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3D Similarity Search and Object Restoration - Research and Applications in Virtual Archaeology 

3D object data is an important data type to describe object shape, with many applications in fields including mechanical engineering, simulation and visualization, architecture or archaeology. Recent advances in 3D digitization technology allow the acquisition of 3D shape ranging from mobile, ad-hoc digitization to high-end mass digitization workflows. This leads to more 3D data becoming available, and allowing more applications to leverage 3D data. Specifically, also in Archaeology and History researchers can benefit from 3D technologies, e.g., for presentation of content to remote audiences, for conducting shape-based analysis and virtual restoration, and for long-term preservation of content. In this talk, we introduce methods for content-based similarity search in 3D object data, supporting the comparison, re-usage and exploration in 3D repositories. We also review results of the EU research project PRESIOUS (www.presious.eu), showing how similarity-based methods can help in Virtual Archaeology with reassembly and object completion tasks. We also outline a number of research opportunities for developing search technology with potential applications in Archaeological research. 

Bio: Tobias Schreck is a Professor with the Institute for Computer Graphics and Knowledge Visualization at Graz University of Technology, Austria. Between 2011 and 2015, he was an Assistant Professor with the Data Analysis and Visualization Group at University of Konstanz, Germany. Between 2007 and 2011 he was a Postdoc researcher and head of a junior research group on Visual Search and Analysis with Technische Universität Darmstadt, Germany. Tobias Schreck obtained a PhD in Computer Science in 2006 from the University of Konstanz. He works in the area of Digital Libraries, with interests in 3D object retrieval and applications in cultural heritage. He was a PI in the EU FP7 Project PRESIOUS, developing methods for the completion of fragmented and eroded 3D objects of cultural heritage artifacts. He also works in the area of Visual Analytics, with research interests in techniques for time-oriented, high-dimensional and geospatial data. He has co-authored more than 140 peer-reviewed works, including articles in Transactions on Visualization and Computer Graphics, Computer Graphics Forum, and Computer Graphics and Applications. In 2017, he serves as a Paper Co-Chair for the IEEE VIS Conference on Visual Analytics Science and Technology (2017), and the EG Workshop on Graphics and Cultural Heritage (2017). 
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Motivation — Many 3D Applications

= Engineering {4 ’i “’f ’i = f i i
= Architectural Design i N ?j\: ?
= Simulation and Visualization alolealels el
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[http://www.presious.eu/]




Motivation — 3D Data and “Big” 3D
Data

CultLab3D, Fraunhofer 1GD
(http://www.cultlab3d.eu/)

Kinect Sensor
(Microsoft)
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High-precision scanning 3D reconstruction from crowd photos (courtesy of Michael
(Dirk Rieke-Zapp, PRESOUS, AICON 3D) Goesele) http://www.gris.informatik.tu-darmstadt.de/—mgoesele/
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„Digitization“ in the mainstream nowadays
Data-driven processes and analysis
Increase in available 3D data
Need for search and analysis techniques
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Also applies of course to image-based digitization.
Göttinger Digitalisierungszentrum
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Virtual Hampson Museum

Hampson Archeological Museum State Park

About the Project What is Nodena? Browse the Collection 3D Nodena Village 3D FAQ

The amazing materials at the Hampson Museum State Park were made possible by the efforts and
dedication of Dr. James K. Hampson. Dr. James Kelly Hampson was born in Memphis, Tennessee on July
9, 1877. In 1898 he graduated from the College of Medicine, now the Medical School at the University of
Tennessee. He then attended the New York Polyclinic School and went on to practice medicine for over 25
years in Memphis, and at Nodena and Fort Smith, Arkansas. Dr Hampson died on October 8, 1956.

Dr. Hampson coupled his interest in science and background in medicine with an interest in archaeology
and this resulted in the excavation of over 1,000 burials at Nodena alone. Dr. Hampson took great care to
ensure that the materials he found were not scattered far and wide into various public and private collections
as was common with other sites in the region at the time. Additionally he worked with a number of
professional archaeologists including Walter B. Jones of the Alabama Museum of Natural History; Samuel
C. Dellinger of the University of Arkansas, who Hampson generously permitted to excavate Nodena; and
Stephen Williams of Harvard, who Hampson permitted to extensively study his collection in 1953.

Modern Arkansas laws now make the disturbance of human burials
without a permit illegal and permits are issued only when impacts

Dr. James Kelly Hampson from construction or other damage are unavoidable. But in the first
half of the 20th century excavation of human remains was unfortunately all too common. While other
excavators in this time were often not much better than looters, Dr. Hampson carried out his work with care
and attention, drawing on his medical training and experience, and he collaborated with professional
archaeologists. According to Williams, “Dr. Hampson brought an inquiring mind and a sound knowledge of
the scientific method to the subject of archaeology... his methods equaled those of his professional
colleagues working in the area at the same time.”

For more on Dr Hampson see:

The First Hampson Museum

'gg_ http://hampson.cast.uark.edu/ V4
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Kansas Ausgrabungen, kompakte lokale Collection
Native American Pottery

http://hampson.cast.uark.edu/

Virtual Hampson Museum

(2 Artifact Viewer - Internet Explorer — >

& http://hampson.cast.uark.edu/artifact.php?IDart=1

Ark M head pot

——

Hampson ID: 0
Form: Headpot
Site: Shawnee Village

From Shawnee Village, this headpot is
especially noteworthy for the incising on
the face, which may represent tattooing.
Headpots are a very rare and unique form
of pre-historic Native American pottery
found almost exclusively in northeast
Arkansas and the adjacent boot heel region
of Missouri. They are distinguished from
other native North American pottery in that

"4 3D Viewer

VRML (Lo) | 3D PDF (Lo) | OBIJ (Lo) | OBIJ (Hi)
This work is licensed under a

Click on links above to download a 3D model of this artifact. Hovering over = e e
the link will give description of the 3D formats bbbyl il
- - giv SEAE . IR = Sh=. Moncommercial-Share Alike 3.0
Unported License.

'EU http://hampson.cast.uark.edu/artifact.php?lDart=1 8
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View, download

http://hampson.cast.uark.edu/artifact.php?IDart=1

Case Study: Pergamon Web

—



http://3d.smb.museum/pergamonaltar/

Case Study: Pergamon Web

Der Ostfries

Der Ostfries schmiickte den Pergamonaltar an herausgehobener
Stelle. Da diese Altarseite dem Hauptzugang des heiligen Bezirkes
gegendberlag, richteten die Besucher der Altarterrasse:
unwillktirlich ihren ersten Blick auf diesen Friesabschnitt.

So bildet die Darstellung auf der Ostseite das kompositorische und
erzahlerische Zentrum des Frieses: Die olympischen Gotter
ercffnen gemeinsam mit Herakles den Kampf gegen die Giganten.
In der schiecht erhaltenen Friesmitte lenkt Hera das Viergespann
des Zeus heran. Die Pferde trampeln die sich ihnen
entgegenstellenden Giganten einfach nieder. Herakles, dessen
Pasition nur mehr durch die erhaltene Inschrift mit seinem Mamen
erschlossen werden kann, kampft an der Seite des Zeus, der mit
ausgreifender Bewegung seine Gegner niederstreckt. Dem
Anfuhrer der Giganten, dem glutaugigen Porphyrion, schleudert der
Géttervater einen todbringenden Blitz entgegen. Wahrend rechts
von ihm seine Tochter Athena den Giganten Alkyoneus an den
Haaren packt, fleht die Erdmutter Ge zu Fillen der Géttin
vergeblich um das Leben ihres Sohnes. Athena aber wird bereits
von der heranschwebenden Siegesgoéttin Nike bekranzt. Der
Friesabschnitt endet an der Nordostecke des Altars mit dem
Kriegsgott Ares, dessen Zweigespann sich vor einem gestirzten
Giganten aufbaumt.

In der sudlichen Frieshalfte kampfen Leto und ihre beiden Kinder
Seite an Seite. Wahrend die Zeus-Geliebte Leto ihren durch
Krallenhdnde verunstalteten Gegner mit Hilfe einer Fackel

r kt, ver: die ister Arternis und Apallon
todliche Pfeile. Ein die Jagdgéttin Artemis begleitender Hund beifit
in das Genick eines schlangenbeinigen Giganten und besiegelt
dessen Schicksal. Unterstitzung durch einen Hund erfahrt auch
die dreigestaltige Hekate im Kampf gegen den Giganten Klytios, der
im Begriff ist, ihr einen groBen Stein entgegen zu schleudern. Im

=

D ://:l%d .smb.museum/pergamonalta
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EU Project PRESIOUS (2013-16) &
Restoration of 3D Archaeologic Data s

e Tools for Virtual
Archaeology

 Work packages:
— Predictive scanning

— Degradation
assessment

— Fragment reassembly

— Similarity-based object
completion and repair
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Reassembly und Completion im CH Bereich. EU Projekt PRESOUS (Universität Konstanz)


Workflow for Virtual Restoration

Surface
Classification

Fracture surface segmentation is done
by clustering or region growing using
roughness measure

Roughness R Set N of Norm of difference

at Vertex p vertices within between normal n at p

and radius r radius r and normal n; at vertex
around p iinN

apaioannou, T. Schreck, A. Andreadis, P. Mavridis, R. Gregor, I. Sipil
eassimbly to object completion - a complete systems pipe
Cultural Heritaage. 10(2) Eebruarv 2017 gz



Workflow for Virtual Restoration

 Fragment
Reassembly

G. Papaioannou, T. Schreck, A. Andreadis, P. Mavridis, R. Gregor, I. Sipiran, and K. Vardis.
IU From reassembly to object completion - a complete systems pipeline. ACM Computing 15
razm and Cultural Heritaae 10(2). Februarv 2017
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Identification of external feature lines is a semi-automatic process.
It is guided by a curvature threshold search starting from a seed point.
The line is obtained by fitting a spline.


Workflow for Virtual Restoration

Merging & Automated Missing Parts

Surface Fragment Symmetry-based Template-based
- Comy n Annotation Inpainting Computation

Classification Reassembly Completion

Partially assembled object

=

Repair repository
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Workflow for Virtual Restoration

Surface Fragment
Classification Reassembly

Template-based Merging & Automated Missing Parts
Completion Annotation Inpainting Computation

Sym melry based

' Gifgor R., and Schreck, T., Approximate

eshes, Computer Graphlcs Forum, vol. 3\’




Workflow for Virtual Restoration

Symmetry-based
Completion

Heat kernel: heat flow from x to y at time t:
oo
Ki(x,y) = Z e M i(2)di(y)
i=0

Heat flow from x to x at time t:
00

W, t) = Ki(w,0) = Y e Noy()?

i=0
Measure of retained heat at x at time t:

Protruding points

t
identified by heat H(x,t) = / h(x,t)dt
0

diffusion analysis

U I. Sipiran, Gregor, R., and Schreck, T., Approximate Symmetry Detection in
-E,az. Partial 3D Meshes, Computer Graphics Forum, vol. 33, no. 7, pp. 131-140, 2014.
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The fundamental solution of the heat equation is Kt(x; y) called the heat kernel.
This represents a solution with a point heat source in x and can be considered as the
amount of heat transferred from x to y at time t supposing that the heat source is x.
For compact manifolds, the heat kernel can be expressed using the eigenvalues and
eigenvectors of the Laplace-Beltrami operator as follows: … where Lambda i is the i-th eigenvalue and phi i() is the i-th eigenvector's entry corresponding to a given point.

The protrudent points are the maximum of the retained heat.
The 



Workflow for Virtual Restoration

urfa Fragme Symmetry-based -based lergir _, Automated
N < - {Comletion ’&b i : .

0 an, Gi‘g_egor, R., and Schreck, T., Approximéte Sy
a D I% eshes, Computer Graphics Forum, vol. 33, no.



Workflow for Virtual Restoration

Surface Fragment Symmetry-based Template-based Merging & Automated Missing Parts
Classification Reassembly Completion Completion ~ Annotation painting - L0 &;;_-.-‘f:a'“ai._ "

Watertight output




Virtual Shape Completion with
AR Technology (Hololens)
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Courtesy of:
Dr. Pavlos Mavridis (3D restoration), Dr. Volker Settgast (Holonens experiment)
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FWF Research Project 2018 — 2021

https://www.tugraz.at/institute/cgv/research/projects/crosssave-ch/

Crossmodal Search and
Visual Exploration of 3D
Cultural Heritage Objects
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Motivation

= In cultural heritage research, often objects need to be
compared based on shape and image properties

= For example, for painter and potter attribution in vessels; exploring
trading routes, stylistic influence etc.

= Problems in practice

= Object documentation often is given in different modalities (3D, 2D,
sketch, diagram, textual description, ...)

=  Documentation distributed and/or not fully digitized




3D Object Retrieval

feature extraction insert

Search for similar 3D

objects given a query
Example object
User sketch

NN-search

HEEEEE NN
high dimensional high dimensional
feature vector index structure

Problem: Definition of

mi I i ’"-;.‘_ e | B AN NG
similarity function - . s| S

Our approaches

Feature-based retrieval
Sketch-based retrieval e iml ey &‘ T?“’T FrT ﬁ% g

SE A 11k D@l !
CERENE a4

N = U T. Schreck. What features can tell us about shape. Computer Graphics and
" Grazs Applications, 37(3):82-87, 2017.
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Feature-basierte Such: Berechnung von Deskriptoren (Feature Vectors) für die Ähnlichkeitssuche. Frage: welches sind die relevanten Merkmale? -> Experimentierung. Query by example: Vorgabe eines konkreten Objektes ans Suchanfrage, dann Ranking nach Ähnlichkeit.


Work Package 1: Searching for 3D
Objects with Hybrid 3D+Sketch Queries

3D+sketch
object
(query)

# View descriptor

Structure

b .
descriptor

SSSSS

View descriptor

sssss

Structure
descriptor

3D object
(target)




Work Package 2: Finding Occurrences

of 3D Objects in Images

3D object
(query)

Edge
detection

In archaeology [edit]

Chronologies based on pottery
have been essential for dating
Mississippian cultures. Along with
anthropologists and historians,
archaeologists study of the pottery
has provided one of the best
insights into the culture. Because
pottery is durable and often
survives long after artifacts made
from less durable materials have

decayed past recognition,

h. " .

Non-local pottery found at &7
Moundville, showing trade with
other groups
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Edge detection

View
generation

Interest point

2D Image
[target)
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4.3 Work Package 3: Interactive
Prototype and Result Visualization
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4.3 Work Package 3: Interactive
Prototype and Result Visualization
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Topic treemap
https://qithub.com/topics/treemap

Authorship networks and topic/timeline matrix
Henry et al., 1JCHI 2010
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https://github.com/topics/treemap

DEMO (Stefan Lengauer)

S. Lengauer, A. Komar, A. Labrada, S. Karl, E. Trinkl, R. Preiner, B.
Bustos, and T. Schreck: Sketch-Aided Retrieval of Incomplete 3D
Cultural Heritage Objects. Proc. Eurographics Workshop on 3D
Object Retrieval 2019. (accepted)

) GGV,



Retrieval of Incomplete 3D

Objects

Its

Ranked Resu
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Incomplete 3D Object




sources

3D Objects

Attic black-figured
lekythoi, 5th century BC.

Attic black-figured lekythoi, 5th century BC.
(courtesy of Landesmuseum Karnten)
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sources

3D Objects
Attic black-figured
lekythoi, 5th century BC.

2D Images from CVA

Volumes Attic black-figured lekythoi, 5th century BC.
. (courtesy of Landesmuseum Karnten)
CVA Berlin XlI11

CVA Berlin XVII
CVA Athens V

Zimmerman-Elseify ""Corpus Vasorum Antiquorum Berlin,
Antikensammlung 17", Deutschland 102. Minchen, 2018
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sources

3D Objects
Attic black-figured
lekythoi, 5th century BC.

2D Images from CVA

Volumes Attic black-figured lekythoi, 5th century BC.
. (courtesy of Landesmuseum Karnten)
CVA Berlin XlI11

CVA Berlin XVII .= | | |
CVA Athens V : '

Extraction w
Image Segmentation
Number registration with

OCR Zimmerman-Elseify ""Corpus Vasorum Antiquorum Berlin,
Antikensammlung 17", Deutschland 102. Minchen, 2018




Pipeline

= 2D Search Space Preprocessing
= Segmentation, Cropping

WO
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Doma literature (target) Segmentati Crop &Preprocess




Pipeline

= 3D Input

= View generation

View Generation

WO
oWl el i

Doma literature (target) Segmentati Crop &Preprocess

3D Object (query)




Retrieval

* View-based approach

= Transformation of 3D object
to common 2D base modality

= Appropriate view determined
by user




Retrieval

View-based approach

Transformation of 3D object
to common 2D base modality

Appropriate view determined
by user
2D shape features

Histogram of oriented
gradients (HOG)

Region-based gradient
orientation and strength

Dalal, Navneet, and Bill Triggs. ""Histograms
of oriented gradients for human detection."
international Conference on computer vision &
Pattern Recognition (CVPR'05). Vol. 1. IEEE
Computer Society, 2005.




Pipeline

= Retrieval Process
= Returning a list of results, raked by similarity

Content-based Retrieval

3D Object (query) View Genera tion
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Domain literature (target) Segmentatl Crop &Preprocess Feature Extraction

Feature Extraction
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Live Demo: Retrieval from complete 3D object
Live Demo: Retrieval with incomplete 3D object


Pipeline

= Retrieval Process

= Returning a list of results, raked by similarity

I

Incomplete 3D object
(query)

W

WoW
EI'I

wi

Domain literature (target)

Content-based Retrieval

Feature Extraction

Feature Extraction
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Live Demo: Retrieval from complete 3D object
Live Demo: Retrieval with incomplete 3D object


Pipeline

= Sketch-completion

= Completion of the input by sketch and subsequent inpainting

Sketch Completion
Incomplete 3D object 3D Sketch Completion
(query)

‘-

View Generation &
Preprocess

[T
[ I

Domain literature (target)

W
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Segmentation

Content-based Retrieval

Feature Extraction

Feature Extraction
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Live Demo: Retrieval with sketch-completed object
Inpainting *not* realistic, but supports the descriptor


Pipeline

= Sketch-completion
= Completion of the input by sketch and subsequent inpainting

Sketch Completion Content-based Retrieval

Incomplete 3D object 3D Sketch Completion View Generation & Texture Inpainting
(query) Preprocess

Wi g
i el @ -

Domain literature (target) Crop &Preprocess
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Live Demo: Selective Weighting


Pipeline

= Selective Weighting
= User-specified interest areas through interface

Sketch Completion Content-based Retrieval
' . ' - W = . . — 144 g i
Incomplete 3D object 3D Sketch Completion View Generation & Texture Inpainting = = g L ; j ’
(query) Preprocess Feature Extraction Similarity Scoring | Ranked Results
— | p— .
= ¥ e - e s
2d° 1 g@® I —
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Domain literature (target) Segnfrﬂaﬂon Feature Extraction Selective Weighting Quiality Assessment
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Live Demo: Selective Weighting


Results

Reference
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S. Lengauer, A. Komar, A. Labrada, S. Karl, E. Trinkl, R. Preiner, B. Bustos, and T. Schreck, Sketch-Aided Retrieval of
Incomplete 3D Cultural Heritage Objects, Proc. Eurographics Workshop on 3D Object Retrieval 2019. (accepted)
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Conclusion

3D digitization an opportunity to preserve cultural
heritage artifacts

Virtual restoration and distributed
presentation/analysis

Similarity search as key technology

Sketch-based approaches interesting as intuitive
Interfaces for search, modeling and restoration

Cross-modal linking of data to leverage 2D, 3D
and textual research data archives

Ty
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Fragen/Archäologie
http://repertorium.uni-goettingen.de
Sprachlogische Beschreibung ergänzen?
Stilforschung und Kategorien?


Thank you for your kKind
attention.

Questions or Comments?
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