ﬂﬁﬁ'ﬁ’mﬁ‘éﬁﬂghlﬂalm‘ﬂ@@waﬁﬂ
9 R 9) P\
uazmaﬂmmmﬂﬂ

Open Optical Remote Sensing

989ANANINAN9Y AT INANR FURTITNIUIT

ARIEAAINITINANERNT RWAINTINUNANE A

Email: Phisan.chula@gmail.com Ot

n ReM
cinge 200 o



msd1519szes Ina (Remote Sensing)
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Optical / Passive Remote Sensing
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Optical Remote Sensing Scenario

Satellite iﬁw

Sun I

Incident _O_
Solar Radiation

/ | AN
Reflected
Solar Radiation
'
D
O
0 O
O O
O
Bare Soil Paved Built-up A
Forest Wator Grass Road uilt-up Area
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Radar remote sensing

THE ELECTRO/AGNETIC SPECTRUM
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NASA Landsat Program

* Landsat 8 launched on Feb. 11, 2013

* Landsat 9 [will] propel the program past 50 years of collecting global
land cover data

I R T IR ]
=130 Landsat 5: 1984 - 2013

S5 Landsat 3: —
1978 - 1983
T .---' Landsat 7: 1999 -

b2
"!t Landsat 2: : - )
W 1975- 1982 P - PR 4

il s Landsat &: 1993

Landsat 1: P 1 . 1ORA
]I'?:"?g mzl"?:"ﬁ 1 U Landsat 4; 1982 - 1993 Landsat &: 2013 -

1970
1975
1980
1985
1990
1995
2000
2005
2010
2015
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Landsat 8

e Launch date

* Sensor :
Spectral Band Wavelength
Band 1 - Coastal / Aerosol 0.433 — 0.453 pm
Band 2 - Blue 0.450 - 0.515 pm
Band 3 - Green 0.525 - 0.600 pm
Band 4 - Red 0.630 — 0.680 uym

Band 5 - Near Infrared

0.845 - 0.885 pm

Band 6 - Short Wavelength Infrared | 1.560 — 1.660 pm
Band 7 - Short Wavelength Infrared | 2.100 — 2.300 pm

Band 8 - Panchromatic

Band 9 - Cirrus

10/28/2020

0.500 — 0.680 pm
1.360 — 1.390 pm

11 February 2013, 18:02 UTC

Operational Land Image (OLI)
Thermal InfraRed Sensor (TIRS)

Resolution | Solar lrradiance

30 m
30 m
30 m
30 m
30 m
30 m
30 m
16m
30 m

ﬂﬂi'gﬂc r
LANDSAT
Data Contimuity Mizsion

2031 W/(m2um)
1925 W/(m2um)
1826 W/(m2um)
1574 W/(m2Zpum)
955 W/(m2Zum)
242 W/(m2um)

82.5 Spectral Band Wavelength Resolution
1739 Band 10 - Long Wavelength Infrared | 10.30 — 11.30 pm | 100 m

361\ Band 11 - Long Wavelength Infrared | 11.50 — 12.50 um | 100 m
TIRS Spectral Bands ['"]

Active Remote Sensing (r.oanutainnuiiy /



Landsat8 OLI Usages

Wavelength
Band (um) Useful for mapping
Band 1: coastal 43-.45 Coastal and aerosol studies
aerosol
Band 2: blue A5-.51 Bathymetric mapping, distinguish-
ing soil from vegetation and decid-
uous from coniferous vegetation
Band 3: green .53-.59 Emphasizes peak vegetation, which £
. . . Bandé: short-
is useful for assessing plant vigour i frared
Band 4: red 64-.67 Discriminates vegetation slopes 22;?3;"1 fare
Band 5: near- .85-.88 Emphasizes biomass content and
. . Band 7: short-
infrared (NIR) shorelines wave infrared
Bandé: short- 1.57-1.65 Discriminates moisture content of (SWIR) 2
wave infrared soil and vegetation, penetrates Band 8: pan-

(SWIR) 1

thin clouds

10/28/2020

Band 9; cirrus

Band 10: TIRS 1

Band 11:TIRS 2

Active Remote Sensin

1.57-1.65

2.11-2.29

.50-.68

1.36-1.38

10.60-11.19

11.5-12.51

Discriminates moisture content of
soil and vegetation, penetrates
thin clouds

Improved moisture content of soil
and vegetation and thin cloud
penetration

15 m resolution, sharper image
definition

Improved detection of cirrus cloud
contamination

100 m resolution, thermal mapping
and estimated soil moisture

100 m resolution improved thermal
mapping and estimated soil
moisture



Sentinel 2A / 2B

e Launch: 23 June 2015(2A) 7Mar2017 (2B)

* Multi-spectral data with 13 bands in the visible, near infrared, and
short wave infrared part of the spectrum

* Revisiting every 5 days

 Spatial resolution of 10 m, 20 m and 60 m
* 290 km field of view

* Free and open data policy



... With a long-term operational
9 P d:esa

perspective

2011 2014 2020 2030

S-1 A/B/C/D

S-2 A/B/C/D
S-2 2nd Generation

S-3 A/B/C/D
5-3 2nd Generation

5-4 A/B (on MTG)

S-5 Precursor ———————)

S-5 A/B/C (on MetOp-SG)

S-6 A/B

Gpernicus °
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ESA Sentinel-2A / 2B
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Sentinel-2: scanning every part of the planet every 5 days

Sentinel-2A and 2B fly in tandem on a polar orbit.
One orbit takes 90-100 minutes, with 50 minutes
between the satellites. As the Earth rotates below,
the two satellites see different things to form a
detailed, composite image.

Ascending Orbi

Descending Orbi =

Source: ESA _ . '
10/28/2020 Active Remote Sensing (P.Santitamnont)



Spectral bands for the Sentinel-2 sensors(®!

Sentinel-2A Sentinel-2B
Sentinel-2 bands
Central wavelength (nm) Bandwidth (nm) Central wavelength (nm) Bandwidth (nm) Spatial resolution (m)
Band 1 — Coastal aerosol 4427 21 442.2 21 60
Band 2 — Blue 492.4 66 4921 66 10
Band 3 — Green 559.8 36 559.0 36 10
Band 4 — Red 664.6 31 664.9 31 10
Band 5 — Vegetation red edge | 704.1 19 703.8 16 20
Band 6 — Vegetation red edge 740.5 15 739.1 15 20
Band 7 — Vegetation red edge | 782.8 20 779.7 20 20
Band 8 — NIR 832.8 106 832.9 106 10
Band 8A — Narrow NIR 864.7 21 864.0 22 20
Band 9 — Water vapour 945.1 20 943.2 21 60
Band 10 — SWIR — Cirrus 1373.5 31 1376.9 30 60
Band 11 — SWIR 1613.7 91 1610.4 94 20
Band 12 — SWIR 2202.4 175 2185.7 185 20
10/28/2020 Active Remote Sensing (P.Santitamnont) 13




Sentinel 2A/2B product types

| |

e Granules / Tiles: 100x100km2 ortho- | oo enecme
images in UTM/WGS84 —

TOA radiances in TOA Reflectances in

" sensor geometry (L1b) cartographic geometry (L1c)
Name High-level Description Production & Distribution Data Volume
Level-1C Top-of-atmosphere Systematic generation and on-line distribution 600 MB (each
reflectances in cartographic 100x100 km2)

geometry
Level-2A Bottom-of-atmosphere Systematic generation and on-line distribution and | 800 MB (each
reflectance in cartographic generation on user side (using Sentinel-2 Toolbox) | 100x100 km2)

geometry

10/28/2020 Active Remote Sensing (P.Santitamnont) 14
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msdszgnald multispectral image (passive)

* LuuinisldiszTaminauw ann color composites ( true color / false color

* F3l ANYATN TANN VDILHLAL

 Normalized Difference Vegetation Index (NDVI)
e -1.0 to+1.0

* Normalized Difference RedEdge Index (NDRE)

* Normalized Difference Water Index (NDW!I)
« <0.3 - Non-water >= (0.3 - Water.

Normalised Difference Snow Index (NDSI)

* Normalized Burn Ratio (NBR)



custom-scripts

A repository of custom scripts that can be used with Sentinel-Hub services.

* Remote sensing indices

* Disaster management and prevention algorithms
e Agriculture and forestry algorithms

e Agriculture and forestry algorithms

e Urban planning algorithms

* https://custom-scripts.sentinel-hub.com/#tsentinel-2

10/28/2020 Active Remote Sensing (P.Santitamnont) 17



Comparison of Landsat 7 and 8 bands with Sentinel-2

s

Atmospheric Transmission (%)

s QO
S

/-
=9
m—

Sentinel-2 Ms!

=g
=]

567
il
EE B

Landsat 8

1 }ou mes | I I

EN B o
\/\

2 |

1400 1900 2400 10000 11000 12000
Wavelength (nm)
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Level-2A Algorithm Overview

* Level-2A can also be generated by the User from the Level-1C product
using the Sentinel-2 Toolbox or the standalone version of the Sen2Cor
processor.

* Level 2A-processing is split into two parts:

» Scene Classification (SC) aims at providing a pixel classification map (cloud,
cloud shadows, vegetation, soils/deserts, water, snow, etc.)

* Atmospheric Correction (S2AC) aims at transforming TOA reflectance into BOA
reflectance.

* From the middle of March 2018, the Level-2A became an
operational product



Classification Mask Generation

 SENTINEL-2 Level-1C product at 60 m resolution

Label Classification
0 NO_ DATA
1 SATURATED _OR_DEFECTIVE
2 DARK_AREA_PIXELS
3 CLOUD_SHADOWS
4
5 NOT_VEGETATED
6 WATER
7
8 CLOUD_MEDIUM_PROBABILITY
9 CLOUD_HIGH_PROBABILITY
o [ e
10/28/2020 11 SNOW ont)
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Sentinel-2 satellite: (a) FCC 432 (bands 432 in
RGB); and (b) FCC 843 (bands 843 in RGB
respectively).

« 35°27T'0"E 35°28'0"E

35°27'0"E 35°28'0"E

36°44'0"N

36°43'0"N

22



Series of Water Resource Monitoring (NDW!I
ot ol

Search water bodies

Theewaterskloof Dam (South
Africa)

water body
2018-11-07
observation date

surface area

total observations

80
60
40
20
0
Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul

Surface area [%]

Aug Sep Oct Nov

Powered by Sentinel Hul
10/28/2020 . Phisan Santitamnont



(SWIR/NBR)

Fighting

5

Wild Fire, Hot Spot and Fire
... Causing 70% of PM2

<
o~

Dr. Phisan Santitamnont
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Wildfire Visualization via S2 ( SWIR and others)

< 95 EO Browser

3
=

Ar

SENTINEL HUB CUSTOMSCRIPTCONTESES
THE DEADLINE IS EXTENDED T0 JANUARY 31ST20201 - §

Dr. Phisan Santitamnont




Hotspot warlszind
( Hotspot in Thailand )

06:12 Thu 30 Jan

Total Hotspot Count

& o w ¢
Tununauine

& oy . a &
unuitihascuuina | luiuilinuasnssa | saa

In Protected Areas | In National Forest Reserves | In Agriculture Areas | Total

0 0 0 0
T
1 N
W¢ E
S
| - Meters
: 0 75,000150,000 300,000 450,000 600,000
B
s 4 » ‘ \"‘ L) ‘("
Auanual \W/ By
- Fusheying = A . l\
v Thy LAY
thanuwied

Monthly Hotspot Count for Year 2020
% FIRMS - Fire Map x 4

& firms.modaps.eosdis.nasa.gov

< O S

IDENTIFY BASEMAPS OVERLAYS MAXIMIZE

ull T 7 98% =l
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sentinelhub-js

Downloa d process sgtetlite imageryfin JgvaSgript usfng Sentinel Hub
~Sentinel HU

sentingl sentingl-2 sentinel-hub sentinel-1
@ Typescript gt ¥o Ks ®o N Updated 10 hours ago
eo-learn

Earth observation processing framework for machine learning in Python

machine-learning eo-data python-package ec-research
@®ryihon sk mMT Y14z dass D15 [17  Updated 2 days ago
eo-flow

Collection of TensorFlow 2.0 code for Earth Observation applications

@rython sk M ¥4 W12 ®o 110  Updated 2 days age

sentinel2-cloud-detector

Sentinel Hub Cloud Detector for Sentinel-2 images in Python

python-library classification sentinel-2 sentinel-hub cloud-detector

@®rython ok coeysa-a0 Y34 Wizo0 ®2 [Nlo  updated 6 days ago

se nting&%%—@g

Download and process satellite imagery in Python scripts using Sentinel Hub

|8

-shippets
m ¥1 %o ®o No

Updated 13 days ago

-tool

y tool that prepares your data for use in Sentinel Hub

el-hub

dvr ¥2 ko ®o No

Updated 15 days ago
A A h h

r-observatory-backend

iring water levels of lakes and reservoirs using satellite imagery

erMotebook &2 miT Y13 Ma3s @o V1 Updated on Nov 3, 2019

Ah ﬂu

ification-app-frontend

wcript & mim ¥o 1 @o 101 Updated on Nov 3, 2019

‘owser

rth Observation Browser is a search tool for Sentinel-1, -2, -3, Landsat 5, 7,
lis and Envisat satellite imagery

cipt B mim Yo ks @2 N2

Updated on Oct 29, 2019
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Sentmel Hub's cloud detector for Sentinel-2
H u'

W SN



https://medium.com/sentinel-hub/improving-cloud-detection-with-machine-learning-c09dc5d7cf13
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Ex.3 Optical RS using S2A/S2B via Clou
g B

< 95 EO Browser

x

(ofals]ofe]-

2752 O

Q Search :=Results  Visualization e
[Khao)

. SanlNalsail
X Pins
[EanlNamon]
Dafa sources:
W Sentinel-1
Sentinel-2
B LIC
L2A
Max_ cioud coverage: ¢ =g 1(
M Sentinel-3
B Sentinel-5P
B Landsat
B Envisat Meris
B MODIS
B ProbaV
W GIBS

Banlphalla|

Time range:

8 2020-01-04 {8 2020-02-04

B fiter by months

Theme: &

with confributions from the Furopean Space Agency

30

[+
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/‘/,/(//////

< @ EO Browser

Q Search :=Results ¢ Visualization

CompOSite i SENTINEL-2 L2A Qe =
. - b=

<A » 20200130

CHIANG MAI

* Band Composit

Custom
Create custom rendering

 Band Ratio | e

False color
Based on bands 8,4,3

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

4%, False color (urban)
S Based on bands 12,114

¥

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

PHITSANULOK

SWIR
Based on bands 12 8A 4

MAE SOT

T

NDWI
Based on combination of bands (B3 - BS)/(B3 + B38)

8‘;, NDSI

N Based on combination of bands (B3 - B11)/(B3 + B11)

IMAWIFAMYINE

Scene classification map
¥ Classificalion of Sentinei2 data as result of ESA's Scene classificaiton

przaurmsin NAKHON

v Y SAWAN

Powered by Sine

ise with contributions from the European Space Agency =
v2.20.9 b
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wnsizn Analysis Scheme wwznumsyszyna 1
0z 15

* True Color
* False Color
 NDVI

* NDWI

* SWIR



23 1A5 129 aaumsal Iih anmw SWIR/Sentinel?2

* Wilszanana WildFire uaz BurnScar lusau sinsian 2553 Tuivun “quiinda” anelunui
ANLNULINTIALNTN el unHns

* WBanlddaya HotSpot VIIRS whaumausiae

* uRaumaunnTaaasngy ani Wiasu nnwas waz Hanieaesln daaie

o amifulifae “custom script” s Sentinel EO Browser 40 goelduaauiulviiy drtuetingls
* Visualizing Wildfires and Burn Scars with the Sentinel Hub EO Browser V2

e https://pierre-markuse.net/2018/04/30/visualizing-wildfires-burn-scars-
sentinel-hub-eo-browser/
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https://pierre-markuse.net/2018/04/30/visualizing-wildfires-burn-scars-sentinel-hub-eo-browser/

Ex.4 LandUse Mapping using Machine
Learning (RF)

TRAINING KIT - LANDO1

CROP MAPPING WITH SENTINEL-2
JULY 2017, SPAIN

Active Remote Sensing (P.Santitamnont

10/28/2020
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RF flexibility ...

Accuracy (%)

Land cover Accuracy (%) Accuracy (%)
classes SAR+NDVI+NWDI | SAR + S2rep + SAR + Optical
IRECI

Summer crops 84 74 75
No vegetation 95 92 08
Forest/ 81 85 84
undergrowth
Water 100 100 100
Grassland 83 87 73
Moors / Lawns 61 66 71
Winter crops 77 71 61
Sand dunes - - -
Kappa index 0.91 0.89 0.91

10/28/2020 Active Remote Sensing (P.Santitz

Classification pixel by pixel

o e

Radar images
Sentinel-1

Optical images
Sentinel-2, SPOT-6

ke E bl e
mlMed /
|

Choice and calculation of indices

of vegetation (NDVI, NDWI,
S2rep, IRECI) / Sentinel-2

\/

Time series stacking Radar / Optical
Choice of the best combination

Setup Random Forest
Random Forest Classification
Cross Validation

Choice of the best temporal



Random Forest Classification

e Raster -> Classification -> Supervised Classification -> Random Forest
Classifier

 Random Forest algorithm is a machine learningtechnique

e opposition to parametric classifiers (e.g. Maximum Likelihood),
* Learning the relationship between the training and the

* response dataset.

* The Random Forest classifier is an aggregated model, which means it
uses the output from different models (trees) to calculate the
response variable.



Increasing accuracy ... more machine learning
(group work .... )

¢ 2017 06 11>
S2A_MSIL2A_20170611T110621_N0205 R137 T30STG 20170611T111012
2017 06 21>
S2A_MSIL2A_20170621T110651_N0205 R137 T30STG_20170621T111222
2017 07 01>
S2A_MSIL2A_20170701T111051_N0205 R137 T30STG_20170701T111746
2017 07 11>
S2A_MSIL2A_20170711T110651_N0205 R137 T30STG_20170711T111223
2017 07 21>
S2A_MSIL2A_20170721T110621_N0205 R137 T30STG_20170721T112025
2017 07 31>
S2A_MSIL2A_20170731T110651 _N0205 R137 T30STG_20170731T111220



msilszurana Processing Scheme




A A
Lﬂﬁ’ﬁ]ﬂll@l]ﬁgllgﬂwﬁ

* Online Suite: Sentinel Hub/Synergize , Google Earth Engine (GEE)
* Interactive ESA SNAP ver. 8.0, ENVI

* Script off-line
e GDAL utility, Python, rasterio
* SNAP GPF ( Graph Processing FrameWork)

* Python os.command(.....

* Python APl : python/snappy



MIST Ex.5 Script for Cloud RS Application

 Sentinelsat Python package allows users to make OGC (WMS and
WCS) web requests to download and process satellite images within
your Python scripts. It supports Sentinel-2 L1C and L2A, Sentinel-1,
Landsat 8, MODIS and DEM data source.

* py -3 -m pip install pandas
* py -3 -m pip install geopandas

* py -3 -m pip install sentinelsat



Well-known Text : WKT

e originally defined by the Open Geospatial Consortium (OGC), ISO/IEC
13249-3:2016

* https://arthur-e.github.io/Wicket/sandbox-gmaps3.html

10/28/2020

Geometry primitives (2D)
Type Examples

Point POINT (30 10)

o

LineString =<ﬂ LINESTRING (3@ 10, 10 30, 40 49)

:U POLYGON ((30 108, 40 40, 20 40, 10 20, 30 10))

Polygon ;
POLYGON ((35 10, 45 45, 15 40, 10 20, 35 10),

(20 30, 35 35, 30 20, 20 30))

Active Remote Sensing (P.Santitamnont)
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https://arthur-e.github.io/Wicket/sandbox-gmaps3.html

Example 1

e user = 'user' ## change this!
e password = 'password' ## change this!

 api = SentinelAPI (user, password,
'https://scihub.copernicus.eu/dhus')

 footprint = “POINT(100 14)”
e print (footprint)



 products = api.query(footprint,

. date = ('20190225', '20190227'),
. platformname = 'Sentinel-2’,
. processinglevel = 'Level-2A,
. cloudcoverpercentage = (0, 20))

e areas = api.to_geodataframe(products)
e areas.plot(column="uuid', cmap=None)



Download Data

from sentinelsat import SentinelAPI, read_geojson, geojson_to_wkt

apli = SentinelAPI('user', 'password')
footprint = geojson_to_wkt (read_geojson('/path/to/search_polygon.geojson'))
products = api.query(footprint,
producttype='SLC"',
orbitdirection="ASCENDING")
apl.download_all (products)
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OpenSearch

>>> api.query(date=NOW-8HOURS', 'NOW producttype="SLC")
OrderedDict ([ ('04" /—cbldardl87 3-7ad4dl48adfle’,
{'acquisitioptypeV: 'NOMINAL',
'beginposition': datetime.datetime (2017, 4, 25, 15, 56, 12, 814000),
'endposition': datetime.datetime (2017, 4, 25, 15, 56, 39, 758000),
'"filename': 'S1A_IW_SILC__ _1SDV_20170425T155612_20170425T155639_016302_

—~01AF9]1_46FF.SAFE',

"~ C . i L] B 7= o T F /T £ & T A L e T e T B Eal A M HE S AM L T ™ A MMM ™ L e Bl o T s N e

N
, L]
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S1A S1B Naming Convention

Product Type:

"SLCY, "GRD", "CCN'

Musionidentdher:
"FUrull

"H" High
"M Medum

p

Resolution Class:

Polarsation:
"SH" Single Hi

DCS.-".'I E'ing‘e lvl\'l

"DH" Duas! HH+HVY

"DV Dual vV Vi

Absolut Orbit
Number

Mode/Beam: Product Class:
"s" Standard
“A" Annotation

"S1/52/53/54/55/50"

l 'n‘J'," EW ;" WV’

Processing Level:

v‘]n ' '.l"

LU/ £LO/ £ULU

ALLIVE RETTIULE JElIdINg \(F.odiiuudiniulriy)

Stop Date/ Time
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S2A S2B Naming Convention

10/28/2020

Fle Class:
Mission ide - _‘ : E . -
OPER", "TEST,
"USER"

Fie Catogory!

™SI

Site Centre:

"MTI * Matera CGS,
SGS T Svelbard CGS,
MPS " Mas Palomas CGS,

“ Madrid PAL,
"MPC_", MPC/CC centre,
"UPA " UK PAL
“EDRS", EDRS Exploitation
Segment,

Local Ground Stations

Detector 1D
“Oxx”
"o "D12°

"Toooo™
Tile rumber accor ﬁ.,‘.g 0o
the US-MGRS namir 8

convention

Semantic Descriptos:
YYY Z7 whare YYY="10 *
Level-0,

"LIA® Level 1A,

"LI15" Lewel- 18,

"GR" Granule,

*OS" Datastrip,

“TL® The,

TC" True Colowr Image,
"CO" Consolidated

Validity Start Time

SYYYYMMODOTHHMM where x,y*"0" to 797,
5

: identifies the current
Ab<olute Orbit processing baseline
Number: A where

FHHFE » *000001 "0
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A product’s availability can be checked with a regular OData query by evaluating the On11ine property value.

product_info = api.get_product_odata (<product_id>)

if product_info['Online']:

print ('Product {} is online. Starting download.'.format (<product_id>))
api.download (<product_id>)

else:
print ('Product {} 1is not online.'.format (<product_id>))

When trying to download an offline product with download () it will trigger its retrieval from the LTA.

Given a list of offline and online products, download al1 () will download online products, while concurrently
triggering the retrieval of offline products from the LTA. Offline products that become online while downloading will
be added to the download queue. download all () terminates when the download queue is empty, even if not all
products were retrieved from the LTA. We suggest repeatedly calling download all () to download all products,
either manually or using a third-party library, e.g. tenacity.

from sentinelsat import SentinelAPI
import tenacity

api = SentinelAPI ('user', 'password')
@tenacity.retry(stop=tenacity.stop_after_attempt (3), wait=tenacity.wait_fixed(3600))
def download_all (*args, =**kwargs):

return api.download_all (xargs, =*+*kwargs)

downloaded, triggered, failed = download_all (<product_ids>)




9)

A A A a0 ))
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10/28/2020 Active Remote Sensing (P.Santitamnont) 49



YOUAMUATU

10/28/2020

Active Remote Sensing (P.Santitamnont)

50



