
Eurographics Symposium on Geometry Processing 2025
M. Attene and S. Sellán
(Guest Editors)

COMPUTER GRAPHICS forum
Volume 44 (2025), Number 5

Controlling Quadric Error Simplification with Line Quadrics

Hsueh-Ti Derek Liu, Mehdi Rahimzadeh, Victor Zordan

Roblox, USA

Abstract
This work presents a method to control the output of mesh simplification algorithms based on iterative edge collapses. Tra-
ditional mesh simplification focuses on preserving the visual appearance. Despite still being an important criterion, other
geometric properties also play critical roles in different applications, such as triangle quality for computations. This motivates
our work to stay under the umbrella of the popular quadric error mesh simplification, while proposing different ways to con-
trol the simplified mesh to possess other geometric properties. The key ingredient of our work is another quadric error, called
line quadrics, which can be seamlessly added to the vanilla quadric error metric. We show that, theoretically and empirically,
adding our line quadrics can improve the numerics and encourage the simplified mesh to have uniformly distributed vertices. If
we spread the line quadric adaptively to different regions, it can easily lead to soft preservation of feature vertices and edges.
Our method is simple to implement, requiring only a few lines of code change on top of the original quadric error simplification,
and can lead to a variety of user controls.

CCS Concepts
• Computing methodologies → Mesh models;

1. Introduction

Quadric error simplification [GH97] is a popular way to simplify
surface triangle meshes due to its efficiency and the ability to pre-
serve mesh appearance [HG99]. However, other geometric proper-
ties also play important roles in different applications. For instance,
striving for high triangle quality is critical for rendering and sim-
ulation accuracy; preserving user-specified feature edges/vertices
is an important artistic control to design levels of detail based on
regions of interest. Despite the importance of controlling quadric
error simplification, this topic receives far less attention.

Existing variants of quadric error simplification primarily focus
on improving the numerics or preserving different surface quanti-
ties. For controlling the quadric error simplification, the few ex-
isting techniques rely scaling the quadric error based on some
scalar weights [LHW10,LGC∗23]. However, the concept of scaling
quadric errors falls short in many scenarios. The most notable one
being simplifying a planar region where the quadric error is zero
everywhere, thus scaling has no influence (see Fig. 1).

In this work, our goal is to augment the quadric error simpli-
fication with different user controls. Our technical ingredient is
extremely simple: an additional quadric error we called the line
quadric. Its theoretical connection to Fréchet Means makes it a
convenient tool to encourage uniform decimation, which is desir-
able for computation and remeshing. When adding line quadrics
adaptively across the surface, they can be used to preserve features,
such as joint vertices for skinned meshes. In addition, line quadrics

Figure 1: Previous methods (e.g. [LHW10]) based on scaling the
quadric error fail to preserve user-specified features (second) for
planar regions, because scaling the initially zero quadric error has
no influence. Our line quadric serves as a controllable soft con-
straint for the quadric error simplification, leading to a decimated
mesh that preserves the feature (fourth).

also guarantee that the linear system for solving the optimal vertex
location is always well-conditioned, avoiding the need of numerical
surgery. Last but not least, incorporating line quadrics is extremely
simple, requiring only ten lines of code change on top of the vanilla
quadric error simplification.

2. Related Work

Mesh simplification has been extensively studied in computer
graphics to reduce the resolution of a triangle mesh while pre-
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Figure 2: Compared to clustering-based method, such as
[XLW∗24], our method is orders of magnitude faster. In this ex-
ample, both methods decimate the mesh down to 5% of its original
resolution. Our method takes less than a second, while [XLW∗24]
requires more than 3 minutes.

serving the mesh appearance. Starting from prominent early ex-
amples based on optimization [HDD∗92, Tur92] or decimation
[SZL92], mesh simplification has been tackled from different per-
spectives, such as using clustering [CAD04,LT97,XLW∗24,RB93]
and wavelets [Sch96,PM05]. Among these techniques, perhaps the
most widely used approach is to iteratively collapse mesh edges
[Hop96]. Compared to alternatives, such as clustering [XLW∗24],
edge collapse is efficient to decimate a mesh in seconds to mil-
liseconds and can be robust to a variety of defects (e.g., non-
manifolds, multi-components, and open surfaces) [LZY24] (see
Fig. 2). Among the family of edge collapse algorithms, using the
quadric error metric [GH97, GZ05] to prioritize the order of edge
collapses has been demonstrating excellent simplification results.
This quadric error edge collapse has been extended extensively
to handle surface attributes [GH98, Hop99], preserve topology
[DEGN99], avoid self-intersections [GBK03], increase robustness
[Lin00, CPW∗23], bound the maximum geometric error [BF05],
maintain segmentation boundaries [GV24], and improve the deci-
mated triangle quality [CGG∗03,TK20]. In addition, different error
metrics have been proposed to maintain different geometry-related
quantities, including volume/area [LT98], acoustic [LFZ15], and
spectral properties [LLT∗20]. We refer readers to [BKP∗10] for a
more comprehensive discussion on its variants and extensions.

On the application side, we focus on controlling quadric error
simplification, similar to the works on scaling the error metric, as
in [LHW10, LGC∗23]. However, they may lead to unexpected be-
havior on e.g. planar regions where the error is zero to begin with.
On the technical side, the closest methods to our approach are
the boundary quadric [GH98], the probabilistic quadric [TK20],
and the dihedral plane quadric [CGG∗03] (adopted by [CCC∗08]).
They share a similar spirit as our approach, adding another quadric,
to improve the decimation results. The boundary quadric [GH98] is
added to the boundary edges of a triangle mesh to improve bound-
ary preservation, but not the interior of the mesh, thus sharing sim-
ilar numerical issues as the original edge quadric error [GH97].
Probabilistic quadrics [TK20] factor in the uncertainty in positions
and normals, leading to a more robust behavior on noisy meshes.
The dihedral plane quadric [CGG∗03,CCC∗08] is added to each in-
terior edge to improve triangle quality. On planar regions, dihedral
plane quadrics encourage optimal vertices to locate on the incenter
of the triangle, while we encourage them to locate at the centroid.
We demonstrate that our method yields better decimation results
over these methods in terms of triangle quality and visual preserva-
tion (see Fig. 9).

We introduce line quadrics to softly preserve featured vertices,
leading to improvements over hard constraints (see Fig. 5) and the
method based on scaling [LHW10] (see Fig. 1). The connection
of our method to Fréchet Means makes our approach an effec-
tive tool to encourage uniform decimation (see Sec. 4.3), produc-
ing better regularization behavior compared to previous regulariz-
ers [CGG∗03, CCC∗08, TK20]. Our method only requires a few
lines of code change to benefit applications, such as skinned mesh
simplification and subdivision remeshing.

3. Background

Our method offers user-controls on the quadric error edge collapse
algorithm [GH97]. Here, we briefly overview the background of
the quadric error metric.

Given a surface M embedded in R3, let p ∈M be a point on M
with (unit) normal vector n̂. The tangent plane at p can be defined
by all points x ∈ R3 that satisfy

n̂⊤(x−p) = 0. (1)

The quadric error measures the squared point-to-plane distance be-
tween x and the tangent plane at p, which can be computed as

E(x) =
(
n̂⊤(x−p)

)2 (2)

= x⊤Ax+2b⊤x+ c, (3)

A quadric Q refers to the 4-by-4 matrix assembled from the above
expression

Q =

 A b

b⊤ c

=

 n̂n̂⊤ −n̂n̂⊤p

(−n̂n̂⊤p)⊤ p⊤n̂n̂⊤p

 (4)

This quadric Q gives us the complete information to compute the
quadric error E(x) = [x,1]⊤Q[x,1] with matrix multiplications in
the homogeneous coordinate.

Triangle Quadrics The quadric error can be generalized to discrete
triangulated 2-manifolds by defining the quadric error Ei jk on the
plane of each triangle i jk

Ei jk(x) = x⊤Ai jkx+2b⊤
i jkx+ ci jk, (5)

with the corresponding triangle quadric Qi jk as

Qi jk =

 Ai jk bi jk

b⊤
i jk ci jk

 (6)

derived from the face normal n̂i jk and a location of a point on the
plane, such as one of the corner vertices vi.

Vertex Quadrics For each vertex i, the ver-
tex quadric error Ei is defined as the weighted
summation of the triangle quadric errors Ei jk
from its one-ring triangles i jk

Ei(x) = ∑
i jk∈Ni

ai
i jkEi jk(x) (7)

= x⊤
(
∑

i jk∈Ni

ai
i jkAi jk

)
x+2

(
∑

i jk∈Ni

ai
i jkb⊤

i jk

)
x+

(
∑

i jk∈Ni

ai
i jkci jk

)
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Figure 3: Although using a robust numerical solver (e.g. [LT98])
can resolve the numerical issue from the quadric error simplifica-
tion [GH97], it does not change the decimation priority, leading
to random edge collapses in planar regions and low-quality tri-
angulations (middle). Sprinkling a little bit of our line quadrics
(wi = 10−4) not only resolves the numerical issue, it further en-
courages uniform decimation within planar regions (right).

We use Ni to denote the one-ring triangles of the vertex i and ai
i jk

is a portion of the vertex area at i coming from face i jk. A com-
mon choice of area is the barycentric area (see inset) which simply
sets ai

i jk = ai jk/3 to be one-third of the face area ai jk [MDSB02].
This derivation gives rise to the definition of vertex quadric Qi as a
weighted summation of its one-ring triangle quadrics Qi jk

Qi = ∑
i jk∈Ni

ai
i jkQi jk (8)

where the summation between quadrics is the component-wise
summation for all elements in the triplets.

Edge Quadrics The quadric error metric Ei j for each edge i j is
defined as the summation of vertex quadric errors of its endpoints

Ei j(x) = Ei(x)+E j(x) (9)

As we can see in Eq. 7 that summing up quadric errors leads to
a summation of quadrics, this leads to the definition of an edge
quadric Qi j as

Qi j = Qi +Q j. (10)

[GH97] suggest simplifying a triangle mesh by iteratively col-
lapsing the edge with the smallest edge quadric error Ei j(x⋆) which
is the value of Ei j evaluated at the optimal location x⋆ that min-
imizes Ei j. Let Qi j = [Ai j,bi j;b⊤

i j ,ci j], the optimal location x⋆

can be computed solving a linear system obtained from setting
∇Ei j = 0

Ai jx⋆ =−bi j (11)

If the matrix Ai j is invertible and well-conditioned, one can solve
for x⋆ with standard linear solvers, such as Cholesky decomposi-
tion. If not, numerical surgeries, such as singular value decomposi-
tion [Lin00], are required to solve for x⋆.

In subsequent iterations, instead of recomputing the edge quadric
with Eq. 10, [GH97] recommend using the Qi j as the vertex
quadric for the newly inserted vertex. Suppose we collapse an edge
i j to a vertex i′, the quadric of the new vertex Qi′ = Qi j is sim-
ply the edge quadric before the collapse, and Qi′ will then be used
to update the quadrics for its one-ring edges. This definition allows

the quadric error to “memorize” all the plane information on the in-
put mesh, instead of from the current mesh. In practice, compared
to recomputing the edge quadric Qi j from scratch (the so-called
“memoryless” implementation), such an accumulation often leads
to a more efficient and desirable decimation.

4. Method

Our objective is to stay under the umbrella of quadric error simpli-
fication while adding user controls for different situations. Our core
ingredient is an extra quadric error named line quadrics. In this sec-
tion, we will introduce the definition of line quadric, its theoretical
properties, and the full implementation on how to easily incorpo-
rate this change to the original quadric error mesh simplification
method [GH97].

4.1. Line Quadrics

Given a surface M = (V,F) dis-
cretized as a triangle mesh with a
set of vertices V and faces F. We
define the line quadric at each ver-
tex i as the squared point-to-line dis-
tance where the line passes through
vertex i with its direction parallel to
the vertex normal. To construct the
line quadric, we draw inspiration from
the Pythagorean theorem which states
that the squared point-to-line distance
d can be computed by summing up
the squared distances from the point to two orthonormal planes
d2 = d2

x +d2
y passing through the line (see inset).

Specifically, given a vertex i with position vi, we first define the
vertex normal n̂i as the face area weighted normal

ni =
∑i jk∈Ni

ai jkn̂i jk

∥∑i jk∈Ni
ai jkn̂i jk∥

, (12)

where Ni denotes the neighboring faces of vertex i ∈ V. Then we
use the Gram–Schmidt process to construct two orthonormal vec-
tors xi,yi ⊥ n̂i that are orthonormal to the vertex normal n̂i. These
two bases xi,yi allow us to construct line quadrics as a summation
of two plane quadrics as

Ql
i = Qx

i +Qy
i (13)

where

Qx
i =

 xix⊤i −xix⊤i vi

−(xix⊤i vi)
⊤ v⊤i xix⊤i vi

 (14)

Qy
i =

 yiy⊤i −yiy⊤i vi

−(yiy⊤i vi)
⊤ v⊤i yiy⊤i vi

 (15)

4.2. Implementation

We incorporate the line quadric to the quadric error simplification
by simply adding them when constructing the decimation priority
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queue (see Sec. 3). Specifically, our augmented vertex quadric Q̃i
consists of the original vertex quadric Qi in Eq. 8 and our line
quadric Ql

i

Q̃i = Qi +wiaiQ
l
i (16)

where wi > 0 is a user-specified positive weight on the line quadric
for vertex i, ai = ∑i jk ai

i jk is the barycentric vertex area mentioned
in Sec. 3. Implementing this only requires a few lines of code
changes on top of a quadric error edge collapse implementation.
The simplicity of our method enables us to provide the full imple-
mentation for high reproducibility:

1 # V: (#V, 3) matrix of vertex locations

2 # N: (#V, 3) matrix of vertex normals

3 # a: (#V,) vector of barycentric vertex areas

4 # w: (#V,) vector of line quadric weights per vertex

5 # Q: (#V, 4, 4) tensor of vertex quadrics

6
7 def compute_line_quadric(vi, ni):

8 # compute orthogonal bases using Gram Schmidt

9 xi = GramSchmidt(ni)

10 xi = xi / norm(xi)

11 yi = cross(xi, ni)

12
13 # compute plane quadrics

14 px = [xi[0], xi[1], xi[2], -dot(xi,vi)]

15 py = [yi[0], yi[1], yi[2], -dot(yi,vi)]

16 Qx = outer(px, px)

17 Qy = outer(py, py)

18 return Qx + Qy

19 ...

20 # when constructing vertex quadrics ...

21 for each vertex i:

22 Ql_i = compute_line_quadric(V[i,:], N[i,:])

23 Q[i,:,:] += w[i] * a[i] * Ql_i

where the GramSchmidt stands for the (modified) Gram-Schmidt
process [Bjö94] which computes a vector xi that is orthogonal
to ni. Our implementation ensures that the vertex quadric Q̃i is
always well-conditioned when wi > 0. This is because, by con-
struction, the vertex quadric is always a summation of three non-
parallel plane quadrics. This leads to a well-conditioned system
when solving for the optimal vertex location (see Eq. 11), be-
cause three planes only have a single intersection point. This prop-
erty allows one to regularize quadric error simplification by simply
adding line quadrics, without the need of other numerical tools,
such as [Lin00]. If the weight wi is small, it can guarantee nu-
merical robustness without sacrificing feature preservation (see
Fig. 3). Empirically, we recommend setting wi < 10−1 (our de-
fault is wi = 10−3) to avoid deteriorating visual preservation (see
Fig. 4). If one is interested in applying a higher weight for adaptive
simplification (see Fig. 5), we refer readers to Sec. 4.4.1 for a small
variant of our implementation. In practice, we may encounter edge
cases where neither the line quadrics nor the original quadric er-
ror [GH97] are well-defined due to degenerated elements. In such
cases, we simply replace them with a tiny amount (10−6) of proba-
bilistic point quadric in [TK20] to avoid numerical issues. In terms
of the performance, as our method only changes the precomputa-
tion about vertex quadrics, we enjoy the same complexity and effi-
cient runtime as the original quadric error simplification.

4.3. Connection to Fréchet Means

Incorporating line quadrics encourages the simplified mesh to have
a uniform distribution of vertices:

Figure 4: Increasing the line quadric weights wi leads to more uni-
form triangulations, but may lead to feature degradation in order
to hit the target resolution (right). When wi = 0 (left), our method
falls back to the original quadric error simplification [GH97].

Lemma 4.1 Quadric error simplification with line quadrics places
vertices uniformly on planar regions.

The above lemma can be easily illustrated once we understand a
few concepts. On a planar region, our augmented vertex quadric Q̃i
in Eq. 16 is equivalent to measuring squared point-to-point dis-
tances in 2D. Such a “dimensionality reduction” comes from the
fact that those quadric lines are orthogonal to the quadric plane by
definition. Thus, the optimal vertex location after minimizing Q̃i
always lies on the plane, making line quadrics become a point-to-
point squared distance measure in 2D on planar regions. As dis-
cussed in Sec. 3, the (memory) quadric error simplification uses
addition to accumulate vertex quadrics after each edge collapse.
This implies that the optimal vertex location computed from Eq. 11
later on in the simplification minimizes the sum of squared point-
to-point distances.

This property coincides with the definition of Fréchet means,
which is a generalization of centroids to a metric space. Specifi-
cally, given a distance measure d(x,vi) ∈ R+ between two points
x,vi, Fréchet mean m is the minimizer of

m = argmin
x

∑
i

d2(x,vi). (17)

where vi are all points in the space. This definition is precisely the
outcome of minimizing the line quadric error which uses the mem-
ory implementation on planar regions.

This connection to Fréchet means, when “translated” to practical
behavior, means that the vertex locations after simplification will be
placed at a weighted average location where the weights depend on
the vertex area and the user-specified line quadric weight. When
applying uniform line quadric weights, this leads to a triangulation
with a uniform vertex distribution, which often has high triangle
quality. For non-planar meshes, line quadrics still encourage uni-
form decimation by striking a balance between Fréchet means and
curvature preservation from the original vertex quadric (see Fig. 4).

4.4. Variants of Line Quadrics

Line quadrics in Sec. 4.1 serves as our foundation for controlling
the quadric error simplification. To broaden the type of controls, we
describe a few variants in this section.

4.4.1. Extreme Weights

Adding our line quadrics to a simplification method can be per-
ceived as adding a regularizer to adjust the decimation result (see

© 2025 Eurographics - The European Association
for Computer Graphics and John Wiley & Sons Ltd.



Hsueh-Ti Derek Liu, Mehdi Rahimzadeh, Victor Zordan Roblox, USA / Controlling Quadric Error Simplification with Line Quadrics5 of 10

Figure 5: Given a mesh with important regions specified by an user
(left), naively treating important vertices as hard constraints leads
to overly dense vertices around the important part (middle). Our
method utilizes line quadrics to softly preserve important vertices,
striking a balance between vertex preservation and visual quality.

Figure 6: We illustrate the influence of applying extremely high line
quadric weights by putting high weights wi on the left half of the
mesh (left, red) and zero weight on the right half (left, blue). We
can observe vertices augmented with line quadrics (left half) lead
increased “importance” in the priority queue, resulting in decima-
tion happened later on in the simplification process. In this exam-
ple, we simplify the mesh down to the same number of vertices in
total. Such an importance control with wi leads to more and more
adaptive triangulation when the difference in wi between left and
right increases. Note that this implementation applies a mixture of
addition and scaling, explained in Sec. 4.2.

Eq. 16). However, just like other regularizers, when the regularizer
outweighs the original error metric (by applying high wi), it may
deteriorate the visual appearance.

This motivates the first variant of our method designed specifi-
cally for high line quadric weights wi, such as for highly adaptive
simplification in Fig. 5. We recommend adding a small amount of
line quadrics e.g. wi = 0.01, and then applying scaling to the en-
tire augmented quadric Q̃i in Eq. 16. Adding line quadrics before
scaling can resolve the issue of direct scaling [LHW10] for planar
regions (see Fig. 1) because every edge will have non-zero quadric
error. The result after weighting still depends on the local curvature
variations, but because extreme weights dominate the decimation
priority, we can still achieve effective user controls (see Fig. 6, 7).

4.4.2. Edge Quantities

Our line quadrics is convenient to work with quantities defined
on vertices. In some applications, when one wants to specify im-
portance in terms of edge quantities, the same spirit of defin-
ing line quadrics can be generalized to edges, leading to an idea
similar to the method by [GH98] for preserving boundary edges

Figure 7: We illustrate the influence of applying extreme weights
that is proportional to the exponential of negative geodesic dis-
tances (e−αd), scaled by a constant factor α. In this figure, we
show that by increasing α, our method can lead to adaptive tri-
angulations that are denser near the source, and vice versa.

and [CGG∗03] for improving triangle quality. Specifically, one can
compute the plane that goes through the edge i j whose plane nor-
mal n̂⊥

i j is orthogonal to the face area weighted edge normal n̂i j

n̂i j =
∑i jk∈Ni j

ai jkn̂i jk

∥∑i jk∈Ni j
ai jkn̂i jk∥

. (18)

Given a plane normal n̂⊥
i j and one of the end vertices vi (or v j), one

can build the so-called dihedral plane quadric Qn
i j with the formula

in Eq. 4. This Qn
i j can then be added to the vertex quadric

Q̃i = Qi + ∑
i j∈Ni

wi j
ai j

2
Qn

i j (19)

where wi j > 0 is the user-
specified weight and we
use i j ∈ Ni to denote
the one-ring edges of ver-
tex i. ai j is the barycen-
tric edge area which is
computed by summing up
one third of the trian-
gle areas incident to edge
i j. Some implementations
(e.g., [CGG∗03]) replace
ai j with the cosine of dihedral angle. With the dihedral plane
quadrics Qn

i j, we can (softly) preserve important edges during sim-
plification, such as the edge loops in the inset.

An interesting observation is that, this dihedral plane quadric can
also be used to regularize quadric error simplification, just like the
line quadric. But, empirically, we notice that this does not achieve
as ideal results as line quadrics. As shown in Fig. 9, we apply the
same weight wi to line quadrics and dihedral plane quadrics (imple-
mented by [CCC∗08]) uniformly across the mesh. Line quadrics
outperform the dihedral plane quadrics in geometric error/quality
measures. Therefore, we still use line quadrics for regularizing and
controlling the simplification, and reserve dihedral plane quadrics
only for edge-specific controls.

5. User Controls & Applications

In this section, we demonstrate how our line quadrics can benefit
quadric error simplification (see Fig. 8) and be used to tailor the
simplification results for different situations.
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Figure 8: Our line quadric can be seamlessly incorporated to other mesh simplification framework e.g. [LZY24] for robust simplification.
We demonstrate that this combination can decimate the entire PolyHaven dataset down to 10% of their original resolution.
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Figure 9: We compare our method against the dihedral plane
quadrics [CGG∗03] (implemented in MeshLab [CCC∗08]) and the
probabilistic quadrics [TK20] by showing that our method contains
Pareto optimal solutions measured by the Hausdorff distance, av-
erage point-to-mesh distance, and the triangle quality. Each point
is a simplification result from one of the line quadric (or standard
deviation) parameters. The point coordinates are the normalized
metrics to the range of 0,1 (note that we flip the sign of triangle
quality so that the lower is better). One can observe that our results
(blue dots) are on the Pareto front (closer to the origin) compared
to the probabilistic (green) and the dihedral plane quadrics (red).

5.1. Planar Simplification

The immediate benefit of adding our line quadrics is to resolve the
numerical issue and improve triangle quality when decimating pla-
nar regions. It is well-known that planar regions will lead to nu-
merical issues in quadric error simplification because there are in-
finite solutions which can minimize the vanilla quadric error (see
Sec. 3). Early attempts treat this as a numerical problem and tackle
them with a more robust solver, such as the singular value decom-
position [Lin00]. This alleviates the numerical issue, but it does not
improve the decimation quality as the simplification method will
still pick edges randomly for planar regions (see Fig. 3). In con-
trast, adding a little bit of line quadrics, meaning small wi, to all
vertices is guaranteed to remove the numerical issue (see Sec. 4.2)
and encourages uniform decimation (see Sec. 4.3).

Another previous method to improve planar region simplifica-
tion is the probabilistic quadric [TK20] which treats each quadric
as a sample from a Gaussian distribution. This is equivalent to min-
imize the quadric error with the generalized Tikhonov regulariza-
tion (see Sec. 3 in [TK20]). A comparison between probabilistic
quadrics and our method is not trivial because putting a high weight
on probabilistic or line quadrics leads to a better triangle quality, at
the cost of increased geometric error. Since an equivalence map-
ping between the amount of Gaussian noise and our line quadric
weight does not exist, we instead demonstrate that our parameter
space contains Pareto optimal solutions with respect to common
geometric metrics, including the average point-to-mesh distance,
Hausdorff distance, and the triangle quality (see the Appendix C
of [LKC∗20]). Specifically, we perform a parameter sweep on dif-

Figure 10: Compared to the probabilistic quadrics [TK20], we
demonstrate that our method leads to better results by showing
that our method contains Pareto optimal solutions measured by the
Hausdorff distance (Haus), average point-to-mesh distance (P2M),
and the triangle quality (Tri.Q).

ferent line quadric weights for our method and different standard
deviations for [TK20] (ranging from [10−4,101]). We show that
our method leads to Pareto optimal results under all metrics (see
Fig. 9). We also show a qualitative example in Fig. 10.

5.2. Subdivision Remeshing

Remeshing a mesh to have subdivision connectivity is a key in-
gredient to multiresolution shape analysis, such as wavelet com-
pression [GSS99] and multiresolution modeling [BK04]. Recently,
subdivision remeshing has also been applied to generate training
data for neural networks [LKC∗20] or facilitate neural network
architectures defined on triangle meshes [HLG∗22, YDS∗23]. Al-
though different applications have slightly different definitions for
a “good” subdivision remeshing result, a common objective is to
(1) preserve the input geometry in order to minimize the area/angle
distortion, and (2) have uniform triangulations for better training
outcomes. In Fig. 11, we demonstrate that our line quadric can
immediately serve as a tool to strike a balance between feature
preservation and uniform triangulation, leading to more desirable
remeshing outcomes.

5.3. Attribute-Aware Simplification

Applying different weights wi in Eq. 16 to different vertices allows
us to specify important vertices that need to be maintained “softly”
throughout the decimation. Compared to, for instance, treating
these vertices as hard constraints, our method can be viewed as
applying soft constraints to strike a better balance between feature
and appearance preservation (see Fig. 5).

© 2025 Eurographics - The European Association
for Computer Graphics and John Wiley & Sons Ltd.



8 of 10 Hsueh-Ti Derek Liu, Mehdi Rahimzadeh, Victor Zordan Roblox, USA / Controlling Quadric Error Simplification with Line Quadrics

Figure 11: If we use the quadric error [GH97] alone to remesh
a surface to have Loop subdivision connectivity, as in [LKC∗20],
this lead to bad quality triangles on planar regions (top). If we use
mid-point edge collapse (e.g., [LZBCJ21]), it can achieve uniform
triangulation, but at the cost of missing sharp features (middle). In
contrast, our method regularizes the quadric error simplification
and leads to a feature-preserving uniform triangulation.

This type of control is useful for decimating meshes with sur-
face attributes that cannot be inferred from the geometry alone. For
instance, in the context of simplifying skinned meshes, preserv-
ing vertices near joints is important to pose the simplified char-
acter afterwards. Previous works “translate” the skinning informa-
tion to actual geometries by deforming the skinned mesh based on
user-provided poses [TGBE16, LS09] or sampled poses from user-
provided joint information [DR05]. These posed geometries can
then be used to define an error metric that simultaneously min-
imizes the error against all these posed meshes. In contrast, our
method loosens the input requirement by only requiring skinning
information, without any example poses or joint information. In
Fig. 12, we compute a set of line quadric weights based on the
skinning weights. Specifically, we define the weight of a vertex i
as a heuristic function wi = c(1 − si), where si is the maximum
skinning weight value at a vertex and c = 0.15 is a global scaling
term to make sure that wi ≤ 0.1. Intuitively, this weight definition
assigns higher weights on near joint vertices which are shared by
multiple bones, and vice versa. With such a definition, we can pre-
serve vertices near joints in order to realize target animations on the
decimated mesh (see Fig. 13).

6. Conclusion & Future Work

Our work focuses on a practical aspect of quadric error simplifica-
tion – user controls. Mesh simplification has been widely used in
different applications, which desire different properties on the sim-
plified meshes. Our proposed line quadrics and its variants enable
one to control triangle quality, preserve featured vertices/edges, and
simplify a mesh adaptively. We demonstrate a handful of situations
that favor different user controls. However, at the presence of noise,
line quadrics cannot serve as a denoiser because it respects the ver-
tex normals of the input mesh (see Fig. 14). Future explorations on
more applications could understand the limits of line quadrics and
inspire new ways to control simplification.

Figure 12: Given a skinned mesh (first), we specify high line
quadric weights near joint vertices according to the skinning in-
formation (second). Traditional method, such as [Hop99], fails to
consider skinning weights, leading to decimating near joint ver-
tices (third). In contrast, our method better preserves joint vertices,
making it more suitable for downstream deformations.

Figure 13: When simplifying the character meshes in the rest post
(left), we add line quadrics for near joint vertices, inferred from
skinning weights. We can observe that our method (blue) preserves
joint vertices and lead to better deformation results (right). In con-
trast, a variant of quadric error simplification that preserves at-
tributes [Hop99] fails to preserve joint vertices (red) and results in
suboptimal deformation.

Figure 14: In the presence of minor noise, mesh simplification with
our line quadric could achieve reasonable results. However, at the
presence of high noise (right) where the vertex normal become ex-
tremely noisy, line quadric can not serve as a denoising technique.
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