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Abstract

In the paper a method for along-track velocityreation of moving targets is presented. This metqaoits the
along-track interferometric (ATI) phase ramp ofamge compressed moving target signal between twoooe
receiving channels. The slope of this phase ranmmpaisily influenced by the along-track velocity matt by ac-
celerations. Hence, acceleration independent ai@ul-velocity estimation is feasible. A verifiaati of the pro-
posed method is performed by using both simulatant real two- and four-channel X-band data acduivith
DLR’s E-SAR and F-SAR system.

1 Introduction mainly influenced by the along-track velocity, mat

. . . by accelerations.
Most of common parameter estimation techniques ex-y

ploit the Doppler slope and shift of moving targis- ]

nals for estimating the motion and position parameZ Algorlthm
ters. The Doppler shift is mainly influenced by the
across-track velocity whereas the Doppler slope-is
fluenced by two totally different motion parameters
the along-track velocity and the across-track ageel
tion. Thus, it is impossible to separate both patans
using e.g. a matched filter bank without havingiadd 1 1

tional knowledge. In [1] acceleration measurementx(t) =% T HE g L ¥+ Yo t+_2 3 t @
results were presented which indicate that in tredi

fic scenarios the standard deviation of accelematif ~ Whereay anda, are the constant acceleration compo-
common passenger cars is in the order of 0.5 m/sRents in along-track and across-track direction\gnd
Such small across-track accelerations indeed magnd vy are the velocity components &t= 0. The
cause severe errors in the order of tens of kmtheén along-track position of the targettat O is denoted as
estimated along-track velocity if these acceleratio Xo and the across-track positionyas

are neglected. For traffic monitoring applicaticush DX(t) ,

large errors are not tolerable and therefore acmele

tions have to be considered and compensated during ”,

the velocity estimation stages. In [2] a techniguees y W

presented allowing for detecting accelerations and %_’
compensating their influence on the imaging process H>x o |

but not on the velocity estimation procedure. Aogel N \@74\ iy
ity estimation method taking into account the aexel 0;9' o &@ \a(t)
tion is shown in [3]. By estimating the effectivgns [ rRxa | RX3 | rRx2 [DURXa} —>——>v,
thetic aperture length or Doppler bandwidth of the d, | d, | d,

moving target signal, respectively, the acrossktiae _ )

celeration and the along-track velocity can be sepdigure 1 Multi-channel SAR geometry.

rated. However, this method will only work for st The distance from the fore antenna to the target is
point like targets with aspect angle independedara

cross section (RCS). ) = DX(t)? +y(H)? +h?, 2

Our proposed method exploits the ATI phase historyvhereh is the altitude of the platform above ground
of range-compressed data between two or more rénd DX(t) = x()-t is the along-track difference be-
ceiving (RX) channels which are not co-registeredfween the platform and the target andis the plat-
The slope of this unregistered ATI phase history idorm velocity. Att = 0 the platform is located at= 0,

For the following derivation we assume that theear
moves on ground plane £ 0) with constant accelera-
tion during the observation time (cf. Fig. 1). Tine-
tion equations are:
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y = 0 andz = h and so the range from the fore antennaourier transform. For estimating, common ATI

to the target is given as: techniques which are not range-sensitive may bé. use
> — The ranger;o can then be computed &g = ring-Dr.
Mo =+/%o +Yo +h". 3) Apart from the along-track velocity estimation athe

) o across-track acceleration can be estimated by using
Following the derivation in [4] the rangg(t) from the {0 Doppler slope estimakg

second antenna to the target can also be written as

1 /r ,
@) =nt)+dt). @ 8= -t +vo- v, F +V3[1- sitq) . (10)
10
where for small along-track antenna separatans< o ]
r, the range difference can be approximated by : whereyyo = riosing is the ground range distance to
the target andy = acos li/r;g) is the incidence angle.
ah(t)=d, cosa t)=d, 20 () o
L©) 3 ATl Phase Slope Estimation

whereby cosa is the directional cosine (cf. Fig. 1). . .
The first order Taylor expansion of the along-track3'1 Estimation Accuracy

interferometric phase history between the channel$he accuracy of the ATI phase slope estimatiom-is i

RX1 and RX2 is then given as: fluenced by noise and clutter, whereas the beshrea
2 VooV able accuracy is limited by the signal-to-noisdorat
/() @-—d, % £0 Py (SNR). To get an estimate of this lower bound, ssve
/ 10 Mo ' (6) Monte-Carlo simulations have been performed. In Fig
3 the standard deviation of the estimated phageeslo
- % X, (on' vp)o- YYo t as a function of SNR and observation time is shown.
10 0.10
where the term in the second line is negligiblelsma — 008l \ =05 1

contrast to the other terms. Thus far, Equ. (6Yy bials
been used by the GMTI community for estimating the
zero-crossing of the phase history and hence, the
broadside position of the moving target [5]. Howeve
also an estimation of the along-track velocityeadi-
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ble by exploiting the phase slope: r
y p g p p 0.00:\ L $¥§‘>\7
K = Zp(on- Vp) q. (7) -5 0 5 SNRKEdB] 15 20 25
’ /1, : Figure 3 Standard deviation of the estimated ATI

- . slope as a function of SNR and observation time.
The along-track velocity is then obtained by: P

0K T
/r r T=1s T=0.5s
Vo =V, +—2 k 8 of
2pd,

Note, riq is the distance between the fore antenna and
the target at = 0 and not the rangeg,, where the tar-
get is imaged in a commonly processed SAR image or

STDDEV v,q [krn/h]
3

where the signal energy is concentrated in a range r ~_ ~_
compressed image, respectively, if range-cell- b \\i\
migration-correction adapted for stationary tardets -5 0 5 10 15 20 25

been already performed. Hencg, itself has to be es- SR L

timated taking the range displacemént which is a  Figure 4 Standard deviation of the estimated along-
function of the across-track velocity, or the line-of-  track velocity for a certain airborne geometry.

sight velocityvio, respectively, into account. FRf << Fig. 4 shows the estimation accuracy of the along-
rio the range displacement, which is always negativarack velocity for a certain airborne geometry vt

can be expressed as: rameters/, = 90 m/s,/ = 3.1 cmd, = 0.2 m andyo =
sin’ g 1 4242 m. Again only the SNR was considered as error
Dr @ 'v§0 = V2, (9) source. For a short observation time of 2 s the-sta
Ik, /K, dard deviation of the along-track velocity is beldw

. o . km/h for target signals with SNR values larger thén
where g is the incidence angle ariglis the Doppler .dB. An increased observation time of 3 s only resgii

slope of the moving target signal which can be-esti
mated by using e.g. a matched filter bank or foaeti a SNR of 3 dB to get the same accuracy as before.



3.2 Dual-Channel SAR tions are zero and the results obtained from a

matched-filter bank with neglected accelerations

Before the phase slc_)pe can be estimated, the ran Rould be the same as the results obtained with the
compressed target signal has to be detected and €x

tracted from the data and clutter suppressionhaet proposed approach.
performed. One way for suppressing the clutter T
dual-channel SAR systems is the application of th
fractional Fourier transform and filtering in thead-
tional Fourier domain. For our approach the sam
technique as explained in [5] can be used but no
with the objective to estimate the slope of thesgha &
ramp. Slope estimation can simply be performed by
applying a least-squares fit of a straight line¢hi AT
phase history. To decrease the influence of phaise n
prior to line fitting a threshold operation is pmrhed
so that only the phase values from strong signgkpa Figure 6 SAR images containing moving targets.
with higher SCNR are used.

The along-track velocities of these controlled ¢asg
. measured with DGPS are: 10 km/h, 5 km/h, 9 km/h
3.3 Multi-Channel SAR and 37 km/h. The estimation of the along-track sielo
In the multi-channel case more degrees of freedonies, respectively, with a matched filter bank tessin:
exist and e.g. DPCA can be used for clutter suppres9.9 km/h, -3.9 km/h, -8.6 km/h and -35.4 km/h.ekft
sion between individual channels (cf. Fig. 5). extracting the corresponding range compressedIsigna
from the image pairs and bandpass filtering in the
fractional Fourier domain, the estimated phaseesop
[ rRxa [ rx3 [ rRx2 [rxirxq] are -2.99 rad/s, -2.91 rad/s, -2.97 rad/s and -G8
and the computed along-track velocities are -10.7
km/h, -2.9 km/h, -9.5 km/h and -37.2 km/h. The gelo
ity estimates are in good agreement with the DGPS
velocities (max. error of 2.1 km/h) and the estisat
obtained from the matched filter bank, as expedted.
Fig. 7 ATI phase slope estimation examples fordarg
1 and 2 are shown.
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| rRxa | rx3 | rx2 [rxirxq

Figure 5 Examples for combining channels.

I Estimation & Averaging I

Co-registration is necessary before DPCA can be per? Mmi -
formed successfully. For the example shown on the’ ""?‘m‘#m o
left in Fig. 5 RX2 has to be co-registered with RX§ 1 '”"'W

[ (1 —
and RX4 with RX3. The ATI phase history is then ? i Wm
computed using both unregistered DPCA signals. Fer,
the example shown on the right in Fig. 5 the rasglt © , i
ATl phase slope between two neighbouring “DPCA **  “ocnaton time s
channels” is the same as expressed with Equ. (7)., ) o
Apart from the examples shown in Fig. 5 there ard 19ure 7 Unrgglstered ATI phase _hlstorles_ of target 1
several other possibilities for combining the crelan (1€ft) and 2 (right) shown at left side of Fig. Biue:
so that more than only one baseline exist. Thegalon Without clutter suppression, yellow: clutter supgsed
track velocity estimates obtained from several basd'Sing filtering in fractional Fourier domain.

lines and channel combinations can be combined forhe SAR image shown on the right in Fig. 6 contains
increasing the accuracy e.g. by simply taking ¥&ra  three moving targets travelling only in across#rac

nregistered ATl Pha:

Observation Time [s]

age of the different estimates (cf. Fig. 5, right). direction and therefore having no along-track vigjoc
component. As indicated by the defocus in azimuth

4 Experimental Data direction, target 2 has accelerated in across-tock
rection during the observation time (the accelerati

4.1 Dual-Channel Data estimate is 0.18 m/s?). With the matched filter khan

an along-track velocity of -9.9 km/h was estimated
During the last years several GMTI campaigns werjthough the true along-track velocity of the targes
conducted with DLRs E-SAR system using a switchetheen zero. So the estimation error in that case is
aperture two-channel mode in X-band. In Fig. 6lent nearly 10 km/h. The estimate of the unregisteret! AT
left side a common SAR image containing four conphase slope is -3.21 rad/s corresponding to argalon
trolled ground moving targets is shown. The targetgrack velocity of only 0.8 km/h. Hence, for the akc
have only moved in along-track direction (antipidal erating target, the along-track estimation accurasy
to the flight path). In that case across-track Bcee jng the ATI phase slope is better than the resbit o



tained from the matched filter bank. It has to béed
that all targets during the conducted experimemiew £
equipped with radar reflectors and therefore haae h 88
high SCNR values so that they even were visible
the SAR image without clutter suppression.
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4.2 Four-Channel Data

For the acquisition of four-channel data DLR’s new |
SAR system operated in X-band with four RX chan-_ ] ] _
nels was used [6]. Similar investigations as inghee ~ Figure 9 SAR image with controlled targets moving
vious section were made whereby the channels weMith a heading of 45°.

combined like depicted on the left in Fig. 5. Adutit

ally, before computing the ATI phases filteringtbé 5§ Conclusions

DPCA signals in the fractional Fourier domain was ) )
performed for further decreasing the disturbinduinf |t has been shown that the unregistered ATI phisse h
ence of clutter and noise. In Fig. 8 and 9 SAR iesag tory in principle not only can be used for estimgti

of Kaufbeuren airfield acquired during a GMTI cam-the broadside position of a moving target, as dlyea
paign in 2007 are shown. known, but also can be used for estimating thegalon

track velocity without the negative influence of

across-track accelerations. The proposed method was

verified using real airborne SAR-GMTI data. At leas

for airborne applications where the SNR is much
> e higher than at satellite applications, the proposed

along-track velocity estimation method seems to be

applicable. For the F-SAR data a good performance

o b was observed for SCNR values larger than 10 dB.
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