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ABSTRACT

This paper deal with an optimization of automotive manufacturing layout by
using meta-heuristics approach aided with discrete event simulation
(WITNESS Simulation). The objective of this study is to balance the
workload, increase line efficiency, and improve productivity by optimizing
assembly line balancing (ALB) using Genetic Algorithm. The current
assembly line layout operated under the circumstance where idle time is high
due to unbalance workload. After the optimization process takes place, the
workload distribution in each workstation has shown a significant
improvement. Furthermore, productivity improvement was gained after the
optimization followed by increment in term of line efficiency by 18%. In
addition, the number of workstation needed to assemble the product can be
reduced from current layout (17 workstations) to an improved layout (14
workstations). The current study contributes to the implementation of Genetic
Algorithm in ALB to improve productivity of related automotive
manufacturing industry.

Keywords: Assembly Line Balancing, Genetic Algorithm, Productivity
Improvement

Introduction

Product quality and the capability to adapt to consumer demands are pivotal

perspective that must be thought seriously especially in automotive industry.
Administration frameworks need to be design comprehensively to ensure the
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end goal which is to take control, arranging, and measuring parameters
related to attain a smooth and better company performance. Company or
organizations need to understand that the efficiency of production framework
is depends upon how well the production line can perform in term of
producing the product output by ensuring an efficicent assembly line [1].

Thus, the main objective of assembly line balancing (ALB) is to
distribute the task evenly over the workstations on the production assembly
line. So that, a better efficent assembly line layout can be achieved to produce
a quality product [2]. In that process, idle time of each task also can be
minimized. Product, process and fixed-position layout are three basics types
of layout design [3]. In general, there are a few variant of line balancing
problem. The first variant is single model assembly line balancing. A single
model line will be pictured as a line that assembles a single-solitary model
[4]. This line produces various units of one product with no extra
characteristics as the additional selection. The tasks performed at all station
are similar for all units. Product with high demand is expected to be assemble
in this kind of line [5].

Next is mixed-model assembly line. This type of assembly line is
equipped with the aims at delivering more than one model. The products that
being made can be assemble on the same single assembly line [6]. At the
point when one model is worked at one stations, the other thing or item are
made at substitute stations. Subsequently, every station is arranged to
perform distinctive assignments anticipated that would make any model that
goes through it. Various customers item is amassed on this type of model.

Lastly, batch model assembly line this line makes every one model in
bunches. Ordinarily workstations are arranged up to make obliged measure of
the first model then the stations are reproduced to convey other model [7].
Items are frequently accumulated in groups when medium interest. It's more
progressive to use one sequential construction system creation framework to
make a couple items in packs than develop an alternate line for every one
model.

Conventional method in assembly line balancing put more stressed on
hands-on balancing and try and error basis. This method however can be
time-consuming as well as material costing [8]. Thus, researcher nowadays
tend to use a modern approach by using so called ‘artificial intelligence (AI)’
approach. This method can save more time as well as cost-friendly since it
mainly involved a computerized usage compared to conventional method.
Since then, Al usage in modern manufacturing which called as meta-
heuristics method is utilized widely such as genetic algorithm (GA), particle
swarm optimization (PSO), ant colony optimization (ACO), and simulated
annealing (SA).

Genetic algorithm (GA) are an optimization and search method which
inspired from the principle of natural evolution [9]. It is an established
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algorithm because it has been used for more than three decades since being
introduced in 1970’s by John Holland. GA deal with the principal of
“survival of the fittest” especially in its search process of quality solution.
Nowadays, more researcher in the related fields tend to use this meta-
heuristics algorithm approach for addressing a real-world assembly line
balancing problem.

The aim of this paper is to optimize assembly line balancing problem
using Genetic Algorithm approach. For this purpose, we consider the simple
assembly line balancing problem and for optimization purpose, a case study
from literature is adopted. To measure the performance of the optimized
layout, a discrete event simulation is conducted. The objective for this
research included to smoother workload balance, increase productivity, and
increase line efficiency. In the progress, we also compared the idle time and
busy time for current and improved layout after applying the ALB.

Genetic Algorithm in Assembly Line Balancing

As mentioned earlier, conventional search technique usually incapable of
solving an optimization problem that deal with complex problem and non-
linear multi-modal functions [10]. In this cases, a meta-heuristic search
method is required. The usage of genetic algorithm (GA) in assembly line
balancing is crucial since it is a guided semi-random search technique.

The GA techniques consist of five steps. The first step is initialization
of population. Generally, initial population is generated randomly in this first
step which govern the whole range of possible solution. At times, the solution
may be seeded in a region where optimum solutions are possible to be found.

Next is objective function evaluation which is in this study,
minimizing idle time and obtaining balanced workstation are the aims. The
designated objective functions served as the evaluation criteria to determine
the quality of the solutions later on.

Entering the selection phase, several selection outlines have been
proposed in the previous literature such as Roulette Wheel, Tournament
selection, Rank selection, and Sigma scaling. In this study, a Roulette Wheel
selection is used where it selects chromosomes proportionate to their fitness
scores.

Genetic Algorithm Operator
Since certain selection method mentioned earlier has their own framework in
choosing the fitness of each solution, GA operators are used since it is a
process to maintain the genetic diversity. The example of GA operator such
as:
e Crossover. In GA, crossover is one of the popular tools for
recombination of the individual’s chromosomes. This GA operator is
analogue to those which occur in biological evolutionary processes
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where the genes of two parents are combines to produce child
(offspring).

e Mutation. Unlike the crossover, mutation is an operator in GA which
its mechanism designed to recombining chromosomes randomly. By
doing so, the diversity of given solutions can be ensured.

Problem Definition and Formulation

In this study, an assembly line data is adopted from literature by [11]. It is
originated from factory which deals with automotive and defence industries
in Sakarya, Turkey. Although many different products are produced in the
factory, small bus manufacturing, which covers 70% of all products demand
in a year was chosen for the assembly line balancing problem. This problem
consists of 17 workstations with 53 number of tasks. The assembly data is
presented in Table 1.

Listed below are the parameter and indices used in describing the
problem formulation:

Notation Definition

nws number of workstations s=1,2...,S
Pr processing time

Ne number of task e=1,2..., Ne

Ir idle time in each workstation

Anws actual number of workstation

Br busy time

Cix completion time

pre; precedence for task i

Cr cycle time

te task time

LEn new layout line efficiency

Cie completion time on station i of task e
Die assembly time on station i for task e

Objective function and constraints

This study aims to come out with a new assembly line layout that improved
in term of workload distribution, increased line efficiency, and improved in
productivity. Hence, Eq.1, Eq.2, and Eq.3 show the formulation that related
to achieve the designated target [12].

i=1Cr —Pr 1)
nws

Workload balance =
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Line efficiency plays an important role in manufacturing industry to
ensure the demand from customer can be met. This can be done by increasing
the assembly line efficiency. Line efficiency (LE) for each layout can be
calculated as follows:

Total Task Times (2)
LE(%) =
04nmm) X (CT)
current output — new output 3
pr=] 4 ULl 100% @)

current output

Constraints in assembly line balancing include inequality (4) which is
a cycle time restriction and inequality (5) represents the precedence
restrictions among the assembly tasks.

S S
Z X, — Z X, < 0, for ¥(a,b) € pre; )
s=1 s=1

S
Z Cix — Z Cu 2 Z PirXir (%)
s=1

lEIj i€l

Referring to Table 1, the data that being used consist of total 53
number of tasks with the total cycle time as much as 3966.4 minutes to
assemble a complete one product in that particular assembly line. Current
layout contain 17 number of workstations and each workstation has been
assigned with its own task. For example, workstation number 1 only consist
of task 1 to be completed. Meanwhile workstation number 3 need to finish
task 1, 2, and 4 assigned to it before can proceed to the next workstations.

Table 1: Current system data information

nws N, t. prei
1 1 144.3 -
2 2 71.7 1
3 71.9 -

4 45.7 -

3 5 128.1 2,1
6 101.8 -

7 44.7 1,2,4
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13
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24
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26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
4
42
43
44
45
46
47
48
49
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47 521
128 2,51
83.2 4
28.7 -
125 9,521
48.2 12,521
314.2 13,12, 11,10, 8,5,4,2,1
64 10,8,5,4,2,1,13
30.7 13
92.8 16, 14,11, 8
91.7 1,2,5 14
61.3 16, 14
115.3 14
95.2 17,18, 14
85.9 21,20
85.8 7
59 17,23
70.5 24
257.3 25,23, 20
31.7 19,17, 14
26.6 25,23
104.7 26, 23, 20
126.5 26, 17, 16, 15, 14, 10
33.9 26, 17, 16, 15, 14, 10
67.7 22,18, 17
59.1 32
77.2 25,22,14
26.2 29, 28, 26
16.7 32
21.6 30,26
27.7 26
42.4 31, 29, 26, 30
111.4 19, 18, 32, 22
9.7 30
63.3 39, 33, 32, 31, 29, 27, 22
105.8 40, 39, 33, 32, 22
30.1 30, 31, 24, 22, 14
127.3 44,43,34,25
37.8 31, 26
69.6 40, 36, 33, 27, 22, 3
78.8 46, 39, 37, 35, 31, 29, 26
53.3 43,40
11 1,2,5/12,14
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51 94.1 39,1,2,5,14
52 15.5 43, 42
53 4.7 52, 51, 50, 38, 48, 45, 49, 47

WITNESS Modelling and Simulation

As shown in Figure 1, the simulation layout of current assembly line was
created based on assembly data gained from Table 1. Here, a simulation of an
actual assembly line layout is executed. The purpose of this simulation is to
obtain a deep knowledge of the current production system and its level of
performances. Besides, information such as idle time, work in progress, busy
time and product output can be extract from this activity.

= B3 PE— ]

P - a ™ £ e e Eaan

H D O D D S D - O D

m: «,%»6 L

=[]

1
Figure 1: Existing layout with 17 number of workstations

Firstly, the data from Table 1 is used and simulate into the WITNESS
simulation. The data consists of 53 number of task, a total number of 17
workstations, and also its task time in minute for each of related task. An
assemble machine is put into a specific arrangement, and then each
workstation is set with the specific cycle time such in Figure 1.

Then, the simulation is conducted by measuring the production in one-
month period which gives us a total of 9600 minutes. From the table, the
output from the original layout is approximately 14 units per month. Here, we
can see that workstation number 6 is the possible busiest workstation and the
bottleneck is highly will occur in that particular area.

Defining the Highest Cycle Time and Area of Bottleneck
In order to find and investigate both cycle time and area of bottleneck, we
need to summarize the data from WITNESS Simulation into a form of table
to make it clearer. Table 2 below explains the detail:

Based on the tabulation, it is clearly shown that workstation number 6
is the region of bottleneck since it has a highest cycle time as much as 408.9
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minutes. The optimization by using line balancing can reduce this unbalance
workload. From workstation 1 till workstation 17, total cycle time being
recorded is 3966.4 minutes. Thus, it brings to a one condition that is the task
can only be completed if the total cycle time is still the same after
optimization.

Table 2: Data from WITNESS Simulation (Workstation grouping)

Station Cycle time (min) Idle time (min)
ST1 144.3 264.6
ST2 189.3 219.6
ST3 274.6 134.3
ST4 286.9 122.0
ST5 173.2 235.7
ST6 408.9 0.0
ST7 245.8 163.1
ST8 210.5 198.4
ST9 171.7 237.2

ST10 129.5 279.4
ST11 315.6 93.3
ST12 391.9 17.0
ST13 3329 76.0
ST14 199.2 209.7
ST15 165.1 243.8
ST16 201.7 207.2
ST17 125.3 283.6
Total 3966.4 2985.1

Optimization of ALB using Genetic Algorithm
The following pseudocode presents the GA procedure to optimize the ALB
problem.

Begin;

Generate random population of P solutions (chromosomes);
For each individual i€P: calculate fitness (i); For i=1 to number of
generations;

Randomly select an operation (crossover or mutation);
If crossover;
Select two parents at random i, and ip;
Generate on offspring ic=crossover (i and iy);
Else If mutation;
Select one chromosome i at random;
Generate an offspring ic=mutate (i);
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End if;
Calculate the fitness of the offspring ic; If better than the worst
chromosome
then replace the worst chromosome by ic;
Next i;
Check if termination=true;
End;

Results of Optimized Layout

Each of the proposed layouts has a difference output in term of its idle time
and number of workstation itself varies for each of layout. Hence, to produce
a clearer result and analysis, an overall performance is evaluated. Table 3
below explains the optimization results of various parameters in each layout
with different number of workstation such as the product output, total idle
time, workload balance and etc.

Table 3 Optimization result summary

Original layout Improved layout
Parameter nws=17 nws=17 nws = 16 nws = 15 nws = 14
Output 14 unit 18 unit 18 unit 18 unit 18 unit
Total Idle (min) 684.1 652.0 446.5 418.8 354.7
Workload 402 38.3 27.9 27.9 253
Balance
Avg.Busy (%) 47.2 60.5 64.5 68.4 73.2
Avg.ldle (%) 40.2 38.4 27.9 27.9 25.3

In this work, the main parameter that being measured closely are the
production (unit) in one-month production, the average busy (%), and
average idle (%). Referring to Table 3 the average idle (%) shows a
significant decrement as the number of workstation reduced. Meanwhile the
average busy (%) give an increment as the number of workstation reduced.

The graph in Figure 2 shows the comparison of current layout and
optimized layout with 17 workstations. As mentioned earlier, the bottleneck
region clearly occurs at workstation 6 by possessing the highest processing
time at 408.9 minutes. After applying the optimization to the current layout,
the bottleneck in that particular workstation was reduced to 314.2 minutes.
Thus, the new improved layout provides better assembly line layout in term
of time management as well as enhanced work distribution.

Then, the optimization continues the effort to achieve the others
objective function which is to minimize number of workstation. Originally,
current layout contains 17 workstations and now been reduced to 16, 15, and
14 workstations.
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] Current vs Improved Layout
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Figure 2: Improvement layout for 17 workstations
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Figure 3 Improved layout (16 workstations)

Based on Figure 3, Figure 4 and Figure 5, it can be observed that the
processing time for each workstation from 16 to 14 workstations becomes
more balanced. This is consistent with the result simulation from WITNESS
software tabulated in Table 3. The workload distribution throughout the
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whole assembly line layout has shown a significant improvement after
optimization. This is proved by the decrement of workload balance from 40.2

to 25.3.
350
i Optimized layout (15 workstations)
300 -] 7 7 7 7
250 — 7 7 7 7 7—
= ]
=)
‘d_)' 200 —
§= J
=
"CED 150 —
§ |
= 100
50 —
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2 3 4 5 6 7 8 9 10 1 12 13 14 15
Workstation
Figure 4 Improved layout (15 workstations)
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Figure 5 Improved layout (14 workstations)
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Lastly, the minimum number of workstation that can be achieve is 14
workstations. In fact, when optimized using GA, not only number of
workstation has been reduced, but also produced a better workload
distribution. Thus, a smoother work flow can be attained. Clearly, current
layout with 17 workstations operated under high total idle time. After
assembly line balancing is applied, idle time throughout the assembly line is
minimized.

— = J
70 -
— -
—-—
-
— -
60 »~ —®& - Average Busy
7 —b— Average Idle
. 7
é§, 50 ~ Phd
on *
8
o
=3 -
= 40
30
20 T T T T T T
17 16 15 14
17(Current) Workstation

Figure 4 Average busy and idle percentage for each layout

From Figure 4, the time needed to complete all the assembly tasks
become better distributed after optimization using assembly line balancing.
This is based on the increasing of average busy (%) and decreasing of
average idle (%) for each layout compared to original system layout. Then,
we can measure the production after optimization. Referred to Table 3, the
original layout have the capability to produce 14 units of buses in one month
production whereas after the optimization, the volume going up from 14 to
18 units. Then, the percentage of productivity improvement (PI) based on
Eq.3 formulation have been made and calculated as follows:

|current output—new output|
= X 100% 3)
current output

PI

= 47180 100%
14

= 28% > 10%
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Calculation above clearly shows the productivity improvement as
much as 28% is achievable by applying an optimization method of assembly
line balancing by using this meta-heuristic approach. Then, the line efficiency
(LE,) for the new improved layout also can be computed by using Eq.2.
Noted that, current assembly line layout has a line efficiency of 72%, refer
[11].

_ Total Task Times
" (Anws) X (CT)

_ 39664
T (14)%x(314.2)

=0.9017 @ 90%

It is apparent from calculation of LE above, the current assembly line
efficiency can be enhanced by 18% which is from originally 72% to 90%
after applied with the proposed optimization approach.

Conclusion and Discussions

In this research, simulation and optimization techniques using GA have been
proposed to improve productivity in aforementioned automotive production
layout. From the result shown, the new improved layout can give 28%
improvement compared to original layout. After optimization take places, the
production output has been increased from 14 to 18 units in one-month
production plus the number of workstation can be decrease from 17
workstations to only 14 workstations. Likewise, line efficiency of current
layout has been significantly increased from 72% to 90%. This value gives an
overview that all machines, tools as well as the workers can be fully utilized
due to usage of an efficient assembly line layout.

The result of this study however, has some limitation included the
assumption of actual number of workers is always enough for each
workstations. In the literature, the authors has some restriction in term of
maximum allowable workers. Next, a proper parameter settings for Genetic
Algorithm could possibly return a better solution. Likewise, it would be
interesting to assess the performance of other meta-heuristics approach
besides the one proposed in this paper. For future direction, further
investigation also can be implement by consider an actual assembly line
balancing problem such as in automotive manufacturing industry and other
related assembly company.
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