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Abstract

In the paper a ground moving target indication and paramestttmation algorithm applicable on single- as well as on
multi-channel airborne synthetic aperture radar data ésemted. The algorithm is based on a priori knowledge and
operates directly on range-compressed data. Only thesetton points of the moving vehicle signals with the a prior
known road axes, which are mapped into the range-comprelsgadiomain, are evaluated. The algorithm needs low
computational power and, hence, it is suitable for reaktinaffic monitoring applications. The absolute velocitige
headings and the geocoded positions of the detected moelrigles can be estimated. A verification of the algorithm is
done using real dual-channel data acquired with DLR’s nelboane system F-SAR.

1 Introduction 2 Algorithm

As a first step the a priori known road axis of inter-

est is mapped into the range-compressed SAR data ar-
Ground moving target indication (GMTI) techniques orig- ray. The required coordinate transformation, which is the
inated in the m|||tary field also can be used for civilian heart of the whole a|gorithm, is done in such a way, that
applications like traffic monitoring. For this task princi- the geographical coordinates of each road point are trans-
pally already existing GMTI systems and algorithms canformed to corresponding beam center coordinates in the
be used. Nevertheless, for traffic monitoring applicationgange/azimuth plane. The beam center position of a de-
each vehicle has to be assigned to a certain road additiofscted moving vehicle is then given by the intersection of

ally. Anyway, for performing such an assignment a roadne vehicle signal with the mapped road point (cf. Fig. 1).
database is required. Furthermore, itis not necessaryto de

tect vehicles moving off-road. Thus, the system and GMTI
algorithm complexity can be reduced significantly.
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The algorithm described in the paper takes into accoun_
the road network for vehicle detection and parameter esg
timation. The idea using a road network is not new, but® “oadbeam
. center coordinates
up to now such a road network mainly was used togetheL,
with displacement based GMTI algorithms. These algo-
rithms measure the azimuth displacements of the vehiclegigure 1: Principle of the proposed algorithm.
occurred due to conventional SAR focusing, for computing
the across-track velocities [1]. The required processing iOwing to the mapping, the geographical coordinates of the
time consuming, since in general SAR images have to beoad point and, hence, the geographical coordinates of the
generated taking into account the full bandwidth given bydetected vehicle moving on this road point at beam cen-
the pulse repetition frequency (PRF). ter timet,. are known, so that no further geocoding is re-
quired. For moving vehicle detection and motion parame-
Our proposed algorithm does not require SAR focusingter estimation only a few azimuth samples around the inter-
it operates on single- or multi-channel range-compressesection point are taken (cf. Fig. 1 right) and transformed
SAR data. The geocoded position of each detected mowato Doppler domain via FFT. Due to the small number
ing vehicle is directly obtained from the intersection of of used azimuth samples, the signal phase is more or less
the road axis, which is mapped into the range-compressdihear over time and the moving vehicle signal appears as
SAR data array, with the moving vehicle signal. Motion a sharp peak in Doppler domain. For detection the sig-
parameter computation is done by estimating the Dopplemal amplitude is compared to a certain threshold and for
frequency of the signal at the road intersection. Even withmotion parameter estimation the Doppler slfifi- of the
a single-channel SAR system for fast moving vehicles theignal peak is exploited. The proposed algorithm is well
parameters absolute velocity, heading and geocoded positited for airborne but not for spaceborne applications,
tion can be estimated with high accuracy. since the detection performance suffers from low SNR.
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2.1 Structure of the Algorithm mation, so that false and ambiguous detections caused by

. i strong stationary targets or by vehicles moving on adjacent
In Fig. 2 the flow chart of the proposed GMTI algorithm roads, respectively, can be reduced.

is shown exemplarily for a dual-channel system. RX1 and

RX2 are the range-compressed images. Clutter suppres-

sion is performed using the displaced phase center anten@a2 Coordinate Transformation

(DPCA) technique. The geographical coordinates of the

roads of interest are obtained from a road database. Intefhe relation of the global Cartesian UTM coordinate sys-
polation of these coordinates is necessary to avoid gaps §M{zvrn, yurn, zura } and the local Cartesian coor-
the range-compressed DPCA data array. dinate system{x,y, z} relevant for GMTI processing is

sketched in Fig. 3. The-axis is defined by the platform
m

velocity vectord,, which is assumed to be constant.
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Figure 3: Relation between the global geographical UTM
and the local Cartesian coordinate system.
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Figure 2: Simplified flow chart of the proposed GMTI
algorithm for a dual-channel system.

A squinted geometry has to be considered, since in general
it can not be ensured that the squint angle and, hence, the
Doppler centroid of the clutter is negligibly small. In Fig.

4 it is shown how the received non-squinted and squinted
data of one and the same stationary road point are stored in
the range-compressed SAR data array.

1 range
Around each road point in the DPCA data array some az- Xot .
imuth samples are extracted and transformed into Doppler Yo, %o .~
domain using the FFT. Each detected signal peak in Tsa 7 } 1
Doppler domain corresponds to one potential moving ve- @ A
hicle. The parameter estimation procedure is explained in f fo |
section 2.3. Before formatting and distributing the data ', ; azimuth
e.g. to a traffic management institution, a clustering opera _ N7, J .
tion is performed, where multiple detections of one and the Y% Wﬂ oo X

same vehicle are merged to only one physical vehicle. The

whole algorithm sketched in Fig. 2 also can be used forigure 4: Range-compressed SAR data array containing
single-channel systems by just omitting the stages "Basey single road point in the non-squinted (left) and squinted

line Estimation, ..." and "DPCA". With single-channel sys- (right) case. The beam center positions of the road point
tems only fast moving vehicles are detectable, but for thesgre marked with a yellow circle.

fast vehicles all relevant motion and position parameters

can be estimated. Furthermore, the algorithm also workk Fig. 4 z,( is the azimuth position of the road point
with multiple channels and more sophisticated techniqueat minimum rangery, zo is the azimuth offset due to
like space-time adaptive processing (STAP) [2]. Multiplethe squint angle and;, is the beam center range in the
channels allow also for accurate direction-of-arrivai-est squinted case. By decomposing the range vecioto a



component parallel and into a component perpendicular tAfter performing a second order Taylor expansion and

flight direction, the vectorg,, and, are obtained
ﬁp
- 12
1Tl

wheret, is the absolute start time of data acquisitiaf,is
the inner product and.|| is theL, norm. The vectors,

Foo(t = t3) = (B, 7(t = t,)) @)

some substitutions the range can be approximated as [3]

A
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where fpe is the total Doppler shift of the received sig-
nal due to squint and target motion akglis the Doppler

and can be computed using the known UTM coordinatesslope. The Doppler shiffpc can be estimated after trans-
of the stationary road point and the radar platform at anyorming the azimuth samples around the road intersection

time instant. The minimum rangg is than given as

To = ||F(t:ts)*fr0(t:ts)”' (2)

For computing the azimuth positior,; of the road point
within the data array the following equation can be used:

" o < ’Up fro(t:ts)
t — — —
: 151" 120 (t = to) |

The azimuth offsety can be computed as

> 1vo(t = t2)l| — 20 (3)

xo = 1o tan, (4)
where the squint angle is given by
1 = arcsin ()\fDCSt) = arccos (TO> . (5)
2’Up 710

In previous equation is the radar wavelength anfhc s

point (cf. Fig. 1 right) into Doppler domain. The absolute
beam center vehicle velocity can then be computed as

Ario(fpe,st — fpe)

= = abs| - 1
v ’2(;100 cos a + Yo sin ) [vabs| (13)
The heading of the vehicle is given by
_ a if sgn(vgps) = +1
v = { a—180° if sgn(veps) = —1 (14)

wheresgn(.) is the signum function.

3 Experimental Data

In 2007 several GMTI experiments have been performed
using DLR’s new F-SAR system [4]. As test sites the for-

is the Doppler centroid of the clutter, which can be esmer military airfield in Memmingen and a region around
timated from the data of a single channel. Knowing thethe Chiemsee, both located in Germany, have been used. F-

squint angle the beam center range can be computed

(6)
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The beam center time of the road point is given as

10 =

T
the =15 + it (7)
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2.3 Motion Parameter Estimation

The motion equations of a vehicle moving at constant alti-

tudeh, can be written as
1
Ty = Tpt + Vo (t — tpe) COS @ + ia(t - tbc)2 cosa, (8)
. 1 .
Yo = Yo + vo(t — tpe) sina + ia(t - tbc)2 sina, (9)

whereuy is the absolute velocity at beam center titpg

a is the constant acceleration ands the road angle with
respect to the-axis (cf. Fig. 3). The across-track position

of the target at = ¢, is denoted agy and given as

Yo = /15 — Ah?,

(10)

whereAh = h, — h,, is the altitude difference between the

SAR has been operated in X-band in a dual-channel mode.
Some of the controlled vehicles were equipped with GPS
to gain geographical reference positions and velocities fo
the GMTI algorithm verification. Simultaneously with the
radar optical images from the same scene were taken to
gain also knowledge about other road vehicles.

moving vehicle and the radar platform. The distance fronfFigure 5: SAR image (data take rcO7trmrad0101x1) of

the transmit antenna to the target is then

r(t) = \/[% — Xpt + T — vp(t — tye)]” + y2 + Ah2.
(11)

Memmingen airfield (top), range-compressed DPCA im-
age of the "detail" with overlaid runway axis and detected
moving vehicles as triangles (bottom left) and correspond-
ing SAR image (bottom right).



In Fig. 5 the obtained GMTI results from a data take ac-The obtained performance implies that the algorithm is ap-
quired over the Memmingen airfield are shown. All con-plicable for real-time traffic monitoring applications.
trolled vehicles have moved on the runway in across-track

direction. The estimated velocities are 8.6, 84.2, 14.2 an

42.7 km/h (128 azimuth samples were used for param eferences

ter estimation). Compared to the optical reference data the ) ] o

velocity estimation errors are -1.5, 3.5, -1.8 and -1.3 km/h[1] F- Meyer, S. Hinz, A. Laika, D. Weihing, and R. Bam-
The position errors are 17.9, 9.9, 17.3and 16.5m. Therun- 1€, “Performance analysis of the TerraSAR-X traffic
way in Memmingen is about 30 m broad and as road axis Monitoring concept,FSPRS Journal of Photogramme-
for the coordinate transformation the middle of the runway ~ tY @d Remote Sensing, vol. 61, no. 3-4, pp. 225-242,
was chosen, but during the experiment the vehicles have 2006.

moved on the edge. Under this aspect, the estimation a$] R. Klemm, Space-Time Adaptive Processing: Princi-
curacy of the GMTI processor is quite good. plesand A;’Jplications. UK: IEE. 1998.
In the "Formatting" stage also KML files are produced, '

which easily can be visualized using Google Earth ag$3] S. V. Baumgartner and G. Krieger, “SAR Traffic
shown in Fig. 6. Here a preliminary GMTI result of a Monitoring Using Time-Frequency Analysis for De-
Chiemsee data take, where a lot of customary road vehi- tection and Parameter Estimation,” iEEE Interna-
cles have been detected on the autobahn A8, is visualized. tional Geoscience and Remote Sensing Symposium
(IGARSS), vol. 2, Boston, USA, July 2008, pp. 11-25 —

. 11-28.
4 Conclusions
[4] R. Horn, A. Nottensteiner, and R. Scheiber, “F-SAR

A GMTI algorithm based on a priori knowledge, suitable - DLR’'s advanced airborne SAR system onboard
for single- and multi-channel airborne SAR data, was pre- D0228,” in 7th European Conference on Synthetic
sented. The algorithm was verified using real dual-channel Aperture Radar, vol. 4, Friedrichshafen, Germany,
SAR data acquired with DLR’s airborne system F-SAR.  June 2008, pp. 195-198.
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Figure 6: Google Earth image overlaid with a single-channel F-SARdgenéimage size approximately 2.0 x 2.8 km,
data take rcO7trmrad0302x1). The shown vehicles (colodeddriangles) on the autobahn A8 near Chiemsee were au-
tomatically detected and their parameters were autontigtiestimated using the proposed GMTI algorithm (prelinmna
result).



