Computer vision and digital photogrammetry methodologies for extracting information and knowledge from remotely sensed data
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An ever increasing number of airborne and spaceborne data acquisition missions with various sensors produce a glut of data. Sensory data rarely contains information in an explicit form such that an application can directly use it. The processing and analyzing of data becomes a real bottleneck. Hence, automating the processes of gaining useful information and knowledge from the raw data is of paramount interest. In this paper we propose to employ the computer vision paradigm to extract information and knowledge as it pertains to a wide range of geoscience applications. The first part of the paper is concerned with introducing the paradigm, followed by the major steps to be undertaken for extracting information and knowledge from sensory input data. Features play an important role in this process. We describe feature extraction and their perceptual organization and provide examples and follow this up with some operations on features as they pertain to applications in photogrammetry, remote sensing, and GIS. 
The second part of the paper demonstrates the feasibility of our proposed multidisciplinary approach for extracting information and knowledge from sensory input data. As an application example we focus on the use of old photography for quantitative studies in the polar regions. An absolute prerequisite for the successful use of old photography is a rigorous registration, either with other sensory input data or with respect to 3D reference systems. Recent advances in digital photogrammetry allow registration with linear features, such as lines, curves and free-form lines without the need for identifying identical points. The concept of sensor invariant features was developed to register such disparate data sets as aerial imagery and 3D laser point clouds, originating from satellite laser altimetry or airborne laser scanning systems. After successful registration, digital orthophotos of old aerial photographs can be created for use in change detection studies, for example. Advanced pattern-recognition techniques, for example object-based contextual image classification, greatly facilitate the delineation of different landscape units and the recognition and analysis of geomorphological features (e.g., moraines, patterned ground, volcanic structures) from multisensor data sets. 

