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Computer-aided Moorish geometric design and patterns

Abstract: Humans have been striving to decorate their surroundings with various visual elements, such as
shapes, textures, and symbols, since ancient times. A lot of times the inspiration for these patterns and
textures came from nature, which has always motivated people to create aesthetically pleasing patterns.
Geometry assists us to comprehend and reproduce numerous patterns found in nature. Hence, producing
geometric patterns has been an integral part of art and ornamental interior design. Exploring a design
process for recreating ornamental patterns has led to the development of software for generating Moorish
patterns using computer-aided tools. The generated geometric patterns are two-dimensional elements,
and could be transformed into three-dimensional objects before they can be used in numerous aspects
in interior and architectural design. Thus, combining a two-dimensional pattern with a three-dimensional
graphical software, adding extra features and functions to it, provides a powerful tool for artists and
designers. The Moorish geometric patterns, renowned for their intricate interlacing and strongly
geometric designs, have a long history embedded in multiple cultures. Nevertheless, modern-day
computer software has been utilized to incorporate Moorish geometric design into the process of creating
interior design- furniture and even in architecture planning and building structures. Computer-aided
Moorish geometric design and patterns can influence the manner in which designers and architects create
their work. This research traces some of the historical backdrop of Moorish style, the posthumous
dynamic of the development of geometric patterns, the advances in PC programming that empower its
utilization, and the potential applications of this correlation. The study object was geometric patterns as
a form of decoration in architecture and design in the context of geometry and form creating with the
purpose of aesthetic search. The study subject was the creation of geometric patterns and the ways
possible to make this process faster and more efficient in the work of today’s designer and architects.
The study purpose was to investigate the source of making geometric design patterns, in terms of
employing them in decorating interior spaces and in architecture in general by a brief exploration in
historical samples. By inspecting an example of how PC helped Moorish geometric designs can be used
in the process of designing interior places or in architecture planning, this exploration will show how
innovation can be utilized to produce works of art and design. The last section concludes by summarizing
the main aspects of this work and explaining points for further improvements.

Keywords: Mootish architecture, Taprats, software integration, geometric patterns, 3ds MAX modelling,
design, object modelling, Adobe Photoshop.
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MaBpHUTAHCKH r€OMETPUYEH AU3AWH U KOMITIOThPHH IIPOrPaMu

Abemparm: Ot ApEBHI BpeMEHa XOPaTa CE CIPEMAT A2 IIOAOOPABAT 3a00HKAAAIIATA TH CPEAA C PASAIIHI
BU3YAAHH CACMCHTH, KaTO (DOPMH, TEKCTYPU M CHMBOAN. BABXHOBEHHETO 32 TE3U MOACAU MHOTO YECTO
HABA OT IIPUPOAATA, KOSTO MOTHBHPA XOPATa A4 Ch3AABAT OLOAOOSBAIIN (DOPMU M UPE3 AHAAH3A MM Ad
H3BEHKAAT TCOMETPHYHUTE 3ABH3UMOCTH U 3aKOHU, Ha 0a3aTa HO KOUTO ca U3rpaAcHU. ['eomerpusrta Hu
moMara Aa pasbepeM M BB3IIPOU3BEACM MHOMKECTBO MOACAH, OTKPUTH B IpUpoAaTa. CACAOBATEAHO
CH3AABAHETO HA ICOMETPUYHN AM3ANHHU € IINPOKO H3IIOA3BAH IIOXBAT B HU3KYCTBOTO, HHTCPHOPHEL
AHM3AHH U apUXTEKTypaTa. [[pOyIBaHETO HA IIPOLIECca HA IIPOCKTHUPAHE AOBEKAA A0 Pa3pabOTBAHETO HA
codpryep 3a CB3AABAHE HA ICOMETPHYUCH AM3AHH. [eHEpHpaHHUTE ICOMETPHYHU MOACAH KATO
ABYHU3MEPHH EACMEHTH MOIAT Ad ObAaT TpaHCOPMHUPAHH U B ODEMHH OOCKTH, IPEAH Aa ObAAT
H3IIOA3BAHU B HHTEPHOPHUA AU3aiH 1 apxuTekrypara. [1o To3u Haunn koMOHHUpaHeTo Ha codryep 3a
TEHEPUPAHE HA ABYU3MEPHU ICOMETPHYHHE (POPMH U BB3MOXKHOCTTA 32 IOCACABALLIOTO UM PasBUTHC
upes TpuusMeper rpadpudeH codryep Upe3 AOOABIHE HA AOITBAHITCAHU XAPAKTEPUCTUKH 1 (DYHKIIAN
KBM TAX, OCHIYPSBA MOLLECH HHCTPYMEHT 32 AMBAHHCPH M APXUTEKTH. MaBPUTAHCKATE ACKOPAHHBHH
¢opMH, H3BECTHH CBC CBOHTE CHAHO ICOMECTPUYHN AM3AMHN, HMAT ADBAIA HCTOPHSA, 3aCAraIia
MHOJKECTBO KYATYPHU B MUHAAOTO. BBIIPEKH TOBA CHBPEMEHHUST KOMIIIOTBPEH COTYEP CHIIO MOKE Ad
CE MBIIOA3BA IIAPAACAHO C IIPHUHIUIINTE, B3AUMCTBAHN OT APEBHUTE IIPAKTHKY, 34 HHTCIPUPAHETO UM B
AHCLIHHS IIPOLEC HA IIPOCKTHPAHE HA IIPOAYKTOB AM3ANH, TPCTUPAHETO HA HHTCPHOPHUTE
IIPOCTPAHCTBA B AOPH H B APXUTEKTYPHOTO IIPOEKTHPAHE. Ta3! CTATHS PASTACKAA OCHOBHITE HACOKH B
HCTOPUHYECKOTO PasBUTHE HA MABPUTAHCKHS AU3ANH, HAIIPEADKA B KOMIIFOTBPHOTO IIPOIPAMUpPAHE,
KOWTO ITO3BOASBA M3IIOA3BAHETO My B CBBPEMCHHHS IIPOLIEC HA IIPOCKTUPAHE U ITOTCHIIMAAHUTE MY
IIPUAOKEHHS B HHTCPHOPHUA AU3AMH U apXUTEKTYpaTa. Upe3 pasrAeKAAHE HA IIPUMEPH 32 ICHEPUPAHN
C IIOMOIITA Ha, pa3paboTeH CIenmasHO 3a meAta codpryep- Taprats, reoMeTpuvHN AM3ANHH B
MaBpUTAHCKH CTHA, TA3H CTATUS Pa3TACKAA TEMATA KAK CHBPEMECHHUTE TEXHOAOTHH MOTAT Ad ObAaT
H3IIOA3BAHU 32 CH3AABAHE HA IIPOUSBCACHHS HA M3KYCTBOTO M AM3aiiHA Ha 6a3a Ha AOOPE HM3CACABAHHI
IIPAKTUKH ITO3HATH B MUHAAOTO. [ITOCACAHIAT PasAeA 3aBbpIIBa ¢ 0OOOOIIABAHE HA OCHOBHUTE ACIICKTH

Ha Ta3u pa60Ta M OITMCBa ITOCOKHTC 32 6%A€LL[O pasBuTHC II0 TEMATA.

Korouosu dymu: MaBpUTAHCKA apXUTEKTYPa, Taprats, codTyepHa HHTEIPALINsA, TCOMETPHIHI MOACAH, 3ds
MAX MoaeaupaHe, Au3aiiH, 06ekTHO MoAeanpare, Adobe Photoshop.
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Introduction

Today when we study the history of art and in particular the Moorish architectural style, we
are intrigued by the intricate patterns that can be generated with the help of a compass and
straight edge, or paper-folding. As in the past the artists and scientists delve deeper into the
process, they become more adept at perceiving points and lines, calculating angles visually, and
recognizing generative units and proportional relationships. As artists progress, they are exposed
to terms such as orthogonal, periodic, algorithmic, group theory, set theory, combinatorics,
permutations, tilings, and tessellations (Necipoglu, 1996; Griinbaum & Shephard, 1987), which are
unfamiliar but vital to mathematical art. The mathematical ideas expressed in art are not merely
representational, but also expressive. Nowadays modern mathematics, algorithms and
technology can be applied to the study of these ornamental styles and used for understanding
and further development of new more complex designs and forms. Geometric patterns have
been an integral part of art and decorative design for thousands of years. Mathematical concepts

of geometric patterns and related works have been reviewed extensively in scholatly research



(Neczpogln, 1996; Griinbanm & Shephard, 1987). Specialized computer software, such as Taprats by
Craig Kaplan (Kaplan, n.d.), has been developed to generate Islamic star patterns. These patterns
are typically represented in two-dimensional (2D) formats, but for architectural design, three-
dimensional (3D) elements are also necessary. To achieve this transformation, a graphical
environment like 3ds MAX modeling software can be used. This paper aims to illustrate the
implications of architectural design with geometric patterns, and to demonstrate how patterns
can be used to generate forms.

The study object is geometric patterns as a form of decoration in architecture and design in
the context of geometry and form creating with the purpose of aesthetic search.

The study subject is the creation of geometric patterns and the ways possible to make this
process faster and more efficient in the work of today’s designer and architects.

The study purpose is to investigate the source of making geometric design patterns, in terms
of employing them in decorating interior spaces and in architecture in general by a brief
exploration in historical samples. Furthermore, to comprehend the correlation between the
methods employed in the past and present. In order to fulfill this objective, while adhering to a
deduction-based investigation approach of the case study an example will be presented by
generating geometric patterns with a software in 2D format. Nevertheless, to apply these pattern
in architectural designs, architects and designers necessitate 3D elements. In order to be able to
accomplish the transformation we would use a different modeling software.

It will be explained how Taprats designs are imported into 3ds MAX to use all generated
patterns and further transforming them into 3D forms with the help of software programs. The
rest of the paper is organized as follows. Section two discusses about the history of using patterns
in Moorish architecture and design. Section three gives an explanation about Taprats program
and its capabilities. A graphical environment is explained in this section and how 2D patterns
are created. Section four shows how those patterns can be transformed into 3D patterns and
can be manipulated as objects in architectural design and product design. The last section
concludes by summarizing the main aspects of this work and explaining points for further
improvements.

This article is oriented towards those sharing an interest in the design and architectural
modelling- particularly Moorish geometric based designs- from educational, academic,

professional, or simply general interest areas.

History of Moorish geometric patterns

For centuries, intricate patterns have been crafted onto architectural surfaces, most notably
in Islamic culture but also in many other parts of the world like Europe and Asia. Examples
include the Alhambra in Granada, Spain (Irwin, 2004) (Figures 1; Figure 2) and many North African
landmarks.

These patterns have also been studied extensively by artists, designers, engineers and
mathematicians, as they can be used for various applications in tilings, carpets and woodcraft in
cultures around the world, from China to South America and from Asia to Europe (E/-Bowuri &
Critchlow, 1993; Bourgoin, 1973, Griinbanm & Shephard, 1987). In Islamic cultures, due to religious

restrictions, more complex geometric patterns were used in place of sculptures and portraits.



The development of these patterns was strongly influenced by the ancient Greek
philosophical and mathematical works of Euclid and Pythagoras, which were translated into
Arabic and drove an enthusiasm for astronomy and the creation of infinite decorative patterns.
Each pattern offers a distinct technique of composition employed in forming each repeat unit.
These patterns are typically created by adjusting regular polygons such as squares, equilateral
triangles, hexagons, etc. by equally partitioning the circumference of a circle into the necessary
number of parts. A wide array of patterns generated by the division of the circle into equal parts
such as four, multiples of four, six, multiples of six, and so forth. Although the exact methods
used by Islamic artisans to create these designs remains a secret passed from one craftsman to
another, there are some written evidences like The Topkapi script (Necipoglu, 1996). The script
was used in a variety of contexts, from art to architecture. The design of the script is based on
geometric shapes and patterns drawn by hand but nowadays computer systems have been
developed to generate similar patterns, thereby allowing for further exploration and study (Figure
3, Figure 4).

Numerous computer scientists have also conducted mathematical descriptions and analyses
of these patterns, such as Grunbaum and Shephard (Grinbaum & Shephard, 1987), as well as
Craig Kaplan’s java applet, Taprats (Kaplan, n.d.), which implements a design technique for 2D
Islamic star patterns and produces extensive scientific articles.

As a result, it is of utmost importance to understand the past in order to make progress in
the future. By looking at the history of design, we can gain valuable insight into the patterns and
principles that have been used to create successful designs. By using this knowledge, we can
create more effective computer-aided designs that not only look great, but also function better,
mistakes are easier to fix and changes are not so time consuming as in the hand-maid designs

from the past.

Patterns generation in Taprats

Geometric patterns have been a common sight throughout the history of art and
architectural design. In order to study and explore these ornamental styles, Craig S. Kaplan
(Kaplan, 2002). in his dissertation, he presents his research in the area of computer-generated
geometric art and ornament. In the process of writing his PhD dissertation, he develops a
collection of tools and methods for producing traditional Islamic star patterns, utilize modern
mathematics, algorithms, and technology.

Taprats is a computer program for constructing and generating Islamic star patterns,
developed by Kaplan at the University of Washington’s Department of Computer Science and
Engineering. This program provides a user-friendly interface for browsing available tilings and
choosing one on which to create a design. After a few more steps, a design is created based on
the selected tile and parameters (Figure 5; Figure 6). The generated design can be exported in EPS
(Encapsulated Post Script) or SVG format for further analysis and study.

With the help of Taprats, a software with a simple interface, designers can generate a wide
variety of geometric designs. There is a set of available tilings to choose from, and designers can
change the following parameters to explore and achieve their desired results. Islamic patterns are

a complicated subject, and the implementation of periodic forms with the help of a software



offers tremendous freedom in the construction of tilings with regular polygons, resulting in

numerous easily-modified and enriched designs.

Collaboration between 2D patters and 3D objects and their use in architecture and
interior design

Computer-aided design (CAD) is a powerful tool for crafting innovative designs. With the
rise of 3D printing technology and vector drawing software, CAD offers ample opportunity for
users to explore different design ideas. CAD makes it possible to create complex designs with
accuracy, speed, and precision.

Highly complex patterns can be represented in two-dimensional (2D) formats. When
translating these patterns for use in architectural designs, however, three-dimensional (3D)
elements are required. In other words, these patterns must be transformed into 3D structures to
be applied to architectural design purposes. To facilitate this transformation, a graphical
environment such as 3ds MAX software can be used with the help of a script written for use in
3ds max. Taprats saves generated patterns in an output file in SVG format; however, when
importing this file into 3ds MAX, with the various modifiers’ lines and vertex, can be recognized.
Software programs like 3ds MAX provide a wide range of features for creating, editing, and
deleting graphical elements, as well as offering the ability to customize the form in a way you can
create architectural elements (Figure 7; Figure 8; Figure 9).

Automation processes, custom utilities, and commands can be executed in 3ds MAX.
Designs are created using Taprats and refined in 3ds MAX for architectural design. The
integration of Taprats and 3ds MAX permits designers to plan and later render their projects
containing Moorish geometric design. 3ds Max has import and export features for certain data
formats, and designs in EPS format can be read in Adobe Photoshop and exported like an Al
files that can be imported into 3ds MAX.

The 3ds MAX software provides an easy way to create accurate and high-quality 3D models
from a variety of sources. With its powerful tools, architects and designers can easily modify and
customize existing models to create complex architectural elements such as fences and balusters.
Additionally, 3ds MAX is compatible with the STL (Stereo Lithography interface format or
Standard Triangulation Language) file format, which is widely used in the 3D printing industry.
To ensure that the 3D printing process goes smoothly, it is important to check that all surfaces
and meshes in the STL file are closed. This file format also allows for complex 3D models to be
created with a combination of tiny triangles, which are defined by three vertices.

Thus, Computer-Aided Design (CAD) is a powerful tool for crafting innovative designs.
Taprats and 3ds MAX integration allows designers to plan, render, and refine their projects
containing Moorish geometric designs. Overall, CAD is an efficient tool for creating
extraordinary designs with accuracy, speed, and precision which makes it a popular and desirable

tool for the community of architectural design users.

Discussion
This method of collaboration between a software like Taprats and a further development
of the model in an environment like a 3ds Max allow access to a wide variety of designs based

on Moorish geometric patterns.



The available selection of 3d modelling software for architectural planning is expansive.
Further exploration could be achieved by leveraging applications like Maya to manipulate
patterns into 3D shapes with the utilization of Maya’s scripting language. Or by writing a system
similar to Taprats that could move away from periodicity through the implementation of

aperiodic tessellations composed of regular polygons.

Conclusion

This paper is an attempt to demonstrate the implications of architectural design utilizing
geometric patterns, and to show how patterns can be employed in the formation of architecture
(Figure 10). The integration of Taprats’ Java applet into 3ds MAX has been explored, allowing
for the reuse of generated patterns and their transformation into 3D objects. This integration
has several advantages for users, including the ability to work within one environment and to
manipulate generated patterns from Taprats as architectural design objects within other software
programs. By using computer-aided design, designers can quickly generate complex geometric
patterns and easily modify them to their exact specifications.

As this work is still in progress, more features and facilities should be added before it can

become a popular and desirable tool for the architectural design community.
-, — =@
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Appendix

Figure 1. Examples of Moorish geometric design in Figure 2. Examples of Moorish

history- A geometric design of a ceiling in the Alhambra geometric design in history- A geometric
palace, Granada, Spain- picture taken 2016 design in the Alhambra palace, Granada,

Figure 3. Examples of Moorish
geometric design in history- the
pattern expanded (translatation
repetition) to four units. Note the
inclusion of the thomb in this version.
It is nested in the “bow” shape
located in middle of each edge of the
repeat unit

Spain-picture taken-2016

3 4

Figure 4. Examples of Moorish geometric design in
history- A design made by hand from panel 73 of the
Topkapi Scroll. Example step by step of the long
process of making the previous figure 3
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Figure 5. Interface of Taprats
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Figure 6. Examples of geometric designs generated in Taprats
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Figure 7. Generated patterns in Taprats and imported to 3ds MAX
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Figure 8. Generated patterns in Taprats and imported to 3ds MAX- using modifiers

Figure 9. Generated patterns in Taprats and imported to 3ds MAX - few
shapes of patterns converted into 3D objects
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Figure 10. Example of the integration of Moorish style inspired architectural elements and modern
technologies into the realization a contemporary building in Sofia, Bulgaria. pictures taken 2022



