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The article deals with definitions of surface models, their representations and accuracy. A surface is
associated with Earth in geo-related sciences. First various existing types of Earth’s surface models are
described which can be stored in computer in different representations. The description of three diffe-
rent data acquisition methods (topographical mapping, stereophotogrammetry and laser scanning) which
can produce surface data follows. Each method has a typical primary digital representation, which is
mentioned. Also the accuracy of data models differs (depending on data acquisition method). Finally,
described methods are compared and the vision of the surface models acquisition and storage is briefly
outlined.
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MOTIVATION

The aim of this article is to show to geo-
morphologists, that it is useful to know the data
acquisition method, because precision of resul-
tant data varies depending on selected method
of data acquisition and character of the area of
interest. Problematic areas are generally steep
slopes and/or areas covered by vegetation
(typical condition in geomorphological rese-
arch). Even if the geomorphologist usually
cannot choose the method of acquisition, it is
still useful to know the method used in the area
of interest and to know Where the aggravation
of precision can be expected'.

TYPES OF EARTH’S SURFACE
MODELS

It is possible to find different definitions of
digital models, which represent Earth’s surface,
but following definitions are used in this arti-
cle:

A digital terrain model (DTM) is a digital
representation of terrain relief of Earth surface

'The article ends at the primary digital representation of the data
ques, their algorithms and accuracies. This is described e.g. in BONK

(georelief) in computer memory, composed of
(sample) data and algorithm which can interpo-
late heights of intermediary points (SIMA
2003).

A digital elevation model (DEM) is a digi-
tal terrain model which deals with elevations
above sea level (SIMA 2003).

A digital surface model (DSM) is usually
constructed using automatic extraction algo-
rithms (i.e. image correlation in stereo photo-
grammetry or first-return LIDAR pulse?®). DSM
represents top faces of all objects on the terrain
(both vegetation and manmade features) or ter-
rain itself in open areas. Taken and adapted
from SIMA (2003). See the difference between
DTM and DSM at Figure 1.

There exist (later mentioned) another term:
digital landscape model (DLM), which
sounds similar, but it has a different meaning.
Eurogeographics 2009 defines DLM as an ob-
ject oriented topographic database with the
data structure facilitated to spatial analysis and
linkage of geographic objects to external data
(represented as vector geometric primitives). It
contains both elevation and planimetric data.

Consequent on mentioned definitions, we
can understand DEM as a special type of

it is not focused on interpolation techni-

’LIDAR — LIght Detection And Ranging. See more about LIDAR bellow
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Covered areas
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Fig.1 Difference between DTM (or DEM) and DSM

DTM, which deals with elevations a raw data
product of automatic surface extraction
(Fig. 1).

TYPES OF SURFACE
REPRESENTATIONS

We should distinguish between term model
and representation. While model is closely tied
to the phenomenon which models, no matter
how it is represented, representation just says
how to represent certain type of data (in a map,
in a computer ...), no matter what the data
means. Because models of surfaces deal with
spatial data, they use spatial representations.
Then we can say that DTM, DEM, DSM or an-
other surface can be represented by vector,
raster or other representation.

VECTOR REPRESENTATION

In vector, two typical ways of representa-
tion can be used, depending on the structure of
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Fig. 2 Structure of TIN

input data. First is general vector based geo-
metric primitives: points, lines and polygons:

Point — one set S, of coordinates, usually
[Xp > Yps Z,).

Line - ordered list of coordinate sets S, ..
S,, where S, can, but doesn’t have
to, be equal to S,.°

Polygon — ordered list of coordinate sets
S; .., Su1, Sy, where S, has to be
equal to S;.

Typical way of using such a structure to
store surface data is focused on storing contour
lines and spot heights, which can be comple-
ment with talwegs, ridge lines and other terrain
edges. These descriptive data are stored as at-
tributes. Detailed specification and categoriza-
tion of vector features whose describe relief is
e.g. in RAPANT 1998.

The second vector representation is Trian-
gulated Irregular Network (TIN). It is a special
type of vector representation, which has been
primarily developed for surface modelling
based primarily on Delaunay triangulation

[Ti.(eq, €, &),

S I

[ Ngs (X Yo 20

*When Sn = S1, then the line is closed. Contour line is an example of closed line

*Storing to different types of lists (or tables or files) defines whether it is a closed line or polygon. Closed
ring stored in Line list is closed line. Ring in polygon list of course means a polygon
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Fig. 3 Exam{)le of a 2.5 dimension character of a raster representation of a surface (depicted

on an example of a grid)

combined with a concept of forced edges (des-
cribed e.g. in GOODCHILD and KEMP eds.
1990 or TUCEK 1998).

TIN usually sample surface specific points,
such as peaks, ridges and breaks in slope
(MOORE et al. 1991). The common TIN rep-
resentation stores data in three related catalogs.
Node catalog, edge catalog and triangle cata-
log, see Figure 2.

Note: Although a vector representation po-
tentially can model full three dimensions, for
representation of surfaces a 2,5 D representa-
tion is used in geographic information systems
(GIS). It means that the value of surface (e.g.
elevation — Z) is defined as a function of posi-
tional coordinates X, Y (1):

Z=F (X, Y); (D).

i=1.nj=1.m
RASTER REPRESENTATION

Raster representation of surface usually
stores data into two dimensional field of
[X;, Y]] coordinates (where i =1 .. n,j =1 .. m),
for which exactly one surface value (usually
coded Z) is assigned (1). Therefore surfaces
with overhangs — such as digital landscape
model (DLM) with bridges, surface with caves,
cornices or cliffs — cannot be correctly repre-
sented (Fig. 3):

Raster representation stores data in regular
grids or lattices. While grid is composed of
cells, lattice is composed of discrete points. It
means that the grid cell value is valid for whole
cell which is defined as an area. E.g. ortho-
photo or satellite imagery can be represented

by a grid. On the other hand, lattice points rep-
resent the value just in their current X,Y posi-
tion’. The value continuously changes among
lattice points. Surface models are a typical ex-
ample of lattice representation. See difference
between grid and lattice in Figure 4.

Even if there are two types of raster repre-
sentation (grid or lattice), storage of them is
identical (1). Just the user distinguishes the dif-
ference depending on stored phenomenon cha-
racter.

OTHER REPRESENTATIONS

Surface can be also described and repre-
sented by various types of mathematical rela-
tions, e.g. spline surfaces (more in JEZEK
2000), but they are not discussed in this article,
because just first three mentioned representa-
tions (geometric primitives, TIN or raster) are
used in geographical software nowadays.

Note: Data format is a representation im-
plemented in particular software or defined by
a standard (such as International standard or-
ganization — ISO or Open Geospatial Consor-
tium — OGC). Many data formats exist, but
they are not discussed in this article.

SURFACE DATA ACQUISITION METH-
ODS AND TYPICAL DEFECTS OF RE-
SULTANT DTM (/DEM)

In this section are described methods of
data acquisition (mapping methods) and their
accuracy. The accuracy is in literature some-
times described just generally — for non-prob-

>There could appear f? Problem during creating TIN from lattice, because the area among 4 lattice points
a

does not have to be

there are two possibilifies to divide it into triangles (see Fig. 4 upper right)
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Fig.4 Difference between grid and lattice

lematic areas. This chapter focuses on descrip-
tion of types of areas, where it is possible to
expect aggravation of accuracy. These area
types differ depending on a mapping method.

TOPOGRAPHIC MAPPING

Classical geodetic and topographic mapping
methods, such as polygonal traverse, trigono-
metric height measurement and tachymetry are
used in combination with various types of le-
veling. See more e.g. in USGK 1957.

Mass points measured by these methods can
have precision better than 0,1 m both in posi-
tion and height, when modern measuring in-
struments are used’. The precision of the mass
points is one of key factors, which influents the
resultant accuracy of DTM.

These points cover area of interest irregu-
larly and their distribution is affected by sur-
veyor’s skills, experiences and geomorpho-
logic knowledge. They has to be measured on-
to all lines of slope changes, because the only
possibility how to afterwards derive height in-
formation among measured points, is to inter-
polate it among known points’. The methodo-

logy of terrain mapping of particular type of
map is usually described in a standard. Such
a standard is afterwards an excellent source to
understand accuracy of DTM source data.

Vegetation cover of Earth surface and slope
are other important factors what really strongly
affect the resultant accuracy. The accuracy de-
teriorates when the slope is coming steeper or
the land cover is coming denser.

A description of quality characteristic of
DTM (controlled) follows. To do such a type
of quality control of DTM, much more detailed
DTM is necessary, which is considered as ab-
solutely accurate for these purposes — accurate
DTM (see more in SIMA and EGRMA-
JEROVA 2004). A deviation is a difference
between height value of controlled DTM and
accurate DTM. There usually exist maximum
allowed deviations for uncovered/covered ar-
eas in range of slopes described in methodolo-
gies of mapping particular set of maps. E.g.,
maximum allowed deviations of contour lines
in topographic maps in scale 1:10 000 are de-
scribed in BOGUSZAK and SLITR 1962 and
KUCERA 1961. These limits are based on
a modification of empirically discovered
Koppe equation® — a Raabe equation (2), which

SThe precision is usually worse in older topographic mappings. E.g. maximum allowed deviations 2 m.in
osition and 0.4 m in elevation of polygonal traverse points are mentioned for numeric tachymetry (in SI-
A and EGRMAJEROVA 2004)

"Interpolation what respects nature of relief should be used. E. % morphological interpolation (BOGUSZAK
andIgLITR 1962) or quintic interpolation (ESRI 2001) are betfer than linear

¥ Koppe empirically discovered that medium elevation error grows in correlation with slope and that this
error can be described by an equation
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better suit to statistical characteristic of map-
ping methods (see more about deriving these
equations in BOGUSZAK and SLITR 1962):

d, =2-0=2 2),

max + (b ' tga)z
where d,,,, means maximum of allowed devia-
tion of elevation of a contour line. o is a slope
angle, a and b are constant parameters, that
were empirically derived from large amount of
control measurements and its statistical evalua-
tion. Coefficient a represents error on a flat
surface. Coefficient b represents relation of
slope effect to the resultant d,,,.. o is a mean
error.

KUCERA 1961 determines coefficients for
cartographic originals of maps in scale
1:10 000 (a = 0.69, b = 4.2 for uncovered ter-
rain and a = 0.95, b = 8.4 for covered terrain).

BOGUSZAK and SLITR 1962 use a modi-
fication of Raabe equation, where parameter
s (slope in %) is used instead of tg o (see 3).
These coefficients also are not valid for carto-
graphic originals, but for printed maps. There-
fore coefficients a and b of the equations are
different (@ = 1.76, b = 0.084 for uncovered
terrain and a = 2.4, b = 0.18 for covered ter-
rain). They produce just slightly different
(bigger) allowed deviations than coefficients
from KUCERA (1961). Table 1 shows com-
parison of maximum allowed elevation devia-
tions of contour lines of topographic maps in
scale 1:10 000 (topographically measured), ac-
cor-ding to KUCERA 1961 and BOGUSZAK
and SLITR 1962.

3).

Above mentioned deviations are the maximal
allowed deviations (d,...). It means, that mean
error (o) is 1/2 of d,. and also that all mea-
sured deviations have to be smaller than d,,,,.
2/3 of values have to be smaller than o. Every-
thing what is bigger than d,,, is an error. Less
than 5 % of measured values have to be errors,
otherwise the controlled data is not accepted as
a source of DTM.

The quality of elevation model is also di-
rectly proportional to importance of area of in-
terest for human exploration. Topographic
maps are created mainly for orientation around
settlements, roads, railroads, etc. Contour lines
are 51mp11ﬁed and smoothed (generalized) in
deep forests’, high mountains, etc., because it

d.. =+a’+(b-s)

ma:

would be too complex and expensive to map
the DTM there in the same accuracy.

The last important factor is that topographi-
cal mapping of elevations was (and still often
is) primarily used for creation of maps. Me-
thods of cartographic generalization are applied
to important planimetric features, which are
simplified, exaggerated, moved, etc. Contour
lines are after adjusted to spatially match to
these features. Contours are also erased under
rivers, roads and settlement areas, when the
map is printed. It creates areas of poor eleva-
tion information.

As arise from this section, contour lines,
and elevation spots complement with talwegs,
ridge lines and other terrain edges stored as
geometric primitives is a common primary rep-
resentation of DTM created by topographical

mapping.
STEREOPHOTOGRAMMETRY

Stereophotogrammetry is a method based
on stereo perception. Typical outputs are orto-
photomaps and DTM. The stereo perception
grows, when the area of interest is percept from
2 slightly different camera positions. Stereo
measurement, which is based on this principle,
is used for surface reconstruction and storage
in digital form (see details e.g. in ERDAS
2001). Terrestrial and aerial stereophotogram-
metry exist, but the aerial is used for creating
DTM.

Accuracy of DTM created by stereo meas-
urement depends on many parameters] Fol-
lowing description of the accuracy is adapted
from SIMA and EGRMAJEROVA 2004.

First parameter is a mean error of internal
accuracy of analog stereophotogrammetric ele-
vation measurement (o) what mostly depends
on a flight height. o is described by relation (4)
which has been derived from measurement of
accuracy of many stereophotogrammetric ele-
vation measurements.

o =0.015%-h (4),

where /4 is the flight height.

Usual mean flight height over the terrain for
creating ortophotomaps with pixel size 0.5 m is
approximately 3500 m or less. It can be calcu-
lated from an equation, which has been men-
tioned e.g. in PAVELKA 2003. Flight height

g. for Base &opo ra th AJE Rpol :10 000 of Czech Republic, deep forest means an area larger than 25

hectares (SIM VA 2004)

Parameters of frame camera, accuracy of camera position, aerial triangulation, etc. And last but not least,
Eera&or S ex]perlence See a description of the stereophotogrammetrlcal process of DTM creation e.g. in
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Slope in %

Slope in °

Uncovered terrain

d oy in meters

Covered terrain

Kucera B&S Kucera B&S

0-5 0 1.4 1.8 2.0 2.6
5-10 2.25 1.5 2.0 2.3 3.0
10-20 4.5 1.9 24 33 43
20-30 9 2.4 3.1 4.5 59
30-40 13.5 3.1 3.8 5.8 7.6
40-50 18 3.7 45 7.2 9.3
50-60 22.5 4.5 53 8.8 11.0

More than 60 | More than

Tab. 1 Maximum allowed elevation deviations of contour lines of topographic maps in

scale 1:10 000 (topographically measured)

used for stereophotogrammetric creating of
original Topographic map in scale 1:10 000
was around 2730 m (SIMA and EGRMA-
JEROVA 2004). Thus, o = 0.41 m in this e-
xample.

Next two parameters which influence resul-
tant accuracy are accuracy of ground control
points used in aero triangulation (mean error
Ogp) and accuracy of absolute orientation of
photographs in relation to coordinate system
(mean error o). Photogrammetric instruction
for mapping in scales 1:10 000 and 1:5 000
(USGK 1959) sets following values of mean
errors oy, = 0.25 m and o, = 0.41 m. The ba-
sic a priory mean oy error is calculated accor-
ding to law of error propagation (5).

0= +02,+07, =J0AF +025 +04F =0.63[m]

8sp

(5).

A slope of terrain also decreases accuracy
of stereophotogrammetric measurement. Thus,
re-sultant mean error of stereophotogrammetri-
caly measured contour lines can be derived
from equation (6). You can see the analogy of
equation (6) and (2). o represents the value of
mean error on a flat surface, parameter b repre-
sents the influence of slope, « is a slope angle.
Maximum of allowed deviation d,,., =2 - ©.

o= +(b-1ga) (6).

Coefficient b = 4.2 (KUCERA 1961). It is
the same value as for uncovered terrain in to-
pographical mapping. Table 2 shows d,,,, for

22

stereophotogrammetricaly measured maps in
scale 1:10 000.

But this maximum allowed deviation is
relevant just in uncovered areas, because ste-
reophotogrammetric measurement needs a di-
rect visibility to the terrain. There have to be
used combinations with terrestrial mapping for
covered areas. Stereophotogrammetric method
can be combined with topographical mapping
in areas of deep forests (as it was used for fo-
rest areas larger than 25 hectares for map
1:10 000 SIMA and EGRMAJEROVA
2004). There are just index contours measured
photogrammetricaly and the rest of terrain is
measured by topographical mapping. Other

slog)e Slope in ® dmax in meters ('uncovered ter-
in % rain)

0-5 0 1.3

3101 595 14

10201 45 18

20301 9 2.4

3040 | 135 3.0

40-50 | g 3.7

50-60 | 255 45

More | More \/2—
than 60 |than 22.5|  w =21/0.63" +(421gaf

Tab. 2 Maximum allowed elevation devia-
tions of contour lines of topographic maps
in scale 1:10 000 (stereophotogrammetri-
caly measured)
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Fig. 5 Areas of decreased accuracy

method, which can be used in smaller forests,
is based on measuring contour lines at the top
of trees and reducing their average height.
Maximum allowed deviation in these areas cor-
respond to d,,,, from topographical mapping.

Following list shortly describes types of a-
reas where it is possible to expect an aggrava-
tion of DTM vertical accuracy:

a) Covered areas: vegetation (dense forests,
bushes, crops, grass, etc.). The problem is
how to interpret the bare Earth under vegeta-
tion.

b) Abrupt depth changes (slopes, valleys, ur-
banized areas).

¢) Depth discontinuities — places which are not
visible from both camera positions (steep
slopes, deep and narrow valleys, densely ur-
banized areas).

d) Areas with constant reflex value — missing
textures (snow, water areas, airports, etc.),
overexposed areas (such as a limestone mi-
ne in a forest). Only the boundary can be in-
terpreted. This shows problems when the
elevation or slope of the area is not constant.

¢) Combinations of above mentioned.

Figure 5 depicts reasons of aggravated ac-
curacy in each type of area. The aggravation
comes from the visibility angles from two posi-
tions of stereophotogrammetric camera (A and
B), from which photographs of the area of in-
terest has been shot:

Also season of data acquiring is important
for resultant DTM, because the vegetation

cover varies during the year. Better ortophoto
colors (dense and green vegetation cover) are
sometimes preferred, unfortunately for DTM
quality. Contrariwise, final user of DTM can
use the ortophoto as good source for predicting
of a), d) and partially b) and c) type of area
with decreased accuracy.

There can be two types of primary represen-
tation of DTM created by stereo measurement.
First type comes from analog stereophotogram-
metry and corresponds to the same representa-
tion what comes from topographical mapping.
In a case of digital measurement, the primary
representation is a set of irregularly distributed
3D points with added break lines, which can be
triangulated to TIN.

LIGHT DETECTION AND RANGING

Aerial LIght Detection And Ranging
(LIDAR) is a method which is similar to pho-
togrammetry, but active sensor is used. Princi-
ple of LIDAR is based on an active laser beam,
which is emitted by sensor to the ground,
where it is reflected back. The LIDAR sensor
records the time difference between the emis-
sion of the laser beam and the return of the re-
flected laser signal to the sensor. Unique attri-
bute of LIDAR is that many returned beams
can be recorded. Therefore both first and last
return can be acquired at once. Also all inter-
mediate returns are acquired and recorded. See
Figure 6 for schema of acquiring returns.

The data recorded from LIDAR is called
a point cloud''. Digital terrain model (DTM)
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Fig. 6 Principle of laser beam emitting and detecting (RAUCH 2006)

can be derived from point cloud by separating
last returns and applying specific filtration
methods to them. These methods filter out such
last returns which are not returns of bare Earth.
The principle of these filters is that a (smooth)
surface “ is interpolated through all of last re-
turns. Those returns, which are too far (a
threshold value is used) from the surface are
filtered (Fig. 7). There is a necessary assump-
tion, that majority of last returns represent bare
Earth".

Digital surface model (DSM) is constructed
from first returns. A filtration method can be
also used for erasing some errors and e.g.
birds, but usually nothing should be between
the sensor and DSM. See more about filtration
methods e.g. in DOLANSKY 2004.

See more about principles of LIDAR e.g. in
DOLANSKY 2004, NOAA 2006 or CSANYI
2006.

USACE 2002 describes vertical accuracy of
LIDAR data is 0.15 m and decreases by 0.1 m
every 1000 m above 2500 m flight height'.
The important aspect is that the vegetation
cover does not have as strong influence to ver-
tical precision. As long as at least an amount of
last returns is from the ground, the DTM can
be extracted using morphology filters. When
no last return is from the ground, the DTM
cannot be extracted. But the LIDAR ability “to
see” under the vegetation is much better than
stereophotogrammetry, because value of a re-
sultant pixel in stereophotogrammetry is an a-
verage of incident light intension and colour.
Contrariwise footprint of LIDAR beam has se-
veral values, depending on number of returns
(Fig. 6).

Horizontal resolution of a surface created
by LIDAR is 1/1000 of flight height, because
the laser light is emitted with an angle of
1 mrad. E.g. the footprint has a diameter of 1 m

"The point cloud, which covers the area of interest is irregular, because of different LIDAR scanner
constructions and because just one laser beam is emitted in a moment. See more about LIDAR

construction in DOLANSKY 2004 or RAUCH 2006
">The surface type varies depending on used software

This condition does not have to be true e.g. in forests. Last return in dense vegetation does not have to be
equal to DTM, in a case there is no visibility between the sensor and terrain. But this method has still bet-
ter results than stereophotogrammetry in these areas, because the sensor covers the area more densely and

from much more positions than photogrammetry

"“But under 2 500 m flight height it cannot be much better
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Fig. 7 Filtering points out of DTM

at a flight height of 1000 m (2.5 m resolution
for 2500 m flight height by analogy). More
about LIDAR accuracy is described in men-
tioned USACE 2002 or e.g. DIEDERSHAGEN
et al. 2004. Nowadays even systems with 0.5
mrad emitter angle have been developed, see
more e.g. RIEGL Laser Measurement Systems
(2008).

Mentioned vertical accuracy has been
proved for example by CSANYTI 2006. The re-
port describes a test of LIDAR accuracy, using
control points with known coordinates — spe-
cial “LIDAR targets” (measured by GPS with
horizontal precision 0.01 - 0.02 m and vertical
precision 0.02 - 0.03 m). The test consisted of
overlapping flights above test area measuring
LIDAR data including targets.

Described average height differences be-
tween known GPS coordinates and data measu-
red by LIDAR were 0.1 m (based on several
test flights). The maximum detected errors
were 0.2 m. “The test results have shown that
at a LiDAR point density of 5 pts / m*, 10 cm
horizontal accuracy and 2-3 cm vertical accu-
racy of the extracted road surface can be
achieved using the designed targets. To pro-
vide this high level of accuracy, a dense and
well-distributed network of targets is nee-
ded” (CSANYI 2006).

Primary representation of a DSM / DTM
derived form LIDAR data is a filtered cloud of
3D points, through which is possible to inter-
polate usually a TIN.

DTM SUITABILITY FOR
GEOMORPHOLOGIC ANALYSIS -
DISCUSSION AND CONCLUSION

Usual sources of DTM were topographic
maps in the past. The elevations displayed on
these maps were acquired by topographic map-
ping or analogue stereophotorammetry. The
DTM was consequently gathered from contour
lines and its primary digital representation is
thus composed of geometric primitives. Nowa-
days it is common to get the data directly from

. ¢ point out of DTM
* e ® point of DTM

.‘ - treshold
" interpolated surface

e |
_- —s—v + treshold

————

X axis
B

digital stereophotogrammetry, where TIN is
the primary representation. The possibility to
get the LIDAR data (cloud of points) is still
rare, even if it become common in the future.

Note: the other relatively new technology —
global positioning systems (GPS) — is not ad-
visable because of its impossibility to receive
the satellite signal in densely covered areas.
But it can take a place together with classic ter-
restrial geodesy (which gives us back on to-
pographic mapping).

It is important to know, what was the
method of DTM data acquisition, because,
these methods strongly influent accuracy and
quality of resultant DTM. Topographic map-
ping and stereophotogrammetry — two usual
sources — are usually less accurate in geomor-
phologicaly interesting areas (even if each by
other way) because steep slopes are common in
these areas and they are also usually covered
by vegetation. Control profiles or distinct point
measurement can be used for local DTM im-
provements. On the other hand, laser scanning
is still an expensive way to acquire a DTM.
Therefore above described characteristics of
DTM accuracy can be helpful for making deci-
sions of which DTM to use. Sometime the ab-
solute accuracy is not as much important as
a relative trend of relief in area of interest.
Therefore less accuracy but not as much expen-
sive DTM from e.g. topographic mapping can
be very helpful.

A summary of expectable accuracy of par-
ticular methods follows. Generally we can say
that we can expect accuracy (described by
maximum allowed elevation deviations) from
1,4 m to 11 m for topographically acquired
data and accuracy from 1,3 m to 4,5 m for
stereophotogrammetrically acquired data, whe-
re the best accuracy we can expect on flat un-
covered terrain, meanwhile the worst accuracy
is in covered areas with steep slopes. It implies
that it is not possible to describe all the data
with one accuracy number. Rather it is possible
to understand the accuracy as a function of
slope, vegetation cover and other residual ef-
fects.
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Better situation is in a case of LIDAR,
where the accuracy (described usually as
height differences between measured LIDAR
height and known GPS height) depends mostly
on flight height, but not so much on vegetation
cover and slope (but even in a case of LIDAR
data, the vegetation can have such a density,
then it is not possible to extract DTM ~ as de-
scribed above). The LIDAR independency on
vegetation cover and terrain slope causes that
the produced data have homogenous accuracy.
For the flight height 2 500 m and lower can be
reached vertical accuracy about 0.15 m and
horizontal 2 - 5 times worse.

The method of data acquisition determines
also the primary digital representation of sur-
face (geometric primitives, TIN or cloud of
points). The next problem is a data conversion
(usually interpolation) to raster — the represen-
tation usually used for DTM representation in
geomorphology. Each conversion/interpolation
method potentially aggravates the data accu-
racy. There can be found works (e.g. BONK
2003, FRANKE 1982, MITAS and MITA-
SOVA 1988, PACINA 2006 and many others),
whose describe both the precision and accuracy
of particular methods. But it is important to
distinguish between accuracy (difference be-
tween real terrain and interpolated surface) and
inner precision of a method (difference be-
tween primary digital representation and inter-
polated surface).

In the future digital elevation models com-
bined from different acquisition methods are
going to be used. New measurements do not
cover the Earth surface continuously but are
dependent of the importance of particular area.
Cities and surrounding areas, including traffic
infrastructure are now precisely measured by
different methods (mostly stereophotogram-
metry and LIDAR). These data can be after
combined into DTM of heterogeneous quality.
Well developed metadata would be necessary.
Also data consistency along boundaries of are-
as with more accurate DTM would be a prob-
lem. There can be used e.g. a modification of
boundary matching algorithm described in
JEDLICKA 2006, taking the boundary of more
precise model as a reference.

THE SITUATION IN THE CZECH
REPUBLIC

Over 80 % of the area of the Czech Repub-
lic was primarily covered by contour lines
from stereophotogrammetric measurement in
1957 — 1971. The rest 20 % was simultane-
ously mapped in topographic way. Resultant
measurements were graphically portrayed on
printing masters of Topographic map in scale
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1:10 000. Afterwards they were adopted into
Base map of the Czech Republic in scale
1:10 000. Portrayed contour lines were scanned
and vectorized in years 1994 — 2000. A result
of the vectorization was DTM of Fundamental
Base of Geographic Data (original acronym:
ZABAGED). Works on accuracy improve-
ments in neighborhood of terrain break lines of
DTM and in flood plains succeed in years
2005 — 2008. Mean elevation error smaller than
1 m in open (uncovered) terrain is expected as
the result.

First LIDAR measurement for purposes of
acquiring data for state surveying of DTM and
DSM in the Czech Republic was, realized as an
experiment in an area of 500 km?” in year 2006.
The flight height was 2750 m and average dis-
tance among points in a cloud was 2,4 m. Re-
sults are processed and will be evaluated du-
ring years 2007 - 2008. There is starting a com-
plete LIDAR measurement of Czech Republic
on autumn 2009.
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