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Abstract  
 

Standards are, nowadays, a useful and sometimes essential tool, in the world of automated 

industry. Since the development of the standard IEC 61131-3, automation has made 

progresses in a consistent manner. This allows an engineer to develop control programs for 

any type of systems using the language set in the standard. However, this standard was not 

enough because it did not cover the control over distributed systems. Therefore, it was 

necessary to establish rules in this field. In order to fill this gap, the new standard IEC 61499 

was developed. Its main objective is to describe how to develop, design and implement 

distributed control systems, using the new concept of function blocks. By the use of the new 

function blocks, it is possible to control distributed systems in a quick and easy way, adding 

some advantages such as reusability, portability, and much enhanced maintenance. 

 

This project involves the preparation of a manufacturing cell composed of a gantry robot 

interacting with a CNC machine. The project is developed in two sections; one is focused on 

the computer programming with function blocks for the gantry robot and HMI, and the 

other is prepared for the programming of function blocks for the CNC machine and HMI. The 

communications between PLC, PC, gantry robot and CNC machine are developed using the 

standard IEC 61499. This document covers the survey and research made for the first section 

of the project. 

The new standard IEC 61499 provides the methodologies and the appropriated tools to 

achieve a good control in distributed systems. The basic tools offered by this standard are 

the new function blocks which will be the main tool used in this project. Equally important, it 

is necessary to take into account the different assembly features and the machining features 

in order to design better function blocks to control the system. An HMI has to be developed 

in order to obtain a good interface for a worker of this cell. 

 

The aim of this project is to investigate how the new standard IEC 61499 works in a real 

manufacturing cell and how the new function blocks interact in a real distributed system. 

Moreover, it is important to see how the event flow works, controlling all the sequences 

required in the manufacturing cell. 

 

Keywords: IEC 61499, function blocks, NXTcontrol, distributed control system, gantry robot, 

assembly features. 
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1 Introduction 
This report is the final thesis of the Bachelor degree project in Automation Engineering at 
the University of Skövde. The purpose of this project is to understand the fundamental 
knowledge of IEC-61499 and how it can be used in a real machining and assembly process. 
This thesis covers the integration of a Cartesian gantry robot with a CNC machine. The 
functionality and the communications of the gantry robot are also described. The 
performance of the CNC machine is, however, described in detail in a separate report by 
Palomeque (2012). 

1.1 Motivation 

Using a standard programming language and standardised solutions in automation industry 
has a lot of benefits on the software analysis, and a good impact on the design construction, 
testing, and it definitely increases and improves the performance, the reliability, and 
simplifies programs (Real Time Automation, n.d.). The first vendor-independent 
standardised programming language for industrial automation is IEC 61131. This standard is 
hardware independent, so it has a high level of reusability. Despite this, the IEC 61131 leaves 
some issues open for software vendors, so it is necessary to research or complete the 
methodologies with a new standard (Zoitl, et al., 2009). 

Nowadays, in automation industry having good solutions of automation is very useful 
to problems which are related and coordinated with the needs of the customer in order to 
achieve a better and more competitive company (Gerber, et al., 2008). Due to this, the new 
standard IEC 61499 has been researched and developed, which is started as an extension to 
IEC 61131 for distributed function blocks, and it has been developed with two main 
requirements: adaptability and re-configurability (Zoitl, et al., 2007). As an extension of the 
previous standard, the IEC 61499 allows all the programming languages given by the IEC 
61131 like ladder diagram, structured text and others. However, it provides a new system 
and methodology, a changed function blocks interface, with the most important change 
being the separation between the data flow and the event flow (This will be described with 
more detail in the followings sections) (Gerber, et al., 2008). This standard is developed 
based on the need of the interaction of distributed objects in order to achieve high level of 
integration and enable the creation of systems that can be re-used, and re-designed in the 
automation industry (Lewis, 2001). In Table 1 the comparison between the different 
characteristics of both standards is presented. 

 
Table 1: Comparison between IEC 61499 and IEC 61131-3 (Zoitl, et al., 2009) 

 IEC 61131-3 IEC 61499 

Data types Are defined Taken from IEC 61131-3 
Programming languages IL, ST, LD, FBD, SFC Not specified, IEC 61131-3 

recommended 
Structuring means SFC, FBD, ST FB network 
Global variables On different levels Not possible 
I/O access Direct addressed variables Encapsulated in service 

interface 
Engineering approach Application device centred Application centred 
Execution Concept Mainly cyclic Event driven 
Dynamic reconfiguration Not Provided Interface and instruction set, 

not for data 
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The methodologies followed and the technologies used in automation have been 

evolving over years. The main frontier is to provide automated machines with the ability to 
adapt to the ever-changing surroundings circumstances. Over years, every research in this 
field has brought a new degree of flexibility to automation systems; today, the current 
advances are possible because of the efforts of the previous generations of automation 
research, so this process must be continuously performed in order to avoid the limits in 
automation systems (Vyatkin, 2007). 

The IEC 61499 appears to be an academic vendor-independent standard, so it was 
created to be “application domain neutral”. This is done to avoid and prevent specific 
features for any particular process or industrial application area (Lewis, 2001); it defines an 
open architecture and structure for the new processes and systems of distributed control 
and automation (Real Time Automation, n.d.). In this project, it describes how this standard 
can be used in a real process in which a gantry robot and a CNC machine can be integrated in 
the same process by using function blocks. 

Nowadays, in all industrial areas one common feeling is growing – special interest in 
architectures, technologies, and methodologies which can develop the new generation of 
distributed systems in the automation. The basic aim of this idea is to achieve that all the 
different software in the process can co-operate and work together in the system (Lewis, 
2001).   

1.2 Aims and objectives 

The main objective of this project is to make possible the adaptive decision making through 
the use of distributed control systems developed with the new concept of function blocks 
provided by the IEC 61499. It is mandatory to study this standard in order to obtain a better 
understanding of the performance of this system. The designing and programming of the 
manufacturing cell has to be made according to this standard. The function blocks used in 
the programming phase will create a network of event-driven FB. In each FB algorithm will 
be developed to ensure an adaptive behaviour. This network will control a small 
manufacturing cell consisting of a gantry robot, a product fixture and a 3-axis milling 
machine (see Fig. 21). In addition the control system should be made accessible through a 
GUI (graphical user interface). 

 This thesis covers a survey of the IEC 61499 and a description of how to develop a 
Function Block based control system. All the interaction between the components of the 
manufacturing cell will be created using NXTcontrol software. This software allows the 
creation of IEC 61499 compliant control systems. Through this software, it will be possible to 
create a system to control the CNC machine and the gantry robot using function blocks. The 
main goals in this project are: 

 

 To study the new standard IEC 61499 and understand how the distributed control 
systems work. 

 To design and establish a physical configuration and communications of the 
manufacturing cell. 

 To develop and implement an assembly feature function block controller system for 
the robot. 

 To create a GUI by which the manufacturing cell can be controlled and supervised. 
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All of these objectives are described and developed in this thesis in detail for the 
gantry robot. The rest of the manufacturing cell (CNC machine, fixture to hold the part in the 
milling machine) is programmed and developed in the second part of the project 
(Palomeque, 2012). 

1.3 Approach applied in the project 

Via the new standard IEC 61499, the automation industry receives a new methodology to 
organize the distributed control systems. With these new methodologies, the small and 
medium sized manufacturing companies obtain a great improvement in autonomy. 
Nowadays, the new standard is not fully applied in real industrial job-shop floors. In this 
project, the function blocks will be programmed for a real manufacturing cell in order to 
control the gantry robot. Therefore, it is important to maintain real-time control over the 
robot using a GUI. In order to achieve this goal, the work of the project can be divided into 
different sections: 

 Documentation about the IEC 61499 and its application in distributed control 
systems, and also about assembly processes. 

 Designing and construction of the manufacturing cell, implementing the 
required materials and devices in order to fulfil the project specifications. 

 Design of the program through the NXTcontrol software and the interface to 
control the cell and visualize the interactions performed in the process. 

 Implementation of the program with the PLC and the real cell. Debugging 
process. 
 

Also, during the implementation process, it is possible to find some new topics which 
may be interesting to study. For this reason, the different section of the methodology can be 
combined, adding some information to a specific part of the project. 

1.4 Organisation and contents 

The organization of this thesis is summarized in this section. This report is divided in 
different chapters, each one dedicated to a certain type of information. In the first chapter, 
the topic of the project and its main objectives are introduced. In addition, the methodology 
followed during the project is described in the introduction chapter. The second chapter 
provides some background information about the new standard IEC 61499 function blocks 
and its application to distributed control systems. Furthermore, in this chapter some 
advantages of the new standard are described, and also how the new industry can apply it in 
coexistence with the previous standard IEC 61131-3. Besides, the second chapter provides 
some information about gantry robots and common applications, and some background of 
assembly processes and features. The third chapter describes the designing process and the 
configuration of the physical connections for the manufacturing cell. The following chapter 
explains the implementation of the function blocks in the real system, and all the 
interactions made between the interface and the robot. 

Moreover, in the fourth chapter the most important part is the description of the 
network made with the function blocks, and how they work with the robot, describing the 
connections and communications with the PLC and with the PC. Equally important is the 
explanation of the GUI which will be found in this chapter. Chapter five presents the 
discussions made during the development of the project and some drawbacks found in it. In 
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chapter six the conclusions are presented adding some information about how this thesis 
can help for future work in the automation industry and in learning purpose. 
This thesis organisation is presented in Figure 1: 
 

 
Figure 1: Organisation of contents 
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2 Literature review 
This chapter is an introduction of the basic background needed for a better understanding of 
the project. In addition, this chapter is useful in the thesis for the correct development of the 
following chapters of this report. 

2.1  IEC 61499 standard for control systems 

Starting with the IEC 61499 as a reference, the main efforts of the researchers have been to 
transform theoretical formal models to the manufacturing industry and real scenarios. 
Moreover, professionals want to check if the new standard is able to solve the problems that 
can appear during a real process in the automation industry (Vyatkin, 2011). 

The new standard establishes the basic tool for controlling the processes and the 
distributed objects. These basic tools are the new Function Blocks, which were designed to 
be robust and reusable software components. They can be understood, used, and 
manipulated by people who do not have an extensive knowledge base in software. The IEC 
61499 provides the general ways and methodologies to develop these function blocks 
independently of the system which is used during the implementation (Lewis, 2001). 

 
This standard establishes how to use these tools in four different parts as it is shown in 

Figure 2: 
-Part1: General architectural models. 

-Part2: Function Blocks software tools requirements. 

-Part3: Function Blocks tutorial information. 

-Part4: Defines the structure of such compliance profiles.  

  

 
Figure 2: Different parts of the IEC 61499 

 
It is possible to make mistakes in understanding what this new standard is. Some 

professionals in the industry can think that the IEC 61499 is a new programming 
methodology. Other experts can think it is impossible to implement, or that the model of IEC 
61499 is not needed because it is possible to do everything using Visual Basic (JAVA, C++, C#, 
etc...) (Vyatkin, 2007). IEC 61499 defines an open architecture for next-generation of 
distributed control and automation. As the standard is designed for the development of 
distributed systems, it further supports features like reusability and interoperability. 

In this standard it is easy to differentiate between the areas in which the distributed 
systems are divided. First it is possible to see the system model, which defines the 
relationships between applications and communicating devices. Then, the device model 
appears, which is able to support one or more resources providing control of networks and 
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independent executions and giving the correct infrastructure to support more than one 
resource. The resource model allows the execution of one or more function block 
application processes providing the services and the correct facilities. Finally, the application 
model is the network of all the function blocks that are interconnected by data and event 
flow (Lewis, 2001). The system is formed by a set of devices interconnected by various 
networks in a distributed system, and it is made to form a set of co-operating applications. In 
Figure 3 the hierarchy for the different statements of this standard is shown. 
 

 
Figure 3: Hierarchy in IEC 61499  

Applications are made through function blocks. A function block generally provides an 
interface for Event I/O and for Data I/O, and the generic modelling approach for distributed 
control applications. Equally important is the correct methodologies for the separation 
between the data flow and the input flow (Anon., n.d.).  

2.1.1 System model 

The system model is made in order to define the relationship between applications and 
establish the connections between the devices. The function blocks will form a network 
connecting each other and the entire group will create the distributed application. 
Otherwise, the application will be loaded as a sequence of function blocks network part that 
are situated into different devices when the application is loaded onto a system (Lewis, 
2001). 

In order to obtain a more flexible methodology, an Industrial Process Measurement 
and Control System (IPMCS) is modelled as a group of devices interrelated and 
interconnected with each other. These devices are connected by means of communications 
network which is formed by segments and links (International Electrotechnical Commission, 
2005). Figure 4 describes the schematization of the system model. 

DEVICES

RESOURCES

APPLICATIONS
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Figure 4: System model  

2.1.2 Device model 

A device is able to support one or more resources. The resources provide control of 
networks and independent executions. It gives us an infrastructure to support more than 
one resource. In this model a “process interface” is incorporated, and it allows the resources 
to exchange data with the input and output on the real device. In addition, the device model 
has communication interfaces which establish communications services with resources. 
These communications are made to exchange information through external networks with 
resources in distant devices (Lewis, 2001). A device may contain at least one interface, that 
is, communication interface or process interface, zero or more resources (International 
Electrotechnical Commission, 2005). This can be seen in Figure 5. 

 

 
Figure 5: Device model 

2.1.3 Resource model 

This model allows the execution of one or more function block application fragments 
providing the appropriated facilities and services. The function blocks of these applications 
will be attached to resources inside interconnected devices. At this point the main focus of 
the IEC 61499 is revealed; model the programs of the function blocks within each resource. 
As shown in Figure 6, each resource provides the necessary interface to allow the function 
blocks being allocated in it to communicate with other function blocks which are in remote 

COMMUNICATION INTERFACE

PROCESS INTERFACE

RESOURCE A RESOURCE B RESOURCE C

APPLICATION 1

APPLICATION 2 APPLICATION 3
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resources. Also this interface provides the facilities to read and write to local device inputs 
and outputs (Lewis, 2001). The resource is considered to be a functional unit, enclosed in a 
device which has an autonomous control of its function. How this resource works or is 
configured must not affect the other resources (International Electrotechnical Commission, 
2005). 

 

 
Figure 6: Resource model 

 

The resource model supplies a scheduling function to guarantee a correct order in the 
execution of the algorithms within the function block. This standard provides a special type 
of function block called “Service Interface Function Block” which is the link between the FB 
and the interfaces and the resources. The main characteristic of the resources is that they 
can be loaded and executed without disturbing the rest of the system. They can work 
independently on the other resources in the same device network (Lewis, 2001). 

2.1.4 Application model 

As specified in the IEC 61499, an application is a group of function blocks interconnected by 
event and data flows. Inside an application, it is possible to join basic function blocks, 
composite function blocks and subapplications. The application can be separated into 
subapplications which can be distributed over other resources (International 
Electrotechnical Commission, 2005). If it is required, subapplications can be divided into 
smaller subapplications. The different resources in which the function blocks are distributed, 
must guarantee the correct scheduling performance of the algorithms within the function 
blocks. The application establishes the connections between the event flow and the data 
flow needed in the blocks. Besides, the resources are responsible for keeping the values of 
the variables inside the function block ready to invoke the algorithm (Lewis, 2001). The 
characteristics of the IEC 61499 application model are shown in Figure 7. 
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Figure 7: Application model 

 

As a conclusion, it is possible to define an application as the collection of function 
blocks and its interconnections for resolving a specified problem in control automation. The 
IEC 61499 defines all the performances in the system in terms of function blocks. This is one 
of the main differences between a PLC programmed with the previous standard and a PLC 
programmed with the new standard IEC 61499 (Lewis, 2001). 

2.1.5 Distribution model 

Applications and subapplications can be configured to work on different resources. A 
network of function blocks distributed in designated resources is a distributed application. 
The IEC 61499 establishes distribution as the preparation of function blocks on diverse 
resources. It is possible to run a distributed application on a single device because a device 
can support multiple resources. Subapplications are smaller pieces of information which can 
be replicated. However, they have similar characteristics as applications (Lewis, 2001). The 
distribution of function blocks will not affect the functional relationships of an application or 
subapplication (International Electrotechnical Commission, 2005). 

The performance of an application will depend on the distribution and the 
communications networks of the resources on which it has been distributed. Additionally, if 
identical subapplications are running in different devices with different characteristics, they 
will have different performances due to the specifications of the devices (Lewis, 2001). In 
Table 2 it is possible to see the distribution characteristics. 
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Table 2: Distribution characteristics 

 Distributable Timing Reliability Replication 

Function Block No Depends on 
device only 

Depends on 
device only 

As instances 
from FB type 

Subapplication Yes Depends on 
devices and 
communications 

Depends on 
devices and 
communications 

As copies of 
subapplication 
type 

Application Yes Depends on 
devices and 
communications 

Depends on 
devices and 
communications 

NO 

2.1.6 Management model 

In order to create and manage the applications fragments made previously, the IEC 61499 
provides the “management application”. This special application is in charge for the creation 
of function blocks networks within a resource. These networks will have higher privileged 
functionality than normal applications. This model can construct parts of other applications 
creating the necessary function blocks and the pertinent connections. Normally, it will be 
connected with external systems via an interface (Lewis, 2001). 

The characteristics of a management model will include: 
 

 The instances of the function blocks will be created inside a resource. 

 An application will have a particular association with the function blocks fragments. 

 Provide the correct connections, data and event flow, between the function blocks 

and service interface function blocks.  

 The execution of the function block will be initiated as part of a distributed 

application. 

 It will supply the required services to maintain queries from communication links on 

the position of function block instances. 

 It will remove function block instances adjacent to their data and event connections. 

 
The main restriction in the management model is that applications should load the 

information from the function block network without disturbing the execution of the other 
applications (Lewis, 2001).  

2.1.7 Operational state model 

Systems developed with networks of function blocks provided by the IEC 61499 will be 
custom-built in a series of stages. The new standard also declares that the concept of “life-
cycle” (International Electrotechnical Commission, 2005) is moulded and employed to 
serviceable units such as devices, resources and applications (Lewis, 2001). 

The different states in the operational model are:   

 Stopped: The unit is not running 

 Loaded: The unit has loaded its information and its connections of function blocks. 

 Configurable: The unit has been loaded, and is ready to receive the function blocks 
connection details. 
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 Operational: The unit is loaded and it has been configured, it is waiting to start the 
execution. 

 Running: The unit is operational and working.  

2.1.8 Function Blocks model 

In the previous standard, the utilization of function blocks as one methodology for 
programming automated processes was possible, however, with this new standard comes a 
new way for using function blocks, focused on the distributed control systems, and the basic 
difference is the separation between the data flow and the event flow. This idea is very 
important, because it allows saving resources in the programming process and in the 
execution of the system. In Figure 8 the old function block (left) is shown in comparison with 
the new function block (right).    

 
Figure 8: Old function block and new function block 

 
With the IEC 61131-3 blocks can be connected only by input and output variables from 

left to right, so it is very difficult for programming when the process need a feedback 
because it introduces a complex network. This problem was solved by programming 
different systems that are outside of the IEC 61131-3 standard, so the methodologies 
established by this standard were not consistent or portable. The function block execution 
order is not always clearly defined, so it does not have enough flexibility to assign tasks to 
programs and function blocks. In addition, that is why the development of the new standard 
has been very important, because in the previous one, the 61131-3, there were some 
deficiencies like this which has been mentioned here. This new concept of function blocks 
reflects the real world, is very stable, can reduce the complexity of the system, is reusable, 
and requires less control software to be developed for an application. Therefore, it requires 
less time to develop the control systems, it will provide more consistent behaviour using the 
same type of FB in the control system, and the quality of the control system is improved. As 
in the object oriented software, in these FBs it is possible to have similar behaviour to share 
the same interface, and this is possible because of a special type of component provided by 
the IEC 61499 called “adapted interface” and it requires a special function block (Lewis, 
2001). The sequence of the execution in a function block is possible to see in Figure 9. 
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Figure 9: Execution sequence 

 
1- The input variable values coming from external function blocks to the Input event 

are made available. 
2- An event associated with the input arrives to the function block. The execution 

control of the function block is triggered. 
3- The execution control function evaluates the event and signals to the scheduling 

function to schedule an algorithm to be executed. 
4- The scheduling function starts the algorithm execution. 
5- The algorithm manipulates the variables related with the events triggered. 
6- The algorithm execution ends. Then this is notified to the resource scheduling 

function. 
7- The function block’s execution control to generate an output event is invoked. 
8- The execution control creates the correct output event and it will use the attached 

output variables.  

2.1.9 Basic Function Block 

The basic function block is the smallest piece of logic information which is possible to be 
found in the IEC 61499. Its behaviour is defined by algorithms that are executed depending 
on the events that are connected with these algorithms, and these ones can take 
information from the data inputs and modify or manipulate it and trigger the output data 
related with its corresponding output event (Lewis, 2001).  
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In the basic function block, the logic which is used is established by its execution 
control chart (EEC) showed in Figure 11. This is formed by an initial state of the FB, and 
describes the condition that is needed to go from one state to another in the transitions, and 
each state has related to itself an algorithm and also it is possible to connect an event 
output, which will be able to be connected with data outputs manipulated in the algorithm 
(Yoong, et al., 2009).  

Figure 10 makes visible all the components of the new function blocks. 
 

 
Figure 10: New function block in IEC 61499 

 
The event variables to record the arrival of input event at the interface of the function 

block instance are stored and updated by the resources. A change in the EEC is allowed by 
the resources if an input event has been received (International Electrotechnical 
Commission, 2005). Also it is necessary to create associations between the event inputs and 
outputs and the data inputs and outputs in order to specify which information is going to be 
used or manipulated in the function block; this is done by using special connections called 
“WITH” qualifiers. While being operative, the function block has different operational states 
depending on the function which is performing; it can be “stopped”, “loaded”, 
“configurable”, “operational”, and “running” (Lewis, 2001). 
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Figure 11: Example of ECC 

 
In order to avoid some problems that can appear during the execution of the 

algorithms of the function blocks, the IEC 61499 establishes some characteristics in the 
implementation of the algorithms: 
-I/O event and variables must be mapped avoiding ambiguity to the variables which are 
going to be used in the algorithm. 
-The algorithm must be initiated into its function block; it means that the algorithm cannot 
manipulate variables outside the block.  
-The execution of the algorithm has to be shorter than the expected time for the arrival rate 
of events that will trigger its execution. 
-It is important to have well defined initial state (Lewis, 2001). 

2.1.10 Composite Function Block 

This kind of function block is made in order to contain more function blocks inside it. It 
means that this FB is simply a syntactic piece of the standard made to encapsulate a network 
of basics function blocks which all together are part of the system, and they interact inside 
this special FB simplifying the program. This type of FB has, like in the rest of function blocks, 
event and data inputs and event and data outputs and they are connected to the internal 
network (Yoong, et al., 2009) as it is visible in Figure 12.  
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Figure 12: Example of the internal network of a composite FB 

 

There are some important rules for the event connections and the data connections in 
these composite blocks; each event input of the composite FB has to be connected to other 
event input in the internal network of function blocks. Besides, it is not possible to connect 
the event input to multiple event inputs in different component blocks, also each 
component event input has to be connected with other event output or directly to a 
composite block event input. In addition, it is important to connect each event output to an 
event input or directly to one composite event output upon finishing; each event output of 
the composite block has to be connected to an event output from an internal block or 
directly with the composite event input (International Electrotechnical Commission, 2005). 

2.1.11 Service Interface Function Block 

Service interface function block serves as a connection between the block application and 
the desired hardware. It is the connection with the external services and it is used with time 
sequence diagrams (Yoong, et al., 2009). The diagrams shown in Figure 13 are used 
commonly in the transactions and interchange of information between the hardware 
devices and the function block system. The service interface function block is only focused 
on the definition of the interface into the service and its response; it does not specify how 
the device is going to work outside the resource. For this, it uses the special Time-sequence 
diagram, which is used to show the timing relationships between the sides of the service 
interface function blocks and its events (Lewis, 2001). 
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Figure 13: Time diagram in SIFB 

 
This special function block is very useful to read and write I/O points via the device’s 

I/O system, also it is used for requesting data from the external resources and interchanging 
information with them responding to data requests from external resources (Lewis, 2001). 

2.1.12 Subapplications 

The main goal of a subapplication is to be a special type of composite function block which is 
designed to be distributed. This means that this FB can work in different resources. Its 
structure is very similar to the structure of a normal composite function block, but it has 
special rules for its performance. This type of function block is made to be used and 
developed inside other larger subapplication within an application (Lewis, 2001). The 
structure of the subapplication within the distributed system is shown in Figure 14. 

 

 
Figure 14: Subapplication in a distributed system 
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2.1.13 Future of IEC 61499 

There have been a great amount of changes in the world of automation since the IEC 61499 
has been started. Not only programmable I/O modules and intelligent drives but also 
distributed controllers are reaching higher complexity in automation systems. Equally 
important is the improvement in processing power and increased memory hold control 
applications of a useful size. Besides, it is a new technology rising in the automation industry 
related with the communication and controls, the Ethernet technology. Thanks to this 
technology it is possible to communicate with any member of the communication system 
and the different devices. Another interesting aspect which has to be taken into account is 
the complexity of the communication system (Kuppinger, 2006). The design of appropriate 
function blocks to achieve a good communication system has a great importance.    

2.1.14 Current status 

The previous standard, the IEC 61131-3, was developed with one main goal, the creation of 
common programming languages which could be used by in a large number of automation 
applications and in an easy-to-use way. This thinking was necessary because the old systems 
for the PLC are not languages for developing applications in distributed systems. This was 
not an easy way for programmers, because every time the PLC was changed, maybe the 
programming language should be changed too (Zoitl, et al., 2009). In order to solve this 
problem, five programming languages were developed: ladder diagram (LD), function block 
diagram (FBD), sequential function chart (SFC), structured text (ST), and instruction list (IL) 
(Zoitl, et al., 2009). 

Nowadays, the existing engineering tools and methodologies are not able to handle 
systems with large complexity and this is because the previous standard IEC 61131-3 is not 
focused on the distributed control systems (Kuppinger, 2006). The new standard can solve 
the mayor part of the problems related to management distribution, reusability of software 
components and it is possible because it is targeted on the distributed control systems (Zoitl, 
et al., 2007). 

2.1.15 Future development 

It is important not to forget the future of the communications between the different 
distributed function blocks. It can be done through asynchronous channels, and at the same 
time the execution of a single resource can be done synchronous. In the future, the 
combination between synchronous and asynchronous implementation of function blocks 
will be possible. Consequently it will provide more flexibility for distribution over a variety of 
networks (Yoong, et al., 2009).  

Since it has been a large amount of time using the previous standard, it is mandatory 
to find a way or a methodology which can be used in order to achieve a good harmonisation 
between both standards. 

2.1.16 Coexistence between IEC 61131-3 and IEC 61499  

As the IEC 61499 provides portability, configurability, and interoperability, and the previous 
standard is not focused in these properties, it is necessary to achieve a good integration 
between both standards. Also, it is very important to know that nowadays there is an 
increasing pressure for the adoption of current concepts in the real processes and in the 
application which can be done by developers to challenge the real problems in the 
automation industry (Zoitl, et al., 2009). 
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For that reason, 3 different ways have been developed to make the two standards to 
coexist and offer portability, configurability and interoperability (Sünder, et al., 2008), as 
show in Figure 15: 

 

 
Figure 15: Different solutions for harmonization  

 

 Parallel Use: This one is the simplest solution, because it consists of some 
communications between the two standards via the appropriate interface. With this 
methodology it is possible for systems to interact with the new standard IEC 61499 
(Zoitl, et al., 2009). 

 IEC 61131-3 Based solution: With this solution, it is not necessary to change from 
one standard to another because the system is still using the previous standard but 
with this solution, the system will have some problems with interoperability, which 
may be solved using some communication interface such as IEC 61131-5 (Zoitl, et 
al., 2009). 

 IEC 61499 Based solution: As it is known, the IEC 61499 allows the adoption of the 
previous standard, so the advantages for using this solution are the continuity and 
reusability of the previous methodologies but within the new standard (Zoitl, et al., 
2009). 

2.2 Gantry robot 

This type of robot is normally called Cartesian robot. Its appearance is a bit different from 
the most common image of a robot. It is a fixed robot, stationary, and it has three degrees of 
freedom as minimum which normally are the three basic axes x, y, and z. Each of these axes 
forms a right angle with the other two (Messmer, n.d.). These axes create a “virtual” box 
which is the working envelope of the gantry robot. The robot is able to move things and 
work in the interior of this working envelope performing its operations (Sunshine, n.d.). 
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These types of robots can vary in size depending on the purpose of its performance. Each 
arm of the robot can be moved in a straight line in its own axis (Messmer, n.d.) as shown in 
Figure 16. 

 

 
Figure 16: Gantry robot 

 
Its main advantage is that it can be controlled in a very easy way because its 

movement is limited to the linear axes instead of rotational movements. Therefore, in order 
to program the robot, it is only necessary to make linear operations and calculations using 
basic trigonometric principles (Messmer, n.d.). 

2.2.1 Common applications 

The most common application of this type of robot is the assembly of a device. When a 
gantry robot performs this, it is called a pick and place robot. The components required for 
the assembly operation are in some places in the working envelope, so the robot can take it 
with its specified tool. Then the device prepared to receive the component to be assembled 
is in another place within the working envelope, so the robot can perform the appropriate 
movement in order to reach the correct position. In this application it is possible to add 
rotational movement to the Z axis in order to gain a greater part manipulation (Sunshine, 
n.d.). 

Another application which is possible to see in the running of a gantry robot is to 
perform some kind of action on a specified part of the device.  For this operation it is needed 
to place the part of the component inside the working envelope, and with the appropriate 
tool, the robot can perform some special operation like welding and drilling. Adding rotary 
movement to the special tool it is possible to perform more detailed operations (Sunshine, 
n.d.). 
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2.2.2 Possible limitations 

Gantry robots can be made in different sizes depending on the application, but always it is 
going to have some limitation due to its way of movement. It moves in linear movement 
using three degrees of freedom, so it will not be able to move things rotating its arms. 

Another disadvantage which is possible to find in gantry robots is that they are 
stationary. Every component that is going to be manipulated by the robots needs to be 
brought to the working envelope and when the work is finished it is necessary to remove the 
mentioned component (Sunshine, n.d.). 

2.3 Assembly features 

In every manufacturing process, the designing and the assembly planning parts have been 
very important to achieve better results in the products and reducing manufacturing costs 
and at the same time improving the production efficiency and product quality. According to 
this, it is very important to develop a good classification of the assembly features for 
designing the correct algorithms (Shah & Tadepalli, 1992). There are many ways to classify 
the assembly features, from just the basics shown in Table 3 to a more detailed 
differentiation classification. 

 
Table 3: Basic assembly features (Wang et al., 2008). 
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An assembly feature is the most simple connection and relationship between the 
components in a manufacturing process. They are divided in connection features which 
represent the association between the components and the handling features which provide 
information (Wang, et al., 2008). 

2.3.1 Classification 

There are many ways to classify the assembly features depending on different criteria such a 
number of connecting form features, mating relationship, type of attachment, and required 
assembly operation. In addition, they can also be classified as soft assembly features, in 
which there is not placing or inserting and no physical connection, and in hard features, in 
which there exists some connections between the different parts using a connector such as a 
screw. Another type of classification is the temporary hard and permanent hard assembly 
features; in this case a permanent assembly feature cannot be dismounted (Wang, et al., 
2008). 

Assembly features can also be classified into against or fit, single or multiple, hard or 
soft, or composite; functioning or interlocking. Also it is important to say that the 
connections between features is a very important part in the assembly or disassembly 
planning, accordingly the assembly features will be classified and instantiated in different 
sections (Hamidullah, et al., 2006).   

2.3.2 Against and Fit assembly features 

These are the assembly features which depend on the type of connection or relationship 
between connecting form features. Against assembly features are those which are formed 
by an “against” relationship between their connecting form features, this means that the 
form features from both components are similar. This can be seen in a plane-plane assembly 
feature.  

On the other hand, Fit assembly features have a “fit” relationship between their 
connecting form features; in this case the two mating features are different. This can be 
seen in a pin-hole assembly feature (Hamidullah, et al., 2006). 

2.3.3 Single and Multiple assembly features 

Single assembly feature is a type of assembly feature in which the components are 
connected by a single mating feature; an example of this can be a rib-slot assembly feature. 
On the contrary, in multiple assembly features, the components are connected by more than 
one mating feature; a good example of this type of assembly feature is two pieces connected 
by various rib-slot features (Hamidullah, et al., 2006). 

2.3.4 Soft, Hard, and Composite assembly features 

Soft assembly features are those where there is no need for any connector between the 
mating form features to keep them together. It can be seen in a relationship made in a 
plane-plane assembly feature where the two pieces are attached without any extra 
component. In contrast, hard assembly features are those where there is a special physical 
connector needed between the mating form features to keep them together. An example of 
this is an association made in a plane-plane assembly feature where a bolt is required to 
attach the two parts. 

Alternatively composite assembly feature is a special type of hard assembly feature, 
but in this case, the connection is made between more than two form features to give 
compound assembly features. In this type of assembly features it is possible to differentiate 
the functioning assembly features, in which the form features has certain degrees of 
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freedom with respect to each other, and the interlocking assembly features, which does not 
have any degree of freedom (Hamidullah, et al., 2006).  

2.3.5 Instantiation  

The definition for an instanced assembly feature is “the identification of an assembly feature 
that can be described by a set of attributes that represent the characteristics of the 
assembly feature” (Hamidullah, et al., 2006). This is just a type of hierarchization of the 
different features which are used in order to keep the information in a clear way for future 
utilizations. This information will be very helpful for assembly and disassembly process 
planning.  

2.4 Adaptive assembly 

Process planning includes ascertaining the most proper manufacturing and assembly process 
and the chain in which they should be executed in order to create a specified piece or 
product following the conditions set forth in the product in the design phase (Groover, 
2008). Assembly is an important area which has a great influence in the production system 
during the product development. A good process plan impacts on the product efficiency and 
product quality. In addition, it can reduce the cost and time of the whole product 
manufacturing process (Keshavarzmanesh, et al., 2010). 

2.4.1 Function Block Enabled Assembly Process Planning  

To allow FB-enabled assembly process planning (APP), necessary assembly operations need 
to be identified and classified as standard assembly operations. A complex assembly 
operation has to be divided into basic assembly operations that can be easily assembled by 
the known assembly equipment and the existing resources. A nonspecific function block is 
developed in order to accomplish each basic assembly operation, with a set of implanted 
algorithms on how to carry out the work by a robot (Keshavarzmanesh, et al., 2010). The 
system takes an assembly chain and divides the compound operations into different pre-
designed function blocks with required algorithms to complete the assembly operations. 
These simple operations are the assembly features; therefore, it is necessary to classify 
these assembly operations with the proper function block (Wang, et al., 2012). In Figure 17 it 
is shown the basis of the FB-enabled adaptive assembly planning and control. 
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Figure 17: Function block enabled assembly planning and control 

 

2.4.2 Assembly Feature Function Block 

The different assembly features are used to define the assembly feature Function blocks (AF-
FB). Each characteristic can be assigned or represented by an AF-FB which is responsible of 
the correct performance of the operation. A group of algorithms are embedded in each AF-
FB in order to provide the required functions to fulfil the required assembly process. These 
algorithms are activated by the appropriate event in order to generate solutions. The ECC is 
the basic engine which is used to invoke the correct algorithm associated to a state of the 
machine (Keshavarzmanesh, et al., 2010). As a normal FB, the AF-FB will work using events 
and data flows as it illustrated in Figure 18. 
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Figure 18: Assembly-feature function block structure and ECC 

 

2.4.3 Communication Function Block 

During every assembly process it is necessary to maintain certain grade of supervision over 
the system in order to achieve a good performance of the automated process. It is also 
achievable to organize machine selection, job dispatching and procedure execution based on 
real-time monitoring data. Using AF-FB an assembly plan can be sent to certain resource in 
an assembly cell through the communication network. The correct monitoring and job 
dispatching is achieved thanks to a specific service interface function block called 
communication function block (C-FB). This Special function block is dedicated to share 
information for the FB-enabled APP (Keshavarzmanesh, et al., 2010).  

The main goal of a communication function block is to provide the needed relationship 
between a shop floor execution control module and controllers in assembly cells. For this 
purpose, two different types of C-FB are designed for effective data exchange: a Request 
function block (REQ-FB) and a Response Function block (RSP-FB). These two function blocks 
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are in diverse devices at different locations and are linked via a socket association (Wang, et 
al., 2007). 

2.4.4 Management Function Block 

Another type of function block is the management function block (M-FB). It is defined as an 
execution manager to deal with those problems that cannot be solved by individual AF-FBs 
and the C-FB, particularly for interfacing through device controllers and coordinating inter-
function block activities (Keshavarzmanesh, et al., 2010). 

An M-FB normally has in its charge the following responsibilities. 

 To complete operation planning at controller level, it has to coordinate AF-FBs. 

 Conducting robot initialization. 

 Transmitting control instructions of AF-FB to an organizer. 

 Performing function block execution control.   

2.4.5 Material Handling Function Block 

Other type of SI-FB is the material handling function block (MH-FB) which is used to optimize 
the picking cycle and positioning of parts in the pallets or magazines in an assembly cell. 
Material handling applications are those where the robot is in charge of moving materials or 
pieces of the product from one place to another (Groover, 2008). This MH-FB will make the 
decision of the placement considering minimum travel time, collision avoidance and heavy-
part-closer. In addition, this MH-FB is able to provide the position of each assembly piece in 
the system (Keshavarzmanesh, et al., 2010).  

2.4.6 Modelling assembly operations 

It is necessary to pay special attention to the modelling and its efficiency due to the intricate 
environment of the contemporary industrial systems (Wang, et al., 2012). The failures in the 
modelling process can contribute to the cost and time, and also the design and operations of 
these systems requires modelling and analysis can have a great impact in these aspects. The 
main efforts in the modelling phase are in the major operations and their connections to 
offer a global view of the processes and sufficient details for the development of the FB 
network. Therefore, an appropriate tool for modelling is needed (Keshavarzmanesh, et al., 
2010).  

2.4.7 Robot travel Path 

AF-FB is in charge of creating the robot path and developing the appropriate robot control 
instructions for the related assembly feature. Every company producing an extensive range 
of products requires a system to create control codes automatically to save a considerable 
amount of time. The latest surveys in automatic robot training include a CAD system 
simultaneously with robot off-line programming in order to check the accessibility and 
collision at planning stage (Mitsi, et al., 2005). Also, predictive robot programming, and 
automatic robot programming via learning human skills from visual data are an important 
part of the robot programming (Keshavarzmanesh, et al., 2010). 

2.5 Distributed Process Planning 

Most processes plans generated using CAPP have been made for specific processes. They are 
not flexible, and also, they are importable, and not responsive to unexpected changes in the 
process. If a resource needs to be changed, the process plan must be changed at the same 
time. However, DPP can be integrated with a dynamic schedule, being able to adjust to 
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possible changes. This will improve in great manner flexibility, agility, responsiveness, 
adaptability, and a real-time manufacturing intelligence of shop floors. In the DPP, as it is 
shown in Figure 19, the task can be divided into two groups and can be executed in two 
different levels; the shop-level and the controller-level. The shop-level acts as a supervisor; 
prepares the analysis of the product, the plan configuration, the correct sequence, and the 
machine selection. The controller-level considers in detail the appropriate steps for each 
operation. Using function blocks it is possible to integrate scheduling functions with DPP 
(Wang, et al., 2006). 
 

 
Figure 19: Distributed process planning (Wang, et al., 2006) 

In order to achieve a good adaptability in the process planning, DPP must be able to 
transform the data from the product to a NC data for the machining operations having some 
special characteristics such as: 

 Intelligent: It is necessary to be able to exploit the probability of 
accomplishment of controlled machining process. 

 Adaptive: This ability allows the adjustment of machining strategy when 
different resources are used through embedded algorithms.  

 Fault tolerant: It is very important to be able to adapt the plan or the strategy if 
some failure happens. 

 Portable: This characteristic allows the system to be used in different machine 
controller without control code conversion or restoration. 

 Reusable: To be able to use the basic function blocks in other machining 
operations. 
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2.6 NXT Control 

This software is made to provide a tool for design automated processes using the function 
blocks established by the standard IEC 61499 for distributed systems. With this tool, it is 
possible to create an entire environment according with the IEC 61499 standard. NXTcontrol 
provides the software to connect the devices to the PC in order to create a communication 
to make the system works. Thanks to this tool, it is possible to implement function blocks 
networks to develop distributed control systems. 
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3 Physical configuration and design of the manufacturing cell 
In the following chapter the physical configuration of the manufacturing cell is explained. In 
addition, the I/O configuration is explained, and the choice made for the PLC as well. As this 
project is about the performance of the gantry robot, the configuration of the robot will be 
outlined in this chapter.  
  

3.1 Cell description 

The manufacturing cell of this project consists of a gantry robot and a CNC machine. The 
structure of the robot acts as a platform for the CNC machine. The robot is the main part in 
this project. As shown in Figure 20, the structure has a part dedicated only to the robot’s 
working envelope. The base of the structure is designed to keep equipment such as PC and 
PLC. 

 
Figure 20: Structure of the cell. 
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In one side of the structure, the controllers for the servomotors of the robot are 
placed. The control monitor for the operator is placed on the opposite side. The wooden-
blocks dispensers and the magazines are placed on the same platform as the CNC machine, 
inside the robot working envelope. Some fences and other devices for safety has been 
designed, however, those designs are in the “extras add-ons”. A final distribution of the cell 
is shown in Figure 21. 

   The gantry robot will take the wooden blocks and will place them in the CNC 
machine. Then the machine will perform the machining operations, and when they are 
finished, the robot will assemble a piece in the block if it is required. If not, the robot will 
take the finished wooden block and place it in the appropriate magazine. 

 
Figure 21: Cell with all the components 
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The motion system is composed of three servomotors, which are responsible for the 
movement of the three basic axes. Each servomotor will move a different axis. In addition, 
three motor-controllers are placed in the side of the structure. These controllers will receive 
power from the PLC; from 0 to 10 Volts. Depending on the voltage they will send more or 
less power to the motors. For the correct performance of the motors, the controllers have to 
be supplied with 24V. As mentioned before, the controllers will receive power from 0 to 10 
volts, and in this way depending on the voltage they receive, they will change the speed of 
the motors. 

 

3.2 Hardware layout 

This section presents a graphical description in Figure 22 of the different hardware 
components used in the project.  Additionally, how these components are connected is 
described and which type of communication is established between the devices. 

Therefore, a small pneumatic system has been designed and installed in the cell in 
order to allow the vacuum tool and the fixture part work properly. Besides, all the devices in 
the cell need to be powered with 24V DC. For this reason, a voltage transformer is needed, 
not only to supply the PLC but also to supply the motor controllers and as a consequence the 
motors. 

A vacuum vent has been attached to the end-effector of the gantry robot. Besides, a 
structure around the cell has been built in order to allow the robot working without risks. 
For the wooden blocks, the block-dispenser has a great importance. It allows the process 
running without disturbance. Smalls platforms have been created in order to place the small 
boxes to be assembled in the wooden blocks once they have been finished in the CNC 
machine. 

For the positioning measurement of the servomotors, two potentiometers have been 
assembled to the rotors of the motors. They are supplied with 10 volts. Depending on the 
rotational position of the potentiometers, they will provide to the PLC from 0 to 10 volts. 
Therefore, different voltages mean different positions of the servomotors. 
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Figure 22: Hardware layout 
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3.3 I/O configuration 

For the correct preparation of the project, the entire manufacturing cell has to be 
configured. All the devices must be separated depending on the type of communication they 
are going to need to interact. In order to achieve a good organisation of all the components, 
all the analog inputs for this project are shown in Table 4. 

 
Table 4: Analog Inputs 

I/O TYPE COMMENT

Analog Input Potentiometer X

Analog Input Potentiometer Y  
 
 
In the next table, Table 5, the digital outputs are outlined. They are the signals which 

will be responsible for opening the vacuum gripper and closing the vacuum gripper. In the 
manufacturing cell more digital outputs exist, even though, they are explained in the report 
where the CNC machine performance is described (Palomeque, 2012). 

Table 5: Digital Outputs 

I/O TYPE COMMENT

Digital Output Signal for opening the gripper

Digital Output Signal for closing the gripper

Digital Output  Signal to activate the fixture part

 Digital Output  Signal to deactivate the fixture part  
 
In order to control the robot, and all the processes in which it is involved, analog 

outputs are only necessary. In Table 6 it is possible to see all the analog signals needed.  
 

Table 6: Analog Outputs 

I/O TYPE COMMENT

Analog Output Controller X +10V (signal to power the controller)

Analog Output Controller X -10V (signal to power the controller)

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 10V Potentiometer

Analog Output 10V potentiometer  
 
 
 

3.4 PLC selection 

After the design phase, it is necessary to order the required equipment. This decision is vital 
in order to achieve a correct performance of the system. For this project, a Beckhoff PLC has 
been chosen because it covers all the requirements for controlling all the devices. Equally 
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important in this decision is the compatibility with the NXTcontrol software. This is the main 
characteristic for this choice. As a consequence, our choice is CX1010-0100. 

3.5 Appropriate tool for the Gantry robot 

In the robot, it is very important to have a tool which will perform the desired operations for 
the project. In this case, the robot will take wooden blocks from the dispensers to the CNC 
machine and from the CNC machine to the magazines. For this purpose, a vacuum tool has 
been chosen. This tool creates a vacuum to take the wooden block. 
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4 Development and implementation of function blocks network 
This chapter covers the implementation of the function blocks using the NXTcontrol 
software. In addition, it is explained how the function blocks are connected, which types of 
function blocks are used and how they work. 

4.1 Brief information of the program 

The program must control the sequences of the robot using function blocks. In the program, 
each function block controls a specific path or sequence. In addition, some function blocks 
work as controllers and adaptors with the servomotors of the robot. The assembly operation 
is performed through the group of function blocks. The robot has to move to the dispenser 
position. At that moment the vacuum tool is activated in order to take the piece. Then the 
robot takes the wooden piece in the fixture device to the CNC machine, and it leaves the 
block. After that the robot can take the wooden block or assemble a second piece on the 
main part. 

4.2 Flowchart of the program and the sequence in the cell 

This section presents the flowchart made for the program. All the sequences are described 
as well as the general processes. In the following sections each step will be explained in 
greater detail, giving more importance to the function blocks designed to perform the 
required path. In Figure 23 it is possible to see every step. 

In the initial position, the robot is in a neutral position, where it is not disturbing the 
user. Then the operator has to activate the program by pressing the start button. After that, 
the robot goes to the dispenser position and activates the vacuum in order to take the piece. 
Once the robot has taken the piece, it goes to the CNC machine position and leaves the 
piece in the correct position for the fixture device. At this point, a sensor detects if the piece 
is positioned in the CNC machine, and if the piece is there, the program asks the user if it has 
to make a pocket or a hole.  

If it has to create a hole, the program asks the user where it has to make the hole. 
After that, the CNC machine drills the hole, and the program asks if it has to create a new 
hole. If no more holes are required, the robot will take the drilled piece and place it into the 
magazine for drilled pieces. 

On the other hand, if the user chooses to make a pocket, at the same time the type of 
assembly has to be chosen. The possibilities are to either make an assembly process with a 
blue piece inserted in the wooden piece or a white piece inserted in the wooden piece. The 
CNC machine starts the pocket milling and at the same moment the robot takes the small 
piece to be assembled with the milled piece. After the CNC machine finishes the pocket, the 
robot takes the small coloured piece and inserts it into the wooden piece. If the assembly 
process chosen is the blue one, the robot takes the assembled piece to the blue magazine. If 
the assembly process is the white one, the robot takes the assembled piece to the white 
magazine. After finishing the sequence, the robot goes to the neutral position in order to be 
ready to start the process again from the beginning if it is necessary. 
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Figure 23: Flowchart of the program 
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4.3 Overview of the system 

This section covers the entire program for the project and the function blocks used. In 
addition, the connections and communications between the function blocks are explained in 
detail in the following sections. Equally important is the communications between the 
different devices. For this purpose, the communications between the PLC and the PC, and 
also between the PLC and the gantry robot, are explained. 

4.3.1 Libraries used in the program 

For the appropriate performance of the robot, using the NXTcontrol software, the 
predefined libraries are very useful. In fact, for this specific project, the Beckhoff I/O library 
is necessary. In addition the base library of the NXTcontrol has been used. 

The base-library contains many function blocks which can be used for typical logic 
operations. Additionally, this library contains FBs for specific purposes like delays and 
comparisons. The Beckhoff library contains the required function blocks in order to prepare 
the integration between the PLC and the program. Each block of this library acts like a real 
module of the PLC. In the NXTcontrol, each module of the PLC is represented by a function 
block. These function blocks contains the DI, DO, AI, and AO as data information of the 
function blocks, and they have to be activated using the event flow of the FB. 

4.3.2 Different function blocks 

In order to fulfil all the needs of this project, different types of function blocks have been 
developed, depending on the purpose of these blocks. As a result, each function block 
prepares a sequence in the program. The interaction between these sequences and the real 
system is initiated by other specific types of function blocks. All the different types of 
function blocks are described in detail in the following sections.  

4.3.3 PATH Function Block  

With this function block the design of a Pick-and-Place sequence is possible. In this function 
block the variables are established from the beginning in order to calibrate the sequence of 
the robot.  This function block is made with one main purpose; establish the sequence of the 
coordinates which the robot has to follow. Figure 24 shows an example of the events and 
the variables of this function block. 

 
Figure 24: Basic function block for a simple path. 
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In this function block all the variables of a simple path are shown. The coordinates of 
the two positions of the path (pick position and place position) are established in the input 
variables using “real values”. In addition, a “neutral position” is defined to place the robot 
after finishing the path. Moreover, the “END_X” and “END_Y” variables are used in order to 
know if the robot has reached the desired position. 

 

 
Figure 25: ECC of the basic function block for a simple path. 

 In the ECC of this function block (Figure 25), the sequence followed by the program is 
shown. With this execution control chart, the function block will describe the sequence. 
From the initial position to one desired point, and once it arrives at the correct position it 
will start with the next instruction; start the pick-process activating the vacuum tool. The 
pick sequence will be controlled by internal timers which will have a count of the distance 
that the Z axis has to be moved. Every timer will trigger its own event. 

4.3.4 Motor-Controller Function Block  

The main objective of this type of function block is to control the motor movements. It 
receives information about where the sequence needs to place the robot tool. In that 
moment, it calculates where the tool is, and depending on the distance between the desired 
point and the real position it will order to move in one speed or another. As shown in Figure 
26, the function block has an event called “END” which is triggered when the desired 
position is reached. 

 
Figure 26: Controller Function Block for the Gantry robot 
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This function block is updated with the information received from the PLC function 
block. The analog-input module function block sends every change in the position of the 
servomotor, therefore, this controller function block knows where the robot is. Through a 
specific algorithm within, it will transform this information into an output value. This value is 
the speed of the motor, and it will be sent in the “motor-right” or “motor-left” variables 
depending on the direction required. This is seen in the algorithm prepared for controlling 
the motor. 

 

 
Figure 27: Algorithm inside the controller function block 
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4.3.5 Distributor Function Block 

In order to organize the data and event flow, it is necessary to develop a function block to 
distribute the sequences. This “distributor function block” is designed to receive the data 
from the different paths and it will send the received data to the PLC in order to ensure the 
correct performance in the sequence. Otherwise, the PLC function blocks would not be able 
to receive data connection from more than one function block. In Figure 28 all the events 
and variables of this block are shown. 

 

 
Figure 28: Distributor Function Block 

 

4.3.6 HMI Composite Function Block 

This CAT object (Composite Automation Type) is made as a network of function blocks which 
interacts between each other. The main purpose of these function blocks is to create the 
correct sequence of operations depending on the manipulation of the HMI menu. In 
addition, this network can show the state of different devices in the system receiving the 
data from the rest of function blocks. This network is placed in one composite function block 
(Figure 29). 



Development and implementation of function blocks network 
 

40 
 

 
Figure 29: HMI Composite Function Block 

 

Inside this function block, some designed function blocks are located to establish the 
sequences of the different paths. These sequences will follow a different way depending on 
the settings chosen by the user in the HMI menu. 

4.3.7 Applications 

As a distributed control system, this network of function blocks is organized in different 
applications. In this way, the reusability and interoperability are improved. For this program 
three different applications has been created; PLC, Gantry Robot, and CNC. 

The PLC application contains all the function blocks provided by the Beckhoff I/O 
library. These blocks are virtual recreations of each module of the real PLC. These blocks 
create events when they detect any change in the inputs of the PLC. In addition they will 
receive data from other function blocks and they will update this information in the real PLC 
when the correct event will be activated. One more application has been created to ensure 
the correct interaction between the previous applications; HMI. In this application it is 
possible to find the HMI composite function block explained in the previous section. 

 

4.4 Communication between different devices 

The communication between the different devices in the system is a quite important part of 
the project. In fact, all the real connection of the different components of the system has to 
be designed carefully in order to manage a good performance. This section explains the 
connections established between the PLC, the gantry robot and the PC. Besides, there are 
more connections with the CNC machine through RS232 protocol (Palomeque, 2012). 
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4.4.1 PLC-PC 

The communications between the PLC and the PC are established via Ethernet. A network 
cable is connected from the PLC to the Ethernet, and the computer can detect the device 
connected to the Ethernet. For the communications using the NXTcontrol software a special 
runtime environment is needed which is installed on the PLC. Thanks to this runtime 
environment, it is possible to run the program using the new standard IEC 61499 rules. Once 
the runtime environment is installed in the PLC, the NXTcontrol software detects the PLC as 
a usable device for the project. As Figure 30 shows, it is configured using the TCP/IP 
(Transmission Control Protocol/Internet Protocol) address of the PLC. 
 

 
Figure 30: Runtime Configuration for NXTcontrol 

4.4.2 PC-Gantry Robot 

In order to establish the correct communication between the PC and the gantry robot, 
the NXTStudio allows the creation of specific function blocks which emulates the PLC. For 
this purpose, the Beckhoff-I/O library provides the service function blocks needed. The 
correct connection between the event data in this function blocks is very important. Each 
block emulates different components of the PLC. In Figure 31 and 32 an example of Analog-
Output function block from the Beckhoff I/O library is shown as well as the necessary 
composite function block created in order to use this block. Each analog output of the 
adapter function block is a different connection of the gantry robot. 

The correct connection of the function blocks emulating a virtual PLC is very important. 
Depending on the event flow connections, the system will have a more accurate 
performance. However, if the connections of the events are not done in the right way, it can 
appear some malfunctions in the system. 
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Figure 31: Analog Output function block 

 

 
Figure 32: Analog Output composite function block. 

There are two adapter function blocks placed inside each Beckhoff function block. 
These adapters establish the connection between the module of the real PLC and the virtual 
function block. They work as a KBUS connection inside the function block network, 
emulating the performance of a real module in a Beckhoff PLC. 

 

4.5 Graphical User Interface 

This is the interface which allows the user to interact with the manufacturing cell. It provides 
a visual monitoring system in order to have real time data of the process. In addition the GUI 
in this project is made to allow the user to choose which type of process is needed. The user 
can choose an assembly process or just make a hole in the wooden piece. This choice is 
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made by pressing the correct button in the HMI (human machine interface) of the program. 
Figure 33 shows a concept made for the GUI. 
 

 

 
Figure 33: Graphical User Interface 

 

 

4.5.1 Objective 

This GUI is made with one main objective; to allow the user to choose which product 
he/she wants and also to choose the characteristics of the products. Also, it provides 
information about the process and which tool is activated, or which device is working. 
Additionally, an HMI is created to watch the status of the PLC and its modules. The modules 
of this HMI are shown in Figure 34. 
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Figure 34: HMI for the PLC 

4.5.2 Development 

In this project, the GUI has been created using a specific function block. This FB has 
been placed inside the HMI composite function block in order to create the correct 
interaction between the applications of the system and the GUI. As Figure 35 shows, this 
block contains events for the initialization and the update of the menu. Additionally, it has 
input variables that are displayed in the menu depending on the type of the variable. The 
output variables are the settings of the system (number of pieces, type of pocket, and 
number of holes...) and they are sent with the appropriate event when the start button is 
pressed. 

 
Figure 35: GUI Function Block 
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4.5.3 Functionality 

With this GUI the user has real time information about the process and the different 
components involved in the system. As it is shown in Figure 33, the interface created for the 
PLC shows every module and the CPU. With this interface, the user can detect if there is a 
failure in the I/O connections, or if some value in the I/O is incorrect. With the main HMI, the 
user can configure the type of pieces for the manufacturing. In addition, a PAUSE button is 
available in the HMI in order to allow the user to stop the process. 
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5 Discussions and analysis of technological solutions 
During this project, it has been possible to develop a new system to control a manufacturing 
cell with the new standard IEC 61499. However, using a new standard means to start from a 
relative “zero” position. During the development, it is very difficult to find similar works to 
be inspired by. To start with software like NXTcontrol from the beginning without user 
manual and without any documentation about the program is not the best option. It 
requires a great amount of time to get used to new software if you do not have the 
appropriate documentation. The process of design and development in this way consists of 
learning by “trial and error”, and sometimes it is very difficult to find the correct solution to 
a specific problem. 

It is important to say that even being a good solution using the new standard to add 
interoperability and flexibility to the system; this is not 100% true in reality. With this new 
standard there is still a big dependence on the vendors. Without specific libraries provided 
by these vendors to use the physical devices it is not possible to work. In addition, these 
libraries do not have the appropriate documentation, so again it is very difficult to use it in 
the program. 

During the implementation there have been some drawbacks during the wiring of the 
system. The encoders need to be on their own specific modules on the PLC, but the program 
does not have that module in the library. Because of this, it is necessary to find a correct 
solution in order to know the position of the servomotors. Connecting the encoders to 
normal DI could be a possible solution. It would be necessary to calculate through equations 
the position of the servomotor. However, the frequency of the signal of the encoders is too 
high to be received by an ordinary digital input module. The solution found for the 
positioning system has been a potentiometer. Mounting a potentiometer to the rotor of the 
servomotor, we have been able to know the position of the motor. Nevertheless, the signal 
provided by the potentiometer is not accurate enough for a high level assembly cell.   

On the other hand, work in a real process is a very useful experience. It shows how to 
face problems that can appear during a real project. Using the gantry robot is a great 
application. This is used very frequently in automation industry, so it makes us closer to the 
real industry. Preparing a good design and a good planning is a very important part in this 
type of processes. In fact, related to this, we have taken into account the economical 
restrictions in the design phase. This is a very common characteristic in real processes. 
Hopefully, this project will provide the society with a new good point of view of the 
distributed systems. 
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6 Conclusions & Future Work 
This final chapter presents all the conclusions extracted from the development of this 
project. All the different implementation of every part of the project, every result obtained 
from this thesis is summarised in this chapter. Equally important is the future work proposed 
in this area after the development of this report. 
 

6.1 Conclusions extracted from this project 

One of the best advantages of using the new standard IEC 61499 is the utilization of a state 
machine. In the new function blocks, the ECC makes the system work as a state machine.  
This is very useful to avoid mistakes during the performance of the operations. Using this 
methodology, each function block can be programmed with a great amount of algorithms in 
order to simplify the function block network. 

Equally important is the benefits provided by the event-control system. With this 
methodology, the design of the program does not need to be focused on the cyclic 
execution. Therefore, the program only executes the step connected to the appropriate 
event. In this way, other mistakes in the performance of the system are avoided. 

At the same time, the development of the GUI using function blocks containing the 
graphical information is very useful. It saves time because it is not necessary to search new 
software to complete the interface. It works emitting events and data in the same way as 
the normal function blocks. 

Other important advantage found during the designing and implementation of this 
project is the easy maintenance of the program using function blocks. With the function 
blocks distribution the identification of problems for the maintenance is very useful. And if 
some part of the program needs to be replaced the change does not affect the rest of the 
program. It is necessary to just change the specific function block where the problem is 
located.  

 

6.2 Further work 

It is necessary to keep working in the fields of the project. It could be very important to 
improve the monitoring system, making it more accessible. It is only possible to obtain a 
good monitoring system with good programming skills. However it could be better to control 
the system and the process directly from some special function block designed by the user. 
An example could be a security function block, developed in order to maintain safety on the 
cell.    

The accuracy of the gantry robot movement needs to be improved using a better 
positioning system. The potentiometers are a useful and a cheap solution, but they do not 
provide the system a high level of integration. The best way to solve this would be the 
development of new function blocks which are able to interact with the encoder modules of 
the PLC. Additionally, some kind of feedback would be interesting in the assembly area. Real 
time information about the position of the pieces and the needed materials would be 
interesting. In that way, the robot would be able to move itself to the needed position 
avoiding a new calibration.  

Also, integration with other tools and other manufacturing cells are some 
characteristics to be included in futures work. It is possible to make the whole system 
interact with an entire production plan using function blocks, and it is very useful if all the 
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devices are programmed using the same standard. In addition, using a tool with one more 
degree of freedom would provide better assembly characteristics to the system. Besides, it 
would supply the needed flexibility to the cell needed in the automated processes 
nowadays. It could be great to add some extra designs for the cell in order to improve the 
safety of the system. Some “quality control” system to ensure the correct performance of 
the cell would be needed. With these extra solutions for the future, this manufacturing cell 
would be better integrated in a real automation plant. 
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