From scanned topographic mapsto digital elevation models

by Patrice Arrighi * and Pierre Soille**

* 20 rue Marceau, F92130 I ssyles-Moulinaux, Patrice. Arrighi @iname.com
** |mage Analysis and Control Group, Slsoe Research Indtitute
Wrest Park, Slsoe, Bedfordshire MK45 4HS, U.K., Pierre.Soille@bbsrc.ac.uk

ABSTRACT

In this paper, we present a general methodology for the generation of digital elevation models (DEMSs) starting from scanned
topographic maps. We concentrate on the extraction and filtering of the contour lines from the input maps. Thisisadifficult
problem due to the presence of complex textured backgrounds and information layers overlaid on the elevation lines (e.g., grid
lines, toponymy, etc.). Results are presented on awide variety of samples extracted from a 1:50000 plate scanned at 300 DPI.
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Introduction

Digital elevation maps or models D EM 9 are arrays of
numbers representing the spatial distribution of terrain
elevations. They can be seen as gray scale images whereby
the value of a pixel represents an elevation rather than a
luminance intensity (the brighter the gray tone level of a
pixel, the higher the elevation of the terrain point
corresponding to this pixel). Useful applications of DEMs
can be found in civil/rural engineering, geographic
information systems (GIS), geology, geomorphology, water
resources management, photogrammetry, satellite imaging,
etc. A comprehensivereview of hydrological,
geomorphological, and biological applications of DEMsis
proposed in (Moore et al., 1992).

A low cost solution for generating a DEM consistsin
interpolating the elevation values between the elevation
contour lines extracted from digitized topographic maps.
The purpose of this paper is to present a methodology for
producing a DEM starting from a scanned map. The paper
is organised as follows. A brief overview of papers dealing
with the processing of scanned mapsis presented in Sec. 2.
The proposed methodology is detailed in the three following
parts: the contour line extraction and filtering (Sec. 3), the
connection of disconnected contour lines (Sec. 4), and the
geodesic interpolation (Sec. 5). Before concluding, Sec. 6
presents a series of results and discusses remaining
problems.

Previous Work

Research on automated map recognition has been going on
for many years resulting in a huge amount of publications.
Early reports about the vectorization of line drawings
already introduced the main necessary steps of any
automatic procedure: (i) digitization of the original paper
document using a scanner, (ii) thresholding, (iii) thinning of
the resulting black patterns using some skeletonization

procedure (some pre- and post-filtering may be necessary),
and (iv) raster-t o-vector conversion of the resulting thinned
lines.

These steps can be found in (Leberl and Olson, 1982) for the
automatic vectorization of clean contour and drainage/ridge
sheets, in (Greenlee, 1987) for an early attempt to extract
elevation contour lines on topographic maps, (Amin and
Kasturi, 1987) for the recognition of lines and symbols, and
(Musavi et al., 1988; Ogier et al., 1995) for the processing
of land record maps. Kaneko (1992) proposes the use of
directional distance propagations for extracting line
structuresin line drawings. A more general framework
aiming at interpreting line drawings, i.e., separating text
strings and different types of linesis described in (Kasturi et
al., 1990). The extraction of road and drainage networks
from the corresponding sheets is investigated in (Mariani et
al., 1997).

In more complex maps, the use of the colour information is
essential for recognizing its features. Colour scanners being
increasingly cheaper, more recent papers deal with maps
directly scanned in colours. For example, Ansoult et al.
(1990) use the mean and variance of the hue channel for
discriminating soil types on a digitized soil map. Ebi et al.
(1994) transform the input RGB colour space into another
col our space taking the chromaticity into account.
Classification/clustering techniques are then applied to the
bivariate histograms constructed from the resulting two
chromaticity channels.

Our approach is new in the sense that we process raw colour
topographic maps having no direct access to the individual
sheets (i.e., information layers). In addition, our procedureis
based on recent advances in morphological image
processing and it includes some new ideas for extracting
extreme points of a set. Finaly, it addresses all steps
necessary for generating a DEM from a paper topographic
map (Fig. 1).
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Fig. 1: Subset of a digitized topographic map

Contour Line Extraction and Filtering

The first step of our procedure consists in extracting a mask
of al contour line. Thisis achieved by extracting all image
pixels which have ared hue. However, the resulting lines
are disturbed by many noisy pixels (see Fig. 2). Severa
morphological filters allow us to produce a clean mask of
the elevation contour lines: (i) removal of al isolated pixels
using a hit-or-misstransform, (ii) filling of all one pixel
thick gaps using non-homotopic hit -or-miss operations with
afamily of composite structuring elements, and (iii) removal
of al holeswithin the lines. By applying thesefiltersto the
image shown in Fig. 2, we get the image shown in Fig. 3.

Fig. 3: After morphological filtering

Contour Line Reconnection

The most difficult task is to reconnect the elevation lines
that are disconnected by other information layers such as the
coordinate grid and the toponymy. Classical techniques first
skeletonize the lines and then try to find relevant extremities
of the skeleton for recovering the missing parts of the lines.
There are problems with this approach because the
skeletonization is very sensitive to noise and usually creates
small branches at the extremities of the lines. These can be
easily removed by pruning. However, by doing so, the
resulting lines are shorter then the original ones and
therefore some relevant information islost. We propose to
extract the extremities of the lines before skeletonizing
them. Thisis achieved by generalizing the hit-or-miss
transform used for extracting the extremities of one-pixel
thick lines. In case the lines are not long enough to detect
two extremities, these are defined as the extrema of the
propagation function (Lantuéjoul and Maisonneuve, 1984).
Once the extremities of the thick lines have been extracted,
we thin them using a skeletonization with anchor points as
proposed in (Vincent, 1991). A combination of a distance
and direction criteriais then used for connecting the
disconnected lines: Euclidean distances between extremities
and differences between their direction are weighted and
combined to compute a new distance. Once al of possible
distances are computed, the extremities which produced the
lower distance are connected and removed from the list of
free extremities. This procedureisrepeated until no more
extremities are left.

In Fig. 4, the skeleton by anchor points is shown in gray and
the connections that have been performed in black.

|
\ ¢
Y
by
—
- i f
\\
SOk N T ST A
; = -
=Y
/
{5
NN -
~, R N \\\‘\ - ~
5
I
\L ) g

Fig. 4: Skeleton by anchor points and connection of the
disconnected contour lines

Contour Line Valuation and Interp olation

Since we have not yet developed an OCR module for
reading the elevation values present in the map, user
interaction is needed for inserting the elevation of the
contour lines which do surround contour lines with a lower
elevation. Hence, by assuming that the elevation difference
between two successive contour lines is constant, we can
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automatically calculate the elevation of all remaining
contour lines. Once this has been achieved, we use the
geodesic interpolation technique developed in (Soille, 1991)
to generate the final DEM. A grey scale representation of
the output DEM generated from the topographic subset
shown in Fig. 1 is shown in Fig. 5.

Fig. 5: Geodesic Interpolation of the levation values between
the extracted contour lines

Results and Discussion

Our procedure has been tested on afull 1:50000 plate. The
major source of errorsis due to the fact that some
connections are not successfull (failure rate of about 5%).
Indeed, it may occur that two aligned lines separated by a
small distance do not lead to a correct connection due to the
presence of two other disconnected linesin their
neighbourhood. Fortunately, once an incorrect connection
has been performed, the other two lines cannot be futher
connected because they would crossthe first connection.
Therefore, these errors are automatically detected and the
user is asked for manually performing these connections.

Concluding Remarks and Per spectives

A procedure for automatically resolving the connections
leading to inconsistendes still needs to be developed. By
adding an OCR module, the elevation of the contour lines
will be automatically inserted and will also help solving the
connection failures. We are currently investigating a simple
OCR technique based on the analysis of concavity regions
as presented in (Soille, 1998a).

We also found that the automatic unwrapping of wrapped
phase-maps (Soille, 1998b) is closely related to the problem
of extracting and connecting elevation contour lines. The
automatic extraction of growth rings (Som et al., 1993) is
another related application. First results show that all three
research areas will benefit from each other.

Finally, this paper illustrates that mathematical morphol ogy
iswell suited to the processing of elevation data. Thisis not

surprising because in morphology, any image is viewed as a
topographic surface, the grey level of a pixel standing for its
elevation. This explainswhy many morphological operators
such as the watershed transformation are based on
geomorphological concepts. Other applications of
mathematical morphology to the processing of digital
elevation models can be found in (Soille and Ansoult, 1990)
for the automatic delineation of catchment basins and (Soille
and Gratin, 1994) for the automatic extraction of drainage
networks.
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