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In a nutshell

* Interfacing GRASS GIS with 3D print workflows can be
done with the current GRASS modules.

* Prediction: Easy to use GRASS extensions for 3D
printing will come soon.

 Scientific 3D prints extend ,flat“ 2D science
communication

» Decelerated haptic data access (no-display-needed)

T « But there‘'s more to it... )
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Communicating scientific findings

The challenge:

 Picturing scientific data in one’s mind
« Communicating this vision to someone else

The need:
A tangible representation of scientific results.

Future
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,1he future is here” (again)

The potential of ,,3D printing“ as
featured in the news:
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,1he future is here” (again)

The potential of ,,3D printing“ as
featured in the news:

« Guns!
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,1he future is here” (again)

The potential of ,,3D printing“ as
featured in the news:

 Guns'!
 Human body parts !
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,1he future is here” (again)

The potential of ,,3D printing“ as
featured in the news:

 Guns'!
 Human body parts !
* Clothes'!
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,1he future is here” (again)

The potential of ,,3D printing“ as
featured in the news:

Guns!

Human body parts !
Clothes !

Candy !
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,1he future is here” (again)

The potential of ,,3D printing“ as
featured in the news:

Guns!

Human body parts !
Clothes !

Candy ! ,
Space Exploration ! # -
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3D Printing, the Gartner hype cycle, and science

» 3D Printing
A 3D Printing ® Cloud Computing

2008

Technolog: FPeak of
Trigger Inflated

. . . . - ..'.
Slope of Plateau of
Enlightenment FProductivity

Trough of
Disillusionment
expectations

http://surveys.peerproduction.net/wp-content/uploads/2012/11/GoogleTrendsGartnerHypeCycle.png
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3D Printing, the Gartner hype cycle, and science

» 3D Printing
® Cloud Computing
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« Handpieces for science
communication

« among scientists

* towards the general
public

« Showpieces for
exhibitions / trade fairs

« Condensed information
on content and quality

» <your application goes

here>
12



3D printing for science communication:

The larger picture

Target group

2 X %

Communication

Scientist %

~— /S
Scientific 3D ’
Data Print

Metadata Management
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The Scientific Library perspective — Why bother ?

 This is part of an emerging trend affecting (Geo-) Science and
Research, Libraries and the FOSS Communities.

« Identification, citation and preservation of scientific content needed.

« A tide of ,born digital® specimen, like 3D prints, is coming.

» Persistant identifiers are being introduced for scientific articles, data
and software — and 3D prints, e.g: Digital Object Identifiers (DOI).
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Libraries handle nontextual materials

— including globes.

t angemeldet e-Shelf  Mein Konto

Osterreichische Anmelden

- Nationalbibliothek

Suche OMB-Kataloge Feedback Hilfe

Digitale

Globen

Erweiterte Suche

Hinweis: Eine prazisere Abfrage filhrt eventuell zu weiteren Treffern.

[ rss

: . . Ergebnisse 111 — 120 von 703 fiir Globen sortiert nach: ¢ 10 11 12 13 14 >
Seite dem e-Shelf hinzufilgen Erscheinungsiahr v
111 [ [Himmelsglobus] : Demonstrationsmodell Horizont- und Aquatorsystem

Thema Leipzig : Rath Machfahren ; 1964
Erdglobus (513} @ Verfigbar in: ONE Kartensammlung und GSlobenmuseum
Himmelsglobus {110}
Erde =Geographies (108) Karte
Mondglobus  (43)
Atlanten, Karten  (33)

Mehr Optionen

Ergebnisse verbessern : @ Bartel, Erich

Bestellen  Standorte  Details

Person/Institution 112 "] Rand Mc.Nally World Portrait Globe
Krause, & (300 : ) Rand mMchally and Company, Chicago, 1L
Luther,JC (28} Mew York @ Rand Mc Mally ;1963

Meuse, R (z4) @ verfiigbar in: ONB Kartensammlung und Globenmuseum

Juttner, 1 (12}
Coronelli, ¥ (11}

tehr Optionen

Karte

. B . Bestellen  Standorte  Details
Erscheinungsjahr / Datierung

\;grSSZ‘LQBSS 19(5559) 113 |_] Raths Mondglobus
12 L7 5 @ Leipzig : Rath Machfahren ;1963

1964 Bis 1974 (50} = i S
Yerfiighar in: ONE Kartensammiung und Globenmuseum
1975 Bis 1991 (33) 9 g

Nach 1991 (18}
Mehr Optionen Karte

Sprache

' 3D printed

Globe /5

Gravity-
Field-Globe
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Nontextual materials: Past and present

The preservation of scientific data
specimen is already part of research:

= "Der Heidelberger Karl-Theodor-Globus
iz von 1751 bis 2000

: Vergangenes mit gegenwartigen
Methoden fur die Zukunft bewahren"

@ Springer

TECHNISCHE 1 6
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Linking research articles, data and 3D objects:

Important for researchers ... and research-based libraries

Digitale Restaurierung der Kupferstiche des
Heidelberger Globus von 1751

Der Heidelberger Karl-Theodor-Globus, der derzeit in der Ausstellung Kostbarkeiten gesammeiter Geschichte in der Universitatshibliothek zu sshen ist, wurde auf Anordnung des
franztsischen Kénigs und mit Genehmigung der kéniglichen Acadermie des Sciencesim August 1751 gefertigt. Die Kartographie wurde von Guillaume de la Haye gestochen
Hergestellt wurde der Globus in der Werkstatt des franzosischen Kartenmachers Didier Robert de Vaugondy (1723 - 1736)

Kurfarst Karl- Theador (1724-1799) orderte diesen Globus und das Pendant eines Himmelsgobus fir seine Mannheimer Bibliothelk

In unserer Arbeitsgruppe Visualisierung und Numerische Geometrie am [nterdisziplindren Zentrum fiir Wissenschaftliches Rechnen wurden die Papiersegmente mit Methoden
der digitalen Bildverarbeitung restauriert. Dazu finden Sie auf den folgenden Seiten sine Beschraibung und Behilderung.

| Beschreibung
Digitale Restaurierung des
Heidelberger Globus

Bereiligte Personen

Wiley Online Library TIBIUB Hannoverds Log in / Register ©

Home > Information Science & Technology = Information & Library Science > Universititshibliothek Heidelberg: Ordnung und System: Festschrift zum 60. Geburtstag
von Hermann Josef Dirpinghaus > Sumimary

BOOK TOOLS - . .
) Chapter 18. Ein Globus fir den Kurfiirsten Karl-Theodor
0 Save to My Profile [1n this book J
= Recommend to our Librarian Dr. Gisela Weber E Title T = - —

Jens Dannehl I Universititsbibliothek Advanced = Saved Searches =

Heidelberg: Ordmmg und

System: Festschrift zum 60. . R

P, Geburtstag von Hermann CHAPTER TOOLS

a ! Josef Disrpinghaus -”

Haowe to Get Online Access pinaha et POF (34350
@ Save to My Profile

FOR CONTRIBUTORS /\ Wl LEY E-mail Link to this Chapter
For futhors

— ‘.‘,., Export Citation for this Chapter
@, Request Permizzions

Digital Object orsectes
Ident|f|er (DOI) ation History | ISBI Information

BOOK MENU
Binok Home o
DO 101002797 83527624782.ch18
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Technische Informations Bibliothek (TIB)

German National Library of Science and Technology

Global supplier for scientific and technical information

TexteTexte TexteTexte
TextText Texte  TextText Texte
TexteTexte Tex
TextText Texte  Tex
TexteTexte  Tex | 1OVLETEXEE Ei g
TextText Texte Tex | TextText Texte
TexteTexte Tex | TexteText N ERLA G SZE; ?-S
TextText Texte Tex | TextText] —— _:_:_ - >,
— A
TexteTexte Tex | TexteText jo U RNAI {(\
TextText Texte  Tex | poytText F D 1
TexteTexte Tex TexteText _ JOU PNAI B ! ‘
TextText1 [ - JOURNAL B8
TexteText ¢

TextText1 |

TexteText |

Traditional text-based documents
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TIB — German National Library of Science and

Technology - Today

Getinfo Portal

« 57 Mio. metadata indexed with access to the fulltext (document
delivery, national licences, pay-per-view)

160 Mio. documents available via metasearch
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TIB

Strategy — Move beyond text

—«state>

<language>de<
<position/>
<length/>4</
<name>peter</
—<favourites>

—<favourite>

. 3D Objects

Software I

90/

Simulation

TECHNISCHE

INFORMATIONSBIBLIOTHEK

N
\._ . ." o : &
‘extText Texte
COmECEECDEE® it A ﬁ
TextText Texte

Research Data
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TIB

TIB — German National Library of Science and

Technology - DOI

» Worldwide first Digital Object Identifier (DOI) registration agency for
datasets (since 2005)

FORSC,,

e
JOUTZ
== B
o g.‘:: il i s
10001 : g R
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110 : i
z =3 z
(2%
e
N
i : ;
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&

10.3207/2950859860

DataCite

International Data Citation
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The road ahead
— the research library perspective

Interlinking and Search Across All

Ultimate Goal: Types of Digital Assets.

TI B TECHNISCHE
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3D printing for

science communication: GRASS GIS angle

Target group

2 X %

Communication

Scientist %

— A
Scientific 3D ’
Data Print

Metadata Management
I [ - >




Scientific
Data

Technical overview i
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Scientific
Data

Technical overview i

3D preprints - just a gdal/ogr extension ?
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Scientific
Data

Technical overview i

3D preprints - just a gdal/ogr extension ?

Thematic generalisation is needed: r3.modules
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Data

. . s
Technical overview:

Current situation

r )

v.in.ogr r.to.rast3 r3.mapcalc r3.out.vitk

r.in.gdal | |

Volume Volume
Ingest . .
generatlon processmg

_________________

_________________
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TIB

Wanted: 3D print workflow trailblazers !

» Volume generalisation with r3.x-modules requires currently
these skills:

» Science Interpreter/Communicator: ,What message to
convey ?“

» Technical/Software: create workflows in r3.mapcalc, script
these

« Admin/Pioneer: be able to install patches for GRASS7 due
to bugs (volume-related), help improve code maturity

TECHNISCHE 28
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TIB

Example: Thematic generalisation with r3.mapcalc

» Task: Separation of geologic volumes along complex faults (,cutting pane*)
» Requirement: Volume hulls must be continuous (no holes).
 Solution: ,,Growing“ of fault lines into cutting panes with r3.mapcalc.

Faults

Geologic
stratum

TECHNISCHE TrICKy 29
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Multiple linked learning processes

TIB Hannover

FabLab — T
,,Wissenschaftsladen® i
Potadam Materials ol
(Elevation
INAF Models)
strophysics Institute,
Rome

GIS workflow
GFZ Potsdam S e T
Simulations
Printing
/\ Process —
Initial GIS-driven Expertise Data Sources
Stakeholders experiments
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Processing:

Software tools and formats

Paraview D
= i

/

Geologic ‘ ‘ ‘ apMan
Models Printer
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Hardware example:
RapMan 3.2 3D printer

TI B TECHNISCHE
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RapMan 3.2: Reality check

A
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RapMan 3.2: Reality check

-

Marcel
Ludwig
Resident 3D
printing expert
at GFZ Potsdam
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RapMan 3.2: Reality check

Marcel
Ludwig
Resident 3D
printing expert
at GFZ Potsdam
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RapMan 3.2: Reality check

|

T
E—

X' Print head,
=& cooling fan

Marcel
Ludwig
Resident 3D
printing expert
Raw at GFZ Potsdam
Material

TI B -II-I::::IIVSIATINSBIBLITHEK Contl’Ol 36
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Close-Up: Actual printing

Print
head

Internal
3D printing support
in progress . structure

External

support
structure
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Application examples
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Elevation models
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More elevation models

Mekong River Catchment
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More elevation models

Mekong River Catchment

'

Olympus Mons, Mars
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More elevation models

Mekong River Catchment

'

Olympus Mons, Mars

Brukkaros Mountain, Namibia
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More elevation models

Mekong River Catchment

*

Olympus Mons, Mars

Brukkaros Mountain, Namibia

TIB | recimscee It glows in the dark !
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Mars north polar cap / NA
satellite-based ground penetrating Radar

Images:
GFZ Potsdam,
INAF

Lo
underside

Olympia Undae

Planet Mars: : 44
North Polar Cap Alessandro Frigeri, INAF, 2012




Layer stacks of 3D bodies (Geology)

Images: GFZ Potsdam
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Close-up: Geologic volume stack example

Images: GFZ Potsdam
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Complex data sets:

F

Helmholtz Centre
PoOTsSDAM

Tsunami propagation space-time-cubes

Tsunami
Model

Tohoku
Shoreline

» Space Time Cube /\
(STC) of tsunami
wave propagation.
« Complex wave
propagation in time
and space.

» Allows visual model
quality assessment.

* Produced by GFZ
Potsdam in 2012.

* On permanent
display at the Osaka
City University (2014)

Time
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Recap: But there's more to it..

* Interfacing GRASS GIS with 3D print workflows can already done with
the current GRASS modules.

* Prediction: Easy to use GRASS extensions for 3D printing will come
soon.

« Scientific 3D Prints extend ,flat“ 2D science communication

» Decelerated haptic data access (no-display-needed)

» Large potential for science communication

* The bigger picture of Open Science: Open Data, Open
Source, DOI

« Thematic generalisation via r3.x — modules.

InFoRmATIONSBIBLoTHE * Much more coming

48



Freely available geologic data sources ?

The situation is improving

Main Main

Open S elsmic Rep ogitorv Netherlands Offshore F3 Block - Complete

Free and public data sets are available for download below. Wwe are looking for @ Download Torrent

rmore surveys to make available. Download The *stacking velocity function’ for time-depth conversion exercise!

Right click on the link and Sawve the link as lelocity_functions txt

Download Free Seismic Smvevs [Torrents]

n [etherlands Offshore F3 Block Complete 4 GB

Z = . _ General
Datz Summany! 30 Seismic Datz, dcoustic Impedance, Wells, Horzons
= Metherlands Offshore F3 Block Seismic Only 494 MB Country: The Metherlands
Datz Tummary! 30 Seismic Data, Wells, Horizons Lacation: Offshore, MorthZea
» Laurentian Basin Canada Complete 2 GB BlDCk:_ 5 o
X Coordinates: M 54°52°0.86" / E 4°48'47.07 view in Google Earth
Datz Summarny! 20 Data (29 lines)
ear: 1987
= USGS Central Alaska Seismic Only 264 MB Data Surmrnary 30 Seisrnic Data, Acoustic Irmpedance, Wells, Haorizans
Datz Summmary: 20 Data (17 lines) Size: 9,15 GB {uncompressed), 5,71 GB (download)
» Penobscot 30 Survey (Complete Pre-stack data is also available) License: (o) ETEEI

Datz Summany! 30 Sefsmic dats, Prestack 30 dats, Wells, Horizons

» Blake Ridge Hydrates 30 914 MB
Datz summary! 30 P5TM volume offshore South Caroling with gas
hpdrates

Contributor

Corpany: dGB Earth Sciences B\,
Website: v, dGBes com

Company: THO

http://opendtect.org/ /S R —
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