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Abstract— Visualizing large geo-demographical data sets using pixel-based techniques involves mapping the geo-spatial dimensions
of a data point to screen coordinates and appropriately encoding its statistical value by color. Analysis of such data is a great
challenge. General tasks involve clustering, categorization and searching for patterns of interest for sociological or economic research.
Available visual encodings and screen space limitations lead to over-plotting and hiding of patterns and clusters in densely populated
areas, while sparsely populated areas waste space and draw the attention away from areas of interest. In the current paper, two
new approaches (RadialScale and AngularScale) are introduced to create density-equalized maps, while preserving recognizable
features and neighborhoods in the visualization. The approaches apply a multi-scaling technique based on local features of the data
described as local minima and maxima of point density. Consequently, scaling is conducted several times around these features,
thus leading to more effective distortions. Results are applied and discussed on two applications. Evaluation shows to outperform
traditional techniques for homogeneity of distortion and efficient use of space.

1 MOTIVATION

Large point sets - as widely used to analyze geo-related demographic
data - are nearly impossible for people to understand quickly by in-
specting high resolution raw data. In the age of massive databases and
consequently more-and-more data, it is difficult to generate adequate
visual representations. The visualization of interesting patterns hidden
in such large data sets has the difficulty of requiring a much higher
complexity and resolution. Therefore they are also much larger than
available visual encodings and screen spaces can handle. The screen
space, e.g. the amount of pixels of modern output devices, does not
increase in the same manner as the flood of data. Therefore, it is im-
portant to find ways to use the limited space optimally. Visualization
is essential to surveying and exploring the data. Although geographic
and statistical visualization have been studied for many decades, the
scale of the data presents new challenges [10, 11]. Displaying large
point sets on conventional maps is problematic. Over-plotting ob-
scures data points in densely populated areas, while sparsely popu-
lated areas waste space and supply only insufficient detailed infor-
mation. Small clusters are difficult to find - they are not noticeable
enough, and are sometimes even occluded by large clusters. In this
study, we demonstrate an approach which distorts the large point sets
continuously without destroying neighborhoods with a combination
of clustering and scaling to meet some of the challenges of large-
scale geo-visualization data. Neighborhood preservation means that
the topological order of points is kept. Also, the basic ideas of dis-
torting dense and sparse areas by using the screen space optimal must
be addressed. We introduce an efficient way of distorting by detecting
dense and sparse areas of the data distribution and through re-scaling
the polar-coordinate locations of the data points. In addition, the new
approaches introduce a multi-scaling feature that takes many localities
and local features of the data into account.

2 RELATED WORK

Visualizing large geo-spatial data sets using pixel-based techniques
involves mapping the two geo-spatial dimensions of a data point
to screen coordinates and appropriately encoding the associated
statistical value by color. The points of the input set are assumed to
have one or more associated statistical attributes. Informally, our goal
is to show clusters and other relationships between points, determined
by both locations and statistical values. By considering just one
statistical attribute at a time, we can interpret geo-spatial data sets as
points in 3-D: the two geo-spatial dimensions and a third statistical
dimension. We note that real-world data set distributions are often
highly non-uniform, and data points form readily-identifiable 3-D
point clouds. A common approach in visualization is to apply local
placement functions that transform the input data set into a solution
set and make patterns of interest more obvious. One example to
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overcome such difficulties is a pixel-oriented method called PixelMap
for visualizing large spatial datasets [6, ?]. The PixelMap approach
assigns each input data point to a unique 2-D screen pixel, trading
off absolute and relative position against clustering to achieve pixel
coherence. For a detailed description see [6].

Other research has addressed layout functions that optimize visual-
ization constraints to preserve recognizable features in visualizations.
To create this so called cartograms, several algorithms exist. See [8, 9]
for a detailed overview. In particular, cartograms are map transfor-
mations that preserve shapes and relationships between map regions
[3, 4]. Classic cartograms preserve an input map’s topology, while
scaling polygonal elements according to an external parameter vector
[2]. Cartograms seem more easily interpreted than PixelMaps, though
they do not address overlap problems or pixel coherence.
Another related example for density-equalizing distortion of 2D point-
sets is HistoScale [5]. This is an efficient algorithm to compute
Pseudo-Cartograms with a continuous scaling. The basic idea of the
HistoScale method is to distort the map regions along the two eu-
clidean dimensions. Consequently, the rectangular areas are contin-
uously re-scaled and result in a neighborhood preserving distortion.

3 OVERVIEW OF OUR APPROACHES

In this study, we demonstrate two novel approaches to distort large
2D point-sets continuously without destroying neighborhoods to meet
some of the challenges of large-scale geo-visualization data. Further-
more, these new approaches aim to apply re-scaling on multiple center
points using local features in the distribution of the data. The fun-
damental idea of the two techniques is using a polar coordinate sys-
tem in which the radial distance (RadialScale technique) or the angu-
lar location (AngularScale technique) of the data points from a center
point are distorted. The degree of distortion is determined by the den-
sity of points in consecutive segments. The dataset used though out
the paper represents the US census data from the year 2000 show-
ing the median household income [7]. The dataset consist of about
333.000 data points with geographic location. The technical aspects
show the schematic functioning of the algorithms, and therefore no
color-schema was used to represent the data.

3.1 RadialScale Technique
The RadialScale technique aims to define the degree of distortion
based on the density of data-points in the circular field around a center
point. For this purpose, circular segments (bins) around a center point
were defined having an equal area covered. The area of each bin will
then be resized in accordance with number of data points within the
bin. Consequently, the inner and outer perimeters of the bin will have
a new radius. Accordingly, also the data points within the bin will
have a new distance from the center point, by keeping their relative
position within the bin constant. The first step is to determine the
best center point for the distortion. The location of the center points
are determined by local maxima in the distribution of the data. We
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computed the local maxima by applying a high density-grid, which
computed for every grid-cell the density of data points. The density
measure takes also the density of the neighboring cells into account
by weighting them with a logarithmic factor. As a result, a number of
center points can be obtained that represent the high density locations
in the data. The number of center points can be determined by
applying different resolutions of density-grids for the calculation. The
optimal number of center points depends on the properties of the data
and the users’ preferences. The evaluation of the techniques shows a
computational method for determining the optimal number of center
points.

Results of the algorithm on the USA Census data are schematically
represented in the following figure (Figure 1). The upper picture shows
the original data (a) having 5 center points and the first few regularly
distributed circle segments for each of the centers. The second picture
(b) shows the distorted circular segments and the data point locations
for each of the center points.

Fig. 1. RadialScale distortion technique applied to the USA census data.
Only a few circles are displayed to show the schematic idea of the al-
gorithm. (a) Original USA census data with regular circular bins. (b)
Distorted map with adjusted circular bins and data point location.

3.2 AngularScale Technique
The angular technique aims to define the degree of distortion based on
the density of data points in the angular segments around a center. For
this purpose we defined angular segments (bins) around a center point
having the same angle and therefore the same area-size. Each bin is
then resized in accordance with the relative number of data points in
the bin by changing the angle of the segment accordingly. The relative
position of the data points in the bins is kept constant, similar to the
previous technique. In order to solve the problem of applying multiple
centers we use a different approach than in RadialScale. In essence,
the AngularScale technique creates the highest degree of distortion
when the data points are far away from the center points. Using local
maxima for defining center points – as indicated for the RadialScale
technique – would result in an undesired effect. Namely, high density
areas will be scaled slightly and low density areas will be scaled
intensively. To avoid such an effect, we have to use local minima as

center points of the distortion. The calculation of the local minima
was conducted using a high density grid to calculate the lowest points
in the distribution of the data points. As a result, a set of center points
can be identified that represents the low density locations in the data.
The number of center points can be determined by applying different
resolutions of density-grids for the calculation.

A schematic overview of the AngularScale distortion technique is
presented in the following figure (Figure 2). The upper picture shows
the original data (a) having 2 center points and the regularly distributed
angular bins for each of the centers. The second picture (b) shows the
distorted angular bins and data points locations.

Fig. 2. AngularScale distortion technique applied to the USA census
data based on local minima. The angular-lines only aim at showing
the schematic idea of the algorithm. (a) Original USA census data with
regular angular segments. (b) Distorted USA census data with adjusted
angular segments and data point location.

4 RESULTS OF THE PROPOSED APPROACHES

The following section aims at providing an overview of the results cre-
ated by the proposed algorithms. The results include some variations
generated by different number of distortion centers. An extra grid-
layer is attached to the representation in order to show the level and
direction of distortion and is unrelated to the actual technique applied.
This artificial grid builds a layer of data points that were disregarded
in the computation of distortion and in determining center points, but
were distorted together with the actual data points. Therefore, its aim
is purely to aid the viewer in interpreting the results by indicating the
degree and direction of distortion.

4.1 Results of RadialScale
The first result shows the distortion of the data based on 19 center
points. The center-points are defined by local maxima using a 40x40
density-grid. As shown in figure 3(a), the high-density areas in the
east, especially on the east coast, are larger and the low-density areas
are smaller, in accordance with their density of data points in these
segments. Further results of the RadialScale distortion are presented
in figure 3(b) using 28 center points based on local maxima. The local-
maxima are calculated by a 90x90 density-grid. The results show that



Fig. 3. RadialScale using (a) 19 center points and (b) 28 center points based on local maxima for the distortion.

Fig. 4. AngularScale using (a) 10 center points and (b) 51 center points based on local minima for the distortion.

additional centers, especially those in the middle of the map reduce the
degree of distortion. The above results clearly show the advantages of
multiple center points for distortion as opposed to one screen’s center
point. It can be concluded that there should be an optimal number
of center points for the RadialScale technique. This number mainly
depends on the distribution of the data points, and would ideally result
in an optimal distortion. The shortcomings of the technique are salient
in some constellations of the data. If a radial segment contains high-
density areas on the one side and low-density areas on the other, then
the overall constellation will not be changed by the technique.

4.2 Results of AngularScale
The first result, shown in figure 4(a), is based on 10 center points, cal-
culated by local minima of a 60x60 density-grid. The results show a
desired high degree of distortion. High density areas in the east, es-
pecially at the coast are enlarged, while low-density areas in the west,
except on the coast, are reduced. The continuity of the areas is sig-
nificantly improved. Finally, the results of AngularScale, based on 51
centers using a 160x160 density-grid, are presented in figure 4(b). The
results show a high degree distortion, where shapes are hardly kept,
which is caused by many center points with sometimes enhanced di-
rections of distortion. Interestingly, most centers are located in the
west, but some also in the east with very high-density areas around
it. Therefore, the multiple enhanced distortions, cause by the close
centers, result in an extensive visualization result. The above results

show that also the AngularScale technique is sensitive to the location
and amount of center points. The choice for an optimal number of
center points is a challenging task. It certainly depends on the distri-
bution of the data set. In addition, the results point to the necessity of
a hierarchical system that allows to set and add more-and-more center
points as part of a user-guided iterative process. As a result, users can
determine location and optimal number of center points leading to an
optimal result.

5 EVALUATION

Beside a visual comparison of the generated distortions on a specific
application, the current chapter introduces two methods to statistically
evaluate the introduced techniques. In the statistical evaluation, the
use-of-space and a homogeneity-measure will be described to deter-
mine the quality of the proposed approaches. For this purpose, first a
comparison of the RadialScale and AngularScale techniques is con-
ducted, and then their best performers are compared with the one
geographic-center-point version and the HistoScale technique.

5.1 Efficient Use-of-Space
One of the main constraints for creating a density equalized geo-
graphic distortion is to use the space of the screen efficiently. For this
purpose we create a so called ”use-of-space” measure that describes
the relation between the ”expansion” and the ”tightness” of the dis-
torted map. In order to measure the use-of-space of the distortions, we



create a high density grid and compute the absolute size of the filled
and the empty area within the outer borders of the map. The measure
shows best performance when it converges to 100%, meaning that the
available space is fully filled and no empty areas in the map exist.

Figure 5 shows the measure for RadialScale (a) and AngularScale
(b) with different number of center points. It is evident that Radi-
alScale and AngularScale have a local optimum. The local optimum
for RadialScale is to have 28 center points and for AngularScale to
have 51 center points.

Fig. 5. Use-of-Space for the RadialScale (a) and AngularScale (b). The
measure is best when it is high which means a better use of the screen
space.

The two optimal distortions are now compared to the HistoScale
technique. It is evident that the RadialScale (39%) and AngularScale
(26%) techniques are better than HistoScale (7%) method in the use-
of-space measure. This due to the fact that HistoScale uses a large area
of the available space but can not overcome the empty areas in the map
created by neighboring high and low density areas.

5.2 Homogeneity of Distortion
The second constraint in creating density-equalized geographic distor-
tions is the homogeneity of the distribution of dense and sparse ar-
eas. For this purpose we created a measure that first computes the
distance of neighboring data points, and then calculates the deviation
from the median for these distances. In order to perform such a task
we use the Delaunay-triangulation [1] of the point-set to calculate the
direct distances between the points. The calculation of the homogene-
ity measure is the inverted ”deviation from median”-value (1-Dev).
The measure created in this way shows high values when the map is
homogenous (converging to 100 %) and low values when the map is
heterogenous (converging to 0 %).

Figure 6 shows the measure for the RadialScale (a) and Angu-
larScale (b) using multiple center points. For RadialScale, it seems
that a higher number of center points leads to a stable state regard-
ing the homogeneity measure. Therefore, we take the first maximum
(19 center points) for comparison to the other techniques. For Angu-
larScale, the homogeneity measure increases with the number of cen-
ter points until reaching an optimum for 51 center points and decreases
afterwards.

Fig. 6. Homogeneity measure for the RadialScale (a) and AngularScale
(b) technique using multiple center points.

These two optimal distortions are now compared to the HistoScale
technique. It is evident that the RadialScale (92.6%) and AngularScale
(93%) outperform the HistoScale (91%) method with respect to the
homogeneity measure.

Overall the HistoScale method preserves neighborhoods and famil-
iar shapes in the distortion very efficiently. However, the method
is outperformed by the new proposed RadialScale and AngularScale
techniques - using multi-scaling technique to consider local properties
of the dataset for the distortion - regarding use-of-space and homo-
geneity of the distorted map.

6 CONCLUSIONS AND FURTHER WORK

The current paper introduces two novel approaches for density-
equalizing pixel-based geographic maps. The two approaches are
based on defining different types of segments (radial and angular) for
the distortion. The defined area of the segments is re-scaled accord-
ing to the relative density of data points in the segments. The major
contribution and innovation of the proposed techniques are the defini-
tion of multiple center-points, around which the distortions are carried
out. These multiple center points consider the local geographic prop-
erties, such as local minima and maxima, of the dataset and apply
the techniques in a step-wise manner, so that an optimal number of
center points can be found. As a result, optimal distortions of an orig-
inal pixel-based map can be achieved by keeping high level of shape-
familiarity and preserving neighborhoods. Overall, the new methods
create a more homogeneous distribution of data points, and a more ef-
fective use of space. Further research is planned to consider two major
improvements of the proposed approaches. First, a user-guided selec-
tion of the center points should be implemented. Second, the combina-
tions of the described techniques may yield to even better results and
should be implemented. Future research should consider empirical
evaluations and a task oriented approach to determine the suitability
of different distortion techniques for real-life tasks and problems.
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