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Abstract: We present a method based on the design principles for beautifying freeform illustrations. Exper-
iments showed that input illustrations are improved by our method. Although computational models that
apply beautification rules to simple primitives have been extensively studied, defining models that apply
these rules to freeform shapes remains a challenge. In this study, we use constrained Delaunay triangulation
to detect spatially and geometrically related local parts. Then, we combine a novel set of design principles
of organic geometries —parallelism, smoothness, shape similarity, and co-circularity—as beautification rules
with feature-preserving smoothing, which were independently applied in previous studies. Our method in-
volves three steps: geometry evaluation, diffusion filtering, and fitting. The first step involves the evaluation
of geometric properties based on the design principles for constrained Delaunay edges. The evaluation results
are then smoothed while preserving their features. Finally, the fitting step finalizes those shapes that are
best balanced by minimizing geometric energies among the different design principles. Results from viewer
surveys indicate that our method beautifies images adequately compared to the previous method.
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Fig. 1 Original polylines (top-left), the polylines beautified

using our framework (top-right), and design principles
(bottom).
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Fig. 2 Examples of paths for evaluating and filtering geometric properties on vertex

v;. The parentheses indicate the corresponding design principles, and the red

dashed line denotes another vertex on the indicated co-circular part.
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Fig. 3 Gray panel shows how the score of connectivity

connect(i, j) is evaluated. Other parts illustrate index

sets of co-circular vertices c(k,1). Here the index of co-

circular region r is 2.
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Fig. 4 An illustration for detecting parallel vertices.
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Fig. 5 Enhanced geometry value by repetition of the filtering

and optimization processes. The black lines show an
input and its corresponding curvature. The blue and
pink lines denote the diffused input and the fitted (op-
timized) output, respectively. Notice that the maximal

value is enhanced at the output.
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indices. The bottom row shows examples of conf C dur-

ing a course of optimization steps.
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Fig. 7 Experimental results of parallel closed curves. The conf

D and E processes are applied in alternate iterations.
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Fig. 8 Experimental results of co-circularity, obtained by three
configurations. The black lines are the inputs, gray lines
are Delaunay edges, and the green lines are detected co-

circular parts.
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Fig. 9 Experimental results of two different similarity opti-
mization algorithms. Green lines indicate Delaunay

edges.
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Fig. 10 Enlarged original polylines and the results of our image

The red dashed lines in the left-most

enhancement.
panel indicates a detected co-circular part. The left
pair compares co-circularity, roundness, and sharpness
between the original and resulting images, while the

right compares parallelism.
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Fig. 11 Original image (gray line), the result obtained from the method of Baran et al.

(blue line), and result of the proposed method (black line). The lengths be-

tween vertices in our image are three times those in the blue image. Regardless

of number of vertices, the parallelism, co-circularity, and shape similarity are

enhanced in our results.
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Fig. 12 Experimental results of two different similarity opti-

mization algorithms. Green lines indicate Delaunay

edges.
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