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ABSTRACT: Two facial models corresponding to two deceased 
subjects have been manually created and the two corresponding 
skulls have been dissected and skeletonized. These pairs of skull/ 
facial data have been scanned with a CT scanner, and the computed 
geometric three-dimensional models of both skulls and facial tissue 
have been built. One set of skull/facial data will be used as a 
reference set whereas the second set is used as ground truth for 
validating our method. After a semi-automatic face-skull registra- 
tion, we apply an original computing global parametric transforma- 
tion T that turns the reference skull into the skull to be reconstructed. 
This algorithm is based upon salient lines of the skull called crest 
lines: more precisely the crest lines of the first skull are matched 
to the crest lines of the second skull by an iterative closest point 
algorithm. Then we apply this algorithm to the reference face to 
obtain the "unknown" face to be reconstructed. The reliability and 
difficulties of this original technique are then discussed. 
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first issue consists in acquiring, processing, and visualizing the 
three-dimensional models of skulls and faces. The second issue 
concerns the actual facial reconstruction task, i.e., proposing a 
facial model of a cadaver based on the shape of its skull. In the 
near future, we plan to include a third issue consisting in editing 
the characteristics of the facial appearance such as the hair and 
facial features. 

The benefit of a computerized facial reconstruction would be 
three-fold. First, it would surely ease the procedure of the recon- 
struction itself. We probably cannot conceive to make this proce- 
dure fully automatic; however, it is clear that computer software 
can greatly reduce the amount of time spent by the forensic scientist 
for proposing a facial model. The second benefit consists in produc- 
ing several possible facial models from a given skull depending 
on varying parameters, particularly with the hypothesis that the 
person was fat, slim, old, or young. Finally, the computer methodol- 
ogy we are proposing will produce a three-dimensional model of 
the face, and the ability to observe a person under several angles 
should increase the probability of identification of an individual. 

Methods 

Facial reconstruction has emerged as an increasingly important 
tool in forensic pathology and anthropology, generating a lead for 
positive identification from any classical comparative technique. 
In this field, computers have been mostly used to store and retrieve 
images from facial databases. More advanced softwares propose 
to modify the presence of facial hair or facial features of a given 
reference facial image. Those softwares do not treat the problem 
of reconstruction from a skull and furthermore are essentially 
two-dimensional. 

The aim of this work is to experiment a new original method 
that extends the use of computers to the problem of facial recon- 
struction: given a skull of a cadaver, we intend to reconstruct by 
computer a three-dimensional facial model of the deceased person. 
There are actually several issues associated with this 'goal. The 
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The general goal that we want to achieve is to have a model- 
based reconstruction of the face of a given skull. A database 
of head models (i.e., both skulls and faces) with their personal 
characteristics (age, sex, race, and nutrition status) is required. We 
would like to choose from the database the most "similar" head 
as a reference in such a way that the given and the reference 
skulls should have roughly the same characteristics. Under the 
assumption that "if skulls have similar forms, the corresponding 
faces should have main characteristics in common," we propose 
a face of the given skull whose reconstruction is guided by the 
reference head. Presently, only a simplified version of this general 
scheme is implemented. We are given two sets of models: the first 
set E1 = {$1, F1}, consisting of a skull model S1 and a facial 
model F1, is to be considered as the head with unknown face, 
whereas the second set E2 = {$2, F2} is the reference head with 
a known skull $2 and facial F2 models. In order to evaluate our 
method, we have to build a facial model F* given the skull S 1. 
The success of reconstruction can be gained from the comparison 
of the proposed facial model F* with the real shape of the face 
F1. Because the reference set guides the reconstruction algorithm, 
E2 should ideally present most characteristics of "normality" and 
roughly belong to the same age, sex, race, and nutrition status as 
the skull S 1. 
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Data Acquisi t ion 

The digitalization of the two datasets has been performed in the 
Department of Radiology of Cannes, France. Using CT scanning 
of a living subject is impossible, because we need very thin CT 
scan slices, and the amount of radiations received by the subject 
would be important. CT scanning of the head of a cadaver (i.e., 
the skull and face together) has some problems, especially in regard 
to ethical issues, as well as practical and important technical issues 
(artifacts from metallic material in teeth). Therefore, we have 
chosen to digitalize the skull and a mold of the face separately. 
Forensic casting techniques have been developed in the Laboratory 
of Forensic Medicine of Nice, in collaboration with the Laboratory 
of Ethnology of Nice, France (1,2). CT scanning of a casting of 
the face is easy, though some problems persist. The first one is 
the necessity of rebuilding the posterior part of the casting of the 
head, because our casting technique deals only with the face: This 
problem had been previously overcome through a classical clay 
reconstruction. The second one is the opening of the mandibule 
which must be always in the same angle, both on the cadaver as 
well as on the skeletonized skull, and we have to find devices to 
overcome this task. 

The CT-scan produces a set of slices with an interslice distance 
that may reach 1 mm. Those slices are stacked into volumetric 
images, then a skull and facial model are produced by using an 
isosurface extraction algorithm (3). The Epidaure group in Sophia- 
Antipolis, France, deals with three-dimensional image processing 
and was able to obtain four distinct models corresponding to two 
skulls S1, and $2 ($2: reference skull) and two faces F1, and F2 
(F2: reference face). However, when we acquire the shape of the 
skull and the face in a separate process, it is necessary to register 
those two models with each other. We accomplish the face-skull 
registration in a semi-automatic manner. It is extremely important 
that the registration is performed precisely because succeeding 
computation will rely on the relative distances between the skull 
and the face. Furthermore, we have used a visualization tool called 
AVS (AVS-UNIRAS, France) and developed a particular interface 
dedicated to the manipulation of the skull and facial models. 

Methods  o f  Reconstruct ion 

The first method consists in acquiring some landmarks on the 
skull S 1 to be reconstructed. The surface will then deform in order 
to fit as closely as possible the estimated facial landmarks while 
keeping as much its original shape as possible. Many cranial and 
facial landmarks are certainly needed to drive the deformation. 
The second method is based on a global parametric algorithm T 
that transforms the reference skull $2 into the skull S 1: 

T(S2) = $1 

and we make the following hypothesis: the application of the 
transformation on the reference face F2 should give a facial model 
that is close to the real face FI:  

T(F2) ~ F I  

The application of the global transformation T may be seen 
as warping one facial model onto the other. In our method, the 
computation of the transformation T is not based on the whole set 
of points describing the skull; it is based only on some salient 
lines called crest lines (4,5). Mathematically, those lines are defined 

by differential invariants and correspond to lines of absolute max- 
ima of the largest principal curvature. On a skull, the crest lines 
correspond to, for example, the outlines of the mandibule, the 
orbits, the cheekbones, or the temples (Fig. 1), and also, inside 
the cranium, the sphenoid and temporal bones as well as the 
foramen magnum. Given two sets of crest lines extracted from 
two different skulls, we want to find the transformation T so that 
the crest lines of the first skull are matched to the crest lines of 
the second skull. 

The sets of lines are very different in orientation, size, number 
shape, topology, and discretization, which requires a sophisticated 
registration algorithm: the process consists of iteratively applying 
transformations, based on a local point matching, to the set of 
crest lines $2 to superimpose it on the set S 1. We use first rigid 
transformations to align the two sets, then aff'me transformations 
to retrieve the scales, quadratic transformations to model some 
natural deformations (6) or 3D spline transformations (7) which 
allow local deformations. At each iteration, the points of the lines 
of $2 are linked with their closest neighbor in S 1 according to the 
Euclidean distance, which gives a list of couples of registered 
points. At the end, we obtain a transformation T that can be applied 
on the whole set of points of the skull, i.e., not only on the crest 
lines. Furthermore, unlike the former method, this one does not 
rely upon any craniofacial distances but merely on the homology 
between the two datasets. Details can be found in Subsol et al. 
(8) with an application to atlas building. 

Results 

So far, we were able to make enough experiments only based 
on the second method. We present preliminary results from two 
sets consisting of two facial molds and two dry skulls. Face to 
skull registration was performed, but problems occurred due to 
different degrees of opening of the mandibule. Furthermore, the 
two faces had a very different morphology. Therefore the hypothe- 
sis of close similarity of age and main characteristics of the face 
was not verified. Figure 2 shows the comparison between the face 
directly reconstructed from the skull by the computer algorithm 
(left), and the actual face (right), or more precisly the mold of the 

FIG. 1--Extet~Tal crest lines on the skull. 



QUATREHOMME ET AL. �9 METHOD FOR FACIAL RECONSTRUCTION 651 

FIG. 2--Comparison between 3D reconstructed face (left), and actual 
mold of the face (right). 

actual face of the deceased. We can observe that the upper part 
of faces correspond fairly well, however some differences can be 
perceived near the chin mainly due to the above mentioned 
problems. 

Discussion 

Forensic facial reconstruction is a technique of approximating 
the facial appearance of an individual in life for purposes of further 
individual identification. Various methods have been described, 
from two-dimensional to three-dimensional, noncomputerized to 
computerized methods. Review of most of these methods have 
been presented in textbooks of forensic anthropology (9,10), and 
a survey has been performed by Aulsebrook et al. in 1995 (11). 
Reconstruction techniques were first developed by German anato- 
mists in the late 1800s in order to identify historical personages. 
Later the Russian anthropologist Gerasimov (12,13) developed the 
clay three-dimensional method and used it in forensic cases. 
Since the landmark work of Snow in 1970 (14), the field has 
rapidly grown worldwide (15,16). Evaluation of the reliability of 
the clay dimensional method is rarely reported on. The first attempt 
at a scientific testing was by Snow et al. in 1970 (14). We have 
then to quote Aulsebrook and Van Rensburg (17), Ubelaker (18), 
Krogman (19), Neave (20), and Quatrehomme (21). The most 
extensive work was of Helmer et al. (22,23) that conducted a 
double-blind trials in which two independent examiners recon- 
structed soft tissues on casts of 12 skulls. In fact results are varying, 
from poor to excellent, and these variations have been previously 
analyzed (11,24). Nevertheless two-dimensional methods as 
sketching the facial features (25), or performing lateral cranio- 
graphic method (26) are also currently used, as well as superimposi- 
tion techniques. 

Most of the methods are based on the knowledge of mean values 
of facial soft tissue thickness measured at selected anatomical 
landmarks, as well as knowledge of particular morphologic fea- 
tures. In fact facial reconstruction is not easy, because there are 
many facial variations, particularly according to the nutritional 
status of the individual and the different rates and intensities of 
ageing. Furthermore, the details of the nose, eye, ear, lips, and 
chin probably cannot be constructed exactly from the skull charac- 
teristics. The current tendancy in the forensic facial reconstruction 

may be the development of new computerized methodologies, with 
the advantages of swiftness and reduction of subjectivity. The 
possibility and validity of computer-aided facial reconstruction 
have been investigated by different authors. Perper (27) developed 
a facial imaging reconstructive morphography system that permit- 
ted the construction of facial features based on precise cephalomet- 
ric measurements of X-ray of the skull. Ubelaker (28) reported 
the interest of computer-assisted facial reconstruction by using the 
kit that had been developed for ageing missing individuals. Vanezis 
(29) applied a three-dimensional computer graphics technique for 
facial reconstruction and achieved comparison with sculpting tech- 
niques. Miyasaka (30) developed a computer-aided facial recon- 
struction using the same methodological way as the two- 
dimensional drawing method, concluding that the resulting image 
was a great improvement on images made by the conventional 
clay and drawing method, both in the operational aspect and in 
the flexibility of creating multiple versions. Lambrecht (31) utilized 
a software permitting separate visualization of soft tissues, bones, 
and air spaces through computed tomographic data and video 
visualization. Evenhouse (32) developed a 3D computer-aided 
method, by drafting the soft tissue profile as following the proce- 
dures suggested by Georges (26), and connecting the end-points 
of the tissue depth markers, what permitted to generate a series of 
polygons to comprise a rudimentary soft tissue surface or face form. 

Our computerized method is original because it is not based on 
altering the skull by using specific landmarks and average facial 
tissue thickness. It is based on: (i) an original global parametric 
algorithm, which involves crest lines, corresponding mathemati- 
cally to lines of absolute maxima of curvature; (ii) this algorithm 
involves and is calculated from the transformation of the reference 
skull into the skull to be reconstructed; then the same algorithm 
is applied for the transformation of the reference face into the face 
to be reconstructed. It runs from skull to skull, and then from face 
to face. This is obviously an unusual way, because usually the 
computerized methods run from skull to face. By this method we 
were able to obtain a facial reconstruction which is quite close to 
the real face. The interest of this method is its swiftness, and the 
fact that the computer directly generates a three-dimensional facial 
model, contrary to the different methods described in the interna- 
tional literature. We are able to translate, rotate, zoom, or alter 
this 3D-image in different ways, and the possibility of matching 
a perspective in a photograph of a missing person is very useful. 
We are also able to interactively select with a good precision a 
set of landmarks on the skull, and if necessary to compute the 
projection of these landmarks along the normal direction on the 
face. We can easily compute the distance between face and land- 
marks and, for instance, compare those distances with existing 
reference tables. 

Current results are promising and we believe that it could be 
greatly improved by the use of larger datasets covering several 
categories of individuals. Nevertheless, some problems have to be 
dealt with such as: accurate registration of skull and facial model, 
accurate and invariable position of the mandibule, and the method 
needs further investigations and improvements. We hope that this 
original technique will make a contribution to the field of foren- 
sic identification. 
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