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ABSTRACT

Successful robotic and automated systems require a well defined, structured and
controlled work environment. It is therefore clear that before automation in the
construction process can be effectively implemented, uniformity and clarity of the
various tasks to be automated must be introduced. The structuring of this process must
be addressed in the design phase and maintained through to completion.

Preliminary work has been undertaken at UWE on the control of a pick and place robot
to construct model walls as specified by a CAD drawing. Control software is able to read
an entity list of a wall design, which then calculates the number of bricks required, the
orientation and position of each brick and the robot joint angles required to place each
brick. This data is then used to produce an off line robot control program, enabling
automatic construction of the design from a CAD drawing.

This paper discusses the next stage of this research, which is to develop further the
previous work into an integrated CAD environment for buildings, which can be post
processed into a robotic construction code. This would be an effective and powerful tool
for guiding robots on the construction site to undertake a range of tasks associated with
the construction of buildings. A CAD environment is proposed which comprises libraries
of building components. These components possess individual attribute information
which in addition to their physical properties can specify supplementary information,
such as assembly requirements, suppliers, price and delivery. A designer can access these
component libraries from within the CAD environment, select them from icon menus
and insert them into the building design. This information is used as an aid when post
processing the completed drawing database using assembly rules and optimisation
algorithms in the production of robotic control code. It is envisaged that this database of
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information could be utilised not only to develop robotic control code, but also as a
source of data to aid the integration between construction participants, by improving
communication and performance. The data will also enable, for example, the automatic
calculation of material requirements, estimation of times to complete work and the
printing of purchase orders for materials.

1. INTRODUCTION

Although the construction industry is constantly evolving new practices and skills at all
levels of the industry, there are clear phases within which change is either accelerated or
consolidated. In short there are what Torrance [1] identifies as "cycles of growth and
development which are market led and are essentially socio-economic in nature...." and
also " from time to time technological injections or political shifts [which] mark
significantly important areas of development. Such are the times that we are presently
entering and the pace of change is accelerating."

Given the current and projected rate of technological and organisational change,
organisations engaged in construction will need to become lean, flexible, innovative and
customer-driven. Most will have to re-engineer their work into streamlined and
integrated business processes based on current theories and practices in relation to inter-
organisational relationships and the management of innovation and change. This will
not only involve rethinking how to do things faster, cheaper and better but whether to do
them at all.

New developments in computer based technologies such as hardware and operating
systems, database management systems, computer aided software engineering, the
human-computer interface, hypertext, multimedia and virtual reality will all play their
part in initiating and sustaining change within the construction chain as it shifts towards
becoming an integrated and information-centred manufacturing process. A recent report
of the BRE concludes that the growth in information technology will lead to a substantial.
culture change in the construction industry over the next five years and that all sectors of
the industry face an increasing challenge to adopt an appropriate integrated IT strategy.

This particular research project involves clusters of organisations representing clients,
consultants, suppliers, contractors and specialist contractors in the housing and retailing
sectors of the UK construction industry. The client organisations involved are all regular
users of construction’s products and services and have already embarked on strategies
based on partnering and the development of long term relationships with a limited
number of preferred suppliers, consultants and contractors. The work of the research
team is focused on developing advanced integrated computer based technologies in order
to assist the participating organisations to re-engineer the construction chain associated
with housing and retail projects.
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2. REQUIREMENTS FOR CONSTRUCTION AUTOMATION

Automated and robotic systems have proven to be an important feature in improving the
effectiveness of the manufacturing industry where well defined and repetitive tasks can
be specified. The experiences gained in the manufacturing industry and the decreasing
cost of enabling technologies, coupled with current pressures to improve the
effectiveness of the construction industry is now making the transfer of this technology
into the construction chain a key element for the industry's future competitiveness. A
number of construction tasks have been identified at the heart of the housing and
construction sectors that have sufficient repetition to render them amenable to site based
automation, these include the construction of brickwork, wall, floor and roof tiling,
painting, concrete floor grinding and excavation. [2-6]. Cusack has suggested that
"robotic devices must be considered an integral part of the design" [7], and that "the
availability of automatic assembly will necessitate a radical revision of building design
processes” [8]. This revision of the design process will need to encompass the whole of
the construction chain. It will need to include consideration of the design of construction
units and assembly techniques, through to the use of robotic devices to maintain and
clean completed buildings.

CAD information is an essential source of data for integrating the construction process
and for automated machines and robots in the construction industry. Drawings of
building designs and site plans would provide a detailed computer understanding of what
is a complex and varied workplace and of the nature of work tasks which are required to
be undertaken. An array of sensory inputs and vision could provide this information, but
the greater the complexity of these inputs, the greater the demand becomes on software
development. Valuable processing time required to assimilate these sensory inputs would
also be reduced if simple sensors can be used to confirm CAD data and provide feedback
for the task at hand.

3. METHODOLOGY

CAD is widely used for the presentation of building designs, with the de facto standard
being AutoCAD. For this reason it has been chosen as an appropriate medium for
development of a design environment for automated and robotic construction assembly.
Building components have been classified in a number of ways, including "units",
"components" and "assemblies". For the purpose of this paper these terms jointly refer to
any individual construction item, such as a brick, or a door frame. The building design
evolves from a group of standard building components, the "block" and "attribute"
features of the package have been utilised to represent the range of these components.
These include window and door frames, bricks, half bricks and lintels. Each block is a
scale representation of a building unit and has attribute information attached to it which
specifies its physical properties and assembly rules. These blocks comprise libraries of
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building components available to the designer, which can be used to construct the
building design.

NAME: Door frame DF-1A
PLACEMENT

ORIGIN: Lower left cormmer
X POSITION: ?
Y POSITION: ?
Z POSITION: ?
ORIENTATION: ?
MATERIAL: Hardwood
HEIGHT: 2087 mm
WIDTH: 1532 mm
DOOR HEIGHT: 1981 mm
DOOR WIDTH: 838 mm
DOOR NAME: ?

Fig 1: Example of a Standard Manufacturer's Construction Unit With Appropriate
Database Information. ‘

3.1 THE DESIGN ENVIRONMENT

A customised design environment has been developed using the AutoCAD customization
features. Both side and pull-down menus have been written which facilitate quick and
easy assembly of these component parts into a final building design. Icon screens of the
various components contained within the library can be toggled through and selected via
mouse for subsequent insertion into the design. Editing of the final positions of these
blocks is a simple matter of using the usual AutoCAD commands of copy, move, erase
etc, which are all provided by the customized menus.

For the design environment to be of use to the designer, it must be possible to easily
make alterations to the library of basic building units. Flexibility in utilising different
components and suppliers is essential so that the product library in use suits the required
standards of quality, price, delivery, etc. Repeatability in the dimensions of products is
also an important requirement for automated construction.

Additional components are added to the library by constructing a drawing block which
contains the required scale representation and appropriate attribute data of each building
unit. A corresponding simplified drawing of the component can then be added to the
icon screen with the use of a lisp program, which automatically scales and produces the
required slide file. These slide files are then added to the icon slide library using
AutoCAD's slidelib command. Once icons are in the library they can be utilised by the
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customized menu and pull-down screens. It is therefore a simple task to add building
units to the component library and include them in the menus.

\| Computer Alded Design
Environment

Databose of
Buliding Components

:

Features

> Robotio /Automated
Information Construotion Device

Force feeddack
Tactile sensing
Collision detection

Viskn
Navigation

Automated
Construction

Doors
Windows
Bricks
Untels

|- Simuletion
|- Tosk optimisation

- Materid r
- Purchase ordering

Fig:2 Structure of Automated Design and Construction Process.
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3.2 IMPROVEMENT OF THE DESIGN ENVIRONMENT

The current design environment provides the means to describe a building design in
terms of the orientation and position of every single ccmponent part which would be
required to construct the final design. This, however, obviously makes the design stage
laborious and an unsatisfactory amount of time wcuid be required to complete a design.
Improvements are therefore being made in the form of automatic fill of repetitive areas,
such as brickwork. Once this element is in full opcration, the placement of windows and
doors etc, by the designer, will be followed by the automatic insertion of surrounding
brickwork. The size of brick contained in the library database is a british standard brick.
To ensure that interlocking of components is possible and that gaps do not occur, the
resolution of placement of these components must be that of the smallest building
component, ie a half brick. Accurate placement of construction units along both vertical
and horizontal axis is controlled by the snap feature of AutcCAJ.

4. UTILISING THE DESIGN INFORMATION

Once the design is completed an extensive database of coch individual building
component exists. This resultant entity database can te exportzd 23 2 text file, or into a
structured database environment for utilisation by post prscessing softwarc. The attribute
data which is tagged to the construction units provide additior:al information to aid the
formation of automated/robotic control code, such as discusions, mass and special
assembly instructions. In previous work with a pick and place rohet a C++ program was
used to interrogate this database. Rule based C++ code used the ertity list as a guide to
link together control code strings so that a simple model wall could be automatically
assembled by the robot. These control strings consistcd of pre-written routines for
repetitive robot tasks such as, picking up the apprepriate construction unit, rcleasing and
withdrawing from a placed unit, etc. Further research is now concentrating on extending
the capabilities of the C++ code to make use cf the extended library of building units and
corresponding attribute information which has been incorporated into the CAD drawing
environment. The use of cbject-orientated pregrammiing techniques, with the benefits of
inheritance and hierarchically composed objccts, aleng with -rule- baced and Al
programming techniques will be explered.

5.CONCLUSION

There are many more factors involved in the successful preduction of autcmated/robotic
construction than the formation of robotic coutrol cede 1o assemble building units. Much
active research has, and is, currevtlv in progress ii tl:e arcas of robot sensor integration,
robot design, obstacle avoidance, path planning, task optimisation, assembly, fixing
methods, to name but a few. [9-13]. A fully autonomous construction device will no
doubt be the result of the amalgamation of !l cf these. The use of a specialised CAD
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drawing environment to specify a building design can provide an invaluable wealth of
data, which not only describes the building structure, but can detail individual
components. The use of relational databases can extend this knowledge base for
utilisation by various expert systems as listed above. It is anticipated that the CAD
generated description of both the construction environment and task, will be at the centre
of future robot control and decision making, as it is in CAD/CAM systems in
manufacturing. The resultant CAD information could also be used to promote the
integration of construction processes by improving communication between participants
who share the common aspiration of improving performance.
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