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Abstract 

In today’s world, simulation and optimization are playing a vital role in reducing the time, cost and 

preserving resources. In manufacturing industries, there are ample amount of problems that go on 

with the expansion of the industry. In such cases, to tackle these problems simulation can be helpful 

to check whether any change in the current situation makes any effect on the current efficiency of the 

overall plant. 

In the presented case study, a solution to the problem of internal and external logistics has been 

designed by using simulation and optimization to improve part of a material flow of an organization. 

Basically, the organization whose major production is established in the south of Sweden deals with 

the manufacturing and assembly of equipment. Before the dispatch, all of them go to the painting 

section which is the expansion of the present shop floor.  

However, the design and analysis of the material handling system to feed the new painting line 

which is going to be established by the organization is the aim of this case study. While achieving 

this aim the literature regarding the discrete event simulation, Lean and Simulation-Based 

optimization related to the material handling system has been done. Furthermore, the appropriate 

material handling systems along with the different scenarios were suggested to reduce the cost and 

the lead times between the production line and the new painting line. To support this process a 

methodology combining simulation, optimization and lean production has been implemented under 

the framework of the design and creation research strategy.   

In the Kaizen workshop organized at a company with managers and stakeholders, the designed 

scenarios were presented and after some discussion one of them was chosen and the selected 

scenario was designed and optimized. Moreover, the Simulation-Based multi-objective optimization 

has been helpful for the optimization of the designed model proposed as a final solution.      

 

Keywords: Discrete Event Simulation, Material Handling System, Lean and Simulation-Based 

Optimization. 
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1 Introduction 

Increasing trend of simulation and optimization to obtain high throughputs and reduce the 

overall operation time is being a significant factor in the success of all kind of industries. 

Especially, in manufacturing industries by using discrete event simulation the production 

plant design, evaluation of production process policies, lot size, work in process controls, and 

production plans/schedules are getting done (Semini, Fauske, & Strandhagen, 2006; Sali & 

Sahin, 2016). An unorganized shop floor can not only increase the WIP but also its effects on 

the overall time taken for the production and it may lead the organization to some critical 

situations. By using simulation tools the design of any plant is possible for forecasting its 

throughput and other aspects such as lead times and required storage areas.  

In manufacturing industry one of the most important factors is the logistics of the material. If 

the movement of material is not appropriate then it may lead to the unwanted delays in the 

production and it may affect the time taken for the production. However, such delays lead to 

the increase in the material inventory and naturally, higher inventories lead to the high capital 

investments and cost of the production. The only way to avoid this is to properly arrange the 

material handling system in the plant. The material handling system can be defined as 

"Anything that involves the short distance movements that take place between two buildings 

such as plants, warehouses or sometimes within the machine shops among the production 

lines” (Kay, 2012).  The presented case study is also somehow related to the internal and 

external logistics. The further nature of the problem is discussed ahead.  

 

1.1 Background  

One of the biggest challenges in manufacturing industries is to lower the WIP and get the 

higher throughputs. WIP can significantly increase the cost of the overall production. At the 

same time, another aspect that needs to be taking in the account is lead times of the assembly 

lines or the production lines. However, to put the efforts in obtaining an efficient workflow, a 

significant factor is the material handling system. The kind of material handling system being 

used in the plant says a lot about the situation of the plant. As discussed above if the material 

handling is not effective and efficient then it can cause several problems such as unorganized 

shop floor, problems in the movement of workers etc. 

There are many industries which are facing problems in their logistics as they have not 

considered it while its production expanded. However, when it starts affecting their 
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throughputs they get to realize that they need to re-arrange the shop floor and it costs more if 

a long-term plan is considered. Hence, it is a necessity to design the expansion of the plant by 

considering its material handling system. The description of the problem for the concerned 

case is explained ahead. 

 

1.2 Description of Problem   

The related equipment manufacturing company is planning to have an expansion on their 

current shop-floor in the form of a new painting line for most of their products. However, 

before that, it was necessary to take a look over their present shop floor where they were 

actually having an over-head painting line for their small and medium range assembled 

products; the rest of the products which were considered as the large size products were being 

transported to another building for the purpose of painting. Moreover, there was a plan for 

some other products to be transported to the same building where the overhead painting line 

was placed for painting. 

However, the description of the problem can be stated as, the concerned organization, which 

is an equipment manufacturing company, producing a small, medium and large size products. 

After assembly, the products follow the processes of testing, washing, drying and painting at 

two different painting lines depending on the size. The company is planning to build a new 

common painting line for all the products in a new building attached to the main existing 

shop floor. The designed transportation system should be fully automated as well as safe, 

cost-efficient and flexible, as the company is planning to make future changes in their 

production flow. 

As stated above the aim of the company is to gather all these products under the same roof for 

the washing, drying and painting processes. To obtain the desired scenario few changes were 

suggested to the current shop floor. While suggesting these changes several scenarios were 

required to analyse the different possible solutions. These were designed and presented 

initially to the higher authorities and then after deciding the main desired scenarios the further 

process of this project was defined.  The aims and objectives of the thesis are discussed in the 

following sub-chapters. 
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1.3 Aim and Objectives 

Two objectives were defined for the presented case study. First was to design the new 

material handling system and then suggest the different ways or scenarios of internal as well 

as external logistics systems and build the simulation model for both. Moreover, the second 

objective was to optimize the parameters which affect the overall outcome such as work in 

process lead time, throughput and apart from this some other parameters such as cost of 

material handling system, numbers of automated guided vehicles and tow trains used and 

length of conveyors were considered. The steps and the studies which were carried out in 

order to complete these objectives are explained ahead.    

 

 Design of the new material handling transportation system including all the 

products being transported from other building to main shop floor.  

For this objective initially, the study of literature regarding discrete event simulation was 

carried out as the presented case study contains number of discrete events such as loading 

and unloading of material at different stations. In addition to this study upon internal 

logistics system was also included as the suggestion of material handling was one of the 

objectives and for this purpose the study regarding milk run tugged trains, conveyors and 

automated guided vehicles was done. Moving further, the next step after literature study 

was to build the simulation model; for this purpose the concept of simulation based 

optimization was studied during the period. As one of the requirements from the related 

organization was to have “Lean” implemented in the designed system the study of 

combination of lean and simulation based optimization was done; the different steps of 

this frame work were followed while designing the simulation model. These steps are 

explained in the literature study.  

 

 To reduce the transportation cost and lead times between the production lines and a 

new painting line.     

To achieve the above mentioned objective; after designing the simulation model the 

parameters of optimization were decided. The initial parameters to optimize were work in 

process, lead time and throughput. Apart from this, costs of material handling system as 

well as the number of automated guided vehicles and the length of conveyors were also 

considered which is discussed further. The structure of report consists of literature study, 

methodology, simulation and optimization and at last the results of optimization. 
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2 Literature Review 

In today’s world, automation in the manufacturing industry is playing a significant role in 

optimizing the resources, controlling work in process, and in reducing lead times. Along with 

this, the material handling system plays a vital role in the growth of overall throughput. 

Material handling system is nothing but the system used for transportation of material or 

components from one station to another station. All these concepts can be put together by 

using the approaches such as simulation and optimization. Simulation is defined as "the 

process of designing the model of a real system and conducting experiments with this model 

for the purpose of understanding the behaviour of the system or evaluating the different 

strategies for different operations of the system” (Ingalls, 2008).  

In addition to simulation, the optimization of such systems can lead to optimal solutions. 

Optimization is nothing but a mathematical discipline that concerns the finding of the 

extreme (minima and maxima) of numbers, functions or systems (S. Kiranyaz et al., 2014).  

More information about this is given in the further literature study. The combination of all 

these three approaches Lean, simulation and optimization can be summed up and better 

results can be obtained.  

Most of the manufacturing industries often face difficulties in obtaining desired output 

because of improper workflow or unorganized design of the shop-floor. This result in the fall 

of throughputs and increase of WIP. To get over this issue, the above discussed different 

approaches can be implemented to get the desired output. In the given case, the design of the 

internal and external logistics along with material handling systems can be an example of 

these above-mentioned scenarios. Before starting to work on the problem, a literature study 

about the simulation or in particular, DES, internal and external logistics systems, Lean, 

SBO, a combination of lean and SBO, as well as a study of material handling systems,  is 

presented further in this section. 

 

2.1 Discrete Event Simulation  

DES can be beneficial for internal logistics. As per the definition of the discrete event 

simulation, DES considers a model (mathematical or logical) of a physical system that 

change at precise points in simulated time. Customers waiting for service, management of 

part inventory, or military combat are typical types of examples (Albrecht & Az, 2010). In 

this case study, after the assembly of the products, they are transferred to buffers and then by 
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using material handling system to the painting line which is the final station. All this process 

is going to carry out one after another and the use of DES can be useful for this. DES’s 

applications can be studied on the basis of characteristics of the decision supported within the 

broad field of manufacturing logistics, characteristics of the case company (Type of 

organization), modelling methodology, and software tools used (Semini, Fauske, & 

Strandhagen, 2006).  After this implementation of discrete event simulation, it can be said 

that discrete event simulation is useful in industries which are characterized by production 

lines and continuous production with a stable automated process (Semini, Fauske, & 

Strandhagen, 2006). Moreover, according to the study it is found that the majority of 

applications of DES are in production plant design and in the evaluation of production plant 

policies, controlling work in process (Semini, Fauske, & Strandhagen, 2006).  

In addition to this, the material flow simplification is also important. Creation of simplified 

material flow models or the application of DES mainly includes two-techniques and those are 

aggregation and omission (Huber & Dangelmaier, 2009). Aggregation is nothing but the 

substitution of the large set of components with a small set; omission means components are 

deleted without compensation (Huber & Dangelmaier, 2009). The only drawback of using the 

DES for simplification of material flow is that it takes a large number of computational 

resources and required runtime for the simulation is too long even on the modern computers. 

To overcome this issue, the parallel use of a number of computers for the optimization can be 

a good way (Huber & Dangelmaier, 2009). The runtime and the computational resources 

represent the complexity of the discrete event simulation model. The major characteristic in 

the simplification is change in the behaviour of the model. The deviation between original 

and simplified model is increasing with increase in simplification thus, for some systems it is 

good to not to simplify the models. But by doing the simplification into steps the complexity- 

simplification of the model is possible if the deviation does not exceed a certain limit (Huber 

& Dangelmaier, 2009). The literature study about the internal logistics system is presented in 

the following section.  

 

2.2 Internal Logistics systems 

As per the previous discussion, unorganized designs of the shop floor and material flow lead 

to higher inventories and WIP. Hence the main aim of the internal logistics is to organize the 

material supply to and from the production lines. Appropriate example of such internal 

logistics system is a milk-run logistics system. The arrangement of material supply within the 
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plant plays a significant role. Thus, before deciding any type of the optimization it is 

necessary to define the objectives of the optimization, and in this case, cost, lead times, work 

in the process are the main objectives to be optimized and among these three, work in process 

and lead times can be optimized. However, in order to reduce the lead times, the line feeding 

optimization can be beneficial. While dealing with the different type of variants such as for 

this case the size of the product the line feeding optimization can be a better option for 

simplifying the problem. Line feeding optimization can be used just before the product is 

settled on the material handling system that is at the border of the line (BOL) (Sali & Sahin, 

2016). Moreover, line feeding optimization mainly consists of 3 concepts, continuous supply, 

batch supply or line stocking and the other one is kitting and sequencing which is most recent 

(Sali & Sahin, 2016). One of the biggest challenges while adapting the line feeding 

optimization is deciding which mode can be used for the optimization for example Line 

stocking or kitting and sequencing. Another reason for selection of kitting and sequencing is 

that kitting is used when there is a large variability in components and the components are 

small in size and the sequencing is used when there is a voluminous product with the large 

variability (Sali, Sahin, & Patchong, 2015). Line feeding optimization can lead to the 10% 

reduction in the cost if it is properly used. Kitting and sequencing could be possibly used as it 

allows only those products which are ready to transfer to the material handling system and 

then to painting line and it is possible in particular order. Hence, while designing the system 

with line feeding optimization there are some factors that need to be considered and those 

factors are, characteristics of the component, layout configuration, variants of the component, 

transportation mode used and at last physical constraints of the plant (Sali & Sahin, 2016).  

 However, the design of both internal and external logistics should be done parallel 

(Korytkowski & Karkoszka, 2015). The design of proper in-plant logistics can lead to a 

considerable impact on facility layouts, buffer sizes and value of WIP which is one of the 

ultimate goals of this study. The proper design of the internal logistics can lead to the 10 to 

30% reduction in the waste (Korytkowski & Karkoszka, 2015). In the flowing sub-chapters, 

some material handling systems are explained and some articles regarding how they can be 

designed and improved with simulation and optimization highlighted.  

 

2.2.1 Milk run tugged trains 

Tugged trains are amongst those material handling systems which are introduced in the very 

beginning and milk run is one of the sub type amongst tugged train type of material handling 
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system.  The concept of milk run logistics was originally from the milk selling concept where 

a milkman uses to travel from door to door and replace the empty bottles with the filled ones. 

And then this concept is converted into the manufacturing industrial logistic system 

(Korytkowski & Karkoszka, 2015). While designing this milk run logistics there are some 

points that need to take in the count and those are, first, the area covered by the system or one 

milk runner, the capacity of it because this can affect the supply cycle time. Secondly how 

much material should be carried And at last, how much material should be in the input 

buffers (Korytkowski & Karkoszka, 2015).  However, while designing the internal logistics 

in the proposed case, the semi-finished pumps are going to transfer to the painting line and as 

per the study, the milk runner in-plant logistics is good for transporting the semi-finished 

good from one station to another station.  

The implementation of this system basically takes five different steps that need to be 

followed and first four of them are; development of part for every product, the building of the 

product, designing of the delivery routes, Implementation of pull signals, and eventually the 

fifth is, Cont. improvement in signals (Dormusoglu, Baskak, & Kilic, 2012). 

Moreover, it requires all the information about necessary material and its frequency of 

material delivery. The design of a store with the highest inventory level and designing the 

rules for regulating the store is also an important part of the overall implementation 

additionally, the selection of the vehicles, capacity of the vehicles and the time and area 

needed will be also considered along with the number of containers which are going to be 

used to carry the material.  

The benefits of installing the milk runner logistics system are increasing the material flow 

efficiency by providing the required materials where-ever and whenever it is needed next is it 

can decrease the material handling cost. Moreover, it can increase the usage of the material 

handling system. It also can improve the working and safety conditions and can be used for 

the manufacturing process. At last, it can be used for improving the productivity 

(Dormusoglu, Baskak, & Kilic, 2012).  

 

2.2.2 Automated Guided Vehicles 

Material handling systems are a key factor in a flexible manufacturing system. These can be 

used for the integration of the stations and the stages of the production process (Verpa Leite, 

Esposito, Vieira, & Lima, 2014). This mobile robots category contains the type called AGVs 

(Automated Guided Vehicles). For the transportation of the automated material handling; for 
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example, transportation of finished goods, raw materials, and products in the process (Verpa 

Leite, Esposito, Vieira, & Lima, 2014). AGVs are totally driverless vehicles and flexible in 

nature hence they are used for the flexible manufacturing system. However, the design and 

the control of the AGVs is a difficult task. For the proper function of the AGV system, it is 

necessary to decide the performing range and conditions while designing the paths for its 

movement (Neradilova & Fedroko, 2017). 

 The route of the each AGV should be designed in accordance with the design of whole 

factory layout (Neradilova & Fedroko, 2017). Moreover, another important thing that needs 

to take care of while designing any AGV system is implementation of a control and 

complementary information system (Neradilova & Fedroko, 2017). One of the most 

important parts while designing the system is to decide the number of AGVs that are going to 

be used (Verpa Leite, Esposito, Vieira, & Lima, 2014). 

 In this issue, the designed simulation model can help the engineer to decide the number of 

AGVs. Eventually, even though the design and control of the AGVs are complicated it can 

lead to high productivity hence they can be effective in performance of the production line. 

Another several factors that influence on the internal logistics by using the AGVs are; 

unloading stations of the material, Charging point of the AGVs where they recharge their 

batteries, places of buffers where products are sorted and forwarded to the new destination, 

Moreover, those places where some of the unfinished goods stored temporarily, the number 

of AGVs, a set of landmarks which are used as a navigations for the AGVs. (Ribino, 

Cossentino, Lodato, & Lopes, 2017). The detailed information about the further material 

handling system such as conveyors is explained further in the next subchapter.    

 

2.2.3 Conveyor 

Conveyors are one of the ways of transportation for the internal logistics. While moving 

forward it is discovered in the literature study that, discrete event simulation can be a better 

option along with which the implementation of conveyor could be done. As discussed before 

in the design of the plants DES plays a vital role. Especially, while designing production 

system with the conveyors DES can help to visualise how the system will actually work, as 

well as the time required for the transportation of product (Nilsson & Nordberg, 2012). 

Moreover DES also allows detecting the flaws in the whole system; however, if any 

bottleneck is occurring in the model because of the conveyor’s capacity or speed or length, it 

can be easily detected and can be solved (Nilsson & Nordberg, 2012). When it comes to the 



Design and Analysis of Material Handling Sistema with Simulation-Based Optimization    

19                                                                                                                                                                  Avirat Dhanal 

 

painting section in any industry conveyor is one of the best options to implement (Ulgen & 

Gunal, 1998). Normally in the painting section processes are such that products cannot stop at 

one section; therefore, the reliability of material handling system (Conveyors in most of the 

cases) is important (Ulgen & Gunal, 1998). However, it can be said that one of the most faced 

problems before the painting section of any manufacturing industry is a flow of the products 

into the painting section. Particularly, when there are different types of variants and each 

variant is supposed to paint in different colour. In such case, once the certain numbers of the 

same variants are accumulated this problem can be solved (Ulgen & Gunal, 1998).  In the 

respective case, there are different sizes of variants, and they could be stored in store before 

going for a painting section such kind of arrangement for the storage of the products is 

normal in manufacturing industries (Ulgen & Gunal, 1998).  

Basically, while designing the conveyor systems for any type of the manufacturing plant, 

there are two types of the queuing systems that can be used one of them is open loop system 

and other is closed loop system (Elahi, Zaruba, Rosenberger, & Raajporohit, 2009). The open 

loop type can be defined as the systems where the product comes from outside with the rate 

independent of the system and beyond the control of system manager (supply of material is 

not in control) (Elahi, Zaruba, Rosenberger, & Raajporohit, 2009). Whereas on the other 

hand, the closed loop types are the ones with the controlled demand and the rate of 

production can be decided and controlled by the system manager, in other words, it can be 

defined as the order to make kind of system (Elahi, Zaruba, Rosenberger, & Raajporohit, 

2009). Since the invention of conveyors is a backbone of the industrial logistics as they are 

being effectively used for the transportation of material; they are classified into two main 

types first is accumulating type and the second is non-accumulating type conveyor (Elahi, 

Zaruba, Rosenberger, & Raajporohit, 2009). However, in the end, it would not be appropriate 

if it is not mentioned about what data is necessary for the conveyor. It mainly comprises with 

the speed of the conveyor, type of conveyor for example whether the conveyor is belt 

conveyor or overhead conveyor and most significant factor that is capacity of a conveyor to 

model it more realistically (Elahi, Zaruba, Rosenberger, & Raajporohit, 2009). 

The literature regarding Lean and Simulation-Based optimization for the design and 

improvement of internal logistics system is discussed in the next subchapter. 
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2.3 Simulation-Based Optimization for Internal Logistics 

System’s Design and Improvement 

Computer simulation has been defined as a most effective tool for designing and analysing 

the complex production systems. Especially, when the analyst or the engineers are interested 

in the dynamics of the processes, systems or the performance of the system of a present 

situation of the factory (Ng, Moris, Svensson, Skoog, & johansson, 2007). However, even 

though simulation can play the important role in the decision-making process it is not being 

effectively used as one (Ng, Moris, Svensson, Skoog, & johansson, 2007). One of the reasons 

behind this is, most of the simulation tools demands for the experienced engineers or the 

simulation engineers for the handling. However, if the simulation is combined with lean it 

can be considered to be beneficial in many ways as simulation helps lean to get over its 

deficiencies (Uriarte, Ng, & Moris). The implementation of Lean in any organization is vital 

to reduce the waste and to increase the productivity in all ways. Hence, the concept of lean 

needs to understand here as the material handling system plays important role in the 

productivity of overall production. However, when this lean approach gets along with the 

Simulation-Based optimization it can help to make a decision processes more effective which 

is explained in the next subchapter. 

 

2.3.1 Combination Lean, Simulation and Optimization  

Before implementing the "lean" to any organization, firstly, it is important to know what is 

lean.  

“It is a philosophy that when implemented, reduces the time from customer order to delivery 

by     eliminating sources of waste in production flow (Uriarte, Ng, & Moris)” 

From the definition, it is clear that lean is the approach of reducing waste, in the current case 

of the organization, the waste in logistics of the system can be eliminated by implementing 

the concept of lean. Moreover, the lean can contribute to creating an environment. Lean can 

reduce the total cost of the manufacturing if it is implemented properly (Green, Lee, & 

Kozman, 2009). While thinking of adapting the lean philosophy for the current case, it is 

necessary to think about the flow of material, storage of material etc. (Green, Lee, & 

Kozman, 2009). Material handling system is non-value added system to the organization but, 

still, it plays the vital role in achieving the managerial goals (Green, Lee, & Kozman, 2009). 

If the proper steps are taken in order to improve these systems then the overall cost can be 
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reduced which can lead to the ultimate objective of reducing the cost. After this, the concept 

of optimization needed to take into account in order to meet the objectives of reduction in 

lead time and cost of material handling. However, the concept of optimization can be defined 

as follows. 

“A procedure of finding and comparing the feasible solution s until no better solutions can be 

found (Uriarte, Ng, & Moris)”. 

While optimizing the multiple objectives, the solution comes up with the number of Ideal 

solutions amongst which it becomes difficult to choose the optimal solution. In such cases, 

the classic optimization methods suggest converting the multi-objective problems to the 

single objective by emphasizing on particular Pareto optimal solution (Deb, Pratap, Agarwal, 

& Meyarivan, 2002). The NSGA-II (Non-dominated Sorting Genetic Algorithm) can be able 

to present better spread of solutions and coverage better in the obtained non-dominated front 

than the other type of optimizations (Deb, Pratap, Agarwal, & Meyarivan, 2002). Basically, 

in NSGA-II if we look further deep then it can be said that the created population is ranked 

by using the non-dominated sorting procedure. The general solution creates the Pareto fronts. 

The different types of these Pareto fronts are shown in the figure below.   

Figure 1 Example of Pareto fronts 

 

The standard cases of pareto fronts are shown in the above figure with different cases of 

parameters to be optimized they are classified as Min-Min, Max-Min, Min-Max, Max-Max.   

The crowding distance and rank are calculated for each solution. New solutions generated by 

crossovers and mutations are added to the current population (Vahid, Paydar, & Safaei, 

2017). In such way, the loop continues to create the new population and corresponding 

solutions. All in all, NSGA-II helps to find the closest optimal solution. Another reason for 
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using this type of optimization is it works great for the closed loop supply chain problems 

(Vahid, Paydar, & Safaei, 2017) and in the proposed case the logistics supposed to be in the 

form of a closed loop. After this, as the lean approach is one of the necessities in the 

presented case, the importance of the lean and its implementation with the combination of 

simulation and optimization is discussed further. 

The given figure 3 shows the representation of a lean approach, combination of lean and  

Simulation and at last the combination of Lean simulation and optimization working together. 

Implementation of only lean Strategy can take organization towards the target but, as shown 

in the figure the research team needs to navigate themselves in dark zone or the unknown 

zone where they need to come across different scenarios to reach the target.  

 

 Figure 2 Combination of Lean, Simulation and Optimization (Uriarte, Ng, & Moris) 

 

This process can be time-consuming. However, if lean is combined with simulations then, the 

grey zone can be reduced. Simulation allows checking different “what if” scenarios by using 

different simulation tools (Uriarte, Ng, & Moris).  At last, if the lean, simulation and 

optimization are combined together then it can give a number of optimal solutions amongst 

which the selection of most appropriate solution can be done. Putting the simulation and 

optimization in lean toolbox can improve the decision making process considerably (Uriarte, 

Ng, & Moris). Several authors have worked with simulation and optimization regarding the 

design and improvement of MHSs, however few of them have considered Lean in their 

methods. Some of them are presented here. 
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3  Methodology 

 The methodology for this project has been based on the design and creation research strategy 

and the Lean-SBO methodology proposed by (Uriarte, Ng, & Moris). It has also been 

complemented by the simulation steps. In this chapter, it is presented and the different steps 

are explained. the steps in the proposed research strategy are shown in the figure below. 

 

 

 

 

 

 

   

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Process Diagram of Project 
 

 

As shown in the figure the very first step was a collection of required data. Each of the data 

collection technique used in the research is explained below. Basically, the proposed case 



Design and Analysis of Material Handling Sistema with Simulation-Based Optimization    

24                                                                                                                                                                  Avirat Dhanal 

 

study lies under the category of design and creation research strategy.  The design and 

creation research strategy carried out in three steps and those are Design and Planning, 

Development Methodology and the third is Data Generation methods. 

 

 Data Generation Methods  

The data for the research was carried out by using the methods such as interviewing the 

workers or the production manager of the organization. Moreover, by observing the usual 

schedule of the processes. By gathering the different documents such as the map of the 

current shop-floor as well as the reports of the throughputs of the current shop-floor etc. the 

appropriateness of this data collection methods is discussed further.  

 

 Required Data  

To support all the above data collection techniques, it was necessary to know what kind of 

data is going to be needed and how the researcher needs to design the format of data he 

needs. In this case, the following data was gathered.  

 The time required for the assembly of all size of the pumps. 

 The time required for the transportation of the semi-finished goods or the large size 

pumps to the old painting line.  

 The different specification of the pumps such as weight. 

 The layout of the whole shop-floor.  

 The future possible changes of the current shop-floor.  

 

 Interview  

Mainly there are three types of an interview first is Structured Interview, second is the semi-

structured interview and the third is the unstructured interview. For this study, the semi-

structured type of interview has been carried out. As the simulation and design of the model 

have been done, the interview of some people from the organization who was the worker and 

the higher authorities such as production managers were carried out. The data such as the lead 

times of the production lines, the current capacity of the material handling system, the weight 

of the different pumps etc. had been gathered by the researcher.  
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 Questionnaire  

Before conducting an interview, the questionnaire or the list of the questions were designed. 

Similar to the interview there are mainly two types of the questions which were asked during 

the interview and those were open type questions and closed type questions. The difference 

between these types is that the open type questions cannot be answered in the single word 

they are more descriptive kind of questions whereas the closed type questions can be 

answered in a single word like yes or no. in this case the open type of questions were asked as 

the information was needed to be in detail. The questionnaire was consisting of simple 

questions at the beginning. Questions were based on the daily routine such as which 

operation is carried out initially; what steps are being followed while the pumps are being 

loaded on the material handling for the further processes; what is the size of pallet; what is 

the length and width of the pumps? Etc.    

 

 Observation  

The observations regarding the regular flow of the material or the pumps which are being 

assembled on the production line have been done during the study of the shop-floor. 

Moreover, the movements of the workers were also observed as it was going to help to decide 

the path of the material handling system until the painting line. The observations include two 

types, the first type is systematic observation and the second one is participant observation. 

The type of observation that was used by the researcher was “participant observation 

technique”. This observation can be overt or covert but in this case, the overt type of 

observation was mostly used by the researcher.  

 

 Document  

Mainly there are two types of the documents first is found document and the other one is the 

researcher generated document. The first type includes documents such as the annual reports 

of the company, the material flow of the industry, the map of the company, the design of the 

shop-floor etc. on the other hand the researcher generated document means the document 

which is generated by the researcher for the research, for example, the literature review. In 

this case, both types of the documents in the form of a shop-floor map and the literature 

review and other things were used which are explained further in the methodology section. 

While moving further, the framework on which this project is based is explained further in 

the following subsection.   
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3.1 Lean and Simulation-Based Optimization Framework 

In order to implement this design and creation research strategy, there should be a 

framework, which will help to implement the combination of all the above fluently. Hence, 

the framework is given in the fig below. 

The framework given below shows the general steps for the project management based on 

data. The role of lean, simulation, and optimization identified in each step (Uriarte, Ng, & 

Moris). Each step is explained further. 

 

 Evaluation of current state   

In this step, the evaluation of the current state by using different lean tools such as value 

stream mapping can be done (Uriarte, Ng, & Moris). As the internal logistics system has been 

designed in the given case study the value stream mapping became an effective process to 

detect the unwanted processes and then to eliminate them.  The main purpose of this stage is 

to get insight into the actual system behavior (Uriarte, Ng, & Moris). 

 

Figure 4 Framework for Lean and Simulation-Based Optimization (Uriarte, Ng, & Moris) 

 
 

 Define Target and Target Condition 

At this stage, the definition of the target is set. A good understanding of the problem is 

required for this stage as it helps to set the objectives (Uriarte, Ng, & Moris).  

 

 Design and evaluation of the target condition 

Once the target condition is defined there are many ways to achieve the target condition by 

using the different tools. At this stage, the target condition can be reached and in this process 
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sometimes simulation can also be used to define and test the different “what if” scenarios. 

This stage is nothing but the combination of lean and simulation (Uriarte, Ng, & Moris). 

 

 Presentation to management and decision making (KAIZEN WORKSHOP) 

After achieving all the objectives and results those are going to be present in front of 

management or the decision makers by the project team (Uriarte, Ng, & Moris). The 

decisions will be based on the qualitative data and the knowledge. 

 

 Implement Stage 

After the decision making, the implementation of results takes place. At this stage the lean 

tools such as kanban, JIT, poka-yoke, standardized work, 5S, visual management, etc. are 

extremely useful and they are implemented according to the need of the project (Uriarte, Ng, 

& Moris). 

 

 Evaluation of the implementation  

After finalization of the implementation, the evaluation of it is necessary to check whether it 

reaches the desired condition or not. If the implementation doesn't meet the desired condition 

then the reason for the failure is analysed at this stage. However, the main notion at this stage 

is to evaluate the result of the implementation. 

 

 The lean principles 

At last the lean principles should be present in all the stages in one another way. For example, 

the soft tools of lean such as teamwork, employee empowerment, organizational learning, 

continuous improvement, and knowledge management should be taken into an account.  

The implementation of the suggested result will totally depend on the organization in the 

current study of the case. 

 

3.2 The Suggested Material Handling System  

As per the situation, it was clear that either Automated Guided Vehicles or Conveyors will be 

suitable for the internal logistics and for the external logistics either blue trucks or tow-trains 

were suitable. After having a meeting it was decided to suggest the material handling system 

of over-head conveyors for the first four assembly lines out of eight in and AGVs for the 
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remaining four for the internal logistics in “Building-A” and for the external logistics the 

tow-trains with automatic loading and loading were suggested 

 

3.2.1 The Over-Head Conveyors 

After visiting the actual site it was discovered that there are few constraints which were 

impossible to get over and then, in order to find an alternative for the transportation over-

head conveyor was suggested. Indeed there were some constraints too for the arrangement of 

over-head conveyor which were ventilation pipes running through the roof and changing 

room placed up from the ground. However, after the meeting with people from the production 

floor, it was cleared that those can be adjusted in order to have an overhead conveyor. The 

general detail about the over-head conveyor is mentioned below.  

 

 

 

 

 

 

 

 

 

 

Image: Over-Head Conveyor 

 

The Over-head conveyors are useful for transporting the heavyweight material, specifically 

can be used for the painting lines moreover, can be used for the assembly lines too. By taking 

all these applications in mind this type of material handling was suggested.   

 

3.2.2 AGVs Towing Vehicle 

The automated guided vehicle can be a better choice for handling the pumps from Assembly 

lines to the painting lines. For justifying this, the study of the different automated guided 

vehicle has been done and then some of the types are sorted and their information is 

mentioned further. Mainly there are 6 types of the automated guided vehicles but from the 

problem description two of the six can be chosen for the transportation and after studying 
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them deeply it is discovered that one of them can be used. The types that can be used in this 

case are AGVs Towing Vehicle and AGVs Assembly line vehicles.  

AGV towing vehicle is the first ever automated guided vehicle that is introduced. It is also 

known as the automated tractor. In this type of vehicles to carry the material flatbed trailers, 

pallet trucks and custom trailers are also used. Moreover, these vehicles are used for the high 

volumes and for moving across the long distances.  The maximum capacity of the material to 

carry is 1500 lbs (680 Kgs). and they are laser guided. The towing train is shown in the image 

below and another type of material handling is AGVs which is explained shortly in the next 

subsection. 

 

 

 

 

 

 

 

 

 

 

Image: AGVS Towing Vehicle 

 

 

3.2.3 Automated Guided Assembly line vehicles 

This type of AGVs are also known for variation of the light load transport. This vehicle can 

be used for the serial assembly processes, as the vehicle moves from one station to another 

station the successive operation get starts. These type of vehicles are very useful to provide 

flexibility in manufacturing processes. These vehicles are lower in expenses and it is quite 

easy in installation. On the other hand, they need a complex computer system and extensive 

planning is required to integrate the system. The design of conceptual model is explained in 

detail in the next subchapter. 
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3.3 Design of Conceptual Model   

From the conceptual diagram, the situation can be understood briefly. As per the diagram, 

there is going to be loading station at the end of each assembly line in the Building-A and 

then the pumps will be uplifted to the overhead conveyor to transfer it to the new painting 

line. Before they go to the painting line pumps are going to the store.  

The purpose of building the store is to handle the production of pumps on the basis of 

demand. Moreover, pumps from the Building-B are going to be unloaded at the current 

dispatch section of the Building-A which is on the way to new painting line and from where 

they are going to load to the overhead conveyors with help of elevators. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 Conceptual Diagram 

 

The pumps from the Building-C are not in the dense amount, However, they are going to be 

transferred through the same transport which is used for the transportation of the pumps from 

Building-B to Building-A. After this, the part of simulation is explained in the next 

subsection.  
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4 Simulation 

Simulation is one of the ways to predict the possible problems in the manufacturing system.  

However, it becomes necessary to choose the simulation tool wisely while designing any kind 

of production system. Here, in this section, the brief information about the “FACTS 

Analyser” is given which was used as a simulation tool for the building of a simulation 

model. 

 

4.1 “FACTS Analyser” Simulation tool 

FACTS Analyser has been designed. FACTS Analyser helps production managers/ decision 

makers to quickly build the conceptual or abstract model, evaluate different design 

alternatives and generate analysis data for supporting their decision making during the early 

design phase (Ng, Moris, Svensson, Skoog, & johansson, 2007). However, FACTS Analyser 

can tightly integrate the model abstraction; it can manage the input data and can help to use 

the Simulation-Based optimization under an innovative framework which is specifically 

designed for production system's designers/managers in their early phase of conceptual 

design. 

In addition to this, FACTS Analyser provides the combination of aggregation methods and 

web services based client-server system architecture which makes modelling of DES easier as 

well as speed up the time-consuming model building and experimentation process (Ng, 

Moris, Svensson, Skoog, & johansson, 2007). In terms of the aggregation method there are 

mainly two types of model processing and material handling system types, and those are, a 

novel aggregation approach which is based on the effective processing time (EPT) which 

basically helps to reduce the level of requirements of the details of the processing equipment 

and another one is, a novel approach that captures the requirement of modelling simple 

material handling system and transportation in conceptual stage (Ng, Moris, Svensson, 

Skoog, & johansson, 2007). 

FACTS Analyser is designed with the principle of “illusion of simplicity and system 

neutrality”. In terms of the illusion of simplicity, FACTS Analyser is designed to be "thick" 

client application that can access the server components through the web services (Ng, Moris, 

Svensson, Skoog, & johansson, 2007). The server components comprise of the model 

generator, DES optimization algorithms, data analysis functions and underlying integrate 
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database management system which allows FACTS Analyser users to carry-out the functions 

such as, Generation of simulation model automatically and optimization of decision variables 

etc. (Ng, Moris, Svensson, Skoog, & johansson, 2007). The main thing about FACTS 

Analyser is that it can facilitate the modelling work of complicated production systems easier 

for the non-simulation experts. The FACTS analyser was chosen for the simulation and 

optimization because it was not mandatory to design the factory environment or the designed 

system to simulate in a three dimensional way; FACTS Analyser was enough for this kind of 

project. Moreover, the objectives of the thesis were also not so complicated in nature. 

However, after the proper selection of the simulation tool it was time to go for the next step 

of data collection. The collected data is explained further in next subchapter.   

 

4.2  Data Collection 

After following all the above steps the collected data is given below. Some of this data was 

historical data which was provided by the organization. The data were consisting of different 

types of variants (Pumps), the annual volume of the production and weights of the pumps 

which is given below. Basically, this data is divided into two flows as the pumps are being 

assembled at two different buildings. Moreover, calculating the throughput per hour was the 

little tricky part as the only data was the annual volumes of the pumps and the number of 

shifts and the time of shifts. While assigning the variants in the model they were first defined 

according to their weights. For example, the pumps ranging from 80kgs to 100kgs were 

classified as "small range" and the pumps ranging from 100kgs to 300kgs were classified as 

"Medium range" and at last the pumps ranging from 300kgs to 1700kgs were assigned as the 

“Large range” pumps. 

  

 

 

 

 

 

 

 
 

 

 

Table 1 Data for Building A 

Line 

no. 

Weight 

(Kg) 

Volume 

per year 

Throughput 

per hour 

Proportion 

A710 84 Kg 38955 12.88 38.17 

B711 83Kg 21496 7.11 21.07 

C712 194Kg 12657 4.18 12.38 

D713 258Kg 13905 4.6 13.63 

E817 1681Kg 856 0.28 0.82 

F818 1512Kg 2682 0.88 2.60 

G819 1384Kg 2823 0.93 2.75 

H813 837Kg 8704 2.88 8.53 
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Similarly, some of the data were from the second building which was from Building-B. It 

shown in the tables below 

 

 

 

 

 

 

 

 
 

Table 2 Data for Building B-1 

 

Name of Variant Pallets (10 weeks) Th/hr. 

SU 812 0.027 

SHC 11 0.003 

Ro. 6 0.002 

SH 53 0.017 

OHB 10 0.002 

Mo. 102 0.003 
 

Table 3 Data for Building B-2 
 

The above data was provided by an organization. After gathering the historical data, it was 

necessary to assume some of the data to build the model. The detailed assumptions of the 

data are explained in the next subchapter.   

 

4.2.1 Assumption of data 

Before building the simulation model the required data needs to be collected and after that, 

the data which is not a certain need to be assumed. The assumed data comprises of the length 

of the conveyor, the capacity of buffers, the process time for all buffers, the speed of the 

conveyor, the loading and unloading time for the material etc. the detailed assumptions are 

given below. Moreover, the data regarding the building of model was also calculated and 

included in the model. This data consist of process times, buffer sizes and the variants being 

simulated in the model.  

 

 

Model No. Weight 

(Kg) 

Volume/ 

Year 

TH/hr. 

5999 135 600 0.20 

6000 160 550 0.18 

6001 180 350 0.12 

6002 190 20 0.006 

6003 165 150 0.05 

6004 180 500 0.17 
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The overall assumed data is included in the section of “Appendix”. It comprises of all the 

objects included in the FACTS model. 

 

 

 

 

 

 

 
 

 

Table 4 Assumed Data 
 

It is classified into seven columns each column indicates firstly, what object has been 

selected in the FACTS analyser for building the model. Secondly, what are the variants that 

are assigned to the related object and the process time as well as the loading and unloading 

times required for it. Moreover, it also gives information regarding the length of conveyors 

used and the sizes of all the buffers assumed in the mode 

 

4.3 Analysis of the collected Data  

The analysis of the collected data was done at each step while building the model by running 

an experiment through the designed FACTS model. If the obtained numbers were not as same 

as the provided results of the real-time production systems then some changes such as the 

type of process time distribution in the defined processes of the model were changed and then 

the experiment was carried out again. In this way, until the desired numbers were not 

obtained several numbers of experiments were performed in the FACTS Analyser. For some 

of the time studies, certain formulae were also used during the building of the model to obtain 

the desired numbers. For example, while designing the proposed model first of all the 

distances between the production line and the destination were measured on the map and then 

by using the formulae the minimum time, mode time and the maximum time was decided. 

For the minimum time, it was calculated on the map by considering the AGV speed of 2m/s. 

The formulae are given below.    

 

 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑇𝑖𝑚𝑒 =  
 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑜𝑛 𝑡ℎ𝑒 𝑚𝑎𝑝 

2
 

Parameters Assumed Data  

Size of buffers 5 

Process time for the buffers 0 

The length of the conveyor 1 to 10 meters 

The speed of the conveyors 0.2 m/s 

Loading and Unloading time   40s. for large and medium pumps, 

20s. for small pumps (Each) 

The speed of the external and Internal 

transportation 

2m/s 

The time required for loading by 

elevator 

 30s.  

Loading time for tow train pallet  15 sec. (4- Pallets/ train) 
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 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑇𝑖𝑚𝑒 = 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑡𝑖𝑚𝑒 +
𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑇𝑖𝑚𝑒

2
 

 𝑀𝑜𝑑𝑒 𝑇𝑖𝑚𝑒 = 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑇𝑖𝑚𝑒 +
25

100
× 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑇𝑖𝑚𝑒 

 

For the “Maximum Time” the formula is “Minimum time plus the 50% of the minimum time 

and for the mode time it is same but the minimum time is added with the 25% of the 

minimum time.  However, in such way the numbers were obtained and the analysis of data 

was done. In the next subchapter, the design of simulation model using these formulae is 

explained in detail.  

 

4.4 Building of Simulation Model 

As we can see in the image, on the left side all the objects show the section of Building-A 

while on the upward right side shows the Building-B section. In the section of building A as 

mentioned above all the eight "Source" objects are firstly connected to the "Operation" object 

named as "LT" which represents the lead-times of the respective variants that are assigned in 

the source object. After this, the first four "LT" operations are then connected to another 

Operation object which is named as a "lift". The "lift object represents the elevator that will 

take the pumps to the over-head conveyors and then pumps will move further. 

Next four “Source” objects are then connected to the “Buffers”. These buffers represent the 

storage of the pumps at the end of remaining four lines before they will be picked by an 

“Automated Guided Vehicle”. The AGVs are represented with “Assembly” object, 

“Operation Object”, and “Disassembly” object. The assembly object is renamed as “Loading” 

which represents the loading of pumps on the AGVs and then operation object is renamed as 

“AGV” which is basically acting as an actual AGV and at last the disassembly object is 

renamed as unloading which basically states that the pumps will unload at that particular 

station. The time required for the loading and unloading the pumps is assumed as 40 seconds. 

Whereas, for elevators, it is assumed as 30 seconds.  

In the next part, the first four connections from the over-head conveyors were connected to 

the common conveyor which basically, represents the same over-head conveyor and then this 

conveyor is connected to the store. The remaining connections from the AGVs were also 

connected to the store. The store object is for managing the flow of pumps into the painting 

line according to the demands of the pumps. 
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The schematic representation of conceptual diagram is shown below in the figure 7. 

 

 

Figure 6 Designed FACTS Model 

 

For the products being transferred from Building-B building to Building-A are represented as 

same as products from Building-A to new painting line with the source object. Only the 

difference is the products will store in the buffers at the end of each line initially which 

basically states the storage place and from there it will be loaded to the conveyor by using the 

pallets before it goes for a travel by tow train until the Building-A’s storage, from that storage 

the products will be loaded to the overhead conveyors by using the elevators and then they 

will travel until the unloading station at the painting line. 

Defining the variants and flows was also a challenging task while designing the model. The 

arrangements of flows were done according to the sizes of the products and then respective 

sizes of the products were added to the respective flows. Moreover, while defining the 

variants for the material handling system being used for the transportation the quotations such 
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as MHS_1 for the automated guided vehicles in the Building-A and MHS_2 for the tow trains 

used for the external transport of the pumps were used. 

 

 

Figure 7 Variants 

 

 

Figure 8 Flows 

 

Above given figures shows the representation of flows and variants in the FACTS Analyser. 

In the left side figure, different variants are shown and as it is shown and discussed before 

they are classified according to their weight. For instance, suppose if the product of weight 

84-Kg needs to be defined in the model then it was added as a variant with the name 

"Small84". Small stands for the category in which it counts and the number 84 represents its 

weight.  

The diagram on the right side shows the visualization of flows in the FACTS Analyser. 

Initially, there are totally six flows were defined and those are “Default Flow”, “Small Flow”, 

“Medium Flow”, “Large Flow”, “Material Handling System Flow”,  and the last one is 

“Pallet Flow”. The pallet flow is added for the tow trains. Totally three tow trains were added 

as a material handling system in the model and each train will carry the four pallets. Each 

pallet will be loaded in 15 seconds and eventually in 1 min. of time the train will be loaded 

and will travel to the building-A from Building A. Overall data included in the model is 

represented in charts which are presented in the data collection section. However, the next 

step after the building of simulation model was to validate and verify it; which is explained in 

the following subchapter. 
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4.5 Verification and Validation   

Verification and validation of model is important part during the building of any production 

system as simulation models are being used to solve problems and to aid in decision making 

(Smith & Sargent, 2009). Basically, the process of verification can be defined as “To ensure 

that the computer program of the computerized model and its implementation are correct 

(Smith & Sargent, 2009). Similarly the validation can be defined as “Substantiation the 

computerized model within its domain of applicability possesses a satisfactory range of 

accuracy consistent with the intended application of the model (Smith & Sargent, 2009). 

However, in the presented case the verification was carried out while designing of the model 

by running the model in the “Animation tab” of the FACTS analyser to check how the 

material flows through the model and if something seems to be wrong then it is again 

corrected by going back to the design step and this has been done until the desired simulation 

was not obtained. Next, the validation of the model was done by running some experiments 

on the FACTS analyser in the “Experiment Tab” and the obtained results were cross checked 

against the results of the real system and this was done until the desired accuracy of the 

model was achieved. However, after putting all the data obtained, simulation was done and 

the following results were obtained which were close enough to the real time results. 

The results provided by an organization and the results obtained by the designed FACTS 

model are represented in the chart below. In the Table 6 the results for the Building-A are 

given.  

 

 

 

 

 

 

 

 

 

Table 5 Results after Simulation for Building A  

Objects Actual Results 

Th/hr. 

Obtained Results 

Th/hr. 

Small_84 12.88 11.80 

Small_83 7.11 6.88 

Medium_194 4.18 4.11 

Medium_258 4.6 4.59 

Large_1681 0.28 0.28 

Large_1512 0.88 0.87 

Large_1384 0.93 0.92 

Large_837 2.88 2.80 



Design and Analysis of Material Handling Sistema with Simulation-Based Optimization    

39                                                                                                                                                                  Avirat Dhanal 

 

Similarly, For the Building-B results were obtained from the organization first and then after 

the simulation of model following results were obtained. However, in the case of Building-B 

results were according to the number of pallets produced per hour. Results are shown in the 

table below. 

 

  

 

 

 

 

 

 

 

 

 

 

 

Table 6 Results after Simulation for Building B 

 

The graphical representation of the above obtained results is shown below. As it can be seen 

the bars for the most of the variants are not visible, it’s because the throughput levels for the 

respective variants are too low that the FACTS analyser is not able to show the values 

obtained. The representation of simulation results in the FACTS Analyser is shown below in 

the form of graphs.  

 

Figure 9 Graphical Representation of Simulated Results 

 

Variant Actual Results 

Th/hr 

Obtained Results 

Th/hr. 

Medium_135 0.20 0.19 

Medium_160 0.18 0.17 

Medium_180 0.12 0.11 

Medium_190 0.006 - 

Medium_165 0.05 - 

Medium_180_ 0.17 0.15 

SU 0.27 0.26 
SHC 0.003 - 
Ro. 0.002 - 

SU 0.017 - 

OHB 0.003 - 

MU 0.03 - 
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The overall throughput for the initial simulation was 34.33 and the work in process was 

32.04. Whereas, the standard deviation was  7.48 × 10−15. The standard deviation indicates 

that the variability of the model is too low. Hence, after having a discussion it was decided to 

go for the replication analysis and the steady state analysis to check how many replications 

are exactly needed to check the stability of the model. The steady state analysis is explained 

below. 

 

4.5.1 Steady State Analysis  

Basically, the steady state analysis is done for getting general information about how many 

days of warm-up time is enough to set the model in the steady state. It means that when the 

simulation model is being run it is empty but in the actual condition, the lines are never 

empty for example after the weekend holidays the assembly lines are resumed from where 

they stopped on working days. The steady state analysis for this case study is given below.   

Before starting for the steady-state analysis some settings were done in the FACTS Analyser. 

First of all, the warm-up time in the experiment tab was settled to the zero and the simulation 

horizon was settled to the 30 days. Secondly, in the animation tab by clicking on a setting 

button some changes was done which are shown in the figure below. 

 

Figure 10 Settings for Steady State Analysis 
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As we can see in the figure above the simulation horizon was set to the 100 days initially 

even though it would not take that many days, for the purpose of safety margin of extra days 

were taken. After this, the log interval of 60 minutes was set and the numbers of replications 

were set to the 10 replications. However, after all these settings the button named start w/o 

animation is pressed and then the graph button in the animation tab was pressed to check the 

obtained graph of results.  

The obtained graph of results is shown below. On the graph, X-axis represents the Time in 

hours and the Y-axis represents the throughput per hour. 

 

 

Figure 11 Graphical Output after Steady State Analysis 

 

After getting an output first of all we need to select a form of output we want. For example, 

we can have output in the form of work in process and throughput too. In this case, 

throughput is chosen as a form of output. After that, we need to set the replications 

“Average” and then we will get the graph of average throughput per replication. However, if 

a graph is not smooth and it is difficult to get the results then we can adjust the graph by 

setting “Moving average window size”. Here, it was set to the 20 and then the graph showed 

the smooth curve. As we can see in the graph above, it seems like model will go under the 

steady state approximately after 24 hours. However, it can be said that the warm-up time of 

24 hours or 2 days is enough to get the steady state.  

 

Transient Time Steady State 
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4.5.2 Variability Analysis 

As the obtained results after the run of simulation and the results from the actual site are 

closer to each other it is clear that there is very low variability in the model. Another purpose 

of variability analysis is to prepare the designed model to reach the actual state and then do 

the replication analysis in order to get how many replications are ideal to get the accurate 

results. But in the proposed case as the variability is low there is no need to do the variability 

analysis. The reason for the variability analysis is to check whether the designed model is 

efficient enough or not and if not then what can be done in order to get the efficient results. 

However, as the present case is about designing the internal as well as external logistics 

system by not really making any changes in the current throughputs of the shop-floor it is not 

necessary to do the variability analysis. This can be stated from the obtained standard 

deviation also. As the obtained standard deviation is  7.48 × 10−15 it is clear that going for 

variability analysis is worthless and time-consuming. The lowest standard deviation means 

the obtained results after the simulation and the results from the actual system are almost the 

same. Hence the variability analysis is avoided for the proposed case study and directly the 

replication analysis is carried out.   

 

4.5.3 Replication Analysis    

To find the exact number of replications is the purpose of the ‘Replication Analysis”. 

However, before going for that, some changes needed to be done in the experiment tab in 

FACTS Analyser. The number of replications in the experiment tab is then set to the 10 

initially and then collected the numbers after the run. The numbers regarding “Standard 

Deviation”, “Throughput” or “Work in Process”. After this by considering the confidence 

interval of 95% we calculate the number of replications in the following way. 

 

 

Table 7 Replication Analysis 

 

As we can see in the above table after considering the confidence interval of 95% of one-

sided t-distribution and the relative precision of 1%. The presented results were obtained. As 

discussed in the variability analysis, as the standard deviation is too low the replication 
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analysis gives the result as zero number of replications. The ultimate aim of the replication 

analysis is that the number of replications needs to be lower than the number of replications 

that have been run during the experiment and that are 10 in this case. However in order to be 

confirmed with the results, the model has been run with the 3 replications with the 30 days of 

simulation horizon and 7 days of warm-up time and then after running the replications it was 

seen that the standard deviation for throughput becomes zero and the rest of the values 

remains the same as before. After this, the next step was to optimize the designed model. 

However, the different types of optimization are explained in the next subchapter.   

 

4.6  Optimization  

Before going for the optimization, the parameters of the optimizations were decided. For the 

input parameters of optimization, the material handling system was chosen to reduce the 

cost of it and the length of the conveyor was chosen to optimize its length. For the output 

parameters of optimization, the throughput is decided to hike and lead times of all the lines 

and work in process is chosen to reduce.  

Before starting the optimization the design of optimization was done. While designing the 

optimization the parameters or the objects that are needed to be optimized were decided.  

 
Figure 12 Settings of Optimization 

 

As we can see in the image above specifically the objects were selected from the model to be 

optimized. In the above case, the conveyor number six which will be placed just before the 

painting line at a store which will be over-head type conveyor is chosen for the optimization 
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of its length. Then, the conveyor at the building-B which will help the pallets to get loaded on 

the train is also chosen for its optimization of length. Similarly, all the buffers at the end of 

each line at Building-A were chosen for the optimization of its capacity. In addition to this, 

for the optimization of a number of AGV's and tow train MHS_ 1 and MHS_2 objectives 

from the model were chosen and some settings were done in their creation it means that the 

optimization will effect on the generation of automated guided vehicles and tow trains in the 

model. By moving further, for the outputs the lead time throughput and work in process for 

the material handling were chosen as the objective of the optimization is to find the cost of 

the material handling system.  

The upper bounds, lower bounds, and steps for each object that is going to be optimized are 

given in the table below. 

 

Objective Parameters (L-U-B) 

Buffer Building A Capacity 1-100-1 

Buffer E Capacity 1-10-1 

Buffer F Capacity  1-10-1 

Buffer G Capacity 1-10-1 

Buffer H Capacity 1-10-1 

Building B Conveyor Length 1-10-1 

MHS1 Creation Variants Amount   1-5-1 

MHS 2 Creation Variants Amount 1-31 
 

Table 8 Upper and Lower Bounds for the Optimization Parameters 

 

As mentioned before the above table gives the information about the parameters and its 

setting. The (L-U-B) notation in the table stands for the "Lower Bound", "Upper Bound" and 

the "Base Value". The lengths of all the conveyors to be optimized are in meters. After this, 

the output parameters also decided and those were "Throughput", "Lead Time" and “Work in 

Process” for all the material handling systems.   
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5 Results    

The main task was to suggest the best scenario for internal and external logistics. As it was 

one of objectives of the thesis. Several numbers of scenarios were designed and then 

following scenarios were finalised. Another objective of the thesis was to obtain the optimum 

number of material handling systems such as tow trains and AGVs. Moreover, the optimum 

length for the conveyors and the cost required for it was also the part of the objectives which 

is explained in the sections below.   

 

5.1 Scenarios for internal and external logistics  

In order to reduce the cost and the lead time, the logistics play the vital role. However, for the 

related organization, suggestions were made for the internal as well as external logistics along 

with the study of time that takes for transportation. Total three transportation times were 

measured in the factory; The Mode Time, Maximum Time and the Minimum Time in order 

to represent the variability of the real system. Among all the suggestions after having the 

Kaizen Workshop with the higher authorities, the final scenario was decided. The scenario is 

shown below, for the transportation of Line A, B, C and D the organization decided to use the 

overhead conveyors until the painting line and then, for rest of the four assembly lines which 

are Line E, F, G and H, a solution considering AGVs was selected due to the flexibility in 

case of future changes in the layout of the shop floor and weight and size limitations.   

The future state of the “Building A” is shown in the figure 14. The blue arrows show the 

actual path of the material flow; the constraints are also shown. The ventilation pipes and 

changing room are the main constraints.  Before going for the time study, it was important to 

decide the speed of the conveyor, thus the speed of the conveyor is assumed to be 0.2 m/s. 
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Figure 14 Scenario for Internal Logistics 

 

 

 

 

 



Design and Analysis of Material Handling Sistema with Simulation-Based Optimization    

47                                                                                                                                                                  Avirat Dhanal 

 

The time study of the required transportation times from the different production lines to the 

buffer of the painting line is as follows. 

 

 

 

 

 

 

 

 

 

 

Table 9 Time Study for Building A 

 

The production lines A, B, C, D are supposed to use the elevator as they are going to use the 

overhead conveyor to transport the pumps until the painting line with constant speed that’s 

why there is no mode and maximum time is considered in their case.  The next step was to 

decide the way for the pumps from the Building-B to Building-A. Initially there were three 

ways suggested and among those three the suitable one was chosen with the support of the 

matter experts. The chosen one is shown below: 

 

 

Figure 15 Scenario for External Logistics 

Line Time Study  

 Min. Mode. Max. 

Line A 11:06min. - - 

Line B 9:97min. - - 

Line C 9:57min - - 

Line D 8:47min - - 

Line E 41.17sec. 51.36sec. 1.02 min. 

Line F 36.85sec. 39.15sec. 55.27sec. 

Line G 31.32sec. 16.11sec. 46.98sec. 

Line H 12.89sec. 46.06sec. 19.33sec. 
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The figure 15 shows the decided scenario for the external logistic. However, for the 

transportation of pumps, a tow train is going to be used with the automated loading and 

unloading from conveyor to conveyor. A conveyor connecting the inner part of every 

building with the outer part is considered. A roof attached to the building might be necessary 

to protect this conveyors and it’s loading and unloading from climatological adversities. 

Moreover, the speed of the transportation is also assumed as 2m/s. The same tow train will be 

used for the transportation of pumps and parts from Building-B to building-A. The total 

distance for the Building-B to Building-A is 170m. However, the time taken for the 

transportation of pumps is minimum 85 seconds. The maximum time taken is 127 sec. and 

the average or the mode time is 106 sec. The cost estimation for the above presented 

scenario’s material handling system is given below in the next subchapter.  

 

5.2 Cost Estimation for the Proposed Material Handling  

The given chart below explains the cost estimation for the designed model.  As we can see, 

mainly there are three material handling systems has been decided to use and those are 

conveyors, tow trains, and AGVs. 

  

Material Handling  system Cost 

Roller Conveyors 5,833 SEK/meter 

Tow Trains 485,000 SEK/ Train 

AGVs 500,000 SEK/AGV 

Overhead Conveyor 20,000 SEK/meter 

 
Table 10 Cost Estimation for Material Handling System 

 

For the roller conveyor, some points were taken into account such as the conveyor should be 

able to transport the pallets and half pallets and sometimes boxes in the same system. For the 

tow trains also few considerations have been taken into account such as the flexibility as well 

as being easy to adapt and cheap in cost. Initially, the automated loading and unloading of the 

pallets were suggested but as it is not commercially developed, one person will be needed to 

load and unload the pallets. A market research is being carried out with some providers to 

consider automatic loading and unlodaing of the tow trains. Moreover, trains must be able to 

travel the long distances and can usually handle outdoor conditions. For the AGVs, high 
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flexibility and automated loading and loading were considered. However, there were two 

types of AGVs required, the first type of AGV with a roller conveyor and the other one was 

AGV pallet gaffel truck. The cost of AGVs is given in the above chart. It does not include the 

cost for its installation of setup and the cost of driver also has to be consider seperately in the 

costing. Moreover, the last suggestion was an overhead conveyor. The total cost proposed for 

it was 20,000SEK per meter. However, the cost for overhead conveyor will be same as it was 

measured on site. The total cost for over head conveyor is given below.  

As per designed model totally there are four production lines which are supposed to use the 

overhead conveyor. The length and the name of conveyor which is defined in the built model 

are given in the table below. As well as, the cost for each conveyor and the total cost 

estimation required is also mentioned.  

 

 

Table 11 Cost of Overhead Conveyor 

 

Above mentioned cost includes the cost of lift which is going to be used for lifting the pumps 

to the overhead conveyors. Moreover, as all the lengths of conveyors were measured and then 

the cost estimation was done they were not added in the optimization; hence the overall cost 

will be same for all the possible solutions obtained after the optimization. The results of 

optimization are discussed in the next sub chapter.  

  

Conveyor name Length of Conveyor 

(Meters) 

Cost (SEK) 

Conveyor 1 133m 2,660,000 



Design and Analysis of Material Handling Sistema with Simulation-Based Optimization    

50                                                                                                                                                                  Avirat Dhanal 

 

5.3 Results of Optimization 

After running an optimization with 5000 iterations the results were obtained. As per the 

previous discussion NSGA-II was used as the type of optimization. However, after the 

optimization, different cases were studied against each other. The most relevant ones are 

presented in the results section. Some charts comparing  throughput and WIP are given below 

as figure 16. As it can be seen in the graph, it does not give any pareto front as the throughput 

is not affected by additional changes in the material handling system.   

 

Figure 16 Graph for Throughput and WIP 

 

However, the new material handling system is designed in a way that, it should not affect the 

current situation of the plant. As the objective of the overall case study was to reduce the lead 

time and the cost of material handling system the graph of “WIP” and “Lead Time” is shown 

below. The WIP is considered in this case because it is directly proportional to the “Lead  

Time” As we can see in the graph above both of the parameters are supposed to minimize. 

However, according to the pareto optimal fronts, a consition of Min-Min is implicable. 

According to the pareto fronths the lower left of the obtained results should make a curve. 

The curve is represented in the graph below.  

 
Figure 17 Pareto Front for WIP and Lead Time 
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As it can be seen the graph above the obtained curve is so slight in nature. If we look closer 

In to the graph it can be said that the solution with the lower value than 35 for the WIP and 

approximately before the value of 2828 seconds for lead time could be considered as a best 

solution. 

The next step was to analyse the total buffer capacity with respect to the WIP. The graph 

regarding the WIP and total buffer capacity containing the number of parts at each buffer is 

presented below with its pareto front.  

 

Figure 19 Pareto Front for WIP and Total Buffer Capacity 

 

In this case also the graph does not really gives the perfect curve but it shows the slight curve. 

From the graph it can be said that the best solution would be as mentioned before under the 

value of 35 for the WIP which could be rached by having a bit more than the miminum and 

the total buffer capacity.  

 

5.3.1 Sorting of Best Solutions 

After running 5000 iterations of the optimization, some of the filters were applied in the 

solutions. To set these filters, first of all the data processing option was used in FACTS 

optimizer’s window which performs the fast non-dominated sorting; then the rank is 

obtained. In the next step, byusing this rank different types of filters can be adjusted in order 

to find the most relevant solutions.  
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The setting of ranks is shown in the figure below.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 12 Filters for Sorting the Best Solution 

 

As it can be ssen in the figure above few settings are done. these settings are made to reduce 

the cost of material handling system. However, as the total buffer capacity is inversly 

proportional to number of AGVs and Tow trains. Solutions gives more buffer capacity if the 

number of AGVs and tow trains are lowest and vice versa. The obtianed results are shown 

below. These charts gives the detailed information about how many number of AGVs and 

tow trains should be used and what will be the size of overall buffer capacity with respect to  

the length of different conveyors. 

 

Table 13 Sorted Solutions for Minimum Buffer Capacity 

 

The costing for the above mentioned material handling system is given in the next table 

below along with its “WIP” and “Lead Time”. 

 

Table 14 Total Cost for Material Handling System 1 
 

Sr No. Length of Roller 

Conveyor(m) 

Length of Store 

Conveyor (m) 

Number of 

AGVs 

Number of Tow 

Trains 

Total Buffer 

Capacity 

i 6 6 3 2 35 

ii 9 5 2 2 37 

iii 6 6 3 1 40 

Sr 

No. 

WIP Lead Time 

(Seconds) 

Roller 

Conveyor 

(SEK) 

Store 

Conveyor 

(SEK) 

AGVs 

(SEK) 

Tow 

Trains 

(SEK) 

Cost of 

Overhead 

conveyor 

Total 

Cost 

i 35.06 2859.91 34,998 34,998 1,500,000 970,000 2,660,000 5,199,996 

ii 34.05 2856.51 52,497 29,165 1,000,000 350,000 2,660,000 4,091,662 

iii 34.06 2860.89 34,998 34998 1,500,000 485,000 2,660,000 4,714,996 
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As mentioned before, all the sorted solutions in the “Table 13” are obtained after applying the 

filter. In the settings of filter, the value of total buffer is settled as less than or equal to 

hundred because it can be seen in the graph of WIP and total buffer capacity, the solution can 

be find before the value of hundred parts in the buffer.  In the settings of optimization where 

the lower and upper bounds are defined, the value of lower bound is defined as one whereas, 

the upper bound is five for the creation of AGVs and hence The value of “MHS-1 Creation”  

or number of AGVs is settled as less than or equal to five numbers of AGVs in the filter. In 

next window the filter for number of “Tow Trains” or “MHS-2 Creation” is settled as less 

than or equal to three; because as similar to the AGVs the upper bound for the creation of tow 

trains is three and the lower bound is one. After applying these filters number of solutions 

were obtained. Among those solutions above solutions were selected in such a way that, it 

contains minimum number of buffers with appropriate number of AGVs and tow trains and 

length of conveyors.  However, in the end, the highlighted solutions can be better solutions as  

suggested if the three  AGV’s out of five, and two tow trains out of three are used; as well as 

it contains the overall buffer capacity of 35. The length of conveyors also seems to be 

appropriate as a roller conveyor is supposed to be outside of the building B; this length can be 

sufficient and the store conveyor which is mentioned in this case is going to be placed before 

the painting line in a store. 

For better understanding of a scenario, the position of store conveyor before the painting line 

in the store is shown in the figure below. This store conveyor is optimized because, the length 

of remainig conveyor was measured on site; but, this conveyor is in the future state and not 

present at the moment on the site. However, the length of this conveyor is considerd in the 

settings of optimization. 

The setctional view of “Building A is shown in the figure below; where, the store conveyor is 

shown on the right side of the painting line. 

 

 
 
 

 

 

 

 

 

Figure 13 Position of Store Conveyor 

 

Store 

 Conveyor 
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Moreover, if the filters are settled in a way that it gives us the maximum numbers of  total 

buffer capacity and lower number of material handling systems then following solutions can 

be obtained.    

 

Sr No. Length of 

Roller 

Conveyor(m) 

Length of 

Store 

Conveyor (m) 

Number of 

AGVs 

Number of 

Tow Trains 

Total Buffer 

Capacity 

i 6 10 2 1 140 

ii 7 7 3 1 112 

iii 9 5 1 1 135 

 

Table 15 Sorted Solutions for Minimum Material Handling System 
 

The overalll cost for the material handling system presented in the above table is given in the 

table below along with its “WIP” and “Lead Times”. 

 
Table 16 Overall Costs for Material Handling System 2 

 

As it can be seen in the table 14, the total buffer capacity and numbers of material handling 

systems plays a vital role. Compared to the previous solutions from table 12 it is clear that the 

total buffer capacity is higher. However, if the cost is taken into the consideration; it varies 

according to the number of AGVs, tow trains, and length of conveyors. In the presented case 

study, two solutions can be suggested which are highlighted in “Table 12” and “Table 14”. 

Basically, these two solutions are classified on the basis of total buffer capacity and number 

of AGVs and tow trains. If these solutions are observed closely they does not really shows 

any huge difference in “Lead Time” and “WIP”; but, these two solutions shows the 

difference between the costs of material handling system. Moreover, these solutions are 

selected according to their ranking in the optimizer’s evaluation list. For the solution 

suggested in the “Table 13”, the rank is 36 and for the solution suggested in the “Table 15” 

the rank is 67. These ranks shows that, how much closer the solution is to the pareto front.  

However, it can be said that the solution suggested in “Table 13” is superior over the second 

solution. 

Sr 

No. 

WIP Lead 

Time(Seconds) 

Roller 

Conveyor 

Store 

Conveyor 

AGVs Tow 

Tranis 

Cost of 

Overhead 

Conveyor 

Total 

Cost 

i 33.09 2878.04 34,998 58,330 1,000,000 485,000 2,660,000 4,238,328 

ii 34.07 2865.47 40,831 40831 1,500,000 485,000 2,660,000 4,726,662 

iii 32.05 2857.49 52,497 29,165 500,000 485,000 2,660,000 3,726,662 



Design and Analysis of Material Handling Sistema with Simulation-Based Optimization    

55                                                                                                                                                                  Avirat Dhanal 

 

In addition to this for the better understanding of the solutions and for finding what could be 

the minimum total buffer capacity for the appropriate amount of material handling system 

with its cost some more settings were done in the optimizaer window. FACTS consists one of 

the most important features called parallel coordinates by using which the above mentioned 

condition can be tested. For using this feature first of all few settings needed to be done and 

those are as follows.  

First of all, the option of showing three types of solutions is selected in the FACTS 

optimizer’s window. In those three windows of different solutions firstly the option of 

parallel coordinates was selected; secondly, the option of 2D graphs was selected and at last 

the list of evaluation was selected. After this, “Non Dominated Sorting” was done to the 

solutions and then by cliking on link button all the three type of solutions were linked to each 

other. By doing such setting all the three type of graphs will adjust the range of solutions at 

the same time and will accept the settings of filters at the same time. The figure for all the 

settings mentioned is shown on the next page.  

   

  



Design and Analysis of Material Handling Sistema with Simulation-Based Optimization    

56                                                                                                                                                                  Avirat Dhanal 

 

The digram of parallel coordinates and other graphs is given below.  

 

Figure 14 Parallel Coordinates 

 

As mentioned before this method of finding the solution can be more effective as it shows the 

position of plots and list of solution plot wise. Moreover, by moving the coordinates also the 

accurate solution can be found.  
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6 Discussion     

The initial challenging part of the presented case study was to collect the data form the 

related organization. As the company was not having the required data in a way it was 

necessary for  building the proposed simulation model, there were lots of changes and 

calculations that were carried out during the study to get the requred data.  

The next step was to decide the type of simulation tool in which the proposed model was 

supposed to be designed. However, after studying some of the simulation tools mentioned in 

chapter-4, “Simulation”, Facts Analyzer was decided to be used. Before that, nine different 

scenarios were presented in front of higher authorities and stake holders of the company and 

one of the scenarios for internal logitics and one of the scenarios for external logisticcs were 

selected.  

After this KAIZEN workshop the proposed model was designed. However, after this, the next 

challenge was to verify and validate to  design and decide the parameters of the optimization. 

As the main objecttive of case study was to design, analyse, and optimize the “MHS”, it was 

obvious to try to reduce the lead times and the cost of matrial handling system.  

Along with this objectives, some more parameters are considered such as sizes of buffers, 

throughput and WIP. As all these factors are interrelated they were considered in the design 

of the optimization. As it is mentioned previously, the throughput was not supposed to be 

affected by any new change and due to that reason it became tricky to optimize the other 

factors.  

 It can be seen in the optimization results that the total buffer capacity and WIP graph does 

not shows considerable pareto front. One of the reasons behind this can be the occupation of 

all the buffers was not up to the mark when the simulation was carried out. However, at the 

end after having the discussions and running the optimization with different possibilities, one 

of the possibilities was selected and then the presented results were obtained.   
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7 Conclusion 

As discussed before that there were basically two main objectives; first was to design a 

material handling system for the internal and external logistics and the other was to reduce 

the cost of material handling and lead times between the production lines and the newly 

established painting line. These objectives are discussed further in detail.  

 

 Design of the new material handling transportation system including all the 

products being transported from other building to main shop floor.  

The material handling system is a key factor in the growth of productivity. The organization 

related to the case study is equipment manufacturers in the south of Sweden. However, 

numbers of different variants were considered during the design of simulation model. As it 

can be seen in the section 5.1 where the designs of the scenarios are presented for the internal 

as well as external logistics system; these scenarios were then designed in the “FACTS 

Analyser” the designed simulation model is shown in the figure 6; and then that simulation 

model was optimized for the further studies.  

 

 To reduce the transportation cost and lead times between the production lines and a 

new painting line.     

It was clear that the organization had decided to implement new “MHS” without affecting the 

throughput. However, the optimization of factors such as “Lead Time”, “WIP” and cost of 

MHS, and length of conveyors was done. The presented case study was more about 

optimizing cost of investment in material handling; however, the WIP has played the vital 

role in overall results. But, if it is observed closely then it can be said that the WIP has not 

changed drastically in offered two solutions. This means that the organization can consider 

the possibility of reducing the cost of the MHS considerably if having a slightly increased 

WIP in the plant. Looking at the results, this increase is just a small percentage of the total 

WIP currently considered. As it is represented in the results there are possibly two ways of 

selecting the solution. By keeping the size of overall buffer low and using the appropriate 

number of material handling system and, second way is by reducing the material handling 

system and keeping the buffer size appropriate.  

While summarizing, it can be conclude that both solutions are best in their own way. 

However, if the company wants to keep the size of total buffer lower and cost of material 
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handling system lower then they can use the solution number 1 which is presented in the table 

13 and if the company wants to increase the overall size of buffer and use the appropriate 

nuber of material handling then they can use the solution number 2 which is presented in 

table 15. At last, Managers and stakeholders should also consider possible future increase in 

production; in such scenario of increased production solution number 1 can be more 

appropiate and could be implemented step by step acording to the increase of the production 

of plant.  
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Appendix A: Different Suggested Scenarios for 

internal and External Logistics and included data 

Scenario-A Internal Logistics 

Scenario-B Internal Logistics 
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Scenario-C Internal Logistics 

 

 

Scenario-D Internal Logistics 
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Scenario-E Internal Logistics 

  Scenario-F Internal Logistics  
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Scenario 1- External Logistics 

Scenario 2- External Logistics 
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Data Included in the model-1 
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Data Included in the Model 2 
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