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Foreword

This new book ‘Assembly Line Design’ by Dr Brahim Rekiek and Professor
Alain Delchambre is an important contribution in this domain. Its interest is
in an integrated approach to the preliminary design of assembly lines (ALs).
This approach is based on the grouping genetic algorithm (GGA), where the
logical layout (LL) is designed to consider all the constraints and specifici-
ties of real-life manual and hybrid multi-product ALs. The LL is defined as
the balancing and the resource planning. In addition, a new approach based
on multi-objective GGAs is developed which includes the branch-and-cut al-
gorithm combined with a multi-criteria decision-aid method. In this book,
the logical and physical layouts are treated simultaneously. First, tasks (that
perform activities) are grouped together in workcentres. Second, tasks are as-
signed to stations. The new concept of ‘balance for operation’ is introduced
to deal with the changes during the operation phase of ALs. This concept
permits one to treat balancing and scheduling at the design stage.

The authors have a great experience in practical AL design and balanc-
ing. Their scientific publications are well known and widely cited. Undeniably,
this new book offer new vision and perspectives for development of industrial
research and engineering methods for AL design. It provides a systematic
analysis, efficient engineering concepts, and techniques to handle this design
problem. It is a pleasure to foreword this excellent book as an important
source for researcher, industrial engineer, faculty staff and graduate students
in industrial engineering, management science, operations research and me-
chanical engineering.

Professor Alexandre Dolgui
Ecole des Mines de Saint Etienne, France
May, 2005
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Preface

The design process is traditionally a time-consuming and an iterative busi-
ness. First, a preliminary design is created, analysed, and then experimented
to determine its quality. The process of search and evaluation is repeated un-
til the design is viewed as being acceptable. Computer-aided design (CAD)
software, simulation and analysis tools are widely used today. In contrast,
automatic design techniques are less common. The recent success in design
is due to the adaptive search techniques, in particular the genetic algorithms
(GAs). GAs are powerful and broadly applicable stochastic search and opti-
misation techniques. They are the most widely known kind of evolutionary
computation methods.

Assembly lines (ALs) are production systems composed of a succession of
stations, connected by a conveyor, performing a set of tasks on the product
passing through them. A production workshop can be set up following various
topologies (e.g. lines, cells, combination of several lines, etc.) The line layout
problem is composed of a logical and physical layout. The logical layout is de-
fined as the AL balancing (ALB) and the resource planning (RP) problems.
The ALB is used for manual ALs and it aims to balance loads of stations. For
hybrid ALs (manual, robotic and automatic tasks), RP assigns resources to
tasks and assigns tasks to stations. The physical layout determines the space
requirements taking into account station dimensions, material storage, etc.
The aim is to minimise the total cost of the line by integrating design (space,
cost, etc.) and operation issues (cycle time, precedence, availability, etc.).

AL design (ALD) problems often have a complex structure due to multiple
components (e.g. tooling, material handling facility, line efficiency, cost, im-
balance, reliability, stations space, etc.). A number of design alternatives may
exist. The problem can easily become unmanageable if the designer has to
consider all these alternatives. Thus, many practical search and optimisation
problems are considered as multiple objective problems (MOPs) and require
a compromise among conflicting objectives. Since it is impossible to replace
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designers experience and creativity, it is important to support them with a
set of tools to investigate and propose solutions. Using this information, the
designer tests some alternatives and makes his decisions. Owing to the diffi-
culty of ALD problems, metaheuristics are often used.

In applying GAs to solve MOPs one has to deal with the twin issues of
searching a large and complex solution space and at the same time dealing
with multiple and conflicting objectives. Selection of a solution from a set of
possible solutions on the basis of several criteria is considered as a difficult
task. Some methods reduce the problem to a mono-criterion one (weighted-
sum approach). Other studies adopted the Pareto-based GA technique. The
main drawback of Pareto approaches is the number of solutions the decision
maker (DM) has to choose among them. The user cannot easily decide among
more than a few solutions.

We present a new multiple objective grouping GA (MO-GGA) which is
based on the GGA and multi-criteria decision-aid (MCDA) method called
PROMETHEE II. The GA iteratively samples the trade-off surface (Pareto)
while the MCDA method narrows the search. The choice of a solution over the
others requires knowledge of the problem. It is the task of the DM to adjust
the weights for guiding the algorithm to find good solutions. Optimising a set
of objectives has the advantage of producing a single solution, without any
further interaction by the DM.

In order to deal with line balancing, a new algorithm called ‘equal piles’
for ALs based on the so-called ‘boundary stones’ is introduced. The hard con-
straint is the fixed number of stations (piles) and the aim is to find the best
balanced assembly system. In the case of the RP, the aim is to select equipment
to carry out the assembly tasks. We present a new method which is based on
the MO-GGA, the branch-and-cut algorithm followed by the MCDA method.
To deal with the changes during operation phase of ALs, a new concept of
balance for operations is introduced. The balancing of ALs is mostly uncou-
pled from the facility layout problem which yields sub-optimal line layouts.
An iterative procedure is proposed to treat the two problems partially at the
same time. First, tasks that perform similar activities are grouped together in
a workcentre. Then, for each workcentre, tasks are assigned to stations. The
main concern of this approach is the quality of the resulting line in terms of
balancing and its suitability to the material flow requirements of the produc-
tion system.

The last part of this book is dedicated to an integrated method of designing
ALs. The software OPTILINE is developed at the CAD/CAM Department of
the Université Libre de Bruxelles, Belgium.
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Assembly Line Design Problems



