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Abstract 
The problem of rebuilding a face from human remains has been, until now, especially relevant in the ambit of forensic 
sciences, where it is obviously oriented toward the identification of otherwise unrecognizable corpses; but its potential 
interest to archaeologists and anthropologists is not negligible. We present here the preliminary results of a joint research 
among the University of Pisa, the Visualisation Laboratory of CINECA  and the CNR-ITABC (Institute of Technologies 
Applied to Cultural Heritage, National Research Council, Rome) whose aim is reconstructing, through Spiral Computed 
Tomography data and virtual modelling techniques (in our case with VTK software), 3-D models of the possible 
physiognomy of ancient egyptian mummies. This work is carried out through a multidisciplinary approach, involving 
different competences: image processing, anthropology, egyptology, computing archaeology.  
Main project tasks are: 1. anthropological and egyptological analysis of the head;  2. spiral CT of the head;  3. 
reconstruction of a 3-D model of the skull generated from CT data processing; 4. reconstruction of soft tissues; 5. 
application of textures fitting the somatic features.  
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Figure 1: The mummified head in Florence (inv. N 
.8643) (Soprintendenza Archeologica della Toscana) 

1. Introduction 

The application of radiological techniques to 
Egyptian mummies has a very old and glorious 
tradition: the first reports of a radiological 
investigation of an Egyptian mummy was published 
by Petrie in 1898 [1]. Since then, radiological 
techniques were increasingly used and appreciated 
throughout the 20th century, as a non-invasive 
mean of investigation: egyptological, 
anthropological and paleopathological  information 
could be obtained without disturbing the mummy’s 
wrappings. The advent of Computed Tomography 
in the 1970’s marked a further milestone in the 
history of mummies’ investigation: CT numbers 
allowed a very fine discrimination between 
materials with different densities, providing an 
enormous amount of information not only about the 
mummy and its skeleton, but also about the 
artifacts  buried with the mummy and its coffin [2]. 
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Since the middle of 1980’s new developments in 
computer technology enabled the three-dimensional 
displaying of axial CT images. The new 
application, born for clinical use and especially 
developed for assisting  in the planning of surgical 
operations, was soon extended to mummies 
examinations and imaging [4]. In the last years, 
spiral CT has considerably enhanced clinical 
imaging. The use of this new technique has 
furtherly widened the range and quality of possible  
investigations on egyptian mummies. 
 
2. The research project 
The impulse to our research originated in the 
observation that most previous work did not deal 
with the complex problem of repositioning soft 
tissues on the generated model of the skull. 
Computerized reconstructions stopped there where 
soft tissues started. Previous works were not 
specifically interested in the problem of 
physiognomic reconstruction, but, when even the 
interest existed and plastic models of  the mummy’s 
head were produced, by stereolithography or by 
hand, the final moulding of soft tissues was 
essentially a "human matter",  the joint result of the 
anthropologist’s expertise and the artist’s 
sensibility [5]. The need for an automatic, fast and 
scientifically based program for the reconstructions 
of mummies (and human remains) features started 
the collaboration with the Laboratory of 
Visualisation of CINECA, involved in research 
both on archaeological visualisation and biomedical 
imaging. 
Focussing on the problem of facial reconstruction, 
we choosed a mummified head in good condition, 
from the Egyptian Section of the Archaeological 
Museum in Florence. The date of its acquisition is 
1893; we lack any other reliable information about 
its provenance. C14 calibrated dating of a sample 
of the hair gave a probability distribution between 
339 b.C. and 201 b.C. [7]. The very good condition 
of the head, attesting the quality of the embalming 
process, make us prefer the higher dating. 

 

 
Figure 2 The different steps of soft tissue reconstruction 

Development of the project: soft tissue 
reconstruction using VTK  
 
After a first part of work, our open problem is to 
reconstruct the lacking elements of a 3D digital 
model generated from CT scans applied to  
mummified cranial remains. As we have described 
in the previous part of the paper, [8] we work with 
an hybrid approach [13]; on one hand there is the 
implementation of the anthropologists’ protocol, 
also known as “Manchester protocol” [15], used in 
manual reconstruction of remains, in order to 
control the thickness of soft tissues at specific 
positions in accord to the measures indicated in 
[16]. On the other hand warping techniques allow 
to enhance the mummy model with information 
coming from another complete CT scanned head of 
the same race, with the right properties according to 
anthropological studies, used as reference model.  
Our aim is to obtain a perfect match among hard 
tissues so as to soft tissue of reference model can be 
used to represent those of the mummy with a good 
approximation.  
Moreover we are developing a tool in order to 
apply to the model cylindrical textures obtained 
multiple views of a well suited individual or from 
other sources as sculptures and paintings.  
Software implementation has been designed using 
Vtk (The Visualization ToolKit), a public domain 
library for scientific visualization in order to 
guarantee performance and portability. 
 
3. Project Planning 
 
The project involved five different stages: 
1. anthropological and egyptological analysis of the 
head; 
2. spiral CT of the head; 
3. reconstruction of a 3-D model of the skull 
generated from CT data processing; 
4. reconstruction of soft tissues; 
5. application of textures fitting the somatic 
features. 
The different stages are not strictly sequential: as 
we shall see, spiral CT scannings and, later, their 3-
D reconstruction provided new interesting data to 
the previous phases (anthropological and 
egyptological investigations). 
 

 
Figure 3. Model skin (blue) and mummy skull (white) 
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Figure 4. Texturized model of recontructed soft tissues of 
the mummy 
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