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Introduction Reconfigurable Manufacturing Systems (RMS) are proposed to
find a balance between the efficiency of Dedicated Manufacturing Systems (DMS)
and the flexibility of Flexible Manufacturing Systems (FMS), and thus to adapt
to the demand volatility and changing product functionality at minimum effort
and cost.1 For these systems, traditional optimization problems, such as schedul-
ing and system design, have been considered, and different solution methods have
been proposed in the literature.2 However, in the project AssemblyRecon3 the
aim is to design a Reconfigurable Assembly System to meet the demand across
multiple periods at minimum cost, and this problem has not been tackled by
previous research considering such a system. This design problem consists of
three different subproblems which are solved simultaneously: cell configuration,
system configuration and product routing. Cell configuration focuses on selecting
resources and allocating them to the hexagonal cells to ensure that all assembly
operations can be performed. System configuration considers opening and posi-
tioning the cells and conveyors, such that parts can visit the different cells along
the assembly system, taking into account possible specific layout requirements.
Product routing, finally, aims to find a routing for all parts and products through
the system, ensuring the availability of resources is not exceeded and operation
precedence restrictions are not violated. Note that the solution of the problem
serves as an input for further detailed scheduling in the project, which is beyond
the scope of this work.

Reconfigurable Assembly System The system in focus consists of a layout
with possible positions for hexagonal cells. The cells are connected with unidirec-
tional conveyors such that the part flow from the first to the last cell is ensured.

1Y. Koren et al. “Reconfigurable Manufacturing Systems”. In: CIRP Annals 48.2 (1999),
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2Abdelkrim Yelles-Chaouche et al. “Reconfigurable manufacturing systems from an opti-
misation perspective: a focused review of literature”. In: International Journal of Production
Research 59 (Oct. 2020). DOI: 10.1080/00207543.2020.1813913.

3This research was supported by Flanders Make within the scope of the project AssemblyRe-
con.

1



It is also possible to add an additional conveyor. The hexagonal cells consist of a
central module and multiple side modules. Side modules can be equipped with a
resource and then used for performing a particular assembly operation, whereas
the central module is a robotic arm that moves parts between side modules, as well
as between a side module and a conveyor. It is assumed that any side module can
be equipped with any resource, but a resource can only perform one type of oper-
ation. The time and cost of an assembly operation are part/product-dependent
and resource-dependent. In addition to this, the central modules might be able
to handle only a subset of parts/products due to geometrical restrictions. The
system is reconfigurable because all the resources can be reallocated, removed or
inserted from one period to the next. However, these actions have certain costs.
In the base problem instance, there are three cell positions and four different
products, each following a fixed sequence of operations.

Solution Approach The problem is formulated as an Integer Quadratic Pro-
gramming model. In the model, three types of decision variables are defined:
resource assignment, product routing and scenario variables. The scenario vari-
ables are used to assess different (re)configuration scenarios between periods. The
objective of the model is to minimize the total cost which consists of processing
and (re)configuration costs. There are four different types of constraints. First,
resource assignment constraints ensure meeting specific layout and logical rules as
well as production requirements. Secondly, scenario constraints make sure that an
appropriate (re)configuration scenario is selected for each resource considered in
the system. Thirdly, product constraints ensure that the products are assembled
according to the assembly requirements and the demand. Finally, availability
constraints avoid exceeding the capacity of the resources in the system. After
modelling the problem, it is solved for small instances using Gurobi.

Conclusions Small problem instances are solved to optimality in limited time
(a few seconds). However, for larger instances, this is no longer the case. There-
fore, (meta)heuristic approaches are being developed as the next step. Along
with this, the model is also being generalized. This involves considering auto-
matic guided vehicles (AGVs) or other material handling systems for inter-cellular
transportation, and extending the number of cell positions to more than three.
In addition, while a fixed assembly operation sequence for each product is consid-
ered in this paper, a flexible sequence of operations (with precedence constraints)
is often possible in practice. Therefore, the model will be extended to adopt this
flexibility by allowing alternative sequences.

2


