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(a) Original capture. (b) Scan2Beams� 7� . (c) Ours.

Figure 3: Qualitative comparison between our method and Scan2Beams on Scene 2.

(a) Original capture. (b) Our results, as an overlay for better visibility.

Figure 4: Example of extracted elements in Scene 5.

Visual quality and typical outcomes. Figure 4 shows representative results on Scene 5. Our method reliably extracts prominent
load-bearing columns and main beams, even in the presence of clutter and partial visibility. The vertical structures are correctly
extracted, except for the pillar on the right, which was not captured densely enough, and thus, there is not enough data to
discover this column as a peak in the histogram. In such cases, a local density thresholdTl ocal, which is currently left as future
work, could help detection in very sparsely captured areas. Moreover, the horizontal beam close to the roof is only partially
detected by our algorithm, due to the sparsity of the capture close to the roof. In Figure3, we present extraction results on Scene
2, where Scan2Beams fails to detect some of the horizontal beams.

Failure modes. We observe three failure cases: (i)missedelements under severe occlusion or sparse sampling (potentially
alleviated by local or adaptive density thresholds), (ii) false positiveswhen dense clutter aligned with principal axes (e.g.,
well-captured pipes) survives �ltering; this could be reduced by length and� or size limits and simple structural priors on plausible
placement (e.g., enforcing horizontal beams to only be placed on top or close to the top of the vertical ones), (iii) violated
assumptionsin non-axis-aligned structures (Figure 5); such scans could be partitioned into approximately axis-aligned subsets
and processed separately.

4.1 Discussion

Our proposed method prioritizes scalability and fast structural element extraction. In practice, we �nd that the extracted element
set is suitable as a�rst-pass structural skeleton, after which limited manual re�nement can yield an analysis-ready model.

Impact of parameters. Our pipeline exposes only two dataset-dependent parameters: the histogram resolutionh and threshold
T (Section 3), while the others are �xed and relate to the method. The dataset-dependent parameters govern discretization
and peak selection. Smallerh preserves detail but can fragment peaks under noise or occlusion, whereas largerh stabilizes
accumulation at the risk of merging nearby elements. Given the histogram,T can be selected in an interpretable space: it directly
controls which prominent structures in the 2D accumulation are retained, allowing experts to include or exclude marginal traces
with immediate feedback, creating an explainable extraction pipeline. In contrast, Scan2Beams relies on several thresholds
applied to intermediate stages whose scale depends on point density, grid resolution, and clustering, so discretization changes can
shift the meaning of parameters. By anchoring decisions to an explicit, inspectable histogram, our method reduces tuning effort
and enables rapid expert iteration (Table 1), particularly valuable for large in-the-wild scans where turnaround time is critical.

4.2 Limitations and future work

Despite the speed improvements, our method does not yet recover all beams and columns in highly cluttered scans. Severe
occlusions, missing faces, or ambiguous projections can lead to missed elements, so limited manual correction may still be
required for engineering-grade completeness; nevertheless, the overall effort remains far below fully manual modeling and prior
pipelines.
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(a) Example of broken assumptions. (b) Histogram on Πy 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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Image Vectorization with Generalized Coons Patches

Yan Jing1 · Kai Hormann2 · Chongyang Deng1

Abstract
Image vectorization aims to replace discrete pixel representations with continuous geometric primitives.Among existing approaches,
parametric surface patch-based representations have attracted considerable attention due to their favorable smoothness properties
and compact expressive power. However, conventional patch models typically rely on restricted parameter domains. For instance,
triangular Bézier patches [1] and classical Coons patches [2] require triangular and quadrilateral domains, respectively.When
applied to irregular regions produced by image segmentation, these constraints often necessitate additional domain reconstruction
and parametrization procedures, which increase modeling complexity and may introduce approximation artifacts.

In this paper, we propose an image vectorization method based on the Generalized Coons Patch (GC Patch) [3]. The proposed
formulation employs arbitrary simple polygons as parameter domains, enabling the surface representation to naturally conform to
the geometric structure of segmented image regions and eliminating the dependence on regular domain configurations. Compared
with classical Coons patches, GC Patches remain well-defined and numerically stable over concave polygonal domains, effectively
avoiding geometric distortions such as self-intersections and fold-overs. This property improves the robustness of the parametric
mapping while simplifying the preprocessing pipeline.

Furthermore, GC Patches support the direct insertion of interior control points to flexibly adjust surface degrees of freedom
without requiring patch subdivision or topological modification. This characteristic provides a simple and efficient mechanism
for error-driven model refinement, allowing more adaptive local optimization of geometric and color details. Experimental
results demonstrate that the proposed method achieves clear advantages in representation capability, region adaptivity, and
reconstruction accuracy, while enabling high-quality image reconstruction with reduced parametric complexity.

Figure 1: Pipeline of patch-based GC patch construction with adaptive interior control points.

The overall pipeline of the proposed method is illustrated in Figure 1. Given an input image, a region segmentation step is
first performed based on color similarity. Each segmented region is then approximated by a polygonal representation, which
defines the corresponding parameter domain. The region boundaries are subsequently modeled using B-spline curves to obtain
smooth and continuous contour descriptions, along which boundary colors are sampled and estimated.

Based on the resulting geometric and color constraints, a Generalized Coons Patch representation is directly constructed to
produce an initial surface reconstruction. To further improve reconstruction accuracy, an adaptive refinement strategy driven by
least-squares error minimization is introduced. Interior control points are progressively inserted within the parameter domain to
increase surface flexibility and reduce local approximation errors. The final reconstruction is obtained using GC Patches with
interior control points, yielding a high-quality vectorized representation of the original image.
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Image Vectorization with Generalized Coons Patches

C0 Generalized Coons patches extend transfinite interpolation with classical 
Coons patches to arbitrary polygons and non-manifold topologies.

Mathematical Formulation
Let 𝜙  be the parameter domain with n vertices {𝑣�}���� , m internal points 
{𝑣�}��������  and edge set 𝐸.

𝑆�� 𝑥 = �
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(𝜆� + 𝜆�) ⋅ 𝐶�,�
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𝜆� + 𝜆�
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(𝑑� − 1)𝜆�𝑝�

𝜆�: generalized barycentric coordinates of 𝑥 associated with vertex 𝑣�
𝐶�,� 𝑡 : boundary curve associated with edge 𝑒�,�, where 𝐶�,� 0 = 𝑝�, 𝐶�,� 1 = 𝑝�
𝑝�: corner point or interior control point
𝑑�: degree of 𝑣� (2 for the boundary vertex, 0 for the interior control point)

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

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 
traditional 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.

Zoom-in Comparison
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Here, 𝑃 = 𝑃�,… , 𝑃�  denote the unknown RGB colors of all inserted interior 
control points to be solved, Ω is the set of fitting pixels, 𝐲� and �𝐲� 𝑃  are the 
ground-truth and reconstructed RGB values, and 𝐲�∗  is the ground-truth RGB 
value at the selected pixel. 

Advantages

parameter domain + internal point boundary curves GC patch with interior point

original image segmented patch layout

GC patch without interior points

GC patch with interior points vectorization result

original image region segmentation polygonal parameter domain B-spline boundary fitting

boundary color sampling GC patch without interior points adaptive insertion of interior points vectorization result

original image vectorization result zoom-in: original vs. vectorized 

vectorization result deformed vectorized result

vectorization resultoriginal image error map original image vectorization result error map

𝑣�

𝑣�

𝑣�

𝑣� 𝑣�

𝑣�
𝑝�

𝑝�

𝑝�

𝑝� 𝑝�

𝑝�
𝐶�,� 𝑡

𝝓



Abid, Fatima-Ezzahrae (c) ............................................................................................................. 24

Amri, Noura (c) ............................................................................................................................. 26

Antony, Joms (s)............................................................................................................................ 39

Arhandou, Amine (c) ..................................................................................................................... 18

Bakadir, Salma (c) ......................................................................................................................... 13

Benroummane, Abderrazzak (c) .................................................................................................... 23

Bensad, Alaa Eddine (s) ................................................................................................................. 31

Bonouali, Oumaima (c).................................................................................................................. 12

Boucetta, Mohammed (k) ................................................................................................................ 6

Bradaai, Oumaima (c) ................................................................................................................... 27

Celio, Marta (c).............................................................................................................................. 16

El kacimi, Abdellah (k) .................................................................................................................... 4

Favilli, Andrea (c) ............................................................................................................................ 9

Garau, Luca (c) .............................................................................................................................. 20

Jing, Yan (p) .................................................................................................................................. 53

Kzaz, Mustapha (c) ........................................................................................................................ 15

Lafdili, Hajar (c) ............................................................................................................................ 21

Lebzioui, Hicham (c) ..................................................................................................................... 25

Marin, Diana (s)............................................................................................................................. 45

Naimi, Manal (c)............................................................................................................................ 17

Ngadi, Soumia (c).......................................................................................................................... 14

Polthier, Konrad (k) ......................................................................................................................... 5

Pottmann, Helmut (k)...................................................................................................................... 3

Prautsch, Hartmut (c) .................................................................................................................... 19

Salouani, Ranya (c) ....................................................................................................................... 22

Singh Bedi, Navdeep (c) ................................................................................................................ 10

Zaidane, Fadwa (c) ........................................................................................................................ 11

Speaker Index

c ...... contributed talk
k ...... keynote talk
p ...... poster
s ...... short paper

55


