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i Introduc*on to Digital Image and Artefact Science

Prof. Dr. Martin Langner

7. Analysis of
Three-dimensional 
Objects

III. ANALYS IS

Bernard Frischer, Three-dimensional 
Scanning and Modelling, in: Elise A. 
Friedland, Melanie Grunow Sobocinski
(Hrsg.), The Oxford Handbook of Roman 
Sculpture, Oxford 2015, 74–89
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i

Design

Production

Trade

Use

Deposition

Excavation

Collecting events

Restoration

Presentation

Publication

MATERIALITÄT

LEBENSZYKLEN VON OBJEKTEN

Shape Analysis

Sta>s>cs & Network 
Analysis

Func>on- & Context
Analysis

Simula>on

Databases & Visualisa>on
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i 3D-ACQUISITION (SHAPE ACQUISITION)

§ Orthofoto
§ 360° Photo series
§ Profile drawing
§ Photogrammetry
§ 3D Scanning
§ RTI
et al.
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⚒ 3D-ACQUISITION (SHAPE ACQUISITION)

H. Mara – J. 
Portl, 
Acquisition and
Documentation
of Vessels
using High-
Resolution 3D-
Scanners, in: 
CVA Österreich 
Beih. 1 (Wien 
2013) 25–40
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⚒ 3D-ACQUISITION (SHAPE ACQUISITION)

B. Breuckmann
– St. Karl – E. 
Trinkl, Digitising
Ancient Pottery. 
Precision in 3D, 
Forum 
Archaeologiae
66/III/2013 
(http://farch.net)
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⚒ 3D-ACQUISITION (SHAPE ACQUISITION)

H. Mara – J. Portl, Acquisition and Documentation of Vessels
using High-Resolution 3D-Scanners, in: CVA Österreich Beih. 1 
(Wien 2013) 25–40
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⚒ Digitale Vasenforschung 7

Profile comparison of bell craters from the workshop of the Meleager painter

Grundlagen der Chronologie spätroUiguriger Vasen aus Athen, 
BABESCH 88, 2013, 127–170

2D-SHAPE ACQUISITION BY PROFILE DRAWING
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⚒ Digitale Vasenforschung 8

Profile comparison of bell craters
from the workshop of the Meleager
painter

Plainer Gr. A Plainer Gr. BMeleager-P.

2D-SHAPE ACQUISITION BY PROFILE DRAWING
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⚒ 3D-ACQUISITION (SHAPE ACQUISITION)

B. Breuckmann –
St. Karl – E. Trinkl, 
Digitising Ancient
Pottery. Precision in 
3D, Forum 
Archaeologiae
66/III/2013 
(http://farch.net).
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☺ GOOD PRACTICE EXAMPLE

HANDLE EXEKIAS AMPHORA

Gödngen K 209a
<- Philadelphia MS3497
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i

Which research ques>ons can be pursued
with digi>sa>on?

How and to what extent are form-analy>cal
approaches more stringently
comprehensible through digi>sa>on?

Can artefacts be acquired non-verbally with
digital methods of paTern recogni>on and
to what degree of accuracy?

What new cogni>ve possibili>es arise from
digi>sa>on?

ANALYSIS OPTIONS

INHALT DIESER VORLESUNGSSTUNDE
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i INHALT DIESER VORLESUNGSSTUNDE

a) 3D reconstruc>on
and comple>on

b) Simula>on of style 
development and
cultural prac>ce

SHAPE
DESCRIPTION

a) Raw data

b) Curves and areas

c) Volumes

d) Graphs and feature-
based descriptors

SHAPE
ANALYSIS

MODEL
BUILDING

a) Shape iden>ty (Shape 
Correspondence)

b) Shape similarity (Shape 
Classifica>on)

c) Shape retrieval systems
(Shape Retrieval)
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?? CURRENT RESEARCH QUESTIONS

SHAPE DESCRIPTION
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☺ 2D REPRESENTATIONS OF AN OBJECT

2D object recogni;on
through image processing
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☺ 3D REPRESENTATIONS OF AN OBJECT

Raw data
Point CloudPoint Cloud

§ disorganised spa>al structure ('cloud') 
of points in space
§ object = list of points = 3D vectors of 3 
coordinates (x,y,z).
§ informa>on about edges, volume and
surface of the object is not included in the
data.
§ memory-intensive
§ leaves some room for interpreta>on in 
the descrip>on of the object
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☺ 3D REPRESENTATIONS OF AN OBJECT

Raw Data
Point Cloud

RGB-D

RGB-Depth
Depth images generated in combina>on of
RGB colour camera and infrared measurement
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☺ 3D REPRESENTATIONS OF AN OBJECT

Mesh
List of 3D polygons represen>ng a set of
linked 3D points (ver>ces).

Raw Data

Planes

Point Cloud

Mesh

RGB-D
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☺ 3D REPRESENTATIONS OF AN OBJECT

Voxels
the volume of an object in geometric
informa>on units of the same size (voxels)

Raw Data

Planes

Volumina

Point Cloud

Voxels

Mesh

RGB-D
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☺ 3D REPRESENTATIONS OF AN OBJECT

Octree
hierarchical 3D data structure represen>ng
volumes as a rooted tree

Raw Data

Planes

Volumina

Point Cloud

Voxels

Octree

Mesh

RGB-D
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☺ 3D REPRESENTATIONS OF AN OBJECT

Mul;-View
Series of 2D shots
from different 
camera posi>ons

Raw Data

Planes

Volumina

2D Repres.

Point Cloud

Voxels

Octree

Mesh

MulZ-View

RGB-D
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☺ 3D REPRESENTATIONS OF AN OBJECT

Graph
e.g. probability distribu>on of Euclidean
distances between randomly selected
points

Raw Data

Planes

Volumina

2D Repres.

Point Cloud

Voxels

Octree

Mesh

MulZ-View

RGB-D

mathemat. 
Structure

Graph
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☺ 3D REPRESENTATIONS OF AN OBJECT

Graph
e.g. distance calcula>ons between
randomly selected points and their
surrounding surfaces

Raw Data

Planes

Volumina

2D Repres.

Point Cloud

Voxels

Octree

Mesh

MulZ-View

RGB-D

mathemat. 
Structure

Graph
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☺ 3D REPRESENTATIONS OF AN OBJECT

Graph
e.g. skeleton diagrams

Raw Data

Planes

Volumina

2D Repres.

Point Cloud

Voxels

Octree

Mesh

MulZ-View

RGB-D

mathemat. 
Structure

Graph
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☺ 3D REPRESENTATIONS OF AN OBJECT

Raw Data

Planes

Volumina

2D Repres.

Point Cloud

Voxels

Octree

Mesh

MulZ-View

RGB-D

mathemat. 
Structure

Graph

3D-Descriptor

Feature-based descriptors
§ represent the shape with a single
descriptor consis>ng of a d-dimensional 
vector-valued func>on. 
§ represent a 3D shape as a point in high-
dimensional space. 
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?? CURRENT RESEARCH QUESTIONS

SHAPE ANALYSIS
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! SHAPE IDENTITY AND SHAPE SIMILARITY

Basic Problems of Object Analysis

§ Determine extensive correspondence
between two or more objects (Shape 
Correspondence). 
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! SHAPE IDENTITY AND SHAPE SIMILARITY

h"ps://3dwarehouse.sketchup.com/search/?q=chair

Basic Problems of Object Analysis

§ Determine extensive correspondence
between two or more objects (Shape 
Correspondence). 

§ Determine extensive shape similarity on a 
geometric and seman>c level (Shape 
Classifica>on)

https://3dwarehouse.sketchup.com/search/?q=chair
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! SHAPE IDENTITY AND SHAPE SIMILARITY

Basic Problems of Object Analysis

§ Determine extensive correspondence
between two or more objects (Shape 
Correspondence). 

§ Determine extensive shape similarity on a 
geometric and seman>c level (Shape 
Classifica>on) 

§ Automated genera>on and modifica>on of
shapes (Shape Modelling)

h"ps://3dwarehouse.sketchup.com/search/?q=chair

https://3dwarehouse.sketchup.com/search/?q=chair
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⚒ MEASURING 3D MODELS
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⚒ MEASURING 3D MODELS

Laying sec;ons through the object
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⚒ POINT-TO-POINT CORRESPONDENCE

Morphing
Transforma>on of one image or object into
another using inten>onal distor>ons.

h"ps://steven.codes/blog/face-morphing/

https://steven.codes/blog/face-morphing/
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⚒ POINT-TO-POINT CORRESPONDENCE

Registra;on
Process of finding a spa>al transforma>on
(e.g. scaling, rota>on and transla>on) that
aligns two sets of points (3D point clouds or
2D pixel coordinates) with each other.

Jiaqi Yang et al., "A fast and robust local
descriptor for 3D point cloud registraFon," 
InformaFon Sciences 346 (2016), 163-179
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⚒ POINT-TO-POINT CORRESPONDENCE

Alignment
moves different meshes into a common
reference system

www.youtube.com/watch?v=SlWow13gd8Y

https://www.youtube.com/watch?v=SlWow13gd8Y
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⚒ POINT-TO-POINT CORRESPONDENCE

Hausdorff-Distance
determines how far apart two
subsets of a metric space are
from each other
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! SHAPE COMPARISON

TOLERANCE BASED SHAPE
COMPARISON

§ normalises the target polygon so 
that it fits into a bounding box of
predefined size.
§ triangulates the zone between the
outer and inner polygon (best fit).
§ measures the distances between
the polygons (average if necessary)
§ The result can be output as a false
colour table.
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⚒
hfps://twinsornot.net

36

Augustus, Prima Porta 
Type

Augustus, La Alcudia
Type

Tiberius, Type 
Copenhagen 624

Caligula, Main Type Claudius, Main Type Nero, 4th Type

100% 86%

90% 87%100%

BIOMETRIC, INFORMATIC AND ARCHAEOLOGICAL METHODS OF PORTRAIT IDENTIFICATION
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⚒
37

Faceplusplus (hfp://www.faceplusplus.com/demo-detect)

BIOMETRIC METHODS OF PORTRAIT IDENTIFICATION
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⚒
Unveränderliche Merkmale und äußere Merkmale 38

haps://www.instagram.com/gesichtermix/

FACIAL RECOGNITION: CHANGEABLE AND UNCHANGEABLE FEATURES

https://www.instagram.com/gesichtermix/
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⚒
39

Augustus, Prima Porta TypeAugustus, La Alcudia Type

Tiberius, Type Copenhagen 624 Caligula, Main Type Claudius, Main Type Nero, 4th Type

THE ANCIENT PORTRAITURE AS A VEHICLE FOR EXPRESSION
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⚒
40

DETERMINATION OF CURL MOTIFS

Min Lu et al., "Portrait sculptures of Augustus. CategorizaZon via local shape comparison," in Digital 
Heritage. Interna.onal Congress 2013 (DOI: 10.1109/DigitalHeritage.2013.6743812)
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⚒ EsteVirtuell

Michael Pfanner, Über das Herstellen von Porträts. Ein Beitrag zu 
RaQonalisierungsmaßnahmen und ProdukQonsmechanismen von 
Massenware im späten Hellenismus und in der römischen Kaiserzeit, 
Jahrbuch des Deutschen Archäologischen InsQtuts 104, 1989, 157–257

THE STATE OF PORTRAIT RESEARCH



42

⚒ EsteVirtuell
ALIGNMENT WITH THE PROFILE LINE
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⚒ EsteVirtuell
TOLERANCE BASED SHAPE COMPARISON

Augustus  Type 
Louvre MA 1280 in 

Boston (A 1269)

Augustus  Typue
Louvre MA 1280 in 

Stuagart 65.12 (A 1510)



44

⚒ EsteVirtuell

0 1 2 5

0 1 2 5

Search area where
adjustments could be made, 
in mm

ALIGNMENT ACCORDING TO BEST FIT WITHIN A SEARCH RANGE
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⚒
45

Augustus, Prima Porta 
Type

Augustus, La Alcudia
Type

Tiberius, Type 
Copenhagen 624

Caligula, Main Type Claudius, Main Type Nero, 4th Type
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⚒ EsteVirtuell

DeviaQon analysis target to actual (false
colour representaQons) on Augustus 
portraits in the Prima Porta type (le]) 
and type Louvre MA 1280 (right)

COMPUTER-AIDED SHAPE COMPARISONS ON ROMAN PORTRAITURE
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⚒

Augustus Prima Porta Type: Rom, 
Pal. Cons. 2394 (A 1320)

Augustus Prima Porta Type: 
Boston 99.344 (A 1323)

COMPUTER-AIDED SHAPE COMPARISONS ON ROMAN PORTRAITURE
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⚒
Augustus Prima Porta 
Type:

A. Istanbul 2165 
(A 1154)

B. BalQmore 23.21 (A 
1322)

C. Boston 99.344 
(A 1323)

D. Ny Carlsberg 
Glyptotek 1443 
(A 1136)   
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⚒

Rom, Pal. Cons. 2394 (A 
1320)

Boston 99.344 (A 1323)

BalFmore 23.21 (A 1322) Chiusi 3182 (A 1414) Istanbul 2165 (A 1154)

Munich FW 317 (AK 4)



50

⚒

A. Ny Carlsberg 
Glyptotek 1423 
(comp. with D)

C. Ny Carlsberg 
Glyptotek 1948 
(comp. with A)

B. Ny Carlsberg 
Glyptotek 1277 
(comp. with D)

D. Braunschweig AS 7 
(comp. with A)
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⚒ EsteVirtuell
COMPUTER-AIDED SHAPE COMPARISONS ON ROMAN PORTRAITURE

Devia*on analysis target-actual (false
colour representa*ons) on eight
Augustus portraits in Primaporta type
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⚒ EsteVirtuell

Devia*on analysis target-actual (false
colour representa*ons) on eight
Augustus portraits in Primaporta type

Mar*n Langner, Das Gesicht hinter dem Marmor. Computergestützte 
Maßvergleiche an römischen Kaiserporträts, in C. Marcks and J. Lang 
(eds.), Arbeit am Bildnis (2020) 377–384. 411–415

COMPUTER-AIDED SHAPE COMPARISONS ON ROMAN PORTRAITURE

Augustus Prima Porta Type: 
Boston 99.344 (A 1323)

Augustus  Prima Porta Type: 
BalQmore 23.21 (A 1322)
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⚒

Göangen Tk 22 Göangen Tk 23

SHAPE COMPARISON: MODEL UNIFORMITY

Comparison of two terracoPa statuePes from the archaeological
collec;on in GöRngen
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! SHAPE COMPARISON

D.H. Rieke-Zapp – E. Trinkl, Face to face - close range inspection of head vases, The International Archives 
of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-2/W5, 2017, 601-
604
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⚒

The so-called Large Herculaneum Woman: Comparison of the
two casts in Göjngen and Weimar

SHAPE COMPARISON: AGE OF THE CASTING
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⚒

Shape Comparison of a Roman bronze bust with two casts
right: copy from the 1950s, leo: more recent copy
(Dresden State Art Collec*ons in coopera*on with the
University of Virginia)

SHAPE COMPARISON: CASTS OF A BRONZE BUST IN DRESDEN
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⚒

The 3D data evalua*on revealed an indenta*on on the right side of the head, which even
experts had not no*ced before.

SHAPE COMPARISON:  CASTS OF A BRONZE BUST IN DRESDEN

hap://www.digitalsculpture.org/roman-portrait.html

http://www.digitalsculpture.org/roman-portrait.html
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⚒
Tolerance based pass/fail shape comparison

Herakles torso Gödngen: Comparison of original und cast

SHAPE COMPARISON: SIGNIFICANCE OF PLASTER CASTS
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⚒

Laocoon: Comparison of the original statue with plaster casts with devia*ons of up to 4 mm.
Musei Va*cani and Kress Founda*on in coopera*on with the University of Virginia)

B. Frischer, Digital 
Sculpture Projekt: Laocoön
(2009-13): 
hfp://www.digitalsculptur
e.org/laocoon/; ders., 3D 
Data Capture, Restora*on 
and Online Publica*on of
Sculpture, Appendix I: A 
Comparison of casts vs. 
Originals, in: F. Remondino
and S. Campana (eds.), 3D 
Recording and Modelling
in Archaeology and
Cultural Heritage. Theory
and best prac*ces (Oxford 
2014), 141–143

SHAPE COMPARISON: SIGNIFICANCE OF PLASTER CASTS

http://www.digitalsculpture.org/laocoon/
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☺ ARTIST ATTRIBUTION

SHAPE COMPARISON

Yujin Zhang et al., „Classical
Sculpture Analysis via Shape 
Comparison,“ in Interna'onal 
Conference on Culture and
Compu'ng, Kyoto, 2013 (2013) 
57–61: 
hfps://ieeexplore.ieee.org/do
cument/6680331

https://ieeexplore.ieee.org/document/6680331
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☺ ARTIST ATTRIBUTION

SHAPE COMPARISION

Yujin Zhang et al., 
„Classical Sculpture
Analysis via Shape 
Comparison,“ in 
International 
Conference on 
Culture and
Computing, Kyoto, 
2013 (2013) 57–61: 
https://ieeexplore.i
eee.org/document/
6680331

Amazon in the type Sciarra in Copenhagen and replica of Diadumenos in Athens

https://ieeexplore.ieee.org/document/6680331
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☺ ARTIST ATTRIBUTION

PROFILE LINE

András Patay-Horváth, Master-
hand Afribu*ons of Classical
Greek Sculptors by 3D-Analysis 
at Olympia - Some Preliminary
Remarks, in Eurographics
Workshop on Graphics and
Cultural Heritage (2014): 
hfp://diglib.eg.org/handle/10.
2312/gch.20141327.041-042

http://diglib.eg.org/handle/10.2312/gch.20141327.041-042
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☺ ARTIST ATTRIBUTION

CONTOUR LINE

Mafeo Dellepiane et al., 
Using 3D Scanning to
Analyze a Proposal for
the Afribu*on of a 
Bronze Horse to
Leonardo da Vinci, in The 
8th Interna*onal 
Symposium on Virtual 
Reality, Archaeology and
Intelligent Cultural 
Heritage, Brighton, UK, 
2007 ed. D. Arnold, F. 
Niccolucci, A. Chalmers
(2007), 117–124: 
hfp://dx.doi.org/10.231
2/VAST/VAST07/117-124

http://dx.doi.org/10.2312/VAST/VAST07/117-124
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☺ ARTIST ATTRIBUTION

DETAIL COMPARISON

András Patay-Horváth and Leif 
Chris*ansen, „From Reconstruc*on
to Analysis. Re-use and Re-
purposing of 3D Scan Datasets 
Obtained from Ancient Greek
Marble Sculpture“, Studies in Digital 
Heritage 1, no. 2 (2017), 491-500: 
hfps://doi.org/10.14434/sdh.v1i2.2
3236;
András Patay-Horváth, „Final report
for the project Iden*fica*on of
Classical Greek Sculptors – Master-
hand Afribu*ons by 3D-analysis” 
(2018): hfp://nyilvanos.otka-
palyazat.hu/index.php?menuid=930
&lang=EN&num=101755

Measurements on the eyes of some statues of the east
and west pediment from the Temple of Zeus in Olympia 
with the values of the f-test for the variance quoFent
and the two-sample t-test.

https://doi.org/10.14434/sdh.v1i2.23236
http://nyilvanos.otka-palyazat.hu/index.php?menuid=930&lang=EN&num=101755
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☺ ARTIST ATTRIBUTION

DETAILED COMPARISON

East- und North 
frieze of the
Siphnian reasury in 
Delphi (Cast in 
Gödngen)
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! SHAPE, STYLE AND TYPE

'Fashions' (or 'tastes of the >me') are snapshots of a process of con>nuous change. 
They can be used for da>ng, because the way we use and consume things is subject to >me-
related paTerns that are not only reflected in behaviour and thinking, but also in the design 
of objects.

FASHION AND FASHIONS
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! SHAPE, STYLE AND TYPE

Design is an ac>ve and
reflec>ve shaping process, 
but design and contemporary
taste influence each other, as
producers also par>cipate in 
contemporary taste.

Karl Lagerfeld designs a dress

RELATIONSHIP BETWEEN CONTEMPORARY TASTE AND DESIGN
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! SHAPE, STYLE AND TYPE

§ The formal design of things as a 
func>on of >me and thus indirectly of
social or cultural changes.

STYLE
Stylis>c features (= individual characteris>cs) 
can express themselves on several levels:
§ Style of an epoch (period style)
§ Style of a region (regional style)
§ Style of a genre (genre style)
§ Style of a workshop (workshop style)
§ Style of a work or an ar>st (individual style)
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! SHAPE, STYLE AND TYPE

§ Distinction between earlier and later stylistic elements

DEVELOPMENT

Munich 1784
(ca. 510 BC)

Munich 1806
(ca. 500 BC)

Munich 1762 
(ca. 520 BC)
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! SHAPE, STYLE AND TYPE

§ firmly marked shape of rela>vely long
temporal dura>on
§ is determined by abstrac>on of
individual forms under determina>on of
the characteris>c commonali>es

TYPE

Va Vb III                      I                      II                 VI                 VII                  X  VIII

Olpe Chous Oinochoe
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! SHAPE, STYLE AND TYPE

By determining types and styles, the image and artefact sciences aTempt to extract paTerns
from the sum of the remains of past socie>es, from which conclusions can be drawn about
the condi>ons of the >me.

TYPOLOGY AS PATTERN RECOGNITION
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⚒ SCHEMATA: AIMS

Lucie Böttger, "Classifications and
Categorisations with Digital Methods. Shape 
constancy and shape variance of female
terracottas of the Hellenism".

Alexander Zeckey, "3D Pattern Recognition 
of Ancient Terracottas. Contributions to
automated object mining"

1. Development of a classifica>on system for
the so-called Tanagraeans

2. Combina>on and further development of
procedures for automated corpus forma>on
through 3D paTern recogni>on

3. Reflec>on on the associated
schema>sa>on and its scien>fic usefulness
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⚒ SCHEMATA: OBJECT-MINING
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⚒ SCHEMATA: SEMANTICAL SIMILARITY

Berlin TC 6311 Berlin TC 6312 Berlin TC 6314
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⚒ EsteVirtuell 75
SCHEMATA: COMBINATION OF DIFFERENT 2D AND 3D ANALYSIS METHODS
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⚒ SCHEMATA: 3D REPOSITORY

http://schemata.uni-goettingen.de

http://schemata.uni-goettingen.de/
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☺ 3D SHAPE RETRIEVAL

Retrieval of models from large 3D repositories
§ Keyword-based

§ Sketch-based

§ Shape Content 
Collec>on Explora>on
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? 3D SHAPE RETRIEVAL

Sketch-Based Shape Retrieval
(http://cybertron.cg.tu-berlin.de/eitz/projects/sbsr)

http://cybertron.cg.tu-berlin.de/eitz/projects/sbsr
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? 3D SHAPE RETRIEVAL

s.a. http://cacm.acm.org/magazines/2005/6/6204-shape-based-retrieval-and-analysis-of-
3d-models/abstract

Sketch-Based Shape Retrieval
(http://gfx.cs.princeton.edu/proj/shape/)

http://cacm.acm.org/magazines/2005/6/6204-shape-based-retrieval-and-analysis-of-3d-models/abstract
http://gfx.cs.princeton.edu/proj/shape/
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? 3D SHAPE RETRIEVAL

https://www.instagram.com/thingsihavedrawn/

https://www.instagram.com/thingsihavedrawn/
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☺ 3D SHAPE RETRIEVAL
h"

ps://upload.w
ikim

edia.org/w
ikipedia/com

m
ons/b/b7/Beetle.gifShubham Tulsiani et al., Learning Shape Abstractions by Assembling Volumetric Primitives, in 2017 IEEE Conference on 

Computer Vision and Pattern Recognition (2017), 2635–2643: https://shubhtuls.github.io/volumetricPrimitives/; 
Salman Hameed Khan et al., Unsupervised Primitive Discovery for Improved 3D Generative Modeling, in 2019 IEEE 
Conference on Computer Vision and Pattern Recognition (2019): https://salman-h-khan.github.io/papers/CVPR19_2.pdf

Determination of shape similarity
through abstraction

https://shubhtuls.github.io/volumetricPrimitives/
https://salman-h-khan.github.io/papers/CVPR19_2.pdf
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☺ 3D SHAPE RETRIEVAL

Suhail Ahmed Memon et al., "3D shape
retrieval using bag of word approaches," in 3D 
Shape Retrieval using Bag of Word Approaches, 
2019 2nd Interna*onal Conference on 
Compu*ng, Mathema*cs and Engineering 
Technologies (iCoMET), Sukkur, Pakistan (2019), 
1-7, doi: 10.1109/ICOMET.2019.8673397.

Bag of features

Collec>on of local feature
descriptors that are matched with a 
codebook (geometric vocabulary)
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? 3D SHAPE RETRIEVAL

Content Based Shape Retrieval

A. Koutsoudis et al., 3D Pottery Content 
Based Retrieval based on Pose Normalisation
and Segmentation, Journal of Cultural 
Heritage 11 (2010), 329-338:
http://dsp.ee.duth.gr/~chamzas/chamzas_pd
fs/publications/201008_3D_Pottery_content
_based_retrieval.pdf.pdf

http://www.ceti.gr/~akoutsou/akoutsou_phd/

http://dsp.ee.duth.gr/~chamzas/chamzas_pdfs/publications/201008_3D_Pottery_content_based_retrieval.pdf.pdf
http://www.ceti.gr/~akoutsou/akoutsou_phd/
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? CONTENT-BASED SHAPE RETRIEVAL

hfp://www.ipet.gr/~akoutsou/benchmark/

http://www.ipet.gr/~akoutsou/qp/

http://www.youtube.com/watch?v=K5t5FgzME5c

http://www.ipet.gr/~akoutsou/benchmark/
http://www.ipet.gr/~akoutsou/benchmark/
http://www.youtube.com/watch?v=K5t5FgzME5c
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? CONTENT-BASED SHAPE RETRIEVAL

Arik Itskovich and Ayellet Tal, „Surface partial matching
and application to archaeology,“ Computers & Graphics 35, 
no. 2 (2011), 334–341: 
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.
1.220.9336&rep=rep1&type=pdf

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.220.9336&rep=rep1&type=pdf
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☺ CONTEXT-BASED SHAPE RETRIEVAL

Context-dependent retrieval of models from large 3D repositories

Matthew Fisher and Pat Hanrahan, Context-Based Search for 3D Models, ACM Transactions on Graphics 29 no. 6 (2010), 
182:1-10: https://doi.org/10.1145/1882261.1866204

https://doi.org/10.1145/1882261.1866204
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?? CURRENT RESEARCH QUESTIONS

MODEL BUILDING
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☺ 3D RECONSTRUCTION

Interactive Shape 
Modelling

Thomas Funkhouser et al., Modeling by Example, ACM Transactions on Graphics 23 
no.3 (2004), 652–663: https://dl.acm.org/doi/pdf/10.1145/1015706.1015775; 
Diego Gonzalez and Oliver van Kaick, 3D synthesis of man-made objects based on 
fine-grained parts, Computers & Graphics 74 (2018), 150–160: 
http://gigl.scs.carleton.ca/sites/default/files/diego_gonzalez/papersmi2018-final.pdf

https://dl.acm.org/doi/pdf/10.1145/1015706.1015775
http://gigl.scs.carleton.ca/sites/default/files/diego_gonzalez/papersmi2018-final.pdf
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☺ 3D RECONSTRUCTION

CONTEXTUAL SHAPE MODELLING

Siddhartha Chaudhuri et al., Probabilistic Reasoning for Assembly-Based 3D Modeling, ACM Transactions on 
Graphics 30 no. 4 (2011), 35:1–9: https://dl.acm.org/doi/pdf/10.1145/2010324.1964930; Siddhartha Chaudhuri et 
al., AttribIt: Content Creation with Semantic Attributes, Proceedings of the 26th annual ACM symposium on User 
interface software and technology (2013), 193–202: https://doi.org/10.1145/2501988.2502008

http://www.meshmixer.com

https://dl.acm.org/doi/pdf/10.1145/2010324.1964930
https://doi.org/10.1145/2501988.2502008
http://www.meshmixer.com/
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☺ 3D RECONSTRUCTION (CALIGULA IN VIRGINIA)

High-resolution laser scan by DirectDimensions with a Faro laser scanner
on the Faro Platinum scanning arm (1 working day, Sept. 2010) 
http://www.dirdim.com/port_featuredprojects.php?fileName=fp_caligula

http://www.dirdim.com/port_featuredprojects.php?fileName=fp_caligula


91

☺ 3D RECONSTRUCTION (CALIGULA IN VIRGINIA)
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☺ 3D RECONSTRUCTION (CALIGULA IN VIRGINIA)



93

☺ 3D RECONSTRUCTION (CALIGULA IN VIRGINIA)
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☺ 3D RECONSTRUCTION (CALIGULA IN VIRGINIA)
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☺ 3D RECONSTRUCTION (CALIGULA IN VIRGINIA)
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☺ 3D RECONSTRUCTION (CALIGULA IN VIRGINIA)
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☺ 3D RECONSTRUCTION (CALIGULA IN VIRGINIA)
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☺ 3D RECONSTRUCTION (CALIGULA IN VIRGINIA)
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☺ GOOD PRACTICE EXAMPLES

PALMYRA, DESTROYED BY THE IS

h"ps://www.dailymail.co.uk/news/arFcle-4231386/Italian-teams-restore-damaged-busts-ancient-Syrian-city.html

https://www.dailymail.co.uk/news/article-4231386/Italian-teams-restore-damaged-busts-ancient-Syrian-city.html
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☺ 3D RECONSTRUCTION

F. Bernardini et al., Building a digital model of Michelangelo’s Floren*ne Pietà. Computer Graphics and Applica*ons, IEEE 
22, no. 1 (2002), 59–67; Jack Wasserman et al., Michelangelo’s Florence Pietà (Princeton University Press, 2003) mit 3D-
Modell auf CD-ROM. hfp://www.hunter.cuny.edu/cs/Faculty/Stamos/3DP_F03/PAPERS/pieta-cga.pdf

http://www.hunter.cuny.edu/cs/Faculty/Stamos/3DP_F03/PAPERS/pieta-cga.pdf
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☺ GOOD PRACTICE EXAMPLES

VIRTUAL ANASTYLOSIS

M. Canciani et al., „A method for virtual anastylosis: The case of the Arch of Titus at the Circus Maximus in Rome,“ 
ISPRS Annals of Photogrammetry, Remote Sensing and Spa'al Informa'on Sciences II-5/W1 (2013), 61–66: 
hfps://www.academia.edu/4401217/_2013_A_METHOD_FOR_VIRTUAL_ANASTYLOSIS_THE_CASE_OF_THE_ARCH_OF
_TITUS_AT_THE_CIRCUS_MAXIMUS_IN_ROME

https://www.academia.edu/4401217/_2013_A_METHOD_FOR_VIRTUAL_ANASTYLOSIS_THE_CASE_OF_THE_ARCH_OF_TITUS_AT_THE_CIRCUS_MAXIMUS_IN_ROME
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☺ GOOD PRACTICE EXAMPLES

TRAJAN’S PUZZLE

https://sketchfab.com/diglab

https://trajanspuzzle.trinity.duke.edu

https://sketchfab.com/diglab
https://trajanspuzzle.trinity.duke.edu/
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☺ GOOD PRACTICE EXAMPLES

CONTENT AWARE STUDIES (AI-DRIVEN ADDITIONS)

hfp://egorkrao.com/cas/

http://egorkraft.com/cas/
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☺ GOOD PRACTICE EXAMPLES

CONTENT AWARE STUDIES (AI-DRIVEN ADDITIONS)

hfp://egorkrao.com/cas/Paris, Louvre Ma 1170

http://egorkraft.com/cas/
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☺ GOOD PRACTICE EXAMPLES

STYLE ANALYSIS THROUGH VIRTUAL SERIES FORMATION

Masken aus dem aztekischen Heiligtum 
Tenochtitlan in Mexiko-Stadt (1390 – 1469 n. 
Chr.)
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☺ GOOD PRACTICE EXAMPLES

STYLE ANALYSIS THROUGH VIRTUAL SERIES FORMATION

M. Canul-Ku, R. Hasimoto-Beltran, D. Jiménez-Badillo, S. Ruiz-Correa and E. Román-Rangel, „Classifica*on of 3D 
Archaeological Objects Using Mul*-View Curvature Structure Signatures,“ IEEE Access 7 (2019), 3298–3313 
[hfps://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=8576529]; Diego Jiménez-Badillo, Salvador Ruíz-Correa
et al., „A machine learning methodology to analyze 3D digital models of cultural heritage objects,“ in DH 2018
[hfps://dh2018.adho.org/a-machine-learning-methodology-to-analyze-3d-digital-models-of-cultural-heritage-objects/] 
s.a. hfps://www.youtube.com/watch?v=siVo9cyQVCE

https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=8576529
https://dh2018.adho.org/a-machine-learning-methodology-to-analyze-3d-digital-models-of-cultural-heritage-objects/
https://www.youtube.com/watch?v=siVo9cyQVCE
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☺ GOOD PRACTICE EXAMPLES

ArchAIDE

hap://www.archaide.eu
haps://www.instagram.com/
archaide_project/

http://www.archaide.eu/
https://www.instagram.com/archaide_project/
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☺ GOOD PRACTICE EXAMPLES

VOLUME CALCULATION

http://capacity.ulb.ac.be/

http://capacity.ulb.ac.be/
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☺ GOOD PRACTICE EXAMPLES

hfps://www.harvard
artmuseums.org/art/
292633

München Inv. 2044

https://www.harvardartmuseums.org/art/292633
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☺ GOOD PRACTICE EXAMPLES

COMPOSITION OF THE CUP
INTERIORS

Berlin V.I.3757
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☺ ETRUSCANNING: ANALYSIS OF THE ORIGINAL FUNCTION

Cerveteri, bronze shields of unknown function from an Etruscan tomb (Tomba Regolini-Galassi)



112

☺ ETRUSCANNING: ANALYSIS OF THE ORIGINAL FUNCTION

Various hypotheses on the function of the bronze shields
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⚒

113

La tomba del principe Sabino
hap://www.principisabini.it/

RECONSTRUCTION

http://www.principisabini.it/
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? CURRENT RESEARCH QUESTIONS

CHALLENGES FOR DIGITAL 
ARTEFACT ANALYSIS

§ Implications for shape analysis and
category formation in the object sciences

§ Exploring data-driven abstractions of
shape

§ Solid object mining procedures with
regard to image and artefact evidence

§ Critical, reflected handling of simulation
results
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!

§ Good Prac>ce examples
of Shape Comparison

§ Data Representa>ons of
3D Shapes

§ Basics of Style Research 
and Shape Analysis

WHAT YOU SHOULD KNOW

§ Methods of digital 
Shape Analysis

§ Methods of Shape 
Retrieval and Object Mining
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! WHAT YOU SHOULD BE ABLE TO DO

§ Sorting a set of objects
and grouping them
according to type or style

§ Laying and comparing
sections through 3D models

§ Performing 3D 
comparisons using the
Hausdorff distance
(Tolerance Based Shape 
Comparison)



117

? POSSIBLE EXAM QUESTIONS

What is meant by style? 
What are the differences to

the concept of type?

In which way can 3D data of
objects be represented?

Why do established methods
of computer-assisted face

recognition have to fail with
historical portraits such as

the portraits of Roman 
emperors?

What are the advantages of
digital shape analysis of

three-dimensional objects? 
Give an example!

Give an applica>on example
for tolerance based shape

comparison!

Folie 66–71 Folie 14–24

Folie 36–62 Folie 36–52 

How might working with
collection objects change in 

the future? What
consequences does this have

for research in artefact
sciences?
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LITERATURE

https://discovery.ucl.ac.uk/id/eprint/1477618/1/pintus15geometry-lowres.pdf
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Wenn hier nicht anders vermerkt, entstammen die Abbildungen 
den auf der Folie angegebenen Publikationen. Die Rechte aller 
anderen Abbildungen liegen beim Autor, Institut für Digital 
Humanities der Georg-August-Universität Göttingen.
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ii IMPRESSUM

Nutzungsbedingungen:
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