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Abstract

Tohelpmetalconservatorssearchforcorrosionformsandfind
treatment protocols, this paper describes the augmentation of
the MIFAC-Metal project through its migration to the internet
andtheaddition of the MiCorrDecision SupportSystem (DSS).
The new onlineversion of MIFAC-Metal enables conservators
to digitally construct stratigraphies that they document during
their visual observations and local probing of artefacts via
Bertholon’s method (Bertholon 2000). Corrosion forms are first
described according to the strata structure (metal, corroded
metal, corrosion layers etc) and the characteristics of each
stratum (morphology, microstructure, texture etc). A graphical
user interface on a personal computer allows virtual construction
of stratigraphies usingencoded building blocks. Conservators
then use the MiCorr Decision Support System to compare
their observations with corrosion forms already stored in its
database.The database entries were made from comprehensive

investigations of historic and archaeological artefacts. They were
probed physically and analysed for their composition. One
search engine uses keywords describing corrosion forms, and
another uses schematic representations. The search engines
represented the lengthiest and most innovative part of the
project. Conservators should be able to find case studies of fully
investigated artefacts showing similar corrosion phenomena
which can be useful for deciding conservation protocols, e.g.
diagnosingthe corrosionformsordeterminingthe location of
the limit of the original surface in corrosion product crusts.
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Introduction

The conservation of archaeological and historic metals
requiresasound understanding oftheir composition
and alteration in order to stabilize their corrosion and to
reveal the limit of their original surface via the selective
removal of corrosion products.

Time and resources allocated to the conservation of such
objects do not usually allow the conservator to perform
extensive analyses of metal structure and corrosion prod-
ucts. Object description and condition reports therefore
tend to rely heavily on the experience of the conservator
and on comparisons with published corrosion models,
e.g. Dillmann 2005 for archaeological iron, Robbiola 1998
for archaeological copper alloys, and Turgoose 1985 for

historic and archaeological lead. By comparing under
the binocular microscope observed alteration products
with models, the conservator decides how far aninter-
vention should go and if the object is chemically stable
or requires stabilization.

Some databases (Corrosion doctors) or Corrosion Atlas
(During 1997) illustrate the main corrosion forms (e.g.
pitting, galvanic, intergranular, stress-cracking corrosion)
for bare metal surfaces exposed to particular environ-
ments. Heritage objects however have often undergone
extensive changes during their life, especially after they
have been abandoned and buried. Models of corrosion
developed by the metal industry are therefore oflittle help
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for assessing heavily corroded metals. Other diagnostic
online tools (Materials pathology 2015) have been set
up by conservation professionals, but they remain very
general and do not clearly link the resulting degradation
to its cause/s.

Often the characteristics and the order of corrosion
layers do not exactly match those found in the specialized
literature. The reasons for this mismatch could be due
tonon-standard descriptive methods: each person sees,
interpretsand describesacorroded surface according to
their unique experience and background. Also, a variable
extent of surface preservation results from heteroge-
neous burial conditions. The use of differentanalytical
equipment for the interpretation of corrosion products
can further complicate mattersandlead toincomplete
corrosion models.

For the MIFAC-Metal project, the HE-Arc CR Conserva-
tion Research Unit at the University of Applied Sciences
of Western Switzerland proposed a systematic method for
describing and analysing microstructures and corrosion
forms of archaeological and historic metals (Degrigny
2013). It built on previous research performed on
cross-sections of corroded metal artefacts (mainly
Robbiola 1998) and used the systematic description of
corrosionlayersandinterfacesestablished by Bertholon
(Bertholon 2000 & 2001). The methods of analysis used
for this project were deployed according to their avail-
ability to conservation laboratories, e.g. metallography,
electron microscopy combined with X-ray spectroscopy,
as well as Raman spectroscopy.

An initial selection of 31 objects from Swiss collections
was made for this study. Each was documented by
conservators and corrosion scientists through surface
observation and then by observation and analysis of a
polished section extracted from the object. Inconjunc-
tion with contextual information (e.g. origin and date
ofrecovery, dating of the artefact, chronology, burial
or exposure conditions), the results of this examination
were compiled and interpreted for each objectin a single
document (Degrigny 2012). These MIFAC Metal case
studies were used to develop the Decision Support System
(MiCorr) presented in this paper.

Method

For this project we elected to link observations of objects
made by the conservator to a database that contains

related information obtained by invasive analysis of
representative objects of similar composition and state of
preservation. For this we adopted a computer Decision
Support System that cross-references the observations
of the user with the contents of the database.

Decision Support Systems (DSS) have three main compo-
nents:

o adatabase that containsinformation from various
origins (MIFAC Metal case studies),

« one or more modelling programmesand

 aninterface thatrenders the results intelligible to the
end-user.

Various types of such systems have been developed by
others, e.g.datamining (Witten 2009), systems using
ontologies (Gruber 1995), inferences, artificial intelli-
gence or self-learning programmes. Several systems can
be combined to obtain a more precise diagnosis (Russel
2009).In our case the system had to function through
pattern matching (Witten 2009). Alternatively, if a match
couldnotbe found, the DSShad to propose new corro-
sion models which could be added to the database.

Wechose to separate the DSS model into the five steps
conservators follow when making a diagnosis through
careful observation of the object (Figure 1).

End-user
1. Visual observation of a
corroded metal and conceptual
models of corrosion forms

Intelligent
system

2 Computational processing of data
| .
=

3. Search fora

: corrosion model
4. Corrosion models proposed
4

|

5. Diagnosis

Figure 1. A schematic representation of the interaction between the end-
user (conservator) and the intelligent system that helps them diagnose
the state of preservation and stability of their object

Visualinspection ofthe corroded metaland mod-
ellingofthe corrosionstrata

By observing the artefact surface and any breaks under
abinocular microscope, the conservator tries to under-
stand the stratigraphy of the corrosion products and
associated materials. Recently separated fragments can
also help to better understand its structure. Schematics
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of the artefact cross-section are drawn to document the
strata. Local probing with a scalpel can also help deter-
mine the order of strataand their physical properties
(e.g. cleavage, brittleness, softness).

These conceptual models contain information on strata
thickness, texture, morphology, composition (if known),
and microstructures (for metal and ghost structures).
Strata interfaces and markers are also included as they
are crucial for identifying the limit of the original surface
(Bertholon 2001).

Figure 2 shows a Celtic situla, found upside down,
and its cross-section that its conservator drew during
microscopic inspections and investigative cleaning. Each
discernible stratum is named by type and numbered.

N

Outside of situla
Quter light Orange Quter dark
Inner red green layer  deposit - D2 green layer
layer - CP2 -CP3 Black - CP1 Corrosion
deposit - D1 ~ form |
- M *.J‘.' a2k ﬂ"
T ‘ Pl
Inner green Metal - M1 Inner blue 500um
layer - CP4 S layer - CP5
; . oil -
White deposit - D3 Corrosion form Il
Inside of situla

Figure2.Top:ACelticsitulafromthe LaTene D period (140BC—-30BC)
excavated from the Mormont sanctuary, La Sarraz/Eclépens, Vaud,
Switzerland (Dudan 2009), Musée cantonal d’archéologie et d’histoire,
Lausanne, © HE-Arc CR. Bottom: a schematic representation of a cross-
section of the situla drawn after microscopic observation, © HE-Arc CR

More detailed local representations of the stratigraphy are
made from the initial overview of the situla cross-section
(Figure 2: bottom). First, descriptions of the structure

of the corrosion strata for corrosion form I are made
(Figure 3: left). Codes are added to specify the location of
each stratum withrespecttoitsvisibility to the observer:
“e” denotes external strata which are observable, and
“1” denotesinternal strata, which are concealed. Then,
the characteristics of each stratum aredocumented
with illustrations using standard terminology (Figure
3: middle). Last, the characteristics of its interfaces are
provided (Figure 3: right).

Describing
the corrosion strata structure

Indicating
the strata characteristics

Indicating
the interfaces characteristics

Ple
~Dle
P2l
“-CP3i

g

CP5I

,~CPle/Dle

~D1e/iCPH
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™~ SV1/CPSI
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Figure 3. Conceptual rendering of corrosion form | (Figure 2) of the
Mormontsanctuary situla using Bertholon’s descriptive method.
Left: identification of the strata and their organization (strata
structure), SV = structural vacuum. Middle: the strata structure with
its characteristics. Right: the strata structure with both strata and their
interfacial characteristics.

Such standardized and conceptual representations of
stratigraphies can illustrate the differing extents of
corrosion present on one artefact and help determine
the limit of the original surface. For corrosion form I,
the limit of the original surface was determined to be at
the interface between D1e & CP2i.

In Figure 4 we see the corrosion form Il documented
from the situla (Figure 2: bottom). Unlike corrosion
form I, the interface D1e/CP2i was absent and the limit
of the original surface was indeterminable since ithad
not been preserved. An internal corrosion stratum (CP3i)
wasrevealed after removing the soil (S1).

Figure 4. Conceptual rendering
ofcorrosionformlIl(Figure2)of
the Mormontsanctuarysitula
using Bertholon’s descriptive
method

Fromconceptualmodelstodatastructures

Conceptual models (in our case, structures with strati-
graphic and interfacial characteristics) are useful
for sharing, studying and analysing specific views of
reality (Wand 1995). If we want to apply computational
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processing to a conceptual model for further analysis, we
needtoformatitsoitcanbeunderstood byacomputer
(Robinson 2008). For corrosion forms, a simple image
analysisisinsufficientas we are interested in comparing
the individual characteristics of the strata, notjust their
appearance. Therefore, we have to transform these sche-
matic representations into executable representations.
Furthermore, due to the fact that conceptual models are
by definition simplifications of reality, we need to find
ways to add information on parts of the models which
cannot be explicitly represented by modelling conven-
tions (Rochat2015).

Toachieve this, our first task was to design a suitable data
structure that could be used to compare and analyse the
corrosion forms. The first step was to build an ontology
identifying the informative components of the artefact
(Figure5).

Corrosion type

Environment

Figure 5. A schematic representation of an artefact’s ontology

Eachartefact possesses several strata. The main charac-
teristics of the strata were identified from the literature
(Bertholon 2000 & 2001). We grouped these character-

et

Figure 7. Screenshot of the graphical end-user interface while
constructing the corrosion form of artefact no 16. Left: drop down
menus for selecting characteristics and sub-characteristics for each
stratum. Right: graphical representation of the stratigraphy under
construction, © Grosjean

istics into families, each with a description, a selection
attribute indicating if the family can be used more than
once in each stratum and a list of dependencies. To store
descriptions of corrosion forms, we chose the Neo4j
graph database (Neo4j2012) as the backend for our
data structure. When storing data, every node in the
database is either an artefact, a stratigraphy, a stratum, an
interface, a characteristic or a sub-characteristic. These
nodes are connected. The usual path commences with
anartefact,and progresses to a stratigraphy comprising
several strata. Each stratum has different characteristics
and sub-characteristics, as shown in Figure 6.

A graphical user interface was designed to allow the
end-user to build, stratum-by-stratum, the structure of
the object under investigation (Grosjean 2015). Char-
acteristics and sub-characteristics are added to each
stratum as well as their interfaces, thereby assembling

a -
‘.“ : - a la er_ﬁlm'raclenshc ’
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Figure 6. Graph of artefact
no.16ofthe MIFAC-

Metal database in Neo4;j
representation. Stratum 161
withits characteristics, sub-
characteristicandinterfaceare
highlighted (inset), © Rochat
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Table 1. Results of the comparison request with artefact no. 16 from the MIFAC database, © Rochat

Artefact 16 3 0 64 64 100
Artefact 17 3 0 59 64 92
Artefact 5 4 1 75 86 87
Artefact 15 5 2 92 108 85
Artefact 6 5 2 79 97 81

the corrosion form. The stratigraphy is visualized while
itisunder construction (Figure 7).Once collected, the
data is saved and can be modified later.

A comparison score, in terms of structure and relevance
ofthe artefact, was created to determine the closest
match with database entries. The score is based onthe
ratio of shared characteristics and the total number of
characteristics in the artefact. Table 1 shows the scores
for searches of the corrosion form for artefact no. 16 from
the MIFAC-Metaldatabase.Artefactno.17isthesecond
best match. This was confirmed by a conservator after
observation ofall objectsunderabinocular microscope;
validating the result of the search.

The online MiCorr interface

We now have a collection of reference data sheets, a
programme thatallows us to construct conceptual
models of observed corrosion forms and a system that
compares our objectto adatabase. Thelongtermaim
of this projectis to add more data from objects that have
been investigated and analysed according to Bertholon’s
method. Tofacilitate contributions, the online MiCorr
interface was developed so that the projectis accessible to
everyone (Figure 8). Existing files can be consulted and
new ones can be added. This should ultimately improve
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by stratigraphy representation by keywords

Strata | ndefined Nature famdy  Sol

o
]
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Enuirnnments.“ Indear atmosphere m
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Dutdoor to indoor almosphere

ooon
Corrosion Form: m
o
CI )

T T

and enrich this database and make the MiCorr interface
a better performing Decision Support System.

== MICORER |

Figure 8. The MiCorr homepage available at micorr.org

The MiCorr interface has two search engines. The
web-user can either build a corrosion form that corre-
sponds to the object they are investigating, or search by
using keywords (La Téne, bronze, cuprite etc.) (Figure 9).

MiCorr then suggests a selection of objects that best
match the searched corrosion form. This selection
appears as a table providing information on metal family,
alloy composition, object type, chronology, technology
and microstructure (Table 2).

The complete data sheet for each object is accessible by
clickingontheobject(Figure 10). Theuserisdirected

Multiform - intergranutar

Multiferm - transgranular

Figure 9. Screenshot from the online
MiCorr interface showing the search
by stratigraphic representation or by
using keywords

Dutdoor atmesphere
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Table2.ScreenshotfromtheonlineMiCorrinterfaceshowingrelatedobjectsinthe databaseafteraninitialinterrogationofoneofthetwosearchengines

Metal Family | Metal alloy Object Chronology Technology Microstructure

Cu Leaded bronze |Jewellery |Late Bronze Age As-cast Dendriticstructure

Cu Leaded bronze |Jewellery |Late Bronze Age As-cast Dendritic structure with pores

Cu Leaded bronze |Knife Late Bronze Age Cold worked after Polygonalandtwinnedgrains +strain
annealing lines (metal surface) with pores

Cu Leaded bronze |Headrest Between1000and650yearsBC | Castandcoldworked | Dendritic structure and limited grain

or horse bit | (if original) or 20*" century (if fake) | (with finalannealing?) | structure (with twinlines)

Cu Tinbronze Pin Late Bronze Age Annealed aftercold Polygonal and twinned grains

working
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Figure 10. A selection of screenshots from the online MiCorr interface showing details of the datasheet of a copper alloy from the database

tothedatasheetforthe mostcomparableobjectinthe
database. If the search engine cannot find a match, or if
there are no comparable entries, the information collected
about the object under investigation can be stored in the
database. In case the object is sampled or analysed ata
laterstage,informationcanbeadded atanytimetothe
new MiCorr corrosionmodel.

Disseminatingandimprovingthe MiCorr DSS

For the online MiCorr database to become really effective,
itneedstobeusedbymorepeople.Itis thereforeimpor-
tant that various professional communities which deal
everyday with corroded metal structures (conservators,
researchers in conservation, conservation training facili-
ties, corrosion scientists, archaeometallurgists) starttouse
and improve it. It is expected that the performance of the

Decision Support System will improve with more database
entries. For institutions training metal conservators such as
HE-ArcCR,ithasalready proventobe of didacticuse. It
helps studentsstructure their approach towards describing
and understanding corroded metal artefacts.

Atthetimethispaperwenttoprint,the MiCorrinterface
was still under construction and will probably remain
so as it becomes more user-friendly. All information
concerning its administration and the scientific commu-
nity that ensures its quality will eventually be found at
micorr.org.

Conclusion

Every day thousands of conservators worldwide examine
and clean metal artefacts, but only a fraction of these



226 ICOM-CC | METAL 2016 | NEW DELHI, INDIA

CASE STUDIES

observations are shared or examined in closer detail
and published. Asaresult, conservators are often forced
tomake decisionsbased on their own experience and
existing corrosion models that do not precisely corre-
spond with their artefacts. Different pH or pollutant
levels, dry or wet conditions, differential aeration in
soil, or alloy surface enrichment greatly influence the
corrosion behaviour of metals.

The MIFAC-Metal Online projecthas proposed an online
database of comprehensively investigated corroded
metal structures that can be used as a Decision Support
System when faced with objects that cannot be sampled
or studied in-depth. By studying the corrosion layers of
an object and reconstructing its corrosion form(s) online
via the MiCorr interface, the end-user will find artefacts
with similar metallographies and corrosion products. It
is expected that studying these case studies will greatly
help the conservator make decisions about the extent of
cleaning or the need to stabilize objects. This could help
limit the need for expensive, time-consuming and often
destructive analyses.

[tishoped this project will find its place in the conser-
vation community and over time become enriched
by active participants from the heritage conservation
community.

Acknowledgements

Theauthorswouldliketothankthe HES-SO (University
of Applied Sciences, Western Switzerland) for its finan-
cial supportfrom RCSO ISnetunder Award No. 38996
and its Impulse Funds. We are grateful to the HEG-Arc
bachelor students Vincent Rochat, Marcel Grosjean and
Yann Vonlanthen for their contribution to this project
through their BA dissertations, as well as to those HE-Arc
CR conservation students who produced several data
sheets while learning from their objects. Special thanks
to James Crawford for offering very valuable improve-
ments to this paper.

References

Bertholon, R. 2001. Characterization and location of
the original surface of corroded archaeological objects.

Surface Engineering, 17 (3): 241-245.

Bertholon, R. 2000. La limite de la surface d’origine des
objets métalliques archéologiques, caractérisation, locali-
sation et approche des mécanismes de conservation. PhD

dissertation, University Paris 1 Panthéon-Sorbonne,
France.

Corrosion doctors: http://www.corrosion-doctors.org/
pict-type.htm (accessed 10.19.2015).

Degrigny, C., and M. Senn. 2013. The MIFAC-Metal
project: amethodology for studying and analysing
microstructures and corrosion profiles of heritage
metals; application to metallographic samples from Swiss
collections, Bulletin of Research on Metal Conservation
—Bromec,34:7.

Degrigny, C., and M. Senn. 2012. Methodology to study
and analyse the microstructures and corrosion forms of
ancient and historic metals: application to metallographic
samples from Swiss collections, internal report of MIFAC-
Métal project, HE-Arc CR, Neuchatel, Switzerland.

Dillmann, P.2005. Corrosion des objets archéologiques
ferreux, Les Techniquesdel'Ingénieur, AF 6920,COR675:
1-20.

Dudan, W.2009, Le Mormont : un sanctuaire des Helvetes

enterrevaudoisevers 100 avant J.-C.Section del'archéol-
ogie cantonale, Lausanne www.artehis-cnrs.fr/IMG/pdf/
mormont_plaquette.pdf(accessed 10.19.2015).

During, E.D.D. 1997, Corrosion Atlas: A Collection of
Illustrated Case Histories. 3rd Edition. Amsterdam:
Elsevier Scientific publishers,

Grosjean, M., 2015. MiCorr: représentation de stratig-
raphies. Bachelor report HE-Arc Gestion, Neuchatel,
Switzerland.

Gruber, T.R. 1995. Toward principles for the design
of ontologies used for knowledge sharing? Interna-
tional Journal of Human-Computer Studies, 43(5-6):
907-928 http://doi.org/10.1006/ijhc.1995.1081 (accessed
10.19.2015).

Materials pathology: www.materialspathology.com
(accessed 10.19.2015).

Neo4j.2012. Neo4j: World’s Leading Graph Database.
Retrieved from http://neo4j.org/ (accessed 10.19.2015).

Robbiola, L., J-M. Blengino, and C. Fiaud. 1998.
Morphology and mechanisms of formation of natural
patinas on archaeological Cu-Sn alloys, Corrosion Science,
40,12:2083-2111.

Robinson, S. 2008. Conceptual modelling for simula-
tion PartI: definition and requirements. Journal of the



DEVELOPING A DECISION SUPPORT SYSTEM FOR LOCAL DIAGNOSIS OF HERITAGE METALS 227

Operational Research Society, 59(3): 278-290 http://doi.
org/10.1057 /palgravejors.2602368 (accessed 10.19.2015).

Rochat, V.2015.Mifac-Metal online: définitiond’'un outil
informatique permettantde construire et comparer des
faciés de corrosion. Bachelor report, HE-Arc Gestion,
Neuchatel, Switzerland.

Russel, S.J., P.Norvig. 2009. Artificial Intelligence: A
Modern Approach,Prentice Hall, 3" edition.

Turgoose, S. 1985. The corrosion of lead and tin: before
and after excavation. In Lead and tin: Studies in Conser-
vation and Technology, eds. C.E. Miles and S.C. Pollard,
n°3: 15-26. London: UKIC, Occasional Papers.

Vonlanthen, Y.2015. MiCorr: structuration de I'infor-
mation a I'aide d’ontologies. Bachelor report HE-Arc
Gestion, Neuchatel, Switzerland.

Wand, Y., D.E. Monarchi, ]. Parsons, and C.C. Woo.
1995. Theoretical foundations for conceptual modelling
in information systems development. Decision Support
Systems, 15(4): 285-304 http://doi.org/10.1016/0167-
9236(94)00043-6 (accessed10.19.2015).

Witten, LLH,, F.Eibe,and M. Hall. 2009. Data Mining, Prac-
tical Machine Learning Tools and Techniques. 2 edition.
SanFrancisco, CA, USA: Morgan Kaufmann Publishers.

Authors

Christian Degrigny is Researcher and lecturer at the
HE-Arc CR. Electrochemist and electrometallurgist.
Project leader of the MIFAC-Metal research project.

Ceédric Gaspozis Professor at the HE-Arc Management.
Professor in information systems. His research activities
concentrate on Decision Support Systems and business
intelligence. Projectleader ofthe MIFAC-Metal Online
research project.

AntoineRosseletisResearchassistantatthe HE-Arc
Managementandinchargeofthe coordination oftasks
and their implementation within the MIFAC-Metal
Online project.

Valentin Boissonnas is Lecturer in conservation at
the HE-Arc CR. Conservator for archaeological and
ethnographic artefacts. Initiator and external expert for
the MIFAC-Metal research project.

Régis Bertholon is Head of the Conservation and
Research Department of the HE-Arc. Initiator of the
descriptive methodology for characterizing corrosion

layers on heritage objects used in the MIFAC-Metal
project.

Romain Jeanneretis Research assistant at the HE-Arc
CR.Conservatorforscientific,technicaland horological
objects.



