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o LiDAR

LIiDAR: Light Detection And Ranging

* Scanning mechanism

* Measurement of transit time
* Calculation of range

* Measurement of scan angle

* Laser's path through
a basic scene

* Resulting point cloud
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Figure: http://en.wikipedia.org/wiki/File:LIDAR-scanned-SICK-LMS-animation.gif
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ction to LIDAR

LIDAR: Light Detection And Ranging

Airborne Laser Scanning (ALS):
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(3) IMU (inertial measurement unit)

GPS
Reference Station

(c) B. Hoefle (2010)
www.laserdata.info
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on to LIDAR

LIiDAR: Light Detection And Ranging -

_cxdt

R
2

. first pulse
R ... range
C ... Speed of light
t ... time

recording of multiple echoes per pulse

results of the measurements:

* Plane positions: txyz
* Echoes (“points”): txyzi

start pulse
return pulse

Figure: http://www.terraimaging.de
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Typical products derived
from ALS data:

P
Sk

* Digital Surface Model (DSM)
* Digital Terrain Model (DTM)
* Normalized Digital Surface

Model (nDSM)

NDSM = DSM - DTM

W L Rl i AL i 5 k3 il |
il .. :“IL . 'T '1":': i .|-|'h Jﬁ;:l
Figure: Hofle in Geist et al. 2008
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loud Processing

Import/Export: Reading and writing files in common LIDAR formats.

* Import Point Cloud from File - creates a point cloud dataset from an ESRI point
shapefile.

* Import Point Cloud from Text File - creates a point cloud dataset from a raw
ASCII file.

* Import Stereo Lithography File (STL) - creates a point cloud dataset from a STL
file.

* Import LAS Files - creates a point cloud dataset from an ASPRS LAS file
(versions 1.0, 1.1 and 1.2). The module makes use of the libLAS library (see
http://liblas.org).

* Export LAS Files - creates an ASPRS LAS file (version 1.2) from a point cloud
dataset. The module makes use of the libLAS library.

* Export Point Cloud to Text File - creates an ASCII file from a point cloud dataset.
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t Cloud Processing

Conversion: Conversion of point clouds to other SAGA data types and vice versa.

* Point Cloud from Grid Points — creates a point cloud dataset from a SAGA grid.
* Point Cloud from Shapes — creates a point cloud dataset from a point shapefile.
* Point Cloud to Grid — aggregates a point cloud to a grid.

* Point Cloud to Shapes — creates a point shapefile from a point cloud.
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loud Processing

Tools: Manipulation of point clouds.

* Point Cloud Cutter — clipping of a point cloud. The region of interest is either a
user defined extent, a grid system extent, a shapes extent or a polygon shapes layer.
Besides the latter, all other support the inversion of the region of interest.

* Point Cloud Cutter [interactive] — interactive clipping of a point cloud by dragging
a box or digitizing a polygon in a map view. It is possible to invert the selection.

* Point Cloud Thinning (simple) — thinning of a point cloud. The module simply
removes every I-th point from a point cloud and thus is best suited for data sorted by
GPS time.

* Transform Point Cloud — shifting, rotation and scaling of a point cloud.

* Drop Point Cloud Attribute — dropping an attribute from a point cloud dataset.
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loud Processing

Analysis:

* Cluster Analysis for Point Clouds — the module is a fork of the “Cluster Analysis
for Grids” module and runs a cluster analysis on one or several point cloud attributes.
It provides two cluster algorithms: an iterative minimum distance (Forgy 1965) and a
hill climbing (Rubin 1967) classifier. Besides the number of clusters to calculate, the
module provides the option to normalize the input data by standard deviation before
clustering.

* Point Cloud Attribute Calculator — calculates a new point cloud attribute based
on existing attributes and a mathematical formula. The module uses the
CSG_Formula class as parser, just like the “Grid Calculator”, “Table Calculator” and
“Table Calculator for Shapes” modules. Besides common operators for addition,
subtraction, multiplication and division, it supports trigonometric, root, exponential
and logarithmic functions as well as conditional queries (e.g. >, <, if - then - else
constructs).
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Analysis:

* Point Cloud Reclassifier | Subset Extractor — reclassification of a point cloud
attribute or extraction of a subset of a point cloud dataset based on the values of an
attribute. The condition is applied either to single values, a range of values or value
ranges specified in a lookup table, just like with the corresponding “Reclassify Grid
Values” module for grid datasets. In combination with the “Point Cloud Attribute
Calculator” module this allows complex calculations based on coordinates and
attributes.

* DTM Filter (slope-based) — this module does not work on point clouds directly, but
on grid datasets derived from LIDAR point datasets. It can be used to derive a bare
earth dataset (DTM) by filtering: all input cells get either classified as ground or non-
ground cells. The filter algorithm is based on concepts described by Vosselman
(2000). A structure element (kernel) is moved over the grid, and subject to the height
differences within the kernel, the central cell is classified.
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Visualization:

* Point Cloud Viewer — a 3D viewer for point clouds. Among other things, the viewer
supports attribute based coloring, exaggeration, point size scaling based on viewing
distance, level of detail control and a stereo anaglyph modus to use with red/green
glasses for a three dimensional impression. 3D navigation is done with the mouse. A
small view provides a 2D map overview to select a region of interest, i.e. a subset to
be displayed in the main view.

Map Overview — .

[Ceniralrojection

ssssssssssss

zzzzzzzz

nnnnnnnn <«—— Main View

nnnnnnnnnn
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Import/Export - LAS — LAS Info: Prints information on ASPRS LAS files

Workspace [3€] Messages
*s Modules 3z Data [EjMaps @ General [ g9 Execution O Erors
- " [2012-07-07/10:53:48] Executing module: LAS Info
i @ Import/Export - Images [2012-07-07/10:53:48]
[2012-07-07/10:53:88] ~ e e oo
- & Import/Export - LAS [2012-07-07/10:53:48] Header Summary
. [2012-07-07/10:53:88] ~ e e
% Export LAS Files [2012-07-07/10:53:48] File Name: Jdatajinput/Str_23_clipped.las
. [2012-07-07/10:53:48] Version: 1.2
*g Import LAS Files [2012-07-07/10:53:48] Source ID: 0
[2012-07-07/10:53:48] Reserved: 0
%z LAS Info [2012-07-07/10:53:48] Project ID/GUID: o
[2012-07-07/10:53:48] System Identifier: e
- [2012-07-07/10:53:48] Generating Software: is
= @ ImpDrtjExpDrt DDBC"FOTL [2012-07-07/10:53:48] File Creation Day/Year: 185/2012
[2012-07-07/10:53:48] Header Size: 227
+ @ Import/Export - Shapes [2012-07-07/10:53:48] Offset to Point Data: 227
[2012-07-07/10:53:48] Mumber Var. Length Records: 1]
[2012-07-07/10:53:48] Foint Data Format: 1

[2012-07-07/10:53:48] Point Data Record Length: 28
[2012-07-07/10:53:48] MNumber of Point Records: 5407084

[2012-07-07/10:53:48] Number of Points by Return: 4791979 498483 105161 11461 0

[2012-07-07/10:53:48] Scale Factor XY Z: 0.001 0.001 0.001

[2012-07-07/10:53:48] Offset XY Z: 80000.000000 5220000.000000 0.000000

[2012-07-07/10:53:48] Min XY Z: B52556.066808 5227000.031068 867.880473
LAS Info %] [2012-07-07/10:53:48] Max XY Z: 83512.119765 5228125.222926 1077.166735

[2012-07-07/10:53:48] Spatial Reference:

- Dol [2012-07-07/10:54:05]
n Setfings @ Description [2012-07-07/10:58:05] <o meemmem e
[2012-07-07/10:54:05] Point Inspection Summary
[2012-07-07/10:54:05]

- Options [2012-07-07/10:54:05] Header Point Count: 5407084
. . . [2012-07-07/10:54:05] Actual Point Count: 5407084
LAS File /data/input/Str_23 clipped.las [2012-07-07/10:54:05]
[2012-07-07/10:54:05] Minimum and Maximum Attributes {min, max)
Only Header Info ] [2012-07-07/10:54:05] -rrrrmmmrmee e
[2012-07-07/10:54:05] Min XY Z: §2556.068000 5227000.031000 867.880000
[2012-07-07/10:54:05] Max X Y Z: §3512.119000 5228125.222000 1077.166000
[2012-07-07/10:54:05] Bounding Box: §2556.07, 5227000.03, 83512.12, 5228125.22
[2012-07-07/10:54:05] Time: 147865.686672, 147926.439927
[2012-07-07/10:54:05] Return Number: 1.4
[2012-07-07/10:54:05] Return Count: 1,4
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‘ Data Import from LAS

Import/Export - LAS — Import LAS Files: Imports ASPRS LAS files

Modul
% Hodes [S30ota, @ars
+ @ Import/Export - Images s

- @ Import/Export - LAS
*g Export LAS Files

% LAS Info

*z Modules & Data m

——%% PointCloud
%= 01. Str_ 23 clipped

B Settings M '

intensity

scan angle

number of the return

classification

user data

number of returns of given p

red channel color

green channel color

blue channel color

edge of flight line flag

direction of scan flag

point source ID

rgb color

Check Point Validity

R,G,B value range

s OO OO ORI ONOR ORIE
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Cloud Visualization

Visualization in a Map View

OL. Str 23 clipped @
B2500 82600 82700 |82800 82900 83000 83100 83200 B3300 83400 B3500
*: Modules 3= Data | [E) Maps ' : o [ : : ' ' ' : _—

(&l Tree = B4 Thumbnails

- & Data
— %% PointCloud
%= 01. Str_23 clipped

|

Double-click (or right-click) on
a dataset in the Data tab adds
the dataset to a Map View

5228000

5227800 |

5227400

5227200

Coordinates —

P}

T T T T T T
100 EUh 700 800 00 1000 1100

\ Ruler
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-'-\ | Point Cloud Visualization

Visualization in a Map View: Attribute and colorization settings

Name
Description

Show Legend
+ Mo Data -999999; -999999

Str 23 clipped

Transparency [%]
Show at all scales
Point Size 0

Walue Aggregation

Colors B 255 colors
+ Value Range 867.88; 1077.166
Maode Linear

Attribute Z

<— No Data Range

<— Transparency

<+<— Point Size
<— Point Drawing Order: e.g. highest/lowest

<— Color Type: e.g. LUT, graduated, RGB

<«—— Color Palette

<«—— Attribute to visualize
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Visualization in a Map View: Navigation

GEOSTAT 2012

ud Visualization

Navigation: Zoom to...
Previous extent
Next extent

|

vl

A

A

Full extent

Selected layer <

Selected layer object

Synchronize all map’s extents «

Mouse Tools:

P

X

3

X i e

Action <

A

Zoom

Pan <
Measure distance

P
|

Lowest Z
= Last Return

Highest Z
- First Return
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Shapes - Point Clouds Viewer — Point Cloud Viewer: 3D Viewer for Point Clouds

Workspace £ Point Cloud Viewer (BJE
*z Modules $ZiData [@jMaps Bl settings €3 Description
+ @ Shapes - Lines ‘ - Data Objects
+ @ Shapes - Point Clouds - Point Clouds
— @ Shapes - Point Clouds Viewer >> Points 01. Str_23 clipped
* Point Cloud Viewer Cnlialesiliczbilons
+ _ - Close
@ SHaDES PDI ntS Advanced Settings
Z Attribute
| Z 1] \d
Color Attribute
| Z |.Z
\ Central Projection
Anaglyph
Scale Point Size
X-Rotation
67
0 100
Y-Rotation
50
0 100
Z-Rotation
41
0 100
Eye Distance
24
0 100
Level of Detail
100
0 100

Extent
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SM Generation

Shapes - Point Clouds — Point Cloud to Grid: Gridding of Point Clouds

*%Modules g Data [EjMaps Q Bl Settings & Description
- @& Shapes - Point Clouds .
% Cluster Analysis for Point Clouds

5 Drop Point Cloud Atribute 01. Str 23 clipped

% Point Cloud Attribute Calculator

% Point Cloud Cutter QOutput only z

*z Point Cloud Cutter [interactive] Aggregation highest z
*z Point Cloud Reclassifier / Subset Exi Cellsize 1

*% Point Cloud Thinning (simple) Morkspace

%5 Modules 3= Data I@-)NN‘E_ 82500 82600 82700 82800 B2900| B3000 83100 83200 B3I300 63400

% Point Cloud from Grid Points

ETree | B3Thumbnails.

* Point Cloud from Shapes e
T - -] nas i
'% Puint_ cluud to Grid i = = g; 957x 1126y;.82556.06800[)x 5227C :
M. PDint cloud tD ShEpEE B 02. Str_23_clipped [Points per Cell] E
- —%* PointCloud
. %= 01. Str. clipped
%z Transform Point Cloud o

5227400 5227600

5227200

000

160 200 300 400 Sp0 GO0 700  BOD 000 1000 1100
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‘ DSM Generation

Grid - Tools — Close Gaps: Gap closing by Spline Interpolation

%y Modules 3@ Data [EjMaps B Settings | @ Description
+ @ Grid - Spline Interpolation s
- @ Grid - Tools
*s Aggregate = - Grid system 1; 957x 1126y; 82556.068000x 52;
*% Change Cell Values [interactive] == Grid 01. Str_23 clipped [Z]
*: Change Grid Values = Mask [not set]

¥ Change Grid Values - Flood Fill [inte
*z Close Gaps

< Changed Grid [not set]

Tension Threshold

01. str_23 clipped
82500 62600 52700 2800 B2900| B3I0OD 83100 83200 B3300 63400 C

‘ 52268000

- — B3 Grids
— 1B 1; 957x 1126y; 82556.068000x 5227C

5227800

EM 02. str_23_clipped [Points per Cell]
— 3% PointCloud
- 01. str_23 clipped

5227400 5227600

5227200

000
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‘ DSM Generation

Terrain Analysis - Lighting, Visibility = Analytical Hillshading: Shading

*5 Modules 3z Data  [EjMaps Bl settings € Description '

+ @ Terrain Analysis - Hydrology "
- @ Terrain Analysis - Lighting, Visibility
% Analytical Hillshading
% Potential Incoming Solar Radiation
%z Sky View Factor
%z Topographic Correction
* Visibility (single point) [interactive]

— Grid system 1; 957x 1126y; 82556.068000x 52.
=>> Elevation 01. 5tr 23 clipped [Z]
<< Analytical Hillshading [create]

Shading Method standard

Azimuth [Degree] 315
Declination [Degree] 45
Exaggeration 4

V. Wichmann 20
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Generation

Terrain Analysis - Lighting, Visibility = Analytical Hillshading: Shading

01. Str 23 clipped G
'?Hﬂdmﬁ- & Data IE]I,HEHS 400 B2500 H2600 82700 82800 B20900 H3p00 B3100 83200 83300 B3400 B3500 B3I6GOH

Tree = B3 Thumbnails

Transparency [%]
Show at all scales
Interpolation None

-3z Data
- B3 Grids
= @ 1; 957x 1126y; 82556.068000x 5227(

E® 01. 5tr_23_clipped [Z]
Bl 02. str_23_clipped [Points per Cell]
BT 04. Analytical Hillshading

— %= PointCloud

%= 01. 5tr 23 clipped

5228000

5227400 5227600 5227800
T T T T T T T
200 300 400 500 600 700 BOO k|

5227200

T
100

Fﬂﬂﬂ
b

T T T
900 1000 1100 1200 13
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GEOSTAT 2012

Saving Datasets

Organization of datasets: Renaming and saving datasets.

* Renaming: Select the dataset in the Data tab, this will show its Settings in the
Object Properties window. The first parameter is “Name”, change it and apply the

changes.
* Str_23 clipped [Z] - DSM
* Analytical Hillshading -» DSM_Shade

* Saving: Do a right-click on the dataset in the Data tab,
this will pop-up a context menu. Select “Save as ...” and
save the dataset.

Workspace B 01 st

*; Modules = Data [EjMaps papo

Tree B4 Thumbnails

- i& Data
— B Grids

— T 1; 957x 1126y; 82556.068000x 5227(

5228000

ho

B 07. A Save As Image...
- — % PointCloud
W= 01. 5tr_3

Add to Map
Histogram

Scatterplot

Copy Settings from other Layer

Classification
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TM Generation

Shapes - Point Clouds — Point Cloud to Grid: Gridding of Point Clouds

%5 Modules 3z Data [EjMaps Q Bl Settings €% Description '

- @& Shapes - Point Clouds .
% Cluster Analysis for Point Clouds

% Drop Paint Cloud Atibute o1 5:23_clpped

% Point Cloud Attribute Calculator

*% Point Cloud Cutter Output only z
%z Point Cloud Cutter [interactive] Aggregation lowest z
% Point Cloud Reclassifier / Subset Ex1 Cellsize 1
% Point Cloud Thinning (simple) T ;
01. Str_23_clipped
M PDint Cl[)l_,ld fmm Grid PDi ntE fﬁﬂbﬂﬂ'ﬁ' = Data L@g‘a}‘s 400 82500 2600 82700 82800 £2000 B3000 B3100 83200 3300 83400 a@g
. [ETree, 8 Thumbnails g v -
% Point Cloud from Shapes =
I . . = - B Grids ;
M. Pulnt— clnm t-n G"d —_ -- lg1; 957x 1126y; 82556.068000x 5227 5
i A 01. str_23 clipped [Z] ]
M PDInt CIDUd tD Shapes B 02. str_23_clipped [Points per Cell] &
- B 04. Iytical Hillshadi
% Transform Point Cloud .‘.?Z Qr_ri;;ijipxélmg g
8 06. Str_23 clipped [Points per Cell] E
2t PointCloud =

%+ 01. Str_23 clipped

5227400

5227200
Wo 200 300 400 Soo| 600 700 800 960 1000 1

000

10 200 300 400 so0 o0 700 800 o900 100p 1100 1200 13
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DTM Generation

Grid - Tools — Close Gaps: Gap closing by Spline Interpolation

Bl settings € Description

— Grid system 1; 957x 1126y; 82556.068000x 52:
>> Grid 05. Str_23 clipped [Z]

= Mask [not set]
< Changed Grid [not set]

<—— Do NOT overwrite grid from previous module run !

Tension Threshold

Terrain Analysis - Lighting, Visibility — Analytical Hillshading: Shading

Bl Settings | €% Description

- Grid system 1; 957x 1126y; 82556.068000x 52:
>> Elevation 05. Str_23 clipped [Z]
<< Analytical Hillshading | [create]

<—— Do NOT overwrite grid from previous module run !

Shading Method Standard
Azimuth [Degree] 315
Declination [Degree] 45
Exaggeration -
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Generation

Terrain Analysis - Lighting, Visibility = Analytical Hillshading: Shading

©

Transparency [%]
Show at all scales
Interpolation None

01. 5tr_ 23 clipped
% Modules & Data IEl:l'iﬂlﬂl-"!'r 400 B2500 B2600 82700 B2800 B2000 83000 83100 B3Z00 83300 83400 B3S00 836

Tree 85 Thumbnails

- iz Data
- By Grids
= E 1; 957x 1126y; 82556.068000x 5227(

B 01. str 23 clipped [Z]
B 02. str 23 clipped [Points per Cell]
¥ 04. Analytical Hillshading
B 05. str_23 clipped [Z]
B 06. str_23 clipped [Points per Cell]
B9 07. Analytical Hillshading

- — % PointCloud

W= 01. Str_23 clipped

| 5228000

]

5227400 5227600 5227800
T T T T T T T
200 300 400 500 600 700 BOO

5227200

T
100

rﬂﬂﬂ

i

T T — T
1000 1100 1200 13

V. Wichmann 25



SAGA User Group Association LiDAR Point Cloud Processing with SAGA GEOSTAT 2012

Grid - Filter - DTM Filter (slope-based): Removing non-ground cells

The filter approach implemented with the “DTM Filter (slope-based)” module is based
on concepts described by Vosselman (2000). It is assumed that a large height
difference between two nearby grid cells is unlikely to be caused by a steep slope Iin
the terrain.

The probability that the higher cell could be a
ground cell increases with a larger distance
between the two cells. Therefore the filter
defines an acceptable height difference
between two cells as a function of the
distance between the cells. The central cell
is classified as ground if there is no other cell
within the kernel's search radius with a
height difference larger than the allowed
maximum height difference at each distance. t

central grid cell

Filter kernel: maximum allowed height difference
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Grid - Filter - DTM Filter (slope-based): Removing non-ground cells

A terrain slope parameter is used to modify the filter function to match the overall
slope in the study area and a confidence interval can be used to reject outliers during
computation.

Besides an approximate terrain slope (s), the module requires the kernel size as
input. The radius of the kernel (r) must be at least half of the size of the largest
object to remove.

Both parameters have a great influence on the filtering result (commission and
omission errors) and usually several attempts are required to find an appropriate
parameter set. The overall goal is to retain as much ground cells as possible, while
removing all non-ground cells.

Due to the filter design and its strong dependence on terrain slope, it is difficult to find
a unique parameter set for terrain composed of both gentle and steep slopes.
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‘ DTM Generation

Grid - Filter - DTM Filter (slope-based): Removing non-ground cells

Modules
o ‘=Data EMaps.
+ @ Grid - Calculus BSL

— @ Grid - Filter
*®z DTM Filter (slope-based)

*g Filter Clumps
%z Gaussian Filter

— Grid system

B Settings M '

1; 957x 1126y; 82556.068000x 52!

== Grid to filter

05. Str 23 clipped [2Z]

<< Bare Earth

[create]

=< Removed Objects

Search Radius

[create]

Approx. Terrain Slope

Use Confidence Interval
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Grid - Filter - DTM Filter (slope-based): Removing non-ground cells

01. 5tr_ 23 clipped C
*% Modules & Data :_HH_PE 400 B2500 82600 B82]00 82800 82000 83000 83100 A3200 83300 83400 B3500 836

1104

Tree 83 Thumbnails

1000

- ig Data
- B Grids

= Ig 1; 957x 1126y; 82556.068000x 5227(
B 01. DSM
Bl 02. str_23 clipped [Points per Cell]
Bl 04. DSM_shade
B 05. str_23 clipped [Z]
Bl 06. str_23 clipped [Points per Cell]

| 5227800 5228000
T T
BOO 900

?Hﬂ

5227600
T
600

T
500

Bl 09. Removed Objects
— — %% PointCloud
W= 01. Str_23 dlipped

5227400
T T T
200 300 400

5227200

T
100

anﬂ

[

T T T T
Q00 1000 1100 1200 13
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DTM Generation

Grid — Spline Interpolation = Multilevel B-Spline Interpolation (from Grid):
Interpolation of a DTM surface

%z Modules 3 Data [BjMaps Q Bl Settings €% Description '

+ @ Grid - Gridding .

- @ Grid - Spline Interpolation
#g B-Spline Approximation ~ — Grid system 1; 957x 1126y; 82556.068000x 52:
%z Cubic Spline Approximation 08. Bare Earth

%z Multilevel B-Spline Interpolation
* Multilevel B-Spline Interpolation (fn

Target Grid grid

; h Data Type floating point
R Method with B-spline refinement
% Thin Plate Spline (Local) Threshold Error 0.0001
% Thin Plate Spline (TIN) c Maximum Level T

Update View

® Choose Grid

— Grid system 1; 957x 1126y; 82556.068000x
<< Grid [create]
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Generation

Grid — Spline Interpolation = Multilevel B-Spline Interpolation (from Grid):
Interpolation of a DTM surface

01. Str_23 clipped 10. Bare Earth (Multilevel B-Spline Interpolation (from @
3

*ﬁ”ﬂdl.llﬁ %Data @I_Hﬂpﬁ 400 B82500 82600 82700 B2800 B2900 83000 B8P10OD B3200 B3300 B3400 83500 8
: ; ; ; = -
) k=
(=]l Tree 834 Thumbnails =
] - :
- & Data = E
— B Grids " | N
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‘ DTM Generation

Grid - Filter = Multi Direction Lee Filter: Smoothing the DTM

GEOSTAT 2012

%5 Modules 5 Data m Q

- @ Grid - Filter
%z DTM Filter (slope-based)
®z Filter Clumps
* Gaussian Filter
®g Laplacian Filter
®g Majority Filter
*g Morphological Filter
*“MuitlDitectiop).ce Filiey
*g Rank Filter
*z Simple Filter
*z User Defined Filter

EJ Settings @ Description

— Grid system

1; 957x 1126y; 82556.068000x 52.

== Grid

10. Bare Earth (Multilevel B-Splin

== Filtered Grid

[create]

=< Minimum Standard Deviatic

[not set]

=< Direction of Minimum Stanc

Estimated Moise (absolute)

[not set]

Estimated Noise (relative)

Weighted

Method

noise variance given relative to n
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Generation

Grid - Filter = Multi Direction Lee Filter: Smoothing the DTM

01. Str_23 clipped 10. Bare Earth (Multilevel B-Spline Interpolation (from Gri
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B 05. str_23 clipped [Z]
Bl 06. Str_23 clipped [Points per Ce
BH 07. Analytical Hillshading
B 08. Bare Earth
BH 09. Removed Objects
B 10. Bare Earth (Multilevel B-5Splii
B 11. Analytical Hillshading
B8 12. Bare Earth (Multilevel B-Splii
B 13. Bare Earth (Multilevel B-Splii
B 14. Analytical Hillshading

- —%* PointCloud
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DSM Generation

Grid - Calculus -= Grid Difference: nDSM = DSM - DTM

*®s Modules 3z Data [E)Maps Bl Settings € Description '

- @ Grid - Calculus A
%2 Function _
* Fuzzify — Grid system 1; 957x 1126y; 82556.068000x 52:
*g Fuzzy Intersection (AND) == A 0l1. DSM
*% Fuzzy Union (OR) >> B 12. DTM
% Geometric Figures 1 << Difference (A - B) [create]

* Gradient Vector from Cartesian to P
% Gradient Vector from Polar to Carte:!
%z Grid Calculator
*3 Grid Difference
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Generation

Grid - Calculus -= Grid Difference: nDSM = DSM - DTM

&l 01. Str 23 clipped 10. Bare Earth (Multilevel B-Spline Interpolation (from Gﬁ@
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E® 02. str_23 clipped [Points per Ce
Ef 04. DSM_shade
B 05. str_23_clipped [Z]
B 06. str 23 clipped [Points per Ce
B 07. Analytical Hillshading
BH 08. Bare Earth B
Ef 09. Removed Objects
E® 10. Bare Earth (Multilevel B-Splil
B 11. Analytical Hillshading
B 12. DTM
E® 13. Bare Earth (Multilevel B-Splil
Ef 14. DTM_shade
EA 15. Difference (A - B)
B 16. Analytical Hillshading

— — %= PointCloud
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THANKS !

V. Wichmann
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