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Abstract
There are many structures, both classical and modern, involving point-sets and polygons whose deeper
understanding can be facilitated through interactive visualizations. The Ipe extensible drawing
editor, developed by Otfried Cheong, is a widely used software system for generating geometric
figures. One of its features is the capability to extend its functionality through programs called
Ipelets. In this media submission, we showcase a collection of new Ipelets that construct a variety of
geometric structures based on point sets and polygons. These include quadtrees, trapezoidal maps,
beta skeletons, floating bodies of convex polygons, onion graphs, fractals (Sierpiński triangle and
carpet), simple polygon triangulations, and random point sets in simple polygons. All our Ipelets
are programmed in Lua and are freely available.
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1 Introduction

We present several Ipelets for sets of points and polygons in the R2 plane. These Ipelets
include computing quadtrees, trapezoidal maps, onion decompositions, random point sampling
in polygons, beta skeletons, floating bodies, the Sierpiński carpet and triangle fractals, and
simple polygon triangulations. Some of these are also implemented in CGAL [9]. All the
Ipelets are programmed in Lua and are freely available at https://github.com/nithin1527/
onion-soup. To install an Ipelet, download the file and place it in the ipelets subfolder of
your Ipe folder.
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2 Points

In this section, we describe the geometric structures that our Ipelets compute on points.
There are a few Ipelets available that already build geometric structures on point sets, such
as Voronoi diagrams [5,14] and Delaunay triangulations [5]. We contribute to this with the
additions of the following Ipelets.

2.1 Quadtrees

A quadtree is a data structure used to recursively divide two-dimensional space into four
regions/nodes, usually named northwest, northeast, southwest, and southeast [6, Ch. 14]. A
point quadtree is a specific type of quadtree in which each node houses a point and its four
regions are determined by dividing its region into four sub-regions, with the point itself as the
center (see Figure 1(b)). A point-region quadtree is another type of quadtree in which each
node represents a region of space with a certain maximum capacity of points, such that points
are only housed in leaf nodes (see Figure 1(a)). The importance of quadtrees arises from
their enabling of efficient operations on data points in two-dimensional space. Consequently,
their applications include areas of image representation/processing, mesh generation, and
two-dimensional collision detection [6, 16]. We contribute an Ipelet for generating both these
types of quadtrees, and we produce the array format for its contents in a copyable form.

(a) (b)

Figure 1 (a) Point-region quadtree and (b) point quadtree.

2.2 Trapezoidal Maps

Given a collection of line segments, a trapezoidal map is a subdivision of the plane that
respects these segments [6, Ch. 6.1]. The trapezoidal map is created by shooting vertical
rays up and down from each of the endpoints of the segments until the vertical line intersects
another segment or the bounding box (see Figure 2(a)). In practice, trapezoidal maps allow
users to perform planar point location, with respect to the trapezoids that make up the map,
in O(log(n)) time. This finds applications in many areas, including geographic information
systems, computer-aided design, among others [6, 16]. We provide an Ipelet which, given a
set of line segments and an optional bounding box, computes a trapezoidal map of these line
segments. It also provides a method for copying the details of the map in an array format.
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(a) (b)

Figure 2 (a) Trapezoidal map of a set of segments and (b) an onion decomposition of a point set.

2.3 Onion Decompositions
▶ Definition 1 (Onion Decomposition). Given a finite set of points P ⊂ Rn, the onion
decomposition of P is the nested sequence of convex sets {C0, C1, . . . , Cm}, where:
(1) Ci is the convex hull of Pi.
(2) P0 = P and Pi = P \

⋃i−1
j=0 Cj, for i ≥ 1.

(3) Pm is the last Pi containing any points.

This is the sequence of convex polygons that result by repeatedly taking the convex hull
of the set, and then removing these points from the set [15, Ch. 4] [3] (see Figure 2(b)).
Onion decompositions of points have found a variety of uses in robust statistics [1, 7] and
fractional cascading [4]. We provide an Ipelet that allows users to select a point set and
generate its onion decomposition in the plane.

2.4 Beta Skeletons
▶ Definition 2 (Beta Skeleton). Given a set of points (vertices) V and a parameter β ∈ R+,
the beta skeleton of the set of points is the graph G = (V, E) where: There exists an edge
{v1, v2} ∈ E if and only if for all v3 ̸= v1, v2, the angle ∠v1v3v2 is smaller than θ, where:

θ =

arcsin 1
β

if β ≥ 1,

π − arcsin(β) if β ≤ 1.

Note that the Gabriel graph and the relative neighborhood graph (RNG) of the point set
arise as special cases when β = 1 and β = 2, respectively. The beta skeleton [18, Ch. 32] has
applications ranging from machine learning [19] to astronomy [10].

3 Polygons

In this section, we describe the geometric structures that our Ipelets compute on polygons,
for more, see “Ipelets for the Convex Polygonal Geometry” [13].

3.1 Floating Body
Given a convex body Ω ⊂ Rd, a cap is the intersection of Ω with a halfspace H. Letting h

denote the bounding hyperplane of H, the base of the cap is h ∩ Ω. When d = 2, the area of
a cap is its Lebesgue measure.

SoCG 2025
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Figure 3 Beta skeleton for a point set for β = 1, which is equivalent to the Gabriel graph.

▶ Definition 3 (Dupin Floating Body). Given a convex body Ω ⊂ Rn and δ ∈ [0, 1], the Dupin
floating body, Fδ, is the (possibly non-convex) body defined by the set of points that are the
centroids of the bases of all caps that cut off a volume of δ · vol(Ω) [2, Ch. 3].

▶ Definition 4 (Convex Floating Body). Given a convex body Ω ⊂ Rn and δ ∈ [0, 1], the
convex floating body Kδ is the intersection of all halfspaces whose defining hyperplanes cut
off a set of volume δ · vol(Ω) from Ω [2, Ch. 3] [17].

Generally, the Dupin floating body need not be convex (see Figure 4(b)), but when it is
convex it equals the convex floating body [2]. We provide an Ipelet for generating the Dupin
floating body in arbitrary convex polygons (see Figure 4). For the purposes of the Ipelet
we take δ as the percentage of the area of the given polygon in R2 to cut away with caps.
Floating bodies are used for understanding the boundary structure of convex sets through
affine surface area [17].

(a) (b)

Figure 4 Two examples of the Dupin floating body, (a) convex and (b) non-convex.

3.2 Polygon Triangulations and Point Sampling
Polygon triangulations are a ubiquitous tool in computer science [6, Ch. 3]. One application
of such triangulations is that it allows efficient point sampling inside non-convex polygons.
To do this, points are randomly chosen from inside the triangles (weighted by area) using
barycentric coordinates. We provide an Ipelet which, given a polygon, decomposes it into a
triangulation (based on code by Nils Olovsson [12]) and randomly places a user specified
amount of points in it using this method.
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(a) (b)

Figure 5 (a) Triangulating a simple polygon and (b) randomly sampling points in it.

3.3 Sierpiński Triangle and Carpet
The Sierpiński Triangle and Carpet [11, Ch. 1] are two self similar fractals defined on simple
polygons. They are known for having a few interesting properties, such as Lebesgue measure
0 and Haussdorf dimensions log2(3) and log3(8). They contain uncountably many points.

(a) (b)

Figure 6 (a) The Sierpiński Triangle and (b) The Sierpiński Carpet.
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