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Zusammenfassung: Ein Verfahren zur sequentiellen
Ausdiinnung von digitalen Raster Terrain Model-
len. Diese Arbeit ist eine ergdnzende Fortsetzung
der vorherigen Verdffentlichung WALDER &
BUCHROITHNER (2004), PFG Heft 3/2004, S. 215—
220, zur sequentiellen Ausdiinnung bzw. zur
funktionalen Gelandeapproximation mittels spe-
zieller ,,Wellen-Strukturen**. Nun wird fiir das re-
ale Georelief der Aufbau von Makro- bis Mikro-
strukturen so organisiert, dass nicht nur die Am-
plituden, sondern auch die Form der Wavelet-
Spline-Komponenten optimal angepasst werden.
AuBerdem kann das anisotrope Georelief speziell
behandelt werden, so dass seine Geldndeapproxi-
mation mittels Wavelet-Splines moglichst ,,natur-
nahe* durchgefiihrt wird. Das verallgemeinerte
Verfahren wird zur optimalen Gegeniiberstellung
anhand eines digitalen Gelindemodells von ein-
em Testgebiet in den Osterreichischen Alpen de-
monstriert, das schon in der vorherigen Veroffent-
lichung untersucht wurde. Néhere Details zu die-
sem verallgemeinerten Ansatz werden diskutiert.

Summary: This paper presents a complementary
continuation of the previous paper WALDER &
BUCHROITHNER (2004) about a sequential method
for the thinning and the description of digital ras-
ter terrain models based on wavelet concepts by
means of approximating functions. Now, the
composition from macrostructures to microstruc-
tures of the geo-relief is organized, that the kind
of functions in a wavelet-spline can be optimally
fitted in addition to the amplitudes. Furthermore,
the anisotropic geo-relief can be treated in a spe-
cial way, that its approximation should be “na-
tural” as far as possible. The generalized method
is demonstrated using the DTM of the test area
in the Austrian Alps, that was treated in the pre-
vious paper with the aim of better comparision.
Further details to this refined approach are dis-
cussed.

1 Modelling with mixed locally
adaptive wavelet-splines:
a short overview

The developed methods and algorithms for
the structuring and thinning of the relief da-
ta with wavelet/splines were presented and
tested for real geo-relief data in WALDER &
BUCHROITHNER (2004). The classical wavelet
theory is well-known and often applied in
signal processing, physics, photogrammet-
ry, cartography a.o., see FABER (2004), MEI-

ER (2003), ScumiDT (2001), TING JIANG
(1997). Our method differs from usual ap-
proaches because of its locally adaptivity
and flexibility in the calculation of amplitu-
des, see WALDER & BUCHROITHNER (2004).
Here, we only give a short overview about
the preceding modelling.

It is assumed, that the unknown function
z = z(x,y) allows the following sequential
approximation (1), c.f. WALDER & BuUCH-
ROITHNER (2004):
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Fig. 1e: The combinations of wavelets after step

3: Z is a zigzag-like wavelet, S is a sinusoidal
wavelet, P is a polinomial wavelet.
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Fig. 1f: Three different kinds of wavelets: S is a
sinusoidal wavelet f,(:), P is a polinomial wave-
let f,(*), Z is a zigzag-like wavelet f,(-), c.f. (1).

Fig.1a—d: Approximation of the thinned DTM
with a mixed locally adaptive wavelet-spline
after: a) step 2, b) step 3, c) step 4, d) step 7.
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k=0,1, ..., (D

where f,.(-), k = 1,2,3, ... are special wave-
lets. Their possible kinds are sinusoidal, zig-
zag-like, polynomial ect., see Fig. 1f. For ex-
ample, for sinusoidal wavelets these func-
tions are:

fux) =sin(2*?nx), k=1,2,... (2)

The coefficients a, b, c are amplitudes. These
constants are individual for each cell. This
means, that they can vary for different cells.
Exactly this leads to the locally adaptive wa-
velet-splines in comparison to the classical
wavelet approaches.

But not only the amplitudes are indivi-
dualy chosen: the kind of functions f (x),
k=1,2,...in (1) can be step-wise changed.
Thus, these locally adaptive wavelets are cal-
led mixed in addition. With the aim of choo-
sing the kind of functions the different com-
binations should be a-priori produced and
compared. Then, this combination is finally
accepted, that leads to the exactest appro-
ximation of the thinned DTM.

Fig. 1a—c shows three steps (from step 2
to step 4) of spline-modelling with mixed

Tab.1: Accuracies in [m] obtained by different
wavelet-splines. The thinned DTM corresponds
to the seventh step.

Granat Spitz test area

Spine kind Step
1 2 3 4 5 6
Sinusoidal 69.30 15.43 5.18 2.17 1.02 0.39
(single)
Zigzag-like 62.03 20.07 7.01 2.27 1.03 0.39
(single)
Polynomial 63.87 17.91 6.97 2.72 1.22 0.44
(single)
Mixed 62.03 15.26 4.94 1.97 1.00 0.37

wavelet-splines for the test area. The locally
adaptive combinations of wavelets after step
3 can be seen in Fig. le. Fig. 1f shows three
different kinds of used wavelets. Fig. 1d pre-
sets the final, seventh step of the approxi-
mation. Tab. 1 presents the comparison be-
tween different kinds of wavelet-spline-ap-
proximations.

2 Modelling the anisotropy

At first, we introduce some definitions,
which we use for modelling the anisotropy.

Definition I: A closed set P? from R? is
called X-convex, if for

\7’<x0>, <x>eP2 and Vael0, 1], it yields
Yo Yo

V.= a<x0> +(1 —a)<x>eP2.
Yo Yo

Remark: This definition is weaker as the
classical definition of a convex set.

Definition 2: A transformation of a
N x N-grid from a X-convex set to N x N

— grid with (x,y)-coordinats from
(0,1) x (0,1) is called generalized
(0,1) x (0,1)-transformation, if:
x; — min(x(y;))
X (y) = ’ P~ N E)
! max (x(y;)) — min(x(y,)
y§0,1) _ YVi— mln(y)

max(y) —min(y)’
and its re-transformation is:

x; = {max(x(y;)) —min(x(y))}x""(y,) +
min(x (),

y; = {max(y) — min(y)}»"" + min(y),

ij=1,..., N.

Assumption: We assume, that the test area
can be divided into a finite number of X-
convexe, isotrop subsets. Then, we use de-
finition 2 and calculate separately mixed wa-
velet-splines for each subset.

Remark: Definitions 1 and 2 can be simply
adopted for Y-convexity. For example, the
test area can be covered with Voronoi cells,
which are X-convex as well as Y-convex.
Thereby, the crossings between locally iso-
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Fig.2: Subsets of the Granat Spitz test area,
which are assumed to be isotrop.
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Fig. 3a—d: Approximation of the thinned DTM with mixed locally adaptive wavelet-splines for:

a) subset A of the Granat Spitz test area,
b) subset B of the Granat Spitz test area,
c) subset C of the Granat Spitz test area.
d)

The whole Granat Spitz test area combined from subsets a)—c). The omitted z-connections should

underline the anisotropy of the test area.
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trop subsets of the anisotrop test area can
be used as natural edges of these Voronoi
cells.

In section 3 we show an application of
this approach. The assumption made above
leads to the use of mixed wavelet-splines.
Their re-transformated frequences are locally
adapted corresponding to the y-coordinate.

3 Case Study Austrian Alps
(Granatspitz Massif)

The test area belongs to the Austrian Hohe
Tauern, southwest of Zell am See. This high-
alpine area reaches from approx. 800 m to
3150 m a.s.l. This test area is characterized
by a richness in geomorphological forms
and therefore perfectly suitable as a test area
for mixed locally adaptive wavelet-splines.

Tab. 1 presents the comparison of the ac-
curacies obtained by single and mixed wa-
velet-splines. The thinned DTM is here a
65 x 65 grid with 64 x 64 different cells.
Twenty two different amplitudes and seven
combinations of kinds of wavelets in the mi-
xed locally adaptive wavelet-spline belong
to each cell.

The splining or, with other words, the ap-
proximation of the relief with mixed locally
adaptive wavelet-splines is obviously more
precise and less smoothed in comparison
with another approximations of the relief
with single locally adaptive wavelet-splines,
cf. Tab. 1. Thus, it seems to be better suitable
for modelling real reliefs. On the other hand,
we should save the additional information
about the combinations of these kinds for
each cell. Fig. 1e shows these optimal com-
binations after step 3.

In order to illustrate the modelling of the
anisotropy, we firstly divide the test area in-
to three subsets, which are assumed to be
nearly isotrop, see Fig.2. At second, we
choose the 7-step-thinning of these sets and
the splining of the obtained grids with the
mixed wavelet-spline. So, we obtain three
new, 65x 65 grids with 64 x 64 different
cells after this procedure. The accuracies ob-
tained thereby can be found in Tab.2.
Fig.3a—c present the 7-step-approxima-

tions of the subsets, Fig. 3d shows the whole
approximation of the test area. Here, the
crossings between the subsets are special un-
derlined by omitted z-connections.

4 Discussion

Statistical modelling of a relief can help to
describe the actual geomorphological featu-
res and to understand it at different levels
of detail. The approach, presented in WAL-
DER & BUCHROITHNER (2004), is generalized
by introducing different kinds of functions
in (1) as well as by considering anisotropic
cases. This approach is applied for the Gra-
nat Spitz test area. The approach to use lo-
cally adaptive mixed wavelet-splines and
transformation (3) leads to flexibility in the
choice of the kind of wavelets as well as of
their frequences. So, small subsets are cove-
red by wavelets with higher frequences as
large subsets for the same step of the appro-
ximation.

All procedures are realized in the pro-
gramming language Delphi 6.0. MATLAB
is used for visualizations.

The relief modelling can be further refined
for two or more time epochs by using surface
deformation analysis between these epochs.
First investigations have been started for a
glacier region in the Oetztal Alps.
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