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1 GOAL

The goal of this personal assignment is to make a script in order to perform a combined
hillshade of a DEM. This script allows to set both azimuth and elevation for both obtained

hillshades.




2 DESCRIPTION

2.1 Assignment

Make a script to perform a combined hillshade of a DEM. This script will allow to set both
azimuth and elevation for each single hillshade. Use ArctoolBox in order to create a new
tool and link this tool with your script.

‘i Imagenl J
1  Imagen2 )
k Suma 1+2

Yo

0 255

V = ((11+12)-k) * ((-i) / (s™-K’))

2.2 Hillshade

2.2.1 Description

Hillshading is a technique used to create a realistic view of terrain by creating a three-
dimensional surface from a two-dimensional display of it. Hillshading creates a
hypothetical illumination of a surface by setting a position for a light source and
calculating an illumination value for each cell based on the cell's relative orientation to
the light, or based on the slope and aspect of the cell.

Hillshading computes surface
illumination as values from O to
255 based on a given compass
direction to the sun (azimuth) and a
certain altitude above the horizon
(altitude).




2.2.2 Use

Hillshades are often used to produce maps that are visually appealing. Used as a
background, hillshades provide a relief over which you can draw raster data or vector
data.

Location of the study area. The field survey-based landslides (N=135) are shown on the hillshade map with
sun elevation angle of 308 and sun azimuth angle of 315. The black arrow indicates the landslide which was
indicated to the experts as an example. (Van den Eeckhaut, 2005)

2.2.3 Availability

Besides ArcMap is hillshade function is available in R (R Documentation) with different
arguments. An example of usage can be seen below:

hillShade(slope, aspect, angle=45, direction=0, filename='"', normalize=FALSE, ...

Shaded relief can be also generated through GDAL library, where hillshade command
outputs an 8-bit raster with a nice shaded relief effect. There can be optionally specify
the azimuth and altitude of the light source, a vertical exaggeration factor and a scaling
factor to account for differences between vertical and horizontal units (GDAL).

For our purpose was used ArcMap, where is hillshaded available in two extensions: 3D
analyst and Spatial Analyst. In code was used hillshade from Spatial Analyst, because
there is no need to obtain output during processes. Spatial Analyst is the extension
ArcGIS uses to conduct analyses with raster data. 3D Analyst allows users to display
and work with three-dimensional (x, y, z) data.



2.2.4 Hillshade in ArcMap

As it has been told, Hillshade funtion is available in 3D Analyst Extension and in Spatial
Analyst Extension. In order to use any of these, is necessary to make sure that the Spatial
Analyst or the 3D Analyst Extensions are turned on.

Select the extensions you want to use.

[ ArcScan

O Geostatistical Analyst
O Network Analyst
[ Publisher

O Schematics

[ Spatial Analyst
w0 Tracking Analyst

In our purpose, the next steps will consider only hillshade function in Spatial Analyst.
Hillshade analysis is a way to see where light would fall on a landscape. The resulting
grid will appear as a grayscale (black & white) image. Hillshade often has a photo-like
quality to it. On the Spatial Analyst Toolbar, go to Spatial Analysis 2 Surface Analysis >
Hillshade. This will bring up the Hillshade dialog box.

@ Input raster Hillshade

& Output raster

Creates a shaded relief from a surface raster by
considering the illumination source angle and
shadows.

Azimuth (optional)

Altitude {optional)

[] Model shadows (optional)

Z factor (optional)

OK. ] [ Cancel ] [Environments... ] ’ <= Hide Help ] [ Tool Help

Two types of shaded relief rasters can be output. If the Model shadows option is disabled
(unchecked), the output raster only considers local illumination angle. If it is enabled
(checked), the output raster considers the effects of both local illumination angle and
shadow. The hillshade raster has an integer value range of O to 255.

Syntax for using hillshade in ArcPy is following:

Hillshade_3d (in_raster, out_raster, {azimuth}, {altitude}, {model shadows},
{z_factor})



PARAMETER

MEANING

DATA TYPE

in_raster

The input surface raster.

Raster Layer

out_raster

The output hillshade raster.

The hillshade raster has an integer value range of O
to 255.

Raster
Dataset

azimuth

(Optional)

Azimuth angle of the light source.

The azimuth is expressed in positive degrees from O
to 360, measured clockwise from north.

The default is 315 degrees.

Double

altitude
(Optional)

Altitude angle of the light source above the horizon.

The altitude is expressed in positive degrees, with O
degrees at the horizon and 90 degrees directly
overhead.

The default is 45 degrees.

Double

model_shadows

(Optional)

Type of shaded relief to be generated.

NO_SHADOWS —The output raster only considers
local illumination angles; the effects of shadows are
not considered.The output values can range from O
to 255, with O representing the darkest areas, and

255 the brightest. This is the default.

SHADOWS — The output shaded raster considers
both local illumination angles and shadows.The
output values range from O to 255, with O
representing the shadow areas, and 255 the

brightest.

Boolean

z_factor

(Optional)

Number of ground x,y units in one surface z unit.
The z-factor adjusts the units of measure for the z
units when they are different from the x,y units of
the input surface. The z-values of the input surface
are multiplied by the z-factor when calculating the
final output surface.

If the x,y units and z units are in the same units of
measure; the z-factor is 1. This is the default.

If the x,y units and z units are in different units of
measure; the z-factor must be set to the appropriate
factor, or the results will be incorrect.

Double




2.3Import of script to ArcMap

After creating toolbox, the script of combining hillshades was imported. The inputs were
taken in the same order as they were in code itself. Data types of those parameters were
typed the same as in the previous table.

Ll ™

|Genaal | Source| Farameters |"u’a|idatinn | Help |

Display Name Data Type -

ol Input Raster [ Raster Layer |
Output Raster Raster Dataset

Azimuth (firstraster)  Double
Azimuth (second ras... Double
Altitude (first raster) Double
Altitude (second ras... Double

€| 1 b

Click any parameter above to see its properties below,

Parameter Properties

Property Value -
Type Required

Direction Input

MultiValue Mo

Default

Enviranment

Filter Mone

htsinad fram i

To add a new parameter, type the name into an empty row in the
name column, dick in the Data Type column to choose a data type,
then edit the Parameter Properties.

As it was in hillshade function in AcrMap, the only obligatory fields were ,Input“ and
,Ooutput®. The rest of parameters was optional, with set default values.

The code was written based on assignment, can be seen in following chapture. Rescaling
back between values 0-255 was applied based on formula V= (Is—k) + j/(s — k')



3 CODE

#creating class licencseError
class LicenseError{Exception):
pass

#import Libraries
import arcpy

from arcpy import env
from arcpy.sa import *

#ollowance of overwite, setting current workspace
arcpy.env.overwriteOutput = True
arcpy.env.workspace = "CURRENT'

try:
#try if is Spatial Extension available
if arcpy.CheckExtension('Spatial') == "Available':
arcpy.CheckOutExtension( 'Spatial’)

#setting inputs, outputs
in_raster = arcpy.GetParameterAsText(@)
out_raster = arcpy.GetParameterdsText(1)

azimuthl = arcpy.GetParameterAsText(2)
azimuth2 = arcpy.GetParameterAsText(3)
altitudel = arcpy.GetParameterAsText(4)
altitude2? = arcpy.GetParameterdsText(s)
model _shadows = arcpy.GetParameterdsText(s)
z_factor = arcpy.GetParameterAsText(7)

#function for rescale rasters back to 8/255
def rescaleHillshade ():
s = int{sum.maximum)
k = int{sum.minimum}
Vo= (sum-k)*255/((s-k))
return V.save(out_raster)
#case, that user wants fo model with shadows
if model shadows == True:
hillshadel = Hillshade (in_raster, azimuthl, altitudel,
hillshade? = Hillshade (in_raster, azimuth2, altitude2,
sum = hillshadel + hillshade2
rescaleHillshade()

#case without shodows /this is optional/

elze:
hillshadel d Hillshade (in_raster, azimuthl, altitudel,
hillshade? = Hillshade (in_raster, azimuth2, altitude2,
zum = hillshadel + hillshade2
rescaleHillshade()

else:
raise LicenseError

except LicenseError:
print{"Spatial Analyst license is unavailable™)
except arcpy.ExecuteError:
print{arcpy.GetMessages(2))
finally:
arcpy.CheckInExtension("Spatial™)

"SHADOWS™, z| factor)
"SHADOWS™, z_factor)

"NO_SHADOWS"|, z_factor)
"NO_SHADOWS"|, z_factor)



4 RESULTS

The script was tested on data from Czech
Republic, concrete on geodatabase named ArcCR
500, what is distributed for free. All data are in scale
1 : 500 000 and except vector layers, Digital Model
of Relief and also Shaded Relief are available in this
datased (in precision 100 x 100 meters). In our
purpose, DMR was clipped only for Olomoucky
region.

" Combine Hillshades

Combine Hillshades

Script performing a combined hillshade of a DEM. This
script allows to set both azimuth and elevation for

Input Raster
| Extract_Digil | @
QOutput Raster
Ci\sers\Efox\Documents\ArcGIS \Default. gdb\pokusFIN @ each single hillshade
Azimuth (first raster) (optional)
315
Azimuth (second raster) {optional)
270
Altitude (first raster) (optional)
45
Altitude (second raster) {optional)
20
] Model Shadows (aptional)
Z factor (optional)
1
Ok ] ’ Cancel ] ’En\tironments. " ] [ << Hide Help ] [ Tool Help
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Based of previos image, with setted parameters, the result is following:
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