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Abstract
In recent years, augmented reality (AR) technology is gaining popularity in many areas. It is used
especially for data presentation, both in marketing and advertising as well as in engineering fields such as
architecture, construction, urban planning or GIS. In this article, the author decided to consider the use of AR
to expand the functionality of analog map. To achieve this goal, an Android mobile application has been
developed that, thanks to the AR, makes the analog map interactive and enriched with the ability to show
additional data that originally wasn't presented on the map. In result analog map may act similarly to GIS
application. This seems to be the new approach to analog map presentation, which might be useful in the
future, especially there, where the map must be analog - e.g. in tourist guides or geographical atlases.
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Introduction
GIS systems and technology is widely known and used in many fields. They allow to combine spatial
data and standard databases into one datasource. This gives an ability to perform analyses, planning and
undertake decisions in real world. The standard user interface for GIS is a map in digital form presented
on computer (also smartphone or tablet) screen. To process the analog map it should be first changed into
raster form and (or) vectorized accordingly to user's needs. In this article, the author asks a question: is it
possible to make a paper map interactive in similar way as the digital one? The answer seems to be
afirmative. As observed in past few 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 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 research must take into account 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.
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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).
Considering the question posted earlier, the author formulated the hypothesis that it is possible to
make the paper map interactive, using the AR technology. The goal of this paper was achieved by creating
an application that allows to retrieve data about buildings via a paper map using a mobile phone. The data
is obtained from an existing GIS database.
Used AR technique
As mentioned in AR Glossary, document published by the AR Community (AR Community 2017),
augmentation means a relationship between the real world and a digital asset. The realization of an
augmentation is a composed scene. An augmentation may be formalized through an authoring and
publishing process where the relationship between real and virtual is defined and made discoverable. It
can be said that AR mixes virtual objects (graphics, sounds, videos,3D models etc.) with the view of actual
world.
Due to the variety of technologies used to achieve the effect of augmentation, there are two primary
techniques for image generation to obtain the AR effect (LECHNER 2015; AR Community 2017):
1. Geospatial AR.
2. Computer-vision based AR.
In geospatial AR the user’s location and orientation in a geographic coordinate space is needed.
Location determining relies on geo-positioning techniques such as GPS/GNSS, WiFi or other (e.g.
Bluetooth). Sometimes, the user can enter the device’s location by scanning specially prepared marker.
The orientation of the device is 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. To compose the AR scene, the real feature’s location is also needed. The real feature is
represented on the display, by any digital object (e.g. image or icon). The augmentation occurs when
a user is in the vicinity of the 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. Figure 1 demonstrates the example of augmentation performed in
described way.
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Fig. 1. Geolospatial AR example. Source: OGC Augmented Reality Markup Language 2.0 (ARML 2.0) documentation.
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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. The augmentation is obtained when the application
recognizes and identifies the fragments of an image and displays on this place virtual objects. Figure 2
shows the example of augmentation performed this way. This technique was used to achieve the objective
of this article and create the interactive paper map described further.

The real object

Virtual
objects

Composed scene

Fig. 2. Computer-vision based AR example. Source: OGC Augmented Reality Markup Language 2.0 (ARML 2.0)
documentation.

Augmentation of analog map
Augmentation of analog map was performed by creating own software using Wikitude library which
provides AR functionality. The software was created in multi-layer architecture and consists of three
parts, each of which is programmed using appropriate programming language and platform (fig. 3).
1. Mobile application for Android system.
2. Javascript application to provide linking to the resources for augmentation effect.
3. PHP server-side application to obtain data about buildings from the database and provide information
service.

Fig. 3. Components of described software. Additionally QGIS is shown as a client of the same fragment of application.
Source: own work.

To begin with, it was assumed that the augmented analog map should reflect some features of GIS. The
data set and subject matter of the project are based on an existing (prepared earlier) real estate GIS
project. It was created on the basis of a 1: 500 analog geodetic map. It consists of many thematic layers,
among others land parcels, buildings or utility infrastructure (fig .4).
To develop an interactive analog map, it was decided to use data related to the GIS layer for residential
buildings. This layer is linked to WWW service providing information about buildings, which was created
as an example for the purpose of this paper. This is a simplified implementation, but with the same
features as fully functional systems of this kind. The linkage is implemented in QGIS using its "action"
functionality as a hyperlink. The URL addresses are given as an attributes in the layer's database table. As
a result of launching the "action" in QGIS, one will connect to a service that provides the appropriate set of
data. The result of the query appears in the window of the web browser (fig. 5).
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Fig. 4. Real estate GIS project on the basis of a 1:500 geodetic analog map. Source: own work.

Fig. 5. The result of the query after launching the “action” in QGIS project. Source: own work.

Created interactive analog map should therefore provide the following possibilities:
1. Identification of the building and provide additional information about it that does not appear directly
on the map.
2. Interaction with the displayed virtual object and acquisition of additional information about the
building from the external online system - as is possible in QGIS project.
In order to ensure "augmentation" effect, first the data that will be used in the image processing
process, were prepared. For each building a reference image has been captured from analog map. A virtual
object - an image containing additional building information - will be displayed every time, when the
computer vision algorithms recognize appropriate part of the map (on the basis of the reference image).
Along with the virtual object, an interactive button is displayed, which can be touched by the user. It
provides functionality of displaying data from the website associated with the indicated building.
Therefore, it is needed to prepare the right set of data for the correct operation of the application,
which consists of (fig.6):
1. Reference images for individual buildings, created from fragments of the raster map.
2. Virtual objects, used to compose a scene with the view of the map displayed on the device's screen in
the form of properly crafted graphics.
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Fig. 6. The virtual object with interactive button and the real object as a fragment of analog map. Source: own work.

The solution was tested on a fragment of an analog map printed on paper. Examples of analog map
augmentation are shown in the figure 7. By pointing the smartphone camera onto desired place, one can
view information about the objects on the map (fig.7 (a, b, c)).

Fig. 7. Examples of paper map augmentation. (a) far straight view, (b) close straight view, (c) angle view, (d)
downloaded data about the building chosen from analog map. Source: own work.

After touching the interactive button, the application connects with the information service and
provides the data (fig.7 (d)) about chosen building through the HTTP GET method (URL address is an
example):
http://example.site.com/houses/index.php?name=object_name
After the algorithm detects the specified portion of the image (map) the virtual object is displayed, but
there are several conditions, that must be met, to get the expected result:
 first of all, the camera has to focus properly,
 the desired object (building) should appear in the middle of the screen and sometimes it takes
a while to get the recognition result,
 the distance between camera and the map can not be too large, although the recognition occurs at
quite a wide range of distances, which is convenient (fig 7 (a, b)).
Also, the angle of view is quite broad. After the first recognition and composing a scene, the angle of the
camera can be changed in the range of several tens of degrees without losing the visibility of the virtual
object (fig.7 (c)). It can be said that AR technology gives the ability to make analog paper map interactive
in similar way to GIS system.
Conclusions
It can be concluded, that the application managed to achieve the assumed level of functionality. The
data presented on the paper map has been augmented with additional information. In addition, with the
use of mobile application and smartphone, the analog map has become interactive. This issue seems to be
interesting and the author would like to continue working in this scope. Much remains to be done,
especially as regards the automation of the data preparation process to 'augment' larger spatial datasets.
From the study, it can be concluded that AR technology can be used with analog maps. This can be
useful wherever digital map usage is not possible or difficult. As an example one can give here:
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information boards in the form of maps (eg in nature reserves), paper travel guides or public transport
plans at bus stops.
AR technology provides new opportunities to build the user interface for applications. Each virtual
object can be interactive, which makes that a part of the application's functionality can be realized from
the "augmented" view. In addition, we gain an additional functional dimension of GIS systems. They don't
need to be associated only with the digital maps. With AR, paper map also becomes interactive. In the
future, it'll be possible to develop a system that performs spatial analyzes on "augmented" paper map.
On the other hand, it should be also noted that the best tools for providing data and support for this
type of AR application can be GIS systems and infrastructure for spatial information.
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