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Spatial data questions

* How farisit...

* Which way to take?

* Where is the highest mountain?

» Which bus stops are reachable on footin 5
minutes from my home?

* Who has the largestfarm?

 What historicalmonuments are visible from
my hotel room?
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Terminology

» GeographicInformation Systems

e Geoinformatics
« Geomatics

Discipline concerned with collection, distribution, storage, analysis,
processing, presentation of geographic data or geographicinformation.

Geographicdata
Geodata
Spatial data

Georeferenced data

Geospatial data and information

ISO/TC 211

Data and information having implicit or explicit

location relative to the Earth.

association with a\
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Coordinate Reference System

. Region of
* interest
A

Reference ellipsoid

i
[ oo |C GegdeticEquator] }

+

Datum

Geocentric
datum




Conical Projection Surface

Pt « Coordinate Reference System

* + Projection
« WGS-84
« S-JTSK
« ETRS-89
* http://epsg.io

Cylindrical Projection Surface
Planar Projection Surface



http://epsg.io/

WHAT IS
GEODATA
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O Implicit geodata - coordinates, distances, directions

-
2,346 meters in azimuth 36°

aa o
E 14°42' 23", N 49°52' 12" ﬂ

Explicit geodata - reference, address, geographical name

FEL Karlovo ndmésti, budova E #*

- /////

Party at Jakubs place



Vector representation Raster representation




U | Geometry objects

S * Points
« Multipoints
* Lines(Linestrings)

— * Multilines
* Polygons
« Multipolygons

@? e Surface

» w/0o curves
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Geometrical objects - points
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O

Geometrical objects - polygons
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Geometry representation
* how to representgeometry objectsin data

>
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Geometry representation
* how to representgeometry objectsin data

A A VAVAN
A YA VAVAN
>
Point A 14.562° 49.8636°

Point B 14°12' 56" 50°02' 22" /////



Geometry representation
* how to representgeometry objectsin data

Point A 14.562° 49.8636°
Point B 14°12' 56" 50°02' 22"

Usually this is very format specific, which can make things very complicated.

Do not forget data representation depends on coordinate reference system and
geometry object type.

How to specify coordinate reference system?

How to represent polygon? Multipolygon?
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Geometry representation - standard

/\/\/\/\ Well-Known Text (WKT)

POINT (50.056 14.434)
LINESTRING (50.056 14.434, 50.064 14.442, 50.042 14.445)

OGC standard

Specified in Simple Features Access (https://www.opengeospatial.org/standards/sfa)and ISO 19125
Well described in https://en.wikipedia.org/wiki/Well-known_text_representation_of_geometry
Suitable for representation of 2D objects

Most libraries expects WGS-84, but WKT supports various CRS
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https://www.opengeospatial.org/standards/sfa
https://en.wikipedia.org/wiki/Well-known_text_representation_of_geometry

Geometry representation - standard

Geography Markup Language (GML)

"http://opengis.net/def/crs/EPSG/0/4326" srsDimension="2">/

/\/\/\/\ <gml :Point srshName
<gml:pos>50.056 14.434</gml:pos>

</gml:Point>

<gml :Curve srsName="http://opengis.net/def/crs/EP5G/0/5514" srsDimension="2">
<gml: segments>

<gml:LineStringSegment>
<gml :posList>-641126.76 -1093821.18 -641119.35 -1093831.05

-641109.75 -1093844.44</gml :posList>
</gml: LineStringSegment>
</gml : segments>
</gml:Curve>

Defined in OGC standard https://www.ogc.org/standards/gml
Very robust, supports various CRS, various geometry objects, curves, 3D

objects, coverage, sensor data

The writing method is rather complicated (see above)


https://www.ogc.org/standards/gml

GML
GeoJSON
Shapefile
GeoPackage
CSV
GeoSPARQL

Geometry representation - format based

Some spatial data formats may be using non-
standardized way of geometry representation

GML
geojson
binary
SQLite
any
GML/WKT
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O

Spatial data logic

Al / Other attributes

Feature \\\\\\\\\\\\5\““\-\\\\\*

Geometry
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Geography Markup Language (GML)

= [] gmlAbstractFeatureType

r-—-—«ﬁ-:: [] gml:AbstractGMLType (extension base)

XML based format, described by set of XSD files
available

_. @  [This property describes the minimum bounding box or from: http://schemas.opengis.net/gml/3.2.1/

rectangle that enclosas the entire feature.

gml:bnundedEﬁyEl@

(AbstractFeaturejE}— gml:lncatmn@@
= [ gml:LocationPropertyType
This abstract element The basic feature model is given by the gmlAbstractF estureType. The
sarves as the head of a content rmodel for gral:AbstractF eatureType adds twa. . r—-—v@ Attributes
substitution group which
ray contain ary elements o [: .
whose content model is... | ¥ ® Substitutions gml.AbstractGeumetr}f%l@

The AbstractGeometry elerment is the abstract head of the

E":: Substitution Grou p substitution group for all geometry elements of GML. This...

Kgml:LucatiunKeWurd
location - @(—} @Eﬁﬁ | Tvpe ng:CndeT}fpe’
Type gml:LocationPropertyType -

aml: LocationString

| Twpe gml:StringOrReFType’

P

\ aml: Mull ®
| Twpe gml:NiIReasnnT‘;.-'pe’

® Substitutions

///7/



Geography Markup Language (GML)

<ad:Address gml:id="AD.22547665">
/\/\/\/\ <ad:inspireId>
<base:Identifier>
<base:localId>AD.22547665</base:localld>
/\/\/\/\ <base:namespace>CZ-00025712-CUZK_AD</base:namespace>

</base:Identifier>
</ad:inspireId>
<ad:alternativelIdentifier>K Pitkovicum 1, Benice, 10300 Praha 10</ad:alternativeIdentifier>
<ad:position>
<ad:GeographicPosition>
<ad:geometry>
<gml:Point gml:id="P.AD.22547665" srsName="urn:ogc:def:crs:EPSG::5514" srsDimension="2">
<gml :pos>-731037.56 -1053052.98</gml:pos>
</gml:Point>
</ad:geometry>
<ad:specification xlink:href="http://inspire.ec.europa.eu/codelist/ GeometrySpecificationValue/entrance"
xlink:title="entrance"/>
<ad:default>true</ad:default>
</ad:GeographicPosition>
</ad:position>
<ad:component xlink:href="#AA.MOP.108" xlink:title="Praha 10"/>
<ad:component xlink:href="#AA.MOMC.538078" xlink:title="Praha-Benice"/>
<ad:component xlink:href="#AA.2585" xlink:title="Benice"/>
<ad:component xlink:href="#TF.498211" xlink:title="K Pitkovictm"/>
<ad:component xlink:href="#PD.10300" xlink:title="10300"/>
</ad:Address>
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Geography Markup Language (GML)

GML is used in the Infrastructure for
Spatial Information in Europe (INSPIRE)
as the main format for data. Regulation
aims at sharing (spatial) data about
environmentaccross Europe in a
standardized way.

Data catalogue is available from https://inspire-geoportal.ec.europa.eu/
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GeoJSON "geometry" : {

"coordinates": |
14.419134,

e M on ~
R Y \Jl/_/_

Iy
/\/\/\/\ "type":"Point"
I
W "ers": {

"type": "name",
"properties": {
"name": "urn:ogc:def:crs:EPSG::4326"

}

} r

"properties": {
"cislo orientacni":"Z22",
"cislo_popisne":"128",
"druh _mista":"RESTAURACNIZAHRADKY",
"druh zbozi":"",
"momc":"Praha 1",
"ulice":"PariZska"

JSON based format ,},éype,,:,,wmr_uﬂ
Own geometry representation )

Does not support other CRS than WGS-84 (functionality was removed)
Geometry objects supported: Point, Multipoint, LineString, MultiLineString,
Polygon, Multipolygon

http://geojson.io
Supported visualization in GitHub /////



http://geojson.io

Shapefile

X _ O Jeskyne
o & y
o ® J "~ g W T E
& e JMENO DATA50 K = DATA50_P
o . 1 |Jachymka 6260000 vstup do je...
o 2 ° 2 |Netopyrka 6260000 vstup do je...
@ oe

% 3 [NULL 6260000 vstup do je...

0® 00 5 i .
/W ® o 4 |Zbradovské... 6260000 vstup do je...

s}
% ) f 5 |Cernotinsk... 6260000 vstup do je...
@ 6 | Vypustek 6260000 vstup do je...
@ %) 7 | Pekarna 6260000 vstup do je...
® o 8 |Svédavstal 6260000 vstup do je...
o ® 9 |Ochozskdj... 6260000 vstup do je...
10 |Cikanska 6260000 vstup do je...
2 ® @ 11 |U jezevce 6260000 vstup do je...
® o

o = .
® ®° 12 |Uzida 6260000 vstup do je...

= " . .
% é-l)ao o 13 |5amalikovy... 6260000 vstup do je...

o =
@ @ 14 Sipka 6260000 vstup do je...
o

15 |Ledové sluje 6260000 vstup do je...

16 |NaTuroldu 6260000 vstup do je...

T show All Features _

Format created by ESRI company, but the formatitself is (yet) open
Native format for most used GIS in Czech Republic

Consist of multiple files

Restricted number of characters per column name

Only one feature type per dataset /////
Lot of known issues



OGC GeoPackage

SQLite database file

Supports simple and complex geometry structures (as an attribute)
Supports both vector and raster data (in one file)

Very fast and very complex
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Comma Separated Values

Very easy
MS Excel friendly
Does not have recommended geometry (can be WKT)
Geometry objects usually contain commas - must be escaped
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Geo WGS-84

<rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:geo="http://www.w3.0rg/2003/01/geo/wgs84_pos#">
<geo:Point>
<geo:lat>49.701</geo:lat>
<geo:long>14.552</geo:long>
</geo:Point>
</rdf :RDF>

Perfectly represents pointsin WGS-84

Cannot represent anything else
'lat' and 'long" are standalone tropes (in geo, we usually use 3-letters shorts 'lat' and 'lon’)



GeoSPARQL

defaultGeometry

 SpatialObject ...,

Point

[V A

{ Geometry ~ Curve -

Polygon

Surface -

Ontology + query language supporting spatial operations
Geometry representation in both GML and WKT
Support various CRS

May be too complicated for beginners
Seems overpowered for simple representation of points



GeoSPARQL

@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
@prefix geosparql: <http://www.opengis.net/ont/geospargl#>
@prefix ds-par: <http://onto.fel.cvut.cz/ontologies/town-plan/parcely/>

@prefix databaseTableParcely:

<http://onto.fel.cvut.cz/ontologies/town-plan/databaseTableParcely/>
@prefix par—-geometry: <http://onto.fel.cvut.cz/ontologies/town-plan/parcelakn_dokm_p/geometry/>

@prefix townplan: <http://onto.fel.cvut.cz/ontologies/town-plan/>

townplan:parcelakn_dokm p/1/2018-01-29T14:36:24.178617 a ds—par:Parcely,
geosparql :Feature ;
rdfs:label "parcelakn_dokm_p/1/2018-01-29T14:36:24.178617" ;

dat _wvznik "2008-09-25"""xsd:date ;

databaseTableParcely:
databaseTableParcely:
databaseTableParcely:
databaseTableParcely:
databaseTableParcely:
databaseTableParcely:
databaseTableParcely:
databaseTableParcely:
databaseTableParcely:
databaseTableParcely:
databaseTableParcely:
databaseTableParcely:
databaseTableParcely:

existujedi "A"

id 2087553101.0 ;

id poskyt 397 ;

katuze _kod 727164 ;
nazev_ku "Vinohrady"
ogc_fid 1 ;

par_id 2087553101.0 ;
parcela "1057" ;
shape_area 260.475900002
shape_length 65.630482
tid_parcelakn_dokm
vymera 260 ;

s

geosparqgl:hasGeometry par-geometry:1/2018-01-29T14:36

:24.178617

par-geometry:1/2018-01-29T14:36:24.178617 a geosparql:Geometry ;
rdfs:label "parcelakn_dokm_p/geometry/1/2018-01-29T14
geosparql:asWKT "MULTIPOLYGON (((-742241.02 -1045480.81,-742242.84 —-1045482.35,
-742257.059 -1045469.76,-742246.0798
-1045465.82,-742241.02 -1045480.81)))"

:36:24.17861°7" ;

-1045456.9,-742237.98

Y,



O GeoJSON-LD

{
"Qcontext": https://ofn.gov.cz/umisténi/2020-07-

0l/kontexty/umisténi.jsonld,

"typ": "Umisténi",
"nazev":
{ {
"cs": "NArodni park Sumava"
\ "Acontext":
14
"geometrie": { .
{ "Q@version": 1.1,
"type": "Point", locn": "http://www.w3.org/ns/locn#",

"coordinates": [13.6309462, 48.9720309] decterms®: http://purl.org/dc/terns/,

) "geometrie":
{
"@id": "locn:geometry",
"Qcontext": "https://geojson.org/geojson-

ld/geojson-context.jsonld"

}

| /4
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AV VAVAN Spatial relations

Wikhin{a,b)
D
Relation between two (or more) spatial
objects, usually based on location
Touches{a, b)

and/or shape:

» Topological

Crosses(a, bl

=

e Directional
 Distance

* Temporal

Touchesia, bl

Crossasia. bl

S

Cryarlaps{a, bl
a b
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NN Spatial relations

Relation between two (or more) spatial
objects, usually based on location

and/or shape: =
« Topological w
 Directional Left Right

 Distance

* Temporal
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/\/\/\/\ Further

NN Spatial relations ﬁ

Relation between two (or more) spatial
objects, usually based on location
and/or shape:

Closer

« Topological
e Directional
 Distance

* Temporal




NN Spatial relations T

Relation between two (or more) spatial
objects, usually based on location
and/or shape:

« Topological
e Directional
e Distance

« Temporal




Buffer
Union
Difference
Clip
Intersection
Interpolation
Distance
Convex Hull
Thiessen/Voronoi

Spatial operations

Buffering a linestring

. ‘

Buffering a multipoint

Buffering a polygon
with one interior ring

Y/




Spatial operations

Buffer
Union
Difference
Clip
Intersection
Interpolation
Distance
Convex Hull
Thiessen/Voronoi




Spatial operations

‘

,ﬁ‘ 1.8 km ﬁ

*x — @

Buffer
Union
Difference
Clip
Intersection
Interpolation
Distance
Convex Hull
Thiessen/Voronoi
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GIS Software

« QQGIS
* https://qgis.org/en/site/

« Very powerful open source projects

* PostGIS
 Spatial Extension for PostgreSQL

« ESRI ArcGIS

* https://www.arcgis.com/index.html

* large commercial project
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Spatial libraries

» Leaflet
* https://leafletjs.com/

 Lightweight JS library for maps
» Also as areact component
* Openlayers
* https://openlayers.org/
« JS APl for maps

* MapServer, GeoServer
* "heavy" solutions

» Data storedin spatial database on the server,
supports wide portfolio of operations

« Usually used for serving data (as data or maps)

/4


https://leafletjs.com/
https://openlayers.org/

Spatial libraries

« Geopandas

* https://geopandas.org/

» Spatial extension for wll known python library
» Also as areact component

* ogr2ogr
 https://gdal.org/

* Most used library for spatial operations and
transformations

« Used by most listed software

* Runs from terminal, python, java...
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