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ABSTRACT: This note presents a novel approach to facial approximation adopting forensic methodologies, that is the
process of recreating an individual's facial traits from their osteological remains by combing anatomo-anthropological
techniques with artistic rendering. In this article, a facial approximation of the famous mummy known as the "Gilded
Lady" is offered based on previously published video material and CT scan data. The process is explained in its main
steps. This new facial approximation contributes to the ongoing technical development of the digital applications to the

field of bioarchaeology.
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INTRODUCTION

"Gilded Lady" is the name given to a mummy belonging
to the Chicago Field Museum collection, dating from 30
BC to AD 395, at the time when Egypt was a province
of the Roman Empire. The embalming process in the
Roman period differs from previous periods of Egyptian
history, as the technique employed sharply changed:
from an era in which mummies were placed in wooden
coffins, in the case of the Gilded Lady (henceforth G. L.)
her body was preserved only in linen wrappings with
the addition of a cardboard mummy mask. Moreover,

no hieroglyphs decorated the coffins. The first X-rays
were taken on the G. L. in 1986, while subsequently,
with the evolution of radiological techniques, it was
possible to subject the entire body to computed
tomography (CT) scan imaging, hence revealing details
of its internal anatomy. This approach allowed
researchers to collect data such as sex (female), age at
death (40-50 years of age), a potential evidence of
tuberculosis, traces of curly hair and details of the
embalming process used at the time. Thanks to CT
imaging, it was possible to segment the skull data, which
allowed a physical facial approximation carried out in
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the study by renowned forensic artist Elisabeth Dayneés
in 2017 (AMHN 2017a, AMHN 2017b).

MATERIALS AND METHODS
SOFTWARE AND HARDWARE CONCEPTS

Forensic facial approximation (FFA) (Stephan 2015)
is an auxiliary recognition technique, which approximates
the face from a skull and is used when there is little
information to identify an individual based on their
remains (Pereira 2015, Ullrich, Stephan 2016, VaniCkova,
Bilek 2016, Habicht ez al. 2018). It should be noted that
the technique is not about identification, like that offered
by DNA or comparative analysis of dental arches, but
rather about recognition that can lead to subsequent
identification. For the FFA process to be viable, it is
necessary to have the skull to be approximated. Facial
approximation in this study followed the same approach
described by Moraes (2023) and Abdullah ez al. (2022),
with minor adaptations. The modelling process was
carried out in the Blender 3D software, running the add-
on OrtogOnBlender (http://www. ciceromoraes.com.br
/doc/pt_br/OrtogOnBlender/index.html) and its
submodule ForensicOnBlender. The program and add-
on are free, open source and multiplatform, so that they

can run on Windows (> 10), MacOS (> BigSur) and
Linux (= Ubuntu 20.04).

In the case of the present work, a desktop computer
with the following characteristics was used:
Intel Core 19 9900K 3.6 GHZ/16M processor
64 GB of RAM memory
GeForce 8 GB GDDRG6 256-bit RTX 2070 GPU
Gigabyte 1151 Z390 motherboard
SSD SATA 111 960 GB 2.5"
SSD SATA 111 480 GB 2.5"
Water Cooler Masterliquid 240V
Linux 3DCS (https://github.com/cogitas3d/ Linux3
DCS), based on Ubuntu 20.04.

OBTAINING THE SKULL

The data for the three-dimensional skull scan was
collected in 2013 from a publicly available video on the
website of Washington University in Saint Louis (Purdy,
Otten 2014); a few years later the video was no longer
present in the original link, but it is possible to find it
on the Museum's official Vimeo profile (link:
https://vimeo.com/42729358). The video and the data
contained therein represent the main reference for this
study (Purdy, Otten 2014), as this information was

FIGURE 1: Segmentation of the 3D meshes corresponding to the casing and skull.
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FIGURE 2: Complementary segmentation for nasal projection and hair visualisation.

published through official channels. Moreover, the first
author of this article (C. M.) officially informed the
Chicago Field Museum of the nature and imminence of
this study. Although not representing a scientific
publication, it contains scientifically relevant
information, which de facto enters the anthropological
debate and can be subjected to further scientific
discussion and receive commentary from other scholars
in the field. This is the spirit behind our team's approach.
Notwithstanding, we aim to declare from the beginning
of our investigation that the present technical note is
based on the aforementioned material and does not
imply the direct access to mummy's remains nor is this
study a spin-off project of the 2013 museum-led
investigation.

At a given moment of the video, more precisely
between 1m 55s and 2m 36s, the sagittal slices of the
upper part of the mummy are presented. The captured
slices are converted into a sequence of DICOM files,
using the OrtogOnBlender add-on (Moraes et al. 2021a).
The real-scale resizing was carried out thanks to the
spatial information (10 cm) contained in the video
slice at the bottom in the center, as well as space
information on the perpendicular axis of the slices, at
the bottom left (it is possible to understand the
references when locating the frames in the video
available on the Vimeo portal), within the

aforementioned range, resulting in models compatible
with the real elements (Figure 1).

By testing different values of the segmentation factor
(Hounsfield scale), it was possible to segment more data
related to the nasal bone, as well as visualise part of the
curly hair (Figure 2). Such information is important for
generating a more objective facial approximation, with
elements actually present in the tomography.

Moreover, given the good quality of the resulting
meshes, it was also possible to segment the endocranium
in order to measure its volume and proceed with other
related measurements (Figure 3).

3D FACIAL APPROXIMATION

The segmented skull was aligned to the Frankfurt
horizontal plane. Knowing that the G. L. belongs to the
Roman period, a table of soft tissue thickness of living
Europeans, measured via ultrasound in mature women
aged 40 to 49 years, was used to project the limits of the
skin along the skull (De Greef et al. 2006) (Figure 4).

The lateral nasal projection was performed according
to the complementary approach of Moraes et al. (2021b)
with updated data present in Moraes and Suharschi
(2022) (Figure 5). A class with the nasal projection
process in OrtogOnBlender/ForensicOnBlender using
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FIGURE 3: Endocranium segmentation.

data from the aforementioned studies can be accessed
in the Data Statement.

In addition to the distribution of soft tissue markers
and the nasal projection, a series of projections, both
of the expected structures for the skull (medial route
and proportion) and for the soft tissue (face), were
made in OrtogOnBlender/ForensicOnBlender (Figure
6). It can be seen that the left orbit is larger than the

FIGURE 5: Lateral projection of the nose, based on statistical
data with proportion and standard deviation.
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FIGURE 4: Distribution of frontal soft tissue thickness
markers.

contralateral one and the face suffers from a significant
asymmetry in that region, as this difference can be
perceived visually (see the upper limits in green, on the
orbits). Regarding the technique used to position graphic
elements (green and blue), two classes detailing how
projections are made semi-automatically are available
in the Data Statement section.

A complementary projection is made with the
anatomical deformation process, where the tomography
of a virtual donor is imported and adjusted so that the
donor's skull is then the cranium that is approximated,
resulting in a face compatible with what it would be like
in life (Figure 7). A class explaining a practical example
of anatomical deformation can be accessed in the Data
Statement.

When viewed frontally, it is possible to notice that
the anatomical deformation generated a model that
corroborates the statistical projections made previously
(Figure 8). Such deformation was also compatible with
soft tissue markers, as can be seen in Figure 9.

Once the projections are defined, a "clean" mesh,
composed of four-sided faces and coming from another
facial approximation, is imported and adjusted to the
approximated face. This process avoids the rework of
modeling a face from scratch on an existing unpolished
mesh (with three-sided faces and nose in the relief).
The donor mesh already has a texture (pigmentation)
that can be adjusted, as well as hair.

The donor's "clean" mesh is then adjusted to the
projections, the hair is configured to match the curly
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FIGURE 6: Orthographic projections related to averages (in ~ FIGURE 8: Virtual donor mesh already deformed/adjusted
green) and proportions (in blue) of skull and soft tissue  to the skull to be approximated, showing compatibility with
structures. orthographic projections.

FIGURE 7: Virtual donor mesh, composed of soft tissueand  FIGURE 9: Side view of the final mesh over the soft tissue
the skull, deformed over the skull to be approximated, and  thickness markers and lateral projection of the nose.
resulting in a face compatible with the G. L.
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FIGURE 10: Three-quarter view of the final mesh after FIGURE 11: Three-quarter view of the
adjusting facial details by digital sculpting and hair objective face.
configuration according to data present in the tomography.

appearance present in the computed tomography (Figure
10). The skin pigmentation is carried out in order to
provide the makeup of the period, as well as the colouring
followed the parameters of the work of Daynes (AMHN
2017a, AMHN 2017b), officially supported by the Field
Museum, as the publications imply. Examples of videos
with skin/scalp pigmentation and hair configuration
can be accessed in the Data Statement.

RESULTS AND DISCUSSION

FIGURE 12: Frontal view of the objective

Two approaches related to facial approximation face

were worked on, one more objective and scientific
and the other more subjective and artistic. The
scientific approach consisted of a bust equipped with
elements closely linked to the statistical aspects of
the approximation and since the initial stage of the
process was composed only of data collected from
tomography and measurements of living individuals
and a compatible population, it was possible to
generate an anatomically shaped face coherent,
including the curly hair, visible on the tomography.
The colour chosen was grey scale, avoiding information
on skin tone, for which there is no information
available (Figures 11-13).

The most artistic approach consists of a coloured
image (according to data from the work of Daynes) and
a wig (Figures 14-16). Even though it contains
speculative elements about the individual's appearance, FIGURE 13: Profile view of the objective face.
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FIGURE 14: Three-quarter view of coloured/
subjective face.

FIGURE 15: Frontal view of coloured/
subjective face.

FIGURE 16: Lateral view of coloured/
subjective face.

as it is a work that will be presented to the general public,
it provides the necessary elements for a complete
"humanisation".

The endocranium was segmented to assess its
volume, using data from the internal mesh of the Gilded
Lady's skull, the circumference of the head, from the
forensic facial approximation, was also measured. The
volumetric survey of the G.L.'s endocranium resulted
in ~1280 cm?3, the head circumference in 54.88 cm.
When applying the factor of -9.81% to convert the
endocranium volume into brain volume (Moraes et al.
2023a) 1154 cm?3 is reached, when using the data from
Ritchie et al. (2018), G.L.'s brain is within the standard
deviation for females, whose whose average is 1116 cm?
+90. The head circumference, which resulted in
54.88 cm, is very close to the average adult women that
is 54.3 cm (£2.3) by Costa et al. (2022).

Regarding the limitations of the study;, it is a technical
note based on a public video originally made available
by the University of Washington and the Field Museum
in Chicago. Despite the sufficient resolution for forensic
facial approximation work and data collection such as
endocranium volume, finer details can be accessed in
the original tomography, which has more data on density
structure, as well as a significantly higher resolution
than the one resulting from a video that suffered data
loss when compressed by the MPEG4 codec.

Further studies can help with technical refinement
in order to improve results, making them compatible
with the potential structure of the individual in life.
Anatomical deformation has been used in numerous
studies and tends to corroborate both the thickness of
soft tissues and statistical projections (Moraes ef al.
2023b). Criticism about the donor problem is dispelled
not only due to the results of approximations that differ
from each other, such as the case of an individual with
achondroplasia, where the deformation differed
significantly from the donor who was not part of the
spectrum (Moraes et al. 2024). It was possible to visually
perceive an asymmetry of the eye line in the frontal
images of the facial approximation.

CONCLUSION

This new approach shows how researchers can produce
highly informative facial approximations based on data
published in other studies or media outlets, hence
contributing to the dissemination of knowledge on mummy
research, especially as derived from palaeoradiological
studies ( Varotto et al. 2021, Papa et al. 2023).
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SUPPLEMENTARY DATA STATEMENT

Mini lecture in Portuguese about what OrtogOnBlender
is (20 minutes):
https://youtu.be/ungX1_bUI1rQ

Introductory class on ForensicOnBlender (the Manchester
method, different from the one used here, but with some
compatible parameters):
https://www.youtube.com/watch?v=PPpgtztomgA

Class on nasal projection:
https://youtu.be/ F205kL.Q-0o0

Class 1 of 2 on the projection of facial structures:
https://youtu.be/U60YKkEmfyWo

Class 1 of 2 on the projection of facial structures
https://youtu.be/Vcz2eSuSFXS8

Demonstration of facial approximation steps
(Manchester method) with example of skin/scalp
pigmentation:
https://www.youtube.com/watch?v=5IM8PybpKqY .

Demonstration with example of hair configuration:
https://commons.wikimedia.org/wiki/File:D._Pedro_I_
_Processo_da_reconstru%C3%A7%C3%A30_facial for
ense.webm
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