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Prerequisites 
A connection to the internet 

At least 500 megabytes of available disk space 

Procedure 
1. Open a browser and connect to: http://forsys.cfr.washington.edu/fusion/fusionlatest.html 

to open “The Latest Version” Fusion webpage. 

2. Click the Install File hyperlink to open the File Download dialog for Fusion_Install.exe. 

3. Click the Save button to open the Save As dialog. 
4. Navigate to a location of your choosing (one that you will remember) and/or create a new 

folder and Click Save.  The file (Fusion_Install.exe) will download. 
5. When the download is complete, Open (or Run) Fusion_Install.exe.  The first screen of 

the Fusion Setup dialog will display. 

6. Keep the default installation Components and Click Next >. 
7. Keep the default Install Location (see sidebar) and Click Next >. 

8. And, keep the defaults for the Start Menu Folder and Click Install. 
9. After the installation completes, Click Close. 

10. Now we need to download the example data.  On the FUSION webpage you will notice 
there are two options of example data to choose from.  We will choose the “State Plane, 

WA south zone (124 Mb)” as the example data to use in this portion of the course. 

11. Within the FUSION web page, Click the “Example data (State Plane, WA south zone) 
(124 Mb)” hyperlink to open the File Download dialog for Fusion_ExampleData.exe . 

12. Click the Save button and save the file in the same location as the Fusion_Install file. 
13. When the download is complete, Open (or Run) Fusion_ExampleData.exe.  This will 

open the Fusion Example Data Setup wizard, see figure on next page… 

14. Screen 1: keep the default for installing all the data (both components). 

15. Screen 2: do NOT accept the default destination.  Click the Browse… button to 

open the Browse for Folder dialog: 

 

EXERCISE 1: DOWNLOAD AND INSTALL THE FUSION  
PROGRAM AND EXAMPLE DATA 

Document Updated: May 2010 

FUSION v2.80 

The default destination folder for the Fu-

sion program is C:\Fusion\.  We recom-

mend keeping it there because the path name is 

short and you will be typing that path often in 

subsequent exercises. 

There are a number of advantages to using 

the suggested path (C:\lidar\SampleData\) 

to store the Example Data including: that is how 

we will refer to the data location for these tutori-

als. 

http://forsys.cfr.washington.edu/fusion/fusionlatest.html
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16. Navigate to the root of the C: drive  C:\ and click the Make New 

Folder… button. 

17. Name the new folder lidar. 

18. Select the new C:\lidar folder and Click the Make New Folder… button 

again. 

19. Name this folder SampleData. 

20. Click OK to close the Browse for Folder dialog and return to the wizard 

Destination screen. 

You will now see that a folder named “FUSION” has been added to your desig-

nated path, leave the folder for now. 

20. Click the Install button. 

21. Once the installation finishes successfully, Click the Close button. 

22. Start Windows Explorer and navigate to C:\lidar\SampleData.  You’ll notice there is no 

data in this folder—two new sub-folders called FUSION\Example were automatically cre-

ated that holds all of the example data.  This is not what we expected so, for consistency... 

23. Open the Example folder and move all of the data up to the 2nd parent folder Sample-

Data. 

24. Delete the FUSION and Example folders.  Note: you can install the data anywhere you 

wish (or copy and move this data to a different location).  However, for the subsequent 

exercises, we’ll assume that the data is in C:\lidar\SampleData\. 

25. In Windows Explorer navigate to C:\FUSION\doc\FUSION_manual.pdf.  Please take a 

moment to briefly review the manual.  The manual will be an essential resource as you 

start working with FUSION command line executables in subsequent exercises!  

EXERCISE 1: DOWNLOAD AND INSTALL THE FUSION  

PROGRAM AND EXAMPLE DATA 

The Destination Folder dialog box is depicted above showing  

the suggested path (C:\lidar\SampleData\ ) with the addi-

tional FUSION folder added by the wizard by default.  How-

ever, the fusion data installation program will put the data in: 

c:\lidar\SampleData\FUSION\Example 

We recommend that you move the data back up to:  

c:\lidar\SampleData\. 
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Introduction 
In this exercise, you’ll be using the fully-prepared example data to explore the basics of      

FUSION. 

Prerequisites 
Successful completion of Exercise 1 (Download and Install FUSION and the Example Data 

set) 

Overview of Major Steps 
1. Start Fusion and Load the Example Lidar Data 
2. Load a Reference Image 

3. Select a Sample to View in LDV 
4. Add a Bare Earth Model 

5. Explore FUSION’s Sampling and Display Options 

Procedure 

Part 1: Start Fusion and Load the Example Lidar Data 
1. Start Fusion: Click, Start | Programs | FUSION | FUSION  

2. Click the Raw Data button on Fusion toolbar to display the Open dialog box.  

3. Navigate to your data folder (C:\lidar\SampleData\) and Select the sample dataset 

(lda_4800k_data.lda) and Click, Open. This will open the Data Files dialog.  

4. The Data Files dialog allows you to change the display Symbology of the lidar data in the 

Fusion window—but, we strongly recommend that you accept the defaults (especially the 

Symbol set to None) for now, Click, OK (read the sidebar before making any changes). 

5. Save your Fusion project by Clicking the Save icon or File| Save As.  

6. Name the project exer02.dvz and Save it in a new folder named 

C:\lidar\Fusion_Projects.  

EXERCISE 2: GETTING STARTED WITH FUSION 

Document Updated: May, 2010 

Fusion v2.8 

If you change the Symbology by setting a 

Symbol other than None and  you click the 

check box next to the Raw data… button, all of 

the data points will display in the Fusion window.  

This may be entertaining and educational once 

but you won’t want to do it often—and it is not 

necessary in order to use FUSION. 

Example of lidar data points (top layer) colored 

by the corresponding reference image (bottom 

layer)—in LDV. 
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Part 2: Load a Reference Image 
1. Click the Image button (located on Fusion toolbar). Select the sample orthophoto 

(orthophoto_4800k.jpg) from the sampledata folder and Click, Open. The image will 

automatically display in the Fusion viewer.  If you want to zoom-in to any part of the im-

age, Right Click on the location you want to zoom 

to.  Zoom-out by Clicking the Zoom to extents 

button. 

2. You’re now ready to view the lidar data in the Li-

dar Data Viewer (LDV). 

Part 3: Select a Sample to View in LDV 
To create a sample and view the corresponding Lidar 

data in 3D: 

1. Position the cursor over an area of interest in the 

orthophoto, Left Click and drag a smallbox (called 

a stroked box) over the area and release the left 

mouse button—this is your sample.   Note: a small 

sample works better (faster) than a large sample. 

2. The sample box will be high-

lighted in the Fusion viewer and 

LDV, Fusion’s 3D viewer, will 

automatically appear and load the 

Lidar data within your sample 

boundary, as in the figure to the 

right. 

3. Use the Basic LDV Navigation 

Tips (sidebar) until you are 

comfortable with your ability to 

EXERCISE 2: GETTING STARTED WITH FUSION 

FUSION Tip-Fusion requires a reference 

image before you can view your lidar data in LDV.  

If you don’t have a reference image available you can 

create an intensity image from the raw lidar data to use 

as your reference image.  This capability can be ac-

cessed through the FUSION interface: Tools | Miscel-

laneous Utilities |  Create an image using LIDAR 

point data.. 

Basic LDV Navigation Tips  

(Note: LMB = Left Mouse Button, RMB = Right 
Mouse Button) 

 
LMB + move mouse: “Grab” and rotate the dis-

played data (rotation can be up/down and left/

right) 
 

It may be easiest to imagine that the data is con-
tained in a glass ball. To rotate the data, use the 

mouse to roll the ball and thus manipulate the data. 

 
LMB + ctrl + move mouse down: Zoom in 

 
LMB + ctrl + move mouse up: Zoom out 

 

RMB: Activate pop-up options menu for LDV 
 

For a complete list of LDV keystrokes Click the  
About LDV and Keystroke guide button in the 

bottom left corner of the LDV, highlighted in red in 
the graphic to the left. 

The stroked-box sample selection is high-

lighted in the Fusion window... 

About LDV and Keystroke guide button 
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control the data cloud. 

Part 4: Add a Bare Earth Model 
1. Close the LDV and return to FUSION (it will still be running & your last sample will be 

displayed). 

2. Click the Bare earth button (located on the Fusion toolbar).  

3. Select the sample terrain model (4800K_ground_surface.dtm) from the sampledata 

folder and Click, Open.  

4. Within the Surface model options window, you can accept the defaults or define con-

tour intervals and line colors. Once you have chosen intervals and colors or accepted the 

defaults, Click, OK. The terrain model will be displayed in the Fusion viewer as a contour 

map over the orthophoto. 

5. Click the Repeat last sample… button (located on the Fusion toolbar).  This will display 

the same lidar data cloud as before—but in a moment we will also view the bare earth sur-

face… 

6. Right Click within the LDV viewer to access the “Right Click Menu”. 

7. Click on Surfaces (or use the Alt-U keyboard option).  The bare earth surface will auto-

matically display with your lidar data cloud. 

8. Access the right-click menu again and Click on Data to toggle the data off (or type Alt-D).  

This will allow you to inspect the bare earth surface without the data cloud.  To turn the 

data back on use the right click menu and Click on Data again. 

EXERCISE 2: GETTING STARTED WITH FUSION 

Once the Bare Earth model is specified in Fusion, it 

can be toggled in LDV via the right-click menu 

(Surfaces) or typing Alt-U. 

The lidar data can be toggled via the right-click 

menu (Data) or typing Alt-D. 

This exercise continues on the next page... 



 

Fusion Exercise 2      pg 4 

Note: See the last page of this document 

for an appendix describing the Sample 

Options dialog box. 

Part 4: Explore Fusion’s Sampling and Display Options 
Fusion offers a number of ways to sample and view lidar data.  We’ll explore several of these 

options in this section and you’ll use many of the remaining options in subsequent exercises.  

1. In the FUSION window Click the Sample options button to open the Sample Options dia-

log (see Appendix 1). 

2. Under the Sample shape section, Select, Stroked circle (the default is Stroked box) and 

Click, OK. 

3. Select a small stroked-circle sample in the Fusion window and view the results in the 

LDV. 

4. Close the LDV. 

5. Return to the Sample options and change the sample shape back to Stroked box. 

6. In the Decimation section, increase the value to 200 and Click, OK. 

7. In the Fusion window Select a large stroked-box sample (suggestion: make the stroked 

box cover about 1/2 the size of the reference image).  It may take a few minutes to ex-

tract the sample but the results display very fast in LDV.  Please notice that the ground is 

not flat within the sample area as you view the data in LDV—you’ll make it flat in the next 

sample. 

8. Return to the Sample options and Select (check) the Subtract ground elevations from 

each return in the Options section and Click, OK. 

9. Click the Repeat Last Sample button.  This will repeat the last sample area but now the 

data will appear in LDV on flat terrain—this is very useful for comparing heights above 

ground level. 

10. Return to the Sample options and change the Decimation value back to 1 and de-select 

the option to subtract ground elevations. 

11. Select the Bare Earth Filter option to Exclude points close to surface and increase 

the tolerance to 2. 

12. Click, OK to close the sample options dialog. 

EXERCISE 2: GETTING STARTED WITH FUSION 

FUSION Tip - you can only use the 

Subtract ground elevations option if 

you’ve loaded a Bare Earth Surface (which you’ve 

done). 

FUSION Tip - you can only use the 

Bare Earth filter options if you’ve loaded 

a Bare Earth Surface (which you’ve done). 

FUSION Tip - Some of the sampling 

and display options can be very computer 

intensive and are appropriate only with a fast 

computer and a small sample area.  You will have 

to be the judge of what your computer is capable 

of handling.  A class 3 computer is recommended 

for general lidar data exploration and analysis.   
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13. Select a small stroked box sample in the Fusion window.  Note that the points close to 

the ground have been excluded from displaying in LDV. 

14. Return to the Sample options and Select the Include all points option under Bare Earth 

Filter. 

15. In the Sample options window, under the Color options Select, Color using image and 

Click, OK. 

16. Click the Repeat last sample button.  You should notice that each lidar return is now 

painted the color of the corresponding reference orthophoto image.  Keep LDV open. 

To this point, you’ve been controlling the display and sample options from Fusion’s Sample 

Options dialog box.  Now, we’ll explore a few of the display options within LDV… 

17. Access the right-click menu and Toggle (either on or off) the Draw all points when 

moving option.  Click-and-drag to move the data sample.  If you’ve toggled the Draw 

all points… option on, the responsiveness of your display may be sluggish (but it looks 

good) and if you toggle the option off, the LDV display will be very responsive (but it won’t 

look as good). 

18. Set the Draw all points… option to suit your computer and your preferences. 

19. Access the right-click menu again and Click the Marker… option. 

20. Experiment with the Marker Type and Marker Size options—however, be aware that the 

sidebar note is particularly applicable to some of the Marker Types.  If in doubt, keep the 

marker type set to Points. 

21. Back in the Fusion window, Click the Sample Options button. 

22. Enable the Color by Intensity option. 

23. Click, OK and then Click, Repeat Last Sample.  The LDV viewer will display returns ac-

cording to their intensity value (or the near-infrared spectral value).  The intensity informa-

tion can be helpful to interpret ground features.  However, because the intensity informa-

tion of the ground features are clustered on only a small portion of the displayed intensity 

range, the default display parameters make the data difficult to interpret.  Let’s adjust the 

FUSION Tip- Some of the display 

options can be very computer intensive 

and are appropriate only with a fast computer 

and a small sample area.  You will have to be the 

judge of what your computer is capable of han-

dling.   

EXERCISE 2: GETTING STARTED WITH FUSION 
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intensity display parameters to improve interpretation.  

24. Click the Histogram checkbox on the left side of the LDV viewer (see graphic to left).  

The histogram will display (black) along the color legend.   

You should see that most of the intensity values are clustered in the lower half of the available 

intensity range.  Let’s truncate the available range to the approximate range of the intensity 

values (so that we can interpret the LiDAR data better).   

25. Write down the approximate low and high intensity values that capture most of the histo-

gram (see graphic to left). 

26. Click the Sample Options button in the Fusion window. 

27. Enable Truncate Attribute Range (in the Color section). 

28. Enter your approximate minimum and maximum histogram values.     

29. Click, OK and then Click, Repeat Last Sample. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EXERCISE 2: GETTING STARTED WITH FUSION 

To visually interpret the 

intensity values more ef-
fectively you will need to 

truncate your histogram 
to the values that contain 

most of your data values.  

In this example, we will 
truncate the histogram to 

a maximum of 30 and a 
minimum of 1. 

Max Intensity Value=30 

Min Intensity Value=1 

Exercise 2 continues on the next page…... 
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Now that you’ve effectively stretched your 

intensity data to cover the full color leg-

end for improved interpretation (see fig-

ure to the left).  High intensity values (or 

high near-infrared values) for natural 

communities most likely represent photo-

synthetically active vegetation, and in 

some cases may represent dry bare soil.  

Lower intensity values likely represent: 1) 

wet, bare soil, 2) water, or 3) less photo-

synthetically active vegetation.  The figure 

to the left illustrates how the data and 

histogram changes with truncation.     

 

 

 

To conclude this exercise, continue to interact with the data in LDV and experiment with the 

following items on the right-click menu: 

Wiggle-vision (Alt-W) 

Overhead View (Alt-O) 

Reset Orientation (Alt-R) 

Reset Zoom (Alt-Z) 

Image Plate (Alt-P) 

Turn the truncate function off and choose the color by option that seams most appropriate 

for general visualization (color by height is recommended). 

Save the project: File | Save. 

 

Truncated histogram and 

resulting LiDAR data dis-

play in the LDV viewer. 

Default histogram and 

LiDAR data display in the 

LDV viewer. 

This concludes Exercise 2 

FUSION Tip– Note: Lidar intensity 

values are not normalized.  The lidar sen-

sor will change its gain or pulse strength during 

the acquisition, which changes the return inten-

sity of the pulses/returns.  The same feature can 

have different intensity values in different flight 

lines.  Hence, the intensity values can be used for 

interpretation but it is not advisable to use the 

values for spectral analysis. 
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APPENDIX 1: SAMPLE OPTIONS 

The default Sample shape is a 

Stroked box, but there are other 

options.  Of particular interest: A 

Fixed circle is very useful for defin-

ing fixed radius plots (when choos-

ing a fixed box or circle, you will 

have the option of specifying the 

size).  The fixed circle can be 

snapped to the plot center by 

choosing the Snap option in the 

Options section... 

The Color options (though they’re not really 

sampling options) allow you to display the data 

by a number of attributes.  Usually the most use-

ful option is Color by height but we will also 

explore Color using (reference) image and 

Color by Intensity. 

The only option in the Options section that we’ll explore in 

this exercise is Subtracting ground elevation from each 

return.  This essentially flattens the terrain so above-ground 

feature heights can be readily interpreted.  Note this is where 

we can toggle the option to Snap our sample to a POI. 

Once we have specified a Bare 

Earth Model and/or a Canopy 

Surface Model, we can filter 

(include or exclude) lidar points at 

a user-defined distance from 

those surfaces. 

The Decimation option allows you to reduce the 

density of the points being sampled.  This is espe-

cially useful when you select a large sample area. 

Enabling this option can allow you 

to truncate (or stretch) your histo-

gram so that your data display is 

more interpretable.   
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Introduction 
In this exercise, you’ll be using the fully-prepared example data to continue exploring Fusion 

and you’ll learn the basics of making measurements in the LDV. 

Prerequisites 
Successful completion of Exercise 2 (Getting Started with Fusion) 

Overview of Major Steps 
1. Make basic measurements in the LDV 

Procedure  

Part 1: Make basic measurements in the LDV 
1. Start Fusion if needed and Load the project exer02.dvz from the 

C:\lidar\Fusion_Projects  folder. 

2. Select a stroked box sample that includes trees. 

3. Type, Alt+u to display the bare earth model and Type, Alt+i to display the orthophoto 

(see side bar note) on the surface model or access these options from the right-click 

menu. You are now able to visualize Lidar points within the measurement cylinder and 

view the corresponding area of the orthophoto. 

4. Right Click in the LDV window to activate the pop-up menu and Select, Measurement 

marker. This will change the display to an overhead view and show the measurement 

cylinder. 

5. Move the cylinder by holding down the Shift key and typing with the arrow keys. Move 

the cylinder so that an individual tree is at its center.  

6. Resize the measurement cylinder (Ctrl+Shift+Right mouse button + mouse drag up/down) 

to isolate the crown of a single tree.  

EXERCISE 3: SIMPLE MEASUREMENTS IN LDV 

Document Updated: May, 2010 

Fusion ver2.80 

FUSION Tip -The order of display is 

important—you cannot display the  draped 

orthophoto if you haven’t already displayed the 

bare earth model. 
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7. Click and drag the data cloud with the LMB to view the cylinder from the side. 

8. Type h to automatically move the cylinder to the highest lidar point. The value of the 

measurement marker location is displayed in the LDV’s window.  

9. To measure the ground elevation of this location, Type g to automatically move the cylin-

der to Lidar points corresponding to the ground surface.  

10. You can now calculate this tree’s height by simply subtracting the ground elevation from 

the tree-top elevation. 

Another method to make similar measurements is to automatically subtract the ground eleva-

tions, let’s do that now... 

1. Type Alt+i to turn the display of the orthophoto off. 

2. Likewise, Type Alt+u to turn the display of the bare earth model off (or turn these op-

tions off from the right-click menu).  

3. Return to the Fusion window and Click the Sample Options button. 

4. Enable the Subtract ground elevations from each return option and Click, OK. 

5. Click the Repeat last sample button. 

6. Notice that the sample area is “flat” in LDV and the elevation bar to the left is providing 

Height above ground. 

7. Right Click in the LDV window to activate the pop-up menu and Select, Image plate 

(Alt-p) to turn the orthophoto on below the lidar data (you may have to zoom-out to see 

the image plate if you are zoomed-in). 

8. Right Click in the LDV window to activate the pop-up menu and Select, Measurement 

marker.  

9. Move and resize the cylinder as you did before to highlight a single tree (see side bar). 

10. Click and drag the data cloud with the LMB to view the cylinder from the side. 

11. Now, when you type h, the measurement marker moves to the tree top and gives you the 

height of the tree (there is no need to type g — in fact, that function is inactive).  If the 

height numbers are black and are hard to see with the background, use the right-click 

EXERCISE 3: SIMPLE MEASUREMENTS IN LDV 

FUSION Tip -We’re turning these 

options off  because once we display the 

data that has the ground elevation subtracted 

from it, the bare earth surface will display above 

the lidar data in LDV. 

Measurement Marker — Quick Guide 

 

Shift + Arrow keys: moves the cylinder 

 

Ctrl + Shift + RMB drag up: increases cylinder 

size 

 

Ctrl + Shift + RMB drag down: decreases cylin-

der size 

 

h : moves the measurement marker to the top 

return in the cylinder 

 

g: move the measurement marker to the lowest 

return in the cylinder (disabled if Subtracting 

ground elevations automatically) 

 

Enter: records (in memory) the current X,Y,Z of 

the measurement marker.   
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menu and Click on the Color.. option and change the Axis color… to a contrasting color 

(white works well).   

If you wish to take multiple measurements, you can record them to a CSV file (readable in Ex-

cel) by following these steps:  

1. Move the measurement cylinder around using Shift + arrow keys and navigate to another 

tree.  

2. Resize the cylinder to properly isolate a tree within the measurement cylinder. At the next 

tree, measure the tree top (type h and then Enter). 

3. If you have disabled the Subtract ground elevations… option then you should also 

measure the ground surface (type g and then Enter)—otherwise there is no need to 

measure the ground surface. 

4. Repeat this for two-three more trees.  

5. Now Right Click to activate the LDV popup menu and Select, Save measurement line. 

This will allow you to save the measurements you recorded in a XYZ comma separated 

(.csv) file.  

6. Navigate to C:\lidar\SampleData , and name your file treeheights.csv and Click, 

Save.  

7. Launch Excel and Open treeheights.csv to view the measurements you recorded. 

EXERCISE 3: SIMPLE MEASUREMENTS IN LDV 

Measurement Marker — Quick Guide 

 

Shift + Arrow keys: moves the cylinder 

 

Ctrl + Shift + RMB drag up: increases cylinder 

size 

 

Ctrl + Shift + RMB drag down: decreases cylin-

der size 

 

h : moves the measurement marker to the top 

return in the cylinder 

 

g: move the measurement marker to the lowest 

return in the cylinder (disabled if Subtracting 

ground elevations automatically) 

 

Enter: records (in memory) the current X,Y,Z of 

the measurement marker.   

This concludes Exercise 3 



Fusion Exercise 4     pg 1 

 

 

Introduction 
There are two parts to this exercise. Part 1 describes the manual process to extract fixed 

radius subsets of LIDAR data; Part 2 introduces you to using the FUSION command line 

executables and batch files to accomplish the same task more efficiently for a large num-

ber of subsets.  In the next exercise (Exercise 5) we’ll describe the process to extract use-

ful statistics from these subsets.  

Prerequisites 
Successful completion of Exercises 1-3, or proficiency with the basics of FUSION. 

Overview of Major Steps 
Part 1—Subsetting one to a few plots 

Part 2—Subsetting many plots using Fusion command line executables and batch files. 

Procedure 
Part 1: Dealing with one to a few plots: 

Background/ Initial State: You should have FUSION up and running with the Ortho-

photo_4800k.jpg image file displayed and the lda_4800K_data.lda raw data file 

loaded (but not displayed).  We have coordinates of the center points of three plots—these 

have been converted to a shapefile (going through an event theme in ArcGIS).  This point 

shapefile (three_plots.shp) is not part of the original example dataset so you will have to 

download it from the online tutorial.  Let’s begin by loading this shapefile as a POI (Point 

of Interest) in Fusion: 

1. Click the POI... Button (see sidebar). 

2. Navigate to the location of the three_plots.shp shape file. 

EXERCISE 4: EXTRACTING FIXED RADIUS PLOT SUBSETS 
FROM A LIDAR POINT DATA FILE 

Document Updated: May 2010 

Fusion ver2.80 

Example of a fixed radius plot subset as viewed 

in LDV. 
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3. Select the file and Click, Open. 

4. Change the attributes (color and size) of the POI if desired (see side bar) and Click, 

OK.  The three plot locations will display over the orthophoto. 

5. If you’ve already loaded the bare earth surface for this project area, skip to step 12, 

otherwise: 

6. Click the Bare earth… button 

7. Navigate to and Select, 4800K_ground_surface.dtm. 

8. Click, Open. 

9. Accept all of the Surface model default options and Click, OK.  Topo lines rep-

resenting the ground surface elevations will display over the orthophoto im-

age. 

10. Now, we only want to select the lidar data within our plots rather than the entire lidar 

data set.  Click the Sample options… button (from the menu on the left) and Select 

the following options: 

11. Sample shape:  Fixed circle  

12. Sample Size: 120 (diameter in feet)  Note: in future projects make sure the 

units of the data and the plot are the same, if the data are in UTM meters, 

convert the plot diameter to meters as well. 

13. Options: Snap sample points to nearest POI point 

14. Options: Subtract ground elevation from each return 

15. Click, OK at the bottom left to accept the sample settings. 

16. Next, within the Fusion display window, Click on one of the plot locations (note which 

one you select). The POI changes color and an LDV window pops up showing the lidar 

points within the 120 meter diameter circle around the plot center.   

 

 

 

EXERCISE 4: EXTRACTING FIXED RADIUS PLOT SUBSETS  

FROM A LIDAR POINT DATA FILE 

Change the attributes (color and size) of the POI if 

required and click OK. 

Sample options for extracting fixed radius subsets. 
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17. These lidar data points are simultaneously written to three temporary files named 

tempdat with three different extensions (.lda, .lgd, .xyz) in the user’s temporary folder 

(e.g.  C:\documents and settings\user name\local settings\temp) as in the figure below. 

   

Potentially you could locate and rename the 3 temporary files with a corresponding plot 

identifier: ex Plot1.* and move them into a working directory.  You would then have a 

subset (for each plot) of lidar data.  It is good to be aware that FUSION writes these temp 

files and deletes them when FUSION closes (if you want the temp files make sure you 

move and rename them!)  In the next section we will work through a process that will al-

low you to automate the subsetting of many plots and subsequently calculate statistics for 

each plot. 

 

EXERCISE 4: EXTRACTING FIXED RADIUS PLOT SUBSETS  

FROM A LIDAR POINT DATA FILE 

Part 2 of this exercise continues on the next page... 

Example of a fixed radius plot subset as viewed in 

LDV. 
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Part 2—Dealing with many plots: 
Subsetting the LIDAR points for a substantial amount of plots can best be done from the 
DOS command line, using FUSION’s command line executable (clipdata.exe) either 

one plot at a time or preferably within a batch process.  Batch files can be created with a 

text editor or any other program that can save the output as a text file. In this exercise 
we will manually type the commands into notepad and save it as a batch file (.bat).  We 

chose this simplistic approach to familiarize you with creating batch files and running FU-
SION’s command line executables in the DOS environment.  Alternatively, you could use 

MS Excel to create large batch files.  The advantage of creating such a file in a spread-

sheet is the capability to generate a series of incremented field entries and to be able to 
concatenate several fields into a single text string (this technique can save you a lot of 

time if you are trying to analyze 200 plots!).  Please refer to Appendix 1 (at the end of 
this chapter) if you are interested in learning more about creating batch files in a spread-

sheet environment.  Let’s start by initially exploring the Clipdata command.   
 

1.  Click, Start |  Programs | Accessories | Command Prompt, to open a DOS 

command prompt window. 
2. At the prompt enter: 

3. cd  c:\fusion <enter>   (this will change the active directory to the 
Fusion folder) 

4. Type clipdata  <enter> , inspect the syntax quickly in the DOS com-

mand prompt. 
5. Now, in Windows Explorer navigate to C:\FUSION\doc\FUSION_manual.pdf and 

open the FUSION manual.  Navigate to page 37 and read the Clipdata section.  The 

more you understand the capabilities of the FUSION commands, the more 

efficient you will be at extracting useful information from lidar data.   

 

 

 

 

 

EXERCISE 4: EXTRACTING FIXED RADIUS PLOT SUBSETS  

FROM A LIDAR POINT DATA FILE 

DOS Tip-Batch files.  Most of FUSION’s 

command line *.exe files can be batched to fa-

cilitate/automate repetitive data processing steps from 

the DOS prompt. A batch file is simply a text file 

containing a separate line for each DOS com-

mand or each time the command should be exe-

cuted. The extension of the file has to be .bat to let 

DOS know is has to process every line consecutively. 

Running the batch file is easy--simply type the name of 

the batch file at the DOS command prompt. 

An example of the care you must take…  If you 

entered shape:1 instead of /shape:1, the clipdata 

command would assume shape:1 is the input data file 

and lda_4800K_data.lda is the output file.  Clipdata 

would then overwrite the data file—oops! 

FUSION Tip-The batch files that you will 

create for this exercise can be used to start your 

own library of Fusion batch files.  We recommend cre-

ating a folder (e.g.  C:\Fusion\batch) to keep your 

batch files in.   

This exercise continues on the next page... 
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6. Now that you are familar with the clipdata command, let’s dissect an example below:  

> clipdata /shape:1 /dtm:c:\lidar\sampledata\4800k_ground_surface.dtm /
height c:\lidar\sampledata\lda_4800K_data.lda 

c:\lidar\sampledata\clipplot1.lda 975984 567628 976104 567748  
where: 

clipdata is the FUSION executable command 

/shape:1 denotes a circular shape (see critical sidebar note!) 

/dtm:c:\lidar\sampledata\4800k_ground_surface.dtm  denotes the 

bare-earth surface model used to normalize the LIDAR data (substract the 
bare-earth surface elevation from each lidar point elevation). 

/height  is used in conjunction with the specified dtm to convert all elevation 

values to height above ground 

c:\lidar\sampledata\lda_4800K_data.lda specifies the input data file 

c:\lidar\sampledata\clipplot1.lda defines the output (sample) data file 

the last four numbers are geo-coordinates that define the bounding box of 
the circular shape. 

The example (above) clips points from a lidar point file that fall within a fixed radius of a 
point (plot center).  Note the syntax is complicated, cumbersome, and error prone to enter 

at the DOS command line—good reasons to prepare the commands in a batch file.  
We’ll create our own now… 

 

Background. The example batch file we’ll create will clip circular plot data from the origi-
nal LIDAR (.lda) data file. We’re only extracting LIDAR subsets for three plots in order to 

keep this exercise relatively quick and manageable.  The three plot centers (made up for 
the sake of this exercise) have have been used to calculate the bounding box for each 

fixed diameter plot (diameter is 120 feet). 

6. Begin by creating your batch folder.  In DOS at the C:\fusion> prompt, type MD 
batch (MD is the DOS command for Make Directory).   

7. Then type CD batch.  The DOS prompt will reflect your current location 
(C:\fusion\batch). 

8. Start a new Notepad (.txt) document: Click, Start | Programs | Accessories | 
Notepad 

9. Save the document as clipplots.bat, ensure you type in the .bat extension before 

saving (see side bar). 

EXERCISE 4: EXTRACTING FIXED RADIUS PLOT SUBSETS  

FROM A LIDAR POINT DATA FILE 

DOS Tip-Note: there are a number of tips 

and tricks for creating more efficient batch files.  

We encourage you to explore these techniques but we 

won’t pursue them in these exercises. 

Save the new 

Call the new file 

clipplots.bat, 

DOS Tip— Batch files.  Most of FUSION’s 

command line *.exe files can be batched to fa-

cilitate/automate repetitive data processing steps from 

the DOS prompt. A batch file is simply a text file con-

taining a separate line for each DOS command or each 

time the command should be executed. The extension 

of the file has to be .bat to let DOS know is has to 

process every line consecutively. Running the batch file 

is easy--simply type the name of the batch file at the 

DOS command prompt. 
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EXERCISE 4: EXTRACTING FIXED RADIUS PLOT SUBSETS  

FROM A LIDAR POINT DATA FILE 

10. In the batch file you just created you will type in the following string of clipdata 

commands that FUSION will read in sequential order from the batch file: 

 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
11. When you have finished entering the script, Save clipplots.bat. 

12. Close, clipplots.bat 

13. Navigate to your batch folder and right click on clipplots.bat, choose edit.  
14. Double check your syntax.   

  Note: if you left click twice on the batch file it will run, even if you are not ready!! 
 

DOS Tip-Make sure you use the proper 

slash (forward / or back \) in your syn-

tax.  Forward Slashes before switches, 

e.g.,  /shape:1, or back slashes in  file paths, 

e.g., c:\lidar\exampledata\...  

Fusions Command  

Line Executable 

Switch,  denoting 

a circular shape 

Output subset lidar data file.  Includ-

ing the full path so FUSION knows where 

to write the output file!! 

Input lidar data file.  Including 

the full path so FUSION can find 

Switch,  denotes the bare-

earth surface model used to 

normalize the LIDAR data 

(substract the bare-earth 

surface elevation from each 

lidar point elevation) 

Switch,  used in conjunction 
with the specified dtm to con-
vert all elevation values to 
height above ground 

Parameters, denoting the 

dimensions of the new sub-
set.  In our case we need to 
enter the coordinates that 

define the bounding box of 
our circular plot shape.  For 
efficiency and speed we have 
done the calculations for 
you, so you just have to copy 
them from the above exam-
ple. See Appendix 1 for an 
explanation of the calcula-
tions. 
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There is only one more step: execute the batch file from the command line prompt:  

15. Open your DOS Command Line window, if needed. 
16. Change the directory to the batch folder (>cd \fusion\batch), if needed. 

17. Type, clipplots (you don’t need to type in the .bat part) followed by the enter key 
and let it run. 

18. Using Windows Explorer, navigate to the output folder directory 

(c:\lidar\SampleData) and verify that the files clipplot1.lda, clipplot2.lda and 
clipplot3.lda were created. 

 
Let’s look at the plot data in Fusion.   

19. Ensure that the Image File (Orthophoto_4800k.jpg) and that the three POI’s from Part 
1 of this exercise are loaded and visible. 

20. Click the Raw data… button in the Fusion window. 

21. If the file lda_4800K_data.lda is still loaded, Click the Delete button to remove it. 
22. Click the Add File… button. 

23. Navigate to and Select, clipplot1.lda 
24. Hold the shift key down and select the last file, clipplot3.lda, to select all three lidar 

plot subset files 

25. Click the Open button. 
26. Give each data file a different color and change the Symbology. Select one of 

the rows (each row is a data file) in the Data Files dialog and for each selected row: 
27. Click the Properties button (or double-click the item) 

28. Change the Symbol to Single Pixel 
29. Change the line color to a distinct color 

30. Click, OK 

31. Click the check box next to the Raw data… button to display the three lidar 
subsets.  Your results should be similar to the figure in the upper part of the side 

bar.  
32. In your Sample options dialog ensure that you have selected a Stroked box 

sample shape and click OK. 

33. Now, drag a sample over one of the plots and the lidar subset will display in the 
LDV, as in the side bar. 

EXERCISE 4: EXTRACTING FIXED RADIUS PLOT SUBSETS  

FROM A LIDAR POINT DATA FILE 

This concludes Exercise 4. 

Plot subsets clipped using the clipdata command.   

Red = Plot1, Blue = Plot2, Green = Plot 3  

Plot 3 displayed in the LDV. 
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Alternate Part 2—Using MS Excel to create batch files: 
Subsetting the lidar points for a substantial amount of plots can best be done from the DOS 
command line, using Fusion’s command line executable (clipdata.exe) either one plot at a 

time or preferably within a batch process.  Batch files can be created with a text editor or 
any other program that can save the output as a text file. For example, we will use Excel to 

create the batch file for this exercise.  The advantage of creating such a file in a spreadsheet 

is the facility to generate series of incremented field entries and to be able to concatenate 
several fields into a single text string.  

 
1.Explore the Clipdata command.  Begin by opening a DOS Command prompt window and 

exploring the syntax of the clipdata command. 
2.Start |  Programs | Accessories | Command Prompt 

3.At the prompt enter: 

4.cd  c:\fusion <enter>   (see sidebar re: the syntax for fusion_#) 
(this will change the active directory to the Fusion folder) 

5.clipdata  <enter>  

(this will display the syntax of the clipdata command) 

 

An example command line use of the clipdata executable might be: 
> clipdata /shape:1 c:\lidar\sampledata\lda_4800K_data.lda 

c:\lidar\sampledata\clipplot1.lda 975984 567628 976104 567748  

where: 

clipdata is the executable command 

/shape:1 denotes a circular shape (see critical sidebar note!) 

c:\lidar\sampledata\lda_4800K_data.lda specifies the input data file 

c:\lidar\sampledata\clipplot1.lda defines the output (sample) data file 

the last four numbers are geo-coordinates that define the bounding box 

of the circular shape. 

 
The example (above) clips points from a lidar point file that fall within a fixed radius of a 

point (plot center).  Note the above syntax is complicated, cumbersome, and error prone to 

enter at the command line—good reasons to prepare the commands in a batch file.  We’ll 
create our own now… 

DOS Tip— The batch files that you will cre-

ate for this exercise can be used to start your 

own library of Fusion batch files.  We recommend cre-

ating a folder (e.g.  C:\Fusion\batch) to keep your 

batch files in.   

DOS Tip— Batch files.  Most of FUSION’s 

command line *.exe files can be batched to fa-

cilitate/automate repetitive data processing steps from 

the DOS prompt. A batch file is simply a text file con-

taining a separate line for each DOS command or each 

time the command should be executed. The extension 

of the file has to be .bat to let DOS know is has to 

process every line consecutively. Running the batch file 

is easy--simply type the name of the batch file at the 

DOS command prompt. 
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 Background. The example batch file we’ll create will clip circular plot data from the origi-

nal LIDAR (.lda) data file. We’re only extracting LIDAR subsets for three plots in order to 
keep this exercise relatively quick and manageable.  However, the real value of this batch-

ing process will only become obvious when you want to extract a large number of LIDAR 
subsets.  The three plot centers (made up for the sake of this exercise) have the following 

locations (Xc, Yc in the same units and coordinate system as the lidar data) and they have a 

diameter (D) of 120 meters shown below in the table: 

 
 

6.Begin by creating your batch folder.  At the C:\fusion> prompt, type MD batch (MD is 
the DOS command for Make Directory).   

7.Then type CD batch.  The DOS prompt will reflect your current location 
(C:\fusion\batch). 

8.Start a new Excel spreadsheet.   

9.Name the first Worksheet tab boxcalc (see adjacent graphic). 
10.Create column headings labeled: PlotID (see sidebar), Xc, Yc, D, r, xmin, ymin, xmax, 

and ymax. 
11.PlotID Column: Enter a plot identifier (e.g. plot1, plot2…plotn) for each plot, 

12.Xc and Yc Columns: Enter the three plot center locations (from the above table), 

13.D Column: Enter the plot diameter, 
14.R column: calculate r = D/2, 

15.Calculate the x-min, y-min, x-max and y-max by either subtracting or adding the radius 
to the x,y of the plot center: 

Xmin = Xc – r 
Ymin = Yc – r 

Xmax = Xc + r 

Ymax = Yc + r 
 

After calculating these numbers the spreadsheet will resemble the adja-
cent graphic.  These numbers create the bounding box of the subset of  

Xc Yc D 

975463 568226 120 

977170 566641 120 

974820 566620 120 

 

Worksheet name 

Do Not use ―ID‖ as the first column heading—If 

you save the spreadsheet as a CSV file, Excel 

sees the label ―ID‖ and assumes a specific format 

(SYLK file) and will tell you it can’t load the file. Using 

something like ―PlotID‖ works better. 

Note: there are a number of tips and tricks for 

creating more efficient batch files.  We encour-

age you to explore these techniques but we 

won’t pursue them in these exercises. 
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the data.  For this small number of plots, it would likely be most convenient to continue 

working within this worksheet, however, for large datasets you should generate the full syn-
tax on the next worksheet—let’s do that for this exercise.   

16.Name the second worksheet batcomp. 
17.Create column headings labeled: Command, Input File, and Output File. 

18.Command Column: this contains the path to and name of the fusion command 

line executable—in this case ..\clipdata. 
19.Input File Column: contains the path and name of the lidar data set.  This 

example contains only one file from which data will be subset 
(lda_4800K_data.lda) but more can be used as required. 

20.Output File Column: contains the path and filename of the output file (the 
plot subsets). They were built by concatenating the path, the plot-id listed in 

the boxcalc worksheet and the extension of the file: 

21.=CONCATENATE("c:\lidar\SampleData\clip",boxcalc!A2,".lda") 
22.thus the output files will be named clipplot1.lda, clipplot2.lda 

and clipplot3.lda. 
23.The values in the next four columns are the column headings and min and max values 

for the bounding box copied from the boxcalc worksheet: 

24.referencing a cell from another worksheet in the same spreadsheet is done by 
adding the name of the worksheet followed by an exclamation mark:   ex: 

=boxcalc!F2 
25.The final column will be labeled Full Syntax which will be a concatenation of all of the 

previous columns and the insertion of the /shape:1 switch 
26.=CONCATENATE(A2," /shape:1 ",B2," ",C2," ",D2," ",E2," ",F2," ",G2) 

 

Thus the results for the first row of the Full Syntax Column should look like: 

..\clipdata /shape:1 c:\lidar\SampleData\lda_4800K_data.lda c:\lidar\SampleData\clipplot1.lda 975403 568166 975523 5682868 

The Command column path to the clipdata 

command is two dots (..).  Two dots is the 

batch symbol for the higher or parent folder.  

So, if your batch file will be residing in the 

C:\fusion\batch folder, then specifying the .. path will 

put you in the parent (C:\fusion) folder (which is 

where the clipdata command is). 

IMPORTANT: make sure that you use the 

proper slash ( / ) for the /shape:1 switch.  

Bad things can happen if you use the \ slash!!! 
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 And the batcomp worksheet should look like: 

Next, copy Column H (the Full Syntax Column) and paste its values (Paste Special | Values) 

in yet another worksheet named bat: 
 

 

27.Save your Excel spreadsheet (any name and location that makes sense to you) but don’t 

close the spreadsheet. 

28.Save the bat worksheet as a text file named clipplots.bat in your batch file directory: 
29.Ensure that the bat worksheet is the active worksheet. 

30.File | Save As…  and choose Save as Type: Tab delimited or Unicode 
Text (*.txt). 

 

Before executing the batch command, check the clipplot.bat file by opening it in Wordpad 
or Notepad to make sure the contents are OK. 

There is only one more step: execute the batch file from the command line prompt:  
31.Change directory to the batch folder (>cd \fusion\batch) if needed. 

 

Note: The spreadsheets shown in this document have 

different path names than the ones we recommend. 

The bat worksheet has one column with data and it 

contains all the required elements to run the clipdata 

command 3 times (once for each of the plot locations) 

from a single command line entry.   

Don’t forget to add the ..\ in front of each com-

mand line.   
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 31.Type clipplots (you don’t need to type in the .bat part) followed by the enter key and 

let it run. 
32.Using Windows Explorer, navigate to the output folder directory (c:\lidar\SampleData) 

and verify that the files clipplot1.lda, clipplot2.lda and clipplot3.lda were created. 
 

Let’s look at the plot data in Fusion.   

34.Ensure that the Image File (Orthophoto_4800k.jpg) and that the three POI’s from Part 1 
of this exercise are loaded and visible. 

35.Click the Raw data… button 
36.If the file lda_4800K_data.lda is still loaded, click the Delete button to remove it. 

37.Select clipplot1.lda 
38.Hold the shift key down and select the last file (clipplot3.lda) to select all three lidar plot 

subset files 

39.Click the Open button. 
40.Give each data file a different color and change the Symbology. Select one of the rows 

(each row is a data file) in the Data Files dialog and for each selected row: 
41.Click the Properties button (or double-click the item) 

42.Change the Symbol to Single Pixel 

43.Change the line color to a distinct color 
44.Click OK 

45.Click the check box next to the Raw data… button to display the three lidar subsets.  
Your results should be similar to: 

 

Lidar data files display properties. 

Verify that the files were created... 



Fusion Exercise 5   pg 1 

 

Introduction 
There are three parts to this exercise. Part 1 describes the process to extract metrics from 

the fixed radius plot subsets created in the last exercise; Part 2 describes how to extract 

grid metrics across you entire acquisition area.  Part 3 (optional) describes how to extract 

individual trees metrics from trees within the plots.   

Prerequisites 
Successful completion of Exercise 4. 

Overview of Major Steps 
Part 1—Compute Plot Metrics 

Part 2—Compute Grid Metrics 

Part 2— (Optional) Individual Tree Metrics 

Part 1—Plot Metrics 
Begin by opening a DOS Command prompt window and exploring the syntax of the cloud-

metrics command. 

1. Click, Start |  Programs | Accessories | Command Prompt 

2. At the prompt enter: 

3. cd  c:\fusion <enter> (this will change the active directory to the Fusion 

folder) 
4. cloudmetrics  <enter>, inspect the syntax quickly in the DOS command 

prompt. 

5. Now, in Windows Explorer navigate to C:\FUSION\doc\FUSION_manual.pdf and 

open the FUSION manual.  Navigate to page 41 and read the CloudMetrics section.  

The more you understand the capabilities of the FUSION commands, the 

more efficient you will be at extracting useful information from the raw li-

dar data (point clouds).   

 

EXERCISE 5: CALCULATE LIDAR METRICS 

Document Updated: May, 2010 

Fusion ver2.80 

Profile of a lidar point cloud subset, based on a 

plot center and radius. 

Overhead view of the sample lidar point cloud 

subset. 
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Within the syntax,  

CloudMetrics [switches] InputDataSpecifier OutputFileName, the InputDataS-

pecifier can be a LIDAR data file template, name of text file containing a list of file names 

(must have .txt extension), a catalog file, or individual file name.  In our case we will use a 

text file containing a list of file names.  Let’s create that now. 

6. Use Windows Notepad or Wordpad to create the InputDataSpecifier: a text file con-

taining the list of the three clipplot#.lda files you created in exercise 4 (see sidebar).   
7. Name the file plot_metrics.txt and save it in the c:\lidar\SampleData folder. 

8. Use Windows Notepad to create a cloudmetrics batch file, type the following script 

into  the notepad file:  
 

 
 

 

 
 

 
 

 

 
 

 
 

9. Save it as clmetrics.bat in the c:\fusion\batch folder. 
10. From the c:\fusion> prompt, type cd batch and Click, Enter. 

11. Ensure you are at the c:\fusion\batch directory in the DOS command prompt. 

EXERCISE 5: CALCULATE LIDAR METRICS 

Fusions Command  

Line Executable 

Switch,  use file name to 

identify output 

Switch,  creates a new 

output file and deletes 

any existing file with 

the same name 

Switch,  com-

pute various 

cover estimates 

using the speci-

fied height-

break, in our 

case the height 

break is 12 

feet.  Please 

refer to Appen-

dix 1 of this 

chapter for how 

cover metrics 

are computed. 

Switch,  only use re-

turns above a certain 

height to compute met-

rics.  By choosing 3 feet 

we will exclude 

“ground” returns from 

our output stats. 

InputDataSpecifier, 

in this case we have 

used a text file contain-

ing a list of the multilple 

file names, with full file 

paths inlcuded 

Output Data File, this 

designates the output 

file name.  Note: we 

include the full file path, 

if the path is incorrect, 

or doesn’t exist,  the 

output file will not be 

created! 

Example InputDataSpecifier-note the path is in-

cluded. 
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12. In DOS at the c:\fusion\batch> prompt, type clmetrics   

13. Click, Enter and let it run—it should complete almost immediately.  If you receive an 
error and the command will not run (after you have checked your syntax, please refer to 

Appendix 1 of this document). 
14. After the program finishes, open the output file (outmetrics.csv) in Excel.  The output 

csv file looks as follows (one output line for each of the input data files): 

Note: Not only does FUSION calculate metrics for elevation of each return it also calculates 

the metrics for intensity if the information is available.  At this point in the development of 
aerial discrete return lidar technology the intensity values are not normalized, so they are 

not really useful for analytical work.  Hopefully in the future this will change and these met-

rics can be used in more analysis. 
 

Lidar has proven itself, through validated research, to directly and accurately measure 
height and % canopy cover of forest vegetation.  So let’s now take a closer look at our plots 

to see if we can understand how the metrics reflect what we see in the field and the lidar 

point cloud.  
 

 
 

FUSION Tip-Please refer to page 42 in the 

FUSION manual for a full list of metrics calcu-

lated by CloudMetrics.  

This exercise continues on the next page... 

EXERCISE 5: CALCULATE LIDAR METRICS 
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Site Photo 

Plot 1-Profile 

Plot 1-Overhead View 

Site Photo Plot 2-Profile Plot 2-Overhead View 

Site Photo Plot 3-Profile Plot 3-Overhead View 

Plot 1  

“Oldgrowth” 

Control Stand 

Plot 2  

“Heavy    

Thinning”  

Stand  

Treatment 

Plot 3  

“Light     

Thinning”  

Stand  

Treatment 

Plot 1-CloudMetrics 

%Cover = 90 

Elev Min = 3 

Elev Max = 180 

Elev Mean = 115 

Elev StdDev = 33 

Plot 2-CloudMetrics 

%Cover = 15 

Elev Min = 6 

Elev Max = 140 

Elev Mean = 94 

Elev StdDev = 36 

Plot 3-CloudMetrics 

%Cover = 64 

Elev Min = 3 

Elev Max = 153 

Elev Mean = 108 

Elev StdDev = 31 

We have presented a variety of information 

for each plot in the adjacent figure.  Our hope 

is that by presenting the lidar point cloud 

visualizations, a site photo and a selection of 

the cloudmetrics all together you will start to 

understand how lidar technology measures/

collects information about forest landscapes.  

Lets point out some obvious correlations.   

% Canopy Cover ranges from 90% 

(plot 1) on the old growth site to 15% 

(plot 2) on the site that was treated with 

heavy thinning.  Plot 3 falls somewhere in 

the middle, which makes sense.  This is  

easily visualized when you inspect the 

overhead view of the point cloud.  Re-

member the point clouds are colored by 

height, hence any blue is the ground be-

low the canopy.   

The standard deviation is lowest in the 

Lightly thinned stand (plot 3), this would 

indicate that the returns are more evenly 

distributed through the canopy. Could 

that be an indication of  an evenly distrib-

uted vertical canopy structure? 

Take some time to explore some of the 

other metrics in outmetrics.csv, can you 

find any interesting correlations? 

EXERCISE 5: CALCULATE LIDAR METRICS 
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Part 2—Grid Metrics 
The cloudmetrics output is most often used with the output from the ClipData program to 
compute metrics (just as we did in part 1) that will be used for regression analysis in the 

case of plot-based lidar samples.  The next step would be to explore relationships between 

field data recorded at the plots and the plot metrics we calculated using FUISION.  Once 
these relationships are established using any number of analysis techniques (linear regres-

sion, random forest, ect….) you can apply the resulting equations across your whole study 
area.  To do this you would need to compute the same metrics you did for the plots across 

the lidar acquisition.  The GridMetrics FUSION command computes the same metrics as 

CloudMetrics, but the output is a raster (grid) format with each record corresponding to a 
single grid cell.  In this part of the exercise we will compute GridMetrics for the example 

data set.  
 

Begin by opening a DOS Command prompt window and exploring the syntax of the Grid-
Metrics command. 

1. Click, Start |  Programs | Accessories | Command Prompt 

2. At the prompt enter: 

3. cd  c:\fusion <enter> (this will change the active directory to the Fusion 

folder) 
4. Gridmetrics  <enter>, inspect the syntax quickly in the DOS command 

prompt. 

5. Now, in Windows Explorer navigate to C:\FUSION\doc\FUSION_manual.pdf and 

open the FUSION manual.  Navigate to page 64 and read the GridMetrics section.  

The more you understand the capabilities of the FUSION commands, the 

more efficient you will be at extracting useful information from the raw lidar 

data (point clouds).  
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6.  Now that we are familar with the gridmetrics command let’s create our script to ex-

tract the metrics from our study area. 

7. Start a new Notepad (.txt) document: Click, Start | Programs | Accessories | 

Notepad 

8. Save the document as grdmetrics.bat, ensure you type in the .bat extension before 

saving 

9. In the batch file you just created you will type in the following string of DOS and 

gridmetrics commands that FUSION will read in sequential order from the batch 

file: 

 

 

 

 
 

Fusions Command  

Line Executable 

Switch,  only use returns 

above a certain height to 

compute metrics.  By 

choosing 3 feet we will ex-

clude “ground” returns from 

our output stats. 

Switch,  don’t compute 

intensity metrics Parameters,  denotes 

12 foot height break for 

calculating cover met-

rics and 120  foot cell 

size, usually correltating 

with a fixed plot size. 

InputDataSpeci-

fier, in this case we 

have used our single 

lidar tile, in a project 

scenario you will 

probably designate a 

number of tiles. 

Output Data File, this 

designates the output 

file name.  Note: we 

include the full file path, 

if the path is incorrect, 

or doesn’t exist,  the 

output file will not be 

created! 

Switch,  denotes 

the bare-earth sur-

face model used to 

normalize the LI-

DAR data (substract 

the bare-earth sur-

face elevation from 

each lidar point 

elevation) 

md — Make Directory 

Command, creating  a 

new directory to put 

the output file in. 

cd — Change Directory 

Commmand, navigat-

ing back to our 

c:\fusion\batch 

directory to run our 

grid metrics command 

EXERCISE 5: CALCULATE LIDAR METRICS 
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10. Save it as grdmetrics.bat in the c:\fusion\batch folder. 

11. Now in the command prompt, ensure you are at the c:\fusion\batch directory, remem-
ber if you are not at the correct directory use the cd (change directory) command to 

navigate. For example if you would like to go to c:\fusion\batch directory, type in                      
cd c:\fusion\batch 

12. In DOS at the c:\fusion\batch> prompt, type grdmetrics   

13. Click, Enter and let it run—it should complete relatively quickly. 
14. After the program finishes, navigate to c:\lidar\sampledata\grid_metrics (the di-

rectory you created using the md (make directory) DOS command in your batch file.   
15. Open the output file (metrics_all_returns_elevation_stats.csv) in Excel.  The out-

put csv file looks as the figure below (one output line for each grid cell): 

Let’s note a few things about the 

output CSV file. 

You should notice that each row 

has a column denoting the center x 

and center y for that grid cell. 

As you scroll through the file 

you may see some rows that have    

–9999 values, this is FUSION’s no-

data value. 

Cloudmetrics and GridMetrics 

produce the same metrics, this capa-

bility in FUSION makes it possible to model relationships observed between li-

dar plot metrics and field plot measurements and then apply them across the en-

tire lidar acquisition.  Any of the rows in the CSV file can be converted into AS-

CII files and exported into a GIS for analysis/modeling.  Lets export one of the 

metrics (columns) now.   

 

 

 

 
This exercise continues on the next page... 
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We will need to use the CSV2GRID FUSION command line executable to export 

one of our columns.   
16. In Windows Explorer navigate to C:\FUSION\doc\FUSION_manual.pdf and open 

the FUSION manual.  Navigate to page 50 and read the CSV2Grid section.  The more 

you understand the capabilities of the FUSION commands, the more efficient 

you will be at extracting useful information from the raw lidar data (point 

clouds).   

Now that we are familar with the CSV2Grid command let’s create our script to create an 

ascii file representing the % Canopy Cover metric. 

17. Start a new Notepad (.txt) document: Click, Start | Programs | Accessories | 

Notepad 

18. Save the document as covergrd.bat, ensure you type in the .bat extension before 

saving 

19. In the batch file you just created you will type in the following syntax that FUSION 

will read in sequential order from the batch file: 

 

 

 

 
20. Save it as covergrd.bat in the c:\fusion\batch folder. 

Fusions Command  

Line Executable 

Output Data File, 

output grid in ascii for-

mat.  This will allow us 

to use the data in a 

GIS. 

InputDataFile, our 

output from the Grid-

metrics command 

Parameter,  denotes column 49 

in the gridmetrics csv output file.  

Column 49 correlates to the % 

cover calculation for each cell or 

“Percentage first returns above 

12.00”.  

EXERCISE 5: CALCULATE LIDAR METRICS 
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21. Now in the command prompt, ensure you are at the c:\fusion\batch directory, re-

member if you are not at the correct directory use the cd (change directory) command 
to navigate. For example if you would like to go to c:\fusion\batch directory, type in                      

cd c:\fusion\batch 
22. In DOS at the c:\fusion\batch> prompt, type covergrd   

23. Click, Enter and let it run—it should complete relatively quickly. 

24. Now Open ArcMap, navigate to and load your new ASCII file (cover_grid.asc).  Ig-
nore the spatial reference warning.  Note: In the future you will want to define the projec-
tion of your lidar derivatives, which will be the same as the raw lidar data.  ArcMap does not 
recognize FUSIONs projection so you have to manually redefine it!   
25. Right Click on cover_grid.asc in the index and Select Properties from the drop down 

menu. 

26. Under the Symbology tab, Select Classified and your desired color ramp.  

Click Apply.  Your ArcMap display should now look somewhat similar to the figure 
on the left. 

27. Add the lidar reference image, orthophoto_4800K.jpg, to your map display. 
Explore both layers together for a few moments.  Based on your image interpreta-

tion skills does the % Canopy Cover lidar derivative layer correlate with the photo.  

Do you think this would be a good GIS layer for your whole forest?! 
 

Any of the metrics calculated in the Gridmetrics CSV output file can be exported 
into grid format and added to your GIS for analysis.  If you would like to perform a 

gridmetrics analysis for an entire acquisition (large number of lidar tiles) you would 
need to use the LTK utility in FUSION and some of the advanced switches in Grid-

Metrics to avoid tile boundary artifacts.  If you have acquired a large lidar acquisi-

tion and need further assistance please contact one of the lidar analysts at RSAC                                    
for assistance and additional technology transfer materials. 

 
RSAC Lidar Contacts: 

Brent Mitchell — Lidar Analyst — brentmitchell@fs.fed.us 

Haans Fisk — Program Leader — hfisk@fs.fed.us 
 

 This concludes the exercise, there is an optional part 3 on the next page... 
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Part 3—(Optional) Individual Tree Metrics 
 
1. In the Fusion window, Click the Sample options… button and select the following op-

tions: 
2. Sample shape:  Fixed circle 

3. Sample Size: 120 (diameter)  Note: make sure the units of the data and the 

plot are the same, if the data are in UTM meters, convert the plot diameter to 

meters as well. 
4. Options: Subtract ground elevation from each return 

5. Options: Snap sample points to nearest POI point 

6. Options: Show POI layers in sample image 

7. Bare earth filter: Exclude points close to the surface 

8. Bare earth filter: Tolerance 1 (the tolerance is the distance from the surface in 

the same units used for LIDAR data elevations).  
9. Click, OK at the bottom left. 

10. Toggle the check mark for Plot mode on. 

11. Toggle the check mark for Display sample on. 

12. Then click on the location of the plot from which tree information will be extracted (the 

lower-right most of the three plots is the easiest of the plots to use). The subset of data will 
pop up in the LDV window (see sidebar). 

 
Note: if the axis and plot cylinder do not show, right click in the LDV window to display 

the LDV right-click menu. Click on Colors menu item and set the axis color to a different 
color than the background color. If the axis shows but the plot cylinder does not, then en-

sure that the Plot mode button is checked in the Fusion window.  Also notice that most of 

the ground points are excluded from the data set.  If you wish to include them in the sam-
ple display, return to the Sample options and Select the Include all points under the 

Bare earth filter options and then Click the Repeat last sample button (we recom-
mend, however, that you exclude points close to the ground for this next section of the ex-

ercise…). 
This represents a 60 meter fixed radius plot.  Heights 

are given as above ground elevation.  Points within 1 

meter of the ground have been excluded. 

Background/ Initial State: You should have Fu-

sion up and running with the Orthophoto_4800k.jpg 

image file displayed, the lda_4800K_data.lda raw 

data file loaded (but not displayed), the 

4800K_ground_surface.dtm bare earth model 

loaded (and displayed as gray contours) and the plot 

locations POI - yellow dots. 

EXERCISE 5: CALCULATE LIDAR METRICS 
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 14. After the LDV window is set, hit the F9 function key. This brings up the Tree Meas-

urement window.  The Tree Measurement tool allows us to isolate a single tree within 
the plot and make measurements for that tree and more.  The Measurement marker will 

display automatically—however, you can: 
15. Right-click anywhere in the LDV window to bring up the right-click menu. 

16. Click on Measurement marker to toggle the Measurement marker on. A cyl-

inder will show in the LDV window. 
 

Note: The yellow histogram represents the lidar points within the measurement cylinder; 
the black histogram represents all of the lidar points within the data subset (in this case the 

circular plot).  The yellow histogram can be proportionally scaled relative to the entire plot 
histogram by sliding the control below the histogram. 
 

17. Center the cylinder over a tree within the plot: 

This cylinder can be moved by using the combination of ctrl + right mouse + 

movements.  Tip: once you have the cylinder centered over a tree, it’s a good 

idea to click the Lock measurement area center checkbox on (remember to 
unlock it when you want to move the cylinder to another tree). 

The diameter can be changed by shift-ctrl-right mouse 

The shape or aspect ratio can be changed from circle to 

ellipse by using ctrl and up or down arrows 

The orientation of the ellipse is modified with ctrl + left 

and right arrows 
Note: Using these key and mouse combinations is not 

immediately intuitive (to put it mildly).  However, it is 
important to fit the 3D measurement cylinder as closely 

as possible to the 3D shape of the tree. 
As you change the position, shape, and size of the cylinder, note how the histo-

gram changes in the Tree Measurement window. 

After the cylinder is centered over a tree, measurements can be made from the data using 

the red lever manipulated by the mouse wheel. Some key strokes to snap 
the marker to the top or bottom are available too. The list of keystrokes 

can be accessed by clicking on the lower left button of the LDV window: 
 

The measurement marker displayed in 

LDV.  The measurement marker can be 

moved and shaped to fit an individual tree.  

The histogram shows 

the graphical distribu-

tion of the lidar points 

subset.  

Tip: try moving the measure-

ment plate to the base of a 

crown (up/down), then 

make sure the cylinder is 

larger than the crown and 

press the “F” key. This fits 

the cylinder to the crown 

EXERCISE 5: CALCULATE LIDAR METRICS 
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Now we’ll use the Tree Measurement tool to record some tree measurements.  In the Tree 

Measurement tool: 
18.Add an entry for a Tree identifier (the default of 1 is sufficient since this is the 

first tree of this plot) 
19.Location: set the location of the cylinder center by clicking the adjacent Set but-

ton 

20.Elevation at tree base: type “l” (lower-case L) to drop the marker to the lowest 
point in the cylinder (don’t type upper-case L or you’ll move the cylinder) and then 

scroll the Measurement marker up/down to the tree base (check that this is set to 
zero or a number slightly above zero else tree models that you will soon create 

won’t display) and click the adjacent Set button. 
21.Total height: type “h” to raise the marker to the highest point in the cylinder 

(don’t type “H” or you’ll move the cylinder) and scroll the Measurement marker to 

the top of the tree and click the adjacent Set button. 
22.Height to crown base: scroll the Measurement marker down to the crown base 

and click the adjacent Set button. 
23.Crown diameter: min, max and crown rotation: These three values are extracted 

from the cylinder diameter measurements when you click the adjacent Set button 

(Note: if min and max are the same value, you’ve used a simple circular tree 
crown model (not an ellipse).  If the crown rotation angle is zero, you’ve not ro-

tated the ellipse.). 
24.Comment: add an optional comment. 

25. Create a new csv file or Select an existing csv file to save the measurements to by 
clicking on the Browse… button. 

26. Click, Save tree parameters. Note: After the parameters are saved, the points be-

longing to the just measured tree disappear from the screen (they can be brought back 
by hitting the show all data points but they cannot be turned off again). The tree identi-

fier increments automatically. 
27. Uncheck the Lock measurement area center checkbox. 

28. Move the cylinder to the next tree and check the Lock measurement area center 

checkbox. 
29. Adjust the size, shape and orientation of the cylinder to fit this next crown. 

30. Set all of your measurements in the Tree Measurement dialog for this tree. 
31. Click, Save tree parameters.  The measurements and comments (if any) will be ap-

EXERCISE 5: CALCULATE LIDAR METRICS 



 

Fusion Exercise 5      pg 13 

pended to the previous .csv file. 
32. Repeat these last five steps (beginning with Uncheck the Lock measurement area cen-

ter…) for each tree in the plot. 

33. Open your recently created csv file.  The contents should be similar to: 
 

 
 

34. Load this file into Fusion by Clicking on the Trees… button (from the menu on the 

left), selecting the csv file and Clicking, OK. 
35. Accept the default display color and symbol size. 

36. Uncheck the Bare earth… checkbox. 
37. After turning off the bare earth model, the trees look as shown in the adjacent sidebar 

graphic.  

38. Click the Sample options… button (from the menu on the left) and select the follow-
ing additional option: 

Options:  Include tree models in data sample 

Click, OK 

39. Click the Repeat last sample button—the tree models will be visible in LDV. 

40. Click the F8 function key, to pop up the Attribute Clipping tool which aids in visual-
izing how well your tree model fits the lidar data: 

Toggle both the checkboxes (Clipping and Highlighting) on.  The right-most 

Width slider adjusts the width (in terms of elevation range) of the lidar data 
that is highlighted.  The left-most Midpoint slider defines the center elevation 

of the highlighted Width. 

Adjust the Width so that it approximates the range of elevations between the 

crown bases and tops of the crowns of the trees within your plot. 

The detailed image is zoomed in by clicking the right 

mouse button.  You can zoom-out by holding the shift 

key and clicking the right mouse button.  You can pan 

using Ctrl+RMB click or you can use the scroll wheel 

to pan up and down, and left and right with shift-

wheel. 

Note: The tree models are only intended to fit 

the height and crown diameter (presumably at 

the crown base)—and not to “wrap” the tree crown.  

The shape of the crown is fixed (or at least not “fit” to 

the LIDAR points). The default model is a “conifer” but 

you can make the model look more like a hardwood by 

using a negative tree identifier.  

EXERCISE 5: CALCULATE LIDAR METRICS 
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Move the Midpoint such that the Width covers the tree crowns. 

To see the lidar data more distinctly, you may want to increase the marker size (alt-K will 

bring up the Marker menu—or right click and choose Marker…). 
 

Do your tree models fit the lidar tree canopy returns? 
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The Cloudmetrics command is finicky.  If you have trouble getting it to work as expected, 

try these alternate instructions.  This alternative method does not use the file list 

(plot_metrics.txt)—instead we’ll create a batch file that lists each individual lda file. 

1. Use Notepad to create a new batch file (in the batch file directory)—suggested name is 

pmetrics.bat. 

2. The contents of pmetrics.bat: 

3. Note: the first line includes the /new switch.  This will create a new outmetrics.csv out-

put file.  The remaining lines do not have the /new switch so their output is added to 

the outmetrics.csv file. 

4. Save pmetrics.bat in the batch folder. 

5. At the C:\fusion\batch> prompt, type pmetrics and hit <enter> to run the batch file. 

6. Return to step 9 of page 2. 

EXERCISE 5 APPENDIX: ALTERNATE CLOUDMETRICS BATCH FILE 

..\cloudmetrics /id /new c:\lidar\SampleData\clipplot1.lda c:\lidar\SampleData\outmetrics.csv 

..\cloudmetrics /id c:\lidar\SampleData\clipplot2.lda c:\lidar\SampleData\outmetrics.csv 

..\cloudmetrics /id c:\lidar\SampleData\clipplot3.lda c:\lidar\SampleData\outmetrics.csv 

Note: We’re recommending using Notepad to 

create this simple 3-line batch file.  However, 

with hundreds or thousands of input files, you might 

want to build the batch file in Excel  (in particular Ex-

cel is great for incrementing the file names automati-

cally). 
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Introduction 
In the previous exercises you were provided a full Fusion LIDAR data set.  In this exer-
cise, you will begin with raw LIDAR data and create a new Fusion project—one that will 
be as complete as the previous example data set.  The major sections of this exercise 
are: 

1. Examine the Raw Data 
2. Create and Load the Reference Image 
3. Explore the Catalog Command 

In subsequent exercises (Creating a Fusion Project Parts 2 and 3), you will continue creat-
ing a rich Fusion Project by: creating the bare earth surface, creating a Top of Canopy 
Model (TCM) and a Canopy Height Model (CHM). 

Prerequisites 
• lubrecht.zip, includes nine tiles of LIDAR data (lub_tile1.las...lub_tile9.las) 
The LIDAR raw data files for this exercise are composed of nine “tiles” of data. Deliver-
ing LIDAR data in tiles is a common delivery method to split the data into a more man-
ageable file size.   

1. Examine the Raw Data (the files provided by the ven-
dor). 
• Determine the Format.  Fusion’s native LIDAR data formats are LDA and LAS, how-

ever, vendors will provide data in a number of different formats (usually not LDA) 
including: ASCII text, ASCII CSV (comma separated values) file, and LAS (The LAS file 
format is a non-proprietary file format for the interchange of LIDAR data between 
vendors and customers).  ASCII text and CSV files must be converted to the LDA for-
mat.  LAS files can be converted to LDA however, Fusion can read LAS files directly--
the only step required is to generate an index file (*.idx). This happens automatically 
the first time an LAS file is loaded. The files we will use for this exercise are a set of 9 
LAS files (lub_tile1.las, lub_tile2.las...lub_tile9.las). 

EXERCISE 6: CREATING A FUSION PROJECT—PART 1 

Document Updated: January, 2009 
Fusion ver2.65 

First Return (pulse) density (above) and (IR 
Return) Intensity  (below) images—created from 
the lidar data. 
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• Various methods to Inspect the Content.  Use Fusion (Utilities | Examine LAS 
Files) to inspect LAS files.  Use a text editor (e.g. Wordpad or Notepad) to open an 
ASCII text file, or use Excel to open an ASCII CSV file.  Does the data include all re-
turns (requires filtering)? Are additional attributes available: intensity (can be used to 
create a geolocated image), scan angle, return number, other?   

Note: Fusion will read and write LAS files, but some of the fields for each return are not 
populated (although the data is still there).  Specifically the field that details the number of 
returns for a pulse is always set to one (1st return).  This missing information is important 
to determine the number of returns that exist in the data, ie:1st and last or multiple re-
turns (beneficial for forest structure modeling).   
 
• Inspect the LAS file headers.      
1. Open, Fusion. 
2. Click, Tools l Miscellaneous Utilities l Examine LAS file headers.. 
3. Navigate to and Select one of the LAS files.  
 
• Convert one of the LAS files to a CSV file format (optional step to learn more 

about your LIDAR data, see note in side bar) 
1. Click Tools l Data Conversion l Export data from LAS or LDA files to other for-

mats… 
2. Select one of your LAS files for the input file. 
3. Navigate to an output folder of your choice and create an output file with an .csv ex-

tension 
4. Ensure that you use the output format drop down box to select (ASCII CSV format 

(XYZIPRS)). 
5. Click, Convert.  When the process finishes close the window. 
6. Navigate to and load the CSV file into Excel after the data conversion is complete.  

Excel will only open a portion of the file since it is limited to 65,536 rows (records)-but 
that is more then sufficient for our purpose. 

      Do you notice additional information available in this data format?  (for example the               
      return #, nadir angle or intensity). 

 

EXERCISE 6: CREATING A FUSION PROJECT—PART 1 

After you’ve downloaded the data file (lubrecht.zip),  
we recommend that you extract the enclosed .las files 
to c:\lidar\lubrecht (you’ll have to create the lubrecht 
folder). 

False return information highlighted in 
Red. 

Exercise 6 continues on the following page... 

Note:  All returns are counted as first returns in 
the LAS header file (above) .  To view more  
information about each data point the LAS file 
can be converted to an ASCII csv file.  LAS files 
are ready to use in Fusion, converting them to 
CSV files will give us additional information 
about the data which may help us in our data 
analysis)  
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2. Create and Load the Reference Image: 
A georeferenced image is a critical requirement for exploring LIDAR data in Fusion—it pro-
vides the coordinate system and visual reference for the LIDAR data.  There are at least 
three ways to input a useable reference image: 1) find an existing georeferenced image 
(e.g. NAIP)—remembering that you may have to reproject the image to match the LIDAR 
projection; 2) Use the Create image using LIDAR data utility (Utilities button); or 3) 
you can create a reference image automatically by running the catalog.exe DOS com-
mand line utility.  In section 3 of this exercise, we’ll explore the catalog command—for 
now, let’s use the Create image using LIDAR data utility to create our reference image. 
1. Open fusion (if it is not open) 
2. Click, Tools…| Miscellaneous Utilities…|Create an image using LIDAR point 

data... 
3. Navigate to and Select all nine LAS files (lub_tile1.las...lub_tile9.las) 
4. Click, Open--this will open the Image Creator dialog: 

5. Click the Browse… button. 
6. Specify an output location and file name (suggested: lub_ref.bmp) and 

Click, Save. 
7. Change the Pixel size to 2. 
8. Click the Create image button. 
9. Once the image is created Click the Close button. 

10. In Fusion’s main button panel, Click the Image… button. 
11. Navigate to and select lub_ref.bmp and Click, Open. 
12. Ensure that the checkbox is checked next to the Image… button.  The intensity im-

age will be displayed in Fusion (see example on next page). 
 
You can also use an existing image (e.g. NAIP or an orthocorrected photo). The image has 
to be in the same projection and same units as the LIDAR data but does not have to have 

EXERCISE 6: CREATING A FUSION PROJECT—PART 1 

Note:  The procedure described in the main body of 
this exercise for creating an image is fine if the data 
values are distributed somewhat evenly throughout 
their range.  However, that may not always be the 
case.  If your reference image lacks contrast or is too 
bright… Follow the enumerated procedure (steps 4-6) 
but before you click the Create Image button, click 
the Scan for data ranges button.  This will display a 
histogram of the data.  If, for example, the data range 
is 0-255 but there are very few intensity values greater 
than 200—you would click the Clamp data range 
button and enter a min value of 0 and a max value 
of 200 (not 255).  This will improve the contrast and 
reduce the brightness of the image. 

Note:  Even though your .las data is already compati-
ble with Fusion—you can’t view it in Fusion until you 
load an associated geo-referenced image.  We’ll create 
one now... 
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the same geographical extent as the LIDAR data--it can be smaller (as small as a single 
pixel) or it can be larger. 

 

EXERCISE 6: CREATING A FUSION PROJECT—PART 1 

Note: this reference image was created from the   
LIDAR data—thus, the reference image will have the 
exact same geographical extent as the point data file 
and be perfectly co-registered to the point data file. 
Also note: red pixels represent the background of the 
image (no data)--This is a fast way to check the distri-
bution of the data, however, you can re-create the 
reference image (or create another) that has a less 
distinctive background color (a medium grey works 
well) or increase the pixel size (lower pixel size values 
give a more resolute image but with more gaps (red 
pixels) in the data, higher pixel values give fewer gaps 
but coarser resolution). 

Exercise 6 continues on the following page... 

The Intensity image lub_ref.bmp.  Any image cre-
ated will have an associated world file (for bmp files 
the associated world file has a bmpw extension—as 
shown in the side bar). 
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3.  Explore the Catalog Command 
The Catalog utility has a number of useful functions: 1) it can automatically generate index 
files, data density images, return intensity images and more; 2) it provides a quick assess-
ment of the file footprint (coverage) and point density statistics within the footprint; and 3) 
it provides an initial QA/QC of vendor-provided data.  The catalog utility is most useful for 
a large number of vendor-delivered LIDAR data files, 9 in our case, but can also be used 
for single data files.  We’re exploring it now since it provides an alternate way to create 
reference images from the data. 
 
Catalog.exe is a Fusion command line program—thus, it can be used in batch mode (as 
you did previously) or directly at the command line. In addition, it can be used directly at 
the command line on large numbers of files.   
 

• Data Preparation 
1. Create a text file containing the file paths to the nine LAS data files. (Similar to the 

example in the side bar). Suggested Name: lub_tiles.txt.    
2. Save lub_tiles.txt to an intuitive location as you will call the file repeatedly in the fol-

lowing exercises. 
 

• Run the Catalog Command 
The syntax for the catalog command is: 

> Catalog [switches] DataFile [CatalogFile] 
 
1. Open a DOS command window: (Click, Start | Run... | type “cmd” and Click, Okay) 
2. Navigate to the Fusion program directory. (cd   c:\Fusion    <Enter>) 
3. Type “Catalog” <Enter>) to get the full syntax description. 
 

EXERCISE 6: CREATING A FUSION PROJECT—PART 1 

Input LAS data files compiled into one text file.  This 
makes it easier to run the Fusion command line execu-
tables with multiple tiles (LAS files) and create one 
output file. 

Overall Data Coverage  JPEG. 
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4. Use the catalog utility to create a catalog file (and other files) for the 9 LAS data files
(lub_tiles.txt)   Use the following parameters: 

5. Add these Switches (with a single space between each switch): 
• /image 
• /index 
• /coverage 
• /firstdensity:2,1,3 
• /intensity:2,0,255 
• /outlier 

6. And add these parameters (again with single spaces between): 
• <in path>\lub_tiles.txt (this is the data file) 
• <out path>\lub_cat  (this is the output catalog file) 

The syntax should look similar to: 

After you have successfully run the catalog command… 
7. Navigate to and open the output lub_cat.html file (it will open in a web browser). 
8. Note the File Summary Statistics (includes Extent and Elevation Mins and Maxes, ~5.2 

Million returns, nominal return density of 1.23 returns/default unit area). 
9. Examine the First Return (Pulse)  Density Image and legend—pay special atten-

tion to the red and yellow pixels in the image.  These areas have a low number of first 
returns (pulses).  Can you explain the large yellow area in the upper-right quadrant of 
the image? 

10. Finally, inspect the Intensity Image—how does it compare with the Intensity image 
you created earlier in this exercise? 

11. Save the current project as Exer06.dvz. 
We stated earlier that the catalog utility provides a means to perform a quick QA/QC of 
vendor-provided data.  What is your assessment of this data? 

> catalog /image /index /coverage /firstdensity:2,1,3 /intensity:2,0,255 /outlier <in path>\lub_tiles.txt <out path>\lub_cat 

Suggestion: since the syntax is complex, it’s 
reasonable to create a small text batch file (using 
Notepad or similar) containing the catalog com-
mand and parameters.  That way, if you have a 
typo, it is easy to re-create the command.  This 
also allows you to easily change the parameters.  
Remember to save the file with a .bat extension 
(also, if you save the batch file in your batch 
folder, you will need to enter the path to the cata-
log command (c:\fusion_25\catalog.exe, 
or ..\catalog.exe)). 

More DOS command tips: you can use the up 
and down arrows to recall previous commands exe-
cuted in the same command prompt window. This 
is very useful when you mess up the syntax and 
only need to change a character or two. You can 
edit the commands by moving the cursor with left 
and right arrows and using the insert key to control 
insert/overstrike modes.  

<inpath> and <outpath> will be used from now on to 
denote the files paths for your data.  You will have to 
copy or type the complete path 
(c:\lidar\sampledata\...or where ever your data is)  
into your script, typing in <inpath> will not work!!!!!!!!! 
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Convert the Raw Data 
While examining the raw data near the beginning of this exercise, there was an optional 
step to create a CSV file to examine the data more closely.  In some cases you may re-
ceive data in this format.  The following steps outline the process of converting a CSV file 
to an LDA format and generate an index file (an index file makes working with 
the data faster): 
1. Open fusion  
2. Click, Tools…| Data Conversion... 
3. Select the option that is appropriate for the file format—your CSV file is a generic AS-

CII file so choose the Import generic ASCII lidar data... button.  This will display 
the Import ASCII data dialog as shown in the sidebar graphic.  Within the Import ASCII 
data dialog: 

4. Click, the upper Browse… button to select the CSV file you created earlier
(note: you will have to change the Files of type to All files to see the csv 
file). 

5. Click, the lower Browse… button to specify the output binary LDA file location 
and name. (Suggested name: lubrechtxyziprs.lda  (lubrecht experimental 
forest and xyziprs represents the first letter of the imported fields)).   

6. Start import on row 2 
7. The default Column assignments are correct through Intensity (Field 4), but 

you will need to change the last four column assignments: 
8. Select Field 5 for Pulse Number 
9. Select Field 6 for Return Number 
10. Select none for Returns/pulse (the default) 
11. Select Field 7 for Scan Angle 

12. Ensure that the Parsed columns section appears as expected. 
13. Click the Import data button.    

Note: Although they’re not labeled, the upper input 
box (with associated browse button) is for the input 
file, and the lower input box is for the output lda file. 

This is the end of Exercise 6 Appendix. 
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Introduction 
This exercise continues with the creation of a Fusion project.  In the last exercise you: 
examined the raw data, created and loaded the reference image from the raw data and 
explored the catalog command.  In this exericise you will: 

1. Load the lidar data,  
2. Filter the data for bare earth points, and, 
3. Create the bare earth surface. 

1. Load the Lidar Data 
As we mentioned in the last exercise: a georeferenced image is a critical requirement for 
exploring LIDAR data in Fusion—it provides the coordinate system and visual reference 
for the LIDAR data.  The image has to be loaded before the data (and you’ve done that).  
If you just opened fusion, load lub_ref.bmp as your reference image. Now it is time to 
Load the data... 
1. Select the Raw data… button in the left menu, navigate to the subdirectory where 

the lub_tileX.las files are stored, select all of them and Click, Open.  The Data 
files window will pop up (see sidebar graphic).  Click, OK to load the data. 

2. Ensure that  ‘none’ is specified under the symbol column. Usually you’ll want to keep 
this set to none so that no raw LIDAR data will be displayed in the FUSION window. 
NORMALLY, YOU DO NOT WANT TO DISPLAY THE LIDAR DATA IN THE FUSION 
WINDOW.  If you decide to display the lidar data, you would select a symbol type 
other than none, and then check the Raw data… checkbox.  The data points are 
then drawn on the screen. This might be fun to watch once but not every time you 
zoom or redraw the screen. Watching several million points appear on the screen 
takes a loooooong time (fortunately, you can press the Esc key to stop the drawing).  
So, keep the symbol set to none unless you really have to check the data. 

• When the symbol is set to none but the ‘raw data’ box is checked the screen will look 

EXERCISE 7: CREATING A FUSION PROJECT—PART 2 

Document Updated: January, 2009 
Fusion ver2.65 
 

Important: leave the symbol set to none. 
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as shown in the sidebar graphic (previous page). 
• Note: the ‘raw data’ box does not need to be checked to start working with the data in 

the next steps.  
Now that we have the reference imagery and the lidar data loaded, we can begin creating 
the other surfaces... 

Creating the Bare Earth Surface 
The Bare Earth surface is important in its own right, but it also provides the reference ele-
vation for measuring the heights of features in the data (i.e. we are usually more inter-
ested in the heights of features above ground level than we are interested in the elevation 
of features above sea level).  Creating the Bare Earth Surface is a two step process—first 
we will filter the data to remove the above-ground LIDAR returns, then we will create the 
Bare Earth Surface from the remaining (ground) lidar returns. 

2. Filter the data for bare earth points 
This procedure is performed from the DOS command prompt using the Groundfilter pro-
gram. The algorithm the executable is based on is described in: ‘Determination of terrain 
models in wooded areas with airborne laser scanner data’ by K. Kraus and N. Pfeifer (1998, 
ISPRS). 
 
The Syntax for the Groundfilter command is: 
GroundFilter [switches] outputfile cellsize datafile1 datafile2 … 
 
1. Open a DOS command window: (Start | Run... | type “cmd” and click Okay) 
2. Navigate to the Fusion program directory. 
3. Type “GroundFilter” to get the full syntax description. 
4. Use the groundfilter utility to create a data file with only ground points from the 

lub_tile#.las files.   

EXERCISE 7: CREATING A FUSION PROJECT—PART 2 

Example Bare Earth Surface. 
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Use the following parameters: 
• Add these Switches (with a single space between each switch): 

• /gparam:-1 
• /wparam:2 
• /tolerance:0.1 
• /iterations:10 

• And add these parameters (again with single spaces between): 
• <out_path>\lub_groundpoints.lda   (this is the output file) 
• 2 (this is the cell size in the same units as the lidar data) 
• <in_path>\ lub_tiles.txt   (this is a text file containing the file paths 

for the input data files) 

 
 

Load lub_groundpoints.lda into Fusion (Raw data… button) and inspect the results (see 
examples on the following page). 

EXERCISE 7: CREATING A FUSION PROJECT—PART 2 

Syntax: 
Groundfilter  /gparam:-1 /wparam:2 /tolerance:0.1 /iterations:10 <out path>\lub_groundpoints.lda 2  <in path>\lub_tiles.txt  

 
Consider putting the command (including switches and parameters) in a batch file—despite being only a single command. 

Exercise 7 continues on page 5... 
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The entire Lubrecht data set. 

A subset of the entire Lubrecht data 
set. 

The images show the difference between the data points of the original data file (all nine tiles with more than 5 million data points) and the 
remaining filtered bare earth points of the ground filtered output file (~2.4 million points). The subsets show the difference in greater detail.   
The difference in height can be seen from the elevation data in the left colored bar of each image.   
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3. Create Bare Earth (BE) DTM surface 
Once again, we’ll be working from the DOS command prompt, this time using the Grid-
SurfaceCreate command to create a BE surface from the BE points we just created. 
 
The groundfilter executable (which you just finished using) provides a switch to generate 
a surface from the filtered points—however, this is a diagnostic output and should not be 
used for the BE surface. The BE surface should be created with GridSurfacecreate (you 
get more control over the output with GridSurfacecreate).  This command can also be 
used if filtered data were provided as part of the deliverables.  
 
Syntax: GridSurfaceCreate [/switches] surfacefile cellsize xyunits zunits coordsys zone 
horizdatum vertdatum datafile1 datafile2 ... datafile10 
 
1. As you’ve done before, open a DOS command window and examine the full syntax of 

the GridSurfaceCreate command. 
2. Use the Gridsurfacecreate utility to create the DTM surface from 

lub_groundpoints.lda (the ground-filtered point data set).  Use the following pa-
rameters: 

• <out_path>\lub_surface.dtm   (this is the output file) 
• 2 (this is the cell size in the same units as the lidar data) 
• M (xy units are meters) 
• M (z units are meters) 
• 1 (coordinate system is UTM) 
• 12 (coordinate system zone) 
• 2 (horizontal datum is NAD83) 
• 2 (vertical datum is NAVD88) 
• <in_path>\ lub_groundpoints.lda   (this is the input data  file) 

EXERCISE 7: CREATING A FUSION PROJECT—PART 2 

Note: FUSION currently does not use the projection 
information BUT (according to Bob McGaughey—
FUSION’s developer) it will/might in the future. The 
projection information is stored in the header and thus 
provides a way to keep track of the projection info. It is 
best if you input this information correctly but if you 
don’t know the projection or datum, you can use the 
unknown options. 
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The syntax should look similar to: 

Once you’ve successfully run the above command, you’ve fulfilled the stated objectives of 
this exercise.  The remainder of this exercise will explore some ways you might want to 
examine the bare earth surface…  Before loading the just generated surface, make sure:  
• the reference image is loaded,  

• If you want to display the data points along with the surface load the 9 
lub_tile#.las files to view the surface in combination with all returns. 

3. Select the Bare earth… button and navigate to and select lub_surface.dtm. 
4. Click, Open.  This will open the Surface model dialog: 

5. Change the Contour interval to 5 (since this is a relatively flat area) 
6. Click the Use wide bold lines checkbox 
7. Click the Normal line color and Bold line color buttons and change both 

to a bright yellow (or some color that will contrast with the greyscale image) 
8. Click, OK—the lub_surface.dtm file will display as contour lines within the 

Fusion display window. 
9. Click and drag in the Fusion viewer to create a stroked-box sample of the data to view 

in LDV. 
10. Notice that the colored bar on the left shows heights above the bare earth surface 

(this happens automatically when a Bare earth model is loaded). 
11. Right Click within the LDV viewer to access the right-click menu and select the 

Marker… menu item. 
12. Ensure that the Marker type is set to Points and set the Marker size to Miniscule. 

Syntax: 
gridsurfacecreate <out_path>\lub_surface.dtm 2 M M 1 12 2 2 <in_path>\ lub_groundpoints.lda   

 
Consider putting the command in a batch file—despite being only a single command. 

Notes:  
• The contour interval is in the same units as the 

elevation data.  
• It’s best not to change the “contour smoothing” 

option. The auto setting is scale sensitive. If you 
set this to anything else, you can get into trouble 
with very large surface models.  

• Using “1 by1” cell option with a large DTM will be 
very slow. You can stop the drawing of contours 
with <Esc> but its best to leave this on “auto”.  
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13. Click, OK. 
14. Again, access the right-click menu but this time Select Surfaces (or Alt-U) 
15. Access the right click menu again and uncheck the Data option (Alt-D)—this will 

turn the lidar data off and only the surface will be visible.  If the surface is not visible it 
likely means that you have Subtract ground elevation from each return checked 
in the Sample options—Uncheck that option and Click the Repeat last sample 
button. 

 
At this point, we haven’t finished creating all of the data analysis layers for our Fusion pro-
ject; however, we can start interrogating the data. Going back to the fusion window… 
18. Select the Sample options button to open the Sample options dialog: 

19. Ensure that Stroked box is the Sample shape, 
20. Under the Options section, check only Subtract ground elevation from 

each return, 
21. Under the Bare earth filter, check the Exclude points close to the sur-

face, 
22. Set the Tolerance to 1, 
23. Within the Decimation section, increase the value to Include every 200 data 

points (this will significantly speed up the display for large areas—which we’ll 
do in a moment). 

24. Click, OK. 
25. In the Fusion display window, click-and-drag a stroked box that covers most or all of 

the data extent to view in LDV (see sidebar).  By selecting the Subtract ground ele-
vation from each return option, the data will be normalized against the ground sur-
face—you should notice that the trees appear to be on a flat plane across the sample 
area. 

 

The surface model displayed without the lidar data. 
Note: the surface model will not display if you have 
selected the Subtract ground elevation… Sample 
option. 
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Feel free to explore the results by changing the Sample options—for example: 
• Alter the Decimation value (if your computer is slow, increase the value; if fast, de-

crease the value; if you’re sampling a small area, decrease the value). 
• Alter the Bare earth filter tolerance: increase to 5 to remove the ground and shrub 

layer or include all points to show everything. 
• Uncheck the Subtract ground elevation from each return. 
After each alteration, either Click the Repeat last sample… button or select a new sam-
ple area. 
 
Before moving on to the next exercise, reset your sampling options such that: 
• No options are checked.   
• Choose, Include all points for the Bare Earth and Canopy Surface filters. 
• Reset the Decimation to something close to 1 (depending on how fast things dis-

play). 
• Select, Color by height under color options. 

End of Exercise 7  
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Introduction 
In this exercise you will continue building the Fusion project data by creating a Canopy 
Surface Model (CSM-elevations at the top of the canopy) and a Canopy Height Model 
(CHM-canopy elevations normalized using a bare earth model). 

Create a Canopy Surface Model (CSM): 
In Fusion, the canopy surface model is created from the command line interface using the 
CanopyModel executable. The syntax for the CanopyModel command is: 
 

CanopyModel   [switches] surfacefile cellsize xyunits zunits coordsys zone horiz-
datum vertdatum datafile1 datafile2 ... datafile10 

 
1. Make sure you’ve reset your sample options (as described at the end of the previous 
exercise). 
2. For the complete syntax, type canopymodel from the DOS prompt (from the Fusion 
directory). 
3. Run the canopymodel utility with the following parameters: 

• Parameters: 
• <out_path>\lub_CSM.dtm (this is the output file) 
• 2    (output cell size) 
• M    (x and y units are meters) 
• M    (z units are meters) 
• 1    (UTM coordinates) 
• 12    (zone 12) 
• 2    (NAD83) 

EXERCISE 8: CREATING A FUSION PROJECT—PART 3 

Document Updated: December, 2007 

The Canopy Height model as viewed in LDV.  The lidar 
data has been toggled off. 

Note: FUSION currently does not use the projection 
information BUT (according to Bob McGaughey—
FUSION’s developer) it will/might in the future. The 
projection information is stored in the header and thus 
provides a way to keep track of the projection info. It is 
best if you input this information correctly but if you 
don’t know the projection or datum, you can use the 
unknown options. 
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• 2    (NAVD83) 
• <in_path>\ lub_tiles.txt   (text file containing the paths to the input 
data files) 

The syntax should look similar to: 

 
Once the canopymodel utility has finished successfully, add the canopy model to the Fu-
sion project… 
3. From the FUSION interface click the Canopy… button from the left side menu, 
4. Navigate to and select the lub_CSM.dtm canopy model file, 
5. Click Open to display the Surface model dialog (see sidebar): 

6. Click OK and the model will be shown with green contour lines in the fusion 
window (if not, ensure that the checkbox next to the Canopy model… button 
is checked). 

7. Click-and-drag a Stroked Box sample within the 
Fusion window to view the data in LDV: 

8. Access the right-click menu and click 
Surface file… 

9. Navigate to and select the 
lub_CSM.dtm canopy file, 

10. Click Open to display the canopy model 
over the data. 

11. Inspect the canopy model--how well does it fit 

Syntax: 
canopymodel <out_path>\lub_CSM.dtm 2 M M 1 12 2 2 <in_path>\lub_tiles.txt 

 
Consider putting the command (including switches and parameters) in a batch file—despite being only a single command. 

Option: You can skip steps 3-6 if you don’t care to see 
the canopy model in FUSION—you can still load it into 
LDV using steps 8-10. 
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the data? 
12. Once the canopy model is created, and added to the fusion project, additional tools 

become available to visualize the data in LDV.  
13. Start by clicking the Sample options… button in Fusion.   
14. Within the Sample options dialog, select the Include canopy model in the data 

sample option and click OK to close the Sample options dialog. 
15. Select  a new stroked-box sample or click the Repeat last sample button to load the 

data in the LDV viewer.  
16. Once the LDV viewer displays the data points, the surfaces can be added by accessing 

the right-click menu and selecting Surfaces (Alt-U) — note this is different than the 
surface file… menu option. 

17. The bare earth model (lub_surface.dtm) will display as a gray surface and 
the CSM lub_CSM.dtm will display as a green TIN).  

18. Type Alt-D to toggle the point data off (sidebar) or access this option through the 
right-click menu. 

 

The Top-of-Canopy model (green) displayed over the 
Bare Earth surface model (grey).  The lidar data has 
been toggled off. 

Exercise 8 continues ... 
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Create A Canopy Height Model (CHM) 
This can be done using the canopymodel program again but this time adding the normal-
izing switch ( /ground:file ) into the syntax that normalizes the top of canopy model to 
the bare earth surface and providing a new output file. 
 
The syntax should look similar to: 
 

 
After you have successfully run the canopymodel program to create lub_CHM.dtm, in-
spect it as you inspected lub_CSM.dtm. 

Note: Ensure the “subtract ground elevations from each point”  is checked in the 
Options section of the Sample Options in the Fusion window.  The CHM will not display 
otherwise.  Inversely the CSM willl only display if the “subtract ground elevations 
from each point”  is not checked. 

Syntax: 
canopymodel /ground:<in_path>\lub_surface.dtm <out_path>\lub_CHM.dtm 2 M M 1 12 2 2 <in_path>\lub_tiles.txt 

 
Consider putting the command (including switches and parameters) in a batch file—despite being only a single command. 

End of Exercise 8 
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Introduction 
In this exercise, you will export your LIDAR surface and tree canopy models from Fusion soft-
ware into ArcGIS and then derive additional surface information from these data for analysis. 

Prerequisites 
• The data files produced in exercises 6, 7 and 8  
• lub_samples.shp (a shapefile of random sample locations) 
• Spatial Analyst Extension loaded in ArcMap 

Overview of Major Steps 
I. Export .dtm files using Fusion DTM export utility 
II. Load Spatial Analyst Extension 
III. Import Fusion export files into ArcGIS (DTM files & XYZ file) 
IV. Create analysis surfaces in ArcGIS (Slope, Aspect & Curvature) 
V. Optional: Drilldown attributes using sampling techniques 

Procedure 

I.) Export Fusion DTM Files (BE Surface Model & Tree Canopy Height Model) 
1. Start Fusion: click Start | Programs | FUSION | FUSION  
2. Click the Image button on Fusion side-toolbar and select the lub_ref.bmp that you cre-

ated in Exercise-6, click Open. 
3. Activate the check box next to the Image button to see the loaded reference image.   
4. Click the Bare Ground button on the Fusion side-toolbar and browse to select the 

lub_surface.dtm you created in exercise 7.  Accept default settings and click OK.   
5. Activate the check box next to the Bare Ground button to see the loaded surface DTM. 
6. Let’s export the ground surface DTM, and then the tree canopy height DTM, for use in Ar-

cGIS, but first we’ll explore a Fusion utility that describes our surface DTM.  Click Tools | 
Terrain Model… | Describe Terrain Model… to open the Describe DTM dialog box: 

7. Click the Browse button and navigate to the lub_surface.dtm file and click 

EXERCISE 9: CONVERTING FUSION FILES TO ARCGIS 
FORMAT 

Document Updated: July 2007 

The FUSION-generated Bare Earth Model 
displayed in ArcMap. 

Note: you actually don’t need to load any-
thing into FUSION to use the export com-

mands from the Tools menu. 
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Open. 
8. View the contents of this dialog box, these are the parameters for the surface 

DTM.  Click View Elevation Data, set the Contour Interval to 10, click Re-
draw.   

9. Query around with the mouse cursor by moving it over contours within the display 
window and observe changes in coordinates and elevations. 

10. Bump the Contour Interval down to 1, click Redraw (this step and the previous 
are strictly for observation of the DTM files).  Now let’s export our surface. 

11. Click Close twice to close the View model elevation and Describe DTM dialog 
boxes.   

12. Click Tools | Terrain Model | Export Model.  
13. Click the first (upper) browse button and navigate 

to lub_surface.dtm (input) 
14. Click the second (lower) browse button and navi-

gate to an output directory, call the output file 
lub_surface.asc. 

15. Select ASCII grid file for the output format 
16. Click Export.  Click OK to close the notification 

dialog. 
17. Again, click Tools | Terrain Model | Export Model. 

18. Click the first (upper) browse button and navigate to lub_CHM.dtm (input) 
19. Click the second (lower) browse button and navigate to an output directory, call 

the output file lub_CHM.asc. 
20. Select ASCII grid file for the output format 

21. Click Export.  Click OK to close the notification dialog. 

You have now exported both the bare ground surface DTM and the Tree Canopy Height Model 
DTM from the previous Fusion exercises.  Now let’s import these ASCII grid files into ArcGIS 

II.)  Load the Spatial Analyst Extension 
If you already have Spatial Analyst loaded you may skip this section and move on to the next 
section.   
1. Open a new empty ArcMap Document.  Click Start | All Programs | ArcGIS | ArcMap.  
2. Click Yes to a ‘New Empty Document’ 

EXERCISE 9: CONVERTING FUSION FILES TO ARCGIS FORMAT 

Note: There is NO indication of  processing 
while the Export Model utility is running.  

You will receive a message of successful comple-
tion after the process has finished. 

Note: There is also a command line pro-
gram called DTM2ASCII that does 
the .DTM to Arc ASCII raster conversion 
from the command line. This tool will se-
lect integer or float formats depending on 
the precision in the .DTM file.  
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3. Click on Tools | Extensions, in the list of extensions find Spatial Analyst and place a 
check mark next to the name by clicking the box.  Click Close. 

4. Right click anywhere on the ArcMap toolbar and find Spatial Analyst in the list of toolbars, 
place a check mark by the name.  The Spatial Analyst toolbar should now be loaded to 
your ArcMap document. 

III.)  Import Surface DTM and Tree Canopy Height DTM into ArcGIS 
1. We will import our DTM surface grid and tree canopy models using the Arc ASCII import 

utility. 
2. Start ArcToolbox by clicking on the Toolbox Icon.  Click on the Index tab at the bottom 

of the ArcToolBox tree (see graphic on left).  In the keyword search box, type in ‘ascii.’ 
3. Your search should return two ASCII tools.  Highlight ASCII to Raster (conversion) and 

click Locate. 
4. Once located in the main toolbox, double click the ASCII to Raster tool 

5. Set the Input ASCII raster file to lub_surface.asc 
6. Change the Files of type to File (*.ASC) 
7. Navigate to your output directory and call the output grid file lub_surfgrid 
8. Set the output data type to Float.  Click OK 
9. Before closing the ASCII to Raster tool, repeat steps 5 thru 8 for the tree canopy 

height model lub_CHM.asc and call the output raster lub_CHMgrid. 
10. Close the ASCII to Raster tool. 

 
You have successfully imported two ASCII Grids into ArcGIS.  These grids represent the ground 
surface DTM and the tree canopy height DTM from the original LIDAR dataset. 

EXERCISE 9: CONVERTING FUSION FILES TO ARCGIS FORMAT 

Keyword 
search... 

ASCII to 
Raster…. 

Index Tab 

Exercise 9 continues on the following pages... 
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IV.) Create Surface Files for Analysis 
We will now create landform characteristics from our LIDAR ground surface DTM.  You will 
need the Spatial Analyst extension to perform tasks in this section.   
1. Click Spatial Analyst | Surface Analysis | Hillshade.   

2. The Input Surface should be lub_surfgrid.   
3. Call the Output Raster lub_hlshd 
4.  Accept all other defaults, click OK. 

5. You will repeat steps 1 through 4 for your canopy model as well (lub_CHMgrid), calling 
the output file lub_CHMhlshd. 

6. Display the surface layers in the ArcMap table of contents from top to bottom like: 
• lub_CHMgrid,  
• lub_CHMhlshd,  
• lub_surfgrid,  
• lub_hlshd.   

We will look at the lub_CHMgrid and lub_surfgrid with hillshade relief. 
7. Activate all 4 datasets by placing a check mark next to each in the ArcMap table of con-

tents.   
8. Right click on lub_CHMgrid and select Properties.  On the Symbology tab select a 

Color Ramp of any color, but that is some color of Green on the right side.  
9. On the Display tab set the transparency to 40%, click OK. 
10. Repeat step 8 for lub_surfgrid. 
11. First, observe the display of lub_CHMgrid draped over lub_CHMhlshd notice the gradient of 

elevations between the trees and tree tops to the ground beneath.   
12. Next, deactivate lub_CHMgrid and lub_CHMhlshd by unchecking the boxes by their names 

in the ArcMap table of contents, so that you may now observe lub_surfgrid and 
lub_hlshd (both should already be active in your ArcMap display). Now let’s derive addi-
tional layers from our surface DTM... 

13. Click Spatial Analyst | Surface Analysis | Slope 
14. Set the input surface to lub_surfgrid 
15. Choose to compute Percent slope values 
16. calling the output file lub_slope 
17. Accept default values, click OK.   

18. You will repeat this for Aspect, calling the output lub_aspect. 
19. The last surface you will create is Curvature.  Open the ArcMap Toolbox by clicking on 

EXERCISE 9: CONVERTING FUSION FILES TO ARCGIS FORMAT 

The Fusion-generated Canopy Height Model 
displayed in ArcMap with a hillshade model 
accentuating the appearance of relief. 
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the toolbox icon. 
20. Click on the Spatial Analyst toolbox and then click on Surface then double click Curva-

ture.  Set the input raster to lub_surfgrid and call the output lub_curve, click OK. 
21. Set the following datasets to 40% transparency:  lub_curve, lub_aspect, lub_slope. 
22. Save your ArcMap document to your output directory, and call it Surfrun.mxd.  You will 

open this document to start Exercise 10. 
 
Congratulations, you’ve successfully derived landform characteristics originating from a LIDAR 
dataset.  Now lets append these surface characteristics to a random sample of locations across 
our study area. 

 

V.) Optional: Drilldown Attributes Using Sampling Techniques 
You’ve been given a shapefile of random sampling locations, these may be generated from a 
random sample/number generator.  We will do a quick ’drill down’ to force attributes from our 
surface analysis layers and adjoin them to our sampling locations… this is essentially a one-
click process using the Spatial Analyst sampling tool. 

 
1. In the Spatial Analyst toolbox, click on Extraction.  Double click the Sample tool.  Enter 

the following raster surfaces in the input rasters: 
• lub_surfgrid (LIDAR ground surface DTM) 
• lub_aspect (Aspect) 
• lub_slope (Slope) 
• lub_curve (Curvature) 
• lub_CHMgrid (Tree Canopy Model) 

2. Set the Input raster location or point feature to lub_samples.shp.   Call the output table 
lub_tempanalysis.dbf, and set the resampling technique to Bilinear.   

3. On the ArcMap main menu, click Tools | Add XY Data… enter lub_tempanalysis as 
the input table, entering columns X and Y respectively for the XY coordinate fields.  Click 
OK. 

4. ArcMap will automatically load this data set into your ArcMap table of contents as an Event 
Theme.  Once loaded, right click on lub_tempanalysis events and select Data | Ex-
port Data…  

5. Navigate to your output directory and call the output lub_surfanalysis.shp 

EXERCISE 9: CONVERTING FUSION FILES TO ARCGIS FORMAT 

We use ‘Transparency’ settings to make our 
data appear as though it has relief (height, 

or elevation), by draping it over a hillshade data-
set. 

Tree canopy model shown with graduated 
color draped over the surface grid relief and a 
random sample matrix... 
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6. You will be asked if you would like to add the new shapefile to your ArcMap document, 
click Yes. 

7. Once added, right click on lub_surfanalysis.shp and select Open Attribute Table.  
Observe the surface attributes appended to your sample locations….we will revisit the 
sample tool in the next exercise. 

 
Congratulations, you’ve successfully imported LIDAR data into ArcGIS from your Fusion soft-
ware and derived additional layers for analysis and imputed them to a random sample of point 
locations.  In the next exercise we will derive surface water runoff and stream network charac-
teristics. 

EXERCISE 9: CONVERTING FUSION FILES TO ARCGIS FORMAT 
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Introduction 
This exercise is designed to provide you with ideas and examples for uses of LIDAR technol-
ogy.  Here, we will use the Spatial Analyst Hydrology tools to derive streams from our surface 
grid that will be attributed with stream order and flow length.  We’ll do all of this only using 
one input, the LIDAR ground surface grid from Exercise 9!     

Required Data 
• lub_surfgrid, lub_hlshd (from Exercise 9) 

Prerequisites 
• Successful completion of Exercise 9  

Overview of Major Steps 
I. Set New Data Frame and Output Location 
II. Filling Peaks & Holes in a Ground Surface DTM 
III. Create Flow Direction & Flow Accumulation Grids 
IV. Derive Stream Corridors  
V. Derive Flow Length and Stream Order  
VI. Create a Final Stream Shapefile from a Shreve-ordered Stream Grid 

Procedure 
In the last exercise you processed LIDAR data to create subsets of various data (Tree Height 
Canopy, Surface, Plots, etc.).  These data were imported into ArcGIS with the ground surface 
subsequently used to derive slope, aspect, and curvature of our study area.  Now we will begin 
to look at the shape of the land surface and relate it to surface water runoff, using some em-
bedded tools in ArcGIS.  Eventually, we will create (or ‘derive’) actual stream corridors using 
our LIDAR surface DTM. 

 

EXERCISE 10: DERIVING STREAM NETWORKS  
FROM A LIDAR DTM  

Document Updated: October 2007 

Surface water runoff profile created from 
ground filtered LIDAR data.   
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I.)  Set New Data Frame & Output Location 
Before we fill sinks in our DTM surface, we will set up a new Data Frame in ArcMap and copy 
the surface grid to our new Data Frame, then set our output to a working directory. 
1. Open Surfrun.mxd (the ArcMap document created in the last exercise).  We will add ad-

ditional datasets to this document. 
2. Right click on Layers in the ArcMap table of contents, and select Properties. 
3. On the General tab, rename the Layer group to LIDAR Surfaces.  Click OK. 
4. Click on Insert | Data Frame, right click on the new data frame and select Properties.  

Call this data frame Surface Runoff. 
 
We will copy the following data from LIDAR Surfaces to Surface Runoff:  lub_surfgrid & 
lub_hlshd.   
 
5. Highlight both datasets by holding down the Shift key and clicking on each with your 

mouse cursor.  Right click on one of the datasets while both are highlighted and select 
Copy. 

6. Right click on your new data frame, Surface Runoff and select Paste Layers.  You will 
see both layers added to your new data frame. 

7. To set your working directory, right click the Windows Start button and select Explore. 
8. Navigate to a desired location and create a new folder for output, by clicking File | New | 

New Folder. 
9. You may give the folder any name but we suggest making it relevant (like “Exercise-10”). 
10. Next, click on the Spatial Analyst toolbar (on the ArcMap main toolbar), and select Op-

tions.   
11. On the General tab, set the Working Directory to your new folder.  You may navigate 

by clicking the folder icon. 
 

Now you are ready to Fill any sinks in your LIDAR ground surface DTM…. 

II.) Filling Peaks & Sinks in a Ground Surface DTM 
It is common to have anomalies (sinks and peaks) in digital terrain models—some of these are 
real and some are due to processing errors.  It is essential to remove these anomalies (even 
the real sinks and peaks) in DTM files prior to deriving watershed characteristics so that your 
derived data will exhibit accurate behavior (e.g. all the streams flow in a downhill direction).  

EXERCISE 10: DERIVING STREAM NETWORKS  
FROM A LIDAR DTM 



 

Application of Fusion Data, Exercise 10     pg 3 

 

Let’s begin by looking at the sinks in our lidar-derived surface... 
1. Open the Arc Toolbox from the ArcMap main menu, by clicking the Toolbox icon. 
2. Find the Spatial Analyst toolbox and expand it by clicking the + button next to the 

name. 
3. Double click the Flow Direction tool in the Hydrology toolbox 

4. Set the input surface raster to lub_surfgrid (the lidar-derived surface grid) 
5. Navigate to your output directory and call the output flow direction raster 

temp_flowdir 
6. Click OK.  Your results will be automatically added to your ArcMap document (see 

description of the Flow Direction output in the sidebar). 
7. Double click the Sinks tool (in the Hydrology toolbox) 

8. Set the input flow direction raster to temp_flowdir 
9. Call the output raster Sinks 
10. Click OK 

11. When Sinks automatically loads into your ArcMap document, deactivate all other data sets 
by unchecking the box by each name—except for the hillshade (lub_hlshd).   

12. Observe the sinks displayed over the hillshade image.  Now, you’ll repair those sinks… 
13. Double-click the Fill tool (in the Hydrology toolbox) 

14. Set the input surface raster to lub_surfgrid  
15. Call the output surface raster lub_fil 
16. Click OK. 

When lub_fil automatically displays, you’ll notice it looks no different than lub_surfgrid but 
you’ll see in a moment that the sinks have been filled…   
 
III.) Create Flow Direction & Flow Accumulation Grids 
Flow direction is a crucial layer necessary for deriving watershed characteristics.  In the previ-
ous section, you created a flawed Flow Direction surface (temp_flowdir) which was used to 
identify the sinks.  Now, we’ll create a useable Flow Direction surface from the filled surface 
model... 
1. Double click the Flow Direction tool 

2. Enter lub_fil as the input surface raster 
3. Call the output flow direction raster lub_fldir 
4. Call the optional output drop raster lub_drop (or leave this option blank). 
5. Click OK. 

EXERCISE 10: DERIVING STREAM NETWORKS  
FROM A LIDAR DTM 

The Flow Direction utility is a roving window 
that looks at the eight neighboring cells of each 
input cell and determines which of those eight is 
the lowest.  It then assigns the direction value (1, 
2, 4, 8, 16, 32, 64, or 128) of the lowest cell to the 
corresponding output cell.  However, if the lowest 
cell is above the center cell or if there are more 
than one “lowest” cells, the output cell is assigned 
a value that does not correspond to any of the 
eight cardinal directions—these are the sinks that 
must be repaired... 

Sinks are indi-
cated by the 
colored cells.  
These are re-
moved using the 
Fill Tool. 
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6. Observe your output.  Zoom into a location on the flow direction grid.  Do the directions 
make sense?  (use elevation values in the lub_surfgrid as a reference).  Note in this 
case, the output from the Flow Direction utility only has eight values (1, 2, 4, 8, 16, 32, 64, 
128).  Thus, we can be confident that all of the sinks were filled (there are no intermediate 
values that indicate sinks).  Next, let’s calculate flow accumulation values to help deter-
mine which cells are along stream corridors... 

7. To create a flow accumulation grid double click the Flow Accumulation tool 
8. Set the input flow direction raster to lub_fldir (our valid flow direction grid cre-

ated in the last step) 
9. Call the output flow accumulation raster lub_accum 
10. Click OK 
11. The output raster should automatically load into your ArcMap document (see de-

scription in sidebar).   
12. Right click on lub_accum and select Properties.    
13. On the Symbology tab, set the color ramp to range from Cyan to Hot Pink, click OK.  

This will accentuate the flow accumulation grid cells so that they are more easily seen. 
14. Zoom in to some of the accumulation grid cells using ArcMap’s Zoom-In tool on the main 

toolbar.  Since the flow of water accumulates in a downslope direction, you may observe 
that flow accumulation grid cells are faint in tributaries of upstream cells (cyan = low val-
ues).   

15. Zoom into a “stream” segment of grid cells and query the cells along an accumulation cor-
ridor using the ArcMap query tool.  Remember, accumulation is additive in a downstream 
direction—do your grid cells show this? 

EXERCISE 10: DERIVING STREAM NETWORKS  
FROM A LIDAR DTM 

Flow Direction Raster 
There are eight potential flow directions 

(see Direction Coding above) assigned to each 
cell in the Flow Direction grid which correspond to 
specific directions.  Surface runoff will always be 
in the steepest downslope direction.   

The Flow Accumulation function calcu-
lates accumulated flow as the accumulated 

weight of all cells flowing into each downslope 
cell in the output raster and is calculated from the 
flow directions raster.  Flow accumulation is 
“additive” meaning that if two upstream cells flow 
into one downstream cell, the downstream cell 
will hold the sum of the two upstream cells.  The 
flow accumulation numbers increase from the 
headwaters downstream to the confluence.   

This exercise continues on the next page... 
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IV.) Derive Stream Corridors  
Not every pathway in a DTM is a true stream.  In order for a stream to exist (at least by Hy-
drological standards) it must meet specific criteria.  In our case, we will set an arbitrary one:  
in order for a stream to exist, it must have an accumulation values (from lub_accum) in every 
cell along the pathway greater than 7000.  We will run a quick calculation in the Raster Cal-
culator to derive our streams from our flow accumulation grid. 
 
1. On the ArcMap main toolbar, click on Spatial Analyst | Options, and set the Working 

Directory to the output location for this exercise (e.g. where you are currently sending all 
other output).  Click OK.   

2. Click Spatial Analyst | Raster Calculator 
3. We will use the con( ) command to set a threshold value of accumulated cells that define 

a watershed.   
4. Enter the following equation into the Raster Calculator:   

 
lub_streams = con([lub_accum] > 7000,1)   

 
*** See important note on left*** 

 
The above command line translates to….”output file = condition(lub_accumulation values > 
7000, assign a value of “1” )  ...where 1 is equal to or synonymous to “TRUE” (where the con-
dition evaluates to true).  

 
The result is a grid representing where streams would transport our threshold flow value of 
7000 or greater...and all from a LIDAR surface DTM.   
 
If you display lub_streams with lub_accum (with lub_accum beneath lub_streams in the 
ArcMap table of contents) you will see that not every potential stream path was converted into 
a true stream.  Okay, now lets derive a few more datasets that will be used to attribute our 
streams layer... 

 

EXERCISE 10: DERIVING STREAM NETWORKS  
FROM A LIDAR DTM 

A portion of lub_streams (blue) displayed over 
the hill-shaded lub_surfgrid raster layer.  The 
lub_streams layer was extracted from all cells in 
the lub_accum layer with a flow accumulation 
value of greater than 7000. 

Note: Make sure that you follow this syntax 
EXACTLY, the raster calculator can be picky 

if you miss a bracket ] or a parentheses ).  To 
help you avoid syntax typos, you can double click 
names, symbols, and numbers from the listed 
datasets, and keys provided. 
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V.) Derive Flow Length & Stream Order 
Flow length is used to determine the distance along a particular flow path.  This may be com-
puted in an UPSTREAM or DOWNSTREAM direction.  The flow length measurement is often 
used to calculate the time concentration of a basin, which is a fundamental watershed parame-
ter used to compute peak discharge for a watershed.  Time of concentration is the longest time 
required for a particle to travel from the watershed divide (top of the watershed-upstream) to 
the watershed outlet (where the watershed drains-downstream).  We will compute flow length 
here: 

 
1. In the Spatial Analyst | Hydrology toolbox double click Flow Length 

2. Enter lub_fldir for the input flow direction raster 
3. Call the output raster lub_length 
4. Set the direction of measurement to UPSTREAM 
5. Click OK. 
 

Observe your results by zooming in on a segment of stream and query the cell values along a 
stream corridor using the ArcMap query tool.   

 
6. Click on the Information query tool and the click on many grid cells representing 
streams.   
7. Observe that the distance (or length) values increase in a downstream direction.   

 
Mathematically this is useful because it provides a sequential downslope/downstream path of 
flow which is unavailable with a vector stream shapefile or coverage.  Now let’s order the 
stream segments using the Shreve Method (Shreve, 1967—see notes at left). 
 
8. In the Spatial Analyst | Hydrology toolbox, double click Stream Order 

9. Enter lub_stream as the input stream raster 
10. lub_fldir for flow direction 
11. Call the output lub_shreve (‘shreve’ for the methods) 
12. Setting the method to SHREVE.  Click OK.   

 
Observe your results.  You have created a number of derived datasets originating with the LI-
DAR filtered ground points that created our surface DTM.  Something to ponder...if performing 

EXERCISE 10: DERIVING STREAM NETWORKS  
FROM A LIDAR DTM 

STRAHLER - Headwater arcs are as-
signed an order or 1.  When two or 
more arcs of the same order con-
verge, then the arc downstream of 
the confluence is assigned an order 

one greater than that of the upstream arcs. 
 
SHREVE - Headwater arcs are assigned an order 
of 1.  When two or more arcs converge, then the 
arc downstream of the confluence is assigned an 
order equal to the sum of the orders of the up-
stream arcs. 
 
NOTE: For both STRAHLER and SHREVE, when 
there is divergent flow (i.e.  a stream breaks into 
two or more downstream arcs, e.g. braids and 
deltas), then the downstream arcs retain the 
order of the upstream arc.  However, if the diver-
gent arcs come back together, then the order of 
the arc downstream of the convergence will not 
be increased.  

Stream 
Order 
Methods 
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the same tasks with a 10meter DEM, would your results be similar? 
 

VI. ) Create a Stream Shapefile from a Shreve-ordered Stream Grid 
  
We will now create a shapefile (vector) output of our Shreve-ordered stream grid.  The output 
shapefile will hold our Shreve ranking but will also have “To” and “From” nodes at each stream 
junctions (where one stream joins another) linking our watershed network together in a se-
quential downstream order.   
 
1. In the Spatial Analyst toolbox, double click Stream to Feature 

2. Enter lub_shreve for the input stream raster 
3. Enter lub_fldir for the input flow direction raster 
4. Navigate to your output directory and call the output polyline features, 

lub_plyln.shp 
5. Ensure that Simplify Polylines is checked 
6. Click OK 

7. Your output will be automatically loaded into your ArcMap document.   
8. Right click on lub_plyln.shp and select Open Attribute Table. 
 
We will query our streams so that you may observe the tiered stream network you have just 
created.   
 
9. With the mouse cursor, right click the column heading TO_NODE and select Sort De-

scending. 
10. We will highlight the upper-most streams in our watershed:  With the Crtl key depressed, 

click your mouse cursor to the left of the first record (with the highest TO_NODE value) 
and drag it down until you’ve selected about 1/3 of the records.  

11. Observe the corresponding “top of watershed” streams (graphic on next page) highlighted 
in your ArcMap view 

11. Now, scroll to the bottom of the attribute table using the scrollbar  
12. Highlight records with TO_NODE values of 1 through the TO_NODE value that represent 

the lowest 1/3 (or so) of the watershed. 
 

These are your “bottom of watershed” streams, which will drain the most water since they are 

EXERCISE 10: DERIVING STREAM NETWORKS  
FROM A LIDAR DTM 

Click and drag with the 
Ctrl key depressed to 

highlight many records at 
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accumulating flow not only from the top of the watershed, but also from their tributaries along 
the way.   
 
This concludes our exercise, ‘Deriving Surface Water Characteristics from a LIDAR DTM.  There 
are many more analysis tools available in Arc to work with watersheds 
 
 
 

EXERCISE 10: DERIVING DERIVING STREAM NETWORKS  
FROM A LIDAR DTM 

Ordered Stream Network  Streams at top of watershed selected (left), streams at bottom of watershed se-
lected (right). 

Downstream 

Downstream 
Nodes 53 

Downstream 
Node 57 

Top of Watershed 

Watershed Outlet Watershed Outlet 

Top of Watershed 
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Introduction 
In this exercise you will continue building the Fusion project data by computing estimates 
of canopy closure (# of 1st returns over a specified height break  / total # of 1st re-
turns per unit area) and estimating the relative vegetation density for a specific height 
strata (total # of returns between the height break and upper limit / total # of  returns 
per unit area). 
 

Prerequisites 
• LIDAR raw data files (lub_tile1.las...lub_tile9.las), bare earth surface file 
      (lub_surface.dtm) and reference image (lub_ref.bmp)  
• Files loaded into Fusion. 

Part A—Create an Estimate of Canopy Closure: 
In Fusion, estimates of canopy closure are created from the command line interface 
using the Cover executable. The syntax for the Cover command is: 

Cover   [switches] groundfile coverfile heightbreak cellsize xyunits zunits  
coordsys zone horizdatum vertdatum datafile1 datafile2 ... datafile10 

 
1. For the complete syntax, type Cover into the Command prompt (from the Fusion di-
rectory). 
2. Run the Cover utility with the following parameters: 

• Parameters: 
• <in_path>\lub_surface.dtm (this is the groundfile) 
• <out_path>\cover_15.dtm   (this is the coverfile) 
• 15                                    (heightbreak)  

EXERCISE 11: ESTIMATING CANOPY CLOSURE AND  
VEGETATION DENSITY 

Document Updated: December, 2007 

A good understanding of stand dynamics is rec-
ommended for reliable Cover estimates.  This can 
be enhanced by spatially browsing the raw data, 
using the cloudmetrics command prompt and/or 

ground truth data when available.  

 Overstory canopy is defined as any vegetation greater 
than the height break (3 meters in this example) above 
ground.  Of  the 21 LIDAR pulses that enter the can-
opy, 16 first returns are recorded above the 3m thresh-
old.  The LIDAR-based overstory cover estimate for the 
area in this graphic would be computed as 16/21 or 
76%. 

3m 
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• 15    (output cell size) 
• M    (x and y units are meters) 
• M    (z units are meters) 
• 1    (UTM coordinates) 
• 12    (zone 12) 
• 2    (NAD83) 
• 2    (NAVD83) 
• <in_path>\ lub_tiles.txt   (text file containing the paths for the input 
data file) 

The syntax should look similar to: 

Once the cover utility has finished successfully, add the cover model to the Fusion pro-
ject… 
3. Click the Canopy button from the left side menu of the FUSION interface. 
4. Navigate to and select the cover15.dtm canopy coverage file, 
5. Click Open to display the Surface model dialog (see sidebar): 

6. Click OK and the model will be shown with green contour lines in the fusion 
window (if not, ensure that the checkbox next to the Canopy button is 
checked). 

7. Click the Sample Options Button, ensure the “subtract ground elevations from each 
return” Option is checked.  Click OK. If this step is skipped the cover model will not 
display in the LDV! 

8. Click-and-drag a Stroked Box sample within the Fusion window to view the data in 
LDV:  

Syntax: 
cover <in_path>\lub_surface.dtm <out_path>\cover15.dtm 15 15 M M 1 12 2 2 <in_path>\lub_tiles.txt 
 
Consider putting the command (including switches and parameters) in a batch file—despite being only a single command. 

Option: You  can skip steps 3-6 if you don’t care to 
see the canopy coverage model in FUSION—you can 
still load it into LDV using steps 8-10.   

Exercise 11: Part A-Computing Estimates of Canopy Closure 

Note: To produce cover estimates that are meaning-
ful , the cell size must be larger then individual tree 
crowns.  For most forest types, cell sizes of 15 m or 
larger produce good results. 

Canopy Coverage Surface.   
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9. Access the right-click menu and click Surface file… 
10. Navigate to and select the cover15.dtm canopy closure file, 
11. Click Open to display the canopy cover model over the data. 

12. Inspect the canopy closure model--how does it differ from the canopy height 
model? 

 What does the z-axis represent in each model? 
 
13. Right-click in the LDV window to activate the pop-up menu and select Surfaces (this 

will toggle the canopy closure surface off).  Inspect the raw data, does the surface 
accurately reflect canopy closure? 

14. Click-and-Drag a new Stroked Box sample within the Fusion window, choose a differ-
ent location.  Repeat steps 9 thru 11 to display the canopy coverage model in the new 
location.  As you browse the data set and repeat these steps, think about the height 
break (15m) set in the Cover Command line.  How would the results be different if 
the height break was increased or decreased?  

15. Optional: Choose a new height break # and run the Cover Command line again. 
 

  

****Note: in the next exercise, you’ll bring this layer (and subsequent outputs)      
 into ArcGis for analysis.

By toggling the canopy coverage surface on and 
off, you can assess if the model is representative 

of the data.   

Exercise 11 continues ... 

Canopy Coverage Surface toggled off.   

Canopy Coverage Surface toggled on.   

Exercise 11: Part A-Computing Estimates of Canopy Closure 
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Exercise 11: Part B-Estimating Relative Vegetation Density  

Part B—Estimate the relative vegetation density for vari-
ous height strata. 
This can be done using the cover command line again but this time adding the switches       
( /all ) and (/upper:#) into the syntax and changing the height break value to 2m. The 
(/all) switch designates that  all the returns in the LIDAR data are used, not exclusively 
first returns (Cover command line default).   
The (/upper:#) switch adds an upper height limit to the coverage calculations.   
(# of all returns >= heightbreak and <= upperlimit)/ (total # of all returns) 
 Explanation: The resulting surface file will map the relative density (z-axis)  
            of LIDAR data returns in the range of 2-14 meters above the ground. 
• Run the Cover command with the new switches and height break. 

The syntax should look similar to: 

After you have successfully run the cover utility to create cover2_14.dtm, inspect it as 
you inspected cover15.dtm.  How has using the (/all) switch affected the output?  Could 
there be a case in which you would use only first returns with an upper limit switch? 
(possibly mapping clear cut regeneration)??? 
  

**Note: In the next exercise we will use the canopy closure and vegetation density  
 models created in this exercise. 

Syntax: 
cover /all /upper:14 <in_path>\lub_surface.dtm <out_path>\cover2_14.dtm 2 15 M M 1 12 2 2 <in_path>\lub_tiles.txt 

 
Consider putting the command (including switches and parameters) in a batch file—despite being only a single command. 

Vegetation density model toggled off. 

Vegetation density model toggled on. End of Exercise 11  
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Introduction 
This exercise is designed to provide you with possible silvicultural uses for LIDAR technology.  
In Part A of this exercise, you will export your LIDAR canopy height, canopy closure and 
vegetation density models from Fusion software into ArcGIS.  In Part B Spatial Analyst 
tools will be used to model multi and single story old growth habitat.   

Prerequisites 
• Data files produced in Exercise 11. 
• Spatial Analyst Extension loaded in ArcMap 

Overview of Major Steps 

Part A  
I. Export .dtm files using Fusion DTM export utility 
II. Load Spatial Analyst Extension 
III. Import Fusion export files into ArcGIS (DTM files) 
Part B 
I. Create habitat models in ArcGIS  

Procedure 

I.) Export Fusion DTM Files (canopy height, canopy closure & vegetation 
density model) 
1. Start Fusion: click Start | Programs | FUSION | FUSION  
2. Click Tools | Terrain Model | Export Model.  

3. Click the first (upper) browse button and navigate to cover15.dtm (input) 
4. Click the second (lower) browse button and navigate to an output directory, call 

the output file cover15.asc. 
5. Select ASCII grid file for the output format 
6. Click Export.  Click OK to close the notification dialog. 

EXERCISE 12: IMPORTING LIDAR DATA INTO ARCGIS AND 
USING SPATIAL ANALYST TO MODEL FOREST STRUCTURE 

Document Updated: December, 2007 

The FUSION-generated Canopy Height Model 
displayed in ArcMap. 

Note: you actually don’t need to load any-
thing into FUSION to use the export com-

mands from the Tools menu. 

Note: When typing your output file name be 
sure to manually type in the file exten-

sion .asc   
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7. Now export the vegetation density model, you can leave the window open, just change 
the settings. 

8. Click the first (upper) browse button and navigate to cover2_14.dtm (input) 
9. Click the second (lower) browse button and navigate to an output directory, call 

the output file cover2_14.asc. 
10. Select ASCII grid file for the output format 

11. Click Export.  Click OK to close the notification dialog. 
12. Now export the canopy height model. 

13. Click the first (upper) browse button and navigate to lub_CHM.dtm (input) 
14. Click the second (lower) browse button and navigate to an output directory, call 

the output file lub_CHM.asc. 
15. Select ASCII grid file for the output format 

16. Click Export.  Click OK to close the notification dialog. 
17. Click Close. 

You have now exported the canopy height DTM, canopy clo-
sure DTM and the vegetation density DTM.   Now let’s import 
these ASCII grid files into ArcGIS 

II.)  Load the Spatial Analyst Extension 
If you already have Spatial Analyst loaded you may skip this section and move on to the next 
section.   
1. Open a new empty ArcMap Document.  Click Start | All Programs | ArcGIS | ArcMap.  
2. Click Yes to a ‘New Empty Document’ 
3. Click on Tools | Extensions, in the list of extensions find Spatial Analyst and place a 

check mark next to the name by clicking the box.  Click Close. 
4. Right click anywhere on the ArcMap toolbar and find Spatial Analyst in the list of toolbars, 

place a check mark by the name.  The Spatial Analyst toolbar should now be loaded to 
your ArcMap document. 

 

 

EXERCISE 12 PART A : CONVERTING FUSION FILES TO ARCGIS FORMAT 

Note: There is NO indication of  processing 
while the Export Model utility is running.  

You will receive a message of successful comple-
tion after the process has finished. 

Note: There is also a command line pro-
gram called DTM2ASCII that does 
the .DTM to Arc ASCII raster conversion 
from the command line. This tool will se-
lect integer or float formats depending on 
the precision in the .DTM file.  
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III.)  Import Canopy Height DTM, Canopy Closure DTM and Vegetation Den-
sity DTM into ArcGIS 
1. Since your exported DTMs are now in ASCII format, we will import our DTM surfaces using 

the Arc ASCII import utility. 
2. Start ArcToolbox by clicking on the Toolbox Icon.  Click on the Index tab at the bottom 

of the ArcToolBox tree (see graphic on left).  In the keyword search box, type in ‘ascii.’ 
3. Your search should return two ASCII tools.  Highlight ASCII to Raster (conversion) and 

click Locate. 
4. Once located in the main toolbox, double click the ASCII to Raster tool 

5. Set the Input ASCII raster file to cover15.asc 
6. Change the Files of type to File (*.ASC) 
7. Navigate to your output directory and call the output grid file cover15_grid 
8. Set the output data type to Float.  Click OK 
9. Before closing the ASCII to Raster tool, repeat steps 5 thru 8 for the vegetation 

density model (cover2_14.asc) and the canopy height model (lub_CHM.asc) 
and call the output raster's cover2_14grid and lub_CHMgrid respectively. 

10. Close the ASCII to Raster tool. 
 
You have successfully imported three ASCII Grids into ArcGIS.  These grids represent the can-
opy closure model, vegetion density model and canopy height model from the original LIDAR 
dataset. 
 

**Note: The models you imported into ArcMap will be used in Part B of this exercise. 

EXERCISE 12 PART A : CONVERTING FUSION FILES TO ARCGIS FORMAT 

Keyword 
search... 

ASCII to 
Raster…. 

Index Tab 

Exercise 12 continues on the following pages... 



 

Fusion Exercise 12      pg 4 

 

Part B: Using Spatial Analyst to Create Old Growth Forest Models 

Introduction 
To create old growth habitat models we need to define some parameters.  For this exercise we 
will set a minimum tree height of 70 feet and a canopy closure of 50% or more.  We will also 
differentiate between single and multi story models using the vegetation density model.  A 
relative vegetation density >= 25% (within our height strata of 2-14 meters) will be consid-
ered a multi story old growth habitat and < 25% relative vegetation density will be considered 
a single story old growth habitat.  These figures are arbitrary and do not represent a realistic 
model, but demonstrate the potential for using LIDAR data in modeling 3-D forest structure. 
 
Required Data 
• Lub_CHMgrid, cover15_grid and cover2_14grid (from Part A) loaded into ArcMap. 
• Reference Image (lub_ref.bmp) created in Exercise 6. 
 
Procedure:  
I. Create habitat models in ArcGIS  
1. On the ArcMap main toolbar, click on Spatial Analyst | Options, and set the Working 

Directory to the output location you choose for this exercise.  Click OK. 
2. Click Spatial Analyst | Raster Calculator 
3. We will now apply the conditional (con) command to the canopy height model and set a 

threshold value of 70 feet (21.3 meters) to define areas of old growth. 
4. Enter the following equation into the Raster Calculator: 

 
 
 

*** See important note in sidebar*** 
The above command line translates to….”output file = condition(lub_CHMgrid values > 21.3, 
assign a value of “1” )  ...where 1 is equal to or synonymous to “TRUE” (where the condition 
evaluates to true).  
 
The result is a grid representing trees that have a height value of 70 feet or greater.  

Note: Make sure that you follow this syntax 
EXACTLY, the raster calculator can be picky 
if you miss a bracket ] or a parentheses ).  

To help you avoid syntax typos, you can double 
click names, symbols, and numbers from the 
listed datasets, and keys provided.  Hint Use  the 
= key from you key board, as the = from 
the calculator will produce an == which 
will produce an error. 

Exercise 12  Part B : Using Spatial Analyst to Create Old Growth Habitat Models   

Red cells (value of 1) represent areas which have 
trees >= 70 feet in height.   

height_70 = con([lub_CHMgrid] >= 21.3, 1) 
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4. We will apply  the con command again, this time to the canopy closure model and set 
a threshold of 50% crown closure. 

5. Click Spatial Analyst | Raster Calculator 
6. Enter the following equation into the Raster Calculator: 
 

 
 
The above command line translates to….”output file = condition(cover15_grid values >= 50, 
assign a value of “1” )  ...where 1 is equal to or synonymous to “TRUE” (where the condition 
evaluates to true).  
 
The result is a grid representing areas with canopy closure of 50% or more.   
 
7. Now we will use the Raster Calculator to create a grid that shows areas with both condi-

tions met (height >= 70 and canopy closure  >= 50%).  
8. Click Spatial Analyst | Raster Calculator 
9. Enter the following equation into the Raster Calculator: 
 

 
 
The resulting grid will only display cells that meet the old growth requirements of both tree 
height and canopy coverage. 
 
10. We will now create our last two grids representing multi story and single story old growth 

habitat.  We will accomplish this by applying conditional equations to the vegetation den-
sity grid and multiplying the results by the old growth grid (Oldgrth) already created.  Our 
final two grids will represent old growth habitat with varying densities of lower canopy 

Exercise 12 Part B : Using Spatial Analyst to Create Old Growth Habitat Models   

Green cells (value of 1) represent areas which 
have  canopy coverage >= 50% . 

Blue cells (value of 1) represent old growth areas.  

Old Growth Forest 

cover_50= con([cover15_grid] >= 50, 1)  

Oldgrth= [cover_50] * [height_70] 
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structure. 
11. First lets create our multi story old growth model. 
12. Click Spatial Analyst | Raster Calculator 
13. Enter the following equation into the Raster Calculator: 
 
 

 
  

 
The resulting grid will only display cells that meet the requirements of  height , canopy closure 
and under story density (>=70 feet tall, >=50% Canopy Coverage, and >= 25% under story 
density) that we designated for our multi story old growth model. 
 
14. Now we will create our single story old growth model. 
15. Click Spatial Analyst | Raster Calculator 
16. Enter the following equation into the Raster Calculator: 
 
 

 
 
 
The resulting grid will only display cells that meet the requirements of  height , canopy cover-
age and under story density (>=70 feet tall, >=50% Canopy Coverage, and  < 25% under 
story density) that we designated for our single story old growth model. 

 
 

 

Exercise 12 Part B : Using Spatial Analyst to Create Old Growth Habitat Models   

Multi story old growth model. 

Single story old growth model. 

Oldgrth_mult = (con([cover2_14grid] >= 25, 1)) * [Oldgrth]  

Oldgrth_sing = (con([cover2_14grid] < 25, 1)) * [Oldgrth]  
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Exercise X Part B : Using Spatial Analyst to Create Old Growth Habitat Models   

17. Now lets add our reference image generated in exercise 6, so we can overlay our old 
growth models. 

18. Click the Add Data Button,                                      in the ArcMap main tool bar. 
19. Navigate to lub_ref.bmp, and click the Add button. 
20. Left Click and drag Oldgrth_mult and  Oldgrth_sing above lub_ref.bmp in the ArcMap 

index.   
Your finished product is a map document depicting single and multi story old growth habitat 
overlaid on your reference image!   Your finished product should look similar to the figure be-
low.   

End of Exercise 12  
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Introduction 
This appendix is designed to familiarize you with techniques that allow you to characterize 
individual forest stands using FUSION with LIDAR data.  The appendix differs from the pre-
vious exercises in that it does not provide step by step instructions, but instead a general 
work flow.  There are two parts to the appendix. Part 1 describes the process of clipping a 
section of raw LIDAR data using the PolyClipData command; Part 2 demonstrates the 
process of extracting forest metrics using the Gridmetrics command line executable in 
FUSION. 

Prerequisites 
• Successful completion of Exercises 1-12, or proficiency with the Command line executa-

bles within FUSION. 
• Sample Data downloaded from the FUSION website. 

Overview of Major Steps 
Part 1—Clipping out raw LIDAR data using the PolyClipData command. 
Part 2—Extracting forest metrics using the Gridmetrics command.  

Part 1—Clipping out raw LIDAR data using the PolyClip-
Data command.   
In forestry related projects we are usually interested in characterizing certain stands or ar-
eas within our project boundary.  Polygons created in ArcGIS are a common form of orga-
nizing geospatial information into specific areas of interest.  The PolyClipData command 
line executable in FUSION allows the user to clip out raw LIDAR data that resides in a poly-
gon (for a more detailed overview on the PolyClipData command please refer to the FU-
SION manual).     
 

A thinned Douglas Fir stand displayed in the LDV.  The 
raw LIDAR data was clipped from the original data set 
using the PolyClipData command. 

Document Updated: May 2008 
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 Below is an example of the PolyClipData command to extract a specific portion of the raw 
LIDAR data for analysis.  

 
 
 
 
 

 

 

Fusions Command  
Line Executable 

Switch 
<output file> <input file> 

Shapefile containing the 
polygon used for clipping 
the LIDAR data 

Note: the /shape switch must be used for the polyclipdata command to 
work, this is conflicting with the manual!!!! 

The /shape switch identifies the specific poly-
gon/polygons used to clip the data.  In our case 

you designate column 3 (UNIT2_column, see note 
below).   Then you identify the unique value in that 
column for the specific polygon, in our case “3”.  If 
you wanted to create a separate LIDAR data file for all 
polygons by running one line of script you would use 
the switch as folows:  
/shape:3, *   Each new .las file would be labeled by its 
value in the UNIT2_ column. 

Note: the FID column isn’t numbered and the shape column starts at zero. 

Column #’s 0 1 2 3 5 4 6 
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Results from the PolyClipData script on the previous page. 

Input File C:\lidar\SampleData\lda_4800K_data.lda 

Run PolyClipData.exe 

Resulting output file 
C:\lidar\SampleData\control.las 

Appendix 1 continues on the next page... 
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Part 2—Extracting forest metrics using the GridMetrics 
command.   
GridMetrics computes a series of descriptive statistics for a LIDAR data set.  Output is a 
raster (grid) represented in database form with each record corresponding to a single grid 
cell in the output grid.  GridMetrics can compute statistics using either elevation or intensity 
values but not both in the same run.  In our example below we will run the GridMetrics 
command line executable using elevation values from the control.las file (the LIDAR data 
we clipped from our original data set using the PolyClipData command in Part 1).  For a 
comprehensive description of GridMetrics please refer to the FUSION Manual. 
 
Below is an example of the GridMetrics command to compute the descriptive statistics for 
control.las. 

 
 

 
 

 
 
 
 

 
 
 

Fusions Command  
Line Executable 

Switch <output file> <input file> Ground Surface Model  

Height break for cover 
calculation. Desired grid cell size in the same 

units as the LIDAR data. 

The outlier switch used in the script (/outlier:low,high) will omit points below low and above high in 
the output statistics.  Low and high are interpreted as heights above ground. 
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A small part of the resulting .csv file produced from the GridMetrics script 
on the previous page. 

A brief explanation of the output metrics: 

Appendix 1 continues on the next page... 
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A comparison of summary statistics computed using GridMetrics on two 
LIDAR data sets clipped using the PolyClipData command.   
The Control summary statistics characterize an area of dense undisturbed Douglas Fir.  
The Treatment summary statistics characterize a Douglas Fir stand after thinning.  The 
photographs below depict the typical density and vertical structure of each stand.  Do you 
think the statistics reflect this?  Can you see correlations?  The last statistic “Density” repre-
sents % vegetation cover above 7 feet.  The percentile values (e.g., P05, P10….) indicate 
the spread of the data histogram.  Compare the maximum average values versus the maxi-
mum max values for each stand.  (All the photos, polygons and raw LIDAR data used in this 
example can be found in the FUSION Sample Data).  

 
 

 

Summary of the GridMetrics output for the LIDAR data within the Control T6 and 2-Age t2A 
(Treatment) polygons. 

• Density count total and std dev suggests more vertical structure detected in the control stand 

(LIDAR pulses that only hit the ground have one return, those that hit different layers of vertical 
structure can have multiple returns). 

• Density (% vegetation cover) indicates that the canopy cover is much denser for the Control 
(85%) then the Treatment (14%). 

This concludes Appendix 1. 

Control Stand 

Treatment Stand 


	Exer01Download.pdf
	Exer02GettingStarted.pdf
	Exer03EZMeasure.pdf
	Exer04Plots.pdf
	Exer05PlotStats.pdf
	Exer06CreatePrt1.pdf
	Exer07CreatePrt2.pdf
	Exer08CreatePrt3.pdf
	Exer09ArcGis1.pdf
	Exer10SurfWaterChar.pdf
	Exer11Cover.pdf
	Exer12ForestStr.pdf
	Appendix1.pdf

