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1. Principy GIS-u, aplikacie (Hofierka/Gallay)

2. Principy DPZ, aplikacie (Gallay/Onacillova)

3. Online mapy a nastroje, Google Earth Engine, ukazky dat DPZ, aplikacie (TokarCik/Onacillova/Gabor)
4. Drony, prakticka ukazka, ukazka spracovania dat, aplikacie (Kanuk/Ujlakiova/Boglarsky)

5. QGIS, tvorba mapy (Sasak/Novakova/Tokargik)

6. Tangible landscape, Virtual Reality v geografii (Supinsky/Gallay)
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Obsah dnesnej prednasky

Uvod: geoinformatika, geopriestorové informacie a GIS
Geopriestorové technoldgie — nastroj na spracovanie geopriestorovej informacie
Priklady projektov, aplikacie

www: geografia.science.upjs.sk



GIS a Geoinformatika

S rozvojom pocitacov a IT v 60. rokoch 20. storocCia vznika aj geograficky informacny systém (GIS),
ktorého ulohou je nahradit papierové mapy a spracovavat geopriestoroveé data. Postupne vznika
Specializacia, novy vedny odbor ,Geoinformatika“ (angl. Geographic Information Science). Je to
vedecka disciplina, ktora sa venuje teoretickym a metodickym aspektom spracovania
geopriestorovych/geografickych informacii pomocou geografického informaéného systému (GIS).

GIS je nastrojom a zaroven produktom geoinformatického vyskumu.
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Geopriestorové informacie

geopriestorové/geografické
informacie:

- vlastnosti geografickych informacii -
polohovy aspekt (x,y), kvalitativny al.
kvantitativny atribut, Casova premenlivost

- az 80% vSetkych informacii s ktorymi sa
ludia stretnu ma polohovy aspekt a teda
su spracovatelné GIS-om
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Geoinformatika

* novy, vysoko interdisciplinarny vedny odbor
 produkty a aplikacie sa objavuju aj v
beznom Zivote

 geograficka (geopriestorova
informacia)=poloha + atribut (vlastnost
Krajiny)

* vyvoj aplikacii vyzaduje interdiscplinarny
pristup a zlozeneé timy

Kartografia

Geografia . Geomformatlka

~ Informatika Matematika



Chapanie GIS-u v praxi

Chapanie GIS-u v praxi (postupny narast zlozitosti a naroc¢nosti):

* subor digitalnych map alebo tematickych vrstiev zameranych na
urcité objekty (cca 60-80% aplikacii v praxi)

« pocitaCovy nastroj na rieSenie geopriestorovych problémov (napr.
navigacia),

« systém na podporu priestorového rozhodovania,

* nastroj vyskumu a modelovania



Ako pracovat' s GIS-om?

Zakladné body postupu

1. Vhodny softvér (komercné: ArcGIS, Maplinfo, open-source: GRASS,
QGIS)

2. Zber dat: a) priamo v teréne, b) digitalizaciou existujucich map
3. Vstup dat do GIS-u, georeferencovanie (suradnicové priradenie)
4. Priestorové analyzy — hlfadanie priestorovych suvislosti

5. Kartograficky vystup — tvorba tematicke] mapy



Geograficky informacny system

hardveéer softver




Geograficky informacny system - hardver

Typicka konfiguracia
80.-90. rokov

tablet

Ethernet/Internet



Geograficky informacny system - hardver
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Geograficky informacny system - softver
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Geograficky informacny system - softver

& GRASS GIS - Home - SeaMonkey — ] X

vj Sabor Upravit Zobrazit Prejst Zalozky Nastroje Okno Pomocnik

M| > I

i @ v v [li | & hitps://grass.osgeo.org/ v ] QHI’adat' S -

| Naspat Dopredu Obnovit' Zastavit’ Tlacit

é ‘ & GRASS GIS - Home | nazanin mehrin - Arc GIS Pro : Le... O GitHub - xbwei/Random-Walk-a... (@ Network Analysis Walkthrough % Network analysis: trouble carryin... . Network Analysis Tool - OSM Help ~ X
A

Bringing advanced geospatial technologies to the world. \/ Project

Home Download Documentation Gallery Support Donations Development Get involved!

N Home Elerass is fees

Submit GRASS GIS, commonly referred to as GRASS (Geographic Resources Analysis Support System), is a free and open source
Geographic Information System (GIS) software suite used for geospatial data management and analysis, image processing, graphics
and maps production, spatial modeling, and visualization. GRASS GIS is currently used in academic and commercial settings

m around the world, as well as by many governmental agencies and environmental consulting companies. It is a founding member of
the Open Source Geospatial Foundation (OSGeo).
Eags LoRa0it= Visit GRASS GIS on GitHub

gé’Azs? é?sz?ssues fiowon GItHub! Latest stable release: GRASS GIS 7.8.2 with Python 3, PROJ 6 and GDAL 3 support

GRASS GIS bug reporting and

feature request on GitHub now! ~
[More] Windows 6
Dec 12, 2019

GRASS GIS 7.8.2 released ... and Addons | Source Code

GRASS GIS 7.8.2 released with
updated PROJ 6 and GDAL 3 support
[More]

FOSSDEM 2020, Brussels

Newcomers: How to start with GRASS

GIS? Screenshots (click for more)

= About GRASS GIS

® Read the First Day Documentation - . 1

Pilliga National Park, Australia
Go through Tutorial and Courses in various
languages

® Learn more with the GRASS GIS migration hints

Code quality check:
Module of the Day

trastlist  Lists registered maps of a space time
raster dataset.

You are at the official GRASS GIS site (United States) - mirror sites




IS softver

QGIS (www.ggis.orq)
plugin GRASS GIS
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http://www.qgis.org/

Geograficky informacny system - softver

O Welcome to the QGIS project! - SeaMonkey

M Slbor Upravit Zobrazit Prejst Zalozky Nastroje Okno Pomocnik
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DISCOVER QGIS FOR USERS GET INVOLVED DOCUMENTATION — English

Time until freeze 2020-05-15 12:00:00 UTC 80d 17h 13m
Time until packaging 2020-06-19 12:00:00 UTC 115d 17h 13m

QG IS Time until next pointrelease 2020-03-20 12:00:00 UTC 24d 17h 13m

A Free and Open Source Geographic Information System

24th Developer meeting

Come along to to find out more about QGIS!

Create, edit, visualise, analyse and publish geospatial information on Windows, Mac, Linux, BSD (Android coming soon)

For your desktop, server, in your web browser and as developer libraries

PROJECT NEWS




GIS softver

Firma ESRI: ArcGIS, www.esri.com
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GIS softver

Maplnfo Professional - http://www.mapinfo.com
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GIS softver

Firma Hexagon Geospatial (predtym Intergraph):
GeoMedia (https://www.hexagongeospatial.com )

e LRI ey



CAD softver

MicroStation: http://www.bentley.com/
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GIS vs. CAD

GIS: obsahuje silny balik nastrojov na geopriestorove analyzy, t.j. nastroje na
hladanie novych informacii a poznatkov z existujucich dat (rieSenie
problémov)

CAD: zamerané na ,kreslenie’, t.j. tvorbu digitalnych map, zvycCajne bez
databazovej zlozky a takmer vzdy bez nastrojov na geopriestorovu analyzu



Softvérove riesenia

ArcGIS Windows desktop:

- od prehliadacky dat (ArcReader) po ArcGIS Desktop Advanced s plnou
funkcionalitou, resp. ArcGIS Pro

- ArcGIS Enterprise (serverove riesenie)
- ArcGIS sw pre mobilné zariadenia
- moznost réznych Specializovanych rozsireni (extensions), napr. zber dat v

teréne mobilnymi telefonmi

- ArcGIS online — webova aplikacia na zdielanie spoloCne vytvaranych dat



oftvéerove riesenia

V sucasnosti sa vyuzivaju
webove rieSenia
kombinujuce GIS, databazu,
mapovy server a web
server.
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oftvérove riesenia

Participacny GIS:
na Slovensku a v Cesku projekt

,Pocitové mapy"

Pouzivatel cez web prehliadac
identifikuje lokality a vklada svoje
nazory. Vysledok sa vyhodnocuje

ako anketa.
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Zber dat pre GIS

GNSS (GPS, GLONASS, Galileo)
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Geopriestorove technologie

Google Maps a Google Earth
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ﬂ PV potential estimation utility - SeaMonkey
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eopriestorove technologie
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Geopriestorove technologie
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Geopriestorove technologie

Mobilné aplikacie, drony (UAV)
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Principy GIS-u



Reprezentacia reality v GIS-e

Realita vs. pamat’ pocitaca

Konceptualne modely reality
- diskrétne objekty (spocitatelné)

- spojité fyzikalne polia

Digitalna reprezentacia v GIS-e
- datové modely v GIS-e (raster/grid a vektor)

- vrstvy (layers) reprezentujuce prvky krajiny
(cesty, rieky, reliéf)

customers

streets

parcels

. elevation

- D~ =



Vrstvy v GlS-e
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Rastrovy datovy model

>

- zakladnou jednotkou je bunka

- rozliSenie (velkost bunky) — rozmery
v skutoénosti, napr. 1-500 m

- raster je matica hodnot
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Matica hodnot rastru
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Rastrovy datovy model
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Vektorovy datovy model

Body — body

Linie — séria bodov spojenych
useCkami

Plochy — uzavreta séria bodov
(vrcholov) navzajom spojenymi
useCkami. Plochy sa tiez nazyvaju
polygénmi.
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Topologicke vazby pri vektorovom modeli

Cislo | Zoznam Cislo | Polygén Polygon
polyg | linii linie vlavo vpravo
1 1,56 2 S 2
2 2,45 3 5 3
3 3,4,6,7 4 3 2
5 1 2
4 7
6 3 1
> 7 3 4

Cislo | Suradnice bodov
linie

1 (0,7), (0,10), (3,10)
(3,10), (13, 10), ..

N|ojo|lb~|j]wWDN




Reprezentacia krajiny — vektorovy model




Vektorizacia — tvorba vektorovej vrstvy dat
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Vektorovy model

Existuju 3 zakladneé vektorove datove modely:
spagetovy, topologicky a hierarchicky

- Spagetovy — informacie o kazdom objekte samostatne

- topologicky a hierarchicky - analyzuju sa vazby, vztahy medzi
objektami a tato topologicka informacia je ulozena aj v databaze



Teodria grafov, topologia

Siet'ova analyza v GIS-e
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Siet'ova analyza v GIS-e

Teodria grafov, topologia

Using Network Analysis to identify access to pharmacies

N

A

Smoking proportion

1.69% -17.2%
17.21% - 21.97%
21.98% - 25.43%
25.44% - 29.64%
29.65% - 34.54%

Smoking clinic location

Optimal location
Geometric centroid
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Raster vs. vektor

Rastrovy model — spojité data, prirodné javy, Casta redundacia dat, avSak
velka dostupnost napr. cez DPZ

Vektorovy model — diskrétne objekty (cesty, budovy, objekty s ostrymi
hranicami), pracna priprava topologie



Aplikacie na Ustave geografie PF UPJS



@a. USTAV GEOGRAFIE

wa?l Prirodovedeckd fakulta UPJS v Kosiciach

Laboratorium geografickych informacnych systémov
a dialkového prieskumu Zeme

Pristrojové a softvérové vybavenie

« pozemny laserovy skener VZ-1000 od firmy Riegl
s integrovanym fotoaparatom NIKON D-700;
« GNSS systém EPP Set — Hiper Il od spolo¢nosti TOPCON
* GPS Trimble Juno SB s podpornym softvérom (20 x)
» geodeticka elektronicka totalna stanica Leica TC 605;
+ ploter HP Designlet Z2100 Photo;
» ArcGlIS for Server Enterprise Advanced 10, GRASS,
Bentley Academic Select (50 sw balikov),
GPS Pathfinder, Quantum GIS 3

Bringing advanced geosparial technologies to the world A rc G I S

=1 Bentley

http://geografia.science.upjs.sk




M_ll USTAV GEOGRAFIE

« UAV platformy: Aeroscout Scout B1-100; DJI Agras, DJI Matrice 210, D)
PHANTOM 4, DJI PHANTOM 4
* senzory: Riegl VUX-1, AISA KESTREL 10, Parrot Sequoia,
SONY A6000
« fotogrametricka pracovna stanica PHOTOMOD v5.2 RACURS
« softvér: RiAcquire, RiScanPro, CaliGEO Pro, Photoscan, LAStools




& USTAV GEOGRAFIE ,
Tvorba Mmap

Priemerna rocna
miera Ciste] migracie
(1996-2016)
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annual average net migration rate in FURs in %o
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NOVOTNY, L. (2019). Impact of Migration on Rural Regions in Post-socialist Slovakia.
In. Banski, J. ed. Three Decades of Transformation in the East-Central European
Countryside. Cham (Springer), pp. 165-189.

SUPINSKY, J., KANUK, J., NOVAKOVA, M., HOCHMUTH, Z. (2022). LiDAR point clouds
processing for large-scale cave mapping: a case study of the Majko dome in the Domica
-322180 -322160 -322140 -322120 -322100 -322080 cave. JOUFnal Of Maps1 1_8
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& USTAV GEOGRAFIE

Flowmap.blue — online kartografia

Who is using it?

CE=DF T2 .

PREGI, L., NOVOTNY, L., GABOR, S. (2022).
Vizualizacia priestorovych procesov pomocou
online mapovej aplikacie Flowmap.blue.
Kartograficke listy, 30(1), 21-38.




@ USTAV GEOGRAFIE : , ,
S rricdovedeckafatuta e v kosiioch Geoprlestorove analyzy

NOVAKOVA, M., GALLAY, M., SUPINSKY, J., FERRE,
E., ASTI, R., DE SAINT BLANQUAT, M., BAJOLET, F,,
SORRIAUX, P. (2022). Correcting laser scanning
intensity recorded in a cave environment for high-
resolution lithological mapping: A case study of the
Gouffre Georges, France. Remote Sensing of
Environment, 280, 113210.

NOVOTNY, L., PREGI, L. (2018).
Visualization of migration using spatial
interpolation method in Hungary and
Slovakia. Regional Statistics, 8(2),
184-188.
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Side view
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GALLAY, M., KANUK, J.,
HOFIERKA, J. (2015). Capacity
of photovoltaic power plants in
the Czech Republic. Journal of
Maps, 11(3), 480-486.

Corrected intensity [dB)
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%o USTAV GEOGRAFIE

Laseroveé skenovanie

3D mracna bodov z laseroveho skenovania
uplne zasadne zmenili spésob, akym sa
ziskavaju data o krajine. Mame k dispozicii
bezprecedentné mnozstvo vysokopresnych
dat. To umoznuje vyskum krajiny vo
vysokom rozliSeni a v_3D

Elevation [m a.s.l]

{:| 445
335




@; USTAV GEOGRAFIE

Prirodovedeckd fakulta UPJS v Kosiciach

Terestrické laserové skenovanie jaskyn

Elevation [m a.s.l]

H 445
335

geografia.science.upjs.sk



Terestricke laseroveé skenovanie v jaskyni Domica

http://spatial3d.science.upjs.sk/3dhop/SPATIAL3D/index domica 10x10 od13.html

Interaktivha web vizualizacia

spatial3d.science.upjs.sk/3dhop/SPATIAL3D/index_domica_10x10_od13.htm c Q Hiadat

The 3D digital surface model of the Domica Cave in Slovak Karst generated from terrestrial laser
scanning data in the Meshlab software with the Poisson Surface Reconstruction method and the
octree-depth of 14. The 3D mesh contains over 3.13 million of vertices. It was further processed
with the NEXUS software and visualized via the 3DHOP web interface (Potenziani et al., 2015).

i w v
’ Research project
APVV-0176-12 by the
( Institute of Geography =

P.J.8afarik University in

S PAT'ALB D KoSice, Slovakia.

Measured length:
57.737
Altitude in metres a.s.|
357.09 ¥

35 ¢



http://spatial3d.science.upjs.sk/3dhop/SPATIAL3D/index_domica_10x10_od13.html

@, USTAV GEOGRAFIE .y . .
° Digitalny model reliéfu z let. laser. skenovania

HOFIERKA, J., GALLAY, M., SASAK, J.,
BANDURA, P. (2018). Identification of karst
sinkholes in a forested karst landscape using
airborne laser scanning data and water flow
analysis. Geomorphology, 308, 265-277.




USTAV GEOGRAFIE , . . o
G | aserove skenovanie na mapovanie georeliéfu a

povrchu vegetacie

DSM (aj povrch vegetacie) DMR (len georeliéf)




2, USTAV GEOGRAFIE

fakulta UPJS v Kosiciac

Pouzitie UAS pri monitorovani javov

Povrchoveé teCenie vody simulované podla silnej zrazky zo 17. 2. 2016.

Voda mizne v zavrte, kde sa zacCina jaskynny systém Domice (Styx).

Fotografia ziskana z dronu DJI Phantom.




@ USTAV GEOGRAFIE : %
Prirodovedeckd fakulta UPJS v Kosiciach M O d e I Ova n | e p OV rc h Ove h O tO ku VO d y

Mitasova, H., Thaxton, C., Hofierka, J., McLaughlin, R., Moore, A., Mitas, L. (2004). Path sampling method for modeling overland water flow,
sediment transport and short term terrain evolution in Open Source GIS. In: Miller, C. T., Farthing, M. W., Gray, W. G., Pinder, G. F. (eds.)
Computational Methods in Water Resources. Developments in Water Science 55 (Part 2). Proceedings of the 15th International Conference on
Computational Methods in Water Resources (CMWR XV), June 13-17, 2004, Chapel Hill, North Carolina, USA, Elsevier, 1479-1490.



2, USTAV GEOGRAFIE Laserové skenovanie stromovej vegetacie
v meste
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Bezpilotne letecke systemy - UAS

- Rozvoj UAS umoznuje velmi efektivny a rychly zber dat
metodami DPZ

- Tvorba ortofotosnimkov s vysokym rozliSenim, ale aj 3D
mracien bodov pomocou metddy Structure from motion (SfM)

- Cenovo dostupné a flexibilné rieSenie

- NosiC umoznuje pouzitie réznych senzorov, od optickych
kamier po laserove skenery
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Vizualizacia dat

Website: https://uge.science.upjs.sk/webshared/Pivnica/Pivnica.html
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https://uge.science.upjs.sk/webshared/Pivnica/Pivnica.html

USTAV GEOGRAFIE o . . ) _ .
Vizualizacia a interakcia s datami online Potree
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USTAV GEOGRAFIE

Vizualizacia a interakcia s datami online Potree
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'o'.l USTAV GEOGRAFIE

fakulta UPJS v KoSiciach

Mestske tepelné ostrovy a povrchova teplota

« zamerané na vyskum efektov mestského Teplota povrchu odvodend z Landsat8
tepelného ostrova KoSic pomocou dat DPZ a i T
simulacii v GIS-e

e LoD2 3D model mesta
e TLS, ALS, Sentinel 2A, Landsat 8

* vplyv vegetacie a tepelnych vlastnosti materialov
povrchu mesta




USTAV GEOGRAFIE .
&Y it Sentinel 2A a Landsat 8

KosSice: centrum mesta

e Multispektr. data Sentinel 2A — NDVI, albedo, emisivita

* Povrchova teplota zeme Landsat 8

LANDSAT 8y oui SENTINEL 2A Google orthophoto © Geodis

N wem High: 0,66
A el o




%a USTAV GEOGRAFIE

Google Earth Engine

& Platform - Google Earth Engine X +

The Earth Engine Code Editor at code.earthengine.goc s
Code Editor features are designed to make developing complex geospatial workflows fast and easy. The Code Editor has the following elements (illustrated in the figure):

- Online platforma, ktora umozriuje
realizovat geopriestorové analyzy L~ | I "
pomocou online nastrojov firmy Google R e

- Obsahuje aj Code Editor na pisanie a = = | &
spustanie skriptov e

- Explorer umoznuje prezerat data a

vykonavat jednoduché analyzy.

Explorer

and export the results.

€ C & earthengine.google.com/platform/ & Q 2 % *» 0O o ¢
Google Earth Engine
Code Editor

is a web-based IDE for the Earth Engine JavaScript APL. It requires log in with a Google Account that's been enabled for Earth Engine access.

The Explorer is a simple web interface to the Earth Engine API. It allows anyone to visualize the data in the public data catalog. Signed in Earth Engine users can also import data, run simple analyses, save,




& USTAV GEOGRAFIE

Prirodovedeckad fakulta UPJS v Kosiciach

Google Earth Engine

Earth Engine Apps Q  search places :
ONACILLOVA, K., GALLAY, M., PALUBA, D.,

R — . : - PELIOVA, A., TOKARCIK, O., LAUBERTOVA,
4017 B gy secrneuy swions | Lot Land Surface Temperature (*C) D. (2022). Combining Landsat 8 and Sentinel 2

S """?,5 m 23 52 data in Google Earth Engine to derive higher
' _ e resolution land surface temperature maps in
urban environment. Remote Sensing 14(16),
Generate charts of spectral indices vs Landsat 8/9 LST 4076.
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Modelovanie povrchovej teploty v meste

HOFIERKA, J., GALLAY, M., ONACILLOVA, K., HOFIERKA, J. Jr.
(2020). Physically-based land surface temperature modeling in urban
areas using a 3-D city model and multispectral satellite data. Urban
Climate, 31, 100566.
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Modelovanie slnecnhého ziarenia

Solar irradiance
(W.m) calculated
by the v.sun
module in the city
of KoSice at B)
12:00 on 1 July.

HOFIERKA, J. (2022). Asessing land surface
temperature in urban areas using open-source
geospatial tools. Int. Arch. Photogramm. Remote
Sens. Spatial Inf. Sci., XLVIII-4/W1-2022, 195—
200, https://doi.org/10.5194/isprs-archives-XLVIII-
4-W1-2022-195-2022.
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- Krajina na dotyk - Tangible Landscape

Fyzicka interakcia s modelom krajiny — lepsSie pochopenie suvislosti a procesov v krajine

Mobile stand
3D Senzor
Azure Kinect
|
- Moveable
short-throw
" projector
Notebook

Mobile stand
fixing screw

Scanning, projection
and interaction area

HOFIERKA, J, GALLAY, M., SUPINSKY, J., GALLAYOVA, G.
(2022). A tangible landscape modeling system for
geography education. Education and Information
Technologies, 27, 4, 5417-5435.
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Hofierka, J., Kanuk, J., Gallay, M. (2014);
Geoinformatika. Univerzita Pavla Jozefa Safarika v
Kosiciach, p. 192.

Jaroslav HOFIERKA | Jan KANUK | Michal GALLAY

http://web.science.upjs.sk/hofierka/geoinformatika.zip
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P Longley, P. A., Goodchild, M. F., Maguire, D. J., Rhind, D. W. (2001):
\EORMATIC Geographic Information Systems and Science. John Wiley & Sons. +
>YSTENa SCE\NCE novsie vydania

OPEN SOURCE GIS:
A GRASS GIS
Approach

Neteler, M., Mitasova, H. (2008): Open Source GIS: A GRASS GIS
Approach. Third Edition. 420 pages, Springer, New York (ISBN-10:
038735767X; ISBN-13: 978-0387357676).

Third Edition

Markus Neteler
wiwd
Hedona Mitnsova
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Dakujem za pozornost'!

http://geografia.science.upjs.sk

https://www.facebook.com/ustavgeografie/

1 C | https://www.instagram.com/geography kosice/

You
https://www.youtube.com/channel/UCZa71zih8100582 0KpXV2w



https://www.facebook.com/ustavgeografie/
https://www.instagram.com/geography_kosice/
https://www.youtube.com/channel/UCZa7Izih81o0582_0KpXV2w

