Construction robotics 2030



Motivation




Start from reviewing ISARC papers

* What are people concerning In the field of construction robotics field?

* ISARC
- International Symposium for Automation and Robotics in Construction
- Held by IAARC (International Association for Automation and Robotics in Construction)
- From 1984; 2012 in Eindhoven
- 3000+ papers in 30 years



Problem and objectives

- Lack of an overview of the whole picture of the technical innovations in construction robotics

- Lack of an exploration of the possible future of construction robotic technologies

of the technical innovations’ application

of technologies in construction robotics.

Main research question:

In the Dutch construction industry, what technologies are available to enhance the robotics
level and what are the possible futures of technical innovations in construction robotics

In 20307



Research guestion

* In the Dutch construction industry, what technologies
are available to enhance the robotics level and what
are the possible futures of technical innovations in
construction robotics in 2030?



Limitation

* Tasks:

- limited time

- select two tasks to study in detail

* Technologies:

Current Future
technologies technologies



Research process

Step 1:

Identification of Step 2:

Current technologies
applied in the
selected tasks

technologies and
tasks in construction
robotics

Step 3:
Future of the current
application




otep 1.

l[dentify the tasks and technologies in construction robotics



Method

- Systematic literature review;

- ISARC papers as the main resource;

- 572 papers from 2012 to 2016;

- 255 papers are about specific technologies’ application

- Groups of the papers according to the tasks they contribute to and technologies they use:
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|[dentified tasks

16 construction tasks

Identified tasks in the onsite construction work

Cluster Tasks
Earthwork

First type: directly related to the physical

production Reinforcement

Faving

Concrete distribution

Concrete finishing
Welding
Coating

Interior finishing

Masonry

Surveying and monitoring

Second type: related to the construction —
Logistics

Site planning and management

Quality control

process

Frocess management




l[dentified technologies

Technology Abb. Icon Technology Abb. Icon Technology Abb. Icon
Internet of loT Human- HCl Simulation and  S&A
Things Computer/Robot [HRI Algorithm

Interaction
Additive AM Laser Scanningand L&P Cloud cC
Manufacturing Photogrammetry Computing
Modularisation ~ M&P Virtual Reality VR Big Data BD
and /Augmented /AR
Prefabrication Reality
Automation A&R Building BIM
and Robot Information

Modelling




otep 2.
Current technologies




Current technologies: construction assembly
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Current technologies: construction safety

Techs Safety training ~ Safety planning Hazards Proximity Gesture

detection monitoring
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Step 3:
Future study




Sub guestions and Research methods

* Sub question 3: What are the possible landscapes of construction robotic technologies in the
Netherlands in 20307?

- scenario planning based method
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Future studies-scenario planning

Economic :



Future studies-scenario planning

Labor right (LR) 36 3.8
7 O RG
Artificial intelligence (Al) L) 28
6
Additive manufacturing (AM) 5 3.6
Energy supply & carbon emission (EC) 34 3 5
eMO
Availability of employees (AE) 3 3.8 4
®AE OLR o AM
Regional growth (RG) 2.8 7 oIC
3 O EC
‘ Integration of construction (IC) 5.2 3.4 o Al
Monopolization (MO) 3.6 46 2 Impact




Future studies-scenario planning

* Artificial Intelligence

* Integration of the construction industry
- construction industry: highly fragmented;
- product level: uniqgueness of each project;
- process level: process of each product is different;
- market level: thousands of contractors on market;
- the manufacturing industry: standard product > standard process > fewer suppliers;

- Integration of the construction industry: working more like the manufacturing industry.



Scenario planning-Matrix
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LEGO WORLD

HIGH INTEGRATION



HIGH Al

SCENARIO 2 SCENARIO 3

Scenario 1

Where we are

LOW INTEGRATION

Where we were

o)
STATE OF THE ART SCENARIO 1

HIGH INTEGRATION

* Brandization and standardization in small and simple buildings;
* Large buildings: higher level of prefabrication;
* Market and process integration: fewer and bigger players;

* Most of the works have been moved into factories, but human workers still dominant the onsite
works;

* Globally-distributed massive production is introduced into the construction industry.
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HIGH INTEGRATION

Al-supported highly automatic onsite construction process;

Wide application of robots and the reduced demands for labors;

Information technologies dominate the construction;

Many small companies survive;

Construction robotics Is applied in maintenance and renovation projects.



Scenario 3

HIGH Al

SCENARIO 2 SCENARIO 3

LOW INTEGRATION
HIGH INTEGRATION

re o o
STATE OF THE ART SCENARIO 1

LOW Al

Highly automatic building process, high standard level of the construction industry;

Customization as a popular business model;
Medium monopolization;

Localized production.



Fvolvement of technologies

|, \
A specific technology

Barriers
Technically not fully
developed,

Not ideal financial feasibility,

Drivers
Efficiency enhancement,
demands,




Scenario 1

| VIRTUAL REALITY / SIMULATION

training, improving their response to
the emerging hazards.

HRLI technologies are
employed to assist
the cooperation be-
tween human work-
ers and robots in the
on-site works.

SINGLE-TASK
ROBOT

Single-task robots
are used to assist

some specific tasks|
in the construction
process, such as

\ welding, bolting,
polishing, etc.
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10T helps to record the gesture of the
on-site workers by detecting the loca-
tiow of the sewsors attached to their
bodies, and then comapre the recorded
pattern with the database, to identify
the tncorrect motions and near-miss
accidents.
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[- LASER !ClNNl;:AID X
PHOTOGRAMMETRY

Laser scanning and Photogrammerty are
employed to build digital model in short
tlime, assisting iwspcctiow works. Th% are
also empLoged to monlitor the assembLH pro-

g

=
BOTTOM-UP SYSTEM

Bottom-up system enables
the assembly works to be
exeuted on the ground
level, thewn Lifted by jacks,
avotding aloft works. No
heavey equipment is

&eedcd. .
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Blg Data is used to

of accidents, helping
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safety performance
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SWARM ROBOTS

Swarm robots have replaced the sin-
gle-task robots, handling the on-site
construction assignments, under Al’s

control.

information sharing in the

/ SIMULATION i
Using the tinformation from
BIM, the construction activi-
ties could be simulated before
they actually starts, to toen-
tify the hazards in the pro-

Hazards 1: ....
Hazards 2: ....
Hazards =: ....
Hazards 4: ....

BY scanning the tags at-

tached to the on-site objects,
they could be includede into
the 10T, which could be em- |
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them.

Scenario 2



Big Data is used to analyze ITY DETECTI N 4 y
LASER SCANNING AND the pattern of accidents, ﬁ{EO! !!, = D — .0' SIMULATION
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BY scanning the tags at-

SWARM ROBOTS
Swarwm robots have replaced the sin-
gle-task robots, handling the on-site
construction assignments, under Al’s N
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CONSTRUCTION FACTOTRY

Ow-site Construction Factory provides
an ‘indoor’ environment for the con-
struction activities, enabling wore robot-
ic technologies to be applied.




Overlap

Scenario 1 vs Scenario 2&3

Technologies related to human intervention
decrease;

CF most used in Scenario 1 and Bottom-up
system most used in Scenario 2.

Cloud computing is applied in Scenario 2 and 3.
Overlap: wireless sensing, BIM, robots, laser
scanning

In scenario 2&3: evolve to the direction of swarm
robots.
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Overlap

- Similar with the situation in

assembly;

- Technologies related to human

intervention decrease;

- Cloud computing is applied in

Scenario 2 and 3.

- QOverlap: wireless sensing, BIM,

Virtual prototyping

Safety training Safety planning Hazards alarming Proximity detection Gesture monitoring
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but the application is limited
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Thanks and questions



