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ABSTRACT

The paper focuses on the establishment of the produc-
tion program using simulation technology in a structure, 
where several products and high amount of variants per 
product are produced. The topic of the paper addresses 
the discrete event simulation technology which is used 
to model the material fl ow and the manufacturing proc-
esses in the production area. This paper would like to 
show and describe the modelling steps of a complex pro-
duction system with a lot of products and three different 
line parts, which are connected with buffers.

Keywords: discrete event simulation, production 
planning, scheduling, genetic algorithm.

A cikk termelési program szimulációs technológia 
segítségével történő létrehozásával foglalkozik olyan 
környezetben, ahol számos terméket nagy variációs 
számban állítanak elő. A cikk címe a diszkrét eseményo-
rientált szimulációs technológiára utal, amelynek segít-
ségével az anyagáramlás és a termelési folyamat mod-
ellezésre kerül. A cikk egy komplex, több termékes, 
három sorszakaszból álló termelési rendszer modellezési 
lépéseit  hivatott bemutatni.

INTRODUCTION

Today the production tasks have got a very complex 
planning process. This is caused by the high amount 
of variants of one product. We can speak here about a 
vehicle or engine production. Most of the production 
structures are established as lines and have the task to 
produce several product types and several variants of the 
products. This means a very diffi cult planning and ex-
ecution of production. The establishment of the produc-
tion program is complicated, the times of work tasks are 
different, and the material delivery on the line and the 
inventory has to be taken into consideration, too.

The production planning has several goals, some of 
them are:
– the scheduling of the tasks to ensure delivery accuracy,
– to determine the lot size of product batches,
– to ensure smoothed workloads at the workplaces,
– to determine the buffer sizes in the production line,
– to handle the lead times – depending on the complexi-

ties of the products,
– to determine and handle the bottlenecks – can change 

with the system dynamic behaviour, etc.
Mostly the production system is not confi gured as a 

whole integrated line. To plan a system, which is separated 
by buffers between two or perhaps three main lines, has a 
lot of infl uential parameters. The main question is either 
to plan these part lines together, or to plan the production 
on the lines separately because of some reasons. For exam-
ple if the mean cycle time is different on the lines then this 
could be a reason to make the planning separately.

These properties show the complexity of this fi eld. The 
infl uence parameters are not only a large number, but the 
combination of these parameters causes a lot of option 
and problems to solve. In practice there is not enough 
time to fulfi l the mathematical analysis manually, even if 
the right behaviour functions are ready to use.

There is another possible method which is useful to 
plan such complex systems. The modelling and dynamic 
simulation are able to answer most of the questions, and 
show the time dependent behaviour of the concerned 
production system. This modelling technique is the time 
discrete event controlled simulation.

This paper would like to show and describe the model-
ling steps of a complex production system with a lot of 
products and three different line parts, which are con-
nected with buffers.

PROBLEM DEFINITION

The considered production system was an engine pro-
duction line with three separated line parts. These were 
connected by buffers. The simulation model and study 
had to investigate, how the line output, usage statistics 
changes with the different production sequences. 

The product mix changes time to time, this had many 
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infl uences and plus tasks while the planning of the mod-
el. We will see how it works when a product has to be 
changed in the model. This could mean for instance the 
end of production of one product type, or new type has 
to be launched on the line. This data handling procedure 
and the amount of handled data causes a great model size.

The modelling had to consider, that a lot of fl exible pa-
rameters were needed to ensure enough planning roam. 
Lot size determination had to be fi xed, that the actual 
pre-planned production program could be changed and 
set on new levels by the simulation.

Figure 1: Simulation models of the line parts

Another main goal was to determine the computation-
al achievable “right” production sequence. The hand-
made production program should be optimized by the 
simulation. A genetic evolution algorithm was used to 
solve this diffi cult problem with a large search area.

For planning the line balancing there was needed an 
option, to ensure handling functionality, when workload 
change has to be planned. The mounting tasks can be 
assigned to various places in the line. This means that 
the variation of workloads at the stations in the line has 
a large number. The line balancing has the goal to put 
the tasks in the right order after each other and approxi-
mately hold the average cycle time at one station. In case 
of production changes - product type, produced volume, 
technological, and production base time – there was a 
need to pre-calculate the changed line behaviour. There 
are different changes in the task load of the stations, we 
make such infl uences which determine the throughput, 
working portion of the stations and gives different opti-
mal sequence combination of products.

SIMULATION AND SCHEDULING

There are similarities and differences as well between 
general research- and simulation case studies. Simulation 
case studies are typically focused on fi nding answers to 
questions through simulation-based experiments. In the 
social science arena, experimentation is considered to be 
a distinct research method separate from the case study. 
Social science case study researchers use observation, 
data collection, and analysis to try to develop theories 
that explain social phenomena and behaviours. Simula-
tion analysts use observation and data collection to de-

velop “as-is” models of manufacturing systems, facili-
ties, and organizations. The analysts test their theories 
and modifi cations to those models through simulation 
experiments using collected data as inputs. Data sets 
may be used to exercise both “as-is” and “to-be” simu-
lation models. Data sets may also be fabricated to rep-
resent possible future “to-be” conditions, e.g., forecast 
workloads for a factory. (McLean 2003.).

In (Standridge 2000.), teaching simulation through the 
use of manufacturing case studies is discussed. He or-
ganizes case studies into four modules:

Basic manufacturing systems organizations, such as 
work stations, production lines, and job shops.

System operating strategies including pull (just-in-
time) versus push operations, fl exible manufacturing, 
cellular manufacturing, and complete automation.

Material handling mechanisms such as conveyors, au-
tomated guided vehicle systems, and automated storage/
retrieval systems.

Supply chain management including automated inven-
tory management, logistics, and multiple locations for 
inventory.

Simulation case study problem formulations and ob-
jectives defi ne the reasons for performing the simulation. 
Some examples of study objectives might be to evaluate 
the best site for a new plant, create a better layout for an 
existing facility, determine the impact of a proposed new 
machine on shop production capacity, or evaluate alter-
native scheduling algorithms. (McLean 2003.)

Simulation textbooks typically recommend that a ten 
to twelve step process be followed in the development 
of simulation case studies. The recommended approach 
usually involves the following steps: (1) problem for-
mulation, (2) setting of objectives and overall project 
plan, (3) model conceptualization, (4) data collection, 
(5) model translation into computerized format, (6) code 
verifi cation, (7) model validation, (8) design of experi-
ments to be run, (9) production runs and analysis, (10) 
documentation and reporting, and (11) implementation 
(Banks et al. 1998).

Figure 2: Simulation modelling and executing steps 
(Shao 2008.)
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What is manufacturing simulation? In The Handbook 
of Simulation, Jerry Banks defi nes simulation as: “…
the imitation of the operation of a real-world process or 
system over time. Simulation involves the generation of 
an artifi cial history of the system and the observation 
of that artifi cial history to draw inferences concerning 
the operational characteristics of the real system that is 
represented. Simulation is an indispensable problem-
solving methodology for the solution of many real-world 
problems. Simulation is used to describe and analyze the 
behaviour of a system, ask what-if questions about the 
real system, and aid in the design of real systems. Both 
existing and conceptual systems can be modelled with 
simulation.” (Banks 1998.)

Manufacturing simulation focuses on modelling the 
behaviour of manufacturing organizations, processes, 
and systems. Organizations, processes and systems in-
clude supply chains, as well as people, machines, tools, 
and information systems. For example, manufacturing 
simulation can be used to:

Model “as-is” and “to-be” manufacturing and support 
operations from the supply chain level down to the shop 
fl oor
– Evaluate the manufacturability of new product designs 
– Support the development and validation of process 

data for new products
– Assist in the engineering of new production systems 

and processes
– Evaluate their impact on overall business performance
– Evaluate resource allocation and scheduling alterna-

tives
– Analyze layouts and fl ow of materials within produc-

tion areas, lines, and workstations
– Perform capacity planning analyses
– Determine production and material handling resource 

requirements
– Train production and support staff on systems and 

processes
Develop metrics to allow the comparison of predicted 

performance against “best in class” benchmarks to sup-
port continuous improvement of manufacturing opera-
tions (McLean 2002.)

GENETIC ALGORITHMS

An implementation of a genetic algorithm begins with 
a population of (typically random) chromosomes. One 
then evaluates these structures and allocates reproduc-
tive opportunities in such a way that those chromosomes 
which represent a better solution to the target problem 
are given more chances to reproduce than those chromo-
somes which are poorer solutions.

The goodness of a solution is typically defi ned with 
respect to the current population. This particular de-
scription of a genetic algorithm is intentionally abstract 
because in some sense, the term genetic algorithm has 

two meanings. In a strict interpretation, the genetic al-
gorithm refers to a model introduced and investigated 
by John Holland (1975) and by students of Holland (e.g., 
DeJong, 1975). It is still the case that most of the exist-
ing theory for genetic algorithms applies either solely or 
primarily to the model introduced by Holland, as well as 
variations on what will be referred to in this paper as the 
canonical genetic algorithm. Recent theoretical advanc-
es in modelling genetic algorithms also apply primarily 
to the canonical genetic algorithm (Vose, 1993).

In a broader usage of the term, a genetic algorithm 
is any population-based model that uses selection and 
recombination operators to generate new sample points 
in a search space. Many genetic algorithm models have 
been introduced by researchers largely working from an 
experimental perspective. Many of these researchers are 
application oriented and are typically interested in ge-
netic algorithms as optimization tools. (Whitley 1995)

The use of genetic algorithms requires fi ve compo-
nents:

A way of encoding solutions to the problem - fi xed 
length string of symbols.

An evaluation function that returns a rating for each 
solution.

A way of initializing the population of solutions.
Operators that may be applied to parents when they 

reproduce to alter their genetic composition such as 
crossover (i.e. exchanging a randomly selected segment 
between parents), mutation (i.e. gene modifi cation), and 
other domain specifi c operators.

Parameter setting for the algorithm, the operators, and 
so forth. (Jones 1996)

Figure 3: Mutation for a sequential task 
(Tecnomatix 2008)

The simulation model uses the genetic algorithm for a 
sequential task. The logic to produce a new population is 
shown on Figure 3. Several test runs were made in order 
to identify the right settings of the algorithm. The statis-
tical operators were confi gured after real life data test 
runs, to make the algorithm converge faster. The runs 
showed at last, that the population size has to be set to 10 
and the simulated generations’ numbers were 20. This 
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was a main question among others, because the simula-
tion running time was limited up to one and half an hour.

Scheduling
Scheduling has been defi ned as the art of assigning 

resources to tasks in order to insure the termination of 
these tasks in a reasonable amount of time. The general 
problem is to fi nd a sequence, in which the jobs (e.g., a 
basic task) pass between the resources (e.g., machines), 
which is a feasible schedule, and optimal with respect 
to some performance criterion. A functional classifi ca-
tion scheme categorizes problems using the following 
dimensions:

Requirement generation,
Processing complexity,
Scheduling criteria,
Parameter variability,
Scheduling environment.

Based on requirements generation, a manufacturing 
shop can be classifi ed as an open shop or a closed shop. 
An open shop is “build to order”, and no inventory is 
stocked. In a closed shop the orders are fi lled from exist-
ing inventory.

Processing complexity refers to the number of process-
ing steps and workstations associated with the produc-
tion process. This dimension can be decomposed further 
as follows:

One stage, one processor,
One stage, multiple processors,
Multistage, fl ow shop,
Multistage, job shop.

The one stage, one processor and one stage, multiple 
processors problems require one processing step that 
must be performed on a single resource or multiple re-
sources respectively.

In the multistage, fl ow shop problem each job consists 
of several tasks, which require processing by distinct re-
sources; but there is a common route for all jobs.

Finally, in the multistage, job shop situation, alterna-
tive resource sets and routes can be chosen, possibly for 
the same job, allowing the production of different part 
types.

The third dimension, scheduling criteria, states the de-
sired objectives to be met. They are numerous, complex, 
and often confl icting. Some commonly used scheduling 
criteria include the followings:

Minimize total tardiness,
Minimize the number of late jobs,
Maximize system/resource utilization,
Minimize in-process inventory,
Balance resource usage,
Maximize production rate.

The fourth dimension, parameters variability, indi-
cates the degree of uncertainty of the various parameters 
of the scheduling problem. If the degree of uncertainty is 
insignifi cant, the scheduling problem could be called de-
terministic. For example, the expected processing time 
is six hours, and the variance is one minute. Otherwise, 
the scheduling problem could be called stochastic.

The last dimension, scheduling environment, defi ned 
the scheduling problem as static or dynamic. Schedul-
ing problems in which the number of jobs to be consid-
ered and their ready times are available are called static. 
On the other hand, scheduling problems in which the 
number of jobs and related characteristics change over 
time are called dynamic. (Jones 1998)

According to the previous classifi cation the modelled 
system can be classifi ed as:

Open shop,
Multistage, fl ow shop,
The processing times are treated as deterministic,
Job characteristic is dynamic.

Modeling and simulation runs
This model is a planning tool which is able to answer 

several questions of the complex production planning. 
The creation of the model followed the physical parame-
ters of the real system. The iteration process of the mod-
elling was diffi cult because it had to handle the product 
mounting time. The mounting times were gained from 
the real production system, but the collection and fi lter-
ing was made inside the simulation model, to prepare the 
data ready for production inside the simulation.

Model building
Plant Simulation provides a number of predefi ned ob-

jects for simulating the material fl ow and logic in a man-
ufacturing environment. There are fi ve types of main 
object groups from Plant Simulation:

Material fl ow objects: Objects used to represent sta-
tionary processes and resources that process moving 
objects.

Moving objects: Objects used to represent mobile ma-
terial, people and vehicles in the simulation model and 
that are processed by material fl ow objects. Moving ob-
jects are more commonly referred to as MUs.

Information fl ow objects: Objects used to record in-
formation and distribute information among objects in 
the model.

Control objects: Objects inherently necessary for con-
trolling the logic and functionality of the simulation 
model.

Display and User interface objects: Objects used to 
display and communicate information to the user and to 
prompt the user to provide inputs at any time during a 
simulation run.
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SimTalk is the programming language of Plant Simu-
lation; it was specifi cally developed for application in 
Plant Simulation models. The Method objects are used 
to dynamically control and manipulate models. SimTalk 
programs are written inside method objects and executed 
every time the method is called during a simulation run.

The logical structure of the model was created on basis 
of Plant Simulation provided level structure. So it was a 
“simple” planning step to divide the model into specifi ed 
functional levels. Different folders and frames are used 
in order to implement the line structure, the data han-
dling for manufacturing programs and the basic data for 
the manufactured products. However, the scheduling of 
the production program has its own separate level.

The data input and output of the model work with the 
Excel Interface of Plant Simulation. Users can manipu-
late the parameter settings and see the results of the sim-
ulation runs on this easy way independently from Plant 
Simulation – no special simulation knowledge is asked.

User interface has been implemented for the model 
in order to handle the simulation model and the several 
built-in functions, which are to test the simulated line 
behaviour. This handling tool, which is shown on Figure 
4, helps the manufacturing engineer to plan tasks and 
solve rescheduling problems on the line.

Figure 4: Simulation models of the line parts

MODEL VALIDATION AND VERIFICATION

Validation and verifi cation of the model is formulated 
as follows:

Model validation: process of demonstrating that a 
model and its behaviour are suitable representations of 
the real system and its behaviour with respect to (w.r.t.) 
intended purpose of model application.

Model verifi cation: process of demonstrating that a 
model is correctly represented and was transformed cor-
rectly from one representation form into another, w.r.t. 
transformation and representation rules, requirements, 
and constraints. (Rabe 2008)

There are many techniques to validate and verify the 

model. The physical environment has high infl uence on 
the method which is adaptable to verify and validate the 
model. In this particular case together with experts from 
the enterprise a structured walkthrough was possible to 
use for this system model. For special throughput data of 
the line it was possible to make historical data validation.

SIMULATION RUNS AND RESULTS

The regular use of the simulation was secured with the 
several setting function, among them the line speed, the 
different value setting of the palettes on the separated 
lines, lot size limitations, and daily production program 
defi nition function.

With the simulation model it is possible to gain infor-
mation about the system elements, for example how they 
are working in time, their occupation and empty time 
– waiting, etc. (Figure 5). Not only the elements can be 
obtained, but also the different working scenarios of the 
planned system load are about to be tested.

The simulation test runs with manufacturing data 
brought the following most important results:

The simulation model is capable for everyday usage.
To bring more effi ciency 2-3 days are to be handled 

with the rescheduling algorithm.
It is able to reduce lead time with 1-10%, this depends 

on product mixtures.

Figure 5: Evaluation diagrams of the modelled 
production system



GÉP, LXI. évfolyam, 2010. 7. SZÁM 19

The simulation model building and the test runs at the 
enterprise show that the simulation technique is suit-
able for the manufacturing planning. The model and the 
line connection mean in this case that the real data ap-
plication could be made much better. This depends on 
both sides; the model structure has to be modifi ed if the 
physical system is able to give over real time data. In this 
matter the rescheduling and the simulation tool could be 
not only the planning tool, but also it would be the pro-
duction control tool.

CONCLUSIONS

The paper focuses on the applicability of simula-
tion technology in production schedule of a production 
oriented fi rm and on the possibilities of planning and 
controlling the manufacturing process with simulation 
method in the automotive industry. A simulation model 
for manufacturing line planning and its establishment 
process is presented.

The paper discusses the questions of simulation and 
scheduling problems, these questions help to classify the 
physical system and the simulated problem. 

Model validation and verifi cation are taken into con-
sideration after the presentation of the implemented ge-
netic algorithm for production sequence optimization.

The most important benefi ts were highlighted based 
on the results of simulation runs.
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