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ABSTRACT

The focus of this paper is in extracting the elevation con-
tours from a color-coded relief map. The map is prepro-
cessed using a WHMM (wavelet domain hidden Markov
model) based algorithm for denoising. Then a linework re-
moval algorithm – that uses a vector angle edge detector
with a saturation-based combination of hue and intensity
planes – is applied. Each distinct elevation region must be
solid colored using distinct colors. In order to achieve this,
for the printed scanned map, we used a vector median filter-
ing, and a color clustering process – based on a minimum
variance quantization algorithm. The gap filling problem
can be solved with a multi-pass majority filter algorithm.
The elevation contours are extracted by detecting the bor-
ders between colors through a sliding-neighborhood opera-
tion.

1. INTRODUCTION

Digital elevation models (DEMs) are bidimensional arrays
of values representing the spatial distribution of the altitude
data corresponding to a terrain area. Getting high quality
DEM data for some locations on the earth is easy (e.g. US
DEMs are available at USGS). However, this problem can
be more challenging for many other earth surface areas. A
low cost solution for producing a DEM consists in interpo-
lating the elevation values extracted from a scanned map.

A widely used approach for producing digital elevation
models from scanned map is the derivation of DEMs from
topographical contour maps [1] [2]. Color-coded maps rep-
resent, also, a way to express the altitude information. Most
of the printed GIS maps combine different layers [3]. So
before we can have the altitude information, we must re-
move all the data belonging to non-elevation layers. Thin
and sharp enough edges within a map are referred to as
linework. Within color-coded relief maps, in generally, the
unwanted information is linework, while within topographi-
cal contour maps the altitude data is a specific colored linework.

In this paper we propose an approach for extracting the
elevation contours from a color-coded relief map. The pa-
per is organized as follows. A preprocessing method using a
WHMM (wavelet domain hidden Markov model) algorithm
for denoising [4, 5] is presented in Section 2. In the next
Section, a linework removal algorithm – that uses a vec-
tor angle edge detector with a saturation-based combination
of hue and intensity planes [6] – is applied. Section 4 is
concerned with the color clustering problem. Each distinct
elevation region must be solid colored using distinct col-
ors. In order to achieve this, for the printed scanned map,
we used a vector median filtering [7], and a color clustering
process – based on a minimum variance quantization algo-
rithm [8] [9]. Eliminating the unwanted information yields
in unfilled gaps within the map image. In Section 5 the gap
filling problem is solved using the Wise’s algorithm [3]. The
resulting image contains altitude data expressed using solid
colored blocks. In Section 6 we present the extraction of the
elevation contours by detecting the borders between colors
through a 3 by 3 window sliding-neighborhood operation.

2. WHMM DENOISING (PRE-PROCESSING)

Dithering effect [10] is widely used for printing color-coded
relief maps. Dithering is a particular noise like technique in
color-halftoning, the actual method to simulate colors with
fewer colors; therefore a noise removal filtering can be ap-
plied to the map image in order to eliminate it. An answer to
this problem is to apply a median filtering on the image. But
the median filter does not preserve well thin edges. Because
an edge detection algorithm will be applied to the map im-
age in order to identify linework, in the next step, a more
suitable solution as a preprocessing would be the WHMM
noise removal method.

The noise removal algorithm based on WHMM was de-
veloped (and tested on gray level images, with white Gaus-
sian noise added) by Crouse et al. in [5]. In this work we
adapted the algorithm for a color image by applying it to
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each of the RGB planes. The main drawback of the ap-
proach is the computation time.

The (wavelet domain) hidden Markov model consists in
four parameters: mu (means matrix), si (variances matrix),
ps (probability mass functions matrix), and es (state tran-
sition probability quadrants matrix). The model is obtained
using a training step that applies the EM (expectation - max-
imization) algorithm, having the original image as the ob-
servation data. A WHMM models the wavelet coefficients
of an image and uses two state variables: S (small variance),
and L (large variance). We assumed that the wavelet coeffi-
cients have similar statistical features within the same scale.
The likelihood computation step takes as inputs: the model,
and the image to be denoised and gives the pdf s (probabil-
ity density functions) for both the S, and the L plane, for
each wavelet coefficient of the original image. The model,
the pdf matrix and the original image wavelet coefficients
are used for 2D Wiener type filtering considering only the
finest scale. Larger wavelet filters are more appropriate for
the noise removal. We used Daubechies 8 wavelet.

By processing each RGB component separately with the
WHMM noise removal algorithm, color distorsions may ap-
pear. For the tested images the color distorsions proved to
be sufficiently small, so that the color clustering algorithm
(that uses prior knowledge on the picture) was not affected.

3. LINEWORK REMOVAL

Linework can be viewed as edges in a scanned map image.
Most of the linework are thin enough, and sharp enough
edges, thus an edge detection algorithm can identify them.
More edge detectors have been tested. WHMMs are partic-
ularly well suited to images containing singularities (espe-
cially when using Haar wavelet) [4]. We applied the algo-
rithm on an intensity plane of the image obtained by taking
a simple average of the RGB components. A well-known
edge detector in color image processing is the difference
vector edge detector [6] which is a 3 × 3 operator calcu-
lating the maximum gradient across the central pixel. The
vector gradient edge detector is a local operator that com-
putes the maximum distance in the desired metric between
the center pixel and the 8-connected pixels adjacent to it.
The methods were applied on the RGB map image using
the Euclidean distance version and the vector angle version.
The Euclidean distance is efficient in the intensity domain,
while vector angle is efficient in the hue domain. Thus the
methods can be combined using a trade-off parameter cal-
culated based on the saturation or the intensity.

The best results for the tested maps were obtained with
the vector angle edge detector with a saturation-based com-

bination of hue and intensity planes, denoted by CGV .

CGV = max
i=1...8

{
√
α(Si) · α(S0) ·VA(~vi, ~v0) +

+(1−
√
α(Si) · α(S0)) · ED(~vi, ~v0)} (1)

where i=0 is the central pixel, and i=1 . . . 8 are the neigh-
boring pixels in 3× 3 window.

The trade-off parameter α is defined by:

α(Si) =
1

1 + e−75·(Si−0.25)
(2)

where Si is the saturation of the pixel i. The saturation is
that aspect of perception that varies most strongly as more
and more white light is added to a monochromatic light [9].
As the value of saturation increases, the corresponding col-
ors (hues) vary from unsaturated (shades of gray) to fully
saturated (no white component).

The following relation gives the Euclidean distance:

ED(~v1, ~v2) = ‖~v1 − ~v2‖ =

=
√

(v1,1 − v2,1)2 + (v1,2 − v2,2)2 + (v1,3 − v2,3)2 (3)

where ~vi = [vi,1 vi,2 vi,3]T is a color triplet.
Vector angle is an alternate metrics and is defined in the

next equation:

VA(~v1, ~v2) =

√
1−

( ~vT1 · ~v2

‖~v1‖ · ‖~v2‖
)2

(4)

The image yielded by the edge detector algorithm is
then thresholded using a relative strength of maximum 35%.
Figure 1-b presents a mask obtained using a threshold of
25%. The threshold value was selected in order to obtain
thick enough edges, while losing less possible elevation data.
The thresholding process gives a mask image for the linework
within the map. The mask is a binary image that shows
edges using 0 (black) pixels.

Finally, the map image is overlapped with the mask, and
the resulting image will contain white pixels to indicate the
linework removal.

4. COLOR CLUSTERING

The white gaps within the map after linework removal can
be filled using the Wise’s algorithm [3] (See next Section).
But this method works well, only, with solid colored blocks.
Thus we need to have a distinct color for each distinct ele-
vation area that appears in the image. The WHMM prepro-
cessing step has removed the dithered effect partially mak-
ing easier the job for the edge detection algorithm. At this
moment it is possible to apply a vector median filtering -
based on the Euclidean distance, because there is no more
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linework to detect. The purpose of the 3×3 window median
filtering is to remove the remained isolated linework pixels
and, also, to prepare the picture for the color-clustering al-
gorithm.

The minimum variance quantization algorithm is an ef-
ficient way for clustering colors [8]. Unfortunately, be-
fore we can apply the algorithm, we need to edit the im-
age map manually. On the tested maps the problem ap-
peared with larger lakes. They cannot be fully eliminated
by the linework removal algorithm, so the resulting image
presents some blue isles surrounded by white pixels. They
can be easily eliminated using manually editing. The blue
spots have high hue and intensity similarity with some green
spots that denotes elevation between 0 and 100 m. So the
automated process cannot be implemented so easy. On the
other hand they need to be removed in order to reduce dis-
tortion in the clustering process.

The minimum variance quantization algorithm uses prior
knowledge on the picture; it needs as an input the number
of different elevation regions within the image plus one (the
white linework pixels). The specified number determines
the number of optimally boxes into which the RGB color
cube is divided. The algorithm works by associating pix-
els into groups based on the variance between their pixel
values. A set of pixels may be grouped together because
their distance is smaller than a specific value from the cen-
ter pixel of the group. The boxes that divide the color cube
vary in size, and do not necessarily cover the entire color
cube. The quantization allocates more of the colormap en-
tries to colors that appear frequently in the input image and
fewer entries to colors that appear infrequently [8].

The color clustering algorithm worked well with the maps
we tested. However due to some printing errors and the
incompletely removal of the dithered effect some isolated
wrong classified pixels appeared. They needed to be re-
moved manually. Figure 1-c presents experimental results
on the color clustering problem.

5. GAP FILLING

In order to fill in the gaps left by the linework removal, a
multi-pass majority filter – the Wise’s algorithm – [3] can
be run on the color-clustered image to reclassify the white
pixels on the basis of their surrounding pixels. The filter
functions by taking a 3 pixel wide processing window, and
then testing whether the central pixel of the window is a
white pixel (linework pixel). The linework pixel located in
the center of the analyzing window is then replaced by the
most abundant, non-linework, colored pixel value from the
surrounding 3 × 3 window. For large areas of white pix-
els, multiple passes of the algorithm are needed. For the
example presented in Figure 1-d we run the algorithm 11
times in order to remove all the white pixels. The algorithm

behaved well considering that the image contained a lot of
unknown elevation information (linework pixels). However
for a good enough result a manual editing is needed (Figure
1-e).

(a) (b)

(c) (d)

(e) (f)

Fig. 1. Experimental results. (a) The preprocessed map
image using the WHMM denoising algorithm; (b) The
linework mask; (c) The color-clustered map using a vector
median filtering and the minimum variance quantization al-
gorithm; (d) Filled white gaps - a method based on a multi-
pass majority filter algorithm; (e) The resulting image from
Figure 1(d) – manually corected; (f) The color-coded eleva-
tion contours.

6. ELEVATION CONTOURS EXTRACTION

Having a solid color-coded relief map with all unwanted in-
formation removed we can easily extract the elevation con-
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tours by performing a sliding-neighborhood operation (Fig-
ure 1-f). Considering a 3 by 3 processing window, if at least
one horizontal or vertical neighbor is different than central
pixel, the color for the central element is preserved, other-
wise the new color is white (not a border pixel). The color
information of the contours is important for the future con-
version into sparse elevation data based on the map’s leg-
end.

7. CONCLUSIONS

In this paper, we presented a method to extract the elevation
contours from a color-coded relief map. The map was pre-
processed using a WHMM based algorithm for denoising.
Then a vector angle edge detector, with a saturation-based
combination of hue and intensity planes, was applied. Each
distinct elevation region was distinctly solid colored using
median filtering and color clustering based on minimum
variance quantization. A multi-pass majority filter algo-
rithm was used to fill in the linework gaps. The color-coded
contours were extracted by detecting the borders between
colors through a sliding-neighborhood operation and they
can be the input for an elevation data converter by means of
the map’s legend.

The method is computational expensive and cannot fully
automate the process. But the approach can be a good help
for the map digitizing domain when used with manual edit-
ing. Our future work may be concerned with the improving
of the automation problem. Our final goal is to obtain a
DEM (digital elevation model) and a 3D representation, us-
ing an interpolation method for filling in the space between
the elevation contours.
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