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Figure 01: Realized design (Top) & various possible shapes of minimal surface for the central fabric pod (Below).
Mathematics: The Winton Gallery, Science Museum, London (Zaha Hadid Architects). Photograph (Top) (c) Matt
Danby.
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Figure 02: Collaborative workflow with the principal stakeholders of the architectural design process. Undisclosed
Project (Zaha Hadid Architects with AKT II).

Solutions to the significant social, ecological and economic opportunities and problems of 21st
century architecture and urbanism involve a vast number of variables. These solutions will require
the use of data-driven technologies to acquire physical and social information of sites and consumer
communities, digital technologies to design for the briefs so acquired and robotic manufacturing to
deliver the designed solutions effectively.

In this context, Architectural Geometry' (AG) is a highly relevant design technology paradigm. AG
focusses on the synthesis of shapes that guarantee structural and fabrication optimality. It is also
closely aligned with and complementary to the development of robotic and digital fabrication (RDF).
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Further, in combining historical geometry-based methods of structural analysis, modern mathematics
as used in computer graphics (CG) and computational technologies, the field is opening up several rich
shape-possibilities that are also economically viable (Fig. 1).

f

Design that is so digitally empowered is proving to be significantly more effective in terms of spatial
expressivity and user experience?, ecologically?, preservation of building trades * etc. Thus, the recent
and increasing popularity of AG is not surprising, considering it has brought the principal stakeholders
in the architectural design process—architects, engineers & fabricators, and their respective tool-
chains much closer together>¢ (Fig. 2).

AG, despite its design benefits noted above, is currently expensive to make digitally as the creation of
such geometries involves acquisition of considerable digital skills, development of toolsets that are either
non-existent or unavailable within commercial design environments, creation of physical exemplars>!!
etc. Itis also expensive to make physically as the 20" century, automation-centric production systems are
misaligned with structurally efficient, material conserving shapes of AG. AG is thus currently reliant on
RDF and other early-stage technologies and methodologies for its physical realization'> ¢ etc. (Fig. 3, 4).
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Figure 03: Prototyping of knitted fabric formwork with cast in-situ concrete shell (Top), Construction sequence,
computational form finding and pattern generation studies (Bottom). Knit Candela, Mexico City (Block Research
Group & Zaha Hadid Architects with Architecture Extrapolated). Photograph (Top) (c) Angelica Ibarra.
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Figure 04: Prototyping of fiber reinforced stone chair (Top) and development of custom integrated tool chain (Below).
Undisclosed Project (Zaha Hadid Architects & AKT II with New Fundamental Research Group & Generelli SA).
Photograph (Top) (c) Generelli SA.

Efforts to overcome these critical cost obstacles are focused along two dominant vectors:

- Improving creation and manufacture of AG designs:

The discipline of AG is consolidating the research and demonstration gains from its first decade
of existence, and progressing towards full scale and mainstream architectural applications
with ongoing efforts at the research epillcenters in Stuttgart, Zurich and elsewhere®®*>. The
maturation of several start[ lup businesses in RDF'**® along with the encoding of expertise in
reusable code assets'®* for ease of creation and manipulation of AG, further reinforces this
trend.
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Figure 05: The community building game begins by constructing player profiles and inputting spatial and social
interaction preferences. Subsequently, additional choices can be made whilst exploring the spatial choices (Top). A
plausible state of the game after multiple players have made both physically related choices and social interaction
choices such as sharing some spaces, exchanging others etc. ( Middle). Players have the choice of choosing a location
for their game-play, as well as the possibility of playing the game in Augmented Reality (Bottom). Game Play &
Housing Configurator (Nahmad Bhooshan Studio, Architectural Association Design Research Lab (AADRL).
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Figure 06: One of the outcomes from a particular instance of game-play was physically realized using the
commercialized technology of Robotic Hot Wire cutting offered by Odico Robotic Formworks. This technology is now
available as a ‘factory-in-a-box’ that can be shipped to various locations. The foam being lightweight also provides
logistical advantages, apart from insulation properties. (Top) Computer generated view of an outcome from a particular
instance of game-play, showing the variety of unit sizes and formal expressions, which nonetheless exhibit efficiencies
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in manufacturing due to digitized manufacture and assembly (Bottom). Game Play & Housing Configurator (Nahmad
Bhooshan Studio, Architectural Association Design Research Lab (AADRL)).

AG, which is congenial with Tectonism®?* 3, has proven to be a highly effective technology-led design
paradigm for the 21st century incorporating essential aspects of structure and fabrication in addition
to increasingly encoding the social, ecological and economic parameters into the shape modeling
process. The immediate outlook for AG is to significantly improve its prospects of mainstream impact
- reducing the costs associated with its digital creation by in turn capturing and encoding the significant
tacit know-how that is currently part of the creation process and thus its cost. Such a synergy already
underway in the graphics community - Geometric deep learning® - would help further open the solution
space and its exploration, whilst addressing the cost of digitally creating AG with potential machine
assisted creation of AG, machine[assisted tutoring of novice designers, institutional preservation or
encoding of tacit know[Thow etc. These, along with the rapid evolution of RDF technologies, would
provide a sound basis for disruptive, industry-wide applications.
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