Large-Scale Localization Using Only a Camera

Dr. Eric Akers

Eric.akers@gmail.com

Elizabeth City State University

(M) 252-333-2984

(F) 252-335-3790

1706 Edgewood Dr

Elizabeth City, NC 27909

Dr. Arvin Agah

University of Kansas

The automation of a robot to measure ice sheets is necessary for the CReSIS project.  It requires a localization system that can work in polar campsites to automate refueling and unloading of data. The approach described in this paper is to use a single camera for localization for use in many types of large-scale environments: indoors, outdoors, and in polar campsites in Greenland and Antarctica. 

The camera was selected as the sensor because a single image contains a lot of information, the size of a camera allows for the system to be very portable, and it can be plugged into existing systems more easily. 

In order to work in large-scale environments, a hybrid map approach has been used. The hybrid map includes both topological and geometric maps. The topological maps allow for the system to scale more easily, and the geometric maps allow for the system to localize to a finer scale than the topological map allows. These are performed in a two-step approach. First, a general location is determined based on topological localization. This location contains a geometric map used in the geometric localization. The geometric localization step then determines a finer position and an orientation within the map.

The system described in this paper uses an appearance-based approach for recognizing the different locations. The appearance-based methods attempt to recognize the appearance of a scene rather than specific objects. Several different types of features have been tested including histograms, eigenimages, and Hu Moments for topological localization, and SIFT for geometric localization.

For the topological map, the features are modeled using a Gaussian Mixture Model. A Hidden Markov Model is trained as the classifier. 

Only the recognition of images is necessary for determining the general location. The geometric localization relies on the matching of SIFT keypoints for determining the position and orientation on the geometric maps.

In order to simplify testing, all experiments were performed offline and the topological and geometric testing was performed separately. The results of the testing showed that 95% of the images for non-polar regions, both indoor and outdoor, were localized correctly with respect to the topological map. The system typically required at least two images to solve the global localization problem, and around three images to solve the kidnapped robot problem. 

The geometric testing was performed both indoors and outdoors, but there was no ability to test it in polar campsites.  The experiments resulted in 94% of the images being localized correctly with respect to the position and 90% of the images with respect to the orientation. These images are localized to within 1 foot and 45 degrees of the actual position and orientation.

More testing will have to be performed to achieve better results in the polar campsites, as well as using SLAM methods to automatically build the geometric maps because of the amount of time required to do this manually. This approach can be extended to work with the CReSIS polar robots to allow for automated fueling and unloading of data.
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