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Abstract:

In recent years, many researchers have been interested in unmanned aerial vehicle (UAV) for a verity of different applications, such as quick response to time-critical event, traffic monitoring and geospatial data collection because they have the ability to cover a large area, focus resources on the current problems, travel at higher speeds than ground vehicles, and are not restricted to traveling on the road network. One of the most important image data processing in UAV systems is real-time orthorectification and mosaic so that the georeferenced UAV image can be merged with geospatial data for fast-response to time-critical events. The UAV imagery orientation is prerequisite. Many approaches of image orientation and orthorectification have been presented by researchers in the past decades. This paper presents a method with the uncalibrated camera system for fast UAV-based image orientation.
Because of its inherent characteristics of unstable flight of a low-cost unmanned aerial vehicle, common digital camera is main payload on UAV. Therefore, image matching and camera calibration are important steps for merging dynamic, uncalibrated narrow field-of-view aerial images into a mosaic orthoimage. 
This paper addresses a self-calibration of a moving camera from point correspondences and fundamental matrices for image orientation and orthoimage generation. We show that point correspondences between images, and the fundamental matrices computed from these point correspondences, are sufficient to recover the internal orientation of the camera, the motion parameters, and to compute coherent perspective projection matrices which enable us to reconstruct 3D scene up to a similarity. The theory of the method is based on the constraint that the observed points are part of a static scene, thus one could link the intrinsic parameters and the fundamental matrix via the absolute conic.
A test field, located in Mianyang, Sichuan, has been established, and several hundred images were acquired by the UAV platform to test our method. Through the field test, the processing speed and achieved accuracy can meet the requirement of UAV-based real-time response to time-critical events. The suggested method is specifically proper for an economical, moderately functional, and small UAV platform intended to meet the requirement for fast-response to time- critical events in many small private sectors or government agencies for the small areas of interest, e.g., the monitoring of forest fire, flood and land slide.
Keywords: UAV-based low altitude photogrammetry; Digital Orthoimage; Camera calibration; quick response;
References:
Ambrosia, V.G., Wegener, S.S., Sullivan, D.V., Buechel, S.W., Dunagan, S.E., Brass, J.A., Stoneburner, J., Schoenung, S.M., 2003. Demonstrating UAV-acquired real-time thermal data over fires. Photogrammetric Engineering and Remote Sensing, 69 (4), 391–402.

Bethea, M.D., et al., 1997. Three-dimensional camera calibration technique for stereo imaging velocimetry experiments. Optical Engineering, 36 (12), 3445–3454.

Jacobsen, K., 2002. Calibration aspects in direct georeferencing of frame imagery. In: international archive of ISPRS (International society for photogrammetry and remote sensing), Commission I, Part 1, vol. 34, Denver, 82–89.

Kimball, P., 2003. Wildfires detection and monitoring through remote sensing, ASEN 5235 – atmospheric remote sensing. 

Takahashi, H. and Tomita, F., 1988. Self-calibration of stereo cameras, In: Second international conference on computer vision, December 5–8, 1988, Tampa, FL, IEEE Comput. Soc. Press, 123–128.

Zhou, G., 2009. Near real-time orthorectification and mapping of UAV-based video flow for timecritical event response. IEEE Transactions on Geoscience and Remote Sensing, 47 (3), 739–747.
