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This paper considers a group scheduling problem for manufacturing cells, in which parts may visit differ-

ent cells. By addressing intra-cell scheduling, the sequence of parts within manufacturing cells is deter-

mined; however, in inter-cell scheduling the sequence of cells is obtained. We present a new

mathematical model for a multi-criteria group scheduling problem in a cellular manufacture system

(CMS). The main objective is to minimize the makespan, intracellular movement, tardiness, and

sequence-dependent setup costs, simultaneously. Due the complexity to solve this problem, we develop

a meta-heuristic algorithm based on scatter search (SS). This algorithm is evaluated and the related

results confirm the efficiency and the effectiveness of our proposed SS to provide good solutions, espe-

cially for medium and large-sized problems.

Ó 2009 Elsevier Ltd. All rights reserved.

1. Introduction

In the existing competitive world of business, effective sequenc-

ing and scheduling are critical to survive in the market. Scheduling

optimizes the available resources and tasks that may vary in many

situations (Adams, Balas, & Zawack, 1988). Time is always a signif-

icant resource with a major limitation. It is very important to se-

quence and schedule the tasks on the group of machines with

the objective of concentrating on the related costs. Because in

the current business world, the productive companies are compet-

ing on providing services or producing goods based on the rapid

changes of the market with higher quality in minor expense. These

companies are trying to achieve this goal by using automation and

implementing concepts, such as just-in-time (JIT) production sys-

tem. The concept of JIT helps many companies to achieve financial

benefit. In this system, the tasks must not be done either sooner or

later so we do not face to the problem of earliness or tardiness pen-

alties. In a competitive environment of the market, the tardiness is

a critical factor in the variable productive environment.

Cellular manufacturing (CM) is a production system, in which

parts requiring a similar production process are grouped in distinct

manufacturing cells. These similarities reduce setup times where

similar parts can be processed with similar jigs and fixtures. The

major advantages of CMS have been reported in the literature, such

as reduction in setup time, throughput time, work-in-process

inventories, and material handling costs; better quality and pro-

duction control; enhancement in flexibility; and the like (Shankar

& Vrat, 1999). CMS also provides a production infrastructure that

facilitates successful implementation of modern manufacturing

technologies, such as computer integrated manufacturing, JIT pro-

duction, flexible manufacturing systems, and the like (Gallagher &

Knight, 1986). There are several issues in designing and planning

CMS, such as cell formation problem, layout of CMS, production

planning in CMS, scheduling in CMS, etc. The cell formation prob-

lem is an area that has been widely attempted in the literature

(Soleimanpour, Vrat, & Shankar, 2002).

One important issue to attain the benefits of CMS is effective

implementation of its scheduling system (Hitomi & Ham, 1976).

Nevertheless, this area has not been attempted widely in the liter-

ature as compared to the cell formation problem (Logendran, Mai,

& Talkington, 1995; Mahmoodi & Dooley, 1992). Due to the simi-

larities in the design, shape, function, and so on, parts in a part

family generally visit machines in the same sequence with minor

differences in setup requirement (Schaller, 2001). Therefore, a part

family can be divided into several groups so that each group needs

similar setup requirements. In other words, a group is a subset of a

part family and all parts in the same group need similar setup

requirement. This problem is addressed as flow shop group sched-

uling or briefly group scheduling in the literature. In group sched-

uling, it is assumed that each part family can be processed in one

cell by duplicating bottleneck machines or subcontracting excep-

tional parts (Logendran et al., 1995). However, subcontracting

exceptional parts may not be practical or duplicating bottleneck
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