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Abstract. The use of mobile devices such as smartphones still increases over last years. Smartphone
hardware capabilities are comparable with average personal computers. Thanks to the increasing
computing power, their application is focused on more and more sophisticated and complex tasks.
These includes among others augmented reality (AR) applications, which support precise GNSS
localization and use signals from such devices like accelerometer or gyrocsope. They are able to
create interactive, immersive real-time visualisation of any kind. The article presents a prototype
Mobile Augmented Reality (MAR) Application for visualization of the building facades. It allows to
support the original look of the building with the additional information from database. Software of
this kind, can be used for overviewing, inspecting or work planning carried out on the facade of the
building. As a part of the test, a prototype of the MAR application for Android has been prepared.
Rest of the solution components have been presented in form of a concept, implementation of which is
planned in near future. Basic technical assumptions are already developed, but details may change.
The paper mentions also some important AR problems, especially positioning in urban environment
and accurate registration of digital objects in the real world.
Keywords: Mobile Application, Augmented Reality, Technical Documentation of the Building,
Spatial Information System of the Building.

1 Introduction
The management of building maintenance is an important topic around the world,
especially in recent decades, with the incorporation of tools to automate the tracking
information and potential follow-up. From the social point of view it is illogical to leave the
building stock without control. (Serrat, Gibert 2011) This is the reason why many companies
and institutions invest in modern IT solutions to improve the process of ongoing buildings
inspection. Data collected in this process are primarily: field data, cartographic data,
cadastral data as well as plot building/facade data, architectural characteristics, existing
elements and materials and the state of damages at the time of inspection. (Serrat, et al. 2016).
Data collected reliably and systematically play a special role in monitoring and analyzing the
degradation of building facades. In this way, the monitoring and maintenance of valuable
historic buildings and the planning of ongoing renovations are significantly supported.
(Gibert et al. 2014). The data analysis process is automated using various IT tools, including
GIS systems, which are widely known and used in many fields. They allow to combine and
process spatial data and non spatial data from many sources at the same time. This gives an
ability to perform analysis, plan and undertake decisions in real world.
As observed in past years, there's been a new technology developed, which is called
Augmented Reality (AR). It gives the ability to present data in a new way, not available
before. AR means any system that “augments”, or overlays, the real world with digital
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information that seems to co-exist with the real world. (Azuma 1997) Over the past few
decades, this once theoretical field has matured into a mass medium (Ahonen 2012) with
applications spanning countless industries. Speaking of AR, which is used in mobile devices,
many authors (Höllerer, Feiner 2004; Henrysson 2007) use the term MAR (Mobile
Augmented Reality), to clarify the scope of its application. AR technology, can be understood
as a special video effect or real time digital image editing. It is similar to the techniques used
in film editing or television. In this way, the illusion of "extending" or "augmenting" the
observed reality with additional information and images can be obtained.
Generally, the combination of digital image with the real view is obtained by the use of the
digital camera and the sensors like GPS/GNSS receiver, inclinometer, magnetometer,
accelerometer, compass and other, which provide information about the location and
orientation of the mobile device. Siltanen (Siltanen 2012) writes that AR technology connects
two fields like:
● computer graphics needed for photorealistic rendering and interactive animations,
●

computer vision used for marker and feature detection and tracking, motion detection and
tracking, image analysis, gesture recognition and the construction of controlled
environments containing a number of different sensors.
● Taking into account other technologies needed to develop a working AR application, also
should be mentioned such fields as:
● GPS/GNSS and indoor navigation which is necessary in localization purposes. While
GPS/GNSS navigation is quite accurate in open space, it doesn’t work inside buildings
nor under obstacles. Indoor should be used other navigation methods based on such
technologies like e.g. WiFi or Bluetooth signal or image-based localization (Janowski,
Bednarczyk 2016),
● digital cartography and mapping to provide spatial data presentation and georeference,
● WWW applications technologies, Service Oriented Architecture (SOA), Database
Management Systems (DBMS) and other technologies for data storage, sharing and
communication.
AR starts to be widely-used and ideas for its usage can be multiplied almost indefinitely.
The most obvious and popular seems to be the usage in tourism, where tourist attractions, can
be observed directly on the smartphone screen, giving additional information during the tour
(Kounavis et al. 2012). Application of this technology can be found in many other fields,
where presentation of spatial data is needed. For example in architecture AR is used to
present the three-dimensional models of buildings, housing estates and cities, visualization of
the construction details, including installation and equipment or interior designing and
decoration (Broschart et al. 2013; Xiangyu 2009; VTT 2013). AR is also used in spatial
designing and planning for presentation of three-dimensional scale models and visualizations
of projects in a real environment. Augmented reality maps, the content of which is expanded
with additional information, descriptions, graphics or 3D objects, also seems to be an
interesting spatial data presentation form (Moloney, Bharat 2011).
Observing such a variety of applications, the hypothesis can be formulated, that AR
technology can be helpful in the building inspection process. Generally, this process is based
on a comparison of the current state of the object with the state from previous years. On this
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basis, conclusions may be formulated regarding further actions. An important element here is
the visualization of the current and historical state in the context of the building being under
study.

2 How does Augmented Reality Work
AR Glossary, document published by the AR Community, mentions that augmentation means
a relationship between the real world and a digital asset (AR Community 2017). It can be said
that AR mixes virtual objects like graphics, sounds, videos,3D models etc. with the view of
actual world. The effect of an augmentation is a composed scene. Augmentation may be
formalized through an authoring and publishing process where the relationship between real
and virtual is defined and made discoverable.
There are two primary techniques for image generation which lead to obtain the AR effect
(Lechner 2015; AR Community 2017), they are:
1. Geospatial based Augmented Reality.
2. Computer-vision based Augmented Reality.

Figure 1. An example of geospatial based AR application supporting searching geodetic points in the field.

To compose a scene in geospatial based AR, algorithm needs the user’s location and
orientation in a geographic coordinate space. Determination of location is based on geopositioning techniques such as GPS/GNSS, WiFi or other (e.g. Bluetooth). Sometimes,
location can be determined by scanning specially prepared marker for that purpose. Device's
orientation parameters like rotation, slope or direction are approximated, using sensors such
as a digital compass, accelerometer or gyroscope. Once approximated device’s orientation
may be also refined by using computer vision techniques. The virtual object can be any
digital object like image or icon. To place the virtual object in the right place on the screen
and compose the AR scene, the real feature’s location is also needed. The augmentation
occurs when user is in the vicinity of real object and points on it with a device’s camera. The
software will automatically determine the location and orientation of the device and display
respectively generated image (virtual object) on the screen (Lechner 2015). Figure 1
demonstrates the example of augmentation performed in described way. In this case there’s a
database of geodetic points, which are placed in the field. AR application connects to
database of points and selects these, which are in the vicinity of the device. Then the
augmentation process occurs and the searched point appears on the screen (Bednarczyk
2017(b)).
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In computer-vision based AR, the computer vision algorithms are used to process the
image viewed by the camera, and compare it with the reference images. Augmentation is
obtained when application recognizes and identifies fragments of an image and displays on
this place virtual objects. Figure 2 shows the example of augmentation performed this way. In
this example, the reference images are created from raster image fragments of analog map.
They represent each building on the map. Each building has it's individual virtual
representation in a form of automatically generated icon with basic information acquired
from GIS database. Furthermore each virtual icon has an interactive button "Details". When
user directs the smartphone camera to the map, application recognizes the reference image
and displays a virtual icon at this place. When user touches the “Details” button on the screen,
application leeds him to additional information selected from database and displayed in a
form of website (Bednarczyk 2017(a)).

Figure 2. An example of computer-vision based AR on analog map.

3 Building Facade Visualization
As mentioned earlier, AR technology can be helpful in visualizing information about the state
of the building facade during inspection. By mixing the real view of the object with the
previously collected data, a direct comparison of the current and historical status can be
obtained. A working prototype of the application, shown in fig. 3 uses computer-vision based
AR to recognize the facade of a specific building. After that, an image (drawing) is overlayed
that can contain any previously collected information related to the building, such as:
- descriptions and markings of construction elements
- descriptions and markings of defects and damages
- installation descriptions and markings
- interactive elements - to get additional information or perform an action in the
application
- historical facade photos
- other useful information
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Figure 3. Additional, sample information about building facade presented in AR mobile application.

At present, the application prototype is able to recognize the facade and display AR
content. This software works in client-server architecture. Client application runs on a mobile
device and is responsible for mixing and displaying the final image. Building the virtual
"world" and sharing data is done on the server side. Further work will be focused on
expanding the system's functionality.
First of all, it is needed to create an appropriate database of reference images like pictures
of building facades. For the purposes of this experiment, a photo from Google Street View
was used. It seems that in many cases this may be a sufficient source of images. However,
this is a collection obtained automatically and, as a result, there is a risk that there may be
photos taken at the wrong angle or some buildings may have been obstructed by obstacles
(vegetation, people, vehicles, etc.). In addition, Street View vehicles do not visit every street
or passage, but only the most important ones. Still, as of today, Street View appears to be the
largest source of data of its kind.
Another important component is the inspections database of individual buildings. For
testing purposes, the virtual image has been prepared manually in PNG format. It should be
possible to save this data partially in vector format in a database. Thanks to this, it will be
possible to generate virtual objects automatically.
To optimize performance and limit data transfer, the application should include an
algorithm that allows selection of only those inspections that are closest to the observer. This
can be solved by performing database queries taking into account GPS / GNSS location of
the mobile device. If the proposed software is to be useful, in addition to viewing inspection
data, it should be possible to edit it on site in real time. Thanks to this, inspection data could
be supplemented based on the existing technical condition of the facade. All of proposed
software should work under control, or be part of, more general system such as GIS or other
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spatial information processing system of this kind. Schema of the conception of proposed AR
system for building facades is presented in fig. 4.

Figure 4. Components of proposed AR system for building facades.

4 Additional Observations and Results
In author's previous work on AR, some disadvantages have been observed in creating
augmented reality scene (Bednarczyk 2017 (a,b)). In case of geospatial based AR, the
problem is accuracy of GPS positioning, which influences quite significantly on AR virtual
objects location displayed on the smartphone screen. If the GPS position error is small, AR
marker indicates the destination with sufficient accuracy to identify the searched object - e.g.
a geodetic point. For larger position errors, AR marker is positioned incorrectly in
inappropriate place. Sometimes there is also a complete lack of GPS signal (e.g. in the forest,
urban canion or while cloudy day), then the application does not work properly. This can be
remedied by cutting off these observations that give too little accuracy in position
determination. However, minor errors, if they occur frequently, will cause the effect of
"swimming" or "jumping" virtual markers on the screen. In case of computer vision based
AR, no such effects were found, but only point-oriented markers on small fragments of the
analog map observed from a short distance - a few centimeters - were examined. In addition,
their appearance was compact in form of an simple icon.
In this article, the virtual image covered larger area, the drawing was composed of many
elements, and observation distance was several meters. In this case, it was observed that the
position of the virtual image begins to deviate from the originally assumed, when changing
view perspective or distance. Therefore, additional correction algorithms should be used to
improve the generation of the AR scene in such cases, which will be considered in future
work.
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5 Conclusions
It can be assumed that visualization of building facades using AR can support the process of
collecting data in the field. Using AR technology, one can display data from previous
inspections, BIM, a database, or e.g. archival photos, overlaying them on the actual image of
the building in real time in the field. Thanks to this, one can easily make a comparison with
the existing state, make a quick view, take notes and decide whether to update the data.
However, in order to ultimately achieve the goal, further work needs to be done to refine
the proposed solution. This applies above all to the system architecture, which should be
expanded with appropriate components to ensure efficient and effective work, such as
database of inspections and reference images. In addition, it is worth considering refining the
algorithm responsible for generating the AR scene in case when observer changes the view
perspective or approaches facade of the building.
Finally, considering the pros and cons of two different methods of generating an AR scene,
it can be stated that, in case of facades visualization, computer vision based AR gives better
results when creating an AR scene than geospatial based AR.
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