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Kurzfassung

Das Potenzial von menschlichen AufRenohren fur dies@mliche Identifizierung wurde
erstmals von Alphonse Bertillon im Jahre 1890 beeblen (Bertillon 1890, zitiert durch
Hurley et al., 2000). In den letzten 120 Jahrerersuichten mehrere Studien biometrische
Unterschiede bei menschlichen Ohren um spezifisd@atifizierungen festzustellen. Dabei
wurden unter anderem Zeichnungen, Photographien 3MddOberflachenscanner-Daten
verwendet.

Bezuglich der spezifischen Frage nach einem Geduisienterschied an menschlichen Ohren,
wurden vonSforza et al. Im Jahr 2009 vergleichbare geschdspetzifische Dimensionen von
Ohren analysiert. Die vorliegende Diplomarbeit vetg zu beweisen, dass 3D
Oberflachenscans von menschlichen Ohren eine pdssklethode fur die Analyse von
Geschlechtsunterschieden darstellt.

Die zu vergleichende Stichrobe (n=29,414152; durchschnittliches Alter: 25.3 Jahre)
besteht aus 3D Oberflachenscans (David Laserc2¥&) von Gipsmodellen.

Nachdem 72 Landmarks inklusive 67 Semilandmark&nmra 5.2.0 gesetzt wurden, wurden
diese Punkte in Edgewarp 3.30 zueinander versch(@eling). AnschlieRend wurden die
Daten in Morpheus et al. geladen, gruppiert undffviteiblich) und m (méannlich) bezeichnet
und superimposed (GPA) bevor ein MANOVA P-Test dgefihrt wurde. Au3erdem wurde
ein PCAin R 1.12.1 berechnet.

Die Ergebnisse zeigten, dass es im Bezug auf Gaguklinterschiede keine bedeutenden
Unterschiede gibt (Versetzungstest / randomizedsiel 999: p=0.384). Aus den ersten
beiden Hauptkomponenten der Analyse ergaben sieh evklarte Varianz von 44.47% im
s.g. shape space und 43.66% im s.g. form spaced¥or29 Proben insgesamt sechs aus der
Studie ausgeschlossen, da diese Méangel in den l@dlerhdaten aufwiesen. Aufgrund dieser
heruntergesetzten Stichprobe ist es leider nichideeitig moglich einen Kklaren
Geschlechtsunterschied auszumachen. Die Verwendendsipsabdriicke zeigte allerdings
eine sehr hohe Genauigkeit im Bezug auf die Morgtamdes Ohres. In Bezugnahme auf
den David Laserscanner zeigte sich, dass eine nagetirhehler von 3mm pro Scan erwartet
werden kénnte, da dieser von vielen verschiedersdwhre-Komponenten abhangig ist.
Generell l&sst sich sagen, dass das Potenzial deisl Daserscanner 2.4.3 fur die Analyse

von komplexen Strukturen wie menschlichen Ohremdoe ist.

VI



Abstract

The potential of human external ears for persodahtification was first recognized and
described by Alphonse Bertillon in 1890 (Bertill@aB890, cited by Hurley et al. 2000). In the
last 120 years several studies investigated biaeneifferences in human ear shape for
specific identification using drawings, photograimsl 3D surface scan data.

Including the question of sexual dimorphis@®forza et al. (2009) described sex-related
dimensions of ears. This diploma thesis tried tofy¢hat 3D surface scans of human ears are
an appropriate method for the analysis of sexualodbhism, which could then be used in
biometric recognition systems, as well as in stahderaniofacial development, human
evolution or diseases.

My comparative sample (Caucasians, n=2%,1459;average age: 25.3 years) consists of 3D
surface scans of plaster mould models from liviotumteers. After scanning, 72 landmarks
including 67 semilandmarks were set with Amira &.2nd were slid in Edgewar®.30.
Afterwards, after loading the data in Morpheus lettleey were grouped, labeled with f
(female) and m (male), and superimposed (GPA) bgierforming MANOVA. Furthermore
aPCAin R 1.12.1 was calculated.

For this sample there are no significant differengermutation test/ randomized sample 999:
p=0.384) in the determination of sex as well atheanalysis of every single curve.

Including all digitized specimens (&1 129; Caucasian, age average: 25.4 years), Six
specimens were excluded due to missing data, 44cfibe variance is explained by the first
two principal components in shape spa&aathermore, 43.66% of the variance is explained in
the first two principal components in form spacealyzing every curve separately shows
similar results.

The reduced sample size of 23 specimens does lo# ah accurate prediction of sexual
dimorphism of human ears. However, the usage opldter mould model showed very good
accuracy in comparison to the ears’ actual geomdtne accuracy of the David Surface
scanner 2.4.3 (DAVID Vision Systems GmbH, Germardgpends on various hardware
components and settings like the camera distaheeplbject size, the light conditions, the
triangulation angle and the quality of the calitmattarget. In this study a maximum error of
not more than 3mm per scan can be expected, dtieetcamera distance of 300 min.
general, it could be shown that there is only atédh potential of the David Laser scanner
2.4.3 (as an example for 3D surface scanners)hi@ranalysis of complex structures like

human ears.

VI
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l. Introduction
1. Anatomy, physiology and embryonic developmentadiology

This section is a short theoretical background aliba anatomy of the human ear, its
embryonic development and studies dealing with ééernal ear structure for sexual
dimorphic pattern.

1.1  Anatomy of the human ear

The ear itself can be differentiated into threetises: the external ear, the tympanic cavity
and the interior ear , whereas there are two sgmsots, which have different functions, but
form one morphological complex (the inner ear). Tite part of the inner ear, the cochlea, is
the acoustic organ. The second part includes sagcutriculus and the semicircular canals,
and registers in particular the changes of posiifothe head as well as the rest of the human
body. This part represents the so-called vestilsylstem (Kahle and Frotscher, 2005).

The border between the external and internal e
structure is set at the beginning of the ear canal.

The visible part, called pinna (see Figure 1) ioegan
that can be subdivided into several different parts ’
The helix builds the outer edge of the ear; théhahxk

Antitragus

builds a hill and forms a Y shape on the uppermpeat.

In this region the antihelix splits into superionda Figure 1: Anatomy of the external ear

inferior cruxes which are building a depressionweein these Y-shaped structure, the so
called fossa triangularis.

Furthermore the tragus and the antitragus (seerd-ijuare visible; right above the tragus
lays the anterior crux of the helix and the cymbaohae. The concha builds the deepest
depression in the auricle.

Besides the lobule, the auricular (pinna) possességleton of flexible cartilage. The form of
the bulges and hollows differs between every humuath are genetically determined. The
form of the following anatomical structures is deigmed by genetics: Helix, antihelix,
scapha, concha auriculae, tragus, antitragus assh ftriangularis (Kahle and Frotscher,
2005). The external ear canal is stiffened pringaoy flexible cartilage and further on by
bone. The skin of the cartilage area contains sshecglands and ceruminous glands. These

glands are similar to sweat glands, the so calbetrne glands (Lullmann- Rauch, 2006).



1.2 The development of the human ear, growtind sexually dimorphic pattern

In 1997 Wright described the development ¢~
the external ear as a complex process whi
reaches from the early embryonic stage to tl|
postnatal period. Parallel to the anatomic

changes of the pharyngeal arch during the fif . F

week of gestation, the external ear as well as t. ._
igure 2: Embryonic development of the ear

auditory ear canal develops. Both of these arez
develop until the age age of nine, although thasealready formed by birth. (Wright, 1997)

Six tubercles grow from the mandibular arch as waslthe hyoid arch during the sixth week.
They are called tragus, crus of the helix, hebkule, antitragus and the antihelix (Sadler and
Langman, 2003). During the second and third moftdevelopment the pinna (external ear
structure) expresses its form (see Figure 2).

The ear is built of one plate of fibro-cartilageiahis covered by the skin and is connected
with the circumjacent parts by extrinsic muscled &gaments and fibrous fabrics (Foucar,
1940). This thin plate produces the helix (the edredge of the ear) and furthermore the

antihelix (counterpart of the helix) (Foucar, 1940)

Besides the development of the outer ear strucdackthe growing pattern of ears, some
important morphometrical studies on the ear anaterage performed to determine sexual
dimorphic pattern, and will be explained further give a short background about
morphometrical studies of the external ear.

Peeples et al. (1985) put out, that three of thécak and the threborizontal measurements
seem to be under specific genetic regulatiomi both sexes:(...) width of the superior
helix, distance from superior helix to the edgamtihelix, distance from antihelix to tip of the
lobule, (...) width of the pinna, width of the posiemelix, and width of the notch (...)”
(Peeples et al., 1985).

In 2009 Sforza et al. described sex-related dinoissof ears. 497 male and 346 female
healthy subjects aged between 4 and 73 years vigitzetl. Several soft-tissue landmarks
were set on the ear and face. The authors congluliad’All ear dimensions were larger in
men than in women. The ear width-to-length ratia dhe sagittal angle of the auricle
decreased (...), but without sex related differenteg. Asymmetry was found in the sagittal



angle of the auricle (both sexes), in the ear widttength ratio and ear width (men
only).”(Sforza et al., 2009)

Meijerman et al. (2007) described a cross-secti@mhropometric study to analyze the
growth of the outer ear structure to provide a wayredicting which anatomical features
appearing in ear prints may vary during lifetiméey analyzed 1353 subjects considering the
effects of age on auricle length, earlobe lengtid auricle width. However, the antihelix
prominence and helix width seemed to be unaffeloyeage.

In 2007 Niemitz et al. examined 1448 ears from rawlchildren up to 92 years old adults
for growth and sexual dimorphic pattern. They fows®leral sexual dimorphic patterns,
whereas male ears showed more increase in growthttiose of females. The greatest ear
length in male subjects was 52 mm (SD +/- 4.1 minidgh, 65 mm (SD +/- 4.0 mm) at
around 20 years and 78 mm (SD +/- 4.8 mm) at araiihd-or women the results were: 52
mm (SD +/- 4.3 mm), 61 mm (SD +/- 3.9 mm) and 72 (&D +/- 4.6 mm) (Niemitz, 2007).
Moreover, Purkait and Singh (2008) described atdi#h comparison of ear patterns in the
same individual, where no ear was found to be é&xabe same in morphology to its

counterpart (right and left ear).



2. Biometric identification and geometrieanorphometrics

This section is going to give a review of the usafjpuman ears for personal identification as
well as a basic theoretical background of geometricphometrics for better understanding
the methods used in this study. The following sectlso gives a short introduction to define
the terms of curves and outlines, landmarks andlaedmarks, as well as the procrustes
superimposition, ridges and perpendiculars on tineirig point of a cubical parabolic three

dimensional surface, as a constructed parabolicature.

2.1 Personal identification using biometridlifferences in human ear shape

The potential of human external ears for persodahtification was first recognized and
described by Bertillon in 1890 (Bertillon 1890, edtby Hurley et al. 2000). In the last 120
years several studies investigated biometric diffees in human ear shape for specific

identification using drawings, photographs and 8dace scan data.

The classification work of lannarelli (1989) was &

novel approach in the biometrics of human ea
from photographs (see Figure 3). In total ove
10000 photographs of human ears from a rando =
sample in California were compared. Burge an
Burger (1998) concluded that, if the centre poi !
was set improperly, researchers were faced wi

the problem that all measurements were incorrect.
Figure 3: Left: Anatomy, Right: Measurements, (ajdlix

Additionally, localizing of the anatomical pointstim, 2 Lobule, 3 Antihelix, 4 Concha, 5 Tragus, 6
Antitragus, 7 Cruz of Helix, 8 Triangular Fossaln@isure

; idmertragica. (b) The locations of the anthropometr
was not very suitable for automated macmdrr%asurements used in the “lannarelli System”. (Buaigal.,
vision. (Hurley, 2007)

1998)

Moreno et al. (1999) combined the results of 168tpiraphs using attributes of outer ear
points, ear shape information and features extlabte compression network simulating a
new identification method.

Burge and Burger (1998 & 2000) used the Voronoigdien (after Dirichlet 1850) for

computing automated biometrics of ear curve segsndittey used an algorithm, which takes



the possibility of error curves into account. Thes®r curves can be caused by e.g. exposure,
light arrangement, shadowing and occlusion.

In the last decade researchers have focused agettezal appearance and shape of the human
ear, whether using PCA (Victor et al. 2002), fofieéd (Hurley et al. 2000) or ICP (Yan und
Bowyer 2004 & 2005).

The so-called ‘force field transformatidf(...)the force field can also be defined directiyth

its own set of equations (..(Jurley, 2005) for ear recognition was examined by Hurley et
al. (2000) by transforming the images as a clasgibn of Gaussian attractors, acting as the
sources of a force field. According to the authtbiis technique provided good results for
their research questions.

Studies by Victor et al. (2002) analyzed the consoar

‘e . |Raw INAGE TRAINING
between the recognition of the ear and face, bygusi [jpegformat generate eigen space

ear image 400x500

principal component analysis (PCA) (see Figure 4)
(Hurley, 2007)

Additionally, Hurley et al. (2000) used PCA on dset

of 252 ear images extracted from the XM2VTS multi [;“RB'L*HZATI“N FSULTS

PREPROCESSIN
cropping with ear
centeres set

AW IMAGE
jpeg format
ar image 400x500

geometric normaliz, nerate cumulative
nasking illuminatioy Inatch score

model face profiles database (Messer et al., 1988,

normal

2007) to achieve a recognition rate of 98.4% in 3&9% me methods (Victor et al.
(Hurley, 2007). 2002)

In 2004 & 2005, Chen and Bhanu used a ‘surface eslusgscriptor’ to analyse a 3D ear
recognition method. Ten Individual were digitizesing two ranged images for each person.
However, the 3D structure of the auricle is onlgextainable only with difficulty, so a
handful of research groups have focused on thé 6EBD Ear Biometrics. Yan and Bowyer
(2004 & 2005) used a Minolta VIVID 910 range scantoescan the ear via laser technology.
By using triangulation algorithms the depth is cédted. (Hurley, 2007) Iterated closest point
(ICP) based matching was applied for developingilyy fautomatic ear biometric system.
Disturbing objects from 3D depth data, e.g. easjngwellery and hairs, can be easily
removed automatically in the 2D model. (Hurley bt 2007 Yan and Bowyer, 2005a/b/c;
Yan and Bowyer, 2004 & 2005)

So ICP can be used due to its simplicity and acyufdurley et al., 2007). In 2005b, Yan et
al. developed an efficient ICP registration metlfpcecomputed voxel closest neighbours)
used for biometric studies of previously procedsachan ears.

In 2003 Bhanu and Chen used a two-step ICP algoriithey examined 30 subjects with 3D
ear images. Two of 30 individual were found wrorihey build an ear model template from



20 subjects. Besides, Hurley (2007) consideredntip@rtance of investigation of specific ear
parts from the recognition perspective. Many stegpge been taken in the potential means of
human ears in personal identification using modaaometrics and morphometrics (Arbab-
Zavar, 2007).

Sexual dimorphism could be used in conjunction witbmetric recognition systems in
several ways. Also Ear morphometrics could be usé&du the study of craniofacial

development, human evolution, diseases or the lirmae

2.2 Geometric morphometrics

“Geometric morphometrics is a collection of apprbas for the multivariate statistical
analysis of Cartesian coordinate data, usually (bot always) limited to landmark point
locations. The multivariate part of geometric masptetrics is usually carried out in a linear
tangent space to the non-Euclidean shape spadeeinitinity of the mean shapgSlice et
al., 1995)

Among others, Pearson (Pearson, 1895) and FisB&B (& 1921) developed statistics in the
context of biologic-morphological variations, whichuild the foundation for actual
morphometrics. Additionally, statistical methodskeli principal component analysis
(Hotteling, 1933; Pearson, 1901) and the correlatomefficient (Pearson, 1895) were
developed. Distances became the most familiar bigsa used for morphometric
measurements methods. These early studies prowidey statistical methods, which today
allow analysis of more than one variable at theestime.

In 1917, Thompson published constructed deformaginds to show how one part of an
individual looks like as a distortion of the samartpin another organism (Cartesian

transformation (see Figure 5)).

While Thompson had drawn this by hanc g

Bookstein (1989) introduced the thin plat ‘| -
NS

spline interpolation. This method shows shay : Pl =
. : | =7
differences  between two forms a | \%

deformations. The new form results out of
minimized bendlng energy (BOOkStem’ 1997F’igure 5: Cartesian transformations (Thompson 1917)

Bookstein et al., 2002; Bookstein et al., 2003; tétitecker et al., 2004 and Bastir et al.,
2006).



Geometric morphometrics has been developed to amafprm variations by using
mathematical points (curves and landmarks) in mintiensional space.

Landmarks were defined in three subtypes and Sedmiarks were introduced with the aim
to use“Landmarks for description of structures that lattkie landmarks”(Bookstein 1991;
Bookstein, 1997; Bookstein et al., 1999). Recersymilandmarks have been used in several
morphological studies (Mitteroecker et al., 2004ittétoecker et al., 2005; Sheets et al.,
2004; Gunz et al., 2005).

The exact knowledge of specific definitions anari@ology in the analysis of morphological
differences in biological objects is essential talerstand the methods of modern geometric

morphometrics and will be an important part duttinig thesis.

Procrustes Superimposition

A system of shape coordinates, consisting of trerdinates of several landmarks after the
objects are translated, rescaled and rotated. fidnergrst landmark is fixed at the origin and
the second landmark is fixed at (1,0) in a cartesw@ordinate system. This function is called

the Two- point shape coordinate (Bookstein, 199&¢ (Figure 6).

Today, extract shape variables from a set * i
the ﬂ

landmarks are called ‘procruste ﬁ _
ranslation 10,0)
superimposition’. This method superimpose \

configurations  without  using  position, Sealing

orientation and scale of the data (Adam: =™ é
Rohlf and Slice, 2004). o oot

Figure 6: Shape coordinates (after Bookstein 1991)

o1

Therefore, three steps are used, based on thedBaglisimilarity transformation (shown in
Figure 7) (Dryden and Mardia, 1998).

1. Translate: Translation of the objects. Thelteshould share the same centroid.

2. Scaling:  Scaling of the objects. The reshitiuld share the same centroid size.

3. Rotation:  The object is going to be rotai®ihimizing the sum of the squared Euclidian

distances.



The generalized procrustes analysis was

2
developed if there are more than two specim D @
(Gower, 1975; Rohlf and Slice, 1990). Tt * —“—

rotation step changes to a specific algorith

3

The result of this scaled, centered and rota .

Figure 7: Procrustes superimposition

landmarks are the procrustes shape coordinats.

Landmarks

“Landmarks are the points at which one’s explamatid biological processes are grounded”

(Bookstein, 1991).

Landmarks must be homologous between two diffefemhs. Bookstein (1991) stated that

landmarks are all defined by specific names (tor@shomology) as well as coordinates. In

this case homology has to be seen as a functi@ating points rather than parts (Bookstein,

1991).

In general, Bookstein (1991) described three tyfféandmark points:

Type I:  Mathematical point who are defined bycdie juxtaposition of tissues, like the
correspondence to homologies anatomical structures

Type Il: Point of a maximum curvature

Type lll: Characterize more than one region offthren, so called extreme points

In 2004 Bookstein and Schaefer and in 2007 Katihale described a new landmark

classification.

Type I:  discrete juxtaposition of tissues

Type II: Point of a maximum curvature

Type lll: Characterize more than one region offthren, by using the information of multiple
curves and through symmetry.

Type IV: Semilandmarks on ridge Curves. The tefms@milandmarks will be explained
above (Semilandmarks: landmark-based analysistbhes see p.9).

Type V: Semilandmarks on surfaces

Type VI: Constructed semilandmarks



Semilandmarks: landmark-based analysis of outlines

“Sliding landmarks make it possible to include m#l information in the geometric
morphometric analysis.(EVAN 2010)

Sliding of the landmarks is applied to minimize thH#ects of the random location of
semilandmarks along curves (Bookstein, 1996; Bamsi997; Bookstein et al., 2002; Gunz
et al., 2005).

The aim of this technique is to slide points aldhg external curve until they correspond
optimally to their equivalents in the right confrgtion and consequently serve the principles
of procrustes superimposition (Bookstein, 1997).

To minimize the procrustes distance (Rohlf, 1998&he bending energy (Bookstein, 1997;
Bookstein et al., 2002; Bookstein et al., 2003;téfecker et al., 2004 and Bastir et al., 2006)

semilandmarks can be slid along tangents defineathsr semilandmarks.

Outlines
The aspect of analysing an object can include reegliwhich are closed or open. Closed,

means the starting and endpoint are the same —arabylp to the outline of a circle; open
means the starting and endpoint are differentdikerrved line. Here the starting and endpoint
is clear. For simplification of analysis, a ser@spoints along the outline are marked first,
otherwise the decision of which variable on thes Ishould be analysed is quite complex.
Depending on the analysis method the starting praintbe recorded at every specimen and is

correspondent or not (Klingenberg, 2p0Bhere are multiple ways of analyzing an outline.

Eigenshape analysis

“Any region that can be defined as a closed curae be subjected to a standard eigenshape
analysis.(McLeod, 1999 p.4)

In general the digitization for the standard eidrap®e analysis starts at a landmark point
along a curve of a margin (Lohmann, 1983; Lohmame Schweitzer 1990b). If specimens
lack common landmarks, they can be analyzed ussm@alled generalized superimposition
method (Lohmann, 1983). When using the generalisagerimposition method the
digitization of the starting point fits to a speciflocation. The location is determined
including the corresponding part of the outlinetloe outline within shape spa¢klcLeod,
1999). Using a landmark as starting point is a comrmrocedure and has been published
several times (Kucera and Malmgren, 1996; Lohmamh &chweitzer ,1990a and 1990b;
MacLeod and Rose, 1993; MacLeod and Carr, 1987ridNer al., 1996; Ray, 1990; Lohmann
and Schweitzer, 1990; Norris et al., 1996).
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Curves along extreme points: Ridges
Ridges are lines which are running along extremetpdgfor example parabolics) (see Fig. 8
red). These lines or curves are building a perjpefa curvature along the maximum points

along the perpendicular direction (Weber & Books@011).

Perpendicular lines along the turning points of a gbic parabolic surface
Cubic parabolic curvatures are polynomial equatiohshe T |
third degree. In general, the function is defineg the I
following equation: y= f(x) = a*x+ b*x*+ c*x + d including 5% I |

a # U (see Figure 8) (Lauter et al., 2000) : , : \ I

Setting a perpendicular line as a reconstructecbudic

curve along the turning points of a cubic parabslicface \/\
can also be demonstrated in a three-dimensiongy/ giown M

in Figure 9(green line) (Koenderink, 1990).

Figure: 8:polynomial of the third degree

Figure 9: rigdes(red); perpendicular curve alofigettirning points of cubic parabolic (green)
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3. Technical Background

This section is going to give a detailed technisatkground of the methods used in this
study. Special attention is drawn to the settind ealibration of the used surface scanner to

facilitate future scientific studies performed witte David Laser scanner 2.4.3.
3.1 Modelling with Alginat

Alginate is normally used in dentistry for dentdédstic impressions and provides results in
good medical qualities. It is free of additiveselikberglass shavings, is dust free, has a fine
pasty consistence and is extremely precise. Thauptaised in this study was Kromopan 100
idrocolloide, Lascod S.p.A- Laboratori scientificdanoiatria. The volume ratio for

impressions like ears is one part of Alginate todarts of water, including a processing time

of nearly 90 seconds.

3.2 Contact-free active and passive scanning

Active scanner capture objects by detecting thedfiection, by using radiations like laser
light or light (Weber & Bookstein 2011). In compson to a passive scanner, active systems
are more sensitive to surface properties (LanmadrnTaabin, 2009).

An example for contact-free active scanner wouldhgeDavid Laser scanner 2.4.3 (David
Surface scanner 2.4.3, DAVID Vision Systems Gmbldyn@any) used in this study. This

scanner system uses a vertical laser light lingacess the object.

Passive scanner does not need to use radiatiossif(splight sources) itself, but detect

reflected surrounding radiations to build an im@geber and Bookstein 2011).

3.3 David Laser scanner 2.4.3 (David Surface suzer 2.4.3, DAVID Vision
Systems GmbH, Germany)

The David Laser scanner consists of a standarcuoogrsdigital camera (webcam) and a hand
held line-scanner (Class 1 laser). Two plain boandthe background form the calibration
plate panel situated in an 90 degree angle to eter, a desktop PC and the DAVID-Laser
scanner software (DAVID 3D Scanner: Jan 2011).

11



3.3.1 Camera Calibration

Before starting scanning, the camera has to beres#id because the system establishes the
orientation and position of the camera in the tibeaensional space as well as its parameters
like lens and focus leng(idbAVID 3D Scanner: Jan 2011).

To obtain optimal scans, the scanner should be emted to the PC, before choosing the

camera device and the image format. The camer&ohaes placed | o N —
in front of the camera corner like in Figure 10,adbcalibration T
plate patterns fill the camera image. To calibtagecamera right, ol 5 o -
a minimum number of six points at the panel havedwisible as | . .o
well a high contrast should be appointed. Also ingd is to 0 S ° » 00

choose the right scale for the calibration pattern.

After pressing the “Calibrate Camera” button theheuld be red Figure 10: camera calibration comer
(David Laser scanner 2.6.0

crosses on the black pattern, than the calibragicomplete.

3.3.2 Scanning Process

The object should be placed between the camera taad
calibration corner (see Figure 11). It should bats in the
middle of the camera image, be in focus and theecarsettings
(exposure time, aperture) should be adjusted.

Adjust the camera settings like exposure time apdrtare.

After switching the laser on, the light conditioms the room
should not change anymore, the laser line shoulctlarly oure*t Hve Cameraimage
visible and bright while the rest of the image ddooe black.
Switch off the laser and press START than switchtten laser,
and scan the object. In the scan result image possible to
control, which regions are already, scanned (sger€il2).

To see the object in 3D you can press “Show 3D” an8D-

window appears in the software panel, for gettingetter result

it is possible to take a picture from the textutgich is going to

be overlaid with the scan (DAVID 3D Scanner: Ja@20 Figure 12: Scan result image

12



3.3.3 Shape Fusion

This software-function combines and aligns all segh3D scans.
Following steps have to be considered: After addimg entire
scan into the input list, the scans can be arrarmadl then
aligned. Therefore, click on the first scan anemiards on the
second scan. After the software shows the two psp*Coarse
registration, please wait a few seconds” and “Hgistration,

please wait a few seconds” the alignment is coragléee Figure

13)_ Figure 13: Resulting shape fusion of
10 single scans
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4. Hypothesis

The main aim of this study includes the novel aspésex specific differences in ear shape,
considering morphometric and multivariate analysisthods and statistics as well as 3D

surface scanning of outer ear structures.

In contrast to previous studies by Peeples etl8B%), Meijermann et al. (2007), Niemitz et

al. (2007) and Sforza et al. (2009), this studysiube novel approach of 3D surface scanning

technique combined with geometric morphometricaamalyse sex specific differences of

human ears.

Therefore, this study is concerned with the follogvhypothesis:
3D surface scans of human ears are an appropriat¢had for the analysis of sexual
dimorphism, which can be used in biometric recagnisystems, as well as craniofacial
development, human evolution or diseases.

The three main aims of this study can be summarizétk following questions:

1. Are there any sex specific differences in thésmahination of sexual dimorphism of
human ears analyzing 3D image data from the DaagkL scanner 2.4.3 with geometric
morphometrics?

2. How does a 3D surface scan match the ears ajgoaietry?

3. What is the potential of the David Laser scarihdr3 (as an example for 3D surface

scanners) for the analysis of complex structures?

14



. Material and methods

1 Scanning process

The comparative sample (Caucasians, n=29,, 16?9 ; age average: 25.3 years) consists of
3D surface scans (David Surface scanner 2RIAY/ID Vision Systems GmbH, Germany) of
plaster mould models from living volunteers.

After the standard calibration of the David Lasarster 2.4.3 (DAVID Vision Systems
GmbH, Germanyat the Department of Anthropology (University ofe¥ina, Austria) a series
of test scans of the models were performed to ew@lthe best settings. Afterwards, all cast
were scanned including following settings (see &dblp.22) using a class one 650nm Laser
(DIN EN 60825-1:2008-5 /EN 60825-1:2007), a 2-MdgapWebcam (1600-1200/
Autofocus Logitech Quickcam 9000 Pro) with a disgmf 300mm to the object and the
Software DAVID Laserscanner Professional EditionAYDD Vision Systems GmbH,

Germany) as well as using a triangulation anglappiroximately 35°.

2 Moulding and cast models

Pretests showed that taking scans of living indiald is going to cause problems during the
data analysis. Therefore, 3D cast models were pemtiuThe negative form was made with
alginate (Kromopan idrocolloide 100 hour) which vedterwards filled with cast.

Before getting started every test person had to aginformed consent (see Appendix).

First, the probands got an ear plug before a deplaced around the ear. Further alginate got
stirred with the volume ratio of 1 part of Alginate 1.5 parts of water, resulting a processing
time of nearly 1.5 minutes. This mixture was filledthe moldso a negative cast of the ear
was formed. After this cast was finished, withinrBbhutes the negative form was filled with

plaster.

3 3D-Data acquisition and digitizing

The resulting image data were transferred to tlfievace package of the David Laserscanner
2.4.3 (DAVID Vision Systems GmbH, Germany) at thep@rtment of Anthropology,
(University of Vienna, Austria) for shape fusiondaBD reconstruction (*.obj).

After transferring all *.obj Files into *.stl Filewith MeshLab v1.2.1 (Istituto di Scienza e
Tecnologie dell’'informazione/ Stable Developer: |@al, Corsini, Dellepiane, Ganovelli,
Pietroni, Tarini, since 2007), Visage Imaging Amr2.0 (Visage Imaging Inc., San Diego,
USA) at the Department of Oral Surgery, Medical\wénsity of Vienna, Austria was used for
digitizing 72 landmarks including 67 semilandmarks.total, 23 specimens (&1 15%;
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Caucasian, age average: 25.4 years) were includéa istudy, six (3, 39) specimens were
excluded from the study due to incomplete dataen3D surfaces.
All landmarks were set along specific curves of sheace structure, four of the curves were

open and one of them closed (Figure 16-20)

3.1 Digitizing fixed landmarks

The following chapters explain where on each earldimdmarks were set. Additionally, the
digitizing of ridges and perpendiculars on the itngnpoint of a cubical parabolic three
dimensional surfaces as constructed parabolic tuesis shown.

The Figures 14 - 20 are structured as followedhinleft part of the picture an overview of
the digitized ear is shown, whereas in the rightt j&o equivalent cross sections are
visualized (upper part: orientation in the roonwéwm part: cross section as example of the set
of landmarks).

Landmark point one (Idk1) was set as an extremetpoiform of the lowest part between the
helix and end of the inferior part of the crux bétantihelix (see Figure 14). Equally to the
first landmark, landmark point two (Idk2) was s&his point is positioned on the highest
point of the end of the anterior crux of the hésre Figure 15).

Landmark point three (Idk3) and five (Idk5) wereually set to the first landmark. Landmark
point three builds the lowest point between thesdand fifth curvature (see Figure 17 and
20), while Landmark point five (Idk5) builds an mease between the antihelix and the
antitragus.

Furthermore, the fourth landmark point (Idk4) bailthe connection point between the head

and the ear lobule.

Figure 14: Idk1 including cross section

16



Figure 15: 1dk2 including cross section

3.2 Digitizing semilandmarks along curves

Every picture on the left side, visualizes evergeuseparately including the fixed landmarks
(shown in blue), while on the right side two crgsstions are shown. The upper right pictures
show the orientation in the room. The lower rigittyres show a cross section, as an example
of the set semilandmarks on the current curve. fitmmbers given in brackets are the
equivalent numbers of the semilandmarks later usedhe statistical and geometric-
morphometrical analysis. The cross section shoild @ better understanding on which

principles curves were found as constructed paiabmi ridge curves.

a .
Figure 16: Curve 1 including crosssection
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The first curve starts at Idk2 and ends as an opere, this curve runs along the inner line of
the helix (0-24) in form of a perpendicular on thening point of a cubical parabolic surface

(see Figure 16). It's a matter of a constructeclpalic curvature.

The second curve starts at Idk3, runs along thiraguis and ends at Idk5 (25-29). From this
region the third curve starts open along the alxiteeross the anterior crus of the antihelix

and ends at Idk1l (30-38). Curve two and three atb bharacterized as ridge curves (see
Figure 17 and 18)

Figure 17: Curve 2 including cross sections

Figure 18: Curve 3 including cross sections

18



The fourth curve starts at |dk4, the connectingipbetween the lobule and the head and runs
along the outer part of the helix and ends open5@9 This curve is characterized as a

constructed ridge curve (see Figure 19).

Figure 19: Curve 4 including cross-sections

The fifth curve starts open, runs along the tragind ends at Idk3 (58-66) (see Figure 20).
Each of these semilandmarks runs along a curveactesized as a ridge curve.

Figure 2C: Curve 5 including cross sections

All landmarkswere set manually and saved in two different f{fesed LM and Snakes).
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3.3 Building the Template and sliding of the seitandmarks

The first set of landmarks was used for buildirtgraplate.

The template builds the standardized specifictyipe including following parts:

{

volume {

h

lhs { = left-hand side, including all landmarks irdilug the slider

¥

rhs { = right-hand side, in the template file Homogeus to the |hs

h

relax { = gives the exact number of LM (full, full, full) arttie exact number of Sliders (none, no
none)

¥

labels { = gives the exact number of LM (Idk1, Idk2) and the@ number of Sliders (CLcurve

CLcurve2, CLcurve3)

=

¥

reference {

-4.938901801006559e+00

-4.358347213228504e+00

3.970797363729849¢+00

1.201701846531854e+02

1.000000000000000e+00

0.000000000000000e+00

0.000000000000000e+00

0.000000000000000e+00

9.999994440794628e-01

1

.054438601955762¢-03

0.000000000000000e+00  -1.054438601955762e-03  9.999994440794628e-01

}

slice {

—-6.722274374494985e+00  2.850509156010931e+00 -8.731814909854572e+00
1.333973665077005e+02

-6.955618819295073e-02  1.374874453434360e-02 -9.974832874328234e-01

9.950895653789300e-01

—-6.962601056071592e-02

.034895541065303e-02

—7.041799172113461e-02

-9.974784161459980e-01

.838312329500364e-03

}

view {

-5.451208051530203e-02

1.293508898336573e-01

.933366231769916e-02

1.061617219366657¢-02

—7.449752453455576e-01

6.477135244675469¢-01

.096216590696746e-01

6.581740004079645e-01

7.526591479982108e-01

.764063835534843e-02

1.087146218744420e-01

-1.182006647884720e-01

.870206349586924e-01

}r
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After the landmarks were set in Amira 5.2.0 (Visdgm®ging Inc., San Diego, USA) at the
Department of Oral Surgery (Medical University ofieNna, Austria) the data of the
landmark-File (5-LM) were exchanged with the LM-aan the rhs-part of the template-file
and saved as new *.sav-File (specific specimenjemMards, the Snake-File (slider) was
transferred into a transcur-file and the segmehthe single curves denoted as well as the
label named. This part is builds the ground stmectd a curve file.

Furthermore the *.obj surface files were convertedinux OS with the Obj2sur file to *.sur-
file formats, so that the program Edgewarp3.30 {@t&@n and Green, 2006) can read the
surfaces. It happend that the resulting *.obj ste$a included degenerated triangles with a 0
point area, which had to be removed first. Therswiired files (*.sav, *.cur and *.sur) were
loaded into Edgewarp3.30 (Bookstein and Green, 2006

Later on, a curve-file was preprocessed and autoatigt saved as *.curp-file, where all

semilandmarks were projected to its curves.

ew>moving semi—landmarks -+ 67 moved, average 8.3.5, maximum 25

Afterwards all semilandmarks were oriented andxesddauntil the bending energy change was

almost zero by repeating both commands.

Setting semi-landmarks direction -+ 67 moved, energy change 3,45E 14, moved average 1,43,
maximum 6.87

All sliding points were moved along its tangentdiluthe energy changes between two
corresponding points were as small as possiblerAlffis operation the points were projected
from the tangent back to its curve.

4 Geometric morphometric analysis including stastics

From the resulting written records of all the *.da@&s (which moved the SLM along tangents
and projected them back on the curve), the newemriths coordinates (moved and projected
LM) were copied into a single *.txt file (ordereg groups).

After loading the new data (*.txt) in Morpheus €{¥998) the data was grouped and labeled
in f (female) and m (male) and superimposed (GP&pie performing a p-test MANOVA
(provides nonparametric, randomization testinggfmup mean differences).
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Furthermore, a PCA in R 1.12.1 (R-Project, Institat Mathemathics, School of Economics
Vienna, 2010) was calculated as well as the datpedain Amira 5.2.0 (Visage Imaging Inc.,
San Diego, USA) at the Department of Oral Surgbtgdical University of Vienna, Austria).

Every single curve was examined and the statisticalysis repeated.

In a further step outliers where excluded and thgles curve examination repeated.
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Table 1: Test setting for each Individual

Individuum Setting

Sex| Proband Calibration plate | Image Formate Brightness Contrast | white balance| Expsure time Sensitivity
F 1 7333
F 2 7334
F 3 7334
F 4 7333
F 5 7334
F 6 7334
F 7 7332
F 8 7333
F 9 7333
F 10 7333
F 11 7333
F 12 7333
F 13 7333
F 14 640x480px 7332

F 15 50.00 égﬁf 2708 2157 8923 17250 (s) 7333
M 16 24RGB 7332
M 17 7333
M 18 7333
M 19 7333
M 20 7334
M 21 7333
M 22 7334
M 23 7334
M 24 7333
M 25 7333
M 26 7334
M 27 7333
M 28 7333
M 29 7333

View and save results Merge Scans/Fuse triangle mesh:
Interpolation | Smooth averag{ smooth median Resolution | Smoothing Removel Methode | Alignment
2 3
150 simple Auto
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.  Results
1 Separate analysis of every Curve

Every single curve was analyzed separately. Foligvplots show the first against the second

PC in shape as well as in form space separatedibye@-5.
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Plot 3: PC1 against PC2 in shape space
(Red=f /Blue=m/ green=marked outlier) for Curve 2
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Plot 4: PC1 against PC2 in form space

(Red=f /Blue=m/ green=marked outlier) for curve 2

The first two plots show 33.6% and 18.7% of thaarare for Curve 1 is explained by the first

two partial components in shape space and 30.7%d&rido of the variance is explained in

the first two partial components in form space. Tinean differences in the parabolic curve

one are not significant (p=0.379)



Including all specimens 43.5% and 19.6% of thearare for Curve 2 is explained by the first

two partial components in shape space and 39.8%d &8990 of the variance is explained in

the first two partial components in form spaceo{Bl, 4) The mean differences in Curve 2 are

not significant (p=0.612).

Curve 3
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Plot 5: PC1 against PC2 in shape space
(Red=f /Blue=m/ green=marked outlier) for Curve 3
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Plot 6: PC1 against PC2 in form space
(Red=f /Blue=m/ green=marked outlier) for curve 3
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Plot 8: PC1 against PC2 in form space
(Red=f /Blue=m/ green=marked outlier) for curve 4

Including all specimens 45.5% and 12.2% of thearare for Curve 3 is explained by the first

two partial components in shape space and 42.5%4.a178%6 of the variance is explained in

the first two partial components in form space. Thean differences in Curve 3 are not

significant (p=0.608).



Including all specimens 27.9% und 23.3% of thearaze for Curve 4 is explained by the first
two partial components in shape space and 31.2% &390 of the variance is explained in
the first two partial components in form space. Thean differences in Curve 4 are not
significant (p=0.482).

Curve 5
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Plot 9: PC1 against PC2 in shape space Plot 1C: PC1 against PC2 in form space
(Red=f /Blue=m/ green=marked outlier) for Curve 5 (Red=f /Blue=m/ green=marked outlier) for curve 5

Including all specimens 36.9% and 18.8% of thearareé for Curve 5 is explained to the first
two partial components in shape space and 32.8%d&8%0 of the variance is explained in
the first two partial components in form space. Thean differences in Curve 5 are not
significant (p=0.305).

Looking for significance of the variance differesada PC1 and PC2 for each single curve

was not successful.
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2

Including every Curve

21 Figure shows the resulting superimposition (gaimed procrustes analysis) of all used

specimens (n=23, ¥, 129; Caucasian, age average: 25.38 years) and aksurv

The results showed that there are no significant
mean differences (permutation test/ randomized

sample 999: p=0.384) in the determination of

SexX.

Furthermore, a principal component analysis
(PCA) was implemented. Plot 11 and 12 show
the first against the second principal component
in shape as well as in form space. Afterwards

the significance of the variance differences in

PC1 and PC2 was calculated (0.87 /0.98).

PC2

-0.10 -0.05 0.00 0.05 0.10
1 1 1 1
®
Py L]

-0.15
L]

-0.20
L

T T T T T ¥ T
-0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10

PC1

Plot 11: PC1 against PC2 in shape space
(Red=f /Blue=m/ grenn=marked outlier)

Figure: 21. Data after the GPA includingised
specimens (n=26, £, 129)

0.05 0.10 0.15 0.20
1 1 1 !
®
[

PC2
0.00
1
o
®
L]
L]
®

-0.10  -0.05
®
L]

-0.15
1

PC1

Plot: 12 PC1 against PC2 in form space (Red: f / Blue: m)

Including all specimens 24.58% and 19.89% (totadl4%) of the variance is explained to the

first two partial components in shape space an88%.and 17.98% (total 43.66%) of the

variance is explained in the first two partial campnts in form space (Plot 11, 12).
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3 Warping the array surface

Furthermore, the array surface was warped alondittsteand second principal component.
Figure 22a shows the warped images against thiepiinscipal component, the left image
shows the mean shape including tfeelgenvector at -0.16, the middle image the prdegus

mean shape and the right side the mean shape imglifieigenvector at +0.21.

Figure 22a: warped image (1st warped image (proc.mean.shape) warped
eigenvector -0.16) +0.21)

imag€' @igenvector

Figure 22b: : warped image (2nd warped image (proc.mean.shape) warped
eigenvector -0.16) +0.21)

image (2nd eigenvector

Figure 22b shows the warped images including tHesigenvector by -0.16 (left), the

procrustes mean shape (middle) and mean shapelimgl#® eigenvector +0.21 (right).
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4 Excluding outliers

After excluding the two outliers (specimens 15 adgithe data was re-examined. 28.21% and

15.69% of the variance is explained by the first prartial components (p=0.152). Looking at

every curve separately in Curve 2 (Plot 13) 36.5%b 56.1% of the variance is explained by

the first two partial components (p=0.518).
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green=marked outlier) for Curve 4 excluding ousiier

Plot 1€ PC1 against PC2 in shape space (Red=f /Blue=m/
green=marked outlier) for Curve 5 excluding ousfier

In Curve 3 (Plot 14) 22.8% and 18.6% of the vamaigexplained by the first two partial
components (p=0.562). Curve 4 (Plot 15) shows 32aB%20.2% of the variance of the first
two PC (p=0.609). In Curve 5 (Plot 16) 33.3% and%6 of the variance is explained by the
first two partial components in shape space. TBe dé significance shows p=0.275. After
analyzing the curves in form space similar reswkse visible. Moreover, no significances in

the variances in PC1 or PC2 could be found.

29



IV. Discussion

1 Sexual Dimorphism Result

The null hypothesis states that 3D surface scahsiimian ears are not an appropriate method
for the analysis of sexual dimorphism and thereftmenot be used in biometric recognition
systems, as well as craniofacial development, huaevatution or diseases. As shown in the
permutation test results (p=0.384) the null hypsithéas been improved.

The results of the principal component analysis #rel warped images clearly visualize
where in the data the most differences betweemthieiduals are located. The first principle
component indicates that most of the differencesbatween the upper part of the antitragus
and the space between the helix and antihelixdratttitragus region. This phenomenon could
be explained with Curve 1 (Figure 16. p.17; Pl@.24) which differs extremely between the
individuals because of the open ending in the ragfits region. Furthermore, the angle
between the crossing point of the Helix and thedheagoing to be more flat in Figure 22,
where the mean shape including tfieeigenvector by -0.16 is shown. So the angle betwee
the negative and the positive value including tffeelgenvector is steepening (Figure 22
p.27). The data along the second principle comptovisnalize that a lot of the differences are
between the upper part of the antitragus

and the space between the helix and

antihelix in the antitragus region too.

0.2
|

Moreover, the whole ear is going to be

0.1

more clinched along the second patrtial

17 8
component 2 (-0.16 > proc. Mean shape 3 _ 2,014 s 7
+021) s e 19 23 ’ s » 15 21
® p 9
Looking at the separate partial component S T

analysis of the curves it is visible that most

s}

of the changes and differences are on the : ‘ ‘ ‘ !

first curve (see Plot 1 p.23), as well as the
PC1
fourth curve (see Plot 9 p.28). On the other
hand Curve 2 and 3 show almost no heavy)t 17 PCL1 against PC2 in shape space (Red=f / green=tharke
] ] outlier) for Curve 3 as text
changes, neither in both sexes (see Plot 3,
p.23; 5, p.24). The plots of Curve 3, 4 and 5 shbat the data has at least two outliers

(marked on plot 13), while in Curve 1 and 4 theseamly hardly recognizable (Plot 1 and 7).
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2 Plaster mould model accuracy

The accuracy of the plaster mould model dependsdigson the accuracy of the negative
form, the cast composition and consistence. Lauglatoal. (2002) described thptaster
casting may be preferable because in general iahaw error rate. Comparison of 3D scans
of human faces with scans from plaster cast of lmufaees using alginate, led to the result of
an average deviation between 0.95 and 3.55 mmndepgeon the facial region (Holberg et
al., 2006). This error is based on the easy defomaf the lips, the nose and the ears during
the production time of the negative form.

Sun et al. (2010) described the discrepancies ef glaster casts volume for alginate
impression material as significantly (p<0.05) diéfet in relations to the volume of the master
models (simian dental arches), while silicone maleior impregum-penta polyether showed
no significant differences.

In this diploma study the combination of alginade & negative form) and cast proofed to be a
very convenient and adequate method, although Hrerémitations in the usage of these two
materials that should be kept in mind. By usingadaquate cast composition and consistence
during the filling of the negative form, air bubblean be prevented and the error rate of the
resulting cast is therefore reduced. Including fde processing time (within 20 minutes),
after the negative alginate form was built, theerate is limited by the easy movement of
the ear during the alginate filling. The movementifact can be reduced when the mixture is
filled in the mold while the proband lies on thdesi The operator can minimize this problem
by first filling the part between head and eareast of unwarily filling the mixture into the

form.

3 David Laserscanner

3.1 Accuracy

The accuracy of the David Surface scanner Z@/4/1D Vision Systems GmbH, Germany),
depends on various hardware components and settikgghe camera distance, the object
size, the light conditions, the triangulation angled the quality of the calibration target.
Winkelbach et al. (2006) obtained an error of kss 0.4mm for the following setup: a CCD
grayscale camera, a 5mW laser, two planar facég) @5 mm, a camera distance of about
600 mm, and a triangulation angle of approxima@dy-35°. The David Surface scanner
2.4.3 manufacturer describes a general error ofrmate than 1% of the camera distance
(DAVID 3D Scanner: Jan 2011)
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Having two images, overlapping 35% and startinguse them, Winkelbach et al. (2006)
described after 0.5 seconds that 50 % already \a&thi@ rotational accuracy of less than 2°.

It appears that the resulting *.obj surfaces shodegenerated triangles with a zero point
area, which had to be removed first, before furtteps in the analysis could be made.

In this diploma study a maximum error of not mohhart 3mm per scan can be expected,
because of a camera distance of 300 mm. Moreovegxamum error of 2° during the shape
fusion for every scan can be expected. Based srd#ig, it is likely that the rotational error

can be higher because every 3D image is the relsdib single scans.

3.2 Quality
The scan quality can be affected by several fagsely the camera and laser quality or the
calibration corner. To obtain better results, tigital camera should have as little noise as
possible, a high photosensitivity or should beraps grayscale camera instead of a color
camera where most color pixels are interpolatedlithahally, the laser line should be as thin
and as bright as possible and the calibration caomest have an exact angle of 90° (DAVID
3D Scanner: Jan 2011).

Because the scans were made by moving the laserathathe camera settings atiek image
format had to be changed. Since the original sgtifor the scanner would include a
resolution of 1600*1200 pixels and a frame ratd ®fpictures per second the scan of the ear
would take 100 seconds (1200 frames to get allslifibed). Therefore, a resolution of
640*480 pixels and a frame rate of 30 picturesgemond had been chosen, resulting a total
scanning time of 16 seconds per image. With thesttngs the movement artifacts can be
reduced and the interpolation rate, the smoothagesiand the smooth median can be set
down (DAVID 3D Scanner: Jan 2011).

To get an accurate result regarding the accuragotantial of the David Laserscanner for
complex structures it would be important to geteaosid set of scans from a different 3D
Laserscanner. Therefore, a fully functional :
Laserscanner, with known error possibilities wolt
be obligatory.

After pretests using the Breuckmann OptoTop |
Laserscanner (Breuckmann GmbH, Germany)

the Department of Anthropology (University «

Vienna, Austria) it has been shown that becaUSLthreZSa: Results of

Figure 23b: Resulting
pretested Breuckmannscans shape fusion of 10 single

the heavy movement of the subject, a lot of scans scans
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would be necessary plus a fixation of the headtbdse provided. However, resulting from
the longer exposure time more artifacts emergen@le al. (2003) considered a potential
measurement error depending on exposure time, laghangements, shadowing and
occlusion. These problems in imaging the auriclbjctv has a hardly ascertainable three
dimensional structure led to disaffecting resufiee( Figure 23a) and inappropriate shape
fusion results (see Figure 23b) obtained by theu&mnann optotop Laserscanner
(Breuckmann GmbH, Germany) at the Department ohAagology, (University of Vienna,

Austria).

4 Digitizing of 72 landmarks including 67 semiladmarks

In total 23 specimens (Caucasian,d1112?; age average: 25.4) were included in the
statistical data analysis, six specimens were eecdurom the study due to missing data in
the 3D surfaces.

All 72 landmarks including 67 semilandmarks were set lysime observer along specific
visible curves (parabolic and ridge curves) ofshe&ace structure, 4 of the curves open and 1
of them closed (see Figure 24).

The resolution property of the bare human eye ansoumder ideal
conditions about 0.5mm. Furthermore it can reacdeungood
contrast 0.3mm (Lange and Benning, 2006). Consélyuah the
3D data digitization continues quality could no¢gsely be insured
by handling the data only with Amira 5.2.0 (Visageaging Inc.,
San Diego, USA) at the Department of Oral Surgeéviedical
University of Vienna, Austria). So cross sectiom&Edgewarp 3.30

(Bookstein and Green, 2006) were used to ensur@adberacy of rigure 24: digitizing of 72
o . . . . . landmarks including 67
digitizing semilandmarks at characterized cubicapalic and ridge semilandmarks

curves (Figure 16) and landmark on extreme poiigufé 15; p.17).
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V. Conclusion

This diploma study tried to verify that 3D surfaseans of human ears are an appropriate
method for the analysis of sexual dimorphism, whielm be used in biometric recognition
systems, as well as craniofacial development, hueratution or diseases.

Concerning sex specific differences in the deteatnom of sexual dimorphism of human ears,
analyzing 3D image data from the David Lasersca@neB (DAVID Vision Systems GmbH,
Germany) showed no significant differences aftegp-iesst MANOVA. The analysis with
geometric morphometrics although seems to be amoppate method for analyzing three
dimensional surface scan data obtained from thadDlaaser scanner 2.4.3 (DAVID Vision
Systems GmbH, Germany).

The reduced sample size of 23 specimens does lo# ah accurate prediction of sexual
dimorphism of human ears. The first principle comgat indicates that most of the individual
differences are between the upper part of theragtis and the space between the helix and
antihelix in the antitragus region. This phenomeoounld be explained with Curve 1 (Figure:
16, p. 17; Plot 9 p.25) which differs between thdividuals extremely, because of the open
ending in the antitragus region. Similar result: dze found in the second principle
component.

The usage of the plaster mould model has showedgayd accuracy in comparison to the
actual ears geometry. Therefore, adequate prepardthixture of alginate) and trained
handling (filling of mould) is important to get optal results.

The accuracy of the David Surface scanner 2@//1D Vision Systems GmbH, Germany),
depends on various hardware components and setlikgghe camera distance, the object
size, the light conditions, the triangulation angled the quality of the calibration targét.
this study a maximum error of not more than 3mm g@&n can be expected, because of a
camera distance of 300 mm. By using a stepper n{otorently under construction by the
author) instead of manual handling of the laseryentent artifacts could be reduced and a
higher image resolution could definitely improve ttlata quality. Additionally, for complex
structures it would be important to get a secotidfecans from a different 3D Laserscanner
with known error possibilities.

In general, it could be shown that there is a Bahipotential of the David Laser scanner 2.4.3
(as an example for 3D surface scanners) for thé/sisaof complex structures like human

ears.
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VI.  Appendix

List of Abbreviations:

G A e ———— Generalized protegsanalysis
P A e Principal Compon Analysis

L P e eeee Iterated closest point
PP PPPPPPPP landmark
SV e e e semilandmarks
SNAKES ... . Sihid landmarks
MANOVA e Multivariate analysis of varcan
P s principal component
PROC. ..o procrustes
OB s Relocatable Object ModeEtegmat
H S e ——— Stereolithography CAD native fitemat
S o U | R Cursor gragstfile format
oY= Y Executable/ BacKilg format
LSUL ettt Surface file format
ML Wavefront, Morphologika fiiermat
XIS e e Exel file format
FASCH v AmencStandard Code for Information Interchange
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Software used: Visage Imaging Amira 5.2/8ge Imaging Inc., San Diego,
USA) at the Department of Oral Surgery, Medical wénsity of Vienna,
Austria

Figure 15: Idg2including cross section

Software used: Visage Imaging Amira 5.2sége Imaging Inc., San Diego,
USA) at the Department of Oral Surgery, Medical wénsity of Vienna,
Austria

Figure 16: Curve 1 including cross section

Software used: Morpheus et al. software for morpttoim research. Revision
01-31-00, Department of ecology and evolution, estdhiversity of NY at
Stony Brook, NY (Slice 2007)

Figure 17: Curve 2 including cross section

Software used: Visagadmg Amira 5.2.0\(isage Imaging Inc., San
Diego, USA) at the Department of Oral Surgery, MatUniversity of Vienna,
Austria

Figure 18: Curve 3 including cross section
Software used: Visagadmg Amira 5.2.0\(isage Imaging Inc., San
Diego, USA) at the Department of Oral Surgery, MatUniversity of Vienna,
Austria
Figure 19: Curve 4 including cross section
Software used: Visagadging Amira 5.2.0\(isage Imaging Inc., San

Diego, USA) at the Department of Oral Surgery, MabUniversity of Vienna,
Austria

Xl



Figure 20:

Figure 21:

Figure 22a:

Figure 22b:

Curve 5 including cross section

Software used: Visagadmg Amira 5.2.0\(isage Imaging Inc., San
Diego, USA) at the Department of Oral Surgery, MatUniversity of Vienna,
Austria

Data after the GPA including used specimen (n=2k7,1152; white
Caucasian, age average: 25.38)

Software used: Visagading Amira 5.2.0\(isage Imaging Inc., San
Diego, USA) at the Department of Oral Surgery, MabUniversity of Vienna,
Austria

Warped images of the 1PC including tfieelgenvector

Software used: Visagadging Amira 5.2.0\(isage Imaging Inc., San
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