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rnaBA 1

Preamble

Kparkoe Beenenue 8 T'MIC

Pacripoctpansiercst BMecte ¢ QGIS, cBo6oaubiM ['MIC-npuiiox)eHreM ¢ OTKPHITHIM KOJIOM.

A\

ITpu noppepxxe: [1aBHOrO ymnpasiieHUsl IPOCTPAHCTBEHHOIO IJIaHMPOBaHUS U uH(popmanuu JlenapramenTa 3e-
MenbHBIX Aen, Bocrouno-Kanckoit nposuaumy, I0xHas Adpurka.

T. Sutton, O. Dassau, M. Sutton

B conpyxectse c: OTAeNOM MO yNpaBJIeHUIO MPOCTPAHCTBEHHON MH(OPMAIMU KaHILEISpUU TPEMbEp-MUHHUCTPA
Bocrouno-Karnckoil nposunimy, I0xuHas Adpuxka.

’ Province of the

%Y EASTERN CAPE
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Gentle GIS Introduction

Paspeiaercsi KOnMpoBaTh, PaCpOCTPAHATh U/WIIM U3MEHSTh STOT JOKYMEHT B COOTBETCTBUU C ycioBusiMu GNU
Free Documentation License, Bepcuu 1.2 wiu 6oniee nosaned, onyonukoBanHor Free Software Foundation; 6e3
KaKHMX-TTMOO HEU3MEHIeMBIX Pa3JIe/ioB, TEKCTa, IOMEINAeMOro Ha MEepBOW CTPaHUIIe OOJIOKKH, U Oe3 TeKCTa, IoMe-
IIAEMOT'0 Ha TIOCTIE/THEN CTPAHUIIE OOIOKKH.

Komnus tekcra nuuensuu npencrasieHa B pasaene GNU Free Documentation License.

BrlmeynmoMsaHy TEI KOMMPANT He pacrpocTpaHseTcs Ha PykoBoacTtso mosb3oBarens QGIS, koTtopoe MOXeT mpu-
JlaraThes K 3ToMy JokyMeHTy. O6patutech kK PykoBonctBy nonssosatesns QGIS i nomyuenus ungopmanuu o6
ABTOPCKHUX MPABaX M JIMICH3UH.

1.1 CnoBo pepakTopa

STOT MPOEKT OBUI BHINOJHEH IPU MOJIepKKe [71aBHOro yrnpasieHus1 MPOCTPAHCTBEHHOTO IUIAHMPOBAHUS M WH-
(opmarmm Jenmapramenta 3emensHsix gen (DLA) Bocrouno-Karckoit npoBuHImy, B cogpyxkectse ¢ OTaenom no
YIIPaBJIEHUIO IPOCTPAHCTBEHHON MH(OPMALUK KaHLIEISIPUH IpeMbep-MUHUCTpa Boctouno-Karckoit mpoBuHIMHY,
IOxHaa Adpuxka.

I'"C cranoBsTCs BCE O0Jlee BaKHBIM HHCTPYMEHTOM B YIIPABJICHUM OKPYKAIOIIEH Cpeoil, peleHn  3aJa4 TOProB-
JI, TIOJUIIAY, TYpU3Ma M MHOTHX JAPYTHX cepax MOBCEAHEBHOW XU3HW. ECiM BBl UCMONB3yeTe KOMITBIOTEp WA
MOOMIIBHBII TenieoH, ckopee Bcero Bbl yike ucnosb3oBaiu ['IC B Toii niu nHOM (hopMe Aaxe He moao3pesasi 00
5TOM. BO3MOXHO, 3TO ObLTa KapTa Ha caiite, npuioxenue Google Earth, nH(pOpMaMOHHBIA CTEHI WX Balll Teje-
(hon, nokassiBatommii Baie Mectonosoxenre. Cymecrsyer nporpuerapoe [10 I'VIC (mporpammHoe oGecrnieueHue,
KOTOpOE HeJb3s1 CBOOOIHO PaclpOCTPaHATh WA MOTU(UIIPOBATH), TO3BOJISIONIEEe BaM JIeJIaTh BCE, OMMMCAHHOE B
9TOM JIOKyMeHTe, 1 axe 6oJbiie. OIHAKO, ITO MPOrpaMMHOE 00ecreueHne, KaK MpaBKiio, 0YeHb JOPOroe Wik Orpa-
HUYMBAET BAC MHBIM 00pa30M, 3ampeliasi KonmpoBaTh, pacipocTpaHsTh uin Moauduirposats [10. Ipoussoauteu
I'"IC mHorna ienaloT UCKIIIoUeH e 1J1s1 00pa30BaTEeNIbHBIX yUepekIeHUH, 00ecrieunBast UX KOMUSIMH CBOEH MPOIyK-
1M OeCIUIaTHO MM 32 CUMBOJIMYECKYIO CTOMMOCTb. OHM JIealoT 3TO, T.K. 3HAIOT, YTO €CJIU MperojaBaTe/v U yue-
HUKU O3HAKOMSTCS C UX MPOIYKIIMEH, TO OHH He 3aX0TAT u3ydaTh apyroe [10. Korga yueHUKY MOKUHYT IIKOJIBL U
MpUAYT Ha padoTy, OHU KYIIAT MPOIpUETapHOE IPOrpaMMHOE 0OecIieUeHre, He ToJ03peBasi, UYTo eCTh OecIIaTHbIe
AJITEPHATHUBBI, KOTOPbIE MOKHO ObLIO ObI UCIIOIB30BATh.

QGIS siBnsieTCs TAKOM ATbTEPHATUBOW — 3TO CBOOOAHOE MPOrpaMMHOE 00eCIieUyeHre U OHA CBOOOIHA B COLMAIb-
HOM cMbiIclie. Bbl MOkeTe ciesiaTh CTOBbKO KOIHM, CKOJIBKO 3aX0TuTe. M Korja ydJaiiyecs 3aBepinat o0ydeHue, OHH
cMoryT B3sTh 310 [1O ¢ co0oii, YTOOBI pa3BUBATH CBOM HABBIKM, PEIATH TPOU3BO/ICTBEHHBIE 33/1a4U U JEJ1ATh MUD
JIydIIie.

ITpuoGperas nponpuerapHoe [10, BBl orpaHnuMBaeTe ceOs B JajbHeieM. 3ydasi, HCTIONb3ys M pacripoCTpaHsis
CBOOOJIHOE TIPOrPAMMHOE 00ecreyeHHe ¢ OTKPHITHIM KOJOM, Bbl Pa3BUBAETE CBOM HABBIKM M OCOOOXKAAeTe JEHbIN,
KOTOpPBIE MOTYT OBbITh IOTPAYeHbl Ha TakKe OoJiee BaXHblE BEIM KaK €1a U KUJIbe, & TAKKE CIIOCOOCTBYETE POCTY
SKOHOMUKH CBOEH CTPaHBI.

IMopepxuBast co3nanue 3Toro gokymenTta, DLA co3pan o[, K KOTOPOMY MOTYT OOpAIaThCsi MOJIO/bIE CIIeIH-
anuctel. OObeIMHEHNE TPUHIIMIIOB CBOOOHOTO PaCHpOCTpaHEHHsI 3HAHUM M JAHHBIX OTKPBHIBAET 3aXBATHIBAIOIINE
MEePCIIEKTUBBL. 3a 9TO MBI BhIpakaeM CBOI0 OyarogapHocTs DLA!

Me1 HasieeMcst, BaM noHpaBuTcst ooyuenne QGIS B ayxe Ubuntu!

Tim Sutton, anpess 2009

4 MmaBa 1. Preamble
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BeeneHne s TC

& Llens: TTonsaTs uro takoe I'MIC u 17151 4ero OHU UCTIOJIB3YIOTCS.
OcHoBuple TOHA- MIC, KoMIbIOTEp, KapThl, AaHHBIE, MH(OPMALIMOHHASI CHCTEMa, IPOCTPAHCTBEH-
TUS: HBIA, aHAJIN3

2.1 0O630p

Tak *e, Kak Mbl HCIIOJIb3yeM TEKCTOBBII MTPOLIECCOP JIsI CO3/IAHUsI JIOKYMEHTOB U pabOThI CO CIOBAMU HA KOMITbIO-
tepe, Mbl ucrosb3yem T C-npuiiokenne juist paGoTsl ¢ mpocTpancrBeHHoil ungopmanuei. I'IC sto cokpa-
mieHre ot 'eorpacdunueckas Mudopmanuonnas Cucrema.

I'MC cocrtout us:

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

¢ Computer Hardware — computers used for storing data, displaying graphics and processing data.

¢ Computer Software — computer programs that run on the computer hardware and allow you to work with
digital data. A software program that forms part of the GIS is called a GIS Application.

FI/IC-HPI/IHOH(GHI/IH TIO3BOJIAIOT OTKPBIBATH JIEKTPOHHBIE KAPTHI HA KOMIIBIOTEPE, CO3/1aBaTh HOBBIE IIPOCTPAHCTBEH-
HblE OOBEKTHI U HO6aBHHTb HX Ha KapThl, U3TrOTABJINBATD [I€YaTHBIE KaPThI U BHIIIOJIHATH HpOCTpaHCTBCHHLIﬁ aHaJIn3s.

Paccmotpum Hebombiol npumep ucnoss3osanust [YC. IpencraBbre cee, 4TO BBl MEUIIMHCKUI PAOOTHHUK U Y Bac
€CTb 3aIMCH C JIATOH MOCEIIEHMSI U MECTOM ITPOKMBAHMS KakJOTO MalMeHTa.
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Honrota  LWwupora 3aboneBaHne [ara

26.870436 -31.909519 Csunka 13/12/2008
26.868682 -31.909259 CauHnka 24/12/2008
26.867707 -31.910494 Cgunka 22/01/2009
26.854908 -31.920759 Kops 11/01/2009
26.855817 -31.921929 Kops 26/01/2009
26.852764 -31.921929 Kopb 10/02/2009
26.854778 -31.925112 Kopb 22/02/2009
26.869072 -31.911988 Csunka 02/02/2009
26.863354 -31.916406 BerpsHas ocma 26/02/2009

ITo To¥ TabHMIe BUIHO, YTO OOJIbIIE BCErO CIydaeB 3a00JeBaHUs KOPBIO ObUIO B stHBape U (eBpaste. Hamr menu-
LMHCKUI paGOTHUK 3amuicall PacrosiokeH e KaKI0ro MalMeHTa, yKa3aB KOOPAUHATHI (IIKPOTY U JIOJITOTY) ero AoMa
B Tabnune. Mcnone3ys 31 gaHHble B [YC-MIPUIOkKeHNM MBI MOXEM HaMHOTO OOJIbIIe yY3HATh O paclpe/ie/ieHuH

0oJIe3HEN:
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26.84592-31.90445 Scale Render

Puc. 2.1: TIpumep, mokassiBatomuii fanHbie o 6ose3Hsx B ['MC npunoxenun. Jlerko BUAETh, 9TO OOJTbHBIE CBUHKON

KUBYT PSIOM JIPYT C APYTOM.

2.2 NMopnpobHee o T'NC

GIS is a relatively new field — it started in the 1970’s. It used to be that computerised GIS was only available to
companies and universities that had expensive computer equipment. These days, anyone with a personal computer
or laptop can use GIS software. Over time GIS Applications have also become easier to use — it used to require a
lot of training to use a GIS Application, but now it is much easier to get started in GIS even for amateurs and casual
users. As we described above, GIS is more than just software, it refers to all aspects of managing and using digital
geographical data. In the tutorials that follow we will be focusing on GIS Software.

MmaBa 2. BeepeHune B N'NC
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2.3 Yro takoe NO 'NC / TMUC-npunoxeHue?

You can see an example of what a GIS Application looks like in Puc. 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 (Project, 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, as in Puc. 2.2.

] Untitled Project — QGIS
Project Edit View [EJE] Settings Plugins Vector Raster Database Web Mesh Progessing Help
(=) [/ & Data Source Manager curi+L h ” (T o
D [ <] [ O @~
Create Layer »
@ @ AVAl /g » . Add Vector Layer... Ctrl+Shift+V
o Embed Layers and Groups B, Add Raster Layer. Curi+shift+R
Qevte ‘Add from Layer Definition File B Add Mesh Layer...
+f Georeferencer. 9,, Add Delimited Text Layer. Curi+shift+T
» [ spatial Bookmar
v B0 e @, Add PostGIS Layers curi+shift+D
=N /, Add Spatiaite Layer. ctri+shift+L
@ GeoPackage I Add MS SQL Server Layer.
/£ spatialite ., Add SAP HANA Spatial Layer.
@ PostgresaL s
i SAP HANA 1 Add/Edit Virtual Layer.
7 STAC @) Add WMS/WMTS Layer. curishift+w
5 MS SQL Server £ Add XYZ Layer. ]
@ wuspwmTs .
& dlous @ Add Wes Layer.
© Scenes ) Add WFS | OGC API - Features Layer.
@ SensorThings ) Add ATCGIS REST Server Layer.
B Vector Tiles B, Add Vector Tile Layer.
» HE XYZ Tiles
& wes [ Remove Layer/Group curi+D 5 Add paint Cloud Layer.
) WFs / 0GC API - 53 Add GPX Layer.
& ATCGIS REST Ser
Layers
« 4T
oo Show Al in Overview
3 Hide Al from Overview

Puc. 2.2: HpI/I MICJTYKE MBIIIBI0O MEHIO TPUJIOKEHUA PACKPBIBACTCA U 0T06pa>1<aeT CIIMCOK HeﬁCTBHﬁ, KOTOPBIE MOKHO
BBIITIOJIHUTD.

As seen in Puc. 2.3, toolbars (rows of small pictures that can be clicked with the mouse) normally sit just below
the menus and provide a quicker way to use frequently needed actions.

1 Emdd o RRELPPE il Q SRER— - NN
+FOR2 OADE TR ulic Ny XMW A4ANODO
ZLLA00KRT+ o Fu D EIQRQAQYAQRARO

Puc. 2.3: [TaHenu MHCTPYMEHTOB MPEJOCTABISIOT OBICTPBII JOCTYII K HanOoJiee BOCTpeOOBaHHBIM (DYHKIMSIM. 3a-
JepkaB Kypcop HaJl KHOTIKOM, KaK IPaBUJIO, MOXHO TOJTyYUTh KPATKOE OITMCaHue €€ Ha3HAYeHHs.

A common function of GIS Applications is to display map layers. Map layers are stored as files on a disk or as
records in a database. Normally each map layer will represent something in the real world — a roads layer for
example will have data about the street network.

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 Puc. 2.4, Puc. 2.5, Puc. 2.6 and Puc. 2.7 to see a map view that has several layers being added
to it.

2.3. Uro takoe NO N'MC / TNC-npunoxeHune? 7
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o 0.01
1 degrees

Cueenstown

i

_)k

©QGIS 2009

Puc. 2.4: A towns layer added to the map view

0] 0.01
1 degrees

(ueenstown

i

*

©QGIS 2009

Puc. 2.5: A schools layer added to the map view

o 0.01
— 1degrees

,..-l-'-l-..__-‘
o N CHUEENStowWn

‘ Y

Puc. 2.6: A railways layer added to the map view

8 MmaBa 2. BeepeHune B N'NC
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o 0.01
1 degrees

—
- P CHueEnstown

‘ o 0aSTo0a/

Puc. 2.7: A rivers layer added to the map view

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. GIS software also lets you easily change symbology — the way information is
displayed. Puc. 2.8 shows the map view after panning to the side and changing the symbology of the layers.

] 0.01
— 1degrees ¥

w
,--"'"'-"{E
-y Clusenstown
- ‘;‘,ﬁ- ﬁ\-

=~ B N
5

I
w * © QGIS 2009
Puc. 2.8: A map view after moving around (panning) and changing the symbology

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 Puc. 2.9
and Puc. 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. Uro takoe NO N'MC / TNC-npunoxeHune? 9



Gentle GIS Introduction

Y o

=8 ¢ Roads L:1mil
1 HIGHWAY

5 [¥] \_ Roads 1:1mil Outlines
L HIGHWAY

“ | MAIN ROADS

1. [v] \_ Roads 1:15k

- [v] \_ Roads 1:15k Outlines
1 [v] \z_ Railways

3
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e IO O e RO |

1:32380

0.01
degrees

©QGIS 2009

Puc. 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

& [v] ¥ Roads L:1mil

- MAIN ROADS
- ¥ \¢_ Roads 1:1mil Outlines
L HIGHWAY
- MAIN ROADS
AR

- [v] \t_ Roads 1:15k

\¢_ Roads 1:15k Outlines
=8 li*\ Railways

.. 2+ Places

%

4

®
2]
Stiring @

1:32380

0.01
degrees

©QGIS 2009

Puc. 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

10
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2.4 Mony4yeHue M’MC-npunoxeHus

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 TNC paHHbIe

Teneps, korga mbl 3HaeM 4to Takoe ['MIC u yro Takoe I'UC-nmpunosxenue, noropopuMm o 'MC-nannbix. [laHHbIE
3TO CMHOHUM cJioBa HH(popManus. Mupopmanus, ucnonssdyemas B ['YIC, kak npaBuio umeeT reorpapuyeckyio
COCTaBJISIONIYI0. BCrIOMHNTE PUBOAMBIIMIACS MTPUMEP O MEJULIMHCKOM paboTHHKe. OH cozaan Tadbauiy ¢ 3abose-
BaHUSIMH, KOTOPAst BBHITTISAINT TaK:

Honrota  LWwupora 3aboneBaHne [lata
26.870436 -31.909519 Cgunka 13/12/2008

Cronb1pl ¢ HIMPOTOH U JIONTOTOH cofiepkat reorpacpudeckue qaHHbie. CtosOibl ¢ Ha3BaHUeM OOJIE3HH U ATOH
cofiepkaT He reorpapuyeckue JaHHbIE.

A common feature of GIS is that they allow you to associate information (non-geographical data) with places
(geographical data). In fact, the GIS Application can store many pieces of information which are associated with
each place — something that paper maps are not very good at. For example, our health care worker could store the
person’s age and gender on her table. When the GIS Application draws the layer, you can tell it to draw the layer
based on gender, or based on disease type, and so on. So, with a GIS Application we have a way to easily change
the appearance of the maps we created based on the non-geographical data associated with places.

GIS Systems work with many different types of data. Vector data are stored as a series of X, Y coordinate pairs
inside the computer’s memory. Vector data are used to represent points, lines and areas. Puc. 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. MNMonyyeHue N’MC-npunoxeHuns 11
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Puc. 2.11: Vector data are used to represent points (e.g., towns), lines (e.g., rivers) and polygons (e.g., municipal
boundaries).

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 Puc. 2.12 and Puc. 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.

Puc. 2.12: PactpoBble JaHHBIE 3TO Yallle BCEro CIyTHHKOBbIE M300paxeHusi. 3[ech MOoKa3aHbl ropsl BocTouHO-
Karnckoii mpoBuHIMH.

12 naBa 2. BeepeHue B T'NC
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Puc. 2.13: Te xe pacTpoBble JaHHBIE, HO YBEJIMUEHHbIE. MOKHO YBUOETh NUKCEIBHYIO CETKY.

2.6 YTto mMbl y3Hann?

IMoaseném urorn:
* T'HC 310 cuctema, cocTosIIas U3 armnapaTHOro 00eCcreueHus1, IPOrpaMM U MPOCTPAHCTBEHHbIX JaHHBIX.

o FI/IC-HPI/IJIODKCHI/IC TO3BOJIAIOT NPOCMATpUBATh MPOCTPAHCTBEHHLIE JaHHLIE U SABJIAIOTCA Ba)KHOM YacCThbIO
I'mc.

e 'NIC-mipuiioxeHue Kak MpaBUjIo UMEET MEHI0, NaAHeJM HHCTPYMEHTOB, 00JI1aCTh KapThl U JIeTeH/1y.
¢ B I'IC-nipusioxeHusIx UCHONb3YI0TCSI BEKTOPHbIE 1 PACTPOBBIE JaHHbIE.

b HpOCTpaHCTBeHHbIe JaHHBIE MOTYT OBITH CBSI3AHHI C HENPOCTPAHCTBECHHBIMH TaHHBIMU.

2.7 Nonpobyunte camu!

Bot HekoTopble uaeu Ajis 3aJaHui:

e Teorpadms: Ommmure yyammmcs korneno ['IC, kak 310 cenano B 3ToM paszene. [lompocute nx HalTH
3 nprunHbI 10 KOTOPBIM Mcrob3oBanue ['VIC syuiiie 0ObIYHBIX OYMaKHBIX KapT. BOT HECKOJIBKO MOJICKA30K:

- FHC-HPI/IHO)KCHI/IH TMO3BOJIAIOT CO3JaBaTb pa3HbI€ BUAbI KAPT U3 OJHOI'O U TOI'O XKE Ha60pa JAHHBIX.

— I'IC — oTu4HbIH WHCTPYMEHT BU3YyaJIU3alliu, KOTOpHﬁ MOJKET MOKAa3aTb Pa3JIMYHbIC ACIIEKTbI JaHHbIX
1 TO KaK OHM CBSA3aHHBI B IIPOCTPAHCTBE (B]:I]J.IC TMPUBOIUJICA IIPUMEP CO BCHBIIIKaAMH 3360H€BaHPII>i).

— ByMmakHble KapThl JOJKHBI ObITh CO3/IAHB, a IJIs MX MpocMoTpa Tpedyercss MHOro Bpemenn. TIC moryT
00pabaThiBaTh OIPOMHBIE 00OBEMbI KAPTOrpayMUeCKUX JAHHBIX M MO3BOJISIOT JIETKO M OBICTPO HANTH
HEOOXOIUMBINA YIaCTOK.

¢ Teorpadcpus: [onpocute yyamumxcs mpuayMaTh IpUMephI UCTIOTh30BAHHSI PACTPOBHIX JAHHBIX CO CITYTHUKOB.
Hamm nmoackasku:

— B ciyyae npupogHbIX KaTakJIM3MOB pacTpOBble JAHHbIE MOTYT OBITh MOJIE3HBI /IS TIOMCKA NOCTPagaB-
mmx obsacreil. Harpumep, CHUMOK TOJIyYeHHbI BO BpeMsl HABOJHEHHsI TTO3BOJIMT BBISIBUTH PAHOHBI,
T7Ie JIOIH HyKIAI0TCS B CIIACCHUH.

2.6. 4Yto Mbl y3Hann? 13
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— Sometimes people do bad things to the environment, like dumping dangerous chemicals that kill plants
and animals. Using raster data from satellites can help us to monitor for these types of problems.

— CnyTHHKOBBIE CHUMKH MOTYT MCHOJIb30BaThCs IPH TUIAHUPOBAHMH TOPOJICKON 3aCTPONKH (palMoHab-
HOE UCIIOJIb30BaHNE MH(MPACTPYKTYPBHI).

2.8 CtoumT yyecTtb

Ecimm y Bac HeT KoMIIbIoTepa, /151 00bsICHEHU s OOJIBIIMHCTBA Pa3e/ioB MOXKHO HCIIOIB30BATh IOCKY U ITPO3PAYHYIO
TUICHKY, TaK KaK TOJIX0J] B HAIOXEHUH CJI0EB ouHakoB. OnHako, ajist 6osee nosHoro nonnmanusi ['VIC nyuine Bce
TaK1 UMETh KOMIIbIOTEP.

2.9 [lononHutenbHasa nuteparypa

Knura: Desktop GIS: Mapping the Planet with Open Source Tools. ABTop: Gary Sherman. ISBN: 9781934356067

IMonpo6uyto nHbopManmio 06 ucnosb3oBanu QGIS mMoxHo HaliTh B PykoBoactse nosb3oBarenst QGIS.

2.10 Yrto panbwe?

B cremyomux pasnmenax Mbl OyieM yrIyOJIATh TIONTyYeHHbIE 3HAHUS M YIUTHCS MCHOIB30BaTh [ UC-TIpUiioKeHus.
Bce 3ananus 6yayt BoinonHsAThes B QGIS. [laBaiiTe mo3HAKOMUMCSI C BEKTOPHBIMH JIAHHBIMU !

14 MmaBa 2. BeepeHune B N'NC
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BekTopHble faHHble

& Llens: O3HaKOMUTBCS C MOZAEISIMUA BEKTOPHBIX JaHHBIX, UcTob3yeMbivu B UIC.
OCHOBHBIE [I0-  BEKTOp, TOYKA, MOJIWIMHUS, TIOJIUTOH, BEPIIMHA, TEOMETPHUsI, MaCIITa0, Ka4eCTBO JaH-
HATUSA: HBIX, CHMBOJIMKA, ICTOUHHUK JaHHBIX

3.1 0630p

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 Puc. 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.

Puc. 3.1: I'nans Ha nanamadt, Mbl MOXEM BBIICIUTH OCHOBHBIE OOBEKTHI, HAIPHUMED JIOPOTH, JOMA U JIEPEBbSI.

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.

15
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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 Puc.
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 Puc. 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 Puc. 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

Puc. 3.2: ToyeuHslit 00beKT onuchBaeTcsl KoopauHatamMu X, Y M, OMLIMOHANBHO, Z. ATpUOYTHl TOUKH OIKCHIBAIOT
e€, HalpuMep, YTO 3TO JepeBO WK (POHAPHBIN CTOJIO.

16 Mnaea 3. BekTopHble paHHbIe
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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

Puc. 3.3: TlonmumiHMSA 3TO MOCIEAOBATEIBHOCTh COSIUHEHHBIX Y3710B. Kak el y3en umeer koopauHatsl X, Y (4,
OIIMOHAJIbHO, Z)). ONKCHIBAIOT HOJMIMHUIO €€ aTpudyThL.

3.1. 0630p 17
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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

Puc. 3.4: TlonuroH, Kak ¥ MOJMIMHUSA, SIBSUIETCS TIOCIIeJOBATEIBHOCTBIO Y3710B. OIHAKO, B MOJIMTOHE TIEPBHIA U TO-
CIIETHUI y3eJ1 BCeTAa COBIAAAIOT.

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 Puc. 3.5).

Puc. 3.5: O6bekts nanamadra u ux npeacrasierve B ['IC. Pexu (royObie) U Jopord (3eNEHbIE) Pe/ICTaBIISIOTCS
JIMHUSIMU, IEPEBbsSI — TOYKAMHU (KPACHBIMK) U JIOMa — MOJUroHamu (OesIbiMu).

18 Mnaea 3. BekTopHble paHHbIe
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3.2 TouyeuyHble 06bEKTbl B AeTansax

IepBoe, 4T0 HEOOXOAMMO TOHSATH, KOTZIA PeUb MJET O TOUEUHBIX OOBEKTaxX, YTO, UX MCIOJIb30BAHUE 3aBHCHUT OT
MacmTaba. PaccMorpum 310 Ha npumepe ropoaos. Ecim y Hac ecTs MenkomacTabHast KapTa (KOTOpast OXBaThIBAaeT
60JIbIIYI0 00J1aCTh), TOpOAA JTydlle 0003HayaTh ToukaMu. OJIHAKO, TP YBEJIMUYEHHH KapThl U mepexope K Oosee
KPYITHBIM MaciTabaM, IPaHHLIbl TOPOIOB JIyYllle OTOOpaKaTh KaK MOJUHOTHL.

BbiGop TOUEK /Tst TpeICTABIEHHsI OOBEKTOB PEAbHOTO MUpPA 3aBUCUT OT MCIIONIb3yeMOTo MaciiTada (Kak JajieKo Bl
HAXOJIUTECh OT O0BEKTA), YI00CTBA (CO3[aHKME TOYEUHBIX OOBEKTOB 3aHUMAET MEHbBIIIE BPEMEHH) U THIA OOBEKTOB
(HEKOTOpbIE Belly, HapuUMep Tesie)OHHbIE OY/IKH, HET CMBIC/IA XPAHUTh B BUIE MTOJIUTOHOB).

As we show in illustration Puc. 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.

Tak Kak Mbl 3HaeM, 4TO 3eMJIsI He TUIOCKasl, T0JIe3HO JO0ABIISTh K TOYKaM U KoopAMHATY Z. OHa OITUCHIBAET BBICOTY
00beKTa HaJl ypOBHEM MODSI.

3.3 NMonunnHum B pertanax

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 Puc. 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.

[MosmnMH1K UCTIONB3YIOTCS U151 OTOOpaXeH! s IMHEHHBIX 00HEKTOB, TAKMX KaK JIOPOTH, PEKU, TOPU3OHTAIIH, TPO-
NIMHKY, aBHaMapuipyTsl 1 T.J. VIHOTJa K MONMIIMHUAM MTPEAbIBISIOTCS IOTIOJHUTENbHbIE TPeOOBaHHST TOMUMO OC-
HOBHBIX TpeOOBaHMH K reoMeTpuu. Tak, TOPU3OHTAIM MOTYT COIPUKACAThCs (HalpuMep, Ha CKaJlax) HO He JOJIKHBI
nepeceKkaThesl. AHAJOTUYHO TOJIMIMHIY, MCTIOIb3YeMble U1 XpaHEeHU s JOPOKXHON CeTH, JOJIKHBI ObITh COSIMHEHbI
Ha nepekpectkax. B Hekotopbix ['MIC-npuoxeHusx Bbl MOXKETe 3aJaBaTh TaKKe ClIeLaIbHble TIPABHJIA AT O0bEeK-
toB U ['MIC Oyzer cieauth 3a TeM, 4TOOBI OJIWIIMHIK COOTBETCTBOBIIH UM.

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 Puc. 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.

J186 127
|

Ji28

180

262 ©0GIS 2008 ©QGIS 2009

Puc. 3.6: TTommiaum Ha Meskux Maciiradax (1:20000 cineBa) BRIIIAAST criaskeHHbIME. [1pu yBemyeHuu Maciirada
(1:500 cnipaBa) OHU CTAHOBSITCSI JIOMaHBIMH.

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. ToyeuHble 06bEKTbI B geTansx 19
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3.4 NMonuroHbl B petansax

Polygon features are enclosed areas like dams, islands, country boundaries and so on. Like polyline features,
polygons are created from a series of vertices that are connected with a continuous line. However because a polygon
always describes an enclosed area, the first and last vertices should always be at the same place! Polygons often
have shared geometry — boundaries that are in common with a neighbouring polygon. Many GIS applications
have the capability to ensure that the boundaries of neighbouring polygons exactly coincide. We will explore this in
the Tononoeus topic later in this tutorial.

Kaxk Touku n ITOJIMJIMHUH, IIOJIUT'OHBI UMEIOT anI/IﬁyT])I. ATpI/I6yTI>I OIIMCBIBAIOT Ka)l()lblﬁ ITIOJIMT'OH. Haan/IMep, IJIO-
THUHA MOXET UMETH anI/I6yTI>I CO BHAYCHUAMU I‘JIy6I/IHbI 1 Ka4€CTBA BOObBI.

3.5 BekTopHble AaHHble B CNOAX

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 PepaktnpoBaHue BEKTOPHbIX AaHHbIX

The GIS application will allow you to create and modify the geometry data in a layer — a process called digitising
— which we will look at more closely in a later tutorial. If a layer contains polygons (e.g. farm dams), the GIS
application will only allow you to create new polygons in that layer. Similarly if you want to change the shape of a
feature, the application will only allow you to do it if the changed shape is correct. For example it won’t allow you
to edit a line in such a way that it has only one vertex — remember in our discussion of lines above that all lines
must have at least two vertices.

Co3paHne U pefakTHpOBaHNe BEKTOPHBIX JaHHBIX sBIsAeTcs BakHOU (pyHKImend [ YIC, T.K. 9TO OJUH U3 OCHOBHBIX
crocoOO0B TOJTyYUTh HEOOXOAMMBIE AaHHble. Harpumep, Bbl 3aHMMaeTech MOHUTOPUHIOM 3arpsi3HEHUH B peuke. Bbl
MoxeTe ucronb3oBath [ YIC a1 ol poBKY BCeX CTOKOB JIMBHEBBIX BO/I (B BUJIE TOYEUHOTO CJI0s). Takke Bbl MOXETe
onm(poBaTh caMmy pevKy (Kak JIMHEHHbIA 00beKT). U, HakOHeI], MOJKHO CHSITh TIOKa3aHHsl YpOBHSI KuciaoTHocTH (pH)
BZIOJIb PEKU 1 HAaHECTH 3TH MECTa Ha KapTy (TOXe B BUJIE TOUYEYHOTO CIIOsT).

IMomumO co3naHusi COOCTBEHHBIX JAHHBIX MOXHO KCIIOJIB30BaTh CYIIECTBYIOLIME CBOOOAHbIE BEKTOPHbBIC JAHHBIE.
Tak, Bl MOXKeTe MOJTYyYUTh JaHHBIE, UCMOJIb3yeMble Ha KapTax Macimrtada 1:50000 B YrpaieHuu reoje3ud U Kap-
Torpaguu.

3.7 MacwTtab n BeKTOpHble fAaHHble

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 Puc. 3.7 and Puc. 3.8. Many issues can arise from making a poor choice of map scale. For
example using the vector data in illustration Puc. 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.

20 Mnaea 3. BekTopHble paHHbIe
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Puc. 3.7: BektopHble 1aHHbIe (KpacHble JIMHUM), onndpoBaHHbIE ¢ MeskomaciuTabHoit (1:1000000) kapTsl.
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Puc. 3.8: BekropHble 1aHHbIe (3e1€HBIC TMHUH), oM poBaHHble ¢ KpynHomaciTabHoi (1:50000) kapThl.

3.8 CumBOnuKa

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 Puc. 3.9, Puc. 3.10 and Puc. 3.11).

3.8. CumBonuka 21
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Puc. 3.9: B T'IC MOXHO MCHOJIB30BaTh AUATOT (TTOXOXKUI HA MPUBEACHHBIH 3/1Ch) U1l HACTPOUKY OTOOpaKeHUsI
BAIlIEro CJIOS.
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Puc. 3.10: Korna cioit (Hanpumep, CIIOH iepeBbeB) 3arpyxaercs nepsbiid pa3, [MIC otobpaxaer ero oObYHbIM 3HA-
KOM.
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Puc. 3.11: Tlocne HacTpoiky OTOOpaskeHNsI MOHATD, YTO CJIOH NPeJCTaBIsET AePEeBbsl, HAMHOTO JIeTye.

CUMBOJIMKA 3TO YOOHBIH UHCTPYMEHT, JEAIOIUN KapThl HAISAHBIMU M ynporuaionwmii padory ¢ ['MC-naHHbIMY.
B cnenywomux rasax ((Ampubymoel eekmopholx daniblx) Mbl 00Jiee TOJPOOHO PACCMOTPUM KaK CUMBOJIMKA MOXKET
rnoMo4b B monnmannu I UC-naHHBIX.

3.9 Yto MOXHO goenartb B BEKTOPHbIMM AaHHbiMU B TUC?

B camom npoctom ciryyae ucnosb30BaTh BeKTopHbIe AaHHbIe B [ VIC MOKXHO TOYHO TaK jke, Kak ¥ OOBIYHYIO TOTO-
rpaduyeckyio kapty. Hacrosimas cuna TUC nposiBiisieTcst KOrjia HaMm noTpeOyeTcst MOJTyYuTh OTBETH Ha BOITPOCHI
BUJIA: «KaKWe JIoMa MOMaJai B 30HY 3aToruieHusi Ha nporsokeHud 100 ner?», «rae pasMecTuTb OOJIbHHMILY, UTO-
OBl OHa ObLIA JOCTYITHA HAMOOJIBIIIEMY YHCITY MAIMEHTOB?», «KTO M3 yYaIlMXCs MPOKUBAET B 3aJaHHOM paiioHe ?».
I'MC siBnsieTcst OIMYHBIM MHCTPYMEHTOM JIJIs1 IOJTyY€HHsI OTBETOB Ha MOJOOHbIE BOITPOCHI ITPH MOMOIIM BEKTOPHbIX
JaHHBIX. OOBIYHO MpOIIEcC MOTyYeHHs OTBETOB Ha TAKKE BOITPOCH HAa3bIBAIOT MPOCTPAHCTBEHHBIM aHAIN30M. B
NOC/IeNyIOIINX pa3ziesiax OH OyZIeT pacCMOTpeH MoapodHee.

3.10 Mpobnembl BEKTOPHbIX AaHHbIX

ITpu paboTe ¢ BEKTOPHBIMU JAHHBIMI MOTYT BO3HUKATh HEKOTOpPbIE MTpodJieMbl. MBI yike YHOMUHAIM O po0OieMax,
CBSA3aHBIX ¢ OLIM(PPOBKOH JaHHBIX B pa3IM4HbIX MaciuTadax. KpoMe Toro, BeKTOpHbIE AaHHBIE TPEOYIOT 0OCITyKUBa-
HUA U JI0paO0TKU, YTOOB! ObITH YBEPEHHBIMU B UX TOYHOCTH U HaJle:KHOCTU. HeTouHsle BEKTOPHbIE JAHHBIE MOTYT
OBITD MOJTyUEHBI IIPY UCIIOJIL30BAaHNH HEIIPABUIIBHO HACTPOEHHBIX MHCTPYMEHTOB OLIM(PPOBKY; KOT/IA JIOJH, BBIIOJI-
HSOIIME OLMPOBKY, HEJOCTATOYHO aKKyPATHBI; KOTa Ha mpolecc cOopa M HOATOTOBKH JAHHBIX BBIIEIEHO HEJlO-
CTaTOYHO CPEJCTB U T.[.

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 Puc. 3.12).

3.9. Uto MOoXHO penatb B BEKTOPHbIMU AaHHbIMU B TUC? 23
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Puc. 3.12: Illenu BO3HHUKAIOT, KOIJIa BEPIIMHBI ABYX MOJMIOHOB Ha OOIIMX I'PaHUIIAX He coBmagaiT. Ha menkux
MaciuTabax (Harnpumep, 1 ciieBa) Bbl MOXKeTe He 3aMETHTh OIIMOOK. Ha KpyrmHbIX MaciiTabax Iiesnu BIISAAT KakK
OeJIble TI0JIOCH MeX/Ty MOJUTOHAMH (2 CIIpaBa).

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 Puc. 3.13 demonstrates what undershoots and overshoots look like.

01128

@ QGIS 2009

Puc. 3.13: HenoBoapt (1) BO3HUKAIOT NpU ONU(POBKE JIMHUIA, KOTOPHIC JIOJDKHBI OBITh COSIMHEHBI, HO HE CMOTPS
Ha 9TO He compuKacaioTcs. [lepexiectsl (2) BOSHUKAIOT KOTJa JIMHUS TIepeceKaeT Opyrylo JIMHUI, C KOTOPOH OHa
IIOJKHA Obli1a OBITH COEJUHEHA.

Y1005 HO,Z[O6HI:I€ OILIMOKY HE BO3HUKAJIN, Ba)KHO BBITIOJIHATH OHHCbPOBKy JaHHBIX OY€Hb BHUMATEJIBHO U aKKYPaTHO.
B pasaeiie, oCBAIECHHOM TOIMOJOIuH, Mbl pACCMOTPUM HEKOTOPLIE U3 9TUX omurboK Ooee HOHpO6H0.

3.11 Yt0 MbI y3HANu?

ITogsenem utormu:
e BekTopHbIE JaHHBIE HCIOIb3YTCS JJIs1 OTOOpakeHus1 00'beKTOB peasibHoro mupa B ['MC.
* BekTopHble 0OBEKTH UMEIOT F€OMETPHIO OJJHOTO U3 TUIIOB: TOYKA, JUHHUSI WU MOJUTOH.
o Kaxplii 0OObeKT UMEET aTPUOYTHI, ONKCHIBAIOIIIKE €TO.
¢ T'eomeTpust 06BEKTa COCTOUT U3 HabOpa y3JI0B.
* ToueuHast reoMeTpHs COCTOUT 13 OAHOrO y3ua (X, Y u, HeoOs13aTeNbHO, 7).

o JluHeliHas reOMETpPHs COCTOUT U3 ABYX M 0o0Jiee y3JI0B, (POPMHUPYIOIINX JUHUIO.

24 Mnaea 3. BekTopHble paHHbIe



Gentle GIS Introduction

¢ [lonoHanbHasi FeOMETPHsI COCTOMT KaK MUHHMYM U3 YeTBIPEX y3JI0B, OMVCHIBAIOLINX 3aMKHYTYIO 00JIaCTb.
IepBblii ¥ OCEIHUI Y31 BCEera OJUHAKOBHI.

° BbI60p TOr0 WJIKX MHOI'O TUIlda TEOMEPUU 3aBUCUT OT MaCHITa6a, yHO6CTBa nu ueneﬁ HUCIIOJIb30OBAHW A JaHHBIX B
Iic.

* BonbumHcTBo I'MIC-nipmitoxeHuii He MO3BOJISAIOT XPaHUTh Pa3/IMYHbIE THITBI TEOMETPUI B OTHOM CJIOE.
* OuudpoBKa 3TO MpoLEecC co3JaHus U POBLIX BEKTOPHBIX JaHHBIX, MyTeM MxX pucoBanus B ['MC.

° BeKTOpH])Ie HJaHHbIC MOT'YT UMETb HpO6J’IeMI)I C Ka4€CTBOM, TaKUE€ KaK MepexJieCThbl, HeA0BOAbI 1 IIEJH, O
KOTOPBIX HeOéXO}II/IMO IIOMHMHTbD.

* BekTopbie JaHHbIE MOTYT MCIOJIb30BaThCS [J1s1 HPOCTPAHCTBEHHOro aHamm3a B ['MIC, Hanpumep, 111 T10-
HCKa 6HH)K3.LHCﬁ 60J'IbHI/IL(]>I HJIN IIKOJIBI.

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

® o
e o °©
[ ] Point. Line Polygon
Feature Feature Feature

Has at leastfour At e s describe

the fe ature e.g. Municipal Dam’

Has only one

Atributes describe the
feature e.g. Lamp post

Has atleasttwo '

Aftributes describe the
feature e.g.'Secondary Road’

3 3

¥ 7
(height
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Puc. 3.14: Dra nuarpamma nokaswiBaet, kak ' IC-nipusioskeHne pabotaeT ¢ BEKTOPHBIMH JIAHHBIMHU.

3.12 Monpobywnte camu!

Bor HEKOTOPLIC UJAEU 1A BaHaHHfIZ

 Using a copy of a toposheet map for your local area (like the one shown in Puc. 3.15), see if your learners
can identify examples of the different types of vector data by highlighting them on the map.

e Think of how you would create vector features in a GIS to represent real world features on your school
grounds. Create a table of different features in and around your school and then task your learners to decide
whether they would be best represented in the GIS as a point, line or polygon. See Tadimia 3.1 for an example.

3.12. Nonpo6yunTe camum! 25
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Puc. 3.15: Moxerte i1t BB nIeHTU(DUIMPOBATD JIBA TOUSUHbIX M OJJMH MOJIMIOHAIbHBIN OOBEKT Ha 3TOi KapTe?

Tab6nuia 3.1: Vector data and geometry types

PeanbHblin 06bekT [Mooxopswmia Tun reomeTpum

PrarmTok

dyT60IBHOE TTONIE

TponyHKYM BOKPYT LIKOJIBI
Mecra pacrosioxkeHnst KpaHOB
U rT.o.

Create a table like Tadnuia 3.1 (leaving the «geometry type» column empty) and ask your learners to decide on
suitable geometry types.

3.13 CtomT y4yecTtb

Ecmy y Bac HeT KOMITbIOTEpa, MOKXHO MCIOJIb30BaTh TONOrpapuuecKyio KapTy M MPO3pavyHyIo IUIEHKY, YTOObI pac-
CKa3aTh O BEKTOPHBIX JaHHBIX.

3.14 OononHutenbHas nureparypa

IMoxpo6uyio nHbopMario o padoTe ¢ BeKTopHbIMU JaHHbIMK B QGIS MoskHO HaiiTh B PykoBoJcTBe mosib3oBaTes
QGIS.

3.15 Yto panbwe?

B cJieaymeM pasaeie Mbl IIO3HAKOMUMCA C anI/IﬁyTI/IBHLIMI/I JAaHHBIMH W Y3HAa€M KaK HCIOJb30BATh MUX JIA
OIMCaHUA BEKTOPHBIX 0OBEKTOB.

26 Mnaea 3. BekTopHble paHHbIe
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ATpubyTbl BEKTOPHbBIX OaHHbIX

& Ilens: 10T pasjien paccKkas3plBaeT O TOM, YTO TAKOE aTPUOYTUBHBIC JAHHBIC, KAK OHH CBS3AHBI C
BEKTOPHBIMU OOBEKTAMH U KaK UX UCIIOJIB30BaTh Il HACTPOWKHU OTOOPaXEHUS JAHHBIX.
OcCHOB- ATtpulyT, 6a3a TaHHBIX, [10JIs1, JAHHBIE, BEKTOP, CUMBOJIKA
HbIE
TIOHSATHA:

4.1 O630p

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 Puc. 4.1 for example.
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Puc.4.1: KapTa CTaHOBUTCA HpHFOHHOﬁ K UCIIOJIb30BAHUIO, KOTIa pa3JIMYHBbIC TUTIbI 00BEKTOB MOXKHO OTJIMYUTH Aapyr
OT Apyra 1o UBETy U BHEIIHEMY BUY. Brl cmoxete Ppas3jinunuTh pEKU, JO0POru U TOPU30HTAJIM HA KapTe cneBa? A BOT
CAeJIaTh 9TO IPU NMOMOIIHA KapThl, [MOKA3aHHOMI CIIpaBa, HAMHOT'O ITPOIIE.

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 Puc. 4.2.

27
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Roof Colour: Red
Has balcony?: Yes

Roof Colour: Black
Has balcony?: No

Year Built: 2000 Year Built: 2002

Puc. 4.2: Kax/piii 00bEKT IMeeT XapaKTePUCTUKU. DTO MOTYT ObITh KaK BUUMBIC BEIIH, TaK U MH(OPMAIHs, KOTO-
PYIO MBI IPOCTO 3HaeM (HAIIPUMED, TOfI IOCTPOIKH).

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 Puc. 4.3).

[=](=]lx]

@ Quantum GIS - 1.0.2-Kore EasternCapeVectors
File Edit View Layer Plugins Tools Tools Help h

TR Edd o RRPLPE Wl Q
LWL ARCE N0 Pl S -
e@ARAQLLE P LIS RA

Legend ® 0
houses
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M Red

¥| v, Building Points
v| o% Trees

v l.f\ Roads

v\t Road Outlines
¥ . Water Bodies
v\t Rivers

¥| v%, Spot Height

v/ §§ Aol

v \‘:I:‘ Contours

| @ Building Areas
¥ . River Areas

0.01 %
2z degrees
o181

<1247

#1205

B - - - - B - T

21104

z @@

Scale v| Render
[=1B]x]

There is a new plugin available 26.0722,-32.0766

[}
OEEOXZ

id RoofColour HasBalcony DateBuilt
1 0 Red 12000

Attribute table - houses

2 1| Black 12008

3| 2|Red 12001

4| 3| Black 02004

Search for [ :] [Advaﬂced...l

Puc. 4.3: Crioti 3paHuii. 30aHUs IMEIOT aTpUOYTHI, ONFICHIBAIOIIVE IIBET KPBIIIIM U IPyTHe CBOMCTBA. Tabmuia atpu-
OyTOB (HIKHEe N300pakeHre) MOKA3bIBAET aTpUdyThl IOMOB, BUIUMbIX Ha KapTe. Eciin 00beKT BhijIe/ieH B TabuIe
aTpuOyTOB, OH OY/IET MOJCBEUCH JKEJITHIM LIBETOM Ha KapTe.

]in [RnnfCoIour :H Search Hselect

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 Puc. 4.4).
The process of setting colours and drawing styles is often referred to as setting feature symbology.
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File Edit View Layer Settings Tools File Edit View Layer Settings Plugins ols He
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Puc. 4.4: TUC-npuioxeHrue MOXET OTOOpaxaTb OOBEKTHI MO-Pa3HOMY, B 3aBUCUMOCTH OT uX atpuOyToB. Ciesa
MOKAa3aHbI TIOJINTOHBI 3[aHUIA, pacKpaiieHble B TOT e IIBET, KOTOPHIH YKa3aH B aTpuOyTe «IBeT Kpbimm». CripaBa
MOKA3aHbl 3[[aHKS, OKPAIIIEHHBIE 0 HAJIMYUIO MU OTCYTCTBHIO OAKOHA.

ATpuOyTHBHBIE JaHHBIE TAK)KE MOTYT UCIIOJIL30BaThCsS IPU co3aHny moanucei. bonpimucreo I'MC-npusoxenuit
TMO3BOJISIIOT YKa3aTh aTpUOyT, KOTOPBI OyeT UCIOIb30BAThCS JUIsI TOJIMCHIBAHUS KaXk0r0 0ObEKTa.

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 Puc. 4.5 you can see an
example of an attribute search in a GIS.

d Quantum GIS - 1.0.2-Kore EasternCapeVectors EEEY
File Edit View Layer Plugins Tools Tools Help

1B Edd o RRPLPPE wR&PQ
LR FuD D -
eRARAQALQ0 PR oam2PRA

Legend B® o *7" ooos
I Vdegrees

o1384

v|\¢_ Road Outlines 41330
71§ Water Bodies :ﬁ
v L&\ Rivers

v| v, Spot Height

v/ §§ Aol )

¥ L&\ Contours

: =
v/ Building Areas
v|§§} River Areas ~*~
©QGIS 2008

There is a new plugin available (K] 26.07573-32.09474 Scale v| Render
B Attribute table - houses Q\E"Zl

id RoofColour HasBalcony DateBuilt

B - BB - G- - G-

1| 0|Red 1 2000

- R

3 2 Red 12001

[T

Search for Black | in [RoofColour [ Search | select s| Advanced...|

Puc. 4.5: TUC-npunoxeHust Takke MO3BOJISIOT BBIIOJIHATH TIOUCK 0OBEKTOB MO aTpudyTaM. 31ech OKa3aHbl 3AaHHS
C UepHOi Kpbllei. Pe3ynbrar norcka otobpakaercst Ha KapTe XKeJIThIM LBETOM, a B Tabyuie aTpuoyToB — OHpIo-
30BBIM.

B HakoHell, aTpuOyTUBHbIC JaHBIE MOTYT ObITh BECbMa MOJIE3HBI ITPY BHIIIOJHEHHY POCTPAHCTBEHHOI0 AHAJIN3A.
[TpocTpaHCTBEHHBIN aHATIM3 COYETAET IPOCTPAHCTBEHHYIO0 MH(POPMALINIO, XPaHALIYIOCS B TEOMETPUH O0BEKTa, C ero
aTpulyTaMu. ITO MO3BOJISAET HaM M3y4aTh OOBEKTHI M UX B3aUMOOTHOIIEeHHs. CyIecTByeT MHOKECTBO Pa3HOBUI-
HOCTEW IPOCTPAHCTBEHHOTO aHa/IN3a, HapuUMep, Bbl MoxeTe ucnob3oBath ['MIC 1ist Toro, 4toObl y3HaTh CKOJIBKO
JIOMOB C KPacHBIMM KpBIIIAMHU HAXOAUTCA B 33laHHOM paiioHe. EciiM y Bac ecThb €0l AepeBbeB, BBl MOXETE UC-
nose3oBath ['MIC 15 BBISICHEHHS TOTO, KaKKe BUIbI OYLyT 3aTPOHYTHI €CJIM Oy/IeT pa3padaThiBaThCs ONpe/iesIeHHbIX
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Y4acTOK 3eMeJb. Mbl MOKEM HCIOIb30BATh aTPHOYTHI, COieprKaIye IPOOBl BOABI [0 TEYEHUIO PEKH, YTOOBI Y3HAThH
IJie IPOUCXOMT 3arpsizHeHre. Bo3amoxHocT GeckoneuHbl! Bosiee mogpoOHO MPOCTPAaHCTBEHHBIH aHAM3 PACCMOT-
PEH B CIIeyIONINX pa3Jiesiax.

[pexae 4eM MBI IBUHEMCS TAITbIIE, TIOABE/IEM UTOTH.

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 Puc. 4.6.

Geometry Attributes

Foint Falyline Faolygon

Puc. 4.6: BekTOpHBIE OOBEKTHI.

4.2 MoppobHee 06 aTpnbyTax

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. Tatsuia 4.1 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.

Tab6muna 4.1: House Attributes: An attribute table has fields (columns)
and records (in rows).

Tabnuua atpnbytoe [Mone 1 : YearBuilt [Mone 2: RoofColour [Mone 3: Balcony

3amuch 1 1998 Kpacupi Ha
3amucsk 2 2000 YepHblit Her
3amucs 3 2001 cepeOpUCTHIT Ha

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
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colour, presence of a balcony and year of construction as attributes of interest. We could just as easily have chosen
other aspects of a house such as:

* KOJIMYECTBO STaKEH

* KOJIMYECTBO KOMHAT

* YKCJIO XHJIBIIOB

* THUII 3[aHUS (KOTTEK, KUPIMYHBIA JOM, MHOTOSTAKHbINA U T.1.)
¢ month the house was built

¢ KuJlas IJIOLIAb

* U Jpyrue...

Kak nmest Tako¥l MMpPOKKUI BHIOOP ONpENEUTh KaKre UMEHHO aTpuOyThI JOJKHBI ObITh Y 00beKkTa? OOBIYHO BCE
3aBHCHT OT TOTO, YTO BBl COOMpaeTech JesaTh ¢ AaHHBIMU. Ecii BBl XOTHTE CO3aTh KapTy HAa KOTOPOW J0OMa pacKpa-
IIEHBI B 3aBUCMMOCTH OT BO3pacTa, CTOUT 03a100UThCsI HaTMIKeM aTpuodyTa «['oft moctpoiiku». Ecu Bbl aOCOMOTHO
yBEpEHbI, YTO HUKOrga He OyzeTe HyKAaTbcs B MOZOOHON KapTe — JIydllle He XpaHUThb 3Ty UHpopMawmio. Coop u
XpaHeHue N30BITOYHOM MHGpOPMAIIUK IJIOXast UJes, T.K. 3TO TPeOyeT JOMOJHUTEILHBIX MaTepHaIbHBIX U BpEMEH-
HBIX pecypcoB. OueHb YacTo Mbl NOJy4aeM BEKTOpHBIE JaHHBIE OT OpraHu3aluil, Apy3eil win npasuTenabcTa. Kax
MPaBUJIO, B TAKHUX CITy4asiX HEBO3MOXHO 3alIPOCHUTh OIIpe/iesIeHHbIe aTpuOyThl ¥ MPUXOAUTCS paboTaTh C TEM, UTO
€CTb.

4.3 O6bIYHbIX 3HaAK

Eciu 06bekThl 0TOOpaxaioTcsi 6e3 UCTOJIb30BaHKsl 3HAUCHUI aTpUOyTHBHOM TaOIMIIbl, OHM MOTYT ObITh OTPUCOBA-
HBI TOJIKO OOBIYHBIM 3HaKOM. Haripumep, 1J1s1 TOUEUHBIX 0OBbEKTOB MOKHO 33aaTh I[BET U MAapKep (OKPYXKHOCTb,
KBaJIpar, 3Be31a U T.1.) ¥ 3T0 BcE. Bl He Moxete 3actaButh [ VIC OTPHCOBBIBATE OOBEKTHI, UCIIOJb3Ysl 3HAUCHHSI
OJIHOTO U3 arpudyToB. UTOOHI CienaTh 3TO, HEOOXOAUMO UCHOJIb30BATh I'PAyHPOBAHHBIN, HeNPePBHIBHBIN WK
VHUKQJbHBII 3HaK. Bce OHM OIucaHbl HUKE.

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 Puc. 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 Puc. 4.8). With polygon layers you
also have the option of setting a fill style and color.
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= [Layer Properties 3

General Symbology | Metadata ] Labels ] Actions } Attributes ]

Legend type Transparency: 0% -
Label | ]
Point Symbol

OD<>0+><AA¢§*1]49$EJ LA L

$emafloe BN NBLORPPE 4+ - A
EXamnAbtr - wuMFOGEORODRE0ED I ®#91t0% e

Rotation field Area scale field Size
l<off> ;H<uff> :H2.?0 }%]
Style Options
Outline style —Solid Line =
outine colr I
Outline width 0.26 g
Al syle (msoid ][]
| Restore Default Style || Save As Defaurt || Load Style ... I Save Style ... |

[&Apply] [Q Can:eIH 4ok ]

Puc. 4.7: HpI/I HCIIOJIb30BaHUU OOBIYHOIO 3HAKa BCE OOBEKTHI 0TO6pEDKaIOTCH OJMWHAKOBO, BHEIIIHUI BUJI HC 3aBUCUT
oT anI/I6yTOB. 3}1€C]> IMOKa3aH AuaJjor 1 TOUYCYHbIX 0OBEKTOB.

- layer Properties =
General Symbology | Metadata ] Labels ] Actions } Attributes ]
Legend type Single Symbol 2| Transparency: 0% [[—————
Label
Style Options
Outline style —Solid Line S
Outine color —
oBtine watn oz [
Fil stye [ NoBrush <[]
| Restore Default Style || Save AsDefault || Load Style ... I Save Style ... |
@ Help [WApply] [Q CanceIH 4ok ]

Puc. 4.8: Hactpoiika 0OBIYHOrO 3HaKa 151 IMHEWHBIX M MOJIMTOHAIBHBIX OOBEKTOB HECKOJIBKO OTINYAETCS.
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4.4 IpapynpoBaHHbIN 3HaK

WHoraa BeKTOpHbIE 00BEKTHI IIPEICTABIISIOT BN C U3MEHSIOIINMHUCS MG POBBIMU 3HAUSHUSIMH. XOPOIIMM IpHMe-
POM MOT'YT CITy’KUTb TOpU30HTaIN. Kask/1as ropu3oHTaIb IMEET aTpHOYT, HA3BIBEMBIN «BBICOTa», KOTOPBIN COAEPXKUT
nH(pOpPMALMIO O BRICOTE HaJl YPOBHEM Mops1. PaHee B 3TOM paszese Mbl OKa3bIBaI TOPU3OHTAIN, OTPUCOBAHHBIE
OJHUM I1BeTOM. Packpacka ropusoHTasell B pa3Hble 1IBE€Ta IOMOXKET HAaM MHTEPIPETUPOBaTh X 3HadeHus1. Harmpu-

Mep, Mbl MOXEM OTPUCOBATh HU3MHHBIE 00J1aCTH OJHUM LIBETOM, CPEJHETOPbe — JPYTHUM, a BBICOKOTOPHBIE 00JIACTH
— TPETHUM.

- Layer Properties =

General Symbology | Metadata ] Labels ] Actions } Attributes ]

Legend type Transparency: 0% -
Classification field IHEIGHT :]
Mode [Quantiles :]
Number of classes l3 H

l Classify H Delete class ]

980.000000 - 1120.000000
1120.000000 - 1240.000000

1240.000000 - 1500.000000 |INIETH] [ ]

Style Options

Qutline style — Solid Line 2

Outline color _

Outline width

Fil color I

Al style =soid ||
| Restore Default Style || Save As Default || Load Style ... I Save Style ... |
([ rowh] @ance | ok

Puc. 4.9: 3HaueHne BHICOTH MOKET MCIIOJIB30BAThCS AJIs pa3[esieHus] TOPI30HTANeH Ha TpH Kiacca. ['opr3oHTanm,
Haxopsmecs B quanaszone ot 980 m 1o 1120 m OyyT Mokas3aHbl KOPUYHEBBIM, HaXOAsIIMecs B iManaszone ot 1120
M 10 1240 M — 3eneHbIM, a Haxonsiuecs B quanazone ot 1240 m 1o 1500 M — ¢proaeToBbIM.

Puc. 4.10: Tak BBIIIAAUT KapTa OTPHUCOBAaHHASA I'PayHPOBaHHBIM 3HAKOM.

Setting colours based on discrete groups of attribute values is called Graduated Symbology in QGIS. The process
is shown in Illustrations Puc. 4.9 and Puc. 4.10. Graduated symbols are most useful when you want to show clear
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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 Ta6ymma 4.2: graduated colour breaks up the attribute value ranges into the number of classes you
select; each class is represented by a different colour.

Tabsuna 4.2: ['pagynpoBaHHbINA 3HAK

3HaveHue atpubyta  Knacc v ugeTt

Knacc 1
Kiacc 1
Kiacc 1
Kiacc 2
Knacc 2
Knacc 2
Knacc 3
Kiacc 3
Kimacc 3

O 01O LN B~ W=

4.5 HenpepblBHbIX 3HaK

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. Tadmia 4.3 shows how the attribute value is used to define a continuous range of colours. 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.

Tab6mmma 4.3: Continuous colour symbology

3HayeHue atpubyTta  LlBeT (knaccobl Mnm rpynnMpoBKa OTCyTCTBYHOT)

O 01O L B W=

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 Puc. 4.11.
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[Layer Properties =

General Symbology | Metadata ] Labels ] Actions } Attributes ]

Legend type Continuous Color +| Transparency: 0% (e
Classification Field: HEIGHT 2
Minimum Value: [
Maximum Value: | ]

Outline Width: 0.26 =
| Restore Default Style || Save As Defaurt || Load Style ... I Save Style ... |
[&Apply] [Q CanceIH 4ok ]

Puc. 4.11: Hacrpolika HenpepbIBHOTO 3HaKa. BeicoTa rOpu30HTANIM UCHIONB3YETCs ISl onpeneneHus useta. Lipera
3a[a10TCsl UIs MUHUMAJIBHOTO M MakcUMaJsbHOro 3HaueHus1. 3ateM I MIC-npusoxeHne co3gaér rpajueHT U3 3THX
L[BETOB U 3aaET [IBET 00bEKTA B 3aBUCHMOCTH OT 3HaYeHHsI aTpuOyTa (B JAHHOM CJTy4Yae BBICOTHI).

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
to orange (see Puc. 4.12).

a value near to 1000 m will be drawn close

KapTa, OTPUCOBAHHAA HEIIPEPbIBHBIM 3HAKOM

4.5. HenpepbIBHbIN 3HaK
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4.6 YHUKanbHbIn 3HaK

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 Tadmvia 4.4: unique attribute values for a feature

type (e.g. roads) can each have their own symbol.

Ta6smna 4.4: Unique values and symbols

3HaueHve atpubyTa

LiBeT n cumBon

ABTOMarucTpab
I'maBHas gopora
Bropoctniennas nopora
IlemexonHas nopora

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 Puc. 4.1

3.

] ayer Properties

General Symbology | Metadata ] Labels ] Actions } Attributes ]

Legend type Unique Value + | Transparency: 0% [
Classification field |FEAT_TYPE 3
[ Classify H Add class ] Delete classes | | Randomize Culnrsl [ Reset Colors ]
7\ ARTERIAL ROUTE
. HIKING TRAIL
MAIN ROAD
OTHER ACCESS Label | ]
SECONDARY ROAD
STREET
TRACK FOOTPATH
Style Options
Qutline style — Solid Line =
Outline color
Outline width
Fill color
Fill style = Solid (-]
l Restore Default Style ” Save As Default ” Load Style ... ” Save Style ... l

[ ~,/Apply] [0 Cancel] [ &lok ]

Puc. 4.13: HaCTpOﬁKa OTPUCOBKHU AOPOI' YHUKAJIbHBIM 3HAKOM B 3aBUCUMOCTHU OT THIIa JOPOTU.

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 Puc. 4.14.
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—
—
-

-
Y

Daliwe

Puc. 4.14: Crnoit fopor, OTprCOBAaHHBIN YHUKAIBHBIM 3HAKOM (KJIaCCH(PHUKALIUA 110 THITY JOPOTH).

4.7 Heob6x0aoMMO NOMHUTb

Bbi60p HEOOXOAUMBIX aTPHUOYTOB U CTHJISI OTOOpakeHUs TpedyeT TiaTeabHoro ooaymeiBanus. [lepe tem kak cobu-
paTh Kakue-1u00 MPOCTPAHCTBEHHbIE JaHHbIE, HEOOXOAUMO YOEIUThCsI, UTO Bbl 3HAETE KaKUe aTPHOYTHI HYXKHbI
Y Kak JaHHble OyayT oToOpaxatbesi. Eciu Bbl ommbetech, OyIeT JOBOJIBHO TPYAHO BEPHYTHCS Ha3a/l U BCE mepe/ie-
nate. [TomHHTE, YTO 1eNb cOOpa ATPHOYTHUBHBIX IaHHBIX — MOMOYb B aHAJIM3¢ U MHTEPIPETAIIMA POCTPAHCTBEHHOM
uHpopmarmu. Kak BBl 310 cienaere, 3aBUCUT OT BOIIPOCOB Ha KOTOPBIE HY)KHO OTBETUTh. CUMBOJIMKA TO BU3YaJIb-
HBIH SA3BIK, IOMOTAIOIIHH JTIOASIM HOHATH aTPUOYTH OOBEKTOB, [N HA KCTIOIb3YeMble [IBETA M CUMBOJIBL. [loaTomy
HEoOXOAMMO XOPOIIIO MOAYMATh KaK UMEHHO OTOOPa3UTh OOBEKTHI, YTOOBI KAPTY MOKHO OBUIO JIETKO MOHSATh.

4.8 Yto Mbl y3HaNu?

Ilogseném uroru:
* BekTopHble 0OBEKTH NMEIOT ATPUOYTHI
¢ ATpHOYTH ONHCHIBAIOT CBOICTBA 0OBEKTA
e ArpuOyThl XpaHsTCS B TA0JIHIE
e Crpoku TabJIUIIBl HA3BIBAIOTCS 3AMMCSIME
* B BEeKTOpPHOM CJI0€ OJJHA 3aNHCh COOTBETCTCBYET OJJHOMY OOBHEKTY
e CroJiOus! TaOINLIBI HA3BIBAIOTCA MOJAMM
¢ [lons onuchBaOT cBOiCTBAa 0OBEKTA, HAIIPUMED BBICOTY, IBET KPBIIIH H T.1.
* [lons MoryT coziepkaTh YNCJI0BbIE, CTPOKOBbIE (JIIOOOW TEKCT) JaHHbIE U AAThI
o AtpulyTHl 00BEKTa MOTYT UCIIOJIb30BATHCS JUIsl HACTPOMKH €ro * CHMBOJIHKH
* I'pagynpoBaHHBIi 3HAK IPYNIIUPYET JAHHBIE B IMCKPETHBIE KJIACCHI
* HenpepbIBHBII 3HAK Ha3HAYaET BET OOBEKTY U3 JUara3oHa [IBETOB
* VHHKAJBbHBIA 3HAK COMOCTABISCT KAXIOMY YHUKAJIBHOMY 3HAUCHHIO aTPHOYTA CBOM 3HAK (IIBET M CUIMBOJI)

 Ecni aTpuOyThI CJI051 HE MCTIONB3YIOTCS TIPU €0 OTPUCOBKE, OH 0TOOpakaeTcss 00bIYHBIM 3HAKOM
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4.9 MNMonpobynte camu!

Bor HEKOTOPLIC UJACU 1JIA BaHaHHfIZ

 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 Ta6nuia 4.5 for
an example).

° HOHPOGyﬁTC OIIpeae/INTh KaKOM 3HaK 6y)1€T HCII0JIb30BAaTbCA JIs CJIEAYIOIUX TUIIOB 0OBEKTOB:

— TOYKH, ITOKA3BIBAIOIINE 3HAYCHHE pH rpyHTa, CO6paHHbIe BOKPYT' HIKOJIbI

— JIMHUH, OTOOpaKaIoIIxe CETh IOPOT ropoia

— IIOJIUTOHBI IOMOB € aTPUOYTOM, YKa3bIBAIOIIUM HA MaTepuas (KUpIUY, JePeBO WIH «APYyroi»)

Ta6mima 4.5: Example Feature Types and Symbology

Peanbhbin ~ Tun 3Hak
06bekT reo-
MeT-
pum
@narmrok  Touka  OOBIYHBIN 3HAK
DyT60ITB- IMomu-  OOBIYHBIN 3HAK
HOE ToJie TOH
Tpornmuku  [lonmu-  Tlompocure yyammxcs MOACYMTATh KOJIMYECTBO YIEHUKOB Ha KakJOH TPOIMMHKE Mepes
BOKPYT JMHYSI  HAYaJIOM 3aHSTHH, a 3aMeT UCTI0JIb30BaTh IPaAYHPOBAHHBIA 3HAK YTOObI IOKA3aTh I10-
IIIKOJIBI MYJIIPHOCTb KaXIOW TOPOKKH
Mecra pac- Touka OOBIYHBIN 3HAK
TIOJIOXKEHUS
KPaHOB
Kabunerst  [omu- VHuMKaJbHBIE 3HAYEHHS B 3aBUCHMOCTH OT BO3pAcTa YYalUXcs B KJiacce
TOH
3abop IMomr-  TompocwuTe yYaluxcst OLEHUTh COCTOSTHHE 3a00pa BOKPYT IIKOJIBI, pa30MB €T0 Ha yJacT-
JVHUS KM ¥ OLIGHMB Kak bl yJacCTOK I10 iecATHOAIbHOM mKase. Vicnons3yiite rpagynpoBaH-
HBII 3HaK YTOOBI OTOOPA3UTh COCTOEHUE 3a00pa.
Kabunerst  [Momu- Tlopcuuraiite KOJMYECTBE YIYEHUKOB B KaXIOM KaOMHETE M KCIOJb3ylTe HeNmpephIB-
TOH HBIH 3HAK CO IIKAJIOH OT KPACHOTO K CHHEMY.

4.10 CtomT yyecTtb

Eciu y Bac HET KOMIIBIOTEPA, MOKHO MCIIOJIB30BaTh MPO3PAYHYIO IUIEHKY U hparMeHT KapThl Maciirada 1:500000,
YTOOBI TOKA3aTh Pa3IM4Hble TUITBI CHMBOJIOB. Hanpumep, coBMeCTUTE TIJIEHKY U KapTy, U HCTOJIb3Ys Pa3HOLIBETHBIE
(romacTtepsl 0O6BeIUTE KPacHbIM BCe ropu3oHTaM Hioke 900 M (MM APYrovi BEJIMYUHBI), a 3€JIEHBIM BCE TOPU30H-
Tayu Beie uin paBHsle 900m. IMogymaiite kak nmokasaTh Jpyrue TUIbI 3HAKOB HCIOIB3Ysl TAKYI0 TEXHUKY.

38

FnaBa 4. ATpu6YTbl BEKTOPHbIX AAHHbIX



Gentle GIS Introduction

4.11 [JononHutenbHasa nureparypa
Website: https://en.wikipedia.org/wiki/Cartography

IMoxpo6Hyo nH(pOpMaIHIo 0 padoTe ¢ aTpudyTamMmu BeKTOpHBIX TaHHBIX B QGIS MoxHO HaiiT B PykoBoCTBe MOJTb-
3oBarens QGIS.

4.12 Yto panbwe?

Crienytormuii paszies OyaeT MocBsAIeH onugpoBKe. Mbl Ha IPaKTHKE TPUMEHNM TOJyYeHHBIE 3HAHWSI O BEKTOPHBIX
00BEeKTaxX U UX aTpudyTax, co3/aBasi HOBbIE JaHbIC.
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CospaHve naHHbIX

& Lens: Hayuutbcst co3paBaTh M peJaKTUPOBAaTh BEKTOPHBIE JAHHBIE M MX aTPHUOYTHL.
OcHoBHble OHATHS:  PenakTupoBaHue, orudposka, heads-up, Tabiuia, 6a3a JaHHbBIX.

5.1 0O630p

B 1ByX mpebIyIux pas3jeiaX Mbl MO3HAKOMUJIUCH C BEKTOPHBIMU JAHHBIMU. MBI y3HAIH, YTO BEKTOPHbIE JaH-
HbIE UMEIOT JIBE OCHOBHBIX COCTABJISIONINX, & UMEHHO: TeOMETPHIO 1 aTPUOYTHI. [ eoMeTpusi BEKTOPHOTO 0ObEKTA
OITUCHIBAET ero (hopMy U MOJI02KeHNE, 3 ATPHOYTHI — €ro CBOMcTBa (1[BET, pa3Mep, BO3PAcT, U T.1.).

In this section we will look more closely at the process of creating and editing vector data — both the geometry and
attributes of vector features.

5.2 Kak QGIS xpaHuUT paHHble?

TekcToBbIE MPOIIECCOPEI, IIEKTPOHHbBIE TAOIHIIBI, IpapuiIecKre MaKkeThl 3TO BCE MPOrpaMMBbl, TIO3BOJISIONINE CO3/1a-
BaTh U PeJAKTHPOBaTh IM(ppoBbIe JaHHBIE. Kakgoe mpriiokeHne COXpaHseT JaHHbe B onpeneseHHoM dopMmare.
Hanpumep, rpaduueckuii pesakTpop Ho3BOJISIET COXPAHUTh Balll PUCYHOK Kak . Jpg nszobpaxenue JPEG, Tekcro-
BB peJakTop — Kak . odt JokymeHT OpenDocument umu . doc gokymeHt Word u T.J1.

Just like these other applications, GIS Applications can store their data in files on the computer hard disk. There are
a number of different file formats for GIS data, but the most common one is probably the ,shape file“. The name
is a little odd in that although we call it a shape file (singular), it actually consists of at least three different files that
work together to store your digital vector data, as shown in Tabmmra 5.1.

Ta6muna 5.1: The Basic Files that make up a ,,Shapefile“

PacwupeHne OnucaHue

.shp B aTOM (paiisie XpaHUTCS TeOMETPHsI BEKTOPHBIX OOBEKTOB
.dbf daiin coepKUT aTPUOYTH OOBEKTOB
.shx 3r0 uHAEKCHBIH (ait, nomoramimii [ IC-1priIokeHnI0 HaXOAUTh 0OBEKTHI ObICTpEE.
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When you look at the files that make up a shapefile on the computer hard disk, you will see something like Puc. 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
for that layer. So in the case of the trees layer shown in Puc. 5.1, you would need to give the person trees. shp,
trees.shx, trees.dbf, trees.prjand trees.gml.

@ C:\Program Files',Quantum GIS' gisdata'local N - |E||£|
File Edit ‘iew Favorites Tools Help | s
Q Back - \_) 7 'ﬂ. 7~ Search [{ Folders | = | X n | m'
Address I_} CiiProgram Files\Quanturn GIS\gisdatallocal j Go
Folders X AI
= ) Quantum GI5 |
12 bin .
12 doc E] El
B ) gisdata
1) alaska
I2) ecape trees, dbf trees.prj
2 local
Dsa
Zhitsn
|5 icons
|5 images H
15 include 1
=) lib _lj
| | 4 i H trees,shx LI
|85 objects (Disk free space: 19.0 GE) |2.Dl ME | J Iy Computer 4

Puc. 5.1: @aiinsl, oOpasymonrue shape-gaiin «trees», B (paii;TloBOM MeHeKepe.

MHorue ['MIC-nipunoxeHust Takxe MOIYT XpaHWUTh JaHHbC B 6a3e JaHHBIX. B obuem ciyvae, xpanenue I'MC-
JaHHBIX B 0a3e SBJISETCs XOPOIIMM pelIeHHeM, TakK Kak 0a3a MOKeT XpaHUTb 0OJbIINe 00beMbl TaHHBIX (-
(pexTuBHO 1 MoxeT npenoctasiATh ux ['MC-npunoxenuio oyeHs ObicTpo. Mcrnonp3oBanue 6a3bl JAHHBIX TaKKe
HO3BOJISIET OHOBPEMEHHYIO PabOTy HECKOJIBKUX TOJIb30BaTeN el ¢ OHUM M TeM ke BEeKTOpHBIM ciioeM. Hactpoii-
Ka 6a3bl JaHHbIX Ui XxpaHenus: [ IC-naHHbIX cloKHee uconb3oBanus shape-aiyios, mosTomy B 1oka Mel Oyiem
paccMarpuBaTh CO3/IaHME U peiakThupoBaHue shape-(aiiios.

5.3 lMnaHupoBaHue

IMpesx/e yem co3[aTh HOBBIA BEKTOPHBII CJI0W (KOTOpHIN OyaeT XpaHuThest B shape-(aiine), He0OX0MMO orpejie-
JIUTBCSL C TUIIOM T€OMETPUM CJIOs1 (TOUEYUHbIN, JIMHEWHBIN MM TOJIMIOHAJIbHBIN), a Takxke ¢ HaOOpOM aTpuOyTOB.
YToObI OBLTO MOHATHEE, PACCMOTPUM HECKOJIBKO PUMEPOB.

5.3.1 MNMpumep 1: Co3paHue TypmcTMYECKOMN KapThbl

ITpencraBbTe, YTO BBl PEIIMJIM CO3AATh XOPOIIYI0 TypPUCTHUYECKYIO KapTy Ballero pernoHa. Bl pemmm, 9To 3T0
JOJDKEH ObITh JIUCT Tororpaduueckoi kaptel Macirabda 1:50000 ¢ HaOKEHHBIMU MapKepaMu, OTMEUAIOIIUMH UH-
TepecHsle TypucTaM Mecta. CHavasla MogymMaeM O reoMeTpur. Mbl 3HaeM, UTO BEKTOPHBIH CJION MOKET COZIEpXKaTh
TOYKH, JIMHUY WM MOJUIOHBL. YTO Xe BHIOpaTh AJIs HAIlleH TYPUCTUYECKON KapThl? MOXHO HCHOJIb30BaTh TOUKH, €C-
JIM MBI XOTMM OTMEYaTh OIpe/ie/IeHble MeCTa, HallpuMep, 0030pHbIE TUIOIIAIKY, MEMOPHUAJIbI, MECTA CPaKeHUI 1 T.I1.
Ecnm MBI XOTHM IIPOBECTH TYPUCTOB IO MapLIPYTy, HAIIPUMEP JKMBOITMCHOMY MapIIPYyTy Yepe3 TOpHHIA Hepesal,
BO3MOXXHO, CTOUT UCIOJIb30BaTh NOMIMIMHMK. Hy a ecim Heo6XoMo mokasarh Hessle 00J1acTy, MpeJCTABIISIONITe
MHTEpec U1 TYPUCTOB, TAKKE KaK 3allOBEAHHUKH, TO TIOJUTOHBI OyIyT XOPOLINM BHIOOPOM.

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 Puc. 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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Puc. 5.2: Typucriueckas kapta. Mbl HCIIOJIB30BaJIM TPH Pa3HBIX TUIIA TEOMETPHH YISl IPABUILHOTO OTOOpaKEeHNU ST
Pa3IMYHBIX OOBEKTOB, YTOOBI JaTh MOJIB30BATENSIM BCIO HEOOXOAUMYI0 HH(MOPMALHIO.

5.3.2 Mpumep 2: Co3paHue KapTbl 3arpA3HeHNn peku

Eciu Bbl XOTHTE 3aMEpUTh YPOBEHb 3arpsi3HEHHsI BIOJIb PEKH, Bbl OyleTe IBUraThCs IO peKe Ha JIOJKE WM MATH
B10JIb OeperoB. Uepe3 paBHbIe IPOMEXKYTKH Bbl OyJJeTe OCTaHABIMBATHCS U MPOBOJIUTH Pa3jIMUHbIE U3MEPEHHS], Ta-
KM€ KaK yPOBEHb PaCTBOPEHHOI'O KHCJIOPOA, YKCIIO OAaKTEpHiA KUIIEYHON NMAJIOYKH, YpoBeHb MyTHOCTU 1 pH. Bam
TaK’ke He0OXOJMMO OTMeuaTh CBOE MOJIOXKEHUE Ha KapTe WM 3alMChIBaTh €ro ¢ IoMompio mpueMHnka GPS.

Jns XpaHeHHs, COOpaHHBIX TaKMM 00pa3oM, JaHHBIX B ['MIC-IpuiioskeHUH BBl CKOpee BCEro CO3IaTUTE TOYEUHBIH
cioii. Mcnosib30BaHue TOUEK B JAHHOM Cllydae UMeeT CMBICH, T.K. Kakblil oOpasel ObLI IOIy4YeH B ONpesieIeHHOM
MecTe.

For the attributes we would want a field for each thing that describes the sample site. So we may end up with an
attribute table that looks something like Ta6mmma 5.2.

Taomuma 5.2: River Attributes

SampleNo pH DO CB Turbidity Collector [Hata

1 7 6 N Huskasa Patience 12/01/2009
2 68 5 Y Cpennsais  Thabo 12/01/2009
3 69 6 Y Bricokas  Victor 12/01/2009

Drawing a table like Tabmuma 5.2 before you create your vector layer will let you decide what attribute fields
(columns) you will need. Note that the geometry (positions where samples were taken) is not shown in the attribute
table — the GIS Application stores it separately!
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5.4 CospaHue nycrtoro shape-cpavna

Iocrne Toro Kak B ONPEETHINCH C TeM, Kakue 00BeKTH OyayT nepeHocuThest B I YIC, BRIOpai NOAXOASIIMIA THTT
reoMeTpUM 1 Ha0Op aTpUOYTOB, MOKHO TIEPEXOAUTD K CIIEIYIOIIEMY IIary — CO3/aHHI0 TycToro shape-caiina.

The process usually starts with choosing the ,,new vector layer option in your GIS Application and then selecting
a geometry type (see Puc. 5.3). As we covered in an earlier topic, this means choosing either point, polyline or
polygon for the geometry.

() New Yector Layer 2=

File Formmak ESRI Shapefile |~
Type
® Foink Line Falygaon
Akkributes
Mame (| |
Twpe String A

Marme Type |
Tvpe Skring
MNokes Skring

Help (o] 4 Cancel

Puc. 5.3: JI14 co3paHus HOBOTO BEKTOPHOTO CJI0SI HEOOXOMMO BCETO JIUIID 3all0IHUTL HeOoublyio hopMy. CHavasia
BBIOMpAETCs TUIT TEOMETPHH, A TTOTOM 100aBIISIIOTCS aTPUOYTHI.

Next you will add fields to the attribute table. Normally we give field names that are short, have no spaces and
indicate what type of information is being stored in that field. Example field names may be ,,pH®, ,,RoofColour®,
»RoadType* and so on. As well as choosing a name for each field, you need to indicate how the information should
be stored in that field — i.e. is it a number, a word or a sentence, or a date?

KommnboTepHbIe TporpamMMel, Kak MpaBHJIo, Ha3bIBaIOT MH(OPMAIINIO, COCTOSIIYIO U3 CJIOB WJIM IIPEJIOKEHHH, CTPO-
kamu. [loatomy, eciim BaM HEOOXOOUMO XPaHUTh YTO-TO BPOJe HA3BAHWS YJIHLBI WM PeKH, BeIOUpaiite «String» B
KayecTBe THUIA JAHHbIX.

The shapefile format allows you to store the numeric field information as either a whole number (integer) or a
decimal number (floating point) — so you need to think before hand whether the numeric data you are going to
capture will have decimal places or not.

The final step (as shown in Puc. 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
= S0k_roadsoutline.qml = elevation_pl000.shp =) kouris
= S0k_spothgt.dbF | elevation_pl000.she = touris
= 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 -

&

Puc. 5.4: Tlocne onpenesneHus reOMETPUM ¥ aTPUOYTOB HOBOTO CJIOSI, €r0 He0OXOJUMO COXPaHUTh Ha JUCK. Shape-
(aiinam xenatesbHO AaBaTh KOPOTKUE, HO OCMBICTIEHHbIE UMEHA.

IMonsenem urtorn. Jjis cosnanus shape-gaiina HeOOXOIMMO OIPEIETUTHCS C TUTIOM TEOMETPHH, 3aTEM CO37IATh OTHO
WM HECKOJTBKO TOJIEH aTpUOYTHBHOM TaOJIUIIBI ¥, HAKOHEII, COXPaHUTh (paill Ha JMCKE MO/ IOHATHBIM UMeHeM. Kak
nBa Oaiita nepecnarh!

5.5 [obaBneHue paHHbIX B shape-chann

IMoka MbI co3atu ToJbKO MycToii shape-aiin. Teneps HauHeM pepakTrpoBaHue shape-caiina, BHIOpaB MyHKT «Ha-
YaTh PelaKTUPOBAHUE» B MEHIO HJIM HaXaB COOTBETCTBYIOIIYIO KHOMKY Ha NMaHeJM MHCTPYMEHTOB. Shape-caiisisl o
YMOJTYAQHHUIO OTKPBIBAIOTCS B PEXXUME «TOJIBKO UTEHHE» UTOObI TPeJOTBPATHTD CIIydaiiHOe U3MEHEHUEe WK yIAJICHHe
naHHbIX. [lociie mepexona B peskuM pelaKTHPOBaHUs MOXKHO J0OaBIIATh JaHHble. Co3naHue 3anucy B shape-daiine
YCJIOBHO pa30MBaeTCs Ha [Ba Iara:

1. co3maHMe reoMeTpun
2. BBOA aTpHOYTOB

Hpouecc CO3aHr TEOMETPUN UMEET CBOU 0COOEHHOCTH B 3aBICUMOCTH OT TOro, 4To C03IlaéTC$IZ TOYKH, JIMHUHU U
IOJIMTOHBI.

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 Puc. 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!
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Twpe (kbxt) [Laok Ot Poink

Motes (bxk) |'l.-'iew of the lake|

o I [ Cancel

Puc. 5.5: Tlocne cozaanust TOUKH, BaM OyZIeT MPEAJIoKEHO 3a1aTh e€ aTpuOyThI. Juaor BBojga aTpuOyTOB CTPOUTCS
Ha OCHOBaHMH MH(pOpMAaLy 00 aTpulyTax, YKa3aHHOH IpU CO3AHUH BEKTOPHOTO CJIOS.

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 Bexmopruie dannwie 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 Puc. 5.6.

& Quantum GIS - 1.0.2-Kore _. — |E| il
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B %\ 50k_roads
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U HIKING TRAIL
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. SECONDARY ROAD
STREET
i TRACK FOOTRATH
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Puc. 5.6: Co3nanue JMHUMA 1715 TYpUCTUYECKOW KapThl. [Tpy pelakTMpOoBaHUY JIMHEHHOTO CJI0S Y3JIbl OTOOpaXaloTcs
B BUJIE KPYIIIBIX MapKepoB. [Ipy He0OX0IMMOCTH UCIIPaBUTh TEOMETPHIO JIMHKH, Y3JIbl MOXHO JIBUTaTh MbILIbI0. [1pn
CO31aHMHU HOBOM JIMHUM (IIOKa3aHa KPACHBIM), KaXIbIH IIEITIOK MBIIIH J00ABJISIET HOBBIN y3€J1.

Korza co3aanue JIMHUM 3aKOHYEHO, MCIOJIb3yHTe MPaBYK) KHONKY MBIIIM, YTOOB! 3aBEpIIUTh PEAAKTUPOBAHHUE.
Kak u B ciiydae co3maHus TOUKH, TIOCJIE STOrO MOSBUTCS AUAJIOT BBOJA aTpUOyTOB HOBOrO OOBEKTA.
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C03,[13H1/le MOJHUIroHa BO MHOI'OM ITOXOXXE Ha CO3JaHUEC IOJHUJIMHKH, 3a UCKIIIOUCHHUE TOI'O, YTO HCO6XOZ[I/IMO nuc-
MOJIb30BaTh UHCTPYMEHT CO3AaHMs ITOJIMT'OHA. B IpoHecce Co3aaHus IMOJIMIoHa Bbl YBUAUTE, YTO FI/IC-HpI/UIO)KCHI/IC
BCErjaa Co3/1aeT 3aMKHYTYIO 00J1aCTh.

Jnst noGaBieHKsI HOBOrO 00BEKTA MOCJIE IIEPBOro, MPOCTO emé pa3 IMIeJKHUTE 10 KapTe HHCTPYMEHTOM CO3/IaHUs
TOYKH, JINHAY WJIH TTOJIMTOHA U PUCYHTE HOBBI OOBEKT.

I[Mocse Toro Kak Bce 0OBEKTHI CO3aHbl, YOEAUTECh, YTO BbI OTKJIIOUMIIN PEKUM PEIaKTUPOBAHUS HAXATUEM Ha CO-
OTBETCTBYIOIIYIO KHOMNKY MaHeau MHCTpyMeHTOB. [Tpu atom [ MC-nipunoxeHrie COXpaHUT CO3/1aHHbIe BaMU JaHHBIE.

5.6 dkpaHHas oumchpoBKa

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 Puc. 5.7.
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Puc. 5.7: DxpanHas onudpoBKa ¢ UCHOJB30BAHUEM CITyTHUKOBOTO M300paXeHHsI B KaueCTBe MOMANIOXKH. VI300pa-
JKEHHE UCTIONb3YEeTCsl B KAYECTBE OCHOBBI, [0 KOTOPO# BHITIOJHSECTCS TPACCHPOBKA JIMHUIA.

5.7 OuudopoBKka c Ucrnosb3oBaHNEM rpacouyeckoro nnaHuwera

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 Puc. 5.8.
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Puc. 5.8: I'pacpmueckuii manmer u maitda ucnosbsyores ['MC-npodeccnonanamu npu orudpoBKe 0OBEKTOB €
CyLIECTBYIOIIHX KapT.

5.8 Mocne ouncpoBKN 06HEKTOB...

Iocne Toro, Kak Bce 0OBEKTH OLM(MPOBAHBI, BbI MOXKETE PUMEHUTH TIOJyYEHHBIE paHee 3HaHWS [Vl HACTPOUKHU
oToOpaskeHus CI0EB. BEIGOp MoaxoasImero oToOpakeHus JaHHBIX TOMOKET BaM JIy4llle IIOHATD UX.

5.9 YacTtble olUMOKM / O YeM CTOUT MOMHUTDb

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 Puc. 5.9.

Puc. 5.9: BaxHOCTb UCIIOJIb30BaHUsI MPABWIBHO MPHUBSI3aHHBIX U300paXeHUil Mpu SKpaHHOU orpidpoBke. Ciesa
HAXOJUTCS MPABUIILHO MPUBSI3aHHOE U300paxeHue, 00BbEKTHI CIOosI I0POTr (IOKA3aHbI OPAHKEBbIM) XOPOIIO COBMe-
MIAITCS ¢ MOAIOKKOM. Ecn n3o0paxeHne NpuBsI3aHO HEMTPaBUJILHO (KaK Ha PUCYHKE CrpaBa) OObeKThl He OyayT
coBMeratbest. Emig xyxe, Koraa 3To n300pakeHne UCTob3yeTcst it OUUGPOBKU HOBBIX OOBEKTOB, BE/lb CO3/aH-
Hble 00BEKTHI OyIyT HENPABUIILHBIMU |

Takxe crout IIOMHUTDH, 4TO HCO6X0)II/IMO YyCTaHaBJIUBATb HpaBI/IJ'I])HHﬁ MaCIHTa6, YTOOBI NOJIy4a€Mbl€ BEKTOPHbBIC
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00BEKTHl MOXKHO OBUIO MCHOJIB30BaTh. Kak ObLIO MOKa3aHO B MPeAbIAYLIEM pa3Jiesie, BHIIOIHATh OLU(POBKY B Mac-
mrade 1:1000 000 a1 nanpHeMIero UCHoab30BaHus JaHHbIX 1py Maciitade 1:50 000 He camast Jiydinas uaesl.

5.10 Yrto MbI y3HanNn?

IMoaBeném urorn:

* OmucppoBKa 3710 npolecc COXpaHeHus HHPOPMAIUKM O FeOMEeTPHH 1 aTPUOYTAX 00bEKTa B U(PPOBOM
¢popmare Ha AyCKe KOMITbIOTEpA.

e I'IC-faHHBIE MOTYT XpaHUThCS B 6a3e NaHHBIX WK B (hailiax.

* Hawuboree pacnpoctpaneHHbM hopmatoM siBiisieTcst shape-cpaiii, KOTopblii Ha caMOM JieJie COCTOMT M3 TpeX
1 6oJee ¢aitos (. shp, .dbf and . shx).

* Tlepen cozmaHneM HOBOTO BEKTOPHOTO CJIOSI HEOOXOIMMO OIPEIETUTHCS C €r0 reoMeTpHei 1 HabopoM aT-
puoyTOB.

¢ T'eoMeTpust MOXET OBITh TOUCUHOM, TMHSHHON MJIH TIOJIMTOHAJTBHOM.

e ArpuGyThl MOTYT MMETh TUI integer (1iesble urcna), floating point (miaBaomas Touka), string (crpoka) uim
date (maTa).

* Tlporecc ouuppoBKM MOKHO pa3OHUTh Ha PUCOBAHME FEOMETPUM Ha KapTe M BBOJ aTpHOyTOB. DTH IIaru
MOBTOPSIIOTCS U151 KAKJOr0 00bEKTa.

° aKpaHHaﬂ oumbpomca YacTO UCHOJIb3YETCA IJId YIIPOLICHUA OPUECHTUPOBAHUA IPU OI_II/I(l)pOBKG " UCIIOJIb-
3YET pacTp B Ka4€CTBC MMOAJIOKKHU.

¢ TIpoceccuonanbusie monp3oBaTean ['VIC nHOrIa HCoNb3yI0T rpadpuye cKui IVIAHIIeT JTs IOy IeHIS TaH-
HBIX C 6yMa)KHLIX KapT.

5.11 MNMonpobywnte camu!

Bor HEKOTOPLIC UJAEU 1A 3aHaHHfII

» CocTaBbTe CIIMCOK OOBEKTOB BOKPYT ILIKOJIbI, KOTOpPBIE ObLIO Obl MHTEpecHO oumdpoBars. Hanpumep, rpa-
HHMIIa [IKOJIBI, PACIIOIOKEHNE TOKAPHBIX [IMTOB, KAOWHETH! M T.J. [locTapaiitech MCIONb30BaTh PA3IMYHbIC
THIIBI TEOMETPUH. 3aTeM pa30eiiTe yJaluxcsi Ha TPYIIbl ¥ KaX/IOU rpyIie BblAaiTe 0ObeKThI 151 OLUGpOB-
ku. [TorpocuTte nx HACTPOUTH OTOOPAKEHHE MOTYyYEHHBIX CIIOEB, YTOOBI OHU ObLIN OoJiee NH(POPMATUBHBIMU.
Hcnosnb3yiite €104, MOATOTOBJICHHbIE BCEMU I'PYIIIAMHU, JUTIsl CO3AaHKsl KApThl IIKOJIBI U €€ OKpecTHOCTEN !

* Haiinute peuky 1 BO3bMUTE ITPOOBI BOJIBI BAOJB €€ TedeHHs. TiaTeabHo 0003HaYbTe MecTa B3SITHS IPOO Mpr
nomot GPS wim orMedasi mosioxkeHue Ha Tororpadpudeckor Kapte. s Kaxaoro oopasia u3MepbTe psij
napameTpoB, Haripumep pH, ypoBeHb pacTBOPEHHOTO KUCJIOpoa U T.11. BHecute coOpanHbie nanHbie B I 1C-
NPWIOXEHNE U CO3JaliTe KapTy Mpo0, UCHOJIb3Ys NOAXOIANLYI0 CUMBOJIMKY. MoOKeTe Ji Bbl OIPEeeuTh 10
Hel npodsiemHble yuacTki? Criocob6cTBoBaIO Jiu 9ToMy Hcnosb3oBanue I VIC-nipuiioxenusi?

5.12 CtouTt yyecTtb

Ecim y Bac HeT KOMIbIOTEpPa, MOKHO MCIOJIB30BaTh IPO3PAaYHyI0 IUIEHKY | JIMCT Oymaru. Mcnosnb3yiite pacrneya-
TaHHBIA a39PO(OTOCHUMOK, OpPTO(OTO MM CIYTHUKOBOE M300pakeHHe B KauecTBe MOIoXKKU. Ha nmcre Oymaru
HApUCYIiTe MyCTYIO TaOJIHIly U MOJNUIIKMTE HA3BaHUSI CTOJIOIIOB /IS KaX/I0ro arpulyTa. 3aTeM 0OpHCYiiTe reoemMer-
puHM 00bEKTa Ha MPO3PAYHOM IJIEHKE ¥ IPOHYMepyiTe uX. Teneppb BIUIIKMTE STH HOMEpa B MepBbIi cTo0e1] BalleH
TaOIMIB M 3aTI0JIHUTE JPYTUe CTOJIOLBI AOTIOTHUTEIbHOM MH(pOopMayei.
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5.13 [ononHutenbHas nureparypa

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

5.14 Yrto panbwe?

B cnenyiomem paszene Mbl IO3HAKOMHUMCS C PACTPOBBIMH JaHHBIMH 1 Y3HaeM Kak OHM uctiobaylorest B TUC.
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PacTpoBble gaHHble

& Llens: O3HAaKOMUTBCS C paCTPOBBIMU JJaHHBIMU U UX ucnosb3oanueM B ['NC.
OcHoBHBle TO-  Pactp. muKcesn, JUCTAHIIMOHHOE 30HAMPOBAHUE, CIIYTHUK, U300pakeHUe, reorpa-
HATUSA: (prueckast mpuBsA3Ka

6.1 O630p

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 Puc. 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
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Puc. 6.1: Pactp coctout u3 CTpok (MIyT ClieBa HAMPABO) U CTOJOIOB (MAYT CBEPXY BHH3) MHUKCENIeH (WU s4yeek).
Kaxaplii MIKcesb COOTBETCTBYET reorpaduecKoil 00JIacTH, a ero 3HaueHne 0TpaxkaeT HEKOTOPYIO XapaKTEePHCTHKY
9TOH 00JIaCTH.

6.2 Moppo6bHO 0 pacTpOBbIX AAHHbIX

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
Puc. 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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Puc. 6.2: Hekotopble 00beKTH 1aHAmagTa JIerko NpecTaBUTh B BUE TOUEK, JIMHUAN 1 TIOJIMTOHOB (Harpumep, je-
peBbs, IOpOrH, ioMa). B ipyrux ciyvasx ato 3arpyaautesnsHo. Hanpumep, kak rpejcraButs nostsi? B Buae nomuro-
HOB? A Kak Torza ObITh C pa3JIMYHBIM LBETOM TpaBkl? B ciyuae, eci TpeGyercst 0ToOpa3uTh OONbIINE IIOMAIHBIE
OOBEKTHI C HEMPEPHIBHO MEHAIOIMMHUCS 3HAYEHUIMH, JTy4dllle BCErO UCI0JIb30BaTh PacTpPBL.

Pemenriem 3Tux npo6ieM sIBJISETCS HMCIOb30Baue PacTPOBBIX AaHHBIX. MHOTHE MCTIOJB3YIOT PacTpOBHIE JIAHHBIE
B KauecTBe MOJIOKKH T0]] BEKTOPHbBIE CJIOU, YTOOB! YIYUIIHMTh BOCHIPHSTHE COAEpKAIIEeHCS B HUX HH(OPMALIIH.
YenoBevecKuii I1a3 04eHb XOPOIIO PACHIO3HAET 00pas3bl, MO3TOMY HCIIOJIB30BAHME N300PaKEHHs 110 BEKTOPHBIMU
JaHHBIMH JieJIaeT KapThl 60Jiee NOHATHBIMH M yI000UUTaeMBbIMU. PacTpoBble JaHHBIE XOPOLIO IOOXOAT HE TOJIBKO
JU1s1 1300paskeHUd peaslbHOM MOBEPXHOCTH (HAalpUMep, CIyTHUKOBbIE N300paXeHus WM a3podOTOChEeMKa), HO U
JUts1 oToOpakeHust abcrpakTHor uHpopMarmu. K npumepy, pacTp MOXKeT MCIOJIb30BaThCs ISl BU3YaIM3aly TeH-
JEHIIUM OCaJKOHM Ha IMPOTSDKEHWH Tojia, WIHM U1l OTOOpakeHHsI BEPOSTHOCTH MOkapa. B Takmx ciyuasx Kaxkngas
sIYerKa pacTpa COIAEPKHUT HEKOTOPYIO BEJIMUMHY, HAIPUMEP BEPOSTHOCTh BOSHUKHOBEHHSI TT0kKapa 0 AecAaTHOAb-
HOM IIKaJe.

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

© QGIS 2009

Puc. 6.3: TlonHOIBETHBIE PACTPBI (CJIeBa) MOJIE3HbI, TAK KaK MO3BOJISIOT YBUAETh JETAJN, KOTOPbIE TPYAHO OTOOpa-
3UTh B BUJE BEKTOPHBIX OOBEKTOB, HO JIETKO pa300paTh Ha pacTpe. PacTpel Takske MOryT oToOpakaTh He (oTorpa-
(puveckyio naopmanmo. HarpriMep, pacTpoBblil €J10# CpaBa MOKa3bIBAET CPETHION MUHUMAIBHYIO TEMIIEPATYPY
B Bocrouno-Kanckoii npoBrHIIMY B MapTe.
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6.3 lNeorpachuueckasi npmesiaKka

I'eorpaguueckas npuBs3Ka 3TO MPOLECC ONpe/iesIeHns] TOYHOTO PACIOJIOKEHUs pacTpa Ha MOBEPXHOCTH 3eMitd. DT1a
nH(pOpMaLKsa XpaHUTCs BMecTe ¢ camuM n3oopaxeHneM. Korna I'MIC-nipuiioskeHre OTKphIBa€T CHUIMOK, MH(OpMA-
1M O MPUBSZKE MCIIONB3YETCs IS TOTO, YTOOBI CHUMOK OTOOpasuicsl Ha cBoeM MecTe. OOBIYHO MPUBSI3Ka BKIIIO-
YaeT B ce0s1 KOOPAMHATHI JIEBOTO BEPXHEro MUKCEsl H300pa)eHus1, pa3Mep MHUKCeleld n300paxeHus Mo BbICOTe U
IIMpHHE, a TaK>Ke YIJIe HOBOpoTa (eciu oH ecTh). [ IC-npriIoke o JOCTaTOYHO 3TOH MHGOpMaIMK YToOb! 0Oece-
YUTb MTPABUIILHOE OTOOpakeHNe pacTPOBBIX JaHHBIX. YacTo nH(popManus o reorpadpuyecKoi NpuUBsI3Ke COACPKUTCS
B HEOOJIBITIOM TEKCTOBOM (paiijie, COMPOBOKIAIOIIEM PaCTp.

6.4 CTOYHMKM paCTPOBbIX AAHHbIX

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 Puc. 6.4. The process of capturing raster data from an aeroplane or satellite is
called remote sensing.

Puc. 6.4: Llentp kocmuueckux uccieposanuii CSIP B Xaprebectxyke 6:u3 MoxannecOypra. CrienrianbHble aHTEHHbI
OTCJICKUBAIOT MTPOXOJISIIIE HA/l IIEHTPOM CITYTHHKHM ¥ TIOJIyYaIOT C HUX U300paXeHUs! TOCPECTBOM PaIMOBOJIH.

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 Puc. 6.4). In these cases,
they will often use raster analysis techniques such as interpolation (which we describe in Topic /Ipocmparcmeeniviii
ananuz (UHMepnonsyus)).

WHorna pacTpoBble JaHHBIE CO3AIOTCS U3 BEKTOPHBIX JAaHHBIX, T.K. BJajesiel] 9TUX JaHHBIX MOXET 3aXOTeTh pac-
MPOCTPaHSATh MX B YI0OHOM JyIs1 Mciofib3oBaHus (hopmare. K npumepy, kKomnanust umeronias HHGopmaiuio o6 aB-
TOJIOpOTraXx, XkeJIe3HOM JOopore U KaJacTPOBbIX YUacTKaX B BEKTOPHOM BHJIE, MOXKET CO3[aTh PACTPOBYIO BEPCHIO ITUX
HaOOpOB, YTOOB! COTPYIHUKHM MOIJIM IIPOCMATpHBaTh UX B BeO-Opaysepe. B GONBIIMHCTBE CllyyaeB TaKOH MOAXO
MMeeT CMBICJI TOJIBKO €CJIA aTpUOYTHI, HEOOXOIMMBIE MOJIb30BATEIISIM, MOTYT OBITh OTOOpaXEeHBI Ha CaMO KapTe B
BHJIe NOJIMCEN WM YCIOBHBIX 3HaKOB. Ecny ronp3oBaTestio Heo6X0quMo paboTaTh C aTpUOyTaMM JaHHbIX, UCIIOJIb-
30BaHUE PAcTPOBBIX (hOPMATOB HE JIyUIIUii BHIOOP, T.K. PACTPHI B MOJABAIOIIEM OOJIBIINHCTBE CIIyYaeB HE UMEIOT
CBSI3aHHBIX C HUIMH aTpUOYTOB.
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6.5 MpocTpaHCcTBEHHOE pa3peLlleHue

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 Puc. 6.5) and then zoom in to a large scale (see Puc. 6.6).

STEYTLERVILLE

Puc. 6.5: CniytHHKOBOE M300pakeHHe BHIISIANT XOPOIIIO HAa MEJIKUX MacliTadax. ..

Puc. 6.6: ...HO IIPpH YBEJIMYCHUU MOKHO Pa3MIAACTb OTACIbHBIC ITUKCEIIN, U3 KOTOPBIX COCTOUT PACTP.

ITpocTpaHCTBEHHOE pa3pelleHUe ONpeesieTcsl HECKOIBKUMU (hakTopaMu. B citydae TaHHBIX JUCTaHIIMOHHOTO 30H-
JMPOBaHUS, IPOCTPAHCTBEHHOE pa3pellieHre OOBIYHO OIpeeIAeTCs BO3MOXKXHOCTAMU CEHCOPa, UCIIOJIb30BaBIIETOCs
JUIs1 TToJtyueHus nzoopakenus. Hanpumep, criytaiku SPOT MoryT BelaBaTh M300pakeHUs Iie KakJOMy HKCEJTIo
COOTBETCTBYIOT y4acTok pasmepoMm 10 m x 10 m. dpyrue cytHukn, Hanpumep MODIS, dopmupyior msobpasxe-
HUA ¢ paspemenueM 500 M Ha mukcens. [Ipu aspodoTtocsemke, paspemerre B 50 cM. He Takas YK M PeIKOCTb.
N3006paxeHusi, y KOTOPbIX MHUKCEJISIM COOTBETCTBYET MAJICHbKHE YUaCTKHM MOBEPXHOCTH, HAa3bIBAIOTCS CHUMKAMM
BBICOKOTO pa3pemieHusi, T.K. HA HUX MOXHO pa3nisiieTs Ooblie getaned. M300paxkeHus, y KOTOPbIX MHKCEISAM
COOTBETCTBYET OOJIbIIIME YIACTKH OBEPXHOCTH HA3BIBAIOTCS CHIMKAMHI HU3KOT0 Pa3pemeHnsi, T.K. KOJIMYECTBO
JeTajell Ha HMX BechbMa MaJio.

B ciryyae pacTpoBBIX JaHHBIX, TOJYYEHHBIX IIPH TOMOIIM IPOCTAPHCTBEHHOTO aHaIM3a (KaK B YHOMSHYTOW BBIIIIE
KapTe OCaJIKOB), MPOCTPAHCTBEHHOE pa3pellieHne CHUMKA OTPeJIeNsieTCs ITIOTHOCTBIO MCXOAHOM nH(opmarmu. Tax,
eciim TpebyeTcsl Co3JaTh KapTy OCaJIKOB BHICOKOTO pa3pellieHus], HEOOXOAMMO MOJIYYUTh JaHHbIE ¢ OOJIBIIOTO YHCIa
OJIN3KOPACTIONIOKEHHBIX TIOTOJJHBIX CTAHIIUI.

[Tpu MCNONIB30BAaHNH JaHHBIX BHICOKOTO pa3pelleH s HEOOXOAUMO YUUTHIBATH TPEOOBAHMS K IMICKOBOMY NPOCTpPaH-
ctBy. IIpencraBbTe cede pacTp pasmepoM 3 X 3 MUKCest, KaXKAbIA U3 KOTOPBIX COIEPKUT YKCIIO, OTpaxaioliee ypo-
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BEHb 0CaAKOB. [l XpaHEeHUs1 3TOW MH(POPMAIA HAM HEOOXOIMMO COXPAaHWTh B MAMATH KOMITbIOTEpa 9 urcel.
Temneps mpeAcTaBbTe, YTO BaM HykeH pacTp Ha Teppuropuio FOxHo# Adpuku ¢ paspemienneM | KM Ha MHUKCENb.
Inowmaae FsxHoi Adpuku npumepHo 1,219,090 km 2. D10 3HAUMT, YTO BALI KOMIIBIOTED JOJIKEH COXPAHUTH Ooiee
MIJUIMOHA YKCesl Ha AUCKE. YMEHbIIEHE Pa3MepOB IMKCEsI 3HAUMTEbHO YBEINYMBAET HOTPEOHOCTh B IMCKOBOM
MIPOCTPAHCTBE.

Sometimes using a low spatial resolution is useful when you want to work with a large area and are not interested
in looking at any one area in a lot of detail. The cloud maps you see on the weather report, are an example of this
— it’s useful to see the clouds across the whole country. Zooming in to one particular cloud in high resolution will
not tell you very much about the upcoming weather!

C apyroii CTOPOHBI, HCTIOJIb30BaHNWE HU3KOJETAIBHBIX PACTPOB MOKET OBITH HEOTIPABIAHHBIM, €CITH BAC HHTEPECY-
€T OTHOCHTEJIbHO HeOOJIbINast 00JIaCTh, T.K. B 9TOM CJIydae Bbl CKOpee BCETrO He CMOXeTe PACCMOTPETh OTIE bHBIE
OOBEKTHI.

6.6 CnekTpanbHoe pa3pelueHune

Korga B menaete cHUMOK 1U(POBOI (PpOTOKAMEpOl WM KaMepoil MOOWIBHOTO TeledoHa, KaMepa UCIOIb3YeT
CrIelMaJIbHBIN CEHCOP IS BBIIGJIEHHS] KPACHOTO, 3€JIEHOrO M CHMHEro 1BeToB. [Ipy mevaTtn mim BIBOJE Ha 9KpaH,
KpacHasi, 3enieHasi u cunsist (RGB) cocransiioniye 00beAMHSIOTCS U Bbl BUanTe n3o0paxenue. [loka nHpopmarust
ocTaércs B U poBoit (hopme, STU TPH COCTABIISIONINE XPAHATCS B OTIEJIBHBIX KaHAJAX.

XOT# Halll I71a3 MOKeT BOCIIPUHUMATh TOJIbKO BOJIHBL, C JUIMHOH COOTBETBTBYIOLIEH 1iBeTaM RGB, a51eKTpoHHbIE CeH-
COpBI KaMep CIOCOOHBI YJIaBJIMBaTh M3JIyUYeHHs, HEBUIUMbIE I71a3y. Pasymeercsi, 00braHON (poTOKamepe HET HEoO-
XOJIMMOCTH COXPaHATh MH(OPMALMIO O HEBHAUMOM YacTH CIIEKTPa, TaK Kak OOJBIIMHCTBO JIIOAEH MPOCTO XOUeT
cMoTpeThb Ha (oTorpaduu cBoei cobaky WM 4TO TaM y Bac CHATO. PacTpoBble H300paxeHHs, colepikaliye JaHHbIe
0 HEBWJIMMON YaCTH CIIEKTPa HA3bIBAIOTCS MYJIbTUCHIEKTpaIbHbIMU n300pakeHussmu. B I'MIC ucnonb3oBaHue HEBU-
JUMOM YacTH CHEKTpa HAXOAUT LIMPOKOe MPUMEHEHNe, HallpUMep, UCTIOb30BaHKe MH(MPaKPaCHOM YyacT CHEeKTpa
TIOJIE3HO MTPY UICHTU(MDUKAIIMN BOJHBIX OOBEKTOB.

Tak Kak pacTphl ¢ HECKOJIBKUMH KaHaJIaMH MIPoKo npumMeHstiotcsi B TYIC, pacTpoBbie JaHHBIE 09EHPYACTO MTOCTAB-
JISIIOTCSL B BUJIE MHOTOKAHAJIBHBIX M300paxeHuid. Kakaplii kaHan sBistecs otaenbHbM ciioeM. [IC oGbenunsieT
JII0ObIe TPH KaHaIa ¥ MHTEPIPETUPYET MX KaK KPACHbIN, 3eJIeHbI U CUHHI, TaK YTO YEJIOBEYECKUH Ila3 MOXKET UX
BOCIIPUHMMATh. YKC/I0 KaHAJIOB pacTpa Takke Ha3hlBAlOT CHEKTPaJbHBIM pa3pelieHueM.

Ecmi n300pakeHne COCTOMT TOJNBKO W3 OJHOTO KaHalla, FOBOPST, YTO 3TO H300pakeHHe B OTTEHKaX CEPOro.
Takue pacTpsl MOXKHO «PacKpallnBaTh», YTOOBI MOAYEPKHYTh PA3IMyYMsd B 3HAYCHUSAX IHKcesel. PackparieHHble
n300pakeHns1 OOBIYHO Ha3bIBAIOT IICEBAOLBETHBIMH.

6.7 MNpeobpa3oBaHue pacTpa B BEKTOP

Korga mbl paccMmaTprBaii BEKTOPHLIE JaHHBIC, OBLIO CKa3aHO, YTO paCTpPOBbLIE JaHHBIE YaCTO MCIIOJIb3YIOTCA B Ka-
YECTBEC NOAJIOXKKH, 10 KOTOpOfI 3aTEM BBIIIOJIHACTCA OIII/ICprBKa BEKTOPHBLIX 00OBEKTOB.

JpyruM IMoaxoa0M SIBJISIETCS] UCIIONB30BAHNE CIIENNATN3UPOBAHHBIX KOMITBIOTEPHBIX IPOrpaMM JUIsl aBTOMaTHIe-
CKOTO pacro3HaBaHus 00beKTOB. HekoTopble 00beKThl Ha N300pakeHNH, HAlpUMEp JOPOTH, XapaKTepHU3YIOTCS pe3-
KM M3MEHEHUEM IBEeTa CoceIHUX MuKcesel. [IporpamMma aHanmu3MpyeT Takie U3MEHEHUs U B pe3yJIbTaTe CO3JaET
BEKTOpHBIE 00beKThl. Takol (pyHKIMOHAN, KaK MMPaBKJIO, JOCTYIIEH B CHEMAIM3UPOBAHHBIX (M 324aCTyIO JOPOTHX)
I'NC-npunoxenusx.
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6.8 NMpeobpa3oBaHMe BeKTOpa B pacTp

Wuoraa GpIBaeT Mosie3Ho peodpa3oBaTh BEKTOPHbIE JaHHbIE B pacTp. [lo6ounbM 3¢hdexToM Takoro aeiicTsus Oyaer
NoTepst aTpHOYTUBHON MH(MOPMAINH, CBI3aHHOM C NCXOJHBIMH BEKTOPHBIMH JaHHBIMHU. [IpeoOpa3oBaHue BEKTOp-
HBIX JAHHBIX B PACTP MOKET OBITh ITOJIE3HBIM B CIIydae, Korga Heooxoqumo npepoctaButs [ VIC-naHHbIE ONTB30BaTe-
o He uMmetoteMy I VIC. ITpu ucronp30BaHUM OOBIYHBIX PACTPOBBIX (POPMATOB, YeJIOBEK MOy YMBILIMI U300 pakeHue,
CMOJKET JIETKO IIPOCMOTPETH €r0 Ha CBOEM KOMITbIoTepe Oe3 He0OOXOAMMOCTH ycTaHaBuBaTh crietpaibHoe [10 T'YC.

6.9 AHanus pacTpos

Cy1ecTByeT MHOXECTBO BUIOB aHaJM3a, KOTOPbIe UCHIOJIB3YIOT PacTPOBbIC IAHHBIE U M HE MOTYT paboTaTh C BEK-
TopHBIMH. K npumepy, pacTpbl MOTYT MCIHOJIb30BAThCSI TPU MOJIEMPOBAHNHN TIOTOKA BOJBI O 3eMJle. A 3aTeM 3Ta
nH(popManys OyIeT UCIIONB30BaHA IIPU MOCTPOSHUU BOZOCOOPHBIX 0aCCEHHOB M CETH IOTOKOB.

PacTpoBble JaHHBIE IIUPOKO MPUMEHSIIOTCS B CEJILCKOM U JIECHOM XO3SUTCBE ISl YITPABJIEHUS PACTEHUEBOICTBOM.
Hanpumep, criyTHHKOBOE U300pakeHue mosiell (hepmepa MOMOKeT UACHTHDUIMPOBATh 00nacTi ¢ OeJHON pacTu-
TEJILHOCTBIO C TEM YTOObI IOTOM YI00PATh UX UHTEHCUBHee. JIECHUKHU UCIOJIb3YIOT PACTPOBbIE JAHHBIE JIJIs IPOTHO-
3UPOBAHMSI YUCIIA IPEBUCHUHBI, KOTOPYIO MOXHO COOpATh Ha YUIACTKeE.

PacTpoBble 1aHHBIE TaKXe OYeHb BaXKHBI ITPH OOpbOE CO CTUXUIHBIMU OeACTBUAMU. AHAIM3 M POBOI MOJEH pe-
sbeba (Pa3sHOBUIHOCTH PACTPOB. IIe KX bl MUKCENIb COIEPXKUT BHICOTY HaJl YPOBHEM MOPSI) MOKET HCIIOJIb30BATh-
cs1 17151 TIOUCKA PafioOHOB, KOTOPBIE MOTYT OBITh 3aTOILIEHBI. DTO MOXET NOTPEOOBATHCS /IS BHITIOJIHEHHS 1IEJIEBBII
ollepalfii CriaceHus! WM MPY OKa3aHUM ITOMOIIM HanboJiee MoCTpaiaBlIiM paioHaM.

6.10 YacTtble ounbKKU / 0 YeM CTOUT NOMHUTb

Kax mb1 YK€ ropopuiu, BBICOKOAETAaIbHbIE CHUMKHA Tp€6yIOT OoJiblie AHCKOBOTI'O ITPOCTPAHCTBA.

6.11 Yrto mbl y3Hann?

IMoaseném uroru:
¢ PacTpoBbie 1aHHbBIE 9TO CETKa MUKCeJIeil OIMHAKOBOTO pa3Mepa.
¢ PacTphl XOpOIIIo MOIXOIAT IS OTOOpaKeHUS! HeNPEePHIBHBIX BeJINYHH.
¢ Pazmep mukcens onpenesnseT MPOCTPAHCTBEHHOE Pa3penieHne pacTpa.

* PacTpbl MOTYT COCTOSITh U3 HECKOJIbKUX KAHAJOB, OXBATHIBAIOIIMX OJHY U TY € 00JaCTh, HO COZIEPXKAIINX
pasHyio UHGOPMAITHIO.

e Ecim PacTp COACPKUT KaHaJIbl, COOTBETCTBYIOIIUE PA3JIMYHBIM JUAIIA30HAM CIIEKTPA, OH Ha3bIBA€TCA MYJIb-
THCIIEKTPAJbHBIM.

* Tpu KaHana MyJbTUCHEKTPAILHOTO M300paXeHUs] MOTYT MHTEPIPETEPUPOBATHCS KAK KPACHBIH, 3eJIeHbIN U
CAHMI KaHall.

* OpHOKaHAJIbHBIE N300paXeHUs Ha3bIBAIOTCA U300paXEHUEM B OTTEHKAX CEpPoro.
e 'UIC moxet oToOpaskaTh OAHOKAIbHBIE M300paXKEHMS B OTTEHKAX CEPOro Kak IICEB/IOIBETHbIE.

b PaCprI MOTYT 3aHUMATb MHOI'O MECTa Ha JUCKE.
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6.12 MNMonpobynte camu!

BoT HekoTOpbIe UIeu TS 3aJaHUI:
¢ OO6cyauTe ¢ yJaluMICS B KAKAX CUTYaIWSIX BB OyIeTe MCIOIB30BaTh PACTPOBBIE TaHHBIE, 4 KOT/Ia BEKTOPHBIE.

¢ TlompocuTe yueHHKOB CO3/1aTh PACTPOBYIO KapTy IIKOJIbI, MCTIOJB3YSI JIUCTHI TPO3PAaYHON IUIEHKH popMata A4
C HAHECEHHOMH Ha HUX ceTKoM. HayioxuTte mpo3pavHylo IieHKy Ha TonorpaduyecKylo KapTy WM pacriedaTaH-
HbIH 29pO(POTOCHUMOK IIKOJIbI. 3aTeM MyCTh KaXIbIH YYEHUK WM IPYIIa YYeHUKOB 3aKPACUT CBOMM LIBETOM
SIYEHKH, COOTBETCTBYIOLIME ONpPE/Ie/ICHHOMY BHIY OOBEKTOB, HAITPUMED, 3[aHHUs, UTPOBbIE IUIOIIAAKH, CIIOP-
THUBHBIE TI0JIl, IepeBbsl, TPONIMHKM ¥ T.A. Korna Bce Oyner caesiaHo, COBMECTUTE BCe JIUCTHI M IOCMOTPUTE Ha
HOJTyYMBILYIOCS KapTy IKoJbl. Kakne o0beKTsI Jiydine Bcero oToopasuimch Ha pactpe? Kak nosmusit pasmep
AYEEK Ha BO3MOKHOCTDb NNPEACTABJICHUA PA3/IMYHBIX TUIIOB O6'I)€KTOB?

6.13 CtomT yuecTtb

Ecnu y Bac HeT KOMITbIOTEpPA, MOXHO IPOJEMOHCTPUPOBATh PaCcTPOBbIE JAHHBIE NP ITOMOIIM PYYKU M Oymaru.
Hapucyiite ceTky KBa/ipaToB Ha JUCTe OyMaru, 4ToObl MPeACTaBUTh (pyTOOIBHOE TI0JIe. 3aMOHNTE STYEHKH CETKH
YHCJIAMH, TIOKA3BIBAIOIIMMK COCTOSIHHE TPaBhl Ha MoJie. Eciii y4acToK JMIeH pactutebHocTH, noctasbte 0. Ecu
YaCTHYHO MOKPHIT TPaBOW — 3aaiiTe 3Ha4eHue 1. [t MOTHOCTHIO MOKPHITHIX YYACTKOB MCHOJIB3yHTE 3HAUCHHUE 2.
Tenepb KapaHaalllaMy 3aKpachTe sTYEHKH, OMUPasCh HA UX 3HAYEHUs. SUeiiKu co 3HAUeHUEM JIBa ClieJIalTe TEMHO-
3eJIeHbIMH, CO 3HaUeHueM 1 — Goiee CBETIbIMH, a O 3HaueHneM () — 3aKkpacbTe KOpuuHeBbIM. Koraa Bbl 3akoHUMTE,
y IIKOJIBI OyzieT pacTpoBasi KapTa GpyTOoIbHOrO moJist!

6.14 [ononHuTenbHas nuteparypa

Knurn:

¢ 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

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

Pa6ora ¢ pacrpoBeivu janHbIMU B QGIS nogpo6Ho onmcana B PykoBoactse nonb3osatens QGIS.

6.15 Yrto panbwe?

B CJICAYIOIIEM pa3aeJi€ Mbl pa36€peMCH C TOMOJIOTHEH U TMOCMOTPHUM KaK B3aUMOOTHOIIICHUS MEKAY BEKTOPHBIMU
00BbeKTaMHU MOTI'YT UCIIOJIb30BATbCA AJIs1 MMOJTYYECHUS BBICOKOKAYECTBEHHBIX TdHHBIX.
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rNABA /

Tononorus
& HCIII)Z H03HaKOMI/ITbCH C TOHOJIOFI/Ieﬁ HpI/IMCHI/IMO K BeKTOpHLIM JaHHbIM
OcHoBHBIETIO-  BexTop, Tomosorus, mpaBmia TOHNOJIOTHH, OIIMOKH TOIOJIOTHH, paguyc IOMCKa, pac-
HATHS: CTOSIHUE TPUJIMIAHMUs, IPOCTOH OOBEKT

7.1 O630p

TomoJiorust ONMCHBAET MPOCTAPHCTBEHHBIE OTHOIIEHUS MEXKIY COSTMHEHHBIMH WM MTPUJIETAIOIIMI BEKTOPHBIMU
oObekTamu (Toukamu, JuHus 1 nojuronamu) B I'MIC. Tononornueckre JaHHBIE BeChbMa IOJIE3HBI MPH MOUCKE U
WCIIPABJICHUH ONIMOOK ONU(POBKU (HATpUMeEp, JBE JMHUM B CJIOE JIOPOT HE COEIAMHECHBI B TOUKE MEPECCUCHUs).
Tononorust He06X0AMMa TIPY MPOBEICHUN HEKOTOPHIX BUIOB aHAIN3a, HATIPIMeEp, aHAIA3a CEeTH.

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 Puc. 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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Puc. 7.1: Tononorus JOHAOHCKOTO METPO

7.2 OwmnbKM TONONIOrMn

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 Puc. 7.2).

o128

Puc. 7.2: HemoBop (1) BO3HMKAET KOT/Ja JIMHUY, KOTOPBIE JOJKHBI OBITh COSTUHEHBI IPYT C APYTOM, He COITPUKACAIOT-
cs1. IepexJtectsl (2) BOBHUKAIOT, €CJIM JIMHUS [IEPEeCceKaeT JIPYyryio JIMHUIO, C KOTOPOW OHA JOJIKHBI ObITh COSJMHEHA.
lenu (3) BO3HUKAIOT KO BEPIIMHBI COCEJHUX MOJIUTOHOB UMEIOT Pa3INyMsl B KOOpAUHATAX.

B PE3YJIbTATE HEAOBOJOB U MEPEXJIECTOB HA KOHIAX JIMHAKA O6pa3yIOTC$I TaK Ha3bIBACMbIC «3aBUCIINE Y3JIbD». B neko-
TOPBIX ClIy4dadX HAJIMYUE 3aBUCIHIUX Y3JIOB AOIYCTUMO, HAIIPUMEDP, €CIIN OHU 0003HaYaI0T TYyIHUK.

Tormnosornyeckye OMMOKY HAPYIIAIOT B3AUMOOTHOLIEHUS MEXy OObEKTaMH. DTH OLIMOKH JAODKHBI OBITh UCIIPAB-
JIEHBI, YTOOBI MOKHO BEKTOPHBIE JaHHbIE MOKHO OBLIO HCIOJIb30BaTh B aHAIN3E, TAKOM KaK CEeTeBOW aHaIU3 (Ha-
MpUMep, HATH HaWIy4lIMid MaplIpyT) WK JUIs U3MEpeHUd (HampuMep, BBIYMCIUTh JIMHY peku). [Tomumo nm-
TI0JIb30BAHMS JAHHBIX B aHAJIM3€ CYIIECTBYIOT M Ipyr'He IIPHYMHBIL, [10 KOTOPBIM CTOUT CO3/]aBaTh WM NIMETh IAHHBIE
C KOppeKTHOM Tomosiorkel. IIpecraBbTe, 4TO BB BHITOJHSAETE OLM(MPOBEKY IPAHHL PAHOHOB MM O0JIACTEN U IO~
JIMTOHBI TIEPEKPBIBAIOTCS MJIM MEXKIY HAMHM €CTh IIETM. B TakoM cily4yae Bbl CMOXETE UCTIOIb30BaTh MHCTPYMEHTHI
M3MEepeHHi, HO TIOJIyYeHHBIH pe3yJibTar OyJeT HelpaBUIbHBIM. Bbl He OyzieTe 3HaTh PABUIILHYIO TUIOMIATh KaX/I0T0
MYHHUIMIATILHOTO 00pa30BaHMsl M HE CMOKETe TOUYHO ONPEAEIUTh IPaHUIly MEX1y HAMH.

Hamiuue Tomoornaecku KOPPEKTHBIX JaHHBIX Ba’KHO HE TOJIbKO AJI BaC CaMUX, HO U I APYIUX moneﬁ, KOTOpBIC
MOJIB3YIOTCA BAIIMMHW JaHHBIMU. BCIIB OHM OKHAAIOT, YTO Balll JAHHBIC Y PE3YJIbTAThI BAllINX aHAJIU30B HpaBI/IJILHI)I!
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7.3 MpaBuna Tononorum

K cuacTtbio, 60JIBIIMHCTBA PaCIPOCTPAHEHHBIX OMMOOK MPHU O POBKE MOXHO U30ekKaTh MPHU MOMOIIH TOOJIOTH-
YEeCKHUX MpaBuil, peann3oBaHbix Bo MHorux I'UC.

3a NCKITIoUYeHneM HEKOTOPBIX crelraibHbIX (popmaToB ['VIC-m1aHHBIX, IO yMOTYAaHHIO IIPOBEPKA TOTIOJIOTUH HE IIPO-
Bomautcsi. Muorue ' MIC, nanpumep QGIS, ompeaesisiioT TOnoJIoruo Kak Hadop OIpeie/IeHHbIX MPABUJT U TIO3BOJISIOT
TOJIb30BATEJISIM BHIOPATh T U3 HUX, KOTOpPBIE OYIyT MPUMEHSTHCS K CJIOIO.

Hixe MPUBEACHDbI TIPUMEPLI TOT'O, KaK MOI'YyT OIPEACTIATHCA MMPpaBUId TOIMOJOTMA IPUMEHUTEIIBHO K 00BbeKTaM pe-
AJIbHOT'O MHMpPa Ha KapTe:

* Tlonurons! Ha KapTe MyHUILMIAIBHBIX PallOHOB HE JOJIKHBI HAKJIaABIBATHCS JIPYT Ha JIpyra.
* Tlonuronsl Ha KapTe MyHULIMMIATIBHBIX PAIOHOB HE JOJKHBI IMETh Pa3phlBOB (ILEJei).

® HOJ’[I/IFOHLI, 0603Haqa10111ne I'paHUllbl, JOJKHBL OBITH 3aMKHYTBI. He}IOBO}II)I WJIA TNIEPEXJICCThI HHHHﬁ, 06p33y-
IOIMUX I'PaHULLbI, 3aITPCIICHDI.

o l"opmomann B JIMHEHOM CJIO€ HE JAOJDKHBI IEPECEKATHCA.

7.4 UHCTpyMeHTbl TONOIOrMun

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 Puc. 7.3 (1).

Another topological option allows you to prevent** polygon overlaps** during digitising (see Puc. 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.

Puc. 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 PacctosiHme npununaHus

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 Puc. 7.4).
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Line (Segment)

Snapping Distance Snapping Distance

Puc. 7.4: Paguyc npununanus (4epHasi OKPYKHOCTD) 3aJa€TCs B €IMHUIAX KapThl (HApuMep, B rpajaycax) U orpa-
HUYMBAET 00JIACTh B IPU/IENIaX KOTOPOW OYJIEeT BBINOIHATHCS NPHIMIIAHKME K BEPUIMHAM MM CETMEHTaM.

7.6 Paguyc noucka

Pa)_II/ch IMOMCKA 9TO pACCTOAHUE, UCIIOJIb3YEMOC I'ncC JJ1d TIOUCKa OmKanIen BEPUINHBI, KOI'Id BbI IITACTECH BbI-
JACJIUTDb U NIEPEMECTUTD Y3EJl. Ecmu HICJTYOK BBIMOJIHEH BHE 2TOr0 paauyca, I'"C ne cmoxer BbIGpaTb y3eJ i pe-
JAKTUPOBaHUA. ITO OYEHb MOXOXKE Ha pacCcToAHUE MMPUJTATIAHUA.

U paguyc noucka, ¥ paccTosHAE NPUIUIIAHKS 331a10TCS B €IMHUIIAX KapThl, TOTOMY BBIOpATh MPABUIILHOE 3HAYE-
HYe MOXHO 9KcIepUMeHTaIbHO. Eciu 3a1aH0 ciiiikoM 60JIblIoe 3HaUeHNe, BO3MOXKEH BHIOOD HENPAaBUJIbHOIO y371a,
0COOEHHO ecii y 00BbEKTa MHOTO OJIM3KOPACTIONIOKEHHBIX y3JI0B. ECIH ke yKa3aHO CIIMIIKOM MaJIeHbKOe 3HaUeHHE,
I'MC He cmosxeT HalTH OOBEKT WM Y3eJl Ul PelaKTUPOBAHUSI.

7.7 YacTtble olUMOKM / 0 YeM CTOUT MOMHUTb

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 Yt0 MbI y3HANU?

[Toneeném uroru:
¢ TomoJiorust ONMICHBAET MPOCTPAHCTBEHHBIE B3AUMOTHOIIICHUSI COCEHUX BEKTOPHBIX OOBEKTOB.
¢ Tomosorust B ['MC obecnieunBaeTcss HHTCPYMEHTAMH TOMOJIOTHH.
¢ Torosorust MOXET UCIOJIb30BAThCS JIJIs1 MOMCKA H HCIPABJIEHHS OIMMOO0K OnH(POBKH.
» Tononornyeckre JaHHbIE OUYEHb BaXHBI AJ151 HEOKTOPBIX MHCTPYMEHTOB, HAIIPUMED CeTeBOro aHaJIn3a.

¢ Pacccrosinue NPpUJINIIAHUA U paglnyC MOUCKA IIOMOTralT CO34aBaTh TOIIOJIOTMIYECKHU KOPPEKTHBIE BEKTOP-
HBIE TaHHBIC.

 Jlannble Buza Simple feature He sIBISAIOTCA HACTOSIIMM TOIOJIOTMYECKH KOPPEKTHBIM (DOPMATOM JIaHHBIX,
HO 1Mpoko npuMeHswTcs B 'MC-npusoxeHusx.
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7.9 Monpobynte camu!

Bor HEKOTOPLIC UJACU U1 BaHaHHfIZ

» Hanecure Ha Tonorpacduyeckyio KapTy aBTOOyCHbIE OCTAHOBKH ¥ MOMPOCHTE YYAIMXCsI HAWTH KpaTJanInmi
MapIIpyT MEXIY JByMsI OCTAHOBKAMH.

* Topymaiite, Kak Bbl Oynere co3zaBath BeKTopHble 00beKThl B ['IC, 4TOOB 0TOOPa3UTh TOMOJIOTMYECKYIO 10-
pO’kHYyI0 ceTh ropoza. Kakue Tomosiornyeckue npapuia BaXHbI B 9TOM Cllydae U Kakue MHCTpyMeHThl QGIS
MOTYT HMCIIOJIb30BaTh YYallKecsl, YTOObl yOEAUThCS, UTO CJIOH JOPOT TOMOJOTMYECKH BepeH?

7.10 CTtomT y4yecTtb

Ecmi y Bac HEeT KOMIbIOTEpa, MOXKHO HCIIOJIB30BATh KAPTy aBTOOYCHBIX MJIM XKeJIe3HOJOPOXHBIX MapLIPYTOB MJIs
00Cy’XIeHHsI TPOCTPAHCTBEHHBIX B3aMMOOTHOIIEHHUI 1 TOTIOJIOTUH.

7.11 OononHutenbHas nureparypa

Kuaurn:

* 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

CaiiTbL:
¢ http://www.innovativegis.com/basis/
* https://en.wikipedia.org/wiki/Geospatial_topology

PykoBoacteo mosb3oBatesist QGIS copepkut moApoOHy0 HH(POPMAIHIO O TOMOJOTHYECKOM PeJaKTUPOBAHUM B
QGIS.

7.12 Yto panbwe?

B creyromem paspese Mbl TO3HAKOMUMCS C CHCTeMaMi KOOPAMHAT 1 pazbepeMcsl Kak CBsI3aHbl JaHHbIE Ha ce-
PUIECKOH TTOBEPXHOCTH 3eMJIM U TJIOCKMX KapTax !
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CucTteMbl koopauHart

& Hens: O3HaKOMUTBCA C CHCTEMaMU KOOPJWHAT.
OcnoBHaple oHA-  Cucrema koopausHaTt (CRS), mpoekuus KapThl, NEPENPOELIMPOBAHUE «HA JIETY»,
THA: HIMPOTA, JOJITroTa

8.1 0O630p

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 MoppobHee 0 NpoeKLUUNAX

TpaauIoHHBIM criocoboM oToOpaxeHus (opmMbl 3eMin ABJIAIOTCS T0Oychl. OHAKO UCIIOIb30BaHKUE STOTO MOIXO0-
Jla UMeeT CBOM HEeJJOCTaTKH. XOTs II0OYCH 1O OOJIBIIOMY CUETY COXPaHSIOT (hopMy 3eMiIM ¥ WILTIOCTPUPYIOT IIPO-
CTPaHCTBEHHYIO KOH(UTYparuio 00bEKTOB Pa3MepOM C KOHTHHEHT, MX BeCbMa MPOOIEMaTHIHO HOCUTh B KapMaHe.
Kpome Toro, oHH yJ0OHbI B HCIOIb30BAHUU UCKITIOYUTELHO MPU Masibix Maciitabax (Harmpumep 1:100 musmmonam).

BoNbIIMHCTBO TEMAaTHUYECKUX KapT, UCMONb3yeMblX B [MC-IpuiokeHUsX, UMEIOT ropas3no OOJbIIMKA MacliTal.
O6b1yHO, HaOOpbl [ IC-nmanHbX MMetoT MaciTad 1:250 000 wim Goutbilie, B 3aBUCUMOCTH OT YPOBHS JICTAIU3AIIHH.
I'mo6yc Takux pa3zmMepoB OyIeT JOPOruM U ero MCIOIb30BaHue OyIeT OueHb CIokKHBIM. [ToaToMy KapTorpadst pa3pa-
60Taru HaOOp MPHEMOB, Ha3bIBAEMBIX MPOEKIUSIMH KaPThI, TIpeIHa3HAYCHHBINA IJ11 OTOOpaXeHus chepuIecKon
MOBEPHOCTH 3eMJIM B IBYMEPHOM IIPOCTPAHCTBE C JOCTATOYHON TOYHOCTHIO.

Ecnu paccmarpuBath 3eMitio BOJIU3H, €€ MOKHO CUMTATh IUIOCKOH. OiHAKO, TP B3IUIsAe U3 KOCMOCA BUJIHO, YTO
e€ (opma mpubmmkeHa k cepuueckord. KapTel, kak OyJeT MokasaHo B CleIyIOIIEM pasziesie, OTPaKaloT peab-
HOCTh. Ha HUX MOKa3aHbl He TOJILKO OOBEKTHI, HO U UX (pOpMa M MPOCTPAHCTBEHHOE pactonoxenue. Kaxkaast mpoek-
sl UMEET JJOCTOMHCTBA U HeI0CTATKH. BpiOop HammydIeil NpoeKuy Jisl KapThl OMPEAEIsIeTcs: € Macurabom
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1 Ha3HauyeHHeM. Hanpumep, npoekims MOXKeT JaBaTh HENpPHUEMIIEMble HCKaXEeHHs B Cllydae OTOOpaXeHUsl BCEero
a(pUKAHCKOTO KOHTHHEHTA, HO MEAIbHO TIOJXOAUTH JUIs CO3/1aHKsl KPYNHOMACIITA0HOI (II0AP0OHOI) KapThI
cTpanbl. CBOICTBa MPOEKLIMI TaKXkKe MOTYT BIUATh HA BU3YyaJIbHbIE apaMeTpsl KapThl. Tak, HEKOTOpbIE MPOEKLIUU
XOPOMIO MOJXOAAT AJIs1 MaJIeHbKHX oOacTell, Ipyrue XOpouy 1J1sl 0OTOOpakeH!sI 0OOBEKTOB, IPOTSKEHHBIX C 3arajia
Ha BOCTOK, TPETbU — U1 OOBEKTOB BHITSIHYTHIX C CEBEpa Ha IOT.

8.3 Tpu TMna Kaptorpacuyeckmx npoeKuumn

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 Puc. 8.1)

A A ———
1 A
]

” Map Projection Families

Puc. 8.1: Tpu Trma kapTorpapIecKux MpOeKIUii: a) IIUHAPAIECKUE, b) KOHIMUECKHE, C) a3UMYTaJIbHBIC.

B Hacrosiee BpeMs Ipolecc NpoenpoBanus chepudeckoil 3eMu Ha Oymary BBINOJHAETCA C UCIOJIb30BaHUEM
MaTeMaTH4ecKHUX Mpeodpa3oBaHUi 1 TPUroHOMeTpHur. Ho B OCHOBE JIEKHT BCe TO e MPOITyCKaHue JTy4ya CBeTa Yyepes
r100yc.

8.4 TouHoCTb KapTorpadomyeckux NnpoeKLumn

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 Puic. 8.2), which are often used for producing and visualizing world
maps.
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Puc. 8.2: [poekims PobuHcoHa faeT nmpueMiemMble NCKaXeHHs TUIOMIAAN, PACCTOSIHUIA 1 YIJIOB.

B GOJIBIIMHCTBE CIIyYaeB COXPAHUTH BCE XapaKTEPUCTUKU UCXOIHBIX OOBEKTOB MPH MPOEIMPOBAHUN HEBO3MOXKHO.
ITO 3HAYUT, YTO KOrJa BaM TpeOyeTcsl BHIIOJIHUTh aHAM3, HEOOXOAMMO MOAOUPATh TAKYI0 MPOEKIINI0, KOTOpast
JACT HAWTyYIlMe XapaKTepUCTUKY Juls aHaim3a. Hanpumep, eciu TpedyeTcsi M3MEpUTh PacCTOSIHUSI, HEOOXOIMMO
BBIOpATH MPOEKIIHIO, KOTOPast 00ECIIeYUT TOUHbIE PACCTOSHHUS.

8.4.1 PaBHOyronbHble NpoeKunun

Korna MeI paboTtaeMm ¢ r1106ycoM, OCHOBHbIE HaITpaBJIeHU s KoMIIaca (CeBep, BOCTOK, IOT M 3aI1a]y) BCEraa PaclookKeHbl
nozt yrioM B 90 rpaaycoB apyr K apyry. Ipyrumu cioBamu BOCTOK Beerna Oyaer HaxoauTbesi Ha 90 rpaaycoB ot
ceepa. [Ipoek1us MOXKeT COXpaHATh YIJIOBble HAIIPABJIEHH, U TaKasl IPOEKLMs Ha3bIBaeTCsI KOHMOP(YHOMH 1IN
PaBHOYTOJBHOM.

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 Puc.
8.3) and the Lambert Conformal Conic projection. The U.S. Geological Survey uses a conformal projection for
many of its topographic maps.
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Puc. 8.3: IIpoekims MepkaTopa MCHOJIB3YETCA B TeX CIIy4yasX, KOIJa BakHA MPaBHJIBHOCTb YITIOB U JOMYCTUMBI
UCKAKEHU IIOLIA/IH.

8.4.2 PaBHONpoMeXyTO4YHble NpoeKLuu

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 Puc. 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 Puc. 8.5).

[T _ e Al L L [T

Puc. 8.4: PagHonpomexyTouHass nuMHapuueckas mpoekius [lnare-Kappe ucnonb3yercs, Koraa He0OXOIMMO MO-
JIy4UTb TOUHbIE PACCTOSHMUSL.
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Puc. 8.5: Jlororun OOH mcnonb3yeT a3uMyTaabHYI0 paBHOIPOMEKYTOUHYIO MPOEKIIHIO.

8.4.3 PaBHOBenukune npoekuum

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 Puc. 8.6) are types of equal area projections
that are often encountered in GIS work.

Puc. 8.6: PaBHOBenMKas IceBIOLMIMHAPUYECKast IPoeKIMsl MosbBelijie, HallpuMep, TapaHTUPYeT, YTO IUIOIaIu
BCEX OTOOpaxaeMbIX OOBEKTOB Ha KapTe - ITPONOPLIMOHAIBHBI IUIOMA1IM OOBEKTOB Ha TIOBEPXHOCTH 3eMIIH.

Nwmeiite B BUYy, 4TO KapTOFpa(l)I/I‘-IeCKaH IMMPOEKIKUA - OYEHDb CJIO)KHAasAd TEMaA. CyH_[eCTByIOT COTHU PA3JIMYHBIX ITPOEK-
I.II/Iﬁ, Kaxaas U3 KOTOPBIX MbITACTCA 0T06pa31/m> Ha IJIOCKOM JIMCTE 6yMaFI/I onpenenéHHylo YacCTb IOBEPXHOCTU 3eM-
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JIM KaK MOHO JocToBepHee. Ha camoM fiere, BHIOOp MCTIOJIB3yeMOl NPOEKLMH - Balll BHIOOP. MHOrKe rocygapcrsa
UMeI0T HanboJIee 4acTo MCIOoNb3yeMble IPOSKIUH U IPU 0OMeHe NaHHBIMU CIELMAJIUCThI CIeqyI0T FoCy/1apCTBeH-
HOMY TPEH.Y.

8.5 MoppobHee 0 cucremax KoopauHar

C MOMOIIIBIO CUCTEM KOOPMHAT KaX/1asi TOUKA HA TIOBEPXHOCTH 3eMJIM MOXKET ObITh PEICTaBIeHa HAO0POM U3 TPEX
YuceJl, Ha3bIBAEMbIX KOOPIMHATAMU. B 1IeJI0M, CUCTEMbI KOOPIMHAT JICJSTCS HA CHCTeMbI KOOPAUHAT NP0 eKIHii
(Tak:xe Ha3biBaeMbIX [leKapTOBBIMU MM PSIMOYTOJIbHBIME CUCTEMAMHU KOOP/IMHAT) U reorpacguyeckne cHCTeMbI
KOOPIHHAT.

8.5.1 lNeorpadouueckme cuctTemMbl KoopauHart

Hcnonb3oBanue reorpaMuecKux CUCTEM KOOPAMHAT OY€Hb PACHpOCTpaHeHO. [[jist onucaHus MOJOKEeHUsT Ha TO-
BEPXHOCTH 3eMJIM OHH KCIIOJIb3YIOT IPAIyChl IMPOTHI U IOITOTH M, MHOT/A, 3HaYeHHe BhIcOThI. Hanboee nomyisip-
Has HasbiBaeTca 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 Puc. 8.7 for a pictorial view.

-1830°450°120° 9080 "-30° 0 307 60" go° 1207 1507 180
T T T T ==

Puc. 8.7: Teorpacudeckas cucteMa KOOpAWHAT € MApaJIeIAMU (JIMHUY, TapaJule]IbHble 9KBATOPY) U MEpUIUAHAMU
C LEHTPaJIbHBIM MEpUINaHOM B [ puHBHYE.

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 Puc. 8.7 for a pictorial view.

Ha skBatope, 1 TOJbKO Ha 3KBaTOpE, JUIMHA OYrM B 1 rpajyc MepuauaHa U JUIMHA Oyrd B 1 rpajyc napajuien -
paBHblL. [Ipy NBMKEHNM 1O HAaNPaBJIEHMIO K TIOJIOCAM, PACCTOSIHIE MEX/1y MEpUAMaHaMH MOCTOSIHHO YMEHbBIIIAeTCs],
NOKa, TOYHO HA MoJTioce, Bee 360° 10IroThH He COMLYTCS B OHOM TOUKE - BHI JIaKe CMOKETe NajlbLieM IPUKOCHYThCS K
Hell (XOTs, BEPOSTHO, 3aXOTHTE OJETh Nepyatky). Mcrnonp3ys reorpaduieckyio cucTeMy KOOpOUHAT, MbI TIOJTyYaeM
CETKY, JIeJIAIIYI0 TIOBEPXHOCTh 3eMJIM Ha YETHIPEXYTOIbHUKH IUIOMIAbI0 TpuMepHO 12363.365 KB. KMJIOMETPOB Ha
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9KBATOPE, KOTOPLIE MTPAKTUIECKU OECITONIE3HBI IJId ONIPENCTIEHNA MECTOIOJIOKEHNUA 4ero-1oo B Mnpeaeiax 3Toro
MHOI'OYT'OJIbHUKA.

UYroObl OBITH MO-HACTOSIINIEMY IOJIE3HOM, CeTKa Mapajvieied ¥ MepyAMaHOB Ha KapTe JIOJDKHA OBITh MojesieHa Ha
JIOCTATOYHO MaJleHbKUE OTPE3KH, KOTOPbe MOXHO ObLIO Obl HCIOJBb30BaTh (C JIOCTATOYHON CTENEHbI0 TOUHOCTH)
JUTs1 OTTUCAHUS PACTIOJIOKEHHUsI TOUKU Ha Kapte. JIsh IOCTHIKEHHsI 3TOM LieNH, TPaayChl JeIATCs HA MUHYTBI (') U
cexkyHabI ("). B oqaoM rpagyce 60 MuHyT, a B MunyTe 60 cexyHn (3600 cekyna B rpagyce). Tak, Ha 9KBaTope, OHa
CeKyH/Ia apajuyienu ua Mmepuauana pasHa 30.87624 metpos.

8.5.2 Cuctembl KoopauHat NpoeKkuum (MPAMOYrosibHble)

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 Puc. 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 Puc. 8.8 on the right side). Every point that is expressed in spherical coordinates can be expressed as an X 'Y Z
coordinate.

A (x/ytz)

(x/y) >

Puc. 8.8: [IByX 1 TpEXMEpHbIE CUCTEMBI KOOPIMHAT.

CucreMbl KOOPAMHAT ITPOEKIIHI B 10)KHOM IMOJTyIIapuH (K 10Ty OT 9KBAaTOpa) 6epyT Ha4Yaso OT 9KBAaTOpa M HA4aJIbHO-
ro MepHHaHa. DTO 3HAUMT, YTO 3HAUECHUS N0 OCH Y YBEIMYMBAIOTCS K I0TY, 8 3HAUSHUs 10 OcH X YBEINYMBAIOTCS
Ha 3amafj. B ceBepHOM mosymapum (K ceBepy OT 9KBATOpA) HAYAJIOM CIIy)XaT TakkKe SKBaTOp M Ha4aJbHBIA Me-
puauan. OgHaKko, Terephb 3HaUeHHs 110 ocu Y yBelmumBalotcsi Ha CeBep, a 3HaUeHHs 110 OCH X yBEIMYMBAIOTCS Ha
Bocrok. [lanee OyzeT onucaHa 4acTo UCIOJIb3yeMasi CUCTeMa KOOpIMHAT, Ha3blBaeMasl YHUBepcasbHas onepevHast
npoekiust Mepkaropa (Universal Transverse Mercator, UTM).

8.6 YHuBepcanbHasa nonepeyvHas npoekuuns Mepkaropa (UTM)

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 Puc. 8.9.

8.6. YHuBepcanbHas nonepe4yHas npoekuusa Mepkartopa (UTM) 7



Gentle GIS Introduction

Puc. 8.9: 3onbl YHuBepcanbsHol nonepevyHoi npoekuuu Mepkaropa. s FOxHoON AdpHUKH UCTIOIB3YIOTCSA 30HBI
UTM: 338, 348, 35S, u 368S.

As you can see in Puc. 8.9 and Puc. 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.
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Puc. 8.10: 3onst UTM 338, 34S, 35S u 36S ¢ neHTpabHBIMU MEpUIaHAMK UCTIONB3YIOTCS JJIs1 BBICOKOTOUHOTO
npoeuuposanus Teppuropun FOxHoit Adpuku. KpacHsiil kpect nokaseiBaeT 30Hy uHtepeca (Area of Interest -
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 Puc. 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 Puc. 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.
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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 Puc. 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.

B pesynbrate, koopauHatsl Hanieil Toukn mHTepeca, B 3HaueHusx cucteMsl koopauHar UTM 3oma 35S Gynyr
BBIDJISIIIETH Crieytonmm oopasom: 35 415,000 m B / 6,450,000 m C. B Hekotopeix 'MIC, korna mpaBHIbHO yKa3aHa
npoekimst UTM 30Ha 35S ¥ eIMHUIIBI N3MEPEHU s B METpax, HOMEp 30HBI MOJKHO YOpaTh U 3aIicaTh Mapy KOOpAUHAT
B 6osiee ipoctom Buze 415,000 6,450,000.

8.7 MNepenpoeuunpoBaHue «Ha nerty»

Kak BbI, BEpOsATHO, MOXKeET cebe MpeICTaBUTh, BO3MOKHA CUTyallus KOrga JaHHbIe, KOTOpPbIe Bbl XOTHTE MCIIOIb30-
Bath B ['MIC, cripoenivpoBaHbl B pa3iMvHbIX CUCTeMax KoopauHaT. Hanpumep, y Bac MOXkeT ObITh BEKTOPHBIH CJIOH
rpanui FOxHoit Adpuku B UTM 35S u ipyroii BeKTOpHBIi clloi ¢ nH(popMmariei o 3aMepax 00beMa 0CaiIkoB, B Ieo-
rpacdudeckoii cucreme koopauHat WGS 84. B 'MC 3T1 /1Ba BEKTOPHBIX CJI0SI OTOOPA3sATCs B COBEPIIEHHO Pa3HbIX
MecTax OKHa KapThl, IOTOMY YTO OHW MUMEIOT pa3Hble POEKIHH.

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 YacTtble ounbKM / 0 YeM CTOUT NOMHUTDb

Tema kapTorpaduyeckast NpoOeKIUs OYEHb CIOKHAA U Jaxe MpodeccnoHanbl-reorpadsl, reoAe3UCThl 3a4acTyI0
UCTIBITHIBAIOT CJIOKHOCTH C MPABUJILHBIM OITpe/ie/IeHHEM POEeKIMI KapT U cucteM KoopauHaT. OObIYHO, eciii pabo-
taete B ['MIC, y Bac yixe ecTb ClIpoeliMpOBaHHBIE JaHHbIE /151 HaYasia paboThl. B OOJIbIIMHCTBE CllydaeB, 9TU JaHHbIE
OyIyT epenpoenrpoBaThcs B ONPEENIEHHYI0 CUCTEMY KOOPAMHAT, TI09TOMY He BO3HUKHET HEOOXOJUMOCTH CO3/1a-
BaTh HOBYIO CHCTEMY KOOPJIMHAT WM BPYUHYIO IIEPEIPOEMpPOBaTh JJaHHbIE B IPYTyI0 CUCTeMY KoopauHat. Tem He
MeHee, Bcer/a MoJIe3HO 3HATh YTO TaKOE MPOEKIMs KapThl U CUCTEMa KOOP/MHAT.

8.9 Yro mbl y3Hanu?

IMoaseném urorn:

* IIpoeknusa KapThl H300paxaeT MOBEPXHOCTb 3eMIIH Ha IByXMEPHOM, IIOCKOM JICTe OyMaru Wid 9KpaHe
KOMITBIOTEPA.

° CyH.lGCTByIO MUPOBbIE TPOCKIIUU KAPT, HO OOJIBIIIMHCTBO HpOGKL{I/Iﬁ CO31aHbl 1 ONITUMU3UPOBAHBI JIA ITPO-
€eMPOBaHUA MAJbIX nﬂoma,ueﬁ TIOBEPXHOCTH 3emiu.
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Kaprorpaduyeckue npoeKuuy HIKOraa abCOMOTHO TOYHO He NMEePefaloT c(hepryecKylo IIOBEPXHOCTh 3EMIIH.
CyIIecTBYIOT HCKaXKeHHs YIVIOB, JJIHMH 1 Iutomaaeii. HeBo3MoKHO 0IHOBpEMEHHO KOPPEKTHO OTOOpaxkaTh
BCE 9TH XaPaKTEPUCTHUKHU C TIOMOIIIBIO TPOEKLIUH KapTHI.

Cucrema koopaunar (CRS) ompenmenser, ¢ mOMOIIBI0O KOOPIWHAT, KAaKUM 00pa3oM IBYXMep-
Has,CIIPOeIpOBaHHAas] KApTa COOTHOCHUTCS C PEaIbHOM MECTHOCTBIO HA TIOBEPXHOCTH 3EMJIH.

CyIlecTBYIOT IBa Pa3IMYHBIX THMA cucTeM koopauHat: ['eorpaduyeckne cucrembl koopauHat u Cucre-
MBI KOOPIHHAT NMPOEKIAM.

IlepenpoenupoBanne «Ha JeTy» - pyHKIus ['MIC, koTopast MO3BOJISET COBMEIIATh CJIOH, TaKe eCIId OHU
MUMEIOT Pa3IMYHbIe CUCTEMBI KOOPAHAT.

8.10 Monpobynte camu!

Bort HexoTOpbIe uaeu s 3aJaHuUi:

1.

v

Start QGIS

. In Project » Properties... » CRS check No projection (or unknown/non-Earth projection)

2
3.
4

Load two layers of the same area but with different projections

. 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.
Then define the coordinate reference system as Geographic/WGS 84 inside the Project Properties dialog

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.

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 CrtomTt yyecTtb

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 [ononHuTenbHas nuteparypa

Knurn:

¢ 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

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

158053533X

Calrnl:

* https://foote.geography.uconn.edu/gcraft/notes/mapproj/mapproj_f.html

* http://geology.isu.edu/wapi/geostac/Field_Exercise/topomaps/index.htm
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Pa6ora ¢ npoekimsamvu B QGIS nogpo6Ho onmcana B PykoBoactse nons3oateinst QGIS.

8.13 Yrto panblue?

Crnenytomuil pa3zes MoCBsIleH CO3JaHUI0 KapT.
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rnasa 9

CosnaHuve kapTbl

‘& Lens: O3HaKOMUTBCS € IPOLIECCOM CO3ZIAHMST KapThl
OCHOBHbIE CoznaHue KapThl, MaKeT KapThl, MacIuTaOHast JIMHENKa, CTpeJIKa ceBepa, JIeTeH 1a KapThl,
TIOHSITUS: Kaprorpaguieckoe n300paKeHue, eIMHULIBI U3MEPEHU ST

9.1 0O630p

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 Puc. 9.1).
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Tite Common map elements

0.01 degres

T

North arrow

Scale bar

Legend
Buildings
-

Map border o)

Contour lines

Lakes
w0 . =1

Rivers

Roads
Other Access
wweeneens Track Footpath|

Spotheigts

Acknowlegment

»

Data Source: Glior Educators

Puc. 9.1: I'naBHbie 37eMeHTH KapThl (MOJNUCaHbl KPacHBIM): Ha3BaHue (title), kaprorpaduyieckoe U300paxeHue
(map body), nerenna (legend), crpesnika cesepa (north arrow), MacinTabHas JuHerKka (scale bar), qomosHUTEIbHBIE
cBepienus (acknowledgement) 1 pamka kapTsl (map border).

Ha xapty MoryTt ObITh J0OABJICHBI IpyTHe SJEMEHTH: KOOPAHMHATHAS CeTKA WM Ha3BaHUe NMPOEKINH KapThl.
Bce BMecTe 3TH 21€MEeHTHI IIOMOTaloT YUTATEII0 KapThl MHTEPIIPETUPOBATh OTOOPAKEHHYIO Ha Hell MH(popMaruio.
KoHeuHo, BaxxHEHIIel YacThio KapThl ABJSAETCS KapTorpadryeckoe n300paxeHne, KOTopoe COIepKHUT KapTorpadu-
Yeckyio nHpopmanmo. [Ipoune 31eMeHThl CIocOOCTBYIOT MPOLIECCY B3aUMO/IEHCTBIS U TOMOTAIOT YMTATENIO KApTh
CaMOCTOSITEJIbHO OPUEHTHPOBATHCS M IOHUMATh coJepkaHne KapTel. Harpumep, Ha3BaHMe KapThl COOOIIAET O CO-
JepXKaHUU KapThl, a JIereHJa KapThl COOTHOCHT CHMBOJIBI KAPTHI C KapTorpaupyeMbIMH OObEKTaMH.

9.2 HasBaHue KapThl

HasBaHue KapThl OUYeHb BaXKHO, TAK KaK 324aCTYI0 9TO MEPBOE HA YTO CMOTPSAT Ha Kapte. MOXKHO CPaBHUTD ITO C
3aroJIOBKOM CTaThU B razete. HazBaHue JOJKHO OBITh KPATKKUM, HO FTOBOPSIIIUM O TOM, YTO U300paXeHO Ha KapTe.

9.3 Pamka KapTbl

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 Puc. 9.5.

9.4 JlereHpa KapThbl

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 as 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 Puc. 9.2).
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““TOURIST MAP |

Puc. 9.2: HBC KapTbl OHHOﬁ TEppPUTOPUU, 00e ¢ BOJHBIM 00BEKTOM B OCHOBE KapTbl, HO C pa3HbIMU TEMaMU, CUMBO-
JIaMU KapTbl U IBETAMU B JICTCH/IC.

You can also use different symbols and icons in your legend to show different themes. In Puc. 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 Ctpenka ceBepa

Crpeska ceBepa (MHOTJa Ha3biBagMasi pO30i KOMIaca) — 3T0 rpaduyueckoe 0ToOpaXkeHne OCHOBHBIX reorpaduye-
ckux HanpasieHuii: Cesep, I0r, Bocrok u 3anan. Ha kapte nucnionb3yercs 151 ykazaHus HanpasieHus Ha Cesep.

Hanpumep, B 'YIC 310 03HauaeT, 4To J0M, PacIONIOKEHHbIN K CEBEPY OT 03epa, Ha KapTe MOXeT ObITh HAalJeH CBEPXY
oT o3epa. Jlopora Ha BOCTOKe OyJeT Ha KapTe clipaBa OT BOJHOTO 0OBEKTa, peKa Ha Iore — CHU3Y, a €CJIM BaM HyKHa
XKeJIe3HOJOPOKHASL CTAHIMSA K 3arajay OT 03epa, Ha KapTe Bbl HAlETe e€ crena.

9.6 MacwTab

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 Puc. 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 Puc. 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 # of the
real distance on the ground (see Puc. 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.

Eciu yncneHHsiit Macitad ykasblBaeT OueHb MajieHbKoe cooTHomeHue, Harpumep 1 : 1 000 000, takast kapTa Ha3bl-
BaeTcst MeJKoMacmTadHom. Eciu ke cooTHOIeHHe 10cTaTouHo Gostbinoe, Hanpumep 1 : 50 000, kapra Ha3biBa-
ercsi KpynmHoMacImTa6HoMi. Jlyuie 3aoMHUTh: MeJIKOMacIITaOHask KapTa OXBaThIBaeT GOJIbIIYI0 TEPPUTOPHIO,
a KpynHoMacIuTaOHas KapTa — MaJIeHbKYI0 TePPUTOPHIO !

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 Puc. 9.3

(c).
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a) (1 centimeter represents 250 meters)

v 1: 25 000

0 1000 2000 3000 4000 meters
I 42 a0

c)

Puc. 9.3: Macmtab KapTsl MOXeT OBITh OIKCAH CJIOBaMH (), JpoObio (0) MM MacIITaOHOM JTMHEHKOMH (B)

KapTel 00BIYHO Jes1aloTcsl B CTAHAAPTHBIX MacinTtabax, Hampumep, 1 : 10 000, 1 : 25 000, 1 : 50 000, 1 : 100 000, 1
1250 000, 1 : 500 000. Yto 3TO 0O3HAYAET AJIS YEIOBEKa, MOJB3YIOMIErocs: KapToi? ITo 3HAUMUT, YTO €CIIU BB YMHO-
Jicume PACCTOsIHUE, U3MEPEHHOE Ha KapTe, HA 3HAMeHaTeJ b MaclTada, Bbl y3HaeTe pacCTOsIHUE B PeaJbHOM
Mupe.

Hanpumep, ecm paccrosiaue B 100 MM HeoOXoauMo n3MepuTh Ha Kapre Macmrada 1 : 25 000, To paccrosiHue B
peabHOM MUpe OyZIeT pacCUMTBHIBATHCS CIIELYIOIIM 00pa3oM:

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

This means that 100 mm on the map is equivalent to 2,500,000 mm (2500 m) in the real world.

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 Puc. 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.

N

o 0.02 0.04 degree 0 0.04 0,08 degree

Puc. 9.4: KapTsl noka3sansl B JByX pa3HbIX MacmTabax. Macimrab ciesa — 1 : 25 000, macitad cripasa — 1 : 50 000.

9.7 LononHutenbHble cBeaeHUs

B pomonHuTEIbHBIE CBECHNUS BKITIOUACTCST BaskHAasI TeKcToBas MH(popMarws. Hanpumep, napOpMarms o kayectse
MCXOJHBIX JaHHBIX MOXET MOMOYb YUTATEINIO MOHSTh, KaK, KEM M KOTJa JaHHas Kapta Obuia co3mana. Eciu y Bac
uMeeTcs Tororpaguueckasi Kapra Balllero ropoja, Oyaer MoJie3HbIM 3HaTh, KOTia OHa ObLIa CO3/IaHa, U KTO e€ aB-
top. Eciu kapre 6osnee 50 jieT, TO BB CKOpee BCero 00OHapyKUTe Ha KapTe HEMaJIo MOCTPOEK U JOPOT, KOTOPHIX B
PEaTbHOCTH YKe He CYIIeCTBYEeT WM, Ha0OOpOT, OTCYTCTBHE Ha KapTe TeX OOBEKTOB, KOTOPhIE ObLIUA MOCTPOCHBI
no3xke. Ecim BHL 3HaeTe, YTO KapTa ObUIa CO3aHa B O(OUIMAIBHOM YUPEKICHUH, BB MOXETE CBSI3aThCSI C HUIMHU U
BBISICHUTD, IMEETCsI JIM y HUX OoJiee COBpeMeHHasi KapTa, Ha KOTOPYIO BbIHECeHa OoJiee akTyalibHas nH(popMarusi.
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9.8 KoopauHaTHasi ceTKa

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 Puc. 9.5).

-32.9 -32.10 -32.11 -32.12 -32.13 -32.14

puz

26.02

26.03

26.04

)

Puc. 9.5: KoopauHaTHast ceTka (KpacHble JIMHUK) SBJISETCs rpaduueckuM OToOpakeHHeM napajuiesield 1 Meprana-
HoB 3emun. [loanucy 3HaYeHHH MUPOTHI U IOJITOTH HA PaMKe KapThl MOTYT OBITh MCIOJIb30BAHBI ISl OOJIerYeHust
HaBUTALIUH 10 KapTe.

9.9 lMpoeKkuusa KapTbl

Kaprorpaduueckas npoekuusi sBiseTcs1 IpHOIMKESHHBIM IPeJCTaBICHUEM TPEXMEPHOH MOZIEIN 3eMITI0 CO BCEMH
HaxXOASIMMHUCS Ha Hell 00BbeKTaMu (IOMaMu, IOpOraMu, 03€paMu) Ha IUTIOCKOM JIMCTe OyMark. ITo HAMHOT'O CIIOX-
Hee, 4yeM Bbl MosxkeTe ceOe IpeACTaBUTh, TaK KakK Jiake MO MPOIIECTBUM HECKOJIIBKMX BEKOB HE HAIIOCh HA OIHOM
MPOEKLHU, KOTopasi Obl TOYHO CMOIJIA OTOOPA3UTh IPOU3BOJIBHBINA YYACTOK 3eMHOM NMOBepXHOCTH. Kaxas mpoek-
LI1sl UMEET CBOU MPEUMYIIECTBA U HEJOCTATKH.

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 Puc. 9.6).

Puc. 9.6: Kapra mupa B pazauunsix npoekuusax. CiaeBa — paBHOBeNUKas Mpoekiys MosbBeiiie, cripaBa — paBHO-
MIPOMEIKYTOUHAST IWIMHIPUUECKAs TPOSKIIS

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
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Equal Area projection appear very different to features projected in a Cylindrical Equidistant projection (see Puc.
9.6).

Kaprorpaduueckre MpoeKIMy — CIUIIKOM 00bEMITIONIAst TeMa, KOTOPYI0 HEBO3MOXKHO OCBETHTH 3]IeCh B TOJHOM
o6béme. Eciu Bol XoTHTe Y3HATH O HUX OOJIBIIE, TO, BO3MOXKHO, BaM CTOMT 0OpaTUTHCS K MpEIbIIYIIeH TeMe, pac-
CKa3bIBAIOIIEH O CHCTeMaX KOOpIUHAT.

9.10 YacTtblie OLLMOKU / O YeM CTOUT NOMHUTb

IMopo¥ HerpocTo Co3AaTh KapTy, KOTOpas Obl HE TOJIBLKO JIETKO BOCIIPUHUMAJIACh, HO M B TO e BPEMs1 HaIJISTHO MO-
KasbIBaJIa M 0OBSICHSIA YUTATEITIO BCIO HY XHYI0 eMy HH(popManuio. YToobl cobmmocTr 3TOT 6ataHe, Bam HeoOxoaumo
UJICThHO Pa3MECTHUTh ¥ CKOMIIOHOBATh BCE SJIEMEHTHI KapThl. BbI JOJKHBI KOHIIEHTPUPOBATLCS Ha TOW MH(OpMA-
K, KOTOPYI0 B XOTHTE IOHECTH ¢ OMOIIbI0 Batieit kapThl, a Takxke Ha TOM, KaK JOJDKHBI OBITh YHOPSIIOYESHBI
e€ JIeMeHTHI, TaKMe KaK JIeTeHa, MacITadHast JIMHEHKa 1 COMpoBOXAaonIasi nHpopmarms. [JocTurHyB sToro 6a-
JaHca, Bl MoJTyuuTe XOpOoIIo CIPOEKTUPOBAHHYI0 M MH(POPMATHBHYIO KapTy, KOTOpas Oy/ieT He TOJBKO XOPOLIO
CMOTPEThCS, HO U JIETKO BOCHIPUHUMATHCS.

9.11 Yto MbI y3Hanu?

IMoaBeném urorn:
¢ Co3aHue KapThl O3HAYACT pa3MeIleHHE YJI€MEHTOB KapThI Ha TIOJIOTHEe OyMaru.

* DyieMeHTBI KapThl BKIIOYAIOT HA3BaHHE, KapTorpadpudyeckoe U300pakeHne, rpaHulLly, JeTeHIy, MaciTao,
CTpEJIKy CeBepa U JOTOJHUTEbHbIE CBE/ICHUSI.

* MacmTa0 npeacrasiseT coO0i OTHOLIEHHE PACCTOSIHUA Ha KapTe K (JaKTU4eCKOMY PACCTOSIHUIO B PeaJIbHOM
MHpe.

¢ Macmtab oroOpaxaeTtcsi B e JMHULAX KAPThI (MeTpax, (pyTax Wi rpaaycax)
o Jlerenaa oObsICHAET BCe CUMBOJIBI Ha KapTe.
 Kapra o/1xHa 00BSICHATD CJOKHYI0 HH(DOPMAIHIO HACTOILKO NPOCTO, HACKOJIbKO 3TO BO3MOXKHO.

b KapTI)I, KaK IIpaBUJIO, OpUEHTUPOBAHBI C€BE€POM BBEPX.

9.12 NMonpobynte camu!

Bort HexoTOpbIe uaen [T 3aJaHU:

* Barpysure B cBoil [ IC-mipoekT ciion ¢ KakuMu-HUOY/Ib BEKTOPHBIMH JIJAHHBIMH T10 UHTEpecyloliell Bac tep-
putopuu. [IpoBepbTe, CMOTyT Jit 00ydaloIpecs: HASHTU(PHUIMPOBATH Pa3JIUHbIE TUITH JIEMEHTOB JIETSH/IB,
TaKue KakK KaTeropuu Jopor uin 3aanus. Co3jaiite CIIMCOK 3JIEMEHTOB JIETeH bl U ONIPeeIUTe BHEIIHUI BU]
MX 0003HAYCHHUH TaK, YTOOBI YATATEIIb MOT JIETKO COMOCTABUTh MX C TEMH, YTO IPE/CTABICHBI HA KapTe.

* 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
Bexmopnvie dannvie and Ampudymul eexmophuix oannvix to adjust the symbology accordingly. When you
have a template, open the QGIS print layout and try to arrange a map layout as planned.
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9.13 CtomT yuyecTtb

Ecnn Bbl He nmeerte focTymna K KOMIBIOTEPY, MOKHO HCIIOJIB30BaTh JIOOYIO TOMOrpadpuyecKkyo KapTy ¥ 0OCyIuTh
ohopMIIeHHE KapThl BMECTE C YUCHHKaMHU. YIOCTOBEPbTECh, YTO OHM MOHUMAIOT, YTO MMEHHO KapTa XO4eT paccKa-
3aTh. UT0 MOXHO yimyuimth? HackospKo TOYHO KapTa nepeqaér uctopuio perroHa? Hackosmbko Kapra CTosneTHel
JABHOCTH OTJITYAETCS OT TaKOM K€ COBPEMEHHOU KapThI?

9.14 [ononHutenbHas nurteparypa

Kuaurn:

* 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

Website: Scale (map)

PykoBonctBo nosszosatenst QGIS conepsxut nogpodHyio nagopmanuio o cozgannu kapt B QGIS.

9.15 Yto panbLie?

B cnenyroiem paszene Mbl NO3HAKOMUMCS ¢ BEKTOPHBIM aHAJIM30M U y3HAeM, YTo MOXKHO Aenats B ' IC momumo
KpacuBbIX KapT!
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rnasa 10

[MpocTpaHCTBEHHbINM aHann3 BEKTOPHbIX AaHHbIX ( Bydpep)

& Lens: IMonnmaHue Toro, Kak ucnosib3yercst 6ydep aAJ1s MPOCTaHCTBEHHOTO aHAIN3a.
OcHOBHbBIE BekTop, OyepHas 30Ha, IPOCTAHCTBEHHBIN aHAIN3, pacTostHue Oydepa, pa3sMbITHe rpa-
TOHSITHUS: Hull, Oydep HAPYKy U BHYTPb, COCTaBHbIE Oydepsl.

10.1 O630p

IIpocTpaHCcTBeHHBII aHAJIN3 VCIOIB3YET IPOCTPAHCTBEHHYIO COCTABIIAIONLYIO JAHHBIX JUIS TOTO, YTOOBI M3BJIEYb
HOBYIO JIOTIOJIHUTENbHYI0 HH(pOpManmio u3 HuX. OOBIYHO MPOCTPaHTBEHHBIH aHanu3 BoinodsHsiecss [IC nporpam-
MO, B KOTOPOM COJIepKaTCsl UHCTPYMEHTHI 1 IPOCTPAHCTBEHHOIO aHAJIN3a U CTATUCTUKYU ( HATIpUMep, KaK MHOTO
BEPIIMH B MOJIMTOHE) WM TEONPOLIECCHHTa, KaK, HanpuMep, co3gaHue Oydepa. THUITbI HCTIOIB3yeMOro MpoCcTpaHH-
CTBEHHOT'O aHAJIM3a 3aCHCST OT 00JacTH puMeHeHus. Tak, paboTas ¢ ynpaBJIeHHEM U UCCIE0BAHMSIMI BOAHBIMU
pecypcamu (I'nzposorus), BeposiTHee BCEro OyayT CIIb30BATCSl MHCTYMEHTSBI TSI HCCIIEI0BAHMS TOBEPXHOCTH MO-
JIeJIMpOBaHKE MOBE/ICHUS] BOAHBIX 00beKTOB. [1pH yrpaBieH!H XMBOW MPUPO/BI TTOJIb30BaTEN OYAyT 3aMHTEPECO-
BaHbI B AHAJIMTHYECKHUX (DYHKIMSIX, KOTOPbIE OYIyT ONMMCHIBATH OTHOIIEHMST MEK/LY TOJIOXKEHUEM XKUBOK IIPUPOJIBI 1
OKpy:Xaomiel cpenbl. B sToit Teme Mbl Oynem oOcykaaTh Mcnob3oBaHue Oydepa Kak nIpruMepa MpocTpaHCBEHHOTO
aHa/IM3a BEKTOPHBIX JaHHBIX.

10.2 CospaHue 6ychepa B petansix

Bydepuzanust oOb1uHO co3/1aeT ABE 00JACTHU: O/IHA B MpPeJiesiaX YKa3aHHOrO PACCTOSIHUS OT BBIOPaHHOTO 0ObEKTA
peasbHOro Mupa, Apyras - BHe. O01acTh, KOTOpas HAXOAUTCA B MpeAe/iaX yKa3aHHOIO PAaCCTOSHMS HA3bIBAETCSI
oy epHast 30Ha.

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 Puc. 10.1), noise protection zones around airports, or
pollution protection zones along rivers.
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Puc. 10.1: I'panuna mexay CIIA u Mekcukoii paznensiercs 6ydepHoii 3onoi. ( @oto caenano SGT Ixum ['puHxu
20006).

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

O
e

Puc. 10.2: BydepHas 30Ha U BEKTOpHbIE TOUKHU.
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Puc. 10.3: BydepHas 30Ha U BEKTOpHbIE JTMHUMU.

Puc. 10.4: A buffer zone around vector polygons.
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10.3 Bupnbl 6ychepos

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 Puc. 10.5 and Tatnuma 10.1).

.

Y

1\
4

—~J \

Puc. 10.5: Co3nanue 6ydepoB s peKU ¢ pa3IMYHbIM PACCTOSHUEM.

Ta6nuna 10.1: Different buffer distances to rivers based on adjacent land

use.
Peka CMeXxHble y4acTkm 3emnu BydepHoe pacctosHune (MeTpbl)
Pexa Bpune MHreHcuBHas KynpTHBaiums oomeit 100
Komaru WuTencuBans KynabTUBaLMs xjonka 150
Oranje OpraHudeckoe (pepmMecTBO 50
Pexa Tenre  Opranmueckoe hepmMecTBO 50

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.
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10.3.1 Multiple buffer zones

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 Puc. 10.6).

Puc. 10.6: Buffering a point feature with distances of 10, 15, 25 and 30 km.

10.3.2 Buffering with intact or dissolved boundaries
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 Puc. 10.7).

Puc. 10.7: Buffer zones with dissolved (left) and with intact boundaries (right) showing overlapping areas.
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10.3.3 Buffering outward and inward

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 YacTtble oLLMOKM / O YeM CTOUT MOMHUTDb

Most GIS Applications offer buffer creation as an analysis tool, but the options for creating buffers can vary. For
example, not all GIS Applications allow you to buffer on either the left side or the right side of a line feature, to
dissolve the boundaries of buffer zones or to buffer inward from a polygon boundary.

A buffer distance always has to be defined as a whole number (integer) or a decimal number (floating point value).
This value is defined in map units (meters, feet, decimal degrees) according to the Coordinate Reference System
(CRS) of the vector layer.

10.5 More spatial analysis tools
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 Puc. 10.8).

Intersection Union Symetrical Difference Difference

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

Typical spatial overlay examples are:
 Intersection: The output layer contains all areas where both layers overlap (intersect).
 Union: the output layer contains all areas of the two input layers combined.

« Symmetrical difference: The output layer contains all areas of the input layers except those areas where the
two layers overlap (intersect).

 Difference: The output layer contains all areas of the first input layer that do not overlap (intersect) with the
second input layer.
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10.6 YTtO0 Mbl y3HANN?

[Toneeném uroru:
* Buffer zones describe areas around real world features.
» Buffer zones are always vector polygons.
¢ A feature can have multiple buffer zones.
¢ The size of a buffer zone is defined by a buffer distance.
¢ A buffer distance has to be an integer or floating point value.
* A buffer distance can be different for each feature within a vector layer.
* Polygons can be buffered inward or outward from the polygon boundary.
» Buffer zones can be created with intact or dissolved boundaries.

 Besides buffering, a GIS usually provides a variety of vector analysis tools to solve spatial tasks.

10.7 MonpobynTte camu!

Bort HexoTOpbIe uaeu [T 3aJaHui:

* 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 Puc. 10.9).

* For controlling protesting groups, the police want to establish a neutral zone to keep protesters at least 100
meters from a building. Create a buffer around a building and colour it so that event planners can see where
the buffer area is.

* A truck factory plans to expand. The siting criteria stipulate that a potential site must be within 1 km of a
heavy-duty road. Create a buffer along a main road so that you can see where potential sites are.

* Imagine that the city wants to introduce a law stipulating that no bottle stores may be within a 1000 meter
buffer zone of a school or a church. Create a 1 km buffer around your school and then go and see if there
would be any bottle stores too close to your school.

/ r
/ HOUSE

Puc. 10.9: Buffer zone (green) around a roads map (brown). You can see which houses fall within the buffer zone,
so now you could contact the owner and talk to him about the situation.
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10.8 CtouT yuyecTb

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 [ononHutenbHaa nuTeparypa

Knurn:

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

* 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

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

10.10 Y1o panbwe?

In the section that follows we will take a closer look at interpolation as an example of spatial analysis you can do
with raster data.
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[MpocTpaHCTBEHHbINM aHann3 (MHTepPnonsAumns)

& Hens: Understanding of interpolation as part of spatial analysis
OcHoBHble TIOHsA- Point data, interpolation method, Inverse Distance Weighted, Triangulated
THS: Irregular Network

11.1 O630p

Spatial analysis is the process of manipulating spatial information to extract new information and meaning from
the original data. Usually spatial analysis is carried out with a Geographic Information System (GIS). A GIS
usually provides spatial analysis tools for calculating feature statistics and carrying out geoprocessing activities
as data interpolation. In hydrology, users will likely emphasize the importance of terrain analysis and hydrological
modelling (modelling the movement of water over and in the earth). In wildlife management, users are interested in
analytical functions dealing with wildlife point locations and their relationship to the environment. Each user will
have different things they are interested in depending on the kind of work they do.

11.2 Spatial interpolation in detail

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 Puc. 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

E{c:t(:rfiiv:ﬁ
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Puc. 11.1: Temperature map interpolated from South African Weather Stations.

Because of high cost and limited resources, data collection is usually conducted only in a limited number of selected

point locations. In GIS, spatial interpolation of these points can be applied to create a raster surface with estimates
made for all raster cells.

In order to generate a continuous map, for example, a digital elevation map from elevation points measured with a
GPS device, a suitable interpolation method has to be used to optimally estimate the values at those locations where

no samples or measurements were taken. The results of the interpolation analysis can then be used for analyses that
cover the whole area and for modelling.

There are many interpolation methods. In this introduction we will present two widely used interpolation methods

called Inverse Distance Weighting (IDW) and Triangulated Irregular Networks (TIN). If you are looking for
additional interpolation methods, please refer to the ,,Further Reading“ section at the end of this topic.

11.3 Inverse Distance Weighted (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 Puc. 11.2).

Sample Points

4 +
\“ ’,'
\
= /  Sample Points
\\\ v
)
O A R
"‘-\7’- ,:-;—.:_-_—::i-
_l__-—"'— "l <. % Unknown value "?"

\ "._ (to be interpolated)
1 S

1 s
1

“

Ea

Puc. 11.2: Inverse Distance Weighted interpolation based on weighted sample point distance (left). Interpolated
IDW surface from elevation vector points (right). Image Source: Mitas, L., Mitasova, H. (1999).

Weighting is assigned to sample points through the use of a weighting coefficient that controls how the weighting
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influence will drop off as the distance from new point increases. The greater the weighting coefficient, the less the
effect points will have if they are far from the unknown point during the interpolation process. As the coefficient
increases, the value of the unknown point approaches the value of the nearest observational point.

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 Puc. 11.2.

In GIS, interpolation results are usually shown as a 2 dimensional raster layer. In Puc. 11.3, you can see a typical
IDW interpolation result, based on elevation sample points collected in the field with a GPS device.

AP Em LG S N E RO ENpro) ECL:

File Edt Miew Laver Sellings Phgns  Tools  Help

TmEddcRREPLPPE 2QATARKO
PLEERORR ORZYOLOBT—0
LD ARCETN 0 v iy N W

Legend EEIR ﬁ; - T4 H * 2
. el E

= elevation_p1000 1 +|
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é 3 ' 50k_contours

& 1] interpolation IDW

Puc. 11.3: IDW interpolation result from irregularly collected elevation sample points (shown as black crosses).

11.4 Triangulated Irregular Network (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 Puc. 11.4).

Puc. 11.4: Delaunay triangulation with circumcircles around the red sample data. The resulting interpolated TIN
surface created from elevation vector points is shown on the right. Image Source: Mitas, L., Mitasova, H. (1999).

The main disadvantage of the TIN interpolation is that the surfaces are not smooth and may give a jagged appearance.
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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 Puc. 11.5).

File  Edit View Layer Settings Plging Tools Help
T EEddoRRePRPPE QRAARAQRKO
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]
I © 035 2008

[There is @ new plugin available |[95]] 25.9980, 32.1023 | Seale |[T:100159 ] 1693 Renaer |[i]

Puc. 11.5: Delaunay TIN interpolation result from irregularly collected rainfall sample points (blue circles)

11.5 YacTtble oLunbKM / 0 YeM CTOUT MOMHUTDb

It is important to remember that there is no single interpolation method that can be applied to all situations. Some
are more exact and useful than others but take longer to calculate. They all have advantages and disadvantages. In
practice, selection of a particular interpolation method should depend upon the sample data, the type of surfaces to
be generated and tolerance of estimation errors. Generally, a three step procedure is recommended:

1. Evaluate the sample data. Do this to get an idea on how data are distributed in the area, as this may provide
hints on which interpolation method to use.

2. Apply an interpolation method which is most suitable to both the sample data and the study objectives. When
you are in doubt, try several methods, if available.

3. Compare the results and find the best result and the most suitable method. This may look like a time consuming
process at the beginning. However, as you gain experience and knowledge of different interpolation methods,
the time required for generating the most suitable surface will be greatly reduced.

11.6 Other interpolation methods

Although we concentrated on IDW and TIN interpolation methods in this worksheet, there are more spatial
interpolation methods provided in GIS, such as Regularized Splines with Tension (RST), Kriging or Trend Surface
interpolation. See the additional reading section below for a web link.
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11.7 Yrto Mbl y3Hanu?

IMoaBeném uroru:

Interpolation uses vector points with known values to estimate values at unknown locations to create a raster
surface covering an entire area.

The interpolation result is typically a raster layer.
It is important to find a suitable interpolation method to optimally estimate values for unknown locations.

IDW interpolation gives weights to sample points, such that the influence of one point on another declines
with distance from the new point being estimated.

TIN interpolation uses sample points to create a surface formed by triangles based on nearest neighbour
point information.

11.8 MonpobyuTe camu!

Bort HekoTOpbIe UIeu TS 3aJaHUI:

The Department of Agriculture plans to cultivate new land in your area but apart from the character of the
soils, they want to know if the rainfall is sufficient for a good harvest. All the information they have available
comes from a few weather stations around the area. Create an interpolated surface with your learners that
shows which areas are likely to receive the highest rainfall.

The tourist office wants to publish information about the weather conditions in January and February. They
have temperature, rainfall and wind strength data and ask you to interpolate their data to estimate places
where tourists will probably have optimal weather conditions with mild temperatures, no rainfall and little
wind strength. Can you identify the areas in your region that meet these criteria?

11.9 CtoumT yuecTtb

If you don’t have a computer available, you can use a toposheet and a ruler to estimate elevation values between
contour lines or rainfall values between fictional weather stations. For example, if rainfall at weather station A is 50
mm per month and at weather station B it is 90 mm, you can estimate, that the rainfall at half the distance between
weather station A and B is 70 mm.

11.10 JononHutenbHaa nuteparypa

Knurn:

¢ 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 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.

CalTnl:

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

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

The QGIS User Guide also has more detailed information on interpolation tools provided in QGIS.
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11.11 Yro panbwie?

This is the final worksheet in this series. We encourage you to explore QGIS and use the accompanying QGIS
manual to discover all the other things you can do with GIS software!
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O6 aBTOpax 1 NOMOLLHMKAX

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@Xkartoza.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

A (. 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 — Video Presenter. Lerato is a grade 12 scholar living in Pretoria. Lerato
learns Geography at school and has enjoyed learning GIS with us!

Sibongile Mthombeni — Video Presenter. Sibongile lives near Johannesburg with her
young daughter. Her goal is to continue her studies and become a nurse. Working on this
project was the first time Sibongile used a computer
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GNU Free Documentation License

Version 1.3, 3 November 2008

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

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.
Preamble

The purpose of this License is to make a manual, textbook, or other functional and useful document «free» in the
sense of freedom: to assure everyone the effective freedom to copy and redistribute it, with or without modifying
it, either commercially or noncommercially. Secondarily, this License preserves for the author and publisher a way
to get credit for their work, while not being considered responsible for modifications made by others.

This License is a kind of «copyleft», which means that derivative works of the document must themselves be free
in the same sense. It complements the GNU General Public License, which is a copyleft license designed for free
software.

We have designed this License in order to use it for manuals for free software, because free software needs free
documentation: a free program should come with manuals providing the same freedoms that the software does. But
this License is not limited to software manuals; it can be used for any textual work, regardless of subject matter
or whether it is published as a printed book. We recommend this License principally for works whose purpose is
instruction or reference.

1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a notice placed by the copyright
holder saying it can be distributed under the terms of this License. Such a notice grants a world-wide, royalty-free
license, unlimited in duration, to use that work under the conditions stated herein. The Document, below, refers
to any such manual or work. Any member of the public is a licensee, and is addressed as «you». You accept the
license if you copy, modify or distribute the work in a way requiring permission under copyright law.

A «Modified Version» of the Document means any work containing the Document or a portion of it, either copied
verbatim, or with modifications and/or translated into another language.

A «Secondary Section» is a named appendix or a front-matter section of the Document that deals exclusively
with the relationship of the publishers or authors of the Document to the Document’s overall subject (or to related
matters) and contains nothing that could fall directly within that overall subject. (Thus, if the Document is in part a
textbook of mathematics, a Secondary Section may not explain any mathematics.) The relationship could be a matter
of historical connection with the subject or with related matters, or of legal, commercial, philosophical, ethical or
political position regarding them.
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The «Invariant Sections» are certain Secondary Sections whose titles are designated, as being those of Invariant
Sections, in the notice that says that the Document is released under this License. If a section does not fit the
above definition of Secondary then it is not allowed to be designated as Invariant. The Document may contain zero
Invariant Sections. If the Document does not identify any Invariant Sections then there are none.

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.

The «Title Page» means, for a printed book, the title page itself, plus such following pages as are needed to hold,
legibly, the material this License requires to appear in the title page. For works in formats which do not have any
title page as such, «Title Page» means the text near the most prominent appearance of the work’s title, preceding
the beginning of the body of the text.

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

You may copy and distribute the Document in any medium, either commercially or noncommercially, provided that
this License, the copyright notices, and the license notice saying this License applies to the Document are reproduced
in all copies, and that you add no other conditions whatsoever to those of this License. You may not use technical
measures to obstruct or control the reading or further copying of the copies you make or distribute. However, you
may accept compensation in exchange for copies. If you distribute a large enough number of copies you must also
follow the conditions in section 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.
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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.

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. List on 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 Y 0

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.

Q

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.

K. For any section Entitled «Acknowledgements» or «Dedications», Preserve the Title of the section, and
preserve in the section all the substance and tone of each of the contributor acknowledgements and/or
dedications given therein.

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.
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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.

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

Translation is considered a kind of modification, so you may distribute translations of the Document under the
terms of section 4. Replacing Invariant Sections with translations requires special permission from their copyright
holders, but you may include translations of some or all Invariant Sections in addition to the original versions of
these Invariant Sections. You may include a translation of this License, and all the license notices in the Document,
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and any Warranty Disclaimers, provided that you also include the original English version of this License and the
original versions of those notices and disclaimers. In case of a disagreement between the translation and the original
version of this License or a notice or disclaimer, the original version will prevail.

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.

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 «kMMC») 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:
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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:

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.

If your document contains nontrivial examples of program code, we recommend releasing these examples in parallel
under your choice of free software license, such as the GNU General Public License, to permit their use in free
software.
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