
 

326

Development of an Open Source Spatial 
DBMS for a FOSS BIM 
Sotiris Logothetis, Elena Valari, Eleni Karachaliou and  
Efstratios Stylianidis 

Faculty of Engineering, School of Spatial Planning & Development, Aristotle University, 
Thessaloniki 54124, Greece; slogothet@auth.gr; evalarig@auth.gr; ekaracha@auth.gr; 
sstyl@auth.gr 

Abstract: Building information modelling (BIM) is currently a widely known and 
used technology in many application areas, including architecture, civil 
engineering, electrical and mechanical engineering, facility management, cultural 
heritage management, etc. Nevertheless, in the times that the development of free 
and open source software (FOSS) has been rapidly growing and their use tends to 
be consolidated, there is a lack of integrated open source platforms able to 
support historic building information modelling (HBIM) processes. The present 
research aims to use a FOSS computer-aided design (CAD) environment in order 
to develop an ecosystem of BIM plugins that will facilitate a comprehensive and 
integrated BIM model analysis through a FOSS solution. The first step towards 
this project concerns the development of an open source spatial database 
management system (DBMS) to support data management. 
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1. Introduction 

1.1. From CAD to BIM 

In the early 1960s, information technology penetrated the field of AEC 
(Architecture, Engineering, Construction), and introduced computer-aided design 
(CAD) systems to the design process. The typical approach to representing a 
model on a paper by hand was replaced by the use of digital and advanced CAD 
tools, which reinforced the creation, modification, analysis, or optimisation of 
design models (Garagnani and Manferdini, 2013). The world’s first CAD software 
(Sketchpad) was developed in 1963 by Ivan Sutherland (Turing Award in 1988) in 
the course of his PhD (Sutherland, 2003). The developments that followed in the 
CAD software industry allowed professionals and scientists to use specialized 
software in order to represent any object with graphics, create databases for storing 
the models, easily generate accurate graphical models of the object, manage 
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complex design analysis in a short time, store and recall the model, and modify it 
(Bilalis, 2000).  

For many years, CAD systems used in AEC were implementing only 2D 
modelling, and they were able to process entity objects as graphic symbols, 
representing only the geometrical properties of each element (Ibrahim and 
Krawczyk, 2003). Building modelling based on 3D solid modelling was first 
developed in the late 1970s and early 1980s. It was then that the available CAD 
systems of that period started to develop their capabilities, and the concept of 
object-based parametric modelling came into light by representing objects by 
parameters and rules which determined the geometry along with non-geometric 
properties and features (Eastman et al., 2008). Nowadays, the parametric 
modelling in the field of AEC is mostly being represented by the so-called “BIM 
models”. Building information modelling (BIM) models face the object entity not 
only as a graphical symbol with fixed geometry and properties, but as an 
integrated entity allowing different levels of information (geometric and non-
geometric) to be included, as well as pointing to the relations among all the items 
of the model (Czmocha and Pekala, 2014). 

BIM often is considered as the next generation of the CAD systems—an 
advanced approach which extends the capability of the traditional design 
methodology by applying and defining intelligent relationships between the 
elements in the designed model (Garagnani and Manferdini, 2013). 

1.2. The BIM Market 

According to MarketsandMarkets (Web 1), the BIM market is expected to 
grow from USD 3.16 Billion in 2016 to USD 7.64 Billion by 2022, at a compound 
annual growth rate (CAGR) of 16.51% during the forecast period. The 
communication and coordination through the asset lifecycle management process 
and government directives for the use of BIM are two of the major drivers for the 
BIM market. Nevertheless, high costs of BIM (commercial) software and long 
training are the key factors that are limiting the BIM market growth. 

Amongst the main BIM market applications, the building applications are the 
first. The broad usage of BIM in buildings’ construction is driving the market. 
Between 2016 and 2022, the industrial applications’ sector is expected to reach the 
second-largest share in the BIM market. With respect to the geographic regions, the 
MarketsandMarkets report underlines that the market in the Asia-Pacific region is 
expected to grow at the highest CAGR during the chosen period. 

The report ranks the following as major players in the BIM market: Autodesk 
Inc. (U.S.), Nemetschek SE (Germany), Trimble Navigation Limited (U.S.), Bentley 
System, Inc. (U.S.), Asite Ltd. (U.K.), AVEVA (U.S.), RIB Software AG (Germany), 
Dassault Systèmes (France), Archidata Inc. (Canada), Intergraph Corporation 
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(U.S.), Beck Technology, Ltd. (U.S.), Computers and Structures, Inc. (U.S.), Robert 
McNeel & Associates (U.S.), and Cadsoft (U.S.). 

2. BIM Systems and Applications  

2.1. BIM Description 

The “BIM” concept has been expressed through several definitions in  
the literature, and the concept of modelling building information has been  
related to widely used terms (i.e., Asset Lifecycle Information System, Building 
Product Models, Integrated Design Systems, Integrated Project Delivery, etc.) 
(Succar, 2009).  

 

Figure 1. Building information modelling (BIM) concept. 

From a technical point of view, BIM can be characterized as a five-dimensions 
(5D) digital representation of a building, structure, or environment with its 
physical and functional characteristics. It consists of intelligent building 
components or characteristics of environments which include parametric rules and 
data attributes for each object (Hergunsel, 2011). The five dimensions are: the  
three (3D) primary spatial dimensions (width, height, and depth), the fourth 
dimension (4D) is time, and the fifth (5D) is cost. 

On the other hand, BIM can also be defined as “a methodology to manage the 
essential building design and project data in digital format throughout the 
building’s life-cycle” (Penttilä, 2006), as it is illustrated in Figure 1. 
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2.2. BIM Systems’ Characteristics and Features 

According to Popov et al. (2006), the most important capabilities of the BIM 
technology are the following: 

to ensure integration management of graphical and informational data flows;  
to combine the graphical interface with the information flows and process 
descriptions; 
to develop the strategy of building project design, to construction and 
maintenance management; 
to perform life cycle operations of a construction project faster, more 
effectively, and with lower cost; 
to transform individual executors into teams and decentralize tools into 
complex solutions; this leads to individual tasks being implemented as 
complex processes. 

BIM characteristics can be divided into two categories. The first category 
refers to the data modelling that is used in order to describe information regarding 
the building (i.e., CAD object, parametric object modelling, etc.) while the second 
refers to the way that the data model is being shared or exchanged (Vanlande  
et al., 2008). In the case of the data exchange model, a software system holds a 
master copy of the data and exports data snapshots to be used by other users  
(i.e., create a physical file on CD/DVD). The sharing model corresponds to a 
centralized control of ownership, where data sharing could be succeeded through 
an application programming interface (API) or a standard data access interface 
(SDAI), providing the way users access the BIM physical file according to their 
rights (Vanlande et al, 2008): 

a central database, meaning that multiple applications can access the 
products’ data and make use of the database features, such as query 
processing and business object creation; 
federated databases, which allow a single unified view of multiple distributed 
databases; 
web services, either by giving access to the central project database where the 
BIM is stored, or by giving access to an API. 

The main features of a BIM system are: 

its ability to manage, store, share, and exchange 3D geometries; 
its capacity to carry all the information related to each object and element 
(geometric, descriptive, functional); 
it covers all stages of a project lifecycle, from the design to the 
implementation, allowing and facilitating the cooperation of the various 
stakeholders involved in the project; 
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the provision of a reliable basis for timely and rapid decisions, assisting the 
involved staff to increase quality and productivity in the design but also 
during project implementation. 

The available BIM platforms can now be distinguished in the different sets of 
tools, as illustrated in Table 1 (Logothetis et al., 2015). 

Table 1. Types of BIM platforms. 

Type of tools Role 
Tools for designing 3D 
models (3D modellers) 

Represent the real BIM tools, working with solid parametric objects 
in sufficient features to virtually construct the building. 

Tools for projection and 
visualization of models 
(Viewers and surface 

modellers) 

Aid to realise how the building will “look”, a surface modeller or a 
viewer (all shapes are empty). 

Tools for calculating 
models’ analysis 

Third-party software that communicates to the main BIM tool, e.g. 
analyse data from the 3D modeller to determine the model’s energy 

efficiency or day lighting (Web 2). 

2.3. IFC Format and Standard 

In BIM systems, the Industry Foundation Classes (IFC) data model is used as 
a collaboration format, intended to describe building and construction industry 
data (Eynon, 2016). The IFC is an ISO (International Organization for 
Standardization) standard that defines and describes all the elements of a building 
in a project. At the same time, this standard allows interoperability among 
stakeholders so as to share information encoded in a unique and common way 
(Figure 2). IFC defines how information should be provided/stored in all stages of 
a building project lifecycle, being able to maintain data for geometry, cost, time 
management, etc., for many different professions (Web 3). 

The IFC model is an entity-relationship model which uses the international 
standard data definition language known as “EXPRESS”. It consists of a set of 
schemas, each of which corresponds to one IFC layer. Every IFC layer includes 
several classes that are all subtypes of the IfcRoot class, unless they are resource 
classes. The three basic and fundamental classes in an IFC model are all derived 
from IfcRoot (Web 3): 

object classes that record object characteristics and types (IfcObject); 
relations classes which define the relationship among the objects (IfcRelationship); 
properties classes that refer to the different types of property that follow an object 
(IfcPropertyDefinition). 

IFC is an open file format, and its data model is developed by 
buildingSMART: a worldwide authority driving transformation of the built 
environment through creation and adoption of open international standards. It 
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was founded in 1995, and has evolved to meet the demands of the building and 
infrastructure sectors (Web 4). 

 

Figure 2. Example of an Industry Foundation Classes (IFC) data model. 

2.4. BIM Application Areas 

BIM models find application predominantly in the AEC industry. They 
provide many benefits regarding: the 3D visualization; the fabrication; the cost 
estimation; the code reviews; the construction sequencing; the conflict, 
interference, and collision detection; the forensic analysis; the facilities 
management; etc. BIM models are practically useful for any kind of AEC activity 
and lifecycle management of a building or other structure (Azhar, 2011). 

Moreover, as Succar (2009) records, BIM fields of activity can be distinguished 
into technology, process, and policy fields, each of them including various 
“players” and “deliverables”. The technology field refers to all organizations that 
generate software, hardware and network development aiming to advance BIM 
applicability in AEC. BIM process field concerns all the stakeholders (architects, 
engineers, contractors, facility managers, etc.) that use BIM software solutions in 
order to procure, design, construct, manufacture, use, and manage various 
structures and projects. The policy field concerns all the players that do not 
participate in the construction but are involved in the decision-making domain 
(Succar 2009). The three fields interact each other. 

Moreover, BIM models could be developed to support the building 
maintenance and deconstruction, rather than only facilitating the new construction 
of a building. The latest trends/challenges in the field of BIM for existing buildings 
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follow topics such as the automation of data collection and BIM development 
(without a previously developed BIM model), the update and maintenance of 
information in BIM, and the management and modeling of unknown data, objects, 
and relations in existing buildings (Volk et al., 2014). 

2.5. HBIM for Cultural Heritage and Challenges 

As BIM technology was initially developed in order to serve the needs of the 
construction industry, BIM environments were structured to generate and manage 
from zero parametric geometries and create objects using existing libraries of 
shapes and conditions. Nevertheless, in the past decade, a remarkable 
development and use of BIM technology in the field of cultural heritage has 
occurred. In general, tangible or intangible cultural heritage has cultural value, and 
it is worth preservation in order to retain its cultural significance while ensuring its 
accessibility to present and future generations (Kalamarova et al., 2015). In the case 
of cultural heritage documentation, the objects consist of components and 
materials whose geometry and characteristics are not represented by libraries of 
typical software. Thus, the Historic BIM (HBIM) approach was developed, 
referring to the process by which the architectural elements are collected; e.g. using 
a terrestrial laser scanner, and produced photogrammetric survey data are 
converted into parametric objects (Dore and Murphy, 2012). In this way, it is 
possible to document and manage any size or complex form of a cultural heritage 
object (Singh et al., 2011). Moreover, the BIM approach in the cultural heritage field 
allows the generation of a parametric model with specific standards and protocols 
that can be exchanged and processed from different professionals in order to be 
used for various use-cases (Osello and Rinaudo, 2016).  

However, cultural heritage elements and management differ from the projects 
that are usually being generated with BIM tools and procedures. BIM is commonly 
used for a building before it is built, and follows its lifecycle. On the other hand, a 
cultural heritage BIM refers to an existing geometry (most of the times with 
undefined shapes or with missing parts), along with its characteristics and a 
lifecycle that includes many and various phases of uses and conservation. 
However, the BIM industry does not have shared libraries for built heritage 
elements (Oreni et al., 2013). 

Fai and Sydor (2013) remarked on two main challenges in the use of BIM for 
the documentation of cultural heritage structures. The first challenge refers to the 
difficulty in adapting the generic templates and clusters that already exist in the 
available BIM software to the specific characteristics and the particular 
construction methods that characterize cultural heritage architecture. This is 
scenario which also does not economically benefit the stakeholders of the 
industrialized building systems field, since by developing BIM libraries for their 
products they are able to use the same templates and elements multiple times 
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without changes, whilst the heritage entities are formed by materials and 
components that are unique. The second challenge concerns the optimal 
representation of the very particular form and geometry that characterize the 
heritage buildings, which is now achieved to a good extent with the use of digital 
recording tools and procedures. Thus, cultural heritage documentation requires a 
detailed record of the geometry and a BIM system which is able to store this kind 
of dataset (Fai and Sydor, 2013).  

Osselo and Rinaudo (2016), also outline that in the field of HBIM there is a 
need to optimize the data management process rather than to develop new tools. 

The complexity and the diversity of HBIM has led to the development of 
specific software that offer several possibilities to their users, allowing them to deal 
with various categories of historical structures’ information; however, the majority 
of these tools are commercial software, and in most cases are quite expensive and 
inaccessible. Therefore, the challenge in the HBIM field is the development of BIM 
systems that will be able to respond to the data management needs of a cultural 
heritage structure while being low-cost or free to be useful and beneficial in a 
sector which is less rich than the construction and engineering industry. 

3. The FOSS BIM Concept  

3.1. Foss CAD & Foss BIM Software 

The term “free and open source software” (FOSS) is used to define that the 
source code (i.e., any group of computer instructions written using a human-
readable computer language) is freely accessible to everyone interested in it, who 
can freely use, copy, improve, change, and distribute it for any purpose 
(Statskontoret, 2003). Without any permission required, the software can be freely 
used, modified, and redistributed (Ambar et al., 2010). As Steiniger and  
Hunter (2012) underline, the benefits of FOSS are its freedom to be run for any 
purpose, to be adapted to the users’ own needs, to be improved upon, and to have 
such improvements released to the public. 

Regarding CAD software, very interesting free and open source CAD 
environments exist, some of which allow the users to exploit the programming 
environment inside the platform and extend their possibilities. Among the 
available FOSS CAD and 3D graphics software is FreeCAD, Blender, SketchUp, 
and B-Processor, which are widely known and used by designer, engineer, and 
modeller communities. Each of them has specific characteristics that differentiate it 
from the rest, whilst all of them offer a variety of functionalities. 

As shown in Table 2, some of them are open source, while others are freeware; 
this means that they are free but it is not possible for the user to access the source 
code and extend its functionalities. Some differences are also observed in their API, 
though the majority of them can be run both in Windows and Mac environments. 
A deeper search in some web forums which are active on these specific fields (such 
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as “alternativeto.net”, “cad.softwareinsider.com”) shows that the users are more 
interested in reviewing FreeCAD and SketchUp capabilities and improvement 
possibilities. 

Table 2. Free and open source software (FOSS) 3D graphics, computer-aided 
design (CAD), and BIM characteristics (Logothetis et al., 2017). API: application 
programming interface. 

 
FOSS 3D Graphics, CAD, and BIM Software 

FreeCAD Blender SketchUp B-Processor 
3D 

License 
    

Available extensions - 

Programming API     

Use 
    

Up-to-date 
Ver. 0.16,  

Rel. 7 Apr 2016 
Ver. 2.78c, 

Rel. 28 Feb 2017 

Ver. 17.2.2555, 
Rel. 17 Nov 

2016 

Ver. M11, 
Rel. 15 Nov 2015 

Runs on Unix   - - 

Runs on Windows     
Runs on Mac OS    - 

Forum Support    - 

Amongst the BIM software that have been developed so far, there are no open 
source integrated platforms able to cover all stages of a BIM process. The users 
prefer commercial BIM software instead of FOSS, because there is no credible and 
comprehensive platform that can be used for the overall 5D digital representation 
of a building. There are only a few accessible and free BIM viewers to visualise the 
final produced model (Logothetis and Stylianidis, 2016). 

The vision of this research is to use an open source software environment with 
CAD functionalities in order to extend its capabilities and develop a FOSS BIM 
plugins’ ecosystem (Figure 3). To meet this objective, the following criteria have 
been set: 

1. A FOSS that will be open source and not freeware, so as to have access to the 
source code and extend its functionalities. 

2. The software should be able to accept extensions, with the preferable 
programming API to be in Python programming language. 
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3. It should also be available for all types of operating systems (UNIX, Windows, 
Mac) and commonly used and accepted by the users. 

Within this concept, the FOSS parametric FreeCAD software meets all the 
requirements set and was selected in order to develop the BIM plugins ecosystem 
which will facilitate a comprehensive and integrated BIM model analysis.  

 
Figure 3. Concept of plug-ins development (Logothetis et al., 2017). 

3.2. FreeCAD General Features and Use 

FreeCAD is a 3D CAD modeller which meets all the requirements set in order 
to be used as the primary infrastructure for the FOSS BIM development. It is an 
open source platform and is extremely customisable, scriptable, and extensible. 
New functions and open source libraries can be added without modifying the 
main core system. It includes an embedded Python interpreter, and thus someone 
can use Python code in the software. 

In the field of 3D modelling, the FreeCAD system has served a number of 
times as the subject of research work. Carl Schultz et al. (2015) used FreeCAD to 
demonstrate the way in which a parametric model may be constrained by the 
spatial aspects of conceptual design specifications and higher-level semantic 
design requirements, involving a combination of topological, visibility, and 
movement constraints. Guimaraes et al. (2016) used FreeCAD for 3D modelling 
geometry and assembling objects, and Horneber et al. (2014) used FreeCAD to 
build “.stl” files of different 3D structures. 

3.3. Towards Extending FreeCAD into BIM 

An integrated BIM model is able to display 3D entities which are directly 
linked with additional layers of information. In this way, it is possible to perform 
an advanced analysis of the model with extra information that permits different 
functionalities such as cost analysis, calculation of energy consumption, structural 
resistance, estimation of construction time, etc.  
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FreeCAD includes an “Arch module” option, which implements a series of 
tools and allows BIM workflow; however, it does not include the same tools and 
level of completion as the commercial alternatives (i.e., Autodesk Revit). Moreover, 
it is still under development (Web 5) and it lacks a complete add-on that 
implements 4D (time scheduling) and 5D (cost estimating) model analysis. For our 
approach, the absence of a database management system (DBMS) to support a BIM 
concept is vital, and is our first priority. 

The current work aims to develop a plugins’ ecosystem that will serve a BIM 
model analysis through a FOSS BIM solution. The high-level design (HLD) 
illustrated in Figure 4 elucidates the architecture that would be used for 
developing this specific software solution. The architecture diagram in the 
following figure (Figure 4) provides an overview of the entire ecosystem around 
FreeCAD, identifying the main components to be developed. 

The first step towards the development of the FOSS BIM into the FreeCAD 
environment is the DBMS. It is so important because it concerns data management 
resourcefully and permits the users to perform several tasks with ease. A DBMS 
can store, organize, and manage an enormous amount of information within a 
single application. Such a system provides a very efficient method for handling 
multiple types of data. It is very important that data can be categorized and 
structured to meet the needs of the users to whom it is addressed. 

 
Figure 4. Workflow of the plugins ecosystem under development (Logothetis  
et al., 2017). 
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4. An Open Source Spatial DBMS for FreeCAD as a BIM 

A DBMS is not supported by the FreeCAD software as in the case of other 
quite similar software. FreeCAD uses files in order to handle and store the data; in 
particular there is a FreeCAD standard file format called “FCStd”. It is a standard 
zip file that holds files in a certain structure: (i) a document.xml file which stores 
all geometric and parametric objects definitions, (ii) a GuiDocument.xml which 
holds the visual representation details of objects, and (iii) some other files include 
brep-files for objects and drawing thumbnails (Web 3). The FreeCAD software can 
also support some well-known file formats such as IFC, DXF (Drawing Interchange 
Format), the SVG (Scalable Vector Graphics), etc. 

File management quite a time-consuming procedure and has many 
disadvantages, especially with large files as in FreeCAD. An alternative and more 
efficient way to handle data is to use a DBMS. A DBMS is a software system that 
allows the users to define, create, and maintain a database, and provides controlled 
access to data. A DBMS is basically a collection of programs that enables users to 
store, modify, and extract information from a database as per the requirements. A 
DBMS is an intermediate layer between programs and data. In practice, the 
programs access the DBMS, which then accesses the data (Web 6). 

4.1. Database Management System vs. File System 

In the file system approach, each application has its own private files. These 
files cannot be shared between multiple applications. Such an approach may reflect 
extensive redundancy, which leads to storage space waste. By having all the data 
stored in a centralized database, most of this can be avoided, while it is not 
possible that all redundancy should be eliminated. A database has the ability to 
handle and control multiple copies of the same data, occasionally very important 
for technical reasons. This is very difficult to be considered in a file-based system 
approach. Moreover, having the data stored in a database always leads to accurate 
data. Incorrect information cannot be stored in a database. For example, in order to 
maintain data integrity, some (integrity) constraints are enforced on the database. 
A DBMS should offer capabilities for defining and enforcing such constraints 
(Ramakrishnan, 2002). 

Using a DBMS provides many advantages. One of the most important 
advantages is that data inconsistency can be avoided. When we have duplication 
of data and changes are performed in one place which is not propagated to the 
other, this creates inconsistency, and the two entries concerning the same data will 
disagree. This is called data inconsistency. In a DBMS, backup and recovery are 
subsystems. In the case where we run a complex update program and the 
computer system fails, the recovery subsystem is responsible for securing that the 
database will be restored to the level prior to the update program execution. Using 
a DBMS rather than a file system provides additional advantages in data sharing 
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and data integration. In a DBMS, data can be shared by authorized users. Usually, 
the database administrator (DBA) is responsible for data management and also for 
providing rights to the users to access data. It is also possible for many users to be 
authorized to access the same set of information at the same time. The remote users 
can share the same data, and data of the same database can be shared between 
different application programs. Concerning data integration, a single database 
contains multiple tables, and relationships can be created between tables (or 
associated data entities). This makes it easy to retrieve and update data 
(Silberschatz et al., 2011). 

4.2. DBMS Overall Architecture 

A representative DBMS system has a layered architecture. Figure 5 illustrates 
one of the potential architectures; each system could have its own variation. Figure 
5 presents a seven-layered structure which contains the following layers: 
Disc space management: The main component of a Minibase (a DBMS) is the disk 
space management system, which is responsible for allocating and deallocating the 
pages into a database. The disk manager carries out reads and writes of pages, to 
and from the disk, and transfers the block or page requested by the file manager. It 
supplies a “logical” file layer into a DBMS. 
Buffer management store and 
retrieve data; as a result, the main characteristic of a DBMS is an “exhaustive” disk 
input/output (I/O). The disk I/O operations are time and resources consuming, so 
the DBMS focuses on making I/O very efficient by using the buffer manager. The 
buffer management component consists of two mechanisms: the buffer manager to 
access and update database pages, and the buffer in order to reduce database file 
I/O (Sacco and Schkolnick, 1986). 
Files and access methods: There are many data access methods that can enhance 
performance, and warns of situations to avoid. Figure 6 gives all the available 
database access methods. 
Relation operations: In a database, it is possible to define some very important 
relational operators which are responsible to serve as a basis for formulating 
retrieval and update requests. The first and most important relational operators 
are: (i) SELECT (originally called RESTRICT), (ii) PROJECT,  
(iii) JOIN, (iv) PRODUCT, (v) UNION, (vi) INTERSECT, (vii) DIFFERENCE, and 
(viii) DIVIDE (Date, 2013). 
Query optimization and execution: The query optimization layer is not available 
directly to the users. After the queries’ submission to a database, these queries are 
passed to the query optimizer, where optimization occurs. In some database 
systems, the user can guide the query optimizer by giving “advices”. The queries 
are executed based on a query execution plan or just query plan. Every DBMS 
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system has at least one query execution plan in order to define a set of ordered 
steps which have to be followed to access data. 

 
Figure 5. Database management system (DBMS) and the layered architecture. 

 

Figure 6. Database access methods (Source: Web 7). 

Concurrency control: Concurrency control is part of a DBMS system which is used to 
address conflicts with the concurrent accessing or altering of data that can occur in 
a database. The concurrency control layer is responsible for coordinating 
simultaneous transactions while maintaining data integrity (Rob and Coronel, 
2004). 
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Recovery: The recovery control is used to restore data that has been lost, corrupted, 
or unintentionally deleted. Once the data is inserted into the database, it should 
never be deleted except as a result of some explicit user request. The DBMS 
systems support many recovery techniques; some of the most common are: (i) 
salvation program, (ii) incremental dumping, (iii) audit trail, (iv) differential files,  
(v) backup/current version, (vi) multiple copies, and (vii) careful replacement 
(Date, 2013). 

4.3. A Proposed DBMS for FreeCAD 

After an extensive research, the DBMS which will be used in order to be 
connected with the FreeCAD is the PostgreSQL. This choice was based on the 
following reasons (Web 8): 

 
Figure 7. PostgreSQL overall architecture (Source: Web 9). 

 
Figure 8. PostgreSQL and PostGIS connection. 
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It is a FOSS. PostgreSQL is released under the PostgreSQL license—a liberal 
open source license, similar to the BSD or MIT licenses. FreeCAD is also open 
source software; as a result, this approach will be totally free and open source 
as well. 
PostgreSQL is widely used in large systems where read and write speeds are 
crucial and data needs to be validated. In addition, it supports a variety of 
performance optimizations that are available only in commercial solutions 
such as Geospatial data support, concurrency without read locks, etc. (e.g., 
Oracle, SQL Server). PostgreSQL performance is utilized best in systems 
requiring the execution of complex queries. The objects which are produced 
from the FreeCAD software are usually very large and complex objects. 
PostgreSQL can be extended in an easy and efficient way in order to support 
spatial information management. PostGIS is an open source software program 
that adds support for geographic objects to the PostgreSQL object-relational 
database. Our ultimate goal is to connect the FreeCAD software with a DBMS 
system which can support spatial information management.  

Figure 7 and Figure 8 show the overall architecture of PostgreSQL as well as 
the connection of the PostgreSQL with PostGIS plugin. 

4.4. How to Connect FreeCAD and Postgres DBMS 

As a first step, Postgres DBMS was imported into FreeCAD through a Python 
script, as illustrated in Figure 9. As it was mentioned in the previous paragraphs, 
FreeCAD can export files in various well-known file types. One of these types is 
the “.ifc” data type. Therefore, our first approach is to use the IFC standard in 
order to store the BIM data into the database.  

Due to the high complexity of the BIM models and the IFC standards, this 
work focuses on simple objects (e.g., 3D walls, etc.). As a result, and based on the 
file characteristics of a simple object (i.e., a 3D wall) that was exported in .ifc file 
format, we started the development of a Postgres database, following the IFC 
standards for BIM data (Figure 10). 

The proposed method is established considering the following steps: 

Step 1: The .ifc file is exported following an algorithm like the one presented 
in Figure 9. In practise, the attributes data are retrieved from the IFC schema. 
Step 2: Read the .ifc file and create a table in the database with columns 
agreeing with the IFC parameter and insert the appropriate database again on 
the file (Figure 10). 
Step 3: The inserted table can be shown to the user via the FreeCAD software. 
The user can preview and also edit the data of the table (Figure 11). 
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Figure 9. Get attributes data from Industry Foundation Classes (IFC) schema. 

 

Figure 10. Extract attributes from entities and save IFC entity to the database. 
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Figure 11. Retrieving object’s data from the database. 
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Figure 12. Database schema. 

5. Conclusions and Future Work 

BIM technology has gained ground in the building, construction, and 
architecture industry, but the high cost of software licenses, hardware upgrades, 
and the setup of the libraries is still a considerable obstacle to their market uptake 
and use. Especially in the field of HBIM, the challenges are many. The most 
important issue in heritage buildings is how to bring the existing structure into the 
3D BIM process, while the requirement to record and preserve many architectural 
and structural features is an another important challenge. 

Based on the idea to use a FOSS CAD software in order to extend its 
capabilities and transform it gradually into a FOSS BIM platform, the current work 
presented a first approach of a spatial DBMS development. The spatial DBMS is 
established to support the proposed FOSS BIM concept. 

FreeCAD software met the specific criteria set, such as the programming API, 
the possibility to intervene, modify, and extend the source code, the operating 
systems, and the users’ preference. These are the reasons for selecting this open 
source CAD to be integrated with a set of plugins that will reinforce the software 
with advanced BIM functionalities. 

However, FreeCAD does not support a DBMS for data management. The 
development of a spatial DBMS in the FreeCAD environment was done. This 
system is responsible for reading the .ifc file and creating a table in the database 
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with the same IFC standard’s parameters and then inserting the appropriate 
database again in the file. At the same time, the system allows the user to preview 
and edit the data in the table. 

The next steps in our research will focus on storing issues, more complex 
objects—and thus .ifc files—as well as on handling the data directly to the database 
without need to read the file, and finally on supporting spatial information storage. 
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