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Osnova

Optické skenery (Vectra, celotélovy skener)
Skenovani obliceje

Editace a analyza textury

Digitalizace bodU na zakladé textury
Pokrocilé analyzy (FIDENTIS)
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Pasivni optickeé skenery

« Jedna z metod jak trojrozmérné zaznamenat objekt

 Pouze povrch
» Vystup: trojrozmérny model objektu

Formaty 3D modeld:
Obj
Stl
Ply
Wrl



Pasivni opticke skenery

Zpracovani snimkd porizenych synchronizovanymi
fotoaparaty

Trianguluji prostorové souradnice zdvou a vice snimkd,
porizenych synchronizovanymi kamerami z rliznych
uhld

Rozliseni prvki na fotografiich ->vypocet prostorové
polohy z rozdilli jejich usporadani na rliznych
fotografiich (body povrchu musi byt viditelné zobou ze
vSech referencnich bodu)

Predmét musi byt v konstantni vzdalenosti pod presné
stanovenym Uhlem

Tvar povrchu objektu je rekonstruovan na zakladé

geometrickych pravidel ze znamé vzdalenosti, pozice

a uhlu kamer vici objektu.

skenovany
povrch

bod 1

vypottena
vzdalenost
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referenéni
bod 2

znamy
uhel 2

Znama
vzdaleno:
zndmy
thel 1

referentni

dvé kamery,
sledujici stejné
prvky povrchu z
rdznych Ghld
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Vyhody

Rychlost zaznamu, ktera je srovnatelna s
fotografovanim

Eliminace negativniho vlivu pohybu
snimané osoby na kvalitu vysledného
modelu

Zaznam textury snimaného objektu
Zdravotni nezavadnost

Nevyhody

= Relativnévysoka pofizovacicena

= VysSSinaroky na vypocetni
techniku

= Nelze pouZitu epileptikU

= Limitace metody
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Limitace

Trichologicky material (vlasy,
vousy) - i jednotlivé

»  Velmilesklé povrchy

*  Okraje skenu mohou byt
deformované

* Vyslednysken neobsahuje
informace o ¢astech objektu,
které skener nenasnima
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Vectra XT
Vectra M1

Vectra H1



Vectra XT
6 kamer

Oblicej, hlava, horni ¢ast
trupu a boky s oblasti
panve
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Animace softwaru pri
vytvareni 3D modelu
Vectra XT
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Vysledné modely
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Vectra M1 Vectra H1

= 2kamery
=  Predevsim obliCej

=  Pro zaznam celého obli¢eje nutno kombinovat vice
snimkd (u M1 3 snimky, H1 rozsah zaznamového
pole 270mm (V) x 165mm (S) x 100mm (H)
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Vysledné modely po spojeni
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Vectra M1

aw scCans

W

Vefct'ra XT

Raw edited scans

Edited scans Raw merged scans

Vectra M1

Vectra XT
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FIDENTIS DATABASE

SIGN UP LOGIN
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Celotélovy skener
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Zarovnani modelu na sebe

* Landmark, Meshlab, Blender
« Meshlab: pomoci funkce Align, Point Based Glueing

Pro spojeni vice modelli do jednoho (nejen facialnich
skenti)

17
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Spojovani modelu

* Meshlab, GOM Inspect, Blender
«  Pomocifunkce Flatten Visible Layers

*  Vice modeli tvofFici jeden objekt napr. skeny z Vectry M1 -
ziskame tak kompletni informaci

18
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Textury

Barevna informace o 3D objektu
Nejcastéji .obj format 3D modelu
.jpg nebo .png (samotna barevna informace)

.mtlsouborspojujicimodel s texturou

Zasadniu digitalizace bodi napt. na obliceji

s v

Proidentifikacni ucely ve forenznich védach

Informace o stavu objektu

19
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Textury

Zakladni jednotkou je pixel (je dan jasem a barvou)
RGB

CMYK

stupném Sedi
o L d

rozliseni

Pocet pixeld, ktery je v obrazku
Uvadi sejako pocet sloupct x pocet radku (1920x1080)
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Prumeérovani textur

Vytvareni pramérné textury (napf.
Photoshop)

Textury musi mit stejné rozliseni

Prumeéruje se barevna informace
konkrétnich pixell

Cim vice primé&rovanych textur
tim lepsi vysledek
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Textury

Vstup: modely - Raw edited zarovnané

Vytvoreni souradnic

Meshlab - otevrit soubor

Prvni cesta: Filters - Texture - Parametrization: Flat plane - apply - apply
Alternativni cesta: Filters - Texture - Set texture, texture dimension: 4096 - apply

Druhykrok:

U obousouborGCAi F

Filters - Texture - Transfer vertex attributes to texture (between 2 meshes), Tabulka:
Source: Stexturou

Target: bez textury

Colordata source: texture color

Nazev: Presnéjako ten s texturou CA + .png

Texture u obou ¢isel 4096

Zaskrtnout: Fill texture i Assign texture (nezaskrtnout: overwrite target!)

Dale: ulozitv.obj

V textovém editoru
Do radku u souboru nového modelu pod ( NS fadek) z.mtl map. Kd + presny nazev souboru
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Tvorba obrazku z modell s texturou

Programy

« FaceViewer

« SyDa generator
* (Meshlab)

Snimek 3D objektu

RozliSeni samotneého snimku i objektu na ném
Regulace vzdalenosti kamery od objektu a parametril kamery
Svételné podminky a pozadi
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Pozadi Pozadi +figurant

Nevycentované a vycentrované ofezané pozadi + nastaveni Sitky objektu na obr dle
figurantky

Orez pozadi z raw pozadi dle vygenerovanych obr (dochazi k redukci na 1000x1000 px,
ktera neodpovida 1000 px na raw pozadi, 4:1)

Pozadi $itka 6000 px a obliéej figurantky 630 px
Vygenerovany obr $ifka 1000 px tedy Sitka objektu 105 px

Nastaven:
allow_width_of_object_normalisation" : true,
"width_of_object_normalisation” : 105,
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SyDa generator

Software vyvijeny ve spolupracis VUT
Parametry:

Distance to Object — vzdalenost kamery od objektu, v idealnim pripadé
parametr ohniskové vzdalenosti

(Ohniskovavzdalenost je vzdalenost cocky objektivu od jejiho ohniska. Je to pomyslna vzdalenost za
objektivem, ve které objektiv vykresli ostry obraz. Ohniskovavzdalenost se udava v milimetrech)

Vertical field of View (VFoV) — nastavenizorného pole, to jak velkou vysec
prostoru vidime na obr (nejlépe v jednotkach)

Width of head — velikost v pixelech jakou zaujme objekt na vygenerovaném
obr
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Body souradnice v prostoru xyz

Modelname  |[EX Rx EX Ry [EXRz EXlx [EXLy [EXLlz ENRx [ENRy [ENRz [ENLx ENLy [ENLz

020253 01 _CA obj -41.783783 32131195 -3853215 43530792 32.131195 4274643 -11.540871 20349197 -33.672775 14783493 30276535 -36.052902
02033 01 _CA.obj -40.106804 28549054 -43 485016 45415634 30.256973 -40.835373 -12.313934 25889961 -35.536057 |16.599933 28549054 -35.536057 |

N Ve

* Lze méfit vzdalenost mezi body
* Prumérovat oblak bodu
* Pouzit do dalSich analyz
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Pravidla pro digitalizaci landmarku

Standardizovana pozicebodu

Nejlépe s bod s definici (bud zavedenou nebo noveé vytvorenoua
ovérenou)

Bod s co nejmensi chybou digitalizace
reprodukovatelnost a opakovatelnost digitalizace bod( (interobserver a
intraobserver chyba)

Body dané morfologickymi strukturami téla, maximalnim
rozmérem nebo proloZzenim roviny strukturou

Idedlné tak aby zakladnu bodu tvorila kost a ne mékka tkan
(variabilita v case)
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Digitalizace landmarku dle textury
Nastroje pro digitalizaci landmarku

1) manualni
2) automaticka
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42 landmark( se standardizovanymi definicemi
napt.glabella, subnasale, gnathion, ...

Standardizovana pozice, presna a jasna definice bodu minimalizuje spolu s dalSimifaktory chybu digitalizace.

Vzdy kontrola chyby digitalizace!
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(£ = O X
ID | Landmark Name | Landmark Description
1 Exocanthion R The point at the outer commissure of the eye where the outer margin of the upper eyelid meets the lower eyelid. Ifthe precise spot cannot be found then the location is in the intersection of imaginary lines obtained by... |4
2  ExocanthionL The point atthe outer commissure of the eye where the outer margin of the upper eyelid meets the lower eyelid. If the precise spot cannot be found then the location is in the intersection of imaginary lines obtained by... T\
3 Endocanthion R The point atthe inner commissure of the eye where the inner margin of the upper eyelid meets the lower eyelid. It is the most medial point at the lacrimal caruncle. In case a skin fold is present (epicanthus, plica mo...
4 Endocanthion L The point atthe inner commissure of the eye where the inner margin of the upper eyelid meets the lower eyelid. Itis the most medial point at the lacrimal caruncle. In case a skin fold is present (epicanthus, plica mo...
5  PalpebrasuperiorR The pointwhich is located atthe intersection of a line going through the eye center (parallel to the mid-sagittal plane) and the caudal (lower) margin of the upper eyelid. The eye center is defined as the half distance b...
6  Palpebra superior L The point which is located atthe intersection of a line going through the eye center (parallel to the mid-sagittal plane) and the caudal (lower) margin of the upper eyelid. The eye center is defined as the half distance b...
T Palpebra inferior R The pointwhich is located at the intersection of a line going through the eye center (parallel to the mid-sagittal plane) and the upper margin of the lower eyelid. Together with the palpebra superior point the landmark ...
8 Palpebra inferior L The pointwhich is located atthe intersection of a line going through the eye center (parallel to the mid-sagittal plane) and the upper margin of the lower eyelid. Together with the palpebra superior point the landmark ...
9 Glabella The outermost midline point between the eyebrows.
10 Subnasale The lowest posterior midline point at the angle formed by the outline of nasal septum and upper lip.
11 AlareR The most lateral anterior point of wing of the nose. The point is bilateral.
12 Alare L The most lateral anterior point of wing of the nose. The point is bilateral.
13  Nasion The pointin the midline on the nasal root, the deepest point of the nasal root.
14 Pronasale The most anterior midline point of the nasal tip with the head positioned in the Frankfurt horizontal plane. If the nasal tip is bifid the point is located in the mid-sagittal plane between the elevations.
15 Labrale superius The midpoint of the upper vermilion line. From lateral view this point is mostly covered by other parts of the lips. In case of bow-shaped upper vermilion the point is located in the mid-distance between cheilion points....
16  Stomion The point located at the intersection of the closed mouth fissure and the midline. If the mouth is open the pointis localized at the lower margin of the upper lip.
17 Labrale inferius The most anterior midline point at the lower margin of lower vermilion. (by Fetter 1967, modified)
18 CheilionR The point located at the labial commissure. The pointis bilateral.
19  Cheilion L The point located at the labial commissure. The pointis bilateral.
20 Crista philtri R The point located at the place where the line, which is going through the highest margins of the upper vermilion, meets the lower margin of crista philtri. The pointis bilateral.
21 Crista philtri L The point located at the place where the line, which is going through the highest margins of the upper vermilion, meets the lower margin of crista philtri. The pointis bilateral.
22 Sublabiale The midpoint of the mentolabial sulcus (the ridge between the chin and the lower lip, not the vermilion). The pointis located at the flexion point of the concavity.
23 Gnathion The most anterior inferior point located in the midline at the lower margin of the mandible.
24 GonionlR The lateral inferior point located at the mandibular angle. The pointis bilateral. (Digitized on texture-less 3D models)
25 GonionlL The lateral inferior point located at the mandibular angle. The point is bilateral. (Digitized on texture-less 3D models)
26  ZygionlIR The most lateral point of the face located on line running through the two eye centers. From lateral view the point is located at the extension to the posterior eyebrow margin (alternatively, atthe eyebrow margin). The e...
27 ZygionliL The most lateral point of the face located on line running through the two eye centers. From lateral view the pointis located at the extension to the posterior eyebrow margin (alternatively, at the eyebrow margin). The e...
28 Pogonion The most anterior midline point located at the chin with the head positioned in the Frankfurt horizontal plane.
29 TragionR The point located at the upper margin of tragus in the little notch where the cartilage is attached with the head positicned in the Frankfurt horizontal place. The pointis bilateral. /
30 TragionL The point located at the upper margin of tragus in the little notch where the cartilage is attached with the head positioned in the Frankfurt horizontal place. The point is bilateral.
31 Superaurale R The most superior point located at the upper margin of the auricle with the head positioned in the Frankfurt horizontal plane. The point is bilateral.
32 Superaurale L The most superior point located at the upper margin of the auricle with the head positioned in the Frankfurt horizontal plane. The point is bilateral.
33 SubauraleR The mostinferior point located at the lower margin of the earlobe with the head positioned in the Frankfurt horizontal plane. If the "attached earlobe” appearance is present the point is identical to the Otobasion inferiu...
34 Subaurale L The most inferior point located at the lower margin of the earlobe with the head positioned in the Frankfurt horizontal plane. If the "attached earlobe”™ appearance is present the point is identical to the Otobasion inferiu...
35 Postaurale R The most posterior point of the posterior margin of the auricle (when the head is positicned in the Frankfurt horizontal plane). The pointis bilateral.
36 Postaurale L The most posterior point of the posterior margin of the auricle (when the head is positioned in the Frankfurt horizontal plane). The point is bilateral.
37 Otobasion superius R The pointwhere the upper margin of the auricle attaches to the head. The pointis bilateral.
38 Otobasion superius L The pointwhere the upper margin of the auricle attaches to the head. The point is bilateral.
39 Otobasion inferius R The pointwhere the earlobe attaches to the cheek skin (lower attachment). The point is bilateral.
40 Otobasion inferius L The point where the earlobe attaches to the cheek skin (lower attachment). The point is bilateral.
41 Praeaurale R The point atthe intersection of the line between Otobasion superius and Otobasion inferius points, atthe level of the Postaurale point. The pointis bilateral. -
42 Praeaurale L The point atthe intersection of the line between Otobasion superius and Otobasion inferius points, atthe level of the Postaurale point. The pointis bilateral. v
| Load Default Descrip... | | ExportDescript.. | | LoadDescripti.. | Add Edit | | Remove
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Analyza modeli

Situace kdy mame 3D zaznam objektu ve formé polygonalni sité

Co chceme zjistit

V jaké formé mame data, jak kvalitni

Jak budeme data zkoumat, jakou metodu vyuZijeme, design
studie

Standardizace dat

Zarovnani datv prostoru (registrace)

Zda budeme zkoumattvari velikost

V jaké formé chceme ziskat vysledky (numerické, vizualni,...)
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Standardizace dat

Bez chybné naskenovanych ¢asti modelu

« Zarovnanimodeld, nastaveni modelu do definované polohy

« QCcisténi od nadbytecnych dat a chyb polygonalni sité

* Vyplnéni dér v polygonalnisiti

« Qdstranéni chybnych a izolovanych fragment( a zdvojenych siti
* Redukce rozliSeni polygonalni sité

« Zména velikosti digitalniho modelu
32
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&« > 0O ‘ B fidentiscz

P

FIDENTIS

Let’s Face the Faces

FIDENTIS Analyst | FIDENTIS Database | For Public | About Us | Contact

https://www.fidentis.cz/analyst
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Vysledek spoluprace Ustavu antropologie a Laboratore interakce ¢lovéka s pocitadem
(HCILAB) Masarykovy univerzity

Volné dostupna aplikace umoznuijici:

« primé porovnani geometrie polygonalnich siti

* analyzu vyznacnych bodl

« davkové zpracovani vétsiho mnozstvi modell

* tvorbu tvarové primérné polygonalni site

* superpozici polygonalnich siti

 analyzu lokalnich oblasti a fez(i modely

« manualni a automatickou digitalizaci landmarki

neobsahuje nastroje pro editaci digitalnich modeli
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Fidentis Analyst

UmozZnuje 3 typy analyzy modeld

1:1 - dva modely (pred a po operaci, muz-Zena, porovnani stejného
jedince po nékolika letech - napf. rust

1:n - jeden jedinec vs databaze (napf. forenzni identifikace)

n:n - vSichni se vSemi (napf. variabilita populace, ...)
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) Fidentis 2016/
Eile Landm

New Project x

| ‘ Configuration

COMPARE 2 FACES

COMPARE WITH DATABASE BATCH PROCESSING

Compare two faces

Compare two f

=

o
i
b |
Q

%20
e T
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Registrace modelu

Model je potreba pred analyzou registrovat do 3D
prostoru

* GPA algoritmus (Generalized Procrustes
analysis)

- Na zakladé procrustovskych vzdalenosti
jednotlivych bodl

» ICP algoritmus (lterative Closest Point)

- na zakladé minimalizace rozdild mezi dvéma
oblaky bod(, bod po bodu
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Project 30/04/2019 x| New Project x O] | Configuration

Registration

Registration

Method:

Stencil

Method: Feature Points (GPA)

Feature Points (GPA) Used PDM: | default v
Stencil: Surface (ICP) Calculate points automatically

Load points from file_..

No registration

Manipulate landmarks
Add | Remove

Use scale: =)

Threshold:

o
LT
0 02 04 06 08 1
Gl b s ik it
Projects
v (& Project 3010412019

¥ (& 2 faces comparison
¥ (& Primary model
[ post.obj
¥ (& Secondary model
| "] S007_CBCT_face_pre_b_edit_10k.obj
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Povoleni prizpusobeni velikosti

Registration

Method: | Feature Points (GPA)

L)

Scale - zahrnuti analyzy celkové
velikosti objekt(, ¢i nikoli (= analyza

Stencil:

Acquire landmarks
tvaru) _
Used PDM: | default |
Zakliknutim Use scale: povolujete l Boleialennitscniomaicay J
pﬁZpﬁSObenl, velikosti | Load points from file... |

Manipulate landmarks

[ Add J [ Remove J

|_ Edit J

se scale: ]
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ICP GPA

Comparison Comparison

. - . Comparison: | Nearest Meighbor Distance [y
Comparison:| Nearest Meighbor Distance B

Mearest Meighbor Distance

[ - Create Avg Fa
Mearest Meighbor Distance reate Avg

Procrustes Analysis

Create Avg F3

Mearest Meighbar Curvature [ i Mearest Neighbor Curvature
l Process Comparison J
[ Export registered faces... J
l Export registered faces.. J |_ Export registered landmarks... J
. ) ) — Edit registration criteri
| =- Edit registration criteria | [ = =Alreqistrallon cfena J

Create Avg Face: []
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Root Mean Square
Arithmetic Mean
eometric Mean

Minimal D
M D
ariance
5 percentil results

Metric: | Root Mean Square v
Values: Re@tve
Relative =) Color map v

Relative

Absolute

oo
0

klj,

0

Export auxiliary results...

{
e v
S <
g Y ' -+
& | N
“ | |Rectangle ¥| | Clear
( | Recompute comparison
\ . | Show numerical results
| Export numerical results...
| Export ordered results...
5
L Show heatplot |
L Show auxiliary results

| Exportvisual results...

\ Export registered faces...
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Vysledky

Root Mean Square

Mumerical results

Root Mean Square

Artnmeic Hean Root Mean... 3.obj 4.obj 2.obj
Geometric Mean
Minimal Distance

Maximal Distance 1.0bj 43067104 48551144 49328976
Variance
75 percentil
Arithmetic ... 3.0bj 4 obj 2.0bj
® Rozdily mezi3D objekty jsou 1.00) 45058372 456957 46458866
vyjadreny ve formé point to point
vzdalenosti (nebo jejich derivati:
primér, minimum, maximum, root  75Percent.. 3.0bj 4 obj 2 obj
mean square atd.) 1.0bj 56665157 57.28937 58459213

rootmean square - Kvadraticky

priimeér je statisticka veli¢ina predstavujici
druhou odmocninu aritmetického
priméru druhych mocnin danych hodnot.
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Comparison results

Distance: O

T g

0 20 40 60 100

Point size:

Primary model: -
Secondary model: l:l

Draw transparent model: | None v

Opacity:

0 20 40 60

|_J Custom point connections

| Show numerical results |

Projects
¥ [ Project 30/03/2021
v h:‘ 2faces comparison

Primary model

[ ] 1.0bj
v (& Secondary model
|| 2.0bj
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x| New Project x Configuration

Registration

Method: Feature Points (GPA) s

Feature Points (GPA)
Stencil: Surface (ICP)

Used PDM: | default v

Calculate points automatically |
Load points from file...
Manipulate landmarks

Add

Edit |

Export points to file...

Use scale: []
Threshold:
p
0 02 04 06 08 1
¥ show pointinfo
Color: [
Size: O

|__J Continue directly with comparison

Register

¥ (& Project 30/03/2021
¥ (& Batch comparison
v [,};‘ Compared models
] 2.0bj
[ ] 3.0bj
[ 4.0
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|2 | configuration

Project 30/03/2021 x| New Project x

Comparison

Comparison: [ NearestNeighbor Distan... £

Nearest Neighbor Distance
Procrustes Analysis
Nearest Neighbor Curvature

| Exportregisteredfaces.. |

| Process

| Export registered landmarks.

Edit registration criteria |

Projects

v (& Project 30/03/2021

(& Batch comparison

v (& Compared models
"] 2.0bj
L] 3.0bj
|| 4.0bj

v (& Registered models
7] 1617123987200_0_-3.0bj
| 7] 1617123987200_1_-3.0bj
|71 1617123987200, 3.0bj
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Comparison results

Average model: |:|
Other models -

Draw tran:

acity

0 20 40

tom point connectio

Add point connectio
Remove connections
Clear all connections

Export databa:

oW numeri
Expart numeri

Export ances to me:

Exportvisual r
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21 x| New Project x Configuration

Comparison results

Metric: Root Mean Square

Values: | Relative v
Visualization: | Color map

Threshold: e 0 B

0 20 40 60 80 100
e | 100 )
40 60 80 100

Color scheme: | Sequential v

Show | Rectangle v Clear

Recompute comparison

Show local areas

Show numerical results
Show heatplot
how auxiliary results J
Export numerical results... \

Export symmetric numerical results... J

L Export auxiliary results... \

| Exportvisual results... |

Export registered faces.. J

L Export average face... \
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Numerical results — m] X
Color scheme: | Sequential v Lens: O
Vysledky _ oais R A
é ; 1 ’ ’ 00—
0.5617517]
Numerical results 11035033
. " 1.6552551-]
Root Mean... 3.0Dj 4.0Dj 2.0Dj ? 22070067
v 2.7587583—1
3.0bj 0.0 4986436 2.4184396 N
| 4.0Dj 55175166 0.0 5.304049 ! 38622615
44140134
| 2.0bj 27670226 43809816 0.0 4965765
55175166
- 3
Model (Averageface | v] Values: | Relative [¥] colorscheme: |Diverging ™ — e
Lens: O
Rozdily mezi 3D objekty
— . « / \4 A\ .
jsou vyjadreny ve formé point to
s point vzdalenosti (nebo jejich

derivat(: primér, minimum,

maximum, root mean square
sine atd.)

0.98143363

' 12087021
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Dulezita chceme-li na zakladé nami
zvolenych parametrd analyzovat néjakeé
konkrétni oblasti — s nejmensimi/nejvétsSimi
rozdily, s podobnou morfologii

Calculated on model: 1617179412162_0_-3.0Dbj

Minimal number of points in areas 0

Top Threshold 9.026477813720703

Bottom Threshold 0.14162321388721466

| Apply J
[ Import areas J
[ Exports areas J

Relative values
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Cross section—fezy, v mnoha pfipadechnam mohou rychle a
prfehledné ukazat jak a kde se liSi analyzované modely (i vuci
praméru)

'Prwact;’» 021 x| MewProject x

|.v/|%] | Configuration

Comparison results

Metric: | Root Me:
| Relative

ation: | Cr

Threshold: C -'
' ' T P g 0

60 80 100

Plane:

Position:

Wector

Thickne
Color o
l_ﬂ highlight cuts l?l vectors | Jallcuts | ) sampling rays
[ show plane | boxplot | continuous boxplot
Recompute comparison
w local
W numeri
Show heatplot
Show auxiliary r

Export num

Export

Export r
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Vizualni vyjadreni rozdill
e Komparativnianalyza modelu

e Superpozice

e Explicitni vyjadreni rozdilli pomoci konverze numericke
informace do vizualni mapy
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Color map - “Rainbow” color spectrum

Ui

Colormap - “Sequential” color spectrum Cross-sections
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Transparency Transparency + Fog simulation
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Ve slozce modely_pro_fidentis naleznete modely.
Ukolem je identifikovat nejpodobnéjéi model k modelu X
Tyto modely porovnejte 3 zpUsoby. Dale pomoci

vizualiza¢niho vyjadreni rozdilt identifikujte oblasti kde se nejvice
lisi. Popiste ziskané vysledky a diskutujte rozdily mezi metodami.
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