A Real-Time Screened-Poisson Solver for Interactive Surface Editing
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Figure 1: Example system use: Starting with the original model (top left), a user applies global smoothing to the geometry by dragging the
gradient scale slider (top center). To have the smoothing effect the lower geometric frequencies, the user drags the fidelity slider (top right).
The user then specifies that the top face of the tablet should be sharpened by selecting the “spray-can” interface with a gradient amplification
setting and spraying the sharpening constraint across the surface to obtain the final model (bottom row).

Abstract

We present a novel framework for editing geometric detail. Draw-
ing on previous work in image- and geometry-processing, we show
that the frequency-space filtering performed in mesh smoothing and
sharpening can be formulated as the solution to a Poisson-like sys-
tem of equations. Using this observation, we design an interactive
system that supports both global and local modulation of surface
detail, expressing the position of vertices on the edited geometry as
the solution to a large linear system of equations.

1 Introduction

We describe a real-time system for editing large 3D meshes. The
system supports both global and local modulation of surface detail,
expressing the position of vertices on the edited geometry as the so-
lution to a linear system of equations defined over the surface. The
interactivity of our system is enabled by the design of an efficient
sparse linear solver, providing an interface with which users can
explore a broad landscape of possible surface modifications.

The design of our system is motivated by spectral approaches in
geometry-processing that draw on the parallels between the eigen-
vectors of the mesh Laplacian and the Fourier basis [Taubin 1995],
and recent work in image-processing that relates Fourier-space fil-
tering of images to the solution of a Poisson-like equation [Bhat
et al. 2008]. Given a (coordinate) function F, the goal is to find the
best-fit (new coordinate) function G such that the following objec-
tive function can be minimized:
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where « is a non-negative weight that represents the fiedelity to the
original function F, and f3 is a gradient scaling term. Applying the
Euler-Lagrange equation, the minimizer is in fact the solution to a
screened-Poisson equation:

(ol — A)G = aF — BAF.

Such formulation can not only trade off between sharpening and
smoothing by controlling the value of the gradient scale 3, but also
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change the level-of detail at which the gradient modulation come
into effect by controlling the fidelity weights . Another impor-
tant benefit is the spatially-varying edits can now be achievable by
setting 8 as a digonal matrix that accepts locally adaptive weights.

2 Implementation

The feasibility of turning the idea into a real-time application re-
lies on how fast we can solve the propsed linear system. To this
end, we leverage the regularity of the octree of the finite-elements
system introduced in [Chuang et al. 2009], and implement a paral-
lelized multigrid solver that can relax our screened-Poisson system
at interactive frame-rates.

In particular, we decompose the domain into barely overlapped re-
gions and solve them parallelly while carefully maintaining the cor-
rectness of the Gauss-Seidel relaxation. Our implementation also
achieves a cache-friendly memory access pattern via the technique
of the temporal blocking that carefully reuses cache data to its limit
without hampering the integrity of the solution.

To evaluate the new coordinate function, as required in the foremen-
tioned finite-elements system, we exploit the horsepower of par-
allelation in modern programable video cards. Instead of stream-
ing new vertex coordinates from CPU to GPU at each frame, we
send only the element coefficients and perform the evaluation on
the GPU side, then release the memory from CUDA to OpenGL
for the visualization purpose. Such arrangement, along with the
predescribed fast linear system solver, grants us the ability of pro-
cessing meshes consisting of up to one million vertices at a rate of
over 25 frames-per-second.
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