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This tutorial describes a process for creating a GPS drawing.  Necessary materials include a Garmin Global Positioning System (GPS) handheld device, data transfer cable, ESRI ArcMap software, reference data layers (aerial photography, roads layer, etc.) and the DNR Garmin application (available for free download).  The steps in this tutorial show a method for creating drawings in a Geographic Information System (GIS), acquiring coordinate positions, and transferring those coordinates to a GPS as waypoints.  Users can reverse these steps if they wish to first create drawings in the field using GPS receivers, and later download the tracks or waypoints to ArcMap for visualization and analysis.
Background:  GPS drawing uses Global Positioning System (GPS) receivers to create large-scale artwork over the land’s surface.  The GPS receivers register positions on the Earth’s surface by triangulation of microwave signals from orbiting satellites. GPS drawings combine art, travel, and technology, and can vary in scale from backyards to continents. The idea was first implemented by artists Hugh Pryor and Jeremy Wood, who have drawn a 13 mile wide fish in Oxfordshire and spiders whose legs reach across cities. For more information on GPS technology and GPS drawing, please see the references at the end of this tutorial.
Step 1: Create a new point shapefile in ArcMap – these points will be downloaded to a GPS and will form the basis for the GPS drawing.

a) Open ArcCatalog and create a new point shapefile in your working directory.  If you know the coordinate system of the data layers over which you will plot points, edit the new shapefile’s coordinate information to match the base layer(s).  You can use ArcCatalog to confirm the coordinate system of these base layers.
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b) Open a new ArcMap project and add your new shapefile.  You have not yet added features to this shapefile, so no points will appear in the ArcMap display window.  Next, add the baselayer(s) you will use as reference layers for positioning your GPS drawing on the landscape (for example, if you intend to create a GPS drawing across your school’s athletic field, acquire and add an image or outline of the field, so that you can position GPS waypoints where .you want them on the ground).
c) Activate the Start Editing tool in the Editor toolbar (hint: if you can’t see the Editor toolbar, you can add it under View ( Toolbars ( Editor).  If you haven’t defined a coordinate system for your new shapefile, a dialog box asking you to confirm that you are editing in a different coordinate system will appear.  Click the Start Editing button at the bottom of the dialog box.
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d) Use the Sketch Tool (circled in red) to add new points to your GPS drawing.  Orient these points using baselayer data – note that you will likely have to zoom and pan the baselayer(s) to place points exactly where you want them.  Make sure that the shapefile designated in the Target pull-down window is the new, empty shapefile you created; also note the various editing activities you can access from the Task pull-down window.
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e) If desired, change the symbology of newly added points to make them more visible against your baselayer(s).  You can delete or move points using the Edit Tool (circled in blue). When you are finished, click the Save Edits button on the Editor toolbar.  Hint: The fewer points you use to create your drawings, the easier time your students will have completing the activity in the field.

[image: image7]
f) Open the Attribute Table of your new shapefile – you should see a field called ‘Id’ that is populated with zeros for every point you added to the shapefile.  Re-number the Id field for each point, keeping the same sequential order as when you created your drawing (for example, in the bird drawing shown above, points have Id numbers that correspond to their drawing order from beak to wing to tail, back to the beak to complete the drawing).  Values for the Id field will be used to establish the navigation order of each point in the GPS.  To change each Id, place your cursor in the field (only works if you are still in Editing mode; otherwise click the Start Editing button on the Editor toolbar).  When you are finished editing the attribute table, click the Save Edits and Stop Editing buttons on the Editor toolbar
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Step 2: Match the reference system of your new shapefile to the standard GPS reference system (WGS 84) and add coordinates to the shapefile. 

g) Unless the baselayers you used to create your GPS drawing are in the WGS 84 (World Geodetic System 1984) reference system, you will have to open your point shapefile in a new WGS 84-referenced ArcMap project to add GPS-ready coordinates for each point.  To do this, open a new ArcMap project and use the Data Frame Properties box to define the project’s Coordinate System.  Select WGS84 from the coordinate system menu under Predefined ( Geographic ( World.
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h) Use the Add XY Coordinates tool in ArcToolbox to add and populate fields called Point_X (longitude) and Point_Y (latitude) in your new shapefile (ArcToolbox ( Data Management Tools ( Features ( Add XY Coordinates).  These fields are automatically named and generated in ArcMap. Open the shapefile’s Attribute Table to make sure the coordinates were added correctly – see the example below for typical latitude/longitude point locations for Missoula, MT. 
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Step 3: Download point locations from your shapefile to a handheld GPS device.
i) Download and install the free DNRGarmin application (see the references section at the end of this tutorial for the download site).  Attach your GPS to your computer using the appropriate data transfer cable.  Load the shapefile’s data table into DNRGarmin (File ( Load From ( ArcMap ( Layer).  Note that ArcMap must be open and your new shapefile must be the active data layer in an active ArcMap data frame in order for the DNR load data command to work.  Alternatively you can load coordinate data from a text file, ArcView project, or Google Earth.  Use the pulldown menu to specify the shapefile’s Id field for the ident parameter.  Select the comment parameter of your choice from the pulldown menu.  Your data will appear in the DNRGarmin data table.
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j) To upload point data to your GPS select Upload from the Waypoint menu.  The data will be automatically uploaded into your GPS.   
k) Activate the Tracking feature in your GPS and navigate from point to point, following the sequential Id numbers you defined during shapefile creation.  For more on GPS operation, see your owner’s manual.  

l) Use DNRGarmin to upload the Track you created (Track ( Upload).  Save the track as a shapefile (File ( Save To ( ArcMap ( Shapefile Layer).  Add the track shapefile to your ArcMap project (you can overlay the track atop your original point shapefile to see how well you connected the dots!).
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Step 4: Download point locations from your shapefile to a handheld GPS device.
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References
DNRGarmin application

http://www.dnr.state.mn.us/mis/gis/tools/arcview/extensions/DNRGarmin/DNRGarmin.html
GPS Drawing
http://www.gpsdrawing.com/
Trimble GPS tutorial
http://www.trimble.com/gps/index.shtml
NAIP aerial photos for Montana
http://nris.mt.gov/nsdi/orthophotos/naip_2005.asp
ESRI’s GPSi ArcMap-GIS interface
http://arcscripts.esri.com/details.asp?dbid=12749
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