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Abstract: The need to improve the performance of production systems, related to increasing the level of coordination and integration of all 

resources and production functions in order to achieve flexibility and higher competitiveness, causes a growing interest in properly 

describing all processes. The most promising approach is Model Driven Development combined with appropriate standard.  

The aim of the paper is to propose a model driven development approach for manufacturing execution system based on IEC/EN 622264 

standard 
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1. Introduction 

The development and implementation of modern 

methodologies for managing existing manufacturing execution 

systems is of utmost importance for improving production and 

cost efficiency, environment protection. In most cases, this also 

necessitates the modernization of the production systems 

themselves, including machines or individual units thereof, to 

implement modern energy-saving control systems [1]. The most 

promising approach for modernizing existing processes is the 

model driven one. In this approach the systems are represented as 

models which correspond to models, various representations are 

manipulated through model transformations. Model Driven 

Architecture (MDA) [2] is a Model Driven Development (MDD) 

initiative of Object Management Group (OMG). It combines 

different Platform Independent Models’ (PIM) transformations to 

executable applications. MDA is widely known to be the base for 

reusable domain knowledge and is accepted as a domain 

engineering technique [3]. PIM represents a conceptual design 

pattern of functional requirements which is resistible to changes in 

implementation technologies and software. Its main purpose is to 

provide a comprehensive solution for application’s 

interoperability and portability as it divides the system design 

from specific system architecture. MDA uses open standards such 

as Unified Modeling Language (UML), XML Metadata 

Interchange (XMI), etc. 

IEC\EN 62264 is a standard which provides a bridge between 

the enterprise resource planning and manufacturing execution 

systems (MES) [4]. It provides classes which can support the 

description of available machinery in a production environment, 

such as conveyor belts, material capability, etc. 

The main goal of the research, presented in this paper, is to 

develop a model driven approach and methods for 

creating/describing/improving processes of a manufacturing 

execution system. The project’s main task is to define the 

requirements for a manufacturing execution system based on 

IEC\EN 622264 standard. 

The paper is structured in 4 parts. After the introduction, in 

Part 2, a short analysis of IEC\EN62264 standard, in Part 3 a short  

overview of MDA, MDD, UML and UML diagrams, Visual 

Paradigm, Relational Database is presented and in Part 4 the 

proposed approach is shown. At the end some conclusions are 

made. 

2. IEC/EN 62264 standard 

IEC/EN 62264 is an international standard for integration of 

enterprise control systems. It is based on ANSI/ISA 95 and 

provides a framework for data integration on different hierarchical 

levels in information systems. This standard provides an option 

for solving the information discrepancy through creating models 

and objects for conveying and consolidating information between 

different levels of information [5]. It has five parts: 

● Part 1: Models and terminology – describes the domain 

supervision of manufacturing operations, activities, 

interface content and connected transactions between the 

different levels.[6] 

● Part 2: Object and attributes for enterprise-control system 

integration – describes a common interface content which 

is interchange between the functions for manufacturing 

control and other enterprise on different levels. [7] 

● Part 3: Activity models of manufacturing operations 

management – defines activity models which enable the 

control of enterprise system over the system integration. 

[8] 

● Part 4: Objects models attributes for manufacturing 

operations management integration – describes the 

exchanged object models and attributes between the 

activities from Level 3 presented in Part 3 of the 

standard. [9] 

● Part 5: Business to manufacturing transactions – 

describes transactions as data interchanges between 

programs performing business and manufacturing 

activities related to the third (manufacturing operations 

management) and fourth (planning and logistics) levels. 

[10] 

The standard describes the models for the main available 

resources at the management operational level, where the data is 

gathered and consolidated, such as Personnel Model, Equipment 

Model, Physical Asset Model, Material Model, Process Model and 

Operations Model. These resources are the heart of operational 

definition, in a manner of activities for operations like 

maintenance, inventory, product production, etc. [5]. It describes 

the interfaces between the enterprise business and manufacturing-

control systems (Fig 1).  

IEC/EN 62264 standard alleviates the segregation of 

production processes from business processes and separates the 

transferred data from concrete manufacturing and business 

systems implementations [11]. 

3. Short overview of applied techniques 

3.1. MDD and MDA 

Model-driven development (MDD) is an approach which 

refocuses the development from directly writing code to creating 

models, which represents different perspectives and levels of 

abstraction [12,13]. In [14] MDD is presented as architectural 

meta-programming, where values represent models and alterations 

map models to models. One of the most promising 

implementations of MDD is Model Driven Architecture (MDA) of 

Object Managements Group (OMG).  It provides a conceptual 

framework for development and transformations of several models 
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– Computation Independent Model (CIM), Platform Independent 

Model (PIM) and Platform Specific Model (PSM) (Fig. 2). 

 

 

Fig. 1: ISO/IEC 62264 Manufacturing Architecture [11] 

 

 

 
Fig. 2: MDA Conceptual framework 

 

● Conceptual Independent Model (CIM) – is the 

business (domain) model which presents the main 

expectations of the system through vocabulary and 

surmounts the dissimilarity between developers and 

domain experts. It does not reveal the system 

implementation’s specifications. 

● Platform Independent Model (PIM) – represents a 

system view without implementation specifications. 

Some of its tasks are to establish dependencies, to define 

processes and workflows and to model logical data. 

● Platform Specific Model (PSM) – combines the data 

from a specific platform with PIM specifications, which 

is necessary for enabling the execution of the system. 

This model facilitates the generation of the code through 

the usage of the chosen execution platform and PIM. 

 

3.2.  Unified Modeling Language and diagrams 

 

 Unified Modeling Language is used to fulfill the 

necessities of Model Driven Development (MDD) and Model 

Driven Architecture (MDA). It is a graphical modeling language 

for design, visualization, documentation and specification of 

solutions developed during the software development process 

[15]. “Visual Paradigm” is a software which supports SysML, 

UML, Business Process Modeling Notation (BPMN); provides 

DevOps tools, ArchiMate, etc. UML diagrams are used to 

visualize models and their components [16]. UML 2.5 includes 15 

diagrams separated in two main groups (Fig. 3): 

● Structural diagrams – visualize the static construction of 

the modeled system and its elements on different 

abstraction levels. These diagrams include package 

diagrams, component diagrams, object diagrams, class 

diagrams, deployment diagrams and composite structure 

diagrams. Class diagram previews the structure of classes, 

their attributes, their main CRUD methods and the 

connection between different classes (Fig. 4).Component 

diagrams previews the physical aspect of a system through 

its components and their relationships. Block diagram 

shows the classes’ internal structure and the external 

communication. Deployment diagrams illustrate the 

hardware architecture of the software system, visualizing 

the places of deployment for each software component. 

Object diagrams visualize the system specifications, 

including objects with their attributes for a specific time 

frame. Package diagrams represent the expansion of the 

system to basic components with their relationships 

through semantically related elements with their 

dependencies. 

 
Fig. 3: Hierarchical organization of UML 2.5 diagrams [17]. 

The items in blue are not part of the official UML 2.5 taxonomy of 
diagrams 

 

● Behavior diagrams – visualize the dynamic aspect of the 

system. They are used to describe the software 

functionality. They include activity diagrams, state 

machine diagrams, use case diagrams and the subgroup 

“Interaction Diagrams”, which on its side includes 

sequence diagrams, communication diagrams, timing 

diagrams, interaction overview diagrams. Activity 

diagrams visualize the system operational flows. Use 

case diagrams represent the dynamic view of the system, 

through collecting system requirements from both 

external and internal influences; previews external 

system view with system operations from the perspective 

of users (actors) and scenarios (use cases). State machine 

diagrams illustrate the transition of an object from one 

state to another. Sequence and collaboration diagrams are 

used to describe the interactive behavior of the system. 

Sequence diagrams like interaction-, timing- and 

communication- concentrate on the message consecution. 

Timing diagram illustrates the project timeframe. 

Diagrams of cooperation, like communication and 

collaboration diagrams, visualize the organizational 

structure of the involved objects in the interaction. 

 

 

Fig. 4: Example of a class from a class diagram 

 

3.3. Relational database 

A relational database is an organized collection of logically 

related data represented through related tables with primary and 

foreign keys. It is an assembly of different elements such as 

objects, views, tables, schemas, queries, reports, etc. Databases are 

typically organized to replicate different aspects from reality in the 

most suitable way for processing the desired information, this 
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means that they are logically separated based on application fields. 

Database management system (DBMS) is a collection of software 

tools for managing multiple databases including the data itself. It 

gives access to the data; ability to manipulate the data, the 

database structure; provides data security; facilitates the data 

backup; ensures data integrity by creating logs, triggers, locking; 

and provides interfaces for data manipulation such as SQL 

interface for relational databases. 

MsSQL is a database management system for relational 

databases created by Microsoft. Visual Paradigm allows database 

generation through connecting to a desired DBMS.  

 

4. Description of the suggested approach 

“Wood Processing SME” is selected as an example of the 

suggested approach based on the IEC/EN62264 standard. All 

resource models are described through class diagrams as 

following “PersonnelModel”, “Equipment Model”, “Physical 

Asset Model Class Diagram”, “Material Model Class Diagram”, 

“Process Segment Model Class Diagram”, “Operations Definition 

Model Class Diagram”, “Operations Performance Model Class 

Diagram”, “Operations Capability Class Diagram”. 

“EqipmentModel” includes the following classes: 

“EquipemntClass”, “EquipemnyCapabilityTestSpecification”, 

“Equipemnt”, “EquipemntClassProperty”, 

“EquipemntCpabilityTestResult” and “EquipemntProperty” (Fig. 

6). Each class has the corresponding attributes and the main four 

methods for creating a record, reading/extracting a record, 

updating and deleting a record. The creating and update methods 

accept a parameter from the type of the class and accordingly the 

create method returns the identification number (id) of the newly 

created record, while the update method returns boolean value (in 

case of success it is true, else it will be false) (Fig. 4). The 

reading/extract and delete methods accept an integer value which 

is the identification number (id, primary key) of the desired record 

and accordingly return an object and a boolean value (Fig. 4). For 

each class diagram an Entity Relationship (ER) diagram is 

generated (Fig. 7). It describes the tables, with all attributes, keys 

(primary and foreign), indexes and relationships between the 

different tables. Each class diagram represents a separate database 

following the requirement to have separation between the 

databases based on application fields. 

 

Fig. 5: Value Stream Map of the process 

As a starting point, the processes may be observed from the 

business point of view. The process value stream map diagram 

(Fig. 5) presents only the value-added processes workflows in the 

production of solid fuels from the residue of furniture production 

(pellets and briquettes). The definition of the main resources 

begins with the definition of the portfolio of final products, the 

establishment of the types of processes and transformations 

through which the final products pass through. The materials are 

described by means of the properties that affect the course of the 

processes and can serve as a classification characteristic. The next 

stage is the classification of the equipment by means of a detailed 

specification from the manufacturer, from which characteristics 

are taken, as well as their main operating conditions and 

limitations. The same approach is used to define the job 

descriptions for the personnel who should perform each individual 

production step. 

The products that are being produced as wood bran solid fuel 

are: Coniferous Pellets, Deciduous Pellets, Coniferous Briquettes, 

Deciduous Briquettes, Mixed Briquettes and Mixed Briquettes. 

The main characteristics of the products are Specific Weight and 

Caloric Content. As both may vary because of many factors as: 

Plant Species, Humidity, Tree Age, Cutting Season, Density, etc., 

it can be assumed that the specific weight of coniferous plant is 

550 kg/𝑚3 and for deciduous plants around 900 kg/𝑚3. As far as 

caloric value of the products is concerned, the coniferous products 

may reach caloric values up to 8000 kcal/kg, whereas the 

deciduous, rarely reach 6000 kcal/kg (due to the higher resin 

content, at the expense of the lower relative weight). These 

characteristics will be presented as properties of the Material 

Definition in the Material Model.  

In the Equipment Model the parameters characterizing the 

grinder are Feeding speed - 20 m/min; Sanding Belt Width - 

1200mm; Power Drive - 45-55 kW; Bunker Capacity - 5 𝑚3;  

The Value Stream Map presents two separate grinding 

processes although the process grinding is one and the same. The 

reason is that there is a difference in the cycle time, the grinding 

speed (30 m/s for coniferous and 23 m/s for deciduous) hence the 

productivity (5 𝑚2/𝑚𝑖𝑛  for coniferous and 2.5 𝑚2/𝑚𝑖𝑛  for 

deciduous), and the scrap waste (bran) relative weight (around 1% 

- respectively 5.5 kg/𝑚3 and 9 kg/𝑚3 grinded material). These 

parameters will be presented as Material Segment Specifications 

for the Grinding process.  

The Hot Pellet Extrusion process is executed on a vertical 

pelletizing press with pressing grooved rollers. The extruded 

product is formed while it passes through an extrusion die with 

certain dimensions which correlate with the productivity and the 

extrusion force of the press. The productivity of the press also 

depends on the bran type, as for the coniferous bran it is around 

100 kg/h, and for deciduous bran around 80 kg/h. The 

Productivity will be presented as Material Segment Specifications 

for the Hot Pellet / Briquette Extrusion processes. After the 

extrusion process, the pellets / briquettes are being cooled down 

for 10-15 seconds and may be subsequently sieved and packed. 

Sieving and Packing is an automatic process that is executed on a 

conveying line with Productivity - 6 (15 kg) packs/hour. Here, the 

Productivity will be given as a Process Segment property.  

Conclusions 

The design phase of the model driven development aims to 

acquire knowledge for the processes and to recreate them in an 

abstract descriptive manner. 

The study presented in this paper includes an analysis of the 

requirements for modeling a manufacturing execution system 

based on IEC\EN 62264 standard.  

The next step is the development of behavior diagrams like 

activity and use case. An important stage in the research project is 

the implementation of the approach to an existing “Wood 

Processing SME” in order to improve the processes and reduce the 

production cost. 
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Fig. 5: Class Diagram "EqipmentModel" 
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Fig. 6: Entity Relationship Diagram "EquipemntModel" 
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