
Tutorial for FELIS-Analyst Version 1.0 

 

Introduction 

This tutorial will help the reader to understand and use all functions of the FELIS-Analyst in 

the Version 1.0. All steps follow a logical and hierarchic structure. This tutorial should be 

seen as an addition to the diploma thesis “Erstellung eines LiDAR Moduls in ArcMap anhand 

von Visual Basic for Application and ArcObjects”. The example dataset used in this tutorial is 

delivered with your version of the FELIS-Analyst. 

 

Step 1: Starting the FELIS-Analyst 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the first step you will start the FELIS-Analyst (FA). Since the FA is not a stand-alone 

program but included in an .mxd-file you will have to open the file “FELIS_Analyst.mxd” 

with a double click or by selecting “File” ����  “open”  in the main window of ArcMap. Fig. 1 

shows ArcMap after you loaded the just mentioned file. The FA menu is marked with the red 

rectangle. Click on this menu and select “Raw Data” ����  “Import”  to reach step 2. 

 

 

 Fig. 1: ArcMap after starting FELIS_Analyst.mxd 



Step 2: Import of Raw Data 

The import of raw data is a very important step. After you clicked the “Import” -button in the 

menu a new window will appear – illustrated in Fig. 2. 

 

 

 

 

 

 

 

 

 

 

 

 

In Fig. 2 the form is already filled out. To reach this point we will first of all have to press the 

browse-button with the little  sign, next to the input-line titled “Input ASCII file ”. A new 

dialogue will pop up. Within this dialogue we browse to our input-file with the name 

“34205325_fp_ground.asc” select it and click “OK” . After this, the lines “Working 

destination” and also the first line in the “Preview” will be added automatically. To add 

more lines to the “Preview”  we can press the “next” button on the bottom of the form. 

In the “Preview” we can see that our data consists of three numbers – x, y and z-values. 

Therefore we choose “0 additional values” in the input line “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 “space” in the 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 line “Output filename” for example “fp_ground”. 

After this we press “OK”.  

Now the import of the raw data will start. Depending on the speed of your computer and the 

size of the imported file this may take a few seconds to several minutes. After the import has 

finished, ArcMap will prompt a message that says “Import was successful”. Fig. 3 shows 
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Fig. 2: The import function of the FA 



ArcMap after the successful import. The color of your points may differ from the one in the 

picture. The color is selected randomly by ArcMap.  

After this we repeat the whole procedure with the three other input-files: 

“34205325_fp_vegetation.asc”, “34205325_lp_ground.asc” and “34205325_lp_vegetation”. 

All datasets will be needed in later calculation procedures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Step 3: Georeference Raw Data Points. 

In the next step we will choose a coordinate system for our just imported raw data points. This 

procedure is rather simple. To do this we select “Raw Data” ����  “Georeferencing” from the 

FA menu. After this a new window will appear. As we can see in Fig. 4 we only have to 

define two inputs. First we have to define the shapefile that we want to georeference. This is 

the just created point-shapefile named “fp_ground.shp” and second we have to define a 

coordinate system. 

To define the shapefile we press the -button next to the “Input Feature Class / 

Shapefile” line, browse to our file, select it and press “ok” or we use the drop down menu to 

select one of the shapefiles that are actually loaded in the view. Then we choose the 

coordinate system by clicking the -button next to the “Define Coordinate System” line. 

Depending on the installation path of your version of ArcMap you will be directly in the 

correct folder where the coordinate systems are stored, or you have to browse for the folder: 

 

  Fig. 3: ArcMap after the import of your first file 



X:\YourInstallationPath\ArcGIS\Coordinate Systems\ 

In this location you will find the “DHDN 3 Degree Gauss Zone 3.prj” we use in our example 

in the folder:  \Projected Coordinate Systems\National Grids\. After you found the suiting 

coordinate system select it and press “OK”. 

 

 

 

 

 

 

 

 

 

Then press “OK” again in the form, and the projection will be added to the shapefile. After 

this, your shapefile has a defined projection. If you want to check if the tool worked properly, 

you can perform a “right-click” on the shapefile, choose “properties” and in the section 

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

Repeat this step with the other three files. 

 

Step 4: Merging Raw Data Shapefiles 

Until now you have four different raw data shapefiles. Now we will reduce the number to 

two. Two of the datasets consist of first pulse (FP) raw data and the other two of last pulse 

(LP) raw data. It is quite common that raw data is delivered separated in FP and LP datasets. 

Since our datasets are separated in LP and FP and additionally in ground and vegetation 

points we will now merge the ground and vegetation points of the LP and the FP datasets. As 

a result we will have one file containing all FP–points and one containing all LP-points. To do 

this we select “Raw Data” ����  “Merge”  from the FA menu. A new window will appear (Fig. 

5). 
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Fig. 4: Georeferencing 



 

 

 

 

 

 

 

 

 

 

 

In the appearing userform we will have to define the datasets we want to merge by selecting 

them from the drop down menu “Input Feature Datasets” or using the -button next to 

the field. We press the “+”-button  to add the dataset to the list of features to be merges. In 

our case we will add the two FP-files to the list. So we select “fp_ground” and 

“fp_vegetation”. As last step we define an “Output-Feature” in the bottom field for example: 

“D:\Tutorial\fp_all.shp”. Finally we press “OK” and the two shapefiles will be merged to one 

new file. 

The whole procedure might take a few minutes since the shapefiles 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 choose “Raw Data” ����  “Selection” from the FA menu. This 

will bring up the window illustrated in Fig. 6. As you can see three types of selection are 

possible. One can select all points above a certain height, below a certain height and between 

two heights.  
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Fig. 5: Merge Raw Data 



 

 

 

 

 

 

 

 

 

 

 

 

In our example we use the option “above _____ m height”. As “Input file ” we define the 

“fp_all.shp”. For “field containing z-values” we select “ZCoor”. Also we have to define a 

name for our selection because the selected points will be saved in a temporary layer file 

which needs a name. Optionally we can define a name for an output-shapefile (“Output 

file”). If we define a name our selection will be saved in a new shapefile. If we leave this line 

blank the selection will only be saved temporarily. In our case we leave the line blank since 

our example has no further meaning for the tutorial and we just want to present how this tool 

works. 
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Fig. 6: Raw Data Selection 

 

Fig. 7: ArcMap after the Selection 



So as our last input we enter the number “530” in the “above _____ m height” line and press 

the “Select” button next to this line. After this we close the “Selection” window and Fig. 7 

shows the results of our selection. All points over 530m height lay in one specific area on the 

right border of the picture. Press the  -button in the “tools”-toolbar of ArcMap to clear the 

selection. 

 

Step 6: DTM Calculation 

In this next step we will calculate a DTM model. To reach 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 thesis it is recommendable to use a “last pulse” – 

raw data set to calculate the DTM. Normally all ground points should be “last pulse” points, 

although of course not all “last pulse” points are ground points. To get rid of the “last pulse” 

points that are no ground points we have to use the DTM calculation tool (as seen in Fig.8).  

 

 

 

 

 

The input file (“Input Feature Data”) will be the “lp_all.shp” file. The field containing the 

z-Values will be “ZCoor”. As curvature threshold we will choose “0.3”. And for cell size 

we select “1”m. For output file we have to select any folder, a filename and an extension. We 

will create a tiff file in our example. As final steps in the first form, we will check the marks 

next to “Delete intermediate files” and “use preiterative elimination of points”. 

Since our dataset contains more than 700 000 points, what is a quite big number within 

ArcMap, the DTM calculation will take quite a while. To 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 select a size of 2 by 2 cells and a buffer  of 0.5. Those inputs 

are rather moderate, since we don’t want to lose too many points in  

 

 

 

 

Fig. 7: FA menu - DTM 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the first step. As explained in the diploma thesis the “preiterative elimination of points” will 

find the minimum value in each 2 by 2 cells and will only keep those values/points that are 

within 0.5m (= “buffer”) above this value. All other values/points will be deleted. After this 

process the DTM algorithm starts. We can start the whole process by clicking “OK” first in 

the DTM calculation form and then in the “preiterative elimination of points” form. After this 

ArcMap might look like if it crashed, but it should be working in the background. The whole 

calculation will take up to two hours, depending on the speed of your computer. As soon as 

the process “preiterative elimination of points” has ended you will see the process of the 

calculation in the “progress” box of the DTM calculation form. The whole calculation has 

three scale domains and in each scale domain up to 20 iterations. Although most of the time 

the algorithm will jump to the next scale domain earlier (have a look at the percentage 

number, as soon as 99.99% is reached, the algorithm will jump to the next scale domain). Fig. 

9 illustrates ArcMap after the calculation process. 
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Fig. 8: DTM Calculation forms 



 

 

 

 

 

 

 

 

 

 

 

 

 

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

display a DTM stretched we have to perform a right-click on the DTM_1m entry in the 

“Layers” list and select “Properties”. Then we have to choose “Symbology” and select 

stretched in the list on the left side (Fig. 10). Fig. 11 displays the just calculated DTM in the 

stretched view. In the stretched view you can see a lot more details.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9: After the DTM calculation process (DTM in classified view) 

 

Fig. 10: select stretched view for DTM 



 

 

 

 

 

 

 

 

 

 

 

 

Step 7: DSM Calculation 

The DSM calculation is a lot easier than the DTM calculation as you can already see by 

looking at the form in Fig. 12. You only have to define the input-shapefile, the field 

containing the z-Value and a cell size. After this the tool will calculate a DSM. For this 

calculation a simple “topo to raster”-interpolation is sufficient. To reach the “DSM 

Calculation”-module we choose “Calculation” ����  “calculate DSM” from the FA menu (Fig. 

12). This will lead to a new form. 

 

 

 

 

 

 

 

 

 

 

Fig. 11: DTM in stretched view 
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Fig. 12: The DSM form 



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

the DSM should display all objects on top of the ground, we use first pulse-points (normally 

the first reflections of the laser beam represent points that are part of objects that stand on the 

ground). In our case we should also choose a “cell size” of 1 m to fit the already calculated 

DTM. The field containing the z-Values is again the “zCoor” field. At last we define an 

output folder a filename and for file extension we select “tiff” (output files have to be defined 

almost every time; we won’t repeat this explanation for all modules/tools). 

After this we are ready to press “OK”. The calculation might take some seconds, but should 

be a lot faster than the DTM calculation.  

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

there are also slight differences. Those differences will be even clearer in the stretched view 

of the DSM illustrated in Fig. 14. To stress the differences between DSM and DTM Fig. 15 

shows a direct comparison of the two files. All the little clouds in the DSM represent Objects 

– in our case vegetation – on top of the ground surface. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Step 8: nDSM Calculation 

The calculation of the nDSM is even simpler than the DSM calculation. To calculate an 

nDSM we need a DTM and a DSM of the same area. Then we simply subtract the DTM from 

the DSM. To do this we will load the DSM module by choosing “Calculation” ����  

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

 

Fig. 14: DOM in stretched view 

         

       Fig. 15: DOM / DGM in comparison 



an “input DSM” (our just calculated “dsm_1m.tif”) an “input DTM ” (our just calculated 

“dtm_1m.tif”) and an output filename, folder and format type. 

 

 

 

 

 

 

 

 

 

 

 

After this we press “OK” and the nDSM will be calculated. Fig. 17 shows the resulting 

nDSM. The nDSM illustrates the heights of all Objects in the area - the brighter the area the 

higher the objects. 
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Fig. 16: Calculate nDOM form 

 

Fig. 17: the nDSM in stretched view 



Step 9: Create Aspect Image 

With step 9 we will now enter the analysis tools. To reach the “Create Aspect Image”-module 

we will have to select “Analysis” ����  “Create Aspect Image” from the FA menu, this will 

lead to a new window (Fig. 18). 

 

 

 

 

 

 

 

 

 

The aspect image will calculate the direction of each slope. So it will be possible to find areas 

that are sunnier than others, because they are heading towards southwest – and are therefore 

getting a huge amount of sun every day. This information might give possibilities to guess the 

vegetation at these sunny locations. In Fig. 19 you can see an aspect image with adapted layer 

settings. All directions but South and Southwest were colored in blue, while the “sunny” 

directions were colored reddish. For this result we chose the earlier calculated DTM as “Input 

Raster”. 
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Fig. 18: Create Aspect Image form 

 

Fig. 19: Aspect Image with adapted layer settings 



You might switch between the DTM and the aspect image to have a better imagination. Of 

course it also possible to use a DSM for input. The resulting aspect image will be rather 

coarse with few continuous aspect areas – this is obvious since vegetation goes up and down 

within meters and without any regularities. Using a DSM for input can be interesting for 

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

for solar collectors. 

 

Step 10: Create Slope Image 

To reach the “Create Slope Image”-module we have to select “Analysis” ����  “Create Slope 

Image” in the FA menu, then a new window will appear (Fig. 21). The create slope-tool will 

create an image in which each pixel will have the value of the fall of each position. So the 

image will tell us how steep the slope at every position is. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 22 shows the slope image of the DTM we calculated earlier. All the green areas in the 

image are rather flat while the redder it gets the steeper it is. It might be interesting to mention 

that outlines of houses would appear in a red line, since the walls normally have a slope fall of 

90°. 

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

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

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

  �    

Fig. 21: The Create Slope Image form 



value allows you to generalize the result. If you select a z-value of 2 the resulting image will 

have pixels with x = 2 pixel and y = 2 pixel of the input file. This will lead to a coarser and 

rougher result, but in case of Slope fall values this might be wanted. 

 

 

 

 

 

 

 

 

 

 

 

 

As you can see in Fig. 22 some of the paths and forest roads are well recognizable in the slope 

image. 

 

Step 11: Create Hillshade Image 

To reach the “Create Hillshade Image”-module we will have to select “Analysis” ����  “Create 

Hillshade Image” in the FA menu - then a new window will appear (Fig. 23).  

The hillshade image can be helpful to create more detailed views of the calculated elevation 

models. The shadows and differing light intensities will result in a more natural view of the 

models. To create a hillshade image as seen in Fig. 24 we have to define several inputs: First 

of all an “Input Raster”  from which we want to create the hillshade image. In our case we 

will again select the earlier calculated DTM file. Next up we have to define an “Azimuth 

angle of the light source”. In our example we choose 180° what means South, North would 

be 0°/360°. The “Altitude angle of light source”  defines how high over the ground the light 

source is situated. We chose 60° here. This would be about the settings for the sun on a 

Middle European summer day at around noon. Again we can define a z-value; it has the same 

meaning as already described in 

Fig. 22: Slope Image of our DTM file 



 

 

 

 

 

 

 

 

 

 

 

 

 

the “Slope Image” module. As a last input we have to define whether we want to calculate 

shadows or not. If not, only the differing light intensities will be visible in the resulting image 

and the effects of shadows won’t be considered. In our case we select to calculate the 

shadows. Fig. 24 shows the results of our inputs. The hillshade image shows a lot more details 

in comparison to the DTM. 

 

 

 

 

 

 

 

 

 

 

Step 12: Create Contour Lines 
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Fig. 23: The Create Hillshade form 

 

Fig. 24: The Hillshade Image created from a DTM 



To reach the “Create Contour Lines”-module we will have to select “Analysis” ����  “Create 

Contour Lines”  in the FA menu - then a new window will appear (Fig. 25).  

 

 

 

 

 

 

 

 

 

 

 

 

As “Input Raster” we define the DTM again, since the contour lines are most common to 

illustrate the change of height in a terrain without any objects on top of it. As “Contour 

Interval”  we select 10. Here you can use any natural number you like. Unit is map units. In 

the field “Base Contour” you can select a starting point for the contour lines. In our case we 

leave this field blank. And again you can define the already known “z-factor”.  

After you made all your inputs and press “OK”, ArcMap will calculate the Contour Lines and 

save them into a shapefile. In Fig. 26 you can see the contour lines over the DTM. As you can 

see the lines fit the color ramp of the DTM really well.  
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Fig. 25: The Create Contour Lines Form 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Step 13: Export to Google Earth 

To reach the “Export to Google Earth”-module we will have to select “Analysis” ����  “Export 

to Google Earth” in the FA menu - then a new window will appear (Fig. 27).  

In the form you can select from all active Layers in the view and additionally from layerfiles 

on your disc for “Input File ”. The only further field you have to fill out is the “Scale” field. 

All other fields are optional. Find more information on those inputs in the online help. Use the 

“?”-Button  to get there. The tool will save a .kmz-file that will visualize the extents of the 

chosen Layer in Google Earth. 

 

 

 

Fig. 26: Contour Lines over DGM, additionally added the Heights and a color ramp using the 

“Properties” �  “Symbology” dialogue. The red areas represent higher areas. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Step 14: Georeference digital elevation models 

To georeference digital elevation models we have to choose “DSM / DTM / nDSM” ����  

“Georeferencing” from the FA menu - then a new window will appear (Fig. 28). For all 

further details please have a look at Step 3. The two modules are identical besides the fact that 

in Step 3 the input file is a shapefile and in Step 13 it is a rasterfile. 
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Fig. 27: Export to Google Earth form 
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Fig. 28: Georeference digital elevation models form 



Step 15: Export to TreesVis 

To export digital elevation models to TreesVis we have to choose “DSM / DTM / nDSM” ����  

“Export to TreesVis” from the FA menu - then a new window will appear (Fig. 29). 

 

 

 

 

 

 

 

 

 

 

Here we simply have to define the elevation model we want to export. The model will then be 

exported to an ASCII-Info-GRID. This format can be read by the LiDAR-Software TreesVis. 

You can also open this file type with a normal windows editor. Fig. 30 shows the DSM file of 

the earlier calculation opened in TreesVis. 
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Fig. 29: Export to TreesVis form 

 

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 normalize our raw data. After this process the 

height-values of each LiDAR-point will represent its actual height above the ground (not 

above NN). 

To normalize raw data we have to choose “Raw Data” ����  “Normalize Raw Data” from the 

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

 

 

 

 

 

 

 

 

 

 

 

Here we will have to define an input-raw dataset and an input DTM-file that covers the same 

areas as the raw dataset. For “Input Feature Data” we select the “fp_all”-shapefile and for 

“ Input DTM ” we will choose the earlier calculated “dtm_1m” .tiff-file. As last step we have 

to define a path and a filename for an output feature class or shapefile – for example 

“D:\Tutorial\fp_all_normalized.shp”. After this we are ready to start the normalization 

process by clicking “OK”. The normalization of the Raw Data will take several minutes, 

since our dataset is rather big for ArcMap. The “progress”-box will keep you up to date with 

the actual progress of the script. After the script has finished you will find an additional field 

within the attribute table of the new created “fp_all_normalized”-shapefile containing the 

normalized z-values. Since the new z-values are calculated by subtracting the earlier 

calculated DTM from the Raw Dataset it might happen that some of the values are negative 

due to little calculation errors and rounding in the DTM-calculation process. 
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Fig. 31: Normalie Raw Data 


