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ABSTRACT 

The review was carried out thoroughly on the field of two-sided assembly line balancing problems. Some 
researchers have highlighted the multi-objective optimization and found this topic is generally very interesting and should 
be addressed accordingly. Multi-objective optimization is the problems involves than one objective functions. The task are 
generally in finding one or more optimum solution. In two-sided assembly line balancing problems, usually the two 
conflicting objectives often used as the main target is to maximize/minimize as follows; i) number of workstation, 
ii)number of cycle time, iii) work relatedness, iv)work slackness, v) smoothness index, vi) line length, vii) workload 
balanced. The survey shows that the two evolutionary algorithms that frequently used to solve two-sided assembly line 
balancing in the past 5 years are Simulated Annealing algorithms and Genetic Algorithms.  
 
Keywords: two-sided assembly line balancing, multi-objective optimization, cycle time. 
 
INTRODUCTION 

Multi-objective optimization is an area of 
multiple criteria decision making that is concerned with 
mathematical optimization problems involving more than 
one objective function to be optimized simultaneously. 

There is a copious of study in multi-objective 
optimization in various fields. 

Multi-objective optimization has been applied in 
many fields of science, including engineering, economics 
and logistics where optimal decisions need to be taken in 
the presence of trade-offs between two or more conflicting 
objectives. In practical problems, there can be more than 
three objectives. 

Among the studies that have been conducted 
involving multi-objective are from the author (Yapo et al. 
1998) which presents MOCOM-UA algorithm, an 
effective and efficient methodology for solving the 
multiple-objective global optimization problem. (Deb 
2001) applies SPEA-2 (another MOOP problem) to a real 
world problem to find optimal waveforms for a single 
platform radar system performing multiple radar tasks 
concurrently.  

For a nontrivial multi-objective optimization 
problem, there does not exist a single solution that 
simultaneously optimizes each objective. In that case, the 
objective functions are said to be conflicting, and there 
exists a (possibly infinite) number of Pareto optimal 
solutions. A solution is called nondominated, Pareto 
optimal, Pareto efficient or noninferior, if none of the 
objective functions can be improved in value without 
degrading some of the other objective values. Without 
additional subjective preference information, all Pareto 
optimal solutions are considered equally good (as vectors 
cannot be ordered completely). Researchers study multi-
objective optimization problems from different viewpoints 
and, thus, there exist different solution philosophies and 
goals when setting and solving them. The goal may be to 

find a representative set of Pareto optimal solutions, and/or 
quantify the trade-offs in satisfying the different 
objectives, and/or finding a single solution that satisfies 
the subjective preferences of a human decision maker. 
 
ASSEMBLY LINE BALANCING PROBLEMS 
 
Introduction to assembly line balancing problems 

The idea of manufacturing assembly line was first 
introduced at Ford factory in Detroit in the early 1900’s by 
the Henry Ford. Basically, each station connected by MHS 
(Material Handling System) which usually serves two 
function; storage and transport. So, a good system of MHS 
should be able to deliver the right amount, material, place, 
time and condition. If any material handling delay or 
damage, the line performance will degrade and may 
become costly.  

A set of workstation are arranged in linear and if 
assembly line has two or more workstations, products 
must be move from one workstation to another 
workstation. The material will move through an assembly 
line with a part being fed into the first station at a 
predetermined feed rate. A station can be defined as a task 
is performed on the part at any point on the assembly line. 
Usually, these tasks can be performed by operators like 
human, robots and machinery. The part is fed to next 
operation after the task is performed on the part. 

At each operation when a task is performed, the 
time taken is known as the process time (Sury, 1971). The 
variation of process time may cause workstation utilization 
or in-process inventory problems. By comparing their 
balancing efficiency and try different cycle, the best cycle 
time can be found in a simplest way. However, from an 
investment point of view the desired amount of end 
product to be produced within a certain period is important 
factor. So, the production rate must be set in order to meet 
the requirement (Baybars, 1986). The processing time is a 
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function of job complexity, so the sum of the processing 
times at each station must not exceed the stations cycle 
time in order to maintain a production rate (Fonseca et al, 
2005). The idle time according to (Erel et al, 1998) 
occurred when the sum of processing times within a 
station is less than the cycle time. 

The first study on assembly line balancing 
problems was proposed by (Helgeson et al, 1961) and the 
first publication by (Salveson, 1955) proposed in 
mathematical form. Many of researchers proposed only 
trial-and-error methods to balance the lines (Erel et al, 
1998). However, recently a numerous methods were 
developed in different ways to solve this problem and 
heuristic methods have become most popular techniques 
with a copious publication.  

Assembly line balancing is important from four 
perspectives aiming goals. First, in minimizing number of 
workstation for a given cycle time (TYPE 1 of ALBP). 
Another is in minimizing the cycle time for a given 
number of workstation (TYPE 2 of ALBP). Majority of 
studies only aiming on minimizing the number of 
workstations or minimizing the cycle time as an ultimate 
goal. Recently, researchers begin to solve in multi-
objective problem for this two types of assembly line 
balancing problems simultaneously. However, the study 
addressing multi-objective on Type E only belongs to 
(Kucokkoc, 2013) and (Kara et al, 2010). 

The optimization problem in assembly line 
balancing is an important issue in order to develop an 
adequate model. Multi-objective optimization problem 
also called multi-criteria, multi performance or vector 
optimization, are defined by (Coello et al, 2007) in his 
paper as finding feasible solution for all the objective 
functions simultaneously. 
 
Two-sided assembly line balancing problems 

Two-sided assembly line is a set of sequential 
workstations where task operations can be performed in 
two sides of the line and (Bartholdi 1993) was the first to 
address two-sided assembly line balancing problem and 
use of a computer program to balance two-sided assembly 
lines.  The line is important for large-sized products, such 
as trucks, buses and cars. 

In two-sided assembly line balancing problems, 
some issues need to be addressed and one of them have 
been proposed by (Kim et al. 2000) which are associated 
with positional constraint and balancing at operational 
time. Besides that, (Lee et al. 2001) introduced a special 
emphasis on maximizing work relatedness and 
maximizing work slackness as an important objective, 
which are of practical significance especially in two-sided 
lines. 

A heuristics become more popular methods and 
the author (Qin and Jin 2005) tried to propose a heuristic 
method for solving two-sided assembly line balancing. 
The important things in finding the optimal solution is 
how to predict the results and (Grzechca 2008) discussed 
some measures of solution quality for estimation the 
balance solution quality.  

A copious of researchers try to solve by using evolutionary 
algorithms and (Baykasoglu and Dereli 2008) proposed 
the first attempts to show how an ant colony heuristic 
(ACH) can be applied to solve two-sided assembly line 
balancing problems. (Kim et al. 2009) also presents a 
mathematical model and a genetic algorithm (GA) for 
two-sided assembly line balancing (two-ALB) and the 
results show that the proposed GA outperforms the 
heuristic and the compared Genetic Algorithms. The 
selection of single model/multi-model also needs to be 
addressed by researchers and (Simaria and Vilarinho 
2009) considers mixed-model assembly line balancing 
problem. In the proposed by using ant colony algorithm, 
the two ants 'work' simultaneously, one at each side of the 
line, to build a balancing solution which verifies the 
precedence, zoning, capacity, side and synchronism 
constraints of the assembly process. 
 (Özcan and Toklu 2009a) presents a new 
mathematical model minimizes the number of mated-
stations (i.e., the line length) as the primary objective and 
minimizes the number of stations (i.e., the number of 
operators) as a secondary objective for a given cycle time 
and simulated annealing for the mixed-model two-sided 
assembly line balancing problem. (Ozcan and Toklu 2009) 
also proposed a tabu search algorithm illustrated with two 
numerical example problem. (Özcan and Toklu 
2009b)presents a mathematical model, a pre-emptive goal 
programming model for precise goals and a fuzzy goal 
programming model for imprecise goals for two-sided 
assembly line balancing.(Özcan et al. 2010) consider two 
or more assembly lines located in parallel to each other 
and developed a tabu search algorithm. 

There are some assignment algorithms 
highlighted by researcher and (Yegul et al. 2010) 
introduces a new hybrid design for a specific case-of 
assembly lines, and proposes a multi-pass random 
assignment algorithm to find the minimum number of 
stations required. The new design is a combination of two-
sided lines and U-shaped lines, which benefits from the 
advantages of both designs at the same time. 

Multi-objective optimization also have been 
developed by (Cakir et al. 2011) who proposed a hybrid 
simulated annealing for multi-objective optimization of a 
stochastic assembly line balancing. (Chutima and 
Chimklai 2012) also presents a Particle Swarm 
Optimization algorithm with negative knowledge 
(PSONK) to solve multi-objective two-sided mixed-model 
assembly line balancing problems. (Kucukkoc and Yaman 
2013) also proposed a new hybrid genetic algorithm to 
solve more realistic mixed-model assembly line balancing 
problem. 

The another constraint which exist in this field is 
zoning constraint and (Özbakir and Tapkan 2011) 
proposed Bees Algorithm which is adopted to solve two-
sided assembly line balancing problem with zoning 
constraint with the objective to minimize the number of 
stations for a given cycle time. 

In general, to improve the existing methods some 
consideration needs to be consider is how to modified 
initial population and (Taha et al. 2011) developed 
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Genetic Algorithm specifies with a new method for 
generating the initial population. It applies a hybrid 
crossover and a modified scramble mutation operators.  

U-shaped and parallel line is one of the attention 
in designing the line and (Yin et al. 2011) considers two-
sided with multi-parallel stations assembly line balancing 
based on heuristic algorithm. (Rabbani et al. 2012) also 
implemented U-shaped layouts in two-sided assembly 
lineswith the mixed-model. (Tapkan et al. 2012) presents a 
mathematical programming model in order to describe the 
problem formally. Bees algorithm and artificial bee colony 
algorithm have been applied to the fully constrained two-
sided assembly line balancing problem so as to minimize 
the number of workstations and to obtain a balanced line. 
(Jayaswal and Agarwal 2014) proposed a simulated 
annealing approach by considering U-shaped assembly 
lines with resource dependent task times. Last but not 
least, (Kucukkoc et al. 2013) also proposed an ant colony 
optimisation based algorithm method which is the first 
attempt to solve the parallel two-sided assembly line 
balancing problem. 

The another strategy that have been proposed is 
Just In Time strategy which (Grzechca 2013) come out in 
balancing two-sided assembly line structure. (Khorasanian 
et al. 2013) considering the three performance criteria of 
number of stations, number of mated-stations, and 
assembly line tasks consistency and proposed a simulated 
annealing algorithm for solving the two-sided assembly 
line balancing problem. 
 (Purnomo et al. 2013) used Genetic algorithm 
and iterative first-fit rule with assignment restrictions for 
solving two-sided assembly line balancing.(Zhang and 
Kucukkoc 2013) investigates model variations for parallel 
two-sided assembly lines to balance the lines. 

Recently, an active researcher in the past two 
years (Kucukkoc and Zhang 2014a) developed 
Mathematical model and agent based ant colony for the 
simultaneous balancing by considering the sequencing of 
mixed-model parallel two-sided assembly line. 
Futhermore, (Kucukkoc and Zhang 2014b)also introduced 
mixed-model parallel two-sided assembly line system is 
based on the parallel two-sided assembly line system 
previously proposed in the literature.(Kucukkoc and 
Zhang 2015) introduced type-E parallel two-sided 
assembly line balancing problem for the first time in the 
literature and proposed a new ant colony optimisation 
based approach for solving the problem. 
 
Classical method for multi-objective optimization 

For a classical multi-objective optimization 
algorithm, most algorithm convert the problem from 
multi-objective into a single objective optimization by 
using some user-defined procedures. For example, by 
using weighted sum of objectives, the weighted approach 
converts multiple objectives into a single objective and the 
weight vector is user-defined. (Marler and Arora 2010) 
identified the fundamental deficiencies in terms of a priori 
articulation of preferences, and guidelines are provided to 
help avoid blind use of the method. 

All conversion that has been made is results in a 
single objectives optimization problem. So, it must to be 
solved by using single-objective optimization algorithms. 
The result in single-objective optimization is expected to 
be Pareto-optimal solution. (Kim and De Weck 2005) 
presents a new method that effectively determines a Pareto 
front for bi-objective optimization with potential 
application to multiple objectives. The resulting new 
single-objective optimization problem has to be solved 
again with the changes parameters in order to find 
different Pareto-Optimal solution. 
 
Application of assembly line balancing problems by 
using evolutionary algorithms 

Recently, a lot of problems on two-sided 
assembly line balancing are solving by using evolutionary 
algorithms and heuristic methods. Genetic algorithm and 
Simulated Anealling becomes the most interesting 
methods since there are 4 different researchers involves in 
this field. (Kucukkoc and Yaman 2013), (Purnomo et al. 
2013), (Rabbani et al. 2012), (Taha et al. 2011) proposed 
Genetic Algorithm which it belong to the larger class of 
evolutionary algorithms (EA), which generate solutions to 
optimization problems using techniques inspired by 
natural evolution, such as inheritance, mutation, selection, 
and crossover. 

Simulated annealing (SA) is a generic 
probabilistic metaheuristic for the global optimization 
problem of locating a good approximation to the global 
optimum of a given function in a large search space and 
this methods have been proposed by(Jayaswal and 
Agarwal 2014), (Khorasanian et al. 2013), (Cakir et al. 
2011), (Özcan 2010) for solving two-sided assembly line 
balancing problems. 

Besides that, bees algorithms which mimics the 
food foraging behaviour of honey bee colonies have been 
proposed by (Tapkan et al. 2012), (Özbakir and Tapkan 
2011), (Özbakir and Tapkan 2010) for solving two-sided 
assembly line balancing problems. In its basic version the 
algorithm performs a kind of neighbourhood search 
combined with global search, and can be used for both 
combinatorial optimization and continuous optimization.  
Last but not least,and the other methods with only one 
publication is from (Chutima and Chimklai 2012) which 
used the method that optimizes a problem by iteratively 
trying to improve a candidate solution with regard to a 
given measure of quality called Particle Swarm 
Optimization. 

Futhermore, (Xiaofeng et al. 2010) come out with 
a new Branch and Boundthat formerly known as algorithm 
that design paradigm for discrete and combinatorial 
optimization problems, as well as general real valued 
problems. (Özcan et al. 2010) tried to propose a Tabu 
Search Algorithm in the past 5 years. 

Recently, (Kucukkoc et al. 2013) (Kucukkoc and 
Zhang 2015), (Kucukkoc and Zhang 2014b) proposed a 
new approach by using ant colony optimization in solving 
two-sided assembly line balancing problems. The ant 
colony optimization algorithm (ACO) is a probabilistic 
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technique for solving computational problems which can 
be reduced to finding good paths through graphs 

The literature covers in the past 5 years are 
summarized in Figure-1 which gives a new direction in 
this field and may help the researchers to analyzed the 
methods used. 
 

 
 

Figure-1. Number of publications. 
 
Multi-objective on two-sided ALBP 

There are less than 10 papers from different 
author have been reported in solving multi-objective on 
two-sided assembly line balancing problems in the past 10 
years. Some of researcher try to deals with primary and 
secondary objectives. Among of these are (Lee et al. 2001)  
who developed assignment procedure for two-sided 
assembly line balancing problems. A special emphasis 
primarily is placed on maximizing work relatedness and 
the secondary is maximizing work slackness, which are of 
practical significance especially in two-sided lines. 
(Baykasoglu and Dereli 2008) proposed ant-colony-based 
heuristic algorithm for solving two-sided assembly line 
balancing with the primary objective to minimise the 
number of workstation and to maximise the work-
relatedness. 
 (Xiaofeng et al. 2010) presented a branch and 
bound algorithms with the main goals to minimize the 
number of workstation and maximize the work-
relatedness. (Simaria and Vilarinho 2009) also used ant 
colony algorithm which addressed mixed-model to be 
solve with the objective to minimise number of 
workstation and to minimise workload balance. (Özcan 
and Toklu 2009a) proposed mathematical model 
minimizes the number of mated-stations (i.e., the line 
length) as the primary objective and minimizes the number 
of stations (i.e., the number of operators) as a secondary 
objective for a given cycle time. In the proposed simulated 
annealing algorithm, two performance criteria are 
considered simultaneously: maximizing the weighted line 
efficiency and minimizing the weighted smoothness index. 
 (Chutima and Chimklai 2012)presents a Particle 
Swarm Optimization algorithm with negative knowledge 
(PSONK) to solve multi-objective two-sided mixed-model 
assembly line balancing problems. The aims of this studies 
is to minimise number of mated-station and to minimise 
number of workstation. Recently, (Kucukkoc and Zhang 

2015) introduce type-E parallel two-sided assembly line 
balancing problem to minimize the numbers of 
workstation and cycle time by using ant colony 
optimization. The summarization of all the two conflicting 
objectives as shown in Table-1. 
 

Table-1. Literature review on multi-objective 
optimization. 

 

 
 
Novelty of the research 
 Normally, the area of this research are trying to 
propose a new heuristic algorithms directly to solve 
optimization assembly line balancing problems. Besides 
that, a new mathematical model also one of the 
considerations can be done. The selection of model and 
constrains can be properly arrange to represent the scheme 
and creating a new model. Basically, there are some 
objective on assembly line balancing problems as follow:  
i) number of workstation, ii) number of cycle time, iii) 
work relatedness, iv)work slackness, v)smoothness index, 
vi) line length, vii) workload balanced and it can 
simultaneously solved by using multi-objective 
optimization. The type of assembly line balancing 
problems also give the direction of the complexity of this 
area. The research investigation on two sided assembly 
line balancing are rarely conducted because of it 
complexity. There are a copious of studies are conducted 
on heuristic algorithm and mathematical modeling based 
on one sided assembly line balancing problems. So, by 
considering all of this options a new novelty on this area 
of research can be well organized. 
 
DISCUSSIONS  

Researchers in this field have contributed in 
various problems and applications. However, there are still 
a few unfulfilled potential and gaps and needs to explore 
accordingly. Two-sided assembly line balancing problems 
basically are different from simple assembly line 
balancing based on their complexity. Actually, simple line 
balancing problems started with basic precedence 
constraint. This field has progressed to a complex problem 
with other assembly constraints and become more 
complex on two-sided problems. In computational 
experiment research like assembly line balancing, the 
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computational model is nearer to actual situation when 
less assumption is utilized. However, the problem will 
become more complicated and requires higher 
computational cost. The number of publication on multi-
objective optimization for two-sided assembly line 
balancing still less and need more exploration to deals 
with the actual. The methods used still can be considers 
for future improvement. 
 
CONCLUSIONS 

This paper surveyed the multi-objective 
optimization for two-sided assembly line balancing 
problems. The current research trend shows that this 
research are progressing to a more complicated problem 
by increment in the number of papers that works on multi-
objective optimization for two-sided assembly line 
balancing problems. Besides that, growth in usage of 
relatively new algorithm shows that the researchers tend to 
explore and develop more algorithm which manage to 
handle more complex problems for two-sided assembly 
line balancing problems. 

In the future, one of the main challenges in two-
sided assembly line balancing research is how to simplify 
and shorten assembly optimisation processes throughout in 
a different ways. This is an important issue especially for 
manufacturers to be able to compete in the global market 
with shorter product life cycle. Another challenge in this 
field is how to make the problems model closer to the 
actual situation in industry. This challenge is important to 
acquire accurate results from simulation computational 
results. The challenge is to minimize the cost is another 
future research direction, since the two-sided assembly 
line balancing problems are getting more complicated. 
Therefore, it can be concluded that, although many works 
had been published in this field, research inmulti-objective 
for two-sided assembly line balancing problems still have 
a long way to explore. 
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