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1. 
TH

E STA
TE O

F TH
E A

R
T

1.1   IN
TR

O
D

U
C

TIO
N

N
ow

adays, th
e en

h
an

cem
en

t an
d th

e dissem
-

in
ation

 of C
u

ltu
ral H

eritage (C
H

) are alw
ays 

m
ore based on

 th
e u

se of n
ew

 m
u

ltim
edia 

su
pports capable of m

akin
g th

eir u
se clearer 

an
d m

ore im
m

ediate. H
ow

ever, m
an

y of th
e 

n
ew

 m
odern

 electron
ic devices allow

 a type 
of dissem

in
ation

 th
at is still too passive an

d 
n

ot very dyn
am

ic. Th
e con

ten
t of th

e cu
ltu

ral 
offer, in

 fact, is provided to th
e u

sers th
rou

gh 
tech

n
ologically 

m
ean

s 
advan

ced, 
an

d 
also 

th
rou

gh
 som

e sem
an

tic codes still too tied 
to 

an
 

old 
tradition

al 
kin

d 
com

m
u

n
ication

. 
Th

e 3D
 m

odels of th
e an

cien
t artifacts rep-

resen
t th

e m
ost flexible an

d com
plete graph

-
ic su

pports for th
e docu

m
en

tation
 of th

e C
H

. 

In
 fact, th

ey provide a represen
tation

 th
at is 

com
pletely faith

fu
l to th

e origin
al, th

an
ks to 

reprodu
ction

s m
etrically an

d geom
etrically 

detailed an
d realistic. H

ow
ever, beyon

d th
e 

visu
al docu

m
en

tation
 of th

e objects assets, 
it seem

s to be n
ecessary also a clear an

d 
precise description

, an
n

otation
 e sem

an
tic 

segm
en

tation
 of th

ose m
odels. In

 th
is brief 

essay, w
e w

ill talk abou
t th

e sem
an

tic de-
scription

 m
eth

odology applied to an
cien

t th
e-

atrical m
asks, w

ith
 th

e aim
 to defin

e a com
-

plete w
orkflow

 of in
form

ation
 en

coded in
 a 

sin
gle coordin

ated an
d coh

eren
t sou

rce. Th
is 

m
eth

odology h
as been

 developed to com
bin

e 
a tech

n
ological asset w

ith
 an

 artisan
 ch

arac-
ter, allow

in
g to obtain

 a n
ew

 w
ay for th

e doc-
u

m
en

tation
, en

h
an

cem
en

t an
d dissem

in
ation 

of th
e C

u
ltu

ral H
eritage.Fig. 1 - Finds and fragm

ents of 
m

asks of theatrical m
asks, Aeolian 

Regional Archaeological M
useum

 
of Lipari.

1.2 
TH

E 
TH

EA
TR

IC
A

L 
TER

R
A

C
O

TTA
S 

O
F 

TH
E 

M
A

G
N

A
 G

R
A

EC
IA

 C
H

O
R

O
P

LA
STY: TH

E C
A

SE O
F 

TH
E LIP

A
R

I M
A

SK
S

W
hen w

e think to the ancient theater and the to 
the genres represented in it, w

hether referring to 
Tragedy, C

om
edy or Satyric D

ram
a, it is im

pos-
sible to im

agine it w
ithout referring to the m

ask. 
In fact, it is an organic and priority elem

ent of the 
theater, fundam

ental for the m
aterialization and 

m
anifestation of an unprecedented im

m
aterial di-

alogue betw
een a ‘personal Ego and a so-called 

O
ther’ [1] entity.

In the M
editerranean area, one of the m

ost im
-

portant and active centers in the coroplastic pro-
duction of theatrical clay of the M

agna G
raecia 

period, w
as undoubtedly the island of Lipari. From

 
the num

erous urban necropolises and from
 the 

peri-urban landfill areas, an enorm
ous quantity 

Fig. 2 - Point clouds of the m
ask of Dionysus or Apollo, by G. Tropea (2016).
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of theatrical (Fig. 1) clay artifacts em
erged: they 

represent one of the m
ost im

portant direct testi-
m

onies for the know
ledge of the scenic practices 

of the G
reek w

orld.
There 

are 
over 

a 
thousand 

pieces, 
including 

w
hole and fragm

entary pieces, covering all gen-
res of G

reek theatrical production proper, from
 

the Tragedy to the A
ncient C

om
edy, passing from

 
the Satyric D

ram
a to the N

ew
 C

om
edy of A

risto-
phanes. In these exhibits the w

hole w
orld of theat-

er is present in its broadest sense[2] and starting 
from

 this artisan production it w
as possible to 

trace a stylistic and typological study, able to rep-
resent the evolution of all this production[3].
The collection covers around tw

o and a half cen-
turies of craftsm

anship. The dating goes, in fact, 

from
 the first half of the 4th century B

C
. in the 

first half of the third century B
C

, that is a period 
in w

hich the w
orks of Sophocles and Euripides 

w
ere still in auge. It probably had to be, on the one 

hand, either the celebration and lively expression 
of a w

ell-rooted funerary cult, or, on the other, the 
testim

ony of centuries of tradition of the m
aterial 

culture of the theater.
This 

production 
included 

figured 
craters, 

the-
atrical statuettes, pinakes and, of course, m

any 
m

odels of stage m
asks. A

s Vernant inform
s us, 

the cult of D
ionysus expresses the official recog-

nition, in G
reece as in M

agna G
raecia, of a civic 

religion that ‘in m
any respects escapes the city 

itself, contradicts it and surpasses it’[4], operat-
ing a sort of new

 theatricalization of the city itself. 

Fig. 3 - Com
ic m

ale m
asks of 

Pànchrestoi Neanìskoi, ‘the perfect 
young m

en’.
Fig. 4 - Com

ic fem
ale m

asks: Etherai.

D
ionysus (Fig. 2), god of w

ine, of intoxication, god 
of the dithyram

b and the thìàsos, god of theater, 
of the eternal beatitudes of the afterlife, perfectly 
em

bodies the so-called figure of the O
ther[5]: he 

is the m
ask par excellence.

1.3 TH
E P

R
O

D
U

C
TIO

N
 O

F C
LA

Y M
A

SK
S B

ETW
EEN

 
C

R
A

FTSM
A

N
SH

IP
 A

N
D

 SER
IA

LITY
Th

e m
asks w

ere, perh
aps, obtain

ed from
 tw

o 
h

alf sh
apes: on

e for th
e face an

d th
e oth

er 
probably for th

e rear cap. D
u

rin
g th

e su
bse-

qu
en

t stages of produ
ction

, th
e m

asks w
ere 

th
en

 pain
ted w

ith
 n

atu
ral pigm

en
ts, applied 

on
 a ch

alky base of w
h

ite kaolin
. of local or-

igin
. F

or th
e m

ale m
asks (F

ig. 3) a reddish
, 

brow
n

 
an

d 
relatively 

dark 
color 

w
as 

u
sed 

(or som
etim

es th
e base color of th

e figu
lin

o 
w

as left), w
h

ile for th
e fem

ale m
asks (F

ig. 4) 
a ligh

ter color w
as u

sed, ten
din

g to pin
k. A

 
secon

d firin
g an

d th
e application

 of an
 en

am
-

eled layer m
ade th

e bare parts of th
e m

ask 
sh

in
e. G

reat atten
tion

 w
as also given

 to th
e 

treatm
en

t of h
air an

d beards, gen
erally of 

a opaqu
er in

voice. Th
e latter, alth

ou
gh

 th
ey 

cou
ld be represen

ted in
 a plastic w

ay, w
ere 

probably 
on

ly 
rem

otely 
com

parable 
to 

th
e 
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perform
an

ce of th
e h

air of real m
asks, for 

w
h

ich
 soft textile m

aterials an
d w

igs w
ere 

u
sed, m

ade w
ith

 an
im

al skin
s.

Th
e 

arch
aeologist 

L
u

igi 
B

ern
abò 

B
rea 

di-
vides 

th
e 

m
asks 

in
to 

w
ell-defin

ed 
grou

ps, 
accordin

g to th
eir belon

gin
g to th

e gen
res of 

Tragedy, A
n

cien
t C

om
edy, S

atyric D
ram

a an
d 

N
ew

 C
om

edy. Th
ey differ from

 each
 oth

er in 
term

s of size, u
se of m

aterials, colors, sty-
listic an

d th
em

atic evolu
tion

s. Th
e resu

lt is 
a rich

 ran
ge of types an

d m
odels, w

ith
 m

asks 
ran

gin
g from

 very sm
all sizes to specim

en
s 

th
at alm

ost reach
 fu

ll scale. 

Fig. 5 - Fem
ale m

ask: Pseudokòre. 

Fig. 6 - The three degrees of m
asks in the Lipari collection: (a) intact 

m
asks; (b) fragm

ents of a w
hole; (c) sim

ple or silent fragm
ents, by A. 

M
arraffa & F. Fatta, (2017).
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1.4 TH
E C

A
TA

LO
G

IN
G

 O
F C

LA
Y FIN

D
S

The m
asks, all preserved at the A

eolian R
egion-

al A
rchaeological M

useum
 ‘L. B

ernabò B
rea ‘, 

have been divided and cataloged, w
ith alm

ost 
m

aniacal descriptive care, during the excava-
tion cam

paigns starting from
 the ‘50s of the XX 

century. B
ernabò B

rea identified an initial clas-
sification by groups on the basis of three m

ain 
factors: belonging to a specific genre, the dat-
ing, the artistic m

anufacture.
The first m

asks, the oldest ones, are those that 
belong to the tragic genre. They are just over 
tw

enty specim
ens of alm

ost constant size and 
probably produced by a group of skeuopòioi be-
longing to a single shop. W

e begin to see, already 
from

 these finds, a first character connotation 
w

hich better defines the typology and qualifies the 
character. In fact, the characters are im

m
ortal-

ized, alm
ost as if they w

ere petrified by the gaze of 
the M

edusa, in the m
om

ent of m
axim

um
 clim

ax of 
the dram

a. They have, in fact, the expressive traits 
concentrated and barred on the fatality[6], since 
the rhythm

 of the nòm
oi follow

ed by an ascent of 
the pàthos, thus revealing the m

oods of the char-
acters and consequently accentuating the m

ain 
plastic characters of the faces. B

ernabò B
rea tried 

to m
ake these m

asks adhere to the dram
atic plays 

of A
eschylus, Sophocles and Euripides.

A
t the beginning of the III B

C
 and in the m

id-
dle of the H

ellenistic period, a clay production 
began to spread in Lipari w

hich, for typological 
and technical reasons, w

as detached from
 the 

coroplastic production of the previous century. 
D

uring this period, the choroplastic production 
began to spread in a very im

portant w
ay, in par-

ticular, thanks to the success of the genre of 
the N

ew
 M

enander’ C
om

edy. It w
as character-

ized by a theatrical scene defined by standard-
ized and recurring characters, places, spaces 
and tim

es. In this genre, the intertw
ining and 

progress of the stories developed according to 
precise patterns and, this vision of events also 
reflected the staging of stereotyped (Fig. 5) and 
ever-present characters.
The m

asks of the N
ew

 M
enander’ C

om
edy rep-

resent the large corpus in Lipari, consisting of 
Fig. 7 - Autom

atic search for hom
ologous points, (a) the Etairika teleion, and (c) the second Etairikòn teleion; (c) sparse point cloud, by A. M

arraffa & F. Fatta, (2017).
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about three hundred and fifty specim
ens, w

hich 
trace the types w

idely described by P
ollux in the 

treatise of O
nom

asticòn and found alm
ost slav-

ishly by Luigi B
ernabò B

rea. 

2. FO
R

 A
 R

ESEA
R

C
H

 M
ETH

O
D

O
LO

G
Y

2.1 TH
E FR

A
G

M
EN

T A
N

D
 TH

E EN
TIR

E: FR
O

M
 TH

E 
R

EC
O

N
STR

U
C

TIO
N

-IN
TEG

R
A

TIO
N

 P
R

O
TO

C
O

L TO
 

TH
E SEM

A
N

TIC
 A

N
A

STYLO
SIS

The R
esearch, starting from

 the precedent state 
of the art, has the aim

 to define som
e m

ethodolo-
gies for the survey of the archeological fragm

en-
tary artifacts and to elaborate a protocol for their 
digital reconstruction and anastylosis.
The m

asks m
ight be schem

atized in three dif-
ferent states (Fig. 6): the entire m

asks, the en-
tire’s fragm

ents and the ‘m
ute’ or sim

ple frag-
m

ents. The protocol has a reversed pyram
id 

fram
ew

ork, w
hich from

 the generic parts goes 
to until the details. If, from

 a side, the artifact’s 
integration and reconstruction w

orkflow
s have 

been applied on the m
ost representative finds, 

belonging to the all three genres of the dram
a-

turgy - Tragedy, A
ncient and N

ew
 C

om
edy, S

a-
tiric D

ram
a -, instead, from

 the other side, the 
anastylosis’s pipeline w

as m
ainly focused on the 

N
ew

 C
om

edy’s m
asks. The subdivision in m

ac-
ro-groups (old m

en, young m
en, w

om
en, slaves, 

etc.) and in sub-groups, allow
ed to oriented the 

protocol of reconstruction tow
ards those cate-

gories that present a higher num
ber of sam

ples.
In particular, the w

orkflow
 is articulated in: P

ho-
togram

m
etric survey (Fig. 7); C

om
puting of the 

point clouds; M
eshing; A

nalysis of the m
ain ge-

om
etries; P

hilological detailed study; 3D
 m

odeling 
and sculpting (Fig. 8); Texturing (Fig. 9).

2.2 
B

E
TW

E
E

N
 

D
O

C
U

M
E

N
TA

R
Y 

A
N

D
 

IN
TE

R
-

P
R

E
TA

TIVE
 

R
E

P
R

E
S

E
N

TA
TIO

N
: 

TH
E

 
S

E
M

A
N

-
TIC

 A
N

D
 D

IG
ITA

L A
N

A
S

TYLO
S

IS
 P

R
O

TO
C

O
L O

F 
TH

E
A

TR
IC

A
L FIN

D
S

The synthetic w
orkflow

 presented in the previ-
ous paragraph refers, as w

e have already said, 
to w

hole m
asks and fragm

ents of the w
hole. S

o 
far, how

ever, nothing has been said about the 
Fig. 8 - Steps of the organic sculpting m

odeling of a com
ic m

ask, Pornoboskòs, Blender, by A. M
arraffa & F. Fatta, (2017).

m
ethodological protocol to be used w

hen deal-
ing, no longer w

ith w
hole fragm

ents, but w
ith 

so-called ‘silent’ fragm
ents [7].

A
s w

e w
ill see better in the developm

ent of the 
paragraph, the protocol develops through an 
inverted pyram

id trend, in a scalar and hier-
archical w

ay. It starts from
 the universal and 

reduces the field m
ore and m

ore, tightening it 
tow

ards a m
ore specific aspect. The universali-

ty of the m
ethod m

akes it repeatable and appli-
cable to every group, sub-group, type and sub-
type of the specim

ens of the Liparota collection.
The 

m
ethodology 

w
as 

thought 
to 

answ
er 

to 

tw
o specific purposes: giving a new

 voice to all 
those scraps artifacts and to all those ‘m

ute’ 
m

asks, inscribing them
 inside a w

ider dim
en-

sional and typological hierarchy; answ
ering to 

the m
atter of the ‘m

ute’ fragm
ents, by m

eans of 
a sem

antic segm
entation or description.  

2.3 A
 R

E
FE

R
E

N
C

E
 G

LO
S

S
A

R
Y

B
efore presenting the various phases of the 

w
orkflow

, how
ever, it is necessary to clarify 

the term
inology of the nom

enclature adopted. 
W

hen w
e talk about clay m

asks, w
e often re-

fer to groups, sub-groups, prototypes, types, 
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Fig. 9 - Exam
ple of the calculation 

of the color-m
aster (average) for 

the criterion of the so-called neutral 
zone, M

ATLAB, A. M
anuel & A. 

M
arraffa, (2017). 

subtypes, series, m
atrices (Fig. 10). Taking up 

the inverted pyram
id schem

e - from
 the uni-

versal to the particular - the first term
 that 

appears, w
hen dealing w

ith specim
ens deriv-

ing from
 a coroplastic production, is that of 

‘group’. A
 group is defined as that particular 

category, in w
hich ‘all the w

orks attributable 
to the sam

e craftsm
an, to the sam

e w
orkshop, 

or in any case stylistically linked’ are brought 
together’[8]. The term

 group im
plies the need 

to find com
m

on elem
ents that allow

, in fact, to 
group objects, certainly sim

ilar to each other, 
but each endow

ed w
ith a profoundly different 

qualitative value. H
ow

ever, if used only w
ith a 

typological value, the group can also indicate 
all those specim

ens connected by the sam
e for-

m
al and distinct characters only on the basis of 

the m
ost evident external characteristics.

A
s already m

entioned, B
ernabò B

rea has identi-
fied, am

ong the characters of the N
ew

 C
om

edy, 
forty-four groups of m

asks, already extensively 
codified by P

ollux and identifiable in w
ell-defined 

and differentiated characters. The groups w
ere, 

in turn, grouped into m
acro-groups, w

hich identi-
fy the scenic devices based on the tw

o character-
istics of age and gender.
In Lipari, as w

e all know
, there are m

asks de-
picting 

elderly 
characters, 

youth 
characters, 

servants, elderly w
om

en and young girls. These 
categories represent m

acro-groups [9] of ter-
racottas. 

E
ach 

m
acro-group 

can 
be 

broken 
dow

n 
into 

further 
sub-groups, 

in 
w

hich 
the 

sam
e characters appear, but w

ith som
e very 

specific typological and stylistic variants.
A

s has already been explained in the previous 
paragraphs, the L

ipari’s choroplastic produc-
tion w

as a proto-industrial one, w
ith m

atrix 
and serial features, since all the finds derive 
from

 single or double m
olded m

atrices. E
ach 

m
atrix presupposes the presence of an origi-

nal prototype-m
odel, from

 w
hich a ‘series’ or 

‘fam
ily’ of m

asks begins. This m
odel-prototype 

is also called, in jargon, archetype or patrice. 
The prototype represents the original creation, 
alw

ays positive, the starting point for the seri-
al m

atrix production. 

Fig. 10 - Hierarchical diagram
 of 

the coroplastic production, by M
. 

Barra Bagnasco, (1986).
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2.4 TH
E FO

R
M

A
L C

H
A

R
A

C
TER

S O
F TH

E M
A

SK
S 

O
F TH

E ‘YO
U

N
G

 M
EN

’
The first phase of the w

ork pipeline is represent-
ed by the redraw

ing (Fig. 11) of all 343 know
n and 

published so far, belonging exclusively to the N
ew

 
C

om
edy genre. The redesign of the m

asks w
as 

useful to understand how
 the m

asks relate to each 
other, from

 a graphic and m
orphological point of 

view
. From

 this prelim
inary study, the m

ain for-
m

al, stylistic and typological characteristics that 
unite and differentiate the finds em

erged. Subse-
quently, a very specific group w

as isolated, that 
of young m

en [10] (Fig. 12). This group is repre-
sented in Lipari by eleven sub-groups, w

hich are 
distinguished by the fact that they have precise 
physical characteristics, w

hich help to explain, 
figuratively and m

orphologically, the psycholog-
ical aspects of each character. The choice of this 
group w

as by no m
eans accidental: the group of 

young m
en appears in Lipari w

ith a greater fre-
quency than all the other groups. Furtherm

ore, 
it is the group that m

ore than the others, lends 
itself to the reconstruction and anastylosis proto-
col, due to the great heterogeneity of specim

ens 
that it provides, am

ong w
hole finds, fragm

ents of 
w

hole and ‘m
ute’ fragm

ents.
O

nce the group w
as identified, the field w

as then 
further narrow

ed, isolating w
ithin it, the third 

sub-group of m
asks, indicated, according to the 

classification of B
ernabò B

rea. This sub-group 
is called the ‘Young w

ith w
avy hair’ or ‘oùlos 

neanìskos’. A
ccording to P

ollux, it m
ust have 

been the youngest type of the entire category, 
characterized by a reddish skin, a thick m

ass 
of w

avy hair, arranged in a crow
n, a m

edium
 

round and short face, raised eyebrow
s, slightly 

asym
m

etrical and converging dow
nw

ards. H
e 

is generally referred to as a bold young m
an 

w
ith a strong, virtuous and confident character. 

This sub-group occurs in num
erous specim

ens, 
am

ong w
hole and fragm

entary, very heteroge-
neous from

 each other on a dim
ensional and 

Fig. 11 - The forty-four groups of the New
 Com

edy, by A. M
arraffa & 

F. Fatta, (2017).
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Fig. 12 - The youth m
acro-group is highlighted in red; in gray, the sub-group 

n. 12, the ‘Young m
an w

ith w
avy hair’ by A. M

arraffa & F. Fatta (2017).

m
orphological basis. O

n the basis of slight var-
iations in detail, it is possible to further subdi-
vide the sub-group, into four sizes, distributed 
over tw

enty-six specim
ens.

2.5 TH
E D

ESIG
N

 O
F TH

E R
ELA

TIVE P
R

O
TO

TYP
E

In order to define a universal and valid anastylosis 
m

ethod for the entire sub-group, all know
n spec-

im
ens w

ere analyzed and acquired, plus som
e 

fragm
ents never published. The m

asks, also de-
tected in this case by m

eans of the digital photo-
gram

m
etry m

ethod, include, as m
entioned sev-

eral tim
es, w

hole specim
ens (i), w

hole fragm
ents 

(f.i) and sim
ple or ‘m

ute’ fragm
ents (f.s.).

O
nce all the specim

ens have been detected - by 
m

eans of photogram
m

etry - and the m
etrological 

data extraction operations have been perform
ed, 

all 
those 

typological 
characters 

considered 
to 

be dom
inant, functional to the description of the 

specim
en, have been isolated. They are the topical 

elem
ents of recognition of the sub-group and can 

be sum
m

arized in: cap / m
ass of hair; face oval; 

eyes; nose; m
outh (Fig. 13). A

t the sam
e tim

e as 
this first rudim

entary sem
antic segm

entation of 
prim

ary characters, other m
easurem

ent criteria 
have been defined [11], functional to the geom

et-
ric and m

orphological analysis of the conspicuous 
points, or hom

ologies, of each specim
en. The ho-

m
ologies (Fig. 14) concern the m

ain characters 
com

m
on to all the specim

ens, found on each 
painting, in the vertical and horizontal sense of 
the prosopòn. 
A

ll the m
easurem

ents extracted from
 the analy-

sis conducted on w
hole specim

ens and fragm
ents 

of the w
hole w

ere, subsequently, reported on a 
table. Then, the m

athem
atical average of these 

values w
as calculated. From

 this calculation, it 
w

as possible to define a reticular-trace schem
e, 

w
ithin w

hich w
e tried to relocate the m

ain char-
acters of the m

asks (Fig. 15). For the four m
edi-

um
-patterns, as m

any m
edium

-sized m
asks w

ere 
created, w

hich in fact do not exist in the Liparote 
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Fig. 13 - Segm
entation of the m

ain dom
inant typological characters: cap, 

eyes, nose, m
outh, oval of the face, by A. M

arraffa & F. Fatta (2017).

collection. These m
asks, called ‘relative proto-

types’ to sub-group 12, are generic exam
ples of 

m
asks, created ex novo. They contain, in practice, 

the average inform
ation of all the m

asks relating 
to each m

easure. The ‘relative prototype’ is a sort 
of passe-partout, a neutral or a generic one, and 
is the functional elem

ent to ‘translate’ and sys-
tem

atize all those so-called ‘m
ute’ fragm

ents, 
for w

hich the spatial and the reconstruction w
ork. 

Follow
ing the digital m

odeling of the relative pro-
totype, through anastylosis exercises it w

as pos-
sible to test the percentage of adhesion (Fig. 16) 
of each silent fragm

ent w
ith respect to its neu-

tral reference prototype[12]. In particular, in the 
anastylosis exercises, operated m

anually through 
translation and rotation operations, the scale of 
the fragm

ent rem
ained the original one, w

hile it 
w

as only and exclusively the scale of the relative 
prototype that changed.

2.6 G
EN

EA
LO

G
IC

A
L TR

EE A
N

D
 G

EN
ETIC

 H
ISTO

R
Y 

O
F TH

E M
U

TE FR
A

G
M

EN
TS

In order to rearrange the specim
ens w

ith each 
other and in order to reconstruct the ‘genetic his-
tory’ of the archaeological finds, the dim

ensional 
relationships of the m

asks, relating to the second 
m

easure, w
ere also studied. This m

ade it possible 
to define the average reduction coefficients (A

R
C

) 
or enlargem

ent, w
hich exist betw

een one finding 

Fig. 14 - M
easurem

ent criteria on som
e of the m

ost representative specim
ens of the first, second, third and fourth m

easure by A. M
arraffa & F. Fatta, (2017).
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Fig. 15 - Grids for the form
alization of relative prototypes by A. M

arraffa & F. Fatta, (2017).

and another[13]. These values allow
 us to evaluate 

the finds in relation to the geom
etric ‘deviation’ 

(Fig. 17) that exists betw
een different specim

ens, 
but belonging to the sam

e fam
ily.

The scientific literature on the subject of choro-
plastic production attests that betw

een finds 
belonging to a serial production w

ith com
m

on 
characters, at least from

 the chronological and 
stylistic point of view

, there is a very precise 
logical sequence of production. The finds, in 
fact, dialogue w

ith each other on the basis of 
precise form

al and dim
ensional relationships. 

In order to clarify the genealogical and filiation 
relationships betw

een the m
asks, a triplet of 

conspicuous points w
as identified on each m

od-
el, alw

ays found on the specim
ens of the sec-

ond m
easure, w

hether they are w
hole, w

hole 
fragm

ents and ‘m
ute’ fragm

ents (once placed 
inside the relative prototype). These points are: 
the center of the forehead; the tip of the nose; 
the attachm

ent of the neck. The union of these 
points allow

s to define the triangle form
ed by 

the vertices A
B

C
. O

n this triangle, the center 
O

 w
as then indicated, corresponding to the ge-

om
etric center of gravity of the exhibit. From

 the 
ratio of the n sides A

B
, B

C
 and A

C
, of the trian-

gles draw
n on all the specim

ens of the second 
m

easure (ex. A
B

/A
1B

1; B
C

/B
1C

1; A
C

/A
1C

1; A
B

/
A

2B
2; B

C
/B

2C
2; A

C
/A

2C
2), it w

as calculated the 
percentage of reduction (or enlargem

ent), de-
fined as the angle of deviation calculated on the 
surface, betw

een one specim
en and another. 

This percentage allow
ed, therefore, to reorder 

the m
asks, on the basis of their m

ain dim
en-

sional relationships. It w
as possible to calcu-

late this reduction or enlargem
ent percentage, 

even for all the ‘silent’ fragm
ents, once insert-

ed, as m
entioned, w

ithin the form
al schem

e of 
the relative prototype.
From

 these calculations it w
as possible to es-

tablish, m
ore accurately, the degrees of kinship 

betw
een one m

ask and another, and a sort of 
‘fam

ily 
tree 

of 
know

n 
finds’ 

w
as 

developed. 
O

nce the key points of the m
ethodological pipe-

line of the integration and anastylosis protocol 
have been defined, a w

hole series of actions has 

also been devised aim
ed at researching m

eth-
ods of sem

antic analysis and dissem
ination of 

the R
esearch project.

3 C
O

N
C

LU
SIO

N
S

3.1 M
ETH

O
D

O
LO

G
Y O

F A
N

N
O

TA
TIO

N
 A

N
D

 SE-
M

A
N

TIC
 D

ESC
R

IP
TIO

N
 O

F TH
E M

A
SK

S
Today, the enhancem

ent and the dissem
ination 

of cultural heritage are increasingly based on the 
use of m

ultim
edia supports capable of m

aking 
their use clearer and m

ore im
m

ediate. H
ow

ever, 

m
ost of these devices allow

 a type of dissem
ina-

tion that is still too passive, and not very dynam
ic. 

The new
 horizons of C

H
 dissem

ination, on the 
contrary, 

should 
alw

ays 
becom

e 
perm

eable 
in order to seek solutions, in w

hich the user is 
personally called upon to be an integral and par-
ticipatory part of the process of docum

entation 
and enhancem

ent of the heritage. The 3D
 m

od-
els of the assets represent, now

adays, the m
ost 

flexible and com
plete graphic supports for the 

docum
entation of the C

H
. In fact, they provide a 

representation that is com
pletely faithful to the 
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Fig. 16 - Digital anastylosis: adhesion tests of the ‘silent’ fragm
ents on the relative prototype by A. M

arraffa & F. Fatta, (2017).

original, thanks to m
etrically and geom

etrically 
detailed and realistic reproductions. H

ow
ever, 

beyond the visual docum
entation of the patrim

o-
nial objects, a clear and precise description, an-
notation and sem

antic segm
entation[14] of these 

m
odels also seem

s necessary.
In order to ensure a sem

antic deepening of the 
vast universe of liparote m

asks, it w
as used a 

recently created sem
antic annotation platform

, 
called A

ïoli[15], tested in beta version during a pe-
riod of research and m

obility at the M
A

P
 research 

center C
nrs of M

arseille, created by the research 
team

 of M
A

P
-G

am
sau. This platform

 is a collabo-
rative annotation cloud service that allow

s to pro-
cess three-dim

ensional representations through 
som

e autom
ated photogram

m
etry tools, and to 

enrich the latter through a series of sem
antic de-

scriptors, nam
es and labels, in order to im

prove 
understanding and analysis of the artifacts. The 
softw

are w
as created to m

ake docum
entation of 

cultural heritage m
ore innovative, flexible - be-

cause it is based on the convergence of m
ulti-dis-

ciplinary objectives - and, in fact, participatory, 
to w

hich everyone can give his ow
n contribution. 

A
ïoli offers hybrid synthesis solutions that allow

 to 
w

ork m
ore easily on tw

o-dim
ensional im

age sup-
ports. A

ll sem
antic analyzes conducted in 2D

 are 
autom

atically transferred to the three-dim
ension-

al spatial representations, in the dim
ension of a 

point cloud[16]. Furtherm
ore, the program

 allow
s 

to correlate the sem
antic descriptions, as w

ell as 
from

 a spatial point of view
, also from

 a point of 
m

ulti-scalar and m
ulti-tem

poral view
[17].

A
ïoli w

as tested on all specim
ens (w

hole, w
hole 

fragm
ents and ‘m

ute’ fragm
ents) of m

asks, be-
longing to the second m

easure of sub-group n. 12, 
defined, ‘Young m

en w
ith w

avy hair’. The program
’s 

pipeline is very sim
ple and intuitive: after loading 

a certain num
ber of photos depicting the object to 

be described, the softw
are extracts a dense point 

cloud. O
nce the three-dim

ensional representation 
of the data has been processed, it is then possible 

Fig. 17 - Calculation of geom
etric deviations on surfaces by A. M

arraffa & F. 
Fatta, (2017).
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Fig. 18 - Aiöli’s w
orkspace for segm

entation and sem
antic labeling of finds, CNRS - M

ap Gam
sau, M

arseille, (2017).

to start segm
enting the m

odel (Fig. 18), starting 
from

 a local annotation, conducted in tw
o-dim

en-
sional on the im

ages[18]. Each m
ask m

odel w
as 

broken dow
n into a series of sub-elem

ents, based 
on the form

al breakdow
n previously presented 

in the anastylosis protocol. This subdivision con-
sidered the m

ain m
orphological and typological 

characters present in each m
ask (calotta, oval of 

the face, eyes, nose and m
outh).

A
ïoli gives the possibility to create a series of lay-

ers, called calques, w
hich correspond to a par-

ticular sem
antic description. The classification of 

these levels takes place through the definition of 
a closed region, traced by m

eans of polygonal or 
free selection tools. The sem

antic description of 
each calque is therefore autom

atically associated 
w

ith all the tw
o-dim

ensional representations of 
the w

orking set, and of course, also w
ith its spa-

tial projection in 3D
[19]. A

 hierarchical schem
e of 

calques w
as therefore devised, and as m

any lay-
ers w

ere created as there w
ere sem

antic descrip-
tors to be connected[20]. A

 series of inform
ation 

Fig. 19 - M
ask’s DNA: shape gram

m
ar and definition of the production m

atrix genealogy by A. M
arraffa & F. Fatta, (2017).

relating to the geom
etric and m

orphological char-
acteristics w

as then extracted for each sam
ple of 

m
ask, functional to the qualitative and quantitative 

com
parison betw

een one sam
ple and another[21]. 

A
m

ong this inform
ation, w

e cite: com
plex vertical 

profiles, radii of curvature of som
e m

ain elem
ents 

(m
outh, eyebrow

s, cheeks, nose, eyeball), quanti-
tative analysis of the prim

ary elem
ents related to 

the totality of the find, m
ain distances, etc. 

From
 a precise shape gram

m
ar, consisting of 

the conspicuous prim
ary characters of each 
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Fig. 20 - Exam
ple of sem

antic 
segm

entation, Aiöli, CNRS - M
ap 

Gam
sau, M

arseille, (2017).

m
odel, it w

as then possible to define a hierar-
chical clustering (Fig. 19) of the m

acro-types 
of 

the 
m

asks 
and 

of 
the 

m
ain 

m
orphologi-

cal elem
ents that com

pose them
. This type of 

structure, called a ‘tree, and of a philo-genetic 
type’[22], presides over the sem

antic descrip-
tion of each m

ask specim
en. The m

ethodolo-
gy also allow

s to m
anage, in each annotation 

phase, 
the 

perfect 
correspondence 

betw
een 

w
hat 

is 
the 

tw
o-dim

ensional 
representation 

and the 3D
 spatial representation. In particular, 

five different calques w
ere defined for the Li-

pari m
asks (Fig. 20), w

hich took into considera-
tion: the basic typological and form

al elem
ents 

(conspicuous prim
ary characters such as eyes, 

m
outh, nose, cheeks, etc.); the state of deteri-

oration of the property and any gaps; changes 
in m

aterials; the radii of curvature, the angu-
lar-geom

etric transitions and the singularities 
of each elem

ent and sub-elem
ent, etc.

It w
as then possible to extract a large series of 

fundam
ental 

param
etric 

inform
ation 

from
 

the 
segm

ented m
odels: tools of quantitative analy-

sis - tools for m
easuring, extracting profiles and 

sections, calculating the points of correspondence 
betw

een the photo and the 3D
 m

odel - allow
 to in-

teract w
ith the three-dim

ensional m
odel and to 

extrapolate all possible inform
ation from

 it. Then, 
this inform

ation w
as associated in the form

 of at-
tachm

ents to the labeled m
odel. In particular, for 

each sam
ple of the second size, a .dw

g file w
as 

associated containing all the extracted profiles 
corresponding to all the sam

ples of the sam
e size.

The profiles, then, w
ere arranged on a series of 

C
artesian axes w

ith the geom
etric center of gravity 

of the profile coinciding w
ith the origin of the axes. 

The relative (A
r) and total (A

t) area w
as calculat-

ed for each of them
. The relationship betw

een the 
tw

o areas has determ
ined a value, represented 

m
athem

atically by the integral underlying the tw
o 

curves, described by the profiles of the m
asks.

This value is the A
verage R

eduction C
oefficient 

(A
R

C
) that exists betw

een one specim
en and an-

other. The percentage obtained from
 these values 

represents a fundam
ental data for rearranging 

the finds of the m
asks and for creating a gene-

alogy of fam
ilies of m

asks. This process w
as de-

veloped for each specim
en: an inverted pyram

id 
structure w

as thus created, in w
hich each spec-

im
en w

as com
pared w

ith its successive ones and 
w

ith its previous ones.
The 

ability 
to 

segm
ent 

a 
three-dim

ensional 
m

odel, by m
eans of supports and m

obile de-
vices, such as sm

artphones and tablets, allow
s 

users to use sem
antic annotation in an im

m
e-

diate and intuitive w
ay. Thanks to the logic of 

sharing, the descriptors that enhance the m
od-

el can therefore be im
plem

ented and shared in 
real tim

e, com
m

ented by all users, alm
ost as if 

it w
ere the content of a classic social netw

ork.

Today, 
the 

sem
antic 

description 
m

ethodology 
helps to have a topological control in every phase 
of m

odel m
anagem

ent. It show
s us how

 it is pos-
sible to define a continuous flow

 of inform
ation 

encoded in a single, coordinated and coherent 
source. This m

ethodology, w
ith a great techno-

logical significance but at the sam
e tim

e w
ith a 

great artisan character, allow
s to obtain truly 

‘talking’ and m
ulti-resolution m

odels. Labeling 
and sem

antic description appear as indispensable 
processes in the docum

entation of cultural herit-
age. M

ore and m
ore, they represent an unavoida-

ble practice for a m
ore com

plete and continuous 
com

m
unication and dissem

ination of the C
H

.
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NOTE

[1] Quote, com
pare Vernant, J.P., 

(1990). Figures, idoles, m
asques. 

Paris: Julliard, p. 90.

[2] Quote., cfr. Bernabò Brea, L., 
(1981). M

enandro e il teatro greco 
nelle terrecotte liparesi. Genova: 
Sagep Editrice, pp. 11-14.

[3] Other exam
ples of theatrical 

choroplasty 
are 

found, 
as 

w
ell 

as in som
e Greek centers, also in 

Centuripe, Cefalù, and Glasgow
, 

Oxford and Cam
bridge. There are 

other 
testim

onies 
preserved 

at 
the British M

useum
 in London, at 

som
e m

useum
s in Berlin, at the 

Louvre in Paris, at the archae-
ological sites of Naples, Reggio 
Calabria and Syracuse.

[4] For a com
plete interpretation 

of the connotation of the Diony-
sian cult in Greece and M

agna 
Graecia, connected to the role of 
theatrical 

im
agery, 

cf. 
Bernabò 

Brea, L., (1981), w
ork already cit-

ed, pp. 21-27. See also Green J.R., 
Theaterin Ancient Greek Society, 
London, (1994), in particular p. 89 
and follow

ing.

[5] See Gernet L., Boulanger, A., Le 
genie grec dans la religion, La renais-
sance du livre, Paris, (1932), p.43.

[6] 
‘Their 

great 
orbits 

already 
know

 w
hat is about to happen, 

w
hat, on the path of fate, has 

already been accom
plished. Pet-

rified in the contem
plation of des-

tiny, they reflect the enigm
a and 

revelation ‘. Quote, cfr. Pizzorno, 
A., w

ork already m
entioned, p. 74.

[7] By ‘silent’ fragm
ents w

e m
ean 

all 
those 

fragm
ents 

for 
w

hich 
spatial relocation is difficult and 
not very im

m
ediate w

ith respect 
to 

a 
com

plete 
m

odel, 
precisely 

because there is little inform
ation 

and elem
ents of recognition com

-
pared to the entire ideal.

[8] Follow
ing the classification of 

the Barra Bagnasco , the ‘group’ 
is indicated w

ith a capital letter 
of the alphabet, for ex. ‘A’. For a 
m

ore in-depth discussion of the 
m

eaning of ‘group’, in relation to 
clay production, please refer to 
the volum

e by Barra Bagnasco, 
M

., (1986). Protom
i in terracotta 

da Locri Epizefiri. Torino: Il Quad-
rante, p. 20.

[9] The m
acro-group is indicated 

w
ith a capital letter of the alphabet 

follow
ed by the num

eric subscript, 
for ex. A1. To learn m

ore, cf. Barra 
Bagnasco, M

., ibidem
, p. 21.

[10] The group of young m
en w

as 
extensively described by Pollux in 
Onom

asticòn IV, 146-148. To learn 
m

ore, com
pare Bernabò Brea, L., 

w
ork already cited, p. 154.

[11] 
Barra 

Bagnasco, 
M

., 
opera 

citata, p. 23. For the m
easure-

m
ent criteria adopted, see Nicholls 

(1982), p. 92 and Barra Bagnasco, 
M

., cited w
ork, p. 23.

[12] This percentage varies be-
tw

een 75%
 for large m

ute frag-
m

ents, and 95%
 for sm

aller ones.

[13] 
This 

expression, 
generally, 

indicates the percentage x reduc-
tion of one specim

en com
pared to 

another, w
hen referring to a m

a-
trix production technique. In this 
regard, Jastrow

’s w
ork is adm

ira-
ble, certifying the average reduc-
tion coefficient of the new

 m
atrix 

and 
its 

positive, 
approxim

ately 
around 18%

. These calculations 
are confirm

ed by Bonghi Jovino, 
and by the Barra Bagnasco, w

ho 
indicate 

a 
reduction 

coefficient 
ranging from

 12 to 17%
. To deep-

en the subject, see Barra Bagnas-
co, M

., cited w
ork, p. 22; Jastrow

 

(1941), 
pp. 

1-5; 
Bonghi 

Jovino 
(1965), pp. 17-19.

[14] 
Annotation 

and 
sem

antic 
segm

entation 
are 

taxonom
ic 

processes that allow
 to connect 

a series of historical, philolog-
ical, 

iconographic, 
m

orphologi-
cal, etc. insights to any cultural 
asset. The sem

antic description 
m

ethodology is based on the the-
ories of the ‘shape’s gram

m
ar’, 

developed 
by 

Stiny, 
Gips 

and 
M

itchell, but also on the w
orks of 

L. De Luca, pioneer of sem
antics 

applied to the docum
entation of 

architectural 
and 

archaeolog-
ical heritage, to the indexing of 
iconographical sources connect-
ed to them

, and to the analysis 
of space-tim

e representations of 
the historical heritage.

[15] Aïoli is a project presented by 
the M

AP laboratory of the CNRS / 
M

CC, on the occasion of the Salon 
de la Valorisation en Sciences Hu-
m

aines et Sociales, Palais de l’Eu-
rope, M

arseille, M
ay 2017.

[16] This process is called ‘auto-
m

atic 
propagation’ 

betw
een 

3D 
and 2D representations. To learn 
m

ore about the topic, see M
anuel, 

A., (2016). Annotation sém
antique 

2D / 3D d’im
ages spatialisées for 

the docum
entation and the analy-

sis d’objets patrim
oniaux. Aix-en-

Provence, ParisTech, p. 26.

[17] Aiöli allow
s to add photos to 

an already defined and sem
anti-

cally described relief set. The pho-
tos that are added to the first set 
can therefore be im

ages acquired 
in different tim

e periods. They are 
functional to understand the evolu-
tions of that architectural asset - in 
term

s of decay, restoration, con-
servation and com

positional evo-
lution - over tim

e. For an in-depth 
analysis on the sem

antic m
anage-

m
ent of space-tim

e evolutions of 

patrim
onial objects, cf. De Luca, L., 

et al, (2010).

[18] The sem
antic annotation can 

be distinguished in: global annota-
tion, associated w

ith the entire as-
set object; local annotation, asso-
ciated w

ith w
ell-defined portions 

of an asset and separated from
 

each other. Both types of annota-
tion can take place autom

atically, 
sem

i-autom
atically 

or 
m

anually. 
See, Kharkate, S.K., (2013). Auto-
m

atic Im
age Annotation: A Review

. 
In ‘The International Journal of 
Com

puter Science & Applications’, 
Vol. 1, n. 12.

[19] The annotation takes place 
directly on the tw

o-dim
ensional 

im
age, as the latter represents the 

best support for the selection and 
definition of the region. Through 
operations of correspondence or 
spatial resection, all the selection 
inform

ation and the related an-
notations are then transferred to 
the other im

ages and, therefore, 
to the point cloud. This occurs 
through a process of projective 
relationship, w

hich associates the 
point of view

 of a tw
o-dim

ension-
al source w

ith its 3D spatial rep-
resentation. In Aiöli’s w

orkspace, 
the point of view

 of the im
age, on 

w
hich a segm

entation w
ork has 

been started by m
eans of calque, 

is positioned transparently on the 
3D m

odel. For m
ore inform

ation 
on the subject, see M

anuel, A., 
aforem

entioned w
ork, p. 97.

[20] In the case of particularly 
com

plex 
objects, 

the 
softw

are 
allow

s the selection of regions 
and sub-regions of the object, 
allow

ing a series of overlaps of 
different calques.

[21] Through the classification of 
m

orphological elem
ents and re-

curring geom
etric prim

itives, it is 
possible to define autom

ated pro-

cesses of topological recognition: 
each library refers to a cluster / 
thesaurus 

of 
correspondence 

of 
the 

recurring 
form

s, 
useful 

for 
defining 

a 
series 

and 
m

apping 
all areas to study. Based on the 
recurrence of norm

als, chrom
atic 

elem
ents, radii of curvature, etc., 

the m
apping by points m

anages 
to put the fragm

ents back into 
the system

 and allow
s them

 to be 
placed precisely and punctually on 
the relative prototype. The relative 
prototype represents, as seen, a 
‘regulated’ m

odel. It is intended as 
an ideal and discretized geom

et-
ric m

odel, defined by the average 
of all the other m

ask m
odels. The 

definition of a norm
alized m

odel is 
an essential m

ethod for verifying 
all those proportional and com

po-
sitional aspects w

hich, otherw
ise, 

could not be controlled through 
num

erical m
odeling.

[22] The ‘tree structure’ also allow
s 

to hierarchize the description lev-
els based on user preferences.
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