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Abstract - This paper discusses the possibilities of using 

augmented reality (AR) in geodesy vocational education through 

a geolocation-based AR application AuGeo. Augmented reality 

has been rapidly evolving ever since smart mobile phones became 

equipped with hardware and software which support AR 

application development. In educational AR current findings 

suggest that the best approach to application development is 

iterative co-design with teachers. That approach is incorporated 

into design of AuGeo by conducting a teacher focus group 

interview which is discussed and analyzed in the paper. 
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I.  INTRODUCTION 

Augmented reality (AR) is a direct or indirect view of real 
world scenes in which physical objects are annotated with, or 
overlaid with computer generated digital information. As a 
result of recent advances in mobile software and hardware 
combined with development of networking technologies, AR is 
rapidly spreading and becoming incorporated into everyday 
usage [1]. Applications based on AR have been developed in a 
range of fields, such as entertainment, tourism, architectural 
design and education [2].  

This paper focuses on the benefits of using AR applications 
in vocational education, with conclusions supported by review 
of contributions already accomplished in this particular field 
and by experiences gained through development of an 
educational application. 

An AR educational application prototype, further referred 
to as AuGeo, was developed in cooperation with a geodesy 
vocational secondary school.  AuGeo is a mobile application 
based on AR and location-based services which enables the 
users to see their surroundings augmented by information about 
land parcels seen in the current view. The goal of AuGeo is to 
supplement current teaching methods which would benefit both 
students, in terms of practicality and ease of usage, and 
teachers in terms of facilitating the teaching process by 
simplifying fieldwork execution.  

During the process of design and development the 
following questions were encountered and are explored further 
in the paper:  

 Is there a potential for improvement of geodesy vocational 
education through AR applications? 

 Can we use existing AR frameworks to efficiently display 
geodesic data in an educational environment? 

In Section II an overview of AR is given for general and 
educational contexts. Section III follows with a description of 
AuGeo application design and development. In Section IV the 
teacher focus group interview is presented and discussed.   

II. OVERVIEW OF AUGMENTED REALITY 

One of the main aims of AR is connecting users to relevant 
information through an augmentation of  indirect views of the 
real world, such as live-video streams, with virtual data, 
making everyday tasks simpler [2]. Activities like searching for 
nearby points of interest or discovering information about 
objects in user’s surroundings are examples of AR use in 
everyday situations.  

In order to augment the real view with the desired overlay, 
it is necessary to define: 

 The position and orientation of the user’s viewpoint.  

 Interest points in the real world on which the augmentation 

will be applied.  

User’s position is determined using available sensors in a 
given device. A virtual graphics camera is then placed in the 
same position and orientation. Next, the points of interest are 
defined by a process called tracking which can make use of 
different technologies, such as mechanical, magnetic sensing, 
Global Positioning System (GPS), ultrasonic, inertia and optics 
[3]. After detection of the point in the real world, it becomes 
the origin of the virtual overlay intended to augment the real 
environment. As the user’s viewpoint changes, the virtual 
world and the overlay are updated accordingly. 

A. Mobile Augmented Reality and Geopositioning 

Mobile phone performance has considerably improved in 
recent years, so much that they can be compared to desktop 
computers from the prior decade [1]. Most of them are 
equipped with high speed processors, graphics hardware, a 
number of sensors including GPS, gyroscope, compass etc. 
combined with high resolution displays and cameras. All of the 
above creates an excellent foundation for augmented reality 
development [1]. The range of applications developed for this 
platform is extensive, with some examples being 
ResolutionTube, PhoneGuide and WikitudeDrive [4]–[6].  



A currently interesting direction in AR application 
development is location-based (GPS-based) AR, being boosted 
by recent technologies available in mobile phones and tablets 
[1]. GPS sensors embedded in mobile phones and tablets  
provide adequate support for outdoor tracking in AR 
applications and, although lacking in precision compared to 
more professional GPS receivers, they enable estimation of the 
user’s location and orientation in combination with inertial 
sensors [2]. Application development in this area is  increasing 
in terms of productivity, with recent examples being Mixare,  
Layar, Junaio AR Browser and Wikitude [7]–[10]. These 
applications enable exploration of places in augmented reality, 
finding points of interest and more.  

In February 2014, the Mobile World Congress [11] hosted 
a demonstration of cooperation of three largest AR platform 
providers, Layar, Metaio and Wikitude. A format that enables 
this interoperability, ARML 2.0,  is being reviewed to become 
an adopted standard for AR interchange in near future which is 
intended to extend point-of-interest (POI) presentation options 
to more sophisticated location-based visualizations, like 3D 
objects, lines and polygons [12], abilities lacking in current 
publicly available AR software development kits (SDKs), but 
required for more complex POI scenarios such as land parcel 
display explored in AuGeo, necessitating custom code 
development of such cutting-edge functionalities in AuGeo. 

B. Augmented Reality in Education 

AR allows interaction on a level which was not possible 
before, enabling situations which cannot be created in the real 
world or in a fully virtual environment. The interactivity of AR 
simulations has been shown to be highly engaging, especially 
among students with previous behavioral and academic 
challenges [13]. When designing AR devices and applications 
for educational use, the design principles of integration, 
empowerment, awareness, flexibility and minimalism [14] 
have to be taken into account. A co-design iterative approach 
with teachers is preferred, allowing for iterative testing of the 
application under design. This approach ensures that the 
teachers, in cooperation with the developers, can specify the 
correct amount and sort of information to be presented utilizing 
the AR application in their classes and allow accommodation 
of unexpected events through the use of participatory iterative 
design. Examples of successful teaching facilitation using AR 
are MagicBook [15] and CityViewAR [16] which yielded 
positive feedback from students and teachers.  

AuGeo development was based and will continue to be 
based on these principles, with the recognition of the teacher as 
a core stakeholder in the development process, as described in 
Section IV. 

III. APPLICATION DESIGN AND DEVELOPMENT 

A. Overview of Used Technologies 

All the underlying geolocation data for AuGeo is acquired 
from World Mapping Service (WMS) map servers. WMS is a 
standard protocol for serving georeferenced map images over 
the internet. Map images are generated by a WMS map server 
that uses data from a Geographic Information System (GIS) 

database. A WMS service can be considered a Representational 
State Transfer (REST) service. A WMS request consists of the 
following parameters: WMS server URI, request type 
(GetMap), request version, active layers, referred styles, width 
and height of the requested image, image format, spatial 
reference value and the bounding box of the map. Generated 
images are available in standard bitmap image formats BMP, 
JPEG, TIFF, PNG and GIF and vector graphics formats 
Scalable Vector Graphics (SVG) and WebCGM.  The most 
convenient format for AuGeo is SVG, as the data contained in 
a SVG image can easily be extracted and further used.  

For this project the Metaio [17] AR SDK that offers support 
for developing PC, web and mobile augmented reality 
applications was used. It provides basic location-based AR 
functionality that was further extended via custom code. 
Metaio SDK supports both the Windows and Android 
platforms AuGeo is being developed for. 

B. Application Design 

AuGeo’s main objective is to display geolocation data that 
represents surrounding land parcels. The data is obtained from 
WMS map servers (Fig. 2d) operated by Geoportal Zagreb [18] 
and Geoportal Croatia [19]. To fetch the data appropriate for 
the current context, the application has to send a WMS request 
based on the current location, which is read from the device’s 
GPS sensor. The WMS server responds with a map tile in SVG 
format showing the purpose of land parcels at the current 
position.  

The application consists of two views: a map view (see Fig. 
1a and Fig. 2a) and an augmented reality view (see Fig. 1b and 
Fig. 2b). In the map view, data obtained from the WMS server 
is rendered over a Google map (on Android) or a Bing map (on 
Windows), as shown on Fig. 2c. In the augmented reality view 
the Metaio SDK is used to display the data in a perspective-
correct 3D virtual layout superimposed over the current active 
camera capture. The Metaio SDK simplifies augmented reality 
development by providing a framework for displaying 
elements over a camera view, adding 3D location markers, 
calculating 2D screen coordinates for a 3D object and creating 
a radar to show another perspective of the displayed elements.  

 

 

Figure 1. The AuGeo application screenshots showing 

a) map view and b) Metaio AR view 
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To get the GPS coordinates of a parcel’s boundary points a 
simple algorithm is used. The algorithm uses location read 
from a GPS sensor (see Fig. 2e) to transform SVG elements 
defined by offsets (within the SVG image) into GPS point data. 
The location received from the GPS sensor represents the 
center of the map received from the WMS map server. The 
algorithm transforms relative map distances into relative real 
world distances according to the formula (1). GPS coordinates 
are calculated by adding relative real world distances to the 
location of the map center according to the formula (2). The 
algorithm is implemented in the SVG Parser (see Fig. 2f). 

 

The calculated GPS data is used to add elements that 
represent single GPS points to the AR view. Afterwards the 
elements are grouped into logical units that mark land parcels. 
Polygons determined by those marks are drawn and displayed 
in the augmented reality activity (see Fig. 2g). The Metaio 
SDK does not support drawing a line between two POI markers 
or dynamically drawing a polygon bounded by several POI 
markers. As such, those functionalities had to be implemented 
using custom drawing on a separate overlaid layout, 
representing progress beyond the state-of-the-art in AR display. 

IV. TEACHER FOCUS GROUP INTERVIEW AND DISCUSSION 

After developing the first prototype of AuGeo the authors 
arranged a teacher focus group interview at the Technical 
School for Geodesy, Zagreb [20], as part of the co-design 
process. Main questions of interest were teachers’ views of the 
application and their vision of its usage as a complement to 
current approaches. Teachers’ observations are shown in Table 

I. which shows relevant courses in the curriculum in which 
AuGeo can be used, as well as needed additional functionalities 
required, in the opinion of the teachers, to effectively use 
AuGeo as part of geodesy vocational education.  

However, the possibilities of interactivity triggered by 
users’ position and adding information regarding the 
surrounding area utilizing a tablet were noted to have 
educational potential in multiple courses. Teachers emphasized 
that the application could complement technologies which are 
already in use which is in accordance with the educational AR 
principles [21]. The teachers’ opinion about students’ reaction 
to such an approach is also positive, considering them open to 
new technologies and eager to learn. AuGeo, in their opinion, 
could have a positive effect on students’ perception, spatial 
awareness and motivation during class exercises.  

An issue highlighted by teachers is the issue of precision. In 
geodesy it is important for the measurements to be correct on 
the level of centimeters or even millimeters. GPS sensors in 
mobile devices are limited in that sense, producing errors 
measurable in meters. Therefore, the application is only 
appropriate in those contexts where “map-level” precision (i.e. 
meter-level error) is sufficient. In order to make AuGeo useful 
in a wide variety of geodesy educational contexts, the authors 
plan to explore the possibility of connecting AuGeo with 
external GPS signal sources that offer the required precision. 

The current AuGeo prototype is planned to be further 
developed as part of the collaborative mobile learning project 
SCOLLAm, utilizing a co-design approach with teachers in 
order to systematically implement required functionalities to 
support selected lessons. The development is going to be 
accompanied by studies in order to determine the educational 
impact of AuGeo and educational AR approaches in geodesy 
vocational education. 

Figure 2. The AuGeo application diagram showing a) Map activity, b) Metaio activity, c) Map servers (Google Maps or Bing Maps depending on platform), 

d) Geoportal Zagreb WMS map server, e) Location Calculator class, f) SVG Parser, g) AR Activity 

RelativeLocation = MapPoint Zoom / MapSize (1) 

Location = InitialLocation + RelativeLocation (2) 



TABLE I.  TEACHER FOCUS GROUP INTERVIEW: POTENTIAL AUGEO USE IN THE “GEODESY AND GEOINFORMATICS TECHNICIAN” CURRICULUM 

Courses 
Functionalities 

Currently Available Functionalities Additional Functionalities 

Geodesy in 

Environmental 

Protection 

 Locating given coordinates in the real world 

(precision problem) 

 Adding new coordinates to application database  

 Adding new information about coordinates  

 Taking pictures on certain checkpoints and storing them 

Cadastre 

 Camera view augmented with surrounding 

parcels, grouped according to their  purpose 

 Map view of surrounding parcels grouped 

according to their purpose 

 Using the map view to interactively browse through 

parcels and information on them 

 Placing 3D objects in surrounding space, for example 

fences, and enabling interaction with them 

Applied Geodesy 

 Locating given coordinates in the real world 

 Getting current position coordinates 
(precision problem) 

 Locating the point of given coordinates, previously 
stored in a database, which triggers new view with 

information about that point 

Community 

Information 

Systems 

 Augmented camera view of surroundings 

 Map view of surrounding parcels grouped 

 Georeferencing pictures with certain locations  

 Locating objects of interest and storing information 

related to them 

Geodetic Survey 
 Getting coordinates from the current position 

(precision problem) 

 Calculating distance between the device and certain 

location in space (precision problem) 
 

V. CONCLUSIONS 

This paper presents current state in the development of an 
educational geolocation-based AR application for geodesy 
vocational education AuGeo. Although recognized as a field of 
interest for AR development, there is currently no support in 
AR SDKs for direct connection to standard GIS sources such 
as WMS servers, or for overlaying the view on certain GPS 
coordinates with custom objects. Custom modules needed to be 
developed in order to achieve such functionalities. However, 
AR libraries are in constant process of improvement which 
gives a positive outlook towards making geolocation-based AR 
development more accessible.  

AuGeo represents an implementation of AR principles in 
form of augmentation of camera view with surrounding land 
parcels, a type of geodata, depending on users’ current 
position. The conducted teacher focus group interview gives a 
positive outlook on its educational potential in geodesy 
vocational education which is planned to be explored further in 
the SCOLLAm project, through lesson co-design with teachers 
and appropriate studies.  
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