We have developed a vision-based method for self-localiza-tion of mobile robots travelling in outdoor terrain. The method is more accurate than any competing approach, by virtue of a probabilistic foundation.

The method assumes that the terrain has appreciable threedimensional relief, and that a digital elevation map of the terrain exists. The approach will be valuable in environments where the Global Position System does not function, for example, on the Moon or planets.

Map Pr ocessing

Given digital elevation maps, such as those provided by the U.S. Geological Survey, we extract features likely to be identifiable in rover-acquired images. The processing searches for local elevation maxima in a 13x13 window, labelling them as topographic peaks. The figure below shows a map of the Pittsburgh area with peak features marked as black circles (red circle marks the robot position).

Image Understanding

Our automatic mountain detection algorithm follows two steps: it first detects the skyline in a given image, and then searches that skyline for mountain peaks.

For skyline detection, the algorithm first segments the image into sky and ground regions using standard region growing operators. The algorithm then describes the sky/ground border as a set of line segments, using a chi-square test to terminate lines, and using a test based on the Akaike Information Criterion to merge lines.

For mountain peak detection, the algorithm applies an A*- type search to the skyline, looking for nearby lines that could form the image of a mountain. The figure below illustrates the results of the peak detection process, in this case, two broad peaks and one relatively narrow peak.

Position Estimation

Our three-step algorithm identifies correspondences between features extracted from maps and images. First, off-line, it creates a table containing all the peaks that are visible from every possible position. Second, it visits each possible position, and compares the peaks extracted by the image understanding routines with the stored peaks. The comparison is based on a probabilistic figure of merit, which is the product of a prior distribution and an error distribution derived from the image understanding process. Third, for the positions with significant posterior probability, it verifies that the actual image agrees with a synthetic image of what the scene should look like from that position.

Results

The skyline navigation approach has been tested on two data sets. For the Pittsburgh data set (shown in the figures), whose peaks lie several kilometers away, the system estimated position with an error of 87 meters. For the Utah data set, whose peaks lie tens of kilometers away, the error was 95 meters. These results are the best in the published literature, showing that our algorithm achieves higher accuracy than any other.

The image understanding takes 2 to 3 sec per full image on a Sparc20 workstation, depending on the scene. The position estimation takes a comparable amount of time.

Topographic peaks extracted from elevation map Mountain peaks extracted from image mosaic

Skyline Navigation

Eric Krotkov, Fabio Cozman