Constructing a GIS using unregistered aerial photos of the Cordillera de San Buenaventura, Volcanic Arc of the Central Andes
[image: image11.jpg]



Austin Baldwin

Jackson School of Geosciences, UT Austin

GIS in Water Resources Project

December 2003

Purpose:
The goal of this project is to incorporate geographically unregistered data in the form of aerial photography to a basemap with a known coordinate system.  The resolution quality of aerial photography far exceeds that of other surface imagery such as Landsat satellite data, making it an invaluable tool for geologists.  Subtle surface features such as small-displacement fault scarps do not appear on Landsat images and are often difficult to detect in the field, but are readily visible in aerial photos.  These features could easily be digitized into separate layers using the tools in ArcMap.  However, aerial photos are not orientated in the compass directions, have no spatial reference information, and have no scale.  The georeferencing tools in ArcMap address these problems, allowing the user to align geographically unregistered data to data that exists in geographical coordinates.
Figure 1:  Location of the Cordillera de San Buenaventura.
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Introduction/Site Background:
Part of the Volcanic Arc of the Central Andes, the Cordillera de San Buenaventura straddles the border between northwestern Argentina and northern Chile.  This remote, hyper-arid region hosts the highest volcanoes in the world, many exceeding 20,000 ft, with base elevations of 14,000 - 16,000 ft.  Volcanic features include lava domes, calderas, stratovolcanoes, and air-fall and pyroclastic flow deposits.  Isotopic dating of rocks in this area, mostly andesites and dacites, has revealed ages of 1-5 million years.  Less conspicuous than the volcanoes but of great significance, this region is riddled with beautiful fault scarps.  These faults generally trend in an ENE-WSW direction and often cut the volcanic features, indicating that they have been active in the very recent past.  In early 2003 I spent four months in the field area mapping the faults and their spatial relationships with volcanic features.       
Data Sources:
1.  Political boundary data were downloaded from the ESRI Geography Network website:


http://www.geographynetwork.com
2.  USGS GTOPO30 Elevation data were downloaded from the USGS website:

http://edcdaac.usgs.gov/gtopo30/gtopo30.html

3.  Landsat satellite data were downloaded from NASA’s MrSID website:


https://zulu.ssc.nasa.gov/mrsid/

4.  Rock sample waypoints:  Approximately 50 rock samples were collected in the field,     

and their locations were recorded in UTM coordinates using a Trimble handheld GPS unit.

5.  Aerial photography of the region was performed by the Argentine military, and I gained access to and scanned the photos.  
Part I-  Building the basemap:
The above data 1-4 were added to ArcMap using the standard method.  I chose to 

use a UTM Zone 19 South projection, with a GCS WGS-84 coordinate system.  This decision was primarily based on the fact that my rock sample data had been collected using this projection.  The rock sample waypoints were imported into ArcMap from Microsoft Excel in DBF4 format.  
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Figure 2.
Screen Capture of the Central Andes, showing the political boundaries, GTOPO30 elevation data, Landsat satellite data, and rock sample waypoints (green circles).  The white box outlines the area of focus for this project.
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Figure 3.  The political boundaries, Landsat, and rock sample locations of the Cordillera de San Buenaventura.  Many stratovolcanoes, calderas, and lava domes and flows are visible at this scale.

Part II- Adding geographically unregistered aerial photos to the basemap:

Aerial photos in the form of a .jpg can easily be added to an existing data frame in ArcMap, but because they contain no geographical registration information they are assigned arbitrary coordinates.  The question, then, is how to correctly align the air photos with the other layers in the data frame.  This can be done using the Georeferencing tools.  These tools allow the user to rotate, translate, scale, and even deform the aerial photos so that they match the existing map coordinate system.  The user manually makes links between features that are visible in both the aerial photo and the existing map.  Examples of possible common features are the corner of a building, the confluence of two streams, or the intersection of two roads.  Making an accurate alignment is directly related to the user’s ability to pinpoint these features-  any error in doing so will result in a poor alignment.  Of course this method will only work if there are features common to both the aerial photo and the existing map.  

The process for georegistering air photos to the existing georegistered map is outlined below:

1.   Add the unregistered aerial photo to the map containing the layers in map coordinates using the Add Data button.
2.   In the Georeferencing toolbar, make sure the Layer dropdown box has the aerial photo selected.  

[image: image4.jpg]georstoenang ~ | Lo [mmevertrastenbs =] () v @
Sptial anabyst v | Layer: [q30_a ~| ¥ :[Add Control Foints





3.   With the data view showing the area where you want the aerial photo to be, click Georeferencing and select Fit to Display.  The air photo will appear in the field of view.  Although the aerial photo now appears on the map, it is still not aligned with the other layers.
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4.   On the Georeferencing toolbar click the Add Control Points icon.  [image: image6.jpg]


   
5.   To make a link, click the mouse on a feature in the aerial photo, then click again on the same feature in the existing georeferenced map (in this case, the Landsat).  If the aerial photo is obscuring the Landsat, in the Table of Contents you can turn the aerial photo layer off.  You can also scroll the data frame view or zoom in or out to locate the feature in the Landsat.  These actions will not cancel the link which has been started.  But it may be necessary to re-select the Add Control Points tool before finishing the link.  
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Figure 4.

Making a link between a common point on the aerial photo (right, in black and white), and the georegistered Landsat (left, color). 

6.   Add as many links as is required by the desired transformation order:

1st Order Polynomial (Affine):  

A 1st order transformation will allow the unregistered image to be rotated, shifted, or scaled, but will not deform the image to best match the links.  This method should only be used with undistorted images which do not need to be stretched or compressed.  Only 3 links are required for a 1st order transformation.
2nd Order Polynomial:

A 2nd order transformation allows some distortion of the unregistered image, and should be used if the unregistered image does not quite align with the existing registered map.  At least 6 links are required for a 2nd order transformation.
3rd Order Polynomial:

A 3rd order transformation allows maximum distortion, or “rubberization”, of the unregistered image to match the links.  This is necessary for images with greater distortion, where the links are poorly aligned.  At least 10 links are required for a 3rd order transformation. 
Select the transformation order after making the links by selecting Georeferencing>Transformation.
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Figure 4.

Selecting the Transformation Order after making the links.
12.  To view or remove the links that have been made, click the View Link Table icon on the Georeferencing toolbar.  Also displayed in this table is the RMS (root mean square) error for each link.  This is a measure of how well the links were made to match up.  A low RMS error suggests a good match.  An abnormally high error value may indicate user error in making the link.  If so, the anomalous link can be removed and re-done.
13.  After reviewing the links, the transformation can be saved by selecting Update Georeferencing under the Georeferencing menu.  

Results:
Because aerial photos are distorted both vertically (topographically high points are closer to the camera than low points) and horizontally (the center of the photo is closer to the camera than the edges), I needed to undistort the aerial photo to match the Landsat.  I used a 3rd order polynomial transformation with 25 links.  In most areas the aerial photo aligns very well with the georegistered Landsat.  In some areas, however, the match is off by as much as 100-200 meters.  At least a degree of these errors likely stem from the fact that the aerial photo used was actually a quilt of about 50 individual aerial photos.  In some areas of the aerial photo quilt distortion was very high while in others it was minimal.  In the future I plan on using this same method for each individual aerial photo, in hopes of improving the overall alignment.
Figure 5.

Showing the alignment between the aerial photo, on the right, and the Landsat, on the left.    
Final Product:
While not an exact match in some areas, the Georeferencing tool has enabled me to add a geographic coordinate system to unregistered aerial photos.  These can now be used to digitize surface features such as faults into new layers in ArcMap, or for mapping in the field.
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