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ABSTRACT

Visualization models have accompanied the designing of buildings and structures since ancient times. Their
purpose has been to give the investor an idea of what a building and different solutions applied in it would
look like. To this end, models of different materials were built. But as technology progresses, it became pos-
sible to create new visualization tools and methods. Initially, drawing boards were replaced by computer
programs referred to as computer-aided design (CAD), which supported the design process. They facilitated
the creation of sets of lines and simple planes. With time, the designers increasingly felt the need to shape
not just rectilinear but also curvilinear objects by means of computers. This is when parametrization came
in handy. Parameters constitute a set of variables which can be shaped while keeping the interdependencies
between them. Parametric modelling gave rise to the building information modelling (BIM). Now, a virtual
model can not only be shaped in a digital environment but also enriched with different information. This way
it not only has a geometry but also a structure. It was also assigned other data allowing identification of the
material or technology used to erect a building or a structure. Parametrized elements of a building provide
information about their number, purchase cost or physical properties. Parameters allow making quick and
seamless corrections. Thanks to the application of advanced technologies, designers from different areas can
keep track of these changes. Following accepting them, one can easily generate a complete set of technical
documents and use them in a digital or paper format at a construction site. Parametrization makes it possible
to erect buildings and structures that would have been impossible to design in the past. Today, every designer
either already uses parametric modelling or will start using it sooner or later.
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INTRODUCTION

A model has always been a good way of visualizing
a building design. Back in the day, physical models
were an indispensable working tool of every designer.
However, each change of a design concept required
changing its model or building a new one. The de-
veloping architectural design software market offers
a wide range of possibilities of creating a documenta-
tion for a building. Its paper versions are being gradu-
ally replaced with files containing drawings, while

digital visualizations are pushing out the traditional
physical models. The virtual world allows to create
any, even the most complex, object envisioned by
a designer. Choosing different structures or colours
for a new investment is not difficult, although it is
connected with the necessity to apply complicated
design processes. The most advanced 3D technology
available today are parametric models. A parameter
is a predefined feature or value. It is a factor deter-
mining a spectrum of changes with can be introduced
into a model in a specific direction and with a specific
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process result in mind (Schumacher, 2009; Burry &
Burry, 2010; Helenowska-Peschke, 2014).

Parametric models combine engineering and art.
They allow a designer to reach out for solutions that
will combine aesthetic values, functional, structural,
process and material solutions, all in different sce-
narios. Parametric models offer much more than just
visual representation of a building being designed.
They also allow a smooth transition from the design
to the construction stage (Helenowska-Peschke, 2012;
Januszkiewicz, 2016).

The building information modelling (BIM) is the
most popular parametric model technology used in
construction. Models created using BIM accurately
reflect the shape of the designed building in the vir-
tual world. They provide plenty of information not
only about the geometry of a building, but also about
the applied technology, as well as the respective ma-
terials, costs, physical properties etc. These elements
are also considered to constitute parameters. Creating
such a virtual model encourages interaction between
designers from different disciplines. Parametrizing
the building geometry stimulates interaction with
other elements of an object being designed. A para-
metrized model can be easily developed, shaped and
changed. Each designer working on it gets to intro-
duce changes to it and immediately see their effect.
For example, they get to see how adding more walls
will affect the layout of the systems, the load-bearing
capacity of the structural elements, the appearance
of a building or its costs (Teicholz, Sacks, Eastman
& Liston, 2008; Hudson, 2010).

PARAMETRIC MODELLING IN LITERATURE

As its name implies, parametric modelling focuses
on the importance of the selection and management
of parametric values. Its purpose is to seek versions
of'a design based on a logic specified by means of an
algorithm. According to Lars Hasselgren (one of the
founders of SmartGeometry Group), the idea behind
parametric designing is not to design a building but
“a system that will design it” (Helenowska-Peschke,
2014). Branko Kolarevic believes that parametric
modelling changes the nature of the design process,
as rather than design a specific shape of a building,
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a designer determines a set of rules in the form of
a set of parametric equations (Kolarevic, 2003).
Using computers for the purposes of parametrization
is conducive to better management and processing
a multitude of information. This primarily regards
the limitations and relationships between the many
factors needed to be taken into consideration when
designing a building. Ben van Berkel and Caroline
Bos, in turn, define parametric modelling as a de-
sign method organizing a design into a spatial model
whose elements are described by means of equations
ensuring coordination of changes to its components
(Sollazzo, 2010).

A computer program is a parametric system and
constitutes a personalized design tool. It contains
data related to spatial interdependencies, the rights
to inherit given geometric features and the rules of
creation of further levels of spatial relations. Param-
eters are clearly related to the resulting geometry and
their values can be manipulated directly. This way,
a generated shape can be modified multiple times
by the designer’s system, until it finally meets their
expectations. A parametric system allows using the
advantages of the script techniques to create a fully
interactive environment. Designers get to determine
the dynamic interdependencies between parameters
and, consequently, control a design and interact with
it (Gane, 2004; Hudson, 2009; Madkour & Neumann,
2010).

Creation of visualization software

In the past, creating a model of a building required
using a sculpting technique. A model was formed by
adding or removing material, usually stone, wood or
clay. Initially, computer graphics allowed only using
point coordinates on a plane. The need to model more
complex shapes has resulted in the development of
novel, parametric geometric definitions and software
which would support the process of their transforma-
tion (Teresko, 1993; Assasi, 2019).

The foundations for building an interactive digital
model were laid in 1962 by Ivan E. Sutherland, who
created the program called Sketchpad. It was the first
attempt at creating a parametrization tool. The draw-
back of that solution was that the system could only be
used on a specially designed computer located in a lab
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at the Massachusetts Institute Technology (Sutherland,
1963; Helenowska-Peschke, 2014). The visualization
offered by the program boiled down to displaying just
the edges of solids. The tool proved productive in the
case of polyhedrons but was ineffective when it came
to curvilinear surfaces (Styk, 2018).

This type of shapes was sought by engineers from
the automotive industry. Few years later, it was them
who developed a new, flexible definition of the curve.
Their goal was to achieve as precise parametrization
as possible. Bézier curves were determined using con-
trol polylines, while Bézier surfaces, constituting their
extension — by means of control grids. This way, the
interaction between the user and the computer was
simplified. Modelling surface required defining a lim-
ited number of points and functions affecting the final
surface shape. After shifting the control points, the
computer generated a curve or surface again. Mean-
while, experiments regarding using B-splines were
conducted. These actions, combined with the research
conducted in the industry, bore fruit in the form of
a standard of geometric shapes which are commonly
used today in digital modelling as non-uniform ra-
tional basis-spline (NURBS). Through the automo-
tive industry and then universal engineering design
programs, they finally made it to architects’ studios.
The power of NURBS lies in the unique features of
this algorithmic concept. They can be used to create
a variety of forms: lines, flat surfaces, polyhedrons, as
well as conic sections and saddle surfaces. In addition,
NURBS is intuitive and does not require broad math-
ematical knowledge (Styk, 2018).

The beginnings of the computer-aided
parametric designing

In 1982, the Canadian company Autodesk released
a software named AutoCAD R1. A year later, Adra
Systems launched CADRA 2D, and in 1984 Bent-
ley Systems launched MicroStation. The first CAD
programs replaced the drawing board, improved the
precision and speed of making drawings and allowed
multiple editing and printing of drawings.

In 1987, Parametric Technology Corporation
launched a CAD-type parametric system based di-
rectly on the idea of the creator of Sketchpad. The
Pro/ENGINEER system was based on embedding data
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in the basic shapes. Its operation was based on using
parameters (numerical values of the features defining
the interdependencies between elements), equations
and logical rules to define and control the forms and
the corresponding properties. Objects were positioned
by means of parameters and restrictions. Changing
the dimensions or the position of an element would
have caused self-modification of the resulting geom-
etry. Consequently, creating a coherent design docu-
mentation was significantly improved (Helenowska-
-Peschke, 2014).

Based on the foundations laid by Pro/ENGINEER,
in 1993, Dassault Syst¢ms incorporated many of the
parametric functions into the CATIA v.4 software
(Weisberg, 2008).

In 2004, CATIA v.5 was developed, featuring
tools dedicated for architects to facilitate the creation
of geometrically complex architectural designs. The
program primarily rationalized objects with compli-
cated geometry by enabling designers to modify the
parameters and equations defining the geometry.

However, only a few studios created projects geo-
metrically complex enough to justify the program use.
Most architects used computers simply to create 2D
drawings. After 2000, some architects became inter-
ested in specialist 3D modelling software, such as
Revit or ArchiCAD (Davis, 2013; Pawlowicz, 2016;
Chatzivasileiadi, Wardhana, Jabi, Aish & Lannon,
2018).

Scripts — design automation

Parametric modelling is also applied in designing
by means of a script interface. It allows designers to
write a code, thus automating specific parts of the
software. Already in 1982, the creators of AutoCAD
realised that introduction of scripts would allow
to avoid cost of programming for specific clients
(Davis, 2013).

By foreseeing the needs of designers, commercial
software developers made available interfaces for
writing text scripts which allowed to extend the pos-
sibilities of these applications. Consequently, Auto-
CAD was supplemented by the AutoLISP code, Visu-
al Digital Project with Visual Basic, ArchiCAD with
the GDL code, Revit and Rhinoceros by Visual Basic
& Python. Script languages initiated innovations in
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designing and enabled to overcome the limitations of
the commercial programs and to create non-standard
architecture. However, they remained the domain
of IT people cooperating with design teams (Styk,
2018).

In 1982, Mark Burry decided to create a para-
metric model of a hyperbole for the Sagrada Familia
church. To this end, he applied a script allowing him
to develop such function in AutoCAD by himself.
His script featured three input parameters — points:
initial, minimum and asymptotic. These param-
eters were subjected to numerous equations (in the
AutoLISP code) to generate a hyperbole. A script
with its input parameters, functions and results is an
archetype of the mathematical definition of param-
etricity (Burry, 2007, 2011).

Creation of BIM

Parametric thinking in designing may be understood as
a process of isolating operations and input data from
a specific task. This approach gave rise to the BIM
technology. These programs use parametric equations
to automate changes, unlike the typical parametric
modelling software such as Pro/ENGINEER, CATIA
or Sketchpad, where parametric interdependencies are
hidden and cannot be modified directly by the user.
After Revit acquired Autodesk, the previous rhetoric
related to parametric modelling was given up. This
approach to designing is referred to as BIM. Its name
aims at differentiating it from parametric modelling
by stressing the differences between managing in-
formation (parameters) and the model itself. Conse-
quently, most designers will never come across para-
metric modelling software such as Digital Project or
Pro/ENGINEER. They will probably frequently use
parametric equations, to a certain extent, to shape their
buildings, without even realizing it.

However, there are those who will organize their
projects into script chains. A code-based BMI model
may improve the flexibility, productivity and coordi-
nation between disciplines, especially with regard to
complex and long-lasting problems. In big and com-
plex BIM projects the code may react to constantly
evolving changes to a project much quicker and much
more easily than other, comparable software systems
(Park & Holt; 2010).
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ANALYSIS OF DIFFERENCES BETWEEN
PARTICULAR SYSTEMS

Comparing parametric applications

and CAD tools

Firstly, one should discuss the issue of setting limits,
which is the main factor differentiating between the
parametric systems and the CAD software. In the past,
a designer would have to transfer the parameters set
by them to a computer screen. Presently, most param-
eters are set in the program and are used automatically
without thinking much. Some of the limitations can
also be defined and grouped, e.g. division into zones.
Parametric applications memorize the set limitations.
In the case of the traditional CAD approach, designers
are limited only by their creativity and skills.

Parametric programs enable designers to deter-
mine interdependencies between objects, which is not
possible with the traditional CAD tools. They also of-
fer a higher level of management of all drawings in
a project, such as views, sections and fagades, while
in the traditional CADs all drawings have to be pre-
pared separately. Woodbury claims that with the con-
ventional designing tools creating a model was easy
but making changes to it was difficult and required
a lot of effort. Removing a part was also easy as par-
ticular elements were independent of each other. Para-
metric design requires a designer to focus on a logic
that combines individual elements of a project. This
process may be time-consuming, but at least it saves
the trouble of introducing changes to drawings (Wood-
bury, 2010).

The CAD software can be enriched with para-
metrized elements by applying scripts. By inputting
their own codes, each designer can create any curve,
plane or solid in their drawing tool. This certainly fa-
cilitates and improves works, as well as brings inter-
esting effects.

Parametric modelling versus BIM
Most designers believe that the parametric design and
BIM are synonymous or have the same origins. In real-
ity, although the two approaches are parameter-based,
two important factors make them different.

The first one is related to the ability to create
scripts, which is offered by all parametric programs,
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and which allows a designer to have something of
a dialogue with a computer program. In contrast, the
BIM structure is rigid and prevents designers from
enjoying the freedom of form shaping that is offered
by parametric tools. BIM applications do not offer the
possibility of working with scripts, which again limits
the designers’ choice to standard commands and pro-
cedures (Pawlowicz & Nakielska, 2018).

Most of the parametric programs have been devel-
oped as a result of searching for new forms while fo-
cusing on an innovative approach to design, whereas
BIM is more about increasing the effectiveness of de-
signing. BIM is a very good tool from the commercial
point of view, as it allows designers to model a design
and make it available. After introducing a change, all
drawings are updated, which in a way resembles para-
metric programs. However, parametric environments
are typically used to search for a form or generate it,
rather than to create a database of information on ele-
ments of a design.

In a sense, BIM is a “construction tool”, rather than
an “architectural tool”. It gets together all creators of
a design to facilitate their mutual cooperation. In other
words, BIM is a tool for connecting different disci-
plines (construction), while the parametric systems aim
more at facilitating the process of searching for a form
(designers). A recent BIM research shows, however,
that solving problems together — the underlying idea
behind BIM — does not really work. Although BIM
tries to form a stronger technological bond between
the participants of a project, they remain divided from
the organizational point of view, frequently experienc-
ing a lack of quick access to key information (Neff,
Fiore-Silvast & Dossick, 2010).

SUMMARY AND CONCLUSIONS

This study discusses briefly the development of the
market and the demand for the parametric building de-
sign. It explains that the possibility to design complex
geometric shapes and their aesthetic values is not the
most important benefit resulting from the parametric
approach. The key argument for its application is the
optimization of design solutions. Describing thou-
sands of components by means of a few parameters
allows generating numerous versions of a model and
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eventually choosing the one that will ultimately meet
the needs of the designer and the investor. The para-
metric model is no longer just a tool for representing
the designed geometry, but a mathematical description
of a design process, updated as a design progress.

The BIM models are an example of coordination
of an entire process of creating a design. The built-
in parametrization helps create a building meeting
the investor’s needs in terms of its functionality and
structure. Thanks to parameters, a building can have
an interesting shape, satisfying the aesthetic ambitions
of the investor. Assigning features and properties to
each component of a BIM-designed building results
in it being the source of any information e.g. about its
costs, construction schedule, maintenance and man-
agement.

The challenge is to train the engineers, taking into
account the changing nature of the designer’s job and
their needs. One cannot expect designers to have pro-
fessional programming knowledge, however, it should
be big enough to enable them to communicate with
programmers. Schools should promote platforms en-
couraging innovation and effectiveness of design,
as well as solving problems by means of computers
rather than by increasing effectiveness of drawing or
modelling.
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ROZWOJ OPROGRAMOWANIA W KIERUNKU PARAMETRYCZNEGO MODELOWANIA
OBIEKTOW BUDOWLANYCH NA POTRZEBY BIM

STRESZCZENIE

Modele wizualizujace projektowany obiekt powstawaty od zarania dziejow. Ich zadaniem byto pokazanie
inwestorowi wygladu i rozwigzan zastosowanych w tworzonym budynku. Kiedys odbywato si¢ to przez
budowanie makiet z roznych materiatdw. Postep technologiczny pozwolit jednak na tworzenie nowych na-
rzedzi i metod wizualizacji. Programy komputerowe na poczatku zastgpowaty deski kreslarskie i wspo-
magaty proces projektowania — CAD (ang. computer-aided design). Utatwialy tworzenie zestawow linii
1 prostych plaszczyzn. Z biegiem czasu projektanci odczuli potrzebg ksztattowania nie tylko prostych, ale tez
krzywoliniowych obiektoéw za pomocg komputerow, w czym pomocne byto wykorzystanie parametryzacji.
Parametry stanowily zbioér zmiennych, ktére mozna bylo ksztaltowaé z zachowaniem réznych wzajemnych
zaleznoS$ci. Z modelowania parametrycznego narodzita si¢ technologia BIM (ang. building information mo-
delling). Wirtualny obiekt mogl by¢ ksztattowany w cyfrowym Srodowisku, a takze wzbogacany o rozne
informacje, dzi¢ki czemu miat nie tylko geometrig¢ i strukture. Przypisane byty do niego rowniez inne dane
pozwalajace na identyfikacje materiatu czy technologii wykorzystanej do budowy. Sparametryzowane ele-
menty budynku informujg o ich ilo$ci, koszcie zakupu czy whasciwosciach fizycznych. Dzigki parametrom
w szybki i1 bezproblemowy sposdb mozna nanie$¢ poprawki. Zaawansowane technologie komputerowe
umozliwiajg projektantom roznych specjalnosci $ledzenie tych zmian na biezgco. Po ich zaakceptowaniu
mozna tatwo wygenerowa¢ komplet dokumentacji budowlanej i korzysta¢ z niej w postaci cyfrowej lub
papierowej na budowie. Parametryzacja doprowadzita do powstawania obiektow, ktore kiedy$ bytyby nie-
mozliwe do zaprojektowania. Obecnie kazdy projektant ma do czynienia z modelowaniem parametrycznym
lub wkrotce na pewno si¢ z tym zetknie.

Stowa kluczowe: narzgdzia projektowe, komputerowe wspomaganie projektowania (CAD), wizualizacja
budynku
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