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ABSTRACT

Hair rendering has been a focal point of attention for the last couple of decades in com-
puter graphics. However, there have been few contributions to the modeling and rendering
of the natural hair aging phenomenon. Therefore, this work presents a new technique that
simulates the process of hair greying on digital models. Our system is biologically in-
spired, supports facial hair, both genders, any ethnicity and is compatible with different
lengths of hair strands. Our system is implemented on the graphics engine Unreal Engine
4, integrated with the MetaHuman framework. Our real-time results resemble real-life
greying, which is accomplished by simulating the stochastic nature of the process and the

gradual decay of melanin.

Keywords: Computer Graphics. Rendering. Hair greying. Biologically inspired. Unreal

Engine 4. MetaHumans.



Um Modelo De Envelhecimento De Cabelos Inspirado Pela Biologia

RESUMO

Renderizacdo de cabelos t€m sido um grande foco da computagdo grifica nas dltimas
décadas. Entretanto, existem apenas poucas contribui¢des no contexto de modelagem e
renderizacdo do fendmeno natural de envelhecimento capilar. Dessa forma, este trabalho
apresenta uma nova técnica que busca simular o processo de envelhecimento do couro
cabeludo em modelos digitais. Nosso sistema € inspirado pela biologia, suporta pelos
faciais, ambos os géneros, qualquer etnia e € compativel com diferentes comprimentos
de foliculos capilares. O nosso modelo é implementado no motor grafico Unreal Engine
4, sendo integrado ao framework MetaHuman. Nossos resultados em tempo real sdo
similares ao fendmeno de envelhecimento capilar na vida real, o que € alcancado através

da simulucdo da natureza estocéstica do processo e do decaimento gradual de melanina.

Palavras-chave: Envelhecimento de cabelo.Inspirado pela biologia.Unreal Engine 4.Me-

taHumans.
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1 INTRODUCTION

Throughout the history of computer graphics, many contributions have been made
in order to best model and render a human being in a digital world (IGARASHI; NISHINO;
NAYAR, 2007; WARD et al., 2007; LEE et al., 2012). From animations to games, the
subject has attracted the interest of both the academy and the industry in an endeavor to en-
able the production of photorealistic digital humans. One of the most complex challenges
is the representation of realistic hair due to its complex geometry and the underlying in-
teractions of light, resulting in subsurface scattering and self-shadowing. Although many
advancements were made on shading (ZINKE et al., 2008; CHIANG et al., 2016) and the
polygonal representation of hair (PETROVIC; HENNE; ANDERSON, 2005; JANSSON
et al., 2019), the issue of hair graying in digital assets and how to accurately simulate the
decay of melanin through time is currently not addressed.

Hence, this work presents a method for properly simulating the process of hair
aging in digital humans. Our main contribution is a model for hair greying that is bio-
logically inspired, can be executed in real-time, and adapts to any hair style, as well as
facial hair. Besides the expected application in games or in the movie industry, we be-
lieve our work can be of great assistance for biological research, providing a better visual
understanding of the hair aging process for hypothesis testing.

The body of this work is divided into 7 chapters, where Chapter 2 lays out the
necessary biological foundations of hair graying, as well as some background information
regarding the technology used in our work. Chapter 3 discusses related contributions
to the present work, while Chapter 4 introduces the biologically inspired computational
model used in our simulation. The details of our implementation are described in Chapter
5, including an automatic technique for segmenting the head scalp in regions of interest.
Chapter 6 presents a discussion of our results, and Chapter 7 provides our conclusions,
limitations and some possible extensions of our work.

In Figure 1.1 we show a sequence of images simulating the graying of a subjectin

our system.
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Figure 1.1: Example of hair greying simulation enabled by our system. From left to
right and top to down, the hairs progressively lose more melanin, thus becoming almost
completely unpigmented at the end of the process.

Source: Generated by the author.
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2 BACKGROUND

This chapter provides a biological background on hair aging, including charac-
teristics across varying ages and different ethnic groups. In addition, we present a brief

introduction to the technology used in our implementation.

2.1 Biological Background

From the appearance of wrinkles and dark spots on the face to changes in skin
tone, the human body has several ways to convey the passage of time. One of its most
prominent effects is hair greying, the phenomenon responsible for the loss of pigmenta-
tion in hair follicles. The hair aging process can be explained as the decrease in time
in melanin granules' amount, size, and density. These melanin units, also known as
melanosomes, are vital structures for the hair pigmentation mechanism. A comparison
between melanosomes found in a dark, pigmented hair, and a white, unpigmented one, is

shown in Figure 2.1.

Figure 2.1: Microscopic images of scalp hairs showing the absence of melanin on white
hairs.

Source: Extracted from (ROSENBERG et al., 2021).

Despite an ongoing investigation of decades, there is no universally accepted
model for hair greying (O'SULLIVAN et al., 2021). Nevertheless, many population stud-
ies (PANHARD; LOZANO; LOUSSOUARN, 2012; ACER et al., 2020; POSPIECH et
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al., 2020) were conducted on the topic, shedding some light upon the phenomenon and its
behavior across different ethnicities and phenotypes. It was believed (KEOGH; WALSH,
1965) that greying followed a 50/50/50 rule, which meant that, at 50 years of age, 50%
of the population would have 50% of gray hairs. However, Panhard, Lozano and Lous-
souarn (2012) revealed that only 6 to 23% of the population over 50 years old had 50% or
more of grey hairs. In addition to that, the authors found that the presence and intensity
of greying were dependent primarily on the ethnic, geographical origin, being the Euro-
pean/Caucasian group the most affected and the African-American/Sub-saharan African
group the least.

It was also discovered that greying affects different regions of the hair scalp at
different times across the lifespan of an individual. In order to discuss this topic, we
would like to introduce the different areas of the head, which will be mentioned below.
However, there does not seem to be an academic consensus on the names and boundaries
of hair scalp regions. Therefore, we will be following the conventions used in Fig. 2.2.

It was observed in a group with ages between 45 and 65 years (PANHARD;
LOZANO; LOUSSOUARN, 2012) that there was a disparity in the frequency of grey
hairs throughout the hair scalp. In men, the temporal region had an incidence of 75% of
grey hairs, compared to 67% on the vertex, and 58% on the occipital area. In women,
the occipital area was also the least affected. However, both temporal and vertex regions
showed similar values. According to Tobin (2008), in men, the temples are the rst re-
gion to be affected, followed by greying on the vertex and then the remaining hairs of
the scalp. At the same time, in women, the onset area of greying seems to be either the
parietal region (ACER et al., 2020) or the frontal area (JO et al., 2012).

Figure 2.2: Regions of the hair scalp

Source: <https://www.hairtransplantmentor.com/htm-stagingfeb20/posterior-scalp/>
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Recently, Rosenberg et al. (2021) developed a new method for digitalizing hair
shafts, allowing for a closer view of greying transitions across individual hair strands.
With this new technology, they discovered that the greying process is reversible, at least
temporarily. Depending on the amount of stress experienced by an individual, hair aging
can be intensi ed. However, as soon as the stressful period ends, some hairs that began
white can go through a repigmentation phase, starting to grow with their original color.

In Figure 2.3 we show the greying reversal process.

In order to model hair greying, as well as the in uence of stress on hair aging
and the newly discovered phenomenon of greying reversal, a computational model was
implemented. Their model will serve as a baseline to ours, a simpli ed version that does

not account for the effects of stress.

Figure 2.3: Greying reversal in hair shaft

Source: Extracted from (ROSENBERG et al., 2021).

In the computational system described by Rosenberg et al. (2021), each hair has
its own Aging Factor(AF), which can be interpreted as the age of each individual hair.
As theAging Factorcrosses a certain threshold, the follicle loses its capacity to produce
melanin, consequently turning white. This process is illustrated in Figure 2.4.

The Aging Factorfor each hair is given by a linear mixed model, which supports
both xed and random effects to account for the stochastic nature of hair greying. The
equation below represents tAging Factorfor a giveni-th hair and a certain age in the

simulation:
AgingFactoriage = jloij +(jbuij+ 1) age+(jbpij+ 2) AccumulatingStress,ge;

wherely; is the initial aging factor, ; determines the aging factor rate anddescribes

how sensitive is the aging factor to stressful events. The variéblesdh,; add random
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Figure 2.4: Individual hairs shown as lines, depicting its trajetories throughout the evolu-

tion of the model in time. Once the aging factor crosses a threshold, the hair no longer
grows with its natural color, as it can be seen on the detailed view of a hair follicle on the

left.

Source: Extracted from (ROSENBERG et al., 2021).

effects to, respectively, the aging factor rate and the sensitivity to stresshfdvair. In
order to ensure the positivity of tging Factor only the absolute value of each effect
is considered. Finally\ccumulatingStress,gqe is described as:

Xge

AccumulatingStress,ge = stress,;
a=age WindowWidth

whereWindowWidthimposes a limit on how much an earlier stressful event can in u-
ence theAging Factorin the present. This way, only events that happened in the last
WindowWidthyears are relevant to the current moment in the simulation.

The random effecthy;, by;; andby,; follow a multivariate distribution as follows:

bO;i ; bl;i ; b2;i N (0; G);
whereG is the covariance matrix:

2 3
0001 0202

2

0
= 2
G—50110 7 12122

2
02 20 12 2 1 2
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Considering that our work is solely focused on the hair simulation itself, and not
on external factors such as stress, which is left as future work, we can simplify the linear

mixed model to the following equation:

AgingFactoriage = jhu;ij + (jbiij + 1) age:

The computational model described above, although de ning the aging factor
carefully, does not model the different rates of greying across hair scalp regions, such
as the early greying of the temporal area and the late greying of the occiput. Hence, we
propose in Equation 2.1 a spatial-aware model that sanpligem j different distribu-

tions based on the hair regions.

AgingFactoriage = jhoij + (jbuijj+ 1) age: (2.1)

2.2 Unreal Engine

Unreal Engine 4 (Epic Games, 2014) is a popular game engine developed and
maintained by Epic Games, currently on version 4.27.0. One of its de ning features is
called “Blueprint Scripting”, which can be thought of as a type of visual programming.

In the system, each node corresponds to a module or function that receives a determined
number of inputs, executes some code, and returns an output. Each node has to be con-
nected to a previous node in order to execute. Hence, this ow mechanism functions very
similar to a owchart.

The appearence of an object is given by an asset called Material, which is con-
trolled by the Material Editor. This interface can be seen as something very akin to
Blueprint Scripting, in spite of the fact that its expressiveness is limited by HLSL code.
Nevertheless, UE4 has a varied range of built-in material functions and nodes that can
drasticaly reduce the amount of nodes needed in order to obtain some desired effect. A
simple, yet very useful node for our project is the Desaturation Node, which converts a
RGB vector into a luminance value, based on the de ned contributions of each channel.
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