APLIKOVANA
«s  GEOINFORMATIKA VIii

Kriging, Mapova algebra

Aplikovana geoinformatika

Laboratof geoinformatiky a kartografie






Prostorovy interpolator zalozeny na strukturni analyze

Interpolovany povrch Ize presneji vystihnout
stochastickou funkci (funkce ma i nahodnou slozku)
nez shlazujici matematickou funkci

Prostorova struktura je podminena modelovanim na
zaklade semivariogramu

Chyby jsou pocitany pro kazdy bod — statisticke
testovani hypotéz (Moranuv index) — mohu stanovit
chybu interpolace

Podobny princip jako IDW, ,jen” vstupuje vice
parametru — semivariogram, vzdalenost a prostorove
usporadani dat v okoli bodu

Aplikovana geoinformatika LGC




* Trend — odhadovan za pomoci funkce
 Kolisani — prostorové korelovana — analyzovana semivariogramem
* Nahodny Sum
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Strukturni analyza

 procedura zahrnujici vypocet strukturalnich funkci,
vybér a konstrukci odpovidajicich teoretickych modell a
jejich aplikace, interpretaci prubéhu strukturalnich funkci
* cil: popsat vlastnosti pole prostorovych promennych
veliCin — kontinuita, homogenita Ci anizotropie
(zavislost na smeéru)

* popisovany prostrednictvim mer prostorove

autokorelace a prostorove variability
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Strukturni analyza

Strukturalni funkce

— semivariance
— vyjadrena semivariogramem — mira nepodobnosti
— od urcité vzdalenosti mérenych bodu spolu uz jejich
hodnoty nekoreluji

— kovariance — mira podobnosti

Pred samotnou interpolaci by mela byt nalezena (pomoci
ESDA) a odstranéna pripadna trendova funkce, aby
neovlivnila vysledky. Po interpolaci by pak mela byt
priCtena zpét k vysledkum.
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Postup Krigovani

« Explorativni analyza — zkouma se mira podobnosti dat
ve vztahu K jejich vzdalenosti (semivariogram)

 Fitovani® modelu na zjisteny vztah
» Porovnani modelu

* Modelovani povrchu — vlastni vysledek (obdobne jako
u IDW)
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Explorativni faze
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Model se urcCuje podle
tvaru semivariogramu,
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NejCastejsi typy algoritmu Krigingu

Ordinary Kriging Universal Kriging
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Kriging v ArcGIS

i ﬂ Kriging

& Input point features

| == : v
Bez vlivu dalsiho jevu

@ Output surface raster
Semivariogram properties

Semivariogram model: [5|:lheri:3| \ . .., .
S vlivem dalsiho jevu

Advanced Parameters.. l

e . (napr. vetru)

Search radius (optional)

Variable v]

Search Radius Settings

Mumber of paints: 12

Mazdimum distance:

Output variance of prediction raster (optional)

[ OK ] [ Cancel ] [Erwironments... ] [ << Hide Help
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Kriging v ArcGIS

rﬁ Kriging
.Inputpointfeaiures j @ . .
. — Ordinary vs. Universal

@ Output surface raster

Semivariogram properties

Kriging method: (@ Crdinary () Universal O rd i n a ry
Semivariogram model: [SDhE,iE| v] . , ’ ’
] - Spherical (kulovy - vychozi)
oot s ot - Circular (kruhovy)

Search radius (optional)

3 - Exponential (exponencialni)

Search Radius Settings

E - Gaussian (normalni rozd.)

- L - Linear (linearni prah.
e e e @] h Od N Ot a )

[ OK ] [ Cancel ] [Erwironments... ] [ << Hide Help g%
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Kriging v ArcGIS

-
"% Kriging
& Input point features

| ==

& Z value field

@ Output surface raster

- = Advanced parameters

1 4 14
) N . — krok lagovani
Kriging method: (@) Ordinary (7 Universal
Semivariogram model: [5|:|heri:3| v]
van

Cutput cell size (optional)

e Variable = pocet bodu
e o a maximalni
B vzdalenost / Fixed =
nastaveni vzdalenosti
B a minimalni pocet
bodu v této
vzdalenosti

[ OK ] [ Cancel ] [Erwironments... ] [ << Hide Help g%
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Mazdimum distance:

Output variance of prediction raster (optional)




Geostatistical Analyst
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Kriging vs. IDW '

* Kriging ma propracovangjsi teoreticke
zaklady

* Neda se delat naslepo — pomoci ponechani
automaticky prednastavenych veliCin

* IDW je nejpouzivanejsi
* Kriging nejsofistikovangjsi
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Mapova algebra

* Umoznuje kombinovat
rastrove vrstvy pomoci .

riznych matematickych " — e

OperaC| Tomatoes oy { all

+ 3

» Pouziva map jako N 2 TR

promennych a ,l, &l el e
prostorovych operaci Sandwich

jako operatoru v
algebraickych vyrazech

* Prostredek prostorove
analyzy a modelovani
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Zakladni nastroje (objekty) pro'manipulaci

s prostorovymi daty v mapove algebre

* Operatory

 Funkce

— z hlediska matematického (arimetické, logicke,
trigonometricke, logaritmicke)

— z hlediska mapové algebry — lokalni, fokalni, zonalni,
globalni

« Aplikacni procedury a funkce

— analyzy vzdalenosti (euklidovska vzdalenost, nejkratsi
cesta, cost-distance...)

— analyzy povrchu
— hydrologické modelovani

Aplikovana geoinformatika ﬁ




Typy operatoru

* Aritmeticke
— + - "/ mod (= zbytek po

déleni)
— napfr. pfevod metru na 112
stopy 3|4
* Relacni

- <, > <= <>..
1 T ’

« Booleovskeé (logicke)
— AND, OR, XOR ...

"greater-than" 45 degrees
"and" that have an
elevation that is "greater-
than" 5000 meters.
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Slope

65

21

55

46

Elevation

5500

6500

7500

4000
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Typy operatoru

 Jiné operatory — =~
— in, diff, over Logical Operators
DIFF Logical difference
IN {list} Contained in list
OVER Replace
— A DIFF B: If a cell value in raster A
and raster B are different, the cell Ly | Ee——
value in raster A is returned. If the A B
cell values are the same, the value
zero is returned.
— A IN {value list): If a cell value in 12 DIFF |2
raster A is in the value list, the cell
value in raster A is returned. 3 4 3 5
Otherwise, NoData is returned.
— A OVER B: If a cell value in raster
A is not equal to zero, the cell 1 0
value is raster A is returned. —
Otherwise, the cell value in raster 0O | 4
B is returned.
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Funkce z hlediska mapove algebry

o Lokalni

= s ~ =
° V4 ’ e E . 3 o
OoKalnl A A
- .

° Zoné n|' Fﬂ:'l:'ﬁ.r-"#__':h-.-"'...# _---._ e

* Globalni -y
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Lokalni operace
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Output Matrix

{} Lokalni funkci je napf. i reklasifikace

Input Matrix

Input Matrix :
Figure 4.1 Local function. Local functions

are cell-by-cell functions that compare each
individual grid cell from one matrix with its cor-
responding grid cell in the second and all suc-

ceeding matrices.

LGC



Fokalni funkce

« Vystupni hodnota
buriky je poditana jako D
urcita operace s touto

bunkou a s bunkami e e e e
jejiho okoli

* Okoli bunky Ize T R R
definovat riznym e e

ZpUSObem Default Rectangle Circle Annulus
- Vétéinou bezprost‘fedni FOCULSUM{ [Elav] )
Okoll’ (nap‘r( 3X3) FOCULEUM( [Elev] , RECTAHGLE, 5, 3)

FOCULSUM] [Elev], CIRCLE, 2)
FOCULSUM{ [Elev] , AHHULUOE, 2, 3)
FOCULSEUM [Elev], WEDGE, 4, 300, 330)

ArcGIS

Aplikovana geoinformatika



Fokalni funkce

* Problematika okraju rastru —
okoli bunky se dostava mimo

Input procassing rester Output raster

hOanty 4lol1]z] 2] o] 1iz] s]aw] s
— okraje vysledneho rastru GRuH - Eame

maji Casto odlisSne hodnoty S 13|20 IOMERE

_ n|2§|” VySS| 1]1]2]3]4]s o 7[1oftof1e{1s{10
— zmenseni okoli nebo

replikace radku, sloupce Cllova burie

rastru) //

Vstupni grid
« Filtrace obrazu (okénko okoli e

vstupuje svymi hodnotami do FOCALSUM
Vypoétu) (INGRID, NEIGHBORHQQD)
— vhodny nastroj nejen pro Vystupni gric

zpracovani obrazu, ale napr. |
pro shlazeni DEM C¢i vysledku
interpolace

d
~
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Analyza proudeni — Focal Flow

« Zvlastni pfipad fokalni funkce

* Principem funkce je, ze bunky z okoli, které maji vyssi
hodnotu nez centralni bunka ,teCou” smérem dovnitr (od
vétSi k mensi hodnote)
— voda, ktera teCe z kopce; Sireni vyssi koncentrace do

nizsi apod.

* Vysledkem je grid, jehoz bunky nesou hodnotu

odpovidajici tomu, kolik do nich ,proudi” bunék z okoli

« Vyuziti: napr. hydrologické analyzy
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Zonalni funkce

* VypocCty se provadi v ramci definovanych zon,
nikoliv v okoli

« ZOny lze definovat rastrem nebo i vektorem
(polygon)

 Priklady nastroju
— zonalni statistika
— zonalni geometrie
— crosstabulation (kombinace dvou tabulek)

Aplikovana geoinformatika ﬁ
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Zonalni funkce

Zony
ZGRID

Vstupni grid
"NVALGRID

Funkce

ZOMNALSUM
(ZGRID VYALGRID)

Aplikovana geoinformatika



Zonalni statistika

Mean

* The zone input must be integer. . . 4
s The data tyse of the u:uutputirill always be floating point. StatIStICka hOd nOta Se
priradi vSem bunkam

zony:
* mean
* majority
- ¢ maximum
* median
OUTGRID e
* minimum
| VALUE=NODATA _ _
* minority
INGRID2
* range

Expression: ZONALMEAN(INGRID1, INGRID 2)
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Zonalni geometrie

a0 | 5.0 | 50

50 | 3.0 | 3.0

20 | 50 | 50 [ 3.0

‘ 20 | 50 | 50 | 50
[T value = NoData

InRasl QutRas

Outfas = ZonalGeometry(Infas1, "VALUE","AREA"}

Vsem bunkam se priradi hodnota podle
geometrie cele zony:

e area
* perimeter
* thickness

e centroid
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Globalni funkce

* Hodnota kazde bunky
vysledneho rastru je
pocCitana ze vSech
bunék zdrojoveho
rastru.

— analyzy vzdalenosti —
hledani optimalni trasy

— morfometrické analyzy
— hydrologicke
modelovani

Aplikovana geoinformatika

Cilova ——-/i_/ Ay
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Grid |NGRID

——+ Zdrojova
bunka

235 8 5 8

COSTGRID

Vovavavivavards
/1/5/4 ’ 3//1/ :e::luml Funkce

COSTPATH
(INGRID,COSTGRID)

7

Vystupni
Grid
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Globalni funkce — ukazka

=,

obr. 3.44 - vzdalenost od vlakovych nadrazi (rastrova reprezentace)
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Shrnuti v ArcGIS A2

« Spatial Analyst Tools
— Map Algebra — Raster Calculator
— Math
— Neighborhood
— Overlay
— Reclass

* Model Builder — sestavovani algoritmu
 skriptovaci jazyky — VB Script, Python

* V ruznych programovych prostredcich se stejne
prostorové operace jmenuji ruzné, neexistuje
jednotna terminologie

Aplikovana geoinformatika
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Raster Calculator

Umoznuje provadet prostorove dotazovani

Umoznuje zakladni aritmetické operace, logicke
funkce...

"5\ Raster Calculator =k |

& Map Algebra expression Raster Calculator |
Layers and variables Conditional = Builds and executes 3
< kriging_univ E || s |[ Con El single Map Algebra
- Ill==1= || & . ! -
> kriging_ord Pick expression using Python
< ca_hillshade = || s [ | [ = ][5 |[5=][ 1 || sethu syntax in a calculator-like
Math interface.
U DEE) .
a . + ( ) w || ExPp il
Qutput raster
C:\Dokumenty\ArcGIS\Default.gdbraster @
Ok ] [ Cancel ] [Enu'irunments... ] [ < < Hide Help ] [ Tool Help
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Spatial Analyst Tools

« mnoho nastroju — jednotlivé slozky ve cviCeni

« soucasti je i Neighborhood Tools a v ném napr. Block
Statistics — budete potfebovat ve cviCenich

ool

-

Block
Statistics

0]
b
[4F}
g
I3}
g
I}
[i5}

Statistics
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Description

Partitions the input into non-overlapping blocks and calculates the statistic of the values within each block. The value is assigned to
all of the cells in each block in the output.

Performs either a smoothing (Low pass) or edge-enhancing (High pass) filker on a raster.
Determines the flow of the values in the input raster within each cell's immediate neighborhood.

Calculates for each input cell location a statistic of the values within a specified neighborhood around it.

Calculates a statistic on the attributes of lines in a circular neighborhood around each output cell.

Calculates a statistic on the points in a neighborhood around each output cell.




Model Builder

1 | Geoprocessing | Customize  Windows  Help

k' @

Al R

s

= : Layen I@’ kriging_univ

+  ArcToolbox

d | T|:.I|IEI.|.. EE ]_‘

117 Buffer B E ke n? o B E &M@k E]
Clip b - Editor~ A
= Intersect
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Merge = Model
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Help
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Mapova algebra — dalsi aplikacni ilohy

* Vypocet euklidovske vzdalenosti
* UrCovani prislusnostsi

« Cost distance, weighted distance
« Cost povrchy

* Optimalni trasa

* Mapovani hustoty

* Vice viz prednasky predmeétu Z8102 Geostatistika
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