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ABSTRACT

The standard TanDEM-X baselines have been designed to
optimize the high resolution global Digital Elevation Model
(DEM) generation. However, during the Science Phase of
the mission longer baselines are available. This allows in-
terferometric measurements with a higher vertical sensitivity,
more appropriate for agricultural applications, where the crop
heights are too small to be properly detected and analyzed
with the standard baselines. This paper evaluates the use of
the experimental long baseline TanDEM-X acquisitions for
the monitoring of the agricultural changes in dual-pol single-
pass interferometric time series.

Index Terms— SAR, Polarimetry, TanDEM-X, Polln-
SAR, time series

1. INTRODUCTION

TanDEM-X (TerraSAR-X add-on for Digital Elevation Mea-
surements) is an innovative spaceborne radar single-pass in-
terferometer, based on two satellites flying in a close HELIX
formation [1]. It allows the acquisition of bistatic SAR data
at X-band, with short along-track baselines and a wide range
of possible cross-track baselines, in order to demonstrate and
investigate single-pass interferometry from space.

The primary objective of the TanDEM-X mission is to
generate a high-resolution global Digital Elevation Model
(DEM) of the Earth. Consequently, the nominal baselines
of the HELIX formation were selected according to this ob-
jective, with a height of ambiguity in the order of 30 to 45
meters [2]. These baselines, however, are not optimal for
agricultural applications, where larger baselines would be
more appropriate for monitoring agricultural vegetation with
interferometric techniques. In this case, a height of ambiguity
of around 5 to 10 meters would be more convenient. As men-
tioned in [1], large baselines on this order may be employed
with TanDEM-X, since only 5% of the critical baseline length
is used during the nominal DEM data acquisition. In order
to demonstrate these capabilities, a long baseline experimen-
tal phase has been planned and implemented in the Science
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Phase. This paper investigates the use of dual-pol long base-
line TanDEM-X time series acquired during this phase for
monitoring agricultural vegetation.

2. SCIENCE PHASE MISSION

The TanDEM-X Science Phase lasted 15 months, started in
October 2014 and ended in December 2015. During this time,
two main operations modes have been employed: the pursuit
monostatic and the bistatic mode. In the pursuit monostatic
phase, the along-track baseline is 76 km and the two satel-
lites are operated independently from each other. This phase
lasted from October 2014 to February 2015, and may be em-
ployed to apply two-pass interferometry with very small tem-
poral baselines.

In the bistatic phase either TSX or TDX transmitted
while both satellites received simultaneously. In this mode,
the along-track baseline was reduced to less than a kilometer
during the commissioning phase in March 2015. From April
to August 2015, large cross-track baselines were maintained,
up to 3 to 4 km on the equator, decreasing at higher latitudes.
Finally, in September 2015, the orbits were changed back
to the nominal cross-track shorter baselines, in the order of
0-250 meters.

3. LONG BASELINE TIME SERIES

The larger baselines employed in this experimental phase in-
crease significantly the height accuracy of generated DEMs
but also reduce the height of ambiguity, making these ac-
quisitions not practical for DEM generation over areas with
significant topography. Moreover, volume decorrelation is
also larger, reducing significantly the interferometric coher-
ence over forested areas. This paper analyzes the use of this
data for monitoring agricultural vegetation, taking profit of
the improved height accuracy for the determination and mon-
itoring of different crop parameters.

For this analysis, a time series dataset from an agricul-
tural testsite located in Wallerfing, in southern Germany, will
be considered. Table 1 shows the set of employed dual-pol
TanDEM-X long baseline acquisitions over this area. Two



time series are available in different combinations of incident
angles, baselines and with ascending and descending passes.
These time series cover most of the growing season of crops
as corn, wheat, barley, sugar beet and rape. In parallel to the
SAR acquisitions, ground measurements were performed, in-
cluding land-use, vegetation height, soil-moisture and plant
water content.

Fig. 1 shows the HH amplitude and coherence images for
the acquisition performed on the 25th of May. The upper part
of the image, marked with a red square, corresponds to the
mentioned Wallerfing agricultural testsite.

(a) Amplitude HH (b) Coherence HH

Fig. 1: Amplitude and coherence for the HH polarization
of the acquisition of 25th May. Coherence is scaled from 0
(black) to 1 (white).

As it may be seen in Fig. 1b, the coherence is almost com-
pletely lost in the forested area near the river in the upper part
of the image, due to the high volume decorrelation at X-band
with this long baseline. However, in the agricultural fields
below the river, high values of coherence are still obtained.

4. POLARIMETRIC CHANGE ANALYSIS

This data basis allows to investigate the potential of polari-
metric and interferometric change analysis for determining
the changes in agriculture vegetation development in the dual-
pol space at X-band. To perform this study, the polarimetric
change analysis described in [3] is adapted to the dual-pol
case and applied to the dataset. In this case, the scattering
vector measured by the radar may be expressed as

K = [Shn, Suo]”, (1

where Sy, and S, represent the scattering coefficient for
horizontal and vertical transmitted and received polarizations.

Under the assumption of distributed scattering, the Pol-
SAR response of a target may be completely characterized by
the second order statistics of the scattering vector k, that is,
the covariance matrix, which may be estimated as

n
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where k; represents the scattering vector of the i-th pixel, as
defined in (1), and n represents the number of independent
pixels averaged.

The polarimetric change between two acquisitions, char-
acterized by polarimetric responses Z; and Zs, may be ob-
tained by exploiting the differences between covariance ma-
trices. In [4] the polarimetric contrast measure was intro-
duced, in order to describe the relative change of the backscat-
tered power at each polarization state w
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This concept is exploited in [3] to define a polarimetric
change analysis technique. The generalized eigendecomposi-
tion of Z; and Zs matrices is employed to extract the range
of values of the polarimetric contrast and the corresponding
polarization states w. Moreover, a change representation is
proposed for the interpretation of the observed changes. This
representation classifies the observed changes according to
the increase or decrease of (3), and depicts the polarization
states that produce the change in two images

(NI

[ »

Pinc = 10 Z (log1g Aipi)z “)
- » %

Pgec = 10 Z (—logip \ipy)* | &)
KIRYAe!

where p;,,. and p,,. stand for the polarimetric change repre-
sentation of the increase and decrease, respectively, A; rep-
resent the generalized eigenvalues and p; is the RGB repre-
sentation of the generalized eigenvectors, as described in [3].
In the dual-pol case, only red and green components are em-
ployed, corresponding to HH and VV polarizations, respec-
tively.

In these representations the color describes the type
of change whereas the intensity represents the amount of
change, i.e. increase or decrease. Note that this approach is
able to determine and discriminate not only the amount of
change, but also the type of change, i.e. the scattering mech-
anisms associated to the change. Fig. 2 shows the change
matrices representing the mentioned change analysis repre-
sentation for the two time series shown in Table 1. The upper
diagonal represents the increase p;,,. while the lower the de-
crease pg... In this case the interpretation of the changes is



Acquisition Date  Transmitting Sat. Pass Incidence angle  Eff. Baseline (m) Height of ambiguity (m)
06/05/2015 TerraSAR-X Descending 31.91 976 5.19
17/05/2015 TerraSAR-X Descending 31.94 978 5.19
28/05/2015 TerraSAR-X Descending 31.94 980 5.18
08/06/2015 TanDEM-X Descending 32.13 983 5.20
11/07/2015 TanDEM-X Descending 32.13 985 5.19
02/08/2015 TanDEM-X Descending 32.13 984 5.19
25/05/2015 TanDEM-X Ascending 44.20 981 7.86
05/06/2015 TanDEM-X Ascending 44.20 979 7.87
16/06/2015 TanDEM-X Ascending 44.20 981 7.86
30/07/2015 TanDEM-X Ascending 44.20 982 7.84
10/08/2015 TanDEM-X Ascending 44.20 979 7.87
21/08/2015 TanDEM-X Ascending 44.20 980 7.87
01/09/2015 TanDEM-X Ascending 44.20 979 7.87

Table 1: List of employed dual-pol HHVV TanDEM-X long baseline acquisitions over the Wallerfing testsite.

complex due to the limited penetration of the X-band radar
signal into the crops. However, the starting of the growing
process of the maize may be seen in the first acquisitions,
from May to the start of June, appearing as a yellowish spot.
After this point, even when the plants continue growing, the
signal backscattered corresponds only to the interaction with
the top part of the canopy and no significant changes are
perceived.
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Fig. 2: Change matrices for the two time series over fields
corresponding to maize and wheat.

In the wheat crops, in Figs. 2¢ and 2d, two main changes
are seen, in green and red colors. These changes correspond
to the plant growing during May and the harvest at the end
of July, respectively. Still, the interpretation of these changes

may be difficult employing only the change matrices.

5. INTERFEROMETRIC HEIGHT DIFFERENCE

Additionally, single-pass interferometric measurements can
also be employed in order to extend the polarimetric informa-
tion and estimate the changes in the crop height, for instance,
which is a very relevant aspect for agricultural monitoring [5].
In this case, due to the long baseline acquisitions, an improved
vertical sensitivity is obtained. It is worth mentioning that the
changes in the crop height are not directly measured through
interferometry. Instead, the changes on the radar scattering
phase center are detected, which are expected to be directly
related to changes in the crop height, among other parame-
ters.

Fig. 3 shows the estimated height difference over an area
of the image corresponding to the Wallerfing test site. In this
case the second time series presented in Table 1 has been
employed, due to the larger amount of acquisitions. Fig. 3a
presents the crop map of the area, with maize, wheat and rape
fields in colors yellow, blue and red, respectively. Figs. 3b-3d
show the height difference with respect to the first acquisi-
tion, on the 25th May. In these results, the areas with low
coherence (below 0.3) have been masked out.

As it may be seen in Fig. 3b, no significant height changes
are observed during these two acquisitions that are only sep-
arated by 11 days. When increasing the time span, in Fig. 3c,
from 25th May to 30th July, significant changes may be ob-
served in the obtained height. The maize crops have grown
notably during these dates, appearing in reddish color. On
the other hand, a decrease is observed in the interferometric
height over the rape fields, which is produced due to the har-
vest of these fields at the end of July. Over the wheat fields
the changes are not as notable as for the other fields, since the
maximum height of these crops is around 1 meter. However,
a small decrease may also be observed as these crops are also
harvested at similar dates. Fig. 3d shows the height differ-
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Fig. 3: Crop map (a) of the selected area (yellow: maize, blue:
rape, red: wheat), and interferometric height differences (b)-
(d) with respect to the acquisition in 25th May.

ences from 25th May to 1st September, showing the consis-
tency of the previously mentioned height changes.

Fig. 4 shows the height evolution of one field for each
type of crop. In this case, the measure is performed at a field
level and the polarimetric space is explored in order to extract
the maximum and minimum height in the coherence region.
These height differences are represented in red and blue col-
ors, respectively. All the plots are differential measurements
with respect to the first acquisition, on the 25th May, repre-
sented with a 0 value. As it may be seen, the height increase
of the maize due its grown and the decrease in rape and maize
crops is clearly visible in these plots.

6. CONCLUSIONS

This paper has shown the usefulness of TanDEM-X dual-pol
long baseline acquisitions for the monitoring of agricultural
areas. The polarimetric and interferometric information may
be combined to detect the changes of the different fields and
monitor the crop phenology and evolution over large areas
from space. For instance, the plant growing and harvest can
be clearly detected and even the height changes of the maize
crops, in the order of a meter, can be properly detected.
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Fig. 4: Interferometric height differences evolution for differ-
ent crops. The maximum and minimum height in the coher-
ence region are marked in red and blue colors, respectively.
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