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Abstract: To address the problem of row path extraction accuracy and large navigation errors in conven-
tional vision-based methods for road extraction, which are often hindered by multiple factors such as noise
from adjacent rows, natural ground undulations, and weed coverage in the complex environments of hilly
and mountainous orchards, an innovative strategy for orchard road reconstruction based on tree trunk
features was proposed in this paper. Initially, the BiSeNetv2 model was employed to perform fine-grained
semantic segmentation of tree trunks, using the intersections of trunks and the ground as key feature
points for road boundary identification. This approach effectively mitigated various interfering factors in
direct road surface extraction. Subsequently, the K-Means clustering algorithm was utilized to group the
road boundary feature points on both sides, and an improved random sample consensus (RANSAC)
algorithm was applied to fit the road boundary lines. This algorithm enhanced the preference control for
straight line slope fitting and optimized the sample point selection strategy. Ultimately, the region
between the two boundary lines was defined as the reconstructed road. Tests were conducted in a green
peppercorn orchard, using a dataset of 400 images of inter-row paths constructed for training the semantic
segmentation model and testing road reconstruction. The semantic segmentation results indicated that the
BiSeNetv2 model exhibited superior overall performance compared to the classic UNet and DeeplLabv3 +
models, with a segmentation accuracy of 92. 04% and an inference speed of 231 {/s, enabling accurate and
rapid segmentation of tree trunks. The road reconstruction experiments showed that the combined
algorithm of K-Means and the improved RANSAC proposed in this paper enhanced the road reconstruction
accuracy by 59. 03, 19.98, and 11. 31 percentage points compared to traditional road recognition methods,
the K-Means combined with least squares algorithm, and the K-Means combined with RANSAC
algorithm, respectively. The average heading deviation and lateral deviation of the road centerline were
4. 28° and 24. 61 pixels, respectively, demonstrating that this algorithm satisfied the requirements for agri-
cultural machinery navigation operations in orchards.
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