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METHOD OF THE CRANIOFACIAL ARCHAEOLOGICAL
RECONSTRUCTION BY DEFORMATION OF THE MODEL FACE

Article presents fast method of the face reconstyador forensic and archeology science develdpeduthors
which is based on a deformation of the known skignad to skull. As a guide to deformation a pasitiof the well
known anatomical landmarks is used. Calculatiothefnew position of the vertices of a triangle mesithe model
presented is a result of the inverse distance weilgimterpolation. To improve precision usage & #kin thickness
values from anthropological tables is used. As amge of the available results reconstruction farhaeological
investigation is presented.

1. INTRODUCTION

Many different and important factors are incorpedatn process of the identification of human
remains. This is the cause of hard to eliminatéleras with a possibility of unequivocal identifiat,
more often result could be obfuscate additionajlyphbrt or all body putrefaction or shatter. Thexalso
pressure in the society to find out personality adif victims of the crime even with tolerance of
uncertainty at the same time.

In forensic science division among few levels of tuality of identification from "probably” in
case of correspondence of a tattoo, scars or deatals, through "positive" in case of DNA or
fingerprints examination exists [1,2]. Human faaecanstruction in all cases is very biased by
subjectivity. Anthropologist or Artist, or sometiméoth along, makes reconstruction based on his
anatomical knowledge as their own intuition, aetstBeand feelings. It is not only but one of theima
reasons to not fulfil Daubert standard. Forensie fiieconstruction could be only evidence of thatithe
We could put here the question is there any camseconstruct victims face if result is in a suchig
part tentative and subjective. But in forensic stigation a lot of methods is only support for egsbers
and help in case when all other ways to solve #se ¢ailed.

For us more interesting in this case is reconstudanade for needs of archeology or, rarely,
anthropopaleology. It is situation where humanagity is proximate cause of activity. Reasons anehm
simpler and margin of acceptable mistake is bigyée. should consider that lesser significance has
accuracy of real and recreated look than aesthatidsducational value.

2. RECONSTRUCTION PROCEDURE

There is possibility to point out two main groudstlte methods of computer face reconstruction.
One, and probably more popular, are all algorithmased, as one presented in this article, on the
deformation of model face according to selectedvggtdcal [4] or anatomical circumstances. Another,
and because of level of complication rarely implated, are those methods which in strict way try to
incorporate implementations of traditional clay huetologies of the reconstruction.
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Fig. 1. General workflow of the reconstruction prdare.

As a start condition which should be met in theecalsthe traditional face reconstruction is ability
to obtain clean skull without any remains skin arsties. In some situation when not all soft tishage
away it is necessary to remove them with surgiocalst hot water or insect colony. We could use in
situation like this for examplBermestes Maculatus bug which is able to clean all skull in about tveel
hours [5]. Most skulls in archaeological investigas tissues are mummified and if we could and vant
only way to soften them is water based bath. In afgmpts very important is to be as careful as it
possible with old skull because some, such as naggdmatic arch and inferior orbital bones arecagd
and easy could be broken. Many of tenth or hundyedss old bones became very degraded and fragile
and it is one of the reason why in archaeologieabnstruction very important seems to be leavihg al
remains intact for further investigations. Nowad#yare are tendencies to use cast or, more oftsmgdo
on CT scans, photolithographic copy of the skutidAionally CT scans are also probably best pofnt o
the start to computer aided based craniofacialn®coction. In the most cases first step of th@aitess
is creation of the three dimensional volume frordasa obtained with medical equipment acquisition.
Then segmentation, even with using of the simpitasthods, of the volume is done. This step is
equivalent to cleaning skull in traditional, clagded methodology. At this stage creating of real 3D
model is possible.

In next step it is necessary to find out equipogtmilanes and triangulate them by, for example,
marching cube, marching tetrahedra or similar dllgor. As a result of this operation we obtain tgkmn
mesh which is necessary to be reduced by decimgt&jror edge collapse and finally smoothed.

Method presented in this paper originally was base&1 anatomical landmarks [8,9,10] which are
in clay reconstruction used as a place where toyoaiden dowels. All landmarks are well known and
collected in many popular anthropological tablesdait tissue thickness [11,12,13]. This anthropialg
markers are bonded to the triangle mesh of skultl@racteristic places. Deformation of the modah sk
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in presented method is done according to positiothese landmarks which have to be placed as on
model skull as well as skull on unknown victim. éftregistration process of skulls with Iterativeo§dst
Point algorithm [14] value of the displacemetfX; is calculated. This is as a variance of the pmsifor
corresponding landmarks.

Because skin is correctly aligned to its skull fois moment for each vertex of the mesh of the
model face it is necessary to find out value opldisement1X. It could be obtained by interpolation of
known values of1X;. Shepard's inverse distance weighted interpolatn@thod was chosen for this
purpose [15]:

F:Z w, f, (1)
=1

wheren is a number of scatter points and in this casegisal to number of landmarks, afids
value of each point and in this particular cass AtX;.

Now we could express equation f6X; as a:
AX:Z W, AX. )

where:

h P

ilhkp (3)
=1

Because this method is geometrically dependergt warth to emphasize that proper position of
both skulls is very important. Any misalignment geates deformation because deformation is describec
only with translation not rotation.

Valuesh; andhy are just distances in Euclidean Metric betweerntiposof the scatter point which
landmark is in this case and current vertex ofttlamgle in the mesh. Valygis called power parameter
and defines component of the individual scattensoin function of distance. We find out by expesim
that in this case equal 2 is the best. Because procedure of findinger parameters of displacement for
vertices is formulated this way we could safelyagnany differences in size, shape or proportidns o
used skulls. Despite this fact oneness of racegander could give us better results. Method givalso
an ability to reconstruct all head not only facduisTis possible thank to fact that proposed method
extended list of used landmarks. To attain thesssiptity landmarks at new positiongrtex and
opisthocranion had been added. Procedure of the selection ofritwegles of a face in the mesh of
a model when we work with wide set of landmarkslddoe skipped [10].

Known in some cases problem of anomaly deformatiible near scatter points could be
eliminated with new weights; formula which incorporate information about distarto most distant
scatter point had been implemented:

W=

w;= T—hk] (4)
Where:
R:maX{']LhZ\ } (5)
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Fig. 2. The reconstructed face and unknown skull.

Presented method have improved quality of intetpmiawith additional scatter points generation,
but concept of extending list of the anatomicaldi@arks is not good idea. It not only increases time
required by anthropologist to put them on but ateonplicates methodology a lot. In our method
availability all the time information about skini¢tkness from anatomical tables is used and virtual
dowels are created similar to traditional, clayorestruction. At this moment algorithm of interpodat
uses twice as, 68, scatter points in which nun3deare landmarks and 34 are ends of the of virtual
dowels. Preliminary simple deformation of the modklll and skin before main, inverted weighted
deformation, increases quality of final reconstedctace. Parameters of rescaling alorgQy, Oz axis is
find out according to most distant points in eatlthoee planesvertex andmenton, opisthocranion and
rhinion, left and rightzygomatic arch.

In reconstruction last few steps are based ontatinthropologist aesthetics. It is selection of
texture, skin color pale, color and look of hairsbiape, size and color of the eyes.

3. RESULTS

To the newest one and presented here reconstrustitime skull from a gravesite in Bavaria,
Germany was used. Final visualization with propeturing and hair generation could be seen orsfig.

In this case result of comparison of the generéded and the real one for unknown skull is not
possible, but anatomical position of eyes, shapeoaition of nose and mouth is correct. Similauation
is for thickness of soft tissues which in most pRds very close to expected values. Ear position t
auditory meatus position is correct as seen on fig. 2. Accordiogahatomical properties and results of
earlier test we could set thesis that proposed edethaccurate and trustful.
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Fig. 3. Complete reconstruction textured and weheagated hair.
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