Tutorial for FELIS-Analyst Version 1.0

Introduction

This tutorial will help the reader to understandl arse all functions of the FELIS-Analyst in
the Version 1.0. All steps follow a logical and raiechic structure. This tutorial should be
seen as an addition to the diploma thesis “Erstglkines LIDAR Moduls in ArcMap anhand
von Visual Basic for Application and ArcObjects'hd example dataset used in this tutorial is

delivered with your version of the FELIS-Analyst.

Step 1: Starting the FELIS-Analyst
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Fig. 1: ArcMap after starting FELIS_Analyst.mxd

In the first step you will start the FELIS-Analy8tA). Since the FA is not a stand-alone
program but included in an .mxd-file you will hat@ open the file “FELIS_Analyst.mxd”
with a double click or by selectirigrile” “open” in the main window of ArcMap. Fig. 1
shows ArcMap after you loaded the just mentionkd the FA menu is marked with the red

rectangle. Click on this menu and sefé&taw Data” “Import” to reach step 2.



Step 2: Import of Raw Data

The import of raw data is a very important stepeAfou clicked thélmport” -button in the
menu a new window will appear — illustrated in FAg.
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Fig. 2: The import function of the FA

In Fig. 2 the form is already filled out. To redtiis point we will first of all have to press the
browse-button with the littlt’2  sign, next to th@im-line titled“Input ASCII file ”. A new
dialogue will pop up. Within this dialogue we bravs$o our input-file with the name
“34205325 fp_ground.asc” select it and clitOWK” . After this, the lines“Working
destination” and also the first line in thePteview’ will be added automatically. To add

more lines to théPreview” we can press thaéxt” button on the bottom of the form.

In the “Preview” we can see that our data consi$tthree numbers — x, y and z-values.
Therefore we choose “0 additional values” in thpuinline My ASCII file consists of
X,Y,Z values and __ additional values’ We can also see in the “Preview” that the three
number are separated by space. So we choose “spatieé input-line The lines of my
ASCII file are separated by "At last one has to define a name for the resulting

shapefile in the lineOutput filename” for example “fp_ground”
After this we pressOK”.

Now the import of the raw data will start. Deperglion the speed of your computer and the
size of the imported file this may take a few satto several minutes. After the import has

finished, ArcMap will prompt a message that sayspgbrt was successful”. Fig. 3 shows



ArcMap after the successful import. The color otiypoints may differ from the one in the

picture. The color is selected randomly by ArcMap.

After this we repeat the whole procedure with thbre¢ other input-files:
“34205325 fp_vegetation.asc”, “34205325 Ip_grousd.aand “34205325 Ip_vegetation”.

All datasets will be needed in later calculationgadures.
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Fig. 3: ArcMap after the import of your firstdil

Step 3: Georeference Raw Data Points.

In the next step we will choose a coordinate sydtarour just imported raw data points. This
procedure is rather simple. To do this we sélBetw Data” “Georeferencing” from the
FA menu. After this a new window will appear. As wan see in Fig. 4 we only have to
define two inputs. First we have to define the gfifggthat we want to georeference. This is
the just created point-shapefile named “fp_grouma.sand second we have to define a
coordinate system.

To define the shapefile we press tl'3 -button nexthe ‘nput Feature Class /
Shapefile line, browse to our file, select it and press ™k we use the drop down menu to
select one of the shapefiles that are actually ddaoh the view. Then we choose the
coordinate system by clicking tt'2  -button nexthte tDefine Coordinate Systert line.
Depending on the installation path of your versanArcMap you will be directly in the
correct folder where the coordinate systems aredto@r you have to browse for the folder:



X:\YourlnstallationPath\ArcGIS\Coordinate Systems\

In this location you will find the “DHDN 3 Degreedadss Zone 3.prj” we use in our example
in the folder: \Projected Coordinate Systems\NwetiaGrids\. After you found the suiting

coordinate system select it and preS«”.
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Fig. 4: Georeferencing

Then press OK” again in the form, and the projection will be addio the shapefile. After
this, your shapefile has a defined projection.dfi yant to check if the tool worked properly,
you can perform a “right-click” on the shapefildhoose “properties” and in the section

“source” you can have a look at the defined progecof the file.

Repeat this step with the other three files.

Step 4: Merging Raw Data Shapefiles

Until now you have four different raw data shapefil Now we will reduce the number to
two. Two of the datasets consist of first pulse)(FRBv data and the other two of last pulse
(LP) raw data. It is quite common that raw datdafivered separated in FP and LP datasets.
Since our datasets are separated in LP and FP dditloaally in ground and vegetation
points we will now merge the ground and vegetagioimts of the LP and the FP datasets. As
a result we will have one file containing all FP#ye and one containing all LP-points. To do
this we selectRaw Data” “Merge” from the FA menu. A new window will appear (Fig.
5).
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Fig. 5: Merge Raw Data

In the appearing userform we will have to define tlatasets we want to merge by selecting
them from the drop down meninput Feature Dataset$ or using the ‘2 -button next to
the field. We press ther"-button to add the dataset to the list of features to beges. In
our case we will add the two FP-fles to the li§o we select “fp_ground” and
“fp_vegetation”. As last step we define adutput-Feature” in the bottom field for example:
“D:\Tutorial\fp_all.shp”. Finally we pressOK” and the two shapefiles will be merged to one

new file.

The whole procedure might take a few minutes stheeshapefiles we merge are pretty big
(about 70MB each).

Repeat this step with the LP-datasets.

Step 5: Selection of Raw Data Points

To select raw data points we choostaiv Data” “Selection” from the FA menu. This
will bring up the window illustrated in Fig. 6. Agu can see three types of selection are
possible. One can select all points above a cehigight, below a certain height and between

two heights.
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Fig. 6: Raw Data Selection

In our example we use the optioabbve _ m heiglit As “Input file” we define the
“fp_all.shp”. For ‘field containing z-value$ we select “ZCoor”. Also we have to define a
name for our selectionbecause the selected points will be saved in pdeany layer file
which needs a name. Optionally we can define a nanean output-shapefile Qutput
file”). If we define a name our selection will be sawe@ new shapefile. If we leave this line
blank the selection will only be saved temporarity.our case we leave the line blank since
our example has no further meaning for the tut@ra we just want to present how this tool

works.

Fig. 7: ArcMap after the Selection



So as our last input we enter the number “530ha“above _ m heiglitline and press
the “Select button next to this line. After this we close ttgelection” window and Fig. 7
shows the results of our selection. All points 0%80m height lay in one specific area on the
right border of the picture. Press tEk:-button in the “tools”-toolbar of ArcMap to cledre

selection.

Step 6: DTM Calculation

In this next step we will calculate a DTM model. fBach the “DTM Calculation”-module we
select“calculation” “calculate DTM” from the FA menu (Fig.7). A new window will
appear. As already explained in the diploma thiesssrecommendable to use a “last pulse” —
raw data set to calculate the DTM. Normally alligrd points should be “last pulse” points,
although of course not all “last pulse” points greund points. To get rid of the “last pulse”

points that are no ground points we have to us®d calculation tool (as seen in Fig.8).
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Fig. 7: FA menu - DTM

The input file (Input Feature Data”) will be the “Ip_all.shp” file. Thefield containing the
z-Valueswill be “ZCoor”. As curvature threshold we will choose “0.3". And for cell size
we select “1"m. For output file we have to selaty &lder, a filename and an extension. We
will create a tiff file in our example. As finalegis in the first form, we will check the marks

next to ‘Delete intermediate file$ and “use preiterative elimination of points.

Since our dataset contains more than 700 000 powtiat is a quite big number within
ArcMap, the DTM calculation will take quite a whil€o speed it up a bit, we will make use
of the ‘preiterative elimination of points”. We can see the second form, dealing with this
function in Fig. 7. In our case we seledizeof 2 by 2 cells and buffer of 0.5. Those inputs
are rather moderate, since we don’t want to logertany points in
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Fig. 8: DTM Calculation forms

the first step. As explained in the diploma thekes “preiterative elimination of points” will
find the minimum value in each 2 by 2 cells and willy keep those values/points that are
within 0.5m (= ‘buffer”) above this value. All other values/points wik loleleted. After this
process the DTM algorithm starts. We can startwhele process by clickingOK™” first in

the DTM calculation form and then in the “preitératelimination of points” form. After this
ArcMap might look like if it crashed, but it shouet working in the background. The whole
calculation will take up tawo hours, depending on the speed of your computer. As sson
the process “preiterative elimination of points’shanded you will see the process of the
calculation in the progress box of the DTM calculation form. The whole calatibn has
three scale domains and in each scale domain @p tterations. Although most of the time
the algorithm will jJump to the next scale domairrliea (have a look at the percentage
number, as soon as 99.99% is reached, the algowihpump to the next scale domain). Fig.

9 illustrates ArcMap after the calculation process.
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Fin. 9: After the DTM calculation nrocess (DTM ilassified view

A more typical way of illustrating a DTM is to “stich” it - that means without classes. To

display a DTM stretched we have to perform a riglak on the DTM_1m entry in the

“Layers” list and select “Properties”. Then we hatee choose “Symbology” and select
stretched in the list on the left side (Fig. 10p.A1 displays the just calculated DTM in the

stretched view. In the stretched view you can se¢ more details.
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Fig. 10: select stretched view for DTM



Fig. 11: DTM in stretched view

Step 7: DSM Calculation

The DSM calculation is a lot easier than the DTMc@lation as you can already see by
looking at the form in Fig. 12. You only have tofide the input-shapefile, théeld
containing the z-Valueand acell size After this the tool will calculate a DSM. For $hi
calculation a simple “topo to raster™-interpolatiaa sufficient. To reach the “DSM
Calculation™module we choos€alculation”  “calculate DSM” from the FA menu (Fig.

12). This will lead to a new form.
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Fig. 12: The DSM form



Here we will have to use the file “import_rawdagashp” as Input Feature Data”. Since

the DSM should display all objects on top of theuyd, we use first pulse-points (normally
the first reflections of the laser beam representtp that are part of objects that stand on the
ground). In our case we should also chooseedl sizé€ of 1 m to fit the already calculated
DTM. The field containing the z-Valuesis again the “zCoor” field. At last we define an
output folder a filename and for file extension setect “tiff” (output files have to be defined

almost every time; we won't repeat this explanafmmall modules/tools).

After this we are ready to pres®K”. The calculation might take some seconds, butisho

be a lot faster than the DTM calculation.

Fig. 13 shows ArcMap after the calculation. You sae a lot of similarities to the DTM but

there are also slight differences. Those differeng#l be even clearer in the stretched view
of the DSM illustrated in Fig. 14. To stress th&etences between DSM and DTM Fig. 15
shows a direct comparison of the two files. All titiee clouds in the DSM represent Objects

— in our case vegetation — on top of the grounthsar

| a

Fig. 13: The DOM in the classified view after thalcilation



Fig. 14: DOM in stretched view

Fig. 15: DOM / DGM in comparison

Step 8: nDSM Calculation

The calculation of the nDSM is even simpler thaa IDSM calculation. To calculate an
nDSM we need a DTM and a DSM of the same area. Weesimply subtract the DTM from
the DSM. To do this we will load the DSM module lohoosing “Calculation”

“Calculate DSM” from the FA menu (Fig. 16). In the new window wely have to choose



an ‘input DSM” (our just calculated “dsm_1m.tif") anifput DTM ” (our just calculated
“‘dtm_1m.tif") and an output filename, folder andrfaat type.

Fig. 16: Calculate nDOM form
After this we press OK” and the nDSM will be calculated. Fig. 17 showsg tlesulting

nDSM. The nDSM illustrates the heights of all Oltgein the area - the brighter the area the
higher the objects.

Fig. 17: the nDSM in stretched view



Step 9: Create Aspect Image

With step 9 we will now enter the analysis tools.r€ach the “Create Aspect Image”-module
we will have to selectAnalysis” “Create Aspect Image” from the FA menu, this will

lead to a new window (Fig. 18).

Fig. 18: Create Aspect Image form

The aspect image will calculate the direction afteslope. So it will be possible to find areas
that are sunnier than others, because they arengemvards southwest — and are therefore
getting a huge amount of sun every day. This in&dgrom might give possibilities to guess the
vegetation at these sunny locations. In Fig. 19¢ausee an aspect image with adapted layer
settings. All directions but South and Southwesteweolored in blue, while the “sunny”
directions were colored reddish. For this resuliclvese the earlier calculated DTM asput

Raster”.

Fig. 19: Aspect Image with adapted layer settings



You might switch between the DTM and the aspectgeng have a better imagination. Of
course it also possible to use a DSM for input. Tésulting aspect image will be rather
coarse with few continuous aspect areas — thibvgas since vegetation goes up and down
within meters and without any regularities. Usind>8M for input can be interesting for

extracting roofs of buildings that are heading tagaSouth. Those roofs might be interesting

for solar collectors.

Step 10: Create Slope Image

To reach the “Create Slope Image”-module we haveetect‘Analysis” “Create Slope
Image” in the FA menu, then a new window will appear (FAfj). The create slope-tool will
create an image in which each pixel will have thkug of the fall of each position. So the

image will tell us how steep the slope at everyitposis.

Fig. 21: The Create Slope Image form

Fig. 22 shows the slope image of the DTM we catedlaearlier. All the green areas in the
image are rather flat while the redder it getsdieeper it is. It might be interesting to mention
that outlines of houses would appear in a red Bimege the walls normally have a slope fall of
90°.

To reach the result in Fig. 22 we have to definengut-file, which in our case would be the

earlier calculated DTM file. You also have to cheadf you want to have the result in

“Degrees” or “Percentage Rise”. And finally you bahe option to define a z-value. The z-



value allows you to generalize the result. If yelest a z-value of 2 the resulting image will
have pixels with x = 2 pixel and y = 2 pixel of tmgput file. This will lead to a coarser and
rougher result, but in case of Slope fall values thight be wanted.

Fig. 22: Slope Image of our DTM file

As you can see in Fig. 22 some of the paths arebfooads are well recognizable in the slope
image.

Step 11: Create Hillshade Image

To reach the “Create Hillshade Image”-module weé halve to selectAnalysis”  “Create

Hillshade Image” in the FA menu - then a new window will appeaig(F23).

The hillshade image can be helpful to create metailéd views of the calculated elevation
models. The shadows and differing light intensite result in a more natural view of the
models. To create a hillshade image as seen irR2Bigve have to define several inputs: First
of all an “Input Raster” from which we want to create the hillshade imadgeour case we
will again select the earlier calculated DTM fildext up we have to define al\Zimuth
angle of the light sourcé. In our example we choose 180° what means Sduinth would

be 0°/360°. ThéAltitude angle of light source” defines how high over the ground the light
source is situated. We chose 60° here. This woaldliout the settings for the sun on a
Middle European summer day at around noon. Agaicaredefine a z-value; it has the same
meaning as already described in



Fig. 23: The Create Hillshade form

the “Slope Image” module. As a last input we haveléfine whether we want to calculate
shadows or not. If not, only the differing lightemsities will be visible in the resulting image
and the effects of shadows won’'t be consideredoun case we select to calculate the
shadows. Fig. 24 shows the results of our inputs. Aillshade image shows a lot more details

in comparison to the DTM.

Fig. 24: The Hillshade Image created from a DTM



To reach the “Create Contour Lines”-module we Wwidle to selectAnalysis” “Create

Contour Lines” in the FA menu - then a new window will appeag(F25).

Fig. 25: The Create Contour Lines Form

As “Input Raster” we define the DTM again, since the contour lim@e most common to
illustrate the change of height in a terrain withanmy objects on top of it. AsContour
Interval” we select 10. Here you can use any natural nuydaetike. Unit is map units. In
the field ‘Base Contouf you can select a starting point for the contones. In our case we
leave this field blank. And again you can define #tready knownZz-factor”.

After you made all your inputs and pre€3K”, ArcMap will calculate the Contour Lines and
save them into a shapefile. In Fig. 26 you cantseeontour lines over the DTM. As you can

see the lines fit the color ramp of the DTM reailgll.



Fig. 26: Contour Lines over DGM, additionally addgte Heights and a color ramp using the
“Properties”  “Symbology” dialogue. The red areas represent kigareas.

Step 13: Export to Google Earth

To reach the “Export to Google Earth”-module wel Wdve to selectAnalysis”  “Export

to Google Earth’ in the FA menu - then a new window will appealg(R27).

In the form you can select from all active Layerghe view and additionally from layerfiles
on your disc for Input File”. The only further field you have to fill out ifi¢ “Scalé field.

All other fields are optional. Find more information those inputs in the online help. Use the
“?”-Button to get there. The tool will save a .kmz-file thatl visualize the extents of the

chosen Layer in Google Earth.



Fig. 27: Export to Google Earth form

Step 14: Georeference digital elevation models

To georeference digital elevation models we havehoose DSM / DTM / nDSM”
“Georeferencing’ from the FA menu - then a new window will appg&ig. 28). For all
further details please have a look at Step 3. Weenhodules are identical besides the fact that

in Step 3 the input file is a shapefile and in Sk8pt is a rasterfile.

Fig. 28: Georeference digital elevation models form



Step 15: Export to TreesVis

To export digital elevation models to TreesVis veedato chooseDSM / DTM / nDSM”

“Export to TreesVis” from the FA menu - then a new window will appé&ig. 29).

Fig. 29: Export to TreesVis form

Here we simply have to define the elevation modehant to export. The model will then be
exported to an ASCII-Info-GRID. This format canfiead by the LIDAR-Software TreesVis.
You can also open this file type with a normal vang editor. Fig. 30 shows the DSM file of

the earlier calculation opened in TreesVis.

Fig. 30: The exported DSM in the TreesVis 3D View



Step 16: Normalize Raw Data

After we calculated a DTM we will be able to norimalour raw data. After this process the
height-values of each LiDAR-point will represens éctual height above the ground (not
above NN).

To normalize raw data we have to chooRaw Data”  “Normalize Raw Data’ from the

FA menu - then a new window will appear (Fig. 31).

Fig. 31: Normalie Raw Data

Here we will have to define an input-raw dataset an input DTM-file that covers the same
areas as the raw dataset. Fmmptit Feature Data” we select the “fp_all”-shapefile and for
“Input DTM ” we will choose the earlier calculated “dtm_1miff-file. As last step we have
to define a path and a filename for an output feaitlass or shapefile — for example
“D:\Tutorial\fp_all_normalized.shp”. After this were ready to start the normalization
process by clicking OK”. The normalization of the Raw Data will take smleminutes,
since our dataset is rather big for ArcMap. Theotpess”-box will keep you up to date with
the actual progress of the script. After the sdngé finished you will find an additional field
within the attribute table of the new created “fib @ormalized”-shapefile containing the
normalized z-values. Since the new z-values areutzied by subtracting the earlier
calculated DTM from the Raw Dataset it might hapfieat some of the values are negative

due to little calculation errors and rounding ie fhTM-calculation process.



