APLIKOVANA
«s  GEOINFORMATIKA VIII

Kriging, Mapova algebra

Aplikovana geoinformatika

Laborator geoinformatiky a kartografie



* Prostorovy interpolator

« Zalozeno na predpokladu prostorove autokorelace
existujicich dat

* Prostorova struktura je podminena modelovanim na
zaklade semivariogramu

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

* Podobny princip jako IDW, ,jen” vstupuje vice
parametru — semivariogram, vzdalenost a prostorové
usporadani dat v okoli bodu
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Kriging — geostatisticka definice

The kriging formula

Kriging is similar to IDW in that it weights the surrounding measured values to derive a prediction for an unmeasured

location. The general formula for both interpolators is formed as a weighted sum of the data:
" N
Z(sy) = Z/?.,-Z(S_.-)

i=1

where:

Z(5i) = the measured value at the ith location

Aj = an unknown weight for the measured value at the ith location

5p = the prediction location

N = the number of measured values

In IDW, the weight, A; depends solely on the distance to the prediction location. However, with the kriging method, the
weights are based not only on the distance between the measured points and the prediction location but also on the overall
spatial arrangement of the measured points. To use the spatial arrangement in the weights, the spatial autocorrelation must
be quantified. Thus, in ordinary kriging, the weight, A; depends on a fitted model to the measured points, the distance to the 24w} ArcGIS Help
prediction location, and the spatial relationships among the measured values around the prediction location. The following
sections discuss how the general kriging formula is used to create a map of the prediction surface and a map of the accuracy

of the predictions.
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Postup Krigovani

« Explorativni — zkoumam miru podobnosti dat ve
vztahu K jejich vzdalenosti (semivariogram,
korelogram)

* Fitovani modelu na zjisteny vztah
* Porovnani modelu

* Modelovani povrchu — vilastni vysledek (obdobnée jako
u IDW)
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Exploratorni faze - vypocet semivariogramu

Semivariogram{distance,) = 8.5 * average((value; - 'L-'E].L.IEj:IE:I

(Often, each pair of locations has a unigue distance, and there are often many pairs of points. To plot all pairs quickly becomes
unmanageable. Instead of plotting each pair, the pairs are grouped into lag bins. For example, compute the average
semivariance for all pairs of points that are greater than 40 meters apart but less than 50 meters. The empirical
semivariogram is a graph of the averaged semivariogram values on the y-axis and the distance (or lag) on the x-axis (see

diagram below).
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Ernpirical semivariogram graph example

) i ] . Calculating the difference squared between the paired locations
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Explorativni faze

Semivariogram;/Covariance Cloud
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Fitovani modelu na zji$ steny vztah
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Fitovani modelu

When you look at the model of a semivariogram, you will notice that at a certain distance the model levels gut. The distance
where the model first flattens is known as the range. Sample locations separated by distances closer than the range are

spatially autocorrelated, whereas locations farther apart than the range are not.

lllustration of Range, 5ill, and Mugget components

The value at which the semivariogram model attains the range (the value on the y-axis) is called the sill. A partial sill is the sill

minus the nugget. The nugget is described in the following section.
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Nejcastéjsi typy Krigingova algbritmu

« Simple Kriging predpoklada znamou
stredni hodnotu v celé oblasti

* Ordinary Kriging predpoklada neznamou
stredni hodnotu, konstatni v celé oblasti

* Universal Kriging predpoklada trend
stejneho typu v celé oblasti

« Cokriging vyuziva k predikci dalsi veliCinu

o

LGC
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Nejcastejsi typy Krigingova algoritmu

Ordinary Kriging Universal Kriging
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Kriging v ArcGIS

.
Input painks: Ivrstevnicez.ﬁ.B j EI / Bez VI|VU daISIhO JeVU

Z value Field; I'-.-'.ﬁ.L
Kriging method: & Ordinary " Universal
Semivariagram model: ISphericaI - T —

.ﬁ.dvancedF‘arameters...l S Vlivem dalél’ho jeVU
Search radius type: I'u'arial:ule j (nap‘f_ VétrU)

Search Radius Settings

Mumber of points: I 1z
Mairmumm distance: I

Cutput cell size: I 10

[T Create variance of prediction: I <Temporary = ﬁl

Cutput raster: I C\Documents and Setkings) 1! E."'l

0] 4 I Cancel |
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Kriging v ArcGIS
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Aplikovana geoinformatika ﬁ

Advanced Parameters. .. |

Search radius tvpe: I'u'arial:ule j




Kriging v ArcGIS

Kriging |

Inpukt paoints:
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e

Variable = pocCet bodu
a maximalni

~~_ vzdalenost / Fixed =
nastaveni vzdalenosti
a minimalni pocCet bodu
v této vzdalenosti
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Kernel density

 Vypocet hustoty prvku v okoli bodového nebo
linloveho prvku

* Vyuziti zejména pri analyze a nasledneé vizualizaci dat
jako hustota zastavby, trestné Ciny, dopravni nehody
Ci zdravotnicka data

Heart Disease Deaths Kernel Density
Cities within Hennepin County, 2006-2010 ; ; - :
el Daytime Violent Crime Incidents In San Francisco

https://www.cdc.gov/dhdsp/maps/gisx/mapgallery/hennepin

lll p://up206a.yohman.com/author/stella/
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https://www.cdc.gov/dhdsp/maps/gisx/mapgallery/hennepin_mn_hd_kernel.html
https://www.cdc.gov/dhdsp/maps/gisx/mapgallery/hennepin_mn_hd_kernel.html
http://up206a.yohman.com/author/stella/

Srovnani interpolaénich algoritmu

» Deskriptivni statistika . Minimum,
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Srovnani interpolaénich algoritmu

« Deskriptivni statistika

« RMSE
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Srovnani interpolaénich algoritmu

* Deskriptivni statistika KOBERSKO SIROKE 2017
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Mapova algebra

« Umoznuje kombinovat
rastrove vrstvy pomoci I

ruznych matematickych oy P e

OperaC| Tomatoes ) { E{

+ 3

» Pouziva map jako . -

promennych a ,l, o e
prostorovych operaci Sanswich

jako operatoru v
algebraickych vyrazech

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

s prostorovymi daty v mapoveé algebre

« Operatory

 Funkce

— z hlediska matematického (arimetickée, 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

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

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

- <, > <= <> ...
’ ’ ’

 Booleovské
— AND, OR, XOR ...

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

Aplikovana geoinformatika
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Typy operatoru

_ in, dlff, over Logical Operators
DIFF Logical difference
. IN {list} Contained in list
« Kombinatorni OVER Replace

— A DIFF B: If a cell value in raster A
and raster B are different, the cell R | e—
value in raster A is returned. If the A B
cell values are the same, the value
zero is returned.

— AN {value list): If a cell value in 112 DIFF 5|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

e Lokalni
* FOké nl’ .-"'-.-.:"'-.:-:'...:..-.-:--..-';:-.-' "-l-_.- "':_.:'.-"'
- 1 A _.|""-. -" ::__.-';.-';--l_.-'
« Zonalni (+blokoveé) Fmr{_{s_}_,:;ir S
-'_.- '.-_.-' _:l-____.

Ve = T -
¥ ¥ v iy -
Globalni e aararedl
—
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Lokalni operace

// // // /
Z / / / Output Matrix
/ /. / / Lokalni funkci je napf. i reklasifikace
T ‘ ]
T .
/ / / Input Matrix
0 R T
[
+
N/ /]
3 P 4
/ / / / Input Matrix 3 ) _
P 7. 17 Figure 4.1 Local function. Local functions
/ O L / 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.
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Fokalni funkce

* Vystupni hodnota
buiiky je pocitana D

jako urcita
operace s touto
bunkou a s
bunkami jejiho

Rectangle Circle Annulus Wedge

FEEE R
| IH#H *t{;ﬁ Setieacts

Oko I W EEEEEEEEE _'_|] ‘::!.‘Ii:
Default Rectangle Circle Annulus Wedge
Kernel.txt
7 b4 FOCULSUM{ [Elev])
* OkOII bunky Ize FOCULSUM( [Elev] , RECTAHNGLE, 5, 3) 5 3
u o ’ FOCULSUM{ [Elev] , CIRCLE, 2) L1010
deflnovat ruznym FOCULSUM] [Elew] ., AHHULOS, 2, 3) 10011
FOCULSUM( [Elev] , WEDGE, 4, 300, 330) 01110

zpusobem
ArcGIS 9.2
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Fokalni funkce

« Problematika okraju
rastru (zmenseni okoli

. w 7 Input processing raster Ciutput raster
nebo replikace radku, o] (T2 s Tal IEADMNE
s|o_|z|2 13|16 [14] 13] 22|17
Sloupce raStrU) 1112 3]s]a _ 15|20 21]13 24 19]
1[s]zlz]1]a - 13[18] 20] 23] 2517
s| | 1] ]3]0 13] 18] 20[ 22[23] 15
1[1[2] =[] =

« Fokalni statistika (vyuziti

TO10]1E 16|10

napr. vyskova clenitost) suma

¢ Filtrace Obrazu Cilové burika
(konvoluce, okenko okoli /mmu
vstupuje svymi hodnotami Vatupri rd
do vypoctu)

FOCALSUM
(INGRID, NEIGHBORHOOD)

— vhodny nastroj nejen pro
zpracovani obrazu, ale
napr. i pro shlazeni DEMu
Ci vysledku interpolace

Vystuphi grid
QUTGRID

o

LGC
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Statistické udaje pro fokalni, zonalni a

blokové operace

¥ Types of neighborhood statistics

The following statistics can be computed within the neighborhood of each processing cell, then sent to the corresponding cell
location on the output raster,

Statistic Description

Majority Determines the value that occurs most often in the neighborhood.
Maxirnurm Determines the maximum value in the neighborbhood.

Mean Computes the mean of the values in the neighborhood,

Median Computes the median of the values in the neighborhood,
Minirmm Determines the minimurm value in the neighborhood.

Minority Determines the value that occurs least often in the neighborbood.
Fange Determines the range of values in the neighborhood.

Standard deviation Computes the standard deviation of the values in the neighborhood.
Sum Computes the sum of the values in the neighborbood.

Yariety Determines the number of unigue values in the neighborhood.

Aplikovana geoinformatika



* Principem funkce je, ze bunky z okoli, které maji
vySSi hodnotu nez centralni burnka ,teCou” smérem
dovnitf (od vétsi k mensi hodnoté)

— voda, ktera teCe z kopce; sSireni nizsi koncentrace do
VySSi apod.

* Vysledkem je grid, jehoz bunky nesou hodnotu
odpovidajici tomu, kolik do nich ,proudi” bunek z
okoli.

Aplikovana geoinformatika



The Neighborhood Function on an Individual Neighborhood

1

INGRIDA OUTGRID R 7 A Correspondng bit position
. VAL c i g ¥ B 5 4 3 2 1
UE=NODATA (125 e | 32 16 & [ 4] 2] 1|
The Neighborhood Function on a Grid e : Base, bt values
Meighborhood cel
positiars

INGRIDT

Expression: FOCALFLOW(INGRID1)
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Blokové funkce

Hadius—/ A d

5 x 5 Neighborhood

Meighborhood and block Meighborhoods
: A : B A B Circular neighborhond |

l
[
i

/

: |' —
!1 A L g 7 N,
Processing cell

. £
Block function |Difference between Elock and Focal

Block1
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Zonalni funkce

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

« Z0ny lze definovat rastrem nebo i vektorem
(polygon) — v GISu

— zonalni statistika
— zonalni geometrie
— crosstabulation (kombinace dvou tabulek)
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Zonalni funkce

ST T 77 7 7] Zény
TR

ZGRID

Vstupni grid
"NVALGRID

Funkce

ZOMNALSUM
(ZGRID VYALGRID)
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Zonalni statistika

Mean

¢ The zone inpukt must be integer.

e The data type of the output will always be floating point,

OUTGRID

| VALUE=NODATA

INGRID2

Expression: ZONALMEAN(INGRID1, INGRID 2)

Aplikovana geoinformatika
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Zonalni geometrie

Perimeter

¢ The perimeter of a zone is the sum of the lengths of the boundaries of each connected region in the zone. Both external
boundaries and internal boundaries (islands) are taken into account, The length of an external or internal side is in map units,
which are derived from the current cell size,

e The perimeter for a zone is assigned to each cell in the zone,

« The perimeter should be similar (with some resampling error) for the same zone regardless of the resolution of the zone raster,
“ariations in perimeter calculations can occur if the resolution is changed with the output cell size option,

e The perimeter is in linear map units.
+ The perimeter for a zone is assigned to each cell in the zone on output,

e Fones do not have to be connected, If a zone is not connected, the perimeter for each disconnected region is added, and only
one perimeter is assigned to the zone.,

* dlea

e perimeter
 thickness
INGRID1 OUTGRID _
. VALUE=NODATA ° CentrOId

Expression: ZONALPERIMETER(INGRID1)
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Crosstabulation

VALUE

WVALUE_1D

VALUE M

VALUE A2

VALUE A3

BN B =]

L=R %]

=y

=Ry L=

4]
1
4]
1

INGRID2

Expression:

TabulateArea ZoneRas VALUE ClassRas VALUE Tabarea1.dbf 1

Aplikovana geoinformatika
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histogram (Histogram by
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Globalni funkce

* Hodnota kazde bunky
vysledneho rastru je
pocCitana ze vsech
bunek zdrojoveho
rastru.

— analyzy vzdalenosti —
hledani optimalni trasy
— morfometrické analyzy

— hydrologicke
modelovani

Aplikovana geoinformatika

Cilova ___ / i_/ Ay
bunka  ~ ZTF / / /!
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LTT7 277
TTT I

Vstupni
Grid |NGRID

——— Zdrojova
bunka

T /s/s/z

VAVAVA VAVAVS
3 /2

285 8 s s

COSTGRID

A pawten

def nu1|r:|

VATATAVAVAY A i

Funkce

COSTPATH
(INGRID,COSTGRID)

7

Vystupni
Grid

o




Globalni funkce — ukazka

=

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

 Raster Calculator

Spatial Analyst Tools
— Map Algebra

— Math

— Neighborhood

— Overlay

— Reclass

* Model builder — sestavovani algoritmu
« VB Script, Python (v ArcView AVENUE)

* V ruznych programovych prostfedcich se stejné
prostorové operace jmenuji ruzné, neexistuje jednotna
terminologie

Aplikovana geoinformatika ﬁ
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Raster calculator
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Calculator

 Umoznuje provadet jak prostorove dotazovani,
logické operatory (vysledkem je bitmapa 0,1)
« Umoznuje zakladni aritmeticke operace
§# Raster Calculator 7 x|
1] . [ 1 Mat | — Logarithms — Powers —
;I Exp Log Sqrt
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Model builder
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Model builder
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Mapova algebra — dalsi aplikacni ulohy

* Vypocet euklidovské vzdalenostsi
« UrCovani prislusnosti

« Cost distance, weighted distance
« Cost povrchy

« Optimalni trasa

* Mapovani hustoty

Vice viz. prednasky predmetu Z8102 Geostatistika

o

LGC
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