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Abstract
In recent years, control system in the automation industries has become more and more useful,
covering a wide range of fields, for example, industrial instrumentation, control and monitoring systems.
Vision systems are used nowadays to improve products quality control, saving costs, time, and
obtaining a better accuracy than a human operator in the manufacturing process of companies.
Combining a vision system with a suitable automated system allow companies to cover a wide range of
products and rapid production. All these factors are considered in this project.
The aim of this project is to upgrade the functionality of a Nokia-Cell, which was used in a quality
control process for the back shells of Nokia cell phones. The project includes design, upgrade and
implementation of a new system in order to make the cell work properly. The Nokia-Cell is composed of
the following basic modules: vision and image recognition system, automation system devices (PC and
PLC, robot), and other mechatronics devices. The new system will consist of a new camera, due to the
poor connectivity and quality of the old camera. For the same reason, a new PC will replace two older
ones for communication and vision recognition. The new system will also include a new PLC of Beckhoff
to replace the aging one of Omron so as to facilitate the connections using the same language. In
addition, IEC-61499 Function Blocks standard is adopted for programming the Nokia-Cell.
It is expected that the results of this project will contribute to both research and education in the
future. In addition, it would be correctly to apply the results to industries in vision-based quality control
systems.
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1 INTRODUCTION
The objective of this project will be described and developed with the intention of understanding
and gaining a deeper knowledge about the automation technology, the image recognition and the vision
systems, these fields which will be described and studied in the following chapters.

1.1 Motivation
Automation technology is an essential tool to compete in the global market. Automation technology
is based in different process to increase the quality of the products, decrease the production time rate,
be able to do complex operations, reduce the failure during the production and mainly to increase the
profitability during the production. This project focus in all these characteristics from an educational
point of view thanks to the material and tools given for these purpose such as electronic devices,
automation components, etc. According to the vision system, image recognition are tools that help to
improve the quality control of the products, so vision system has been also a deep field to study in the
project; dealing with topics like industrial programming and image recognition technics. Advanced and
beginner photography users have found nowadays a special interest in these topics to find a better
quality in their pictures.

1.2 Introduction to the subject field
Industrial automation covers a wide field of different machines and automation devices. In the
industry, vision systems are needed to maintain control and a good quality in the products to fulfil
companies’ requirements. The automotive industries have to take great care in their manufacturing
processes because a minor defect in some manufactured part could be a disaster for their image. Any
failure or defects in a company’s product can delay their production lines and can bring significant
economic losses. Because of this reason, companies invest more resources in research, planning
studies, improvements and checking the product before releasing the final product.
Since the first robots for industry was created in 1956, the growth of the industry has never stopped
and by the final of the 1970s it started to have an exponential development and growth with the
emergence of new robot companies during the following decades. Nowadays, it is not possible to
imagine a manufacturing company with a middle high manufacturing production that does not use any
robot or at least some automated process along all the production.
At the end of the 60s the first programmable logic controller (PLC) was developed, whose purpose
was and is to automate industrial processes. This produced an important technological advance
1

because it reduces the execution times of processes and improved efficiency of the machines. For this
development there are many companies that manufacture these components, which have also meant
an improvement to the PLC.
The PLC is the responsible to control all the mechatronics devices in order to transport the product
along the different modules of the cell from the feeding module until the result tray, through the vision
module where the products are analysed.
The standard IEC 61131 is the largest most important programming language for PLC for over 20
years. It was created to standardize and group all the programming languages into only five languages.
There are many advances that have developed throughout history, and vision systems are one of
them. In the decade of the 50s the first works in computer vision systems appeared. Its aim is to
reproduce the human visual system capabilities to provide the machines the ability to see and recognize
images.

1.3 Objectives
The main objective of this project consists of installing the hardware; establish communication
between all components of the Nokia-Cell, the PLC and robot programming as well as establishing
communication with the vision system. This approach will develop a process in which both parts
(automatic control and vision system) have to collaborate together. In addition, thus result in a
completely automated process which reaches the main purpose of the project which is to facilitate the
production process, and then use it in a real industrial environment. This project will help to understand
how the different processes that take place in a manufacturing production, for instance the manufacture
of screws, are developed both software and hardware process. If it looks at it from a point of view of
quality control it is possible to see as the product goes through various automated processes, from the
beginning to the end of the trail, passing three modules of that system, transporting, placement,
detection and other two sections in the vision system, image recognition and final result. The PLC will
be responsible of the automated process, which establishes the operations and communications
between the different inputs and outputs required to run as well as the transporting system and the
security system. Vision system analyse a picture taken from the webcam. The analysis consists of a
comparison of pictures defined previously. This analysis will be made thanks to a program developed in
Java
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By updating an automated cell, the developer must do a wide research of the components list
previously installed, in order to check the compatibilities with future elements that will substitute the old
ones.
Summarising, the main goals to achieve during the elaboration of this project are:


Implementation of the new hardware for the cell.



Establish the communication within the cell.



Overall functionality of the whole cell.



Programming of PLC according to 61131-3.



Development of HMI in order to control and supervise the process.



Design physical configuration and programming of the vision system.



Establish the appropriate communications for the vision system.



Develop an HMI to control and supervise the vision system process.

1.4 Structure and Contents
Nowadays in the automation industry, it is very significant to face a wide range of different machines
and automation devices using different programming and communication standards. It is very important
to work as a group to create the manufacturing system, to develop a realistic labour plan and to
distribute information and knowledge of the system execution (Groover, 2007). In order to present a
thesis which describes all the goals made for this project, it has been taken into account the following
points:


Documentation about PLC and PC as well as SCARA robots and cameras.



Documentation about TwinCAT PLC programming.



Documentation about DeviceNet and Ethernet communication.



Documentation about the standard IEC 61131.



Documentation about Java programming and digital image processing.



Continuously documentation of the progress of the project.



Maximum safety precaution and risk avoiding.



Testing wiring system and communication.



Testing the previous hardware in order to know the needs of new components.



Developing of project plans and flowcharts for the design phase.



Identification of the different hardware components of the cell.



Localization of the inputs and outputs.



Programming in Java and in compliance with IEC 61131-3.

3

1.5 Overview Report
This section has been developed in order to show a general view of the report. The second chapter
presents all the necessary theoretical knowledge for a correct understanding of the project. In this
chapter, there are described some information about PLC, communication between different devices
and HMI. Equally important in this chapter are the mention of the standard IEC 61131 and the
explanation of the performance of the SCARA robot. Moreover, in this chapter, there are presented the
information about digital image processing. To end the literature review chapter, where is described the
programming language which is going to be used in the project, Java. The next chapter presents the
system overview; here it is possible to see all the components of the cell. The fourth chapter is the
methodology chapter. Here there are described the different steps that are going to be followed in order
to achieve the correct implementation of the project. Once the methodologies are described, the
implementation is introduced. This chapter describes the practical issues during the elaboration of this
thesis, such as the image processing system. To finalize the report, the discussions and the conclusions
obtained during the elaboration of this project are introduced.
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2 Background Information
In order to achieve the goals of this Project, it is necessary a deep width research about the different
topics of the objectives. The background research starts with a general vision of the characteristic about
automation technologies such as PLC, robot, HMI and programming languages. Furthermore, this
chapter contains the required information about the general concepts of the vision systems, as well as
the techniques and programming language which has been used in order to performance this project.

2.1 Introduction to PLC
The first Programmable Logic Controller, from now on commonly named as PLC, was originally
developed in the United States of America in 1968 for the automobile company General Motors as a
response to deal with the control of the manufacturing process. The PLC was developed in order to
cope with the following needs: it must be programmable and reprogrammable, able to work in an
industrial environment, and have a competitive price. The PLC works according to the operation of
relays technology, which is based on a coil, two contactors (one normally closed and the other one
normally open) and a common contact that switches between the two contactors depending on whether
a voltage is applied to the coil or not. When a voltage is not applied it can be seen in the Figure 1 how
the common contact is acting with the normally closed contact. There is contact between the common
contact and the N.C. contact (Surtell, 2002). When a voltage is not applied it can be seen in the Figure 1
how the common contact is acting with the normally closed (N.C.) contact so the coil is not receiving
energy then is not activated. There is contact between the common contact and the N.C. contact but not
with the coil. Otherwise, when the normally open contact is energized; the common contact switches
and contacts with the normally opened contact, activating this connection and providing energy to the
coil. (Surtell, 2002).

Figure 1. Contact between the common contact and the N.C. contact (Surtell, 2002).

Otherwise, when the coil is energized; the common contact switches and contacts with the normally
opened contact, activating this connection (Surtell, 2002).
5

2.2 Parts of PLC
The PLC is composed of a microprocessor (CPU), a memory, a power supply, and a number of
inputs and outputs. Figure 2 shows the parts of the PLC.

Figure 2. Parts of PLC

2.2.1

CPU

The CPU means to be the main part of a PLC due to it is responsible for controlling and monitoring
all the operations, for example to read the inputs and save in memory, to organize the internal memory
variables and to activate the correct outputs (PLC Manual, 2012).
2.2.2

Memory

The memory supports the CPU to enable it to do more than one task at the same time. Nowadays,
with the use of the standard IEC 61131-3, it divides the variables into three locations which are: Input
image memory, represented by “I”; Output image memory, Output image memory, represented by “Q”;
and internal memory represented, as “M” (Thiele G., 2001).
2.2.3

Inputs and Outputs

The inputs and outputs can be analogue or digital, depending on the signal received or sent by the
sensors and actuators respectively. Inputs send external signals received from sensors to the
microprocessor, so it can analyse those signals and through internal programming system already
installed in its memory, send signals through the outputs to interact and control the actions of machines
such as motors or robots (Thiele G., 2001).
6

2.3 Types of Communication
In order to program the PLC operations and set the information exchange between inputs and
outputs; there must be a communication between the PC and the control panels. There is a wide range
of PC-based control technology, for example DeviceNet, LightBus, EtherCAT.
2.3.1

DeviceNet Communication

DeviceNet originally comes from the USA and it is a sensor and actuator bus system based on CAN
(control area network) (Biegacki & VanGompel, 1999). It operates in a master-slave control with the
capability of working with 64 slaves in the same network. The DeviceNet cable consists of a 5-pin
socket for power supply, shield and data exchange. The Figure 3 shows the DeviceNet connector and
the table attached represents the wire description of every pin of the DeviceNet connector; as it is
shown, there are two wires used to transport the voltage which are pinout 1 V+ (24 volts) and pinout 5
V- (0 volts), there are also two wires used to transport the information to control the dispositive which
are the pinout 2 for CAN-High and the pinout 4 for CAN-Low, the last wire is linked to pinout 3 and it is
used as a shield to prevent from voltage risk.
Pinout

Description

1

V+ (24 Volt)

2

CAN-High

3

Shield

4

Can-Low

5

V- (0 Volt)

Figure 3. DeviceNet connector and Pinouts

DeviceNet is able to transport the information in three different baud rates which are 125, 250 or
500kbit/s. Depending on the baud rate; the maximum distance that can be reached is 500, 250 and 100
meters respectively.
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2.3.2

RS232 Communication

The connector RS232 (Recommended Standard-232) is a standard for serial transmission between
computers and peripheral devices (such as modem, mouse, printers, etc.). There are two types of
connectors depending on the number of pins; there are connectors of 25 pins or 9 pins. The purpose of
this connector is to control the robot via PC by programming it in offline mode. The Figure 4 shows a
normal 9 pin RS232 connector and the function of each pin.
Pinout

Function

1

Not connected

2

Receive Data (RXD-input)

3

Transmit Data (TXD-output)

4

Data Terminal Ready (DTRoutput)

5

Signal Ground

6

Data Set Ready (DSR-output)

7

Request To Send (RTSoutput)

8

Clear To Send (CTS-input)

9

Not connected

Figure 4. RS232 Connector and Pinouts

2.4 HMI
HMI is the acronym for Human Machine Interface; this is a program or a device that helps the user to
interact with the controller (Lepratti, 2006). It is very highly helpful in PLC programming as the operator
does not have a full real view of the program during the programming and the execution. Due to this not
totally understanding of the programming from the operator, the HMI must be simple to use, easy
learnability, high usability and large effectiveness; these four properties must be basic in order to build a
complete useful interface.
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2.5 Standard IEC-61131
Since the development of the first PLC systems, at the ends of the 60s, many companies appeared
on the market. The companies continuously work towards an improvement of their products. Due to the
lack of standard programming languages the companies were forced to develop their own programming
language adapted to their requirements. Consequently, by the end of the 80s each company had its
own programming language that dramatically hindered PLC programming for engineers, increasing the
cost because they had to take a course to learn how to handle each language. Another extra motivation
for releasing a new standard is the maintenance and upgrade of the programs, facilitating more than
four times the work and time spent on the program. Due to that, in the early 90s it became necessary to
create a standard for programming, and thus facilitate the work of programming technicians among
different brands of PLCs. It resulted in a reduction of the cost preparation of the program. Therefore, in
1991 the working group SC65B WG7 from the International Electrotechnical Commission (IEC)
established the standard IEC-61131. IEC is a world organization founded in 1906 and with participants
from over fifty countries who provides, adjusts and publishes international standards for all electrical and
electronic technologies. The standard is compounded of eight parts. The Table 1 shows the main
purposes of every part of the standard (John & Tiegelkamp, 2001 ).
Table 1. IEC 61131

IEC 61131-3

The third point of the standard defines five basic programming languages, their syntactic and
semantic rules. The five programming languages set in this standard are: Ladder Diagram, Structured
Text, Instruction List, Sequential Function Chart, and Function Block Diagram. The programming
languages are divided in two groups, graphical languages such as Ladder Diagram, Sequential
Function Chart and Function Block Diagram and textual languages like Instruction List and Structured
Text. Although the five languages are recognized by the standard and work in most of the PLCs that are
on the market; it is not always possible to translate from a language to another because they cannot
9

hold the same levels of structure. However, it is possible and sometimes recommended to use more
than one language for a more comfortable programming (Lewis, 1998).
Ladder Diagram (LD)

The Ladder Diagram is the most common programming language used for PLCs. Ladder is
developed to simulate relay logic. It represents contacts both inputs and coils as well as outputs, and it
is connected to vertical power rails on the left and the right side (Lewis, 1998). It can be seen in Figure
5.

Figure 5. Components of ladder diagram

It is very useful for programmers with some electrical expertise because the language is based on the
electrical drawing standard. It is the most widely used and recommendable for short and medium
programs, as mentioned before, due to its graphical similarity to electric drawings, such as the use of
contactors and coils on an electrical rail. Figure 6 shows an example of Ladder program where the
inputs A and B are in serial connection with the output C. The input A is a normally open contact, the
input B is a normally closed contact, and the output C is a normal coil. When the input A is active but not
the input B, then the output C receives current and is activated.

Figure 6. Basic ladder example

Structured Text (ST)

The Structured Text language is a high level language based on other programming languages such
as C++, Ada or Pascal. It is designed to be used with other programming languages to call it as
subroutines. Structured Text is very useful because it uses bucle structures such as REPEAT-UNTIL,
WHILE-DO; structures for conditional clauses like IF-THEN-ELSE; and structures for functions like SIN,
COS, SQRT. In the Figure 7, the same example as in LD and IL can be seen (Lewis, 1998).
10

Figure 7. Structured Text

Sequential Function Chart (SFC)

The Sequential Function Chart language is based on the French Grafcet, but modified to be applied
to the standard IEC61131. The SFC is a graphical language with the option of doing simultaneous
operations at a time. It is compounded of steps and transitions, represented by the Figure 8 (Lewis,
1998).

Figure 8. Sequential Function Chart

At each step there are actions added to the right that must be done until the next transition is carried
out. It is very comfortable to program due to its structured programming and graphical interface. It is
also very useful because of its reusability; a part of the program can be used again later in the program
or in other programs. The Figure 9 shows how a light is set on and off by pushing the start button
(Lewis, 1998).

Figure 9. Sequential Function Chart example
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Function Block Diagram

The Function Block Diagram is a graphical language. It works by linking element functions which
appear as blocks. The most simple Function Block are And, Or and Not. As shown in the Figure 10 it is
set the output C when the A and not B are activated (Lewis, 1998).

Figure 10. Function Block Diagram

2.6 The SCARA Robot
SCARA is an abbreviation of Selective Compliant Articulated Robot Arm. It is one of the three most
commonly used robots in the industry. It was built to simulate the functionality of a human arm in order
to be used in the automobile manufacturing industry (Roland, 2003). It is able to use at least three
degrees of freedom. The Figure 11 shows a SCARA robot which picks up with a vacuum system.

Figure 11. SCARA Robot (Anon., 1996)

The SCARA robots are excellent in pick and place due to it has a highly repeatability due to it is highly
manageable on the horizontal surface, defined by axis X and Y; as it can see in the following figure, it is
able to reach from the plus X axis (+) to the minus X axis (–), the same capability is applicable in the Y
axis. However, in the Z axis the limits that the robot can reach go from maximum positive Z to 0, but
never can reach a minus signal in the Z axis. It is also able to rotate around the Z axis on the joint as it
is shown in the Figure 12.
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Figure 12. SCARA robot mobility (Sankyo, u.d.)

SCARA Robot in industry

As mentioned before, SCARA means Selective Compliance Assembly Robot Arm; the two first
words of the name, Selective Compliance, refer to a flexible and manageable applications in the X-Y
axis but with a considerable loss of movement in the Z axis; this main function of SCARA robot makes It
is extremely useful for packaging operations, and not to mention a large variety of pick and place
applications due to its great strength in the vertical axis and its high repeatability. The Figure 13 shows
a SCARA robot working on a conveyor with a part feeder (Anon., 2009).

Figure 13. Example SCARA robot working (Anon., 2009)
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The second part of the acronym is Assembly Robot Arm, which refers that the SCARA robot was
developed in order to simulate a human articulated arm, elbow and wrist to substitute the human work in
manufacturing industries process such as placing between two turntables to handle both tables, tall
work pieces stacked by using long Z axis, Base machine of line type or independent type assembly cell
(Anon., s.f.), as well as for dispensing, testing, soldering, part feeding, palletizing or screw driving. The
Figure 14 shows a SCARA robot working in a test and assembly process (Anon., 2009).

Figure 14. Example, SCARA robot with two turn table (Anon., u.d.)

2.7

A Software for Automation Process: TwinCAT

TwinCAT is a group of programs from Beckhoff used for PLC programming according to the
standard IEC 61131-3 and to establish communication with the PLC in order to download the program
previously built.
TwinCAT PLC Control

TwincCAT PLC Control is a complete development environment for your PLC. The TwinCAT PLC is
programmed in accordance with IEC 61131-3 independently of the manufacturer. Online connections
with PLC runtime systems around the world can be implemented with TCP/IP or via the fieldbuses on
the PC.
TwinCAT System Manager

TwinCAT System Manager is a program to make and organize the connections between TwinCAT
and the Allen-Bradley 1791D DeviceNet modules. In addition of making the connections, TwinCAT
System Manager also helps to download the program to the PLC and links the variables to the PLC.
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2.8 Introduction and definition of the vision system
During the last years there was an increase in the use of the vision systems in the automation
industry, due to that this field helps to improve quality control and saving manufacturing time. In large
industries the products are of better quality through increased quality control, all thanks in part to the
vision systems that make this possible (Jia, et al., 2004)


Vision system is a set of mechanical, optical, electronics and software systems to examine or
recognize objects or materials to detect defective or errors and improve the quality of the
production system, operating efficiently and with greater security for both the project and for all
process (Graves & Batchelor, 2003)



Computer vision is the science of pictorial data storage and manipulation within a computer.

Some advantages of the visual systems are that the specialized system design allows reducing the
complexity of the applications to a level where its use is possible. Moreover a computer vision system
can outperform any human operator in certain specialized tasks. Vision systems have many fields of
application such as manipulation of objects, medical image analysis. The Figure 15 shows the process
of one vision system.
PC

MICROSOFT
LIFECAM

PIECE OF WOOD

Figure 15. Visual System

2.9 Definitions of digital image processing
Digital image processing is a set of techniques that are applied to digital images in order to improve
their quality or facilitate the information search. To better understand this issue it will be necessary to
define some basic concepts and topics in digital images processing.
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2.9.1

Digital image

An image is represented by a two-dimensional function f (x, y), whose value corresponds to the light
intensity at each point in space from the coordinates (x, y). The value of f (x, y) will be called grey level
at the point of coordinates (x, y). If the domain (values of (x, y)) and range (values of f (x, y)) are
discrete, the image is digital (Gonzalez & Woods, 2008). Digital image, from the point of view of the
computation is a bidimensional representation of an image from a numerical matrix, often in binary form.
It is composed of a finite number of elements (pixels); each one having its own location and value. In
digital images it is possible to find two types of representating, Bitmap and vector images. The first one
is the most common form of representating. The Figure 16 shows the representation of a digital image.

Figure 16. Representation of a digital image

2.9.2

Pixel

The pixels are those points which form the digital images, for example, the computer screen. Each of
these points is called a pixel and when it is observed all together an image is formed. The number of
dots or pixels to a given image will indicate the quality of its resolution. The term pixel comes from the
English language and is formed by joining two words "picture element. Therefore, the pixel is the
smallest element used to represent or form a digital image. The Figure 17 shows the representation of
pixels.

Figure 17. Representation of a Pixel
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2.9.3

Bitmap

A bitmap is formed by rows of pixels, where each one has a value that determines the colour. This
value consists of three numbers in the range from 0 to 255, associated with the primary colours, red,
green and blue (RGB model) (HAIFA, et al., 2011). The range from 0 to 255 was established for two
main reasons; first of all, the human eye is not sensitive enough to differentiate more than 256 levels of
colour intensity. The second reason is that range of storage capacity for a byte from the point of view of
the computation. The Figure 18 shows a bitmap and the RGB model of one pixel.

Figure 18. Bitmap and RGB model

2.10 Digitization: the two Basic steps in digital image processing
It is important to understand the relationship that exists between geometric formations of an image,
described previously, and the representation of the image on the computer. To create a digital image it
is necessary to convert data from the captured image into digital form; this involves an image digitization
process. Digitization is the process of converting an analogy image into a digital. Electronically
comparing both types of information, the representation of an analogy image of a photographic film is a
graph of continuous values. However, the same digitized image is composed of a set of discrete values
and differential, determined by the digital sampling forming pixels and the matrix of our image. To create
a digital image it is necessary to convert data from the captured image into digital form; this involves two
basic processes: the sampling and the quantization (Pawley, 2006)
Sampling and Quantization:

An image can be continuous both with respect to its coordinates x and y, and its amplitude. To
convert to digital form, it is necessary to digitize spatially and in amplitude. The digitization of spatial
coordinates (x, y) is called image sampling and digitization of its amplitude is called quantization.
Therefore, sampling is the transformation of the two dimensions of the analogue signal (continuous
17

image), and which generates the pixel (Jain, et al., 1995). The quantization is the transformation of the
amplitude of the analogue signal in grey levels, corresponding to the value that takes matrix elements or
pixels. If there are 256 grey levels (0 to 255), 0 represents the pixel minimum intensity (black) and 255
represents the pixel maximum intensity (white) (Graves & Batchelor, 2003). In conclusion, and in order
to clarify, in the sampling are determined the pixel size of the image, the digital mosaic of rows and
columns to form the new image. In the quantization analyses the pitch and brightness information of
each pixel in the sampling is created and converted to binary values. The result of a sampling and
quantification can be seen in the Figure 19.

Figure 19. Sampling and Quantization

2.11 Steps in a Digital Image processing
About image processing, it is understood as a wide and varied field which involves a series of steps
or stages to achieve the best result to the completion of the process. All steps need not be applied to an
image; however, the goal in this chapter will give a general overview of the stages in the image
processing.
Image Acquisition

The first stage is the acquisition of images that is the acquisition of a digital image. This requires an
image sensor and the ability to digitize the signal produced by the sensor (Gonzalez & Woods, 2008).
Image Enhancement

In this process the image is manipulated in order to obtain a better result for the following
manipulations. This process can provide many different types of approaches, which means there is no
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general theory for this procedure, in the end, the viewer of the image decides how he wants to perform
this procedure.
Image Restoration

The aim of this process is the same as the image enhancement; improve the captured image, but in
this case, image restoration focuses more on probabilistic and mathematical techniques.
Colour Image Processing

In this step, the image colour in image processing is used for two reasons; one is because the colour
simplifies and identifies objects in a scene, and another is because humans can differentiate thousands
of colours beside a dozen grey.
Wavelets and Multiresolution Processing

This process represents the image in various degrees of resolution. At this point, the term resolution
must be defined. The resolution expresses the number of pixels from a bitmap image and it is
expressed by multiplying the width by the height of the image.
Compression

This process is based on using techniques to reduce the storage required to supply an image, or the
bandwidth required to transmit the image.
Morphological Processing

Morphological processing is used as a mathematical tool in order to extract image elements that are
useful in the representation and description of an image, such as boundaries.
Segmentation

The goal of segmentation is to simplify and change the representation of an image. In general, the
automatic segmentation is a more complicated task within the image processing. In most cases, with a
good segmentation this will provide a correct solution, therefore, it is necessary focus all effort at this
stage. The image segmentation algorithms are generally based on two basic properties of gray level
image: discontinuity and similarity. Within the first category is trying to divide the image based on abrupt
changes in grey level. The areas of interest in this category are the detection of points, lines and edges
in the image. The areas within the second category are based on threshold techniques, region growing
and division and fusion techniques.
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Representation and Description

Representation and description are responsible for the segmentation stage, showing and describing
the processed image data, determining the limits or complete parts.
Object Recognition

This process is responsible for identifying objects in an image, such as triangles, circles and squares
based on the above processes.
The Figure 20 represents the steps in digital image processing.
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Outputs of these processes are normally images attributes

Outputs of these processes are normally images

PROBLEM DOMAIN
Figure 20. Fundamental Steps in Digital Image Processing

2.12 Java: Introduction
Java is an object-oriented programming language, developed by Sun Microsystems in the early 90's,
which is based on C and C++, but differs from them in that it is purely object-oriented programming
(Anon., 1999). Java includes many libraries, classes, APIs, etc. to facilitate the implementation of the
program. Java has many important features which have made it the chosen language for programming.
One feature that makes it different from others is that it is a multiplatform language, i.e., the same Java
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code that runs on an operating system, work on any other system. In Figure 21 shows the features of
Java.

Figure 21. Java Features

Before proceeding, the concept of API is going to be defined, because it will be mentioned
subsequently. API (Application Programming Interface), are a set of specifications for communication
between software components. One of the main purposes of an API is to provide a set of functions
commonly used to facilitate the tasks within a program.

2.13 Java Advanced Imaging
So far, a lot of APIs have been developed. Creating them is very expensive and the majority did not
fulfil the expectations for what the users required. Thereby, Java Advanced Imaging has compiled all
the information and experiences from previous image processing libraries resulting in a complete API
that enables user’s experts and not as experts to develop their applications (Anon., 1999). Some
features can be seen in the Figure 22.
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Figure 22. Java Advanced Imaging Features

2.14 JMF: Java Media Framework
JMF is an API for the manipulation and processing of multimedia data in Java. It allows the media
uptake, processing, reproduction, storage and dissemination. One of the main characteristics of
multimedia data is its dependence on time ("time-based media"). The JMF must meet time requirements
in managing media (Vandewoude, et al., s.f.). This API will be used to capture the image from the
webcam. The JMF architecture is divided into three stages. These three stages can be seen in the
Figure 23.

Figure 23. Stages of Java Media Framework

In the input stage, data are read from a source such as a webcam and are passed to the processing
stage. In the processing stage the data flow is modified and improved to better output. Once the
processing stage has done its function, the output stage is responsible for passing it to a file, to disk or
display.
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3 SYSTEM OVERVIEW
This chapter will provide a brief description of all system components (Nokia-Cell), as well as the
tools and software used for the implementation. All documentation can be seen in the manuals of this
cell.

3.1 System architecture
System architecture which is illustrated in the Figure 24 shows each component of the Nokia-Cell.
Eventually, all system components will be described. Equally important, it will give a brief description of
how the process works. First, the piece of wood is moved from the turning table to a position
determined. The table rotates and positions it below the webcam. The camera takes a photo of the
piece. This image will be processed on the PC for processing; the piece will be placed by the robot on
the corresponding site. The PLC will be responsible for supervising the whole process.
MONITOR

PC

MICROSOFT
LIFECAM

TURNING
TABLE

PIECE OF WOOD

Figure 24. System architecture



Client: It is a computer that is responsible for communication between the user and the cell
through an HMI which controller them, monitor and supervise the whole process. It also
supplies a programming environment for image processing.



Webcam Microsoft LifeCam: This camera complies with the specifications for this project
enough. Some of its features are the following: Auto Focus and High-precision glass lens
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element. This camera will be responsible for acquiring the photography; thanks to its high
resolution it will help the image processing.


PC: The computer will be a central operating system where all processes can be controlled and
monitored. It will be developed the programming environment for image processing.



Turning table: It is a part of the machine on which the piece of wood is placed by the robot, it
has to rotate and position where the webcam is, then it has to go back to the initial site. It is
divided in eight slots.



Piece of Wood: This element is going to be inspected in the process. It is an important part
because it is a component that it will go through all phases of the process, i.e., this component
goes through all stages of the process.



PLC: Allen Bradley CompactBlock I/O 1791D-16B0 for the inputs and their two linked
expansion blocks 1791D-16PX modules for the outputs. These compact blocks modules have a
built-in DeviceNet I/O adapter port so in order to interface with them

3.2 System Layout
The parts of the machine can be seen in the Figure 25 and they are:
1. Elevator, PLC, Trays
This part of the production cell belongs to the feeding module. In this module the trays with new
products are introduced to be analysed in the vision module. This module will be programmed according
to the IEC 61499 in a different project.
2. Result tray
This is the final pallet where the analysed products will be arranged depending of the results given by
the vision system.
3. Structure of the Nokia-Cell
The production cell is isolated in order to prevent any external contact during the whole process. This is
a part of the security system. It is also surrounded of security sensor to stop the the process in case of
emergency.
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4. Camera box
This box is the vision module. It contains inside the camera and light system. These components are
separated in the box to achieve a high accuracy result during the image recognition.
5. Turning table
This device is the main part of the communication module. It is responsible to transport the product from
the vision module to the result pallet.
6. Sensor of movement
These sensors belong to the communication module. Their main function is to detect the stage of the
product process.
7.

Monitor

This is the HMI of the production cell. It displays the stage of the process and result. It is where the
production cell is controlled.
8. SCARA robot Sankyo SC 3000
The SCARA robot belongs to the communication system. It is the responsible to handshake the feeding
module and the vision module.

Figure 25. System layout
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4 METHODOLOGY
This chapter explains how to apply the knowledge acquired during the background research. It is
explained how the different components of the production cell have been used in order to reach the final
result. The communication and functionality between the different devices will be also described.

4.1 Components of the communication system
The communication system is compound of the computer, the Allen Bradley 1791D input and output
modules, the turning table and the sensors, relays and actuators to move it. The computer and the PLC
are connected through DeviceNet. Beckhoff TwinCAT is used to establish the communication, download
the program to the PLC and link the variables. TwinCAT is a group of automation programs to build PLC
programs according to the standard IEC 61131-3 and to download them to the PLC. The sensors used
in the cell are of three types, electromagnetic sensors, proximity sensors and inductive sensors. These
sensors are used to detect the position of the turning table, check if the piece is under the camera and
for safety preventions of the cell. The three sensors that appear in the cell can be seen in the Figure 26.

Figure 26. Different types of sensors in the cell

4.2 Control System Functionality
The different hardware and software parts of the communication system have to do the following
process: The former and most important, the doors of the cell must be closed for a high safety during all
the procedure; the electromagnetic sensors will check if the doors are closed and send an input signal
to the Allen Bradley PLC when any door is opened and through the TwinCAT PLC Control program will
stop the process to prevent any risk. In order to increase the safety, the program has a button called
“Lock doors” which function is to lock the doors preventing people to open them. The second step is to
start the process through activating the two inputs: “Start Button” and “Number of Pieces” that are
buttons of the HMI. If the number of pieces is higher than zero and the “Start Button” is pressed, the
outputs “Turntable Motor” and “Rotate permission” are activated and the turning table moves. The third
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step is to move the turning table and check every slot. The turning table needs to turn half spin to get to
camera slot, so it needs to pass four slots to achieve this task. A proximity sensor checks every new slot
pass by detecting a small pin of every slot situated in each of the eight positions of the turning table.
The program will stop each slot to check if four slots have passed to achieve the half spin. The fourth
step is to handshake with Java. Once the turning table did half spin, the turning table stops running, and
the program sends an output signal to Java to communicate that the piece is under the camera in order
to start the vision process. Due to the recognition process takes from ten to twenty seconds; a timer has
to be set along all the vision process. The fifth step is to finish the other half spin of the turning table.
Once the timer ends because the vision system process is finished and the image is processed; the
turning table must do another half spin to get until the initial position. The latter step is in the initial
position. According to the initial input “Number of piece” set at the beginning of the program, now this
value has to decrease. If the value of this input is still higher than zero then the program starts a timer
and sends a message in order to piece can be changed at the initial slot. If the value of “Number of
pieces” is zero, then the task is finished and the program ends.
In addition of the “Start Button”, the program has also two more buttons called “Stop Button” and
“Reset Button” which can be pressed at any time of the process and their function is to stop the program
or reset all the variables respectively. The Figure 27 shows a small flowchart of the process.

Figure 27. Process of the control system

4.3 Vision System Functionality
The vision system consists of three basic components, a Microsoft LifeCam webcam, a computer
and pieces of wood. The webcam will be responsible for making the photograph of the piece of wood,
which as explained above may be three different types of shapes, circle, triangle and cross. When the
27

piece is photographed, it will be processed in the computer using the Netbeans software, a computer
program to develop the full programming of image processing. Communication between the computer
and the webcam will be by means of the Java Media Framework API, which is responsible for having
the active camera in real time during the whole process of the overall system. To establish
communication between the sensor responsible for sending the signal to Java, a TwinCAT ADS library
will be used, which by a suitable source code and system configuration, reading in real time the status
of a variable from TwinCAT PLC Control.
Below will be described step by step the process to understand how it works and what is really the
goal of this project, which is ultimately, the system looking for to have a control vision of the products in
a factory, improving product quality, service and saving time in the production process. Figure 28 shows
the webcam which is going to be used to this control vision.

Figure 28. Microsoft LifeCam (Microsoft, 2012)

At this point, there are two types of processes into one. On the one hand, an internal process developed
by the computer, which will process all information and programming using appropriate software, and on
the other hand, the physical process, which involves the mechanical process, which it will be
responsible for situate the piece of wood under the webcam is, and subsequently, when the piece is
processed, it can be placed at the appropriate site. These two processes are related. In any case, it
explains the process that has more influence for the vision system. First, the piece of wood is placed on
the turning table by the SCARA robot, then the table turns and positions where the webcam is located.
At that time a position sensor is activated and it sends a signal to the PLC, which is captured by the
TwinCAT PLC Control program. Once it is detected, this signal is captured by the code written in Java
via TwinCAT ADS. The Figure 29 shows the communication from the PLC and Java

Figure 29. Communication from PLC to JAVA
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When this happens, the webcam takes a picture of the piece. At that time the image is processed and
compared with previously defined patterns, and finally it will give a result. After processing the turning
table is rotated and positioned so that the robot can pick up the piece and place it in its correct place,
depending on the processing results. The sensors will be responsible for sending signals to the PLC so
that all steps can be developed. Unfortunately, SCARA robot is damaged, which means that the
automatic process will be affected.

4.4 A software for the communication between PLC and PC: TwinCAT
TwinCAT ADS is a library developed by Beckhoff which is used for communication between PLCs
and PCs, creating a flow of data exchange between server and client programs. Programs such as
TwinCAT NC or TwinCAT PLC are developed to be used as separate devices. Servers are software
devices performing the work of communication and clients are software devices requesting a service to
the server. All data exchange is done through the ADS interface by the "message router". This router
manages and distributes all the data flow over the TCP/IP connections. This library can be found when
the TwinCAT program is installed, and once set up to facilitate the exchange of data between client and
server programs (Beckhoff Automation, 1980).
There are two ways to identify ADS devices.


AdsPortNr: Each device has its AdsPortNr assigned; on the other hand clients need a port that
it will be assigned to.



AdsAmsNetId: Each PC on the network can be identified with a TCP / IP, for example,
“192.168.1.97”. AdsAmsNetId is an extension of the TCP / IP used to identify TwinCAT
message router. One AdsAmsNetId can be the following: “192.168.1.97.1.1”. The TwinCAT
message router can be found in every TwinCAT PC.

Figure 30 shows how the communication between the different software and the ADS devices works.

Figure 30. ADS communication
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Setting Up an ADS Remote Connection
To connect multiple PCs must be created an AMS connection. This ensures the proper functioning in
the exchange of data through TCP / IP or similar. Each PC must be configured. One example can be
seen in the Figure 31.

Figure 31. AMS Net Id Configuration

The AMS Net ID address is composed of the TCP / IP local computer, but by adding the suffix “1.1”.
They are related but do not have to be equal, i.e., the TCP / IP of a local computer can be
“168.138.169.2” and its address AMS Net Id may be “127.255.255.2.1.1”.
The way to make this step is the following in TwinCAT System: “TwinCAT” + “Properties” + “AMS
Router”. “OK” should be pressed in order to include a remote computer in the connection. One example
can be seen in the Figure 32.

Figure 32. Add Remote Connection

30

TwinCAT AdsTo Java.dll
AdsToJava.dll is a library that allows communication between Java and ADS devices. It is a very
useful tool because it provides the programmer work in terms of communication between PC and PLC.
Using this library the work is minimized that would be for finding a communication protocol between
different devices, and thus save time. For example, to read a variable in the PLC from Java it needs to
know its ADS address which is composed of:


String netId: String indicates the AMS-Net-Id of the PLC.



Int port: Port-number of the Runtime-System.



Long indexGroup: IndexGroup of the variables to read.



Long indexOffset: First byte to read.



Int cblen: Number of bytes to read.

4.5 Steps in Digital Image Processing for this Project
The steps in digital image processing are going to be explained, which will be required to process
our images. Basically, the image processing consists of six steps. The first is to take the picture, then, it
is necessary to pass the colour image to grey scale for the following steps to develop properly, after
that, an improvement in the noise, brightness and contrast of the image. Finally, the thresholding will be
applied. The last step is to compare the image that was taken with the file located in the predefined
library. The Figure 33 shows the step by step process by which the image is going to be processed.

SNAPSHOT

IMPROVEMENT IN
NOISE, BRIGHTNESS
AND CONTRAST

THRESOLDING

CONVERTING THE
COLOR IMAGE TO
GREYSCALE

CONVERTING THE
IMAGE TO A
BINARY ARRAY

COMPARISON

Figure 33. Steps in Digital image processing with Java
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5 IMPLEMENTATION
This chapter is composed of two parts. The first one describes the communication system devices
and programming the PLC; the second part of the project is oriented to the vision system. In the image
processing was possible to have the help of the library and classes developed previously.

5.1 Device Connections
The compact cell main devices are the Allen Bradley PLC and the PC. These are the main devices
because their function is to receive data from the others components, analyse the data, control the
status, and send the feedback to the others devices. The different types of connections are USB,
RS232 and Devicenet. The PC and the PLC are linked by DeviceNet to be controlled by TwinCAT. The
camera is connected to the PC through USB and is directly managed by Java. The sensors and the
buttons are connected directly to the inputs modules of the PLC and the turning table and the security
doors are connected to the outputs modules The Figure 34 shows the different components and its
connections to the main devices.

Figure 34. Device Connections
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5.2 Communication System through DeviceNet
The PLC used in the Nokia Cell to control the inputs and outputs are two modules, Allen Bradley
CompactBlock I/O 1791D-16B0 for the inputs and their two linked expansion blocks, 1791D-16PX
module for the outputs. The Figure 36 shows the Allen Bradley PLC. These Compactblocks modules
have a built-in DeviceNet I/O adapter port, hence, in order to interface with them, a DeviceNet Fieldbus
Card is needed to communicate with and work as a scanner port. Therefore, as a DeviceNet Master
must be used to scan the devices; the Beckhoff FieldBus Card FC5201 is installed in the PC in order to
connect it to the two Allen Bradley devices and to the SCARA robot. The Figure 35 shows the
connection between the PC and the Allen Bradley modules.

Figure 35. DeviceNet Communication System

The Beckhoff TwinCAT program is used as a port scanner for the devices and also to make the PLC
program. The Beckhoff TwinCAT system is based on run-time systems that execute control programs in
real-time and the development environments for programming diagnostics and configuration. The
Beckhoff TwinCAT system is compound of a few subprograms, such as TwinCAT System Manager and
TwinCAT PLC Control. The first one is used for the connections with the devices and the other one is
used to make the program process. The TwinCAT System Manager is used to establish the
connections; once everything is running, the System Manager is able to read and write the variables
and download the program from TwinCAT PLC Control. In order to download the PLC program into the
Allen-Bradley 1791D-16 modules; communication between the PC and the PLC has to be established.
Firstly, it is necessary to add the Fieldbus Card FC520x, this can be done manually or automatically. In
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order to explain in more detail, all these processes can be seen in more detail in the appendix. This link
goes directly. Appendix

Figure 36. Allen-Bradley 1791D-16 modules

5.3 Programming according to standard IEC 61131-3
In order to build the PLC program, the program used is Beckhoff TwinCAT PLC Control. The PLC
program process takes in account the inputs according to the sensors for positioning the different
positions of the turning table and the sensors to take care of the safety of the whole cell, the outputs to
activate the actuators in order to accomplish an overall functionality of the cell, the internal variables and
different functions needed to support and to ease the building of the program. The main inputs and
outputs needed to configure and run the program are showed in the next tables. Table 1 shows the
digital inputs and Table 2 shows the digital outputs.

Table 2. Digital Inputs

I/O TYPE

COMMENT

DIGITAL INPUT

Turntable position

DIGITAL INPUT

Turntable position Code 1

DIGITAL INPUT

Turntable position Code 2

DIGITAL INPUT

Turntable position Code 3

DIGITAL INPUT

Turntable Parking

DIGITAL INPUT

Emergency stop

DIGITAL INPUT

Door closed

DIGITAL INPUT

Door Locked
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Table 3. Digital Outputs

I/O TYPE

COMMENT

DIGITAL OUTPUT

Turntable motor

DIGITAL OUTPUT

Door lock

DIGITAL OUTPUT

Rotate permission

DIGITAL OUTPUT

Cycle counter

DIGITAL OUTPUT

Air valve

DIGITAL OUTPUT

Common run/stop

DIGITAL OUTPUT

Common pause

DIGITAL OUTPUT

Common all cycle start

The main inputs are received from the different sensors, which shows the current status of the turning
table, such as if it is in run mode or is stop or the currently position of the table, then sensors also show
the status of the door and if any button is pressed. The principal outputs manage the turntable and the
doors. In order to run the turntable, a permission output must be activated to ensure the process. The
other main responsibility of the outputs is to lock the doors to enhance the security. All the inputs and
outputs are included in the final program. The program is configured and programmed in Twincat PLC
Control. The main window to select the programming language is shown in the Figure 37.

Figure 37. New Structure Text Program
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Amount the five types of programming languages of the IEC 61131-3, the two main options to choose
are Sequential Function Chart (SFC) and Structured Text (ST). But SFC cannot be used to program due
to an overlapping with the actions and an error with the timing of the PLC.
The program is completely made in Structured Text (ST) with the help of some Functions Blocks. To
begin the program it is needed to push “Cycle Start” button in the control panel and also set the
“Number of pieces” that will be compared, therefore, due to these two requirements, it is needed to
merge them into a conditional IF clause to be able to start the program. As long as it is a cycle program,
the “FOR ... DO” or “WHILE ... DO” iteration statements cannot be used due to that they are executed
completely at the first time of the cycle. Hence, to run over all the slots and positions of the turning table,
the IF conditional statement is used again. In order to get a picture for Java, the program needs to
know that the piece is under the camera. This position is received by a proximity sensor situated under
the turning table and it is activated by a small pin situated in every slot that passes between the
proximity sensors. To receive the change of that signal, the program needs to call a Function Block to
detect a rising edge; this function block is “R_Trigger”. In addition, a timer is also required to give time to
change the piece and also to take the picture and send the signal to Java. The timer is “TON” Function
Block, when it receives a signal the input IN goes TRUE and ET (elapsed time) starts counting until it
gets to TP (time to pass), when ET reaches TP, it finishes counting and turn the output “Q” to true and
allows the program to continue running. The Figure 38 shows the timer and the trigger.

Figure 38. Function Block, Timer and Trigger

5.4 Human Machine Interface development
The Human Machine Interface is developed through TwinCAT PLC Control. The program includes
an option to create a visualization of the project programmed according to the standard IEC 61131-3.
The main feature of the visualization integrated in TwinCAT PLC Control is that no tag list is needed so
it can directly access the variables in the controller; the communication is done by the same mechanism
which is used for the programming system. The Human Machine Interface is shown in the Figure 39,
with the inputs and outputs, showed as buttons and indicators, and a brief description of the
functionality.
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Figure 39. PLC Program HMI

As it is shown in the Figure 39, the HMI is compounded of three parts:


Five buttons whose functions are to “Lock the Doors” in order to prevent the doors to be opened
for safety risks inside the cell; introduce the “Number of Pieces” that will be analysed; a “Start
Button” to begin the process, a “Stop Button” to finish the process when the program is running;
a “Reset Button” to reset all the variables used in the program.



Six light indicators which switch to green when the outputs are activated: When the motor is
running, the “MOTOR” indicator is set to green. When the motor has permission to run, the
PERMISSION indicator is turned to green. At the time that the piece is under the camera, a
signal is sent to Java to start the image process so “JAVA” indicator is switched to green. When
the piece reaches to the initial position, it is time to change the piece so the “PIECE” indicator is
turned to green. The “CLOSED” and “LOCKED” indicators show the actual state of the doors so
when they are activated the program can be running.



An indicator divided in eight different states with an arrow that indicates the actual slot of the
turning table during each step of the program.
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5.5 Security System
The main purpose of the security system is the prevention. This means to keep security before any
risk can happen during the automation process, and so it is not needed to take any health care. The
most important prevention object of the compact cell is the external structure that stops any person from
entering into the compact production cell. The external structure is shown as the number 3 in the figure
35. The external structure is compound of methacrylate doors and walls all over the cell, so it is possible
to see the interior of the cell but not to access inside. In order to prevent people accessing inside, the
doors can be programmed to be locked as it is shown in the figure 39 of the automation HMI. Otherwise,
if the doors are not locked and they are suddenly opened; the compact cell has an electromagnetic
sensor in each door. This sensor can be seen in the figure 26, the one on the left. This sensor is
activated detects when a door is opened and, through the automation program, a signal is sent to PLC
to stop running the automation process.
If the prevention method fails, the other method in the security system is stopping the running
process. In order to stop the process, the compact production cell counts with some emergency red
buttons situated next to different doors of the compact cell. The emergency red buttons reset all the
variables to zero, so the process must be started over again. The emergency red button is shown in the
figure 40.

Figure 40. Emergency red button

5.6 Vision System Implementation
The implementation of the vision system will be divided into two parts. One part is developed in Java
which is composed of five parts, image capture, processing, comparing and deliver a result, which it will
influence to the final process. The automatic process and the HMI are in this part. On the other hand
there is the physical part, consisting of installation, lighting and industrial environment.
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5.6.1

Image Capture

With the support of the Java Media Framework API, the interaction between Java and the webcam can
be achieved by means of the adequate configuration. To use this API, it is necessary installed on the
PC, and then it must be configured the drivers so that the webcam works properly. Figure 41 shows the
interface to configure the device that is installed in the computer.

Figure 41. JMF Configuration

In addition to the corresponding configuration it is necessary to develop programming in Java to get the
image capture, using special functions, which fall into this API.
5.6.2

Image Processing Procedures

The images to be processed are three: a circle, a triangle and a cross, the background image is
black and the figure is white. Therefore, there are three different images that can be called bitonal
images, which are represented by pixels which consist of 1 bit each, i.e. they can represent 2-tone
(white or black), using the values of 0 for black and 1 for white. These images can be seen in this
picture. In Figure 42 shows the three pieces of wood.
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Figure 42. Three pieces of wood for processing

5.6.2.1 Converting the colour image to greyscale

Despite having a black and white image, this step will be necessary. Thus is ensured that the
following steps are developed properly. Each image has three ranges of colour, red, green and blue, in
the range from 0 to 255 for each pixel as discussed in previous sections. With the passing of colour to
greyscale these values are defined. For this stage a class in Java was developed.
5.6.2.2 Improvement in noise, brightness and contrast

A common problem in digital images is noise, which occurs as a result of the device that takes the
image, in this case the webcam. The noise affects the brightness and colour of the image, and as a
consequence the image is altered. This error must be corrected later to get better results, because if not
applied properly it is impossible to develop thresholding. A class was developed in Java for this stage.
Although the webcam has a good lighting in the place where it is located, it will make an improvement in
brightness and contrast of the picture taken, because this step helps for the next one. For this process,
some changes have been made in the webcam software that it provides in the installation CD.
5.6.2.3 Thresholding

Thresholding is the main stage of the segmentation of images and is the most important process in
image processing. This step ensures that the pixels with an intensity level higher than a specified level
are converted to white and pixels with an intensity level lower than another certain level become black
(Yan, 1996), or what is the same, the values of the pixels will be either 0 or 255. In this process a class
was developed in Java.

40

5.6.2.4 Converting the image to a binary array

When thresholding is done, the next step is to convert the image to an array of values. Consequently
the following process converts the image to an array with values of 0 for the pixels that contain values of
0 and 1 for the pixels that contain the values 255. A class was developed in Java for this process. The
Figure 43 represents the step from thresholding to the image binarization.

Figure 43. Step from thresholding to the image binarization

5.6.3

Comparison Algorithm

When the image is binarized and converted into an array, this becomes a “txt” file that will be called
“File_Generated.txt”. Therefore, it is necessary to explain how the libraries of each figure are developed.
First it is essential that the webcam is well placed in its correct position and with adequate lighting. Once
the process is configured, a picture of the piece of wood is taken. Then, this picture has to be
processed, binarized and one “txt” file must be created. These steps are done for each piece of wood.
In every case the name of the file will be different; the files will be called “Triangle.txt”, “Circle.txt” and
“Cross.txt.” These files will be stored in a folder called “Figure Library”. The operation of the comparison
algorithm is the following; the generated file of the image taken and the saved file of any figure are read
by a function developed in Java. After that, these files are converted to number arrays. These arrays are
added separately. Consequently, both arrays are subtracted. Theoretically, if the images are identical,
the subtraction of the two arrays should be zero, but in practice, there is always a small error that must
be corrected delimiting that value. Usually, the error is produced because it is so difficult that two
images are completely equal in the moment that the picture is taken, as a consequence of the light or
heat, causing an increase or decrease of the number of pixels. Therefore, if the subtraction of both
arrays is zero or is within the error range, it can be said that the images are equal.
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5.6.4

Automatic Process

The purpose of the automatic process is achieved that the steps that have been used in the image
processing can be done automatically. That is, the main objective of this action is that pressing a button,
which for this step has been created, the complete process of image processing, comparison and the
result is performed. Threads in Java have been required for the realization of the automatic process. A
thread is a sequence of code in execution within a process. The operation of the process is the result of
pressing the “start button” and the process starts running, and it is continuously reading values, which
can be zeros or ones, which are sent by the signal from TwinCAT. Whenever the value read is a 1 the
webcam is activated, the image is processed, compared and the result is announced. For these steps, a
few classes have been developed in Java.
5.6.5

HMI: Human Machine Interface

The HMI has been developed in the graphical environment of Java. Its use is a form of interaction
between the operator and the whole process in the vision system. The user can be controlling and
monitoring the system. It is designed so that the user finds a friendly and simple environment and to
facilitate the development of any operation. The HMI of the vision system is shown in the Figure 44.

Figure 44. Vision System HMI
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As can be seen, the HMI consists of:


A Menu from which it can be accessed to the library of images and it can exit the application.



Five buttons where the manual process can be done individually. Take the Picture, Image
Process, Binarization and Comparison buttons.



One button to do the automatic process. “Start/Stop” button.



A screen that will display the captured image from the webcam (To the left of HMI).



A small screen that will display the image processed.



A text screen which will show the result of the comparison between the image taken from the
webcam and the image library.

5.6.6

Vision system Environment

This section will discuss where and how the vision system develops its function. To better
understand the functioning of this system and the process that follows, it shows below several images.

Figure 45. Turning Table, boxes and SCARA robot

In the figure 45 it shows, the turntable, the slots where the pieces of wood are placed, the box where the
webcam is placed and the SCARA robot, which it is defective. Therefore, the realization of the automatic
process will not be possible. Alternatively, the wood pieces will be positioned manually by the user.
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Figure 46. Image Processing Environment

The Figure 46 represents the environment where it developed the whole process of vision system; it is
the most important place in order to achieve good results of the image processing, therefore, this place
has to be in perfect condition. As can be seen in the image, the webcam is located so that its angle of
vision is best to take the picture of the piece of wood. Equally important is the light, it is an ordinary lamp
which is situated in that way because the best result is achieved.
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6 DISCUSSIONS
Along the realization of this project, it has been taken into account the different points of view when
working as a team and trying to follow different methodologies. Firstly, it is necessary to look for
objectives, finding new ways to achieve the greatest result. Secondly, it is required one sense of
responsibility to do the work in the best way. Finally, the information is shared in order to fulfil the
cooperation and the communication within the group.
Direct Applications in the industry

It must be mentioned the important industrial application of this Project, which during its
performance, it has had an educational character in order to improve the training in an industrial
environment, in fields such as automation, robotics and industrial informatics. Using an approach in a
real industrial environment, this project has had several direct applications in the industry, for example,
image processing and programming developed in this project can be translated in the industry as a
support to the identification of objects, products, anomalies that it may be on them, and counting.
Therefore, all these examples would be within in a quality control process in order to improve the actual
production procedure in any kind of industries. Regarding the configuration of the machine and its
subsequent programming it can be said that it is something that starts every day in a factory, for
example when one of these machines breaks down or when they need to improve some of its functions.
In summary, it can be said that both processes, image processing, machine configuration and
programming have a direct application in the industry and they could certainly be used in a real
industrial environment.
Results

For image processing, it has been used the following items, Microsoft LifeCam webcam, pieces of
wood which are drawn on a circle, a triangle and a cross and they represent the product to be treated in
the project. The software used for image processing has been NetBeans IDE 7.1.1 and the
programming language has been Java. The image processing consists of several stages, image
capture, thresholding, binarization, and then comparison of the results to show which kind of figure has
been analyzed. Figure 47 shows the image when it is captured by the webcam and is converted to
thresholding. Figure 48 shows how the thresholding is converted into a binarizated image.
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Figure 47. The step from the image taken into the thresholding

Figure 48. The step from the thresholding into the binarization

Problem resolution

It has been quite difficult to face the different problems that upgrading an old cell involved, such as
compatibility between different devices, because each company has its devices with a specific
configuration, therefore the user should operate with their own brands, problem communication due to
old software, the first operative system was Windows 2000, hence, it was necessary to change to
Windows 7. Otherwise it was the damaged hardware, which it can be made a list with the items such as
lights to illuminate the box where the webcam is placed, having to use an alternative light provided by
an ordinary lamp. It is important to say that all these problems that have arisen over the conduct of this
project, software configuration issues, software compatibility between devices and devices outdated,
these are problems that can be also found in a real working environment, when it is needed to change
some kind of device that it has failed and it must be set again, or when the same machine using
different types of devices and each device has its own symbolism and configuration mode, therefore
ultimately it is required that all that assembly devices operate correctly.
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On the one hand, it has been a challenge to deal with vision systems because they need specific
informatics knowledge before starting with program implementation. However, on the other hand,
working with vision systems has provided high hands-on skills very useful, since they are nowadays
commonly used in automation engineering industry and manufacturing processes. Also a task for the
future is programming and working with a SCARA robot, because it is one of the most common robot
configurations used in the manufacturing industries. It is very useful in the assembly process due to its
composition of an articulated arm.
For the vision system, it was required an extensive search of information and depth market study
regarding the instrumentation, webcam and lighting, were necessary to ensure proper functioning of the
system. All this data collection instruments will help in the future, including improvements in one type of
colour image recognition, recognition of the 3D image, among others. To do this kind of thing, for
example, it would be necessary to add new cameras to photograph the product in different positions.
Additionally, it is important also to work with the standard IEC 61131-3 due to it is the most important
standard for PLC programming for twenty years, where it can be defined the five types of language
programming. Another problem faced in this project is about this standard IEC 61131-3. Despite
theoretically the standard IEC 61131 says that the PLC program can be built into any program and then
is able to run in any PLC, when it works with different brands, the programmer realises the problems of
communication between the program and the PLC. So it is always recommended to work with the same
brand of the PLC and the program. The standard IEC has five different programming languages, and
one important characteristic is the compatibility between the different languages. During the
programming of the automation code, the different types of standard languages has been used in order
to reach the objective, to check how the automation process works with each of them and to choose the
most suitable programming language that suits with the final purpose. The first programming language
used was ladder diagram and was used to check the different components of the compact production
cell; it was used firstly because it is easy to understand and to program; it is commonly used in industrial
programming and also in programming courses. Once that all the components of the production cell
were checked and worked properly; the programming language was changed due to it was necessary to
use conditional clauses during the automation process in order to give priority to some tasks and set an
order in the production cell. The desired language to work with was the sequential function chart, but it
had to be refused due to a few incompatibilities between the PLC, the programming software and the
timing sequence. Therefore, the chosen programming language used is the structured text due to it is
easy to use conditional clauses and set in order of priority; including some function blocks and ladder
diagrams to facilitate the result. After analysing which type of language is the most suitable for the result
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of the automatic process, a recommendation for someone who starts to set in this standard is to
consider all your needs requires in an automatic process, from the time that it can need to do it and
what kind of work it is going to be performed. A method to know which language is the best for our
process is test and error, in this way it can be seen the weaknesses of each language and how they can
be overcome.
During the realization of this project, it has brought the chance to show the most important goal
about working in an industrial environment. This goal is the safety and security during all the process.
The large important purpose over reaching the project objectives are the safety and security of the user.
In order to achieve this security; it has taken into account several factors, such as doors safety of the
machine, programming the system via sensors located in the doors, because in case of the doors were
opened during normal operation of the machine, the automated process will stop immediately, thus the
security will be ensured for the user. Another factor has been the programming of emergency buttons,
for the reason that if the user realises that there is an abnormally inside or outside of the machine, he
can push the button and the machine will be stopped in order to nothing is damaged, both a person and
the machine itself. The security programming has been developed both hardware and software, i.e.
through the HMI it can control both, the closing and opening of security doors and the emergency
buttons. It has been explained that the safety is an issue that should take care when it is working in
industrial environments, thereby, the people safety over the machines safety.
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7 Conclusion and Future Work
The last chapter of the report contains the conclusions of the project obtained after applying the
knowledge gained in the study of the background and the implementation in the practical field. This
chapter of the report also includes a subchapter called further work which includes some ideas and
opinions, hence, in the future, continue with the project and thus make further improvements and
developments, and achieve new goals.

7.1 Conclusions obtained through this project
The aim of this project is to repair and update a compact production cell with automation and vision
system research. This project is divided into three different parts. On the one hand, the feeding module
to introduce pallets with new products; on the other hand, the communication module to move the
product and communicate the dispositive and finally, the vision system module for image recognition.
For an optimal final result it is necessary the collaboration between all the three parts. To complete this
goal has been required the realization of a complete project planning and to break every task down as
much as possible in order to improve the organization and save time in the realization of the project;
however these organization plans are useless without team communication; one of the most rough
tasks was to link and synchronise all the process once that every module was finished.
After analyzing the possible goals from different points of view, the conclusion was that the point that
it should give more importance was from the point of view of the operator. The worker must have the
assurance that if any problems occur, his health will never be in danger; operator safety is the most
important. The main advantage of reaching this goal is no human is involved in any risky processes.
The safety system operates thanks to the simultaneous work of all the components, such as external
structure to prevent access of staff into the machine, the sensors which detect any a door is open and
interrupt the current process, as well as the emergency buttons to stop the process immediately.
The automation programming was developed through the program Beckhoff TwinCAT. This program
was chosen due to its large compatibility with older hardware of the cell; and the facilities to simulate
different solutions to reach the final solution. This program works with the standard IEC 61131-3, which
facilitates the techniques used in broad areas like general industrial control, flexible language choice,
high level of reusability, reduces costs, ease the modifications and reprogramming in the future. The
alternative automation programming language is the standard IEC 61499 but there was not hardware
compatibility.
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Additionally, it is important to talk about the SCARA robot, because this robot simulates a human
articulated arm, which makes it very helpful according to pick and place operations, assembly industrial
purposes, as well as for dispensing, testing, soldering, part feeding, palletizing or screw driving. The
robot is the responsible to connect the different modules but it was broken since the beginning, hence, it
was a challenge to repair it. Consequently, it is a priority to repair the robot in the future in order to make
a completely automated process and avoid any human interaction inside the machine.
Equally important is to present the vision system. There were two language options to program it. At
the beginning we had to take the decision to choose between C++ and Java. The decision was finally
Java because this language is more visual and easier to program for image recognition; moreover it was
possible to use some classes from the Wise-Shop Floor virtual environment. The vision system is a tool
that helps to improve the quality control in an industrial process. In this project, this system performs
tasks such as figure recognition to make a comparison between various libraries defined previously. As
a result of the digital image processing, the answer provided gives the manipulator the choice to
collocate the product in the adequate place. This field is very important, because what the consumer
wants is a product with the great quality. In this case, implementing a vision system to recognize figures
makes the production process faster and better.

7.2 Future Works
The possibilities of upgrading the cell covers different update which can be in the vision system or in
the communication system. The vision system upgrades can include improvements such as colour
recognition, recognition of other types of figures, updating the illumination and brightness of the system,
i.e., an improvement in the lighting system by uninstalling the ordinary lamp. Implementing more
cameras in order to achieve a better image recognition, differentiate between the types of material,
objects or even for comestibles control. The vision system could be used for 3D image recognition in
order to improve the quality of the result because it would obtain a 3D model of the product where the
mistakes are detected easily. This could be implemented by adding two new cameras in two different
positions of the box. Another improvement would be to enhance the execution time in order to reduce
the possible bottlenecks, improving and simplifying both automation and vision programming.
On the other hand, the communication system can be updated by implementing a totally
independent PLC, substitutions of the bus connection for a faster and profitable one, update the HMIs
for a more selective process. If it is possible; it is highly recommended to make the choice of a Beckhoff
PLC due to the fact that the DeviceNet Fieldbus card is also from Beckhoff. The replacement of the PLC
allows a change in the programming language into the IEC 61499 which is studied by the Wise-Shop
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Floor research project. Another possibility is to add the lighting system to be controlled by the PLC to
avoid damages to the camera due to high temperatures inside the box, because the light is permanently
on.
Certainly, a point addressed in the future work will be the SCARA robot. This machine is very useful
to develop the automatic process, because it is the responsible for distributing the product from a part of
the system to another, which means it must be repaired for a fully automated process. As was stated
before, the aim of this project is to automate the system to save time and obtain more quality, thus
benefiting production; and above the results, to avoid any human interaction inside the production cell to
maximize the security and minimize the risks.
Some applications of the projects

An interesting idea would be to connect this project with the Wise-Shop Floor (Development of
Manufacturing Cell in Compliance with IEC 61499). Once the image is recognized, the product is
deposited in the corresponding slot result tray. There, the gantry robot will be installed and it will receive
a signal depending on the analysed product. The gantry robot picks up the product and deposits it in the
CNC machine that will drill the corresponding figure.
Other industrial application is the manufacture of bolts. If the production process of a bolt has
different types, the vision system, with its corresponding recognition of each type of bolt, helps to
classify each product more quickly and easily, and with a zero margin of error when it is compared to an
operator which can be mistaken in this classification and make it a slower way. In short, the industrial
relevance of a vision system in a production process improves the quality time in this process, from
being increased, with consequent financial savings. By improving the quality of a product the customer
is satisfied, which means benefits in every way for the company, both economic and corporate.
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Appendix
To add the Fieldbus Card FC520x manually; spread the menu I/O- Configuration, click with the right
button and select “Append device”. Then from the list of the DeviceNet devices select the DeviceNet
Master FC52xx PCI device. The other option is to do it automatically by selecting the option Scan
Devices in the right click context menu, using this option the system will scan automatically for devices
but this is not hundred per cent operational due to that not all devices can be found automatically.
These two options are shown in the Figure 49.

Figure 49. System Manager appends a device

Once the DeviceNet master is added, it is time to configure it and also to add the DeviceNet Slaves. To
configure the DeviceNet master there are two main characteristics, the Mac-Id which is a number that
goes from 0 to 63 due to a DeviceNet network support up to 64 devices included the master. The other
main characteristic is the Baudrate; this is the rate to link with slave devices, there are three possibilities
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which are 125, 250 or 500 KiloBauds. Once the DeviceNet master is configured, it is time to add the
slave devices; this task can be done also in two ways, automatically or manually which can be done by
the options “Scan boxes” or “Append box” respectively. The Allen Bradley modules must be added
manually due to that they are not from Beckhoff and will be difficult to be found automatically. So after
click on “Append box”, a new window is opened with different DeviceNet slave options and also one
called Miscellaneous/DeviceNet Node that gives the option to select an EDS file. An EDS file is an
Electronic Data Sheet file with information of the controller. The last step is to configure the slave
device, which most important property is the Mac-Id address, as described before this address goes
from 0 to 63, in order to work properly with the DeviceNet master. All these options are marked with
arrows in the Figure 50.

Figure 50. Configure device and append box

Once all the devices and modules are configured and linked, the next step is to attach the PLC project
and link the variables from the PLC project with their proper inputs and outputs. In order to do this, firstly
the PLC project has to be built in TwinCAT PLC Control correctly. Now the project can be appended by
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click with the right button in the PLC - Configuration and selecting “Append PLC Project...” in the context
menu. This option opens a new explorer window to search for the *.tpy file, which is an IEC1131 Project
Info file that contains information about variables and project configuration. This option is marked with
an arrow in the Figure 51.

Figure 51. Append PLC project

The final step is to link the variables from the PLC Project to the real Inputs and Outputs of the PLC,
and then generate the mappings, check configuration and activate configuration. Once the PLC Project
is appended, a list of the variables used in the project appears and can be linked by click with the right
button and select the “Change link” option to select the specific address that have to match with the
properly input and output in the PLC device. A demonstration of how to link the inputs and outputs can
be seen in the Figure 52.
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Figure 52. Link Inputs and Outputs

Now that all the connections are established, TwinCAT must generate the mappings between the
variables and the inputs and outputs, check the configuration of the whole devices and activate the
configuration to go online mode by clicking the three buttons shown with arrows in the Figure 53. Now
that all the steps are completed, System Manager must be in run in online mode, which is shown at the
bottom right lower corner of the window in green light. To run the PLC Project, the program has to be
logged in and set to run in the TwinCAT PLC Control.
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Figure 53. Generate Mapping and Online Mode
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