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Summary

The specific deliverable summarizes the material related to the first summer school of the
project entitled ‘Interferometry / Radar’. The deliverable includes actions completed prior the
accomplishment of the summer school, such as the agenda prepared, as well as material
deriving from the summer school per se, such as the presentations, the list of participants,

picture with the participants and stakeholders etc.
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1. Introduction

The 1st Summer School of ATHENA project has been successfully accomplished in line to
the timeline of the project. The ATHENA SAR Summer School took place on CUT premises
in Limassol, Cyprus from the 23rd to 25th of May 2016. Visiting SAR scientists from the SAR
Signal Processing Department of DLR (Department head Prof Dr Michael Eineder and
research scientist Dr Ramon Brcic) met with members of the Remote Sensing and Geo-
Environment Research Lab to introduce them to the concepts of SAR including how to
access and process such data, but also to visit the UNESCO World Heritage archaeological
site of NeaPaphos and thereby gain an understanding of the problems facing those working

to preserve sites of cultural heritage.

On Monday the fundamentals of both SAR and interferometric SAR were covered. This
included numerous examples of their application in practice. The summer school began with
a brief introduction to the Remote Sensing Technology Institute of DLR by Prof Michael
Eineder. The topic then turned to SAR fundamentals where the concepts of SAR imaging,
geometry and focusing were explained. Following this, SAR image characteristics were
described. Here, one is essentially concerned with what can be seen in SAR images and
how to interpret this. Concepts covered included speckle, radar cross-section, SAR
polarimetry, penetration characteristics at different carrier frequencies and the unique radar
geometry which leads to layover and shadow. To round-up the morning, many examples of
the uses of SAR in practice were given. These ranged over diverse applications such as
oceanography, maritime security and ship detection, the use of SAR in crisis situations after
earthquakes, volcanic eruptions and flooding, and in glaciology, geodesy, urbanisation,
agriculture and traffic monitoring. Finally, some information on further educational resources
was given including the ESPACE master’s program at TUM
(TechnischeUniversitatMinchen), the one week SAR Principles and Application course
offered by the CCG (Carl-CranzGesellschaft) and the freely offered SAREDU course which is
jointly coordinated by the Friedrich-Schiller University Jena and DLR with support from BMWi

(German Federal Ministry for Economic Affairs and Technology).

Building on this, the topic in the afternoon turned to interferometry where 2 or more SAR
images are combined to extract information about, among others, changes on the earth’s
surface. Although there are a myriad of applications, the first and perhaps the most well-
known is the generation of highly accurate topographic maps. For instance, the TanDEM-X
mission will produce a homogeneous world-wide DEM with unprecedented absolute vertical

accuracy better than 10 metres and a horizontal resolution of 12 metres. Another important
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application is the ability to monitor surface deformation with millimetre accuracy. Indeed,
monitoring deformation over tectonic regions world-wide is one of the main tasks of ESA’s
Sentinel-1 mission consisting of 2 SAR satellites, the second of which was launched in April
2016. The information gleaned from this mission is expected to revolutionise our
understanding of the earth’s tectonics and aid in the monitoring of earthquakes and
volcanism. Other applications include landslide monitoring and velocity estimation of glacier
flows, vehicles travelling on highways and tidal currents. Analysis of an interferometrically
compatible stack of 20 or more SAR images can provide estimates of surface deformation
with a precision on the order of 1 mm/year. Such techniques can provide important
information about the long-term stability of archaeological sites. Aside from the plethora of
practical applications, the basics of interferometry were also elaborated, starting from how
such images are acquired through to the typical processing steps of coregistration and phase
unwrapping including the noise sources that arise and their characteristics. Finally, an

overview of current SAR missions was given with respect to their use for interferometry.

On Tuesday, the summer school visited NeaPaphos, the designated testsite for evaluating
the use of high-resolution SAR based techniques in archaeology. Visual inspection of the site
itself aids in the understanding and interpretation of SAR images which possess a different
geometry and characteristics compared to optical images.

The visit set the stage for Wednesday where the theme was SAR data including how to
obtain it, process it, what exists over Cyprus and the NeaPaphostestsite and a first look at
SAR images and interferograms over the testsite. The focus was on high-resolution staring
spotlight mode data from the TerraSAR-X mission especially acquired for ATHENA through a
TerraSAR-X science proposal. The process of proposal submission and how to order data
was also described. The same was done for the Sentinel-1 mission where free access is
provided via the sentinel science hub. The large amount of data already available was
acquired from various sensors in different modes and geometries, and was processed to
provide several products, each bringing out different features in the data. Although only a
cursory examination was possible during the summer school, this already showed the
potential of SAR in highlighting features that are less visible with other techniques. A
thorough joint evaluation of this data by SAR experts from DLR and archaeological experts

from CUT is the next step.

Two main objectives for the future were defined. The first concerned data acquisition and
included the planning of further TerraSAR-X datatakes over NeaPaphos, access to TanDEM-

X CoSSCs and DEMs, and the download of actual Sentinel-1 data over Cyprus and historical
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data from the ERS and ENVISAT missions. The second concerned processing this data
where the aim is to enable CUT to process and interpret the data themselves. This includes
deciding what type of processing is useful, which will become clearer after a detailed
examination of the data, and which software packages can be most effectively leveraged to
carry this out.

The summer school ended with a brief but interesting tour through the CUT campus which is

spread out over Limassol city.

2. Agenda of the summer school

OURde * Chart 1 > Athena Summer School > SAR * Agenca » May 2016

Athena Summer School - SAR
May 2016

Agenda

Grant Agreement no 691936 [PUBLIC] 9
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DLR.Ge « Chart2 = Alena Sismmer Schoot » SAR + Agenda » May 2016

Day 1 - Monday 23 May

« Morning 09:00 — 12:00
» SAR Principles and Applications

« Afternoon 13:30 — 16:30

» InSAR Principles, Methods and Applications

DLRGe + Chart] = Athens Summer School » SAR « Agends » May 2016

Day 2 - Tuesday 24 May

» Morning 09:00 - 13:30
« Archaeological testsite visit
+ Afternoon 15:00 — 17:00
» Depending on time and interest:
« Access to SAR data

» Overview of SAR/INSAR/PSI software packages
» Uses of SAR in Archaeology

Grant Agreement no 691936 [PUBLIC]
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DiRde « Chartd  » Aena Summer Schoot » SAR + AQenda » May 2016

Day 3 - Wednesday 25 May

« Morning 9:00 - 12:00

« Uses of SAR in Archaeology (continued)
« Interactive evaluation of selected data over site

« Afternoon 13:30 — 16:00

» Discussion, feedback and planning of the next steps

=

3. List of Participants

Contracted Researchers as well as permanent academic staff of the Cyprus University of

Technology attended the summer school. The list of participants for each day is given below.

Monday, 23rd May 2016
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4. Presentations during the summer school

All presentations of the Summer School are given in the Annex of the Deliverable, in the
following order

4.1 SAR Principle and Application

4.2 SAR Interferometry-Basics

4.3 SAR Interferometry-Error_Sources

4.4 Software

4.5 SAR Data Availability for PaphosTestsite

4.6 Data Evaluation

Grant Agreement no 691936 [PUBLIC] 15
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5. Pictures from the 1st Summer School

Participants of the ATHENA SAR Summer School during the first day training in the Eratosthenis Research
Center

Participants of the ATHENA SAR Summer School during the first day training in the Eratosthenis Research
Center

Grant Agreement no 691936 [PUBLIC] 16
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ATHENA SAR Summer School participants guided by Dr. E. Charalambous (chief mosaic conservator,
Department of Antiquities of Cyprus) in the mosaics' laboratory.

Grant Agreement no 691936 [PUBLIC] 17
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T 1

AT T

) = P

Participants of the ATHENA SAR Summer School in the newly outfitted ATHENA Lab located in the
Eratosthenis Research Center

Grant Agreement no 691936 [PUBLIC] 18



D4.1-Report of the 1°'Summer School

ATHENA

ANNEX

PRESENTATIONS OF THE SUMMER SCHOOL
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Athena Summer School — SAR
Cyprus University of Technology, Lemesos May 2016

Part 1: Synthetic Aperture Radar (SAR) Principles
Prof. Dr. Michael Eineder (DLR/TUM)

M. Eineder, SAR Principles, Athena Summer School, 2016, ©DLR



i DLR

Synthetic Aperture Radar (SAR)

1 Introduction
2 Range Imaging
3 Formation of Synthetic Aperture (Azimuth-Component)

4 Characteristics of SAR Images
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SAR Image of
the Ocean
Tenerife,
Canary Islands

M. Eineder, SAR Principles, Athena Summer School 2016, ©DLR
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E DLR Microwave SAR

s Microwave imaging is powerful and reliable, because it works at night and under
bad weather conditions

m But aperture dependent diffraction angle limits the resolution of sensors and
transmitters (e.g. antennas)

a=A1/D

m Examples:

Human eye: 1000 km * 500 nm /5 mm = 100 m
Satellite dish antenna (Ku-Band): 1000 km *2 cm /60 cm = 33 km (!)

m > we need to solve this problem because the real (physical) antenna is too small
for the desired resolution ...

Remote Sensing Technolog

M. Eineder, SAR Principles, Athena Summer School 2016, ©DLR 10



EDLR SAR Imaging Geometry
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Radar transmits pulses and receives echoes
radar .-~ at the rate of the pulse repetition frequency:

Vie g PRF = 1000 - 4000 Hz

range: radar principle =
scanning at speed of light

azimuth: scanning in flight direction
at Vg
plus aperture synthesis

. (holography)

coherent imaging: complex-valued pixels
contain amplitude (brightness)
and phase information

swath width T
O for this lecture: straight flight path
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Synthetic Aperture Radar (SAR)

1 Introduction
2 Range Imaging
3 Formation of Synthetic Aperture (Azimuth-Component)

4 Characteristics of SAR Images
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Range Imaging Principle

/ Radarantenne

Antennendiagramm
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Flugrichtung

- sampling and storing echoes of transmitted pulse
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EDLR Radar Principle
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Phase and Frequency Basics
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EDLR Each Pixel Consists of Amplitude and Phase
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Synthetic Aperture Radar (SAR)

1 Introduction
2 Range Imaging
3 Formation of Synthetic Aperture (Azimuth-Component)

4 Characteristics of SAR Images
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EDLR Side-Looking Radar Geometry

Radar transmits pulses and receives echoes
at the rate of the pulse repetition frequency:

PRF = 1000 - 4000 Hz
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Antenna Size vs. Beam Width

3

short antenna
L=A/L

L=10m [

™~

R ~850km -

long antenna

L=5km I =

)

M. Eineder, SAR Principles, Athena Summer School 2016, ©DLR

wide beam

Ri/Lszm

narrow beam

10m

ERS-1/2 parameters
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'.LR Formation of a Synthetic Aperture - SAR Principle

3 12

factor 1/2 due to
doubling of phase shifts
in two-way SAR configuration
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~
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processing

= phase corrected summation of echoes
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EDLR Range History of a Single Point Scatterer

A

zero-Doppler position \

M. Eineder, SAR Principles, Athena Summer School 2016, ©DLR
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EDLR SAR Raw Data of a Point Scatterer (Simulation)

A

zero-Doppler position of target

azimuth chirp

range resolution

|

éx

M. Eineder, SAR Principles, Athena Summer School 2016, ©DLR
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EDLR Azimuth SAR Processing by Correlation

Y

: < Lo
signal

® complex-valued correlation
reference chirp

» point scatterer response
X

\ 4
A

M. Eineder, SAR Principles, Athena Summer School 2016, ©DLR
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EDLR SAR Raw Data (After Range Compression)

—— azimuth

M. Eineder, SAR Principles, Athena Summer School 2016, ©DLR

data ERS-1 © ESA
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i DLR

Focussed SAR Data

— azimuth

M. Eineder, SAR Principles, Athena Summer School 2016, ©DLR

data ERS-1 © ESA
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EDLR Focussed SAR Data

— azimuth

after

azimuth pixel averaging by 4
to achieve approximately
square pixels

M. Eineder, SAR Principles, Athena Summer School 2016, ©DLR

data ERS-1 © ESA
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'm Modern SAR Modes (TerraSAR-X)

ScanSAR Stripmap Spotlight

Higher Resolution
Smaller scene size

Wider swath
Lower resolution

28
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EDLR The European Sentinel-1Satellite

Intended for European
Copernicus services:

= Marine environment (safety and
transport, oil-spill, water quality, weather
forecasting and polar environment)

= Land environment (water
management, agriculture and food
security, land-use change, forest
monitoring, soil quality, urban planning
and natural protection)

i S i -

m Launch 2014, successor of

ERS-1/2, Envisat » Emergency management (floods,
Data freely available forest fires, earthquakes) and

s 12 day repeat (6 days with S1b) humanitarian aid exercises

E Standard mode: IW = Security (peace-keeping efforts,

o Wide swath 250 km, 5x20 m maritime surveillance, border control)

@ resolution _

§ m  Stripmap swath 80 km, 5x9 m = Climate change

E resolution

&) M. Eineder, SAR Principles, Athena Summer School 2016, ©DLR




pir Sentinel-1A

Antarctica Peninsula from Sentinel-1A = D
Data © ESA F i
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EDLR TOPS Mode (e.g. Sentinel-1)

TOPS

(5 km swath, 1 m res.)

 Reduce aperture time by steering the
antenna ectronically forward in azimuth

* More azimuth distance, less illumination
time per target

e Saved time can be used to electronically
steer the antenna to other elevation
directions

—increased swath width (e.g. S1: 3 x = 250 km)

—>reduced resolution (e.g. S1: 17 m)
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4#7 Future SAR Modes: Scan On Receive
DLR or: high Resolution Wide Swath (HRWS)

- Large transmit (TX) beam to illuminate wide swath with pulses

- Small receive (RX) beam to distinguish between echoes arriving simultaneously from
consecutive pulses and from different directions

—> Can therefore transmit with higher pulse rate and achieve higher azimuth resolution
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Synthetic Aperture Radar (SAR)

1 Introduction
2 Range Imaging
3 Formation of Synthetic Aperture (Azimuth-Component)

4 Characteristics of SAR Images
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'm Speckle in SAR Images

Amhr;
-J
¢scatt - arg{z Ai € ’ }

ERS data © ESA
Random positive and negative interference of wave contributions from the many
individual scatterers within one resolution cell
m varying brightness from pixel to pixel even for constant ¢,
m granular appearance
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EDLR Speckle Intensity Statistics

magnitude intensity
uantit
! r = JUr g | =u; +ug
probability _ _
distribution — Rayleigh exponential

-
pdf, (I ‘0'0): io exp{—%} pdf, (I ‘GO’ NL)

lo o i
NL — :
averaging of N, 1 41 16
> independent samples
= (looks)
= 1
< 1
3 i
[ N, -1 N 1
|7 N, Tt IN !
= pdf (|‘GO, NL)= N XDy |
2 N, =1 = standard deviation = mean !
g Gamma function (T(I +) =2 -T(r))
S:) M. Eineder, SAR Principles, Athena Summer School 2016, ©DLR 35
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Example for Bayesian Speckle Reduction

original SAR image speckle filtered
SAR data © AeroSensing GmbH Bayesian algorithm

M. Eineder, SAR Principles, Athena Summer School 2016, ©DLR
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'm Penetration of Microwaves

\

vegetation
dry soil

e A
glacier ice

X-Band C-Band L-Band

A=3 em A=6cm A=23 cm
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'm Radar Cross Section of Single Scatterers

m Metal sphere:

e.g. R=1m > 0=3.1m?

oc=Rr [mz] < >
m Corner reflector:
e.g. L=1 m, A=5.6 cm 2>0=74 m?
Ar L [ ] < >
EY:

M. Eineder, SAR Principles, Athena Summer School 2016, ©DLR



'm SAR Polarimetry (l)

V
m (1) Sensor transmits horizontally (H) _
polarized pulse
m (2) H-Pulse is scattered and H
polarization angle may change A R
'

m (3) Sensor receives horizontal and
vertical echo components in 2 (3)

channels - scattering vector £
H \
= (4) Sensor transmits vertically (V) v
polarized pulse &
m (5) V-Pulse is scattered and | (5) e
. polarization may change H FAN
4 m (6) Sensor receives horizontal and (4) R e N
o . . -
= vertical echo components in 2 v EY .
(S) .
2 channels - scattering vector (6)
£
(72}
{ =
@ H
: BN
=
&, M. Eineder, SAR Principles, Athena Summer School 2016, ©DLR 39




EDLR SAR Polarimetry (I1)

m Result: 2 x 2 scattering matrix [S]

EX [Swe Sw [EX
EX ] [Sw SwllE)
m Describes polarimetric signature of scattering object

m Examples:

: : . I 0
» Single reflection on metallic plate S {0 J
(or odd number of reflections)
» Random scattering of vegetation S :{Z (ﬂ
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| Overview | mtroduction |  methods | sensors | Applications |
RGB-Composite of Polarisations to Identify Different Scatterers

N |

Rivers

LgGonm

i gonguapan’

SAR-EDU> Module 2300: SAR Polarimetry > 2013-12-20 41



EDLR Geometry of SAR Images - Lay-over

—
Q
D)
(@)
D

>

(@]

o

(@)

c

<

)

—

o ERS-1

=

(7]

2 0 =23 deg

[¢b)

0p)]

L

= data © ESA

[¢D)
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Geometry of SAR Images - Shadow

SRTM/X-SAR
0 =54 deg

/ radar shadow

— > azimuth

obup) «—

M. Eineder, SAR Principles, Athena Summer School 2016, ©DLR
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EDLR Summary: Synthetic Aperture Radar - SAR

active = independent of sun illumination
microwave = penetrates clouds and (partially) canopy, soil, show
wavelengths: X-band: 3 cm
C-band: 6 cm
L-band: 24 cm

m SAR is a two-step imaging process:

» SAR data acquisition: Illumination of a scattering object and collection of received
echoes >raw data

» SAR processing: correlation requires difficult precise algorithms —>often performed on
ground

m Image properties
» coherent = interferometry, speckle
» polarization can be exploited
» spatial resolution:

» space-borne: 5m-100m (TerraSAR-X: 0.25 x 0.5 m)
» air-borne: >0.2m
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Current and Future Civil Spaceborne SARs

Satellite

ERS-1

ERS-2

Radarsat-1

ENVISAT

ALOS

Cosmo

TerraSAR-X
& TanDEM-X

Radarsat-2

ALOS-2

Sentinel-1

Owner

ESA
ESA
Canada
ESA
Japan
Italy

Germany

Canada

Japan

ESA

Band

M. Eineder, SAR Principles, Athena Summer School 2016, ©DLR

Resolution

25 m

25 m

10m-100 m

25m-1km

10 m -100 m

ca.1m-16m

Im-16m

3m-100 m

3m-100 m

5m-50m

Look Angle
23°

23°

20°- 59°

15°- 40°

35°-41°

15°- 60°

15°- 59°
8°-70°

20°-46°

Swath

100 km

100 km

50 - 500 km

100 - 400 km

70 - 360 km

10 - 100 km

10 - 500 km

25 —-350 km

20 - 400 km

Lifetime

1991-2000
1995-2012
1995-2013
2002-2012
2006-2011
2007-

2007/2010-

2007-

2014-

2014-



i DLR

Athena Summer School — SAR
Cyprus University of Technology, Lemesos May 2016

Part 2. Synthetic Aperture Radar (SAR) Applications
Prof. Dr. Michael Eineder (DLR/TUM)
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EDLR Examples & new Developments

s  Oceanography
» Wind
» Waves
» Ships detection
» Seaice & iceberg mapping
Glaciology
Geodesy
Urban Footprint
Agriculture
Traffic Monitoring
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i DLR

Maritime Applications / SAR Oceanography
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EDLR DLR's Research Group for Maritime Security

m Founded in 2013 to serve
national & international
demands for commerce,
security & safety

m Point of contact: Dr. Jacobsen

. Allianz il
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SAR Image of the Ocean

M. Eineder, SAR Applications, Athena Summer School 2016, ©DLR



DLR Storms observed by SAR

Tropical Cyclones, Hurricanes , Typhoons sl
Marcel, 2003, ASAR
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EDLR SAR Image of a 30 m Extreme Wave

Wave map, derived from SAR image
by inversion of mapping equations
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EDLR Global Map of Extreme Sea States
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Remote Sensing Tec

TerraSAR-X Stripmap

Date: 2010-07-15 Location: Lagos

ORBCOMM Satellite AIS
at TSX overpass (OHB)

ORBCOMM Satellite AIS
whole day (OHB)




EDLR Oil Signatures on Sea Surfaces

TerraSAR-X, 9. Juli 2010

Deepwater Horizon
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sir Automatic Eisberg Detektion at Newfoundland

2014
fnan™
AR AV
T rraS/\R—X Scan
der 1€
L aus
A SSC\(\n
Generation of warnings and
recommendations for ship routing D%g%b?fq
"
Eisberg
drift .
% nit
> pisperd 5
a2 ™® kg

S. Lehner, IMF
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DLR Bathymetry from SAR Measurements

fepiths, m

50 44 20 @ 20 3 ap 44 1D 1 -]

Pleskachevsky, et al., Synergy and Fusion of Optical and Synthetic
Aperture Radar Satellite Data for Underwater Topography Estimation in
Coastal Areas, Ocean Dynamics, 2011

Remote Sensing TerE

M. Eineder, SAR Applications, Athena Summer School 2016, ©DLR 12
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Emergency Situations

>
(@]
)
o
=
=
o
o
(@]
=
(%]
=
<)
n
)
4+
o
=
)
0

M. Eineder, SAR Applications, Athena Summer School 2016, ©DLR



EDLR Tsunami Induced Flooding at Sendai Airport

Tohoku earthquake:
2011-03-11

SAR Images:

TerraSAR-X
2010-10-20,
2011-03-12

This TerraSAR-X image shows the effect of the tsunami on Higashi-Matsushima
Airport and the port of Ishinomaki in the Sendai region on the east coast of
Japan. The blue areas indicate flooding; the magenta-coloured areas reveal the
extent of the destruction.
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DLR

Glaciology
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ISsenscnait un

40 km
- Prozessorentwicklung TerraSAR-X

_ In Betrieb seit 20[)7: TBD Produkte?

M. Eineder, SAR Applications, Athena Summer School 2016, ©DLR
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Remote §

”

. . I
Drygalski Glacier: Oct. 2007 — Oct. 2008 TerraSAR

M. Eineder, DLR

M. Eineder, SAR Applications, Athena Summer School 2016, ©DLR 18



Glacier Velocity
//'TERRA SAR

B> Ross Schelf Ice, Antarctica
148,000 km?, 216 image pajrs



DLR

Geodesy
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DLR.de e Chart 21 > CEOS SAR Cal/Val 2015 > M. Eineder > Geodetic SAR Product >28.10.2015

Point Positioning Accuracy: SAR versus GNSS

)

SNR=26 dB (20 ms)
B=1 MHz (10 MHz)

SCR=5-40 dB
B=150 MHz

i DLR




DLR.de e Chart 22 > CEOS SAR Cal/Val 2015 > M. Eineder > Geodetic SAR Product > 28.10.2015

Yes, it is Possible to Localize Objects with cm Accuracy

Local TSX positioning accuracy of a CR,
corrected for solid earth tides, atmospheric

Literature:
refraction (H20, TEC), pole tides etc. 1) Eineder, M., Minet, C., Steigenberger, P., Cong, X., Fritz, T,,
Imaging Geodesy—Toward Centimeter-Level Ranging Accuracy

0,06 With TerraSAR-X. IEEE TGRS, 2011

0,05 2) Schubert, A, Jehle., M., Small, D., Meier, E., Mitigation of

004 atmospheric perturbations and solid-Earth movements in a

0.03 | o TerraSAR-X time-series, J. of Geodesy, 86(4), 2012.
'g' 0’02 | E 3) Cong, X, Balss, U., Eineder, M., Fritz, T., Imaging Geodesy—
—_ ' E Centimeter-Level Ranging Accuracy With TerraSAR-X: An
® 001 - o Update. IEEE GRSL, 2012
g 0,00 - C’O 4)  Gisinger, C., Balss, U., Pail, R., Zhu, X.X., Montazeri, S.,
o 0,01 — Gernhardt, S., Eineder, M., Precise Three-Dimensional Stereo
< 002 | 1 Localization of Corner Reflectors and Persistent Scatterers With
g 003 - © TerraSAR-X. IEEE TGRS, 2015
‘N ’ 5) Schubert, A., Small, D., Miranda, N., Geudtner, D., Meier, E.,
@ 0,04 1 - Sentinel-1A Product Geolocation Accuracy: Commissioning

-0,05 0=1 08 mm Phase Results, Remote Sens, 2015

'0,06 I I I I I I I I I I I

S83388383883388
o O O OI O O O O O O o o o

range offset [m
¢ TSX (34°...
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DLR.de e Chart 23 > CEOS SAR Cal/Val 2015 > M. Eineder > Geodetic SAR Product >28.10.2015

Application: 3D Coordinates from TerraSAR-X Stereo

- DLR/HGF-Project DriveMark®

Lantern




DLR.de e Chart 24 > CEOS SAR Cal/Val 2015 > M. Eineder > Geodetic SAR Product >28.10.2015

Application: 3D Coordinates from TerraSAR-X Stereo

- DLR/HGF-Project DriveMark®

105 images

Height: +0,96 cm

z East: +2,87 cm o

North: -2,62 cm

Lantern

108 images

North: +1,46 cm
Height: +0,74 cm

East: +3,05 cm
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Urbanization
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'm Urban Growth: Global Urban Footprint

OR e

-« ShietdhszarictheprdBebsimtiativentpiBted | in

genekddg 20dibbal “g¥,-resolution binary

mask of urban areas H%.e., built-up) -2

- » First:qglgbaly foppaig ?ﬁ‘«fg-"ﬁiﬁ)agﬁpﬂ@ted in
PHRB UL between 2011 and 2013;

Spatialrit$8laash BrPesigEycend:201p.

Global coverage of ~180.000 TerraSAR-
X and TanDEM-X o Q8BTS 25757

www.dIr.de/guf
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Agriculture
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| Overview | mtroduction |  methods | sensors | Applications |
RGB-Composite of Polarisations to Identify Different Scatterers

N |

Rivers
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GC BY-NC 2.0| Photo by Jaako on Flickr

Overview Introduction Sensor parameters Target parameters Crop type mapping Biophys. parameter Soil parameter Optimal system config.

System parameters - polarisation
Airborne E-SAR data acquired on June 14, 2000 near Alling, Bavaria, Germany

[ clover
I grassland

[0 summer barley
Bl tritikale

[ wheat

B winter barley
I sugar peas

0 02 04 06 08 km
© FSU Jena

-\ Fig.: L-VV-L-HV-L-HH composite (left) and crop map (right)
b
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Traffic Monitoring
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m Traffic Measurements from SAR Satellites
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Remote Sensing Te

Measurement of traffic density and velocity (from displacement and along track
interferometry) with TerraSAR-X

M. Eineder, SAR Applications, Athena Summer School 2016, ©DLR
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Further SAR-Education Ressources ...

M. Eineder, SAR Applications, Athena Summer School 2016, ©DLR
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ESPACE

ESPACE - Earth Oriented Space Science and
Technology

International Master’s Program

www.espace-tum.de




ESPACE

Main topics

Master’s program ESPACE combines elements of
engineering and science in one single
interdisciplinary program

Satellite Technology

o Y

o
i

J"“'N:aVigation

Kz



Earth oriented satellite technology in industry, re
at universities

* 3 Universities

» German Geodetic Research
Institute

« German Aerospace Center
(DLR)

« EADS-Astrium




ESPACE

Cooperating institutions

Satellite Geodesy
Orbit Mechanics
Scientific GPS
Remote Sensing
Photogram metry
GIS. Cartography
Hydromechanics
Mavigation

Satellite System

Orbit Control

Communication
Navigation

Satellite Geodesy
Satellite Altimetry

Geophysics

Atmospheric Physics LMU
Satellite Meteorology

Hydrology, Modeliing

GPS/Galileo
Navigation
Geodesy

Atmospheric Physics
Satellite Control System

Methodology and Application

~ of Remote Sensing
Orbit Mechanics
Communication

Navigation
i DLR

Earth System Modelling
Geodetic Space Techniques
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5 SAR Principlos and Application

Location

CCG-Center, Technologepark Argeleneder Feld 11,

[HE2234 Weseling-Oberpfaffenhofen

A list of nearby accommodations, a descrpiion of the location and hinis
for travel will be maied io the paricipaniz upon registrabon. Please
make your own hotel accommodation.

Fee

EUR 1980 —

CCG 15 a non-profit organization, exsmpt from valus-added tax n
Germany. For forsign seminar locations the local tax regulations are
applicable.

Members of CCG receve a discount of 10 %. Where several employ-
e=s from one company | office apply for the same course, each
participant will receive a discount of 10 %. For students special rates
are avalable on request Discounts cannot be combined.

Flease pay by non-cash means afier receving the imvoice.

Registration

SAR Principles and Application

Focus

The course provides a thorowgh infroduction to Synthetc Aperture Radar
(SAR) and s applications, incleding basic SAR principles and practical
design examples of both airborne and spacsbome AR systems, The
signal processing techniques and alaorithms required to produce a radar
image are fully dezcnbed and various spplications of 3AR polanmetry,
SAFR. mtederometry, polaimetric SAR nterferometry and differential SAR
mterferometry will be introduced. Tools and methods are presented for
SAR data andlysiz and image mitcrpretation. Further, new satefliits
concepts and DLR arbomne SAR activiies are presented.

Who Should Attend

Enginesrs and scentists from all branches of the aerospace and radar
industry and geoscences ressarch community interested in the theory,
design and application of active Imagng radar.

Material

Please write or call (up to 3 weeks before the seminar) to
Cad-Cranz-Gesellschaft e V. P.O. Box 11 12, B-82230 Wessing

Tel. +49 (0) 8153/ B3 11 98 -12, Fa -19, E-Mail- anmelden@icog=v de
Internet: waw cog-ev.de

Afier receipt of regiztration, a confirmation letter will be zent.

Further Information

For moee information about our organization please do not hegitate to
contact the CCG at Oberpfaffenhofen at the phone number given
above.

For mose mformation on the content of the seminar please contact
Prof. Dr. Irena Hajnsek, OLR, German Aerospace Center

Oberpfaffenhofen, D-B173 Wessiing
Phaone; +49 () 8153 1 28-2363, E-Mail: irena hajnsekigidlr. de

Substitutions and Cancellations

Substiutons may be made at any tme. Cancellation of an accepied
regictration mads up to 7 days prior to the start of the seminar is subject
to a EUR 25 — administrative fee. Participanis canceling after that date
are responsible for the entire seminar fes.

CCG reserves the night to cancel a course up to 10 days before the
course’s beginning i case of low number of paricipants or for other
sionificant reasons. Furthermore, CCG reserves the nght, against the
announcament in the programme, %0 possibly replace at short notice a
lecturer and also the lecturer's topic. Any claims for damages shall be
encluded

Each atiendant will be provided with detaled course maznal m English,

Language

English

Lecturers

F. Bamler Prof. Dir. Femote Sensing Technology,

M. Eineder Prof. Dr. DLR, Oberpfaffenhofen

¥-L Desnos ESA ESRIN, Frascati (I)

& Femeth Dir. TeleRievamento Europs
TRE srl, Milana (I}

. De Grandi Dr. Aberystwyth University (UK)

Irena Hajnsek Prof_Dr. ETH Zurich (CH)
DLR, Oberpfafienhofen

Susanne Lehner Prof_Dr. DLR, Eremen

H. Rost Prof. Dr. University of Innsheuck (4)

&, Roth German Femote Sensing Data
Center, OLR, Oberpfafienhofen

5. Baumgartner Cr.

R. Hom Microwaves and Fadar

G. Kneger D, Institute,

& Moreira Prof Dr-ng.  DLR, Oberpfafienhofen

F. Papathanasziou Dr.

Gesallschaft eV, | Welling

Geasallschaft [ir tachnisch-wissenschaflliche Wailerbddung

Seminar SE 2.06

SAR Principles and
Application

October 26 - 30, 2015
Oberpfaffenhofen near Munich

Scientific Coordination

Prof. Dr. Irena Hajnsek
DLR, German Aerospace Center
Oberpfaffenhofen

Sensorik/Erkundumn

M. Eineder, SAR Applications, Athena Summer School 2016, ©DLR
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c 6 SAR Principles and Application

Seminar Outline

SAR Principles and Application

SAR Principles and Application

Monday, October 26, 2015

Wednesday, October 28, 2015

10.15-17.00 08.30 -17.15
015-1030  introduction (830-1000  Polarimetric SAR Interferometry |
i030-1200 SAR Basics K. Papathanassiou Interferometric obeervables at different polarizations
& Moreira Basics of imaging radarincl. principle of SAR signal and over natural scatters - Main principles and the basic
mmmdmmmwm techniques for the coherent combination
air-and spacshorme systems 030-1200  Polarimetric SAR Interferometry Il
13.00-1430 SARTheory K. Papathanassiou Application of PolnSAR for mode! based quansta-
A Moreira Basic theory for SAF signal modeling and processing - tive estimaton of physical parameters of different

Poant and distributed targess, SAR signal and image pro-
pertes - Overview of SAR systems and technologies

15001700  Advanced and Future SAR Systems

A Moreira Advanced SAR Imagng modes « Cverview of future
S4R developments and applications

Tuesday, October 27, 2015

08.30 - 16.30

Technigues and Applications

8.30-1000  SAR Interferometry |

F. Bamiler Different principles of SAR interferometry and the

M. Eineder concept of coherence, DEM generation

1030-1200  SAR Interferometry Il

F. Bamier Achievable accuracy, error sources, fundamental imits,

M. Eincaer eg critical bassling, basics of [HnSAR, SAR tomogra-
phy

13001430  SAR Polarimetry |

| Hajnesk Background of SAR polarimetry in terms of fundamen-
talz of wave polanmeiry, scattenng polanmetry and
decomposiuon theorems « Pracbcal examples

15001630  SAR Polarimetry Il

|. Haneek Examples of the potential of SAR polanmetry for
quanitatve bio'gec-physical parameter estimation

approx. 1730 Social Event

Guided tour throush the city center of Munich
(voluntary)

natural scatiers by means of vanous expenmental

data sefs

13.00-1345 ESA SAR missions and their exploitation

¥ L Desnos ERS, Envizat ASAR « Sciene and Applications
development * Infroduction to ESA sentinel 1= Earth
Explorers Biomass scientific 5ARs +  Space Scence
SAFs

14.00-1530 SAR Moving Target Techniques

5. Baumgarmer  Moving farget signal properties, influsncs on SAR
magery, posiion and motion parameter estimaton,
single- and mult-channel SAR-GMT] techniques
{ATI, DECA, STAP )

1545-1715 SAR-Geocoding

A Rath 3AF inherent geometric distortions, algorthms,

technigues and how these dictortions can be
comected * Basics on map projection and cartog-
raphy as well az difierent applications

Thursday, October 29, 2015
08.30 - 16.30

Applications

(08.30—10.00
A Fereth

Differential SAR Interferometry

Impreseive precizion figures from spacebome
systems « [-InSAR data examples; zeismic fault,
landslide, volcano, subsidence, monitonng indi-
vidual buildings and structures

M. Eineder, SAR Applications, Athena Summer School 2016, ©DLR

10.30-12.00
H. Rott

13.00-14.30
5. Lehner

15.00-16.30
G. De Grandi

Glaciology

Basics of radar backscattenng of snow and ice -

In34R and image comelation technigues for ice

motion mapping - Applicatons of SAR for ice fow
dynamics and mass balance of glaciers and 12

shests

Oceanography

Theoretical aspects and practical applications -
Latest resulis on interferometric measurements of
waves and ocean currents for coastal applications

Vegetation and Classification
Continental Scale Forest Mapping Using Radar
Data: Selected Topics

Friday, October 30, 2015

08.30 -12.30

Satellite Concepts and DLR Airbomne SAR Activities

0830-1030
G. Krieger

11.00-1230
F. Hom

Innovative SAR Missions and Sensor Concepis
Capabiliies and imitabions of preseni-day space-
bome SAR zystems and mizzions - New concepts
for high-resolution wide-swathSAR. imaging -
Bistatic and multistatic SAR - TanDEM-X

DLR Airbomne SAR Activities

System prezentabon, capabilites and resulic

Additional Courses

3 ikt Bigpel Fracessing Bunbieenits, Appiabins 2
Advanced Topics™, 22-26.6.2015 (Code SE 2.08)

e Passive uind mulisiatische Radare”, 17-16.11.2015 (Code SE43)

= Automofive und industrelle Radarsensoren”, 2-4.122015

{Code SE2.45)
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4= Frant | SAR-EDU

& ) i) @ | htios:/fsaredu dir.de

SAREDU\®

m UNITS RESOURCES ~ ABOUT ~ CONTACT ~

Welcome to Radar Remote Sensing

e Have you ever asked yourself how it is possible to estimate earthquake hazards or to forecast
volcanic eruptions?
e Would you like to know how to measure the movement of glaciers with centimeter accuracy?
e Or do you wonder how much forest we have left on our planet?
(SAR) provides a powerful tool to give answers to these and many other scientific questions.
We kindly invite you to join the exciting world of microwaves and radar satellite technology for the purpose of observing our dynamic Earth. We

are addressing, on introductory and advanced levels, both lecturers and students who are infrigued by satellite derived radar imagery and want
to learn more about its acquisition, processing, and application.

Remote S

M. Eineder, SAR Applications, Athena Summer School 2016, ©DLR
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Sommerschule 2016 | SAR-EDU
du.uni-jena.de;
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Athena Summer School — SAR

SAR Interferometry — Basics
May 2016

Material:
Michael Eineder, Richard Bamler
Remote Sensing Technology (TUM/DLR)
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Overview _Milestones Ilnterferogram Formationl Techniques I Data Processing I Phase Unwrapping I Systems _

Content of SAR Interferometry

—7 Basics

v

D L R > Athena Summer School > SAR e SAR Interferometry — Basics > May 2016 2



Overview

I First Milestones nterferogram Formationl Techniques I Data Processing I Phase Unwrapping I Systems

DLR

Educational Objectives

N

N

N

Understand the SAR interferometry (InSAR) principle
Know the most important InSAR applications

Learn about phase ambiguity problem and phase unwrapping
techniques

> Athena Summer School > SAR e SAR Interferometry — Basics > May 2016




Overview First Milestones I Interferogram Formationl Techniques Systems

Further Reading

Books

=~ Hanssen, R. F. (2001). Radar Interferometry: Data Interpretation and Error Analysis (Remote
Sensing and Digital Image Processing Series, Vol. 2). Dordrecht: Springer Netherlands.

= Kampes, B. M. (2006). Radar Interferometry: Persistent Scatterer Technique. (Remote
Sensing and Digital Image Processing Series, Vol. 12). Dordrecht: Springer Netherlands.

Papers
<=  Bamler, R., & Hartl, P. (1998). Synthetic aperture radar interferometry. Inverse Problems, 14,
R1-R54.

= Rosen, P., Hensley, S., Joughin, I. R, Li, F. K., Madsen, S. N., Rodriguez, E., & Goldstein, R. M.
(2000). Synthetic Aperture Radar Interferometry. Proceedings of the IEEE, 88(3): 333-382.

D L R > Athena Summer School > SAR e SAR Interferometry — Basics > May 2016 4



Overview I First Milestones Ilnterferogram Formationl Techniques I Data Processing I Phase Unwrapping I Systems —

Structure

First milestones of SAR interferometry
Interferogram formation

Techniques

INSAR data processing sequence

Phase unwrapping

NN YN NN

InSAR satellites and examples

D L R > Athena Summer School > SAR e SAR Interferometry — Basics > May 2016 5



_ First Milestones m‘ Techniques I Data Processing I Phase Unwrapping I Systems _

Structure

First milestones of SAR interferometry

NN YN NN

D L R > Athena Summer School > SAR e SAR Interferometry — Basics > May 2016 6



Overview I First Milestones llnterferogram Formationl Techniques I Data Processing I Phase Unwrapping I Systems _

First milestones of SAR interferometry
(=InSAR)

Graham, Synthetic Interferometer
Radar for Topographic Mapping,
Proceedings of the IEEE, vol. 62 no. 6,

1974.
128 mmifrinae
Goldstein et al., Satellite radar interferometry: Two- Massonnet et al., The displacement field of
dimensional phase unwrapping, Radio Science, vol. Fhe Landers earthquake mapped by radar
23 no. 4. 1988. interferometry, Nature 364, 1993.

D L R > Athena Summer School > SAR e SAR Interferometry — Basics > May 2016



_Interferogram Formationl Techniques l Data Processing I Phase Unwrapping I Systems _

Structure

Interferogram formation

NN YN NN

D L R > Athena Summer School > SAR e SAR Interferometry — Basics > May 2016 8



I Overview l First Milestones llnterferogram Formationl Techniques l Data Processing I Phase Unwrapping I Systems —

Phase of a Pixel in a SAR Image

SAR *‘ﬁ \/\/\/V\/\/\/\/\/\/\f Reference wave
f
.)\ ‘W\A/\/V\/\/\/\/\" Reflected wave

phase: ¢= —7 "R+, —n2nm

Phase is cyclic, n is unknown!

/ el
/

.\@\\\\

X-band: A =3.1cm

D L R > Athena Summer School > SAR e SAR Interferometry — Basics > May 2016 9



l Overview l First Milestone [Interferogram Formation I Phase Unwrap Systems —

A complex SAR image can be decomposed
into ...

Intensity and Phase

i DLR > Athena Summer School > SAR ¢ SAR Interferometry — Basics > May 2016 10



Overview I First Milestone [Int m Format l Techniques l Data g IPhase Unw

SAR Interferogram Formation

range scattering

,4 | _
phase of a complex SAR image pixel: ¢, = ar R +¢... note.. non
A " ambiguous phase!

complex SAR image #1:  wli.k]=|ui,k]|-exp(j 4 i.k])
complex SAR image #2:  t|i.k]=|u,[i,k]|-exp(j 4 [i. k)
interferogram: V[iak ] = U [] U, [] = \ u, []\ \ u, []\ eXP(j ¢[])

interferometric phase:  4l1=#[]- 4[]

i D L R > Athena Summer School > SAR e SAR Interferometry — Basics > May 2016 1



Structure

Techniques

NN YN NN

DLR > Athena Summer School > SAR ¢ SAR Interferometry — Basics > May 2016 12



I Techniques l Data Processing I Phase Unwrappingl Systems _

Overview I First Milestones Ilnterferogram Formation

Across-Track Interferometry - Digital
Elevation Models

ﬁ" SAR 1
\ B ¢ Phase of a Pixel in ...

... SAR-Image #1: ¢, :_477Z-R+¢s

catt,1

... SAR-Image #2: ¢, = _47” (R +£)+ d,

catt,2

... Interferogram: ¢ =¢, —¢, :477[AR

2\ !
= .
//:%// (|f¢scatt,1 - ¢scatt,2 I)

X-band: A =3.1cm

i D L R > Athena Summer School > SAR e SAR Interferometry — Basics > May 2016 13
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I Techniques l Data Processing I Phase Unwrapping I Systems —

[ Overview l First Milestones Iln erferogram Formation

Phase Difference of Two SAR Images

Phase in one SAR image looks random
(=>speckle effect!).

Only after accurate co-registraton the
phase difference reveals the interferogram.

(Video Animation)

DLR

DLR > Athena Summer School > SAR e SAR Interferometry — Basics > May 2016 14



ERS SAR Image

Bachu, China

approx. 100 km x 80 km

i DLR

DLR > Athena Summer School > SAR ¢ SAR Interferometry — Basics > May 2016 15



Techniques I_Data Processing I Phase Unwrapping I Systems _

Interferometric
Phase

Bachu, China

approx. 100 km x 80 km

ERs_-_ffz © ESA DLR

DLR > Athena Summer School > SAR ¢ SAR Interferometry — Basics > May 2016 16



INSAR DEM
(ERS-1/2)

Bachu, China

approx. 100 km x 80 km

ERS-1/2 OEsA | i DLR

DLR > Athena Summer School > SAR ¢ SAR Interferometry — Basics > May 2016 17




I Overview

l First Milestones Ilnterferogram Formation

I Techniques l Data Proc I Phase Unwrap gl Systems —

i DLR

Interferometric Sensitivity as a Function of

Wavelength

SRL-2 © DLR

> Athena Summer School > SAR e SAR Interferometry — Basics > May 2016

—g g =F
p=h—9=——AR

X-band

C-band

L-band

Fig.: Mt. Etna
data: SRL-2 (© DLR)
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I Techniques I Data Processing I Phase Unwrappingl Systems —

I Overview l First Milestones Ilnterferogram Formation

Differential Interferometry

t=t,

Interferometric phase:

¢ :¢topo(Z;B) +¢dlff

4

. =——AR..
¢dzﬁ 2 diff

=4 _
//’__"'_——
\/:/// t=t,
ARdiﬁ

terrain motion
or subsidence

# \ Fig.: © DLR
DLR > Athena Summer School > SAR e SAR Interferometry — Basics > May 2016 19




Overview

I First Milestones Ilnterferogram Formationl Techniques l Data Processing I Phase Unwrapping I Systems _

Sensitivity for Displacement

SAR

AR = Ay sinf — Az cosf

for ERS (0 = 23°):

1 fringe (2 7 ) corresponds to

2.8cminR (4/2)
3.0cmin z (e.g. subsidence)

7.2 cm in y (horizontal motion)

Fig.: © DLR

> Athena Summer School > SAR e SAR Interferometry — Basics > May 2016 20



Milestones Interferogram Formation Techniques Data Processing Phase Unwrapping Systems

&

- '17 cm Subsidencg

Image © 2007 TarraMaliic
Image NAsA f
Image © 2007 DighalGlab

D

> Athena Summer School > SAR e SAR Interferometry — Basics > May 2016



l Data Processing _I Phase Unwrapping I

Monitoring of Landslides by D-InSA

First Milestones I Interferogram Formationl

" La Valette

-

%g_.;' -

La Valette/South France

10,19 arch -1396

geococed

pixelspacing
H-dlireet) 15 m
y-clirect.; 15 m

rates of movemant
[rhlanh

Motion map after removal of

topographic phase

(Vietmeier, 2000)

Interferogram Data: ERS-1/2, OESA

> Athena Summer School > SAR e SAR Interferometry — Basics > May 2016



First Milestones l Inter

I Data Processing ] Phase Unwrappingl Systems _

Glacier Flow Field Derived from D-InSAR

> Athena Summer School > SAR e SAR Interferometry — Basics > May 2016

Antarctic
Thwaites
glacier

Data: ERS-1/2,
OESA

approx.
500 km x 500 km

(Lang et al., 2004)



, Overview I First Milestones llnterferogram Formationl Techniques I Data Processing I Phase Unwrapping I Systems _

Along Track Interferometry (ATI)

7 Use of two antennas at different along track positions
- images taken at different times At=Ax/(2v)

- range component v, of ground motion causes phase difference
between antennas: Ap= 2ntAt*v * /A

7 Examples: SRTM antenna displacement or TerraSAR-X in Dual Receive Mode

SRTM TerraSAR-X

Receive:
With two

Transmit: with an’(tjenna halfs
whole antenna andtwo
receiver

Fig.: © DLR h .
D L R > Athena Summer School > SAR e SAR Interferometry — Basics > May 2016 chains 24



Tidal Currents Measured by SRTM/X-SAR ATI

Dutch Wadden Sea
3:16 hours
before high tide

radial velocity

-0.8 m/s +1.2m/s

(Romeiser et al., 2003)

s it agl I . o aN0d e ._"
SHsulnshmadyhim: 2 00 =1 ; 5 kb
i DLR > Athena Summer School > SAR ¢ SAR Interferometry — Basics > May 2016 25




Overview

Vehicle velocity estimation using along track phase difference and azimuth displacement (,,train
off the track effect”).
Example: Autostrada del Sole south of Rome (Suchandt, 2008). Data: TerraSAR-X.

> Athena Summer School > SAR e SAR Interferometry — Basics > May 2016



Overview I First Milestones l Interferogram Formationl

Techniques

I Data Processing l Phase Unwrappingl Systems

Summary: SAR Interferometry ...

... combines two or more complex-valued SAR images to derive geometric

information about the imaged objects (compared to using a single image) by
exploiting phase differences.
= Images must differ in at least one aspect (= “baseline”)

baseline type

known as ...

applications: measurement of ...

AO

across-track

topography, DEMs

At=ms to s

At = days

At =days to years

At=ms to years

i DLR

along-track

differential

differential

coherence estimator

ocean currents, moving object detection, MTI

glacier/ice fields/lava flows, Snow Water
Equivalent (SWE), hydrology

subsidence, seismic events
volcanic activities, crustal displacements

sea surface decorrelation times
land cover classification

> Athena Summer School > SAR e SAR Interferometry — Basics > May 2016 27



DLR

Techniques I Data Processing IPhase Unwrappingl

Systems

Structure

InNSAR data processing sequence

NN YN NN

> Athena Summer School > SAR e SAR Interferometry — Basics > May 2016

28



I Techniques l Data Processing l Phase Unwrapping I Systems —

[ Overview l First Milestones Iln erferogram Formation

INSAR Processing - Data Selection (l)

7 Select two (or more) single-look complex SAR images according to
application:

7 Usually repeat pass, i.e.

—7 Same orbital track, same incidence angle, same mode,
same polarization

7 Different time, different position (baseline)

7 Apply spectral (wavenumber) shift filtering (see later)

DLR > Athena Summer School > SAR e SAR Interferometry — Basics > May 2016 29



Systems

Overview I First Milestones Ilnterferogram Formation

INSAR Processing - Coregistration (ll)

—~7 Reasons for misregistration:
7 Parallel baseline B, - relative image shift
—~ Divergent orbits = image rotation (mostly negligible)

—~ Orthogonal baseline B. = range stretch due to flat Earth and

topography
Image 2

Image 1 Ar

# Fig.: © DLR
DLR > Athena Summer School > SAR e SAR Interferometry — Basics > May 2016 30



Overview

I First Milestones Ilnterferogram Formationl Techniques l Data Processing l Phase Unwrapping I Systems _

DLR

INSAR Processing - Coregistration (lll)

7 Determine co-registration parameters:
—~ Cross-correlate >100 image chips spread over image

7 A-priori shift parameters can be calculated from annotation
(orbit, timing) and a DEM

7 Use over-sampling and
interpolation to locate
correlation peaks

7 Apply regression to
parameterize co-registration
(e.g. affine transform)

Fig.: © DLR

> Athena Summer School > SAR e SAR Interferometry — Basics > May 2016 31



Overview I

First Milestones I Interferogram Formation

I Techniques Data Processing l Phase Unwrappingl Systems _

INSAR Processing - Resampling (1V)

7 Co-register images:

4

4

N

N

DLR

Resample slave image(s) to match master image

Required accuracy: << 1/10 resolution element for low squint-
case

4 point cubic (or better) to minimize interpolation errors

Interpolation in azimuth requires band-pass interpolator in case
of non-zero Doppler centroid frequency

Effect of mis-registration o R, 6t : Sp =27 f,. Ot
—~ loss of coherence

7 phase bias in high squint case:

> Athena Summer School > SAR e SAR Interferometry — Basics > May 2016 32



Overview l First Milestones Ilnterferogram Formationl Techniques l Data Processing l Phase Unwrapping I

InNSAR Processing — Interferogram (V)

7 Form interferogram(s) by taking local average; estimate local
coherence

=7 Simulate phase of flat Earth or available (even coarse) DEM and
subtract from interferogram

7 Reduce phase noise by low-pass filtering of interferogram (e.g. by
averaging of adjacent samples)

7 Derive local quality measures to support phase unwrapping
(coherence, slope estimates, lay-over probability, ...)

D L R > Athena Summer School > SAR e SAR Interferometry — Basics > May 2016 33



I Techniques l Data Processing l Phase Unwrapping I Systems _

Overview I First Milestones Iln erferogram Formation

INSAR Processing — Interferogram Formation

Phase in one SAR image looks random
(=>speckle effect!).

Only after accurate co-registraton the
phase difference reveals the interferogram.

(Video Animation)

DLR

DLR > Athena Summer School > SAR e SAR Interferometry — Basics > May 2016 34



Overview I First Milestones Ilnterferogram Formationl Techniques l Data Processing l Phase Unwrapping l Systems _

Coherence - A Measure of Interferogram
Quality

7 Normalized Correlation coefficient between the two complex SAR images v, u,
E{u1 u;}

" Ve FIE )

—~ Coherence estimate:

Zul[l k]u2 k]‘
Jz\ul[z A XAl

Plik

W : small window centered around pixel[i, k|

Typical window size: 5 — 100 pixels

# Stationarity within window assumed!
D L R > Athena Summer School > SAR e SAR Interferometry — Basics > May 2016 35



I Techniques l Data Proces l Phase Unwrapping I Systems —

I Overview l First Milestones Ilnterferogram Formation

Typical InSAR Processing Sequence (VI)

7 Apply phase unwrapping
7 Add flat Earth phase to obtain absolute phase

7 Use ground control points (GCPs) to improve orbit and baseline
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Typical INSAR Processing Sequence (VII)

—~7 Compute DEM in map projection by geo-coding pixels from satellite
range/azimuth geometry

Options:
—~ Forward mapping:
7 Compute 3-D co-ordinates of every interferogram pixel
=7 Interpolate the resulting 3-D irregular point cloud to a regular grid
=7 Backward mapping:
7 Start from regular ground grid in desired co-ordinate system

7 Increase height of every ground grid point until it matches range and phase
of an interferogram pixel (interpolation in interferogram required)
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Structure

Phase unwrapping

NN YN NN
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I Overview l First Milestones Ilnterferogram Formation

Interferometric Phase is Ambiguous

good fringe quality bad fringe quality
ERS-1/2, 13/14 Jan. 1996 ERS-1/2, 23/24 March 1996
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Intro: 2D Wrapping Problem (l)

Reality: a Half-Dome Mountain

Contour plot of heights Fig.: © DLR
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Intro: 2D Wrapping Problem (Il)

Wir Pl
InSAR phase is wrapped!
— proportional to wrapped height
# How to reconstruct absolute heights from that?
DLR > Athena Summer School > SAR e SAR Interferometry — Basics > May 2016 Fig.: © DLR 4
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Intro: 2D Wrapping Problem (lll)

Key: gradient field of original heights

Fig.: © DLR
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Intro: 2D Wrapping Problem (1V)

What we have:
gradient field of wrapped heights

Fig.: © DLR
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Phase Unwrapping Problem Statement

interferometric phase: #(i.k)=¢,(i,k)+ ¢, (i.k) “absolute” phase

///Y \

useful (e.g. topography induced) phase phase noise

wrapped phase: w(i,k)=wig(i,k)} with W1} : wrapping operator
and -z <w <z [rad]
or —%<W3% [phase cycles]

phase unwrapping problem: Given w(i,k) find an estimate é(i,k) or even o (i,k) |

many solutions possible = additional constraints required (smoothness, ...)

# = find ,,most likely” phase
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Find the “Most Likely” Solution

this is much more likely ...
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= ey g = 3 2 > - - 5 ; V_' -7:7 E =
Overview I First Milestones Iln erferogram Formationl Techniques I Data Processing l Phase Unwrapping l Systems _

Wrapped Interferometric Phase

Wrapped height matrix

7

Integration of gradient field of wrapped
height matrix will give wrapped height
matrix
- this is not what we want

Gradient field of wrapped height matrix (=conservative) Fig.: © DLR
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= E o - P
Overview I First Milestones I Interferogram Formation

A Simple and Common Gradient Estimator

Im Im

Ap = -+ P — A —
AN R AN

—1 \B Re —TT \ﬂ/ Re
W{A’&}|Ep<_ Ap+2m=m+pf—a=Ap

W{A¢ | =Ap # A
(80| g1y = 80 # 00
S jl_, Integration of wrapped gradient field gives
o i almost the unwrapped height matrix, but
R : strong gradients (> m, < - ) are
P ; underestimated.
| o= 7 T o I
T ] ! . .
[ ] Where are those distortions?
B e - Analysis of local “conservativeness”
Wrapped gradient field (not conservative) Fig.: © DLR
DLR > Athena Summer School > SAR e SAR Interferometry — Basics > May 2016 47



Overview I First Milestone m Format I

Unwrapping of a 1-D Phase Ramp: High
Coherence

y=0.9
slope = 0.2 cycles/sample )
v ) Vy — Vy

>

Integration of v w gives the correct solution ¢

# Fig.: © DLR
DLR

> Athena Summer School > SAR e SAR Interferometry — Basics > May 2016
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Unwrapping of a 1-D Phase Ramp: Medium

Coherence Yy Y

/

o / ) M/@\. ~A AN

'” - AMERTERYA

_05 i -051 M éé \

Integration of wrong@w results in / 7
8%, unwrapping error: 1 cycle lost 05 |

> Athena Summer School > SAR e SAR Interf

I Techniques l Data Pro ing lPhase Unwrap I Systems _

49
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Derivatives of 2-D Functions on a Regular
Discrete Grid: Gradient

2-D scalar F(i,k)
field: | -1 i+
o o o k+1
partial AiF(i,k)zF(i+1,k)—F(i,k)
derivatives: AF(i,k)=F(i,k+1)- F(i,k)
o k
. VE(LA) AF(i,k) . . . it
. I,k)= _
gradient: A, F(i,k)

# Fig. 16: © DLR
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Overview I First Milestone

Derivatives of 2-D Functions on a Regular
Discrete Grid: Curl

I I+1

2-D vector field: A(i,k)= [j((llli))j

k+1

vector
product

te: curl of a 2-D vector field is a scalar
Fig.: © DLR
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Gradient-Based Phase Unwrapping

oy

1. Find an estimate of V¢(i,k) based on w(i,k) : V(i,k)

2. Integrate Vy(i,k) to get #(i, k)

simple gradient estimate: Vi k)= (W{Ail)”(iak)}] ,wrapped gradient of

\wiaw(ik)) wrapped phases”

If Aw(,k)<z and |[Aw(Gk) <z = Vyl(i,k)=Ve(ik)

in reality: Vy(i,k)=Vg(i,k) = VxVyl(ik)#0

i.e. Vi (i,k) isin general not conservative and the integration result depends on
the path

# (note: VxV¢(i,k)=0 per definition)
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Overview I First Milestones Ilnterferogram Formation

Residues

For a conservative field any closed integration path must give zero integral
value.

] I+1

— Test field Vi (i, k) for
conservativeness by computing the
smallest closed integrals C, for

every quadrupel of pixels k+l
— Residue field L
0 no residue

A

res(i, k)= fC4Vl//(i,k)'d5 =VxVy(i,k)=1+2z or: 1 (cycle) positive residue
—27 or: -1 (cycle) negative residue
Fig. 18: © DLR
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Residues in nature?
M.C. Escher Waterfall (1961)

DLR > Athena Summer School > SAR e SAR Interferometry — Basics > May 2016 54



l Overview l First Milestones Ilnterferogram Formationl Techniques I Data Processing I Phase Unwrapping l Systems

Typical Residue Distribution

red: positive residue
green: negative residue
blue: branch cut

Data: SRTM X-SAR
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Structure

NN YN NN

InSAR satellites and examples
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l First Milestones Ilnterferogram Formation l Data Proc

I Phase Unwrapping l Systems —

SAR Satellites

Satellite:

e 500-900 km altitude
e 11-45 days repeat orbit

300 MBit/s downlink
(also during acquisition)

i DLR

Active array SAR antenna

e 384 sub-arrays

e right looking / left looking

e elevation beams
e ScanSAR

e azimuth beams
e Spotlight

e transmit and receive in H or V
e Dual polarization

e Experimental, dual receive

antenna”+redundant receiver

o GMTI

> Athena Summer School > SAR e SAR Interferometry — Basics > May 2016



Data Processing | Phase Unwrapping Systems

Overview

Descending

Credit: NASA Goddard Space Flight Center Image by Reto Stockli : http://visibleearth.nasa.gov

Height 500 — 900 Km
Velocity ~7.5 Km/s
Orbit Period 90-100 min.

Scene Dimensions 10-250 Km
Sun Synchronous Orbit

> Athena Summer School > SAR e SAR Interferometry — Basics > May 2016
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Satellites for SAR Interferometry: ERS-1

[ —
1990 1995 2000 2005 2010

Operated by ESA
Launched 1991 (t2000)
C-Band (5.6 cm)

15.5 MHz bandwidth

35 day repeat polar orbit,

NN NN

—7 3 dayrepeatice phase

N

Highly successful mission

N

Initiated cross track and along
track SAR interferometry

http://earth.esa.int/ers/satconc/satconc.html

i DLR
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Overview

Fig.: The displacement field of the Landers earthquake mapped by radar interferometry (Massonnet et al., 1993)
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Overview

I First Milestones Ilnterferogram Formation

Satellites for SAR Interferometry: ERS-2

I Techniques l Data Processing I Phase Unwrappingl

B

2000 2005 2010

7 Operated by ESA
7 Launched 1995

1990 1995

=~ SAR instrument and orbit identical to
ERS-1

7 1 daytime delay

—~ ERS-1/2 tandem operation 1995-1998
—7 controlled baseline

7 1 daytime lag — low decorrelation —
DEM generation

# http://earth.esa.int/rootcollection/eeo/_foto21b.gif
D L R > Athena Summer School > SAR e SAR Interferometry — Basics > May 2016
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Mg

ERS-1/2 Tandem Mission Result: DEM of
Europe processed at DLR

Overview I First Milestones Ilnterferogram Formatlonl Techniques I Data Processing I Phase Unwrappi

7 Acquisition time:
1995-2000

—~7 Size of area:
610.000 km?2

7 Projection:
UTM zone 32
ellipsoid & datum: WGS84

—~7 Pixel size:
25mx25m

—~ Height error (10):
flatlands 4-8 m
moderate relief 8-30m

g alpine relief >>30 m ODIR
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Persistent Scatterer Interferometry with ERS-1/
ERS-2

subsidence of point 81491: -18.5+ 0.1 mm/a

subsidence of point 167088: -4.1 + 0.2 mm/a

# Area: Las Vegas
D L R > Athena Summer School > SAR ¢ SAR Interferometry — Basics > May 2016 Fig.: © DLR 63
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Satellites for Interferometry: ENVISAT/ASAR

I I N
1990 1995 2000 2005 2010

ESA, Launch 2002
Orbit like ERS-1/2
More imaging modes
—~ ScanSAR (!)
7 Polarimetric

=7 (C-Band, shifted w.r.t. ERS-
1/2 by +31 MHz

§ 7 Not directly InSAR
compatible with ERS

N

N

N

BCIS 7 Out of InSAR orbit since
Oct. 2010
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| Techiques |  DataProcessing Iphasrappingl g toms = ,
First ERS-2 / ENVISAT ASAR Cross Interferogram

Overview I First Milestones Ilnterferogram Formation

different wavelengths!
large baseline required ~1300 m

high sensitivity 8.43 [m/cycle]

NN NN

height accuracy ~80 cm

ca. 20 fringes = 20 x 8.43 =168 m

# Las Vegas, processed by N. Adam / DLR Fig.: © DLR
DLR 65

> Athena Summer School > SAR e SAR Interferometry — Basics > May 2016



ENVISAT Wide Swath Mode / Wide Swath
Mode

Overview I First Milestones Ilnterferogram Formationl Techniques I Data Processing I Phase Unwrapping l

Wide swath (405km)
interferogram of Bam
earthquake Dec 2003

5 subswaths

60-100km subswath width
405km swath width

150m ground resolution

# oo Small et al., 2005
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Satellites for Interferometry: RADARSAT-1
] -

1990 1995 2000 2005 2010
=7 Canada, launched 1995

-~ (C-Band

7 Incompatible with

ERS, ASAR
7 Many modes
7 ScanSAR
—~ Higher resolution
© Canadian Space Agency (30 MHz)

7 Interferometry more
difficult due to

—~ Weak orbit control
=7 Lower orbit precision
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Satellites for Interferometry: JERS-1, ALOS /
PALSAR ?

—~7 JERS-1
—Z Japan, 1992
—~ L-Band

Initially little support
for interferometry

\

\

Increasingly being used
with good coherence

7 ALOS/PALSAR
Launched 2006
Polarimetry
DInSAR-Mission

Long term coherence
Failed 2011

ALOS-2 in orbit

NN N N NN

i DLR

> Athena Summer School > SAR e SAR Interferometry — Basics > May 2016
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I First Milest Interferogram Formationl Techniques I Data Processing I Phase Unwrap l Systems _

Satellites for Interferometry: TerraSAR-X

e Y #

1990 1995 2000 2005 2010

i DLR

7 Germany

—~ TSX1 launched 2007
—7 TDX1 launched 2010
X-Band

Many modes
Spotlight, ATI

Polarimetric

11 day repeat

High resolution (150 MHz, 1 m class)
—~ Large baselines

7 Fast decorrelation on vegetation

N

N

N

N

N
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TerraSAR-X: Tokyo @ 300 MHz ngh Resolutlon Spotllght
B=158- m, 43 8 m/frmge

TerfaSAR-X © DLR
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Single Pass Missions

SRTM

— USA/Germany/ltaly, 11
days in 2000

— X+C-Band,
—~ Dedicated single pass
interferometer

7 Global DEM between +-60°
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Overview

First Milestones I Interferogram Formation

Techniques

SRTM Imaging Geometry

Xocs

~ Outboard Coordinate System (OCS)

Geometry parameters

Orbit height 7

Orbit inclination : .: 2= .
Nominal baseline T ?"‘f‘ Viook | 8
~CH €cV. C q-':a\'.tll'l-l:n_-::.[f Angle 1 2
Nominal baseline tilt angle 45° Xes -"B4 B3 B2 "Beam 1/ e
Inboard Coordinate System (ICS) . ’ (_; : 3

Look angle at swath center 52° g Reidence :

xy ]  Angle -

. T - 43° e @L
X-SAR instrument parameters I - T au1m__5_ﬁ_ O e . PRF AiBRGoTaER
Wavelength 3.1cm DY, Vaoion)
Pulse repetition frequency 1674 Hz % }

= £
. 8 =
Range sampling frequency 11.25 MHz £
Chirp bandwidth 9.5 MHz
= 225 km
Proc. azimuth bandwidth ~ 1180 Hz

DLR

> Athena Summer School > SAR e SAR Interferometry — Basics > May 2016
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Nanga Parbat (8125m) as seen by SRTM-X

© DLR

SAR intensity - perspective
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SRTM/X-SAR Image

Volcano Cotopaxi
Ecuador
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Systems

SRTM/X-SAR Interferometric Phase

SRTM @BIRI: 7 T

Volcano Cotopaxi
Ecuador
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SRTM/X-SAR Digital Elevation Model

Volcano Cotopaxi
Ecuador

geocoded
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Systems

SRTM
InSAR

resolution
25mx25m

GLOBE |

resolution = =
1kmx1km |

GLOBE © DLR g SRTM © DLR
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DLR

TanDEVIXd 4

Germany'’s current o
Earth Observation Mission '

H._,. m—-\___ cn il o

. Two satellites in close constellation
e Variable across track baseline -> DEMs
e Variable along track baseline -> ATI

e Main mission goal: global HRTI-3 DEM

ADS infoterra

ASTRILIM
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5 'I'r-'. o P s 4 J'I.
e TR : TanDEM-X © DLR
' o Sy
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TanDEM-X © DLR
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Systems

TanDEM-X Applications:
open pit mining

Hambach, Germany
12/2010
TanDEM-X Raw-DEM

D LR > Athena Summer School > SAR e SAR Interferometry — Basics >



TanDEM-X © DLR

| TanREM-X TanDEM-X
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Phase Unwrapping

TanDEM-X DEM und and Changes since SRTM 2000

e decrease:
8 m3
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Sentinel-1 TOPS Mode (2014)

Overview

—
= o=
S= RN _ _
TR TOPS: Reduce aperture time by steering the
fi=\ \\\\\\ antenna ectronically forward in azimuth
[N * More azimuth distance, less illumination

time per target
* Saved time can be used to electronically

steer the antenna to other elevation
directions

—increased swath width (e.g. S1: 3 x = 250 km)

—reduced resolution (e.g. S1: 20 m)
S1-A launched 2014, S1-B launched 2016

De Zan, F.; Monti Guarnieri, A., "TOPSAR: Terrain Observation by Progressive Scans," Geoscience and Remote Sensing,

IEEE Transactions on, vol.44, no.9, pp.2352,2360, Sept. 2006

> Athena Summer School > SAR e SAR Interferometry — Basics > May 2016
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perpicus data (2014)/ESA

- ing Technology Institute

s A g
A o
- A
La 3 "_u.|/ g iy
LW -
kﬂ. - e iy
. S i )
e I 1 1]
e b |
1 i sk

>m_._w>0 Em._mo._wtwuc_ 0_93__QE< _uﬁm._o___mo

(i.,.kﬂ _. !ﬁc AL

First Milestones |,

Overview




2

Nepal Earthquake, April 2015, M 7.8
Line-of-Sight Displacement

Contains modified Copernicus Sentinel data 2015 / DLR
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Sentinel-1 Wide Area PSI — Mexico
Linear Deformation

21 IW SLCs, VV, Descending
Time span: 2014-10-03
2015-06-24

-1.5 cm/month 1.5
E= T VEL

Contains modified Copernicus Sentinel data 2014-2015 / DLR
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European Tectonic Areas
DInSAR Coherence Map

Hiche el i

Lirdaie eV

Ascending
July'— September 2015

.......

Ukralam

Franme

#Ardorr

sharar

Falsabom

I
1l somen

Hua B Ry

Coherence maps: Contains modified Copernicus Sentinel data 2015 / DLR

Background map: © OpenStreetMap contributors
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Overview First Milestones llnterferogram Formationl Techniques I Data Processing I Phase Unwrapping [ Systems i

Japan Earthquake, April 2016, M 7.0
DINSAR Phase

Descending, Master 2016-03-27, Slave 2016-04-20 Ascending, Master 2016-04-08, Slave 2016-04-20

Contains modified Copernicus Sentinel data 2016 / DLR
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SAR Satellites in 2016

COSMO/Skymed (1)

SARLupe (D)

ALOS-2 (J) ESA Sentinel-1

Fig. 22: © DLR
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Some SAR/InSAR Processing Software (200

Commercial
e GAMMA software (Switzerland)

e EarthView® InSAR (PCl Geomatics, Canada)
e SARscape for ENVI (Exelis, USA)

« ERDAS IMAGINE

Public Domain
e Alaska SAR facility (ASF, USA)
« ROI_PAC (NASA/JPL, USA)
« Doris (Delft University, The Netherlands)

» StaMPS/MTI (Delft University, The Netherlands)

http://www.gamma-rs.ch/

http://www.pcigeomatics.com/

http://www.exelisvis.com/ProductsServices/ENVI/
ENVISARscape.aspx

http://www.geosystems.de/

http://www.asf.alaska.edu/
https://www.openchannelsoftware.com/
http://doris.tudelft.nl/

http://radar.tudelft.nl/~ahooper/stamps/
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Overview I First Mileston I Interferogram Formation

Some SAR/InSAR Processing Software (200

Public Domain (ff.)

o NEST (Next ESA SAR Toolbox, ESA) http://nest.array.ca/web/nest
e SNAPHU (Stanford University, USA) http://web.stanford.edu/group/radar/softwareand
links/sw/snaphu/

Research Organizations
o GENESIS (DLR, Germany)

 Diapason (CNES, France) http://www.altamira-information.com
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SAR-EDU - SAR Remote Sensing Educational
Initiative

http://sar-edu.uni-jena.de/index.html

Supported by:
ﬁ Federal Ministry
£ of Economics
and Technology

on the basis of a decision
by the German Bundestag
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SAR Interferometry — Error Sources
May 2016

Material :
Michael Eineder, Richard Bamler
Remote Sensing Technology (TUM/DLR)
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:

Distributed Scatterers | Temporal Decorrelation Propagation PSI Bi-static

Overview Error Sources Coherence Geometric Accuracy

Content of SAR Interferometry

v

—~ Error sources
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DLR

Educational Objective

—~ Understand SAR interferometry in more detail for quantitative work

—~7 Know major error sources of INSAR

7 Know some crucial processing steps to improve coherence

> Athena Summer School > SAR ¢ SAR Interferometry — Error Sources > May 2016
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Error Sources Coherence

Overview Geomtric Acuracy Distribted Scatterers | Temporal Decorrelation Progation S

Further Reading

Books

=~ Hanssen, R. F. (2001). Radar Interferometry: Data Interpretation and Error Analysis (Remote
Sensing and Digital Image Processing Series, Vol. 2). Dordrecht: Springer Netherlands.

= Kampes, B. M. (2006). Radar Interferometry: Persistent Scatterer Technique. (Remote
Sensing and Digital Image Processing Series, Vol. 12). Dordrecht: Springer Netherlands.

Papers

<=  Bamler, R., & Hartl, P. (1998). Synthetic aperture radar interferometry. Inverse Problems, 14,
R1-R54.

= Rosen, P., Hensley, S., Joughin, I. R, Li, F. K., Madsen, S. N., Rodriguez, E., & Goldstein, R. M.
(2000). Synthetic Aperture Radar Interferometry. Proceedings of the IEEE, 88(3): 333-382.
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Structure

Interferometric phase error sources

Coherence and phase errors

Geometric accuracy

Distributed scatterers (geometric decorrelation)
Temporal decorrelation

Atmospheric errors

Persistent Scatterer Interferometry

Bistatic systems (TanDEM-X)

NN N NN
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Structure

Interferometric phase error sources

NN N NN
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Overview Error Sources Coherence Geometric Accuracy

Interferometric Phase Error Sources

receiver noise processor errors interferogram

7

INSAR
processor

propagation
effects

spatial

& temporal
decorrelation Note: only random errors (pixel to

25 m pixel) lead to decorrelation, but not

systematic errors (spatially correlated)

\

) 5 m "'SAR resolution element (e.g. ERS) Fig.: © DLR
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Structure

Coherence and phase errors

NN N NN
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Overview Error Sources Coherence Geometric Accuracy

Interferometric Coherence for Image
Interpretation

SAR image

interferometric phase

coherence

oles

Flevoland, NL

ERS-1/2 © ESA
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i DLR

Coherence - A Measure of Interferogram
Quality (repetition)

—~ correlation coefficient between the two complex SAR images #, and u,
E{”l ui}

SN P v P

7 coherence estimate:

) ‘;ul[i,k]u;[iak]‘
7[l’k]‘:\/;\u1[i,k]\2 ;\uz[’?k]‘z

W : small window centered around pixel[i, k]

Typical window size: 5 — 100 pixels
Stationarity within window assumed!

> Athena Summer School > SAR e SAR Interferometry — Error Sources > May 2016 10




Overview

Error Sources

Coherence G

i DLR

Bias of Coherence Estimate as a Function of

X

eometric Accuracy

Window Size

Distributed Scatterers | Temporal Decorrelation

Propagation

PSI

1 »
ol
£ o8l
B ' number of
@ independent
S 0.6} samples:
Q o
5 4 -
- .
c 04r a8 =
S Z
% 16 = .
g 02l 3 —~ " unbiased estimate
® i -~
L w, /
7
) . . , , ,
0 0.2 0.4 0.6 0.8 1
coherence
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Analytic Phase PDF as a Function of Coherence and
Number of Averaged Samples (Looks) L

- pdf (gL =1)

2 B 2 ERS120E8
pdf(g;L)= (+12) (=l cosls =) +(1_2‘i J (L1512 cos* (9~ 9)

2 5 —\LH1/2
27 T(L) (1 ~|¥]" cos*(¢— ¢ ))L
Fig.: © DLR
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Propagation PSI

istributed Scatterers | Temporal Decorrelation

Overview Error Sources

Analytic Phase PDF - continued

0 n
7 Hypergeometric function: ,Fi(a,b;c;z) = > (@),(b), Z'
with (a), = a(a+1)(a+2)...(a+n-1) =0 (¢), n

=7 Gamma function:

[(z)=[t*e"dt
0

I'(n)=(n-1)!

i D L R > Athena Summer School > SAR e SAR Interferometry — Error Sources > May 2016 13
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Coherence and Phase Noise - Theory

Approximation of phase error : o2 — 1 1-y* 360°
(Often used for larger L and good coherence) Y 72 2T
o,|deg] Analytic Approximation

LA
AEERVER NN

NN =
30 \ \\\ e

0 02 04 06 08 1

- Lower phase noise can be achieved with higher coherence (difficult) or increased
number of looks (resolution loss)
- Approximation not always accurate Fig.: © DLR
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Overview Error Sources i

Decorrelation by Receiver Thermal Noise

receiver noise power N

» SAR data 1

1
JI+N,/S

Decorrelation contribution of each channel: / gyp =

S: signal power
N: noise power

# Fig.: © DLR
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Overview Error Sources Propagation

Coherence of multiple decorrelation sources:

7:H7i

— )/tempyvolumeySNR“”yxyz
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Structure

Geometric accuracy

NN N NN
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Across-Track Interferometry

X-band: A=3.1cm

Fig.: © DLR
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Propagation

Volcano Cotopaxi
Ecuador
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Bi-static

SRTMFODLR * #&i5al

Volcano Cotopaxi
Ecuador
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SRTM/X-SAR Digital Elevation Model

I,
[

n ! I‘
) W

_l.l |.-|'_|‘r ol
T,

‘\5 -‘;. :.; t‘(__.?‘-ﬁ. L‘ B B
WY B Ll i
: o e My r W AR i k]
§ & ¥ J KT & Jrl f
R A

T

Volcano Cotopaxi
Ecuador

geocoded
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Bi-static

iso-range lines: R = const

iso-InSAR-phase lines:

@ < AR = const

AR, @ oc O

Fig.: © DLR

> Athena Summer School > SAR ¢ SAR Interferometry — Error Sources > May 2016 22



Overview Error Sources Coherence Geometric Accuracy | Distributed Scatterers | Temporal Decorrelation Propagation PSI

phase-to-height sensitivity ( R =const ):
op 4rx B,
oz A R smd

(0z =0 sinB)

— phase difference caused by different
heights at same range

R R, A
=" AR="5 7
B, B, 4

n = R — RS Fig.: © DLR
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Overview Error Sources Coheence Gemetrlc Accuracy Distributed Scatterers emporal Decorrelation Propagation PSI
Interferometric Sensitivity
_ . 0 4m B, phase error: Oy
phase-to-height sensitivity: %2 1 Rsind oy

i DLR

- height error: 0. = 59,0z

example ERS-1/2: A~5.6cm

ol B
R ~870 km > R2me———
0Oz (100 m)’
0 =23 deg

baseline height for 1 phase cycle (2n)
50 m ~200m ” .
100 m ~100 m he/ght ?f,, Is there a limit to the baseline?
200m | ~50m ambiguity

=> critical baseline,
see spectral shift!
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Structure

Distributed scatterers (geometric decorrelation)

NN N NN
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Overview |

Baseline

Resolution cell
(“one pixel”)

Q
S
3
N
o

"ange

A
¢scatt — arg< Z Al' e .

Object Space

X
4

y
Random speckle phase : all acquisitions should contain same ensemble of scatterers
in each resolution cell
- Repeat image acquisition from similar angle (= maximum Baseline,
maximum Doppler difference)
- Avoid temporal disordering of scatterers Fig.: © DLR

D L R > Athena Summer School > SAR e SAR Interferometry — Error Sources > May 2016 26



Overview Error Sources i istri

Volume decorrelation: 7, = SiIlC(AZ/AZO)

A Rg sinf

Critical thickness (y,,;,=0): Az, =
: " 2B,

|

A, Scattering layer (e.g. vegetation,
canopy, ice, sand)

e.g..ERSwith B, =200m = Az,=50m
TerraSAR-X with B, =300m = Az,=25m
SRTM-X with B, =30m = Az,=167m

SRTM-Cwith B, =30m = Az, ~280m
Fig.: © DLR
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Propagation Bi-static

Flat Earth Fringe Frequency

] Frequency of flat earth fringesin A¢g 0
‘if P = radar slant range images? YAr
Range sampling interval: Ar = Al tan@
& AJ 2 B
Aj=anBLAE 220 A Rtand
AR
—> Flat earth fringes are usually removed in displayed interferograms
Fig.: © DLR
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Fringe Frequency of Slopes

\ Frequency of flat slope fringes in
o radar slant range images?

S - —
- Equivalent to change of incidence
angle 62>06-a
‘ ‘ _— / / | . - A = =

s

-
-

Ap 2 B,
—> =
27Ar A Rtan(0-a)

Fig.: © DLR "' lf 9 ~d
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2D Scattering: Spectral Shift Decorrelation
SAR #1 SAR #2 Af

- One ground frequency is projected to different radar freqtency]dependino nn

1 i la f+f6
incidence ange1 0,

+ - 7y
U/ 2siné

l/fy /\/ Fig.: © DLR

- One ground frequency is projected to different radar frequency depending on
incidence angle @
DLR

> Athena summer School > SAR e SAR Interferometry — Error Sources > May 2016 30



Overview Error Sources i

Spatial Ground Reflectivity Spectrum vs.
Signal Spectrum

Low I

—~ Spectral shift filtering: cut off non-overlapping spectral bands

Fig.: © DLR
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Temporal Decorrelation

Propagation

Local Range Fringe Frequency and Flat Earth
Phase

1 0g_ 2B,
27 0R ARtan(f-a)

fringe frequency in range:  f, =

2B,

flat Earth fringe frequency: ——
g q Y AR tand

example: ERS, baseline B, =200 m

= 1 cycle per 50 m or 6 range samples

0 —c Maximum (=critical) baseline:
1 cycle per resolution cell

Ay
A}
Y
N
Y
Y
Y
N
A}
Y
N
Y
N
Y
i D L R > Athena Summer School > SAR ¢ SAR Interferometry — Error Sources > May 2016 32
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Spectral Shift and Critical Baseline

. . _ cB 1, effective .
spectral shift = fringe frequency: Af(a) =— R/ltan(é ~ a) o terrain slope

A
decorrelation: 5 =1— I/IJ/F

_ W RAtan(0—a)
c

critical (= maximum) baseline (Af (a)=W): B, ..

W :range signal bandwidth (e.g. 15.5 MHz for ERS,
150 MHz for TerraSAR-X)

c
interferometric range resolution:  p, (a) =

207 - of (@)
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Overview Error Sources

Coherence

Geometric Accuracy | Distributed Scatterers | Temporal Decorrelation

Spectral Shift for ERS

a=60-90deg

y

a=60~=23deg
A4

W

Propagation

PSI

1 .5 MHz

il

) lay-over ‘
shadow B, =200 m )
blind
_’_'_'_'_ﬂ_ﬂ_ﬂ/ . angles

speciral shift

51 SMHz

DLR

-50 -25 0 25
Fig.: © DLR a [deg]
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terrain slope
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Structure

Temporal decorrelation

NN N NN
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Temporal Decorrelation

Important: main limitation in repeat-pass interferometry

© DLR

long term interferogram (15.01 — 20.02)

short term interferogram (15.01 — 21.01)
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Coherence Geometric Accuracy | Distributed Scatterers | Temporal Decorrelation |  Propagation %
....-—-;\

LS\
- "

Temporal Decorrelation

2
—1(4”) (a% sin? 9+O‘§ cos> (9)
, _ 20 A4

Simple Model: )/, = €

(Zebker, 1992)

> .
O | -
c I
v I
) |
_S |
|
~ ! ple Model usable
interferogram
O, =1cm quality

wavelength [cm]

O~
[ @ Y

_ L-Band Fig.: © DLR
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o Wage-n'frﬁzh Universi‘
PELCOM Land Cover
Database

- Forests lead to
decorrelation!

herence
00 02 04 06 08 1.0
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~ Overview Error Sources Coherence Geometric Accuracy

Mexico City — Coherence

12 Cycles

Contains modified Copernicus Sentinel data 2014-2015/ DLR
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Structure

Atmospheric errors

NN N NN
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SAR Signal Propagation Through Atmosphere

SAR
Satellite

Fig.: © DLR
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Overview Error Sources i istri Temporal Decorrelatio Propagation

SAR Path Length Extension in Atmosphere

Tsatellite
L=10"° N dr
Tground
e T'satellite Pd e n2
= 10 oroun k1?+sz+kgﬁ+145W]+4028f_2d7"

k,, k,, k5 : constants

T: temperature

e: partial pressure of water vapour (fast spatial variation)
P_: pressure of dry air

W,: liquid water (droplets)

n: electron density in atmosphere

! f: frequency of radar system
DLR 42
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Overview Error Sources Coherence

Propagation Delays - lonosphere

7 lonosphere is dispersive 10/25/03

X CCe00 — 071:00 UT
—~ dependence on 1/f%

dphase = _K TEC/f2

(K=40.28 m3s?)

=7 Signal (group) delay due to Total
Electron Content (TEC) causes
slant range error at L-band
(f=1.25GHz) of up to 60 m at 45 o3 & 9
deg incidence angle

Geographic Latituds [dag)

Geographic Local Time {haurs)

—Z Phase advance due to TEC is
1.3x10° TEC/ f? [ cycles]
(> 100 cycles for 80 TECU, L-Band)

7 Spatially slowly varying in one image

Propagation PS|

Global lonaspheric TEC Map

12 15 18 21 24

* GPS Receiver

Fig.: © NASA

7 Minor impact on C and X band data in lower geographic latitudes
7 Can be compensated by multi-frequency processing (= GNSS)

D L R > Athena Summer School > SAR e SAR Interferometry — Error Sources > May 2016

43



Overview Error Sources Coherence Geometric Accuracy | Distributed Scatterers | Temporal Decorrelation Propagation PSI

Phase Distortions Caused by Atmospheric
Water Vapour

Fig. 4. (A) SAR interferogram of 4 and 5 April 1996, 10:35 UTC, showing "water vapor streets,”
caused by horizontal convective rolls. Surface station observations of 4 April, 11:00 UTC, are
superposed as in Fig. 3B, (B) Radiometer (NOAA-AVHRR, channels 1, 2, and 4) color composite

image acquired at 4 April 1996, 12:01 UTC.
Hanssen et al., 1999
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Propagation Delays - Troposhere
o. =E[(Ar(x)—Ar(x+d))’]

2
e L] L4 G
7 Large, spatially increasing Arf
errors g
—~ Frequency independent, 10 e
samerangeerrorinl, Cand £ o
X band é 5 TS "?;._,
2 a1 . 25 - g
—> Can not be compensated =70 ¢ .-~ 2 T
by multi-frequency g | "~
processing 8 o ’ -
10" S
[ %
10 L e :
10 10
Distance [km] Ar
»Comparison of empirical structure functions (bold lines) of the tropospheric
signal derived from ERS data with the theoretical model (dashed lines). Each
line corresponds to a separate interferogram of the same area. Note that
more severe weather conditions increase the power of the signal, but do not
affect the slope of the structure function.” (Hanssen, 2001)
Fig. 29: © DLR
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Structure

Persistent Scatterer Interferometry

NN N NN
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Short Summary: InSAR Error Sources

1. Phase ambiguities 2. Decorrelation 3. Propagation errors

-> Time series analysis and motion models required: Persistent Scatterer
Interferometry
Fig.: © DLR
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Temporal Decorrela

Persistent Scatterer Interferometry (PSl)

— Acquisition of stack of images
Stacking (coregistration)

Selection of points with stable (temporal) phase (very small
percentage)

N

N

7 Connection of points with short arcs network

7 Parameter estimation of temporal phase model (linear, periodic ...) on
each arc

—~ 2D network integration of model parameters including removal of APS
(Atmospheric Phase Screen)
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Bi-static

Persistent Scatterer Interferometry (PSl)

1. Acquisition 2. Stacking 3. PS Detection 5. Estimation
4. Network (and APS removal)

# Fig.: © DLR
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Point Scatterers

=7 Points with long-term coherence / correlation

7 Stable scatterer phase over time .\

Fig.: © DLR
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Propagation PSI Bi-static

Distributed Scatterers | Temporal Decorrelation

Geometric Accuracy

Overview Error Sources Coherence
PSI - Precision
I‘ I I I ] I:_i”I”II“ I ¥ I 1 ) 1 1 I | ] ] | I ] ] I

S i

I 1

Temporal Coherence L T i . i

." Ty e
How well PS phase fits model * ""‘""--%:.gf_‘ !

."1'u::t‘: — — [l‘:t]ul | rl-u.- [days] I 0 — — + 1000 I _.J

» Stacksize
Temporal sampling

Baseline sampling

« PStype (urban/rural)
« Master selection
 Deformation type &

speed

Fig.: © DLR
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PSI with ERS-1/ERS-2: Las Vegas

subsidence of point 81491: -18.5+ 0.1 mm/a

subsidence of point 167088: -4.1 £ 0.2 mm/a

Fig.: © DLR
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Propagation

21 IW SLCs, VV, Descending
Time span: 2014-10-03 -
2015-06-24

1.5 cm/month 1.5 ' Linear Deformation
| 5

Contains modified Copernicus Sentinel data 2014-2015 / DLR
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Main Station in Berlin

1

==

SHE

Measurement of thermal dilation and 3D shape with TerraSAR-X PSI ...
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Structural Thermal Dilation Measured With
Multi Angle PSI

Ascending




height [m]
F |
60




( |

|
m/Jah r[H_|

i

Gulf von Corinth, Greece

. e aging -3m
Rio-Antirrio Bridge _

ERS-1/2 Stacks
34 Images
2010-2012

Image 01 3 TerraMetrics
© 2013 Google , G [ .
Image @ 2013 GeoEye 008 e ea rt h

Imagery Date: 9/6/2012 @ | 2002 | 38°19'22.48" N 21°4600.28" E elev  Om Eyealt 658m O




Greece WAP: 250 x 450 km

1/2 Stacks, 671 Images, 1992360
1 GPS Calibrated Bad

bt B
I'E‘l".-

Fig.: © DLR
[mm/year]
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SAR Tomography

LOS Fig.: © DLR
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Structure

NN N NN

Bistatic systems (TanDEM-X)
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Overview

Error Sources

Coherence

Geometric Accuracy

DLR

Distributed Scatterers | Temporal Decorrelation Propagation PSI Bi-static

TanDEM-X Mission 2010+

7 No mechanical coupling
between satellites 2 smooth,
well known baseline

=7 Same atmospheric path 2no
atmospheric error

Fig.: © DLR
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Helix Orbit of TanDEM-X

vertical
baseline

horizontal
baseline

Fig.: © DLR

D L R > Athena Summer School > SAR ¢ SAR Interferometry — Error Sources > May 2016 68



Overview
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Error Sources Coherence Geometric Accuracy

DLR

Bi-static TanDEM-X Synchronisation

. ) .. ) Oscillator 1 Oscillator 2
—7 Different oscillators in bistatic V\MNWW\W
Operat|ons “‘/V\/\/\N\MM FVVUVY YV YV Y
7 large differential phase drift @E—ﬁ A @hﬂ,
expected

—Z Slightly different sampling
frequencies

=7 Solution: synchronization link mono-static
between satellites

bi-static
—~ New processing algorithms for
high accuracy interferometric
processing required with a
relative accuracy of 1014

Fig.: © DLR
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SAR-EDU - SAR Remote Sensing Educational
Initiative

http://sar-edu.uni-jena.de/index.html

Supported by:
ﬁ Federal Ministry
£ of Economics
and Technology

on the basis of a decision
by the German Bundestag
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Overview

Public Software

Doris (Delft University, The Netherlands) DORIS

GIANT - Generic InSAR Analysis Toolbox (Caltech) earthdef.caltech.edu/projects/giant/wiki

GMTSAR (Scripps Institution of Oceanography) GMTSAR

ISCE (JPL, Stanford University) ISCE

RAT sourceforge.net/projects/radartools.berlios
ROI_PAC (NASA/JPL, USA) ROI PAC

Sentinel-1 Toolbox (ESA) Sentinel-1 Toolbox

SNAPHU (Stanford University, USA SNAPHU

StaMPS/MTI (University of Leeds, UK) STAMPS

7



http://doris.tudelft.nl/
http://earthdef.caltech.edu/projects/giant/wiki
http://topex.ucsd.edu/gmtsar
http://earthdef.caltech.edu/projects/isce_forum/wiki
https://sourceforge.net/projects/radartools.berlios
http://www.openchannelfoundation.org/projects/ROI_PAC
http://step.esa.int/main/toolboxes/sentinel-1-toolbox
http://web.stanford.edu/group/radar/softwareandlinks/sw/snaphu
http://homepages.see.leeds.ac.uk/%7Eearahoo/stamps
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DORIS
doris.tudelft.nl

* Delft Object-oriented Radar Interferometric Software

* Developed by the Delft Institute of Earth Observation and Space Systems of
Delft University of Technology. Originally developed by Bert Kampes and
Ramon Hanssen. Used by spin-off SkyGeo.

» Unix based, must compile
» Support for various sensors
» Support for INSAR but not advanced INSAR

» Requires various external libraries and add-ons for functionality, e.g. phase
unwrapping requires SNAPHU add-on

i DLR
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Q%rls TUDelft
T

The Delft Institute of Earth Observation and Space Systems of Delft University of Technology has developed an
Interferometric Synthetic Aperture Radar (InSAR) processor named Doris (Delft object-oriented radar
interferometric software). The Doris software can be downloaded freely from this site for non-commercial
applications {conditions).

Interferometric products and endproducts such as Digital Elevation Models and displacement maps can be
generated with this software from Single Look Complex data. Data from the satellites ERS, ENVISAT (first ENVISAT

interferogram, 54kB, DEM, 107kB, and perspective view, 177kB), JERS (first JERS interferogram), and RADARSAT
(first RADARSAT interferoaram) can be processed with the Doris software.

Introduction - 24 December 2008
Introduction to interferometric processing with the Doris software.
Status - 24 December 2008
What's the current status of these pages and the Doris software.
Literature - 24 December 2008
Online publications and InSAR references
FRINGE 2003 presentation,
BAM Earthguake processing overview,
Searchable InSAR literature (bibtex file with ~2100 entries],
Download - 13 March 2012
Access to the Doris software
User manual (html - v4.02 }
User manual {(pdf - v4.02 changelog )
User manual {pdf in Chinese - v3.16)
Brain Pool - 17 February 2010
Experienced users help answer guestions from new users and processing strategies are discussed. We
encourage you to join this list when you are using the Doris software, Users of other software packages are
also welcome to join this list, in order to have as broad a platform as possible.
Join the email list
FAQ for Doris {(Yahoo! group, member of aforementioned list to automatically collect all emails in a
zearchable archive).
Links - 24 December 2008
Interesting links.

|| Google Search

Google

C WWW ® Doris pages

This page is maintained by TUDelft - MGP Radar Group, mail to: doris usersZatFtudelft.nl

Disclaimer: These pages contain links to sites outside DUT. We do not take responsibiiity for the contents of those
sites,
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GIANT
earthdef.caltech.edu/projects/giant/wiki

» Generic INSAR Analysis Toolbox developed at Caltech
 *nix / Python based

» Supports advanced InSAR (time series analysis) through SBAS, N-SBAS and
MInTS algorithms

» Takes as input a stack of unwrapped interferograms created with other
software packages including ROl _PAC, DORIS, ISCE, GMTSAR

 Allows correction of orbital ramps, atmosphere

i DLR
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GIANT
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GMTSAR
topex.ucsd.edu/gmtsar

* Supports various sensors

* Supports INSAR and INSAR "
stacking

Links

&

» Does not support advanced
INSAR involving time series
analysis — this is possible
with other software that
accepts GMTSAR outputs as
inputs

e

DLR

An InSAR processing system based on GMT

David Sandwell - Scripps Institution of Oceanography
Rob Mellors - San Diego State University

Xiaopeng Tong - Scripps Institution of Oceanography
Meng Wei - Scripps Institution of Oceanography

Paul Wessel - University of Hawail

Looking for volunteers to develop scripts

GMTSAR is an open source {GNU General Public License) InSAR processing system designed for users familiar with

5 ping Tools (GMT). The code is written in C and will comipile on any computer where GMT and NETCDF are
:nstalled The system has three main components:

1. a preprocessor for each satelite data type (ERS-1/2, Enwvisat, ALOS-1, TerraSAR-X, COSMOS-SkyhMed,
Radarsat-2, Sentinel-14A, and ALOS-2) to convert the native format and orbital information into a generic format;

2. an InSAR processor o focus and align stacks of images, map topography into phase, and form the complex
interferogram;

3. a postprocessor, mostly based on GMT, to filker the interferogram and construct interferometric products of phase,
coherence, phase gradient, and line-of sight displacement in both radar and geographic coordinates;

GMT is used to display all the products as postscript files and KML images for Google Earth. A set of C-shell scripts has
been developed for standard 2-pass processing as well as image alignment for stacking and time seres. ScanSAR
processing is also possible but requires a knowledgeable user. Users are welcome to contribute to this effort. In
particular contributions using other scripting languages such as Perl and Python are desired.

CITATION: Sandwell, D. ., R. . Mellors, X. Tong, M. Wei, and P. \Wessel (2011), Open radar interferometry softwars for
mapping surface deformatmn Eos Trans. AGU, 92(28), doi:10.1

Sandwell, David, Mellors, Rob, Tong, Xiaopeng, Wei, Matt, & Wessel, Paul. (2011). GMTSAR. An InSAR Processing
System Based on Genenc Mappmg Tooas UC San Diego: Scripps Institution of Oceanography. Retfrieved from:

http-/fescholarship.org

ACKNOWLEDGEMENTS: This research was supported by ConocoPhillips, the National Science Foundation, Scripps
Institution of Oceanography, and San Diego State University.
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ISCE
earthdef.caltech.edu/projects/isce forum/wiki

» INSAR Scientific Computing Environment developed by JPL and Stanford
University

» Sponsored by NASA for the geophysics community
 Builds on legacy software such as ROl _PAC

* Must register for use

» Supports various sensors (but not yet Sentinel-1?)

» Supports INSAR stacking but not advanced INnSAR which can be performed
with other software

i DLR
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ISCE
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ISCE
winsar.unavco.org/portal/wiki/ISCE
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RAT
sourceforge.net/projects/radartools.berlios

» Developed at Technical University of Berlin
» Uses IDL Virtual Machine, does not require a license for non-commercial use

* Only supports ENVISAT-ASAR format — aimed at PoISAR (ERS only VV,
ENVISAT VV, HH, VV/HH, HV/HH, VH/VV)

» Supports PolSAR and InSAR but not advanced InSAR

* Documentation at: RAT Radar Tools .pdf

i DLR
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suurczfnrgz [Search } Browse Enterprise Blog m Help Login or Join

SOLUTION CENTERS Go Parallel Resources Newsletters Cloud Storage Providers Business VolP Providers

MAX RM Asset Tracking

Keep Track of Network Inventory for Your Clients Remotely--Free Trial!
® O

=»

Home / Browse / Science & Engineering / Earth Sciences / RAT - Radar Tools

., RAT -Radar Tools

Brought to you by: berliosrobot
Summary Files

This is a BerliOS project. Check
out the BerliOS project page for ~ barliOS
more information.

% Add a Review = e
B Downloa

<+ 17 Downloads (Ttis Week) R e

Last Update: 2014-06-09

m ‘4 é Browse All Files 5%

G| 0 ';-TRI:TDN
Description Advanced product configuration
RAT is a software for advanced image processing of SAR (Synthetic Aperture Radar) remote sensing Powerful. Constraint-based.
data. Learn more...
RAT - Radar Tools Web Site (> ' : . 1
Categories License ' = l i
Earth Sciences, GIS Mozilla Public License 1.1 (MPL 1.1)

i DLR
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ROI_PAC
www.openchannelfoundation.org/projects/ROI PAC

» Repeat Orbit Interferometry PACkage developed and maintained by
Caltech/JPL

» Supports various sensors. Originally supported ESA ERS/ENVISAT, parsers
extend support for current missions including Sentinel-1(A)

 Also supports focussing for some sensors (ERS, LO - L3)
» Supports INSAR but not advanced INSAR

» Uses contributed software for phase unwrapping (SNAPHU), atmospheric
correction, offset tracking, MAI

* Actively maintained

i DLR
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SNAPHU

web.stanford.edu/group/radar/softwareandlinks/sw/snaphu

« Statistical-cost, Network-flow Algorithm for PHase Unwrapping
 MCF based phase unwrapper

» Used as a plug-in phase unwrapper by other INSAR software packages

i DLR
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SNAPHU
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STAMPS
homepages.see.leeds.ac.uk/~earahoo/stamps

» Stanford Method for Persistent Scatterers developed by Andy Hooper
(currently at University of Leeds)

* Relies on ROI_PAC for focusing, DORIS for INSAR
« Combination of MatLab scripts and C++ modules
» Supports PS Processing and Small Baseline Processing

« Both methods can be combined in MTI Processing

i DLR
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STAMPS

A software package to exiract around displacements from time series of symthetic aperiure radar (SAR) asquisitions,
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ESA Software
STEP, SNAP and the Sentinel-1 Toolbox
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STEP - Science Toolbox Exploitation Platform
http://step.esa.int/main/toolboxes/snap/

ste s
SCIEHEPE' toolbox exploitation platform \\&\? esa
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' Sentinel I Tooloox

v SMIOS Toolbox

— multimission scientific toolboxes 2017
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STEP - Science Toolbox Exploitation Platform

« ESAis developing free open source toolboxes for the scientific exploitation of
Sentinel data

» These toolboxes expand on and consolidate existing software and functionality
» Support for ERS/ENVISAT
« Support for national and third party missions such as TerraSAR-X

« STEP is a community platform providing an entry-point to the various Sentinel
toolboxes
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SNAP - SeNtinel Application Platform
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SNAP - SeNtinel Application Platform

» SNAP (Sentinel Application Platform) is the commercially developed common
architecture for the Sentinel toolboxes

« Common libraries released under the GNU GPL-3

» Support for very large images
« Layer management (WMS servers, ESRI shapefiles)

« SRTM DEM access

i DLR
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Sentinel-1 Toolbox — S1TBX
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Sentinel-1 Toolbox — S1TBX
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Sentinel-1 Toolbox — S1TBX

* Released under GNU GPL-3 source code available on GitHub

* Runs under Windows, Mac OS X, Unix

* Links to installation guide, documentation, tutorials, Wiki, forum, blog from
STEP or from the software itself

i DLR
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S1TBX Replaces NEST (Next ESA SAR Toolbox)

es :lleel:l:igsa sar toolbox

NEST Home ~ Downloads ~ Documents ~ Development ~ User Community ~

You are hera  Home ﬂﬁhﬂ | ﬂﬂﬂ

- NEST - next esa sar toolbox - Latest News

S-1A initial products available
NE3T 5.1 Released

2
— &
o~ toclbox under the GMU GEL licence for reading, processing, o SOCIS 2014
w ‘ enalysing and visualising ESA (ERS-1/2, ENVISAT, SENTINEL-1) e SENTINEL-1 Readers and Data
m end other spaceberme’ (TaraSAR-X, RADARSAT 1-2 COSMO- & DEM Generation with NEST

Skylded, JERS-1, ALDS PALSAR) SAR data procsssed to Leval-1
- Forum Posls

next esa sar toolbox o neter
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a GEOCODING 81-A SLC W DATA
2 Applying orbit file for Sentinel! SLC deta using
@ TemaSAR EEC Geccoding Problem
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Tutorials

S A
SNAP
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Sentinel-1 Toolbox Tutorials (SAR applications)

Sentinel-2 Toolbox Tutorials {High resolution optical applications) TR
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External Resaurces
LearnEQ [Earth Observation with ESA)

SAREdu [SAR applications)
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Other Sources
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Other Sources

» Software tools for working with TerraSAR-X data compiled by AIRBUS Defence
& Space

http://www.geo-airbusds.com/en/3018-software-tools

« Software tools for remote sensing compiled by ASF (Alaska Satellite Facility),
USA (homepage at www.asf.alaska.edu)

https://www.asf.alaska.edu/data-tools/other-software-tools

» Software tools compiled by UNAVCO (www.unavco.org, non-profit university-
governed consortium supporting geoscience research and education)

www.unavco.orqg/software/data-processing/sar-software/sar-software.html

i DLR
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http://www.unavco.org/software/data-processing/sar-software/sar-software.html
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Other Sources
earthdef.caltech.edu
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WInSAR
winsar.unavco.org

» Western North America INSAR (WInSAR) Consortium

» Collaboration between universities, research laboratories, and public agencies
seeks to use promote radar remote sensing for earth sciences (tectonics)

» Concentrates on acquisition and archiving of spaceborne SAR data over
western North America

» Hosts software and provides many links to other software / information

i DLR
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Other Sources
winsar.unavco.org/portal

InSAR

stern MNorth ﬁ.merl I 1te€fernmetrlc
ynthetlc perture onsortium

& Hivis InEAR WIK P SAT Adifaiiee | =)

Welcome to the WInSAR Portal
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Other Sources
winsar.unavco.org/portal/wiki/Wikilndex
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SAREDU
saredu.dir.de

» Supported by German Federal Ministry for Economic Affairs and Technology
(BMWi)

« Joint initiative coordinated by Friedrich-Schiller University Jena and DLR with
contributions from public institutions and private industry

» Provides training on the use of SAR, courses held yearly in Sep/Oct in Jena,
Germany

» Covers basics (e.g. mathematics and physics), methods (e.g. INSAR, PoISAR)
and many application areas of SAR

» Check list of units at saredu.dir.de/unit and register to view lessons (videos)

i DLR
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SAREDU

Search...

remote sensing education initiative HOME UNITS ABOUT ~ CONTACT ~

Software

Various software solutions are available for reading, processing and analyzing SAR data.
This section gives you an (NEVNIEWN of available software packages.

SAR Software
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Commercial Software
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Overview
Commercial Software
Diapason (Altamira Information) Altamira Information
Geomatica Radar-Suite (PClI Geomatics, Canada) Geomatica Radar-Suite

ERDAS IMAGINE (Hexagon Geospatial, Stockholm, Sweden) ERDAS-Imagine

GAMMA software (Switzerland) GAMMA RS

SARscape for ENVI (Harris Geospatial Solutions, USA) ENVISARscape

i DLR



http://www.altamira-information.com/home
http://www.pcigeomatics.com/software/geomatica/radar-suite
http://www.hexagongeospatial.com/products/producer-suite/erdas-imagine
http://www.gamma-rs.ch/
http://www.harrisgeospatial.com/ProductsandSolutions/GeospatialProducts/ENVISARscape.aspx
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DIAPASON
Altamira Information

 Originally developed by CNES, the French space agency

* Now developed by Altamira Information

» Supports (at least) ESA missions ERS-1/2, ENVISAT, Sentinel-1
» Supports INSAR but not advanced INSAR

» Altamira uses in-house SPN (Stable Point Network) software for PSI



http://www.altamira-information.com/home
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Altamira Information — DIAPASON
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PCl Geomatica
Geomatica Radar-Suite

» Supports SAR and PolSAR analysis for various sensors

* No InSAR capability



http://www.pcigeomatics.com/software/geomatica/radar-suite
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PCl Geomatica
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Copyright © 2016 PCI Geomatics All Rights Reserved.
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ERDAS Imagine
ERDAS-Imagine

» Support for some sensors (none for Sentinel-1, ERS-1/2, ENVISAT in 2015
Product Features and Comparisons)

» Supports basic INSAR but not advanced InSAR (stacking, time series analysis)

i DLR
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ERDAS Imagine

| Search Q
¥« HEXAGON

& GEDSPATIAL Apps Products  Sclutions  Partners Support Stora Blog AboutUs

=a

Hexagon Geospatial > Fowor Porttolio > Producer Sute = EBDAS IMMaINE m u

ERDAS IMAGINE

ERDAS IMAGINE is offered within the Producer Suite of the Power FPortrolio.

The World's
Leading

Geospatial Data
Authoring System

Tools for all your Remote Sensing,
Photogrammetry and GIS
processing needs,

216Hexn AB and/or its subsidiaries and affiliates. Al rihts reserved. migE =



DLR.de * Chart47 > Athena Summer School > SAR + Software > May 2016

GAMMA
GAMMA RS

* Developed by GAMMA Remote Sensing
 Supports various sensors

» Supports INSAR and advanced InSAR (PSI)
 Training offered by GAMMA Remote Sensing

 Offer customised services — value-adding

i DLR



http://www.gamma-rs.ch/

GAMMA REMOTE SENSING

Sitemap Search Contact

Software

e A UL L =T 2SS

You are here: Software

O Software News
O System Overview
E MSP Modular SAR Processor

O ISP Interferometric SAR
Processor

@ DIFF&GEQ Differential SAR
Processor & Geocoding

@ IPTA Interferometric Point
Target Analysis

& GEO Geocoding Software
& LAT Land Application Tools
& DISP Display Tools

GAMMA Software

The GAMMA SAR and Interferometry Software is a collection of programs that allows
processing of SAR, interferometric SAR (InSAR) and differential interferometric SAR
(DInSAR) data for airborne and spaceborne SAR systems. The software supports the
entire processing from raw data to high level products such as digital elevation
models, displacement maps, point target analysis and landuse maps. The software is
arranged in packages, each dealing with a specific aspect of the processing. + Leamn
more. ..

The GAMMA Software runs on any Unix or Linux system as well as on Win32-based
platforms (W2K, Windows XP). Recommended 05 is Linux. Any distribution should
work as long as the GTK toolkit is version 2.8.12 or higher. A nice free distribution is
Ubuntu. Both 32- and 64-bit processors are supported on Linux. On Windows and
Solaris a 32-bit environment is needed. The GAMMA Software is also known to run on
05-X and other *IX systems. Contact GAMMA if you have special needs.

With its functionality, flexibility, robustness, efficiency, and competitive price,
GAMMA software is an excellent solution for demanding processing jobs. This has
been demonstrated by license sales to users at many leading institutes world-wide,
since 1995. Another distinct advantage of the GAMMA software is the competent user
support provided directly by the developers and experienced users of the software
and the availability of ad-hoc and training courses.

http://lwww.gamma-rs.ch

Copyright 2000 - 2011 © Gamma Remote Sensing. All rights reserved.

10.5.2016: 19:15: <0200 BQAE,

Examples

30.01.08 11:28
Support of Radarsat2 SLC data

GAMMA Software supports Radarsat?
SLC data.

[mare]
26.05.15 16:51
Nepal Earthquakes Palsar-2
Interferograms

A devastating
earthquake of
magnitude 7.8
occured in Nepal on
25 April 2015. On
12 May...

[maore]
25.04.04 09:55
Montagnon
Montagnon: IPTA
deformation
mapping.
[mare]
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GAMMA - Training

GAMMA REMOTE SENSING

ourses

Sitemap  Search  Contact

Yau are hers: Coursas / Upsoming courses 1.5 20561 1213 40200 ﬁq&

O Training courses Training course on Interferometric Point Target Analysis - spring S R e e
E Upcoming courses 2016

G Lt colfses Practical training with the GAMMA Software [more] [more]

[ Past courses

[ Ad-hoc courses

I3 - I Nay 0

Copynght 2000 - 2011 © Gamma Remote Sensing. All nghts raserved.
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SARscape
ENVISARscape

* Developed by sarmap

» Supports spaceborne and airborne SAR sensors
» Supports INSAR and advanced InSAR (SBAS/PSI)

» Offered as an add-on for ENVI from Harris Geospatial Solutions though its
subsidiary Exelis Inc. through its subsidiary Exelis VIS ...

« SAR Analysis Made Easy with ENVI SARScape 5.1

 Training offered through Harris Geospatial Solutions

i DLR



http://www.exelisvis.co.uk/ProductsServices/ENVIProducts/ENVISARscape.aspx
http://www.harrisgeospatial.com/Home/NewsUpdates/TabId/170/ArtMID/735/ArticleID/14052/SAR-Analysis-Made-Easy-with-ENVI-SARScape-51-.aspx
http://www.harrisgeospatial.com/ProductsandSolutions/GeospatialProducts/ENVISARscape.aspx
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Sdarmap — sarscape

the earth observation gateway

SARscapo
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Sdarmap — sarscape

the earth observation gateway
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ENVISARscape

"
s, MY ACCOUNT - CONTACT US '
’/"‘ \RRI
GECSPATIAL SOLUTIONS
bema Products & Services Industriea Learn Support Elog. Company UK/English  ~
@ ENVI ENVI ENVI Servicas Engne EMVI LIDAR EMNY| SARscape ArcGIS
| ISR 1 T Ao o
| RETOE SN
ENVI SARscape B o e R e e T T
ENVI SARscapa® allows you fo easily read, process, and
output your SAR data so you can transfarm hard-to-interpret
data into meaningful, contextual information. Synthetic Aperture
Radar (SAR) data is a sophisticated data type that can be used =
to analyse an area of interest during the day or night, regardless
of weather conditions. It is particularly helpful when trying to '
detect change and study the topography of a specific area.
Mew In SARscape 5.1 SAR Processing SAR Image Analysls J DEMs/Displace mert Maps " B4R Interferometry \ W
>
© 2016 Exelis Visual Information Solutions, Inc., a subsidiary of Harris Corporation L 5y

o ke

F RS


http://www.harrisgeospatial.com/ProductsandSolutions/GeospatialProducts/ENVISARscape.aspx
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SAR Data Availability for Paphos Testsite

Ramon Brcic
MF-SAR
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Overview

» Checked data availability for 5 missions:
* TerraSAR-X and TanDEM-X (DLR)
« ERS and ENVISAT (ESA)
» Sentinel-1 (ESA)

» For each mission, different products are available at different resolutions and
at different times (next slide)

 Factors affecting decision:
« Suitability of acquisition mode (resolution) for application (archaeology)
 Avalilability of data for intended method of analysis
« Historical / actual / future
* INSAR pairs (monitoring changes and large movements) / stack
(detailed surface deformation monitoring)

i DLR
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Sensor Resolution and Temporal Coverage

Ground Resolution [m] Temporal
Satellite / Sensor / Mode
1.3 0.24

TSX ST: Staring Spotlight 0.31
TSX HS: High Resolution Spotlight 1.3 1.1 1.4

2007 on
TSX SL: Spotlight 2.5 1.7 4.3
TSX SM: Stripmap 2.6 3.3 8.6
ERS Stripmap 25 4 100 1991 - 2001
ENVISAT Stripmap 16 4 64 2002 - 2012
Sentinel-1 TOPS 5.7 23 130 2014 on

Resolution are average values on ground
TSX: azimuth resolution for single polarisation
TSX ST, HS: ground range resolution for 300MHz

i DLR
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TerraSAR-X / TanDEM-X

DLR
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Number of Scenes 4 (2 CoSSC Products)

EOWEB TDM SM ASC 24
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DLR.de + Chart 6
4 (2 CoSSC Products)

Number of Scenes

EOWEB TDM SM DES 1
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EOWEB ST Future
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EOWEB HS Future

S EA—-

IRELals fpm Pt el | )| B i AEAEE il oy B || TN T el ¥eu ars owpes bt oo cheohe_mTHLI?
e e e e e e ——— P g
>
] = frr. " it
_ L ey -y | = | e idl T i S — —

[ x

* L

. =

X =

. -

5 .

.

DLR




DLR.de + Chart9 > Athena Summer School > SAR « SAR Data Availability for Paphos Testsite > May 2016

EOWEB SL Future
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Spotlight Products (SL, HS, ST)

* No existing data over Cyprus

* TerraSAR-X Science Server System

» Ordering of new spotlight (SL, HS, ST) products possible through “General
Proposal Submission”: TSX-Science-Plan.pdf

* Ordering of all archived TerraSAR-X products (older than 18 months)
possible through “AO for Utilization of the TerraSAR-X Archive”: TSX-
Archived-Data-2014-A0-1.1.pdf



http://sss.terrasar-x.dlr.de/
http://sss.terrasar-x.dlr.de/pdfs/TSX-Science-Plan.pdf
http://sss.terrasar-x.dlr.de/pdfs/TSX-Archived-Data-2014-AO-1.1.pdf
http://sss.terrasar-x.dlr.de/pdfs/TSX-Archived-Data-2014-AO-1.1.pdf
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EOWEB HS ST Current

+ Id Avail. Abstract ltemn Type Mission/Satellite Sensor Start Date End Date Sensor Mode
— %1 & 5¥-1.5AR L1b-Staring-Spetlight CatalogueSce... |TEX-1 SAR 2018-04-18T15:29:27,1... [20168-D4-18T15:39:97 5... StaringSpotlight
— (2 [ ] T5X-1.5AR.L1b-Staring-Spotlight | TEHA SAR 2018-04-22T03:55:44 8... [2018-04-22TD3:55:45,1.. . |StaringSpotlight
— (3 [ ] T5X-1.5AR.L1b-Staring-Spotlight T5HA1 SAR 2018-04-23T1E: 7. |2018-04-23T15: StaringSpotlight
— = (4 [ ] T5X-1.5AR.L1b-Staring-Spotlight e | TEH-1 SAR 2018-04-28T15: 2018-04-28T15: StaringSpotlight
— =[5 [ ] T5X-1.5AR.L1b-Staring-Spotlight 2. | TEH-1 SAR 2018-05-03703: 2018-05-03T703: StaringSpotlight
e ] [ ] T5X-1.5AR.L1b-Staring-Spotlight | TEHA SAR 2018-05-04T15E: 2. |2018-05-04T15: StaringSpotlight
i & T5¥-1.5AR. L1b-High-Resclution-Spotli.. S| TEXA S5AR 2018-04-177T03:47:11 .2, [2018-04-17T03:47:11,8.. . |HighResSpotlight
— =8 [ ] T5X-1.5AR.L1b-High-Resolution-Spotli.. T5HA1 SAR 2018-04-1TT1E: 2018-04-17T15:58:33.1.. . |HighResSpotlight
— = (3 [ ] T5X-1.5AR.L1b-High-Resoluticn-Spotli.. T5HA1 SAR 2018-04-2BT03:47:11 4. [2018-04-283T03:47:12,1.. . |HighResSpotlight
L— =10 [ ] T5X-1.5AR.L1b-High-Resolution-Spotli.. T5HA1 SAR 2018-04-2BT15:568:32.5... [2018-04-28T15:58:33,2. .. |HighResSpotlight
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ERS / ENVISAT

DLR




DLR.de * Chart 16 > Athena Summer School > SAR + SAR Data Availability for Paphos Testsite > May 2016

EOLiI ERS ENVISAT Overview
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EOLi ERS ASC 386

Number of Scenes
Start Date

End Date

Days

Years

10
04.03.1993
26.11.2000

2824
7.73

(_:ODSIE garth
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EOLi ERS DES 436

Number of Scenes
Start Date

End Date

Days

Years

38
01.06.1992
04.01.2001

3139
8.59
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Number of Scenes 14
Start Date 01.12.2002

EOLi ENVISAT ASC 386 End Date 09.03.2008

Days 1925
Years 5.27
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EOLi ENVISAT DES 207

Number of Scenes
Start Date

End Date

Days

Years

B TDATIIRE D

35
13.01.2004
28.09.2010
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EOLi ENVISAT DES 436

Number of Scenes
Start Date

End Date

Days

Years

36
03.07.2003
14.10.2010

2660
7.28

(_:ODSIE garth




DLR.de * Chart22 > Athena Summer School > SAR + SAR Data Availability for Paphos Testsite > May 2016

Suggestion

e Order
« ERS DES 436 (38 Scenes, 1992 — 2001)

« ENVISAT DES 436 (36 Scenes, 2003 — 2010)

» PSI possible on these stacks (20 — 30 scene minimum)

« Historical analysis for determining baseline for deformation monitoring over
previous 2 decades

i DLR




DLR.de * Chart23 > Athena Summer School > SAR « SAR Data Availability for Paphos Testsite > May 2016

Sentinel-1

DLR
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Number of Scenes 37

Start Date 16.10.2014 18 05.2016

Sci H u b S1 ASC 1 60 End Date 08.02.2016 47 scenes

Days 481
Cycles 40
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Number of Scenes 34
Start Date 17.10.2014
End Date 28.01.2016

18.05.2016

Days 169 50 scenes
Cycles 39

keniiflc Data Hub

Arganya
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Sentinel-1

Resolution low but ...

European Earth observation programme Copernicus that includes the Sentinel
series of satellites represent a 20 year plan

Continuous and fixed acquisition plan over the EU /EEC

» 1 ascending and 1 descending acquisition every 12 days with S-1A
» 30 images / year / stack

» 1 ascending and 1 descending acquisition every 6 days with S-1A/B
» 60 images / year / stack

|deal for reliable long-term monitoring - PSI for deformation monitoring

i DLR
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Athena Summer School — SAR
Data Evaluation

Ramon Brcic
MF-SAR
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Contents

TerraSAR-X

TanDEM-X

Sentinel-1

ERS
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TerraSAR-X — HR and ST

Temporal Effective Height of Ground
Incidence Pass Baseline Baseline Ambiguity Resolution

Description Sensor Mode Orbit Beam Angle  Direction Acquisition Times (days) (m) (m) (m)
HR HighResSpotlight 100 spot_093R 53.1  Ascending 17.04.2016 28.04.2016 11 - - 2.8
HR HighResSpotlight 92 spot_086R 51.1 Descending 17.04.2016 28.04.2016 11 - - 2.8
NeaPaphos ST StaringSpotlight 115 spot_ 016R 23.6  Ascending 18.04.2016 29.04.2016 11 63.1 55.2  5(LR), 2(MR), 1(HR)
NeaPaphos ST StaringSpotlight 1 spot_047R  38.1 Descending 22.04.2016 03.05.2016 11 66.2 92.0  4(LR), 2(MR), 1(HR)
TombOfTheKings ST StaringSpotlight 24 spot_054R  40.9 Ascending 23.04.2016 04.05.2016 11 5.7 1181.2 4 (LR), 2(MR), 1(HR)

i DLR
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TerraSAR-X — HR (EEC), Directory Structure

» Data as downloaded from EOWEB
» dims_op oc dfd2 513299430 1 holds acquisitions from 17.04.2016
» dims_op oc dfd2 513308080 1 holds acquisitions from 28.04.2016

4 | dims_op_oc_dfd2 513299430 1

bR Tif
| tools
4 | TSX-1.SAR.L1B

4 | T5X1.SAR_EEC RE_ HS S SRA 20160417T034711 20160417T034711

ANNOTATION
AUXBASTER

PREVIEW

I

|

I IMAGEDATA
I

. SUPPORT

GeoTIFF here, view in QGIS

> ¢ TSX1_5AR_EEC RE___H5_5 SRA_20160417T155632_20160417/T155633
4 | dims_op_oc_dfdZ_513308080_1

B dif
L. tools
4 | TSX-1.5AR.L1B

>} TSX1_S5AR_EEC RE__HS5_5 SRA_20160428T034711_20160428T034712
DLR > b TSX1_SAR_EEC RE__HS_S SRA_20160428T155632 2[}16[}428T155633
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TerraSAR-X — HR (EEC) in QGIS %
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TerraSAR-X — ST (SSC)

* Naming scheme: {mode _testsite relativeOrbitpassDirection resolution}.tgz

BB ST_NeaPaphos_001D_HR.tgz

BB ST_NeaPaphos_001D_LR.tgz

BB ST _NeaPaphos_001D_MR.tgz

BB ST_NeaPaphos_115A_HR.gz

BB ST_NeaPaphos_115A_LRitgz

BB ST _NeaPaphos_115A_MR.gz

= ST_TombOfTheKings_024A_HR.tgz
= ST_TombOfTheKings_024A_LRtgz
=B ST _TombOfTh ekings_024A_ME.toz
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TerraSAR-X — ST (SSC), Directory Structure

* In-house processing! Unpack, go to subdirectory “exportdir”

4 | NeaPaphos 001D

Slave calibrated amplitude and
4 | exportdir

interferometric results as
4 | STACK 49099 \ GeoTIFF
4 o INCA9260 (also in radar geometry as .ras)
I SLAVE
I, MASTER

> L. wap_overview
;> SER ANNOT _AND LOG.2

» S8 wap_overview.zip

Master calibrated amplitude as GeoTIFF
(also in radar geometry as .ras)

=| ge_wap_overview.kmz
‘E’ google_earth.kmi

HTML overview “wap_visualization.html”

Google Earth overview of GeoTlFFs

Quicker to view GeoTIFFs in QGIS as GE must first create superoverlay due to image size

7
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wap_visualization.html
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wap_visualization.html
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wap_visualization.html
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ge_wap_overview.kmz
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ge_wap_overview.kmz

4 @S Temporary Places
4 W& stack visaulization

+ @S nsar

4 O= Interferograms
4[]89 NT 49266
2 DInSAR Phase
1% DInSAR Coherence
- [[I%2 1nSAR Phase
]2 1nsAR Coherence
g 2 siave
~ % siave product
4l Layers
1+ [[]E DInSAR Phase
- - YD DInSAR Coherence
-+ [18 msAR phase
Cob [15 1nsaR Coherence
g [ sjave

.. Scene: Scene bounding box (footprint) plus orientation rays
4 D8 reos joining orbit and bounding box

: b [18 scene
4 [ Master
4[] Scene
4[]89 scene
- [P Scene 49099

INSAR: Ellipsoid corrected coherence and phase

DInSAR: Terrain corrected coherence and phase

Master and Slave: Calibrated amplitude (Sigma0)

Parameters

4 [[18 orientation Rays

O
O
O
- [[]&% orbit 49099
Parameters

Ok Amplitude
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Coherence Amplitude Composite in QGIS
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Interpretation

Red channel: Coherence
Green and Blue channels: Mean calibrated amplitude

'White - high coherence, strong backscatter

'Red > high coherence, weak backscatter

Green - low coherence By AN
Black - low coherence, weak backscatter g
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TanDEM-X CoSSCs (Bistatic Stripmap)

» Data as downloaded from EOWEB
« dims_op_oc_dfd2 513387009 1.tar.gz from 16.12.2013
« dims_op _oc_dfd2 513387009 2.tar.gz from 05.04.2014
« dims_op_oc_dfd2 513387009 3.tar.gz from 14.10.2012
« dims_op _oc_dfd2 513387009 4.tar.gz from 23.08.2011

* In-house processing for
« dims_op_oc_dfd2_ 513387009 2 (CoSSC_37743D_20140405T035529)
» dims_op_oc_dfd2_513387009 3 (CoSSC_29583A 20121014T154741)

i DLR
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TanDEM-X CoSSCs (Bistatic Stripmap)
DIMS Directory Structure

4 | dims_op_oc_dfd2 513387009 2
4 | TDMSAR.COSSC
4 | 1205601_002

geocoded GeoTIFF (GTC) 4 | TDM1_SAR_COS_BIST SM. S _SRA 20140405T035529 20140405T035534
radar geometry GeoTIFF (SLT) | common annoTATION

| COMMON_AUXRASTER
/; COMMON_PREVIEW
Interferometric and 4 | TDX1 SAR_SSC BTX1 SM_S_SRA 20140405T035529 20140405T035535

DEM previews ANNOTATION

AUXRASTER

IMAGEDATA

PREVIEW

SUPPORT

4 | TSX1_SAR_SSC_BRX2_SM_S_SRA_20140405T035529_20140405T035534
I ANNOTATION
| AUXRASTER

I IMAGEDATA
I

!

Previews format:

SAR data previews

PREVIEW

‘#7 F’ SUPPORT
o [l i —I
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TanDEM-X CoSSCs (Bistatic Stripmap)
DIMS Preview Examples

metry and

DEM

COMMON_PREVIEW - Interfero
g &*‘3 3 5 WS _'-..?_

T St
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TanDEM-X CoSSCs (Bistatic Stripmap)
In-house Processing Examples

* All results located in subdirectory “exportdir”

Temporal Effective Height of Ground

Incidence Pass Baseline Baseline Ambiguity Resolution
Name Sensor Mode Orbit Angle Direction Acquisition Times (days) (m) (m) (m)
CoSSC_29583A_20121014T154741.tgz SM 24 40.2  Ascending 14.10.2012 0 190.2 36.0 8
CoSSC_37743D_20140405T035529.tgz SM 1 35.7 Descending  05.04.2014 0 89.3 66.8 9
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TanDEM-X CoSSCs (Bistatic Stripmap)
In-house Processing Examples

QL_GTC_DEM_3D N.tif

i DLR
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TanDEM-X CoSSCs (Bistatic Stripmap)
In-house Processing Examples

QL_GTC_DEM_3D_S.tif
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TanDEM-X CoSSCs (Bistatic Stripmap)
In-house Processing Examples

QL_GTC DEM hrestif 4o 2

i DLR
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TanDEM-X CoSSCs (Bistatic Stripmap)

In-house Processing Examples

DLR
Copyright DLR 2016
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Sentinel-1 - IW

* In-house processing with same directory structure as TerraSAR-X ST (SSC).
HTML and Google Earth overviews, results in GeoTIFF format.

Temporal Effective Height of Ground

Incidence Pass Baseline Baseline Ambiguity Resolution
Name Sensor Mode Orbit Angle Direction Acquisition Times (days) (m) (m) (m)
IW_160A_20160103_20160115.tgz W 160 39.6  Ascending 03.01.2016 15.01.2016 12 10.2 1525 100
IW_167D_20160104_20160128.tgz W 167 39.7 Descending 04.01.2016 28.01.2016 24 57.0 273 100

i DLR
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ERS PSI

» master_selection_overview\ms_web_visu\overlap.html

« HTML overview of master selection

» wap_overview\wap_visualization.html

« HTML overview of PSI processing

i DLR
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ERS PSI

* ge_wap_overview.kmz

» Google Earth overview of INSAR stacking

« PSI_ESTIMATES_3797\CLUSTER_O\visu_google.kmz

» Google Earth overview of linear deformation

i DLR
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ERS PSI

 PSI_ESTIMATES 3797\CLUSTER O\ps_final _result.shp

* linear deformation shapefile

« PSI_ESTIMATES_3797\CLUSTER_O\DERAMPED\deramped.shp

* linear deformation shapefile (deramped)

i DLR
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