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Viale delle Scienze, 90128 Palermo, Italy
b
NSF Engineering Research Center for Reconfigurable Machining Systems, University of Michigan, Ann Arbor, MI, USA
Received 8 December 2003; accepted 13 October 2004
Available online 8 December 2004

Abstract
Reconﬁgurable manufacturing systems offer quick adjustment of production capacity and functionality in response
to unpredictable market changes as being systems designed at the outset for rapid change in system conﬁguration, its
machines and controls. During the production process, out-of-ordinary events occur dynamically and unpredictably
both at the system (machine breakdowns, change in job’s priorities, etc.) and at the cell level (tool failures, robot
collisions, etc.). Such exceptions interrupt the production process by causing errors in the schedule plan (system level) or
in the task plan (cell level). Error handling is the policy meant for reacting to errors caused by the occurrence of out-ofordinary events. The reconﬁguration ability turns out to be the new technological factor enabling new strategies to
handle out-of-ordinary events of the production process. Both economic and performance aspects need to be considered
in order to make a decision in support of particular error handling policies such as using reconﬁguration. This paper,
starting from a simulation case study, highlights advantage of using reconfiguration for error handling. Authors propose
an object-oriented high-level control structure for real-time error handling, which integrates the new reconﬁguration for
error handling technology with the existing reactive scheduling system.
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1. Introduction
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The ability to launch new product models
quickly, the potential for rapid alteration of
manufacturing system capacity and the fast
integration ability of new process technologies
into existing systems are the emerging requirements for the contemporary and future production
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facilities. Reconﬁgurable manufacturing systems
(RMSs) are at the moment widely considered as
one of the promising key technologies to enable
responsiveness in the new production era known
as mass customization. It is true that the ﬂexibility
offered by ﬂexible manufacturing systems (FMSs)
certainly allows to manufacture a variety of
products in the same systems, but it is not the
only key to success. In order to remain competitive
under unpredictable and rapid changing market
conditions, ﬂexibility must be coupled with responsiveness and cost efﬁciency, as well as high
reliability, scalability, and ability for easy software/hardware upgrades ability (Mehrabi et al.,
2000). RMSs offer such features allowing quick
adjustment of production capacity and functionality by rearranging or changing its modular
components.
Koren et al. (1999) deﬁne RMS as a manufacturing system designed at the outset for rapid
changes in structure, as well as in hardware and
software components, in order to quickly adjust
production capacity and functionality within a
part family in response to sudden changes in
market or in regulatory requirements. An RMS is
basically a mix of CNC machines, dedicated
machines, and reconﬁgurable machine tools
(RMTs). RMTs are modular machines with a
ﬂexible structure that allows changes of its
resources (e.g. adding a new axis), equipped with
reconﬁgurable controllers integrated in open-architecture environment. An RMS can be easily
reconﬁgured at a system level (e.g. changing the
layout conﬁguration), machine level (e.g. adding a
new spindle), and control level (e.g. integrating a
new software module) (Koren et al., 1999).
An exception can be thought of as a difference
between the actual and the expected state of the
production system. Machine breakdowns, changes
in job priorities, dynamic introduction of new jobs,
order cancellations, increases in job arrival rates,
changes in the mix of parts, and reworks due to
quality problem, are all examples of exceptions.
Exception occurrence is usually unpredictable.
However, predictable events, such as planned
preventive maintenance, can also be considered
exceptions as they interrupt the production process. Unless some strategy to deal with the

exception is implemented, the production system
is forced to stop its operation whenever an
exception occurs. Otherwise, damages to the
system itself or errors in the product may occur.
Exception handling is the policy meant for
countering unwanted effects of exceptions and
for recovering from errors caused by exception
occurrences.
As the literature review shows, a considerable
effort has been made to investigate the ﬁeld of
exception handling for the scheduling or task
planning process. Most frequently, the adopted
approach to exception handling is based on
strategies which are enabled by the system routing
ﬂexibility. The issue treated in this paper is,
instead, to understand how the reconﬁgurability
feature of RMSs could be also used together with
the routing ﬂexibility in the exception-handling
process. This would make the RMSs surely more
cost effective. In RMS, however, reactive scheduling decisions, task planning recoveries, and error
handling policies are naturally more complex since
the use of hardware reconﬁguration in these
systems for handling exceptions is secondary. In
fact, the reconﬁguration ability of these systems
could be used in exceptional cases, as production
process errors, even though it cannot be considered a source of ﬂexibility for ordinary operations.
The research presented in this paper explores
such potential directions and its focus is on
understanding whether the reconﬁguration ability
of RMSs can be used and coupled with the routing
ﬂexibility in the error handling process, further
increasing its cost-effectiveness. In order to make
decisions regarding reconfiguration for error handling, economic and performance considerations
have to be carried out and a real-time decision
support system is needed. Such system has to be
coupled with the existing scheduling system
(scheduler) at the system level and ultimately with
the sequence controller (task planner) at the cell
level. For these reasons, a modular and objectoriented (OO) architecture is needed for operation
management issues such as error handling in RMS
(Bruccoleri et al., 2003b).
The proposed reconﬁguration for error handling
at the system level is addressed in Section 2, while
Section 3 addresses the same problem at the cell

