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he construction industry is one of the most unfamiliar

R&D fields in the robotics and automation commu-

nity. Nevertheless, the construction industry is one of
the oldest and largest economic sectors. The construction in-
dustry’s contribution to the gross domestic product (GDP) in
industrialized countries is about 7-10%, including 2.7 M en-
terprises in the European Union (EU) [1]. This is comparable
with the manufacturing industry but with double the invest-
ment in R&D for manufacturing [2]. Today, it is evident that
the level of automation in construction is very low in compar-
ison with current technological advances. This is why all the
actors (researchers, companies, and administrations) must
make new efforts to increase the automation level of this im-
portant sector [3].

Research activities in the field of robotics and automation
in the construction industry are divided according to applica-
tions into two large groups: civil infrastructure and house
building. Typical civil infrastructure applications are the auto-
mation of road, tunnel, and bridge construction; earthwork;
etc. In the field of house construction, main applications
include building skeleton erection and assembly, concrete
compaction, interior finishing process, etc. Classification ac-
cording to applications is consistent with other possible classi-
fications, which divide R&D activities according to the
development of new equipment and processes (robots, auto-
matic systems, etc.) or the adaptation of existing machinery to
transform them into robotic systems.

In the field of road construction, several projects have been
developed over the last couple of years. The most representa-
tive project was the EU Computer Integrated Road Con-
struction (CIRC) project (1997-1999) that dealt with the
development of a new generation of autonomous road pavers
and asphalt compactors [4]. These mobile machines (robots)
extensively used GPS-based tracking technology for autono-
mous navigation. [5]. In road construction, the quality of the
compacted material (asphalt) is essential and depends on the
number of runs of the compactor and the uniformity of the
energy distribution. Field management of the hot-mix asphalt
process [6] 1s another important field of research in this area.

The current method of tunnel construction leads to fully
automated work, in which several Japanese companies are
very active. In this work, automated transportation (the driv-
ing head based on the parallel manipulator concept) and sen-
sor-based navigation (by lasers, gyrocompasses, level-gauges,
and inclinometers) is used in excavation machines [7]. For the
construction of shield-type tunnels, automatic drive systems
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and segment installation using bolt-tightening robots are
developed [8]. The shotcrete robot for rock support in the
construction of mountain tunnels by concrete spraying [9] is
another innovative project in the field.

The automatic or semiautomatic construction of bridges,
dams, oftshore platforms, and other big civil infrastructures is
an important R&D field. The development of the 15-m range
auto-conveying concrete system based on the SCARA robot
concept for dam construction in Japan [10] or the develop-
ment of a column-field-welding robot for bridge construction
[11] using laser-based high-precision feedback for verticality
control are two significant examples. Related to this field of
application are several ongoing projects that deal with the ar-
chitectonic design oriented to the automatic movement of
civil infrastructures like roofs [12] and bridges.

The periodic inspection and maintenance of bridges repre-
sents an extensive and valuable field of work. It is estimated
that in the EU there are over 42,000 steel bridges with a re-
placement value of €350 M. This is why several research pro-
jects related to robotic inspection are ongoing. At North
Carolina State University, an inspection system based on a
four-DOF robot located on the end of a truck-mounted peer
crane was developed [13]. A different approach was used at the
University of Carlos III of Madrid by developing autonomous
climbing robots [14] able to support and transmit onboard
sensor data (image, laser, X ray, etc.)—the processing of
which is yet another field of research [15], [16].

Earthwork research activities are focused towards the in-
troduction of new control techniques to existing civil machin-
ery: excavators, graders, etc. Dynamics and kinematics control
together with the force/torque feedback in the excavator
bucket [17], [18] are important issues towards robotic autono-
mous excavation [19]. Moreover, it is necessary to model the
soil and obtain real-time terrain data using, for example,
LADARs, as used in several projects at NIST [20].
Teleoperation of backhoe excavators, remotely operated us-
ing visual and force feedback [21], is very much appreciated by
operators. These techniques are indispensable for the opera-
tion of big civil machines like 100-m boom-length draglines
[22] or 25-ton CMUSs excavators for autonomous truck load-
ing [23].

Residential construction, in particular high-rise buildings,
promise to be one of the biggest businesses of the future.
House erection, especially for high-rise buildings, is a key is-
sue. Several Japanese companies have developed innovative
systems during the last decade. The SMART system, devel-
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oped in 1992-1994 [24], was the first one. It was used for the
construction of more than 30 stories. It consists of an
all-weather, full-robotic factory on the top of the building.
The lift-up mechanism automatically raises the construction
plant. The continuation of this effort is the IF7 Japanese [25]
and FutureHome EU projects [26].

For efficient house building, transportation and assembly
devices for heavy and big parts are necessary. Several robots for
automated assembly were developed during the last couple of
years. The EU Robot Assembly System for Computer Inte-
grated Construction (ROCCO) project (1992-1996) dealt
with the development of a large-range, 10-m long, and
500-kg payload hydraulic
auto-tracking feedback [27]. Its main application is block as-
sembly, similar to the BRONCO robot [28]. The control
strategy of the very large range 22.5-m EMIR robot [29] is
based on dynamic force feedback control, which takes into ac-
count the elasticity of the links. The UT’s large range manipu-

robot with laser telemeter

lator pays special attention to teleoperation aspects [30].

The automation of commercially available construction
machines for the assembly of building parts is focusing on dif-
ferent types of cranes. The anti-swinging control of the tower
cranes is one of the not-quite-solved problems. By introduc-
ing a suspender in the hook, controlled by gyroscopic mo-
ments [31], precision during movement is highly increased.
Other techniques to avoid same problem are the use of a fuzzy
controller [32] or input shaping strategy [33], thus reducing
the danger to workers and improving efficiency.

Interior-finishing operations are very time consuming and
require a high degree of accuracy. There are several mobile
robots developed to compact and control the thickness of
concrete. The overall control of the KIST floor robotic
troweling system [34] introduces a network-based real-time
distributed architecture under CAN in order to coordinate the
fleet of robots. Painting is another important finishing task.
Technion developed several painting robots [35] where the
key problems are the spraying tools and the positioning the ro-
bot to maximize the painted area. In the area of interior assem-
bly, the Waseda Construction Robot (WASCOR) project
(1993-1997) [36] obtained significant results in the assembly
of wall panels with mobile robots.

The need for prefabricated elements in house building in-
creases every day, so the automatic manufacture of these ele-
ments is very important. The robot spraying system is used for
the manufacturing of concrete and composite parts of the
building, such as facade panels. Automatic spraying tool path
planning, as well as robot singularity avoidance, have been
treated [37]. The integration of masonry robots for brick and
panel manufacturing is performed under the computer
integral manufacturing concept [38]. Another important as-
pect of research activity in the field of house building prefabri-
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cation is the computer-aided architectural design of parts ori-
ented to robotic manufacturing [39].

The examples of robotic applications in the construction
industry mentioned above are not the only examples; numer-
ous other projects are closely related to this area of research.
More details can be found at http://www.iaarc.org and
http://www.ncsu.edu/IEEE-RAS/RAS/TCparent.html
(IEEE Technical Committee on Service Robots).

This issue’s articles were selected for their technical level
and innovation aspects, as well as according to their scope of
coverage of the thematic areas of civil engineering and house
building. Our intent is to cover different applications and
technological aspects.

The article by Ha, Santos, Nguyen, Rye, and Durrant-
Whyte describes the fully autonomous execution of excavation
tasks in common construction, such as loading a truck or dig-
ging a trench. A 1.5-tonne hydraulic mini-exavator was used
for field experimental work. The machine has been extensively
modified to include a laser measurement system for scanning
terrain. The dynamic model and implemented control strategy
are presented.

The article by Oloufa presents a GPS-based automated
quality control system for tracking pavement compaction.
The system was designed to track a single compactor, and all
calculations were done on board the compactor. A
GPS-based positioning device is placed on the compactor.
The main objective is to test paving surfaces that suffer from
low density and cracking in order to avoid accidents and an
uncomfortable ride.

The next article, by Chamberlain and Gambao, discusses
an automatic system for concrete repair preparation. The sys-
tem is based on high-pressure water blasting robots that are
used to remove defective concrete in the preparation of repair
work. The system incorporates sensing and control strategies
that are robust in this harsh environment. The sensing tech-
nology is based on a nondestructive testing metal detector
(covermeter).

In the article by Arai, Yuasa, Mae, Inoue, Miyawaki, and
Koyachi, the hybrid cylinder/wire drive parallel manipulator
for the transportation and assembly of heavy materials in an
onsite construction environment are presented. The devel-
oped six-DOF prototype enlarges the limited workspace of
the conventional parallel manipulator by replacing some cyl-
inders with wires. A wire drive mechanism is analyzed using
the force closure principle.

Finally, the results of the FutureHome project are pre-
sented in the article led by Balaguer. The article is focused on
the development of the integrated construction automation
concept for house building. The main objective is the modu-
lar design of buildings, keeping in mind their robotic erection.
The robotized gantry crane is able to transport and assemble
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house modules with high-precision and in all weather condi-
tions. A 1:3 scale model test-bed has been developed.
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