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Chances of Airborne SAR in the Investigation

of Buried Archaeological Sites in Moist Soil in Bavaria

Roland Linck?, Jens FiscHer® and Rebecca CASEMENT©

Highlights:

o Use of Airborne SAR for detecting buried archaeology.
* Evaluation of penetrative capabilities of SAR in moist areas.

o Use of high resolution fully polarimetric SAR data in X-, C-, S- & L-band.

Keywords: Bavaria, Remote Sensing, Roman archacology, Synthetic Aperture Radar, SAR.

INTRODUCTION

In the last few years, the use of Synthetic-Aperture-Radar
(SAR) has become quite widespread owing to a dramatic
improvement of the resolution of the corresponding sensors.
After the first tests at sites in Syria (Linck, 2013; Linck ez al.,
2013), several further works have been published in
recent years (e.g. Chen et al., 2016; Stewart et al., 20165
Lasaponara & Masini, 2019; Tapete & Cigna, 2019). All of
these previous studies have two things in common: they are
mainly investigating sites in desert and/or arid region and
they are using satellite SAR data. With the use of Airborne
SAR data, the resolution can be further improved due to
the lower flight altitude, especially by applying a circular
flight. Within this project, the chances of detecting buried
archaeological remains in humid regions of Bavaria shall be
investigated. All results are in-situ checked by previous GPR
surveys of the Bavarian State Department of Monuments

and Sites (BLfD).

USED SENSOR

One of the world’s most advanced civil airborne SAR sen-
sors, F-SAR, operated by the Microwaves and Radar Institute
of the German Aerospace Center in Oberpfaffenhofen,
offers huge chances for this project, as it is fully polarime-
tric and provides data from four different frequencies (X-,
C-, S- and L-band) that can be easily compared as they are
acquired simultaneously. The sensor platform is mounted
to a Dornier Do0-228-212 research aircraft of the DLR
(Fig. 1). F-SAR is mainly used in environmental and geolo-
gical research. For the first time, this sensor now is used in
the field of archacological prospection. The following case
studies show only the results of the L-band, as this channel
offered the best penetration depth into the moist soil.
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Figure 1. Photograph of the DLR research aircraft Dornier
Do-228-212 showing the SAR antenna positions (© DLR).

CASE STUDIES

Roman road at Eining (Lkr. Kelheim)

The Roman fortress of Eining-“Abusina” has a special stra-
tegic position, as it is located at the Eastern end of the Raetic
Limes. The fortress and its corresponding vicus, i.e. the civil
settlement, is accessible by three main roads from the North,
the South and the East. They are linked via a bypass around
the Eastern limit of the fortress.

Nowadays, nothing is visible at the surface anymore and
there is even no evidence in the terrain model. Figure 2 (left)
only shows some faint negative crop marks in the grass that
indicate the buried remains. One part of the southern road,
including the junction with the bypass, had already been
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investigated with GPR in 2009 by the BL{D. The corres-
ponding depth slices show the Roman pavement in a depth
between 20 cm and 100 cm below the modern surface on a
length of 60 m (Fig. 2 middle). A detailed investigation of
the F-SAR data now reveals that, especially in the L-band,
which provides significant penetration depth even in moist
conditions, the Roman road junction can be traced quite
well (Fig. 2 right). It shows up as a slightly darker anomaly
due to the scattering of the SAR signal away from the sensor
by the buried stone pavement (Casement, 2020). Further
archaeological features are visible in the surrounding, espe-
cially the vicus area east of the fortress. As the soil moisture
at the time of the SAR-flight was comparable to the one
during the GPR-survey (DWD, 2009a; DWD, 2014a), it
can be concluded that the L-band waves have a minimum
penetration depth of 20 cm in these soil conditions.

Roman villa rustica at Erlstitt (Lkr. Traunstein)

Our second test site was the Roman villa rustica near
Erlstdtt. This site belongs to a series of luxurious imperial
farms along the Roman “Via Iulia” that runs from the Raetic
capital Augsburg—"Augusta Vindelicum” towards Salzburg—
“Tuvavum”.

The main building of the Villa rustica has a size of
70 m x 35 m. It was investigated by GPR in 2009. The
results reveal in 20-240 cm depth the layout of a buil-
ding resembling estates known from Italy (Fig. 3 middle).
Whereas the upper 100 cm belong to the still preserved
walls that create a small heap of rubble even visible today
in a high-resolution UAV elevation model (Fig. 3 left), the

selloction
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Figure 2. Roman road of Eining: Oprtical satellite image (© Google Earth) (left); GPR depth slice of 40-60 cm below the modern surface,
GSSI SIR-3000 with 400 MHz antenna, sample density: 2 x 50 cm, grid size: 60 x 50 m (© BL{D) (middle); F-SAR L-band Stripmap
image, resolution: 60 x 129 cm (© DLR) (right).
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Figure 3. Roman villa rustica of Erlstite: UAV based DEM; DJI Inspire 2 with Zenmuse X4S camera, date: 30/06/2020, resolution:
2 cm (© BLID) (left); GPR depth slice of 100-120 cm, GSSI SIR-3000 with 400 MHz antenna, sample density: 2 x 50 cm, grid size:
60 x 50 m (© BL{D) (middle); F-SAR L-band circular flight, resolution: 6 x 6 cm (© DLR) (right). The white points mark a small room

of the main building with ca. 6 m size.

lower 120 cm depict the foundations with hypocausts below
some preserved mosaic floors.

For this case study, it was even possible to acquire an
F-SAR circular flight around the site to further improve the
L-band resolution to 6 cm (Fig. 3 right). A detailed com-
parison with the GPR data shows that even the quite faint
linear walls of the Roman building are detectable in the
SAR image, and the principal layout of the main building
can be visualized by F-SAR (Casement, 2020). Some of the
bigger two-dimensional features can possibly be assigned to
preserved mosaic floors. The archaeological features in this
case study probably show up so clearly, because they create
a soil moisture difference that is recognized by the F-SAR
sensor. Again, the soil moisture was the same than during
the GPR survey, but both are significantly higher than in
Eining (DWD, 2009b; DWD, 2014b). Hence, in this case
study a conclusion for the penetration depth is difficult.

CONCLUSION

The presented case studies show impressively the great
chances that Airborne SAR with a high-resolution sensor
provides for the archaeological prospection even in humid
areas.

Whereas bigger features, like roads can be directly map-
ped with SAR, smaller ones will only become visible by
changing the backscattering due to varying soil moisture.
Nevertheless, the archaeological remains can be mapped in
detail in both circumstances. Of course, the main limitation

for the widespread use of this survey method are the huge
costs for such data (ca. 30,000 € — 50,000 € per flight day).
Hence, it is only possible to integrate this method into stan-
dard fieldwork within a cooperation with a national space
agency or another company that is operating such a system.
Another possibility is to use stacks of spaceborne SAR data
and to average them along the stack direction. In this way,
the effective resolution can be increased. This, as well, has
been demonstrated using this airborne data set by averaging
across three passes.
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