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Abstract. Assembly line designs in manufacturing commonly face the key problem
of dividing the assembly tasks among the working stations so that the efficiency of
the line is optimized. This problem is known as the assembly line balancing problem
which is known to be NP-hard. This study, proposes a bi-objective genetic algorithm
to cope with the assembly line balancing problem where the considered objectives
are the utilization of the assembly line and the workload smoothness measured as
the line efficiency and the variation of workload, respectively. The performance of
the proposed genetic algorithm is tested through solving a set of standard problems
existing in the literature. The computational results show that the genetic algorithm
is promising in providing good solutions to the assembly line balancing problem.
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1. Introduction

An assembly line is an order of production equipment, grouped into workstations that
are linked together by a material-handling system. In the assembly line, the assembly
process is defined as a sequence of activities performed by operators, machines, or robots
in each workstation. The assembly line balancing problem (ALBP) is one of the most
important decision problems arising at any shop floor when an assembly line has to be
designed or reconfigured. The ALBP aims at partitioning the assembly operations among
a set of workstations so that all stations on the assembly line have an equal amount of
work to be carried out while a few constraints such as precedence relationships are
satisfied.

ALBPs can be grouped into the simple ALBP (SALBP) and the generalized ALBP
(GALBP) [1]. GALBP is the more complex version of SALBP where more real-world
characteristics such as U-shaped line [2], mixed-model [3] and stochastic task times [4]
are taken into consideration. SALBP has been among the well-studied problems in the
line balancing context and most of the research on ALBPs have been dealing with
SALBP [5]. There are two formulation types of SALBP: (1) SALBP-1, in which given a
cycle time (CT) the number of workstations (1) is minimized and (2) SALBP-2, in which
given the m, the CT is minimized [6].
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Any type of ALBPs fall within the NP-hard optimization problems [7,8].
Consequently, different heuristics and meta-heuristic approaches have been developed
to address it. For instance, Fathi et al., [5] performed a comparative evaluation of
heuristic rules in addressing the SALBP-1. An immune genetic algorithm (GA) was
proposed by Zhang [9] for SALBP-1. Lalaoui and Afia [10] proposed a fuzzy generalized
simulated annealing for SALBP-1. A hybrid approach based on ant colony algorithm and
beam search was proposed by Huo et al., [11] to address SALBP-1. Furthermore,
reviewing the SALBP literature shows a growing trend towards the improvement of
workload balance at assembly stations while optimizing other objectives such as CT or
m. In this regard, aside from the basic objectives, other measures such as smoothness
index [9] or variation of workload [12] have been optimized as secondary objectives.
The readers interested in the application of soft computing methods and recent literature
reviews on ALBPs are referred to [7] and [13].

Although several approximation methods are proposed in the literature to cope with
SALBPs, finding a good solution within reasonable time still is of high importance [14].
Thus, in this study an efficient GA is proposed to address the bi-objective (BO) SALBP-
1 in terms of line efficiency and variation of workload to find the (near) optimum
solutions within a reasonable amount of time. The remaining of the paper is structured
as follows. Section 2 provides a description of the problem. In Section 3, the proposed
GA is presented. The computational results are presented in Section 4 while the
concluding remarks are outlined in Section 5.

2. Assembly line balancing problem

The design of assembly line constitutes the optimal balancing of the assembly tasks
among a set of stations (m) arranged along a material-handling system. This study aims
to address the SALBP-1 while dealing with the bi-objectives (BO) namely (1)
minimizing the number of stations (m) (which is equivalent to maximizing the efficiency
of assembly line given a fixed CT) and (2) minimizing the variation of workload (VW)
among stations. To this purpose, the set of assembly tasks V = {1,2, ..., n}, each with a
processing time of ¢;, have to be uniformly balanced between stations k = {1, ..., m} so
that (1) the time/workload of each station shown by t(Sx) = X jes, tj (Sk is the set of
tasks assigned to station k) does not exceed the CT and (2) the precedence relationships
between tasks are satisfied. The precedence relationships can be shown by a graph ¢ =
(V,E) in which V is the set of nodes indicating the tasks and E is the set of edges
depicting the relations among tasks.

3. The proposed GA

Considering the NP-hard nature of the BO-SALBP-1, a meta-heuristic algorithm is
proposed in this section. The main steps of the proposed GA are as follows:

o Initialization: read inputs (CT, precedence relationships and task times) and set
GA parameters, generation of initial population

e Representation, encoding and decoding of each solution

e  Fitness function evaluation
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e Crossover and mutation operators

In the following sub-sections, the descriptions of the GA elements are discussed in detail.
3.1. Representation, encoding and decoding methods

Each individual solution of GA is represented by a permutation vector of integers
between [1, n] (n is the number of tasks) known as task priority vector (i.e., ¥), where
Y; indicates the relative priority of the ith task. According to this representation,
assuming that two tasks (e.g., j and j') are candid to be assigned to a station, the task
with a higher relative priority will be chosen.

In order to ensure the generation of feasible solutions, an encoding method should be
used to map each vector of task priorities (y) to an actual SALBP-1 solution. It is
assumed a n-task SALBP-1 with predetermined relations between tasks shown by a
graph defined as G = (V, E). The encoding method aims to build a topological sort of G
upon a specific n-dimensional vector of task priorities 1 [15]. Hence, topological sort is
a sequence of tasks based on their priorities in an order known as task sequence (T'S) to
satisfy the precedence constraints. This method is described in Figure 1(a), where V' is
a subset of V (i.e., the set of tasks) and vy is a task priority vector. Additionally, a
decoding method is needed to assign the tasks in the resulted TS into the stations [12].
The applied decoding method is shown in Figure 1(b), where m is the established
number of stations. The rest of notations have been defined in Section 2.
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Figure 1. (a) Encoding and (b) decoding methods.
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3.2. The evaluation of fitness function

To evaluate the fitness of GA solutions for the considered BO-SALBP-1, two objectives
have to be calculated. (1) Maximizing the line efficiency (LE) given a CT, which is
calculated by Eg. (1).

Max LE = —t=m _ @

mxCT

where t,,, is the total sum of task times and m is the number of stations obtained for
the current solution. (2) Minimizing the variation of workload (VW) which is calculated
by Eq. (2). VW is a measure to determine the level of workload equalization at stations
and ranges between [0,1]. The lower VW shows a smoother distribution of workload at
stations.

Min VW = MT_A) 2

where A =Y, U; /m shows the average workloads at stations and U; = t(S;)/
max ;17 t(S;) is the workload at ith station.

The two above-mentioned objectives (Eq.s (1) and (2)) are merged in one fitness
function as presented in Eq. (3).

Max Fitnesss Function= LE + (1-VW) ?)

3.3. Crossover and mutation operators

Considering the applied representation, a typical crossover known as the weight mapping
crossover operator is applied [15]. This operator can be viewed as two-point crossover
of the parents’ vectors by remapping and ordering of their genes. This crossover operator
is shown in Figure 2(a). Furthermore, regarding the mutation operator two genes are
chosen at random and swapped as presented in Figure 2(b).

Randomly selected substrings () Crossover operator

3001 2 12 3
parent 1: N | 2 | 4 | 3 6 | offspring 1:| | 4 | & | 2 | 3 | 6 |
X 2 3 31 2

(b) Mutation operator

3

Exchange points

parent:|l|2|4|3|5|6|

offspring: | | 51413126

Figure 2. GA (a) crossover and (b) mutation operators.
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4. Computational results

To show the efficiency of the proposed GA in dealing with the BO-SALBP-1, it is
applied on well-known SALBP-1 test problems that can be found at https://assembly-
line-balancing.de. To evaluate the influence of the proposed GA on the quality of
solutions, the problems are solved with and without considering the objective functions
of the SALBP-1. To this purpose, the relating GA was applied on a Core i7 2.4 GHz PC
to address the considered SALBP-1. The stopping condition of GA was chosen as when
the best-found solution has been repeated for 100 generations without any improvement.
Moreover, the GA parameters including the population size, the crossover (Pr., ),
mutation (Pr,,) and reproduction (Pr,.,) rates were set to 100, 0.8, 0.15 and 0.05,
respectively, based on some pilot studies.

Table 1 shows the results of applying the proposed approach on the considered test
problems by comparing (1) the feasible BO-SALBP-1 solutions with (2) the optimized
BO-SALBP-1 solutions. To cope with the stochastic nature of the algorithm, the results
are obtained after running the relating GA on the considered test problems for 10 times
and the best-found solutions are reported in terms of m and VW, representing the
obtained number of stations and the variation of workload, respectively.

Table 1. The computational results of applying the proposed GA on different test problems

Size problem cT Feasible BO-SALBP-1 Optimized BO-SALBP-1
m VW m VW
Jackson 7 9 0.2469 8 0.1557
9 7 0.1957 6 0.1228
Mitchell 14 10 0.2984 8 0.0428
Small 15 9 0.3143 8 0.0909
Buxey 36 11 0.1806 10 0.0388
41 9 0.1854 8 0.0122
Sawyer 41 9 0.1981 8 0.0122
48 8 0.2592 7 0.0242
Gunther 44 15 0.1933 12 0.0777
Medium 49 11 0.1123 11 0.2029
Kilbridge 62 10 0.0576 9 0.0076
69 9 0.1085 8 0
Arcusl 3786 22 0.1368 21 0.0289
Large 4454 21 0.1913 18 0.0277
Tonge 160 26 0.1961 23 0.0214
168 24 0.1743 22 0.0204

As one can observe, the best-found solutions obtained through the optimized BO-
SALBP-1 scenario outperform the best-found solutions obtained by the feasible BO-
SALBP-1 scenario in terms of m and VW over all test problems. This is due to the
minimization of m (or equivalently the maximization of LE%) and the VW by applying
the proposed GA on the considered test problems.

5. Conclusion

Managers seek for the best solution methods to cope with the assembly line balancing
problem (ALBP). This study attempts to optimize the configuration of assembly lines
considering the simple assembly line balancing problem (SALBP) while dealing with
two objectives namely line efficiency and variation of workload. To this purpose, a GA
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was proposed to cope with the considered SALBP-1. The obtained results on known test
problems showed that the proposed GA is capable of providing promising solutions in
terms of the line efficiency and the variation of workload.

The proposed GA in this study can be further developed to cope with other types of
assembly line configurations such as U-shaped and two-sided lines. Moreover, it can also
be used to address multi-model and mixed-model assembly lines. Additionally, the
proposed GA can be hybridized with other meta-heuristics or local search algorithms.
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