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Abstract - Supervisory Control and Data Acquisition
(SCADA) systems keep an eye on and manage vital industrial
infrastructure. Ensuring the accuracy of measured values and
alarm signals conveyed from the field to the SCADA control
room or other remote monitoring systems and the correctness
of the data displayed is imperative while commissioning or
remodeling a substation. The Human Machine Interface (HMI)
present in the substation shows the status and alert signals.
Generally, an engineer present at the substation triggers an
alert on a field device. He confirms that the local HMI is
displaying the alert correctly. He then inquiries from the
operator present in the control room if the same alert is
displayed on the screen in the control room. This makes it a
tedious task. Automating substation procedures is the goal of
the proposed methodology. The principal objective of the
suggested concept is to demonstrate the automation of field
devices in a particular controlled system.
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1. INTRODUCTION

A substation automation system is an assembly of hardware
and software parts used for both local and distant electrical
system monitoring and control [1]. In addition to automating
certain laborious, repetitive, and mistake-prone tasks, a
substation automation system also boosts the system's
overall productivity and efficiency [2]. An electrical
corporation has traditionally prioritized an electrical
substation's high availability and continuous operation.
More errors result in more customer service interruptions
and lower income, which is undesirable for any business.
Industrial automation has several benefits that
manufacturers, and industrial operations can use to boost
operational effectiveness [3]. Data from monitoring helps
ensure that new automated solutions achieve their
objectives like improved worker safety, increased
productivity, higher quality, and better decision making.

A Supervisory Control and Data Acquisition (SCADA) system
can automate the supervision task based on predefined
parameters and algorithms [6]. It can also gather information
from multiple IEDs in an electrical system using various
communication methods [14]. Finally, it can control and
monitor the IEDs using various visualization technologies [7].
Every substation has a Human Machine Interface (HMI)
installed to give operators the local control and monitoring
tools that are frequently required for substation

configuration, commissioning, or maintenance [8]. Products
for substation automation are a group of systems that offer
complete automation, protection, and control over electrical
substations. By offering quick communications, flexible
automation, and rapid protection, these solutions are
intended to increase the substation's safety and
dependability [9]. They consist of a variety of gadgets,
including automation controllers, power quality meters,
signaling units, and more.

The aim of the proposed method is to improve systems with
SCADA automation with user HMI functions to control and
validate various functions of the products. Based on the
above information, our objectives are as follows:

1. To design and implement automation for substation
automation products.

2. To enhance the automation of an existing system
integrated with SCADA.

2. LITERATURE REVIEW

The research papers referred served as a foundation for
understanding how to create an HMI screen with WinCC
SCADA software. As per the methodology proposed in the
research papers, appropriate tag development for the screen
elements to mimic the industrial plant's real-time status leads
to successful programming of the intended HMI [3]. A reliable
connection between the PLC and the HMI is made possible by
the tagging system [5]. The manual and automatic modes of
operation are availed by pushing the soft-touch controls.
Without human interaction, automated mode is guaranteed
by proper design [4]. In this project, the automation of the
certain industrial processes is implemented with the help of
PLC, SCADA and its various properties. Implementation of the
process automation is better for increasing the speed of the
process, as well as it provides data monitoring and storage.

3. IMPLEMENTATION
3.1 Block diagram of the proposed idea

As shown in Fig -1, the industrial substation incorporates
a variety of field devices, such as Sensors, Actuators, Circuit
Breakers, etc., and a group of related field devices are
connected to a particular Remote Terminal Unit (RTU) [10].
The RTU serves as a gateway to transfer data between the
field devices and the SCADA or vice versa. A communication
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network such as MODBUS, the IEC 60870-5-104 A simple analog system consisting of a slider and a bar is
communication protocol, etc [11]. makes this data transfer designed as shown in Fig -3. The function of this controlled
possible. SCADA master contains the software program that system is to display the value selected using a slider on the
manages the field devices based on the data received. Human bar.

Machine Interface (HMI) is used to manage the field using
touch controls [12]. Turning ON or OFF the field devices, data
collection, monitoring a particular parameter in the field, and
checking alert signals in the field are feasible using HMI
screens [13].

Fig -3: Runtime page of the virtual simulation when the

Fig -1: Block diagram for industrial automation value 20 is selected on the slider.

management using SCADA. A simple animation is designed as shown in Fig -4,

3.2 Virtual simulations in SCADA wherein a ball is moved by a certain distance with the help of
) aslider.

A simple digital system consisting of a lamp and a switch

is designed as shown in Fig -2(a) and Fig -2(b). The function

of this controlled system is to turn ON a lamp using a switch.

Fig -2(a): Runtime page of the virtual simulation when the Fig -4: Runtime page of the virtual simulation when value
value chosen on the switch is “0”. in between 0 to 100 is selected on the slider.

An animation is designed as shown in Fig -5, wherein
a container is moved a certain distance with the help of a
conveyor belt using a slider. One more animation is designed
wherein a container is moved up with the help of a conveyor
belt using a slider as shown in Fig -6 using the visibility
concept. Screen activation is designed wherein, after pressing
abutton, “Screen 2” gets activated from the “Home” screen as
shown in Fig -7(a) and Fig -7(b).

Fig -2(b): Runtime page of the virtual simulation when the
value chosen on the switch is “1”.
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Fig -5: Runtime page of the virtual simulation when the Fig -7(b): Runtime simulation showing “Screen 2” when
slider is between 0 and 400. the button is clicked.

Real-time monitoring of a physical quantity using
graphical representation can be achieved using “Trends” [15].
Two sliders have been chosen, one for the temperature and
the other for the pressure. As per the level shown on the
sliders, the data is shown as a plot on the graph as can be
seen in Fig -8.
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Fig -6: Runtime simulation when the slider is within the s
range of 101 to 200. ~ | TEMP_TREND | TEMPERATURE] #HH#
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Fig -8: The temperature and pressure real-time graphical
representation.

A virtual simulation is created, as shown in Fig -9,
wherein a motor turns ON when the switch is turned ON, and
once the motor turns ON, an alarm is shown that “The motor
is ON”. A simple animation is designed as shown in Fig-10(a)
and Fig -10(b), wherein a ball is vanished on pressing the
“VANISH” button.

Fig -7(a): Runtime simulation showing “Home” screen.
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HOME

WINCC VIRTUAL SIMULATION

to as the principle of heat exchange. The design of the heat
exchanger system has been shown in Fig -11.

Switch
U}

5:06:28 PM  7/3/2024  C

MOTOR IS ON

Fig -9: Runtime simulation when the switch is turned ON.

Fig -10(a): Runtime simulation when the button is yet to
be pressed.

Fig -10(b): Runtime simulation when the button pressed.
3.3 Design of a heat exchanger system

Aheatexchanger is a system that transfers heat from one
medium to another. When the two objects are stored
isolated from their surroundings in a heat-resistant box, the
heatlost via the warm object is equal to the warmth received
by the cold object, and the heat transfer takes place until the
temperature of each object turns equal [16]. This is referred

Fig -11: Design of the heat exchanger system in WinCC
SCADA.

3.4 Design of a chemical reactor

A closed container wherein a chemical reaction is carried
out is a chemical reactor. Industries have to make sure that
the reaction takes place as efficiently as possible towards the
required output, leading to the best yield. Energy input,
energy disposal, the cost of the raw materials, cost of labor,
and other charges are all part of the regular operational
expenses [17]. The reactants and the products are usually
fluids (gases or liquids). The design of the chemical reactor
has been shown in Fig -12.

- homE

==
Dl GOOLING WATERMAKEUE 000

Fig -12: Design of the chemical reactor in WinCC SCADA.
3.5 Paint colour process in WinCC SCADA

A paint colour process has been designed where we can
obtain the desired colour by selecting a suitable level of the
red, green, and blue colours [19]. The design is shown in Fig -
13(a). It possesses the following properties:

e Upon the selection of a suitable level of red, green and
blue colour, and after pressing the button “Mix”, the
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required colour is obtained, which is shown on the home RGB Inputs Amount of the colours used:
screen as shown in Fig -13(b). R G B B

Tank level: 100 =
e The input RGB values are also displayed on the home F>5 3 _ Switch | .
i R 0 1 e
screen as can be seen in Figure 13(b). 1;13 1;13 Tl 0T
0 0
e An alarm is generated when the colour mixing is over v v
and the colour is ready as shown in Figure 13(c). . i =

e [f the amount of colour in the red, green or blue tank
. . No. Time Date Status |Text GR
reduces, then an error is shown that the tank is empty as 5:17:36 PM = Your colour is readyl
shown in Figure 13(d).

e Real-time data and time are displayed on the home T
screen as can be seen in Figure 13(a).
e Four graphical views are used to track the amount of Fig -13(c): Alarm generated when the colour is ready.
usage of the RGB colours as well as the level of the output
COlOLlI' as shown in Figure 13(6) RGB Inputs Amount of the colours used:
R G B R G B
— Tank level:
: Pdint Calont : d d A
: _P?I;Lssuggzmw D55 D55 T 100 100 100
T 0001 : 000! : 000! 4o a0 0 1 E B B
0 0 0
RSB 70 70 ufj
: 100 100 100
LIl : 0 0
Lol ZCD]DUI":Z. .
Lol ol Lol . 255 0 255
00000000 s No. Time Date Status |Text GR
PUMPS ! 5:17:36 PM C Tank is empty!

1 5:17:26 PM  7/3/2024 C Your colour is ready! 0]

g s A T
(32024 5:12:07 PM
i i :f::/ w T : HOME
il Resnnn Mx
S S T Fig -13(d): Alarm generated when the red, green or blue
Al tank usage reaches above 85%.
Fig -13(a): Design of the paint colour process in WinCC - TF -
SCADA. i
— E| Fo 03 ko
Paint Colour 51619 PM 51759 PM 51619 PM 51759 PM
Process Overview 7/3/2024 7/3/2024 7/3/2024 7/3/2024
2551 0 255 Trend Tag connection Value Trend Tag connection Value
R G B Trend_1 | R_level \ Trend_1 | B_level \

Trend_2 | G_level \ Trend_2 | Ready \
Colour: . < i < i

PUMPS
_TRENDS |
6 7/3/2024 5:17:06 PM HOME
] 3 BUTTONS Fig -13(e): Real-time graphical representation of the

amount of the RGB colour used and the colour generated.

Fig -13(b): The desired colour details are shown on the 3.6 Paint colour making process in InTouch SCADA
home screen.

A paint colour making process as shown in Fig -14, has
been designed wherein with the use of the three primary
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colours - red, green and blue, the required colour is formed.
The required colour input is given using the PLC input
buttons and accordingly the valves of the primary colour
tanks are turned ON for a suitable amount of duration, such
that the required colour is obtained [18]. Once the colour
gets ready, an alarm is shown on the SCADA window.
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white (0.00 0.00 0.00
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Magenta () ()0

Fig -14: Paint colour making process in InTouch SCADA.

3.7 Water level monitoring system in InTouch
SCADA

A system has been designed using two reservoir tanks as
shown in Fig -15. One tank is on the ground and the other is
an underground tank. When the user drains the water from
the ground-level tank, and the water reaches its low limit
sensor, the pump starts and the water from the underground
reservoir starts flowing in the ground-level tank till the
water level in tank reached the high-level sensor. If the
underground tank water level reaches below its low-level
sensor while the water is getting filled from the underground
tank into the ground-level tank, then the pump automatically
stops to prevent dry running of the pump [20].
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Fig -15: Water level monitoring system in InTouch SCADA.
4. CONCLUSIONS

In this research, the automation of the substation procedures
have been accomplished for certain field procedures. The
design of digital and analog systems, animations using a ball
or a conveyor belt and a container, use of the visibility
concept, screen activation, use of trends in real-time
observation of the parameters, alarms and Visual Basic
scripting has been accomplished in WinCC SCADA software.

In addition to that, heat exchanger system, chemical reactor
and paint color process has also been designed using the
various properties of the WinCC SCADA software.

SCADA is a technology that gives manufacturers and
industrial organizations control over machinery and
operations by fusing hardware and software. Process-related
data is collected by the system from various devices and
equipment inside the operation, whether they are dispersed
throughout multiple sites or a single facility. The data is then
used by SCADA operators and supervisors to keep an eye on
processes, maintain and enhance productivity, boost quality
and profitability, cut down on waste, and swiftly and
effectively identify issues and emergencies. SCADA systems
are used in a vast variety of companies and sectors
worldwide, ranging from small businesses to some of the
biggest. For businesses to effectively manage, regulate, and
keep an eye on physical operations taking place at one or
more locations, SCADA systems are essential.
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