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Abstract: –Topography is a crucial field of each settlement's characteristic and development. Factors
closely related to terrain conditions are: the rate of built-up, developed spatial structure, size and
location of green areas within settlement, natural and artificial water surfaces of the city and other
permeable land cover categories.To all of these complex urban-ecological assessment different remote
sensing materials, like aerial and satellite images with different resolution and accuracy and
laserscanned materials can be applied efficiently. Raw images can be distorted different degree due to
elevation differences. Before of photointerpretation to avoid distortions, the production of the
orthogonal projection done by using digital elevation model, so the accuracy of the obtained thematic
data is highly influenced by digital elevation models used for orthorectification. Digital terrain models
can be used further for GIS analysis; therefore the choice among the models produced by different
technology (field measurement, cartometrical methods, photogrammetric methods, aerial laser
scanning) is crucial.
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1.

ELEVATION AND SURFACE MODEL

Digital models can effectively supports to understand our broader world or specific
environment. Using them it become possible carrying out complex test during which we can
take into account several factors simultaneously. The main scene of human life and activity is
the earth’ surface therefore its topography and the resulting features effects are all our lives,
but almost all our activities react to our environment. This interaction apply exponentially to
the urban areas and their immediate vicinity, where everyday life and industry is concentrated.
The urban ecological studies’ important component is the elevation model. The characteristic,
spatial structure and possible feature development of the settlements are basically influenced
by the topography of the area, so it is very important to apply the proper model during the
urban ecological studies.
Each model is a simplified copy of reality, so it is not a perfect mapping, therefore terrain
models are the simplified versions of the real surface of the earth. While a man-made
structures’, artificial objects’ surfaces can be modeled mathematically relatively simply, but a
completely irregular physical surface can be modeled by approximated surfaces elements
only.
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Figure 1. Topographical map of Székesfehérvár draped on the elevation model
Thanks to the development of the recent decades today we have a number of wellfunctioning software and even purchasable digital elevation model available to environmental
studies. The hardest task is to find the most appropriate measurement technology, to ensure
the standards of accuracy, to produce the elevation model economically.
The bases of the elevation modeling are the measured discrete points of the ground
surface /X;Y;Z/, to determine by different measurement techniques can be used:
• field measurements (total station, GPS)
• stereophotogrammetic compilation (grid measurement, automatic matching)
• carthometry (digitalizing analog maps contour-lines and spot heights)
• laserscanning (Lidar)
• data mining from other sources
Based on the mass points we can generate models using mathematical methods,
(interpolation, approximation) using different model types (TIN, GRID) or a number of
options (grid size).
In this study we have examined the digital elevation models used in the project of the
accuracy point of view and partly in the context of how they can be used to support urban
ecological studies.
2.

ACCURACY OF DIGITAL ELEVATION MODELS (DEM)

We had a part of Iszka hills (near Székesfehérvár) digital elevation models from three sources.
These are:
• DEM-50 (source is 1:50 000 scale; Gauss-Krüger projection system, 1985-91.
topographic maps, resolution 10 x 10 m)
• DEM-10 (source FÖMI, 1:10 000 scale, resolution 5x5 m)
• DEM LIDAR resolution 1x1 m
Although in the project the elevation models have been used in urban environment, but it
seemed more rational to carry out the accuracy examination in an area where the buildings
does not interfere with the control measurements, because the elevation models are not
contain artificial objects. For this purpose Iszka hills nearly 6x4 km part offers ideal test area,
because there no artificial objects almost of all, the rate of woods covered areas are small and
2
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the terrains topography is diverse, nearly all terrain element can be found there, so model
creating can be examined for each of the surface forms. The comparison was made with
10x10 m grid. The source was a Lidar scanned points from 2008. The point’s density of the
original measurements used to edit the graphics maps is several ten meters. The models have
been created by digitizing the contour lines. The Lidar points measured directly from the
field, their point density is 6-8 point/m2, and the absolute horizontal accuracy is 0,5m, the
vertical accuracy is ±0,15m.

Figure 2. The elevation models of the test area: DEM-10 (based on EOTR 1:10 000 scale
map); DEM-50 (based on GK 1:50 000 scale map)

Figure3. Elevation models based on Lidar points last echo and first echo
We produced the difference models (Figure 4.) and calculated reliability indicators based
on the grid points.(Table 1.)

Figure 4. Difference models: Lidar – DEM-10; Lidar – DEM-50
The largest differences are next to the deep, ravine-like valleys and at the quarry, locating
in the test area. In the latter case the differences (40-50m) resulted from the recent years
mining, because of on the earlier created topographical maps and on the derived model the
quarry is not yet present, but on the more recent Lidar based model it is shown, so the points
located in the quarry area priori excluded from the statistical analysis. (Figure 5.)
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Figure 5. The quarry in the test area
We have also excluded from the study the points that have reached or exceeded the value
of the gross error.
Table 1. Reliability indicators based on the difference model grid points
Valid grid
points
(n)

The average
of the
differences
Σ(d)/n [m]

max./min.
differences
[m]

RMSE

model

Number of
investigated
grid points

DDM10

221361

218342

-0.24

21.22/-18.21

1.78

DDM50

221361

218342

-0.25

21.07/-20.05

2.51

Although the Lidar point based model is the most accurate, but also the most expensive.
For those tasks, where the accuracy requirements not too rigid, the analog map-based models
are useful and cheaper. The surface model generated from high resolution pointcloud of the
Lidar, the vertical reliability far superior to other models so it can be used for the urban ecoenvironment.
3.

APPLICATION OF DEM IN URBAN ECO-ENVIRONMENT

Sopron, Székesfehérvár and Szombathely have similar area and number of inhabitants, but are
located on different topographical characteristic territories. Sopron and Szombathely were
inhabited already in the Roman age, and Székesfehérvár was founded in the age of Géza,
Grand Prince of the Hungarians (X. century) and became in the following centuries the most
important settlement of the historical Hungary. These historical facts are still visible pattern
even nowadays on the structure of the settlements. Beside this the development of the urban
structure affected the topography of the area mostly. We were used high resolution remote
sensed data, aerial photos and satellite images for the urban eco-environment. For the image
processing first we had to eliminate the distortions of the image. We needed the elevation data
of the terrain. There are no large height differences in Székesfehérvár. The average difference
between the DEM and the terrain is 0.35 m based on the GPS control measurements. The
DEM contains only the terrain surface without objects, as the result of the ortorectification the
vertical walls of the buildings are visible sloped away from the nadir point. (Figure 7.a) The
reason is that the elevation data of the objects are not known. These orthophotos are not
suitable for image processing based on the spectral content. To correct these anomalies, if
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digital surface model (DSM) is used instead of DEM. This kind of digital model contains all
the natural and artificial objects of the surface, therefore the vegetation and the buildings, all
that reflected the laser beam. (Figure 6.)

Figure 6. Surface model based on Lidar point cloud; elevation ranges of the Lidar point cloud
in Székesfehérvár

Figure7. Orthophoto based on elevation model and true orthophoto based on surface model
(part of Székesfehérvár)
The true orthophoto (Figure 7. b) shows the objects at their actual orthogonal position.
Vertical walls will not appear on the image as a spectral noise, appear only as a few pixels,
which can be eliminated by a procedure of the image analysis. The horizontal accuracy of
orthophotos based on high-resolution Lidar surface model can be characterized by size of a
pixel or less. The surface model and the ortophoto together form a detailed, 3-dimensional
city model (without the image of facades). (Figure 8.)
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Figure 8. A part of Székesfehérvár orthophoto draped on a Lidar-based, 1x1 m grid size
surface model
The high precision DEM and DSM can be used for urban eco-environment as well.
Examining the surface models, it is proved that by knowing the exact elevation data the
quality of the remote sensed image processing significantly improved in geometrical sense
and in the reliability of image classification. Not just the intensity values found on the aerial
and the satellites images can be taken into account but also the elevation data when we
classifying elements into landcover categories. (Figure 9.) The green spaces with similar
spectral values can be separated based on elevation information. Likewise on the remote
sensed images the multi-storey houses and other surface coverings can be distinguished and
classified by height, which means urban ecologically important information.

Figure 9. Orthophoto (0,5m RGB), Lidar point cloud and cross-section based on combined
information
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SUMMARY
Beside the high-resolution orthophotos the high accuracy Lidar point based surface models
offer exceptional opportunities for the urban eco-environmental analyzing. The significantly
better vertical reliability of the points determined by Lidar technology and the high horizontal
resolution image, resulted sub-pixel orthopohoto accuracy. Taking advantage of the
orthophotos up to 30-10 cm resolution and the Lidar systems up to 1-10 point /m2 resolution,
combined their use the amount of acquired information can be multiplied.
The digital elevation models (DEM) and the digital surface models (DSM) are important parts
of municipality GIS. These models are used for orthorectification of aerial and satellite
images. The elevation data and the derived informations (like terrain slope and aspect) make
complex analysis possible. Some application:
• creation land slope charasteristics
• creation water flow charasteristics
• urban soil loss study
• terrain profiles between selected points
• rainwater drainage, design and modernization
• storm reservoirs design
• study for line of sight
• urban spatial structure evolution in the light of topographic features
• taking into account DEM and DSM in the making of urban plans
• terrain analyses in geomorphology and physical geography
The elevation models derived from analog maps can be utilized in the analysis of the
urban environment. They are much cheaper to produce than the models created using Lidar
technology. With the latter Lidar technology we can obtain multiple data because of the multilevel reflection (first echo - last echo, tree crown – ground level or full waweform), various
models can be produced. From the same point clouds we can derive multiple models using
different mathematical methods and parameters. It is relevant information in the urban
ecological studies the relative and absolute accuracy of the models, because we can select the
model which is the most appropriate.
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