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Topologické prekryti

* Obecné dotazovani dvou nebo vice informacnich vrstev
se oznacuje jako topologickeé prekryti (overlay) téchto
vrstev.

« PuUvodné se tento problém resil pfekrytim dvou
tématickych map na pruhlednych foliich.

« Stejny problem se v GIS feSi pomoci zakladnich
algoritmu pocitacové grafiky (test bodu v polygonu,
hledani pruseCiku dvou objektu, ofezavani).

« Vysledkem postupu je vytvorfeni novych objektu (vrstvy),

které maji kombinace vlastnosti objektu ze zdrojovych
informacnich vrstev.



Ian McHarg (1969) - Design

g with Nature
Agricultural Aquifers Ecology

Each transparency

must be the same scale,
projection and be manually
registered so that features
sharing the same location
overlap

Route for road

Lightest area
is most suitable

This is effectively a dominance rule,
to which we shall return
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L Z papiru do GIS

Overlay polygonu je vypocetné naroény - jedna z
hlavnich Uloh GIS.
o\/ pripade overlay je nutné:
- Vypocitat prasediky polygonu z jednotlivych vrstev
a vytvorit nové polygony.
- Vytvorit atributovou tabulku reprezentujici vsechny
atributy pro noveé polygony
— Oznacit nove vzniklé polygony, pripadné spojit
sousedni polygony, pokud maji stejnou novou
hodnotu.
- Vyhodnotit chyby vzniklé pri procesu (sliver
polygons)
ePresny postup zavisi natom, zda byla vytvorena
topologie jednotlivych vrstev.




Node structure

Polygon structure  \+. negative signs
, signify direction Node ID
ID: Wyoming (need to know 21
Outer ring: left/ right) Incident chains
432 432
=121 121
-123
651 Coordinates
340 X,Y
300
Attribute table

Arc structure

ID: 432

From node: 65

To node: 21

Left: Montana

Right: Wyoming

Coordinates:
X1/Y1

men

300
38

34074 651

Note this node is not
at the corner

Image from http://www.fws.gov/where/



44
Y20

Land owner As and B
Polygon structure

1D A Arc structure
Quter ring:
21 ? ID: 21
32 From node: 5
To node: 6
Attribute tabl Left: B
bt e Right: A
Coordinates:
X1:¥1
X2, Y2

9

Deer breeding ground

Polygon sti Polygon structure

ID: B ID: D
Node st Outer ring:  Quter ring:
-21 44
Node ID 20 Attribute table
b
Incident Aftribute table
-20
32
-21
Coordinates

XY

Arc structure

ID: 44

From node: 9

To node: 9

Left: Nil

Right: D

Coordinates:
X1:¥1

xI'II'.}'IIF'I

Node structure

Nade ID
9
Incident arcs
44
Coordinates

XY



Nalezeni prlseciki

* Arc 44 intersects twice with arc 32

32 f * There are no other intersections
» First intersection is node 3
> 21l B 20 * Arcs 44 and 32 are broken in two
I\D/ 3 | » 2nd intersection is node 7

* New arcs are again broken in two

77 36 44 39

Here we insert 2 nodes (7,3) and 4 arcs (36,39,71,77)
Each node stores arcs in anticlockwise angular order:

Node ID Node ID
3 7
Incident arcs Incident arcs
71 -/1
36 32
44 -77
-39 -36
Coordinates Coordinates

XY Xy



Vytvoreni polygonu

32 ¢
v
71 21| B 20
I\ND/ 3
-
9
77 36 44 39
Ngde 1D Node ID
. 6 Node ID
Incident arcs ) 3
39 Incident arcs _
21 Incident arcs
21
30 /1
20 20 36
Coordinat B
gnr nates Coordinates 44
2 -39
XY
Coordinates
XY

Trace the polygon starting at node 5,
Starting with arc 21:

21 goesfrom5to 6
39 is angularly adjacent
(anti-clockwise)

39 goes to node 3
71 is angularly adjacent
(anti-clockwise)

71 goestonode 7
32 is angularly adjacent and
enters our original node 5 —
polygon is formed!!

Polygon structure

Node ID

7
Incident arcs ID: New one
-1 Outer ring:

21

32

=17 39

-36 Fal
Coordinates -32

X,y Attribute table



7 36

Polygon structure

ID: New One
Outer ring:

21

39

71

-32
Attribute table

44 39

We follow the arcs
and find that to the
right of each arc
is the attribute

A

Pridani atributt

Chain structure

ID: 21

From node: 5
To node: 6
Left: B
Right: A
Coordinates:

X1:Y1

X2,¥32
Chain structure

ID: 39
From node: 6
To node: 3
Left: Nil
Right: A
Coordinates:
X1/¥1
X2, Y2

ﬂ

Chain structure

ID: 32

From node: 5
To node: 7
Left: A
Right: Nil
Coordinates:

X1, Y1

X2, Y2

Chain structure

ID: 71
From node: 3
To node: 7
Left: A, D
Right: A
Coordinates:
X1:Y1
X2:Y2



Overlay

* Pro kombinaci vstupnich objektl se opét pouzivaji
pravidla Booleovske logiky.

« GIS systémy obvykle nabizeji:
— INTERSECT (AND - prunik),
— UNION (OR - sjednoceni),

— IDENTITY (prirazeni na zaklade prostorového
umisteni — zachovava vsechny vstupni objekty).



Priklady overlay

> F"‘ﬁ Intersect
Union
" LD
N
Identity > (\

IDENTITY
FEATURE



77 Zakladni typy geometrického
e prekryvu (overlay)
e Point in polygon

e Line in polygon

e Polygon on polygon

Met station Forest Met station
point map polygon map point map
1
+ 2 Forest £
+ i — +
+ 3 h
Non-forest + Y-
Met station

attribute table

Paint ID Land use

point-in-polygon example 1 | Forest

2 Forest

3 Mon-forest




Zakladni typy geometrického
prekryvu (overlay)

e Line in polygon

Road Forest Road
line map polygon map line map

Forest

2 + \
3 ‘

Non-forest







. Intersect

e Boolean
koncept - 16
moznosti

Intersection Concept

L2 3 4
1 1 B 0 AJDHLINOT B)
1 1 1 1 NOT NULL
| 1 i 0 NCT B
1 1 0 1 (NUT AJOR.(NCT B
1 (] 1 0 [AAND BLVOR. GNOT ALANDNOT B0
1 0 1 1 ') moTAaoRE
1 G 0 v I | m™oOT AjanD.NOT 3)
1 0 0 I I MNOT A
0 1 1 0 A
0 1 1 1 ||| aore
0 L 0 0 AAND.NOTR)
0 10 1 (A AND.(NOT B)).OR.{(NOT A)AND.E)
U b 1 0 A.AND B
0 0 1 1 e
0 0 0 N
b 0 a1 [ ™oTaAaNDB




Overlay

 P¥i téchto operacich dochazi k reseni vztahu bod, linie
nebo polygon v polygonu (vyjimkou je sjednoceni, které
mohu provadet pouze mezi dvema polygonovymi
vrstvami).

« Z procesu topologickeho prekryti vznikaji nove objekty
(vrstvy), kterym jsou pfirazeny takeé atributy.

« Tim se topologicka prekryti liSi od prostorovych dotazu,
kde zadneé nove vrstvy nevznikaji.



Vstupni vretva Frekry vajici vretva  Vystupni vestva

Uysledna - '
wrabys Wstupni vrstva Prexryvajici vrstva

i 1 & Atribut | # Atribut

i

| I i

" 7 \ 2 i

3 I 3| B | Iz

d 3 A 3 103

g i | B i s

i 4 | C 3 1}

7 5 b 5 | 103

B 4 C i 101

B 5 L : 12




Dalsi topologické operace

Dalsimi pripady topologickych operaci jsou: CLIP a ERASE, UPDATE
a SPLIT
— maji tu vlastnost, ze atributy nejsou spojovany, ale prejimany ze
vstupni vrstvy (jedna vrstva je vzdy vstupni a druha na ni provadi
vySe uvedené operace).
— Tyto funkce je mozné zaradit i do kategorie restrukturalizace
dat.

Do topologickych operaci je mozné zaradit i ulohy typu DISSOLVE
("rozpusténi" hranic objektl na zakladé stejného atributu) MERGE
(spojeni dvou vrstev do jedné a odstranéni hranic mezi objekty se
stejnymi atributy),

— opét spise patri do kategorie restrukturalizace dat.



UPDATE - vyjme tu Cast vstupni
vrstvy, ktera bude aktualizovana
druhou vrstvou a misto ni vlozi
prvky z druhé vrstvy.

CLIP - ofizne vstupni vrstvu
pomoci definovanych polygonu v
druhé vrstve.

SPLIT - rozdeli vstupni vrstvu na
casti pomoci hranic definovanych
polygony ve druhé vrstve.

ERASE - opak CLIP odstrani Casti
vstupni vrstvy pomoci polygonu
definovanych v druhé vrstveé.
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*'Hlavni
typy
overlay

Polvgon Overlay

Logic Expression

Geometric Change

Result

Only features in the

Intersect A AND B area commaon to both :
coverages will be e i
e i
All polygons from Paoe
Union A OR. B both coverages will e .,' z &
be split at their e
mtersections and || ’L':I.[:ﬂ)
preserved in the T
output coverage T
Replaces the mput ity
Update (A AND.(NOT B)) coverage areas with =
AND. B the update coverage —————
X TN
cul-and-paste T ole ¥
operation
All featres of the P
[dentaty A OR. (A AND.B) input coverage, as e
well as thoze — ;?3
features of the A
overlay coverage . ﬁ . '
that overlap with the T
mput, are preserved.
Features from the bHoc|le o d
Clip (A .AND.B) .OR.B  inpui coverage that (;ag"' *:-")
overlap with the . l.f:__T.". N
overlay coverage.
Erase the input 35’:-5"3:}%
brase ACANDINOT B) coverage features -

that overlap with the
overlay coverage.




Chrismanova taxonomie pro
atributy

e Sada atributll pro oblast vyzkumu - vychazi
z predpokladu, ze potrebujeme zjistit
vSechny atributy pro vsechny oblasti
vvzkumu.

Given these values
of attributes, a
combination rule
decides the result.




Zakladni pravidla (1)

e Pravidlo vyctu e Pravidlo dominance -
(enumeration) - pouze vybrana hodnota
vsechny atributy jsou je zachovana pro vystup

zachovany pro vystup

\.

Operation consists of

MII unique e
‘ combinations choosing one value.,

recognized ' Examples: maximum;
highest bidder,




o Pravidlo prispévkové -
vsechny atributy
prispéji k vysledku

/Laeratlons like addition

allow each source 1o
contribute to result,

Zakladni pravidla (2)

e Pravidlo interakce -
vzdy dvé hodnoty
prispéji do vysledku

\/'\

e
OO

//\

/I ' '
~— Decisions in each step
may differ,
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155 Pravidlo dominance

e Pro nove vzniklou oblast je vybrana pouze jedna
hodnota, ostatni jsou ignorovany.

e Jakmile najdeme vyluCovaci hodnotu, neni
potreba hledat dalsi.

e Pouziti Boolean pravidel

e Casto uZitd pri analyze vhodnosti (suitability
analysis).
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lGc Priklad

e Najdete oblasti vhodne pro vyuku lyzovani

e Musi splnit nasledujici kritéria:
- Land cover v kategorii ,,open"
— Do vzdalenosti 400 m od silnice (pristupnost).
— Svazitost mezi 10° a 20° (optimalni pro

lyzarské svahy).

e Pokud kterékoliv z kriterii neni splnéno, pak
neni Uzemi vhodné pro dane vyuziti.

e Provedeme overlay vsech tri datovych sad a
nasledné vyuzijeme operace ,AND" na atributech

novych polygonu, abychom nalezli vhodnou
oblast.



Landcover

[ ] sonstiges
I Obstanlage

[ ]sied
[ ] stadtzentr -
[ |stausee o T B "

Within 400m of roads

Slope
5-10
| 11-15

Bl s-20

Bl 2 -3 Areas within 400m of roads, which are open and
Bl 55 between 10 and 20 degrees
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e Pravidlo prispévku

e\/yuzity hodnoty ze vsech vstupnich vrstev.

e Hodnoty jsou nasledné kombinovany pomoci
vybrané aritmeticke operace (obvykle soucet)

e Predpokladame, ze hodnoty jsou nezavislé
o\/ysledek zavisi na tom, jak jsou prispevky
pocCitany — nezavisle Ci s vahami.

eQdlisné kombinace mohou davat stejne vysledky:
Pr:1+1+4+2+2=6=1+1+1+3
- Otazka relevance hodnot a jejich vah

ePravidlo mize vyuzivat i jiné funkce (ndsobeni).



et 1 e Faclar Land uges
cor 1 ypes mep types A1 A2 R3I R4 s e
A Fachor 1 wakght 3
Ty pe &, 2 - . .
s Tvps B 3 & &
8 Type C 1 . . .
Facior 2 weight 5
Ty A 2 . . .
Factor 2 types map Type B 4
[ ] L] L
A Type C 1 . . &
o Type D 2 . * .
..-'-_-'--‘-.If;--—_--....
]
=]

Step 1. map data factors by typa
for sach land usa

Factor 1 suilabilily magp Factor 2 sudability mag

10

G ".--_‘-“"‘-_-"'#

5

k| ".'-___-"""'-._.-""

10
4] ..-"'_"'-..____-___-_____...

5

Siep 3 map ratings for each land use, one sat of maps for
each land use

Step 2: rate each bype of esch factor and weight each factor

Composile sultabilty map

Slep 4 owerlay singbe-lactor sultability maps fo oblasn com
pagile, ane map lar each land use

Dilci

kroky
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lec Pravidlo interakce

V redlném svéte je vétsina faktoru vzajemné
provazani (predchozi pravidlo to prehlizeji).

e Zde predpokladame, ze vrstvy jsou zavisle.

e Pristup 1 - vyzkousime vsechny mozné
kombinace a ohodnotime je — problém s poctem

a neprehlednosti (10x4x3x4=480 pro 4 vrstvy s
10,4,3 a 4 promennymi).

e Redlné je potet kombinaci mensi v dusledku
prostorové korelace.

e Nejsou prilis Casté - velka komplexita.



Faglar 1 types map

Fecior 2 types map Composite land types map
i,
'-'_..--—_—I.-‘-“‘---_-.-.....
A C
C ,.--'-__'--.___‘-“--_--"... ’
; > Nalezeni
—""-__“"-._______..- \%4 ’
. moznych
- y
kombinaci a
jejich
Step 1: map data factors by lype Step 2- intersact factor ypes maps o oblain compasite ’ ’
nasledne
y
Land usas OhOancenl
Regians Al RE  Ra R4
F.¥.! 0.0 # * #
AE 2.0 & - .
AL ee . N ¥
AD 140 - - o Compaogite suitabilily map
BA 0.0 - & -
HE 220 * - M
BC 5.0 * * .
an 200 N - ]
CA R.0 . . ™
CH 12.0 - - -
o 14.0 - - #
ch &0 - - .
Siep 3: rete each ragion for each land use Step 4: map guitability ratings for each land use, one map

for sach tand use



