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(a) Example of broken assumptions. (b) Histogram on II, projection.

Figure 5: Scene 7 reconstruction, where our axis-aligned assumptions fail partially on one axis projection, due to the roof being formed of two
parallel sections.

A second limitation is that cross-section estimation is currently simplified rather than being a dedicated, robust reconstruction
step. A natural next step is to add a cross-section fitting stage (e.g., parametric profile fitting on filtered inliers in the orthogonal
plane) after candidate extraction, improving geometric accuracy and exported simulation parameters.

Future work further includes relaxing the strict axis-alignment assumption (slanted members and local deviations), reducing
parameter sensitivity via adaptive thresholding, and adding automatic joint classification to support direct import into structural
engineering toolchains.

5 Conclusion

We presented a fast, projection-driven pipeline for extracting axis-aligned beams and columns directly from full building point
clouds. The method leverages orthogonal projection histograms to obtain strong structural elements efficiently, clusters peak
responses into location hypotheses using a graph-based grouping strategy, and refines candidates via local covariance descriptors
to suppress wall-like and clutter-induced structures. The resulting elements are produced in a simulation-oriented representation
(axis, endpoints, and associated parameters), enabling streamlined integration with structural analysis workflows. In practical
building-scale scans, the approach substantially reduces the time-to-model compared to previous works while maintaining
robustness to clutter and partial visibility.
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C? Generalized Coons Patches

C® Generalized Coons patches extend transfinite interpolation with classical
Coons patches to arbitrary polygons and non-manifold topologies.
Mathematical Formulation

Let ¢ be the parameter domain with n vertices {vi}i-;. m internal points
{veHEm . and edge set E.
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A: generalized barycentric coordinates of x associated with vertex v,
C;j(t): boundary curve associated with edge e; j, where C; ;(0) = p;, C; ;(1) = p;
pi: corner point or interior control point
dy.: degree of v, (2 for the boundary vertex, 0 for the interior control point)
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Image Vectorization with GC Patches

GC patch without interior points

vectorization result

original image

segmented patch layout GC patch with interior points

Each segmented region is treated as a GC patch. To reduce boundary-only
reconstruction errors, a new interior control point is iteratively inserted at the
parameter domain position of the pixel with largest error, until the global error
falls below a threshold. Its color is then optimized by

M
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Here, P =[P,,..,Py] denote the unknown RGB colors of all inserted interior
control points to be solved, Q is the set of fitting pixels, y; and §;(P) are the
ground-truth and reconstructed RGB values, and y;, is the ground-truth RGB
value at the selected pixel.
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boundary color sampling GC patch without interior points adaptive insertion of interior points  vectorization result

B-spline boundary fitting

Advantages

1. Arbitrary polygonal domains and fewer patches

The method supports arbitrary simple polygons as parametric domains, making
it more suitable for complex image regions. It avoids the fold-over issues of
fraditional Coons patches, reduces the difficulty of parametric domain
construction, and usually requires fewer segmented patches.

2. Adaptive interior control points for higher accuracy

Interior control points can be inserted adaptively in regions with large error. This
makes the method easy to refine, while providing stronger expressive power
and higher reconstruction accuracy.

RESULTS

Zoom-in Comparison
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Reconstruction Results
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Editable Deformation

original image error map
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