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Mobile
Robotic
Tiling
SINGAPORE – Employing robotic technology to
construction work has the potential to dramatically
increase productivity of the building industry, while
providing constant and reliable high quality. Tiling
work in particular is very labour intensive. It is a
slow and manual process, which is prone to errors.
In addition, the quality of workmanship decreases as
skilled workers become increasingly scarce, a situation
that is expected to worsen over the coming decade.
This research outlines the development of an on-site
robotic tiling machine that can deliver high accuracy
at more than double the speed of conventional work.
A key aspect is that the machine can be applied as
a robotic co-worker that can safely work alongside
humans without requiring particular security measures. Thus, it can easily be integrated in the existing
construction workflow, lowering the entry barrier for
adopting this new technology in the building industry.
While the industrial revolution has greatly increased
productivity of tile production, the actual process of
tiling has seen little innovation and thus remained
largely unchanged. Tiling work is very labour-intensive, it is a slow and manual process. Laying tiles in a
visually appealing and durable manner is a non-trivial
task requiring skilled labour and achieving consistent
process quality is a challenge (Wan 2004). In addition,
labour shortage is an increasing problem in the construction sector as people prefer cleaner, less strenuous
and better paid jobs, a situation that is expected to
worsen over the coming decade. This labour shortage
will first create capacity and/or quality bottlenecks as
today’s workers retire. Later it will drive up construction costs as new workers will have to be attracted by
offering higher wages and better benefits.
*HDB: Housing and Development Board
** BCA: Building and Construction Authority

Approach

Technology

The proposed robotic system consists of a versatile
robotic arm that is attached to a mobile platform, which
is planned to move autonomously around a room. The
robot’s arm is fitted with a custom end-effector tool
that enables the picking and placing of a tile, as well
as handling a specialised nozzle tool to apply adhesive
(Fig. 01). Therefore, no time-consuming tool change
is necessary between gripping a tile and applying the
adhesive. In addition, the end-effector tool is equipped
with short- and mid-range distance sensors which
allow local (i.e. the neighbouring tiles) and global
measurements (i.e. the room). In combination with
the adaptive control software, the end-effector can
thus be moved to a precise position regardless of the
absolute position of the mobile base. Hence, there is
no absolute precision required in moving the base,
which is a great advantage at a construction site where
a constant and even floor cannot be guaranteed. Apart
from the robotic arm, the mobile base is fitted with a
stack magazine carrying the tiles and planned to be
fitted with a pumping unit and a tank for the adhesive.
The system weight and size is designed such that the
robot can operate not only in large spaces, but also in
small spaces, including residential units.

The key technology includes a multifunctional gripping tool with attached sensors, an adhesive extrusion
tool, as well as control software that position the robotic arm according to the acquired sensory data. The
following summarises the most important findings.

Current State of Research and Development
Over a period of 18 months, a feasibility prototype
is being developed that can orient itself within the
room, scan the position of previously laid tiles and
accurately place new tiles on a concrete screed surface
with manually pre-applied adhesive (Fig. 02). The
current project agenda plans to integrate the adhesive
application into the automated process. This involves
the design and optimisation of a special nozzle and
extrusion tool that can be operated by the robotic
arm (Fig. 03).
A first feasibility prototype was demonstrated at
the beginning of May 2014 in a series of live events
that involved HDB* and BCA**, as well as experts
and stakeholders of the construction industry including
JTC, CapitaLand, and several large and small-scale
contractors and manufacturers as well as some private
investors. The event week was finalised with the attendance of Senior Minister of State Lee Yi Shyan, of
the Ministry of National Development and the Ministry
of Trade and Industry. The feasibility prototype acts
as a proof of concept for applying a mobile robotic
system for executing on-site tile work. The focus in
this first phase was on those process steps that are
critical to the execution quality of tile work, namely
placing the tiles at equal level and achieving an evenly
distributed gap size.
The prototype robot platform is at present not automated, but moved manually. Since the entire concept
rests on the robot arm determining its position in the
room and thus not requiring precise movement of its
base, the challenge of adding autonomous movement
capabilities was given lower priority for the research
and development period until October 2015. Currently,
the feasibility prototype is being applied on an actual
construction site of a HDB project for the very first
on-site trial (Fig. 04).

Impact
We envision on-site robotic tiling to be just the start.
We are convinced that there is tremendous potential for
robotic automation in building construction and that
innovation in this field has the potential to completely
transform the way we think about construction work
and the way we build cities. In a not-too-distant future,
the degree of automation in building construction
will start to increase significantly by using robotic
equipment to partially or fully automate a large part of
the work currently performed exclusively by humans.
This can bring similar quality and cost improvements
to construction as production lines and their associated
quality management systems (e.g. Six Sigma and
TQM) brought to manufacturing. Future development
directions after successfully launching the floor-tiling
robot may include extending the robot’s capabilities
to tile walls, as well as to other domains, such as wall
painting. In addition, while adopting robotic systems
for construction work can dramatically increase productivity, the digital control of construction work that
was previously done manually can facilitate a highly
differentiated architecture that can easily adapt to
unique requirements.
While we are concentrating on the specific tasks
and skills needed for tiling, we expect certain findings
to have a scholarly impact beyond direct market application. Most directly, these apply to the mobile robotic
unit operating and locating itself in a partially-known
environment, such as a construction site, and the issue
of man-machine interaction common in construction
work. As such these can build the foundation for a
platform for robotic systems performing a variety of
different construction tasks on-site.
SELEN ERCAN, TOBIAS BONWETSCH,
FABIO GRAMAZIO

Figure 01 The mock-up prototype of the automated adhesive applicator, the first generation of a special nozzle and extrusion tool that can be operated by
the robotic arm.

‘Recent developments in the fields of computer-aided architectural design and robotic
fabrication, have opened the potential for a
seamless connection between design and
fabrication data’. This issue of the FCL Gazette features a piece of research conducted

by the Digital Fabrication team at FCL on
mobile robotic tiling. The project has evolved
rapidly since the first prototype was demonstrated in May 2014. We update the project
here, and report on recent events involving
FCL researchers.
STEPHEN CAIRNS
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Architecture and Digital
Fabrication’s
Tiling Robot in the spotlight

Figure 02. Current feasibility prototype laying an area of approximately 1 m2. The mobile unit has been moved manually around several times, with the
robot control system re-localizing itself automatically.

Figure 04. The challenge of adding autonomous movement capabilities was given lower priority for the research and development period until
October 2015; however, the current stage of the feasibility prototype already includes the integrated wheels for the purpose of testing the stability of
the robotic tiling machine prototype on a real mobile base.

SINGAPORE -- In October 2014, Future Cities
Laboratory exhibited its robotic tiling machine prototype at BuildTech Asia—part of a series of events
under the Singapore Construction Productivity
Week—at the invitation of Singapore’s Building and
Construction Authority. This followed the unveiling
of the system at a live demonstration in May last
year, which was well-received by construction firms,
property developers, and government agencies.
The robotic tiling machine, developed by the
Architecture and Digital Fabrication module of FCL
with industry partner ROB Technologies, is able to lay
tiles two to three times faster than a human worker.
In Singapore, more than 280,000 new residential
units will be built in the next five years, worsening the
tight supply of skilled workers to perform tiling work.
With the robots, demand for manual labour
can be reduced by up to 75%, bringing about
considerable cost savings. Currently, development of a commercial prototype is underway.

Application of Low Exergy
Agreement with Universitas
‘3for2’ Project at United
Indonesia at launch in Jakarta
World College Southeast Asia JAKARTA -- On 3 November 2014, Singapore-ETH CenSINGAPORE -- The Low Exergy module of the Future
Cities Laboratory is implementing its ‘3for2’ concept on a
600 sq. m area of the Dover campus of the United World
College South East Asia (UWCSEA), the world’s largest
international school. The commercial application of the
project, in partnership with Siemens Building Technologies, represents one of the first partnerships worldwide to
see academic researchers fully integrated into a building
construction process to realise a new building concept.
The ‘3for2’ concept allows building developers to
construct three floors within the standard space of two,
without impacting perceived floor-to-ceiling heights.
This is achieved through the use of new construction
techniques and efficient integration of new technologies
such as LED lighting panels, passively cooled ceiling
tiles and high performance chillers. Under the ‘3for2’
concept, the new office is expected to consume 40%
less energy than the average office in Singapore, making it Singapore’s most energy-efficient office space.

tre (SEC) signed an MOU with Universitas Indonesia in
Jakarta, at the launch of ‘Future Cities Jakarta: Swiss
and Indonesian Research and Technology in Practice’
exhibition and symposium. Built on the existing partnership between the FCL of the SEC and Universitas
Indonesia, the MoU is set to pave the way for long-term
partnership in research and collaborative studies on
sustainable development in Indonesia.
The exhibition and symposium was the fruit of such
collaborative studies between the two institutions.
Bringing together academics, the government, community and industry from Indonesia, Switzerland and
Singapore, the exhibition and symposium presented a
range of perspectives and a multidisciplinary and multi-spatial approach in addressing various urbanisation
issues in Jakarta, particularly complex problems arising
from the flooding of the Ciliwung River. A sustainable
architectural model for the Tropical Town dubbed
Rubah, or Rumah Tambah (‘expandable house’) was
also exhibited.

Re:imagining Cities: Urban Design Research in Singapore

Figure 03. A special nozzle and extrusion tool that can be operated by the robotic arm by air-suction avoiding the time-consuming tool change necessary between gripping a tile and applying the adhesive.
Future Cities Laboratory (FCL)

Future Cities Laboratory is a transdisciplinary research programme focused on
sustainable urbanisation. It is supported by the departments of Architecture
(DArch) and Civil Engineering (DBaug) at ETH Zürich and is the first research
programme of the Singapore-ETH Centre (SEC). www.futurecities.ethz.ch

SINGAPORE -- In collaboration with the City Form Lab of the Singapore University of Technology and Design (SUTD),
Future Cities Laboratory presented ‘Re:imagining Cities – Urban Design Research in Singapore’ at the Urban Redevelopment Authority (URA) Gallery in Singapore. The exhibition, which ran from 12 September 2014 to 8 October
2014, featured FCL’s analyses and proposals for the rejuvenation of some of Singapore’s most historic districts.
Rochor+ is the collective title for a multidisciplinary research platform which presents urban design proposals for the Farrer Park, Lavender, and Ophir-Rochor areas, covering topics including gentrification, HDB
flats (public housing) reuse, densification, as well as migrant public space, pedestrian and traffic flows.
The complementary ‘Backlanes Project’ focusses on a specific urban public space typology, proposing the transformation of historic alleys into fascinating new spaces for alfresco dining and entertainment,
based on studies in energy efficiency, pedestrian movement, historic building stock and urban diversity.

