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A rectangle’s shape is
revealed by coarse SDF data…

…however, only our method is able to
recover this most simple of shapes.

Marching
Cubes

[Ju et al. 2002]
(est. Hermite)

[Sellán et al.
2024] Ours

Fig. 16. Even at very low resolution (53), the sphere visualization of this SDF
makes the shape of a source rectangle apparent (left). Our method easily
recovers the rectangle (top row), and its counterpart 3D cuboid (bottom
row), while other methods fail.

Beyond its runtime, several other parameters affect our method’s
performance. As shown in Figure 20, it is most sensitive to the choice
of F𝐻 , which we fix to 0”02 in all our experiments. The two other
major parameters of our algorithm are the update weightF𝑢 and the
regularization ` : in Figure 11 and Figure 12, we study the effect of
these parameters, whose defaults we set to 0”2 and 0”1 respectively.
Every result in our paper includes a randomly generated rotation,
to control for the effect of axis alignment.

Comparisons & Applications. We carry out several quantitative
and qualitative experiments to test the performance of our method,
beginning with the one that inspired this research. In Figure 16, we
attempt a deceptively simple task: to reconstruct a (2D or 3D) box
from a coarse, discrete set of SDF samples alone, without differential
or Hermite information. Surprisingly, no previously existing algo-
rithm managed to successfully produce sharp corners, regardless
of size and orientation (unless it perfectly aligns with the back-
ground grid). We used this example during the development of our
algorithm; in its final form, it recovers the perfectly sharp box.
To evaluate our method in a setting closer to its real-world ap-

plications, we considered the randomly selected subset of the ABC
dataset [Koch et al. 2019] released by Xu et al. [2024], and used
it to produce SDF samples at resolutions 503•1003•1503 and 2003.
We pass these samples as input to our method as well as March-
ing Cubes [Lorensen and Cline 1987] and the methods of Ju et al.
[2002] (with estimated Hermite data), Sellán et al. [2023], Sellán et al.
[2024], Kohlbrenner and Alexa [2025a], and Kohlbrenner and Alexa
[2025b]. As proposed by these authors, we quantify Hausdorff and
chamfer error between groundtruth and output, as well as the SDF
energy introduced by Sellán et al. [2023]. To evaluate accuracy in
sharp feature recovery, we also use the edge chamfer error proposed
by Chen and Zhang [2021].

We present our results in Table 2 (Supplemental) and Figure 21,
which reveal our method to have the highest accuracy across reso-
lutions and almost all metrics. Surprisingly, the second best scores
are often achieved by the original Dual Contouring method with
estimated Hermite data, revealing that the high reported accuracy of
prior point-cloud based work (e.g., [Kohlbrenner and Alexa 2025b;
Sellán et al. 2024]), which was tested mostly on smooth organic
shapes, may not carry over to cleaner CAD geometry with sharp

All data

sources

100 3 n=1 n=2 n=5

Fig. 17. Our algorithm successfully reconstructs the input even when using
a limited amount of information. Here, we only consider the SDF data
available at grid vertices whose distance from the ground truth is smaller
than the length of the diagonal of a cell grid scaled by 𝑛.

Source

Ours

[Ju et al. 2002]

(est. Hermite)

[Sellán et al. 2024]

[Kohlbrenner & Alexa 2025a]

[Kohlbrenner & 

Alexa 2025b]

Marching Cubes

100  SDF grid3

Fig. 18. Sweeping a rigid rectangular plate along a swirling trajectory yields
a complex shape with numerous sharp features. Our method produces the
best reconstructed mesh compared to competing schemes.

features. In Figure 3, we show a qualitative result illustrating the fail-
ure cases of these algorithms. At the highest resolutions, Reach for
the Arcs’ [Sellán et al. 2024] runtime made it impracticable, and the
method proposed by Kohlbrenner and Alexa [2025b] encountered
crashes for a large subset of shapes. Therefore, at these resolutions,
we compare only to the method by Kohlbrenner and Alexa [2025a],
which our algorithm outperforms. In Figure 4, we qualitatively com-
pare to this method, which fails to recover precise sharp features.

Our method’s impressive performance on this dataset reveals that
it is most accurate (in relation to other methods) in medium-to-high
resolution settings, and on the broadly smooth shapes with sharp
gradient discontinuities that dominate the ABC dataset. To test this
intuition, we evaluate our method on the ten artist-designed smooth
geometries used as a baseline by Sellán et al. [2024], and report the
results in Table 3. The results of this specific dataset without sharp
features are more mixed, varying based on resolution and metric.
In rough terms, we observe our algorithm to perform on par with
the best of the previously existing ones.

Our method will be most impactful in applications in which one
wishes to reconstruct shapes with sharp features at a high resolution
and it is impossible or exceedingly costly to estimate exact gradient
information or densely sample the SDF. In Figure 18, we show one
such example, in which each SDF sample is painstakingly computed
by taking the minimum over tens of thousands of positions along an
object’s trajectory. In this context, our method recovers sharp edges

SIGGRAPH Conference Papers ’26, July 19–23, 2026, Los Angeles, CA, USA.



Dual Contouring of Signed Distance Data • 9

10³

10²

10¹

10⁰

10-1

10-2

10-3

Grid size (log)
10³ 10⁴ 10⁵ 10⁶ 10⁷

Runtime
in seconds 
(log)

Ours (200K batch)

[Sellán et al. 2024]

[Kohlbrenner & Alexa 2025b]

[Ju et al. 2002] (est. Hermite) 

Fig. 19. While prior point-based methods scale superlinearly or linearly with
the size of the SDF data (even the work by Sellán et al. [2024], which includes
constant-size batching), our random asymptotic complexity is bounded by
the size of the batch.

without the need for binary search of gradient computation, consid-
erably speeding existing swept volume computation frameworks
[Sellán et al. 2021]. For this result, we follow the lead of Sellán et al.
[2023] and do not impose tangency constraints for the pseudoSDF
samples on the inside of the swept volume [Marschner et al. 2023].

Limitations & Conclusion. We have introduced an algorithm to
reconstruct polygonal meshes from discretely sampled signed dis-
tance functions. Building on the original work by Ju et al. [2002],
we proposed a Dual Contouring strategy that begins by estimating
Hermite information on a grid’s edges and progressively corrects
it by exploiting the information contained in the SDF data. Unlike
all prior work on this task, our algorithm is able to faithfully recon-
struct a shape’s sharp edges through the SDF information, without
the need for gradient information or data-driven priors.
Our method inherits some limitations from the original Dual

Contouring. For example, we recover sharp features by optimizing
the position of a vertex associated with each of the grid’s cells. Often,
the most accurate reconstruction relies on this vertex escaping
outside the bounds of the cell, which can cause self-intersections
and face flips (see Figure 20). Similarly, as we study in Table 1, our
method inherits the original Dual Contouring’s sensitivity to noise.

To obtain accurate reconstructions efficiently, our method relies
on a heavily non-convex energy, whose minimizer is only approxi-
mated numerically through a local-global iterative optimization. In
challenging cases, this approximation can yield isolated dents along
feature curves (see Figure 20). We conjecture that they might be
alleviated through a more complex global mesh update that enforces
sparsified regularity in each iteration’s Hermite data.
After optimizing the vertex corresponding to each cell, we con-

nect vertices in adjacent cells to output a final quad mesh. We made
this algorithmic choice in the interest of simplicity, and to draw a
clear analogy between our method and the original work by Ju et al.
[2002]. However, our work could likely benefit from orthogonal-
yet-complementary improvements to the original Dual Contouring,
e.g., by enforcing manifold outputs [Schaefer et al. 2007], which
would not require major fundamental changes to our method. More

10⁻³ 10⁻² 10⁻¹ 10⁰ 10¹
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100  SDF grid3
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Hermite energy weight (log)
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self-
intersections

Fig. 20. Effect of the Hermite energy weight 𝑤𝐻 on the fidelity of our
reconstruction. Large values make the method unstable and cause spikes to
appear. We set a default value of 0.02.

interestingly, our algorithm’s outer loop relies on triangulating the
prior iteration’s quads to build the next optimization problem.While
we followed an arbitrary strategy (taking the first diagonal), future
work may consider using the SDF data to optimize the choice of
triangulation itself as suggested recently by Shen et al. [2023b]. Sim-
ilarly, while our implementation assumed signed distance samples
to lie on a regular grid, future work may consider extensions of our
method to adaptive data structures like octrees.
Finally, this paper sits on the shoulders of recent work that has

reawakened our community’s interest in surface reconstruction
from discrete SDF samples. By focusing our study on the recovery
of geometric sharp features, we have contributed to this growing
area of research that has revealed itself to possess both impressive
mathematical richness and practical importance. As the literature
on this topic continues to expand, we also hope to see future work
dedicated to building datasets, baselines, and open challenges that
can help guide SDF reconstruction towards a healthy maturity.

Acknowledgments
The Geometry and the City lab at Columbia University is supported
by generous gifts from nTop, Adobe, Dandy, and Braid Technologies,
as well as by a sponsored research project from Dreamsports and
the Columbia Engineering Interdisciplinary Research Fund. The
third author acknowledges the generous support from the Natu-
ral Sciences and Engineering Research Council of Canada (Grant
RGPIN-2021-02524). The fourth author acknowledges the generous
support from the National Science Foundation (award #2335493)
and a gift from Adobe.

We thank the authors of the 3Dmodels used throughout this paper
for making them available for academic use. Figures in this work
contain the playing card box [SometimesCake 2012], mechanical
toy piece [Ellindsey 2013], metatron [Bathsheba Grossman 2012],
Empire State [demonofthenorth 2014], GreatWall of China [MJCbull
2012], dragon head [LosoPower 2022], bunny [The Stanford 3D
Scanning Repository 1994], sword [BlyncStudio 2015], dualstrusion
ball in cube [etrohn 2012], Chichen Itza [ChapinEagle02 2015], and
car piece [barspin 2013].

SIGGRAPH Conference Papers ’26, July 19–23, 2026, Los Angeles, CA, USA.



10 • Carrera et. al

Source Marching
Cubes

[Ju et al. 2002]
(estimated Hermite) Ours[Kohlbrenner &

Alexa 2025a]
[Kohlbrenner &

Alexa 2025b][Sellán et al. 2024]
100  SDF grid3

Fig. 21. A comparison against other methods on a subset of the ABC dataset, at a resolution of 1003.
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A Pseudocode

Algorithm 1: Dual Contouring of signed distance data
1 function sdf_dual_contouring(𝑐1, . . . , 𝑐𝑚, u1, . . . , u𝑛, 𝑠1, . . . , 𝑠𝑛)
2 Identify interesting edges and cells using signs of 𝑠𝑖
3 foreach interesting edge 𝑒 do
4 Estimate h0, n0 using Equations 1, 2
5 foreach interesting cell 𝑐𝑖 do
6 c𝑖 ← average of Hermite data contained in 𝑐𝑖
7 x0

𝑖
← c𝑖

8 for 𝑘 = 0, . . . ,max_outer_iter do
9 M𝑘 ← connect vertices to form global mesh

10 p1, · · · ← intersect edges ofM𝑘 with cell faces to find face
intersection points

11 Triangulate global meshM𝑘

12 foreach SDF data point (u𝑖 , 𝑠𝑖 ) do
13 Find closest point to u𝑖 onM𝑘

14 Find cell 𝑐 𝑗 closest point belongs to
15 Assign (u𝑖 , 𝑠𝑖 ) to 𝑐 𝑗
16 foreach cell 𝑐𝑖 do // parallel
17 x𝑘,0 ← x𝑘

18 for 𝑟 = 1, . . . ,max_inner_iters do
19 M𝑘,𝑟

𝑖
← build local mesh using x𝑘,𝑟

20 t𝑟1 , q
𝑟
1 , · · · ← compute closest points on local mesh

to assigned u
21 x𝑘,𝑟+1 ← solve quadratic minimization problem
22 if ∥x𝑘,𝑟+1 − x𝑘,𝑟 ∥ ≤ tol then break
23 x𝑘+1 ← x𝑘,𝑟last
24 foreach interesting edge do
25 h𝑘+1, n𝑘+1 ← update Hermite data using Equation 7
26 M ← connect vertices to form final global mesh
27 returnM

B Tables
Tables 1, 2 and 3 show numerical results for the large-scale quanti-
tative results explained in section 4.

Table 1. Quantitative comparison under increasing noise (averaged over 10
shapes, at resolution 1003). Best scores are bold; second best are underlined.

Method Chamfer error
(×10−3)

Hausdorff error
(×10−2)

Edge chamfer error

Noise = 0.001

[Lorensen and Cline 1987] 4.552 2.448 0.2272
[Ju et al. 2002] (est. Hermite) 3.698 2.129 0.1253
[Kohlbrenner and Alexa 2025a] 3.611 2.107 0.1468
[Kohlbrenner and Alexa 2025b] 4.808 2.448 0.3137

Ours 2.683 2.651 0.04688

Noise = 0.005

[Lorensen and Cline 1987] 6.338 2.117 0.08841
[Ju et al. 2002] (est. Hermite) 6.543 5.037 0.1022
[Kohlbrenner and Alexa 2025a] 3.612 2.109 0.1401
[Kohlbrenner and Alexa 2025b] 9.734 3.3 0.2394

Ours 5.104 4.816 0.1027

Noise = 0.01

[Lorensen and Cline 1987] 11.8 3.713 0.1147
[Ju et al. 2002] (est. Hermite) 12.8 6.927 0.1124
[Kohlbrenner and Alexa 2025a] 3.614 2.11 0.1423
[Kohlbrenner and Alexa 2025b] 24.32 4.093 0.2183

Ours 10.79 8.729 0.1138

C Quadratic minimization
We now give additional details on how we solve the minimization
problem in the inner loop. At a given inner iteration 𝑟 of a fixed
outer iteration, we optimize the position of the cell vertex by solving

x𝑟+1 = argmin
x

𝑤2
𝐻

∑︁
𝑒 𝑗 ∈𝑐𝑖

(
(x − h𝑗 ) · n𝑗

)2+ ∥𝐴𝑟
𝑑
x−𝑏𝑟

𝑑
∥2+ 𝜇∥x−x𝑟 ∥2 .

(12)
This is a quadratic minimization problem, which can be expressed
in the form

x𝑟+1 = argmin
x
∥𝑄x − 𝑐 ∥2 = argmin

x
x𝑇𝑄𝑇𝑄x − 2𝑐𝑇𝑄x + 𝑐𝑇 𝑐, (13)

where 𝑄 is a matrix of size (𝑁𝐻 + 𝑁𝑑 + 3) × 3 (with 𝑁𝐻 being the
number of edges with Hermite data of cell 𝑐𝑖 , and 𝑁𝑑 , the number of
SDF data points assigned to 𝑐𝑖 ), and 𝑐 is a vector of size 𝑁𝐻 +𝑁𝑑 + 3.

In particular, 𝑄 is built by vertically stacking the following three
matrices:

𝑄𝑑𝑐 =𝑤𝐻


n𝑇1
n𝑇2
.
.
.

n𝑇
𝑁𝐻


∈ R𝑁𝐻 ×3, 𝑄𝑑 = 𝐴𝑟

𝑑
∈ R𝑁𝑑×3, 𝑄𝜇 =

√
𝜇𝐼3 ∈ R3×3,

(14)
where each row of 𝑄𝑑 stores 𝛼 · d𝑇 , denoting by 𝛼 the barycentric
coordinate of t𝑟𝑗 with respect to x𝑟 . Similarly, 𝑐 is built by vertically
stacking the following three vectors:

𝑐𝑑𝑐 =𝑤𝐻


n𝑇1 h1
n𝑇2 h2
.
.
.

n𝑇
𝑁𝐻

h𝑁𝐻


∈ R𝑁𝐻 , 𝑐𝑑 = 𝑏𝑟

𝑑
∈ R𝑁𝑑 , 𝑐𝜇 =

√
𝜇x𝑟 ∈ R3 .

(15)
Each row of 𝑐𝑑 then stores 𝑞 𝑗 · d𝑗 − 𝛽h · d𝑗 − 𝛾p · d𝑗 , where 𝛽 and
𝛾 are the barycentric coordinates of t𝑟𝑗 corresponding to h𝑗 and p𝑗 ,
respectively. When 𝛼 = 0, we set 𝛼 = 1, 𝛽 = 0 and 𝛾 = 0, avoiding
numerical locking by encouraging the vertex to move towards or
away from the sphere. Finally, we solve the system following the
same approach as Ju et al. [2002] (see their Sec. 2.3).

D Additional results

Source
+

Gaussian
noise (%)

100³
SDF grid

Ours

[Ju et al. 2002]
(est. Hermite)

0.1% 0.5% 1%0%

0% 0.1% 0.5% 1%

Fig. 22. Comparison of the results of our method and [Ju et al. 2002] under
different noise levels.
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Table 2. A quantitative comparison of error metrics (averaged over 55 random shapes from the ABC dataset), across three different resolutions. Best scores are
bold; second best are underlined. Our method yields the best result in all but two instances.

Method Chamfer error
(×10−3)

Hausdorff error
(×10−2)

Edge chamfer error SDF energy
(×10−5)

#Vertices

Resolution 503

[Lorensen and Cline 1987] 7.586 3.692 0.3636 13.34 3.4k
[Ju et al. 2002] (est. Hermite) 4.71 2.937 0.356 8.611 3.4k

[Sellán et al. 2024] 4.976 2.88 0.1069 0.4781 151k
[Kohlbrenner and Alexa 2025a] 5.063 3.033 0.2996 8.528 27k
[Kohlbrenner and Alexa 2025b] 13.04 3.517 0.4066 3.826 73k

Ours 2.958 2.97 0.03787 1.074 3.4k

Resolution 1003

[Lorensen and Cline 1987] 2.62 1.81 0.4171 3.061 14k
[Ju et al. 2002] (est. Hermite) 1.589 1.372 0.3502 1.866 14k

[Sellán et al. 2024] 30.8 6.284 0.1143 130.8 274k
[Kohlbrenner and Alexa 2025a] 1.843 1.492 0.274 1.812 123k
[Kohlbrenner and Alexa 2025b] 7.242 2.216 0.4466 2.321 163k

Ours 0.7788 1.221 0.02622 0.05776 14k

Resolution 1503

[Lorensen and Cline 1987] 1.329 1.107 0.3256 1.175 32k
[Ju et al. 2002] (est. Hermite) 0.8344 0.8513 0.3139 0.7912 32k
[Kohlbrenner and Alexa 2025a] 1.118 0.9435 0.2608 0.7778 281k

Ours 0.4432 0.7037 0.01684 0.241 32k

Resolution 2003

[Lorensen and Cline 1987] 1.059 0.9969 0.3003 1.115 57k
[Ju et al. 2002] (est. Hermite) 0.7411 0.8208 0.2929 0.9148 57k
[Kohlbrenner and Alexa 2025a] 1.037 0.8769 0.1999 0.9096 496k

Ours 0.4576 0.6741 0.01599 0.4359 57k

Table 3. Results from our method and related work on 10 smooth shapes used for evaluation by Sellán et al. [2024].

Method Chamfer error
(×10−3)

Hausdorff error
(×10−2)

Edge chamfer error SDF energy
(×10−5)

#Vertices

Resolution 503

[Lorensen and Cline 1987] 11.47 8.033 0.1897 29.06 2.5k
[Ju et al. 2002] (est. Hermite) 10.23 8.803 0.1842 28.75 2.5k

[Sellán et al. 2024] 11.35 5.433 0.2002 0.1906 109k
[Kohlbrenner and Alexa 2025a] 9.813 7.648 0.1403 25.79 23k
[Kohlbrenner and Alexa 2025b] 13.27 5.6 0.2919 0.3155 97k

Ours 9.479 6.58 0.1601 9.801 2.5k

Resolution 1003

[Lorensen and Cline 1987] 4.579 5.233 0.1582 9.785 11k
[Ju et al. 2002] (est. Hermite) 4.206 6.402 0.1402 9.55 11k

[Sellán et al. 2024] 6.039 4.698 0.1696 0.1275 201k
[Kohlbrenner and Alexa 2025a] 3.852 5.224 0.1092 8.721 121k
[Kohlbrenner and Alexa 2025b] 5.445 3.444 0.3845 0.1496 189k

Ours 3.804 4.745 0.1457 6.346 11k

Resolution 1503

[Lorensen and Cline 1987] 2.99 4.375 0.1462 7.618 25k
[Ju et al. 2002] (est. Hermite) 2.681 5.413 0.1245 7.51 25k
[Kohlbrenner and Alexa 2025a] 2.477 4.241 0.1236 7.324 306k

Ours 2.811 3.95 0.1064 6.072 25k
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