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Abstract— In architectural heritage field, the control over 
metric data is fundamental. Indeed the interpretability of 
geometrical concepts, the criteria and methods to structure 
information are the first step for the analysis and simulation for 
the conservation of ancient buildings. The main barrier is to 
move from survey raw data to 3D models that are 
understandable. To overcome this issue a knowledge-based 
approach is developed to carry out a reverse engineering for 
digitised masonry structures. 

Index Terms—Architectural knowledge, 3D semantic model, 
masonry structure, data post-processing, reverse-engineering 

I. INTRODUCTION 
The Monumentum project aims at developing a software 

platform for the management of knowledge that enhances the 
comprehension and analysis of degradation phenomena 
affecting ancient buildings. Various disciplines are mobilized 
in order to define a prototype information processing workflow 
including spatial analysis of surfaces, geometric models of 
structures, heterogeneous documentary sources, etc. One of the 
issues of this project is related to 3D modeling and 
architectural strucuring based on digital surveys. 3D 
digitization techniques allow the creation of precise digital 
models of ancient buildings but whatever their accuracy or 
realism these models are not adapted to conservation analysis 
purposes. The specific objective of our task is to develop and 
experiment a process for the treatment of point clouds in order 
to create a computational model dedicated to mechanic 
behavior analysis. This article presents preliminary 
experiments to meet that objective. Following this introduction, 
the paper presents in part 2 a state of the art in reality-based 
semantic modeling applied to ancient architecture. Part 3 
describes the method we are currently developing as well as the 
first experiments and results. 

II. STATE OF THE ART 
Many methods can be considered to model semantic 

contents from 3D raw data. The required level of detail, the 
geometric complexity of the studied object or the quality of 
raw data are several criteria that may be used to determine 
what is often called “Scan-to-BIM” process [1]. In many case, 
the aim is not so much the creation of building information 
models but rather the parametric (and in some case the 
semantic) modeling of existing buildings [2]. The creation of 
such models is only one side of the BIM approach as it aims at 
overcoming geometrical issues regarding data size, gaps and 

accuracy. Indeed, acquired 3D data have to be processed in 
order to create geometric models based on parametric entities 
models which are accurate mathematical models that replaced 
approximate meshed representations. For this purpose, new 
tools and functionalities have been introduced in existing 
architecture software to read point-cloud files. In many 
projects, Autodesk Revit is used to perform reality-based 
modeling [3]–[6]. Even if the software is originally intended 
for computed aided design, a number of initiatives were 
developed in the reverse engineering field. A first example is 
the GreenSpider project of TC Labs [4]. This plug-in of Revit 
allows the conversion of point clouds into input parameters for 
the natives tools of the software. However, the points that are 
imported into Revit are already segmented. In 2012, Autodesk 
Labs presented Point Cloud Feature Extraction for Autodesk 
Revit technology: a prototype of a reverse engineering tool 
integrated into Revit 2012 software. It provided datum, 
building and floor extraction but also automatic straight wall 
extraction for the creation of basic parametric Revit elements 
[6]. Parametric modeling is the keystone of reverse engineering 
approaches. Textual programming languages were already used 
to create parametric models for the 3D modeling of ancient 
buildings. However, they required a significant learning period 
before achieving the implementation of algorithms. Since 2007 
and the release of new parametric software like Grasshopper, 
the algorithms can be achieved through visual programming 
language thus decreasing the back and forth switching between 
the geometric shape and the algorithms, which in turn may 
allow the designers to focus their attention on design. Previous 
experiments were accomplished with Grasshopper for the 
architectural features extraction such as regulating lines, which 
are used to control the proportion and placement of elements in 
other proportioning systems as well [7]. Notable experiments 
of modeling based on the use of regulating lines include the 
military architecture features modeling such as bastioned 
fortification [8] and civil architecture features such as classical 
orders [9], [10] or gothic windows tracery [11], [12]. 

III. KNOWLEDGE-BASED MODELING: INITIAL EXPERIMENTS 
The Monumentum project relies on a domain ontology that is 
developed from several reference materials including 
dictionaries [13] or stereotomy treatises [14], [15] to identify 
masonry structure architectural components. The latter are 
essential to model the vocabulary (i.e. all the terms describing 
the components of the domain) and the grammar (i.e. all the 
design rules fixing the constraints between components) of 
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masonry structures. Based on the ontology, a library of 
parametric models containing architectural objects is 
implemented in Grasshopper. The library is made of parametric 
arch curves which can be used in turn to create most of the 
vault types. Once the point clouds are imported in 
Grasshopper, they must be manually segmented into smaller 
samples. Each of them has to contain a single arch or vault 
intrados. These samples are then used as input parameters in an 
automatic process that instantiated every arch curves of the 
library. The point clouds are projected onto the instances 
according to the shortest distance. The sum of the distances 
between the original and the projected points allows the 
identification of the arch type but also to position and to have 
dimensions attributed to the parametric arch by using directly 
the point clouds characteristics. The depth of arches or vaults is 
also automatically retrieved which allow the sweep of arch 
curves along a trajectory, thus resulting on the creation of 
intrados.  

IV. CONCLUSION AND FUTURES WORKS 
Monumentum aims at the creation of an information system 

dedicated to ancient building degradation monitoring based on 
semantic annotation of photographs [16]. For that purpose, 
several tools have to be developed and especially a domain 
ontology describing the knowledge related to degradation 
phenomena and architectural morphology. The ontology is also 
used for the creation of specific 3D models. In this paper, we 
presented the very first experiments on the automation of the 
modeling of architecture masonry structures based on 3D 
surveys. Preliminary results are promising (fig. 1). In the long 
term, the resulting semantic curves are intended to be used in 
Revit for the making of the 3D models of the whole masonry 
structure. For that purpose, we can rely on the software library 
as well as a dedicated library that will use the segmented 
arches as input parameters. The low level of detail of the 
resulting 3D models should have little impact on their use. 
They will be converted to meet the requirements for the next 
step of Monumentum project, which is static behavior analysis. 

 
Fig. 1.  Assessment of b-rep barrel vaults accuracy in Geomagic software. The 

average distance is 1cm and the standard deviation is 12cm.  
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