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In the evolving landscape of contemporary architecture, a visionary narrative is 
emerging that redefines the relationship between the built form and nature. Architects are 
now embracing a transformative design philosophy that transcends traditional 
construction, integrating advanced computational simulations and adaptive materials to 
create environments that are both sustainable and dynamically responsive. This approach 
reimagines urban spaces as living ecosystems – where structures not only shelter but also 
actively regenerate and harmonize with their surroundings – ushering in a new era of 
terraforming urban fabric. By fostering interdisciplinary collaboration and engaging the 
creative spirit of emerging architects, this movement invites us to rethink our 
environments, championing a future where innovation, ecological integrity, and cultural 
renewal converge to shape resilient, vibrant cities. 



This is not merely an aesthetic pursuit but a fundamental reimagining of how 
structures can engage with their surroundings, harnessing computational design and 
physical simulation models to create forms that are not only efficient but alive with 
movement and interaction. The intersection of architecture, engineering, and digital 
technology allows for the creation of environments that actively participate in their context 
– absorbing, responding to, and shaping the forces that act upon them. 

This vision comes to life in kinetic structures that merge natural materials with 
robotic actuation, allowing surfaces to shift and morph in real time. Inspired by nature’s 
adaptability, these designs incorporate computational control, allowing structures to 
behave like organic systems, flexing and reacting to forces with a fluidity reminiscent of 
fabric caught in the wind. The integration of such systems within architectural design 
challenges traditional notions of materiality and permanence, proposing instead a vision of 
space that is interactive, performative, and deeply connected to its environment. 

The pursuit of dynamic, living architecture draws inspiration from nature, a principle 
that extends to various fields, from artificial intelligence to robotics. As technology 
advances, we instinctively turn to nature for inspiration - whether in architectural design, 
artificial intelligence or animal-like robotics. Physical models allow us to simulate material 
behaviour – like the ripple of a droplet on water or the impact of a ball on fabric – capturing 
the subtle interplay of forces within a system.  

A simplified approach to modelling material behaviour is the mass-spring-damper 
system, where interconnected nodes simulate complex structural responses. Through the 
use of numerical integration, here Verlet integration [1, 2], such simulations can now power 
real-time applications, from video games to architectural rendering. We envisaged making 
use of such a model to run a live, physical simulation of a cloth-like material, reduced to a 
series of wooden panels interconnected along edges by robotic actuators. Through this 
interconnected combination of natural wood material and mechatronic, computer-
controlled motors, the sculpture reacts to both a preprogrammed series of forces, as well 
as interactively simulating the effects of forces being applied on a touchscreen device. The 
structure is accompanied by a soundscape which is linked to its changing form. Through 
mapping the points between panels to frequencies, and heights to audio amplitude, the 
changing structure reacts both physically and acoustically to the audience. A simple touch 
on the tablet sets the sculpture in motion – twisting, shifting, and responding with 
unexpected fluid movement and resonant sound.  

An interconnected mesh of nodes is established within a 1.5m x 1.5m vertical 
frame. Artificial spring forces are applied between the nodes, which are connected both 
horizontally/vertically and diagonally, in order to simulate shear force effects. Simulations 



of both sphere impacts and point forces have been implemented, offering a dynamic 
visualization of force interactions. Sprung anchors at the corners allow further modulation 
of tension and movement, maintaining the deforming sculpture within its frame. 

Since the triangular panels is made of rigid, painted timber panels, they cannot be 
physically deformed to the exact shapes of the simulated geometry. Instead, at each time 
step, the triangular panels rotate to align with the three points they should connect to, 
iteratively fitting the closest possible configuration. Using the best-fitting Kabsch algorithm 
[3], triangles are rotated rigidly the system to minimize errors. The structure can then be 
morphed and aligned as closely as possible to its simulated form, starting with the panel 
experiencing the largest discrepancy and refining the entire geometry step by step. 

Beyond its mechanical and computational precision, this sculpture embodies a 
performative essence, echoing theatrical traditions where motion and transformation are 
central. The kinetic, interactive architecture presented here resonates with the energy of 
Italy’s commedia dell’arte, where spontaneity and constant reinvention define the 
performance. Just as Harlequin’s shifting form and identity create a dialogue between 
tradition and transformation, these architectural interventions forge a bridge between past 
and future, embracing both heritage and possibility. 

The Harlequin – or "Arlecchino" – of commedia dell’arte is an agile trickster, 
paradoxically both a dim-witted fool and a sharp-witted jester, dressed in a costume of 
fragmented, chequered patterns [4]. This fragmented yet fluid movement is mirrored in the 
sculpture’s shifting panels, which flicker between chaos and precision, guided by human 
interaction and preprogrammed forces. The accompanying soundscape further deepens 
this theatricality, as the structure sings in response to its shifting form – an automaton that 
serves both as a kinetic sculpture and as a loyal performer, ever-changing yet deeply 
attuned to its audience. 
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