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Abstract By Interferometric Synthectic Aperture
Radar (InSAR), during the Shuttle Radar Topography
Mission (SRTM) height models have been generated,
covering the earth surface from 56° south to 60.25°
north. With the exception of small gaps in steep parts,
dry sand deserts and water surfaces, the free available
US C-band data cover the earth surface from 56°
south to 60.25° north completely while the X-band
data, distributed by the DLR (German Aerospace
Center), cover it only partially. The C-band and Xband radar cannot penetrate the vegetation because
of the short wavelength. Therefore, the height
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models are not Digital Elevation Models (DEM)
representing bare Earth surface without any details,
they are Digital Surface Models (DSM) representing
the visible surface including vegetation and
buildings. In the area of Zonguldak, Turkey, C-band
and X-band DSMs are available and have been
analysed in cooperation between Zonguldak
Karaelmas University (ZKU) and Leibniz University
of Hannover. The digitized contour lines from the
1:25,000 scale topographic maps and also a more
precise height model derived directly from large scale
photogrammetric mapping are used as reference
height models.
The terrain inclination influences the accuracy
strongly, but also the directions of the inclination in
relation to the radar view direction, the aspects, are
important. Independent from the aspects, the analysed
results do have root mean square differences against
the reference data fitting very well to the Koppe
formula SZ=a+b*tan α. The analyses are made
separately for open and forest areas, with clear
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accuracy differences between both. Also, the analysis
of X-band separately for three sub-areas is done and
the positive effect of double observation to the
accuracy has been clearly determined. The C-band
data are only available with a spacing of 3 arcsec,
corresponding to 92m × 70m, while the X-band data
do have a spacing of 1 arcsec. This is important for
the interpolation in the mountainous test area. The
accuracy of the height points is approximately the
same for the C- and the X-band data. But the C-band
data which have three times larger spacing than Xband data, do not include the same morphological
information. While C-band data contain very
generalised contour lines X-band data have quite
more details depending on 1 arcsec point spacing.
The differential DEMs have been generated,
separately, for displaying the differences between
SRTM height models and reference DEMs of the test
field.

Introduction
Digital elevation models (DEMs) are the basic
components of any geographic information system
(GIS) and engineering projects. There are four major
requirements on DEMs, they must be available, they
must have the required accuracy, they must have the
required resolution and they should not have gaps
in important areas (Büyüksalih and Jacobsen, 2004).
The terrain cannot only be described by the
horizontal components; the height completes
information. In addition to this, height models are
required for the generation of orthoimages – one of
the most often used photogrammetric product. DEMs
can be generated by laser scanning, photogrammetric
methods or interferometric synthetic aperture radar
(InSAR). In any case it is time consuming and
expensive. Before 2000, the best elevation models,
showing a global coverage, were provided in a 1-km
raster size with varying quality. They are available
as GLOBE (The Global Land 1-km Base Elevation
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Project), GTOPO30 (Global Topography in 30 sec),
and DTED-0 (Digital Terrain Elevation Data-0)
products. Regionally, of course, better DEMs exist
(Kocak et al., 2005). The Shuttle Radar Topography
Mission (SRTM) that took place in February of 2000
compensated the lack of the accessible highresolution world-wide DEM. A spaceborn SAR
generates a radar backscatter map by scanning the
Earth’s surface (Schreirer, 1993) and based on InSAR
height models have been generated covering the
world from 56° southern up to 60.25° northern
latitude by SRTM. The DEMs based on the US Cband are referred to mean sea level (MSL) as
approximated by the WGS84 EGM96, processed by
NASA-JPL (Roth, 2001) and available free of charge
in the internet (URL-1, 2008) with a spacing of
3arcsec, corresponding to approximately 92m at the
equator. The data with a spacing of arcsec (~30m at
the equator) is also in the WEB, only for the USA.
The DSMs based on the German / Italian X-band are
WGS84 and can be ordered from the DLR Germany
with a spacing of 1 arcsec (Sefercik and Jacobsen,
2006).

Methodology
In the area of Zonguldak, Turkey, C-band and also
X-band height models are tested. The following way
is applied in the test process. At first, SRTM height
models and high quality reference DEMs of the test
field were shifted; by this way the horizontal and
vertical shifts were eliminated. After shift process,
the accuracies of SRTM height models for open and
forest areas were analyzed, separately. In that case,
the X-band height model was tested separately for
three sub-areas for determining the effect of double
observation from ascending and descending orbits,
so the higher accuracy in the sub-area including
double observation can be clearly detected.
Furthermore, the influence of interpolation to the
accuracy and the effect of point spacing on
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morphological detail extraction are examined in the
paper. Besides, the differential DEMs were generated
separately, for displaying the differences between
SRTM height models and reference DEMs of the test
field.

Study area and Data
The study area Zonguldak is located in north-west
part of Turkey. It has rough and mountainous
topography that the elevations reach 1646m and the
average terrain inclination is 23%. These topographic
characteristics have a big influence on the accuracy
of the DSMs. Figure 1 shows the high resolution (1m)
OrbView-3 image of the study area. The mountainous
topography is obvious.
At the upper side of the image, the city centre and
the harbour, in the lower part, the reservoir of the
city are shown and the arrows point the highest
terrain.

Fig. 2 3D colour version of study area Red: Highest
terrain, Green: Sea level (Sefercik, 2006).

highest terrain of the study area). The frequency
distri-bution of terrain inclination can be seen in Fig. 3.
Reference DEM 1- from topographic map 1:25000
(DEM25000)
This reference DEM of the study area Zonguldak was
produced from scanned contour lines of 1:25,000
scale topographic maps. It is named in the paper as
DEM25000. It has 40m grid spacing and 6-8m
horizontal accuracy. This DEM is shown in Fig. 4.
Reference DEM 2- from large scale photogrammetric
mapping (DEM2005)

Fig. 1 The OrbView-3 space image of study area.

The three dimension topography can also be seen
in colour coded version in Fig. 2 (blue colour
represents flat areas and the red colour represents the

This reference DEM of the test field Zonguldak
was produced in 2005 based on a photogrammetric
flight project of the Zonguldak Municipality. It is
named in the paper as DEM2005. It has 10m grid
spacing. This DEM is shown in Fig. 5.
When the reference digital elevation models of the
study area were compared, it was obvious that the
reference digital elevation model generated in 2005
by large scale photogrammetry has better accuracy.
It is 4-6m more accurate than the digital elevation
model based on contour lines of 1:25,000 scale
topographic maps.
SRTM C-band DSM
The InSAR system of SRTM used two different
wavelengths. The US American C-band operates with
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Fig. 3 Frequency distribution of terrain inclination.

Fig. 4 DEM25000.

Fig. 5 DEM2005.
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a wavelength of λ = 5.6 cm, the wavelenght of
German/Italian X-band system was 3 cm (Heipke
et al., 2002). The US C-band has capability for
ScanSAR mode. In this mode, the antenna beam is
electronically steered towards different elevation
angles in a repeated stepwise fashion. Thus, four
narrow but overlapping sub-swath were imaged
quasi simultaneously to form a 225 km wide swath
(Bamler, 1999) (Fig. 6).
With C-band, 119.51 million km2 were imaged
corresponding to 99.97% of the study area. The 8.6

Fig. 6 Swath width SRTM C-band and X-band.

Fig. 7 SRTM C-band DSM of the study area.
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Terabytes of C-band data were recorded on 208 high
density digital data tapes and stored on the shuttle
(Sefercik, 2006). Figure 7 shows the SRTM C-band
DSM of the study area.
The problems about the lack of a global DEM
have been solved, by the availability of SRTM Cband DSMs for large parts of the world for several
applications. But the accuracy for large scale
applications and the worldwide resolution of three
arc seconds, corresponding to 92m at the equator, are
not sufficient (Büyüksalih and Jacobsen, 2004).
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SRTM X-band DSM
DLR developed the SRTM X-SAR processing
system, based on experience from the 1994 SIR-C/
X-SAR mission and ERS tandem interferometric
processing (Kocak et al., 2005). The X-band, has no
capability for ScanSAR mode and is limited to a
swath width of 45 km (see Fig. 6). The X-band data
hereby do have large gaps between the strips. The
X-band has the advantage that, its relative vertical
accuracy by theory is higher than for the C-band;
depending on the shorter wavelength. The X-band
data can be bought from the DLR with a point
spacing of 1 arcsec, corresponding to 31m at the
equator.
The X-band has 52° incidence angle. In the
coverage, there are gaps between the swaths which
become smaller by growing latitude (Sefercik, 2006).
Figure 8 shows the SRTM X-band DSM of the test
field.
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program system BLUH (Bundle Block Adjustment
Leibniz University of Hannover), developed by Dr.
Karsten Jacobsen, Institute of Photogrammetry and
Geoinformation (IPI), University of Hannover,
Germany. Table 1 shows the programs have been
used in the study.
The SRTM DSMs in binary format have been
converted into XYZ ASCII grid format by DIGDEM
and then transformed to national, geographic or
geocentric coordinates with program BLTRA, in
order to achieve the DEM in the national coordinate
system.
Shifting of DEMs
First of all, DEM shifting have to be made, in the
application of this study since if two different DEMs
would be analyzed according to each other, they
should be superimposed which means that their
coordinate systems should be compatible and they

Fig. 8 SRTM X-band DSM of the study area.

Results and discussion
Used programs
Several programs were used in order to assess the
accuracy of digital elevation models derived from
SRTM for the study area. With the exception of LISA
(Linder, 2002), these programs are components of

must be fully overlapped. Because this reason,
program DEMSHIFT was used for eliminating
horizontal and vertical shifts.
In program DEMSHIFT, one DEM is selected as
a reference and it must be available as ASCII-file in
raster arrangement (equal point spacing); anyway it
may have some data gaps. If the reference DEM is
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Table 1 Used programs and their functions (Sefercik, 2006)
Programs

Function

BLCON

Conversion of Ground Coordinates Window Function, Reduction to Equal Distributed Points,
change of spacing

BLTRA

Transformation of national net, geographic and geocentric Coordinates or Image Orientation

DEMANAL

Analysis of DEM against a reference DEM

DEMINT

Computation of Z-value for points with given X and Y by interpolation of a raster-digital
elevation model

DEMSHIFT

Shift of a DEM to another in X, Y, Z and Scaling in Z

DIGDEM

Conversion binary to ASCII DEM

LISA

Interpolation and visualization of a DEM

MANI

Manipulation of Object Coordinates, Image Orientations, IMU-data and Pixel Addresses

RASCOR

Analysis, Correction and Plot of a DEM

ZANAL

Analysis of a DEM

ZPROF

Plot profiles

not available in raster form, it can be generated with
suitable programs, for example by LISA-BASIC
(Linder, 2002). The DEM, which shall be shifted and
scaled, has to be in ASCII-form, it may have a
random point distribution, but it may also be
available in ASCII-raster form with a different
spacing like the reference. The points are interpolated
in the reference file for analysis by bilinear
interpolation (Jacobsen, 2001).

If large RMSZ values are achieved with
DEMSHIFT, this indicates large shifts of the height
model with a size, outside the convergence radius.
In this case, a pre-correction of the height model with
program MANI (Jacobsen, 2001) is possible. The
values for pre-correction can be achieved by a visual
inspection of the height models like shown in Fig. 9.
For example a point located in a river junction can

Fig. 9 Selection of points for pre-correction with program MANI.
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be measured in both DEMs and the difference in
location can be used as a pre-correction.
The reference DEMs, SRTM C-band and X-band
DSMs of the study area were shifted separately to
the same data base – see Table 2. Different numbers
of iterations are required depending upon the terrain
inclination and 11 iterations were completed and as
maximal accepted DZ – Maximal Z-difference
between both files which shall be accepted. This
value should not be too small to avoid the use of still
important points. The Z-difference before shifting is
important – 50.00m was selected. The radius of
convergence for the shift adjustment was exceeded,
because of large shift values (Jacobsen, 2001). At
first an approximate shift, like described above, had
been used, by this reason. At first, shift values are
approximately 50m and pre-corrected with program
MANI (Jacobsen, 2001). After this, the final shift was
adjusted by DEMSHIFT.
In Table 2, it can be seen that the height
discrepancies against the DEM2005 become smaller

than against the DEM25000, after shifting SRTM Cband and X-band DSMs.
DEM Accuracy analysis
The shifted SRTM X-band height model against the
reference height models is checked separately for
open and forest areas with program DEMANAL
(Jacobsen, 2001). For DEMANAL, the maximal
accepted DZ was selected with 50m, the maximal
accepted tangent of terrain inclination was selected
with 2.00 and 2 is chosen as number of iterations.
Shift and vertical scale were respected in the second
iteration. These settings were made depending upon
the characteristic of the test field. A classification
layer was used with the grey value 0 for the open
areas and 255 for the forest areas. Eight different
analyses are performed, separately. For example;
SRTM X-band DSM against DEM2005 for open
areas (without forest) (Table 3).
The output image of the analyses and the
frequency distribution of DZ in the iterations can be

Table 2 Shifts of the DEMs after initial shift with MANI
Reference
DEM

Input
DEM

Original
RMSZ

Manual shift before
start of DEMSHIFT
X

Y

RMSZ
after manual
shift

Shift by
DEMSHIFT
X

Y

RMSZ

DEM25000

c-band

33.5

0

0

——

-75.7

-110.5

11.1

DEM25000

x-band

27.3

0

0

——

50.7

197.1

10.7

DEM2005

c-band

53.1

130.7

1549.8

6.1

-0.1

-0.2

6.1

DEM2005

x-band

26.4

-4.4

1852.8

6.7

-3.5

-3.3

6.6

Table 3 SRTM X-band DSM against DEM2005 for open areas (α = slope)
Reference DEM

X-band
1st iteration
SZ=A+B*tan(α)

2nd iteration
SZ=A+B*tan(α)

open area
(belonging area)

DEM2005 open areas

4.6+10.6*tan(α)

4.0+7.9*tan(α)

74.8%
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seen in Figs. 10 and 11. Figure 12 shows the RMSE
of DSM against reference DEM for selected areas
as a function of the terrain inclination direction
(aspects) in DEMANAL.

The X-band DSM depends strictly upon the
aspects (Fig. 12). The maximal values correspond to
the view direction (arrow in Fig. 12). For the average
terrain inclination, the largest RMSE is in the terrain

Fig. 10 X-band DSM against DEM 2005 for open areas
Light grey: open areas, dark grey: forest, black: no data,
white spots: excluded points.

Fig. 11 Frequency distribution of DZ in the first
iteration of DEMANAL SRTM X-band against DEM2005
for open areas.

Centre: accuracy for horizontal parts
Both following blue lines: mean value
independent upon size of terrain
inclination – circle = average
Following red line: accuracy for average
terrain inclination
Outer line: factor for multiplying with
tangent of slope

Fig. 12 RMSE of X-band DSM against DEM 2005 for open areas as a function of the terrain inclination direction
(aspects).
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inclination ascending to the view direction and the
smallest values are in the descending direction. For
the C-band data in the Zonguldak area, the accuracy
is not depending upon the aspects (Sefercik and
Jacobsen, 2006). The accuracy results of 8 different
analyses can be seen at Table 4.
The followings can be mentioned as summary of
Table 4:

Analysis of SRTM X-band independently for 3 subareas
The accuracy assessment of SRTM X-band DSM
was also tested separately in three sub-areas,
separated with the window function of program
BLCON (Jacobsen, 2001) belonging to program
system BLUH. The sub-area 1 (Fig. 13) has been

Table 4 Results of analysis with program DEMANAL for SRTM X-band and C-band DSMs (SZ) (α = slope)
Reference DEM

X-band
1st iteration
SZ=A+B* tan(α)

2nd iteration
SZ=A+B* tan(α)

C-band
1st iteration
SZ=A+B* tan(α)

2nd iteration
SZ=A+B* tan(α)

DEM2005 open area

4.6+10.6*tan(α)
74.8%

4.0+7.9* tan(α)
74.8%

5.9+5.7* tan(α)
77.0%

4.4+6.7* tan(α)
77.0%

DEM2005 Forest

5.7+13.1* tan(α)
25.2%

4.5+10.8* tan(α)
25.2%

6.3+6.5* tan(α)
23.0%

5.7+2.6* tan(α)
23.0%

DEM25000 open area

10.4+9.0* tan(α)
55.6%

9.7+8.0* tan(α)
55.6%

8.4+6.0* tan(α)
56.7%

7.8+5.9* tan(α)
56.7%

DEM25000 forest

13.3+8.9* tan(α)
44.4%

11.2+8.2* tan(α)
44.4%

10.7+7.1* tan(α)
43.3%

8.8+6.1* tan(α)
43.3%

z

z

z

SRTM X-band height model for open and flat
area has 4.0m up to 4.5m root mean square
differences against the DEM2005; this is
better than the SRTM C-band DSM with
4.3m up to 5.9m. Also in forest areas, the Xband gives better results than the C-band.
Factors of multiplication by tan (slope) values
are smaller on the SRTM C-band DSM
because of average of different view
directions.
The root mean square discrepancies against
the DEM25000 are quite larger, indicating
accuracy of the DEM25000 in the range of
6–8m, including also the effect of the
interpolation over 40m spacing for the
DEM25000 against 10m spacing for the
DEM2005. The spacing effect on the
bilinear interpolation can be seen at the
results of program ZANAL (Jacobsen, 2001)
(see Table 7).

taken by the SRTM from the descending orbit, subarea 2 from the ascending orbit and sub-area 3 from
ascending and descending orbits, both. So it is
possible to mention that, the sub-area 3 is based on
the mean results of 2 observations, indicating a
higher accuracy shown also by the height error map
– an estimation of the height accuracy – that belongs
to the SRTM-X-band data set (Fig. 14). The three
parts of SRTM X-band DSM are shown in Fig. 13.
The upper circle is the harbour of Zonguldak.
There is a mirror effect because of flat water surface,
so no energy returns to the antenna causing inexact
height values. Other circles are corresponding to the
steep areas.
It can be easily seen that; the results of the mean
values of the ascending and descending orbits (subarea 3) are better than the values just based on a
single observation (sub-area 2) in relation to the more
precise reference DEM2005. It can be also noticed
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reference DEM25000, in general. Also the
dependency on the slope (Table 5) in sub-area 3 is
smaller because of the double observation.
Influence of interpolation

Fig. 13
2006).

Sub-areas of SRTM X-band DSM (Sefercik,

Fig. 14 SRTM X-band height error map (HEM) (colour
coded) (DLR).

that in relation to the inexact reference DEM25000
– here the sub-area 1 shows better results for the flat
areas, but not for the inclined parts. The different
terrain characteristics may cause this, in sub-area 1
and it is hidden behind the lower accuracy of the

The preceding results are supporting the
discrepancies of the original DEM-points, which
have been compared with the reference height
models. In DEMANAL, the height value,
corresponding to the point location in the file which
shall be analyzed, was computed by bilinear
interpolation of the grided reference DEM. Under
operational conditions, the SRTM-height models
have to be interpolated for achieving the height
values at the required positions, as well. The
interpolation always causes a loss of accuracy
depending upon the spacing and the terrain
roughness. The accuracy loss of the interpolation, of
course, should be larger for the C-band DSM, which
has an original spacing of 3arcsec than for the Xband DSM having only a spacing of 1 arcsec.
Thence, height models with constant spacing have
been generated with interpolation in triangles in
program LISA. This is based on the original data
shifted to the height reference with program
DEMSHIFT. The interpolated height models with a
spacing of 15m for the X-band DSM and 40m for
the C-band DSM are analyzed again, to get some
information about the loss of accuracy caused by
interpolation.
The followings can be mentioned as summary of
Table 6:
z
The influence of the interpolation can be seen
by comparison of Tables 4 and 6.
z
Especially the C-band data is strongly
influenced by the interpolation because of
92m point spacing. Interpolation is made as
point by point and C-band has large spacing
between points.
z
The X-band data is not so much influenced
by the interpolation because of the smaller
point spacing of 30m.
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Table 5 Results of the separate analysis of the sub-areas - SRTM X-band DSM Upper line: 1st iteration, lower line: 2nd
iteration of program DEMANAL (α = slope)
Reference DEM
Sub area 1
SZ=A+B*tan(α)
DEM2005 open area

———

DEM2005 forest

———

DEM25000 open area
DEM25000 forest

X-band
Sub area 2
SZ=A+B* tan(α)

Sub area 3
SZ=A+B* tan(α)

5.4+12.3* tan(α)

4.7+6.9* tan(α)

5.0+9.3* tan(α)

4.1+6.0* tan(α)

7.3+14.7* tan(α)

5.6+8.9* tan(α)

5.5+13.1* tan(α)

5.1+6.5* tan(α)

7.4+15.8* tan(α)

10.5+8.8* tan(α)

7.9+10.7* tan(α)

7.1+16.0* tan(α)

9.8+7.8* tan(α)

7.5+9.2* tan(α)

9.1+11.3* tan(α)

12.9+10.2* tan(α)

11.6+7.9* tan(α)

9.1+10.7* tan(α)

10.4+9.6* tan(α)

10.6+7.4* tan(α)

Table 6 Accuracy of interpolated X-band DSM and C-band DSM (against DEM2005) and relation to the accuracy of
the not interpolated height points (see also Table 4) (α = slope)
Reference
DEM

DSM

1st iteration

RMSZ

RMSZ
without
bias

Relation of
accuracy – for
flat areas

Relation of
RMSZ

DEM2005 open areas

X-band

5.6+14.1*tan(α)

9.3

8.2

(5.6/4.6)1.2

(9.3/7.4)1.2

DEM2005 forest

X-band

6.8+15.6*tan(α)

11.1

9.7

(6.8/5.7)1.2

(11.1/9.3)1.2

DEM2005 open areas

C-band

10.6+16.9*tan(α)

14.7

13.7

(10.6/5.9)1.8

(14.7/7.4)2.0

DEM2005 forest

C-band

12.2+16.1*tan(α)

16.3

15.5

(12.2/6.3)1.9

(16.3/8.2)2.0

The loss of accuracy as a result of interpolation
can be analyzed with program ZANAL (Fig. 15). It
allows the interpolation over a multiplication of the
spacing and a comparison of the interpolated value
against the corresponding original height value.
An estimation of the loss of accuracy as a result
of interpolation is possible, based on the hypothesis

Fig. 15 Analysis of influence of interpolation by ZANAL
as example of interpolation over the double spacing.

Table 7 Bilinear interpolation results of DEM2005 in
ZANAL (windows 2*2)
Window

RMS

linear mean

1/1

1.29

.91

½

1.34

.81

2/1

1.46

1.05

2/2

1.40

1.00

that the loss of accuracy is depending upon the square
of the spacing.
In ZANAL, the DEM can be divided into
windows. The number of windows were selected as
2*2, 4*4, 6*6 etc. (Fig. 16).
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Fig. 16 DEM2005 with 2*2 windows in ZANAL.

Fig. 18 Contour-lines of Zonguldak city based on SRTM
C-band DSM.

Fig. 17 Centre of Zonguldak from SRTM C-band DSM.

Fig. 19 Contour-lines of Zonguldak city based on SRTM
X-band DSM.

Morphology
Morphological details of a DEM were checked by
the shape of contour lines. In the centre of Zonguldak
test field, the morphological analysis was made with
different point spacing SRTM C and X band DSMs.
Figure 17 shows the part of city centre of Zonguldak
test field. Figure 18 shows the contour-lines of
Zonguldak city center based on SRTM C-band DSM
and Fig. 19 shows the contour-lines of Zonguldak city
based on SRTM X-band DSM and the effect of the

point spacing can be seen, obviously. The SRTM Cband DSM, having a spacing of 3 arcsec, does not
include the same amount of morphological details
like the SRTM X-band DSM, having 1 arcsec spacing
(Fig. 18).
Differantial DEMs
Differences of digital elevation models can be
generated by program LISA (Linder, 2002). Figures
20 and 21 show the colour coded differential DEM
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of the SRTM C-band DSM, adjacent to the reference
DEM2005 generated by LISA and grey coded
differential DEM generated by DEMANAL using
maximal accepted DZ 30m for better visualization
with scale effect. The structure of Zonguldak’s terrain
is very rough and some areas were not optimal in
differential DEMs, because of large point spacing of
SRTM C-band DSM. These areas can be seen
with light colour in Fig. 20 and with dark colour in
Fig. 21.

Fig. 20 Differential DEM between SRTM C-band DSM
and DEM2005 (by LISA).

Fig. 21 Differential DEM between SRTM C-band DSM
and DEM2005 (by DEMANAL).
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In the Fig. 21, forest areas and very steep areas
are darker (= larger discrepancies). Brighter parts
(=smaller discrepancies) are located in the flat areas.
Figure 23 shows the histogram of the differences
computed by DEMANAL.
The differential DEM of SRTM X-band DSM
against DEM2005 shows more details because of 1
arcsec point spacing.

Fig. 22 Differential DEM between SRTM X-band DSM
and DEM2005 (by DEMANAL).

Fig. 23 Histogram of height differences.
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Conclusion
The analysed SRTM X-band and C-band DSMs in
the area of Zonguldak do have accuracy similar to
each other on not so mountainous areas. In general,
the accuracy is expressed as a function of terrain
inclination and it is not same for forest and open
areas. The height discrepancies against the reference
height models are not exactly normal distributed;
some remaining effects of buildings and vegetation
can be seen at the frequency distribution of the
differences. Thus for open areas, the accuracy will
be better without influence of vegetation and
buildings. The X-band DSM shows the accuracy,
depending upon the aspects, however for the C-band
data; the same thing cannot be mentioned, because
the averaging of the height models are based on
different orbits.
The height points of the C-band and the X-band
DSM are in the same accuracy range. Improvement
of the quality is possible by means of control areas,
allowing the determination of the bias. The difference
in spacing by the interpolation can be seen in the very
mountainous area of Zonguldak. This causes a loss
of accuracy as a result of the factor of 2.0 for the Cband data. The smaller spacing of the X-band data
is only leading to a loss of accuracy by interpolation
in the range of 20%. In not so mountainous areas the
loss of accuracy by interpolation will be significantly
smaller. By the examination of X-band separately
for 3 sub-areas, the positive effect of double
observation from ascending and descending orbit is
clearly determined and also the dependency on the
slope in sub-area which has double observation is
smaller. The influence of point spacing in
morphologic detail extraction is obvious and X-band
is better than C-band with 1 arc second point spacing.
Generally speaking, both SRTM height models can
be used for several applications. They do have the
advantage of being homogenous in all covered
areas.
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