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Abstract 
The paper describes only a few examples of interferometry applications for space 

related active and passive remote sensing scenarios. Pulses with defined bandwidths 
as needed in a total system picture are applied (active remote sensing). Several accu- 
rate radar remote-sensing satellites have been produced under ESA’s technical man- 
agement. Work continues (www.esa.int) and new missions are developed. Also, such 
activities are ongoing at the level of National Space Agencies (Italy, Germany, etc.). 

Stability in instrumentation and related signal settings permits to make hrther ad- 
vances and interferometry applications are advancing strongly. Some examples are 
shown, from which one observes, that accuracy is a very important factor. 

Ultra stabile reference clock signals are needed in interferometry applications with 
as an extreme example an experiment to perform Very Long Baseline Interferometry 
tracking of a weak transmission signal at Satum’s distance. Clock stability, using ma- 
sers with to sec accuracy is needed here. 

Keywords: Antennas, remote sensing, interferometry. 

1. INTRODUCTION 
ESA has been and continues to be deeply involved in 
radar remote sensing. Synthetic Aperture Radar (SAR) 
instruments of ERS-1 and ERS-2 have produced un- 
precedented results and have contributed to a wealth of 
information capabilities and important advances in ac- 
tive remote sensing. The tandem formation-flight of 
ERS-1 and ERS-2 has led to novel interferometric ca- 
pabilities and broad utilization of multi-temporal andor 
interferometric investigation potential of SAR data. 

Today, the active phased array antenna available on- 
board the largest ESA satellite Envisat permits to ac- 
quire radar data for various SAR based remote sensing 
tasks. Techniques involving interferometry are more 
and more exploited for remote sensing applications. A 
recent unique advancement was the interferometric 
processing, using datasets taken at different frequen- 
cies, acquired by Envisat and ERS respectively. The 
SAR instruments have a slightly different carrier fre- 
quency (5.331 and 5.3 GHz for Envisat and ERS re- 
spectively). Nevertheless fringes have been derived. 

For the origin of radio-interferometry, one may go 
back to the work done in the radio-astronomy com- 
munity. Deep Space missions nowadays are tracked 
accurately, using techniques, based on interferometry. 

An interesting experiment, which exploits radio as- 
tronomical methods, is planned to be carried out in the 
near future: Very Long Baseline Interferometry (VLBI) 

tracking is considered of a weak transmission signal (re- 
sidual carrier) of Huygens probe during its landing on 
Titan near to Satum at a distance of 1200. lo6 km. 

Stability in signal and in signal reception capability 
is a key element for realization. The time reference at 
the different receiving stations is derived from accu- 
rate maser clocks and by registration of the received 
signals against the reference clock, a correlation of all 
signals is possible with Very Long Baselines with 
sizes almost equal to the Earth diameter. An angular 
resolution is expected, indicatively better than 1 to 
1200 + or 1 km lateral resolution at distances of 
1200 . kilometer near to the surface of Titan. 

2. REMOTE SENSING SATELLITES - SOME 
EXAMPLES 

2.1. ERS-1 AND ERS-2 
ERS- 1 has been launched in July 199 1 and did hnction 
up until March 2000. ERS-1 permitted to acquire cen- 
timeter accuracy in differential interferometry in 1993. 
ERS-2 was launched in 1995. During the so-called tan- 
dem mission of ERS-1 and ERS-2 in nearly the same 
orbit with ca 20 minutes difference, (July 95 till July 
1996) a very large amount of radar-data was collected, 
which permitted to establish digital elevation maps 
(DEM), using C-band data. Details are found in [ 11 and 
many publications have reported original results. In 
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particular exploitation of interferomehy has led to ex- 
tremely interesting results and further progress is un- 
derway, still exploiting data from ERS-2. The Synthetic 
Aperture Radar operates with chirped pulses of 37 mi- 
croseconds, providing across track resolution of about 
20 meters and along track resolution of 20 meters (av- 
erage of some looks, in principle the antenna length of 
5 m is decisive for the resolution along track). Its very 
good stability over (long and short) time has been ex- 
ploited. Internal oscillator stability is of importance in 
part in relation to maximum baseline allowed. On the 
other hand the scattering behavior of targets within an 
image as a function of angle is important as well. Fig. 1 
and 2 show an extract of interferometric processing. 

Interferometry applications include monitoring of 
terrain deformations, by comparing interferometric 
SAR images taken at different times. Exploiting the 
information provided by permanent scatterers in urban 
areas, after removing of atmospheric disturbances, 
one can improve the estimation of the relative move- 
ment of pixels within an digital elevation map (DEM) 
with accuracies previously only obtained with optical 
techniques (sub-meter DEM accuracy and millimetric 
terrain motion detection [7]. Progress has been re- 
ported and indications for further work given for po- 
larimetry, interferometry and combinations [9] and 
examples are available on www.esa.int under Earth 
Observation. Detection of movements is of interest for 
regions sensitive to seismological phenomena. 

Radar-data taken with the Scatterometer provide 
accurate information about wind speed (derived as an 
indirect result from sea-surface wave modulation) 
andor wave conditions and are taken into the long- 
term weather prediction of ECMWF [2, 31. Recent 
unique results are detection of single high waves [4]. 

It is mentioned, that the ERS SAR antenna has been 
accurately characterized (fully polarimetric) before 
launch with planar near-field antenna testing, the full 
polarization properties of this vertically polarized radar 
antenna have been accurately assessed. The level of 
cross polarized response has been found to be very low 
and - with the stability of the radar - the instrument has 
been very accurate indeed, permitting the assessment of 
unknown targets with un-precedented accuracy (in 
complex sense), even although it is only vertically po- 
larised. ERS-1 has been out of operation after many 
years of service, much more than the originally design 
lifetime. ERS-2 continues to provide data with its in- 
struments fimctioning accurately. 

2.2. ENVISAT 
Envisat, the largest satellite ever launched by ESA, 
continues to operate with an active phased array for its 
synthetic aperture radar. One can find information and 
examples of recent results [5,  8, 131. A very interesting 
recent has been the interferometric processing of two 
datasets, one obtained with ERS at 5.3 GHz and one 
dataset obtained with the Advanced Synthetic Aperture 
radar (ASAR) of Envisat at 5.331 GHz. In despite of 
the frequency differences of these two chirped-pulse 

Fig. 1. Processing of multi-temporal ERS data 
(Evpatoria - Crimea). 

Fig. 2. Interferometric phase (Evpatoria - Crimea). 

radars, fringes have been derived, indicating a good 
progress in processing of complex datasets of space- 
based radars [ 131. The ASAR can operate in horizontal 
and vertical polarization, whereas the ERS S A R  oper- 
ates only with vertical polarization and has - with its 
active phased array antenna - a beam agility and wide 
coverage. Again, numerous examples are available with 
very recent data available on httu://www.esa.int and 
httr,://envisat.esa.int. Investigations of the impact of 
Earthquakes are carried out for instance. 

Calibration of space-based radars requires accurate 
monitoring and retransmission of the received signal 
(radar pulse sequences). Usually one uses active trans- 
ponders for such tasks [8]. An altemative has been in- 
vestigated: an investigation to use a large reflector 
antenna as a determined radar cross-section. With ERS 
SAR quite accurate, the investigations were started in 
1995 and a comparison of datasets over a longer period 
did give interesting information. A good stability has 
been observed [6], confirming ERS and the target. 

Also polarization properties have been investigated, 
using a wire grid in the focal area of the reflector an- 
tenna. With ERS SAR so accurate - also in polarization 
direction -, a possibility was proposed, to compare the 
polarimetric responses of the calibrators (-5 m diam 
reflector antenna near Moscow) based on ERS and on 
Envisat data. The linear V-polarization of the ERS 
SAR is very accurate and in theory more accurate than 
the linear V-polarization of Envisat, but such results 
might not be measurable with the dynamic range avail- 
able from the radars. Work is in progress. 
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2.3. CRYOSAT 
ESA's Cryosat mission is to be launched with a year 
from now from Plesjesk with a Rockot launcher. The 
spacecraft carries a high-resolution nadir looking radar 
altimeter (with the name SIRAL), which exploits inter- 
ferometric techniques. Two similar reflector antennas 
are used for the SIRAL instrument, one for transmis- 
sion and two for reception or the returned echo signal. 
S A R  processing is exploited to obtain along track high 
resolution and the interferometric phase permits to de- 
tect elevation changes. The mission objective is related 
to land ice, sea-ice and ice sheet assessment. The 
transmitted chirp bandwidth is 320 MHz. 

A key element in the instrument is formed by the 
antenna sub-system [lo] and as a result of extensive 
design and development work at SAAB Ericsson an 
interesting antenna subsystem has been realized and 
delivered to Astrium in Germany for inclusion into 
the instrument on the satellite (Fig. 3). 

A major result has been, after highly accurate design, 
prediction and manufacturing, the measurement with 
very high accuracy. The phase response has been as- 
sessed and the stability derived, which is of importance 
for the interferometric data processing. In fact, the accu- 
racy in the phase measurement (also with temperature) 
has been close to the antenna test range capability. 

With the phase response assessed to an accuracy of 
close to 1" at a frequency near to 14GHz, a very 
good comparison has been found between prediction 
and test result, as will be shown in the presentation. 
This in tum indicates, that the novel technology as 
applied for this antenna sub-system, is very interesting 
indeed, also for telecommunication application, which 
may require much less phase stability. Or indirectly: a 
technology has been proved for telecom application 
potential at frequencies close to 100 GHz. 

Cryosat is an Earth Explorer mission - a research 
and demonstration mission concerned with advancing 
the understanding of the different Earth system proc- 
esses and demonstrating the advantages and perform- 
ances of new observing techniques (www.esa.int). 

3. INTERFEROMETRY IN PASSIVE REMOTE 

High-resolution capability, in particular at low fiequen- 
cies, requires antenna apertures, which are large in 
physical size. Reception with separate apertures may 
provide an altemative. Reception with a high number of 
receiving smaller elements located within a predeter- 
mined geometry and data processing with fast correlation 
may provide a further capability, namely an availability 
of a number of beams within a conical volume. The 
SMOS mission of ESA is an approved Earth Explorer 
mission, to be launched in the near future and exploits 
this approach. Different geometries have been explored 
for the instrument sensor system. A tri-arm geometry 
will be implemented. The reader is referred to 
www.esa.int, search: SMOS under Earth Observation. 

SENSING 

Fig. 3. Antenna Subsystem for SIRAL on Cryosat. 

Another interferometry experiment, exploiting data 
as received with Earth-based radio telescopes, when the 
Huygens probe is landing on Titan - mid Jan 2005 - is 
interesting to mention here: 
The Cassini satellite has been inserted (30 June 2004) 
into an orbit around Saturn. A few months later, an 
orbit insertion around the moon Titan will follow. The 
ESA provided probe - so-called Huygens probe - will 
be detached from the Cassini spacecraft and will land 
on the moon Titan (www.esa.int, search Cassini). 

The probe will carry out several measurements dur- 
ing the landing, whilst hanging under its parachute, and 
also - if it survives the landing and there is battery 
power left - after the landing. The measured data are 
transmitted to the Cassini spacecraft in orbit around 
Titan. Cassini receives the data with its high gain tele- 
communication antenna and stores it in its on-board 
memory. After the landing of Huygens on Titan, the 
Cassini spacecraft will be re-oriented towards the Earth 
and will relay the data from its mass memory towards 
the Earth, using the NASA Deep Space Network. 

Huygens transmit power is - 10 Watt. The residual 
carrier will have strength of several Watts. Such a 
weak signal would - if it were possible to receive it 
on the Earth in a narrow bandwidth of 1 Hz - require 
a very large antenna aperture (> 70 m). 

ESA has requested under its General Study program 
to investigate feasibility of the signal reception using 
Very Long Baseline Interferometry (VLBI) techniques. 
The study results indicated such feasibility [ 111. Fol- 
lowing this, proposals have been submitted by JIVE for 
observation time at radio telescopes to the necessary 
supervising radio-astronomical entities (NRAO, EVN, 
Australia). The receiving and recording capacity at the 
observing stations during the moment of landing of 
Huygens on Titan needs still some adaptation at the 
moment of writing and such work has been initiated 
under ESA and JIVE leadership. ESA has initiated a 
contract with the Joint VLBI Institute (JIVE) in Europe 
in such a way, that JIVE oversees and elaborates the 
implementation of such unique experiment to receive 
the weak residual carrier. JIVE operates the most ad- 
vanced 20-channel correlator (www.iive.nl), capable to 
handle Mark 5 data recording systems based on disks. 
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The mentioned VLBI experiment will demonstrate 
first of all a recording of very low power flux density 
(the few watt carrier signal of Huygens, which is con- 
trolled in the Huygens probe by an ultra stabile oscil- 
lator). Furthermore, using VLBI techniques, very low 
signal to noise levels are possible at the different radio 
telescopes. The correlation processing assist to in- 
crease in dynamic range, it permits to subdivide the 
reception band in very narrow frequency bins, this 
with the reception band sampled at the Nyquist sam- 
pling rate. The predicted scientific result is, as indi- 
cated in the feasibility study under the ESA General 
Study Programme, that the landing trajectory of Huy- 
gens can be determined with an resolution close to a 
kilometre, when Huygens is hanging on its parachute 
and is carried ,by the winds possibly present in the 
Titan atmosphere. As there is no telecommunication 
with the Cassini spacecraft during the landing, the 
reception of this carrier signal on the Earth by means 
of radio telescopes permits a detection of activity of 
Huygens probe and this is the only sign received by 
other means than by the Cassini spacecraft. A resolu- 
tion of 1 kilometre at 1200.000.000 kilometres dis- 
tance is two orders better than what is achievable with 
the Hubble Space Telescope. Such record resolution is 
possible thanks to a radio astronomical technique, 
called phase referencing. The subject under investiga- 
tion - usually an unknown radio-astronomical source, 
here the weak Huygens signal - is mapped against a 
celestial background, using so-called calibration 
sources within the angular field near to the signal un- 
der observation. Such a technique permits to observe 
with high (record) angular accuracy, thanks to the 
transfer of phase accuracy to the processing of the 
signal of interest. For details one can consult the Gen- 
eral Study Report on the ESA website www.esa.int 
(search for General Study programme). 

FINAL REMARKS 
Just some examples are indicated, of how interferome- 
try finds more and more application in remote sensing 
(active and passive). The paper discusses more the ap- 
plications. In the presentation also examples are given 
of antennas as needed for these applications. ESA’s 
missions ERS-1 and ERS-2 have provided a wealth of 
radar data which are intrinsic highly accurate and 
which contributed to such advancement in proczssing 
capabilities, including the exploiting interferometric 
capabilities. Other missions are nearing completion or 
are approved, in which interferometry is important, like 
Cryosat and SMOS. The Huygens VLBI experiment is 

being prepared and will hopefully contribute to an en- 
hanced information output, once when the probe Huy- 
gens will land on the moon Titan of Satum. Accuracy 
and time stability or time reference are of high impor- 
tance for such applications. 
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