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1 Introduction 
Extended Operator Workplaces (EOW) are new system solutions implemented in industries. 

Their goal is to enhance the visualization so far provided by operator workstations in multiple 

screens. 

These unique control room (ABB, 2018) consoles, as shown in Figure 1, are specially designed 

and optimized for 24/7 operations and to reduce operator's fatigue, create alertness and 

improve user health and well-being.  

This type of new systems is designed and implemented as this directly effects on up-time, 

production output, quality, and safety. With the help of this new workplaces the efficiency of 

operator is optimized by minimizing response time and supporting 24/7 operations. 

Human health factor is taken into account before developing this new workplace, this can 

convert potentially dangerous fatigue and distraction into proactive alertness. This can result 

in use of full potential of each individual- in both routine operations and critical situations.  

This new environment keeps the operator in focus by providing unparalleled workplace 

ergonomics plus a close pre-integrated large-screen overview for clear and concise plant-wide 

visualization.  The EOW platform is not just like a traditional operator desk. It includes 

everything needed to fulfil the latest human factor standards. 

Each individual has different dimensions and preferences, with touch controls it’s easy to set 

desk settings, sound and light. EOW can be optimized as per operator’s needs for maximum 

performance and efficiency. In this intelligent operator’s workplace (IOW), these settings can 

be saved so that they do not need to be setup every single time. 

 

Figure 1 Extended operator's workplace (ABB, 2018) 
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1.1 Functionality of Operator Workstations 
The operator workstations are used for monitoring all system operations and for effecting 

control actions and parameter adjustments. These operator workstations are generally 

referred to as ‘clients’ since they obtain their current and historical data from the ‘server’ 

computer. There are normally multiple operator workstations, each of which contains all of 

the process graphic displays and historical trend displays for the system. Users of the SCADA 

system can log into the system through these workstations. 

Some of the operations performed through the Operator workstations are listed below 

• Logging on and off the system using passwords and user names 

• Invoking process displays to view the operations throughout the system 

• Effecting control modes for various equipment in the system; for example, Manual 

and Automatic modes, placing equipment in or out of service 

• Changing setpoint parameters, with appropriate security allowance 

• Effecting manual control actions for equipment, such as start/stop and open/close 

• Viewing historical trend displays and transferring data to other files for exporting 

• Viewing the current alarm summary to identify alarm conditions requiring attention 

• Viewing the alarm/event summary to view the chronological series of events. 

The operator workstations provide the user interface or HMI to the SCADA system. Users can 

affect control over the equipment, as well as invoke displays which show current and 

historical information about any aspect of the SCADA system. 

1.2 The need for new Extended Operator Workplace systems  
Nowadays, manufacturers prefer to have fewer and highly educated operators to quickly 

process and analyse the situation to increase more data in real time, providing these workers 

these intelligent tools can assure good decisions and constant high-level performance. Which 

can be very crucial in many situations. 

It is needed to rethink how the classic control rooms are designed, to maximize operator’s 

effectiveness. Traditional control rooms need to evolve from just a place with systems, 

monitors to a more intelligent collaborative environment. Its not just about furniture here, 

but its more about comfortable lights, temperature, ventilation. Control room design is very 

crucial.  

According to sources, such as (IAEA TECDOC, 1986) and NRC (Nuclear Regulatory 

Commission, US government (NRC, 1993)) 40% of the shutdowns in the US plants are caused 

by operator errors. Much of these is due to fatigue and could be prevented. Fatigue is a huge 

problem. This can affect productivity and profitability in worst cases it can have deadly results. 

It has already caused US manufacturers billions of dollars. 

One of the best ways to counter fatigue in a control room is to design an alert system that 

actually helps operators to pay attention to what is really important, exactly at the right 

moment.    
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1.3 Design comparison 
In traditional control room design, the systems of areas, for example Area 1-4 see Figure 2., 

are kept apart which can be bit problematic for operator reaching and analysing information 

in emergency situations. 

 

Figure 2 Traditional Layout (ABB, 2018) 

But with this new EOW, all the systems are integrated at one place right in front of the 

operator. It can be very useful in emergency situations as whole plant processes are in front 

of operator at a proper eyesight enabling him/her to drill down data from the visualization. 

Moreover, this integrated workplace saves, and can also help in improving effectiveness.  

 

Figure 3 Modern Layout (ABB, 2018) 
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2 Logic control and function design 
This part of the project describes the practical experiments which were done in CoDeSys and 

also use of PLC AC 500. Furthermore, it will describe all the basic logic function which were 

used and also have their respective truth tables, with their explanations. 

2.1  Basic concepts for programmable logic controllers 
Programmable logic controllers (PLC) are often defined as miniature industrial computers that 

contain hardware and software used to perform control functions. More specifically, a PLC 

would be used for the automation of industrial electromechanical processes, such as control 

of machinery on factory assembly lines, amusement rides, or food processing. They are 

designed for multiple arrangements of digital and analog inputs and outputs with extended 

temperature ranges, immunity to electrical noise, and resistance to vibration and impact. A 

PLC will consist of two basic sections: the central processing unit (CPU) and the Input/output 

(I/O) interface system. 

The AC500 PLC range consists of various CPUs, I/O modules, communication modules, 

communication interface modules and accessories. All modules used on any CPUs concept in 

combination with life cycle policy helps the customers to react quickly, flexibly and 

economically on new requirements. 

 PLC AC500 is designed to offer the needed easiness, security and reliability to expand the 

automation system to new challenges. The memory, performance and the networking 

capabilities mean more functionality, advanced visualization, more operating comfort – for 

even better individual customer solutions. 

 

Figure 4 PLC AC 500 (1-communication module, 2- S500 I/O modules and 3- CPU) 

Arrow number 1 indicates communication module which help the PLC to communicate with 

pc. These communication modules provide a variety of communication possibilities to the 

control and field level and can be integrated into various combinations, forming great 

network nodes from smallest to largest automation solutions. 

1 
2 

3 



VŠB-TU Ostrava Durvesh Thakur 

 

 
 

5 

Supported communication standards and protocols are: 
Ethernet, EtherCAT, PROFINET, PROFIBUS DP, CANopen, DeviceNet, Modbus TCP, Modbus 
RTU, RCOM, Serial, ABB CS31 (Antunes & Poshdar, 2019) 
 
Arrow number 2 indicates S500 I/O modules which shows output from the program which we 
have entered in CoDeSys. In this I/O module each screw terminal will have a unique identifier 
called as address. Each field device input screw terminal will correlate to a status indicator. 
Status indicator will be on when the input point sees an input signal.  Status indicator will 
have same address identifier as input screw terminal. The PLC uses groups of bits called 
words. Different bit patterns represent different information. 
 
One measure of a computer’s capabilities is the length of the data words on which it can 
operate. Current PLCs use 16-bit words. Newer PLCs use 32-bit words. AC500 is 16bit PLC. 
 
The PLC AC500 can be programmed using a software called CODESYS. In CODESYS we can use 
three different programming languages which are Ladder diagram (LD), Function Block 
diagram (FBD), Instruction List (LI). The output from this code can be seen directly on PLC or 
we can see it on pc in simulation mode. CODESYS can also be used for visualization of the 
process by using visualization window. Another software called ABB builder is used to compile 
the code and send it to PLC.  
 
Arrow 3 indicates CPU, The CPU controls all system activity primarily through its processor 
and memory system. The CPU consists of a microprocessor, memory chip and other 
integrated circuits to control logic, monitoring and communications. The CPU has different 
operating modes. In programming mode, the CPU will accept changes to the downloaded 
logic from a PC. When the CPU is placed in run mode it will execute the program and operate 
the process. Input data from connected field devices (e.g., switches, sensors, etc.) is 
processed, and then the CPU “executes” or performs the control program that has been 
stored in its memory system. Since a PLC is a dedicated controller it will process this one 
program over and over again. The time it takes for one cycle through the program is called 
scan time and happens very quickly (in the range of 1/1000th of a second, depending on your 
program). The memory in the CPU stores the program while also holding the status of the I/O 
and providing a means to store values. 
 
Principles for PLC program design include: 

• Electronics - a logic gate is an idealized or physical device implementing a Boolean 

function; that is, it performs a logical operation on one or more binary inputs and 

produces a single binary output. 

• Truth table - shows the list of all possible levels on input and corresponding output. 

All variations of the inputs or arguments are listed to the left, while the output is 

usually placed in the last columns to the right. 

• Logic gates - are basic building blocks of all digital systems. AND, OR, NOT gates are 

called as basic gates. 

• Digital circuits - with the help of these basic gates, the complex digital circuits are 

made.  
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2.2  Explanation of basic logic gates with their truth tables. 
AND gate 

 
Figure 5 AND Gate 

Table 1 Truth table of AND Gate 

 

AND gate in electronics circuits, which has two or more inputs and one output. It produces 

(generates) HIGH output only when all of its input is HIGH, else output remains LOW. A dot (.) 

is used to show the AND operation i.e. A.B 

 

Figure 6 Realization of AND logic gate. 

OR gate 

 
Figure 7 OR Gate 

Table 2 Truth table of OR Gate 

 
The OR gate is an electronic circuit which produces (generates) HIGH output when any or all 
of its output are HIGH. It produces LOW output only when all of its inputs are low. OR 
operation is indicated by ‘+’ sign. 
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Figure 8 Realization of OR logic gate. 

NOT gate 

 
Figure 9 NOT Gate 

Table 3 Truth table of NOT Gate 

 
 
The NOT gate is an electronic circuit that produces an inverted version of the input at its 
output.  It is also known as an inverter.  If the input variable is A, the inverted output is known 
as NOT A.  This is also shown as A', or A with a bar over the top, as shown at the outputs. 

 

 
Figure 10 Realization of NOT logic gate. 

NAND gate 

 
Figure 11 NAND Gate 
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Table 4 Truth Table of NAND Gate 

 
NAND gate is AND gate followed by NOT gate. That is, when NOT gate is connected at the 
output of AND gate, we get NAND gate. The small circle represents inversion. The name is 
derived as NOT of AND is NAND. 

 

 
Figure 12 Realization of NAND logic gate. 

NOR gate 

 
Figure 13 NOR Gate 

Table 5 Truth table of NOR Gate 

 

 
NOR gate is OR gate followed by NOT gate. That is, when NOT gate is connected at output of 

OR gate, we get NOT gate. The small circle represents inversion. The name is derived as NOT 

of OR is NOR. 

 

 
Figure 14 Realization of NOR logic gate. 
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3 Selected examples of logic control 
The following examples are selected and designed to be simple to understand and program 

in CoDeSys. 

3.1  Burglar Alarm 
The following setup can be used anywhere, where there can be security theft from an 

intruder. 

 

Figure 15 Burglar Alarm 

If both the person Sensor and the alarm switch is on then the Burglar Alarm is activated. 

Table 6 Truth Table of logic function AND 

 

. 

So, if we set "Alarm Switch" on and if the burglar enters, he will set the "Person 

switch", and the alarm will ring. 

 

 

Figure 16 Alarm scheme in CODESYS 
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3.2  Doorbell 
This type of circuit can be generally seen in houses which have two doors, one 

at front and one at back.  

 

Figure 17 Doorbell 

If either front doorbell switch or the back-doorbell switch is pressed then the doorbell rings. 

Table 7 Truth table of OR 

 

We would of course want our doorbell to ring when someone presses either the front door 

switch or the back-door switch. 

 

 

 

Figure 18 Doorbell Scheme in CODESYS. 
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3.3 Room temperature control 
This type of system can be seen anywhere, where temperature needs to be controlled 

automatically. 

 

Figure 19 Temperature control device 

If the temperature is above 20 °C then the central Heating is switched off. 

If the temperature is below 20 °C then the Central Heating is switched on.  

Table 8 Truth Table of NOT 

 

 

 

Figure 20 Room Temperature control scheme in CODESYS. 
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3.4 Using function blocks  
Several function blocks are used during PLC programming as described in the text below. 

3.4.1 TP function block 
Pulse timers (TP) are the function blocks which are used in PLC programming to create pulses 

after receiving a signal at their input.  

 TP function blocks have one main input which is a Boolean signal and they have an output 

which is also Boolean. However, in the case of TP block, the behaviour of the output is 

different. Pulse timer is sensitive to the rising edge of the input signal, and as soon as it 

receives such a signal, it generates a pulse at its output, with a given width, which is 

determined by the second input of the block, pre-set time (TP). During the time in which the 

output of the timer is True, it does not respond to any changes in its input. 

 

Figure 21 Testing TP block in CODESYS. 
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3.4.2 Function block TOF  
Off-delay timers (TOF) are the other function blocks which are used in PLC programming to 

create time delays between the execution of different actions in the process.  

Similar to TON blocks, TOF function blocks have one main input which is a Boolean signal and 

they have an output which is Boolean. However, in the case of TOF block, following is the 

behaviour of the output, the time delay between the output and the input occurs whenever 

the input goes False, so the output goes False after the time delay is passed. The time delay 

is determined as another input of the block, as pre-set time (PT).  

When the input of the TOF is True, its output is True. As soon as the input becomes False, TOF 

starts timing and after the pre-set time, the output of the TOF becomes False. Whenever the 

input becomes True, the output becomes True immediately, even if the timer is still in the 

middle of timing period. 

 

Figure 22 Testing TOF block in CODESYS. 
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3.4.3 Function block TON 
On-delay timers (TON) are used in PLC programming to create time delays between the 

execution of different actions in the process. TON function blocks have one main input 

which is a Boolean signal and they have an output which is Boolean and follows the input 

signal with a time delay, which is determined as another input of the block, as pre-set time 

(PT). When the input of the TON is False, its output is False. As soon as the input becomes 

True, TON starts timing and after the pre-set time, the output of the TON becomes True. 

Whenever the input becomes False, the output becomes False, even if the timer is still in 

the middle of timing period. 

 

Figure 23 Testing TON block in CODESYS. 
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3.5 Creation of simple light snake 
In this example, we created program in CoDeSys in such a way that the LED’s on PLC AC500 

will follow a certain pattern creating different patterns of light snake. 

 

 

Figure 24 Block scheme in CODESYS. 

We have created a function block with name counter (Figure in26), then we programmed it 

so that it can have speed and direction changing options with the help of programming. 

 

Figure 25 Code For PLC 
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We have programmed the block so that, when direction it set as true the output value is 

increasing from 1 to 128. 

 

 

Figure 26 Block scheme in CODESYS 

Now when we set direction as false then we get output value from 128 to 1 

 

 

Figure 27 Block scheme in CODESYS 
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3.6 Cooling Example with Off Delay Timer 
The following examples can be generally seen in ovens. Very often when we heat something, 

we also need some cooling. Electric heaters are used to heat the oven and there are ventilator 

motors to cool the oven after its use. 

Here is a simplification of how the cooling PLC program should work: 

First step of heating the oven: 

Heating element and cooling fans turn on. 

Second step heating turns off: 

Heating element off and off delay timer starts counting down. 

Third step timer done:  

Cooling fans turn off. 

The electrical heater and the cooling fans should work together. the cooling fans has to turn 

on too, this is to circulate the hot air and spread the heat. 

Since both the fans and the heater has to start at the same time, the two outputs should work 

simultaneously. but that the cooling fans has to run for some more time, after the heater is 

turned off. 

This is the exact function of an off-delay timer, and the ladder logic example looks like this: 

 

Figure 28 working of off delay timer 

Table 9 Truth Table for cooling fan 
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3.7 Programming step/stepper motor 
A stepper motor or step motor or stepping motor is a brushless DC electric motor that divides 

a full rotation into a number of equal steps. The motor's position can then be commanded to 

move and hold at one of these steps without any position sensor for feedback (an open-loop 

controller), as long as the motor is carefully sized to the application in respect to torque and 

speed. (Liptak, 2005) 

 

Figure 29 step motor from inside 

Now, we will programme step motor, for this we created Bits options (High bit or low bit), 

actual_speed (1, 2,), Way_of_Dir (True, false), Direction, Number_Of_step. We have the 

following ladder diagram and program for this. 

 

Figure 30 Scheme of step motor in CODESYS 
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Figure 31 Code in CoDeSys 

 

Figure 32 Code in CoDeSys 

 

  



VŠB-TU Ostrava Durvesh Thakur 

 

 
 

20 

 

Figure 33 Code for motor 1 

For the second block, we just have put (NOT High_low) and the following programme which 

was similar to pervious. 
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As the last step, visualization for the step motor was created. 

 

Figure 34 Visualization of motor in CODESYS 

In Visualization, we created different types of switches for High_low, speed, Way_Of_Dir, 

Direction. 

 

Figure 35 Working of motor using visualization 
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4 Visualization of the processes  
Visualization is a technique for creating images, diagrams, or animations to communicate a 

message. Visualization through visual imagery has been an effective way for    communication 

between the operator and the factory processes. 

4.1  System architecture  
Server architecture is two-layer architecture of a system with one Machine to Machine (M2M) 

interface because the control is automatic, we need to set communication protocol for the 

devices. Client requests data, sever sends data.  

 

Figure 36 ISA 95 standard for manufacturing process control 

ISA 95 is an international standard from the International Society of Automation for 

developing an automated interface between enterprise and control systems. This standard 

has been developed for global manufacturers. It was developed to be applied in all industries, 

and in all sorts of processes, like batch processes, continuous and repetitive processes. 

The objectives of ISA-95 are to provide consistent terminology that is a foundation for supplier 

and manufacturer communications, provide consistent information models, and to provide 

consistent operations models which is a foundation for clarifying application functionality and 

how information is to be used. (Antunes & Poshdar, 2019) 

• Level 0 contains the field devices such as flow and temperature sensors, and final 

control elements, such as control valves. 

• Level 1 contains the industrialised input/output (I/O) modules, and their associated 

distributed electronic processors. 

• Level 2 contains the supervisory computers, which collate information from processor 

nodes on the system, and provide the operator control screens. 

• Level 3 is the production control level, which does not directly control the process, but 

is concerned with monitoring production and targets. 
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• Level 4 is the production scheduling level. 

Level 1 contains the programmable logic controllers (PLCs) or remote terminal units (RTUs). 

Level 2 contains the supervisory control and data acquisition (SCADA) software and 

computing platform. The SCADA software exists only at this supervisory level as control 

actions are performed automatically by RTUs or PLCs. SCADA control functions are usually 

restricted to basic overriding or supervisory level intervention. For example, a PLC may control 

the flow of cooling water through part of an industrial process to a set point level, but the 

SCADA system software will allow operators to change the set points for the flow. The SCADA 

also enables alarm conditions, such as loss of flow or high temperature, to be displayed and 

recorded. A feedback control loop is directly controlled by the RTU or PLC, but the SCADA 

software monitors the overall performance of the loop. 

Levels 3 and 4 are not strictly process control in the traditional sense, but are where 

production control and scheduling (Automation, 2019)take place. 

4.2  Principles of data acquisition and visualization  
- Those who requires the process overview. The access rights are assigned to his/her 

roles in the management of the process. 

- Where the required information should be visualized- Place. location of the control 

room and which parts of the process are selected accordingly  

- When the information is required. Working on client -server architecture-based 

information infrastructure. 

4.3  The Goal of Visualization 
The goal for the visualization for the project is to visualize the three selected processes, 

heating & cooling, filling, packing which can be generally seen in companies or any factories. 

The login window shows login option, according to the role in process the windows will be 

visible. 

The heating and cooling window shows a process in which two liquids flow through two valves 

valve1 and valve2 into the tank where they get mixed and cooled and flow out through third 

valve, valve3. 

The filling window show filling of the cooled liquid from the previous window into the empty 

jars, and the jars move through conveyer belt with monitored rotation for the packing. 

 The fourth window named packing shows the jars moved the conveyer belt are picked up 

and sent for packing on different conveyer belt with monitored l variable. 

  



VŠB-TU Ostrava Durvesh Thakur 

 

 
 

24 

4.4  Logic for windows  
Logic for window named Heating and cooling. 

 

Figure 37 Heating & cooling window 

Table 10 Truth Table for window heating & cooling 

Tank switch with 
sw monitored 

Valve 1  Valve 2  Valve 3 Valve 4 Valve 5 cooler heater mixer 

Sw=1 1 0 0 0 0 1 0 0 

Sw=1 & tank1=100 0 1 0 0 0 1 0 0 

Sw=1 & tank2=100 0 0 1 1 0 1 0 0 

Sw=1 & tank3=100 0 0 0 0 1 1 0 0 

Sw=1 & tank3=100 0 0 0 0 0 1 1 1 

Sw=1 & tank3=100 0 0 0 0 1 1 0 0 

0 0 0 0   0 0 0 

Logic for window named Filling 

 

Figure 38 Filling window 
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Table 11 Truth table for Filling window 

Switch for conveyer & tank 
with switch monitored 

Tank1 Conveyer belt rotation 
monitored 

1 1 1 

0 0 0 

 

Logical for window named packing 

 

Figure 39 packing window 

Table 12 Truth table for packing window 

switch1 Hook with l monitored Conveyer with l monitored 

1 1 1 

0 0 0 
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4.5  Designing the window 
Monitor of operator workplace needs to be organized into proper areas where all 

information from the process will be displayed properly. This process is displayed on 

windows in Intouch, they need to be organised and labelled properly so that the operator 

can understand and work accordingly. 

 

Figure 40 Windows in development view 

In visualization, while designing the windows we have three option to choose from. This 

window work according to the type of window chosen.  

The three  types of Windows are as follows 

• Replace- Closing the window on background 

• Overlay – Allows window to stay on the background  

• Pop –up – Triggered by action, closed by activity (Button) 

IEC 73 colour standard  

According to the colour  standard IEC 73, Red is designated for Alarms, Green is for Regular 

operation and amber is for warnings. 
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4.6  Designing the objects  
 InTouch includes pre-defined libraries of objects for different industry purposes. The objects 

are choosen from two libraries, wizard selection and symbol factory. 

 

Figure 41 Wizard selection in Intouch 
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Figure 42 Symbol factory in InTouch 

Symbol factory includes a wide range of objects which are generally used for visualization in 

factories. The following picture shows the objects which are used in project in Intouch 

 

Figure 43 Example of objects 
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4.7  Designing the variables 
In InTouch the objects need to be assigned with the variables so that they can work 

accordingly. These variables are mainly divided into two groups. 

1. External and internal variables  

• User defined Inputs and outputs  

-    From external environment I/O variables. 

-    From internal environment- memory 

• Internal variable- System variables 

 

2. Data type of variables  

• Analog variables- integer and /or real values 

• Discrete variables- True/False, 1/0, open/close 

• Text variables- Message, String. 

• Table of variables 

Table 13 table of Variables 

Name Data type Value Engineering 
unit 

Alarm 
limits 

Tagname Window 
name 

Valve1 Memory 
Discrete  

0-1 --  v1 Heating & 
Cooling 

Valve2 Memory 
Discrete 

0-1 --  v2 Heating & 
Cooling 

Valve3  Memory 
Discrete 

0-1 --  v3 Heating & 
Cooling 

Valve4 Memory 
Discrete 

0-1 --  v4 Heating & 
Cooling 

Valve5 Memory 
Discrete 

0-1 --  v5 Heating & 
Cooling 

Tank1 Memory 
Real 

0-50 M3  t1 Heating & 
Cooling 

Tank 2 Memory 
Real 

0-50 M3  t2 Heating & 
Cooling 

Tank 3  Memory 
Real 

0-100 M3 Low=10 
High=50 
HiHi=75 

t3 Heating & 
Cooling 

mixer Memory 
Discrete 

0-1 --  mx Heating & 
Cooling 

cooler Memory 
Discrete 

0-1 --  cooler Heating & 
Cooling 

heater Memory 
Discrete 

0-30 0C  ht Heating & 
Cooling 

Switch1 Memory 
Discrete 

0-1 --  sw Heating & 
Cooling 

tank Memory 0-100 M3  tank1 Filling 
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Name Data type Value Engineering 
unit 

Alarm 
limits 

Tagname Window 
name 

Real 

jar Memory 
Real 

0-100 M3 Low=20 
High=50 
HiHi=75 

b Filling 

rotation  Memory 
Real 

0-360   rotation Filling 

Switch for 
conveyer 
& tank 

Memory 
Discrete 

0-1 --  switch Filling 

l Memory 
Real 

0-100   l Packing 

switch for 
conveyer 
& hook 

Memory 
Discrete 

0-1 --  switch1 Packing 

   

  



VŠB-TU Ostrava Durvesh Thakur 

 

 
 

31 

4.8  Scripts  
The various Wonderware scripts expands the capabilities of InTouch by providing the ability 

to execute commands and logical operators based on specified criteria being met. By using 

scripts, a wide variety of customised and automated system function can be created.  Scripts 

are the instruction or programs written in window scripts in InTouch. There are six types of 

scripts available: 

• Application script 

• Window scripts 

• Key scripts  

• Condition scripts  

• Data Change scripts 

• Touch Pushbutton Action Scripts 

InTouch has three types of window scripts - on show script, while show script and on hide 

script. These are the following scripts are used in the project. 

1. Scripts  for window named Heating and cooling  

 

Figure 44 On show script for Heating and Cooling window 
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Figure 45 While show script for Heating and cooling window 

2. Script for window named Filling 

 

Figure 46 On show script for filling window 
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Figure 47 While show script for filling window 

3. Scripts for window name Packing 

 

Figure 48 On show script for packing window 

 

Figure 49 While show script for Packing window 
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4.9  Alarm management Systems 
 When the variable changes above or below set limits then the alarm is triggered, it’s the 

general idea for alarms. Monitoring alarm gives us knowledge about production or technology 

condition, used for analysis to prevent damage, health risk, loss. 

Based on statistics, there are methods of Statistical Process Control (SPC), such as Pareto, 

Histogram, control charts, other methods using alarm analysis such as OEE- overall equipment 

effectiveness. The alarms can be divided into two groups according to the information which 

they show to operator. 

• Real time alarms 

• Historical alarms  

Objects which display alarms are: 

• Indicators blinking and flashing red colour 

• Alarm table, alarm list – object from wizard 

• Popup window with warning, which needs to be acknowledged by push button – 

window of popup type, button with touch push up links for: 

Alarms configured on variables can be: 

• Unacknowledged - red 

• Acknowledged - black 

• Return to normal - blue 

Monitored variables can have alarm limits set for: 

• Very low – LoLo 

• Low – Low 

• High - High 

• Very high- HiHi 

4.10 Animating behaviour of alarm objects 
1. Objects: 

I. Indicator as text object with Blink link set to variable with. unack dot filed 

II. Button with. Ack dot field on the monitored variable  

III. Button with Ack function on action script of a touch push button object 

• On a single variable (Tagname) 

• On alarm group($system) 
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Figure 50 Real and Historical Alarms 

Linking variables to animation, for example expression for “Blink”, “Fill Colour” 

Pop up type of alarm window to show the warning message with red background  

2. Scripting: 

• Using functions, for example show “window” 

• Using scripts on the whole application, or condition  

• Buttons for acknowledge of the alarm 

 

Figure 51 popup Alarm window 

4.11 Trends 
On monitored and measured processes, we need to show values courses in time of these 

process variables. 

Real time trends  

Real-time trends allow you to chart up to four pens (data values) in Intouch SCADA and are 

dynamic. They are updated continuously during run time. Generally, the X axis shows time, 

sample period, number of samples to be shown in our trend, while the Y axis shows process 
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variable: absolute values or percentage of values. Dynamic characteristic, depending on the 

time or number of samples 

Historical trends  

"Historical Trend" plays a very important role in our SCADA system as on enabling Historical 

data logging, we can clarify what was the past value of the desired tag value Log data of the 

monitored variables. By Configure the file, the historical values will be saved in this format 

yymmddxx.lgh. Then the new variable for the object is set, which will be displaying the 

historical data. Update to current time function can be set by creating a touch push button 

which will retrieve the history and send it to the trend object for display. 

 

Figure 52 Real and Historical Trends 

4.12 Security, functional safety of supervisory control system  
The security factor in SCADA systems is very important as the information provided by SCADA 

systems can be sometimes confidential to the companies or factories who are using them. 

Security can be on different levels for example, 

0 Level – Door to a control room  

1 Level – Login into a network of PC, control network by identifying yourself with user name 

and password  

2 Level – InTouch software as the SCADA environment running the application with our 

project  

3 Level – links on object, links can be attached to objects for the visibility  

Table 14 Security Settings 

User Name User Password Access rights  

Administrator  Wonderware 9999 

Operator Operator 8888 

ME Me 8888 

Demo DEMO 1111 
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4.13 Specifications of the system and software version used  
The selected system is a Lenovo Z50-70 personal laptop with latest windows 10 as the 

operating system. The selected laptop has Intel core i7 4th generation, 8GB ram, 4GB NVIDIA 

GEFORCE graphic card. 

The SCADA software used for the visualization is Wonderware InTouch with the product 

version 10.1.300. The project was designed in a demo version, which has all features with 120 

mins runtime and is limited by 32 input/output variables. 
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5 Industrial Examples 
ABB Ability™ (www.ABB.com, 2018) is the unified, cross-industry digital offering — extending 

from device to cloud — with devices, systems, solutions, services and a platform that enable 

the customers to know more, do more, do better things, together. 

ABB Ability™ is connecting the customers to the power of the Industrial Internet of Things 

(IoT) and, through the services and expertise, further by turning data insights into the direct 

action that "closes the loop" and generates a better customer value in the real  world. 

This software and hardware solution provided by ABB Ability™ can help to utilize industrial 

data through sensors, devices and software to know more about business in real-time. 

Monitoring, controlling and managing the devices, processing and operations on-site or can 

be operated remotely. 

Simulation, predictions and optimization can be done through tools, insights and analysis. 

The customers can be provided with customers support with the experts and engineers 

anywhere around the globe whenever its needed. 

The customers are benefited as they are provided with Individual consultation, support and 

solutions from a trusted advisor and partner. Improved operational performance, efficiency 

and productivity through enhanced uptime, speed and yield. They also have no data or system 

lock-in, giving optimal flexibility. Customers can access to best-practice benchmarking, 

industry-level and cross-industry data, etc., from the network effects of a cloud-based 

industrial ecosystem. Transparency into operations, from the device to enterprise level. 

The ABB Ability™ platform is an integrated Industrial Internet platform and cloud 
infrastructure based on ABB’s leading expertise in technologies, industries and digital to allow 
businesses to harnesses the power of industrial data. The platform enables customers to 
securely integrate and aggregate their data, combine with wider industry data, apply big data 
and predictive analytics, and generate insights that can help them drive performance and 
productivity improvements. 

 

Figure 53 Technology platform (ABB, 2018) 
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5.1 Industrial partnerships in digitalization 
With the help of partnership for enterprise-grade cloud infrastructure the users are 

empowered in digital transformation segments such as robotics, marine and ports, electric 

vehicles and renewable energy. By selecting Microsoft Azure as the cloud for its integrated 

connectivity platform, the end users will have access to an enterprise-grade cloud 

infrastructure that benefits from billions of dollars of ongoing investment. Together, ABB and 

Microsoft will accelerate digital solutions that improve customers’ productivity by increasing 

uptime, speed and yield. (ABB, 2018) 

5.2 Industrial artificial intelligence solutions 
A strategic collaboration that brings together ABB’s industry leading digital offering, ABB 

Ability™, with IBM Watson Internet of Things cognitive capabilities to unlock new value for 

customers in utilities, industry and transport & infrastructure. Customers will benefit from 

ABB’s deep domain knowledge and extensive portfolio of digital solutions combined with 

IBM’s expertise in artificial intelligence and machine learning as well as different industry 

verticals. The first two joint industry solutions powered by ABB Ability™ and Watson will bring 

real-time cognitive insights to the factory floor and smart grids. 

ABB and IBM made a strategic collaboration that brings together ABB’s industry leading digital 

offering, ABB Ability, with IBM Watson Internet of Things cognitive capabilities to unlock new 

value for customers in utilities, industry and transport & infrastructure. 

End users will benefit from ABB’s deep domain knowledge and extensive portfolio of digital 

solutions and Automation combined with IBM’s expertise in artificial intelligence and machine 

learning as well as different industry verticals. The first two joint industry solutions powered 

by ABB Ability and Watson will bring real-time cognitive insights to the factory floor and smart 

grids. (ABB, 2019) 

In (Techseen, 2017) industrial partners and their representatives describe the situation as: 

“This powerful combination marks truly the next level of industrial technology, moving beyond 

current connected systems that simply gather data, to industrial operations and machines that 

use data to sense, analyse, optimize and take actions that drive greater uptime, speed and 

yield for industrial customers,” said ABB CEO Ulrich Spiesshofer. “With an installed base of 70 

million connected devices, 70,000 digital control systems and 6,000 enterprise software 

solutions, ABB is a trusted leader in the industrial space, and has a four-decade long history of 

creating digital solutions for customers. IBM is a leader in artificial intelligence and cognitive 

computing. Together, IBM and ABB will create powerful solutions for customers to benefit 

from the Fourth Industrial Revolution.” 

The new suite of breakthrough solutions developed by ABB and IBM can help companies to 
tackle some of their biggest industrial challenges in completely new way, such as improving 
quality control, reducing downtime and increasing speed and yield of industrial processes. 
With the help of these, the companies will have a next level troubleshooting system that 
simply not only gather data, but also have cognitive industrial machines that use data to 
understand, sense, reason and take actions supporting industrial workers to help eliminate 
inefficient processes and redundant tasks.  (ABB, 2018) 
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In (Techseen, 2017) it is also mentioned that: “This important collaboration with ABB will take 
Watson even deeper into industrial applications – from manufacturing, to utilities, to 
transportation and more,” said Ginni Rometty, IBM Chairman, president and CEO. “The data 
generated from industrial companies' products, facilities and systems holds the promise of 
exponential advances in innovation, efficiency and safety. Only with Watson's broad cognitive 
capabilities and our platform's unique support for industries can this vast new resource be 
turned into value, with trust.  We are eager to work in partnership with ABB on this new 
industrial era.” 

5.3 New real-time cognitive insights to the factory floor 
For example, ABB and IBM will leverage Watson’s artificial intelligence (AI) to help find defects 

via real-time production images that are captured through an ABB system, and then analysed 

using IBM Watson for manufacturing. Previously, these inspections were done manually by 

inspection teams, which was often a slow and error-prone process. By bringing the power of 

Watson's real time cognitive insights directly to the shop floor in combination with ABB’s 

industrial automation technology, companies will be better equipped to increase the volume 

flowing through their production lines while improving accuracy and consistency. As parts 

flow through the manufacturing process, the solution will alert the manufacturer to critical 

faults which are not visible to the human eye in the quality control of assembly. This enables 

fast intervention from quality control experts. Easier identification of defects impacts all 

goods on the production line, and helps improve a company’s competitiveness while helping 

avoid costly recalls and reputational damage. (IBM, 2019) 
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6 Cross industry applications  
This following text is to describe industries, which are developing system solutions for various 

technologies. 

6.1 Pulp and paper technology 
ABB recently added ABB Ability Collaborative Operations to its service deliverables at a major 

paper mill in East Java, Indonesia. The site produces a variety of printing and writing paper, 

other paper-related products, and packaging products including cardboard boxes. With an 

annual capacity of 320,000 metric tons, the mill is one of the world’s largest single-site 

producers of writing stationery products. 

 Automating this production requires processing large amounts of data. As complexity 

increases, so does the volume of data. Collaborative Operations is helping paper producers 

to make productive use of this data to identify and address production, quality and cost issues 

that can hinder peak performance. This improves capital gains. Collaborative Operations 

helps to maximize business value by turning data insights into direct action. At the mill, 

Collaborative Operations is reducing cycle times on product grade changes, resulting in higher 

production. It is also stabilizing moisture and other additive levels using multivariable 

predictive controls. Specific improvements include increased production due to higher 

equipment availability, fewer sheet breaks, lower chemical costs and reduced paper quality 

variation. These improvements all lead to better product quality and consistency, fewer 

rejects and more sales. (ABB, 2019) 

6.2 Power generation and water industries 
ABB has launched, ABB Ability Collaborative Operations for Power Generation & Water. 
Driven from a new ABB Ability Collaborative Operations Centre in Genoa, Italy, 
 the new operating model enables leading power generation and water companies to improve 
operations and maintenance using digital technologies to collaborate with dedicated, co-
located operations experts. The Collaborative Operations Centre delivers information insights 
that can increase customers’ profitability and productivity through better asset performance, 
higher safety and security, reduced risk and lower costs. The push toward digitalization has 
increased the amount of data available to customers.  
 ABB Ability Collaborative Operations is useing this data to provide more value to customers 
through information analytics, making this data more useful for driving decisions that 
optimize plant and increases performance. Collaborative Operations is proven to provide: 
– 20% extension of machine life by using immediate data analysis to better manage assets, 
pro-cesses and risks. 
– 50% reduction in maintenance costs by using predictive rather than 
preventive and reactive maintenance practices. 
– deeper visibility into equipment, plant and fleet performance, enabling 
customers to better understand performance capability and operating 
boundaries.  
 
“ABB Ability Collaborative Operations will help us bring the benefits of digitalization to our 
customers in power generation and water by giving them information insights that lead to 
better business decisions,” said Kevin Kosisko, managing director of ABB’s power generation 



VŠB-TU Ostrava Durvesh Thakur 

 

 
 

42 

and water business. “We are driven to help our customers benefit from emerging digital 
technologies so they can respond to the changing energy market and contribute to a 
sustainable future.” 
Collaborative Operations employs ABB technologies, software and services to automatically 
gather and analyse information on assets, processes and risks. Through these analytics, 
performance improvement areas are automatically identified, categorized and experts in 
Collaborative Operations Centres, can take actions to ensure that each plant is operating 
within regulatory, load, environmental and cyber security requirements. Collaboration is 
scalable to customer needs, capable of being applied at a device or process level, up to 
plant and enterprise-wide operations. ABB Ability™ is a unified, cross-industry digital platform 
which extends from device to edge to cloud, with systems, solutions and services that enable 
customers to know more, do more, do better, together. (ABB, 2019) 
 

6.3 Loop control for distribution network 
The ABB Ability™ Loop Control for distribution networks, LC1000 UniSec solution is helping to 
detect and solve the faults in electricity networks within less than one second,  
this ensures uninterrupted power supply to wherever it is needed. Power blackouts can have 
a severe disruptive impact on society and have been accompanied by large economic losses. 
To ensure an uninterrupted power supply in open and closed ring networks, ABB has 
developed a new solution for the medium-voltage air-insulated switchgear (AIS) UniSec to 
make the power infrastructure more resilient against such events. The ABB Ability™ Loop 
Control for distribution networks, LC1000 UniSec solution is designed for critical applications, 
where blackouts would cause severe problems and considerable costs. For example, where a 
blackout could jeopardize health or safety and cause service disruptions in hospitals, airports, 
subways, data centres, and water supplies. In industry, power failures disrupt production, 
which results in expensive losses. ABB Ability™ is  ABB’s unified, cross-industry, digital 
offering, which enables customers to increase productivity and lower costs. 
ABB's new solution can restore power very quickly. When using motor-operated switch 
disconnectors in the medium-voltage switchgear in ring networks, the solution detects and 
isolates a fault in less than one second and if the switchgear is equipped with a circuit-breaker 
and current and voltage combi sensors, the detection and isolation of the fault is even faster: 
less than 0.5 seconds. 
“Ever-increasing demands on grid reliability and the growing amount of distributed 
generation makes it vital to introduce new solutions that optimize the use of communication 
technology,” said Marco Tellarini, Global Product Group Manager in ABB's Distribution 
Solutions business within the Electrification Products division. “The LC1000 UniSec solution 
meets the most stringent reliability and post-fault recovery requirements, with its ability to 
reconfigure the network very quickly after a fault occurs, resulting in improved reliability of 
the power system.” 
The solution utilizes ABB's advanced protection and control technology in the Relion relays 
that are integrated into the UniSec switchgear. These smart devices use the power of GOOSE 
(Generic Object-Oriented Substation Event) communication of the IEC 61850 protocol to 
detect and instantly message one another to eliminate faults in the network. ABB (ABBN: SIX 
Swiss Ex) is a pioneering technology leader in electrification products, robotics and motion, 
industrial automation and power grids, serving customers in utilities, industry and transport 
& infrastructure globally. Continuing a history of innovation spanning more than 130 years, 
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ABB today is writing the future of industrial digitalization with two clear value propositions: 
bringing electricity from any power plant to any plug and automating industries from natural 
resources to finished products. (ABB, 2019) 

6.4 Intelligent buildings 
ABB AbilityTM is using fully integrated systems to work in industrial, commercial and residential 

buildings. It has been realized that the commercial building market is a very dynamic sector. 

As the building sectors is growing rapidly, owners and operators need to optimize energy 

consumption and also decrease costs. Building occupants can be benefited from comfort, 

safety and lower utility bills. Intelligent solution in building sector is more important than 

ever. 

It has been recognized that buildings have unique characteristics and functions. Using an ABB 
Ability™ such as Building Space®, Buildings can have automated facilities, connecting 
hundreds or even thousands of devices to work in hand in hand. Connecting the building to 
the smart grid could allow for even further control in functionality and can also be more 
efficient. (ABB, 2019) 

Examples and Benefits from Intelligent Buildings 

• Single systems can be connected for extra efficiency gains, such as combining window 
shades and heating/cooling systems for improved temperature management. 

• Strategies can be programmed to optimize the building’s energy demand response. 
• ABB’s i-bus® KNX system uses open standards to help install and control building 

efficiency solutions. 
• The investment is secured for future modifications and extensions, even if the building 

is repurposed. 
• Data can even be delivered to the cloud via sensors. 

Benefits and Impacts on life and work. 

• Improved comfort and convenience 
• Improved productivity 
• Improved security 

Efficiencies and cost savings. 

There can be 30 percent reduction in energy costs for heating, lighting and appliances. 

Automation systems can be pre-programmed to manage costs around time, occupancy and 

demand. Improved building code compliance. 
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7 Conclusion and Ways of Improvement 
Understanding the need and reason behind the use of new extended operators’ workplace in 

industries was the main goal behind this project. In recent years there has been tremendous 

growth in industries, and argue to control expenses at the same time as a result in many 

industries or in many companies there has been a lot of pressure on a single operator. This 

has led the problem of fatigue in the operators. As the single operator has to manage many 

things at the same time. This can be dangerous in emergency situation. According to NRC (US 

government) 40% of the shutdowns in the US plants are caused by operator errors. Much of 

these is due to fatigue and such problems can be prevented. Fatigue is a huge problem. This 

can affect productivity and profitability in worst cases it can have deadly results. It has already 

caused US manufacturers billions of dollars. 

Extended operators’ workplaces have been the best solution for these types of problems. This 

new system provides operators an integrated workplace that not only provides comfort but 

also increases alertness and efficiency of operator. This workplace has provided visualization 

of the whole plant on screens which are more comfortable for operator to look for.  

The second part of this project describes the functionality of PLC AC 500 and its software 

CODESYS and ABB builder, and in-depth information for visualization in Wonderware Intouch. 

The next part of the thesis shows the examples from basic to complex PLC examples  which 

can be done in these software’s. This includes use of logic gates and their truth table, function 

blocks, programming the PLC code in different languages. Students or trainees can get a 

detailed information about the process of Visualisation, from defining the variables to 

animating the objects aswell as writing the scripts and defining alarms.  

This thesis can also be used as basic introductory manual for university students or trainee 

programs in industries to understanding the concept of extended operators’ workplaces in 

industries and also for basic introduction to understanding the working and behaviour of PLC 

AC500, and its software’s CODESYS and ABB builder and Visualization in Wonderware Intouch. 

This thesis can be further improved by adding more complex examples with PLC AC500, Which 

can be hepful for students and trainees to understanding the higher level of PLC 

programming. The complexity of Visualization part of the thesis can be further increased by 

adding more windows and more variables. By increasing the complexity, the students and 

trainees can get a better understanding of the visualization process which is used in real 

factories or industries. 

Furthermore, working of the PLCs and Visualization from Wonderware InTouch can be 

brought together, as its done in real industries. Distributed control systems and PLCs from 

different generations and vendors can work seamlessly  Error! Reference source not found.. T

his can provide information how the real industries works and solves real-world productivity 

issues today.  
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Figure 54 DCS Collaboration 

Moreover, these examples can be modified or improved to work with new cloud based 

system, turning the local SCADA system into cloud based SCADA system. Google’s cloud 

processing can be used for this purpose. There can also be an introduction of Artificial 

intelligence into these SCADA system using  IBM’s Watson open source Artificial intelligence 

softwares. This AI features can also be beneficial for the operator aswell.  
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