
Bulk-processing of ESA’s Unique 
Landsat Archive   
 

Landsat MSS, TM and ETM+  
archive (1974 – 2011) 

Biasutti, Roberto - Gascon, Ferran - Fischer, Peggy - Hoersch, Bianca (1) 

Pinori, Sabrina - Paciucci, Alessandra (2)  

Ferrara, Riccardo - Galli, Luca - Mica, Stefano (3)  

Hopkins, Stacey - Jackson, Jan (4) 

Lavender, Samantha (5); Northrop, Amy (5); 

Paul, Fredric (6); Saunier, Sebastien (7) 

Organisations:   1: ESA-ESRIN (I) 

2: SERCO S.p.A. (I)  3: ACS (I)  

4: ARGANS Ltd (UK) 5: VEGA UK (UK) 

6: IFREMER (F)  7: Magellium (F) 

Presented by: R.Biasutti – Landsat PDGS ops manager 



Content 

1) ESA Landsat archive bulk-processing Project purpose 

2) Phase 1 and Phase 1 follow-on 

3) Results 

4) Data Access 

5) On-going activities 

6) Landsat-8 

ESA UNCLASSIFIED – For Official Use 



Context 

1. Within the Third Party Mission scheme, ESA provides to Earth Observation 

users data from non-ESA Third Party Missions, to complement the data 

from ESA EO missions and to support and build up the scientific user 

community for those data in Europe. 

2. Landsat has with its history over the last 40 years been one of the longest 

existing Third Party Missions. Fucino performed the first Landsat 

acquisition for ESA in April 1975 

3. ESA has acquired data and kept a Landsat archive at the Kiruna, 

Maspalomas, Neustrelitz and Matera facilities.  
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ESA 
archives 

MSS  =>    585,000 scenes (95% unique scenes) 

TM => 1,325,000 scenes (90% unique scenes) 

ETM+ =>    125,000 scenes (70% unique scenes) 
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Landsat Bulk-Processing  
Project Requirements  

• Data Collection of input data from ESA and Data Consolidation  

• Systematic production of all Landsat archives 

• Landsat 4, 5 TM  

• Landsat 7 ETM+  

• Landsat 1-5 MSS  

• Into the highest possible processing level, orthorectified L1T (GTC), otherwise to L1Gt 

(GEC), starting from Wilma Lv.0 

• All products systematically quality assessed  

• All products shall be available online for direct user download  

• Directly or through a search tool (geographic search, time search, cloud cover filtering, 

etc..)  

• Density Maps of produced scenes as part of reporting  

• Support Lv.0 data repatriation to USGS (after online access is implemented) 



Landsat Bulk-Processing 
Phased approach 

In order to have a quick start of data delivery on-line and data repatriation, the 

project was divided in 2 slices: 

 

Phase 1: bulk-processing and on-line dissemination of an initial set all Landsat 

5 TM data of Kiruna -> COMPLETED 

• Duration: 8 months 

• Includes also: processors and QC tool update, metadata/browse 

compatible with ESA browsing tools, IDEAS scientific QC, data extraction 

from ESA facilities, data access configurations, proof of concept 

 

Phase 2: bulk-processing and on-line dissemination of the full archive of all 

Landsat missions (MSS, TM and ETM+) -> ON-GOING 

• Duration: 10 months 

• Includes also: processors and QC tool update, IDEAS scientific QC, data 

access configurations 



Industrial Consortia involved  
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• Data Collection 

• Data Consolidation 

• Processor and QC tool integration  

     and orchestration  

• Systematic processing 

• Data repatriation to ESA and USGS 

• Data Configuration Management 

• Processor evolution 

• QC tool evolution 

• Systematic Scientific  

    Data Quality Control of processed  

     data  



Data Consolidation approach 

• Data Consolidation. The dataset resulting from the Collection phase is:  
• Purged of corrupted or duplicated data.   
• Gap filled ( Any  additional data  sources are added  to address gaps and 

the dataset ) 
• Updated recent ancillary information 
• Harmonised  file-naming, format, packaging and metadata   
• Detection of anomalies within L0 and integrity and consistency verification 
  

•  All steps of this process are recorded in the CCM  (including Level 0 QC results)  

Inspection Results
Database

L0 QC INSPECTION 
WILMA LO Data Store

L1 QC Report & Product

L0 Data

Statistics
QC Report

Analysis

L0  Frame { Inspections

Product Quality
Scenario

Conslidation
Report

Metadata & QC Information

1.  Inspection of L0 WILMA Data 

2.  Analysis tool 

 



Data Consolidation - Inspectors 

Corrupted and  
Missing Scan 

Saturated 
Pixels 

Scan Line 
Artifacts 

OverSaturation 

• The following inspectors have been defined 



Landsat Bulk Processing  
Processor 

1. Generation of L1T product 

2. List of main improvement of the Landsat processor (versions 2.2 and 2.3): 

a. Multi-Scene Refinement (using full pass); 

b. Bias Correction; 

c. Residual Striping Correction; 

d. Thermal Band Calibration; 

e. Memory Effect Correction; 

f. Scan Correlated Shift Correction; 

g. Metadata and Quick Look compliant to ngEO requirements; 

h. Quick Look generated from the Lv.1 product 

3. List of the main improvement of the Landsat processor (version 3.0.1): 

a. Introduction of MSS L1T processor; 

b. Correction of saturation and stripping issues; 

c. ngEO metadata fields fixing; 

d. Single processor version for all MSS, TM and ETM+. 



Landsat Bulk Processing  
Processor Output 

ESA Ground Terrain Corrected (GTC) product supplied as: 

|-- LS05_TM__GTC_1P_*.ZIP (ESA Standard Naming Convention) 

|   |-- LS05_TM__GTC_1P_*.BP.PNG (Quicklook Image in Portable Native Graphic format) 

|   |-- LS05_TM__GTC_1P_*.BP.XML (Quicklook Image metadata in XML format) 

|   |-- LS05_TM__GTC_1P_*.MTR.XML (Report Metadata in XML format) 

|   |-- LS05_TM__GTC_1P_*.TIFF (Product Folder) 

|       |-- LT5*_Bn.TIF (Band 1 to 7 product files) 

|       |-- LT5*_GCP.txt (Ground Control Points file, not when Multiscene Refinement usage occurs) 

|       |-- LT5*_MTL.txt (Metadata file) 

|-- LS05_TM__GTC_1P_*.PDF (Amalfi On-Line QC Report) 

 

 



Landsat Bulk Processing  
Processor Validation 

1. On-line Quality Control (using Amalfi 2) 

2. Off line Quality Control (by ARGANS and VEGA) 

3. Scientific validation (by Magellium) 

 

 

 

 

 

 

 

 

 

 

 

 

4. Validation by 5 ESA PIs 



Landsat Bulk-Processing – phase 1  
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Landsat Bulk-Processing – phase 1 
Challenges, and consequences  
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Challenge Consequence Strategy 

New Landsat-8 format 
definition 
• USGS delivered in Nov 

2012 a new file format 
common to Landsat-8 

Products with 
obsolete format 

• Processor upgrade in 
order to align format with 
USGS one 

• QC tool upgrade to handle 
the new format 

Costal Areas 
• Scenes with large water 

portions cannot be 
processed to L1GTC 

Lower L1GTC 
production over 

coastal area  

• Processor upgrade to 
allow process to L1GTC 

• Re-run processing 

Climate conditions 
• Large presence of Ice 

/snow coverage  
• High CC (~50% of the 

Kiruna scenes have a CC > 
50  

25% less L1GTC 
production over land 
area (vs to total 
available „Land‟ 
scenes) due to lack 
of GCP  

• Processor tuning allowing 
use of fewer GCPs for 
L1GTC generation 

• Produce also lower level 
products (L1GT, L1G)  

• Re-run processing 

Large areas over sea:  
• ~40% of the overall scenes 

acquired over Kiruna 
visibility are over Ocean 

No production of 
fully water and 
sea/ice scenes* 

• Produce also lower level 
products (L1G)  

• Re-run processing 
 



Phase 1  Phase 1 follow-on 

Therefore a Phase-1 follow on was defined in order to: 

 

a. Improve the processor to generate also L1GT (GEO) products 

b. Generate L1T in the costal areas 

c. Improve browse quality 

d. Fix minor bugs 

e. Update QC tools accordingly 

 

All data had been process again and 

150,000 305,000  
L1T+L1Gt scenes released 



Landsat Bulk Processing  
ESA Processor Achievements 

1. ESA products are equivalent to USGS products, and in some cases better 

thanks to the “Multi-Scene Refinement ” which exploits the Ground 

Control Points (GCPs) from neighbouring scenes allowing to: 

a. Improve geolocation accuracy; 

b. Produce scenes not generable by USGS processor or by the 

on-request ESA chain. 

2. Aligned with the new USGS Landsat-8 product format 

3. Quality Report included in each product package 

4. Improved radiometric quality 
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End of phase 1 follow-on:  
KIS Landsat TM L1 data availability per year 



Data access: EARTH.ESA.INT portal 

 



Data access:   
FAST Registration 
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3. Through Earthnet online (My Earthnet or from Browse Data Products), the user requests 

the access to satellite/instrument/product. He shall accept  the T&C. 

 

New 
LANDSAT.TM.GTC 

dataset 



Data access: 2 options 
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4. Immediately, in the My EarthNet list, the links to access the dataset is provided to the user 
that can search and order products using EO-SSO credentials 

Download 
through 
EOLI-SA 

 Direct 
download 
From the 

dissemination  
server 



Landsat Online Dissemination: 
Lite Dissemination Precursor 

45 TB of data 

305,000 products  

• Simple Navigation 

• Mission 

• Product Type 

• Sensing Date 

• Path / Row 

• Product list 

• Preview Image 

• Browse Download 

• Metadata Download 

• Product Download 

• ESA EO-SSO unified login 

11.5 TB downloaded so far by users 



Landsat Online Dissemination - EOLI 

Automatic generation of index files for EOLI at data upload on the web server 

 

EOLI  

• Catalogue Search 

• Mission 

• Sensing Time 

• Geographical  

area (AOI) 

• Path / Row 

• Cloud Cover 

• Map Navigation 

• Zoom In/Out 

• Pan Left/Right,  

Bottom Up 

• Direct Download 



Gradual availability of the full dataset (1975-2011) during 2014 as following: 

• Maspalomas TM archive (on-line in MAY) 

• Maspalomas ETM+ archive (on-line in JUNE) 

• Kiruna ETM+ archive (on-line in JUNE) 

• Matera TM, ETM+ archive (under consolidation) 

• Kiruna, Matera, Maspalomas MSS archives 

(under consolidation) 
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On-going activities – phase 2  

MPS TM 

MPS ETM+ 

KIS ETM+ 



Landsat-8 at ESA 

1. ESA started to acquire Landsat-8 data on August 2013 as temporary 

service in Neustrelitz station 

2. From January 2014 Landsat-8 data are daily acquired by Matera 

station and, from the 1st April also from Kiruna.  

3. All the data are systematically processed in NRT (~3hours) and 

available on-line 

4. More than 4,000 scenes are available on-line at: 

https://landsat8portal.eo.esa.int/portal 

5. In order to access to the data, only a simple fast-registration is 

required 
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https://landsat8portal.eo.esa.int/portal
https://landsat8portal.eo.esa.int/portal


Landsat-8 portal 
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1. Direct data download 

from the portal 

2. Full resolution browses 

are available as well 

(for both OLI and TIRS 

instruments) 



1 Jan 2014 – 15 May 2014 

Landsat-8 Archives 
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