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1. ABSTRACT

The today available very high resolution space images do have a resolution which is partidly in compstition to
aerid images. For mapping, the geometric potentid and aso the information contents are important as well asthe
required information about the imaging Stuation. Because of the fast cregtion, ortho images are becoming more
and more important, but they do require digita elevation modds (DEM). DEM’s can be created by automatic
image matching based on the space images if they are available in a stereoscopic arrangement. Not al imaging
systems do dlow a stereoscopic coverage, but the situation will be improved in the near future by systems like
Cartosat and ALOS. Also today by ADEQOS a generdly stereoscopic coverage with 15m resolution is given. In
addition a the end of this year a world wide DEM created by Interferometric Synthetic Aperture Radar
(INSAR) with the SRTM mission will be avalable. The derived evation modeds do represent the visua surface
and not the bare ground, so they have to be filtered by an intelligent method identifying the points not located on
the ground.

The mathematical modd of the different high resolution space sensors will be described. This includes dso the
handling of rectifications of the IKONOS images available as CARTERRA Geo and the Digital Globe QuickBird
Standard Imagery. The geometry of these images can be reconstructed without use of the rationd functions
available from Spacelmaging and Digita Globe for additional expenses. It can be based on the information about
the view direction available as “nomind collection devation and azimuth” in the metadata. With control pointsin
different height levels it can be introduced aso as unknown. The achieved accuracies have to be seen in relation
to the information contents, which is usudly limiting the maxima scde of maps, which can be created, based on
gpace images. Under optima conditions the horizontal coordinates can be determined with sub-pixel accuracy.
This requires very good point identification, which is not available for usud topographic objects. So the usud

accuracy of topographic objects is more in the range of 1 pixel or even more worse if the object cannot be
identified so well.

The experiences with the generation of DEM’s from gpace images by automatic image matching will be shown
together with the possibilities, but aso limitations of intelligent filtering. The achieved accuracy is depending upon
the pixd dze, the base to height relation, the contrast and dope of the area, but dso the time interva between
imaging both scenes. Under optimal conditions with IKONOS-images with a base to height rdation of 1: 7.5
and atime intervd of just 12 sec for imaging, an accuracy of the x-paralax of 0.25 pixels has been reached. An
andysis of the DEM generation by the X-band of the SRTM mission will beincluded.

The information contents of maps based on high resolution space images, sarting from the Russian space photos
over SPOT, IRS-1C up to IKONOS-imageswill be shown. Thereisavery cear dependency of the information
contents to the image resolution. Color is improving the object identification like also a stereoscopic view. Findly
the image quality and contrast is important. Haze is reducing the accuracy of interpretation. As rule of thumb



goproximately 0.1mm pixd sze in the map scde is required. Beside the listed facts improving this, it is aso
important how many details shdl be included in the map and wha a sructure the object does have. In urban
areas much more details have to be identified like in rurd areas. Also the Structure of the cities and fields do play
arole— it ismore easy to generate maps in planned areas like in unplanned not homogenous.

2. SENSORS

The firgt high resolution sensors used in space have been photographic sensors. The taken photos are now not
any more classfied and are available for civilian use. Only Russais till operating photographic sensors. The very
high ground resolution has just recently reached and surpassed by the civilian avaladle high resolution digitd
sensors like IKONOS and QuickBird, but they are not corresponding to the information contents of the large
areas covered by the photographic sensors. The photos do have the disadvantage of not very actud information,
but for some purposes they are ill useful.

Sensor f imagedze | flyinghaght | covered area | ground resolution|  height-base-
[mm] [mm] [km] [km] [Pixd] relaion
CORONA 610 56- 762 187 ~17- 130 2m 1,85
KH-4B
Metric 305 230- 230 250 189- 189 18 3,2
Camera
Large 305 460- 230 270 196- 392 7 1,6
Format
Camera
MK4 300 180- 180 220 /350 132/ 210 10- 15 4,2
TK -350 350 300- 450 220/ 350 200- 300 10-15 1,8
310- 470
KFA-1000 1000 300- 300 220/ 66- 66 / 25-5 8,2
350 105- 105
KFA-3000 3000 300- 300 220/ 22:22/ 1-25 no
350 35- 35 stereo
KVR-1000 1000 180- 800 220/ 40- 180/ 1-25 no
350 60- 280 stereo

Table 1: technicd data of high resolution space film cameras

The former US spy satellites CORONA up to verson 6 have been used from 1960 up to 1972. The
approximately 860000 images are released now and copies can be bought from the EROS Data Center for a
smal amount (http://edc.usgs.gov/products/satellite/coronahtml). The most often used camera was the
CORONA KH-4B with a convergence angle between the 2 cameras of 30°, which makes them aso today
usable for the generation of digita elevation modes (DEM).
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USSR, continued by Russia, has a series of photographic cameras, which are ill in use. SojuzKarta and some
redler digribute the images. Important is the KOMETA mission including a combination of the TK350 with the
very high resolution panoramic camera KVR-1000. The TK350 covers awide range stereoscopically while 90%
of the swath with is imaged by the KVR-1000 (see figure 1). KV R-1000-images can be ordered as film copies,
but also digitized with aground pixd sze of 2m.

The geometry of the panoramic cameras CORONA and KVR-1000 is not perspective because of the scanning
from one dde to the other, but it is not too far awvay from the perspective relation. So in a first step, the images
can be projected to atangentid plane (formula 1).

X : .
y'=1- tan(y/ f) x'=T- f-f+y-y Formula 1: panoramic correction
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Figure 2: above: imaging of agrid in object space
left: principle of panoramic imaging

After the panoramic correction according to formula 1, it is necessary to respect aso the influence of the
movement of the projection center during scanning a scene. The dynamic effect to the scene can be seen infigure
2. The scanning speed in relation to the movement of the projection center is not known or not known accurate
enough. In the Hannover program system for bundle block adjustment BLUH it will be determined as additiona
parameter based on few control points.

The information contents of photos can be expressed with the film resolution in line pairs / mm. This has to be
transformed into pixel Sze on the ground, based on the smple, but redigtic relation of 2 pixels corresponding to 1
line pair and respecting aso the image scale. For example a KV R-1000-image with 60lp/mm corresponds to
120 pixel/mm or a pixel 9ze in the film of 8.3um. This multiplied with an image scale of 220 000 (flying height
220km) leads to a pixd sze on the ground of 1.8m.

More actud images can be achieved with digita images directly or with a short delay broadcasted from the
satellite to the ground station. The permanent imaging digita systems do have a quite higher capedity like the film-
based systems. Nevertheless, the existing space photos may be for some applications an economic solution.

The operationd mapping based on space images sarted for civilian applications in1986 with SPOT 1. The pixd
gze on the ground of 10m for panchromatic images was not sufficient for the claimed mapping scale 1 : 50 000,
by this reason SPOT was mainly used for specid applications. A request for a higher resolution existed, but it
took up to 1995 when IRS-1C was launched. Only the short time MOMS-D2-misson could ddliver before a
amdler pixd size on the ground. These systems are including the capability of stereoscopic mapping. SPOT and
IRS-1C /1D can view across the orbit, so atime delay in viewing to the same area from another orbit cannot be
avoided. Especidly in Europe, the high percentage of cloud coverage makes the acquidtion of stereo modds
difficult. A longer time period between both images of a stereo scene may cause problems with the stereoscopic
impresson if the vegetation is changing. So in one example no gereo view was possible with an image
combination taken in June and August when in Germany the grain is changing its color from green to yellow. Such



a problem can be avoided with a camera combination, which for digita civilian sysems was firdly used by
MOMS, with viewing in the orbit direction forward and backward, cregting stereo models with only few seconds
time interval. This combination has been accepted as sandard combination for the new sensors without fast
change of the viewing direction like ASTER, Cartosat and ALOS.

company or launch number of mode ground pixel | swath viewing viewing height
institution / pixels size (nadir) inorbit | acrossorbit | [km]
country (nadir) [km] direction | direction
[m]
SPOT SPOT Image | 19861990 | 6000 pan pan 10 pan 60 - up to 822
1,24 France 1998 3000 ms 3/4 20 multisp +/- 27°
multisp.
SPOT5 | SPOT Image | May 2002 | 12000 pan pan 5(3) 60 - up to 822
France 6000 ms ms 10 +/- 27°
HRS-camera pan 5 orbit 60 +20°,-20°
12 000 10 across -
MOMS DLR 1993 D2 | 9000 /6000 3 pan 45/135 37/78 | +/-21.4° - 295
Germany 1996 2P 4 multisp. (6)/18 100 + nadir 390
IRS1C ISRO 1995 3*4096 pan pan 5,8 pan 70 pan +/- 26° - 817
IRS1D India 1997 4 multisp. 235ms 140 ms
ADEOS NASDA 1996 upto | 10 000 pan pan 8 pan 80 -- up to 800
Japan 1997 5000ms | 5multisp. 16 ms +/- 40°
TERRA -| USA /Japan | June 1998 VNIR ms 15VNIR 61 nadir + - 705
ASTER 4100x4200 27.2°
CBERS | Brazil / China| Oct. 99 5600 CCD 20 113 - up to 778
1,2 + 2002 4 multisp. +/-32°
Landsat 7 NASA April 99 1 ETM+ 15 185 nedir - 705
USA pan
16 7 multisp 30
60 TIR
Ikonos 2 | SpaceImaging 13816 pan 0.82 11.3 up to up to 680
EOSAT,USA | Sept. 99 4 multisp. 3.2 +/-45° +/-45°
3454 11bit
KOMP- KARI Jan. 2000 pan 6.6 17 - +/-45° 685
SAT1 South Korea
Resurs Sovinform ? 28300 pan 0.95 28,3 ? ? 350
DK1 Sputnik
EROS ImageSat Dec. 2000 7000 pan 18 12.6 up to up to 480
Al Internat. N.V. +/-50° +/-50°
Cyprus/ Israel
Quick Earth Watch October 27000 pan 0.61 17 up to up to 450
Bird 2 USA 2001 4 multisp. 17 +/-30° +/-30°
6700 11 bit 244

Table 2: technicd data of high resolution digita Space cameras

Thewdl-stuated SPOT program was supplemented in May 2002 by the higher resolution SPOT 5 with 5m pixe
gze for panchromatic and 10m for multispectrd. The both identicd HRG-cameras can be operate together to
generate a larger swath. Also the “Supermode’ with 2.5m pixel sSze is possible - it is based on staggered CCD-
lines (50% overlay of neighbored pixels), that means the nomina 2.5m ground pixel Size, corresponding to an
information contents of 3m pixd sze. In addition SPOT 5 is equipped with the “High Resolution Stereo” (HRS)
sensor, viewing forward and backward with a base to height relation of 0.8. These images shdl not be
digributed; SPOT Image only likes to sl the generated worldwide digita eevation modd (DEM), which shal
have an eevation accuracy better than 10m and alocation accuracy better than 15m.



With IRS-1C / 1D a higher resolution was available like for SPOT 1 — 4, suitable for better object identification.
Because of the power problem the number of stereoscopic pairs is limited, but dso from SPOT Image a
stereoscopic coverage of larger aress is not available in the archive. The Japanese ADEOS was aso able to
generate stereoscopic image pairs, but unfortunately it was only active for 1 year. Very often used are the images
of the Japanese ASTER-sensor located on the US EOS-TERRA-platform. ASTER has a backward looking
channdl, s0 it generates h generd stereoscopic scenes with negligible time intervad. The spectrd resolution is
better like for Landsat. Up to August 2002 the images have been free available in the Internet, now a handling fee
of US$60.- hasto be paid for a scene.

Severd new countries have entered the field of imaging from space like China together with Brazil and South

Korea. They are usng the images mainly for their own purposes, but there are more existing and announced
medium up to high resolution systems based on smdl satdllites. Especidly Surrey Satellite Technology, UK plays
an important role in this field. They are operating the UOSAT-12 with 2 CCD-frame cameras with alittle more
than 1000 x 1000 pixels and a pixel size up to 10m. In addition they are preparing severd systems for countries
like Maayda, Nigeria and Turkey. Also some other countries like Germany and Morocco do have some smal

systems, which are used more for research than for mapping.

With IKONOS-2 anew erain mapping from space started. Now very high resolution space images are available
which can compete in some areas with agria photos. In addition the IKONOS and the QuickBird-images are
geo-referenced without control points based on GPS, gyros and star finder. The fast change of the viewing
direction enables the generation of stereo mode s from the same orbit.

There is only limited information available about the digitd Russan sysems. DK 1-images with 1m pixd Sze are
digributed in a limited number. This system seems to be used mainly for military applications. The launch of the
ARKON for commercid reasons with 1m pixel sizefaled in July 2002.

company of | launch number of mode pixel size swath | viewingin | viewing height
organisation pixels (nadir) [km] orbit across [km]
/ country [m] (nadir) direction orbit
Orb Orb-imege 2002 8000 pan 1/2 8 up to up to 470
View 3 USA 4 multisp. +/-50° +/-50°
2000 4
IRSP6 ISRO 2003 12288 LISS-4 58 70 pan 817
Resource- India pan + 24 ms
sat 3 multisp.
6000 LISS-3 23 140
4 multisp.
IRS-P5 ISRO 2004 12 288 pan 25 27130 +20°, -5° 617
Cartosat India fixed
Arkon Russia 1
ALOS NASDA 2004 28000 pan Nadir 25 70 +24°,0°, 692
Japan 14000 pan +/-24° 35 -24°
EROSB Image Sat 2003 - 20000 pan 0.82 16.4 up to up to 600
Internal.N.V | 2004 multisp. +/-45° +/-45°
Cyprus/ 2/ Jahr 5000 4 bands 4
Israel.
RapidEye | RapidEye 2005 pan 5 multisp. 6.5m 2x78(2 up to up to 600
Germany 24000 cameras) 30° 30°
am 2x 48km up to up to 400
on 1SS 30° 30°

Table 3: technica dataof some announced high resolution digital space cameras




More systems like listed in table 3 are announced for the near future, partidly they are named as experimenta
systems, patidly they shdl be used exclusvely only for one country. A typica example isthe British TOPSAT
mission, a light weight satellite with a CCD-array of 4000 x 4000 pixels and a pixel size of 2.5m which can be
pointed from 600km dtitude up to 30° in any direction. The systems listed in table 3 shdl be made commercialy
available and because of the high resolution they can be used for mapping purposes. In generd there isatrend to
more light weight satdllites with free viewing directions or stereoscopic arrangement of the cameras and a higher
resolution. Also SPOT Image will go into this direction with the Pleiades Program, the follow on program to
SPOT (Baudoin et dl 2001). The light weight satdllites will reduce the overal cog.

Radar-satdlites are not included in the lists because mapping is quite difficult with Synthetic Aperture Radar
(SAR) images. The information contents of SAR-images cannot be compared with optica images with the same
pixd sze. The information contents of SAR-images is corresponding to optica images with approximately 3-5
times larger pixel sze. In the near future SAR-sysemswith 1 m pixel sze will be commercidly avalable and this
can change the situation. Neverthdess there are imaging problems with SAR in cities and mountainous regions.

pixel size an ground depending wpon

nadir angle 1 Figure 3: ground pixel sze depending upon nadir angle

over sampling

Pixel on ground

The ground pixel Sze of images with indined view, like
: . IKONOS and QuickBird, is depending upon the nadir
e sl sl o el angle like shown in figure 3. Across the view direction the

dependency is limited and causng an over-sampling,

reducing the contrast. In the view drection the pixel Sze is changing more — at a nadir angle of 45° the pixel size
istwice as much asin the nadir.

3. GEOMETRIC RELATION

Space images are covering alarger part of the curved earth. The mathematica modd used for the recongtruction
of the geometric relations usualy is based on an orthogona coordinate system, this is not available with the
nationd net. A ample earth curvature correction is sufficient only for samdler areas. Larger areas should be
handled in an orthogona coordinate sysem — proposed is a tangentid system to the earth dlipsoid. In a
geocentric system, the horizonta and the vertica accuracy are mixed and the andysisis more difficult.

The perspective space images, that means al photos shown in table 1 with the exception of CORONA and
KVR-1000, can be handled like usua agrid photos. But there are some problems with the geometric tability of
the Russian space photos requiring a sdif caibration with additiond parameters.

Figure 4: geometric relation of satellite line scanner images




Sadlite line scannersimages do have the perspective geometry only in the sensor line. In the direction of the orbit
it is close to a pardld projection. So the image coordinates as input for the collinearity equation are smplified to
X =(x", 0, -f) or (O’ ,-f) - the photo coordinatey’ or X isidentica to 0.0 (by theory up to 50% of the pixd sze
can be reached). The pixel coordinates in the orbit-direction of a scene are afunction of the satdlite position, or
reverse, the exterior orientation of the sensor can be determined depending upon the image postion in the orbit-
direction. With the traditional photogrammetric solution the exterior orientation of each single line cannot be
determined. But the orientations of the neighbored lines, or even in the whole scene, are highly corrdated. In
addition no rgpid angular movements are happening. A fitting of the exterior orientation by an dlipse fixed in the
Sdered sysem - the earth rotation has to be respected - is used in the program BLASPO of the Hannover
program system for bundle block adjustment BLUH. This has been shown as sufficient for the SPOT sensor dso
over larger distances. In the OEEPE test area Grenoble by this method a combination of 4 neighbored SPOT
scenes over a distance of 200km could be oriented with just 4 control points (in the orbit direction 200km
distance between the control points) with an accuracy in the height of +4m (Jacobsen 1993). The smplified
mathematica modds used in some other programs have to use more control points.

Origind IKONOS and QuickBird images can be handled with the same mathematicad modd like explained
before, but usudly only images rectified to a plane with congtant height in relation to the earth dlipsoid are
available, namely the Geo-product of IKONOS and the Standard Imagery of QuickBird. These rectifications are
geo-referenced based on the direct sensor orientation determined by GPS, gyros and star sensors. Without
influence of the terrain height the accuracy is pecified as CE90 with 23 and 24m. CE9Q, the circular error with
90% probability level, can be compared with the standard deviation by dividing it with the factor 2.1,
corresponding to a standard deviation of 11m.

Figure 5: influence of the reference height to the geo-reference of
rectifications

reference

IKONOS and QuickBird images are usudly not taken in the nadir
1 direction, by this reason, the height level of the reference plane for the
22 rectification is important like shown in figure 5 if no control points are
avalable. The information of the used height levd is not given in the
header data. Some investigations with IKONOS Geo-images have
shown the best results with the reference height corresponding to the mean height of the DEM. Based on 5
different scenes, a mean square accuracy of the absolute geo-referencing without control points of 9.1m has been
reached — better than specified by Space Imaging.

projection center

Figure 6: geometric Stuation of IKONOS Geo-
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AL = error i posiion images and QuickBird Standard images

dh = height difference against plane of
rectification

n = nadir angle of view direction

The information about the geometry of the

reference plane

rectification with IKONOS and QuickBird can be
bought for an additiond amount as rationd
functions. The rationd functions are describing the



geometry by the relation of polynomias. Thisis an approximation of the geometry of the sensor modd, sufficient
for most gpplications, but it cannot be updated in a Smple manner by control points. It is not necessary to use
these functions because of the Smple geometric rdation of the rectification shown in figure 6. The horizonta and
vertica view direction of the scenesis available in the header data - Spacelmaging is naming it “nomind collection
eevation” and “nomind collection azimuth”. Based on this horizontal and vertical view direction in reletion to the
scene center, together with the genera knowledge about the satdllite orbit, the view direction for every point in
the scene can be computed. The didocation of the Geo-images caused by the smple rectification to a reference
plane can be improved by a digita devation modd (DEM), changing it to an ortho image which isidenticd to the
geometry of a CARTERRA-Map-product. A deviation of the reference plane from the correct reference height is
causng an error in the location of dl =dh- tann (see figure 6). Together with the remaining deviation of the sensor
orientation this can be determined by means of control points. At first a height correction is required followed by
atransformation to the control points

Figure 7: influence of the height levd to the required type of transformation to
control points

As vighle in figure 7, an error in the reference height is caudng an &ffine
deformation of the ortho rectified image, S0 at least an affine trandformation is
required for the improvement to the location of control points.

As extreme case for the determination of the correct ground location based on
CARTERRA-Geo-images, the OEEPE-data set from Lucerne has been used.
The dtitude in the mountainous scene goes from 415m to 2197m above mean
sealevd (figure 8).

Figure 8: DEM of the Swisstest field

Asreference, Swiss digital orthoimages and the Swiss digital eevation
modd with a spacing of 25m was available. 128 control points have
been digitised in the orthoimages and the Geo-image. The height
values of the control points are achieved by interpolation within the

Swiss DEM.
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transformation to control points

The root mean square discrepancies between the Geo-image and control points are RMSX=+/-124m and
RMSY =+/- 40m with extreme vaues up to 420m (see figure 9). The Sgn and the Sze of the differences are
clearly corrdated to the terrain dtitude. After height correction in relation to a reference level of 800m above
mean sea leve, but without use of control points, the discrepancies are reduced to RMSX=+/-7.5m and
RMSY =+/-18.5m with a clear systematic component. The shift of -6.8min X and 183min Y is showing the
accuracy of the direct sensor orientation. After a ample shift to the control points, the mean square differences
are reduced to RMSE X=+/-3.5m and RMSE Y = +/-2.3m but ill showing clear sysemétic errors, mainly a
rotation of the scene of 0.4°. No more systematic effects can be seen after an affine transformation to the control
points. This is reducing the discrepancies at the 128 control points to RMSX=+/-2.52m and RMSY =+/-1.72m
(seefigure 10).

area SX sy Table 4: root mean square differences of IKONOS
Switzerland 252m 1.72m orientations after correction by relief digolacement +
New Jersey 1.74m 0.94m affine transformation to control points

Zonguldak 1.00m 1.29m

Turkey (left scene) 0.52m 1.40m In other areas a better accuracy has been reached
Turkey (right scene) 1.73m 1.52m (table 4) like in Switzerland. This can be explained by

better control points determined mainly with GPS.
The average accuracy of 1.3m, identica to 1.3 pixe is totaly sufficient. A further improvement only can be
reached with optima control points (sufficient Sze, symmetric and good contrast).

Sensor / test area SX SY SZ hb | remarks

[m] [m] [m]
MC / Germany 7,4 7,7 20,2 3,3 | Metric Camera
LFC / Germany 6,0 6,6 8,6 1,6 |LargeFormat Camera
KATE-200/ Hannover 274 274 47,7 2,8 | poor resolution
MK4 / Hildesheim 14,4 14,6 28,5 4,2 | control points from map 1 : 50 000
KFA-1000 / Hannover 7,4 5,8 32,1 8,2 | systematic image errors
KFA-3000/ Vienna 2,8 2,1 40 50 | limitation by point identification
KVR-1000 / Duisburg 3,3 3,2 - - poor control points
SPOT / Hannover 43 4,9 134 2,9 | SPOT PAN, problemswith stereo
SPOT / Grenoble 84 8,4 4,1 1,0 | poor XY, good Z contral, long strip
MOMS 02 / Dubai 3,3 3,2 4,4 2,5 | comhination HR with other channdls
MOMS/ Black Forest 15,1 21,4 25,8 2,5 | control pointsfrom map 1 : 50 000
Kompsat-1 8,8 8,8 7,8 ? | Jeong, S. 2002 (KARI)
IRS-1C / Hannover 55 4,7 8,7 1,0 |IRS-1CPAN
ASTER Zonguldak 114 10.2 14.6 2,0 | control pointsfrommap 1 : 50 000
IKONOS 1.3 1.3 - - RMS mean of 4 areas
IKONOS stereo 1.1 15 1,7 7,5 | stereo mode

Table 5: accuracy of bundle orientation - selected projects (1Pl with exception of Kompsat-1)

The image orientation of space images should be determined by bundle orientation respecting the correct image
geometry. Some of the achieved results are shown in table 5.



A typicd problem of the bundle orientation is the qudity of the control points— in genera no better accuracy with
the bundle orientation can be reached like the control point accuracy itsdlf. Very often this is the limitation. The
digitisng of control points from maps 1 : 50 000 do not dlow a better point accuracy like +/-12m — see results
achieved with the MK4 and ASTER. For MOMS in the Black Forest even more problems where existing — few
control points are forest corners which cannot be identified very well. With this exception, only with the KATE
200 the accuracy required for mapping in the scae 1 : 50 000 could not be reached. In genera the horizonta

mapping accuracy is not the limiting factor for the possible map scale which can be generated with space images.

3-dimensiond ortho rectification based on DEM  rectification to a plane Z=constant
result: correct X,Y,Z correct X, Y (Z=input) goproximate X, Y

Figure 11: posshilities of data acquistion

The data acquisition with space images can be done, like shown in figure 11 on the left hand side, correctly 3
dimensiona based on a stereo modd, delivering the 3-dimensiond ground coordinates or like shown in the centre
by an ortho rectification usng an existing DEM, ddivering the correct X and Y-ground coordinates. If only one
image and no DEM is avallable, the data acquisition has to be made gpproximately in relation to an gpproximate
height leve. This is causng discrepancies in the position depending upon the height difference to the reference
height and the local nadir angle of the view direction dL=dh tann. Some data acquidtion programs are using
polynomials based on control points. This may cause uncontrolled discrepancies in the achieved positions - with
the polynomids the effect of the height variaion will be compensated. If a control point is located in a deep
valey, aso the neighboured points will get a smilar positional correction. In addition unavoidable discrepancies
a control points cannot be identified.

In addition to opticd images more and more SAR-images are available now. The ERSL, ERS 2, JERS,
RADARSAT and ENVISAT-images are not suitable for topographic mapping, but higher resolution systems will
come soon.

slant range 1 243 & 6 7

Figure 12: geometry of a SAR-image
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L=layover

S=shadow

Figure 12 demongtrates the problems of
imaging based on the locd incidence
angle. Especidly in mountainous aress and
cities problems with the unequivocd




positioning are existing. A layover cannot be corrected based on a DEM. In addition the geometric displacements
caused by the height are usudly larger like for optica images. A smdler incidence angle n is causing larger
displacementsin hilly or mountainous areas (formula 2). A larger incidence angle would reduce the displacement,
but it requires more power for the active SAR sensor and is enlarging the problems of shadowing.

Figure 13: displacement dL of SAR-images by heaght
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4. INFORMATION CONTENTS

The limiting factor for mapping from space is the information contents (semantic information). The required
information contents of maps is depending upon the map scae — in large scades more detals are shown like in
amall scaes, but some information, like railways, have to be shown independent upon the map scae. Of course
there are differences between different countries — in Switzerland much more detalls are in the maps like in the
USA.. In addition, the information contents which has to be shown is aso depending upon the area itsdlf. In cities
more detalls are available like in rura areas and in asmdl city in the USA not so many detalls are avallable like in
densdly populated cities of developing countries. By this reason only gpproximate rules for the possible mapping
scae depending upon the image resolution can be found.

As mentioned before, the information contents of Radar-images (SAR) cannot be compared with optical images.

In addition they are strongly effected by speckle, requiring afiltering. The difference between a Median-filter and
the higher number of specid Radar-filtersis usudly not important.

Figure 14: ERS1 SAR-image  Figure 15: filtered ERS 1 image Figure 16: AeSl airborne SAR
not filtered, pixel 27m Median-filter, pixel 27m upper part: P-band, pixe 2.5m
lower part: X-band, pixel 1m



The figures 14 and 15 are showing the limited information contents of SAR-images and aso the requirement for
filtering. In figure 16 the information contents of high resolution SAR-imagesis demondtrated at an example over
a suburb area — roads and individud buildings can be identified. Figure 16 aso is pointing out the imaging
problems of SAR. Both SAR-images are correctly geo-coded, but the Rband in the upper part was imaged
from the right hand side and the X-band in the lower part from the left hand Sde, causng a shift of the eevated

Figure 17: IKONOS panchromatic Figure 18: IKONOS multispectra Figure 19: IRS-1C pan
pixel 9ze 1Im pixe szedm pixd sze 5.8m

Figure 20: ASTER Figure21: Landsat 7 pan Figure22: Landsat 7
pixel 9ze 15m pixel Sze15m pixel Sze 30m

Figure 23: JERS SAR-image, pixel Sze 18m

The 7 space images of the same area (figure 17 — 23) do show very well the
influence of the image resolution to the object recognition, expressed by the
pixd sze on the ground. Colour is supporting the object identification. The
poor result of the SAR-image is obvious. Corresponding to this, maps with
different scale can be creeted. As a rule of thumb, 0.1mm/pixel in the map
scale is required for mapping — leading to 0.1mnVpixe - 50 000 = 5m/pixe
for the map scale 1 : 50 000 or 1m pixe sze for the map scade 1 : 10 000.




< Figure 23 map
based on IRS-1C LISS
(24m pixd g9ze)

Figure 24 ->: map
based on KFA-1000
(5-10m pixe sze)

& Figure 25 map | | — |
based on SPOT | | i
multispectrd (20m
pixe sze)

Figure 25 ->: map
based on SPOT pan
(10m pixd sze)

< Figure 26: map
based on IRS-1C pan
(5.8m pixd sze)

Figure 27 ->: map
based on KVR-1000
(3m pixd 9ze)

In figures 23 — 27 some examples of mapping based on space images can be seen. The relation between

information contents and pixel Size is obvious. A comparison of the maps based on SPOT panchromatic and
SPOT multispectra shows only limited differencesin the details — the colour isimproving the object identification.
The problems are not included in the accuracy of the pointing, this can be done sufficiently. If the mapping is
supported by an existing map, much more details can be achieved — for example the not easy decison if avisble
lineisafied path or just afidd boundary will be supported by it. In generd, the above mentioned rule of thumb
between required image resol ution and the possible map scale has been confirmed by these examples.



5.DIGITAL ELEVATION MODELS

A more and more important product based on space images are digital eevation modds. They are important as
additiond information for a GIS, but of course they are required for the creation of ortho images. The 3
dimensond shape of the earth is usudly not changing so fast, so dso not only the latest images can be used for
the cregtion. The manud creation of DEM’ s is very time consuming, by this reason an automatic image matching
should be preferred. This includes the disadvantage of a not sdlected location of the ground points — they may be
located on vegetation and buildings. Such an automeatic generated DEM has to be edited for points not located on
the bare surface. A manud editing is too time consuming, this should be done automaticdly. In the Universty of
Hannover the program RASCOR has been developed (Passini et d, 2002) for the automatic eimination of al

points not belonging to the bare ground. Depending upon the area, up to 30% of the matched points are
eliminated. After this, the data set can be used aso for the computation of contour lines.

As reault of the generation of severd DEM’s, in generd an accuracy of the x-paralax of gpproximately Spox=6 to
8um has been reached with space photos and for digita images it wasin the range of Spx= 0.5 up to 0.7um.

Y4 :E- sn- Yx Y4 :E- SPX Formula 3: Standard deviation of Z

based on photos based on digital images | Wb=height to base rdation sn = scale number of image

Only in few cases problems occurred if there has been only a smdl time interva between imaging. Especidly in
dark forest areas or on snow field an automatic image matching has had problems, like also the human operator.
With larger time differences between imaging, it becomes more difficult up to the case when no image matching is
possible because of too strong changes of the object itsalf.

Better results have been reached with IKONOS data. An area has been imaged from the same orbit two times
with a time interval of 12 saconds, corresponding to a base of 90km. The nomina collection eevation of the first
scene was 78.3°, for the second scene 82.9°. This does not mean that the height to base relation is identicd to
Ttangent (82.9° - 78.3°) = 12.5; because of the three-dimensiona Stuation we do have in this case ardation of
7.5. The automatic image matching has been made with the Hannover program DPCOR in the image space. At
first an image corraion will be used, followed by a least squares matching, the highest accurate possibility of
automatic matching. The contrast and image quaity in the working area was very good, which is not the case for
every IKONOS image. In the project area a city with usudly separated buildings and the surroundings are
included. Caused by the image quaity and the very structured ares, the corrdation coefficients have been very
high, 81% of the points do have a correlation coefficient larger than 0.95 and only 4.8% a coefficient below the
used tolerance limit of 0.80. A root mean square difference of the building heights of +/-1.7m has been reached
corresponding to astandard deviation of the x-parallax of +/-0.22 m = 0.22 pixel. This high accuracy only can be
reached under good contrast conditions, that means for rurd area and a lower sun devaion which is usudly
causing a not so good image qudlity, the result may not be the same. Following the results based on IKONOS,
with CORONA and IRS-1C / 1D an accuracy of 5— 7m has been reached which these.

During the US-Germanltdian Satdlite Radar Topographic Misson (SRTM) in February 2000, by
interferometric radar the largest part of the earth has been mapped. With the higher resoluting German / Itdian X-
SAR a gandard deviation of the DEM of +/-3.3m in open landscape has been reached after an improvement of
the orientation. The absolute accuracy without improvement is in the range of 4 to 6m (Heipke et d 2002).
Unfortunately the SRTM X-SAR gives not a complete coverage opposite to the US SIR-C. The DEM -accuracy
based on the SIR-C shal be o the leve of +/-10m up to 16m, but the digtribution of this DEM has not been
clarified up to now.



CONCLUSION

A photogrammetric break through in the use of space images is on the way. Over severd years the commercid
gpplications have been limited by he 10m-pixel sze and the across track stereo of SPOT. Since 1996 the
resolution was improved by IRS 1C to 5.8m pixe sze. The didtribution of the Russian space photos with very
high resolution was not acceptable, but has been improved yet. Now the first sysems with 0.7m and 1m pixd
dze are operationd, but it is ill the question if 1m pixd Szeis redly required — for severd gpplications a pixe
sze of 2m up to 2.5mis sufficient and may be more economic.

The competition will show if alarger part of the mapping will be based on space imagesin future. If no problems
with the access to aerid images are exidting, it has to be more economic than the traditional method. Only for
specid gpplications the price for the images is not important, but the price of space images avoids just now a
more wide use. By the competition of the different syssems the price for the very high resolution space images has
been reduced dways in the USA. The fast distribution has been solved, because the mgor use of the space
images is nat in the fidld of mapping but in the fidld of time critica information. The announced accuracy of geo-
location without control points up to +/-11m has been confirmed. It requires adso the knowledge of the datum of
the nationd net.

The use of synthetic gperture radar will be limited to specid agpplications because of the limited object
identification. Only if the radar interferometry can be used without problems and limitations, this will support the
mono- plotting based on ortho-images using the derived digitd devation modds.
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