APLIKOVANA
=m GEOINFORMATIKA VII

Digitalni vyskové modely

Aplikovana geoinformatika

Laborator geoinformatiky a kartografie



DEM vs. DTM

 Digitalni vyskovy model (DEM) — digital elevation
mode

 Digitalni model terénu (DTM) — digital terrain model

* QOba terminy se pouzivaji Casto jako synonymum,
nékdy ovSsem pro odliShou véc

* Pojeti zalezi na autorovi, na literature, ze ktere
cerpa

* Mozna rozdilna chapani DEM / DTM:

— pouze povrch bez /s objektu na ném (bez budov,
stromu...)

— XYZ / jiny jev zobrazeny jako treti souradnice ﬁ
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Zdroje vyskovych dat

* Vysledek zpracovani dat DPZ (fotogrammetrie —
stereopary, radary — interferometrie, laserove
skenovani)

 \rstevnice — zvektorizované z analogovych map

* Terénni mapovani — vstup z GPS
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Rastr (grid)

* TIN — triangulated irregular network

Vrstevnice

Vyskove body
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NejCastéjSi zpusob reprezentace

Implicitni topologie

Snadna implementace na PC

Naroky na pamet

Naroky na vypocty

Vlastni kvalita dat— zavislost na zpusobu

generovani, interpolaci
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Tvorba rastru

* Interpolace vy3ek bodu rastru z

184 22 o
nepravidelné &i pravidelné & R
rozmisteného bodoveho pole a0 2z 1e2
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— Spline A E%
— Kriging w g g
T . P
* Interpolace + zahrnuti dal$ich T O
parametru pro tvorbu 2 "f" 2 'ﬂ
hydrologicky korektniho povrchu s Netural Nelghtors
- napf. metoda ANUDEM FR L
(Hutchinson, 1998) — A
implementovano do ArcGIS — g IR & ¢

nastroj Topo to Raster
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Topo to raster 2%

- ,Topo to Raster is based on the ANUDEM program
developed by Michael Hutchinson (1988, 1989)."

» Jako vstup mohou slouzit nejen vyskove body, ale i
vrstevnice, vodni toky, vodni plochy, ,sinks” —
prohlubne, a hranice zajmového uzemi

« Connected drainage structure

« Correct representation of ridges and streams from
input contour data

* Podrobnosti metody viz Help ArcGIS (heslo Topo to
Raster)
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TIN - Triangulated Irregular Networks

« Zalozeny na trojuhelnikovych elementech —
facetach, s vrcholy odpovidajicimi vstupnim
vySkovym bodum

« Facety jsou plosky - roviny trojuhelniku (spojujici 3
prislusné body)

« Vybér bodu, které tvofi trojuhelnik se nejCastéji resi
podle Delaunayho triangulace

 Rada dalSich parametrd pfi tvorb& TINu
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TIN — Triangulated Irregular Networks




TIN — vstupni body '

« Body, které lezi na vSech dulezitych singularitach
- mista, kde se méni vyrazné prubéh terénni
plochy tzv. peaks, ridges, breaks in slope —
vrcholy, hrany, zmeény sklonu

 Digitalizované vrstevnice nejsou nejvhodnéjsim
zdrojem, ale lze je pouzit

* Nepravidelné rozmisténi bodu
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Delaunay triangulace

* Pro ucely triangulace - trojuhelniky by mely byt co
nejvic rovnostranné

* Pravidlo, ze v kruznici opsaneé daneho trojuhelnika
nesmi lezet dalSi bod (princip algoritmu)

« Jestlize spojim stfedy opsanych kruznic (pruseciky os
stran), dostanu Voronoi diagram (Thiessenovy
polygony)

« Thiesenovy polygony ohradi vsechny body oblasti, ve
ktere jsou vSechny mista blizsi k danemu bodu nez k
jinému bodu z dané mnoziny bodu |

Aplikovana geoinformatika



Delaunay triangulace

Figure 1.3. Delaunay triangulation.

http://www.cs.virginia.edu/~mngroup/hypercast/designdo
http://www.comp.lancs.ac.uk/~kristof/research/notes/voronoi/dt.gif ¢/Chp1-Overview/chp1-pic3.jpg
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Tvorba TINu z GRIDu

« Dalsi mozny postup
« Specialni pfipad konverze bodu do TINu

* Metody:

— Vybér bodu GRIDu, ktery se ponecha nebo zrusi -
jednotlivym bodum pfifazena dulezitost, ponechany ty
body, kde je nejvetsSi rozdil mezi sousednimi body

— Body se ruSi skokové — nepocita se duleZitost,
rozhodnout, kdy zastavit vybirani a ruseni bodu.

— Detekce specifickych tvart terénu GRIDu jako
vrcholy, doliky, sedloveé body, hrbetnice a udolnice.

@
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Tvorba TINu v ArcGIS

* Pres 3D Analyst

e Create TIN -

— from features (napf 3D Contours)

— Hard line, soft line, mass points

« Hard breaklines represent a discontinuity in the
slope of the surface. Streams and road cuts could
be included in a TIN as hard breaklines. Hard
breaklines capture abrupt changes in a surface
and improve the display and analysis of TINs.

« Soft breaklines allow you to add edges to a TIN to
capture linear features that do not alter the local
slope of a surface. Study area boundaries could be
included in a TIN as soft breaklines to capture their
position without affecting the shape of the surface.

* Mass points jsou body, které maiji byt jednoznacne
nody trojuhelniku
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Tvorba TINu z GRIDu

+ Tvorba TINu z gridu > |}/ >E<] DX /R

* TIN — struktura (TucCek _
1998) - | o o

Obr. 6.24.
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TIN — pro a proti '

Aplikovana geoinformatika

Mensi objem ulozenych dat nez u rastru — hustota
trojuhelniku muze byt ruzna podle Clenitosti terénu

Umoznuje vypocitat vysku terénu pro jakykoliv bod
(nelimitovano mrizkou rastru)

Lepe postihuje diskontinuity terénu
Slozita struktura

Velka zavislost na vstupnich bodech




« Struktura vyskovych dat jiz neni tak limitujici jako
dfiv — existuji metody, jak prevést jednu na druhou,
pouze nutnost minimalizace nechténych artefaktu

« Vybér struktury zavisi téz na charakteru
studovaneho terenu

« Vzdy plati, ze nejvice se musi dbat na kvalitu
vstupnich dat
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Hodnoceni kvality vytvofeného DEMu

Existence falesSnych prohlubni
— hydrologicky korektni model terenu

Vizualni kontrola pomoci stinovaného reliéfu

Odvozeni vrstevnic

Kontrola pomoci existujicich vySkovych bodu

Nutna uvaha nad velikosti bunky vysledného DEMu
(u rastru)

@
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Primarni topografickeé atributy, ktere Ize

odvodit z DEMu (Wilson, Gallant, 2000)

« VySka

* Aspekt (orientace ke svetovym stranam)
« Sklon (v % ¢i °)

* Upslope area, length, slope

» Dispersal area, length, slope

« Catchment area — (the area of land from which
water runs into the stream = povodi)

* Curvature — konkavni vs. konvexni povrch

@
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Topograficke atributy, kterelze odvodit z

DEMu (Wilson, Gallant, 2000)

Skenované podklady:
* primarni topograficke atributy
» sekundarni topograficke atributy

* meritka a aplikace

TABLE L1 Pri
Analysis from DEM Data

v Topographic Auributes That Can Be Computed by Terrain

Attribute Definition

Significance

Altitude Elevation

Upslope height Mean height of upslope area
Aspeet Slope azimuth

Slope Gradient

Upslope slope Mean slope of upslope area

Dispersal slope Mean slope of dispersal a

Catchment slope Average slope over the catchment

Catchment area above a short
length of contour

Arca downslope from a short
length of contour

Area draini

Upslope area
Dispersal area

Catchment area to catchment outlet
Specific caichment Upslope

arca contour

a per unit widih of

Maximum distance of water flow
to a point in the catchment

 length of flow paths to a
point in the catchment

Distance from a point in the

Flow path length

Upslope lengih M

Dispersal length

catchment to the outlet

Catchment length Distance from highest point 1o
outlet

Profile curvature Slope profile curvature

Plan curvature Contour curvature

Tangential curvature  Plan curvature multiplied by slope

Climate, vegetation, potential
energy

Pote

Solar insolation, evapotranspira-
tion, flora and faun: tribu-
tion and abundan

Overland and subsurface Mlow
velocity and runoff rate, pre-
cipitation, vegetation, geo-
morphology, soil water
content, land capability class

Runoff velocity

Rate of soil drainage

of concentration

1 energy

Runoff volume, steady-state
runoff rate

Runoff volume
Runoff volume, steady-state
runoff rate, soil ¢

tics, soil-water conl

morphology
Erosion rates, sedime:

time of concentr
Flow acceleration, erosion rates

Impedance of soil drainage

Overland flow attenuation

Flow ac ration, erosion/
depositionrate, geomorphology
diverging flow, soil-

water content, soil character-

Provides alternative measure of

flow convergence and

dscape position,
flora and fauna distribution
and abundance

Elevation Proportion of cells in a user-
percentile defined circle lower than the
center cell
Source. Adapled w
review of morphological
Copyright | ohn Wikey and Sons Lid
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permission from Moare, Grayson, and Ladson (1991} Digital terrain mosleling: A

and ceological applications. Hydmlogical Processes $: 3-30

DEM

TABLE 12 Secondary Topogeaphic Attributes That Can Be Computed by Terrain Analysis from DEM Data

At

Toy

wetness indices

Stream-power

[ Significance

a2
Ll by |
A\
wem (20
et [
"Lunp

SPL= A, tan )

LS=(m+

Radiation indices

Terperature indices

snce incident
m |

TABLE 2.1 Spatial Scales of Applications of Digital Elevation Models (DEMs) and Common Sources of Topographic Data for

Generation of DEMs

Scale Resolution

Common Topographic Data Sources

Hydrological and Ecological Applications

Fine toposcale

Coarse toposcale

Mesoscale

Macroscale

50-200 m

200 m-5 km

5-500 km

Contour and stream-line da

a from aerial photography
and existing topographic maps at scales from 1:5,000
1o 1:50,000

Surface-specific point and stream-line data obtained by
ground survey using GPS

Remotely sensed elevation data using airborne and
spaceborne radar and laser

Contour and stream-line data from aerial photography
and existing topographic maps at scales from
1:50,000 to 1:200,000

Surface-specific point and stream-line data digitized
from existing topographic maps at 1:100,000 scale

Surface-specific point and stream-line data digitized
from existing topographic maps at scales from
1:100,000 to 1:250,000

Surface-specific point data digitized from existing
topographic maps at scales from 1:250,000 to
1:1,000,000.

National archives of ground surveyed topographic data
including trigonometric points and benchmarks

Spatially distributed hydrological modeling

Spatial analysis of soil properties

Topographic aspect corrections to remotely sensed
data

Topographic aspect effects on solar radiation,
evaporation, and vegetation patterns

Broader scale distributed parameter hydrological
modeling

Subcatchment analysis for lumped parameter
hydrological modeling and assessment of
biodiversity

Elevation-dependent representations of surface
temperature and precipitation

Topographic aspect effects on precipitation

Surface roughness effects on wind

Determination of continental drainage divisions

Major orographic barriers for general circulation
models

Note. DEMs at coarser scales are often obtained by local averaging of finer scale DEM data.




Dalsi vyuziti DEMu

* |dentifikace vyznamnych bodu a linii v terénu
/hfebenu, udolnic — tzv. skeleton

* Rozpoznavani geomorfologickych tvaru
* Modelovani eroze
 Vstup do srazko-odtokovych modelu

* Analyzy viditelnosti
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Terrain dataset v ArcGIS

* Vicemeritkovy
digitalni model

« Zalozeny na
TINu

Ukladani do
geodatabaze
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