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    3D Texture              Chat History                   

Pro-user: >Load bois de rose

>Add one knot.

Novice-user: Load something 

reddish >Add one knot.

Pro-user: >Load ash wood 

>Change the earlywood color to 

hex:F3DBC3 >Set late wood color 

to hex:E7C19D >Set heartwood 

darkening intensity to 20% >Set 

tree age to 150.

Novice-user: >Load something 

similar to ash wood >Make it a bit 

whiter >Add more rings to the 

wood. 

Pro-user :  >Load pine wood> 

remove the heartwood >Add five 

knots.

Novice-user: >Load a yellow-ish 

wood >Add some knots >Remove 

the dark area in the middle. 

Pro-user :  >Load african padauk 

>Add 2 knots.

Novice-user: >Load an orange 

looking wood >Add some knots. 

Pro-user :  >Load walnut >Set 

heartwood to off.

Novice-user: >Load a brown 

looking wood >Delete the middle 

dark area.

Pro-user :  >Load a black painted 

pine >Add some knots>Set 

roughness to 90%.

Novice-user: >Load a normal 

looking wood >Tint it black. 

Figure 1: A showcase of materials obtained from user interactions with our model, together with their corresponding textual inputs for the

two levels of user experience we cater for. As with real wooden objects, various applications of the resulting 3D texture are possible: the

objects on the table are machined from solid wood blocks, while the table itself is assumed to have been created via a process of bending

wood over steam, so that the wood grain runs parallel to the curved surface. The > symbol is used to indicate separate text inputs from the

user.

Abstract

In the domain of wood modeling, we present a new complex appearance model, coupled with a user-friendly NLP-based front-

end for intuitive interactivity. First, we present a procedurally generated wood model that is capable of accurately simulating

intricate wood characteristics, including growth rings, vessels/pores, rays, knots, and figure. Furthermore, newly developed

features were introduced, including brushiness distortion, influence points, and individual feature control. These novel en-

hancements facilitate a more precise matching between procedurally generated wood and ground truth images. Second, we

present a text-based user interface that relies on a trained natural language processing model that is designed to map user

plain English requests into the parameter space of our procedurally generated wood model. This significantly reduces the com-

plexity of the authoring process, thereby enabling any user, regardless of their level of woodworking expertise or familiarity

with procedurally generated materials, to utilize it to its fullest potential.

Keywords: procedural generation of wood, natural language processing, appearance modelling.

CCS Concepts

• Computing methodologies → Volumetric models; Texturing; Information extraction;

© 2025 The Author(s). Computer Graphics Forum published by Eurographics - The European Asso-
ciation for Computer Graphics and John Wiley & Sons Ltd.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial
License, which permits use, distribution and reproduction in any medium, provided the original work
is properly cited and is not used for commercial purposes.

https://orcid.org/0000-0002-1931-0493
https://orcid.org/0000-0002-3536-6577


2 of 14 M. Hafidi et al. / From Words to Wood: Text-to-Procedurally Generated Wood Materials

1. Introduction

This work addresses the task of realistically reproducing wood
in computer graphics. The objectives of our work are twofold:
first, we introduce a novel Procedurally Generated Wood Model

(PGWM) that integrates State-Of-The-Art (SOTA) techniques into
a unified framework. Our model also introduces new wood features
and accommodates a wider variety of wood types within a single
parameter space. Second, we make this PGWM instantly accessi-
ble across various user expertise levels via a Text-based User Inter-
face (TUI).

Building on existing previous wood modelling efforts, the first
part of our research mainly attempts to broaden the scope of the
wood appearance features. Specifically, appearance features such
as growth rings, pores, rays, figure, and knots. While the previ-
ously published papers on the topic established a solid foundation
for realistic wood rendering, none of them encompass the complete
array of appearance features simultaneously. We address these gaps
by developing our PGWM, which not only handles existing wood
features but also presents new ones to achieve a higher degree of
photo-realism. As the resulting model is powerful but unwieldy, a
critical innovation in our approach is the development of a TUI that
is tightly coupled to the underlying PGWM. This interface is de-
signed to simplify the modeling process, making it accessible and
effortless for a broad range of users, from novices to experts.

In this investigation, we articulate several contributions to the
domain of Procedural generation of wood materials. Contribution

1 encompasses the development of a PGWM that integrates the nu-
anced visual characteristics of wood, advancing beyond the current
SOTA. Contribution 2 introduces an innovative TUI that revolu-
tionizes the accessibility and ease of solid wood texture creation,
enabling both novices and experts to generate photo-realistic ma-
terials with ease using the natural language they already know. In
conjunction with our textual interface, we have developed a dataset
of wood species predefined configurations designed to enhance the
usability for novice users. This framework allows for the precise
generation of well-known wood species using simple, direct com-
mands, such as ’load pine wood >Add one knot >Change wood
color to dark brown’.

The remainder of the paper is structured as follows: in Section 2,
we discuss previous work in procedural wood modeling, and con-
trast existing techniques with the needs addressed by our current
study. Section 3, Wood Identification, gives an in-depth overview
of all the appearance features relevant to our PGWM. Following
this, Section 4, Methodology, describes the technical execution of
our PGWM and the innovative text-to-wood interface. In Section 5,
Results, we present empirical evidence demonstrating the efficacy
and advancements of our model over current methods. Section 6,
Discussion, interprets the results, discussing implications, poten-
tial applications, and limitations of our work. Finally, Section 7,
Conclusion, summarizes the key findings and proposes directions
for future research.

2. Related Work

Procedural generation of wood materials. Generating wood tex-
tures, particularly through procedural generation for the wood

grain, has been a focus of research since a long time in computer
graphics. Notable contributions from [Pea85], [Lew89], and [LP00]
have helped create patterns resembling natural growth rings and
surface irregularities. However, the level of realism achieved re-
mains relatively low.

In their work, Marschner et al. developed a shading model us-
ing BRDF (Bidirectional Reflectance Distribution Function) mea-
surements to capture light scattering from subsurface wood fibers
[MWAM05].

In their studies on the procedural generation of wood materials,
Liu et al. explored the detailed features of wood, including fibers,
vessels, growth rings, rays, and figures. Despite the depth of their
research, their model, as discussed in [LMD15] and [LDHM16],
did not incorporate knots and was complex in terms of parameter
adjustments.

Larsson et al. [LIY*22] presented a procedural method for mod-
eling wood with knots by applying a smooth minimum approach
between distance fields. However, their approach did not extend to
elements such as rays, figure, vessels, or knot cracks. Furthermore,
the integration of growth rings with knots was not fully control-
lable, as the smooth minimum method relies on a single parameter
to merge tree and knot distance fields.

The studies by Liu et al. [LDHM16], and Larsson et al. [LIY*22]
relied on intensive tests to find values for the input parameters of the
PGWM, making it extremely difficult for beginners without wood
knowledge to utilize the model for a specific wood species. Inaccu-
racies in specifying these wood parameters can lead to unrealistic
wood variants that do not naturally occur in reality.

Nindel et al. [NHIW23] presented an automatic method for
matching procedurally generated wood to ground truth images by
detecting growth rings with curved Gabor filters and using a phase-
based loss function to capture anatomically accurate deformations.
In the same area of research, Larsson and Ijiri et al. [LIS*] pro-
posed a method for inferring the internal structure of wood based
on surface photographs.

Kratt et al. [KSG*15] developed a simulation of tree growth and
bark cracking that utilizes advanced methods to adapt to changing
shapes and surfaces. Their system facilitates realistic modeling of
growth, surface cracking, and stress effects, all of which are user-
controllable.

2D image generation using AI techniques. Zhang et al.
[ZLX*24] proposed a method for generating high-quality PBR
materials using geometry- and light-aware diffusion models. Ben-
sadoun et al. [BKA*24] presented a meta-learning-based approach
for efficient and consistent texture generation for 3D objects, with
both contributing to advancements in texture generation.

Stable diffusion [RBL*22; PYG*23], along with text-to-image
generation innovations such as DALL-E 3, Imagen, and Midjour-
ney [BGJ*23; SCS*22; Mid22], signify remarkable advancements
in the realm of AI-driven creation. These technologies epitomize
the cutting edge in synthesizing visual content from textual de-
scriptions. It is natural to consider the use of such generative AI
techniques for the creation of 2D wood textures: and it would be
expected that high quality images of wood can be delivered by
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such methods. However, wood is intrinsically a 3D material: and
the limitation of 2D generated textures is visible at the edges of
any 3D mesh, where textures on two sides of the edge do not real-
istically match and align. This issue underscores the critical need
for procedural volumetric generation to ensure seamless, realistic
wood textures.

3D material generation using AI techniques. While the AI-
based 2D image generation techniques described in the previous
paragraph have reached very high levels of sophistication, there are
so far no corresponding methods for the direct generation of 3D ap-
pearance models. All one can do is to apply 2D images generated
with 2D techniques as textures, which obviously fails in cases like
wood or marble where the surface texture needs to correlate with
the inner structure of an object. There are some recent generative
approaches that take an entire 3D shape into account when generat-
ing consistent sets of 2D decal textures [LHL*24], but these would
still only indirectly take any internal structure of the target material

into consideration. All “knowledge” about the internal structure of
the underlying material comes from the training data set, which
makes it unlikely that the resulting model would flawlessly and re-
liably reproduce wood grain across multiple faces of a 3D object.
Even though the authors of this work did not test their approach for
wooden materials, the expectation would be that it would only par-
tially perform at best, as the focus of the technique is not primarily
on generating consistent surface features for 3D structures that are
internal to the shape being textured.

NLP. Natural language processing approaches [CW14] allow in-
formation extraction from unstructured text as well as natural inter-
action in writing or a conversation. These range from traditional
syntax-based methods like keyword detection to statistical NLP,
and machine learning based language models which aim to cap-
ture the semantics of the text. Recently, large language models
based on Generative Pre-Training (GPT [RNSS*18]) became pop-
ular, achieving state-of-the-art results in various tasks [Ope23], but
their size (parameters count) makes them prohibitive to run on gen-
erally available hardware. Various statistical and other models to
execute necessary language processing are readily available, e.g. in
the spaCy library [HMVB20], which we use to implement the text
interface of our wood model.

3. WOOD IDENTIFICATION

In this section, we give a brief overview of all the features that are
relevant for wood appearance in a procedurally generated model.

Growth rings. Growth rings are the most prominent and distin-
guishable feature: they are concentric circles of varying width vis-
ible in a transverse section of a tree trunk. Each ring represents a
single year’s worth of growth, and typically consists of two lay-
ers: the usually lighter, wider section is called earlywood and it
is formed during the spring, and the darker, denser section is called
latewood and it is produced in the summer and autumn. These rings
not only indicate the age of the tree but also provide insights into
the environmental conditions it experienced during its growth, such
as climate variations and weather events as studied in the field of
Dendrochronology.

Heartwood and sapwood. In the transverse plane, two distinct
regions can be identified: the inner section, known as heartwood,
which in most cases darker in color, and the outer section, termed
sapwood, which usually exhibits a lighter hue [Pou20]. As trees
mature, they invariably undergo a physiological transformation
whereby the innermost layers of sapwood progressively convert
into heartwood, a process essential for structural reinforcement and
increased resistance to environmental stressors.

Vessels/Pores. In a transverse cut of a tree, pores manifest as
small, dark, irregularly shaped circular openings, this appearance is
the result from cutting vessels [Pou20]. The unique feature that dis-
tinguishes hardwood from softwood is the presence of these vessels
[WM05]. Vessels vary in diameter usually (0.01–0.2 mm) [CT14],
and their lengths can range from as short as 1 millimeter (mm) to
more than 10 meters (m) [CT14]. Hardwood species are classified
based on pore size and distribution within a growth ring into ring-
porous, semi-ring porous, and diffuse-porous categories [Pou20]
(see Table 1) .

Rays. Rays are linear structures within a tree that extend radi-
ally from the center of the tree(i.e. the pith) outwards towards the
bark(i.e. the outer later of the tree), appearing as lines with a dis-
tinctive color. Rays can contribute to the wood’s appearance, par-
ticularly in species like oak, where pronounced rays create a deco-
rative pattern known as ray fleck. The visibility of rays varies de-
pending on the species.

Knots. Knots emerge at the points where branches were at some
point present in the living tree. “Dead knots” are remainders of a
branch that is still attached to the tree but have stopped growing
- and they are characterized by a dark outline. Live knots lack this
darkened border, indicating that the branch was alive and integrated
into the tree’s growth when encased. Knots can vary widely in size
and color, and they are essentially the condensed essence of the
tree’s primary structure.

Figure. The figure of wood (its appearance of wood as seen on a
longitudinal surface) is primarily influenced by the grain’s orienta-
tion and irregularities. Unique patterns such as curls, ripples, and
swirls emerge from variations in the wood fibers and the way the
grain weaves through the tree’s growth. This natural artistry of the
grain is what gives figured wood its distinctive, highly sought-after
appearance, turning ordinary timber into a canvas of natural beauty.
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4. Methodology

Trained NLP 

Wood 

Update Wood 
Parameters

User Text

User

Geometry

Dataset of 
Wood Species 
Configurations  

  >Make a dark 
brown wood

>Add some 
knots

Procedural Wood 

Render

Figure 2: Workflow in our proposed wood material authoring sys-

tem.

As shown in Figure 2, the process is initiated by the user input,
which comprises both the 3D model’s geometry and a textual de-
scription detailing the desired wood specie. This input is analyzed
by the trained NLP model (Sec 4.2) that is designed to recognize
the user’s intentions and identify the requisite modifications to the
wood parameters. To accommodate parameters not explicitly speci-
fied by the user, a dataset with predefined configurations for various
wood species is employed. Subsequently, a JSON file containing all
required parameters related to wood characteristics is updated and
supplied to the PGWM (Sec 4.1), which renders the final visual
output.

The generated results are then presented to the user, who may
issue additional commands to further refine specific wood features
within his current configuration. This iterative feedback loop con-
tinues until the user expresses satisfaction with the outcome. At this
point, RGBA, roughness, and normal maps are generated, enabling
the production of textures at any required resolution. These textures
facilitate the creation of physically-based rendering (PBR) assets,
applicable for both real-time and offline rendering usage.

4.1. Procedurally Generated Wood Model

In this section, we present our PGWM, where we detail the ac-
curately modeled wood features alongside the textual experience.
It is important to note that all mathematical operations and equa-
tions specified below are engineered to execute on a per-pixel basis
within the framework of a GPU program.

4.1.1. Growth rings

The growth rings are modeled using a wave function, which math-
ematically describes the periodic oscillation of values represent-
ing the transitions between different regions in wood. We have
tested several types of wave functions, such as: sine, square, tri-
angle or sawtooth (see Figure 4). The wave function with the saw-
tooth comes closest to mimicking the ground-truth wood smooth

transition from earlywood to latewood, and abrupt transition from
one growth ring to another.

The main difference between our model for the growth rings and
the one presented in [LDHM16] remains on the type of the wave
function. The wave function used in [LDHM16] is a square wave
function and ours is a sawtooth based function (see Figure 4).

To mathematically describe our sawtooth wave function to any
given point P(x,y,z) in the 3D space, we focus on the representation
of the wave function, the masking for heartwood and sapwood, and
the ease transition between earlywood and latewood.

1. Segment Lengths and Total Length Calculation
Let S = {s1,s2, . . . ,sn} represent the set of segment lengths,
where n is the total number of segments. The total length, L,
of all segments is given by:

L =
n

∑
i=1

si (1)

2. Normalized Time Calculation
The normalized time, Tnorm, is calculated as:

Tnorm = mod(Time×TreeAge,L) (2)

Where mod(a,b) denotes the modulus operation, returning the
remainder of a divided by b. Here, Time is the Euclidean dis-
tance (or magnitude) from the origin to the point P(x,y,0), and
TreeAge is just a constant value.

3. Current Segment Identification
The current segment index, k, is found where Tnorm falls within
the cumulative length up to that segment:

k = min

{

k |
k

∑
i=1

si > Tnorm

}

(3)

4. Separating Heartwood and Pith from the other wood features:

a. Heartwood Mask Mheart

This mask is determined by comparing the normalized time,
Tnorm, against the cumulative lengths that represent the age
of the heartwood. The assignment is as follows:

Mheart =

{

Black if Tnorm < ∑
heartwoodAge
i=1 si

White otherwise
(4)

Black indicates areas within the heartwood age range, while
white represents other parts of the wood.

b. Pith Mask Mpith

This mask is applied based on whether Tnorm falls within the
length of the first segment, identifying the pith region.

Mpith =

{

Black if Tnorm < s1

White otherwise
(5)

Here, black is used to highlight the pith, and white denotes
areas outside the pith segment.

5. Sawtooth Wave Calculation Given the normalized time Tnorm,
segment lengths S, and an easing factor e, the smoothed wave

© 2025 The Author(s).
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D

Figure 3: Visualization of the wood features.(A) is a rendered image of a transverse section of the wood. (B) Is a rendered image of a tree

trunk section, displaying wood properties from the two types of cuts transverse and radial.(C) is a diagram to show the different types of

wood cuts in the wood working industries. (D) is a comparison between the different categories of porosity in a transverse cut. All the wood

images are obtained using our PGWM.

TriangleSine

Sawtooth Square

Figure 4: Wave functions were compared using our wood model

to simulate the growth rings visible in cross sections of wood. Our

final model is based on the sawtooth wave function.

value Wave within the current segment k is computed as follows:

Wave =

(

Tnorm −∑
k−1
j=1 s j

sk

)e

(6)

This equation adjusts the wave’s progression within each seg-
ment using the easing factor e, making it possible to adjust the
transition from earlywood to latewood. The summation ∑

k−1
j=1 s j

calculates the cumulative length of all segments leading up to,

but not including, the current segment k. This is a way of ac-
knowledging how far along we are in the sequence of segments
up to the point just before the current segment begins.

4.1.2. Vessels/Pores

We used Voronoi noise alongside our sawtooth wave function to
model the vessels. We define a Piecewise Linear Function for each
type of wood porosity (see Table 1), which controls the size of
the pores. This approach allows us to accurately model the natural
variability in pore sizes across different wood growth rings without
overlapping the transition line between the latewood of the current
growth ring and the earlywood of the next growth ring.

Our vessel model is comparable to the one described in
[LDHM16]; however, our model exhibits greater precision control
over the pores sizes through the application of the piecewise linear
function, allowing for the avoidance of overlap with the extremities
of growth rings (see Figure 3 (D)).

• For ring-porous types of wood: the pores’ diameters have two
states, large inside earlywood and small inside latewood. We
model this variation using a 6-segment piecewise linear function
that transitions between these states (see Table 1).

• For semi-ring porous types of wood: the diameter of the pores
start large then gradually decreases from earlywood to latewood,
the more we approach latewood the smaller the pores. We model
this variation using a 4-segment piecewise linear function (see
Table 1).

• For diffuse-porous types of wood: the diameter of the pores is

© 2025 The Author(s).
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Fraxinus americana Alnus glutinosa Acer pseudoplatanus

Table 1: Comparative analysis of microscopic images [Bou08] of

various pore distributions with rendered diagrams generated by

our PGWM through the use of piecewise linear functions.

generally the same and it is large, We model this using a 4-
segment piecewise linear function (see Table 1).

In practice our model can shift from one porosity type to another
or to not having pores at all using one parameter.

4.1.3. Rays

The previous state of the art wood model utilized the Wyvill kernel
for rays modeling [LDHM16]. In our PGWM we decided to define
a new rays model that is visually comparable to the one presented
in [LDHM16]. Our model of rays is not visually worse or better
than the previous SOTA model, we use different methods for the
sake of simplification.

To mathematically describe our rays model, we will break it
down into several parts:

Part 1: Defining an Elliptical Cylinder

In this part we define the function f that determines if any given
point p in the 3D space is inside an elliptic cylinder. the resulting
value of f is equal to 1 if p is inside and 0 else.

Variables and Parameters:

• p: input point in space, where p = (x,y,z).
• s and e: Start and End points defining the cylinder’s axis.
• h: cylinder height.
• b: the length of the semi-minor axis of the elliptic cylinder.
• a: the length of the semi-major axis of the elliptic cylinder.
• w: the vector −−→pp p.
• r: the radial distance considering the length b.
• z: the distance from s to the projection of p onto −→se .
• pp: is the projection point of p into −→se .

The elliptic cylinder indicator function f :

f (p,s,e,h,b,a) =

{

1, if 0 ≤ z ≤ h and r < a

0, otherwise
(7)

where:

• r =

√

w2
x +w2

y +
(wz

b

)2

• pp = s+ z ·−→se

• z =−→sp ·−→se

Part 2: Defining Multiple Elliptical Cylinders Per Layer

Using the function f, we define the function g, which is responsible
for defining multiple cylinders per layer. A single layer of cylinders
simulates the rays from a cross-sectional slice of a tree, with each
layer indexed by a specific z-coordinate value.

Variables and Parameters:

• n: total number of cylinders in each layer.
• sz: the z coordinate of the starting point s of all the cylinders of

the current layer.
• pz: the point where x = 0, y = 0 and z = sz.
• θ: the rotation value of the currant layer of cylinders.
• di: the random direction vector for the i-th cylinder.
• oi: the offset random value for the i-th cylinder, used for shifting

the cylinders from the pith of the tree to the outer bark.
• si and ei: the start and end points that define the i-th cylinder’s

axis.

The layered cylinder aggregation function g:

g(p,n,sz,h,b,a,θ) =
n

∑
i=1

f (p,si,ei,h,b,a) (8)

where:

• si = pz +di ·oi

• ei = si +di ·h

© 2025 The Author(s).
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Figure 5: Cone diagram, defining one knot before distortion.

Part 3: Defining Multiple Layers of Elliptical Cylinders

We tried two methods to perform multiple layers of cylinders, the
first one is to call the function g in a loop M times where the M is
the number of layers, which was very expensive, the other method
was to use the Modulo around the input Z coordinate and define
the same layer of cylinders multiple times with a different rotation
and distortion values, an offset value was used to define the spacing
between layers to control the rays density around the Z axis.

4.1.4. Knots

In this section, we describe our model for simulating wood knots,
with a particular focus on live knots. Our approach involves defin-
ing a cone system. Each cone represents a knot and is defined by its
apex point and a direction vector. To define such a system for each
point p in 3D space, we start by projecting the point p onto the
axis of the current cone, which is defined by an apex ca, a height ch

and a direction −→cd . This projection results in the point pb. We then
need to compute the distance d(p, pb) and the radius of the cone at
the point pb, which is rb (see Figure 5). To determine if any given
point p in the 3D space is inside the current cone, the conditions
d(p, pb)≤ rb and 0 ≤ pb < ch need to be true. Note that this test is
for one cone in the list of cones, a loop is required to test for all the
cones in the cone system.

For the intersecting knots we use the smooth minimum func-
tion as mentioned in [LIY*22]. handling of the knots intersecting
growth rings is described in section 4.1.8.

Up to this part of the paper we only described the knots as stan-
dard cones with no distortion. To achieve a closer shape to the
ground-truth we apply a curvature function (c f ) to the radial dis-
tance (ld), resulting in the curved value (cv), this last one will then
be used with the z value (pz) of the input point p to compute the
average value (av).

The input point of the resulting curved cone, defined as a geo-
metric shape derived from a standard cone by applying a curvature
function to the radial distances from its axis, is given by Equation
9.

Curved_Cone_Point = Point(px, py,av) (9)

where:

• ld =
√

p2
x + p2

y

• c f (x) =
√

1− (1− x)2

• cv = c f (ld)

• av =
pz+cv

2

Our knots model does not cover all types of knots seen in
[LIY*22] but presents an improved model for the live knots (see
Figure 11). Some of the improvements, such as the random knots
darkening are small improvements yet they significantly contribute
to the visual realism side of the final result (see Figure 11). Another
significant difference, and the reason we prefer to employ our knots
model over the state-of-the-art (SOTA) knots model presented in
[LIY*22], is that our model does not require any predefined data,
such as the tree structure for determining knot location and orien-
tation as shown in [LIY*22]. The absence of predefined tree data is
essential to rendering it possible for users to interact with individual
knots through the TUI.

4.1.5. Wood Distortion

One of the principal features that significantly enhances the real-
ism of our wood model, absent from the SOTA models, is our inno-
vative multi-distortion technique. This method is divided into two
distinct parts: firstly, grain distortion, which is primarily visible at
a macroscopic level and readily observable with the naked eye; and
secondly, brushiness distortion, which becomes apparent at meso-
scopic to microscopic scales. These techniques work in synergy
to provide detailed wood distortion across the entire tree. We will
discuss each of these parts in greater detail in the subsequent para-
graphs.

Grain Distortion. The grain distortion is based on influence

points, which exert a repulsive effect on the tree’s growth rings,
causing them to bend (see Figure 6). This approach is based on the
repulsive and attractive forces principles, similar to those used in
crowd simulations [TM12]. For flexibility in our model we allow
for these influence points to be fully adjustable in terms of influ-
ence range, strength, position, and count.

Influence points. Influence points are specific control points
within our PGWM, and can transition from random to manually
defined distortions, for better matching between procedurally gen-
erated wood and a given ground truth. With this technique, we were
able to closely match the wood photograph seen in Figure 9, a result
not achieved in previous state-of-the-art work [LDHM16].

Brushiness distortion. Brushiness distortion is implemented us-
ing high-frequency nested Perlin noises elongated along the Z-axis.
Due to the high frequency of noise, it induces subtle alterations in
the growth rings, producing an effect akin to painting with a dry
brush, hence the term ‘brushiness distortion’.

In practice, the Z coordinate of P is divided by a high value (e.g.,
ten times its original value) for elongation. P is then sent as an input

© 2025 The Author(s).
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       Without Distortion             Distorting using 3 influence points         Brushiness Distortion        

Figure 6: Rendered results showing sequential stages of the dis-

tortion process depicted from left to right: initially, the undistorted

tree; followed by grain distortion utilizing three influence points

marked with yellow; and concluding with brushiness distortion.

to a Perlin noise function, and the output, which is a scalar value
from 0 to 1, is later used in another Perlin noise function. The exact
parameters of the noise functions can vary depending on the type
of wood.

Figure 6 depicts the progressive stages of the distortion process.
All distortions are applied to the three-dimensional input point P

before computing the wave function, as detailed in Section 4.1.1.

4.1.6. Normals

One of the most important outputs from our feature calculations on
wood from the previous sections is the distance values, which range
from 0 to 1. These values can be interpreted as height data. We can
utilize this data to derive our normals, which will subsequently be
used in our rendering process (see Figure 7).

Let H(x,y) represent the height at any point (x,y) on a 3D texture
surface. Here, the values of H are normalized between 0 and 1,
where 0 represents the lowest elevation and 1 the highest.

Calculating Partial Derivatives. The process of converting
height data into normal data in 3D requires calculating the partial
derivatives of the height function H with respect to both x and y.
These derivatives represent the slope of the surface at each point
and are crucial for determining how the height variations contribute
to the normal vector at each point:

Hx =
∂H

∂x
(10)

Hy =
∂H

∂y
(11)

Constructing the Normal Vector. In general the normal vector N

at any point on a surface, is perpendicular to that surface. For a
surface defined by a height map, the normal vector is influenced by
the gradients Hx and Hy. The new modified normal vector at each
point can be computed by:

Nnew = N +(−Hx,−Hy,1) (12)

Nnew is then normalized to ensure it remains a unit vector. A visu-
alization of the normal computation is shown in Figure 7

Height                                         Normal                                  Distorted Normal           

Figure 7: Visualization of distorted normals computation.

4.1.7. Roughness

Earlywood tends to have higher roughness and is less shiny due to
its more absorbent nature, while latewood exhibits lower roughness
and appears shinier as it is less absorbent [GUR14]. Similarly to the
normal computation we compute the roughness from the distance
values, and map the distance values from the range of 0 to 1 to the
range of 0.3 to 0.7, these values are the average values obtained
from multiple studies about roughness in earlywood and latewood
[PKPS16] [ZHC13] [Dav11] of several wood species, these values
are used as default for the unknown roughness values in our wood
dataset configurations.

4.1.8. Merging all the wood features

Until now we explained how we modeled the wood features sep-
arately, but an additional challenging aspect of procedural gener-
ation of materials is merging all these features into a single, inte-
grated model.

Growth rings and knots. To merge growth rings and wood knots
a smooth minimum function could be used (see [LIY*22]). We
drooped the use of the smooth minimum technique, and opted for
a three-point Bézier curve to prepare the knot for merging with the
distorted main radial distance of the tree. This same Bézier curve
is utilized to control the knot’s age without affecting the tree grain
(see Figure 8).

The used Bézier curve is defined by three points P1(0.0,0.356),
P2(0.283,0.913), and P3(1.0,0.955) and is given by:

B(t) = (1− t)2
P1 +2(1− t)tP2 + t

2
P3, t ∈ [0,1] (13)

Expanding this, we have:

B(t) =
(

0.566(1− t)t + t2
, 0.356(1− t)2 +1.826(1− t)t +0.955t2

)

(14)

t is the parameter that defines the current position along the
curve, in our case it is the radial distance of the curved cone seen
in 4.1.4.

A simple multiplication is later performed between the scalar
value obtained from the equation 14 and the radial distance ob-
tained from the distorted main tree to compute the distance field.
This latter one will then be used as an input for the sawtooth wave
computation seen in section 4.1.1.

Growth rings and vessels. The wave value given by Equation 6
is used as an input value to the Piecewise Linear Functions used in
4.1.2, this way we indicate where earlywood and latewood are, and
where the transitions in-between them are placed.

© 2025 The Author(s).
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A B

C D

15 growth rings 7 growth rings

4 growth rings 1 growth ring

Figure 8: From A to D, resp. we are decreasing the coordinate Y

value of the point P2 from the Bézier curve defined in 4.1.8. In this

figure we show the exceptional ability of controlling the knot age

without affecting the main tree grain.

Rays and other wood features. Wood rays overlap the growth
rings and the vessels, so we used the distance value of the rays to
mask them off the growth rings, and off the vessels.

4.1.9. Dataset of wood species configurations

To ensure the flexibility of our model in handling inputs not ex-
plicitly provided by users, we have developed a dataset comprising
predefined configurations for various wood species. This dataset is
contained within a single JSON file, which encompasses multiple
entries for different wood species. Each entry is structured as a dic-
tionary representing a specific wood species, encapsulated with a
set of parameters and their corresponding predefined values.

The derivation of these values is based on individual evalua-
tions. We have precisely defined certain parameters, such as the
type of porosity, which may be categorized as ring-porous, semi-
ring-porous, or diffuse; and the level of roughness, which has been
previously studied and quantified by other researchers. However,
due to resource limitations, some parameters were approximated in
a less rigorous manner. Examples of these include the manual color
selection for earlywood, latewood, sapwood, and heartwood from
photographic sources, and the estimation of ray density.

While some parameters values are approximated some others
are constructed from scientific papers and trusted resources [Ab],
[GUR14], [Mei15], and [Enc23].

It is important to note that this dataset includes only parameters
and their corresponding values, and does not contain any images.

4.2. Text to Wood

A significant limitation of existing PGWMs (Procedurally Gener-
ated Wood Models), such as those developed by [LDHM16] and
[LIY*22], is their complex user interfaces. The vast diversity of
wood species and their characteristics necessitate numerous param-
eters to configure the model for a certain wood species. This com-
plexity can pose significant challenges for users without extensive
expertise in wood characteristics and, perhaps even more so, work-
ing with complex multi-parameter procedurally generated models.
To address this, we introduce a user-friendly text interface to our
PGWM, enabling users of all skill levels to easily modify parame-
ters using natural language, thus removing the need for specialized
technical knowledge.

NLP enables computers to understand human language, one of
its practical applications is entity recognition which is what we em-
ployed to build our text to PGWM.

Our approach utilizes Named Entity Recognition (NER) to iden-
tify and categorize key information in the text — specifically, terms
related to various wood properties. To develop our custom NER
model, we began by assembling a targeted dataset consisting of
500 lines of wood descriptions. This dataset includes phrases typi-
cal of procedural generation of wood, such as ‘take off the knots‘,
‘raise the vessels’ scale by 12%‘, and ‘change the colour intensity
of the vessels to light red.‘ Each phrase was annotated to mark the
start and end indices of each entity and its type, a critical step for
ensuring the training accuracy of our model.

To elucidate the annotation process used in our Named Entity
Recognition (NER) model, consider the specific example of the
phrase ‘Raise the vessels’ scale by 12%’. This sentence illustrates
how natural language instructions are systematically broken down
and categorized to facilitate the model’s understanding and process-
ing capabilities.

• ‘raise’: Labeled as Increase, indicating the operation to be per-
formed.

• ‘the vessels scale’: Labeled as Vessels_scale, specifying the
wood parameter to be edited.

• ‘12%’: Labeled as Percentage, quantifying the change to be
made to Vessels_scale.

Each component of the sentence is tagged with its respective role
in the command, allowing the model to parse and execute changes
based on user inputs efficiently.

The result from the labeling process is obtained in the following
format:

("raise the vessels’ scale by 12%", {"

entities": [(0, 5, "Increase"), (6, 23,

"Vessels_scale"), (27, 30, "Percentage")

]})

In order to employ this with spaCy, the format will be trans-
formed into a structure that spaCy can interpret:

"classes": [

"INCREASE", "VESSELS_SCALE", "PERCENTAGE

"

© 2025 The Author(s).
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A B C

Figure 9: Ash wood. Our result (B) is compared to the ground truth (A) and the results from the SOTA paper [LDHM16] (C). The wood

model in [LDHM16] depends solely on randomness to distort the wood grain and does not match the ground-truth (A). Our approach on the

other hand utilizes influence points to precisely model annual rings, we were also able to simulate the tiny knot observed in (A).

],

"annotations":

["raise the vessels’ scale by 12%.",

{

"entities": [

[

0,5,"INCREASE"

],[

10,24," VESSELS_SCALE"

],[

28,31,"PERCENTAGE"

]]}]

This structured tagging is critical for enabling the model to in-
terpret user commands accurately and for adjusting the model pa-
rameters accordingly.

Now that the training dataset was prepared, we utilized the com-
prehensive en_core_web_lg model from spaCy, focusing specif-
ically on its NER component, as the foundational layer for our
custom model. Starting with this pre-trained base, we initialized a
spaCy model, which we tailored to our specific needs. After only 51
minutes of one training cycle with our carefully annotated dataset,
we fine-tuned the model to accurately recognize and categorize the
set of wood-specific parameters, user intents, and the types of val-
ues needed for parameter update. This significantly enhanced the
model’s understanding of wood terminology within textual inputs.
As a result, we now have a trained model capable of precisely rec-
ognizing user inputs.

The bridge between the outputs of our NLP model and the final
updated JSON file is managed by a Python script set up as a hi-
erarchy of conditional statements. This script receives predefined

commands (e.g., ’increase’, ’decrease’, or ’set’) alongside wood-
specific parameters (e.g., ’wood-age’ or ’earlywood-color’) and
values (e.g., ’12%’, ’255,0,0’, or ’155.40’). It systematically navi-
gates these inputs through conditional branching to dictate specific
modifications to a wood parameter within the JSON file, ensuring
each command is accurately translated from text to a parameter
update. Consequently, this process effects real-time and precise up-
dates to the wood model parameters. In instances where critical
components such as the intent, parameter name, or value are miss-
ing (i.e. not recognized by the NLP model), the script defaults to a
failure mode, as illustrated in Figure 10.

5. Results

In Figure 1 and 10 we demonstrate how a novice and an expert user
would work with our system to model a particular wood species.
This showcases the capabilities of our PGWM and how easy our
text interface makes it to achieve complex and interesting mate-
rials. With our system, users do not need to be experts in wood
or in procedural generation to achieve realistic results. At the same
time, procedural material generation experts can also make detailed
changes to all components.

In a system like Blender, the mathematical functions of our
PGWM could be implemented through Open Shading Language
(OSL) shaders, which are commonly referred to as custom nodes
in the shader editor. Each node can be defined with specific inputs
and outputs, forming a directed acyclic graph. This graph’s out-
puts are parameter values that serve as inputs to functions such as
the Spatially-Varying Bidirectional Scattering Distribution Func-
tion (SVBSDF).

© 2025 The Author(s).
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>Load one of the brown looking 

woods.

>Wood initialization.

> Set the earlywood color to hex: CCB49C 

> Change the latewood color to hex: B2885A

> Add heartwood.

> Add radial distortion

> Add two knots

> Add brushiness 

>Let's try Oak

>Add some knots

<Here is a top 3 random brown 

wood species from our 

database: 

1- Walnut 

2- Oak

3- Nyatoh 

Novice user Professional user

<

<

< <

< <

< <

<

> Add more knots

> Set knots derkening intensity to 53%

> Add tree random dakening

>Make the wood transparent

< Update failed! No changes 

have been made to the material. 

Figure 10: Example sessions of two users at different skill levels.

Note that our model is capable of interpreting both vague and spe-

cific commands, and that expert users can make very specific de-

mands with regard to colors and other model parameters. The case

highlighted with a dashed red border is the standard reply of our

system to failure cases where the system can not make sense of a

user input.

Comparison with prior work. In Figure 11 we show a compar-
ison study between our wood model and the most recent PGWM
that features knots by [LIY*22]. We used the authors’ implementa-
tion to get the results in Figure 11 (C). The prominent differences
between the SOTA model and ours in this figure are: 1) The non
uniform darkening of the knots, in reality knots are not uniformly
darker than the main tree. 2) If we zoom into the ground-truth im-
age we can see the heartwood (i.e. the darker area that is in the
center of the knot). 3) Other wood features, such as roughness and
brushiness distortion, can create significant visual differences be-
tween the two models.

Figure 3 showcases the majority of wood features implemented
in our PGWM, with a particular emphasis on the interaction be-
tween key elements such as rays, vessels, growth rings, and knots.

The comparison with the PGWMs by [LDHM16] and [LIY*22]

A

B C

Figure 11: Our knot B) compared to ground-truth A) and to results

obtained from utilizing the GitHub repository project provided by

[LIY*22] C)

A B C

Figure 12: Pine wood. Our result (B) is compared to the ground

truth (A) and to the results from the SOTA paper [LDHM16] (C).

The pinching effect on the bottom right corner observed in (A) is

likely caused by a wood knot, and could be replicated with our

model by placing a knot at that exact location, which can not be

the case for (C) since the knot feature is not implemented.
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A B C

a b c

Figure 13: Walnut wood. Our result (B) is compared to the ground

truth (A) and to the results from the SOTA paper [LDHM16] (C).

highlights significant improvements, such as the brushiness distor-
tion that shows a noticeable visual improvement (see Figures 9,
12, and 13), the capability of individually editing a wood feature,
the heartwood and sapwood, and the influence points for a more
precise distortion of the wood grain. All these improvements are
clearly accurately reflecting the natural wood characteristics.

Figure 9 specifically illustrates the ability of our PGWM to pre-
cisely distort the wood grain, a feature that is absent in the PGWM
by [LDHM16]. This precision was achieved through the use of
influence points, which allow for accurate shaping of the annual
rings. Additionally, our model successfully simulated the current
knot in the ground-truth image, a feature that is not supported by
[LDHM16].

The wood figure feature is a unique characteristic of the model
proposed by [LDHM16]. Despite the complexity of the spiral tech-
niques employed in the SOTA model, we successfully replicated
the results using height maps as an alternative approach. The com-
putations detailed in Section 4.1.6 were applied to convert height
maps into normal maps. The rendered results are shown in Figure
14.

The table 2 compares features of PGWMs, highlighting key dis-
tinctions between our model and those developed by [LDHM16]
and [LIY*22]. It is important to note that some features are not im-
plemented across all three models, leaving opportunities for future
research.

Ours Larsson et al. Liu et al.

Growth rings ✓ ✓ ✓

Vessels or Pores ✓ X ✓

Rays ✓ X ✓

Live knots ✓ ✓ X

Dead knots X ✓ X

Ended knots (broken
branches)

X X X

Random tree distortion ✓ X ✓

Custom grain distortion ✓ X X

Vessels shape distortion ✓ X X

Non-uniform Knots darken-
ing

✓ X X

Early-to-latewood ease con-
trol

✓ X ✓

Per growth ring size and ease
control

✓ X X

Brushiness Distortion ✓ X X

Normal/Bump ✓ X ✓

Roughness ✓ X ✓

Random Tree Darkening ✓ X ✓

Heartwood and Sapwood ✓ Color mapped X

Wave function Sawtooth Color mapped Square
Figure Using a height

map
X ✓

Wood Cracks X X X

Inner and Outer barks X X X

Requirements for using the
Model

None, thanks
to the TUI, ev-
erything can be
edited using plain
English

procedural gen-
eration, and
wood knowledge
needed

procedural gen-
eration, and
wood knowledge
needed

Performance of the PGWM 1 frame per text
instruction, but
real-time using
PBR textures

real-time real-time

Table 2: Comparison table of prior PGWMs, showing key differ-

ences between our model, Liu et al. [LDHM16], and Larsson et al.

[LIY*22].

6. Discussion

In their research, Lee et al. [LY16] explored the advantages of text-
based interfaces compared to traditional graphical user interfaces
(GUIs) across various scenarios. They specifically highlight the ef-
fectiveness of text-based commands in dimensionality reduction,
such as scripting animations, which bears a strong resemblance to
our method of tuning parameter values for the PGWM. Building on
the insights from Lee et al., and complemented by the 14 cases of a
non-formal user study conducted by our internal team, depicted in
Figures 1 and 10, we assert that the text-based interface enhances
the efficiency of interacting with the PGWM for both novice and
expert users. Moreover, we acknowledge that the lack of a more
comprehensive user study performed with our system is a limita-
tion of our current research, and requires future investigation.

Regarding the robustness of our system, as illustrated in Fig. 10,
the system retains its state between queries, and so allows incre-
mental modifications of the results based on user commands. For
example, instructing the system to ‘change the age of the tree to
500’ from a previous age of 100 markedly increases the number of
rings within the tree, representing a significant alteration. In con-
trast, a minor command such as ’Set knots darkening intensity to
53%’ from an initial 50% results in a change that is nearly indis-
cernible.

For real-time applications such as a tree-cutting simulator, the
performance of our system is significantly influenced by the hard-
ware due to its use of both CPU and GPU in its current implemen-
tation. However, if the requirement is to use a 3D mesh as an asset,
it is feasible to bake textures from our PGWM. The resulting PBR
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CBA

Figure 14: The wood figure feature. Our results (B) are compared to the ground truth (A) and to the results from the SOTA paper [LDHM16]

(C). We were able to replicate the results using one of the height maps presented in [LDHM16] and the calculations seen in 4.1.6. Variations

in (B), highlighted within white squares, are achieved by adjusting the height map’s strength and the light sources in our scene.

textures can then be used in conjunction with the input mesh in-
side of a real-time environment. A full GPU implementation of our
model could further enhance its efficiency and real-time capabili-
ties.

The NLP interface and PGWM have notable limitations. The
NLP struggles with undefined parameters and syntax errors, lead-
ing to the system ignoring commands. The PGWM currently does
not account for wood treatments like staining or varnishing and also
lacks features such as parenchyma or wood bark.

7. Conclusion

This study presents a significant advancement in procedural wood
generation by enhancing the visual realism of 3D wood tex-
tures through detailed modeling of wood features such as growth
rings, vessels, knots, rays, figure, and others. Our model lever-
ages procedural techniques to achieve realism. Complementing
this, we introduce a user-friendly, NLP-based interface model that
allows straightforward manipulation of the wood complex features
through textual commands. This dual approach not only improves
the model’s accessibility but also significantly reduces the technical
barriers associated with procedural wood generation, broadening
its appeal to a wider audience.

Despite these advancements, there are limitations in the cur-
rent implementation. The NLP interface is sensitive to input errors
and limited to existing parameters, requiring fine-tuning the model
for expansions. The PGWM currently lacks wood features such as
cracks and tree bark which are not yet modeled and left for future
works.

Moving forward, efforts will focus on enhancing the NLP
model’s robustness, expanding the PGWM’s capabilities to include

missing features, and improving safeguards against unrealistic out-
puts. These improvements aim to extend the model’s utility in var-
ious fields, making advanced wood modeling techniques more ac-
cessible and user-friendly for both novices and experts.
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