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AIRBORNE SYNTHETIC APERTURE RADAR: IMAGE GENERATION AND HIGH PRECISION DIGITAL
ELEV ATION MODEL GENERATION

Joao Moreira

Aero-Sensing Radarsysteme GmbH
clo DLR Research Centre

82230 Oberpfaffenhofen, Germany
phone: +49 8153 28 1542, fax: +49 8153 28 1543

email: joao.moreira@dlr.de

ABSTRACT

This paper describes the Interferometric SAR (lnSAR)
of Aero-Sensing, AeS-1. The system AeS-1, designed
and manufactured at Aero-Sensing, is mainly used for
generation of fully geocoded SAR images and Digital
Elevation Models (DEM). AeS-1 has a maximal ground
resolution of 0.5 m x 0.5 m and a height accuracy up to
5 cm. AeS-1 had the first test flight in August 1996 and
is operational since November 1996. High resolution
images and DEM are finaly shown.

1. INTRODUCTION

Aero-Sensing Radarsysteme GmbH is engaged in the
field of microwave remote sensing by making use of
Synthetic Aperture Radar (SAR) systems on both air
and spaceborn platforms. It is a private enterprise
founded in early 1996 by former scientists of the
German Aerospace Research Establishment (DLR),
who were involved in the design and construction of
the E-SAR, the Experimental Airborne SAR-System of
DLR.

2. THE INTERFEROMETRIC SAR

The Interferometric SAR (InSAR) of Aero-Sensing,
AeS-1, designed and manufactured at Aero-Sensing, is
mainly used for generation of fully geocoded SAR
images and Digital Elevation Models (DEM). The
instrument has been already installed on board a
Cessna 207A, a Dornier Do-228 and a Rockwell
Aerocommander 685 aircraft. They are small aircrafts,
offering the advantage of low costs. The radar had the
first tests in August 1996 and is operational since
November 1996. It operates in the interferometric mode
as following:

•operating frequency: 9.6 GHz
• baseline: 1.5m (orthogonal to line of sight direction)
• system bandwidth: 400 MHz
• ground resolution: up to 0.5 m x 0.5 m

• swathwidth: 1 to 14.8 km
• flight velocity: 60 - 120mis
• flight altitude over NN: 1000 to 3500 m

In general, the radar allows an aircraft velocity range
between 50 and 200 mis and a flight altitude range of
100 to 10.000m over ground.

The preliminary estimation of the height accuracy
measurement is around 0.5 m for a ground reso1uition
of 0.5 m x 0.5 m and 0.05 m for a ground resolution of
5 m x 5 m. The navigation system used for SAR motion
compensation is composed by a strap-down inertial
system, a differential on-line GPS, D-GPS, and a radar
altimeter. The Flight Control System of IGI, Aero
Control, processes the data of the navigation units by
using Kalman filter techniques and delivers the aircraft
motion to the interferometric processor.

Table 1 shows the main imaging configurations of the
AeS-1-System. The ground and radiometric resolutions
can be set to the following values:
• 0.5 x 0.5 m with 4 looks
• 1.0 x 1.0m with 8 looks and
• 2.0 x 2.0 m with 16 looks.

The throughput of the processing chain was calculated
considering an array of 6 units of IBM-PC Pentium Pro
200 MHz with 128Mbyte RAM each.

3. THE INTERFEROMETRIC PROCESSOR

The interferometric processor consists on the SAR
processing, interferometric and geocoding chain. The
SAR processing chain has full motion compensation
capability. The interferometric chain uses a new
approach for phase unwrapping (Fornaro et al.,1996). A
fusion procedure of strong-filtered and less-filtered
unwrapped phases using Kalman filter technique is
used (Lanari et al., 1996). These algorithms allow the
full automation of the DEM generation process, making
the SAR interferometry an attractive tool for
topographic purposes. Due to the absolute position
accuracy given by the D-GPS, the transformation

Proceedings of the First Latino-AmericanSeminar on Radar Remote Sensing - Image Processing Techniques, Buenos Aires. Argentina,
2-4 December 1996 (ESA SP-407, March 1997)
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AeS-1 Swath Mode
Parameter A B c D E

Spatial Resolution (m) 0.5-2.0 0.5-2.0 0.5-2.0 0.5-2.0 0.5-2.0
Height Accuracy (m) < 0.5 < 0.5 < 0.5 < 0.5 < 0.5
Swath Width (km) 1 2 4 7.4 14.8
Radiometric Resolution (dB) < 1.8 < 1.8 < 1.8 < 1.8 < 1.8
Throughput of the Processing Chain (km2/day) 120 240 480 880 1760

Table I. Main parameters of the AeS-1-System.

,,phase to height" and geocoding become straight
forward procedures.

4.PRODUCTS

Due to the high ground resolution and height accuracy,
one can have the following products from the AeS
System:

•Fully geocoded DEM's with following parameters:
- Grid of 0 .25 m and height accuracy of 0.5 m
- Grid of2.5 m and height accuracy of0.05 m

• Fully geocoded SAR images, i.e. Orthoimages, with
following parameters:
- Grid of 0.25 m and a geometric distortion less than

0.5 m
- Grid of 2.5 m and a geometric distortion less than

2.5 m

• Topographical maps in scale of 1:25,000 and larger;
- with contour lines having a spacing of 0.1 m and
larger.

• Transformation of SAR products into thematic and
topographic maps showing, for example, roads, urban
areas, forest types or other area features on the scale of
1:25,000 and larger as well as printed and/or coded data
for specific subsequent treatment.

• Detailed measurement of the extent of local or area
flooding to assist in the avoidance and/or protection
from high water, representation of flood containment
areas as well as cartographic representation of other
environmental catastrophies and their chronological
development.

• Update of geographical, topographic, land use, or
other data banks and comparison between present and
historical (also optical) data.

• Classification and representation of land surface as
well as of vegetation and its change over time.

• Volume calculations of trash dumps, land fills, coal
heaps, and other such areas.

• Measurements of the flow velocity of rivers and
canals to an accuracy of 0.1 m/s with the along track
interferometry technique.

• Evaluation of optimum sites for telecommunication
stations

5. RESULTS

First results of the AeS-1 system are presented. Figs.
and 2 are generated from the raw data acquired on 6th
Setember 1996 in Oberpfaffenhofen, Germany. Figs. 3,
4, 5 and 6 are from flight on the 11th Setember 1996 in
Solothum, Switzerland. Both flights were carried out
with 400 MHz bandwidth and with the Cessna 207 A.

Fig. 1 is a 48 look image with 2 x 2 m resolution. Fig 2
is a 1 look image with 0.5 x 0.5 m resolution and is the
small city shown in the right middle part of Fig. 1.

Fig. 3 is a 8 look image with 2 x 2 m resolution. Fig 4
shows the respective interferogram phase. Fig. 5 shows
the terrain model derived from the interferogram. Fig. 6
shows the topographic map derived from the full
geocoded SAR image from a parallel track of Fig. 3.
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Figure I. AeS-1 image over the Oberpfaffenhofen area in Germany. Image parameters: flight date: 6.9.96, flight
velocity: 70.5 mis, flight height: 11.000 feet, drift: -5.6 °, azimuth bandwidth: 200 Hz, range bandwidth: 400 Mhz, PRF:
8 kHz, transmitting frequency: 9.6 Ghz, number of looks: 48, resolution: 2 x 2 m.
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Figure 2. AeS-1 image of Weichselbaum in Germany. Image parameters as Fig. 1.Number of looks: 1, resolution: 2 x 2
m. One can see the rails of the train (vertical lines), the houses of the vilage and the differentiation between coniferous
and pine forest.
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Figure 3. AeS-1 image of Solothurn in Switzerland. Image parameters: flight date: 11.9.96, flight velocity: 54.5 mis,
flight height: 11.000 feet, drift: -0.8 °, azimuth bandwidth: 200 Hz, range bandwidth: 400 Mhz, PRF: 8 kHz,
transmitting frequency: 9.6 GHz, number of looks: 8, resolution: 2 x 2 m.

Figure 4. lnterferogram phase of Fig. 3. One can see clearly the different height of the crop fields.
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Figure 5. Digital elevation model derived from Fig. 4.
The height axis is exagerated. One can see clearly the
different height of the crop fields also present in Fig. 4.

Figure 6. Topographic map derived from a full geocoded
image of a parallel track of Fig. 3.
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POSSIBILITIES AND LIMITS OF SAR

INTERFEROMETRY

Fabio Rocca, Claudio Prati, Andrea Monti Guarnieri
Dipartirnento di Elettronica e Inforrnazione- Politecnico di Milano

Pzza. L. da Vinci, 32, 201:33 Milano. Italy
Tel: +39-2-2399:3573 Fax: +39-2-2:3993413

E-mail: rocca@elet. polimi .it

1. Summary

March 6, 1996

In this presentation we summarize the impact of inter
ferometry on the design of SAR surveys, its possibili
ties and limits. From the fringes a very good DEM is
obtainable, with a vertical resolution that could be in
the meter range or even less from airborne platforms.
Millimetric motion of large areas of the terrain or of
corner reflectors can be measured with good reliabil
ity and therefore the possibility of using the system to
measure subsidence, landslides, coseismic motions has
been demonstrated. The coherence of the interferomet
ric pair is an important clue, that combined with the
more usual backscatter amplitude, leads to high quality
images segmentation. The wavenumber shift concept
is finally introduced that may lead to a 3 dimensional
view of the terrain. The same principle can be invoked
to improve the resolution of objects that do not change
with time.

2. Introduction

Synthetic Aperture Radar (SAR) systems record both
amplitude and phase of the backscattered echoes. The
phase of each pixel (ground resolution cell) of a focused
SAR image is the sum of three distinct contributions:

1 - the two-ways travel path (sensor-target-sensor:
hundreds of kilometers in the satellite case) that, di
vided by the used wavelength (a few centimeters), cor
responds to millions of cycles;

2 - the interaction between the incident e.m. waves
and the scatterers within the ground resolution cell;

3 - the phase shift induced by the processing system
used to focus the image.

Therefore, the phase of a single SAR image is of no
practical use. On the contrary, if two SAR images from
slightly different viewing angles are considered ( inter
[erom eiric pazr) their phase difference (interferometric
fnnges) can be usefully exploited to generate Digital
Elevation Maps (DEMs), to monitor terrain changes
and to improve the range resolution. The int.-rfer
onret ric fri11ges image is derived as the phase of the

SAR inlerferogram, that is the complex image formed
by cross-multiplying the two SAR images. The relation
between the interferometric fringes and ground eleva
tion is usually explained by means of the monochro
matic approach [1, 2]. It is based on the assump
tion that the RF bandwidth is so small (and this is
the case of most satellite systems including SEASAT,
ERS-1, .JERS-1, ERS-2 and RADARSAT) to be negli
gible. Thus the system is considered monochromatic.
However, if the finite bandwidth of the system is con
sidered (wavenumber shift approach), a relative shift
of the ground wavenumber spectra dependent on the
baseline and the local slope is found. A few important
consequences come out from this result [3, 4, 5]. Us
ing the simpler monochromatic approach we show the
relationship between the relative terrain elevation and
the interferometric fringes. Then we will determine the
quality of the Digital Elevation Model derived from in
terferometry. Two sections 6 and 9.1 will be dedicated
to the description of other applications of SAR inter
ferometry: small terrain motion detection and uses of
the coherence for image segmentation. In section 9 a
deeper insight into SAR interferometry will be given
by exploiting the wavenumber shift approach and the
slant range resolution enhancement that can be ob
tained by using it. Symbols that will be used through
the text and the main parameters values of the ERS-1
SAR system (that will be assumed as typical parame
ters of SAR from satellites) are shown in table 3.1.

3. The monochromatic approach

Let us consider two complex SAR images from two
slightly different viewing angles (see figure 3.1), v1 and
v2. Even if non simultaneous acquisitions are con
sidered, we shall suppose, for now, that the terrain
backscatter did not change.

Let us now exploit the "monochromatic approxima
tion": the relative system bandwidth is so small (i.e.
in the ERS-1 case its value is 3 · 10-3) to be neglected.
Thus, the phase difference ¢ between correspondent
complex pixels in v1 and r2 is proportional to the travel

Paper presented at the AGARD SPP Svmposium on "Remote Sensing: A Valuable Source of
lnformation", held in Toulouse. France from 22-25 April 1996, and published in CP-582.
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