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1. INSAR Potential

It has recently been demonstrated that Synthetic Aperture Radar (SAR)
Interferometry, or INSAR is a significant potential application of ERS-1 SAR data
(see e.g.. FRINGE 1st Workshop Proceedings).

Using the INSAR technique, based on the use of two or more passes over the same
area, it is possible to produce directly from SAR image data, detailed and accurate
three-dimensional relief maps of the Earth's surface.

In addition, an extension of the basic technique, known as Differential INSAR, allows
the detection of very small (centimetre-scale) movement of land surface features.

Both of these possibilities open up many new potential application areas of space-
borne SAR data in the areas of cartography, volcanology, crustal dynamics, and the
monitoring of land subsidence.

The INSAR technique can be exploited if the satellite orbit parameters of the passes
used are within specific limits, as explained below.

2. INSAR Orbit Constraint

In spaceborne repeat-pass INSAR (as is the case for ERS-1), the interferometer
baseline, B, is defined as the cross-track orbit separation; i.e.. the distance
perpendicular to the Satellite flight direction between two repeat orbits.

For INSAR, the critical parameter is the component of the baseline which is
perpendicular to the SAR slant range direction. We denote this parameter by Bperp-

For the INSAR technique to be possible, Bperp has to satisfy a condition determined
by the radar characteristics and the imaging geometry. For ERS-1, the theoretical
upper limit is 1 100 m, however, for practical applications of INSAR with ERS-1,
the perpendicular baseline absolute value should be no greater than about 600 m for
flat terrain.

Low values of Bperp (< few meters), are particularly suited to the detection of surface
feature movement, and impractical for the recovery of surface topography.

Note, however, that the Baseline criterion is not a sufficient condition for the INSAR
technique to be possible. Other factors, in particular the surface conditions at the time






of the two SAR acquisitions, affect the complex image scene coherence and thus the
quality of the interferometric fringes.

This is especially true for vegetation, snow covered regions or surfaces subject to
moisture content changes. For such regions, the time interval between acquisitions
should be as little as possible (i.e.. the basic repeat cycle period).

Consequently, ESA takes no commitment that users ordering products based upon
the ERS-1 INSAR Orbit Listing will obtain interferometric fringes.

3. Purpose of ERS-1 INSAR Orbit Listing

At ESRIN, the complete set of ERS-1 restituted orbits from the start of the mission
until the end of April 93 have been processed to compute the interferometric baselines
and an INSAR Orbit Listing has been produced.

The restituted orbit consists of the orbit state vector (position + velocity) given at
minute intervals around the orbit (approximately 100 measurement points). The
timing marks at which the orbit state vector is defined are fixed at absolute integer
minute in UTC (Universal Time Coordinated).

Using this listing, users can identify those repeat orbit combinations which satisfy the
INSAR baseline criterion (i.e.. Bperp < 600 m).

4. Access to the ERS-1 INSAR Orbit Listing
4.1. Hardcopy Documentation

The ERS-1 INSAR Orbit Listing has been printed, in separate volumes, for each
phase of the mission;

Commissioning Phase : 3-day Repeat Cycle (JUL.-91 to DEC.-91)
Ist Ice Phase : 3-day Repeat Cycle (JAN.-92 to MAR.-92)
Multi-Disciplinary Phase : 35-day Repeat Cycle (APR.-92 to DEC.-93) *

* orbits processed up to the end of May-93.

Copies will be supplied automatically to all members of the FRINGE VW orking Group
which is co-ordinated by ESA/ESRIN at the above address.

In addition, further copies can be obtained from the ERS Help Desk at ESRIN (see
section 8).

4.2, On-Line Access

In addition, the ERS-1 INSAR Orbit Listing has been installed on-line on two servers,
the operational ERS On-line Server and the experimental ESRIN Guide and Directory
Service (GDS). The methods of access are -






4.2.1. Access to the ERS On-line Server

4.2.1.1. Introduction

The INSAR on-line server permits to download INSAR data useful for the
identification of the ERS-1 SAR frames likely permitting interferometry and
differential interferometry applications.

4.2.1.2. Licence Agreement

Access to the server is granted through a general-purpose account. The use of the
server is limited to copying the data files. These data files may be freely used or
distributed. However, the data remains the property of the European Space Agency
(ESA).
THESE RULES ARE EXPLICITLY ACKNOWLEDGED
BY ACCESSING THE SERVER

4.2.1.3. Networks and Files

This server is available from three networks:
INTERNET: (TCP/1P)
SPAN: (DECnet)
X.25: (kermit)

Free access is permitted through:
User Name: GUEST
Password: MIRRORS

The structure of the directory and the files there contained are:

GUEST.INSAR (directory)
AAREADME.TXT (text: service description)
COMPVAX.EXE (file: VMS decompression)
COMPDOS.EXE (file: DOS decompression)

GUEST.INSAR.PHASE_A (sub-directory)
PHA_yymm_BASELINES.E1 (files: Phase A orbit listing)

GUEST.INSAR.PHASE_B (sub-directory)

PHB_yymm_BASELINES.E1 (files: Phase B orbit listing)

GUEST.INSAR.PHASE_C (sub-directory)
PHC_yymm_BASELINES.E1 (files: Phase C orbit listing)

- Where "yymm" are the year and month to which the orbits' listing refer
(one file per month).
Compression and Decompression:
If the files end with "_Z" they are compressed using the standard UNIX
compression scheme "Compress". After being copied, these files can be

decompres_sed in the UNIX, VMS or DOS environment, if also the
corresponding decompression program was previously downloaded:
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UNIX:
$ mv PHA_yymm_BASELINES.E1_Z PHA_yymm_BASELINES.E1.Z

VMS:
$ uncompress :== "$ yourdisk:[yourdirlcompvax.exe"
$ uncompress -d PHA_yymm_BASELINES.E1_Z

DOS:
C:\>rename PHA_yymm.El1_PHA_yymm.Z
C:\> compdos PHA_yymm.Z PHA_yymm.El

4.2.1.4. Access via Internet

The server is connected to the world-wide Internet network.

192.106.252.160 (IP address)
epocat.esrin.esa.it (nickname)
guest (name)
mirrors (password)

The FTP program is used for transferring files.

- Switch to the correct directory with the command "CD INSAR".

- To copy files to your system use the "GET" command (to copy binary files
first change the mode to "BINARY" and back to "ASCII" when finished).

- The list of available files can be obtained with the "LS" list command (the
"!LS" command lists the files copied onto your system).

- Exit the system at any time with the "BYE" command.

4.2.1.5. Accessing via SPAN

The server is connected to the world-wide SPAN network, using the DECnet
protocol.

29628 (SPAN)

28.956 (DECnet node number)
EPOCAT (DECnet node name)
guest (User Name)

mirrors (Password)

- Switch to the correct directory with the command "CD INSAR".

- Use the "COPY" command to copy ASCII or binary files onto your system
(no message will be sent to your system).

- To list available files use the "DIR *.*" command.

4.2.1.6. Accessing via X.25

The server is connected to the packet-switched public data network as:

2641017460 (NUA see list below)
222 (country code for Italy)
guest (User Name)

mirrors (Password)






National NUA Access Numbers:

COUNTRY ACCESS NUMBER
AUSTRIA 26181080 60
BELGIUM 2210443 60
CANADA 85801458 60
DENMARK 238301063841 60
FINLAND 204076 60
FRANCE 175000394 60
GERMANY 450503690 60
IRELAND 36059222 60
NETHERLANDS 1290176 60
NORWAY 110627 60
SPAIN 214062321 60
SWEDEN 7104016 60
UNITED KINGDOM 219201156 60
OTHERS 26410174 60
The transfer method used is KERMIT. The setup should be:

Baudrate 9600

Parity NONE

Mode 7 BIT

Flow control XON/XOFF

Sessions in KERMIT vary according to the version and it is therefore impossible
to describe exactly how each user should proceed. However, a typical session
starts with the "CONNECT" command, which, after user name and password are
provided, will start the remote kermit. We suggest to use the server mode of kermit
through the "SERVER" command.

Switch to the correct directory with the command "CD INSAR".

To copy files to your system, switch to your local KERMIT and use the
GET command (use the SET FILE TYPE BINARY or SET FILE TYPE
ASCII commands when needed).

To list available files use the "DIR *.*" command.

To quit use the command "BYE" if you used the server mode, or switch
back to the remote kermit and type "QUIT".

4.2.2. Access to the Experimental Guide and Directory Service (GDS)

GDS offers on-line access for multi-media document browsing and retrieval. It
supports widely distributed network protocols such as Gopher and World Wide
Web.

For further information access the service by executing the following (from an
Internet host):

1. telnet tracy.esrin.esa.it
2. usename:  gdsuser

No password is necessary. Navigate by selecting :
' European ERS-1 Mission '

and then the appropriate items in the menu list that appears.
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S. Content of ERS-1 INSAR Orbit Listing

The listing is divided into separate orbit phases of the ERS-1 mission (three phases to
date - see above).

The orbit selected for which other possible interferometric orbits are to be identified
is denoted in the listing as the 'reference orbit'. For this 'reference orbit' the following
information is supplied in the header :-

- The UTC time of the first timing mark since ascending node crossing in the
corresponding restituted orbit file; denoted as 'Start'

- The UTC time of the last timing mark since ascending node crossing in the
corresponding restituted orbit file; denoted as 'Stop'

For each 'reference orbit', all subsequent repeat orbits with SAR acquisitions that
overlap in part the acquisition segment(s) of the ‘reference orbit' are identified under
the 'repeated orbits' list.

For each ‘repeated orbit' in this list, the INSAR Baseline components are computed at
each integer minute timing mark of the 'reference orbit' during the segment(s) of
overlapping acquisition with the 'repeated orbit'. The integer minute timing mark is
denoted as 'time’ in the listing.

The INSAR Baseline components are computed in metres both parallel and
perpendicular to the centre-scene slant range direction. These components are denoted
in the listing by the symbols || and _I_ respectively.

The listing is ordered sequentially in increasing orbit number. It begins with the first
orbit in the mission phase as the 'reference orbit', then the second orbit as the
'reference orbit’, and so on until the last repeat orbit of the mission phase.

The 'reference orbits' are partitioned into monthly data sets, and the 'repeated orbits'
are subsequent to the 'reference orbit'.

6. How to Use the ERS-1 INSAR Orbit Listing

It is assumed that the User has already determined which ERS-1 SAR acquisitions
cover the geographic location of interest; as is possible, for example, with Display
ERS-1 SAR Coverage (DESC) PC-based graphics tool, which provides information
of Orbit, Frame Number and Date of Acquisition, but no absolute time reference.

The User therefore knows either Date + Time UTC of acquisition, or Orbit + Frame
number of acquisition, or both.
i Date + Time UTC of Acquisition :-

i. Choose 'reference orbit' in the listing with Date and Start / Stop time
containing your acquisition UTC.






7.

ii.

iii.

iv.

Determine the number of integer minutes to add to the 'reference orbit'
Start time to arrive at the closest integer minute to your acquisition UTC.

Add 1 to this value. This determines, T, the 'time' field appropriate for
your acquisition.

Check the list of 'repeated orbits' looking at the 'time' field to determine if
your value is contained in this overlapping acquisition. If so, then;

Read out the baseline components at the nearest integer minute to your
value of T. The magnitude of the perpendicular component, Bperp (| in
the listing ) should be < 600 m for INSAR to be feasible.

To quantify the along track dependence of the Baseline, check Bperp also
at integer values of T either side of the value that corresponds to your
acquisition.

If required, linearly interpolate the Baseline component Bperp along track
to the exact time UTC of your acquisition.

Orbit + Frame Number of Acquisition :

1.

it

iii.

1v.

Choose 'reference orbit' in the listing equal to your orbit number.

Subtract 9 from your Frame number and divide the result by 72. The
result, T', is the number of minutes along the orbit since the ascending
node crossing at which your acquisition occurs.

This value of T' (rounded to nearest integer) can be approximated to the
integer minute timing mark , T, denoted as 'time’ in the listing.

Note that, due the period of the ERS-1 orbit not being an exact multiple of
minutes, the fixed UTC minute markers of the restituted orbit vary in
position along the orbit for repeat orbiis.

The maximum mis-match between T' corresponding to your acquisition
frame and the timing mark , T, at which the baseline is computed in the
listing is 1 minute.

as per Acquisition Date + Time UTC method.

as per Acquisition Date + Time UTC method.

Accuracy of the ERS-1 INSAR Orbit Listing

A validation study regarding the Baseline values in the ERS-1 INSAR Orbit Listing
has been performed at ESRIN. This study involved comparison of baseline results
with the ERS-1 orbit maintenance team at ESOC and the following groups active in

ERS-1 INSAR :-
- D. Massonet, (CNES, France)
- F.Rocca, C. Prati, (Politechnic of Milan, Italy)
- C. Wemer, (RSL, University of Zurich, Switzerland)
- H. Zebker, (JPL, USA)






Copies of this Validation Report will be supplied to all members of FRINGE. In
addition further copies will be available from the ERS Help Desk (see section 8).

The three-sigma (worst case) error bound on the INSAR Baseline is verified as :

19 m - Radial component of Baseline error
33 m - Across Track component of Baseline error

These figures lead to :-

38 m - INSAR Baseline, B, total error bound three-sigma (worst case)

This is an acceptable error bound for the purposes of ERS-1 INSAR Orbit Listing; i.e.
identification of potential Interferometric ERS-1 SAR Acquisitions.

8. Contact Points

ERS Help Desk at ESRIN:
Tel.: +39.6.94180.600 or 656
Fax.: +39.6.94180.510 or 361
Telex: 610637 esrin i
E-Mail: M.ESRIN.ERS on OMNET






\ WO/3da /NIdS3

-

I 1es

Z1es
uoinuiag auijaseg 21419W0134I3)U|

- Sd







INSAR Baseline Statistics for
ERS-1 Mission Phases

G. Aa. Solaas, S .N. Coulson
Projects / Engineering Department
Earth Observation Division
Via Galileo Galilei
ESA/ESRIN
00044 Frascati
Italy

INSAR baseline statistics for each ERS-1 mission phases have been
generated by scanning the INSAR Orbit Listing and generating
accumulative histograms.

Figure 1:
1a) Statistics:

- Total number of entries in the Orbit Listing. This corresponds to the
number of SAR acquisition overlapping minutes.

- Mean of the absolute value of the baselines, Bperp in the listing.

- Standard deviation of the absolute of the baselines, Bperp in the
listing.

1b) 3D graph:

Three dimensional distribution of the perpendicular to slant range
component of the baseline. Bperp and its dependence of the time between
overlapping acquisitions on repeated orbits.

Note that the total number of occurrences decrease with increasing time
between acquisitions on repeated orbits.

Also note that the distribution goes from being centred around zero at short
time between repetition to being centred at a positive non zero value at
bigger time between repetition.

This is due to the forward in time referencing of the Orbit Listing, the
direction of the inclination drift at the northern hemisphere and the
acquisition concentration over the same area. The average drift has been
verified to be consistent with measurements done by the Orbit Maintenance
Team at ESOC. For further details see ERS-1 INSAR Baseline validation
report.

lc) 2D graph:

The distribution of the baseline component perpendicular to slant range,
Bperp accumulated over the time between repetitions.

Note that the theoretical and practical limit for baseline coherence for flat
terrain (1100m and 600m) is marked in the graph. The percentage of







minutes of overlapping acquisitions with baselines less than these limits is
written annotation to the graph.

Figure 2:

The distribution of the baseline component perpendicular to slant range at
minute intervals into the orbit since ascending node crossing plotted as an
accumulative histogram.

Observe that the majority of the acquisitions are at the northern
hemisphere and at the dayside of the satellite (descending orbit).

One can distinguish acquisitions at the southern hemisphere representing
observations done over Australia and Antarctica as distinguished bands of
local distributions at the mid and lower part of the figure.

Figure 3:

The distribution of baseline component perpendicular to slant range Bperp
at minute intervals into the orbit since ascending node crossing plotted as a
colour coded image.

Observe that the standard deviation of the baselines decrease at two places
in the orbit. For Commissioning and the First Ice phase this occurs at the
poles. For the Multi-disciplinary phase the narrowing is less pronounced,
and occurs towards equator.

These characteristics of the orbits are resulting from orbit change due to
air drag and gravitational influence from the sun and the moon as well as
the orbit maintenance strategy applied to correct the resulting orbit drift.

For the 3-day repeat cycles the inclination drift of the orbit, and the
resulting impact on the baseline, between two successive repeat orbits is
small.

This leads to a narrowing of the baselines at the poles for the 3 day repeat
cycles (Commissioning and 1st. Ice phase) as the orbits converge at high
latitude.

For the 35 day repeat cycle the inclination drift during the longer time
interval between repeat orbits results in bigger baselines, and a narrowing
cannot be observed.

However a less pronounced narrowing is observed towards equator. This
can be explained by the repeat cycle of the in plane manoeuvres which are
performed at intervals comparable to the 35 day orbit repeat cycle. The
satellite will then be positioned relatively close to the track position it had
in the previous cycles.
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