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Refined oil and gas pipelines constitute a critical component of national energy infrastructure, and their safe operation
depends strongly on the accurate identification of High Consequence Areas, in which failures triggered or exacerbated by
third-party activities may result in severe public safety consequences. In practical pipeline corridors, unmanned aerial
vehicle-based identification of such areas faces two major challenges: the scarcity of high-quality annotated imagery
caused by operational constraints and high labeling costs, which leads to typical few-shot learning conditions, and the
limited generalization capability of existing semantic segmentation models in complex and heterogeneous environments,
where confusion between buildings and visually similar non-building objects often produces excessive false positives and
increased safety risks. To address these challenges, this paper proposes a phased transfer learning framework for building
contour identification under few-shot conditions, with the objective of improving the reliability of High Consequence Area
recognition from aerial imagery. The framework is built upon the TransUNet architecture, which combines convolutional
local feature extraction with Transformer-based global context modeling, and employs a two-stage training strategy
consisting of large-scale pre-training followed by staged fine-tuning on a small target-domain unmanned aerial vehicle
dataset. Experiments conducted using a strictly spatially isolated cross-validation protocol demonstrate that, compared
with DeeplLabV3+, a widely adopted building segmentation model in engineering-oriented remote sensing applications,
the proposed method increases the Dice coefficient from 0.756 to 0.827 and the loU from 0.721 to 0.794, while
maintaining a high detection rate and reducing the false positive rate from 0.017 to 0.012, corresponding to a reduction
of approximately 29.4%. These results indicate that the proposed approach effectively mitigates misidentification risks
under few-shot conditions and provides more reliable technical support for practical High Consequence Area grading and
pipeline integrity management.
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