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Segment of IDEF0 text file

 

 

BOX 0 ;

 

NAME '{LWI I 3 255 255 255}To machine' ;

 

BOX COORDINATES (0.418,0.556) (0.562,0.43

1) ;

 

DETAIL REFERENCE N A0 ;

 

ENDBOX ;

 

 

ARROWSEG 1 ;

 

SOURCE BORDER ;

 

PATH (0.29808,0.49373) (0.41827,0.49373) ;

 

LABEL '{LWI I 4 255 255 }I1' ;

 

LABEL COORDINATES (0.34327,0.48433) ;

 

SINK BOX 0I1 ;

 

ENDSEG ;

 

 

      ARROWSEG 2 ;

 

        SOURCE BOX 0O1 ;

 

       

 PATH (0.56250,0.49373) 

(0.66346,0.49373) ;

 

        LABEL '{LWI I 4 255 255 }O1' ;

 

        LABEL COORDINATES (0.61635,0.48589) ;

 

        SINK BORDER ;

 

      ENDSEG ;

 

 

      ARROWSEG 3 ;

 

        SOURCE BORDER ;

 

        PATH (0.45673,0.67398) 

(0.45673,0.5564

3) ;

 

        LABEL '{LWI I 4 255 255 }M1' ;

 

The Program interface steps

 

·

 

Retrieve the specified IDEF0 file

 

·

 

Translate this format into SIMAN 

modules.

 

·

 

Run SIMAN/ARENA software 

 

·

 

Construct SIMAN/

ARENA model
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Abstract. This paper is concerned with description of modeling the hierarchical aspects of a Flexible Manufacturing Cell (FMC) which is a part of a Flexible Manufacturing System (FMS). The modeling techniques IDEF0 and SIMAN/ARENA are linked to form a method that can be used to model the hierarchy of systems such FMC. The static design specifications are modeled using IDEF0 technique, and then the hierarchical model of simulation (the dynamic model) is generated from an IDEF0 model (the static model) using a set of transformation rules and system specifications. This also introduces the possibility of modeling systems hierarchy using SIMAN/ARENA modules. The method developed is illustrated using a typical FMC system.

Introduction

The Flexible Manufacturing System (FMS) is a re-programmable automated manufacturing system in its broadest sense, dealing with high-level distributed data processing and automated material handling systems, using highly flexible, computer controlled, information and material processors within an integrated, multi-layered feedback control architecture [1]. It involves a number of workstation configurations and material routing alternatives due to the inherent flexibility [2]. This type of manufacturing systems is very important for industry owing to the requirements of productivity, quality, customer constraints, product diversification etc. It is being increasingly looked on in organizations to provide capabilities to existing dynamic manufacturing environment [3].

The FMS design and control are complex and changeable tasks. The transition between the different parameters of FMS such as transitions between system design, management and controller is often awkward due to several obstacles, including:

 The lack of standard tools for translation of manufacturing system specifications into specifications of management and control functions (Santarek and Buseif 1998).

 A large initial cost for the production resources (Programmable Logic Controller- PLC, Computer Numerical Control - CNC, robot, etc.) (Huvenoit et al, 1995).

 Problems of integrating the different aspects of FMS control (Ausfelder et al, 1994).

There have been numerous contributions to develop simulation models for FMS. Most of existing attempts have used Petri Nets (PN) approach due to its good modeling features see for example Valvanis (1990); Huang and Chang (1992); Ausfelder et al (1994); Jafari and Boucher (1994); D’souza and Khator (1994); Huvenoit et al (1996); Desrochers and Al-Jaar (1995); Santarek and Buseif (1998). The use of PN for modeling FMS provides graphical representation for a system and quantitative analysis for its structured properties. However, some limitations of PN approaches have been reported by Valvanis (1990) and Pandya (1995). The PN approach has been integrated with other modeling methods to increase its capabilities. For example, Chen and Lu (1997) presented an integrated modeling methodology in which the PN approach performs the dynamic side of its models. Others (Jafari et al 1994; Santarek and Buseif 1998) developed interfaces between a high level specification of a system and its logic controller using a number of rules which transform SADT/IDEF0 models into PN-based controllers.

Various tools have been developed for converting IDEF0 models into simulation tools such as Design/CPN (IDEF0 and its transformation to colored Petri Net) by Rajala et al, (1997), and SADT/IDEF0 and Petri Net (Santarek and Buseif 1998; Santarek 1998). The translation of IDEF0 models into Petri Net (PN) models is difficult due to the complexity of PN tools and their shortcomings for the analysis and design of complex manufacturing systems. Al-Ahmari and Ridgway (1998; 1999) suggested an integrated modeling method to support manufacturing systems analysis and design phases. Their method involves four different modeling techniques GRAI, IDEF0/IDEF1X and SIMAN/ARENA. In that method, the last levels of IDEF0 models have been used to generate the simulation model of system sub-activities. Al-Ahmari and Ridgway did not consider the possibility of modeling system hierarchy using the simulation tools selected.

The selection of a suitable modeling technique is very important for analyzing and modeling purposes. There is a need for new approaches which attempts to integrate IDEF0 and other simple manufacturing simulators such as SIMAN/ARENA. In this paper the hierarchical aspects and the decomposition properties of IDEF0 and SIMAN/ARENA are utilized to design a FMC simulation model. This method attempts to overcome drawbacks of PN approach applications in FMC. The IDEF0 is briefly described in the next section, where is additional information about SIMAN/ARENA can be obtained from Kelton et al (1998).

The objective of this paper is to present simple procedures to generate a SIMAN/ARENA simulation model automatically from an IDEF0 model. The two selected methods (IDEF0 and SIMAN/ARENA) are linked to configure a modeling method that supports systems hierarchy as in FMC system. The approach enables the user who may not know about how to make a simulation model but can make a hierarchical IDEF0 model to validate models made quickly.

IDEF0 Technique

IDEF0 is based upon the Structured Analysis and Design Technique (SADT), a graphical approach to system description, developed by Ross in 1970s (Colquhoun et al, 1993). The main objectives of IDEF0 is to perform system analysis and design, produce reference documentation to help in the development of the existing system, communicate different manufacturing entities during the analysis phase, present a better understanding of system, and present a graphical function representation for the organization. An IDEF0 model consists of a hierarchy of diagrams, text and glossary. The diagram is mainly based upon two graphical components: boxes and arrows, all cross-referenced to each other (Kusiak et al, 1994). The box represents a system function that can be defined as an activity, process or transformation. The arrows in the diagram represent data and function relationships. 

In IDEF0, arrows entering the left side of function box are inputs (I), arrows entering the top of the box are controls (C), arrows leaving the right side of the box are outputs (O) and arrows entering the bottom side of the box are mechanisms (M). IDEF0 model construction is based upon several design rules which define how the model components are used. Each box in the IDEF0 model should involve a function name and number.

IDEF0 boxes and arrows are combined in a diagram that represents a higher-level function (Arabshahi and Barton, 1991). One of the most important features of the IDEF0 method is the hierarchy, as the top-level is decomposed into its basic sub-activities and elements. A model starts by presenting the whole system as a single function (a box with its arrow interfaces). This box is called the top box of the model and labeled A0. The top box can be decomposed into more child-diagrams until the system is described at the necessary level. The top-level diagram provides the most general or abstract description of the system being modeled. The series of child-diagrams provide more detail of the system. This feature restricts the amount of information that may be contained on the model on a single level. Figure 1 illustrates the IDEF0 model structure. The model diagrams provide a hierarchy of information that can be summarized in an IDEF0 node tree.

Fig. 1. IDEF0 hierarchical structure.

This modeling method is simple to use and understand. It describes system activities by their ICOMs (Inputs, Controls, Outputs, and Mechanisms). The top-down analysis approach is usually more appropriate for IDEF0 than bottom-up construction.

IDEF0 and SIMAN/ARENA Relationships

The IDEF0 technique may be used to model the static aspects of automated manufacturing systems such as a FMS. It can be used to define the requirements and specify the activities, and to design implementation criteria that meet the requirements and perform the related activities. Furthermore, IDEF0 can be used to analyze a system and to record its mechanisms statically. 

Depending on ICOM rules of IDEF0, any group of inputs (I1, I2, I3……), any group of controls (C1, C2, C3……) and any group of mechanisms (M1, M2, M3, ……) may be required to produce any group of outputs (O1, O2, O3, …..). Thus, diagram details specify the exact relationships between activity inputs, controls, mechanisms and outputs using the ICOM code. The activation of an activity box is based upon a collection of conditions, which are satisfied by the inputs. In the same manner, obtaining activity outputs represents the ending status of an activity. The hierarchical structure of IDEF0 models provides useful data that can be translated into simulation model. This hierarchy of IDEF0 can be represented using SIMAN/ARENA tools, as illustrated in Fig. 2. 


Fig. 2. Decomposition of IDEF0 and SIMAN/ARENA models.

An IDEF0 activity box can be converted into SERVER module in SIMAN/ARENA, as illustrated in the above figure. In the SERVER or ADSERVER module, an entity enters a station, seizes a resource, experiences a processing delay, and is transferred to another module. When an entity enters a Server module, an “unloading” delay may occur. The SERVER module permits the user to connect in modules that are executed immediately prior to the processing time delay. This property is very important for building the hierarchical models as in IDEF0 model.

Other SIMAN/ARENA blocks can be used to complete the required relationships between model activities, which are specified in the static model (IDEF0 model), as illustrated in Table 1. The most ICOM arrows that should be taken into account during building the dynamic model (SIMAN/ARENA model) are the inputs and outputs arrows.

Linking IDEF0/SIMAN

IDEF0/SIMAN coupling will respond to the need of simulation users by identifying the objectives and the execution of the static model to include the dynamic model. This eliminates the complexity of using simulation tools by providing a simple interface translator between IDEF0 model and SIMAN/ARENA tools. In addition, linking IDEF0 model to a simulation tool reduces the effort of the user by ensuring consistency of the two integrated models. This approach of linking proposes the construction of two models (the static model and the dynamic model). The static model specifies the structure of the system using graphical tools. For an exiting system, the static model comprises information from observation of the system. For new system, the static model presents the specification of the target system. The dynamic model is a transformation of the static model into simulation which gives the performance measures of the systems. 

Therefore, IDEF0 models help the simulation expert to develop a detailed functional model of a FMC and to understand how a system works, specifying a hierarchical and structural approach for the decomposition. 

In an IDEF0 model, each activity box has an input entity which is transformed into an output entity using a mechanism taking into account the control entities. Hence, the general transformation rules can be specified based upon the relationships between these two modeling tools, as illustrated in Table 1. 

Table 1. Translation of IDEF0 entities into the equivalent SIMAN/ARENA entities

IDEF0 Entities
SIMAN/ARENA

An activity box

Input (at top level)

Output (at top level)

Input (at lower level)

Output (at lower level)

Mechanism

Multi-Outputs

Grouping Inputs
SERVER or ADSERVER Module

ARRIVE Module

DEPART Module

SIMAN connect

SIMAN connect

SERVER resource

DUPLICATE

BATCH

In SIMAN/ARENA, the SERVER module contains QUEUE, SEIZE and RELEASE blocks. Thus to transform an input entity into an output entity, the SERVER is supported by RESOURCE(S) (mechanisms) taking into account the related conditions (controls). 

The software interface is constructed using MS Visual BASIC to enhance the transformation of IDEF0 models into SIMAN/ARENA models, as shown in Fig. 3.


Fig. 3. Transformation of IDEF0 model into SIMAN/ARENA model.

To transform the IDEF0 models into SIMAN/ARENA model, IDEF0 diagrams are saved using a standard format for electronic exchange of information in IDEF0 models. This format enables the user to import and export model files, and provides several options for tailoring the resulting file for use in other environments. Every activity in the IDEF0 model can be translated into SERVER or ADSERVER module. The mechanisms arrows are transformed into resources of the dynamic model and the other relationships of IDEF0 diagram are translated into links in SIMAN/ARENA model, as illustrated in Table 1. The different properties of SIMAN can be applied for analyzing FMC simulation.

The IDEF0 model of the system being considered is built by the expert and the model builder. Depending on the transformation rules the IDEF0 box information permits the generation of the ARENA model. The model builder completes the dynamic model based upon system information. The whole dynamic model is constructed by translating each level in the IDEF0 diagram. This translation would be easy for simple system; and other SIMAN/ARENA modules can be used for complex systems. For example, an IDEF0 arrow which is composed of one or more line segments. Figure 4 illustrates IDEF0 arrows which have branching configurations and equivalent SIMAN/ARENA modules.


Fig.  4. Arrow configurations and the equivalent SIMAN/ARENA modules.

An Illustrative FMC Example

Based upon the integration concept and the transformation of IDEF0/SIMAN/ARENA presented in the previous sections, this section demonstrates the proposed approach by modeling a FMC. This FMC consists of a lathe, a milling machine and a robot. The robot attends the lathe and milling machine. Components are turned and then milled, in that sequence. Other design and operation assumptions such as routing rules, buffers, and scheduling are ignored to simplify the illustration. The three entities (lathe, mill and robot) of the cell considered have their own local controller to support their functions. The main task of the controller is to coordinate cell operations and flow of materials through the systems. 

Figure 5 shows the static models (IDEF0 models) and the generated dynamic model (SIMAN/ARENA model) for the example. The activity boxes represent the various operations that form cell hierarchy and the sequence of events in each machine. In the model, the mechanisms represent machines, which are used to perform the activities. As shown in the Fig. (Fig. 5), the top activity (A0) is decomposed into two main sub-activities (A1 and A2) to represents both turning and milling operations. The sub-activities (A1 and A2) can be broken down into their child-activities (load, machine, unload) to provide more details for each operation.


Fig. 5. (a) IDEF0 model and (b) The generated SIMAN/ARENA model.

There is no need for special knowledge of controls to complete the IDEF0 model for such FMC systems. The model builder follows the IDEF0 rules to construct such models. The relationships between systems activities can be modeled based upon material and information flows, and the sequence of events which are performed by each machine. 

The generation of SIMAN/ARENA model from the IDEF0 models is discussed in the previous section. The obtained simulation model is run for 480 minutes. Figure 6 lists the results provided by the simulation model. Different aspects of FMC can be tested and measured using the generated simulation model. In our example, the average time in system is 1.1625 minutes and utilization of turning and milling machines, and robot are 100%, 87%, 82% respectively. There are 80 parts are produced during the simulation run. 


Fig. 6. Simulation results.

Conclusion

In this paper, IDEF0 and SIMAN/ARENA are linked to provide an integrated method that can be used to model the hierarchical aspects of a manufacturing system. IDEF0 is used to provide the static model, and SIMAN/ARENA is used to generate the dynamic model based upon information obtained from the IDEF0 diagrams and a set of transformation rules. The hierarchical structure of the IDEF0 diagram and SIMAN/ARENA modules (SERVER and ADSERVER) are utilized to develop a transformation process which links IDEF0 and SIMAN tools. IDEF0/SIMAN coupling presents a simple procedure that can be used for modeling FMS instead of using other complex modeling methods such as PN. 

The approach presented in this paper reduces the time and efforts to simulate the hierarchical aspects of FMC by automatically generating the simulation models from IDEF0 models. However, further developments can be carried out such as building a comprehensive transformation of IDEF0 entities into SIMAN/ARENA including data relationships and control signals. Other extensions can be done to provide detailed analysis of FMS such as considerations of scheduling, part sequences, buffers, and machine status.
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نمذجة المستويات الطبقية في أنظمة التصنيع المرنة

عبدالرحمن الأحمري

قسم الهندسة الميكانيكية – كلية الهندسة

جامعة الملك سعود – ص . ب:800 - الرياض 11421

المملكة العربية السعودية

( استلم في 02/06/2001م،وقبل للنشر في 02/12/2001م )
يركز هذا البحث على نمذجة المستويات التدريجية في منظومات التصنيع الخلوي التي تعتبر جزء من أنظمة التصنيع المرنة. حيث تم الربط بين طريقة النمذجة IDEF0 وبرنامج المحاكاة SIMAN/ARENA لتكوين طريقة متكاملة مناسبة لنمذجة الصفات التدريجية أو الطبقية للنظم الصناعية كتلك التي تتوفر في أنظمة التصنيع المرنة. وقد تم استخدام IDEF0 في نمذجة ظواهر النظام الساكنة ومن ثم تم تحويل هذه النماذج إلى نماذج محاكاة باستخدام عدد من القواعد والمواصفات التنظيمية لتلك المستويات التدريجية. ويقدم البحث أيضا مثال مبسط عن كيفية استخدام طريقة النمذجة المقترحة لنظام تصنيع خلوي.

1





2





3





4





21





22





23





41





42





43





0





More detailed





More general





This box is the parent of this diagram





A0





A1





A2





A3





A31





A32





A33





A11





A12





a)





b)





ARENA Simulation Results


Summary for Replication 1 of 1





Project:                                       Run execution date :  11/23/2001


Analyst:                                       Model revision date:  11/23/2001





Replication ended at time      : 580.0


Statistics were cleared at time: 100.0


Statistics accumulated for time: 480.0





TALLY VARIABLES


Identifier              Average   Half Width  Minimum    Maximum   Observations


_______________________________________________________________________________


OUTPUT1_Ta              1.1625     (Insuf)    1.0400     1.2892         80





DISCRETE-CHANGE VARIABLES


Identifier              Average   Half Width  Minimum    Maximum   Final Value


_______________________________________________________________________________


ROBOT_R Busy            .81780     (Corr)     .00000     1.0000     1.0000


A1_R Busy               1.0000     (Insuf)    .00000     1.0000     1.0000


A2_R Busy               .78487     (Insuf)    .00000     1.0000     1.0000


A12_ R Busy             .37146     (Insuf)    .00000     1.0000     1.0000


A22_ R Busy             .37677     (Insuf)    .00000     1.0000     .00000





COUNTERS


Identifier                Count   Limit


_________________________________________


FINISHED COMPONENT           80  Infinite
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