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Abstract
This paper describes the procedure adopted to provide the virtual reconstruction of a dismembered Andean
mummy. Starting from Computed Tomography (CT) data of single fragments, advanced Computer Graphics tools
and methods have been implemented to obtain the three dimensional (3D) model of the whole mummy in the
proper anatomical position. The conservation of the mummy depends on caring for the external tissue and the
internal skeletal structure. Therefore the main aim of this work is to decrease the number of damages due to the
manipulation of the remains in traditional approach since restoration interventions can be performed by means
of virtual tools in a CAVE (Cave Automatic Virtual Environment). At the same time it provides new challenges in
cultural heritage dissemination and exhibition. Furthermore qualitative and quantitative information have been
obtained for anthropological analysis and measurements.

Categories and Subject Descriptors (according to ACM CCS): I.3.8 [Computer Graphics]: Applications, J.2 [Phys-
ical Sciences and Engineering]: Archaeology

1. Introduction

Mummies are an important historical, cultural and scientific
heritage. These remains are extremely brittle and are suscep-
tible to breakage during manipulations and transportations.
Furthermore they can be also damaged by improper storage
environments. Therefore studies on mummies are performed
by means of non-invasive sophisticated technologies, like
Computed Tomography (CT).

Previous works in this field describe investigations on
whole mummies [CMF∗03] or only mummified heads
[CMG∗04] and [HH02]. Many authors show results
on mummies, mostly coming from Egypt, [CMF∗03],
[HTE02], [PCR∗03] and [MNDG∗03]. Main achievements
in such scientific context are related to improved comprehen-
sion of mummification techniques [JPTS02], [GAME99],
new researches in paleopathology [RHB02], [CGN∗02] and
direct measurements of body parts [GGN∗04]. Finally Ruhli
et al. [RCB04] provide a detailed survey of the advantages
given by the paleoradiology.

It is well known that the introduction of Computer Graph-
ics and Virtual Reality provided significative benefits in the
development of advanced tools supporting experts in retriev-

ing additional information on mummies in the framework
of Cultural Heritage analysis [ZZ99], [Bar00], [Add00] and
[VFLJ02].

In this work the implementation of such techniques in a
user-centred approach is described. It regards a novel and
complex case study and aims at improving the quality in
reconstruction of a dismembered Andean mummy and ex-
tending the procedure with a Virtual Assembly process for
concrete restoration purposes. Since its particular fragility,
direct manipulation interventions would further damage the
remains of the mummy and cause the loss of small fragments
of soft mummified tissue. It is evident that the importance
of these achaeological finds, which bear witness to an an-
cient bio-cultural civilization, requires to take precautionary
measures. Therefore visualization and interaction techniques
were performed in a new collaborative approach within a
Cave Automatic Virtual Environment (CAVE) and the ac-
tors in such Virtual Assembly process were engineers and
anthropologists. [Weg95] and [HBG04].

This project was developed to lay out the mummy in a Vir-
tual Assembly environment to validate the digital 3D model
from an anthropological point of view. This procedure re-
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quires the 3D surface reconstruction of the single parts from
CT data and the virtual manipulation of these models in a
CAVE in order to position them in the proper anatomical
configuration.

Moreover the exploitation of digital models provided
more morphological information and measurements for sci-
entific purposes and the comparison with other mummies.
Thus an additional amount of scientific considerations was
achieved with regard to analysis procedures performed on
the real remains.

Finally it is important to highlight the role of this work in
the improvement of cultural heritage fruition. Usually these
remains are presented in museums or exhibitions so that peo-
ple are not aware of their real context and history. On the
other hand, the stereoscopic visualization of the scale model
is a powerful communication tool. Therefore knowledge and
information on the mummy can be efficiently fused in a com-
prehensive vision of the whole digital 3D model by means of
a well designed Virtual Reality environment.

2. The Andean mummy

The mummy under investigation was sent from the Civic
Museums of Reggio Emilia to the Department of Histo-
ries and Methods for the Conservation of Cultural Heritage
(DISMEC) for research purpose and restoration interven-
tions [LLO∗03].

The mummy comes from the Necropolis of Ancòn, in
the south-central coast of Perù and was shipped in Italy in
1893. Since the lack of equipment it is not possible to ex-
actly date the mummy. Anyway remains from Ancòn area
are usually dated from Late Intermediate (900-1440 AC) to
Late Horizon Period (1476-1532 AC) of the ancient Peru-
vian history [Row60]. Moreover the kind of spinning of a
small fragment of cloth found on the neck of the mummy
confirms the place of origin and chronologically sets it to
the X and XI century AD [RLC97].

Besides the original tightly flexed position Figure 1, that is
typical of Andean mummies, had been reproduced by means
of temporary strings, both internal and external structures
had been seriously damaged. Once the strings have been
removed the mummy showed six dismembered parts and
looked in really bad conditions. Only the left upper limb
could be considered in the proper anatomical position (Fig-
ure 2), while all the other limbs were separated from the
body of the mummy. Currently six different main fragments
are present: part of the bust with the head and the left up-
per limb, the right upper limb, part of the rachis, the pelvis
(reduced to bony tissue), and the two lower limbs.

In Figure 3 is shown the right lower limb. It is also pos-
sible to see the loss of small fragments of soft mummified
tissue due to the fragility of the remain.

First anthropological analysis revealed a female subject

Figure 1: On the left a mummy of a colombian woman,
found near Bogotà. On the right a peruvian mummy in
seated position with the knees bended on the thorax.

Figure 2: The part of the bust with the head and the left
upper limb in the proper anatomical position.

dead approximately at the age of 14-15 years. She was 144-
150 cm height and her head was intentionally and tightly
deformed as usually happened in the high society mem-
bers [LLO∗03]. Radiographic and tomographic investiga-
tions showed radiopaque areas which are related to a nat-
ural mummification process inside the skull due to the dry

Figure 3: The right lower limb.
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climatic conditions of the peruvian coasts. A further ra-
diopaque perimeter on the right parietal bone of the skull is
related to a calcified tumefaction of soft tissue probably due
to a stroke. Additionally spectrographic analysis have been
performed in order to identify the specifc material of metal
parts clearly highlited in the mouth of the mummy by to-
mographic investigations. These are principally copper frag-
ments, but also silver, iron and partial chrome and lead have
been revealed [LLO∗03]. The above considerations lead to
suppose that the mummy is a sacrifical victim. Ritual immo-
lations on physically perfect children are considered a com-
mon custom in the noble society families of that times, like
in the Inca Capacocha [Rei99].

3. CT data acquisition

Non-invasive investigative techniques have been applied to
obtain as much information about the mummy as possible
non-destructively.

In this project the single main fragments of the mummy
were examined with Computed Tomography (CT) per-
formed by Philips Mx8000 Dual Scanner as shown in Fig-
ure 4. The whole data-acquisition procedures were carried
out by the radiology department of Faenza Hospital in april
2005.

Figure 4: Philips Mx8000 Dual CT Scanner.

The CT scanning was performed at 1,5 mm slice intervals
with a slice thickness of 6,5 mm and the image matrix had a
resolution of 512 by 512 pixels. The number of axial slices
resulting from CT of each fragment of the mummy can be
found in Table 1 and the data-sets were stored in six DICOM
files.

4. Surfaces reconstruction

The digital 3D models of each fragment of the mummy were
built from the CT data-set using Amira 3.1.1, an advanced
software tool for 3D visualization, data analysis and geome-
try reconstruction.

The first investigation of the data was performed on the

Fragments Number of axial slice
Bust, head, left upper limb 267
Right upper limb 203
Rachis 192
Pelvis 162
Left lower limbs 212
Right lower limbs 201
TOTAL 1237

Table 1: Number of axial slices resulting from CT of each
fragment of the mummy.

single slices and on the whole stack of images of each data-
set. Three dimensional models of each data-set were then
achieved semi-automatically by threshold-based segmenta-
tion, contour extraction and surface reconstruction. Manual
interventions, such as filling holes or deleting bad faces,
were performed in local regions to repair the models (Fig-
ure 5).

Figure 5: Single CT slice, stack loading in bounding box
and final model of the rachis resulting from the surface re-
construction process.

The list of the digital 3D models of each fragment ob-
tained with surface recostruction of soft tissues are shown in
Table 2 with the number of points and faces of the triangular
mesh in the best resolution.

Fragments Nr. of points Nr. of faces
Bust, head, left upper limb 301.447 609.512
Right upper limb 238.274 476.252
Rachis 913.229 1.828.696
Pelvis 277.089 554.860
Left lower limbs 442.570 884.445
Right lower limbs 404.265 809.540

Table 2: Number of points and faces resulting from surface
recostruction of soft tissues of each fragment of the mummy.

By the exploration of the three-dimensional surface re-
constructions it was more clearly confirmed the presence of
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some typical aspects related to funerary customs that had
been already noted in the previous radiographic assessment.
In particular the model of the skull is shown in Figure 6. Dif-
ferent colors were used in the visualization of the surfaces to
highlight the most important information available from the
model. In this case it is very easy to identify the calcified
tumefaction of soft tissue on the right parietal bone of the
skull and the metal artifact put in the mouth of the mummy.

Figure 6: The skull of the mummy. The calcified tumefaction
of soft tissue on the right parietal bone and the metal artifact
in the mouth are highlighted

A CT data-set represents different tissue densities by
greyscale intensity values; hard tissues, like bones, have high
intensity while soft tissues, like skin, have lower intensity
value. Therefore both internal and external structures of the
mummy were reconstructed setting different thresholding
values on the data-sets. For example in Figure 7 are shown
two different models of the right lower limb.

Figure 7: Surface reconstruction of soft and hard tissues of
the right lower limb by different thresholding values.

Then specific anthropological analysis and measurements
were conducted directly on the digital 3D models in partic-
ular representing the hard tissues of the mummy. For ex-
ample, by the direct measurement of the length of the fe-
mur in the Virtual Environment it was possible to assess
the stature of the female individual before death. Trotter and

Gleser [TG52] created a chart of equations for estimating the
living stature of unknown individuals based on the surviving
long bones, like the physiological length of femur (LF). In
this specific case, for female subject, the stature was calu-
lated by the following equation:

Stature (cm) = 2.47 x LF (cm) + 54.10 +/- 3.72

LF = 36.08

Stature (cm) = 2.47 x 36.08 + 54.10 +/- 3.72

Stature (cm) = 143.22 +/- 3.72

It is important to remind that well defined landmarks on
the surfaces of the bones are selectable only on the digital
format, since the presence of soft tissue prevents the same
operations on the real mummy. In the traditional approach
anthropometric analysis are performed by special measuring
instruments on these landmarks. Moreover these instruments
are designed for skeletal structures and therefore the direct
contact with the mummified tissues can seriously damage
the remains.

Anthropologists claimed that the active investigation of
the single digital fragments was very useful both to highlight
singularities in the soft tissue and to conduct measurements
on the skeletal structure.

5. The Virtual Assembly procedure

The last step of this project was to obtain the three dimen-
sional model of the whole mummy in the proper anatomi-
cal position performing the Virtual Assembly of the avail-
able digital fragments. This complex task was the result of
a collaborative process, where multidisciplinary experience
and knowledge were required. In such a collaborative envi-
ronment the information flow was designed in order to en-
hance the intellectual properties of anthropological analysis
and the cognitive aspects of high end digital representations,
together with the awarness of Virtual Reality (VR) experts
in Human Computer Interface [SG00] and [RCYK03]. The
data-set, which is the core element in this information flow
(Figure 8), contains a huge amount of data with different
levels of detail and thresholding values.

These experiments were performed in a Cave Automatic
Virtual Environment (CAVE), a semi-immersive equipment
based on three 2.5 x 1.9 m rear projected screens (Fig-
ure 9) [LPDC01]. Anthropologists were provided with
stereoscopic visualization of scale 3D models and directly
communicated with engineers in order to lead the iterative
procedure of manipulation of the digital fragments step by
step. Since the nature of the remains did not allow to lo-
cate the exact contact surfaces, the general lay out was de-
termined by visual comparison. Therefore the stereoscopic
visualization allowing the depth perception of models in the
Virtual Assembly was an useful tool to validate the consecu-
tive steps in this process. Moreover other archeological finds
that are classified with the same place of origin, dated in the
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Figure 8: The information flow in the collaborative envi-
ronment.

same historical period and comparable in terms of funerary
customs were used as reference elements.

Figure 9: The collaborative virtual environment in the
CAVE (Cave Automatic Virtual Environment).

The virtual model of the whole mummy with all the main
fragments located in the proper anatomical position of fu-
nerary posture is shown in Figure 10. This is the result of the
iterative process performed by means of virtual tools. The
values of the transformation matrices to set each digital 3D
model in the final configuration were stored to allow quickly
virtual re-assembling of different reconstructed models from
the intial data-sets. As expected the final lay out, validated by
anthropologists, represent the typical tightly flexed position
of mummies coming from Andean places and with the same
date.

6. Conclusions

The conclusions of this work are related to the observation
and measurement of benefits provided by the use of this Vir-
tual Reality environment as a powerful tool in the framework
of Cultural Heritage restoration. In this project the collab-
orative and multidisciplinary interaction between engineers
and anthropologists has been very useful. Anthropologists

Figure 10: The virtual reconstruction of the whole mummy
in the typical tightly flexed position (front and side view).

claimed that several advantages have been observed in this
work:

• The Virtual Environment of manipulation avoided to
cause irreversible damages to the remains and the digital
model of the whole mummy was validated before tradi-
tional restoration interventions;

• Quantitative measurements that can not be performed on
the remains were conducted directly on the digital 3D
models;

• The virtual model can be used as a guideline for future
restoration interventions so that restorers will be able to
repair the mummy with confidence of the position of sin-
gle fragments.

On the other hand, we believe that this work is also a
real contribution to the evolution of innovative interfacecs
in the framework of Cultural Heritage fruition. The imple-
mentation of Virtual Reality is a mean to access and to pub-
licize the complex historical features encapsulated in the
archaeological finds. In this particular case the remains of
the mummy can be shown in museums or exhibitions to-
gether with the stereoscopic visualization of the whole vir-
tual model. It is important to highlight the cognitive aspect
of a representation that brings to the observer a complete but
simplified vision of the mummy. To augment the perception
with historical, social, geometrical and material information
without overloading the occasional observer seems to be the
most challenging aspect in this field.
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