Exercise 8b: Processing LiDAR point cloud data for the Hamilton College area
Due: Friday, April 8 at the beginning of class.

Goal: to carry out simple processing of LiDAR point cloud data using ArcGIS, to create terrains (multi-resolution TINs), elevation rasters, and hillshades.
Turn in: answers to the questions on this sheet, plus 8 captioned jpegs, saved to your own folder (one for each terrain and one for each hillshade). Each jpeg must be clearly captioned so that anyone can tell which returns each was made from!!! They must also have file names that clearly indicate which returns they are made from.
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Part I. Processing LiDAR point cloud data and creating terrains (multi-resolution TINs)
As you learned in Part 8a, LAS files are not directly useable in ArcGIS, but, through a series of steps, we can do the following:

· Decide which points from the point cloud that you want ArcGIS to use to make a desired terrain.
· Convert the raw LAS files to a multipoint file, using only the points that you need for the desired terrain.
· Build a terrain (a multi-resolution TIN) for a particular class of returns from the multipoint file.
· Convert the terrain to an elevation raster.
· Make a hillshade of the elevation raster.
A. Converting LAS to a multipoint file that ArcMap can open
1. A LiDAR data set consists of a cloud of points each with its own X-Y-Z values. LAS files typically contain millions of individual points and need to be converted to a special kind of point file called a multipoint feature class in order for ArcMap to read and display the data points. 

2. Processing LiDAR data in ArcGIS uses the special functions available within a geodatabase.
a. In ArcCatalog, create a new FILE geodatabase. In the Woodlark exercise, we used a personal database. LiDAR data contain large numbers of points that can exceed the limits of a personal database, so we will use a File geodatabase here.

b. In your new file geodatabase, create a new Feature Dataset. You will need to set both the horizontal and vertical coordinate system. Use the coordinate systems that you determined in Ex. 8a using LASTools. What coordinate systems did you choose?
Horizontal:

Vertical:

c. The tolerance settings can be left at the defaults. Click Finish.
3. The next step is to instruct ArcGIS which points in the point cloud to select to make the multipoint file. You’re going to try this several different ways to see the difference it makes in the resulting terrain and DEM. For the first example, you will make a multipoint file that contains ALL the points in the LAS file.
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Go to ArcCatalog, and run a Search for the LAS to Multipoint tool. Settings in this tool are critical for all the steps that will follow, so carefully enter the correct values shown.
a. Be sure that the Input Browse for: is set to Files. Browse to the LiDAR folder and select all the LAS files (and only the LAS files, i.e., not the .dbf, .sbn etc. files, if there are any).
b. Be sure to save your new multipoint file (the output feature class) inside the new feature dataset that you just created in your gdb. Don’t just store it as a standalone file.
c. Scroll down to Average Point Spacing. Enter the average point spacing that you determined in Ex. 8a for your data. What number did you enter, and what are the units (which don’t need to be entered in the field, because the tool will use the units determined by the CS of the feature dataset)?

d. Because you are not selecting points from the point cloud by class, you will leave the input class code blank.

e. The next box lists Input return value choices. These numbers reflect the return number for each point in the point cloud. If you wanted only first returns, you would put a check mark only in the “1” box. If you wanted only second returns, you would check only “2”. If you wanted both first and second returns, you would check both 1 and 2. Note that these are not the ASPRS Standard Point Classes. What is the difference between saying that a point has a return number of 2 and saying that it has a point class of 2? 

f. For your first multipoint file, you will include all of the points in the point cloud, so make sure that Any Returns is checked.
g. The pull down menu under Input Attribute Names lists various additional data attributes. Unfortunately none of these data can be used in ArcGIS at the moment, so it doesn’t make sense to select any of them. 
h. The last item is the Input Coordinate System. This field shows as optional and does not need to be filled in provided that you are creating the multipoint file inside the Feature Dataset inside your geodatabase. If you create a feature class inside a feature dataset, why don’t you need to set the coordinate system?
i. Once all items are entered correctly, click OK to run the tool. There is quite a large amount of data to process so this takes some time (2.5 minutes or so when I ran it). 

B. Taking a look at your multipoint file
1. Launch a new ArcMap, and add your multipoint file. It will take a really long time to build, but you can zoom in on any area as it builds.

2. At a distance, it looks pretty much like a black raster. But zoom way way in. What do you see?
3. Use the Get Info tool, and click on one of the points. You’ll see that you can’t use the Get Info tool to find out anything about specific points.
C. Building a terrain from your multipoint file
1. You will first use your multipoint file to build a terrain, and then you will use the terrain to build a raster. You could go directly from your multipoint file to a raster, but the fact that the points are not evenly spaced means that you won’t get the best raster from your multipoint data. You might even wind up with some cells that have no data, and that is a pain to deal with.
2. Instead, you’ll create a Terrain (a multi resolution TIN, Triangulated Irregular Network) from your multipoint file. This is also a very efficient way to store a surface constructed from the point file, because the terrain doesn’t actually store the surface as a raster. Rather, it is a vector file that organizes the data for fast retrieval and derives the terrain on the fly. So a terrain is more efficient for storage and requires less memory than a raster.

3. You will create your terrain within the feature dataset that contains your multipoint file. In Arc-Catalog, rt-click on the feature dataset within your geodatabase, and select New > Terrain. 
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The Terrain creation wizard opens. Name the Terrain, and be sure that the feature class that you want to build the terrain from is checked (in this case there is only one feature class that participates in this terrain). 

b. Enter the average point spacing (0.6 meters), and click Next.

c. Click the button next to Window Size, set the Point selection method to Z Maximum, and Secondary thinning method to none. Because you are making a first return multipoint file, you do not want to accept the default value of Z Minimum.

d. A special feature of a terrain is that it re-draws as you zoom in using pyramids. The next screen defines how the pyramids in the terrain will be constructed. Click Calculate Pyramid Properties button, and the wizard will calculate pyramid resolutions for multiple window sizes. This is done automatically based on the data. Click next.

e. Check the summary screen, and, if all looks correct, click Finish.

f. Click “Yes” to build the terrain. This takes a few minutes.

D. View your terrain
1. Add your terrain to a new ArcMap. Zoom in successively, and watch what happens to your terrain. Be patient to let ArcMap redraw the terrain at each magnification.
2. Zoom in until you can see individual data points and the triangles that connect them. This is the fundamental structure of a triangulated irregular network (a TIN).
3. A simple TIN has only one resolution. A terrain, on the other hand, is a multi resolution TIN, which redraws to show more and more detail as you zoom in. Pretty magical!

4. Your terrain is a vector file that can display a TIN surface and be symbolized with various color ramps. Go to properties, and try various color ramps for your terrain.
E. Making three more multipoint files

1. You will now go back to your LiDAR point cloud data and create three more multipoint files, choosing different sets of points for each multipoint file. Be sure that you give each file a meaningful name so that you know which points it is based on! And remember to store them in your feature dataset.

2. Multipoint file #2 will contain only first returns. In the LAS to Mulipoint tool dialog box, which will you do, put a 1 in the input class code box or put a check mark in the #1 input return values and uncheck Any_Returns? Explain.

3. Multipoint file #3 will contain only last returns. In the LAS to Mulipoint tool dialog box, what will you choose? Explain.

4. Multipoint file #4 will contain only points classified as ground returns (bare earth). What class code are ground returns? If you don’t have the LiDAR point class table, find it again using ArcGIS help. 

You will enter this class code (2) into the LAS to Multipoint tool dialog box. In order for this to work, you must also have a check in the ANY_RETURNS box in the input return values. Basically, this tells the tool to input all the values put only select those with input class code 2. You cannot have check marks in any of the other boxes under Input Return Values.
Part II. Comparing terrains created from your different multipoint files
A. Make new terrains from your three new multipoint files
1. Be sure to name them carefully so that you know precisely which points were used to created the terrains.

a. For your First Returns multipoint file, choose Z Maximum as the point selection method.

b. For your Last  Returns multipoint file, choose Z Minimum as the point selection method.

c. For your Class 2 multipoint file, choose Z Minimum as the point selection method.

2. Add your three new terrains to the ArcMap that has your first terrain.

B. Compare the terrains from your four multipoint files
1. In what ways do the four terrains differ from one another in appearance what and what they show?
2. Why doesn’t the Last Returns terrain look the same as the Class 2 (ground returns) terrain?
3. Why doesn’t the All Returns terrain look the same as the First Returns terrain?
Part III. Creating DEMs and hillshades
A. Converting your terrains to rasters
1. The drawback of a terrain is that it cannot be used to create a hillshade or to do any raster-based analysis. But, you can convert a terrain to a raster. Search for a tool that will do this. Which tool will you use?
2. For each of your terrains, run the tool that you have chosen to create a raster from the terrain.
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The input is one of your terrains. 

b. Be sure to give each output raster a meaningful name so that you know which returns each was based on. 

c. Set the Output Data Type to Float (which allows decimal values) and the Method to Natural_Neighbors. Both choices Natural Neighbors smooth the data a bit.
d. You then need to tell the tool what resolution you want your finished raster to be. With a data set that has an average spacing of about 0.6 m, a raster cell size of 1 m is reasonable. Change the Sampling Distance from Observations to CELLSIZE Change the default number to “1” by selecting the number in the cellsize box and replacing it with 1. This will generate a raster from the terrain with a cell size of 1 meter.

e. Click OK and let tool run. This also takes time it is processing a huge amount of data. 
B. Making a hillshade
1. Add your four rasters to your ArcMap.

2. Make a hillshade of each.
Part IV. Adding your orthophotos
Add your orthophotos, and compare your orthophotos to the hillshades that you have created.
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