Sentinel-2 project and

production of mosaic in NMA
Kartverket

TerraNor remote sensing user meeting February 2020
Torgeir Ferdinand Klingenberg, Norwegian Mapping Authority

ok

A




Description of project

®* WP-1 Project management, skills development and reporting to Norwegian Space Agency
®* WP-2 Integrate data from the national ground segment in Geonorge.no

®* WP-3 Testing use cases and functionality in satellittdata.no

®* WP-4 Quality control of Sentinel-2 data and DEMs

® WP-5 Cloudless mosaic over Norway

®* WP-6 Further develop the "Norway in Images" viewing service for Sentinel-2
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WP1: Project management, skills development
and reporting to Norwegian Space Agency

® Promote Copernicus data:
®* National Geodata Strategy: Action 13 - Utilizing Earth Observation Satellite Data
® Geomatics Days 2019: Own "Satellite data” session
®* National/global interaction:
®* Norway digital members - satellite meeting
® EuroSDR Workshop: 4th Workshop on Copernicus / Sentinels
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WP-2 Integrate data from the national ground
segment in Geonorge.no

‘p GEONORGE Search for map data and articles

~ @ Mapcatalog (0) T Q h
O Articles (0) —

Seonorge » Map Catalogue » Satellite data - Sentinel-2 - Cloudless Norway 2018 UInt-16

Satellite data - Sentinel-2 - Cloudless Norway 2018 UInt-16

@ Add to map & Download [ contact dataowner

Download metadata XML

[& Edit meta data

A cloudless Sentinel-2 mosaic of Norway, assembled from Sentinel-2 scenes sensed between 30 June and 31 July 2018. The mosaic consist of the bands 2 through 8, 8A, 11, and 12. The datatype is UInt16, and the data basis is
atmospherically corrected data (L2A). Vector data that contains the date of the mosaicked raster data is included in each tile.

®* Viewing the latest data from satellitdata.no to
Geonorge.no — work is in progress

® Other products available for download:
® Cloudless mosaic 2015-2017 (RGB 8-bit)
® Cloudless mosaic 2018 (RGB 8-bit)

* WMS service:

® 2018 Ulnt-16, with download grid
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Sentinel-2 Skyfri mosaikk 2018
(L2A)
Kartverket

Skyfri mosaikk sammensatt fra Sentinel-2 data fra 30 juni til og med 31 juli
2018. Mosaikken bestar av bandene 2 til 8, 8A, 11 og 12. Datatypen er
UInt16, og datagrunnlaget er atmosfzerekorrigerte data (L2A). Det medfelger
vektordata som inneholder dato for rasterdataene.

Mer informasjon

ID: 115
Image

B T32VPQ
Download:

< >
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https://wms.geonorge.no/skwms1/wms.sentinel2mosaikk?service=wms&version=1.3.0&request=getcapabilities

WP-3 Testing use cases and functionality In
satellittdata.no

Main focus in this period is
®* Focus on change detection and automatic cloudless mosaic
®* Testing use cases and user interface in satellitedata.no
¢ Assists NOSA user survey
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WP-4 Quality control of Sentinel-2 data and
DEMs

Background info for this WP:
®* Improve the geometric quality of Sentinel-2
®* Today: PlanetDEM90 is used for orthorectification of S2
® Pilot project: National ground segment ~ DTM10 is used for ortorectifictation of S2
®* Look for the DTERRENGDATA suffix
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Different dates and

orbits:

* PlanetDEM and DTM10

e Date: 2017-08-27 and
2017-09-03

* Orbit: R094 and R0O51

* Tile: T33WVN

* Region: Bargefjell

Sentinel-2 L1C 2017-08-27



Nadir orbit 94

Different dates and orbits:

* PlanetDEM and DTM10

e Date: 2017-08-27 and
2017-09-03

* Orbit: R094 and R0O51

 Tile: T33WVN

* Region: Bgrgefijell

Edge of :
orbit Sentinel-2 L1C 2017-08-27
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WP-4 Quality control of Sentinel-2 data and
DEMs

Background info for this WP:
®* Improve the geometric quality of Sentinel-2
®* Today: PlanetDEM90 is used for orthorectification of S2

¢ Late 2020 new Copernicus DEM

Produced Nordic DEM in collaboration with the Nordic countries
® ESA has requested data to test implementation in the new Copernicus DEM

Test of the height model TanDEM-X 90m completed
®* Not good enough for Nordic areas
® Copernicus DEM testing will be performed when available
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WP-6 Further develop the "Norway in Images"
viewing service for Sentinel-2

®* It is now possible to see different individual layers in 3D in Norway in Pictures
®* Sample areas are available at different times. Possibility of change analysis
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https://www.norgeibilder.no/
https://norgeibilder.no/

WP-5 Cloudless mosaic over Norway

Cloudless mosaic 2019 (RGB and several bands) is in production
®* Manually produced, but a semi-automatic method is tested
®* Involves several different software:

®* PCI Geomatica
® Mosaic Tool
® Focus
®* Python libs
®* ArcMap
® Anaconda Python
¢ Sentinelsat
* GDAL
®* Packages for U-Net CNN ~ CUDA
® Erdas Imagine

® Spatialbuilder
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Sentinel-2A Sentinel-2B
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1) Find the data
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2) Download the data

% Sentinel-hub EQ-Bror

< C @ apps.sentinel-hub.com/eo-bro

< 95 EO Browser

Q Search Results o Visualization X Pins

<« 8 » 20180728

Custom
Creale custom rendering

False color
Based on bands 54,3

NDVI
Based on the combination of bands (B3 - B4)/(BS + B4)

False color (urban)
Based on bands 12,114

Moisture index
Based on combination of bands (B3A - BI1)/(B3A + B11)

SWIR
Based on bands 12,8A.4

NDWI
Based on combination of bands (B3 - BS)/(B3 + BS)

NDSI
Based on combination of bands (B3 - B11)/(B3 + B11); values above 0.42
are regarded as snowy

p for all features
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2) Download the data

Sentinel-hub EO-Browse x  + x  +

geojson.io/#m

< c

@ apps.sentinel-hub.com/eo-browser/?lat=68.29&

B Anaconda Prompt

-p Password

Aba_Afs 2 fult) AanAc-a
Based on combination of bands (B3 - B8)(B3 + B8)

NDSI
) Based on combination of bands (B3 - B11)(83 {
are regarded as snowy

up for all featur
with contributions from the Europeal

©) Edit on GitHub

Docs » Sentinelsat

Powered by
V2208

SENTINEL HUB CUSTOMSCR
THE DEADLINE IS EXTENDED 10 JANU

stable

Search d

Sentinelsat

Installation Sentinelsat makes searching, downloading and retrieving the metadata of Sentinel satellite images

Famme] s e from the Copernicus Open Access Hub easy.
Python API ..
It offers an easy-to-use command line interface
Common Issues

Change Log

sentinelsat -u <user> -p <password> -g </path/to/search_pelygon.geojson> --sentinel 2 --cloud 38

and a powerful Python APL.

from sentinelsat import SentinelAPI, read_geojson, geojson_to_wkt

Reach over 7 million devs each month

1lhub.me

MypMaHCK®

wwas

Kemb o

Apxan

°M1eTpo3aBoACK

IHKT-
2Tepbypr

inStreetMap Improve this map



@ Spyder (Python 3.7)

3) Prepare the data T

mp_AlleBand_L1C_DTERRER

Python libs:
® pci.fimport
®* From auxiliary files to .pix files
® pci.resamp
® Resample 20 m bands to 10 m
®* Nearest neighbour
® pci.cimpro?2
®* Prepare for merged file
® pci.iii
® Merge bands

Output:
10 bands at 10 m resolution
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<» Code Issues 0 Pull requests 0 Actions Projects 0 Wiki Security Insights

4) Automatic cloud detection " el B

Deep learning for Earth Observation

®* NGVEO - New Generation Value chain for Earth ©22 conmis p1rancn 0packages Qores a2 conmor dsar
Observation S Crstenewte | Uplond s | Fnd e

° . . . & waldeland Merge pull request #4 from ESA-Philab/dependabot/pip/pillow-620 .. Latest commit 35f83cb on Oct 28, 2019
[] []

Link: https://github.com/ESA-PhiLab/NGVEO -

- m dit Bugfixes and small updates 14 menths age

. LI Ce n S e : M IT [ geocode_sar Added preprocessing step 16 months ago

[ sentinel_data_preparation Update readme 14 menths age

| sentinel_dataset Bugfix 11 menths age

[E .gitignore Merge master into branch - branch-merge 16 menths age

. M a i n Ste p S L] [E) LICENSE Updates 14 months ago

- [E] README.md Added link to saved models 13 menths age

. P re a re d a ta [E) REQUIREMENTS txt Bump pillow from 5.3.0to £.2.0 3 months ago

p El apply_medels.ipynb Merge master into branch - branch-merge 16 menths age

. T L] d t [E) demo_forestipynb Added preprocessing step 16 menths age

ra I n a a [E] example_sodata_|1.txt Bugfixes and small updates 14 months ago

. - [E) example_eodata_|2.txt Updates 14 menths age

P re d I Ct d a ta nJ C | O u d S B predict.py Bugfixes and small updates 14 menths age

[E] prepare_data.py Bugfixes and small updates 14 menths age

o T h re S h O I d B train.py Bugfixes and small updates 14 months ago
* Vectorize

NGVEO - New Generation Value chain for Earth Observation

Python code for applying convolutional neural networks (CNN) to Earth Observation (EO) data from Sentinel 1 and 2 using
python and PyTorch.

() The code provides a simple framework for (1) converting EQ data to an efficient format for deep learning, (2) training CNNs,
AUth o rs : and (3) apzlying trained ’:wetworks to new data. We prov?de two simple examples, cne regressioirjw proble?ﬂ (atmosphzric

PY % k correction) and cne classification problem (cloud detection). The code can easily be modified for other solving other

An d e rS U . Wa | d e | a n d (a n d e rS @ n r. n O) 7 Arnt_ B@ rre S a I b e rg 7 problems by adding your own training data in the prepare_data.py-code. In addition we pre-trained models for tree-height

estimation and forest-cover estimation can be dowloaded at

Al I essa n d rO M a ri n >k a n d QyVi n d D U e Tri e r* https://www.dropbox.com/sh/fejcyzb859ek2z8/AABVx8lc40NNAFBEIDx4VDwla?d|=0
* Norwegian Computing Center (https://www.nr.no/) Setup:

* Make sure GDAL is installed.

** Phi Lab, European Space Agency (http://blogs.esa.int/philab/) « Dovwnload code and setup python:
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4-1) Automatic cloud detection

& Spyder (Python 3.6)

BT 0 c‘ -
®* Prepare data: o, - . - — S
®* Converts to numpy memmap files L ity e s o
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4-2) Automatic cloud detection

®* Train data:

®* Train data using GPU/CUDA
®* Left to work for two days

train.py

[ Kartverket
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4-3) Automatic cloud detection

& Spyder (Python 3.6)

* Predict data: mr

. GDAL_and_numpy

* Tile-by-tile it
¢ Output: GeoTIFF

pply_net |

[np-expand_dim:
np.concatenate(data,-1)

[ Kartverket
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@ Focus - Unnamed Project - Unnamed Map
File Edit View Layer Analysis Tools Help
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|Scale: 294,000
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4-4) Automatic cloud detection

& Spyder (Python 3.6)

s Projects Tools

* Threshold predicted data: :-mo E3ec

®* Creates a new GeoTiff file with -
values for predicted clouds

2\\201! c o ke : Ld\\ "

n(cloud)
open(cloud_filename)

taset.RasterCount)
t.GetDriver().LongName)

ataval = clo
aleFactor = ¢

= Kartverket
T SSSUPBCPOOOOOOGDGDGGGGGOGEGGEGGESSESSSSSESSEEEESESEEESEEEEEEEEEEEEEEEEEEEERS



<

|Scale: 294,000

@ Focus - Unnamed Project - Unnamed Map
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4-5) Automatic cloud detection

® Vectorize predicted data:

®* Creates a new shapefile of
p red I Cte d CI O u d S Spatial Madel Editor #1 : focalmedian_spatislmodel_and_wectarize. gmdy : Spatial Model > leratar X

B -

| Rasterinpu

anlﬂecm’_\—‘
faisa C*
ke £ ennTa
Cumhhn Featums
G‘F atumsOut
+_//—N atues (7 FlanamaDut
Dutpat
o TS
GerBasename FeotureOur sp > .

Z
T
55

To Stnng ]

| 508207.56, 4611357.97 mieters (UTM Zone 32[WGS B4]) Map Infe (2D)
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@ Focus - Unnamed Project - Unnamed Map

File Edit View Layer Analysis Tools Help
e & B / X B [ kde®olkdH

A N-T C : Y & i v £

Maps  Files

@ Unnamed Map

=@ Bl S2A_MSILIC_R094_T32VLL_: |§

Scal x0.25 W (388423 543E 6539290.086N 0 selected



5) Vectorizing clouds

®* Draw cloud and cloud shadow by
hand

®* Use automatic cloud detection as
guideline
®* \Vectorize tile-by-tile, with respect of
neighbouring tile
®* Easier colorblend ~ no large time
difference

] Copernicus Sentinel-2 data(27-08-2019)
B Kartverket



5) Vectorizing clouds

32VLM_20190804
32VLM_20190827

32VLM_20190705
P Kartve rket 32VLM_20190726




6) Mosaicing T,
HD lsgﬁ @“TJ mm@@ o @@H‘/‘Cﬂv -

> ¢~ & ~

R SR

PCI Geomatica: Mosaic Tool BB L-® X e m s h[elel- oYt -0l
IR Audliary layers
EI mage stat:Js ' Import Shapes — O ot
* Import cloud-free vectors for |og . sumimm
H - Bl 524 MSILIC_R0S4 T32VLM_20130728T105621_10m File: || v
each file @ [ Cutine .
e B Lok Ve savLv_a0is07s sV L _2aos ]

W " Match arsa

cid - Bl S2A_MSILIC_R094_T32VLM_20190827T105621_10m
-O-7 Label

& B Local mask

~Wl-- " Match area

- Bl 524 MSILIC_RO51_T32VLM_20190804T105031_10m
-l B Local mask

-l % Match area Shapes:
o= %M S52A_MSILIC_RO51_T32VLM_20130705T105031_10m
-l B Local mask

~Wl-- " Match arza

(=] i SRR Output mosaic

Ll [P Mosaikk_2019

= Kartverket
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) Mosaicing

PCI Geomatica: Mosaic Tool

B Mosaic Took: <unnamed project> 4/4
File Edit View Tools Help
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Image status
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@ O Cutline
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= -
| B
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8- [ Mosaic_20

E
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) Mosaicing

PCI Geomatica: Mosaic Tool

B Mosaic Tool: <unnamed project> 4/4
File Edit View Tools Help

DB o EQeool@d | /o~ |iw-E-@- iy Il | kO-G-8-
oy b L -8 X 114 a2 p » % S in] @ @At aly Bt -te | @l ol wlvip -8 0| @

®* Dogding e———

7] Image status
@ Source images
B S2A_MSIL1C_R051_T32VLM_20190804T105031_10m
@ 0 Cutine
T Label

5]

o
=]
a atch ar
BH 52B_MSIL1C_R137_T32VLM_20190726T110629_10m
7 Cutine

Label

MSIL1C_R094_T32VLM_20190827T105621_10m
utine
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Cutline
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IGEﬁIIDEIEIIEIE
‘o «m- DO

=]
X

@ Output mosaic
= u
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7) Scale

PCI Geomatica: Focus

@) SCALE Module Control Panel

SCALE

Image graylevel scaling and quantization

Input Params 1 |og

® Due to 8-bit limitation in "Norway O,
in Images” we scale the mosaic B {
from U|nt 16 tO U|nt 8 @ Left tailtimming percentage l

®* Min value 1 and max value 254 s e

2

@ Minimum output gray level i'l
®* Then we don't risk transparency 1
. { Scaling function -Ll N
pixels (0,0,0 and 255,255,255) 56| o oo

@ Outputtype

1)
<

Image grayey
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= Kartverket 2018 version




®* Download at Geonorge.no

2018 version



https://kartkatalog.geonorge.no/metadata/e6f6bd82-7303-47c5-8f2a-bc8212cfa9cd
https://kartkatalog.geonorge.no/metadata/587509c1-c022-4d81-8a15-b59b3cc6d8f0

Thank you for your attention

Torgeir.Ferdinand.Klingenberg@kartverket.no www.kartverket.no




