Exercise 8f: Using Model Builder to process a bare earth DTM from the LiDAR point cloud data for the Hamilton College area

Due: Monday, April 25 at the start of class.

Goal: to use Model Builder to create a model to process the Hamilton College LiDAR point cloud data for last returns to create a digital terrain model (DTM) and a hillshade.
Turn in: save a jpeg of your last return DTM hillshade to your own folder on the MSS, not the shared folder.
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Using model builder to create a bare Earth DTM
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Model builder is a terrific way to automate a multi-step process in ArcGIS. It basically works like a computerized workflow chart. You’ve made workflow charts for most of your previous GIS work, so that will help you immensely in understanding what model builder will do. 

Just a word to the wise. Model builder can be pretty finicky, so you have to be very careful to follow the steps precisely as they are outlined below. Now is not the time to be creative!

What you’re going to do is take the same LiDAR data and process it exactly the same way that you processed the first returns manually, but you’re going to use Model Builder to process the Class 2 to make a bare Earth DTM (digital terrain model).

A. Visualizing what you are going to do
1. Below, sketch a workflow chart of the steps that you used when you created a bare earth DTM from your LiDAR data in Exercise 8b.
B. Creating the model

1.  Model Builder is an application within ArcToolbox, and there’s lots of help in ArcCatalog Help, if you need it, for working with Model Builder.
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Start by setting the Geoprocessing options in ArcCatalog to Overwrite the outputs of geoprocessing operations.
3. Because part of what you will do with Model Builder is to create a terrain, and because terrains only work in a geodatabse, you’ll need to start by creating a geodatabase to contain all the elements that will be used by the tools in Model Builder.

1. In ArcCatalog, create a folder and, within it, a new file geodatabase. Add a new Feature Dataset with the same coordinate systems (including vertical) as in Exercise 8b.

2. The next step is to build the container to hold the model. 

a. Rt-click on your new folder, and scroll to New Toolbox. A new toolbox appears in the folder in the ArcCatalog TOC.

b. Rt-click on the new toolbox, scroll to properties, general tab, and name the toolbox. Click OK.
c. Rt-click the toolbox again, and scroll to New > Model. The Model window opens.

3. Click on Model in the main menu and scroll to Model Properties. 
4. Click the General tab and name the model. A model name cannot have any spaces AND NO UNDERSCORES in the name. The label in the toolbox, however, can have spaces/underscores. You can add a description of what the model does (metadata for the model). Check the relative pathways box.
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5. Click OK to close the properties dialog box.

6. Save the model by clicking the little floppy disk icon or choosing Save in the model menu. 
7. The window that is open now with the big plain white rectangle is where you are going to build your model.
8. Find the Create Terrain tool in ArcToolbox. Drag it and drop it into your model window.
9. Add the following tools as well.
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Add Terrain Pyramid Levels

b. Add Feature Class to Terrain

c. Build Terrain
10. You can drag the tools and their outputs around and put them where you want them. Your Model window should now look something like the one at right. SAVE!!!
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You have individual tools and outputs in your model so far. Now, you need to connect them into a workflow. Use the connect tool to link the first output terrain to the Terrain Pyramid Level tool. When the little dialog box pops up, choose Input Terrain. Then, link the second output terrain to the Feature class to Terrain tool and the third output terrain to Build terrain tool. SAVE! If ArcCatalog crashes, navigate in the CT to your model, rt-click, and choose Edit.
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12. Find and add the LAS to Multipoint tool, and use the connect tool to link the feature class output to Add Feature Class to Terrain tool. SAVE.
13. As you add things, you can move them around by getting the selection tool (the arrow) in the Model window and dragging things around.

14. Add the Terrain to Raster tool, and connect it to the output terrain from the Build Terrain tool.

15. Finally Add the Hillshade tool, and link it to the output from the Terrain to Raster Tool. SAVE.
16. Your finished model should look like the one below, although the layout may be a bit different. The layout tools, in the model main menu tool bar, allows you to zoom in and out, as well as auto arrange the model. You will probably find manually arranging works best for this project.
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17. Be sure to save again!
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The next step is to set the properties in the individual tools.
a. Double click on the Create Terrain tool in the model builder window. The tool dialog box opens. 

b. Browse to the input feature dataset (the new one that you created in step B-3 above, name the output terrain, set the spacing to 0.6 and leave all other boxes at their defaults.

c. When complete, click OK.

d. Notice that this section of the model is now colorized with the default settings, with inputs displayed as blue ovals, tools as yellow rectangles, and outputs as green ovals. SAVE!!!
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Double click on the Add Terrain Pyramid Levels tool to open its dialog box. Enter 1(space)1000 in the Pyramids Definition field, and click the plus sign to add the numbers to the list. Enter 2(space)2500, and click the “+” sign again to enter it on the list. These are the same numbers that were automatically generated by the Terrain Wizard in the first exercise (although you will only use 2 levels because you are working with just one tile at this point, and there aren’t enough data for more than 2 levels). When this step is completed, this tool and its associated output will be colorized as well. SAVE!
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20. Before going further we must build the input for the terrain. 

a. Double click on the LAS to Multipoint tool in the model window. The dialog box opens. 

b. Processing all the data will take some time. For a first run, you’ll just add one LAS file to make sure that everything works.

c. Make sure that the pull down menu next to Browse for: is set to Files. Use LAS file u_4665076625.las as the input tile. Access this by using the browse button.

d. For the Output Feature Class, browse to the Feature Dataset in the geodatabase that you created for this exercise. Be sure to select the correct the feature dataset, because these features must be in the same one that the terrain is being built in. Name the output feature class.
e. Enter the point spacing, and choose the correct inputs to make a bare earth terrain. Look this up in the earlier exercise if you’ve forgotten what to select.
f. Enter the correct horizontal and vertical coordinate systems NAD 83 UTM 18 N and NAVD 1988 (this is not optional!). Click OK when done.

g. The model should now be completely colored (see the picture on the next page). SAVE!!!! 

21. Double click the Terrain to Raster operation box, Name your new raster. Change Method to NATURAL NEIGHBORS and the Sampling Distance to CELLSIZE 1.

22. Double click the Hillshade operation box, and replace the default hillshade name with the name you want.

23. The model should all be colorized and have the elements and links shown below. You may need to scroll left to see the .las file element.
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C. Running the model

1. To run the model, go to Model > run entire model. If all is good, you will see a progress box appear as the model runs, showing you how many processes out of a total of X processes have run. Individual yellow tools on the model will turn red as each is running. When the model run is complete, the dialog box will state that the model has run successfully. 

2. Check the folder containing the geodatabase, and you should find both the new raster (created from the terrain) and the new hillshade created when the Model ran. You will find the multipoint file and the terrain inside the Feature Dataset. 

3. Preview your new terrain, raster and hillshade in ArcCatalog. If everything looks OK, be sure to Save your Model once it has run successfully.
D. Running the model a second time

1. You’ve just run the model on only one .las tile, but you can set the model up to run the entire collection of LAS files that you used when you made the first returns DSM in Exercise 8b. You can’t simply re-run the model with new input. You need to make a few changes. 

2. Close ArcMap, if it is open.
3. Create a new Feature Dataset for your full .las data set inside your geodatabase. 

4. Rt-click on your model (if it is not currently visible), and select Edit, to bring up the model window. 
5. Select the .las input (blue oval with u_4655076625.las), and delete it.

6. Repeat the steps starting with 18 on page 5, being sure to:

a. Choose your new Feature Dataset in the Create Terrain tool. If you do not choose the right Feature Dataset, you will get an error.
b. Add all of your .las files in the LAS to Multipoint tool by selecting Folders (instead of Files) in the Browse for: line, and choose your entire .las folder. ArcMap is smart enough to ignore any files inside that folder that are not .las files. Be sure to store your output feature class inside the NEW Feature Dataset that you have just created, not in the old one (it will default to the old one, and you’ll have to browse to the new one). Also be sure that the File Suffix is set to las (this is not optional when using folders).
7. If you added individual .las files, your model will look like the one on the left below. If you added the .las folder as instructed above, your model will look like the one on the right below. Both will work, although the one with the folder is more compact and less messy-looking.
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model with individual files as input


        model with folder as input
8. To clean up the model with the folder input (right), manually arrange the model by selecting and dragging the elements. To clean up the model with file input, use the autolayout tools or other layout tools as shown below:
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model with individual files as input arranged by auto layout tool

9. Save your model, then run your entire model. Because there are a zillion .las files, this will take quite a long while to run.
10. Add your hillshade to the ArcMap you originally made in Exercise 8b for the DSM. In symbology, change the stretch type to minimum/maximum and click OK. Use the swipe tool to sweep the first return layer away looking at what the bare earth DTM surface shows under the first returns, DSM surface. This is almost magic!!!
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