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Abstract: Slope deformation monitoring plays a vital role in preventing geological hazards and ensuring the safety of hydraulic engineering struc-
tures, particularly by enabling early detection of subtle displacements. UAV photogrammetry, capable of acquiring ultra-high-resolution imagery,
enables detailed characterization of slope micro-topography and addresses the limitations of traditional aerial photogrammetry in terms of both
accuracy and efficiency. However, existing methods typically rely on ground control points (GCPs), requiring separate bundle adjustment for
multi-temporal imagery, which increases field workload, costs, and operational complexity. We proposed a GCP-free, millimeter-precision slope
deformation monitoring method based on nap-of-the-object photogrammetry. By integrating GNSS/RTK data, with block bundle adjustment, we
derived 3D coordinates of monitoring targets, and corrected systematic errors between epochs using stable features as reference points, allowing
extraction of true deformation. Field experiments conducted on a hydraulic slope along the Dengzhou section of the South-to-North Water Diver-
sion Project demonstrate that the method achieves a deformation monitoring accuracy of 3.35 mm without GCPs, validating its potential and
applicability for high-precision deformation monitoring in hydraulic engineering.
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