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1 INTRODUCTION

The document in hand describes the Quality Control Protoco/for the INSAR processingn the
framework of the Terrafirmaproject.

1.1 PURPOSE ANISCOPE

This is the reference forthe Quality Control Protocol/ (QCB for the level 1 product which is
generated in the course of the Terrafirma project by operational service providers (OSP This
protocol is a customerfacing document, to satidy customers of the quality of product they will
receive, and to detail procedures to be followed and deliverablesto ensure this. Following the
protocol ensures that customers receive the highest quality producthe quality protocol has been
developed fa the generation of different kinds of interferometric RAW products. It is also the basis
for the quality control of the EC Fast Track ServicesSubject is to set up a common basis for the
reliability of the ground motion product mainly on a technical level. Finally, the QCP provides an
overarching and generic standard to track the quality of the interferometric data processing.in
order to support different processing techniques and as much as possibtiifferent algorithmic
approaches the test procedures are kept simple and generic. Besides, this helps to implement the
test routines and to establish this protocol to be the regular workingpractice

This QCP document is self-contained but is complemented by the other validaion related project
documents l.e. it does not describethe theory of the various InSARalgorithms and their typical

error sources and the resulting effects in théntermediate data and on the final interferometric data

set This information will be provided by the Service Validation Protocol C5together with the

technical conceptand the algorithmsto check the quality and to validate the processing chaing his

is a consequence from the fact thatthe quality control and the processing chain validation will be
based onsimilar routinesand intermediate processing data

This documentprovidesthe information on
the intended readership of the d@ument,
Sd qq " devell product and the related processing chains

guality control working scenarios,

= =4 =4 =4

a protocol to check the quality of the most important algorithms and the actual processing

1.2 INTENDEOREADERSHIP

End usersof the Terrafirma products’ s gd NRO- r gebanrinsight intay the( processing
techniques, thdr intermediate data and the quality related parameters. This document
(complemented by) helps them to interpret the quality control protocol and its deliverablegaining
understanding of the actual accuracy and reliability of thelelivered finallevel 1 product

Operational service povidersare mainly the intended readershipBoth, their software developersof
the interferometric systemsand their operatorsare addressed Of course, the proposedquality test
and validation routines need to be implemented and testedby the software developers
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Furthermore, they receive information on the error sources in the different interferometric

processing steps. This can be the basis for the improvement of the current algorithms and
implementations of single processing stepsSgd NRO- r
and to report their checks.

1.3 GLOSSARY

The document uses acronymswhich are often used in the InSAR, PSI, Terrafirma and GMES

framework. The following table lists the abbreviations:

AlO
APS
CR
CVSs
DEM
D-InSAR
ERS
ESA
FFT
GCP
Geo TIFF
GMES
INSAR
LOS
MPEG
OSP
pdf
PCC
PSI
PTA
QC
QCP
SAR
SCR
SLA
SLC
SNR
tiff / tif

area of interest

atmospheric phase screen

corner reflector

Concurrent Versions System
digital elevation model

Differential SAR Interferometry
European Remote Sensing Satellite
European Space Agency

Fast Fourier Transform

ground control point

tif data with added geo-information
Global Monitoring for Environment and Security
SAR Interferometry

line of sight

Motion Pictures Experts Group
Operational Service Provider
probability density function
Parametric Cubic Convolution
Persistent Scatterer Interferometry
Point Target Analysis

Quality Control

Quality control Protocol

Synthetic Aperture Radar

Signal To Clutter Ratio

Service Level Agreement

Single Look Complex Product
signal To Noise Ratio

Taged image File Format

nodqg snqr

mddc

sn

e |



Remote Sensing Technology Institute Doc.:QCP
_ Issuel.6
DLR Terrafirma Stage Il Date:16.12.2008

- Quality Control Protocol - Page:7 of 61

1.4 REFERENCES

This section lists the applicable and reference document3he applicable documents should be
available to clarifyand complete this document. The reference documents can be used to obtain
more detailed information.

1.4.1 APPLICABLDOCUMENTS

[Al] Statement of Work
AO/1-4704-B-TM

[A2] Geohazard Risk Management Services (Land Motion) Proposal
NPAGroup
No. NPAGSE4704/05/I-LG version 4
September 2005

1.4.2 REFERENCBOCUMENTS

[R1] S5: Srvice Portfolio SpecificationgVersion 4
R. Capes and R. Burren (NPA)
21 June 2006

[R2] C5 Service Validation ProtocqVersion 3)
Bert Kampes (DLR)
January 2006

[R3] EC Fast Track Services
http://www.gmes.info/166.0.html

[R4] http://wgcv.ceos.org/
[R5] http://www.isprs.org/technical_commissions/wgtc_1.html#wgl/2

[R6] CEOS SAR Calibration Workshop
ESTEC, NoordwijkNetherdands
September 1993

[R7] Permanent Scatterers in SAR Interferometry
Ferretti A., C. Prati, F. Rocca
TGARS, Vol. 39, No. 1, pages-20
January 2001

[R8] Statistics of the Stokes parameters and the complex coherence parameters in alowk and
multitlook speckle fietls
I R. Touzi, A. Lopes
EEE TrangGeosci. Remote Sensingjol. 34, no 2, pp. 5194531
1996

[R9] ERS SAR Calibratioa Derivation of the Backscattering Coefficient sO in ESA ERS SAR Products
ESTN-RSPM-HLO9 Issue 2, Rev. 5f
H. Laur, P. Bally, P. Meadows, $anchez, B. Schaettler, E. Lopinto, D. Esteban
5. Nov 2004
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[R10] Replica pulse power correction factor
ESA Product Control Service
http://earth.esa.int/pcs/ers/sar/calibration/replica_pwr/

[R11] Absolute Calibration of ASAR Level 1 Products Generated with-RASA
B.Rosich and P. Meadows
issue 1 revision 5
07 October 2004

[R12] Instrument, Level 1b andAbsolute Calibrations
M. Rocca et al.
Envisat Validation Review, Esrin
9-13. Dec 2002
http://envisat.esa.int/workshops/validation_12_02/closing/RA2_conclusiethshtm

[R13]ERSL SARRADIOMETRIC CALIBRATION
H. Laur, P. Meadows, J.l. &inchez E. Dwvyer
Published in the Proceedings of the CEOS SAR Calibration Workshop
(ESA WPR48) Sept. 93

[R14] ENVISAT ASAR &dtuct Calibration and Product Quality Status
B. Rosich,
SAR Workshop 2004
Ulm, Germany
27-28 May 2004
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1.5 DOCUMENTOVERVIEW

This document describeshe Quality Control Protocoffor Terrafirmalevel 1 products It is based on
the theory and algorithms of INSAR which will be described in the Service Validation Protocol C5
The reason is thatthe quality control and the validation of the processing chains are thematically
very closely related.This relation is visualized irFig. . The following sections describe the Quality
Control Protocol selfgoverned.

The sectionDescription of the Quality Control Protocoldetails how to generate the deliveriesand
provides examples othe generated quality control data. Furthermoreit explains howto fill out the
quality protocol. At the same time, information on the interpretation of the protocol items is given
The document is completed byan example Quality Control protocol and an epty protocol
template.

theoretical basis

algorithms
quality processing
control chain
protocol validation

Fig. : Visualisation of therelation2 between the quality control protocol and the processing chain
validation. Both are based on INSAR algorithms and on the signal and systetrebry. This document
describes the Quality Control Protocaself-governed

The document in hand covers the following aspects:

9 Section gives an introduction into the document. It details its purpose and scopand lists
the applicable and reference documents.

I Section provides a brief overview on the Terrafirma level 1 products anthe related
processing concepts

Section shows different working scenarios to handle the QCP

Section explains the items of the Quality Control Protocol. It can be considered as a
catalogue of deliverables to the enduser.

1 The appendixprovides an exampleQuality Control Protocoland a template for the OSPs.
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1.6 USEDTEXTSTIYLES

Different kinds of information are formatted accordingly in order to support the reader. The
following table lists the used text styles:

xv T crop 10 20 100 50 img command line statementsand file names
Qualty Control Document document names

vec = FindGen(3); source code statemenbr configuration text
This document .. describing information

number of processed scenes entry in the quality control protocol table

name of the city or test site comment in the quality control protocol table
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2 INSARSOFTWARRAND PRODUCTSOVERVIEW

Terrafirma establishes the EuropeaMESground motion hazard srvice. This services based on
SAR interferometric processing techniques. Depending on the degree of interpretation and
modelling three levels of INSAR products are the output of theservice.These are defined in the
Service Portfolio Specifications The proposed qualitycontrol procedures are related to the basic
level 1 productsonly. But due to the hierarchic nature of the Terrafirma product tree thehigher
product levels [evel 2 and level 3 take advantagefrom these. The quality control isindependent of
the historical or monitoring processingand applies consequentlyto both level 1 product types {H-1
and M-1).
The Terrafirma level 1 product includes severadterferometric processingtechniques. The following
list providesthe included RAW INSAR measurements:

9 conventional interferometry (INSAR) and differential interferometry MSAR)

1 stacked INSAR

1 Persistent Scatteremterferometry (PSI)

1 corner reflector and active transponder INSAR
The different complexity of the processing and the required software is substantiakig. shows two
examples for levell data.

Fig.: Examples for two of the severadifferent level 1 productsin the Terrafirma framework. On the
left a simple differential interferogramis shown Each colour cycle corresponds to about 2.8 cn
displacement per month. The right image shows the permanent scatterer technique on the city ¢
Berlin. Thedifferent complexity of the processing and the required software is substantial.

Newertheless, all these processing techniques are based on interfaretric SAR processing.
Furthermore, the advanced processingechniques (e.g. the persistent scatterer interferometry, the
small baseline subset approach (SBAS) or the stacked InyMRich utilise long time series of phase
measurements are still very simila They justimplement different types of frequency estimators in
order to get the final displacement product. This fact allows to setup a common Quality Protocol
and to validate the processing chains.
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3 QUALITYCONTROLWORKINGSCENARIOS

In the course of the Terrafirma project the Quality Control Protocol (QCP) needs to be established.
l.e. acceptance needs to beattained on the OSP and customer side. Therefore, the handling of the
protocol is kept simple and straight forward. The OSP needs to implement thergredures and
delivers the required quality check information to the customer directly. The QCP is considered an
important part of the delivered monitoring data according to the Service Portfolio SpecificationsSg)

. Fig. visualises this simple but effective working scenario. The QCP is a service to confirm the
customers receive the highest quality product

£>
=)

Fig.: The OSP needs to implement # procedures and delivers the required quality check
information to the customer directly.

At a later date, the working scenario can be adapted. This can be the case for the quality control of
the EC Fast Track ServicedAn independent Quality Control Authority can be introducedfor such a
monitoring service The mandatory regulations of the Quality Control are managed by this entity.
This allowssome form of part- centralised, final QA check before products go to recipnts and a
continuous quality service which can be updatedesponding to actual developments and problems.
Fig. presents such a working scenario. Th&uality Control Authority receives the Quality Control
Protocol from the OSPsand the feedback on the monitoring quality from the customers (e.g.
problem reportsor success storigs The Quality Control Authority has many functions e.g:

1 supervise the execution of the QC,

1 compile annual reports on the current developments,

1 update the QCP depending on the actual developments,

1 mediate between OSP and customer in cases dfscrepancies.



Remote Sensing Technology Institute Doc.:QCP
' Issuel.6
DLR Terrafirma Stage Il Date:16.12.2008

- Quality Control Protocol - Page:14 of 61

QCP

S5

QC authority

Fig.: More complicated working scenario including an independent Quality Control Authority.



Remote Sensing Technology Institute Doc.:QCP
_ Issuel.6
DLR Terrafirma Stage Il Date:16.12.2008

- Quality Control Protocol - Page:15 of 61

4 DESCRIPTION OF TRREJALITYCONTROLPROTOCOL

In the course of the level 1 data generation darge amount of data needs to be processedThis is
the reason manual interaction is avoidedin order to allow a high data throughput. However, the
quality check of ©me processing steps and the report on it requiresome operator screening.The
concept of the actual quality control is to minimize this sort of interaction

An example protocol is provided in section and a template for the usage in the course of the
Terrafirmaprocessing is given in section The following section explainsthe quality control protocol
and shows examples of the data to be generatedThe sequence ofquality control actionsfollows
the processing sequencelFig. presentsan overview on the sections of the protocoland their
relation to the actual processing.The Quality Control Protocol is designed to be generic The
implementations of the QCP can var and it is left to the experienceand responsibility of the OSPs.
Incaseof " m dmsgx ngq cdkhudg akd hm sgd gdonqgs hr
Anyhow during the following chapter some examples of implementation are presented.

|Pr'ojec1 Overview (4.1 Tabl)l |Re|evan'r Version (4.3 Tab3) |

SAR
proc.
Data Availability (4.2 Tab2)
v Missing Lines (4.4.1 Tab4)
InSAR ¥
proc. Calibra-
Coreg. Outlier (4.4.2 Tab4) tion
System Coreg. (4.4.3 Tab4)
—_— ﬁcene Calibration(4.4.7 Tab4)|
| APS & O.Trend(4.4.4 Tab4) 4
CoherenceImages(4.4.5 Tab4) PS-Det-
v Scene PU (4.4.6 Tab4) ection
PSI | < |—>|Ps Detection (4.4.8 Tabd)]
proc
DEM Update PU (4.4.9 Tab4)
v Dis.Update PU (4.4.10 Tab4)
Visuali-
sation
v Visualisation (4.5 Tab5) | Standard Test |
Expected Accuracy(4.6 Tabé) I Optional Test |

Fig. : Overview on the sections of the Quality Control Protocoand their relation to the respective
data processing The hint (44.10 Tab4) means that the Displacement Phase Unwrapping test
reported in the table 4 of the Quality Control Protocol and the test isdescribed in the section 44.10
of this document.

mn s
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4.1 PROJECTOVERVIEW

The Quality Control Protocolstarts with a brief description of the project on the test site area,the

customer or subject the processing directorythe ogni dbs-r r s = and the bawkup d mc

information. This part provideseveninternal information e.g. on the backup. There are two reasors.
Firstly, all the processing information is kept together for the operator in one and the same
document and se@ndly the repeatability of the processingis visible andproven to the customer.
The Project Overviewpart of the Quality Control Protocolis a short table which can be generated
automatically.

test site name of the city or test site
project name single word for the internal project name; e.g. munich
customer / subject customer 6 s name, or projects s
analysis type e.g. D-InSAR, stacked InSAR, PSI
processing directory absolute path of the data processing
project start date date ofthepr oj ect 6s st art
project end date date of the projectds end ((
backup date of backup | information on the medium (e.g. LTO, USB-disk, DVD),

date of backup | the backup-ed data (e.g. SLC, InSAR, PSI) and

date of backup | the backup operator (identification code is sufficient)

is continued ..

4.2 DATAAVAILABILITAND FEASIBILITY

The data availability is briefly reported in the next section of the Quality Control Protocol The
subject of this part is to prove the suitability of the dat to monitor the test site with its
displacement effects. The number of ordered scenes the number of received scenesand the
number of processed sceneare reported in order to show the feasibility of the project. In case the
monitoring is not optimal these table entriesprovide the information on how to get additional data
(e.g. by an additional data order or by a more complicated processing including difficult scerje3he
time range of ordered dataand the time range of available datadescribethe intended time range
of observation and the observabletime range respectively.Together with the data gap in time the
observable displacement effect can be characterized.A high Doppler frequency canmake single
acquisitions unusable The number of scenes, th& time range and the action taken €.g. removed,
processed are reported in the entry high Doppler frequency scenesThe time * baseline + plot
completes this information. It is a simple diagram of thaised (not the available)data into a graph
where the x-axis describeghe baseline in meters andhe y-axis the time in years.The visualization
of different sensors, Doppler frequencies and absolute time isptional but recommended Fig.

provides an example for aime + baselinex plot. In each processing system one scene is selected to

provide the reference geometry and all the other scenes are coregistered on thisuper) master
scene.The next table entry reports the orlit and the acquisition date ofthis scene.
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The table entry onSLA signed reports on the successful communication of the OSP (supplier) with
the customer (recipient). The last lines in this section are related to theverall feasibility of the
monitoring of the expected effect with the specified processing algorithm.The final compliance is
given by thefeasibility of test site for PSI (D-INSAR / stacked INSAR) entry.

Fig.: example for atime + baselinez+ plot of the processed data

number of ordered scenes

number of ordered scenes e.g. 87

number of received scenes

number of received scenes e.g. 87

number of processed scenes

number of processed scenes e.g. 87

time range of ordered data

intended observation time e.g. 19927 2004

time range of available data

available observation time e.g. APR 19921 AUG 2002

largest data gap in time

data gap in time after removal of unusable scenes

second largest data gap in time

e.g. APR 19937 FEB 1994 (the data gap should be




