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Abstract

This article first explains why it is currently nfgasible to use robots on construction
sites. The authors argue that robotics will beagd in the upstream industries, either in
component manufacture or in constructive procesapable of being undertaken in a
traditional factory setting. Although the former wa be a simple way of incorporating
robotics into the construction industry, the secawodlld have major implications for the
constructive process that extends from the progesign phase to the technologies

employed on the building site.

1 Introduction

Robots are used today in several industries [thB]best known example of which is the
car industry. Essentially, they replace workersagegl in intensive manual labour,
especially for repetitive tasks.

However, in most industrialized nations, the camgton sector is among those
mobilizing the greatest number of economic resaurtie Portugal, for example, if we
look at the sectoral interrelations via a Leontrattrix, we can easily see that it engages
around 40% of the economy. One of its chief charastics is enormous labour costs,
which account for almost 50% of the total, thougkré are considerable variations,

depending on the type of project and works involved



If robotics aims to replace men with machines, ttienconstruction industry is a vast
field for the development of its applications.

2 Robots on the Building Site

When considering using robots for construction,dhigding site has to be characterized
(see also [1,2,6]), as this is a production paeexcellence. The working environment
and types of task to be carried out have to beebwrmind:

Building sites have a considerable geographicalal@on, especially those owned by
the largest companies;

The final products are not considered repetitivezeseach project is unique;

A large number (hundreds) of different activitiee aarried out on building sites, with
little repetition;

On sites, many tasks are being done at the sarmeedimd they are interlinked in terms of
the resources allocated to them;

Building sites are relatively dynamic places, wsystematic changes of jobs and the
surrounding environment;

Building sites are hostile in that they are repieitd obstacles, uneven surfaces, ladders,
spans over empty spaces, etc.;

They are unstructured to the extent that they ataset up to have known references for
the movement of robots;

The tasks involved are complex in the cognitivesserand they therefore require
knowledge from experience and the use of certais®§ capacities;

Even tasks with repetitive operations would reqtive robot to systematically change
position, usually by shifting orientation so thiatould begin a new cycle.

All this implies that using robots in practice, actual work sites, would depend on their
being portable, being able to move around, to 'sétise environment, to process the
data and information received and, based on alinfeemation available, to perform a
task. As building sites are unstructured localjtibey present a considerable challenge
to mobility and recognition of the workplace envinoent.

For the use of robots on actual building sitesstetfective we would have to concentrate
especially on the domains detailed below.

Locomotion: robots would have to be able to moveualwith a certain degree of

"intelligence", which implies providing them witlhé means to go up ladders, cross



spans, avoid obstacles; that is, the means of lotomimplies the existence of viable
paths. This situation is quite different from réalilding sites, where surfaces are not
smooth, but are littered with rubbish, materiaéeked ready for use, obstacles, etc. They
would have to provide the means for guidance, gamize pre-defined routes (likely to
be repetitive), or structured environments witlerehces identifiable by robots.

Vision: most of the capacities required imply tise wof artificial vision, with recognition

of the range of environments in which the robotrafes.

Being prepared for hostile environments: robotsughde ready to work outdoors,
moving around in difficult conditions, unprotectaad subject to the unexpected, such as
falling from heights, falling materials, impactsmamspheric agents, etc.

Handling unwieldy or heavy loads: robots could penrf tasks involving the handling of
heavy loads, such as beams or prefabricated pémish can weigh several tonnes),
and large elements. Handling fragile materialsotsizould handle breakable materials,
like some ceramic products (tiles, bathroom fitthgr glass.

Current technology in the domain of robotics coad@rcome each of these difficulties.
This would not, however, be economically viableemvf major changes were made to
building sites. The use of robots in constructibawdd only be undertaken away from the
problems intrinsic to building site environmentslarpstream of their utilization in the
job. The hypothesis that seems to offer the besmt@h of taking the greatest advantage of
robots today lies in carrying out repetitive tasks a large scale and with a fixed job, in a

factory situation.

To benefit from the potentials and virtualities advances in robotics it would be
necessary first to modify the conceptual undersiandf the construction industry, more

specifically, the construction process itself.

3 Roboticsin Pre-fabrication

By having robots carry out tasks in factory enviramts, where there are no problems in
terms of moving around and identifying the placevadrk, we come up against
implications and problems related mainly to preridion.

In terms of technology, designers would have topadaeir plans to use components
provided by pre-fabrication, reducing, as far asslde, the amount of elements made on
site. Preparation of the works on site would thesdme more important. In execution,



with the prior manufacture of components to be ipocated into the job, construction
would increasingly become an assembly industry.

With respect to the economic implications of pradgahe elements to be incorporated
into buildings, construction would be more and m@igant on the upstream industry.
The viability of these firms would depend on saletume. This in turn would be
critically dependent on the popularity of their guats and the capacity of the company
to produce them at a cost that justified the changgchnology. It should also be
mentioned that, in many countries, jobs are ovehwimgly carried out by low-cost
labour, and immigrant workers are frequently emetbyin Portugal, for example, after
decades of African workers, there is now an infbdemigrants from Eastern Europe.
Ukrainians, Moldavians and Romanians are now contyreeen on our building sites.
Regardless of these implications, it should besstd that some robotics systems have
the potential for immediate use in the environnadire-fabrication for the construction
industry. Robot manipulators in particular havetdeas and a level of technical
development that are quite capable of meeting émeathds of the tasks in question. In
this domain, the advance of robotics technologydmake it applicable in a good many
construction processes. Industrial robot maniputatare essentially machines with
control over position and movement, to which waskl$ can be adapted. In addition,
they have a high degree of precision and speedxetution, can accept several
communication interfaces, have various input/ougmasibilities, force control, visual
servoing [3]. But they need to be integrated anapsetl to the specific manufacturing
requirements, in terms of both working tools anaiggamming.

Next we shall look at an implementation that iptiagress.

4 Case under Development

The case we shall now examine is still being deyedo It is designed to install robot
manipulators in one of the country's leading metaistruction firms. The project is
headed by the Robotics Laboratory of the Departraehechanical Engineering in the

University of Coimbra. The robots' work will be $older metal structures.

The system being implemented (Figure 1) comprisésANUC industrial robot, a
welding machine and a personal computer runningddiirs NT 4.0 or Windows 2000.

This computer will be used for modeling, monitoriggd controlling tasks, and should



include Visual C++, Basic or Matlab programminglgodt will also use software for

controlling, programming and monitoring the robot.
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Figure 1: System being implemented.

It should be noted that the connection to the @agning environments (Visual C++ and
Basic), to mathematics environments (Matlab), amidero tools for analysing and
presenting results (Excel, etc.) capable of remaktintervention, mean that a powerful
setup for R&D uses can be obtained, as is desmesbbotized welding.

It is hoped to develop procedures for this techgickl process that will make it possible
to simplify and characterize the preparation ph@sdting up all the parameters and
trajectories), and to identify a minimum (but sciént) group of parameters for
monitoring the way to achieve welding of constamaldy, within pre-defined ranges.
The first goal is thus to characterize and defireeinhterface with the user (which implies

understanding the production process) and defirtiveg kind of information to be

requested.



v

¥

Figure 2: Control panel for robot.

For this purpose, it is intended to use robotsttogewith an architecture database that
contains all the variables of the welding process the dimensions of the pieces to be
welded, the weld points programmed for the begigrand end of the operation. This

database will help to reduce the work times rel&tezhanging the product, adjusting and

programming the robot (Figure 3).

523.408020

2951000

e

Figure 3: Welding definition panel.




For current manufacturing operation, it is intendedt the operator should choose a
product code and thickness from the database.h&llviariables will be listed ina a
dialogue box; the operator should determine thregoar spot welds, and their
parameters, if necessary (Figure 4). Once adjusgimave been made, the operator starts

the programme cycle.

Figure 4: Welding cor}tr'ol panel, with (1) being the XYZ Cartesian movement
control, (2) the joint movement control and (3) the robot position.

The robot can then begin or end a welding procedumn be commanded to follow
trajectories (wholly simulated) or to proceed whike welding, step-by-step. For this, the
user sends the full definition of the task, inchglivelding spots and parameters (speed,
tension and intensity), type of trajectory and miea, all of which information is stored
in a file (Figure 5).



| i Robot Explorer __-_LUJL'
~,|5:e;;6ha|‘c6;ﬁput:ér R§56 onlr'u_olSysierr_. -
Diive . iF i L Dl Files
e vy 18 1 R - =7 |INSTALL.CMD
el — x]op] pemtdisk 2 |pemcrliLoe
E D’\. l el oh] v Dirgetories | APGMLLOD
mectories - e " ]ADPGM.LOD
o b {gﬁg‘d' o |KATAKAN.TPU
EI i o 1STARTUP.CMD
X : S|BASE.SYS
JUSER.SYS
: “IPARAM.CHK
o lsvsap
Sl |sYSPARLDG
Sppe e L 0G.L0G
“1. CopytoSé >>>rl LRy
’,'V«(Fépwppfc g ~ Delete fiom $4 I L
R L i
coe sk idpeik
Fileg: o e i 1R Enee
TUR3 PCI Card Interface.dé R
{i3pcic | Diive: oo
1" Path + Filename:
it3pciidm c\ir3peiMir3peih -
Jiruser.¢ ;
memtest.c Gk :
Path
c:\ivaci.
e e S [C]J Notberto Pires
l o Bye :]'-V:Tlnit/‘D\iéa’tﬁl |babylon ~] - {#—{]. . Running under WinNT -

Figure 5: Robot’s file explorer.

This information can be reused countless timesnifog production routines that the

operator can use whenever the components to beedvblave the same characteristics.

5 Conclusions

The possibility of incorporating in building a sificant percentage of pre-fabricated
elements, produced by robots, assumes the existéraoe industry upstream in which
manufacturing tasks are performed in a controlledrenment, and not on site.

Cheap labour is an impediment to significant changeurrent construction processes,
and to the large-scale introduction of roboticghis industry.

While research continues in this area, implememtatvill increase in fields where

productivity gains outweigh the equipment and impdatation costs.

Robot manipulators are now a good investment, diliem possibilities and flexibility.
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