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On the study of 3D digital models
of historical silver coins:
an integrated approach
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COSCH

STSMs’ Aims
to contribute to: CULTURAL HERITAGE
* The development of an efficient and comprehensive methodological framework for the
3D digital data capture , processing and analysis of historical silver coins
» Establish whether the selected recording 3D systems and techniques  can support the
comparison of certain features and properties ;
» A better knowledge about the surface characteristics of historic coins, by characterizing
and analysing a number of relevant geometrical and topological features, using distinct
metrological software , techniques and procedures ;
» Publication of a guide to good documentation practi ce, including relevant digital
preservation guidelines.
COST is supported by the EU Framework . . -S> COS t
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e COSCH
STSMs’ Aims
to address COSCH's: SO HEHEARE

» Case study : Study of Roman silver coins using spectroscopic and 3D imaging approaches.

« WG2: Spatial object documentation

Topic 6 - Comparative analysis of measurements realized for one single object.

» WGS: Algorithms and procedures
Topic 1 - Registration processes.

Topic 3 - Data access and formats.

» Think tank on vocabularies : by making use of metrology standards (JCGM, VDI/VDE), terms,

methods and techniques.

« COSCH Knowledge Representation (KR) App

Rl 05T i supnoned by the EU Framework COSCH Final Conference, Mainz 10-11/10/2016 CCcosc
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COSCH

Case Study
Study of Roman silver coins using spectroscopic and 3D imaging approaches  SioF & seace i

CULTURAL HERITAGE

Test coins
coin A coin B
obverse
Inscription/figure: Inscription/figure:
DIVA FAUSTINA DIVA FAUSTINA
awers

Inscription/figure:
NAETER-NITA

Inscription/figure:
VES-TA

(photos by L.W. MacDonald)

. ~
Rl 05T i supnoned by the EU Framework COSCH Final Conference, Mainz 10-11/10/2016 cosE

EUROPEAN COOPERATION



N
CccoskE

Coins

Typical online data record

£\ Portable
J¢! Antiguities
Scheme
COIN

Unique ID: SWYOR-2B3228
Object type certainty: Certain
Warkflow status: Awaiting validation 9

A Roman silver coin; a denarius of Faustina Il struck under Marcus
Aurelius and dating from the peried AD 161 to 175. WVNOM| REGINAE
reverse. Rome mint. RBIC Il p. 270, no. 696. The coin is 17.5mm diameter,
2.6mm thick and 2.99g. Compare LEIC-2E1151.

Find of note status

This is a find of note and has been designated: County / local importance

Subsequent actions

Subsequent action after recording: Returned to finder

Chronology

Broad period: ROMAN
Period from: ROMAN @ Q,
Period to: ROMAN B Q
Date from: Circa AD 161
Date tor Circa AD 175

Dimensions and weight
Quantity: 1
Thickness: 2.6 mm

Weight: 2.99 g
Diameter: 17.5 mm

Nicernverv dates

https://finds.org.uk/database

|
‘Illllili|IIII|IIIi£1III|IIII|IIIliIIII|III|li1H|I
0 1 3 4 5

View sl | Zoom @ | Download &

Image use policy

Qur images can be used under a CC BY attribution licence (unless
stated otherwise).

5 ‘ MANTIS Department~  Browse  Seach  Maps-  Compare

COSCH
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ANS Home: Search Q

SHARE:

RIC Il Antoninus Pius 344 (denarius). 1937.158.506

Physical Description

Axis: 7

Measurements

Weight: 289
Diameter: 17

Tupological Description

Date: AD 141

Object Type: Coin @
Manufacture: Struck
Denomination: Denanus &
Material: Siver g

Authority
Authority: Antoninus Pius &
Geographic

Mint: Rome &
Region: lialy @

Obverse

Reverse

Reverse: AETERNITAS

Description: Bust of Faustina |, draped, nght
hair elaborately waved in several loops round
head and drawn up and colied on top
Portrait: Faustina the Elder ¢

Description: Juno{?), veiled, draped, standing
front, head lefl, extending right hand and
holding nearty vertical sceptre in left

Deity: Juno @

NUDS/XML RDFXML TTL JSON-LD KML GeolSON

References
Reference: RIC Il Antoninus Pius 344 (denarius)
&
Reference: BMC 345
Administrative History

Identifier; 1437 158 506
Depanment: Roman
Collection: American Numismatic Sociely &

SubjectSet

series: RIC13

http://numismatics.org/collection/
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coins

Typical online data record

Roman Provincial Coinage Online

Database

Volume 4, N© 13655 (temporary)

Pictured: Image of spedmen %1

Large image Full-size image All specmen images

Volume 4

Number 13655 (temporary)
Province Egypt

Region Egvpt

City \Alexandria

Reign \Antoninus Pius
Person Faustina 1 {Augusta)
Issue YearIl' =13

Date 149/50

Obverse inscription|©AVCTINA CEBACTH

Obverse design draped bust of Faustina II, r.

Reverse inscription |L 17

Reverse design \Athena standing, facing, head, I., holding Nike and long spear; beside, shield

Metat— [SitTer—_
Average diameter (23 mm \
Average weight 12.09 g

Type reference [0 3235, M 2033
Correction

Specimens of this coin type

#|Collection Bibliography W eight| Axis)Countermark NoteImage
1(0 2033 23 mm|11.72 g| 12 \ Pictured
2[NY 1944.100:61958 & 22mm|12.64 g| 12 ] MNone
3|B (Lobb) 24 mm(11.90 g| 12 / MNone

4 Historical Coin Review (Victor England) X111, 2 (Spring, 1988), 4N 24 mm / MNone

http://rpc.ashmus.ox.ac.uk/coins

0 C RE Browse  Search Maps Symbols  Conirbutors Visualize Quenes AP

RIC 1l Antoninus Pius 344 (denarius). 1951.117.16
Collection  American Mumismafic Society
Axis
Diameter
Weight

RIC 344 denarius, Antonino Pio, 37752
Collection  Archaeological Museum of Liria

http://numismatics.org/ocre
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COSCH

Method
Used SOTTHAL HERTTAGE

3D DATA 3D DATA
353;‘;3‘ WORKSPACE ACQUISI- POST- 3D MODEL
TION PROCESSING

. ~
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Method
Used (sometimes...) CULTURAL HERITAGE

information about...
A

[ \
3D DATA 3D DATA
38[\1/ Sl:uTAELA WORKSPACE ACQUISI- H POST- 3D MODEL
TION PROCESSING

. -
Rl 05T i supnoned by the EU Framework COSCH Final Conference, Mainz 10-11/10/2016 cosE

EUROPEAN COOPERATION



-
CccoskE

Method
Proposed

REASONS/ PLANNING DATA
QUESTIONS COLLECTION
Numismatic Strategic
Archaeological Operational
Historical
Scientific
Technological
Methodological
e Metadata
Paradata
()
3D DATA 3D DATA
s WORKSPACE ACOUISI- POST- 3D MODEL
SYSTEM Ql
TION PROCESSING
Accuracy
Resolution
Precision
NON-INVASIVE INVASIVE
incl. no cleaning & incl. cleaning &
no coating coating
NON-DESTRUCTIVE NON-DESTRUCTIVE DESTRUCTIVE
3D SL/LS Scanning SEM-EDX {erelierslote. To @ty
as much as possible!
Digital Microscopy MicroCT
Photogrammetry, StM i Pycnometry (?)
Photometric Stereo etc.
PTM/RTI
XRF
etc.
3D DATA STRATEGY 3D DATA
ERRORS &
Environment Hardware Software Technician CH object MEASUREMENT
; UNCERTAINTY
Light Resolution Algorithms Training Form, Material
Temperature Accuracy Parameters Experience Size, Scale
Humidity Precision definition Skills Location
Vibrations Lens, Calibration Filters Condition

DATA INTERPRE-
TATION

ANALYSIS

Quantitative
Qualitative
Different software
3D Topological
2D/3D Geometrical
4D

etc.

COSCH
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COSCH

Method
Proposed

COLOR & SPACE IN

DATA INTERPRE- CULTURAL HERITAGE
ANALYSIS TATION

REASONS/

DATA
QUESTIONS PLANNING

COLLECTION

Numismatic Strategic Quantitative
Archaeological Operational Qualitative
Historical Different software
Scientific

3D Topological

Technological 2D /3D Geometrical

Methodolegical

e Metadata b
Paradata
()
3D DATA 3D DATA
353;‘;3‘ WORKSPACE ACQUISI- POST- 3D MODEL
TION PROCESSING

Accuracy
Resolution
Precision

no coating coating
NON-DESTRUCTIVE NON-DESTRUCTIVE

NON-INVASIVE INVASIVE b ut Iease
incl. no cleaning & incl. cleaning & EE y
’ DESTRUCTIVE

3D SL/LS Scanning ! SEM-EDX

Digital Microscopy MicroCT

Photogrammetry, StM Pycnometry (7)

Photometric Stereo | etc.

PTM/RTI

- the data!

3D DATA STRATEGY 3D DATA

ERRORS &

Environment Hardware Software Technician CH object MEASUREMERLT
UNCERTAINTY

Light Resolution Algorithms Training Form, Material

Temperature Accuracy Parameters Experience Size, Scale

Humidity Precision definition Skills Lacation

Vibrations Lens, Calibration Filters Condition

COST is supported by the EU Framework . . t
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Data Acquisition Systems & Techniques

Used

COLOR & SPACE IN
CULTURAL HERITAGE

Date &
Institution System/Technique  Cleaning Coating observations
2014.09 . 3D Structured Light Yes Yes Coating applied: Helling 3D Scanning Spray, Helling Gmbh. Titanium dioxide (TiO,) powder
WUT (SL) Scanning dispersed into an alcohol solvent. Applied with airbrush and compressor; removed mechanically
with brush; cleaned with distilled water; dried with hot air.
3D models not included for further comparisons: computational artefact caused by systematic
error during 3D data acquisition.
2014.10-11 . MicroCT X Data to be used as Ground Truth (GT): not made available in time for STSM.
SAS . SEM Yes Used isopropanol for ultrasonic cleaning the coins. Conservators from BM were dubious about
ultrasonic cleaning techniques.
. EDX Yes X Used isopropanol for ultrasonic cleaning the coins. Conservators from BM were dubious about
ultrasonic cleaning techniques.
201412 . XRF X X
NMK
2015.01 . 3D SL Scanning X X 3D data acquisition repeated 2015.10.
AICON
2015.01 . 3D SL Scanning X X 3D models: not representative of the possible highest resolution outcome of system.
RBINS _SfM X X
. PTM/RTI X X
2015.02-03 . 3D Laser Scanning ? P 3D models: only obverse recorded. Not representative of the possible highest resolution
ucL outcome of system.
. PTM/RTI ? X
. Photometric Stereo X X 3D models derived from PTM/RTI and 3D laser scanning - (LS) Arius - from UCL.
2015.04-05 . 3D Laser Scanning X X 3D models not included for further comparisons: data quality too unreliable and low (see report).
Cyl . PTM/RTI X X
. XRF X X
2015.10 . 3D SL Scanning Yes Yes Coin A: coating applied; removed with water. Coin B: no cleaning performed; no coating applied.
AICON 3D models: not representative of the possible highest resolution outcome of system.
Used as Reference for 2" STSM (system has values according to standard procedures for
estimation of accuracy: VDI/VDE 2634).
2016.01 . 3D SL Scanning X X 3D models: not representative of the possible highest resolution outcome of system.
RBINS, _SfM
UCL, Us ; L ; ; "
. PTM/RTI X X Images revealed changes in the reflectivity of the surface’s material, possibly due to cleaning,
whitening of TiO,, handling, storage and/or metal oxidation.
2016.06 . 3D Laser Scanning y J ? 3D models not made available in time for STSM.
ITAM . Digital Microscopy ? ?
. PTM/RTI ? P
. Photometric Stereo ? ? 3D models not made available in time for STSM.
. Pycnometry g 7 Coins exposed to Helium gas.
. SEM-EDX g ? Elemental composition determined some contaminated points.

- COST is supported by the EU Framework
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3D Data Acquisition Systems & Techniques
Used (10): 3 Laser Scanners, 1 microCT, 2 Photometric Stereo,

1 Structure from Motion, 3 Structured Light Scanners.

COSCH

COLOR & SPACE IN
CULTURAL HERITAGE

3D data 3D data Acquisition
Survey 3D data acquisition 3D data acquisition acquisition processing resolution
Coin 3D Model Institution system type system model software software 732
A, B (LS) Arius-obv* 3DIMPact, Multi-stripe Colour Laser IDENTIK 300L / AriusTechnology n.a. CloudCompare 100 ym
ucL Scanner
(LS) ITAM** ITAM, Laser Scanner Micro-Epsilon n.a n.a 10 pm
Academy of
Sciences,
Czech Republic
(LS) NextEngine STARC, Multi-stripe Laser Scanner  NextEngine Desktop 3D Scanner ScanStudio HD Meshlab 127 pm
Cyl 1.3.2
(NextEngine)
(mCT) SAS SAS MicroCT Phoenix Nanotom 180 (GE) n.a n.a n.a
(PS) ITAM™ ITAM, Photometric Stereo n.a n.a n.a 50 um
Academy of
Sciences,
Czech Republic
(PS) Ls-Ptm 3DIMPact, Photometric Stereo IDENTIK 300L, Arius Scanner; Matlab Matlab 13 pm (XY)
uUcCL Nikon D200, Nikkor 200mm
Macro Lens, /5.6
(SfM) Canon RBINS Structure from Motion Canon 600D; Canon Macro Lens n.a Photoscan n.a.
EF 100mm 1:2.8, f/18 (v0.8, (Agisoft)
1ISO100)
(SLS) Mechscan RBINS Structured Light Scanner MechScan 3D Macro Scanner; FlexScan3D FlexScan3D n.a.
Makro-IRIS Schneider-Kreuznach
Componon-S 4/80 Unifoc /6
(SLS) Smartscan ~ AICON 3D Structured Light Scanner smartSCAN HE with 8MP colour OPTOCAT OPTOCAT 20 pym (XY)
Systems GmbH stereo cameras, FOV 75 2015R2 2015R2 3 um (£)
(SLS) WUT ZTRW, Structured Light Scanner Custom n.a. n.a. n.a.
WUT

COST is supported by the EU Framework
Programme Horizon 2020

COSCH Final Conference, Mainz 10-11/10/2016

cosE

EUROPEAN COOPERATION



N
CccoskE

3D Data Acquisition Systems & Techniques
Used for comparisons (5): 1 Laser Scanner, 1 Photometric Stereo,

1 Structure from Motion, 2 Structured Light Scanners.

3D data 3D data Acquisition
Survey 3D data acquisition 3D data acquisition acquisition processing resolution
Coin 3D Model Institution system type system model software software e
A, B ((LS) Arius-obv* 3DIMPact, Multi-stripe Colour Laser IDENTIK 300L / AriusTechnology n.a. CloudCompare 100 ym
UCL Scanner
r\’(I’D—S) Ls-Ptm \) 3DIMPact, Photometric Stereo IDENTIK 300L, Arius Scanner; Matlab Matlab 13 pm (XY)
—————————— UcCL Nikon D200, Nikkor 200mm
Macro Lens, f/5.6
(SfM) Canon RBINS Structure from Motion Canon 600D; Canon Macro Lens n.a Photoscan n.a.
EF 100mm 1:2.8, f/18 (v0.8, (Agisoft)
1ISO100)
SLS) Mechscan RBINS Structured Light Scanner MechScan 3D Macro Scanner; FlexScan3D FlexScan3D n.a.
Makro-IRIS Schneider-Kreuznach
Componon-S 4/80 Unifoc 6
(SLS) Smartscan AICON 3D Structured Light Scanner smartSCAN HE with 8MP colour OPTOCAT OPTOCAT 20 pm (XY)
Systems GmbH stereo cameras, FOV 75 2015R2 2015R2 3 pm (Z)

COSCH

COLOR & SPACE IN
CULTURAL HERITAGE

Most 3D models used for comparisons are not representative of the possible highest resolution outcome of the system,

as the objectives of this case study had not been formulated prior to their 3D scanning.
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3D Data Acquisition Systems & Techniques
Accuracy, Resolution and Precision SUIIRAL AEls:

Accuracy

The higher the accuracy, the closer the measurement result is to the true object (JCGM 2012).

Ground Truth (GT) data not made available to determine Accuracy; (SLS) Smartscan was later used
as Reference data, as it follows VDI/VDE 2634 standard.

Moreover, most 3D models used for comparisons are not representative of the possible highest
resolution outcome of each system.

Resolution

May be understood as the smallest distance between two measured 3D coordinates (JCGM 2012).

Most 3D models used for comparisons are not representative of the possible highest resolution
outcome of the system. Resolution data (when available) provided by manufacturer/partner.

Precision

The higher the precision, the higher the similarities between different measurements of a same area
(JCGM 2012).

Not possible to determine precision, as only one 3D model from each system were made available.

Rl 05T i supnoned by the EU Framework COSCH Final Conference, Mainz 10-11/10/2016 Cccost
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3D Data Analysis

Complete 3D models: alignment deviation

The same procedures and settings were used for coherency of the comparisons:

a) Feature-based alignment, using = 3 points, for a first rapid alignment.

COSCH

COLOR & SPACE IN
CULTURAL HERITAGE

b) Best fit alignment, for a more refined alignment. Settings: Sample size: 100000 (max. allowed);

Tolerance: 0,01mm; High precision fitting; Automatic deviator elimination.

- Alignment Deviation

ooy | 3D Model
oo & Coin [REF: (SLS) Smartscan] Convergence  RMS Dev. Max./Min. Mean  Std.
b A (SLS)Mechscan 3.0151210"°  0.007 0.01/001 -0.005 0.004
ﬁ: (SfM) Canon 7.801784*10°  0.006 -0.01/0.01 -0.004 0.005
me B (SLS)Mechscan 412135107 0,006 0.01/0.01 -0.003 0.005
. (SfM) Canon 3.193722*10°¢ 0.006 -0.01/0.01 -0.003 0.005

Alignment between faces not efficient:

colour deviation map clearly showing an

angular difference between the faces’ planes.

The resulting 3D model of each coin is directly dependent on
the alignment and merging of its obverse and awers.
Rl 05T i supnoned by the EU Framework COSCH Final Conference, Mainz 10-11/10/2016 Cccost
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3D Data Analysis
Obverse & awers: alignment deviation

COSCH

COLOR & SPACE IN
CULTURAL HERITAGE

Coin A: obverse Coin B: obverse

(SLS) Smartscan - (SLS) Smartscan - (SLS) Mechscan - (SLS) Smartscan - (SLS) Smartscan - (SLS) Mechscan -
(LS) Arius (SLS) Mechscan (LS) Arius (LS) Arius (SLS) Mechscan (LS) Arius
Colour 01000
Deviation i,
w2
ZZ‘Zi
Dev. a0 o | EoPY
Distribution s e e
So0 10
00 :‘: :s.ul
150 e 120
nwe a0 an
e -.."I Il..--' E -;_--" e 5 - I"-I-
R 0 0120 ~0.0%0 0020 0120 0 00 0120
A (PS) Ls-Ptm - (PS) Ls-Ptm - (PS) Ls-Ptm - B (PS) Ls-Ptm - (PS) Ls-Ptm - (PS) Ls-Ptm -
(SLS) Smartscan (SLS) Mechscan (SfM) Canon (SLS) Smartscan (SLS) Mechscan (SfM) Canon

Awers

Obverse

(*) ca. 13% points too far
away from model to be
used in the computation.

No angular difference between the face’s planes was detected.

COST is supported by the EU Framework
Programme Horizon 2020

cosE

EUROPEAN COOPERATION

COSCH Final Conference, Mainz 10-11/10/2016




N
CccoskE

3D Data Analysis
Obverse & awers: alignment deviation

Coin A: obverse
(SfM)
Canon

(SLS)
Mechscan
5

(SfM)
Canon
\
|
|

Coin A: awers

(SLS)
Mechscan

_ Ty

cross-section

cross-section i _ WME—J’,—%““\\
B Y F’_‘{"'—f‘_" ) .
o E - e -
&
-
detail 1 detail 2

[REF: (SLS) Smartscan]

Differences in the overall and fine morphology of the coins, due to:
characteristics of used systems & techniques, as well as used 3D data acquisition and post-processing strategies.

COSCH
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-0.0700
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COSCH

Data Analysis & Results

COLOR & SPACE IN

Complete 3D models: topological
Coin A Coin B

3D Vertices Triangles Vertices Triangles
Model Software (Points) (Faces) (Points) (Faces)

- CloudCompare 518454 1036902 251967 503930

E g Geomagic 518454 1036902 251967 503930

@8 g Meshlab 518454 1036902 251967 503930

@ Polyworks 518454 1036902 251967 503930

= CloudCompare 1342685 2685266 1262963 2525663

§ g Geomagic 1342685 2685266 1262963 2525663

a9 Meshlab 1342685 2685266 1262963 2525663

= Polyworks 1342685 2685266 1262963 2525663

CloudCompare 200002 400000 421118 842232

:E: § Geomagic 200002 400000 421118 842232

2.8 Meshlab 200002 400000 421118 842232

Polyworks 200002 400000 421118 842232

All tested software calculated equally topological data.

COSTi dby th K . . S
- prog;:i:qipﬁngon 50‘28 EU Framewor COSCH Final Conference, Mainz 10-11/10/2016 -’ EDEI:
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Data Analysis & Results
Complete 3D models: geometrical and other measurements

COSCH

COLOR & SPACE IN
CULTURAL HERITAGE

Max. Max. Surface Peri- Max. Max. Surface Peri-

3D Model Diameter Thick. Area Volume meter Shape Density 3D Model Diameter Thick. Area Volume meter Shape Density
& Software (mm) (mm) (mm?) (mm® (mm) Factor (g/cm®) & Software (mm) (mm) (mm? (mm® (mm) Factor (g/cm?)

Coin A (real world coin) - - - 323.5 - 9.57 Coin B (real world coin) - 338.3 - 8.42
(SLS) Smartscan 0.96 (SLS) Smartscan 0.99
CloudCompare 17.95 259 539.11 33642 - = 9.2 CloudCompare 17.72 256 53064 35044 - = 8.13
Geomagic 18.03 2.58 539.11 33642 - - 9.2 Geomagic 17.75 2.56 530.64 35044 - - 8.13
Meshlab 17.95 259 539.11 33642 - - 9.2 Meshlab 17.72 2.96 530.65 35044 - - 8.13
Polyworks 17.95 259 539.11 33642 5625 - 9.2 Polyworks 17.72 2.56 530.64 350.44 5418 - 8.13
(SLS) Mechscan 0.92 (SLS) Mechscan 0.97
CloudCompare 17.99 256 54913 32539 - - 9.51 CloudCompare 17.77 2.51 539.28 34235 - - 8.32
Geomagic 18.00 2.57 54913  inv.valve - - - Geomagic 17.74 2.54 539.28  inv.value - - -
Meshlab 17.99 2.56 54918 32539 - - 9.51 Meshlab 17.77 2.51 539.3 34215 - - 8.33
Polyworks 17.99 256 54913 32539 57.24 - 9.51 Polyworks 17.77 2.51 539.28 34217 5459 - 8.32/3
(SfM) Canon 0.96 (SfM) Canon 0.98
CloudCompare 18.28 254 52542 3186 - - 9.71 CloudCompare 16.48 2.56 51493 337.51 - - 8.44
Geomagic 17.80 2.55 52542 3186 - - 9.7 Geomagic 17.54 2.49 51493 337.5 - - 8.44
Meshlab 18.28 2.54 52543 3186 - - 9.71 Meshlab 16.48 2.56 51494 337.5 - = 8.44
Polyworks 18.28 2.54 52542 3186 5558 - 9.71 Polyworks 16.48 2.56 51493 3375 53.88 - 8.44

The tested software did not calculate equally all geometrical data.
The distinct 3D models show differences in the overall and fine morphology.
IRl 057 i supported by the EU Framevork COSCH Final Conference, Mainz 10-11/10/2016 Cccost
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COSCH

Data Analysis & Results

COLOR & SPACE IN

Complete 3D models: geometrical and other measurements
Max. Max. Surface Peri- Max. Max. Surface Peri-

3D Model Diameter Thick. Area Volume meter Shape| Density 3D Model Diameter Thick. Area Volume meter Shape| Density
& Software (mm) (mm) (mm?) (mm® (mm) Factor| (g/cm®) & Software (mm) (mm) (mm? (mm® (mm) Factor| (g/cm?)

Coin A (real world coin) | - . . 323.5 = 9.57 Coin B (real world coin) | - - - 338.3 - 8.42
(SLS) Smartscan 0.96 (SLS) Smartscan 0.99
CloudCompare 17.95 259 539.11 33642 - = 9.2 CloudCompare 17.72 256 53064 35044 - = 8.13
Geomagic 18.03 258 539.11 336.42 - - 9.2 Geomagic 17.75 256 530.64 35044 - - 8.13
Meshlab 17.95 259 539.11 33642 - - 9.2 Meshlab 17.72 2.56  530.65 35044 - - 8.13
Polyworks 17.95 259 539.11 33642 5625 - 9.2 Polyworks 17.72 256 530.64 350.44 5418 - 8.13
(SLS) Mechscan 0.92 (SLS) Mechscan 0.97
CloudCompare 17.99 256 54913 32539 - - 9.51 CloudCompare 17.77 2.51 539.28 34235 - - 8.32
Geomagic 18.00 2.57 54913  inv.valve - - - Geomagic 17.74 2.54 539.28  inv.value - - -
Meshlab 17.99 2.56 549.18 32539 - - 9.51 Meshlab 17.77 2.51 539.3 34215 - - 8.33
Polyworks 17.99 256 54913 32539 57.24 - 9.51 Polyworks 17.77 2.51 539.28 34217 5459 - 8.32/3
(SfM) Canon 0.96 (SfM) Canon 0.98
CloudCompare 18.28 254 52542 3186 - - 9.71 CloudCompare 16.48 256 51493 33751 - - 8.44
Geomagic 17.80 2.55 52542 3186 - - 9.71 Geomagic 17.54 2.49 51493 337.5 - - 8.44
Meshlab 18.28 2.54 52543 3186 - - 9.71 Meshlab 16.48 2.56 51494 337.5 - - 8.44
Polyworks 18.28 2.54 52542 3186 5558 - 9.71 Polyworks 16.48 2.56 51493 337.5 53.88 - 8.44

Shape Factor
aka Circularity = (4mA) / p?

“As the appearance of an ancient coin is often unique (...), the shape of the coin edge is regarded to be an
important feature to characterize a coin” (Huber-Mork et al., 2012).
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Data Analysis & Results
Complete 3D models: geometrical and other measurements

COSCH

COLOR & SPACE IN
CULTURAL HERITAGE

Max. Max. Surface Peri- Max. Max. Surface Peri-
3D Model Diameter Thick. Area Volume meter Shape Density 3D Model Diameter Thick. Area Volume meter Shape Density
& Software (mm) (mm) (mm?) (mm® (mm) Factor (g/cm?) & Software (mm) (mm) (mm? (mm*® (mm) Factor (gicm®)
Coin A (real world coin) - - - 323.5 - 9.57 Coin B (real world coin) - 338.3 - 8.42
(SLS) Smartscan 0.96 (SLS) Smartscan 0.99
CloudCompare 17.95 259 539.11 33642 - = 9.2 CloudCompare 17.72 256 53064 35044 - = 8.13
Geomagic 18.03 2.58 539.11 33642 - - 9.2 Geomagic 17.75 2.56 530.64 35044 - - 8.13
Meshlab 17.95 259 539.11 33642 - - 9.2 Meshlab 17.72 2.96 530.65 35044 - - 8.13
Polyworks 17.95 259 539.11 33642 5625 - 9.2 Polyworks 17.72 2.56 530.64 350.44 5418 - 8.13
(SLS) Mechscan 0.92 (SLS) Mechscan 0.97
CloudCompare 17.99 256 54913 32539 - - 9.51 CloudCompare 17.77 2.51 539.28 34235 - - 8.32
Geomagic 18.00 2.57 54913  inv.valve - - - Geomagic 17.74 2.54 539.28  inv.vale - - -
Meshlab 17.99 2.56 54918 32539 - - 9.51 Meshlab 17.77 2.51 539.3 34215 - - 8.33
Polyworks 17.99 256 54913 32539 57.24 - 9.51 Polyworks 17.77 2.51 539.28 34217 5459 - 8.32/3
(SfM) Canon 0.96 (SfM) Canon 0.98
CloudCompare 18.28 254 52542 3186 - - 9.71 CloudCompare 16.48 2.56 51493 337.51 - - 8.44
Geomagic 17.80 2.55 52542 3186 - - 9.7 Geomagic 17.54 2.49 51493 337.5 - - 8.44
Meshlab 18.28 2.54 52543 3186 - - 9.71 Meshlab 16.48 2.56 51494 337.5 - = 8.44
Polyworks 18.28 2.54 52542 3186 5558 - 9.71 Polyworks 16.48 2.56 51493 3375 53.88 - 8.44
Survey Digital Scale Weight
“ . . . . Coin Institution model (9)
In some colnages the comparison of Welghts among series A RBINS Sartorius B120S | 3.0939
may determine the standard to which that series was struck; ITdd nE eiat
.. . . . . RBINS Sartorius B120S 2.8486
this in turn may be significant for chronology or attribution” ITAM na 2.8484
( )-
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Data Analysis & Results
Complete 3D models: geometrical and other measurements

COSCH

COLOR & SPACE IN
CULTURAL HERITAGE

Max. Max. Surface Peri- Max. Max. Surface Peri-
3D Model Diameter Thick. Area Volume| meter Shape| Density 3D Model Diameter Thick. Area Volume| meter Shape| Density
& Software (mm) (mm) (mm?) [ (mm?® [ (mm) Factor| (g/cm®) & Software (mm) (mm) (mm? | (mm® | (mm) Factor| (g/cm?)
Coin A (real world coin) - - - 323.5 - 9.57 Coin B (real world coin) - 338.3 - 8.42
(SLS) Smartscan 0.96 (SLS) Smartscan 0.99
CloudCompare 17.95 259 539.11 | 336.42 | - = 9.2 CloudCompare 17.72 256 530.64 | 350.44 | - = 8.13
Geomagic 1803 258 539.11 | 33642 | - . 9.2 Geomagic 17.75 256  530.64 | 350.44 | - - 8.13
Meshlab 1795 259 539.11 | 336.42 | - - 9.2 Meshlab 1772 256  530.65 | 350.44 | - - 8.13
Polyworks 1795 259 539.11 | 33642 | 5625 - 9.2 Polyworks 17.72 256 53064 | 350.44 | 5418 - 8.13
(SLS) Mechscan 0.92 (SLS) Mechscan 0.97
CloudCompare  17.99 256 549.13 | 32539 | - - 9.51 CloudCompare ~ 17.77 251 53928 | 34235 | - = 8.32
Geomagic 1800 257 54913 | inv.vale | - ’ . Geomagic 17.74 254 53928 | inv. vaive | - - -
Meshlab 17.99 256 549.18 | 32539 | - - 951 Meshlab 1777 251 5393 | 342.15 | - . 8.33
Polyworks 17.99 256 549.13 | 32539 | 57.24 - 9.51 Polyworks 17.77 251 53928 | 34217 | 5459 - 8.32/3
(SfM) Canon 0.96 (SfM) Canon 0.98
CloudCompare 1828 254 52542 | 3186 | - . 9.71 CloudCompare 1648 256 514.93 | 337.51 | - : 8.44
Geomagic 17.80 255 52542 | 3186 | - . 9.71 Geomagic 1754 249 51493 | 3375 | - . 8.44
Meshlab 1828 254 52543 | 3186 |- . 9.71 Meshlab 16.48 256 51494 | 3375 | - - 8.44
Polyworks 1828 254 52542 | 3186 | 5558 - 9.71 Polyworks 1648 256 51493 | 3375 | 53.88 - 8.44
Density p=m/V con_imtiion_moal |
A RBINS Sartorius B120S | 3.0939
Relevant “to identify differences between the a) Uiing_GaS Pycf‘domet,ef ('TAM_)blMethgd _ ITAM na 3.0044
theoretical and the real density when coins o amount of sety spos 60, eracke o T D aomeess | B
were plated (for instance, a silver over a bubbles, accessible from surface of real coin).
copper core)” (Zambanini, 2009). It does not take b) Using Volume of 3D digital surface model
into consideration >2 elements, alloys, etc. Method may not take into consideration
possible voids.
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Test Coins
Brief characterization
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COSCH

COLOR & SPACE IN
CULTURAL HERITAGE

Inscription/figure:
DIVA FAUSTINA,
VES-TA

Border ‘of dots’.
No control-marks.
Max. Diameter
Thickness
Surface Area
Volume
Perimeter
Circularity

Axis

Weight

Densit
y (photos by L.W. MacDonald)

However, it's not the measurement per se that matters, it's what we do with it.

To get useful information

Larger dataset needed for comparison and interpretation of relevant geometrical and other features.
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Advantages : digital documentation, extraction of additional features, quantitative characterization and

analysis. Also enabling digital databases and querying, dissemination, etc.

- COST is supported by the EU Framework
Programme Horizon 2020
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STSM’'s Aims

to contribute to: CULTURAL HERITAGE

v" The development of an efficient and comprehensive methodological framework  for the 3D

digital data capture , processing and analysis of historical silver coins

REASONS/ PLANNING DATA DATA INTERPRE-
QUESTIONS COLLECTION ANALYSIS TATION

Numismatic Strategic Different types of data Different types of analysis
Archaeological Operational

Historical

Scientific

Technological
Methodological
etc.

Every project should start with a Reason/Question .

Before acquiring 3D (or other) data, set clearly:

Why is 3D data required? What for is it needed? What resolution, accuracy and outputs are required?
Are all the necessary equipment, software and know-how available? What are the alternatives?...

B oo sunpored oy the EU Framevork COSCH Final Conference, Mainz 10-11/10/2016 ccosct

Programme Horizon 2020



N
CccoskE

STSM’'s Aims

to contribute to:

COSCH

COLOR & SPACE IN
CULTURAL HERITAGE

v" The development of an efficient and comprehensive methodological framework  for the 3D
digital data capture , processing and analysis of historical silver coins
el e o R SR
e Metadata I
Paradata
()
3535[3;;‘ HWORKSPACEH :ET%?? HP:g(é;;f;:cH 3D MODEL
Acauracy It is fundamental to have a thorough
presen understanding and knowledge of how the
workflow functions,
NE?:EED:E‘S:‘ILE::T:\Z Néllb:;f‘;;g::;{n;(iIVF % DESTRUCTIVE Since eaCh Stage Of the process depends
s on the outcome of the previous ones and
e = determines the subsequent ones.
COST is supported by the EU Framework . . -~ EDEt
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STSM’s Aims
to contribute to: COLOR & SPACE IN

CULTURAL HERITAGE

v" Establish whether the selected recording 3D systems and techniques  can support the

comparison of certain features and properties ;

As expected, distinct systems , techniques and methods used to acquire and process 3D data lead to
differences in the topology , as well as in the overall and fine morphology of the coins.

Depending on the reasons/questions behind and scale of analysis , the accuracy, resolution and precision of
the 3D systems and techniques should be high enough to fulfil the needs for an improved scientific documentation
and study of coins.

These issues are of great importance, as they may affect the analysis , classification , and interpretation of the
CH object - e.g. variations in the hammering process, die, mint signs, scratches, wear pattern of the used stamp,
or cut and punch-marks.

Which also raises the importance of linking metadata , paradata and other meaningful information to the data
when dealing with it.
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STSM’'s Aims
to contribute to: éﬁiﬁig’i iPEZfTEAL;NE

v" A better knowledge about the surface characteristics  of historic coins, by characterizing and

analysing a number of relevant geometrical and topological features, using distinct

metrological software , techniques and procedures ;

The 3D models enabled a quantitative characterization of the coins, as opposed to descriptive and
subjective ones.

All tested software calculated equally topological data

A few basic and advanced geometric and other measurements  of the coins were undertaken.
The tested software did not calculate equally all geometrical data

The distinct 3D models show differences in the overall and fine morphology

The sample (2 coins) is too small to help resolving numismatic questions , such as:

changes of die (e.g., reworked version), type, wear/damage, etc., over time; attribution of die, technique of
production, producer, place, period.

Larger dataset/reference collection needed for the comparison and interpretation of relevant geometrical
and other features.

Although a 3D digital model does not provide a complete picture of the object, it should be understood
as a highly powerful tool — potentially, with valid data — for CH research , and complementary to other
measurement techniques (e.g., used in this case study) and fields of knowledge.

- COST is supported by the EU Framework

S
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COSCH

STSM’s Aims

to contribute to: CULTURAL HERITAGE

Ongoing Publication of a guide to good documentation practi ce, incl. digital preservation guidelines.
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In short,

COLOR & SPACE IN
CULTURAL HERITAGE

« Start with a reason or guestion
 Draw a plan

» Use the same method & procedures (or state which were used),
for coherency of comparisons

e Save raw data
e Save metadata & paradata

e Share data (in time)

Rl 05T i supnoned by the EU Framework COSCH Final Conference, Mainz 10-11/10/2016 Cccost
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COLOR & SPACE IN
CULTURAL HERITAGE

Raman coins case study Results and analysis

(photo by J. Valach)

London meeting — UCL, 22.June.2016.
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