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ABSTRACT: The South Korean optical satellite KOMPSAT-1 is not well known in spite of its high
potential. With a ground sampling distance of 6.6 m for nadir images the resolution is sufficient for
the generation of topographic maps up to the scale 1:50 000. Like SPOT and IRS-1C/D the view
direction can be changed across the orbit direction leading to stereo models with images taken from
neighboured orbits.
It has been shown that the given view direction was not accurate enough, requiring a full image
orientation based on control points, but this was leading to satisfying results. By automatic image
matching digital height models have been generated with an accuracy corresponding to a standard
deviation of the x-parallax of approximately one pixel, that means the same quality as with other
space images if the ground pixel size and the height to base relation will be taken into account. The
object identification corresponds to the pixel size, so the mapping is limited to the information
contents of a map 1 : 50 000.
1

INTRODUCTION

In December 1999 KOMPSAT 1 has been launched by South Korea. The 510 kg satellite has a
linear CCD-camera with 2592 CCD-elements, each with a size of 10.08 ∗ 10.08 µm. With the focal
length of 1.046 m the ground sampling distance (GSD) for nadir view is 6.6 m, leading to 17 km
swath width. The panchromatic image is available with 8 bit grey values. The view direction from
the sun-synchronous orbit with 685 km flying height can be changed +/–45° in the direction across
the orbit.
A stereo pair of KOMPSAT 1 images has been analysed in the Zonguldak test area. The nadir
angles of nominal 16.8° and –5° were leading after improvement by adjustment to a height to base
relation of 2.0. After orientation and automatic image matching a digital elevation model (DEM)
has been generated.
2

SCENE ORIENTATION

141 control points for the scene orientation have been digitized from a topographic map 1 : 25 000.
The bundle orientation has been done with the Hannover program for adjustment of satellite line
scanner images. It is based on the given view directions and the general satellite orbit. Respecting
the movement within the orbit and the earth rotation the given view direction can be improved as
well as the orbit parameters. In general the adjustment is handled in a tangential coordinate system
to avoid the influence of the map projection and the earth curvature.
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Figure 1. KOMPSAT 1, launch: December 1999, 510 kg, 2592 pixels, GSD 6.6 m, swath width 17 km,
panchromatic camera 0.51 µm–0.73 µm wavelength view direction +/– 45° across orbit sun-synchronous
orbit, inclination 98.3°, flying height 685 km.

The given orientation information was not precise enough, so all orientation values had to be
adjusted. As root mean square (RMS) of the discrepancies at the control points RMSX = 8.84 m,
RMSY = 7.57 m and RMSZ = 16.19 m have been achieved. This corresponds to a standard
deviation of 1.2 GSD for the horizontal component and also 1.2 GSD for the x-parallax leading
with the height to base relation of 2.0 to the vertical accuracy of 16.19 m. The accuracy in the scene
of 1.2 GSD is not optimal in relation to the accuracy reached with other sensors leading to 0.4 up
to 1.0 GSD, but the main influence is coming from the control point accuracy itself. The topographic
map 1:25000 has a limited accuracy and the identification of the corresponding points in the scenes
was not easy. The control points have been measured independently in the left and the right scene.
An intersection with the adjusted orientations and the scene coordinates of the control points is
leading to a RMS y-parallax of 8.29 m what is nearly identical to the average accuracy of the
horizontal component. Because of the high number of control points the orientation accuracy is
quite better, this can be seen at the RMS y-parallax of points determined by automatic image
matching for DEM generation (next chapter) of +/–3.49 m or 0.5 GSD. That means, the accuracy
potential of KOMPSAT 1 scenes is in this range of 0.5 GSD and the larger discrepancies at the

Figure 2. Distribution of control points in both KOMPSAT 1 scenes.
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control points can be explained by the control point identification and the accuracy of the topographic
map 1 : 25 000 used for getting the control point ground coordinates.
The residuals at the control points do not show any systematic effect (Figure 3). The covariance
analysis – the correlation of the control point residuals as function of the distance between the
control points – is not indicating any dependency. This also shows the dominating effect of the
random control point errors to the scene orientation.
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Z-vector
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Figure 3. Bundle orientation of KOMPSAT 1-scene Zonguldak, discrepancies at 141 control points.

3

DIGITAL ELEVATION MODEL

The KOMPSAT 1 scenes of the Zonguldak test area have been taken at September 29th, 2004 and
October 10th, 2004. The time difference of just 11 days has not caused obvious radiometric differences,
so no problems had to be expected for the generation of a digital elevation model (DEM) by
automatic image matching. The matching has been made with the Hannover program DPCOR
using least squares technique – the most precise method of matching, especially in the mountainous
area of Zonguldak. As acceptance limit for the automatic matching, the correlation value of 0.6 has
been used based on previous extensive experience. As a sub-window for matching 10 ∗ 10 pixels
have been used. This size is a compromise between the rough terrain in the Zonguldak area and the
required image details for matching. It was attempted to match every third pixel to avoid an
unnecessary high correlation of neighboured points, but to get also the possible terrain details. So
the generated height model has a spacing of 20 m.
Figure 4 shows the frequency distribution of the correlation coefficients (r). 91.2% of the
matched points do have a correlation coefficient exceeding 0.60 with the majority of 72.9% exceeding
the value 0.80. The distribution of the correlation coefficients in the model is displayed in the
quality map (Figure 5). It shows the correlation coefficients as grey values. No matching was
possible on the water surface of the Black Sea and some lakes, but also in forest parts located in
mountain shadows.
Figure 6 shows on the left hand side two forest areas located in mountain shadows und in the
upper centre the corresponding histogram of grey values – such a grey value range is not sufficient
for matching. On the other side the build up areas do have optimal contrast and a good frequency
distribution of the grey values. The limited contrast in the forest is typical for the panchromatic
sensor working in the spectral range of 0.51 µm–0.73 µm wavelength, this is also well known from
other sensors like SPOT and IRS.
The generated height model has been compared with a reference DEM from the topographic
map 1 : 25 000 having an accuracy of approximately 6 m. Before analysis with the Hannover
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Figure 4. Frequency distribution of correlation coefficients, 72.9% > correlation coefficient 0.80;
91.2% > correlation coefficient 0.60; 8.8% < correlation coefficient 0.60.

Figure 5. Quality map of image matching correlation coefficient = r
grey value 255: r = 1.0; grey value 51: r = 0.6.
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Figure 6. Typical areas for failed matching and for optimal values.
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program DEMANAL the height models have been checked for horizontal shift of one against the
other. A comparison of a profile through the reference DEM and the KOMPSAT height model
(Figure 7) demonstrates 2 problems: at first there is a horizontal shift between both and on the left
hand side there is also a clear difference of 30 m in the height. The horizontal shift is caused by the
datum shift between the Turkish datum and the international terrestrial reference frame (ITRF)
which was respected for the KOMPSAT height model, but not the reference DEM. The Hannover
program DEMSHIFT adjusted a shift in X of 80 m and in Y of 187 m. The height difference on the
left hand side is caused by a forest. By automatic image matching not the height of the bare ground,
but at the visible surface – a digital surface model (DSM) – is generated. By this reason the analysis
of the height model was done separately for the forest areas and the open areas (not forest). Figure
8 shows the used forest layer.
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Figure 7. Height profile through reference DEM (red, left) and KOMPSAT 1 – DEM (blue, right).

Figure 8. Forest layer white = open area black = forest + water surface.

If the influence of the vegetation and buildings is below the standard deviation of generated
height model, the objects not belonging to the bare ground can be filtered out if at least some points
of the bare ground are available. Some tests with the Hannover program RASCOR for DSMfiltering have not been successful because of the not negligible standard deviation of the height
values. So the achieved height model has been analysed without filtering.
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The accuracy of a DEM is in general not the same in the whole area. The forest has a direct
influence to the computed height and the lower contrast of panchromatic images in forest areas is
reducing the correlation coefficient. In addition the accuracy is depending upon the terrain inclination.
A horizontal displacement is causing a difference of the displacement multiplied with the tangent
of the terrain inclination, but the horizontal shift has been taken out by the general DEM shift. The
matching of inclined regions is not leading to the same accuracy like in flat areas. Program
DEMANAL is analysing the dependency of the vertical accuracy from the terrain inclination
(Figure 9). The linear dependency of RMSZ from the tangent of the terrain inclination is a very
good approximation of the situation. The larger differences of the individual RMS values for the
higher inclination groups shown in Figure 9 on the right hand side are caused by the smaller
number of values for larger terrain inclination.
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Figure 9. RMSZ as function of terrain inclination.

The frequency distribution (Figure 10) of the Z-discrepancies in the open area is not too far
away from a normal distribution. A bias in the range of 2 m may be caused by the influence of the
vegetation and buildings. The frequency distribution of the forest shows more values with negative
sign. In the case of negative discrepancies the KOMPSAT 1 DEM is located above the reference
DEM, so this can be explained by the influence of the forest. The x-parallax accuracy of 0.9 GSD
for open and flat areas is a usual value for optical images. This value is larger if DEMs are
compared like for the comparison of a DEM with check points, because check points are located
in undisturbed flat areas and do have a good contrast. So against check points usually RMS xparallaxes in the range of 0.5 GSD are reached.
The morphologic quality of the KOMPSAT 1 DEM is on the same level as for the reference
DEM (Figure 11). The sampling width of 20 m is better than for the Shuttle Radar Topographic
Mission (SRTM) DEM (see also Büyüksalih, Jacobsen 2005).
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Figure 10. (a) Frequency distribution of Z-discrepancies in open areas. (b) Frequency distribution of Zdiscrepancies in forest.

(a)

(b)

Figure 11. (a) Contour lines based on KOMPSAT 1 DEM. (b) Reference DEM from map 1 : 25 000.

4

MAPPING

The mapping potential is depending upon the effective GSD which must not be identical with the
nominal value caused by the actual atmospheric condition, but also the sensor quality. The test of
the effective resolution by an edge analysis confirmed the nominal GSD.
By the rule of thumb a GSD of 0.1 mm in the map scale is required to allow the extraction of
the required information contents for the generation of a topographic map. This corresponds to a
map scale of 1 : 66 000. This rule of thumb is not very sharp, including also a tolerance range. In
addition the possible map scale is depending upon the usual contents different from country to
country and the object itself. The mapping is simpler for straight and wide roads like for curved and
small roads. Figure 6 shows on the right hand side a part of a KOMPSAT 1 scene in the city area
of Zonguldak. Because of the dense building rows and the streets located in the shadow, this area
is difficult for mapping and even with the 1 m GSD of IKONOS the correct location of roads could
not be seen not in every case. Only the sequences of buildings are indicating the streets and it is
difficult to decide on which side of the building rows the street is located (see also Topan et al
2005). The individual houses can be seen, but they are too small for an individual mapping. In
general the information contents correspond approximately to the map scale 1 : 50 000.
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5

CONCLUSION

The potential of KOMPSAT 1 images can be compared with other sensors having similar GSD. The
scene orientation in the area of Zonguldak was limited by the control point definition and accuracy.
The y-parallaxes in the available stereo model based on automatic matched points indicate the
internal sensor accuracy in the range of 0.5 GSD. An improvement of the a priori sensor attitudes
was required.
Only forest areas located in mountain shadows had problems with automatic image matching
because of the camera spectral range. It is similar with other panchromatic space sensors. The
reached accuracy of the generated DEM corresponds to a parallax standard deviation for open and
flat areas of 0.9 GSD what is on the same level as for other optical space sensors. With a DEM
spacing of 20 m more morphologic details can be seen than in the SRTM height model, justifying
the DEM generation based on KOMPSAT 1 images.
The image quality and ground resolution allows the generation of topographic maps in the scale
1 : 50 000.
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