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Robotic strength and precision allow for vastly more sustainable processes.
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Two Princeton researchers, architect Stefana Parascho and engineer Sigrid Adriaenssens, dreamed
of using robots to simplify construction, even when building complex forms.

“We want to use robots to build beautiful architecture more sustainably,” said Adriaenssens, an
associate professor of civil and environmental engineering and the director of the Form Finding
Lab.

So the professors partnered with architecture and engineering firm Skidmore, Owings and Merrill
(SOM) to create a striking and unique installation for the SOM exhibition “Anatomy of Structure” in
London last March. They used two industrial robots provided by U.K.-based Global Robots to build
a breathtaking vault, 7 feet tall, 12 feet across and 21 feet long, constructed of 338 transparent glass
bricks from Poesia Glass Studio.

$24 $29.95 $16.95

https://cat.hk.as.criteo.com/delivery/ck.php?cppv=3&cpp=quOlk0oG739ovaWBRhgU4rwinmQjTg73sZekbZw1Owngsp1z5XdugbdKfbsAGVTqCp3Yyl4iajtHGaXS-PTZccQtIwY093qVoTFUNZ2WFBIgAiZ6I8WvF3ykLQM9Vt_Xe2NNQ1v_pOrOgrWg7c6aqRImlAybvcLpjY5LNyxU8UOe37NmCSuD3k-QIuz8-jjvSRq6HnKOKbGQ1e_C8m1uXRQQg8r2NG5K50VyO1WSMnA7df5paQZqfVxL86B0Y0nWWIubn5KH3OZYyP4BRwZSFInbJa9cOTRqnDFVKz8izzIkvXf2fgMT2h5t44TfuVnc8AvuIwS5qcyPdDY5CxNwBSu_A6k8uptDNWdUBgVyr2XCJPWhQfdqFDps4yakBXNITnxQxg_EIE0a6Xy9yl_JfDb8EwwEREtYnpYZJ3Ex_lrxJ-u28kjMLLo7dapVTO6XxdLlx0WlLoIZRpNMA0U7Gtu4IKg&maxdest=https%3A%2F%2Fpurebaby.com.au%2F%3Futm_source%3Dcriteo%26utm_medium%3Dprospecting%26utm_campaign%3Dconversion
https://cat.hk.as.criteo.com/delivery/ck.php?cppv=3&cpp=WVz9WkoG739ovaWBRhgU4rwinmQjTg73sZekbZw1Owngsp1z5XdugbdKfbsAGVTqCp3Yyl4iajtHGaXS-PTZccQtIwY093qVoTFUNZ2WFBIgAiZ6I8WvF3ykLQM9Vt_Xe2NNQ1v_pOrOgrWg7c6aqRImlAxNTMFvVjd9SVNhIwohbd0frIggEuQqtWvFuSddkzgheroVRM5WKXpxrNAkAVnsOE0_WrDERDDl8KC4aJcjzcPSOyuZ3UwX85MHkGvqHMRKJWAi8gIdT35T-Z0ranCjNBsnBWGPAEURqlC6Wbifiy8N8CJAJUD9rJCBp_vMWyHTzY-bytLQcYGlJvU8rRHpfMXdwogsljUKmyH8hugMdaotmrCt-PlU83X6o3xNNJOtiZAEvO2fbVefqg7ciwg2IJhldefE6yw8C60CZQ5QfjyTmKGrwn5qsU6ooKOj4uF1vta69XRtNqhUUJEDuaBzIN7XMhVPRJL9wUJNz5_D4UqxVCCcs7MyARHfvk1EOPfUpA&maxdest=https%3A%2F%2Fpurebaby-au.myshopify.com%2Fproducts%2Fseaside-ruffle-romper-pink-candy-stripe-1%3Fvariant%3D31681473839189%26utm_source%3Dcriteo%26utm_medium%3Dprospecting%26utm_campaign%3Dconversion
https://cat.hk.as.criteo.com/delivery/ck.php?cppv=3&cpp=s17zOUoG739ovaWBRhgU4rwinmQjTg73sZekbZw1Owngsp1z5XdugbdKfbsAGVTqCp3Yyl4iajtHGaXS-PTZccQtIwY093qVoTFUNZ2WFBIgAiZ6I8WvF3ykLQM9Vt_Xe2NNQ1v_pOrOgrWg7c6aqRImlAz0srOmm1qYcF_pVGdTksYki7T59OSMwaoE3kUFoupmi9XoclPRuT4PDqhuv0Csqv8cgaWxv7ecBDplv2PEmDwPNP_FrOI8BVqcbekz7r4265wnOoOYo5mfRpxgEmVzQJUWivP8wp5tD9q6CNsQbDu8DjI3NKYOqYa_KsfEaFfiawdFXeycX45toHbfnOdL9qEKJLNcJJNIyjmkQGYXEMDV1XAv_t4MdRxegwea5MBhqdSUF0I4n7sN5bm1FUJjDNXYYXAKh-EvXmDwxzgxspoTq1akhA0bak6tYa_F7drRCRtwTAmNWkQDGd0Dvq95oTt4H4YTxd_3sn-U5-03RGA4xf3Rg0sRqECo8Y3e7Kqu1w&maxdest=https%3A%2F%2Fpurebaby-au.myshopify.com%2Fproducts%2Fplant-trees-growsuit-river-melange%3Fvariant%3D37676597117111%26utm_source%3Dcriteo%26utm_medium%3Dprospecting%26utm_campaign%3Dconversion
https://cat.hk.as.criteo.com/delivery/ck.php?cppv=3&cpp=IfaVckoG739ovaWBRhgU4rwinmQjTg73sZekbZw1Owngsp1z5XdugbdKfbsAGVTqCp3Yyl4iajtHGaXS-PTZccQtIwY093qVoTFUNZ2WFBIgAiZ6I8WvF3ykLQM9Vt_Xe2NNQ1v_pOrOgrWg7c6aqRImlAySIwJO2jnMXSjYnWZ7h3nUzuOk-uMIYUmcAQkpU27676Ig1ui9hg1KiryrPT7LRjgO8MNeat4vDXZ0v3UOO4qyaWNc7hcHknfUCmVqzWDVgq_8WrYDdN69FuU2GDCS5eiFMnXXYmuivWdhNFoP8zn0-JiK90DzvOhIBGfGfkuKxhUfx5PokRDouOqf3S_wJvvDMjFfirQXvWayzb-65h7r99QY_4WtipWqzmlwicFK4zoXbcwCcHVRPPs4wcWxN7qnZ6zRd39vxjiAgoGhYRtcP1IKRd2_rQ5GXi9YSGtJVoSrdplCMg3N5E9dcKSlQj-1lzhWIZgmucq50Cq3A9YUb9dTV931NqJlVjp5fB2dkQ&maxdest=https%3A%2F%2Fpurebaby-au.myshopify.com%2Fproducts%2F2-pack-rib-singlet-white%3Fvariant%3D31315247923285%26utm_source%3Dcriteo%26utm_medium%3Dprospecting%26utm_campaign%3Dconversion


10/6/21, 2:31 PM Robots and humans collaborate to revolutionize architecture – BIOENGINEER.ORG

https://bioengineer.org/robots-and-humans-collaborate-to-revolutionize-architecture/ 3/12

Critically, the LightVault reduced resource use in two ways: eliminating the need for forms or
scaffolding during construction, and improving the vault’s structural efficiency by making it doubly
curved, which reduced the amount of material required. This was only possible because of the
robots’ strength and precision.

“I try to find out what robots can do that humans cannot do well,” said Parascho, an assistant
professor of architecture at Princeton who developed the idea behind the robotic assembly of the
vault. Parascho is the director of CREATE Laboratory Princeton, where CREATE stands for
computation and robotics enabling architectural technologies.

Shop Now Shop Now Shop Now Shop Now

https://cat.hk.as.criteo.com/delivery/ck.php?cppv=3&cpp=yD4nmWVTt3KhiTkXcLI4SSXpqXe7auag-14YRXM1ib_h9VaRWmIOJ41-vOgA3IZZvQPLBL1Ek7YdN0Rmef62ZT__fC4uQxU9xthHJ_RPs1BLlTP2jvlhMxtB6yVaDzZ2OUK8HrZlbTVt7H362PxDgbDm0dR0JoiT8Uxq43e3Qf_0whE4Gp_5y0B_zOy4JJumolKRCthRAmvcrfY6Xs_g9fi2MbCtHVD1HIWGgHDGBJDRNf2XTXP-wvp1WQS3bg4EiupmsHHW6HSTMGPZ79mOLk4dtHPBXnje1kMOeo9qNMnR7nZPIdzTq8G7lHlC4GsMMPqg3DUsivpOiiqio94ZfGKDjapQfIoDtJZULkMZcor3UK93mnYoSiRih9mnaa3lofeHq-0eecDjLZh3r5Tb4h7ED3p_qNxAHftPeNCHVHvDeAoo7dvcAknX_p40t1xUVmLJ1ZZo5ugrrYKliOn0AlMG_Q4DZpgkxlJlGFl2gmyAy9M4&maxdest=https%3A%2F%2Fwww.kathmandu.com.au%2F%3Futm_medium%3Dcpc%26utm_source%3Dcriteo%26utm_campaign%3DAU_Criteo_CustomerAcquisition
https://cat.hk.as.criteo.com/delivery/ck.php?cppv=3&cpp=AwT7DWVTt3KhiTkXcLI4SSXpqXe7auag-14YRXM1ib_h9VaRWmIOJ41-vOgA3IZZvQPLBL1Ek7YdN0Rmef62ZT__fC4uQxU9xthHJ_RPs1BLlTP2jvlhMxtB6yVaDzZ2OUK8HrZlbTVt7H362PxDgbDm0dTCa4uoUvQYD6vFmtXta2Vq6E_ZX1-ljX_cHymRJYt7SWdkwCEDHZvOdaCQlmyM3sr4fIZtHZAG_1tOTWtAhCFoC0XS3gOUXnz69buAyO5djvPwFXYiZcnGPNgfwqcaOEX5V72nJIVDiin-p0TFzoAKfDRON98X2I7lSjoshogpyq5lBzxDiSYZWp8MWv8mjdhXZ36r8om5PZRPDESsV0FY393fZPO3NCtHH-GDBgAmAgz1d7jVCCMgriDtUYoxVk1_7ymnbu-fJtC_3TkGlVjhMLLITWs01pmmbHfb8m_6Z59Ec-chvdefoy5ULBaEjuI8g4c3MIQzuAx23HItg-9I&maxdest=https%3A%2F%2Fwww.kathmandu.com.au%2Fkmdmotion-women-s-long-sleeve-top-clearance.html%3Futm_medium%3Dcpc%26utm_source%3Dcriteo%26utm_campaign%3DAU_Criteo_CustomerAcquisition
https://cat.hk.as.criteo.com/delivery/ck.php?cppv=3&cpp=EdKLxWVTt3KhiTkXcLI4SSXpqXe7auag-14YRXM1ib_h9VaRWmIOJ41-vOgA3IZZvQPLBL1Ek7YdN0Rmef62ZT__fC4uQxU9xthHJ_RPs1BLlTP2jvlhMxtB6yVaDzZ2OUK8HrZlbTVt7H362PxDgbDm0dRSic6yGwaMSLYMXYDBkcvCso2zwQgRAWhxv8e7eVIPiM8XCBfsqz2xfNbS3y1_DrYv8WQQFS8n_M3h0n0nSba7v0289jnqglMjRsa98KlZ4xFB2aGs06RqWnBswb-Sm65BR63oq7D6_C0bE89hzeWIAuaAM4Q45qNJaCqJCG33X8cpgwaSn8w0qABBkdp7fvWENzvIDnE1gVQhOXB9sLO_W6iJwiZ7-T9bIbx4snS5Vqt0WcAm5NJrGd8mM_gGTWdUVSc0xfqccyCVRLQJchbj25eWrH1utcUr--_4wXWv_wiWHxR_dmY_4Omb3V0k6a3wrPxxGDJE2pFpfw9v2HeMoeHJNJmzNSh5ZfBgZEhgHg&maxdest=https%3A%2F%2Fwww.kathmandu.com.au%2Fepiq-wmns-down-jacket-v3.html%3Futm_medium%3Dcpc%26utm_source%3Dcriteo%26utm_campaign%3DAU_Criteo_CustomerAcquisition
https://cat.hk.as.criteo.com/delivery/ck.php?cppv=3&cpp=8XQyvGVTt3KhiTkXcLI4SSXpqXe7auag-14YRXM1ib_h9VaRWmIOJ41-vOgA3IZZvQPLBL1Ek7YdN0Rmef62ZT__fC4uQxU9xthHJ_RPs1BLlTP2jvlhMxtB6yVaDzZ2OUK8HrZlbTVt7H362PxDgbDm0dRKGSwuWGX0jkq_k9Dp0w6Kp-jCQLdo7r3M5oE5N8T6Ubj1CzoMekkdLGZfqphUPkHFqeIULOkiGWyheGafXBZ-Hme0lcaWGkc3VvrdkAN6-TSz5wdUUMvaJikcwjqNJtKhFo8r8XV3T-zMcXpADkaJIcpNC05IQetVGc-hBqO-W2Tlah-2zKkT78TGy7CS6LZ0PlbyYoPefIOpn4Zsw_rz_V166TD7A85rIQDdoYlF3giahcVip4_FeTsyeBaYdKt1Vi1SSoqLHrEb93FXUxxdBSNVq10YjIhotJs-qDm4nhEFwh5nLHAZR2Xaspql4i3NhcB5am42Fqawdd8zeNUW&maxdest=https%3A%2F%2Fwww.kathmandu.com.au%2Farbury-wmns-jacket-v4.html%3Futm_medium%3Dcpc%26utm_source%3Dcriteo%26utm_campaign%3DAU_Criteo_CustomerAcquisition
https://cat.hk.as.criteo.com/delivery/ck.php?cppv=3&cpp=vp0aHGVTt3KhiTkXcLI4SSXpqXe7auag-14YRXM1ib_h9VaRWmIOJ41-vOgA3IZZvQPLBL1Ek7YdN0Rmef62ZT__fC4uQxU9xthHJ_RPs1BLlTP2jvlhMxtB6yVaDzZ2OUK8HrZlbTVt7H362PxDgbDm0dStscIKB9MrZKXwyurgJD6W_O-2aUU_hv6hTwpZbNs-8KlgdvpO_7Vlzvh2tgQA4nfmc5nTwY3orkM7Am73-sIsAuljf3BIOiYH5revMxw1YQkUtcqmF8ChRLI6mEu6WLbWvkGgYnIUnOtaDcfkW_n6WK1Zd5OKiUWSxKBwI0iioeKWTQrZir27xmIJ0dVSME-Tu28YN1uK008seDGW2S0hIgbfoBJ5RG36Ee22mDGRILci_VaYDCJ4Fee_8cworXzEKdSxhBb9w05XpV8P12KTeDj5l10QCmYZdzv1XsHmKh5h7nV-Q1mnuJJ4m06MMClY5X9pHiQYa4e3t3XPXBnh&maxdest=https%3A%2F%2Fwww.kathmandu.com.au%2Fheli-wmns-down-jacket-v3.html%3Futm_medium%3Dcpc%26utm_source%3Dcriteo%26utm_campaign%3DAU_Criteo_CustomerAcquisition


10/6/21, 2:31 PM Robots and humans collaborate to revolutionize architecture – BIOENGINEER.ORG

https://bioengineer.org/robots-and-humans-collaborate-to-revolutionize-architecture/ 4/12

“My work is not trying to replace human labor by automating it, but to increase the possibilities for
architecture by using robots for tasks that humans are rather bad at,” she said. “For example,
holding a 3 kilogram [7 pound] brick for seven minutes — without moving, to allow the glue to dry
— is very hard for humans to do.”

“Robotic construction opens up a number of design and building opportunities where robots
complement human work,” said Alessandro Beghini, an associate director and senior structural
engineer at SOM, who collaborated on the LightVault. “Robots could be leveraged in places where it
would be dangerous for people to work or where access to humans is difficult.”

Robots are inherently good at executing precise movements in space, unlike humans, who need
guides or support structures to construct complex geometries. This is what inspired the
researchers to explore the potential of striking and unexpected shapes. Edvard Bruun, a Ph.D.
student in civil and environmental engineering, worked on the implementation of the project.
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He noted that while human builders would need to double- and triple-check their placement of
the blocks, “by leveraging the inherent precision of the robots in navigating 3D space, we could
spend more time focusing on making the design as efficient as possible, while not getting bogged
down in the physical construction challenges typically associated with such a structure.”

The team devised a process in which the two robots worked together to assemble the central arch
of the vault without any scaffolding or other support. Each robot would place one brick, then hold
the structure while the other robot placed the next brick.

“Beauty and material or structural efficiency are not mutually exclusive,” said Bruun. “Construction
is energy and material intensive. Future global well-being depends on being able to build strong
buildings that are efficient with how much material they are built with. Robots have the potential
to help us achieve this goal as we develop better ways to utilize them in construction work.”

Isla Xi Han, a Ph.D. student in Parascho’s lab, was responsible for developing and implementing the
robotic fabrication process.

“To describe LightVault, I tend to do a mini dance,” she said. “A traditional way to build an arch is
two hands coming from opposite ends and meeting in the top middle. Meanwhile, two robotic arms
making an arch are rolling hands sweeping from left to right.”
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After the robots finished constructing the central arch together, they switched to working
independently, each building one side of the vault. To ensure the stability of the unfinished
structure, the bricks were placed such that each newly placed brick would support the next one.

Execution

While the team’s intention was clear from the beginning, the implementation was not as
straightforward.

To build the vault in time for the London display, the team tested each decision with physical
prototypes, from small-scale proof-of-concept ones to full-scale mock-ups. A total of eight
structures were built — some in the Embodied Computation Lab in Princeton’s School of
Architecture, some at Global Robots, and one at the exhibition space in London.

Challenges included finding a connection system that would safely hold the glass bricks in place
once assembled, identifying the right construction sequence to ensure the structural integrity of
the vault, and controlling the unpredictable movements of the robotic arms so that they would not
collide with each other or with completed sections of the structure.
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“I learned to respect the robots’ ‘personalities’ rather than just telling the poor robots to do
things,” said Han. “At one point, the robot’s elbow was constantly hitting part of the existing
structure. We ended up taking a step back in the intended design — and equally a step forward in
human-robot collaboration — to massage the structure into an asymmetrical shape, to help the
robots move more comfortably throughout the construction process. Both parties are happy — it’s
a win-win.”

Even with so many tests and efforts to predict everything that could go wrong, the team
encountered surprises. “The air compressor we bought for the London installation was not strong
enough,” said Samantha Walker, a senior structural engineer at SOM. “We ended up sourcing a
different, more powerful one at the last minute. You can spend so much time focusing on resolving
the complex issues and, in the end, it’s the seemingly obvious ones that can cause the biggest
problems.”

Another time, after successful prototypes with lighter-weight materials, two tests using the glass
bricks “ended in shattered glass all over the lab,” said Parascho. Careful analysis revealed that the
robots themselves were deforming a few inches under the weight of the arch. “This made us
rethink the entire construction sequence, in order to limit the maximum weight that the robots had
to hold,” she said.
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But the largest challenge was posed by COVID-19. With half the team in London and half stuck back
home, construction needed to speed up and be completed in half of the initially planned time. This
meant quickly adjusting the design to decrease the number of bricks and coming up with a
schedule that would allow for a fast and efficient construction. “In the end, the success of finalizing
the vault was topped by the relief of everyone returning home safely,” said Parascho.

While the pandemic has impacted the project dramatically — the opening event with over 600
expected guests was cancelled, and the complete team never met in person — “this experience has
opened up new and unexpected opportunities,” said Parascho. “The challenges for our field are
huge, ranging from how to safely work in a robotics lab to how to run research remotely and finding
ways to connect to researchers and other academics. But the current state has also shifted our
focus online, which allows and encourages researchers from all over the world to connect more
quickly and easily.”

There was one silver lining, Bruun said. “We showed that robots are viable tools to work with in a
situation where social distancing is an important consideration.” The CREATE Lab is currently
working on establishing a remote setup to allow students and researchers to control the robots
from home and continue their research through the pandemic.
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“It has become clear how relevant robots are in today’s world,” said Parascho, “and how they could
help in such crises in the future.”

###

The Princeton research team consists of Stefana Parascho, Sigrid Adriaenssens, Isla Xi Han, Edvard
Bruun, Ian Ting and Lisa Ramsburg, with support from Chase Galis, Lukas Fuhrimann, Grey
Wartinger and Bill Tansley. SOM’s team includes Alessandro Beghini, Samantha Walker, Michael
Cascio, David Horos, Mark Sarkisian, Masaaki Miki, Max Cooper, Stuart Marsh, Matteo Tavano, Dmitri
Jajich and Arthur Sauvin. The project was conducted with support from Faidra Oikonomopoulou,
Telesilla Bristogianni from Delft University of Technology and sponsorship from Global Robots,
Poesia Glass and New Pig Corporation.
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