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Abstract. Presently there is a progressive tendency to incorporate simulation and parametric 
design strategies in urban planning and design. Although the computational technologies that 
allow it are recent, fundamental theories and thinking processes behind it can be traced back 
to the work conducted at the Institute for Lightweight Structures (IL) in Stuttgart, between 
the 1960’s and 1980’s. This paper describes an experimental urban research work centred on 
Frei Otto's thoughts on unplanned settlements and spatial processes, and on the form-finding 
experiences carried out at IL. By exploring the digital development of parametric and 
algorithmic interactive patterns, founded on physically based modeling techniques, two urban 
design proposals were developed for a site in Porto city. Out of this experience, this paper 
suggests that today the act of design can benefit from a deeper understanding of the natural 
processes of occupation and connection. 
Keywords. Parametric urban design; urban simulation; physically based modeling; Frei Otto. 

Introduction 
The dissemination of new rule-based design processes supported by scripting, is allowing 
the parameterization of form and the simulation of dynamic processes. As a result, the 
computer becomes a virtual simulation lab and a creatively used generative design tool. 
In comparison with other design disciplines, Steinø (2010) points out that the adoption of 
these new parametric tools in urban design is still in its relative infancy. Schumacher, 
quoted by Silva and Amorim (2010, pp. 15-16), argues that innovation can only be 
achieved since “the scripts allow you to program design tools to handle a large number of 
parameters and create a design sensitive to the formal parameters, functional and 
environmental”. Also referring to Schumacher’s theories, Silva and Amorim suggest that 
parametric urbanism is conceptually based on the contemporary notion of space which, as 
a basic urban conception and in contrast to the modern and postmodern ones, is now 
understood as Field: the spacialization of multi-scale latent information flows crossing a 
pre-existent place. The city is thus perceived as an ecosystem where the interaction of 
dynamic and decentralized forces draws its increasing complexity. It is in this context 
that, with the progressive availability of computational power and urban data resources, 
urban simulation and design practice tend to merge (Stolk, 2009). Through computational 
thinking and parametric and algorithmic design techniques, the current knowledge and 
analytic capabilities of emergent natural and urban patterns (Batty, 2005) achieve a 
generative capacity, making the synthesizing of organic spatial structures a motto for 
investigations of authors like Trummer (2008), Coats (2010), Derix (2012) or Al-Sayed 
(2013). This trend is recognized by Schumacher (2008) as a new all-embracing style - 
Parametricism. Although the author arguably refers that the first manifestations may be 
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depicted in Hadid's large-scale urban proposals of the 2000s, he claims that “Frei Otto 
might be considered the sole true precursor of parametricism" (2008, pp. 23). 

Directing and investigating at the Institute for Lightweight Structures (IL), within the 
framework of the German research program SFB 230 “Natural Structures” (sub-project 
C2: “Natural Processes - House and Town”), Otto´s (2011) theories on the structuring of 
space and unplanned settlements, and the IL form-finding experiments in self-generated 
structures, have inspired several investigations in architecture and urban design. Among 
the latter, it is important to refer Frick and Grabner’s work (2012), which explored vector 
fields to represent environmental and socioeconomic parameters, and Georgiadou’s thesis 
(2012) on complex urban networks generation, where the IL wet threads experiment was 
digitally simulated using different edge bundling methods. In general, the digital 
emulation of IL's form-finding models of spontaneous human settlement and path 
generation, results either from chemical-behavioural modelling by agents, or, more akin 
to Otto's thinking, from physical simulation of attractive-repulsive forces with spring-
particle systems (physically based modeling [1]). 

It is this last approach, more mathematical and geometrical, that was explored by the 
authors to investigate the application of the urban theory developed at IL in an urban 
design context. To do so, a set of generative and parametric algorithms were digitally 
developed in order to define interactive urban patterns for implementation and evaluation 
in real context. By describing and illustrating an ongoing academic research project, this 
paper reflects on the potential of using digital form-finding strategies to deal with the 
complexity involved in urban design and planning. 

Frei Otto theories and the IL form-finding experiments on spatial processes  
Regarded as one of the most important architectural visionaries of the 20th century, 
mostly known as a great constructor in the tradition of Candela or Nervi, Frei Otto´s 
thinking goes far beyond mere construction. Focusing on an all-embracing ecological 
thinking, linking nature (science) and architecture (design), he presents in Occupying 
(Otto, 2011) a theory about the phenomena of urban networks as self-organized systems, 
surfaces and paths occupations, and territories expansion. All these spontaneous 
structures grow through two basic processes that organize all natural and humanized 
spaces: occupation and connection. Governed by laws of attraction/repulsion or 
expansion/contraction, they present emergence and self-organization behaviour akin to 
physical processes in natural patterns. This familiarity was already exposed in Schaur’s 
IL39 (1992) through the study of unplanned human settlements and self-generated natural 
structures in the same grid of topological analysis. These phenomena were illustrated 
through examples extracted from the natural, social and technological worlds, and in a 
series of physical form-finding experiments, studied in IL between the 1960s and 1980s, 
using simple materials like magnetized needles, bubbles, soap films, sandboxes or wet 
threads (Figure 1). The IL´s analogue experimental models of occupation and connection 
(path systems) fundamental for the authors’ research are briefly summarized below: 

 Repulsion or Distancing Occupation (magnetized needles model): Experiments 
with floating magnetized needles. The balance of magnetic forces generates 
spontaneous triangular grids whose regularity increases with the increasing 
amount of needles. 
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