
 

 

  
Abstract — This research aims to study and improve processes 

and production lines of erbium doped fibre amplifiers using lean 
manufacturing systems via an application of computer 
simulation. It is currently complicated for this process to meet 
the customers’ requirement under a present economic climate 
that products need to be shipped to customers as soon as possible 
after purchases ordered. The concepts of lean manufacturing are 
applied through a computer simulation with three scenarios of 
lean tooled box systems. Firstly, the production schedule based 
on shipment date is combined with a first in first out control 
system. The second scenario focuses on a designed flow process 
plant layout. Finally, the previous flow process plant layout 
combined with production schedule based on shipment date 
including the first in first out control systems. The most 
preferable scenario from a computer simulation is selected to 
implement to the real production process of erbium doped fibre 
amplifiers. A comparison is carried out to determine the actual 
performance measures via an analysis of variance of the 
production time per unit achieved via each scenario. The 
goodness of an adequacy of the linear statistical model via 
experimental errors or residuals is also performed to check the 
normality, constant variance and independence of the residuals. 
The results show that a hybrid scenario of lean manufacturing 
system with the first in first out control and flow process plant 
lay out leads to better performance in terms of the mean and 
variance of production times. 

 
Index Terms — Erbium Doped Fibre Amplifier, Lean 

Manufacturing, Computer Simulation, Flow Process Plant 
Layout, Analysis of Variance. 

I. INTRODUCTION 
 The excellent optical amplifiers are available in forms of 
erbium doped fibre amplifiers (EDFA) and their uses were 
firstly reported in 1987 [1]. Currently, EDFA are the most 
widely used and therefore these are taken as standard 
amplifiers in all optical communication systems. They can 
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serve both as booster amplifier in the transmitter and as 
preamplifier in the receiver [2]. EDFA offers several 
advantages when compared. They are commercially available 
in both C (the original frequency allocation used for 
communication satellites) and L (the frequency long range 
between 390MHz and 1.55GHz used for communication 
satellites) and offer high gain with relatively low noise figure. 
However, EDFA adds some complexities, such as a pump 
laser, to a system. Integration with other components is also 
required as shown in Fig. 1. For a schematic process of EDFA 
focusing on many components need to be integrated with fibre 
optic, these make a module assembly process is complicated. 
 Today various industries are highly competitive due to the 
increasing market demand as well as the current economic 
climates make impact to every industry around the world, 
especially electronics. Several manufacturers then need to 
have improvements in quality, production costs, lead time 
reduction for shipment and contract manufacturer 
consideration. Aims are to reduce the economic risk and 
eliminate fixed cost to handle. The area of this research is 
merely focusing on contract manufacturing for erbium doped 
fibre amplifier. The process should practically produce erbium 
doped fibre amplifiers to deliver to customers [3]. However, 
the behaviour of current manufacturing process is to integrate 
all batches and sizes, this turns to be currently one of the most 
important problems for the optical communication system 
company. 
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Fig.1 Schematic Process of Erbium Doped Fibre Amplifier. 

 
 There are also various types of industrial wastes in 
production processes. Waste which impacts the production 
time is over due for a planned shipment. The current 
manufacturing conditions of the EDFA process provide 
incapable production time to meet customers’ requirement 
including high variation and this leads to a process 
improvement (Fig. 2). There are some real risks of having a 
part borderline out of specification for this process as 
considered via the loss function of Taguchi.  
 Lean manufacturing is one of improvement ways that are 
considered to eliminate waste and improve the production lead 
time to produce finished goods. Seven types of industrial 
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wastes that the lean strategy tries to eliminate from the 
production frame consist of: 

1. Overproduction or manufacturing products more than 
customers need; 
2. Inventory or any supply in excess amounts of required 
products; 
3. Waiting or idle operator or machine time;  
4. Motion or movement of people or machines which does 
not provide value added; 
5. Transportation or any material movement that does not 
directly support value added operations; 
6. Defects or making defective parts; and 
7. Extra processing or any processes that do not lead to 
value added to products [4]. 
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Fig.2 The Current Process Capability of the EDFA Process. 

 
 Lean production organisations achieve some benefits by 
eliminating these types of waste or non-value creating 
activities using a set of tools and principles [5].  Eight tools 
that embrace the concept of lean manufacturing are 
successfully utilised in the current manufacturing process. 
These consist of Cellular Layouts, Single Minute Exchange of 
Die (SMED), Andon Boards, Jidoka, Heijunka, Six-sigma, 
Flow Process and Kanban Systems and Poka-Yoke as shown 
in Fig. 3. Using these concepts, it seems to aid in bridging the 
gap between the empirical and conceptual worlds.  
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Fig. 3 Concept Map of Lean Production. 

 
 Cellular Layouts refer to the arrangement of assembly line 
operations into small U-shaped cells. Being spatial in nature, 

cellular layouts are quite easy to use of illustrations, to show 
how much walking distance an assembler might have to in a 
typical shift and the cost saving to be derived from it.  
 Andon Boards are signal systems that are employed to 
notify operators about the status of the system (i.e. assembly 
line). 
 Jidoka or automation with a human touch is another 
concept that is very integral to lean production’s definition. By 
giving automated machinery, the ability to identify problem 
with their own work gives them the ability, not only to detect 
problems but also to correct them if they are capable of doing.  
 Heijunka, this concept refers to the way in which jobs are 
scheduled. By keeping the production constant, variability that 
is due to sporadic customer demand does not force the 
assembly line to have work-in-process when demand is low 
and too little when demand is high. Little’s law of variability 
buffering is used to re-enforce this concept.  
 Six-Sigma is another manufacturing improvement strategy 
that has gained widespread usages.  
 Flow Process and Kanban Systems are lot or batch control 
techniques with the proper flow process design for line 
balancing to eliminate the waiting time and bottle neck. 
 Heijunka and Single Minute Exchange of Die or SMED are 
techniques in the maintenance of a constant work flow 
throughout the assembly line.  
 Poka-Yoke or mistake proofing systems are used to prevent 
both humans and machines from making mistakes [6]. 
 
 Lean production concepts were analysed for all of tools to 
select the significant lean concept before performing a 
simulation. It will be combined with other improvement 
concepts which are considered to be high potential to improve 
the current problem in erbium doped fibre amplifier. From a 
benchmarking of experts, an analysis of the lean production 
selection is determined via score that are given to all lean tools 
based on three criteria (Table 1). They consist of possibility, 
frequency and risk.  Firstly, the possibility is to identify how 
potential to implement any lean production tool into the 
erbium doped fibre amplifier manufacturing process. The most 
possibility will start from the highest of 4 to the lowest of 1 
scores. Secondly, the frequency is to identify how frequent 
does the over lead time production happen if any lean 
production tool is not implemented into erbium doped fibre 
amplifier manufacturing process. The most frequency will 
start from 4 to 1 scores. Finally, the risk is to indentify how 
much the erbium doped amplifier manufacturing process does 
risk if there is no implementation of any lean production tools. 
The most risk will start from 4 to 1 scores. The total score for 
each lean’s tool was eventually determined from the 
multiplication of all criteria.  The most important lean 
production tool was identified and selected to be the 
significant tool to a computer simulation in the next step by 
taking account of the highest levelled score. 
 Lean production tool selected to be the most significant 
tool to simulation is flow process and Kanban. This will be 
combined with other alternatives to improve the erbium doped 
fibre amplifier manufacturing process. The computer 
simulation is the most efficient for decision making before 
implementing into the actual manufacturing processes. It is the 
necessary tool for consideration and analyses before starting 



 

 

the process implementation or improvement without 
interruption in a current production. 
 
TABLE 1 Analysis of Lean Production Selection for 
Computer Simulation 

Lean’s  Tools Possibility Frequency Risk Total 
Cellular 
Layouts 1 2 1 2 

Andon Boards 1 1 1 1 
Jidoka 1 1 2 2 
Six-Sigma 1 1 2 2 
Flow Process 
and Kanban 
System 

3 2 2 12 

Heijunka 1 1 1 1 
SMED 1 1 1 1 
Poka-Yoke 1 2 1 2 

 
The objectives of this research are to analyse and create the 

current problem model with one-piece operation through a 
computer simulation, to compare with three creation 
simulation models with lean’s tool to improve the complex 
manufacturing process and to improve a manufacturing 
process to be a flow process with the reduced production time. 
In this research, the more preferable lean tool via an analysis 
of variance will be finally applied to the real process of 
EDFA. This paper is organised as follows. Section II describes 
the current manufacturing process of EDFA. Sections III and 
IV are briefing about related research methods and simulation 
results. Section V illustrates simulation implementations. The 
conclusion is also summarised in Section VI and it is followed 
by acknowledgment and references. 

II. THE CURRENT MANUFACTURING PROCESS OF ERBIUM 
DOPED FIBRE AMPLIFIER 

In the case study of the erbium doped fibre amplifier 
product, there are various shapes and sizes of the products and 
they can be categorised in to two types of A and B. There are 
some differences between these types. Products categorised A 
have to down load both firmware and software while products 
categorised B need to down load only a firmware into the 
module and a pre test process. 

Nowadays, production line consists of six procedures: (1) a 
kitting process to optimise the parameters of each component 
and successfully match all as a good module via a computer 
program, (2) a soldering process to install the optical 
components to the print circuit board, (3) an assembly process 
to assemble all optical, electrical and mechanical components 
into the module at the assembly station and contain a splicer to 
splice fibre in each component, (4) a pre test process to 
measure the passive components and pre communicate 
between the print circuit board and its components, (5) a final 
test process to perform a calibration for all active components 
in the module and to measure overall modules’ operations 
called as a functional test and (6) a final inspection process to 
attach all labels and packages  including a visual inspection to 
ensure that all conditions are met to customers’ specification.  

Optical fibre is a part of the product that its manufacturing 
process is different from generic products. It needs high skill 
of operators because the assembly is performed to connect all 
optical or fusion splicing components together. The process 
with the low loss and high strength welded joint is formed 
between two optical fibre components [7]. This brings high 
levels of all production time of the EDFA process. 
Manufacturing layout and processes need to be suitably 
designed to produce a one-piece production [8]. There is also 
an insufficiency production management with no hierarchy of 
production procedures that affects the high level of work in 
process (WIP) as shown in Fig. 4. In general, the current 
process flow design is not suitable to the erbium doped fibre 
amplifier production due to the waste involved in the 
production. This situation leads to excessive production times. 
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Fig.4 Erbium Doped Fibre Amplifier Process Flow. 

III. RESEARCH METHODS 
Under objectives of this research, related methods are 

considered to improve the efficiency of manufacturing 
processes of EDFA. Firstly, current physical problems are 
analysed via the expert system to create all work flow over 
whole processes of two typed products. The new designs of 
lean manufacturing systems aim to reduce the production lead 
time. This will bring the time reduction to deliver products to 
customers. The significant lean’s tools are used to simulate the 
current problem condition with the computer program instead 
of the implementation to the actual process directly. In global 
manufacturing enterprises, engineers must support more and 
more dynamically changing global markets and evolving 
paradigms, organisations and technologies for the next 
generation of production systems [9]. Model simulation is then 
an important tool to these engineers [10]. 



 

 

 Computer simulation modelling refers to as a broad 
collection of methods and applications, which mimic on a 
computer to study the behaviour of some real world systems 
or hypothetical situations using appropriate software. It is used 
to also determine how the system works by changing 
variables. Computer simulation modelling is applicable to 
almost any types of systems with any degrees of complexity. It 
is also very useful in analysing the behaviour of dynamic 
systems when compared. The dynamic systems are evolving 
over time through a succession of stochastically driven critical 
events in which complex interactions can occur between 
system components. Simulation does not only enable the 
behaviour of complex systems to be better understood. In the 
context of a system design, it also has a predictive and an 
evaluative capability, which allows the dynamic alternative 
designs or specific features of designs to be compared before 
the system is actually built. During simulating the behaviour 
of existing systems, it is possible to experiment with the 
effects of making various types of change to the system, either 
in terms of the configuration or operating environment in 
advance of actually making the change to the real system 
itself. This would be prohibitively expensive, requires very 
long time-scales, and possible to be financially disastrous.  

The ARENA software is used to construct three simulation 
models as followed  [11]. The production rate, total time, WIP 
and waiting time schedule are key performance factors to 
decide which process layout is the most appropriate. The 
common conditions for the manufacturing process of EDFA 
are (1) two soldering stations, (2) seven assembly stations, (3) 
one pre tester station, (4) two final tester stations and (5) one 
final inspection station. In the simulation, there is only one 
production line to be considered. 
 

Scenario L1 - the production schedule is based on the 
shipment date with the first in first out (FIFO) control system. 
It is different from the current system because there is no due 
date consideration. This model is similarly simulated as the 
current process situation, but it includes the assignment of due 
dates on the logistic-manufacturing network information. The 
manufacturing, transportation, and supplier elements are 
integrated into a simulation model of the system to help the 
assignment of reliable delivery dates [12]. 
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Fig. 5 Schematic Procedures for Scenario L1. 

 
Scenario L2 –flow process is considered to determine its 

performance. This model is used to simulate the designed flow 
process of the current system that there is no due date or 
schedule or the first in first out control. The purpose of this 

model is to minimise the operation time of each job in the 
operation assembly. In the minimal total production time, it is 
necessary to specific the order in each job of various machines 
and process steps [13]. 
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Fig. 6 Schematic Procedures for Scenario L2. 

 
Scenario L3 – this includes the designed flow process, the 

production schedule based on shipment date and the FIFO 
control systems. This model is used to simulate the jobs that 
move through all processes to balance the operating time in 
each stage.  The scheduling system is proposed and developed 
for a special type of the designed flow process. In this flow 
shop there is one assembly in each stage. Each job may 
require multiple operations in each stage [13]. The most 
effective model will be implemented into actual 
manufacturing lines to measure its performances.  
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Fig. 7 Schematic Procedures for Scenario L3. 

 
A comparison of experimental results of the most preferable 

from the simulation and the current manufacturing scenarios is 
made via a statistic tool called as an analysis of variance 
(ANOVA). In industrial processes, the design of experiments 
can be used to systematically investigate the process or 
product variables that influence product quality performances. 
Design of experiments allows collecting data at combinations 
of process or product variables, and then the significant 
findings are used to adjust manufacturing conditions. After the 
process conditions and product components, influencing 
product quality, are identified a direct sequential improvement 
efforts enhance a product's manufacturability, reliability, 
quality, and field performance.   

Because of limited resources, it is very important to 
significantly get the most information in each performed 
experiment with fewer runs. Moreover, a well designed 
experiment will ensure to evaluate the effects that have been 
identified as important. When performing a designed 



 

 

experiment, varying the levels of the variables simultaneously 
rather than one at a time is efficient in terms of time and cost, 
and also allows for the study of interactions between the 
factors. Interactions are the driving force in many processes. 
Analysis of variance (ANOVA) is used to investigate and 
model the relationship between a response and one or more 
independent variables.  

It is important to examine the goodness of an adequacy of 
the linear statistical model via experimental errors or residuals. 
Firstly, an exploratory tool called as a normal plot of residuals 
to show general characteristics of the data including typical 
values, spread or its variation, and shape, unusual values in the 
data tests to assess the normality of the residuals. Generally, 
the design points in this plot should form a straight line if the 
residuals are normally distributed. If the points on the plot 
depart from a straight line, the normality assumption may be 
invalid. If your data have fewer than 50 observed data, the plot 
may show curvature in the tails even if the residuals are 
normally distributed. With much easier, the Anderson-Darling 
statistic may be used to assess whether the residuals are 
normally distributed. If the P-Value is lower than the chosen 
significance level, the data do not follow a normal distribution.  

A plot of residuals versus fits should be used to show a 
random pattern of residuals. If a design point lies far from the 
majority of design points, it may be an outlier. Also, there 
should not be any recognisable patterns in this plot. A series of 
increasing or decreasing design points, a predominance of 
positive residuals, or a predominance of negative residuals 
patterns, such as increasing residuals with increasing fits may 
indicate experimental error that is not random. Residuals 
versus order is a plot of all residuals in the order that the data 
was collected and can be used to find non-random error, 
especially of time-related effects. A positive correlation is 
indicated by a clustering of residuals with the same sign. A 
negative correlation is indicated by rapid changes in the signs 
of consecutive residuals. When all of these conditions have 
been met, ANOVA can interpret the experimental results 
successfully. 

IV. SIMULATION RESULTS 
In this work, for the computational procedures described 

above a computer simulation was implemented in the Arena 
version 11.00.00-CPR 7 program. A Laptop computer Lenovo 
R61 with Microsoft Windows version 5.1 (Build 
2600.xpsp_sp2_gdr.070227-2254: service pack 2) was used 
for computational experiments. A comparison of the current 
manufacturing and three purposed scenarios is determined via 
a computer simulation. Model verification is often defined to 
ensure that the computer program of the computerised model 
and its implementation are correct. The model validation is 
usually performed to achieve the substantiation that a 
computerised model within its domain of applicability 
possesses a satisfactory range of accuracy [14].  

This research was verified and validated via the Gantt chart 
and various events, respectively. The events of occurrences of 
these simulation models are compared to those of the real 
system. It has been found that the simulation events are similar 
to the actual system and cover the accuracy range when 

compared. The simulation in each model was run for 30 
consecutive days.  

Each simulation run was performed for 1,000 replications. 
These simulation results were then used to identify the most 
preferable scenario. In the preliminary study, numerical results 
from all three scenarios shown that Scenario L3 provided the 
most preferable production time (48.621 hr/unit) when 
compared to Scenario L1 (54.46 hr/unit) and L2 (50.85 
hr/unit). This includes the designed flow process, the 
production schedule based on shipment date and the FIFO 
control systems. It is selected to implement at the current 
production line in the next step. The ARENA model for 
Scenario L3 is shown in Fig 8.  

 

Fig. 8 Simulation Model for Scenario L3. 

V. SIMULATION IMPLEMENTATIONS  
The designed flow process, the production schedule based 

on shipment date and the FIFO control systems are added to 
the current manufacturing system.  After an implementation, it 
has been found that the results repeat the same as appeared on 
the computer simulation. The average of the production time 
per unit from Scenario L3 is lower than the current 
manufacturing system that describe in the figure of a box-
whisker plot below (Fig. 9). Though there was the 
maintenance effect leading to the high variation of the 
production rates achieved from Product B. 
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Fig. 9 Box-Whisker Plot of Production Times achieved by 
Scenario L3 and the Current Manufacturing System 

 
ANOVA is a confirmation technique for analysing 

experimental data in which a response of the production time 
per unit or production rate is measured under various 
conditions identified by two classification variables of 
manufacturing processes. It can also be seen that these 



 

 

experimental results on all scenarios categorised by two types 
of products, A and B, were statistically significant with a 95% 
confidence interval (Tables 2 and 3). The numerical results 
suggested that Scenario L3 provided the better performance in 
terms of the average production rate (Figures. 10 and 11). The 
goodness of the linear statistical model via experimental errors 
or residuals is also adequate (Fig. 12). As the results, Scenario 
L3 is then applied to the manufacturing system under a 
consideration of the reduction of production time achieved 
[15].  

 
TABLE 2 One-way ANOVA: Production Rate versus 
Scenario for Product A  
Source DF SS MS F P-Value
Scenario 1 7920 7920 38.42 0
Error 27 5566 206
Total 28 13486  
 

 
Fig. 10 Graphical Comparison for Two Scenarios  

of Product A. 
 
TABLE 3 One-way ANOVA: Production Rate versus 
Scenario for Product B  
Source DF SS MS F P-Value
Scenario 1 9304 9304 57.73 0
Error 22 3545 161
Total 23 12849  
 

 
Fig. 11 Graphical Comparison for Two Scenarios  

of Product B. 
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Fig. 12 Model Adequacy Checking. 

VI. CONCLUSIONS 

The erbium doped fibre amplifier manufacturing process 
causes incapable production time to meet customers’ 
requirement with high levels of variation. Lean manufacturing 
systems providing various practical tools are then used to 

develop the production line of the EDFA manufacturing 
processes. Moreover, computer simulation could be 
considered to help making a decision which lean concept 
alternatives will be the most efficient instead of applying 
directly to the real problem. The scenario with the highest 
levels of key performances will be implemented into the actual 
manufacturing process. From simulation results, a hybrid 
scenario of lean manufacturing systems leads to the better 
performance in terms of the mean production rate. The 
efficient designed process flow layout and the production 
schedule based on shipment date including the first in first out 
control systems are then implemented during a short period. It 
seems to improve the production rate, reduce the 
manufacturing cost and eliminate the current waste of EDFA 
manufacturing process when compared.  
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