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1. Introduction

Delivering raw geospatial data to mobile devices is an @#ing and challenging computa-
tional and user-interface problem. Geospatial data caarmered in real-time on the mobile
device using appropriate visualisation software runninghe mobile device operating sys-
tem. Currently the majority of approaches in delivering gpatdial data to mobile devices
provide pre-rendered maps (tiles, images). While tileedagpproaches have evolved into a
defacto standard we feel there are a number of advantagediwernthg geospatial data in
raw vector formats (XML, GML, Shapefile, etc) to mobile deagancluding:User person-
alisation: User can choose which geographical features are displafi@dge map themes,
set visualisation preferences, ef@meliness. The user is always provided with the most
up-to-date and recent versions of the spatial data. A numbeontraints imposed by the
mobile device environment provide major challenges inicigdscreen resolution, available
network bandwidth, and usability issues arising from paow map visualisation on small
screens (Raper et al.; 2007). In this extended abstract s&ide an implementation of a
selective progressive transmission scheme for vector ddtause OpenStreetMap (OSM)
as the case-study vector dataset. OSM data has a numberastia# features which make
it a useful case study, these including: in many areas, OSKkaften changes very quickly;
OSM attempts to map a very wide range of geographical fesitared is freely and openly
available. In our implementation a user requests an are&cM @ata they wish to view on
their mobile device. This OSM data is downloaded immedyatel the server where it is
generalised. This OSM data package is then progressiaigritted beginning with a low
level of detail version of the dataset. In an iterative pescadditional spatial detail is trans-
mitted to the mobile device until the full resolution datasedelivered. Our paper provides
a brief overview of the implementation of our progressiamtmission scheme. We describe
an example of selective progressive transmission for a Ea@®$M dataset.

2. Implementation and Discussion

In previous papers (Ying et al.; 2010b,a) we proposed a nfodgrogressive transmission.
This model has been implemented in the Android platformufgdlL provides a flowchart of

the implementation of this model. The user selects an acea &in OpenStreetMap (OSM)
slippy map on their mobile device. The Android client apation sends a request to our
server system. The OSM-XML data corresponding to the arqaested is downloaded
immediately from OpenStreetMap.org using the OSM API. FRaproved performance the
OSM-XML is processed using data streaming. A Java-basetemgntation was written



for the OSM-XML processing and subsequent generalizatidineospatial data. We use two
generalization approaches. The well-known Douglas Peuwalkerithm is used for poly-
line simplification. For polygons it is very important to pexve shape/contour attributes
for rendering on the small screen of a mobile device (Setial.e 2010). We employ a
very well known method from the domain of computer vision ethpreserves the shape of
a contour across levels of detail. The method by Latecki amkhimper (2000) is a con-
tour preserving approach to generalization of polygonsn&®SM polygons and polylines
are greatly under-represented while others are very walesznted with many hundreds of
nodes (Mooney et al.; 2010). Consequently some of the femtarthe input dataset are more
heavily generalized than others. Figure 2 outlines the stateture used to maintain the or-
dering of nodes from the geographic features which undeeg@m@lization. For a given
noden; a number of characteristics are maintained in the datatateiscluding: the nodes
n; andn;, which are connected t@; in the polygon? or polyline L; the significance(S; to
the overall polygon which is calculated from the angleaand length of this node’s incom-
ing and outgoing edges (from (Latecki and Lakamper; 20G88;order or position where
n; was removed during the generalization process is used yrtigeessive transmission to
progressively rebuild the polygon or polyline.
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Figure 1:A schematic diagram illustrating the software implemeatabf our progressive transmis-
sion model

Figure 3 shows screenshots from the Android device of an phkaaf progressive trans-
mission (top row of images) and selective progressive tmégson (bottom row of images)
applied to a sample OSM dataset. The left-most column shog/progressive transmission
process when onlg0% of the original nodes are present in the input dataset. Suiess
columns showt0%, 60%, 80%, and finally the right-most column shows the full resolution
(100%) dataset. Two polygons are coloured in blue. The large molyig NP, and the
smaller polygon isN P,. In the progressive transmission example nodes are addide in
reverse to how they were removed during generalization. mbst significant nodes are
added to the transmitted dataset first. Only close to the étitegrogressive transmission
are the nodes with very low overall significance transmitldoe problem with this approach
is that shapes with small area (relative to other shape®imtp) containing a large number
of nodes are only provided with additional spatial detailsel to the end of the progressive
transmission. In a selective transmission scheme (botanof images in Figure 3) the area
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Figure 2:A schematic diagram of the indexed data structured used ittamathe ordering of nodes
from the geographic features after generalization

of each polygon shape in the map is used as the selectionariRegardless of the signif-
icance of nodes the larger shapes in the map recieve adalispatial detail before smaller
shapes. This could help reduce the cognitive load on uséhedarger shapes are more vis-
ible on small screen displays (Burigat and Chittaro; 20@8humber of different selection
criteria could be used to drive the selective progressamgsimission process. These include:
measures of circularity or rectangularity of the shapesa aatio (normalised ratio of differ-
ence between area of the polygon and its convex hull), shapelexity based on convexity
of shapes (Brinkhoff et al.; 1993), map clutter indicatddaifie and Stigmar; 2010), etc.

3. Conclusions and Future Work

With the gradual move of cartography from paper maps to webraabile maps the re-
qguirement for real-time cartography has come into play ¢¥and Weibel; 2009). We have
described the implementation of a model for selective megjve transmission of vector
data over the Internet to mobile devices. In this phase ofessgarch we have used the area
of the polygon shapes in the map as a shape metric to guideldneige transmission after
the generalisation of the data on the server side. Usingrdiit shape metrics will affect
how the spatial data is transmitted to the client device. Tantjfy which shape metrics
work best for delivery of raw spatial data, such as Open8itag, to mobile devices we are
carrying out extensive user trials. During these trial$wite Android-based mobile device
we are collecting large quantities of additional informatincluding zooming and panning
behaviour of users as the map display progressively becames detailed and click/point
interaction from the user with the map display. The longrtgyoal of this research is to
develop a robust model for the smooth and seamless delivéasyge quantities of raw vec-
tor data (in our case OSM data) to mobile devices. Progressansmission strategies will
become more important going forward resulting from the@ased requirement of spatial
content and the ubiquitous nature of mobile devices. Thengeroial aspect of this research
is summarised by Khurri and Luukkainen (2009) who commeait tth continue innovation
in mapping services and user-generated content for Loch@sed Services map vendors
will only gain competitive advantage by providing “up-tatd maps as a primary precondi-
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Figure 3: An example of progressive transmission (top row) and sekegrogressive transmission
(bottom row). In the progressive transmission exampleild@iades) are added in revese to the order
they were removed while in the selective case larger shagmsve detail early in the transmission.
NP, is the large blue polygon whil&/ P, is the small blue polygon

tion for supplying accurate, timely and relevant conteritB& consumers”.
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