
1. Introduction
Geographical maps are described as spatial

representation media that play an important role in many
processes of human spatial cognition (Berendt, Barkowsky
et al., 1998). Map generalization is the process of reducing
the scale and complexity of map details while preserving
the important characteristics. When performed manually,
this is a time-consuming and expensive process. The
advent of GIS has led to the automation of some of the
more time consuming generalization techniques. Current
GIS software contains tools that allow basic generalization
to be performed. Although these algorithms go some way
to help in the automated production of smaller-scale maps,
there is lot of work to be done on the development of fully
automated generalization tools. With the advent of high-
end miniature technology as well as digital geographic
data products like OSMasterMap® it is desirable to devise
proper methodology for map generalization specifically
tailored for mobile GIS applications. 

The need for understanding and applying
cartographic principles suitable for location based services
using small display devices is the underlying theme of this
paper. The main characteristic of these devices is that they
have relatively small display areas. This, compounded
with the need to display map data at scales smaller than its
source scale, gives rise to the possibility of graphic
conflict. Also scale reduction will often require certain
important features, for example roads, to be exaggerated in
size, leading in some cases to overlapping of features. In
short it necessitates the need for developing map
generalization techniques suitable for LBS applications.
The study is focused on finding suitable map
generalization techniques to enable OSMasterMap® data
to be displayed at different scales with the least graphic
conflict of features on small screen display devices. It is

intended to further apply the same principle for developing
schematic maps for transportation networks using
OSCAR® dataset that can be used for route finding
applications by LBS users (Anand, Ware et al.,2004).

2. Need for Map Generalization for
large-scale datasets for LBS 

Location Based Services (LBS) refers to the use of
geographic data in the field on mobile devices such as
networked Personal Digital Assistants (PDAs). LBS
compose of infrastructure needed to provide various
services to a user based on the user’s location. LBS
applications act according to a geographic trigger, like
input of a place name, postcode, position of a GPS user,
location information from mobile phone network etc. The
main components for LBS applications are a global
positioning system (GPS), a handheld computer (e.g. a
PDA) and a communication network, with GIS acting as
the backbone. (Figure 1)

Map generalization is the process by which small
scale maps are derived from large scale maps. This
requires the application of operations such as
simplification, selection, displacement and amalgamation
to map features subsequent to scale reduction (Ware and
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Figure 1: The basic components for LBS and Mobile GIS
applications 
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Jones., 1998). LBS is a relatively new technology but with
the arrival of high bandwidth mobile networks its
application potential has increased tremendously. There is
a huge amount of available geographic information that
can be re-purposed for LBS application. This, coupled
with the ability to filter and personalize content by
reference to a user's physical location, will provide
compelling business opportunities that can be useful for
consumers as well as saving money for businesses through
improved efficiencies. 

Currently LBS services mostly make use of either
city maps or road navigation data. There is a clear need for
using topographic data sets for mobile applications. In
emergency and safety situations the mobile LBS users
would need topographic information. Contemporary LBS
using city maps or road data would benefit if topographic
data sets were used. The primary beneficiaries of using
topographic data set are emergency services, professional
users, public transportation, and military applications
though this will eventually spread to consumers using LBS
especially in tourism sector at a later stage. Service
providers can build value-added services based on
topographic data sets if real time integration and real time
generalization functionalities are available.

Ordnance Survey through the introduction of
OSMasterMap® has now made possible a digital map

database of UK. With the increasing use and application of
mobile devices it is now possible to deliver digital
geographic information for mobile GIS applications. The
need to deliver the required map information on small
display screens of device necessitates the application of
appropriate map generalization techniques that are
specifically tailored for this purpose. The OSMasterMap®

data has no scale and features are digital representations of
the world. The attributes will include a survey accuracy
ranging from ±1.0m in urban areas to ±8.0 m in mountain
and moorland areas. However, the initial data has been
derived from large-scale mapping and the accuracy and
resolution of geometry derived from that mapping
(Ordnance Survey, 2004). Though OSMasterMap® data
should therefore be appropriate for display at 1:1250,
1:2500 and 1:10,000 scales in urban, rural and
mountain/moorland areas, the practical applicability for
small screen devices specifically for LBS is to be verified
and optimized to tailor the need.

Generalization of large scale digital datasets like
OSMasterMap® for display on small screen display
screens of PDA’s is primarily aimed at enhancing
visualization and making it user friendly for interpretation.
When a large scale dataset like OSMasterMap® displayed
onto a small screen display of that of a PDA, part of the
data is lost. The huge number of discrete x, y locations of
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Figure 2a and 2b: Figures show OSMasterMap data (Ordnance Survey©Crown Copyright. All rights reserved, OSMasterMap, 2004)
displayed in a HP iPAQ PocketPC h5400 series using ESRI’s ArcPad emulator in 1:5000scale .The image on the left (figure 2a)
depicting the display explicitly showing spatial conflicts between roads and building features and image on the right (figure
2b)displayed at the map specification guidelines for 1:5000 scale.



the stored geodataset shrinks down to some 340 x 220
possible pixels on the screen due to scale reduction effect.
This again necessitates the development of suitable map
generalization algorithms and techniques suitable for
delivery of GI Services in small display devices market
(GiMoDig Project, 2003).

3. Technology issues specific to PDA’s 
To understand the unique issues related to

generalizing maps for display on small display screen
devices it is important to look into the specifications of
PDA’s and tailor the solutions to suit the need. With the
current specification of PDA's available in the market
having processing power, memory capacity, screen
resolution and display size very much less than PCs, there
is a marked difference between the map generalization
requirements for display on a typical desktop PC and those
of a PDA. 

The processing capability of PDAs is in the range of
400 MHz. This implies that processor intensive operations
like on the fly map generalization need to be performed on
a server and only the final output transferred for display on
the PDA screen. The memory technology of PDA’s is
range of 64 MB. This highlights the issue associated with
storing large-scale voluminous datasets like
OSMasterMap® in the limited memory space of PDA’s.

The screen resolution of 240 x 320 pixels of low
display resolution of PDA screens makes it necessary to
render the final output image based on the generalization
carried out as per the small display cartographic
specification developed to give maximum clarity and
readability. Various tests have been carried out to verify the
specification developed. For visual proof see Figure 2a (the
image on the left) explicitly shows the graphic conflicts
between roads and building features at 1:5000 scale
rendered without applying specification guidelines and
Figure 2b (the image on the right) rendered as per the map
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Figure 3: Small display cartographic specification developed for OSMasterMap



specification guidelines for 1:5000 scale which shows lesser
spatial conflicts and better clarity. The basic criteria are easy
readable font, recognizable symbols, mutual exclusive
colour at each level of information and comprehensive use
of area colour with few geometric details of objects. A
display size of 50cm2 for PDA screens necessitates that map
images are produced and optimized for that size. 

In summary PDAs have different form factors such
as display resolution, varying numbers of display lines,
horizontal or vertical screen orientation and hardware
specification when compared to PCs. Hence mobile GIS
applications that are specific to PDAs need to be tailored
appropriately. The application of suitable automated map
generalization techniques will help in faster and more
efficient rendering of maps in small screen display devices
as well as filtering redundant data, thereby optimizing data
transmission in networks and thereby lowering costs
(Anand, Ware et al., 2004).

4. Small Display Cartographic Specification
for OSMasterMap

Scale is a major factor in the design, production and
use of maps. Factors to be kept in mind for scale selection
affecting generalizing from one spatial dataset to another
data set with less detail are purpose for which the map is
going to be used, geographical region that needs to be
mapped, the original and final map scale and also the
knowledge of the user.

For verifying the suitability of OSMasterMap® data
for small screen devices, the test data was loaded into
ESRI’s ArcPad and tested in a HP iPAQ PocketPC h5400
series for display at various scales to find out the extent of
spatial conflicts between features. The initial research
concentrated on developing cartographic specification for
OSMasterMap® data suitable for small screen devices,
with tests being carried out on a wide range of display
scales (Figure 3). Finally scale ranges of 1:2500, 1:5000
and 1:10000 were selected as most appropriate for LBS
applications.

It was found that there is graphic conflict between
features during scale reduction and since the display
screen area is small the problem becomes much more
apparent than when compared for desktop devices. Work
has already been done by using simulated annealing to
reduce the degree of spatial conflict in desktop systems
using GIS .The simulated annealing algorithm which
controls operations of displacement, deletion, reduction
and enlargement of multiple map objects to help resolve
spatial conflict arising due to scale reduction (Ware and
Jones., 1998; Ware, Jones et al., 2001). Currently work is
being carried out in applying Simulated Annealing
technique and optimize it for the delivery of geographic
information for LBS applications.

5. Summary
The research proves conclusively the need for

developing specific map generalization algorithms for data
products like OSMasterMap® if intended to be applied for

LBS applications using small screen display devices.
Mobile applications using small screen display devices
derive benefits of generalization for helping in rendering
relevant information legible at a given scale by enhancing
the visualization of the large-scale data on small screen
display devices and providing essential information for
each group of users e.g. tourists, utilities etc. The
development of cartographic specification for
OSMasterMap® suitable for small display cartography has
been carried out and various tests performed. The optimal
scale ranges and the symbolization suited for the different
feature classes in each of the scale ranges were found via
experimentation. Graphic conflict between feature classes
at the specified scale ranges are to be dealt with by
applying simulated annealing technique. Work is being
currently done in further applying the same principle for
developing schematic maps of road features using
OSCAR® data for LBS users. 
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