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ABSTRACT: Digital elevation models (DEMs) are a basic component for any GIS; in addition they are 
required for the generation of the most often generated photogrammetric product, the orthoimages. With the 
digital elevation models from the Shuttle Radar Topography Mission (SRTM), covering the earth from 56° 
latitude south up to 60.25° north, height models with a spacing of 3 arcsec (~ 92m) are available free of 
charge. If such spacing is satisfying the requirements and if a standard deviation of the height in the range 
of 3m up to 8m can be accepted, no additional generation of DEMs is justified. Especially in undulated 
areas the point spacing of 3 arcsec often cannot be accepted, so another source of height information has to 
be used. Aerial images are not always accessible, but very high resolution space images can be used. Stereo 
pairs taken from different satellite orbits with not negligible time difference are causing problems in 
automatic image matching, but such a problem does not exist if images are taken by flexible satellites from 
the same orbit or with the stereo systems SPOT-5 HRS, Cartosat-1 and ALOS-PRISM. The good results 
reached with SPOT-5 HRS are under usual conditions only available as height models because the images 
of SPOT-5 HRS are not distributed. This is different for Cartosat-1 and ALOS-PRISM. 
The results achieved with automatic image matching of CORONA, ASTER, IKONOS, QuikBird, 
OrbView-3, Kompsat-1 as well as with SPOT HRS and Cartosat-1 are shown and compared with SRTM 
height models. SPOT HRS showed problems in forest areas; here with Cartosat-1 surprising good matching 
results have been achieved. An analysis of a SPOT HRS height model, bought as DEM, in the same forest 
area like Cartosat-1 showed a strange correspondence to the SRTM height model, while the Cartosat-1 
DEM was more realistic. The results also have been compared with reference DEMs. 
 

1 INTRODUCTION   

Digital elevation models (DEM) can be based on ground survey, aerial images, airborne laser scanning, space 
images and interferometric synthetic aperture radar (InSAR) from air and space. The ground survey is time 
consuming and economic only for very small areas. Stereoscopic aerial images are a standard method for the 
generation of height models like also in several countries airborne laser scanning. Both methods are precise 
and deliver detailed height models, but they are still expensive. For the generation of height models starting 
with a standard deviation of approximately 1m stereo pairs of space images can be used. The accuracy and the 
details are depending upon the imaging configuration and the ground sampling distance (GSD) as well as the 
time difference between the acquisitions of the images. InSAR from air has a typical accuracy of 0.5m, but it 
is economic only for very large areas. InSAR from space also depends upon the GSD and may have also some 
problems if it is not based on an interferometric constellation like the data acquisition during the SRTM 
project. The very high resolution will come in near future with the German Tandem-X configuration of 2 
TerraSAR-X satellites. 

By automatic image matching, as well as by InSAR based on the X- and the C-band digital surface models 
(DSM) are generated with the points on top of the vegetation and the buildings. If a DEM shall be generated, 
the DSM has to be filtered for points not located on the bare ground. This is only successful if enough points 
are located on the bare ground. 



 
2 HEIGHT MODELS FROM SHUTTLE RADAR TOPOGRAPHY MISSION (SRTM) 
 

In February 2000 in a space shuttle mission an interferometric SAR constellation was active for 13 days. In 
the cargo bay of the space shuttle a C-band- and an X-band active SAR antenna was used together with a 
passive C-band and an X-band antenna on a 60m long arm. Based on this constellation DSMs have been 
generated from 56° southern up to 60.25° northern latitude. The US SRTM C-band height information is free 
of charge available in the internet with 3arcsec point spacing, corresponding to 92m at the equator. With only 
small gaps, caused by steep mountains, dry sand desserts and water surfaces without waves, the C-band 
height model is covering the area completely. The German-Italian X-band has not used a scan-SAR mode, 
limiting the covered areas to a swath width 45km instead of 225km for the C-band. By this reason the X-band 
height model has large gaps (figure 1). On the other side the X-band data can be bought from the German 
DLR with 1 arcsec (31m at the equator) spacing. Only in the USA the C-band data are available with 1 arcsec 
spacing in the internet. 

 

 

Fig. 1: area covered by 
X-band SRTM height 
model 

X-band height model 
only in the red areas 

the C-band height 
models covers the same 
area without imaging 
gaps 

 

  
Fig. 2a: SRTM DSM with 3arcsec spacing Fig. 2b: SRTM DSM with 1arcsec spacing 

 

The difference of the morphologic details of a height model based on 1arcsec spacing (figure 2b) and 3arcsec 
spacing (figure 2a) is obvious. The spacing has nothing to do with the accuracy of the point heights available 
in the DSMs, only the shape of the surface can be described more in detail with a smaller spacing. A group of 
SRTM height models has been investigated (Passini, Jacobsen 2008) (table 1). The accuracy is quite different 
depending upon the area. The accuracy has to be expressed as function of the terrain inclination α: standard 
deviation of the height (SZ) = A * B*tan α, because of a very clear dependency upon the terrain inclination. 
In addition the accuracy in forest areas is not so good like in open areas caused by the influence of the 
vegetation. 



 
 RMSZ [m] bias [m] RMSZ  F(terrain inclination) 

[m] 
Arizona, open area (flat – smooth mountains) 3.9 1.3 2.9 + 22.5 ∗ tan α 
Williamsburg NJ, open area   (flat) 4.7 -3.2 4.7  + 2.4 ∗tan α 
Atlantic City NJ, open area    (flat) 4.7 -3.6 4.9 + 7.6 ∗  tan α 
Bavaria, open area                 (rolling) 4.6 -1.1 2.7  + 8.8 ∗ tan α 
Bavaria, open area    (steep mountain) 8.0 -2.4 4.4 + 33.4 ∗ tan α 
Zonguldak, open area   (rough mountain) 7.0 -4.4 5.9 + 5.6 ∗ tan α 
West-Virginia, forest          (mountainous) 11.6 -7.7 7.3 + 7.2 ∗ tan α 
Atlantic County, open area      (flat) 4.4 -3.4 4.4 
Pennsylvania, open area     (flat – rolling) 5.4 -0.2 5.3 + 9.4 ∗ tan α 
Pennsylvania, forest    (mountainous) 7.9 -4.3 7.0 + 6.4 ∗ tan α 
Philadelphia, city area, filtered   (flat) 3.2 -1.3 3.2 
Table 1: root mean square Z-discrepancies of SRTM C-band height models    [m] 
             α = terrain inclination 

 

3  DIGITAL ELEVATION MODELS BY AUTOMATIC IMAGE MATCHING OF OPTICAL SPACE 
IMAGES 

3.1 Optical Space Sensors 

For automatic image matching stereo models must be available. The stereo pair may come from the same 
orbit or from neighbored orbits. The classical stereo configuration from SPOT and later IRS-1C and -1D with 
inclined view to the side has the disadvantage of at least one day of difference in time of imaging. Caused by 
clouds the time interval may become larger and may cause problems for the automatic image matching by 
changes in the object space like different shadow length. This important disadvantage can be avoided with the 
flexible fast rotating satellites, able to image the same area on the ground from different locations of the same 
orbit. The rotation of the satellite view direction is causing a loss of imaging capacity, by this reason for some 
satellites it is not economic and the number of stereo pairs taken from the same orbit is limited. This problem 
does not exist for the stereo satellites. At first the German MOMS sensor used a combination of a forward, a 
nadir and a backward viewing camera to image the same ground area with different view directions from the 
same orbit. At least two view directions are available from ASTER, SPOT-5 HRS, Cartosat-1 and ALOS 
PRISM, allowing a stereoscopic coverage of large areas. 

 

Digital stereo satellites Analogue stereo satellites 

 GSD h/b  GSD h/b 

ASTER 15m 2.0 CORONA KH-4B ~2m 1.8 

SPOT-5 HRS 5m x 10m 1.2 TK-350 10m – 20m 1.0 

Cartosat-1 2.5m 1.44 KFA-1000 8m – 12m 8.3 

ALOS PRISM 2.5m 1.0 / 2.0 MK4 ~20m 4.1 

 Table 1: optical stereo satellites      h/b = height to base relation 

The film based stereo satellites are not any more active, but the height of the ground usually is not changing 
so much, so also the historic photos still may be used. A special function plays CORONA KH-4B, this system 
was active from 1962 up to 1972. The images can be ordered simply for a low price via internet and can be 
used for several application like for example archaeological surveys or change detection. The Russian TK-
350, KFA-1000 and MK-4 today are important. They are too expensive and the image quality is limited. 

The GSD and the height to base relation are the dominating factors for the DEM generation. The point 
spacing of the DEM should be in the range of 3 GSD. The automatic image matching usually is based on 
image sub-matrixes with the centre as point position. In the case of 3 GSD spacing, the overlapping of 



neighboured sub-matrixes can be tolerated and guarantees a limited correlation of neighboured points. The 
height to base relation is important for the accuracy. 

hSZ Spx
b

= •         (1) Standard deviation of point height SZ     h=height above ground    b = base 

                             Spx = standard deviation of the x-parallax  = factor ∗ GSD 

The stereo systems have a fixed height to base relation. The standard deviation of the x-parallax can be seen 
in relation to the GSD. The factor for the GSD is in the range of 0.2 up to 1.0. A simplified view to formula 1 
would propose a small value for the height to base relation for reaching a good height accuracy, but the 
experience shows, that a large angle of convergence causes problems with the accuracy of Spx. Spx can be 
determined more precise for a smaller angle of convergence or a larger value for the height to base relation. 
So the optimal height to base relation is depending upon the area – for open areas it may be 1.0, for city areas 
it may be 2.0 or even larger. 

 

Optical satellites Optical satellites 

 GSD  pan comment  GSD  pan comment 

SPOT-5 5m (2.5m) view to side QuickBird 0.61m flexible 

IRS-1C, 1D 5.8m usually to side OrbView-3 1m flexible 

Resourcesat 5.8m usually to side Formosat 2m flexible 

KOMPSAT-1 6.6m usually to side EROS-A1 1.8m flexible 

KOMPSAT-2 1m flexible EROS-B2 0.7m flexible 

IKONOS 1m (0.81m) flexible WorldView-1 0.5m (0.45m) flexible 

Table 2: optical satellites usable for DEM generation 

Images taken by satellites listed in table 2 can be used for the generation of height models. The more old 
satellites are viewing to the side because of missing flexibility to change the satellite orientation. SPOT is 
using a mirror for the change of the view direction across the orbit. The other satellites with the remark 
“usually to side”, can rotate the whole satellite, but the rotation is not fast enough for getting a stereo model 
from the same orbit. The newer satellites are equipped with reaction wheels or even control moment gyros, 
allowing a fast and precise change of the satellite orientation and even a continuous change during imaging. 

 

3.2 Automatic Image Matching 

The task of image matching is the identification of corresponding points in both images of a stereo pair. The 
matching can be area based, using sub-matrixes of grey values, or feature based, using corresponding 
positions from feature extraction algorithm (points, edges, patches). Feature based matching may be used for 
very high resolution space images in city areas to get more accurate positions of buildings. In open areas area 
based matching methods have to be used to get a complete coverage of the whole area with height points. The 
problem of approximate positions of corresponding image points may be solved with different methods like 
image pyramids, seed points, combination of feature and area based matching. The use of existing image 
orientation may reduce the search for corresponding points to epipolar lines. 

The following own matching results are based on least squares matching with region growing by the 
Hannover program DPLX / DPCOR. The area based, least squares matching transforms a sub-matrix to the 
corresponding sub-matrix by affine transformation, improving the grey values by shift and a linear function of 
x’ and y’. This guarantees also in inclined areas good results, where a simple image correlation has some 
limitations. The region growing starts with a pair of corresponding points and grows from this to all sides. By 
this method no orientation values are required for the support of the matching and the program can use any 
image geometry. 

 



3.3 Filtering DSM to DEM 

By automatic image matching, as well as with InSAR based on the short wavelength C-band and X-band, 
digital surface models are generated with height values of the visible surface. In most cases no DSM is 
requested, but a DEM with the height of the bare ground. A successful filtering is only possible if at least few 
points are located on the bare ground, so in a closed forest area no filtering method is successful. A simple 
filtering, even a median filter, may not lead to the correct results if more points are located on the vegetation 
than on the ground. Here a more advanced method is required like the Hannover program RASCOR (Passini 
et al 2002). 

 

3.4 Experiences 

With the exception of the panoramic CORONA KH-4B photos, the DEM generation with space photos is not 
any more important. The relative standard deviation of a height model based on CORONA KH-4B photos is 
reaching up to 2m (Schneider et al 2001). With TK350 photos poor results have been achieved in forest areas, 
but also in open areas the matching was heavily disturbed by scratches (Büyüksalih et al 2003). 

Terra ASTER takes the stereo model by a nadir and a backward view within a minute. The height to base 
relation of 2.0 simplifies the automatic image matching. The negligible time delay of imaging both scenes 
enables also an automatic image matching in forest areas supported by the spectral range from 0.76µm up to 
0.86µm. In this near infrared range vegetation shows a very good contrast. A height model generated in the 
area of Zonguldak, Turkey shows only few gaps at locations of small clouds, lakes and steep slopes with 
forest in the shadow. The 15m GSD limits the standard deviation in the difficult mountainous area to RMSZ = 
21.7m + 14.4m●tanα (Büyüksalih et al 2003, Jacobsen 2004).  

In the mountainous test area Zonguldak the same SPOT-5 stereo model is available as level 1A and as level 
1B image. No significant difference in accuracy of the image orientation, with the generation of height 
models and with the general handling of the stereo model could be seen (table 3), so the use of level 1A or 
level 1B images just should respect side aspects like available software or the use of sub-scenes which is a 
little more easy with level 1B-images.  

 

 

  

 

Fig. 3a: matched points of SPOT 5-
model Zonguldak        matched 
points = white     

          upper left: Black Sea    

Fig. 3b: quality map of image matching 
with SPOT-5       grey value 51 = 
correlation coefficient 0.6  
 grey value 255 = correlation coefficient 
1.0 

Fig. 3c: histogram of 
SPOT 5 image 
Zonguldak 
upper: whole image        
lower: forest 

SPOT-5 has a spectral range from 0.48µm up to 0.70µm wavelength; that means, only the very first part of 
infrared is included, causing for forest areas a very narrow distribution of grey values in the grey value 
histogram (figure 3c, lower part). By this reason in forest areas gaps of matching cannot be avoided (figure 
3a). In addition the correlation coefficients in the forest areas are not optimal. The dark parts in figure 3b, 
showing the parts with lower correlation coefficients, are nearly identical to the forest areas (Büyüksalih et al 
2004). 



 
SPOT 5  
level 1A 

RMSZ  
[m] 

Bias  
[m] 

RMSZ – bias 
F(slope) 

SPOT 5  
level 1B 

RMSZ  
[m] 

Bias  
[m] 

RMSZ – bias 
F(slope) 

All points 13.5 7.1 9.3 + 5.7*tan α All points 13.2 7.2 9.5 + 3.9*tan α 
Open areas 11.9 5.4  8.4 + 6.3*tan α Open areas 11.6 5.4 8.6 + 4.3*tan α 
Forest 15.0 9.2  9.8 + 5.3*tan α Forest 14.9 9.4 10.0 +3.3*tan α 

Table 3: root mean square height differences of SPOT-5 level 1A and level 1B height models against 
reference height model from map 1:25000 based on the same original image 

 

The SPOT-5 HRS (high resolution stereo) is an autonomous imaging system on SPOT 5. It has been 
designed especially for the generation of digital elevation models. The combination of a forward and a 
backward view allows a stereoscopic imaging with a height to base relation of 1.2 with just 90 seconds time 
interval. Some images, which are usually not accessible and used only by SPOT Image for the generation of 
DEMs, have been made available for the SPOT HRS study team. The HRS sensor has the same spectral range 
like the main instrument of SPOT-5. This causes some problems in forest areas - gaps in forest areas cannot 
be avoided with this sensor. After filtering for elements not belonging to the bare ground a standard deviation 
of the height of  RMSZ = 4.2 + 1.6 x tanα for open and rolling areas has been reached, while in steep 
mountainous parts the accuracy is reduced to 4.8 + 26.1 x tanα (Jacobsen 2004).  

For the area of Istiranca, Turkey (figure 7) a HRS-height model has been bought. This area is dominated by 
mountainous forest. In spite of the forest the bought HRS height model did not show any gaps, but a 
comparison with the SRTM height model showed in the forest area more or less no difference, while in the 
vicinity of Istanbul there was a root mean square difference of 4.6m between the HRS and the SRTM height 
models. Against a height model from the map 1 : 5000 in the Istanbul vicinity a root mean square difference 
of 6.0m and in the flat parts 5.14m exist. In the Istiranca area the root mean square height differences between 
the HRS-height model and a DSM based on Cartosat-1 reaches 6.68m. The only explanation for the strange 
behavior of the HRS height model is that in the forest area the HRS-height model has been completed by 
SRTM height information (Büyüksalih, Jacobsen 2008). 

With a KOMPSAT-1 stereo pair in the Zonguldak area a height model has been generated with similar 
limitations like with SPOT-5, caused by the nearly identical spectral range from 0.51µm to 0.73µm. The 
reached accuracy in the open area of RMSZ = 13.0m + 10.9m * tanα corresponds to a standard deviation of 
the x-parallax of 0.9 GSD. 

IKONOS is able to generate a stereo model in the same orbit by changing the view direction from forward to 
backward view. With images not taken from the same orbit the automatic image matching may have 
problems. In the area of Zonguldak with a stereo combination taken in July and October, only 33% of the 
possible points could be matched, mainly caused by quite different length of shadow. This was quite different 
for stereo models from the same scene. The spectral range of the panchromatic band is extended from 
0.526µm to 0.929µm, including the near infrared, leading to good contrast also in forest areas. 

With an IKONOS stereo pair, having just a height to base relation of  7.5, very good building details have 
been achieved by automatic image matching (figure 4). A check of the building height showed a standard 
deviation of 1.7m. For the height to base relation of 7.6 this corresponds to a standard deviation of the x-
parallax of 0.22 GSD. Such a result is not possible for a larger angle of convergence or smaller values h/b. 

Usually IKONOS stereo pairs from the same orbit have a h/b of 1.6, corresponding to 35° convergence angle. 
This is good for open areas, for city areas it causes some problems with occlusions. A matching in Rio de 
Janeiro vicinity did not allow the separation of individual small buildings, the DSM (figure 5, right) mainly 
shows the building rows. In this area there is only a very limited space between neighboured buildings, in 
most cases there are no gaps. The overview of the matched points (figure 5 left) shows that the extreme steep 
mountains, covered by tropical forest, could not be matched, but this was expected. 

 



  

Figure 4: sub-image of IKONOS, 3D-view to DSM generated with IKONOS stereo pair by automatic image 
matching; buildings in left part of DSM shown as IKONOS sub-image on left hand side 

 

 
Fig. 5: automatic image matching with IKONOS stereo pair – left: white = matched points 
           right: 3D view to a detail including a settlement with small buildings 

 

The automatic image matching with QuickBird images shows a very similar behavior like IKONOS. The 
reached standard deviation of the x-parallax of 0.8 GSD is typical for height models. A height model has 
never the accuracy like well defined check points because the matching also has to be made in areas with 
limited contrast. 

 

  

Fig. 6: left and centre: high building shown in OrbView-3 stereo model; right: dark = matched points in 
OrbView-stereo model – upper left = Black Sea 

 



The difficulties in matching high buildings in OrbView-3 images with a height to base relation of 1.4 can be 
seen in figure 6. In the left figure the south facade can be seen, in the centre image the north facade, mainly in 
shadow, can be seen. The sub-matrixes including the building do not fit together. Dominated by problems of 
the quite different view direction together with mountain shadows, large gaps of the point clouds exist (figure 
6 right). Only a standard deviation of the x-parallax of 3.1 GSD has been reached (table 5). This is a typical 
problem of very high resolution images; with lower resolution the influence of the quite different view 
direction is not as large (Jacobsen 2006a). 
 
 area RMSZ 

[m] 
Bias 
[m] 

SZ as F(α) 
[m] 

SZ as F(α) without 
bias  [m] 

Open 9,46 -4,54 6,86 + 11.0∗tan α 5,40 + 12,1∗tan α DSM without filtering 
Forest 12,31 -5,82 8,56 + 14.4∗tan α 6,75 + 15.2∗tan α 
Open 8,54 -3,18 5,13 + 15.6∗tan α 4,37 + 15.7∗tan α Filtered for points not 

belonging to bare ground forest 12,35 -5,22 8,41 + 15.7∗tan α 7,10 + 15.8∗tan α 
Table 4: comparison of OrbView-3-height model with reference DEM    [m]        α = terrain inclination 

Very good results of automatic image matching have been achieved with Cartosat-1 stereo pairs. The 
spectral range from 0.50 up to 0.85µm, including near infrared, leads to good contrast also in forest regions 
(figure 7). Gaps in matching are only caused by clouds and areas without any object contrast. Within the 
frame of the ISPRS-ISRO Cartosat-1 Scientific Assessment Programme, Cartosat-1 stereo pairs have been 
evaluated (table 5). The standard deviation of the x-parallax for open and flat terrain after filtering for 
elements not belonging to the bare ground is in the range from 0.66 up to 0.9 GSD. This is an excellent result 
for automatic image matching. The analysis of the generated height model against the reference height model 
includes matching in areas with not optimal results and the influence of interpolation. This usually leads to 
root mean square discrepancies between the height models larger by a factor of 2 against the analysis of a 
height model in relation to check points (table 6). 
  SZ 

[m] 
bias 
[m] 

           SZ   [m]       
as  F(inclination) 

open areas 4.02 -0.51 3.91 + 1.64∗tan α Mausanne January 
open areas filtered 3.30 0.48 3.17 + 3.14∗tan α 
open areas 4.13 -1.16 3.96 + 3.06∗tan α Mausanne February 
open areas filtered 3.39 -0.58 3.22 + 1.97∗tan α 
open areas 3.23 -0.54 3.16 + 1.19∗tan α Warsaw 
open areas filtered 2.43 0.44 2.39 + 8.80∗tan α 

Table 5: accuracy of Cartosat-1 height models checked by precise reference DEMs (Jacobsen 2006b) 

 

 

Fig. 7: area Istiranca, Turkey; left: Virtual Earth image of mountainous forest area; centre: matched points 
(white) overlaid to image – gaps mainly caused by clouds; right: quality image grey value corresponds to the 
correlation coefficient r=1.0 = grey value 255 (white) r=0.5 = grey value 123 (grey) 



 

 
 
Sensor GSD 

[m] 
height 
/ base 

area RMSZ 
[m] 

RMSZ  F(slope) 
[m] 

RMSpx 
[pixels] 
flat area 

open 23.3 20.0+23.9*tanα 0.8 
forest 51.3 49.0+11.4*tanα 1.9 

TK 350 
Zonguldak 

(10 
/13) 

2.0 

check points 6.6 4.7 + 2.2*tan α 0.2 
open 25.0 21.7+14.5*tanα 0.8 
forest 31.2 27.9+18.5*tanα 1.1 

ASTER 
Zonguldak 

15 1.7 

check points 12.7  0.5 
open 13.6 11.3+11.5∗tanα 0.9 KOMPSAT-1 

Zonguldak 
6.6 2.0 

forest 14.7 14.1+12.1∗tanα 1.1 
open 11.9 8.4 + 6.3*tan α 0.8 
forest 15.0 9.8 + 5.3*tan α 1.1 

SPOT 5 
Zonguldak 

5 1.85 

check points 3.8 3.5 + 0.9*tan α 0.4 
open 6.7 6.4 + 4.9*tan α 1.1 SPOT 5 HRS 

Bavaria 
5 ∗ 10 1.2 

forest 17.0 16.4+ 2.2*tan α 2.7 
open 4.4 4.2 + 1.6*tan α 0.7 SPOT 5 HRS filtered 

Bavaria 
5 ∗ 10 1.2 

forest 12.3 10.0 + 6.9*tanα 1.7 
IKONOS  Maras 1 7.5 open 1.7 same orbit 0.2 
IKONOS  Zonguldak 1 3.8 open 5.8 Δt = 3 month 1.5 
QuickBird  Arizona 0.62 9.1 open 4.8 Δt = 10 days 0.8 
OrbView-3 Zonguld. 1 1.4 open 8.5 4.4 + 15.7∗tanα 3.1 
Cartosat-1  Warsaw 2.5 1.4 open filtered 2.4 2.39 + 8.8∗tanα 0.7 
Table 5: overview - accuracy of DEMs based on different space images 
 

4  CONCLUSION 
 

Digital height models have been generated by automatic image matching of optical space images. Optimal 
results have been achieved with stereo pairs from the same orbit, but acceptable height values can be achieved 
with differences in time not exceeding 10 days too much. With time intervals of 2 month in most cases the 
results could not be accepted. For the automatic matching in forest areas a spectral band including the near 
infrared is important. With images just covering the visible spectral range, the grey value distribution in forest 
areas was poor, causing large gaps in the resulting point cloud. 

The automatic image matching of very high resolution space images with larger angle of convergence – 
smaller value for the height to base relation – is more difficult in city areas with high buildings. Here the 
results with a smaller angle of convergence may have advantages because of reduced occlusions and more 
similar sub-matrixes used for matching.  

The root mean square differences of a height model against a reference DEM is usually larger by the factor 2 
against a check of a height model in relation to well defined check points. 

Matched height models are DSMs, showing the height of the visible surface. A filtering is required for getting 
a DEM, but this is only successful in open and build-up areas where enough points of the bare ground are 
available. 

The morphologic details are dominated by the spacing of the points in the height models. 

The accuracy and point spacing of the generated height models justify a generation of height models based on 
optical space images in relation to the free of charge available SRTM height models. Nevertheless for several 
applications the SRTM height models can be used. 
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