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1. Introduction, the main objectives of the research 
 

This dissertation deals with the development of IT connection between material flow systems 

and the related simulation model to improve logistics characteristics. First of all, I would like 

to clarify what is meant by a material flow system from the different interpretations of the 

technical field: [1]. 

During the research, I focus on targeted material flows within logistics processes. It is not my 

aim to deal with the flow characteristics of the materials themselves, but the temporal 

characterization of material flows within the logistics system, only from a logistical point of 

view and not from a physical one. In the various logistical definitions, material flow plays a 

prominent role within logistics processes. It is common that materials and goods, as the 

subject of logistics, all appear in them. Even the definitions prove that material flow is the 

primary process within logistics also. 

For the logistics control system, material flow processes appear through IT connections. With 

the analogy of a living being, the logistic control system represents thinking, the IT 

background is the sense organs and the nervous system, and the material flow system is 

analogous to the environment around the living being. Therefore, the IT connection of the 

material flow is of paramount importance because the control system “sees” the material flow 

system through this. 

 
To control complex logistics systems, a virtual model of the system is usually needed. The 

most common form of implementing it is the creation of different simulation models. The 

dissertation formulates adaptive simulations as the basic condition of the simulation system 

that effectively creates an IT connection. Taking into account IT requirements too, adaptive 

simulation is the method how these simulations have to be created. It does not exclude the 

possibility to make modifications to the model manually later. 

The dissertation examines the various types and areas of adaptive simulations in detail. As a 

result, I created an adaptive simulation model structure during the research, where the 

connection between the material flow system and the IT environment can be analysed in 

several ways. 
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During the research, I could join project KTIA_AIK_12-1-2013-0009 – Researching Building 

Processes at the Department of Material Handling and Logistics Systems at BME (Budapest 

University of Technology and Economics) with this topic. Thanks to this, I could develop 

specific examples of implementation of the material flow system as well as the connecting IT 

system. During the research, I could formulate a new simulation model structure in which the 

temporal and spatial characteristics of processes can be applied uniformly for several 

purposes. 
 

 

2.	Organization	of	the	results	achieved	
 

The main purpose of the dissertation is to provide a solution to the modelling problem of 

logistics and, in particular, material flow systems through adaptive simulation modelling. 

In order to address the problem, as a first thesis of the relevant research, I have found that 

adaptive simulation models are the ideal option for implementing the development of the IT 

connection between the material flow systems and the related simulation model. The second 

thesis focuses on the adaptive model proposed by me, during which I developed a new 

theoretical model of adaptive simulations, and I also defined the necessary components and 

their relationship. As the third thesis of the research, I created a system based on a neural 

network, which can be used for parametric adaptation. One of the great results of this 

research is the development of a new type of adaptive simulation model, which efficiently 

combines the mapping of the spatial and temporal characteristics of processes. This 

statement is formulated in the fourth thesis. 
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3.	Theses	formulated	during	the	research	
 

1st	thesis	
The premise of the thesis: 
As a first step in my research, I analysed the conceptual system of adaptive simulations. 

Many sources deal with adaptive simulations. I also covered the possibilities of adaptive 

simulations in papers Adaptive Simulation-based Concept for Construction Logistics [2] and 

Components of a Simulation-based Adaptive Learning System for Manufacturing Logistic 

Purposes [8]. I have formulated the following thesis based on this: in order to develop the 

material flow model and the IT connection together, adaptive simulation models are the ideal 

option for implementation. Based on references in literature as well, it can be stated that the 

procedures used to solve the problem mentioned in the introduction are not uniformly 

referred to as adaptive simulations (see [2]). Based on references in literature (e.g. [3]), I 

have concluded that, besides the concept of adaptive simulations, areas with similar content 

can be linked here, such as “automatic model generation”. The model must be generated 

automatically in these systems because there was a change in the structure of the modelled 

system. In simulation modelling, basically three types of adaptivity can be distinguished: 

The third approach is dynamic data driven application systems (DDDAS). In her article [4], 

Darema presents dynamic data driven applications that are also capable of collecting data 

online and they affect their operation based on these. This is a similar operation to that of 

adaptive simulations, but here the focus is on the continuous mapping of data into the model, 

the structural and parametric adaptation is not separated. 

 

Thesis:  

Based on an analysis of literature data, I declare that adaptive simulation models are the 

ideal option for implementing the development of the IT connection between material flow 

systems and the related simulation model. 
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2nd	thesis	
The premise of the thesis: 
During the departmental research, together with supervisor Dr. Gábor Bohács, I created an 

own simulation-based adaptive model structure [5]. The structure of the model is the 

scientific result of the research. Since an adaptive model requires a continuous data link for 

the modelled system, it is important to incorporate the available information into the adaptive 

model. At present, in addition to continuous data link, the models in literature generally prefer 

continuous adaptivity. I consider one of the key features of the model proposed by us is that 

information from the system is incorporated with the control of the adaptive system. In the 

structure shown in the figure below, this means the connection between the Supervising AI 

and the Middleware. The essence of the connection is that the Supervising AI module, 

monitoring the operation of the simulation, sees the demand thereof if some part of the 

model is different from reality. Then it looks for specific data that can be used for correction. 

Based on the analyses, I defined the most important characteristics of the optimal adaptive 

model and I also defined the components and their relation. 
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Thesis:  

During the research, I developed a new theoretical model of adaptive simulations, defining 

the necessary components and their relation. I proved the applicability of the developed 

theoretical model with a demonstration system. 
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3rd	thesis	
The premise of the thesis:  
 

There are several methods for creating adaptivity in adaptive simulation models. During the 

research, I developed the approach of neural network, as this provides a sufficiently general 

approach. This makes the teach-in of pre-collected data possible, resulting in shorter 

development time, easy adaptation and realistic operation of the simulation model. 

  
Replacing a continuous connection with a neural network, taking into account the needs 

of overtaking 
 

The operation of the above principle was presented through an example that was created in 

the Simul8 environment. We modelled a continuous / uninterrupted transport connection 

between points A and B. Several transport vehicles may be at the same time during the 

transport connection (up to N number of vehicles) and vehicles are allowed to overtake. 

Parallel processing is needed to allow faster vehicles to overtake slower ones. If all delay 

elements are occupied, the ’Input branch’ element does not accept more inbound vehicles. 

Time delay on ’Branches’ is calculated separately for each vehicle. The real delay time of a 

passing vehicle through the mentioned section actually depends on very different factors, 

such as traffic density, speed of current and previous vehicles, the length and number of 

sections to be used for overtaking. The exact values of delay time would require a detailed 

model of permanent connection sections. Because of a small simplification, it is enough to 

determine the speed of the vehicle and the number of vehicles in the section to predict the 

delay time of the current vehicle. However, calculating the delay from the speed of the 

vehicle and the number of vehicles in the section would be too complex using equations. 

This problem is perfectly suited for a pre-linked neural network. 
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In the previous phase of the research, when researching modern simulation methods, in 

addition to adaptivity, the applicability of agent-based models were studied as well. However, 

the agents in the simulation model, due to their operation, implement some degree of 

adaptivity without further development. Ideas related to the thesis are dealt with in 

publication	[7]. 

 

Thesis: 

During the research, I developed a method realized with a neural network, and proved it 

through an example, for the implementation of parametric adaptation for logistics simulation 

tasks. 
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4th	thesis	
The premise of the thesis: 
The research has raised the need to develop a simulation model that is especially suited to 

support adaptive functionality. During the research, I found that most of the time, present 

material flow simulation models can be depicted well in 2D. Two-dimensional representation, 

which is common in process definition languages, is used to describe processes, but the two 

structures are not depicted uniformly. The main point of the “jellyfish” model developed 

during the research is that our material flow relationships can be spread out in 2D, and we 

model temporal processes perpendicularly to this plane. The representation of individual 

processes is directly under the point that it belongs to, so the complete model is implemented 

in an x-y-t coordinate system in a simulation environment. This method makes visualisation 

of both spatial relations and processes possible. 

 

Thesis:  

During the research, I developed and proved through an example a new type of simulation-

based model (the jellyfish model) that effectively combines the benefits of simulation models 

focusing on spatial and temporal characteristics of processes. 
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4.	Summary	and	future	research		
 
The results presented in the dissertation deal with correlations between material flow 

systems and information systems. During the research, I managed to develop both a 

theoretical model and the resulting application example. The research can be continued of 

course, which will be based primarily on the model developed in the fourth thesis. We are 

studying how the model can be solved to address the problem of structural adaptation. 
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