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On-orbit geometric calibration and accuracy verification of
a multi—-CCD field-stitched wide—field camera
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Abstract: The Gaojing-3 01 satellite (SVN301) is equipped with a wide-field-view (WFV) camera, which integrates 32 time-delay integration
charge-coupled devices (TDI CCDs) per spectral band, covering a swath of 130 km with narrow overlaps of approximately 100 pixels
between adjacent CCDs. Ensuring high absolute geolocation accuracy and seamless inter-CCD mosaicking under sparse ground control
point (GCP) conditions is a critical challenge for wide-field photogrammetric applications. To address this issue, this study proposes a multi-
CCD joint on-orbit geometric calibration method that integrates absolute and relative geometric constraints. The method applies a dual-step
strategy of feature point matching followed by template-based refinement to automatically extract high-precision tie points in the narrow
overlapping regions between CCDs. This approach captures subtle relative geometric discrepancies among CCDs that cannot be fully
resolved by template matching alone, particularly in areas with complex surface topography or minor radiometric variations. Subsequently, a
joint calibration model is formulated by treating uniformly distributed GCPs as absolute geometric references and the inter-CCD tie points
as relative constraints. The model allows global optimization of the interior orientation parameters of all 32 CCDs simultaneously, ensuring a
coherent and consistent geometric solution across the entire wide-field imagery.

Extensive experiments are conducted using real SVN301 imagery in combination with high-accuracy RTK-surveyed control points to
validate the proposed approach. Results demonstrate that the method effectively compensates for systematic geometric distortions inherent
in the camera system and enhances absolute geolocation and relative inter-CCD consistency. After calibration, the absolute positioning
accuracy of the SVN301 wide-swath imagery is higher than 3 pixels, confirming reliable georeferencing, and the inter-CCD mosaicking accuracy
is controlled within 0.3 pixels, achieving seamless image integration and validating the effectiveness of internal geometric consistency
control. The integration of sparse GCPs with inter-CCD tie points provides robust performance even in areas with limited ground reference
coverage, highlighting the practical applicability of the method for operational satellite photogrammetry.

In summary, the proposed multi-CCD joint geometric calibration method effectively addresses the challenges associated with wide-
field TDI CCD cameras that feature multiple sensors with narrow inter-CCD overlaps. By integrating absolute GCP constraints with relative
inter-CCD tie points, the method enables the design and implementation of an effective on-orbit geometric calibration procedure that compensates
for systematic camera errors and relative inter-CCD distortions, thus achieving high absolute geolocation accuracy and superior inter-CCD
mosaicking precision. Experimental results demonstrate that the method is reliable and feasible, and it can be used for operational on-orbit
geometric calibration of wide-swath satellite imagery. This approach has remarkable potential for application in national land resource
monitoring, emergency response, and other operational scenarios where geometric accuracy and internal image consistency are critical.

Key words: SVN301, sub-meter resolution Wide-Field-View (WFV) camera, multi-CCD field-of-view stitching, on-orbit geometric calibration,
relative constraints, absolute positioning accuracy, stitching accuracy
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