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Introduction	
 
In the recent years, there have been substantial developments with regards to software solutions 
for browsing and exploring geospatial information, as well as navigation. However, these 
solutions are often closed and proprietary, and more importantly, they are very limited with 
respect to the supported sources of information. Even the support for several sources of 
information often requires a significant effort imposed by different schemas, while enabling a user 
to manually add arbitrary sources of information is next to impossible with traditional 
technologies such as relational databases. Linked Data on the other hand enables to easily 
overcome these issues. Being based on RDF (Resource Description Framework), a flexible 
schema-less data model, Linked Data enables straightforward integration of different datasets, 
while SPARQL allows to uniformly query arbitrary sources of information. 
 
One example of an application that leverages Linked Data to offer browsing of geospatial 
information is Facete1, a faceted browser for the Web of Data. Facete enables browsing and 
exploration of any number of arbitrary SPARQL endpoints, where a user can filter information to 
be shown on the map by defining facets, i.e. types of resources and constraints on their properties. 
GEM builds on top of Facete, and offers browsing of geospatial information that is optimized for 
smartphones, meaning that it addresses hardware limitations (smaller screen, lower resolution, 
less processing power, lack of buttons, etc.) and leverages advantages of mobile devices (such as 
positioning). Therefore, just like Facete, GEM can browse any number of SPARQL endpoints and 
filter resources based on their type and constraints on properties, as well as leverage GPS 
positioning to deliver semantic routing, while the user interface was designed to provide 
comfortable user experience despite inherent limitations of mobile devices. 
 
Requirements will be discussed in Section 2, while the application itself is described in Section 3. 
Conclusion and future steps are given in Section 4. 

Requirements	
 
The goal of this tool is to provide a highly customizable and information rich slippy map to the 
geospatial data consumers on the move. Therefore, the user interface consists of the following: 
 

 An interactive map component, to be used for quick and easy exploration of 
geographical areas, showing the user’s own position (GPS coordinates) and the 
surrounding area.  

 A semantic facet filtering component and a result view, 
 An authoring component, to be used for quick editing of existing information (e.g. 

fixing outdated information) and adding new information on the move. 
 
Furthermore, in order to maximize its impact, the tool needs to be available on at least one major 
mobile platform (Android, iOS, Windows Phone). More formally, list of the most essential 
software requirements is given in the table below: 
 

                                                            
 
1 http://aksw.org/Projects/Facete.html  
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Table 1 Functional software requirements specification 
No. Requirement 
RF1 The user interface will be made mobile friendly 
RF2 The tool will be made location aware (e.g. by relying on GPS, WiFi and cellular networks) 
RF3 The tool will enable on-the-fly management of data sources (i.e. SPARQL sources) 
RF4 Information on the map will be searchable through a faceted-filter component 
RF5 The application will enable authoring of information on the go 
RF6 The tool will enable routing between the selected resources 
 
Additionally, based on the above table, we provide the following list of non-functional 
requirements the mobile spatial-semantic visualization, exploration and authoring tool should also 
fulfill. 
 
Table 2 Non-functional software requirements specification 
No. Requirement 

RNF1 
The tool will exploit the existing results of Task 4.1: Spatial-semantic visualization and 
exploration 

RNF2 
The application will be made to work on at least one major mobile platform (Android, 
iOS, Windows Phone) 

RNF3 The tool will be made open-source 
 

Geospatial	Exploration	on	the	Move	
 
This section describes the GEM’s architecture, followed by the detailed description of the 
application itself and a user guide. 

Architecture	
 
GEM technology stack starts with the Web of Data, where any SPARQL endpoint can be 
browsed. For querying the underlying data layer, and employing faceted filtering, GEM relies on 
open source JASSA2 libraries and its modules. After the querying and filtering phase, data is 
shown on the map using LeafletJS3, a modern open-source JavaScript library for mobile-friendly 
interactive maps. Leaflet imposed itself as a good fit by being lightweight, simple, and delivering 
good performance, while still offering a plethora of features. Moreover, it can be extended with 
numerous plugins that are available on the web, such as the Leaflet Routing Machine4, an easy, 
flexible and extensible plugin that adds routing to a Leaflet map. The plugin supports several 
routing engines, and enables routing from start to destination, with the possibility to add, edit, and 
remove waypoints through both address input and using the map, thereby powering GEM’s 
semantic routing capabilities. Finally, GEM is an Apache Cordova / Adobe Phonegap application 
and can therefore be packaged for multiple platforms, though Android was chosen as the main 
target platform and is the only platform GEM is tested on at the moment. However, none of 
GEM’s dependencies rule out any platforms, meaning that GEM should be easy to port to other 
platforms with little to no effort, such as UI tweaking. 
                                                            
 
2 http://aksw.org/Projects/Jassa.html  
3 http://leafletjs.com  
4 http://www.liedman.net/leaflet‐routing‐machine/  
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Figure 1 GEM Technology Stack 

Application	Description	
 
GEM’s user interface was designed with the goal of maximizing 
available space for the slippy map, which represents the base layer and 
the only stationary component. In addition, there are four widgets that 
are opened on demand (see Figure 2): 
 

 Facets slide drawer: holds the loaded resource facet tree 
that enables a user to define facets that will be used to 
filter resources on the map; 

 Source Manager side drawer: used to: 1) add/edit/remove 
available SPARQL endpoints / Linked Open Data sources, 
2) define properties that will be shown in the resource 
details widget, and 3) edit prefixes; 

 Filter text box: filters resources on the screen and shows 
the orientation indicator (i.e. compass); 

 Resource details bottom drawer: used to: 1) display and 
edit relevant information (selected properties) for the 
selected feature, 2) add the source, destination, and 
waypoints to be used for routing, and 3) display 
navigation instructions. 

 
Different icon colors are used to indicate different resources/statuses, 
while marker clustering was used to prevent the map from 

overpopulating, and avoid overloading the mobile device resources in 
situations where multiple features are in each other’s vicinity, as 
described in [1]. 
 

Figure 2 GEM User Interface 
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The rest of this section will provide detailed descriptions of aforementioned UI components, with 
the exception of the Facet slide drawer and Filter text box. General descriptions of these two 
components are given above, and since there were no changes in their functionality or appearance 
since the previous release, reader is referred to the previous technical report on spatial-semantic 
visualization and browsing on mobile devices. 

Slippy	Map	
Slippy map represents the main view which is always shown. It displays all resources that are 
located in the currently viewed area and satisfy selected criteria (active data sources, defined 
facets, and filter text phrase). Additionally, map is used to select a resource whose details are then 
shown in the Resource details bottom drawer, and to display a route based on the destination and 
waypoints selected in the Resource Details (see Figure 3). 
 

 
Figure 3 GEM Slippy Map: a) resource view; b) navigation 

Source	Manager	
As described in the previous report, source manager can be used to add/remove/edit available data 
sources, as well as to select which of the available sources will be retrieved/displayed on the map, 
while the settings are being preserved across sessions by using HTML5 Local Storage.  
 
One of the improvements in the new version of GEM is the possibility to specify which properties 
are to be shown in the Resource details bottom drawer upon selecting a resource on the map. 
Namely, when editing or adding a new source, the user can click on “Properties” which will open 
a view where it is possible to specify any number of properties (see Figure 4b). New settings are 
saved by clicking the “Save” button after which, every time a resource on the map is tapped, the 
Resource details drawer will slide up, and display defined properties for the selected resource.  
 
Source Manager was also extended with the possibility to define prefixes to be used to shorten 
URIs, thereby making the interface clearer. To manage prefixes, a user needs to click the cog 
button in the upper right corner of the Source Manager. After that, a list of currently defined 
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prefixes will be shown, where he/she will be able to edit existing prefixes, add new ones by 
clicking the “Add” button, or remove existing ones by clicking the “Remove” button (see Figure 
4c) 
 

 
Figure 4 Source Manager: a) Main view; b) Edit properties; c) Edit prefixes 

 

Resource	Details	
In the previous version of GEM, the Resource Details widget only showed relevant properties for 
the resource selected/tapped on the slippy map. As mentioned earlier, this view can now be 
configured to show exactly those properties a user is interested in. Furthermore, the widget was 
extended with a feature that allows authoring of displayed information. Authoring is initiated by 
clicking the “Pencil” button next to the item to be modified (see Figure 5a). 
 
Moreover, this widget was extended to enable the user to define the destination and waypoints for 
navigation, as well as to display a textual representation of the calculated route. Navigation is 
initiated by clicking the “Directions” button in the Resource Details view, while additional way 
points are added by first selecting the desired POI on the map, and then clicking the “plus” button. 
Selected resource can also be removed from the list of waypoints by clicking the “remove” button 
(see Figure 5b). 
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Figure 5 Resource Details: a) Information view; b) Directions view 

Application	Defaults	
In order to facilitate take-up, the application is initialized with certain defaults, so that a user 
doesn’t have to configure anything in order to be able to try out its features. Source catalogue is 
by default initialized with sources representing architectural structures from DBpedia, all 
resources from Serbian DBpedia, and bars from LinkedGeoData. Furthermore, architectural points 
of interest from the DBpedia data source are displayed on the map when the user opens the app 
for the first time. Finally, in order to prevent cluttering in the user interface caused by long URIs, 
the application is by default initialized with the most common prefixes, such as skos, dct, dbpedia, 
rdf, rdfs, owl, etc. 

Conclusions	
 
The GEM prototype described in this deliverable represents a one-of-a-kind mobile faceted 
geospatial-semantic browser for Linked Open Data. It builds on top of the well-known third-party, 
community-maintained frameworks and libraries, such as AngularJS, Leaflet.js, and Leaflet 
Routing Machine. It is deployed using Apache Cordova / Adobe Phonegap, allowing single-
branch development for multiple major mobile platforms. 
 
The final version was extended with many new features. The user interface is clearer thanks to 
prefix management, while users can now also take active role in the crowdsourcing efforts by 
authoring content. Most importantly, GEM is the first ever application to support semantic 
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routing, where potential destination and waypoints can be filtered using semantics prior to their 
selection and inclusion in the route. 
 
Future work will focus mainly on extending options for routing/navigation. Furthermore, we 
intend to explore different applications for GEM, from e-commerce to crowdsourced crisis 
management. 
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Review of the technical solution 
SOFTWARE TOOL FOR SPATIAL 

SEMANTIC VISUALIZATION AND 
BROWSING ON MOBILE DEVICES 

 
 
The report describes the SOFTWARE TOOL FOR SPATIAL SEMANTIC 
VISUALIZATION AND BROWSING ON MOBILE DEVICES, and highlights 
improvements made in the last year which include the following: 

 Authoring of existing content, 
 Semantic routing, 
 Prefix management, and 
 Customization of the resource details view. 

 
Developed application surpasses state of the art by being the first mobile 
faceted browser based on Linked Open Data paradigm, as well as the first 
application to enable semantic routing, which is immensely useful feature for 
users on the go, especially when they find themselves in an unknown 
environment. Additionally, added support for authoring existing content is 
likely to boost community engagement, while other improvements such as 
prefix management and customization of the resource details view prevent 
cluttering of the user interface with long URIs and excessive or unwanted 
information, thereby further enhancing the user experience. 
 
In the future, authors plan to make further improvements such as extending 
semantic routing with additional options, and to explore different use cases 
like e-commerce and crisis management, both of which exhibit great 
research potential. 
  
 
 
 
Prof. dr Dimitar Trajanov 
Faculty of computer science  
and engineering 
Skopje, R. Makedonija 
 
 
 
 
_____________________________ 

Prof. dr Sonja Filiposka 
Faculty of computer science  
and engineering 
Skopje, R. Makedonija 
 
 
 
 
_____________________________ 

 

  
 






