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EXTRACTION OF WATER MASK
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GRDA - Implementation of an Initial GMES Service for

Geospatial Data Access (DG-ENT: 2010-2012)

 Open tender (DG-ENT) for GMES reference data production

* Project objective — produce seamless high-resolution DEM and
hydrography reference datasets covering EEA38 territory (~6 mln kmz2),

integrating the existing hydrography datasets and improving their
geometry and topology

* Project consortium:

 INDRA Espacio (ES) — project coordinator
 INTERMAP (DE) - production of EU-DEM
* AGI - production of hydrography reference layers

» GJVaitkus (founder of GEOMATRIX uab) created automated

processing scripts, performed automated extrction of water bodies,
and computing of watersheds

* Project supervised by a joint working group of EC, GMES Bureau, JRC, EEA
ir Eurostat representatives



CONCEPT : AREFERENCE DATABASE

AUTOMATIC PRODUCTION OF RASTER WATER MASK
FROM IMAGE 2006: ~2000 separate images processed
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PREPARATION
OF IMAGES

Assembling

Mosaicking

PRODUCTION WORK-FLOW

PRODUCTION OF HYDRO- LAYERS:

)
- Polygons  extracted from IMAGE-2006 MOSAIC
2 COV1 (reference) and COV2 (supplement)
v e - Lines delineated from IMAGE-2006 MOSAIC
PSS Boundary and ancillary data (topo maps, etc.)
v . .
o o1 1 - Points generated from network topology (lines)
QUALITY $
eni QA/QC PROCEDURES:
- Internal QA/QC —1S0O 9001:2000

PROCESSING
OF POLYGONS

QUALITY
CONTROL

Transfer to

DB/ SDI

MANUAL
DELINEATION I
NODES

PROCESSING
OF ATTRIBUTES

QUALITY

DELIVERY OF
THE DATABASE

100% of processed images inspected
Iterative processing to reach compliance to specs.
20% of all vector objects checked for each unit

- External QA/QC by project partners
100% “large” hydro-polygons checked during the data
integration process

TECHNOLOGY:

- Use of FOSS GIS tools
GRASS GIS, GDAL, etc. scripts for production of polygons
Quantum GIS for manual editing and QC
PostgreSQL/PostGIS for database storage




GRDA PRODUCTION SEQUENCE

ANCILLARY
DATA

edit
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THE EU-HYDRO PRODUCT

.

', 8 Maximum water level was taken as

reference for delineation of polygons

Z" " (excluding tidal zones);

i\ oy
W ° Riverpolygon objects were corrected and §

| - _merged to close narrow gaps due to
vegetation, etc.

Geometry corresponds to IMAGE-2006 reference, has 3 layers with topology



EU-HYDRO UPDATE 2015




GIO-LAND - GMES Initial Operations Land - Lot 6: Water &

Wetlands layers (EEA: 2013-2014)

* Open tender for LOT-6 production

* Project objective — production of seamless high-resolution permanent
water and wetland masks covering EEA39 territory (~6.3 mln kmz2) by
processing all the available HR satellite imagery (IMAGE 2006/2009/2012)

* Project consortium:

* INDRA Espacio (ES) — project coordinator, production of grassland
« DLR (DE), EUROSENSE (BE) — production of grassland
« GEOMATRIX uab - production of water and wetlands layers

* Production of water and wetlands layers was carried out by automated
parallel computing based on open-source technologies



CONCEPT : ASTATISTICAL PRODUCT
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Coastal macrophytes

Flooded meadows

Drained bog with young decid. trees

Natural part raised bog

Artificial fish ponds

Drained bog (peat extraction)

Inland lake

Coastal reed beds :

Flooded fields/pastures
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PERMANENT & TEMPORARY OBJECTS

WETLANDS

Dark color — “permanent”
water
{WAPI => 0.5}

Light color — “temporary”
water
{WAPI < 0.5}

Dark color - “permanent”
wetland
{WEPI => 0.5} OR
{WAPI < 0.5 AND WEPI => 0.5}

Light color — “temporary”
wetland
{WEPI < 0.5} OR {WAPI < 0.5}

COMBINED LAYER
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Mosaic Mosaic Pre-processing of satellite images
)L ) archives (mosaicking), computing
i l biophysical parameters and
~ cloud/shadows masks. Creation of
BPP BPP EU-DEM SSL Og support layers for data filtering
L L ) during the production and
l post-processing. Results: layers with
P £ . N — biophysical parameters and
L processing masks for each available
L ICSM )L ICSM ) SLM SSM HR satellite image.
Processing ALL images — creating
binary raster masks of water,
WAM IM wetlands and image data presence.
o
ad ) —Y Accumulating positive values (1)
from water, wetlands and image
Z Z Z Z masks (IRS6/SPOT), as well as
) N

(seee ) (swaw) [sm]) [swem)

biophysical parameters (AWIFS)
available in ALL the processed
images within selected sampling
periods. Results: layers with sums of
water, wetlands and image pixels.

v v

| SWAM / SIM j«——»{SWEM / SIM|

ool

Creating Water Presence Index and
Wetlands Presence Index layers for
selected sampling periods.

v

{ WAPI > THR }|

[{ WEPI = THR } - PWAL}

v

Creating Permanent Water and
Permanent Wetlands layers by
masking and filtering WAPI and
WEPI values. Results of this
automated production work-flow are
revised and corrected manually.

IRS6/SP5 — High Resolution satellite images —
IRS6/SPOT4,5 (IMAGE2006/2009/2012);

AWIFS — Medium Resolution satellite images
(AWIFS time-series);

BPP - Biophysical parameters (Total Radiance,
NDVI, NDWI, WI);

SBPP - Summary layers for BPP (minimum,
maximum, range);

EU-DEM - The standard EU-DEM product (30 m
resolution, EPSG:3035);

SML - Slope Mask computed from EU-DEM,;
SSL_09 - Soil sealing dataset (imperviousness 2009
product - 20 m resolution, EPSG:3035);

SSM - Soil Sealing Mask (>20 %) computed from
SSL_09;

WAM - binary raster mask indicating presence of
water In a separate image;

WEM - binary raster mask indicating presence of
wetlands (water + adjacent wetlands vegetation) in
a separate image;

IM - binary raster mask covering non-null values of
a separate image;

SWAM - sum of water mask values from all
processed images;

SWEM - sum of wetlands mask values from all
processed images;

SIM - sum of image masks of all processed images;
WAPI — Water Presence Index (SWAM / SIM);
WEPI - Wetlands Presence Index (SWEM / SIM);
PWAL - Permanent Water Layer ({ WAPI = THR} );
PWEL - Permanent Wetlands Layer ({ WEPI = THR}
-PWAL);

THR - threshold value of WAPI and WEPI for
computing PWAL and PWEL.



PROBLEM - IMAGE AVAILABILITY

LT — WAPI




BPP SEGMENTATION

In order to compensate for
insufficient availability and
quality of IRS-6 images in
moderate and northern
latitudes, a new method of
BPP segmentation was
developed and non-water-
related wetland segments
were integrated into the
HRL Wetland layer. This will
be done in some of the

southern European
countries during the
enhancement phase.




HRL WATER & WETLAND LAYERS

VHR SPOT 5
2011/06/24
Turkey

HRL Wetland

HRL Water




RECENT DEVELOPMENTS

Consolidation of technological developments resulted in an integrated
EO imagery pre-processing and analysis technological process:

Highly-efficient, completely automated and production-ready
technological solution;

Based exceptionally on the Open-Source software and platforms;

Focused on multi-purpose GMES/Copernicus downstream production
operations;

Capable of handling both HR and VHR EO Data products.

Operational testing carried out in summer 2014 on pan-European
coverages of:

* HR (5 m) RapidEye (ESA DWH_MG2_CORE_01 Coverage 2)
* VHR (2.5 m) SPOT 5/6 (ESA DWH_MG2b_CORE_03 Coverage 2)



STEP 1 : PRE-PROCESSING

Automated image pre-processing:

= Qutputs - production-ready images
and mosaics

OPTIONAL \ .
Reprojection and/or resampling |

y

Detection of spatio-temporal
overlaps

a

Gdosaicking GeoTIF imageg

Fragmented
This semi-automated
process is not used "
any more at GMX Split
- fragmented
mosaics

Manual Automated
Generate thumbnails Detection of fragments

Manual Automated
QC /PP QC /PP

Selection of fragmented Extracting fragments Computing of extents
mosaics for re-processing as separate mosaics for each fragment

PRE-PROCESSING #—> T ACQUISITION @—> f

SW (robot) Operator
Pre-Processing Acquisition of
EO imagery EO imagery

h
{ Deployment, unpacking |

\f

| Analysing metadata
h:

Gmcessing into GeoTIF ﬁlea ORTHO-RECTIFICATION ._) D —

Download from DWH

Order the imagery

Operator
L3 L1
4
Pre-processing Pre-processing Manual
L3 products L1 products
GCP sampling
Gthhorectify the imagHreate GCP ﬁl%{— Automated

Processing

Generate thumbnails image "chips"

h Loading
reference

IMAGE datasets
Package the flles PRE-PROCESSING |

DTM/LiDAR dataset
for ortho-rectification;

\%
| Generate thumbnails &

—

Packaging the files

PRE-PROCESSING

Ortophoto/VHR base-map
for reference (chips)

Create mosaics

SW (robot)

T <« @ MOSAICKING

SW (robot)



STEP 2 : ANALYSIS

i . @ T'ME-SERIES ) ;gﬁ:ﬁ:ggq;sg:;;egftzbﬁt_inb‘ AU toma ted image d nalySiS:

ANALYSIS | GRass r.tile function

o et * |nputs - pre-processed mosaics;

Ubuntu 14 LTS (x64) 4©RASTERTILES ° . . .
s cam O » Parallel processing in tiles;

BIO-PHYSICAL .
sl o —® earavierers " |ntegrated I/O products chain;
* Manual process control & QC;
= Automated all computing steps;

= Flexibility on extensions from
concunen acces “Core” output products to
“Downstream” processes.

Parallel processing CFE:tE Z_Sri;::;afzeld
mapset an er

for each processor core

Single process

r.region
Read extent/resolution
from a raster tile

Read and delete
the first line (tile_id)
from the list

Create list_lock
file to restrict
concurrent access

r.region
expand the region

for cross-boundary
consistency
® OBJECT-BASED
CLASSIFICATION

r.series
Select all mosaics
within a region

"

| derivatives (slope), texture layer,

SW (robot)
INPUTS NEEDED: Elevation dataset
" | built-up reas mask, 0SM, etc.

] Ubuntu 14 LTS (x64) SEGMENTATION

GRASS 7.x svn N LAYER
r.series GDAL/OGR /——\\ i.group i.segment
comp. min/max/var/count — Select input layers Compute raster
of NDVI, RDVLNDW!I, etc. \\_/ for processing segments

Object-based
k
r.colors
assign color tables
to BPP stats layers

classification
SW (robot)

J

r.stats.zonal
Compute BPP statistics
within segments

r.reclass
Aggregate segments
into LC classes
Land-cover
production

|Vt

TIME-SERIES AGGREGATED LAND COVER
STATISTICS STATISTICS PRODUCTS
(per-pixel) (per-segment)



CONCEPT : PRE-CLASSIFIED OBJECTS

* Mosaicking of single-pass images into disconnected regions in order to
reduce the number of iterations and avoid discrepancies of statistics;

 Computing of a broad range of biophysical parameters for the analysis of
land cover structure and assessment of environmental conditions;

* Correction of the originally pan-sharpened VHR satellite images by
computing piece-wise smooth approximation of each spectral band;

* Object-based classification of satellite images implemented as automated
parallel processing work-flow and tested on pan-European coverage of
HR RapidEye and VHR SPOT-5 imagery;

e Zonal statistics (per “object”) computed from a series of biophysical
parameters, DTM and ancillary datasets are used for extraction of land
cover classes by conditional filtering.



|O-PHYSICAL PARAMETERS




OBJECT-BASED CLASSIFICATION

Automated object-based
classification of combined layers
with BPP and ancillary datasets
produce standard “pre-classified”
VHR land cover products useful for
“core” LC analysis and mapping.

Examples: Biophysical LC of the
Northern Italy (RapidEye imagery).
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CORRECTION OF VHR IMAGERY

. K B
'] r .
] r -l
P, o = S
i H i o
) i e K
i ¥ ] N ot ! g
. E 2 .
- - 5 L o
< i . = 4
’
L ] ¥ L
o

VHR SPOT 5 color-balanced RGB:123 After piece-wise smooth approximation
composite image of Turkey taken on (segmentation) of the input raster map,
2011/06/24 (DWH_MG2b_CORE_03): most of the digital noise is removed on

due to pan-sharpening, the image contains a heterogeneous surfaces, yet the natural

significant amount of digital noise on discontinuities are preserved
homogeneous surfaces (especially water)



&

PROCESSING OF CORRECTED DATA

NDVI computed from the approximated image Segmentation of the NDVI layer computed
of Turkey taken on 2011/06/24. from the approximated image of Turkey taken
on 2011/06/24.

After piece-wise smooth approximation, the
NDVI layer does not contain any traces of the  This pre-classified product can be used as
digital noise, present in the original image. input for extraction of water objects.



HR / VHR COMPARISON.

VHR SPOT 5 image of Turkey taken on 2011/06/24 (enhanced RDB 123 color
composite; source: DWH_MG2b _CORE_03). Yellow line — old GRDA coastline.




HRL WATER &

GlO-Land products: HRL Permanent Water (blue) and HRL Wetland (green)
displayed on top of an enhanced VHR SPOT 5. Yellow line — old GRDA coastline.



VHR pre-classified BPP dataset produced from VHR SPOT 5 image of Turkey
(2011/06/24). Red line — old GRDA coastline.



OPERATIONAL TESTING

A part of FP7 LAMPRE project tasks on
technological developments:

» 7 processing workstations (i7, 32 Gb
RAM, 4 Tb RAID-0, Ubuntu 14.04 LTS);

« 2 production servers:

 GRASS DB server (i7, 16 Gb RAM, 26
Tb RAID-5, Ubuntu 14.04 LTS);

* File/FTP/GeoNode server (i5, 16 Gb
RAM, 16 Tb RAID-5);

= ~23,000 HR RapidEye images with 5 m
pixel resolution and 12-bit data depth
(IMAGE2012, Coverage-2) were used;

= ~5,000 VHR SPOT5/6 images with 2.5 m
pixel resolution (DWH_MG2b_CORE_03)
were used;

= EU-DEM elevation dataset was used:;

= Parallel processing with GDAL & GRASS
software implemented and tested.
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DATA HANDLING ISSUES
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Operator BPP (images) RAID-0
H GRASS DB

Images are NOT stored RAID-5
in GRASS DB, only BPP FILE STORAGE
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RAID-5 RAID-0
FILE STORAGE GRASS DB
Exported GeoTIF mosaics B
are loaded into GRASS DB T
on the main DB server
operat T-5 STATS @
perator SEGMENTATION
RAID-5 -
ZONAL STATS RAID-0

LAND COVER FILE STORAGE GRASS DB

-

m

00
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GRAS5 DB mapsets are stored T c
as compressed archives on

the file server

NFS service was used for

inter-connected BIG Data
storage;

On-the-fly transfer from
storage through processors
to the main GRASS DB;

Only final products are
stored in the system;

No data is kept on the
processing servers
(vulnerable 4x RAID-0
spinning disk arrays);
Archiving and removal of

GRASS DB mapsets also

allows easy transfer of large
databases.

Source: FP7 LAPMPRE D4.3



Use-Cases:
Acquisition of EO images

Pre-processing of EO images
(with manual ortho-rectification)

Mosaicking of EO images

Computing bio-physical
parameters

Computing time-series statistics

Image segmentation and
discontinuity detection

Object-based classification
Zonal statistics for the objects

Land-cover extraction

CONSOLIDATED USE-CASES

Outputs:
Original EO datasets

Production-ready GeoTIF images (packaged with
metadata and previews)

Unique (spatio-temporal) mosaics:
- Satellite images (multi-spectral)
- Derivative products (single-band)

Multiple biophysical products (multi-spectral data
transformed into standard parametric data layers)

Layers of statistical values (statistical values computed
from parametric data layers) — input for change detection

Piece-wise smooth approximation of each spectral band
— removal of pan-sharpening “noise”

Segmentation layer (raster)
Aggregated statistics from ancillary datasets

Conditional filtering into Land Cover classes
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