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Ramon Antonio Rodriges Zalipynis

VLDB 2018

The only talk with Russian Affiliation @ VLDB
for the last 10 years (2009-2018) and

the 1st from HSE

SIGMOD 2019

The 7th paper @ SIGMOD with Russian
affiliation for all the years of the SIGMOD
conference (1975-2019, 45 years) and
the 1st from HSE

VLDB 2020

The 2nd paper @ VLDB with Russian affiliation
for the last 10 years (2010-2020) and

the 2nd from the HSE

VLDB & SIGMOD - top
conferences on

e Databases

* Big Data

* Distributed systems

* Data management



visualization of data with

Geoinformatics: storage,
processing, analysis and

geographic reference

CnyTHUKK, nugapsol, bIJ1A
MopaennposaHue (noroaa,
KNUMaT, TMAPONOTrns, ...) £
MobunbHble YCTPOWNCTBA /F
NMiobble AaHHble C 4
reonpuBA3KOun



Importance
Big data
 ECMWEF data warehouse: 137.5 M files, ~52,7 PB (2015)
* DigitalGlobe, satellite data provider: ~80 TB/day (2017)
* Planet: «Earth’s selfie daily», 400 satellites (2021)

Commercial attractiveness

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

* Uber geospatial data visualization
https://eng.uber.com/keplergl/ 29 Mas 2018 .
e (Carto cooperates with MasterCard

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

Practical importance
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TEPPUTOPWUA/IbHOE KOHTPO/Ib KOHTPO/Ib OLIEHKA KOHTPO/Ib
MTAHUPOBAHUE JEMHEI’IOHbBOBAHMﬂ TEXHOMEHHbIX ABAPUU MABOAAKOBbIX CUTYALIMA NECHOr0 X03AMCTBA



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

Vector data: Moscow
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http://microsites.digitalglobe.com/30cm/

6Vs

Geospatial raster data — big data?

The amount The types The speed at The degree to The business The ways in
of data from of data: which big data which big data value of the which the big
myriad structured, is generated. can be trusted. data collected. data can be
sources. semi-structured, used and
unstructured. formatted.
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https://www.quora.com/What-are-the-six-Vs-of-Big-Data



https://www.quora.com/What-are-the-six-Vs-of-Big-Data
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Volume & Velocity: Maxar (former DigitalGlobe)

* Collects 80 TB/day
* Accumulated in Amazon over 100 petabytes of satellite imagery
 This is only one of the many companies and organizations

https://youtu.be/mkKkSRIxXUSM

> 85 YEARS
EXTRACTED
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https://youtu.be/mkKkSRIxU8M
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Variety (pasHoobpasue)

1D, 2D, 3D, 4D, ...

e 140+ formats Vertical aerosol profile
(CALIPSO)

* Heterogenous structure :

Digital elevation model

~ Wind speed
"" (assimilation,




Value (nonb3a) & variability (BapuaHTbl ucnonb3oBaHusA)

We can facilitate decision making in the following areas:
* YpesBbluaiMHble cuTyauum (emergencies): Kakue panoHbl ropoaa byayT
3aTOMNJIEHbI NPU MOBbILLEHUN YPOBHA BoAbl HA 1 meTp (Mcnonb3ytotca DEM)?

e CenbcKoe X03AMUCTBO (TOUHOE 3emnegenue, precision agriculture): kKak
HYXHO ya0o6pATb none, 4yTobbl cobpaTtb bonbLUE yporKkasa?

* Tlopoackoe nnaHupoBaHue (urban planning): rae n Kakme caHUTapHO-
TMIMEHNYECKME MEPONPUATUA HYKHO NPOBOANTbL, YTOObI MOBbLICUTL

KayeCTBO BO3,£I,yX8?
https //www youtube.com/watch?v=LsR ngeSIQ

TEPPUTOPUA/IbHOE KOHTPO/b KOHTPOMD OLIEHKA KOHTPO/b
MAHUPOBAHUE 3EMNENONb30BAHUA TEXHOMEHHbIX ABAPUW I'IABOAKOBHX OMTYALIMﬂ NECHOIO XO3AMCTBA

htt os: /le arnac m/ru/arce :ﬁ ma e‘r book



https://en.wikipedia.org/wiki/Digital_elevation_model
https://en.wikipedia.org/wiki/Precision_agriculture
https://learn.arcgis.com/ru/arcgis-imagery-book/
https://www.youtube.com/watch?v=LsR_gfCeSlQ
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Veracity — AOCTOBEpPHOCTb

 We are dealing with physical measurements, not just RGB images

* Federal Law 2017 (necHoi KoaeKc): apeHaaTop NecHOro y4acTtka obsa3aH
NPUKNAAbIBATb K 0T4eTy 06 MCNONb30BaHUM Neca MmaTepuabl AaHHbIX

NVNCTAaHUMOHHOIO 30HAMPOBaHUA 3eMaun, NOATBEPXAatoLLme cobnogeHne rpaHuL
BblAE/1I€HHOr0 y4acTKa noJ, BblpyoKy

* Forests in Russia — about 8,09 M km? (20% of all world forests)

The amount The types The speed at The degree to The business The ways in
of data from of data: which big data which big data value of the which the big
myriad structured, is generated. can be trusted. data collected. data can be
sources. semi-structured, used and
unstructured. formatted.

2o @ W




Related work



Deep Learning

Bottom Layer

RS -Imge
Preprocessing
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e Pixel-Based
Classifier Classification

| (If Necessary) 1 ko

HR Image

——— — | g <€ : —
— Ground 12¥
HEsl B X ot ) ¢
o vailable Scene Understandin
RS Image Database * Unsupervised Techniques ** Supervised Techniques

RS image preprocessing: Lie/ib — Y/Iy4LlINTb Ka4eCTBO BXOAHbIX AaHHbIX (Hanp., ybpaTb wym)
Pixel-based classification: knaccbl — goporu, cTpoeHunsa, TMN CeNbCKOXO3ANCTBEHHOM KY/IbTYpbl, ...
Target Recognition: BbigennTb 1 pacno3Hatb 06beKkmsl Ha cueHe (Hanp., camoneTbl, Kopabauy, ...)
Scene Understanding: 4To 34ecb pacno/sioKeHo/4To NpomncxoamT? —4YTtobbl onepaTop BPYUHYHO

He NpocmMmaTpuBan TepabaiiTbl CLLEH BbICOKOIO pa3pelleHna (Kapbep, aaponopT, BbipybKa neca, ...)

Zhang, Liangpei, Lefei Zhang, and Bo Du. "Deep learning for remote sensing data: A technical tutorial on the state of the art."
IEEE Geoscience and Remote Sensing Magazine 4.2 (2016): 22-40. Q1 journal in computer science



NMpumep: oueHkKa
rooftop solar potential

HEe3aBUCMMbI UCTOYHUK green energy
OLeHKa NOTeHLMana — KOHCYNbTaHTbl

Lieflb — MacCcoBasi aBTOMaTMyecKkasn oLeHKa C
MOMOLLIbIO CMYTHUKOBbIX AAHHbIX

HOCTa HOBKa 3aﬂa‘“’|3 Area Under Curve = Solar Insolation
ONA KaXKOOW KPbIWN HANTW | L —— Peak Sun fours
 opuenTaymio (W, S, NW, ...) ; _ Equal Area |
¢ BbICOTy :7,2
* HaKNIOH - Time of Day Time of Day
Orientation an outline Pitch and height
* noTeHuualsibHble TeHN > \'\ ’-/_

pa3aennTb Kpbiwy Ha
CerMmeHTbl

Solar Installation Peak Sun
Area Hours

Input

no (I)O pmyrla M 1 BCMOMOT. L Temain Topology = Solar Potential
p‘a HHbIM pa CCYNTATb . Segmentation Estimation Analysis
A A A
NnoTeHLunasl 3rd Party User  Solar Iradiation
Resource Input Data

Lee, Stephen, et al. "DeepRoof: A Data-driven Approach For Solar Potential Estimation Using Rooftop Imagery." Proceedings
of the 25th ACM SIGKDD International Conference on Knowledge Discovery & Data Mining. 2019. CORE A* conference


https://www.shutterstock.com/es/search/panel+solar+sol?searchterm...=

. <7/
Microsoft: 125 mMmMnanoHos NOAUIroHOB 3AaHUNN

ABTOMaTMYECKOE KapTUpOBaHME 30aHWUI

First Stage - Semantic Segmentation

—en r ~
g
.
I e
“
v o ‘o R . onm -

https://github.com/microsoft/USBuildingFootprints

https://azure.microsoft.com/en-us/blog/how-to-extract-building-footprints-from-satellite-images-using-deep-learning/



https://github.com/microsoft/USBuildingFootprints
https://azure.microsoft.com/en-us/blog/how-to-extract-building-footprints-from-satellite-images-using-deep-learning/

TouHoe 3emnepenue/precision agriculture

* bbIcTpoe BbigBNeHne 3aboneBaHnn, BpeauTernen

* TO4YHbIN pacyeT A03 yoobpeHua Ons KaXgoro yv4acTka nongd
« OueHKa BMaXXHOCTN MNOYBbI N APYrUX XapakTePUCTUK

e [lporHos ypoxanHoCTM Ans Kaxgoro ydacTtka noss

CoBpeMeHHbIU TpeHA: AaHHble BIJIA
— CTOUMOCTb,

— CKOPOCTb,

— NepuoagnNYHOCTD, ...

- IKONOS
WINDVIL L

/Aglunzction‘

Red = 210 kg/ha N
Yellow = 180 kg/ha N
Green = 130 kg/ha N




UAV Unmanned Aerlal Vehicles

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



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

Cnanpg n3 npeseHTtauun TerraTex oT 28 anp 2020 .

CrapTanbl

[louBne4YeHHbIe MHBECTULMM B CO30AHUE
HOBbIX KOCMUYECKUX rPYNnMUpPOBOK

BLACK

CLUA

§\ Synspective

AnoHus

CLIA

‘ HawkEye3®

CLUA

ICEYE

QuHnaHoua

$175 mnH

CozaaHue k 2020 r. rpynnupoeku u3 60 manbix cnytHukos Global (55
Kr) ana obecneyeHns onepaTMBHOM NOBTOPHOM CbemMKu Ntoboro
Y4aCTKa 3€MHOI NOBEPXHOCTM B TeyeHue 90 MuHyT. CnyTHUKK ByayT
BeCTM $OTO- U BUALOCHEMKY C pa3pelueHnem 1 m.

$100 mnH

Co3zpaHue rpynnuposku u3 25 Hebonblmx (nopagka 150 Kr)
PaAVONOKaLMOHHbIX CNYTHUKOB C CUHTETUYECKOM anepTypoit AnA
CbeMKM BCel 3emnu.

$85 MmnH

Co3aaHue KOMMEepPYEeCKON rpynnNUMpPOBKKU rTMNepCneKTPanbHbIX
cnyTHuKoB (200+ kaHanos) secom 200-300 Kr € BbICOKUM
paspeleHunem.

$70 maH

Co3gaHue rpynnuposku u3 30 NacCUBHBIX Manblix PaAUOCNYTHUKOB
(13 kr). Fpynna manbix cnyTHUKOB ByaeT cobupats uHGOpmaumio o
paguocurHanax no sBcemy mupe ans obecneyeHms BbICOKOTOHHOTO
PafMoYaCcTOTHOrO KAPTUPOBAHUA U aHANU3A.

S$54 mnH

Co3paHue rpynnuposku u3 18 papapHbiX MWUKPOCMYTHWKOB
(meHee 100 kr), KoTopbie 6yayT OCHaWeHbl pagapamu ¢
CUHTETMYecKol aneptypoit  (SAR). CnyTHuku obecnevat
ONepaTUBHYIO CbEMKY MPAKTUMECKU B €XKEHACHOM peXume.

SATELLOGIC

Ap2eHmuHa

earth@

BenukobpumaHus

N@RTHSTA

EARTH & SPACE

KaHada

@apellc Space
CLIA

ABS

ASTRD DIGITAL

CLUA

A POCKOCMOC gITEDPaTex

£ KOCMMUECKME  CHETEMM

S50 MnH

CospaHue rpynnuposku us 300 mukpocnyTHukos NuSat (37 kr).
[nasHoe Ha3Ha4YeHue rpynnuposku — GOTOo- U BUAECOCHEMKA
3eMnu ANA KOMMEPYECKUX uenei U 06LecTBEHHbIX HYXA,
NPaKTUYECKKN B peasbHOM peXxXume BpemeHu.

S50 MnH

CosgaHue rpynnuposku u3 15 ontuyeckux cnytHukos 33 (o
100 «kr), KoTopbie 6yayT BeCTH LBETHYIO POTO- 1 BUAEOCHEMKY
BbICOKOrO pa3speleHua meHbwe 1 meTtpa s
MYNbTUCNEKTPANBHOM PeXUME C BO3MOMKHOCTBIO
aHaNU3MPOBATL ABUKYLUMECA OOBEKTLI.

$40 maH

Co3panue rpynnuposku 13 40 HU3KOOPOEMTANBHBIX CNYTHUKOB
(6yayT netatb no opbuTe, Ha KOTOPOW pPaboTaOT CNYTHUKK CBA3M),
npeAHa3sHauYeHHbIX ANA HabNoAEHUA 32 OKPYXKatoLWen Cpeao.

$34 mnH

CospaHue rpynnuposkn u3 30 Hegoporux pagapHbix (SAR)
ManbixX CNYTHUKOB C CUHTETUYeCKo anepTypou Capella (40 kr).
MNepBas oyepeab CNYTHUKOB ByaeT MmeTb paspewenue 8 1 m.

$23 maH

CozpaHnue rpynnuposku u3 30 HaHocnyTHUKOB Landmapper
(11 Kkr) Ana npoBeAEHUA MYyNbTUCNEKTPANbHOM CbEMKHU BCe
3@MHOI1 NOBEPXHOCTU.



Research directions &
Project Topics

the list iIs not exhaustive!



Change Detection
OOHapyXeHne U3aMeHeHUM

Mpumepbl 06HapYKEHUA NU3MEHEHUN
* Ha mecTte 34aHuA noasunocb ¢yTbonbHOe none

* Ha MmecTe NycCctblipAa noaBuUiaCA U0 KOMNJIEKC

22

* [JIMHA CTPOALLEroca MOCTa Bbipocsia Ha 250 meTpoB 3a npolieaLline non roaa

*  naowaab 3esieHblX 30H

0630p meTOA0B:
From pixel-based to
object-based
approaches PDF

s Positive

m Rebuilt area
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= Negative

* HEWpPOHHDbIe ceTn

e SVM

* [AepeBbA peweHun {

* HeueTKan NI0rMKa

e obbvekTHble
noaxoabl

\
© LINK


https://www.ec.gc.ca/glaces-ice/0F9E03B9-1146-4AD4-A13B-AE9E07C9F72B/1.change%20detection.pdf
https://www.researchgate.net/profile/Peter_Reinartz/publication/259898043_Building_Change_Detection_Based_on_Satellite_Stereo_Imagery_and_Digital_Surface_Models/links/53da8a970cf2631430c8d3b6.pdf

Knaccudpmkauma o6beKkToB Ha CNYTHUKOBbIX
CHUMKaX C MOMOLLbLIO rNTy0OOKOro ooy4yeHus

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

S e 2 KoHKypca Dstl

DUTMbI, Bnor KomnaHuu Avito



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

NMporpammupoBaHue

K - nubo coctasneHue
. OMaHAHbIN UNun .
APACHE 3anpocoB: C KaKumm
3aja4yamm cuctema

WHAUBUAYANbHbIN NPOEKT K
p Q - cnpasafAeTca Aydle, a

jUIi.il %
: rasdaman ! l"‘
[

DaHHbIX
* pa3Hoe YMC/Oo Yy3/10B
Knactepa
* pa3Hbl 06bEM AAHHbIX

* mogMdurKauma 3anpocos
U3yyeHUe cuctembol Avdukaw P
ANns ynydweHunsa/

* 25 cucrem Ha Bblbop + VXYALIEHNS
Ballln NpeAno*KeHusn NPOV3BOANTENBHOCTU

MU3yuyeHune
AAHHbIX
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Pe3ynbtathl Bawen paboTbl
BocTpeboBaHHbIe Ha pbIHKe TPpyAa KOMNeTeHUUMN: ﬂ

* OnbIT paboTbl C reo-gaHHbIMU S APACHE

XapaKkTep AaHHbIX, GOpMaTbl, ANTOPUTMBbI, pqu

ocobeHHOoCTU 06paboTKM reo-aaHHbIX
rasdaman !

 OnbIT paboTbl C cUCTEMaMU
Hanpumep, mMHOrme cmctembl OCHOBAHbI Ha
Apache Spark, oaHOM 13 cambix BOCTPebOBaHHbIX
cuctem paboTbl ¢ bonbwmmmn JaHHbIMM P

_ stGISI

 OnbIT nccneaoBaTtenbCKon pabdboTbl

* MMy6nukauum (No xeraHuo)

[TpenmyLiectBo B Tpyaoyctpouctee (full-time/intern), koHKypce
HWPC, noBbIlLEHHOW CTUNEHAUN, NOCTYMNIIEHUN B MarucTparypy
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Microsoft, IBM, Intel, Nvidia, Yandex, ...

a5 Microsoft Microsoft 365 Azure Office 365 Dynamics 365 sqL Windows 10 More +

Research Research areas v Products & Downloads Programs & Events v People Careers

Fuel the future

&\ >
b ¥
Join a brilliant team of researchers working to solve technology’s mostexiting chaWIgge

3

F U | | t| me https://www.microsoft.com/en-us/research/careers/

Microsoft works with the world’s best researchers, who move with the current of technology as it
rapidly evolves. Together we share the motivation to seek innovative solutions to the world's
toughest challenges and improve the lives of people everywhere. We seek research candidates with
PhDs and ENelfe) il o 4 =leelge Noi @il o] [ Es o515 and participation on program committees,

Success story: EBreHui MNo3pees

e 2 cTaTbu Ha KOHpepeHUuunax

* ABYKpaTHbIK nobegutenb KoHKypca HUPC

* WMioHb 2017 — CeHTAbpb 2017: cTaxkMposKa B Google, Aiy6nuH, Upnangusa
* Cenuac: maructTpaHT B YHuBsepcutete bproccens


https://www.microsoft.com/en-us/research/careers/

Program for Target Recognition on Satellite Images

Program for Satellite Scene Understanding

Research and Development of Methods for Approximate Query Answering in Array Databases using Neural Networks
Software Accelerator for the Virtual NcML Format using GraalvVM

Research and Development of Methods for Multidimensional Array Processing on GPU

Research and Development of Methods for Vector Geospatial Data Processing on GPU

Research and Development of Methods for Satellite Data Processing on GPU

Performance Evaluation of Apache Spark on Raster Geospatial Data . .
Performance Evaluation of Apache Spark on Vector Geospatial Data TO I C S I n L M S
Performance Evaluation of MrGeo on Raster Geospatial Data

Performance Evaluation of Julia Programming Language on Geospatial Data

Version Control System for Geospatial Data Supporting Analytical Queries

Research and Development of Elastic Big Raster Data Processing Algorithms

Research and Development of Methods for Urban Change Detection from Satellite Data Based on Neural Networks
Research and Development of Methods for Land-Use Change Detection using Multisensor Satellite Data

Research and Development of Methods for Change Detection in Synthetic Aperture Radar Images Based on Deep Learning
Research and Development of Methods for Patterns Discovery in Geospatial Data using Data Mining

Research and Development of Methods for Deep Learning-Based Classification of Hyperspectral Data

Research and Development of Methods for Analysis of Big Spatio-Temporal Data Volumes Using the Approximate Structures
Research and Development of Methods for Satellite Imagery Feature Detection Using Machine Learning

Research and Development of Methods for Patterns Discovery of Objects Tracks using Data Mining

Distributed Software System for Land-Use Change Detection using Multisensor Satellite Data

Performance Evaluation of GeoMesa on Geospatial Data

Performance Evaluation of GeoTrellis on Raster Geospatial Data

Performance Evaluation of GeoTrellis on Vector Geospatial Data

Performance Evaluation of GIS Tools for Hadoop on Geospatial Data

Performance Evaluation of Spatial Hadoop on Geospatial Data

Performance Evaluation of Hadoop-GIS on Geospatial Data

Performance Evaluation of GeoSpark on Geospatial Data

Performance Evaluation of Magellan on Geospatial Data

Performance Evaluation of Julia Programming Language on Geospatial Data

Performance Evaluation of PostgreSQL/PostGIS on Geospatial Data

Performance Evaluation of SciDB on Geospatial Data

Performance Evaluation of RasDaMan on Geospatial Data

Research and Development of Methods for Indexing Big Satellite Data

Research and Development of Big Raster Data Caching Methods

Research and Development of Methods to Perform Map Algebra Operations using GraalVM



If you are interested in R&D In the
area of geoinformatics

mail to arodriges@hse.ru

and we will discuss
1st year (course work) and 2nd year (M.S. Thesis)

projects that you can work on

(even If they are not yet in LMS)



mailto:arodriges@hse.ru

Thank you
for your attention!




