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Abstract 

Today’s market is subjected to numerous changes due to the need of continuous 

improvement of different commercial brands in order to survive against competitors. This 

competition drives the evolution of industrial processes, to satisfy the high customers’ 

requirements. It means that factors such as flexibility, adaptability and agility are crucial for 

the successful development of industries, which experience some degrees of uncertainty 

due to machine breakdowns, delays and market fluctuations among others. The current 

trend in manufacturing industries consists in the implementation of distributed control 

systems (DCS), substituting the earlier programmable logic controllers (PLC) systems where a 

main processor operated as the central unit of the system. To this end, the application of 

function blocks (FB) compliant with the IEC 61499 standard represents an innovative 

technique for dealing with the design and programming of DCSs. These FBs enable the 

creation of event-driven networks governed by embedded algorithms that can be used to 

enhance the flexibility and portability of industrial job-shops based on a distributed 

architecture. 

 

Job-shop floors represent a principal concept in manufacturing industries. This project is 

focused on the integration of a computer numerically controlled (CNC) machine and a gantry 

robot which must be coordinated and cooperate for the achievement of an industrial 

machining and assembly process. It implies the design of a PLC-managed distributed cell 

using nxtControl software. This software facilitates the construction of FBs-networks to 

control both machines and enables the communication process via service interface function 

blocks (SI-FB). Likewise, the whole process will be monitored using an interface also created 

within nxtControl which will allow the operator to decide the batch and characteristics of the 

production. 

 

This project is also intended to set the basis for the understanding of the FB concept defined 

in IEC 61499 which moves away from earlier scan-based systems to event-driven models, 

aiming to contribute to the development of future research in the function blocks area. 

 

Keywords: function blocks, IEC 61499, distributed control systems, CNC machine, machining 

features, nxtControl. 
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1. Introduction 

This chapter provides a general overview of the contents and organisation of the thesis 

likewise the main objectives which are to be covered. The research process has been 

developed in cooperation with Diaz (2012), whose report can be used as a complement for 

the fully understanding of the project. 

1.1. Motivation 

The complexity levels achieved in current manufacturing lines have forced companies to 

work towards continuous update of their systems in order to fulfil the flexibility demands 

required in job shops. Flexibility represents the capacity to adapt to changes in the market 

exigencies or variations during production. Together with other factors such as adaptability 

and agility, they are crucial for the successful development of manufacturing industries, 

which experience some degrees of uncertainty due to the stochastic nature of the processes 

caused by machine breakdowns, delays and market’s fluctuations among others. To this end, 

Distributed Control Systems (DCSs) have emerged as an alternative to earlier Programmable 

Logic Controllers (PLCs) systems. DCSs bring a higher agility to industrial environments (Lewis 

2001) through the use of a new architecture where there is not a central unit in the system 

but the main supervisory control comes from many distributed processors. Simultaneously, 

new technologies and standards have evolved to be compliant with the new architectures 

present in industrial job-shop floors. These standards are intended to increase the portability 

and adaptability of DCSs likewise enhancing the integration of different devices within the 

system architecture. 

An outgoing standard for dealing with DCSs is IEC 61499. It is based on the use of 

function blocks for designing and programming distributed control systems. The concept of 

function blocks was approved in 1991 by the Technical Committee 65 (TC65) to be used in 

Distributed Industrial-Process Measurement and Control Systems (DIPMCS) (Zoitl et al. 

(2007). The standard IEC 61499 exists since 2000 as a Public Available Specification (PAS) 

(Wang et al. 2007) but it was standardized in 2005, so it can be said that it is a relatively new 

standard and, in fact, research works and investigation within this field are still quite vague. 

The principal innovation brought by IEC 61499 is the use of events for triggering the 

execution of function blocks. It introduces an event-based structure where the actions that 

will take place at each time step are scheduled, increasing the flexibility and adaptability of 

the system. It is not necessary to continuously scan the complete program, instead, the 

events activate the right function block, which receives data information and executes its 

internal algorithm. IEC 61499 incorporates another new concept called Execution Control 

Chart (ECC). It manages the internal algorithms executions and carries out the corresponding 

output according to the event input received. ECC sets the transitions between states in the 

systems, providing a scheduling function to the execution of the program. 

Traditionally, software for the application of function blocks to manufacturing systems 

did not have a primary role in industrial environments but nowadays a new tool has 

emerged. It is called nxtStudio and it is developed by nxtControl in Leobersdorf (Austria). It 

represents a powerful technology based on the use of IEC 61499 function blocks for 

controlling DCSs from the primary design stage to the final deployment in real devices. A 

graphical environment is used for creating the program and it enables the creation of 

graphical-user interfaces in the same software package. The impact of using nxtStudio for 

manufacturing job-shop floors is an increase of systems flexibility. The control logic can be 
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distributed over many different controllers and communications are set up automatically. 

Pre-built software objects can be downloaded in the program using vendors’ libraries what 

brings a higher portability and reusability in the programming phase. 

In this project, nxtStudio will be applied for designing a machining-assembly 

manufacturing cell where a computer numerically controlled (CNC) machine will be 

programmed and controlled using IEC 61499 function blocks. The process will be monitored 

by means of a graphical user interface (GUI) also created within nxtStudio. The challenge of 

using FBs for programming a CNC machine is to develop a new technology to substitute the 

outdated G-codes traditionally used in CNC programming. This will be achieved by creating a 

network of event-driven function blocks. This approach aims to provide a greater flexibility 

in CNC-based systems through the use of FB with embedded algorithms representing 

individual machining features (MF) instead of programming using G-codes. These function 

blocks are called machining-feature function blocks (MF-FB) and they contain the basic 

information needed by a CNC machine to perform the basic machining features in a 

workpiece. Likewise a collaborative communication network is created for sending real-time 

information from the CNC and a gantry robot to the PLC- based control system. An overview 

of the control architecture built in this project can be seen in Figure 1: 

 

 
Figure 1: CNC machine-gantry robot system 
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1.2. Aims and objectives 

A continuous advance of the strategies involved in the performance of a manufacturing 

system is needed in order to cope with the high demands in today´s market. A relevant 

approach is the development of the IEC 61499 standard as a complement of the previous 

version IEC 61131-3. The new standard is oriented to Distributed Control Systems (DCS) and 

provides important advances in terms of flexibility, portability and adaptability in industrial 

shop floors.  

This thesis aims to be a basic guide of IEC 61499 and it will dig into the application of 

function blocks in a manufacturing cell for jointly executing a CNC machine and a gantry 

robot towards the execution of a common task. These function blocks will be programmed 

using nxtControl software which is a revolutionary program allowing the creation of a 

graphical environment by the design of human machine interfaces (HMIs) that enable the 

interaction with the physical equipments. The main objectives of this project are: 

 

• IEC 61499 research: a study of this new standard is carried out which will help to 

understand the basics of the manufacturing cell performance. 

• Cell designing/construction: the design of the most suitable physical configuration 

for the optimal performance of the manufacturing cell. 

• Creation of a fixture to hold the part while milling is performed: an automated 

fixture will increase the operator safety since the workpiece´s placement will be 

automatically carried out. 

• CNC machine programming: the CNC machine is programmed with function blocks 

using nxtControl. 

• Creation of a graphical-user interface (GUI) by which an operator can control and 

supervise the manufacturing cell. 

• Communication between devices: once all the components in the cell are connected 

and the machines are programmed the use of service function blocks enables the 

creation of a communication network for the exchange of information between 

devices.  
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1.3. Methodology and significance of the study 

The application of IEC 61499 function blocks in industrial job-shop floors is still in an early 

stage. The development of this technique will afford manufacturing companies with a 

greater autonomy degree. This thesis aims to collaborate in the evolution of function blocks 

programming, especially in the field of CNC machines. Nowadays, G-code is still a widely 

used technique for programming CNC machines. In this project, machining-feature function 

blocks will be used to substitute G-code in CNC programming. Moreover the cell will be 

controlled and monitored using a GUI. Communication between CNC machine, gantry robot 

and PLC will be managed by service interface function blocks. The project can be divided in 

four major steps: 

1. The first step is a literature review, focused in two main research areas: IEC 61499 

function blocks and, their application to distributed process planning and machining 

operations. 

2. The second step covers the designing and construction of the manufacturing cell to 

adapt it to the technical requirements of the project. 

3. The third step includes the design of the programs and interface in the virtual 

platform. 

4. The fourth step comprises the required communications for controlling the 

performance of the final implementation. 

 

Figure 2 is a scheme of the methodology followed for the achievement of the project 

objectives: 

 

 
Figure 2: Methodology 
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1.4. Organisation and contents 

This section provides an outline of the organisation of the thesis which is divided in 7 

chapters. The first chapter establishes the aims and objectives to be fulfilled within the 

project likewise the significance and challenges of the study. Chapter 2 is a literature review 

mainly focused on researching about IEC 61499 function blocks and their application to 

distributed control systems. It also digs into the main benefits and differences between IEC 

61499 and its predecessor IEC 61131-3. Chapter 3 covers the application of function blocks 

in industrial job-shop floors, specially oriented to distributed process planning (DPP) and 

machining features for CNC programming. This chapter also describes the software used for 

the project which is called nxtStudio. Chapter 4 comprises the design and physical 

configuration of the manufacturing cell. It includes the choice of the most suitable 

distribution for the components in the cell and the design and construction of a fixture 

mechanism for automatically holding the part in the CNC machine worktable. Chapter 5 

contains the main body of the work; this is the development of the programming code for 

controlling the CNC machine. This program includes a pocket and a hole machining features 

which will be implemented during the process. It is also covered in this chapter the designing 

and programming of the graphical-user interface (GUI) by which an operator can control and 

supervise the manufacturing process and the communication network required for 

coordinating the CNC machine with a gantry robot. This will be achieved using service 

interface function blocks (SI-FBs). The results and analysis of the implementation are found 

in Chapter 6. Finally, conclusions and further work are presented in Chapter 7. 
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2. Overview of IEC 61499 function blocks oriented to machining 

operations 

This chapter provides the theoretical background that motivates this research. It introduces 

a brief description about manufacturing engineering and explains the evolution of 

distributed controls systems by the use of function blocks defined in IEC 61499; likewise 

contributing in setting the bases for future function blocks researches. The end of the 

chapter covers a brief research about serial port communication using RS-232 for the 

exchange of data between the CNC machine and the controller. 

2.1. Automated systems for manufacturing engineering 

Manufacturing engineering is based on the application of mechanic, electronic and 

computer means to operate and control production systems. Many operations such as 

processing and assembly or the application of material handling and inspection systems are 

used for manufacturing products with a low level of human participation. The current trend 

consists in building systems as flexible as possible. Flexible automated systems are those 

with the adaptability enough to produce different products without needing to be 

reprogrammed or physically modified. Therefore, these systems are able to schedule the 

production of various products instead of setting up and reconfiguring the system between 

different batches (Groover 2008). The introduction of computer systems in manufacturing 

industries gave rise to the term computer-integrated manufacturing (CIM). CIM refers to the 

integration of computers for product design, control operations, process planning and 

processing activities within a manufacturing system. A standard manufacturing system is 

showed in Figure 3: 

 

 
 

Figure 3: Manufacturing system 
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Manufacturing activities are those where the value adding activities take place. An industrial 

manufacturing process consists basically of four types of operations (Groover 2008): 

1. Processing and assembly operations 

2. Material handling 

3. Inspection and test 

4. Coordination and control 

Processing and assembly operations are activities that change the properties or the physical 

appearance of the product. Processing operations alter the geometry of the product adding 

value to it by changing the appearance to be closer to the final desired product. Assembly 

operations perform a joining function, merging objects to create a new product. The 

products are moved between the different facilities of the manufacturing system where they 

are inspected and tested for quality purposes. All the processes are coordinated and 

controlled using computer systems and interfaces for real-time monitoring.  

2.2. Towards flexible integrated manufacturing systems 
Nowadays manufacturing systems are subject to quick changes due to the innovative 

evolution of today´s market. These changes force the companies to keep their production 

lines continuously updated to be able to survive against the competitors. For this reason, 

features like flexibility and agility are crucial towards the achievement of a fully integrated 

automated system. These systems have evolved through time from the earlier relay ladder 

circuits which required certain grade of electricity expertise to more sophisticated systems 

known as Programmable Logic Controllers (PLCs). PLCs constituted an important advance in 

industrial environments increasing the functionality of automated control systems and 

making possible the development of multifunctional PLCs which include many programming 

languages and flexible and versatile architecture. PLCs internally store information and carry 

out tasks such as implementing data logic and scheduling for control and management of 

industrial processes through digital and analogue input/output (I/O) modules (Groover 

2008). Some of the advantages of PLC systems over the previous relay-based circuits are: a 

greater programming facility, possibility of re-programming; PLCs are more reliable and 

robust; they take up less space in the shop floor and can perform a greater variety of control 

operations. The basic components of a PLC system are illustrated in Figure 4: 

 

 
 

Figure 4: PLC components 
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This evolutionary process has led to the current distributed automated systems where many 

devices are arranged around one or various central processors receiving information from 

sensors and actuators via communication networks (Vyatkin 2011). To this end, majority 

control systems architectures are of two types: Distributed Control Systems (DCSs) and 

Programmable Logic Controllers (PLCs) despite of the lack in changeability and reusability 

likewise the difficulty faced when integrating the software packages needed for control tasks 

(Martinez et al. 2005). The current trend is focused on the development and improvement of 

distributed systems which move away from the integration of large packages of software 

towards the coordination of simpler co-operating components (Lewis 2001). DCSs (Figure 5) 

are organised around central processors which are in charge of controlling the process and 

managing the data flow. 

 

 
 

Figure 5: Distributed Control System 

 

 

Thereby they use local networks which include multiple elements outside of the plant while 

PLCs use HMIs as a visual tool for the operator. A number of PLCs exchange communication 

to each other by means of communication networks. They receive input and output signals 

to manipulate sensors and actuators.  

Each one of the stages in the development of automated systems brought a new 

degree of flexibility. As a response to the continuous need of higher flexibility level, the 

International Electrotechnical Commission (IEC) developed a new standard called IEC 61499 

which overcomes many of the limitations faced within the previous standard IEC 61131-3. 

IEC 61499 introduces concepts which define applications that can be used no matter 

the hardware platform, by the implementation of reusable, hierarchical and modular 

software applications. It is a suitable tool for DCSs where an application can have its decision 

processes running over many different processors (Fischer and Boucher 2005). These 

processors must be interconnected, keeping a continuous data flow exchange. The standard 

is based on the utilisation of Function Blocks (FBs) which are individual units having their 

own internal algorithms and their own data structure (Martinez et al. 2005). Function blocks 

represent a powerful approach to cope with the high exigencies of current manufacturing 
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systems. The idea is not to eliminate the PLCs systems which control the production lines but 

advance towards the integration of these systems with the advantages provided by FBs. The 

innovation of this standard is the use of events, which are processed and result in the 

computation of the internal algorithms. So these systems are considered as event-based 

models. On the other hand, PLCs execute the code of each single program while running so 

they are referred to as scan-based execution models. These techniques are to be used in job 

shops that include a series of manufacturing operations which increase the complexity of the 

system due to the huge amount of dynamical parts synchronously interacting to perform a 

common task. Therefore job-shop floors must be as flexible as possible with a dynamic 

behaviour to overcome the uncertainties existing in the manufacturing process (Wang et al. 

2006). Job shops must adapt to the variations in the demand like manufacturing different 

types of products or coping with changes in the production size and design; they must also 

handle the typical uncertainties found in assembly and machining operations such as 

failures, machines breakdown, delays and so on (Wang et al. 2012). 

2.3. From IEC 61131-3 to IEC 61499 
IEC 61131-3 appeared due to the need of creating common programming languages easy to 

use by the engineers involved in automation tasks. This standard enabled the regulation of 

five benchmark programming languages: Ladder diagram (LD), Function Block Diagram 

(FBD), Instructions List (IL), Sequential Function Chart (SFC) and Structured Text (ST) (Zoitl et 

al. 2009). IEC 61499 was born as an extension of IEC 61131-3 (Gerber et al. 2007) getting 

closer to the requirements needed in DCSs (Vyatkin and Hanisch 1999). As described in the 

standard (International Electrotechnical Commission2005), the main differences between 

them (Table 1, adopted from Zoitl et al. 2009) lay on the appearance of the Execution 

Control Chart (ECC) in IEC 61499, and also the usage of a new system layer at the top and 

variations in the structure of traditional function blocks. IEC 61499 is defined as “an open 

architecture for the next generation of distributed control and automation” (IEC 61499 

website 2012). But what is the reason that IEC 61131-3’s function blocks cannot be used in 

distributed systems? The main reason is the lack of portability of the applications created 

under the IEC 61131-3 standard. It is not possible to use these applications in software of 

different vendors. Another problem is related to the execution order of the FBDs. The 

function blocks in IEC 61131-3 must be connected from one output node to the input node 

of the next block. Therefore, one block cannot execute its internal algorithm until the output 

signal from the previous block is received. The difficulty appears when there exists feedback 

in the network, due to the impossibility to determine how the execution order is performed 

just by looking in the scheme of function blocks. Hence, it is necessary to define an exact 

execution order when working with complex networks. A possibility consists in placing all the 

FBDs in a list and manually deciding which the execution order will be. This affects the 

portability and compatibility problem within other systems.  

IEC 61131-3 uses two different mechanisms for handling the exchange of data 

between different resources. One of these methods is the application of global variables but 

it does not constitute a very elitist solution. It may show weakness when transferring data 

between applications and running in different processors (Lewis 2001). Global variables are 

difficult to define and synchronise and it might be complicated to detect in which part of the 

system they are used. 

The second method consists in the use of communication blocks which are used to 

transfer information between PLCs.  Combining communication blocks with a few PLCs it is 
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possible to describe the behaviour of a system. However both global variables and 

communication function blocks show serious limitations when handling complex distributed 

systems. In these systems, the communication is needed not only within PLCs but also for 

many other devices with various functionalities along the system. Therefore, IEC 61499 

emerged as a response to these limitations, being a flexible and powerful tool which allows 

the connection of not only PLCs but also many other devices such as Fieldbus networks or 

simple sensors and actuators. Some of the innovations provided by IEC 61499 are: 

• Hardware independency: it runs in different platforms, no matter what the vendor or 

the operating system (OS) is. 

• Distributed implementation using simple networks. 

• Top-down programming by means of an event-based model. 

• Reusable code among different applications. 

• Object-oriented programming. 

• Execution control chart (ECC) for the scheduling of events. 

 
Table 1: Differences between IEC 61131-3 and IEC 61499 

 

 IEC 61131-3 IEC 61499 

Data types Are defined Adopted from IEC 61131-3 

Programming languages IL, LD, FBD, ST, SFC Not specified 

Structuring means SFC, FBD, ST FB network 

Global variables On different levels Not possible 

I/O access Direct addressed variables Encapsulated in SIFBs 

Engineering approach Mainly cyclic Event driven 

Dynamic reconfiguration Not provided Interface and instruction set 

Distribution concept Not provided Arbitrary distribution of 

applications 
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2.4. IEC 61499 as an architecture-based model for distributed systems 
Initially, IEC 61499 was conceived as an architecture pattern for distributed systems rather 

than as a programming tool (Lewis 2001). This architecture is defined using implementable 

reference models to support Distributed Industrial-Process Measurement and Control 

Systems (DIPMCS) programming by means of function blocks. Basically, a distributed system 

consists of individual devices which form applications when interconnected to each other. 

These applications have various purposes such as controlling a production line or a 

manufacturing cell. These applications were traditionally run over central PLC units but the 

development of the systems and the increase of the amount of information to be processed 

lead to a new trend where the software is distributed over many devices without the 

existence of a main central element. This is the basis of distributed systems and IEC 61499 

proposes five different models to deal with the treatment of devices, applications and their 

communications (Lewis 2001): 

 

1. System model 

2. Device model 

3. Resource model 

4. Application model 

5. Function block model 

 

2.4.1. System model 

This model defines the relationships between applications and devices in DIPMCSs. 

Applications can be distributed over one or more devices and are composed by internal 

function blocks using communication services to transfer events and data. Devices are linked 

creating a network for information exchange. The distribution of applications over the 

system devices is illustrated in Figure 6: 

 

 
 

Figure 6: System model 
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2.4.2. Device model 

A device is a platform that must include at least one interface, which can be process or 

communication interface and contains zero or more resources. A device containing zero 

resources is considered functionally equivalent to a resource. The resources store the 

applications and manage the data exchange with the physical I/Os. Resources can 

communicate with other resources located in other remote devices (Figure 7).  

 

 
 

Figure 7: Device model 
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2.4.3. Resource model 

Resources operate as containers for function blocks instances. They enable the execution of 

FBs application fragments. The function blocks define the internal behaviour of the 

resources and they are created and programmed within the resources. It is also possible to 

create interfaces for communication issues with external devices. So basically, resources 

transfer data and events between its own function blocks and other function blocks 

networks distributed over other resources by means of communication interfaces called 

service interface function blocks (SI-FBs). Resources perform as individual functional units 

within the devices. Their operation is independent and do not affect the other resources 

located in the device (International Electrotechnical Commission 2005). Figure 8 illustrates 

the events and data exchange between some interconnected function blocks. The resource 

schedules the execution order of the algorithms according to the events flow. The 

communication among function blocks and interfaces is carried out by means of SI-FBs. The 

advantage of using resources is that they can be individually manipulated without affecting 

the performance of other resources in the same device or network. 

 

 

 
 

Figure 8: Resource model 
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2.4.4. Application model 

An application is considered in IEC 61499 as a network of function blocks (which can be 

basic, composite or sub-application FBs) sharing events and data flow (see Figure 9 adopted 

from Vyatkin 2011), which can be distributed over many different devices (Vyatkin and 

Hanisch1999), (Lewis 2001). Applications can be split in the so called sub-applications which 

contain internal networks of FBs that can be also distributed over many devices. All the 

function blocks and the connections needed for solving a specific task are included in the 

applications. As every function block has its own internal algorithm, they control their 

behaviour, eliminating the need of using global or local variables as occurred when 

programming PLC-based systems with IEC61131-3. 

 

 
 

Figure 9: Events and data flow 

 

An application describes a system in terms of functionality without giving details about the 

hardware involved. It executes the FBs algorithms, no matter the architecture chosen for the 

application. 

2.4.5. Function block model 

Function blocks are the base supporting IEC 61499 architecture models. They represent a 

powerful tool for modelling distributed control systems. The function blocks concept 

developed in IEC 61499 is an evolution of the previously developed FBs in IEC 61131-3. 

Function blocks will be explained in more detail in Section 2.5. 
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2.5. IEC 61499 function block standard 
The concept of function blocks was previously introduced by IEC 61131-3 standard for the 

purpose of PLCs programming. Function blocks are individual units that contain internal 

algorithms and their own data structure, which can be seen as small software boxes 

interconnected for solving a specific task (Lewis 2001). Each FB has a name and a type 

identifier. A typical function block has three fundamental components: a set of input 

variables, a set of output variables and internal algorithms. The internal algorithms use the 

input variables to produce the output of the function block. The advancement provided by 

the IEC 61499 standard is the incorporation of events which trigger the execution order of 

each function block. It makes a separation between data, events and algorithms while, in IEC 

61131-3 the incoming data are considered as events (Fischer and Boucher 2005). By using 

events it is possible to schedule which action will take place at each time step in the process. 

It increases the flexibility and adaptability of the system. The structure of a basic function 

block is represented in Figure 10 (Lewis 2001): 

 

 
Figure 10: Function block components 

 

These individual function blocks represent a powerful tool when interconnected to each 

other to create networks which can be used for solving more complex problems. The 

appearance of events in function blocks symbolizes an important revolution in terms of the 

execution models used in industrial applications. Traditional PLC systems made use of the so 

called scan-based execution model (Martinez et al. 2005). This model is based on the 

execution of programs following a predefined order. Scan-based execution model (Figure 11) 

has a list which contains all the programs to be executed and their individual execution 

sequences. This is where the name of the model came from, the program´s list is scanned 

from top to bottom, checking every internal code and repeating the process continuously 

from the beginning. In a PLC system, all the inputs are read at the beginning of the scan, 

then the functions are executed and all the outputs are updated at the end of the cycle (Dai 

and Vyatkin 2010). It might exist a time interval between each scan run when the whole 

execution process is finished, depending on whether the scanning operation is performed 
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periodically or continuously. The drawback of this model is that all the programs are always 

executed no matter if there is a need for it or not. This turns to be an unnecessary waste of 

time and computer power. The scan time computes the sum of the total time required for 

executing the instructions plus the time needed to read the input signals and update the 

outputs. The scan time can be used in industrial applications to determine whether the 

expected goal is achieved or not. 

 

 
 

Figure 11: Scan-based model 

 

On the other hand, IEC 61499 is not limited to a specific scan time for running the set of 

algorithms. To this end, the advantage provided by IEC 61499 is the appearance of the 

event-based model. This model is only executed in the presence of one or more incoming 

events. Event-based models are subjected to the stochastic nature of individual events 

which appear at discrete points of time along the execution period rather than at a 

predefined sequence as it occurs in scan-based models. The events are defined as arriving 

signals from other systems provoking the execution of the program. This model overcomes 

the drawback mentioned in the scan-based model because the programs are only executed 

when it is strictly necessary, saving resources and improving the overall system 

performance. However both models converge in the same problem. They need extensive 

codes for running, which are actually difficult to interpret and reuse in a new application. 

This implies a big disadvantage when creating new systems or when dealing with integration 

tasks between different applications. Therefore, these models are not suitable for current 

manufacturing lines which need the high degree flexibility that is actually missing in DCSs 

and PLCs models. The ultimate tendency employs normal PCS for control and monitoring of 

intelligent manufacturing systems (Lewis 2001). It is when the use of function blocks 

techniques gains a relevant importance. They increase flexibility, usability over products of 

different vendors and facilitate the reuse of ancient programs in new applications. 

 

Why using function blocks? 

As mentioned before, function blocks can be seen as individual parts of hardware, each one 

with its attributes and a specific function which can be combined to represent a global 

system. Lewis (2001) analysed some of the benefits provided by this technique: 

1. Reduction of the quantity of control software needed to develop an application. 

2. Reduction of the time needed to create control systems. 

3. Increase of robust in controls systems developed using the same FBs types. 

4. Quality improvement in control systems. 

But function blocks still have a lack of inheritance. They cannot inherit behaviour from a 

general-purpose block. 
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2.6. Types of function blocks 

Attending to the structure or the functionality, it is possible to make a division between 

different function block types: basic, composite and service interface function blocks. 

2.6.1. Basic function blocks 
Basic function blocks are simple units, containing their own algorithms for events processing 

and generating the output events to be passed to next blocks. The performance of the 

algorithms is triggered following the statements set in the execution control chart (ECC) (see 

Figure 12).They can have as many internal algorithms and states as required. 

 

 
 

Figure 12: Basic function block 

 

The black squares connecting event inputs to data inputs and event outputs to data 

outputs are known as WITH qualifiers and represent the connections between events 

and data of a function block. The graphical representation of a basic function block 

must provide enough information for understanding the functionality of the block. 

This representation must include the type name, which should be placed in the 

middle of the block, with the input events and input data to its left and output events 

and output data to the right. The performance of the block depends on the internal 

algorithms and the execution control chart (ECC). A basic function block may have 

one or more algorithms, and they are scheduled by the ECC accordingly to the arrival 

of incoming input events. The algorithms execution causes the firing of output events 

signalling the completion of the function block execution. FBs can indistinctly use 

structured text (ST) as well as Java for programming the internal algorithms. 
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Basic function blocks execution 

The execution of basic function blocks follows a specific order which is shown in Figure 13 

and it contains basically 8 steps: 

1. The function block is receiving information through a data flow with previous 

function blocks. 

2. An incoming event is detected by the event input. 

3. This new event is connected to an input value by means of a WITH qualifier. the 

event triggers the input data so the scheduling function is ready to execute the 

algorithm 

4. The scheduling function executes the internal algorithm. 

5. The algorithm computes the input values and creates a set of output values. 

6. When the algorithm finishes the computation it communicates to the scheduling 

function that the output values are ready to be used. 

7. The scheduling function passes the information to the execution control which is 

responsible of creating the output event that will be sent to another FB. 

8. The output events are created and ready to follow the events flow that will arrive to 

a new block. 

 

 
Figure 13: Function block execution scheme 
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Execution control chart 

The events, internal algorithms and firing of output events are related within the function 

block instance by means of the Execution Control Chart (ECC). A basic function block can 

only have one ECC. The ECC is a diagram where the state transitions are represented and 

contains the main states of the block. It controls which event inputs will activate each 

algorithm and the output events that will be fired when the algorithm execution is finished 

(Lewis 2001). An example of a basic function block and its ECC is illustrated in Figures 14 and 

15 respectively. The ECC is compounded of states, transitions and actions and each state can 

have zero or more actions (Vyatkin et al. 2009). I/Os can be used by the ECC but it cannot 

modify the input variables. Likewise, Boolean variables previously defined in the FB type 

specification cannot be changed (Vyatkin and Hanisch 2000). 

 

 
Figure 14: Example of a basic function block 

 

 

 
Figure 15: Execution Control Chart 
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In Figure 15, five states (START, STATE 1, STATE 2, STATE 3 and STATE 4) are represented 

where the START is always outlined in a double square and represents an inactive state 

where the function block waits for the arrival of events. The other four states are activated 

when the corresponding algorithms (ALG1, ALG2, ALG3, and ALG4) are running. These 

algorithms will activate the actions which can be zero or more. The transitions between 

states are regulated by event inputs which perform as Boolean variables. These transitions 

are normally defined by logical expressions using the input variables. Since there can only be 

one state active at each time, no matter how complex the ECC is because transition 

conditions are only checked when the previous state is active. The transitions in the example 

above are listed in Table 2: 

 
Table 2: Execution Control Chart transitions 

 

From State To state Transition 

START STATE 1 EI1 (Event) 

STATE 1 START 1 (always true) 

START STATE 2 EI2 (Event) 

STATE 2 START 1 (always true) 

START STATE 3 EI3 (Event) 

STATE 3 START 1 (always true) 

START STATE 4 EI4 (Event) 

STATE 4 START 1 (always true) 
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2.6.2. Composite function blocks 

Composite function blocks are a collection of blocks connected to perform a specific task. 

They can contain basic and/or composite function blocks enabling modular programming by 

creating a network of composite FBs where each one is to perform an individual task, 

towards the achievement of a common goal (see Figure 16). Composite function blocks 

make possible the creation of more complex networks through the combination of any kind 

of FB: basic, composite and service interface blocks. The function blocks constituting the 

composite network are known as component function blocks. The event connections 

between the components schedule the internal execution of algorithms within the 

composite block. The event connections and characteristics of the component blocks define 

the behaviour of the network. The interface of a composite function block is similar to basic 

FBs but it does not include internal variables. Composite function blocks have unlimited 

levels of hierarchy where multiple composite function blocks can be elements of the 

network within another composite function block. Composite function blocks do not have 

ECCs for the execution of algorithms. Instead, the algorithms are scheduled by a specific 

component block within the network. A variant of composite function blocks are called sub-

applications. Sub-applications differ from standard composite blocks in the sense that they 

can be distributed over many resources.  

 
 

Figure 16: Composite function block 
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Execution of composite function blocks 

The execution of composite function blocks differs partially to basic function blocks 

execution. There are several scenarios in presence of incoming input events to the 

composite network: 

 

1. If the input event is directly linked to a composite event output it will fire an output 

occurrence. 

2. If the input event is linked to an internal component function block, the component 

block is scheduled for execution. This FB can be connected either to a second component 

FB or directly to the event output terminal of the composite network. 

 

2.6.3. Service interface function blocks 

Service interface function blocks (SI-FBs) manage the communications between events and 

data of a function block with the objective of exchanging information with elements external 

to the FB. SI-FBs are used for communication purposes between resources in distributed 

applications. For instance, they enable the data exchange between internal resources within 

a sub-application (see Figure 17), making possible to send output data to external devices. 

They are intended to provide services such as reading I/Os, transmitting and receiving data 

to/from external I/Os and so on. They are commonly identified by the name of the service 

that they provide. SI-FBs can for instance receive request from an interface to provide values 

from an application within a resource. They drive the information from the function blocks 

linking the applications to external hardware equipment (Yoong et al. 2009). 

 

 
 

Figure 17: Sub-application function block 

 

Section 2.7 covers the use of service interface function blocks for communication purposes 

in distributed control systems via server and client function blocks.  
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2.7. Communication Function Blocks 
The use of function blocks has no sense if they cannot communicate their output signals to 

other external networks and devices outside its own resource. To this end, the use of service 

interface function blocks and its applications are crucial for a successful information flow in a 

distributed system. 

2.7.1. The importance of using Service Interface function blocks in DCSs 

Modelling distributed applications is useless without the presence of service interface 

function blocks. SI-FBs are in charge of transmitting information between events and data 

between the resources. They are needed whenever there exists any type of information 

exchange between resources and the external world (Lewis 2001). For instance, SI-FBs can 

read input values from physical devices in an application and communicate the output 

values to other elements such as motors or valves. They are also used for keeping real-time 

communication between the state of a process and the operator, using for example, human 

machine interface (HMI) displays. There exist some predefined SI-FBs used for basic 

communication tasks such as IO_Writer, IO_Reader, Publisher, and Subscriber among others. 

These blocks use standardized parameters as event and data I/Os for the basic 

functionalities of the blocks and their implementation reduces the quantity of resources 

needed for the exchange of internal messages within a network (Dai and Vyatkin 2010). An 

important element in SI-FBs is called time-sequence diagram. These diagrams provide 

information about the execution order of events and data within the block. 

2.7.2. Server and client function blocks 

The data exchange between different resources is a very common practice in distributed 

systems. These resources must communicate and cooperate towards the achievement of a 

specific goal. Whenever there exists an information exchange in a DCS, it is needed to check 

whether it was successful or not. This is done using client and server function blocks. These 

blocks work with a bi-directional information exchange: a client block from one application 

sends a request to the server block in another application. When the communication process 

is successful, the server block sends back a response to the client block in the former 

application. Server and client blocks are illustrated in Figures 18 and 19 respectively: 

 

 

 

 

 

 

 

 

 

 

  Figure 19: Client function block Figure 18: Server function block 
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2.8. IEC61499 as a substitute for outdated G-codes 
Today’s exigencies of manufacturing industries require the use of high-level programming 

techniques to replace the old-fashioned G-codes (ISO 6983) that were traditionally used in 

CNC systems. These machines are programmed using computer aided manufacturing (CAM) 

programs which are controlled by computer aided design (CAD) tools (Minhat et al. 2008). 

CAD concerns the use of computer means for supporting manufacturing engineering 

activities. It involves the use of design activities to create, modify or analyse a product.  

However, G-codes have evolved with the development of computer systems and they can 

define complex operations using computational techniques but still, they are missing the 

portability needed to be distributed over software from different vendors. The CAD process 

is represented in Figure 20:  

 
 

Figure 20: CAD process 

 

Manufacturing planning and control activities are associated to CAM procedures. Instead of 

using the computer power in design operations, CAM is focused in applying computers to 

manufacturing engineering functions such as process planning and CNC programming. The 

term CAD/CAM merges both concepts together. It defines a relationship between design and 

manufacturing operations. Design operations include activities such as product design, 

analysis and documentation. On the other hand, manufacturing operations are related to 

process planning and CNC programming, production scheduling or production monitoring 

among others. CNC programming is integrated in process planning through CAD/CAM 

techniques. The design, programming and physical production are integrated in a computer 

and then the program is deployed to the CNC machine. 

G-code is a low-level programming language used to program CNC machines which 

employs a series of predefined instructions to communicate the machine the operation to be 

performed. These instructions tell the machine the operation coordinates, feed rate, spindle 

speed, routines and some other information such as coordinate systems, offset or type of 

movement. When trying to use G-code programs in machines from different vendors the 

presence of a postprocessor is required. It contains information about libraries and 

characteristics of machine tools and other instruments involved in the process. 
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CNC machines were developed during the 70s and 80s as a response to the increasing 

flexibility demand in manufacturing lines because they could be reprogrammed to produce 

different products (Xu 2006). But the high variety of resources used by CNC machines cause 

an increase in the programming difficulty and reduces the adaptability tasks. There is a need 

to find a data model that improves the portability between different vendors and handles 

CAM/CNC relationships without information loss. The high-level information exchange 

required in CNC machines provoked the development of ISO 10303, also known as STEP 

(STandard for the Exchange of Product data). First attempts were done with early versions of 

STEP to overcome the problem of design data exchange but there was still a lack in data 

exchange between CAD/CAM platforms and CNC systems, where CAD is in charge of the 

design attributes of the part and CAM is responsible for planning and controlling. This is 

done with a combination of input data provided by STEP AP-203 and STEP AP-214 and a 

series of output data generated by the G-code. But the inflexibility of CNC machines implies 

that the G-code-generated outputs to be adaptable so the interoperability and distribution 

problems remain unsolved. The reason is that G-code is no more than a series of instructions 

that will be followed by the machine. As a response, STEP-NC (ISO 14649) was developed 

due to the need of a higher information level to take advantage of all the capabilities of 

machine tools. STEP-NC is built with the aim of providing a data model specially oriented to 

CNC machines. It uses feature-based programming and object oriented data model (Xu 

2006). This makes possible the creation of programs that can be used over many resources 

improving the adaptability, interoperability and enhancing distributable design among CNC 

tools and control programs. 

Most CNC controllers incorporate a serial port for communication exchange between 

computer-based systems and processing equipment. Usually these serial ports are based on 

RS-232 protocol which is used as a communication interface to link the different devices 

involved in the CNC system. This practice enables to download the code from apart 

programming tool (computer) to the controller and send the set of operations point to the 

CNC machines. RS-232 enables to collect operation data from the processing stage and 

interface with peripheral devices such as robots for material handling. 

The use of IEC 61499 function blocks together with RS-232 protocol or another 

information exchange protocol makes possible to eliminate G-codes in CNC machines 

programming. With IEC 61499 it is possible to create machining features function blocks 

which contains all the information needed by the controller to perform the desired 

operation in the workpiece. These function blocks can be scheduled and executed using the 

execution control chart that provides the system with a higher flexibility than G-codes where 

the code instructions must be followed one–by-one. Instead, the function blocks are created 

in computer software and own all the necessary data for the operation. These data are sent 

to the controller, which translates them into hexadecimal code understandable by the 

machine. It then eliminates the need of creating a G-code program and modifying the code 

every time that the process changes. Instead, function blocks are created once and they only 

need to receive the operation data every time that the cutting operation or the type of the 

product to manufacture is changed. 
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2.9. RS-232 standard for serial port communication 

Typical communication methods are divided in two groups: parallel and serial 

communication. Parallel communication methods transfer data word by word at a time 

while serial communication transfers data bit by bit at a time on a physical channel. Both 

methods are used for communication purposes between computers and external devices via 

communication interfaces. Parallel communication is commonly used when a fast data 

transfer is required due to its high data/time transference rate. The drawbacks in using 

parallel methods are the limit of communication distance, the high cost and the demanding 

implementation conditions. Likewise, fast communication rate is not an essential feature for 

many programs (Moon 2002). These constraints impulse the use of serial communication for 

communication purposes in industrial environments. Serial communication is cheaper and 

easier to implement due in part to the use of twisted pair cable and it can be distributed 

over longer distances. The most common standard for serial communication is called RS-232. 

RS-232 is a serial bus for serial communication which represents an electronic Industries 

Association (EIA) standard. This standard contains some other versions such as RS-422, RS-

423 and RS-485. RS-232 is commonly used for data exchange between modems and 

computers. Furthermore, many computer peripheral such as monitors and mice are 

intended to be connected via RS-232 serial ports. RS-232 refers to the device which is 

connected to the interface as Data Communication Equipment (DCE) which contains female 

pin while the device to which it connects is called Data Terminal Equipment (DTE) and 

contains male pin. RS-232 standard comprises two types of connectors: 25-pin D-type 

connector (DB-25) and 9-pin D-type connector (DB-9) (see Figure 21). 

 

 
Figure 21: RS-232 connectors 

 

 
RS-232 assigns a port in the computer (COM1, COM2 and so on) to every single device. This 

is called point to point communication since one port is connected to only one device. 

Therefore, RS-232 supports connection between two devices, being one of them a 

transmitter and the other one a receiver. The information sent using RS-232 is organised in 

data words whose length on a PC (personal computer) goes from 5 to 8 bits. Both the 
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transmitter and the receiver must use the same number of bits to avoid not-recognized 

information and data distortion. The data words are sent in sequences predefined by the 

baud rate. In identical manner, the same bit frequency must be used for the transmitter and 

the receiver. When the first bit reaches the receiver, it calculates when the rest of the bit 

strings should arrive. For this calculation, the line voltage is checked, whose values vary 

between two states: ON state and OFF state. The technical characteristics of RS-232 are 

shown in table 3: 

 
Table 3: RS-232 technical characteristics 

   RS-232 

Differential no 

Max number of drivers 

Max number of receivers 

1 

1 

Modes of operation half duplex 

full duplex 

Network topology point-to-point 

Max distance (acc. standard) 15 m 

Max speed at 12 m 

Max speed at 1200 m 

20 kbs 

(1 kbs) 

Max slew rate 30 V/μs 

Receiver input resistance 3..7 kΩ 

Driver load impedance 3..7 kΩ 

Receiver input sensitivity ±3 V 

Receiver input range ±15 V 

Max driver output voltage ±25 V 

Min driver output voltage (with load) ±5 V 
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3. Application of FBs to DPP and their implementation in machining 

operations 
This chapter includes a description of machining operations and digs into the use of function 

blocks for programming CNC machines and distributed process planning (DPP). 

3.1. Process planning by means of DPP and function blocks 
Process plans designed using DPP incorporate the flexibility and portability which are missing 

in process plans generated using CAPP (computer-aided process planning). Process plan is 

the activity to transform the product design into a physical unit (Groover 2008). It schedules 

the processing and assembly operations as a sequence of steps required for the product 

completion. Process planning comprises two main parts (Wang et al. 2006): 

 

1. Generic data: machining method, machine sequence and machine strategy. 

2. Machine-specific data: tool data, cutting conditions and tool path.   

 

Therefore it is possible to define DPP with a two-layer organisation having a supervisory 

planning level which contains the control operations and an operation planning level which 

is in charge of the machining operations. These two layers can communicate using function 

blocks. It is in the supervisory planning level where the machining features (MFs) are stored. 

These MFs will be implemented using function blocks and scheduled to be performed in the 

operation planning level. DDP uses encapsulated information in function blocks with 

embedded algorithms for the different machining features (Wang and Nace 2007). The 

execution of these blocks can plan tool path, determine cutting parameters and generate 

the code necessary to process the part. Design and manufacturing can be combined in a 

representation model through a set of machining features (Tseng 2006). 

The fundamental of distributed systems is having the control functions arranged by 

several resources. The data logic can be stored in a main unit such as a PLC-based system but 

it is in the supervisory level where the information needed by the CNC machine is generated. 

DPP enables the graphical user interface to receive the instructions from an operator. These 

instructions are processed by the PLC and the corresponding signals are sent to the CNC in 

the operation level.  
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3.2. Machining features 

Machining features are a set of operations such as hole, pocket, step or slot among others 

that can be fabricated by a CNC machine. They are standardized and need some basic 

information like the tools or the type of the operations that are required to generate them. 

The basic machining features are illustrated in Figure 22 (Wang et al. 2006): 

 

 
Figure 22: Basic machining features 

 

Machining features have three intrinsic attributes which together with the cutting 

information are enough to give a complete description of them:  

 

1. Geometric feature: contains the main information about the appearance of the MF. 

2. Surface feature: describes the MF in terms of the characteristics of its faces. 

3. Volume feature: is the volume that occupies the material removed by the machining 

feature. 

 

Applying function blocks for controlling CNC machines by means of process planning is still a 

vague approach but it represents a high potential tool for the future of manufacturing job 

shops. The event-based nature of function blocks enhance the capacity of CNC machines to 

adapt to the stochastic variations faced in the systems and make also possible the scheduling 

of resources and machining of the process (Wang et al. 2008). The information generated in 

the design stage must be triggered into the manufacturing process. This is accomplished by 

the process plan, which is also in charge of determining the optimal operation sequence. 
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3.3. Function blocks application in DDP for machining operations 
Another sub-division of function blocks types is possible when they are concerned for DPP 

within the scope of machining operations. Function blocks can be sub-classified into three 

types, designed in Wang et al. 2009, depending on the task they have to develop within the 

process: 

 

1. Machining Feature Function Block (MF-FB): these function blocks (Wang et al. 2009) 

contain the basics for creating a specific machine feature (see Figure 23). MF-FBs 

comprise all the information required to execute the machine feature such as feature 

type (pocket, hole, step, face, slot, etc.), type of operation (roughing or finishing), 

cutter type and even suggested patterns of tool path to be followed by a cutter. 

Combining this information together with the block´s internal algorithms, the MF-FB 

is powerful enough to take adaptive decisions during the process. 

 

 

 
Figure 23: STEP machining feature function block 
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2. Event Switch Function Block (ES-FB): MF-FBs can be combined to create composite 

function block networks. The internal structure of a composite function block can 

contain basic and other composite FBs connected through events and data. An ES-FB 

(see Figure 24) controls the events flow and schedules the sequence of MF-FBs that 

must be followed (Wang et al. 2009). When a machining sequence is planned, the ES-

FB will trigger events in the right order to activate the MF-FBs involved in the 

sequence. 

 

 
Figure 24: Event switch function block 
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3. Service Interface Function Block (SI-FB): the use of SI-FBs in DPP regulates the 

execution control of the machining features and enables the obtaining of real-time 

information during the algorithms execution. SI-FBs are connected to the composite 

networks formed by the association of MF-FBs with the purpose of collecting 

information about the current status of the MF-FBs such as cutting tool and feed rate 

that are being used. They also gather information about machines status and 

communicate if any unexpected situation appeared like machine breakdown or 

emergency stop. SI-FBs include internal algorithms for managing execution status 

(ES), machining status (MS) and unexpected situation (US) in machining-feature 

based networks (see Figure 25) (Wang et al. 2009). 

 

 
Figure 25: Service interface function block 

This classification contains the three sub-classes of function blocks for process planning and 

execution control in machining operations. The events binding the function blocks in 

machining-based networks are also used for process monitoring and scheduling of future job 

dispatching. 
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3.4. CNC machines 

CNC stands for Computer Numerical Control and it embraces a large variety of machines with 

different physical appearance and functions. The common characteristic among them is the 

use of a computer for controlling a machine that performs operations in solid blocks of 

materials with the aim of creating a useful object (Hood-Daniel and Floyd Kelly 2009). They 

incorporate programs inter-changeability, what makes them suitable for low and medium 

production (Groover 2008). CNC machines can be split into two groups according to their 

operation procedure: turning machines or milling machines. 

 

1. Turning machines: these machines operate with a workpiece which is continuously 

spinning, and a cutting tool which removes the undesired material from the 

workpiece. The machine moves the tool around the spinning part and the contact 

between both surfaces provokes the creation of the final product. 

2. Milling machines: in this case the workpiece is fixed and the tool spins. These 

machines cut using linear movements along the x, y and z axes. 

 

Commonly, CNC applications are intended to control the movement of the tool relative to 

the workpiece. A basic CNC system contains a program of instructions; a controller and 

processing equipment (see Figure 26).  

 
Figure 26: Basic components of a CNC system 

The program of instructions contains all the commands to be performed by the processing 

tools. These instructions are a set of points along the workpiece where a cutting operation 

must be carried out, including extra additional information such as spindle speed, feed rate, 

cutting tool selection and other functions. These instructions are stored in the controller 

which translates them into mechanical actions of the processing equipment. The processing 

equipment includes all the tools necessary to perform the mechanical operations to 

transform the raw material into the final product. This procedure is governed by the 

controller which at the same time receives the instructions from the part program. 

3.4.1. History of CNC 

Early turning and milling machines operated without any computer system. These machines 

were manipulated by operators so it was impossible to create identical parts since all the 

production was handcraft. With the increase of industry requirements the manual operation 

of these machines was not enough for coping with the high demand rates. But the 

development of computers and their integration with these machines increased the 

operation possibilities in manufacturing industries. The usage of computers enabled the 

design of the product in an early stage and then, the specification of the operations that the 

machine should perform to perform the desired product. Once the CAD files are created 

during the design phase there must be specified how the machine should operate. This is 

done creating computer-aided manufacturing (CAM) files. These CAM files contain all the 

instructions that must be sent to the machine. The computer reads this file and 
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communicates the steps to be followed to the CNC machine. Generally a CNC project 

contains five basic steps (www.cncinformation.com 2012): 

 

1. Design: this stage includes the planning of the work. How will the final product look 

like and how should it be built. 

2. CAD: once the definition of the product is clear, the CAD files are created in the 

computer with all the details needed for the correct operation of the machine. 

3. CAM: the CAD files must be translated into understandable information for the CNC 

machine. 

4. Controlling: supervision of the machine´s operation. 

5. Machining: it is the final stage where the final product is created. 

 

3.4.2. CNC evolution 

Manufacturing industries are involved in a continuous evolution from the early craft 

production systems in the 1800s to the development of mass production in the 1900s. 

During the 1970s and 1980s there was an increase in the demand rates which forced the 

appearance of more flexible systems which were able to cope with the exigencies (Xu and 

Newman 2005). This flexibility rise was achieved with the integration of computer systems in 

industrial environments. The use of computers empowered the possibilities of 

manufacturing systems and gave rise to the appearance of CNC machines. Rapidly, these 

CNC machines acquired a central role in job shops due to its capability to be reprogrammed 

and re-used for different objectives within the same manufacturing cell. The goal for the 

current CNC machines is to incorporate the portability and adaptability required by the 

industrial growth. Traditional CNC machines operated using G-code (ISO 6983). This 

technology is not enough for the current production rates which demand the appearance of 

new techniques to be able to cope with the production requirements. To this end, function 

blocks represent an advance towards the flexibility and adaptability pursued in 

manufacturing systems so the efforts are put in the integration of FBs in the programming of 

current CNC machines. 

 

3.4.3. Common operations 

There are many different ways for manufacturing a product; it depends on the final use and 

the available resources. For machining operations, the use of machining features provides a 

wide range of possibilities for product design. Generally machining consists of the 

interpretation by a machine of a set of computer-generated signals with the purpose of 

cutting or removing material from an object. This operation can be performed on different 

materials such as metal, plastic or wood among others and the resulting volume is known as 

machining feature. These features can be used for many purposes such as manufacturability 

analysis, automated redesign, process planning or part-code generation for group 

technology (Regli et al. 1995). Two significant machining operations are drilling and milling:  

1. Drilling: drilling operations are created sweeping a rotating tool of radius (r) for a 

distance (d) which represents the depth of the feature and in an trajectory given by 

��. The removed material is a cylinder equivalent to the size of the tool with a conical 

base given by the shape of the end of the tool. Drilling operations are commonly 

used to create holes in a product. 
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2. Milling: in milling operations the cutting tool is positioned in a starting point and then 

moved along the piece following a continuous path coordinated by two or more axes 

combination. The displacement of the tool along the product surface removes the 

material creating the feature. Milling operations are used for creating features such 

as pocket or step. It is possible to use different tool sizes, giving the product the 

desired shape. Table 4 illustrates drilling and milling machines with their basic 

information: 
Table 4: Drilling and milling features 

 

 
 

3.5. Motion control systems 
CNC operations can be performed either at certain points on a workpiece or carried out 

while the workhead is moving. Motion control systems for CNC machines can be divided in 

two types: point-to-point and continuous paths depending on how the axes system is used 

for achieving each one of the points given by the controller. 

3.5.1. Point-to-point VS. Continuous path 

Depending on the type of machining feature, CNC machines operate following point-to-point 

(Figure 27) or continuous (Figure 28) path. Point-to-point is mainly used for positioning 

purposes and the major objective is the completion of the final product no matter the path 

followed for it. Once the machine has achieved the desired position, some processing action 

is accomplished by the workhead at the location. This operation procedure lacks in efficiency 

and is only useful when the task to perform is no more than drilling and punching holes in a 

surface (Stenerson and Curran 2007) where there is no need for a long path of the tool. It is 

not a fluid movement of the robot tool and the CNC machine will only operate in each one of 

the series of point locations. 
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Figure 27: Point-to-point path 

 

For more complex machining features such as pockets or steps, CNC machines follow 

continuous paths (Stenerson and Curran 2007). The path must be specified what means a 

more elaborated procedure but it also brings a higher precision and time-saving. The process 

is no more stochastic because it is known where the machine must be at each point of time. 

Continuous path involves simultaneous control of two or more axes, providing control of the 

tool trajectory relative to the workpiece. Continuous path facilitates the machining of a 

higher number of operations such as the creation of angular surfaces, two-dimensional 

curves and three-dimensional contours in the workpiece. This control mode is required in 

many milling and turning operations which perform the so called straight-cut CNC consisting 

in moving the tool in a parallel direction to one of the machine axes. On the other hand, the 

term contouring represents the use of continuous path for controlling two or more axes of 

the machine. 

 
Figure 28: Continuous path 
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3.5.2. Axes and coordinate systems 

The coordinate system enables to communicate the machine the exact position where the 

operation must be performed. Traditionally, the system used in CNC machines is known as 

Cartesian coordinate system or rectangular coordinate system (Stenerson and Curran 2007). 

The Cartesian system has two axes “X” and “Y” which are marked as shown in Figure 29: 

 
Figure 29: Cartesian axes system 

 

The point where the axes intersect is known as origin or zero point. The Cartesian axes 

divide the plane in four quadrants (see Figure 30): 

 

 
Figure 30: Cartesian quadrants 

 

In milling operations, the CNC machine must know the position of point to create a hole for 

instance. Therefore the machine must know the coordinates X and Y of the hole. To control 

the depth of the hole a new dimension is needed. This is achieved with the use of a third axis 

known as “Z” axis (Figure 31). The movement of the tool approaching the workpiece is 

considered negative (-Z). 
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Figure 31: CNC machine 3-axes coordinate system 

 

Milling machines use the three-axes-coordinates system where the X axis is used for right 

and left displacements, the Y axis moves toward and away the operator and the Z axis moves 

up and down from the workpiece. 

 

3.6. nxtControl 

The company nxtControl was founded in 2007 and is located in Leobersdorf, Austria. They 

released a function block-based software compliant with IEC 61499 known as nxtStudio. This 

software is mainly a tool for control and visualization for distributed systems rather than 

individual controllers. It also uses Composite Automation Type (CAT) elements representing 

hardware units that can be easily implemented and bring high flexibility due to vendors 

independence.  It is possible to design the control logic for an entire plant and distribute it 

over several devices using different controllers. The communication between controllers is 

created automatically which helps in handling the complexity of DCSs. This is achieved by 

deploying software objects and interlinking lines which are able to recognise the objects to 

which they are connected and adapt their functionality accordingly. 
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4. Design and physical configuration of a manufacturing cell 
The function block network developed in this project is intended to control a CNC machine 

and integrate it with a gantry robot to perform a machining and assembly process. The 

program to control the gantry robot is developed by Diaz (2012). The manufacturing cell 

where the CNC-gantry robot system is placed has been partially developed in this project. 

4.1. Description of the cell 

The cell is designed using an event-driven function blocks network which provides 

communication exchange, operations scheduling and process monitoring. The system 

procures information about machines states and variables, enabling a real-time 

manufacturing approach for decision making in the distributed job-shop floor. This 

automated system includes an automated CNC machine for processing products and an 

industrial robot to perform assembly operations. 

A table-top has been installed in the cell to support the weight of the machines and 

the most suitable layout has been chosen to facilitate the performance of the machines and 

the manipulation of the raw material and finished products. The lower part of the cell 

incorporates a tray containing the control equipment. This equipment includes the PLC 

system, CNC-controller, a PC, power supply and a vacuum cleaner. One side of the cell is 

equipped with three controllers to manage the operation of three servomotors. The 

servomotors are named motor “x”, motor “y” and motor “z” respectively and they govern 

the movement of the robot axes. The position of the servomotors is regulated by 

potentiometers placed in the extreme of the rotor. The controllers are fed up with 24 volts 

generated by the power supply and they manage volts rates between 0 and 10 volts for 

controlling the servomotors. A higher tension is translated into a faster movement of the 

servomotors while lower voltages decrease the speed of the movements. Such factors are 

controlled by an application implemented in the function blocks network developed in 

nxtStudio.  

 The raw material supply and the finished products storage are placed avoiding any 

collision risk between machines and operator. The cell includes a pneumatic circuit for 

attaching the piece to the worktable and a vacuum-vent system integrated in the gantry 

robot for moving products inside the cell´s workspace. The pneumatic circuit is activated 

using analogue signals generated in the functions block network which are sent to the PLC 

through physical connections and arrive to two different electro-valves for opening or 

closing the air circuit. 
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4.2. PLC choice 

The PLC system used in this project is Beckhoff equipment compliant with the prerequisites 

stated in nxtStudio. For the purpose of this project and the system requirements the 

following PLC equipment has been chosen: CX1010-0100. The system includes a CX1010-

N030 module for handling the RS-232 serial communication, a KL2134 digital output, a 

KL4408 analogue output, a KL1104 digital input, a KL3064 analogue input and KL9010 bus 

end terminal, all of them by Beckhoff Automation. The choice has been made according to 

the I/Os of the system and in compliance with nxtStudio capabilities. For a further 

description of the inputs and outputs involved in the process the reader is referred to 

Appendix A. 

4.3. Fixture to hold the part in the CNC 

One of the goals for the project described in Section 1.3 is the construction of an automated 

mechanism to fasten the product to the CNC worktable during machine operation. It has 

been accomplished by placing some fixed barriers and two pneumatic cylinders (Figure 32). 

When the gantry robot places a part in the worktable, the fixture event is triggered in the 

function blocks network, sending a signal to the PLC to activate the pneumatic cylinders for 

holding the part. Once the machining operation is finished the pneumatic cylinders release 

the part and the gantry robot can perform assembly or moving operations. 

 

Figure 32: Fixture part mechanism 

This system substitutes the previous fixture mechanism existing in the CNC machine where 

an operator had to fix the part manually to the worktable. By automating the fixture system 

the operator intervention is eliminated and the CNC machine and the gantry robot can 

interact autonomously without direct human participation. Therefore, this approach 

removes one of the bigger risks in the manufacturing cell since the operator does not get 

direct contact with the CNC machine anymore; the pieces are dropped and picked up 

entirely by the gantry robot. 
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4.4. Hardware layout 

The main communication process is driven through an Ethernet cable which manages the 

information flow between PC-PLC and GUI. The program is developed and stored in the PC 

and the PLC system contains the runtime environment needed to run the program. The PLC 

is directly connected to the CNC machine via RS-232 serial port communication. The RS-232 

connection supports the information exchange between PC, CNC controller and CNC 

machine. The servomotors controllers as well as the physical actuators are connected to the 

I/O modules of the PLC. The hardware equipment suitable for the development of the 

project is illustrated in Figure 33: 

 

Figure 33: Hardware layout 
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5. Creation and implementation of a function blocks network 
To cope with the exigencies required in current shop-floors, a FB-based model has been 

developed in this project, for the creation of a Distributed Process Planning (DPP). The 

challenge of the project consists of developing a function block-based network capable of 

controlling the operation of the CNC machine as well as managing the communications 

needed for integrating the CNC with the operation of the gantry robot. 

5.1. Motivation for the solution 

The manufacturing process is driven by a function blocks network developed in nxtStudio. 

The process comprises two separate parts: manufacturing two different machining features 

(pocket and hole) and assembling a component in the pocket. Some examples of the 

products manufactured in the process are shown in Appendix B. The machining approach is 

presented in this report while the assembly and material handling process is covered in a 

separate report by Diaz (2012). The process groups three main levels. The design level is 

where the program is developed and it is connected to the supervisory level where the 

graphical user interface allows the control operations. Both stages serve as a platform for 

the operation level, where the manufacturing operations take place (see Figure 34). 

 

 
Figure 34: Motivation for the solution 

5.2. Process flowchart 

In this section, a flowchart is presented for the development of the program (Figure 35). The 

process starts with the CNC machine and the gantry robot in a neutral position. Once the 

operator defines in the GUI the type and quantity of products to be manufactured, the 

gantry robot takes a wooden block from the raw material storage. This block is placed in the 

CNC worktable and when the proper event is fired, the machining operation starts. If the 

machining operation is a hole, the gantry robot grips the product after the hole is performed 

and places it in the finished products storage. On the other hand if the machining operation 

is a pocket, the gantry robot will perform an assembly operation before placing the final 

product in the storage. 
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Figure 35: Flowchart of the process 

  

Neutral Position

Start Button?

YES

Robot takes an 

entire piece

Robot to CNC 

position

Piece in the 

position?

Pocket or 

Hole?

YES

HOLEPOCKET
Where the 

hole?

CNC drill the 

Pocket

Blue or White?
Robot to Blue 

piece
Blue

Robot to White 

piece
White CNC drill the hole

Other hole?

Place the blue 

piece over the 

pocket

Place the white 

piece over the 

pocket

Assembled piece 

to the blue 

magazine

Drilled piece to the 

magazine

NO

Assembled piece 

to the white 

magazine

NO

NO

YES



Creation and implementation of a function blocks network

 

44 

 

5.3. General overview of the part program 

This section covers the development of the program. The design stage includes the function 

blocks network intended to control the CNC operation. The network includes two machining 

features: pocket and hole. The pocket MF-FB has a fixed position in the workpiece and will 

be assembled by the gantry robot with a coloured component. The available components for 

the assembly operation are white and blue enabling the manufacturing of two different 

products. The GUI offers the possibility to choose whether the pocket should be placed in a 

horizontal or vertical position in the workpiece. The design phase starts with the creation of 

basic function blocks which contain the internal algorithms. These algorithms are 

combinations of bytes strings which will be fired depending on the transitions conditions set 

in the execution control chart. These basic function blocks are encapsulated in composite 

function blocks where the timers and output events are implemented. The composite 

function block for the horizontal pocket can be seen in Figure 36.  It contains embedded 

function blocks for controlling the duration of each movement and the tool activation. The 

function block is activated when the event “I_Pocket_Horizontal” is received; computing the 

internal algorithms and firing the output event “EO_END_Pocket_Horizontal” when the 

execution of the function block is completely finished. The output event is used to 

communicate the system that the CNC machine has finished its operation coordinating with 

the gantry robot to pick up the finished product and place it in the storage. The output event 

“O_Pocket_Horizontal” is used for sending the output strings to a distributor function block 

which manages the strings flow for its subsequent dispatching through serial part. Note the 

length of the string “strOut” must be previously set to 256 so the program is able to send 

long strings of bytes; otherwise it will only send the first 16 bytes of the string.  

 

 

 
Figure 36: Horizontal pocket composite function block 

 

Both horizontal and vertical pocket machining features are encapsulated in a third 

composite function block named “Pocket_MF” (see Figure 37). The “Pocket_MF” function 

block is the one included in the routines to manage the different paths integrated with the 

gantry robot. The user can choose in the GUI the type of pocket to be machined and 

depending on the choice the input event for either the horizontal or the vertical event will 

be triggered. 
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Figure 37: Pocket Machining Feature 

 

The embedded paths for milling the pockets (see Figure 38) include a set of function blocks 

with several purposes like sending an activation code to the machine, moving the worktable 

to a reachable position for the CNC machine or finishing the sides of the pocket to eliminate 

possible irregularities in the final product, among other functions. The use of service 

interface function blocks inside the paths such as delay timers or serial communication FBs is 

fundamental for the correct execution of the network. 

 

 
 

Figure 38: Path Pocket Horizontal 
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The same procedure is followed to design the holes machining features. The position and 

size of the holes can be chosen in the GUI among some different combinations. For instance, 

the composite function block for drilling the small hole in position 1 is shown in Figure 39.  

The performance of this FB is identical to the one explained for machining the pockets. 

 

 

 
 

Figure 39: Hole Small1 composite function block 

 

The composite FBs in charge of drilling the holes are encapsulated in the “Hole_MF”. Figure 

40 shows the internal appearance of the “Hole_MF”. When the input events are received 

from the GUI the corresponding hole MF is triggered and the CNC machine performs the 

operation in the workpiece. 

 

 
 

Figure 40: Hole Machining Feature 
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The aim of creating a general “Hole_MF” is to facilitate the understanding of the program 

and enhance the flexibility. It means that it is possible to create a basic path and include the 

“Hole_MF” on it (see figure 41). Then just by changing the event inputs in the “Hole_MF” it 

is possible to drill the different holes using the same path. 

 

 
Figure 41: Hole Path 

 

 A key function block for managing the CNC system is called “Distributor_CNC” (see Figure 

42). The distributor receives all the byte strings sent by the function blocks involved in the 

operation of the CNC machine and after computing the internal algorithms, fires the output 

strings to be sent to the CNC machine. The importance of using the distributor is driven by 

the restriction existent in serial communication where only one byte string can be sent at a 

time. It implies the need of creating a function block for organising the high amount of 

strings generated in the FBs network and sending them in the right order to the CNC 

machine. 

 
Figure 42: Distributor CNC 
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5.4. Design of the graphical-user interface 

This section contains the design of the graphical user interface (GUI) covering main 

characteristics, functionality and development process. 

5.4.1. Objective 

The GUI aims to afford the operator with real-time information about the manufacturing 

process. It provides control of the process, where the operator can choose the type of 

product to be manufactured, location of the holes in the workpiece, quantity of products to 

manufacture. Moreover, it displays machines state information. It also enables the choice of 

the parts to be assembled by the gantry robot. Furthermore, the manufacturing process can 

be paused and resumed from the GUI. 

5.4.2. Development 

The graphical user interface is designed in nxtStudio. A human machine interface function 

block (see figure 43) manages the execution of the routines and fires the events involved in 

the control of the different paths for controlling the CNC machine and the gantry robot. This 

function block receives the input events from the GUI depending on the choices made by the 

operator and fires the output events for executing the corresponding paths. 

 

Figure 43: HMI function block 
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5.4.3. Functionality 

The GUI is designed to facilitate the control operation and monitor real-time process 

information. It can contain as many tabs as desired intended to show different processes, 

states or variables. For the purpose of this project two interfaces have been created. One of 

them (Figure 44) shows the PLC equipment used for controlling the functionality of all the 

machinery involved in the manufacturing process. It depicts information about the modules 

that are running, I/O errors, I/Os running and LEDs among others. The modules included in 

the interface are exactly the ones used in the physical equipment. It also offers the 

possibility of manually activating certain output signals by clicking the right module and 

interacting with its internal variables. 

 

 

Figure 44: PLC graphical-user interface 
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The second interface (Figure 45) implemented in the GUI is in charge of the main 

functionality of the program and it is connected with the HMI function block presented in 

Section 5.4.2. It enables the selection of the type and quantity of pieces to be manufactured. 

Pockets can be either horizontal or vertical and their position in the workpiece is displayed in 

the graphical user interface. The GUI enables the posibility to choose the position and size of 

the holes, allowing to create a product with various holes of different diameters. A third 

product can be chosen in the GUI and it consists of an engraving operation for milling texts 

in the product. In this case the text chosen to be engraved represents the initials of 

Högskolan i Skövde (HIS). When the quantity and type of product have been chosen it is 

necessary to click the START button for triggering the output event that will start the 

procedure. During machines operation, the graphical user interface shows the state of the 

process running with the LEDs: Fixture, Vacuum, CNC and Gantry. The PAUSE button stops 

the operation of the cell when the current path is finished. When the PAUSE button is 

clicked, its state changes to RUN, therefore, a second click in the button resumes the normal 

operation of the machine. For a complete stop of the machines operations it is necessary to 

physically push the emergency stop button placed on one side of the cell. 

 

Figure 45: Graphical-user interface overview 
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5.5. Communications for the integration of a CNC machine with a gantry 

robot 

In this section, the communication protocols are analyzed for the integration of all the 

software tools with the real equipment. The function blocks network designed in the 

computer acts as a master controlling the entire manufacturing sequence. The 

communication with the CNC machine follows a special protocol based on the 

communication via RS-232 serial port. 

5.5.1. PC-PLC network 

The communication process from the computer to the PLC network is driven by Ethernet 

cable. The hardware equipment is implemented in the program using the vendor libraries. 

These libraries enable the use of predefined function blocks representing the real 

equipment. This approach enhances the flexibility of the system and facilitates the 

programming because the real equipment can be virtually modelled using the same 

connections as in the physical application. The virtual model can be linked to the real 

equipment via TCP/IP (Transmission Control Protocol/Internet Protocol).The PLC´s IP address 

can be consulted using the Runtime Configuration Tool provided by nxtControl (figure 46): 

 

Figure 46: Runtime Configuration Tool 
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5.5.2. CNC machine-PLC network 

The CNC system is connected to the PLC through the controller. This controller processes the 

bytes received from the function blocks network and translates them into physical 

operations. This communication is driven via RS-232 serial port. The process is managed by a 

service-interface function block named “SerialIO”. This function block contains information 

about the communication settings such as baud rate, bits, stop bits, parity and the name of 

the COM port used in the process. The settings used to communicate with the CNC machine 

are: 

• Dev: COM1 

• Baud rate: 38400 

• Data bits: 8 

• Parity : none 

• Stop bit: 1 

• Flow control: none 

 

COM port 

The COM port is used to communicate the program to which port the CNC machine is 

connected in the PLC. The RS-232 communication procedure is driven by a serial cable 

connected from the serial port in the CNC controller to the COM1 port of the PLC. 

 

Baud rate 

The communications through serial port are carried out bit by bit. The baud rate is used to 

specify the sending frequency of the bits strings. The baud rate must be the same between 

the machine and the computer and it is measured in bits per second. A faster rate will 

reduce the transmission times when receiving and sending messages. The value of the baud 

rate is imposed by the CNC machine and must be properly configured in the “SerialIO” 

function block settings. 

 

Data bits 

The strings received at the COM port are read as groups of 7 or 8 bits. The CNC controller 

handles groups of 8 bits. These groups are seen as small pieces of information which must 

be sent at the correct frequency to be understandable by the machine. Usually, the 

transferred bits include the start bit, the data bits, the parity bit (if used), and the stop bits. 

Since the information flow from the controller to the CNC machine consists on binary strings, 

the data bits must be set to 8. 

 

Parity  

Parity is used in serial communications for checking errors in the transmission of data. It can 

be none, odd, even, mark, or space. In the parity check procedure, the CNC controller counts 

the number of 1's in a group of data bits. Depending on the result, the value of the parity bit 

is set. The device receiving the data also counts the 1's and checks whether the parity bit is 

as expected. If parity is none, parity checking is not performed and the parity bit is not 

transmitted. 

 



Creation and implementation of a function blocks network

 

53 

 

Stop bits 

The data is sent asynchronously through the serial port instead of predefined intervals. To 

determine when the message is completely sent the machine executes the stop bit. The stop 

bit follows either the parity bit if present or the data bits and allows the CNC controller and 

the “SerialIO” function block to re-synchronise. The stop bit is always on so the errors in the 

communication are detected when the receiver identifies an off value instead of the 

expected stop bit. The CNC controller works with one stop bit. 

 

Flow control 

Flow control is usually used to ensure that the CNC serial port can handle all of the incoming 

data sent to it from the function blocks network. 

 

The “SerialIO” function block (see Figure 47) receives bytes strings from previous function 

blocks and sends them to the CNC controller via an RS-232 cable. Moreover, this function 

block is able to display the response of the CNC machine in real-time. 

 

Figure 47: SerialIO function block 

The bytes strings for controlling the CNC machine are embedded in function blocks routines 

and can be processed one at a time. This is done by means of a “Distributor” function block 

which receives the events and strings from each routine and computes the internal 

algorithms for triggering the right string. The output string is sent to de “DATAOUT” terminal 

of the “SerialIO” function block. 
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6. Discussions and analysis of technical solutions 

Despite the multiple benefits and functionalities provided by nxtStudio there are still some 

drawbacks in the applications of this software. IEC 61499 is intended to support vendor 

independency but nxtStudio lacks in interoperability due to the need of using hardware 

equipment compliant with nxtStudio prerequisites. Likewise, it is necessary to acquire 

specific vendor libraries to deal with the programming and binding the design stage with the 

real equipment in the operations stage. 

On the other hand, it is possible to create sub-applications containing the 

programming of different processes and merge them together in a global application which 

develops the main controlling function. For example, the routines for the CNC machine and 

the gantry robot are created in different sub-applications. Likewise the virtual PLC simulation 

is integrated in a single sub-application using the pre-built modules included in the vendor’s 

library. This capability makes it possible to create a main application which joins the 

different sub-applications. The advantage brought by this approach consists of the possibility 

to make changes in a specific routine without affecting the general behaviour of the system 

and, especially, the possibility to replace the PLC sub-application with another PLC-brand 

without involving big changes in the program. This methodology increases the vendor 

independency claimed by the IEC 61499. 

On the other hand, the incorporation of the execution control chart in nxtStudio brings 

a higher flexibility when scheduling the operations to be performed and dispatching jobs. It 

enables to test the program in the desired execution states without running the whole 

sequence of instructions. Likewise, designing and programming the graphical-user interface 

within this software permits to link the function blocks with the control network, making 

easier the reusability and understanding of the process. 

Some communication problems have been experienced when connecting to the CNC 

machine controller via RS-232 serial port. The machine did not show the expected behaviour 

when receiving data from the controller. To solve this issue it was necessary to build a “spy-

cable” and analyse the data exchange between the controller and the CNC machine. This 

cable is used to connect a computer with the CNC controller and sniff the communication 

flow using a third computer. The communication process is driven to send bytes from the 

computer to the controller and executing them in the real machine. These bytes are 

hexadecimal commands which are translated into an action in the machine.  

The economical restrictions for the development of the project have limited the cell-

design phase adapting the equipment disposition to the facilities of the cell for fulfilling the 

established goals. The accuracy of the process can be increased using position sensors to 

detect whether the machines are in the right position, enhancing the repeatability of the 

manufacturing process. 

One of the aims towards the implementation of the project is providing the society 

with a foundation for future application of IEC 61499 function blocks in industrial 

environments and serving as a basic guide for the understanding of function blocks in the 

field of distributed control systems.  
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7. Conclusions and further work 
This chapter presents the conclusions obtained after the completion of the project. Likewise 

future work for further development of the cell and function block network is provided. 

7.1. Conclusions for this case study 

The decision of using nxtStudio for the development of the project provides a series of 

benefits for modelling distributed control systems. An approach brought by nxtStudio for 

programming distributed control systems is the implementation of vendor libraries 

compliant with the real equipment. It allows introducing the virtual models of the real PLC 

components in the program and easily linking and connecting them to the physical 

equipment via IP configuration. Another advantage provided by nxtStudio is the possibility 

to design and run the interface within the program, eliminating the need of using extra 

software for managing the interface. The interface is designed using function blocks which 

can be integrated with the main program for controlling the manufacturing process. The use 

of IEC 61499 increases the reusability of the programs. The debugging and maintenance of 

the function block network is simpler than for instance, revising a whole ladder program. 

The event-driven model provided by the function block approach affords the CNC 

machine with a higher intelligence and autonomy. This model moves away from the scan-

based systems, equipping the process with higher job-scheduling possibilities and time 

saving when executing the algorithms. The events can be scheduled and managed within the 

execution control chart (ECC). The ECC allows the program to make decisions on how to 

adapt to the requirements of the process. 

The use of IEC 61499 function blocks increases the reusability and maintenance of 

programs. The code can be modified and the function blocks can be easily replaced without 

having a great impact in the subsequent execution of the program. 

 

7.2. Further work 

Since the modelling of industrial environments in compliance with IEC 61499 function blocks 

is still in an early stage some future work has been proposed for advancing in the evolution 

of this area. The main goal within this project is the creation of the function block network 

and the integration of the CNC machine and the gantry robot. Therefore, the physical 

development of the manufacturing cell remains in the background. Thus, future 

improvements recommended for the cell are: 

• Installation of interface lights to indicate the state of the process at each moment. 

• Safety fences for preventing the interception of machines operation. 

• Light sensor for safety purposes. 

• Position sensors to increase the accuracy of the manufacturing process. 

Another recommendation is the design of an inspection system for detecting 

irregularities in the products. With respect to the function block network, a proposal is the 

implementation of a motion control system designed with function blocks for controlling of 

the CNC machines axes. In other words, eliminating the current CAD/CAM platform making 

possible to control the CNC machine using a GUI built in nxtStudio, removing the controller 

and governing the CNC machine directly from nxtStudio.  This process can be done by 
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accessing the CNC motors for each axis and controlling them via a function block network 

using analogue signals. Implementing mathematical functions in the FBs network can 

eliminate the need of using a postprocessor for communicating with the CNC machine. 

Additional functions can be added to the graphical user interface to provide the 

operator with a more complete image when monitoring the process. The flexibility of the 

system can be enhanced by reducing human intervention and improving the capability for 

adapting to changes and producing different types of products in the same batch. Likewise, 

the feedback about the manufacturing process can be increased with the installation of the 

position sensors. A challenging approach would be the integration of the CNC-gantry robot 

system with some other robots in the Wise-Shop Floor for conceiving a full manufacturing 

chain. 
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Appendix A: System I/Os 
 

Digital inputs 

 
Table 5: Digital inputs 

 
 

 

 

Digital outputs 

 

Table 6: Digital outputs 

 
 

 

Analogue outputs 

 
Table 7: Analogue outputs 

 
 

  

I/O TYPE COMMENT

DI (SERIAL PORT) Serial port for the CNC controller

I/O TYPE COMMENT

Digital Output Pneumatic signal for activating the vacuum tool

Digital Output Pneumatic signal for activating cylinder 1

Digital Output Pneumatic signal for activating cylinder 2

I/O TYPE COMMENT

Analog Output Potentiometer Y axis

Analog Output Potentiometer Z axis

Analog Output Controller Y +10V (signal to power the controller)

Analog Output Controller Y -10V (signal to power the controller)

Analog Output Controller Z +10V (signal to power the controller)

Analog Output Controller Z -10V (signal to power the controller)

Analog Output Tacho Y (signal to power the tacho)
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Appendix B: Examples of machined products 

 

 

Figure 48: Vertical pocket 

 

Figure 49: HIS engraving 
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Figure 50: Horizontal pocket 


