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ABSTRACT
The Instrumentation & Control Facility provides an environment for Murdoch University
engineering students to learn scientific knowledge and technological skills so they can
monitor and improve computer based engineering systems. The students will have the
opportunity to explore technologies for controlling a range of industrial processes such as
programmable logic controllers (PLC) and supervisory control and data acquisition
(SCADA).
The purpose of this thesis project is to improve the operation of the Instrumentation &
Control Facility through the following goals. The first goal was to include 2 new
workstations. The second goal was to implement a more structured Master I/O Server. The
third goal was to improve the online webpages which are used by the students in the
facility. The fourth goal was to improve the error messages that pop-up within the
Experimental Template program. The fifth goal was to implement a fieldbus where
Profibus sensors were introduced through the implementation of a Profibus network. When
completed, students that are using the Instrumentation & Control Facility will have the
opportunity to learn more about Profibus networks and will be able to conduct experiments
that utilize the Profibus sensors. All of these goals will enable students to more easily set
up experiments when problem solve when these experiments do not work.
One of the upgrades to the Instrumentation & Control Facility Project is to introduce two
new water tanks that use a Profibus network, which will replace the conventional 4-20mA
transmitters. The major difference between these tanks and the previous tanks is the
method of measuring the level of water. The new tanks use a differential pressure
measurement device. These devices must first be calibrated before they are installed. The
purpose of introducing the Profibus Network is to allow students to learn about the
functionality of these Fieldbus networks. The knowledge gained by the students using the
facility will help them become fully qualified Instrumentation & Control engineers in
industry.
The thesis project is divided into 3 phases: the Design phase, the Implementation phase,
the Testing and Commissioning phase. The Design phase focuses on generation of
up-to-date wiring diagrams, creating questionnaires and listing items of hardware nature.
Manuals for Profibus PA, Profibus DP, DP/PA coupler and other components that were
used were reviewed as part of the Literature Review to gain understanding and familiarise
with the components and the tasks at hand. In the Implementation phase, assembly of the
components plus setting up the 2 new workstations and assembly of the components plus
setting up the Profibus network were carried out. In addition, the Master I/O Server was
modified to allow connection via the the INAT OPC server of the Profibus PLC to the
Master I/O Server.
Extension of the work is also discussed in this thesis. This includes the development of a
Profibus PLC program for the software. Also discussed is the fact that the structure of the
Master I/O Server and Experimental Template require modification to more easily read and
change the program.
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1 INTRODUCTION
In this opening chapter the background to the problem is discussed along with the benefits
that could be achieved if the problem at hand could be solved. Further details about the
goal of this thesis project are also described with respect to the objective. In the last section
an overview of the overall report is given.

1.1 Problem
The Instrumentation and Control Facility provides a practical training environment for
Murdoch University students. Students targeted are primarily studying Instrumentation and
Control Engineering.
The physical structure of the lab consists of several client workstations and a Master I/O
Server connected via Ethernet. The server is also connected to several RS485 networks
consisting of Data Forth 6B Series I/O modules. The latter acts to link various
combinations of instrumentation and control equipment allowing control and monitoring to
be achieved from LabVIEW on the client workstations through the Master I/O Server.
The purpose of the laboratory is to allow students to design and implement their own
control algorithms using the LabVIEW template VI which the students customize to suit
their needs. This provides an educational experience by allowing students to implement
various control structures using a user friendly interface.
Due to an increase in the number of engineering students in recent years, extra
Experimental Stations are needed within the Instrumentation & Control Facility. This in
turn requires extra equipments such as sensors, modification of the program which runs the
laboratory and improved documentation for the students to use the laboratory. This led to
this Thesis Project which has the following specific goals:
1.
2.
3.
4.
5.
6.

Introduction of two new Experimental workstations.
Implement a more organized Master I/O Server program
Improve the Experimetal Template and error messages in the program
Introduce Profibus Sensors and implement a Profibus Network
Improve the webpage
Establish communications between the Profibus Network and the Master I/O
Server

Achievements of these goals will provide the facility with greater functionality and make it
easier for the students to use the laboratory.

1.2 Scope and Objective
Several of the goals are to improve the operations of the Instrumentation & Control
Facility. It is also a goal to implement a much more organized Master I/O Server and
online webpage of learning instruction for the students that are using the facility. When
completed, the Master I/O Server will enable the loop time to be adjusted by the students.
Clearer error messages that pop up on the Master I/O Server and the Experimental
Template will enable students to more easily debug their Experimental program.
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As mentioned in the goals, this thesis is concerned with implementing a Profibus network
in the Instrumentation and Control Facility by connecting a Siemens PLC to the Master
I/O Server program which is written in National Instruments LabVIEW software. To
achieve this, an OPC server has to be implemented between the applications. When finally
implemented, ease of use for the students has to be tested.
A part of the scope includes a general review of both the hardware and software that
comprises the infrastructure of the Instrumentation & Control Laboratory. This includes the
LabVIEW programs on the Master I/O Server and the client workstation and the
communication infrastructure between the Master I/O Server and the I/O panels.
Usage of the existing Experimental equipment that maybe attached to an existing I/O panel
and measured/manipulated by the Experimental Template program is outside of the scope of
this project.

1.3 Document Overview
This thesis has eleven chapters with the contents of each of these briefly summarized
below.
Chapter-1 provides an introduction and overview of the project including the specific
goals.
Chapter-2 provides an overview of the Instrumentation and Control Laboratory including
the features of the process control system, overall structured and components that have
been implemented to date in the laboratory.
Chapter-3 provides an overview of the Master I/O Server program describing how it is
connected to the client workstations and the RS485 I/O network consisting of Data forth
6B Series I/O modules.
Chapter-4 provides an overview of the LabVIEW Template VI, which the students can
further customize to allow them to implement various control structures using a user
friendly interface and simple program structure.
Chapter-5 provides a description of the tasks required to be completed for the thesis project.
These tasks are then divided into four parts: Installation of new panel; Master I/O Server
Upgrade; Update of Instrumentation & Control Facility webpage; and implementation of
the Profibus network.
Chapter-6 consists of a detailed description of the workstation panel that is implemented in
the facility as a requirement for the project. In this chapter the specification and features
for the new panel are presented.
Chapter-7 provides information about alterations to the Master I/O Server where a
questionnaire was created and distributed to improve upon the Master I/O Server program.
Moreover, coding that is added in the Master I/O Server to allow connection to an INAT
OPC server through LabVIEW is presented as well.
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Chapter-8 provides information about modification made to the Instrumentation and
Control Facility webpage. A chart is presented showing the outcomes of the feedbacks
received from the questionnaire. The modification made to the webpage is also shown.
Chapter-9 an overview is provided of the design of the implementation of the Profibus
Network together with a brief overview of fieldbus concepts and focuses more on the
Profibus technology. Also discussed is the procedure for testing the Profibus system by
using a simple PLC program created and establishing connections between the differential
pressure transmitter and guided radar level sensor through the Siemens DP/PA Coupler.
Chapter-10 describes the method in which connection to an INAT OPC server through
LabVIEW is established.
Chapter-11 this chapter ends the work with the conclusions and future work followed by
the reference list.
Following are descriptions of the contents of each of the appendices:





Appendix A-Glossary & Explanation
Appendix B-Vocabulary
Appendix C-Questionnaire
Appendix D-Top & Bottom Panel Wiring Diagram
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2 OVERVIEW OF INSTRUMENTATION & CONTROL FACILITY
This thesis project is about upgrading the Instrumentation & Control Laboratory. A brief
presentation of the facility, specifically the features of the process control system, its
structure and components which are implemented in the laboratory, is given in this chapter.

2.1 The Facility
The Instrumentation & Control Laboratory provides an environment for training
undergraduate Instrumentation and Control engineers. The laboratory consists of a network
of 6B Series I/O modules linking different combinations of Instrumentation and Control
equipment to student workstations through a Master I/O Server.
The purpose of the laboratory is to allow students to design and implement their own
measurement and control algorithms starting from a LabVIEW template VI, and
customizing it as needed.
The laboratory consists of several computer workstations connected over an Ethernet
network to the Master I/O Server, which in turn is connected to the I/O wiring panels via
RS-485 serial connections. Each I/O wiring panel is connected through patch panels to a pair
of equipment racks. Each wiring panel consists of the following:
1. 24 input (white) SSR‟s (Solid State Relays) mounted onto a SSR back plane for
digital input via a 6B digital module
2. 24 output (red) SSR‟s mounted onto a SSR back plane for digital output via a 6B
digital module
3. 2 backplanes of 6B Series I/O modules for analog I/O. Each backplane is configured
to support up to 4 analog output modules (red) and up to 12 analog input modules
(black).
Refer to Figures 1 and 2 for images of the above.
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Figure 1: Two backplanes of 6B modules for analog I/O

Figure 2: Two backplanes of SSR‟s for digital I/O
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2.2 Example Process Equipments
This section describes the functional operation of some of the equipment in the facility.
There are many other unit operations in the Instrumentation & Control Facility that have not
been included here.
The various I/O modules below are attached via suitable cabling provided within the facility
to the patch panels. In regards to any inputs and outputs, the status of whether it is an input or
output is always referenced to the computer based measurement system. For example, a
sensor is an input device and an actuator is an output device.
Air Pressure Reservoir
The air pressure reservoir is a pressure vessel that is used to store air at high pressures. In the
middle of the tank is a pressure gauge and sensor that is used to measure the pressure inside
the tank. There is one Analog Input connection point where a cable is used to connect this
point to the patch panel Analog Input connection. This is used to send a signal back to the
I/O system which eventually should reach the template. This signal is a measurement of the
pressure inside the reservoir. A photograph of a typical pressure reservoir is shown in Figure
3.

Figure 3: Air Pressure Reservoir
Pneumatic Valves
The Pneumatic valves, shown in Figure 4, are driven by an external air pressure supply. The
control valves used in the Instrumentation & Control laboratory are of a flexible diaphragm
type, whereby „instrument air‟ is controlled via an electrical signal and determines the force
of the instrument air that acts on the diaphragm. The valve receives a 4-20mA signal and this
corresponds to a 0-100% open position of the valve. The photograph is shown in Figure 4.

Figure 4: Pneumatic Valves
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Tube Heat Exchanger
A tube heat exchanger is a type of heat exchanger that is designed for heat transfer from one
fluid to another. It consists of a series of tubes. It has four analog inputs listed below:
1.
2.
3.
4.

Temperature one in fluid one.
Temperature two in fluid one.
Temperature one in fluid two.
Temperature two in fluid two.

A photograph of the tube heat exchanger is shown in Figure 5:

Figure 5: Tube Heat Exchanger
Water Tank
Water tanks contain 2 fluid inputs to provide a stream for water to enter the device and 2
fluid outputs to drain the water. The input stream is typically connected to an insulated water
reservoir in a tank with a connected pump. The tank has two I/O inputs where the tag patch
input cables are connected, these are:



Analog Input
Digital Input

The Analog Input is used for measurement purposes and will send a signal to the template
detecting the height or water level inside the tank. The Digital Input is used to send a signal
to the template informing the template that the tank is full. A photograph of the water tank is
shown in Figure 6:

Figure 6: Water Tank
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3 OVERVIEW OF MASTER I/O SERVER
This thesis project includes coding in the Master I/O Server to establish connection to an
INAT OPC server through LabVIEW. Hence an overview of Master I/O Server program is
presented.

3.1 Master I/O Computer
3.1.1 Master I/O Server
The Master I/O Server controls all I/O traffic between the computer workstations and the
I/O wiring panels as there is no direct connection between the workstation and the devices
on the racks. The Master I/O Server communicates with the workstations via Data Socket,
where the Master I/O Server gathers all analog and digital input devices that are connected
to the workstations, and writes values received from the workstations to the analog and
digital output devices. Refer to Figure 7.

Figure 7: Function of Master I/O Server Program
The student applications are all based on a common LabVIEW template VI which is
known as the Experimental Template that communicates with the Master I/O Server. To
control a process, users add appropriate controls and indicators to the front panel of the
Experimental Template, enter tag names and control logic into designated areas of the
block, and run the Experimental Template VI.
The physical modules on the panels must all be connected appropriately to the tag patch
panel, which is situated close to the computers at each station. This tag patch panel
contains all of the connection ports for the corresponding station, such as the Digital
Inputs/Outputs and Analog Inputs/ Outputs. Once the connections have been established
and a program has been developed using the Experimental Template, the Master I/O Server
receives and sends signals to perform all measurements and control applications. The
Master I/O Server is controlled through a separate computer in the facility which handles
all communications between the experimental stations and the physical modules. This
computer is located next to the white-board in the Instrumentation & Control Laboratory.
8
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3.1.2 Data Socket Server
The Master I/O server contains a Data Socket Server which collects all of the information
and puts it into an array, where the controller makes a resolution regarding the information
and then sends a signal back to the computer. The Master I/O Server will constantly poll the
entire system for the connected physical modules. The server on this computer will then read
the signal produced by the input devices on the connected physical modules or it will send
out signals to the output devices on the modules.
The Instrumentation & Control Facility has many various inputs and output sockets which
allow the connection of the four different types of signals: AI; AO; DI; and DO. The four
different types of signals mean that there are four different types of wires or connections,
which correspond to each signal.
The Master I/O program has four main loops that correspond to the experimental stations at
each of the workstations. Each loop is completely independent and can be switched on or off
without affecting the other loops. Each of the RS-485 cables is used for both digital and
analog communication. Figure 7 shows the server polling through each station and
collecting/sending data through its data socket server.
When the loops are active, the server will react by displaying an indicator to show the
functionality of each loop. The server will contain a loop activity section showing two lights,
a loop activity indicator and a loop error indicator. The loop activity indicator flashes while
the loop is running. The error loop indicator in the loop activity box illustrates that there is
an error in that loop. The user can see the related error message in the error table which is on
the bottom of the I/O manager control panel. Then according to the error, the user may be
able to physically correct any of the connections made.
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3.2 Master I/O Manager System Mapping
Master I/O Manager has system mapping feature. A major feature allows the Master I/O
Program to determine which devices are plugged into the I/O rack during the start up process.
When a device is found, it is given a unique address and the devices information is recorded
in the system map on the Master I/O Manager VI. Figure 8 shows a typical system map:

Figure 8: Master I/O Manager System Map
Figure 9 shows the Master I/O Manager System Map Block diagram, this part of the
program is used by tab control to update the values of each case when that case is chosen.
There are five cases, in each of these cases the displayed array of the loops are combined
together to give out the total array for the whole system. The same procedure is repeated in
each case to ensure that if the user stops the program while any of the cases is active, the
program will collect or assemble the total array and send it to finishing VI to be written
back into patch file.

Figure 9: Master I/O Manager System Map Block Diagram

10

Instrumentation & Control Facility Upgrade

ENG460 Thesis Report

This loop which is shown in Figure 9 is used by tab control to update the values of each
case when that case is chosen. There are five cases, in each of these cases the displayed
array of the loops are combined together to give out the total array for the whole system.
The same procedure is repeated in each case to ensure that if the user stops the program
while any of the cases is active, the program will collect or assemble the total array and
send it to finishing VI to be written back into patch file.

3.3 Activating/Deactivating Modules at Runtime
An additional feature of Master I/O manager VI is the activate/deactivate function where the
user has the option of activating or deactivating different I/O modules at runtime. The
address of the module must first be entered in order to use this function. Once the address is
assigned, Master I/O Manager VI will activate or deactivate the analog/digital,
inputs/outputs. Refer to Figure 10 & 11.

Figure 10: Master I/O Manager System Activate/Deactivate

Figure 11: Master I/O Manager System Activate/Deactivate Block Diagram
The VI block Add/Remove modules allow the removal or addition of modules into current
list of used modules in this port. A removed module will not be read or written to, and will
be ignored.
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4 OVERVIEW OF EXPERIMENTAL TEMPLATE
In this chapter, an overview of the Experimental Template which is the client software will
be presented. The structure of the Experimental Template and the basics of how to set up and
run experiment in the Instrumentation and Control Facility using experimental template are
explained.

4.1 Front Panel
The Experimental Template represents a station for students to input and view data on the
computer. This program is used as a template for students to develop their own programs for
experiments in the Instrumentation and Control Facility. The front panel window is the
interface to the VI code and is shown in the template in Figure 12. This program contains the
code necessary to connect the I/O Patch Panel through to the Master I/O Server.

Figure 12: Front panel of Experimental Template VI
The front panel in the above template shows at the left a status box that displays the status
information. The status box shows the status of the Master I/O Server. In the status box
there is a digital loop indicator and a loop time indicator. The digital loop indicator flashes
every time the timestamp changes from the server. This will indicate to the user that the
server has not crashed. There is also the timestamp in the status box, which is basically the
time that the server computer is running.
To the right of the status box is the digital controller and the digital indicator. The digital
controller is used to turn on or off any digital inputs that are connected to the station and are
programmed into the experimental template. The digital indicator is used to display the
status of an output. This can be used to determine if specific outputs are turned on or not.
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Next to the digital controller and the digital indicator are the analog controller and indicator.
They serve the same purpose as the digital ones do. The difference between the two is that
instead of the indicators controlling or displaying an on or off response, they now control or
display an analog type system. The analog indicator retrieves a current value from 4mA to
20mA and then displayed on the front panel as an analog indicator. The analog controller
writes a percentage to the server that manipulates the open percentage of the desired valve.

4.2 Tag Patch File
In order to further understand the block diagram, first the Tag Patch file has to be
presented and explained.
The TagPatch.txt file is a file that is used to interact with specific ports on the Master I/O
Server. It works by writing a name for the input/output and then entering its address next to
it on the same line in the tagpatch.txt file. This TagPatch.txt file must be configured and
validated before running any experiment. Without the correct labeling of this file, the
experiment will not proceed and execute. An example of a TagPatch.txt file is shown in
Figure 13.

Figure 13: TagPatch.txt file
As shown in Figure 13, the top line is the code which directs the client to the appropriate
station by using the code ES<station number>$. So in this example the station is station 3.
On the lines below the station set up are the ones that connect the client to the specific ports
in order to gather or send information to the appropriate appliance. It is set up by having the
first part as the call name, which is entered on the experimental template block diagram for
the input to either the digital/analog read/write.vi, depending on what type of functionality it
is suppose to have. So the second line has “AnalogInput ES3_AI_01”, where the call
name is AnalogInput, the station number is 3, it‟s an Analog Input, and it‟s the first port. The
fourth line has a call name DigitalOutput, station number 3, it‟s a Digital Output and it‟s the
six Digital Output port, and so on.
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4.3 Block Diagram
The following discussion assumes the reader is somewhat familiar with using the
Experimental Template program and only provides a brief overview of the functionality of
the program.
In order to be able to explain the block diagram in detail, snapshots of the sequence of
frames are shown in Figure 14 to Figure 17.

Figure 14: Block diagram of Sequence 0: Digital/Analog read

Figure 14 shows a block diagram that consists of a while loop function and a stacked
sequence structure. As a reminder, each part of the sequence is executed in turn. When the
sequence is completed, hence causing the while loops to start again.
The following sections describe what is occurring in each sequence.
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4.3.1 Description of various sequences
Sequence 0: Digital/ Analog Read

Figure 15: Block diagram for Sequence 0

The purpose of this case is to read in the data from the experiment at hand through the
TagPatch.txt file. This is done by relating the name from the input string to the read VI to the
same name in the TagPatch.txt file. Also this screen shows the timestamp which is retrieved
from the clock from the Master I/O Server computer. It is used to display the time on the
client computers and also to allow the user to know if an error has occurred.
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Sequence 1: Indicators and Controllers

Figure 16: Block diagram of Sequence 1

This sequence allows all of the data processing to be performed. Typically a student would
include their specific measurement and control algorithm in the sequence. All the inputs and
outputs are available in this sequence via the Sequence locals. By connecting the Indicators
to the sequence locals means that data on the front panel is read from the instrument and
displayed/processed. The Controllers are also found in this sequence, where they take the
data from the front panel and send that data to control the instrument or actuator.
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Sequence 2: Digital/ Analog Write

Figure 17: Block diagram for Sequence 2

This is the final sequence, which deals with writing the data from the controls on the front
panel to the Instrument. This sequence enables the control of an instrument, where the user
specifies values through altering the status of the buttons or sliders in the front panel. The
digital write function waits for a user to activate one of the switches on the front panel. Once
this has occurred the appropriate output will turn on/off with regards to the status of the
switch. The analog write performs a similar task to which the analog read performs except
instead of accepting information from the server it is writing information.
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5 THE CHALLENGE
This chapter discusses the tasks that were confronted. The actual background to the given task
is also discussed. The tasks were divided into four sections: Installation of new panel; Master
I/O Manager Upgrade; Update of Instrumentation & Control Facility webpage; and
Implementation of the Profibus Network.

5.1 Background to the Tasks
A major aim of this thesis project is to develop a better operation of the Instrumentation &
Control Facility by adding two new workstations for the students. Another task is to
implement an organized Master I/O Server and to modify the uncomfortable background
of the Instrumentation & Control Facility webpage. The loop time of the Master I/O Server
should be decreased when completed. The students will also be able to run experiments
with few or no errors.
An additional objective is to verify the possibility of implementing a Profibus network in
the Instrumentation and Control Facility through connecting a Siemens PLC to National
Instruments LabVIEW software. The main focus in this thesis work will be on the
functionality. To achieve this, an OPC server has to be implemented between the
applications. The ease of use for the designers has to be tested.
Therefore, the project has been divided into six major tasks:
1.
2.
3.
4.
5.
6.

Installation of new panel
Master I/O Server upgrade
Update of Instrumentation & Control Facility webpage
Update of Experimental Template
Implementation of Profibus Network
Establish communications between the Profibus Network and the Master I/O Server
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5.2 Task Overview
The following section provides an overview of each of these tasks, specifically the major
parts for each of these tasks. Each of these tasks is also discussed in more detail in each of
the subsequence chapters. These chapters and associated tasks are as follows:
5.2.1 Installation of new panel
Chapter 6 is concerned with the installation of the new panel. The steps to installing the
new panel are completed as follows:
1. The old and new TurboCad wiring diagrams were determined. The wiring diagrams
were located and comparisons were made for the old and new wiring diagrams.
2. The wiring diagrams were then evaluated. The wiring diagrams were looked at and it
was checked with the physical wiring of the existing panels.
3. New wiring diagrams for the extra panels were created. This involved adding the
Profibus PA cable, PA/DP coupler and a PLC into the existing wiring diagrams.
4. The equipment required for assembling the extra panels were gathered and listed.
5. Following the design of the wiring diagrams, the extra panels were installed.
5.2.2 Master I/O Server & Experimental Template Upgrade
Chapter 7 is concerned with the upgrade of Master I/O Server & Experimental Template.
The steps in the Master I/O Manager Upgrade & Experimental Template are:
1. Questionnaire was created to review the current functionality of Master I/O Server and
Experimental Template. This is prepared to collect information from the students
regarding the usability of Master I/O Server.
2. The questionnaire was then distributed to the students to answer the questions.
3. The questionnaire was evaluated and the feedbacks were taken into consideration and
noted down.
4. The improvements of Master I/O Server & Experimental Template were work towards
suggestions.
5.2.3 Instrumentation & Control Facility webpages
Chapter 8 is concerned with the upgrade of the Instrumentation & Control Facility
webpages. The steps in the Instrumentation & Control Facility webpage are:
1. Questionnaire was created to review the current functionality of Instrumentation &
Control Facility webpages.
2. The questionnaire was then distributed to the students to answer the questions.
3. The questionnaire was then evaluated and the feedbacks were taken into consideration
and noted down.
4. The improvements of Instrumentation & Control Facility webpages were work towards
suggestions.
5. The information in the wepbages were updated as well.
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5.2.4 Implementation of Profibus Network
Chapter 9 is concerned with the implementation of Profibus Network. The steps in the
Implementation of Profibus Network are:
1.
2.
3.
4.
5.
6.

The equipment required for setting up the Profibus Network were gathered and listed.
A Profibus network was set up using all of the devices gathered.
A program has been created in the PLC to receive data from the devices.
Documentation on procedures for setting up the Profibus Network was created.
Documentation on calibrating the Profibus sensors was created.
Connection between INAT OPC server of the Profibus PLC to the Master I/O Server
was established.
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6 INSTALLATION OF NEW PANEL
In this chapter, the set up of the new panel is introduced and described in detail. The items
required are listed and the features shown. The procedure for installing the new panel is
also explained.

6.1 Related work regarding the Installation of new panel
The starting point for this part of the project required reading the Instrumentation &
Control Facility webpage. In order to understand how to develop the new panels, it was
first required to investigate and acquire the full list of equipment and wiring diagrams of
the existing panels. This provided the necessary information in order to acquire the
equipment required for the new panel.
The existing diagrams were written in TurboCad. This involved adding the Profibus PA
cable, PA/DP coupler and a PLC. These wiring diagrams are located in Appendix D.
In Tables 18 and 19 lists the hardware that is required to enable the set up of the new panel.
These hardware components are split into two categories which are the top panel and the
bottom panel. The top panel consists of all the computer based I/O components while the
bottom panel is the power section (e.g. relays, transformers, power supplies). Most of the
hardware is mounted onto standardized DIN rails.
Name of Item
Digital IO Interface Board
SSR Backplane
6B Series Backplane
6B11
6B21
SSR Input modules
SSR Output modules

Brand /Type /Model
Analog Devices /24-Channel
Digital I/O Board (6B50-1)
Grayhill (70RCK24)
Analog Devices /16-Channel
Backplane (6BP16-1)
Analog Devices (6B11)
Analog Devices (6B21)
National
Instruments
(70-IDC5)
National
Instruments
(70-ODC5)

Table 18: Items for Top Panel
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Name of Item
Main Switch
Earth
Leakage
Breaker
Circuit Breaker
Circuit Breaker
Circuit Breaker
Relay

Number
3
1

Brand /Type /Model
Siemens
Circuit Clipsal

Siemens (5sx21)
Siemens (5sx22)
Siemens (5sx23)
Potter
&
Brumfield
(CK10P-11D15-24)
Power Supply
TransTech (IPS-5A)
Power Supply
Cosel (P50E-5)
Transformer
Grant Transformer
Thyristor Power Regulator
(PAC 15 Series)
Table 19: Items for Bottom Panel
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4
2
14
2
2
1
2

Tables 20-27 show the specifications for all the components. These were determined by
consulting appropriate manual and/or websites.
Digital IO Interface Board
Analog Devices /24-Channel Digital I/O Board (6B50-1)
Supply Voltage (v)
+5V
Input Type
Digital
Input Range
TTL or CMOS
Isolated
N
Bandwidth (Hz)
1000Hz
Output Type
Serial RS-485
Output Range
RS-485 or RS-232
Table 20: Features and specification for Digital IO Interface Board (Analog Devices, Inc.,)
6B Series Backplane (Sixteen Channels Backplane 1500 V rms)
Analog Devices /16-Channel Backplane (6BP16-1)
Analog Input/Output Channels
16
Communications Input/Output
RS-485
Voltage: Operating
+5 V dc ±5%
Voltage: Max Safe Limit-with modules
+6.5 V dc
Current
200 mA
Rated Performance
-25°C to +85°C
Output Range
-25°C to +85°C
Table 21: Features and specification for 6B Series Backplane (Analog Devices, Inc.,)
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6B11 (Thermocouple Inputs: mV/Volt Inputs: Current Input: Signal Conditioning Module)
Analog Devices (6B11)
Supply Voltage (v)
+5V
Input Type
I,mV,TC,V
Input Range
Refer to Data Sheet
Isolated
Y
Bandwidth (Hz)
4Hz
Output Type
Serial RS-485
Output Range
C
Table 22: Features and specification for 6B11 (Analog Devices, Inc.,)
6B21 (Isolated Current Output: Signal Conditioning Module)
Analog Devices (6B21)
Supply Voltage (v)
+5V
Input Type
n/a
Input Range
Software Settable
Isolated
Y
Bandwidth (Hz)
3Hz
Output Type
Serial RS-485
Output Range
RS-485 or RS-232
Table 23: Features and specification for 6B21 (Analog Devices, Inc.,)
SSR Input modules (70-IDC5)
Input Current:
18.0 mA (max)
Output Current
50.0 mA (max)
Supply Voltage (DC)
3.00 V (min)
Voltage Rating (DC)
3.00 V to 32.0 V
Operating Temperature
100 °C (max)
Table 24: Features and specification for SSR Input modules (SSR modules)
SSR Output modules (70-ODC5)
Output Current
20.0 mA (min)
Output Voltage
60.0 V (max)
Operating Temperature
-40.0 °C to 100 °C
Table 25: Features and specification for SSR Output modules (SSR modules)
TransTech (IPS-5A)
Power Supply (Input)
Frequency
Power
Ouput Supply (peak)

120/240 Vac +/- 10%
40 - 60Hz
300VA
12 / 24 Vdc 5 Amp @ 240Vac
12 / 24 Vdc 4 Amp @ 230Vac
Operating Temp
0 to 60 Deg C
Mounting Style
Panel mount via 4 screw (screws
supplied)
Table 26: Features and specification for TransTech (TransTech (IPS-5A))
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PAC 15 Series
Current Capacity
20~100 Amperes
Power Supply
100~120 / 200~240V AC
Power Supply Cycle
50/60Hz. common (PAC15C)
Output
Voltage
Control 0~95% min. 50/60Hz. of inut voltage (PAC15P)
Range
0~95% min. of load power (PAC15C)
Current Capacity
20, 30, 45, 60, 80 and 100 Amps
Power Supply
100~120V/200~240V AC ±10%
Control Input
Current = 4~20mA DC (Receiving impedance: 100
ohms)
Temperature and Humidity
- 10~50°C, 90%RH maximum
Table 27: Features and specification for PAC 15 Series (PAC 15 Series)
Following the layout of the other panels and by making use of the wiring diagrams, the
components were measured and placed in the allocated place and mounted on the panel.
Next the physical wiring for the top and bottom panels was carried out.
The setup of the new panel was to be mounted in the Instrumentation & Control
Laboratory. Since the panels are still located in the Pilot Plant, once it has been brought up
to the Instrumentation & Control Laboratory, Technical Officer John Boulton will initiate
mounting of the panel in the Laboratory.
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EXPERIMENTAL

TEMPLATE

This chapter provides information about alteration to the Master I/O Server and
Experimental Template whereby a questionnaire was created and distributed, the result of
which was designed to improve the Master I/O Server program. Also included is some
discussion on the functionality of the Master I/O Server connecting to INAT OPC server.

7.1 Related work regarding Master I/O Server & Experimental Template
Upgrade
A questionnaire has been designed and distributed to obtain information about the current
functionality of the Master I/O Server & Experimental Template. The main objective of
this questionnaire is to gather feedback from the students to create a more user friendly
interface for the students. The questionnaire that was designed is located in Appendix C.

7.2 Results
The replies for the questionnaire are summarized into Agree, Neutral and Disagree. Once
the results were gathered, a chart was created to show a much clearer summary of the
outcomes.

10
8
6

4

Agree

2

Neutral

0

Disagree
Easy to use

Easy to
Links
understand working

Text size
easy to
read

Error
messages
easy to
understand

Figure 28: Result of questionnaire regarding Master I/O Server and Experimental Template
As shown in the chart in Figure 28, Master I/O Server and Experimental Template
guidelines and Error messages on Experimental Template have shown a significant number
of disapprovals by the students.
Evaluation of the questionnaires was carried out and improvements will be considered
ongoing until the students are satisfied with the performance of the Master I/O Server
program.
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7.3 Modification to Master I/O Server
Figure 29 is a diagram of the coding implemented in the Master I/O Server to allow
connecting to an OPC Server via specialized applications or program environments. In this
particular thesis project, LabVIEW is used.

Figure 29: Master I/O Manager implementing OPC Server Block Diagram
Here the address of the OPC Server using MpiCom is implemented and the proper coding
is created to allow data to be read from the PLC. The address of the OPC Server is
collected and is read by Data Socket Open.vi. The address is then stored in Data Socket
Update.vi. It sends out to the Master I/O Server and in turn reached the Experimental
Template for a signal to be received.
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8 INSTRUMENTATION & CONTROL FACILITY WEBPAGE
This chapter provides information about modifications made to the Instrumentation and
Control Facility webpage. A number of questions were prepared in advance and used as a
base for the questionnaire.

8.1 Related work regarding update of Instrumentation & Control Facility
webpage
The same questionnaire that was discussed to obtain information about the current
functionality of the Master I/O Server also obtained information about the Instrumentation
& Control Facility webpage. The main objective here is to gather feedback from the
students to create a better webpage. As mentioned in the previous chapter, which referred
to the Master I/O Server upgrade, the questionnaire is located in Appendix C.

8.2 Results
Replies are summarized into Agree, Neutral and Disagree. Once the results were gathered, a
chart was created to show a much clearer summary of the outcomes.

8
7
6

5
4
3
2
1
0
Easy to
navigate

Information
easy to
understand

Information
up-to-date

Links
working

Text size
Text colour Comfortable
easy to read comfortable background
to read
colour

Figure 30: Result of questionnaire regarding Instrumentation & Control Facility webpage
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As shown in the chart in Figure 30, Navigation of the webpage, the size of the text, the
colour of the text, and the background colour of the text have shown a significant number
of disapprovals by the students.
The problems mentioned above have been modified and improved upon. A major issue
was that many students found the webpages uncomfortable to look at, primarily due to the
colour chosen (Figure 31). This was overcome by using a more conventional colour.
(Figure 32)

Figure 31: Previous webpage design
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Figure 32: Current webpage design
A record of different types of information from general operation of the facility, brief
descriptions of some of the setups and apparatus to more technical details using the
operation of the facility were updated in the webpage. The purpose of recording these
modifications, upgrades and technical details is to provide a source of information for
people performing further upgrades to the Instrumentation & Control Facility. Information
regarding the modification and upgrades related to the Instrumentation & Control Facility
project has also been updated.
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9 PROFIBUS NETWORK
To understand the basics of Profibus, a literature review was carried out. This chapter
describes the core technologies applied for the project‟s implementation. The main
concepts about Profibus are explained in an attempt to achieve a better understanding of
the project‟s background. The testing procedures of the Profibus system by using a simple
PLC program, establishing connection between the differential pressure transmitter and
guided radar level sensor through Siemens DP/PA Coupler, are explained as well.
The starting point for assembling the Profibus network required understanding of the
appropriate manuals. The task was to integrate four Profibus PA sensors into the current
I/O set up in the Instrumentation & Control Laboratory. Information was obtained and
operation of the following devices was required;
1.
2.
3.
4.
5.

Siemens PLC 314IFM
Siemens Simatic CP 342-5 PROFIBUS DP S7-300 interface
Siemens DP/PA Coupler FDC 157-0
Endress Hauser PMD 70 differential pressure transmitter
Endress Hauser guided radar level sensor

9.1 Literature Review
As a part of the upgrade to the Instrumentation & Control Facility, it was required to
integrate and use Profibus DP, Profibus PA and DP/PA coupler. Hence a general
description of Profibus is presented in the next section.
9.1.1 Profibus
Profibus, short for Process Field Bus, is the leading industrial communication system for
manufacturing automation in Europe with strong growth in many other markets.
(PROcess Field BUS n.d.)
In 1987, 21 companies and institutes devised a plan called "field bus". The goal was to
implement and spread the use of bit-serial field bus systems. Their effort created an
automation solution that is not only useful today, but has led to further solutions.
PROFIBUS allows many people to turn to automation specific to their needs.
(Profibus n.d.)
Profibus is a smart, field-bus technology with a wide range of applications. Devices on the
system connect to a central line. Once connected, these devices can communicate
information in an efficient manner, but can go beyond automation messages. It offers a
fully integrated solution for discrete and process applications, a major benefit in the
process industries where upstream, mainstream and downstream processes have to work
together. Profibus also allows communication between devices of different manufacturers
without any special interface adjustment. Profibus devices can also participate in
self-diagnosis and connection diagnosis.
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Profibus incorporates some Industrial Bus Protocol Specifications, including Profibus DP
and Profibus PA


Profibus DP communicates at speeds from 9.6 Kbps to 12 Mbps over distances from
100 to 1,200 meters on twisted pair cables. It is widely used for variable speed drives,
remote I/O systems amd motor control centers. It is a device level bus that supports
both analog and discrete signals. Profibus DP doesn‟t natively support Intrinsically
Safe installations.



Profibus PA communicates at speeds from 31.25 Kbps over distance of 1,900 meters
per segment. It is a fieldbus that is generally used for process level instrumentation.
Profibus PA sustains Intrinsically Safe applications.

(PROFIBUS Comprehensive Protocol Overview n.d.)
9.1.2 Profibus in the ISO/OSI Model
The OSI-model, which is Open System Interconnection, describes communication between
the stations of a communication system. It was the International Organization for
Standardization (ISO) who developed the OSI reference model in 1983. It is based on a
layered architecture consisting of seven layers, each of them having their own specific task
and function in data transmission and receiving. Each layer has to fulfill specified
functions within the communication process. If a communication system does not require
some of those specific functions, the corresponding layers have no purpose and are
bypassed. The OSI-model is applied also in fieldbus systems. Their data communication is
not very complicated so that only some of the layers of the OSI-model are commonly
needed.
(Profibus n.d.)
Profibus uses layers 1, 2 and 7 in the OSI-model, as shown in Table 33. For the protocol
type DP, layers 1 and 2 are transmission and the telegram. For reasons of efficiency, with
Profibus DP layer 7 is blank. DP is thus to be regarded as a standardized application of
layer 2. There are three version of DP, these are: DP-V0, DP-V1 and DP-V2. DP-V0
provides the basic DP functionality; DP-V1 contains enhancements equipped in order to
approach process automation; DP-V2 contains more enhancements in order to reach the
demands of drive technology. (Profibus n.d.)
OSI-Layer
PROFIBUS
7 Application
DPV0 DPV1 DPV2
Management
6 Presentation -5 Session
4 Transport
3 Network
2 Data Link
FDL
1 Physical
EIA-485 Optical MBP
Table 33: Profibus Protocol (OSI reference model) (OSI model n.d.)
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9.1.3 Standard
Profibus is standardized in IEC 61158 with other fieldbus systems. The fieldbus systems
are listed in IEC 61158 as fieldbus protocol type 1 to 10. The Table 34 shows the
classification of these ten types according to fieldbus systems.
Type
Fieldbus
1
Foundation Fieldbus
2
Control Net
3
Profibus
4
P-Net
5
FF High Speed Ethernet
6
SwiftNet
7
World FIP
8
Interbus
9
Foundation Fieldbus, FMS
10
Profinet
Table 34: Fieldbus in IEC 61158 (IEC 61158 n.d.)
Profibus is defined as Type 3. Profibus has two versions in IEC 61158 regarding different
requirements of industry:



Profibus DP (Decentralized Peripheral) uses RS485 transmission technology. It is
also used for fast data exchange in production engineering and facility automation.
Profibus PA (Process Automation) is used to implement applications for
intrinsically safe and non-intrinsically safe sectors, as well as the option of
supplying power to field devices via the bus. Typically with MBP/IS transmission
technology.

9.1.4 Transmission Technologies
There is a whole range of transmission technologies available for Profibus:


RS485: It is a very common transmission technology, which is primarily used with
PROFIBUS DP. It is a shielded twisted pair cable with wave impedances of 150
ohms in a bus topology. The bit rate range is 9.6 kbit/s to 12 Mbit/s and the limited
length of cable between two repeaters is 100 to 1200 m.



RS485-IS: It is a new version of RS485. It has a 4-wire medium in protection type
Eex-I use in hazardous areas. The level of voltage and current that was specified
must not exceed the safety maximum level in either individual devices or during
interconnection in the system.



MBP (Manchester Coded Bus Powered): It is use for bus powering and intrinsic
safety of devices, especially in process automation for Profibus Pa. The bus
topology can be up to 1900 m long and allows maximum 60 m branches to field
devices. It has a fixed bit rate of 31.25 kbit/s.
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Fiber Optic: It is use in high electromagnetic interference area. Some of the
topology that is used include: star topology; bus topology; and ring topology. The
distance between the repeaters can be up to 15 km.

(PROFIBUS: Technology and Application n.d.)
9.1.5 Communication Protocol DP
Profibus supports Master-Slave, Master-Master and Slave-Slave communications. Profibus
is used to transmit cyclic process data fast and efficiently between Master and Slaves.
The main function of the Profibus DP is the cyclical transmission of process data from the
control system to the peripherals and in the reverse direction. The access is made by the
master-slave principle. A master controls the assigned slave devices on the bus in a polling
operation. Exchange of data is started by a polling message and terminated by an
acknowledgment message from the slave. Each slave therefore only becomes active when
required by the master. Simultaneous bus access is thus avoided.
The basic DP functions have been added with special functions. There are three version of
DP, these are: DP-V0, DP-V1 and DP-V2. The main functions of the three versions are as
follows:
DP-V0: It provides the basic DP functionality, such as:
 Cyclic data exchange,
 Module diagnosis,
 4 different interrupt types for diagnostic,
 Station diagnosis,
 Channel specific diagnosis
DP-V1: It contains enhancements equipped in order to approach process automation. It
permits online access to stations using engineering tools. It also defines status alarm,
updates and a manufacture-specific alarm. There are three additional interrupt types for
DP-V1, such as:
 Status interrupt,
 Update interrupt, and
 Manufacturer-specific interrupt.

DP-V2: It contains more enhancements in order to reach the demands of drive technology.
(Profibus n.d.)
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9.1.6 Profibus DP/PA networks
For an automation arrangement with extended DP functionality, the operator‟s station is
basically capable of accessing all functions and parameters of the connected PA devices by
means of acyclic services. Moreover, the baud rate in the DP network depends upon the
segment coupler used.
(Profibus PA Networks 2001)
Profibus PA
The physical layer of the Profibus PA variant matches the IEC 61158-2 Standard which is
also used for the Fieldbus Foundation fieldbus. This is shown in Table 35.
Physical layer acc. To IEC 61158-2,
Variant H1
Baud rate
31.25 kbit/s
Topology
Line or tree
Power via the bus
DC supply possible
Intrinsic safety
Possible
No. of devices
Max. 32 (non-“EX”)
approx. 9 (Explosion Group IIC)
approx. 23 (Explosion Group IIB)
Cable length max.
1900 m
Super length max.
120 m per spur Non-Ex, 30 m per
spur Ex
Redundancy
Possible
Table 35: Physical Layer of Profibus PA ( PROFIBUS Trade Organization n.d.)
Mode of operation for Profibus PA
In Profibus PA, information and power supply are routed via a two-wire line. Use in both
hazardous and non-hazardous areas is foreseen with the PA variant. For hazardous duty the
PA bus including all connected devices, must be designed in Intrinsic Safety "i" type of
protection. For field devices requiring a separate supply, known as a “four wire devices",
the fieldbus connection at least must be designed in Intrinsic Safety. Accordingly, both
device types, two- and four-wire devices, can readily be coupled together.
Only the segment coupler is able to supply power to the line. All other users take up power.
Each field device should have an input of at least 10mA. This is the called base current.
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9.1.7 Segment Coupler
Segment coupler is used to couple the two different segments DP and PA. Further
functions of the segment coupler are typically supplying the PA segment and, if necessary,
the "Ex' separation. In addition, the bus termination is also located in the segment coupler.
As already mentioned, a further bus termination is needed for the other end of the PA
segment in order to minimize reflections of the communication signal. The bus termination
consists of the series connection of a resistance (R = 100 Ohm) and a capacitance
(C = 1 uF).
Basically, two different variants of the segment coupler are available:
 Transparent coupler with a fixed baud rate on the DP side
 The "intelligent" coupler with a variable baud rate.
But since we are using the transparent coupler in this thesis project, the “intelligent”
coupler is ignored.
The transparent coupler
Currently available is a transparent coupler from Siemens with 45.45 kbits/s on the DP
side. The coupler is identifiable from the DP master, and therefore requires no adjustment.
Put simply, it converts the asynchronous 11-bit/byte DP protocol into the 8-bit/byte
synchronous PA protocol. A point worth mentioning is that these two baud rates are
supported by all devices connected to the DP segment. Because the baud rate is relatively
low, the cycle time of the segment in particular needs to be taken into account. Since the
coupler is transparent, every device in the DP segment and the PA segments must be given
an address. An address is not assigned to the coupler. The Table 36 shows the technical
data of available segment couplers for Siemens.
Manufacturer
Type No.

Siemens
6ES71570AD00-0XA0

Siemens
6ES71570AC00-0XA0

Siemens
6ES71570AA00-0XA0
(PA-Link)
EEx ia IIC
(3)
(3)

“Ex”
EEx ia IIC
-Operating Voltage
12,5V
19V
Max.
operating 90 mA
400mA
current
Max. power
1.8W
(3)
Max. line resistance 35 Ω
25 Ω
(3)
Max. cable length
1000 m(1)
1900 m(2)
(3)
DP baud rate
45.45 kbits/s
45.45 kbits/s
Up to 12 Mbits/s
Table 36: Technical data of segment couplers (Segment coupler for PROFIBUS-PA n.d.)
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Fieldbus cable types
There are several types of fieldbus cable which are shown in Table 37:
Type A
Shielded, twisted-pair

Cable structure

Type B
One or several twisted
cables
with
common
shielding
0.32 mm, AWG 22
112 0hm/km
100 0hm +/- 30 ％
5 dBlkm
2 nF/km
--

Cross-sectional area
0.8 mm2, AWG 18
Loop resistance (DC)
44 0hm/km
Impedance at 31.25 kHz
100 0hm +/- 20％
Damping at 39 kHz
3 dBlkm
Capacitive unbalance
2 nF/km
Percentage coverage of the 90％
shield
Max. cable length
1900 m
1200 m
Table 37: Fieldbus cable types (PROFIBUS: Technology and Application n.d.)

Two-core twisted and shielded cables are strongly recommended, such as the types given
in Table 38:
Manufacturer/
Marketed by

Cable
type

Surge
Impedance

No. of
cores

Core
crosssection

Loop
resistance

Effective
capacitance

Damping

Shielding

Remarks

Siemens AG

SINEC
6XV1
830-5A
H10

100 Ω ±
20 Ω

1x2

44 Ω/km

<90 nF/km

<3
dB/km
39 KHz

Copper
braiding

Siemens AG

SINEC
L2
6XV1
830-3B
H10

100 Ω ±
20 Ω

1x2

0.75
mm2
Cu
strande
d wire
0.75
mm2
Cu
strande
d wire

44 Ω/km

<90 nF/km

<3
dB/km
39 KHz

Copper
braiding

Bus cable
polyvinyl
chloride
sheath
blue
Bus cable
polyvinyl
chloride
sheath

Table 38: Available fieldbus cables (Fieldbus Foundation 2007.)
The total cable length is made up of the length of the main cable and the lengths of all
spurs; the maximum allowed length of one spur cable is given in Table 39.
Length of a spur cable – Length of a spur cable – not
intrinsically safe
intrinsically safe
25-32
--19-24
30 m
30 m
15-18
30 m
60 m
13-14
30 m
90 m
1-12
30 m
120 m
Table 39: Maximum Cable lengths (PROFIBUS: Technology and Application n.d.)
Number of spur cables

9.1.8 Bus termination
Field devices, when connected to the Profibus PA, require a proper bus termination. The
termination method is explained below.
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Bus termination
The bus line in Profibus PA networks starting from the communications viewpoint must be
terminated at both ends in order to avoid reflections on the cable; this can increase the
efficiency of the transmission rate.
9.1.9 Commissioning
All the master system and connected stations should be given bus addresses before
Profibus DP system can be operational. The physical system settings are made using the
master parameter set. This contains the master bus. Together with the master parameter set,
a slave data set has to be stored for each slave to be activated. Each data set contains the
parameterization and configuration data of the slave and the address vectors for the logical
storage of the I/O data.
The master system begins to start up the slaves on instruction by the user when the
parameter sets are available. The diagnostic cycles show which slaves is shown on the bus.
The slaves which have sent a feedback message in the diagnostic cycle are then
parameterized with the data stored in the master. When this has been achieved correctly,
configuration cycles follow with the comparison of the specified configuration data in the
master and the actual configuration data in the slaves. After the last diagnostic cycle, each
slave that has not detected an error in the comparison is ready for operation. Each of these
slaves are then automatically included in the user data transfer by the master.
(Introduction to Profibus-PA n.d.)
For diagnostic purposes, the master maintains a diagnostic buffer for each slave, which can
be read by the user. For simplified diagnostics, a group diagnostic field is maintained at the
same time, showing bit by bit whether a slave has diagnostic data ready or not.
9.1.10 Profibus GSD File
The GSD file is an ASCII text file that consists of specifications for communication. Each
of the entries explained a feature that is supported by a device. The configuration tools will
read from the GSD file some of the following:





The adjustable parameters
The permitted limit values for the configuration of the device
The corresponding data type
The device identification

(PROFIBUS: Technology and Application n.d.)
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9.2 Methodology & Implementation of Profibus Network
The setup of the PROFIBUS network requires both hardware and software configurations.
The configuration that was applied in the Instrumentation & Control Laboratory consists
of field devices on a PROFIBUS PA network which goes through a DP/PA coupler to
convert the PA signal into a DP signal. This is then read in to the PLC through the simatic
DP interface where the signal is converted into a DC voltage through the analog module
into a 6B module on the Instrumentation & Control laboratory network.
Hardware
The components were successfully wired together and the PLC is connected to the simatic
CP 342-5 interface through the PLC backplane. The simatic interface was then connected
to the DP/PA coupler through a DP cable.
Software
Profibus network relies on the masters used. Siemens PLC is used for testing, diagnostics
and parameterizing software for the Profibus DP, for projection of Simatic S7 systems.
HW configuration is set up to generate the hardware structures of the Profibus network in
STEP 7. STEP 7 is the software for creating programmable logic control programs in
Ladder Logic, Function Block Diagram or Statement List.
The GSD file is required for every device to be connected to be able to properly have a
Profibus DP and PA network. The GSD file also contains data on bus timing of the device
and status information in text form beside general details such as software and hardware
revisions.
(Profibus PA Networks 2001)
Step 7 was used in the programming for the PLC. A new project was created and a PLC
and CP 342-5 hardware were added in the hardware configuration. This is shown in Figure
40.

Figure 40: Implementation of PLC and CP 342-5
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Furthermore a FDC157 module was added on the PROFIBUS link in the hardware
configuration and address were assigned. This is shown in Figure 41.

Figure 41: Implementation of FDC 157 module
A PA device GSD file was also installed. This is shown in Figure 42.

Figure 42: Implementation of PA device differential pressure transmitter
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Finally PA devices were added to the network. This is shown in Figure 43. Programming
of the PLC was a success because data was received from the devices.

Figure 43: Implementation of PA device level sensor
The Profibus addresses need to be assigned to the individual field devices when the
network has been installed. The addresses have to be set before the devices are connected
to the Profibus. The Profibus Master must be configured with Step7 from Siemens in the
setup phase of the Profibus Network. The configuration process is based on GSD Files
which are required for each Profibus device.
(Profibus PA Networks 2001)
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10 Establishing connection between INAT PLC OPC Server
This chapter describes the method in which connection to an INAT OPC server through
Labview is established.
Establishing connection to an INAT OPC Server through labVIEW requires understanding
of how OPC works. Hence a literature review on OPC was done.

10.1 OPC Server
OPC stands for OLE for process control, which is Object Linking and Embedding for
process control. The purpose of this standard is to provide a client/server method of
communication between applications and products from different manufacturers. OPC
provides a server to monitor one or many desired applications. The information is then
accessible by clients able to read from this server.

Figure 44: INAT OPC Server Overview (OPC Server n.d.)

10.2 History of OPC Server
In 1996 the OPC Foundation developed its first specification called Data Access
Specification 1.0a. It was formed in collaboration with a number of leading worldwide
automation suppliers including Fisher-Rosemount and Rockwell Software in cooperation
with Microsoft. In little over a year the 1.0a specification was defined.
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It was originally based on Microsoft‟s COM and DCOM technologies, COM standing for
Component Object Model and the DCOM stands for Distributed COM. Essentially the
standard defined a set of objects, interfaces and methods for use in the area of process
control and manufacturing automation control to allow communication across vendor
specific devices.
(History of OPC n.d.)

10.3 Implementation of OPC
The implementation of OPC data into LabVIEW is shown in detail. The thesis project
requires the use of INAT OPC Server to read information from a Siemens PLC,
specifically the 314 IFM.
In order for the PLC data to be available in the LabVIEW program, the OPC server must
be opened and configured correctly. An introduction is given to the OPC Server software.
The OPC server window is shown in Figure 45. From this figure, three useful points of
interest are pointed out. The explanation of the tabs are given below:
1. This tab is used for path definition from the OPC server to the PLC. A link is created
from the computer to the PLC by specification of the MPI address.
2. The binoculars are a very useful way of determining the devices attached to the
computer used. If this method is used before the creation of the path definition, the
MPI address is sure to be correct. The availability of the devices can be determined by
clicking the start button and wait for the system to scan.
3. This tab is useful to see the data collected by the Server.

1

2

3

Figure 45: The OPC Server Window
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Next, adding of data elements to the OPC Server is explained. The MpiCom.txt file must
be located and opened with a text editor. The first line in the MpiCom.txt is automatically
created when the path is set. The following lines are definitions of the data variables that
the OPC Server will monitor. Figure 46 shows that these are linked to the PLC‟s memory
addresses.

Figure 46: MpiCom.TXT
The choice of data type is specified by the PLC and not the OPC. The OPC control not
only allows data to be read from a PLC but the data can be written to the PLC as well.

10.4 Using OPC in LABVIEW
To use the OPC data in a LabVIEW program an Empty Project link is selected. A Project
Explorer dialog box will appear once the previous task is completed. In this window, the
tasks for data communication with the OPC Server and the variables one would like to
have access to need to be defined.

Figure 47: New Project in LabVIEW
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By right clicking on „My Computer‟ and selecting „New‟, a number of options are
available. The various options are shown in Figure 48. The first thing to do is to create an
OPC server link to the „New Project‟. To do this the I/O Server option is selected and the
OPC is chosen as the new I/O server to be created.

Figure 41: Project Explorer window
The other essential task to perform in this window is the creation of „Variables‟. The
variables created provide LabVIEW with the ability to link the data on the OPC. Using
these variables, the controls and indicators of a VI can be bound to data on the OPC, which
in turn can read and write data to the PLC. To bind indicators or controls to these variables,
right click motion needs to be performed on the element and „Properties‟ window is
selected. Next, the „Data Binding‟ tab needs to be located. The variables that were defined
can be bound by using the „Data Binding‟ tab.
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Figure 49: Data binding in LabVIEW
The connection to an INAT OPC Server through LabVIEW has been established in the
Instrumentation & Control Laboratory. The PLC is able to detect the OPC Server and vice
versa. Consideration has to be made to implement the INAT OPC integration example
ES3_PA_01 where instead of plugging an analog output from the plc into an analog input on
the 6B card, the PLC will communicate directly with the datasocket server and share the
Process variables. This is a very elegant solution where changing of the Tag Patch file will
be simple, and the use of additional 6B modules is also removed.
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11 CONCLUSION & FUTURE WORK
This chapter discusses the work that has been done so far and the goals that have been
achieved. The future work is described to complete and improve this thesis project.

11.1 Conclusion
The aim of this thesis project is to provide a practical training environment for Murdoch
Engineering students in safe surroundings, produce a facility with improved reliability and
furthermore allowing students to design their own I/O systems using the Experimental
Template without any complications. This is achieved by adding and improving the
operation of the Instrumentation & Control Facility. A much more organized Master I/O
Server and online webpage for learning instruction have also been implemented for the
students that are using the facility. In addition, Profibus sensors are introduced through the
implementation of a Profibus network.
A method for workstation design and upgrade was presented in the thesis. It may be used
for both the redesign of another new workstation or the design of other planned facilities.
Research was performed to investigate and acquire the full list of equipment and wiring
diagrams needed to assemble the new panel. The setup of the new panel is mounted in the
new empty workstation in the Instrumentation & Control Laboratory. The physical wiring
of the equipment was then implemented and checked to make sure that everything was in
order and functional.
The design and upgrade of the Master I/O Server and Experimental Template was
presented in the thesis. A questionnaire was designed and distributed to obtain information
about the current functionality of Master I/O Server and the Experimental Template.
Feedback was gathered from the students and findings from the questionnaires led to the
creation of a more user friendly interface for the students.
The same questionnaire also obtained information about the Instrumentation & Control
Facility webpage. Feedback was collected and the Instrumentation & Control Facility
webpage was modified and updated. Records of different types of information from
general operation of the facility, brief descriptions of some of the setup and apparatus to
more technical details using the operation of the facility have also been updated in the
webpage. The purpose of recording these modifications, upgrades and technical details is
to provide a source of information for people performing further upgrades to the
Instrumentation & Control Facility.
A method of implementing Profibus Network was also presented in the thesis. A literature
review was performed to acquire deeper understanding of Profibus networks, Profibus DP,
Profibus PA and DP/PA coupler. Upon recognition of the devices needed, they were then
assembled and listed. Four Profibus PA sensors were integrated into the current 6B analog
module configuration in the Instrumentation & Control Laboratory.
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The setup of the Profibus Network requires both hardware and software configurations.
Both hardware and software configurations that were applied in the Instrumentation &
Control Laboratory consists of setting up and established connection between the INAT
OPC Server of the Profibus PLC to the Master I/O Server. A Profibus DP, a Profibus PA
and a PLC were required for this task. A DP/PA coupler was also needed to convert the PA
signal into a DP signal. This in then read into the Profibus PLC through the simatic DP
interface. The components were successfully wired together and the PLC is connected to
the simatic CP 342-5 interface through the PLC backplane. The simatic interface was then
connected to the DP/PA coupler through a PA cable. Step 7 was used in the program for the
PLC. A new project was created and the PLC and CP 342-5 hardware were added in the
hardware configuration. Furthermore a FDC157 module was added on the Profibus link in
the hardware configuration. A PA device GSD file was also installed before finally adding
PA devices to the network. The most important result to point out in this thesis work is that
a successful connection between the INAT OPC Server of the Profibus PLC to the Master
I/O Server has been established. This is done through a commonly used fieldbus which is
Profibus.
The reason for installing two workstations is due to an increase in the number of
engineering students in the past few years. Profibus Network is implemented due to the
fact that fieldbuses are the current standard for many sectors of the manufacturing industry,
especially for Process Engineering. Fieldbus technology provides more information about
the process and the field instrument itself. Only fieldbus permits full utilization of the
functional advantages of digital communication such as improved resolution of measured
values, diagnostic capabilities and remote operation. A Profibus Network extends the scope
of traditional control systems to include all automation functions in a single operation and
engineering environment so that systems can run smarter and better at substantial cost
savings. Hence the introduction of Profibus will guide the students to achieve a better
learning experience in Process Control.
This thesis project was a great opportunity to gain more knowledge on automation systems
and hardware. Knowledge learnt during the process include implementing, designing,
installing and testing of the physical system and also the knowledge learned about Process
Control Systems, Control Loop Networks and Profibus Networks.
As a personal conclusion, the amount of knowledge and, most of all, life experience
achieved during the thesis project represent a great gain. The participation in a large
project, attending meetings, develop research, problem-solving skills and writing
specification reports were important to the student in successfully completing this learning
phase. Also, a deep understanding of setting up Profibus networks has been attained.
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11.2 Future Work
To finish this thesis project a few things shall need to be completed. The following
recommendations are for future progress of this thesis project. These recommendations are
listed in order of priority:







A complete PLC program has to be developed for the software. After this has been
accomplished a test can be performed and evaluated.
Rearrange the software so it is structured better and has better documentation
Implement a fully functional PA cable; the current arrangement is only using a 2 wire
version. The trunk and the spur of the PA cable has to be implemented to allow PLC
and Profibus PA to be connected to all the other workstations.
A test should be executed on the infrastructure of the Instrumentation & Control
Engineering Laboratory at the beginning of each Semester. A plan and associated
documents should be created so that a team can perform this testing. This could take the
form of an Excel spreadsheet checklist and instructions on how to test various parts of
the Instrumentation & Control Engineering Laboratory.
Additional future work of this thesis project is to investigate the performance for a
bigger solution and more complicated network architectures to make learning
experience for students uncomplicated. More information gathering is also required to
simplify the programming of the Master I/O Server and Experimental Template to
make it easier to read and change.
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Appendix A Glossary & Explanation
A
TERM
AL
API
AS
ASCII
ASIC

ABBREVIATION CLARIFICATION
Application Layer (Profibus)
Application Programming Interface
Actuator Sensor
American Standard Code for Information Interchange
Application Specific Integrated Circuit

C
TERM
CAD
COM
CRC
CSMA/CD
CSRD

ABBREVIATION CLARIFICATION
Computer Aided Design
RS-232 Serial Communication Port (PC)
Cyclic Redundancy Check
Carrier Sense Multiple Access with Collision Detection
Cyclic Send and Request Data with Reply (Profibus)

D
TERM
DA
DDLM
DFD
DLL
DP
DPM

ABBREVIATION CLARIFICATION
Destination Address (Profibus)
Direct Data Link Mapper (Profibus)
Data Flow Diagram
Data Link Layer (Networks)
Decentralized Peripherals (Profibus DP)
Decentralized Periphery Master

F
TERM
FC
FCS
FDL
FMS

ABBREVIATION CLARIFICATION
Frame Control (Profibus)
Frame Checking Sequence (Profibus)
Fieldbus Data Link (Profibus)
Fieldbus Message Specification

G
TERM
GUI
GSD

ABBREVIATION CLARIFICATION
Graphical User Interface
General Station Description

H
TERM
HMI
HW

ABBREVIATION CLARIFICATION
Human Machine Interface
Hardware
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I
TERM
IEEE
ISO

ABBREVIATION CLARIFICATION
Institute of Electrical and Electronics Engineers
International Standard Organization

K
TERM
KB
Kbps
KiB

ABBREVIATION CLARIFICATION
Kilobyte: 103 bytes, i.e. 1000 bytes
Kilobit per second: 103 bits per second
Kilibyte: 210 bytes, i.e. 1024 bytes

L
TERM
LAN
LE
LLI

ABBREVIATION CLARIFICATION
Local Area Network
Length of PDU (Profibus)
Lower Layer Interface (Profibus)

M
TERM
MBP
Mbps
MTU

ABBREVIATION CLARIFICATION
Manchester coded Bus Powered
Megabit per second: 106 bits per second
Maximum Transfer Unit length

P
TERM
PA
PC
PCI
PHY
PLC

ABBREVIATION CLARIFICATION
Process Automation
Personal Computer
Peripheral Component Interconnect
Physical Layer
Programmable Logic Controller

R
TERM
RFC
RT
RTC

ABBREVIATION CLARIFICATION
Request for Comments
Real Time
Real Time Computer

S
TERM
SA
SAP
SD
SDA
SDN
SRD
SW

ABBREVIATION CLARIFICATION
Source Address (Profibus)
Service Access Point (Profibus)
Start Delimiter (Profibus)
Send Data With Acknowledge (Profibus)
Send Data with No Acknowledge (Profibus)
Send and Request Data with Reply (Profibus)
Software
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T
TERM
TTH
TTR

ABBREVIATION CLARIFICATION
Token Holding Time (Profibus)
Token Target Rotation Time (Profibus)

U
TERM
UPS
USB

ABBREVIATION CLARIFICATION
Uninterrupted Power Supply
Universal Serial Bus

W
TERM
WWW

ABBREVIATION CLARIFICATION
World Wide Web
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Appendix B Vocabulary
Control system
Differential
Transmitter

DIN rail
Hardware
I/O Module
LabVIEW

Level Sensor
OPC Server
Profibus
Profibus PA

Profibus DP

RS 485

Topology

A system used to automate a facility or process.
Pressure Measures the difference between two or more pressures
introduced as inputs to the sensing unit. Differential
pressure is also used to measure flow or level in
pressurized vessels.
Standardized 35mm wide metal rail where electronic
equipment can be mounted on.
Physical equipment
It can be either analog or digital, and handle input or
output signals.
A platform and development environment for a visual
programming language from National Instruments, used
for data acquisition, instrument control, and industrial
automation on a variety of platforms.
Detects the level of substances that flow, including
liquids, slurries, granular materials and powders.
A software application that acts as an Application
Programming Interface or protocol converter.
A type of Fieldbus communication standard. This is one
of the most universal Fieldbuses.
Process Automation is used to monitor measuring
equipment via a process control system in process
engineering.
Decentralized Peripherals is used to operate sensors and
actuators via a centralized controller in production
technology.
A standard defining the electrical characteristics of
drivers and receivers for use in balanced digital
multipoint systems.
The method or specific way computers and other
network devices are put together in network.
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Appendix C Questionnaire
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Appendix D Top and Bottom Panel Wiring
Diagram
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