/,,\;;;'.ET[:_EA;;;\ ESKISEHIR TECHNICAL UNIVERSITY JOURNAL OF SCIENCE AND TECHNOLOGY
éﬁ * \\\g\ A- APPLIED SCIENCES AND ENGINEERING

16th Digital Design In Architecture Symposium
16th DDAS (MSTAS) - Special Issue 2022

2022, Vol.23, pp. 50-59, DOI:10.18038/estubtda.1168718

ARCHITECTURAL DESIGN WITH GENERATIVE ALGORITHM AND VIDEO
PROJECTION MAPPING

Buse BOLEK "', Hatice Giinseli DEMIRKOL 2", Mehmet INCEOGLU 3

! Department of Architecture, Architecture and Design Faculty, Eskisehir Technical University, Eskisehir, Tiirkiye
2 Department of Architecture, Architecture and Design Faculty, Eskisehir Technical University, Eskisehir, Tiirkiye
3 Department of Architecture, Architecture and Design Faculty, Eskisehir Technical University, Eskisehir, Tiirkiye

ABSTRACT

The innovative and creative approach that is produced for architectural design problems involves quite complex stages. In
architectural design, the designer's approach and numerical data make the design process a multi-layered structure. The
integration of parametric modeling programs and generative algorithms makes it easy to carry out multi-layered design
processes. Generative systems defined through generative algorithms enable conceptual approaches, various geometrical
constructs, and different forms to be created in digital environments in solving design problems. The creation of the generative
algorithm of the design eliminates the restrictive role of modeling software in the architectural design. The designer gets the
opportunity to create every parameter and design criteria specific to his approach.

In this study, our aim is to develop a generative algorithm in a computer environment by using the principles of fractal geometry
function. The generative system creates by overlaying the developed generative algorithm with the environmental factor
parameters. In this system proposal, the goal is to produce various facade design proposals by coding the algorithm fractal
functions and to make use of the visualization of various potentials of the generative algorithm in parametric facade proposals.
Video projection mapping method is chosen to discuss the functionality of the parameters in the proposed generative system
of the developed generative algorithm. Computation of the transformation relating consecutive image frames is an essential
operation in video mapping. In this context, the design created with the generative system is reflected on a real scale medium,
specifically a column in this study, and various image frames letting new design proposals produced by the algorithm were
evaluated. In concluding rmarks, the advantages of architectural designs modeled by coding with the generative algorithm
compared to the algorithms obtained directly with the software are discussed.
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1. INTRODUCTION

Architectural design tools have changed and transformed over time with the developing technology.
Thus, architects integrated computer-aided approaches into architectural designs. Modeling programs
and software interfaces facilitate design processes, but also bring limitations in mental production
processes. Sometimes design ideas cannot be visualized directly through these programs, so we have to
use conventional design tools. However, this situation complicates the calculations in the digital design
processes. If the designer codes the generative algorithm of his design initially, software becomes a
developing tool. In the studies conducted with architecture students, they observed the limitations of the
software interfaces in the individual works of the students. However, they also evaluated that the
students who knew how to code their algorithm could directly transfer their designs to the digital
environment [1].

The thinking process and logical operation in a hand-drawn line based on the design coincide with the
algorithm-based line. Architectural designs with algorithms allow parameters to self-organize [2]. The
situations that are unpredicted in the design processes can be formulated by manually changing
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parameters or running algorithms iteratively. In addition to that, relationships that the designer cannot
predict can also appear by manually changing parameters or by running algorithms iteratively [3].
Algorithms are essentially mere form of expression of the thinking process [4]. Through this form of
expression, seminal parametric designs occur. Designing with algorithms is a new design skill as well
as a new way of discovering the potential of design [5]. With this new design skill, the designer can
formulate his own geometric algorithm. Thus, geometric algorithms remove the boundaries between
modeling software and the designer [6].

Parametric designs depends on algorithms formed by the combination of different parameters and
consist of a combination of algorithms that allow variations [7]. On the other hand, algorithms involve
a certain number of steps in reaching possible solutions to the defined problem [8]. Modeling of
parametric designs depends on the creation of algorithms. The parametric design not only allows for the
diversified geometric organizations but also for the different variations [9] and complex forms
(Schumacher, 2009). It provides flexibility in the design process as geometric relationships can be
clearly defined in the parametric design process [11]. It is also necessary to determine the constraints in
the design processes for constructed parametric geometries and to create the parameters in a way that
can diversify the design [12]. Parameters provide a variety of solutions as they allow the development
and numerical control of geometries in the design [13]. It enables the identification and control of the
relationships among the elements [14] and creates meaningful tectonic potentials for the elements [15].
Thus, design schemes that are not able with traditional methods, appear in the second and third
dimension through algorithms. Creating algorithms is no longer the domain of a particular discipline.
This method is open to architectural design, and expressing architectural designs in the form of
algorithms offers the opportunity to collaborate with other study disciplines [16].

Fractal geometries provide various design potentials especially when working with algorithms. Fractals
consist of compression, rotation, and nonlinear transformations of a given geometry. Fractal geometries
provide the relationship between nature's complexity and architecture. This aspect of fractal geometry
facilitates prototyping in surface designs in architecture [17]. Forms produced with fractal geometry turn
into complex structures [18]. Functions of complex structures can be reduced to fractal functions and
thus they are converted into generative algorithms [19]. Fractals exposes a form of grammar that
facilitates the assimilation of syntactic information in architectural designs diversified with a generative
algorithm [20]. Fractal geometries are qualified to design aids with fewer rules, more repetitions, and
more formal similarity than other shape grammars [21]. Complex system designs in architecture, which
cannot be created with traditional methods, are made through generative algorithms [22]. By this means,
it is possible to design complex systems providing numerical consistency.

Visualization of algorithm-based complex designs at real scale provides the opportunity to experience
the design. Architectural design can be transmitted in the second and third dimension in one-to-one scale
with the video projection mapping method. This method proposes projection of a created video on an
architectural surface or communication of the video with an architectural design [23]. The use of video
projection mapping in the architectural field is a method that includes the subject as the designer or user
as a viewer in the visual projected element. This method is also usable in the design and concept stages
of the projects [24].

The integration of designs with video projection mapping method, it is possible to experience digital
models in the second and third dimension. This methodology ensures that the images integrated in the
desired geometric form are transferred on to the real scaled design surfaces (Figure 1). In this study, the
actual dimensions of the design become one of the parameters of the generative algorithm. In order to
discuss the effect of the parameters in the generative algorithm, the design coded with the generative
algorithm prompt is projected in real scale with video projection mapping.
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Figure 1: Madmapper video projection mapping working with curvilinear geometries [25].

In this study, we used fractal function in the generative algorithm system developed within the scope of
the study. The selection of fractal function enables to provide the control of the point and vector positions
of the geometry after the third iteration, which is not possible without computer. After the third iteration,
vectors and point coordinates in space geometry become incalculable. However, the generative system,
which consists of the combination of the generative algorithm with other parameters, can produce this
information regularly. Thus, a generative algorithm based on the features of fractal geometry on
projected surface design as in architectural parametric facade designs is created, benefiting from its
continuity. The syntactic scheme of the generative algorithm is coded in the Python scripting language
accessible from Grasshopper interface. The visualization process of the syntactic language is generated
by the Rhino interface. The design-specific coding of the generative algorithm provides guidance and
varied features in the design. This approach, which shows the topological and geometric aspects of the
architectural pattern, has been integrated and presented as a generative system in which various
parameters managed. The proposed generative system algorithm is supposed to discuss the various
potentials of parametric facade designs in the early design phases.

2. GENERATIVE SYSTEM DESIGN AND METOD

In order to design the generative fractal algorithm system through the object-oriented algorithm, a
writing language is developed that consisted of three main steps as expressed in the flowchart (Figure
2). These steps are respectively;

* Designing the generative fractal algorithm

* Determination of the start and targets of the parameters

* Visualization of the design

Once the concept design is created the system automates the other stages of the flowchart. For this
reason, only the initial function belongs to the designer. In this direction, the coded algorithm in the
Rhino-Grasshopper environment through the Python software language works as a generative system in
other stages. With the automatic iterative operation of the algorithm, the visualization is provided in
Rhino and relatively the design is diversified iteratively in the process by producing various output
values.
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Figure 2. Flow chart summarizing the sequence of use of the software and coding language used in the study process.
(Prepared by the authors.)

The flowchart of the algorithm is defined to design a generative algorithm system (Figure 3). During the
coding process of the algorithm, the actual dimensions of the column selected as the sample projection
surface are measured at the first stage. The dimensions of two consecutive surfaces of the column are
also measured, respectively. According to the measurement results, the algorithm defines the three-
dimensional geometry of the column. Thus, the changes in the designs suggested by the algorithm are
observed in the real size changes with video projection mapping. The algorithm first calculates the
coordinates of each vertex to divide the object surfaces. These coordinates are grouped into lists. The
values in the list are associated with parameters named P_up, P_down, Level. This parametric change
creates the generative fractal loop associated with the diversification of coordinates. In each production,
the coordinates are calculated and listed by the algorithm. In order to generate the fractal loop iteratively,
the data in the new list is redefined as the variables of the fractal function, and new surfaces are created
by the generative operation of the algorithm. The defined surfaces are automatically moved axially by
the algorithm. Various suggestions are obtained at each stage during this automatically moving process.
During the iterative generation of the algorithm, new points, position vectors, surfaces are defined on
the design geometry. The position of each new geometry in the spatial geometry is coded by the
algorithm as a data list. In addition, the number of fractal units belonging to each generative design is
determined in the data list. In this way, the spatial coordinates inform about the geometry obtained by
the generative algorithm. In order to generate the fractal loop iteratively, the data in the new list is
redefined as the variables of the fractal function and new surfaces are created by the generative operation
of the algorithm.
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Figure 3. Python algorithm flowchart (Prepared by the authors.)
3. FINDINGS

In this study, a generative fractal algorithm is designed, which is coded through an object-oriented
software language. With this algorithm, a generative system has been defined with the aim of diversified
facade designs. Within the scope of the study, iterative production of the concept design by the algorithm
on the surface of the column, which was determined as the projected surface, gives us as a sample
scenario. The fractal algorithm coded in the object-oriented Python programming language in the
Grasshopper interface provides various parameters added to the algorithm in which the numerical ranges
can be changed from within Grasshopper. It has been observed that defining the parameters both in the
algorithm and in the Grasshopper interface is effective in diversifying the design (Figure 4).
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Figure 4. Python-based generative Grasshopper algorithm (Prepared by the Authors)
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In the process of designing the fractal function algorithm firstly, the algorithm was coded to give outputs
in the second dimension. Various outputs are obtained with the automatic generation of the fractal. In
the process of obtaining the outputs of the fractal geometry algorithm, first it makes a random selection
from the two parallel sides of the rectangle. Then it defines a line by connecting two randomly chosen
points over the selected parallel edges. Respectively, two more lines are defined by selecting two more
points on the line created in the previous step by defining points from the mutually parallel sides that
were not selected. From this stage onwards, the fractal geometric loop becomes visually perceptible
(Figure 5).

Start 1. Iteration 2. Iteration

3. Iteration 4. |teration 5. Iteration

Figure 5. Second dimension outputs of the generative fractal algorithm designed via Python (Prepared by the Authors)

While the algorithmic loop continues, it also recognizes and divides different quadrilaterals with the
same mathematical solution. A complex geometry undrawn by conventional methods has been obtained
by advancing the cycle one-step further. The algorithm is limited with five iterations. If different
iteration numbers and parameters are used, different geometries can be obtained. The design outputs
obtained depends on the mathematical expression of the fractal function in the coding lines within the
scope of the study.

The second-dimensional outputs provided by the generative fractal algorithm were useful in deciding
the angle parameter defined in the fractal function. After this stage, the generative algorithm system
iteratively provided generative proposal outputs in the third dimension. In the first step of generating
the outputs, the generative fractal algorithm system enabled the coordinates to be defined from the two
parallel sides of the column. Consecutively, a line is defined on the edges by connecting two points
randomly chosen by the generative algorithm, and by this means, the defined lines together form
surfaces. Surfaces take place in various coordinates in each iteration through the function that defines
random axial motion in the algorithm. In addition to axial variation, each iteration produces fractal
geometry in three dimensions. In the process of generating new geometries of the generative system, for
each stage of the algorithm, a new axial variation occurs. With the increase in the number of iterations,
the concept design has turned into a complex structure (Figure 6).
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Figure 6. Third dimension outputs of the generative fractal algorithm designed with Python (Prepared by the Authors)

Throughout the process, it has been observed that the axial mobility of the fractal surfaces formed as a
result of new productions at each stage by the algorithm allows for generative system design
diversification, although the algorithm is produced based on a single fractal function. The production of
various proposals of “design by the algorithm” has led to the generation of a large number of fractal
geometry, such as a unit in the algorithm during the design process. For this reason, in order to control
the geometric organization in the algorithm, the fractal unit number, as a result of each iteration provided
to the algorithm, and each point in the space geometry system defined and listed. In this way, complex
geometry became definitive and controllable (Figure 7).
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Figure 7. The location coordinates of the geometry produced by the algorithm and the generation of the fractal unit number
by the algorithm (Prepared by the authors.)
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As a further step in the study, the design outputs of the design geometry produced by the generative
fractal algorithm system were integrated with the video projection mapping method to the region defined
on the column (Figure 8). In order to do that, video projection mapping was performed by defining the
column dimensions as parameters in the algorithm (Figure 8.a). As it is observed, the algorithm gives a
new output with the change of the vertical dimension parameter on the geometric output produced by
the generative system (Figure 8.b). It is clear that, the size parameters of the column surface and the
algorithm determined at the beginning were important factors in the production process. As a conclusion,
there are differences in the output production potentials provided by the algorithm with the
diversification of the size constraints.

@ (b)

Figure 8. Transfer of design outputs produced by the generative fractal algorithm system with video projection mapping
(Prepared by the authors).

4. RESULTS

If the algorithm is defined as a certain number of parameters running in a finite time period of defined
work, it can also be solved by iterative generation algorithms which are the basis of fractal geometry.
This feature of fractal geometry facilitates prototyping in architectural designs. Thus, the different
outputs provided by the generative algorithmic systems at the beginning of the design phases allow
various solutions to the architectural design problems in the second and third dimension.

In this study, the generative algorithm is visualized in Rhino, which is encoded in Python in the
Grasshopper interface. A variety of potentials in the design process is proposed by obtaining the second
and third dimensional outputs of the generative fractal algorithm system. The planning decisions to be
made in the design phases are diverse with the algorithm producing outputs in the second dimension.
The outputs in the third dimension enabled the production of suggestions for the diversification of the
multiple fractal units that come together on the architectural picture plane as forms of image frames.
The generative algorithm system provides outputs in the second and third dimensions simultaneously.
Planametric and third dimension variations, which are the main elements of architectural design,
produced ““a coordinated generative algorithm system”. Thus, parametrically controllable and definable
fractal geometry outputs were obtained with the generative algorithm system. During the production of
geometrical outputs, the function of fractal geometry defined in the Python code was the most effective
parameter in both the second and third dimension. Although the axial mobility in the third dimension
within the generative algorithm system is produced depending on the fractal algorithm function that is
defined at the beginning, it has been observed that the generative system continues to diversify on the
geometric outputs. The number of fractal units in the diversified geometric outputs and the position
vector of each point in space geometry can be defined; calculated and observed as output. It is envisaged
that these calculated outputs can be useful in interdisciplinary studies during the realization process of
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the design (architectural surface, column, fagade, ground floor etc...) and contribute to the working
process in future.

The integration of generative algorithm-based architectural designs with the video projection mapping
method has enabled the visualization of the change in the actual measurement parameters of the design.
It has been observed that the actual dimensions of the design are included as parameters in the algorithm.
Furthermore, it was predicted that the various outputs of the generative algorithm may be efficient in
the production process. In addition, it ensures that the design achieved in the design incorporates into
the actual dimensions without the need for materials and construction processes by defining the actual
dimensions as parameters. Therefore, it is expected that the study will contribute to the research and
development of diverse potentials in architectural facade or plane designs with generative systems.

In this study, the importance of the designer's development of the original algorithm in digital design
was emphasized because the outputs generated by the generative algorithm cannot be directly produced
computationally through softwares and modeling programs. As the generative algorithm of geometries
is established by the designer, the constraints of the interfaces of modeling programs are removed. In
conclusion, the interfaces of modeling programs are no longer a restrictive factor in the design process,
so these various potentials of the design are observable in computational design processes. In addition,
it has been evaluated syntactic coding languages can take place as “a new solution skill” in the design
discipline with the development of designer-specific algorithms.
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