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Extended Abstract

Aims: The increasing use of freeform geometries in contemporary architecture has transformed the
conversion of continuous curved surfaces into manufacturable panels into a major challenge of digital design
and fabrication. Although numerous quadrilateral panelization techniques have been proposed, selecting an
appropriate method remains difficult because each algorithm balances geometric accuracy, visual
smoothness, and fabrication considerations differently. Existing studies have primarily focused on
developing new algorithms or improving individual characteristics, while little attention has been devoted to
systematic frameworks supporting multi-criteria decision-making. This study aims to develop a multi-criteria
decision-making framework for evaluating and selecting quadrilateral panelization methods according to
complementary geometric accuracy metrics. The novelty lies in integrating three quantitative indicators—
Hausdorff Distance (HD), Root Mean Square Error (RMSE), and Kink Angle—with comparative analysis of
spatial error distribution patterns, enabling objective assessment according to project-specific priorities rather
than assuming a universally optimal method.

Materials and Methods: The research adopted a computational experimental methodology based on a
controlled case-study model. A NURBS reference surface with compound curvature was created in
Rhinoceros 3D, incorporating regions with positive, negative, and zero Gaussian curvature. Four
representative quadrilateral panelization approaches were implemented in Grasshopper: Brick Pattern,
Regular Grid, Skew Quadrilateral, and Adaptive Remeshing. All algorithms were evaluated under identical
conditions: approximately 950 panels, identical geometric tolerances, and uniform computational settings.
Two thousand uniformly distributed random sample points were generated for geometric evaluation.
Hausdorff Distance measured maximum local geometric deviation, RMSE evaluated overall average
deviation, and Kink Angle quantified angular discontinuity along panel boundaries. This simultaneous
application enabled comprehensive evaluation of both dimensional accuracy and geometric continuity.

! This article is derived from the first author's master's thesis, entitled "Application of Computational Geometry in
Simplifying the Construction of Curved Architectural Surfaces Using the Surface Approximation Method," which is
currently being conducted at the Tabriz Islamic Art University under the supervision of the second author and the
advisory of the third author.
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Findings: The investigated panelization methods exhibit significantly different geometric behaviors, with no
single algorithm consistently outperforming others across all criteria. Regular Grid achieved highest
geometric accuracy with maximum Hausdorff Distances of 4.73 ¢cm and 4.15 cm and lowest RMSE of 1.23
cm, indicating superior dimensional fidelity. Adaptive Remeshing provided best visual continuity with mean
Kink Angle of 3.27° and maximum of 16.36°, indicating smoother transitions between panels. Brick Pattern
exhibited weakest performance with maximum Hausdorff Distances of 27.51 cm and 18.24 cm and RMSE of
5.39 cm, revealing systematic one-sided deviation patterns suggesting cumulative geometric errors. Skew
Quadrilateral demonstrated intermediate performance without clear advantages. Comparative analysis
revealed distinct spatial error patterns: some methods concentrate deviations locally while others distribute
errors uniformly. These findings confirm an inherent trade-off between dimensional accuracy and visual
smoothness.

Conclusion: The proposed framework demonstrates that evaluating quadrilateral panelization methods
requires simultaneous consideration of multiple complementary geometric criteria rather than reliance on a
single metric. The concept of the “best” panelization method is context-dependent and should be interpreted
according to project priorities. The framework supports informed decision-making by revealing strengths and
limitations of different strategies under identical experimental conditions. Beyond comparative evaluation, it
provides a transferable methodology applicable to other freeform geometries and alternative algorithms,
enabling designers to compare solutions objectively and select appropriate strategies according to specific
design objectives and geometric constraints, thereby bridging quantitative geometric evaluation and practical
design decision-making.

Keywords: Quadrilateral panelization, approximation accuracy, Hausdorff error, root mean square error,
kink angle.
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