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Abstract

For a long time, Geo-spatial information was printed on paper
maps whose contents were produced once for specific purposes
and scales. These maps are characterized by their portability,
good graphic quality, high image resolution and good placement
of their symbols and labels. These maps have been generated
manually by cartographers whose work was hard and fastidious.
Today, Computers are in use to generate the map as per
requirement called the cartographic generalization. The purpose
of cartographic generalization is to represent a particular
situation adapted to the needs of its users, with adequate
legibility of the real situation and its perceptional congruity with
the representation. Interesting are those situations which, to
some degree, vary from the real situation in nature. In this paper,
a simple approach is presented for the simplification of contour,
roads and building ground plans that are represented as 2D line,
square and polygon segments. As it is important to preserve the
overall characteristics of the buildings; the lines are
geometrically simplified with regard to geometric relations. It
also holds true for contour and road data. In this paper, an
appropriate transformation and visualization of contour and
building data is presented.

Keywords: Cartographic Generalization, GIS, Map, Object,
Simplification.

1. Introduction

In natural environment human senses perceive
globally, without details. Only when one has a particular
interest he or she observes details. It is a natural process;
otherwise abundance of details would lead to confusion.
For similar reasons, in the process of cartographic
generalization many details may be omitted which are of
least interest to the user at that context or these are merger
together for the sake of map space. The concept of
generalization is ubiquitous in nature and so similarly in
cartography. It is basically a process of compilation of
map content. The actual quantitative and qualitative basis
of cartographic generalization is determined by the map
purpose and scale, symbols, features of the represented
objects, and other factors. One of the applications of
cartographic ~ generalization is  simplifying and
representing map objects for display at low resolution
devices like mobile and GPS system.
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Figure 1: (a) Elimination, (b) Simplification, (c) Aggregation, (d) Size
reduction, e) Typification, (f) Exaggeration, (g) Classification and
symbolisation, (h) Displacement, (i) Refinement.

The figure 1 shows different various operations involved
in cartographic generalization. In this paper, we focus
solely on simplification.

2. Cartographic Generalization and Some
Related Work

Cartography is a very old scientific discipline, and
cartographic generalization dates back to the times of the
first cartographic representation. It is a domain of active
research and consequently many techniques for
cartographic  generalization have been developed:
pragmatic bottom-up approaches use specific algorithms
for different generalization tasks. Then there are more
holistic ideas, using top-down strategies, to strive at an
integrated solution of this complex task. For building
simplification, Staufenbiel [1] developed an algorithm by
deriving a set of rules of what to do with building facades
too small to be represented. He came up with a detailed
processing scheme which later was implemented in the
CHANGE software. Similar concepts are currently being
implemented in many GIS products. Similarly the
algorithm developed as part of the AGENT project aims at
a concurrent solution of several competing aims: squaring,
rectification, and enlargement of minimal narrow objects
inside the building. The approach presented there is
similar to methods used for the reconstruction of
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parametric buildings in aerial images. The simple
simplification process simplify the object at a level after a
level it will not produce better level of simplification. The
basic simplification processes are effective only till a
certain level, after which further improvement in results
cannot be obtained, whereas the technique presented here
provides the user options to simplify the object at various
levels.

3. Multiple Representation v/s Cartographic
Generalization

Multilevel representation databases can quickly create
maps at different scales (from predefined representations).
However, they can not be considered an alternative to
cartographic generalization [2]. A major drawback of
multiple representation is that it often generates
voluminous databases and restricts the cartographic
products to the predefined scales. Many research projects
have addressed multiple representation in multi-scale
databases, in which every object has different
representations at different scales. In these databases, an
object has a detailed representation at a high scale, as well
as a simplified representation at a low scale. This
approach  reduces the complexity of multiple
representation, but does not solve the problem completely.

4. Simplification

When a map is represented graphically and the
representation scale is reduced then some area features
will become too insignificant to be represented, i.e. the
object can be regularly or irregularly shaped. In this paper
a simple approach has been presented to simplify contour
lines and building plans to make the map more accurate
and understandable. In this paper simplification for
contour lines and buildings has been defined.

Vertex Simplification: Line simplification is also
referred to as vertex simplification. Often a vertex has too
much resolution for an application, such as visual displays
of geographic map boundaries or detailed animated
figures in games or movies. That is, the points on the
vertexes representing the object boundaries are too close
together for the resolution of the application. For example,
in a computer display, successive vertices of the vertex
may be displayed at the same screen pixel so that
successive edge segments start, stay at, and end at the
same displayed point. The whole figure may even have
all its vertices mapped to the same pixel, so that it appears
simply as a single point in the display. Different
algorithms for reducing the points in a vertex to

approximate the original within a specified tolerance have
been purposed. Most of the algorithms work in any
dimension since they only depend on computing the
distance between points and lines. Thus, they can be
applied to arbitrary 2D or 3D curves by sampling a
parametric curve at regular small intervals. Vertex
reduction is a brute-force algorithm for vertex
simplification. Here a vertex is discarded when its
distance from a prior initial vertex is less than some
minimum tolerance € > 0. More Specifically, after fixing
an initial vertex V,, successive vertices V; are tested and
rejected if they are less than € away from V,. But, when a
vertex is found that is further away than e, then it is
accepted as part of the new simplified vertex, and it also
becomes the new initial vertex for further steps of
simplification. Thus, the resulting edge segments between
accepted vertices are longer than the ¢ in length. This
procedure is easily visualized as follows: [3]

° Keep Vertex

e——e Original Polyline

o Discard Vertex ®---@ Reduced Polyline

Figure 2: Vertex Reduction used for Simplification

This is a fast first order O(n) algorithm. It should be
implemented comparing squares of distances with the
squared tolerance to avoid expensive square root
calculations.

Here Douglas-Peucker (DP) approximation has
been used to simplify the vertex in the map. This
algorithm has O(nm) as worst case time, and O(nlogm)
expected time, where m is the size of the simplified
vertex. Note that this is an output dependent algorithm,
and will be very fast when m is small. The first stage of
the implementation does vertex reduction on the vertex
before invoking DP approximation. This results in the
well known vertex approximation/simplification algorithm
which not only provides high quality results but is also
very fast. Here the map information is provided by a
server and the tolerance value is input by the user. The
following steps are used to simplify the vertexes in the
map.

1JCSI
www.lJCSl.org



1JCSI International Journal of Computer Science Issues, Vol. 7, Issue 5, September 2010 119

ISSN (Online): 1694-0814
www.1JCSl.org

Algorithm:

Step [1]: Generate the Map.
Step [2]: Get the tolerance value from the user.

Step [3]: Calculate the number of objects or buildings on
the screen.

Step [4]: Call the DOUGLAS PEUKAR recursive
simplification routine to simplify the vertex.

Step [5]: Generate the simplified Map.

A sample contour data set from Survey of India (Sol)’s
stored in Open Geo-spatial Consortium (OGC)’s
Geography Markup Language (GML) format is used for
simplification of line and buildings. Using the following
step the map can be simplified for the level of tolerance.

SNy | gy

s

i -

Figure 4: Output file after Simplification process with tolerance value=5

Building Simplification: The main constraints involved
in the simplification of building ground plans are
preservation of right angles, co linearity and parallelism.
Apart from preservation, enhancement of the
characteristics may even be necessary. The deciding factor
in simplification is the minimal length of a facade that can
be represented at a certain scale. All the sides of building
smaller than critical lengths have to be replaced.

The algorithm treats individual polygons one after the
other. It works locally, trying to replace polygon sides
which are shorter than the critical length. These sides are
substituted according to some given rules, depending on
the geometry of the adjacent building sides. This results in
a simple, but not necessarily correct model of the original
situation. Thus, in an adjustment process, the original
building shape is adjusted to the new building model. The
advantage of this procedure is the fact that the rules can be
simple.

Feature Feature | Major | Minor Category Condition
Code Code Code
Road RD 11 1100 Highway Metalled
11 1300 Motorway Metalled
11 5300 Motorway Unmetalled
11| e00 | PACktrack |y etalled
plains
Cart-
11 6410 Track Unmetalled
Plains
11| esoo | FooUPAth | etalled
Plains
15 3000 Motorway Metalled
Track
11 6300 follows Unmetalled
Stream-
bed
- Ntdb:00 ; } Block
Building 000001 37 2100 Residential Village/Town
37 1100 Residential Hut
Temporary
37 1200 | Residential Hut
Permanent
37 | 1400 | Residential | utOPlong
Permanent
37 3020 Religious Chhatri
37 3040 Religious Idgah
37 3100 Religious Temple

and coarse, as they yield only approximate values, which
are refined in the adjustment process. Furthermore,
additional parameters can also be introduced in the

1JCSI
www.lJCSl.org



1JCSI International Journal of Computer Science Issues, Vol. 7, Issue 5, September 2010 120

ISSN (Online): 1694-0814
www.1JCSl.org

adjustment, like the fact that the building size has to be
preserved.

The first step of the algorithm results in a
simplified ground plan, which is used as a model. This
model is described in terms of building parameter that is
in turn adjusted to the original ground plan in the
subsequent adjustment process. The decision of how to
substitute a short facade depends on the geometry of the
neighboring sides:

Intrusion / extrusion: the angle between preceding and
subsequent side is approx. 180 &. The small side is just
set back to the level of the main facade.

Offset: the angle between preceding and subsequent side
is approx. 0 Z&. The longer one of the adjacent building
sides is extended, and the shorter side is dropped.

Corner: the angle between preceding and subsequent side
is approx. 90 £. The adjacent facades are intersected.
Following steps are to be followed for the simplification
of the complete map.

Step [1]: Send a request for the GML to the server.
Step [2]: Generate the Map.
Step [3]: Enter threshold value.

Step [4]: Calculate the number of objects or buildings on
the screen.

Step [S]: Take the first object and follow the following
steps for simplification.

Step [6]: OFFSET ANGLE — First rationalize the building
to remove any offset angle.

Step [7]: Working in clockwise direction, take 3
consecutive points of the building and find the angle
between them.

Step [8]: INTRUSION/EXTRUSION ANGLE - If the
angle is greater than 190 degrees, this indicates the
presence of either a protrusion or a corner in the building.
Step [9]: A decision is made to ascertain whether a corner
or a protrusion has been arrived at.

Step [10]: CORNER - If it’s a corner then we set the
point as the meeting point of the two consecutive edges.
Step [11]: PROTRUSION: we calculate its area and find
out whether it is greater than the threshold area or not. If
not, then the following steps are performed else the
building is left unaltered.

Step [12]: If it’s a protrusion then store all the points in a
temporary array till the angle formed by the 3 points is
180 degrees.

Step [13]: Follow the above steps from (7 to 12) till all the
points are traversed.

Step [14]: Follow the above steps from (6 to 13) till all the
objects are traversed.

Step [15]: Generate the final simplified Map.

A sample contour data set from Survey of India (Sol)’s
stored in Open Geo-spatial Consortium (OGC)’s
Geography Markup Language (GML) format is used for
simplification of line and buildings. Using the following
step the map can be simplified for the level of tolerance.

Figure 6: Output for Vertex Simplification
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Figure 7: Input Building map for simplification process

The above figure 5 is used as input map and output map
has been generated using different threshold values.
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Figure 8: output map using threshold value =500
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Figure 9: output map using threshold value=1000

4. Conclusion

There are many approaches proposed for the process of
vertex as well as polygon simplification. The technique
proposed here modifies the existing technique to arrive at
a more efficient model. The final map will be more
accurate and understandable.
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