HYT reonHpopmaTmku
http://geolab.gis.land/

JlaHHbIe ANCTaHLMNOHHOIO 30HANPOBaHNA 3eMnn
N NTHPOPMALMOHHDbIE TeXHONOIMN:
npuiMeHeHNne B 3KOHOMMKe

Ramon Antonio Rodriges Zalipynis
rodriges@gis.land

Higher School of Economics, Moscow, www.cs.hse.ru



http://geolab.gis.land/
mailto:rodriges@gis.land

[eo[laHHbIe: aKTYaNbHOCTb

bonbuive gaHHbIE

« ECMWEF data warehouse: 137.5 mnH. damnos, ~52,7 INb (2015)

* DigitalGlobe, nposangep cnyTtH. aaHHbIX: ~80 Th/peHb (2017)

* Planet: «cendpun 3emnu Kaxgbin AeHb», ~200 cnyTHUKOB (2018) g

Kommepueckasa LLIeHHOCTb

* Apple ob6basuna cpasy 70 BaAKaHCUIM «reo-CneumanmcTtoBy:
https://www.cnbc.com/2017/08/02/apple-has-over-70-map-tech-job-openings.html

e Uber 3anyctnna cBoto cuctemy BM3yann3saumm reogaHHbIX
https://eng.uber.com/keplergl/ 29 Maa 2018 r.
e (Carto Havyana coTpygHuyaTb ¢ MasterCard

https://carto.com/blog/carto-mastercard-partnering-location-intelligence-solution/ 22 Mas 2018 r.

lNpakTunyeckKkas nosnb3a
Ay Rigs
%{f p ﬂ' \/‘;;‘;‘

i"v % é{\

TEPPUTOPWUA/IbHOE KOHTPO/Ib KOHTPO/Ib OLIEHKA ’ | KOHTPO/Ib
MNAHUPOBAHUE JEMHEI’IOHbBOBAHMﬂ TEXHOMEHHbIX ABAPUU MABOAKOBbIX CUTYALIMMA NECHOr0 X03AMCTBA

™



https://www.cnbc.com/2017/08/02/apple-has-over-70-map-tech-job-openings.html
https://eng.uber.com/keplergl/
https://carto.com/blog/carto-mastercard-partnering-location-intelligence-solution/

MpuHUMN meHeaXMeHTa

You can’t manage what you can’t measure



(NOAA)

Landsat 8
(USGS) -




Spectrum

A

Energy increases

Short wavelength

| Long wavelengthl

— : u
10 nm 103 nm 1nm 10°nm 10% nm Tm 10°m
1 | | 1 | | |
Gamma rays X rays Ultraviolet Infrared Microwaves Radio waves
T T T T T T T T T T T
10%*Hz  102Hz  10%°Hz 108 Hz 10'%Hz 10'2Hz 10'9Hz 108 Hz 10°Hz 10%Hz 10%Hz
High frequency Low frequency

Visible light

7 X 10" Hz 4 X 10" Hz



Spectrum

Penetrates Earth's
b N Y \
Atmosphere? ¥ | Y |
Radiation Type Radio Microwave Infrared Visible Ultraviolet  X-ray Gamma ray
Wavelength (m) 1072 107 0.5x107° 10°® 107 107

Approximate Scale
of Wavelength

T§ P WX

Buildings Humans Butterflies Needle Point Protozoans Molecules  Atoms  Atomic Nuclei

10* 108 10* 10" 10'° 10' 10%

Temperature of
objects at which
this radiation is the
most intense
wavelength emitted

1K 100 K 10,000 K 10,000,000 K
=272 °C -173 °C 9,727 °C ~10,000,000 °C



https://elementy.ru/posters/spectrum
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o GnaroaBpR 3peHD, TO ECTh YIBBAMBaR InEKTPO-
MBIVHTHOR HATYNEHHE B YIKOM ZMBNBIONE BN
MOTD CBETa. TO WE CAMDE MOMHO CHA38TS W 0 8CT-
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CneKkTtpanbHaa noanuchb BeLlecTsa
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OTtpa)keHue nsnyvyeHma ConHuya
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KaHanbl 1 OKHa npo3pavyHOCTU aTMmocdepbl

Comparison of Landsat 7 and 8 bands with Sentinel-2
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KaHanbi Landsat 8

Wavelength Resolution
Bands )
(micrometers) (meters)
Band 1 - Ultra Blue (coastal/aerosol) 0.435-0.451 30
Band 2 - Blue 0.452 - 0.512 30
Band 3 - Green 0.533-0.590 30
Band 4 - Red 0.636 -0.673 30
Band 5 - Near Infrared (NIR) 0.851-0.879 30
Band 6 - Shortwave Infrared (SWIR) 1 1.566 - 1.651 30
Band 7 - Shortwave Infrared (SWIR) 2 2.107 - 2.294 30
Band 8 - Panchromatic 0.503-0.676 15
Band 9 - Cirrus 1.363 - 1.384 30
Band 10 - Thermal Infrared (TIRS) 1 10.60-11.19 100 * (30)

Band 11 - Thermal Infrared (TIRS) 2 11.50-12.51 100 * (30)



Landsat 8







Landsat 8

and not in the drawing)

Star Trackers (2x)
(These are under the deck

Reaction Wheels (6x)

OLI

(3 sets of 2)

Solar Array
(cell side)

Propulsion Module

with 8 Thrusters

S
ntenna (4x)

-band

TIRS
A

X-band
Antenna (2x)




OLI Instrument Overview

X
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Direction) Optical Bench
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Y. Subassembly
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Direction)
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Kinematic Mounts
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Instrument Focal Plane
Support Electronics (FPE)

Secondary Mirror

Electronics (ISE) A bl
ssembly



Pecypc-Il

AHTEHHA KOMAaHOHO-

AHTeHHa SopToEOro O0beauHeHHan i
CHHXPOHU3UPYIOLIEro KOOPAMHATHO-  ABWraTenbHas ycTaHoeka — WSMEPUTENLHOM CUCTEMBI
BPEMEeHHOTC YCTPOWCTEA

ArperatHem oTCeK

Ll NpuSopHEIA OTCEK

OTcek ueneeow annaparypkl

runepcnekTpankHan annaparypa

AHTEHHOE YCTPOMCTED

CHNoEOoH rMPOCKONUYeCcKui 2 ELICOKOCKOPOCTHOM
KOMNNEeKC : 2 paauonMHUK

ONTUKO-3NEKTPOHHAR — g
KOMNNeKkc WwhpoKo3axeaTHOM

annapatypa .

MYNETHCNEKTPAnEHOW

Bnok cnpeaeneHus annaparype!
KOOpAWHAT 2B€37 -
HPaKpacHEI NoCTpoUTENE
MEeCTHOW BepTUKanu

WamepuTens yrnoeon CKOpPoCTH

BOMNOKOHHO-ONTUYECKMUIA C
aKcenepoMeTpamMu

AHTEHHa KOMaHAHO-
U3MEPUTENEHOW CUCTEMEI
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hyperspectral sensor

Swath width of
imaging sensor

Each pixel contains

a sampled spectrum
that is used to identify
the materials presentin
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reflectance
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Big Data: Satellite Imagery

Landsat Program is the longest continuous space-based record
of Earth's land in existence running from 1972 onwards.
https://landsat.usgs.gov/

Landsat Missions: Imaging the Earth Since 1972 To date:
>6.8%X10M
scenes
mostly in
GeoTlFF
format

B Landsat 1 July 1972 - January 1978
B Landsat 2 January 1975 - July 1983 One sceneis
I Landsat 3 March 1978 - September 1983 z1 GB

I Landsat 4 July 1982 - December 1993
D Landsat5 March 1984 — January 2013
Landsat6 October 1993
Landsat 7 April 1999 -

Landsat 8 February 2013 -
Landsat9 2020

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030


https://landsat.usgs.gov/

Landsat @ Amazon & Google

Satellite sector is data-rich, practically important and

commercially attractive.
https://aws.amazon.com/earth

P o emnonans - ol G
= C | & Hagexwnuiii | https://aws.amazon.com/earth/?nc1=h_| o7 gl B[ (4 )

Products v Solutions Pricing Software Support More ~

Datasets Use Cases Call for Proposals Marketplace

Landsat on AWS

Landsat 8 data is available for anyone to use via Amazon S3. All Lgndsat 8 ' g~ ;,_ : _ » tolle
scenes from 2015 are available along with a selection ofyeléud-free scenes #, '

’
y

from 2013 and 2014. All new Landsat 8 scenes are made: é\)éilable each _ ‘
day, often within hours of production. The satellite i lmagw entire Earth / . N A 3 * 1
every 16 days at a roughly 30 meter resolution. &{ ;

Image from Landsat 8 satellite, courtesy of the U.S. Geological Survey

NEXRAD on AWS

The Next Generation Weather Radar (NEXRAD) is a network of 160 high-
resolution Doppler radar sites that detects precipitation and atmospheric

https://aws.amazon.com/pricing/Znc2=h_gl_ny_livestream_blu ‘ movement and disseminates data in approximately five minute intervals -


https://aws.amazon.com/earth

Copernicus

European program

https://scihub.copernicus.eu/

<« c @ ® & 9 opernicug Open Access Hub e & ¢ ¥ | Q copernicus sentinel data m = -]

Sesa

Welcome to the Copernicus Open Access Hub Reports & Stats

Data updated hourly

The Copernicus Open Access Hub [previously known as Sentinels Scientific Data Hub) provides complete, free and open access to
Sentinel-1, Sentinel-2, Sentinel-3 and Sentinel-5P user products, starting from the In-Orbit Commissioning Review (IOCR). ﬁ
38,303

Sentinel Data are also available via the Copernicus Data and Information Access Services (DIAS) through several platforms .

prod. published in the last 24h

@ Please visit our User Guide for getting started with the Data Hub Interface. Discover how to use the APIs and s

create scripts for ic search and d d of Sentinels' data.

Latest update: see the section on Long Term Archive for the upgrade of the interfaces for access to offline data.

& 125,849

downloads in the last 24h

For further details or requests of support please send an e-mail to eosupport@copernicus.esa.int

~ APT Hub ~

+ S-5P PreOps]

(&) o = B
Open Hub API Hub S-3 Pre-Ops S-5P Pre-Ops GNSS Hub

DHUS Open Source Portal

Search the news. Q X all the news @

opernicus  ( icus Portal
Copemicus Sentinel-3B data unavailability on 11 May 2019 13 May 2019 C o SpEmIcHs oML

Due to an issue occurred at Ground Segment level on 11 May 2018, the following Near Real Time Copernicus Sentinel-3B data
have been missed:

@Sa Sentinel Online

& l»:opemncu]s Sentinel-2B MSL deﬂ.m.tammauon on 20 and 21 May 2919 - o 10 NFay. 2}_)19 Q 51 Quality Control


https://scihub.copernicus.eu/

Earth Explorer
US portal

https://earthexplorer.usgs.gov/

EE EarthExplorer Unavailable X

&« (& ‘Q @& https://earthexplorer.usgs.gov 90% e ﬂ’ i copernicus sentinel data > ‘ D H °

USGS Home

Z y! g 3 =5 . g X ! Contact USGS
: . Search USGS

science for a changing world 4 - i - i
EarthExplorer Unavailable - System Error

EarthExplorer has encountered an unexpected error. Please try again later.

If you continue to have problems, please contact Customer Services at 605-504-6151 or custserv@usgs.gov with any questions.


https://earthexplorer.usgs.gov/

UrtheCast

Live video streaming from International Space Station
A platform for imagery processing

geojson.io x Demos | goworldwind.org |I§ Urthecast - See the planet. ... X
6 @ https;//www.urthecast.com € || Q arctic satellite image

T » = = IR 1 3 3 -
K“h‘ \ ~ ~OT LA ‘.,M‘ Al S ~ - - e 5

o

Gallery Developers

e S ARSRER

Ourevolvmg planet, captured from th ISEF G

Learn more WV

i 3
l-""‘"‘x" oy
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EigenRisk

:2 Hurricane swaths, flood footprints, assets
EigenRisk Spatial operations
Visualization

Exposure Ana|ytics Demo S Porttolio (10M) 4

i Al L Mll‘i’uuﬂl = " ' ""..'r‘ ’ ' »
! 2 5:" O \:l Hx X ¥V @ 0 E Q O \9 22 3 FAssels TV ($) Exposed Limit ($)
aie > R T “"'” £ # *’“"3 “'”‘ ‘15. 6,076 749 2M 225 4M
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Sputnix, Dauria — Skolkovo residents

Native satellite manufacturers — ) CNYTHUKC

ensure Russian national interests

~ - IKONOS :
* L NDVI ! " Y e o
= [ n._J Precision
I RE AT :
i agriculture
T
"' LJ Red = 210 kg/ha N
, : r.£~ i Yellow = 180 kg/ha N
! : l‘:‘: ‘.‘. Green = 130 kg/ha N
14 S Hi
| L b -
T
by } r’;"r
.. T
e A A AN~ [
Yo ‘t“:t?'-"’*--j»ff‘- % 15 uions 2007 (T i

Blooming in KaxoBckom
BOAOXPaHUAMLLE

O.K. Mosrosoit n O.B. Kpasey, «Mcnonb3osaHue gaHHbix MODIS ana
3KOJIOTMYECKOTO0 MOHUTOPUHIA M KOHTPOAA Ype3Bbl4alHbIX CUTYaLLUN»



UAV Unmanned Aerlal Vehicles

FTEOMHO®OPMALIMOHHBIE CUCTEMbI U KOC

SOVZOND

«» COB30H/

NPOAYKTbI ~ YC/IYITU ~ OTPACJIEBBIE P

UASMaster

[MporpamMmHoe obecneyeHne 419 06paboTkn AaHHBIX C
BIT/1A 2na By30B 6ecrnnatHo!

B8 9 [oapobHee o mpoekTe

http://www.youtube.com/watch?v=4E
rEBkj 3PY



http://www.youtube.com/watch?v=4ErEBkj_3PY

26

Consumer: VVEasfas.

Data: wind speed and direction reanalysis and forecasts — raster data
Optimize wind farms locations and operation

For calendar year 2014, the electricity produced from wind power in the United
States amounted to 181.79 terawatt-hours, or 4.44% of all generated electrical

energy. https://en.wikipedia.org/wiki/Wind power in the United States



https://en.wikipedia.org/wiki/Wind_power
https://en.wikipedia.org/wiki/Terawatt-hour
https://en.wikipedia.org/wiki/Wind_power_in_the_United_States
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Wind speed data

Energy sector, hazard monitoring, etc.

https://earth.nullschool.net



https://earth.nullschool.net/
http://wikience.org/

Thermal power stations

Optimize load depending on climate/weather forecast
-> reduce penalties

TN

Air temperature is
one of the crucial
factors upon
which the station
load depends

28
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Railroads o

Qingyun (Jeffrey) Xie,
High Performance Raster Database Manipulation and Data
Processing with Oracle Spatial and Graph

Oracle Spatial & Graph SIG

Use Case 2: Railroad Image Management (cont.)

* Source Datasets:

— 4586 images in total. 160 ~ 400MB
each, average about 300MB

— 1.382 TB in total — uncompressed

— The images are in geodetic space,
very high resolution airborne
photos averaging 2.5-3 cm

— Most of the images have slightly
different resolutions and have very
different rotations

— Neighboring images overlap each in
drastically different ways. Some

places have up to 8 overlapping
images

(Data Courtesy of Canadian National Railway Company)
ORACLE s A A
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More examples

\AZ ‘%

R EMD International A/S A A
PRUERTHECK WOOLPERT WILBUR-ELLIS

Ideas to Grow With
I
| [ | <! | &

ARCHITECTURE ENGINEERING GEOSPATIAL
Combining science and artin a As the backbone of our company, With the ability to explore above,
controlled yet creative manner, engineering touches every service on and below the earth’s surface,
our architectural designs serve we offer and every market we we excel in providing cutting-
both practical and aesthetic serve. We pride ourselves on edge geospatial services to both
purposes. We know how to elevate fielding a team of the very best lead and support complex,
design. engineers capable of conquering multidisciplinary projects across

complex technical challenges. the firm.

Bringing Growth, Ingenuity and
Experience to Market.

Founded in 1921, Wilbur-Ellis is a leading international marketer and distributor of

agricultural products, animal feed and specialty chemicals and ingredients. By developing
strong relationships, making strategic market investments and capitalizing on new
opportunities, Wilbur-Ellis has continued to grow its business with sales over 33 billion.



Tentative course work topics: machine learning
https://habrahabr.ru/company/avito/blog/325632

https://habrahabr.ru/company/ods/blog/325096

BTopoe noyeTtHoe. 3aMeTKMN Y4aCTHUKA KOHKypca Dstl

Kaggle: bputan . :
g8 P Satellite Imagery Feature Detection
BBH" " TpeTbe MO@paGOTKa u3obpaxeHui, MawuHHoe obyyeHne, AHaANKU3 M NPOEKTMPOBaHUE CUCTEM, ANFOPUTMbL, Bror Komnasuu Avito

O6paboTka u3obpaKeHun, MalnHHOE



https://habrahabr.ru/company/avito/blog/325632/
https://habrahabr.ru/company/ods/blog/325096/

BereranuoHHble HHAeKCbI: NDV I
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B KpacHoM obnactu cnekTpa (0,6-0,7 MKM) neXXUT MaKCUMYM NOINOLWEHUA
CO/NTHEYHOM paguaumm Xx10poPUNIOM BbICLLUMX COCYAUCTbIX PACTEHUN, a B
uHdpakpacHon obnactu (0,7-1,0 mKm) Haxoautca 061acTb MakCMMaZIbHOIO
OTPaXXEHUA KNETOUYHbIX CTPYKTYpP /INCTA.



NDVI

MK — ARS

MW =
MR+ KAL)



NDVI

(050-008) (0.4 - 0.30)

= =014
(0.50 + 0.08) (0.4 + 0.30)




Tun obbeKTa

lycran
pPacTUTeNbHOCTb

Pa3spAa)eHHaA
pPacTUTeNbHOCTb

OTKpbITaa noysa
Obnaka

CHer v nep,

Bopa

UCKyccTBeHHbIe
MmaTepuanbl
(6etoH, achanbt)

NDVI

OTtpakeHue B
KpacHou
obnactu cnektpa

0.1

0.1

0.25
0.25
0.375
0.02

0.3

OTtpakeHue B
UHPpaKpacHon
obnactu cnekrtpa

0.5

0.3

0.3

0.25
0.35
0.01

0.1

3HaueHue NDVI

0.7

0.5

0.025

-0.05
-0.25



Knaccndukauma nosepxHOCTU

IMPERVIOUS SURFACE DETECTION
FROM SATELLITE IMAGERY
WITH KNOWLEDGE-BASED SYSTEMS AND GIS

Lourdes V. Abellera® and Michael K. Stenstrom”

ABSTRACT

Imperviousness is a crifical mput parameter in stormwater modeling because it 1s directly
proportional to runoff rates and volumes. Impervious surfaces are commonly obtained by
means of aerial photographs, field surveys, and other analogue maps. But these methods are
long and difficult. A more efficient alternative is to process satellite imagery. We propose the
use of knowledge-based systems and GIS 1n delineating impervious surfaces from raw and
normalized difference vegetation index (NDVT) images. We observe that with the refinement
of rules in the knowledge base and with the incorporation of ancillary data, the computed
overall imperviousness can approximate the value calculated from public records. Overall
classification accuracy 1s also acceptable, the highest computed being 89.1%. We also
compare our knowledge-based classifications with the maximum likelihood techmque. We
find that our results are generally more satisfactory. We conclude that classification with the
addition of ancillary data usmg knowledge-based systems and GIS 13 better than
classification based on spectral information alone.



Knaccndukauma nosepxHOCTU

B Water

~ " Impervious Surface
B Soil

B Vegetation

~ Beach

N




TouHoe 3emnepenune/precision agriculture

L

£ AgJunction

Simply connected.




GreenSeeker™ Variable Applicator:
Equipment and Applications

* How the GreenSeeker™
works

« NDVI

» GreenSeeker™ RT200
& RT500

« Corn and other
applications




O6HapyeHue nsmeHeHuit/change detection

0 025 05
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Google Earth Engine

https://earthengine.qoogle.com/
https://earthengine.google.com/case studies/

TepPack @® TP | Java Co TepPack Uses of (

<« (& Q ® © & https://earthe gine.google.com bl ﬁ & google earth engine -> (cn] B ° =

Google Earth Eﬂgine Datasets FAQ Timelapse Case Studies Platform Blog Sign Up

A planetary-scale platform for Earth
science data & analysis

Powered by Google's cloud infrastructure

P Watch Video

Meet Earth Engine

Google Earth Engine combines a multi-petabyte catalog of satellite imagery and geospatial datasets with planetary-scale analysis capabilities and
makes it available for scientists, researchers, and developers to detect changes, map trends, and quantify differences on the Earth's surface.

~ WS O—{_H SN v



https://earthengine.google.com/case_studies/
https://earthengine.google.com/case_studies/

Google Earth Engine: Datasets
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ObnavyHasa TexHo/10rnA AN BbICOKONPOU3BOAUTEIbHOM 06paboTKM neTabanT AaHHbIX CUEH
KOCMUYecKmnx annapatos [133.

linu

TcpPack

> C @

@ ¢ Java Co TepPack Uses of
®0 & https://developers.google.com/earth-engine/datasets/ E 110% ooe Q i C? google earth engine -
Earth Engine Data Catalog Q  Mowce LANGUAGE ~  BCEMPOAYKTbl ﬁ
VIEW ALL DATASETS BROWSE BY TAGS LANDSAT MODIS SENTINEL APIDOCS OTMPABUTb OT3bIB
3.
EXPLORE LANDSAT EXPLORE SENTINEL

MODIS High-Resolution Imagery

The Moderate Resolution Imaging Spectroradiometer (MODIS) sensors on NASA's Terra and High-resolution imagery captures the finer details of landscapes and urban environments.
Aqua satellites have been acquiring images of the Earth daily since 1999, including daily The US National Agriculture Imagery Program (NAIP) offers aerial image data of the US at
imagery, 16-day BRDF-adjusted surface reflectance, and derived products such as vegetation one-meter resolution, including nearly complete coverage every several years since 2003.

indices and snow cover.

EXPLORE MODIS EXPLORE HIGH-RESOLUTION DATA

Y gy ] PR e |



search for data

AP| documentation

script manager

asset manager

geometry tools

Zzoom

Google Earth Engine: Console

run script

save script ——

get link to script
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console output

imports
l task manager
1 - @ help button
| e O e
e - * o
- aConiotmn = inspect locations, pixel
apas ) values, and objects
e 8 o T 2wt added to the map
wrowe 5 O N ettt
ot
e A : I layer manager



Google Earth Engine: Code (JS, Python)

developers.google.com/earth-engine/image visualization

// Load an image.
var image = ee.Image( ' LANDSAT/LCO8/CB1/T1_TOA/LCO8_B0440834_201408318");

f/ Define the wvisualization parameters.
var vizParams {

bands: ['B5", 'B4', 'B3'],

min: 8,

max: 8.5,

gamma: [8.95, 1.1, 1]
}:

// Center the map and display the image.
Map.setCenter(-122.1899, 37.581@, 18); // San Francisco Bay
Map.addLayer(image, vizParams, 'false color composite');



https://developers.google.com/earth-engine/image_visualization
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Open Data Cube

Former “Australian Data Cube”

https://www.opendatacube.org/overview

ODC ECOSYSTEM
GEOSPATIAL DATA MANAGEMENT & ANALYSIS SOFTWARE

(L —L
| §J
]
ODC CORE ODC ALGORITHMS ODC APPS

—
SATELLITE DATA FLEXIBLE DEPLOYMENT INFORMED DECISIONS
Examples: Depending on vour application, the Open Data Cube Examples:

» [andsat can be deployed on HPC, Cloud, and local installations. » Deforestation

» Sentinel Tvpical installations run on Linux, MacQ5, and Windows. o Water Quality

» MODIS s [llegal Mining


https://www.opendatacube.org/overview

Open

Science
Application

WOFS
(modified)

Custom Mosaic

Fractional
Cover

pyccD

NDVI Anomaly
SLIP
Coastal Change

T5M

SWAMPYy

k-Means

] T T

Data Cube

Purpose

Water detection based on Australian WOFS algorithm.

Modified version for CDC; Tutorial:
https://www.youtube.com/watch?v=Z5BYQ9vjQ70

Cloud-free mosaic based on median, recent pixel;
Tutorial: https://www.youtube.com
fwatch?v=aw3de5098Ig

Land cover (bare soil, PV, NPV) fraction based on Juan

Gerschman algorithm
Land change detection based on Boston Univ. and

USGS PyCCD algorithm

Change in NDVI

Landslide risk detection based on Dalia Kirschbaum
algorithm

Change in coastline position based on Australian
WOFS

Total Suspended Matter (water quality)

Water Quality

Pixel clusterning function to support classification

ODC Algorithm Registry

https://www.opendatacube.org/data-cube-applications 49

Search

Contribution Link to iPython Notebook or Python code

GA, CEOS

CEOS

CSIRO, CEOS

USG5, CEOS

CEOS

CEOS5,NASA
GSFC

CEOS, GA

CSIRO, CEOS

CSIRO, GA

CEOS

(GitHub)

https://github.com/ceos-seo/data_cube_notebooks
OR https://github.com/ceos-seo/data_cube_ui/
tree/master/apps/water_detection

https://github.com/ceos-seo/data_cube_ui/
tree/master/apps/custom_mosaic_tool

https://github.com/ceos-seo/data_cube_notebooks
OR https://github.com/ceos-seo/data_cube_ui/
tree/master/apps/fractional_cover

https://github.com/ceos-seo/data_cube_notebooks

https://github.com/ceos-seo/data_cube_notebooks
OR https://github.com/ceos-seo/data_cube_ui/
tree/master/apps/ndvi_anomaly

https://github.com/ceos-seo/data_cube_notebooks
OR https://github.com/ceos-seo/data_cube_ui/
tree/master/apps/slip

https://github.com/ceos-seo/data_cube_notebooks
OR https://github.com/ceos-seo/data_cube_ui/
tree/master/apps/coastal_change

https://github.com/ceos-seo/data_cube_ui/
tree/master/apps/tsm

https://github.com/ceos-seo/data_cube_utilities

) N N I T R [ (DU [ T


https://www.opendatacube.org/data-cube-applications

Spark-based system
Scala, very complex

https://geotrellis.io/

Java Coc

Uses of

GeoTrellis

@ oper

(&) Best € Cho
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® wp!
<« Cc @

8 PIKEGS 202

Malvern

OResy

Wi

CRegy

GeoTrellis

@ TepF
®0 &

finu TepPack

Ctraffard

Weighted
overlay

Try adjusting the weights below to find
your ideal location. If you want to avoid
rail stops, give them a negative weight. If
you prefer bars, give them a positive
weight

Bars
Grocery Stores

Rail Stops

geotrellis.io

R

TepPack

SRR

geotrellis

Overview Documentation Source
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hlgh performance applications.

1/0

GeoTrellis provides data types for
working with rasters in the Scala

language, as well as fast reading and

writing of these data types to disk.

Operations

GeoTrellis provides a number of

operations to manipulate raster data,

including cropping/warping, Map
Algebra operations, and rendering

s is a geographic data processing engine for

Web Service Utilities

GeoTrellis includes a set of utilities to
help developers create useful, high
performing web services that load and
manipulate raster data.


https://geotrellis.io/

rasdaman

raster data manager

51
Open source.

Open standards.
Flexible and scalable.
Cost saving.

Fast.




RasDaMan

Array DBMS

http://www.rasdaman.org/

rasql -q
"select encode((Sb4-Sb5)/(Sb4+Sbb5), \"gtiff\") from Sb4,Sb5"

--out file
—-outfile SresArr

- one of the oldest array DBMSs

- declarative queries
- community and commercial version


http://www.rasdaman.org/
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SciDB

The only freely available distributed array DBMS to date

 Array DBMS Michael Stonebraker
* First release circa 2008
* Latest release this year (2019)

https://www.paradigm4.com/

iquery -n --query University of California, Berkeley,

"SELECT float((nir.bandl - vis.band1))/ University of Michigan,
float((nir.band1 + vis.band1 + 1)) Massachusetts Institute of Technology

INTO SresArr

IEEE Joh N Medal (2005
FROM S$NIR as nir, $VIS as vis;" ohn von Neumann Medal (2005)

ACM Turing Award (2014)

PostgreSQL, Vertica, Streambase,

lllustra, VoItDB,‘ ‘

https://db-engines.com/en/ranking



https://en.wikipedia.org/wiki/Postgres
https://en.wikipedia.org/wiki/Vertica
https://en.wikipedia.org/wiki/Streambase
https://en.wikipedia.org/wiki/Illustra
https://en.wikipedia.org/wiki/VoltDB
https://en.wikipedia.org/wiki/IEEE_John_von_Neumann_Medal
https://en.wikipedia.org/wiki/Turing_Award
https://en.wikipedia.org/wiki/SciDB
https://en.wikipedia.org/wiki/University_of_California,_Berkeley
https://en.wikipedia.org/wiki/University_of_Michigan
https://en.wikipedia.org/wiki/Massachusetts_Institute_of_Technology
https://db-engines.com/en/ranking
https://www.paradigm4.com/

VLDB 2018, Rio de Janeiro (CORE A*)

EAVHCTBEHHDbIN YCTHDLIW AoKnaa Ha VLDB ot VLDB (Very Large Data Bases) —
Poccuirckon Pepgepaumm 3a nocnegHue 10 ner o4Ha U3 camMbIX 3HAYUMbIX B
(2018-2009) u nepsbiit or HUY BLLUD Mmupe KoHdepeHumii no

* bazam AaHHbIX
R.A. Rodriges Zalipynis. ChronosDB: Distributed, File Based, * BoablWKMM AaHHbIM

Geospatial Array DBMS. PVLDB, 11(10): 1247-1261, 2018.
[MonHOoTeKcTOBasA CTaTbA, OCHOBHOW TPEK KOHpepeHLnn

* PacnpegeneHHbim cuCcTemam

<>V|.DBQO\8

VERY LARGE DATA BASES
Ve de Jomavs. Wark Acg 2739




NMpenmyuwecrsa ChronosDB

ChronosDB Storage Layer

ther DBMS

Tlme consummg
Error prnne

ChronosDB

.....................

Process

AVOID DATA
IMPORT

ChronosDB directly operates on
files: no time-consuming and error-
prone data ingestion into an internal

DBMS format.

Learn More

Process

Files reacl NOT
@@ CONVERT |

Byte, Missing  JPEG, LZW
Int, values PACKBITS
Float, support DEFLATE,

POWERFUL
STORAGE

ChronosDB currently works with
GeoTIFF & NetCDF files. They support
chunking, compression, multiple data

types and more.

Learn More

%‘\ *_@JANTUM GIS

ChronosDB

SHARE DATA
READILY

ChronosDB stores data in ordinary
files in standardized formats. You can
directly access the data from any

other software.

55
Learn More



NMpenmyuwecrsa ChronosDB

A R RAY S C H E M A Avoid learning a new array schema notation and

inspect ChronosDB datasets in a way you are
gdalinfo Landsat8.Level 1.SurfaceReflectance.Band4
Driver: GTiff/GeoTIFF accustomed to.

Size is 38673, 24937

Coordinate System is:
PROJCS["WGS 84 / UTM zone 32N",
GEOGCS ["WGS 84",
DATUM["WGS_1984",
SPHEROID["WGS 84",6378137,298.257223563,
AUTHORITY ["EPSG","7030"11,
AUTHORITY ["EPSG", "6326"]11],
PRIMEM["Greenwich", 0,
AUTHORITY ["EPSG","8901"]1],
UNIT["degree",0.0174532925199433,
AUTHORITY ["EPSG", "9122"]],
AUTHORITY["EPSG", "4326"]11,
PROJECTION["Transverse Mercator"],
PARAMETER["latitude of origin",0],
PARAMETER ["central meridian", 9],
PARAMETER ["scale factor",0.9996],

PARAMETER["false easting", 5000001, Original Landsat 8 mosaic (paths 191-198, rows 24-27)

Size 1s 38673, 24937




Chunking

e Accelerates |/O
* Chunk shape = f(data, workload), no shape is the best
* Array DBMS must be able to quickly alter chunk shape

wn
M

C

wn
M
(@]

[ lololelolololololololalalo i
RS

—RNU1I000O

PND
RWONUIRNO

—RNU1IO0O0O
RWANUIRLRN DO
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SCiDB ===l ChronosDB Cold ==sie== HoQt e=fijm— Ratio SciDB/ChronosDB Cold <« <A++ Hot eso<ee



Cpenuemecaunas konuenTpauus CO; (ppm) ana Puck y ypOBHA 3ar P Chr
Touku B Poccum (47°, 35°) u Tponukax (-11°, 15°), pbl avokcupom aszota (NO,). PaspelseHue KapTbl
CNAOWHARA U NYHKTHPHARA NUHUM (NOCTPORHO NO *27,5%18 km. [Ins nocTpoeHms KapTel Geinu oBpato-

L [ [
cny pa AIRS). TaHbl eXeAHEBHbIE AaHHbIe CNyTHUKa Aura ChronosServer oTi
¢ 01.10.2004 no 20.06.2012. AOCTYN K GONbLION
T 5 Climate Wikience.

KOMMNbLIOTEPHOM K
nocTpoeH Ha o6op
notpednexnus. Chi
PasnUyHLIMK op!
«Ha mecTe» (in-sit
KOTOpas KOMBUHME
«Ha MecTen 1 pacn

T
k-1
=)

Climate Wikience

375 380 385 380 395

* Rodriges Zalipynis
time access to “nati
retrospective data v
concurrent clients. |
computer engineerir
(188), Donetsk, Dor

rpammel Ha assike R ana

NOCTPOGHWA AWArPAMMBI:

1 library(RWikience)

2 w <- WikienceConnect()

3 t co2 <- readTimeSeriesAtLatLon
(w, "AIRS_AMSU.CO2", 47, 35)

4 CO2 monthly <-

aggregate(t_co2["value"l,
format (t_co2["date"], "$Y-%m"), ) r
mean, na.rm = TRUE) OnTuteckan July ﬁm passuTis CLUA (CF
o

Paspaborka Climat

o i e ey
] 1-2973-DO-
YcpeaHeHHbIe pasHOCTH TpeHaos CO, ToNuHHA 5« & o ElE WE i o
(oBp Ka 7 ner rJ oo wse wosw o uflin
CMYTHUKOBbIX AaHHbIX)" Hap Pumom, =" # =Mz 5w n o ulaw
(S, I B T S S A TerraMODis“"..-’-: 'R
—

* Rodriges Zalipynis R.A. The place of Ukraine in Europe

according to the level of air pollution using Earth remote

sensing data, Proceedings of IV All-Ukrainian Congress of
jists with i i

o Vinnytsia, Climate Wikienc
Ukraine, 25- 27 September, 2013. - 552 pp. - P. 130 -

132. 3vau Apyrve NyGNUKaUMM AOCTYNHBI N0 aapecy Gpowiopi BeinON|

www.wikience.org/rodriges rodriges

CLIMATE WIKIENCE

BOJIbIMME OB BEMbI FEOAAHHBIX

Bce paHHble Climate
Wikience aocTynHbl
HEeNOCPeACTBEHHO W3 HCHO, CO,,
cpeabl aHanusa R. OHa cogepxuT Sonee CO. Bro
i s £
5000 nakeToB, B TOM Yucne \
0OCIO, Aerosol,

Climate Wikience — 6ecnnatHOE NPUIOIKEHNE  mecmersomer wanss oo 20 M2

PAAoS, P "

o MHorue apyrue http:/) .r-project.org/ : ‘
Ana 6bictpoit 3D BU3yanmsaumm 1 aHanmsa e oG 30 BHSYATSALHR AHATHS

KOHUeHTpauuu X Bonee 80 IX: aTh thepa,
V) V) AnoKcuaa - SAl ovkaniy o R i Mo UnTeprer Hamsgnas Bonee 5000
AaHHbIX OKPY»KatoLLen NpupoaHoN cpeabl. ool o] & . e e o
86nuau TEC (11) id 3 MosTopHeii 3D P p
OT CKOpOCTH M 0e p — HanpasneHue, aHanua 3D mapkepbi pAAb!
HanpasneHus - Kocmuueckoe Mopenupoea-
Betpa (MERRA). 2 CKBopoch As3 Hue
J . H & c eTpa;
NoppobHee: http://www.wikience.org/ru/ i R e iienceonging

OT ueHTpa
Anarpammel, rae
OHa paBHa Hynio.

BOJbI,
nucnapexue,...

MakcumansHbii
5 PDF e
p 0 LLI I'O p a B OOREIAHTT R ERoS HabniopaeTcs npu

YMEpeHHOZ0 YpORHA roro-aa;—a?gou,s NDVI, SR, EVI, LAI, SGI, FPAR, ARVI,
seTpe wic

3a2pAsHenus 603dyxa SO, * (1.e'.jnpn reco RENDVI, MRESRI, VREI, REPI, PRI,

3, 4, 11—pacnonoxerue cTopoHsl TEC) SIPI, RGRI, NDNI, CAl, ...

mennoanekmpocmanyul

WWW.WIKIENCE.ORG/RU

1 wac—1 jxenn



http://www.youtube.com/watch?v=yqeajvqPuKo
http://www.wikience.org/ru/
http://www.wikience.org/ru/climate-wikience-brochures-ru/

XpoHocCepsep paboTaeT Ha
BbICOKOMPOU3BOAMNTENBHOM
KOMMbIOTEPHOM KalacTepe U
ynpasaaeTt 6onbwmmm
obbemamm KIMMaATUYECKMUX
AaHHbIX. UMEHHO OH
OTBETCTBEHHbIN 33 AOCTaBKY
Ha Baw KOMnNblOTep AaHHbIX
no VIHTepHeT B pexkmme
BpemeHu, 6an3Kom K
peanbHomy ana nx 3D
BU3yann3aunmn, a Takxe
aHanusa B cpeae R.

Caunt:
http://www.wikience.org/ru
/XpoHocCepgaep/

ChronosServer

BbinonHeHWe 3anpoca ANA 0O4HOro K/JAMEeHTa

Y3nbl
Knacrepa:
XpoHocCepsep

LLinto3
OTnpasuTb @
napamerpbl

3anpoca

@ Pa3obpaTb 3anpoc

Onpep,enmb y3/bl C
,EI,aHHbIMM

Bb|6paTb y3en

HaMTM dann um
npoanaTb bparmeHT

UHTepHeT

Climate Wikience

JocTaBka
pe3ynbTaTa

®

NHCTPYKUMHK
[aHHblEe

1 OtnpaBuTb 3anpoc
SELECT DATA FROM r2.pressure.msl
WHERE TIME = 01.01.2003 00:00


http://www.wikience.org/ru/%D0%A5%D1%80%D0%BE%D0%BD%D0%BE%D1%81%D0%A1%D0%B5%D1%80%D0%B2%D0%B5%D1%80/

AlononHuTenbHble maTepuanbl

http://smiswww.iki.rssi.ru/d33 conf/default.aspx?page=155

smiswwnw.iki.rssi.ru/d33_conf/def: X [Rd

@® smiswww.iki.rssiru/d33_conf/defaultaspx?page=155

BoiiTh Ha caiT

1 BCEPOCCHWCKWME OTKPbITBIE EXXEFO[IHBIE KOHGEPEHL|MIA
s P Kc "COBPEMEHHEIE NPOENEMEI OUCTAHUWMOHHOIO

30HOWPOBAHWA 3EMITK M3 KOCMOCA™
((PM3NYECKUE OCHOBEI, METOAL! U TEXHOMOMMN MOHHTOPHHIA OKPYXAMLER CPEME, MPUPOIHLIX 1

HHCTHTYT KOCMHYeCKHX HCCIeT0BaHHA POCCHICKOHR aKaleMHH HayK aHTPONOreHHsIX 0GbEKTOB)

Byayuwas koHepeHUWA

CemHaguaras Bcepoccuickan
OTKPEITaA KOH(E PEHLWUA
«CoBpEMEHHbIE NPOBNEMb!
[IOMCTAHLMOHHOTO 30HAUPOBAHNA
3emnu n3 kocmocar VKA PAH

11 — 15 Hosbpa 2019 1

OTNPaBHTL TE3NCHI

ApxvB koHdepeHLMA
17-A KoHepeHuMA, 2019

Mogaya Teancos foknaga
PerucTpaums Ha KOHEPEHLMIO

JINYHLIA KabUHeT

3aperucTpUpoBaThCes Ha caiTe
BOWTH Ha caiT

3abbinn napons?

XKypHan
«CoBpemeHHbIe NnpobneMb!
AMCTAHLMOHHOIO 30HAWPOBaHWUA

3eMnu U3 KoCMoca» =

OononHutTenbHaA UHpopMauma &

KoHTakThl

MonesHas HHpopMaLna

MoanuckaloTnncka
Ha pacchiNKy HOBOCTe#H

CemHapauaran Becepoccuickana OTKpbITaa KoHgepeHuua «COBPEMEHHBIE NMPOBNEMBI
AUCTAHLUWMOHHOIO 30HOWPOBAHWA 3EMJTM U3 KOCMOCA (®Pu3anyeckMe OCHOBbI, METOObI M
TeXHONOTMU MOHUTOPHHIA OKPYXalolei cpeakl, NOTEHUMANEHO ONacHbIX ABNEHUA U 06bekToB)»

11 - 15 HoABpa 2019 r. B Mockee, B VIHCTUTYTe KocMUyeckux uccnegoeaHmid PAH coctouTca

CemnaguaTan Becepoccuiickan oTkpeITaa KoHdepeHuma "COBPEMEHHBLIE NMPOBNEMBI
JOVCTAHUMOHHOIO 30HOWPOBAHKMA 3EMIIN M3 KOCMOCA"

KondepeHuua npoeoautca npu noaaepxke AO "PoccUACKME KOCMWYECKUE CUCTEMBL"

Pabota KonthepeHuun ByeT NpoBOAUTLCA B PaMKax CNefyLUX CEKLUUIA:

MneHapHble 3acefaHus

MeTofbl M anropuTMbl 06paboTKKM CNYTHUKOBLIX [JaHHBLIX

TexHONorMn N MeTobl MCNOML30BAHWA CMYTHUKOBLIX AaHHbLIX B CMCTEMAX MOHUTOPUHIa

Bonpockl co3gaHua U Ucnons30BaHua NpUBOPOB M CUCTEM ANA CYTHUKOBOTO MOHUTOPUHIA COCTOAHUA
OKpYKaKLLeid cpeabl

[IMCTAHLMOHHBIE METObLI UCCNIEA0BAHUA aTMOCHEPHBIX U KITUMATUYECKUX NPOLIECCOB
[IMCTaHUMOHHbIE MCCNenoBaHUA NOBEPXHOCTH OKeaHa U NedaHbIX NOKPOBOB

[McTaHUMoHHOe 20HAMPOBaHWe nnaHeT CONMHeUHO| CUCTeMEI

[IMCTAHLMOHHBIE METOAbI B FE0NOrMK 1 reouanke

[IMCTaHLMOHHOE 30HAWPOBAHWE PACTUTENBLHLIX U MOYBEHHBLIX MOKPOBOB

[McTaHUMOHHOE 30HAMPOBAaHWE NOHOChEpPE!

15 HoAOpPA 2019 1. cocTouTCA BeIe3gHoe 3acegaHue B HL| OM3 AO "Poccuiickne kocMuyeckne cucreMel”

B pamkax KoHdpepeHunn Dyget pabotarts

MNatHapuaras Beepoccuiickan Lkona-KoHdepeHuna Monoabix y4eHbIX No (MyHIAMEHTANbHbIM
npobnemam AUMCTEHUMOHHOTO 30HOMPOBaHWA 3EMMKU W3 KOCMOCca

MNporpaMMHbIi U OpraHu3auHOHHbIA KOMUTETbI KOHdepeHUHK



http://smiswww.iki.rssi.ru/d33_conf/default.aspx?page=155

KHura ArcGIS

@ Visobpaxernas ArcGIS | The - X [iEd

c ® C arcgis.com/r

M306pa>erm: B ArcGIS Maser @ WurepaktusHein PDF Cepus kiur & Bowtu  Pycckuin o

N3obpaxeHunsa B ArcGIS

. ' : ' : R CoBpeMeHHbIN nogxon. HoBbi B3rnag.

Bonee nogpobHo |

Y3Ha|71Te, Kak CnyTHUKOBbIE m306paerma W AaHHble AUCTAaHUMOHHOIO 30HANPOBaHUA NPUMEHSAIOTCA B

coBpemeHHom [NUC. 31oT Beb-caiT, a Takxe codeTaHue PykoBogcTBa nosib3oBatens Ans KHUru 3obpaxeHus B
ArcGIS u pasHoobpasHbix ypokos Learn GIS oTkpotoT Bam HoBble cTOpOHbI paboTel ¢ MTNC, Hayuue ucnonb3osaThb
BoratTenllne BO3IMOXHOCTU DaboThl ¢ n3obpaxeHusaMmum u naHHbiMu 113, J1ioboit Yyenosek HaloeT 30ech MHOXECTBO


https://learn.arcgis.com/ru/arcgis-imagery-book/

Thank you
for your attention!




