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In recent years, technical development in robotics has been enhanced by leaps forward in
artificial intelligence and machine learning (ML). Today’s robots learn and optimize their
motion, are remotely connected and ready for deployment, and can transfer learned models
and behaviors between industries or applications.1 This paradigm shift and step change in
available autonomy necessitates rethinking how robotics may impact the AEC industry.

Until now, contractors and fabricators have mainly used robots to replace humans in the
narrow opportunity presented by “Dull, Dirty, and Dangerous” tasks (the 3Ds)—repeated
millions of times with little variability. However, AEC professionals are starting to explore
robots’ ability to perform tasks that are “Specific, Sustainable, and Scalable” (the 3Ss).
Robots complete specific tasks by producing one-off designs and sustainable tasks as they
render viable reuse as well as material and waste reduction. Yet they maintain scalability by
being able to effortlessly multiply into the hundreds or even millions. They are “smart”
enough to work alongside humans, rather than replace them.

What Is the Current State of Robots in the AEC Sector?

This review presents robotic applications and emerging ideas with potential in the AEC
industry and allied disciplines through products that explore specificity of tasks, sustainable
workflows, and scalable designs. The presented examples intend to identify development
directions without actual validation of the feasibility of these pursuits. The overview
organizes the discussion around three themes: autonomous tasks, robots as tools extending
human faculties, and enhanced entire workflows.
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Towards Autonomous Tasks

Perhaps the most successfully marketed AEC robot is Boston Dynamics’ SPOT, an agile
robot used on construction sites for data capture (i.e., monitoring progress and health and
safety).2 SPOT is a quadruped which allows the robot to navigate complex environments,
traversing stairs, cluttered areas, or uneven terrain. Once it has memorized a teleoperated
journey, it is able to repeat this route while automatically maneuvering around obstacles.
Commercial construction firms including Swinerton3 of San Francisco and Pepper
Construction4 of Chicago have pioneered the use of SPOT in the industry. At the end of 2020,
there were 400 SPOT robots deployed across multiple industries.5

Beyond SPOT, several robotics startups are working in collaboration with contractors on a
variety of nontrivial challenges. For example, Dusty Robotics’ FieldPrinter,6 developed with
DPR Construction7 is a BIM driven, automated layout robot that can accurately and quickly
print full-size floorplans onto the floor so workers can build directly off the plan and thus
reduce errors.

BuilderX,8 in partnership with worksite equipment manufacturers XCMG,9 has developed
a way to remotely operate mining equipment, and supports semiautonomous tasks such as
loading trucks, levelling land, or digging agricultural canals. BuilderX has demonstrated
commercial viability10 in mining and is now transferring this experience to the construction of
the Sichuan-Tibet high-speed railway.11

Meanwhile, Piaggio Fast Forward, in collaboration with the inventor of the iconic Vespa
scooter, has developed gita, a “smart” trolley designed to follow its owner and carry their
belongings. Gita aims to negotiate interaction with notoriously unpredictable humans.12

While it is at present aimed at consumers, it could plausibly have applications in AEC
settings, such as carrying tools for workers, thus reducing the need for on-site vehicles.

Chinese property developer Country Garden has teamed up13 with Guangdong firm Bright
Dream Robotics and, in May 2020, announced a number of single task robotics aimed at
improving worker productivity. For example,14 its Geko G100 robot navigates around sites
following the BIM floor plan, then uses a grinding module on an adjustable arm to grind wall
putty. It also comes with a vacuum to collect dust generated by the grinding.
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Rebar configuration is a time-consuming task on building sites which involves using wire
to tie together metal reinforcement bars. T-iROBO Rebar is an autonomous robot which is
able to handle this task automatically. Developed by fuRo, at the Future Robotics Technology
Center at Chiba Institute of Technology and Japan’s Taisei Corporation,15 the robot is
intended to address the challenges of an aging workforce.

Sekisui House, Ltd. Japan’s largest homebuilder, has joined forces with tmsuk robotics to
develop Carry and Shot robots. These machines work autonomously and together to attach
gypsum boards to ceilings.16

Tools Augmenting Humans

A number of robotic technologies look into extending human capabilities through automation
or enhancing safety by making complex physical tasks easier.

For example, Norwegian firm nLink is collaborating with HILTI to create a robot that
drills holes for ceiling anchors,17 a task that is uncomfortable for humans and can cause pain
and injury. The robot augments workers’ abilities, enables complexity, and facilitates
ergonomically challenging tasks.

Meanwhile, California’s SuitX makes computer-controlled exoskeletons that aim to
support health and safety as well as precision for construction workers (by, for instance,
making it safer to lift heavy objects). The firm first started out designing for the medical
market but is pivoting to service manufacturers, including Siemens and GM.18

Avoiding mistakes or augmenting and upskilling humans is the foundation of Shaper, the
handheld CNC router now part of Germany’s Festool. Shaper enables an unskilled carpenter
to shape higher performance designs, possibly reducing material and waste, with the aid of
cameras, a small number of registration markers, and a spindle with controlled eccentricity.

Enhanced Entire Workflows

AEC robotics are also being designed to enhance entire workflows. For instance, Autodesk is
working with FactoryOS to capture construction knowledge and use robotics in the
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construction line of its prefabricated modular homes to make workflows better, faster, and
cheaper.19

Similarly, Autodesk’s Robotics Lab is studying and calibrating intuitive user interfaces for
automatically programming industrial robotic arms that could help move beyond the
paradigm where every robot needs each motion to be preprogrammed.20 This could usher in a
“sense-plan-act” paradigm for closed-loop control models.21

Figure 1. Piaggio Fast Forward’s gita robot is a first-of-its-kind cargo-carrying following robot that
efficiently navigates pedestrian-dense environments helping people walk more, walk farther, and allow
them to do more of their everyday living and working on foot. (Credit: Piaggio Fast Forward).

The sense-plan-act paradigm is already creating invaluable societal benefits in agriculture.
Deepfield Robotics, a Bosch start-up, is deploying units able to navigate autonomously in the
field, capture video, categorize, and root out weeds while avoiding crop damage.

In another application Robotiz3d22 is a prospective autonomous road maintenance system
designed to fix potholes in roads by detecting and fixing cracks.

The refit versus replace paradigm—which aims to extend the life of an asset—is the
motivation behind Dynamic Infrastructure, developed with the Utah Department of
Transportation to provide predictive maintenance for bridges using ML models with historic
data and drone image captures.

Similarly, Arup has been working with CERN to research predictive maintenance with
360-degree photography mounted on permanent tracks and robots in tunnels using ML
models to help predict and prevent degradation.23

Robots Solving Non-Trivial Problems

This review illustrates how the AEC industry can benefit from future robotics technologies.
The potential of robotics is no longer limited to increases in productivity and no longer
requires simplified repetitive single tasks. As these examples show, robots are now being
designed to support contractors in meeting work skills shortages, improving safety, and
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making viable the complex solutions necessary to address sustainable development
challenges.

Notes
1.Holiday, B. “Brian Holiday, Siemens Digital Industries, on IET Kelvin Lecture Series EngTalks: Digital

to Physical.” September 19, 2019. Video, 1:32:51. https://tv.theiet.org/?videoid=13365.

2.Boston Dynamics. 2021. “Spot: Automate Sensing and Inspection, Capture Limitless Data, and Explore

without Boundaries.” https://www.bostondynamics.com/spot.

3.Boston Dynamics. 2021. “Swinerton Legged Automation: The Final Piece in End-to-End Construction

Progress Tracking.” https://www.bostondynamics.com/spot/resources/swinerton.

4.Pepper Construction. 2020. “Making Change: The Construction Industry is Continuing to Find Ways to

Combine What’s Now with What’s Next.”

https://www.pepperconstruction.com/annualreview20/making-change.

5.Ackerman, E. December 17, 2020. “Boston Dynamics Will Continue to Be Boston Dynamics Company

Says While Shifting to Become a Commercial Operation, Boston Dynamics Wants to Keep ‘Doing Cool

Stuff with Robots.’” IEEE Spectrum (website).

https://spectrum.ieee.org/automaton/robotics/industrial-robots/boston-dynamics-hyundai-interview.

6.Dusty Robotics. 2021. “BIM-Driven Robotic Layout.” https://www.dustyrobotics.com/.

7.Wilson, M. March 4, 2021. “Case Studies: DPR Construction and Dusty Robotics.” BuiltWorlds

(website). https://builtworlds.com/videos/case-studies-drp-construction-dusty-robotics/.

8.BuilderX. 2019. “BuilderX: Leading Construction Equipments into Remote-Controlled Autonomous

Driving.” http://www.builderx.com/.

9.Moore, P. November 3, 2020. “XCMG Delivers China’s First Mining Class Teleremote Excavator to

Jiangxi Copper.” International Mining (IM) (website).

https://im-mining.com/2020/11/03/xcmg-delivers-chinas-first-mining-class-teleremote-excavator-jiangxi-c

opper/.

10.Yijin, W. 2019. “The Automation Technology Helping Cut Mining Costs.” NikkeiAsia, January 20,

2019. https://asia.nikkei.com/Business/Startups/The-automation-technology-helping-cut-mining-costs.

11.Moore, P. November 10, 2020, “BuilderX Helping Teleremote Mining Excavators Go from Dream to

Reality.” International Mining (IM) (website).

https://im-mining.com/2020/11/10/builderx-helping-teleremote-mining-excavators-go-dream-reality/.

12.gita. 2021 “What is gita?” https://mygita.com/#what-is-gita.

13.Country Garden. n.d. “To Create a Better Society with Our Existence.” Accessed June 24, 2021.

https://www.countrygarden.com.cn/.

14.iF World Design Guide. 2021. “Automatic Wall Putty Grinding Robot Geko G100. iF Design Award

2021. Discipline: Product.” https://ifworlddesignguide.com/profile/14443-bright-dream-robotics.

15.Furo. 2007. “T-iROBO Rebar.” https://www.furo.org/en/works/t_irobo_rebar/t_irobo_rebar.html.

16.tmsuk Co. Ltd. May 16, 2018. “Release: Two Construction Robots That Can Communicate and

Cooperate Released.” https://www.tmsuk.co.jp/en/news/406/.

https://tv.theiet.org/?videoid=13365
https://www.bostondynamics.com/spot
https://www.bostondynamics.com/spot/resources/swinerton
https://www.pepperconstruction.com/annualreview20/making-change
https://spectrum.ieee.org/automaton/robotics/industrial-robots/boston-dynamics-hyundai-interview
https://www.dustyrobotics.com/
https://builtworlds.com/videos/case-studies-drp-construction-dusty-robotics/
http://www.builderx.com/
https://im-mining.com/2020/11/03/xcmg-delivers-chinas-first-mining-class-teleremote-excavator-jiangxi-copper/
https://im-mining.com/2020/11/03/xcmg-delivers-chinas-first-mining-class-teleremote-excavator-jiangxi-copper/
https://asia.nikkei.com/Business/Startups/The-automation-technology-helping-cut-mining-costs
https://im-mining.com/2020/11/10/builderx-helping-teleremote-mining-excavators-go-dream-reality/
https://mygita.com/#what-is-gita
https://www.countrygarden.com.cn/
https://ifworlddesignguide.com/profile/14443-bright-dream-robotics
https://www.furo.org/en/works/t_irobo_rebar/t_irobo_rebar.html
https://www.tmsuk.co.jp/en/news/406/


17.“nLink Gets Hilti as a Strategic Investor in the Company.” Nordic9, August 14, 2017.

https://nordic9.com/news/nlink-gets-hilti-as-a-strategic-investor-in-the-company-news5498016552/.

18.SuitX. 2021. “Industrial Workplace Exoskeletons.” https://www.suitx.com/home.

19.Quackenbush, J. 2020. “Vallejo’s Factory_OS gets $17M from Google, Autodesk to Build Thousands

of Affordable Apartments” The North Bay Business Journal, November 2, 2020.

https://www.northbaybusinessjournal.com/article/article/vallejos-factory_os-gets-17m-more-to-ramp-produ

ction-to-thousands-of-affo/.

20.Autodesk. 2021. “Focused on the Future of Making Autodesk Research.”

https://www.autodesk.com/research.

21.Bauder, P. 2020. “Erin Bradner of Autodesk: Why as a Society, We Need to Rethink Our Concepts of

Intelligence, Competence, Power, Equity and Opportunity.” Authority Magazine, July 24, 2020.

https://medium.com/authority-magazine/erin-bradner-of-autodesk-why-as-a-society-we-need-to-rethink-ou

r-concepts-of-intelligence-401b1cb3ce5c.

22.Robotiz3d. 2020. “Towards an Autonomous Road Maintenance System.” https://www.robotiz3d.com/.

23.The Royal Society. n.d. “Arup: Going Underground: Computer Visi on for Crossrail Construction.”

Accessed June 24, 2021. https://royalsociety.org/topics-policy/industry-innovation/case-studies/arup/.

Notes on contributors

Alvise Simondetti leads the global Arup Explores program at Arup, which identifies and analyzes

significant trends such as biomimicry for design, Artificial Intelligence, Machine Learning, and designing

with digital fabrication that impacts the future built environment. He joined the Foresight, Research, and

Innovation team at Arup in 2000 as the Business Development Lead of Synthetic Environments and the

global neXt_work community. He currently supervises doctoral students in the Computer Science

Departments at Imperial College London and University College London “Active Learning Application to

the Built Environment.”

Nicholas Bachand is an Analyst with Arup’s Advanced Technology and Research group. As an

undergraduate student, he worked with UC Berkeley’s Hybrid Robotics laboratory on a legged robot

control system for skiing. At Arup, Bachand specializes in using digital tools like LS-Dyna and Python to

understand atypical engineering problems.

Aifric Delahunty is a Senior Product Manager at Arup, where she is responsible for delivering software

products used by structural engineers to analyze and design some of the most famous buildings in the

world. Prior to joining Arup, she completed a Ph.D. at Imperial College London, during which she

designed a shock protection system for a microseismometer which was aboard NASA’s 2018 InSight

mission.

https://nordic9.com/news/nlink-gets-hilti-as-a-strategic-investor-in-the-company-news5498016552/
https://www.suitx.com/home
https://www.northbaybusinessjournal.com/article/article/vallejos-factory_os-gets-17m-more-to-ramp-production-to-thousands-of-affo/
https://www.northbaybusinessjournal.com/article/article/vallejos-factory_os-gets-17m-more-to-ramp-production-to-thousands-of-affo/
https://www.autodesk.com/research
https://medium.com/authority-magazine/erin-bradner-of-autodesk-why-as-a-society-we-need-to-rethink-our-concepts-of-intelligence-401b1cb3ce5c
https://medium.com/authority-magazine/erin-bradner-of-autodesk-why-as-a-society-we-need-to-rethink-our-concepts-of-intelligence-401b1cb3ce5c
https://www.robotiz3d.com/
https://royalsociety.org/topics-policy/industry-innovation/case-studies/arup/


James Griffith is a Senior Engineer in Arup’s Advanced Technology and Research group in San

Francisco. He specializes in supporting clients exploring and applying new and innovative technologies

across the built environment. His recent work includes leading the design of future transportation systems,

3D printed structures and high-resiliency buildings for seismic regions.

Julius Sustarevas is a Ph.D. candidate studying Robotic Construction at University College London.

Julius’s focus is path and motion planning for mobile additive manufacturing.


