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Abstract— Flexible manufacturing systems (FMSs) are 

advanced and highly integrated manufacturing systems 

consisting of robots, machining cells, and automated guided 

vehicles (AGVs) that function under the control of 

computers. The relations between its components are very 

complex. Problems related to flexible manufacturing 

technology are relatively complex compared to traditional 

manufacturing systems in which lead times are longer, 

inventory levels are higher, and utilization rates are lower. 

In order to take full advantage of the flexibility of the 

system, operation assignment, planning and scheduling 

should be done in a collective way. Petri nets (PNs) have 

recently emerged as a promising approach for measuring 

and analyzing the performance of FMSs. PNs are formal 

graphical modeling tool that can be utilized efficiently as a 

modeling tool. PN can also dynamically simulate and 

graphically represent a process in an integrated manner. This 

works proposes the development of simulation models for 

studying the behavior of complex FMS. A Petri Net based 

integrated approach, for simultaneously modeling 

simulation & scheduling of flexible manufacturing systems, 

is proposed. The procedure is illustrated with a case study. 
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I. INTRODUCTION–FMS 

Flexible manufacturing system (FMS) is an automatic 

production system in which the system may use several 

parallel production environments in it. In the early stage of 

the FMS, the layout has an impact on production time and 

efficiency. The optimal design of the physical layout of 

FMS is one of the most important issues in the field of 

machines and material handling system utilization. Since the 

late 1970s, the first collection of papers on scheduling of 

FMSs has been published; it has been one of the popular 

topics for researchers. The Flexible manufacturing system 

(FMS) scheduling is one of the most trusted and 

complicated task in machine scheduling. An FMS usually 

consists of several numerically controlled manufacturing 

machines and automated material handling systems that 

transport work pieces between machines and tool systems. 

In a facility with routing flexibility, each product can be 

manufactured via one of several available routes. A high 

level control system must decide which resources to assign 

to which product at what time, to optimize some criteria [1].    

The planning/scheduling of an FMS is the process 

of determining the allocation of parts to machines and the 

sequence of operations so that the constraints of the system 

are met and performance criteria are optimized. Scheduling 

problems were solved to determine a sequence of operations 

in every job so that the makespan is minimized or the 

utilization of machines is maximized while satisfying the 

manufacturing objectives. In this paper we concentrate on 

timed Petri nets, i.e. Petri nets extended with a timing concept 

[3]. 

II. LITERATURE REVIEW 

When Petri Nets were introduced, many papers were 

published on topics such as resource utilization, bottle necks, 

throughput, cycle times and capacity estimations. Petri Nets 

were evaluated in manufacturing systems using different 

techniques like simulation, queuing theory, probability and 

stochastic Petri nets. Most of the results in this area focused 

on cyclic scheduling problems Ramamoorthy & Ho (1980) 

and Hillion & Proth (1989) have used a technique based on a 

“marked graphs” (a sub class of Petri nets) to analyze the 

throughput of cyclic (production) processes. Carlier, 

Chretienne & Girault (1984, 1988, 1983), Gao, Wong & 

Ning (1991) and Watanabe & Ya-mauchi(1993) also focused 

on minimal cycle times for repetitive scheduling problems. In 

this paper focus is on the traditional non-cyclic scheduling 

problems such as machine and job scheduling. 

 PNs are a graphical and mathematical modeling 

tool applicable to several systems. As a graphical and 

mathematical tool, PNs were used as a visual 

communication aid similar to flow charts, network diagrams 

and block. In this paper timed Petri net model is used and 

time is associated with transitions. 

III. GRIF PETRI NET SOFTWARE V 2014.7 

The Petri Net version 2014.7(6.0.7) is a software tool that 

used for modeling, simulation, design and analysis of 

discrete event systems, based on Petri net (PN) models. The 

current version of the PN Tool can serve various 

instructional tasks, due to the wide range of topics covered 

by its facilities. It is suitable for applications illustrating the 

theoretical concepts provided by courses on PNs with 

different levels of difficulty. Furthermore, the PN Tool 

allows relevant experiments for studying the event-driven 

dynamics of physical systems encountered in many 

technical fields such as flexible manufacturing systems 

(FMSs), computer systems, communication protocols, 

power plants, power electronics, etc. 

IV. DEFINITION OF PETRI NETS 

An ordinary Petri Net (OPN) is formally defined as PN= {P, 

T, I, O, m0}, where P= {p1, p2 ... pn} is a finite set of 

places, T= {t1, t2... tn} is a finite set of transitions, with P ∩ 

T = Ø, I and O are the input, and output functions with the N 

set of non–negative integers..m0 represents the initial tokens 

distribution in net’s places. A t-timed Petri Net (TPN) 

results from the corresponding OPN by associating with 

each transition ti a firing delay. It is defined as TPN= {P, T, 

I, O, m0, D} with D representing time delay, a function 
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from the set of nonnegative real numbers. In the models that 

follow, places are drawn as circles (O), transitions as boxes 

( ) and tokens are small black dots residing in nets places. 

Tokens move through arcs according to the respective 

transitions delays. Standard arcs are drawn as usual ( ) [5, 

7]. 

V. TIMED PETRI NET 

Petri nets originate from the early work of Carl Adam Petri 

in 1962. Since then there has been lot of research in study and 

application of Petri nets. The classical Petri net is a bipartite 

directed graph with two node types called places and 

transitions. Places are represented by circles and transitions 

by rectangles. Places may contain zero or more tokens, which 

are represented by black dots. The net shown in Fig. I, These 

Petri net models a machine which processes jobs and has two 

states free and busy. There are four places in, free, busy and 

two transitions start and finish. In the state shown in Fig. I 

there are five tokens; four in place in and one in place free. 

The tokens in place in represent jobs to be processed by the 

machine. The token in place free indicates that the machine is 

free and ready to process a job. If the machine is processing 

a job, then there are no tokens in free and there is one token 

in busy. The tokens in place out represent jobs which have 

been processed by the machine. Transition start has two input 

places in and free and one output place busy. Transition 

finish has one input place busy and two outputs places out 

and free. A transition is called enabled if each of its input 

places contains atleast one token. 

Figure 1 Petri net with one machine initial stage. 

An enabled transition can fire. Firing a transition t 

means consuming tokens from the input places and 

producing tokens for the output places, i.e. t “occurs”. 

Transition start is enabled in the state shown in Fig. II, 

because each of the input places in and free contains a 

token. Transition finish is not enabled because there are no 

tokens in place busy. Therefore, transition start is the only 

transition that can fire. Firing transition start means 

consuming two tokens, one from in and one from free, and 

producing one token for busy. The resulting state is shown 

in Fig. II. 

 
Fig. 2: intermediate stage of job processing. 

In this state only transition finish is enabled. Hence, 

transition finish fires and the token in place busy is 

consumed and two tokens are produced, one for out and one 

for free. Now transition start is enabled, etc. As long as 

there are jobs waiting to be processed, the two transitions 

fire alternately, i.e. the machine modeled by this net can 

only process one job at a time. Fig III. Which show the final 

stage of processing at that stage machine is free with one 

token. 

 
Fig. 3: Final stage of job processing. 

A. Scheduling Problem 

The planning/scheduling of an FMS is the process of 

determining the allocation of parts to machines and the 

sequence of operations so that the constraints of the system 

are met and performance criteria are optimized. Scheduling 

problems were solved to determine a sequence of operations 

in every job so that the makespan is minimized or the 

utilization of machines is maximized while satisfying the 

manufacturing objectives.  

B. Case study 

The configuration of FMS is given in Table I shows the type 

of layout, number of machines, number of parts, load/unload 

stations and the number of AGV used. We have four parts to 

be processed on four different machines. The Table II 

indicating the machine sequence number of four parts. The 

operation time shown in Table III. 

Layout 

Type 

No Of 

Machine 

No of 

Parts 
Load/Unload 

No of 

AGV 

In-Line 4 4 1 each 1 

Table 1: Configuration of FMS 
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Product                     Operation sequence 

Job A 3 1 2 4 

Job B 2 3 1 4 

Job C 3 4 1 2 

Job D 2 1 3 4 

Table 2 Operation sequence 

Product                        Processing Time (minutes) 

Job A 2 3 6 7 

Job B 8 5 9 5 

Job C 5 7 9 4 

Job D 5 3 5 7 

Table 3 Processing Time 

C. Assumptions 

1) No resource may process more than one task at a 

time. 

2) Each resource is continuously available for 

processing. 

3) Each operation, once started, must be completed 

without interruptions. 

4) Loading unloading time included in processing 

time. 

5) After job loading robot remains busy till processing 

to unloading. Here robot and machine are shown by 

single place (circle). 

Fig. IV shows Petri Net model of 4 jobs 4 

machines. Our assumption 1 machine can process 1 job at a 

time. Two processes are mutually exclusive if they cannot 

be performed at the same time due to constraints on the 

usage of shared resources. 

D. Petri net simulation model 

 
Fig 4: 4 jobs 4 machines Petri net model 

Petri-net simulation model result (histogram) which show 

the processing time for different job on different machine 

and availability of machine during process. Which can be 

seen given fig no. V, VI & VII. 

 
Fig 5 processing time & sojourn time for 4 machines & 4 jobs (Result of petri net for 4x4 case study) 
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Fig 6. Job Schedule for 4 machines (Result of petri net for 4x4 case study) 

Machine M1 M2 M3 M4 

% utilization of machine 63.15 60.52 44.73 68.42 

VI. RESULTS AND DISCUSSION 

In order to test the effectiveness and performance of the 

proposed method. The petri net model has been made and 

simulation is done. The case study of 4 machines and 4 

products is taken and analyzed which show the optimum 

result of machine utilization for the above case study.  

Conclusion  

 The use of the Petri nets will surely lead to more 

efficient and stable manufacturing systems being 

implemented and therefore increasing the productivity and 

efficiency of modern manufacturing methods. Petri net 

based techniques are used to detect the conflicting 

precedence’s that determines the superior bound for the 

minimum make span, maximize the productivity, etc. A 

system which is based on PNs integrated with rule based has 

been highly used to find optimal decisions for scheduling 

analysis. This paper focuses on FMS scheduling with PN. 

The other rule will not provide the best results which were 

reported in many literatures [1, 2, and 7]. Petri net modeling 

and simulation is best method to find the optimum schedule 

to minimize the make span. 
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