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Abstract. Lately, multi-agent systems (MAS) are being exploited to solve emerg-

ing challenges in manufacturing processes that require adaptation, flexibility, and 

reconfigurability. Multi-agent systems offer an alternative way to design and    

improve manufacturing processes and control systems due to their inherent abili-

ties to adapt to emergence without external intervention. Multi-agent simulation 

assumes a crucial role to analyze and improve the manufacturing process during 

the design phase. Indeed, it is well suited to simulate manufacturing processes that 

present complex phenomena. This paper discusses the modeling and simulation of 

the steel converter process. The Systems Modeling Language (SysML) is used to 

illustrate the benefits of such tools in the manufacturing world on the specification 

of a steel converter process. A model of this process has been developed using 

SysML diagrams; and the simulation results are used to validate this model. 

Keywords: Manufacturing systems, Multi-agent simulation, Systems Modeling 

Language (SysML), Simulation tool (Anylogic). 

1 Introduction 

Thanks to multi-agent systems (MAS), the design and manufacturing of control 

solutions have become more flexible, adaptive, and reconfigurable compared to 

traditional systems (Wooldridge, 2009). These systems are used to solve emerging 

challenges in the design and manufacture of industrial systems in terms of         

adaptation, flexibility and reconfigurability (Barbosa et al, 2011). 

(Marik et al, 2005) have shown that MAS are characterized by the decentraliza-

tion of the control of its distributed structures which provide robustness, modulari-

ty, and autonomy of the processes and solve at least 25% of manufacturing     

problems. For example, (Guizani et al, 2014a) have developed a new approach 

based on multi-agent technologies for the optimal design of mechatronic systems. 
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The proposed approach is further improved by the development of a coordination 

and negotiation process allowing agents to facilitate the collaborative design of 

distributed systems (Guizani et al, 2014b). They subsequently validated this work 

through a test case to optimize the preliminary design of an electric vehicle    

(Guizani et al, 2017). 

The multi-agent swarm framework can adequately represent characteristics of 

supply chains, such as multiple levels of abstraction and separation of concerns. 

Through this multi-agent model, individual agents are integrated with trust   

mechanisms to identify trusted partners to fulfill customer orders (Lin et al, 2005). 

In addition, the study of swarm robotic systems has been considered as a study of 

multi-agent systems. Developers of swarm robot systems use realistic simulators 

to test and accelerate the development of new design methods (Aloui et al, 2020). 

They use simulators to model the interactions between robots and the interactions 

of robots with their environment (Sahin et al, 2008). The software required to   

develop agents is simpler and shorter than the software required by centralized  

approaches (O'Hare et al, 1996). However, analyzing, testing, and validating the 

behavior of multi-agent systems is generally difficult and time-consuming. It is 

necessary to use tools that support the correction of errors during the design phase 

before its deployment in the real operation; These are the tools of multi-agent 

simulation that simplify the representation, the testing, and therefore the            

understanding of the behavior of the system.  

In manufacturing, developers reduce the time and cost of developing control 

systems by using simulation which allows for the detection of errors, mistakes, 

and misunderstandings during the design phase and before moving on to           

implementation (De Vin et al, 2001). In this article, we study the steel converter 

process with the aim of developing a model that focuses on the crane management         

algorithm to minimize discontinuities in the operation of continuous casting     

machines. In the first part, we model this process using Systems Modeling      

Language (Mhenni et al, 2014). In fact, several SysML diagrams are used such as 

requirements diagram to specify system requirements, sequence diagram and state 

machine diagram to model system behavior, and block definition diagrams to 

identify structural architecture. In the second part, we use a multi-agent tool called 

"Anylogic" to simulate the modeled version and check the performances through 

the results obtained. 

2 Steel converter process 

Today, we use steel to fabricate everything from sewing needles to oil tankers. 

It is the most used material for building industries and the world’s infrastructure 

(Tossavainen et al, 2007). In addition, all the tools required to build and manufac-

ture are made of steel. The process of converting steel is very complicated      

(Kovalev et al, 2016). It can be simplified as follows: at first, the hot metal was 



System level specification and multi-agent simulation of manufacturing systems 3 

treated in a converter where all secondary metallurgical work is done. Secondly, 

the hot metal is poured into a large refractory-lined container called a ladle and 

transported to the cranes. Then the filled ladles loaded through cranes and carried 

to the continuous casting machines (CCM). These machines are used to pour hot 

metal into molds. (Nutting et al, 2019). 

In this paper, to develop a model of the steel converter process, the work    mainly 

focused on the crane management algorithm to minimize discontinuities in the op-

eration of continuous casting machines (CCM). 

2.1  System requirements 

To minimize discontinuities in the operation of continuous casting machines 

(CCMs), there are several constraints that cause difficulties. The requirements   

diagram shown in Figure 1 presents the main system requirements.  

 

 

Fig. 1 System requirements 

The critical timing is imposed by the CCMs and additional constrains come 

from the steel converters and the ladle transportation vehicles. For a good    

productivity, the number of cranes should correspond to the number of other      

elements in the system. In addition, the model should be highly scalable: it can 

work with any number of converters, cranes, CCMs, etc. and any timing, distance 

and capacity parameters. 

2.2  Behavior modeling 

Modeling behavior requires the identification of the main components of the 

system. As mentioned, the steel conversion process consists of converters where 
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all secondary metallurgical work is done, ladles to transfer hot metal, cranes and 

continuous casting machines (CCM). Figure 2 represents the sequence diagram 

which describes the chronological order of the functional scenario of the system. 

 

 

Fig. 2 Sequence diagram 

At the beginning of the process, the empty ladles move to the converters for 

filling. The converters pour the hot metal into the ladles.  The filled ladles are then 

moved to the cranes for loading onto the continuous casting machine (CCM). If 

the ladles connect to the continuous casting machines (CCM), these machines 

pour the hot metal into the molds and the process is repeated each time. 

Figure 3 shows the state machine diagram of the hot metal transport activity 

throughout the process. The ladle waits to be full at the converter. If the filling is 

carried out, the ladle moves to the crane for loading. Then the empty ladle returns 

to the converter for refilling. 

 

 

Fig. 3 State machine diagram of transportation activity 

The state machine diagram shown in Figure 4 describes the crane activity. The 

crane awaits the arrival of the ladle; it moves towards target 1 where it checks 
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whether there is a ladle or not. If there is a ladle, the crane loads it and moves   

towards target 2 to unload, otherwise, it returns to the wait step. 

 

Fig. 4 State machine diagram of crane activity 

The continuous casting of liquid steel into the mold is a very important step in 

the steel conversion process. This step is performed by a continuous casting     

machine (CCM). This machine is constituted by two right and left ladle holders. 

Its operating algorithm is illustrated in Figure 5. At first, the machine waits for the 

arrival of a ladle. The crane checks whether one of the two CCM ladle holders is 

filled or not. If the right ladle holder is empty, the crane loads the ladle into this 

ladle holder; otherwise, the CCM rotates 180 °so that the crane loads the ladle 

into the left ladle holder. 

 

Fig. 5 State machine diagram of CCM activity 

The simulation of the steel converter process requires the identification of the 

structural architecture of the system. That's why the next section discusses     

structural modeling of the system using block definition diagrams. 

2.3  Structural modeling 

In this section, the structural architecture of the process has been studied.    

Figure 6 represents the activity diagram which describes the general structure of 

the steel converter process. This process generally consists of four subsystems; 
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two subsystems for pouring activity at converter and CCM level, and two         

subsystems for loading activity at converter and crane level. 

 

Fig. 6 The steel converter process 

The block definition diagram shown in Figure 7 describes the components of 

the pouring system at the converter level. This subsystem consists of three       

converters, ten steel ladles and five rails. In fact, each component is characterized 

by a set of values that ensure the functioning of the system. 

 

 

Fig. 7 Pouring system (Converter level) 
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Likewise, the block definition diagram illustrated in Figure 8 describes the 

pouring system at the CCM level. This subsystem is made up of three CCM's and 

two ladles. 

 

Fig. 8 Pouring system (CCM level) 

The loading system at the converter level is shown in Figure 9. This subsystem 

consists of two ladles and five rails. 

 

 

Fig. 9 Loading system (Converter level) 
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Finally, the block definition diagram illustrated in Figure 10 defines the loading 

system at the crane level. This subsystem consists of rails, cranes, and ladles. 

 

Fig. 10 Loading system (Crane level) 

To ensure the continuity and consistency of the modeling approach, we use the 

allocation matrix and the traceability diagram. In fact, the allocation matrix         

illustrated in Figure 12 links the functions with its system components; and the 

traceability diagram illustrated in Figure 11 represents the links and the interac-

tions between the different levels of the system. 

 

Fig. 11 Traceability diagram 
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Fig. 12 Allocation matrix 

2.4  Multi-agent simulation 

   In this section, we use a multi-agent simulation tool called "AnyLogic". This 

simulation tool has a graphical modeling language and also makes it easy to       

extend the simulation model with Java code (Borshchev et al, 2002). 

   Generally, the model of steel converter process focuses on crane management 

algorithm that should minimize discontinuities in the continuous casting machines 

(CCM) operation. Figure 13 represents the simulated model of the steel converter 

process. 

 

Fig. 13 Simulated model of the steel converter process 

With the model developed in the previous sections, defining the simulation   

becomes easier. You just need to create the necessary components through the    

library found in the software (cranes, converters, CCM's, and ladles). 

The aim of this work is to minimize discontinuities in the operation of continu-

ous casting machines (CCM) to avoid solidification of the metal. Figure 14       

represents the simulation results before and after the modification of the crane 

management algorithm. 
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Fig. 14 Simulation results 

Before the intervention, the crane management algorithm is insufficient; which 

causes discontinuities in the operation of continuous casting machines and         

solidification of the metal. That's why the model focuses on the crane management     

algorithm and modify it to minimize these discontinuities. Finally, the discontinui-

ties in the operation of continuous casting machines are minimized. 

3 Conclusion 

In the field of manufacturing, the use of multi-agent systems facilitates the    

design of processes and the improvement of their performances. In fact, a multi-

agent simulation is a tool for analyzing, understanding, and optimizing manufac-

turing processes such as the steel converter process. 

This paper discusses the use of SysML languages in modeling and the         

multi-agent tool in the simulation of agent-based manufacturing systems. Aiming 

to illustrate the applicability and benefits of using these tools in the modeling and 

simulation of agent-based systems, a steel converter process study was considered. 

For this purpose, the Anylogic tool was used as a simulation platform to focus on 

the crane management algorithm which should minimize discontinuities in the   

operation of continuous casting machines (CCM). 

As a future work, the developed model will continue to be used to finalize the 

specification of the steel converter process. Also, and due to some Anylogic       

limitations, the logical step is to move into a more powerful software. 
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