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25 Years Space Photogrammetry in Germany —
a Research Field initiated by GOTTFRIED KONECNY*
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Abstract: The German photogrammetrists started
to show interest in the field of ““Space Photogram-
metry” at the beginning of the Eighties. The first
space experiment especially devoted to photo-
grammetry was proposed by GOTTFRIED KONEC-
NY; it was the “Metric Camera Experiment’ based
on a conventional aerial survey camera, which
was successfully conducted under his supervision
in 1983 on the first Spacelab Flight. In coopera-
tion with other colleagues he was also involved
in the follow on DLR-missions MOMS-02 on the
D2 Space Shuttle Flight in 1993 and in the
MOMS-2P/ Priroda Flight on the Russian MIR
station from 1996—-1999. In these missions the so
called along track stereo-imaging principle was
applied for the first time in space.

The same imaging principle is also used for the
HRSC-camera developed by DLR and presently
successfully used in ESA’s “MARS EXPRESS
Mission” for topographic mapping of the Mars
surface.

A complete new method — SAR-Interferometry
— for deriving digital terrain models from space
was used in NASA’s “Shuttle Radar Topography
Mission (SRTM )" in the year 2000. DLR parti-
cipated in this mission with an own X-band Syn-
thetic Aperture Radar (SAR)-System.

The paper gives a survey on the development
of space photogrammetry in Germany and refers
to GOTTFRIED KONECNY's contribution to this de-
velopment. Facts of the above mentioned
missions will be presented and their results will
be reviewed.

Zusammenfassung: 25 Jahre Weltraum-Photo-
grammetrie in Deutschland — ein von GOTTFRIED
KONECNY initiiertes Forschungsfeld. Die deut-
schen Photogrammeter begannen in den 80er Jah-
ren sich fiir die Weltraumphotogrammetrie zu in-
teressieren. Das erste Weltraumexperiment, das
speziell der Photogrammetrie gewidmet war, wur-
de von GOTTFRIED KONECNY vorgeschlagen. Es
handelte sich um das Metric Camera Experiment
auf der Grundlage einer konventionellen Luft-
bildkamera, das unter seiner Fithrung 1983 auf
dem ersten Spacelab-Flug erfolgreich durch-
gefiihrt wurde. In Zusammenarbeit mit anderen
Kollegen war er auch an den folgenden DLR-
Missionen MOMS-02 auf dem D2 Space Shuttle
Flug 1993 und MOMS-2P/ Priroda auf der rus-
sischen MIR Station von 1996-1999 beteiligt. In
diesen Missionen wurde die so genannte along
track stereo-Bilddatenerfassung erstmals vom
Weltraum aus angewandt.

Dasselbe Prinzip wird auch in der vom DLR
entwickelten HRSC Kamera verwendet, die der-
zeit erfolgreich in der ESA Mission MARS EX-
PRESS zur topographischen Erfassung der
Marsoberfliche eingesetzt wird.

Eine vollstdndig neuartige Methode — SAR In-
terferometrie — zur Ableitung digitaler Geldnde-
modelle aus dem Weltraum wurde auf der Shuttle
Radar Topography Mission (SRTM ) der NASA
im Jahre 2000 angewandt. Das DLR nahm an
der Mission mit einem X-Band Synthetic Aper-
ture Radar (SAR)-System teil.

Dieser Beitrag beschreibt die Entwicklungen
der Weltraumphotogrammetrie in Deutschland
mit Bezug zu GOTTFRIED KONECNYs Beitragen auf
diesem Gebiet. Die genannten Missionen und ihre
Ergebnisse werden kurz vorgestellt.

* Enhanced version of a paper published in the proceedings of the ISPRS Hannover Workshop 2005
“High Resolution Earth Imaging for Geospatial Information”, May 17-20, 2005, Institute of Pho-
togrammetry and Geolnformation, University of Hannover.
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1 Introduction -
The Role of GOTTFRIED KONECNY

In the context of this paper the term “Space
Photogrammetry” is understood as “‘sur-
veying and measuring of the three dimen-
sional form of the solid surface of the Earth
and of other planets from space images and
generating cartographic products, such as
DEMs, orthophotos and topographic maps
from these image data”. Nowadays also the
visualisation of the three dimensional land-
scapes can be regarded as a presentation of
topographic information.

GOTTFRIED KONECNY was one of the first
scientists in the field of surveying and map-
ping in Germany who recognized that space
techniques can be used to cover the world-
wide need for topographic mapping at vari-
ous scales. A first opportunity to realize his
ideas was offered to him by ESA’s Spacelab
Program which foresaw to operate Euro-
pean payloads on the American Space
Shuttle Flights. KONECNY’s proposal for a
cartographic space experiment was accepted
and flown in November/December 1983 as
the so called “Metric Camera Experiment”
on the first Spacelab Mission. This was the
begin of Space Photogrammetry in Germa-
ny.

That this first photogrammetric space ex-
periment could be performed is owed to Ko-
NECNY’s skill to convince scientific advisory
boards, the funding governmental authori-
ties and even sceptical colleagues of the ad-
vantage of space sensors for mapping tasks.
His ability to combine a “technical vision™
with a “practical application” was very
beneficial to succeed with this photogram-
metric experiment proposal in competition
to many other proposals from various scien-
tific disciplines.

Beside its scientific goals the Metric Cam-
era Experiment had also the effect that it
led to a closer cooperation of the Remote
Sensing Community and the “classical”
Photogrammetric Community in Germany.
In particular the photogrammetric Univer-
sity Institutes started to show stronger inter-
est in space activities. This common under-
standing for “using space techniques for

mapping tasks’ had in the medium term the
effect, that further photogrammetric space
experiments, e. g. MOMS, were decided on
and carried out. It is the merit of GOTTFRIED
KONECNY to have made most of the Ger-
man photogrammetric institutes ‘‘space
minded”.

KoNEcNY worked after his return from
Canada and the USA and since he took over
the position of the director of the Institute
of Photogrammetry and Surveying at the
University of Hannover in the year 1971 al-
ways close together with the German Aero-
space Research Center (DLR), particular
with its former Institute of Optoelectronics
— now integrated in the Remote Sensing
Technology Institute. In the eighties and the
nineties he was a scientific adviser to this
institute and in this role he strongly in-
fluenced and promoted the MOMS mission
as well as the HRSC-Mars mission. He also
assisted DLR in an attempt to fly a MOMS-
type camera on the French SPOT-5 mission
(Fig. 1).

This cooperation between space engineers
and photogrammetrists was very fruitful for
both sides: technical requirements for ad-
vanced sensor technology were defined and
innovative methods for digital data evalu-
ation and new mapping techniques were de-
veloped. Through this cooperation between
photogrammetrists and space engineers the
development of ““Digital Photogrammetry”
in Germany got a strong impulse.

Since more than 5 years high resolution
optical sensors deliver image data of a
ground resolution of 1 m and better and also
sophisticated Interferometric Side Looking
Radarsystems (IF-SAR) have been em-
ployed in space. Both techniques offer
unique possibilities for the generation of to-
pographic products. Especially in the field
of IF-SAR DLR has developed a high
standard of know how which can be used
in future space missions with topographic
applications.

For the coordination of the joint interests
of photogrammetric University Institutes
and the German Aerospace Center/Space
Agency with respect to future mapping
space missions it would be very helpful if a



M. Schroeder, 25 Years Space Photogrammetry in Germany

469

MEREEINE M ars i~ 50

Fig.1: GoTTFRIED KONECNY surrounded by icons representing photogrammetric space missions of
the last 25 years in which Germany participated or showed interest in.

young colleague could take over the role of
a mediator and adviser which was hold by
GOTTFRIED KONECNY until the end of the
nineties.

2 Metric Camera Experiment

Topographic mapping tasks could not be
fulfilled satisfactory with space images of the
LANDSAT-type at the end of the seventies.
Therefore the surveying community re-
quested high resolution stereoscopic space
imagery taken with a calibrated mapping
camera. Two photogrammetrists in particu-
lar articulated the requirements for ““Space
Photogrammetry” on behalf of the survey-
ing science community: GOTTFRIED KONEC-
NY in Europe and FRED DOYLE in the USA.
These requirements were favoured by the
American plans for a Space Shuttle Pro-
gram.

A proposal by GOTTFRIED KONECNY, to
operate within the first European Spacelab

Mission on board the 9" Space Shuttle
Flight an Aerial Survey Camera was accept-
ed as “Metric Camera Experiment” by the
European Space Agency (ESA) in the year
1977. The instrument was a slightly modi-
fied Zeiss aerial survey camera with a focal
length of 305 mm, which was provided to
ESA as multi experiment facility. ESA in
turn ensured the experiments flight and se-
lected co-investigators.
The Metric Camera Team was composed
of:
e Principal Investigator: G. KONECNY, Uni-
versity Hannover,
e Project Engineer: M. SCHROEDER, DLR,
Oberpfaffenhofen,
e Project Manager:
Cologne,
e Industrial Contractor: T. Misk1i, ERNO,
Bremen,
H.K. MEIER, Carl Zeiss, Oberkochen,
e ESA-Project Coordinator: M. REYNOLDS,
ESTEC, Noordwigk.

A.LANGER, DLR,
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ESA was assisted in scientific and oper-
ational matters by a “Metric Camera Work-
ing Group”, chaired by G.KoNEcCNY. The
other members were: I. DowMan (UC, Lon-
don), G. TocriatTi (PT, Milano) & M.
DucHEer (IGN, Paris).

After several launch shifts the Spacelab-
Flight took place from November 28" to
December 8" 1983 (KONECNY 1984,
SCHROEDER 1984).

The Metric Camera Experiment was
unique in that it was the first calibrated map-
ping camera in space to take stereoscopic
images on the large film format of 23cm X
23 cm. The camera was operated over nearly
all continents (with the exception of Austra-
lia) and obtained over 1000 images, of which
550 were on colour infrared film and about
450 on black and white film. All photos were
taken with at least 60 % overlap in flight di-
rection for stereoscopic evaluation. In total
an area of 11 million km? was photo-
graphed, each photograph covering in area
of 190 km x 190 km at a scale of 1: 820 000.

The objective of the experiment was to
test the capability of high resolution stereo-
scopic space images for compiling and up-
dating topographic and thematic maps.
About 50 co-investigators participated in
the evaluation of the image data and their
final results were presented at a Metric Cam-
era Workshop at DLR, Oberpfaffenhofen in
February 1985. The results can be sum-
marized as follows:

e Ground resolution: 10-15m (pixel equi-
valent)

e Planimetric accuracy: + 10m

e Height accuracy: +15m

e Due to the limited ground resolution the
maximum map scale that can be derived
is 1:100000.

Since the launch for the Metric Camera
Flight, originally planned for the summer
months, was slipped to end of November,
the lighting conditions over the earth be-
came very unfavourable and the sun ele-
vation never exceeded 30° for all camera op-
erations. NASA therefore promised to refly
the camera on the American Earth Obser-
vation Mission (EOM 1/2) scheduled for

launch in summer 1986. For this flight the
camera was equipped with a forward
motion compensation and high resolution
films to improve the ground resolution con-
siderably. The camera system was already
integrated into EOM 1/2 — payload and
waiting for launch when the Challenger ac-
cident happened in early 1986.

After this accident the schedule of the
Space Shuttle Flights was completely re-
vised by NASA and the Metric Camera Ex-
periment was assigned to the ATLAS-mis-
sion to be launched in 1989. In this mission
the camera would not have been operated
in the pressurized Spacelab module but had
to be installed in a pressurized container,
which was covered by an optical window at
the inner wall of the cargo bay of the Shuttle.
Operation of the camera in this configura-
tion required a complete redesign of the
camera system. The phase-A study for these
modifications were just finished when the
German Ministry for Research and Tech-
nology decided to stop the project because
of financial reasons.

KoONECNY together with DLR made vari-
ous attempts to refligh the Metric Camera
on other missions, e. g. on the German D-3
mission and on the Russian MIR-station,
but got not the support of the Ministry for
Research and Technology.

The only calibrated mapping camera
which has been flown after the Metric Cam-
era was the American Large Format Cam-
era, which was operated on a Space Shuttle
Flight in October 1984 on the initiative of
FrRED DOYLE.

Up to now no further space missions with
large format calibrated cameras have been
carried out.

International Cooperation

Some few Metric Camera images were not
included in the official image catalogue, be-
cause they were taken over former east block
countries. The reason for taking out these
images was that in the mission planning for
the Metric Camera it was agreed with
NASA and ESA not to take images over
east block countries. But the orbit predic-
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tion for the mission planning had an uncer-
tainty of approx. 30 s; this had the effect,
that during the mission in contradiction to
the agreed rules occasionally some pictures
were taken over east block countries. To
avoid tedious discussions with NASA and
ESA these images were simply taken out of
the catalogue and kept hidden, but under
control in the archive.

One of these officially “‘not existing” im-
ages was the so called “Riigen-image” cover-
ing parts of the former DDR and of Poland;
it was recently published as cover photo of
the PFG-magazine, No. 2, 2005. When
G. KoNECNY was president of ISPRS he par-
ticipated in several meetings in the DDR.
At one of these occasions he took the *“Rii-
gen-image” secretly with him and showed it
to KARL-HEINZ MAREK and KLAUS SzAN-
GOLIES. In return they showed him some
space images taken from Russian space mis-
sions.

To continue this secret information ex-
change on space images from West and East
more formally they agreed to held an
ISPRS-workshop in the DDR, to which the
Russian colleagues could be invited. Kraus
SZANGOLIES organized this workshop en-
titled “Use of Space Photographic Data for
Mapping of the Earth Surface” at Leipzig
in September 1987. This was a historic event
for photogrammetrists, because for the first
time high resolution Russian space images
were officially shown to colleagues from the
West. After this meeting some information
channels were opened which could be used
to obtain more Russian space images.

3 MOMS - the first Along Track
Stereo Camera in Space

MOMS (Modular Optoelectronic Multi-
spectral Stereo Scanner) was a German
space borne push broom scanner for high
resolution (HR), multispectral (MS) and
threefold along-track stereoscopic imaging
(SCHROEDER et al. 2000). The initiative for
the development of the camera and its op-
eration in space came from JOHANNES
BoODECHTEL, University of Munich, and
Franz LanzL, DLR-Institute of Optoelect-

ronics. The stereo-module of the camera
consisted of the HR nadir looking lens with
a focal length of 660 mm and two inclined
lenses with 237 mm focal length. Thus, the
Earth’s surface was imaged three times from
three different directions within approxi-
mately 40 seconds only, corresponding to
an orbit distance of approximately 300 km.
This along-track stereo principle is highly
advantageous for image correlation in the
data evaluation process, since all three im-
age strips are recorded under more or less
the same imaging conditions. The stereo
angle of 21.4° results in a base/height ratio
of approximately 0.8. The spectral band-
width of all three channels was 520-760 mm.
The multispectral-module consisted of two
lenses with 220 mm focal length. Both focal
planes contained two linear CCD-arrays
each with different spectral filter glasses for
imaging in the following four bands: 440—
505nm (blue), 530-575nm (green), 645—
680 nm (red), 770-810nm (NIR).

The camera, called MOMS-02, was first
flown during the German Spacelab mission
D2 (STSS55) in spring 1993. Within 11 days,
48 image strips were taken from a 300 km
orbit with 28.5° inclination. Four hundred
processed scenes are available. The ground
pixel size was 13.5m for the MS- and the
inclined stereo-channels and 4.5m for the
HR-channel. For the first time, the along
track stereo principle was successfully used
for the generation of high quality digital el-
evation models (DEM) from space.

After the shuttle mission the camera sys-
tem was refurbished for a second flight on-
board the PRIRODA module of the Rus-
sian space station MIR. The camera, re-
named MOMS-2P, was launched on May
5", 1996 from Baikonur (Kasakstan) and
mounted to the outside wall of PRIRODA
on May 30%, 1996. For the MIR orbit alti-
tude of 400km the ground pixel size was
18 m and 6 m (HR). The inclination of 51,6°
allowed for imaging of industrialized as well
as developing countries.

The MOMS-2P data were recorded on an
onboard tape recorder located inside the
PRIRODA module. Due to its limited data
rate of 100 Mbit/sec, only subsets of all
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seven channels could be recorded simulta-
neously. The swath width for different chan-
nel combinations varied between 36 and
100 km.

Full tapes were returned to Earth by So-
jus- and Space Shuttle flights. Operation of
the camera was terminated August 16, 1999.
In March 1997 technical problems occurred
with the HR channel. Since that time two
nadir looking MS channels and two inclined
channels each with 100 km swath width were
mainly used for stereos-copic imaging.

In total, approximately 65 million km? of
earth’s land mass were recorded and pro-
cessed. The processing of the MOMS data
was accomplished by a science team of sev-
eral German university institutes and was
coordinated by DLR. The ““thematic users”
were coordinated by J. BODECHTEL, Univer-
sity Munich, and H. KAurmANN, Geo Re-
search Center Potsdam, and the ‘“‘topo-
graphic users” were coordinated by F
ACKERMANN and D. FritscH, University
Stuttgart.

For the task of thematic and stereoscopic
data evaluation a digital photogrammetric
workstation (DPWS) has been established
at DLR in cooperation with photogramme-
tric university institutes in Munich, Han-
nover, and Stuttgart.

The contributions of the cooperation
partners to the DPWS were as follows:

e Automatic Image Matching: University
Stuttgart (F. ACKERMANN) and DLR-In-
stitute of Optoelectronics (M. LEHNER),

e Photogrammetric Bundle Block Adjust-

ment: Technical University Munich
(H. EBNER),
e Digital Elevation Models: University

Stuttgart (F. ACKERMANN, D. FRITSCH),

e Orthophotos:  University ~ Hannover
(G.KONECNY, K. JACOBSEN),

e Interactive Digital Stereo Point measure-
ments: University Hannover
(G.KoNECNY, J. ScHIEWE) and DLR-In-
stitute of Optoelectronics (R. MULLER),

e Integration into the XDIBIAS-Image
Processing System, DLR-Institute of Op-
toelectronics (M. SCHROEDER, P.REI-
NARTZ).

Up to now MOMS data covering an area
of more than 400.000 km> have been pro-
cessed with the DPWS to DEMs and or-
thoimages by DLR.

Accuracy analysis using independent
ground control led for MOMS-2P/
PRIRODA to point accuracies of 8 m in X,
Y and Z for test sites in Germany.

With the MOMS missions the ‘“‘along
track” stereo imaging principle was success-
fully demonstrated and paved the way for si-
milar missions by France, India and Japan.

4 SPOT-5

With the missions Metric Camera and
MOMS for more than a decade valuable
technical and scientific experience in space
photogrammetry were gained in Germany.
A logical programmatic consequence would
have been to continue on this line with a
national operational satellite mission equip-
ped with a high resolution stereo camera sys-
tem. But in the second half of the nineties
there was no chance to get the governmental
support for such a mission because most of
the Earth Observation’s budget was spent
for Shuttle Radar missions.

A new glimpse of hope occurred at the
horizon when the French Space Agency
(CNES) offered to DLR to fly a German
Stereo Camera on their SPOT-5 mission.
The originators of this idea were F. LANZL
on DLR-side and M. Arnaud on CNES-
side. A CNES/DLR study team was set up
which investigated for more than a year
technical aspects of a camera concept, the
distribution of data including the data re-
ceiving at DLR’s Neustrelitz ground station
and a business plan.

The study team consisted of: M. ARNAUD,
C.FRrRATTER, A.BaupoiNn (all CNES),
Pu. MUNIER (Spot Image) and F.LANzL,
P. SEIGE, M. SCHROEDER, R. SANDAU, R. P1s-
cHEL (all DLR) with G. KoNECNY (Univer-
sity Hannover) as photogrammetric adviser.

As G. KoNECNY, who also assisted CNES
in defining the SPOT 5 mission, had insider
knowledge of both sides his role as
catalysator and moderator of these bilateral
talks was very helpful and important.
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Because of the fixed time schedule for the
running SPOT-5 project a decision on the
stereo camera had to be made in September
1997. At this time the concentration and
merging of the European space industry was
under way and the German space agency
DARA was integrated into DLR at the
same time. Under these circumstances a
positive decision on the German side could
not be accomplished. One of many reasons
was that the German space industry was not
willing to spend own money in the develop-
ment of the stereo camera. The company
that came out of the industrial merging pro-
cess was EADS. But instead by the German
branch of this company the camera was fi-
nally realized and financed via the French
branch of the company as pure French ste-
reo camera on SPOT-5.

For the German side remained the satis-
faction that their along track stereo ima-
ging principle was international accepted.
SPOT-5 with the high resolution stereo cam-
era (HRS) was finally launched in May
2002. The camera delivers stereoscopic im-
ages of 10 m ground resolution and 100 km
swath width.

In 2003 CNES and SPOT Image provided
original images to the science community in
the framework of the ISPRS/CNES HRS-
Scientific Assessment program (BAUDOIN et
al. 2004). Results of this program were pres-
ented at the ISPRS Istanbul Congress in
June 2004. From Germany DLR’s Remote
Sensing Technology Institute and the Han-
nover Institute of Photogrammetry and Geo
Information participated in this program.

It could be shown that a stereoscopic
evaluation of SPOT5-HRS data, only using
anciallary data delivered by the image
provider and not using ground control
points, leads to an absolute accuracy of ter-
rain heights in the order of 5 to 9m (bias),
with a standard deviation of 2 to 4m for
single points and 4 to 7m for the interpo-
lated DEM in comparison to a reference
DEM of superior quality. With only one to
two ground control points the bias error
could be reduced to 0 to 1 m.

5 HRSC-Mars Express

The development of the High Resolution
Stereo Camera (HRSC) has its origin at
DLR’s Institute of Optoelectronics and is
based on the technical experience obtained
with MEOSS and MOMS. MEOSS stands
for Monocular Electro Optical Stereo Scan-
ner and was a compact three line push
broom camera using only one single lens.
MEOSS was foreseen to fly on an Indian
satellite, but due to two launch failures this
camera never became operational in space.
Like MEOSS the HRSC has only one lens,
but different to MEOSS it uses nine CCD-
lines in the image plane.

The HRSC was originally planned to fly
on the Russian mission MARS 96, but this
mission failed shortly after launch due to a
failure of the upper stage of the launch ve-
hicle.

A redesigned HRSC, reduced to a mass
of only 19.6 kg was accepted by ESA to fly
on their mission Mars Express, which was
launched in 2003. The camera started to
take pictures of the Mars surface on 9 Jan-
uary 2004 (R. JAUMANN & U. KOHLER 2004).

Of the nine CCD-lines five are used for
stereoscopic viewing: one is looking nadir,
two are looking forward in different direc-
tions and two backward in the same man-
ner; the other four lines are used for multi-
spectral imaging in blue, green, red and in-
frared.

With a focal length of 175 mm and an or-
bit altitude at the perihel of 265km the
maximum ground resolution is about 10 m.
The objective of the HRSC mission is to pro-
duce a topographic image map with a
ground resolution of 20 to 40 m of the whole
Mars surface of 145 Mio. km®.

The initiator and coordinator of the
HRSC development was GERHARD NEU-
KUM. He and his team moved at the begin-
ning of the nineties from the Institute of Op-
toelectrics in Oberpfaffenhofen to Berlin,
where DLR had founded a new Institute of
Planetary Research. This institute is now re-
sponsible for controlling and operating the
camera and for processing of all raw data
to scientific image products. G.NEUKUM,
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who is now with the Free University of Ber-
lin, is the Principal Investigator of the
HRSC-experiment and coordinates all
scientific activities. For the mapping tasks
the following German photogrammetrists
are members of the HRSC science team:
J. ALBERTZ, TU-Berlin; M. BUCHROITHNER,
TU-Dresden; E.DORRER and H.MAYER,
University Bundeswehr Miinchen; H. EB-
NER and U.StiLLa, TU-Minchen; CH.
HerpkE, University Hannover; F. SCHOLTEN,
DLR-Berlin.

6 Shuttle Radar Topography
Mission (SRTM)

SRTM used the principle of interferometric
synthetic aperture radar (IF-SAR) for DEM
generation from orbit altitude (RABUS et al.
2003). For the first time this mission pro-
vided a nearly global high-quality DEM
with a grid point distance of 1 and 3 arc
sec. The SRTM-DEM covers the earth be-
tween latitudes 60° N and 57° S, it was ac-
quired with the same sensor in a single mis-
sion and was produced with a single tech-
nique-synthetic aperture radar (SAR) inter-
ferometry. All data were acquired within 11
days because the radar system used was ac-
tively scanning the earth’s surface indepen-
dent of darkness or cloud cover. Between
2000 February 11 and 22, two antenna pairs
operating in C- and X-bands were simulta-
neously illuminating and recording radar
signals onboard the Shuttle Endeavour.
SRTM was jointly performed by NASA, the
German Aerospace Center (DLR) and the
Italian Space Agency (ASI). The C-band
data covering an area of 119 million km?
were processed by NASA-JPL. DLR was re-
sponsible for the X-SAR system, this in-
cluded the instrument design, the mission
planning, calibration, as well as the devel-
opment and operation of the processing and
archiving system. The X-band data that
covered approximately 58 million km?* were
processed to DEMs and orthophotos; the
processing of all X-band data was com-
pleted in 2004 and these data are now avail-
able to the users from DLR’s remote sensing
data archive.

The X-band DEM is provided in geo-
graphic coordinates. The horizontal spacing
is 1 arc sec; the elevation value is given in
meters. WGS84 is used as horizontal and
vertical datum. This means that ellipsoidal
heights are provided. The DEM accuracy is
+ 16 m absolute und + 6 m relative vertical
accuracy.

The configuration used for DEM gener-
ation is the so-called across-track interfero-
meter. This resembles a stereo arrangement:
two SARs fly on (ideally) parallel tracks and
view the earth’s surface from slightly differ-
ent directions at the same time. This SAR
observation technique is called single pass
interferometry. SRTM was the first and till
today the only single-pass interferometer in
space.

Two single-passinterferometers were built
and operated in parallel, the US C-band
(5.6cm) system and a German/Italian X-
band (3.1cm) system X-SAR. The master
channels (transmit and receive) of both inter-
ferometers were installed in the shuttle cargo
bay. The secondary (receive-only) antennas
were mounted at the tip of a 60-m long light-
weight mast. During lift-off and landing, the
mast was stowed away in a 3-m long canister.
Once in orbit, the mast was unfolded by a
smart mechanical construction.

The X-SAR swath width was in the order
of 45 km leading to gaps in the mapping pat-
tern. However, the X-band interferograms
and the derived DEMs are of higher quality
than those from the C-band. The height ac-
curacy of the X-band data is superior to the
C-band data by a factor of approximately 2.

The whole X-band SRTM mission was
mainly carried out by DLR. The key persons
were
e for instrument development, calibration

and operation: W. KEYDEL, A. MOREIRA,

M. WERNER (DLR-Institute of High Fre-

quency Techniques)

e and for  processing  R.BAMLER,
M. EINEDER (DLR-Remote Sensing Tech-
nology Institute) and A.RotH (DLR-
German Remote Sensing Data Center).

e The project manager was R.WERNING-
HAUS, Project Directorate Space Manage-
ment — Earth Observation.
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Birthday Present — Nanga Parbat

GOTTFRIED KONECNY has always had a cer-
tain emotional relationship to the mountain
Nanga Parbat in Pakistan, which goes prob-
ably back to his years of study in Munich.
His teacher there was RICHARD FINSTER-
WALDER who produced the first topographic
map of the Nanga Parbat.

In montaineous areas the generation of
digital terrain models from interferometric
SAR-data is somewhat difficult, but M.
EINEDER, DLR, has improved the interfe-
rometric methods for alpine terrain and has
derived a high quality digital terrain model
of the Nanga Parbat region (M. EINEDER
2005).

Over this model a colour image of SPOT
was draped and a beautiful perspective view
on the Nanga Parbat could be obtained
(Fig.2). RuPERT MULLER, DLR, produced

E
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from this data a flight animation around the
mountain, which was showed for the first
time at the ISPRS workshop on “High-Re-
solution Earth Imaging for Geospatial In-
formation” in Hannover, 17-20 May 2005.

The image of Fig. 2 and the flight anima-
tion were dedicated to GOTTFRIED KONECNY
and given to him as present on the occasion
of his 75" birthday.

7 Conclusions

What is the future of Space Photogramme-
try? Space missions with photogrammetric
cameras with large film format for stereo-
scopic imaging are out since 1984. Instead
of them the along track stereo imaging prin-
ciple introduced by the German MOMS
mission was accepted as a reliable method
and will be used in various photogrammetric
space missions:

Fig. 2: Perspective view on the Nanga Parbat obtained from a digital terrain model derived from
SRTM-data, over which a SPOT image was draped. The SPOT image was provided by CNES/SPOT

Image.
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e SPOT-5/High Resolution Stereo Camera
(HRS) was launched in May 2002. But the
original stereo data are not available to
the photogrammetric users. Spot Image,
the data distributor, offers only the de-
rived DEM products.

e ALOS/Prism is a Japanese mission with
a three line stereo camera (Prism) with
2.5m ground resolution and swath width
of 35km. This mission is scheduled for
launch in 2005.

e Cartosat 1 is an Indian satellite with a ste-
reo camera with forward and backward
look directions. The ground resolution is
2.5m and the swath width 27 km. The sat-
ellite was launched on the 5™ of May 2005.

In Germany no dedicated photogrammetric
mission with an optical imaging instrument
is planned. But there is a good chance that
the experience gained with interferometric
SAR method during the SRTM mission can
be reused in the TanDEM-X mission. This
mission foresees two SAR-satellites flying
close together in a so called tandem confi-
guration, presently analysed in a phase A
study. The objective of the new mission
would be to generate a global DEM with
approximately 3m height accuracy. The
launch is planned for 2008/09.

To get an optimal benefit from the run-
ning and upcoming photogrammetric space
missions an international cooperation of the
mapping scientists and professionals is ne-
cessary. GOTTFRIED KONECNY has always in
his professional life underlined the need for
mapping in all countries and has always
shown innovative technologies to accom-
plish it. With the upcoming space missions
we may have the tools to complete the tasks
of global mapping in medium to large scales.
I am sure that GOTTFRIED KONECNY, also
after his 75" birthday, will continue to use
his many international contacts to establish
networks of cooperation to fulfil the task of
global mapping.
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