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Fig. 1. An interactive modeling session with RibbonSculpt, where the user draws sparse oriented ribbons in VR to define the surface of a 3D shape, and gets
immediate visual feedback (top). Key to our computations, but hidden from the user, the volume between the ribbons is identified in real-time by filtering the
Voronoi balls defined from the ribbons (bottom). The final model (right) is watertight and can be 3D-printed.

We introduce RibbonSculpt, the first method for interactive freeform shape
design in VR through progressive sketching of sparse, oriented ribbons.
Instead of reconstructing a surface from a fully drawn VR sketch, our method
allows the real-time creation and progressive refinement of a closed surface
of any topological genus, thanks to the continuous update of a volumetric
proxy. The latter corresponds to a filtered subset of the Voronoi balls defined
by the user-sketched ribbons. At each visualization step, a mesh extracted
from the proxy is beautified through Laplacian-based energy minimization,
yielding a smooth surface that interpolates the ribbons. Guided by this
surface, users can easily refine their design by adding or removing ribbons,
which sculpts, in return, the set of Voronoi balls forming the proxy. Our
results, supported by user studies, show that RibbonSculpt allows VR users
to easily and quickly draft the 3D shapes they have in mind.
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1 Introduction
With the democratization of immersive environments, virtual re-
ality (VR) is currently revolutionizing the field of 3D modeling, as
it allows for interactions of unprecedented intuitiveness. Indeed,
while traditional 3D modeling techniques require the learning of
complex 2D interfaces, which may limit creativity due to cognitive
overload, virtual reality-based systems enable direct object creation
and manipulation in their native 3D environment. By enabling ges-
tural inputs, natural hand movements, and spatial awareness, VR
provides an organic and intuitive modeling experience, as shown
by the recent success of VR sketching systems [Arora and Singh
2021; Yu et al. 2021b].
In contrast, VR-based interactive modeling remains largely un-

derexplored when 3D shapes are concerned. Existing studies have
introduced different modeling tools to create manifold surfaces in
3D, each tailored to specific objectives. For example, SurfaceBrush
[Rosales et al. 2019], a state-of-the-art technique, creates 3D surfaces
from VR ribbons but requires a dense arrangement of these ribbons
to generate complex shapes. Subsequent research has explored al-
ternatives: this includes control rod deformation [Verhoeven and
Sorkine-Hornung 2019], which limits the achievable geometries;
proxy surface deformation towards a set of input ribbons, often
resulting in slow performance and requiring an initial proxy; and
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Fig. 2. Comparison of several VR modeling systems in terms of input (top,
showing either ribbons or curves), results (second line) and surfacing time.

methods to minimize the number of ribbons, often coming at the
cost of increased computational complexity. No easy-to-use method
has yet been proposed for the interactive modeling and progressive
re�nement in VR of arbitrary 3D shapes of any topological genus.

Two critical aspects of 3D modeling are computational e�ciency
and minimal input requirements. First, a system that responds in
real time enables users to correct and re�ne the resulting 3D sur-
faces, improving the quality and increasing user satisfaction. Second,
minimizing the inputs, e.g. only requiring a few ribbons instead of
entire surface patches, decreases the modeling e�ort - making it an
enjoyable process rather than a time-consuming, complex task. As
it accelerates the modeling process, minimal input also facilitates
design exploration. However, to the best of our knowledge, no exist-
ing technique simultaneously addresses both e�ciency and sparsity
of the input (see Figure 2).

We introduce RibbonSculpt, an interactive framework that en-
ables users to e�ortlessly sculpt the 3D shapes they have in mind
by sketching a sparse set of oriented ribbons. Creating 3D surfaces
from sparse inputs is an extremely challenging problem in surface
reconstruction, in general, [Berger et al. 2017; Kazhdan and Hoppe
2013]. To address this, RibbonSculpt relies on a set of Voronoi balls
extracted from the ribbons to de�ne a proxy volume, which, al-
though transparent to the user, de�nes an abstract volume enclosed
by the ribbon strokes and serves as a reference for generating a
surface to be displayed. As the user provides additional input by
either adding or erasing ribbons, both the proxy and the surface are
progressively re�ned. Our choice of a Voronoi-based proxy brings
two key bene�ts: First, it can be e�ciently generated through a
simple ball �ltering process, which only requires a single pass over
the Voronoi structure formed by the ribbons. Second, the Voronoi
balls inherently capture volumetric information, enabling them to
represent a 3D shape despite the sparsity of the input.

RibbonSculpt o�ers multiple advantages. First, we provide users
with continuous visual guidance through the displayed 3D shape,
as opposed to previous VR sketching tools, where only strokes are
interactively displayed. This enables users to progressively re�ne
their design, as in interactive sculpting systems, until the current
model corresponds to their mental image of the desired shape. Sec-
ond, the custom energy function we optimize ensures that while
interpolating the ribbons, the displayed surface is smooth and aes-
thetically pleasing, minimizing the impact of imperfections in the
input ribbons. In addition, the proxy, and therefore the displayed

surface, inherently captures the volume a viewer would imagine
from the sketch. Therefore, re�ning the design by adding a new
ribbon feels natural, as con�rmed by our user study. Lastly, the good
match between user intent and displayed shape also reduces the
user's tendency to draw too many ribbons, which would not only
increase modeling and computational times, but could also a�ect
the shape's smoothness due to the lack of precision of VR input.
Therefore, complex 3D models are easily modeled, using remarkably
sparse input.

In summary, our core contribution is a novel framework for inter-
active 3D sculpting in VR, by progressively sketching a sparse set
of ribbons. We introduce a novel Voronoi ball �ltering criterion for
computing and updating in real-time a proxy shape, and propose
a constrained surface fairing criterion to smooth it before display,
based on local curvature. As user studies show, our robust and re-
sponsive framework provides interactive visualizations that closely
match user expectations, despite the inherent ambiguity and irregu-
larity of the input, therefore signi�cantly improving the VR-based
modeling experience.

2 Related Work

2.1 Surface Reconstruction from point clouds
Modeling a 3D shape from 3D user strokes, sketched in VR, can be
interpreted as the problem of generating a surface from the very
sparse point cloud de�ned by points sampled along the strokes, even-
tually provided with normal vectors if the user sketched oriented
ribbons. Surface reconstruction from point clouds is a classical but
ill-posed problem in geometry processing, with techniques spanning
from early computational geometry approaches such asU-shapes
[Edelsbrunner and Mücke 1994], to modern learning-based solu-
tions [Ouas� and Boukhayma 2024] (we refer the reader to [Huang
et al. 2024] for a full, recent survey).

Geometry-based techniques relied on Delaunay triangulation [Dey
and Giesen 2001; Dey and Goswami 2003], implicit function �t-
ting [Carr et al. 2001; Guennebaud and Gross 2007; Kazhdan et al.
2006; Kazhdan and Hoppe 2013], Voronoi structures [Amenta et al.
2001; Parakkat et al. 2024], or greedy/incremental strategies [Bernar-
dini et al. 1999; Cohen-Steiner and Da 2004] to infer the underlying
unknown surface from a set of points, with [Guennebaud and Gross
2007] or without [Alliez et al. 2007] normal information. In the spirit
of PowerCrust [Amenta et al. 2001], another line of research aims
at estimating medial axis points directly from point clouds and uses
them to reconstruct the desired surface [Cao et al. 2010; Huang et al.
2013]. As medial axis computation itself is a challenging task, recent
approaches rely on learning-based techniques [Lin et al. 2021] to
e�ciently and robustly estimate the medial axis. Although widely
adopted for dense point-cloud reconstruction due to their theoretical
foundations and practical e�ectiveness, these approaches struggle
with noisy, sparse input and often require postprocessing to ensure
surface smoothness or watertightness.

Recently, learning-based techniques introduced neural represen-
tations that implicitly encode the surface geometry [Farshian et al.
2023], further improved by rendering-driven techniques [Kerbl et al.
2023; Mildenhall et al. 2021]. Despite these advances, surface recon-
struction from sparse inputs remains a signi�cant challenge, with
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only very speci�cally designed techniques � such as VIPSS [Huang
et al. 2019] � being able to handle it, albeit at the cost of high com-
putational time, making them unsuitable as a real-time visualisation
tool during a sculpting process.

In this work, we take inspiration from the most recent, geometry-
based approaches by using Voronoi balls to de�ne a coarse, proxy
volume within the user-sketched ribbons.

2.2 Surfacing VR strokes
With the recent spread of VR input devices [Til 2016; Gra 2017; Ocu
2019; Scu 2019], enabling to interactively draw sets of 3D curves
forming a sketch (see [Bonnici and Camilleri 2023] for a recent sur-
vey), several methods speci�cally tackled the challenging problem
of generating free-form surfaces from such sketches. Finding the
intended geometry and topology from a sparse set of 3D strokes
being a di�cult and ambiguous task, methods such as [Gra 2017;
Grimm and Joshi 2012; Jackson and Keefe 2016; Wesche and Seidel
2001] either relied on carefully drawn patch boundaries, arranged
curve networks to �t non-overlapping surface patches, or performed
an automatic snapping of free-drawn sketches [Yu et al. 2021a] to
get a tractable input. In contrast to ours, these techniques, however,
require users to conceptualize the intended surface as a set of con-
nected patches, increasing the cognitive and practical burden and
making it challenging for novice users. Other solutions addressed
the surface generation challenge by requesting the input of closely
arranged ribbons [Rosales et al. 2019; Schkolne et al. 2001], mak-
ing the design quite time-consuming and smoothness di�cult to
achieve due to the limited precision of VR input. A last category of
methods made use of prede�ned proxy shapes �tted to the user's
strokes, either limited to simple proxy geometries (planes, spheres)
[Bonneau and Hahmann 2024], or general but requesting a non-
real-time computation of a proxy shape [Yu et al. 2022]. In addition,
learning-based techniques showed promising results in generating
3D shapes from a sketch, but remain restricted to speci�c categories
of objects due to training datasets [Bhattacharjee and Chaudhuri
2022; Chen et al. 2024; Luo et al. 2023; Rasoulzadeh et al. 2024], and
did not address the exact interpolation of user-sketched 3D strokes.

Closer to our goals, the VRSurf method [Sureshkumar et al. 2025]
tackled the problem of generating a closed manifold surface sur-
rounding a well-de�ned 3D volume while interpolating a sparse
set of non-connected VR strokes. Although the balloon in�ation
metaphor looked promising, the authors report several minutes to
several tenths of minutes to generate the 3D shape, which prevents
its use to give interactive visual feedback during a modeling session.

Another closely related area of research is the surfacing of con-
nected curve networks, where the objective is to construct surface
patches bounded by closed curve cycles. Works in this direction
employed di�erent strategies such as �ow-�eld alignment [Pan et al.
2015], energy minimization and interpolation [Bessmeltsev et al.
2012], and often make use of cycles with [Stanko et al. 2016] and
without [Zhuang et al. 2013] explicit normals to do coherent surface
reconstruction. While these methods can generate smooth and well-
aligned surfaces from curve networks, they are generally limited
to connected curve networks, which may restrict artistic �exibility

and lack the ability to interpret loosely drawn 3D sketches, which
is the speci�c focus of our work.

2.3 VR sculpting with Interactive visual feedback
Since the introduction of VR through pioneer immersive systems
such as the cave, the idea of enabling interactive shape design
through a series of sculpting gestures - with immediate visual feed-
back, was achieved in two di�erent ways: Using volumetric painting
tools to create a shape [Ferley et al. 2002; Keefe et al. 2001], or us-
ing sketched strokes to deform an existing 3D mesh [Perkunder
et al. 2010; Verhoeven and Sorkine-Hornung 2019]. Both were with
real-time visual feedback for the user, which is key for enabling the
progressive design and re�nement of a 3D shape.

In this work, we assess the importance of providing immediate
visual feedback to the user during an interactive modeling session.
Our work, however, di�ers from volumetric sculpting by interpret-
ing the user's strokes as curves belonging to the intended surface,
rather than some centerline evenly surrounded by volumetric mate-
rial. Therefore, RibbonSculpt provides a design interface closer to
2D sketching and requires much fewer user strokes than volumetric
sculpting to create a complex shape. Moreover, in contrast with
stroke-based deformation tools, we don't require the input of any
preexisting shape, but enable the user to interactively create from
scratch any shape or arbitrary geometry and topological genus they
have in mind.

3 Overview
In contrast to previous work, we address interactive 3D shape sculpt-
ing in VR based on user-sketched, oriented 3D strokes, displayed as
ribbons. The main challenge we tackle is inferring a closed surface,
computed at interactive rates, that matches the user's expectations
given the current sparse set of ribbons. In the remainder of this
section, we �rst outline the context in which our sculpting system,
called RibbonSculpt, operates. We then justify the need for comput-
ing a proxy volume at each editing stage, and �nally describe the
algorithmic pipeline.

3.1 The RibbonSculpt framework
Our sculpting method was speci�cally designed for immersive vir-
tual reality environments. Our current setup makes use of an HTC
Vive head-mounted display and two 6DoF handheld controllers for
spatial interaction. The modeling system itself is a simple custom
framework developed with Unity, inspired by [Yu 2022]. Targeting
novice users, it o�ers simple and intuitive controls allowing users
to draw/erase ribbons, select colors and ribbon widths, hide/display
ribbon and proxy surfaces, and �ip ribbon normals as needed. To
provide immediate visual feedback on the 3D shape at any stage of
the modeling process, a smooth mesh extracted from a volumetric
proxy shape is recomputed and displayed after each user edit.

Our interface uses ribbon-based strokes for 3D sketching, a tech-
nique commonly used in many VR-based drawing systems. Ribbons
are particularly e�ective for helping users perceive the shape in-
duced by a sparse set of unstructured strokes and also provide nor-
mal information that our system uses for computing proxy shapes.
Each ribbon stroke is uniquely de�ned by a 3D path, ruling length
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