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KAPITOLA 1

Uvod

Laskavy tivod do GIS

Pfivedeno QGISem, Free a Open Source softwarem, GIS aplikaci pro kazdého.

N

Sponzorovano: Vrchni feditelstvi: Spatial Planning & Information, Department of Land Affairs, Eastern Cape, South
Africa.

T. Sutton, O. Dassau, M. Sutton

’ Province of the

5% EASTERN CAPE

OFFICE OF THE PREMIER

Copyright (c) 2009 Vrchni feditelstvi: Spatial Planning & Information, Department of Land Affairs, Eastern Cape.

vy

Je povoleno kopirovat, §ifit a/nebo upravovat tento dokument za podminek GNU Free Documentation License,

verze 1.2 nebo libovolné vyssi verze publikované nadaci Free Software Foundation; bez neménnych oddild, bez textt
prednich desek a bez textti zadnich desek.




Gentle GIS Introduction

Kopie licence je zahrnuta v sekci GNU svobodnad licence pro dokumentaci.

Vyse uvedend poznamka o autorskych pravech nezahrnuje navod k pouziti QGIS, ktery miiZe byt pfipojen k tomuto
dokumentu. Nahlédnéte do QGIS manualt pro dalsi autorska prava a licen¢ni informace.

1.1 Par slov od editora

Tento projekt byl sponzorovdn vrchnim feditelstvim: Spatial Planning & Information, Department of Land Affairs
(DLA), Eastern Cape, ve spojeni se Spatial Information Management Unit, Office of the Premier, Eastern Cape,
South Africa.

GIS se stava stale dulezit€j$§im ndstrojem spravy Zivotniho prostiedi, maloobchodu, vojenstvi, policie, cestovniho
ruchu a mnoho jinych sfér naSeho kazdodenniho Zivota. Pokud pouZivite pocitac nebo mobilni telefon,
pravdépodobné jste jiz GIS v néjaké formé pouZzivali, aniZ byste si to uvédomovali. MoZn4 to byla mapa na webu,
aplikace Google Earth, informac¢ni stanek nebo vas mobilni telefon oznamujici, kde jste. Proprietarni software GIS
(software, ktery nemiZe byt volné sdileny nebo upravovany) je k dispozici, umozni vim d¢lat vSe, co popisujeme
v té€chto ¢lancich a mnohem vice. Nicméné tento software je obvykle velmi drahy, nebo jinak omezujici vasi svobodu
kopirovat, sdilet a upravovat tento software. Dodavatelé GIS nékdy ud€laji vyjimku pro vzd€ldvaci Cinnosti, pficemZ
poskytuji levnéjsi nebo bezplatné kopie jejich softwaru. Délaji to s védomim, Ze pokud uditelé a studenti poznaji jejich
software, nebudou ochotni udit se jiné balicky. KdyZ studenti opusti $kolu, ptijdou do zaméstnani a koupi si komercni
software, aniz by védéli, Ze existuji volné alternativy, které by mohly pouZivat.

Diky QGISu nabizime alternativu software, ktery je zdarma penéZné a zdarma v socidlnim smyslu. MuzZete
si vytvofit tolik kopii, kolik se vam libi. KdyZ studenti jednoho dne opusti $kolu, mohou pouZit tento software pro
budovani svych schopnosti, k feSeni problému v praci a k ucinéni svéta lepSim mistem.

Zakoupenim komerc¢niho softwaru, omezite své moznosti do budoucna. U¢enim, vyuZivanim a sdilenim Free a Open
Source softwaru, upeviiujete své vlastni schopnosti, osvobozujete penize, které mohou byt vynaloZeny na dilezité

N N

véci, jako je jidlo a pristfesi a posileni vaseho vlastniho hospodafstvi.

Sponzorovanim vytvofeni tohoto zdroje, DLA vytvofila zdklad, ktery miize byt vystaven mladému mysleni. Cekaji
nas vzrusujici moznosti, které zahrnuji principy volného sdileni znalosti a dat. Za to srde¢né dékujeme DLA!

Véfime, Ze budete radi pouZzivat a ucit se QGIS v duchu Ubuntu!

Tim Sutton, duben 2009

2 Kapitola 1. Uvod



KAPITOLA 2

Uvod do GIS

b Cile: Pochopenti, co je to GIS a k ¢emu ho lze pouZit.
Klicova slova: | GIS, pocita¢, mapy, data, informacni systém, prostorovy, analyza

2.1 Prehled

Stejné jako pouzivame textovy editor pro psani dokumenti a zabyvame se slovy na pocitaci, miZeme pouzit aplikaci
GIS k zabyvani se prostorovymi informacemi na pocitaci. GIS je zkratka pro ,,geografickym informacni systém*‘.

GIS se sklada z:

* Digital Data — the geographical information that you will view and analyse using computer hardware and
software.

 Pocitacovy hardware — pocitace pouzivané pro ukladani dat, zobrazovani grafiky a zpracovéni dat.
* Pocitacovy software — pocita¢ové programy, které béZi na hardwaru pocitace a umoziuji praci s digitalnimi
daty. Softwarovy program, ktery je soucdst GIS je nazyvan GIS aplikaci.

S aplikaci GIS miZete oteviit digitdlni mapy na pocitaci, vytvaret nové prostorové informace pro pridani do mapy,
vytvéret tisténé mapy na miru vasim potfebdm a provadét prostorovou analyzu.

Podivejme se podivat na maly priklad toho, jak GIS muze byt uZziteCny. Piedstavte si, Ze jste zdravotnik
a poznamendvdte si datum a misto bydlisté kazdého pacienta, kterého jste 1é¢il.

Zemépisna délka | Zemépisnd Sifka | Choroba Datum

26.870436 -31.909519 Pfiusnice 13.12.2008
26.868682 -31.909259 Pfiusnice 24.12.2008
26.867707 -31.910494 Pfiusnice 22.01.2009
26.854908 -31.920759 Spalnicky 11.01.2009
26.855817 -31.921929 Spalnicky 26.01.2009
26.852764 -31.921929 Spalnicky 10.02.2009
26.854778 -31.925112 Spalnicky 22.02.2009
26.869072 -31.911988 Pfiusnice 02.02.2009
26.863354 -31.916406 Plané nestovice | 26.02.2009
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Podivate-li se na vyse uvedené tabulky rychle uvidite, Ze bylo mnoho pfipadti onemocnéni spalnickami v lednu
atinoru. Nase zdravotnice zaznamenala pozici domu kazdého pacienta, poznamendnim jejich zemépisné §ifky a délky

v

do tabulky. PouZitim téchto dat v GIS aplikaci, miZeme rychle zjistit mnohem vice o pfi¢indch nemoci:

Quantu 0°0"Kore

Fle Edit View Layer Plugins Tools Help
B o= — [z U = o
B EHELINLE SR EPE ML L® - Bz B

OB % Ou®s L =8 e Ll 0% %[

TVERAER L S g se %"'ﬁ"ﬁﬁﬁo@}a}%
B / AV o 0005
E degrees
5 [7] Iy ecape disease example
i Chicken Pox ~ X ,ﬁ

Measles YN
Mumps | SN

& rivers

£ za_roads
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OTHER
SECONDARY _ ) | - | ) FS
STREET S - T

v\ railway = ) luB} Ly

[\ za highways
& [+ @ Eastern Cape Province

o

& [1§§ Population by Municipa...
i-(7] -0.001 - 96977.100

i~ 8 96977.100 - 193954.200
- 193954.200 - 290931.300 \ 0 A T \ >
i o 290931.300 - 387908.400 : A @ A pN
i~ 4 387908.400 - 484885.500 E 4 3

8 484885500 - 581862.600 VX
i~ 581862.600 - 678839.700 TN

i W 678839.700 - 775816.800 [ ]
- 775816.800 - 872793.900 (hd
I )

©QGIS 2008

26.84592,-31.90445 Scale Render

Obr. 2.1: Priklad ukazuje zdznamy onemocnéni v aplikaci GIS. Je snadno vidét, Ze vSichni pacienti s pfiusnicemi Ziji
blizko u sebe.

2.2 Vice o GISu

GIS je relativné novym oborem — zacalo to v roce 1970. Pocitacovy GIS byval k dispozici pouze pro spolecnosti
a vysoké Skoly, které mély drahé pocitacové vybaveni. Dnes, kazdy s osobnim pocitacem nebo notebookem muze
pouzit software GIS. Postupem casu se GIS aplikace rovnéZ staly snadnéji pouZitelnymi — dfive byvalo vyZadovano
hodné tréninku k pouzivani GIS aplikace, ale nyni je mnohem snazsi za¢it v GIS i pro amatéry a bézné uZivatele.
Jak jsme popsali vyse, GIS je vice neZ jen software, odkazuje se na vSechna hlediska fizeni a vyuZivani digitalnich
geografickych dat. Ve vyukovych programech, které nasleduji se budeme zamétovat na software GIS.

2.3 Co je to software GIS / GIS aplikace?

You can see an example of what a GIS Application looks like Obr. 2.1. GIS Applications are normally programs with
a graphical user interface that can be manipulated using the mouse and keyboard. The application provides menus
near to the top of the window (File, Edit etc.) which, when clicked using the mouse, show a panel of actions. These
actions provide a way for you to tell the GIS Application what you want to do. For example you may use the menus
to tell the GIS Application to add a new layer to the display output.

4 Kapitola 2. Uvod do GIS
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Add Vector Layer...

Obr. 2.2: Nabidka aplikace se, po kliknuti mysi, rozbali a zobrazi seznam akci, které mohou byt provedeny.

Panely nastroju (fidky malych obrazk, které Ize rozkliknout mysi) jsou normalné tésné pod nabidkou a poskytuji
rychlejsi zpisob, pro pouZivani ¢asto potifebnych akci.

s

Obr. 2.3: Panely nastroji poskytuji rychly pfistup k béZné pouZivanym funkcim. PorZenim mysi nad obrazkem vim
obvykle fekne, co se stane, kdyZ na néj kliknete.

BéZnou funkei GIS aplikace je zobrazeni mapové vrstvy. Mapové vrstvy jsou uloZeny jako soubory na disk nebo
jako zdznamy v databazi. Za normalnich okolnosti bude kaZzda mapova vrstva reprezentovat néco v realném svété —
naptiklad silni¢ni vrstva bude mit k dispozici tidaje o silni¢ni siti.

When you open a layer in the GIS Application it will appear in the map view. The map view shows a graphic
representing your layer. When you add more than one layer to a map view, the layers are overlaid on top of each
other. Look at figures Obr. 2.4, Obr. 2.5, Obr. 2.6 and Obr. 2.7 to see a map view that has several layers being added

2.3. Co je to software GIS / GIS aplikace? 5
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to it. An important function of the map view is to allow you to zoom in to magnify, zoom out to see a greater area
and move around (panning) in the map.

0 0.01
1 degrees

Clueenstown

i

‘ ©QGIS 2009

Obr. 2.4: Mapovy nédhled s nékolika vrstvami, které jsou do ného ptidany. Vrstva mést ptidand do mapového nahledu.

0 0.01
1 degrees

Queenstown

i

_)k

Obr. 2.5: Mapovy nahled s né¢kolika vrstvami, které jsou do ného pfidany. Vrstva kol pfidand do mapového nahledu.

©QGIS 2009

6 Kapitola 2. Uvod do GIS
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0 0.01
1 degrees

—
- P CHueEnstown

‘ o 0aSTo0a/

Obr. 2.6: Mapovy ndhled s n€kolika vrstvami, které jsou do ného pfidany. Vrstva Zeleznic pfidand do mapového
néhledu.

] 0.01
1 degrees

- Pt CHUEENSOWN

‘ o 0aiSTm0e/

Obr. 2.7: Mapovy néhled s n¢kolika vrstvami, které jsou do ného pfidany. Vrstva fek pfidand do mapového nahledu.

Another common feature of GIS Applications is the map legend. The map legend provides a list of layers that have
been loaded in the GIS Application. Unlike a paper map legend, the map legend or ,layers list* in the GIS Application
provides a way to re-order, hide, show and group layers. Changing the layer order is done by clicking on a layer in the
legend, holding the mouse button down and then dragging the layer to a new position. In figures Obr. 2.9 and Obr.
2.10 the map legend is shown as the area to the left of the GIS Application window. By changing the layer order,
the way that layers are drawn can be adjusted — in this case so that rivers are drawn below the roads instead of over
them.

2.3. Co je to software GIS / GIS aplikace? 7
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Obr. 2.8: GIS software vim umoziiuje snadno ménit symboliku — informacni zptisob je zobrazen.
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Obr. 2.9: Changing the layer order allows to adjust the way that layers are drawn. Before changing the layer order,
rivers are drawn on top of roads
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Obr. 2.10: Changing the layer order allows to adjust the way that layers are drawn. After changing the layer order,
rivers are drawn underneath roads

2.4 Ziskani GIS aplikace pro vas vlastni pocitac(e)

There are many different GIS Applications available. Some have many sophisticated features and cost tens of
thousands of Rands for each copy. In other cases, you can obtain a GIS Application for free. Deciding which GIS
Application to use is a question of how much money you can afford and personal preference. For these tutorials,
we will be using the QGIS Application. QGIS is completely free and you can copy it and share it with your friends
as much as you like. If you received this tutorial in printed form, you should have received a copy of QGIS with it. If
not, you can always visit https://www.qgis.org/ to download your free copy if you have access to the internet.

2.5 GIS data

Ted, kdyZ vime, co je to GIS a co GIS aplikace miZe dé€lat, pojdme se pobavit o GIS datech. Data jsou jinym
slovem pro informaci. Informace, které pouzivime v GISu maji obvykle geograficky vzhled. Pfedstavte si nas vyse
uvedeny priklad o zdravotnici. Ona vytvorila tabulku, pro zaznamendvani nemoci, kterd vypadala asi takto:

Zemépisna délka | Zemépisnd Sifka | Choroba | Datum
26.870436 -31.909519 Pfiusnice | 13.12.2008

Sloupce zemépisné délky a $ifky maji geografické idaje. Sloupce nemoci a datumu maji negeografické tdaje.

Spoleénym rysem GISu je to, Ze vim umozni pfifadit informace (negeografické udaje) k mistim (geografickymi
udaji). GIS aplikace, ve skute¢nosti, mize ukladat mnoho ¢asti informaci, které se spojuji s jednotlivymi misty —
néco, v ¢em papirové mapy nejsou prilis dobré. Napiiklad nase zdravotnice mtize ukladat vék a pohlavi osob do
jeji tabulky. Kdyz GIS aplikace vykresluje vrstvu, miiZete ji nakreslit na zdkladé pohlavi nebo v zavislosti na typu
onemocnéni a tak dale. Takze, diky GIS aplikaci mame zptisob, jak snadno zménit vzhled map, které jsme vytvorili
na zdkladé negeografickych dat spojenych s misty.

GIS Systems work with many different types of data. Vector data is stored as a series of X, Y coordinate pairs
inside the computer’s memory. Vector data is used to represent points, lines and areas. Illustration Obr. 2.11 shows
different types of vector data being viewed in a GIS application. In the tutorials that follow we will be exploring vector
data in more detail.

2.4. Ziskani GIS aplikace pro vas vlastni pocitac(e) 9
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Obr. 2.11: Vector data jsou vyuZivana k reprezentaci bodl (napf. mést), linii (napt. feky) a polygonti (napf. hranice
obci).

L) .

Raster data are stored as a grid of values. There are many satellites circling the earth and the photographs they take
are a kind of raster data that can be viewed in a GIS. One important difference between raster and vector data is that
if you zoom in too much on a raster image, it will start to appear ,blocky* (see illustrations Obr. 2.12 and Obr. 2.13).
In fact these blocks are the individual cells of the data grid that makes up the raster image. We will be looking at
raster data in greater detail in later tutorials.

Obr. 2.12: Rastrova data jsou Casto snimky pofizené druZicemi. Zde mtizeme vidét hory Vychodniho Kapska.

10 Kapitola 2. Uvod do GIS
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Obr. 2.13: Stejnd rastrova data, ale tentokrat priblizend. Zde muzete vidét povahu mfizky dat.

2.6 Co uz jsme se naugili?

Pojd'me si shrnout co jsme si v této kapitole fekli.
* GIS je systém pocitacového hardwaru, pocitacového softwaru a geografickych dat.
* GIS aplikace umoziiuje zobrazit geografickd data a je diileZitou soucasti GISu.
« GIS aplikace se obvykle sklida z nastrojového menu, panelu nastroji, mapového okna ** a **legendy.
* Vectorova a rastrova data jsou geograficka data pouZita v aplikaci GIS.

* Geograficka data mohou byt spojena s negeografickymi daty.

2.7 Nyni si to zkuste sami!

Zde jsou pro vas néjaké ndpady, jak si to zkusit se svymi studenty:

¢ Zemépis: Popiste pojem GIS svym studentlim, jak je uvedeno v tomto navodu. Pozadejte je, aby se pokusili
vymyslet 3 diivody, pro¢ by mohlo byt uZitecné pouziti GISu misto papirovych map. Zde jsou nékteré, které
by nds mohli napadnout:

— GIS aplikace umoziluji vytvaret mnoho rtiznych typti map ze stejnych dat.

— GIS je skvély vizualizacni nastroj, ktery vim ukaZe ndleZitosti vaSich dat a jak jsou uspotfddédna v prostoru
(napf. tato vypuknuti onemocneni, které jsme vidéli diive).

— Papirové mapy musi byt zakladané a jsou Casové narocné ke zobrazeni. GIS mizZe pojmout velké mnoZstvi
mapovych podkladi a snadno a rychle najit misto, které vas zajima.

e Zemeépis: Vy a vasi studenti miZete pfemyslet o tom, jak by rastrovd data z druZic mohla byt uZitecnd? Zde

jsou nekteré nase napady:

— Pfi zivelnych pohroméch, mohou byt rastrova data uZite¢na pro zobrazeni, kde postiZené jsou. Napriklad
nedavny druzicovy snimek, pofizeny pii povodni, mtiZe pomoci obrazit oblasti, kde lidé mohou potfebovat
z4chranu.

2.6. Co uz jsme se naucili? 11
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— Neékdy lidé délaji Spatné véci Zivotnimu prostiedi, jako jsou sklddky nebezpecnych chemickych latek,
které zabijeji rostliny a ZivoCichy. Pouzitim rastrovych dat z druZic, miZeme sledovat tyto typy problémd.

— Urbanisté mohou vyuZivat rastrovd data z druZic ke zjiSténi, kde se vyskytuji squaty a k pomoci pfi
planovani infrastruktury.

2.8 Néco k zamysleni

Pokud nemate k dispozici pocita¢, mnoho témat, kterymi se zabyvame v tomto ndvodu lze vytvofit za pomoci
nadhledu a pfehledu, protoZe je pouZita stejnd technika pfiddvani informaci. AvSak, ke spradvnému pochopeni GISu,
je vZdy lepsi se to naudit pomoci pocitace.

2.9 Dalsi k precteni

Kniha: Desktop GIS: Mapping the Planet with Open Source Tools. Autor: Gary Sherman. ISBN: 9781934356067

wevs

UZivatelskd prirucka QGIS také obsahuje podrobnéjsi informace o praci s QGIS.

2.10 Co dale?

V nésledujicich ¢astech se budeme zachdzet do vétsich detaild, v ukdzkach, jak pouzivat GIS aplikace. VSechny
navody budou provedeny pomoci QGISu. Tak tedy dalsi, pojdme se podivat na vektory!

12 Kapitola 2. Uvod do GIS



KAPITOLA 3

Vektorova data

& Cile: Pochopeni vektorovych datovych modelt uzitim v GIS.
Klicova Vektor, Bod, Ktivka, Polygon, Vrchol, Geometrie, Méfitko, Kvalita Dat, Symbologie,
slova: Zdroje Dat

3.1 Prehled

Vector data provide a way to represent real world features within the GIS environment. A feature is anything you
can see on the landscape. Imagine you are standing on the top of a hill. Looking down you can see houses, roads,
trees, rivers, and so on (see Obr. 3.1). Each one of these things would be a feature when we represent them in
a GIS Application. Vector features have attributes, which consist of text or numerical information that describe the
features.

Obr. 3.1: Pfi pohledu na krajinou miiZete vidét hlavni rysy, jako jsou silnice, domy a stromy.

A vector feature has its shape represented using geometry. The geometry is made up of one or more interconnected
vertices. A vertex describes a position in space using an X, Y and optionally Z axis. Geometries which have vertices
with a Z axis are often referred to as 2.5D since they describe height or depth at each vertex, but not both.

13
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When a feature’s geometry consists of only a single vertex, it is referred to as a point feature (see illustration Obr.
3.2). Where the geometry consists of two or more vertices and the first and last vertex are not equal, a polyline feature
is formed (see illustration Obr. 3.3). Where three or more vertices are present, and the last vertex is equal to the first,
an enclosed polygon feature is formed (see illustration Obr. 3.4).

Vector Point Feature

Point Geometry (indicates the x,y
and z position of the feature)

Point attributes (describe the feature)

Id, Name, Description

1, Tree, Outside our classroom
2, Light post, At the school entrance

Obr. 3.2: Bodova funkce je popsana jeho X, Y a pfipadné Z souradnici. Bodové atributy popisuji bod napt. zda se
jednd o strom nebo sloup vefejného osvétleni.

14 Kapitola 3. Vektorova data
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Vector Polyline Feature

Polyline Geometry (a series of
connected vertices that do not form
an enclosed shape)

Polyline attributes (describe the feature)

Id, Name, Description

1, Footpath 1, From class to the playground
2, Footpath 2, From the school gate to the hall

Obr. 3.3: Kfivka je sekvence spojenych vrchold. Kazdy vrchol ma X, Y (a volitelné Z) soufadnici. Atributy popisuji
danou kfivku.

3.1. Prehled 15
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Vector Polygon Feature

Polygon Geometry (a series of
connected vertices that do form an
enclosed shape)

X——X

Polygon attributes (describe the feature)

Id, Name, Description

1, School Boundary, Fenceline for the school
2, Sports Field, We play soccer here

Obr. 3.4: Polygon stejné jako kiivka, je sekvence vrcholl. Avsak v polygonu, prvni a posledni vrcholy jsou vZdy na
stejném miste.

Looking back at the picture of a landscape we showed you further up, you should be able to see the different types
of features in the way that a GIS represents them now (see illustration Obr. 3.5).

Obr. 3.5: Krajinné funkce, jak bychom je prezentovali v GIS. ﬁeky (modré) a silnice (zelené) mohou byt
reprezentovany jako Cary, stromy jako body (Cervené€) a domy jako polygony (bilou).

16 Kapitola 3. Vektorova data
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3.2 Bodoveé funkce v detailu.

Prvni véc, kterou si musime uvédomit, kdyZ mluvi o bodovych funkei je, Ze to, co popisujeme jako bod v GIS je
véc ndzoru, a ¢asto je to zavislé na méfitku. Podivejme se naptiklad na mésta. Pokud méte malé métitko mapy (coz
pokryva rozsahlou oblast), mtiZze mit smysl reprezentovat mésto pomoci funkce bodu. Nicméné, kdyz sepribliZite na

mapu, pohybujici se smérem k vétsim méfitku, dava vétsi smysl ukazovat hranice mésta pomoci polygonu.

vy

KdyZ se rozhodnete pouZit body predstavujici rys je vétSinou otdzkou méfitka (jak daleko jste od funkce), pohodli
(trvd méné Casu a Usili o vytvofeni bodovych funkci nez polygonu funkei) a typ prvku (nékteré véci, jako telegrafni
sloupy prost€ nemaji smysl byt uloZeny jako polygony).

As we show in illustration Obr. 3.2, a point feature has an X, Y and optionally, Z value. The X and Y values will depend
on the Coordinate Reference System (CRS) being used. We are going to go into more detail about Coordinate
Reference Systems in a later tutorial. For now let’s simply say that a CRS is a way to accurately describe where
a particular place is on the earth’s surface. One of the most common reference systems is Longitude and Latitude.
Lines of Longitude run from the North Pole to the South Pole. Lines of Latitude run from the East to West. You can
describe precisely where you are at any place on the earth by giving someone your Longitude (X) and Latitude (Y). If
you make a similar measurement for a tree or a telephone pole and marked it on a map, you will have created a point
feature.

ProtoZe vime, Ze Zemé& neni plochd, je Casto uZite¢né pridat hodnotu Z do funkce bodu. Tato hodnota popisuje, jak
vysoko nad mofem jste.

3.3 Funkce kfivky v detailu

Where a point feature is a single vertex, a polyline has two or more vertices. The polyline is a continuous path
drawn through each vertex, as shown in Obr. 3.3. When two vertices are joined, a line is created. When more than
two are joined, they form a ,line of lines’, or polyline.

~so 2 o

Kfivka se pouziva k zobrazeni geometrie ,linedrnich rysi“, jako jsou silnice, feky, obryst, chodniki, drah letu a tak
déle. Nékdy mame zvlastni pravidla pro kiivky kromé jejich zakladni geometrie. Naptiklad vrstevnice se muiZe
dotknout (napf. na ttesu), ale nikdy by nemély piekracovat pres sebe. Podobné kiivky slouZici k ukladani silni¢nich
siti by mély byt propojeny na kifiZzovatkach. V nékterych GIS aplikacich muiZete nastavit tyto zvlastni pravidla pro typ
prvku (naptiiklad komunikace) a GIS zajisti, aby tyto kfivky vZdy souhlasily v souladu s témito pravidly.

If a curved polyline has very large distances between vertices, it may appear angular or jagged, depending on the
scale at which it is viewed (see Obr. 3.6). Because of this it is important that polylines are digitised (captured into the
computer) with distances between vertices that are small enough for the scale at which you want to use the data.

150

22222 ©0GIS 2008 ©0QGIS 2009

My

Obr. 3.6: Kfivky zobrazené v mensim méfitku (1:20 000 a vétSim) se mtiZe objevit hladce a zakfivené. Pfi pfibliZeni
k vétsim méfitku (1: 500) kiivky mtizou vypadat velmi hranaté.

The attributes of a polyline describe its properties or characteristics. For example a road polyline may have attributes
that describe whether it is surfaced with gravel or tar, how many lanes it has, whether it is a one way street, and so on.
The GIS can use these attributes to symbolise the polyline feature with a suitable colour or line style.

3.2. Bodové funkce v detailu. 17
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3.4 Funkce polygonu v detailu

Funkce polygonu jsou ,,uzaviené prostory“ jako prehrady, ostrovy, hranice zemi a tak dédle. Jako lomenné funkce, jsou
polygony vytvoreny z fady vrchold, které jsou spojeny kontinualni linii. Nicméné, protoZe mnohothelnik popisuje
vzdy uzavienou oblast, prvni a posledni vrchol by mél byt vzdy na stejném misté! Polygony maji Casto ,,sdilenou
geometrii“ — hranice, které jsou spolecné se sousednim polygonem. Mnoho aplikaci GIS maji schopnost zajistit, Ze
hranice sousednich polygont se maji pfesné shodovat. Toto budeme zkoumat v: ref:gentle_gis_topology téma pozdéji
v tomto vyukovém programu.

Stejné jako u bodi a kfivek, polygony maji ,.atributy”. Tyto atributy popisuji kazdy polygon. Napiiklad prehrada
miZe mit atributy pro hloubku a kvalitu vody.

3.5 Vektorova data ve vrstvach

Now that we have described what vector data is, let’s look at how vector data is managed and used in a GIS
environment. Most GIS applications group vector features into layers. Features in a layer have the same geometry
type (e.g. they will all be points) and the same kinds of attributes (e.g. information about what species a tree is for
a trees layer). For example if you have recorded the positions of all the footpaths in your school, they will usually be
stored together on the computer hard disk and shown in the GIS as a single layer. This is convenient because it allows
you to hide or show all of the features for that layer in your GIS application with a single mouse click.

3.6 Editovani vektorovych dat

Aplikace GIS vdm umozni vytvéret a upravovat data geometrie ve vrstveé - proces se nazyva ,,digitalizace” - kterym se
budeme zabyvat podrobnéji v pozd&jsim tutoridlu. JestliZe obsahuje vrstva polygony (napfiklad zemédélské prehrady),
aplikace GIS pouze umoziiuji vytvofit nové polygony v této vrstvé. Stejné tak, pokud chcete zménit tvar prvku,
aplikace povoli pouze vam, jak to udélat, za pfedpokladu, Ze je zménény tvar spravny. Naptiklad to nedovoli upravovat
¢aru takovym zplisobem, Ze to m4 jen jeden vrchol - pamatujte si z dfivéjsi diskuze o liniich, Ze vSechny linii musi
mit alespori dva vrcholy.

Vytvéfeni a Gprava vektorovych dat je dilezitou funkci GIS, protoZe je jednou z hlavnich zptisobtl, kterymi si miizete
vytvofit osobni tidaje pro véci, které nds zajimaji. Reknéme napiiklad, Ze sledujete zne&iténi v fece. Dalo by se pouZit
GIS k digitalizaci vSech vypusti privalovych vod kanalizace (jako bodovych objekti). Dalo by se také digitalizovat
feku samotnou (jako rys kiivky). Nakonec byste mohli provadét méfeni hladin pH podél toku feky a digitalizovat
mista, kde jste provedli tyto hodnoty (jako bodovou vrstva).

Stejné jako vytvareni vlastnich dat, je zde spousta volné dostupnych vektorovych dat, které miiZete ziskat a pouZit.
Naptiklad mutiZete ziskat vektorova data, ktera se zobrazi na 1:50 000 mapovych listti z feditelstvi Chief: Prizkumy
a mapovani.

3.7 Méritko a vektorova data

Map scale is an important issue to consider when working with vector data in a GIS. When data is captured, it
is usually digitised from existing maps, or by taking information from surveyor records and global positioning system
devices. Maps have different scales, so if you import vector data from a map into a GIS environment (for example
by digitising paper maps), the digital vector data will have the same scale issues as the original map. This effect can
be seen in illustrations Obr. 3.7 and Obr. 3.8. Many issues can arise from making a poor choice of map scale. For
example using the vector data in illustration Obr. 3.7 to plan a wetland conservation area could result in important
parts of the wetland being left out of the reserve! On the other hand if you are trying to create a regional map, using
data captured at 1:1000 000 might be just fine and will save you a lot of time and effort capturing the data.
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Obr. 3.7: Vektorova data (Cervené linie), které byly digitalizovany z maelého méfitka (1:1000 000) map.
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Obr. 3.8: Vektorova data (zelené linie), které byly digitalizovany z map velkych méfitek (1:50 000).

3.8 Symbologie

When you add vector layers to the map view in a GIS application, they will be drawn with random colours and basic
symbols. One of the great advantages of using a GIS is that you can create personalised maps very easily. The GIS
program will let you choose colours to suite the feature type (e.g. you can tell it to draw a water bodies vector layer
in blue). The GIS will also let you adjust the symbol used. So if you have a trees point layer, you can show each tree
position with a small picture of a tree, rather than the basic circle marker that the GIS uses when you first load the
layer (see illustrations Obr. 3.9, Obr. 3.10 and Obr. 3.11).
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Obr. 3.9: V aplikacich GIS mizete pouZit panel (v listé nahotfe) k nastaveni, jak by se mély jednotlivé vrstvy
vykreslovat.
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Obr. 3.10: Pokud je vrstva (naptiklad vrstva stromd nejvysse) je prvni nacitana, aplikace GIS ji davaji automaticky
symbol.
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Obr. 3.11: Po provedeni naseho nastaveni je mnohem jednodussi vidét Ze nase body reprezentuji stromy.

Mevs

Symbolika je silny ndstroj, pomoci né¢hoZ mapy oZivaji a data jsou v aplikacich GIS srozumitelnéj§i. V tématu,
ktery nasleduje (ref:: gentle_gis_attributes) budeme zkoumat hloubéji, jak miize symbolika pomoci uzivateli pochopit
vektorova data.

3.9 Co muzeme délat s vektorovymi daty v aplikacich GIS?

V¥

Na nejjednodussi drovni miZzeme pouZit vektorova data v GIS aplikacich v podstaté stejnym zptisobem, jako byste
pouzili normalni topografické mapy. Skutecnd sila GIS zacind, kdyZ zacnete klast otdzky, ,,Které domy jsou v rdmci
100 let drovné povodiiové feky?*; ,,Kde je nejlepsi misto pro nemocnice tak, Ze je snadno piistupny co nejvétsimu
poctu lidi je mozné? ,; ,Ktery studujici Ziji v urcitém predmésti?“. GIS je skvély ndstroj pro odpovédi na tyto
typy otazek pomoci vektorovych dat. Obecné mdme na mysli proces odpovédi na tyto typy otazek jako ,,prostorové

N

analyzy“. V pozdgjsich tématech tohoto tutoridlu se podivime na prostorové analyzy podrobnéji.

3.10 Obvyklé problémy s vektorovymi daty

Prace s vektorovymi daty ma urcitd dskali. JiZz jsme zminili problémy, které mohou nastat s vektory zachycenych
v ruznych méfitcich. Vektorova data také potfebuji hodné prace a udrzby, aby bylo zajiSténo, Ze jsou presné
a spolehlivé. Nepiesné vektorova data mohou nastat, kdyZ néstroje pouZité k zachyceni dat nejsou spravné nastaveny,
kdyz lidé zachycujici data nejsou pfilis opatrni, kdyZ ¢as nebo penize neumoziiuji dostatecné podrobny sbér dat a tak
dle.

If you have poor quality vector data, you can often detect this when viewing the data in a GIS. For example slivers
can occur when the edges of two polygon areas don’t meet properly (see Obr. 3.12).
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Obr. 3.12: Nedokonalosti mohou nastat, kdyz vrcholy dvou polygont neodpovidaji na jejich hranicich. V malych
méfitkach (1 zleva) nemusite byt schopni vidét tyto chyby. Ve velkém meéfitku jsou viditelné jako tenké prouzky
mezi dvéma polygony (2 zprava).

Overshoots can occur when a line feature such as a road does not meet another road exactly at an intersection.
Undershoots can occur when a line feature (e.g. a river) does not exactly meet another feature to which it should be
connected. Figure Obr. 3.13 demonstrates what undershoots and overshoots look like.

1128

©QGIS 2009

Obr. 3.13: Nedotahy (1) nastavaji, kdyZ digitalizované vektorové linie, které by se mély pfipojit k sobé nemaji zcela
presny dotek. Pfekmity (2) se stavaji, kdyZ linie konci za hranici, kde by se méla pfipojit.

Vzhledem k typtim té€chto chyb, je velmi dileZité, aby byla data peclivé a presné digitalizovat. V nadchazejicim tématu
na ,topologii“, budeme zkoumat nékteré z téchto typt chyb podrobnéji.

3.11 Co uz jsme se naugili?

Pojd'me si shrnout, co jsme se naudili v tomto prostiedi.
¢, Vektorova data“ jsou pouZivana k reprezentaci ,,rysi” redlného svéta v aplikacich GIS.
* Vektorova funkce miZe mit typy ,,geometrie” ,,bod”, ,linii“ nebo ,,polygon®.
» Kazdy vektorovy objekt mdt ,atributova data“, které ho popisuji.
¢ Funkce geometrie je popsana v podimkach ,,vrcholi“.
¢ Geometrie bodu je vytvorena pro ,kazdy vrchol“ zvlast (X, Y n€kdy i Z soufadnici).
¢ Geometrie kfivky je vytvofena pro ,,dva a vice* vrchold formujicich danou linii.

* Geomtrie polygonu je vytvofena ,,nejméné pro ftyfi vrcholy®, které vytvareji uzavienou oblast. Prvni a posledni
vrchol jsou vZdy na stejném misté.
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My

* Vybér, kterou geometrii pouZzit zavisi na méfitku, vhodnosti and na tom co chcetes témito daty déle v aplikacich
GIS provadet.

* Vétsina aplikaci GIS nepovoluje spojeni vice geometrickych typll v jedné vrstve.
« Digitalizace je proces vytvareni digitilnich vektorovych dat kreslenim v aplikaci GIS.

* Vektorova data mohou mit problémy s kvalitou, jako jsou ,,nedotahy”, ,pietahy a ,,nedokonalosti* které budete
muset brat na védomi.

* Vektorovd data mohou byt pouZita ,,pro prostorovou analyzu“ v aplikacich GIS, naptiklad najit nejbliZsi
nemocnici ke skole.

We have summarised the GIS Vector Data concept in Figure Obr. 3.14.

Has only one Has at leastiowr
X

Vertices

Attib ute s de scribe

\ertices the fe ature &.g."Municipal Dan

Atributes describe the
feature & g. Lamp post

Has at leasttwo '

Atributes describe the
feature e g. 'Secondary Road'

FY“ .
(reight
(RN |

X Y X X Y
(9. Longiude) | | (¢ . Latitude) (2.9. Longitude) (e Longitude) | | (e.g Latide)

Obr. 3.14: Diagram ukazuje jak se chovaji vektorova data v GIS aplikacich.

3.12 Nyni si to zkuste sami!

Zde jsou pro Vas néjaké ndpady, jak si to zkusit se svymi ucni.
» Using a copy of a toposheet map for your local area (like the one shown in Obr. 3.15), see if your learners can
identify examples of the different types of vector data by highlighting them on the map.

» Pfemyslejte o tom, jak byste vytvofili vektorovou funkci GIS, aby reprezentovala redlnou funkci na svych
Skolnich pozemcich. Vytvorte tabulku riznych funkei kolem vasi skoli a pak dotazte své studenty, aby rozhodli,
zda by bylo nejlépe zastoupeny v GIS jako bod, linie nebo polygonu. Viz table_vector_I pro priklad.
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Obr. 3.15: Muzete identifikovat dvé bodové funkce a jednu polygonovou na této mapé?

Rys realného svéeta Vhodny typ geomtrie
Skolni stoZar

Fotbalové hristé

Chodniky v a okolo Skoly

Mista, kde se nachdzeji kohoutky
Atd.

Vektorova tabulka 1: Vytvoite tabulku podle vzoru (nechte vystupni sloupec pro geomtrii prazdny) a zeptejte se zaka
aby rozhodli jaky by byl vhodny geometricky objekt.

3.13 Néco k zamysleni

Pokud nemite k dispozici po€ita¢ muizete pouzit topografickou mapu a transparentni listy aby jste ukazal Zakim
vektorova data.

3.14 Dalsi k precteni

UZivatelsky manudl QGIS m4 také vice detailnich informaci o praci s vektorovymi daty v QGIS.

3.15 Co dale?

V (asti, kterd nasleduje se blize podivame na ,atributovd data“ aby jsme vidéli, jak mtzou byt pouzity k popisu
vektorvych funkci.
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KAPITOLA 4

Vector Attribute Data

& Cile: In this topic we describe how attribute data are associated with vector features and can be
used to symbolise data.
Kli¢ova Attribute, database, fields, data, vector, symbology
slova:

4.1 Prehled

If every line on a map was the same colour, width, thickness, and had the same label, it would be very hard to make
out what was going on. The map would also give us very little information. Take a look at Obr. 4.1 for example.
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Obr. 4.1: Maps come to life when colour and different symbols are used to help you to tell one type of feature from
the next. Can you tell the difference between rivers, roads and contours using the map on the left? Using the map on
the right it is much easier to see the different features.

In this topic we will look at how attribute data can help us to make interesting and informative maps. In the previous
topic on vector data, we briefly explained that attribute data are used to describe vector features. Take a look at
the house pictures in Obr. 4.2.
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Roof Colour: Red Roof Colour: Black
Has balcony?: Yes Has balcony?: No
Year Built: 2000 Year Built: 2002

Obr. 4.2: Every feature has characteristics that we can describe. These can be visible things, or things we know about
the feature (e.g. year built).

The geometry of these house features is a polygon (based on the floor plan of the house), the attributes we have
recorded are roof colour, whether there is a balcony, and the year the house was built. Note that attributes don’t have
to be visible things — they can describe things we know about the feature such as the year it was built. In a GIS
Application, we can represent this feature type in a houses polygon layer, and the attributes in an attribute table (see
Obr. 4.3).
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id RoofColour HasBalcony DateBuilt

1, 0|Red 12000

2 1 Black 12008

3 2 Red 12001

4 3 Black 02004

Search for [ l in [RnnfCoIour :H Search ] [select :] [Advaﬂced...l

Obr. 4.3: A houses layer. House features have attributes that describe the houses’ roof colour and other properties. The
attribute table (lower image) lists the attributes for the house areas shown on the map. When a feature is highlighted
in the table, it will appear as a yellow polygon on the map.

The fact that features have attributes as well geometry in a GIS Application opens up many possibilities. For example
we can use the attribute values to tell the GIS what colours and style to use when drawing features (see Obr. 4.4).
The process of setting colours and drawing styles is often referred to as setting feature symbology.
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Obr. 4.4: In a GIS Application, we can draw features differently depending on their attributes. On the left we have
drawn house polygons with the same colour as the roof attribute. On the right we colour coded houses according to
whether they have a balcony or not.

Attribute data can also be useful when creating map labels. Most GIS Applications will have a facility to select an
attribute that should be used to label each feature.

If you have ever searched a map for a place name or a specific feature, you will know how time consuming it can be.
Having attribute data can make searching for a specific feature quick and easy. In Obr. 4.5 you can see an example
of an attribute search in a GIS.
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Obr. 4.5: In a GIS Application, we can also search for features based on their attributes. Here we see a search for
houses with black roofs. Results are shown in yellow in the map, turquoise on the table.

Finally, attribute data can be very useful in carrying out spatial analysis. Spatial analysis combines the spatial
information stored in the geometry of features with their attribute information. This allows us to study features and
how they relate to each other. There are many types of spatial analysis that can be carried out, for example, you could
use GIS to find out how many red roofed houses occur in a particular area. If you have tree features, you could use
GIS to try to find out which species might be affected if a piece of land is developed. We can use the attributes stored
for water samples along a river course to understand where pollution is entering into the stream. The possibilities are
endless! In a later topic we will be exploring spatial analysis in more detail.
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Before we move on to attribute data in more detail, let’s take a quick recap.

Features are real world things such as roads, property boundaries, electrical substation sites and so on. A feature has
a geometry (which determines if it is a point, polyline or polygon) and attributes (which describe the feature). This
is shown in Obr. 4.6.

Geometry Attributes

Foint Folyline Falygon

Obr. 4.6: Vector features at a glance.

4.2 Attributes in detail

Attributes for a vector feature are stored in a table. A table is like a spreadsheet. Each column in the table is called
a field. Each row in the table is a record. Table fable_house_attributes shows a simple example of how an attribute
table looks in a GIS. The records in the attribute table in a GIS each correspond to one feature. Usually the information
in the attribute table is stored in some kind of database. The GIS application links the attribute records with the feature
geometry so that you can find records in the table by selecting features on the map, and find features on the map by
selecting features in the table.

Atributova tabulka | Field 1 : YearBuilt | Field 2: RoofColour | Field 3: Balcony
Record 1 1998 Red Yes
Record 2 2000 Black No
Record 3 2001 Silver Yes

Table House Attributes: An attribute table has fields (columns) and records (in rows).

Each field in the attribute table contains a specific type of data — text, numeric or date. Deciding what attributes to
use for a feature requires some thought and planning. In our house example earlier on in this topic, we chose roof
colour, presence of a balcony and month of construction as attributes of interest. We could just as easily have chosen
other aspects of a house such as:

¢ number of levels

e number of rooms
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e number of occupants

* type of dwelling (RDP House, block of flats, shack, brick house, etc)
* year the house was built

* area of floor space in the house

e andsoon....

With so many options, how do we make a good choice as to what attributes are needed for a feature? It usually boils
down to what you plan to do with the data. If you want to produce a colour coded map showing houses by age, it will
make sense to have a ,Year Built* attribute for your feature. If you know for sure you will never use this type of map,
it is better to not store the information. Collecting and storing unneeded information is a bad idea because of the cost
and time required to research and capture the information. Very often we obtain vector data from companies, friends
or the government. In these cases it is usually not possible to request specific attributes and we have to make do with
what we get.

4.3 Single Symbols

If a feature is symbolised without using any attribute table data, it can only be drawn in a simple way. For example
with point features you can set the colour and marker (circle, square, star etc.) but that is all. You cannot tell the GIS
to draw the features based on one of its properties in the attribute table. In order to do that, you need to use either
a graduated, continuous or unique value symbol. These are described in detail in the sections that follow.

A GIS application will normally allow you to set the symbology of a layer using a dialog box such as the one shown in
in Obr. 4.7. In this dialog box you can choose colours and symbol styles. Depending on the geometry type of a layer,
different options may be shown. For example with point layers you can choose a marker style. With line and polygon
layers there is no marker style option, but instead you can select a line style and colour such as dashed orange for
gravel roads, solid orange for minor roads, and so on (as shown in Obr. 4.8). With polygon layers you also have the
option of setting a fill style and color.

General Symbology | Metadata ] Labels ] Actions } Attributes ]

Legend type Transparency: 0% —
Label
Point Symbol
OOCO+XALALZK T 49O LEIA L

$~mas@oe - phtiSeNNBLORPPIBL+ - T
tMx2rAdR s wMFOGEGERDOR20C8D 99 1+0% ¢

Rotation field Area scale field Size
lcaff> ;H<aff> :HZ?O }%]
Style Options
Outline style —Solid Line =
Outline color I
Outline width 0.26 2
Flltyle [=sold___¢][...]
I Restore Default Style “ Save As Default “ Load Style ... “ Save Style ... l
[ #oriy] @ conce | 0K

Obr. 4.7: When using simple symbols, the feature is drawn without using an attribute to control how it looks. This
is the dialog for point features.
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i Layer Properties =
General Symbology | Metadata ] Labels ] Actions } Attributes ]
Legend type Transparency: 0% [ ——=
Label
Style Options
Qutline style —Solid Line 2
Outline color —
obtiine width 0.26 B
Fill color [ ]
Fill style (-]

I Restore Default Style “ Save As Default

|

Load Style .

|

Save Style ... l

[c/Apply] [Q CanceIH 4ok ]

Obr. 4.8: There are different options when defining simple symbols for polyline and polygon features.

4.4 Graduated Symbols

Sometimes vector features represent things with a changing numerical value. Contour lines are a good example of this.
Each contour usually has an attribute value called ,height’ that contains information about what height that contour
represents. In earlier in this topic we showed contours all drawn with the same colour. Adding colour to the contours
can help us to interpret the meanings of contours. For example we can draw low lying areas with one colour, mid-

-altitude areas with another and high-altitude areas with a third.

- Layer Properties ez
General Symbology | Metadata ] Labels ] Actions } Attributes ]
Legend type Graduated Symbol + | Transparency: 0% (e
Classification field |HEIGHT 3
Mode |Quantiles 5
Number of classes [3 }%]
I Classify H Delete class ]
980.000000 -1120.000000
1120.000000 - 1240.000000
1240.000000 - 1500.000000 ELRY ]
Style Options
Qutline style — Solid Line 3
outtnecoor
. .
Fil sty e
| Restore Default Style | Save As Defaut | Load Style ... I Save Style ... |
@ Help [c/AppIy] [Q Cancel” 4ok ]

Obr. 4.9: The height attribute of contours can be used to separate the contours into 3 classes. Contours between 980
m and 1120 m will be drawn in brown, those between 1120 m and 1240 m in green and those between 1240 m and

1500 m in purple.

30

Kapitola 4. Vector Attribute Data



Gentle GIS Introduction

Obr. 4.10: Our map after setting graduated colours for our contours.

Setting colours based on discrete groups of attribute values is called Graduated Symbology in QGIS. The process
is shown in Illustrations Obr. 4.9 and Obr. 4.10. Graduated symbols are most useful when you want to show clear
differences between features with attribute values in different value ranges. The GIS Application will analyse the
attribute data (e.g. height) and, based on the number of classes you request, create groupings for you. This process
is illustrated in fable_graduated.

Attribute Value | Class and Colour
1 Class 1
2 Class 1
3 Class 1
4 Class 2
5 Class 2
6 Class 2
7 Class 3
8 Class 3
9 Class 3

Table Graduated: Graduated colour breaks up the attribute value ranges into the number of classes you select. Each
class is represented by a different colour.

4.5 Continuous Colour Symbols

In the previous section on Graduated Colour symbols we saw that we can draw features in discrete groups or classes.
Sometimes it is useful to draw features in a colour range from one colour to another. The GIS Application will use
a numerical attribute value from a feature (e.g. contour heights or pollution levels in a stream) to decide which colour
to use. Table fable_continuous shows how the attribute value is used to define a continuous range of colours.
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Attribute Value | Colour (no classes or grouping)

O 00 Q| O\ | | W[ —

Table Continuous: Continuous colour symbology uses a start colour (e.g. light orange shown here) and an end colour
(e.g. dark brown shown here) and creates a series of shades between those colours.

Using the same contours example we used in the previous section, let’s see how a map with continuous colour
symbology is defined and looks. The process starts by setting the layers properties to continuous colour using a dialog
like the one shown in Obr. 4.11.

General Symbology | Metadata ] Labels ] Actions } Attributes ]

Legend type Transparency: 0% i —
Classification Field: HEIGHT g
Minimum Value: :]
Maximum Value: | ]
Outline Width: 0.26

I Restore Default Style “ Save As Default “ Load Style ... “ Save Style ... l

[\/Apply] [Q CanceIH 4ok ]

Obr. 4.11: Setting up continuous colour symbology. The contour height attribute is used to determine colour values.
Colours are defined for the minimum and maximum values. The GIS Application will then create a gradient of colours
for drawing the features based on their heights.

After defining the minimum and maximum colours in the colour range, the colour features are drawn in will depend
on where the attribute lies in the range between minimum and maximum. For example if you have contour features
with values starting at 1000 m and ending at 1400 m, the value range is 1000 to 1400. If the colour set for the
minimum value is set to orange and the colour for the maximum value is black, contours with a value of close to
1400 m will be drawn close to black. On the other hand contours with a value near to 1000 m will be drawn close to
orange (see Obr. 4.12).
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Obr. 4.12: A contour map drawn using continuous colour symbology

4.6 Unique Value Symbols

Sometimes the attributes of features are not numeric, but instead strings are used. ,String’ is a computer term meaning
a group of letters, numbers and other writing symbols. Strings attributes are often used to classify things by name.
We can tell the GIS Application to give each unique string or number its own colour and symbol. Road features may
have different classes (e.g. ,street’, ,secondary road‘, ,main road’ etc.), each drawn in the map view of the GIS with
different colours or symbols. This is illustrated in rable_unique.

Attribute Value | Colour class and symbol
Arterial route
Main road
Secondary road
Street

Table Unique: Unique attribute values for a feature type (e.g. roads) can each have their own symbol.

Within the GIS Application we can open/choose to use Unique Value symbology for a layer. The GIS will scan
through all the different string values in the attribute field and build a list of unique strings or numbers. Each unique
value can then be assigned a colour and style. This is shown in Obr. 4.13.
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= [Layer Properties =
General Symbology | Metadata ] Labels ] Actions } Attributes ]
Legend type Unique Value +| Transparency: 0% (e
Classification field |FEAT_TYPE 2
Classify H Add class H Delete classes HRandumize Culurs” Reset Colors ]
~\ ARTERIAL ROUTE
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"\, MAIN ROAD
OTHER ACCESS Label ]
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TRACK FOOTPATH
Style Options
Qutline style —Solid Line =
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Fill style = Solid -.
| Restore Default Style || Save As Defaurt || Load Style ... I Save Style ... |
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Obr. 4.13: Defining unique value symbology for roads based on the road type.

When the GIS draws the layer, it will look at the attributes of each feature before drawing it to the screen. Based on
the value in the chosen field in the attribute table, the road line will be drawn with suitable colour and line style (and

fill style if its a polygon feature). This is shown in Obr. 4.14.

N
\

A
f{ &
I\

—
—
.-"'-'-

Obr. 4.14: A roads vector layer symbolised using a unique value per road type.
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4.7 Things to be aware of

Deciding which attributes and symbology to use requires some planning. Before you start collecting any GeoSpatial
data, you should ensure you know what attributes are needed and how it will be symbolised. It is very difficult to go
back and re-collect data if you plan poorly the first time around. Remember also that the goal of collecting attribute
data is to allow you to analyse and interpret spatial information. How you do this depends on the questions you are
trying to answer. Symbology is a visual language that allows people to see and understand your attribute data based
on the colours and symbols you use. Because of this you should put a lot of thought into how you symbolise your
maps in order to make them easy to understand.

4.8 Co jsme se naucili?

Pojd'me si shrnout, co jsme se naucili v tomto pracovnim listu.
 Vector features have attributes
* Attributes describe the properties of the feature
¢ The attributes are stored in a table
* Rows in the table are called records
¢ There is one record per feature in the vector layer
¢ Columns in the table are called fields
* Fields represent properties of the feature e.g. height, roof colour etc.
¢ Fields can contain numerical, string (any text) and date information
* The attribute data for a feature can be used to determine how it is symbolised
* Graduated colour symbology groups the data into discrete classes
* Continuous colour symbology assigns colours from a colour range to the features based on their attributes

* Unique value symbology associates each different value in the chosen attribute column with a different symbol
(colour and style)

« If the attribute of a vector layer is not used to determine its symbology, it is drawn using a single symbol only

4.9 Ted si to vyzkousejte!

Zde je nékolik napadi, které miZete vyzkouset se svymi studenty:

¢ Using the table that you created in the last topic, add a new column for the symbology type you would
use for each feature type and have the learners identify which symbology type they would use (see
table_example_symbols for an example).

* Try to identify which symbology types you would use for the following types of vector features:
— points showing pH level of soil samples taken around your school
— lines showing a road network in a city

— polygons for houses with an attribute that shows whether it is made of brick, wood or ,other* material.
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Gentle GIS Introduction

Rys Typ Symbology Type

realného geometrie

svéta

Skolni stoZar | Bod Single Symbol

Fotbalové Polygon Single Symbol

hfisté

Chodniky Polyling Have your learners count the number of learners using each footpath in the hour before

v a okolo school and then use graduated symbols to show the popularity of each footpath

Skoly

Mista, kde | Bod Single symbol

se nachazeji

kohoutky

Classrooms Polygor1 Unique value based on the grade of the learners in the classroom

Fence Polyling Have your learners rate the condition of the fence around your school by separating
it into sections and grading each section on a scale of 1-9 based on its condition. Use
graduated symbols to classify the condition attribute.

Classrooms Polygor] Count the number of learners in each classroom and use a continuous colour symbol
to define a range of colours from red to blue.

Table Example Symbols: An example of a table that defines the feature types and the kind of symbology you would

use for each.

4.10 Néco k zamysleni

If you don’t have a computer available, you can use transparency sheets and a 1:50 000 map sheet to experiment
with different symbology types. For example place a transparency sheet over the map and using different coloured
koki pens, draw in red all contour lines below 900 m (or similar) and in green all lines above or equal to 900 m. Can
you think of how to reproduce other symbology types using the same technique?

v s v

4.11 Dalsi ¢teni

Website: https://en.wikipedia.org/wiki/Cartography

The QGIS User Guide also has more detailed information on working with attribute data and symbology in QGIS.

4.12 Co dal?

In the section that follows we will take a closer look at data capture. We will put the things we have learned about
vector data and attributes into practice by creating new data.
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KAPITOLA D

Pofizeni dat

& Cile: Naucit se jak pofizovat a upravovat vektorova data a jejich atributy.
Kli¢ova slova | Editace, pofizeni dat, tabulka, databdze

5.1 Shrnuti

V pfedchozich kapitolach jsme se vénovali vektorovym datiim. Ukézali jsme si, Ze se sklddaji z geometrii a atributii.
Geometrie popisuje tvar a umisténi, atributy pak nesou informace o vlastnostech objektu (barva, velikost, vék atd.).

V této Casti se budeme detailnéji vénovat tvorbé a editaci vektorovych dat, a to jak jejich geometrii, tak atributu.

5.2 Jak se ukladaiji digitalni prostorova data?

Digitdlni data muzZete pofizovat v textovych editorech, tabulkovych procesorech nebo tfeba grafickych programech.
KaZzdy program si data uklada v néjakém souborovém formatu. Grafiku miZete ulozit napiiklad ve formatu JPEG
jako :soubor:".jpg", textovy procesor mizZe pouzivat format OpenDocument :soubor: .odt™ nebo Word Document
.doc.

I GIS aplikace ukladaji sva data do souborového systému. V této oblasti se pouziva celd fada formatt, nejznaméjsim
znich je patrné ,shape file‘. Nazev mtiZe byt trochu zavadéjici, protoZe ackoliv pouzZivame pouze jedno slovo, samotny
formét se skladd ptinejmensim ze ti'i riznych soubori, které slouzi ke spravnému uloZeni digitalnich vektorovych dat
(viz tabulka _shapefile_).

Pripona Popis

:soubor: .shp™ | V tomto souboru je uloZena geometrie vektorovych prvki

:soubor:".dbf” | V tomto souboru jsou uloZeny atributy vektorovych prvki

:soubor: .shx” | Tento soubor slouZi jako index, ktery umoziiuje aplikaci mezi prvky rychleji vyhledavat.

v 2z

Tabulka Shapefile 1: Soubory, které tvori zaklad ,shapefile’.

When you look at the files that make up a shapefile on the computer hard disk, you will see something like Obr. 5.1.
If you want to share vector data stored in shapefiles with another person, it is important to give them all of the files
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for that layer. So in the case of the trees layer shown in Obr. 5.1, you would need to give the person trees. shp,
trees.shx, trees.dbf,trees.prjand trees.qgml.

% C:'.Program Files',Quantum GIS', gisdata’,local i & |E||£|
File Edit Wiew Favorites Tools Help | :,'
@ Back \_/J ljr | 7 Search [i Folders | = (P x n | El
Address I_} CiYProgram Files\Quantum GISigisdatallocal j Go
Folders x ‘I

=l ) Quantum &I5 -]
3 bin N —
£ doc
= ) gisdata
|5) alaska
|5) ecape trees,dbf trees.pri
3 local
=D sa
)iten
| icons — .
I2) images
13 include 1
1= lib _ILI
| | L4 pi trees.shy LI
|85 objects {Disk free space: 19.0 GE) |2.Dl ME | J MMy Computer A

Obr. 5.1: Pohled na soubory, které tvori shapefile stromt, ve spravci souborti.

Mnoho GIS aplikaci umi uklddat data do databaze. Databdze dokazi efektivné pojmout velké mnoZstvi dat a rychle
odpovidat na poZadavky aplikace. Databdze rovnéZ umoziiuje vice lidem pracovat ve stejnou dobu se stejnymi daty.
Vytvorfeni databaze je ale sloZit€jsi neZ pouZiti shapefile, proto se jimi nyni nebudeme zabyvat.

5.3 Dvakrat méfr, jednou rez

Nez vytvofite novou vektorovou vrstvu (uloZenou ve formatu shapefile), musime se rozhodnout, jakou geometrii do

N

ni ulozite (bod, linie nebo polygon) a jaké k ni pripojite atributy. UkdZeme si par prikladd, aby to celé bylo jasnéjsi.

5.3.1 Priklad 1: Vytvoreni turistické mapy

vy

Predstavte si, Ze budeme chtit vytvofit turistickou mapu vaSeho okoli v méfitku 1:50 000. Zajimava mista budou
zobrazena bodovymi znaCkami. Jak uZ jsme fikali, na zacatku je nejdileZitéjsi vybrat vhodny typ geometrie -
k dispozici mame body, linie a polygony. Ktery typ bude pro nasi mapu nejvhodnéjsi? Pro pamatniky, mista bitev
nebo mista s rozhledem bychom zvolili body. Pokud bychom chtéli zndzornit tfeba vyhlidkovou trasu, vybrali bychom
linie. A zajimava dzemi, jako napt. prirodni parky, nejlépe zobrazime polygony.

As you can see it’s often not easy to know what type of geometry you will need. One common approach to this
problem is to make one layer for each geometry type you need. So, for example, if you look at digital data provided
by the Chief Directorate: Surveys and Mapping, South Africa, they provide a river areas (polygons) layer and a rivers
polyline layer. They use the river areas (polygons) to represent river stretches that are wide, and they use river polylines
to represent narrow stretches of river. In Obr. 5.2 we can see how our tourism layers might look on a map if we used
all three geometry types.
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Obr. 5.2: Turistickd mapa. Pouzili jsme tfi druhy geometrii, které reprezentuji rtizné informace, které chceme
uzivatelim poskytnout.

5.3.2 Priklad 2: Vytvoreni mapy znecisténi v okoli feky

Pfi méfeni urovng zneciSténi na fece byste mohli bud’ vyuzit lod’, nebo jit pésky podél bfehu a v pravidelnych
intervalech zastavovat a zjistovat hodnoty sledovanych veli¢in (koliformni bakterie, pH atd.). Nad mapou nebo
s pomoci GPS byste rovnéz museli urcit svou polohu.

Pro uloZeni ziskanych dat do GIS aplikace byste nejspis pouZili vektorovou bodovou vrstvu, nebot hodnoty se vzdy
vztahuji ke konkrétnimu bodu, na kterém jste méteni provedli.

Do atributii bychom pridali **pole ** pro kazdy tidaj popisujici dané misto, takZe bychom pracovali s atributovou
tabulkou, kterd by vypadala jako na obrdzku _river_attributes_.

Cislovzorku | pH | DO | CB | Kalnost | Zaznamenal | Datum

1 7 6 N | Nizka Karolina 12/01/2009
2 6.8 | 5 A Stiedni | Honza 12/01/2009
3 69 | 6 A | Vysokd | Karel 12/01/2009

Atributova tabulka 1: Nakreslit si strukturu tabulky pfedtim, neZ ji skutecné vytvorfite, vim muZe pomoct pri volbé
téch spravnych atributt. VSimnéte si, Ze geometrie se v atributové tabulce nezobrazuje - GIS aplikace ji udrzuji
oddélené.

5.4 Vytvoreni prazdného shapefile

Jakmile mate jasno, jakd data chcete ziskat, jaké geometrie je budou reprezentovat a jaké atributy k nim budete
ukladat, muzete zaloZit prazdny shapefile, do kterého tohle v§echno uloZite.

The process usually starts with choosing the ,new vector layer® option in your GIS Application and then selecting
a geometry type (see Obr. 5.3). As we covered in an earlier topic, this means choosing either point, polyline or
polygon for the geometry.
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Obr. 5.3: Vytvofit novou vektorovou vrstvu neni nic slozitého, staci akorat zvolit typ geometrie a pak definovat
atributy.

Potom pridate sloupce do atributové tabulky. SnaZte se pouzivat kratké ndzvy bez mezer, ze kterych bude jasné€ patrné,
jaké hodnoty jsou ve sloupci uloZeny. Jako piiklad uvddime ,pH’, ,Roof Colour®, ,RoadType‘ atd. Kromé& ndzvu musite
vybrat také datovy typ sloupce - budete uklddat ¢isla, texty nebo data?

Pocitacové programy vétsinou oznacuji slova a véty jako ,Fetézce’. Pokud budete takova data chtit ukladat i do vasi
vrstvy, pouZijte pravé datovy typ ,Retézec’ .

2wz

Format shapefile umi ukladat dva typy Cisel: celd Cisla (integer) a desetinna Cisla (floating point) - je na vis, abyste
se na zacatku rozmysleli, ktery budete potfebovat.

The final step (as shown in Obr. 5.4) for creating a shapefile is to give it a name and a place on the computer hard
disk where it should be created. Once again it is a good idea to give the shapefile a short and meaningful name. Good
examples are ,rivers‘, ,watersamples’ and so on.
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Look in: ISy CH\Program Files.. IS\gisdatallocal s a 5| 0 __3 E]

J My Computer = S0k_tiversa.shp = S0k_spothgt.shx = housg
= S0k_riversa,shx = boundary, dbFf = housg

| Administrator =l 50k_roads.dbf = boundary. pri = slivers
= S0k_roads.prj = boundary. gmil = slivers
= S0k_roads.gml = boundary.shp = slivers
= S0k_roads.shp =] boundary,shx = slivers
= S0k_roads.shx = elevation_p1000.dbf = touris
=] 50k_roads_pg.qgml = elevation_p1000.prf = kouris
S0k_roads_pg.gml~ = elevation_p1000.gml = touris
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= S0k_spathgt.prj = houses.dbFf = kouris
= S0k_spothgt.gml = houses.prj = touris
= S0k_spathgt.shp = houses.qmil = kouris
[«

1
File name: tourism_points.shp

Files of type: | All Files () hd Cancel

Encoding: System -

&

Obr. 5.4: Po vybéru geometrie a atributi musime soubor ulozit na disku. Je dileZité zvolit kratké a vystizné jméno.

Pojdme si cely proces jesté jednou rychle zopakovat. Abyste vytvorili shapefile, musite zvolit typ geometrie, pak
definovat sloupce atributové tabulky, nakonec soubor pojmenovat a uloZit ho na disk. Je to jednoduché!

5.5 Ulozeni dat do shapefile

Vytvorili jsme prazdny shapefile, ted v ném z menu ,zapnout editaci‘ nebo pfes ikonu nastrojové listy povolime editaci.
Ta je po nacteni shapefile ve vychozim stavu vypnutd, aby nedoslo k nechténému smazani nebo zméné existujicich
dat. Pro pridani zdznamu do shapefile je vZdy nutné provést nasledujici:

1. nakreslit geometrii
2. vyplnit atributy
Zptisob kresleni geometrii se pro body, linie a polygony 1isi.

To capture a point, you first use the map pan and zoom tools to get to the correct geographical area that you are
going to be recording data for. Next you will need to enable the point capture tool. Having done that, the next place
you click with the left mouse button in the map view, is where you want your new point geometry to appear. After
you click on the map, a window will appear and you can enter all of the attribute data for that point (see Obr. 5.5).
If you are unsure of the data for a given field you can usually leave it blank, but be aware that if you leave a lot of
fields blank it will be hard to make a useful map from your data!

5.5. Ulozeni dat do shapefile a1
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Obr. 5.5: Poté, co jste zachytili geometricky bod, budete vyzvéni k popisu jeho atribut. Formulf atribut je zaloZen
na polich, které jste zadali pfi vytvareni vektorové vrstvy.

To capture a polyline the process is similar to that of a point, in that you need to first use the pan and zoom tools to
move the map in the map view to the correct geographical area. You should be zoomed in enough so that your new
vector polyline feature will have an appropriate scale (see Vektorovd data for more details on scale issues). When you
are ready, you can click the polyline capture icon in the tool bar and then start drawing your line by clicking on the
map. After you make your first click, you will notice that the line stretches like an elastic band to follow the mouse
cursor around as you move it. Each time you click with the left mouse button, a new vertex will be added to the
map. This process is shown in Obr. 5.6.
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Obr. 5.6: Zachyceni linie na mapé cestovniho ruchu. Pti Gpravach liniové vrstvy, vrcholy jsou zobrazeny kruhovymi
znackami, kterymi se miZete pohybovat kolem pomoci mysi pro nastaveni geometrie ¢ary. Pfi pfidavani nového
fadku (zobrazeno Cervené), pridd kazdé kliknuti mysi novy vrchol.

X1

Po dokonceni definovani fadku pouZijte ,,pravé tlacitko mysi“ aby jste fekli aplikaci GIS, které dpravy jste dokoncili.
Stejné jako v piipad€ postupu pro zachyceni bodu, budete vyzvani k zadani dat atributti pro svoji novou funkei kfivky.
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Proces ,,zachyceni polygonu”“ je téméf stejny jako proces zachycujici kfivku kromé toho, Ze je tfeba pouZit ndstroj
pro digitalizaci polygonu v panelu nastroji. Také zjistite, Ze pii kresleni geometrii na obrazovce, GIS aplikace vzdy
vytvori uzavienou oblast.

Chcete-li ptidat novou funkci poté, co jste vytvorili svoji prvni, miZete jednoduse znovu kliknout na mapé bodem,
ktivkou nebo polygonem a zacit pouZivat svoji funkci.

Nemate-li Zddné dalsi funkce pro pfidani, nezapomeiite kliknout na ikonu ,,povolit dpravy“. GIS aplikace poté ulozi
nove vytvorenou vrstvu na pevny disk.

5.6 Heads-up digitalizace

As you have probably discovered by now if you followed the steps above, it is pretty hard to draw the features so that
they are spatially correct if you do not have other features that you can use as a point of reference. One common
solution to this problem is to use a raster layer (such as an aerial photograph or a satellite image) as a backdrop layer.
You can then use this layer as a reference map, or even trace the features off the raster layer into your vector layer if
they are visible. This process is known as ,heads-up digitising’ and is shown in Obr. 5.7.
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Obr. 5.7: Heads-up digitalizace s pouZitim satelitniho snimku jako pozadi. Obraz se pouZiva jako reference pro

2 w2z

zachyceni lomené ¢ary sledovdnim nad nim.

5.7 Digitalizace s pouzitim digitalizac¢ni tabulky

Another method of capturing vector data is to use a digitising table. This approach is less commonly used except by
GIS professionals, and it requires expensive equipment. The process of using a digitising table, is to place a paper
map on the table. The paper map is held securely in place using clips. Then a special device called a ,puck’ is used to
trace features from the map. Tiny cross-hairs in the puck are used to ensure that lines and points are drawn accurately.
The puck is connected to a computer and each feature that is captured using the puck gets stored in the computer’s
memory. You can see what a digitising puck looks like in Obr. 5.8.

5.6. Heads-up digitalizace 43



Gentle GIS Introduction

Obr. 5.8: Digitaliza¢ni tabulka a puck jsou pouZivany GIS profesiondly kdyz chté&ji digitalizovat prvky z existujici
mapy.

5.8 Poté co jsou vase prvky digitalizovany...

Jakmile bude vase funkce digitalizovany, miZete pouZit techniky, které jste se naucili v pfedchozim tématu, jak

nastavit symboliku pro vasi vrstvu. Vybérem vhodné symboliky vdm umozni Iépe pochopit data, kterd jste zachytili,
kdyz se podivate na mapu.

5.9 Bézné problémy / véci, kterym by jste se méli vyvarovat

If you are digitising using a backdrop raster layer such as an aerial photograph or satellite image, it is very important
that the raster layer is properly georeferenced. A layer that is georeferenced properly displays in the correct position
in the map view based on the GIS Application’s internal model of the Earth. We can see the effect of a poorly
georeferenced image in Obr. 5.9.

Obr. 5.9: Duilezitost pouZiti spravné geograficky rastrovych obrazkii pro heads-up digitalizace. Na levé strané vidime,
Ze je obraz spravné georeferencovan a silni¢ni prvky (oranZove) se prekryvaji dokonale. V piipadg, Ze obraz je Spatné
georeferencovan (jak je zndzornéno na pravé stran€), funkce nebudou dobre zarovniny. Jesté horsi je, pokud obrazek
na pravé strané slouzi jako referenéni pfi pofizovani novych funkei, nové zachycena data budou nepresnd!

My

Také si pamatujte, Ze je dilezité, aby jste se pfibliZili k vhodném méfitku, takZe vektorova funkce, kterou vytvofite,
byla uZitecnd. Jak jsme vidéli v predchozim tématu o vektorové geometrie, je Spatny ndpad digitalizovat sva data,
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My My,

kdyz jste oddaleni v méfitku 1: 1000 000, pokud méte v imyslu pouZit idaje, které jste zachytili v métitku 1:50 000.

5.10 Co jsme se naucili?

Pojd'me si shrnout co jsme se v tomto tématu naucili:

»Digitalizace® je proces zachyceni znalosti o jednotlivych prvkach ,,geometrie” a ,,atributi“ to ,,digitalni formy*
uchovéany na pocitacovém disku.

Data GIS mtiZou byt uchovany v ,databazi“ nebo jako ,,soubory“.
Jeden z béznych formétu je ,,shapefile” ktery je sloZen ze tii nebo vice souborti (.shp’, .dbf and . shx)

Predtim, nez vytvorite novou vektorovou vrstvu potiebujete naplanovat jak ,,geometricky* typ a pole ,atributu®,
ktery jej bude charakterizovat.

Geometrie muzZe byt bod, linie nebo polygon.

Atributy miZou byt ,.¢isla“ (celé Cisla), ,,desetinna Cisla“ (¢isla s plovouci desetinnou ¢arkou), ,fetézce™ (slova),
nebo ,,data”.

Digitaliza¢ni proces se skldda z ,, kresby* geometrie v mapovém okné a poté vstupu jejich atributii. Tento proces
se opakuje pro kaZdy prvek.

»Heds-up digitalizace” je Casto pouZivana k zajiSténi orientace béhem digitalizace pouZitim rastrového obrazu
jako pozadi.

Profesiondlni GIS uZivatelé nékdy pouZivaji ,,digitalizacni tabulku“ k zachyceni informace z papirovych map.

5.11 Nyni si vyzkousejte!

Zde jsou néjaké napady pro Vis, které si miizete se svymi zaky zkusit:

v v

Sestavte si seznam funkei kolem vasi skoly, které si myslite, Ze by bylo zajimavé zachytit. Napiiklad: Skolni
hranici, poloha poZzarni stanic, rozvrZeni jednotlivych ucebnen, a tak déle. Zkuste pouZit kombinaci rtiznych
typl geometrie. Nyni rozdélte své studenty do skupin a pfifad’te nékolik funkci k zachyceni kazdé skuping.
Nechte je symbolizovat jejich vrstvy tak, aby byly mély vétsi smysl na pohled. Vrstvy kombinujte ze vSech
skupin a vytvoite pékné mapy okoli vasi Skoly!

Najdéte mistni feku a odeberte vzorky vody po celé jeji délce. Peclive si poznamenejte pozici kazdého vzorku
pomoci GPS nebo jejim oznacenim na topografické mapé. U kazdého méfeni vzorku uskute¢néte jeho hodnotu
pH, rozpusténého kysliku atd. Zachyt'te data pomoci aplikace GIS a vytvoite mapy, které ukazuji vzorky
s vhodnou symbolikou. Mohli byste identifikovat oblasti s ohroZzenim? Byla by vam GIS aplikaci schopna
pomoci k identifikaci téchto oblasti?

5.12 Néco k zamysleni

Pokud nemaéte k dispozici pocitac, miZete sledovat stejny proces pomoci listll transparentnost a poznimkové knihy.
Pouzijte letecky snimek, ortofoto nebo satelitni snimek jako pozadi vrstvy. Kreslete sloupce dolli na stranku ve vaSem
notebooku a v zdhlavi sloupce napisté pro kazdé pole atribut, o kterém chcete ulozit informaci. Nyni sledujte geometrii
prvki na listu transparentnosti, zapisujte ¢isla vedle kazdé funkce tak, aby mohla byt identifikovana. Nyni piste stejné
¢islo v prvnim sloupci v tabulce ve svém pozndmkovém bloku, a pak vypliite vS§echny dopliiujici informace, které
chcete nahrévat.

5.10.
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5.13 Dalsi ¢teni

The QGIS User Guide has more detailed information on digitising vector data in QGIS.

5.14 Kam dal?

V dalsi ¢asti se podrobnéji podivime na rastrova data a zptsob jejich pouziti v GIS.
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Rastrova data

& Cile: Pochopeni rastrovych dat a jejich vyuZiti v GIS.
Klicova slova: | Rastr, pixel, DPZ, druZice, obraz, georeferencovani

6.1 Prehled

In the previous topics we have taken a closer look at vector data. While vector features use geometry (points, polylines
and polygons) to represent the real world, raster data takes a different approach. Rasters are made up of a matrix of
pixels (also called cells), each containing a value that represents the conditions for the area covered by that cell (see
Obr. 6.1). In this topic we are going to take a closer look at raster data, when it is useful and when it makes more
sense to use vector data.
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Raster

DPi:(eI

0
=
o

(o'

Obr. 6.1: Rastrova datova sada je sloZena z fadkli (vodorovné), sloupcti (horizontaln¢) a z pixeld (zndmé jako buiiky).
Kazdy pixel predstavuje geografickou oblast a hodnota v tomto pixelu piedstavuje urcitou charakteristiku této oblasti.

_ Columns d

6.2 Detail rastrovych dat

Raster data is used in a GIS application when we want to display information that is continuous across an area and
cannot easily be divided into vector features. When we introduced you to vector data we showed you the image in Obr.
6.2. Point, polyline and polygon features work well for representing some features on this landscape, such as trees,
roads and building footprints. Other features on a landscape can be more difficult to represent using vector features.
For example the grasslands shown have many variations in colour and density of cover. It would be easy enough to
make a single polygon around each grassland area, but a lot of the information about the grassland would be lost in
the process of simplifying the features to a single polygon. This is because when you give a vector feature attribute
values, they apply to the whole feature, so vectors aren’t very good at representing features that are not homogeneous
(entirely the same) all over. Another approach you could take is to digitise every small variation of grass colour and
cover as a separate polygon. The problem with that approach is that it will take a huge amount of work in order to
create a good vector dataset.
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polygony? Co tfeba jako variace barev, které miZete vidét v travé? KdyZ se snaZite reprezentovat velké plochy
s plynule se ménicimi hodnotami, rastrovd data mohou byt lepsi volbou.

Pouziti rastrovych dat je feSenim téchto problémi. Mnoho lidi pouZivd rastrovd data jako pozadi k pouziti
za vektorové vrstvy s cilem poskytnout vétsi vyznam informaci o vektoru. Lidské oko je velmi dobré pri interpretaci
obrazkut a také k pouziti obrazku za vektorové vrstvy, v mapach vede k mnohem vétsimu vyznamu. Rastrova data
jsou nejen dobrd pro obrazy, které popisuji povrch skutecného svéta (napf. satelitni snimky a letecké snimky), jsou
také dobrd pro predstavu vice abstraktnich ndpadd. Napiiklad rastry mohou byt pouzity k ukazce srazkovych trenda
v néjaké oblasti nebo ke zobrazeni rizika pozard v krajiné. U téchto typu aplikaci, kazda buika v rastru predstavuje
jinou hodnotu napf. riziko poZaru na stupnici od jedné do deseti.

An example that shows the difference between an image obtained from a satellite and one that shows calculated values
can be seen in Obr. 6.3.

o 3

Obr. 6.3: True colour rastrové obrazky (vlevo) jsou uzZite¢né, protoze poskytuji mnoho detaild, které je tézké zachytit
jako vektorové prvky, ale snadné vidét pii pohledu na rastrovy obraz. Rastrova data mohou byt také ne-fotograficka
data, naptiklad rastrova vrstva zobrazend na pravé strané, kterd ukazuje primérnou vypoctenou minimalni teplotu ve
Western Cape pro mésic brezen.

K
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6.3 Georeferencovani

Georeferencovani je proces, ktery presné definuje, kde na Zemi byl vytvotfen obraz nebo rastrova datova sada. Tato
informace o pozici je uloZena v digitdlni podobé leteckého snimku. Kdyz je fotografie oteviena GIS aplikaci, pouziva
informace o pozici k tomu, aby se fotografie zobrazila na spravné misto na map¢. Obvykle se informace o pozici
sklada ze soufadnic pro horni levy pixel obrazu, velikosti kaZdého pixelu ve sméru osy X, velikosti kazdého pixelu
ve sméru osy Y a mnozZstvi (pokud néjaké existuje), jakym je obraz otdcen. S t€émito mélo informacemi dokaze GIS
aplikace zajistit, Ze rastrovd data jsou zobrazena na sprdvném misté. Georeferencni informace o rastru jsou casto
poskytoviany v malém textovém souboru, pfiloZzeném k rastru.
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6.4 Zdroje rastrovych dat

Raster data can be obtained in a number of ways. Two of the most common ways are aerial photography and satellite
imagery. In aerial photography, an aeroplane flies over an area with a camera mounted underneath it. The photographs
are then imported into a computer and georeferenced. Satellite imagery is created when satellites orbiting the earth
point special digital cameras towards the earth and then take an image of the area on earth they are passing over.
Once the image has been taken it is sent back to earth using radio signals to special receiving stations such as the one
shown in Obr. 6.4. The process of capturing raster data from an aeroplane or satellite is called remote sensing.

Obr. 6.4: CSIR Satellite Applications Center v Hartebeeshoeku, pobliZ Johannesburgu. Specidlni anténové drahy
druzic, jak se zmitaji kolem a staZené obrdzky pomoci rddiovych vin.

In other cases, raster data can be computed. For example an insurance company may take police crime incident
reports and create a country wide raster map showing how high the incidence of crime is likely to be in each
area. Meteorologists (people who study weather patterns) might generate a province level raster showing average
temperature, rainfall and wind direction using data collected from weather stations (see Obr. 6.4). In these cases,
they will often use raster analysis techniques such as interpolation (which we describe in Topic Prostorovd analyza
(interpolace)).

Nekdy jsou rastrové data vytvafena z vektorovych dat, protoZe vlastnici dat chtéji data sdilet ve snadno pouZitelném
formétu. Napfiklad spolecnost se silni¢nimi, Zelezni¢nimi, katastrdlnimi a jinymi vektorovymi datovymi sadami
mohou vybrat generovani rastrové verze téchto datovych sad, tak Ze zaméstnanci mohou tyto datové soubory zobrazit
ve webovém prohliZeci. To je obvykle uZite¢né jen tehdy, pokud atributy, které uZivatelé potfebuji mit na paméti,
mohou byt na mapé reprezentovany popisky nebo symboly. V pripadé, Ze se uZivatel potiebuje podivat do atributové
tabulky na data, poskytovand v rastrovém formatu, by mohlo byt $patnou volbou, protoZe rastrové vrstvy obvykle
nemaji Zadn4 atributova data s nimi spojena.

6.5 prostoroveé rozliseni

Every raster layer in a GIS has pixels (cells) of a fixed size that determine its spatial resolution. This becomes apparent
when you look at an image at a small scale (see Obr. 6.5) and then zoom in to a large scale (see Obr. 6.6).
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Obr. 6.5: Tento satelitni snimek vypadd dobfe pii pouZiti v malém méfitku. ..

vyz

Obr. 6.6: ...ale pri pohledu ve velkém méfitku miZete vidét jednotlivé pixely, ze kterych je obraz sloZen.

Nekolik faktort urcuje prostorové rozliseni obrazu. U dat ddlkového prizkumu Zemé, prostorové rozliSeni je obvykle
stanoveno schopnosti snimace pouZitého k porizeni snimku. Napriklad SPOTS satelity mohou pofizovat snimky, kde
kazdy pixel je 10 m x 10 m. Ostatni satelity, napfiklad MODIS porfizuji n€kolik snimki pouze na 500 m x 500
m na pixel. V leteckém snimkovani nejsou velikosti pixelu 50 cm x 50 cm neobvyklé. Snimky s velikosti pixelu
pokryvajici malou plochu se nazyvaji ,,**obrazy s vysokym rozliSenim **“, protoZe je moZné rozeznat velkou miru
detaild v obraze. Snimky s velikosti pixelu pokryvajici velkou plochu se nazyvaji ,,**obrazy s nizkym rozliSenim ***
, protoZe mnozstvi detailti, jak ukazuji obrazky, je nizka.

V rastrovych datech, které se vypoctou podle prostorové analyzy (jako jsou mapy sraZek, které jsme se zminili
diive), prostorova hustota informaci slouZici k vytvoreni rastru obvykle uréuje prostorové rozliSeni. Naptiklad
pokud chceete vytvofit s vysokym rozliSenim mapu prumérnych srdZek, budete v idedlnim piipad€ potfebovat mnoho
meteorologickych stanic v tésné blizkosti u sebe.

Jednou z hlavnich véci, kterou mit na paméti ohledné rastrii pofizenych s vysokym prostorovym rozliSenim jsou
pozadavky na skladovéni. Predstavte si rastr, ktery je 3 x 3 pixely, z nichZ kazdy obsahuje ¢islo piedstavujici primérné
srazky. Chcete-li uloZit vSechny informace obsazené v rastru, budete muset uloZit az 9 ¢isel v paméti pocitace. Ted
si predstavte, Ze chcete mit rastrovou vrstvu pro celé Jizni Africe s pixely 1 km x 1 km. Jihoafrickd republika se
pohybuje kolem 1.219.090 km: sup: 2. Coz znamend, Ze vas pocita¢ bude muset uloZit vice nez milion ¢isel na svém
pevném disku, aby udrZel vSechny informace. ZmenSeni velikosti pixelu by vyrazné zvysilo mnoZstvi potfebného
uloZzného prostoru.

Nékdy pouzitim nizkého prostorového rozliSeni je uZzitecnéjsi, kdyZ chcete pracovat s velkou plochou a nemaéte
zdjem zkoumat kazdou oblast do detailu. Mapy mrakd, které vidite ve zpravach o pocasi, jsou toho piikladem —
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je uZitené vidét mraky v celé zemi. Pfiblizovani na jednom konkrétnim mraku ve vysokém rozliSeni vdm nefekne
tolik o nadchdzejicim pocasi!

Na druhou stranu, pouZiti nizkého rozliSeni rastrovych dat miZe byz problematické, pokud vds zajimaji malé oblasti,
protozZe pravdépodobné nebudete schopni rozeznat Zadné individuélni rysy z obrazu.

4

6.6 spektralni rozliseni

Pokud poridite barevnou fotografii digitdlnim fotoaparatem nebo fotoaparitem v mobilu, fotoapardt vyuziva
elektronické senzory pro detekci Cerveného, zeleného a modrého svétla. KdyZ se obraz zobrazi na obrazovce nebo
vytiskne, ¢ervend, zelend a modra (RGB) informace se zkombinuji tak, aby zobrazoval obraz, ktery si vase o¢i mohou
vylozit. PficemzZ tato informace je stile v digitdlnim formatu, ackoli je tato informace RGB uloZena v samostatnych
barevnych pasmech.

Zatimco nase oci vidi jen RGB vlnové délky, elektronické senzory fotoaparatti jsou schopné detekovat vinové délky,
které naSe o¢i nemohou. Samoziejmé, Ze fotoapardtem drZzenym v ruce pravdépodobné nema smysl zaznamendavat
informace z neviditelnych ¢asti spektra od té doby, kdy se lidé chté&ji pouze podivat na fotky jejich psa nebo ¢ehokoli
jiného. Rastrové obrizky, které obsahuji data pro neviditelné ¢4sti svételného spektra jsou Casto oznaCovany jako
multi-spektralni obrazy. V GIS muiZe byt zdznamenavéni neviditelnych ¢asti spektra velmi uzZite¢né. Napriklad méfeni
infra-Cerveného svétla, mtize byt uZitecné pfi identifikaci vodnich tdtvart.

Vzhledem k tomu, Ze obrazy, které obsahuji vice svételnych pasem jsou tak uZitecné v GIS, rastrova data jsou casto
poskytovdna jako vicepdsmové obrazy. KaZzdy pas na obrazku je jako samostatnd vrstva. GIS bude kombinovat tfi
z téchto pasem a zobrazi je v Cervené, zelené a modré barve tak, Ze je lidské oko miZe vidét. PoCet pasem v rastrovém
obrazu se oznacuje jako spektralni rozliSeni.

Pokud se obrazek sklada pouze z jednoho pasma, tak je Casto nazyvan jako obrizek ve stupnich Sedi. S obrazy ve
stupnich Sedi, miZete pouZit faleSné zbarveni, aby rozdily v hodnotéch pixeld byly vice zfejmé. Snimky s aplikovanym
faleSnym zbarvenim jsou ¢asto oznacoviny jako pseudobarevné obrazy.

6.7 Premeéna rastru na vektor

V nasi diskusi o vektorovych datech, jsme vysvétlili, Ze se rastrova data Casto pouZivaji jako pozadi vrstvy, kterd se
déle pouziva jako zdklad, ze kterého mohou byt vektorové prvky digitalizovany.

Dalsi moZnosti je pouzivat pokrocilé pocitacové programy k automatickému extrahovani vektorovych prvka ze
snimkd. Nekteré prvky, jako jsou silnice se v obraze zobrazi jako ndhld zména barvy od sousednich pixeld. Pocitacovy
program vyhleda takové zmény barvy a vytvoii vektor prvku jako vysledek. Tento druh funkce je obvykle k dispozici
pouze ve velmi specializovaném (a ¢asto drahém) GIS softwaru.

6.8 Pfremeéna vektoru na rastr

s e

Nékdy je uZite¢né prevadét vektorova data na rastrova data. Jeden vedlejsi tcinek toho je, Ze atributova data (tj.
atributy spojené s ptivodnimi vektorovymi daty), budou ztracena, pfi probihajici konverzi. Mit vektory pfevedené do
rastrového formatu mutize byt uZite¢né, pokud chcete dat GIS data uzivateliim, ktefi nepouzivaji GIS. U jednodussich
rastrovych formatd, osoba které déte rastrovy obrazek, ho miZe jednoduse zobrazit jako obrazek na svém pocitaci
bez nutnosti Zidného specidlniho GIS softwaru.
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6.9 Rastrova analyza

Existuje velké mnoZstvi analytickych néstroji, které 1ze spustit na rastrovych datech, které nelze pouZzit s vektorovymi
daty. Napfiklad rastry mohou byt pouZity pro modelovani proudu vody nad zemskym povrchem. Tyto informace
mohou byt pouZity pro vypocet, kde existuji povodi a sité tokii, zaloZené na terénu.

Rastrové data se také Casto pouZivaji v zemédélstvi a lesnictvi pro spravu rostlinné vyroby. Napiiklad se satelitnim
snimkem pozemki farmafe mtZete urcit oblasti, kde rostliny rostou $patné a pak tyto informace pouZit pro aplikaci
vétSiho mnoZzstvi hnojiv pouze na postiZenych oblastech. Lesnici pouZivaji rastrova datd k odhadu, kolik dfeva mize
byt sklizeno z dané oblasti.

Rastrova data jsou také dilezita pro fizeni katastrof. Analyza digitdlnich modelti nadmoftské vysky (druh rastru, kde
kazdy pixel obsahuje vysku nad mofem), miZe byt pouzita pro identifikaci oblasti, které by mohly byt zaplaveny. To
pak miiZe byt cilené pouzito k zichrannému a pomocnému usili do oblasti, kde je to nejvice potieba.

6.10 Obvyklé problémy / véci, kterych si byt vedom

Jak jsme se jiz zminili, rastrovd data s vysokym rozliSenim mohou vyZadovat velké mnoZstvi GloZzného prostoru
pocitace.

6.11 Co jsme se naugili?

Pojd'me si shrnout, co jsme se naucili v tomto prostiedi:

oy

¢ Rastrova data jsou mfizkou nepravidelné velkych pixela.
* Rastrova data jsou dobré pro zobrazovani stale se ménicich udajy.
* Velikost pixell v rastru uréuje jeho prostorové rozliSeni.

* Rastrové obrazky mohou obsahovat jedno nebo vice pasem, z nichz kazdé zahrnuje stejnou prostorovou oblast,
ale obsahuje rizné informace.

 Kdy?Z rastrovéd data obsahuji pasma z riiznych ¢asti elektromagnetického spektra, nazyvaji se multispektralni
obrazy.

¢ Trii z téchto padsem multispektralniho obrazu lze zobrazit v barvach Cervené, zelené a modré tak, abychom je
mohli vidét.

* Obrazy s jedinym pdsmem se nazyvaji obrazy ve stupnich Sedi.
¢ Jediné pasmo, obrazy ve stupnich Sedi mohou byt zobrazeny v pseudobarvich pomoci GIS.

 Rastrové obrazy mohou zabirat velké mnozstvi tlozZného prostoru.

6.12 Nyni si to zkuste sami!

Zde jsou pro Vas néjaké ndpady, jak si to zkusit se svymi ucni:

 Diskutujte se svymi studenty, v jakych situacich byste pouZili rastrova data a v jakych byste pouZili vektorova
data.

e Zadejte svym studenttim vytvofeni rastrové mapy vasi Skoly s pouZitim prtihlednych félii ve formatu A4
s miiZkovanymi ¢arami na nich. Pfekryjte f6lii letecky snimek vasi Skoly. Nyni nechte kazdého studenta nebo

Vv v

skupinu studentti vybarvit buriky, které predstavuji urity druh prvku napf. budova, détské hfisté, sportovni
htisté, stromy, chodniky atd. AZ budou vSichni hotovi, pfekryjte vSechny folie dohromady a uvidite, jestli

to vytvari dobrou rastrovou mapu predstavujici vasi Skolu. Které typy prvkl fungovaly dobfe, kdyz byly
reprezentovany jako rastry? Jak vase volba velikosti bunek ovliviiuje schopnost reprezentovat rizné typy prvka?
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6.13 Néco k zamysleni

Pokud nemate k dispozici pocita¢, mtzZete porozumét rastrovym datim pomoci tuzky a papiru. Nakreslete miizku
¢tvercli na jeden list papiru predstavujici vaSe fotbalové hfisté. Vyplitte miizku Cisly, kterd predstavuji hodnoty
pro travni porost na fotbalovém hfisti. Je-li pole holé pfifad'te burice hodnotu 0. V piipadé€, Ze pole je zaroven
holé i pokryté, dejte mu hodnotu 1. Je-li oblast zcela pokryta trdvou, dejte ji hodnotu 2. Nyni pouZijte pastelky
k vybarveni buriek na zdkladé€ jejich hodnot. Vybarvéte buriky s hodnotou 2 tmavé zelenou barvou. Hodnota 1 by
meéla byt vybarvena svétle zelené, a hodnota 0 vybarvena hnéd€. Po dokonceni, byste méli mit rastrovou mapu vaseho

MM v

fotbalového hiiste!

6.14 Dalsi k precteni

Kniha:
e Chang, Kang-Tsung (2006). Uvod do geografickych informacnich systémi. 3. edice. McGraw Hill. ISBN:
0070658986
e DeMers, Michael N. (2005). Zéklady geografickych informacnich systémt. 3. edice. Wiley. ISBN:
9814126195

Website: https://en.wikipedia.org/wiki/GIS_file_formats#Raster

UZivatelsky manudl QGIS ma také vice detailnich informaci o préci s rastrovymi daty v QGIS.

6.15 Kam dal?

V ¢asti, kterd ndsleduje se bliZze podivame na topologii abychom vidéli, jak vztah mezi vektorovymi prvky, miZe byt
pouzit k zajisténi nejlepsi kvality dat.
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KAPITOLA /

Topologie

& Cile: Porozumeni topologii ve vektorovych datech
Klicova Vektor, topologie, topologicka pravidla, topologické chyby, okruh vyhledavani, zaméfovaci
slova: vzdalenost, jednoducha funkce

7.1 Prehled

Topologie vyjadiuje prostorové vztahy mezi spojenymi nebo pfilehlymi vektorovymi prvky (body, kiivky a polygony)
v GIS. Topologické data nebo data na topologické bézi jsou uZitené pro detekci a korekci chyb digitalizace (napf. dvé
linie v silni¢ni vektorové vrstvé, které se dokonale nesetkavaji na kfizovatce). Topologie je nezbytna pro vykonavani
nékterych typl prostorové analyzy, jako jsou napriklad sitové analyzy.

Imagine you travel to London. On a sightseeing tour you plan to visit St. Paul’s Cathedral first and in the afternoon
Covent Garden Market for some souvenirs. Looking at the Underground map of London (see Obr. 7.1) you have
to find connecting trains to get from Covent Garden to St. Paul’s. This requires topological information (data) about
where it is possible to change trains. Looking at a map of the underground, the topological relationships are illustrated
by circles that show connectivity.
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Obr. 7.1: Topologie londynské podzemnd sité.

7.2 Topologické chyby

There are different types of topological errors and they can be grouped according to whether the vector feature types
are polygons or polylines. Topological errors with polygon features can include unclosed polygons, gaps between
polygon borders or overlapping polygon borders. A common topological error with polyline features is that they do
not meet perfectly at a point (node). This type of error is called an undershoot if a gap exists between the lines, and
an overshoot if a line ends beyond the line it should connect to (see Obr. 7.2).

Obr. 7.2: Undershoots (1) occur when digitised vector lines that should connect to each other don’t quite touch.
Overshoots (2) happen if a line ends beyond the line it should connect to. Slivers (3) occur when the vertices of two
polygons do not match up on their borders.

The result of overshoot and undershoot errors are so-called ,dangling nodes‘ at the end of the lines. Dangling nodes
are acceptable in special cases, for example if they are attached to dead-end streets.

Topological errors break the relationship between features. These errors need to be fixed in order to be able to analyse
vector data with procedures like network analysis (e.g. finding the best route across a road network) or measurement
(e.g. finding out the length of a river). In addition to topology being useful for network analysis and measurement,
there are other reasons why it is important and useful to create or have vector data with correct topology. Just imagine
you digitise a municipal boundaries map for your province and the polygons overlap or show slivers. If such errors
were present, you would be able to use the measurement tools, but the results you get will be incorrect. You will not
know the correct area for any municipality and you will not be able to define exactly, where the borders between the
municipalities are.

It is not only important for your own analysis to create and have topologically correct data, but also for people who
you pass data on to. They will be expecting your data and analysis results to be correct!
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7.3 Topology rules

Fortunately, many common errors that can occur when digitising vector features can be prevented by topology rules
that are implemented in many GIS applications.

Except for some special GIS data formats, topology is usually not enforced by default. Many common GIS, like QGIS,
define topology as relationship rules and let the user choose the rules, if any, to be implemented in a vector layer.

The following list shows some examples of where topology rules can be defined for real world features in a vector
map:

¢ Area edges of a municipality map must not overlap.
* Area edges of a municipality map must not have gaps (slivers).

* Polygons showing property boundaries must be closed. Undershoots or overshoots of the border lines are not
allowed.

 Contour lines in a vector line layer must not intersect (cross each other).

7.4 Topological tools

Many GIS applications provide tools for topological editing. For example in QGIS you can enable topological editing
to improve editing and maintaining common boundaries in polygon layers. A GIS such as QGIS ,detects‘ a shared
boundary in a polygon map so you only have to move the edge vertex of one polygon boundary and QGIS will ensure
the updating of the other polygon boundaries as shown in Obr. 7.3 (1).

Another topological option allows you to prevent** polygon overlaps** during digitising (see Obr. 7.3 (2)). If you
already have one polygon, it is possible with this option to digitise a second adjacent polygon so that both polygons
overlap and QGIS then clips the second polygon to the common boundary.

Obr. 7.3: (1) Topological editing to detect shared boundaries, when moving vertices. When moving a vertex, all
features that share that vertex are updated. (2) To avoid polygon overlaps, when a new polygon is digitised (shown in
red) it is clipped to avoid overlapping neighbouring areas.

7.5 Snapping distance

Snapping distance is the distance a GIS uses to search for the closest vertex and / or segment you are trying to connect
when you digitise. A segment is a straight line formed between two vertices in a polygon or polyline geometry. If you
aren’t within the snapping distance, a GIS such as QGIS will leave the vertex where you release the mouse button,
instead of snapping it to an existing vertex and / or segment (see Obr. 7.4).
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Line (Segment)

Snapping Distance Snapping Distance

Obr. 7.4: The snapping distance (black circle) is defined in map units (e.g. decimal degrees) for snapping to either
vertices or segments.

7.6 Search Radius

Search radius is the distance a GIS uses to search for the closest vertex you are trying to move when you click on
the map. If you aren’t within the search radius, the GIS won’t find and select any vertex of a feature for editing. In
principle, it is quite similar to the snapping distance functionality.

Snapping distance and search radius are both set in map units so you may need to experiment to get the distance value
set right. If you specify a value that is too big, the GIS may snap to a wrong vertex, especially if you are dealing with
a large number of vertices close together. If you specify the search radius too small the GIS application won’t find
any feature or vertex to move or edit.

7.7 Bézné problémy / véci, kterym by jste se meéli vénovat
pozornost

Mainly designed for simplicity and for fast rendering but not for data analysis that requires topology (such as finding
routes across a network), many GIS applications are able to show topological and simple feature data together and
some can also create, edit and analyse both.

7.8 Co jsme se naucili?

Pojd'me si shrnout, co jsme se naudili v tomto pracovnim listu.
» Topology shows the spatial relation of neighbouring vector features.
» Topology in GIS is provided by topological tools.
» Topology can be used to detect and correct digitizing errors.
* For some tools, such as network analysis, topological data is essential.
» Snapping distance and search radius help us to digitise topologically correct vector data.

* Simple feature data is not a true topological data format but it is commonly used by GIS applications.

58 Kapitola 7. Topologie



Gentle GIS Introduction

7.9 Ted si to vyzkousejte!

Zde je nekolik ndpadt, které miZete vyzkouset se svymi studenty:

e Mark your local bus stops on a toposheet map and then task your learners to find the shortest route between
two stops.

* Think of how you would create vector features in a GIS to represent a topological road network of your town.
What topological rules are important and what tools can your learners use in QGIS to make sure that the new
road layer is topologically correct?

7.10 Néco k zamysleni

If you don’t have a computer available, you can use a map of a bus or railway network and discuss the spatial
relationships and topology with your learners.

v v

7.11 Dalsi ¢teni

Knihy:

* Chang, Kang-Tsung (2006). Introduction to Geographic Information Systems. 3rd Edition. McGraw Hill.
ISBN: 0070658986

¢ DeMers, Michael N. (2005). Fundamentals of Geographic Information Systems. 3rd Edition. Wiley. ISBN:
9814126195

Webové stranky:
* http://www.innovativegis.com/basis/
* https://en.wikipedia.org/wiki/Geospatial_topology
The QGIS User Guide also has more detailed information on topological editing provided in QGIS.

7.12 Co dal?

In the section that follows we will take a closer look at Coordinate Reference Systems to understand how we relate
data from our spherical earth onto flat maps!
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KAPITOLA 8

Souradnicové referenéni systémy

& Cile: Porozuméni souradnicovym referencnim systémim
Klicovd | Soufadnicovy referencni systém (CRS), mapové zobrazeni, improvizované zobrazeni,
slova: zemépisnd Sitka, zemépisnd délka, severni soufadnice, vychodni soutadnice

8.1 Prehled

Map projections try to portray the surface of the earth, or a portion of the earth, on a flat piece of paper or computer
screen. In layman’s term, map projections try to transform the earth from its spherical shape (3D) to a planar shape
(2D).

A coordinate reference system (CRS) then defines how the two-dimensional, projected map in your GIS relates to
real places on the earth. The decision of which map projection and CRS to use depends on the regional extent of the
area you want to work in, on the analysis you want to do, and often on the availability of data.

8.2 Detail mapového zobrazeni

Tradi¢ni zptisob zobrazeni zemského tvaru je pouZiti glébu. Avsak, s timto piistupem je problém. Ackoli globy
zachovavaji vétSinu zemského tvaru a ilustruji prostorovou konfiguraci prvkti kontinentu, jsou velmi obtiZné
prenositelné. Navic jsou vhodné k pouZiti pouze ve velmi malém méfitku (napf. 1:100 miliontim).

Vétsina tematickych mapovych udaji, béZné pouzivanych v aplikacich GIS je v podstatné vétsim méfitku. Typické

vy Vs

datové soubory GIS jsou v méfitkach 1:250 000 nebo vyssich, v zavislosti na drovni detailti. Globus této velikosti by

vvvvv

zvanych mapova zobrazeni, jejichZ cilem je, s dostate¢nou piesnosti, zobrazit sférickou Zemi ve 2D.

Pri pohledu zblizka se Zemé zda byt relativné plochd. AvSak pfi pohledu z vesmiru, miZeme vidét, Ze je Zemé
pomérné kulovitd. Mapy, jak uvidime v nadchazejicim tému tvorby map, jsou znazornénim reality. Jsou navrZzeny
tak, aby reprezentovaly nejen prvky, ale také jejich tvar a prostorové usporadani. Kazdé mapové zobrazeni ma vyhody
anevyhody. Nejlepsi zobrazeni pro mapu je zavislé na méFitku mapy, a na ucelu vyuziti. Naptiklad zobrazeni miize
mit nepfijatelné zkresleni, pokud je pouZito k mapovéni celého afrického kontinentu, ale mtiZze byt vynikajici volbou
pro mapu velkého méritka (detailni) vasi zemé. Tyto vlastnosti mapového zobrazeni mohou také ovliviiovat nékteré
konstrukéni prvky mapy. Nékterd zobrazeni jsou dobra pro malé plochy, nékterd z nich jsou vhodné pro mapovéani
oblasti s velkym rozsahem Vychod-Zépad, a n€kterd jsou lepSi pro mapovani oblasti s velkym rozsahem Sever-Jih.
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8.3 T¥i soubory rozdéleni mapovych zobrazeni

The process of creating map projections is best illustrated by positioning a light source inside a transparent globe
on which opaque earth features are placed. Then project the feature outlines onto a two-dimensional flat piece of
paper. Different ways of projecting can be produced by surrounding the globe in a cylindrical fashion, as a cone, or
even as a flat surface. Each of these methods produces what is called a map projection family. Therefore, there
is a family of planar projections, a family of cylindrical projections, and another called conical projections (see
Obr. 8.1)

Map Projection Families

Obr. 8.1: Tti soubory mapovych zobrazeni. Mohou byt zndzornény a) vdlcovymi zobrazenimi, b) kuZelovymi
zobrazenimi nebo c) rovinnymi zobrazenimi.

Dnes, se samoziejmé proces projektovani sférické Zemé na plochy papir, provadi pomoci matematickych principi

geometrie a trigonometrie. Ty prevytvareji fyzické zobrazeni svétla pres globus.

8.4 Presnost mapovych zobrazeni

Map projections are never absolutely accurate representations of the spherical earth. As a result of the map projection
process, every map shows distortions of angular conformity, distance and area. A map projection may combine
several of these characteristics, or may be a compromise that distorts all the properties of area, distance and angular
conformity, within some acceptable limit. Examples of compromise projections are the Winkel Tripel projection
and the Robinson projection (see Obr. 8.2), which are often used for producing and visualizing world maps.
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Obr. 8.2: Robinsonovo zobrazeni je kombinaci, kde jsou zkresleni ploch, ihlii a vzdalenosti pfijatelné.

Obvykle neni mozné zachovat v§echny vlastnosti najednou v jednom mapovém zobrazeni. To znamend, Ze kdyZ chcete
provést presné analytické operace, musite pouZit mapové zobrazeni, které poskytuje ty nejlepsi vlastnosti pro vase
analyzy. Napiiklad, pokud je potfeba méfit vzdalenosti na mapée, méli byste se pokusit pouZit mapové zobrazeni pro
vaSe data, které poskytuje vysokou ptesnost pro vzdalenosti.

8.4.1 Mapova zobrazeni s uhlovym zkreslenim

Pfi préci s glébem, hlavni svétové strany (sever, vychod, jih a zdpad) jsou vZdy navzdjem v dhlu 90 stupiid. Jinymi
slovy, vychod je vZdy v thlu 90 stupniti k severu. Zachovani spravnych thlovych vlastnosti mize také byt v mapovém
zobrazeni zachovano. Mapové zobrazeni, které nezkresluje thly se nazyva konformni nebo dhlojevné.

These projections are used when the preservation of angular relationships is important. They are commonly used
for navigational or meteorological tasks. It is important to remember that maintaining true angles on a map is difficult
for large areas and should be attempted only for small portions of the earth. The conformal type of projection results
in distortions of areas, meaning that if area measurements are made on the map, they will be incorrect. The larger the
area the less accurate the area measurements will be. Examples are the Mercator projection (as shown in Obr. 8.3)
and the Lambert Conformal Conic projection. The U.S. Geological Survey uses a conformal projection for many
of its topographic maps.

Obr. 8.3: Mercatorovo zobrazeni se pouziva napiiklad tam, kde jsou dilezité vztahy thlu, ale vztahy ploch jsou
zkresleny.
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8.4.2 Mapova zobrazeni se stejnymi vzdalenostmi

If your goal in projecting a map is to accurately measure distances, you should select a projection that is designed
to preserve distances well. Such projections, called equidistant projections, require that the scale of the map
is kept constant. A map is equidistant when it correctly represents distances from the centre of the projection to
any other place on the map. Equidistant projections maintain accurate distances from the centre of the projection
or along given lines. These projections are used for radio and seismic mapping, and for navigation. The Plate Carree
Equidistant Cylindrical (see Obr. 8.4) and the Equirectangular projection are two good examples of equidistant
projections. The Azimuthal Equidistant projection is the projection used for the emblem of the United Nations
(see Obr. 8.5).

o A L L [T [T ]]

Obr. 8.4: Platte Carreeovo ekvidistantni valcovad projekce je na priklad pouzivand, kdyZ je potfeba presné¢ méfit
vzdalenosti.

Obr. 8.5: Logo spojenych statti americkych azimutalni ekvidistantni projekei.
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8.4.3 Projekce se stejnymi plochami.

When a map portrays areas over the entire map, so that all mapped areas have the same proportional relationship
to the areas on the Earth that they represent, the map is an equal area map. In practice, general reference and
educational maps most often require the use of equal area projections. As the name implies, these maps are best
used when calculations of area are the dominant calculations you will perform. If, for example, you are trying to
analyse a particular area in your town to find out whether it is large enough for a new shopping mall, equal area
projections are the best choice. On the one hand, the larger the area you are analysing, the more precise your area
measures will be, if you use an equal area projection rather than another type. On the other hand, an equal area
projection results in distortions of angular conformity when dealing with large areas. Small areas will be far less
prone to having their angles distorted when you use an equal area projection. Alber’s equal area, Lambert’s equal
area and Mollweide Equal Area Cylindrical projections (shown in Obr. 8.6) are types of equal area projections
that are often encountered in GIS work.

Obr. 8.6: Mollweidova projekce zachovavajici plochy napfiklad zajistuje, Ze vSechny mapové oblasti maji stejny
propor¢ni vztah vSech ploch na celé Zemi.

Pamatujte na to, Ze mapové projekce je velmi komplexni téma. Je zde stovka rtiznych mapovych projekci dostupna
napfic celym svétem, kazd4 se snaZi zobrazit ¢ast zemského povrchu tak vérohodné, jak to jen jde na kousku papiru.
Ve skutec¢nosti, volba pouZité projekce bude Casto na Vas. VétSina zemi ma obvykle pouZivané projekce a kdyzZ jsou
data ménény, lidé nasleduji ,,ndrodni zvyk*.

8.5 Souradnicovy zemépisny systém (CRS) v detailu

S pomoci souradnicovych referencnich systémi (CRS) je kazdé misto na zemi specifikovana trojici soufadnic. Obecné
to znamend, Ze CRS mtiZou byt rozdéleny do ,,projekénick soufadnicovych referencnich systémi* (¢asto nazyvanych
kartézské nebo obdélnikové soufadnicové referencni systémy) and ,,geografické souradnicové referecni systémy*.

8.5.1 Geografické souradnicové systémy

Pouziti geografickych referen¢nich soufadnicovych systémi je velmi béZné. PouZivaji se stupné zemépisné sirky
a zemépisné délky and Casto také zemépisné vysky k popsani bodu na Zemském povrchu. Nejastsji pouZivany se
nazyva ,,WGS 84“

Lines of latitude run parallel to the equator and divide the earth into 180 equally spaced sections from North to
South (or South to North). The reference line for latitude is the equator and each hemisphere is divided into ninety
sections, each representing one degree of latitude. In the northern hemisphere, degrees of latitude are measured from
zero at the equator to ninety at the north pole. In the southern hemisphere, degrees of latitude are measured from
zero at the equator to ninety degrees at the south pole. To simplify the digitisation of maps, degrees of latitude in
the southern hemisphere are often assigned negative values (0 to -90°). Wherever you are on the earth’s surface, the
distance between the lines of latitude is the same (60 nautical miles). See Obr. 8.7 for a pictorial view.
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Obr. 8.7: Zemépisny soufadnicovy systém s liniemi zemépisnych Sifek rovnobéznych k rovniku a liniemi zemépisnych
délek rovnobéznych s polednikem Greenwich.

Lines of longitude, on the other hand, do not stand up so well to the standard of uniformity. Lines of longitude run
perpendicular to the equator and converge at the poles. The reference line for longitude (the prime meridian) runs
from the North pole to the South pole through Greenwich, England. Subsequent lines of longitude are measured from
zero to 180 degrees East or West of the prime meridian. Note that values West of the prime meridian are assigned
negative values for use in digital mapping applications. See Obr. 8.7 for a pictorial view.

Pouze na rovniku je vzdélenost reprezentovand jednou linii zemépisné délky je stejnd jako vzdalenost reprezentovana
jinou zemépisnou délkou na této zemépisné Sifce. Pfi pohybu smérem k pdlim se bude vzdalenost mezi liniemi
zemeépisnych Sifek zkracovat dokud nedosdhmene pélt. VSechny 360 stupriové zemépisné délky jsou reprezentovany
jedinym bodem, na ktery miZete poloZit prst (moZnd budete chtit mit rukavice). Pouzitim zemépisného referen¢niho
systému si mlZeme sestavit mfizku linii rozd€lujicich zemi do ctvercl, které pokryvaji pfiblizné 12363.365
¢verecnich kilometri na rovniku— dobry start, ale neni to velmi uZitecné pro urcovani oblasti ¢ehokoliv jiného

nez Ctverce.

Aby to bylo opravdu uZite¢né, musi byt mapova miizka rozdélena do dostatecné malych sekci aby mohly byt pouzity
k popsani (s akcepotovanou hodnoto uvdZeni) lokace bodu na mapé€. Vzhledem k tomu Ze jsou stupné rozdéleny na
HSminuty” (““) a vtefiny(“““). Mame Sedesat minut v kazdém stupni a Sedesat vtefin v kazdé minuté (3600 vtefin

P A

v jednom stupni). TakZe, na rovniku je jedna sekunda zemépisné délky nebo zemépisné Sitky 30.87624 metrt.

8.5.2 Projekéni soufadnicovy referenéni systémy

A two-dimensional coordinate reference system is commonly defined by two axes. At right angles to each other, they
form a so called XY-plane (see Obr. 8.8 on the left side). The horizontal axis is normally labelled X, and the vertical
axis is normally labelled Y. In a three-dimensional coordinate reference system, another axis, normally labelled Z,
is added. It is also at right angles to the X and Y axes. The Z axis provides the third dimension of space (see Obr. 8.8
on the right side). Every point that is expressed in spherical coordinates can be expressed as an X Y Z coordinate.

66 Kapitola 8. Souradnicové referenéni systémy



Gentle GIS Introduction

A (xlyiz)

(x/y) >

h J

Obr. 8.8: Dvourozmérné a tfirozmérné soutadnicovy systémy.

Projekéni soufadnicovy referencni systém na jizni polokouli (jizn€ od rovniku) md normélné vlastni a specifické
soufadnice ,,zemépisné Sitky“. To znamend, Ze hodna Y-ové soufadnice rostou smérem na jih a hodnoty X-ové
soufadnice smérem na zdpad. Na severni polokouli (severné od rovniku) ma také specifické hodnoty ,,zemépisné
Sitky“. AvSak nyni hodnoty Y-ové soufadnice rostou smérem na sever a hodnoty X-ové soufadnice rostour smérem na
vychod. V nésledujici sekci si popiSeme projekéni souradnicovy referencni systém nazvany (UTM), ktery je pouZivan
v Jizni Africe.

8.6 Univerzalni transverzalni Marcatorovo souradnicovy systém
(UTM) v detailu.

The Universal Transverse Mercator (UTM) coordinate reference system has its origin on the equator at a specific
Longitude. Now the Y-values increase southwards and the X-values increase to the West. The UTM CRS is a global
map projection. This means, it is generally used all over the world. But as already described in the section ,accuracy
of map projections‘ above, the larger the area (for example South Africa) the more distortion of angular conformity,
distance and area occur. To avoid too much distortion, the world is divided into 60 equal zones that are all 6 degrees
wide in longitude from East to West. The UTM zones are numbered 1 to 60, starting at the antimeridian (zone 1 at
180 degrees West longitude) and progressing East back to the antemeridian (zone 60 at 180 degrees East longitude)
as shown in Obr. 8.9.

Obr. 8.9: Univerzdlni Transverzalni Mercatorovo ziy. Pro Jizni Afriku jsou pouZiviny UTM zény 33S, 348, 35S
a 36S.

As you can see in Obr. 8.9 and Obr. 8.10, South Africa is covered by four UTM zones to minimize distortion. The
zones are called UTM 33S, UTM 34S, UTM 35S and UTM 36S. The S after the zone means that the UTM zones
are located south of the equator.

8.6. Univerzalni transverzalni Marcatorovo souradnicovy systém (UTM) v detailu. 67
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Obr. 8.10: UTM zény 338, 348, 35S a 36S s centrdlnimi zemépisnymi délkami (poledniky) jsou pouZity k projektu
Jizni Afriky s vysokou piesnosti. Cerveny k¥iZ ukazuje oblast zdjmu (AOI).

Say, for example, that we want to define a two-dimensional coordinate within the Area of Interest (AOI) marked
with a red cross in Obr. 8.10. You can see, that the area is located within the UTM zone 35S. This means, to minimize
distortion and to get accurate analysis results, we should use UTM zone 35S as the coordinate reference system.

The position of a coordinate in UTM south of the equator must be indicated with the zone number (35) and with
its northing (Y) value and easting (X) value in meters. The northing value is the distance of the position from
the equator in meters. The easting value is the distance from the central meridian (longitude) of the used UTM
zone. For UTM zone 35S it is 27 degrees East as shown in Obr. 8.10. Furthermore, because we are south of the
equator and negative values are not allowed in the UTM coordinate reference system, we have to add a so called false
northing value of 10,000,000 m to the northing (Y) value and a false easting value of 500,000 m to the easting (X)
value. This sounds difficult, so, we will do an example that shows you how to find the correct UTM 35S coordinate
for the Area of Interest.

8.6.1 The northing (Y) value

The place we are looking for is 3,550,000 meters south of the equator, so the northing (Y) value gets a negative sign
and is -3,550,000 m. According to the UTM definitions we have to add a false northing value of 10,000,000 m.
This means the northing (Y) value of our coordinate is 6,450,000 m (-3,550,000 m + 10,000,000 m).

8.6.2 The easting (X) value

First we have to find the central meridian (longitude) for the UTM zone 35S. As we can see in Obr. 8.10 it is 27
degrees East. The place we are looking for is 85,000 meters West from the central meridian. Just like the northing
value, the easting (X) value gets a negative sign, giving a result of -85,000 m. According to the UTM definitions we
have to add a false easting value of 500,000 m. This means the easting (X) value of our coordinate is 415,000 m
(-85,000 m + 500,000 m). Finally, we have to add the zone number to the easting value to get the correct value.

Vysledkem je, Ze souradnice naseho Bodu zajmu, promitané v UTM zéné 35S, budou zapsény jako: 35 415 000 m
E /6450000 m N. V n¢kterych GIS, kdyz je definovana spravna zéna UTM 35S a jednotky jsou v systému nastaveny
na metry, miZe byt soufadnice také jednoduse zobrazena jako 415,000 6,450,000.
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8.7 Projekce On-The-Fly

Jak si asi dokdZete predstavit, miiZze dojit k situaci, kdy data, ktera chcete pouzit v GIS, jsou promitnuta v riznych
soufadnicovych referencnich systémech. MiiZzete napiiklad ziskat vektorovou vrstvu zndzoriiujici hranice Jizni Afriky
navrZzené v UTM 35S a dalsi vektorovou vrstvu s bodovou informaci o srdzkdch poskytnutou v geografickém
souradném systému WGS 84. V GIS jsou tyto dvé vektorové vrstvy umistény v zcela odlisnych oblastech mapového
okna, protoZe maji rizné projekce.

To solve this problem, many GIS include a functionality called on-the-fly projection. It means, that you can define
a certain projection when you start the GIS and all layers that you then load, no matter what coordinate reference
system they have, will be automatically displayed in the projection you defined. This functionality allows you to overlay
layers within the map window of your GIS, even though they may be in different reference systems. In QGIS, this
functionality is applied by default.

8.8 Bézné problémy / véci, kterym by jste se méli vénovat
pozornost

Téma mapova projekce je velmi sloZitd a dokonce i profesiondlové, ktefi studovali geografii, geodézii nebo jiné
védy souvisejici s GIS, Casto maji problémy se spravnou definici mapovych projekei a soufadnicovych referencnich
systému - CRS. Obvykle, kdyZ pracujete s GIS, mdte jiz na zacatku data v né&jaké projekci. Ve vétsiné ptipadd budou
tyto idaje promitany v uréitém CRS, takZe nemusite vytvofit novy nebo dokonce znovu zpracovavat data z jednoho
CRS do druhého. To znamend, Ze je vZdy uZite¢né mit predstavu o tom, co mapova projekce a CRS znamena.

8.9 Co jsme se naucili?

Pojd'me si shrnout, co jsme se naudili v tomto pracovnim listu.
* Mapové projekce zobrazuji povrch zemé na dvourozmérném plochém papiru nebo na obrazovce pocitace.

* Existuji globdlni mapové projekce, ale vétSina mapovych projekci je vytvorena a optimalizovana pro
zobrazovani mensich oblasti zemského povrchu.

* Mapové projekce nejsou nikdy zcela piesné reprezentace sférické zemé. Vykazuji zKresleni iihlové
konformity, vzdalenosti a plochy. V mapové projekci nelze souasné zachovat vSe tyto vlastnosti bez
zkresleni.

¢ A ** Souradnicovy referencni systém ** (CRS) definuje pomoci soufadnic, jak dvojrozmérnd promitana mapa
odpovida redlnym mistim na Zemi.

 Existuyji dva rizné typy soufadnicovych referencnich systémi: Geografické souradnicové systémy
a Projektované souradnicové systémy.

* On the Fly projekce je funkce v GIS, kterd ndm umoziiuje prekryt vrstvy, a to i v ptfipad€, Ze jsou promitiny
v riiznych soufadnicovych referenénich systémech.

8.10 Ted si to vyzkousejte!

Zde je nekolik ndpadt, které miZete vyzkouset se svymi studenty:

1. Start QGIS

2. In Project » Properties... » CRS check No projection (or unknown/non-Earth projection)
3. Load two layers of the same area but with different projections
4

. Let your pupils find the coordinates of several places on the two layers. You can show them that it is not possible
to overlay the two layers.
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5. Then define the coordinate reference system as Geographic/WGS 84 inside the Project Properties dialog

6. Load the two layers of the same area again and let your pupils see how setting a CRS for the project (hence,
enabling ,,on-the-fly“ projection) works.

7. You can open the Project Properties dialog in QGIS and show your pupils the many different Coordinate
Reference Systems so they get an idea of the complexity of this topic. You can select different CRSs to display
the same layer in different projections.

8.11 Néco k zamysleni

If you don’t have a computer available, you can show your pupils the principles of the three map projection families.
Get a globe and paper and demonstrate how cylindrical, conical and planar projections work in general. With the help
of a transparency sheet you can draw a two-dimensional coordinate reference system showing X axes and Y axes.
Then, let your pupils define coordinates (X and Y values) for different places.

8.12 Dalsi ¢teni

Knihy:

¢ Chang, Kang-Tsung (2006). Introduction to Geographic Information Systems. 3rd Edition. McGraw Hill.
ISBN: 0070658986

* DeMers, Michael N. (2005). Fundamentals of Geographic Information Systems. 3rd Edition. Wiley. ISBN:
9814126195

e Galati, Stephen R. (2006): Geographic Information Systems Demystified. Artech House Inc. ISBN:
158053533X

Webové stranky:
* https://foote.geography.uconn.edu/gcraft/notes/mapproj/mapproj_f.html
* http://geology.isu.edu/wapi/geostac/Field_Exercise/topomaps/index.htm

vevs

UZivatelskd pfiru¢ka QGIS m4 také podrobnéjsi informace o praci s mapovymi projekcemi v QGIS.

8.13 Co dal?

V nésledujici ¢asti se blize podivime na Tvorbu map.
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KAPITOLA 9

Tvorba map

&

Cile: Porozuméni tvorb& map pro prostorova data
Klicova Tvorba map, mapovy nacrt, métitko, severka, ledenda, mapovy rdm, mapova jednotka
slova:

9.1 Prehled

Map production is the process of arranging map elements on a sheet of paper in a way that, even without many words,
the average person can understand what it is all about. Maps are usually produced for presentations and reports where
the audience or reader is a politician, citizen or a learner with no professional background in GIS. Because of this,
a map has to be effective in communicating spatial information. Common elements of a map are the title, map body,
legend, north arrow, scale bar, acknowledgement, and map border (see Obr. 9.1).
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Title. Common map elements
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Obr. 9.1: Spole¢né mapové prvky (oznacené Cervené) jsou ndzev, mapovy ram, legenda, severka, méfitko, tiraz
a hranice mapy

Dali prvky, které mohou byt ptiddny, jsou napf. souradnicova sit’ nebo nazev mapové projekce (CRS). Spole¢né
tyto prvky pomahaji ¢tenafi mapy vysvétlit informace zobrazené na mapé. T¢lo mapy je, samoziejmée, nejdileZitéjsi
¢asti mapy, protoZe obsahuje informace o mapé. Ostatni prvky podporuji proces komunikace a pomdahaji ctendfi
mapy orientovat se a pochopit tématiku mapy. Napfiklad ndzev popisuje téma a legenda se tyka mapovych symbola
k mapovanym ddajim.

9.2 Detail nazvu

Nazev mapy je velmi dilezity, protoZe to je obvykle prvni véc na map€, na kterou se ¢tenaf podiva. MiZe byt srovnan
s nadpisem v novindch. M¢l by byt kratky, ale mél by dét ctendrovi prvni piedstavu o tom, co v mapé je.

9.3 Detail hranice mapy

The map border is a line that defines exactly the edges of the area shown on the map. When printing a map with
a graticule (which we describe further down), you often find the coordinate information of the graticule lines along
the border lines, as you can see in Obr. 9.2.

9.4 Detail legendy mapy

A map is a simplified representation of the real world and map symbols are used to represent real objects. Without
symbols, we wouldn’t understand maps. To ensure that a person can correctly read a map, a map legend is used to
provide a key to all the symbols used on the map. It is like a dictionary that allows you to understand the meaning of
what the map shows. A map legend is usually shown a a little box in a corner of the map. It contains icons, each of
which will represent a type of feature. For example, a house icon will show you how to identify houses on the map
(see Obr. 9.2).

72 Kapitola 9. Tvorba map



Gentle GIS Introduction

= & JELEVATION MAP 2N “"ITOURIST MAP
P

% —L

e TN\ )
4‘// >-
p
(

fo

Obr. 9.2: Dvé mapy ze stejné oblasti, ob& s vodnim télesem v pozadi, ale s riznymi tématy, mapovymi symboly
a barevami v legendé¢.

You can also use different symbols and icons in your legend to show different themes. In Obr. 9.2 you can see a map
with a lake in light blue overlaid with contour lines and spot heights to show information about the terrain in that area.
On the right side you see the same area with the lake in the background but this map is designed to show tourists the
location of houses they can rent for their holidays. It uses brighter colours, a house icon and more descriptive and
inviting words in the legend.

9.5 Detail severky

Severka (n€kdy také nazyvand jako riiZice kompasu) je idaj, zobrazujici hlavni svétové strany, Sever, Jih, Vychod

a Zapad. Na mapé se pouziva k naznaceni sméru na sever.

Napriklad v GIS to znamend, Ze diim, ktery se nachdzi na sever od jezera, tak se nachazi v horni ¢asti jezera na
mape. Silnice na vychod€, pak bude na pravé strané od vodniho télesa na mapé, feka na jihu bude pod vodnim
télesem a pokud budete hledat vlakové nddraZi na zdpad od jezera, najdete ho na levé stran€ na mapé.

9.6 Detail méritka

The scale of a map, is the value of a single unit of distance on the map, representing distance in the real world. The
values are shown in map units (meters, feet or degrees). The scale can be expressed in several ways, for example, in
words, as a ratio or as a graphical scale bar (see Obr. 9.3).

Expressing a scale in words is a commonly used method and has the advantage of being easily understood by most
map users. You can see an example of a word based scale in a Obr. 9.3 (a). Another option is the representative
fraction (RF) method, where both the map distance and the ground distance in the real world are given in the same
map units, as a ratio. For example, a RF value 1:25,000 means that any distance on the map is 1/25,000 th of the
real distance on the ground (see Obr. 9.3 (b)). The value 25,000 in the ratio is called the scale denominator. More
experienced users often prefer the representative fraction method, because it reduces confusion.

KdyZ vyjadieni zlomkem pfedstavuje velmi maly podil, naptiklad 1:1000 000, nazgva se malé méfitko mapy.
V opacném piipadé€, kdyZ je pomér velmi velky, napiiklad 1:50 000, tak se nazyva velké méFitko mapy. Je velmi
praktické uvédomit si, Ze malé méfitko mapy pokryva velkou plochu a mapa ve velkém méfitku pokryva malou
plochu!

A scale expression as a graphic or bar scale is another basic method of expressing a scale. A bar scale shows
measured distances on the map. The equivalent distance in the real world is placed above as you can see in Obr. 9.3

(c).
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a) (1 centimeter represents 250 meters)
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Obr. 9.3: Méfitko mapy miZe byt vyjadieno slovy (a), jako pomér (b), nebo jako grafické méfitko (c)

Mapy jsou obvykle vyrabény ve standardnich méftitkach, napriklad 1:10 000, 1:25 000, 1:50 000, 1:100 000, 1:250
000, 1:500 000. Co to znamena pro ¢tenafe map? To znamenad, Ze pokud ndsobite vzdilenost méfenou na mapé podle

v\

méritkového jmenovatele, budete znat vzdalenost v realném svété.

vy

Napriklad, pokud chceme méfit vzdalenost 100mm na mapé v méfitku 1:25 000 pocitdme vzdélenost v redlném svété
takto:

100 mm x 25,000 = 2,500,000 mm

To znamend, Ze 100 mm na mapé je ekvivalentni ke 2,500,000 mm (2500 m) v redlném svété.

Another interesting aspect of a map scale, is that the lower the map scale, the more detailed the feature information
in the map will be. In Obr. 9.4, you can see an example of this. Both maps are the same size but have a different scale.
The image on the left side shows more details, for example the houses south-west of the water body can be clearly
identified as separate squares. In the image on the right you can only see a black clump of rectangles and you are not
able to see each house clearly.

i

=

o 0.02 0.04 degree ~ 0,08 degree | ) ¥

wv vy vy

Obr. 9.4: Mapy znézoriujici plochu ve dvou riznych méritcich. Méfitko mapy na levé strané je 1:25 000. Métitko
mapy na pravé strané je 1:50 000.

9.7 Detail tiraze

V oblasti mapy pro tirdZ je mozné pridat text s diileZitymi informacemi. Napfiklad informace o kvalité pouzitych
dat mohou byt uZite¢né pro predstavu Ctendie o tom, jak, kym a kdy byla mapa vytvorena. KdyZ se podivite na
topografickou mapu vaseho mésta, bylo by uZitecné védét, kdy byla mapa vytvorena a kdo ji vytvotil. V pfipadé, Ze
mapa je stard jiz 50 let, pravdépodobné najdete spoustu domt a silnic, které jiZ neexistuji nebo mozna ani nikdy
neexistovaly. Pokud vite, Ze mapa byla vytvorena oficidlni instituci, mohli byste je kontaktovat a zeptat se, jestli maji
vice nynéjSich verzi této mapy s aktualizovanymi udaji.
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9.8 Detail souradnicové sité

A graticule is a network of lines overlain on a map to make spatial orientation easier for the reader. The lines can be
used as a reference. As an example, the lines of a graticule can represent the earth’s parallels of latitude and meridians
of longitude. When you want to refer to a special area on a map during your presentation or in a report you could say:
,the houses close to latitude 26.04 / longitude -32.11 are often exposed to flooding during January and February* (see
Obr. 9.5).

26.07

p2a7

-32.09

-32.10f

-32.11

Obr. 9.5: Soufadnicovd sit (Cervené Cdry), které predstavuji rovnobézky zemépisné Sitky a poledniky zemépisné

P A

délky. Hodnoty zemépisné §itky a délky na hranicich mapy mohou byt pouZity pro lepsi orientaci na map¢.

9.9 Detail nazvu mapového zobrazeni

Mapové zobrazeni se snazi reprezentovat 3-dimenzionalni Zemi se v§emi jejimi prvky, jako jsou domy, silnice nebo
jezera na plochy list papiru. To je velmi sloZité na pfedstavu a to i po stovky let, kdy neexistuje jediné zobrazeni,
které by bylo schopné reprezentovat Zemi perfektné pro kazdou oblast na svété. Kazdé zobrazeni ma své vyhody
i nevyhody.

To be able to create maps as precisely as possible, people have studied, modified, and produced many different kinds
of projections. In the end almost every country has developed its own map projection with the goal of improving the
map accuracy for their territorial area (see Obr. 9.6).

Obr. 9.6: Svét v ruznych zobrazenich. Mollweidovo nepravé zobrazeni vlevo, vélcové zobrazeni ekvidistantni
v polednicich na pravé strang.

With this in mind, we can now understand why it makes sense to add the name of the projection on a map. It allows
the reader to see quickly, if one map can be compared with another. For example, features on a map in a so-called
Equal Area projection appear very different to features projected in a Cylindrical Equidistant projection (see Obr.
9.6).
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Mapové zobrazeni je velmi komplexni téma a nemuiZe tu byt zcela vysvétleno. Mozna byste se chtéli, podivat na nase
predchozi téma: soufadnicové referencni systémy, chcete-li o tom védet vice.

9.10 Obvyklé problémy / véci, kterych si byt védom

Nékdy je obtizné vytvorit mapu, kterd je snadno pochopitelnd a dobfe rozvrZend, zatimco stdle zobrazuje a vysvétluje
vsechny informace, které Ctenar potfebuje védét. Abyste toho doséhli, potfebujete vytvorit idedlni uspoiddéni a sloZeni
vSech mapovych prvkli. Méli byste se soustfedit na to, co chcete danou mapou fici a jak by prvky, jako je legenda,

~yz

méfitko a tirdZ méli byt usporadany. Timto zpisobem dostanete dobfe navrzené a vzdélavaci mapy, které si lidé budou
chtit prohlédnout a budou schopni jim rozumét.

9.11 Co uz jsme se naugili?

Pojd'me si shrnout, co jsme se nau€ili v tomto prostiedi:
« Tvorba map znamen4 uspofddani prvka mapy na jeden list papiru.
* Prvky mapy jsou ndzev, mapovy rdm, hranice mapy, legenda, méfitko, severka a tirdz.
» Méritko predstavuje pomér vzdalenosti na mapé ku skute¢né vzdalenosti v redlném svété.
» Meéfitko se zobrazuje v mapovych jednotkach (metry, stopy nebo stupné)
* Legenda vysvétluje vSechny symboly obsazené v mapé.

* Mapa by méla vysvétlit sloZité informace co nejjednodussim zptusobem.

* Mapy se obvykle zobrazuji .k severu'.

9.12 Nyni si to zkuste sami!

Zde jsou pro vas néjaké napady, jak si to zkusit se svymi studenty:

* Nactéte nékteré vektorové vrstvy v GIS pro vasi mistni oblast. Uvidite, jestli vasi studenti mohou poznat
priklady rtznych typt prvka legendy, jako jsou typy silnic nebo budov. Vytvoite si seznam prvkt legendy
a definujte, jak by ikony mély vypadat, tak aby ¢tenaf mohl nejsnadnéji urcit jejich vyznam v mapé.

* Create a map layout with your learners on a sheet of paper. Decide on the title of the map, what GIS layers you
want to show and what colors and icons to have on the map. Use the techniques you learned in Topics Vektorovd
data and Vector Attribute Data to adjust the symbology accordingly. When you have a template, open the QGIS
print layout and try to arrange a map layout as planned.

9.13 Néco k zamysleni

Pokud nemate k dispozici pocita¢, miZete pouZit libovolnou topografickou mapu a diskutovat navrh mapy se svymi
studenty. Zjistéte, jestli rozuméji tomu, co chce mapa fici. Co se da zlepSit? Jak presné mapa predstavuje historii
dané oblasti? Jak by se mohli mapy, z doby pied 100 lety, liSit od stejné mapy dnes?
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9.14 Dalsi k precteni

Knihy:
« Chang, Kang-Tsung (2006). Uvod do geografickych informacnich systémi. 3. edice. McGraw Hill. ISBN:
0070658986
e DeMers, Michael N. (2005). Zaklady geografickych informacnich systémi. 3. edice. Wiley. ISBN:
9814126195

Website: Scale (map)

UZivatelsky manudl QGIS m4 také vice detailnich informaci o tvorb& map poskytovanych v QGIS.

9.15 Co dale?

V ¢asti, kterd nasleduje se blize podivime na vektorové analyzy abychom vidéli, jak miizeme vyuzit GIS vice nez
jen pro dobfe vypadajici mapy!
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Prostorova vektorova analyza (Buffers)

& Cile: Porozumnéni pouZiti bufferingu v prostorové vektorové analyze.
Klicova Vektor, buffer zéna, prostorovad analyza, vzdalenost bufferu, rozpusténé hranice, vné&jsi
slova: a vnitini buffer, nasobné hranice

10.1 Nahled

,» Vektorové analyzy* vyuZiva prostorové informace k extrahovani nové a dodatecné vyznamu z tidaji GIS. Obvykle se
prostorovd analyza provadi pomoci GIS aplikace. GIS aplikace obvykle maji nastroje prostorové analyzy pro statistiku
funkei (napf. kolik vrcholi tvofi tuto kiivku?) Nebo geoprocessing, napiiklad funkei ukladani do vyrovnavaci paméti.
Typy prostorovych analyz, které se pouZivaji se lisi podle oborl. Lidé pracujici v oblasti vodniho hospodafstvi
a vyzkumu (hydrologie) budou s nejvétsi pravdépodobnosti mit zdjem o analyzu terénu a modelovani vody. U volné
Zijicich zivocichu se uZivatelé zajimaji o analytické funkce, které se zabyvaji voln€ Zijicimi ZivoCichy bodovych lokalit
a jejich vztah k Zivotnimu prostfedi. V tomto tématu se budeme zabyvat uklddani do vyrovnavaci paméti jako priklad
uzite¢ného prostorové analyzy, které mohou byt provadény s vektorovymi daty.

10.2 Buffering v detailu

,Buffering“ obvykle vytvori dvé oblasti: jedna oblast, kterd je v rdmci ,,zadanou oblast* vzddlenosti k vybranym
redlnych prvkd a druhd oblast, kterd je mimo ,,zadanou oblast“. Oblast, kterd je v urCité vzdalenosti se nazyva
,Jharaznikova zona“.

A buffer zone is any area that serves the purpose of keeping real world features distant from one another. Buffer
zones are often set up to protect the environment, protect residential and commercial zones from industrial accidents
or natural disasters, or to prevent violence. Common types of buffer zones may be greenbelts between residential
and commercial areas, border zones between countries (see Obr. 10.1), noise protection zones around airports, or
pollution protection zones along rivers.
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Obr. 10.1: Hranice mezi Spojenymi stiaty a Mexikem je oddélena ndraznikovou zénou. (Foto vytvoreni SGT Jim
Greenhill v roce 2006).

In a GIS Application, buffer zones are always represented as vector polygons enclosing other polygon, line or point
features (see Obr. 10.2, Obr. 10.3, Obr. 10.4).

O
i

Obr. 10.2: Néraznikova zéna okolo vektorovych bodd.
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Obr. 10.3: Naraznikova z6na okolo vektorovych kiivek.

Obr. 10.4: A buffer zone around vector polygons.
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10.3 Moznosti naraznikovych zén

There are several variations in buffering. The buffer distance or buffer size can vary according to numerical values
provided in the vector layer attribute table for each feature. The numerical values have to be defined in map units
according to the Coordinate Reference System (CRS) used with the data. For example, the width of a buffer zone
along the banks of a river can vary depending on the intensity of the adjacent land use. For intensive cultivation the
buffer distance may be bigger than for organic farming (see Figure Obr. 10.5 and Table table_buffer_attributes).

.

Y

1\
— \ \

Obr. 10.5: Buffering fek s odlisnymi ndraznikovymi vzdalenostmi.

Reka Prilehlé vyuziti pady Naranikova zona (metry)
Reka Breede | Intenzivi kultivace vegetace | 100

Komati Intenzivni kultivace bavlny | 150

Oranje Organické farmateni 50

Reka Telle Organické farmateni 50

Atributy ndraznikové tabulky 1: Atributova tabulka s odliSnymi ndraznikovymi vzdalenostmi od fek zaloZenymi na
informacich o pfilehlém vyuziti pady.

Buffers around polyline features, such as rivers or roads, do not have to be on both sides of the lines. They can be
on either the left side or the right side of the line feature. In these cases the left or right side is determined by the
direction from the starting point to the end point of the line during digitising.

10.3.1 Nasobné naraznikové zény

A feature can also have more than one buffer zone. A nuclear power plant may be buffered with distances of 10, 15,
25 and 30 km, thus forming multiple rings around the plant as part of an evacuation plan (see Obr. 10.6).
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Obr. 10.6: Néraznikové zony okolo bodovych funkci ve vzdalenosti 10, 15, 25 nebo 30 km.

10.3.2 Buffering s neporusenymi nebo zni¢enymi hranicemi.

Buffer zones often have dissolved boundaries so that there are no overlapping areas between the buffer zones. In
some cases though, it may also be useful for boundaries of buffer zones to remain intact, so that each buffer zone
is a separate polygon and you can identify the overlapping areas (see Figure Obr. 10.7).

Obr. 10.7: Nédraznikové z6ny s rozpusténou (levou) hranici a neporusenou (pravou) hranici ukazuji piekravajici se
oblasti.
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10.3.3 Buffering mimo i v zadané oblasti

Buffer zones around polygon features are usually extended outward from a polygon boundary but it is also possible
to create a buffer zone inward from a polygon boundary. Say, for example, the Department of Tourism wants to plan
a new road around Robben Island and environmental laws require that the road is at least 200 meters inward from
the coastline. They could use an inward buffer to find the 200 m line inland and then plan their road not to go beyond
that line.

10.4 Obvyklé problémy / véci, kterym se vyvarovat

Vétsina GIS aplikaci nabizi ndraznikovou tvorbu jako ndstroj pro analyzu, ale moznosti pro vytvafeni naraznikové
paméti se muzou lisit. Naptiklad, ne v§echny GIS aplikace umoziiuji, aby naraznikové paméti byly bud’ na levé, nebo
na pravé strané linie, aby se rozpustily hranice naraznikovych zén, nebo do bufferu dovnitt z polygonu hranice.

Naraznikova vzdalenost musi byt vZdy definovan jako celé Cislo (integer) nebo desetinné €islo (hodnota s plovouci
desetinnou cdrkou). Tato hodnota je definovdna v mapovych jednotkdch (metr, stopa, desetiné stupné) podle
referencniho soufadnicového systému (CRS).

10.5 Vice nastroju prostorové analyzy
Buffering is an important and often used spatial analysis tool but there are many others that can be used in a GIS and

explored by the user.

Spatial overlay is a process that allows you to identify the relationships between two polygon features that share all
or part of the same area. The output vector layer is a combination of the input features information (see Obr. 10.8).

Intersection Union Symetrical Difference Difference

Obr. 10.8: Spatial overlay with two input vector layers (a_input = rectangle, b_input = circle). The resulting vector
layer is displayed in green.

z

Typické ptiklady prostorové piekryvy jsou:
 Prusecik®: Vystupni vrstva obsahuje vSechny oblasti, kde se ob& vrstvy navzajem piekryvaji (protinaji).
* ,,Shoda“: vystupni vrstva obsahuje nakombinovédny vSechny oblasti dvou vstupnich vrstev.

¢ Symetricky rozdil“: Vystupni vrstva obsahuje vSechny oblasti vstupnich vrstev s vyjimkou téch oblasti, kde
se obé vrstvy prekryvaji (prusecik).

* Rozdil*: Vystupni vrstva obsahuje vSechny oblasti prvni vstupni vrstvy, které se neshoduji (protinaji) s druhou
vstupni vrstvou.
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10.6 Co jsme se naudili?

Pojd'me si shrnout co jsme si v této kapitole fekli.
* . Néraznikové zony* popisuji oblasti okolo funkeci redlného svéta.
» Naéraznikové z6ny jsou vZdy ,,vektorové polygony*.

¢ Prvek miZe mit ,,ndsobné“ naraznikové z6ny.

2
1

¢ Velikost ndraznikové zény je definovana ,,ndraznikovou vzdalenosti®.
¢ Naraznikova vzdalenost musi byt bud’ ¢islo a nebo ¢islo s plovouci desetinnou ¢arkou.

¢ Naraznikova vzdalenost mtZe byt odlisna pro kazdy prvek véetné vektorové vrstvy.

Mevs

* Polygony miizou byt ohrani€eny vnitini nebo vnéjsi naraznikovou zénou.
¢ Naraznikové zony miZou byt vytvofeny s ,,neporusenymi* nebo ,,porusenymi‘ hranicemi.

* Kromé bufferingu, GIS obvykle poskytuje celou fadu néstroji pro vektorovou analyzu k feSeni prostorovych
uloh.

10.7 Nyni si to zkuste vy!

Zde je par napadi k pokusiim s Vasimi studenty:

¢ Because of dramatic traffic increase, the town planners want to widen the main road and add a second lane.
Create a buffer around the road to find properties that fall within the buffer zone (see Obr. 10.9).

* Pro ovladéni protestovali skupiny, policie chce vytvofit neutralni zénu k udrZeni demonstrantd nejméné 100
metrll od budovy. Vytvofeni naraznikové zony kolem budovy a barvy tak, aby projektanti udalosti mohli vidét,
kde je vyrovndvaci plocha.

vy

¢ Nékladni tovarna se planuje rozsifit. Umistovaci kritéria stanovi, Ze potencidlni misto musi byt v rozmezi 1 km
od té€Zké silnice. Vytvofeni ndraznikové z6ny podél hlavni silnice, takZe mtiZete vidét, kde potencidlni mista
jsou.

* Predstavte si, Ze mésto chce zavést zdkon, Ze Zddné obchody s lihovinami nemohou byt v rdmci niraznikové
z6ny 1000 metrti kolem Skoyy nebo kostela. Vytvoite 1 km naraznikové z6ny kolem své skoly a pak zjistéte,
jestli tam bude néjaky obchod s lihovinami.

/ /
HOUSE
moyse
— HOUS
n

Obr. 10.9: Nédraznikové zény (zelené) okolo silni¢nich map (hnédé). Muizete vidét, které domy spadly v naraznikové
z6né a tak miZete vidét jestli by jste méli kontaktovat majitele o dané situaci.
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10.8 Néco k premysleni

If you don’t have a computer available, you can use a toposheet and a compass to create buffer zones around buildings.
Make small pencil marks at an equal distance all along your feature using the compass, then connect the marks using
a ruler!

10.9 Dalsi cteni

»Knihy*:

e QGalati, Stephen R. (2006). Geograficky informacni systém demystifikovany. Artech House Inc. ISBN:
158053533X

* Chang, Kang-Tsung (2006). Uvod do geografickych informacnich systémi. 3. edice. McGraw Hill. ISBN:
0070658986

¢ DeMers, Michael N. (2005). Zaklady informacénich geografickych systémi. 3. edice. Wiley. ISBN:
9814126195

Uzivatelska ptirucka QGIS ma také vice detailnich informaci o analyze vektorovych dat v QGISu.

10.10 Kam dal?

V sekci, kterd nasleduje se bliZze podivime na ,interpolaci“ jako piiklad prosotorvé analyzy, kterou miiZzete
s rastrovymi daty.
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KAPITOLA 11

Prostorova analyza (interpolace)

& Cile: Porozumeni interpolaci jako soucasti prostové analyzy
Klicova Bodovd data, interpolacni metoda, vaZené inverzni vzdalenosti, nepravidelnd
slova: trojihelnikova sit

11.1 Prehled

Prostorova analyza je proces manipulace prostorové informace k ziskani nové informace a smyslu z ptivodnich dat.
Obvykle se prostorova analyza provadi pomoci geografického informacniho systému (GIS). GIS obvykle poskytuje
nastroje prostorové analyzy pro vypocet vlastnosti statistik a vykondvani Cinnosti geoprocessingu jako datové
interpolace. V hydrologii, budou pravdépodobné uZivatelé zdtraziiovat vyznam analyzy terénu a hydrologického
modelovdni (modelovani pohybu vody na zemi i pod zemi). Ve spravé zvéfe a rostlinstva se uZivatelé zajimaji
o analytické funkce, které se zabyvaji bodovych lokalit zvéte a rostlinstva a jejich vztahem k Zivotnimu prostfedi.
KaZdy uZivatel bude mit zdjem o jiné véci, v zdvislosti na druhu préice, kterou vykondvaji.

11.2 Detail prostorové interpolace

Spatial interpolation is the process of using points with known values to estimate values at other unknown points.
For example, to make a precipitation (rainfall) map for your country, you will not find enough evenly spread weather
stations to cover the entire region. Spatial interpolation can estimate the temperatures at locations without recorded
data by using known temperature readings at nearby weather stations (see Obr. 11.1). This type of interpolated surface
is often called a statistical surface. Elevation data, precipitation, snow accumulation, water table and population
density are other types of data that can be computed using interpolation.
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Temperatures in South Africa
on 15 April, 2009 at 11am
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Obr. 11.1: Teplotni mapa vyinterpolovand z jihoafrickych meteostanic.

Vzhledem k vysokym ndkladim a omezenych zdrojd, sbér dat se obvykle provadi pouze v omezeném poctu a na

vybranych mistech. Prostorova interpolace z té€chto bodii, mizZebyt v GISu pouzita k vytvoreni rastrového povrchu
s odhadem pro vSechny buiiky rastru.

K vytvofeni plynulé mapy, napiiklad digitdlni mapa nadmoiskych vysek z vyskovych bodli méfenych pomoci GPS
zafizeni, musi byt pouZita vhodnd metoda interpolace, pro optimalni odhad hodnot v té€ch mistech, kde nebyla

provedena zZadna méfeni. Vysledky interpolacni analyzy, pak mohou byt pouZity pro analyzy, které pokryvaji celou
oblast a pro modelovani.

Existuje mnoho interpolacnich metod. V tomto tvodu pfedstavime dvé Siroce pouZivané interpolacni metody zvané

vazené inverzni vzdalenosti (IDW) a nepravidelna trojihelnikova sit (TIN). Pokud se chcete poohlidnout po
dalSich metodéch interpolace, naleznete je v sekci ,,Dalsi literatura“ na konci tohoto tématu.

11.3 Vazené inverzni vzdalenosti (IDW)

In the IDW interpolation method, the sample points are weighted during interpolation such that the influence of one
point relative to another declines with distance from the unknown point you want to create (see Obr. 11.2).

Sample Points

" ’,'
5, .
Yy -+ / Sample Points
‘\ )\l J
Ll ’1’ f__+
S
_I__-—"'— <. %¥_ Unknown value "?"

“~._ (to be interpolated)

Obr. 11.2: Interpolace vdzené inverzni vzdédlenosti je zaloZena na vdze vzddlenosti vzorového bodu (vlevo)

Interpolovany povrch IDW z vektorovych bodii nadmoiskych vySek (vpravo). Autor obrazku: Mitas, L., Mitasova,
H. (1999).
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Vihy jsou pfifazeny vzorkovacim bodim pomoci vdhového koeficientu, ktery ¥idi, jak se vliv vah sniZuje s tim, jak
se vzdalenost od nového bodu zvysSuje. Cim je vdhovy koeficient vétsi, tim mensi efekt budou mit ty body, které jsou
béhem interpola¢niho procesu daleko od nezndmého bodu. Pti zvySovani koeficientu se hodnota nezndmého bodu

v

blizi k hodnoté nejblizsiho pozorovaciho bodu.

It is important to notice that the IDW interpolation method also has some disadvantages: the quality of the
interpolation result can decrease, if the distribution of sample data points is uneven. Furthermore, maximum and
minimum values in the interpolated surface can only occur at sample data points. This often results in small peaks
and pits around the sample data points as shown in Obr. 11.2.

In GIS, interpolation results are usually shown as a 2 dimensional raster layer. In Obr. 11.3, you can see a typical
IDW interpolation result, based on elevation sample points collected in the field with a GPS device.
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Obr. 11.3: IDW interpolace nepravidelné rozmisténych méfenych boda (zobrazenych jako cerné kiize).

11.4 Trojuhelnikova nepravidelna sit' (TIN)

TIN interpolation is another popular tool in GIS. A common TIN algorithm is called Delaunay triangulation. It tries
to create a surface formed by triangles of nearest neighbour points. To do this, circumcircles around selected sample

points are created and their intersections are connected to a network of non overlapping and as compact as possible
triangles (see Obr. 11.4).

s
N

Obr. 11.4: Delaunayho triangulace s kruznicemi kolem cervenych méfenych bodd. Vysledny interpolovany povrch
TIN vytvoteny z vyskovych vektorovych bodl je zobrazen vpravo. Zdroj obrazku: Mitas, L., Mitasova, H. (1999).

11.4. Trojuhelnikova nepravidelna sit (TIN) 89



Gentle GIS Introduction

The main disadvantage of the TIN interpolation is that the surfaces are not smooth and may give a jagged appearance.
This is caused by discontinuous slopes at the triangle edges and sample data points. In addition, triangulation
is generally not suitable for extrapolation beyond the area with collected sample data points (see Obr. 11.5).
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Obr. 11.5: Delaunayho TIN interpolace je vysledkem nepravidelné odebranych méfenych bodi destovych srazek
(modré kruhy)

11.5 Bézné problémy / véci, kterym by jste se méli vyvarovat

Je dulezité si uvédomit, Ze neexistuje Zadnid metoda interpolace, kterd by mohla byt pouZita ve vse ch situacich.
Nékteré jsou presnéjsi a uZitecnéjsi nez jiné, ale zaroven jejich vypocet trvad déle. VSe maji vyhody a nevyhody. V praxi
by vybér konkrétni interpolac¢ni metody mél zaviset na méfenych datech, typu povrchd, které maji byt generovany,
a toleranci chyb odhadti. Obecné doporucujeme tfistupriovy postup:

1. Vyhodnofte méfend data. Ud€lejte to tak, abyste ziskali pfedstavu o tom, jak jsou data distribuovana v plose,
protoZe to muze poskytnout rady ohledné toho, kterou metodu interpolace je tieba pouZit.

wevs

2. PouZijte metodu interpolace, kterd je nejvhodnéjsi jak pro méfend data, tak pro studijni cile. Pokud mate
pochybnosti, vyzkousSejte nékolik metod, pokud jsou k dispozici.

v

3. Porovnejte vysledky a najdéte nejlepsi vysledek a nejvhodnéjsi metodu. To miZe ze zacitku vypadat jako
Casové ndrocny proces. Nicméné, jak ziskate zkuSenosti a znalosti riiznych metod interpolace, ¢as potfebny
k vytvoteni nejvhodnéjsiho povrchu se vyrazné snizi.

11.6 DalsSi metody interpolace

Ackoliv jsme se v tomto pracovnim listu soustiedili na interpola¢ni metody IDW a TIN, jsou v GISu poskytovany
dalsi prostorové interpolac¢ni metody, jako jsou napf. Reguldrni spline pod napétim (RST), Kriging nebo Globalni
polynomicka interpolace - nékdy také Trend surface interpolation. Dalsi informace naleznete na webovém odkazu
v sekei niZe.
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11.7 Co jsme se naugili?

Pojd'me si shrnout, co jsme se naucili v tomto pracovnim listu:

Interpolace pouZivd vektorové body se znidmymi hodnotami k odhadu hodnot na nezndmych mistech
k vytvoreni rastrového povrchu pokryvajiciho celou oblast.

Vysledkem interpolace je typicky rastrova vrstva.
Je dulezité najit vhodnou interpola¢ni metodu pro optimélni odhad hodnot pro nezndmé lokality.

IDW interpolace dava vdhy méfenym bodum tak, Ze vliv jednoho bodu na jiny klesa se vzddlenosti od
interpolovaného bodu.

TIN interpolace pouzivd méfené body pro vytvofeni povrch tvofeného trojihelniky zaloZenymi na informaci

vy

o nejbliz§im sousednim bodé.

11.8 Nyni si to zkuste vy!

Zde je nékolik napadi, které miZete vyzkouset se svymi studenty:

Ministerstvo zeméd€lstvi planuje kultivovat ve vasi oblasti novou ptdu, ale kromé povahy piidy chee védét, zda
jsou srazky dostatecné pro dobrou sklizeni. VSechny informace, které maji k dispozici, pochazeji z nékolika
meteorologickych stanic v okoli. Vytvorte se studenty interpolovany povrch, ktery ukazuje, které oblasti
pravdépodobné obdrzi nejvyssi srazky.

Turistickd kancelaf chce zvefejnit informace o pocasi v lednu a tnoru. Maji tdaje o teploté, srazkach a sile
vétru a zadaji vés o interpolaci jejich dat, aby odhadli mista, kde turisté pravdépodobné budou mit optimalni
povétrnostni podminky s mirnymi teplotami, bez desté a malou silou vétru. MiZete urcit oblasti ve vasem
regionu, které spliiuji tato kritéria?

11.9 Néco k zamysleni

Pokud nemite k dispozici pocita¢, miiZzete pouZit topografickou mapu a pravitko pro odhad hodnot mezi vrstevnicemi

nebo

hodnotami deStovych srdZek mezi fiktivnimi meteorologickymi stanicemi. Napfiklad pokud srdZky na

meteorologickém stanoviSti A jsou 50 mm za mésic a v meteorologické stanici B je 90 mm, mutZete odhadnout,
Ze srazky v poloviné vzdalenosti mezi meteorologickymi stanicemi A a B jsou 70 mm.

11.10 Dalsi ¢teni

Knihy:

¢ Chang, Kang-Tsung (2006). Introduction to Geographic Information Systems. 3rd Edition. McGraw Hill.

ISBN: 0070658986

e DeMers, Michael N. (2005): Fundamentals of Geographic Information Systems. 3rd Edition. Wiley. ISBN:

9814126195

e Mitas, L., Mitasova, H. (1999). Spatial Interpolation. In: P.Longley, M.F. Goodchild, D.J. Maguire,

D.W.Rhind (Eds.), Geographical Information Systems: Principles, Techniques, Management and Applications,
Wiley.

Webové stranky:

* https://en.wikipedia.org/wiki/Interpolation

* https://en.wikipedia.org/wiki/Delaunay_triangulation

UZivatelsky manudl QGIS ma4 také vice detailnich informaci o interpolacnich ndstrojich poskytovanych v QGIS.
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11.11 Co dal?

Toto je posledni pracovni list v této sérii. Doporucujeme vdm prozkoumat QGIS a pomoci pfiloZzeného manudlu
QGIS prozkoumat dalsi véci, které miZete s GIS softwarem udélat!
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KAPITOLA 12

O autorech a prispévatelich

Tim Sutton — Editor & Lead Author. Tim Sutton is a developer and project steering
committee member of the QGIS project. He is passionate about seeing GIS being Freely
available to everyone. Tim is also a founding member of Linfiniti Consulting CC. — a small
business set up with the goal of helping people to learn and use opensource GIS software.
Web: https://kartoza.com Email: tim@kartoza.com

Otto Dassau — Assistant Author. Otto Dassau is the documentation maintainer and project
steering committee member of the QGIS project. Otto has considerable experience in
using and training people to use Free and Open Source GIS software. Web: http://www.
nature-consult.de Email: otto.dassau@gmx.de

Marcelle Sutton — Project Manager. Marcelle Sutton studied English and drama and
is a qualified teacher. Marcelle is also a founding member of Linfiniti Consulting CC.
— a small business set up with the goal of helping people to learn and use opensource GIS
software. Web: https://kartoza.com Email: marcelle @kartoza.com

Lerato Nsibande — predstavitel videa. Lerato je védec ve 12. tfid€ Zijici v Pretorii. Lerato
uci ve Skole zemépis a je rad, Ze s ndmi uci GIS!

Sibongile Mthombeni — predstavitelka videa. Sibongile bydli pobliZ Johannesburgu se
svou malou dcerkou. Jejim cilem je pokraCovat ve studiu a stit se zdravotni sestrou.
Pnprvé co Qihnngﬂp pmﬁﬂn pn?‘imr‘y byla prs’mp na tomto prnjpl(tn
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GNU svobodna licence pro dokumentaci

Verze 1.3, 3. listopad 2008
Copyright 2000, 2001, 2002, 2007, 2008 Free Software Foundation, Inc https://www.fsf.org/

v

Kazdému je povoleno kopirovat a §ifit doslovné kopie tohoto licenéniho dokumentu, ale neni povoleno je ménit.
Uvod

Smyslem této licence je ucinit manudl, uebnici nebo jiny funkéni a uZite¢ny dokument ,,svobodnym* v tomto smyslu
svobody: zaru€it kazdému skutecnou svobodu pro kopirovani a §ifeni, s tipravami ¢i bez tGprav, at uzZ komercné nebo
nekomercné. Za druhé, tato licence zajiStuje pro autora i vydavatele mozZnost zasluh za jejich praci, aniZz by byl
odpovédnym za Upravy, které udélali jini.

Tato licence je druh ,copyleftu“, coZz znamend, Ze odvozend dila od daného dokumentu musi byt sama taktéz
svobodna. Doplituje GNU vSeobecnou vefejnou licenci, coZ je copyleftova licence urcend pro svobodny software.

Navrhli jsme tuto licenci, k pouZiti pro manudly ke svobodnému softwaru, protoZe svobodny software vyZaduje
svobodnou dokumentaci: Svobodny program by mél pfijit s manudly poskytujicimi stejné svobody, jako software.
Avasak tato licence neni omezena softwarovymi manudly; miZe byt pouZita pro jakékoli textové dilo, nehledé na
téma nebo zda je vydano jako tiSténd kniha. Doporucujeme tuto licenci zejména pro dila, jejichZ dcelem je vyuka
nebo poskytovani informaci.

1. POUZITELNOST A DEFINICE

Tato licence plati pro jakykoli manudl nebo jiné dilo, v jakémkoliv médiu, které obsahuje oznidmeni, umisténé
drzitelem autorskych prav, které fikd, Ze dilo miZe byt Sifeno za podminek této licence. Toto ozndmeni udéluje
celosvétovou, bezplatnou licenci, neomezenou v trvani, pro pouziti daného dila za podminek stanovenych zde. Tento
dokument, niZe, odkazuje na dalsi takovy manudl nebo dilo. Kazdy ¢len vefejnosti je drZitelem licence, a je ozna¢ovan
jako ,,vy“. Licenci pfijimate, pokud kopirujete, upravujete nebo distribujete dilo takovym zpilisobem, ktery vyzaduje
povoleni podléhajici autorskému zakonu.

»LUpravena verze“ dokumentu znamend jakékoli dilo obsahujici dokument nebo jeho &ast, at’ uz zkopirovany
doslovné, nebo s Gpravami a/nebo pielozeny do jiného jazyka.

»Druhotny oddil“ je pojmenovany jako dodatek nebo vstupni dil dokumentacni ¢asti, ktery se zabyvd vyhradné
vztahem vydavatell nebo autori dokumentu k celkovému tématu dokumentu (nebo souvisejicich zalezitosti)
a neobsahuje nic, co by mohlo piimo spadat do rdmce tohoto celkového tému. (Je-1i tedy dokument ¢asti ucebnice
matematiky, druhotny oddil nesmi vysvétlovat cokoli z matematiky.) Tento vztah by mohl byt otdzkou historického
spojeni s tématem ¢i souvisejicimi zéleZitostmi nebo s pravnim, obchodnim, filozofickym, etickym ¢i politickym
postojem k nim.
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z Xz

»Neménné oddily“ jsou z jisté Cisti druhotnymi oddily, jejichZ ndzvy jsou oznaleny tak, jako nidzvy neménnych
oddilt s poznamkou, kde stoji, Ze se dokument zvetejiiuje pod touto licenci. Pokud se oddil nepfizpisobi vyse uvedené
definici druhotného oddilu, pak neni povoleno, aby byl oznacen za neménny. Dokument mtZe obsahovat prazdné
neménné oddily. V pfipad€, Ze dokument neuréi Zddné neménné oddily, pak v ném Zadné nejsou.

The ,,Cover Texts” are certain short passages of text that are listed, as Front-Cover Texts or Back-Cover Texts, in
the notice that says that the Document is released under this License. A Front-Cover Text may be at most 5 words,
and a Back-Cover Text may be at most 25 words.

A , Transparent” copy of the Document means a machine-readable copy, represented in a format whose specification
is available to the general public, that is suitable for revising the document straightforwardly with generic text editors
or (for images composed of pixels) generic paint programs or (for drawings) some widely available drawing editor,
and that is suitable for input to text formatters or for automatic translation to a variety of formats suitable for input
to text formatters. A copy made in an otherwise Transparent file format whose markup, or absence of markup, has
been arranged to thwart or discourage subsequent modification by readers is not Transparent. An image format is not
Transparent if used for any substantial amount of text. A copy that is not ,,Transparent” is called Opaque.

Examples of suitable formats for Transparent copies include plain ASCII without markup, Texinfo input format,
LaTeX input format, SGML or XML using a publicly available DTD, and standard-conforming simple HTML,
PostScript or PDF designed for human modification. Examples of transparent image formats include PNG, XCF and
JPG. Opaque formats include proprietary formats that can be read and edited only by proprietary word processors,
SGML or XML for which the DTD and/or processing tools are not generally available, and the machine-generated
HTML, PostScript or PDF produced by some word processors for output purposes only.

,» ¥* Titulni stranka **“ znamena u tiSt€né knihy samotnou titulni stranku a také nasledujici stranky, které jsou Citelné
potiebné k uchovavani materidlu, ktery tato licence vyZaduje, aby se objevil na titulni strdnce. U d€l ve formatech,
které nemaji Zddnou titulni strdnku jako takovou, znamen4 , titulni strdnka“ text v blizkosti nejvyznamnéjsiho vzhledu
ndzvu dila, ktery pfedchazi zacatek textu.

The ,,publisher” means any person or entity that distributes copies of the Document to the public.

A section ,Entitled XYZ“ means a named subunit of the Document whose title either is precisely XYZ or contains
XYZ in parentheses following text that translates XYZ in another language. (Here XYZ stands for a specific
section name mentioned below, such as ,,Acknowledgements®“, ,Dedications“, ., Endorsements”, or , History“.)
To ,,Preserve the Title“ of such a section when you modify the Document means that it remains a section ,,Entitled
XYZ* according to this definition.

The Document may include Warranty Disclaimers next to the notice which states that this License applies to the
Document. These Warranty Disclaimers are considered to be included by reference in this License, but only as regards
disclaiming warranties: any other implication that these Warranty Disclaimers may have is void and has no effect on
the meaning of this License.

2. VERBATIM COPYING

MiZete kopirovat a distribuovat dokument na jakémkoli médiu, at’ uz komer¢né nebo nekomeréné, za predpokladu,
7e tato licence, upozornéni na autorskd prdva a upozornéni na licenci uvadéjici, Ze tato licence se vztahuje na
dokument, jsou reprodukovany ve vSech kopiich a Ze nepridate Zadné dalsi podminky k t€m z této licence. Nesmite
pouZivat technicka opatfeni, kterd by branila nebo kontrolovala ¢teni nebo dalSi kopirovani kopii, které vytvéfite nebo
distribuujete. Vyménou za kopie vS§ak muzete pfijmout nadhradu. Pokud distribuujete dostate¢né velky pocet kopii,

musite rovnéZ dodrZet podminky v Casti 3.
You may also lend copies, under the same conditions stated above, and you may publicly display copies.
3. COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed covers) of the Document, numbering
more than 100, and the Document’s license notice requires Cover Texts, you must enclose the copies in covers that
carry, clearly and legibly, all these Cover Texts: Front-Cover Texts on the front cover, and Back-Cover Texts on the
back cover. Both covers must also clearly and legibly identify you as the publisher of these copies. The front cover
must present the full title with all words of the title equally prominent and visible. You may add other material on the
covers in addition. Copying with changes limited to the covers, as long as they preserve the title of the Document and
satisfy these conditions, can be treated as verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the first ones listed (as many
as fit reasonably) on the actual cover, and continue the rest onto adjacent pages.
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If you publish or distribute Opaque copies of the Document numbering more than 100, you must either include
a machine-readable Transparent copy along with each Opaque copy, or state in or with each Opaque copy a computer-
-network location from which the general network-using public has access to download using public-standard network
protocols a complete Transparent copy of the Document, free of added material. If you use the latter option, you
must take reasonably prudent steps, when you begin distribution of Opaque copies in quantity, to ensure that this
Transparent copy will remain thus accessible at the stated location until at least one year after the last time you
distribute an Opaque copy (directly or through your agents or retailers) of that edition to the public.

It is requested, but not required, that you contact the authors of the Document well before redistributing any large
number of copies, to give them a chance to provide you with an updated version of the Document.

4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions of sections 2 and 3 above,
provided that you release the Modified Version under precisely this License, with the Modified Version filling the role
of the Document, thus licensing distribution and modification of the Modified Version to whoever possesses a copy
of it. In addition, you must do these things in the Modified Version:

A. Use in the Title Page (and on the covers, if any) a title distinct from that of the Document, and from those of
previous versions (which should, if there were any, be listed in the History section of the Document). You may
use the same title as a previous version if the original publisher of that version gives permission.

B. Liston the Title Page, as authors, one or more persons or entities responsible for authorship of the modifications
in the Modified Version, together with at least five of the principal authors of the Document (all of its principal
authors, if it has fewer than five), unless they release you from this requirement.

State on the Title page the name of the publisher of the Modified Version, as the publisher.
Preserve all the copyright notices of the Document.

Add an appropriate copyright notice for your modifications adjacent to the other copyright notices.

m m U0

Include, immediately after the copyright notices, a license notice giving the public permission to use the
Modified Version under the terms of this License, in the form shown in the Addendum below.

G. Preserve in that license notice the full lists of Invariant Sections and required Cover Texts given in the
Document’s license notice.

H. Include an unaltered copy of this License.

I. Preserve the section Entitled ,,History“, Preserve its Title, and add to it an item stating at least the title, year,
new authors, and publisher of the Modified Version as given on the Title Page. If there is no section Entitled
»History* in the Document, create one stating the title, year, authors, and publisher of the Document as given
on its Title Page, then add an item describing the Modified Version as stated in the previous sentence.

J. Preserve the network location, if any, given in the Document for public access to a Transparent copy of the
Document, and likewise the network locations given in the Document for previous versions it was based on.
These may be placed in the ,,History“ section. You may omit a network location for a work that was published
at least four years before the Document itself, or if the original publisher of the version it refers to gives
permission.

P73

K. U jakékoli ¢4sti s ndzvem ,,Pod€kovani“ nebo , Vénovani“ zachovejte nizev sekce a v této Casti uchovejte
veskerou podstatu a tén kazdého z uznani a / nebo vénovani uvedenych prispévatelti.

L. Preserve all the Invariant Sections of the Document, unaltered in their text and in their titles. Section numbers
or the equivalent are not considered part of the section titles.

M. Delete any section Entitled ,,Endorsements®. Such a section may not be included in the Modified Version.
N. Do not retitle any existing section to be Entitled ,,Endorsements* or to conflict in title with any Invariant Section.
O. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices that qualify as Secondary Sections and
contain no material copied from the Document, you may at your option designate some or all of these sections
as invariant. To do this, add their titles to the list of Invariant Sections in the Modified Version’s license notice. These
titles must be distinct from any other section titles.
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You may add a section Entitled ,,Endorsements®, provided it contains nothing but endorsements of your Modified
Version by various parties—for example, statements of peer review or that the text has been approved by an
organization as the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage of up to 25 words as a Back-Cover
Text, to the end of the list of Cover Texts in the Modified Version. Only one passage of Front-Cover Text and one
of Back-Cover Text may be added by (or through arrangements made by) any one entity. If the Document already
includes a cover text for the same cover, previously added by you or by arrangement made by the same entity you
are acting on behalf of, you may not add another; but you may replace the old one, on explicit permission from the
previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give permission to use their names for publicity
for or to assert or imply endorsement of any Modified Version.

5. COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under the terms defined in section
4 above for modified versions, provided that you include in the combination all of the Invariant Sections of all of the
original documents, unmodified, and list them all as Invariant Sections of your combined work in its license notice,
and that you preserve all their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical Invariant Sections may be
replaced with a single copy. If there are multiple Invariant Sections with the same name but different contents, make
the title of each such section unique by adding at the end of it, in parentheses, the name of the original author or
publisher of that section if known, or else a unique number. Make the same adjustment to the section titles in the list
of Invariant Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled ,,History“ in the various original documents, forming one
section Entitled ,,History*; likewise combine any sections Entitled ,,Acknowledgements®, and any sections Entitled
,Dedications“. You must delete all sections Entitled ,,Endorsements®.

6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released under this License, and replace
the individual copies of this License in the various documents with a single copy that is included in the collection,
provided that you follow the rules of this License for verbatim copying of each of the documents in all other respects.

You may extract a single document from such a collection, and distribute it individually under this License, provided
you insert a copy of this License into the extracted document, and follow this License in all other respects regarding
verbatim copying of that document.

7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent documents or works, in or on
a volume of a storage or distribution medium, is called an ,,aggregate” if the copyright resulting from the compilation
is not used to limit the legal rights of the compilation’s users beyond what the individual works permit. When the
Document is included in an aggregate, this License does not apply to the other works in the aggregate which are not
themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the Document, then if the Document is less
than one half of the entire aggregate, the Document’s Cover Texts may be placed on covers that bracket the Document
within the aggregate, or the electronic equivalent of covers if the Document is in electronic form. Otherwise they must
appear on printed covers that bracket the whole aggregate.

8. TRANSLATION

Preklad je povazovén za druh tpravy, takZe pteklady Dokumentu miiZete distribuovat za podminek uvedenych v ¢asti
4. Nahrazeni Invariantnich sekci preklady vyZzaduje zvlastni povoleni jejich drziteld autorskych prdv, ale kromé
nékterych miZete zahrnout i preklady nékterych nebo vSech Invariantnich sekci. pivodni verze téchto Invariantnich
sekci. MiiZete zahrnout pieklad této licence a vSech licen¢nich ozndmeni v dokumentu a veskera zieknuti se zaruky
za predpokladu, Ze uvedete také plvodni anglickou verzi této licence a ptivodni verze téchto ozndmeni a zieknuti
se odpovédnosti. V pripad€ neshody mezi pfekladem a ptivodni verzi této licence nebo ozndmenim ¢i zieknutim se
odpovédnosti bude mit pfednost pivodni verze.

If a section in the Document is Entitled ,,Acknowledgements®, ,,Dedications®, or ,,History“, the requirement (section
4) to Preserve its Title (section 1) will typically require changing the actual title.
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9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly provided under this License.
Any attempt otherwise to copy, modify, sublicense, or distribute it is void, and will automatically terminate your
rights under this License.

However, if you cease all violation of this License, then your license from a particular copyright holder is reinstated (a)
provisionally, unless and until the copyright holder explicitly and finally terminates your license, and (b) permanently,
if the copyright holder fails to notify you of the violation by some reasonable means prior to 60 days after the cessation.

Moreover, your license from a particular copyright holder is reinstated permanently if the copyright holder notifies
you of the violation by some reasonable means, this is the first time you have received notice of violation of this
License (for any work) from that copyright holder, and you cure the violation prior to 30 days after your receipt of
the notice.

Termination of your rights under this section does not terminate the licenses of parties who have received copies or
rights from you under this License. If your rights have been terminated and not permanently reinstated, receipt of
a copy of some or all of the same material does not give you any rights to use it.

10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation License from
time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new
problems or concerns. See https://www.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number. If the Document specifies that a particular
numbered version of this License ,,or any later version® applies to it, you have the option of following the terms
and conditions either of that specified version or of any later version that has been published (not as a draft) by the
Free Software Foundation. If the Document does not specify a version number of this License, you may choose any
version ever published (not as a draft) by the Free Software Foundation. If the Document specifies that a proxy can
decide which future versions of this License can be used, that proxy’s public statement of acceptance of a version
permanently authorizes you to choose that version for the Document.

11. RELICENSING

»Massive Multiauthor Collaboration Site“ (or ,MMC Site“) means any World Wide Web server that publishes
copyrightable works and also provides prominent facilities for anybody to edit those works. A public wiki that anybody
can edit is an example of such a server. A ,,Massive Multiauthor Collaboration“ (or ,,MMC*) contained in the site
means any set of copyrightable works thus published on the MMC site.

»CC-BY-SA“ means the Creative Commons Attribution-Share Alike 3.0 license published by Creative Commons
Corporation, a not-for-profit corporation with a principal place of business in San Francisco, California, as well
as future copyleft versions of that license published by that same organization.

»Incorporate“ means to publish or republish a Document, in whole or in part, as part of another Document.

An MMC is ,.eligible for relicensing” if it is licensed under this License, and if all works that were first published under
this License somewhere other than this MMC, and subsequently incorporated in whole or in part into the MMC, (1)
had no cover texts or invariant sections, and (2) were thus incorporated prior to November 1, 2008.

The operator of an MMC Site may republish an MMC contained in the site under CC-BY-SA on the same site at any
time before August 1, 2009, provided the MMC is eligible for relicensing.

ADDENDUM: How to use this License for your documents

To use this License in a document you have written, include a copy of the License in the document and put the
following copyright and license notices just after the title page:

Copyright © YEAR YOUR NAME. Permission is granted to copy, distribute and/or modify this
document under the terms of the GNU Free Documentation License, Version 1.3 or any later version
published by the Free Software Foundation; with no Invariant Sections, no Front-Cover Texts, and no
Back-Cover Texts. A copy of the license is included in the section entitled ,,GNU Free Documentation
License“.

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the ,,with ... Texts.“ line with this:
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with the Invariant Sections being LIST THEIR TITLES, with the Front-Cover Texts being LIST, and
with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other combination of the three, merge those two
alternatives to suit the situation.

Pokud vas dokument obsahuje netrividlni piiklady programového kédu, doporucujeme tyto priklady uvolnit paralelné
pod vasi volnou licenci svobodného softwaru, jako je GNU General Public License, aby bylo povoleno jejich pouZziti
ve svobodném softwaru.
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