3D facial reconstruction  and visualisation of ancient egyptian mummies using spiral CT data.
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Introduction


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 between the University of Pisa and the Visualisation Laboratory of CINECA, whose aim is reconstructing, through Spiral Computed Tomography data and virtual modelling techniques, 3D models of the possible  physiognomy of ancient egyptian mummies. This work is carried out through a multidisciplinary approach, involving different competences: image processing, 3D computer reconstruction, anthropology, egyptology.





State of art


 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�.  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�. Compared to traditional x-ray techniques, multiple axial images displayed in a clearer way the different details of cartonnage, wrappings, amulets and internal organs of a mummy�, and allowed easy measurements of exact distances between objects inside or outside the mummy. 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�. 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.





The research project


The impulse to our research, born in the ambit of the collaboration between the egyptologists of the University of Pisa and the anthropologist Francesco Mallegni, originated in the observation that no previous work dealt 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�.  A similar method was already experimented by F. Mallegni for the reconstruction of a model of the head of the prince Wadje, whose tomb (about 2000 b.C.) was descovered by the mission of the University of Pisa, directed by Edda Bresciani�. 





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 (inv. N. 8643)�. 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.� The very good condition of the head, attesting the quality of the embalming process, make us prefer the higher dating.
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Fig. � SEQ Fig. \* ARABICO �1� The mummified head in Florence (inv. N .8643) (Soprintendenza Archeologica per la Toscana)


The project involved seven different stages:


1. anthropological and egyptological analysis of the head;


2. spiral CT of the head;


3. reconstruction of a 3D model of the skull generated from CT data processing;


digital analysis and classification of CT scan data;


image processing and 3D visualisation;


reconstruction of soft tissues;


7. application of textures fitting the somatic features.





The different stages are not strictly sequential: as we shall see, spiral CT scannings and, later, their 3D reconstruction provided new interesting data to the previous phases (anthropological and egyptological investigations).





Conclusions


1. The anthropological study of the mummified cranial remains allowed us to identify a male subject with an age at death of around 40 years. The skull is dolichocranic, of medium height in norma lateralis, and with rounded occiput, narrow face, high cheekbones, gracile even if well developed in its height, jaw; the orbits are narrow, the nose is well-shaped, and of Europoid look.


The general appearance of the subject, especially regarding the face and the shape and structure of his hair, lead us to exclude Negroid influences, but closely resembles present and past Berber ethnic characters. 


The very good conservation of the head pointed to an individual high in the social hierarchy, so as to grant himself an effective (and expensive) embalming process. 





The mummy was scanned on 18th April 1997, using a Siemens Somatom Plus 4 spiral computer tomography scanner at Careggi Hospital in Florence, thanks to the kind collaboration of the radiological equipe. Slices thickness was 0.5 mm through all the skull. CT scanning of the head demonstrated the post-mortem transnasal ethmoid fracture created by the embalmers to extract the brain tissue; the cranial cavity was filled with hot melted resin, later solidified, introduced with the mummy resting on its back, as the model reconstructed from the CT images clearly displays (Fig.2).





�


Embalming excerebration through the ethmoid was  very common in the Late Period, practised until Ptolemaic age, as well as the filling of the cranial cavity with resin�.


The spiral CT images were later electronically transferred to the Onyx2 workstation (Silicon Graphics) at CINECA for post-processing.








In the methodology used for 3D reconstructions generated by spiral CT data sets,  CT slices must be stacked up and interpolated in order to build a volume. Once created a volume, it is possible, by means of suitable algorithms, to generate surfaces whose points have the same function value. They are called isosurfaces. A popular algorithm for determining isosurfaces  is the so called marching cubes �, the same used in the 3D reconstruction of our mummy’s skull.  The principle underlying the application of this algorithm to the kind of problem here described is that similar materials have the same radio-opacity and are, consequently, represented in a CT scan by the same densitometric level. In CT slices, the intensity associated to each  pixel in the grey-scale is proportional to tissues density: black corresponds to air, white to bones. It is therefore possible processing the CT scans sequence so as to obtain a 3D grid, where to each “knot” (control point) is associated the densitometric value measured by the CT scans. The result is a 3D 256 grey levels image.
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Fig. 3 a) hard tissues		b) external surface


 


This phase of the work was particularly interesting from the anthropological perspective: the use of this technique allowed us to visually exclude the mummified soft tissues and directly observe the cranial bones with a very high image resolution. This method offered also the chance of a morphological and morphometric check of the anthropologist’s observations on the specimen (covered by the disseccated soft tissue): these two methods of investigation led to the same diagnosis of Berber group.


The image of the skull gave us the chance to observe, directly on the cranial vault, a bone pathology and a biological answer to the pathogenic factor that shows a long survival of the subject. X-ray examination of the mummified skull showed in more detail the reactions to this kind of pathology so that we could perform a global analysis of the sample.





4. This stage of our work is still in a preliminary phase. Among the possible  methodologies to deal with this complex problem, we focussed two different promising ways:


A. implementation of the anthropologists’ protocols developed to the reconstruction of soft tissues on the skull:


	B. use of warping techniques.





A. Generally, the anthropological methodology to reconstruct soft tissues on a skull is borrowed from forensic sciences: as it is well known, the thickness of the soft tissues is reconstructed on the bones through the use of pegs at marked points. All the pegs are joined by strips of plastiline of fixed thickness and the empty spaces among them are then slowly filled with mouldable material: in this way, it is possible to reconstruct nearly all the face that belonged to the living subject; on this, nose cartilage, eye globes and lips are added; because the orbicular muscles around the lips leave no impressions on the jaw bones, it is important to consider for their modeling the ethnic group to which the subject belonged. The markers helping in the reconstruction are based on anthropology and forensic studies of people of varying ages and populations. Their number may vary in the different protocols which anthropologists follow: as for the model of Wadje’s head, Francesco Mallegni’s reconstruction was based on the method described by Douglas H. Ubelhaker, following Rhine and Campbell’s tables (1980) and Rhine, Mooer and Weston’s (1982) �. Though this method has a certain degree of subjectivity, nevertheless it is sufficiently reliable. A software implementation of the above mentioned protocols could assist the operator in locating the markers on the 3D model of the skull by a graphic interface, so as to choose the correct set of anthropological parameters. Subsequently, interpolation methodologies could carry out automatically the soft tissues growing.





B. A different method consists in the distortion (warping) of the 3D model of a reference scanned head, until  its hard tissues match those of the mummy. The subsequent stage is the construction of the hybrid model composed by the hard tissues of the mummy plus the soft ones of the reference head�.


We believe that very good results could outcome through a semiautomated interactive procedure, integrating the two methodologies here described.





While hard and soft tissues give morphological information, textures provide colours and aesthetical features. They are “pasted” over the 3D models by means of mapping procedures. In this preliminary phase we used as texture the photograph of a modern Berber, published in an anthropological treatise�, well fitting the general somatic features of our reconstruction but, unluckly, of very low resolution (fig. 4). Moreover, being a frontal view, it does not give sufficient information for the mapping of the entire model.
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Fig.4





The texture was  mapped onto the 3D model to perfectly match the frontal view of the mummy but it loses its grain as soon as we depart from the frontal view. Much better results could be obtained with different high resolution views of  a new subject. 
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Fig.5 The texture, suitably processed, is mapped onto the 3D model.








The virtual model


In our project, for obtaining better performances through the virtual 3D visualisation of the reconstruction we have used the powerful workstation Onyx2  (Silicon Graphics at VISIT, CINECA), equipped with an architecture of type multiprocessor, with 4 processors R10K, 1 Gbyte of RAM, computing power of 1.5 Gflop, 1 graphic pipeline, which can process 11 milions of polygons per second. In fact the main problem, processing a large amount of data, is to process and  visualise the data volume in real time and in 3D. The interactive way to explore and show the whole model gives the possibility to understand deep features of the data: in our case, our interdisciplinary team, composed by archaeologists, anthropologists, and computer experts, could discuss in real time problems and characteristics of the data, comparing in detail hypotesis and interpretations about the egyptian head,  anthropometric data and computer images information. We can describe the processing as a cognitive model of the find. Finally, we have experimented the VR CrystalEyes,  wireless pairs of glasses, with lenses capable of alternately shuttering in sequence with left-eye right-eye images interlaced on a computer display; the result is a stereoscopic effect, allowing  the user to view the contents of the computer display in 3D.





Possible developments of the project will concern:


Integration of CT scan data and �
reconstructions  with the egyptian iconography (i.e. ancient sculptures of the same period).


New graphic and software interface for reconstructing step by step volume rendering, soft tissues and the final aspect of the face.


New rendering techniques for visualising in 3D the anthropic CT scan data


VRML version of the produced models.


Images databases on line in Internet for organising a world collection of this type of data.  


Project integration with other sciences having the same aims, such as forensic sciences, virtual surgery, biology, criminology.


Off line multimedia version of data (i.e. on CD ROM or DVD), for publications and scientific divulgation.
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Fig. 6 Lateral view
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