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Abstract: First ground moving target indication (GMTI) and parameter estimation re-
sults obtained with the German TerraSAR-X/TanDEM-X radar satellite constellation are
presented and discussed in the paper. For processing a dual-platform SAR-GMTI algo-
rithm developed by the authors was used. This algorithm enables the estimation of the
true geographical positions, the velocities and the headings of the detected moving vehi-
cleswith high accuracy.
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Figure 1: Moving target displacements in the SAR im-
One of the most critical parameters to egges acquired with the first (top left) and second platform
timate, especially with a spaceborne SAROP right). The displacement difference is shown at the
GMTI algorithm, is the moving target’s ac-bonom'
tual position. Having only one single platform
with two receiving antennas (e.g. one single TerraSAR-Xlgae the errors of the position es-
timates may be in the order of hundreds of meters if only theynand clutter disturbed along-

track interferometric (ATI) phases are exploited [1]. Fanare reliable position estimation the



incorporation of a priori knowledge in the form of a road detse is necessary [2]. However,
land areas that contain many parallel roads are problemsiate the target assignments to the
correct roads might fail. A further drawback of such an applois that targets moving on open
land and open sea cannot be monitored at all.

To overcome these drawbacks we have developed a novel SARF&IlyGrithm combining the
data acquired with two SAR platforms, i.e. the German TekRRX and TanDEM-X satellites,
separated by a large along-track baseline [3]. This SAR-GAJarithm enables a reliable and
accurate estimation of the actual position, the velocity heading of each detected moving
target without the need of a priori knowledge. Thus, alsgdts moving on open land and on
open sea can be monitored.

In the following sections the principle of the SAR-GMTI algbm is explained and the first
SAR-GMTI results obtained with the TerraSAR-X/TanDEM-X ctailation are presented and
discussed.

2. Principle of the SAR-GMT]I Algorithm
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images, since it has moved
between both radar acquisi-
tions (cf. Fig 1 bottom). TheFigure 2: Simplified flow chart of the SAR-GMTI algorithm (naike).
displacement difference of theSome of the processing steps are different, depending whethritime
moving target can be measurefef®) or land traffic (right) should be monitored.

with high accuracy using a

two-dimensional cross-correlation. From the estimatsgldcement differences the actual po-
sitions, the velocities and the headings of the detectedngdargets can be estimated with
high accuracy. The mathematical background and a mordetk@escription of the algorithm
is given in [3] and should not be repeated here.
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A simplified flow chart of the implemented SAR-GMTI algoriths shown in Fig. 2. During
preprocessing conventional SAR images are generatedgtakim account the full bandwidth
given by the pulse repetition frequency. 'Image 1’ and 'lm&jare the images acquired with
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Figure 3: Land traffic monitoring results obtained from thietstate 15 date take (top: Google Earth image with the
detected vehicles depicted as colored triangles; bottistodrams of the position differences (left), the heading
differences (middle) and the SCNR (right)).

the first and second platform, i.e. with TerraSAR-X and TanDEMClutter suppression using
the displaced phase center antenna (DPCA) technique iedamit only if land traffic should
be monitored (cf. Fig. 2 right). Parameter estimation idqrered as explained in [3]. After
georeferencing a 'Keyhole Markup Language’ (KML) file cantag the SAR-GMTI results is
generated. The results can then be visualized using Goaegtk.E

3. First Experimental Results

In 2010 during the early commissioning phase of TanDEM-XeseGMTI data takes of dif-
ferent test sites have been acquired with the aim to evaarateverify the novel SAR-GMTI
algorithm. The TerraSAR-X and TanDEM-X satellites were aped in the pursuit monostatic
mode [4]. At the time of data acquisition the along-trackdliae between both satellites was
in the order of 20 km, corresponding to a time lag of approxetya2.5 s. This is just the time
lag promising the best performance of the proposed SAR-GNgDrghm [3].

3. 1. Land Traffic

One test site used for monitoring land traffic was the In&test5 in the north-east of Las Vegas.
It was not possible to determine the detection rate of the &ARFI processor since no ground

truth data was available. However, the position estimadimuracy could be computed by mea-
suring the residual offsets between the estimated vehadgipns and the known geographical
positions of the road axes, which are obtained from a roaabdae. The heading difference was
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Figure 4: Maritime traffic monitoring results obtained frdhe Strait of Gibraltar data take (top left: TerraSAR-
X image of a vessel, the orange cross marks the point usedefmefgrencing; top right: superposition of the
TerraSAR-X (red) and TanDEM-X (green) image of the samealeti'e vessel’'s motion can clearly be recognized;
bottom: measured northing position (left), velocity (migldand heading differences (right)).

computed by comparing the estimated heading with the knometibn of the road axis.

The preliminary evaluation results are shown in Fig. 3. taltd1 detected vehicles with signal-
to-clutter plus noise ratios (SCNR) from 10 to 23 dB were cogrgd for evaluation. False
detections have been precluded. The mean of the posititerafites is 10.97 m, correspond-
ing to a velocity difference of 0.57 km/h. The mean value @& lleading differences is 0.55
indicating that the two-dimensional velocity estimatioa, the estimation of the along-track as
well as the across-track velocities, is very accurate.

3. 2. Maritime Traffic

Vessels have been monitored in the Strait of Gibraltar. Aioc identification system (AIS)
data of the vessels were used as ground truth [5]. The pasaestimation errors of the SAR-
GMT]I algorithm are assessed by comparing the estimatestingtiAlS reference. One result is
shown in Fig. 4. All eight AIS reference targets were deteéeigtomatically. For georeferencing
the point of the centroid of the area of the vessel image wed (. Fig. 4 top left). Note
that the position of the centroid is different from the psitof the GPS receiver of the AIS.
As a consequence the uncertainty of the computed positiferetice or the position error,
respectively, depends on the vessel size.

The vessels have mainly moved in range direction, whicledifbnly by 9.5 from the UTM
easting direction. Thus, the UTM northing position diffiece shown at the bottom left in Fig.
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Measured SAR-GMTI Data Diff. to Closest AlS Reference Data
Target ID: 2 Absolute Position Difference: 448m
Latitude: 35.9510° Easting Position Difference: -44.0m

-5.6590° Horthing Position Difference: -85m
8.9kn Speed Difference: -01kn
0.00 mis* Heading Difference: -6.57

27357 Observation Time Difference: 230s

DetectedAt:  2010-09-07T18:23:04 287
AlS Reference Data

Detected Original Image Hame: Cape Banks
MMSI: 636091018
IMO Number; 9031382
Callsign: ABIPT
il Latitude: 35.9510°
Longitude: -5.6570°
Speed: 9.0 kn
Heading: 280.0°
Vessel Type: Tanker
199x 112px.  Length: 179.0m
{for geocoding. Beam: 250m

Draught: 11.0m
Destination: Rouen

ETA: 2010-09-13T15:00:00.00Z
Status: Under way using engine

Extra Info: NiA

AlS Last SeenAt:  2010-09-07T18:22:41.00Z
AIS Retrieved: 2010-09-07T18:23:50.002
Web Info: IIS1 636091018

= SnDEN-X imsge
Additionaly Measured SAR-GMTI Data
Along-Track Speed: 2.0kn
Across Track Speed: -87kn
Azimuth Displacement: -3058m
Strip Heading: 350.5°
Target Heading With Respect to the Azimuth Direction: 7.1
Incidence Angle: 46.80°
Arimuth Displacement Difference: 1.50 samples
Range Displacement Difference: -8.13 samples
Correlation Coefficient:
Rotation Angle:

Figure 5: Google Earth image of the Strait of Gibraltar caierlwith the KML file from the SAR-GMTI processor
output. The color coded symbols (color is velocity depemdepresent the automatically detected vessels on the
estimated 'true’ positions. Also the displaced vessel iasdg white color are visible.

4 is directly related to along-track position error. The emainty of the position difference is
in the order of half of the vessel width. The position difiere of -115 m of the target with ID
1 is not reliable, since the correlation coefficient of the{mensional cross-correlation was
small. For target 7 the time difference between the AIS aedSAR data was 440 s, which
is quite large. It can be assumed that in this case the AlSiposxtrapolation, for which a
constant vessel velocity and heading are assumed, givabenabrrect result. Therefore also
the measured position difference of target 7 is not relialde maximum position difference is
-25 m if the two outliers are discarded.

The maximum velocity difference is 0.54 km/h or 0.29 kn, exgjvely, if again target 1 with the
small correlation coefficient is not considered (cf. Fig.ottbm middle). Hence, the measured
velocity difference is in the same order as for land traffic.

The heading differences are almost belb0°, except for two outliers (cf. Fig. 4 bottom right):
target 5 has made a strong turn between both observatiorth@anesults for target 1 are again
not reliable. The low heading difference indicates that &g extended targets like vessels the



two-dimensional velocity estimation is very accurate.

In Fig. 5 the maritime traffic monitoring results are showradsoogle Earth overlay. The user
can click on a vessel symbol to open a window showing all thevamt information about the
vessel (cf. Fig. 5 right). In this example also the autonadiftcmerged AIS reference data is
shown.

4. Conclusion

The presented preliminary results confirm that the prop@setimplemented dual-platform
SAR-GMTI algorithm is well suited for land and maritime traffmonitoring. For vehicles
moving on land the position estimation accuracy is on averagaller than 11 m. This is a
really impressive value, especially under the aspect thatiner SAR satellite system has ever
achieved such a moving vehicle position estimation acgugarticularly without the use of a
road database or other a priori knowledge. Still more of twuaed GMTI data takes need to
be evaluated in order to statistically confirm the first ressptesented in this paper.
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