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CTpyKTypa cCiBBiAHOIIEHHS NPaB0NOAIOHOCTI AJisl YepenHo-/IULbOBOr0 HaK/JIaAaHHS
AHdpea Baavcekki, [Ipakcedec MapmiHec, Cepxio [lamac

Hocaidocyemovcss Memod ob6uucaeHHs 3HaYeHb koegbiyieHma timogipHocmi, nog’s13aHux 3 idenmugbikayiero
3a donoM02010 YepenHo-AUYb08020 HaKAAJAHHS. Memod rpyHmyemucsi Ha Ha6opi ckaHie komn’romepHoi mo-
Mozpadii 20408u, sIKI BUKOPUCMOBYHOMbCSL 04151 MOOEA08AHHS homozpadill 06.1uv4s, a maxoxc 3abe3neyy-
tomb 3D-Mmodeni uepena 045 8idnogidHoi nonyasyii. EkcnepumeHmasibHe 00cai0iHceHHs nokasye 30iticHeHHICMb

Hauwo02o0 nidxody.

Knaruosi caosa: wepenHo-nuyvosa ideHmugikayis, YepenHo-1uybose HAKAAOeHHS, CNi88IOHOWEHHS
limogipHocmi, idenmudbikayisi scepme kamacmpogu, wmy4Hull iHmessekm.

Craniofacial superimposition (CFS) involves su-
perimposing a recovered skull over an ante mortem
facial image of the suspected individual. Morpholog-
ical analysis of the correspondences between skull
and face is then used to assess the possibility of a
match [1]. While CFS has been used for over a centu-
ry [2], it is still undergoing development. The recent
European project MEPROCS [3] produced the first
CFS standard, including best practices, main sources
of error/uncertainty and technical requirements for
video and computer-aided CFS systems. The reliabil-
ity of CFS is also being investigated [4], improving the
acceptance in the scientific community, which is still
affected by the scarcity of studies and their severe
limitations [5]. In terms of technological develop-
ments, CFS incorporated the use of digital 3D mod-
els of the skull, which in turn enabled the creation
of computerized, automatic skull-face overlay (SFO)
methods based on Artificial Intelligence [6]. This led
to significant time savings and increased the applica-
bility of the technique to scenarios involving a much
larger number of victims.

CFES is involved, together with most forensic
identification techniques, in the current paradigm
shift in evaluation and reporting of forensic evidence.
Subjective evaluations from an expert are being
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replaced by quantitative, reproducible and objective
measurements. Also, reporting and interpretation
of uncertainty is done using likelihood ratio (LR)
[7], as opposed to probability or any other measure,
following the current guidelines of the European
Network of Forensic Science Institutes (ENFSI).

While the LR framework is virtually applicable
to any kind of evidence, it requires information
that might be impossible or impractical to acquire.
This study introduces a practical framework for the
computation of LR associated with identification
using CFS. The framework relies on an automatic SFO
method such as [6] and a collection of corresponding
skull and facial 3D models. Cephalometric landmarks
must also be marked on the 3D models in the
collection.

A key aspect of the method is the use of simulated
photographs. These are obtained from the facial 3D
models through a simple rendering process, which
provides the ability to generate many photographs
with the desired pose and other photographic con-
ditions. By projecting the 3D facial landmarks loca-
tions onto the photograph, we obtain the location 2D
facial landmarks. Indeed, in automatic SFO methods,
the overlap process is based on the superimposition
of a set of corresponding landmarks in the skull and
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the face. The projection error is the average distance
between facial and cranial landmarks once the SFO
has been performed. This measures the quality of the
overlay, and its value (score) is used as evidence for
the computation of the LR.

Following the person-generic approach, the
opposing propositions are:

Hs: the skull belong to the same subject of the
facial photograph

Hd: the skull belong to a different subject from
that of the facial photograph

As for the relevant population, we considered
the sex estimated from the facial photograph,
together with the overall pose of the face. Same-
source and different-source scores are obtained
by performing SFO over data from the same or
different subject. To this end, once the compatible
subjects have been selected, multiple photographs
are simulated from each model, SFOs are carried
out and the corresponding scores are computed.
Once the two score sets have been calculated, the
underlying distribution is estimated using Kernel
Density Estimation. Finally, the two likelihood values
are computed, followed by a division operation
delivering the LR value.

The materials involved in the study are a set of
78 head CT scans of different subjects with at least 6
visible landmarks. There are 50 men and 28 women,
aged from 18 to over 80 years. These materials were
collected directly from French hospitals and medical
center archives in 2008 and 2009.

The experimental study involved the calculation
of 100 LR values for positive cases and other 100
LR values for negative cases. These test scenarios
were created by simulating photographs as well. The
median LR value for positive cases was 190.3, while
for negative cases the value was 0.0. Computation
time was close to 1 minute per computation.

The introduced LR framework is practical and
sound. The main limitation of the approach is due to
the use of simulated photographs from 3D models.
Computed LR might not be reliable for photographs
showing facial expressions beside neutral, occlusions
and other unfavorable photographic conditions that
cannot be simulated adequately.
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