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Aim of the DTeddie Project

Detecting and Tracking Small Scale Eddies
in the Black Sea and the Baltic Sea

Using High-Resolution Radarsat-2 and
TerraSAR- X Imagery

1 -

Unwersltat Hamhurg




Requirements 1

High-resolution SAR data (1m — 50m p. pixel)
Spatio-temporal near 1mages

Visibility of trackable objects and eddy-like
structures

Ground Truth w.r.t. real measurements
Good radiometric quality

Best geographic quality




Requirements 11

* Generic and independent preprocessing chain

Raw-Data  » [ltered ,. Orthorectified
Data Data
Co-registered
Filtered Orthorectified | =
Raw-Data > Data - oo

e Motion estimation

» Validation and explanation of results by means
of other (e.g. in-situ) measurements




Outline

Requirements of the DTeddie Project
Data Acquisition
Radiometric Calibration

Geographic Calibration

Discussion
Outlook and Future Work




Data Acquisition: Radarsat-

MDA Acquisition Planning Tool (APT)

— Windows only
— Create and order via APT-files

% Acquisition Planning Toc
File Edit View Region 5Swath Framing Date/Time Help - .
=01 2-FEB-2 Im Direction ™ Ascending and Descending
J Dedis/Tw } Stop [2M12FEB-25 [10:3324.863 " Ascending Only
I 7 E0 7 7 E T T T 1 : BN = T m Fieset to Each " Descending Only
/ I { ; : ' P Wb Tu Palarization R Polarization  Orientation
tods |MultiLock Fine @ H & H o Left
Beam [MF23 fal"; Cy  Right
to |MFEF © Ha C Hay & Ay

Begion I Mone LI

™ Restrict Generation to lnner ¢ Outer Incidence Angles (in dedrees]
Inner [30 30553 Outer [45 72807 Reset |

™ Restrict Swath to Downlink Duratiors within DRF Line of Sight

coca |

‘BEE

T 20°E 308/ | B 4G |
For Help, press F1 |MF3N D 2012-Feb-22 03:21:27.435 2012-Feb-22 03:49:22 435 00:27:55.000 HH R |Nomina| Orbit | T /|




Radarsat-2 Image Modes 1
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Data taken from CSA-brochure, ©2012 CSA



Radarsat-2 Image Modes 11

BEAM MODE

Selective Polarization
transmission H or V
receive H and/or V

Polarimetric
transmit H and V on alternate pulses
receive H and V on any pulse

Selective Single Polarization
transmit H or V
receive HorV

Fine

Standard

Low Incidence
High Incidence
Wide

ScanSAR Narrow
ScanSAR Wide

Fine Quad-Pol
Standard Quad-Pol

Ultra-Fine
Multi-Look Fine

1. Ground range by azimuth

APPROXIMATE
INCIDENCE
ANGLE

37°- 49°
20°- 49°
10°- 23°
20°- 60°
20°- 45°
20°- 46°
20°- 49°

20°-41°
20°- 41°

30°- 40°
30°- 50°

NOMINAL
SWATH
WIDTH

90 km
100 km
170 km

70 km
150 km
300 km
500 km

25 km
25 km

APPROXIMATE NUMBER
RESOLUTION OF LOOKS

10x9m
25%x28m
40 x 28 m
25x28 m
25x28m
50 x 50 m
100 x 100 m

11X9m
25x28m

Data taken from CSA-brochure, ©2012 CSA




Data Acquisition: TerraSAR-X

« EOWeb (Next Gen)
— Web-Interface (IE, Windows only)

— Direct ordering

Applied Re Home | Imprint |

| Update User Data || Logout || Data in EOWEB || Search by Productld | You are logged in as

| J CSA_dreschle_OCE0995.

Shop Cart  Order Monitoring

Catalogue |  Future Products [ Acquisitions User Set

Collections : i J’gv-—r 5 J i el Preview
s not

available

‘& Deselect all ‘& Expandicolapse 1 Collection selected
=7 TSX-1 Future Products
(-~ TSX-1 SAR L0 Spotiight future products
#-I” TSX-1 SAR L0 High Resolution Spotlight future products
I TSX-1 SAR L0 Stripmap future products
[~ TSX-1 SAR L0 Stripmap future coverages
[+ TSX-1 SAR L0 Stripmap future scenes
#-I” TSX-1 SAR LO ScanSAR future products

Acquisition Window: Region of Interest: 1 record selected

: 21 Polygen = = 4 Id | Awail Abstract Itemn Type Start Date
2012-02-26T03:24:52.7.... [201] &

FID_TSX-1.5AR.! FutureScene

=iz .

From: 2012-02-26 00:00:00,000 import | Export 12 ® |PID_TSK-1.54R ; 2012-02-26T03:34:53.7... |201

To:|2012-02-26 23:59:59.999 ##ﬁﬂ& 15 ® |FID_TSX-1.54R FutureScene |2012-02-26T03:34:53.7.._ 201
|18 1.5AR. 2012-02-26 :54.7... 20115

z‘ = Taz 800 26 250 = 18 ® [PIC_TSKA.SAR FutureScene [2012-02-26T02:34:54.7... [201
® [FIC_TSX-1.34R. FutureScene [2012-02-26T02.34.55.7... znlj
-

-

PID TS SAR EutreScens |2012.07-08T0% 34-65 01

[« m ] 3
sue g - = cows & o= I




TerraSAR-X Image Modes 1

Data taken from infoterra-brochure, ©2012 infoterra




TerraSAR-X Image Modes 11

Imaging
Mode

HighRes
SpotLight
(HS)

HighRes
SpotLight
300 MHz
(HS300)

SpotlLight
(SL)

StripMap
(SM)

ScanSAR
(SC)

Standard
Scene
Size*

[km]
10x5

7-10x5

10x10

30 x 50
single pol

15 x 50
dual pol

100 x 150

Maximum
Acquisition

Length
[km]

10

1.650

1.650

1.2

1.2

0.6

1.2

1.2

1.2

1.2

n/a

1.1.

2.2

1.1

1.7

34

3.3

6.6

18.5

Polarization | Full Per-

Single
(VV or HH)

Dual
(HH & VV)

Single
(VV or HH)

Single
(VV or HH)

Dual
(HH & W)

Single
(VV or HH)

Dual
(HH & VWV,

HH & HV, or

VV and VH)

Single
(VV or HH)

formance
Range

[’
20° to 55°

20° to 55°

20° to 55°

20° to 45°

20° to 45°

©2012 infoterra



quisition I

Tool for Image-Series Ac

.-'
"
L)
|
L
|
|
|
|
|
|
|
|

Sarellites:

Blue-Bight/radarsat?:multilookfine

Blue-Bight/terrasarx:stripmap
( Import XML )
[AII times I-é-] C Import E Format )
Title -
E Add 3 ( Remove .
Region
Start (UTC) 2012-03-01 00:00:00.000
Enter a list of dates, each in a new line
: End (UTC) 2012-05-01 23:59:59.999
.| 0000-00-00 00:00:00.000
; Max. time difference C 1:00:00 )
[ Use Wishlist ( Configure Wishlist )
Timezone [ UTC-12 H‘i
C Calculate Capturetimes )
C Save wishlist as... ) RADARSAT-2/multilookfine TerraSAR-X /stripmap m
y 1/ 2012-03-03 03:36:17.450000 | 2012-03-03 03:26:36.733000
2 2012-04-27 03:32:07.726000 | 2012-04-27 03:26:36.733000
3 2012-04-12 15:29:24.813000 | 2012-04-12 15:15:22.733000 :
C Export results )




Delivered Data: Radarsat-2

* Compressed archive at CSA's FTP server

* Flat hierarchy (only one subfolder containing
the XML-schemas)

Mame &
B Browselmage.tif
| imagery_VV.tf
1 LI-11525-12 R52 EULA_Single User V1-9 15JUN2011_ENGLISH.pdf
-_i LI-11525-12 RS2 EULA_Single User_V1-9_15JUN2011_ESPANOL.pdf
E LI-11525-12 RS2 EULA_Single User_WV1-9_15JUNZ2011_FRANCAIS.pdf
lutBeta.xml
lutGamma.xml
lutSigma.xml
product.xmil
= readme.txt
» [ schemas

1-~-_|—_—_|J'_




Delivered Data: TerraSAR-X

Mame &

* Compressed archive e
at DLR's FTP server & AL L MRES W1 stk
| CAL_QL_MRES_vv_2.tif
* Hierarchy with T .
| CAL_QL_MRES_VV_4.tif
subfolders for each  caaL s W st
| STD_MRES_VV_L.tif

type Of metadata & STD_MRES_VV_L.tif.kml

| STD_MRES_VV_2.tif

¥ [ IMAGEDATA
B IMAGE_VV_SRA_scan_003.tif
M Thumbs.db
¥ [ PREVIEW
B EBROWSE.tif
B COMPOSITE_QL.tif
| MAP_PLOT.png
B QL_WW_SRA_scan_003.tif
M Thumbs.db
> [] SUPPORT
] TSX1_SAR__MGD RE__ SC 5 SRA_20110828T051534_20110828T051556.xml

\_—_—J_
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Radiometric Calbration:
Radarsat-2

* Read from XML-Metadata
(lutBeta.xml, lutGamma.xml, lutSigma.xml)

— Column-length array gains <gai ns> ... </ gai ns>
— Single offset <of fset> ...</of fset>
* Apply gains and offset for Sigma-nought image
S0 = R(x,..) * Gains(50,x) + Offset(S0)

* Special computations needed for complex-
valued 1images!

‘-_——_J



Radiometric Calibration:
TerraSAR-X

 Read from XML-Metadata:

— Incidence angles at Tie-Points

product | nf o/ scenel nf o/ sceneCor ner Coor d/ i nci denceAngl e

— Calibration Constant
cali bration/cali brati onConst ant/ cal Fact or

* Get min. and max. incidence angle and assume
linear distribution for correction:

S0 =R(x,...) *sin(x¥(max ang —min ang)/w)

+ CalibrationConstant

‘-_——_lIJ .



Examples for radiometric
Calibration: Radarsat-2 UF SLC

% * Magnitude * Phase




Examples for radiometric

Calibration: Radarsat-2 UF SLC

* Betal * Sigma(



Examples for radiometric

Calibration: TerraSAR-X SM

* From Raw-Data to Beta(




Examples for radiometric

Calibration: TerraSAR-X SM

* From Beta0 to Sigma0
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Geographic Calibration 1

* Two-step approach:
1. Orthorectify images (automatically)
2. Co-register images (manually, pointwise)

 First step 1s executed by GDAL library:

- gdalwarp ,infile.tif“ ,outfile.tif"
-t _srs "+proj =l ongl at +el | ps=WGS84"

transformes the Axis to lon,lat coordinates
according to the WGS84 ellipsoid

* Co-registration of 1mages using program of

choice (e.g. ENVI)



Examples for geogmp'hical

calibration
* Sigma0-1mage of TerraSAR-X




Examples for geogmp-hical
calibration

* Orthorectified image




o-registration Radarsat-2
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Discussion 1

We have implemented the whole processing
chain 1n Python, using:

- xml.etree for XML-related procedures
- osgeo.gdal  for RAW-Data handling
- vigra for image processing

Platform-independent
Only ~500 lines of code
But....




Discussion 11

... relatively large amount of memory needed.

Images need to be stored as (unpacked) float
arrays in RAM

Example for a high-resolution TerraSAR-X
image (16,960 * 25,288) px:

16,960 * 25,288 * 4 Byte = 1.63GB p. channel

Often, at least twice the memory of an 1image 1s
needed, or more channels




Discussion 111

* Memory problems solved by a workstation
with 16 processors and 24GB of RAM

* Better implementation would yield a certain re-
development:

— Maybe without Python
— Surely many more lines of code

— Probably less reliable
* Costs above value!




Discussion 1V

* Manual co-registration still necessary due to

— Different flight directions
— Different RADAR-bands

- Different imaging modes

* A prori orthorectification has shown to be very
helpful for this last manual step!

— Orthorectification 1s done automatically

— Coarse geometry is known afterwards
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Outlook

* Aqusition of more scenes for the DTeddie
project by the help of the developed tool

* Running the Python Preprocessing tools on the
acquired data

* Distribution of the data and the preprocessed
data

* Adapt w.r.t. user needs?




Future work

* Test for Python-optimizations to further

— 1ncrease speed and

— decrease memory usage.

* Adapt for new data formats if necessary,
currently supported:

— Radarsat-2 Single Look Complex data
— TerraSAR-X Stripmap Mode data

* Increase usability (currently commandline)




Thank you for your attention!




