9, 5.10. The differ

ence of the embodiment according to Fig. 3B with respect to Fig. 3A lies in step 5.12 in

stead of steps 5.7 and 5.11. In step 5.12, the POI is related to the respective built-in object

regardless of whether it is visible or not. As soon as the information of visible built-in ob-

jects is available from step 3, step 45 in Fig. 4 assigns the POIs not yet assigned to the oc

cluded scene group or the front scene group as shown in Fig. 3B and which are related to

non-visible built-in objects to the occluded scene group. Any remaining built-in objects

and their associated POIs are treated to belong to at least partially visible built-in objects.

According to both embodiments of Figs. 1 and 4, step 7 overlays the POIs that are related

to the visible built-in objects to the view of the real environment as non-occluded, the POIs

of the front scene group as non-occluded, and the POIs of the occluded scene group as oc

cluded. The occluded POIs may be shown semi-transparent, or in dash lines, while the

non-occluded POIs could be shown opaquely, in solid lines, or in a different color as

shown in Fig 10.



Furthermore, the respective POI should preferably be overlaid to the view of the real envi

ronment in a usable and friendly way such that users could quickly and intuitively under

stand the real environment from the overlaid POI. The placements of the POIs in the view

of the real environment could improve the usability and friendless of overlaying POI with

the view of real environment. It is possible to place a POI that is related to a visible built-in

object inside or close to the part of the view area of the visible built-in object. For this

purpose, steps 3.2A, 3.5A and/or 3.5B could compute the part of the view area that each

visible built-in object covers. For example, it is preferred to place POI_6 close to the area

that the related visible built-in object C covers in the view 1 as shown in Fig. 10. Another

example is placing POI_3, POI_4, and POI_5 at the area that the related visible built-in

object A covers in the view 8 1 as shown in Fig.10. Since the built-in object B is visible or

partially visible in the view 81, the related POI l is placed at the image area of the built-in

obj ect B in the view 81.

More particularly, it is preferred to place the POIs at a meaningful position in the view of

the real environment. For a building that has entrances in the real environment, the POIs

related to the building may be overlaid close to or inside the part of the view area that the

entrances cover. POI 3, POI 4, and POI_5 are positioned at the entrance of the building

A, and POI_9 is positioned at the entrance of the building E in the view 81 of the real envi

ronment 5 1 (Fig. 11). The image area of the entrances could be determined based on ray

casting or rasterization using the 2D or 3D model in which the entrances are specified. The

image based pattern recognition method could also detect the image area of an entrance

based on visual properties of the entrances, such as different texture from the surrounding.

Furthermore, when the capture device locates inside a real object and captures a view of

the indoor environment, the POIs related to the real object could be overlaid to the view in

a different mode than the occlusion mode and non-occlusion mode. This could make the

users be aware of that they are inside the real object.
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Claims

1. A method for representing virtual information in a view of a real environment, compris

ing the following steps:

- providing a system setup comprising at least one display device, wherein the system

setup is adapted for blending in virtual information on the display device,

- determining a position of a viewing point relative to at least one component of the real

environment,

- providing a geometry model of the real environment, the geometry model comprising

multiple representations of respective built-in real objects of the real environment, each

representation comprising at least one 2D or 3D geometrical shape having at least one

boundary delimiting the respective object, wherein one side of the boundary is delimiting

the object toward its inner side and the other side of the boundary is delimiting the object

toward its outer side,

- providing at least one item of virtual information and a position of the at least one item of

virtual information,

- determining a visualization mode of blending in the at least one item of virtual informa

tion on the display device according to the position of the viewing point and the geometry

model,

- calculating a ray between the viewing point and the item of virtual information,

- determining a number of boundary intersections by the ray,

- wherein if the number of boundary intersections is less than 2, the item of virtual in for

mation is blended in in a non-occlusion mode, otherwise in an occlusion mode, and/or the

position of the item of virtual information is moved to the front of the intersected boundary

with respect to the viewing point.

2 . The method according to claim 1, wherein the method is performed iteratively, where in

each iteration a height of the item of virtual information is increased and the iteration is

stopped, when the number of boundary intersections by the ray becomes less than 2 or

when the height exceeds a predefined limit.

3. The method according to one of claim 1 or 2, wherein the determination of the visualiza

tion mode of items of virtual information is influenced by the distance of the virtual infor

mation to the viewing point and in case the item of virtual information is determined to be

blended in in a non-occlusion mode, a graphical representation of the item of virtual in-



formation is added to the geometry model and is considered when determining the visuali

zation mode of a following item of virtual information.

4. The method according to one of claims 1 to 3, whereiin the geometry model is derived

from a depth sensor source associated with the display device, such as a stereo-camera, an

array camera or a time-of-flight camera.

5. The method according to one of claims 1 to 4, wherein the geometry model is a 2D

model of a real environment which describes a 2D geometry of the real environment with

respect to a particular plane, particularly the ground plane of the 2D model.

6 . The method according to one of claims 1 to 5, wherein the geometry model describes at

least one of the following attributes of the real environment: shape, symmetry, geometrical

size, structure.

7 . The method according to one of claims 1 to 6, wherein the geometry model is represen

tative of a city map, a city blueprint, a floor plan of a building, or a blueprint of a shopping

mall.

8. The method according to one of claims 1 to 7, wherein the geometry model is a 3D mod

el of a real environment which describes a 3D geometry of the real environment.

9. The method according to claim 8, wherein the 3D model of the real environment is ob

tained from a 2D model and a dimension orthogonal to a ground plane of the 2D model.

10. The method according to one of claims 1 to 9, wherein in the geometry model the built-

in real objects of the real environment refer to real objects represented by at least one of

2D and 3D geometrical shapes having at least one closed boundary, particularly at least

one edge or surface, in the geometry model.

11. The method according to one of claims 1 to 10, wherein items of virtual information

related to occluded real objects are shown semi-transparent, or in dash lines, and items of

virtual information related to at least partially visible real objects are shown opaquely, in

solid lines, or in a different color.

12. The method according to one of claims 1 to 11, wherein the system setup is adapted for

providing at least one view of the real environment by means of taking a picture and blend-



ing in virtual information on the display device such that the virtual information is super

imposed with the real environment in at least part of the view.

13. The method according to one of claims 1 to 12, wherein the system setup is adapted for

providing at least one rendered view of the real environment and blending in virtual infor

mation on the display device such that the virtual information is superimposed with the

real environment in at least part of the view.

14. The method according to one of claims 1 to 13, wherein the system setup is adapted for

providing at least one view of the real environment and blending in virtual information on

a semi-transparent display device such that the virtual information is superimposed with

the real environment in at least part of the view.

15. A computer program product adapted to be loaded into the internal memory of a digital

computer system, and comprising software code sections by means of which the steps ac¬

cording to any of claims 1 to 14 are performed when said product is running on said com

puter system.
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