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Outline

Forensic identification by craniofacial superimposition

Image registration

Image registration, uncertainty and forensic identification = soft
computing

First stage: 3D skull model reconstruction using evolutionary
algorithms

Second stage: Skull-face overlay using evolutionary algorithms
and fuzzy logic

Concluding Remarks
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e Human identification (of alive or dead people) is one of the
most outstanding tasks in forensic medicine

Skeleton-based
human identification <«——
forensic anthropology)

2. Image
Registration (IR)

3. IR, Uncertainty

and FI = Soft

Computing 1

4. First stage: Previous task to the selection
3D skull model of the candidates sample
reconstruction

5. Second stage: e If anthropologists get enough information other

Skull-face overlay

techniques might be applied: fingerprint, autopsy, DNA

6. Conclusions o- Otherwise
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S Forensic identification (ll)
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1. Forensic identification by craniofacial superimposition

OVERVIEW

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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e« Craniofacial superimposition is a forensic process where
photographs or video shots of a missing person are
compared with “a model” of a skull that is found

¢ Projecting one above the
other (skull-face overlay)
the anthropologist can
try to determine whether
that is the same person
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1. Forensic identification by craniofacial superimposition

OVERVIEW

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

Craniometric landmarks Cephalometric landmarks

6. Conclusions
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OVERVIEW

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

Landmarks correlation

6. Conclusions
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S5 Real case example

OVERVIEW

1. Forensic
identification (FI)
by craniofacial
superimposition

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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OVERVIEW

3. Identification: positive, negative,
likely positive, likely negative,
undetermined

1. Photo and
skull model

2. Image developme
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:

3D skull model
reconstruction

2. Manual
5. Second stage: skull-face
Skull-face overlay overlay

6. Conclusions
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OVERVIEW

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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-
[

- Methodological basis: Broca’s skull-face correspondence (1875),

Bertillon’s accused physiognomic data collection (1986), and Martin and
Saller’s anthropological measurements studies (1966) studies

First documented case in 1880: identification of the skeletal remains of
the poet Dante Alighieri

The first identifications were based on photos: superimposition of the
skull and face negatives and developing of the positive of the picture

The next stage was the use of video superimposition, one of the most
extended approaches nowadays

Digital image processing has boomed the technique

Recently used to identify the Indian tsunami victims and in terrorism.
Other successful case studies: Josef Mengele and “lvan the Terrible”
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1. Forensic identification by craniofacial superimposition

OVERVIEW

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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e There is not a systematic method: every scientist applies
his/her own one from the available information

¢ Although the technique is sound, there are no
methodological criteria to determine an accurate reliability

e By now, it is only used as excluding evidence in crime
investigation (never as a charge evidence)
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2. Image registration

OVERVIEW

1. Forensic
identification (FI) by
craniofacial
superimposition

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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¢ aims to superimpose an image on
a similar one considering the same coordinate system

. 1

Images acquired in different
coordinate systems

. 1

Unknown matching
relationship between them
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2. Image registration

OVERVIEW

superimposition

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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¢© Surgery planning
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2. Image registration

OVERVIEW _ _
¢> Remote sensing

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft

Computin . . .
P e 3D model reconstruction: CAD, archeology, forensic
4. First stage: anthropology, etc.
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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2. Image registration

OVERVIEW

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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¢ |[F aims to superimpose an image on a similar one
considering the same coordinate system

¢ IR Components:

e Scene (I c

R2/R3) and model (I, = R?/R3) images

o Transformation (f: R%/R3 — R?/R3)
e Similarity metric (F)

e Optimizer

[(search for the optimal f)
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2. Image registration

OVERVIEW

superimposition

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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2. Image registration

OVERVIEW

e [he problem statement is analogous to some other
optimization problems which aim to find the Dbest

configuration among a set of choices

2. Image .
Registration (IR) f*=argmin/f max F(ls,Im; f) st f*(s)=1In
3. IR, Uncertainty o i .
2hd F1 = Sof ¢ Taxonomy of algorithms:
Computing " Exact: find the optimal solution (NP-hard)
4. First stage: ¢ Approximate: achieve solutions close to the optimal
3D skull model one in reasonable time
reconstruction

1
5. Second stage: ' Classical IR methods mm stuck in local optima
Skull-face overlay . .

¢ Evolutionary Algorithms (EAs) have successfully
6. Conclusions tackled these situations
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2. Image registration

OVERVIEW

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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Search for the best f parameters
(Optimization method)

Registration Error

For each model point,
determine the closest
point in the scene

Rotation = {5°, 25°, 0°}
Translation = {2, 0, 1}
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2. Image registration

OVERVIEW

1. Forensic
identification (FI) by
craniofacial
superimposition

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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aims to achieve 3D

models of real objects using several images (views) from a

range scanner
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=: 3D model reconstruction from partial views (ll)

OVERVIEW

1. Forensic
identification (FI) by
craniofacial
superimposition

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions

Iiéfinement
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3. IR, uncertainty and forensic identification = soft computing

OVERVIEW

1. Forensic
identification (FI) by
craniofacial
superimposition

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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o
(skulls, bones, corpses, etc.) that could be acquired using
a 3D range scanner

¢ The most advanced forensic labs use a 3D skull models to
tackle the craniofacial superimposition technique
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OVERVIEW

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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likely positive, likely negative,
undetermined

? . / 3. Identification: positive, negative,
(

1. Photo and
skull model
developme

3D-2D
Registration

3D model
reconstruction
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OVERVIEW

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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3D partial views

Manual Skull 3D Reconstruction (Pair-wise RIR)
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OVERVIEW

craniofacial
superimposition

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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Computer-based craniofacial superimposition (lll)

OVERVIEW

1. Forensic
identification (FI) by
craniofacial
superimposition

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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3. IR, uncertainty and forensic identification = soft computing

OVERVIEW
There is a need of automatic techniques able to deal
properiewithiincenmpletexnformation

§  Thecforensics ainnerant s lalfmah URshior e naliit
2 tmage ARiBRIME SALPIGIRdNBCRARRRARDAYelqsREAPEry match the

Registration (IR) different views of the skull

3. IR, Uncertain FlRar stuaHan Aorvhie ory "delBRAMALKS AL 185a1%
Computing "’ a@]mﬁﬁf?ﬁi l%%gf’fétﬁb ﬁ@eaqg Hﬁlﬁ?@d me face, sorme Cﬂ

0.
.00

correspondgence, etc.

do not have
4. First stage: e Manual craniofacial superimposition is very flime
3D skull model ¢ bmgrestr confidence in the identification result
reconstruction
5. Second stage: .
Skull-face overlay
6 Conclusions OPPORTUNITY FOR SOFT COMPUTING !
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3. IR, uncertainty and forensic identification = soft computing

OVERVIEW

¢ Development of an automatic computer-based procedure
to assist the forensic anthropologist in the identification
task by craniofacial superimposition:

2. Image

Registration (IR) ¢ Design of automatic RIR methods to achieve accurate
3D models of forensic objects (using EAS)

3. IR, Uncertainty
and FI = Soft

Computing ¢ Design of automatic 3D-2D IR methods to perform the

skull-face overlay (using EAs and FL)

4. First stage:
3D skull model
reconstruction

gkjﬁgggggaeg% e« Work supported by two granted projects (national and
regional research calls)

6. Conclusions
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OVERVIEW

1. Forensic
identification (FI) by
craniofacial
superimposition

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions

Our computer-based craniofacial superimposition procedure

¥

Partial views acquisition E‘.ﬂ*

v

Preprocessing

Skilled
orensic?

o e A0
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3D Mode

N

Skull and face landmarks location
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¥

Skull-face overlay
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) ==

v

Forensic validation of the overlay.
Slight manual refinement if needed

O
B

¥

Identification decision

O
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4. 3D skull model reconstruction using evolutionary algorithms

OVERVIEW

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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¢« High complexity of the scenarios:

e« Views acquired every 45° (eight views per skull): small
overlapping between adjacent views

e« Symmetries: multimodal search space
¢- Huge data set (around 100.000 points in every view)

e« Rather often wrong acquisition of data even with rotary
table and, mainly, without it

e It is required an automatic RIR method that is able to deal
with these scenarios and to achieve 3D models with a
precision of millimeters in reasonable time

e« The flexibility of EAs, their good performance in other IR
problems, and our previous experience in medical IR led us
to consider these techniques
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4. 3D skull model reconstruction using evolutionary algorithms

OVERVIEW ) . .
e [0 achieve reasonable results, classical RIR methods are

based on the use of a rotary table providing a small
misalignment between adjacent views. Otherwise:

2. Image

Registration (IR) METHOD STACKED IN LOCAL OPTIMA!!

3. IR, Uncertainty

and FI = Soft . . ) _
Computing e The solution is a two-stage method:

3D skull model
reconstruction

finitial_estimation

5. Second stage:

Skull-face overlay method — | C P

6. Conclusions ffinal_estimation
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4. 3D skull model reconstruction using evolutionary algorithms

OVERVIEW

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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ee Coding scheme: real-coded vector representing a rigid
transformation with seven parameters

o Ao, [ A, [, [ 6 &
I Y

Translation

Rotation

Partial
/ reconstruction

;  Axis (Axisy, Axis,, AXis,)

YI
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2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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ee Coding scheme: real-coded vector representing a rigid
transformation with seven parameters

o Ao, [ A, [, (66 &

o0 Fitness funclion: F(I, Tm; ) = MIN (Median SE(Im, f (Is)))

MSE is avoided because
of the small overlapping
between adjacent views

¢c GCP and KD-Tree data structures are used to speed up
the closest point computation
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4. 3D skull model reconstruction using evolutionary algorithms

OVERVIEW . N
e Scafter search (SS): systematic combination between

«elite» solutions taken from a considerably reduced pool
named Reference Set (RefSet)

2. Image ¢ Diversification Generation Method controlled randomization
Registration (IR) based on a frequency memory to generate the initial set P

of diverse solutions
3. IR, Uncertainty l ]
and FI = Soft - Diversification Generation Method [+
Computing Stepl t 7777777 e

¢ Improvement Method: ‘hnpmmem‘

4. First stage: local optimizer aiming ~ sepz -efed s T
3D skull model : :
e et to improve the quality L ion Combi

of the original and see3_____________
5. Second stage: combined solutions
Skull-face overlay ( Solis-Wets Powell Sep4

Yes stop

6. Conclusions ) CEnd ) - S
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4. 3D skull model reconstruction using evolutionary algorithms

OVERVIEW , _ _
e Subset Generation Method: it generates a collection of

solution subsets from RefSet to create new trial solutions.
We consider all the possible pairs of solutions

e« Solution Combination Method: it uses the BLX-o crossover

2. Image ) _ _
Registration (IR) operator to obtain a trial solution from the two parents
which is added to an intermediate Pool
3. IR, Uncertainty l
and FI = Soft 4{ Diversification Generation Method
Computing Stept | [
¢ RefSet Update Method: Frprovemen _ =
. Method | ‘ Subset Generation Method ‘<—(
4. First stage: Updates RefSet with swep2 57— B — —
3D skull model : . ¥
i the best solutions in: < Soluion Combinaton Viethod
Step 3
RefSet U Pool B R —_—
5. Second stage: | Reference Set Update Method |
Skull-face overlay Stepd l 7777777
Yes Sto)
6. Conclusions ‘ rggtcei;d"? =
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4. 3D skull model reconstruction using evolutionary algorithms

OVERVIEW

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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e RIR of the five frontal views of a skull acquired using the
laser range scanner of the Physical Anthropology Lab of
the University of Granada (Konica-Minolta© VI-910)

- 900 - 450 00 450 900

e

b

109.936 76.794 68.751 91.590

104.441

¢ Automatic approach:
¢ No image analysis

¢ Random sampling of the 15% of points in every view (=
12.000 — 15.000 points)
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4. 3D skull model reconstruction using evolutionary algorithms

OVERVIEW

e Semi-automatic approach: image smoothing and crest
lines extraction based on the Invariant curvature

information
2. Image
Registration (IR) - 900 - 450 Qo 450 90°
3. IR, Uncertainty b N R = .
and FI = Soft < - W/ \ '
Computing - "l {7 7
4. First stage: 1.380 1.181 986 1.322 1.363

3D skull model
reconstruction

¢ Laborious image analysis process that also depends on
the previous human operator experience!

5. Second stage:
Skull-face overlay

6. Conclusions
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4. 3D skull model reconstruction using evolutionary algorithms

OVERVIEW

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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e RIR problems: four rigid transformations applied to every
pair of adjacent views to simulate the absence of a rotary
table

e Stop criterion: 20 seconds for the semi-automatic
approach and 100 seconds for the automatic one

e Huns: 15 random initializations to emulate wrong
acquisitions made by the forensic anthropologist

e Results validation: MSE of the solution achieved with
respect to the ground-truth 3D model from the rotary table
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4. 3D skull model reconstruction using evolutionary algorithms

OVERVIEW

| 1.Forensic | 1800
identification (FI) by
craniofacial 1600 - Semi-automatic RIR
superimposition
1400 ~
2. Image 12004
Registration (IR)
MSE 1000 ~
3. IR, Uncertainty 800
and FI = Soft
Computing el
400 4
4. First stage: —
3D skull model
reconstruction .
10 vs Ti(145) 10 vs Ti(1315) 145 vs Ti(190) 1315 vs Ti{1270)
mSSp l 10,455 0,01 1,345 3,465 ]
5. Second stage: B CHC Real 1089,0425 3,0175 16,0725 3,61
Skull-face overlay O GA He 411,97 0,01 274725 362 64
WEE LSt 378,5025 0,01 866,0075 1911
BGA Chow 1683 4075 21,7675 1308,805 1784 45
6. Conclusions : :
‘scenario
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4. 3D skull model reconstruction using evolutionary algorithms

OVERVIEW
craniofacial Automatic RIR
superimposition
2. Image
Registration (IR)
3. IR, Uncertainty
and FI = Soft
Computing
4. First stage:
3D skull model .*
reconstruction
10 ws Ti{ld5) 10 ws TII315) 145 wvs Ti{l90) 1315 ws Ti(I270)
: _ mSSp 416757 0 287003 2473.96
gkfﬁcg?e ;’flae?g W CHC Real 3787.63 179.28 977010
y OGAHe 422425 85817 4229 03
OGA Lomosov 5314 .28 2481 .92 4501 89 18697 59
6. Conclusions mGA Chow 6863 .61 444290 1122817 955422
seenaro
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4. 3D skull model reconstruction using evolutionary algorithms

OVERVIEW

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions

3D views: input
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4. 3D skull model reconstruction using evolutionary algorithms

OVERVIEW

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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e We also proposed a new method for the automatic
extraction of relevant skull features

¢ Those features must be:
¢ representative of the skull
¢ invariant with respect to rigid transformations

¢ the simpler the better (i.e., comprised by the lowest
possible number of points)

¢ robust to deal with the acquisition of non-uniform point
clouds
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4. 3D skull model reconstruction using evolutionary algorithms

OVERVIEW

1. Forensic ‘o .

dentification (D by | & We concentrated.on . eye

craniofacial sockets, nasal cavity, and cheeks

superimposition

2. Image *y : : :

e e, ¢ Those regions surround different in the skull
surface:

3. IR, Uncertainty fl_'lrbits‘ ; F e

and FI = Soft \

Computing

4, First stage:

3D skull model i
reconstruction - T
-

S

Nasal cavity

5. Second stage:
Skull-face overlay

¢c We automatically identify them using a
counting those points inside a spherical neighborhood

6. Conclusions
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Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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4. 3D skull model reconstruction using evolutionary algorithms

OVERVIEW

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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e Example: crest line features
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4. 3D skull model reconstruction using evolutionary algorithms
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¢ Example: density-based feature extraction
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4. 3D skull model reconstruction using evolutionary algorithms

OVERVIEW

- ¢t Data simplification (point reduction)

Views/Images

superimposition

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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4. 3D skull model reconstruction using evolutionary algorithms

Computing

OVERVIEW _ | |
¢ Experimental results (1): Final 3D reconstruction error
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¢ Experimental results (ll): Final 3D reconstruction error
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4. 3D skull model reconstruction using evolutionary algorithms

OVERVIEW

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions

48/92

¢¢ Analysis of results:

o> Mean reconstruction error: less than 1 mm
o> 3D reconstruction time: 2 minutes
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5. Skull-face overlay using EAs and fuzzy logic
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5. Second stage:
Skull-face overlay
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Again, very complex problem:

e¢ The available photographs are provided by the family:
o= Not always good quality, neither good pose
e« Landmarks may be occluded
o« Camera data are unknown

e« Uncertainty is inherent both to the landmark location and
matching (the latter due to the flesh lack in the skull)

e« Skull-face overlay is a very time consuming ftrial and error
manual procedure

e« Need of automatic technigues for skull-face overlay (3D-2D IR)
being robust, fast, and able to deal with incomplete information

e« We will exploit the suitability of EAs and FL to tackle the IR
problem and to deal with the sources of uncertainty, respectively
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Search for the best superimposition
(Evolutionary algorithm)

Lo

Dist '
Rotation = {60°,(0,1,0)} istance measuring

: between every
Translation = {2, 0, 1}... pair of landmarks

Registration error
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5. Skull-face overlay using EAs and fuzzy logic

OVERVIEW

e« Nickerson et al. (Forensic Science International 36 (1991))
did a pioneering work based on genetic algorithms (GAs)

2. Image
Registration (IR)

e Binary-coded GA to estimate the superimposition which is
defined by a similarity transformation (3D translation, 3D

3. IR, Uncerminty rotation, and uniform scaling) and a perspective projection
22%3&?“ ¢ The problem is tackled by only considering four landmarks
leading to a set of eight equations in twelve unknowns
e e« Fitness function: sum of the squared 2D Euclidean
reconstruction distances between the facial landmarks and the projected

cranial landmarks
5. Second stage: .
Skull-face overlay | g2 Bad results when tackling real-world cases

6. Conclusions
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5. Skull-face overlay using EAs and fuzzy logic

OVERVIEW

2. Image
Registration (IR)

3. IR, Uncertainty
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Skull-face overlay
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¢ Improvement of registration transformation: translation,
rotation, scaling, and projection. Twelve parameters

¢ Real-coding scheme, better suited for IR

e« Advanced EAs: elitist real-coded GA, binary tournament,

BLX- oo and SBX crossovers, random mutation. CMA-ES

 Variable number of landmarks according to the
photograph and the skull conditions

- Fitness function: mean of the distances between the facial
and the projected cranial landmarks (mean error, ME)
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¢« The final solution to the skull-face overlay problem should be the
transformation making the 3D skull model become accurately
located in the same pose of the missing person in the photo

¢« There are two important moments to be considered:

Photograph acquisition Skull model acquisition

¢« Replicating the scenario where the photograph was acquired is
rather complex because of the number of unknowns involved in
the process (even more than camera calibration in CV)

IEA - AIE 2010. June 1-4, 2010 Cérdoba (Spain) Oscar Corddn Garcia
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¢: The registration transformation to be estimated includes a
rotation (R), a scaling (S), a translation (T), and a
perspective projection (P)

o« Given two sets of 2D facial and 3D cranial landmarks:

(X, oy, 11 [Xe, Yo, Zq 1]
X, Y 11 X Yoo Zg |
F = C=
_fo ny 1 _ _XCN yCN Zey 1 |

the aim is to solve an over-determined system of
equations with 12 unknowns (Iy, 1y, 17, dy, dy, dz, 0., Ly, by, [z, ) :

F=C-(A-D;-D;-0.D," .D;'-A").S.T.P
where: R=(A-Dy-D,-©-D,' -D;'-A™")
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¢ Projective transformations are hard to be estimated.
Cameras use them to provide a realistic picture of the
scene from the observer’s viewpoint

¢ In computer graphics, the pinhole camera is modeled
using a frustum given by the near clipping plane (NCP)
and the far clipping plane (FCP):

Far clipping plane
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¢ Once the skull is properly rotated, scaled, and translated,
the location of the camera with respect to it must be
determined

¢ Hence, the field of view camera parameter, ¢, must be
estimated. The projective transformation is given by:

1 0 0 0 7
p— 0 1 0 0

0 0 tan(¢/2) tan(¢/2)

0 0 0 |

¢ When the camera is properly located and there is no
landmark uncertainty, every projection ray coupling a 3D
cranial landmark with its corresponding 2D facial landmark
converges towards the center of projection
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5. Skull-face overlay using EAs and fuzzy logic

OVERVIEW
¢ Thus, our coding scheme is a vector of 12 real values:
| fy | ;|G| dy|d | O] s |ttt ]0
\_ _/ N J
2. Image el Y
Registration (IR) Rotation Translatlon il
Scaling Projection
3. IR, Uncertainty
and FI = Soft
Computing . . . .
ranging in the following intervals:
4, First stage: r; € [Centroid — radius, Centroid + radius|, i< {x.y,z} where:
3D skull model dic[-1,1], ie{xy.z} ) )
_ 1, Y. dius — C d-C
<o -
s €0.25,2] (Mingp + FCP) « sin ($32)
5. Second stage: ¢ €[10°,150°] lengthes = sin (90° — {E.niu.” :
Skull-face overlay ty € [—lengthg — (Cx + radius), lengthg — (Cx — radius)] ~ with FD being the Focal Distance and
t, € [~lengthg — (C, + radius), lengthg — (C, — radius)]  min = =
6. Conclusions t, € INCP — (C, + radius), FCP — (C, — radius)| FD tan (“g=)
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Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay
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¢t Real case solved in Malaga (Spain) by the Physical
Anthropology Lab at the Univ. of Granada with the
scientific police. Pose is not frontal, with hidden landmarks

Seven
landmarks

e BINGA, RCGA, CMA-ES. CMA-ES parameters:

¢ Termination criterion: 552,000 evaluations
e =15, A=100, 6 =0.01 (mutation step)
o« 30 independent runs
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5. Skull-face overlay using EAs and fuzzy logic

OVERVIEW

¢ Manual vs. automatic superimposition comparison
Manual Superimposition

superimposition

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

e m
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5. Skull-face overlay using EAs and fuzzy logic

OVERVIEW ¢- Comparative study of the methods’ robustness
F Best result: BinGA, RCGA-BLX-a, RCGA-SBX, CMA-ES

superimposition

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

0 0203%

t: BInGA, RCGA-

0016169 0.016800

BLX-a, RCGA-SBX, CMA-ES
4. First stage:

3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions
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¢ Another real-world case (Cadiz, Spain) with some photos
of higher quality and different poses, making the
identification easier: Pose 2

Pose 1

7 (%

Eight, nine, eleven, and twelve landmarks

\
, \
. > . L]
- - L "
] ;
;
.

Pose 4

Pose
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¢- Pose 1: Manual vs. automatic superimposition comparison
Manual superimposition CMA-ES superimposition

IEA - AIE 2010. June 1-4, 2010 Cérdoba (Spain) Oscar Corddn Garcia



5. Skull-face overlay using EAs and fuzzy logic

OVERVIEW

1. Forensic
identification (FI) by
craniofacial
superimposition

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions

63/92

¢- Comparative study of the methods’ robustness
Best result: BinGA, RCGA-BLX-a, RCGA-SBX, CMA-ES
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¢ Pose 2: Manual vs. automatic superimposition comparison

Manual superimposition

IEA - AIE 2010. June 1-4, 2010 Cérdoba (Spain)

CMA-ES superimposition
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¢ Pose 4: Manual vs. automatic superimposition comparison
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Two different sources of uncertainty:

1. Inherent uncertainty associated with the two different
objects under study (a skull and a face):

e Landmark location: Every forensic expert is prone to locate
the landmarks in a slightly different place

e« Landmark maiching: Partial matching of the two landmark
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Uncertainty associated with the 3D skull-2D photo
overlay process:

e« Landmark location: Difficulty to select a qgood
(cephalometric) landmark set due to the photo conditions:

e« face pose, partial occlusions, and poor image quality

e«  Forensic anthropologists are prone to locate only those
landmarks which can be unquestionably identified!

e Landmark maiching: The selected reduced landmark set is
usually coplanar or near-coplanar:

e« the equation system becomes undetermined and the 3D-2D
IR process gets inaccurate results

e« The preferred photos by the forensic anthropologists are
usually those with a frontal pose!
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5. Skull-face overlay using EAs and fuzzy logic

OVERVIEW
¢ Each cephalometric landmark is a fuzzy point defined by a
bi-dimensional fuzzy set. The higher the uncertainty
related to a landmark — the broader the fuzzy region
2. Image

Registration (IR)
¢© Solution for the two landmark location problems:
3. IR, Uncertainty

and FI = Soft ¢ The inherent difficulty to locate the landmark in the right place

Computing ¢ The complexity of locating a significant and unquestionable

number of landmarks in a photo
4. First stage:

3D skull model
reconstruction

¢ Thanks to the flexibility given to the forensic expert, (s)he
5. Second stage: is able to mark a larger number of landmarks located in
Skull-face overlay different planes, thus also solving the coplanarity problem

6. Conclusions
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5. Skull-face overlay using EAs and fuzzy logic

OVERVIEW

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

¢ There is a mask with the membership degree of each pixel

5. Second stage: to the fuzzy point associated to every landmark

Skull-face overlay

e Need of a new fitness function considering a
distance between crisp and fuzzy points

6. Conclusions
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e o-cuis to calculate the distance from a crisp point
to a fuzzy point

(projected craniometric
(cephalometric landmark)

landmark)

0.1
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5. Skull-face overlay using EAs and fuzzy logic

OVERVIEW

[LFrensc | & Thanks to the uncertainty treatment, the forensic expert is
identification (FI) by .
GerfeEe now able to locate a higher number of landmarks:

superimposition Pose 1 Pose 2

2. Image
Registration (IR)

3. IR, Uncertainty
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Computing
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Pose ' ) Pose 4
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5. Skull-face overlay using EAs and fuzzy logic

OVERVIEW
Experimental design:

e Target: compare skull-face overlay results using near-
coplanar crisp vs. fuzzy cephalometric landmarks

2. Image
Registration (IR)

e ME is not valid (two different landmark sets)!
3. IR, Uncertainty

and FI = Soft

Computing e (Qualitative analysis - visually comparing the overlay
results from the original set of crisp landmarks and the

4. First stage:

3 sl e new fuzzy landmark set

reconstruction

e Quantitative analysis - percentage of the head boundary

gi(ﬁﬁf;’a"cifjg:;y not. covered by the.prOJected skqll boundary (manually
defined by the forensic anthropologists)

6. Conclusions
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5. Skull-face overlay using EAs and fuzzy logic

OVERVIEW

supenmpo&Ln

2. Image
Registration (IR)

_\\\
3. IR, Uncertainty \

and FI = Soft

Computing \

4. First stage: \ ;

Area Deviation Error:

3D skull model

reconstruction 18.94% 11.92%

5. Second stage: . . .

skull-face overlay It is not a perfect measure (no information on accuracy
of the inner skull parts fitting) but at least it is objective

b (CeIEl Tl (and complementary)!
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5. Skull-face overlay using EAs and fuzzy logic

OVERVIEW _
F ¢ Malaga case study: Overlays comparison
Manual RCGA-SBX Fuzzy CMA-ES
superimposition r—
2. Image

Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

0.016189

5. Second stage:

Skull-face overlay Area deviation Area deviation

error: 34.70% error: 13.23%
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e« Cadiz case study, pose 1: Overlays comparison

CMA-ES Fuzzy CMA-ES

Manual

Area deviation
error: 32.64%

Area deviation
error: 15.84%
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e« Cadiz case study, pose 2: Overlays comparison

Manual CMA-ES

Area deviation
error: 27.96%

Area deviation
error: 50.28%

Area deviation
error: 31.58%
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¢¢ Cadiz case study, pose 3: Overlays comparison

Manual CMA-ES Fuzzy CMA-ES

Area deviation
error: 21.26%

Area deviation
error: 42.84%

Area deviation
error: 31.84%
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¢« Cadiz case study, pose 4: Overlays comparison

Manual CMA-ES Fuzzy CMA-ES

Area deviation
error: 18.95%

Area deviation
error: 53.85%

Area deviation
error: 38.22%
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¢ Very complex real case.
Cadiz (Spain). Single, low
quality, passport photo:

6 crisp landmarks 16 fuzzy landmarks
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¢ Morocco case study: Overlays comparison

Manual CMA-ES Fuzzy CMA-ES

o

Area deviation
error: 11.92%

Area deviation
error: 32.63%
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Fuzzy CMA-ES superimposition

. .- 'e

Area deviation error:
13.81%
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5. Skull-face overlay using EAs and fuzzy logic

OVERVIEW

F ¢¢ Last real case (Alnambra surroundings, Granada, Spain):

superimposition Manual superimposition  Fuzzy CMA-ES superimposition

z 2
5. Second stage:

Skull-face overlay Area deviation error: Area deviation error:
28.26% 21.79%

85/92 IEA - AIE 2010. June 1-4, 2010 Cdrdoba (Spain) Oscar Corddn Garcia

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

6. Conclusions




5. Skull-face overlay using EAs and fuzzy logic

OVERVIEW

2. Image
Registration (IR)

3. IR, Uncertainty
and FI = Soft
Computing

4. First stage:
3D skull model
reconstruction

5. Second stage:
Skull-face overlay

6. Conclusions

86/92

¢ Last real case (second photograph):

Manual superimposition  Fuzzy CMA-ES superimposition

S e )

.
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i

Area deviation error: Area deviation error:
37.54% 21.04%
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e We have tackled the automation of the forensic
identification by craniofacial superimposition in order to
assist the forensic anthropologist

¢ Soft computing is really suitable for this task given the
Intrinsic characteristics of this identification technique

o Future works:

e a web-based poll is being developed with forensic
experts to estimate the landmark location variability

oo we will tackle the uncertainty in landmark matching
shortly
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6. Conclusions

OVERVIEW

 Our techniques have been already used in the
identification of a real-world case

2. Image
Registration (IR)

¢ We aim to properly model old-fashioned cameras to tackle

3. IR, Uncertainty identification cases related to the Spain’s civil war

and FI = Soft
Computing

e A web site has been developed for the project:
4. First stage: . e
3D skull model www.softcomputing.es/socovifi

reconstruction

5. Second stage: ¢ A patent was submitted to the Spanish Agency in July,
Skull-face overlay ) 0 09

6. Conclusions
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