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Abstract

A method for automatic classification and description of the
colour-layer of thematic maps is presented. Owing to the type
of noise appearing in the scanned images, we find it useful to
combine pixel classification and raster-to-vector conversion in
order 10 produce acceptable results. The colour value of an arca
is determined from a selectively sampled set of pixels and a set
of threshold values.  Possible borderlines are produced by
vectorizing the line-network of the image, and false borderlines
are removed by comparing neighbouring sub-areas.

Fxperimental results are discussed, and some test maps are pre-
sented to illustrate the performance of the system.

INTRODUCTION

A common method for representing thematic information in
cartography is to use colour maps. Such maps may show dis-
tribution of soil types, vegetation cover, mineral resources, hu-
man population and so forth.

In this paper we present a method for automatic classification
and description of the coloured areas of scanned maps.

I'wo reasons are apparent why it is of interest to digitize such
information: firstly, to bring it into an information database;
secondly, to compress the volume of data for storing scanned
maps. To illustrate the last problem, consider a 40 by 25 inches
wide sheet of map, scanned at 150 dpi with 16 bpp. The resulting
file size will be around 30 Mbytes.

A number of challenging situations may occur in typical maps.
In border regions colours may overlap, expanding one arca be-
yond its border, or resulting in undefined colours. The colours
printed on the map are represented by a raster pattern, implying
that when scanned at a reasonable resolution, a high percentage
of the pixels are given a value corresponding to the background
of the paper, rather than the thematic colour. Furthermore,
some colours representing different areas, may in certain regions
appear 1o be very similar, e.g. caused by overlaid colour infor-
mahion.

These conditions make a pixel filtering and classification proce-
dure insufficient to produce an accurate description of the
borderlines. On the other hand, a solution on the basis of a pure
raster-to-vector conversion process is made impossible since the
maps may contain a mixture of lines (representing roads, rail-
roads, rivers, grid, etc.), as well as text and symbols, in addition
to the borderlines of the coloured arcas. The coloured arcas are

therefore usually split into a number of smaller arcas by the line
network.

Our procedure combines the two methods of pixel classification
and raster-to-vector conversion into an algorithm which is ro-
bust to most of the noise and distortions commonly found. The
procedure has one limitation: it requires that the borders of the
coloured arcas of interest are defined by lines, clearly distin-
guishable from the arcas themselves.

THE COMBINED APPROACH

A summary of the processing procedure which has been used is
presented below. The raster-to-vector conversion system used is
described in more detail by Espelid and Eileng in [[]

®*  Reduce the volume of data by thresholding the image. All
pixels are classified into the following categories: black (line
network including the borderlines); a number of colours
corresponding to the number of area types; and white re-
presenting undefined pixel values.

®  Copy the black pixels into a separate bitmap which is then
processed by a raster-to-vector (r-t-v) conversion sub-
system. (See figure | for an example of a bitmap image.)
The r-1-v process includes the following steps:
= Produce a chain coded description of all contours.
»  Delete all internal contours smaller than a critical size.
= Apply a contour-based thinning procedure to the re-
maining contours,
= Produce a mathematical graph description of the re-
sulting skeleton with nodes representing critical points
(end-points and junction-points), and edges represent-
ing the connected chains between the critical points.
Iiach loop in this graph describes a sub-area in the
map.
*  Tor cach loop in the graph, determine its colour value by
cvaluating the colour of the corresponding sub-arca. Pixel
values are sampled from the thresholded image.

*  Compare all neighbourning loops of the mathematical graph,
and delete edges which separate loops with the same colour
value. The resulting loops describe the areas of interest.

¢ The chains describing the resulting loops are exactly the
borderline we are interested in. The borderlines are
polygonized and saved, together with area-code informa-
tion.
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Figure 1. An example of a bitmap imagcimncsamnding to fig-
ure 3 a)), constructed from all pixels classified as black.

THRESHOLDING THE SCANNED MAP

It is assumed that the threshold values can be determined once
for a large batch of maps. An interactive procedure, including
some test scanning, may turn this task into a few minutes job for
the operator.  We have not tested any automatic methods for
segmentation of the coloured images.

Fven though the practical benefit of amtomatic colour segmen-
tation is limited in our application, it is an interesting problem.
For further study the articles written by Otha and Wright ( [2|
and |3] ) should be consulted.

Thresholding the image as the first step is motivated by the as-
sumption that the amount of data should be reduced as much
as possible before being transferred from the scanner to the
computer.

LIGHTHESS SATURATION

GREEN

Figure 2. Colour histograms produced from the test map shown
in figure 3 a),
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THE THINNING ALGORITHM

The thinning algorithm used is important for the efliciency and
quality of the total procedure, we find it appropriate to give a
brief explanation of how it works. A complete description can
be found in [4]

The thinning algorithm accepts as input a set of chain-coded
contours describing the object to be thinned. Duning one iter-
ation a new set of contours is created mnside the existing ones.
This is done by traversing each contour sequentially, and for
each position on the contour, generate a set of new chain cle-
ments on its object side. When two chain sections pass through
the same position, an clement of the skeleton has been detected,
This process is iterated until the original contours are reduced
to a chain-code deseribing the skeleton of the object

NOISE REDUCTION

The specified algorithm has a number of noise reduction effects,
which makes the procedure quite robust and general.

Deleting small sub-areas

The contour tracing routine produces closed chain-coded con-
tours from all object boundaries in the image, including all
internal boundaries. As an example, one single white pixel inside
a black arca will in principle cause a closed contour to be
produced

In some maps there may exist symbols with small internal arcas
which have no defined colour. In some of our test examples, the
railroad line font is a thick line with internal white dots. We
therefore delete all contours smaller than or equal to the size of
these small internal arcas.

The consequence of deleting an internal contour is identical to
painting black the corresponding subscribed region. This area
will then be treated by the subsequent thinning.

Deleting text and line ends

The map may contain text and other symbols printed in black,
or which after thresholding have been classified as black. In our
test maps parts of the dark brown elevation contour lines were
taken for black.



Figure 3. a) Original image. b) Thresholded image. ¢) Classified
areas. d) Borderlines of classified areas.

Figure 5. a) Original image. b) Classified image.

301



We assume that the borderlines of the coloured arcas make a
single connected network of lines, with no unattached line ends;
and we also assume that the network incorporating the
borderlines is the largest network in the map. Then we can ob-
viously consider all smaller stand alone networks, or compo-
nents, as being irrclevant for our purpose and delete them. This
would then for example remove much of the text.

For the same reason we can also consider all lines, connected to
the main network but with an unattached end, as irrelevant and
candidates for being deleted.

Optimal handling of undefined areas

The black line pattern may cause regions in the map to be un-
defined. The more layers of information the map contains, the
larger these regions may be. As an example, a city having many
connecting lines and symbols overlaid may be positioned on the
border between two regions of different soil type. Thick railroad
lines and wide rivers passing through may cause a significant area
to have an undefined soil type.

Our algorithm handles all undefined areas in the same way. The
skeleton of these areas, produced by the thinning operation, is
taken as the border line between the adjacent areas.

Selective sampling when determining the colour value

The thresholded image usually contains a considerable amount
of noise, or undefined pixel values. The thresholding may cause
many pixels to be misclassified, especially when different colours
appear very similar. In border regions, for instance, where
colours may overlap, misclassifications occur frequently. The
colour value of each sub-arca is therefore not dircetly available
in the thresholded image.

We determine the colour value of each sub-arca by counting
pixel values in the internal region of the sub-area and allowing
the majority to win. The internal region is obtained by taking the
onginal chain-coded contour description of the actual sub-arca,
and doing an inverse thinning (we simply redefine the line net-
work as background, and the areas as foreground). The number
of thinning iterations reflects the diameter of the uncertain
boundary regions.

Once the internal of the region is reached, a number of sampling
schemes are possible: to sample along the chain only; to con-
tinue to iterate the thinning and sample along the chain between
iterations; or to sample all pixels inside the internal region. A
combined scheme which optimizes correctness and speed should
be sclected for each class of maps. In the test example below
we iterated the thinning eight times (from the original position),
and sampled all pixels along the chain between the last four it-
crations, no pixel was selected more than once.

EXPERIMENTAL RESULTS

A prototype of the automatic digitizing system has been imple-
mented in C and installed and exccuted on an IBM Aix work-
station. The maps have been scanned using a Howtech colour
scanner. The resolution produced was 150 dpi with 5 bits per
RGB-colour.

Figures 3 1o S show different map examples which have been
processed.
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The system handles situations with partly overlapping, similar
or poor quality colours, and it is almost undisturbed by overly-
ing black lines representing various themes.

The system very seldom looses any area. Loss of area can occur
when gaps in the borderlines have not been closed, and when
colours of different areas appear very similar. False borders are
maintained in rare cases. When it happens, most often a human
observer also would have problems.

A reasonably dense polygonization of the borderlines implics
that the original image can be compressed with a factor of 1:400.

ENHANCEMENTS OF OUR ALGORITHM

A few obvious enhancements to the current implementation
should be mentioned.

The network of lines defining the borders of the coloured arcas
may, due to various reasons, have gaps which split the
borderlines into segments. To be prepared for such situations
we propose that a gap closing procedure is applied to the binary
image containing the line-network. This could be based on
simple low level image operations (SHIEFT and OR). However,
we would rather also take advantage of the fact that all loose
ends can easily be identified in the graph, and on the basis of
their features (position, direction, thickness) design a more so-
phisticated gap closing scheme.

Instead of considenng all small sub-areas as noise and deleting
them, it would be better firstly to do pixel value sampling inside
them and then delete only those which do not contain a defined
colour value.

The noise reduction functions could be tailord and extended for
single applications, and thereby increase the reliability of the
systems.

CONCLUSION

This paper has outlined a combined approach, based on pixel
classification and raster-to-vector conversion, to the problem of
digitizing automatically certain types of coloured maps. The
procedure appears to be robust to vanious types of noise, and the
performance in terms of correct area classification is high.
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