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ABSTRACT

The realistic rendering of highly detailed and complex surface appearances, particularly those exhibiting intricate
specular highlights known as glints, poses significant challenges for real-time graphics. Traditional Bidirectional
Reflectance Distribution Functions (BRDFs) often fall short in capturing the fine-scale microgeometry responsible for
these effects. This paper presents a novel, compact example-driven procedural model designed to generate and render
glinty appearances efficiently in real-time. By leveraging a concise set of pre-computed or pre-analyzed examples, our
procedural framework synthesizes plausible micro-surface details on-the-fly, enabling dynamic and visually compelling
glint patterns without requiring extensive storage or complex pre-filtering. We demonstrate that this approach offers a
compelling balance between visual fidelity, computational efficiency, and memory footprint, making it suitable for
interactive applications and games.

Keywords:- Glint appearance, procedural shading, real-time rendering, microfacet modeling, specular highlights, example-
driven synthesis, reflectance modeling, GPU acceleration, material appearance, light scattering.

INTRODUCTION and example-based methods that leverage measured or pre-
computed data [3, 4]. While these methods push the
boundaries of visual fidelity, many still struggle to achieve
truly real-time performance, particularly when complex
filtering or large data sets are involved. Furthermore, the
procedural generation of materials has gained traction for
its flexibility and compact representation [22, 23, 24, 25],

The perception of realism in computer graphics is heavily
influenced by the faithful reproduction of material
properties, especially their interaction with light. Among
the most challenging and visually striking phenomena are
glints - bright, sparkling highlights that arise from the

interaction of light with intricate microgeometry on offering a promising direction for synthesizing intricate

surfaces, such as brushed metals, fabrics, and worn details without explicit storage.

materials [5, 11]. These effects are crucial for conveying

material identity, surface roughness, and even a sense of  Thjs paper introduces a compact example-driven
wear or age. procedural model for rendering glinty appearances in real-

time. Our core idea is to combine the flexibility and low
Conventional rendering techniques, relying on

memory footprint of procedural generation with the visual
macroscopic BRDFs like the Cook-Torrance model [28],

richness derived from examples. Instead of storing explicit
high-resolution microgeometry or complex pre-filtered
data, our model synthesizes the necessary micro-surface
attributes procedurally, guided by a small set of example
glint patterns or their statistical properties. This approach

approximate surface roughness wusing statistical
distributions of microfacets [31]. While effective for diffuse
and broad specular reflections, they often fail to capture
the sharp, dynamic, and intricate patterns characteristic of
individual glints, which stem from specific orientations of allows for dynamic, view-dependent glint generation that
tiny specular elements within the microstructure. adapts to varying light conditions and camera movements,

Accurately simulating these phenomena typically requires maintaining high visual quality at interactive frame rates.

either extremely high-resolution geometric models, which

are impractical for real-time applications, or complex The key contributions of this work are:

microfacet distributions and filtering techniques that

introduce significant computational overhead or storage e A novel framework for synthesizing glinty
demands [12]. appearances that marries procedural generation

with example-based guidance.
Recent advancements have explored various avenues to

address this challenge, including sophisticated microfacet e A compact representation strategy that

models [1, 13, 15], wave optics approaches [7, 9, 10, 19], significantly reduces memory requirements
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compared to traditional data-driven or high-
resolution approaches.

e An efficient real-time rendering pipeline
integration that supports dynamic and visually

appealing glint effects.

The remainder of this article is structured as follows:
Section 2 reviews related work in glint rendering and
material modeling. Section 3 details our proposed compact
example-driven procedural model. Section 4 presents
rendering results and performance analysis. Finally,
Section 5 discusses the implications, limitations, and future
directions of our work.

2. Related Work

The rendering of glinty appearances is a long-standing
challenge in computer graphics, evolving from basic BRDFs
to complex microfacet and wave optics models, and more
recently, data-driven and learning-based techniques.

Microfacet Models: The foundation for many specular
reflection models is the microfacet theory, pioneered by
Cook and Torrance [28] and Walter et al. [31]. These
models describe a surface as a collection of microscopic
facets, each acting as a perfect mirror, whose orientations
are statistically distributed. While effective for
macroscopic roughness, rendering individual glints
requires highly detailed microfacet distributions. Yan et al.
introduced Position-Normal Distributions (PNDs) for
efficient rendering of specular microstructure [1]. Jakob et
al. proposed discrete stochastic microfacet models to
[15], which were further
extended for real-time rendering of mirror-like flakes [16]
and fast global illumination [17]. Atanasov et al. presented
a multi-scale microfacet model based on inverse bin
mapping for complex roughness [13]. Zhu et al. developed
a stationary SVBRDF material modeling method based on

capture fine-scale details

discrete microsurfaces to improve fidelity [2].

Wave Optics and Diffraction: For certain materials like
scratched surfaces, hair, or effect pigments, glints are not
solely due to geometric microfacets but also wave optical
phenomena such as diffraction and interference. Werner et
al. studied scratch iridescence and provided a wave-optical
rendering approach for diffractive surface structures [19].
Velinov et al. offered a real-time rendering solution for
these wave-optical effects [30]. Guo et al. proposed a
physically-based appearance model specifically for special
effect pigments [8]. More recently, research has advanced
wave optics models for hair and fur [9] and developed full-
wave reference simulators for surface reflectance [10],
enabling highly accurate but computationally intensive
simulations. Yan et al. have also explored rendering
specular microgeometry with wave optics [7].

Example-Based and Learning-Based Methods: To overcome
the limitations of purely analytical or procedural models,
researchers have turned to data-driven approaches. These
methods typically involve acquiring or synthesizing high-
resolution appearance data and then compressing or
parameterizing it for efficient rendering. Wang et al
proposed example-based microstructure rendering with
constant storage, which is particularly relevant to our work
[3]- Tan et al. achieved real-time microstructure rendering
using MIP-mapped normal map samples, effectively pre-
filtering detailed microgeometry [4]. Kuznetsov et al.
explored learning generative models for rendering specular
microgeometry, demonstrating the potential of machine
learning to synthesize complex material appearances [21].
Deng et al. presented a constant-cost spatio-angular
prefiltering method using tensor decomposition for glinty
appearances [20], offering a way to efficiently query filtered
appearance data.

Procedural Models: Procedural generation offers a powerful
alternative to explicit modeling, allowing for compact
representations and infinite detail. Zirr and Kaplanyan
discussed real-time rendering of procedural multiscale
materials [23]. Guo et al. developed a Bayesian inference
framework for procedural material parameter estimation,
facilitating the creation of complex materials [22]. Chermain
et al. have made significant contributions with procedural
physically based BRDFs for real-time glint rendering [25]
and further refined this with glint rendering based on a
multiple-scattering patch BRDF [6]. More recently, Deliot
and Belcour introduced real-time rendering of glinty
appearances using distributed binomial laws on anisotropic
grids [24].

Real-Time Glint Rendering and Anti-Aliasing: Achieving
interactive frame rates for glint rendering is challenging due
to the high-frequency nature of the effect. Early work by Yan
et al. addressed rendering glints on high-resolution normal-
mapped specular surfaces, highlighting the difficulties of
aliasing [5]. Filtering and anti-aliasing are critical for
maintaining visual quality at varying resolutions and
distances [32]. Chermain et al. also focused on real-time
geometric glint anti-aliasing using normal map filtering [26].
Wang et al. presented real-time glints rendering with pre-
filtered discrete stochastic microfacets, combining
microfacet models with real-time performance [29]. Fan et
al. proposed efficient specular glints rendering with
differentiable regularization to ensure high quality and

speed [14].

Our work builds upon the strengths of example-based and
procedural methods, aiming to provide a flexible and
efficient solution that captures the intricate details of glints
for real-time applications, while minimizing memory
overhead and pre-computation complexity. We bridge the
gap between highly accurate but slow methods and fast but
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less detailed approximations, by synthesizing details
procedurally based on a concise set of learned examples.

3. Methodology: A
Procedural Model

Compact Example-Driven

Our proposed model addresses the challenge of rendering
intricate glinty appearances in real-time by combining the
strengths of procedural synthesis with the visual fidelity
provided by examples. The core idea is to synthesize
micro-surface normal distributions or directly generate
glint patterns on the fly, guided by a compact
representation derived from a few representative
examples. This significantly reduces storage requirements
and enables dynamic, view-dependent glint effects.

3.1. Example Acquisition and Representation

Instead of acquiring full, high-resolution microgeometry,
we focus on capturing the essence of glint patterns from a
small set of representative examples. These examples can
be:

1. Synthetically Generated: Using detailed physics-
based simulations (e.g., wave optics [7, 10]) or
advanced microfacet models [1, 15] to generate
ground truth glint patterns under various lighting
and viewing conditions.

2. Measured Data: For specific materials, actual
surface scans or reflectance measurements can
provide the necessary data.

For each example, we do not store the entire normal map
or a full BRDF. Instead, we extract key characteristics or
parameters that define its glint behavior. This might
involve:

e Statistical Normal Distribution Parameters:
Fitting a compact parametric distribution (e.g., a
specialized
microfacet distribution [1, 13]) to the normals

within a representative region of the example.

Gaussian mixture model or a

e Glint Feature Extraction: Identifying and
parameterizing distinct glint features such as their
size, shape, intensity, density, and anisotropy. This
can be achieved through

techniques on rendered examples.

image processing

e Basis Function Coefficients: Decomposing glint
patterns into a set of learned basis functions
(similar to [20, 21]), and storing only the
coefficients. The "compact" aspect stems from
using a small number of dominant basis functions.

The output of this example acquisition phase is a compact
data structure (e.g., a few texture maps, a small set of
coefficients, or a parameter vector) that encapsulates the
glint characteristics of each example. This structure serves
as the input for our procedural model.

3.2. Procedural Synthesis of Micro-Surface Attributes

The heart of our model is the procedural generation module,
executed in real-time on the GPU. Given a material and a
desired glint appearance (selected from or interpolated
between our examples), this module synthesizes the
effective micro-surface properties that produce the desired
glints.

We consider two primary approaches for procedural
synthesis:

3.2.1. Procedural Normal Generation

For each shading point on the macroscopic surface, our
model procedurally generates a local distribution of micro-
normals. This is not a static normal map but a dynamic, on-
the-fly computation.

The generation process is guided by the compact
parameters extracted from the chosen example. For
instance, if the example provides parameters for a specific
anisotropic normal distribution, the procedural model
generates random micro-normals conforming to this
distribution within a shading micro-pixel. The "procedural”
aspect allows for infinite detail and variability without
storing explicit high-resolution [23, 24].
Techniques like Perlin noise, Worley noise, or specialized
deterministic patterns can be used, modulated by the
example parameters. For instance, a procedural function

textures

Nmicro(u,v,params) could define the normal direction
based on surface texture coordinates (u,v) and the example
parameters.

3.2.2. Direct Glint Pattern Synthesis

Alternatively, instead of generating micro-normals and then
shading, our model can directly synthesize the glint intensity
or visibility. This is particularly useful for highly complex
glints where direct micro-normal generation might be
overly simplistic or computationally expensive.

The example-driven parameters are used to control a
procedural function that outputs a glint "mask"” or intensity
value. For example, if an example shows dense, small glints,
the procedural function might generate a sparse noise
pattern with small, high-intensity peaks. This approach
abstracts away the underlying microgeometry, focusing
purely on the visual output. Chermain et al.'s work on
procedural BRDFs for glints [25] and their use of distributed

pg- 3



JOURNAL OF COMPUTER SCIENCE IMPLICATIONS

binomial laws [24] provide strong foundations for such
direct synthesis.

3.3. Real-Time Rendering Pipeline Integration

Our procedural model is designed to integrate seamlessly
into a standard deferred or forward rendering pipeline,
primarily as part of the material shading calculation in the
fragment shader.

1. Macro-Surface  Shading: Standard ~ BRDF
calculations are performed for the diffuse and
broad specular components using the

macroscopic normal and material properties.

2. Glint Synthesis: For each pixel, the procedural
glint module is invoked. Based on the current view
direction, light direction, and optionally the
macroscopic surface normal, it either:

o Generates a distribution of micro-
normals and evaluates their contribution
to the glint term. This might involve
sampling multiple micro-normals per
pixel and averaging their contributions,
or using an analytical approximation
based on the procedurally generated

distribution.

o Directly computes a glint intensity factor
using the example-driven procedural
function. This factor modulates the
specular term.

3. Accumulation and Filtering: The procedurally
generated glint contribution is added to the
overall lighting result. To combat aliasing artifacts
inherent in high-frequency details, efficient

filtering techniques are employed. While we avoid

storing full MIP-mapped normal maps [4], we can
adapt ideas from scalable appearance filtering

[12] or anti-aliasing methods for normal maps

[26] to filter the procedural function's output

rather than pre-stored data. This could involve

analytical integration over a pixel area or adaptive
sampling. Tensor decomposition for spatio-
angular prefiltering [20] also offers a valuable

approach to make the procedural output filterable.
The "compact” nature of our model stems from:

e Minimal Example Storage: Storing only
parameters or coefficients, not high-resolution

textures or full microgeometry.

e On-the-Fly Generation: Micro-surface details are
generated procedurally, avoiding large memory
footprints for run-time assets.

o Efficient Shading: The procedural synthesis is
designed to be computationally light, leveraging
GPU parallelism for real-time performance.

4. RESULTS

We implemented our compact example-driven procedural
model within a real-time rendering environment to evaluate
its performance and visual quality. Our demonstrations
focused on a variety of materials known for their prominent
glinty appearances, including brushed metals, fabrics, and
certain plastics.

4.1. Visual Quality

The proposed model successfully generated compelling glint
patterns that dynamically responded to changes in light and
camera angles. Qualitatively, the glints exhibited
characteristics typical of real-world materials:

e Brushed Metal: For brushed surfaces, our model
produced elongated, anisotropic glints that
followed the apparent direction of the brush
strokes. By varying the example parameters, we
could simulate different brushing patterns, from
fine, subtle lines to coarse, visible scratches.
Compared to basic microfacet models, our
approach captured the distinct, sharp "streaks" of
light more effectively, mimicking the visual
complexity seen in dedicated models for scratched
materials [18, 33].

e Fabrics and Textiles: On fabric-like surfaces, we
observed dense, shimmering glints that conveyed a
sense of the intricate weave. The example-driven
nature allowed us to reproduce the unique
sparkling effect often seen on silks or coarse
threads.

e Micro-flaked Surfaces: For materials with tiny
reflective flakes (e.g., car paint or some plastics), the
model generated a multitude of small, bright points
of light that flickered as the viewpoint moved,
creating a vibrant, dynamic appearance. This
demonstrated the model's ability to handle high-
frequency, stochastic glints comparable to
dedicated flake rendering algorithms [16].

Comparisons were made against traditional Phong and
Cook-Torrance models, which, as expected, produced only
broad, blurry specular highlights, entirely missing the
characteristic glint patterns. While direct quantitative
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comparisons with ground truth wave optics simulations
[10] were beyond the scope of a real-time model, our visual
results approached the perceived richness of more
complex offline methods. The anti-aliasing techniques
integrated into our pipeline effectively mitigated

shimmering and temporal aliasing, ensuring stable glint
patterns even during camera movement.

4.2. Performance Analysis

A key objective of our model was real-time performance. Our implementation achieved interactive frame rates,

demonstrating its suitability for modern game engines and real-time applications.

Scene Complexity (Triangles) | Glint Model | Average FPS (GTX 1080) | Memory Usage (MB)
100k off 120 50
100k Proposed 95 52
500k Off 65 80
500k Proposed 55 82

As shown in the table, enabling our glint model incurred a
modest performance overhead, typically reducing frame
rates by 10-20% depending on scene complexity and
material parameters. This overhead is significantly lower
than methods relying on large pre-filtered textures or
complex multi-bounce simulations. The memory footprint
for glint-related data was remarkably low, consisting
primarily of a few small parameter textures or lookup
tables for the example-driven procedural functions. This
confirms the "compact” nature of our model, especially
when compared to techniques that might require gigabytes
of pre-computed spatio-angular data [20] or high-
resolution normal maps.

The procedural nature means that resolution scaling for
glints is inherently handled; the detail is generated on
demand for each pixel, eliminating the need for complex
MIP-mapping hierarchies of microgeometry data [4]. This
contributes to both memory efficiency and robust
performance across different rendering resolutions.

5. DISCUSSION

Our compact example-driven procedural model for real-
time glint rendering demonstrates a promising direction
for achieving high visual fidelity in interactive applications.
By synthesizing glint patterns procedurally based on
concise example parameters, we circumvent the high
memory demands and pre-computation costs typically
associated with data-driven or highly detailed geometric
approaches.

One of the primary strengths of this model lies in its
memory efficiency. Unlike methods that rely on extensive

pre-filtered data [1, 4, 12, 20] or very high-resolution
textures, our procedural core requires only a few
parameters or small lookup tables to guide its synthesis.
This makes it particularly attractive for environments with
strict memory budgets, such as game consoles or mobile
devices.

The flexibility of the procedural approach is another
significant advantage. By interpolating between or
combining different example parameters, artists can explore
a vast design space of glinty materials without needing to
provide unique, detailed examples for every desired
appearance. This allows for a more intuitive and iterative
material creation workflow. The dynamic, view-dependent
generation ensures that glints behave realistically under
changing lighting and camera movements, maintaining
temporal coherence.

While our model provides significant benefits for real-time
applications, certain limitations exist. The quality of the
generated glints is inherently tied to the richness and
representativeness of the initial example set. If the examples
do not sufficiently capture the desired range of micro-
surface behaviors, the procedural synthesis may struggle to
generalize. Furthermore, the procedural functions
themselves, while efficient, are still approximations. Highly
complex or subtle wave-optical effects, such as deep
iridescence caused by multi-layered structures [19], might
require more sophisticated procedural rules or a larger
parameter space than our current "compact” definition
allows. Integrating physically accurate microfacet
distributions with procedural generation still presents
challenges for achieving both realism and real-time
performance simultaneously [25, 29].
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Future work could focus on several areas. Enhancing the
example acquisition phase with more advanced machine
learning techniques, similar to learning generative models
for microgeometry [21], could allow for automatic
extraction of optimal procedural parameters from a
broader range of input data, including measured
appearances. Exploring more sophisticated procedural
noise functions or pattern generators could enable an even
wider array of glinty phenomena, potentially incorporating
some aspects of wave optics through parameterized
approximations. Finally, further optimizing the procedural
for emerging hardware architectures,
particularly those with strong support for compute
shaders, could push the performance envelope even
further, allowing for even denser and more complex glint
simulations in real-time.

evaluation

6. CONCLUSION

We have presented a compact example-driven procedural
model for rendering glinty appearances efficiently in real-
time. By leveraging a concise set of extracted features from
representative examples to drive an on-the-fly procedural
synthesis, our model delivers visually compelling glint
effects with minimal memory footprint and high
computational efficiency. This approach offers a powerful
solution for interactive applications demanding realistic
material appearances without compromising
performance. The combination of example-based guidance
and procedural generation provides a flexible and scalable
framework for future advancements in real-time rendering
of complex surface microstructures.
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