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1 INTRODUCTION 

The document in hand describes the Quality Control Protocol for the InSAR processing in the 
framework of the Terrafirma project. 

1.1 PURPOSE AND SCOPE 

This is the reference for the Quality Control Protocol (QCP) for the level 1 product which is 
generated in the course of the Terrafirma project by operational service providers (OSPs). This 
protocol is a customer-facing document, to satisfy customers of the quality of product they will 
receive, and to detail procedures to be followed and deliverables to ensure this. Following the 
protocol ensures that customers receive the highest quality product. The quality protocol has been 
developed for the generation of different kinds of interferometric RAW products. It is also the basis 
for the quality control of the EC Fast Track Services . Subject 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 possible different 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 working practice. 

This QCP document is self-contained but is complemented by the other validation related project 
documents. I.e. it does not describe the theory of the various InSAR algorithms and their typical 
error sources and the resulting effects in the intermediate data and on the final interferometric data 
set. This information will be provided by the Service Validation Protocol C5  together with the 
technical concept and the algorithms to check the quality and to validate the processing chains. This 
is a consequence from the fact that the quality control and the processing chain validation will be 
based on similar routines and intermediate processing data. 

This document provides the information on 

¶ the intended readership of the document, 

¶ Sdqq`ehql`­rlevel 1 products and the related processing chains, 

¶ quality control working scenarios, 

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

1.2 INTENDED READERSHIP 

End users of the Terrafirma products 'sgd NRO­r btrsnldqr( get an insight into the processing 
techniques, their intermediate data and the quality related parameters. This document 
(complemented by ) helps them to interpret the quality control protocol and its deliverables gaining 
understanding of the actual accuracy and reliability of the delivered final level 1 product. 

Operational service providers are mainly the intended readership. Both, their software developers of 
the interferometric systems and their operators are addressed. Of course, the proposed quality test 
and validation routines need to be implemented and tested by 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 steps. Sgd NRO­r nodq`snqr mddc sn enkknv sghr pt`khsx oqnsnbnk
and to report their checks. 

1.3 GLOSSARY 

The document uses acronyms which are often used in the InSAR, PSI, Terrafirma and GMES 
framework. The following table lists the abbreviations:  

AIO area of interest

APS atmospheric phase screen

CR corner reflector

CVS Concurrent Versions System

DEM digital elevation model

D-InSAR Differential SAR Interferometry

ERS European Remote Sensing Satellite

ESA European Space Agency

FFT Fast Fourier Transform

GCP ground control point

Geo TIFF tif data with added geo-information

GMES Global Monitoring for Environment and Security

InSAR SAR Interferometry

LOS line of sight

MPEG Motion Pictures Experts Group

OSP Operational Service Provider

pdf probability density function

PCC Parametric Cubic Convolution

PSI Persistent Scatterer Interferometry

PTA Point Target Analysis

QC Quality Control

QCP Quality control Protocol

SAR Synthetic Aperture Radar

SCR Signal To Clutter Ratio

SLA Service Level Agreement

SLC Single Look Complex Product

SNR signal To Noise Ratio

tiff / tif Taged image File Format
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1.4 REFERENCES 

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

1.4.1 APPLICABLE DOCUMENTS 

[A1] Statement of Work 
AO/1-4704-B-TM 

[A2] Geohazard Risk Management Services (Land Motion) Proposal 
NPA-Group 
No. NPA-GSE-4704/05/I-LG version 4 
September 2005 

1.4.2 REFERENCE DOCUMENTS 

[R1] S5: Service Portfolio Specifications (Version 4)  
R. Capes and R. Burren (NPA) 
21st June 2006 

[R2] C5 Service Validation Protocol (Version 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#wgI/2 

[R6] CEOS SAR Calibration Workshop,  
ESTEC, Noordwijk, Netherlands  
September 1993 

[R7] Permanent Scatterers in SAR Interferometry 
Ferretti A., C. Prati, F. Rocca 
TGARS, Vol. 39, No. 1, pages 8-20 
January 2001 

[R8] Statistics of the Stokes parameters and the complex coherence parameters in one±look and 
multi±look speckle fields 
I R. Touzi, A. Lopes 
EEE Trans. Geosci. Remote Sensing, vol. 34, no 2, pp. 519±531 
1996 

[R9] ERS SAR Calibration ± Derivation of the Backscattering Coefficient s0 in ESA ERS SAR Products 
ES-TN-RS-PM-HL09   Issue 2, Rev. 5f   
H. Laur, P. Bally, P. Meadows, J. Sanchez, B. Schaettler, E. Lopinto, D. Esteban 
5. Nov 2004 

http://wgcv.ceos.org/
http://www.isprs.org/technical_commissions/wgtc_1.html#wgI/2
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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 PF-ASA  
B.Rosich and P. Meadows 
issue 1 revision 5 
07 October 2004 

[R12] Instrument, Level 1b and Absolute Calibrations 
M. Rocca et al. 
Envisat Validation Review, Esrin 
9-13. Dec 2002 
http://envisat.esa.int/workshops/validation_12_02/closing/RA2_conclusions-1.htm 

[R13] ERS-1 SAR RADIOMETRIC CALIBRATION  
H. Laur, P. Meadows, J.I. Sanchez, E. Dwyer 
Published in the Proceedings of the CEOS SAR Calibration Workshop 
(ESA WPP-048) Sept. 93 

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

http://earth.esa.int/workshops/ceos_sar_2004/papers/22_rosich.pdf
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1.5 DOCUMENT OVERVIEW 

This document describes the Quality Control Protocol for Terrafirma level 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 that the quality control and the validation of the processing chains are thematically 
very closely related. This relation is visualized in Fig. . The following sections describe the Quality 
Control Protocol self-governed. 

The section Description of the Quality Control Protocol details how to generate the deliveries and 
provides examples of the generated quality control data. Furthermore, it explains how to fill out the 
quality protocol. At the same time, information on the interpretation of the protocol items is given. 
The document is completed by an example Quality Control protocol and an empty protocol 
template. 

. 

 

Fig. : Visualisation of the relation2 between the quality control protocol and the processing chain 
validation. Both are based on InSAR algorithms and on the signal and system theory. This document 
describes the Quality Control Protocol self-governed. 

 

The document in hand covers the following aspects: 

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

¶ Section  provides a brief overview on the Terrafirma level 1 products and the 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 end-user. 

¶ The appendix provides an example Quality Control Protocol and a template for the OSPs. 
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1.6 USED TEXT STYLES 

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

 

xv ïcrop 10 20 100 50 img  command line statements and file names 

Quality Control Document document names 

vec = FindGen( 3 );  source code statement or 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 INSAR SOFTWARE AND PRODUCTS OVERVIEW 

Terrafirma establishes the European GMES ground motion hazard service. This service is based on 
SAR interferometric processing techniques. Depending on the degree of interpretation and 
modelling three levels of InSAR products are the output of the service. These are defined in the 
Service Portfolio Specifications . The proposed quality control procedures are related to the basic 
level 1 products only. But due to the hierarchic nature of the Terrafirma product tree the higher 
product levels (level 2 and level 3) take advantage from these. The quality control is independent of 
the historical or monitoring processing and applies consequently to both level 1 product types (H-1 
and M-1). 
The Terrafirma level 1 product includes several interferometric processing techniques. The following 
list provides the included RAW InSAR measurements: 
¶ conventional interferometry (InSAR) and differential interferometry (D-InSAR) 
¶ stacked InSAR 
¶ Persistent Scatterer Interferometry (PSI) 

¶ corner reflector and active transponder InSAR 
The different complexity of the processing and the required software is substantial. Fig.  shows two 
examples for level 1 data. 
 

 
Fig. : Examples for two of the several different level 1 products in the Terrafirma framework. On the 
left a simple differential interferogram is shown. Each colour cycle corresponds to about 2.8 cm 
displacement per month. The right image shows the permanent scatterer technique on the city of 
Berlin. The different complexity of the processing and the required software is substantial. 

 
 
Nevertheless, all these processing techniques are based on interferometric SAR processing. 
Furthermore, the advanced processing techniques (e.g. the persistent scatterer interferometry, the 
small baseline subset approach (SBAS) or the stacked InSAR) which utilise long time series of phase 
measurements are still very similar. They just implement 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 QUALITY CONTROL WORKING SCENARIOS 

In the course of the Terrafirma project the Quality Control Protocol (QCP) needs to be established. 
I.e. acceptance needs to be attained on the OSP and customer side. Therefore, the handling of the 
protocol is kept simple and straight forward. The OSP needs to implement the procedures 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 Specifications (S5) 
. 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 the 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 Services . An independent Quality Control Authority can be introduced for such a 
monitoring service. The mandatory regulations of the Quality Control are managed by this entity. 
This allows some form of part- centralised, final QA check before products go to recipients and a 
continuous quality service which can be updated responding to actual developments and problems. 
Fig.  presents such a working scenario. The Quality Control Authority receives the Quality Control 
Protocol from the OSPs and the feedback on the monitoring quality from the customers (e.g. 
problem reports or success stories). The Quality Control Authority has many functions e.g.: 
¶ supervise the execution of the QC, 

¶ compile annual reports on the current developments, 
¶ update the QCP depending on the actual developments, 
¶ mediate between OSP and customer in cases of discrepancies. 
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Fig. : More complicated working scenario including an independent Quality Control Authority. 
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4 DESCRIPTION OF THE QUALITY CONTROL PROTOCOL 

In the course of the level 1 data generation a large amount of data needs to be processed. This is 
the reason manual interaction is avoided in order to allow a high data throughput. However, the 
quality check of some processing steps and the report on it requires some 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 
Terrafirma processing is given in section . The following section explains the quality control protocol 
and shows examples of the data to be generated. The sequence of quality control actions follows 
the processing sequence. Fig.  presents an overview on the sections of the protocol and their 
relation to the actual processing. The Quality Control Protocol is designed to be generic. The 
implementations of the QCP can vary and it is left to the experience and responsibility of the OSPs. 
In case of `m dmsqx nq cdkhudq`akd hm sgd qdonqs hr mns qdkdu`ms hs b`m ad l`qjdc `r ®mns `ookhb`akd®- 
Anyhow during the following chapter some examples of implementation are presented. 

 

 

Fig. : Overview on the sections of the Quality Control Protocol and their relation to the respective 
data processing. The hint (4.4.10 Tab4) means that the Displacement Phase Unwrapping test is 
reported in the table 4 of the Quality Control Protocol and the test is described in the section 4.4.10 
of this document. 
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4.1 PROJECT OVERVIEW 

The Quality Control Protocol starts with a brief description of the project on the test site area, the 
customer or subject, the processing directory, the oqnidbs­r rs`qs `mc dmc c`sd and the backup 
information. This part provides even internal information e.g. on the backup. There are two reasons. 
Firstly, all the processing information is kept together for the operator in one and the same 
document and secondly the repeatability of the processing is visible and proven to the customer. 
The Project Overview part of the Quality Control Protocol is 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 customerôs name, or projects subject; e.g. BRGM 

analysis type e.g. D-InSAR, stacked InSAR, PSI 

processing directory absolute path of the data processing 

project start date date of the projectôs start 

project end date date of the projectôs end (usually deliveryôs date) 

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 DATA AVAILABILITY AND 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 data to monitor the test site with its 
displacement effects. The number of ordered scenes, the number of received scenes and the 
number of processed scenes are reported in order to show the feasibility of the project. In case the 
monitoring is not optimal these table entries provide the information on how to get additional data 
(e.g. by an additional data order or by a more complicated processing including difficult scenes). The 
time range of ordered data and the time range of available data describe the intended time range 
of observation and the observable time range respectively. Together with the data gap in time the 
observable displacement effect can be characterized. A high Doppler frequency can make single 
acquisitions unusable. The number of scenes, their time range and the action taken (e.g. removed, 
processed) are reported in the entry high Doppler frequency scenes. The time ± baseline ± plot 
completes this information. It is a simple diagram of the used (not the available) data into a graph 
where the x-axis describes the baseline in meters and the y-axis the time in years. The visualization 
of different sensors, Doppler frequencies and absolute time is optional but recommended. Fig.  
provides an example for a time ± baseline ± plot. In each processing system one scene is selected to 
provide the reference geometry and all the other scenes are coregistered on this (super) master 
scene. The next table entry reports the orbit and the acquisition date of this scene. 
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The table entry on SLA signed reports on the successful communication of the OSP (supplier) with 
the customer (recipient). The last lines in this section are related to the overall feasibility of the 
monitoring of the expected effect with the specified processing algorithm. The final compliance is 
given by the feasibility of test site for PSI (D-InSAR / stacked InSAR) entry. 

 

 

Fig. : example for a time ± baseline ± 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. 1992 ï 2004 

time range of available data available observation time e.g. APR 1992 ï 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 1993 ï FEB 1994     (the data gap should be  


