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Fig. 1. Multiple grooms (total of 483k strands, 4K resolution) rendered at different distances to the camera
using our deferred software rasterization pipeline with level-of-detail and baked ambient occlusion, com-
pared against the reference mesh shader-based mplementation [Bhokare et al. 2025]. Our method is 4x
faster than the mesh shader, with quality comparable to 4x MSAA. Per-style LOD strength (left to right)
𝜆={4.0, 5.5, 2.0, 2.8, 3.0}.

In this work we propose an efficient deferred software rasterization pipeline for real-time rendering of strand-
based hair using hair meshes. Hair plays a crucial role in creating expressive 3D characters, yet strand-based
approaches are often restricted to high-end hardware and typically applied to only a small number of hero
characters. Hair meshes have proven to be an efficient representation capable of handling a wide variety of
groom styles, but existing mesh shader-based implementations still suffer from significant bottlenecks. In this
work, we address these limitations with a software rasterization approach that improves performance and
compatibility. Our method enables efficient far-field strand-based hair rendering—even at a single sample per
pixel—by combining deferred shading with a strand filtering and reconstruction step, while requiring only
minimal hardware support. To further enhance scalability, we introduce a level-of-detail (LOD) scheme that
adapts hair representation and shading complexity based on viewing distance and screen-space coverage,
reducing computational cost further while preserving visual fidelity. To the best of our knowledge, this
is the first approach to achieve this combination of efficiency, flexibility, scalability, and broad hardware
compatibility.
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1 Introduction
Rendering hair and fur is an important long-standing problem in computer graphics. Its intricate
volumetric look, formed by hundreds of thousands of individual thin strands, makes it one of the
most challenging appearances to render: It requires a large amount of small sub-pixel-scale semi-
transparent primitives with a high-frequency scattering function. This results into a significant
rendering computational cost due to memory bandwidth and overdraws, but also is prone to aliasing
due to rendering thin primitives with glinty appearance. As a result, a common approach in real-time
rendering is to severely simplify hair rendering, either by means of textured surfaces [Scheuermann
2004] or cards [Jiang 2016], and only recently explicit strand rendering has become feasible in real-
time [Tafuri 2019; Taillandier and Valdes 2020]. However, these current strand-based approaches
are usually restricted to very high-end hardware and for a limited number of hero characters, while
on the other hand there is a growing demand for rendering large numbers of characters, each with
unique and detailed hairstyles, efficiently across a wide range of hardware.
To partially alleviate some of these problems, Bhokare et al. [2025] proposed to represent hair

strands implicitly using a coarse cage-like structure of the groom (the hair mesh) and styling opera-
tors, and only generate them on-the-fly at rendering time. This significantly reduced bandwidth
requirements, becoming significantly more efficient than the commonly used linear hair skinning
(LHS) [Somasundaram 2015]. However, this only addressed part of the problems: A significant num-
ber of overdraws were still required, and aliasing was still an issue, which degraded the rendering
quality. Moreover, Bhokare’s work [Bhokare et al. 2025] uses a mesh shader-based implementation,
which is not supported by all existing hardware.

In this work, we introduce a new solution for efficient real-time hair rendering, which builds
upon the idea of Bhokare et al. [2025], but implements it as a highly efficient deferred software
rasterizer. This has several benefits, including better support across platforms, improved efficiency
on the strand generation by carefully designing the GPU warp synchronization, and a significant
reduction of the shading computational cost by shading only the visible hair strands via a deferred
scheme, while at the same time reducing aliasing by post-filtering from strand-pixel intersection
data. We accelerate this deferred pipeline by using a level-of-detail scheme that reduces both the
number of strands and their complexity without visual penalty. Finally, we leverage the hair mesh
structure as a proxy for occlusion, allowing us to use complex image-based lighting with occlusions,
significantly increasing the type of lighting that can be used to shade explicit strands in real time.
All of these contributions combined are a step forward for efficient hair rendering in real-time,
allowing efficient rendering and shading of hair grooms with complex lighting and reduced visual
artifacts (Fig. 1). In particular, our contributions are:

• A fast indirect dispatch based LOD-enabled hair software rasterization pipeline, with parallel
construction of styled strands via SIMD-wide register communication and deferred shading
using an atomic-enabled compressed G-buffer;

• a statistically driven depth-map visibility correction method for on-the-fly level-of-detail
adaptation of groom complexity;
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� a single-pass strand connectivity reconstruction and �ltering method, enabled by conservative
rasterization, that produces smooth, anti-aliased transparent strands even in our single-sample
pipeline;

� and an ambient occlusion term directly encoded on the hair mesh that allows volumetric
complex probe-based lighting in grooms.

2 Related Work & Background

Hair rendering.Early methods for rendering of hair in real-time leveraged textured hair sur-
faces [Scheuermann 2004] or cards [Koh and Huang 2001]. With the improvement of GPUs, raster-
izing explicit strands have become feasible, with two main problems: On one hand, the complexity
of grooms � with over 100K splines per groom � makes it unpractical to store and transfer the
explicit strands. On the other hand, the amount of overdraw of semi-transparent strands results
in a very computationally expensive, and aliasing-prone, rendering and shading phase. To avoid
the former problem, the common approach is to only store, edit, simulate, and transfer a set of
representativeguide hairs, which are interpolated by each individual strand vialinear hair skinning
(LHS) [Somasundaram 2015], optionally applying some procedural styling operator [Chang et al.
2025]. This, however, requires storing the interpolation weights per strand, making it less practical
in terms of memory footprint and bandwidth. Other more recent approaches have leveraged neural
networks for the strand generation [Rosu et al. 2022], but these methods are still far from practical
for real-time rendering. A more compact approach was proposed by Bhokare et al. [2025], which
used thehair meshstructure [Yuksel et al. 2009] as a proxy for representing the whole groom. The
hair mesh uses a proxy geometry to model the overall shape of a groom, using connected meshes
to de�ne hair bundles. Then, in render time, explicit strands are generated in a mesh shader, by
interpolating within each individual bundle: In essence, this is very similar to LHS, where the edges
of the bundle act as guide hairs, with the key di�erence that the interpolation weights are implicitly
de�ned by the position of the strand in the bundle, and thus no weight needs to be stored, which
signi�cantly reduces the storage and bandwidth requirements. We build on Bhokare's approach,
but proposing a highly-e�cient method based on a deferred software rasterization method, while at
the same time increasing its representative power and adding extended support for level of detail.

Software rasterization.With the advent of fully-programmable GPU pipelines, software rasteriza-
tion has been demonstrated to be a viable pipeline [Karis et al. 2021; Laine and Karras 2011], even
superior to hardware rasterization in certain scenarios with semitransparent objects or subpixel
features, such as point clouds [Schütz et al. 2022] or semi-transparent Gaussians [Kerbl et al. 2023].
In the context of hair, Taillandier and Valdes [2020] proposed using software rasterization for
e�cient hair rendering in AAA games, by leveraging tiled per-pixel depth-bucket-based order-
independent transparency (OIT) [Everitt 2001; Thibieroz 2018] and analytic line anti-aliasing. Later
work by Ishihara and Mishima [2023] reduced memory consumption by implementing OIT using
only three layers for hair rendering. Hair software rasterization is nowadays a standard in high-end
AAA game engines [Cifariello Ciardi et al. 2022; Epic Games 2021; Kulikov 2025]. We describe
an e�cient single-bucket deferred software rasterization pipeline for hair, followed by a �ltering
pipeline to account for semi-transparency and aliasing.

Hair level-of-detail.An industry-standard for hair level-of-detail is to switch strand representa-
tions to cards, though it is usually a computationallyan expensive, manual process, with the notable
exception of the work of Zheng et al. [2025], which automatized the process using di�erentiable
rendering. Stochastic simpli�cation [Cook et al. 2007] has been successfully applied to hair sim-
pli�cation by reducing the number of strands and thickening the remaining ones to account for
the lost projected area, as well as reducing the complexity of the strands themselves by removing
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Fig. 2. Our so�ware rasterization pipeline consumes a groom represented as a simple mesh composed of
multiple bundles. A level-of-detail (LOD) pre-pass first prepares an indirect dispatch bu�er, determining
how many strands and control points will be rendered. During the rasterization stage, the pipeline reads the
existing depth bu�er and updates strand data in auint64 composite bu�er usingatomicMin operations.
This data is subsequently used for per-pixel shading, with an optional filtering stage applied to further refine
the result. The final output is then blended into the main render target. WG = workgroup.

control points [Bhokare et al. 2025]. Zhu et al. [2023, 2022] clustered groups of strands accounting
for the aggregated scattering and internal scattering in the cluster. A similar approach was used
by Montazeri et al. [2021, 2020] in the context of cloth rendering. We built upon the stochastic
simpli�cation approach for level of detail, but introducing simple yet e�cient approaches to prevent
for aliasing and other artifacts due to these simpli�cations.

Anti-Aliasing. Due to their extremely small screen-space footprint, individual hair strands su�er
from severe under-sampling and noisy rendering. Furthermore, the thin, intricate, and highly
detailed sub-pixel structure of hair presents a unique spatial challenge that general anti-aliasing
and modern temporal upscaling methods, such as AMD FidelityFX Super Resolution [2021] or
NVIDIA DLSS 4 [2025], struggle to resolve accurately without introducing blurring or ghosting
artifacts. While some methods rely on neural-networks [Currius et al. 2022], recent work by Huang
et al. [2025] demonstrates that a non-neural, explicit �ltering framework can o�er a superior
alternative. By implementing explicit strand linking and directional �ltering, their algorithmic
approach preserves sub-pixel continuity and �ne �ber details, like �yaway strands, without the
blurring typical of black-box networks.

Background: Hair mesh rendering.The key idea of Bhokare et al. [2025] is to utilize the implicit
de�nition of strands using hair meshes [Yuksel et al. 2009]. Hair meshes de�ne the groom using
a set of geometric bundles (see Fig. 3, left) that de�ne the coarse structure of the groom. Each
bundle is formed by a set of! layers, with the �rst and last layers placed at the hair roots and tips
respectively. Each layer8is de�ned as a polygonal shape (in our case, we use quads) with vertices
v8 and associated per-vertex tangentst8 and uvw coordinates.

During rendering, each strand is assembled as a spline with# control points uniformly spaced
along the length of the strandF 2 »0•1¼, with points atF = 0 andF = 1 placed the root and tip
layers, respectively. Each strand origin is sampled using its uv coordinates which remain �xed
along the strand, and its base position is computed by using spline interpolation from the bilinear
interpolation of vertices and tangents in the bundle layers. Then, the �nal strand is obtained by
applying the styling function as a function of each control point's uvw coordinates.

3 Our Method

Our deferred software rasterization, designed for grooms encoded as hair meshes, is described
in Fig. 2. In its core, the software rasterizer takes the input hair mesh and a strand ID (de�ned, e.g.,
by its UV coordinate) and generates the strand on the �y, which is rasterized into a compressed G-
Bu�er (Section 3.1). The geometric information in the G-Bu�er is later used for shading (Section 3.4).
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To maximize e�ciency and image quality, during the strand generation phase before rasterizing,
we apply a per-bundle level-of-detail that reduces both the number of strands and their complexity
(Section 3.2). Finally, to avoid visual artifacts due to undersampling and lack of transparency
information in the G-Bu�er, we apply a �ltering phase to reconstruct the �nal image (Section 3.3),
which is depth-composited with the rest of the scene.

3.1 Deferred So�ware Rasterization

To achieve high frame rates for distant hair rendering, we extend the hair mesh approach proposed
by Bhokare et al. [2025] with a custom software rasterizer. Software rasterization has proven
particularly e�ective in scenarios with extensive subpixel geometry as well as a huge amount of
overdraw as shown by Schütz et al. [2022]. Hair strands are geometrically thin and often cover
only a single pixel, which incurs signi�cant computational overhead in traditional rasterization
pipelines due to the mandatory 2� 2 fragment shader quad dispatches � wasting up to 75% of shader
invocations on helper lanes. Additionally, assembling a strand requires each segment to access data
from its neighboring control points; done naively, every thread would redundantly re-read and
re-compute all prior vertices. Alternatively, using shared memory to store intermediate data is a
better approach but still uses up unnecessary storage and bandwidth.

To address this, our implementation leverages a workgroup-wide, register-only cooperative
strand assembly to maximize e�ciency and minimize memory tra�c. To dynamically adapt hair
complexity, we perform a prepass that computes �ne-grained resolution data (details in Section 3.2)
consumed by the subsequent indirect dispatch stage for spawning the correct amount of workgroups
(WG). The screen-space strand data gets compressed and stored in a per-pixel 64-bits wide G-Bu�er
which is then used for deferred shading.

3.1.1 Cooperative Strand Assembly.Every WG, consisting of subgroup (SG) size number of threads,
cooperatively assembles one strand and writes the end result to the target image via atomic min
operations. While Bhokare et al. [2025] describe the strand assembly at a high level, they do not
provide concrete implementation details on how to parallelize it e�ciently. Since assembling each
strand's segment requires information from previous and next segments, parallelization is not trivial.
Done naively, every thread would redundantly recompute the data dependencies surrounding the
current control point multiple times to get the �nal styled strand segment. Instead, we write
the bundle's layer data into shared memory while using fast subgroup communication to share
computed control points between neighboring threads. In this way, each control point needs to be
computed only once (see Fig. 3).

The �rst pass assembles a base spline where each control point has a tangent calculated from
its previous and next vertices via �nite di�erences. This tangent is then used together with the
position to calculate the Hermite spline between two control points. Once the base spline is built,
we further subdivide it based on the desired resolution, which gives a list of �nal vertex positions.
Each position is then used as the input for the styling function5¹Gº resulting in the �nal styled
strand. Note that for the styled strand we no longer use a spline, and instead render a polyline. For
the styling we need to calculate new tangents for shading; otherwise we run into shading artifacts
as mentioned in the original work [Bhokare et al. 2025]. Each tangent is again calculated from
the previous and next control points. This two-pass dependency for calculating the �nal tangents
makes it non-trivial to parallelize; once again, our approach uses sub-pass communication to share
vertex and tangent data between neighboring threads (see code 1).

3.1.2 Compressed G-Bu�er for Deferred Atomic Shading.Once each styled segment is computed,
we rasterize them using the digital di�erential analyzer (DDA) line-drawing algorithm. Because
hair strands are extremely thin, we rasterize them as single-pixel-wide lines. We experimented
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Fig. 3. In order to e�iciently parallelize the strand assembly each workgroup (WG) first cooperatively loads
all layer data into shared memory. Each thread shares the first and last calculated positions of its strip with
the previous and next thread to circumvent recomputation. We do this process twice: First when assembling
the layer data for the base spline (position), and second when assembling the final styled strand (position
and tangent).

with rendering thick strands; however, we found that this provided no visual bene�t in the far �eld
case while requiring much more compute.

To support our reconstruction �lter (see Section 3.3), the rasterization stage writes to two separate
G-bu�er targets (or array slices): acenter-sampleG-bu�er that is only updated if the strand passes
within a con�gurable diameter through the pixel center, and aconservativeG-bu�er that is updated
for any pixel the strand intersects.

Shading each strand during this line-rasterization is prohibitively computationally expensive
due to overdraws: We evaluated a per-fragment (similar to a fragment shader) and a per-vertex
shading approach, and both proved to be too slow in practice. Consequently, we adopted a deferred
shading strategy.

For deferred shading, we need the following per-pixel data for shading (see details later in
Section 3.4):

� Position (float3 )
� Tangent (float3 )
� Shading parameters: albedo (float3 ), roughness (float ), tilt (float )
� Ambient occlusion (float )

Additionally, depth values are required in the high bits to allow for an atomic min operation.
However, for deferred shading to be viable, all necessary shading data must �t within the frame-

bu�er, and be written simultaneously to avoid race conditions, into a 64-bit per-pixel payload. This
constraint is crucial, as recomputing the necessary shading data is computationally expensive: It
would require either reconstructing the full strand geometry or storing indices for each bundle,
strand, and segment, which quickly exceeds the available bits. To address this, we compress the
data needed for shading as follows:

(1) Reduced depth precision: 24 bits are used for depth.
(2) Position reconstruction: Instead of storing the position (�oat3), we use the common

approach in deferred engines and reconstruct it from the depth value. This approach restricts
us to a speci�c sample location within the pixel, as the position can only be accurately
recovered at that point [Mittring 2007].

(3) Shading Parameters: Instead of storing the shading parameters in the G-Bu�er, we store
the uvw styling coordinates, which we use for querying these parameters at shading time.
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This allows us to query these shading parameters only once per pixel, and store the whole
appearance model in three �oats.

(4) Tangent compression: We encode the tangent vector using an octahedral unit vector
encoding, reducing it from �oat3 to �oat2.

(5) Data quantization: All �oat values except for depth are quantized as eitheruint8 or uint6
to further reduce memory usage (see inset).

By applying this compression, we can �t all required data into a 64-bit
framebu�er, enabling e�cient deferred shading. Note that as with common
deferred rendering, we do not handle transparency: This unfortunately is
very important for hair, since strands are usually signi�cantly smaller than
the pixel footprint, and thus multiple strands might contribute to the pixel
footprint, and transparency is very important for compositing with the rest
of the scene. We solve this issue as a post-process �lter, as we discuss later
in Section 3.3.

3.2 Level-of-detail

For far-�eld rendering we want to reduce the workload by limiting the
number of line primitives being rendered, which can be achieved by both
reducing the number of strands and the strand resolution. We leverage the
on-the-�y nature of our strand generation to adaptively generate strands
based on its importance on screen. First, we run a pre-pass per bundle, where
we compute the number of strands per bundle and the accuracy of each
strand, storying it to a device-only bu�er. Each thread of this pass processes
a single bundle and writes its corresponding data.

This data is then used as the source for the strand assembly pass in the software rasterizer as the
source for an indirect dispatch call, dispatching a variable amount of work-groups per bundle. The
level-of-detail (LOD) is calculated based on the screen-space footprint [Unterguggenberger et al.
2024, 2025] of a layer (see inlay) and the sensitivity can be controlled via a parameter_, which can
be di�erent for di�erent hairstyles or strand counts.

3.2.1 Dynamic Strand Counts.In order to reduce the complexity of the groom we use an approach
inspired by stochastic simpli�cation methods [Cook et al. 2007]. Essentially, we randomly remove
strands in far away bundles based on their projected screen-space footprint, so that the number of
strands per bundle# LOD is

# LOD = clamp
�
d! � ¹# ¸ Xº e• 1• #

�
• (1)

where# is the full strand count per bundle,X � U» 0•1º is a per-bundle random o�set that smooths
LOD transitions, and! 2 »0•1¼is the LOD selection value computed as

! = clamp
�

kAABBmax � AABBmin k
' ~

� _• 0• 1
�

• (2)

whereAABBis the screen-space bounding box of the bundle, which is normalized by' ~ the vertical
resolution of the screen, and_ is the LOD sensitivity parameter. The projected bounding box is
computed by projecting each layer's vertices to screen space, and accumulating a single axis-aligned
bounding box (AABB) as the component-wise maximum over all per-layer AABBs:

AABBmin = min
8

min
�
s8
G• s8

~• s8
I • s8

F
�
• AABBmax = max

8
max

�
s8
G• s8

~• s8
I • s8

F
�
• (3)
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( 1
( 2

Fig. 4. Shadow artifacts due to LOD-based strand prunning. Applying stochastic strand removal results
in inconsistent shadow or deep opacity maps (DOM), which might produce shadow artifacts when applying
LOD. When the depth map is calculated using the full geometry set, but the front-most strand (( 1) is randomly
culled, the shadow volume becomes �stale�. Consequently, the remaining strand (( 2) incorrectly samples the
high-opacity region deeper inside the groom (Problem), leading to unnatural darkening and visual popping
(Naive). Pushing all strands closer based on the ratio of removed strands fixes this (Depth Correction).

wheres8
G•~•I•F are the screen-space positions of the four quad vertices of layer8. Bundles with

AABBs laying entirely outside the viewport are frustum-culled (# LOD = 0). The resulting value
is written to the instance count of an indirect dispatch bu�er with� entries, and computed via a
dispatch of� threads, with one thread assigned to each bundle.

3.2.2 Dynamic Strand Resolution.A second form of LOD we apply is when selecting the number
of control points for each strand geometry, which inherently reduces the number of rasterized
segments. We use the same LOD selection! value as before (Eq. (2)), and � following Bhokare's
approach [Bhokare et al. 2025, Eq.9] � compute the number of control points per bundle as

� raw = max
�
b
p

! � � maxc• � layers
�
• (4)

where� max = 127is the maximum number of control points and� layers is the number of bundle
layers (a hard lower bound). We use

p
! instead of! to better preserve curvature at intermediate

distances. To ensure smooth vertex LOD transitions, we snap� raw to a power-of-two-plus-one
value, giving a �nal control points count value of

� = min
�
2blog2¹� raw � 1º c ¸ 1• � max

�
• � raw � 3” (5)

This computation is also done with one thread per bundle, in the same pass as the strand count
computation. The �nal control point count is stored in a GPU bu�er next to the (indirect) dispatch
count (�tting into a single uint4 per bundle), which is consumed by the software rasterizer.
Combined with the per-bundle random o�setX in Eq. (1), which staggers strand-count transitions
across bundles, this snapping rule keeps geometric LOD switches sub-pixel under typical viewing
speeds; we did not observe perceptible popping in our test sequences.

3.2.3 Depth Comparison Artifact Fix.An important problem of removing strands is that previously
computed depth maps become invalid (recomputing them is computationally expensive, which
we want to avoid). This is especially noticeable with shadow or opacity maps (Fig. 4,Problem),
where stochastically removing a strand at the boundary of the groom might lead to inner strands
becoming visible, but still fall behind the stored depth value. In the case of shadow maps, this
results in a dark region (Fig. 4,Naive). We �x this issue by moving the inner strand closer to the
camera during depth testing by a small o�set� , which depends on the distance to the camera and
the proportion of remaining strands.

To derive this o�set � we make use of the Beer-Lambert law and statistically account for
aggregated visibility as

+ ¹3º = exp¹� f � 3º• (6)
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with f proportional to strand density. When stochastically removing strands, only a fraction
V =

# remaining

# total
of the strands remain, so that density becomesf � Vand visibility becomes

+ 0¹3º = exp¹�¹ f � Vº � 3º = exp¹� f � ¹V � 3ºº” (7)

This shows that reducing the number of strands is equivalent to traversing a reduced e�ective
depth3e‚ = A3. To express this compensation as an additive shift in depth space, we invert the
exponential, yielding an o�set

� = � log¹Vº = � log
�
# remaining

# total

�
” (8)

This shift is � = 0 when no culling occurs (V = 1) and increases smoothly as more strands are
removed (V# 0).

3.3 Anti-Aliasing and Opacity Reconstruction

In order to achieve low frame render times, the number of pixels available to write via atomic
operations is very limited (only 64 bits per pixel, with 24 of those being used for depth), which
limits us to a single sample per pixel in high-resolution renders. This results in signi�cant aliasing
and disconnected strands, since only strands passing through the pixel's center sample point are
taken into account (see Fig. 5,MSAA 1). Using conservative rasterization on the other hand results
in thick lines, specially for isolated strands (see Fig. 5Conservative Rasterization).

We use an approach inspired by the work of Huang et al. [2025]. However, they tackle these
problems using a multi-pass approach that includes an explicit strand-connection step relying
on per-strand indices which we cannot provide given our tight framebu�er. Instead, our solution
stores two layers per pixel: Acenter-samplelayer that records only the strands passing through the
pixel center, and aconservativelayer which records the atomic-min G-bu�er value over all strands
intersecting the pixel.. Combined, these layers provide the �lter with su�cient context about strand
connectivity to reconnect disconnected strands, eliminating the need for the explicit connection
pass proposed by Huang et al. [2025]. We also extend this approach by supporting multisampling
for the software rasterizer, recording samples into multiple layers of auint64 image and resolving
them later (see Fig. 5,MSAA 8). However, we only use this approach as a reference, since it is not
practical in terms of memory and computational cost.

3.3.1 Elliptical Bilateral Filter.We denoise the center-sample frame bu�er with an orientation-
aware bilateral �lter similar to Huang et al. [2025]. We apply the �lter over a square window of
radiusA=5(i.e., a¹2A¸ 1º�¹ 2A¸ 1º kernel). For every neighbor pixelQ of center pixelPat o�set d the
displacement is decomposed into tangential and perpendicular components using the screen-space
tangentT%:

d = Q � P• 3k = d � T%• 3? =



 d � 3k T%




 ” (9)

The bilateral weight [Huang et al. 2025, Eq. 11] is the product of an elliptical spatial term and a
color-similarity term, following

F %& = exp

 

�
32

k

f 2
k

�
32

?

f 2
?

!

|                {z                }
Fspatial

� exp
�
�

kC% � C& k2

f 2
2

�

|                      {z                      }
Fcolor

• (10)

wheref k = A� Bk andf ? = A� B? are con�gurable major- and minor-axis standard deviations,
andf 2 the color-similarity standard deviation (which we set tof 2 = 0”9). Neighbors whose depth
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