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Introduction

Emerging rescarch and development activities aim to define integrated environments for image
analysis and synthesis. From early ‘90, 1.5.0. working groups oriented to formulate standard
proposals arc involved in the discussion of functional specifications for an unified area of
Computer Graphics and Image Processing {ISO].

In {994, a CNR Project named “Knowledge through Images: an Application to Cultural
Heritage™ (CI] was launched, covering activities in the areas of acquisition and processing of
images, rendering of realistic images, mapping and manipulation of common propertics in real
and synthetic images, so far as coding and storing methods for multimedia databases, visual
interfaces and virtual reality systems.

Integrated environments including the above mentioned functionalities permit a user to solve
problems requiring more than one computation procedure for their solution: for instance, the
design of realtime virtnal reality applications where data should be visualised in a three-
dimensional spacec merging both real and synthetic images.

In order 1o sxperiment methodologies and techniques in inteprated environments, the CNR
Project needed to identify an application area where methods dealing with real and synthetic
images were required. The area of Cultural Heritage safeguard was individuated, considering the
study and representation of degradation processes of stony materials, typical of historical
buildings. In panticular, mair work dealt with peometric and descriptive information and images
relative to pudding-stone and travertine ashlars.

This paper describes some of the results obtained within the Project.

We started designing a ‘laboratory’ for image analysis and synthesis and then we developed
specific tools implementing appropriate functionalities {MMS], such as the evaluation of
morphoraetric and densitometric properties or celour distribution in real images.

A main concept is that a user can activate functions “from his point of view™. In fact, when the
user utilises the functions available for solving his peculiar problem, he identifies a research path
of tools. Since a tool cnables the user to store his research paths, such a path set can be considered
as a language. The associate grammar is, then, the knowledge of the user who can avoid wrong
paihs- and then wrong results. This is the meaning of the sentence “from the user point of view™.

With regard to the Cultural Heritage application arez, a user is allowed 1o extract and
_ manipulate properties or chagacteristics for classifying images or structures and simulate pictorial
_ dynamic events. As a result, the data deriving from such studies can “enrich” the tools

- _enviroament and so the knowledge availabie for the user himself, The Cultural Heritage cxperts

_may be helped 10 solve, then, complex problems like: to “objectivise™ the “naked eye™ analysis
e.;l'ogess usually followed to achieve the diagnosis about the conservation state of a monument: t0



After designing ang prbtotyping our operationaj environment, thar is our laboratory, the tools
implemented have been fested and verjffad o a speejfic Study case, thag is the degradation
analysis of ashlars composing the Aosta Roman Theatre, In Particular, dug ¢, the complexity of
the problem faced, different research paths were defined and coded using 5 Syntactic approact
based on an grj ginai language anqg its relative grammar,

The system architecture

processing modules, data inpur/output and store partig or {inal results, sometimes uscful for
further ef aboration procedures, .
In Fig, | the architectura} sketch of qup general-purpose system oriented 1o assist users in



If we associate a symbol to the modules or procedures availabie in our System, we can obtain a
string at the end of 2 study - i.e. of a research path inside the tool, The obrained string is the path
followed by the user from starting data to a final result. Now, if the user accepts the obtained
result, be can store the comesponding path and, then, the string. In this way, the user can build a
language - able to grow in size - where there are all paths interesting, from ies point of view. In
the path storing phase, both the string and the name, given by the user to distinguish the path, are
stored. We can consider the toof as 3 grammar [HU] where there are: termiaal symbols: symbols
.. Soresponding to Operarors; non torminal symbols: names given by the user (research path titles);
T Ta stan symbol linked to each nor terminal symbol,

=5 An Ecample of Coding Research Path

- us consider the problem to foresce the future conditions of the material composing a
monument. in order to decide next conservation actions, a virtual restoration and simulation of
further degradation of a material become quite interesting,



The approach followed is shown in Figure 2, while the corresponding grammar is displayed in
Figure 3, _ -

In this case we have only one production rule, where the non terminal symbol is
Sim_Furt_Degrad, i.¢. the research path title “Simulation of Further Degradation”, and the
terminal symbols correspond to the utilised operators.

Finally, Figure 4 shows the general analysis and synthesis model for shapes extraction.

Simulation of further degradution

Material telection

(Enbupyand’nnan calculug) @
. Segmentation
(Co-octurrence matrix technique) b

!

Selection and cherscterization of degradation fegions <
(Normal vector field calculug)

L

Selection of regions of Bxther degradation d
(Synthetic chapes) (Ixtracted chapes)

1

Cheracteriration of firther degradation regions

(Normal vector fiold calethes) ¢
MNormal veetor Selds combiation
(Combination of tveo normal vector fislds) f

l

Generation of sequence of dogradasion inages

(Differvnt welght combination) g
Foligwed puth string generation
Crommser gensratios B

Figure 2. Block scheme of Opemﬁcfns sequence refative to further degradation simulation,
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S & Start symbol;
Vtefabcedefph}:

Vm & Sim_Furt_Degrad }:
Sim_Furt_Degrad — abedefgh

Figuce 3. Grammar relative to the followed research path,

Analysis

Ongmal - Shapes » Chain N Grammar

Image Extraction Coding Definition b Grammar

Synthesis

New Chain Synthetic
Grammar — Languag .
S ':n b ]?cc@mg — Shapes

f

Additional
Rules

Figure 4. An analysis and synthesis model for shapes extraction.

Concluding Remarks

In this paper we described a way for using an image analysis and synthesis laboratory. A
grammar has beea defined for coding rescarch paths within the laboratory functionalitics.
Difficult problems in the Cultural Heritage field have been investigated by means of this
approach, [n particular this tool allowed to belp experts interesied in both the conservation state
diagnosis and treatment methodelogies decisions.
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