Automatic generation of digital surface model from Formosat-2 high-spatial-resolution remote sensing imagery
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Abstract
Digital surface models (DSMs) are topographic maps of the earth's surface, including buildings, vegetation, roads, and natural terrain features. Since the DSM provides a geometrically-corrected frame with relief information, it is particularly useful for modeling water flow or mass movement, orthorectifying aerial photos or satellite imagery, studying terrain or geomorphology, creating landscape or city models, as well as flight simulation or 3D visualization. Generating DSMs from various platforms, therefore, has received a lot of research interests. 
Formosat-2 is the first satellite with a high-spatial-resolution sensor (2m in panchromatic and 8m in multispectral) placed in a daily revisit orbit. Ever since its successful launch on 20 May 2004, Formosat-2 has been providing multispectral images of the Taiwan area with 2m resolution for more than 2,500 km2 every day. To meet the requirements of various applications in environment monitoring and disaster response, we developed a fast and accurate method that is able to automatically select and match a large amount of ground control regions (GCRs) for orthorectifying remote sensing imagery. To generate DSMs from the stereo pairs of Formosat-2 imagery taken along- or cross-track, however, also requires an innovative approach that can be implemented automatically. The accuracy of Formosat-2 generated DSM needs a thorough evaluation for further applications as well. 

This paper is the extension of earlier work on automatic orthorectification. Since a large amount of ground control points can be automatically selected and matched during the process of orthorectification, we can derive the rational polynomial coefficients (RPCs) for each image of the stereo pair, and construct a DSM from these two sets of RPCs. To assess the accuracy of our new method, the study areas are selected as the watersheds of Chou-Shui River (60km ( 16km) and Gao-Ping River (20km ( 60km), and the catchment of Tseng-Wen reservoir (16km ( 40km), with the intention to cover both flat and mountainous areas. Results show that the accurate DSM with a root mean square error of less than 19.9 m in mountainous areas and 5.6 m in flat areas can be automatically generated from one standard Formosat-2 stereo pair  (8km ( 12 km) in 90 minutes, using an ordinary personal computer equipped with a Pentium 3.00-GHz processor. This new method has been successfully incorporated into the Formosat-2 automatic image processing system to produce DSMs from the Formosat-2 stereo pairs.
