Refinement of DEM boundaries
using Point Distribution Criteria in Scattered Data Interpolation
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Abstract: Extrapolation off the boundaries
of scattered data is an intrinsic feature of in-
terpolation. However, extrapolation causes
serious problems in stereo-vision and map-
ping, which has not been investigated care-
fully. In this paper, we present novel
schemes to eliminate the extrapolation ef-
fects for the generation of a digital elevation
model (DEM). As a first step, we devise
point distribution criteria, namely COG
(Center of Gravity) and ECI (Empty Center
Index), and apply rigorous and robust elimi-
nation based on the criteria. Compared with
other methods, the proposed schemes are
computationally fast and applicable to a
wide range of interpolation techniques.
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1. Introduction

A DEM is one of the most widely used
data sets for analyzing the terrain and con-
structing a geographical information system.
In the stereo-matching approach to produce a
DEM, due to match failure, elevation values
derived from stereo-match are scattered ir-
regularly (compare Fig. la and Fig. 1b). A
complete coverage is obtained mostly by in-
terpolating the scattered data [1]. One of the
problems in the interpolation is extrapolation,
as illustrated in Fig. 1c. Comparison of the
stereo-match results in Fig. 1b with the in-
terpolated DEM in Fig. 1c reveals that incor-
rect elevation is derived outside the scattered
data off the coast. These artifacts develop
because interpolation is triggered by a mini-
mum of a single scattered datum. Conse-
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quently elevation is extrapolated off the
scene boundaries as wide as the interpolation
radius. The presence of such extrapolation
may introduce serious problems to civil
property management and coastal engineer-
ing.

To remove the extrapolation, in this paper
we present a series of novel schemes. They
include the initial elimination of extrapola-
tion by parameterizing the distribution of
scattered input data, and the subsequent
segmentation processes that compensate for
excessive elimination and complete the ini-
tial elimination.

2. Data

We generate scattered elevation data using
four pairs of stereo-images taken by SPOT
(Satellite Probatoire d’Observation de la
Terre) satellite. We choose two full-scale im-
ages in Seoul and Boryung regions and two
sub-scenes in Donghae and Mokpo regions
in S. Korea. Each full scene spans a 60 km X
60 km area and has the dimension of 6000 X
6000 pixels. In Seoul region the boundary of
scattered data has complicated patterns
whereas in Boryung region it is relatively
simple. Donghae and Mokpo scenes cover
12 km X 14 km and 10 km X 10 km, respec-
tively. These two areas have complex
boundaries of scattered data due to harbors.
Procedures for generating scattered data are
as follows [2]. An area-based stereo-
matching employs epipolarity and the nor-
malized cross-correlation of stereo-patches.
The match growth from seed points is ac-
complished by region growing. The cross-
correlation is thresholded to produce a suc-
cessful match.



Fig. 1 Operation of the DEM boundary re-
finement over the 10km X 10km in Mokpo
area, S. Korea. (a) one of the stereo-scenes
from SPOT satellite. (b) stereo-matched
points in white, used as the input to an inter-
polator. The rectangle defines the border of
an area where the COG/ECI are computed in
an ideal case. (c) DEM generated by Gaus-
sian interpolator. (d) the final DEM after the
elimination.

3. DEM boundary refinement by eliminat-
ing extrapolation

To identify whether a mismatch area should
be interpolated (e.g., inland) or a left uninte-
polated (e.g., sea), we introduce COG and
ECI parameter. COG is defined as:

o A& )
max_ dist

Ax=(x, —x,) and dy=(y, -y,

(1)

where max_dist is the maximum distance
between a scattered datum at (x;, yx) and the
center of an interpolation disc (x,, y,), and
the overbar denotes an average. The range of
COG is [0,1] and a larger value of COG
corresponds to the greater unevenness (e.g.,
along the coast) in the distribution of
scattered data. If COG of a particular grid
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location is greater than 0.42, interpolation is
not performed. The threshold 0.42 may be
derived analytically, from real data (Fig. 2)
or from a similated data {3].
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Fig. 2. Distribution of COG and ECI values.
Curves whose peaks are located below
(above) 0.4 correspond to COG (ECI). Dot-
ted curves are derived from the ideal cases
where scattered data are distributed evenly
(marked by rectangles e.g. in

Fig. 1b). Solid curves are computed over the
entire regions. Dotted vertical lines mark
three-sigma limit of COG and ECI distribu-
tion in the ideal cases.

COG operation leaves some undesired
interpolation. To find a solution, we note that
when an interpolation disc is located over a
bay the center of the disc does not have any
scattered data or becomes empty. To quantify
the emptyness we devise an Empty-Center-
Index (ECI), defined as

| Z() (2)

= N N
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where r; is the distance between a scattered
datum and the center of an interpolation disc
and max_dist = max (ri). we, 1S a weighting
factor to equalize the distribution of scat-
tered data with respect to r. Interpolation

ECI



with ECI greater than 0.8 (i.e., center is too
much empty) is removed. The threshold is
determined from real (Fig. 2) or simulated

Fig. 3 Location of interpolated elevation (in
red plus) when their ECI is (a) in [0.85, 1.0]
and (b) in [0.745, 0.755]. The background
image is the stereo-matched scattered data.

An interesting feature in the distribution
(dotted lines) is a local maximum of ECI at
0.75 (Fig. 3). ECI higher than 0.75 is found
mainly in the areas where the center is empty
(Fig. 3a). Therefore ECI higher than 0.75
represents extrapolation. In contrast, ECI of
0.75 is distributed almost randomly over
non-empty areas (Fig. 3b), indicating that

ECI of 0.75 is representative of interpolation.

The local maximum is attributed to is a hole
in the scattered data with the size of 3-4 pix-
els. Such hole develops commonly by ste-
reo-match failure. In comparison, the objects
where extrapolation occurs, namely water
surfaces in a bay or a river, tend to have

much bigger sizes than 3-4 pixel or 20 m X
20 m.

Final DEMs after eliminating extrapola-
tion are contrasted to DEMs before the
elimination in Fig. lc-d. The elimination
schemes successfully restore the detailed
boundaries of scattered data.

Table 1. The size of the area of extrapolation
expressed in terms of the width along the
coast, before and after eliminating the ex-
trapolation. The width is estimated by com-
paring with a 1:50,000 topographic map.
Units in km.

Region | Seou! | Boryung | Donghae } Mokpo
Before 37 1.7 1.8 1.3
After 1.7 0.52 0.12 0.12

4. Performance analysis

One way to assess quantitatively the per-
formance of the elimination schemes is to
compare with a topographic map. The map is
digitized from a 1:50,000 original issued by
the National Geography Institute of Korea.
After the elimination, the surplus of land ar-
eas with respect to the topographic map is
144 km® and 44 km” for Seoul and Boryung
respectively. These correspond to 1.7 km and
0.52 km on average when converted into the
width of the land surplus. These are signifi-
cant improvements, noting that before the
elimination the width are 3.7 km and 1.7 km
respectively for Seoul and Boryung (Table 1)
Similar improvements are found in Donghae
and Mokpo regions as well. The remaining
surplus is due mostly to the topographic
map’s being outdated. A considerable
amount of reclamation had taken place since
the map was generated (between 1987 and
1995) until the acquisition of SPOT images
in 1997-1999. A map of the land surplus re-
veals that except for the reclaimed land,
most of the surplus has been removed by the
elimination schemes (not shown).

5. Conclusions



In this paper, we developed the novel
schemes to eliminate extrapolation off the
boundaries of scattered data. The novel
schemes consist of a series of the COG and
ECI elimination and further segmentation.
The values of COG and ECI threshold are
determined rigorously through the analytical
and empirical methods. By applying the
schemes to DEM generation from real and
simulated data, we have demonstrated that
the schemes eliminate the extrapolation cor-
rectly. We expect that the developed schemes
will apply most effectively to the accurate
representation of the topography near the
water boundary, where the presence of ex-
trapolation stands out as a serious problem.
Furthermore they can be integrated into ex-
isting photogrammetric tools for DEM gen-
eration at a minimal amount of computa-
tional cost.
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